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SUPPLEMENTAL INFORMATION 

 

Table S1: Chemical structures of test compounds and associated biochemical and cell-based data. 
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Cmpd BTK (IMAP) 
IC50 (nM) 

PBMC (CD69) 
EC50 (nM) 

10 2.2 ± 0.6*  -- 
11 2.9 ± 0.3 5.5 ± 2.0 
12 4.0 ± 2.0 8.5 ± 1.4 
13 3,997 ± 2,090 > 10,000 
14 458 ± 70 956 ± 294 
15 > 10,000 > 10,000 
16 4,950 ± 1,645 ~ 10,000 

Results are average ± SD of three independent 
experiments. * N = 4. 
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BTK-WT LanthaScreen™ TR-FRET binding assay to determine inhibition kinetics. 

Inhibitory activity on BTK wildtype (BTK-WT) was measured using the LanthaScreen™ assay technology from 

Thermo Fisher according to manufacturer’s protocol, with a final concentration of 5 nM of BTK-WT (custom made at 

Genscript) and 2 nM Eu-anti-GST antibody (Invitrogen). Serial dilutions log10 from 1 mM to 0.316 nM of test 

compounds were made in 100% DMSO and then diluted 33-fold in Kinase buffer (50 mM Hepes pH 7.5 + 10 mM 

MgCl2 + 1 mM EGTA + 0.01% Brij-35) and 3-fold in the final assay mixture. Final compound concentration in the 

assay ranged from 10 µM to 0.00316 nM, with 1% DMSO final concentration in assay. Test compounds, 

enzyme/antibody mix, and Tracer 236 (Invitrogen, final concentration 30 nM) were added together and incubated at 

room temperature in the dark. At different incubation times (ranging from 1 to 60 minutes), the TR-FRET signal was 

read at 615 nm and 665 nm. The ratio 665/615 was used to calculate values expressed as percentage of the difference 

in readout (S/N) of the controls with and without Tracer. IC50 values for each timepoint were determined by curve 

fitting of the experimental results in Prism, and were used to determine KI, kinact.and kinact/KI according to the method 

described by Krippendorf et al (1) 

 

Table S2: Inhibition kinetics parameters for compounds 1, 2, 3 and 7 from BTK-WT LanthaScreen™ TR-FRET 

binding assay 

Compound KI (nM) kinact (s-1) kinact/KI (M-1s-1) 
1 181 ± 14 0.0056 ± 0.0025 3.11 x 104 ± 1.48 x 104 

2 54.2 ± 48.6 0.027 ± 0.025 4.77 x 105 ± 1.67 x 105 

3 174 ± 83 0.014 ± 0.0048 8.28 x 104 ± 1.68 x 104 

7 270 ± 19 0.021 ± 0.0019 7.64 x 104 ± 4.20 x 103 
Results are average ± SD of 4 independent experiments. 
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Cysteine pKa predictions. Propka (2) is a program to empirically calculate the pKa of ionisable protein residues, taking 

into account Coulombic, intrinsic electrostatic and desolvation terms, adjusted for how buried/exposed contributing 

residues are. Propka version 3.1 calculations were performed on all human structures from the MOE (3) Protein kinase 

database of the kinase in question. The MOE Protein kinase dataset contains 5275 non-redundant kinase chains from 

the pdb. Searches were performed to retrieve kinases as shown below. Ligands were removed and the structures 

subjected to pKa prediction by Propka 3.1. The small number of structures where Propka failed to provide a pKa 

prediction were ignored. Means and standard deviations of results are shown below in Table S3 below:  

 

Table S3: pKa prediction of the cysteine in the same position as Cys481 in BTK.  

Kinase i+3 residue No. of 
Structuresa) 

No. of 
Successful 
predictions 

Mean Propka 
pKa ± SD  ∆ pKa vs BTK 

BTK Asn 29 24 9.59 ± 0.61 -- 

TEC Asn - - 9.41b) - 0.18 

ITK Asp 56 49 10.16 ± 0.73 + 0.57 

BMX Asn 3 3 9.48 ± 0.31 - 0.11 

TXK Asn - - 9.55 b) - 0.04 

EGFR Asp 124 121 10.62 ± 0.49 + 1.03 

ERBB2 Asp 6 6 10.79 ± 0.15 + 1.20 

ERBB4 Glu 9 8 10.30 ± 0.47 + 0.71 

BLK Asp - - 10.92 b) + 1.33 

JAK3 Asp 21 20 10.27 ± 0.50 + 0.68 
a) Non redundant chains in MOE protein Kinase database. Structures with modified cysteines where the Cys is oxidized to a 

sulphonic acid (OCS) were rejected. Cysteines with covalently bonded ligands were included, though the ligands were removed. b) 

Homology modelling experiments using the standard homology building macros were performed using both the A and B chains of 

1k2P, the only apo BTK structure, as templates. Side chain conformations of the binding site Cys and i+3 residue were taken from 

the template and maintained to ensure a match with observed conformations. pKa presented is the calculated average of the A and 

B chains. 
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Table S4: IC50 determination of 1, 2 and 3 on SRC family kinases. Kinase activity was measured at Thermo Fisher 
using the Z’-LYTE assay.  

 1 2 3 

Kinase IC50 (nM) 

FGR >1,000 3.3 ± 1.1 348 ± 93 

FYN >1,000 29 ± 0 >1,000 

HCK >1,000 29 ± 0 >1,000 

LCK >1,000 6.3 ± 1.3 >1,000 

LYN >1,000 20 ± 1 >1,000 

SRC >1,000 19 ± 1 699 ± 302 

YES1 >1,000 4.1 ± 0.2 ~1,000 
Results are average ± error of 2 independent experiments. 
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Epidermal Growth Factor (EGF) Receptor Inhibition in HT-1376 Bladder Carcinoma Cell line: HT-1376 cells 

(ATCC), were plated at 100,000 cells/well in a 96-well deep well plate, and incubated with inhibitor for 2 hours at 

37°C. EGF (100 ng/mL) was added to induce EGFR phosphorylation signaling. After 5 minutes, cells were fixed in 

paraformaldehyde (1.6% final concentration) for 10 minutes at 37°C, followed by membrane permeabilization with 

600 μL/well ice-cold 100% methanol for 30 minutes on ice. Cells were washed twice with PBS+BSA (0.5%). Cells 

were stained with rabbit anti p-EGFR (Y1069) (Cell Signaling) followed by a secondary anti-rabbit Ig-Alexa 647 (BD 

Biosciences). Flow cytometry was performed and median fluorescence values were obtained. The dynamic range 

between unstimulated and stimulated conditions for p-EGFR was greater than 10-fold.  Wells without EGF served as 

a negative control. 

 
 

Cmpd pEGFR (EC50) 
1 > 10,000 nM 
2 47 nM 
3 68% inhibition at 10 µM 

 

Figure S1.  Effect of BTK inhibitors on HT-1376 cell line. Dose response data of BTK inhibitor 1, 2 or 3 on EGFR 

phosphorylation signaling. The y-axis shows the percent of control where 100% represents the value in the EGF-

stimulated/no inhibitor condition, whereas 0% (dotted line) represents the value of the unstimulated/no inhibitor 

condition. EC50 values could only be calculated for 2, as it was the only compound that showed complete inhibition 

over the concentration range tested.   
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Figure S2.  Plasma time-concentration profile for acalabrutinib in healthy adult volunteers after oral administration of 

two doses of 2.5, 5, 25, 50 mg twelve hours apart on a single day, or a single dose of either 75 or 100 mg (Study ACE-

HV-001).  
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Table S5: Summary of acalabrutinib PK parameters in healthy volunteers for oral administration of two doses of 2.5, 5, 25, 50 mg twelve hours apart on a single 

day, or a single dose of either 75 or 100 mg. 

 Cohort Treatment Description Tmax 

(hr)* 
Cmax 

(ng/ml) 
t1/2 

(hr) 
AUC0-12 

(hr*ng/mL) 
AUC0-24 

(hr*ng/mL) 
AUC0-inf 

(hr*ng/mL) 
CL/F 
(L/hr) 

Vz/F 
(L) 

1 
2x 2.5 mg  

(N=6) 
Mean ± SD 

(CV%) 
0.50 

(0.50, 13.0) 
3.55 ± 1.89 

(53.3) 
2.14  ± 0.745 

(34.8) 
17.7 ± 5.37 

(30.3) 
27.8 ± 2.91 

(10.5) 
30.5 ± 2.52 

(8.25) 
165 ± 13.5 

(8.22) 
515 ± 198 

(38.5) 

2 
2x 5 mg  
(N=6) 

Mean ± SD 
(CV%) 

1.00 
(0.50, 1.50) 

5.75 ± 2.72 
(47.4) 

1.83 ± 0.790 
(43.3) 

26.6 ± 10.1 
(37.9) 

45.1 ± 13.1 
(28.9) 

48.1 ±11.9 
(24.8) 

219 ± 58 
(26.5) 

612 ± 414 
(67.6) 

3 
2x  25 mg  

(N=6) 
Mean ± SD 

(CV%) 
0.50 

(0.50, 14.0) 
125 ± 44.5 

(35.7) 
1.06 ± 0.586 

(55.5) 
185 ± 62.1 

(33.6) 
305 ± 61 

(20.0) 
307 ± 60.2 

(19.6) 
169 ±  42.1 

(24.8) 
287 ± 259 

(90.5) 

4 
2x 50 mg  

(N=6) 
Mean ± SD 

(CV%) 
0.50 

(0.50, 1.00) 
223 ± 98.2 

(44.1) 
0.884 ± 0.0911 

(10.3) 
311 ± 77.6 

(25.0) 
501 ± 121 

(24.1) 
503 ± 121 

(24) 
211 ± 64 

(30.3) 
270 ± 91.1 

(33.7) 

6 1x 75 mg 
(N=6) 

Mean± SD  
(CV%) 

0.5 
(0.50, 4.00) 

404 ± 229 
(56.7) 

6.94 ± 14.4 
(208) 

441 ± 121** 
(27.4) 

437 ± 133 
(30.3) 

 455 ± 104 
(23) 

172 ± 38.5 
(22.4) 

2120 ± 4590 
(216) 

5 1x 100 mg 
(N=6) 

Mean ± SD 
(CV%) 

0.5 
(0.50, 0.50) 

580 ± 150 
(25.8) 

0.965 ± 0.171 
(17.7) 

632 ± 187 
(29.6) 

633 ± 188 
(29.7) 

633 ± 188 
(29.7) 

170 ± 49.9 
(29.3) 

233 ± 59.8 
(25.7) 

 

Abbreviations:  AUC0-12h = area under the plasma concentration time curve from time 0 to the 12 hour time point; AUC0-24h = area under the plasma concentration 

time curve from time 0 to the 24 hour time point; AUC0-inf = area under the plasma concentration time curve from time 0 to infinity; AUC0-t = area under the 

plasma concentration time curve from time 0 to time t, where t is the last measurable concentration; CL/F = oral clearance; Cmax = maximum concentration; N = 

sample size; SD = standard deviation; t1/2 = terminal elimination half-life; Tmax = time to maximum concentration;Vz/F = volume of distribution. * Presented as 

median (minimum, maximum). ** AUC0-t (hr*ng/mL). 
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Preparation of compounds 

Acalabrutinib (ACP-196, 1), and analogues 7 – 9 and 11 – 16 were essentially prepared according the methods 

described in WO2013/010868A1. Ibrutinib (2) was purchased from Chembest (Shanghai, China). Spebrutinib (3) was 

prepared according the methods described in WO2009/158571.  

 

Preparation of 4: 4-[8-amino-3-[(2R)-1-but-2-ynoylpyrrolidin-2-yl]imidazo[1,5-a]pyrazin-1-yl]-N-(2-

pyridyl)benzamide. Synthesis is identical to 1, except Z-Pro-OH was replaced with Z-D-Pro-OH. LC-MS Rt: 3.621 

min; m/z 466.1 (M+H)+. HPLC Rt: 4.367 min; purity: 99.7%. 1H NMR (400 MHz, DMSO-d6, 300K): δ 10.86 (s, 1H), 

8.41 (m, 1H), 8.23 (d, 1H, J = 8.3 Hz), 8.16 (m, 2H), 7.86 (m, 1.3H), 7.80 (d, 0.6H, J = 5.1 Hz), 7.73 (t, 2H, J = 7.2 

Hz), 7.18 (m, 1.4H), 7.13 (d, 0.6H, J = 5.0 Hz), 6.22 (s, 0.8H), 6.15 (s, 1.2 H), 5.72 (m, 0.4H), 5.48 (m, 0.6H), 3.83 (t, 

1.2H, J = 6.6 Hz), 3.61 (m, 0.8H), 2.48 – 2.04 (m, 3.2H), 2.01 (s, 2H), 1.95 (m, 0.8H), 1.62 (s, 1H). 

 

Preparation of 5: 4-[8-amino-3-[(2S)-1-but-2-ynoylpyrrolidin-2-yl]imidazo[1,5-a]pyrazin-1-yl]-N-(3-

pyridyl)benzamide. Synthesis is identical to 1, using N-(3-pyridyl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)benzamide. LC-MS Rt: 2.977 min; m/z 466.3 (M+H)+. HPLC Rt: 3.414 min; purity: 98.9%. 1H NMR (400 MHz, 

DMSO-d6, 300K): δ 10.55 (s, 1H), 8.97 (d, 1H, J = 2.1 Hz), 8.33 (dd, 1H, J1 = 1.4 Hz, J2 = 4.8 Hz), 8.23 (m, 1H), 

8.12 (dd, 2H, J1 = 2.1 Hz, J2 = 8.6 Hz), 7.87 - 7.76 (m, 3H), 7.42 (dd, 1H, J1 = 4.8 Hz, J2 = 8.6 Hz), 7.15 (m, 1H), 

6.20 (s, 0.8H), 6.14 (s, 1.2H), 5.73 (m, 0.4H), 5.47 (m, 0.6H), 3.83 (m, 1.2H), 3.60 (m, 0.8H), 2.42 – 2.04 (m, 3 H), 

2.02 (s, 3H), 1.63 (s, 1H). 

 

Preparation of 6: 4-[8-amino-3-[(2S)-1-but-2-ynoylpyrrolidin-2-yl]imidazo[1,5-a]pyrazin-1-yl]-N-(4-

pyridyl)benzamide. Synthesis is identical to 1, using N-(4-pyridyl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)benzamide and isolated as the 2,2,2-trifluoroacetic acid (TFA) salt. LC-MS Rt: 2.773 min; m/z 466.4 (M+H)+. 

HPLC Rt: 0.891 min; purity: 98.5%. 1H NMR (400 MHz, DMSO-d6, 300K): δ 11.53 (s, 1H), 8.77 (d, 2H, J = 7.1 Hz), 

8.30 (d, 2H, J = 7.3 Hz), 8.21 (d, 2H, J = 8.6 Hz), 8.12 (d, 0.3H, J = 6.0 Hz), 8.05 (d, 0.7H, J = 6.0 Hz), 7.88 (m, 2H), 

7.26 (d, 0.3H, J = 5.7 Hz), 7.21 (d, 0.7H, J = 5.8 Hz), 5.83 (m, 0.3H), 5.54 (m, 0.7H), 3.83 (m, 1.4H), 3.60 (m, 0.6H), 

2.55 – 2.10 (m, 5H), 2.015 (s, 2.2H), 1.744 (s, 0.8H). 

 



JPET #242909 

10 
 

Preparation of BTK target occupancy probe N-[3-[2-[2-[3-[5-[(3aS,4S,6aR)-2-oxo-1,3,3a,4,6,6a-

hexahydrothieno[3,4-d]imidazol-4-yl]pentanoylamino]propoxy]ethoxy]ethoxy]propyl]-N'-[2-[4-[(E)-4-[(2S)-2-

[8-amino-1-[4-(2-pyridylcarbamoyl)phenyl]imidazo[1,5-a]pyrazin-3-yl]-1-piperidyl]-4-oxo-but-2-

enyl]piperazin-1-yl]ethyl]pentanediamide (ACP-4016, 10).  

N
N

Cl

N
H

N

OO
O

 

Benzyl (2S)-2-[(3-chloropyrazin-2-yl)methylcarbamoyl]piperidine-1-carboxylate. 2-Chloro-3-

aminomethylpyrazine.HCl (2 g; 11.1 mmol), (S)-(-)-1-(carbobenzyloxy)-2-piperidine carboxylic acid (3.2 g; 12.2 

mmol) and N,N-diisopropylethylamine (7.7 mL; 44.4 mmol) were dissolved in dichloromethane (100 mL). HATU 

(6.3 g; 16.7 mmol) was added and the resulting mixture was stirred overnight at room temperature. The mixture was 

washed with aqueous sodium bicarbonate solution and water. The organic layer was then dried over sodium sulfate, 

filtered and evaporated to dryness. The crude material was chromatographed over SiO2 using a gradient of 20-80% 

ethyl acetate in heptane to give 4.4 g; 11.3 mmol of benzyl (2S)-2-[(3-chloropyrazin-2-yl)methylcarbamoyl]piperidine-

1-carboxylate  as a colorless oil (73%). LC-MS Rt: 5.85 min; m/z 389.2 (M+H)+. HPLC Rt: 8.30 min; purity 75%. 1H 

NMR (400 MHz, CDCl3, 300K): δ 8.35 (1H, d), 8.29 (1H, d), 7.35 (5H, br s), 5.20 (2H, s), 4.95 (1H, s), 4.76 (1H, d), 

4.60 (1H, dd), 4.18 (1H, br s), 3.03 (1H, br s), 2.36 (1H, bd), 1.88 – 1.47 (6H, m). 

N

N

Cl

N

N
O

O

 

Benzyl (2S)-2-(8-chloroimidazo[1,5-a]pyrazin-3-yl)piperidine-1-carboxylate. Benzyl (2S)-2-[(3-chloropyrazin-2-

yl)methylcarbamoyl]piperidine-1-carboxylate  (4.4 g; 11.3 mmol) was dissolved in acetonitrile (100 mL). Phosphorus 

oxychloride (3.2 mL; 34.0 mmol) was added dropwise, followed by DMF (88 µL; 1.1 mmol). The mixture was stirred 

at 20ºC overnight, and then diluted with DCM (250 mL). Aq. sodium bicarbonate solution (100 mL) was added slowly 

and the mixture was stirred until gas evolution ceased. The organic layer was dried on sodium sulfate, filtered and 

evaporated to dryness. Flash SiO2 chromatography using a gradient of 0-50% of EtOAc in heptane yielded 2.3 g; 6.2 

mmol of benzyl (2S)-2-(8-chloroimidazo[1,5-a]pyrazin-3-yl)piperidine-1-carboxylate as a light yellow oil (55%). LC-
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MS Rt: 6.94 min; m/z 371.1 (M+H)+. HPLC Rt: 9.92 min; purity 99.8%. 1H NMR (400 MHz, CDCl3, 300K): δ 7.95 

(1H, bs), 7.79 (1H, s), 7.36 (5H, m), 7.19 (1H, s), 5.82 (1H, s), 5.19 (2H, m), 4.01 (1H, d, J = 13.1), 2.70 (1H, dt, J1 = 

13.1, J2 = 2.8), 2.42 (2H, m), 1.99 (1H, m), 1.83 (1H, d, J = 15.3), 1.71 (1H, d, J = 15.3), 1.56 (1H, m). 

N
N

Cl

N

N
O

O

Br

 

Benzyl (2S)-2-(1-bromo-8-chloro-imidazo[1,5-a]pyrazin-3-yl)piperidine-1-carboxylate. Benzyl (2S)-2-(8-

chloroimidazo[1,5-a]pyrazin-3-yl)piperidine-1-carboxylate (2.3 g; 6.2 mmol) was dissolved in DMF (25 mL). N-

Bromosuccinimide (1.2 g; 6.8 mmol) was added under stirring. The mixture was stirred at room temperature for 4 

hours. DCM (200 mL) and aqueous sodium bicarbonate solution (100 mL) were added to the mixture, and the layers 

were separated. The organic layer was dried over sodium sulfate, filtered and evaporated to dryness. Flash SiO2 

chromatography using a gradient of 0-100% of EtOAc in heptane yielded 2.7 g; 6.0 mmol of benzyl (2S)-2-(1-bromo-

8-chloro-imidazo[1,5-a]pyrazin-3-yl)piperidine-1-carboxylate as a beige solid (96%). LC-MS Rt: 7.69 min; m/z 450.1 

(M+H)+. HPLC Rt: 11.18 min; purity 88.8%. 1H NMR (400 MHz, CDCl3, 300K): δ 7.94 (1H, br s), 7.36 (5H, m), 7.17 

(1H, s), 5.76 (1H, s), 5.19 (2H, m), 4.00 (1H, d, J = 13.6), 2.73 (1H, dt, J1 = 13.2, J2 = 2.8), 2.34 (2H, m), 1.96 (1H, 

m), 1.80 (1H, d, J = 13.2), 1.72 (1H, d, J = 13.2), 1.54 (1H, m). 

N
N

NH2

N

N
O

O

Br

 

Benzyl (2S)-2-(8-amino-1-bromo-imidazo[1,5-a]pyrazin-3-yl)piperidine-1-carboxylate. Benzyl (2S)-2-(1-bromo-8-

chloro-imidazo[1,5-a]pyrazin-3-yl)piperidine-1-carboxylate (2.7 g; 6.0 mmol) was suspended in isopropanol (20 mL) 

and aqueous ammonia (20 mL), and transferred into two microwave vials (20 mL max. capacity). The vials were 

capped and heated to 125ºC for a total of 2.5 hours each. The mixture was evaporated to dryness. The crude product 

was purified by flash SiO2 chromatography using a gradient of 0-5% of MeOH in DCM to give 2.2 g; 5.0 mmol of 

benzyl (2S)-2-(8-amino-1-bromo-imidazo[1,5-a]pyrazin-3-yl)piperidine-1-carboxylate as a yellow solid (83%). LC-

MS Rt: 4.70 min; m/z 431.1 (M+H)+. HPLC Rt: 6.27 min; purity 96.0%. 1H NMR (400 MHz, DMSO-d6, 300K): δ 

7.47 (1H, br d), 7.32 (5H, m), 6.95 (1H, s), 6.71 (2H, s), 5.68 (1H, m), 5.13 (2H, m), 3.90 (1H, m), 3.04 (1H, br t), 1.94 
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(3H, m), 1.65 (2H, m), 1.44 (1H, m). 

N
N

NH2

N

N
O

O

N
H

O
N

 

Benzyl (2S)-2-[8-amino-1-[4-(2-pyridylcarbamoyl)phenyl]imidazo[1,5-a]pyrazin-3-yl]piperidine-1-carboxylate. 

Benzyl (2S)-2-(8-amino-1-bromo-imidazo[1,5-a]pyrazin-3-yl)piperidine-1-carboxylate (1 g; 2.3 mmol) and 4-

(pyridine-2-yl)aminocarbonylphenylboronic acid (562 mg; 2.3 mmol) were dissolved in dioxane (16 mL). 2M 

potassium carbonate solution in water (4 mL) was added. The mixture was purged with N2 for 5 minutes, after which 

1,1′-bis(diphenylphosphino)ferrocene]dichloropalladium(II), complex with dichloromethane (95 mg; 0.12 mmol) was 

added. The resulting mixture was heated to 140ºC for 25 minutes. The mixture was diluted with DCM (50 mL) and 

washed with water (25 mL). The organic layer was dried over sodium sulfate, filtered and evaporated to dryness to 

give a light brown oil. The crude product was purified by flash SiO2 chromatography using a gradient of 0-5% of 

MeOH in DCM to give 1.2 g; 2.1 mmol of benzyl (2S)-2-[8-amino-1-[4-(2-pyridylcarbamoyl)phenyl]imidazo[1,5-

a]pyrazin-3-yl]piperidine-1-carboxylate as a yellow oil (91%). LC-MS Rt: 5.04 min; m/z 548.2 (M+H)+. HPLC Rt: 

6.86 min; purity 97.0%. 1H NMR (400 MHz, DMSO-d6, 300K): δ 10.86 (1H, s), 8.41 (1H, m), 8.24 (1H, d, J = 8.3), 

8.17 (2H, d, J = 8.5), 7.86 (1H, m), 7.76 (2H, d, J = 8.4), 7.54 (1H, br s), 7.31 (5H, br s), 7.19 (1H, m), 7.05 (1H, br s), 

6.21 (2H, s), 5.79 (1H, d, J = 5.0), 5.15 (2H, m), 3.95 (1H, d, J = 13.6), 3.18 (1H, br s), 2.14 (2H, br s), 1.90 (1H, m), 

1.70 (2H, m), 1.49 (1H, m). 

N
N

N

N
H

N
H

O
N

NH2
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4-[8-Amino-3-[(2S)-2-piperidyl]imidazo[1,5-a]pyrazin-1-yl]-N-(2-pyridyl)benzamide. Benzyl (2S)-2-[8-amino-1-[4-

(2-pyridylcarbamoyl)phenyl]imidazo[1,5-a]pyrazin-3-yl]piperidine-1-carboxylate (1.2 g; 2.1 mmol) was dissolved in 

33% HBr in acetic acid (20 mL) and held at room temperature overnight. The mixture was diluted with water (150 

mL) and washed with dichloromethane (100 mL). The aqueous layer was made basic using 2N aqueous sodium 

hydroxide solution, and then extracted with dichloromethane (200 mL). The organic layer was dried over sodium 

sulfate, filtered and evaporated to dryness to give 715 mg; 1.7 mmol of 4-[8-amino-3-[(2S)-2-piperidyl]imidazo[1,5-

a]pyrazin-1-yl]-N-(2-pyridyl)benzamide as a yellow solid (79%). LC-MS Rt: 1.70 min; m/z 414.2 (M+H)+. HPLC Rt: 

0.47 min; purity 99.0%. 1H NMR (400 MHz, DMSO-d6, 300K): δ 10.84 (1H, s), 8.42 (1H, m), 8.23 (1H, d, J = 8.3), 

8.16 (2H, d, J = 8.5), 7.93 (1H, d, J = 4.9), 7.85 (1H, m), 7.75 (2H, d, J = 8.5), 7.18 (1H, m), 7.07 (1H, d, J = 4.9), 6.12 

(2H, br s), 4.14 (1H, m), 3.00 (1H, d, J = 11.7), 2.69 (2H, t, J = 11.0), 1.88 (3H, m), 1.54 (3H, m). 

 

N
N

N
H

O

O
O

O

 

Ethyl (E)-4-[4-[2-(tert-butoxycarbonylamino)ethyl]piperazin-1-yl]but-2-enoate. A mixture of tert-butyl N-(2-

piperazin-1-ylethyl)carbamate (1 g; 4.4 mmol), potassium carbonate (1.2 g, 8.7 mmol) and ethyl (E)-4-bromobut-2-

enoate (674 µL, 4.9 mmol)  in ethanol (15 mL)  was stirred at room temperature for 3 hours. The mixture was diluted 

with ethyl acetate (20 mL) and washed with water (20 mL). The organic layer was dried over sodium sulfate, filtered 

and evaporated to dryness to give a dark brown oil. The crude product was purified by silica column chromatography 

(0 to 10% methanol in dichloromethane) to give 895 mg; 2.6 mmol of ethyl (E)-4-[4-[2-(tert-

butoxycarbonylamino)ethyl]piperazin-1-yl]but-2-enoate as a yellow oil (60%). LC-MS Rt: 3.67 min; m/z 342.3 

(M+H)+. 1H NMR (400 MHz, DMSO-d6, 300K): δ 6.78 (1H, dt, J1 = 15.7, J2 = 5.9), 6.62 (1H, t, J = 5.3), 5.99 (1H, 

dt, J1 = 15.7, J2 = 1.6), 4.11 (2H, q, J = 7.1), 3.09 (2H, dd, J1 = 6.0, J = 1.6), 3.01 (2H, m), 2.31 (10H, m), 1.37 (9H, 

s), 1.21 (3H, t, J = 7.1). 

 

N
N

N
H

O

O
OH

O

 

(E)-4-[4-[2-(tert-butoxycarbonylamino)ethyl]piperazin-1-yl]but-2-enoic acid. A mixture of potassium hydroxide (2 
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mL, 4 mmol) and ethyl (E)-4-[4-[2-(tert-butoxycarbonylamino)ethyl]piperazin-1-yl]but-2-enoate (673 µL, 2.6 mmol)   

in tetrahydrofuran (20 mL)  was stirred at room temperature for 3 hours. Mainly starting material, some desired product 

was observed. Potassium hydroxide (2 mL, 4 mmol) was added and the reaction mixture was stirred overnight at room 

temperature. Still some starting material left. 6N HCl (1.3 mL) was added and the reaction mixture was concentrated 

under reduced pressure. Then, 10 mL of methanol was added. The white precipitate was filtered off and the filtrate 

was concentrated under reduced pressure to give 910 mg; 2.4 mmol of (E)-4-[4-[2-(tert-

butoxycarbonylamino)ethyl]piperazin-1-yl]but-2-enoic acid as a light brown solid (93%). LC-MS Rt: 2.60 min; m/z 

314.3 (M+H)+. 1H NMR (400 MHz, DMSO-d6, 300K): δ 6.73 (1H, dt, J1 = 15.7, J2 = 6.1), 6.65 (1H, t, J = 5.3), 5.3 

(1H, d, J = 15.7), 3.08 (2H, dd, J = 6.1), 3.02 (2H, m), 2.35 (10H, m), 1.37 (9H, s). 

N

N

N
H O

O

N

O
N

N

NH2

N

N
H

O
N

 

tert-Butyl N-[2-[4-[(E)-4-[(2S)-2-[8-amino-1-[4-(2-pyridylcarbamoyl)phenyl]imidazo[1,5-a]pyrazin-3-yl]-1-

piperidyl]-4-oxo-but-2-enyl]piperazin-1-yl]ethyl]carbamate. A solution of 4-[8-amino-3-[(2S)-2-

piperidyl]imidazo[1,5-a]pyrazin-1-yl]-N-(2-pyridyl)benzamide (250 mg; 0.60 mmol), (E)-4-[4-[2-(tert-

butoxycarbonylamino)ethyl]piperazin-1-yl]but-2-enoic acid (271 mg; 0.73 mmol), HATU (345 mg; 0.91 mmol) and 

N,N-diisopropylethylamine (400 µL; 2.41 mmol) in dichloromethane (10 mL) was stirred at room temperature for 2 

hours. Water (10 mL) was added to the mixture and stirred for 10 minutes. The organic layer was dried over sodium 

sulfate, filtered and evaporated to dryness to give a yellow oil. The crude product was purified by silica column 

chromatography (0 to 10% methanol in dichloromethane) to give 262 mg; 0.37 mmol of tert-butyl N-[2-[4-[(E)-4-

[(2S)-2-[8-amino-1-[4-(2-pyridylcarbamoyl)phenyl]imidazo[1,5-a]pyrazin-3-yl]-1-piperidyl]-4-oxo-but-2-

enyl]piperazin-1-yl]ethyl]carbamate as a brown oil (61%). LC-MS Rt: 3.92 min; m/z 709.4 (M+H)+; 707.3 (M+H)-. 

1H NMR (400 MHz, DMSO-d6, 300K): δ 10.85 (1H, s), 8.41 (1H, m), 8.23 (1H, m), 8.16 (2H, m), 7.86 (1H, m), 7.77 

(2H, d, J = 8.2), 7.55 (1H, d, J = 4.9), 7.19 (1H, m), 7.12 (1H, d, J = 4.9), 6.70-6.59 (2H, m), 6.21 (2H, s), 3.90 (1H, br 
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s), 3.49 (1H, br s), 3.20-2.94 (4H, m), 2.47-1.40 (18H, m), 1.37 (9H, s). 

N

N

NH2

N

O
N

N

NH2

N

N
H

O
N

 

4-[8-Amino-3-[(2S)-1-[(E)-4-[4-(2-aminoethyl)piperazin-1-yl]but-2-enoyl]-2-piperidyl]imidazo[1,5-a]pyrazin-1-yl]-

N-(2-pyridyl)benzamide. tert-Butyl N-[2-[4-[(E)-4-[(2S)-2-[8-amino-1-[4-(2-pyridylcarbamoyl)phenyl]imidazo[1,5-

a]pyrazin-3-yl]-1-piperidyl]-4-oxo-but-2-enyl]piperazin-1-yl]ethyl]carbamate (260 mg; 0.37 mmol) was dissolved in 

dichloromethane (20 mL) and trifluoroacetic acid (5 mL) and stirred at room temperature for 2 hours. Aqueous 2N 

sodium hydroxide was added to the mixture until neutral. The organic layer was dried over sodium sulfate, filtered and 

evaporated to dryness to give 175 mg; 0.29 mmol of 4-[8-amino-3-[(2S)-1-[(E)-4-[4-(2-aminoethyl)piperazin-1-yl]but-

2-enoyl]-2-piperidyl]imidazo[1,5-a]pyrazin-1-yl]-N-(2-pyridyl)benzamide as a yellow solid (78% crude). LC-MS Rt: 

2.76 min; m/z 609.4 (M+H)+. HPLC Rt: 0.98 min; purity 87.5%. 1H NMR (400 MHz, DMSO-d6, 300K):  δ 10.85 (1H, 

br s), 8.41 (1H, m), 8.23 (1H, dt, J = 8.3), 8.17 (2H, d, J = 8.5), 7.86 (1H, m), 7.78 (2H, d, J = 7.2), 7.56 (1H, d, J = 

4.2), 7.18 (1H, t), 7.12 (1H, d, J = 4.8), 6.67 (2H, br s), 6.20 (2H, br s), 3.91 (1H, m), 3.23-3.09 (4H, m), 2.61 (1H, t, J 

= 7.0), 2.37 (12H, m), 1.87-1.64 (4H, m), 1.47 (1H, m). 

N
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ACP-4016. N-biotinyl-NH(PEG)2-COOH (242 mg; 0.351 mmol) was dissolved in DMF (8 mL) under a nitrogen 
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atmosphere. N-hydroxysuccinimide (48.4 mg; 0.421 mmol) and N-ethyl-N'-(3-dimethylaminopropyl)-carbodiimide 

hydrochloride (80.6 mg; 0.421 mmol) were added and the reaction mixture was stirred at room temperature overnight. 

The reaction mixture was added dropwise to a solution of 4-[8-amino-3-[(2S)-1-[(E)-4-[4-(2-aminoethyl)piperazin-1-

yl]but-2-enoyl]-2-piperidyl]imidazo[1,5-a]pyrazin-1-yl]-N-(2-pyridyl)benzamide (175.1 mg; 0.288 mmol) and 

DIPEA (75.4 µL) in DMF (4 mL) at -10oC. The reaction mixture was allowed to warm to room temperature overnight, 

concentrated to half the volume under reduced pressure and then purified by preparative HPLC (column: Luna C-18, 

eluent 0-40% ACN in water + 0.5% TFA). The pure fractions were collected and converted to the free base using an 

SCX column (eluent: MeOH/DiPEA 9/1). The resulting solution was concentrated under reduced pressure, and then 

lyophilized from ACN/water 1/1 to give 138.8 mg; 0.120 mmol of N-[3-[2-[2-[3-[5-[(3aS,4S,6aR)-2-oxo-

1,3,3a,4,6,6a-hexahydrothieno[3,4-d]imidazol-4-yl]pentanoylamino]propoxy]ethoxy]ethoxy]propyl]-N'-[2-[4-[(E)-4-

[(2S)-2-[8-amino-1-[4-(2-pyridylcarbamoyl)phenyl]imidazo[1,5-a]pyrazin-3-yl]-1-piperidyl]-4-oxo-but-2-

enyl]piperazin-1-yl]ethyl]pentanediamide (ACP-4016, 10) (34%). LC-MS Rt: 3.58 min; m/z 1151.5 (M+H)+; m/z 

1149.5 (M-H)-. HPLC Rt: 4.75 min; purity 99.4%. 1H NMR (400 MHz, CDCl3, 300K): δ 8.80 (1H, s), 8.46 (1H, d, J 

= 8.5), 8.36 (1H, d, J = 4.7), 8.11 (2H, d, J = 8.0), 7.89 (2H, d, J = 8.1), 7.83 (1H, t), 7.66 (1H, s), 7.14 (1H, t), 7.10 

(1H, d, J = 4.9), 7.00-6.88 (2H, m), 6.80 (1H, m), 6.60 (1H, m), 6.49 (1H, d, J = 15.2), 6.38 (1H, br s), 6.02 (1H, s), 

5.40-5.20 (3H, m), 4.54 (1H, t), 4.36 (1H, t), 3.83 (1H, d, J = 12.3), 3.64-3.52 (13H, m) 3.38 (6H, m), 3.18 (4H, m), 

2.96 (1H, m), 2.76 (2H, m), 2.64-2.41 (11H, m), 2.24 (7H, m), 1.94 (3H, m), 1.93-1.54 (8H, m), 1.44 (3H, m). 

 

Preparation of 12: 4-[8-amino-3-[(2S)-1-but-2-ynoylpyrrolidin-2-yl]imidazo[1,5-a]pyrazin-1-yl]-N-thiazol-4-yl-

benzamide. This compound is synthesized in an analogous manner as 1 using 4-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)-N-thiazol-4-yl-benzamide, resulting in 15 mg of the title compound as a light yellow solid. LC-MS 

Rt: 3.96 min; m/z 472.5 (M+H)+. HPLC Rt: 8.43; purity 95.3%. 1H NMR (400 MHz, DMSO-d6, 300 K): δ 11.49 (1H, 

s), 9.05 (1H, d, J = 2.24), 8.16 (2H, dd J1 = 2.60, J2 = 8.38), 7.89-7.84 (1H, m), 7.81 (1H, d, J = 7.28), 7.74-7.71 (2H, 

m), 7.13  (1H, dd, J1 = 4.92, J2 = 15.76), 6.14 (2H, bs), 5.72-5.46 (1H, m), 3.83-3.80 (1H, t), 3.60-3.58 (1H, m), 2.49-

2.36 (1H, m),  2.28-2.10 (2H, m), 2.05-1.92 (3H, m), 1.62 (1H, s ). 

 

Preparation of 13: 4-[8-amino-3-[(2S)-1-but-2-ynoylpyrrolidin-2-yl]imidazo[1,5-a]pyrazin-1-yl]-N-thiazol-5-yl-

benzamide. This compound is synthesized in an analogous manner as 1 using 4-(4,4,5,5-tetramethyl-1,3,2-
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dioxaborolan-2-yl)-N-thiazol-5-yl-benzamide, resulting in 5 mg of the title compound as a light yellow solid. LC-MS 

Rt: 3.82 min; m/z 472.17 (M+H)+. HPLC Rt: 10.24 min; purity 97.7%. 1H NMR (400 MHz, DMSO-d6, 300 K): δ 

11.88 (1H, s), 8.64 (1H, s), 8.13 (2H, d, J = 8.3), 7.81 (4H, m), 7.14 (1H, dd, J1 = 16.1, J2 = 5.0), 6.19 (0.8H, br s), 

6.13 (1.2H, br s), 5.72 (0.4H, m), 5.48 (0.6H, m), 3.82 (1H, m), 3.60 (1H, m), 2.50-2.19 (2H, m), 2.14-1.94 (4.8H, m), 

1.62 (1.2H, s). 

 

Preparation of 14: 4-[8-amino-3-[(2S)-1-but-2-ynoylpyrrolidin-2-yl]imidazo[1,5-a]pyrazin-1-yl]-N-methyl-N-

(2-pyridyl)benzamide.  

N-methyl-N-(2-pyridyl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide. 4-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)benzoic acid (650 mg, 2.62 mmol), EDCI (553 mg, 2.88 mmol) and DMAP (38.4 mg, 0.31 mmol) 

were dissolved in DCM (10 mL). N-methylpyridin-2-amine (297 uL, 2.88 mmol) was added. The reaction mixture was 

stirred overnight at 21 ºC. The organic layer was washed twice with water (10 mL), dried using a PE-filter and 

concentrated in vacuo. The crude product was purified using flash chromatogaphy (0-10% methanol in DCM) to give 

367 mg of N-methyl-N-(2-pyridyl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide as a white solid. LC-

MS Rt: 6.12 min; m/z 339.2 (M+H)+. 

4-[8-amino-3-[(2S)-1-but-2-ynoylpyrrolidin-2-yl]imidazo[1,5-a]pyrazin-1-yl]-N-methyl-N-(2-pyridyl)benzamide. 

This compound is synthesized in an analogous manner as 1 using N-methyl-N-(2-pyridyl)-4-(4,4,5,5-tetramethyl-

1,3,2-dioxaborolan-2-yl)benzamide, resulting in 43 mg of the title compound as a light yellow solid. LC-MS Rt: 3.65 

min; m/z 480.2 (M+H)+. HPLC Rt: 4.49 min; purity 100%. 1H NMR (400 MHz, DMSO-D6, 300K): δ 8.41 (1H, m), 

7.75 - 7.85 (1H, dd, , J1 = 28.7 Hz, J2 = 5.2 Hz), 7.71 (1H, t, J = 7.3 Hz), 7.50 (2H, t, J1 = 8.5 Hz, J2 = 7.4 Hz), 7.39 

(2H, d, J = 7.9 Hz), 7.16 - 7.23 (2H, m), 7.07 - 7.14 (1H, dd, , J1 = 15.9 Hz, J2 = 5.0 Hz), 6.05 (1H, br s), 5.98 (1H, br 

s), 5.42 - 5.72 (1H, m), 3.81 (1H, m), 3.58 (1H, m), 3.49 (3H, s), 2.15 - 2.46 (2H, m), 2.09 (1H, m), 2.02 (2H, s), 1.98 

(1H, m), 1.60 (1H, s). 

 

Preparation of 15: 4-[8-Amino-3-[(2S)-1-but-2-ynoylpyrrolidin-2-yl]imidazo[1,5-a]pyrazin-1-yl]benzamide).  

Benzyl (2S)-2-[8-amino-1-(4-cyanophenyl)imidazo[1,5-a]pyrazin-3-yl]pyrrolidine-1-carboxylate. A solution of 

benzyl (2S)-2-(8-amino-1-bromo-imidazo[1,5-a]pyrazin-3-yl)pyrrolidine-1-carboxylate (500 mg, 1.2 mmol), 4-

(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzonitrile (302 mg, 1.32 mmol), 2M aqueous potassium carbonate 
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solution (1.8 mL, 3.6 mmol) in 1,4-dioxane (10 mL) was degassed for 5 minutes. Then PdCl2(dppf) (49 mg, 0.06 

mmol) was added and the reaction mixture was again degassed for 5 minutes.  The reaction mixture was heated at 100 

°C for 16 hours in a sealed tube. After completion, the reaction mixture was diluted with water (25 ml) and extracted 

with ethyl acetate (25 ml). The organic layer was dried over sodium sulfate and concentrated to get the crude mass 

which was purified by column chromatography (silica: 100-200; elution: 3-4% methanol in dichloromethane) to get 

500 mg (1.14 mmol) benzyl (2S)-2-[8-amino-1-(4-cyanophenyl)imidazo[1,5-a]pyrazin-3-yl]pyrrolidine-1-carboxylate 

as pale yellow solid (95%). LC-MS Rt: 2.04 min; m/z 439.20 (M+H)+. 1H NMR (400 MHz, DMSO-d6, 300 K): δ 7.92 

(2H, d, J= 8.4 Hz), 7.80-7.74 (3H, m), 7.66 (1H, d, J= 4.4 Hz), 7.31 (2H, s), 7.13 (1H, s), 7.07-7.03 (1H, m), 6.73 (1H, 

d, J= 7.2 Hz), 6.19 (2H, s), 5.42-5.40 (1H, m), 5.01 (2H, s), 3.62-3.54 (2H, m), 2.32-2.19 (2H, m), 2.15-1.95 (2H, m). 

4-[8-Amino-3-[(2S)-pyrrolidin-2-yl]imidazo[1,5-a]pyrazin-1-yl]benzamide. A solution of benzyl (2S)-2-[8-amino-1-

(4-cyanophenyl)imidazo[1,5-a]pyrazin-3-yl]pyrrolidine-1-carboxylate  (500 mg, 1.14 mmol) in 33% HBr in acetic acid 

(5 mL) was stirred at room temperature for 16 hours. After completion, the reaction mixture was poured in water (50 

ml) and extracted with ethyl acetate (50 ml). The aqueous layer was basified with solid sodium hydroxide and again 

extracted with ethyl acetate (50 ml). This organic layer was dried over anhydrous sodium sulfate and concentrated to 

get 250 mg (0.76 mmol) 4-[8-amino-3-[(2S)-pyrrolidin-2-yl]imidazo[1,5-a]pyrazin-1-yl]benzamide as yellow solid 

(68 %). LC-MS Rt: 0.87 min; m/z 323.32 (M+H)+. 1H NMR (400 MHz, DMSO-d6, 300 K): δ 8.03 (1H, s), 7.98 (2H, 

d, J= 8.0 Hz), 7.75 (1H, d, J= 4.8 Hz), 7.67 (2H, d, J= 8.4 Hz), 7.39 (1H, s), 7.05 (1H, d, J= 4.8 Hz), 6.04 (2H, s), 4.54-

4.51 (1H, m), 2.90-2.86 (2H, m), 2.05 (1H, bs), 1.86-1.75 (2H, m), 1.38-1.29 (2H, m). 

4-[8-Amino-3-[(2S)-1-but-2-ynoylpyrrolidin-2-yl]imidazo[1,5-a]pyrazin-1-yl]benzamide. To a solution of 4-[8-

amino-3-[(2S)-pyrrolidin-2-yl]imidazo[1,5-a]pyrazin-1-yl]benzamide (150 mg, 0.46 mmol) in dichloromethane (5 

mL) was added but-2-ynoic acid (39 mg, 0.46 mmol), DIPEA (0.24 mL, 1.39 mmol) and T3P (0.41mL, 0.69 mmol) at 

0 °C. The reaction mixture was stirred at same temperature for 30 minutes. After completion, the reaction mixture was 

diluted with water (10 ml) and extracted with dichloromethane (25 ml). The organic layer was dried over sodium 

sulfate and concentrated to get the crude material which was purified by column chromatography (silica: 100-200; 

elution: 8-10% methanol in dichloromethane) to get 40 mg; 0.10 mmol 4-[8-amino-3-[(2S)-1-but-2-ynoylpyrrolidin-

2-yl]imidazo[1,5-a]pyrazin-1-yl]benzamide as yellow solid (22%). LC-MS Rt: 3.18 min; m/z 389.0 (M+H)+. HPLC 

Rt: 8.93 min; purity 99.3%. 1H NMR (400 MHz, DMSO-d6, 300 K): δ 8.04 (1H, s), 7.99 (2H, d, J = 8.3), 7.84 (0.4H, 

d, J = 5.0), 7.78 (0.6H, d, J = 5.0), 7.67 (2H, t, J = 6.8), 7.41 (1H, s), 7.13 (0.4H, d, J = 4.9), 7.10 (0.6H, d, J = 4.9), 
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6.15 (0.8H, br s), 6.11 (1.2H, br s), 5.70 (0.4H, m), 5.46 (0.6H, m), 3.81 (1H, m), 3.60 (1H, m), 2.40-2.15 (2H, m), 

2.15-1.90 (4.8H, m), 1.62 (1.2H, s). 

 

Preparation of 16: 3-[8-amino-3-[(2S)-1-but-2-ynoylpyrrolidin-2-yl]imidazo[1,5-a]pyrazin-1-yl]-N-(2-

pyridyl)benzamide. This compound is synthesized in an analogous manner as 14 using N-(2-pyridyl)-3-(4,4,5,5-

tetramethyl-1,3,2-dioxaborolan-2-yl)benzamide, resulting in 30 mg of the title compound as a yellow solid. LC-MS 

Rt: 3.62 min; m/z 466.3 (M+H)+. HPLC Rt: 4.84 min; purity 99.8%. 1H NMR (400 MHz, DMSO-d6, 300 K): δ 10.90 

(1H, d, J = 4.6), 8.41 (1H, m), 8.23 (2H, m), 8.08 (1H, d, J = 7.2), 7.89-7.79 (3H, m), 7.65 (1H, t, J = 7.8), 7.19 (1H, 

ddd, J1 = 7.4, J2 = 4.9, J3 = 1.0), 7.14 (1H, dd, J1 = 15.9, J2 = 5.0), 6.16 (0.8H, br s), 6.09 (1.2H, br s), 5.74 (0.4H, 

m), 5.49 (0.6H, m), 3.83 (1H, t, J = 6.5), 3.61 (1H, m), 2.47-2.20 (2H, m), 2.20-1.95 (4.8H, m), 1.65 (1.2H, s). 

 

HPLC Method for Glutathione Reactivity Assay:  A Gilson-system equipped with a Phenomenex Luna C18(2) (150 

x 2.00 mm, 5µm) column and UV/Vis detector (210/240 nm). The used method was a 25-minute run, using a 

continuous flow (1 mL/min). Eluens: A: acetonitrile, B: acetronitrile / MilliQ-water = 1/9 (v/v), C: 0.1% TFA in 

MilliQ-water. 

Time (min) A (%) B (%)  C (%) 

0.00  0 97 3 

11.90  97 0 3 

14.40  97 0 3 

15.40  0 97 3 

25.00  0 97 3 
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