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1. Table of combustion analysis, HRMS and HPLC analysis data for 5a-6q. 

The following HPLC methods were used to obtain the reported retention times:  

Method A: YMC ProC18 column, 2.0 x 50 mm; linear gradient from 0% to 90% CH3CN in 

H2O over 4 minutes (0.1% trifluoroacetic acid); flow rate 0.8 mL/min; 214 nM/254 nM. 

Method C: Water symmetry C18 column, 4.6 x 50 mm; linear gradient from 2% to 90% 

CH3CN in H2O over 3 minutes (2% ammonium formate); flow rate 1.5 mL/min; detection 

diode array.  

Method D: YMC ODS-AQ 5µm 120A column, 3.0 x 150 mm; linear gradient 10% to 90% 

CH3CN in H2O over 8 min (0.1% trifluoroacetic acid); flow rate 1.0 mL/min; 214 nM. 

Method E: YMC ProC18 column, 2.0 x 50 mm; linear gradient from 10% to 90% CH3CN in 

H2O over 5 minutes (0.2% formic acid); flow rate 1.5 mL/min; detection diode array.  

Method F: YMC ODS-AQ 5µm 120A column, 3.0 x 150 mm; linear gradient from 10% to 

90% CH3CN in H2O over 22 min (0.1% trifluoroacetic acid); flow rate 1.0 mL/min; 214 nM. 

Method G: YMC ODS-AQ 5µm 120A column, 3.0 x 150 mm; linear gradient from 15% to 

90% CH3CN in H2O over 10 min (0.2% trifluoroacetic acid); flow rate 1.5 mL/min; detection 

diode array. 

 

All samples had purities higher than 95% unless specified. 

 

Compound Molecular Formula MS HPLC Analysis Data 

5a C17H17ClN4O+H Calcd: 329.1164 

Found: 329.1166 

Method A: tr = 3.23 min 

Method C: tr = 2.7 min 

5b C18H17ClN4O+H Calcd: 341.1164 

Found: 341.1165 

Method A: tr = 3.27 min 

Method C: tr = 2.7 min 

5c C18H17ClN4O2+H Calcd: 357.1113 

Found: 357.1112 

Method A: tr = 3.07 min 

Method C: tr = 2.5 min 

5d C19H19ClN4O2+H Calcd: 371.1269 

Found: 371.1271 

Method A: tr = 3.14 min 

Method C: tr = 2.8 min 

5e C21H24ClN5O+H Calcd: 398.1742 

Found: 398.1742 

Method A: tr = 2.78 min 

Method C: tr = 2.6 min 
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5f C20H15ClN4O+H Calcd: 363.1007 

Found: 363.1005 

Method A: tr = 3.54 min 

Method C: tr = 3.0 min 

5g C21H17ClN4O+H Calcd: 377.8 

Found: 377.4 

Method F: tr = 10.1 min 

 

5h C20H16ClN5O+H Calcd: 378.1116 

Found: 378.1116 

Method A: tr = 2.69 min 

Method C: tr = 2.5 min 

5i C20H16ClN5O+H Calcd: 378.8 

Found: 378.4 

Method F: tr = 7.5 min 

Method G: tr = 4.9 min 

5j C22H19ClN4O+H Calcd: 391.1320 

Found: 391.1320 

Method A: tr = 3.59 min 

Method C: tr = 3.0 min 

5k C21H15ClF2N4O+H Calcd: 413.0975 

Found: 413.0975 

Method A: tr = 3.56 min 

Method C: tr = 3.0 min 

5l C22H19ClN4O2+H Calcd: 407.1269 

Found: 407.1268 

Method A: tr = 3.43 min 

Method C: tr = 2.9 min 

5m C23H19ClN4O+H Calcd: 403.1320 

Found: 403.1319 

Method A: tr = 3.68 min 

Method C: tr = 3.1 min 

5n C21H18ClN5O+H Calcd: 392.1273 

Found: 392.1271 

Method A: tr = 2.7 min 

Method C: tr = 2.5 min 

5o C21H17ClN4O2+H Calcd: 393.1113 

Found: 393.1112 

Method A: tr = 3.41 min 

Method C: tr = 2.9 min 

6a C22H19ClN4O+H Calcd: 391.1320 

Found: 391.1319 

Method A: tr = 3.57 min 

Method C: tr = 3.0 min 

6b C22H19ClN4O+H Calcd: 391.1320 

Found: 391.1319 

Method A: tr = 3.57 min 

Method C: tr = 3.0 min 

6c C22H19ClN4O2+H Calcd: 407.1269 

Found: 407.1270 

Method A: tr = 3.23 min 

Method C: tr = 2.7 min 

6d C22H17ClN4O3+H Calcd: 421.1 

Found: 421.0 

Method D: tr = 6.2 min 

 

6e C22H18ClN5O2+H Calcd: 420.1222 

Found: 420.1220 

Method A: tr = 3.15 min 

Method C: tr = 2.6 min 
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6f C23H20ClN5O2+H Calcd: 434.1 

Found: 434.0 

Method D: tr =6.0  min 

Method E: tr = 3.0 min 

6g C23H19ClN4O2+H Calcd: 419.1269 

Found: 419.1270 

Method A: tr = 3.3 min 

Method C: tr = 2.7 min 

6h C22H18ClFN4O2+H Calcd: 425.1175 

Found: 425.1172 

Method A: tr = 3.31 min 

Method C: tr = 2.7 min 

6i C22H18Cl2N4O2+H Calcd: 441.0879 

Found: 441.0880 

Method A: tr = 3.43 min 

Method C: tr = 2.8 min 

6j C23H18ClF3N4O2+H Calcd: 475.1143 

Found: 475.1145 

Method A: tr = 3.54 min 

Method C: tr = 2.9 min 

6k C22H18ClFN4O2+H Calcd:  425.1175 

Found: 425.1171 

Method A: tr = 3.28 min 

Method C: tr = 2.7 min 

6l C22H18ClFN4O2+H Calcd: 425.1 

Found: 425.1 

Method D: tr = 5.6 min 

Method E: tr = 2.9 min 

6m C22H18ClF2N4O2+H Calcd: 443.1081 

Found: 443.1083 

Method A: tr = 3.36 min 

Method C: tr = 2.7 min 

6n C22H17Cl3N4O2+H Calcd: 476.8 

Found: 476.8 

Method D: tr = 7.1 min 

Method E: tr = 3.5 min 

6o C22H17Cl2FN4O2+H Calcd: 459.1 

Found: 458.9 

Method D: tr = 6.5 min 

Method E: tr = 3.3 min 

6p C22H17Cl2FN4O2+H Calcd: 459.0785 

Found: 459.0783 

Method A: tr = 3.47 min 

Method C: tr = 2.8 min 

6q C22H17Cl2FN4O2+H Calcd: 459.3 

Found: 459.5 

Method A: tr = 3.47 min 

Method C: tr = 2.8 min 

 

All samples were purified using reversed phase chromatography eluting with mixtures of 

acetonitrile, water and 1% TFA. Solids were isolated after lyophilizing the samples, all 

samples were TFA salts and partially hydrated.  
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Compound Molecular Formula Elemental Analysis 

5b C20H18ClF3N4O3·0.5H2O Calcd: C, 51.79; H, 4.13; N, 12.08. 

Found: C, 51.56; H, 4.03; N, 11.91. 

5c C18H17ClN4O2·0.5CF3CO2H·H2O Calcd: C, 52.85; H, 4.55; N, 12.97. 

Found: C, 52.92 ; H, 4.40; N, 12.70 . 

5h C24H18ClF6N5O5·1.5H2O Calcd: C, 45.55; H, 3.34; N, 11.07. 

Found: C, 45.30; H, 3.02; N, 10.88. 

6a C24H20ClF3N4O3·1.5H2O Calcd: C, 54.19; H, 4.36; N, 10.53. 

Found: C, 54.36; H, 4.56; N, 10.31. 

6h C24H19ClF4N4O4·0.5H2O Calcd: C, 52.61; H, 3.68; N, 10.23. 

Found: C, 52.46; H, 3.37; N, 10.18. 

6k C26H20ClF7N4O6·0.5H2O Calcd: C, 47.18; H, 3.20; N, 8.46. 

Found: C, 47.28; H, 3.23; N, 9.04. 

6p C24H18Cl2F4N4O4·H2O Calcd: C, 48.75; H, 3.41; N, 9.47. 

Found: C, 48.58; H, 3.41; N, 9.26. 

 

2. Description of biochemical and cellular assays. 

ERK Inhibition Assay: Compounds were assayed for the inhibition of ERK2 by a 

spectophotometric coupled-enzyme assay as described in Fox et al. (Fox, T., Coll, J.T., Xie, 

X., et al. Protein Science 1998, 7, 2249-2255). In this assay, a fixed concentration of activated 

ERK2 (10 nM) was incubated with various concentrations of the compounds in DMSO 

(2.5%) for 10 min. at 30 oC in 0.1 M HEPES buffer, pH = 7.5, containing 10 mM MgCl2, 2.5 

mM phosphoenolpyruvate, 200 µM NADH, 150 µg/mL pyruvate kinase, 50 µg/mL lactate 

dehydrogenase and 200 µM erktide peptide. The reaction was initiated by the addition of 65 

µM ATP. The rate of decrease of absorbance at 340 nM was monitored. The IC50 was 

evaluated from the data as a function of inhibitor concentration. 

JNK Inhibition Assay:  

Compounds were screened in the following manner for their ability to inhibit JNK using a 

spectrophotometric couple-enzyme assay. To an assay stock buffer solution containing 0.1 M 

HEPES buffer, pH = 7.5, 10 mM MgCl2, 2.5 mM phosphoenolpyruvate, 200 µM NADH, 150 
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µg/mL pyruvate kinase, 50 µg/mL lactate dehydrogenase and 200 µM EGF receptor peptide 

(with sequence KRELVEPLTPSGEAPNQALLR), were added various concentrations of the 

compound in DMSO and a fixed concentration (10 nM) of activated JNK. The resulting 

mixture was incubated at 30 oC for 10 minutes then the reaction was initiated by the addition 

of 10 µM ATP. The decrease of absorbance at 340 nM at 30 oC was monitored as a function 

of time and the resulting data was fitted to a competitive inhibition kinetic model to determine 

the Ki. 

 

ERK Inhibition Cell Proliferation Assay: 

The cell line, Colo205, was obtained from ATCC. Colo205 proliferation was measured by 3H-

thymidine incorporation. The cells were plated at a concentration of 10,000 cells/well in a 96-

well plate using growth media, RPMI 1640 containing 10% FBS. Serially diluted compounds 

were added. The cells and compounds were incubated for 48 hours at 37oC incubator. After 

48 hours 0.4 µCi of 3H-thymidine (NEN, Cat. #NET-027) was added to each wells for 8 hours 

and returned to the 37oC incubator. The cells were harvested using a Tomtec 96-well cell 

harvester and the CPM was determined using the Wallac 1205 BETAPLATE liquid 

scintillation counter. The IC50 is the 50% inhibition of control (cells with vehicle). 

 

3. Crystallographic Information. 

Methods:  Erk-2 protein was expressed, purified and crystallized as described in Fox et al. 

(Fox, T., Coll, J.T., Xie, X., et al. Protein Science 1998, 7,  2249-2255). Briefly, full-length 

ERK1 (Met1-Ser360) was expressed as a fusion with an N-terminal (His)6 tag in E. coli. The 

protein was purified using a combination of metal-affinity chromatography (Talon resin) and 

anion-exchange chromatography (Q sepharose resin). Crystals were grown by vapor diffusion 

using a reservoir solution containing 100 mM MES buffer, pH 6.5, 26-28% PEG-MME 2000, 

200 mM ammonium sulfate and 20mM 2-mercaptoethanol.  

JNK-3 protein was expressed, purified and crystallized as described in Xie et al. (Xie, X., Gu, 

Y., Fox, T., et al. Structure 1998, 15, 983-991). Briefly, a truncated JNK-3 construct (Ser40-

Glu402) was expressed in E. coli. The protein was purified using cation-exchange 

chromatography (SP Sepharose resin). Crystals were grown by vapor diffusion using a 
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reservoir solution containing 20-24% PEG-MME 550, 10% ethylene glycol, 100 mM HEPES 

buffer, pH 7.5, and 20mM 2-mercaptoethanol. 

X-ray data were collected on an Raxis IIC image plate and processed using 

DENZO/SCALEPACK.  Model building and refinement were performed using Quanta and 

CNX respectively (Accelrys). 

X-ray statistics: 

 ERK2 ERK2 ERK2 JNK3 
 6p 5g 1 5g 

Data collection 
    

Space group P21 P21 P21 P212121 
Unit cell  parameters  48.6 x 69.5 x 

60.1 Å 
β=109.9° 

 48.6 x 69.7 x 
60.0 

Å β=109.4° 

48.7 x 70.7 x 
60.1 Å 

β=109.0 

52.3 x 70.3 
x 107.5 Å 

Resolution (Å) 20 – 2.4 20 - 2.6 20 - 2.0 20 - 2.4 
Redundancy 2.1  1.7 2.77 3.3 (1.6) 
Completeness (%)* 93.1 (72.8) 94.5 (85.2) 93.1 (79.7) 92.8 (72.3) 
Rmerge* 0.064 (0.21) 0.062 (0.24) 0.048 (0.22) 0.078 (0.25) 
<I/σ>* 11.9 (4.6 ) 9.0 (3.8) 14.8 (4.3) 11.6 (3.3) 

Refinement 
    

Reflections used 13512 11060 23756 15047 
Test reflections 686 994 2164 1324 
R-factor 0.212 0.209 0.218 0.241 
Free R-factor 0.269 0.269 0.262 0.294 
RMS deviations       

Bond lengths (Å) 0.003 0.003 0.004 0.004 
Bond angles (°) 0.9 1.0 1.1 1.2 
Dihedral angles (°) 21.4 21.3 21.4 21.4 

 

*Values for the highest resolution shell are shown in parentheses. 

Rmerge = 
hkl

∑ I(hkl)i − I(hkl)
i

∑ /
hkl

∑ I(hkl)ii
∑  over i observations of reflection hkl. 

R-factor = Fobs − Fcalc∑ / Fobs∑  where Fobs and Fcalc are the observed and calculated 

structure factors, respectively.  Free R-factor is calculated from a randomly chosen subset of 

reflections not used for refinement.   


