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Aronchik et al.-- Supplemental Methods and References 

Synthesis of LJH685 and LJI308 

Synthesis of 2,6-difluoro-4-(4-(4-(4-methylpiperazin-1-yl)phenyl)pyridin-3-yl)phenol (LJH685). 

 

Synthesis of 4-(4-chloropyridin-3-yl)-2,6-difluorophenol: To 4-bromo-2,6-difluorophenol (1.2 g, 

5.74 mmol) and 4-chloro-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine (1.375 g, 5.74 

mmol) in DME (16 mL) and 2M sodium carbonate (4 ml, 8.00 mmol) was added PdCl2(dppf)-

CH2Cl2 Adduct (0.469 g, 0.574 mmol). The reaction mixture was heated in oil bath at 100°C for 

3h. The crude reaction mixture was diluted with EtOAc and filtered to remove a black solid. 

Filtrate was evaporated and triturated with DCM. The solid was filtered, washed with DCM and 

dried to provide 4-(4-chloropyridin-3-yl)-2,6-difluorophenol in 72% yield. LCMS (m/z) 241.9, 

242.9, Rt 0.53 min. 
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Synthesis of 2,6-difluoro-4-(4-(4-(4-methylpiperazin-1-yl)phenyl)pyridin-3-yl)phenol: To 4-(4-

chloropyridin-3-yl)-2,6-difluorophenol (250 mg, 1.04 mmol) in DME (8 mL) and 2M sodium 

carbonate (2 mL, 4.0 mmol) was added 1-methyl-4-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)phenyl)piperazine (469 mg, 1.55 mmol) and Pd(DtBPF)Cl2 (67.4 mg, 0.103 mmol). The 

reaction mixture was heated in the microwave at 120°C for 12min. The reaction mixture was 

partitioned between ethyl acetate and water, and the organic layer was separated and 

concentrated to give the crude product. The crude material was purified by reverse phase HPLC 

to provide 2,6-difluoro-4-(4-(4-(4-methylpiperazin-1-yl)phenyl)pyridin-3-yl)phenol (LJH685, 

40.1 mg, 10.5% yield) at the TFA salt. 1H NMR (400 MHz, DMSO-d6) δ 10.19-10.45 (m, 1H), 

9.44-9.73 (m, 1H), 8.36-8.63 (m, 2H), 7.31-7.51 (m, 1H), 6.99-7.14 (m, 2H), 6.67-6.99 (m, 4H), 

3.74-3.98 (m, 3H), 2.84-3.18 (m, 5H), 2.70-2.84 (m, 3H). LCMS (m/z) 382.1, Rt 0.38 min; 

UPLC 0.85 min. 

Synthesis of 2,6-difluoro-4-(4-(4-morpholinophenyl)pyridin-3-yl)phenol (LJI308). 
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To 4-(4-chloropyridin-3-yl)-2,6-difluorophenol (200 mg, 0.83 mmol) in DME (6 mL) and 2M 

sodium carbonate (1.5 mL, 3.0 mmol) was added 4-morpholinophenylboronic acid (206 mg, 

0.993 mmol) and Pd(DtBPF)Cl2 (53.9 mg, 0.08 mmol). The reaction mixture was heated in the 

microwave at 120°C for 15min. The reaction mixture was partitioned between ethyl acetate and 

water, and the organic layer was separated and concentrated to give the crude product. The crude 

was purified by reverse phase HPLC to provide 2,6-difluoro-4-(4-(4-morpholinophenyl)pyridin-

3-yl)phenol (LJI308, 65.2 mg, 21% yield) as a TFA salt. 1H NMR (400 MHz, DMSO-d6) 

δ 10.24-10.66 (m, 1H), 8.50-8.78 (m, 2H), 7.53-7.81 (m, 1H), 7.03-7.24 (m, 2H), 6.77-7.01 (m, 

4H), 3.07-3.28 (m, 5H). LCMS (m/z) 369.0, Rt 0.57 min; UPLC 1.91 min. 

Assessment of Cell Growth:  

Cell growth under attached conditions was assessed by plating 1000 cells per well on 96-well 

tissue culture-treated plates in cell growth medium.  Appropriate dilutions of compound were 
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added medium above cells and cell growth was assessed after 72 hrs by addition of CellTiter Glo 

reagent according to manufacturer’s directions. 

Cell growth in soft agar was assessed by plating 500 cells per well of U-bottom 96-well plates in 

0.3% Seakem GTG agarose diluted in cell growth medium.  Appropriate dilutions of compound 

were added to medium above cells and colony formation proceeded for 7-10 days.  Colony 

growth was quantified by addition of Alamar Blue according to supplier protocol (VWR).  

Fluorescence was read (excitation=530nm, emission 590nm) while in the linear range of 

detection.  Cell growth in matrigel matrix was as with soft agar except that cells in medium were 

mixed with an equal volume of matrigel and assessed for growth phenotype using a phase 

contrast image. 

For colony formation assays, one thousand cells of each cell type were plated per well of a 6-

well dish and allowed to form colonies for 10 days with the indicated concentrations of LJI308.  

Colonies were fixed and stained in 1% crystal violet in PBS with 0.5% methanol and 0.5% acetic 

acid for 1 hr.  After drying overnight, stained cells were solubilized in 1% SDS and quantified by 

Abs 595 with dilution of control and treated samples as needed for linear absorbance reading. 

For growth in minimally attached conditions, H358 cells (7000/well) or MDA-MB-231 cells 

(10,000/well) were plated on 96-well NanoCulture plate (Scivax NCP-L-MH) after hydration of 

mesh with cell growth medium.  After cell attachment overnight, LJI308 was added at indicated 

concentrations and cells were allowed to grow for 7 days.  Cell growth was quantified in 

duplicate sets of treatment wells using either Alamar Blue or Cell Titer Glo according to supplier 

protocol. 
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Inhibition of RSK1, RSK2, RSK3 activity: Enzymatic activity of RSK isoforms 1, 2, and 3 was 

assessed using recombinant full-length RSK protein purchased from Invitrogen (PV4049, 

PV4051, PV3846) (Life Technologies, Grand Island, NY).  RSK1 (1 nM), RSK2 (0.1 nM), or 

RSK3 (1 nM) was allowed to phosphorylate 200 nM peptide substrate (biotin-

AGAGRSRHSSYPAGT-OH) in the presence of ATP at concentration equal to the Km for ATP 

for each enzyme (RSK1- 5 μM, RSK2- 20 μM, RSK3- 10 μM) and appropriate dilutions of RSK 

inhibitors in 50mM HEPES, pH 7.5, 10mM MgCl2, 1mM DTT, 0.1% BSA Fraction V, 0.01% 

Tween-20.  After 150 min at room temperature, the reaction was stopped with 60 mM EDTA and 

extent of peptide phosphorylation was determined using an anti-phospho-AKT substrate 

antibody (CST #9614) and AlphaScreen reagents as described by the manufacturer 

(PerkinElmer). 

Flow Cytometry and FACS analysis.  

MDA-MB-231 and H358 cells were plated on 6-well plates, cultured and treated with 10 µM 

LJH685 or DMSO as described above. On the day of the collection the cells were washed with 

PBS twice, harvested using rubber cell lifter and hypotonically lysed in propidium iodide 

containing buffer. 10,000 nuclei from each sample were analyzed for PI emitted fluorescence 

proportional to DNA binding of the dye using a flow cytometer. Alternatively, for caspase 3 

activation analysis, the cells were plated on conventional plastic or on low bind plates as before 

and after 24 hours treated with 10µM LJH685. After 5 days of incubation, the cells were treated 

with 1µM NucView 488 probe for 30 minutes in light protected container, sorted for presence of 

cleaved fluorescent substrate indicative of active caspase 3 detected as signal emitted at 

488nm.The initial analysis was performed using FACS diva software, with further quantification 

using Excel (Microsoft Office) for graphical representation of the results. 
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Protein expression and purification: 

Rsk2 constructs were expressed in Sf-21 insect cell line with a Human Rhinovirus 3C (HRV 3C) 

cleavable 6-Histidine (His) tag.  Cells were lysed by a dounce homogenizer and cleared in a 

Sovall SLA-1500 rotor (15,000 rpm, 60 min, 4°C).  The supernatant was applied to a nickel 

immobilized metal ion affinity chromatography (IMAC) column, eluted stepwise with 250mM 

imidazole and cleavage of His tag was performed with HRV 3C (10U/mg of protein) and buffer 

exchanged @ 4°C in dialysis cassette overnight.  The cleaved protein was applied to a second 

nickel IMAC column.  The flowthrough and low imidazole wash were collected, combined, 

diluted (10-fold to reduce [NaCl] to 50mM) and applied heparin column (50-1000mM [NaCl] 

gradient, 20CV).  The pooled heparin fractions, concentrated and applied to a gel filtration 

column (Superdex200).  The gel filtration fractions were pooled and concentrated to 8-10mg/mL. 

Structure Solution of Rsk2/LJH685: Rsk2 (39-366) was concentrated to 7-8 mg/mL in 20 mM 

Tris pH 7.0, 250 mM sodium chloride, 150 mM lithium sulfate, 5% glycerol, and 1 mM TCEP. 

Crystals were generated by the vapor diffusion method at 18 oC using equal volumes of 

protein:ligand and reservoir solution from a grid screen composed of 12-24% PEG3350 and 100 

mM sodium malonate pH 5-7. Parent co-crystals were improved by microseeding using an 

compound unrelated to LJH685.  To displace the parent compound used for co-crystallization, 

crystals were soaked overnight in a cryosolution composed of 20% PEG3350, 20% glycerol, 100 

mM sodium malonate pH 6.5, and 1 mM LJH685. Data were collected at beam-line 5.0.2 of the 

Advanced Light Source (Lawerence Berkeley National Laboratory) and processed with XDS and 

AIMLESS as implemented in autoPROC (1-4). The initial Rsk2 co-structure was solved by 

molecular replacement with PHASER using the Rsk1 N-terminal kinase domain as a search 

model (5, 6).  The structure was built using COOT and refined with BUSTER (7, 8). 
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Protein Expression Analysis:  Western blot analysis of samples electrophoretically fractionated 

on 10% acrylamide Bis-Tris gels was as previously described using Invitrogen Novex gel 

system.  

Transfection of RSK constructs:   Exogenous wild type RSK or RSKT493M transient 

expression was established in COS7 cells using 2.5 µg HA-gw-WT RSK2 or HA-gw-T493M 

RSK2 plasmids respectively and TransIT-LT1 transfection reagent diluted in OptiMEM media, 

as described by the manufacturer’s protocol. Following construct expression the cells were 

placed under serum starvation conditions for 20 hours, followed by 3 hour treatment with 1uM 

FMK-PA and subsequently 1ng/ml EGF stimulation for 10 minutes. The levels of 

phosphorylated and therefore active RSK were assessed in total cell lysates using Western Blot 

with phospho-S380/386 RSK and phospho-S221/S227 RSK specific antibodies.   
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