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Protocol for Prep-HPLC purification method 1: 

The HPLC measurement was performed using Gilson 281 from 233 pump (binary), an 

autosampler, and a UV detector. The fractions were detected by LC-MS. The MS detector 

was configured with an electrospray ionization source. The source temperature was 

maintained at 300-350 ºC. Reverse phase HPLC was carried out on Luna C18 (100×30 mm, 

5 µm). Solvent A: water with 0.075% trifluoroacetic acid; Solvent B: acetonitrile. Gradient: 

At room temperature, from 10% of B to 40% of B within 4 minutes, then 40% B over 4 

minutes, then increase to 100% over 0.2 minutes and maintained for 1 minute; finally a linear 

gradient to initial conditions (10% of B) was applied for 0.2 minutes and maintained for 1 

minute. Flow rate: 25 mL/min. 
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Synthesis of CM-139 and CM-157 

Chemistry. General Procedure.  

Unless otherwise noted, all reagents and solvents were of the highest commercial quality and 

used without further purification. All experiments dealing with moisture sensitive 

compounds were conducted under nitrogen. The reactions were monitored by thin layer 

chromatography (TLC) on silica gel-coated plates (Merck 60 F254) using reagent grade 

solvents. Flash column chromatography was performed on silica gel, particle size 60 Ǻ, mesh 

= 230-400 (Merck) under standard techniques. Automated flash column chromatography was 

performed using ready-to-connect cartridges from Varian, on irregular silica gel, particle size 

15-40 µm (normal phase disposable flash columns) on a Biotage SPX flash purification 

system. The NMR spectroscopic data were recorded on a Bruker AV400 or Varian 400MR 

spectrometer with standard pulse sequences, operating at 400 MHz. Chemical shifts (δ) are 

reported in parts per million (ppm) downfield from tetramethylsilane (TMS), which was used 

as internal standard. The abbreviations used to explain multiplicities are s = singlet, d = 

doublet, t = triplet, m = multiplet. Coupling constants (J) are in hertz. The MS detector 

(Agilent 1200, 6110MS or Agilent 1200, 6120MS Quadropole) was configured with an 

electrospray source or API/APCI. Nitrogen was used as the nebulizer gas. The source 

temperature was maintained at 150 ºC. Data acquisition was accomplished with ChemStation 

LC/MSD quad software. Reported yields were not optimized, the emphasis being on purity 

of product rather than quantity. 
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Scheme 1. Synthesis of CM-139 and CM-157 
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Conditions: a) Cs2CO3 (2.0 eq), xantphos (0.1 eq), Pd2(dba)3 (0.1 eq), 4-bromobenzenethiol (1.0 eq), dioxane, 

105 ºC, overnight; b) m-CPBA (2.5 eq), DCM, rt, 5 h; c) H2SO4, HNO3, rt, 4 h; d) tert-butyl N-(4-

aminobutyl)carbamate (1.0 eq), EtOH, 70 ºC, overnight; e) (tetrahydro-2H-pyran-4-yl)methanamine (2.0 eq), 

BINAP (0.2 eq), Cs2CO3 (2.0 eq), Pd(OAc)2 (0.2 eq), toluene, 95 ºC, overnight; f) Pd/C, MeOH, H2 (1 atm), rt, 

4 h; g) 2,2-dimethyl-propionyl chloride (1.0- 1.1 eq), TEA (3.0 eq), DCM, 0 ºC, then rt, overnight; h) POCl3, 

90 ºC, overnight; i) tert-butyl (3-hydroxypropyl)carbamate (1.2 eq), NaH (2.0 eq), DMF, 0 ºC, then rt, 1 h; then 

8 at 0 ºC, then rt, 4 h; j) HCl/dioxane (2.0 M), rt, 4 h. 
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Synthesis of 4-(4-bromophenyl)sulfanyl-2-fluoro-pyridine (2) 

To a solution of commercially available 4-bromo-2-fluoro-pyridine (46.8 g, 0.26 mol) in 1,4-

dioxane (300 mL) was added Cs2CO3 (169 g, 0.52 mol), xantphos (15 g, 0.026 mol), 

Pd2(dba)3 (23.8 g, 0.026 mol) and 4-bromo-benzenethiol (50 g, 0.26 mol) and the solution 

was heated to 105 ºC overnight. Then, the solution was concentrated and extracted with 

EtOAc. The combined organic layers were washed with brine, dried over anhydrous Na2SO4 

and concentrated to give the crude product which was purified by column chromatography 

to give compound 2 (25 g, 34%) as a  black oil. MS m/z 283 [M+H]+ calc. for C11H7BrFNS. 

 

Synthesis of 4-(4-bromophenyl)sulfonyl-2-fluoro-pyridine (3) 

To a solution of compound 2 (25 g, 0.088 mol) in DCM (300 mL) was added m-CPBA (38 

g, 0.22 mol) and the solution was stirred at room temperature for 5 hours. Then, the solution 

was diluted with DCM and washed with aqueous NaOH solution and brine, dried over 

anhydrous Na2SO4 and concentrated to give compound 3 (20 g, 74%) as a black oil. MS m/z 

314 [M+H]+ calc. for C11H7BrFNO2S. 

 

Synthesis of 4-(4-bromo-3-nitro-phenyl)sulfonyl-2-fluoro-pyridine (4) 

To a solution of compound 3 (20 g, 0.063 mol) in H2SO4 (100 mL) was added HNO3 (30 

mL) and the solution was stirred at room temperature for 4 hours. Then, the solution was 

poured into ice-water and extracted with EtOAc. The combined organic layer was washed 

with brine, dried over anhydrous Na2SO4 and concentrated to give the crude product which 

was purified by column chromatography to give compound 4 (9 g, 40%) as a yellow solid. 

MS m/z 360 [M+H]+ calc. for C11H6BrFN2O4S. 1H NMR (CDCl3, 400 MHz): δ (ppm) 8.49 

(d, J = 5.2 Hz, 1H), 8.39 (s, 1H), 7.99-7.98 (m, 2H), 7.68-7.66 (m, 1H), 7.47-7.45 (m, 1H).  
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Synthesis of tert-butyl N-[4-[4-[(2-fluoro-4-pyridyl)sulfonyl]-2-nitro-

anilino]butyl]carbamate (5a)  

To a solution of compound 4 (2 g, 5.5 mmol) in EtOH (50 mL) was added tert-butyl N-(4-

aminobutyl)carbamate (1.0 g, 5.5 mmol) and the solution was heated to 70 ºC overnight. 

Then, the solution was concentrated and extracted with EtOAc. The combined organic layers 

were washed with brine, dried over anhydrous Na2SO4 and concentrated to give the crude 

product which was purified by column chromatography to give compound 5a (1.0 g, 40%) 

as a yellow solid. MS m/z 469 [M+H]+ calc. for C20H25FN4O6S. 1H NMR (CDCl3, 400 MHz): 

δ (ppm) 8.79 (d, J = 2.4 Hz, 1H), 8.51-8.48 (m, 1H), 8.41 (d, J = 5.2 Hz, 1H) 7.87-7.84 (m, 

1H), 7.65-7.63 (m, 1H), 7.41-7.40 (m, 1H), 6.98 (d, J = 9.2 Hz, 1H), 4.57 (s, 1H), 3.43-3.38 

(m, 2H) 3.20-3.15 (m, 2H) 1.79-1.73 (m, 2H), 1.65-1.58 (m, 2H), 1.43 (s, 9H). 

 

Synthesis of 4-[(2-fluoro-4-pyridyl)sulfonyl]-2-nitro-N-(tetrahydropyran-4-

ylmethyl)aniline (5b)  

To a solution of compound 4 (6.5 g, 18 mmol) in toluene (100 mL) was added (tetrahydro-

2H-pyran-4-yl)methanamine (4.15 g, 36 mmol), BINAP (2.2 g, 3.6 mmol), Cs2CO3 (11.7 g, 

36 mmol) and Pd(OAc)2 (0.8 g, 3.6 mmol) and the solution was heated to 95 ºC overnight. 

Then, the solution was concentrated and extracted with EtOAc. The combined organic layers 

were washed with brine, dried over anhydrous Na2SO4 and concentrated to give the crude 

product which was purified by column chromatography to give compound 5b (3.0 g, 42%) 

as a  yellow solid. MS m/z 396 [M+H]+ calc. for C17H18FN3O5S. 1H NMR (CDCl3, 400 MHz): 

δ (ppm) 8.79 (d, J = 2.4 Hz, 1H), 8.51-8.48 (m, 1H), 8.41 (d, J = 5.2 Hz 1H) 7.88-7.86 (m, 

1H), 7.65-7.63 (m, 1H), 7.41-7.40 (m, 1H), 6.98 (d, J = 9.2 Hz, 1H), 4.40-3.99 (m, 2H) 3.43-

3.37 (m, 2H) 3.28-3.25 (m, 2H), 2.0-1.93 (m, 1H), 1.73-1.70 (m, 2H), 1.47-1.27 (m, 2H). 

 

Synthesis of tert-butyl N-[4-[2-amino-4-[(2-fluoro-4-

pyridyl)sulfonyl]anilino]butyl]carbamate (6a)  
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To a solution of compound 5a (1.0 g, 2.1 mmol) in MeOH (30mL) was added Pd/C (0.2g) 

and the solution was stirred at room temperature for 4 hours under H2 (1 atm). Then, the 

solution was concentrated to give compound 6a (1.0 g, 100%) as a yellow solid. MS m/z 439 

[M+H]+ calc. for C20H27FN4O4S.  

 

Synthesis of 4-[(2-fluoro-4-pyridyl)sulfonyl]-N1-(tetrahydropyran-4-

ylmethyl)benzene-1,2-diamine (6b) 

To a solution of compound 5b (3 g, 7.5 mmol) in MeOH (90 mL) was added Pd/C (1 g) and 

the solution was stirred at room temperature for 4 hours under H2 (1 atm).  Then, the solution 

was concentrated to give compound 6b (2.5 g, 90%) as a yellow solid. MS m/z 365 [M+H]+ 

calc. for C17H20FN3O3S. 

 

Synthesis of tert-butyl N-[4-[2-(2,2-dimethylpropanoylamino)-4-[(2-fluoro-4-

pyridyl)sulfonyl]anilino]butyl]carbamate (7a)  

To a solution of compound 6a (0.2 g, 0.45 mmol) in DCM (15 mL) was added 2,2-dimethyl-

propionyl chloride (0.055 g, 0.45 mmol) and TEA  (0.136 g, 1.35 mmol) at 0 oC and the 

solution was stirred at room temperature overnight. Then, the solution was poured into water 

and extracted with EtOAc. The combined organic layers were washed by brine, dried over 

anhydrous Na2SO4 and concentrated to give compound 7a (160 mg, 68%) as a yellow solid. 

MS m/z 523 [M+H]+ calc. for C25H35FN4O5S. 

 

Synthesis of N-[5-[(2-fluoro-4-pyridyl)sulfonyl]-2-(tetrahydropyran-4-

ylmethylamino)phenyl]-2,2-dimethyl-propanamide (7b)  

To a solution of compound 6b (2.5 g, 6.8 mmol) in DCM (15 mL) was added 2,2-dimethyl-

propionyl chloride (0.9 g, 7.5 mmol) and TEA  (2.06 g, 20.4 mmol) at 0 ºC and the solution 



S8 

 

was stirred at room temperature overnight. Then, the solution was poured into water and 

extracted with EtOAc. The combined organic layers were washed by brine, dried over 

anhydrous Na2SO4 and concentrated to give compound 7b (2 g, 66%) as a yellow solid. MS 

m/z 450 [M+H]+ calc. for C22H28FN3O4S. 

 

Synthesis of 4-[2-tert-butyl-5-[(2-fluoro-4-pyridyl)sulfonyl]benzimidazol-1-yl]butan-1-

amine (CM-139) 

A solution of compound compound 7a (0.1 g, 0.19 mmol) in POCl3 (20 mL) was stirred at 

90 oC overnight. Then, the solution was concentrated to give the crude compound which was 

purified by prep-HPLC (method 1) to give CM-139 (17 mg, 22%) as a white solid. MS m/z 

405 [M+H]+ calc. for C20H25FN4O2S. 1H NMR (MeOH, 400 MHz): δ (ppm) 8.43 (d, J = 5.2 

Hz, 1H), 8.38 (s, 1H), 8.09-8.06 (m, 1H), 8.01-7.99 (m, 1H), 7.81-7.99 (m, 1H), 7.64-7.63 

(m, 1H), 4.64-4.59 (m, 2H) 3.02-2.99 (m, 2H) 1.99-1.98 (m, 2H), 1.88-1.87, (m, 2H) 1.64 (s, 

9H). HPLC purity (method 1): 93.76%. 

 

Synthesis of 2-tert-butyl-5-[(2-fluoro-4-pyridyl)sulfonyl]-1-(tetrahydropyran-4-

ylmethyl)benzimidazole (8) 

A solution of compound 7b (2 g, 4.4 mmol) in POCl3 (50 mL) was stirred at 90 ºC overnight. 

Then, the solution was concentrated to give crude compound 8 (3.2 g, crude) as a yellow 

solid. MS m/z 432 [M+H]+ calc. for C22H26FN3O3S. 

 

Synthesis of tert-butyl N-[3-[[4-[2-tert-butyl-1-(tetrahydropyran-4-

ylmethyl)benzimidazol-5-yl]sulfonyl-2-pyridyl]oxy]propyl]carbamate (9)  

To a solution of compound tert-butyl (3-hydroxypropyl)carbamate (1.56 g, 8.9 mmol) in 

DMF (150 mL) was added NaH (0.35 g, 14.6 mmol) at 0 ºC and the solution was stirred at 
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room temperature for 1 hour. Then, a solution of compound 8 (3.15 g, 7.31 mmol) in DMF 

was added to the solution at 0 ºC and the mixture was stirred at room temperature for 4 hours. 

The mixture was poured into ice water and extracted with EtOAc. The combined organic 

layers were washed by brine, dried over anhydrous Na2SO4 and concentrated to give the 

crude  compound which was purified by prep-HPLC (method 1) to give compound 9 (300 

mg, 7%) as a yellow solid. MS m/z 587 [M+H]+ calc. for C30H42N4O6S. 

 

Synthesis of 3-[[4-[2-tert-butyl-1-(tetrahydropyran-4-ylmethyl)benzimidazol-5-

yl]sulfonyl-2-pyridyl]oxy]propan-1-amine (CM-157)  

A solution of compound 9 (100 mg, 0.17 mmol) in HCl/dioxane (2.0 M, 10 mL) was stirred 

at room temperature for 4 hours. Then, the solution was concentrated to give the crude 

compound which was purified by prep-HPLC (method1) to give CM-157 (40 mg, 50%) as a 

yellow solid. MS m/z 487 [M+H]+ calc. for C25H34N4O4S. 1H NMR (MeOH, 400 MHz): δ 

(ppm) 8.32 (d, J = 4.8 Hz, 2H), 7.98 (s, 2H), 7.41 (d, J = 5.6 Hz, 1H), 7.35 (s, 1H), 4.47-4.41 

(m, 4H), 3.92-3.88 (m, 2H), 3.31-3.28 (m, 2H), 3.12-3.08 (m, 2H), 2.33-2.31 (m, 1H), 2.15-

2.08 (m, 2H), 1.62 (s, 9H), 1.58-1.53 (m, 2H), 1.51-1.44 (m, 2H). HPLC purity (method 2): 

97.28%. 

 

Abbreviations 

DMF, dimethylformamide; HPLC, High-performance liquid chromatography; rt, room 

temperature; MeOH, methanol; EtOAc, ethyl acetate; UV, ultraviolet; Rt, retention time; MS, 

mass spectrometry; DCM, dichloromethane; EtOH, ethanol; TEA, triethylamine; DMF, 

dimethylformamide; Boc: tert-butoxycarbonyl; BINAP, 2,2'-bis(diphenylphosphino)-1,1'-

binaphthyl; xantphos; 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene; NMR, nuclear 

magnetic resonance. 
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Protocol for HPLC analysis 

HPLC-analysis was performed using a Shimadzu LC-20AB or LC-20AD with a Luna-

C18(2), 5um, 2.0*50mm column at 40 ºC and UV detection. Two different methods were 

used. 

Method 1  

Solvent A: water with 0.056% trifluoroacetic acid; Solvent B: acetonitrile with 0.019% 

trifluoroacetic acid. Gradient: After 0.1 minutes at the initial condition of 90% A and 10% 

B, solvent B was increased to 80% over 4 minutes, maintained at 80% for 2 minutes, then a 

linear gradient to initial conditions was applied for 0.01 minutes and maintained for 0.68 

minutes to re-equilibrate the column, giving a cycle time of 7.80 minutes. Flow rate was 3 

mL/min. 

Method 2 

Solvent A: water with 0.037% TFA; Solvent B: acetonitrile with 0.019% TFA. Gradient: 

After 0.01 minutes at the initial condition of 100% A, solvent B was increased to 60% over 

2 minutes, maintained at 60% for 2 minutes, then a linear gradient to initial conditions was 

applied for 0.01 minutes and maintained for 1.79 minutes to re-equilibrate the column, giving 

a cycle time of 7.80 minutes. Flow rate was 3 mL/min. 
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HPLC traces for CM-139 and CM-157 
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Figure S1.  
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Figure legend  

 

Supplementary Fig. S1. Structure of the scaffold and position at which either R1, R2 or R3 

groups were placed. 


