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Discovery of the DNA-PKcs inhibitor DA-143 which exhibits enhanced solubility relative to NU7441
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Computational Modeling
Computational modeling studies were performed to determine the binding pose of compounds in the DNA-PKcs kinase. The co-crystal structure between NU7441 and DNA-PKcs was utilized for modeling studies (PDB ID: 7OTM). NU7441 was removed from the active site, and DA-138 or DA-143 was then docked into the kinase. Briefly, all hydrogens in the protein were added as polar only and the ATP binding site was selected. The compound was then docked using AutoDock Vina. The modeling results were visualized in Discovery Studio 2021 Client.
General Experimental Methods: 
General Methods: 1H NMR and 13C NMR spectra were recorded on an Agilent 400 NMR spectrometer or NMR AscendTM 500, Bruker . Deuterated chloroform and deuterated dimethyl sulfoxide were used as solvents, unless stated otherwise. The spectra were calibrated against the residual solvent peak or TMS. Chemical shifts (δ) and coupling constants (J) are given in ppm (parts per million) and Hz (Hertz). The following abbreviations were used to explain multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, bs = broad singlet. Purity of final compounds was assessed using a Thermo  Vanquish UHPLC with ISQ EM mass spectrometer at a wavelength of 254 nm and confirmed >95%. All commercially available compounds were used without purification.
Purity analysis details are listed below, unless stated otherwise:
Flow rate: 0.5 mL/min.
Run time: 6 minutes.
Solvent A: Water.
Solvent Β: Methanol.
Column: Luna Omega 3 μm Polar C18 100 Å, LC Column 50 x 3.0 mm.
Column Serial #:H24-024126

	

1. Synthesis of 1-(3-bromo-2-hydroxyphenyl)-3-(dimethylamino)prop-2-en-1-one, 2:


1.0 eq of 1-(3-bromo-2-hydroxyphenyl)ethan-1-one and 1.2 eq of dimethyl formamide acetal was dissolved in DMF and heated to 75 °C for an hour. The reaction mixture was then poured into ice-water. The precipitate was filtered and washed with water and hexanes. The precipitate was then used for next step. Yield = 100%. [M+H]+= 270.0
1H NMR (500 MHz, CDCl3) δ 15.00 (s, 1H), 7.92 (dt, J = 11.8, 1.9 Hz, 1H), 7.65 (dd, J = 8.1, 2.3 Hz, 1H), 7.61 (dd, J = 7.8, 2.3 Hz, 1H), 6.71 (t, J = 3.9 Hz, 1H), 5.75 (d, J = 12.0 Hz, 1H), 3.21 (s, 3H), 2.99 (s, 3H).
13C NMR (126 MHz, CDCl3) δ 190.44, 159.66, 155.43, 136.88, 127.40, 121.30, 118.55, 111.85, 89.57, 45.57, 37.51.
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2. Synthesis of 8-bromo-4H-chromen-4-one, 3:


1 mmol of 1-(3-bromo-2-hydroxyphenyl)-3-(dimethylamino)prop-2-en-1-one was dissolved in 8 mL of DCM, followed by addition of 0.8 mL of HCl, and refluxed for an hour. The solvent was then evaporated, and the resulting product was used for another step without any purification. Yield = 90%.
1H NMR (500 MHz, CDCl3) δ 8.16 (dd, J = 8.0, 1.9 Hz, 1H), 7.95 (d, J = 5.8 Hz, 1H), 7.91 (dd, J = 8.0, 2.1 Hz, 1H), 7.29 (t, J = 8.1, 1H), 6.39 (d, J = 6.2 Hz, 1H).
13C NMR (126 MHz, CDCl3) δ 176.90, 155.37, 153.11, 137.33, 126.17, 125.88, 125.23, 113.15, 111.79.
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3. Synthesis of 8-bromo-2-(1H-1,2,4-triazol-1-yl)-4H-chromen-4-one, 4:


1.0 eq of 8-bromo-4H-chromen-4-one, 2.0 eq of triazole, 1.5 eq of iodine, and 5 eq of K2CO3 was added to a vial followed by the addition of DMF. The crude mixture was heated for 80 °C for 17h. The crude mixture was cooled down to allow the precipitate to form. The precipitate was filtered, washed with saturated sodium thiosulfate solution and then with hexanes. Yield = 70%, [M+H]+= 291.9
1H NMR (500 MHz, CDCl3) δ 9.00 (s, 1H), 8.21 (s, 2H), 7.97 (d, J = 1.7 Hz, 1H), 7.39 (t, J = 7.5 Hz, 1H), 6.93 (d, J = 1.9 Hz, 1H).
13C NMR (126 MHz, DMSO) δ 177.01, 154.63, 153.58, 151.01, 144.55, 138.35, 127.78, 125.23, 125.09, 111.42, 97.98.
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4. Synthesis of 8-bromo-2-morpholino-4H-chromen-4-one, 5:


1.0 eq of 8-bromo-2-(1H-1,2,4-triazol-1-yl)-4H-chromen-4-one, 2.0 eq of morpholine and 2.0 eq of K2CO3 was added to a vial followed by addition of DMF. The crude mixture was heated at 80 °C overnight. Following the completion of reaction, water and ethyl acetate was added and extracted into ethyl acetate. The organic layer was washed with brine, evaporated, and purified via flash chromatography. Yield = 80%, [M+H]+= 310.0
1H NMR (500 MHz, CDCl3) δ 8.10 (dd, J = 7.9, 1.6 Hz, 1H), 7.77 (dd, J = 7.8, 1.5 Hz, 1H), 7.23 (t, J = 7.8 Hz, 1H), 5.50 (s, 1H), 3.90 – 3.79 (m, 4H), 3.61 – 3.56 (m, 4H).
13C NMR (126 MHz, CDCl3) δ 176.27, 162.26, 150.24, 135.61, 125.50, 124.95, 124.49, 110.17, 86.87, 65.97, 44.81.
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5. Synthesis of 2-morpholino-8-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-4H-chromen-4-one, 6:


1.0 eq of 8-bromo-2-morpholino-4H-chromen-4-one, 1.3 eq of 2 bis(pinacolato)diboron, and 3 eq of KOAc were added to a vial. Dioxane was added, and the vial was flushed with nitrogen for 10 minutes followed by addition of 0.05 eq of Pd(dppf)Cl2. The reaction mixture was heated at 90 °C for overnight and extracted into ethyl acetate and washed with brine. The organic layer was evaporated, and the compound was used for the next step without any purification. Yield: 100%. [M+H]+: 358.1
6. Synthesis of 6-bromo-2-iododibenzo[b,d]thiophene, 8:


1 eq of 4-bromodibenzo[b,d]thiophene, 0.5 eq of iodine and 0.5 eq of iodobenzene diacetate was dissolved in 1:1 mixture of acetic acid and acetic anhydride. 1-2 drops of H2SO4 were added and the crude mixture was stirred at RT overnight. Following the completion of reaction, water and ethyl acetate were added to the crude mixture and extracted. The organic layer was washed with saturated sodium thiosulfate and brine. The organic layer was evaporated followed by purification to afford 6-bromo-2-iododibenzo[b,d]thiophene. Yield = 45%.
1H NMR (400 MHz, dmso) δ 8.81 (s, 1H), 8.48 (dd, J = 8.0, 1.0 Hz, 1H), 7.93 (d, J = 8.4 Hz, 1H), 7.86 (dd, J = 8.4, 1.6 Hz, 1H), 7.79 (dd, J = 7.8, 0.9 Hz, 1H), 7.49 (t, J = 7.8 Hz, 1H).
13C NMR (126 MHz, DMSO) δ 140.77, 138.25, 137.86, 136.35, 135.75, 131.90, 130.61, 127.32, 125.74, 122.25, 115.80, 91.22.
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7. Synthesis of intermediates 9a, 9b, and 9c:
4-(6-bromodibenzo[b,d]thiophen-2-yl)-1-methyl-1H-pyrazole,  9a:


1.0 eq of 6-bromo-2-iododibenzo[b,d]thiophene, 1.3 eq of 1-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole, and 3 eq of Na2CO3 were added to a vial. 5:1 DMF:H2O was added, and the vial was flushed with nitrogen for 10 minutes followed by addition of 0.05 eq of Pd(dppf)Cl2. The reaction mixture was heated at 80 °C overnight and extracted into ethyl acetate and washed with brine. The organic layer was then evaporated, and the crude mixture was purified via flash chromatography. Yield: 32%. [M+H]+: 342.98
1H NMR (500 MHz, CDCl3) δ 8.13 (d, J = 1.7 Hz, 1H), 8.10 (d, J = 7.9 Hz, 1H), 7.86 (s, 1H), 7.82 (d, J = 8.3 Hz, 1H), 7.69 (s, 1H), 7.63 – 7.53 (m, 2H), 7.33 (t, J = 7.8 Hz, 1H), 3.97 (s, 3H).
13C NMR (126 MHz, CDCl3) δ 141.80, 136.97, 136.85, 136.69, 136.57, 129.64, 129.51, 127.07, 125.76, 125.30, 123.16, 123.00, 120.29, 118.71, 116.42, 39.20.
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4-(6-bromodibenzo[b,d]thiophen-2-yl)-1-(2-(pyrrolidin-1-yl)ethyl)-1H-pyrazole, 9b:


Prepared using same procedure as 9a. Yield = 31%. [M+H]+: 426.06
1H NMR (500 MHz, CDCl3) δ 8.07 (d, J = 1.7 Hz, 1H), 8.03 (d, J = 7.8 Hz, 1H), 7.85 (s, 1H), 7.75 (d, J = 7.9 Hz, 2H), 7.57 – 7.49 (m, 2H), 7.27 (t, J = 7.9 Hz, 1H), 4.31 (t, J = 7.0 Hz, 2H), 3.00 (t, J = 7.0 Hz, 2H), 2.61 – 2.51 (m, 4H), 1.83 – 1.73 (m, 4H).
13C NMR (126 MHz, CDCl3) δ 141.73, 136.85, 136.83, 136.76, 136.71, 136.66, 136.58, 136.48, 129.67, 129.43, 126.59, 125.69, 125.25, 123.05, 122.65, 120.27, 118.61, 116.36, 55.98, 55.94, 54.35.
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1-(6-bromodibenzo[b,d]thiophen-2-yl)-4-methylpiperazine, 9c:


1.0 eq of 6-bromo-2-iododibenzo[b,d]thiophene, 1.3 eq of 1-methylpiperazine, and 3 eq of t-BuOK were added to a vial. Toluene was added, and the vial was flushed with nitrogen for 10 minutes followed by addition of 0.05 eq of Pd(dppf)Cl2 and BINAP. The reaction mixture was heated at 80 °C overnight and extracted into ethyl acetate and washed with brine. The organic layer was then evaporated, and the crude mixture was purified via flash chromatography. Yield: 40%. [M+H]+: 361.03
1H NMR (500 MHz, CDCl3) δ 8.03 (d, J = 7.9 Hz, 1H), 7.72 (d, J = 8.8 Hz, 1H), 7.60 – 7.55 (m, 2H), 7.30 (t, J = 7.8 Hz, 1H), 7.18 (dd, J = 8.8, 2.4 Hz, 1H), 3.34 – 3.28 (m, 4H), 2.68 – 2.62 (m, 4H), 2.40 (s, 3H).
13C NMR (126 MHz, CDCl3) δ 149.50, 142.24, 136.95, 136.91, 130.45, 129.19, 125.41, 123.14, 120.17, 118.45, 116.42, 108.64, 55.19, 49.99, 46.20.
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8. Synthesis of final compounds DA-138, DA-143, and DA-147:
8-(8-(1-methyl-1H-pyrazol-4-yl)dibenzo[b,d]thiophen-4-yl)-2-morpholino-4H-chromen-4-one, DA-138


1.0 eq of 4-(6-bromodibenzo[b,d]thiophen-2-yl)-1-methyl-1H-pyrazole, 1.3 eq of 2-morpholino-8-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-4H-chromen-4-one, and 3 eq of K2CO3 were added to a vial. Dioxane was added, and the vial was flushed with nitrogen for 10 minutes followed by addition of 0.05 eq of tetrakis. The reaction mixture was heated at 90 °C for 48 hours and extracted into ethyl acetate and washed with brine. The organic layer was then evaporated, and the crude mixture was purified via flash chromatography. Yield: 40%. [M+H]+: 494.2.
1H NMR (500 MHz, CDCl3) δ 8.33 – 8.23 (m, 3H), 7.90 (s, 1H), 7.81 – 7.74 (m, 3H), 7.63 – 7.56 (m, 2H), 7.49 (t, J = 7.6 Hz, 2H), 5.51 (s, 1H), 4.01 (s, 3H), 3.54 – 3.48 (m, 4H), 3.09 (t, J = 4.9 Hz, 4H).
13C NMR (126 MHz, CDCl3) δ 177.00, 162.09, 150.56, 140.38, 137.07, 136.83, 136.06, 135.88, 133.26, 131.40, 129.56, 128.47, 128.16, 127.10, 125.98, 125.22, 124.84, 124.68, 123.56, 123.03, 123.01, 121.37, 118.39, 86.87, 65.75, 44.49, 39.22.
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8-(8-(4-methylpiperazin-1-yl)dibenzo[b,d]thiophen-4-yl)-2-morpholino-4H-chromen-4-one, DA-143:


Prepared following procedure same as DA-138. Yield: 32%, [M+H]+ = 577.2
1H NMR (500 MHz, CDCl3) δ 8.34 – 8.25 (m, 3H), 7.93 (s, 1H), 7.87 (s, 1H), 7.83 – 7.77 (m, 2H), 7.65 – 7.58 (m, 2H), 7.52 (ddd, J = 7.6, 4.5, 3.4 Hz, 2H), 5.53 (s, 1H), 4.38 (t, J = 6.9 Hz, 2H), 3.56 – 3.50 (m, 4H), 3.11 (t, J = 4.9 Hz, 4H), 3.06 (t, J = 6.9 Hz, 2H), 2.62 (m, 4H), 1.84 (p, J = 3.1 Hz, 4H).
13C NMR (126 MHz, CDCl3) δ 177.00, 162.08, 150.56, 140.38, 137.05, 136.87, 136.05, 135.88, 133.25, 131.40, 129.58, 128.48, 128.15, 126.77, 125.98, 125.23, 124.83, 124.68, 123.56, 122.99, 122.76, 121.39, 118.41, 86.87, 65.75, 55.88, 54.35, 51.62, 44.49, 23.58.
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2-morpholino-8-(8-(1-(2-(pyrrolidin-1-yl)ethyl)-1H-pyrazol-4-yl)dibenzo[b,d]thiophen-4-yl)-4H-chromen-4-one, DA-147:


Prepared following procedure same as DA-138. Yield: 34%, [M+H]+ = 512.19
1H NMR (500 MHz, CDCl3) δ 8.29 (dd, J = 7.9, 1.7 Hz, 1H), 8.18 (d, J = 7.9 Hz, 1H), 7.78 (dd, J = 7.4, 1.7 Hz, 1H), 7.72 – 7.64 (m, 2H), 7.56 (t, J = 7.6 Hz, 1H), 7.52 – 7.45 (m, 2H), 7.20 (dd, J = 8.8, 2.4 Hz, 1H), 5.51 (s, 1H), 3.52 (t, J = 4.9 Hz, 4H), 3.36 (t, J = 4.9 Hz, 4H), 3.10 (t, J = 4.9 Hz, 4H), 2.71 (t, J = 4.9 Hz, 4H), 2.44 (s, 3H).
13C NMR (126 MHz, CDCl3) δ 177.06, 162.09, 150.58, 149.42, 140.89, 136.38, 136.11, 133.27, 131.38, 130.69, 128.62, 127.85, 125.89, 124.80, 124.33, 123.53, 123.01, 121.20, 118.41, 108.45, 86.86, 65.78, 55.17, 50.02, 46.11, 44.51.
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Figure S1: Different salt forms of DNA-PKcs inhibitor DA-143.




Figure S2: Solubility of various salts of DA-143 in phosphate buffered saline (PBS) at pH 7.2 determined via turbidimetric solubility measurement.

Table S1: Solubility of DNA-PKcs inhibitors in phosphate buffered saline at pH 7.2
	Compound
	MW
	Solubility limit (μM)
	Solubility limit (μg/ml)
	Solubility 
Improvement

	NU7441
	413.11
	6.25
	2.58
	-

	DA-143
	576.72
	25
	14.42
	5.6X

	DA-143 · HCl
	613.18
	12.5
	7.66
	3X

	DA-143 · acetate
	635.76
	12.5
	7.95
	3X

	DA-143 · tosylate
	747.92
	12.5
	9.35
	3.6X

	DA-143 · succinate
	694.80
	12.5
	8.69
	3.4X

	DA-143 · tartrate
	725.80
	50
	36.29
	14X

	DA-143 · phosphate
	671.71
	50
	33.59
	13X
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