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Supplementary  Figure  8  Synthesis  of  the  ATRi.  The  figure  provides  the  synthesis  scheme  and 

experimental procedure used to synthesize the compound here described as ATRi. 

 

Synthesis Scheme: 
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a) diethyl ethoxymethylenemalonate, 100ºC, 4h. b) POCl3, 18h, reflux. c) 2-(4-Aminophenyl)-2-methylpropionitrile, AcOH, 16h, rt.
d) LiAl(OtBu)3H, THF, reflux. e) quinoline 3-boronic acid, Pd(AcO)2, dppf, K2CO3, H2O, DMF, 70ºC 4h. f) triphosgene, TEA, dioxane, 6h, rt
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Experimental Procedure 

Ethyl 6-bromo-4-hydroxyquinoline-3-carboxylate (II) 

4-Bromoaniline(10 g, 58.13 mmol) and diethyl ethoxymethylenemalonate (12.5g, 58.13 

mmol) were mixed and stirred until homogeneous solution, then the reaction was heated at 

100ºC for 4 h. Diphenyl ether was added and the mixture was heated at 280ºC for 4 h. On 

cooling, cyclohexane was added (~100 mL) and the resulting solid was filtered, washed 

(cyclohexane) and dried to give compound II as a brown solid (15.31 g, 89% yield).  

1H NMR (DMSO, 300 MHz):  12.45 (s, 1H, OH), 8.59 (s, 1H, 2-H), 8.22 (d, J = 2.4, 1H, 

5-H), 7.87 (dd, J = 8.8, 2.4, 1H, 7-H), 7.60 (d, J = 8.8, 1H, 8-H), 4.22 (q, J = 7.1, 2H, 

OCH2), 1.28 (t, J = 7.1, 3H, CH3). 

 

Ethyl 6-bromo-4-chloroquinoline-3-carboxylate (III) 

Compound II (2.5 g, 8.44 mmol) was dissolved in POCl3 (23.6 mL) and the mixture was 

refluxed for 18 h. On cooling, POCl3 was removed in vacuo and the residue was suspended 

in water and the suspension was cooled to 0ºC. Aqueous NH4OH was added dropwise at 

0ºC up to pH~8. The resulting solid was filtered, washed with water and dried to give 

compound III as a brown solid (2.09 g, 79% yield). 

1H NMR (300 MHz, CDCl3)  9.20 (s, 1H, 2-H), 8.58 (d, J = 2.1, 1H, 5-H), 8.02 (d, J = 8.9, 

1H, 8-H), 7.92 (dd, J = 8.9, 2.1, 1H, 7-H), 4.52 (q, J = 7.1, 2H, OCH2), 1.47 (t, J = 7.1, 3H, 

CH3). 

 

Ethyl 4-(4-(2-cyanopropan-2-yl)phenylamino)-6-bromoquinoline-3-carboxylate (IV) 

A mixture of compound III (930 mg, 2.96 mmol, 1 eq) and 2-(4-Aminophenyl)-2-

methylpropionitrile (521 mg, 3.25 mmol, 1.1 eq, cas: 115279-57-7) in AcOH (10 mL) was 

stirred overnight at room temperature. Then, the solvent was removed in vacuo and the 
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residue was suspended in water (15 mL). Aqueous 32% NH4OH was added up to pH ~8 

and the resulting solid was filtered off, washed with water and dried to give compound IV 

after purification by column chromatography (Hexane/EtOAc mixtures as eluent) (1.17 g, 

89% yield). 

 
1H NMR (300 MHz, DMSO) δ = 9.69 (s, 1H), 8.90 (s, 1H), 8.43 (s, 1H), 7.86 (m, 2H), 7.45 

(d, J=8.5, 2H), 7.11 (d, J=8.5, 2H), 3.86 (q, J=7.1, 2H), 1.68 (s, 6H), 1.04 (t, J=7.1, 3H). 

 

Ethyl 4-(4-(2-cyanopropan-2-yl)phenylamino)-6-bromoquinoline-3-yl methanol (V) 

Compound IV (1.15 g, 2.624 mmol, 1 eq) was added portionwise to a solution of lithium 

tri-tert-butoxyaluminum hydride (3.336 g, 11.12 mmol, 5 eq) in THF (50 mL) cooled to 

0ºC: The mixture was refluxed for 2 days, cooled to 0ºC and quenched with MeOH (5 mL). 

Water (30 mL) was added and the mixture was extracted with EtOAc (4 x 250 mL).The 

combined organic fractions were dried (Na2SO4) and the solvent removed in vacuo to give 

a yellow residue that was purified by column chromatography (EtOAc and EtOAc/MeOH 

mixtures) to give compound V as a white solid (758 mg, 73% yield). 

1H NMR (300 MHz, DMSO)  9.00 (s, 1H, 2-H), 8.58 (s, 1H, NH), 8.22 (d, J = 2.1, 1H, 5-

H), 7.95 (d, J = 8.9, 1H, 8-H), 7.83 (dd, J = 8.9, 2.2, 1H, 7-H), 7.33 (d, J = 8.7, 2H, 3-Ar), 

6.72 (d, J = 8.7, 2H, 2-Ar), 5.38 (t, J = 5.4, 1H, OH), 4.44 (d, J = 5.3, 2H, CH2O), 1.64 (s, 

6H, CH3). 

 

2-(4-(3-methanol-6-(quinolin-3-yl)quinolin-4-ylamino)phenyl)-2-methylpropanenitrile 

(VI) 

A mixture of compound V (750 mg, 1.89 mmol, 1 eq), quinoline 3-boronic acid (818 mg, 

4.73 mmol, 2.5 eq), Pd(OAc)2 (42 mg, 0.189  mmol, 0.1 eq), dppf (214 mg, 0.379 mmol, 

0.2 eq), K2CO3 (1046 mg, 7.57 mmol, 4 eq) and water (7 mL) in degassed DMF (70 mL) 

was heated at 70ºC for 4 h under nitrogen. On cooling, the solvent was removed in vacuo 
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and the brown residue was purified by flash chromatography using EtOAc and 

EtOAc/MeOH mixtures as eluents to give compound VI as a brown solid (727 mg, 86% 

yield). 

1H NMR (300 MHz, DMSO)  9.18 (d, J = 2.3, 1H), 8.92 (s, 1H), 8.64 (s, 1H), 8.61 (d, J = 

2.2, 1H), 8.42 (d, J = 1.8, 1H), 8.17 (dd, J = 8.8, 2.0, 1H), 8.09 (d, J = 8.8, 1H), 7.99 (d, J = 

8.4, 2H), 7.72 (ddd, J = 8.3, 6.9, 1.4, 1H), 7.59 (ddd, J =8.0, 6.9, 1.3, 1H), 7.31 (d, J = 8.6, 

2H), 6.77 (d, J = 8.7, 2H), 5.32 (t, J = 5.4, 1H), 4.42 (d, J = 5.3, 2H), 1.59 (s, 6H). 

 

2-methyl-2-(4-(2-oxo-9-(quinolin-3-yl)-2H-[1,3]oxazino[5,4-c]quinolin-1(4H)-

yl)phenyl)propanenitrile (1) 

A mixture of compound VI (57 mg, 0.128 mmol, 1 eq) and triethylamine (0.04 ml, 0.256 

mmol, 2 eq) in dioxane (1 mL) was cooled to 0ºC. Then, triphosgene (42 mg, 0.141 mmol, 

1.1 eq) was added and the mixture was stirred for 6 h at room temperature. The solvent was 

removed in vacuo and the orange residue was purified by column chromatography (EtOAc 

as eluant) affording a yellow solid that was recrystallized from EtOAc/pentane to give 

desired compound 1 as a white solid (18 mg, 30% yield). 

1H NMR (300 MHz, DMSO)  8.91 (s, 1H), 8.40 (dd, J = 8.7, 2.2, 2H), 8.17 (s, 1H), 8.16 

(s, 1H), 8.01 (d, J = 8.5, 2H), 7.71 (m, 4H), 7.70 (d, J = 8.5, 2H), 7.30 (s, 1H), 5.71 (s, 2H), 

1.68 (s, 6H). 



 

 

Supplementary Methods 

 
Kinase Assay 
 
For the in vitro kinase assay flag-tagged ATM and ATR kinases were 

immunoprecipitated from 293T cells using Anti-flag M2 affinity gel (Sigma Aldrich 

A2220). As a substrate, p53/1-101 peptide fused to GST was purified from IPTG 

stimulated BL21 bacteria by conventional GST purification methods. Briefly, 

pCDNA3-flag-ATM and pBJF-flag-ATR plasmids (wild type and kinase dead versions) 

were transfected into 293T cells. 48 hours after transfection, cells were lysed in TGN 

buffer (50 mM Tris (pH 7.5), 50 mM glycerophosphate, 150 mM NaCl, 10% glycerol, 

1% tween-20 and protease inhibitors cocktail) for 15 minutes on ice and, after 

centrifugation, the supernatant was pre-cleared for 1h with unspecific rabbit IgG and 

protein A on a rotator at 4 degrees. Next, the supernatant was incubated with M2-slurry 

for 2h at 4 degrees. For a confluent p100 plate of 293T cells, 400 μl of buffer, 10 μg of 

IgG, 30 μl of protein A slurry, and 25 μl of M2 beads were used. Anti flag M2 beads 

were then washed 5 times in ice cold TNG, 3 times in ice cold LiCl buffer (100mM Tris 

pH 7.5, 0.5 M LiCl), and 5 times in ice cold Kinase buffer (10 mM Hepes (pH 7.5), 50 

mM NaCl, 10 mM MgCl2, 10 mM MnCl2, 1 mM DTT). After the last wash, IPs were 

splitted in the proper number of tubes for the assay (approximately one confluent 293T 

p100 was used per condition). For the kinase reaction, 100 μM ‘cold’ ATP was added to 

the buffer. Only fresh IPs were used. Prior to every experiment a mix was prepared 

containing 2 μg of GST-p53 and 10 μCi of 32P-γATP per condition. ATRi or DDRi 

inhibitors were first added to the beads. Last, 25 μl of the mix were added to each tube. 

Reactions were performed for 20 minutes at 30 degrees and stopped by adding 15 

microliters of 4x NuPAGE SDS buffer and boiling for 5 minutes. Beads were pelleted 

and supernatants were resolved by SDS-PAGE on a polyacrylamide gel. Radioactive 

gels were slightly washed and directly exposed to Phospor-Imager screens for 2h to 

16h. Radioactivity was then detected using a STORM scanner. Finally, gels were 

stained with coomasie to check for protein levels. Flag-ATR and flag-ATM expression 

plasmids were kindly provided by K. Cimprich and M. Kastan labs respectively.  
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