
Synthesis of DSA Compounds

Unless otherwise noted, all reagents were obtained from commercial suppliers and used without purification. 
1H-NMR spectra were obtained on a Bruker AV-300 or AV301 instrument at room temperature.  Chemical 
shifts are reported in ppm, and coupling constants are reported in Hz. 1H resonances are referenced to CHCl3
(7.26 ppm), DMSO-d6 (4.90) or CD3OD-d4 (3.32). Mass spectrometry was performed on a Bruker Esquire Ion 
Trap MS instrument.  

[1] 2-chloro-3-cyanopyridine (2.0 g, 14.4 mmol) was dissolved in dry ethanol (40 mL) at 0 °C and HCl gas was 
bubbled through the reaction for 3 h. The mixture was sealed and placed at 4 °C overnight. The reaction was 
concentrated after 24 h and a solution of ammonium acetate (2.3 g, 30 mmol, 2 equiv) dissolved in 2-propanol 
(40 mL) was added. After 12 h the pH of the reaction was adjusted from 6 to 9 using aqueous NH4OH followed 
by stirring for 2 days at room temperature. The reaction was concentrated and purified by column 
chromatography (10% methanol in methylene chloride) to afford 1.04 g (46% yield) of [1]. 1H NMR (300 MHz, 
DMSO-d6)  8.59 (dd, J = 1.8 Hz, J = 4.8 Hz, 1H), 8.08 (dd, J = 1.8 Hz, J = 7.65 Hz, 1H), 7.60 (m, 1H); MS, 
m/z (C6H6ClN3) calc’d = 155.03, observed: M+1 = 157.1. 

[2] Compound [1] (2.31 g, 14.9 mmol) and cyanamide (1.25 g, 29.8 mmol) were dissolved in 2-propanol (2.0 
mL). To this reaction mixture was added a 0.6 M solution of NaHCO3 until the reaction became homogeneous 
(pH = 9). The reaction was stirred for two days at room temperature. It was then diluted with water and 
extracted into ethyl acetate. The desired product was purified using column chromatography (5% methanol in 
methylene chloride, 0.5% NH4OH) to afford 1.67 g (62% yield) of [2]. 1H NMR (300 MHz, CD3OD-d4)  7.75 
(m, 1H), 7.16 (dd, J = 1.8 Hz, J = 7.5 Hz, 1H), 6.74 (m, 1H); MS, m/z (C7H5ClN4) calc’d = 180.0, observed: 
M+1 = 181.1. 

[3] POCl3 (113 mg, 0.73 mmol) and DMF (53 mg, 0.73 mmol) were stirred at 0 °C in acetonitrile (2.9 mL) for 
20 minutes. Compound [2] (101 mg, 0.56 mmol) was added as a white solid to the reaction and the mixture was 
stirred at room temperature for 1 h. Toluene (1.5 mL) was added to the reaction and concentrated in vacuo. The 
crude product was purified by column chromatography (gradient: 10% t-BuOMe in hexanes to 20% t-BuOMe 
in hexanes) to afford 58 mg (46% yield) of [3]. 1H NMR (300 MHz, DMSO-d6)  9.45 (s, 1H), 8.67 (m, 1H),
8.36 (m, 1H), 7.69 (m, 1H); MS m/z (C8H4Cl2N4) calc’d = 225.9, observed: M+1 = 227.0. 
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[4] Triazine [3] (58 mg, 0.26 mmol) and 3,4,5-trimethoxyaniline (52 mg, 0.28 mmol) were dissolved in 2-
propanol (6.4 mL) and stirred at room temperature overnight. Then triethylamine (52 mg, 0.51 mmol) was 
added to the reaction and stirred at room temperature overnight. The reaction was concentrated in vacuo and 
triturated with t-BuOMe to afford 80 mg (82% yield) of [4]. 1H NMR (300 MHz, DMSO-d6),  10.40 (s, 1H), 
8.90 (s, 1H), 8.59 (dd, J =2.1, J =4.7, 1H), 8.27 (br s, 1H), 7.62 (m, 1H), 7.19 (s, 2H), 3.76 (s, 6H) 3.66 (s, 3H); 
MS m/z (C17H16ClN5O3) calc’d = 373.1, observed: M+1 = 374.2. 

[5] Compound [5] was synthesized using the procedure described for compound [4] to afford 57 mg (65% yield) 
of [5]. 1H NMR (300 MHz, DMSO-d6),  10.37 (s, 1H), 8.83 (s, 1H), 8.57 (m, 1H), 8.21 (br s, 1H), 7.62 (m, 
3H), 6.94 (s, 2H), 3.74 (s, 3H). MS m/z (C15H12ClN5O) calc’d = 313.1, observed: M+1 = 314.1. 

[6] 4-methyl-3-nitrobenozic acid (1.01 g, 5.6 mmol), 3-trifluoromethylaniline (890 mg, 5.5 mmol), DMAP (700 
mg, 5.7 mmol) and EDCI (1.12 g, 7.2 mmol) were added to a round bottom flask in methylene chloride and 
stirred overnight at room temperature. The reaction mixture was concentrated in vacuo, taken up in ethyl acetate 
and washed with 1M HCl (3x) and saturated K2CO3 (3x). The organic layer was dried over sodium sulfate and 
concentrated in vacuo to afford 1.11 g (61% yield) of [6]. 1H NMR (300 MHz, DMSO-d6),  8.60 (d, J = 1.8 Hz, 
1H), 8.20 (m, 2H), 8.09 (m, 1H), 7.73 (d, J = 8.1 Hz, 1H), 7.63 (t, J = 7.8, 1H), 7.51 (m, 1H), 2.62 (s, 3H). 

[7] 4-methyl-3-nitrobenozic acid (250 mg, 1.4 mmol), 4-trifluoromethylaniline (223 mg, 1.4 mmol), DMAP 
(174 mg, 1.4 mmol) and EDCI (280 mg, 1.8 mmol) were dissolved in CH2Cl2 and stirred at room temperature 
overnight. The reaction was concentrated in vacuo, taken up in ethyl acetate and washed with 3M HCl (3x) and 
saturated K2CO3 (3x). The organic layer was dried over sodium sulfate and concentrated to afford 234 mg (52% 
yield) of [7]. 1H NMR (300 MHz, DMSO-d6),  8.59 (s, 1H), 8.24 (m, 1H), 8.03 (m, 2H), 7.74 (m, 3H), 2.61 (s, 
3H).
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[8] The procedure used to prepare [6] was used to generate 649 mg (76% yield) of [8]. 1H NMR (300 MHz, 
CDCl3-d1),  8.30 (d, J = 2.4, 1H), 8.16 (s, 1H), 8.05 (d, J = 7.2 Hz, 1H), 7.94 (m, 3H), 7.70 (t, J = 7.8 Hz, 1H),
7.41 (d, J = 8.4 Hz, 1H), 2.63 (s, 3H). 

[9] 4-methyl-3-nitroaniline (506 mg, 3.3 mmol) and 3-trifluoromethylisocyanate (622 mg, 3.3 mmol) were 
dissolved in methylene chloride (16.5 mL) and stirred overnight at room temperature. The precipitate that 
formed was collected by filtration to afford 1.00 g (92% yield) of [9]. 1H NMR (300 MHz, DMSO-d6),  9.20 (d, 
J = 4.2 Hz, 2H), 8.28 (d, J = 2.4 Hz, 1H), 8.01 (s, 1H), 7.65 (m, 2H), 7.53 (m, 1H), 7.43 (m, 1H), 7.35 (m, 1H), 
2.49 (s, 3H); MS m/z (C15H12F3N3O3) calc’d = 339.1, observed: M+1 = 340.1.

[10] The procedure used to prepare [6] was used to generate 537 mg (47% yield) of [10]. 1H NMR (300 MHz, 
CDCl3-d1),  8.54 (s, 1H), 8.15 (m, 5H), 7.90 (d, J = 7.5 Hz, 1H), 7.72 (t, J = 7.8 Hz, 1H), 7.63 (t, J = 8.1 Hz, 
1H).

[11] Compound [6] (210 mg, 0.65 mmol) was dissolved in methanol and acetic acid (3.9 mL). Fe powder (264 
mg, 4.7 mmol) was added to the reaction. The reaction mixture was refluxed for 2 h at 66 °C, then filtered and 
concentrated. The resultant solid was taken up in ethyl acetate and washed with saturated NaHCO3. The organic 
layer was dried with sodium sulfate and concentrated in vacuo. The crude product was run through a plug of 
silica (eluting with methylene chloride) to afford 87 mg (46% yield) of [11]. 1H NMR (300 MHz, CDCl3-d1),
7.86 – 7.94 (m, 3 H), 7.49 (t, J = 7.8 Hz, 1H), 7.42 (m, 1H), 7.24 (s, 1H), 7.15 (m, 2H), 5.11 (s, 2H), 2.21 (s, 
3H); MS m/z (C15H13F3N2O) calc’d = 294.1, observed: M+1 = 295.1. 

[12] Compound [7] (212 mg, 0.65 mmol) was dissolved in methanol (10 mL) and acetic acid (3.9 mL). Fe 
powder (260 mg, 4.7 mmol) was added to the reaction. The reaction mixture was refluxed for 2 h at 66 °C, then 
filtered and concentrated. The resultant solid was then taken up in ethyl acetate and washed with saturated 
NaHCO3. The organic layer was dried over sodium sulfate and concentrated to afford 175 mg (91% yield) of 
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[12]. 1H NMR (300 MHz, DMSO-d6),  10.34 (s, 1H), 8.01 (d, J = 8.7 Hz, 2H), 7.71 (d, J = 8.7 Hz, 2H), 7.17 (s, 
1H), 7.07(s, 2H), 5.11 (s, 2H), 2.17 (s, 3H); MS m/z (C15H13F3N2O) calc’d = 294.1, observed: M+1 = 295.1. 

[13] Compound [9] (902 mg, 2.7 mmol) was dissolved in methanol (38 mL) with catalytic Pd/C (3% Pd, 220 
mg) and stirred at room temperature under H2 gas for 4 h. The reaction was filtered through Celite and 
concentrated to afford 566 mg (69% yield) of [13]. 1H NMR (300 MHz, DMSO-d6),  8.91 (s, 1H), 8.42 (s, 1H), 
8.04 (s, 1H), 7.5 (m, 2H), 7.29(m, 1H), 6.82 (m, 2H), 6.53 (m, 1H), 4.81 (s, 2H), 2.0 (s, 3H); MS m/z
(C15H14F3N3O) calc’d = 309.1, observed: M+1 = 310.2. 

[14] The procedure used to generate [13] was followed to afford 170 mg (91% yield) of [14]. 1H NMR (300 
MHz, DMSO-d6),  10.14 (s, 1H), 8.25 (m, 2H), 7.95 (d, J = 7.5 Hz, 1H), 7.79 (t, J = 7.8 Hz, 1H), 7.11 (s, 1H), 
6.90 (m, 1H), 4.89 (s, 2H), 2.08 (s, 3H); MS m/z (C15H13F3N2O) calc’d = 294.1, observed: M+1 = 295.1 

[15] The procedure used to generate [13] was followed to afford [15] in a quantitative yield. 1H NMR (300 
MHz, CDCl3-d1),  8.13 (s, 1H), 8.07 (m, 1H), 7.84 (m, 2H), 7.65 (t, J = 7.8 Hz, 1H), 7.31 (s, 1H), 7.16 (m, 1H), 
6.82 (m, 1H), 6.52 (m, 1H), 3.7 (s, 2H); MS m/z (C14H11F3N2O) calc’d = 280.1, observed: M+1 = 281.1 

[16] 3-trifluoromethylbenzoic acid (615 mg, 3.2 mmol) was refluxed with excess SOCl2 and catalytic DMF at 
80 °C for 70 minutes. Excess thionyl chloride was removed in vacuo. The activated acid was suspended in 
pyridine (40 mL) and 4-methyl-3-hydroxyaniline (230 mg, 1.9 mmol) was added. The reaction mixture was 
refluxed at 115 °C for 3.5 h, then cooled to room temperature and acidified with 2 M HCl at 0 °C. Ethyl acetate 
was added to the aqueous layer and the organic layer was washed with saturated NaHCO3. The crude product 
was purified by column chromatography (gradient: 30% ethyl acetate in hexanes to 60% ethyl acetate in 
hexanes) to afford 152 mg (27% yield) of [16]. 1H NMR (300 MHz, DMSO-d6),  10.26 (s, 1H), 9.36 (s, 1H), 
8.25 (m, 2H), 7.94 (d, J = 7.8 Hz, 1H), 7.77 (t, J= 7.5 Hz, 1H), 7.39 (s, 1H), 7.03 (m, 2H), 2.09 (s, 3H);  MS 
m/z (C15H12F3NO2) calc’d = 295.1, observed: M+1 = 296.1. 
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[17] 3-amino-5-bromobenzotrifluoride (500 mg, 2.08 mmol), 4-methylimidazole (210 mg, 2.55 mmol), K2CO3
(320 mg, 2.3 mmol), CuI (60 mg, 0.3 mmol), and 8-hydroxyquinoline (46 mg, 0.3 mmol) were dissolved in 
DMSO (2.1 mL) and degassed for 10 minutes with N2. The reaction mixture was stirred at 120 °C under N2 gas 
for 15 h, then cooled to 45-50 °C. 30% NH4OH (1 mL) was added and the reaction was stirred at 45-50 °C for 1 
h. After cooling to room temperature, water was added and the product was extracted into ethyl acetate (3x). 
The organic layers were combined, dried over sodium sulfate and concentrated in vacuo. The crude product was 
purified by column chromatography (gradient: 2% methanol in methylene chloride to 5% methanol in 
methylene chloride) to afford 256 mg (50% yield) of [17]. Note: The purified product contained 25-30% of the 
regio-isomer that is formed from N-arylation of the N-3 position of 4-methylimidazole. 1H NMR (300 MHz, 
DMSO-d6),  8.07 (d, J = 1.2 Hz, 1H), 7.37 (s, 1H), 6.97 (s, 1H), 6.93 (s, 1H), 6.79 (m, 1H), 5.86 (s, 2H), 2.12 
(s, 3H). 

[18] 4-methyl-3-nitrobenzoic acid (129 mg, 0.71 mmol), [17] (132 mg, 0.55 mmol), DMAP (87.4 mg, 0.71 
mmol), and EDCI (137 mg, 0.71 mmol) were dissolved in methylene chloride (2.4 mL) and stirred at room 
temperature overnight. The reaction was concentrated in vacuo, taken up in ethyl acetate and washed with 
saturated K2CO3. The crude material was purified by column chromatography (gradient: 5% methanol in 
methylene chloride to 10% methanol in methylene chloride). The product contained 25-30% of the 
methylimidazole regio-isomer and was carried on without further purification. 

[19] Catalytic Pd/C (3% Pd, 70 mg) was added to compound [18] (300 mg, 0.74 mmol) dissolved in methanol 
(7.5 mL). The reaction mixture was stirred at room temperature under H2 gas overnight. The crude material was 
purified by HPLC to afford 90 mg (32% yield) of [19]. The product contained 20% of the methylimidazole 
regio-isomer and was carried on without further purification. 1H NMR (300 MHz, DMSO-d6),  10.67 (s, 1H), 
9.53 (br s, 1H), 8.56 (s, 1H), 8.22 (s, 1H), 8.01 (s, 1H), 7.89 (s, 1H), 7.23-7.14 (m, 3H), 2.35 (s, 1H), 2.14 (s, 
3H); MS m/z (C19H17F3N4O) calc’d = 374.1, observed: M+1 = 375.2.

[20] N-methyl piperazine (1.12 g, 11.2 mmol) dissolved in CHCl3 (5 mL) was added dropwise to 4-
(bromomethyl)benzonitrile (794 mg, 4.1 mmol) in CHCl3 (5 mL). The reaction was stirred at room temperature 
overnight. The organic layer was washed with saturated K2CO3 (3x), dried over sodium sulfate and 
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concentrated in vacuo to afford 783 mg (88% yield) of [20]. 1H NMR (300 MHz, CDCl3-d1),  7.62 (d, 2H), 
7.46 (d, 2H), 3.55 (s, 2H), 2.46 (m, 8H), 2.29 (s, 3H). 

[21] A 10% NaOH solution (8 mL, 4 equiv) was added to compound [20] (1.07 g, 4.9 mmol) in methanol (25 
mL). The reaction mixture was refluxed overnight followed by the removal of methanol in vacuo. The aqueous 
layer was washed with ethyl acetate (3x), adjusted to a pH of 1 with concentrated HCl and concentrated in
vacuo to afford 2.7 g of [21] MS m/z (C13H18N2O2) calc’d = 234.1, observed: M+1 = 234.9. 

[22] 4-methyl-3-nitroaniline (780 mg, 5.0 mmol), [21] (690 mg, 1.8 mmol), EDCI (980 mg, 5 mmol), HOBt 
(780 mg, 5 mmol) and DIPEA (890 mg, 6.9 mmol) were dissolved in methylene chloride (9 mL) and stirred at 
room temperature overnight. The reaction mixture was concentrated, taken up in ethyl acetate and washed with 
saturated K2CO3. The organic layer was dried over sodium sulfate, concentrated in vacuo and the crude material 
was purified by column chromatography (gradient: 5% methanol in methylene chloride to 10% methanol in 
methylene chloride) to obtain 194 mg (29% yield) of [22]. 1H NMR (300 MHz, DMSO-d6),  10.55 (s, 1H), 
8.56 (d, J = 2.4 Hz, 1H), 7.98-7.93 (m, 3H), 7.48 (m, 3H), 3.54 (s, 2H), 2.38 (m, 8H), 2.15 (s, 3H), 2.19 (s, 3H); 
MS m/z (C20H24N4O3) calc’d = 368.2, observed: M+1 = 369.3. 

[23] Compound [22] (166 mg, 0.45 mmol) and SnCl2 (713 mg, 3.2 mmol) were dissolved in 9:1 ethyl 
acetate:methanol (4.5 mL) and refluxed for 2 h. Ethyl acetate was added to the reaction mixture and the organic 
layer was washed with saturated K2CO3.  The organic layer was dried with sodium sulfate and concentrated in
vacuo to afford 133 mg (87% yield) of [23]. 1H NMR (300 MHz, DMSO-d6),  9.85 (s, 1H), 7.89 (d, J = 8.1 Hz, 
2H), 7.42 (d, J = 8.4 Hz, 2H), 7.12 (s, 1H), 6.82 (m, 2H), 4.84 (s, 2H), 3.55 (s, 2H), 2.35 (m, 8H), 2.19 (s, 3H), 
2.05 (s, 3H); MS m/z (C20H26N4O) calc’d = 338.2, observed M+1 = 339.2 

General Procedure for the synthesis of DSA compounds. All final compounds were prepared using the 
following procedure unless otherwise noted. Compound [4] or [5] (1 equiv) and an aniline (11-15, 19, 23) (2.4 
equiv) were dissolved in DMSO (final concentration = 1.2 M) with a drop of Et3N-TFA salt. The reaction was 
stirred at 95 °C for 3 days and purified by HPLC [preparatory reverse-phase C18 column (250 x 21 mm), 
CH3CN/H2O–0.1% CF3CO2H = 1:99 to 100:0 over 60 min; 8 mL/min; 254 nm detection for 65 min] and 
lyophilized. The purity of each compound was determined to be >95% by analytical HPLC. Analytical 
conditions A:  [C18 (150 x 4.6 mm), CH3CN/H2O–0.1% CF3CO2H = 1:99 to 100:0 over 40 min; 1 mL/min; 220 
and 254 nM detection for 45 min]. Analytical conditions B:  [C18 column (250 x 4.6 mm), CH3CN/H2O–0.1%
CF3CO2H = 1:99 to 100:0 over 40 min; 1mL/min; 220 and 254 nM detection for 45 min.  
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DSA1:  General Procedure. 66% yield. 
1H NMR (300 MHz, DMSO-d6),  10.43 (s, 1H), 10.36 (s, 1H), 8.91 (s, 1H), 8.85 (m, 1H), 8.31 (m, 4H), 7.98 
(m, 1H), 7.81 (m, 1H), 7.51 (br s, 1H), 7.25 (br s, 1H), 7.11 (s, 2H), 6.92 (br s, 1H), 3.77 (s, 6H), 3.63 (s, 3H), 
2.27 (s, 3H); MS m/z (C32H28F3N7O4) calc’d = 631.2, observed M+1 = 632.4. Analytical conditions B:  26.5 min. 

DSA2:  General Procedure. 61% yield. 
1H NMR (300 MHz, DMSO-d6),  10.47 (s, 1H), 10.38 (s, 1H), 9.15-9.30 (m, 2H), 8.92 (s, 1H), 8.87 (m, 1H), 
8.28 (m, 1H), 8.25 (m, 1H), 8.07 (m, 1H), 7.60 (m, 1H), 7.46 (m, 2H), 7.11 (s, 2H), 6.95 (br s, 1H), 3.76 (s, 6H), 
3.62 (s, 3H), 2.28 (s, 3H); MS m/z (C32H28F3N7O4) calc’d = 631.2, observed M+1 = 632.4. Analytical 
conditions B:  28.2 min. 

DSA3:  General Procedure. 17% yield. 
1H NMR (300 MHz, DMSO-d6),  10.37 (s, 1H), 8.97 (s, 1H), 8.91 (s, 1H), 8.84 (d, J = 8.1 Hz, 1H), 8.74 (s, 
1H), 8.32 (br s, 1H), 8.02 (s, 1H), 7.53 (m, 2H), 7.30 (m, 2H), 7.19 (s, 3H), 6.93 (br s, 1H), 3.88 (s, 6H), 3.69 (s, 
3H), 2.15 (s, 3H); MS m/z (C32H29F3N8O4) calc’d = 646.2, observed M+1 = 647.2. Analytical conditions A:  
29.0 min. 
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DSA4: General Procedure. 16% yield. 
1H NMR (300 MHz, DMSO-d6),  10.50 (s, 1H), 10.37 (s, 1H), 8.92 (s, 1H), 8.87 (m, 1H), 8.35 (br s, 1H), 8.05 
(d, J = 8.4, 2H), 7.74 (d, J =8.4 Hz, 2H), 7.45 (br s, 1H), 7.10 (s, 2H), 6.95 (br s, 1H), 3.76 (s, 6H), 3.62 (s, 3H), 
2.31 (s, 3H); MS m/z (C32H28F3N7O4) calc’d = 631.2, observed M+1 = 632.8. Analytical conditions A:  24.1 
min. 

DSA5: General Procedure. 37% yield.
1H NMR (300MHz, DMSO-d6),  10.44 (s, 1H), 10.36 (s, 1H), 8.90 (s, 1H), 8.85 (dd, J = 1.8 Hz, J = 7.8 Hz, 
1H), 8.40 (m, 1H), 8.30 (m, 2H), 8.05 (br s, 1H), 7.97 (m, 1H), 7.80 (m, 1H), 7.45 (br s, 1H), 7.24 (br s, 2H), 
7.09 (s, 2H), 6.98 (m, 1H), 3.74 (s, 6H), 3.64 (s, 3H); MS m/z (C31H26F3N7O4) calc’d = 617.2, observed M+1 = 
618.3. Analytical conditions A:  23.8 min. 

DSA6: Compound [4] (17 mg, 0.04 mmol), [16] (16 mg, 0.053 mmol) and Cs2CO3 (24 mg, 0.084mmol) in 
DMSO (110 L) were stirred overnight at 130 °C. The crude material was purified using HPLC to afford 5.9 
mg (18% yield) of DSA6. 1H NMR (300 MHz, DMSO-d6),  10.45 (s, 1H), 10.24 (s, 1H), 8.87 (s, 1H), 8.27 (m, 
3H), 7.95 (m, 1H), 7.77 (m, 1H), 7.55 (m, 2H), 7.30 (m, 2H), 7.18 (s, 2H), 3.74 (s, 6H), 3.63 (s, 3H), 2.04 (s, 
3H); MS m/z (C32H27F3N6O5) calc’d = 632.2, observed M+1 = 633.4. Analytical conditions A:  28.4 min.  
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DSA7:  General Procedure. 24% yield.
1H NMR (300 MHz, DMSO-d6),  10.45 (s, 1H), 10.32 (s, 1H), 8.85 (s, 2H), 8.21-8.37 (m, 4H), 7.95 (m, 1H), 
7.81 (m, 1H), 7.51-7.68 (m, 3H), 7.25 (br s, 1H), 6.82-6.98 (m, 3H), 3.65 (s, 3H); MS m/z (C30H24F3N7O2)
calc’d = 571.0, observed M+1 = 572.3. Analytical conditions B:  28.8 min. 

DSA8:  General Procedure. 17% yield.
1H NMR (300MHz, CD3OD-d4), 9.20 (m, 1H), 8.77 (s, 1H), 8.07 (s, 1H), 7.95 (d, J = 8.1 Hz, 2H), 7.86 (s, 
1H), 7.56 (m, 4H), 7.37 (m, 3H), 7.01 (m, 2H), 6.70 (m, 2H), 3.75 (s, 3H), 3.59 (s, 2H), 2.90 (s, 3H), 2.15-2.85 
(m, 8H), 1.97 (s, 3H); MS m/z (C35H27N9O2) calc’d = 615.3, observed M+1 = 616.5. Analytical conditions B:  
20.1 min.  

DSA9: General Procedure. 13% yield.
The product contains 20% of the methylimidazole regio-isomer.  
1H NMR (300MHz, CD3OD-d4), 8.98 (m, 2H), 8.75 (s, 1H), 8.49 (s, 1H), 8.20 (m, 3H), 7.75 (m, 3H), 7.55 (br 
s, 1H), 7.43 (m, 3H), 6.90 (m, 2H), 6.73 (m, 1H), 3.65 (s, 3H), 2.44 (s, 3H), 2.05 (s, 3H); MS m/z
(C34H28F3N9O2) calc’d = 651.2, observed M+1 = 652.2. Analytical conditions B:  21.2 min  
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Protein Kinase Assays 

Src KD / Src E280V / Src F278H. Inhibitors (initial concentration = 10 M, 3-fold serial dilutions down to 0.2 
nM) were assayed in triplicate or quadruplicate against the catalytic domains of c-Src wild type, c-Src 
Glu280Val or c-Src Phe278His (final concentration = 1 nM) in assay buffer containing 33.5 mM HEPES, pH = 
7.5, 6.7 mM MgCl2, 1.7 mM EGTA, 67 mM NaCl, 2 mM Na3VO4, 3 M ATP, 32P ATP (0.2 Ci/well) and an 
optimized Src peptide substrate of the sequence Ac-EIYGEFKKK-OH (final concentration = 7.5 mM). The 
final volume of each assay well was 30 L. The enzymatic reaction was run at room temperature for 30 minutes 
and then terminated by spotting 4.5 L of the reaction mixture onto a phosphocellulose membrane. Membranes 
were washed with 0.5% phosphoric acid (4x, 10 minutes each wash), dried and the radioactivity was determined 
by phosphorimaging with a Storm 840 phosphor scanner. The scanned membranes were quantified with 
ImageQuant and converted to percent inhibition. Data was analyzed using Prism Graphpad software and IC50 
values were determined using non-linear regression analysis. 

Src T338I = Inhibitors (initial concentration = 10 M, 3-fold serial dilutions down to 0.2 nM) were assayed in 
triplicate or quadruplicate against the catalytic domain of Src Thr338Ile (final concentration = 4 nM) in assay 
buffer containing 33.5 mM HEPES, pH = 7.5, 6.7 mM MgCl2, 1.7 mM EGTA, 67 mM NaCl, 2 mM Na3VO4, 3 

M ATP, 32P ATP (0.2 Ci/well) and an optimized Src peptide substrate of the sequence Ac-EIYGEFKKK-OH 
(final concentration = 7.5 mM). The final volume of each assay well was 30 L. The enzymatic reaction was 
run at room temperature for 30 minutes and then terminated by spotting 4.5 L of the reaction mixture onto a 
phosphocellulose membrane. Membranes were washed with 0.5% phosphoric acid (4x, 10 minutes each wash), 
dried and the radioactivity was determined by phosphorimaging with a Storm 840 phosphor scanner. The 
scanned membranes were quantified with ImageQuant and converted to percent inhibition. Data was analyzed 
using Prism Graphpad software and IC50 values were determined using non-linear regression analysis. 

Src Y382V = Inhibitors (initial concentration = 10 M, 3-fold serial dilutions down to 0.2 nM) were assayed in 
triplicate or quadruplicate against the catalytic domain of Src Tyr382Val (final concentration = 2.5 nM) in assay 
buffer containing 33.5 mM HEPES, pH = 7.5, 6.7 mM MgCl2, 1.7 mM EGTA, 67 mM NaCl, 2 mM Na3VO4, 3 

M ATP, 32P ATP (0.2 Ci/well) and an optimized Src peptide substrate of the sequence Ac-EIYGEFKKK-OH 
(final concentration = 7.5 mM). The final volume of each assay well was 30 L. The enzymatic reaction was 
run at room temperature for 30 minutes and then terminated by spotting 4.5 L of the reaction mixture onto a 
phosphocellulose membrane. Membranes were washed with 0.5% phosphoric acid (4x, 10 minutes each wash), 
dried and the radioactivity was determined by phosphorimaging with a Storm 840 phosphor scanner. The 
scanned membranes were quantified with ImageQuant and converted to percent inhibition. Data was analyzed 
using Prism Graphpad software and IC50 values were determined using non-linear regression analysis. 

Abl KD / Abl Y253H / Abl E255V / Abl F359V: Inhibitors (initial concentration = 10 M, 3-fold serial 
dilutions down to 0.2 nM) were assayed in triplicate or quadruplicate against the catalytic domains of Abl wild 
type, Abl Tyr253His, Abl Glu255Val and Abl Phe359Val (final concentration = 1 nM) in assay buffer 
containing 33.5 mM HEPES, pH = 7.5, 6.7 mM MgCl2, 1.7 mM EGTA, 67 mM NaCl, 2 mM Na3VO4, 3 M
ATP, 32P ATP (0.2 Ci/well) and an optimized Abl peptide substrate of the sequence Ac-EAIYAAPFAKKK 
(final concentration = 7.5 mM). The final volume of each assay well was 30 L. The enzymatic reaction was 
run at room temperature for 30 minutes and then terminated by spotting 4.5 L of the reaction mixture onto a 
phosphocellulose membrane. Membranes were washed with 0.5% phosphoric acid (4x, 10 minutes each wash), 
dried and the radioactivity was determined by phosphorimaging with a Storm 840 phosphor scanner. The 
scanned membranes were quantified with ImageQuant and converted to percent inhibition. Data was analyzed 
using Prism Graphpad software and IC50 values were determined using non-linear regression analysis. 

Abl T315I : Inhibitors (initial concentration = 10 M, 3-fold serial dilutions down to 0.2 nM) were assayed in 
triplicate or quadruplicate against full length Abl Thr315Ile (Invitrogen, catalog #PV3866) (final concentration 
= 0.92 nM) in assay buffer containing 33.5 mM HEPES, pH = 7.5, 6.7 mM MgCl2, 1.7 mM EGTA, 67 mM 
NaCl, 2 mM Na3VO4, 3 M ATP, 32P ATP, 0.05 mg/mL BSA and an optimized Abl peptide substrate of the 



sequence Ac-EAIYAAPFAKKK (final concentration = 7.5 mM). The final volume of each assay well was 30 
L. The enzymatic reaction was run at room temperature for 30 minutes and then terminated by spotting 4.5 L

of the reaction mixture onto a phosphocellulose membrane. Membranes were washed with 0.5% phosphoric 
acid (4x, 10 minutes each wash), dried and the radioactivity was determined by phosphorimaging with a Storm 
840 phosphor scanner. The scanned membranes were quantified with ImageQuant and converted to percent 
inhibition. Data was analyzed using Prism Graphpad software and IC50 values were determined using non-linear 
regression analysis. 

Hck KD: Inhibitors (initial concentration = 10 M, 3-fold serial dilutions down to 0.2 nM) were assayed in 
triplicate or quadruplicate against the catalytic domain of HCK wild type (final concentration = 1 nM) in assay 
buffer containing 33.5 mM HEPES, pH = 7.5, 6.7 mM MgCl2, 1.7 mM EGTA, 67 mM NaCl, 2 mM Na3VO4, 3 

M ATP, 32P ATP (0.2 Ci/well) and an optimized Src peptide substrate of the sequence Ac-EIYGEFKKK-OH 
(final concentration = 7.5 mM). The final volume of each assay well was 30 L. The enzymatic reaction was 
run at room temperature for 30 minutes and then terminated by spotting 4.5 L of the reaction mixture onto a 
phosphocellulose membrane. Membranes were washed with 0.5% phosphoric acid (4x, 10 minutes each wash), 
dried and the radioactivity was determined by phosphorimaging with a Storm 840 phosphor scanner. The 
scanned membranes were quantified with ImageQuant and converted to percent inhibition. Data was analyzed 
using Prism Graphpad software and IC50 values were determined using non-linear regression analysis. 
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