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Prodrugs as new therapy against Chagas disease: in vivo synergy between Trypanosoma cruzi proline racemase inhibitors and benznidazole 

SUPPLEMENTARY INFORMATION

Synthesis of TcPRAC inhibitors and TcPRAC prodrugs

JR1530: (E)-4-(4-(2-benzamidoethyl)phenyl)-4-oxobut-2-enoic acid 
To a suspension of AlCl3 (2.14 g,16.0 mmol) in 1,2-dichloroethane (10 mL) was added slowly at 0° C, a solution of N-phenethylbenzamide (1, 2) (1.00 g, 4.44 mmol) and maleic anhydride (0.47 g, 4.84 mmol) in 1,2-dichloroethane (10 mL). The mixture was allowed to react at room temperature for 15 min. then at 60° C for 2 hrs. The reaction mixture was acidified with aqueous HCl 6N and extracted with ethyl acetate (3 x 20 mL). The organic mixture was dried over MgSO4, chromatographed over silicagel (95 CH2Cl2/ 4 Et2O/ 1 AcOH) to yield JR1530 as a white solid (1.00 g, 70%) (3). 
1H NMR (300MHz, Acetone-D6) δ (ppm): 8.02 (m, 2H), 7.94 (d, J = 15.5 Hz, 1H), 7.85 (m, 2H), 7.47 (m, 4H), 6.77 (d, J = 15.5 Hz, 1H), 3.70 (m, 2H), 3.05 (t, J = 7.2 Hz, 2H). 13C NMR (75MHz, Acetone-D6) δ (ppm): 189.6, 167.5, 166.6, 147.5, 137.6, 136.0, 135.9, 132.9, 132.0, 130.4, 129.9, 129.2, 128.0, 41.6, 36.5. HRMS (ESI) calcd. for C19H16NO4 [M-H]-: 322.10848; found: 322.1083.
JR1531: Ethyl (E)-4-(4-(2-benzamidoethyl)phenyl)-4-oxobut-2-enoate
To a solution of the carboxylic acid JR1530 (1.00 g, 3.1 mmol) in DMF (10 mL) were added Et2SO4 (0.572 g, 3.70 mmol) and K2CO3 (0.256 g, 1.85 mmol). The reactional mixture was stirred for 18h, diluted with water (40 mL) and extracted with ethyl acetate. The organic phase was washed 3 times with water, dried over MgSO4 and concentrated under reduced pressure. The residue was crystallized in a mixture of cyclohexane/ethyl acetate to yield JR 1531 (380 mg, 35 %) as a pale solid (4).
1H NMR (300MHz, CDCl3) δ (ppm): 7.97 (d, J = 8.2 Hz, 2H), 7.90 (d, J = 15.5 Hz, 1H), 7.69 (m, 2H), 7.44 (m, 5H), 6.88 (d, J = 15.5 Hz, 1H), 6.15 (m, 1H), 4.30 (qd, J = 7.1 Hz, 2H), 3.76 (qd, J = 6.7 Hz, 2H), 3.04 (t, J = 6.9 Hz, 2H), 1.35 (t, J = 7.1 Hz, 3H). 13C NMR (75MHz, CDCl3) δ (ppm): 189.0, 167.6, 165.6, 145.7, 136.3, 135.1, 134.4, 132.6, 131.6, 129.4, 129.3, 128.7, 126.8, 61.4, 40.8, 35.9, 14.2. HRMS (ESI) calcd. for C21H21NO4Na [M+Na]+: 374.13628; found: 374.1363.

PU-24: (E)-4-(3-fluorophenyl)-4-oxobut-2-enoic acid
To a solution of glyoxylic acid monohydrate (1.05 g, 14.18 mmol) in 1,4-dioxane (18 mL) were added 3-fluoroacetophenone (2.22 g, 16.10 mmol) and concentrated H2SO4 (2 mL). The solution was refluxed for 2 hrs. Water (50 mL) was added and the reactional mixture was extracted with ethyl acetate (3 x 30 mL). The organic layer was dried over Na2SO4, concentrated under reduced pressure and the residue was crystallized in ethyl acetate to yield PU-24 (m = 1.29 g, 47%) (3).
1H NMR (300MHz, Acetone-D6) δ (ppm): 7.96 (m, 1H), 7.94 (d, J = 15.5 Hz, 1H), 7.81 (m, 1H), 7.68 (m, 1H), 7.51 (m, 1H), 6.82 (d, J = 15.5 Hz, 1H). 13C NMR (75MHz, Acetone-D6) δ (ppm): 188.2, 165.5, 162.9 (J C-F = 246.2 Hz), 138.9 (J C-F = 6.4 Hz), 136.1, 132.8, 131.1 (J C-F = 7.8 Hz), 124.9 (J C-F = 2.9 Hz), 120.6 (J C-F = 21.5 Hz), 115.0 (J C-F = 22.6 Hz). HRMS (ESI) calcd. for C10H6O3FNa [M-H]-: 193.03065; found: 193.0307.

PU-24CO2Me: Methyl (E)-4-(3-fluorophenyl)-4-oxobut-2-enoate 
The acid PU-24 (365 mg, 1.87 mmol) was solved in DMF (8 mL) then K2CO3 (517 mg, 3.75 mmol) and CH3I (532 mg, 3.75 mmol) were added and the mixture was stirred at room temperature for 2 hrs. The reactional mixture was diluted with water (15 mL) and extracted with ethyl acetate (3 x 10 mL). The organic layer was washed with a saturated aqueous solution of NaHCO3 (10 mL), then water (2 x 10 mL) then a saturated aqueous solution of NaCl (10 mL), dried over Na2SO4, and concentrated under reduced pressure. The residue was chromatographed (80 CH2Cl2 / 20 ethyl acetate) to yield PU-24CO2Me as a yellow solid (m = 187 mg, 48%) (5).
1H NMR (300MHz, CDCl3) δ (ppm): 7.88 (d, J = 15.5 Hz, 1H), 7.79 (m, 1H), 7.69 (m, 1H), 7.52 (m, 1H), 7.34 (m, 1H), 6.92 (d, J = 15.5 Hz, 1H), 3.86 (s, 3H). 13C NMR (75MHz, CDCl3) δ (ppm): 188.5, 166.1, 163.2 (J C-F = 248.8 Hz), 138.9 (J C-F = 6.4 Hz), 136.2, 133.0, 131.9 (J C-F = 7.8 Hz), 124.9 (J C-F = 3.0 Hz), 121.3 (J C-F = 21.4 Hz), 115.8 (J C-F = 22.5 Hz), 52.8. HRMS (ESI) calcd. for C11H9O3FNa [M+Na]+: 231.04279; found: 231.0428.

NG-P62: (E)-4-(4-acetamidophenyl)-4-oxobut-2-enoic acid
To an amount of AlCl3 (11.5 g, 86.25 mmol) was added at 0° C N,N-dimethylformamide (2 mL) over a period of 30 min. The mixture was then heated at 70 °C. A mixture maleic anhydride (0.835 g, 8.51 mmol) and acetanilide (1.25 g, 9.25 mmol) was then added portion wise. The reactional mixture was heated for 1 hr at 70 °C then quenched with ice and 2N aqueous HCl. It was extracted with ethyl acetate (4 x 100 mL) that was dried over MgSO4. The solvent was evaporated under reduced pressure and the residue was crystallized using ethanol 70/water 30 to yield NG-P62 as a white solid (1.50 g, 70%) (6). 
1H NMR (300MHz, DMSO-D6) δ (ppm): 10.37 (s, 1H), 8.02 (d, J = 8.8 Hz, 2H), 7.88 (d, J = 15.5 Hz, 1H), 7.76 (d, J = 8.8 Hz, 2H), 6.66 (d, J = 15.5 Hz, 1H), 2.10 (s, 3H). 13C NMR (75MHz, DMSO-D6) δ (ppm): 187.6, 169.1, 166.4, 144.5, 136.2, 132.4, 130.7, 130.3, 118.4, 24.2. HRMS (ESI) calcd. for C12H10NO4 [M-H]-: 232.0615; found: 232.0615.

NG-P65: Methyl (E)-4-(4-acetamidophenyl)-4-oxobut-2-enoate
The acid NG-P62 (94 mg, 0.4 mmol) was solved in DMF (5 mL) then K2CO3 (111 mg, 0.8 mmol) and CH3I (113 mg, 0.8 mmol) were added and the mixture was stirred at room temperature for 2 hrs. The reactional mixture was diluted with water (10 mL) and extracted with ethyl acetate (3 x 5 mL). The organic layer was washed with a saturated aqueous solution of NaHCO3 (5 mL), then water (2 x 5 mL) then a saturated aqueous solution of NaCl (10 mL), dried over Na2SO4, and concentrated under reduced pressure. The residue was chromatographed (80 CH2Cl2 / 20 ethyl acetate) to yield NG-P65 as a yellow solid (m = 60 mg, 61%) (5).
1H NMR (300MHz, CDCl3) δ (ppm): 8.01 (d, J = 8.7 Hz, 2H), 7.92 (d, J = 15.5 Hz, 1H), 7.68 (d, J = 8.7 Hz, 2H), 7.57 (m, 1H), 6.89 (d, J = 15.5 Hz, 1H), 3.85 (s, 3H), 2.24 (s, 3H). 13C NMR (75MHz, CDCl3) δ (ppm): 187.9, 168.7, 166.2, 143.2, 136.6, 132.3, 131.9, 130.6, 119.1, 52.5, 25.0. HRMS (ESI) calcd. for C13H13NO4Na [M+Na]+: 270.0737; found: 270.0736.
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