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1. Chemistry
General procedure for the synthesis of 2a-2c

To a suspension of compound 1 (1.0 g, 5.38 mmol) in CH3CN (15 mL), DIEA (1.5 g, 10.8 mmol) and the corresponding amines (6.46 mmol) were added and the resulting mixture was stirred at 70 °C for 2h. The resulting mixture was poured into water and the aqueous layer was extracted with ethyl acetate (20 mL × 3). The combined organic layers were washed with brine (twice), dried over Na2SO4, and evaporated under reduced pressure. The residue was purified by column chromatography on silica gel to afford 2a-2c. 

Ethyl 2-(4-(tert-butoxycarbonyl) piperazin-1-yl)pyrimidine-5-carboxylate (2a):
Chemical Formula: C16H24N4O4; white solid; Yield: 90%; mp 119.9-121.3 °C; 1H NMR (600 MHz, CDCl3) δ 8.85 (s, pyrimidine ring, 2H), 4.34 (qd, J = 7.1, 0.9 Hz, -CH2-, 2H), 3.92 (t, J = 5.3 Hz, piperazine ring, 4H), 3.51 (t, J = 5.3 Hz, piperazine ring, 4H), 1.49 (s, -Boc, 9H), 1.37 (td, J = 7.1, 0.9 Hz, -CH3, 3H); 13C NMR (151 MHz, CDCl3) δ 164.71, 162.20, 159.76, 154.69, 112.99, 80.15, 60.60, 60.33, 43.76, 28.39, 14.32; ESI-MS calcd for 337.1870 [M+H]+, found 337.1875 [M+H]+, 281.1248 [M+H-56]+, 237.1346 [M+H-100]+.
Ethyl 2-((2-((tert-butoxycarbonyl) amino)ethyl)amino)pyrimidine-5-carbox- ylate(2b): 

Chemical Formula: C14H22N4O4; white solid; Yield: 93%; mp 157.1-159.0°C; 1H NMR (600 MHz, CDCl3) δ 8.86 (s, pyrimidine ring, 1H), 8.79 (s, pyrimidine ring, 1H), 6.48 (s, -NH-, 1H), 5.13 (s, -NH-, 1H), 4.35 (q, J = 7.1 Hz, -CH2-, 2H), 3.62 (q, J = 5.9 Hz, -CH2-, 2H), 3.39 (q, J = 5.9 Hz, -CH2-, 2H), 1.43 (s, -Boc, 9H), 1.37 (t, J = 7.1 Hz, -CH3, 3H); 13C NMR (151 MHz, CDCl3) δ 171.13, 164.62, 163.55, 160.19, 160.00, 156.37, 113.97, 79.54, 66.67, 60.70, 60.36, 53.41, 41.93, 40.27, 28.35, 14.31; ESI-MS calcd for 311.1714 [M+H]+, found 311.1720 [M+H]+, 255.1088 [M+H-56]+, 211.1195 [M+H-100]+.

Ethyl2-((3-((tert-butoxycarbonyl) amino)propyl)amino)pyrimidine-5-Carbo-xylate(2c): 

Chemical Formula: C15H24N4O4; white solid; Yield: 89%; mp 107.3-108.9 °C; 1H NMR (600 MHz, CDCl3) δ 8.86 (s, pyrimidine ring, 1H), 8.79 (s, pyrimidine ring, 1H), 6.33 (s, -NH-, 1H), 5.01 (s, -NH-, 1H), 4.35 (q, J = 7.1 Hz, -CH2-, 2H), 3.56 (q, J = 6.4 Hz, -CH2-, 2H), 3.21 (t, J = 6.5 Hz, -CH2-, 2H), 1.77 (t, J = 6.4 Hz, -CH2-, 2H), 1.45 (s, -Boc, 9H), 1.37 (t, J = 7.1 Hz, -CH3, 3H); 13C NMR (151 MHz, CDCl3) δ 171.11, 164.70, 163.54, 160.22, 156.36, 113.67, 79.30, 60.65, 60.36, 38.35, 37.41, 30.09, 28.39, 14.32; ESI-MS calcd for 325.1870 [M+H]+, found 325.1876 [M+H]+, 269.1244 [M+H-56]+, 225.1346 [M+H-100]+.
General procedure for the synthesis of 3a-3c

To a solution of compounds 2a-2c (1.50 mmol) in MeOH (5 mL), THF (5 mL) and H2O (5 mL) at 0 °C was slowly added NaOH (120 mg, 3.00 mmol). The resulting mixture was stirred at 40 °C overnight with stirring. The organic solvent was removed in vacuo and the residual aqueous solution was acidified to pH 2 with 1N HCl. The suspension was cooled to room temperature, and the white solid was filtered with suction. The filter cake was dried and recrystallized from MeOH (5 mL) to give compounds 3a-3c.

General procedure for the synthesis of 4a-4c

To a solution of compounds 3a-3c (1.00 mmol) and N-methyl-3-(4-nitrophenoxy)propan-1-amine (420 mg, 2.00 mmol) in CH2Cl2 (10 mL) at 0 °C were added TBTU (0.48 g, 1.50 mmol) and DIEA (195 mg, 1.50 mmol). The reaction mixture was stirred at room temperature for 12h, then washed with 5% aqueous HCl (15.0 mL), 5% aqueous NaOH (20.0 mL) and brine (20.0 mL). The organics were dried over Na2SO4, filtered, and concentrated in vacuo to give crude compounds 4a-4c. The crude compounds 4a-4c were purified by column chromatography on silica gel to afford compounds 4a-4c. 

Tert-butyl-4-(5-(methyl(3-(4-nitrophenoxy)propyl)carbamoyl)pyrimidin-2-yl)piperazine-1-carboxylate (4a): 

Chemical Formula: C24H32N6O6; white solid; Yield: 40%; mp 121.0-122.3 °C; 1H NMR (600 MHz, CDCl3) δ 8.43 (s, pyrimidine ring, 2H), 8.18 (d, J = 8.9 Hz, -ArH, 2H), 6.92 (s, -ArH, 2H), 4.22-4.00 (m, -CH2-, 2H), 3.86 (t, J = 5.3 Hz, piperazine ring, 4H), 3.73-3.64 (m, -CH2-, 2H), 3.51 (t, J = 5.3 Hz, piperazine ring, 4H), 3.13 (s, -NCH3, 3H), 2.18 (s, -CH2-, 2H), 1.50 (s, -Boc, 9H); 13C NMR (151 MHz, CDCl3) δ 168.02, 163.58, 161.20, 157.46, 154.74, 141.65, 125.90, 117.97, 114.36, 80.13, 60.34, 43.64, 28.40; ESI-MS calcd for 501.2456 [M+H]+, found 501.2462 [M+H]+, 445.1835 [M+H-56]+, 401.1938 [M+H-100]+.
Tert-butyl(2-((5-(methyl(3-(4-nitrophenoxy)propyl)carbamoyl)pyrimidin-2-yl)-amino)ethyl)carbamate (4b): 

Chemical Formula: C22H30N6O6; white solid; Yield: 45%; mp 154.9-156.2 °C; 1H NMR (600 MHz, DMSO-d6) δ 8.36 (s, pyrimidine ring, 2H), 8.20 (d, J = 8.9 Hz, -ArH, 2H), 7.55 (s, -ArH, 1H), 7.10 (s, -ArH, 1H), 6.86 (t, J = 5.7 Hz, -ArH, 1H), 4.13 (s, -CH2-, 2H), 3.56 (t, J = 7.1 Hz, -CH2-, 2H), 3.34 (d, J = 6.5 Hz, -CH2-, 2H), 3.12 (q, J = 6.4 Hz, -CH2-, 2H), 3.01 (s, -NCH3, 3H), 2.06 (t, J = 6.7 Hz, -CH2-, 2H), 1.37 (s, -Boc, 9H); 13C NMR (151 MHz, DMSO-d6) δ 163.71, 161.96, 157.43, 155.66, 140.80, 125.80, 118.38, 114.91, 77.61, 59.69, 40.69, 38.21, 28.20, 21.77, 20.70, 14.04; ESI-MS calcd for 475.2300 [M+H]+, found 475.2310 [M+H]+, 419.1674 [M+H-56]+, 375.1782 [M+H-100]+.
Tert-butyl(3-((5-(methyl(3-(4-nitrophenoxy)propyl)carbamoyl)pyrimidin-2-yl)amino)propyl)carbamate (4c): 

Chemical Formula: C23H32N6O6; white solid; Yield: 43%; mp 141.1-143.0 °C; 1H NMR (600 MHz, CDCl3) δ 8.40 (s, pyrimidine ring, 2H), 8.23-8.13 (m, -ArH, 2H), 6.92 (s, -ArH, 2H), 6.00 (s, -NH-, 1H), 4.94 (t, J = 6.5 Hz, -NH-, 1H), 4.12 (q, J = 7.1 Hz, -CH2-, 2H), 3.69 (t, J = 7.1 Hz, -CH2-, 2H), 3.51 (q, J = 6.4 Hz, -CH2-, 2H), 3.22 (t, J = 6.5 Hz, -CH2-, 2H), 3.13 (s, -NCH3, 3H), 2.23-2.11 (m, -CH2-, 2H), 1.76 (t, J = 6.4 Hz, -CH2-, 2H), 1.45 (s, -Boc, 9H); 13C NMR (151 MHz, CDCl3) δ 171.12, 168.03, 163.56, 162.36, 157.77, 156.36, 141.69, 125.95, 118.54, 114.37, 79.31, 60.37, 53.42, 38.60, 38.27, 37.47, 30.10, 28.40, 22.04, 21.97, 21.02, 14.19; ESI-MS calcd for 489.2456 [M+H]+, found 489.2464 [M+H]+, 433.1838 [M+H-56]+, 389.1932 [M+H-100]+.
General procedure for the synthesis of 5a-5c

To compounds 4a-4c (1.70 mmol) dissolved in MeOH (5 mL) was added 2M HCl/MeOH (5 mL, 10.0 mmol) and the mixture stirred for 6h at room temperature. After the consumption of the starting material (monitored by TLC), the mixture was evaporated and then saturated aqueous NaHCO3 was added. The aqueous layer was extracted twice with ethyl acetate (15 mL), and the organic layer washed with brine and dried over anhydrous Na2SO4. The solvent was removed under vacuum to afford the amines 5a-5c, which were employed without further purification.

General procedure for the synthesis of compounds 9

To a suspension of compound 8 (2.5 g, 9.26 mmol) in CH3CN (15 mL), piperazine (8.0g, 0.093 mol) was added and the resulting mixture was stirred at 80 °C for 6h. The reaction mixture was concentrated and the residue was diluted with CH2Cl2 (40 mL) and filtered. The filter cake was washed with CH2Cl2 (5 mL) and the filtrate was washed with brine (twice), dried over Na2SO4, and evaporated under reduced pressure to give crude compound 9.

General procedure for the synthesis of compound 10
To a suspension of compound 9 (1.72 g, 5.38 mmol) in CH3CN (15 mL), DIEA (520 mg, 4.04 mmol) and compound 1 (500 mg, 2.69 mmol) were added and the resulting mixture was stirred at 80 °C for 3h. The resulting mixture was poured into water and the aqueous layer was extracted with ethyl acetate (20 mL × 3). The combined organic layers were washed with brine (twice), dried over Na2SO4, and evaporated under reduced pressure. The residue was purified by column chromatography on silica gel and recrystallized from ethyl acetate (10 mL) to afford compound 10.

Ethyl 2-(4-(4-(morpholine-4-carbonyl)-2-nitrophenyl)piperazin-1-yl)pyrimi-dine-5-carboxylate (compound 10): 

Chemical Formula: C22H26N6O6; yellow solid; Yield: 65%; mp 183.4-185.0 °C; 1H NMR (600 MHz, CDCl3) δ 8.87 (s, pyrimidine ring, 2H), 7.94 (d, J = 2.1 Hz, -ArH, 1H), 7.59 (dd, J = 8.5, 2.1 Hz, -ArH, 1H), 7.17 (d, J = 8.5 Hz, -ArH, 1H), 4.35 (q, J = 7.1 Hz, -CH2-, 2H), 4.15-3.98 (m, piperazine ring, 4H), 3.72 (s, morpholine ring, 8H), 3.22 (t, J = 5.1 Hz, piperazine ring, 4H), 1.38 (t, J = 7.1 Hz, -CH3, 3H); 13C NMR (151 MHz, CDCl3) δ 167.89, 164.71, 162.18, 159.81, 146.81, 141.59, 132.81, 128.06, 125.94, 120.68, 113.20, 66.77, 60.67, 51.02, 43.66, 14.33; ESI-MS calcd for 471.1987 [M+H]+, found 471.1995 [M+H]+.
General procedure for the synthesis of compound 11

To a solution of compound 10 (2.50 mmol) in MeOH (5 mL), THF (5 mL) and H2O (5 mL) at 0 °C was slowly added NaOH (200 mg, 5.00 mmol). The resulting mixture was stirred at 40 °C overnight with stirring. The organic solvent was removed in vacuo and the residual aqueous solution was acidified to pH 2 with 1N HCl. The suspension was cooled to room temperature, and the white solid was filtered with suction. The filter cake was dried and recrystallized from MeOH (5 mL) to give compound 11.

2. Spectrum of the target compounds 
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1H NMR, 13C NMR and HRMS of 6a 
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1H NMR, 13C NMR and HRMS of 6b
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1H NMR, 13C NMR and HRMS of 6c 
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1H NMR, 13C NMR and HRMS of 6d 
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1H NMR, 13C NMR and HRMS of 6e 
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1H NMR, 13C NMR and HRMS of 6f 
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1H NMR, 13C NMR and HRMS of 6g 
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IR and HPLC of 6g 
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1H NMR, 13C NMR and HRMS of 6h 
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1H NMR, 13C NMR and HRMS of 6i 
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1H NMR, 13C NMR and HRMS of 6j 
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1H NMR, 13C NMR and HRMS of 6k 
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1H NMR, 13C NMR and HRMS of 6l 
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1H NMR, 13C NMR and HRMS of 6m 
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1H NMR, 13C NMR and HRMS of 6n 
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1H NMR, 13C NMR and HRMS of 7
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1H NMR, 13C NMR and HRMS of 12a 
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1H NMR, 13C NMR and HRMS of 12b
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1H NMR, 13C NMR and HRMS of 12c
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1H NMR, 13C NMR and HRMS of 12d
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1H NMR, 13C NMR and HRMS of 13a
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1H NMR, 13C NMR and HRMS of 13b
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1H NMR, 13C NMR and HRMS of 13c
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1H NMR, 13C NMR and HRMS of 13d
�*Corresponding author:


E-mail address: � HYPERLINK "mailto:bingyu3187@126.com" �bingyu3187@126.com� (Zheng-Yue Ma).







