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6-Amino-5-nitroso-3-propyl-1H-pyrimidine-2,4-dione (2a) [30]. This compound was 

synthesized according to general procedure A. A yellow precipitate was obtained in a yield of 

90% (890 mg). 1H NMR (500 MHz, DMSO-d6) δ 11.37 (s, 1H, NH uracil), 3.81-3.75 (t, J = 

6.2 Hz, 2H, CH2 propyl), 1.63-1.54 (m, 2H, CH2 propyl), 0.88 (t, J = 7.5 Hz, 3H, CH3 propyl). 

13C NMR (126 MHz, DMSO-d6) δ 161.7, 150.8, 146.3, 140.1, 41.4, 21.0, 11.3. HPLC-UV (254 

nm) ESI-MS, purity: 97.5%. LC-MS positive mode (m/z): 199.2 [M + H]+. 

6-Amino-1-methyl-5-nitroso-3-propylpyrimidine-2,4(1H,3H)-dione (2b) [43]. This compound 

was synthesized according to general procedure A. A violet precipitate was obtained in a yield 

of 94% (990 mg). 1H NMR (500 MHz, DMSO-d6) δ 3.88-3.82 (m, 2H, CH2 propyl), 3.23 (d, J 

= 25.8 Hz, 3H, CH3), 1.66-1.55 (m, 2H, CH2 propyl), 0.89 (t, J = 7.4 Hz, 3H, CH3 propyl). 13C 

NMR (126 MHz, DMSO-d6) δ: 160.1, 149.3, 146.3, 139.3, 42.5, 28.7, 20.8, 11.3. HPLC-UV 

(254 nm) ESI-MS, purity: 99.1%. LC-MS positive mode (m/z): 212.1 [M + H]+. 

6-Amino-1-cyclopropyl-5-nitroso-3-propylpyrimidine-2,4(1H,3H)-dione (2c). This compound 

was synthesized according to general procedure A. A violet precipitate was obtained in a yield 

of 81% (965 mg). 1H NMR (600 MHz, DMSO-d6) δ 3.84-3.77 (t, J = 7.4 Hz, 2H, CH2 propyl), 

2.61 (tt, J = 7.0, 3.9 Hz, 1H, CH cyclopropyl), 1.63-1.53 (m, 2H, CH2 propyl), 1.17-1.10 (m, 

2H, CH2 cyclopropyl), 0.88 (t, J = 7.5 Hz, 3H, CH3 propyl), 0.81-0.77 (m, 2H, CH2 

cyclopropyl). 13C NMR (151 MHz, DMSO-d6) δ: 172.1, 160.5, 149.4, 147.4, 139.7, 42.4, 24.4, 

20.9, 11.4, 9.5. HPLC-UV (254 nm) ESI-MS, purity: 98.6%. LC-MS positive mode (m/z): 

238.8 [M + H]+. 

5,6-Diamino-3-propyl-1H-pyrimidine-2,4-dione (3a) [30]. This compound was synthesized 

according to general procedure B. A white precipitate was obtained in a yield of 68% (750 mg). 

1H NMR (500 MHz, DMSO-d6) δ 12.54 (s, 1H, NH uracil), 5.55 (s, 2H, NH2 uracil), 3.67-3.61 

(t, J = 6.4 Hz, 2H, CH2 propyl), 1.54-1.45 (m, 2H, CH2 propyl), 0.82 (t, J = 7.6 Hz, 3H, CH3 
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propyl). 13C NMR (126 MHz, DMSO-d6) δ 160.4, 151, 149.2, 142.4, 41, 21, 11.4. HPLC-UV 

(254 nm) ESI-MS, purity: 95.1%. LC-MS positive mode (m/z): 185.2 [M + H]+. 

5,6-Diamino-1-methyl-3-propylpyrimidine-2,4(1H,3H)-dione (3b) [43]. This compound 

was synthesized according to general procedure B. A white precipitate was obtained in a yield 

of 77% (918 mg). HPLC-UV (254 nm) ESI-MS, purity: 97.4%. LC-MS positive mode (m/z): 

198.2 [M + H]+. 

5,6-Diamino-1-cyclopropyl-3-propylpyrimidine-2,4(1H,3H)-dione (3c). This compound 

was synthesized according to general procedure B. A white precipitate was obtained in a yield 

of 80% (1.07 g). 1H NMR (500 MHz, DMSO-d6) δ 6.02 (s, 2H, NH2 xanthine), 3.67 (dd, J = 

8.2, 6.6 Hz, 2H, CH2 propyl), 2.62 (tt, J = 6.9, 3.8 Hz, 1H, CH cyclopropyl), 1.46 (q, J = 7.6 

Hz, 2H, CH2 propyl), 1.14-1.04 (m, 2H, CH2 cyclopropyl), 0.80 (t, J = 7.4 Hz, 3H, CH3 propyl), 

0.74-0.67 (m, 2H, CH2 cyclopropyl). 13C NMR (126 MHz, DMSO-d6) δ: 159.2, 150.1, 145.6, 

95.7, 92, 41.8, 25.2, 21, 11.3, 9.9. HPLC-UV (254 nm) ESI-MS, purity: 95.4%. LC-MS 

positive mode (m/z): 224.1 [M + H]+. 

4-((6-Amino-2,4-dioxo-3-propyl-1,2,3,4-tetrahydropyrimidin-5-yl)carbamoyl)benzenesulfonyl 

fluoride (5a). This compound was synthesized according to general procedure C using 3a (1.09 

g, 5.9 mmol) and 4 (1.0 g, 4.9 mmol) dissolved in 10 mL DMF, EDC (1.4 g, 7.4 mmol) was 

added and the reaction mixture was stirred at rt for 2 h. A pale-yellow precipitate was obtained 

in a yield of 66% (75 mg). Rf in DCM/methanol (9.5:0.5) = 0.43. 1H NMR (500 MHz, DMSO-

d6) δ 10.71 (s, 1H, NH uracil), 9.27 (s, 1H, NH uracil), 8.26 (d, J = 3.2 Hz, 4H, CH phenyl), 

6.44 (s, 2H, NH2), 3.70-3.58 (m, 2H, CH2 propyl), 1.59-1.41 (m, 2H, CH2 propyl), 0.83 (t, J = 

7.5 Hz, 3H, CH3 propyl). 13C NMR (126 MHz, DMSO-d6) δ 164.9, 162.5, 160.6, 150.9, 149.9, 

141.9, 133.6 (d, J = 23.4 Hz), 129.9, 128.4, 86.3, 35.9, 21.1, 11.3. HPLC-UV (254 nm) ESI-

MS, purity: 95.1%. LC-MS positive mode (m/z): 371.2 [M + H]+. 



S4 
 

4-((6-Amino-1-methyl-2,4-dioxo-3-propyl-1,2,3,4-tetrahydropyrimidin-5-yl)carbamoyl)benzene-

sulfonyl fluoride (5b). This compound was synthesized according to general procedure C 

using 3b (116 mg, 0.59 mmol) and 4 (100 mg, 0.49 mmol) dissolved in 5 mL DMF, EDC (140 

mg, 0.74 mmol) was added and the reaction mixture was stirred at rt for 2 h. A pale-yellow 

precipitate was obtained in a yield of 73% (136 mg). Rf in DCM/methanol (9.5:0.5) = 0.65. 1H 

NMR (600 MHz, DMSO-d6) δ 9.32 (s, 1H, NH uracil), 8.37-8.20 (m, 4H, CH phenyl), 6.82 (s, 

2H, NH2), 3.77-3.68 (m, 2H, CH2 propyl), 3.33 (s, 3H, CH3), 1.56-1.46 (m, 2H, CH2 propyl), 

0.88 (t, J = 7.4 Hz, 3H, CH3 propyl). 13C NMR (151 MHz, DMSO-d6) δ 165.1, 159.2, 152.5, 

142, 133.5 (d, J = 23.4 Hz), 130, 128.4, 127.7, 125.2, 87, 62.7, 42.1, 30.1, 21, 11.4. HPLC-UV 

(254 nm) ESI-MS, purity: 95.8%. LC-MS positive mode (m/z): 385.1 [M + H]+. 

4-((6-Amino-1-cyclopropyl-2,4-dioxo-3-propyl-1,2,3,4-tetrahydropyrimidin-5-yl)carbamoyl)-

benzenesulfonyl fluoride (5c). This compound was synthesized according to general 

procedure C using 3c (133 mg, 0.59 mmol) and 4 (100 mg, 0.49 mmol) dissolved in 5 mL 

DMF, EDC (140 mg, 0.74 mmol) was added and the reaction mixture was stirred at rt for 4 h. 

A pale-yellow precipitate was obtained in a yield of 70% (136 mg). Rf in DCM/methanol 

(9.8:0.2) = 0.36. 1H NMR (600 MHz, DMSO-d6) δ 9.26 (s, 1H, NH uracil), 8.31-8.21 (m, 4H, 

CH phenyl), 6.79 (s, 2H, NH2), 3.71-3.65 (m, 2H, CH2 propyl), 2.68 (tt, J = 7.0, 3.9 Hz, 1H, 

CH cyclopropyl), 1.52-1.45 (m, 2H, CH2 propyl), 1.17 (dt, J = 7.9, 3.8 Hz, 2H, CH2 

cyclopropyl), 0.82 (t, J = 7.4 Hz, 3H, CH3 propyl), 0.78-0.73 (m, 2H, CH2 cyclopropyl). 13C 

NMR (151 MHz, DMSO-d6) δ 165, 159.4, 153.1, 150.8, 142, 133.6, (d, J = 23.4 Hz), 131.1, 

130, 128.4, 86.7, 41.9, 25.5, 21.1, 11.4, 10.2. HPLC-UV (254 nm) ESI-MS, purity: 97.7%. LC-

MS positive mode (m/z): 411.2 [M + H]+. 

4-((4-((tert-Butoxycarbonyl)amino)piperidin-1-yl)sulfonyl)benzoic acid (9) [33]. To a flask 

containing 4-(chlorosulfonyl)benzoic acid  7 (1.0 g, 4.53 mmol) and tert-butyl piperidin-4-

ylcarbamate 8 (998 mg, 4.53 mmol) dissolved in 10 mL of dioxane, TEA (1.26 mL, 9.06 mmol) 
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was added and the reaction mixture was stirred at rt for 36 h. Upon completion of the reaction, 

solvents were vaporized, 10 mL of distilled water was added and the formed precipitate was 

collected by filtration. The obtained precipitate was purified by column chromatography using 

the eluent system petroleum ether/ethyl acetate (7.0:3.0). A white precipitate was obtained in 

a yield of 70% (1.23 g). Rf in petroleum ether/ethyl acetate (7.0:3.0) = 0.32. 1H NMR (500 

MHz, DMSO-d6) δ 8.13 (d, J = 8.2 Hz, 2H, CH phenyl), 7.82 (d, J = 8.2 Hz, 2H, CH phenyl), 

3.48 (dt, J = 12.9, 4.4 Hz, 3H, CH piperidyl), 3.03 (q, J = 7.4 Hz, 1H, CH piperidyl), 1.81-1.68 

(m, 3H, CH piperidyl), 1.34 (s, 9H, Boc), 1.19 (t, J = 7.3 Hz, 2H, CH piperidyl). 13C NMR 

(126 MHz, DMSO) δ 167.6, 166.5, 154.9, 140.6, 130.3, 127.8, 127.7, 77.8, 46, 44.7, 30.9, 28.4, 

28.4, 8.6. HPLC-UV (254 nm) ESI-MS, purity: 95.4%. LC-MS positive mode (m/z): 383.1 [M 

- H]-. 

tert-Butyl (1-((4-((6-amino-2,4-dioxo-3-propyl-1,2,3,4-tetrahydropyrimidin-5-yl)carbamoyl) 

phenyl)sulfonyl)piperidin-4-yl)carbamate (10). This compound was synthesized according 

to general procedure C using 3a (574 mg, 3.12 mmol) and 9 (1.0 g, 2.6 mmol) dissolved in 5 

mL DMF, EDC (747 mg, 4.0 mmol) was added and the reaction mixture was stirred at rt for 4 

h. A white precipitate was obtained in a yield of 68% (980 mg). Rf in DCM/methanol (9.8:0.2) 

= 0.69. 1H NMR (500 MHz, DMSO-d6) δ 13.95 (s, 1H, NH uracil), 10.45 (s, 1H, NH uracil), 

8.22-8.13 (m, 2H, CH phenyl), 7.79 (m, 4H, CH phenyl), 7.58 (m, 2H, CH phenyl), 6.84 (s, 

2H, NH2), 3.90 (s, 1H, CH piperidyl), 3.72-3.60 (m, 2H, CH2 propyl), 3.50 (td, J = 8.7, 4.4 Hz, 

4H, CH piperidyl), 1.82-1.70 (m, 4H, CH piperidyl), 1.56-1.46 (m, 2H, CH2 propyl), 1.44-1.37 

(t, 9H, Boc), 0.83 (t, J = 7.4 Hz, 3H, CH3 propyl). 13C NMR (126 MHz, DMSO-d6) δ 167.6, 

165.4, 160.7, 154.9, 150.7, 150.1, 140.6, 138.7, 136.7, 130.3, 129, 127.9, 127.7, 127.2, 86.7, 

77.8, 46.2, 44.9, 41.1, 30.9, 28.4, 28.4, 21.1, 11.3. HPLC-UV (254 nm) ESI-MS, purity: 96%. 

LC-MS positive mode (m/z): 551.4 [M + H]+. 
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tert-butyl (1-((4-(2,6-Dioxo-1-propyl-2,3,6,7-tetrahydro-1H-purin-8-yl)phenyl)sulfonyl)piperidin 

-4-yl)carbamate (11). This compound was synthesized according to general procedure D using 

the carboxamide derivative 10. A white precipitate was obtained in a yield of 60% (255 mg). 

Rf in DCM/methanol (9.0:1.0) = 0.26. 1H NMR (500 MHz, DMSO-d6) δ 13.95 (s, 1H, NH 

xanthine), 11.9 (s, 1H, NH xanthine), 8.37-8.26 (m, 2H, CH phenyl), 7.83 (d, J = 8.5 Hz, 2H, 

CH phenyl), 6.26 (s, 2H, NH2), 3.86-3.78 (m, 3H, CH piperidyl), 3.70-3.61 (m, 2H, CH2 

propyl), 3.02 (m, 2H, CH piperidyl), 2.02-1.94 (m, 2H, CH piperidyl), 1.61-1.56 (m, 2H, CH2 

propyl), 1.56-1.49 (m, 2H, CH piperidyl), 0.87 (t, J = 7.4 Hz, 3H, CH3 propyl). 13C NMR (126 

MHz, DMSO-d6) δ 155.7, 155.5, 151.1, 147.6, 147, 136.3, 133.7, 128.2, 126.9, 46.4, 44.3, 

41.6, 34.3, 29.1, 21, 11.3. HPLC-UV (254 nm) ESI-MS, purity: 96.3%. LC-MS positive mode 

(m/z): 433.3 [M + H]+. 
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1HNMR 

 
13CNMR 

 
Figure S1. 1H (600 MHz) and 13C (151 MHz) spectra (DMSO-d6) of 4-(2,6-dioxo-1-propyl-
2,3,6,7-tetrahydro-1H-purin-8-yl)benzenesulfonyl fluoride (6a). 



S8 
 

1HNMR 

 
13CNMR 

 
Figure S2. 1H (600 MHz) and 13C (151 MHz) spectra (DMSO-d6) of 4-(3-methyl-2,6-dioxo-1-
propyl-2,3,6,7-tetrahydro-1H-purin-8-yl)benzenesulfonyl fluoride (6b). 
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1HNMR 

 
13CNMR 

 
Figure S3. 1H (600 MHz) and 13C (151 MHz) spectra (DMSO-d6) of 4-(3-cyclopropyl-2,6-
dioxo-1-propyl-2,3,6,7-tetrahydro-1H-purin-8-yl)benzenesulfonyl fluoride (6c). 
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1HNMR 

 
13CNMR 

Figure S4. 1H (600 MHz) and 13C (151 MHz) spectra (DMSO-d6) of 4-((1-((4-(2,6-dioxo-1-
propyl-2,3,6,7-tetrahydro-1H-purin-8-yl)phenyl)sulfonyl)piperidin-4-yl)carbamoyl)benzene-sulfonyl 
fluoride (12). 
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Figure S5. LC-MS spectrum of compound 6a* 
*The purity of the compound 6a is 95.26% (retention time: 5.34 min belongs to the desired 
compound 6a; also see NMR spectra, Figure S1). 
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Figure S6. LC-MS spectrum of compound 6b* 
*The purity of the compound 6b is 98.67% (retention time: 6.20 min belongs to the desired 
compound 6b; also see NMR spectra, Figure S2). 
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Figure S7. LC-MS spectrum of compound 6c* 
*The purity of the compound 6c is 99.88% (retention time: 6.58 min belongs to the desired 
compound 6c; also see NMR spectra, Figure S3). 
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Figure S8. LC-MS spectrum of compound 12* 
*The purity of the compound 12 is 95.33% (retention time: 6.08 min belongs to the desired 
compound 12; also see NMR spectra, Figure S4). 


