
Supporting Information 

Exploring the Synthesis of Deceptively Simple Biginelli Products through N-CN Bond 

Cleavage 

Juan Jesús Nolasco Fidencio,a Hulme Ríos-Guerra,b* Gilberto González-Villanueva,a José 

Guillermo Penieres-Carrillo,a Gustavo Guevara Balcázar,b Ma. Inés Nicolás-Vázquez,a	Francisco 

Delgadoc 

 
aHigher School of Medicine, Postgraduate and Research Department, IPN, Plan de San Luis y Díaz Mirón, 

Col. Santo Tomás, Postcode 11340, México D.F., México. 

 
bFaculty of Higher Cuautitlan Studies, Chemistry Science Department, UNAM, Av. 1° de Mayo s/n Sta. 

Ma. Gpe. las Torres, Postcode 54740, Cuautitlán Izcalli, México; E-mail:	hulmerg@yahoo.com	

 
cNational School of Biological Science, Organic Chemistry Department, IPN, Prolongación Carpio y Plan 

de Ayala, Casco de Santo Tomás, Postcode 11340, México D.F., México. 

 

*Corresponding Author: hulmerg@yahoo.com 

 

S1 



Table of Contents 

General Methods S3-S8 

1H and 13C NMR Spectra for N-(1,4-dihydropyrimidin-2-yl)carbamimidic formic anhydride (2a). S9-S10 

1H and 13C NMR Spectra for 3,4-dihydropyrimidin-2(1H)-iminium formate (3a-j) S11-S30 

1H and 13C NMR Spectra for 3,4-dihydropyrimidin-2(1H)-iminium acetate (4a) S31-S32 

1H and 13C NMR Spectra for 2-(N-carbamoylamino)-1,4-dihydropyrimidine (5a) S33-S34 

1H and 13C NMR Spectra for 2-aminodyhidropyrimidine (6a-b). S35-S38 

HRMS Spectra for N-(1,4-dihydropyrimidin-2-yl)carbamimidic formic anhydride (2a). S40 

HRMS Spectra for 3,4-dihydropyrimidin-2(1H)-iminium formate (3a-j) S41-S54 

HRMS Spectra for 3,4-dihydropyrimidin-2(1H)-iminium acetate (4a) S55-S56 

HRMS Spectra for 2-(N-carbamoylamino)-1,4-dihydropyrimidine (5a) S57 

HRMS Spectra for 2-aminodyhidropyrimidine (6a-6b) S58-S59 

 

 

 

S2 



General Methods: 

All commercial reagents and solvents were used as received without further purification. Analytical thin-layer 

chromatography was performed on precoated Kieselgel 60F254 plates; spots were located using UV (254 and 366 nm) and 

iodine. All melting points were measured with a Fisher-Johns apparatus and remain uncorrected. 1H and 13C NMR spectra 

were obtained in DMSO-d6 or CDCl3 using a 300 MHz spectrometer. Chemical shifts (δ) are expressed in ppm relative to the 

tetramethylsilane peak used as an internal standard. The J values are in Hertz, and the splitting patterns are designated as 

follows: s, singlet; d, doublet; t, triplet; m, multiplet; and bs, broad singlet. IR spectra were recorded on a Perkin-Elmer 1600 

spectrophotometer. Mass spectra (MS) and high-resolution mass spectra (HRMS) were obtained using an MStation JMS-700 

spectrometer. Elemental analyses were performed using an Elemental Vario EL III. 

 

Representative procedure for the synthesis of N-(5-ethoxycarbonyl-6-methyl-4-phenyl-1,4-dihydropyrimidin-2-

yl)carbamimidic formic anhydride (2a). One mmol of 2-cyanoimino-5-ethoxycarbonyl-6-methyl-4-phenyl-3,4-dihydro-1H-

pyrimidine 1a in 5 mL of HCO2H was heated at ∼101 °C for 10 min. The crude product was processed according to procedure 

A (vide infra) to give 2a. Yield 95%; mp 142-145 °C; 1H NMR (300 MHz; DMSO-d6/TMS): δ 1.08 (t, J = 7.20 Hz, 3H), 2.28 

(s, 3H), 4.00 (q, J = 7.20 Hz, 2H), 5.38 (s, 1H), 6.33 (s, 2H), 7.04 (bs, 1H), 7.04-7.42 (m, 5H), 8.24 (s, 1H); 13C NMR (75 

MHz, DMSO-d6/TMS): δ 14.6, 19.1, 52.4, 59.3, 100.4, 126.4, 127.5, 128.5, 144.6, 149.2, 152.3, 162.7, 164.4, 165.3; IR (KBr) 

774, 1594 (HCO2), 1690 (C=N), 1715 [-NHC(=NH)-O-], 1710 (C=O), 1643, 3428 (NH) cm-1; HRMS (EI+) Calcd for 

C16H18N4O4, 330.1328; Found, 330.1330. Anal. Calcd for C16H18N4O4•CHO2H: C, 54.25; H, 5.36; N, 14.89. Found: C, 54.92; 

H, 5.86; N, 15.50. 
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General procedure for the synthesis of heterocyclic guanidine (3a-j). 

Method A. 2-Cyanoimino-3,4-dihydro-1H-pyrimidine 1a-j (1 mmol) was refluxed in 5 mL of formic acid for 24 h. After the 

starting material was consumed, the reaction mixture was poured into 10 mL of cold water, and then a saturated aqueous 

solution of sodium carbonate was added dropwise to adjust the pH of the system to 3-4. The precipitate was collected and 

dried to afford spectroscopically pure 3a-j, and thus, further purification was not required. 

Method B. Following method A, the reaction of 2-ureido-1,4-dihydropyrimidine 5a (1 mmol) with formic acid afforded the 

cyclic guanidine 3a in quantitative yield. 

5-Ethoxycarbonyl-6-methyl-4-phenyl-3,4-dihydropyrimidin-2(1H)-iminium formate (3a). Yield 90 %; mp 155-158 °C; 

1H NMR (300 MHz; CDCl3/TMS): δ 1.09 (t, J = 7.20 Hz, 3H), 2.31 (s, 3H),4.02 (q, J = 7.20 Hz, 2H), 5.33 (s, 1H), 7.12-7.30 

(m, 5H), 8,05 (bs,1H), 8.37 (s, 1H), 10.02 (bs, 1H), 11.62 (bs, 1H); 13C NMR (75 MHz, CDCl3/TMS): δ 14.0, 17.7, 53.3, 60.3, 

103.1, 126.5, 128.3, 128.9, 141.9, 143.9, 152.0, 164.8, 170.1; IR (KBr) 774, 1603 (HCO2
-), 1603, 3320 (NH), 1652 (C=N), 

1707 (C=O), 1494, 2830 (=NH2
+) c.m-1; HRMS (EI+) m/z 260.1402 (260.1399 calcd for C14H18O2N3

+). Anal. Calcd for 

C15H19O4N3: C, 59.01; H, 6.27; N, 13.76. Found: C, 58.51; H, 6.127; N, 13.18. 

5-Oxo-4-phenyl-3,4,5,6,7,8-hexahydroquinazolin-2(1H)-iminium formate (3b). Yield 89%; mp 126-130 °C; 1H NMR (300 

MHz; DMSO-d6/TMS): δ 1.69-2.00 (m, 2H), 2.15-2.30 (m, 2H), 4.14 (bs, 2H), 5.29 (s, 1H), 7.20-7.36 (m, 5H), 8.33 (s, 1H), 

8.78 (bs, 2H); 13C NMR (75 MHz, DMSO-d6/TMS): δ 20.7, 27.2, 36.4, 49.9, 109.1, 126.3, 127.4, 128.5, 143.8, 153.5, 156.6, 

167.2, 193.2; IR (KBr) 771, 1599 (HCO2
-), 1649, 3336 (NH), 1668 (C=N), 1701 (C=O), 1525, 2797 (=NH2

+) cm-1; HRMS 

(EI+) Calcd for C14H16N3O+, 242.1293; Found, 242.1278. Anal. Calcd for C15H17N3O3•H2O: C, 50.13; H, 7.01; N, 11.69; 

Found: C, 50.63; H, 6.09; N, 11.18. 
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4-(Benzo[d][1,3]dioxol-4-yl)-5-(ethoxycarbonyl)-6-methyl-3,4-dihydropyrimidin-2(1H)-iminium formate (3c). Yield 

91%; mp 181-184 °C; 1H NMR (300 MHz; DMSO-d6/TMS): δ 1.10 (t, J = 7.0 Hz, 3H), 2.32 (s, 3H), 4.01 (q, J = 7.0 Hz, 2H), 

5.23 (s, 1H), 6.00 (s, 2H), 6.45-7.00 (m, 3H), 8.36 (s, 1H), 9.38 (bs, 3H); δ 13C NMR (75 MHz, DMSO-d6/TMS): δ 14.0, 17.8, 

51.7, 59.5, 101.0, 106.8, 108.2, 119.6, 137.3, 146.7, 147.4, 152.3, 164.9, 167.9; IR (KBr) 924 (C-O-C), 773, 1590 (HCO2
-), 

1604, 3337 (NH), 1664 (C=N), 1710 (C=O), 2782 (O-CH2-O), 1502, 2987 (=NH2
+) cm-1; HRMS (EI+) Calcd for C15H18N3O4

+, 

304.1297; Found, 304.1297; Anal. Calcd for C16H19N3O6•H2O: C, 52.31; H, 5.76; N, 11.44. Found: C, 52.69; H, 5.14; N, 10.98. 

5-(Ethoxycarbonyl)-6-methyl-4-(thiophen-2-yl)-3,4-dihydropyrimidin-2(1H)-iminium formate (3d). Yield 85%; mp 118-

122 °C; 1H NMR (300 MHz; DMSO-d6/TMS): δ 1.15 (t, J = 7.2 Hz, 3H), 2.18 (s, 3H), 4.00 (q, J = 7.2 Hz, 2H), 5.48 (s, 1H), 

6.86 (d, J = 3.3, 1H), 6.91 (t, J = 4.5, 1H), 7.30 (d, 1H), 7.40 (s, 1H), 8.43 (s, 1H), 8.64 (s, 1H); δ 13C NMR (75 MHz, DMSO-

d6/TMS): δ 14.4, 22.3, 48.1, 58.5, 98.2, 122.9, 124.3, 126.4, 150.5, 155.1, 160.9, 165.7, 167.4; IR (KBr) 771, 1608 (HCO2
-), 

1615, 3300 (NH), 1668 (C=N), 1711 (C=O), 1517, 2984 (=NH2
+) cm-1; HRMS (EI+) Calcd for C12H16N3O2S+, 266.0963; 

Found, 266.0920. 

5-(Methoxycarbonyl)-6-methyl-4-(2-nitrophenyl)-3,4-dihydropyrimidin-2(1H)-iminium formate (3e). Yield 98%; mp 

172-174 °C (dec); 1H NMR (300 MHz; DMSO-d6/TMS): δ 2.35 (s, 3H), 3.40 (s, 3H), 5.82 (s, 1H), 6.52 (bs, 2H), 7.50-7.60 (m, 

2H), 7.62-7.80 (m, 2H), 7.88 (d, J = 8.4, 1H), 8.31 (s,1H), 9.44 (bs, 1H); 13C NMR (75 MHz, DMSO-d6/TMS): δ 17.8, 47.5, 

51.0, 99.6, 124.1, 129.2, 129.4, 134.4, 137.4, 147.5, 148.7, 152.3 164.8, 166.0; IR (KBr) 774, 1610 (HCO2
-), 1361 (Ar-NO2), 

1603, 3315 (NH), 1680 (C=N), 1703 (C=O), 1530, 2830 (=NH2
+) cm-1; HRMS (FAB+) m/z 291.1090 (291.1093 calcd for 

C13H15O4N4
+). 
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5-Ethoxycarbonyl-6-methyl-4-(2-clorophenyl)-3,4-dyhidropyrimidin-2(1H)-iminium formate (3f). Yield 41%; mp 202-

205 °C; 1H NMR (300 MHz; DMSO-d6/TMS): δ 0.95 (t, J = 7.20 Hz, 3H), 2.27 (s, 3H), 3.80 (q, J = 7.20 Hz, 2H), 5.62 (s, 1H), 

6.39 (s, 2H), 7.20-7.38 (m, 3H), 7.39 (d, J = 7.2 Hz, 1H), 7.72 (bs, 1H), 8.44 (s, 1H); 13C NMR (75 MHz, DMSO-d6/TMS): δ 

14.1, 23.2, 49.7, 58.1, 95.3, 127.6, 128.7, 128.8, 129.1, 131.1, 142.6, 154.8, 165.7, 166.5; IR (KBr), 774, 1600 (HCO2
-), 1089 

(Ar-o-Cl), 1595, 3432 (NH), 1658 (C=N), 1709 (C=O), 1478, 2983 (=NH2
+) cm-1; HRMS (EI+) Calcd for C14H17ClN3O2

+, 

294.1009; Found, 294.1001. 

4-(4-Bromophenyl)-5-(ethoxycarbonyl)-6-methyl-3,4-dihydropyrimidin-2(1H)-iminium formate (3g). Yield 99%; mp 

170-173 °C; 1H NMR (300 MHz; DMSO-d6/TMS): δ 1.08 (t, J = 7.20 Hz, 3H), 2.31 (s, 3H), 3.99 (q, J = 7.20 Hz, 2H), 5.28 (s, 

1H), 7.20 (d, J = 8.10 Hz, 2H), 7.54 (d, J = 8.10 Hz, 2H), 8.35 (s,1H), 9.48 (bs, 1H); 13C NMR (75 MHz, DMSO-d6/TMS): δ 

14.0, 17.8, 51.5, 59.6, 100.5, 120.9, 128.7, 131.6, 142.8, 147.7, 152.5, 164.8, 167.7; IR (KBr) 774, 1589 (HCO2
-), 1089 (Ar-

pBr), 1603, 3345 (NH), 1658 (C=N), 1705 (C=O), 1521, 2828 (=NH2
+) cm-1; HRMS (FAB+) Calcd for C14H17BrN3O2

+, 

338.0504; Found, 338.0506. 

4-(2-Trifluoromethylphenyl)-5-(ethoxycarbonyl)-6-methyl-3,4-dihydropyrimidin-2(1H)-iminium formate (3h). Yield 

80%; mp 153-156 °C; 1H NMR (300 MHz; CDCl3/TMS): δ 0.97 (t, J = 7.2 Hz, 3H), 2.47 (s, 3H), 3.97 (q, J = 7.2 Hz, 2H), 

5.81 (s, 1H), 7.36-7.46 (m, 2H), 7. 48-7.60 (m, 1H), 7.62-7.67 (m, 1H), 8.33 (s, 1H), 8.85 (bs, 2H), 12.31 (bs, 1H); δ 13C NMR 

(75 MHz, CDCl3/TMS): δ 13.6, 17.4, 49.2, 60.3, 101.6, 122.3 (1JCF = 273.7 Hz), 126. 2 (3JCF = 5.6 Hz), 127. 2 (2JCF = 30.8 Hz), 

133.2, 139.9, 145.9, 151.6, 164.2, 169.7; IR (KBr) 768 (CF3), 773, 1587 (HCO2
-), 1631, 3420 (NH), 1664 (C=N), 1703 (C=O), 

1541, 2980 (=NH2
+) cm-1; HRMS (FAB+) Calcd for C15H17F3N3O2+, 328.1273; Found, 328.1276. 
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4-[2-(Difluoromethoxy)phenyl]-5-ethoxycarbonyl-6-methyl-3,4-dihydropyrimidin-2(1H)-iminium formate (3i). Yield 

84%; mp 93-96 °C; 1H NMR (300 MHz; DMSO-d6/TMS): δ1.00 (t, J = 6.9 Hz, 3H), 2.34 (s, 3H), 3.92 (q, J = 6.9 Hz, 2H), 

5.61 (s, 1H), 7.14-7.45 (m, 4H), 7.2 (t, 2JHF = 73.9 Hz, 1H), 8.33 (s, 1H), 9.10 (bs, 2H); 13C NMR (75 MHz, DMSO-d6/TMS): 

δ 13.8, 17.7, 47.2, 59.4, 99.3, 116.7 (t, 1JCF = 255.1 Hz), 117.9, 125.5, 129.0, 129.6, 133.4, 147.8, 148.4, 152.0, 164.6, 168.0; 

IR (KBr) 774, 1588 (HCO2
-), 1238 (Ar-O-C), 1603, 3368 (NH), 1667 (C=N), 1705 (C=O), 1496, 2989 (=NH2

+) cm-1; HRMS 

(EI+) Calcd for C15H18F2N3O3
+, 326.1316; Found, 326.1341. 

4-(3-Fluorophenyl)-5-(ethoxycarbonyl)-6-methyl-3,4-dihydropyrimidin-2(1H)-iminium formate (3j). Yield 99%; mp 

154-156 °C; 1H NMR (300 MHz; DMSO-d6/TMS): δ 1.09 (t, J = 6.9 Hz, 3H), 2.33 (s, 3H), 4.0 (q, J = 6.9 Hz, 2H), 5.36 (s, 

1H), 6.98-7.19 (m, 3H), 7.35-7.49 (m, 1H), 8.35 (s, 1H), 9.15 (bs, 2H); δ 13C NMR (75 MHz, DMSO-d6/TMS): δ 14.0, 17.8, 

51.6, 59.7, 100.8, 113.3 (d, 2JCF = 21.5 Hz), 114.7 (d, 2JCF = 21.5 Hz), 122.4, 130.9 (d, 3JCF = 7.9 Hz), 146.0 (d, 3JCF = 5.7 Hz), 

147.5, 152.1,, 162.2 (d, 1JCF = 242.7 Hz), 164.7, 168.1; IR (KBr), 773, 1588 (HCO2
-), 1598, 3358 (NH), 1650 (C=N), 1706 

(C=O), 1496, 2809 (=NH2
+) cm-1; HRMS (FAB+) Calcd for C14H17FN3O2

+, 278.1305; Found, 278.1308. 

Representative procedure for the synthesis of 5-ethoxycarbonyl-6-methyl-4-phenyl-3,4-dihydropyrimidin-2(1H)-

iminium acetate (4a). One mmol of 2-cyanoimino-5-ethoxycarbonyl-6-methyl-4-phenyl-3,4-dihydro-1H-pyrimidine 1a was 

refluxed in 5 mL of MeCO2H for 24 h. The crude product was processed according to procedure A to afford 4a.. Yield 48%; 

mp 184-188 °C (dec); 1H NMR (300 MHz; DMSO-d6/TMS): δ 1.09 (t, J = 7.20 Hz, 3H), 1.69 (s, 3H), 2.28 (s, 3H), 3.98 (q, J 

= 7.20 Hz, 2H), 4.60 (bs, 2H), 5.22 (s, 1H), 7.20-7.34 (m, 5H), 9.47 (bs, 2H); 13C NMR (75 MHz, DMSO-d6/TMS): δ 14.1, 

18.5, 24.2, 51.9, 59.2, 100.0, 126.3, 127.4, 128.5, 144.3, 149.7, 153.4, 165.2, 175.7; IR (KBr) 926 (ACO2
-), 1603, 3432 (NH), 

1652 (C=N), 1711 (C=O), 2981 (=NH2
+) cm-1; HRMS (FAB+) Calcd for C14H18N3O2

+, 260.1399; Found, 260.1402. 
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Representative procedure for the synthesis of 5-ethoxycarbonyl-6-methyl-4-phenyl-2-(N-carbamoylamino)-1,4-

dihydropyrimidine (5a). 2-Cyanoimino-5-ethoxycarbonyl-6-methyl-4-phenyl-3,4-dihydro-1H-pyrimidine 1a (10.2 mmol) 

was stirred and refluxed for 5 min in 15 mL of conc. HCl (37%). The mixture was cooled on crushed ice, diluted with 10 mL 

of water and treated with a 15% aqueous solution of Na2CO3 until it reached pH 5-6. The resulting insoluble solid was filtered, 

and washed with 10 mL of water and dried to afford 5a as a slightly yellow granular solid. Yield 88%; mp 167-170 °C; 1H 

NMR (300 MHz; DMSO-d6/TMS): δ 1.07 (t, J = 6.80 Hz, 3H), 2.35 (s, 3H), 4.01 (q, J = 6.80 Hz, 2H), 5.61 (s, 1H), 7.31-7.40 

(m, 5H), 7.64 (s, 2H), 10.69 (bs, 1H), 11.55 (bs, 1H); 13C NMR (75 MHz, DMSO-d6/TMS): δ 14.2, 17.7, 52.8, 61.0, 104.8, 

127.2, 129.1, 129.4, 141.4, 143.3, 148.5, 153.7, 164.6; IR (KBr) 1573 (C=N), 1636 (H2NC=O, amide II), 1679 (C=O), 1690 

(H2NC=O, amide I), 3212 (NH), 3357, 3367 (NH2-amide) cm-1; HRMS (EI+) Calcd for C15H18N4O3, 302.1379; Found, 

302.1379; Anal. Calcd for C15H18N4O3•2H2OCl: C, 44.02; H, 5.42; N, 13.53. Found: C, 44.67; H, 5.14; N, 13.12. 

Representative procedure for the synthesis of 2-aminodyhidropyrimidine (6a-b). Following either method A or B, the 

free base was obtained by adjusting the reaction mixture to pH≥10 with a saturated aqueous solution of Na2CO3. The product 

was isolated according to method A. 

2-Amino-5-ethoxycarbonyl-6-methyl-4-phenyl-1,4-dihydropyrimidine (6a). Yield 89%; mp 123-126 °C; 1H NMR (300 

MHz; DMSO-d6/TMS): δ 1.08 (t, J = 7.2 Hz, 3H), 2.27 (s, 3H), 3.76 (bs, 2H), 4.00 (q, J = 7.2 Hz, 2H), 5.36 (s, 1H), 6.27 (s, 

2H), 7.20-7.40 (m, 5H), 9.54 (bs, 1H); 13C NMR (75 MHz, DMSO-d6/TMS): δ 14.1, 19.2, 52.3, 59.1, 100.2, 126.2, 127.3, 

128.4, 144.7, 152.4, 162.9, 165.3; IR (KBr) 1635 (C=O), 1578, 3356 (NH2), 1595 (C=N), 3436 (NH), 3340 (NH2) cm-1; 

HRMS (EI+) Calcd for C14H17N3O2, 259.1321; Found, 259.1324. 
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2-Amino-4-phenyl-4,6,7,8-tetrahydroquinazolin-5(1H)-one (6b). Yield 88%; mp 132-135 °C; 1H NMR (300 MHz; DMSO-

d6/TMS): δ 1.65-1.90 (m, 2H), 2.10-2.20 (m, 2H), 2.28-2.37 (m, 2H), 5.27 (s, 1H), 6.52 (s, 2H), 7.10-7.36 (m, 5H), 7.49 (s, 

1H); 13C NMR (75 MHz, DMSO-d6/TMS): δ 21.4, 31.4, 36.7, 50.3, 108.0, 126.2, 126.8, 128.1, 146.2, 156.4, 166.8, 192.1; IR 

(KBr) 1625 (C=O), 1571, 3336 (NH2), 1598 (C=N), 3420 (NH), cm-1; HRMS (EI+) Calcd for C14H15N3O, 241.1215; Found, 

241.1213; Anal. Calcd for C14H15N3O: C, 69.69; H, 6.27; N, 17.41. Found: C, 66.19; H, 6.50; N, 16.75. 
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