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Abstract 

One-pot three-component cyclo-condensation reaction of bis(aldehydes) containing ether-amide or ester-

amide linkages with 6-aminouracil in boiling acetic acid afforded tetrakis(6-aminopyrimidine-2,4-diones) or 

bis(tetraoxodecahydropyrido[2,3-d:6,5-d']dipyrimidines) depending on the reaction conditions. 
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Introduction 

 

Hantzsch reaction is one of the most common routes for the synthesis of 1,4-dihydropyridines (1,4-DHPs) 

having therapeutic and pharmacological properties.1–19 In addition, Uracil is considered to be one of the major 

motifs present in the biopolymer RNA20,21 and it plays several roles in our life.22,23 The uracil scaffold and its 

derivatives exhibit a wide range of biological activities, including anticancer agents,24–26 antihypertensive 

agents,27 antiallergic compounds28 and antiviral agents.29–31 Structures of some FDA-approved uracil drugs are 

depicted in figure 1. Moreover, dipyrimidines exhibit a broad range of pharmacological properties, such as 

antimicrobial,32,33 antitumor,34 and antiviral.35,36 Furthermore, the multicomponent reactions (MCRs) provide 

an easy and rapid access to diversity of heterocycles as they have the advantages of atom-economy and 

selectivity.18,37-51 

 
Figure 1. Some selected FDA-approved uracil drugs 

 

     In connection with the importance of both 1,4-dihydropyridine and the dipyrimidine moiety and in 

continuation to our interest in enamine chemistry,52–56 the synthesis of bis(heterocycles)17,47–60   as well as the 

C-C bond formation reactions,52,71–73  we report herein a highly efficient method for the synthesis of 

bis(pyrido[2,3-d:6,5-d']dipyrimidinetetraones) linked to aliphatic or aromatic core via ether-amide or ester-

amide linkages through the reaction of bis(aldehydes) with 6-aminouracil.  

 

 

Results and Discussion 
 

Firstly, the bis(2-(2-formylphenoxy)acetamide) 1a was prepared following our reported procedure via the 

reaction of the potassium salt of salicylaldehyde with N,N'-(ethane-1,2-diyl)bis(2-chloroacetamide) in DMF.74 

The reactivity of the bis(aldehyde) 1a towards 6-aminouracil 2 was then investigated aiming at the synthesis of 

bis(decahydropyrido[2,3-d:6,5-d']dipyrimidin-5-yl)phenoxy)acetamide) 4a. Contrary to our expectation, the 

reaction did not yield compound 4a, instead it gave the uncyclized tetrakis(6-aminopyrimidine-2,4-dione) 3a in 

88% yield (Scheme 1). It worth mentioning that trials to cyclize similar systems in acetic acid at reflux were 

unsuccessful.75 On the other hand, heating a mixture of the bis(aldehyde) 1a with the aminouracil 2 in acetic 

acid in the presence of p-TSA for 3 h afforded the target 4a as the sole product. Moreover, we have found that 

heating of compound 3a in acetic acid  /p-TSA for 1 h afforded 4a directly in one step. 
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Scheme 1. Synthesis of tetrakis(6-aminopyrimidine-2,4-dione) 3a and bis(decahydropyrido[2,3-d:6,5-

d']dipyrimidin-5-yl)phenoxy)acetamide) 4a 

 

     The structures of compounds 3a and 4a were supported based on the different spectral tools. Thus, the 1H 

NMR spectrum of compound 3a revealed a characteristic broad integrated by 4H at δ 3.30 ppm for the two 

methylene linkage. It also showed two characteristic singlets at δ 4.31 and 5.38 ppm for the -OCH2CO- and the 

bridging CH protons, respectively. In addition, it exhibited four broad singlet signals characteristic for the NH2 

and three NH groups at δ 6.74 ppm and δ 7.48, 10.30 and 10.42 ppm, respectively. It also featured aromatic 

protons at δ 6.83-7.15 ppm. On the other hand, the 1H NMR spectrum of compound 4a, indicated the 

disappearance of the characteristic broad signals at the range of 6-7 ppm for the amino groups. It also 

featured in addition to the signals of methylene groups, singlet signal at δ 5.13 ppm for the pyridine-H5. It also 

indicated three different broad singlets at δ 8.41, 10.64 and 11.18 ppm corresponding to three different NH 

groups.  

Stimulated by these noteworthy results, a series of bis(aldehydes) 1b-f were prepared74 and used to 

ascertain the generality and the scope of the protocol. The reaction of 6-aminouracil 2 with the appropriate 

bis(aldehydes) 1b-f in acetic acid afforded the corresponding tetrakis(uracil) 3b-f (Scheme 2) .  
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Scheme 2. Multicomponent synthesis of tetrakis(6-aminopyrimidine-2,4-dione) derivatives 3a-f 

 

However, the reaction of 6-aminouracil 2 with the bis(aldehydes) 1a, 1c, 1e in acetic acid / p-TSA resulted 

in the formation of  bis(decahydropyrido[2,3-d:6,5-d']dipyrimidin-5-yl)phenoxy)acetamides) 4a-c, respectively, 

in good yields (Scheme 3). The latter compounds were alternatively obtained in good yields, by heating the 

corresponding tetra-uracil 3a, 3c and 3e in acetic acid containing p-TSA at reflux.   
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Scheme 3. Multicomponent synthesis of bis(decahydropyrido[2,3-d:6,5-d']dipyrimidin-5-yl)phenoxy)-

acetamide) derivatives 4a-c 

 

     The scope of the reaction was further extended towards aldehydes which are linked to the benzene core 

via ether-amide linkage. It has been found that the reaction of bis(aldehyde) 1g (aldehydic groups in meta 

position) with 6-aminouracil in acetic acid failed to give the target cyclized product pyridodipyrimidine even 

after prolonged heating in the presence of p-TSA (Scheme 4). The reaction gave instead the tetrakis(6-

aminopyrimidine-2,4-dione) 3g. On the other hand, the reaction of the bis(aldehyde) 1h (aldehydic groups in 

ortho position) with 6-aminouracil 2 in acetic acid/p-TSA affords directly, the cyclic aromatized 

pyridodipyrimidine product 4d (Scheme 4).  
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Scheme 4. Synthesis of tetrakis(6-aminopyrimidine-2,4-dione) 3g and bis(tetraoxo-octahydropyrido[2,3-d:6,5-

d']dipyrimidine) 4d which are linked to the benzene core via amide linkage 

 

     Interestingly, the same methodology was also applied for the synthesis of the corresponding tetrakis(uracil) 

linked to ester-amide core linkage 8 via the direct reaction of the bis(aldehyde) 7 with four equivalents of 6-

aminouracil 2 in acetic acid. Unfortunately, trials to cyclize 8 into bis(decahydropyrido[2,3-d:6,5-

d']dipyrimidin-5-yl)phenoxy)acetamide)  9 upon heating 2 in acetic acid / p-TSA were unsuccessful (Scheme 5). 

The aldehyde containing ester-amide linkage 7 was prepared via the reaction of the potassium salt of the p-

formylbenzoic acid 6 with the corresponding bis(2-chloroacetamide) 5 in boiling DMF.74 

 

 
Scheme 5. Unsuccessful trial to obtain bis(decahydropyrido[2,3-d:6,5-d']dipyrimidin-5-yl)phenoxy)-acetamide)  

9.  Only tetrakis(6-aminopyrimidine-2,4-dione) 8 was obtained. 
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     A proposed synthetic pathway for the reaction of bisaldehydes with 6-aminouracil is shown in scheme 5. 

Nucleophilic addition of the enamine β-carbon of 6-aminouracil 2 to the two carbonyl centers of the 

bis(aldehydes) 1 affords the corresponding adducts 10. Subsequent elimination of water leads to the 

formation of the corresponding ene-imine intermediate 11. The Michael addition of another two moles of 6-

aminouracil 2 to the intermediate 11 affords the products 3. Subsequent removal of ammonia using p-TSA led 

to the formation of 4 (Scheme 6). 

 
Scheme 6.  A proposed pathway for the synthesis of compounds 3 and 4. 

 

 

Conclusions 
 

We developed a synthetic approach for the synthesis of novel tetrakis(6-aminopyrimidine-2,4-diones) or 

bis(tetraoxodecahydropyrido[2,3-d:6,5-d']dipyrimidines) via one-pot three-component cyclo-condensation 

reaction of bis(aldehydes) containing ether-amide or ester-amide linkages with 6-aminouracil. The reaction 

products was found to be dependent on the reaction conditions. It is expected that the novel structures 

prepared in this paper would be useful in the field of medicinal and synthetic organic chemistry.  

 

 

Experimental Section 
 

General. Melting points were measured with a Stuart melting point apparatus and are uncorrected. The IR 

spectra were recorded using a FTIR Bruker–vector 22 spectrophotometer as KBr pellets. The 1H and 13C NMR 

spectra were recorded in DMSO–d6 as solvent on Varian Gemini NMR spectrometer at 400 MHz and 100 MHz, 

respectively, using TMS as internal standard. Chemical shifts are reported as δ values in ppm. Mass spectra 

were recorded with a Shimadzu GCMS–QP–1000 EX mass spectrometer in EI (70 eV) model. Elemental 
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analyses were performed on a Perkin-Elmer 240 micoanalyser at the Micro analytical Center of Cairo 

University. 

 

General procedure for the synthesis of  3a-3g and 8. A solution of each of bisaldehydes 1a-1g and 7 (1 mmol) 

and 6-aminouracil (4 mmol) in acetic acid (3 ml) was heated at reflux for 1 h. The solid obtained was collected 

and crystallized from DMF/EtOH to give compounds 3a-g and 8. 

N,N'-(Ethane-1,2-diyl)bis(2-(2-(bis(6-amino-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)methyl)phenoxy)-

acetamide)  (3a). Pale yellow powder (88%). mp 270-272 °C. IR (KBr): ν 3344, 3155 (NH and NH2), 1708 (CO). 

1H NMR (300 MHz, DMSO-d6): δ 3.30 (br, 4H, CH2N), 4.31 (s, 4H, CH2O), 5.38 (s, 2H, CH), 6.47 (br, 8H, NH2), 

6.83-7.15 (m, 8H, Ar-H), 7.48 (br, 2H, NH), 10.30 (br, 4H, NH), 10.42 (br, 4H,  NH).
 13C NMR (100 MHz, DMSO-

d6): δ 29.7, 36.3, 68.1, 112.8, 121.3, 127.2, 128.4, 129.2, 150.2, 153.9, 156.0, 162.8, 165.6, 168.4. MS (EI, 70 

eV): m/z (%) 856 [M+]. Anal. Calcd for C36H36N14O12: C, 50.47; H, 4.24; N, 22.89 found C, 50.73; H, 4.43; N, 

23.13. 

N,N'-(Ethane-1,2-diyl)bis(2-(3-(bis(6-amino-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)methyl)phenoxy)-

acetamide) (3b). Pale yellow powder (85%). mp 288-290 °C. IR (KBr): ν 3325, 3147 (NH and NH2), 1712 (CO). 1H 

NMR (400 MHz, DMSO-d6): δ 3.24 (br, 4H, CH2N), 4.36 (s, 4H, CH2O), 5.30 (s, 2H, CH), 6.70-7.15 (m, 16H, 

NH2+Ar-H), 8.19 (br, 2H, NH), 10.32 (br, 4H, NH), 10.51 (br, 4H,  NH). MS (EI, 70 eV): m/z (%) 856 [M+]. Anal. 

Calcd for C36H36N14O12: C, 50.47; H, 4.24; N, 22.89 found C, 50.69; H, 4.07; N, 23.14. 

N,N'-(Propane-1,3-diyl)bis(2-(2-(bis(6-amino-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)methyl)phenoxy)-

acetamide) (3c). Pale yellow powder (90%). mp 242-244 °C. IR (KBr): ν 3348, 3171 (NH and NH2), 2978 (NH), 

2850 (NH2), 1712 (CO). 1H NMR (300 MHz, DMSO-d6): δ 1.60-1.62 (m,2H, CH2), 3.14-3.17 (m, 4H, CH2N), 4.34 

(s, 4H, CH2O), 5.34 (s, 2H, CH), 6.50 (br, 8H, NH2), 6.81-7.11 (m, 8H, Ar-H), 7.14 (br, 2H, NH), 10.45 (br, 8H, NH). 

13C NMR (75 MHz, DMSO-d6): δ 20.9, 29.2, 36.1, 67.2, 86.5, 111.8, 120.6, 120.7, 126.6, 128.6, 149.6, 153.4, 

155.3, 165.0, 167.5.  MS (EI, 70 eV): m/z (%) 870 [M+]. Anal. Calcd for C37H38N14O12: C, 51.03; H, 4.40; N, 22.52 

found C, 51.31; H, 4.66; N, 22.25. 

N,N'-(Propane-1,3-diyl)bis(2-(3-(bis(6-amino-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)methyl)phenoxy)-

acetamide) (3d). Pale yellow powder (87%). mp > 300 °C. IR (KBr): ν 3325, 3178 (NH and NH2), 1724 (CO). 1H 

NMR (300 MHz, DMSO-d6): δ 1.57-1.64 (m, 2H, CH2), 3.11-3.13 (m, 4H, CH2N), 4.37 (s, 4H, CH2O), 5.30 (s, 2H, 

CH), 6.69 (br, 8H, NH2), 6.72-7.13 (m, 8H, Ar-H), 8.08 (br, 2H, NH), 10.28 (br, 4H, NH), 10.47 (br, 4H, NH). 13C 

NMR (100 MHz, DMSO-d6): δ  29.7, 32.9, 36.2, 67.5, 110.8, 114.6, 120.4, 129.1, 138.0, 142.0, 150.2, 158.0, 

167.8, 168.2, 172.7. MS (EI, 70 eV): m/z (%) 870 [M+]. Anal. Calcd for C37H38N14O12: .C, 51.03; H, 4.40; N, 22.52 

found C, 51.32; H, 4.60; N, 22.20. 

N,N'-(Butane-1,4-diyl)bis(2-(2-(bis(6-amino-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)methyl)phenoxy)-

acetamide) (3e). Pale yellow powder (91%). mp 242-244 °C. IR (KBr): ν 3429, 3367, 3179 (NH and NH2), 1724 

(CO). 1H NMR (300 MHz, DMSO-d6): ): δ 1.42 (br, 4H, CH2), ), 3.16 (br, 4H, CH2N), 4.34 (s, 4H, CH2O), ), 5.34 (s, 

2H, CH), 6.46 (br, 8H, NH2), 6.83-7.11 (m, 8H, Ar-H), 7.12 (br, 2H, NH), 10.33 (br, 4H, NH), 10.42 (br, 4H, NH) ). 

MS (EI, 70 eV): m/z (%) 884 [M+]. Anal. Calcd for C38H40N14O12: C, 51.58; H, 4.56; N, 22.16 found C, 51.84; H, 

4.75; N, 22.45. 

N,N'-(Butane-1,4-diyl)bis(2-(3-(bis(6-amino-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)methyl)phenoxy)-

acetamide)(3f). Pale yellow powder (88%). mp 284-286 °C. IR (KBr): ν 3379, 3125 (NH and NH2), 1708 (CO). 1H 

NMR (300 MHz, DMSO-d6): ): δ 1.41 (br, 4H, CH2), 3.12 (br, 4H, CH2N), 4.35 (s, 4H, CH2O), 5.29 (s, 2H, CH), 6.68 

(br, 8H, NH2), 6.70-7.13 (m, 8H, Ar-H), 8.03 (br, 2H, NH), 10.28 (br, 4H, NH), 10.47 (br, 4H, NH). 13C NMR (100 

MHz, DMSO-d6): δ 27.1, 32.8, 38.5, 67.4, 110.7, 114.5, 120.3, 129.0, 142.0, 150.2, 158.0, 158.9, 165.1, 168.0, 
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172.8.  MS (EI, 70 eV): m/z (%) 884[M+]. Anal. Calcd for C38H40N14O12: C, 51.58; H, 4.56; N, 22.16 found C, 

51.35; H, 4.35; N, 22.42. 

N,N'-(1,3-Phenylenebis(methylene))bis(2-(3-(bis(6-amino-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)-

methyl)phenoxy)acetamide) (3g). Pale yellow powder (89%). mp 296-298 °C. IR (KBr): ν 3356, 3152 (NH and 

NH2), 1716 (CO). 1H NMR (300 MHz, DMSO-d6): 4.30-4.32 (d, J = 5.7 Hz, 4H, CH2N), 4.44 (s, 4H, CH2O), 5.30 (s, 

2H, CH), 6.70 (br, 8H, NH2), 6.73-7.15 (m, 12H, Ar-H), 8.59-8.62 (t,  J = 6.6 Hz, 2H, NH), 10.29 (br, 4H, NH), 10.47 

(br, 4H, NH). 13C NMR (100 MHz, DMSO-d6): δ 33.1, 42.2, 67.4, 110.7, 114.6, 120.3, 126.2, 126.8, 128.7, 129.0, 

139.8, 139.9, 142.0, 150.2, 158.0, 167.9, 168.2, 172.8. MS (EI, 70 eV): m/z (%) 932[M+]. Anal. Calcd for 

C42H40N14O12: C, 54.08; H, 4.32; N, 21.02 found C, 53.89; H, 4.12; N, 21.22. 

((1,3-Phenylenebis(methylene))bis(azanediyl))bis(2-oxoethane-2,1-diyl)bis(4-(bis(6-amino-2,4-dioxo-1,2,3,4-

tetrahydropyrimidin-5-yl)methyl)benzoate) (8). Pale yellow powder (86%).  mp 294-296 °C. IR (KBr): ν 3368, 

3151 (NH and NH2), 1713 (CO), 1624 (CO). 1H NMR (300 MHz, DMSO-d6): 4.30-4.32 (d, J = 5.4 Hz, 4H, CH2N), 

4.75 (s, 4H, CH2O), 5.36 (s, 2H, CH), 6.71 (br, 8H, NH2), 7.14-7.16 (m, 4H, Ar-H),7.23-7.26 (d, J = 8.7 Hz, 4H, Ar-

H), 7.87-7.90 (d, J = 8.7Hz, 4H, Ar-H), 8.60-8.62 (t, J = 6 Hz, 2H, NH), 10.33 (br, 4H, NH), 10.52 (br, 4H, NH). 13C 

NMR (100 MHz, DMSO-d6): δ 33.3, 42.3, 63.3, 126.1, 126.6, 127.4, 128.8, 129.6, 130.0, 130.7, 139.7, 146.7, 

150.2, 164.7, 165.9, 167.3, 172.5. MS (EI, 70 eV): m/z (%) 988[M+]. Anal. Calcd for C44H40N14O14: C, 53.44; H, 

4.08; N, 19.83 found C, 53.70; H, 3.86; N, 19.64. 

 

General procedure for the synthesis of  4a-d. A solution of each of bisaldehydes (1a, 1c, 1e and 1h) (1 mmol) 

and 6-aminouracil (4 mmol) in acetic acid (3 ml) in the presence of p-TSA was heated at reflux for 1 h. The solid 

obtained was collected and crystallized from DMF/EtOH to give compounds 4a-d. 

N,N'-(Ethane-1,2-diyl)bis(2-(2-(2,4,6,8-tetraoxo-1,2,3,4,5,6,7,8,9,10-decahydropyrido[2,3-d:6,5-d']-

dipyrimidin-5-yl)phenoxy)acetamide) (4a). Pale yellow powder (93%). mp >300 °C. IR (KBr): ν 3070 (NH), 1690 

(CO). 1H NMR (300 MHz, DMSO-d6): 3.24 (br, 4H, CH2N), 4.46 (s, 4H, CH2O), 5.13 (s, 2H, Pyridine-H), 6.72-7.10 

(m,10H, Ar-H+NH), 8.41 (br, 2H, NHCO), 10.64 (br, 4H, NH), 11.18 (br, 4H, NH). 13C NMR (100 MHz, DMSO-d6): 

δ 26.3, 38.3, 67.5, 90.2, 111.5, 121.5, 127.6, 130.0, 136.1, 144.1, 150.2, 154.7, 163.1, 170.0. MS (EI, 70 eV): 

m/z (%) 822[M+]. Anal. Calcd for C36H30N12O12: C, 52.56; H, 3.68; N, 20.43 found C, 52.77; H, 3.44; N, 20.61. 

N,N'-(Propane-1,3-diyl)bis(2-(2-(2,4,6,8-tetraoxo-1,2,3,4,5,6,7,8,9,10-decahydropyrido[2,3-d:6,5-d']-

dipyrimidin-5-yl)phenoxy)acetamide) (4b). Pale yellow powder (91%). mp >300 °C. IR (KBr): ν 3035 (br, NH), 

1690 (CO). 1H NMR (300 MHz, DMSO-d6): 1.50-1.60 (m, 2H, CH2), 3.04-3.10 (m, 4H, CH2N), 4.49 (s, 4H, CH2O), 

5.14 (s, 2H, Pyridine-H), 6.72-7.12 (m, 10H, Ar-H+NH), 8.34 (br, 4H, NHCO), 10.65 (br, 4H, NH), 11.18 (br, 4H, 

NH). 13C NMR (100 MHz, DMSO-d6): δ 29.2, 36.6, 38.3, 67.6, 90.2, 111.5, 121.6, 127.7, 130.2, 135.8, 144.3, 

150.3, 154.6, 163.2, 168.7. MS (EI, 70 eV): m/z (%) 836 [M+]. Anal. Calcd for C37H32N12O12: C, 53.11; H, 3.85; N, 

20.09 found C, 52.89; H, 4.10; N, 20.30. 

N,N'-(Butane-1,4-diyl)bis(2-(2-(2,4,6,8-tetraoxo-1,2,3,4,5,6,7,8,9,10-decahydropyrido[2,3-d:6,5-d']-

dipyrimidin-5-yl)phenoxy)acetamide) (4c). Pale yellow powder (94%). mp 294-296 °C. IR (KBr): ν 3032 (br, 

NH), 1690 (CO). 1H NMR (300 MHz, DMSO-d6): δ 1.26 (br, 4H, CH2), 3.05 (br, 4H, CH2N), 4.50 (s, 4H, CH2O), 

5.15 (s, 2H, Pyridine -H), 6.70-7.10 ( m, 10H, Ar-H+NH), 8.35 (br, 2H, NH), 10.72 (br, 4H, NH), 11.15 (br, 4H, 

NH). 13C NMR (75 MHz, DMSO-d6): 26.6, 37.8, 38.6, 67.0, 89.6, 110.9, 120.2, 121.0, 127.0, 129.4, 135.4, 143.8, 

153.9, 162.5, 168.0. MS (EI, 70 eV): m/z (%) 850 [M+]. Anal. Calcd for C38H34N12O12: C, 53.65; H, 4.03; N, 19.76 

found C, 53.84; H, 3.79; N, 20.02. 

N,N'-(1,3-Phenylenebis(methylene))bis(2-(2-(2,4,6,8-tetraoxo-1,2,3,4,6,7,8,9-octahydropyrido[2,3-d:6,5-

d']dipyrimidin-5-yl)phenoxy)acetamide)  (4d). Pale yellow powder (89%). mp >300 °C. IR (KBr): ν 3201 (NH), 

3070 (br, NH), 1705 (CO). 1H NMR (300 MHz, DMSO-d6): δ 4.19-4.21(d, J = 6.3 Hz, 4H, CH2N), 4.78 (s, 4H, CH2O), 
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6.90-7.31 (m, 14H, Ar-H+NH), 7.76-7.78 (t, J = 6.3 Hz, 2H, NHCO), 11.15 (br, 4H, NH), 11.84 (br, 4H, NH). MS (EI, 

70 eV): m/z (%) 894 [M+]. Anal. Calcd for C42H30N12O12: C, 56.38; H, 3.38; N, 18.78 found C, 56.17; H, 3.56; N, 

19.04. 

 

 

Supplementary Material 
 

Supplementary material related to this article, including Nuclear Magnetic Resonance (1H and 13C NMR) figures 

for all new compounds are available in the online version of the text. 
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