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Abstract 
Studies on strategies for the synthesis of pyrimidine derivatives have generated great interest in the chemistry of 
heterocyclic compounds due to the pharmacological properties of pyrimidines. The most common method for 
pyrimidine skeleton synthesis is the traditional synthetic approach using the multicomponent Biginelli reaction. A 
convenient and efficient one-pot three-component synthesis of a new class of pyrimido[1,2-g]purine-7,8-
dicarboxylate, pyrimido[2,1-e]purine-8,9-dicarboxylate, and pyrimido[1,6-a]pyrimidine-3,4-dicarboxylate under 
Biginelli reaction conditions has been described. These compounds were prepared by condensation of sodium 
diethyl oxalacetate, substituted aromatic aldehyde, and nucleobase (adenine, guanine, or cytosine) using 
hydrochloric acid, mild heterogeneous solid silica sulfuric acid (SSA), or p-toluenesulfonic acid (TsOH) as a catalyst. 
The chemical structures of the synthesized compounds were confirmed using infrared spectroscopy (IR), proton 
(1H) nuclear magnetic resonance (NMR), and mass spectrometric analysis.  
Keywords: Dihydropyrimidine-2-one; purines; multicomponent reaction; Biginelli reaction; silica sulfuric acid; nucleobases  

 

КАТАЛІТИЧНИЙ СИНТЕЗ ПІРИМІДИНІВ І НОВИХ СКЛАДНИХ ПІРИМІДО-ПУРИНІВ 
ШЛЯХОМ РЕАКЦІЇ БІГІНЕЛЛІ 

Ірак Бугесса1, Мохамед Дехамчія2*, Самір Байю1, Абделькрім Гуасмія,3 Зіне Регаінія4, 5 
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5 Університет Баджи Мохтар, поштова скринька 12 Аннаба-Алжир. 

Стратегії синтезу піримідинових похідних викликають великий інтерес у дослідників в області хімії 
гетероциклічних сполук. Найбільш поширеним методом синтезу піримідинового скелета є традиційний 
підхід з використанням багатокомпонентної реакції Біджінеллі. У даній роботі описано зручний та 
ефективний однореакторний трикомпонентний синтез нового класу піримідо[1,2-g]пурин-7,8-
дикарбоксилату, піримідо[2,1-e]пурин-8,9-дикарбоксилату та піримідо[1,6-a]піримідин-3,4-дикарбоксилату 
в умовах реакції Бігінеллі. Ці сполуки були отримані шляхом конденсації діетилоксалацетату натрію, 
заміщеного ароматичного альдегіду і азотистої основи (аденіну, гуаніну або цитозину) з використанням 
хлоридної кислоти, м'якого гетерогенного твердого кремнезему сірчаної кислоти (SSA) або п-
толуолсульфонової кислоти (TsOH) в якості каталізатора. Хімічні структури синтезованих сполук були 
підтверджені за допомогою інфрачервоної спектроскопії(ІК), протонного (1H) ядерного магнітного 
резонансу (ЯМР) і мас-спектрометричного аналізу. 
Ключові слова: Дигідропіримідин-2-он; пурини; багатокомпонентна реакція; реакція Бігінеллі; сірчанокислий 
кремній; азотисті основи. 
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Аннотация 
Стратегии синтеза пиримидиновых производных вызывают большой интерес у иследователей в области 
химии гетероциклических соединений. Наиболее распространенным методом синтеза пиримидинового 
скелета является традиционный подход с использованием многокомпонентной реакции Биджинелли. В 
данной работе описан удобный и эффективный однореакторный трехкомпонентный синтез нового класса 
пиримидо[1,2-g]пурин-7,8-дикарбоксилата, пиримидо[2,1-e]пурин-8,9-дикарбоксилата и пиримидо[1,6-
a]пиримидин-3,4-дикарбоксилата в условиях реакции Бигинелли. Эти соединения были получены путем 
конденсации диэтилоксалацетата натрия, замещенного ароматического альдегида и азотистого основания 
(аденина, гуанина или цитозина) с использованием хлоридной кислоты, мягкого гетерогенного твердого 
кремнезема серной кислоты (SSA) или п-толуолсульфоновой кислоты (TsOH) в качестве катализатора. 
Химические структуры синтезированных соединений были подтверждены с помощью инфракрасной 
спектроскопии (ИК), протонного (1H) ядерного магнитного резонанса (ЯМР) и масс-спектрометрического 
анализа. 
Ключевые слова: Дигидропиримидин-2-он; пурины; многокомпонентная реакция; реакция Бигинелли; 
сернокислый кремний; азотистые основания. 

 
 
 

Introduction   
The pyrimidine skeleton (1,3-diazine) exists in 

many natural products including DNA, RNA, 
thiamine (Vitamin B1), and alloxan [1-2] (Figure 
1). It is also present in many useful synthetic 
therapeutic agents such as the human 
immunodeficiency virus (HIV) drug zidovudine 
(AZT) [3] and barbiturates [4] (Figure 1). 

Moreover, pyrimidines contain heterocycles, and 
their fused analogues have been reported to 
possess a wide variety of biological activities [5] 
that include anticancer [6], antifungal [7-8], 
antileishmanial [9], antimicrobial [10-11], 
anticonvulsant [12], antiviral [13], antioxidant 
[14], anti-inflammatory [15], and antidiabetic 
activities [16].  

 

 
Fig. 1. General structures of natural and synthetic pyrimidines derivatives. 

 

Therefore, studies on strategies for the 
synthesis of pyrimidine derivatives have received 
great interest in heterocyclic chemistry. In this 
case, several traditional and non-conventional 

strategies have been developed for the synthesis 
of dihydropyrimidin-2-ones derivatives [17–24]. 
The most common method for the synthesis of 
pyrimidine skeleton is the typical, traditional and 
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useful synthetic approach via the Biginelli 
multicomponent reaction [25]. This reaction 
provides a ready access to a broad range of 
pyrimidinones derivatives with various biological 
activities [6–16]. 

Within the last two decades, the Biginelli 
pyrimidines synthesis has attracted considerable 
attention, and many developments and 
modifications have been reported. In this regard, 
various homogeneous and heterogeneous 
catalysts have been utilized, including H2SO4 
based on silica gel or alumina [26], silica sulfuric 
acid (SSA) [27], polymer Zeolite (TS-1) [28], and 
HZSM-5 [29].  

To continue our interest in the synthesis of 
biologically fused heterocyclic compounds [30-
31], we report herein an efficient one-pot 
multicomponent reaction for the synthesis of 
novel fused pyrimido-purines by 
cyclocondensation of nucleobases (adenine, 
guanine, and cytosine) (Fig. 1), 
diethyloxalacetate, and substituted aromatic 
aldehydes in the presence of silica sulfuric acid 
(SSA) as a heterogeneous acidic catalyst under 
Biginelli reaction conditions [32-34]. 

 

Experimental  
Instrumental techniques  
1H NMR spectra were recorded on a Bruker 

Avance 400 spectrometer at ambient 
temperature. The chemical shifts (δ) are reported 
in ppm and were measured in dimethylsulfoxide 
(DMSO-d6) relative to tetramethylsilane (TMS, δ= 
0.0 ppm), which was used as the internal 
standard. 13C NMR spectra were recorded on a 
Bruker Avance 400 spectrometer (101 MHz) with 
complete proton decoupling. Infrared spectra 
were recorded on an Agilent Cary 630 FTIR 
spectrometer. ESI-MS spectra were obtained on 
Mariner (ESI TOF) and API 365 (ESI 3Q) mass 
spectrometers using methanol as a spray solvent. 
Analytical thin-layer chromatography (TLC) was 
performed using Silica Gel 60Å F254 precoated 
plates. Melting points (Mp) were determined 
using a Reichert Thermovar or an Electrothermal 
9200 apparatus and were not corrected. All 
solvents and reagents were commercially 
available and were used without further 
purification.  

Chemical synthesis. Synthesis of silica sulfuric 
acid 

The silica sulfuric acid was prepared in 
accordance with a reported procedure [35-37]. 
Briefly, 60.0 g of silica gel were charged into a 
500 mL suction flask that was equipped with a 
constant pressure dropping funnel containing 

chlorosulfonic acid (23.3 g, 0.2 mol) and a gas 
inlet tube for conducting HCl gas over an 
adsorbing solution (i.e. H2O). The chlorosulfonic 
acid was slowly added for 30 min at room 
temperature. After the addition was complete, 
the reaction was allowed to proceed for 30 min. 
SSA was obtained as a white solid.  

General procedure for the synthesis of 
pyrimidine-4,5-dicarboxylates derivatives 1a-c 
using SSA as a catalyst. A mixture of equimolar 
amounts of sodium diethyl oxalacetate, 1,3-
diamines (urea, sulfamide or thiourea), aromatic 
aldehyde, and 10 mol % of SSA in ethanol was 
stirred and heated at 90°C for 3 h. After the 
reaction was completed (followed by TLC), the 
mixture was cooled to room temperature with ice 
water. The precipitate was filtered off, washed 
with two portions of water and several times 
with hexane and petroleum ether to remove 
traces of aldehyde. The SSA catalyst was 
separated from the product after dilution of the 
reaction mixture with CH2Cl2. Recrystallization 
from ethanol/water (50:50) at a low temperature 
or chromatography on silica gel (CH2Cl2, MeOH 
95:5) provided the pure expected product in 
54%-58% yields.  

Diethyl 6-phenyl-2-oxo-1,2,3,6-tetrahydro-
pyrimidine-4,5-dicarboxylate (1a) [32]. This 
compound was obtained as a pale-yellow solid in 
55% yield. Mp 172-174 °С (reported 173-175°С, 
ref [21]). IR (KBr, ν cm−1): 1660 (C=C), 1714 
(C=O), 1747 (C=O), 2985 (CH), 3263 (NH). 
1HNMR (400 MHz, DMSO-d6, ppm): 1.05 (t, J = 7.0 
Hz, 3Н, СН3); 1.25 (t, J = 7.0, 3Н, СН3); 3.97 (q, J = 
7.0 Hz, 2H, CH2); 4.20 (q, J = 7.0 Hz, 2H, CH2); 5.15 
(d, J = 3.0 Hz, 1H, 6-CH); 7.23-7.42 (m, 5Н, Нarm); 
7.91 (d(br), J = 3.01 Hz, 1H, NH); 9.89 (s (br), 1H, 
NH). HRMS ESI+ (m/z): 319.1281 (MH+ 
C16H19N2O5 requires 319. 1293), 341 [MNa+].  

Diethyl 6-(4-bromophenyl)-2-oxo-1,2,3,6-
tetrahydropyrimidine-4,5-dicarboxylate (1b) [32]. 
This compound was obtained as colorless oil in 
58% yield. IR (KBr, ν cm−1):  1658 (C=C), 1699 
(C=O), 1745 (C=O), 2926 (CH), 3245 (NH). 
1HNMR (400 MHz, DMSO-d6, ppm): 1.06 (t, J = 7.0, 
3Н, СН3); 1.25 (t, J = 7.0, 3Н, СН3); 3.97 (q, J = 7.0, 
2H, CH2); 4.20 (q, J = 7.0, 2H, CH2); 5.14 (d, J = 3.0, 
1H, CH); 7.19 (d, J = 8.4, 2H, H Ar); 7.57 (d, J = 8.4, 
2H, H arom); 7.93 (s(br), 1H, NH); 9.94 (s(br), 1H, 
NH). HRMS-ESI+ (m/z): 397.0383 (MH+ 
C16H18BrN2O5 requires 397.0399), 420 (55%, 
MNa+).  

Diethyl 3-phenyl-1,1-dioxo-2,3,6-trihydro-1,2,6-
thiadiazine-4,5-dicarboxylate (1c). This 
compound was obtained as colorless oil in yield= 
48% using conc. HCl and 54% using SSA. IR (KBr, 
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ν cm−1):  1165 (SO2), 1312 (SO2), 1585 (C-N), 
1695 (C=O), 1721 (C=O), 3063 (NH). 1HNMR (400 
MHz, DMSO-d6, ppm): 1.17 (t, J= 7.0 Hz, 3H, CH3), 
1.22 (t, J= 7.0 Hz, 3H, CH3), 4.09 (q, J= 7.0 Hz, 2H, 
CH2), 4.26 (q, J= 7.0 Hz, 2H, CH2), 4.89 (s, 1H, CH-
Ph), 7.22– 8.11 (m, 5H, Harom), 10.03 (s, 1H, NH), 
12.85 (s, 1H, NH). 13C NMR (101 MHz, DMSO-d6, δ 
ppm): 167.7, 167.6, 133.2, 133.1, 131.2, 129.9, 
129.7, 129.6, 128.9, 128.9, 61.7, 61.7, 40.1, 14.3; 
HRMS-ESI+ (m/z): 356.0951 (MH+, C15H20N2O6S 
requires: 355.0963), 378 [MNa]+.  

General procedure for the synthesis of fused 
pyrimidines derivatives (2a-b), (3a-b) and (4a-b) 
using conc. HCl as a catalyst. A mixture of sodium 
diethyl oxalacetate (one equivalent), nucleobase 
(adenine, guanine or cytosine) (one equivalent), 
aromatic aldehyde (one equivalents), and 10 mol 
% of a catalyst (TsOH) or 2 drops of conc. HCl in 
ethanol was stirred at reflux for 3 hours.  After 
the reaction was completed (as indicated by 
TLC), the mixture was poured into cool water and 
acidified using H2SO4 or H3PO4. The precipitate 
was filtered, washed with water, and several 
times with hexane or petroleum ether. The 
separated solid was recrystallized in 
ethanol/water (50:50) at a low temperature or 
using flash chromatography on silica gel (eluent: 
CH2Cl2, MeOH 95:5) to supply the pure fused 
pyrimidines in 33% -59% yields.  

General procedure for the synthesis of fused 
pyrimidines derivatives (2a-b), (3a-b) and (4a-b) 
using SSA as catalyst. A mixture of equimolar 
amounts of sodium diethyl oxalacetate, 
nucleobase (adenine, guanine, or cytosine), 
aromatic aldehyde, and 10 mol % of SSA in 
ethanol was stirred and heated at 90°C for 5 h. 
After the reaction was complete (followed by 
TLC), the mixture was cooled to room 
temperature using ice water. The solid that was 
obtained was filtered and washed with two 
portions of water and several times with hexane 
and petroleum ether to remove traces of 
aldehyde. The SSA catalyst was separated from 
the product after dilution of the reaction mixture 
with CH2Cl2. Recrystallization from 
ethanol/water (50:50) at a low temperature or 
chromatography on silica gel (CH2Cl2, MeOH 
95:5) provided the pure expected substance in 
yields ranging from 41%–62%. 

Diethyl 2-phenyl- 6-oxo-6,7-di(H)pyrimido[1,6-
a]pyrimidine-3,4-dicarboxylate (2a). This 
compound was prepared according to the general 
procedure using sodium diethyl oxalacetate 
(1.05g, 5 mmol), cytosine (0.56g, 5 mmol) and 
benzaldehyde (0.53g, 5 mmol). Compound (2a) 
was obtained as a white solid in yield= 48% using 

conc. HCl and 53% using SSA; Mp 135–137◦C. IR 
(KBr, ῡ cm−1): 1742 (C=O), 1710 (C=O), 1671 
(C=N), 3253 (NH); 1H NMR (400 MHz, DMSO-d6, δ 
ppm): 1.02 (t, J= 7.1 Hz, 3H, CH3), 1.06 (t, J= 7.1 
Hz, 3H, CH3), 4.03 (q, J= 6.9 Hz, 2H, CH2), 4.08 (q, 
J= 6.9 Hz, 2H, CH2), 6.14 (s, 1H, CH-Ph), 7.31-7.41 
(m, 7H, H-Ar), 12.2 (s, 1H, NH). 13C NMR (101 
MHz, DMSO-d6): 14.3, 60.6, 79.7, 117.6, 127.9, 
129.0, 129.6, 129.6, 136.2, 148.3, 161.6, 168.5. 
HRMS-ESI+ (m/z): 370.1397 (MH+, C19H20N3O5 
requires: 370.1403),  392 [MNa]+.  

Diethyl 2-(4-hydroxy-3-methoxyphenyl)- 6-oxo-
6,7-di(H)pyrimido[1,6-a]pyrimidine-3,4-
dicarboxylate (2b). This compound was prepared 
according to the general procedure using sodium 
diethyl oxalacetate (1.05g, 5 mmol), cytosine 
(0.56g, 5 mmol) and vanilin (0.76g, 5 mmol). 
Compound (2b) was obtained as a white solid in 
yield= 48% using conc. HCl and 52% using SSA. 
Mp 160 ◦C. IR (KBr, ῡ cm−1): 1660 (C=O), 1740 
(C=O), 3163 (NH), 3023 (CH arom), 1583 (Arom). 
1H NMR (400 MHz, DMSO-d6, δ ppm): 1.10 (t, J= 
7.1 Hz, 3H, CH3), 1.15 (t, J= 7.1 Hz, 3H, CH3), 3.73 
(s, 3H, OCH3), 4.03 (q, J= 6.9 Hz, 2H, CH2), 4.05 (q, 
J= 3.8 Hz, 2H, CH2), 5.87 (s, 1H, CH), 6.59 (d, J= 8.2 
Hz, 1H, CHethyl), 6.63 (s, 1H, CH ), 6.92 (d, J=1.9 
Hz, 1H, Hethyl), 7.20 (d, J= 7.0 Hz, 1H, Harom), 
7.81 (s, 1H, H arom), 8.92 (s, 1H, NH), 11.48 (s, 
1H, OH ). 13C NMR (101 MHz, DMSO-d6, δ ppm): 
166.4, 162.3, 160.2, 155.7, 153.5, 148.6, 147.60, 
147.2, 146.5, 128.1, 119.8, 115.5, 113.7, 95.4, 
60.3, 59.1, 56.0, 14.4. HRMS-ESI+ (m/z): 416.1458 
(MH+, C20H22N3O7 requires: 416.1458), 438 
[MNa]+. 

Diethyl 9-phenyl-3,9- di(H)pyrimido[1,2-
g]purine-7,8-dicarboxylate (3a). This compound 
was prepared according to the general 
procedure, using sodium diethyl oxalacetate 
(1.05g, 5 mmol), adenine (0.675g, 5 mmol) and 
benzaldehyde (0.53g, 5 mmol). Compound (3a) 
was obtained as a white solid in yield = 51% 
using conc. HCl and 54% using SSA; Rf = 0.30 
[SiO2, CH2Cl2-MeOH (9:1)]; Mp 105–107◦C. IR 
(KBr, ῡ cm−1): 1742 (C=O), 1710 (C=O), 1668 
(C=N), 3208 (NH). 1H NMR (400 MHz, DMSO-d6, δ 
ppm): 1.16 (t, J=7.1, 3H, CH3), 1.24 (t, J=7.1, 3H, 
CH3),  4.08 (q, J=7.1 Hz, 2H, CH2), 4.16 (q, J= 7.1 
Hz, 2H, CH2), 6.14 (s, 1H, CH-Ph), 7.30-7.44 (m, 
5H, Harom), 7.65 (s, 1H, CH), 8.12 (s, 1H, CH), 
12.19 (s, 1H, NH). HRMS-ESI+ (m/z) : 394.1503 
(MH+, C20H20N5O4 requires : 394.1515), 416 
[MNa]+. 

Diethyl 9-(4-hydroxy-3-methoxyphenyl)-3,9-
di(H)pyrimido[1,2-g]purine-7,8-dicarboxylate 
(3b). This compound was prepared according to 
the general procedure, using sodium diethyl 
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oxalacetate (1.05g, 5 mmol), adenine (0.675g, 5 
mmol) and vanilin (0.76g, 5 mmol). Compound 
(3b) was obtained as a white solid in yield = 43% 
using conc. HCl and 57% using SSA. Mp 78–80◦C. 
IR (KBr, ῡ cm−1): 1704 (C=O), 1691(C=O), 1664 
(C=N), 1589 (Arom), 3070 (CH arom), 3163 (NH), 
3471 (OH). 1H NMR (400 MHz, DMSO-d6, δ ppm): 
1.22 (t, J= 7.1 Hz, 3H, CH3), 1.23 (t, J= 7.1 Hz, 3H, 
CH3), 3.84 (s, 3H, CH3), 3.86 (s, 1H, CH-Ph), 4.08 
(q, J=7.1 Hz, 2H, O-CH2), 4.20 (q, J=7.1 Hz, 2H, O-
CH2), 6.81 (s, 1H, CH-Ph), 6.98-7.44 (m, 5H, Ar), 
7.63 (s, 1H, CH), 8.12 (s, 1H, CH), 9.78 (s, 1H, OH), 
10.23 (s, 1H, NH). 13C NMR (101 MHz, DMSO-d6, δ 
ppm): 14.3, 60.6, 79.8, 117.6, (127, 128, 129), 
136.2, 148.3, 161.6, 168.5. HRMS-ESI+ (m/z): 
440.1566 (MH+, C21H22N5O6 requires: 440.1570), 
462 [MNa]+ 

Diethyl 6-phenyl-10-oxo-3,5,6,10-tetrahydro-
pyrimido[1,2-f]purine-7,8-dicarboxylate (4a). This 
compound was prepared according to the general 
procedure using sodium diethyl oxalacetate 
(1.05g, 5 mmol), guanine (0.75g, 5 mmol) and 
benzaldehyde (0.53g, 5 mmol). Compound (4a) 
was obtained as a white solid in yield= 33% using 
conc. HCl and 41% using SSA; Mp 384◦C. IR (KBr, 
ῡ cm−1): 1693 (C=O), 1660 (C=N), 1575 (Ar), 
3093 (NH), .1H NMR (400 MHz, DMSO-d6, δ ppm): 
0.22 – 0.57 (m, 6H, 2CH3), 2.73 (dd, J= 4.9, 2.1 Hz, 
1H, CH), 3.31 (m, 2H, CH2), 3.48 (m, 2H, CH2), 6.47 
– 6.32 (m, 2H, Harom), 6.52 – 6.49 (m, 1H, H-Ar ), 
6.60 – 6.54 (m, 2H, Harom), 6.62 (s, 1H, CH ), 
10.10 (s, 1H, NH), 11.58 (s, 1H, NH). 13C NMR 
(101 MHz, DMSO-d6, δ ppm): 164.6, 143.9, 129.0, 
128.9, 128.6, 128.1, 127.6, 127.3, 126.9, 60.5, 
60.3, 58.9, 14.4. HRMS-ESI+ (m/z): 410.1452 
(MH+, C20H20N5O5 requires: 410, 1464), 432 
[MNa]+. 

Diethyl 6-(2-hydroxylphenyl)-10-oxo-3,5,6,10-
tetra(H)pyrimido[1,2-f]purine-7,8-dicarboxylate 
(4b). This compound was prepared according to 
the general procedure using sodium diethyl 
oxalacetate (1.05g, 5 mmol), guanine (0.75g, 5 
mmol) and salicylaldehyde (0.76g, 5 mmol). 
Compound (4b) was obtained as a white solid in 
yield= 39% using conc. HCl and 45% using SSA; 
Mp 346◦C. IR (KBr, ῡ cm−1): 1692 (C=O), 1663 
(C=N), 2900 (NH), 3314 (OH). 1H NMR (400 MHz, 
DMSO-d6, δ ppm): 0.99-1.39 (m, 6H, 2CH3), 4.02 
(q, 2H, CH2), 4.20 (q, 2H, CH2 ), 4.39 (m, 1H, CH), 

7.09–7.76 (m, 4H, Harom), 8.76 (s, 1H, CH), 9.60 
(s, 1H, OH), 10.53 (s, 1H, NH), 11.38 (s, 1H, NH); 
HRMS-ESI+ (m/z): 426.1402 (MH+, C20H20N5O6 
requires: 426,1413). 

 

Results and Discussions    
According to the literature [25], diethyl 2-oxo-

pyrimidine-4,5-dicarboxylate derivatives 1a-c 
(Scheme 1) were prepared with a one-pot three-
component cyclo-condensation of aromatic 
aldehydes, diethyl oxalacetic ester and urea using 
hydrochloric acid (HCl) as a catalyst in ethanol 
(EtOH).  

To explore the effect of different catalysts, 
these reactions were performed using silica 
sulfuric acid (SSA) as a reusable solid acid 
catalyst under the same conditions 
(EtOH/reflux). Products 1a–c were also obtained 
in moderate yields and the results are 
summarized in Table 1. Compared with other 
reported catalysts (e.g., conc. HCl) [25], SSA is 
beneficial to reaction yields under the same 
conditions.  

To develop and study the Biginelli reaction 
[18], the substitution of urea by nucleobases, 
characterized by a single amino group (NH2) as 
nitrogen donors (1,3-diamines), was investigated 
(Figure 1), in this case and three types of acid 
catalysts (conc. HCl, SSA, and p-toluenesulfonic 
acid [TsOH]) under the same conditions 
(EtOH/reflux) [28-30]. A new series of fused 
pyrimido[1,6-a]pyrimidine-3,4-dicarboxylate 2a-
b, pyrimido[1,2-g]purine-7,8-dicarboxylate 3a-b, 
and pyrimido[2,1-e]purine-8,9-dicarboxylate 4a-
b were synthesized using one-pot three-
component cyclo-condensation of sodium 
diethyloxalacete, aromatic aldehydes, and 
nucleobase (adenine, guanine, or cytosine) 
(Scheme 1).  

The mixture was stirred at 90 °C for an 
appropriate time until the condensation was 
complete (Table 1). The progress of the reaction 
was monitored using thin-layer chromatography 
(TLC). In this method, we used a catalytic amount 
(10 mol %) of catalyst (SSA or TsOH) or two 
drops of conc. HCl. The results in Table 1 show 
that all fused pyrimido-purines derivatives 2a-b, 
3a-b, and 4a-b were obtained in moderate yields 
within 3-5 hours. 
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Scheme 1. Multicomponent synthesis of fused pyrimido-purines derivatives using nucleobases. 

 

The reaction yield with adenine derivatives 
(pyrimido[1,2-g]purine-7,8-dicarboxylates) was 
higher than that with cytosine and guanine 
derivatives. This may be due to the absence of the 

carbonyl group in the adenine structure. The 
results of the condensation reaction under 
various conditions are presented in Table. 

Table  
Catalyst, time and isolated yields of pyrimidines and fused pyrimidines derivatives in EtOH as solvent. 

Comp 1,3-diamine  Aldehyde Catalyst Time (h)  Yield (%) 

1a [21] Urea Benzaldehyde 
conc. HCl 3 27 ref. [25] 

SSA 3 55 

1b [21] Urea  4-bromobenzaldehyde 
conc. HCl 8 56 ref. [25] 

SSA 3 58 

1c Sulfamide  Benzaldehyde 
conc. HCl 3.5 48 

SSA 3.5 54 

2a 

Cytosine 

Benzaldehyde 
conc. HCl 3 48 

SSA 3 53 

2b Vanilin  
TsOH 3 48 

SSA 3 52 

3a Adenine Benzaldehyde  conc. HCl 3 51 
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SSA 3 54 

3b Vanilin  
conc. HCl 3 43 

SSA 3 57 

4a 
Guanine 

Benzaldehyde  
TsOH 5 33 

SSA 5 41 

4b Salicylaldehyde  
conc. HCl 5 39 

SSA 5 45 
 

All the synthesized compounds were 
characterized using proton (1H) nuclear magnetic 
resonance (NMR), carbon-13 (13C) NMR, infrared 
(IR) spectroscopy, and mass spectrometric 
analysis (MS). The Fourier transform (FT)-IR 
spectra confirmed that the desired Biginelli 
products were obtained by the appearance of a 
strong absorption bands at ῡ = 1700 cm-1, which 
corresponds to C=O groups. In addition, all IR 
spectra showed a characteristic band over 1600 
cm-1, which corresponds to aromatic ring stretch 
for all pyrimidines derivatives. The 1H NMR 
spectra of synthetized compounds revealed 
signals at 7.00 parts per million (ppm) that were 
assigned to aromatic ring protons. In addition, 
the 1H NMR spectra of fused products revealed 
the presence of amine protons (NH). 
Furthermore, the electrospray ionization (ESI) 
mass spectra of all products showed peaks at 
m/z=[M+1] and m/z=[M+23], which correspond 
to the molecular mass of ions [M+H]+ and 
[M+Na]+, respectively. 

 

Conclusion  
In summary, we demonstrated the synthesis of 

dihydropyrimidin-2(H)-one-4,5-dicarboxylate 
derivatives using SSA as mild heterogeneous 
solid acid catalyst via one-pot three-component 
condensation under Biginelli reaction conditions. 
We demonstrated the extension of this procedure 
in the synthesis of three series of fused 
pyrimidines (pyrimido[1,2-g]purine-7,8-
dicarboxylate, pyrimido[1,2-f]purine-7,8-
dicarboxylate, and pyrimido[1,6-a]pyrimidine-
3,4-dicarboxylate) using nucleobases as 1,3-
diamine reagents under the same conditions. 
These novel fused pyrimidines are currently 
undergoing biological studies. 

Consent for publication 
Not applicable 
Availability of data and materials 
Not applicable 
Funding 
This research received no external funding 
Conflict of interest 
The authors declare no conflict of interest, 

financial or otherwise.  

Acknowledgements 
The authors are thankful to Technical Center 

on Physico-Chemical Analysis (CRAPC) for 
providing all the necessary of spectral analysis.  
 

Referens 
[1] Holmgrenm, A. V.; Wennermm, W. (1963). Coll.V., 4, 23.  
[2] Webb, M.E.; Marquet, A.; Mendel, R.R.; Rébeillé, F.; 

Smith, A.G. (2007). Elucidating biosynthetic pathways 
for vitamins and cofactors. Nat. Prod. Rep., 24(5), 988–
1008. doi: 10.1039/b703105j 

[3] Horwitz, J. P.; Chua, J.; Noel, M. (1964). The 
Monomesylates of 1-(2'-Deoxy-β-D-
lyxofuranosyl)thymine. J. Org. Chem., 29(7): 2076–
2078. doi: 10.1021/jo01030a546 

[4] Chang, S.K.; Hamilton, A.D. (1988). Molecular 
recognition of biologically interesting substrates: 
synthesis of an artificial receptor for barbiturates 
employing six hydrogen bonds. J. Am. Chem. Soc., 110 
(4): 1318–1319. doi: 10.1021/ja00212a065 

[5] Kumar, S.; Narasimhan, B. (2018). Therapeutic 
potential of heterocyclic pyrimidine scaffolds. Chem. 
Cent. J., 12 (1), 38–68. doi: 10.1186/s13065-018-0406-
5 

[6] Abbas, N.; Matada, G.S.P.; Dhiwar, P.S.; Patel, S.; 
Devasahayam, G. (2021). Fused and Substituted 
Pyrimidine Derivatives as Profound Anti-Cancer 
Agents. Anticancer. Agents Med. Chem., 21(7), 861–893. 
doi: 10.2174/1871520620666200721104431 

[7] Jain, K.S.; Chitre, T.S.; Miniyar, P.B.; Kathiravan, M.K.; 
Bendre, V.S.; Veer, V.S.; Shahane, S.R.; Shishoo, C.J. 
(2006). Biological and medicinal significance of 
pyrimidines. Curr. Science. India, 90(6) : 793–803. 

[8] Wani, M.Y., Ahmad, A., Kumar, S., Sobral, A.J.F.N. 
(2017). Flucytosine analogues obtained through 
Biginelli reaction as efficient combinative antifungal 
agents. Microb. Pathog., 105, 57–62. doi: 
10.1016/j.micpath.2017.02.006 

[9] Gatta, F.; Gradoni, L.; Lupardini, E.; Gramiccia, M.; 
Orsini, S. (1991). Synthesis and antileishmanial activity 
of some 1- or 2-(dihydroxyalkyl) and 3-
(dihydroxyalkoxy)pyrazolo [3,4-d] pyrimidines. 
Farmaco, 46(1), 75–84. PMID: 2054043 

[10] Khalifa, N.M.; Abdel-Rahman, A-A.H.; Abd-Elmoe, S.I.; 
Fathalla, O.A.; El-Gwed, A. A. (2013). A convenient 
synthesis of some new fused pyridine and pyrimidine 
derivatives of antimicrobial profiles. Res. Chem. 
Intermed., 41(4): 2295–2305. doi: 10.1007/s11164-
013-1347-1 

[11] Desai, N.C.; Joshi, S.B.; Jadeja, K.A. (2020). Synthesis, 
antimicrobial/radical scavenging, and in-silico 
investigations of a novel class of 4-[(4′-
hydroxymethylphenyl)-1H-1′,2′,3′-triazol-1-yl-
methyl]-2H-chromen-2-ones. J. Heterocycl. Chem., 
57(2), 791–795. doi: 10.1002/jhet.3821 

http://dx.doi.org/10.1039/b703105j
http://dx.doi.org/10.1021/jo01030a546
http://dx.doi.org/10.1021/ja00212a065
http://dx.doi.org/10.1186/s13065-018-0406-5
http://dx.doi.org/10.1186/s13065-018-0406-5
https://doi.org/10.1016/j.micpath.2017.02.006
http://www.ncbi.nlm.nih.gov/pubmed/2054043
https://doi.org/10.1002/jhet.3821


511 
 Journal of Chemistry and Technologies, 2021, 29(4), 504-511 

 

[12] Laddha, S.S.; Bhatnagar, S.P. (2010).  Novel fused 
quinazolinones: further studies on the anticonvulsant 
activity of 1,2,9,11-tetrasubstituted-7H-
thieno[2´,3´:4,5]pyrimido[6,1-b]-quinazolin-7-one and 
1,3,10,12-tetrasubstituted-8H-
pyrido[2´,3´:4,5]pyrimido[6,1-b]quinazolin-8-one. 
Future Med. Chem., 2(4): 565–573. doi: 
10.4155/fmc.10.16, PMID: 21426007 

[13] Kumar, S.; Deep, A.; Narasimhan, B. (2019). A Review 
on Synthesis, Anticancer and Antiviral Potentials of 
Pyrimidine Derivatives. Curr. Bioact. Compd., 15 (3), 
289–303. doi: 
10.2174/1573407214666180124160405 

[14] Salem, M.S.; Farhat, M.; Errayes, A.O.; Madkour, H.M. 
(2015). Antioxidant Activity of Novel Fused 
Heterocyclic Compounds Derived from 
Tetrahydropyrimidine Derivative. Chem. Pharm. Bull. 
(Tokyo), 63(11): 866–872. doi: 10.1248/cpb.c15-
00452 PMID: 26521851 

[15] Nassar, E.; El-Badry, Y.A.; El Kazaz, H. (2016). 
Synthesis, in Vivo Anti-inflammatory, and in Vitro 
Antimicrobial Activity of New 5-Benzofuranyl Fused 
Pyrimidines. Chem. Pharm. Bull. (Tokyo), 64(6): 558–
563. doi: 10.1248/cpb.c15-00922 PMID: 27250790 

[16] Panahi, F.; Yousefi, R.; Mehraban, M.H.; Khalafi-Nezhad, 
A. (2013). Synthesis of new pyrimidine-fused 
derivatives as potent and selective antidiabetic α-
glucosidase inhibitors. Carbohydr. Res., 380, 81–91. doi: 
10.1016/j.carres.2013.07.008 PMID: 23978663 

[17] Roopan, S.M.; Sompalle, R. (2016). Synthetic chemistry 
of pyrimidines and fused pyrimidines: A review. Synth. 
Commun., 46(8): 645–672. doi: 
10.1080/00397911.2016.1165254 

[18] Mamaghani, M.; Tabatabaeian, K.; Araghi, R.; Fallah, A.; 
Hossein Nia, R. (2014). An Efficient, Clean, and 
Catalyst-Free Synthesis of Fused Pyrimidines Using 
Sonochemistry. Org. Chem. Inter., 2014, 406869. 
https://doi.org/10.1155/2014/406869 

[19] Naik, T.A.; Chikhalia, K.H. (2007). Studies on Synthesis 
of Pyrimidine Derivatives and their Pharmacological 
Evaluation, J. Chem., 4, 507590. doi: 
10.1155/2007/507590 

[20] Jadhav, C.K.; Nipate, A.S.; Chate, A.V.; Songire, V.D.; 
Patil, A.P.; Gill, C.H. (2019). Efficient Rapid Access to 
Biginelli for the Multicomponent Synthesis of 1,2,3,4-
Tetrahydropyrimidines in Room-Temperature 
Diisopropyl Ethyl Ammonium Acetate. ACS Omega., 
4(27), 22313–22324. doi: 10.1021/acsomega.9b02286 

[21] Sethiya, A.; Soni, J.; Manhas, A.; Jha, P.C.; Agarwal, S. 
(2021). Green and highly efficient MCR strategy for the 
synthesis of pyrimidine analogs in water via C–C and 
C–N bond formation and docking studies. Res. Chem. 
Intermed., 47, 4477–4496. doi:10.1007/s11164-021-
04529-0 

[22] Hamdi, N.; Medyouni, R.; Bilel, H.; Mansour, L.; 
Romerosa, A. (2017). An Efficient One-Pot Protocol for 
the Synthesis of Substituted 3,4-Dihydropyrimidin-
2(1H)-ones Using Metallophthalocyanines (MPcs) as 
Potent Heterogeneous Catalysts: Synthesis, 
Characterization, Aggregation and Antimicrobial 
Activity. Molecules., 22(4), 605. 
doi :10.3390/molecules22040605 

[23] Youssef, A.M.S.; Fouda, A.M.; Faty, R.M. (2018). 
Microwave assisted synthesis of some new 
thiazolopyrimidine and 
pyrimidothiazolopyrimidopyrimidine derivatives with 
potential antimicrobial activity. Chem. Cent. J., 12, 50. 
doi:10.1186/s13065-018-0419-0 

[24] Allam, M.; Bhavani, A.K.D.; Vodnala, S. (2017). Novel 
Alkaloids from the Sponge Batzella sp.: Inhibitors of 
HIV gp120-Human CD4 Binding. Russ. J. Gen. Chem., 87, 
2712–2718. doi: 10.1134/S1070363217110299 

[25] Biginelli, P. (1891). Ueber Aldehyduramide des 
Acetessigäthers, Chem. Ber., 24(1), 1317–1319. doi : 
10.1002/cber.189102401228 

[26] Dilmaghani, K. A.; Zeynizadeh, B.; Yari, M. (2009). One-
Pot Synthesis of 3,4-Dihydropyrimidin-2(1H)-ones and 
Their Sulfur Derivatives with H2SO4 Supported on 
Silica Gel or Alumina. Phosphorus, Sulfur, and Silicon 
and the Related Elements., 184 (7), 1722–1728. doi: 
10.1080/10426500802293153 

[27] Salehi, P.; Dabiri, M.; Zolfigol, M. A.; Bodaghi Fard, M. A. 
(2003). Silica sulfuric acid: an efficient and reusable 
catalyst for the one-pot synthesis of 3,4-
dihydropyrimidin-2(1H)-ones. Tetrahedron. Lett., 
44(14): 2889–2891. doi: 10.1016/S0040-
4039(03)00436-2 

[28] Kulkarni, M. G.; Chavhan, S. W.; Shinde, M. P.; Gaikwad, 
D. D.; Borhade, A. S.; Dhondge, A. P.; Shaikh, Y. B.; 
Ningdale, V. B.; Desai, M. P.; Birhade, D. R. (2009). 
Zeolite catalyzed solvent-free one-pot synthesis of 
dihydropyrimidin-2(1H)-ones – A practical synthesis 
of monastrol. Beilst. J. Org. Chem., 5 (4). doi : 
10.3762/bjoc.5.4 

[29] Radha, R. V.; Shrinivas, N.; Kishan, R.; Kulkarni, S. J.; 
Raghavan, K. V. (2001).  Microwave-assisted synthesis 
of 3,4-Dihydropyrimidin-2(1H)-ones using acid-
functionalized mesoporous polymer. Green Chem., 3 
(6), 305–306. 

[30] Dehamchia, M.; Régaïnia, Z. (2013). Conventional and 
microwave-assisted solvent-free synthesis of fused 
[1,2,5]thiadiazolo[3,4-b]quinoxaline-2,2-dioxide 
derivatives. J. Sulfur Chem., 34(3), 242–249. doi: 
10.1080/17415993.2012.729589 

[31] Dehamchia, M.; Régainia, Z. (2012). Synthesis of new 
fused benzothiadiazepines and macrocyclic sulfamides 
starting from n,n-disubstituted sulfamides and n(boc)-
sulfamides. ISRN Org. Chem., 2012, 810938. doi: 
10.5402/2012/810938 PMID: 24052851 

[32] Kolosov, M.A., Al-Ogaili, M.J.K., Parkhomenko, V.S., 
Orlov, V.D. (2014). Synthesis and N-alkylation of 
diethyl 4,7-dihydroazolo[1,5-a]pyrimidin-5,6-
dicarboxylates. Chem. Heterocycl. Compd., 49(10): 
1484-1489. doi: 10.1007/s10593-014-1399-1 

[33] Rajendra, V.P., Jagdish, U.C., Dipak, S.D., Vaishali, S.S., 
Anil, G.B. (2019). Biginelli Reaction: Polymer 
Supported Catalytic Approaches. ACS Comb. Sci., 21 (3): 
105–148. doi: 10.1021/acscombsci.8b00120 

[34] Sheibani, H.; Seifi, M.; Bazgir, A. (2009). Three-
Component Synthesis of Pyrimidine and Pyrimidinone 
Derivatives in the Presence of High-Surface-Area MgO, 
a Highly Effective Heterogeneous Base Catalyst. Synth. 
Commun., 39(6), 1055-1064. doi: 
10.1080/00397910802474982 

[35] Gaikwad, D.D. (2013). Silica sulphuric acid catalysed 
one pot synthesis of Biginalli reaction in water. Orbital. 
Elec. J. Chem., 5, 17–22. 

[36] Salehi, P., Zolfigol, M.A., Shirini, F., Baghbanzadeh, M. 
(2006). Silica Sulfuric Acid and Silica Chloride as 
Efficient Reagents for Organic Reactions. Curr. Org. 
Chem., 10(17): 2171–2189. doi: 
10.2174/138527206778742650 

[37] Baghernejad, B. (2011). Silica Sulfuric Acid (SSA): An 
Efficient and Heterogeneous Catalyst for Organic 
Transformations. Mini Rev. Org. Chem., 8(1), 91–102. 
doi: 10.2174/157019311793979963 

http://www.ncbi.nlm.nih.gov/pubmed/21426007
http://dx.doi.org/10.1248/cpb.c15-00452
http://dx.doi.org/10.1248/cpb.c15-00452
http://www.ncbi.nlm.nih.gov/pubmed/26521851
http://dx.doi.org/10.1248/cpb.c15-00922
http://www.ncbi.nlm.nih.gov/pubmed/27250790
http://dx.doi.org/10.1016/j.carres.2013.07.008
http://www.ncbi.nlm.nih.gov/pubmed/23978663
http://dx.doi.org/10.1080/00397911.2016.1165254
https://doi.org/10.1155/2014/406869
http://dx.doi.org/10.1155/2007/507590
https://doi.org/10.3390/molecules22040605
http://dx.doi.org/10.1002/cber.189102401228
https://doi.org/10.1080/10426500802293153
https://www.sciencedirect.com/science/article/abs/pii/S0040403903004362#!
https://www.sciencedirect.com/science/article/abs/pii/S0040403903004362#!
https://www.sciencedirect.com/science/article/abs/pii/S0040403903004362#!
https://www.sciencedirect.com/science/article/abs/pii/S0040403903004362#!
https://doi.org/10.1016/S0040-4039(03)00436-2
https://doi.org/10.1016/S0040-4039(03)00436-2
https://doi.org/10.3762/bjoc.5.4
http://dx.doi.org/10.1080/17415993.2012.729589
http://dx.doi.org/10.5402/2012/810938
http://www.ncbi.nlm.nih.gov/pubmed/24052851
http://dx.doi.org/10.1007/s10593-014-1399-1
http://dx.doi.org/10.1021/acscombsci.8b00120
http://dx.doi.org/10.1080/00397910802474982
http://dx.doi.org/10.2174/138527206778742650
http://dx.doi.org/10.2174/157019311793979963

