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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

KATAJIITUIHUU CUHTE3 NIPUMIAUHIB I HOBUX CKJIAAHUX ITIPUMIAO-ITYPUHIB
HIJIAXOM PEAKIII BITTHEJIJII
Ipak byreccal, Moxamen Jlexamuin2*, Camip baiito!, A6aenbkpim 'yacwmis, 3ine Perainisat s
1 Yuisepcumem Eab-Yed, nowmoesa ckpunbvka 789, 39000, Anxcup.
2 Ynisepcumem Enb-Yed, nowmosa ckpumvka 789, 39000, Andxcup.
3 Ynisepcumem Jlaap6i Tebecci, KocmanmuHiecbka dopoza, Tebecca, 12000, Anxcup
4 Yuigepcumem Moxammeda Llepuga Meccadisi, Cyk Axpac 41000, Anscup
5 Yuisepcumem Bbadocu Moxmap, nowmosa ckpuHvbka 12 AHHaba-Aaxcup.

Ctparerii cuHTe3y NipUMMiAUMHOBMX NOXiJHUX BUK/JIMKAIOTh BeJHMKHU iHTepec y JOCAiIAHMKIB B o6JacTi ximii
reTepoUMK/IiYHNX cnoayk. Hai6isnbpm momupeHMM MeETOAOM CUHTe3y MipUMiAUHOBOro cKejeTa € TpaAULiAHUM
migxiJ 3 BHUKOPUCTAaHHAM 06araTOKOMNOHEHTHOI peakuii BimxkiHesai. Y paniii po6oTi omucaHo 3py4yHuUil Ta
epeKTHBHUII OJHOpPEaKTOPHUII TPHMKOMIOHEHTHMIl CHMHTe3 HOBOro Kiacy mipumizao[l,2-glnypuH-7,8-
AMKap6oKcuiaaTy, nipumigo[2,1-eJnypun-8,9-aukap6okcuaary ta nipumigo[1,6-alnipumigun-3,4-gukap6okcuaarty
B ymoBax peaknii Birinesai. Ili cmoayku 6yaM oTpuMaHi LIJIAXOM KOHJeHcalii AieTH/I0KcajlaleTaTy HaTpilo,
3aMillleHOro apoMaTHU4YHOTO ajbAeriAy i a3oTucToi OCHOBM (aAeHiHy, ryaHiHy a60 LIMTO3MHY) 3 BUKOPHMCTAaHHAM
XJIOPMJHOI KHMCJIOTH, M'SKOTO TreTEepOreHHOro TBepAoro KpeMmHe3eMy cipyaHoi kuciotu (SSA) a6o m-
ToJIyoJicy/1bpoHOBOI Kucaotu (TsOH) B sakocti kaTasiizaTtopa. XiMiyHi CTPYKTypHU CHHTE30BaHHMX CHOJYK Gy/u
niaTBepkeHi 3a jomomoror iHdpadepBoHOi cnekrpockomii(IK), mporonHoro (1H) saaepHoro MarHiTHOro
pe3oHaHcy (IMP) i mac-cneKTpOMeTPpUYHOr0 aHaJi3y.

Knawwuosi caosa: JlurigponipuMiguH-2-0H; NypHHH; 6GaraTOKOMIOHEHTHA peakuis; peakuis biriHesri; cipyaHokucaui
KpEeMHil; a30THUCTi OCHOBH.
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KATAJIUTUYECKUA CUHTE3 MUPUMH/AWHOB U HOBBIX CJI0KHBIX TUPUMHU/IO-
INYPUHOB IIYTEM PEAKIIMHU BUT'MHEJIJIN

Hupak byreccal, Moxamen Jlexamuus?’, Camup Baiitol, A6aenbkpum 'yacMusi3 v 3uHe PeranHusts.
1 /1abopamopus VTRS, Xumuueckuii pakysbmem, YHusepcumem 316-Y30, noumossiii awuk 789, 39000, Anxcup.
2 /labopamopus 6uopasHoobpasus u npuMeHeHus1 6UOMexXHo.102Ull 8 ceabcKoxossalicmeeHHol cpede, Buosozuveckutl
dakyabmem, Yuusepcumem 31b-Y30, noumossiii sujuk 789, 39000, Andxcup.
3 /labopamopust Op2aHU4ecKux Mamepua/nos u cemepoxumuu, Xumuyeckutl pakysomem, Ynueepcumem Jlaapbu Tebeccu,
KoHcmaumuHogckas dopoea, Tebecca, 12000, Anxcup
+YHueepcumem Moxameda lllepugpa Meccadus, Pakyabmem Hayk u mexHoaoz2ull Cyk Axpac 41000, Anxcup
5 /labopamopus npukaadHoli opeanuyeckoll xumuu (LCOA), 2pynna cemepoyukauyeckoll xumuu, Paxkysomem Hayk, kagedpa
xumuu, YHueepcumem Badxcu Moxmap, noumosblil sujuk 12, AHHa6a-Aaxcup.

AHHoOTanuga

CTpaTerum CUHTe3a NMMPUMHM/JHMHOBBIX NMPOM3BOJHBIX BbI3BIBAIOT GOJIBIIOH HHTepec y Mc/lejoBaTe/iell B 06/1aCTH
XHMHH TreTepOLMK/INYECKUX coeAuHeHUil. Ham6Gosiee pacnpocTpaHeHHbBIM MeETOJOM CHHTe3a NHUPUMH/JMHOBOTO
CKeJieTa ABJAETCA TPaJAMIMOHHBIA NOAXOA C MCHOJIb30BaHMEM MHOTOKOMIIOHEHTHOH peakuuu bumpxuHennu. B
AAHHOH pa6GoTe onucaH yA06HbIN U 3P PEeKTUBHBIH OJHOPEAKTOPHBIA TPEXKOMIOHEHTHbI CUHTE3 HOBOrO KJjacca
nupuMuao[1,2-glnypun-7,8-auKkap6okcuiara, nupuMmuio[2,1-elnypun-8,9-gukap6okcunara U nupumMuao[1,6-
a]lnupumuaus-3,4-AUKap6oKcHIaTa B yCIOBUAX peakuyu buruHes/n. 3T coejMHeHMs GbLIM MOJy4YeHbl MyTeM
KOHJEeHCAalluM AU3THI0KCaJaneTaTa HaTpys, 3aMeleHHOT0 apOMaTHYeCKOro ajJbJeruAa u a3oTHUCTOro OCHOBaHMS
(apeHuHa, ryaHMHa WJIM OMTO3MHA) C MCNOJb30BaHUEM XJIOPUAHOM KHCJIOThI, MATKOTO reTeporeHHoro TBepAoro
KpeMHe3eMa CepHOM Kuc/0oThl (SSA) wau m-tosayosicyibPpoHoBoi Kucaorel (TsOH) B kauecTBe KaTajausarTopa.
XuMHU4YeCcKHe CTPYKTypbl CHHTe3HMPOBAaHHBIX COeJMHEHMH ObLIM NOJTBEPKAEHbI C NOMOIIbI0 MHPpaKpacHOH
cnektpockonum (HMK), nporonHoro (1H) sizepHoro MmarHuTHoro pesoHaHca (IMP) m Macc-cneKTpoMeTpHU4YeCcKOro
aHaJM3a.

Knwuesvle cnoea: JUruApoONUPUMUANH-2-0H;
CEPHOKHCJ/IBIA KPEeMHHUM; a30TUCThIE OCHOBAHHUS.

NyPUHBbl; MHOTOKOMIIOHEHTHasd peakuus; peakuusa burunemny;

Introduction Moreover, pyrimidines contain heterocycles, and

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

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

(AZT) [3] and barbiturates [4] (Figure 1). activities [16].
O
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Fig. 1. General structures of natural and synthetic pyrimidines derivatives.
Therefore, studies on strategies for the strategies have been developed for the synthesis

synthesis of pyrimidine derivatives have received
great interest in heterocyclic chemistry. In this
case, several traditional and non-conventional

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 H>SO.
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

'H NMR spectra were recorded on a Bruker
Avance 400 spectrometer at ambient
temperature. The chemical shifts (6) are reported
in ppm and were measured in dimethylsulfoxide
(DMSO-ds) relative to tetramethylsilane (TMS, §=
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 60A 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 wused 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. H,0). 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 CH:Cl,. Recrystallization
from ethanol/water (50:50) at a low temperature
or chromatography on silica gel (CH:Cl;, 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 °C (reported 173-175°C,
ref [21]). IR (KBr, v cm-1): 1660 (C=C), 1714
(C=0), 1747 (C=0), 2985 (CH), 3263 (NH).
IHNMR (400 MHz, DMSO-ds, ppm): 1.05 (t, /= 7.0
Hz, 3H, CH3); 1.25 (t,/ = 7.0, 3H, CH3); 3.97 (q,/ =
7.0 Hz, 2H, CHz); 4.20 (q,/ = 7.0 Hz, 2H, CH2); 5.15
(d,J=3.0 Hz, 1H, 6-CH); 7.23-7.42 (m, 5H, Harm);
7.91 (d(br), ] = 3.01 Hz, 1H, NH); 9.89 (s (br), 1H,
NH). HRMS ESI+ (m/z): 319.1281 (MH+*
C16H19N20s5 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, v cm-1): 1658 (C=C), 1699
(C=0), 1745 (C=0), 2926 (CH), 3245 (NH).
'HNMR (400 MHz, DMSO-ds, ppm): 1.06 (t,] = 7.0,
3H, CHs); 1.25 (t,/ = 7.0, 3H, CH3); 3.97 (q,/ = 7.0,
2H, CH); 4.20 (q,/ = 7.0, 2H, CH2); 5.14 (d, ] = 3.0,
1H, CH); 7.19 (d,/ = 8.4, 2H, H Ar); 7.57 (d, ] = 8.4,
2H, H arom); 7.93 (s(br), 1H, NH); 9.94 (s(br), 1H,

NH). HRMS-ESI* (m/z): 397.0383 (MH*
C16H1sBrN;0s 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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v cm-1): 1165 (SO2), 1312 (SO2), 1585 (C-N),
1695 (C=0), 1721 (C=0), 3063 (NH). tHNMR (400
MHz, DMSO-ds, ppm): 1.17 (t, /= 7.0 Hz, 3H, CH3),
1.22 (t, J= 7.0 Hz, 3H, CHz3), 4.09 (q, J= 7.0 Hz, 2H,
CHz), 4.26 (q, J= 7.0 Hz, 2H, CHy), 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-ds, &
ppm): 167.7, 167.6, 133.2, 133.1, 131.2, 129.9,
129.7, 129.6, 1289, 128.9, 61.7, 61.7, 40.1, 14.3;
HRMS-ESI+ (m/z): 356.0951 (MH*, CisH20N206S
requires: 355.0963), 378 [MNa]*.

General procedure for the synthesis of fused
pyrimidines derivatives (2a-b), (3a-b) and (4a-b)
using conc. HCI 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. HCI 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 H,SO4 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:
CH:Cl;, 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 CH:Cl.. Recrystallization from
ethanol/water (50:50) at a low temperature or
chromatography on silica gel (CH:Cl;, MeOH
95:5) provided the pure expected substance in
yields ranging from 41%-62%.

Diethyl 2-phenyl- 6-o0xo-6,7-di(H)pyrimido[1,6-
aJpyrimidine-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. HCI and 53% using SSA; Mp 135-137-C. IR
(KBr, 0 cm-1): 1742 (C=0), 1710 (C=0), 1671
(C=N), 3253 (NH); 'H NMR (400 MHz, DMSO-ds, &
ppm): 1.02 (t, J= 7.1 Hz, 3H, CHa3), 1.06 (t, J= 7.1
Hz, 3H, CH3), 4.03 (q, /= 6.9 Hz, 2H, CH), 4.08 (q,
J= 6.9 Hz, 2H, CHy), 6.14 (s, 1H, CH-Ph), 7.31-7.41
(m, 7H, H-Ar), 12.2 (s, 1H, NH). 13C NMR (101
MHz, DMSO-ds): 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*, Ci9H20N30s
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, 0 cm1): 1660 (C=0), 1740
(C=0), 3163 (NH), 3023 (CH arom), 1583 (Arom).
'H NMR (400 MHz, DMSO-ds, § ppm): 1.10 (t, J=
7.1 Hz, 3H, CHz3), 1.15 (t, J= 7.1 Hz, 3H, CHs), 3.73
(s, 3H, OCH3), 4.03 (q, J= 6.9 Hz, 2H, CH2), 4.05 (q,
J=3.8 Hz, 2H, CH3), 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-ds, 8 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, 954,
60.3, 59.1, 56.0, 14.4. HRMS-ESI* (m/z): 416.1458

(MH*, Cz0H22N307 requires: 416.1458), 438
[MNa]*.
Diethyl 9-phenyl-3,9- di(H)pyrimido[1,2-

glpurine-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; Rr = 0.30
[SiO2, CH:Cl2-MeOH (9:1)]; Mp 105-107-C. IR
(KBr, 0 cm-1): 1742 (C=0), 1710 (C=0), 1668
(C=N), 3208 (NH). tH NMR (400 MHz, DMSO-ds, &
ppm): 1.16 (t, J=7.1, 3H, CHs), 1.24 (t, J=7.1, 3H,
CHs), 4.08 (q, /=7.1 Hz, 2H, CHy), 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*, Cz0H20Ns04 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. HCI and 57% using SSA. Mp 78-80-C.
IR (KBr, 0 cm-1): 1704 (C=0), 1691(C=0), 1664
(C=N), 1589 (Arom), 3070 (CH arom), 3163 (NH),
3471 (OH). H NMR (400 MHz, DMSO-ds, § ppm):
1.22 (t, J= 7.1 Hz, 3H, CHz3), 1.23 (t, J= 7.1 Hz, 3H,
CHs), 3.84 (s, 3H, CHz), 3.86 (s, 1H, CH-Ph), 4.08
(g, J/=7.1 Hz, 2H, 0-CHy), 4.20 (q, /=7.1 Hz, 2H, O-
CHy), 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-ds, &
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*, C21H2:N50¢ requires: 440.1570),
462 [MNa]*

Diethyl  6-phenyl-10-o0x0-3,5,6,10-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,
U cm1): 1693 (C=0), 1660 (C=N), 1575 (Ar),
3093 (NH), .'H NMR (400 MHz, DMSO-ds, 6 ppm):
0.22 - 0.57 (m, 6H, 2CH3), 2.73 (dd, J= 4.9, 2.1 Hz,
1H, CH), 3.31 (m, 2H, CH3), 3.48 (m, 2H, CH), 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-ds, 6 ppm): 164.6, 143.9, 129.0,
128.9, 128.6, 128.1, 127.6, 127.3, 126.9, 60.5,
60.3, 589, 14.4. HRMS-ESI* (m/z): 410.1452
(MH*, C20H20NsOs requires: 410, 1464), 432
[MNa]*.

Diethyl 6-(2-hydroxylphenyl)-10-0x0-3,5,6,10-
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. HCI and 45% using SSA;
Mp 346°C. IR (KBr, © cm1): 1692 (C=0), 1663
(C=N), 2900 (NH), 3314 (OH). 'H NMR (400 MHz,
DMSO0-ds, 6 ppm): 0.99-1.39 (m, 6H, 2CH3), 4.02
(q, 2H, CH2), 4.20 (q, 2H, CH: ), 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*, Cz0H20Ns506
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 (HCI) 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. HCI) [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 (NHz) 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

carbonyl group in the adenine structure. The
results of the condensation reaction under

higher than that with cytosine and guanine various conditions are presented in Table.
derivatives. This may be due to the absence of the
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 (%)
conc. HCI 3 27 ref. [25]
la[21] Urea Benzaldehyde
SSA 3 55
.HCl 8 56 ref. [25
1b [21] Urea 4-bromobenzaldehyde cone ref. [25]
SSA 3 58
1c Sulfamide Benzaldehyde conc. HCl 3.5 48
SSA 35 54
conc. HCl 3 48
2a Benzaldehyde
Cytosine SSA 3 53
2b Vanilin TsoH 3 18
SSA 3 52
3a Adenine Benzaldehyde conc. HCI 3 51
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SSA 3 54
conc. HCI 3 43
3b Vanilin
SSA 3 57
TsOH 5 33
4a Benzaldehyde
Guanine SSA 5 41
. conc. HCI 5 39
4b Salicylaldehyde SSA 5 45
All the synthesized compounds were Acknowledgements

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 0 = 1700 cm-!, which
corresponds to C=0 groups. In addition, all IR
spectra showed a characteristic band over 1600
cml, which corresponds to aromatic ring stretch
for all pyrimidines derivatives. The 'H NMR
spectra of synthetized compounds revealed
signals at 7.00 parts per million (ppm) that were
assigned to aromatic ring protons. In addition,
the 'H 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.
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