
Rapid and efficient synthesis of fused heterocyclic pyrimidines under
ultrasonic irradiation

Mohammad Hossein Mosslemin *, Mohammad Reza Nateghi
Department of Chemistry, Islamic Azad University, Yazd Branch, P.O. Box 89195-155, Yazd, Iran

a r t i c l e i n f o

Article history:
Received 22 April 2009
Received in revised form 28 June 2009
Accepted 16 July 2009
Available online 21 July 2009

Keywords:
Uracil
Barbituric acid
Aldehyde
Pyrimidine
Ultrasound

a b s t r a c t

Some fused heterocyclic pyrimidines have been synthesized in high yields using ultrasound irradiation in
a one-pot, three-component and efficient process by condensation reaction of barbituric acids, aldehydes
and a series of enamines in water. Prominent among the advantages of this new method are operational
simplicity, good yields in short reaction times and easy work-up procedures employed.

� 2009 Elsevier B.V. All rights reserved.

1. Introduction

Recently published comprehensive books [1] and papers [2]
indicate chemical applications of ultrasounds. ‘‘Sonochemistry”,
is a new trend in organic chemistry, offering a versatile and facile
pathway for a large variety of syntheses. Thus, a large number of
organic reactions can be carried out under ultrasonic irradiation
in high yields, short reaction times and mild conditions [1–3].

Heterocycles containing a pyrimidine moiety are of interest be-
cause they constitute an important class of natural and non-natu-
ral products, many of which exhibit useful biological activities and
clinical applications [4]. Furthermore, the pyrimidopyrimidines are
an important class of annelated uracils with biological significance
because of their connection with purine pteridine system [5].
Numerous reports delineate the antitumor [6], antiviral [7], and
antioxidant [8] activity of these compounds. In addition, some
pyrimidine fused heterocyclic systems like furo [9], pyrazolo
[10], pyrrolo [11], pyridopyrazolo [12], and pyrazolotriazolo [13]
pyrimidine have long been important to the pharmaceutical indus-
try. Therefore, for the preparation of these complex molecules
large efforts have been directed towards the synthetic manipula-
tion of amino-uracils or amino-pyrazoles. As result, a number of re-
ports have appeared in literature, which usually requires forcing
conditions, long reaction times, and complex synthetic pathway
[14]. Thus new routes for the synthesis of pyrimidine fused hetero-

cyclic systems have attracted considerable attention in search for a
rapid entry to these heterocycles.

With the emphasis on the search for atom-efficient transforma-
tions of easily available starting materials into complex organic
molecules [15], reactions that provide maximum diversity are
especially desirable. Here, expeditious domino [16], and multi-
component reactions (MCRs) [17] have emerged as powerful
strategies. MCRs are economically and environmentally very
advantageous because multi-step syntheses produce considerable
amounts of waste mainly due to complex isolation procedures
often involving expensive, toxic and hazardous solvents after each
step.

Considering the above reports we wish to report a one-pot,
three-component condensation reaction of barbituric acids 1a–c,
aldehydes 2a–f and amino-uracils (3a,b) for the synthesis of some
fused heterocyclic pyrimidines in water under ultrasonic irradia-
tion (Scheme 1). In fact, as clearly stated by Sheldon, it is generally
recognized that ‘‘the best solvent is no solvent and if a solvent (dil-
uent) is needed it should preferably be water” [18].

2. Experimental

2.1. Chemicals and apparatus

The chemical used in this work were obtained from Fluka and
Merck, and amino-uracil was from Merck. 1,3-Diphenyl-1H-pyra-
zol-5-amine was prepared according to the literature procedure
[19]. Melting points were measured on an Electrothermal 9200
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apparatus. IR spectra were recorded on a FT-IR 102 MB BOMEM
apparatus. Mass spectra were recorded on a FINNIGAN-MAT
8430 mass spectrometer operating at an ionization potential of
70 eV. 1H and 13C NMR spectra were recorded on a BRUKER DRX-
300 AVANCE spectrometer at 300.13 and 75.47 MHz. 1H and 13C
NMR spectra were obtained on solutions in DMSO-d6 using TMS.
Ultrasonication was performed in a EUROSONIC� 4D ultrasound
cleaner with a frequency of 50 kHz and an output power of
350 W. The reactions were performed in open vessels.

2.2. General procedure

A mixture of barbituric acid (1 mmol), aromatic aldehyde
(1 mmol), enamine (1 mmol), and piperidine (0.5 mmol) in water
(5 mL) was sonicated at 60 �C for 1 h. The progress of the reaction
was monitored by TLC. After completion, the reaction mixture was
allowed to cool to room temperature. The solid was collected by fil-
tration and washed with ethanol (10 mL) to afford the pure
product.

2.2.1. 1,3-Dimethyl-5-phenyl-9,10-dihydropyrido[2,3-d:6,5-d]dipyri-
midine-2,4,6,8(1H,3H,5H,7H)-tetraone (4a)

White powder; m.p. > 300 �C; IR (KBr) (mmax, cm�1): 3320, 1715,
1685; 1H NMR (300 MHz, DMSO-d6): dH 3.04 (3H, s, CH3), 3.40 (3H,
s, CH3), 4.72 (1H, s, CH), 7.12–7.29 (5H, m, H–Ar), 8.90 (1H, s, NH),
10.09 (1H, s, NH), 10.81 (1H, s, NH). 13C NMR (75 MHz, DMSO-d6):
28.0, 30.2, 34.8, 90.4, 90.9, 126.0, 128.2, 143.4, 146.8, 149.9, 150.7,
160.0, 162.6. MS (m/z): 353 (M+). Anal. Calcd. for C17H15N5O4: C,
57.79; H, 4.28; N, 19.82%. Found: C, 57.85; H, 4.32; N, 19.75%.

2.2.2. 1,3-Dimethyl-5-(4-chlorophenyl)-9,10-dihydropyrido[2,3-d:6,5-
d]dipyrimidine-2,4,6,8(1H,3H,5H,7H)-tetraone (4b)

White powder; m.p. > 300 �C; IR (KBr) (mmax, cm�1): 3389, 3188,
1698; 1H NMR (300 MHz, DMSO-d6): dH 3.03 (3H, s, CH3), 3.30 (3H,
s, CH3), 4.79 (1H, s, CH), 7.09–7.30 (4H, m, H–Ar), 8.90 (1H, s, NH),
10.10 (H, s, NH), 10.88 (1H, s, NH). 13C NMR (75 MHz, DMSO-d6):
28.3, 30.9, 34.0, 91.0, 91.9, 127.5, 128.7, 142.6, 147.2, 148.8,
152.7, 161.4, 162.9. MS (m/z): 387 (M+). Anal. Calcd. for
C17H14ClN5O4: C, 52.65; H, 3.64; N, 18.06%. Found: C, 52.60; H,
3.60; N, 18.13%.

2.2.3. 1,3-Dimethyl-5-(4-nitrophenyl)-9,10-dihydropyrido[2,3-d:6,5-
d]dipyrimidine-2,4,6,8(1H,3H,5H,7H)-tetraone (4c)

White powder; m.p. > 300 �C; IR (KBr) (mmax, cm�1): 3360, 1688;
1H NMR (300 MHz, DMSO-d6): dH 3.08 (3H, s, CH3), 3.45 (3H, s,
CH3), 4.91 (1H, s, CH), 7.54 (2H, d, 3JHH = 9.0 Hz, H–Ar), 8.06 (2H,
d, 3JHH = 8.9 Hz, H–Ar), 9.01 (1H, s, NH), 10.09 (1H, s, NH), 10.90
(1H, s, NH). 13C NMR (75 MHz, DMSO-d6): 28.0, 30.0, 35.2, 88.5,
89.0, 123.1, 128.3, 129.4, 146.4, 149.4, 150.9, 153.8, 154.5, 160.9,
162.0. MS (m/z): 398 (M+). Anal. Calcd. for C17H14N6O6: C, 51.26;
H, 3.54; N, 21.10%. Found: C, 51.29; H, 3.50; N, 21.05%.

2.2.4. 1,3-Dimethyl-5-(4-methylphenyl)-9,10-dihydropyrido[2,3-d:6,
5-d]dipyrimidine-2,4,6,8(1H,3H,5H,7. H)-tetraone (4d)

White powder; m.p. > 300 �C; IR (KBr) (mmax, cm�1): 3260, 3145,
1700, 1670; 1H NMR (300 MHz, DMSO-d6 dH (ppm) 2.31 (3H, s,
CH3), 3.05 (3H, s, CH3), 3.40 (3H, s, CH3), 4.72 (1H, s, CH), 6.69–
7.09 (4H, m, H–Ar), 8.94 (1H, s, NH), 10.08 (1H, bs, NH), 10.93
(1H, s, NH) 13C NMR (75 MHz, DMSO-d6): dC (ppm) 21.1, 28.3,
29.8, 34.1, 90.1, 90.3, 114.4, 120.5, 129.0, 143.1, 146.2, 148.9,
151.0, 159.6, 161.0, 162.6. MS (m/z): 367. Anal. Calcd. for
C18H17N5O4: C, 58.85; H, 4.66; N, 19.06%. Found: C, 58.89; H,
4.60; N, 19.0%.

Solubility of the products 4e–j is very low and we can not report
the 13C NMR data for these products.

2.2.5. 5-Phenyl-9,10-dihydropyrido[2,3-d:6,5-d]dipyrimidine-2,4,6,
8(1H,3H,5H,7H)-tetraone (4e)

White powder; m.p. > 300 �C; IR (KBr) (mmax, cm�1): 3225, 3080,
1698, 1660. 1H NMR (300 MHz, DMSO-d6): dH 4.70 (1H, s, CH),
7.02–7.21 (5H, m, H–Ar), 9.97 (2H, s, 2NH), 10.90 (2H, s, 2NH).
MS (m/z): 326 (M++1). Anal. Calcd. for C15H11N5O4: C, 55.39; H,
3.41, N, 21.53%. Found: C, 55.44; H, 3.37; N, 21.46%.

2.2.6. 5-(4-Chlorophenyl)-9,10-dihydropyrido[2,3-d:6,5-d]dipyri-
midine-2,4,6,8(1H,3H,5H,7H)-tetraone (4f)

White powder; m.p. > 300 �C; IR (KBr) (mmax, cm�1): 3261, 3200,
3012, 1711, 1700, 1685. 1H NMR (300 MHz, DMSO-d6): dH 4.60 (1H,
s, CH), 7.23–7.30 (4H, m, H–Ar), 10.80 (2H, s, 2NH), 11.12 (2H, s,
2NH). MS (m/z): 360 (M++1). Anal. Calcd. for C15H10ClN5O4: C,
50.08; H, 2.80; N, 19.47%. Found: C, 50.13; H, 2.74; N, 19.53%.

2.2.7. 5-(Thiophen-2-yl)-9,10-dihydropyrido[2,3-d:6,5-d]dipyri-
midine-2,4,6,8(1H,3H,5H,7H)-tetraone (4g)

Brown powder; 168 �C dec.; IR (KBr) (mmax, cm�1): 3320, 3165,
3056,1732, 1676, 1655. 1H NMR (300 MHz, DMSO-d6): dH 4.91
(1H, s, CH), 7.50 (1H, m, thienyl), 7.98 (1H, d, 3JHH = 4.3 Hz, thienyl),
8.08 (1H, d, 3JHH = 4.1 Hz, thienyl), 9.99 (2H, s, 2NH), 10.95 (2H, s,
2NH). MS (m/z): 331 (M+). Anal. Calcd. for C13H9N5O4S: C, 47.13;
H, 2.74, N, 21.14%. Found: C, 47.19; H, 2.70; N, 21.08%.

2.2.8. 5-(Furyl-2-yl)-9,10-dihydropyrido[2,3-d:6,5-d]dipyrimidine-
2,4,6,8(1H,3H,5H,7H)-tetraone (4h)

Red powder; 160 �C dec.; IR (KBr) (mmax, cm�1): 3332, 3175,
3076, 1728, 1698, 1659. 1H NMR (300 MHz, DMSO-d6): dH 4.98
(1H, s, CH), 7.53 (1H, m, furyl), 7.97 (1H, d, 3JHH = 4.1 Hz, furyl),
8.18 (1H, d, 3JHH = 4.2 Hz, furyl), 10.02 (2H, s, 2NH), 10.97 (2H, s,
2NH). MS (m/z): 315 (M+). Anal. Calcd. for C13H9N5O5: C, 49.53;
H, 2.88, N, 22.22%. Found: C, 49.45; H, 2.82; N, 22.31%.

2.2.9. 5-Phenyl-8-thioxo-9,10-dihydropyrido[2,3-d:6,5-d]dipyri-
midine-2,4,6(1H,3H,5H,7H)-trione (4i)

Yellow powder; m.p. > 300 �C. IR (KBr) (mmax, cm�1): 3270, 3065,
1696, 1678. 1H NMR (300 MHz, DMSO-d6): dH 4.78 (1H, s, CH),
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