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Abstract
The reaction between barbituric acid or 2-thiobarbituric acid and different benzaldehydes, dependent upon the applied

reaction conditions, selectively yields three different product types, i.e. 5-benzylidene(thio)barbituric acids II, symetric

Michael adducts III or 5-phenyl-1H-pyrano[2,3-d]pyrimidine-2,4(3H,5H)-diones and 5-phenyl-2-thioxo-2,3-dihydro-

1H-pyrano[2,3-d]pyrimidin-4(5H)-ones IV. The reaction mechanisms and reactivity of different benzaldehydes are dis-

cussed.

Keywords: 5-benzylidenebarbituric acid, 5-benzylidene-2-thiobarbituric acid, Knoevenagel condensation, Michael ad-

dition, hetero-Diels-Alder reaction, 5-aryl-pyrano[2,3-d]pyrimidine-2,4-diones

1. Introduction

The diverse biological activity and coverage of a
broad chemical space make barbituric acid derivatives ex-
cellent target compounds for organic and medicinal che-
mists.1 Owing to their ready availability and various func-
tionalization possibilities, the parent barbituric acid and 2-
thiobarbituric acid are convenient starting compounds for
the preparation of different fused heterocycles and 5-sub-
stituted derivatives which are pharmacologically the most
important class of barbituric acid-based compounds.1–10

It is well-known that barbituric acid and 2-thiobarbi-
turic acid I undergo Knoevenagel condensation with al-
dehydes to give 5-ylidene derivatives II11–16 that can be
further subjected to various chemical transformations. 5-
Arylidene barbituric acids II contain a strongly polarized
exocyclic double bond, with a positive partial charge on
the methyne carbon atom.17–19 They can thus form Mic-
hael adducts with nucleophiles such as alkoxides,20 ami-
nes,20–22 thiols,23 water,24 and C-nucleophiles derived from
active methylene compounds.19,25–28 The last reaction, re-
sulting from Michael addition of a second barbituric acid
molecule, gives rise to symmetric Michael adducts III.
Furthermore, because their exocyclic double bond can be
easily reduced,29–31 5-arylidene barbituric acids can be
considered as models of redox coenzymes such as FAD
and NAD and used as oxidants for mild oxidation of thi-

ols32,33 and alcohols.34,35 5-Arylidene barbituric acids can
also react as dienes in a hetero-Diels-Alder reaction to gi-
ve different 5-aryl-pyrano[2,3-d]pyrimidine-2,4-diones
IV36–41 which have received considerable attention due to
the wide range of biological effects, including antiviral,38

antibacterial,39 antifungal,39,40 and prostate-protective acti-
vity.41 Owing to manifold reactivity of 5-arylidenebarbitu-
ric acids, reaction of (thio)barbituric acid with aromatic
aldehydes usually results in complex mixtures of II, III
and IV, which limits its synthetic applicability. Therefore,
synthetic methods for efficient selective formation of
compounds II, III or IV from (thio)barbitutic acids are
highly desired.

2. Results and Discussion

During the synthesis of potential inhibitors of intra-
cellular steps of peptidoglycan biosynthesis,2,3 we have
studied in detail the reaction between (2-thio)barbituric
acid and different benzaldehydes and found, that the com-
position of products of this transformation depends
strongly upon the applied conditions i.e. the solvent, tem-
perature and catalyst. Depending on reaction conditions,
the reaction does not necessarily stop with the formation
of 5-benzylidene(thio)barbiturates II, but can proceed
further to yield Michael adducts III or hetero-Diels-Alder
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cycloaddition products IV (Scheme 1). In this paper, we
report on selective transformations of barbituric and thio-
barbituric acids to 5-arylidene derivatives II, Michael ad-
ducts III and 5-aryl-pyrano[2,3-d]pyrimidine-2,4-diones
and their thio analogues IV, which makes compounds II,
III and IV easily accessible in pure form.

Scheme 1. Three classes of products obtained from the reaction of

(thio)barbituric acid with benzaldehydes.

A common method for the preparation of Knoevena-
gel products II is (microwave) heating of active methyle-
ne compounds and different benzaldehydes in ethanol,
with piperidine and glacial acetic acid as catalysts.2,3,42 In
our hands, starting from (thio)barbituric acid, this proce-
dure gave the desired product only with 4-formylbenzoic
acid, but not with 3- or 4-nitrobenzaldehyde. With 3-nitro-
benzaldehyde, a mixture of products 9 and 15, and with 4-
nitrobenzaldehyde, a mixture of products 10 and 17 was
obtained (Schemes 3 and 4). Retrosynthetic considera-
tions suggested that these products originated (i) from
Michael addition of a second molecule of barbituric acid
and (ii) from a hetero-Diels-Alder reaction to 5-benzyli-
denebarbituric acid intermediates 2 and 3. This observa-
tion stimulated us to investigate systematically the reac-
tion of (thio)barbituric acid I with various benzaldehydes,
in order to find specific reaction conditions that would dri-
ve the reaction exclusively towards the formation of pro-
duct II.

After examining a number of different reaction con-
ditions in which solvents and catalysts were varied, we
found that the most convenient way for the preparation of
5-benzylidenebarbiturates 1–7, is heating the reagents in
water at 100 °C without a catalyst. The products were iso-

lated simply by filtering off the crystals formed in the
reaction mixture (Scheme 2).

On the contrary, when (thio)barbituric acid was reac-
ted with 3-/4-nitro-, 3-/4-cyano-, or unsubstituted benzal-
dehyde in glacial acetic acid with one equivalent of sodium
acetate, Michael adducts 8–13 were obtained (Scheme 3).
These products result from Michael addition of a second
molecule of (thio)barbituric acid to the exocyclic double
bond of the initially formed Knoevenagel intermediates. Si-
milar products were reported for the reaction in pyridine as
solvent/base.43 On the other hand, with 4-hydroxybenzal-
dehyde, 4-formylbenzoic acid and methyl 4-formylbenzoa-
te, the reaction stopped almost exclusively at the Knoevena-
gel stage under conditions applied in Scheme 3. This can be
explained by differences in the reactivity of the exocyclic
double bond as a result of the electronic properties of sub-
stituents on the aromatic ring. It has been demonstrated that
Lewis acidity, and hence reactivity of 5-arylidenebarbituric
acids towards Michael addition, increases in the presence of
electron-withdrawing substituents on the aromatic ring.27,28

Thus, nitro and cyano groups enhance the Lewis acidity of
benzylidene carbon, whereas the electron donating hydrox-
yl group stabilizes it and renders it less susceptible to nuc-
leophilic attack. Although the carboxyl and methoxycar-
bonyl groups are moderately electron-withdrawing, they
clearly do not activate the Knoevenagel product sufficiently
to facilitate further reaction.

Scheme 3. Reagents and conditions: (a) NaOAc, AcOH, 65 °C, 12 h.

The infrared spectra of compounds 8–13 suggest,
that they are present as mixed keto-enol tautomers. The
Knoevenagel products 1–7 show C=O stretching bands
only at frequencies 1780–1680 cm–1, whereas Michael ad-
ducts 8–13 show additional absorption bands in the region
1600–1615 cm–1. Moreover, the X-ray structure of a simi-
lar compound,27 revealed that the distances between C and
O atoms are intermediate between the ideal values for the
keto and enol forms.

In addition to Knoevenagel products II (compounds
1–7) and Michael adducts III (compounds 8–13),
(thio)barbituric acid and different benzaldehydes can, un-
der slightly modified reaction conditions, also yield a
third type of product. When the reaction was performed in
ethanol/water (1:1) under conventional heating (reflux, 3Scheme 2. Reagents and conditions: (a) H2O, reflux, 12 h.
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days) or microwave irradiation (120 °C, 1–2 hours), an
unexpected series of 5-phenyl-1H-pyrano[2,3-d]pyrimidi-
ne-2,4(3H,5H)-diones and 5-phenyl-2-thioxo-2,3-dihy-
dro-1H-pyrano[2,3-d]pyrimidin-4(5H)-ones IV (com-
pounds 14–25) was obtained (Scheme 4). A detailed study
of this reaction and its proposed mechanism was descri-
bed recently.36 The conversion comprises two intercon-
nected domino reaction sequences (i) a domino Knoeve-
nagel hetero-Diels-Alder reaction, and (ii) a domino oxi-
dation hetero-Diels-Alder reaction. The reaction has an
unique feature that both, diene and dienophile are formed
in situ. First, Knoevenagel condensation of an aromatic al-
dehyde with barbituric or 2-thiobarbituric acid affords a
5-benzylidenebarbiturate. Due to the readily reducible
exocyclic double bond, this is responsible for oxidation of
ethanol to acetaldehyde.34,35 Acetaldehyde enters the fol-
lowing reaction step in its enol form, and as a dienophile
reacts with 5-benzylidenebarbiturate in a hetero-Diels-Al-
der reaction to give, after elimination of water from the in-
termediate, the annulated product (14–25). The reaction is
successful with 4-formylbenzoic acid, nitro- and cyano-
benzaldehydes, but not with 4-hydroxybenzaldehyde.
This can be explained with differences in the oxidizing
abilities of 5-benzylidenebarbiturates, which depend on
the electron density in the C=C bond, and are enhanced
with the growing number and strength of electron-with-
drawing substituents on the aromatic ring.34–36

Scheme 4. Reagents and conditions: (a) reflux, 3 days (Method A),

or microwave irradiation: 120 °C, 30 W, ca. 1–2 h (Method B).

3. Conclusion

In the present work, efficient and clean selective
syntheses of 5-benzylidene(thio)barbiturates II, symme-
tric Michael adducts III as well as 5-aryl-pyrano[2,3-
d]pyrimidine-2,4-diones and their thio analogues IV from
(thio)barbituric acid and various benzaldehydes are des-
cribed. Simple Knoevenagel products II (compounds 1–7)
are isolated in high yields when the reaction is performed
in water, whereas in glacial acetic acid with one equiva-
lent of sodium acetate, addition of a second molecule of
barbituric acid to the exocyclic methyne carbon atom af-
fords Michael products III (compounds 8–13) in 81–97

percent yield. In ethanol/water as solvent, two intercon-
nected reaction sequences, a domino Knoevenagel hetero-
Diels-Alder reaction, and a domino oxidation hetero-
Diels-Alder reaction, give annulated uracils IV (com-
pounds 14–25). Selective synthesis of all three classes of
compounds is preparatively important and contributes to
the understanding of reactivity of 5-benzylidenebarbituric
acid derivatives.

4. Experimental

All reagents were used as received from commercial
sources without further purification unless otherwise indi-
cated. Analytical TLC was performed on Merck silica gel
(60 F 254) plates (0.25 mm) and components visualized
with ultraviolet light. Column chromatography was car-
ried out on silica gel 60 (particle size 240–400 mesh). Mi-
crowave assisted reactions were conducted in a sealed
glass vessel (capacity 10 mL) on a CEM Discover micro-
wave synthesizer (CEM Corporation, USA) with a built-
in pressure measurement sensor and operator-selectable
power output from 0 to 300 W. The temperature was mo-
nitored using an infrared temperature sensor mounted un-
der the reaction vessel. All experiments were performed
using a high-speed stirring option. Melting points were
determined on a Reichert hot stage microscope and are
uncorrected. 1H NMR and 13C NMR spectra were recor-
ded at 300 MHz and 75 MHz, respectively, on a Bruker
AVANCE DPX300 spectrometer in DMSO-d6 or D2O so-
lution with TMS as the internal standard at 25 °C. Spectra
were assigned using gradient COSY, HSQC and DEPT
experiments. IR spectra were recorded on a Perkin-Elmer
Spectrum BX FT-IR spectrometer. Mass spectra were ob-
tained using a VGAnalytical Autospec Q mass spectrome-
ter. Microanalyses were performed on a Perkin-Elmer C,
H, N analyzer 2400 II. All reported yields are yields of pu-
rified products.

4. 1. General Procedure for the Preparation
of 5-benzylidenebarbituric acids 1–7
A suspension of the corresponding benzaldehyde

(1.00 mmol) and barbituric acid (128 mg, 1.00 mmol) in
water (20 mL) was refluxed for 12 h, after which the mix-
ture was cooled to rt, the product filtered off and washed
with EtOH.

5-Benzylidenepyrimidine-2,4,6(1H,3H,5H)-trione (1).
Yield: 86 mg (40%); white crystals; mp 262–265 °C (lit.44

256–258 °C); IR (KBr) ν 3442, 3218, 3064, 2846, 1739,
1682, 1567, 1435, 1404, 1338, 1296, 1218, 1197, 1072,
1033, 801, 760, 680 cm–1. 1H NMR (DMSO-d6, 300
MHz) δ 7.44–7.57 (m, 3H, H-3,4,5), 8.06–8.09 (m, 2H,
H-2,6), 8.29 (s, 1H, CH=C), 11.22 (s, 1H, NH), 11.38 (s,
1H, NH).
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5-(3-Nitrobenzylidene)pyrimidine-2,4,6(1H,3H,5H)-
trione (2). Yield: 157 mg (60%); white crystals; mp
245–247 °C (lit.45 242–244 °C); IR (KBr) ν 3443, 3241,
3120, 3096, 2824, 1779, 1756, 1738, 1698, 1681, 1595,
1538, 1434, 1397, 1336, 1354, 1301, 1212, 1109, 1031,
978, 844, 813, 795, 736 cm–1. 1H NMR (DMSO-d6, 300
MHz) δ 7.74 (t, 1H, J = 8.1 Hz, H-5), 8.23–8.25 (m, 1H,
H-4/6), 8.30–8.34 (m, 1H, H-4/6), 8.35 (s, 1H, H-2), 8.91
(s, 1H, CH=C), 11.32 (s, 1H, NH), 11.47 (s, 1H, NH).

5-(4-Nitrobenzylidene)pyrimidine-2,4,6(1H,3H,5H)-
trione (3). Yield: 232 mg (89%); white crystals; mp
293–298 °C (lit.45 290–293 °C); IR (KBr) ν 3422, 3243,
3092, 2850, 2816, 1743, 1691, 1637, 1598, 1588, 1519,
1486, 1439, 1409, 1373, 1345, 1319, 1223, 1090, 1104,
1036, 1010, 928, 866, 855, 834, 792, 741, 713 cm-1. 1H
NMR (DMSO-d6, 300 MHz) δ 8.03 (d, 2H, J = 8.7 Hz, 
H-2,6), 8.25 (d, 2H, J = 8.7 Hz, H-3,5), 8.33 (s, 1H,
CH=C), 11.31 (s, 1H, NH), 11.48 (s, 1H, NH). MS for
C11H7N3O5 (EI) m/z (%): 261 (M+, 37), 244 (100), 214
(62), 172 (11), 101 (24).

3-((2,4,6-Trioxotetrahydropyrimidin-5(6H)-ylide-
ne)methyl)benzonitrile (4). Yield: 207 mg (86%); white
crystals; mp 290–294 °C (lit46 292–294 °C); IR (KBr) ν
3419, 3218, 3099, 2240 (CN), 1748, 1723, 1697, 1605,
1435, 1380, 1318, 1237, 1208, 1170, 1154, 957, 904, 806,
788, 754, 677 cm–1. 1H NMR (DMSO-d6, 300 MHz) δ
7.65 (t, 1H, J = 7.8 Hz, H-5), 7.94 (d, 1H, J = 7.8 Hz, 
H-4/6), 8.17 (d, 1H, J = 7.8 Hz, H-4/6), 8.27 (s, 1H, CH=C),
8.39 (s, 1H, H-2), 11.30 (s, 1H, NH), 11.46 (s, 1H, NH).

4-((2,4,6-Trioxotetrahydropyrimidin-5(6H)-ylide-
ne)methyl)benzonitrile (5). Yield: 210 mg (87%); white
crystals; mp 319–323 °C (lit.46 320 °C); IR (KBr) ν 3441,
3218, 3048, 2838, 2232 (CN), 1739, 1682, 1576, 1442,
1423, 1410, 1340, 1313, 1292, 1200, 1074, 848, 799 cm–1.
1H NMR (DMSO-d6, 300 MHz) δ 7.90 (d, 2H, J = 8.3 Hz,
H-3,5), 8.00 (d, 2H, J = 8.3 Hz, H-2,6), 8.29 (s, 1H,
CH=C), 11.29 (s, 1H, NH), 11.46 (s, 1H, NH).

4-((2,4,6-Trioxotetrahydropyrimidin-5(6H)-ylide-
ne)methyl)benzoic Acid (6). Yield: 216 mg (83%); white
crystals; mp 342–346 °C (lit.47 >300 °C); IR (KBr) ν
3419, 3194, 3064, 2858, 2668, 2550, 1745, 1694, 1593,
1446, 1411, 1385, 1334, 1294, 1222, 1200, 1122, 1073,
1016, 961, 942, 863, 838, 796, 770, 706 cm–1. 1H NMR
(DMSO-d6, 300 MHz) δ 7.96 (d, 2H, J = 8.7 Hz, H-3,5),
8.01 (d, 2H, J = 8.7 Hz, H-2,6), 8.30 (s, 1H, CH=C), 11.26
(s, 1H, NH), 11.43 (s, 1H, NH), 13.18 (s br, 1H, COOH).

5-(4-Hydroxybenzylidene)pyrimidine-2,4,6(1H,3H,
5H)-trione (7). Yield: 216 mg (93%); white crystals; mp
>350 °C (lit.48 >300 °C); IR (KBr) ν 3544, 3417, 3262,
3186, 2814, 1740, 1663, 1615, 1583, 1526, 1514, 1443,
1409, 1347, 1310, 1280, 1217, 1178, 1043, 886, 845, 834,

792, 771, 638 cm–1. 1H NMR (DMSO-d6, 300 MHz) δ
6.88 (d, 2H, J = 8.9 Hz, H-3,5), 8.21 (s, 1H, CH=C), 8.33
(d, 2H, J = 8.9 Hz, H-2,6), 10.78 (s, 1H, OH), 11.11 (s,
1H, NH), 11.23 (s, 1H, NH).

4. 2. General Procedure for the Preparation
of Michael Adducts 8–13
A suspension of the corresponding benzaldehyde

(1.00 mmol), sodium acetate (82 mg, 1.00 mmol) and bar-
bituric (128 mg, 1.00 mmol) or 2-thiobarbituric acid (144
mg, 1.00 mmol) in glacial acetic acid (20 mL) was heated
at 65 °C for 10 h, after which the mixture was cooled to rt,
the product filtered off and washed with EtOH.

Sodium 5-((6-Hydroxy-2,4-dioxo-1,2,3,4-tetrahydrop-
yrimidin-5-yl)(phenyl)methyl)-2,6-dioxo-1,2,3,6-te-
trahydropyrimidin-4-olate (8). Yield: 352 mg (96%);
white crystals; mp >350 °C; IR (KBr) ν 3418, 3176, 2871,
1722, 1704, 1694, 1613, 1470, 1455, 1408, 1265, 1157,
909, 874, 812, 780 cm–1. 1H NMR (DMSO-d6, 300 MHz)
δ 5.94 (s, 1H, CH), 6.99–7.16 (m, 5H, Ar-H), 9.98 (s br,
4H, NH), proton from OH not seen. 13C NMR → com-
pound could not be dissolved in sufficient concentration
in any known solvent. MS for C15H11N4NaO6 (ESI) m/z:
343 ([M–Na+]–, 12), 247 (100). Anal. calcd for
C15H11N4NaO6 × 0.4 H2O × 0.3 CH3COOH: C, 47.86; H,
3.35; N, 14.31; found C, 48.03; H, 3.60; N, 14.15.

Sodium 5-((6-Hydroxy-2,4-dioxo-1,2,3,4-tetrahydrop-
yrimidin-5-yl)(3-nitrophenyl)methyl)-2,6-dioxo-
1,2,3,6-tetrahydropyrimidin-4-olate (9). Yield: 358 mg
(87%); white crystals; mp >350 °C; IR (KBr) ν 3363,
3155, 2978, 2869, 1723, 1711, 1605, 1529, 1480, 1411,
1351, 1233, 1210, 1164, 1125, 1096, 902, 812, 795, 779,
732 cm–1. 1H NMR (DMSO-d6, 300 MHz) δ 6.02 (s, 1H,
CH), 7.46–7.50 (m, 2H, H-5,6), 7.85 (s, 1H, H-2),
7.94–7.97 (m, 1H, H-4), 10.25 (s br, 4H, NH), proton
from OH not seen. 13C NMR (D2O + 10 μL 40% NaOD,
75 MHz) δ 36.38 (CH), 90.88 (CC=O), 120.40 (Ar-C),
122.67 (Ar-C), 128.84 (Ar-C), 134.94 (Ar-C), 148.11 
(Ar-C), 148,43 (Ar-C), 154.43 (C=O), 166.70 (C=O). MS
for C15H10N5NaO8 (ESI) m/z : 410 ([M–H+]–, 12), 388
([M–Na+]–, 13), 127 (100). HRMS for C15H9N5NaO8

([M–H+]–): calcd 410.0349; found 410.0341. Anal. calcd
for C15H10N5NaO8 × 1.5 H2O: C, 41.11; H, 2.99; N, 15.98;
found C, 41.48; H, 2.93; N, 15.88.

Sodium 5-((6-Hydroxy-2,4-dioxo-1,2,3,4-tetrahydrop-
yrimidin-5-yl)(4-nitrophenyl)methyl)-2,6-dioxo-
1,2,3,6-tetrahydropyrimidin-4-olate (10). Yield: 333
mg (81%); white crystals; mp >350 °C; IR (KBr) ν 3650,
3350, 3157, 2986, 2831, 1726, 1711, 1693, 1600, 1502,
1456, 1379, 1347, 1209, 1186, 1160, 1111, 1011, 857,
848, 779, 650 cm–1. 1H NMR (DMSO-d6, 300 MHz) δ
5.99 (s, 1H, CH), 7.31 (d, 2H, J = 8.6 Hz, H-2,6), 8.07 (d,
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2H, J = 8.6 Hz, H-3,5), 10.32 (s br, 4H, NH), proton from
OH not seen. 13C NMR (D2O + 10 μL 40% NaOD, 75
MHz) δ 36.89 (CH), 91.04 (CC=O), 123.44 (Ar-C),
128.57 (Ar-C), 145.25 (Ar-C), 154.74 (Ar-C/C=O),
155.74 (Ar-C/C=O), 166.93 (C=O). MS for C15H10N5NaO8

(ESI) m/z (%): 388 ([M–Na+]–, 30), 113 (100). Anal. calcd
for C15H10N5NaO8 × H2O: C, 41.97; H, 2.82; N, 16.31;
found C, 42.18; H, 2.76; N, 16.24.

Sodium 5-((6-Hydroxy-4-oxo-2-thioxo-1,2,3,4-tetrahy-
dropyrimidin-5-yl)(4-nitrophenyl)methyl)-6-oxo-2-
thioxo-1,2,3,6-tetrahydropyrimidin-4-olate (11). Yield:
372 mg (84%); white crystals; mp >350 °C; IR (KBr) ν
3353, 3291, 2950, 2563, 1671, 1622, 1547, 1537, 1514,
1435, 1347, 1321, 1218, 1196, 1178, 1129, 1111, 1011,
904, 844, 770, 730 cm–1. 1H NMR (DMSO-d6, 300 MHz)
δ 6.07 (s, 1H, CH), 7.27 (d, 2H, J = 8.4 Hz, H-2,6), 8.07
(d, 2H, J = 8.4 Hz, H-3,5), 11.59 (s br, 4H, NH), proton
from OH not seen. 13C NMR (D2O + 10 μL 40% NaOD,
75 MHz) δ 36.77 (CH), 95.47 (CC=O), 123.54 (Ar-C),
128.63 (Ar-C), 145.54 (Ar-C), 153.90 (Ar-C), 164.76
(C=O), 171.58 (C=S). MS for C15H10N5NaO6S2 (ESI) m/z:
420 ([M–Na+]–). HRMS for C15H10N5O6S2 ([M–Na+]–):
calcd 420.0073; found 420.0060. Anal. calcd for
C15H10N5NaO6S2 × CH3COOH: C, 40.56; H, 2.80; N,
13.91; found C, 40.34; H, 3.19; N, 14.02.

Sodium 5-((3-Cyanophenyl)(6-hydroxy-2,4-dioxo-
1,2,3,4-tetrahydropyrimidin-5-yl)methyl)-2,6-dioxo-
1,2,3,6-tetrahydropyrimidin-4-olate (12). Yield: 376
mg (96%); white crystals; mp >350 °C; IR (KBr) ν 3527,
3360, 3209, 2869, 2813, 2238 (CN), 1704, 1694, 1608,
1482, 1413, 1362, 1352, 1312, 1252, 1180, 1130, 1053,
997, 903, 808, 782 cm–1. 1H NMR (DMSO-d6, 300 MHz)
δ 5.98 (s, 1H, CH), 7.32–7.42 (m, 3H, H-2,5,6), 7.51–7.53
(m, 1H, H-4), 10.09 (s br, 4H, NH), proton from OH not
seen. 13C NMR (D2O + 10 μL 40% NaOD, 75 MHz) δ
36.69 (CH), 92.29 (CC=O), 110.25 (Ar-C), 121.30 
(Ar-C/CN), 128.66 (Ar-C/CN), 128.83 (Ar-C/CN),
131.67 (Ar-C/CN), 133.15 (Ar-C/CN), 148.43 (Ar-C),
158.07 (C=O), 169.84 (C=O). MS for C16H10N5NaO6

(ESI) m/z: 368 ([M–Na+]–). HRMS for C16H10N5O6

([M–Na+]–): calcd 368.0631; found 368.0627. Anal. calcd
for C16H10N5NaO6 × 1.4 H2O: C, 46.14; H, 3.10; N, 16.82;
found C, 46.41; H, 3.39; N, 16.73.

Sodium 5-((4-Cyanophenyl)(6-hydroxy-2,4-dioxo-
1,2,3,4-tetrahydropyrimidin-5-yl)methyl)-2,6-dioxo-
1,2,3,6-tetrahydropyrimidin-4-olate (13). Yield: 380
mg (97%); white crystals; mp >350 °C; IR (KBr) ν 3361,
3207, 2236 (CN), 1722, 1710, 1694, 1613, 1470, 1455,
1409, 1360, 1230, 1155, 1124, 1018, 879, 848, 795, 781
cm–1. 1H NMR (DMSO-d6, 300 MHz) δ 6.00 (s, 1H, CH),
7.20 (d, 2H, J = 8.1 Hz, H-2,6), 7.61 (d, 2H, J = 8.1 Hz, 
H-3,5), 10.09 (s br, 4H, NH), proton from OH not seen.
13C NMR (D2O + 10 μL 40% NaOD, 75 MHz) δ 36.91

(CH), 91.21 (CC=O), 106.86 (Ar-C), 121.30 (Ar-C/CN),
128.55 (Ar-C/CN), 132.12 (Ar-C/CN), 153.14 
(Ar-C/C=O), 155.19 (Ar-C/C=O), 167.34 (C=O). MS for
C16H10N5NaO6 (ESI) m/z: 390 ([M–H+]–), 368
([M–Na+]–). HRMS for C16H9N5NaO6 ([M–H+]–): calcd
390.0451; found 390.0458. Anal. calcd for C16H10N5NaO6

× 1.1 H2O: C, 46.75; H, 2.99; N, 17.04; found C, 46.71;
H, 2.99; N, 16.71.

4. 3. General Procedure for the Preparation
of 5-phenyl-1H-pyrano[[2,3-d]]pyrimidi-
ne-4(3H,5H)-ones 14–25
Method A (Conventional heating). A suspension of

the corresponding benzaldehyde (1.00 mmol) and barbitu-
ric or 2-thiobarbituric acid (1.00 mmol) in EtOH/H2O 1:1
(20 mL) was refluxed for 3 days, then the mixture was coo-
led to rt, the product filtered off and washed with EtOH.

Method B (Microwave-assisted synthesis). A sus-
pension of the corresponding benzaldehyde (1.00 mmol)
and barbituric or 2-thiobarbituric acid (1.00 mmol) in Et-
OH/H2O 1:1 (3 mL) was heated in a sealed 10 mL glass
vessel in a microwave reactor for 1–2 h at 120 °C (power
= 30 W, ramp time = 3 min). The mixture was cooled to rt,
the product was filtered off and washed with EtOH.

For full experimental procedures and characterisa-
tion data of compounds 14–25 see Ref. 36.

5. Acknowledgements

This work was supported by the European Union
FP6 Integrated Project EUR-INTAFAR (Project No.
LSHM-CT-2004-512138) and the Slovenian Research
Agency (grant No. P1-208-0787).

6. References

1. (a) A. G. Gilman, J. G. Hardman, L. E. Limbird (Eds.), in:

Goodman & Gilman’s the Pharmacological Basis of Thera-
peutics, 10th ed., McGraw-Hill Medical Publishing Division,

2001, pp. 343–344, 412–419, 473, 531–533. (b) D. A. Wil-

liams, T. L. Lemke (Eds.), in: Foye’s Principles of Medicinal
Chemistry, 5th ed., Lippincott Williams & Wilkins, Baltimo-

re, 2002, pp. 367–395. (c) G. L. Patrick (Ed.), in: An Intro-
duction to Medicinal Chemistry, 3rd ed., Oxford University

Press, Oxford, 2005, pp. 579. 

2. T. Toma{i}, N. Zidar, M. Mueller-Premru, D. Kikelj, L. Pe-

terlin Ma{i~, Eur. J. Med. Chem. 2010, 45, 1667–1672.

3. T. Toma{i}, N. Zidar, A. Kova~, S. Turk, M. Sim~i~, D. Bla-

not, M. Mueller-Premru, M. Filipi~, S. Goli~ Grdadolnik, A.

Zega, M. Anderluh, S. Gobec, D. Kikelj, L. Peeterlin Ma{i~,

ChemMedChem, 2010, 5, 286–295.

4. Q. Yan, R. Cao, W. Yi, L. Yu, Z. Chen, L. Ma, H. Song, Bi-
oorg. Med. Chem. Lett. 2009, 19, 4055–4058.



156 Acta Chim. Slov. 2011, 58, 151–157

Zidar and Kikelj:  Preparation and Reactivity of 5-benzylidenebarbituric ...

5. Q. Yan, R. Cao, W. Yi, Z. Chen, H. Wen, L. Ma, H. Song,

Eur. J. Med. Chem. 2009, 44, 4235–4243.

6. K. M. Khan, M. Ali, A. Ajaz, S. Perveen, M. I. Choudhary,

Atta-ur-Rahman, Lett. Drug. Des. Discov. 2008, 5, 286–291.

7. H. Yanan, S. H. Jeremiah, C. Lan, G. Cindy, G. Benjamin, K.

Brian, T. Kittichoat, F. Xiao, W. Tao, W. Suzanne, Chem.
Biol. 2004, 11, 703–711.

8. S. W. Kahne, D. Kahne, U.S. Patent US 2005014629 A1,

2005; Chem. Abstr. 2005, 143, 90985.

9. F. N. M. Naguib, M. H. El Kouni, R. P. Panzica, S. Cha, PCT

Int. Appl. WO 9116315, 1991; Chem. Abstr. 1991, 116,

51555.

10. Y. Fellahil, P. Duboisz, D. Mandin, J. E. Ombetta-Goka, J.

Guenzetl, J. P. Chaumont, Y. Franginl, Eur. J. Med. Chem.
1995, 30, 633–639.

11. G. Kaupp, M. R. Naimi-Jamal, J. Schmeyers, Tetrahedron
2003, 59, 3753–3760.

12. M. L. Deb, P. J. Bhuyan, Tetrahedron Lett. 2005, 46, 6453–

6456.

13. C. S. Reddy, A. Nagaraj, P. Jalapathi, Indian J. Chem. B
2007, 46B, 660–663.

14. Z. Ren, W. Cao, W. Tong, X. Jing, Synthetic Commun. 2002,

32, 1947–1952.

15. Y. Hu, Z. C. Chen, Z. G. Le, Q. G. Zheng, Synthetic Com-
mun. 2004, 34, 4521–4529.

16. D. Fildes, D. Villemin, P. A. Jaffres, V. Caignaert, Green
Chem. 2001, 3, 52–56.

17. R. Bednar, O. E. Polansky, P. Wolschann, Z. Naturforsch., B:
Chem. Sci. 1975, 30, 582–586. 

18. J. T. Bojarski, J. L. Mokrosz, H. J. Barton, M. H. Paluchow-

ska, Adv. Heterocycl. Chem. 1985, 38, 229–297.

19. F. Seeliger, S. T. A. Berger, G. Y. Remennikov, K. Polborn,

H. Mayr, J. Org. Chem. 2007, 72, 9170–9180.

20. R. Bednar, E. Haslinger, U. Herzig, O. E. Polansky, P.

Wolschann, Monatsh. Chem. 1976, 107, 1115–1125.

21. B. Schreiber, H. Martinek, P. Wolschann, P. Schuster, J. Am.
Chem. Soc. 1979, 101, 4708–4713.

22. R. Cremlyn, J. P. Bassin, F. Ahmed, M. Hastings, I. Hunt, T.

Mattu, Phosphorus Sulfur 1992, 73, 161–172.

23. A. R. Katritzky, I. Ghiviriga, D. C. Oniciu, F. Soti, J. Hete-
rocyc. Chem. 1996, 33, 1927–1934.

24. A. I. D’yachkov, B. A. Ivin, N. A. Smorygo, E. G. Sochilin,

Zh. Org. Khim. 1976, 12, 1115–1122.

25. M. El-Hashash, M. Mahmoud, H. El-Fiky, Rev. Roum. Chim.
1979, 24, 1191–1202.

26. A. F. Fahmy, M. M. Mohamed, A. A. Afify, M. Y. El Kady,

M. A. El Hashash, Rev. Roum. Chim.1980, 25, 125–133.

27. J. Adamson, B. J. Coe, H. J. Grassam, J. C. Jeffery, S. J. Co-

les, M. B. Hursthouse, J. Chem. Soc., Perkin Trans. 1999, 1,

2483–2488.

28. B. S. Jursic, D. M. Neumann, J. Heterocyclic Chem. 2003,

40, 465–474.

29. J. W. G. Meissner, A. C. van der Laan, U. K. Pandit, Tetrahe-
dron Lett. 1994, 35, 2757–2760.

30. B. S. Jursic, D. M. Neumann, Tetrahedron Lett. 2001, 42,

4103–4107.

31. B. S. Jursic, E. D. Stevens, Tetrahedron Lett. 2003, 44,

2203–2210.

32. K. Tanaka, X. Chen, T. Kimura, F. Yoneda, Tetrahedron Lett.
1987, 28, 4173–4176.

33. K. Tanaka, X. Chen, F. Yoneda, Tetrahedron 1988, 44,

3241–3249.

34. K. Tanaka, X. Chen, T. Kimura, F. Yoneda, Chem. Pharm.
Bull. 1986, 34, 3945–3948.

35. K. Tanaka, X. Chen, T. Kimura, F. Yoneda, Chem. Pharm.
Bull. 1988, 36, 60–69.

36. N. Zidar, D. Kikelj, Helv. Chim. Acta 2011, DOI: 10.1002/

hlca.201000325

37. (a) D. Prajapati, M. Gohain, Beilstein J. Org. Chem. 2006, 2,

DOI: 10.1186/1860-5397-2-11. (b) M. J. Khoshkholgh, S.

Balalaie, H. R. Bijanzadeh, F. Rominger, J. H. Gross, Tetra-
hedron Lett. 2008, 49, 6965–6968. (c) M. J. Khoshkholgh, S.

Balalaie, R. Gleiter, F. Rominger, Tetrahedron 2008, 64,

10924–10929. (d) A. Palasz, Org. Biomol. Chem. 2005, 3,

3207–3212. (e) S. Balalaie, S. Abdolmohammadi, H. R. Bi-

janzadeh, A. M. Amani, Mol. Divers. 2008, 12, 85–91. (f) J.

Liang, M. M. Zhang, X. S. Wang, Jiegou Huaxue 2008, 27,

301–305. (g) M. Kidwai, R. Goyal, K. Singhal, Indian J.
Chem. B 2007, 46B, 1159–1163. (h) J. Liang, M. M. Zhang,

X. Y. Wei, Z. M. Zong, X. S. Wang, Youji Huaxue 2007, 27,

1420–1423. (i) A. Shaabani, S. Samadi, A. Rahmati, Synthe-
tic Commun. 2007, 37, 491–499. (j) C. S. Andotra, J. Khaju-

ria, S. Kaur, J. Indian Chem. Soc. 2006, 83, 509–512. (k) T.

S. Jin, L. B. Liu, Y. Zhao, T. S. Li, Huaxue Shiji 2005, 27,

561–562. (l) J. Yu, H. Wang, Synthetic Commun. 2005, 35,

3133–3140. (m) T. S. Jin, L. B. Liu, Y. Zhao, T. S. Li, J.
Chem. Res. 2005, 162–163. (n) A. Shaabani, S. Samadi, Z.

Badri, A. Rahmati, Catal. Lett. 2005, 104, 39–43. (o) A. A.

Shestopalov, L. A. Rodinovskaya, A. M. Shestopalov, V. P.

Litvinov, Russ. Chem. B. 2004, 53, 2342–2344. (p) Y. Gao,

S. Tu, T. Li, X. Zhang, S. Zhu, F. Fang, D. Shi, Synthetic
Commun. 2004, 34, 1295–1299. (r) I. Devi, B. S. D. Kumar,

P. J. Bhuyan, Tetrahedron Lett. 2003, 44, 8307–8310.

38. A. H. Shamroukh, M. E. A. Zaki, E. M. H. Morsy, F. M. Ab-

del-Motti, F. M. E. Abdel-Megeid, Arch. Pharm. Chem. Life
Sci. 2007, 340, 236–243.

39. A. H. Bedair, H. A. Emam, N. A. El-Hady, K. A. R. Ahmed,

A. M. El-Agrody, Farmaco 2001, 56, 965–973.

40. V. K. Ahluwalia, R. Batla, A. Khurana, R. Kumar, Indian J.
Chem. B 1990, 29, 1141–1142.

41. I. O. Zhuravel, S. A. Grashenkova, L. V. Yakovleva, O. V. Bo-

risov, S. M. Kovalenko, V. P. Chernikh, Zh. Org. Khim. 2006,

4, 25–30.

42. T. Toma{i}, N. Zidar, V. Rupnik, A. Kova~, D. Blanot, S. Go-

bec, D. Kikelj, L. Peterlin Ma{i~, Bioorg. Med. Chem. Lett.
2009, 19, 153–157.

43. R. I. Ashkinazi, PCT Int. Appl. WO 9925699 A1, 1999;

Chem. Abstr. 1999, 131, 5267.

44. M. L. Deb, P. J. Bhuyan, Tetrahedron Lett. 2005, 46, 6453–

6456.

45. T. S. Jin, R. Q. Zhao, T. S. Li, Asian J. Chem. 2007, 19,

3815–3820.



157Acta Chim. Slov. 2011, 58, 151–157

Zidar and Kikelj:  Preparation and Reactivity of 5-benzylidenebarbituric ...

46. K. Rehse, W. D. Kapp, Arch. Pharm. 1982, 315, 346–53.

47. E. Gursu, N. Ulusoy, Acta Pharm. Turc. 1996, 38, 107–109.

48. J. T. Li, H. G. Dai, D. Liu, T. S. Li, Synthetic Commun. 2006,

36, 789–794.

49. J. V. Tate, W. N. Tinnerman II, V. Jurevics, H. Jeskey, E. R.

Biehl, J. Heterocyclic Chem. 1986, 23, 9–11.

Povzetek
Reakcija med barbiturno kislino ali 2-tiobarbiturno kislino in derivati benzaldehida lahko, ob uporabi razli~nih reakcij-

skih pogojev, selektivno vodi do treh strukturnih tipov reakcijskih produktov, t.j. 5-benziliden(tio)barbiturnih kislin II,

simetri~nih Michaelovih aduktov III ali 5-fenil-1H-pirano[2,3-d]pirimidin-2,4(3H,5H)-dionov in 5-fenil-2-tiokso-2,3-

dihidro-1H-pirano[2,3-d]pirimidin-4(5H)-onov IV. ^lanek obravnava tudi reakcijske mehanizme in razloge za opa`eno

reaktivnost izhodnih spojin.


