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Abstract: A fast (15 min) and efficient cascade reac-
tion of salicylaldehydes and 1,3-dimethylbarbituric
acid in the presence of p-TsOH as a catalyst furnishes
substituted  5-(1,3-dimethyl-2,4-dioxo-1,3,4,5-tetrahydro-
2H-chromeno[2,3-d]pyrimidin-5-yl)-1,3-dimethylpyrimi-
dine-2,4,6(1H,3H,5H)-triones 1a-h, containing both
chromeno[2,3-d]pyrimidine and hexahydropyrimidine-
2,4,6-trione pharmacologically active fragments, in 95—
99% vyields. This new procedure is characterized by the
use of inexpensive reagents and a simple workup.

Keywords: barbiturates; cascade reaction; catalysis;
chromeno|2,3-d]pyrimidines;cyclization;salicylaldehydes.

Introduction

Cascade reactions are an important way to produce
complex organic compounds from simple and readily
available components in a ‘one-pot’ procedure in which
two or more successive reactions are carried out as a single
transformation [1, 2]. Cascade reactions are especially
useful in the synthesis of polycyclic and spiro compounds
using modern ‘green chemistry’ [3]. Thus, the demand for
efficient and less labor-intensive methods and the envi-
ronmental factors are fuelling progress in the cascade
reaction strategy [4, 5].

Recently, ‘on-water’ [6-8] and ‘on-solvent’ [9-11]
methodologies have been suggested to carry out cascade
and multicomponent reactions in water or solvent using
reagent mixtures and emulsions in the absence of full sol-
ubility of components to increase the selectivity and the
efficiency of the desired complex synthetic processes. In
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particular, the concept of ‘privileged medicinal structures
or scaffolds’, is one of the main ideas of drug discovery in
last decades [12].

Barbituric acids (hexahydropyrimidine-2,4,6-triones)
are known as a privileged medicinal scaffold, transforma-
tions of which lead to important 5-substituted derivatives,
the so-called barbiturates. Barbiturates are often used as
pharmaceuticals with a wide spectrum of anesthetic and
anticonvulsant effects [13, 14]. In recent years, barbitu-
rates have been used in clinical practice as analeptic, anti-
AIDS and anticancer agents [15-17].

Chromeno[2,3-d]|pyrimidines contain both pharmaco-
logically important chromene and pyrimidine moieties.
For this class of compounds, a large spectrum of phar-
macological properties is known including antitumor,
cytotoxic [18], antioxidant [19], antiplatelet, antithrom-
botic [20] and anti-inflammatory activities [21]. Moreover,
chromeno[2,3-d]pyrimidines show interesting photophys-
ical properties [22]. Compounds 1 described in this report
combine in one molecule hexahydropyrimidine-2,4,6-tri-
one and chromeno[2,3-d]pyrimidine systems, which are
part of many biologically active agents.

Few methods are known for the cascade syn-
thesis of chromeno[2,3-d]pyrimidin-5-yl-pyrimidine-
2,4,6(1H,3H,5H)-triones 1 (Scheme 1) from salicylaldehydes
and barbituric acids. Both bases and acids are known
as catalysts for this cascade process. In the presence
of piperidine, the reaction of salicylaldehyde with two
equivalents of N,N’-dimethylbarbituric acid in boiling
ethanol for 5 h furnished compound 1a in a 43% yield
[23]. Hydrochloric acid was used as a catalyst in the reac-
tion of salicylaldehyde or 5-bromosalicylaldehyde with
N,N’-dimethylbarbituric acid in boiling methanol [24].
A limited, non-catalytic reaction in boiling ethanol has
also been described [25]. Recently, an unusual variant of
the synthesis of compounds 1 has been suggested by the
cascade reaction of a salicylaldehyde and two equivalents
of 6-amino-1,3-dimethylpyrimidine-2,4(1H,3H)-dione in
the presence of 1,1’-sulfinyldipyridinium bis(hydrogen
sulfate) in boiling ethanol for 5-10 h [26]. These methods
for the synthesis of compounds 1 have limitations includ-
ing a low yield, a long reaction time or the requirement
of using a non-common catalyst. The successful approach
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Scheme 1 Cascade assembling of salicylaldehydes 2a—h and N,N’-dimethylbarbiturate into products 1.

to compounds 1, described in this report, is part of our
ongoing research on multicomponent and cascade trans-
formation of C-H acids and carbonyl compounds [27-31].

Results and discussion

This report describes a ‘one-pot’ cascade reaction
of a salicylaldehyde 2 and two equivalents of N,N’-
dimethylbarbiturate leading to a chromeno(2,3-d]pyrimi-
din-5-yl)-1,3-dimethylpyrimidine-2,4,6(1H,3H,5H)-trione
1 (Scheme 1). Initially, the cascade transformation of
salicylaldehyde 2a and N,N’-dimethylbarbiturate into
chromeno[2,3-d]pyrimidine 1a was studied using alcohol
emulsions. In a typical experiment, the mixture of salicyla-
ldehyde 2a (3 mmol, 0.37 g) and N,N’-dimethylbarbiturate
(6 mmol, 0.94 g) and 3 mL of alcohol was magnetically
stirred. In boiling ethanol (78°C) the chromeno[2,3-d|
pyrimidine 1a was formed in a 33% yield in 15 min.

The same reaction in boiling n-propanol (97°C)
afforded product 1a in a 40% yield. In n-propanol, with
NaOAc or KF as a catalyst (10 mol%) product 1la was
obtained in a 45% and 48% yield, respectively. The use of
LiCIO,, iodine or HCl as a catalyst resulted in the respective
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Scheme 2 Suggested mechanism for the formation of products 1.

yield of 1a of 53%, 65% and 71%. The yield of 1a increased
to 99% for the reaction conducted in n-propanol for 15 min
under reflux in the presence of p-TsOH (10 mol%). Decreas-
ing the reaction time to 10 min under otherwise similar
conditions resulted in the formation of 1a in a 90% yield.
Overall, under optimized conditions, stirring the emul-
sion of salicylaldehyde 2a-h, N,N’-dimethylbarbiturate
and a catalytic amount of p-TsOH in boiling n-propanol
for 15 min furnished chromeno|2,3-d]pyrimidine 2a-h in
a 95-99% vyield.

On the basis of these results and the mechanistic
data on cascade reactions of carbonyl compounds with
barbituric acids published previously [32-34], the fol-
lowing mechanism for the cascade reaction of a salicyla-
ldehyde and N,N’-dimethylbarbiturate can be suggested
(Scheme 2).

First, the Knoevenagel condensation of salicy-
laldehyde 2 with N,N’-dimethylbarbiturate gener-
ates the intermediate product 3. In the second step,
the Michael addition of the second molecule of N,N’-
dimethylbarbiturate to the electron deficient compound
3 results in the formation of the adduct 4. Finally, cycli-
zation of the Michael adduct 4 leads to the observed
chromeno|[2,3-d]pyrimidine 1.
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Conclusion

A fast (15 min) and highly efficient direct reaction of sub-
stituted salicylaldehydes and N,N’-dimethylbarbiturate in
boiling n-propanol in the presence p-TsOH as a catalyst
into substituted compounds 1 is described. Upon cooling,
analytically pure products 1 precipitate directly from the
mixture.

Experimental

All melting points were measured with a Gallenkamp melting-point
apparatus and are uncorrected. The 'H (300 MHz) and “C (75 MHz)
nuclear magnetic resonance (NMR) spectra were recorded in DMSO-
d, using a Bruker Avance II 300 spectrometer at ambient tempera-
ture. Infrared (IR) spectra were recorded with a Bruker ALPHA-T
Fourier-transform infrared (FT-IR) spectrometer in KBr pellets. Elec-
tron ionization (EI) mass spectra were obtained at 70 eV on a Kratos
MS-30 spectrometer equipped with a direct inlet system. Electrospray
ionization (ESI) high-resolution mass spectrometry (HR-MS) data
were measured on a Bruker micrOTOF II instrument.

General procedure

An emulsion of salicylaldehyde 1 (3 mmol), N,N'-dimethylbarbiturate
(6 mmol, 1 g) and p-TsOH (52 mg) in n-propanol (3 mL) was stirred
under reflux for 15 min. After cooling, the resultant precipitate was
filtered, washed with water (2x5 mL) and dried under reduced pres-
sure to give pure compound 1a-h.

5-(1,3-Dimethyl-2,4-dioxo-1,3,4,5-tetrahydro-2H-chromeno|2,3-
d]pyrimidin-5-yl)-1,3-dimethylpyrimidine-2,4,6(1H,3H,5H)-
trione (1a) White solid; yield 1.18 g (99%); mp 236-237°C (Lit. [23]:
mp 236°C); 'H NMR: & 2.87 (s, 3H, CHS), 3.11 (s, 3H, CH3), 3.23 (s, 3H,
CH3), 3.44 (s, 3H, CHB), 3.97 (d, J=2.4 Hz, 1H, CH), 4.83 (d, J=2.4 Hz,
1H, CH), 711 (d, /=73 Hz, 1H, Ar), 7.24 (t, J=73 Hz, 1H, Ar), 7.11 (d,
J=73Hz, 1H, Ar), 7.39 (t, J=73 Hz, 1H, Ar).

1,3-Dimethyl-5-(1,3,8-trimethyl-2,4-dioxo-1,3,4,5-tetrahydro-
2H-chromeno|2,3-d]pyrimidin-5-yl)pyrimidine-2,4,6(1H,3H,5H)-
trione (1b) White solid; yield 1.17 g (95%); mp 196-198°C; 'H NMR:
§2.22(s, 3H, CH,), 2.82 (s, 3H, CH,), 3.06 (s, 3H, CH,), 3.18 (s, 3H, CH)),
3.38 (s, 3H, CH3), 3.87(d,J=2.2Hz, 1H, CH), 4.88 (d, J=2.2 Hz, 1H, CH),
6.85 (s, 1H, Ar), 7.12-7.17 (m, 2H, Ar); ®*C NMR: § 20.2, 27.7 (2C), 27.8, 28.8,
36.6, 54.2, 85.2, 116.3, 119.1, 1279, 129.9, 135.2, 147.2, 1499, 151.2, 154.2,
161.2, 166.9, 167.5; IR: v 2957, 1697, 1639, 1593, 1490, 1373, 1259, 1105, 978,
754 cm™; MS: m/z 412 ([M*], 6), 273 (6), 257 (100), 200 (34), 156 (8%).
HR-MS. Calcd for [M +Na*]: m/z 435.1275, found: m/z 435.1270.

5-(9-Methoxy-1,3-dimethyl-2,4-dioxo-1,3,4,5-tetrahydro-
2H-chromeno[2,3-d]pyrimidin-5-yl)-1,3-dimethylpyrimidine-
2,4,6(1H,3H,5H)-trione (1c) White solid; yield 1.27 g (98%); mp
250-252°C; '"H NMR: § 2.83 (s, 3H, CH3), 3.06 (s, 3H, CHB), 3.18 (s, 3H,
CH3), 3.37 (s, 3H, CH3), 3.83 (s, 3H, CH3), 3.92 (d, J=2.4 Hz, 1H, CH), 4.75
(d,J=2.4Hz, 1H, CH), 6.59 (d, /=79 Hz, 1H, Ar), 7.05 (d, J=74 Hz, 1H, Ar),
712(dd, J,=79Hz,],=74Hz, 1H, Ar); BCNMR: 4 276, 27.7, 28.0, 28.9, 36.0,
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54.1, 56.2, 85.3, 112.1, 118.5, 120.6, 125.7, 138.6, 1474, 149.9, 151.1, 154.0,
161.2, 167.0, 167.4; IR: v 2947, 1670, 1639, 1585, 1485, 1381, 1229, 1101, 989,
784 cm™; MS: m/z 428 ([M*], 9), 273 (100), 216 (32), 201 (7), 173 (7), 42 (5).
HR-MS. Calcd for [M+Na']: m/z 451.1224, found: m/z 451.1225.

5-(7-Chloro-1,3-dimethyl-2,4-dioxo-1,3,4,5-tetrahydro-
2H-chromeno[2,3-d]pyrimidin-5-yl)-1,3-dimethylpyrimidine-
2,4,6(1H,3H,5H)-trione (1d) White solid; yield 1.29 g (99%); mp
260-262°C; 'H NMR: & 2.94 (s, 3H, CHB), 3.1 (s, 3H, CHE), 3.21 (s, 3H,
CH3), 3.44 (s, 3H, CH3), 4,06 (d, J=1.8 Hz, 1H, CH), 4.85 (d, J=1.8 Hz,
1H, CH), 719 (d, J=2.0 Hz, 1H, Ar), 738 (d, J=8.7 Hz, 1H, Ar), 747 (dd,
J,=2.0Hz, ],=8.7 Hz, 1H, Ar); BCNMR: §27.7 (2C), 279, 28.9, 35.2, 54.4,
85.0, 118.6, 122.2,127.7,129.2, 133.6, 148.2, 149.9, 151.2, 154.0, 161.1, 166.7,
167.2; IR: v 2950, 1677, 1639, 1571, 1449, 1322, 1249, 1113, 826, 755 cm;
MS: m/z 434 ([M*], 2, CI%"), 432 ([M*], 7, C1*), 277 (100), 220 (23), 177
(5), 42 (5). HR-MS. Calcd for [M+Na*] (CI*): m/z 455.0729, found: m/z
455.0725. Calcd for [M+Na'] (CI¥): m/z 457.0701, found: m/z 457.0698.

5-(7-Bromo-1,3-dimethyl-2,4-dioxo0-1,3,4,5-tetrahydro-
2H-chromeno|2,3-d]pyrimidin-5-yl)-1,3-dimethylpyrimidine-
2,4,6(1H,3H,5H)-trione (1e) White solid; yield 1.42 g (98%); mp
276-278°C; '"H NMR: & 2.93 (s, 3H, CHB), 3.11 (s, 3H, CHS), 3.21 (s, 3H,
CH3), 3.43 (s, 3H, CH3), 4,04 (d, J=1.7 Hz, 1H, CH), 4.84 (d, J=1.7 Hz,
1H, CH), 7.20 (d, J=8.6 Hz, 1H, Ar), 7.33 (s, 1H, Ar), 7.59 (d, J=8.6 Hz,
1H, Ar); ®C NMR: § 27.7 (2C), 27.9, 28.9, 35.3, 54.4, 85.0, 117.3, 118.9,
122.5, 130.6, 132.1, 148.6, 149.9, 151.1, 154.0, 161.1, 166.7, 167.3; IR: v
2959, 1686, 1641, 1576, 1448, 1384, 1248, 1116, 977, 755 cm™'; MS: m/z
478 ([M*], 13, Br®), 476 ([M*], 13, Br”), 363 (6), 232 (100), 264 (42),
242 (14), 185 (10), 114 (8), 69 (5), 42 (8%). HR-MS. Calcd for [M+Na‘]
(Br”): m/z 499.0224, found: m/z 499.0219. Calcd for [M+Na*] (Br®):
m/z 501.0204, found: m/z 501.0198.

5-(1,3-Dimethyl-7-nitro-2,4-dioxo-1,3,4,5-tetrahydro-2H-
chromeno|2,3-d]pyrimidin-5-yl)-1,3-dimethylpyrimidine-
2,4,6(1H,3H,5H)-trione (1f) White solid; yield 1.28 g (96%); mp
266-268°C; 'H NMR: § 2.95 (s, 3H, CHg), 3.12 (s, 3H, CHX), 3.21 (s, 3H,
CH,), 3.48 (s, 3H, CH,), 4.27 (m, 1H, CH), 5.03 (m, 1H, CH), 758 (d,
J=9.0Hz, 1H, Ar), 8.06 (s, 1H, Ar), 8.26 (d, J,=9.0Hz, 1H, Ar); BC NMR:
8 27.7 (2C), 27.9, 29.0, 33.6, 54.3, 85.3, 118.0, 122.1, 124.2, 124.8, 128.5,
144.3, 149.8, 151.1, 153.6, 161.0, 166.7, 167.2; IR: v 2964, 1695, 1645, 1582,
1525, 1460, 1385, 1254, 1091 cm™; MS: m/z 443 ([M'], 7), 426 (7), 288
(100), 242 (10), 231 (31), 185 (30), 114 (7), 58 (5), 44 (15). HR-MS. Calcd
for [M+Na*]: m/z 466.0969, found: m/z 466.0965.

5-(7-Bromo-9-methoxy-1,3-dimethyl-2,4-dioxo-1,3,4,5-tetrahy-
dro-2H-chromeno[2,3-d]pyri-midin-5-y1)-1,3-dimethylpyrimi-
dine-2,4,6(1H,3H,5H)-trione (1g) White solid; yield 1.48 g (97%);
mp 232-234°C; 'H NMR: § 2.94 (s, 3H, CHs), 3.1 (s, 3H, CH3), 3.21 (s,
3H, CHE), 3.40 (s, 3H, CHE), 391 (s, 3H, CHB), 4,02 (m, 1H, CH), 4.79 (m,
1H, CH), 6.86 (s, 1H, Ar), 7.32 (s, 1H, Ar); BC NMR: & 27.7, 27.9 (2C), 28.9,
35.3, 54.2, 56.8, 85.0, 115.2, 117.2, 121.2, 122.7, 138.1, 148.3, 149.8, 151.1,
153.7, 161.1, 166.7, 167.2; IR: v 2946, 1693, 1669, 1637, 1579, 1481, 1379,
1229, 1104, 628 cm™; MS: m/z 508 ([M], 5, Br®!), 506 ([M*], 5, Br’), 370
(8), 351 (100), 294 (15), 42 (6%). HR-MS. Calcd for [M + Na*] (Br’®): m/z
529.0329, found: m/z 529.0325. Calcd for [M + Na*] (Br®): m/z 531.0310,
found: m/z 531.0307.

5-(7,9-Dichloro-1,3-dimethyl-2,4-dioxo-1,3,4,5-tetrahydro-
2H-chromeno|2,3-d]pyrimidin-5-yl)-1,3-dimethylpyrimidine-
2,4,6(1H,3H,5H)-trione (1h) White solid; yield 1.35 g (96%); mp
220-222°C; 'H NMR: $ 2.99 (s, 3H, CH3), 3.11 (s, 3H, CH3), 3.20 (s, 3H,
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CH3), 3.48 (s, 3H, CHB), 4.15 (m, 1H, CH), 4.91 (m, 1H, CH), 7.23 (s, 1H,
Ar), 7.79 (s, 1H, Ar); B*C NMR: § 27.8, 28.0 (2C), 29.0, 34.3, 54.5, 85.3, 121.9,
124.3, 126.9, 129.1, 129.5, 144.4, 149.7, 151.2, 153.5, 161.0, 166.6, 167.0; IR:
v 2957, 1686, 1645, 1575, 1452, 1375, 1260, 1195, 851, 757 cm™; MS: 470
(IM*], 1, CIP’CI?), 468 ([M*], 4, CI3CI¥), 466 ([M*], 6, CI*C1*), 351 (4),
311 (100), 254 (41), 211 (15), 199 (11), 148 (8), 69 (9), 42 (15%). HR-MS.
Calcd for ([M+Na*] (CI*CI®): m/z 489.0339, found m/z 489.0337. Calcd
for [M+Na*] (CI’CI*®): m/z 491.0311, found: m/z 491.0305. Calcd for
[M+Na*] (CI"CI¥): m/z 493.0281, found: m/z 493.0292.
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