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Multicomponent reactions (MCRs) are now one of the main 
synthetic routes in a diversity-oriented way to maximum 
structural complexity in minimum steps.1−3 In tandem  processes, 
several stages follow one after another, and the subsequent 
stage is dependent on the type of new functional groups formed 
in the previous one.4 This methodology has many advantages 
and has been developing successfully in the last two decades.5 
Tandem Knoevenagel–Michael reaction is also known in 
organic chemistry,6 and until now, investigations in this area are 
in progress.7,8

The use of privileged structures (scaffolds) is a rapidly 
developing area in medicinal chemistry. These structures are the 
classes of molecules capable of binding to multiple receptors 
with high affinity. The use of these definitions assists the 
medicinal chemist in discovering biologically active compounds 
with a broad range of therapeutic activities.9 Barbiturates 
(pyrimidine-2,4,6-trione derivatives) represent a privileged 
medicinal scaffold10 in different central nervous system drugs, 
sedatives, anticonvulsants, and anaesthetic agents.11 Nowadays, 
a renewed interest to them arose because pyrimidinetrione 
template is an efficient zinc-chelating moiety and, thus, such 
derivatives demonstrate high selectivity toward matrix metallo-
proteinases responsible for cancer progression.12 On the other 
hand, among different O-containing heterocycles 2H-pyran-2-
ones are highly abundant in bacteria, microbial, plant, insect, and 
animal systems and take part in many types of biological 
processes.13 Derivatives of 4-hydroxy-2H-pyran-2-ones exhibit 
anti-HIV14 and anticancer15 properties.

Spirocycles have been employed as privileged structures in 
drug discovery16 since they have a reasonable balance between 
conformational rigidity and flexibility, which could lead to 
finding bioactive hits.17 Barbiturate-containing spirocycles are 
a family of chemical entities with a wide range of biological 

activities and important medical applications.18 Thus, spiro 
barbiturates have been established to exhibit neuro-
pharmacological effects.19 Recently, 1-phenyl-5,7-diaza-
spiro[2.5]octane-4,6,8-trione was identified as a tumor necrosis 
factor-alpha (TNF-α)-converting enzyme and matrix metallo-
proteinase inhibitor, suggesting that it could be used to treat 
a variety of inflammatory, infectious, and immunological 
diseases.20

Earlier,21 we have realized multicomponent electrocatalytic 
approach to unsymmetrical spiro[furo[3,2-c]pyran-2,5'-
pyrimidines] in an undivided cell in the presence of sodium 
halides with 70‑85% yields. We have also accomplished 
spirocyclization of morpholinium 3-[(aryl)(1,3-dimethyl-2,4,6-
trioxohexahydropyrimidin-5-yl)methyl]-6-methyl-2-oxo-2H-
pyran-4-olates by the action of AcONa/NBS system in ethanol at 
room temperature with the formation of similar derivatives in 
90‑95% yields.22 Considering our experience in tandem and 
multicomponent reactions with the formation of complex 
heterocyclic compounds23,24 and their biomedical applications, 
we intended to design a more convenient access to spiro-
[furo[3,2-c]pyran-2,5'-pyrimidine] scaffold.

This research is devoted to the selective and efficient three-
component assembling of aromatic aldehydes 1a‑j, N,N'-
dimethylbarbituric acid, and 4-hydroxy-6-methyl-2H-pyran- 
2-one into spiro[furo[3,2-c]pyran-2,5'-pyrimidines] 2a‑j in 
alcohol under the action of base–oxidant systems (Scheme 1). To 
optimize the conditions, benzaldehyde 1a was tested as the 
model substrate which was converted into 1',3',6-trimethyl-3-
phenyl-2'H,3H,4H-spiro[furo[3,2-c]pyran-2,5'-pyrimidine]-
2',4,4',6'(1'H,3'H)-tetraone 2a (Table 1).

Earlier, we used base–molecular halogen system to carry out 
one-pot transformation of alkylidenemalononitriles and malono-
nitrile into substituted 1,1,2,2-tetracyanocyclopropanes25 as well 
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as for the analogous one-pot reaction of carbonyl compounds 
and malononitrile.26 Sodium acetate is an inexpensive, nontoxic 
and readily available base catalyst for many types of organic 
reactions. In this study, NaOAc was found to be a sufficiently 
good base in the base-NBS oxidant system (see Table 1, entry 7). 
Triethylamine, an N-type base, is catalytically efficient for the 
Knoevenagel condensation and Michael addition reactions at 
room temperature providing good to excellent yields of 
products.27 In our work, Et3N was found to be the best base 
in the base-NBS oxidant system (entries 9, 11−14). N-Bromo-
succinimide (NBS) is an efficient, selective, and versatile reagent 
in organic chemistry28 and usually more selective than molecular 
bromine.28−30 In this research, it turned out to be the best oxidant 
for our purpose (entries 7, 9−14).

Under the conditions of method A with the simultaneous 
addition of Et3N and NBS, the best result was achieved with 
EtOH as solvent when product 2a was obtained in a 74% yield 
(see Table 1, entry 9). The next improvement has been 
implemented in method B, when NBS was added 30 min after 
introducing Et3N. With method B, product 2a was obtained in 
the best 91% yield (entry 13).

Under the optimal conditions thus found [EtOH, ambient 
temperature, Et3N (30 min), NBS (30 min), (method B)], 
compounds 2a−j were obtained in 83–92% yields from the 
corresponding benzaldehydes 1a–j (see Scheme 1). In all these 
cases, after the end of the reaction the mixture was filtered, 
the solid on filter was rinsed with minimum ice-cold ethanol/
water solution (1 : 1), and dried under reduced pressure. 
Compounds 2a–c are known,21,22 while the structure of new 
compounds 2d–j was confirmed by 1H, 13C NMR, and IR 
spectroscopy, as well as mass spectrometry data.

Taking into consideration the above result and the data for 
the mechanisms of the multicomponent transformations of 
carbonyl compounds and CH acids,31 the mechanism for the 
multicomponent transformation of aldehydes 1, N,N'-dimethyl-
barbituric acid, and 4-hydroxy-6-methyl-2H-pyran-2-one into 
spiro derivatives 2 may be proposed (Scheme 2). In the first 
stage, Et3N-catalyzed reaction of aldehyde 1 and N,N'-di-
methylbarbituric acid results in the Knoevenagel adduct 3 
formation. Further Michael addition of 4-hydroxy-6-methyl-2H-
pyran-2-one to the activated double bond of the Knoevenagel 
adduct 3 leads to the Michael adduct 4. Bromination of the latter 
with NBS affords bromo intermediate 5 whose final base-
assisted cyclization leads to the final spiro[furo[3,2-c]pyran-
2,5'-pyrimidine] 2.

In conclusion, the new type of chemical one-pot Knoevenagel–
Michael reaction followed by NBS-induced cyclization was 
found, namely, the straightforward multicomponent assembly of 
aldehydes 1, N,N'-dimethylbarbituric acid, and 4-hydroxy-6-
methyl-2H-pyran-2-one into substituted spiro[furo[3,2-c]- 
pyran-2,5'-pyrimidines] 2 in 83–92% yields. This one-pot 
procedure is very efficient and convenient, the reaction occurs 
under mild conditions and the products do not demand 
chromatographic purification. The compounds thus obtained 
seem promising for different biomedical applications since 
they contain privileged moieties in their structures, and can 
also find application for the synthesis of new potential drug 
libraries.

Online Supplementary Materials
Supplementary data associated with this article can be found 

in the online version at doi: 10.71267/mencom.7660.

Table  1  Optimization of the one-pot synthesis of spiro[furo[3,2-c]pyran-
2,5'-pyrimidine] 2a.a

Entry Method Base Oxidant Solvent t/min
Yield of 
2a (%) 

1 A KOH Br2 EtOH 30 35
2 A KOH I2 EtOH 30 32
3 A NaOH Br2 EtOH 30 39
4 A NaOH I2 EtOH 30 35
5 A NaOAc Br2 EtOH 30 46
6 A NaOAc I2 EtOH 30 41
7 A NaOAc NBS EtOH 30 65
8 A Et3N Br2 EtOH 30 56
9 A Et3N NBS EtOH 30 74
10 A morpholine NBS EtOH 30 69
11 A Et3N NBS MeOH 30 67
12 A Et3N NBS PriOH 30 64
13 B Et3N NBS EtOH 30 + 30 91
14 B Et3N NBS EtOH 30 + 60 88

a Benzaldehyde 1a (2 mmol), N,N'-dimethylbarbituric acid (2 mmol), 
4-hydroxy-6-methyl-2H-pyran-2-one (2 mmol), base (2 mmol) and oxidant 
(2.4 mmol) were stirred in a solvent (5 ml) at ambient temperature (30 min) 
[method A]. Benzaldehyde 1a (2 mmol), N,N'-dimethylbarbituric acid 
(2  mmol), 4-hydroxy-6-methyl-2H-pyran-2-one (2 mmol), and base 
(2 mmol) were stirred in EtOH (5 ml) at ambient temperature for 30 min, 
then NBS (2.4 mmol) was added, and stirring was continued for another 
30 min [method B].

Ar O

1a−j

2a−j

a Ar = Ph (91%)
b Ar = 2-MeC6H4 (92%) 
c Ar = 4-MeC6H4 (90%) 
d Ar = 3-MeOC6H4 (88%) 
e Ar = 2-FC6H4 (86%)

f  Ar = 4-FC6H4 (85%)
g Ar = 2-BrC6H4 (83%)  
h Ar = 4-BrC6H4 (85%)

 i  Ar = 2-ClC6H4 (84%)
 j  Ar = 3-ClC6H4 (86%)
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