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w years, the application of privileged structures 
 useful way for the discovery of new biologically 

ds.1 The scaffolds in question are mainly the rigid 
mpounds with special orientation of functional 
 target recognition. The creation of a facile and 
 for selective synthesis of privileged scaffolds is 
al of modern organic chemistry.2

are known as a privileged medicinal scaffold3 in 
l nervous system drugs, including sedatives, 

, and anesthetics.4 Nowadays, the new interest to 
s arisen because their pyrimidine-2,4,6-trione 
und to be an efficient zinc-chelating moiety, and 
s demonstrated high selectivity toward matrix 
ses responsible for cancer progression.5 On the 
-pyran-2-one is highly abundant in bacteria, 
, insect and animal systems. Its derivatives take 
e against other organisms and serve as key 
termediates or metabolites.6 Derivatives of 
yran-2-ones exhibit anti-HIV7 and anticancer8 

ong natural compounds with 2H-pyran-2-one 
n is a cardiotonic steroid and anticancer agent.9

have been employed as core structures and are 
n drug discovery.10,11 Barbiturate-containing 
a class of chemical entities with a wide range of 
ities and important medical applications.12 Thus, 
tes have been established to exhibit neuro
l effects.13 They are inhibitors of matrix 
se 13 (MMP-13)14 and dihydroorotate dehydro-
ase).15

Taking into consideration our experience in carrying out 
different types of chemical processes with the formation of 
spirocyclic heterocyclic compounds16-18 and sufficient bio-
medical applications of spirocyclic barbiturates, we planned 
to design the efficient cyclization methodology for the one-step 
direct conversion of morpholinium 3-[(aryl)(1,3-dimethyl-2,4,6-
trioxohexahydropyrimidin-5-yl)methyl]-6-methyl-2-oxo-2H-
pyran-4-olates 1a-j into non-symmetrically substituted 3-aryl-
2′H,3H,4H-spiro[furo[3,2-c]pyran-2,5′-pyrimidine]-2′,4,4′,6′- 
(1′H,3′H)-tetrones 2a-j (Scheme 1). To find the best cyclization 
reaction conditions, we have performed the one-pot cyclization 
of model repersentative 1a into product 2a using various base– 
oxidant systems (Table 1).

Bromine is often used in oxidative cross dehydrogenation 
cyclization reactions providing formation of new carbon–carbon 
and carbon–heteroatom bonds.19 Earlier we suggested base– 
molecular halogen system for direct synthesis of substituted 
1,1,2,2-tetracyanocyclopropanes from alkylidenemalononitriles 
and malononitrile,20,21 or from carbonyl compounds and malono-
nitrile22 as well as for direct assembling of spiro cyclopropane 
barbiturates from two or three different molecules.23 Thus, 
initially we tested bromine as an oxidant and KOH, NaOH and 
NaOAc as bases (see Table 1, entries 1-3). Under these 
conditions, spiro[furo[3,2-b]pyran-2,5′-pyrimidine] 2a was 
obtained in 47-55% yields. Molecular iodine has recently been 
recognized as an inexpensive, nontoxic, readily available reagent 
to affect different types of oxidative cyclization reactions.24 In 
our experiments, iodine provided formation of product 2a in 
67-74% yields (entries 4, 5).
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lds, the protocol allowing to avoid column 
y purification. This new highly efficient and 
re is a convenient way to substituted 
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ising for biomedical applications.
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Sodium acetate is inexpensive, nontoxic and readily available 
catalyst for some organic reactions.25,26 We have earlier found 
sodium acetate to catalyze stereoselective multicomponent 
cyclization of benzaldehydes, malononitrile and acetone into cis-
2,6-diaryl-4-(dicyanomethylene)cyclohexane-1,1-dicarbo-
nitriles.27 In this research, NaOAc was found to be the best base 
in a base-oxidant system (see Table 1, entries 3, 5 and 8). 
N-Bromosuccinimide (NBS) is one of the most common and 
versatile reagents in organic chemistry28 and has been employed 
in various reactions with new C–C,29 C–O,30 C–N31 and C–S32 
bond formation. In this study, we found that NBS was the best 
oxidant for direct oxidative cyclization of morpholinium salt 1a 
into spiro[furo[3,2-b]pyran-2,5′-pyrimidine] 2a (entries  7 and 
9-12). Under the best conditions (NaOAc–NBS oxidative 
system, EtOH as a solvent, ambient temperature, 60 min), 
product 2a was obtained in 97% yield (entry 8).

Under the optimal conditions thus found, spiro[furo[3,2-b]-
pyran-2,5′-pyrimidines] 2a-j were formed in 92-98% yields 
(see Scheme 1).† In all these oxidative cyclization processes, 
after the end of the reaction, the reaction mixture was filtered, 
the solid product was rinsed with an ice-cold ethanol /water 

solution (1 : 1), and dried under reduced pressure to isolate the 
products 2a-j. The structure of new compounds 2b,c,e,g,h,j was 
confirmed by 1H, 13C NMR and IR spectroscopy as well as mass 
spectrometry data and elemental analysis. For all new 
compounds, only one set of signals was observed in 1H and 
13C  NMR spectra. Compounds 2a,d,f,i were earlier obtained 
by electrochemical multicomponent assembly of aromatic 
aldehydes, dimethylbarbituric acid and 4-hydroxy-6-methyl-2H-
pyran-2-one in 77-82% yields.33

With all above results and taking into consideration the data 
on cyclization reaction with the formation of spirocyclic 
compounds,34 the following mechanism for oxidative cyclization 
of morpholinium salts 1 was proposed (see Scheme 1). At the 
first step of the process, morpholinium salt 1 is brominated with 
NBS to form of morpholinium 5-bromo-5-[(2-oxo-2H-pyran-3-
yl)(aryl)methyl]-2,6-dioxopyrimidine. At the next step, inter-
molecular cyclization of the bromine-substituted compound leads 
to final spiro[furo[3,2-c]pyran-2,5′-pyrimidine] derivative 2.

In conclusion, the new type of cyclization reaction was found, 
viz. morpholinium 3-[(aryl)(1,3-dimethyl-2,4,6-trioxohexa-
hydro-pyrimidin-5-yl)methyl]-6-methyl-2-oxo-2H-pyran- 
4-olates have been efficiently cyclized into spiro[furo[3,2-c]-
pyran-2,5′-pyrimidines] using a new base-oxidant system 
AcONa / NBS. This new one-pot procedure is a facile and 
efficient way to the substituted unsymmetrical spiro scaffold 
containing both pyrimidine-2,4,6-trione and 2,3-dihydro-4H-
furo[3,2-c]pyran-4-one fragments, which are promising 
compounds for different biomedical applications, including 
anticonvulsant, anti-AIDS agents and anti-inflammatory 
remedies. This facile procedure utilizes simple equipment and 
does not use heating, whereas the isolation step is 
chromatography-free. Thus, this new method is valuable from 
the viewpoint of diversity-oriented large-scale processes. All 
these advantages make this method valuable 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: 10.1016/j.mencom.2023.06.002.
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Scheme  1  Reagents and conditions: 1a-j (1 equiv.), NBS (1.2 equiv.), NaOAc (1 equiv.), EtOH, ambient temperature, 1 h.

† Compounds 2a-j (typical procedure). A mixture of morpholinium 
3-[(aryl)(1,3-dimethyl-2,4,6-trioxohexahydropyrimidin-5-yl)methyl]-6-
methyl-2-oxo-2H-pyran-4-olate 1a-j (1 mmol), NBS (0.21 g, 1.2 mmol) 
and AcONa (0.08 g, 1 mmol) was stirred in EtOH (4 ml) at room 
temperature for 1 h. After the reaction was complete, the formed solid 
was filtered off, and then rinsed with an ice-cold EtOH/water solution 
(1 : 1, 3 ml), and dried under reduced pressure to afford pure 3-aryl-
1′,3′,6-trimethyl-2′H,3H,4H-spiro[furo[3,2-c]pyran-2,5′-pyrimidine]-
2′,4,4′,6′(1′H,3′H)-tetrone 2a-j. For characteristics of the products, see 
Online Supplementary Materials.

Table  1  Oxidative cyclization of morpholinium 3-[(phenyl)(1,3-dimethyl-
2,4,6-trioxohexahydropyrimidin-5-yl)methyl]-6-methyl-2-oxo-2H-pyran-
4-olate 1a.a

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

  1 Br2 KOH EtOH 60 47
  2 Br2 NaOH EtOH 60 51
  3 Br2 NaOAc EtOH 60 55
  4 I2 NaOH EtOH 60 67
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  8 NBS NaOAc EtOH 60 97
  9 NBS NaOAc MeOH 60 86
10 NBS NaOAc PriOH 60 81
11 NBS NaOAc EtOH 45 70
12 NBS NaOAc EtOH 30 46

a Reactant 1a (1 mmol), base (1 mmol), oxidant (1.2 mmol), solvent (4 ml), 
ambient temperature. b Isolation of 2a by filtration.
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