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Cascade assembly of N,N0-dialkylbarbituric acids and aldehydes in the presence of bromine leads to the
selective and efficient formation of substituted 1,5-dihydro-2H,20H-spiro(furo[2,3-d]pyrimidine-6,50-
pyrimidine)-2,20,4,40 ,60-(10H,3H,30H)-pentones in 70–88% yields via a complex cascade process. Spirobar-
biturates containing the furo[2,3-d]pyrimidine framework are a class of compounds with interesting
pharmacological and physiological activity.
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The discovery of novel synthetic methodologies to facilitate the
preparation of compound libraries is a pivotal focal point of re-
search activity in the field of modern medicinal and combinatorial
chemistry.1 Molecular complexity and diversity in natural and bio-
logically relevant systems encourage chemists to investigate new
methods and reactions.

One powerful approach towards this goal is to combine two or
more distinct reactions into a single transformation, thereby pro-
ducing cascade reactions as a sequential process. Cascade reactions
have been utilized to introduce molecular complexity from readily
available starting materials by combining two or more reactions
into a single transformation.2 As such, cascade reactions are of
increasing importance in modern organic chemistry. This is not
only due to the need for more efficient and less labour-intense
methods, but also a consequence of the increasing importance of
environmental considerations in chemistry.

2,4,6(1H,3H,5H)-Pyrimidinetriones are a type of privileged
medicinal scaffold also known as barbiturates (derivatives of barbi-
turic acid), are well-known class of drugs that act as central ner-
vous system depressants and by virtue of this they produce a
wide spectrum of effects, from mild sedation to anaesthesia.3 They
are also effective as anxiolytics and as anticonvulsants.3a,4 Pheno-
barbital is the most widely used anticonvulsant and the oldest still
ll rights reserved.

+7 499 135 53 28.
in use.5 The current interest in barbiturates arises from their phar-
macological potential as analeptics, immunomodulating, anti-AIDS
and anticancer agents.6

Among 2,4,6(1H,3H,5H)-pyrimidinetriones, spirobarbiturates
are a class of compounds with interesting pharmacological and
physiological activity.7 The spirobarbiturate system incorporates
a spiro-connected hexahydropyrimidine-2,4,6-trione heterocyclic
ring and may be promising with respect to biological responses.

During the course of our studies on cascade and multicompo-
nent reactions we suggested a new strategy to cyclopropanes by
chemical and electrocatalytic construction of substituted cyclopro-
pane rings8 from CH-acids,9 activated olefins and CH-acids10 and
carbonyl compounds and CH-acids.11

Recently, we reported the first example of the cascade assembly
of a spirocyclopropane structure via direct transformation of
benzylidenemalononitriles and N,N0-dialkylbarbituric acids into
substituted 2-aryl-4,6,8-trioxo-5,7-diazaspiro[2.5]octane-1,1-di-
carbonitriles12 (Scheme 1).

Continued investigations in this area resulted in a cascade pro-
cess, namely direct cascade transformation of aromatic aldehydes
1a–j and N,N0-dialkylbarbituric acids 2a,b into spiro(furo[2,3-
d]pyrimidine-6,50-pyrimidine)pentones 3a–m (Scheme 2, Table 1).

Under the conditions of method A (bromine as the active halo-
gen compound, 1.2 equivalents of EtONa as base, and ethanol as
solvent) aldehydes 1a–j and N,N0-dialkylbarbituric acids 2a,b were
transformed into the corresponding substituted spiro(furo[2,3-
d]pyrimidine-6,50-pyrimidine)pentones 3a–m in 75–88% yields
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Table 1
Cascade one-pot transformation of aldehydes 1a–j and N,N0-dialkylbarbituric acids 2a,b into spiro(furo[2,3-d]pyrimidine-6,50-pyrimidine)pentones 3a–ma,14

Entry Aldehyde Barbituric acid R1 R2 Product, method, yieldb (%)

1 1a 2a H Me 3a, A (88); B (83)
2 1b 2a 4-Me Me 3b, A (86); B (81)
3 1c 2a 4-t-Bu Me 3c, A (85); B (78)
4 1d 2a 2-MeO Me 3d, A (77); B (69)
5 1e 2a 4-MeO Me 3e, A (82); B (70)
6 1f 2a 2-Cl Me 3f, A (85); B (79)
7 1g 2a 3-Cl Me 3g, A (88); B (81)
8 1h 2a 4-Cl Me 3h, A (82); B (73)
9 1i 2a 3-Br Me 3i, A (86); B (80)

10 1j 2a 4-NO2 Me 3j, A (79); B (75)
11 1a 2b H Et 3k, A (75); B (68)
12 1b 2b 4-Me Et 3l, A (82); B (74)
13 1j 2b 4-NO2 Et 3m, A (85); B (79)

a Method A: 10 mmol of aldehyde 1, 20 mmol of N,N0-dialkylbarbituric acid 2, 10 mmol of bromine, 12 mmol of EtONa, 20 mL of EtOH, 3 h. Method B: 10 mmol of aldehyde
1, 20 mmol of N,N0-dialkylbarbituric acid 2, 10 mmol of bromine in 50 mL of H2O, 20 mL of EtOH, 40 �C, 1 h.

b Isolated yield (isolation by filtration of the reaction mixture).
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(Table 1). Method A was earlier used for the direct transformation
of benzylidenemalononitriles and N,N0-dialkylbarbituric acids
into substituted 2-aryl-4,6,8-trioxo-5,7-diazaspiro[2.5]octane-1,1-
dicarbonitriles12 (Scheme 1).

Recently, we developed new conditions avoiding the use of a
base for the cascade synthesis of tetracyanocyclopropanes from
benzylidenemalononitriles and malononitrile.13 This process was
accomplished by the direct action of bromine as shown in Method
B, Scheme 2. Thus, the next step of our research was investigation
of spiro(furo[2,3-d]pyrimidine-6,50-pyrimidine)pentones 3a–m
formation from aldehydes 1a–j and N,N0-dialkylbarbituric acids
2a,b by the direct action of bromine using Method B, (Table 1).
The yields of spiro(furo[2,3-d]pyrimidine-6,50-pyrimidine)pen-
tones 3a–m using Method B were generally slightly lower, in the
range of 68–83%.
Based on the above results and the mechanistic data on the cas-
cade transformation of alkylidenemalononitriles and malononitrile
into tetracyano-substituted cyclopropanes,15 the cascade transfor-
mation of benzylidenemalononitriles and N,N0-dialkylbarbituric
acids into substituted 2-aryl-4,6,8-trioxo-5,7-diazaspiro[2.5]-
octane-1,1-dicarbonitriles12 and the direct cascade conversion of
carbonyl compounds and malononitrile into substituted tetracy-
anocyclopropanes,16 the following mechanism for the transforma-
tion of aldehydes 1a–j and barbituric acids 2a,b into the
spiro(furo[2,3-d]pyrimidine-6,50-pyrimidine)pentones 3a–m in
the presence of EtONa is proposed (Method A, Scheme 3).

In the first step benzylidenebarbituric acid 4 is formed via
Knoevenagel condensation of aldehyde 1 and N,N0-dialkylbarbitu-
ric acid 2 in the presence of EtONa. Next, Michael addition of a sec-
ond N,N0-dialkylbarbituric acid 2 to the benzylidenebarbituric acid
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4 takes place in the presence of EtONa to give anion A. Bromina-
tion of anion A gives substituted 5-bromo-5-[aryl(2,4,6-trioxo-
hexahydropyrimidin-5-yl)methyl]pyrimidine-2,4,6(1H,3H,5H)-trione
5. Finally, cyclization of 5 into substituted 1,5-dihydro-2H,20H-spiro
(furo[2,3-d]pyrimidine-6,50-pyrimidine)-2,20,4,40,60-(10H,3H,30H)-pen-
tone 3 takes place in alcoholic solution (Scheme 3).

Of more interest was spiro(furo[2,3-d]pyrimidine-6,50-pyrimi-
dine)pentone 3 formation directly from aldehydes 1 and N,N0-dial-
kylbarbituric acids 2 via the direct action of bromine (Method B,
Scheme 4). In this case, rapid Knoevenagel condensation of alde-
hyde 1 with N,N0-dialkylbarbituric acid 2 takes place in the absence
of base, as was reported earlier,17 along with simultaneous bro-
mination of N,N0-dialkylbarbituric acid 2 to give bromobarbituric
acid 6. Then, addition of bromobarbituric acid 6 to benzylidenebar-
bituric acid 4 results in the formation of spiro(furo[2,3-d]pyrimi-
dine-6,50-pyrimidine)pentones 3 in a manner similar to that of
Method A (Scheme 4).

In summary, a new cascade assembly of barbituric acids and
aldehydes leading to the selective and efficient formation of
substituted 1,5-dihydro-2H,20H-spiro(furo[2,3-d]pyrimidine-6,50-
pyrimidine)-2,20,4,40,60-(10H,3H,30H)-pentones in 70–88% yields is
reported. The cascade process proceeds smoothly with aromatic
aldehydes bearing both electron-donating and electron-withdraw-
ing groups. This novel process offers a facile and convenient method
to prepare diversely substituted privileged spirobarbiturates, which
are a class of small-molecule ligands with different biomedical prop-
erties. The developed cascade procedures require simple and rea-
sonable starting materials. The reaction products are crystallized
directly from the reaction mixture. These novel types of cascade pro-
cesses bring us closer to the notion of ‘ideal synthesis’.18
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