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A series of new 3-pyrimidin-5-ylpropanamides was selectively synthesized via a microwave-assisted,
chemoselective reaction of arylidene-Meldrum’s acid, 6-hydroxypyrimidin-4(3H)-one, and structurally diverse
amines including (S or R)-1-phenylethanamine, cyclohexanamine, and cyclopentanamine depended on nature
of solvents. In this reaction, the utilization of HOAc as a solvent leads to 3-pyrimidin-5-ylpropanamides,
whereas water as reaction media results in the spiro[5.5]undecane-1,5,9-triones from same starting materials.
This method has the advantages of short synthetic route, operational simplicity, increased safety for small-
scale high-speed synthesis, and minimal environment impact.

Introduction

Selectivity is a key issue to be controlled in organic
synthesis. In particular, chemoselectivity is synthetically
useful because it gives one of several products selectively
from the same substrate without the need to separate the
products from the product mixture. It continues to be
developed as organic synthesis strives for ever-increasing
levels of efficiency. As a result, many studies have focused
on the chemoselectivity of reactions.1 In recent years, many
reports have dealt with the control of chemoselectivity
reactions with metal catalysts,1a-e while solvent-dependent
chemoselective reactions have been researched in relatively
few papers.1g-i Therefore, the development of highly solvent-
dependent chemoselective reactions remains a challenge.

It is well-known that heterocycles are abundant in nature
and are of great significance to life because their structural
subunits exist in many natural products such as vitamins,
hormones, antibiotics, and alkaloids, as well as pharmaceu-
ticals, herbicides, dyes, and many more compounds. The
pyrimidines and their derivatives as a class of extremely
important heterocyclic compounds are used in a wide array
of synthetic and industrial applications. They not only are
an integral part of the genetic materials, namely, DNA and
RNA as nucleotides and nucleosides, but also play critical
roles especially in pharmaceutical fields.2 Some pyrimidine
derivatives can give stable and good quality nanomaterials
having many important electrical and optical properties,3 and
they can also be also used as functional materials.4 Therefore,
the synthesis of these structures has attracted considerable

attention.5 However, the synthesis of 3-pyrimidin-5-ylpro-
panamides has not stimulated much interest so far. In this
paper, we would like to report a chemoselective reaction of
arylidene-Meldrum’s acid with 6-hydroxypyrimidin-4(3H)-
one and structurally diverse amines by controlling the nature
of solvents to give 3-pyrimidin-5-ylpropanamides in good
to excellent yields (Scheme 1).

Results and Discussion

The choice of an appropriate reaction media is of crucial
importance not only for successful microwave-promoted
synthesis but also for the effective control of chemoselective
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Scheme 1. Chemoselective Synthesis of
3-Pyrimidin-5-ylpropanamides and
Spiro[5.5]indecane-1,5,9-triones

Table 1. Optimization of Chemoselectivity Conditions in the
Synthesis of Compounds 4a and 5a

product

entry solvent time (min) 4a 5a

1 ethylene glycol 19 56 13
2 DMF 20 49 23
3 ethanol 22 59 19
4 HOAc 20 84 trace
5 water 22 trace 38

J. Comb. Chem. 2009, 11, 310–314310

10.1021/cc800175n CCC: $40.75  2009 American Chemical Society
Published on Web 01/05/2009



Table 2. Synthesis of Compounds 4, 5, and 7 under Microwave Irradiation Conditions
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reaction. To choose the optimum solvent, the microwave-
assisted reaction of arylidene-Meldrum’s acid 1a (1 mmol)
with equimolar 6-hydroxypyrimidin-4(3H)-one 2 and (S)-1-
phenylethanamine 3a was examined at 100 °C using ethylene
glycol, N,N-dimethylformamide (DMF), and ethanol as
solvent. All the reactions were performed under microwave
irradiation (initial power 100 W and maximum power 250
W). The results of the screening of solvents are presented
in Table 1. It was observed that both 3-pyrimidin-5-
ylpropanamides 4a and spiro[5.5]undecane-1,5,9-triones 5a
could be obtained in the above solvents. When the reaction
was carried out in glacial acetic acid (HOAc), the product
4a was generated in good yield without byproducts, whereas
when water was used as a solvent, only spiro[5.5]undecane-
1,5,9-triones 5a was obtained (Table 1). It is worth noting
that the reaction could be controlled to exclusively yield 4a
or 5a by varying reaction media.

Under the conditions described above, the scope of these
multicomponent reactions (MCRs) was examined using
various easily available starting materials (Table 2). A range
of valuable new elaborated structures of 4 were synthesized
in good to excellent yields by simply microwave heating an
acetic acid solution of structurally diverse arylidene-Mel-
drum’s acid 1, 6-hydroxypyrimidin-4(3H)-one (2), and
various amines 3.

Initially, to test the scope of arylidene-Meldrum’s acid,
6-hydroxypyrimidin-4(3H)-one 2 and (S)-1-phenyletha-
namine 3a were used as model substrates, and the results
(Table 2, entries 1-8) indicated that arylidene-Meldrum’s

acid bearing functional groups such as nitro, bromo, fluoro,
or methoxy are suitable for the reaction. We have also
observed delicate electronic effects, that is, arylidene-
Meldrum’s with electron-withdrawing groups (Table 2,
entries 4-8) reacted rapidly, while electron-rich groups
(Table 2, entries 1-3) decreased the reactivity, requiring
longer reaction times.

To expand the scope of amine substrates, we used different
arylidene-Meldrum’s acids and 6-hydroxypyrimidin-4(3H)-
one 2 as model substrates and examined various amine
including (R)-1-phenylethanamine (3b), cyclohexanamine
(3c), and cyclopentanamine (3d). In all these cases, the

Scheme 2. Synthesis of Quinolin-2(1H)-one Derivative 6

Scheme 3. Synthesis of Pyrimidin-5-ylpropanoic acids 7a-7f

Figure 1. ORTEP drawing of 4d.

Figure 2. ORTEP drawing of 4o.

Figure 3. ORTEP drawing of 4x.

Figure 4. ORTEP drawing of 5e.

Scheme 4. Possible Reaction Mechanism of Products 4
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reactions proceeded smoothly to give the corresponding
3-pyrimidin-5-ylpropanamides 4a-hh in good yields of
69-91%. Impressively, the 1H NMR analysis of the products
4a-n indicates the presence of a mixture of two diastere-
oisomers resulting from generation of a new asymmetric
carbon. The ratio of the isomers was close to 1:1 as
demonstrated by 1H NMR integration of the crude mixture.
Moreover, the heterocyclic arylidene-Meldrum’s acid, such
as thiophene-2-yl-Meldrum’s acid still displayed high reac-
tivity and clean reaction under this standard condition (Table
2, entry 35),. It was important to notice that this protocol
could be applied not only to aliphatic amines (Table 2, entries
1-14) but also to alicyclic amines (Table 2, entries 15-35).
Unfortunately, when aromatic amines 3e-g were used as
precursor instead of aliphatic amines to react with arylidene-
Meldrum’s acid 1d and 6-hydroxypyrimidin-4(3H)-one 2 in
HOAc under microwave heating, we could not get the desired
poly-substituted 3-pyrimidin-5-ylpropanamides in any cases.
Instead, the quinolin-2(1H)-one derivative 6a-c were ob-
tained in good yields (Scheme 2); the synthesis of these
structures has been reported.6 The reason may be that the
aromatic amines have two nucleophilic centers, which were
simultaneously utilized in one-pot reaction and easily resulted
in the quinolin-2(1H)-one derivative 6.

In addition, spirocyclic compounds involving in Mel-
drum’s acid unit are attractive intermediates in the
synthesis of natural products and in medicinal chemistry
and are the starting materials for the synthesis of exotic
amino acids, which are used to modify the physical
properties and biological activities of peptides, peptido-
mimetics, and proteins.7 Thus, the synthesis of new highly
substituted spiro ring system may have potential biologic
interest. Impressively, in our reaction progress, spirotriones
possessing Meldrum’s acid unit was selectively synthe-
sized by screening the reaction media. The treatment of
arylidene-Meldrum’s acid 1a with equimolar 6-hydroxy-
pyrimidin-4(3H)-one 2 and (S)-1-phenylethanamine 3a in
water generate spiro[5.5]undecane-1,5,9-triones 5a as a
single diastereomer in 38% yield. Obviously, 6-hydroxy-
pyrimidin-4(3H)-one did not take part in the reaction for
spirotriones; (S)-1-phenylethanamine has acted not only
as a reactant but as a base catalyst. To demonstrate the
generality of this methodology, structurally diverse
arylidene-Meldrum’s acid with electron-withdrawing groups
or electron-rich groups on the phenyl ring were employed
to react with (S)-1-phenylethanamine in water, leading to
a series of spiro[5.5]undecane-1,5,9-triones 5 with high
syn-selectivities, accompanied with byproduct acetamides.

In the further investigation, other amines, for example,
(R)-1-phenylethanamine, cyclohexanamine, and cyclopen-
tanamine in water can generate same spirocyclic pro-
ducts 5.

To further investigate this process, reactions of arylidene-
Meldrum’s acid 1 with 6-hydroxypyrimidin-4(3H)-one 2 and
amines 3a were carried out in formic acid (pKa ) 3.77)8

whose pKa value was lower than that of acetic acid (pKa )
4.76).8 Surprisingly, we could not get the expected product
4, instead pyrimidin-5-ylpropanoic acids 7 were obtained in
good yields (Scheme 3). The results indicated that amine 3a
might have formed ammonium salt by reacting with formic
acid, losing the nucleophilicity.

The structures of all of the synthesized compounds were
established on the basis of their spectroscopic data. The
structures of 4d, 4x, 4o, and 5e were established by X-ray
crystallographic analysis (Figure 1-4, respectively).The IR
spectra of compound 4k showed strong absorptions at 3312
cm-1 from NH group and at 1651 cm-1 from CdO group.
The 1H NMR spectrum of 4k showed two doublets at δ 1.26
and 1.24, respectively, from the -CH3, a singlet at δ 7.94
from the NH proton (exchanged with D2O), and two doublets
at δ 8.29 and 8.24 from the CH proton in the pyrimidine
ring.

A reasonable mechanism for the formation of the product
4 is outlined in Scheme 4. The formation of the product 4 is
expected to proceed via initial Michael addition to afford
intermediate A, which converted to 3-pyrimidin-5-ylpro-
panamides 4 upon reaction of amines 3. The formation of
the spirotriones 5 is likely to proceed via initial SNA
(nucleophilic acyl substitution) type reaction9 to yield
cinnamamides B, which further undergoes in situ Michael
addition with enamine C to generate intermediate D. The
2-amine-1,3-butadiene E and amides would be formed by
elimination reaction of intermediate D, and the following
Diels-Alder reaction occurs to complete the final spirotri-
ones 5 (Scheme 5). This hypothesis is also supported by the
mechanistic investigation of proline-catalyzed spirotriones
formation through the reaction of aldehyde and Meldrum’s
acid with enones reported by Barbas III et al.7a,10

Conclusion

In summary, we have successfully combined the advan-
tages of microwave technology with chemoselective multi-
component reactions to facilitate the rapid construction of
3-pyrimidin-5-ylpropanamide, 3-pyrimidin-5-ylpropanoic acid,
and spiro[5.5]undecane-1,5,9-triones skeletons by screening

Scheme 5. Possible Reaction Mechanism of Products 5
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the nature of solvents from readily obtainable and inexpen-
sive materials. Particularly valuable features of this method
included the good to excellent yields and operational
simplicity, as well as increased safety for small-scale high-
speed synthesis. In addition, this series of new 3-pyrimidin-
5-ylpropanamides may prove new classes of biological active
compounds for biomedical screening, which is in progress
in our laboratory.
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