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Regiospecific one-pot synthesis of pyrimido[4,5-d]pyrimidine
derivatives in the solid state under microwave irradiations

Dipak Prajapati,a,* Mukut Gohaina and Ashim J. Thakurb

aDepartment of Medicinal Chemistry, Regional Research Laboratory, Jorhat 785 006, Assam, India
bDepartment of Chemical Sciences, Central University, Tezpur 784 028, India

Received 26 December 2005; accepted 25 March 2006

Available online 2 May 2006
Abstract—Electron rich 6-[(dimethylamino)methylene]amino uracil 1, undergoes [4+2] cycloaddition reactions with various in situ
generated glyoxylate imine and imine oxides 6 to provide novel pyrimido[4,5-d]pyrimidine derivatives of biological significance, after
elimination of dimethylamine from the (1:1) cycloadducts and oxidative aromatisation. This procedure provides a convenient meth-
od for the direct synthesis of pyrimido[4,5-d]pyrimidines in excellent yields when carried out in the solid state and under microwave
irradiations.
� 2006 Elsevier Ltd. All rights reserved.
The versatility of uracil derivatives for the synthesis of
nitrogen-containing heteroaromatic species of biological
significance has been well documented.1 Pyrimidopyr-
imidines, pyrazolopyrimidines, pyridopyrimidines and
xanthine derivatives have all been prepared by function-
alization of these important heterocyclic building
blocks.2 Among them, pyrimido[4,5-d]pyrimidines and
pyrido[2,3-d]pyrimidines are an important class of
annulated uracils of biological importance3 because of
their connection with purine pteridine systems.4 Several
patents have been reported for the preparation of these
fused heterocycles, derivatives of which are useful as
bronchodilators,5 vasodilators,6 antiallergic,5,7 antihy-
pertensive8 and anticancer5 agents. Most of these prep-
arations rely on cyclocondensation reactions from
pyrimidine or pyridine intermediates. However, this
type of stepwise synthetic strategy limits the synthetic
flexibility. Recently pyrimido[4,5-d]pyrimidine ana-
logues of folic acid have been screened for anti-tumour
activity.9 Therefore, with the aim of the preparation of
these complex molecules, there has been remarkable
interest in the synthetic manipulations of uracils10,
although the synthetic exploitation of the nucleophilic
double bond of uracil is an undeveloped field in view
of a great variety of potential products.11 4-Deazatoxa-
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flavin, a member of the pyrimido[4,5-c]pyridazines,
inhibits the growth of Pseudomonus 568 and also binds
to herring sperm DNA.12 Another approach to the syn-
thesis of pyrimido[4,5-d]pyrimidines reported by Wam-
hoff and Muhr13 is the aza-Wittig type reaction of
iminophosphoranes of 5-amino uracils leading to func-
tionalized pyrimido[4,5-d]pyrimidines. Our synthetic
strategy utilizing three- and two-component reaction
of various glyoxylate imines (generated in situ) and dia-
ryl imine oxides with 6-[(dimethylamino)-methy-
lene]aminouracil affords regiospecific one-pot synthesis
of pyrimido[4,5-d]pyrimidines in excellent yields when
carried out in the solid state under microwave irradia-
tions based on [4+2] cycloaddition strategy. In the past
a cycloaddition approach has had little appeal since the
dienophilic nature of the pyrimidine ring is rather limit-
ed, and the diene properties of vinylpyrimidines had not
yet been established.14 It was postulated that if a vinyl-
pyrimidine system were appropriately substituted with
strong electron-donating groups, cycloaddition might
occur with electron-deficient dienophiles. In a report,
the diene character of furan was enhanced by incorpo-
ration of a dimethylhydrazino group15 and 1-(dimeth-
ylamino)-3-methyl-2-azabutadiene16 to function as
azadienes suggests that the dienic character of vinylpyr-
imidines would be increased by similar substituents and
which is also supported by HOMO calculations.17 In
continuation to our studies18 on uracil analogues, we
report herein the combination of solid state and
microwave technique to synthesize various novel
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Table 1. Physical characteristics of pyrimido[4,5-d]pyrimidines 4a–f

and 7a–d

Product Ar Mp (�C) Reaction

time (min)

Yielda (%)

4a C6H5 104–06 3.5 95

4b p-ClC6H4 130–32 4.0 85

4c p-MeC6H4 121–23 3.5 86

4d p-MeOC6H4 129–31 3.0 95

4e p-NO2C6H4 145–46 4.5 84

4f p-BrC6H4 140–42 4.0 83

7a C6H5 156–58 3.5 90

7b p-ClC6H4 212–14 3.0 88

7c p-MeC6H4 240–41 3.5 82

7d p-MeOC6H4 223–25 3.0 87

7e p-NO2C6H4 203–05 3.5 85

7f p-BrC6H4 230–32 3.5 80

a Yields refer to the isolated pure compounds.
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pyrimido[4,5-d]pyrimidine derivatives in excellent yields
within minutes time. In recent years, the multicompo-
nent one-pot condensation constitutes an attractive syn-
thetic strategy for rapid and efficient library generation
due to the fact that products are formed in a single step
and the diversity can be achieved simply by varying the
reacting components.19 The reaction can be performed
within minutes time and in excellent yields when carried
out in a Prolabo Synthwave Microwave Reactor under
solvent-free conditions in a three-component one-pot
system (Scheme 1).

A mixture of 6-[(dimethylamino)methylene]amino-1,3-
dimethyl uracil 1 with an equimolar amount of ethyl gly-
oxylate 2 and aniline 3 (Ar = C6H5) in a reaction vessel
is placed in a Prolabo Synthwave Microwave Reactor
and irradiated at 110 �C for 3.5 min, which gave, after
elimination of dimethylamine from the 1:1 cycloadduct
and tautomerism, the pyrimido[4,5-d]pyrimidine 4a as
the only product in 95% yield. But the reaction is less
effective and takes 5 h to complete when carried out in
DMF under reflux and the corresponding pyrimi-
do[4,5-d]pyrimidine derivative 4a was obtained in 63%
yield.20 The structure of product 4a as a pyrimido[4,5-
d]pyrimidine derivative was assigned on the basis of its
elemental and spectral analysis. The diagnostic signal
for the azomethine (formed in situ) proton at d 8.25
was absent in the cycloadduct, whilst upfield shift of this
proton from d 8.25 to d 5.45 showed that the cycloaddi-
tion had occurred at the C@N bond of the glyoxylate
imine. Also, the 1H NMR spectrum showed the absence
of the H-5 proton of the uracil 1 and the presence of two
methyl groups from the cycloadduct 4a at d 3.20 (s, 3H,
CH3) and at 3.62 (s, 3H, NCH3), and other peaks at 1.20
(t, 3H, OCH2OCH3), 4.14 (q, 2H, OCH2CH3), 6.85–7.42
(m, 5H, ArH) and 7.75 (s, 1H, CH@N–). The mass spec-
trum of 4a revealed a strong molecular ion peak at m/z
342. Similarly, other pyrimido[4,5-d]pyrimidines 4b–f
were prepared in 83–95% yields and their characteristics
are recorded in Table 1. Notably, the reaction is also less
effective and takes 10–15 min in 60% conversion when
glyoxylate imines were reacted directly with 1 in a
two-component system in lieu of a three-component sys-
tem. To enhance the yield, further increase of reaction
time did not yield any fruitful results rather decomposi-
tion of starting material occurred. This three-component
one-pot reaction yields only the pyrimido[4,5-d]pyrimi-
O

O

Me

O

Me
1

Me2

Ar

N N

N

N

NH2

O

Me 5

Me2N N

N

N

NHArMe

O

Me

O

Me 4

N

N N

N Ar
2

3+
COOEt

CHO

mw COOEt

COOEt

N

COOEt

Ar

+

Ar

4a C6H5,

4b p-ClC6H4,

4c p-MeC6H4 ,

4d p-MeOC6H4,

4e p-NO2C6H4,

4f p-BrC6H4,

Ar

, mw

Scheme 1.
dine derivatives 4 and we did not observe the formation
of any Michael type of products 5. Our this finding is in
contrast to an earlier report21 where Sandhu et al. have
obtained simple Michael adducts and failed to prepare
fused pyrimidines from the reactions of a,b-unsaturated
nitro compounds with 6-amino, 6-hydroxylamino and
6-hydrazino-1,3-dimethyluracils. The 1H NMR spectra
of 4a show the absence of the –CH proton in the a-car-
bon atoms (characteristic peak for Michael adduct) and
the presence of a –CH@N– proton at d 7.75 which rules
out the formation of any Michael adduct. The high reg-
iospecificity observed in these reactions is consistent
with the electron-donating effect of the dimethylamino
substituent increasing the nucleophilicity of the C-5 po-
sition. Although, we could not isolate any intermediates
from the reaction mixture, a reasonable mechanism for
the formation of the product would involve initial elec-
trophilic attack of the in situ generated glyoxylate imine
at the C-5 position of the amidine 1 to give the Michael
adduct which suffers a subsequent nucleophilic attack on
the imino carbon atom eliminating dimethylamine to
give product 4. However, further work is in progress
to understand the mechanism in detail.

To further investigate the synthetic scope of this cycload-
dition reaction, we reacted various diaryl nitrones 6 with
amidine 1 under microwave irradiation in the solid state
and isolated the corresponding pyrimido[4,5-d]pyrimi-
dines 7, after elimination of 1,3-dimethylamine from
the 1:1 cycloadduct and aromatisation, in 80–90% yields,
and there was no evidence for the formation of any
Michael adducts (Scheme 2). The structure of product
7 as pyrimido[4,5-d]pyrimidine was assigned on the basis
of its elemental and spectral analysis.22 The 1H NMR
spectrum showed the absence of the H-5 proton of the
uracil 1 and two methyl groups from the cycloadduct
7a at d 3.32 (s, 3H, NCH3), 3.55 (s, 3H, NCH3). The reac-
tion is found to be less effective when carried out in
refluxing DMF for 6 h under thermal condition and
the corresponding pyrimido[4,5-d]pyrimidines were ob-
tained in only 50–60% yields. Further increase of reflux-
ing time did not yield any encouraging results. To
generalise this reaction, we reacted various substituted
diaryl nitrones 6b–f with amidine 1 and isolated the cor-
responding pyrimido[4,5-d]pyrimidine derivatives 7b–f in
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a one-pot synthesis (Table 1). The reaction is effective
with non-conjugated nitrones and when we employed a
conjugated nitrone like cinnamaldehyde nitrone or furfu-
ral nitrone in lieu of diaryl nitrones and irradiated under
MW for 10 min, the reaction did not proceed. Also in an
attempt to perform this reaction in a three-component
one-pot system, that is, by irradiating a mixture of equi-
molar quantities of amidine 1, b-phenylhydroxyl-amine
and aromatic aldehyde in the solid state under micro-
wave energy for 10 min it did not proceed effectively
and the corresponding pyrimido[4,5-d]pyrimidine deriv-
atives 7 were obtained in poor yields. The high regiospec-
ificity observed in these reactions is consistent with the
electron-donating effect of the dimethylamine substitu-
ent increasing the nucleophilicity of the C-5 position
and the established reactivity of the olefins.

In conclusion, our results demonstrate a new, simple
and efficient synthesis of novel complex pyrimido[4,5-
d]pyrimidine derivatives of biological significance in al-
most excellent yields. These results also illustrate that
the title compound 1 is a useful substrate for the gener-
ation of an array of fused nitrogen heterocycles. When
conventional thermal methods require a considerable
reaction time, microwave irradiation can substitute clas-
sical methods allowing easy and rapid access to hetero-
cycles of biological significance, reducing the reaction
times from hours to minutes with improved yields.
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