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A one-pot and efficient method for the synthesis of pyrazolo[4 ,3 :5,6]pyrido[2,3-d]pyrimidine-dione
derivatives by condensation reaction of barbituric acids, 1H-pyrazol-5-amines and aldehydes under sol-
vent-free conditions is reported. These products were evaluated in vitro for their antibacterial activities.

� 2008 Published by Elsevier Ltd.
Polyfunctionalized heterocyclic compounds play important
roles in the drug discovery process, and analysis of drugs in late
development or on the market shows that 68% of them are hetero-
cycles.1,2 Therefore, it is not surprising that research on the synthe-
sis of polyfunctionalized heterocyclic compounds has received
significant attention.

Pyrimidopyrimidine, a condensed heterocycles have attracted
considerable interest in the recent years. Its derivatives have been
known to display a wide range of pharmacological activities as re-
gards the tyrosine kinase domain of epidermal growth factor
receptor,3 5-phosphoribosyl-1-pyrophosphate synthetase4 and
dihydrofolate reductase5 have been fully demonstrated. Numerous
reports delineate the antitumour,6 antiviral,7 antioxidant,8 and
hepatoprotective9 activity of these compounds. Similarly, in recent
years, considerable attention has been focused on the development
of new methodologist to synthesize many kinds of pyrazolopyrim-
idine ring system.10 Indeed, these compounds are, by now widely
recognized as important organic materials showing interesting
biological activities.11 In addition, fused heterocyclic systems like
pyrazolopyridopyrimidines, pyrazoloquinolines, and pyrazolopyri-
dines present interesting biological properties such as virucidal,
anticancer, fungicidal, bactericidal, and vasodilatory activities.12

Multicomponent reactions of 1H-pyrazol-5-amines, aldehydes
and CH-acid compounds have recently attracted the interest of
the synthetic community because the formation of different con-
Elsevier Ltd.
densation products can be expected depending on the specific con-
ditions and structure of the building blocks.13–16 On the other
hand, synthesis of benzopyrimidoquinoline-diones by reaction of
naphthalene-2-amine, aldehyde and barbituric acid is reported.17

As part of our program aimed at developing new selective and
environmentally friendly methodologies for the preparation of het-
erocyclic compounds,18–24 we report an efficient, one-pot, and
three-component method for the preparation of 1H-pyrazol-
o[40,30:5,6]pyrido[2,3-d]pyrimidine-dione derivatives by condensa-
tion of 1H-pyrazol-5-amines 1, barbituric acid 2, and aromatic
aldehydes 3 under solvent-free conditions (Scheme 1).

We found that a mixture of 1H-pyrazol-5-amines 1a,b, barbitu-
ric acid 2 and aromatic aldehydes 3a–e, in the presence of a cata-
lytic amount of p-toluenesulfonic acid (p-TSA) as an inexpensive
and readily available catalyst at 100 �C for 4 h under solvent-free
conditions, afforded 4,9-dihydro-1H-pyrazolo[40,30:5,6]pyrido[2,3-
d]pyrimidine-5,7 (6H,8H)-diones 4a–j in good yields (Table 1).

The results were good in terms of yields and product purity in
the presence of p-TSA, while without p-TSA and over long period
of time (12 h) the yields of products were low (<30%).

When this reaction was carried out with aliphatic aldehyde
such as butanal or pentanal, TLC and 1H NMR spectra of the reac-
tion mixture showed a combination of starting materials and
numerous products, the yield of the expected product was very
poor.

The formation of products 4a–j can be rationalized by initial
formation of heterodiene 5 by standard Knoevenagel condensation
of barbituric acid 2 and aromatic aldehyde 3. Subsequent Michael-
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Table 1
Synthesis of 1H-pyrazolo[40 ,30:5,6]pyrido[2,3-d]pyrimidinones 4a–j

Product 4 Ar X Yielda (%)

a C6H5 H 83
b 4-Cl-C6H4 H 80
c 4-Br-C6H4 H 85
d 4-Me-C6H4 H 92
e 3-NO2-C6H5 H 80
f C6H5 NO2 83
g 4-Cl-C6H4 NO2 90
h 4-Br-C6H4 NO2 84
i 4-Me-C6H4 NO2 95
j 3-NO2-C6H5 NO2 84

a Isolated yields.

N
N NH2

Ar'

Ph

HN NH

OO

O

ArCHO HN NH

OO

Ar

HN NH

OO

Ar

-H2O

5

2 3

1

O

O

N
N

NH2

Ph

Ar'

4

Scheme 2.

Table 2
Synthesis of 7H-pyrazolo[40 ,30:5,6]pyrido[2,3-d]pyrimidine-7-diones 7a–f

Product 7 Ar X Yielda (%)

a C6H5 H 90
b 4-Cl-C6H4 H 86
c 4-NO2-C6H5 H 83
d C6H5 NO2 81
e 4-Cl-C6H4 NO2 89
f 4-NO2-C6H5 NO2 84

a Isolated yields.
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type addition of 1H-pyrazol-5-amines 1 to the heterodienes 5, fol-
lowed by cyclization afforded the corresponding products 4a–j and
water (Scheme 2).
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Encouraged by these results, we replaced the thiobarbituric acid
6 instead of barbituric acid 2 in same conditions (Scheme 3). The
reaction of 1H-pyrazol-5-amines 1a,b, and thiobarbituric 6 was
carried out with various aromatic aldehydes 3 under solvent-free
conditions at 100 �C, which also afforded 5-thioxo-1,4,5,6,8,9-
hexahydro-7H-pyrazolo[40,30:5,6]pyrido[2,3-d]pyrimidine-7-diones
7a–f in good yields (Table 2).

The nature of these compounds as 1:1:1 adducts was apparent
from their mass spectra, which displayed, in each case, the molecular
ion peak at appropriate m/z values. Compounds 4a–j and 7a–f are
stable solids whose structures are fully supported by IR, 1H, and
13C NMR spectroscopy, mass spectrometry, and elemental
analysis.25

Finally, all synthesized compounds were screened for antimi-
crobial activity. The microorganisms used in this study were Esch-
erichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 85327
(Gram-negative bacteria) Enterococcus faecalis ATCC 29737, Bacillus
subtilis ATCC 465, Bacillus pumilus PTCC 1114, Micrococcus luteus
PTCC 1110, Staphylococcus aureus ATCC 25923, Staphylococcus epi-
dermidis ATCC 12228, and Sterptococcus mutans PTCC 1601
(Gram-positive bacteria). The minimum inhibitory concentration
(MIC) of the synthesized compounds determined by microdillution
method26 and compared to two commercial antibiotics (Table 3).

As can be seen from Table 3, good to improved antibacterial
activity was observed for most of the compounds against all
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Table 3
MIC (lg/ml) values of products 4 and 7

Products Standard

4a 4b 4c 4d 4e 4f 4g 4h 4i 4j 7a 7b 7c 7d 7e 7f Tetracycline Gentamicin

Bacillus subtilis 2 4 2 2 2 6 8 8 6 6 4 4 4 3 4 4 4 *
Bacillus pumilus <2 2 2 2 2 4 6 4 6 4 4 4 4 4 4 4 8 *
Micrococcus luteus <2 <2 2 <2 2 2 4 2 2 2 8 4 3 4 3 4 4 *
Staphylococcus aureus 2 64 58 2 2 4 4 4 2 2 8 4 4 3 6 6 4 *
Staphylococcus epidermidis 2 4 2 2 2 18 28 32 24 26 4 8 8 7 6 8 <2 *
Sterptococcus mutans <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 8 6 8 8 8 2 *
Escherichia coli <2 <2 <2 <2 <2 4 6 4 4 6 4 4 6 5 6 6 * 4
Enterococcus faecalis 2 32 30 2 2 4 2 4 2 2 4 16 14 13 12 10 8 *
Pseudomonas aeruginosa 2 2 2 2 2 20 28 32 28 30 32 16 12 14 16 14 * 8

*Not active.
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species of Gram-positive and Gram-negative bacteria used in the
study. Compounds 4a–j were found to be more active than Tetra-
cycline against B. pumilus, M. luteus, S. mutans, E. coli, and P. aeru-
ginosa. Almost, all of the compounds were found to be more
active than Gentamicin against all tested strains. Compounds 7a–
f were found to be more active than Tetracycline against B. pumilus,
E. coli, and P. aeruginosa. The results indicate that introduction of
–Cl and –Br at aldehyde moiety, thereby producing analogues 4b
and 4c, respectively, decrease the activity against E. faecalis and
S. aureu (MIC: 30, 32, 58, 64 lg/ml). On the other hand, in other
cases of each class of products, types of substitution on aldehyde
moiety have not affected the antibacterial activity. 1,3-Diphenyl-
4,9-dihydro-1H-pyrazolo[40,30:5,6]pyrido[2,3-d]pyrimidine-5,7(6H,
8H)-diones 4a–e were more active than the corresponding ones of
the series 7a–c, reinforcing the pharmacophoric contribution of
carbonyl moiety relative to thiocarbonyl moiety to the mechanism
of action against the all of the tested bacteria except 4b,c against E.
faecalis and S. aureus. Decreasing of the activity was observed in the
case of 4f–g relative to 4a–e due to replacing H by NO2 on N-phe-
nyl ring in pyrazole moiety except 4b,c against E. faecalis and S.
aureus.

In summary, the synthesis and screening of antibacterial activ-
ity for a novel series of pyrazolo[40,30:5,6]pyrido[2,3-d]pyrimidine-
dione derivatives was investigated. Almost most of the compounds
exhibited good to excellent antibacterial activity against all the
tested strains.
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