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Abstract—The reaction of 6-aminopyrimidines 4 with 3-formylchromone under microwave irradiation in dry media and classical
heating in absolute ethanol afforded in all cases the unexpected 6-hydroxy-6,9-dihydrobenzopyranopyrido[2,3-d]pyrimidin-8-ones
6a–e (alternatively named, 6-hydroxy-6,9-dihydro-5-oxa-9,11,12-triazabenzo[a]anthracen-8-ones). The structure of the final com-
pounds was determined on the basis of NMR measurements, especially by 1H,1H- and 1H,13C COSY, DEPT, HSQC, HMBC and
NOESY. © 2002 Elsevier Science Ltd. All rights reserved.

1. Introduction

The pyrido[2,3-d ]pyrimidines, deazaanalogues of pte-
ridines, and their oxoderivatives have been of interest
for their potential biological activities.1 On the other
hand, 3-formylchromone 2 has been used to prepare a
variety of heterocyclic systems.2 The reactivity of 2
towards several nucleophiles, as hydrazine, phenylhy-

drazine and particularly two functional nucleophiles
(i.e. amidines, derivatives of guanidine and isothiourea3

and aminopyrazole4), has been investigated.

Recently, we described a new synthesis of pyrazolo[1,5-
a ]pyrimidines, in the reaction of 3-formylchromone
with aminopyrazoles (Eq. (1)), which occurred throught
a Michael addition of the endocyclic nucleophilic nitro-

Scheme 1. (i) Microwave irradiation during 2–3 min under solvent-free conditions. (ii) Refluxing absolute ethanol during 2–3 h.
R=H, CH3; R�=CH3O, CH3S, NH2, OH, SH.
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(1)

gen of 1 with opening of the �-pyrone ring of the
aldehyde 2.4

2. Results and discussion

Continuing with our studies on the synthesis of the
pyrido fused rings, in this work, we investigated the
behavior of 6-aminopyrimidines 4 in the reaction with
3-formylchromone 2. Amines 4a–e reacts with
equimolecular amounts of 3-formylchromone 2 by
reflux in absolute ethanol (2–3 h) or by microwave
irradiation without solvent (2–3 min) to afford the
unexpected pyrido[2,3-d ]pyrimidines 6a–e (Scheme 1),5

but not the predicted pyridopyrimidines 5, as observed
in Eq. (1). The new compounds were obtained from
moderate (in ethanol, 40–50%) to good yields (in
microwave, 75–85%) as stable solids.

The cyclocondensation reaction of amines 4 with the
aldehyde 2 gave regiospecifically the single pyrido[2,3-
d ]pyrimidines 6, as determined on TLC. Based on 1H
and 13C NMR, DEPT, COSY, HSQC, HMBC and
NOESY techniques,6 it was possible to assign all pro-
tons and carbon atoms of compounds 6 and to discard
the isomeric structures 5.

According to the results, we consider that compounds 6
initially result from the condensations of the carbon
atom at position 5 and the 6-amino group of the
pyrimidine 4 with the aldehyde and keto groups of the

chromone 2, respectively, throught termic rearrange-
ments of the intermediate 7 (Scheme 2).

Once intermediate 7 is formed, it could either be con-
verted into the pyrilium species 8 (stable by its com-
pletly aromaticity) or alternatively, to suffer a
nucleophilic attack by a molecule of water (liberated in
the previous step) at position 6, to afford the dihydroxy-
derivative 9. Both, 8 and 9 species could afford the
isolated compounds 6, by addition of the hydroxy ion
(at position 6) or re-eliminating a water molecule,
respectively, as shown in Scheme 2.

Although, proposed intermediate 7 should be the actual
isolated compound, derivated from the double conden-
sation reaction between 2 and 4, we believe that the
driving force to rearrange it into 6, under the studied
reaction conditions, is provided by the additional aro-
maticity gained in the pyridine ring of 6. Apart from
the all spectroscopical data, a strong three bonds cou-
pling between the singlet of H-7 and 8-C�O is observed
in the HMBC spectra, which is consistent with the
proposed structures 6, but not with structures 7.

In conclusion, we have described in this paper the
preparation of new pyrido[2,3-d ]pyrimidines (in good
yields) as unexpected products from the reaction of
6-aminopyrimidines and 3-formylchromone. This work
is also a new example of the utility of microwaves in
free-solvent organic synthesis.7 Compounds 6 are par-
ticularly interesting owing to their high fluorescence (in

Scheme 2.
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both solution and solid state), which will be studied in
a future work to find its synthetic applicability.
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AECI)’ of Spain for financial support.

References

1. (a) Lunt, E.; Newton, C. C. In Comprehensive Heterocyclic
Chemistry ; Katritzky, A. R.; Rees, C. W., Eds.; Boulton,
A. J.; McKillop, A., Vol. Eds.; Pergamon Press: Oxford,
1984; Vol. 3, pp. 199–232 and pp. 260–261; (b) Rahman,
L. K. A.; Chhabra, S. R. Med. Res. Rev. 1988, 8, 95; (c)
Herbert, B. S.; Ferone, R.; Herman, T. A.; Hitchings, G.
H.; Barnelt, M.; Bushby, S. R. J. Med. Chem. 1968, 11,
711–717; (d) Irwin, W. J.; Wibberley, D. G. Adv. Hetero-
cyclic Chem. 1969, 10, 149; (e) Grivsky, E. M.; Lee, S.;
Siegel, C. W.; Nichol, C. A. J. Med. Chem. 1980, 23,
327–329.

2. (a) Jones, W. D.; Albrecht, W. L. J. Org. Chem. 1976, 41,
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