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Abstract—One-pot montmorillonite K-10 clay-supported three-component reactions of substituted salicylaldehydes, ribosyl/deoxy-
ribosylureas and ammonium acetate expeditiously yield the novel N-nucleosides, 4-amino-3,4-dihydro-3-(b-DD-ribo- or b-DD-2 0-deoxy-
ribofuranosyl)-2H-benz[e]-1,3-oxazin-2-ones, via cycloisomerisation of an aldimine intermediate under solvent-free microwave
irradiation conditions.
� 2005 Elsevier Ltd. All rights reserved.
Efavirenz (Sustiva), a benzoxazinone derivative, is a non-
nucleoside reverse transcriptase inhibitor that has been
approved by the FDA (September 17, 1998) and is pres-
ently in clinical use for the treatment of AIDS. The fight
against HIV, by developing more efficacious drugs than
Efavirenz, has been the prime driving force for benzoxazi-
none derivatisation which has received considerable
attention.1–6 Notably, most available drugs approved
by the FDA to treat AIDS patients are nucleoside
analogues. However, no attempt has been made so far
to synthesise nucleoside analogues incorporating an
aminobenzoxazinone unit as a nucleobase although they
appear to be attractive scaffolds for exploiting chemical
diversity and generating a drug-like library to screen
for lead candidates.
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One-pot multi-component reactions (MCRs) have
gained significant and steadily increasing academic, eco-
nomical and ecological interest because they address
fundamental principles of synthetic efficiency and reac-
tion design. Thus, MCRs have emerged as an improved
synthetic strategy for tailor-made structural scaffolds
and combinatorial libraries in drug discovery pro-
cesses.7–13 Recent years have witnessed a phenomenal
growth in the application of microwave (MW) irradia-
tion14–18 and recyclable less expensive mineral supports
for organic transformations.19–21 The application of
MW irradiation in conjunction with the use of mineral
supported reagents under solvent-free conditions pro-
vides chemical processes with special attributes such as
enhanced reaction rates, higher yields of pure products,
better selectivity, improved ease of manipulation, rapid
optimisation of reactions in parallel, and several eco-
friendly advantages in the context of green chemis-
try.14–21

Prompted by the above reports and pursuing our work
on new solvent-free cyclisation procedures,22–25 we
devised a novel montmorillonite K-10 clay-catalysed
MW activated synthesis of hitherto unknown 4-amino-
benzoxazinone derivatives 3.

In order to achieve our goal expeditiously, we relied
upon the significant advantages of multi-component
reactions (MCRs) under solvent-free MW irradiation
conditions. The key element in our approach is the utili-
sation of salicylaldehyde as a bifunctional building
block whose application to the construction of various
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Table 1. Mineral supported solvent-free synthesis of 4-aminobenz-
oxazinone N-nucleosides 3

Product Time Yield (%)c,d Mp (�C)

MWa (min) Thermalb (h) MW Thermal

3a 8 4 71 35 134–135
3b 10 5 80 41 158–159
3c 6 3 77 36 143–144
3d 8 4 73 34 138–139
3e 6 3 75 37 147–148
3f 8 5 68 35 123–124
3g 8 5 72 38 140–141
3h 10 4 74 39 129–130
3i 8 5 69 37 125–126
3j 10 4 76 40 136–137

aMicrowave irradiation time (power = 560 W). A CEM Discover
Microwave Synthesis System operating at 2450 MHz was used for all
the experiments.

b Time with oil-bath heating at 90 �C.
c Yield of isolated and purified products.
d All compounds gave C, H and N analyses within ±0.35% and
satisfactory spectral (IR, 1H NMR, 13C NMR and EIMS) data.
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benzo-fused oxygen heterocycles of chemical and bio-
logical interest is well documented.26–31

After preliminary experimentation, it was found that the
envisaged three-component synthesis (Scheme 1) was
successful with a montmorillonite K-10 clay supported
intimate mixture of ribosyl/deoxyribosylureas 1, substi-
tuted salicylaldehydes 2 and ammonium acetate under
intermittent MW irradiation at 560 W for the times
specified in Table 1. Isolation and purification by recrys-
tallisation from ethanol afforded 4-aminobenzoxazinone
N-nucleosides 3 in excellent yields (Table 1).32 Other
mineral supports, viz. silica gel, neutral or basic alu-
mina, were far less effective resulting in either no reac-
tion (in the case of basic alumina) or relatively very
low yields (12–26%) of 3 (in the case of silica gel and
neutral alumina). That the first step in the synthesis
involves the conversion of ribosyl/deoxyribosylureas 1
into the corresponding isocyanate intermediates 1 0

(Scheme 2) was supported by trapping their p-tolylurea
derivatives.

For comparison purposes, the final temperature was
recorded and found to be <90 �C. The reactions were
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also carried out using a thermostated oil-bath at the
same temperature (90 �C) as for the MW-activated
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method but for a longer (optimised) period of time
(Table 1) to ascertain whether the MW method
improved the yield or simply increased conversion rates.
It was found that significantly lower yields (34–41%)
were obtained using oil-bath heating rather than the
MW-activated method (Table 1). This observation can
be rationalised on the basis of the formation of a dipolar
activated complex from an uncharged adduct in these
reactions (as an example, Scheme 2 shows a dipolar
activated complex 6), and the greater stabilisation of
the more dipolar activated complex by dipole–dipole
interactions with the electric field of the microwaves
as compared to the less dipolar adduct, which may
reduce the activation energy (G5) resulting in the rate
enhancement.18

In summary, we have developed a novel, mineral-sup-
ported simple synthetic protocol for the preparation of
various potentially pharmaceutically useful benzoxazi-
none N-nucleosides starting from readily and widely
available simple substrates under solvent-free MW
irradiation conditions. The present high yielding and
expeditious conversions led to synthetically readily
manipulable products and may find application in
library synthesis of such aglycon modified N-nucleosides.
Acknowledgements

We sincerely thank the UGC, New Delhi, for financial
support, and SAIF, CDRI, Lucknow, for providing
microanalyses and spectra.
References and notes

1. Patel, M.; Ko, S. S.; McHugh, R. J., Jr.; Markwalder, J.
A.; Srivastava, A. S.; Cordova, B. C.; Klabe, R. M.;
Erickson-Viitanen, S.; Trainor, G. L.; Seitz, S. P. Bioorg.
Med. Chem. Lett. 1999, 9, 2805–2810.

2. Patel, M.; McHugh, R. J., Jr.; Cordova, B. C.; Klabe, R.
M.; Erickson-Viitanen, S.; Trainor, G. L.; Koo, S. S.
Bioorg. Med. Chem. Lett. 1999, 9, 3221–3226.

3. Waxman, L.; Darke, P. L. Antivir. Chem. Chemother.
2000, 11, 1–6.

4. Klash, A.; Koristek, K.; Polis, J.; Kosmrlj, J. Tetrahedron
2000, 56, 1551–1560.

5. Girgis, A. S. Pharmazie 2000, 426–430.
6. Mindl, J.; Hrabik, O.; Sterba, V.; Kavalek, J. Coll. Czech.

Chem. Commun. 2000, 65, 1262–1272.
7. Ugi, I.; Domling, A. Endeavour 1994, 18, 115–122.
8. Heck, S.; Domling, A. Synlett 2000, 424–426.
9. Kraus, G. A.; Nagy, J. O.Tetrahedron 1985, 41, 3537–3545.
10. Posner, G. H. Chem. Rev. 1986, 86, 831–844.
11. Uji, I. J. Prakt. Chem. 1997, 339, 499–516.
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