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Solid-phase synthesis of 1,2,4-triazolidine-3,5-diones
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Abstract—A traceless synthesis of 1,2,4-triazolidine-3,5-diones has been achieved through cyclo-elimination from solid-phase. This
traceless cyclo-elimination release step is induced by catalytic amount of base or by simply refluxing the urea carbamate
intermediate. © 2002 Elsevier Science Ltd. All rights reserved.

Recently urazole and substituted urazoles (1,2,4-triazo-
lidine-3,5-diones) have become an important structural
motif both in biological systems1 and in polymeric
materials.2 They also have been shown to exhibit some
anticonvulsant3a or fungicidal activities3b as well as
catalytic activity in radical polymerization.3c Although
much attention has been directed towards solid-phase
method development for the synthesis of numerous
heterocycles for use in biological discovery efforts,4 it is
surprising that there are no reports of solid-phase
routes to urazoles. As part of our efforts towards the
preparation and biological evaluation of urazole deriva-
tives, we disclose here an efficient route for the prepara-
tion of urazole derivatives and its synthetic strategy
applicable to solid-phase combinatorial approaches.

For our solid-phase approach to the traceless 1,2,4-tria-
zolidine-3,5-diones 3, cyclo-elimination release strate-

gies were applied.5 Thus, a carbamate linker6 system
was introduced to release the intact target in the final
step of the reaction sequence. Our preliminary solution-
phase reaction to the target proved the validity of this
linker system (Scheme 1). The reaction of benzyl chlo-
roformate with phenylhydrazine in the presence of
Et3N afforded benzyl 3-phenylcarbazate 1, which upon
treatment with phenylisocyanate gave urea intermediate
2. In the presence of base such as K2CO3 or Et3N,
cyclized diphenyl urazole 3a was obtained from 2 in
good yield.

Our solid-phase approach to 1,2,4-triazolidine-3,5-
diones began with the coupling of hydroxymethyl
polystyrene or Wang resin with p-nitrophenyl chloro-
formate to afford p-nitrophenyl carbonate resin 4
(Scheme 2).7 Subsequent reaction of the carbonate resin
4 with hydrazine derivatives afforded polymer bound

Scheme 1.
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Scheme 2.

carbazate 5. Treatment of 5 with isocyanate gave urea
bound resin intermediate 6, and subsequent cyclo-elimi-
nation reaction of 6 in the presence or absence of base
(Et3N) delivered 1,2,4-triazolidine-3,5-diones 3 (Table
1).

The reactivity difference of the cyclo-elimination step
between Merrifield and Wang resin is noteworthy.8

Thus, Merrifield-based resin 6 (R1, R2=Ph) released
urazole 3a (35% overall yield) even without base; on the
other hand Wang-based carbamate linker 6 needed a
base (2 days of reflux) to afford 3a (26% overall yield).
Previously reported cyclization/cleavage steps of hetero-
cycles from carbamate linkers require an excess of base
(10–14 equiv.).9 However, in the presence of base the
released urazole derivatives (pKa=4.3–5.3)10 are present
as a salt, which necessitates an acid work-up to get the
final product. Therefore, it is advantageous to employ
hydroxymethyl polystyrene in the preparation of ura-
zoles in the solid-phase reaction.

In summary, we have established a viable route for the
synthesis of traceless 1,2,4-triazolidine-3,5-diones via
solid-phase organic chemistry. Production of a large
library of these heterocycles via parallel solid-phase
synthesis and evaluation of biological activities is cur-
rently under investigation.
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Hz). 13C NMR (300 MHz, DMF-d7): � 153.1, 150.2,
137.7, 133.5, 131.7, 129.7, 129.6, 128.7, 125.6, 119.1.
Anal. calcd for C14H10ClN3O2: C, 58.45; H, 3.50; Cl,
12.32; N, 14.61. Found: C, 58.49; H, 3.22; Cl, 12.32; N,
14.48%.
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