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Abstract: A new efficient approach for the synthesis of unsymmet-
ricaly substituted piperazine 2,5-dione derivatives is described by
using intramolecular aza-Wittig reaction as the key step. The reac-
tion conditions are very simple, offer easy isolation, and excellent
yields of the products.
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2,5-Diketopiperazines, known as cyclic dipeptides, are
frequently formed from both enzymatic and nonenzymat-
ic processes of peptides/protein.1 They are also well-
known as byproducts that are formed during removal of
temporal protecting group of secondary amino acids.2 The
piperazine-2,5-dione moiety occurs in a variety of drugs
and natural products which show interesting biological
activities3 including antiviral,4 antifungal,5 antitumour,6

antithrombic,7 and antibacterial activities.8 Additionally
this heterocyclic system has found unique applications as
an acceptor for organic anions or metal cations9 and in
material science.10 While numerous approaches have been
reported11–14 for the synthesis of piperazine 2,5-diones
there is still demand for more easier synthetic pathways.
Generally, synthesis of 2,5-DKP starting from amino ac-
ids or amino esters requires protection, deprotection, and
cyclization reactions which occur either in situ or at ele-
vated temperatures.

The aza-Wittig reaction has become one of the most im-
portant synthetic method for the construction of C=N,
N=N, and S=N double bonds especially in the preparation
of nitrogen containing heterocycles. Iminophosphoranes,
nitrogen analogues of phosphorus ylides, are versatile in-
termediates in modern synthetic chemistry.15 Numerous
research papers and reviews have appeared in the litera-
ture describing the general use of iminophosphorane as re-
agent and intermediate in organic synthesis,16 including
the synthesis of heterocyclic natural products by the aza-
Wittig method.17

In continuation of our research interest in the synthesis of
nitrogen heterocycles18 we have undertaken a study to
synthesize 2,5-diketopiperazine derivatives of biological
interest from N-substituted amino esters using intramo-

lecular aza-Wittig reaction as the key step, and the results
are reported here.

The precursors 3a–f required for our present study were
synthesized from the amino esters 1a–f. Treatment of 1a–
f with chloroacetyl chloride under phase-transfer-cataly-
sis conditions gave the amides 2a–f. The amide formation
reaction under the PTC conditions proceeded at a much
faster rate than any normal amide formation reaction.
Compound 2a–f were then treated with excess of sodium
azide in DMF solution at 90 °C to afford the azide com-
pounds 3a–f in good to excellent yields (Scheme 1).

Scheme 1 Reagents and conditions: (i) chloroacetyl chloride,
CH2Cl2–H2O, K2CO3, r.t.; (ii) NaN3, DMF, 90 °C.

Initially, the intramolecular aza-Wittig reaction was con-
ducted with the substrate 3a. When 3a was treated with
triphenylphosphine in THF at room temperature, product
6a was afforded along with triphenylphosphine oxide.
The intermediate iminophosphorane 4 was not isolated
(Scheme 2).

Scheme 2 Reagents and conditions: (i) Ph3P, THF, r.t.

In this case the iminophosphorane 4 formed during the
reaction readily underwent cyclization to form the inter-
mediate 5 followed by enol ether cleavage in moist THF
(not anhydrous) to give the final product 6a19 in 96%
yield. The other solvents, acetonitrile, dichloromethane,
and toluene, were also effective in the cyclization but THF
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was the best choice as it gave the maximum yield of 6a.
Accordingly the other substrates 3b–f were similarly
treated to give the desired cyclized products 6b–f in 88–
96% yields. The results are summarized in Table 1.

Although a recent report20 in the literature shows a one-
pot preparation of symmetrically 1,4-substituted pipera-
zine 2,5-diones but our methodology provides the synthe-
sis of 1-substituted piperazine 2,5-diones which can be
converted into pyrazino[2,1-b]quinazoline-3,6-dione,21

an important scaffold, present in a several families of nat-
ural products such as the fiscalins,22 the fumiquinazo-
lines,23 and N-acetylardeemin.24 However, this 1-
substituted piperazinones can also be used as other impor-
tant scaffolds by protection of the second nitrogen atom
and performing further substitution at C2/C5 position.

In summary we have developed a strategy to generate dif-
ferent mono-N-substituted piperazine 2,5-diones starting
from easily available amino esters using intramolecular
aza-Wittig reaction as the key step. The method allows
mild reaction conditions, easy separation of products, and
affords the products in excellent yields.

Supporting Information for this article is available online at
http://www.thieme-connect.com/ejournals/toc/synlett.
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