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Abstract—A four-step synthesis of the ardeemin framework by starting from N-2-aminobenzoyl-�-amino esters is described. In
the last step, the acid promoted cyclization of the 1,4-anti-4-alkyl-1-(3-indolylmethyl)-2,4-dihydro-1H-pyrazino[2,1-b ]quinazoline-
3,6-diones occurs irreversible and stereocontrolled. © 2003 Elsevier Science Ltd. All rights reserved.

The ability of N-acetylardeemin (1), a metabolite of the
fungus Aspergillus fischerii (var. brasiliensis), to restore
vinblastine sensitivity to a previously resistant tumour
cell line1,2 led to its inclusion in the great variety of
synthetic and naturally occurring MDR reversal
agents.3 The up to now unique total synthesis of 1,
which was developed by Danishefsky (nine steps and

12.5% overall yield),4,5 involved as the key step the
preliminary construction of the pyrroloindole 2a
through a kinetically controlled process followed by
introduction of the reverse prenyl group (2b). We have
shown that precursors of de-‘prenyl’-5-acetylardeemin
(5a), may be obtained as diastereomeric mixtures by
acid-promoted cyclization and subsequent acylation of

Figure 1.
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tryptophan cyclo-dipeptides.6 Thus, cyclo-(L-Trp-D-
Ala) afforded compound 3, a in 72% d.e.7 In this paper
we report a short and much more efficient protocol to
de-‘prenyl’- ardeemin (5b) and its iso-propyl analogue
(5c) in which the construction of ring C was undertaken
in the last stage of the process (Fig. 1).

Scheme 1 outlines the general synthesis of compounds
4. Acylation of the D-�-amino esters with o-nitrobenz-
oyl chloride under Schotten–Baumann conditions, fol-
lowed by catalytic hydrogenation of the nitro group
(10% Pd/C, 1.5 atm), afforded the aryl amides 6 in 80%
overall yield. Reaction of 6 with Fmoc-L-Trp in DMF,
using 1-isobutoxycarbonyl-2-isobutoxy-1,2-dihydro-
quinoline (IIDQ) as coupling reagent,8 gave compounds
7 in nearly quantitative yields. Cyclization of 7 to
benzoxazines 8 was accomplished in 68–88% yield by
using triphenylphosphine–iodine and Huning’s base in
dry dichloromethane.9,10 Treatment of 8 with 20% pipe-
ridine in dichloromethane produced the corresponding
piperidine amidine,11 which was refluxed in acetonitrile
(2 h) rearranging12–14 to the expected 1-(3-indolyl-
methyl)pyrazino[2,1-b ]quinazoline-3,6-diones 4 in good
overall yields.

The acid-promoted cyclizations of compounds 4b,c in
which the H(5a) and H(15b)-protons (ardeemin num-
bering) are in an anti relationship, were performed in
neat trifluoroacetic acid affording the stable com-
pounds (−)-5b (63%) and (−)-5c (46%) as the only
reaction products.15 The relative configuration of 5 was
established unequivocally by NOESY experiments,
where the syn relationship between the methyl or iso-
propyl substituent at C(8) and the H(15b)-proton was
observed.16

When 4d was submitted to acid promoted cyclization
only starting material was recovered,17 in spite of the
different reaction conditions assayed. This failure may
be due to an inadequate conformation of the indole
ring, which is pseudoaxial in this compound instead of
pseudoequatorial as in 4b,c (Scheme 2). This pseudo-
axial disposition was confirmed by NOESY experiments
(NOE between H-4ax and H-2� of the indolyl moiety)
and by the chemical shift of the C-1 carbon atom.18

In summary, the ardeemin framework can be
approached stereoselectively by acid promoted cycliza-
tion of 1,4-anti-4-alkyl-1-(3-indolylmethyl)pyrazino[2,1-
b ]quinazoline-3,6-diones. De-‘prenyl’ ardeemin (−)-5b

Scheme 1.

Scheme 2.
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was obtained in four steps and 45% overall yield start-
ing from N-2-aminobenzoyl-D-Ala methyl ester.
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