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Abstract

The didehydro analogue df-acetylardeemirlb was synthesised in a seven step process that started with
tryptamine. A regioselective oxidation of the 2-substituted precusborfollowed by a diastereoselectiamnti-
cyclization reaction involving an acyliminium intermediate formed from the unisolated to@Waie the key-step
of this strategy. Application of this procedure3a afforded, instead of the cyclization product, ttis-1-hydroxy
derivative2c which, after acid treatment, gave a 6/4 mixturdrahs andcis-isomers of the hexacyclic compound
la © 2000 Elsevier Science Ltd. All rights reserved.
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The reactivity of 2,4-substituted 2,4-dihydrétdpyrazino[2,1b]jquinazoline-3,6-diones as glycine
templates is currently being investigatdd our group because this system contains three rings of the
hexacyclic fungal metabolit&l-acetylardeemin, which is one of the most potent known inhibitors of
multidrug resistance (MDR) to antitumour ageft&ccording to its peptidomimetic structure, the first
total synthesis oN-acetylardeemin was performed by Danishefsky usirigyptophan,b-alanine and
o-azidobenzoyl chloride (a synthetic equivalent of anthranilic acid), as starting materials. A tandem-
nucleophilic—electrophilic addition to the CEL(3) indole bond of tryptophan was used to form ring
C in a first step® A similar cyclization oncyclo-L-Trp-L-Ala was used in the preparation of simpler
analogue$,while in the synthesis of-homedidehydro analogues, a Pictet-Spengler cyclization-on
TrpOMe was used to form rin@ in a first step> Here we report a concise procedure to form rig
of the new didehydro analoguésn the last step, by using compoungiss precursors of acyliminium
intermediates (Fig. 1). The foregoing precursors can be generated by a new regioselective oxidation of
compounds.

Synthesis oBafrom 4ahas been previously reportédCompound3b (Scheme 1), was obtained by a
similar route from4b, which was readily available by alkylation of tryptamine with ethyl bromoacetate.
All steps gave good yields except the condensations of the lactim ethers derive8 dibmanthranilic
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N-Acetylardeemin

Fig. 1.

acid that yielded only about 30% of the tricyclic compouitd©ther attempted alternative strategies
to overcome this limitation, such as direct condensatiof iof the presence of thionyl chlorider its
N-acylation witho-azidobenzoyl chloride followed by an aza-Wittig reactfomere less satisfactory.
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4a: n=1 5a; n=1 (59 %) [sa: R=H, n=1 (29 %)
4b: n=2 5b: n=2 (54 %) 6b: R=H, n=2 (65 %)
n 3a: R=Ac, n=1 (76 %)
— [3b: R=Ac, n=2 (55 %)

Scheme 1. Reagents and conditions: (i) (a) Cb&la, EDC, CHCly, rt, 24 h. (b) H/Pd—C, MeOH, 20 psi, rt, 3 h. (i) (a)
Et;0BF,, CH,Cl,, N&CO;, rt, 24 h. (b) Anthranilic acid, 140°C, 2 h. (iii) A©, pyridine, 140°C, 3 h

We have shown, by using $2,4-dimethyl-2,4-dihydroHi-pyrazino[2,1b]quinazoline-3,6-dione as
a model compound, that [hydroxy(tosyloxy)iodolbenzene (which is a very efficient reagent for oxidation
of ketones to their -tosyloxy derivatives) leads to the corresponding 1-tosyloxy derivative, and that
this compound behaves as an efficient electrophilic glycine temBlathen this strategy was applied
to 3b (Scheme 2), compountb was isolated directly in 48% vyield, after purification of the product by
column chromatography. This spontaneous and diastereoselective cyclization presumably involves the
acyliminium specie’s generated by elimination of tosylate in the non-isolated oxidation compiind

Thetrans structure oflb was assigned by NMR in combination with NOE difference spectroscopy,
where a small enhancement of the methyl signal (1.78 ppm) was observed when the ring junction
proton (6.83 ppm) was irradiated. This suggests a pseudoaxial disposition for the methyl group, and
consequently, the attached proton must be nearly coplanar between the two carbonyl groups and thus
deshielded (g, 5.64 ppm). The diastereoselectivity of this cyclization reflects the effect of the methyl
group directing the approach of thenucleophile to the opposite less hindered face. In addition, MM2
calculations predict greater stability of ttransisomer by 4.16 Kcal/mol.

When the same procedure was applied3® crude tosylate2a was isolated but, after column
chromatography, was transformed into itis-hydroxy derivative2c, formed by addition of water to
the acyliminium species originating fro#a. Thecis configuration of2c was deduced from the absence
of NOEs between the methyl group and H-1 proton and is in accordance with previous results of our
group®

Drastic conditions were required to promote cyclization of alcd@wIThus, treatment o2c with
concentrated sulfuric acid gave a 67% vyield of an, up to now, inseparable mixture of the hexacylic
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Scheme 2. Reagents and conditions: (i) () OTs, EtOAc, reflux, 8 h

compoundgrans-la and cis-1a in a 6/4 ratio determined by integration of the ring junction proton
signals (Scheme 3). Thieansisomer was identified due to the analogy of the methyl group (1.91 ppm)
and ring junction proton (6.47 ppm) signals with thosérahs-1b. In thecis-isomer, the methyl protons
resonate at lower chemical shift (1.50 ppm) because of the shielding effect of the indole ring; the ring
junction proton signal is displaced significantly to 5.83 ppm. The diastereomeric ratio observed is also in
accordance to the calculated relative stability of both isomers.

Ac Ac
NI N_H | + N, H |l
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2c cis-1a 4:6 trans-1a

Scheme 3. Reagents and conditions: (i) cone8®j}, 0°C, 4-8 h

Some experimental data of representative new compounds are shown in Table 1.
Current efforts are directed toward applying this intramolecular cyclization to other aromatic
nucleophiles, and the results of these investigations will be reported in due course.
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Table 1
Representative experimental data of new compounds

Compound yield (%) m.p. (°C) [o]p25e
1b 48 b +84.0 (0.10)
2¢ 67 b +72.2 (0.10)
3b 55 b +16.0 (0.25)
4b 48 b -
Sb 97 180-82 +10.0 (0.30)
6b 65 >230 +24.0 (0.48)

a solvent; dichloromethane.P not solid
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