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A short synthesis of aspergillamide B. The marine natural
product from Aspergillus sp.
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Abstract—A short route to the marine natural product aspergillamide B has been developed. The key step is the stereoselective
formation of the trans indole–enamide pharmacophore by indole-assisted dehydration from the functionalized aminoalcohol
intermediate. HPLC and 1H NMR analyses show that aspergillamide B is more stable in the cis rotamer form. © 2002 Elsevier
Science Ltd. All rights reserved.

During the past few years, a number of bioactive
natural products featuring an indole-3-ethenamide sub-
structure have been isolated from various sources.
Among them, terpeptine,1 chondriamides2 and coscin-
amides,3 as well as aspergillamides A (1a) and B (1b),
are the most representative examples of this new class
of compounds. The latters, cytotoxic peptides, have
been structurally elucidated following their isolation in
low yields from an Aspergillus sp. (Fig. 1).4

To date, a number of procedures allowing the forma-
tion of enamides have been developed.5 Interestingly, a
library of aspergillamide analogues were recently pre-
pared by Dömling and co-workers6 using the Ugi multi-
component reaction.7 Several of these analogues were
found to be more active than the natural asper-
gillamides. However, as a major drawback, the Ugi
multicomponent reaction7 gave in general a mixture of
regio- and diastereoisomers,6 and, stereocontrolled pro-
cesses are usually required to overcome this difficulty.8

Herein, we describe the first stereoselective synthesis of
aspergillamide B taking advantage of a simple dehydra-
tion of a suitably functionalized aminoalcohol interme-
diate as outlined in Scheme 1.

To design this sequence, we thought that the electron
rich indole unit might assist water elimination to

provide the enamide moiety, in its thermodynamically
stable trans configuration (Scheme 1). Following these
observations, we have examined the dehydration pro-
cess starting from the aminoalcohols 3a and 3b (Scheme
2). These derivatives were obtained in moderate yield

Figure 1. Structure of aspergillamides.
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Scheme 1. The proposed synthetic pathway allowing to the
trans-enamide products.

Scheme 3. Synthesis of aspergillamide B. Reagents and condi-
tions : (i) HOBT, EDC, DMF, N-Boc,N-Me-phenylalanine;
(ii) dioxane–HCl; (iii) APTS, toluene, 60°C; (iv) N-Ac-leucine,
HOBT, EDC, DMF, DIEA; (v) 6% Na–Hg, Na2HPO4, diox-
ane–methanol.

Scheme 2. Synthesis of aminoalcohols 3a and 3b.

Interestingly, as expected, upon acidic treatment
(APTS-toluene) 5b underwent a clean conversion into
the single trans-enamide product 6b, as confirmed by
1H NMR [� (H-enamide)=6.24 ppm and J=14.6
Hz].13 Alternatively, 6a and 6b were obtained from 4a
and 4b, respectively, using the same dehydration pro-
cess which led to the Boc-protected enamides 7a and
7b, followed by Boc-deprotection (7b�6b, 51%). The
coupling of 6b and the commercially available N-acetyl-
leucine under standard conditions yielded the protected
aspergillamide 8b in 78% yield. The benzenesulfonyl
protecting group of compound 8b was cleanly removed
by treatment with Na–Hg14 to give aspergillamide 1b in
72% yield.15 In the present case, this protecting group
was found to be more resistant to the cleavage when
using more conventional procedures.16 Finally, HPLC
analysis17 of aspergillamide 1b showed a mixture of cis-
and trans-amide rotational isomers (see Fig. 1) which
equilibrated in favour of the stable cis rotamer. The cis
conformation was evidenced by the high field signal (�H

at −0.16 ppm) of one of the two hydrogens of the
leucine methylene group facing the phenyl ring (Ph-
shielding effect, see 1H NMR),15 in line with literature.4

(34%) from aldehydes 2a and 2b, respectively, follow-
ing: (i) Henry reaction9 using nitromethane aldol con-
densation and (ii) subsequent hydrogenolysis of the
nitroalcohol intermediates. Interestingly, cyanosilyla-
tion of the same starting material (2b) using ZnI2 as
catalyst10 afforded quantitatively the cyanohydrine
intermediate which was then reduced with LAH in
THF into compound 3b in 72% overall yield.11

The coupling of aminoalcohol 3a or 3b with N-Boc,N-
Me-phenylalanine12 (HOBT/EDC) was achieved in
quantitative yield affording compounds 4a and 4b (95–
98%), respectively, as equimolar mixture of two
diastereoisomers (Scheme 3). Removal of the Boc-pro-
tecting group of compound 4b provided the aminoalco-
hol 5b.
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In conclusion, we have realized the first stereoselective
synthesis of aspergillamide B, in short linear steps. In
vitro cytotoxicity assays of aspergillamide B and the
intermediates 6b and 8b were evaluated against the KB
cell line. These products were found to be active in a
micromolar range [IC50: 10 �M for 1b, 3 �M for 6b and
2.3 �M for 8b]. The application of this strategy to the
synthesis of other enamide-natural products and ana-
logues (in indole and non-indole series) together with
the photoisomerization aspergillamide A�asper-
gillamide B is in progress and will be given in due
course.
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