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Abstract—Starting from the commercially available D-glucal (2), the naturally occurring �,�-unsaturated �-lactone argentilactone
(1a) has been synthesized. The important step is the configuration inversion at C-6 by the Mitsunobu reaction following the
sugar–non-sugar–sugar strategy. The synthetic argentilactone has been tested against Leishmania mexicana for bioactivity. © 2001
Elsevier Science Ltd. All rights reserved.

R-(−)-Argentilactone (1a), an �,�-unsaturated �-lac-
tone, was originally isolated in 1977 from the rhizomes
of Aristolochia argentina Gris.1 This compound is the
major constituent of the essential oil and hexane extract
of Annona haematantha2 and also present in the
methanolic extract of the leaves of Chorisia crispiflora.3

Biological studies on 1a have revealed high anti-
leishmanial2 and cytotoxic activity against P-388 mouse
leukaemia cells.3 Moreover, it can also be used as
starting material for the synthesis of interesting
pheromones.4 These features prompted some research
groups to undertake the total synthesis of this
compound.5–8

Recently, we have reported the first total synthesis of
non-natural enantiomer of argentilactone (1b) from
glucose9 (Fig. 1). Extending our research for the synthe-
sis of �,�-unsaturated �-lactones based on cheap and
easily available sugar templates, we describe here the
total synthesis of R-(−)-argentilactone (1a). As the
stereochemistry of 1a at C-6 (pyran numbering) is R, a

sugar from L-series is needed. This stereochemical prob-
lem was solved by converting commercially available
D-glucal (2) into the optically active furan glycol 3a10

followed by inversion of configuration of the asymmet-
ric center by the Mitsunobu reaction.11 Although the
authors used 2 equiv. of the reagent system (PPh3,
DEAD, benzoic acid) to produce the crystalline diben-
zoate 4a in 92% yield,10 we found that the use of 1
equiv. of the reagents gave the monobenzoate 4b12 with
the free primary hydroxyl group in more than 80%
yield containing the dibenzoate 4a in less than 5% yield.
Verification that the inversion was stereospecific was
obtained from the fact that the optical rotation of 3b
was identical in magnitude but opposite in sign to that
of the furandiol 3a. Compound 3b was prepared by the
hydrolysis of 4b and 4a.

Thus, the commercially available D-glucal (2) was con-
verted into the furandiol 3a under the conditions
(HgSO4, 0.002 M H2SO4) defined by Gonzalez and
co-workers13 in 90% yield. Inversion of the configura-

Figure 1. R-(−)-Argentilactone (1a) and its non-natural enantiomer (1b).
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tion of the secondary alcohol in 3a was carried out via
the Mitsunobu reaction11 by using 1.1 equiv. amounts
of each, PPh3, DEAD, and benzoic acid in dry THF.
Benzoylation of the secondary hydroxyl group was
indicated by the low-field absorption (� 6.19 ppm) of
H-2 in the 1H NMR spectrum.

The free hydroxyl group was then protected as tert-
butyl diphenyl silyl ether (TBDPSCl, DMF, imida-
zole)14 in quantitative yield to afford 5. Removal of the
benzoyl group was tested with MeOH/H2O/Et3N, how-
ever, the yield was low and most of the starting mate-
rial was recovered back even after stirring at reflux for
more than 36 h. Use of lithium aluminium hydride was
also not successful because it removed the TBDPS
group15 to give 3b. Finally, catalytic amounts of sodium
in methanol were used to afford the monohydroxyfuran
derivative 6, protected at the primary position with
TBDPS group (Scheme 1).

Having a successful preparation of the furan alcohol 6
from D-glucal (2), the next step was the transformation

of 6 into the L-hexenulose 7 (Scheme 2). This was
accomplished smoothly by oxidation of 6 with NBS.16

The hemiacetal 7, having the required stereochemistry
at C-6 in the target argentilactone 1a, was obtained as
a 1:1 mixture of anomers. Compound 7 was protected
at the anomeric position to get the glycoside 8 as a 2:3
anomeric mixture, favouring the �-anomer as the major
product.

The ketone 8 was reduced with NaBH4 in methanol at
−40°C in the presence of CeCl3·7H2O to give the allylic
alcohol 9, which was mesylated (MsCl, Py, 5°C) in
excellent yield to produce 10. The latter was treated
with lithium triethylborohydride (Superhydride®) to
produce the C-5-deoxygenated product 11. The TBDPS
group was removed with tetra-n-butylammonium
fluoride in quantitative yield and the generated primary
alcohol 12 was oxidized under Swern oxidation (oxalyl
chloride, DMSO, Et3N, −78°C) to produce the alde-
hyde 13 in 90% yield. Wittig reaction of 13 with hexyl-
triphenylphosphonium bromide gave the olefin 14 in
the desired cis configuration in 78% yield as was indi-

Scheme 1. (a) H2O/H+, HgSO4, rt, 3 h; (b) PPh3, DEAD, benzoic acid, THF, 2 h; (c) BzCl, Py, ether; (d) MeOH:Et3N:H2O
(5:1:4), overnight at rt; (e) TBDPSCl, DMF, imidazole, 0°C to rt, 2 h; (f) NaOMe, MeOH.

Scheme 2. (a) NBS, NaHCO3, NaOAc·3H2O, THF:H2O (4:1), 0°C, 30 min; (b) ethyl vinyl ether, PPTS, CH2Cl2, rt, 2 h; (c)
CeCl3·7H2O, NaBH4, MeOH, −40°C, 30 min; (d) MsCl, Py, 5°C, (e) LiBHEt3, THF, 40°C, 3 h; (f) tetrabutylammonium fluoride,
THF, under nitrogen, 1 h; (g) oxalyl chloride, DMSO, Et3N, CH2Cl2, −78°C, 30 min; (h) hexyltriphenylphosphonium bromide,
n-BuLi, THF, −50°C; (i) H2O2, MoO3 (catalytic amounts), and then Et3N, Ac2O.
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Figure 2. The effect of synthetic argentilactone on the growth
of L. mexicana.
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cated by the coupling constant J7,8=10.2 Hz in the 1H
NMR spectrum of the final compound. The anomeric
mixture 14 produced a very complex 1H NMR spec-
trum and the assignments were not carried out. Finally,
compound 14 was oxidized by H2O2 in the presence of
catalytic amounts of MoO3 to generate the target argen-
tilactone 1a. All physical data (MS, 1H and 13C NMR,
optical rotation, etc.) were found identical in all respects
with those reported for the natural argentilactone.1

Anti-leishmanial activity of 1a

In the present study, the in vitro activity of synthetic
argentilactone on the growth on L. mexicana was also
assessed17 (Fig. 2). At 5 �g/ml, synthetic argentilactone
leads to marked growth retardation in promastigote
cultures, while at 10 �g/ml the parasites are unable to
proliferate and die within 2–3 days, thus showing
unequivocally that argentilactone is, indeed, the pharma-
cologically active compound of the above mentioned
plant extracts. The efficiency of argentilactone against in
vitro-cultured leishmania promastigotes is comparable to
that of the mainly used clinical anti-leishmania drug,
sodium stibogluconate.18 This indicates that argentilac-
tone may be used as a lead compound for the develop-
ment of new anti-leishmania drug.
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