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Abstract: A convergent pathway is described for the synthesis of
(S)-aplyolide A (1) using ethyl (S)-lactate as chiral source. Key
steps of the synthesis are two couplings between copper(I)
alkynides and propargylic halides for the formation of skipped
diyne systems and were performed with an improved procedure
based on the use of cesium carbonate as base for alkynide prepara-
tion.
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Aplyolide A (1) belongs to a group of lactonized hydroxy
fatty acids recently isolated from the skin of the marine
mollusk Aplysia depilans.1 These compounds are strongly
suspected to play a role as allomones in the chemical
defense2 of these mollusks because of both their ichthyo-
toxicity and their exclusive location on the external part of
the animal skin. Aplyolides should also possess other bio-
logical activities which might be of useful application in
medicine owing their structural similarities with other
bioactive compounds.3 However, these potential bioactiv-
ities are still undetected because the paucity of material
obtained from the natural source has precluded further in-
vestigation. We therefore have recently been engaged
with the development of a synthetic process which would
make these compounds readily available for biological
evaluation. Reported herein is a convergent and stereo-
controlled synthesis of (S)-aplyolide A (1).

Retrosynthetic analysis for 1 (Scheme 1) revealed that the
enetriyne 2 could be a good precursor for the Z,Z,Z,Z
skipped tetraene moiety of the hydroxy tetraunsaturated
acid obtained after opening of the lactone. Further discon-
nection of 2 gives two fragments 3 and 4 whose discon-
nections lead to easily available starting materials. In fact,
4 can be prepared from cheap chiral template ethyl (S)-
lactate (6) while 3 can be obtained by coupling an alkyne
with a propargylic halide such as chlorobutynol (5).4a

Central to the approach is the formation of skipped diynes
by coupling of propargylic halides and alkynes. In this
frame, a bifunctional compound such as 5 is particularly
useful4b because, in the first coupling, it leads to a product
which, after functional group transformation of the hy-

droxy group, can provide the needed propargylic halide 3
for the second coupling required in order to obtain 2.

(S)-(tert-Butyldimethylsilyloxy)-2-hepten-6-yne (4) was
synthesized by Wittig reaction of aldehyde 8 with phos-
phonium salt 11 as outlined in Scheme 2. The first step
was the protection of the ethyl (S)-lactate (6) with the t-
butyl-dimethylchlorosilane (TBDMS-Cl) to give 2-(tert-
butyl-dimethyl-silyloxy)-propionic acid ethyl ester 7.5

Reduction of 7 with diisobutylaluminium hydride
(DIBALH) in dichloromethane at –78 °C gave the alde-
hyde 8 in 88% yield [ [�]22

D –6.30 (c = 12.5, 95% etha-
nol); lit.6 [�]21

D –6.13 (c = 1, 95% ethanol)]. But-3-ynyl-
triphenyl-phosphonium bromide (11)7 was prepared start-
ing from 3-butynol (9) in three steps: conversion into the
corresponding tosylate 10 which was subjected to reaction
with NaBr in order to obtain a bromide whose reaction
with PPh3 afforded 11 (62%, three steps yield). With the
two required reagents in hand, the Wittig reaction was car-
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ried out affording the required Z alkene 48 as the sole
product in 80% yield.

The following crucial steps of the planned synthesis were
two coupling reactions between a terminal alkyne and a
propargylic halide for the preparation of 2. In fact, 13
(Scheme 3) was planned to derive from coupling of 12
and 5 while a second similar coupling was envisioned for
the formation of 2 by reaction of 4 and the propargylic
bromide 39 obtained from 13. It is well known that these
coupling reactions are generally complicated by some
side reactions when a Group I alkynide is used, while cop-
per(I) alkynides proved to give better results and several
methods have been proposed using preformed or in situ
generated copper(I) alkynides.10 Furthermore, in our case
the reaction must be performed under conditions highly
tolerant of a sensitive group such as the ester functional-
ity. Initially, we used the methodology described by Jef-
fery and co-workers11 in which a carbonate is used to
produce the alkynide under phase transfer conditions but
an unsatisfactory result was obtained for the coupling of
the alkyne 12 with chlorobutynol (5) (46% yield). There-
fore we turned to the procedure proposed by Lapitskaya et
al.12 in which K2CO3 is used as base and NaI is added in
order to convert the propargylic halide into the more reac-
tive iodide in the reaction mixture. However, the yields
obtained were quite acceptable (Table; entries 1 and 2)
only for the first coupling so a further improvement was
needed to make also the second coupling fully satisfacto-
ry.

We focused our attention on the kind of carbonate used as
base. In fact, it is well known that among the alkali metal
cations present in carbonates cesium plays a prominent
role in solving synthetic problems.13 Many reactions in
which a carbonate is used as base, take advantage of a “ce-
sium effect” mainly due to the higher solubility in organic
solvent14 and appropriate basicity of this carbonate. Ex-
perimental results showed the improvement that we ex-
pected making these reactions fully applicable to our
multistep synthesis devoted to the construction of the
skipped polyyne (Table; entries 3 and 4).

Finally, compound 215 upon careful semi-hydrogenation
over Lindlar catalyst16 gave the corresponding all cis tet-
raene 1417 (Scheme 3). After removal of the t-butyl-dime-
thylsilyl group with pyridine p-toluenesulfonate (PPTS),18

the hydroxy ester 15 obtained was subjected to hydrolysis
with LiOH19 affording the hydroxyacid 16. Finally, mac-
rolactonization according to Yamaguchi’s procedure20

gave aplyolide A (1) in 71% yield (Scheme 3).21

The [�]25
D value (–58.5; c = 0.2, CHCl3) and the other

spectral data (1H NMR, 13C NMR, IR and MS) of synthet-
ic 1 were in agreement with those of the natural product.1

Scheme 2 (a) TBDMS-Cl, imidazole, CH2Cl2, (100%). (b) DI-
BALH, CH2Cl2, –78 °C, (88%). (c) p-TsCl, pyridine, CH2Cl2, 0 °C,
(100%). (d) NaBr, CH3CN. (e) PPh3, CH3CN, 60 °C, (62% overall
from 9). (f) 11, n-BuLi, THF, 0 °C, then addn. 8 in THF, then 60 °C,
2 h (80%).

O

RO

OEt O

TBDMSO

R PPh3

Br
9 R=OH

10 R=OTs

4
6 R=H
7 R=TBDMS

a

b

c

d,e

f8

11

Table Skipped Diyne Formation by Coupling Reactions between 
Copper(I) Alkynides and Propargylic Halides

Entry Alkyne Propargyl halide Carbonate Yield (%)

1 12 5 K2CO3 85

2 4 3 K2CO3 42

3 12 5 Cs2CO3 95

4 4 3 Cs2CO3 68

Scheme 3 (a) Cs2CO3, NaI, CuI, DMF, 20 h (95%). (b) CBr4, PPh3,
CH2Cl2, 0 °C (90%). (c) 4, Cs2CO3, NaI, CuI, DMF, 20 h (68%). (d)
1 Atm H2, Pd–CaCO3, (Lindlar), EtOH (54%). (e) PPTS, EtOH 95%
(100%). (f) LiOH, DME–H2O, (100%). (g) 2,4,6-trichlorobenzoyl
chloride, Et3N; 4-DMAP, toluene, reflux (71%).
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In conclusion, the stereo and enantioselective total synthe-
sis of aplyolide A (1) has been described which confirms
the S stereochemistry of the natural product.22 The starting
material, used as chiral source, is the relatively unexpen-
sive ethyl (S)-lactate. The synthesis is convergent and re-
quires only 10 steps from either 9 or 6. A particularly
valuable feature of the synthesis was the development and
the use of an improved methodology of coupling between
Cu(I) alkynide and propargylic halides. An investigation
on the biological activity of aplyolide A is now in progress
and the results will be given in due course.
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