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The stereoselective total synthesis of achaetolide 1 has been achieved and its absolute stereochemistry
has been reconfirmed to be 3S,6R,7S,9R configuration. Keck allylation, Sharpless asymmetric dihydroxy-
lation, and ring closing metathesis are the key steps involved in the target synthesis.

© 2010 Elsevier Ltd. All rights reserved.

Lactone containing molecules have attracted significant atten-
tion due to their potent biological activities.! Fungi have been a
great source for several lactone containing macrolides which are
being continuously isolated. A few recently isolated 10-membered
macrolides include achaetolide 1,2 decarestrictines A, D and | 3-6,
herbarumins I-1II 7-9,* microcarpalide 2> (Fig. 1), modiolides A
and B® and stagonolides A-I.” Many of these molecules exhibit
potent biological activities, such as antibacterial, antifungal, cyto-
toxic, and phytotoxic properties. The potent biological properties
coupled with the scarce availability of these natural materials have
made them good target molecules for total synthesis. Achaetolide,
isolated from the culture broth of Achaetomium cristalliferum in
1983, was found to increase transpiration of cut barley leaves. Very
recently, Takada and co-workers have established the structure of
achaetolide® by relative stereochemical assignment involving 'H
NMR analysis and Mosher’s method. In continuation of our interest
in targeting lactone containing molecules® for total synthesis, here-
in we describe the stereoselective total synthesis of achaetolide
and re-confirm its absolute configuration.

Retrosynthetically, the target molecule was envisioned to be
obtained from the intermediate 10 by deprotection of isopropyli-
dene moiety. The compound 10 could be obtained by coupling
two key fragments, acid 11 and alcohol 12, involving esterification
followed by a ring closing metathesis to realize the 10-membered
macrolide skeleton (Scheme 1). While the acid 11 could be ob-
tained from commercially available p-aspartic acid or 3-butene-
1-ol, the alcohol 8 was obtained from commercially available
n-octanal.

Accordingly, our synthesis started with the Keck allylation of
n-octanal employing S-BINOL, Ti(O'Pr),, and allyltributyltin to pro-
vide the homoallyl alcohol 13 in 91% yield with 93% ee.!° The chiral
secondary alcohol was protected as the corresponding tert-butyldi-
methylsilyl ether 14. Ozonolysis followed by Horner-Emmons
olefination of 14 using Ando’s protocol gave o,B-unsaturated ester
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Figure 1. Few 10-membered macrolides.

15 (in 9:1 ratio Z:E).!! Sharpless asymmetric dihydroxylation of the
olefin 15 with AD,x-B in tert-butanol and water yielded diol 16.
Protection of diol with 2,2-dimethoxy propane in the presence of
PPTS yielded the ester 17 which was reduced with DIBAL-H to yield
alcohol 18. Swern oxidation followed by one carbon Wittig homol-
ogation with methyltriphenylphosphonium iodide in the presence
of KO'Bu, yielded the olefin 19 (Scheme 2). Exposure of 19 to TBAF
yielded a key intermediate alcohol 12. The other key fragment 11
was synthesized starting from p-aspartic acid following the known
procedures.'? Thus, the amino acid was subjected to diazotization
followed by bromination to yield a-bromo succinic acid 20. Reduc-
tion of the two carboxylic groups was achieved with BH;-THF to
provide 2-bromo-1,4-diol 21 which was converted to benzyl pro-
tected oxirane 22 in a one-pot reaction utilizing NaH and benzyl
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Scheme 1. Retrosynthesis.

bromide and TBAI. The compound 22 can also be obtained from
homoallylic alcohol 13 in three steps involving, benzylation, epox-
idation, and Jacobsen’s kinetic resolution as reported earlier by our
group.’?

Treatment of the chiral epoxide 22 with trimethylsulfonium io-
dide and n-butyllithium provided the chiral secondary allyl alcohol
23.1% The secondary hydroxyl group was protected as the tert-
butyldiphenylsilyl ether 24 and was further treated with DDQ to
get the free primary alcohol 25. The resulting alcohol was sequen-
tially oxidized to aldehyde 26 under Swern conditions and then to

i) (S)-BINOL-Ti(O'Pr), 5 mol%

acid 11 with sodium chlorite (NaClO,), sodium dihydrogen phos-
phate (NaH,PO,) in tert-butanol-water in an overall 96% yield
(Scheme 3).1°

With the two key intermediates acid 11 and alcohol 12 in hand,
the stage was set for their coupling to realize the macrolide skele-
ton. The coupling of acid 11 and alcohol 12 was achieved using
DCC, DMAP to give an ester 27 in 61% yield (90% based on recov-
ered starting material). When attempts were made for ring closing
metathesis, both Grubbs’ 1st and Grubbs’ 2nd generation catalysts
did not give the product as expected and ended up with recovery of
the starting material. Incidentally, similar results were also ob-
served during the total synthesis of stagonolide B,”® wherein iden-
tical substitution was present in the precursor for ring closing
metathesis. Based on our earlier experience, we proceeded further
for desilylation to get the free hydroxyl group. Thus, treatment of
27 with triethylamine tris(hydrogen fluoride) (EtsN-3HF) in tetra-
hydrofuran provided free allyl alcohol 28. Ring closing metathesis
was attempted directly by exposing the substrate 28 to Grubbs 2nd
generation catalyst under reflux condition in 1,2-dichloroethane to
yield the product 10'® with isopropylidene protection along with a
byproduct 29. The product 10 was treated with TFA at 0 °C for 2 h
to yield the target molecule, achaetolide 1 in 86% yield (Scheme 4).
The spectroscopic data'” of the synthetic compound were found to
be similar to that of the natural product.>8

In conclusion, we have accomplished the total synthesis of
achaetolide 1 following a convergent approach. The overall yield
was found to be 12.4% and 11.6% starting from n-octanal and
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p-aspartic acid, respectively. Also the absolute configuration of
achaetolide has been reconfirmed to be 3S,6R,7S,9R.
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J=3.4, 11.7 Hz, 1H), 2.40-2.32 (m, 1H), 1.88-147 (m, 2H), 1.42 (s, 1H), 1.34-
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323.1832.
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