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A concise asymmetric route to the antibiotic macrolides
patulolide A and pyrenophorin
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Abstract—In this letter, we describe an enantiospecific route to patulolide A and pyrenophorin through the synthesis of known
protected seco acid precursors starting from commercially available (S)-ethyl lactate.
� 2006 Elsevier Ltd. All rights reserved.
Molecules belonging to the medium and large size ring
lactones have attracted considerable attention from syn-
thetic chemists due to their interesting biological proper-
ties. Though many macrolides have complex structures
with high substitution, simple macrolides also possess
important properties which make them worth explor-
ing.1 Most of the physiologically active macrolactones
often have a double bond at the a,b-position and a keto
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Figure 1. Selected antibiotic macrolides with c-keto-a,b-unsaturated
(E)-alkenoic acid moieties.
or hydroxy functional group at the c-position (see,
Fig. 1).2

Recently, we disclosed an efficient and highly
trans-selective conjugate hydride addition on c-hydroxy-
a,b-alkynoic esters using LiAlH4 to produce c-hydroxy-
a,b-(E)-alkenoic esters (Scheme 1).3 As a direct
application of this method, we were interested in the
synthesis of bioactive macrocycles possessing c-hydroxy
or c-keto-a,b-(E)-alkenoic ester functionalities. In this
letter, we report asymmetric routes to (S)-patulolide A
and (S,S)-pyrenophorin via their seco acid precursors.

Patulolide A is a twelve-membered lactone isolated from
the culture broth of Penicillium urticae mutant S11R59.4

The interesting biological activity5 (antifungal, antibac-
terial, and antiinflammatory) of this twelve-membered
lactone and related molecules has attracted the attention
of synthetic chemists and resulted in several syntheses.6

In our synthesis, commercially available (S)-ethyl lactate
1 was converted into aldehyde 2 following the literature
protocol.7 Wittig olefination followed by reduction of
the double bond gave saturated ester 3. The aldehyde
4 obtained from 3 through DIBAL–H reduction, was
coupled with ethyl propiolate in the presence of LDA
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to give compound 5 as diastereomeric mixture.8 The ste-
reochemistry of the newly formed center is not impor-
tant as this center represents a carbonyl group in the
natural product. As expected, conjugate reduction of 5
using LiAlH4 resulted in the desired (E)-alkenoic ester
6 in 65% isolated yield (Scheme 2). The hydroxy func-
tional group was protected as its 2-methoxyethoxy-
methyl ether to furnish known seco acid precursor 7,
which has previously been used to prepare the natural
product (S)-patulolide A.6d The spectral data of com-
pound 7 were compared with literature data and found
to be identical.9

Pyrenophorin, a sixteen-membered diolide isolated from
Pyrenophora avenae, is a powerful antifungal agent. This
C2-symmetric dilactone is derived by head-to-tail dimer-
ization of two identical C8 units.10 This compound has
been a target for many groups due to its interesting
structural features combined with its biological activ-
ity.11 In our route to pyrenophorin, aldehyde 812 was
converted to the ester 9 via two-carbon homologation
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followed by hydrogenation. The homologated ester 9
was transformed into the c-hydroxy-a,b-(E)-alkenoic es-
ter 12 via intermediates 10 and 11 using a similar proce-
dure to that described for patulolide A. Finally, the
known protected seco acid precursor 1311f of (S,S)-pyre-
nophorin was synthesized from compound 12 through
oxidation of the hydroxyl group and protection of the
resulting ketone with ethylene glycol, followed by
hydrolysis (Scheme 3). The spectral data for compound
13 were compared with the reported data of the same
compound and found to be identical.9

In summary, we have prepared known seco acid precur-
sors 7 and 13 starting from commercially available
(S)-ethyl lactate. We have demonstrated the utility of
the recently developed trans-selective conjugate reduction
of c-hydroxy-a,b-alkynoic esters to c-hydroxy-a,b-(E)-
alkenoic esters in macrocyclic natural product synthesis.
Application of this methodology for the synthesis of
other bioactive natural products will be the subject of
future publications.
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