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Enantioselective formal synthesis of macrolactone palmerolide A, a polyketide marine natural product, is described. Key strategies in the
synthesis include the oxidative furan ring-opening of a chiral furyl carbinol for the installation of the 1,4-dienol core and a Jung nonaldol—aldol

reaction for the dienamide core.

A large number of natural products isolated from various
sources continue to play a pivotal role in drug discovery. In
a quest of natural products with potent activity, Baker and
co-workers isolated palmerolide A 1, a 20-membered
macrolactone from the marine tunicate Synoicum adarea-
num found in the Antarctic region.' Palmerolide A 1
possesses seven unsaturations that include a conjugated
dienamide, conjugated diene, a.fB-unsaturated ester, 1,
4-alkenol with an adjacent carbamate, and five chiral
centers. Palmerolide A is found to exhibit excellent anti-
tumor activity against melanoma cancer cells, which is
attributed to its potent inhibitory activity against vacuolar
ATPase. Owing to the useful biological profile of 1 and the
treaty that prohibits commercial exploitation of Antarctic
resources, the development of a synthetic strategy that
allows the synthesis of palmerolide A and an array of its
analogues is warranted. De Brabander’s group disclosed
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the first total synthesis of 1 and revised the stereochemistry
of the natural product.”® Two more total syntheses from
the groups of Nicolaou? ¢ and Hall*® were reported
recently, while two formal syntheses® and approaches to
various fragments of 1 have also appeared.* Key discon-
nections in the reported syntheses include assembly of the
macrolactone core of 1 employing an intramolecular Wit-
tig—Horner olefination, ring-closing metathesis (RCM),
intramolecular Heck reaction, and Yamaguchi lactoniza-
tion by the De Brabander, Nicolaou, Maier, and Hall
groups, respectively. Notable approaches for construction
of the 1,4-alkenol C7—C11 fragment include an intramo-
lecular Wittig reaction followed by reduction and a Clai-
sen—Ireland rearrangement of an alkenylboronate, while
approaches for the synthesis of the C16—C23 fragment
include, in general, either an aldol reaction or crotylbora-
tion. Herein, we report the synthesis of 1, different from the
previous reported syntheses for the installation of the
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chiral components, relying on the Jung rearrangement and
oxidative furan ring-opening of a chiral furyl carbinol.

The sketch of our approach for the synthesis of 1 is
depicted in Scheme 1. It is envisaged to construct the
macrolactone via an intramolecular Heck coupling of the
two fragments 2 and 3. Synthesis of the C16—C23 fragment
2 is anticipated through the nonaldol—aldol reaction
developed by Jung et al.,” while the C1—C15 fragment 3
is envisioned by elaboration of the y-ketoalkenoic acid 4
derived from the furyl carbinol 5.

Scheme 1. Palmerolide A and Retrosynthesis
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Accordingly, the synthetic sequence commenced with
the synthesis of allylic alcohol 8 from the known
aldehyde 6° involving a sequence of Wittig olefination
with the ylide Ph;P=C(Me)CO,Et 7 and reduction of
the resultant ester. Epoxidation of the allylic alcohol 8
under Sharpless conditions afforded the epoxide 9
(86% yield).” Reaction of 9 under Jung reaction con-
ditions with TESOTf and "Pr,NEt resulted in the alde-
hyde 10, which without further purification was treated
with the Wittig ylide 7 to afford the o,f(-unsaturated
ester 11 in 60% yield for two steps. Deprotection of the silyl
ether in 11 gave the hydroxy ester 12 in 96% yield. Reduc-
tion of 12 with DIBAL-H afforded the diol 13, which on
selective protection of the primary hydroxy group as the
TBS ether furnished the required C16—C23 fragment 2 in
86% yield (Scheme 2).

For the synthesis of the C1—CI15 fragment, transforma-
tion of the furyl carbinol 5 to the alkenoic acid 4 was
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Scheme 2. Synthesis of the C16—C23 Fragment of Palmerolide A
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Scheme 3. Synthesis of the y-Ketoalkenoic Acid
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chosen as the pivotal step. Thus, 5° was transformed to the
silylether 14, which on reaction with NBS in presence of
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Scheme 4. Synthesis of the C1—C15 Fragment of Palmerolide A
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water and pyridine furnished the unsaturated aldehyde 15
in 55% vyield.® Oxidation of the aldehyde with NaClO,
afforded the required acid 4 in 93% yield. Conversion
of the acid to the Weinreb amide utilizing the mixed

anhydride method and subsequent reduction of the ketone
with NaBH, in presence of CeCls afforded the alcohol 16
in good yield and in excellent stereoselectivity.'® Alcohol
16 was transformed to the corresponding MOM ether
which on reaction with 4-benzyloxybutylmagnesium bro-
mide yielded the ketone 17 in 80% yield (Scheme 3).

Reduction of 17 with an (R)-CBS reagent'' furnished a
separable mixture of alcohols in 90% yield (18/19 = 7:3).
Minor isomer 19 was converted to the required isomer 18
involving Mitsunobu inversion in 64% yield, making it a
convenient process for the synthesis of 18. Protection of the
secondary alcohol in 18 as the MOM ether (96% yield) and
subsequent debenzylation using DDQ produced 20in 85%
yield. Oxidation of 20 with IBX to the aldehyde and further
Wittig olefination of the resultant aldehyde furnished the
o,f-unsaturated ester 211in 95% yield. Saponification of 21
with LiOH produced acid 3, the C1-C15 fragment of
palmerolide A (Scheme 4).

After successfully procuring the alcohol and acid frage-
ments 2 and 3, esterification was effected under Yamagu-
chi conditions'? to yield the ester 22 in 91% vyield. Intra-
molecular Heck coupling was performed on 22 to afford
the macrolactone 23 in 60% yield.'? Selective deprotection
of the primary silyl ether in 23 furnished the alcohol 24
(86% yield), which was converted to the vinyl iodide 25
involving oxidation to the aldehyde followed by Takai
olefination.'* Deprotection of the TBS ether in 25 and
introduction of the carbamate yielded 26 in excellent yield.
The MOM ethers were unmasked by treating 26 with

Scheme 5. Formal Total Synthesis of Palmerolide A
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TMSCI in MeOH to furnish 27 in 70% yield the
spectral data of which is in complete agreement with
that reported in literature.? Since conversion of 27 to
palmerolide A 1 by Cul-mediated coupling with di-
methylacrylamide has been reported in literature, the
present sequence constitutes a formal total synthesis
of palmerolide A 1 (Scheme 5).
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In conclusion, a formal total synthesis of palmerolide A
is accomplished from readily available furyl carbinol. The
main feature of the synthesis includes the construction of
the C1-CI15 fragment by elaboration of the keto acid
derived from oxidation of 2-furylcarbinol. Expedient syn-
thesis of the C16—C23 fragment showcased the usefulness
of a Jung nonaldol—aldol reaction.
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