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Abstract: Asymmetric synthesis of C16–C24 of palmerolide A is
described, featuring convergent Negishi coupling, Singaram
propargylation, and successful tactical maneuvering to address an
unexpected allylic substitution reaction.
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Palmerolide A (1, Scheme 1) has received considerable
attention from the synthetic chemistry community,2–4 ow-
ing to its trifecta of exciting biological activity, complex
chemical structure, and limited natural supply.5 The title
compound6 and several congeneric structures7 were iso-
lated from Synoicum adareanum, a tunicate species
unique to the Antarctic marine environment. Palmerolide
A is selectively cytotoxic to melanoma cells (e.g., UACC-
62, LC50 18 nM), and it is a potent inhibitor of vacuolar
ATPase (IC50 2 nM). While it may be tempting to connect
these data points to suggest a mechanism of action, cyto-
toxicity data and inhibitory activity do not correlate well
across the palmerolide family.7 Thus, more research is
needed to establish the therapeutic potential of the palm-
erolides as drug development leads for melanoma.8,9

Scheme 1  Palmerolide A (1), with emphasis on the C16–C24 region,
and the targeted fragment 2

Scheme 2  Previously reported synthesis of the C1–C15 subunit

Our interest in the synthesis of palmerolide A grew out of
ongoing methodology for the tandem addition–fragmen-
tation of vinylogous acyl triflates (VAT).10 Specifically,
VAT fragmentation to produce alkyne-tethered β-keto
phosphonates10g and phosphine oxides enables a concise
approach to the C1–C15 subunit (Scheme 2).4f In the in-
terest of making further contributions to the efficient
chemical synthesis of the palmerolides, we report a con-
vergent synthesis of the C16–C24 subunit. Our strategy is
unique in that all previous syntheses involve side-chain
fragments that either extend one carbon past or end one
carbon shy of C24.2–4 We also purposefully avoid the use
of the potentially labile β,γ-unsaturated aldehyde 3
(Scheme 1), which figures prominently in all but one3d of
the previous synthetic approaches to palmerolide A.

The first key step in the synthesis of the C16–C24 subunit
is a Negishi coupling11 between vinyl bromide 412 and al-
kyl iodide 513 (Scheme 3), which we prepared by analogy
to reported procedures. Negishi coupling (→ 6), THP hy-
drolysis (→ 7), and oxidation of alcohol 7 provided alde-
hyde 8 in 57% overall yield.

The next synthetic challenge was to set the C19–C20 syn
stereochemistry. Based on the Felkin–Anh model, nucleo-
philic addition to chiral aldehyde 8 should favor the de-
sired syn diastereomer.14 However, steric differentiation
between methyl and methylene is minimal, and substrate-
controlled propargylation gave very poor diastereoselec-
tivity (Scheme 4).

We thus focused our attention on reagent- or catalyst-con-
trolled asymmetric propargylation of aldehydes. Singa-
ram’s propargylation15 emerged as our preferred choice
(Scheme 4) for its operational simplicity. Treatment of a
THF solution of aldehyde 8 with propargyl bromide, indi-
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um metal, and pyridine in the presence of (commercially
available) amino alcohol 10 provided homopropargyl al-

cohol 9 in 93% yield (95:5 dr). Chiral ligand 10 was re-
covered in 94% yield and reused with identical results.

Negishi–Wipf16 carbometalation–iodination (9 → 11)
was supposed to conclude the synthesis of the C16–C24
subunit (Scheme 5), but unexpected complications arose.
Standard conditions converted alkyne 9 into a complex
mixture of products, one of which appeared to be the re-
sult of allylic substitution in which the TBDPS ether was
replaced with a phenyl group. We repeated this experi-
ment using alcohol 7, which lacks the alkyne moiety, and
proceeded to isolate allylbenzene 12 in 36% yield. Further
details and observations fall outside the current focus, but
the phenyl group presumably comes from the TBDPS
ether. Others have noted that silyl ethers can be problem-
atic in this reaction,17 but we found no prior examples of
this unusual allylic substitution.

After trying unsuccessfully to achieve the desired conver-
sion by optimizing the experimental conditions, we
changed the substrate (Scheme 6). We removed the

Scheme 3 Convergent Negishi coupling for the preparation of aldehyde 8
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Scheme 5 Unexpected carbometalation difficulties (top), and an unusual substitution reaction under identical conditions (bottom)
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Scheme 4 Chiral aldehyde 8 showed minimal bias in the addition of
propargyl Grignard (top), but catalyst control using Singaram’s meth-
od efficiently provided alcohol 9 (bottom)
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TBDPS ether, subjected diol 13 to carbometalation (opti-
mally without adding water16a), and thus obtained iodides
14 and 15 in a 4:1 ratio. The minor product (15, from OH
→ Me substitution, cf. Scheme 5) was easily separated
from diol 14 using silica gel, and 14 was thus isolated in
60% yield. Selective protection of 14 gave TBS ether 2 in
85% yield,18 completing the synthesis of our target C16–
C24 subunit.

Scheme 6  Synthesis of target C16–C24 fragment

A C16–C24 fragment of palmerolide A has been prepared
in seven steps (27% overall yield) from known com-
pounds 4 and 5, each of which was prepared in three steps.
Highlights of this work include the convergent Negishi
coupling and application of Singaram’s indium-mediated
propargylation reaction to set the C19–C20 syn stereo-
chemistry. With efficient access to C1–C15 and C16–C24
fragments, what remains is fragment assembly and oxida-
tive installation of the enamide moiety toward completion
of the synthesis of palmerolide A. Efforts to this end are
under way and will be reported in due course.
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