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Cytotoxic drugs often fail to kill tumor cells long-term
because overexpression or activation of transmembrane
P-glycoproteins results in efflux of the drugs.! Com-
pounds that can contravene P-glycoprotein-mediated
multidrug resistance (MDR) and, hence, increase intra-
cellular drug concentration may be useful in chemo-
therapy. The novel cyclic depsipeptide hapalosin (1) was
recently isolated and has shown auspicious anti-MDR
activity in vitro.? The first total synthesis of hapalosin

has been accomplished.
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The synthesis of hapalosin was initially envisioned to
incorporate a Passerini reaction? (Scheme 1). Since the
Passerini reaction is a multiple-component condensation,
it permits the ready utilization of different aldehydes or
ketones to create analogs of hapalosin. Passerini reac-
tions of isocyanide 3, acid 4, and isobutyraldehyde at
room temperature produced the two separable diaster-
eomers of olefin 2 in about 66% yield, but the diastereo-
selectivity (ds) was poor. Attempts to improve the ds by
using various solvents were unsuccessful as the undes-
ired diastereomer was slightly favored in all reactions.
More important, clean N-methylation of olefin 2 or
related structures without an a-H in the acid component
could not be achieved, prompting consideration of another
strategy.

Hapalosin was synthesized by another route which
utilized the acid chloride coupling method to form an
intermediate similar to 2 (Scheme 2). The synthesis
converged at fragments 6 and 7. Brown allylboration of
an aldehyde derivative of L-Phe led to amino alcohol 6.
Another Brown allylboration of octanal set the two
contiguous stereocenters in acid 7. A third key step was
the macrolactonization of hydroxyacid 5.

Amino alcohol 6 was synthesized in four steps starting
with N-BOC-L-Phe methyl ester 8 (Scheme 3). The
amino ester was N-methylated with NaH and Mel* (97%
vield) and reduced to the aldehyde with DIBAH (60%
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yield).® Aldehyde 9 underwent Brown allylboration® to
give the desired diastereomer 10 in 64% yield and 90%
de, the de being determined at the stage of amino alechol
6. All N,N-dialkylamides and -carbamates in Schemes
3 and 5 exist as rotamers in CDCl; at room temperature.
This characteristic renders very complicated the inter-
pretation of 'HMR spectra acquired at room temperature
of compounds more advanced than 9.

Synthesis of the second fragment, ester acid 7, is

{5) To minimize racemization of aldehyde 9, solvents were removed
from 9 at <30 °C and flash chromatography with silica gel was done
in <30 min.
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illustrated in Scheme 4. Brown allylboration” of octanal
furnished homoallylic alcohol 11 in 72% yield and 90%
de.? The hydroxyl group was protected with p-methoxy-
benzyl 2,2 2-trichloroacetimidate (PMBTCAI)®!? in 80%
yield, and the olefin was ozonized to the aldehyde (63%
yield). Oxidation of the aldehyde with sodium chlorite!!
afforded acid 12 (100% yield). The acid was converted
to the acid chloride which reacted with (S)-a-hydroxy-
isovaleric acid to produce ester acid 7 (46% yield).

Six steps after coupling of fragments 6 and 7 provided
hapalosin (Scheme 5). Amide 13 was formed by reacting
amino alcohol 6 with the acid chloride derivative of ester
acid 7 (70% yield). The hydroxyl group was protected!?
with TBSOTf (89% yield), and the PMB ether was
deprotected with DDQ (85% yield). Alkenol 14 was
ozonized (85% yield), and the aldehyde was oxidized to
the acid with sodium chlorite. Macrolactonization of
crude hydroxy acid 5 under modified Mukaiyama condi-
tions!? and deprotection of the TBS ether of the resulting
macrolide with TBAF produced hapalosin (1) in 13% yield
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for the final three steps.!* Synthetic hapalosin was
identical in all respects (‘HMR, 13CMR, [alp, IR, and
HRMS) to the natural product.

Hapalosin was reported by Moore to exist as an
approximately 3:1 mixture of conformers in CDCl; at
room temperature. Two-dimensional NOESY analysis of
synthetic hapalosin showed a strong correlation between
the methine hydrogen o to nitrogen and the isobutyl
hydrogen o to oxygen for the major conformer, indicative
of an s-cis amide. No such correlation was found for the
minor conformer. Analysis of the ground state conforma-
tions of hapalosin and its non-N-Me analog (which could
potentially be synthesized via an intramolecular Passe-
rini reaction) and their relationship to biological activity
is currently underway.
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