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ABSTRACT

A synthesis of the macrocyclic core structure of callipeltoside A and a C9 epimer has been achieved by applications of chiral vinylzinc or
Kishi −Nozaki −Hiyama (K −N−H) additions, Roskamp homologations, and acylketene or intramolecular K −N−H macrolactonizations as key bond-
forming steps.

The lithistid sponge metabolite callipeltoside A and its
aglycone (Figure 1) have attracted the attention of synthetic

groups since its reported isolation in 1996 by Minale and
co-workers.1 Initial synthetic work by Paterson,2 Trost,3 and
Evans4 led to the correct assignment of relative and absolute

stereochemistry, culminating in total syntheses of the natural
product. In these efforts aldol methodology played an
important role in construction of the polyketide segments.
More recently, Huang and Panek synthesized this array by
means of allylsilane reactions.5 In the present report, we
describe a formal total synthesis of the callipeltoside aglycone
and its C9 epimer from aldehyde1, the enantiomer of which
was previously employed in our synthesis of discodermolide.6

We have recently shown that the vinylzinc bromide-N-
methylephedrine complex, prepared from vinyl iodide2 by
the procedure of Oppolzer, reacts with aldehyde1 to afford
theanti adduct3 with >90:10 diastereoselectivity (Scheme
1).7 This addition efficiently introduces the key C9 stereo-
center of the callipeltoside aglycone. Our present studies were
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Figure 1. Structure of callipeltoside A and retrosynthesis of the
aglycone core.
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directed toward further elaboration of this intermediate to
the macrocyclic lactone core of the natural product.

Methylation of alcohol3 and then cleavage of the primary
DPS ether8 and Sharpless asymmetric epoxidation of the
liberated allylic alcohol5 with theD-(-)-tartrate reagent gave
the epoxy alcohol6.9 Upon treatment with LDA, the derived
epoxy iodide7 underwent double elimination to afford the
alkynol 8.10

We also explored a more convergent synthesis of this
intermediate by employing the vinyl iodide14 in which the
propargylic alcohol moiety is already present in protected
form (Scheme 2). The synthesis of this iodide commenced

with the kinetic resolution of the racemic alcohol9 with
Amano AK lipase and vinyl acetate in pentane,11 which
afforded a 49:47 mixture of the (S)-alcohol10and (R)-acetate
11 of er >95:5, as measured by Mosher ester analysis.12

Reductive cleavage of the acetate11 and selective carboalu-
mination and iodinolysis13 of the terminal alkyne afforded
the iodo alcohol13 in 69% yield.

Surprisingly, our efforts to convert vinyl iodide14, the
TBS ether of alcohol13, to the zinc reagent needed for the
Oppolzer addition to aldehyde1 were not successful.
Attempted lithiation of iodide14 with t-BuLi, s-BuLi, or
BuLi, or by direct lithiation afforded only recovered iodide
and decomposition products.

The free alcohol13also failed to lithiate. When the MOM
ether15 was treated witht-BuLi, a mixture of recovered15
and its (Z) isomer was isolated, suggestive of an OMOM-
assisted deprotonation of the vinylic hydrogen.14 This as-
sumption was verified by lithiation and subsequent D2O
quench. In separate experiments with vinyl iodide2 we
attempted to generate the Oppolzer zinc complex by reaction
with Rieke zinc15 and subsequent addition of the lithio
N-methylephedrine followed by cyclohexane carboxaldehyde.
None of the desired adduct was produced in these experi-
ments, but we did isolate the protonolysis product derived
from the vinylzinc intermediate. Evidently the reactive zinc-
NME complex is not formed under these conditions.

An alternative route to the alcohol17 from aldehyde1
and vinyl iodide16was devised by application of the Kishi-
Nozaki-Hiyama (K-N-H) methodology,16 but the reaction
showed little stereoselectivity, affording a disappointing,
albeit separable, 60:40 mixture of alcohol adducts17 and
18 in 84% yield (Scheme 3).17

The major alcohol adduct17 was methylated,18 and the
primary TBS ether of the intermediate19 was selectively
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desilylated to afford the primary alcohol20 (Scheme 4). The
derived aldehyde21 was cleanly homologated to theâ-keto
ester 22 by treatment with ethyl diazoacetate and SnCl2

following the Roskamp protocol.19 Cleavage of the acetate
with NaOEt and pyrolysis of the hydroxy ester23 in
refluxing toluene to form the acylketene20 led to the
macrolide24 in 73% yield. Oxidative cleavage of the PMB
ether with DDQ in CH2Cl2 at pH 7 led to the pyranose25
in 96% yield. Global desilylation with TBAF in THF gave
the terminal alkyne26 which was reduced to the vinyl
compound27 by Lindlar hydrogenation.21 The spectral data
of 27 were in accord with those reported by Trost.3b

The favorable results from the Roskamp homologation
prompted our examination of a more elaborate version of
this reaction for an alternative approach to the callipeltoside
macrolide core. In this version the diazo ester homologation
would be employed to prepare an extended acyclic propar-
gylic ester40 (Scheme 7) which would then be subjected to
an intramolecular K-N-H reaction to effect cyclization. It
was our hope that the intramolecular reaction would proceed

with higher diastereoselectivity than the intermolecular
version depicted in Scheme 3. For this sequence alcohol30,
the precursor of aldehyde1, was acetylated and selectively
desilylated with PPTS in MeOH to afford alcohol32.
Oxidation with the Dess-Martin periodinane reagent22 led
to aldehyde33, the first of our coupling partners. The second,
diazo ester29, was secured through esterification of alcohol
13 with the tosylhydrazone28, which was converted to29
in situ (Scheme 5).23

Addition of diazoacetate29 to aldehyde33 in the presence
of 20 mol % SnCl2 afforded theâ-keto ester35 in 50% yield
and the pyranoside37 in 30% yield (Scheme 6). When the

addition was conducted with added NaHCO3 we obtained
theâ-keto ester35 in 62% yield.24 However, the pyranoside
byproduct persisted. Evidently, pyranoside37 is formed by
intramolecular attack of the PMB ether oxygen of33 on a
SnCl2-aldehyde complex followed by cleavage of the
oxonium ether by chloride.25 In fact, when the above
Roskamp homologation was carried out on the less basic
TBS ether34, theâ-keto ester product36 was formed in
85% yield. However, as it was desirable to differentiate the
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the former, pending evaluation of the intramolecular K-N-H
cyclization. As an aside, we did not observe a lactol
byproduct analogous to37 in reactions of aldehyde21 with
excess ethyl diazoacetate and SnCl2 (Scheme 4).

The PMB ether35 was converted to the pyranose38 in
69% yield with DDQ (Scheme 7). Cleavage of the acetate

with ethanolic NaOEt and oxidation of the alcohol39 with
the Dess-Martin periodinane reagent afforded aldehyde40.
Treatment of this aldehyde with CrCl2 and NiCl2(dppp)2 in
DMSO and DMS then afforded the macro lactone41 as a
single diastereomer in 71% yield.17

In our initial consideration of the intramolecular K-N-H
reaction we carried out a molecular mechanics analysis of a
truncated methyl ester analogue of the aldehyde40. The
analysis indicated that the carbonyl oxygen is oriented anti
with respect to the C7 hydrogen in a Felkin-Anh conforma-
tion (see the Supporting Information). This arrangement
would afford thecis-adduct with the desired callipeltoside
stereochemistry. However, the formation of thetrans isomer
41 as the sole adduct must result from ananti-Felkin-Ahn
conformation. A possible explanation emerges from a
consideration of the likely transition states for the two
alternative additions. The 1,3-disposition of the C6 and C8
methyl groups strictly limits rotation of the C7/C8 bond to
minimize a potential 1,3 eclipsing interaction, but the C8/
C9 bond suffers no such constraints. While the calculated
conformation of the truncated aldehyde40 conforms to the
Felkin-Anh arrangement, the intramolecular nature of the
addition requires attack of the vinylic Cr moiety to be cis to

the largerR-substituent. This mode of attack would introduce
torsional strain between the C9 oxygen and the C8 methyl
group in the transition state (Figure 2,A). If, on the other

hand, the aldehyde carbonyl is rotated by 180°, the corre-
sponding transition state would involve only lower energy
O/H and CH3/H interactions en route to the observedtrans-
adduct (Figure 2,B). Thus, although both inter- and
intramolecular carbonyl additions are controlled by transition
state considerations, the intramolecular nature of the latter
prevents the attacking group from approaching the carbonyl
syn to the smaller alpha substituent.26

In summary, the present synthesis of the callipeltoside
aglycone utilizes novel Oppolzer and Roskamp methodolo-
gies for polyketide synthesis. Our inability to lithiate vinylic
iodides 13, 14, and15 is noteworthy, suggesting certain
limitations of this typically trivial synthetic operation. The
use of the complex diazo ester29 for the â-keto ester
homologation represents a new application of the heretofore
little used Roskamp methodology.
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(26) It should be noted thatanti-Felkin-Anh attack on the non-Felkin-
Anh conformation of aldehyde40 affords the same product (trans) that
would be produced from Felkin-Anh addition to the Felkin-Anh confor-
mation. However, steric constraints would expectedly disfavor this latter
pathway in the present case.

Scheme 7

Figure 2. Torsional interactions in cyclization transition states for
aldehyde40.
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