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Abstract: A convergent and enantioselective synthesis of the C3–
C19 bis-oxane oxazole fragment of phorboxazole B has been de-
scribed. This work features highly efficient substrate-controlled re-
ductions to construct the functionalised cis-oxane and a Mukaiyama
aldol reaction followed by an intramolecular Williamson reaction
leading to a trans-oxane.

Key words: enantioselective synthesis, phorboxazole, reduction,
Mukaiyama reaction, Williamson reaction

The phorboxazoles (1a and 1b) (see Figure 1), which
were isolated from the Indian Ocean sponge Phorbas sp.,
are unique macrolides accommodating four heavily func-
tionalised oxanes and two 2,4-disubstituted oxazoles.1

These metabolites have ranked among the most potent an-
tibiotic agents discovered to date, displaying exceptional
cytostatic activity throughout the panel of 60 NCI human

tumor cell lines (mean GI50 < 1.6 × 10–9 M).2 The unprec-
edented structural features and extraordinary potency of 1
have inspired wide interest in the organic synthetic com-
munity,3,4 and several outstanding achievements of total
synthesis have been reported.5

Our retrosynthetic analysis of phorboxazole B (1b) in-
volved disconnections of the structure at the C2–C3, the
C19–C20 and the C27–C28 bonds, which led to the key
building blocks 2–4. The stereoselective synthesis of
C21–C27 fragment 3 has been reported in a previous
publication.4b Herein, we describe our synthesis of the
C3–C19 bis-oxane oxazole portion 4 of phorboxazole B.

The strategy for constructing the bis-oxane 4 is retrosyn-
thetically outlined in Scheme 1. Disconnection of the
structure at the C5–O ether bond followed by sequentially
functional group transformations afforded the b-hydroxyl

Figure 1 Phorboxazole A (1a) and phorboxazole B (1b).
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ketone 16. An aldol disconnection at the C8–C9 bond of
compound 16 then let to methyl ketone 156 and aldehyde
14. The aldehyde 14 could be synthesised from 2H-pyra-
none 11 and the stereochemistry of C13 and C15 was
expected to be established via Luche reduction7 of ketone
carbonyl of 11 followed by hydrogenation8 of the double
bond.

The synthesis of 2H-pyranone 11 was described in
Scheme 2. Wacker oxidation9 of the chiral building block
55d gave rise to the methyl ketone 6 in 89% yield. Treat-
ment of the lithium enolate of 6 with aldehyde 710 in THF
at –78 °C let to the b-hydroxy ketone 8 in 81% yield as a
mixture of two C15 epimeric isomers. These diastereoiso-
meric substances were used directly in the next step with-
out separation. Thus, oxidation of the mixture of 8 with
Dess–Martin periodinane11 afforded the corresponding b-
diketone 9 in 90% yield, which was showed to exist com-
pletely in the form of enol-ketone by NMR spectrum. In
the following step, it was anticipated that HF acid12 would
immediately catalyse the cyclodehydration reaction after

removing the two TBS protecting group in 9. Indeed, ex-
posure of 9 to 5% solution of HF acid in CH3CN at room
temperature smoothly led to the cyclodehydrated product
10 in an excellent yield (90%). The primary hydroxyl of
10 was reprotected with TBS group to afford 2H-pyra-
none 11 in 97% yield.

With a quantity of 11 in hand, we focused our attention on
the construction of C13 and C15 stereogenic centers (see
Scheme 3). Thus, a stereoselective Luche reduction7 of
pyranone 11 in methanol at –78 °C provided 2H-pyrane
12 in 95% yield as a single isomer. The next step involved
the creation of cis-(C11/C15) oxane ring through a stereo-
selectively substrate-controlled hydrogenation of the
C14–C15 double bond.8 In the presence of a catalytic
amount of palladium on charcoal, compound 12 was
smoothly hydrogenated to the cis-oxane 13 in 95% yield
as a single isomer.13 To our surprise, direct hydrogenation
of 11 in EtOAc also delivered compound 13 although the
yield was very low. After a lot of trials, it was found
that yield was increased to 65% when the reaction was

Scheme 1 Retrosynthetic analysis of 4.
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Scheme 2 a) catalyst PdCl2, CuCl, O2, DMF–H2O, r.t., 6 h, 89%; b) LDA, 7, –78 °C, THF, 81%; c) Dess–Martin periodinane, CH2Cl2, r.t.,
90%; d) 5% HF in CH3CN, r.t., 12 h, 90%; e) TBSCl, imidazole, DMF, r.t., 97%.
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conducted in a mild acidic condition. It is particularly
noteworthy that the highly stereoselective introduction of
the C13 and C15 stereogenic centers together with the
cis-oxane ring required only conventional manipulations
using easily available reagents.

The final completion of this synthesis is described in
Scheme 4. Protection of the C13 hydroxy of compound 13
and subsequent removal of the PMB protecting group fol-
lowed by oxidation of the resulting primary hydroxy af-
forded the corresponding aldehyde 14 in 82% yield for
three steps. Aldol reaction of aldehyde 14 with the silyl
enol ether of 156 in the Mukaiyama condition14 produced

the b-hydroxyl ketone 16 as the major component of an
inseparable mixture of C9 epimeric isomers (7.8:1).15 Al-
though it was more convenient to separate these isomers
in later step, the mixture were used without difficulties in
the ensuing steps. Unfortunately, methylenation of the ke-
tone carbonyl group of 16 did not result in the desired
product but a dehydrate one under many conditions, such
as Lombardo’s condition,16 Takai’s condition,17 and Peta-
sis’s condition.18 To suppress this undesirable side reac-
tion, the hydroxyl group of 16 was shielded with benzoyl
group to provide ketone 17, which was smoothly methyl-
enated with Nysted reagent {cyclo-dibromodi-m-methyl-
ene [m-(tetrahydrofuran)] trizinc}19 to give product 18 in

Scheme 3 a) NaBH4, CeCl3, MeOH, –78 °C, 95%; b) H2, 10% Pd/C, EtOAc, 8 h, 95%; c) H2, 5% Pd/C, EtOAc-buffer solution (pH = 1), 
8 h, 65%.

N

OTBSO

O

O

OPMB

N

OTBSO

O

OH

OPMB

N

OTBSO

O

OH

OPMB

12

13

a

c

11

b

13

15
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66% yield and 19 in 8% yield. Two isomers were conve-
niently separated by flash column chromatography on sil-
ica gel. With compound 18 in hand, it required only a few
steps to complete the synthesis of 4. Thus, removal of the
benzoyl protecting group and subsequent mesylation of
the resulting hydroxyl followed by cleavage of the p-
methoxybenzyl protecting group provided 20 in 68%
yield for three steps. According to Forsyth’s condition,3b

finally, when a solution of compound 20 in CH3CN was
treated with excess Et3N and heated to reflux for 12 hours,
the bis-oxane 4 was smoothly produced in 83% yield.20

In summary, we have described a convergent and enantio-
selective synthesis of the bis-oxane oxazole fragment of
phorboxazole B. This work features a remarkably effi-
cient strategy for construction of the functionalised cis-
oxane using  stereoselectively substrate-controlled hydro-
genation chemistry.
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