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ABSTRACT

A stereoselective synthesis of the C28−C46 fragment (3) of phorboxazole A is described. Key advances include an enantioselective allylation
to establish the stereochemistry of the tetrahydropyran unit and a useful SmI2-mediated modification of the Barbier reaction of iodomethyloxazole
15 with aldehyde 14.

Phorboxazoles A (1) and B (2) are unique macrolides isolated
from the Indian Ocean spongePhorbassp.1 These metabo-
lites possess exceptional cytostatic activity throughout the
panel of 60 NCI human tumor cell lines (mean GI50 < 1.6
× 10-9 M).2 Selective cytotoxicity at subnanomolar con-
centrations is found in a number of significant tumor cultures,
including leukemia CCRF-CBM, prostate PC-3, breast
MCF7, and colon HCT116 and HT29 cell lines.2c Moreover,
the phorboxazoles do not inhibit tubulin polymerization and
may offer a unique mechanism of action by arresting the
cell cycle in S phase.2 Biological studies are severely limited
by the scarcity of natural material. The unprecedented
structural features and extraordinary potency of1 have
inspired several synthesis studies,3 and Forsyth and co-

workers have reported the first total synthesis.4a Very
recently, Evans and co-workers have also achieved a total
synthesis of this important target.4b Previously, we reported
the synthesis of the C1-C32 macrolactone of phorboxazole
A.3d,e Herein, we report the stereoselective synthesis of the
C28-C46 polyolefinic side chain fragment (3). Our retrosyn-
thetic analysis of3 recognized a bond disconnection which
would provide for installation of the C39-C42 diene at late
stage events (Scheme 1). This strategy suggested sulfone4
and R,â-unsaturated aldehyde5 as fully functionalized
components of anE-selective Julia olefination reaction,5a as
an extension of our related efforts toward hennoxazole A.5b
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The synthesis of conjugated enal5 began with aldehyde
9, which was prepared from optically active alcohol66 in
seven steps (Scheme 2). Protection of the alcohol followed

by reductive ozonolysis led to aldehyde7. Wittig olefination
was followed by reduction (DIBAL) of the resulting ester,
and protection of the resulting allylic alcohol provided8 in
excellent overall yield. Selective removal of the acetonide
protecting group with mild acid and cleavage of the diol with
sodium periodate gave the desired aldehyde9.

Asymmetric allylation of aldehyde9 was effected follow-
ing the tin to boron transmetalation of stannane107 using
the boron bromide reagent derived from (R,R)-1,2-diamino-
1,2-diphenylethane bis-sulfonamide and boron tribromide
(Scheme 3).8 Formation of the C37 homoallylic alcohol was

achieved in 98% yield (10:1 dr).9 This is a significant
improvement for establishing the correct relative stereo-
chemistry at C37/C38 since previous efforts had required a
Mitsunobu inversion of the undesired C38 diastereomer.4a

Selective oxidative cleavage of the geminally disubstituted
olefin and a directed reduction of the resultingâ-hydroxy
ketone (>95% de)10 provided a single diastereomeric product
after purification by flash chromatography. Treatment of this
diol with TBSOTf and collidine furnished the polyol deriva-
tive 12. Conversion to the fluoride-labiletert-butylmethoxy-
phenylsilyl (TBMPS) ether was necessary at this point in
the scheme because our plans for selective deprotection in
the corresponding MOM ether of16 proved unworkable.
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Subsequent removal of the pivaloate of13 (DIBAL) and
oxidation11 afforded the desired C33 aldehyde (14).

Limited methodology has been described for the successful
nucleophilic addition of C-2 metalated oxazoles to carbonyl
compounds. These procedures utilize zinc,12 chromium,13 or
lithium diethylamide3k to circumvent issues arising from the
instability and reactivity of 5-lithiooxazoles. Herein, we
report a new and convenient method for the generation of
â-hydroxy ketones from the reaction of iodomethyloxazoles14

and aldehydes with SmI2 under Barbier-type conditions.15

To this end, addition of 4 equiv of SmI2 to a mixture of
aldehyde14 and iodomethyloxazole15 proceeded to give
the â-hydroxyoxazole as a 1:1 mixture of diastereomers in
71% yield (Scheme 4). This mixture was immediately

converted to the desired C33 ketone using the trifluoroacetic
anhydride variant of the Swern oxidation.16 Theâ-ketooxa-
zole was directly cyclized under mildly acidic conditions to
afford the mixed ketal ring system16 in 58% yield, along
with 23% of the allylic alcohol17as single diastereomers.17

Methylation of the C35 alcohol was efficiently carried out

using silver oxide in methyl iodide, and selective desilylation
of the primary TBMPS group18 followed by oxidation19

provided theR,â-unsaturated aldehyde fragment5.
Scheme 5 incorporates the straightforward preparation of

the appropriately functionalized sulfone4. Thus, the Lewis
acid-catalyzed opening of the (R)-glycidol derivative with
lithium trimethylsilylacetylide and methylation followed by
removal of the THP-protecting group gave primary alcohol
18. Activation of the alcohol and displacement with 1-phenyl-
1H-tetrazole-5-thiol20 was followed by introduction of the
vinyl bromide functionality via hydrozirconation of the
alkyne with Schwartz’s reagent21 and a NBS quench.
Oxidation of the heterocyclic sulfide with ammonium mo-
lybdate provided the desired sulfone4.

Adaptation of the Kocienski modification5 of the Julia
condensation utilized the potassium carbanion of theN-
phenyltetrazole sulfone4 for in situ elimination (Scheme 5).
Reaction with aldehyde5 provided diene19 in 60% yield22

and resulted in unexpectedZ-selectivity (>8:1 Z:E). This
result was surprising considering that our model studies had
demonstrated the stereoselective formation ofE,E-dienes
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when sulfone4 was reacted withR,â-unsaturated aldehydes.23

Fortunately, we discovered that the undesired C41-C42

Z-alkene could be isomerized to theE-alkene.24 Thus, after
removal of the C38 silyl protecting group, treatment of the
Z,E-diene19with a crystal of iodine followed by irradiation
with a sun lamp (250 W) resulted in complete isomerization
to the desiredE,E-diene 3. Our spectral data for the
phorboxazole side chain were consistent with a detailed
analyses of1H and13C NMR spectra of the natural product.

In summary, we have described an efficient, enantiose-
lective synthesis of the C28-C46 side chain of phorboxazole

A. Our work features significant methodology for enantio-
controlled allylation and a useful Barbier procedure for a
samarium-mediated incorporation of the intact oxazole unit
which may have important implications for heterocyclic
chemistry. Progress toward the completion of phorboxazole
A (1) is underway and will be reported in due course.
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