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ABSTRACT

Total synthesis of sphingofungin E (1) is described. Overman rearrangement of an allylic trichloroacetimidate derived from diacetone-D-
glucose generated tetra-substituted carbon with nitrogen, and subsequent Wittig olefination afforded the highly functionalized part in
sphingofungin E (4) stereoselectively. Coupling reaction of 4 with the C12 hydrophobic part, followed by further manipulation, completed the
total synthesis.

Sphingofungins are a new class of antifungal agents isolated
from AspergillusandPaecilomycesand are reported to be
potent and specific inhibitors of serine palmitoyl trans-
ferase.1,2 The structure elucidation study revealed that
sphingofungins are novel polyhydroxy amino acid derivatives
bearing a C20 straight carbon chain withE-olefin and four
contiguous asymmetric centers.3 While sphingofungins A,
B, C, and D have one distal (R)-hydroxy group at C-14,
sphingofungins E (1) and F (2) own a ketone carbonyl at
C-14 instead and have another characteristic structural
feature: they bear an extra carbon unit at C-2 possessing
R,R-disubstitutedR-amino acid structures. It was also shown
that sphingofungin E is a 5-hydroxy derivative of myriocin
3,4 which has recently attracted renewed interest because of
its potent immunosuppressive activity.5 Such interesting

structures and their potent biological properties have naturally
received sizable attention of the synthetic community, and
several reports on total synthesis of sphingofungins D, B,
and F have been described.6 Recently, total synthesis of
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sphingofungin E has been reported from three laboratories,
which successfully assigned the absolute structure of the
natural product.7 For construction of the tetra-substituted
carbon in sphingofungins E and F, previous successful
syntheses adopted Schöllkopf’s bislactim method,6e-g Pd-
catalyzed asymmetric alkylation of azlactone,6h,7cLewis acid
catalyzed cyclization of an epoxytrichloroacetimidate,6i,7aand
the Darzen reaction.7b In this communication, we report the
alternative and efficient total synthesis of sphingofungin E
starting fromD-glucose.

Our previous success in total synthesis of lactacystin from
D-glucose8 and myriocin fromD-mannose4e suggested that
the Overman rearrangement9 on furanose scaffolds, followed
by further transformation utilizing the functional groups in
the carbohydrate residue, would provide the highly func-
tionalized intermediate of sphingofungin E in a stereoselec-
tive manner and short reaction steps. This idea involves
disconnection of the carbon framework of1 into allyl
bromide4 and the hydrophobic C12 counterpart, sulfone5
(Figure 1). The sulfone-allyl bromide coupling reaction,

which had been employed in our previous total synthesis of
sphingofungin D6a and myriocin,4e was expected to construct
the carbon backbone possessingE-olefin in 1 stereoselec-

tively. On the basis of these considerations, the functionalized
part, allyl bromide4, was to be prepared from a furanose
derivative with a tetra-substituted carbon (6). The furanose
6 would derive from Overman rearrangement of an allylic
trichloroacetimidate7, which was envisioned as arising from
diacetone-D-glucose.

Synthesis of the functionalized part4 commenced with
1,2-O-isopropylidene-3-O-methoxymethyl-R-D-glucofura-
nose810 prepared from diacetone-D-glucose in two steps in
90% yield (Scheme 1). The primary hydroxy group in8 was

selectively benzylated11 to afford 912 in 95% yield. Swern
oxidation of 9 generated ketone, which was submitted to
Wittig reaction to provide an inseparable mixture of alkenes
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Figure 1. Structures of sphingofungins and myriocin and retrosyn-
thetic route to sphingofungin E.

Scheme 1
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10 (E:Z ) 1:4) in 95% yield from9. Reduction of10 with
DIBAL-H and subsequent chromatographic separation gave
geometrically pureZ-allyl alcohol11 in 71% isolated yield
along with itsE-isomer (13%). The observed NOEs of11
(between H-6 and H-1′, and H-4 and H-2′) clearly assigned
its Z-geometry. Treatment of11 with trichloroacetonitrile
and DBU afforded trichloroacetimidate7, which without
isolation was heated in xylene in the presence of K2CO3

13

in a sealed tube at 140°C for 140 h to give products of the
Overman rearrangement,12 and its C-5 epimer13, in 60%
and 14% isolated yields from11, respectively.14 Ozonolysis
of 12 (Me2S workup) followed by reduction with ZnBH4
afforded1415 in 93% yield. The newly formed stereochem-
istry in 12was assigned by transformation of14 into bicyclic
compound15. Thus, treatment of14 with DBU smoothly
induced the carbamate formation, and subsequent treatment
with aqueous acid, followed by conventional acetylation,
afforded crystalline15 in 26% overall yield from14, whose
single crystal X-ray analysis unambiguously revealed that
the major isomer in Overman rearrangement12 possessed
5R configuration.16

Having established the structure of the rearranged product,
transformation of14 into allyl bromide4 was then explored.
Treatment of14with aqueous HCl gave furanose derivative
6 in 91% yield (Scheme 2). Reaction of6 with Ph3PdCHCO2-

Et afforded onlyE-alkene, which was treated with 2,2-
dimethoxypropane in the presence of CSA to afford di-
acetonide16 in 53% yield from 6. Reaction of16 with
DIBAL-H at -78 °C reduced the ester function as well as
theN-trichloroacetamide moiety to afford amine, which was
isolated as itsN-Boc derivative17 in 90% yield. The primary
hydroxy group in17 was converted into the corresponding

bromide to furnish the highly functionalized part (4) of
sphingofungin E in 85% yield.

The hydrophobic counterpart, sulfone5, was synthesized
from cyclohexanone by the same procedure employed for
the total synthesis of myriocin.4e The sulfone5 was lithiated
by treatment withn-BuLi and then reacted with the allyl
bromide4 to provide the coupling product19 in 86% yield
as a mixture of diastereomers (Scheme 3). Treatment of19
with Li and naphthalene17,18 in THF successfully removed
both sulfonyl andO-benzyl groups to give primary alcohol
20 in 55% yield. Swern oxidation of20 and subsequent
treatment with NaClO2 provided carboxylic acid21, whose
acidic hydrolysis, followed by conventional acetylation,
afforded γ-lactone 22 in 68% yield from 20. Finally,
saponification of22 followed by neutralization with acidic
resin (Amberlite IRC-76) furnished sphingofungin E (1) in
88% yield. The physical properties as well as spectroscopic
data19 showed good accordance with those reported for the
authentic sample.

In summary, total synthesis of sphingofungin E (1) starting
from D-glucose was accomplished. This work established the
novel synthetic pathway to sphingofungins and their ana-
logues. This synthesis and previous successes in total
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syntheses of lactacystin8 and myriocin4e also revealed that
the methodology involving Overman rearrangement on
furanose scaffolds, followed by further manipulation by use
of the residual functional groups in carbohydrates, is quite
effective for the chiral synthesis of natural products pos-
sessing complexR,R-disubstitutedR-amino acid structures.
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