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Abstract: A stereoselective approach toward sphingofungin F has
been realized from L-quebrachitol. This synthesis featured a
substrate-controlled asymmetric Michael addition, a regiospecific
methylsulfonate elimination to construct the contiguous chiral
centers in the target molecule.
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Sphingosines are member constituents involved in a num-
ber of cellular events.1 It is believed that sphingosines,
like a variety of biosynthetic intermediates, are important
second messengers and regulatory molecules in the cell-
signaling transduction pathway.2 The discovery of the
ability of sphingosines to inhibit Protein Kinase C (PKC)
has stimulated the extensive study of the physiological
activity of sphingosines and their derivatives.3 This led to
the isolation and identification of antifungal agents sphin-
gofungin E and F along with other cogeners (A–D) by a
Merck research group in 1992.4 Just like other members of
sphingosines family, sphingofungins typically possess a
lipid tail and a polyhydroxylamine head moiety with four
contiguous chiral centers and a trans-olefinic function. In
particular, sphingofungin E and F bear striking structural
similarity to myriocin,5 featuring a quaternary center at
the C2-position. They were also found to act as serine
palmitoyl transferase (SPT) inhibitors which induce
apoptosis in both yeast and mammalian cells by blocking
the sphingosine biosynthesis pathway.6 Due to their bio-
logical activity and structural novelty, the sphingofungins
E and F have inspired a number of synthetic efforts. Up to
now, Trost7 and Lin8 have reported their syntheses of both
sphingofungins E and F. In addition to Trost’s and Lin’s
work, the total synthesis of sphingofungin E has also been
accomplished by Shiozaki9 and Chida10 from a known
D-glucose derivative, while the sphingofungin F has been
successfully achieved by Kobayashi11 and Ham.12 Here-
in, we wish to report an alternative synthetic route to-
wards sphingofungin F which utilizes a readily available
L-chiro-inositol derivative as a chiral building block.

As outlined in Scheme 1, our retrosynthetic analysis sug-
gests that the major disconnection split the target mole-
cules into a known phosphonium salt 413 and an aldehyde
5 bearing four contiguous stereocenters. As an important

precursor, compound 5 was expected to be derived from
6, which in turn, was to be prepared from a readily avail-
able inositol derivative 8, whose synthetic protocol was
identical to that of its regioisomer.14

Scheme 1

Ketone 8 was subjected to a Wittig-type addition to afford
unsaturated ester 7 in 94% yield.15 A Lewis acid catalyzed
Michael-type16 addition of phthalimide to 7 installed a
phthalimido function to C3¢ with the desired configura-
tion. As is quite in line with our expectation, compound
917 was achieved exclusively in 73% yield without detec-
tion of its diastereomer, probably due to the steric hin-
drance rendered by the axial acetonide.18 The absolute
configuration of 9 was determined by NOESY experiment
(Scheme 2).
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With compound 9 in hand, we then began the investi-
gation of its transformation to the corresponding carb-
oxylic acid and ensuing decarboxylation (Scheme 3). The
methyl ester 9 was converted to carboxylic acid 10 by em-
ploying the protocol reported by Bartlett and co-work-
ers.19 The transformation from 10 to 11 was successfully
effected via a Barton decarboxylation.20 Upon catalytic
acid hydrolysis at 0 °C, the less stable trans-acetonide in
11 was selectively removed21 and protected by MPM
ether to give 1222 as an amorphous solid. Further acidic
deprotection of 12 afforded a cis-diol, which underwent a
cyclic dibutylstannylene-mediated selective monofunc-
tionalization,23 followed by a methylation to deliver the
C1¢ methylsulfonate 13. On treatment of DBU, compound
13 was converted to methyl enolate 624 in moderate
yield.25 It should be mentioned that the methylsulfonate
elimination has to be effected at high temperature (120
°C) and polar aprotic solvent (HMPA), partially due to the
steric hindrance rendered by the phthalimido at C3¢. Ozo-
nolysis of 6 proceeded uneventfully, giving the desired
compound 5 as the precursor for coupling. At this stage,
all stereogenic centers had been successfully established.
Following the protocol reported by Lin and co-workers,
the skeleton of sphingofungin F was installed via a Wittig
reaction followed by a photoinduced double-bond isomer-
ization.8a Removal of ketal under catalytic acid hydrolysis
afforded 14 that underwent an oxidative cleavage to give
15 as a sole product. Finally, saponification of the ester
moiety with concomitant cleavage of the phthalimido
function gave sphingofungin F, the spectral data of which
are consistent with those reported in the literature.4,26

In summary, a total synthesis of sphingofungin F has been
achieved in 17 linear steps from a readily available ketone
8 derived from L-quebrachitol. It is also worth noticing
that by simple modification of the inositol derivative, my-
riocin and other structurally related substances could be
obtained through the same route. Therefore, this strategy
would provide a library of sphingofungin analogues for
structure–activity relationship (SAR) study. These details
will be reported in due course.
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Scheme 3 Reagents and conditions: (a) (CH3O)2P(O)CH2CO2CH3,
LDA, THF, –78 °C to 0 °C, 94%; (b) phthalimide, i-PrMgBr,
MgBr2·OEt2, THF, 0 °C to r.t., 73%; (c) n-PrSLi, HMPA, r.t., 88%;
(d) 2-mercaptopyridine N-oxide, DMAP, DCC, CH2Cl2, r.t.; (e)
Bu3SnH, AIBN, toluene, reflux, 67% (2 steps); (f) AcCl, MeOH–
CH2Cl2 (2:1), 0 °C, 15 min, 74%; (g) NaH, MPMCl, NaI, DMF, 0 °C
to r.t., 99%; (h) AcCl, MeOH, 0 °C to r.t., 100%; (i) (1) Bu2SnO,
toluene, reflux; (2) MsCl, CHCl3, r.t., 93% (2 steps); (j) NaH, MeI,
DMF, 0 °C to r.t., 95%; (k) DBU, HMPA, 120 °C, 62%; (l) O3,
MeOH, then Me2S, 77%; (m) 4, t-BuLi, THF, –78 °C to 0 °C, 93%;
(n) hn, PhSSPh, cyclohexane–dioxane (19:1), 90%; (o) PTSA, EtOH–
H2O (7:3), 86%; (p) CAN, MeCN–H2O (4:1), 0 °C, 20 min, 92%;
(q) 2 N NaOH (aq), MeOH, reflux, then neutralized with IRC-76,
reverse-phase chromatographic purification, 93%.
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