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ABSTRACT

Several novel scyphostatin analogues have been prepared in up to 18% yield over five steps from commercially available 4-bromoguaiacol,
utilizing an organometallic addition to afford the desired syn-hydroxy-epoxides.

Scyphostatin (1) was first isolated in 1997 from a mycelial
extract of the microorganismDasyscyphus mollissimus
SANK-13892 by Ogita et al.1 It was found to exhibit
selective inhibitory activity against the enzyme neutral
sphingomyelinase (N-SMase) and to date remains the most
potent of the few known inhibitors of this enzyme. It is
believed that inhibition of N-SMase may lead to treatments
for inflammatory and autoimmune disorders because cer-
amide, a product of sphingomyelin hydrolysis by N-SMase,
plays a key role in these disease pathways.2

The structure of scyphostatin (1, Figure 1) was determined
by extensive spectroscopic and derivatization studies, al-
though the stereochemistry of the side chain methyl groups
was not initially assigned. Subsequent degradation studies
established the absolute configuration of scyphostatin and
revealed the 14′R,10′S,8′Rconfiguration of the side chain.3

The side chain unit was successfully prepared by total

synthesis and its stereochemistry unambiguously confirmed.4

The highly functionalized epoxycyclohexenone nucleus of
scyphostatin is noteworthy from a structural and synthetic
viewpoint. Several papers have recently been published
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Figure 1. Structure of scyphostatin (1) and cyclohexenone
analogues2 and3.
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concerning the synthesis of scyphostatin analogues, but as
yet, the final target has remained elusive. Gurjar and Hotha5

reported a preparation of dihydroxylated cyclohexenone2
starting from glucose, and Katoh and Izuhara6 used quinic
acid to prepare benzyl analogue3a. More recently,7 this
pathway was extended to the preparation of the potential
scyphostatin precursor3b.

As part of our ongoing research into the preparation of
epoxycyclohexenone-based natural products,8 we were par-
ticularly interested in a total synthesis of scyphostatin. We
envisaged that the highly functionalized nature of the
cyclohexenone fragment4 would provide a suitable challenge
to the organometallic methodology developed in our manu-
mycin synthesis8b and felt that the unsaturated side chain
could be prepared using our recently developed in situ
oxidation-Wittig procedure.9

In view of the interest in scyphostatin analogues, we first
set out to establish an efficient racemic route to cyclo-
hexenone analogues of scyphostatin. This Letter outlines our
progress. The approach is shown in retrosynthetic form in
Scheme 1.

The key intermediate is bromide5 which, on the basis of
our manumycin studies,8b we anticipated would undergo
stereoselective epoxide-directed organometallic addition, with
subsequent functional group interconversion giving the
required target4. We intended to prepare5 by epoxidation
of the known10 bromide6, which we felt should be readily
available by oxidation of 4-bromoguaiacol (7). We chose
the bromo-substituted dienone6 since the corresponding
unsubstituted compound is known to undergo facile dimer-
ization by a Diels-Alder pathway.11

Starting from commercially available 4-bromoguaiacol (7),
oxidation using iodosobenzene diacetate in the presence of
methanol gave rise to bromocyclohexa-2,4-dienone6 in
excellent yield. The presence of the bromide atom does
indeed reduce the propensity for dimerization, although some
dimerization is observed on storage. Compound6 was thus
prepared and immediately subjected to epoxidation under

conditions developed in our laboratory12 to give 5 in an
excellent 81% yield. Bromo-epoxide5 could be stored in
the freezer under nitrogen for 4-5 weeks without noticeable
decomposition (Scheme 2).

To demonstrate the generality of our approach, a range of
organometallic reagents was employed in the key addition
step (Table 1).

The additions proceeded smoothly,13 giving adducts8a-d
as single diastereomers in modest to good yields,14 with polar
decomposition products making up the material balance. The
predictedsyn-stereochemistry was confirmed for the allyl
adduct8a by X-ray crystallographic analysis (Figure 2).15

Elaboration of the allyl side chain could provide access to
scyphostatin itself.

With these results in hand, the remaining steps in our
proposed route involved reductive debromination of vinyl
bromides8a-d and ketal hydrolysis (Scheme 3).
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Scheme 2a

a Reagents and conditions: (a) iodosobenzene diacetate, CH3OH,
0 °C, 90-98%; (b)tert-butylhydroperoxide, 1,3,4,6,7,8-hexahydro-
2H-pyrimido[1,2-a]pyrimidine, 0°C, 81%.

Table 1. Organometallic Addition to Epoxyketone5Scheme 1
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Initial attempts focused on ketal hydrolysis followed by
debromination (path A). However, while ketal hydrolysis
proceeded smoothly using Montmorillonite K1016 (typically
in yields of 65-70%), the resulting vinyl bromides9a-d
proved almost completely resistant to reductive debromina-
tion, giving very low yields of impure products. Therefore,
we turned our attention to initial reduction of vinyl bromides
8a-d using tributyltin hydride and subsequent ketal hy-
drolysis (path B). Dilute solutions of compounds8a-d in

THF at reflux containing catalytic AIBN were subjected to
a very slow addition of tributyltin hydride (typically addition
over 6 h). This approach, while still unoptimized, proved
markedly more successful and the results are summarized
in Table 2.

As can be seen from Table 2, reduction of vinyl bromides
8a-d under standard conditions gave rise to adducts10a-d
in good to excellent yields. Subsequent ketal hydrolysis
proceeded smoothly to furnish a range of scyphostatin
analogues (4a-d) with spectral data in accordance with that
of the natural product.17

In conclusion, we have developed a novel and extremely
concise route toward the highly functionalized cyclohexenone
nucleus of scyphostatin (1) utilizing organometallic addition
reactions as the key step. We have shown our synthesis to
be general, producing a range of novel analogues of
scyphostatin. We are currently working toward an asym-
metric version of our methodology as well as a total synthesis
of scyphostatin itself.
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Figure 2. ORTEP drawing of8a (50% probability thermal
ellipsoids; CCDC 165946).

Scheme 3a

a Reagents and conditions: (a) Montmorillonite K10, CH2Cl2,
rt; (b) Bu3SnH, AIBN, THF, reflux.

Table 2. Reduction of Vinyl Bromides8a-d Followed by
Ketal Hydrolysis
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