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ABSTRACT

The structure attributed to sclerophytin A, a cytotoxic soft coral metabolite, was synthesized in an enantioselective manner from (5S)-5-(d-
menthyloxy)-2(5H)-furanone. The spectral properties and polarity of the synthetic product require that the structural assignment to the natural
material be revised.

The 2,11-cyclized cembranoids produced by octocorals,1

encompassing more than 60 members in four classes,
constitute a growing subset of biologically active compounds
possessing interesting structural features.2 In 1988, Sharma
and Alam reported the isolation fromSclerophytum capitalis
and characterization of sclerophytin A.3 Bioassays revealed
that this substance exhibits significant in vitro toxicity against
the L1210 cell line at a concentration of 0.001µg mL-1.
The tetracyclic ring system defined by this diterpenoid,
assigned as1 on the basis of NMR spectroscopic measure-
ments, is new and intrinsically interesting. Particularly
enigmatic to us was the manner in which the isolation group
depicted the configuration at C-3 in their formulation.
Unfortunately, the intentions behind the use of an “inverted
carbon” symbolism here will never be known.3 In addition,

C-6 and C-7 are sufficiently remote as to introduce uncer-
tainties in their configurational

depiction as well. Some directly relevant and reliable
information is available however. X-ray crystallographic
studies4 and CD measurements,5 as well as a recent synthesis
of (-)-7-deacetoxyalcyonin acetate,6 have made clear the
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fact that the resident stereocenters C-1, C-2, C-9, C-10, and
C-14 generally possess theR configuration in common.7

The published data can be construed to be equally
compatible with the 7Rconfiguration as in2. An appreciation
of the conformational energetics and relative thermodynamic
stabilities of the four possible C-3/C-7 diastereomers of
sclerophytin A has been derived from MM3 calculations
(Table 1). It is noteworthy that “oxygen-up” conformations
are favored for three of the isomer pairs, withA serving as
the least strained standard. These results do not speak to the
possible existence of kinetically stable atropisomers, but did
focus our attention on preparing2()A). This epimeric
formulation conforms additionally to the low-temperature
boron trifluoride-catalyzed cyclization of cladiellin3 to 4

previously delineated by Hochlowski and Faulkner.8 Herein
we illustrate a potentially generic protocol for accessing these
marine metabolites.

The convergent assembly began with (5S)-5-(d-menthyl-
oxy)-2(5H)-furanone (5), an enantiopure unsaturated lactone9

previously recognized for its useful dienophilic properties.10

Heating of5 with the Danishefsky diene in toluene gave a
sensitive (4+ 2) cycloadduct, which could be efficiently
transformed into the cyclohexenone6 by Vorndam’s pro-
tocol.11 Conventional Luche reduction12 followed (Scheme
1). These three steps gave7a in 71% overall yield. After
initial attempts to convert7b into the C-allylated bicyclic
lactone8 met with difficulties,13 the discovery was made
that hydrolysis to theγ-hydroxy-γ-lactone and Barbier-type
condensation with the allylindium reagent under aqueous
conditions proceeded with high diastereoselection for theR
isomer9 (NOE analysis). The stereochemical course of this
important carbon-carbon bond-forming step is attributed to
operation of a chelated transition state involving the neigh-
boring carboxyl group.14

To set the stage for the tandem Tebbe-Claisen ring
expansion,15 we next undertook stereocontrolled installation
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J. Chem.1989,42, 665. (c) Ochi, M.; Yamada, K.; Futatsugi, K.; Kotsugi,
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Table 1. Relative Strain Energies for the Diastereomers of Alleged Sclerophytin Aa

a The stereodescriptors pertain to C-7 and C-3, respectively. Each vertical pair represents two conformers of the same stereoisomer.
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of theâ-cyano functionality as in10. Following the reduction
of 8 with DIBAL-H, the resulting lactol was acetylated in
advance of exposure to trimethylsilyl cyanide and BF3‚OEt2
in CH2Cl2 at -78 °C. The prior acylation proved critical to
the acquisition of a 1:1 mixture of9 and10 in 89% yield
for the three steps.16 The intense (9.8%) NOE interaction
between H-1 and H-2 in9 identified it as theR-isomer. As
a result of the ease with which9 could be epimerized to10,
the nonstereoselective nature of the cyanation step was of
little consequence. Following Wacker oxidation17 of 10 to
generate ketone11 (Scheme 2), a vinyl group was introduced
chemoselectively in advance of conversion to12b. Mild
conditions were required for the nitrile hydrolysis, and this
hurdle was conveniently overcome by conversion to the
imino ether18 in advance of gentle acidic treatment.19

Submission of12b to the Yonemitsu modification20 of the

Yamaguchi macrocyclization gave rise efficiently to a
separable mixture of13 and its epimer. These intermediates
were independently subjected to Tebbe methylenation21 and
thermal activation. When temperatures in excess of 130°C
in p-cymene were found to give only incomplete conversion
and result in the onset of decomposition, recourse was made
to promoting the sigmatropic shift with NaBF4 in refluxing
toluene.22 Both epimers of14 are transformed cleanly and
uniquely into15, but at distinctively different rates.

In 15, the anti conformation likely adopted in order to
avoid electron-electron repulsion between the lone pair
electrons of the ether and carbonyl oxygens greatly facilitates
the addition of methyllithium from theR-face. The identity
of 16 was easily recognized by NOE analysis. After
conversion to ketone17, advantage was taken of the
regioselectivity with which deprotonation could be achieved.
Quite unexpectedly, however, the enolate of17 proved to
be quite unreactive. We were therefore forced instead to
exploit the silyl enol ether, which condensed quite satisfac-
torily with aqueous formaldehyde in the presence of ytter-

(16) (a) Brückner, C.; Holzinger, H.; Reissig, H.-U.J. Org. Chem.1988,
53, 2450. (b) Brückner, C.; Lorey, H.; Reissig, H.-U.Angew. Chem., Int.
Ed. Engl.1986,25, 556.
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Synthesis1976, 238.
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Lett. 1990,31, 6367. (b) Hikota, M.; Tone, H.; Horita, K.; Yonemitsu, O.
Tetrahedron1990,46, 4613.

(21) Review: Pine, S. H.Org. React.1993,43, 1.
(22) The use of pyridinium camphorsulfonate has also been found to

serve as well as an accelerant, but in contrast to NaBF4 does induce some
modest decomposition (∼30%).
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bium triflate23 (Scheme 3). After silylation of the primary
hydroxyl,24 the next phase of the effort involved 1,4-addition
of the isopropyl group from the less-hinderedâ-face. As

matters transpired, the specific stereochemical pathway
followed in this instance could again be unequivocally
defined by NOE techniques (see19). This advanced inter-
mediate provided a target of opportunity for complete
deoxygenation of the ketone carbonyl. With20 in hand, the
time had arrived to elaborate the second oxygen bridge.

Accordingly, this unsaturated carbinol was oxymercurated
and subjected to oxidative demercuration with NaBH4 and
O2 in DMF as solvent.25 There was thus obtained predomi-
nantly the secondary carbinol21 (54%,R/â ) 3:7) alongside
the tertiary isomers22 (18%).

Following construction of the targeted structural core in
this manner, thetert-butyldiphenylsiloxy group was elimi-
nated via selenium-based technology26 to deliver (+)-2
predominantly. Perruthenate oxidation27 in tandem with
stereodirected DIBAL-H reduction then gave (-)-23 in 90%
combined yield. While the [R]D of the synthetic sample
compares closely in magnitude with the natural coral
metabolite, it is of opposite sign. More relevantly, their high-
field 1H NMR spectra are perceptively different. The
structure proposed for2 is firmly supported by1H,1H-
COSY, TOCSY, DEPT, HSQC, HMBC, and NOE difference
measurements performed at the 600 MHz level. Equally
striking is the very substantive difference in polarity exhibited
by the two substances. TheRf value of2 is more than double
that of the natural sample. The ensuing paper provides
convincing evidence for the revised structure of sclerophytins
A and B,28 stereoselective syntheses of which are in progress
and will be reported in due course.
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