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ABSTRACT

A strategy for synthesis of the hexahydroxanthene moiety of the natural products schweinfurthin A, B, and D is described. The relative
stereochemistry in the key cationic cyclization step is established through the preference of the phenylselenide substituent for an equatorial
orientation.

The schweinfurthins (Figure 1,1-4) are a small set of doubly
prenylated stilbenes isolated from the African plantMacar-

anga schweinfurthiiPax. by Beutler et al. at the National
Cancer Institute. Schweinfurthins A (1), B (2), and D (4)

display significant activity in the NCI’s 60-cell line anticancer
assay with GI50 values less than 0.5µM.1,2 Their profile of
activity does not match that of any clinically used anticancer
agent, which suggests that these compounds may act either
by a novel mechanism or at an unknown site. The schwein-
furthins have been isolated in low and varying amounts from
the natural source, and their absolute stereochemistry has
yet to be elucidated. For these reasons, as well as their
interesting biological activity, we have undertaken a total
synthesis that ultimately should allow assignment of the
schweinfurthins’ absolute stereochemistry and provide a
reliable source for further biological testing.

We have demonstrated the feasibility of a conver-
gent approach to the schweinfurthins through synthesis of
schweinfurthin C (3), the inactive congener.3 In that syn-
thesis, the central stilbene olefin was prepared by a Horner-
Wadsworth-Emmons condensation of a benzylic phospho-
nate (compound5) and a complementary aldehyde. The
phosphonate was prepared in eight steps from commercially
available 3,5-dihydroxybenzoic acid (6) employing a directed
ortho metalation for introduction of the geranyl substituent.
Phosphonate5 also could be used to advantage in preparation
of the more complex schweinfurthins, provided preparation
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Figure 1. Structures of the schweinfurthins.
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of a tricyclic aldehyde (7, Scheme 1) could be achieved. The
methylated version of this tricyclic aldehyde was targeted
initially because the requisite phenolic methyl ether could
be carried along the sequence from the aromatic starting
material, bromovanillin9.

One approach to the hexahydroxanthene core could be
based on an acid-catalyzed cyclization to assemble both the
A- and B-rings on an aromatic C-ring in a single reaction.
Previous reports on cyclizations of geranylated phenols are
known, but often the cyclizations occurred in low yield with
numerous byproducts observed.4,5 We hypothesized that a
substituentR to the incipient carbocation could help stabilize
the terminal cation, thereby possibly increasing the yield and
providing an opportunity for stereocontrol. There is substan-
tial precedent for stabilization of adjacent cations by phen-
ylthio substituents, and some precedent for stabilization by
phenylselenyl groups.6 As shown in Figure 2, one transition
state would place the phenylselenide substituent in an
equatorial position with a pseudochair conformation in the
incipient B-ring, while the other would require an axial
phenylselenide group with a pseudoboat conformation. The
use of hydroxyselenides for similar reactions has been
described in two seminal papers by Kametani et al., though

application to enantiopure material was not attempted.7 With
this aim in mind, racemicâ-hydroxyselenide8 was viewed
as a cyclization precursor that would allow evaluation of the
viability of such an approach.

The synthesis began with preparation of the known
benzaldehyde derivative108 (Scheme 2) from commercially

available vanillin. Reduction of the aldehyde and subsequent
protection of the alcohol as the triethylsilyl ether afforded

Scheme 1. Retrosynthetic Analysis of Schweinfurthin B

Figure 2. Possible transition states for cyclization of hydroxy-
selenide8.

Scheme 2. Initial Synthesis of Hydroxyselenide16
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the fully protected arene12, and halogen-metal exchange
followed by reaction with geranyl bromide allowed instal-
lation of the geranyl chain in 74% yield. AnmCPBA
epoxidation of compound13 initially afforded a 1:1 mixture
of the regioisomeric 6,7- and 2,3-epoxides in 55% yield along
with the diepoxide (7%). Even though careful column
chromatography could separate the two regioisomers, the low
yield of the desired product was unattractive. When the
reaction was conducted at lower temperatures with slow
addition of the oxidant, the yield of the desired 6,7-epoxide
14 increased to 53% along with only 8% of the 2,3-epoxide
and significant recovery of the starting material (32%).
Epoxide 14 reacted smoothly with phenylselenide anion
generated in situ9 to give the hydroxyselenide15 in 83%
yield.

The only transformations remaining prior to cyclization
were removal of the two protecting groups, but in the best
case scenario this was done through a two-step procedure.
Initial treatment with 0.5 M HCl hydrolyzed the silyl ether,
and subsequent treatment with 1.0 M HCl hydrolyzed the
MOM acetal in an overall yield of 33%. Despite numerous
attempts, all efforts at removing both protecting groups in a
single step gave either incomplete deprotection or lower
yields with greater byproduct formation.

A second synthetic strategy was developed to address this
problematic deprotection issue. Because the silyl ether could
be readily removed, it appeared attractive to protect the
phenolic functionality as a silyl ether as well. However,
introduction of the phenolic silyl ether would have to follow
the alkylation step in the synthetic sequence, because
migration of the silyl group from the oxygen to the adjacent
ortho carbon has been observed in similar reactions.10

Therefore, an ethoxyethyl-protected phenol was envisioned
for the sequence up to and including the alkylation step, at
which point it would be removed and a silyl ether installed
in its place.11

Direct protection of the phenol as the ethoxyethyl ether
was not successful under acidic conditions, so an indirect
route was employed. The known alcohol17,12 also available
from vanillin, was disilylated and then selectively cleaved
to the free phenol19 by treatment with 1.0 equiv of
tetrabutylammonium fluoride13 (Scheme 3). An acid-
catalyzed reaction of compound19 with ethyl vinyl ether
gave the fully protected aryl bromide20. This intermediate
can be prepared in multigram quantities in an overall yield
of 68% from vanillin without need for a chromatographic
separation. Application of the halogen-metal exchange
protocol and reaction with geranyl bromide afforded the
analogous geranylated arene, which upon acidic workup gave
the free phenol21. After silylation of the free phenol, the
material was subjected to oxidation, and epoxide opening
analogous to that used on arene13 delivered the protected
R-hydroxyselenide24. The deprotected target16 could be
obtained in 84% yield by treatment of the disilylated material
with excess TBAF.
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Scheme 3. Revised Synthesis of Hydroxyselenide16
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To induce the desired cationic cyclization, the tertiary
alcohol16 was treated with acid under various conditions.
Treatment of compound16 with TFA afforded a single
hexahydroxanthene system as the labile trifluoroacetate25.
Purification of this product by column chromatography gave
both the trifluoroacetate25and the parent alcohol26 in 43%
combined yield.

The relative stereochemistry of the hexahydroxanthene was
assigned after extensive NMR spectroscopy on the trifluoro-
acetate25. Analysis of the coupling constants observed for
the C-2 hydrogen (schweinfurthin numbering) suggested an
axial disposition and hence an equatorial orientation for the
phenylselenide group. The bridgehead methine hydrogen (C-
9a) also appeared to be in an axial orientation on the basis
of analysis of the coupling constants with the benzylic
hydrogens at C-9. In this case, a COSY spectrum nicely
displayed the H-9ax, H-9eq, H-9a spin system, indicative of
a trans-decalin skeleton. Furthermore, the chemical shifts
of the methyl groups compared favorably to those reported
for a related trans-fused system but did not agree with those
of a related cis-fused structure.14 Finally, a NOESY spectrum
revealed correlations (Figure 3) of the bridgehead methyl
group with axial hydrogens at C-3 and C-9 and to the axial
methyl group at C-1. On the other face of the molecule,
complementary correlations were observed between the
equatorial methyl group at C-1 and the axial hydrogen at
C-9a, as well as from the axial hydrogen at C-2 to both the
C-1 equatorial methyl group and the C-9 equatorial hydrogen.

The NMR data make clear that the phenylselenide sub-
stituent was successful in providing a single diastereomer
of the hexahydroxanthene and may facilitate the cyclization.
The equatorial disposition of the phenylselenide moiety in
the final product is encouraging in that this single substituent
appears to effectively govern the stereochemistry of the

bridgehead centers, as expected from consideration of the
transition states (Figure 2).

Preparation of the tricycle26 should allow elaboration of
racemic schweinfurthin B after introduction of the A-ring
hydroxyl groups and coupling with phosphonate5. Alter-
natively, now that the viability of this cyclization strategy
has been shown, preparation of the epoxide23 in nonracemic
form should allow preparation of nonracemic schweinfurthin
B (2). Our efforts to prepare the nonracemic epoxide, as well
as to complete preparation of the natural products themselves,
will be reported in due course.
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Figure 3. Selected NOESY correlations for compound25 shown
on a SPARTAN minimized structure (PM3 level).
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