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Abstract

A route for the rapid assembly of the carbon framework of several resveratrol natural products is
presented. A palladium-catalyzed domino reaction of bromostilbene derivative 6 and tolane 7,
involving two sequential Heck coupling reactions, provides access to the benzofulvene-based core
of various resveratrol-derived natural products. The carbon skeleton of pallidol and its congeners is
achieved by a Lewis acid-induced Nazarov-type oxidative cyclization of 9.

Palladium-catalyzed domino reactions, coupled with carefully designed substrates, allow for
rapid establishment of molecular complexity in the total synthesis of complex natural products.
1 The addition of an aryl- or alkenylpalladium species to a triple or double bond provides an
intermediate poised to participate in subsequent reactions. The reactive organopalladium
intermediate may be trapped in various ways, e.g., by reaction with an additional equivalent
of a triple or double bond. Scheme 1 depicts one such scenario, involving a sequential Heck/
intramolecular cyclization cascade.

Exploiting the potential for domino sequences, multiple carbon-carbon bonds can be formed
in a single synthetic operation through a palladium-catalyzed cascade. Furthermore, the
substrates and reaction conditions may be tailored to produce a desired functional group or
structural motif. For example, depending on the nature of the diene (A, Scheme 1)—cyclic,
acyclic or aryl—a palladium-catalyzed cascade could give rise to either differentially
substituted fulvene-based compounds or the analogous benzofulvene-containing structures
(see E).

We recognized the potential utility of these palladium-catalyzed domino reactions in accessing
the benzofulvene-based core of several biologically important resveratrol derivatives.
Resveratrol (1, Figure 1) was first isolated from the roots of Veratrum grandiflorum in
1940.2 It was later classified as a phytoalexin (i.e., a toxin produced by plants in response to
infection or stress).3 In further biological studies, resveratrol displayed both anti-inflammatory
and anti-carcinogenic properties in vivo'* and significantly extended the lifespan of vertebrates.
5 To date, the specific mechanism of action of resveratrol remains elusive due to its rapid
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metabolism. Several resveratrol-derived natural products have shown biological activities
comparable to their parent monomer, e.g., in vitro stimulation of osteoblast proliferation at
concentrations as low as 1019 g/mL.5d However, a thorough exploration of the properties and
uses of resveratrol congeners requires efficient, facile and versatile syntheses of these
molecules.

In 2007, Snyder et al. reported a chemoselective approach to the synthesis of several
polyphenolic natural products believed to result from resveratrol dimerizations.7a,b Snyder
employed an easily accessible building block containing three aromatic rings, which was
subjected to a series of electrophile-promoted cascades to complete the total syntheses of five
resveratrol-based natural products, including quadrangularin A (2a) and pallidol (5).’2 This
strategy was recently extended to the synthesis of other members of the resveratrol class.”® A
previous synthesis of quadrangularin based on a biomimetic dimerization of a resveratrol
derivative has also been reported.’® In this Communication, we report our progress to date on
a strategy for the synthesis of a subset of dimeric resveratrol-based natural products.

We sought to probe the synthetic versatility of a palladium-catalyzed cascade that would
provide rapid access to several resveratrol-based natural products. Specifically, we envisioned
a tandem Heck/intramolecular cyclization cascade between bromostilbene derivative 6 and
tolane 7 (Scheme 2). In accord with our proposed mechanism, we expected initial regioselective
addition of the arylpalladium species 6a to 7, which we anticipated would be governed by the
electronics of the aromatic ring substituents of 7. Proximity-driven insertion of the resultant
alkenylpalladium intermediate into the pendant double bond (see 8) should afford 9 following
B-hydride elimination. Such a cascade would form two carbon-carbon bonds in a single step
to provide an intermediate containing all of the carbon atoms present in several important
resveratrol derivatives.

From common intermediate 9, we anticipated selective reduction of the exocyclic double bond
could likely be achieved using the method employed by Katzenellenbogen et al. to reduce tri-
substituted arylindenes.8 Indene 11 could then serve as a precursor to either quadrangularin A
(2a) or parthenocissin A (2b).

To access the carbon skeleton present in pallidol (5), we expected a Nazarov-type cyclization
of 9 would provide 10.° The methyl ethers could presumably be cleaved with BBr3. Reduction
of the tetrasubstituted double bond could then be achieved following the precedent of Brand
et al. (Scheme 2).10

Our synthetic investigations commenced with the preparation of bromide 6. Following the
procedure employed by Snyder et al., 6 was synthesized from commercially available 3,5-
dimethoxybenzaldehyde (12) in five steps (75% overall yield).’ Tolane 711 was also
assembled from 12. Under standard Ramirez olefination conditions, 12 was converted to
dibromide 13 in 60% yield (Scheme 3).12 Subsequent treatment with n-BuL.i for 10 h, followed
by quenching with water, afforded terminal alkyne 14 in 94% yield, completing a Corey-Fuchs
sequence.13: 14 Finally, alkyne 14 was cross-coupled to p-iodoanisole under standard
Sonogashira conditions to afford tolane 7 in 99% yield (56% overall yield from 12).15

Preliminary investigations confirmed the viability of our proposed cascade—when 6 and 7
were subjected to standard Heck conditions (Pd(OAc),, PPhs, DIPEA, DMF, 135 °C, 15 h),
916 was isolated as a bright red solid in 53% yield (Scheme 4). Slow diffusion of pentane into
a solution of 9 in CH,Cl resulted in the formation of crystals suitable for X-ray diffraction.
The ORTEP representation of 9 (Figure 2) revealed an E orientation of the exocyclic double
bond, as in parthenocissin A (2b).
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With 9 in hand, a variety of Lewis and Bronsted acids were tested in an effort to form 10 via
our proposed Nazarov-type cyclization (Scheme 2). We found success with the treatment of
9 with FeCl3*6H,0 (1 equiv) in CH,Cl, to yield diene 1517 in 38% yield as a maroon solid
(Scheme 4). Although 10 was not observed, pentalene 15 could presumably have formed via
the intermediacy of 10, which was likely oxidized under the reaction conditions. Alternatively,
15 may have resulted directly from 9 via a cyclodehydrogenation in keeping with the precedent
of Kovacic.18 Slow evaporation of a CH,Cl, solution of 15 yielded X-ray quality crystals,
which confirmed the connectivity of 15 (Figure 3). Attempts to reduce 15, as well as the exo-
and endocyclic double bonds of 9, are ongoing.

In conclusion, we have demonstrated a novel palladium-catalyzed cascade reaction, which
assembles the carbon framework of several resveratrol-derived natural products. Starting from
two readily accessible building blocks, we have synthesized potential precursors to a large
family of natural products, including quadrangularin A, parthenocissin A and pallidol. Studies
on the functionalization of these compounds and completion of the total syntheses of a series
of resveratrol-based natural products are underway and will be reported in due course.
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HOOH
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OH
Quadrangularin A (2), 2a
Resveratrol, 1 Parthenocissin A (E), 2b
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Caraphenol C, 3 Leachianol F (7S), 4a
Leachianol G (7R), 4b

Pallidol, 5

FIGURE 1.
Selected resveratrol-derived natural products.
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FIGURE 2.
Molecular structure of 9; ellipsoids drawn at the 50% probability level.
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FIGURE 3.
ORTEP representation of 15; ellipsoids drawn at the 50% probability level.
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a) CBry (2.0 equiv), PPh3 (4.0 equiv), CH,Cly, 0 °C, 1 h, 60%; b) n- BuL.i (2.8 equiv), THF,
—78 °C—25 °C, 10 h, 94%; c) Cul (0.1 equiv), Pd(PPh3),Cl, (0.05 equiv), EtzN (0.1 M), 25

°C, 18 h, 99%.
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SCHEME 4.
Synthesis of 9 and 15
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