Tetrahedron 69 (2013) 7568—7591

journal homepage: www.elsevier.com/locate/tet

Contents lists available at SciVerse ScienceDirect

Tetrahedron

Expeditious cascade reactions: controlled syntheses of
fenestradienes and cyclooctatrienes under palladium catalysis

@ CrossMark

Mélanie Charpenay ', Aicha Boudhar?, Catherine Hulot, Gaélle Blond, Jean Suffert *

Faculté de Pharmacie, Université de Strasbourg UMR 7200 CNRS/UDS, 74 Route du Rhin, 67401 Illkirch Graffenstaden, France

ARTICLE INFO ABSTRACT

Article history:

Received 11 March 2013

Received in revised form 19 May 2013
Accepted 20 May 2013

Available online 24 May 2013

Keywords:
Fenestradienes
Cyclooctatrienes
Cascade
Palladium
4-exo-Dig

Palladium cyclization cascades represent an elegant way to access complex polycyclic scaffolds in
a minimum amount of steps. Herein we provide a complete account on two new methodologies in-
cluding these kind of cascades, each leading to two types of attractive compounds, cyclooctatrienes and
[4.6.4.6]fenestradienes. The reader will first discover a strategy requiring three steps starting from al-
kenyl bromides, based on a first 4-exo-dig carbopalladation/Sonogashira coupling tandem reaction, and
a subsequent P-2 Ni induced semi-hydrogenation. This leads to a first generation of cyclooctatrienes and
[4.6.4.6]fenestradienes. Next, the second approach will be presented, in which the second generation of
these compounds is accessed in a one-pot reaction including five steps, starting from the same alkenyl
bromide compounds. These methods are appealing in terms of atom economy, the use of easy to handle
conditions as well as the variability of its scope.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

The usefulness of strategies based on palladium cyclization
cascades leading to polycyclic frameworks in a regio- and stereo-
selective manner has been demonstrated in the past.! Today, one of
the challenges of modern synthetic method development is to form
as many bonds as possible in the least number of steps, ideally in
a single operation.? Significant recent studies in our laboratory are
directed toward the development of synthetic methodologies to
design highly strained scaffolds from simple starting materials
using common reagents and mild reaction conditions. In this con-
text, we report herein our investigations of cascade reactions in-
volving a semi-hydrogenation of an alkyne moiety in first
generation and in a second one a fascinating palladium catalyzed
alkyne addition reaction. Both lead to two types of polycyclic
structures, fenestradienes and cyclooctatrienes.

Eight-membered ring substructures are present in over 100
different natural products, many of, which demonstrate exceptional
and broad-ranging biological activity. For example, Ophiobolin A3
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exhibits a broad spectrum of biological activity against nema-
todes, fungi, and bacteria,* as well as showing potent antitumor
activity.®> Aleurodiscal® is an antifungal and antibiotic, while one of
the most notable examples is the diterpene paclitaxel (taxol), that
is, a major anticancer agent used in clinics today.” Synthesis of
eight-membered ring compounds has constantly been a challeng-
ing area due to high degree of ring strain, transannular interactions
and unfavorable entropic and enthalpic factors. However, modern
synthetic methods allow access toward a large variety of cyclo-
octanoids® (Fig. 1).

| “oH
Ophiobolin A

Taxol (R = Bz); Taxoter (R = Boc)

Fig. 1. Natural products containing an eight-membered ring.
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Sato et al. recently reported a Rh'-catalyzed intermolecular cy-
cloaddition of 4-allenals with alkynes to provide various mono-
cyclic eight-membered rings in good to high yields in
a stereoselective manner.? Another example by Snyder et al. dis-
plays a rapid access to diverse members of the lauroxocane family,
natural products containing an oxocene core. This oxygen-
containing eight-membered ring compound is designed by
a novel diastereoselective ring-expanding bromoetherification re-
action of tetrahydrofurans triggered by a unique bromonium source
(BDSB, Et,SBr-SbBrCls). Strategically positioned and designed nu-
cleophilic traps, afford diverse functionalities on the eight-
membered ring backbone.!” Despite diversity in strategy and in
product structures, none of these approaches involve the direct
formation of a 5-8-5 or 6-8-5 tricyclic skeleton.

We have previously reported a straightforward preparation of 5-
8-5 or 6-8-5 condensed polycycles that employs an 87w electro-
cyclization reaction (Scheme 1)."' Cyclooctatrienes B can be ob-
tained in a one-step operation starting from simple alkenyl
bromides A, using mild reaction conditions, and common palla-
dium catalysts and solvents. The key step is a tandem reaction,
namely a 4-exo-dig carbopalladation/Stille coupling. In some cases,
the reaction suffered from low yields (<20%), but these were
compensated for the complexity of the products formed in a one-
step operation. To the best of our knowledge, this is the shortest
reported route to functionalized polycyclic cyclooctanoid structures
of this type and degree of complexity. Encouraged by these
promising results, we investigated this methodology further in
hope of developing a new versatile and efficient route to this type of
cyclooctatriene derivatives in higher yields.
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Scheme 1. Cyclooctatriene synthesis starting from alkenyl bromides A.

In general, few methodologies utilize the 8 electrocyclization
reaction because of the formation of cyclohexadiene by a sponta-
neous 67 electrocyclization reaction, which leads to a 4-6 bicyclic
skeleton (Scheme 2)!? The equilibrium between the cyclo-
octatriene and the bicyclooctadiene depends on the reaction con-
ditions used, and examples have been shown by several authors in
total syntheses.!® For this reason, the 1,3,5-cyclooctatriene moiety
is not a common substructure and is very rarely encountered in
natural products.'® Therefore it appears to be of interest to develop
new accesses to this type of structure, which can be the starting
point of the synthesis of more complex natural or unnatural
compounds.’®
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Scheme 2. Equilibrium between cyclooctatrienes and bicyclooctadienes.

During our initial investigations on the uses of the 87 electro-
cyclization for the synthesis of stable 1,3,5-cyclooctatrienes, we
were pleased to discover that a subsequent 67 electrocyclization
reaction took place at room temperature after the 8w process
providing in excellent yields a new class of fenestranes: the [4,6,4,6]
fenestradienes and fenestrenes. The fenestrane family represents
structurally fascinating compounds, which contain four condensed

cycles sharing the same central carbon atom (Scheme 3). Laurenen
is the only all carbon fenestrane natural product known.'® This
compound does not present any significant biological activity.
However, natural products of the fenestrane family, which contain
various heteroatoms, such as the penifulvines and asperarulines,
have been reported.”” The fenestranes have attracted much syn-
thetic interest over the past 40 years, because of the planar ge-
ometry of the central carbon atom.'® For some examples, the bond
angles around this central atom can be enlarged up to 130° instead
the regular 109.5°.
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Scheme 3. Some examples of natural product structurally related to the fenestrane
family.

Our group has developed methodologies toward both cyclo-
octatrienes and new members of this family, the [4.6.4.6]fenes-
tradienes (Scheme 4).!° Herein we present for the first time
a complete account on two different approaches: the earlier P-2 Ni
strategy, leading to the first generation of polycycles, and the
alkynylation strategy, leading to the second generation. In the first
approach, fenestradienes 3 were obtained with excellent yields,
from precursor trienynes 2 synthesized in three steps from alkenyl
bromides 1.2° This sequence requires the use of stannanes for the 4-
exo-dig carbopalladation/Stille coupling in the preparation of the
precursors 2, and then a sensitive nickel(0) catalyst and hydrogen
gas. The stannanes could later be eliminated by the development of
a new tandem reaction, 4-exo-dig carbopalladation/Sonogashira
coupling.?! In the second approach, a new type of fenestradienes 4
was directly prepared from alkenyl bromides 1, thus shortening the
synthesis drastically and avoiding dangerous hydrogenation.?* We
will describe the results for this one-pot synthesis of fenestradienes
4, the limits of this method as well as the synthesis of a new series
of 6-4-8, 7-4-8 or 4-8 fused systems.
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Scheme 4. Different pathways toward [4.6.4.6]fenestradienes 3 and 4 or cyclo-
octatrienes 8 and 12.
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