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a b s t r a c t

Africane-type sesquiterpenoids consist of a bicyclo[5.3.0]decane structure and have been isolated from
various natural environments. Their characteristic CAC bond motifs, including a seven-membered ring
core, fascinate many synthetic organic chemists. Thirteen total syntheses have been reported over the
past four decades. The purpose of this digest is to provide an overview of these total syntheses of afri-
cane-type sesquiterpenoids, with an emphasis on methods for constructing the seven-membered ring
structure.
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Contents

Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2378
Synthetic approaches to the africane seven-membered ring system. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2378
Transannular cyclization. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2379

Shirahama’s racemic total syntheses of africanol and africene11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2379
White’s racemic total syntheses of africanol and isoafricanol19. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2379

Ring expansion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2379
Paquette’s racemic total synthesis of africanol12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2379
Tai’s asymmetric total syntheses of africanol and isoafricanol24 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2380
Cossy’s racemic total synthesis of isoafricanol26 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2381
Marques’ racemic total synthesis of africanol29 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2381
Liang’s racemic total syntheses of omphadiol and pyxidatol C13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2381

Ring closing metathesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2382
Paquette’s asymmetric total synthesis of a diastereomer of africanol36 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2382
Hoveyda’s asymmetric formal total synthesis of africanol39 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2382
Nakata’s racemic total syntheses of D9(15)-africanene, epoxyafricanane, leptographiol, isoleptographiol, and africanediols15 . . . . . . . . . . . 2383
Romo’s asymmetric total synthesis of omphadiol35 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2384
Taber’s asymmetric total synthesis of the reported structure of trans-africanan-1 a-ol16 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2384
Kalesse’s asymmetric total syntheses of omphadiol and pyxidatol C54 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2384

Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2385
Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2385
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2385

https://doi.org/10.1016/j.tetlet.2018.05.048
0040-4039/� 2018 Elsevier Ltd. All rights reserved.

⇑ Corresponding author.
E-mail address: yutaka_matsuda@ajinomoto.com (Y. Matsuda).

Tetrahedron Letters 59 (2018) 2377–2386

Contents lists available at ScienceDirect

Tetrahedron Letters

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

http://crossmark.crossref.org/dialog/?doi=10.1016/j.tetlet.2018.05.048&domain=pdf
https://doi.org/10.1016/j.tetlet.2018.05.048
mailto:yutaka_matsuda@ajinomoto.com
https://doi.org/10.1016/j.tetlet.2018.05.048
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet


Introduction

Africane-type sesquiterpenoids possess a 5-7-3 tricyclic struc-
ture. The first africane natural product to be isolated was africanol
(1), isolated from the soft coral Lemnalia africana in 1974 by the
Braekman group.1 Subsequently, many natural sesquiterpenoids
structurally similar to africanol have been discovered and therefore
were named ‘africanes’.2

Africanes are widespread in various natural environments. For
example, D9(15)-africanene (2) is a natural product isolated from
many terrestrial sources and marine species, such as soft coral,3a,3b

liverwort,3c and angiosperm plants.3d,3e This interesting
observation can be rationalized by the proposed biosynthetic
pathway1,4 from a very common sesquiterpenoid, humulene (3),
to africanes (Scheme 1). Transannular cyclization of 3 simultane-
ously forms the africane skeleton and the highly reactive carboca-
tion intermediates 4, which induces various reactions to lead to a
number of africanes, including trans-fused ring compounds (e.g.,
2), cis-fused ring compounds (e.g., 65 through africene (5)1) and
hydroxylated compounds (e.g., 1).

In general, molecular diversity can provide an enormous
opportunity for synthetic chemists to establish new strategies
applicable to the synthesis of various structurally complex nat-
ural products. From this perspective, africanes of adequate
molecular size for demonstrating the new strategies fascinate
synthetic organic chemists as a means of demonstrating their
new strategies: e.g., the control of cis/trans selective cyclization,
the assembly of three carbon rings without stereochemical
scrambling, etc.

In addition to the interest in the fused-ring system of africanes,
their medium-sized ring core is an appealing synthetic target.6 The
medium-sized ring (seven to ten membered carbocycles) system is
generally difficult to be constructed due to unfavorable enthalpic

and entropic factors.7 Much effort aimed at the total synthesis of
africanes, described in this digest, has been devoted to the forma-
tion of this seven-membered ring core. Therefore, we provide an
overview of the total syntheses of africane-type sesquiterpenoids,
focusing on strategies for construction of the fused seven-mem-
bered ring structure.

Synthetic approaches to the africane seven-membered ring
system

The reported strategies for construction of the africane seven-
membered ring system can be classified into three representative
approaches: transannular cyclization,8 ring expansion,9 and ring
closing metathesis (RCM)10 (Scheme 2). The first approach,
transannular cyclization, is often observed in the terpene biosyn-
thetic route.4 Although Braekman who isolated africanol (1) pro-
posed a biosynthetic pathway for africanes via transannular
cyclization,1 no experimental evidence was provided. However,
this hypothesis was strongly supported by Shirahama’s biomimetic
synthesis of africanol (1)11 from humulene derivatives.

The second approach is ring expansion, which is widely used as
the key reaction in africane syntheses. This approach is divided
into two patterns. The first is early stage construction of the cyclo-
heptene ring from the easily formed cyclohexene ring. This
methodology was first selected by Paquette and Ham.12 They suc-
ceeded in the synthesis of africanol (1) using a highly stereoselec-
tive route that included ring expansion. The second pattern is a
transformation from the fused 6,6 ring to the fused 5,7 ring. This
methodology was reported by the Liang group13 using Tifeneau-
Dejanov-type ring expansion. Recently, Unsworth and Taylor dis-
closed their synthetic approach to africanes using Cope-type ring
expansion.14

The third approach is RCM. RCM is the most frequently used
reaction for ring formation in the synthesis of africanes. This reli-
able reaction can be used for the cyclization of both cis and trans
fused rings. The advent of RCM facilitated many syntheses of nat-
ural products, including the medium-sized ring of africanes. These
results contributed to the development of the field of structural
elucidation exemplified by Nakata’s epoxyafricanane synthesis15

and Taber’s trans-africanane-1a-ol synthesis.16 However, their
synthetic compounds were not congruent with the natural prod-
ucts, showing that the structures of the isolated products required
revision.

Scheme 1. Proposed biosynthesis of africanes. Scheme 2. Synthetic approaches to the africane’s seven-membered ring system.
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