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ABSTRACT

A concise total synthesis of the bis-butenolide 3 in optically active form is reported. Key steps are a zinc-mediated “three-component coupling”
with formation of dienyne 9 which undergoes ring closing metathesis (RCM) on treatment with (PCy3)2Cl2RudCHPh. Dimerization of the resulting
butenolide 11 is then achieved via alkyne metathesis using (tBuO)3WtCCMe3 as the catalyst. A Lindlar reduction completes this synthesis
which delivers product 3 in only five steps with an overall yield of 25%.

It is believed that gorgonians flourishing in a marine
environment inhabited by numerous potential predators
defend themselves by chemical means. Many studies have
been devoted to the isolation and characterization of second-
ary metabolites responsible for this defense mechanism
because they may serve as potential lead structures for
medicinal chemistry.1 This led inter alia to the discovery of
structurally diverse acetogenins such as the bis-butenolide
derivative ancepsenolide (1) and congeners thereof (Figure
1).2,3

Although compound1 exhibits only moderate cytotoxic
and antibiotic activity, it has been repeatedly targeted in
recent years.4,5 The most elegant approach was described by
Trost et al. using a ruthenium-catalyzed Alder-ene reaction
as the key step. This route did not only deliver ancepsenolide
1 in excellent yield but also allowed for the assignment of
its absolute configuration as (S,S).5a

The Alder-ene approach, however, is less appropriate for
the synthesis of those members of this class of natural
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Figure 1. Structures of bis-butenolide acetogenins from marine
sources.
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products containing a pre-exisiting double bond in their
backbone.6 Therefore, we were prompted to develop an
alternative but equally efficient route that brings these
compounds into reach.

Our synthesis of dehydrohomoancepsenolide3, a second-
ary metabolite isolated from the gorgonian octocoralPtero-
gorgia citrina collected off the west coast of Puerto Rico,7

starts with an esterification of 1-buten-3-ol4 with (bromo-
methyl)acrylic acid5 (Scheme 1). Since model studies had

shown that this reaction is best achieved under Mitsunobu
conditions,8 we used commercially available (R)-4 (er g 97:
3) for the preparation of the required (S)-configurated ester
6.

This compound was then subjected to a zinc-induced,
copper-mediated “three-component coupling” reaction as
described by Knochel et al. (Scheme 2).9 Insertion of
activated zinc10 into both C-I bonds of 1,5-diiodopentane
7 followed by addition of CuCN (1 equiv) and LiCl to the
bis-organozinc compound8 thus formed afforded a 1,5-
heterobimetallic intermediate, which can be consecutively
reacted with two different electrophiles. Specifically, addition
of 1-iodo-1-propyne11 and stirring of the resulting mixture

at -35 °C for 15 h followed by addition of (S)-6 (-78 °C
f rt, 1 h) provided compound9 in 70% yield.

Having secured good access to this key intermediate, we
attempted the cyclization of the butenolide entity by a ring
closing olefin metathesis (RCM) reaction.12 Although electron-
deficient alkenes in general and acrylates in particular are
known to be problematic substrates for this kind of trans-
formation,13 we were pleased to see that the envisaged
cyclization9 f 11 proceeds readily in 70% yield provided
that it is carried out under high dilution conditions. A
noteworthy aspect of this transformation is its chemoselective
course: despite the fact that metathesis catalysts are fairly
reactive toward alkynes, no enyne metathesis was interfering
with the desired butenolide formation if the “standard”
Grubbs carbene (PCy3)2Cl2RudCHPh 1014 is used as the
catalyst. Interestingly enough, “second-generation” ruthenium
carbene complexes containing N-heterocyclic carbene ligands,
which were recently shown to be particularly powerful
catalysts for metathesis reactions of acrylates,15 turned out
to be too reactive in this case as they did not rigorously
distinguish between the alkyne and the alkene moieties of
substrate9.
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Scheme 1a

a [a] DEAD, PPh3, Et2O, 16 h, 71%.

Scheme 2a

a [a] Zn, THF, 40°C, 24 h; [b] (i) CuCN, 2 LiCl, THF, 0°C, 15
min; (ii) 1-iodo-1-propyne (0.7 equiv), hexane,-60 f -35 °C,
15 h; (iii) (S)-6 (1.5 equiv), 1 h, -78 °C f rt, 70%; [c]
(PCy3)2Cl2RudCHPh10 (16 mol %), CH2Cl2, reflux, 24 h, 70%;
[d] (tBuO)3WtCCMe3 12 (10 mol %), toluene, 100°C, 10 h, 75%;
[e] Lindlar catalyst, quinoline cat., hexane/EtOH (1/1), H2 (1 atm),
rt, 30 min, 96%.
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Compound11 was then dimerized via alkyne metathesis.
Thus, treatment with catalytic amounts of the easily acces-
sible Schrock alkylidyne complex (tBuO)3WtCCMe3 1216

in toluene at 100°C affords theC2-symmetrical product13
in 75% yield. This example adds to the rapidly increasing
list of successful applications of this emerging technology17,18

and attests to the excellent application profile of the tungsten
catalyst employed. Note that the chemoselectivity is now
inversed since complex12selects exclusively for the alkyne
over the alkene group of substrate11. Therefore, the
sequence depicted in Scheme 2 demonstrates that modern

metathesis catalysts allow one to selectively address alkenes
in the presence of alkynes or vice versa. This rigorous
distinction between differentπ-systems is important form
the conceptual standpoint and further upgrades the impact
of metathesis in general on the logic of retrosynthetic
planning.

The total synthesis of dehydrohomoancepsenolide3 was
completed by a Lindlar hydrogenation of product13 under
standard conditions. Our route provides this bola-form
butenolide of marine origin in optically active form in only
five steps with 25% overall yield starting from commercially
available substrates.19,20 Moreover, it is obvious that the
reaction sequence can be easily adapted to the preparation
of other members of this family of natural products.

Further syntheses of bioactive targets that are economical
in the total number of steps21 due to a strategic use of
metathetic conversions are in progress and will be reported
in the near future.
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this situation is rapidly changing, cf. ref 18. For early examples of
scrambling or dimerization of simple alkynes by structurally undefined
catalyst systems see: (a) Mortreux, A.; Blanchard, M.J. Chem. Soc., Chem.
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