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The C12–C24 fragment of peloruside A has been synthesized using, as a key step, a silyl-tethered ring
closing metathesis reaction to form the C16–C17 (Z)-alkene. The metathesis reaction discriminates
between diastereoisomers of the starting material. A diphenylsilyl bis-ether provides simultaneous pro-
tection for the C15 and C24 hydroxyl groups, and is expected to lead to high 1,5-anti selectivity in sub-
sequent aldol reactions of the methyl ketone, allowing for a convergent stereoselective synthesis of
peloruside A.

� 2008 Elsevier Ltd. All rights reserved.
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Scheme 1. Structure and retrosynthetic analysis of peloruside A.
The isolation of peloruside A from the marine sponge Mycale
hentscheli was reported in 2000 by Northcote et al.1 Miller and
co-workers established peloruside A to be a potent cytotoxic agent
with microtubule stabilizing characteristics similar to those of pac-
litaxel and docetaxel.2 Moreover, peloruside A has a microtubule
binding site different from that of the taxoid drugs, and has lower
susceptibility to the action of drug efflux pumps. When added to
cancer cells in combination with taxoid-site drugs, peloruside A
displays synergy, which enhances the antimitotic action.3 These
features make it exciting as a pre-clinical drug candidate.

Although Northcote and West were able to determine the rela-
tive stereochemistry of peloruside A through extensive NMR stud-
ies, the absolute stereochemistry was not revealed until the first
total synthesis was completed by De Brabander and co-workers.4

Since then, total syntheses have been reported by the research
groups of Taylor5 and Ghosh.6

Our efforts towards the synthesis of peloruside A (1) are based
around a convergent strategy, which invokes an aldol coupling of
two main fragments: a C1–C11 aldehyde 2 and a C12–C24 methyl
ketone 3 (Scheme 1). The synthesis of a protected form of com-
pound 3 using silyl-tethered ring closing metathesis is the subject
of this Letter. Alternative fragments of peloruside A related to 3
have been reported by several groups.7

Our retrosynthesis of a suitably protected form of the C12–C24
ketone 3, viz. compound 4 (Scheme 2), is succinct and establishes a
convergent synthesis that relies on the one-pot coupling of three
components: 2-ethylbut-3-en-1-ol (6), (S)-b-hydroxyketone (S)-7,
ll rights reserved.
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and dichlorodiphenylsilane, to produce diene 5. Ring closing
metathesis (RCM) of this diene is used to access compound 4.
The diphenylsilyl bis-ether of 4 provides simultaneous protection
for the C15 and C24 hydroxyl groups, and is integral to our global
approach to the synthesis of peloruside A. The structure of com-
pound 4 enables three key strategic advantages:

(1) Compound 4 may be generated by silyl-tethered RCM8 of
diene 5, which will produce the C16–C17 alkene with the desired
(Z)-geometry. Silyl-tethered RCM reactions are surrogates for
cross-metathesis processes,8 with the added benefit that they con-
trol the geometry of the alkene produced, especially if the ring
formed is small- to medium-sized.8,9

(2) Observations of kinetic resolution in silyl-tethered RCM
reactions, in some cases causing diastereoselectivity,9,10 indicate
an opportunity for stereochemical discrimination in the RCM reac-
tion that forms compound 4. This would provide control of the
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Scheme 2. Retrosynthetic analysis of the C12–C24 fragment.
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relative stereochemistry at C15 and C18, delivering the desired
product (15S,18R)-4.

(3) Compound 4 should deliver the required 1,5-anti-induc-
tion11 during the subsequent aldol reaction with the C1–C11 alde-
hyde 2. Indeed, a preliminary study using simplified analogues of
the C12–C24 fragment of peloruside A, including 8 and 9 (Scheme
2), gave promising results with high 1,5-anti-induction in the sub-
sequent aldol reaction.12 This model study was performed on
dienes lacking the ethyl and/or methyl substituents, and it was
anticipated that inclusion of these substituents would be a simple
extension of the methodology.

Installation of the ethyl group into the homoallylic alcohol was
achieved by treatment of 2,5-dihydrofuran with ethylmagnesium
chloride, using zirconocene dichloride (Eq. 1, Scheme 3).13a This
provided racemic 2-ethylbut-3-en-1-ol [(±)-6] in modest yields.
Ultimately, it was intended that enantiomerically pure alcohol
(R)-6 could be prepared by ethylmagnesation of 2,5-dihydrofuran
O
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Scheme 3. Synthesis of silyl-tethered diene 5.
catalyzed by (S)-ethylene-1,2-bis(N5-4,5,6,7-tetrahydro-1-inde-
nyl)zirconium dichloride [(EBTHI)ZrCl2].13b The enantiomer of this
fragment [(S)-6] was used in De Brabander’s synthesis of ent-
peloruside A.4 Meanwhile, (S)-b-hydroxyketone (S)-7 was prepared
by enantioselective boron-mediated aldol reaction of acetone and
methacrolein (Eq. 2, Scheme 3).14

Formation of the diene 5 proceeded smoothly, in a one-pot reac-
tion, by treatment of dichlorodiphenylsilane with homoallylic alco-
hol (±)-6 followed, after 48 h, by b-hydroxyketone (S)-7 (Eq. 3,
Scheme 3).15 Due to the use of racemic 6, it was expected that this
reaction would provide two diastereomers. These were indeed evi-
dent in the 13C NMR spectrum by doubling of some peaks, but the
diastereomers were indistinguishable by 1H NMR spectroscopy.

Ring closing metathesis of the diene 5 proved far more chal-
lenging than the equivalent reactions of the des-ethyl variants 8
and 9 previously reported.12 Indeed, alkenes with alkyl groups in
the allylic position are notably sluggish in their engagement in
RCM reactions.16 Attempts were carried out on the mixture of
diene diastereoisomers 5 and, after initial tests with different
metathesis catalysts, Grubbs’ second generation catalyst was se-
lected as the most effective. After exploring an extensive matrix
of time, concentration, catalyst quantity, solvent and temperature,
conditions were found that provided the required dioxasilocine 4
(Scheme 4). These optimized conditions involved the slow addition
(over 24 h) of diene 5 to a dichloromethane solution of 9 mol % cat-
alyst at reflux, followed by heating for a further 24 h.17

To our delight, the 13C NMR spectrum of dioxasilocine 4 dis-
played only one set of peaks, indicating the presence of only one
diastereoisomer. Additionally, NOE correlations provided unequiv-
ocal evidence for the correct relative stereochemistry as desired for
the side chain of peloruside A. In particular, a significant through-
space interaction was observed between H15 and H18, which is
consistent with (15S,18R)-stereochemistry, as required in the nat-
ural product (Fig. 1). Furthermore, there was no interaction seen
between H15 and either H19 or H20. Thus, it appears that a kinetic
resolution process occurs during this RCM reaction, such that the
required diastereoisomer is fortuitously isolated from the reaction
in approximately 35% overall yield, a very reasonable 70% of the
theoretical yield for this stereoisomer. The remainder of the mate-
rial appeared to be recovered starting diene and a product of cross-
metathesis.

Related resolution processes had been observed previously in
RCM reactions. Indeed, diastereoselectivity has been reported in si-
lyl-tethered RCM reactions forming eight-membered silyl bis-
ethers.9,10 In addition, Roulland and Ermolenko observed partial
dynamic kinetic resolution in RCM reactions of a-alkylated ester
diastereomers during their synthesis of the C12–C24 fragment of
peloruside A.7d

The stereoselectivity obtained in this RCM reaction can be jus-
tified by a mechanistic rationale related to that proposed by Evans
for the formation of dioxasilocines by diastereoselective silyl-teth-
ered RCM reaction (Fig. 2).10 The stereochemistry set by C15 and
the preference of the substituent at this position to reside in the
pseudoequatorial position lead to the observed kinetic resolution
of the C18 centre, since diene (15S,18R)-5 reacts via a favoured
OO
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transition state, where the ethyl group also resides in the pseud-
oequatorial position. Conversely, the diastereoisomeric diene
(15S,18S)-5 must adopt a disfavoured transition state, having steric
interactions between the pseudoaxial ethyl group and one of the
phenyl rings, and thus reacts more slowly.

In one particular RCM experiment, we found the yield of dioxa-
silocine 4 to be 53%. This may have been due to loss of fidelity in
the stereocontrol of the kinetic resolution, with a small quantity
of 18-epi-4 formed through a slow RCM process via the disfavoured
transition state. However, this undesired minor product could not
be detected by either GC or spectroscopic means. An alternative
explanation is that there was a small measure of diastereoselectiv-
ity in the formation of the silyl bis-ether 5, which led to a greater
proportion of (15S,18R)-5 in the diastereomeric mixture of starting
diene. It is anticipated that stereoselective preparation of R-6 for
incorporation into diene 5 will lead to the RCM product in high
yield; yet the resolution process described above has merit as it
proceeds without the requirement for the costly (EBTHI)ZrCl2

catalyst.
In summary, we have completed the synthesis of the C12–C24

fragment of peloruside A in a form suitable for aldol coupling to
the C1–C11 portion. Ring closing metathesis using a silyl-tethered
diene provided target dioxasilocine 4 with the correct stereochem-
istry through kinetic resolution of a diastereoisomeric mixture of
diene 5.
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