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Dictyostatin (1, Figure 1) is a marine-derived macrolide that
inhibits the growth of a variety of cancer cell lines (including Taxol-
resistant lines) at low nanomolar levels by a mechanism involving
tubulin polymerization.1 First isolated in small amounts by Pettit,2

and more recently by Wright,1 dictyostatin’s structure is defined
by a 22-membered macrolactone punctuated by 11 stereocenters,
two dienes, and acis-1,2-disubstituted olefin.3 Its significant
therapeutic potential and relationship to discodermolide has resulted
in syntheses from the groups of Paterson4 and Curran,5 and in this
communication, we describe our synthesis of dictyostatin.

To maximize convergency, our strategy called for the union of
three subunits of similar complexity (compounds2, 3, and4) by
olefin metathesis at C10-C11, olefination at C17-C18, and a late
stage macrocyclization by an intramolecular Still-Gennari-modified
Horner-Wadsworth-Emmons reaction (Figure 1). This plan was
further underpinned by our interest in evaluating the utility of our
recently described (silyloxy)enyne cyclization in the context of
complex polyketide synthesis.6

The synthesis of the C18-C26 subunit4 is shown in Scheme 1
and commences with known alcohol5.7 Silylation with (propynyl)-
diisopropylbromosilane, followed by reduction to the primary
alcohol (LiBH4, 78%), and finally protection as the PMB ether
(PMBOC(dNH)CCl3, 82%) gave6. Using our previously reported
conditions,6 (silyloxy)enyne6 was cyclized to siloxane7 in 65%
yield. Desilylation and acylation with acryloyl chloride led to8 in
95% yield. Ring-closing metathesis with Grubbs’ second generation
catalyst8 gave the expected lactone and was followed by in situ
reduction to the lactol, then Wittig olefination to produce diene9
in 85% yield for the three steps. Conversion of9 to â-ketophos-
phonate4 was achieved by a five-step sequence of straightforward
transformations: (i) oxidation of the PMB ether to the PMP acetal
(DDQ, 75%,9 f 10), (ii) acetal cleavage to the PMB ether, (iii)
oxidation of the primary alcohol with Dess-Martin periodinane,
(iv) reaction with lithiodimethylphosphonate, and (v) oxidation with
Dess-Martin periodinane (60% from10).

The synthesis of2 commenced with silylation of alcohol119

with (ethynyl)diisopropylbromosilane to give12 in 95% yield
(Scheme 2). Reductive (silyloxy)enyne cyclization with ClTi(i-
PrO)3-i-PrMgCl produced13 in 73% yield and was followed by
removal of the siloxane to give2 in 95% yield. Acylation of the
secondary alcohol with acid310 under Yamaguchi11 conditions
yielded14 (90%) and set the stage for the formation of the∆10,11

olefin by ring-closing metathesis.12 Gratifyingly, treatment of a
toluene solution of14 under reflux with a total of 15 mol % of
Grubbs’ second generation catalyst (in 5 mol % batches at 6 h
intervals) provided lactone15 in 76% yield.

In advance of the introduction of the C18-C26 subunit, lactone
15 was converted to16 in 73% yield by reduction to the hydroxy
aldehyde with DIBAL-H and olefination with (carboethoxy) meth-
ylenetriphenylphosphorane. Further reduction to the allylic alcohol,
diol silylation with TBSOTf, removal of the PMB ether (DDQ,
aqueous buffer), and finally oxidation with Dess-Martin periodi-

nane provided delicate aldehyde17 (60% yield from16). Reaction
with â-ketophosphonate4 in the presence of Ba(OH)2 in aqueous
THF13 resulted in the smooth union of these two key fragments to
give enone18 in 77% yield. After conjugate reduction of the C17-
C18 double bond with Stryker’s reagent14 and removal of the PMB
ether, 1-3-syn-reduction15 (Zn(BH4)2, dr > 20:1) provided diol19
in 88% yield. Selective silylation of the C19 alcohol (TBSOTf,
89%), followed by acylation of the C21 alcohol under Yamaguchi
conditions11 gave phosphonate20 in 93% yield. Careful removal
of the TBS ether from the allylic alcohol with aqueous acetic acid
(78%), followed by oxidation to the enal with Dess-Martin
periodinane provided the substrate for macrocyclization by an
intramolecular Still-Gennari-modified Horner-Wadsworth-Em-
mons reaction.16,17 To our delight, treatment with potassium

Figure 1. Synthesis strategy.

Scheme 1 a

a Reagents and conditions: (1) (a) (propynyl)diisopropylbromosilane,
imidazole, DMF, 97%, (b) LiBH4, THF, 78%, (c) PMBOC(dNH)CCl3,
CSA, CH2Cl2, 82%; (2) ClTi(i-PrO)3, i-PrMgCl, 65%; (3) TBAF, DMF
then H2CdCHCOCl, i-Pr2NEt, CH2Cl2, 95%; (4) (a) 5 mol % of Grubbs
II, PhH, 60 °C then cool to-78 °C, DIBAL-H, (b) Ph3PCH3I, n-BuLi,
THF, 85% (from8); (5) DDQ, CH2Cl2, 4 Å MS, 75%; (6) (a) DIBAL-H,
CH2Cl2, (b) Dess-Martin periodinane, CH2Cl2, (c) (MeO)2P(O)Me,n-BuLi,
THF, (d) Dess-Martin periodinane, CH2Cl2, 60% (from10). Xc ) (R)-
benzyloxazolidinone.
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carbonate and 18-crown-6 in toluene at room temperature resulted
in clean cyclization to form21 in excellent yield and with good
diastereoselectivity (6.5:1Z:E to E:E, 74% of desired over two
steps). Removal of the four TBS ethers with HF‚pyridine, followed
by chromatography, produced (-)-dictyostatin in 67% yield.
Synthetic dictyostatin was identical in all respects with physical
and spectroscopic data provided for the natural product.18

In summary, a convergent synthesis of (-)-dictyostatin has been
achieved in 26 steps via11. As well as providing an avenue for
the preparation of larger amounts of the natural product, the
synthesis also offers an evaluation of the use of (silyloxy)enyne
cyclizations for the synthesis ofsyn-anti stereotriads in the context
of complex polyketide synthesis.
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Scheme 2 a

a Reagents and conditions: (1) (ethynyl)diisopropylbromosilane, imidazole, DMF, 95%; (2) ClTi(i-PrO)3, i-PrMgCl, 73%; (3) TBAF, DMF, 65°C, 95%;
(4) 3, 2,4,6-trichlorobenzoyl chloride, Et3N, DMAP, PhMe, 90%; (5) 15 mol % of Grubbs II, PhMe, 110°C, 76%; (6) DIBAL-H, CH2Cl2 then Ph3PCHCO2Et,
73%; (7) (a) DIBAL-H then TBSOTf, 2,6-lutidine, (b) DDQ, CH2Cl2, pH ) 7 buffer, (c) Dess-Martin periodinane, CH2Cl2 (60% from16); (8) 4, Ba(OH)2,
THF-H2O, 80%; (9) (a) [Ph3P‚CuH]6, PhH, (b) DDQ, CH2Cl2-H2O, 0 °C, (82% over 2 steps), (c) Zn(BH4)2, Et2O, 88%; (10) (a) TBSOTf, CH2Cl2,
2,6-lutidine, 89%, (b) (CF3CH2O)2P(O)CH2CO2H, 2,4,6-trichlorobenzoyl chloride, Et3N, DMAP, PhMe, 93%; (11) (a) AcOH-THF-H2O, 78%, (b) Dess-
Martin periodinane, CH2Cl2, (c) K2CO3, 18-C-6, PhMe, rt, 85% (2 steps, 74% of desired diastereoisomer); (12) HF‚pyridine, THF, 40 h, 67%.
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