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Laulimalide (1) is a structurally novel cancer therapeutic lead,
recently isolated in trace quantities from Pacific marine sponges.1

Laulimalide promotes abnormal tubulin polymerization and apo-
ptosis in vitro, with a mode of action similar to that of Taxol® but
with potentially less susceptibility to multidrug resistance.2 Its
significant clinical potential and unique molecular structure has
attracted considerable interest,3 resulting in impressive syntheses
from the groups of Ghosh, Paterson, and Mulzer.4 The instability
of 1 coupled with the view that superior analogues could be more
readily accessed and advanced through pre-clinical development
prompted our efforts described herein to develop a concise, flexible,
and enantioselective synthesis of1.

For maximum convergency, our synthetic strategy (Figure 1)
called for connection of similarly complex precursors2 and 3
through formation of the C14-C15 bond followed by C3 homolo-
gation and lactonization. Formation of the C14-C15 bond was
designed to explore an unprecedentedly complex asymmetric
Sakurai reaction, coupling allyl silane2 with aldehyde3.5 Subse-
quent regioselective macrolactonization of an unprotected C19,C20-
diol was envisioned to provide the target 18-membered ring. This
plan drew additional advantage from the expectation that3 could
be derived from a pseudo-symmetrical precursor whose chirality
would originate inC2-symmetric tartaric acid while the chirality
of 2 would be traced to (R)-citronellic acid.

The synthesis of aldehyde3 started with LAH reduction of
commercial tartrate4 (Scheme 1). The resultant diol was mono-
protected as silyl ether5 (97%, 2 steps).6 Swern oxidation,7 Wittig
olefination with phosphonium salt22,8 and subsequent TBAF
deprotection yielded a 4.5:1 mixture ofZ,E-isomers6 and7 in a
combined yield of 67%. Conversion of6 to 7 using a range of
conventional procedures9 gave low yields or complex mixtures.
However, using a previously unprecedented procedure, irradiation
(300 nm) of a benzene solution of6 and hexabutyldistannane (20
mol %) at room temperature gave7 in remarkably high yield (92%;
100% BORSM). Swern oxidation of7 followed by Wittig olefi-

nation with phosphonium salt2310 generated diene8 (92%, 2 steps).
Global deprotection and subsequent silylation afforded the tris-TBS
ether9 (>99%, 2 steps). While numerous conditions were tested,11

selective cleavage of the primary TBS group in9 to give alcohol
10 (86%) was achieved only by using the procedure of Hwu.12

Oxidation of 10 to the correspondingâ,γ-unsaturated aldehyde
(92%) followed by isomerization with 10 mol % DBU13 led without
epimerization or elimination to the aldehyde3 (91%).

For the construction of allyl silane2 (Scheme 2), known aldehyde
1114 (3 steps from commercial (R)-citronellic acid) was treated with
Danishefsky’s diene and Jacobsen’s (S,S)-Cr-salen15 catalyst to yield
under nonstandard conditions16 pyranone12 (87%, 82% de).
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Figure 1. Retrosynthetic analysis.

Scheme 1 a

a Conditions: (a) LiAlH4, THF, reflux; (b) 1 equiv of NaH, TBSCl, DMF
(97%, 2 steps); (c) (COCl)2, DMSO, Et3N, CH2Cl2, -78 °C; (d)22, n-BuLi,
THF/HMPA (2:1), -78 °C to 0 °C; (e) TBAF, THF (67%,6:7 4.5:1, 2
steps); (f) Bu3SnSnBu3, hυ 300 nm, benzene (92%, 100% BORSM); (g)
(COCl)2, DMSO, Et3N, CH2Cl2, -78 °C; (h) TBSO(CH2)3PPh3I (23),
NaHMDS, THF,-30 °C to room temperature (92%, 2 steps); (i) 2 N HCl,
THF; (j) TBSOTf, Et3N, CH2Cl2 (>99%, 2 steps); (k) CAN,i-PrOH, (86%);
(l) Dess-Martin periodinane, CH2Cl2 (92%); (m) 10 mol % DBU, CHCl3
(91%).

Scheme 2 a

a Conditions: (a) (1) 4 mol % (S,S)-Cr-Salen, 4Å MS, TBME,-78 °C.
(2) Danishefsky’s diene,-78 to -20 °C. (3) TFA, CH2Cl2 (87%, 82%
de); (b) (1) CuCN, MeLi, tributylvinyltin,12, THF, -78 °C. (2) Comins’
reagent, THF,-78 °C (74%, 82% de); (c) LiCl, Bu3SnH, Pd(PPh3)4, THF
(88%); (d) (1) TMSCH2MgCl, CeCl3, THF, -78 °C to room temperature.
(2) Silica gel, CH2Cl2 (85%).
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Cuprate addition using Lipshutz’s procedure17 and trapping of the
resultant enolate with Comins’ reagent18 afforded an enol-triflate
(74%, 82% de) that upon reduction19 yielded olefin 13 (88%).
Treatment of13 with excess TMSCH2MgCl and CeCl320 and in
situ Peterson olefination generated allyl silane2 (85%).

Conjunction of2 and3 (Scheme 3) with Yamamoto’s (acyloxy)-
borane1421 gratifyingly resulted in a uniquely complex intermo-
lecular asymmetric Sakurai reaction affording15 (86%) as the only
detectable diastereomer1H and 13C-NMR. Protection of the C15-
hydroxyl as a MOM ether (99%) and chemo- and regioselective
hydroboration22 of the resultant hexaene16 yielded upon Dess-
Martin oxidation23 aldehyde17 (78%, 2 steps).

Homologation of17 under carefully controlled thermal condi-
tions, using the Bestmann modification24 of the Seyferth-Gilbert
reaction, followed by lithiation of the resultant alkyne and trapping
with ClCO2Me afforded alkynoate18 (60%, 2 steps). Desilylation
with HF‚pyridine and subsequent saponification yielded diol acid
19 (86%, 2 steps). Macrolactonization under Yamaguchi condi-
tions25 proceeded exclusively at the C19-hydroxyl of the diol to give
macrolide20 (55%), which upon reduction, with Lindlar’s catalyst,26

yielded theZ-enoate (91%). Cleavage of the MOM ether27 afforded

allylic alcohol21 (76%). Finally, Sharpless asymmetric epoxidation
of the reagent matched allylic alcohol in2128 chemoselectively
afforded (-)-laulimalide (1, 70%).

In summary, a convergent asymmetric synthesis of (-)-lauli-
malide has been achieved in 25 steps (longest linear; 36 overall)
and in 3.5% overall yield, providing a uniquely short and efficient
route to1 and flexible access to its analogues. Structure-activity
studies on analogues will be reported separately.
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Scheme 3 a

a Conditions: (a) 100 mol %14, EtCN, -75 °C (86%,>90% de); (b)
MOMCl, DIPEA, CH2Cl2 (99%); (c) (1) BH3‚DMS, cyclohexene, THF.
(2) H2O2, 3 M NaOH, EtOH (92%); (d) Dess-Martin periodinane, CH2Cl2,
H2O (85%); (e) MeC(dO)C(dN2)P(dO)(OMe)2, K2CO3, MeOH, 4 °C
(80%); (f)n-BuLi, ClCO2Me, THF (75%, 86% BORSM); (g) HF‚pyridine,
THF (98%); (h) LiOH, H2O, THF (88%); (i) 2,4,6-trichlorobenzoyl chloride,
Et3N, DMAP, benzene (55%); (j) Lindlar’s catalyst, quinoline, H2, EtOAc
(91%); (k) Me2BBr, Et3N, CH2Cl2, -78 °C (76%); (l) (+)-DIPT, t-BuOOH,
Ti(OiPr)4, CH2Cl2, -20 °C (70%).
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