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ABSTRACT

A convergent, second generation formal synthesis of (+)-Leucascandrolide A (1) has been efficiently achieved by providing a flexible,
enantiocontrolled strategy toward the bioactive macrolactone component. Advancements for stereocontrol in asymmetric allylation methodology
are discussed. Efforts feature novel results for reductions using the Terashima hydride reagent.

Leucascandrolide A (1) was isolated by Pietra and co-
workers fromLeucascandra caVeolata, a calcareous sponge
first found in 1989 along the eastern coast of New Caledonia
in the Coral Sea.1 Detailed structural analysis revealed a
pattern of extensive 1,3-oxygenation in an 18-membered
macrolactone that was bridged by ether oxygens forming two
internal pyrans.1 An unusual side chain bearing twoZ-olefins,
an oxazole, and a terminal carbamate was attached to the
C5 hydroxyl of the macrolide via an ester linkage. Assays
of leucascandrolide A displayed strong in vitro anticancer
properties with IC50 values of 0.05 and 0.25µg/mL against
KB tumor and P338 murine leukemia cell lines, respectively.1

Significantly, strong inhibition was also found against
Candida albicans, a pathogenic yeast that infects HIV
patients, presaging the progression to AIDS.1 The macro-
lactone portion of1 was later shown to be essential for
cytotoxic activity, while the oxazole-containing side chain
contributed to the antifungal properties of the natural product.
This promising bioactivity necessitated further biological
evaluations. However, samples subsequently harvested in
1994 at a location north of the previous sampling area failed

to yield a trace of leucascandrolide A. Pietra has suggested
that 1, as well as leucascandrolide B,2 may have origins in
an opportunistic microbial colonization of extensively dead
portions of the sponge isolated in the earlier sampling. These
facts have prompted numerous efforts toward the synthesis
of 1, which have led to successful pathways for the
preparation of racemic and optically active natural product.3

Herein we report an enantiocontrolled second generation
pathway to the macrolactone of1 that is readily amenable
to the production of analogues for structure-activity inves-
tigations.

Our previous synthesis of leucascandrolide A (1) demon-
strated the application of reagent-based asymmetric allyla-
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tion4 to provide a highly convergent and stereocontrolled
construction of the natural product.3b During the course of
our studies, Kozmin and co-workers reported a facile
Mitsunobu displacement reaction for convenient attachment
of the intact ester side chain at C5 of racemic1.3e Thus the
efficient enantiocontrolled preparation of macrolactone2
could provide for the systematic inclusion of a variety of C5

ester substituents.
As summarized in Scheme 1, we envisioned the assembly

of macrolide2 via three readily available components of
modest complexity, which evoked further enthusiasm for
these studies. Moreover, our previous efforts had provided
substantial quantities of the optically pure tetrahydropyran
3 (C1-C9). To that end, we considered the use of stannane
4 in asymmetric allylation methodology for reagent-based
control of stereochemistry at C9 of 2. The subsequent
formation of the C15-C16 carbon bond via a modified
Mukaiyama aldol strategy would utilize the silylenol ether
5. Remaining issues to be addressed involved stereocontrol
in the generation of the 2,6-trans-tetrahydropyran and in the
formation of the equatorial alcohol at C5 of 2.

The application of asymmetric conjugate addition meth-
odology, as reported from these laboratories,5 facilitated a
five-step preparation of the nonracemic allylic stannane4
(Scheme 2). Diastereoselective 1,4-addition of the organo-
copper species derived from the Grignard reagent of 2-bro-
moallyltrimethylsilane with the (R)-4-phenyl-N-enoyl-1,3-
oxazolidin-2-one6 gave imide7 (dr > 20:1), installing the
C12 chirality.6 After reductive cleavage of the chiral auxiliary
with LiBH4, the resultant pure alcohol was directly trans-

formed into primary iodide8 in 88% yield using dicyclo-
hexylcarbodiimide and methyl iodide.7 A number of standard
procedures for this conversion were not compatible with the
allylic silane. Low-temperature alkylation with 2-lithio-1,3-
dithiane led to9, and treatment with recrystallizedN-
bromosuccinimide at-78 °C in a solution of DMF and
CH2Cl2 gave the intermediate allyl bromide10. This
transformation is especially notable because NBS is routinely
used to promote the cleavage and hydrolysis of dithioacetals.
Additionally, the decomposition of the reactive allylic
bromide via S-alkylation must be avoided. Thus, the crude
bromide was used directly for displacement with tri-n-
butylstannyl copper8 to provide the C10-C15 component4.

The transmetalation of stannane4 (Scheme 3) with
(4R,5R)-2-bromo-4,5-diphenyl-1,3,2-diazoborolidine119 was
followed by the low-temperature condensation with aldehyde
3 to provide a quantitative yield of the homoallylic alcohol
12 along with small amounts of the corresponding (9S)-
alcohol diastereomer (dr 91:9). The stereochemistry at C9

of 12 was confirmed with NMR analysis of its Mosher
esters;10 however, on a preparative scale, this mixture was
carried forward for two steps.

A predictive model of our rationalization for this asym-
metric allylation is illustrated in Figure 1. Thus, the allylic
transposition of4 to the reactive borane13 is followed by
synclinal complexation of the Lewis acid with respect to the
aldehydic hydrogen in14. This preorganization is depicted
by the chairlike arrangements15 and16. Simple diastereo-
selection, as determined by the (R,R)-auxiliary, is based upon
the unfavorable nonbonded interactions of the sulfonyl
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Scheme 1

Scheme 2a

a (a) CH2dC(Br)CH2SiMe3, Mg0, then CuBr‚DMS, THF, -40
°C, then6, -78 to -20 °C, 75% (>95% dr); (b) LiBH4, MeOH,
Et2O, 0 °C, 81%; (c) DCC‚MeI, THF, 88%; (d) 2-lithiodithiane,
THF, -78 to 0 °C, 96%; (e) NBS, propylene oxide,-78 °C,
CH2Cl2/DMF (3:4), then add Bu3SnLi, CuBr‚DMS to crude allyl
bromide,-78 to -40 °C, 70-80% overall from9.
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substituent and aldehyde in16.11 Therefore, thisC2-sym-
metric (R,R)-controller generally favorsre-face addition as
shown in15. The introduction of steric interactions as a result
of allylic branching in the starting stannane4 (at C12) provide
additional complexity.12 As illustrated in16, attempts to
minimize A(1,3) strain in the allyl borane will project methyl
or R1 into the chairlike transition state and serves to
destabilize this situation. On the other hand, the reinforcing
scenario in15permits a minimization of A(1,3) interactions13

and directs the C12 methine into the region of the sulfonyl
group of the auxiliary. Our rationale is supported by parallel
experiments using the corresponding (S,S)-borane of11,
which led to a mismatched condensation favoring the (9S)-
diastereomer of12 in a modest 2:1 ratio. Stereogenicity in
the aldehyde component3 (at â-carbon C7) plays a less
significant role in the outcome of these allylations.14

Upon exchange of the dithiane for the dimethyl acetal
under Stork conditions,15 the C9 secondary alcohol underwent
quantitative methylation. Flash silica gel chromatography at
this point conveniently separated the minor C9 diastereomer

from the previous allylation, yielding pure18. Subsequent
oxidative cleavage of the C5 and C11 olefins furnished
diketone19, which was subjected to the Terashima reduction
via the in situ generation of a LiAlH4 complex of (+)-N-
methylephedrine andN-ethylaniline.16 This unprecedented
utilization of the Terashima reagent effected a highly
selective Felkin-Anh addition to provide the (11R)-alcohol
(dr > 25:1) and also reduced the more accessible C5 ketone
with axial hydride delivery to yield the equatorial hydroxy
group (dr 8:1) in the product diol. Sequential exposure to
aqueous protic acid and then acetic anhydride and pyridine
gave the diacetate20.

The stage was set for the incorporation of the C16-C22

component via a Mukaiyama aldol process. Thus, Lewis acid
catalysis provided for a diastereofacial condensation of TMS
enol ether5 with 20 to directly install theE-unsaturated
ketone of21 (dr > 25:1) in excellent yield (90%). Selective
formation of thetrans-tetrahydropyran in21was anticipated
by axial nucleophilic addition to the intermediate oxocar-
benium.17 During the course of our investigations, Paterson
and co-workers described similar findings.3c
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Scheme 3a

a (a) (R,R)-11, CH2Cl2, 4, rt, 10 h then-78 °C, 3, 2 h, quant, dr
91:9; (b) PhI(OOCCF3)2, MeOH, 77%; (c) Me3OBF4, proton
sponge, 4 Å MS, CH2Cl2, 97%; (d) OsO4, NMO, acetone, H2O,
then NaIO4, THF/H2O (1:1), 90%; (e) excess LiAlH4/(+)-N-
methylephedrine/N-ethylaniline (1:1:2), Et2O, -78 °C, 96%; (f)
H3PO4, THF/H2O(3:2), then add Ac2O, py., DMAP, CH2Cl2 to
crude lactol, 85%.

Figure 1. Diasteroselection in allylation reactions.
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Final stages for the synthesis proceeded uneventfully. The
Corey CBS borohydride reduction18 of 21using (S)-2-methyl-
oxazaborolidine gave a 5:1 mixture of separable C17 alcohols
favoring the (17R)-isomer.19 Unfortunately chirally modified
Terashima16 or Noyori20 reagents commonly deployed for
reduction of aromatic and acetylenic ketones and enones led
to significant (>50%) 1,4-conjugate hydride reduction.

Following acetylation to22 and DDQ deprotection, sequen-
tial oxidations under Dess-Martin21 and Pinnick22 conditions
led to the C1 carboxylic acid, which was stirred with sodium
methoxide to produce theseco-acid23 (98% yield over three
steps). On a preparative scale, flash silica gel chromatography
of the pureseco-acid permitted the convenient separation of
the minor (17S)-diastereomer to give pure23. Yamaguchi
macrolactonization23 led to the formation of the 18-membered
2 (60%),24 which proved to be identical in all respects with
reported spectroscopic and physical data for this substance
as described by the isolation and characterization studies of
Pietra and co-workers.1,25

In summary, a convergent enantiocontrolled pathway to
the macrolide core of leucascandrolide A has been achieved
in 21 steps (7% overall yield) from readily available starting
substances. The reagent-controlled nature of this synthesis
allows the flexibility required for analogue syntheses. Our
asymmetric allylation methodology highlights the role of
vicinal stereochemistry in the stannane component for
reinforcing interactions with the chiral auxiliary. The use of
the Terashima reduction demonstrates a powerful technique
for the stereocontrolled generation of 1,3-polyol derivatives.
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Scheme 4a

a (a) 20, ZnCl2, (1 M in Et2O), CH2Cl2, -78 °C to rt, 90%, dr
>25:1; (b)S-Me-oxazaborolidine, BH3‚THF, THF,-10 °C, 85%,
dr 5:1; (c) Ac2O, pyr, DMAP, CH2Cl2, 95%; (d) DDQ, CH2Cl2,
pH 7 buffer,tBuOH, 96%; (e) Dess-Martin periodinane, NaHCO3,
CH2Cl2 then NaClO2, NaH2PO4, 2-methyl-2-butene, aqtBuOH, 0
°C; (f) NaOMe MeOH, (98% over 3 steps); (g) 2,4,6-trichloroben-
zoyl chloride, THF, Et3N, slow addition to refluxing solution of
DMAP in PhH, 60%.
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