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ABSTRACT

The enantioselective synthesis of the (+)-leucascandrolide A macrolactone has been achieved in 20 linear steps from 1,3-propanediol. The
key steps in the synthesis are a reductive cleavage of bicyclic ketal 5 to establish the C15 stereogenic center and a diastereoselective aldol
of the boron enolate of methyl ketone 3 to aldehyde 4 in preparation for a heteroconjugate addition for the introduction of the C3 stereocenter.

Leucascandrolide A1) was isolated by Pietra and co- A (1) would be derived from the macrolactoriz by
workers in 1996 from the calcareous spohgeicascandra  attachment of the oxazole-containing side chain at the C5
caveolatacollected from the Coral Sea off the coast of New hydroxyl3# The key C7 stereocenter of the macrolactone
Caladonid. The gross structure and relative stereochemistry would be established through a diasteroselective boron aldol
were assigned on the basis of extensive two-dimensionalbetween methyl ketong and aldehydd.® Methyl ketone3
NMR experiments, and the absolute configuration of the C5 containing thérans 2,6-disubstituted-tetrahydropyran would
stereocenter was assigned by Mosher ester analysis of thdoe obtained from a stereoselective reductive cleavage of
macrolactone. Leucascandrolide A displayed significant in bridged ketals.” The bridged ketal would be derived from
vitro cytotoxicity (ICso = 0.05 and 0.25g/mL with KB a Horner-Wadsworth-Emmons reaction between aldehyde
and P388 cells, respectively), as well as significant antifungal 6 (Scheme 3) and ketone phosphonate(Scheme 2).
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Scheme 1. Retrosynthesis of Leucascandrolide B (

MeO,CHN
Leucascandrolide A

Aldehyde 6 could be obtained easily through the well-
established Brown crotylatirof 3-p-methoxybenzyloxy-
propanal. The phosphonate fragmeéhtould be derived
through a thiazolidinethione acetate aldol betweenctlfe
unsaturated aldehyd&and acetyl thiazolidinethion@.
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Synthesis of thgg-keto phosphonat& was completed as
outlined in Scheme 2. Addition of the titanium enolate of
acetyl thiazolidinethion® to aldehyde8 gave 10 in high
yield as a 93:7 mixture of diastereoméfBhe diastereomeric
aldol adducts were readily separdfedy flash chromatog-
raphy and the major diastereomer was obtained in 67%
purified yield. Subsequent protection of the alcohol as a silyl
ether delivered TBS ethetl in 93% yield. The thiazoli-
dinethione auxiliary was directly displaced with the anion
of methyl dimethylphosphonate providing the desired phos-
phonate7 in excellent yield.

The aldehyde required for the HorréWadsworth-
Emmons reaction with phosphonafewas constructed as
illustrated in Scheme 3. The known aldehyti2zis easily

Scheme 3. Preparation of Aldehydé
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accessible in 2 steps from 1,3-propanediol. Treatment of
aldehyde 12 according to the Brown protocol afforded
alcohol13. Exposure of PMB ethet3to DDQ in dichloro-
methane under anhydrous conditions provided the 1,3-PMP
acetal, and subsequent oxidative cleavage of the terminal
olefin delivered the desired aldehyéé*

The synthesis of the remaining €C7 fragment4
(Scheme 4) began with the alkylation of TBS-protected
glycolate 15 with allyl iodide to give 16 (>98:2 dr)*?
Reductive removal of the chiral auxiliary and a cross
metathesi® of the resultant alcohdl7 with methyl acrylate
using Grubb’s second generation catalyst providedot)se
unsaturated esté8in good yield. Alcoholl7 was oxidized
to aldehydel9 followed by a one-carbon homologation via
methoxymethylene Wittig and treatment with mercuric(ll)
acetate resulting in the desired aldehyde

The assembly of the three key fragments began by
execution of a HornerWadsworthi-Emmons coupling
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Scheme 4. Synthesis of Aldehydd
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between ketophosphonatend aldehydé® under Paterson’s
conditions with barium hydroxide to deliver eno26 in
excellent yield:* At this point, it was necessary to selectively
reduce the enone double bond. While NaBIiCl, cleanly
reduced the enortéyarying amounts (1620%) of reduction

of the C18-C19 isolated olefin always accompanied enone
reduction. After a brief survey of conditions, it was found

that the enone double bond could be selectively reduced with

i-BuAlH in THF in the presence of HMPA to give the
saturated keton2l1 in 87% yield with no evidence of over
reduction of the keton®. Attempts to directly access the
bridged ketal5 from 21 under acid catalysis resulted in
significant decomposition. Therefore, a two-step protocol was
adopted, wherein the PMP benzylidine was first treated with
PPTS in methanol to give the mixed methyl ketal. Upon
further treatment with PPTS in dichloromethane, methano
was lost to provide the desired bicyclic ketal Treatment

of 5 with i-Bu,AlH under the conditions described by
Kotsuki smoothly delivered the tetrahydropyraain 93%
yield presumably through the intramolecular delivery of
hydride by coordination of-Bu,AlH to the ketal oxygen.
Unfortunately, the desired 2{6ans tetrahydropyran was
inseparable from its 2,6isisomer and their ratio could not
be directly determined byH NMR. Both isomers22 were
converted to methyl ketori@through a three-step oxidation,
methyl Grignard addition, and oxidation sequence. Inspection
of theH NMR of ketone3 indicated a ratio of 15:1 in favor

(14) Paterson, |.; Yeung, K. S.; Smaill, J. Bynlett1993 774-776.

(15) Abe, N.; Fujisaki, F.; Sumoto, K.; Miyano, Ehem. Pharm. Bull.
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of the desired trans isomer. Thus, the internal delivery of
the coordinated reducing agent in the reductioB pfovided

the desiredrans 2,6-tetrahydropyran as a 15:1 mixture of
diastereomers.

Scheme 5. Completion of Methyl Ketone3
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With both methyl keton@ and aldehydd in hand, it was
possible to explore the assembly of the two subunits through
a double diastereoselective aldol reaction. On the basis of
precedent from studies by Evd&rsnd examples from our
own synthesis of spongistatih,as well as other recent
examples® we anticipated a highly selective aldol reaction
by virtue of the direction of thg-alkoxy group of the methyl
ketone. In the event, formation of the dicyclohexyl boryl
enolate of keton8 (Cy,BCl, Et;N, pentane, GC) followed
by addition of aldehydd (—78 °C, 3 h) resulted in a yield
of 82% of the aldol adducts, but in a disappointing 68:32
ratio of 23a23b (see Table 1).

(17) Crimmins, M. T.; Katz, J. D.; Washburn, D. G.; Allwein, S. P;
MacAtee, L. F.J. Am. Chem. So2002 124 5661-5663. Crimmins, M.
T.; Katz, J. D.; Captain, L. F.; Tabet, E. A.; Kirincich, S.Qrg. Lett.
2001, 3, 949-952.
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J. Org. Lett.2002 4, 4325-4327.
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Table 1. Aldol Additions of Boron Enolates of Keton@ Scheme 6. Synthesis of Leucascandrolide A Macrolactdhe
H H OTBS
RABX, EtN Me H op (O-DIPCI, Et;N :
pentane, -78 °C
ﬁemane H
COoMe
d Nzop COMe o )*omes ?
532 ;(( _ B’J? on " 23a 96:4 d.r.
M =OH,Y= 4
/4 ¢ 81% /
COoMe Me COoMe Me MeOBEt,
NaBH,
ratio 85%
conditions P 23a:23b  yield, %
Cy,BCl, Et3N, pentane, —78 °C TBS 68:32 82
Cy,BCl, EtsN, pentane, —100 °C TBS 68:32 88
Bu,BOTf, DIEA, Et,0, —78 °C TBS 25:75 87
Cy,BCl, EtsN, pentane, —78 °C PMB 75:25 74
(—)-DIPCI, Et3N, pentane, —78 °C  TBS 96:4 81

24

25R=TBS,R'=H

Me 28 R TBS. B = o - MegOBFs, Me

87%
Attempts to improve the selectivity by lowering the
reaction temperature and by altering the protecting group of
the5-alkoxy group (TBS to PMB) of the aldehyde met with
no significant change in the diastereoselectivity. Since De
Brabande?® had noted improvements in a similar aldol
addition by changing from the dicyclohexylboryl enolate to
dibutyl or diethylboryl enolate, the dibutylboryl enolate of
3 was tested. Surprisingly, a reversal of the selectivity to
25:75 favoring the 1,5-syn addu28b was observed. %gzwe ] KosiMes Me
Since the dicyclohexylboryl enolate resulted in an aldol Me Mo
addition favoring the desired 1,5 anti add@8a, it seemed
reasonable that the use of the chiral dialkylboron chloride,
(—)-DIPCI.*® might improve the selectivity. Indeed, enoliza- The synthesis of the leucascandrolide A macrolactne
tion of ketone3 ((—)-DIPCI, EgN, pentane, 0C), followed has been accomplished in a highly convergent 20 linear steps
by addition of aldehydet (—78 °C), resulted in a highly  from propanediol. The synthesis is highlighted by a dia-
diastereoselective aldol reaction favoring the 1,5 anti adductstereoselective reductive opening of a bicyclic ketal and a
23a(81%, 96:4;23a23h). hetero-Michael addition to construct the two tetrahydropy-
With all the carbons installed, th&hydroxy ketone23a  rans, and a )-DIPCl-mediated diastereoselective aldol
was readily reduced to theyn1,3-diol 24 by the action of  z4dition to establish the C7 stereocenter.
diethylmethoxyborane and sodium borohydrifl&,6-cis-
Disubstituted-tetrahydropyré® (12:1 dr) was then obtained
via a hetero-Michael addition when unsaturated eéavas Acknowledgment. We thank the National Institutes of
exposed to catalytic-BuOK in THF. The C9 alcohol was  Health (NCI, CA63572) for generous financial support.
then converted to methyl ethe26 by treatment with
Meerwein’s salt and 4-methyl-2,6-tkrt-butylpyridine. Both
tert-butyldimethy! silyl groups were removed with TBAF, ~ Supporting Information Available: Spectral data't
and the methyl ester was hydrolyzed with potassium tri- and**C NMR) of macrolacton@ as well as full experimental
methylsilanolate to give aci®84 Finally, regioselective  details for the synthesis. This material is available free of
macrolactonization under Yamaguchi conditinzovided charge via the Internet at http://pubs.acs.org.
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