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In this, the second of two Letters, we describe the efficient assembly of (+)-4, a C(20—28) subtarget for the total synthesis of phorboxazoles
A (1) and B (2). The synthesis was achieved in 12 linear steps (20% overall yield) via Petasis—Ferrier rearrangement of an E/Z mixture of
trisubstituted enol ethers (15) to assemble the C(22—-26) cis-tetrahydropyran. A mechanism for the observed diastereoconvergence of 15 is
proposed. In addition, a new tactic for the synthesis of enol ethers (e.g., 15) based on the elegant work of Julia is described.

Phorboxazoles A (1) and B2, rare marine macrolides

dropyran ring (Scheme 1). The success of the Pet&sgier

comprised of three tetrahydropyrans, two oxazoles, and arearrangement encouraged us to explore a similar tactic for
21-membered macrolactone, display extraordinary cancer cellconstruction of the fully substituted C(226) tetrahydro-
growth inhibition, and as such have attracted considerablepyran moiety present in the C(2@8) subtarge#t.

interest in the synthetic community® In the preceding
Letter? we outlined a strategy for the constructionlofnd
2, in conjunction with an efficient synthesis of the €(B9)
subtarget (—)-5, exploiting an extension of the Petasis
Ferrier rearrangemeiftto assemble the C(3115) tetrahy-
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Our modification of the Petasid-errier rearrangement
permits direct conversion of a 4-alkylidenyl-1,3-dioxa@g (
to the correspondingis-tetrahydropyranonel ) when Me-
AICI is employed as the Lewis acid. This protocol avoids
the Meerwein—Ponndorf—Verley reduction of the initially
derived tetrahydropyranone biyBusAl, as observed by
Petasis. To extend the Petasis—Ferrier rearrangement to
assemble a fully substituted tetrahydropyran such4as
(Scheme 1), trisubstituted enol ethémwould be required.
No information on the stereochemical outcome for trisub-
stituted enol ethers however was available. To explore this
stereochemical issue, we prepared and rearranged (+)-11,
a model of enol ether (Scheme 2).
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aluminum enolate; rotation of the enolate by 1&0— iii)
and reclosure via a chair conformation would affor)
12.

Armed with this insight, we envisioned the oxygen-
transposed enol ethd5 to be an appropriate substrate for
the construction oft (Scheme 4). Rearrangement involving
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Assembly of15 began with aldol condensation of the
boron enolate derived from Evans oxazolidinore)-(7°
with aldehydeB;’® hydrolysis (LIOH, HO,) afforded-hy-
droxy acid @)-18'%in 84% yield for the two steps (Scheme
5). Bis-silylation with hexamethyldisilazane (HMDS),
followed by TMSOTf2promoted condensation with alde-
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Although Petasis suggests the rearrangement proceeds via
a chair conformation, we rationalized that a least motion RL ()7
. . S P EtsN OH O
mechanism involving a boat conformation— ii, Scheme B BuBOT!
3) held promise of delivering the required stereochemical 2 LiooH
. I
outcome (e.g.14). In the event, however, PetasiBerrier 8 84%, 2 Steps (+)18
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rearrangement of (—)-1iurnished only the all equatorial a) HMDS s OBPS
.. . . . b) TMSOT} TiCly, TMEDA .
tetrahydropyran-)-12 (58% unoptimized); the configuration Zn, PbCl 5 (cat) o
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of (+)-12 yvas ;ecured via 1-D—NOE experimeftBresum- o, 19 /6\ o CHiCHBI, 0-25% /\O R
ably, Lewis acid complexation at the enol ether oxygen of s> (+)20 HEZ 1os”
(—)-11 triggers ring opening, reversibly liberating the
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hyde19 furnished dioxanonet)-20'° in 66% yield, along
with 19% of the C(26) epimer, the latter readily removed
by flash chromatography. The configuration of{)-20 was
again determined by 1D-NOE experiments. Unfortunately,
ethylidenation via the Takai protocélfailed to yield 15,
furnishing instead the C(23) epimeric enol ether as/a

o
mixture (21). Related olefination strategies were equally T|ps/(+)_20

unsuccessfu

Undaunted, we explored the Julia protocol for olefination
of sulfones with electrophilic carbenoi#sThis protocol calls
for a-alkylation of a sulfone 228 with a-halo Grignard

reagents 23); subsequent elimination furnishes the alkene
(24a; Scheme 6). We reasoned that a similar reaction with

Scheme 6
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sulfone 22b (R, = OR) would afford24b, contingent on
preferential expulsion of phenyl sulfinate over the alkoXite.

(7) (@) Enol ether £)-11 was prepared by condensationhydroxy
acid (+)-6® and aldehyde,”e hydrogenation of the resultant dioxanone,
and Takai ethylidenatioff! (b) (+)-6 was prepared according to Oppolzer's
protocol: Oppolzer, W.; Lienard, Hetrahedron Lett1993,34, 4321. (c)
Boeckman, R. K., Jr.; Charette, A. B.; Asberom, T.; Johnston, B. Am.
Chem. Socl1987, 109, 7553. (d) Okazoe, T.; Takai, K.; Oshima, K.;
Utimoto, K. J. Org. Chem1987,52, 4410.
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(8) That12is not the result of epimerization of the axial methyl group
was demonstrated via exposure d# to the reaction conditions; no
epimerization occurred.
(9) Evans, D. A.; Bartroli, J.; Shih, T. L1. Am. Chem. S0d.981,103,
2127.
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(10) The structure assigned to each new compound is in accord with its

infrared, 500 MHZ!H NMR, and 125 MHZ'3C NMR spectra, as well as
appropriate ion identification by high-resolution mass spectrometry.
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Toward this end, reduction of dioxanon€)¢20 (DIBAL)
followed by in situ acylation of the alkoxide (A©, DMAP)
afforded acetal (+)-28 (Scheme 7}8 Treatment of (+)-25
with PhSTMS in the presence of z#l then led to the
corresponding sulfide which upon oxidatiomCPBA)
generated sulfone (+)-26in 68% yield for the two steps.
Deprotonation of {)-26 with n-BuLi and exposure to
Grignard 27620 furnished the desired enol ethd5 in
excellent yield (95%), albeit with nB/Z selectivity. Careful
flash chromatography permitted separation of Ehand Z
diastereomers; again the stereochemistry was secured by
NOE experiments.

To our delight, treatment of the 1:1 mixture of enol ethers
(15) with Me,AICI affordedonly the desired tetrahydropyran
(+)-16%21 in a 91% vyield (Scheme 8). The individual
diastereomers also rearranged to tetrahydropytgrlg in
similarly high yields.
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is the actual catalyst. Advantageous water, more pronounced on smaller:

scale, may generate TfOH in situ from TMSOTf (as well as TV Large-
scale reactions do not proceed until catalytic TFOH-42mol %) is added.
Yields and diastereoselectivity were similar with the added TfOH.
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Although (+)-15Zpresumably rearranges through a chair
transition state as anticipated in Scheme 3, formatioA-{f (
16 from (+)-15E implies that the unfavorable 1,3-diaxial
interactions in transition state(Scheme 9) preclude a chair

(18) Dahanukar, V. H.; Rychnovsky, S. D.Org. Chem1996,61, 8317.
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Int. Ed. Engl.1997,36, 24, 2741.

(20) Simpson, M. MBull. Soc. Chem. Fr1879,31, 411.

(21) The stereochemistry of (+)-18as secured by NOE experiments
and coupling constant analysis.
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conformation and instead lead to a boatlike transition state

(i), wherein there face of the enolate approaches the
oxocarbenium species. Presumably, the small steric require-,
ments of the alkyne as well as the propargylic stabilization
of the oxocarbenium igA lower the transition state energy
of ii andiii comparably. However, the 1,3 diaxial interactions
in ii evidently outweigh the energetic penalty of adopting
the boat conformation ifii.

An alternative mechanism would ent&ilto Z isomeriza-
tion of the enol ether followed by rearrangement through a
chair conformatior#2 All attempts, however, to obserdéZ
upon interruption of the Petasig-errier rearrangement failed
to provide evidence for this isomerization.

With an efficient synthesis of tetrahydropyranore+16
in hand, four steps remained to complete subtatg8theme
10): reduction of 4)-16 with NaBH, (91% yield, 15:1 dr)
followed by protection of the alcohol (B®@, >99% vyield)
provided benzoateK)-29.2° Desilylation (TBAF, 96% yield)
and Dess—Martiff oxidation then furnished aldehydé-)-
419in 93% vyield.

In summary, the Petasis-errier rearrangement has been
extended to permit assembly of the fully substituted C(22—

Scheme 10
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26) tetrahydropyran in subtargett)-4. The synthesis
proceeded in 12 linear steps and 20% overall yield. |
addition, we have developed a new tactic for enol ether
synthesis, extending the elegant work of Julia. Finally, a
mechanistic rationale for the diastereoconvergent Petasis
Ferrier rearrangement & and Z trisubstituted enol ethers

is presented. Studies to assemble the phorboxazole macro-
cycle and ultimately phorboxazoles &)(@nd B @) continue

in our laboratory.
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