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In 1995 Searle and Molinski reported the isolation of phor-
boxazoles A {) and B @), isomeric oxazole-containing mac-
rolides, from the marine spongehorbassp. endemic to the
western coast of Australia (Scheme! The relative and absolute

stereochemistries of the phorboxazoles were secured via a

combination of NMR analysis, degradation studies, and synthetic
correlation? When tested against the NCI panel of 60 human
tumor cell lines, the phorboxazoles displayed virtually unsurpassed
cytotoxicity, exhibiting a mean G4 of 1.58 x 10° M. Although

the exact mechanism of action remains unknown, studies dem-
onstrate that phorboxazole A)(arrests the cell cycle at the S
phase and does not affect tubulin. Given the potent cytotoxicity
and the possibility of a new mechanism of action, the phorbox-
azoles were selected by the NCI for in vivo triéts.

The combination of the outstanding antimitotic activity,
architectural complexity, and extreme scarcity has led to wide
interest in the synthetic communityThe first total synthesis of
phorboxazole A was reported by Forsyth and co-workers in $998;
shortly thereafter Evans and Fitch reported the completion of
phorboxazole B.In 1997 we embarked on the synthesis of these
challenging marine natural products; subsequently we disclosed
assembly of two subtargets exploiting a modified PetaSesrier
union-rearrangement tactic for the stereocontrolled construction
of the twocis-fused tetrahydropyrarf&? In this communication,
we describe the synthesis of the €3) vinyl stannane, the
C(33—46) lactone, their union via a bifunctional oxazole linchpin,
and completion of the phorboxazole A synthetic venture.

From the retrosynthetic perspective, disconnections of phor-
boxazole A () at the C(1) macrolactone, the C{3) and C(28-

29) linkages led to side chain subtar@etnd macrolide precursor
4 (Scheme 1). A Wittig transform at C(+20) further dissected
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Scheme 1

(+)-Phorboxazole A (1) Ry =H, R, = OH
(+)-Phorboxazole B (2) Ry =0OH, Ry = H

4 into aldehyde5® and salt6, the syntheses of which were
described previousl§:° Continuing with this analysis, discon-
nection of subtarged at C(32-33) and C(46-41) revealed vinyl
stannane?, vinyl iodide 8, and the bifunctional oxazol®.
Construction of the C(4041) linkage would entail a Stille
coupling, while oxazol®, possessing the pseudobenzylic bromide
and the triflate moieties, was envisaged as a novel bidirectional
linchpin to unite the side chain with the macrocycle. Importantly,
the coupling strategy possessed considerable flexibility from the
tactical perspective (vide infra).

Assembly of the side chain of phorboxazole began with known
Brown allylatior? adduct @)-10 (Scheme 2§.° Methylation of
the hydroxyl [MeOTf, 2,6-ditert-butyl-4-methylpyridine (DT-
BMP)],° followed by ozonolysis furnished aldehyde )11 in
81% vyield for two steps. Although Wittig olefination of-{-11
with methyl alkynel2a(R = Me) led to a disappointing mixture
of olefins E/Z ca. 2.2:1), condensation with the commercially
available phosphonate salb (R = TMS) in THF afforded enyne
(—)-13in good yield with acceptable selectivity (97%, 5.&/F).

The use of a PhCHTHF (1:1) solvent system improved tfi&Z
ratio at the expense of both yield and reproducibility (72%, 7.5:1
E/Z). Removal of the TMS group (}C0s), followed by Sharpless
dihydroxylatiort* of the enyn&?'3 (AD-Mix f; 7:1 dr) and
acetonide formation then provideet)-14. Terminal methylation
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of the alkyne {BuLi; Mel) followed by desilylation (TBAF; 100%
yield, 2 steps) next led to alcohot§-15, which upon TEMPO
oxidation* afforded an unstable carboxylic acié;'> immediate
hydrolysis of the acetonide with concomitant cyclization (ReCl

6 H,0) and protection of the remaining secondary hydroxyl
(TIPSCI, imid) furnished{)-17. A two-step palladium-promoted
hydrostannylation/iodinatidhprotocol completed construction of
the desired vinyl iodide-)-8 (83% yield, 2 steps) Additionally,
10—15% of the internal stannane was recovered after iodination.

Scheme 2
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1) KzCO4, | ‘
MeOH (96%) 1) BuLi;
OMe TMS 2) AD Mix B, 0°C, MeO Mel
M _Sd{e%l | ‘0 Zrear
BPSO 3) CH3C(OMe),CH 3 BPSO 0 (100%,
(=13 PPTS (78%) (414 2 steps)
TEMPO, MeCN, 1) FeCly*6 HyO
pH = 6.7 buffer {72%, 2 steps)
MeO,, 2) TIPSCI, Imid

NaOCl, NaClO; (88%)

BugSnH,
PdCl:(PPh3)s: [o
(83%, 2 steps)

MeQ,,.
OTIPS

Assembly of the Stille coupling partner§-7 began with
known TBS-glycidol ¢)-18 (Scheme 3} Exposure to lithium
TMS acetylide in the presence of BPEL,*® methylation
(MeOTf, DTBMP), and selective removal of the TBS group in
the presence of the TMS alkyne (cat. HCI, MeOH) furnished
known alcohol {)-19%° (69% vyield, 3 steps). ParikhDoering*
oxidation then provided the corresponding aldehyde without
epimerization; alternate oxidation protocols (i.e., Swern) led to
epimerization at C(43% Hodgson homologatich (CrCl,, Bus-
SnCHBE¥, Lil, THF/DMF) of the derived aldehyde next afforded
vinyl stannane)-7 as a single isomer (77%). The crucial Stille
coupling* of (—)-7 and vinyl iodide )-8 was then achieved
with Pdy(dba)-CHCI; in the presence of BRONBu,?® (DMF,
room temperature, 4 h) to furnisk}-20in near quantitative yield.
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Extensive experimentation demonstrated the necessity of early
installation of the C(28) vinyl stannane; thus vinyl stanndne
was prepared as outlined in Scheme 4. Toward this end, alcohol
(+)-212°was subjected to hydroxyl protection (DMBCI, KH) and
desilylation (TBAF); subsequent exposure to the tin cuprate
derived from hexamethylditin (MeLi, CuCN) followed by me-
thylation (Mel, DMPU) provided-{)-22in excellent overall yield
(71%; 4 steps). Desilylation (TBAF), oxidation ($@yr), and
Wittig olefination of the derived aldehyde-§-23 with (+)-6 then
proceeded smoothly to afford alkene)¢4 (20:1 E:Z). Unfortu-
nately, all attempts to introduce the CG{2) moiety, involving
removal of the BPS group and oxidation to the C(3) aldehyde,
proved unsuccessful due presumably to the sensitivity of the
trimethyl tin moiety to the oxidative conditions. We therefore
turned to the union of the side chain fragmen){20 with (+)-

4, exploiting the bifunctional oxazole linchph This possibility
nicely demonstrated the flexibility of the overall coupling strategy.

Scheme 4

1) KH, DMBCI, (99%)
2) TBAF (97 %)

3) BPS-CI, EtsN, DMF (93%)
4) Hexamethylditin, MeLli,
CuCN, Mel, DMPU (80%)

Me;Sn
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+)4 OBPS
The required oxazol® was prepared exploiting a method
developed by Sheehan in 1949 (Scheme 5) for the synthesis of
oxazoloneg® Bromoacetyl bromide was exposed to silver iso-
cyanate (30 min, ED), filtered, and then subjected to alcohol-
free diazomethan®;immediate triflation (EiN, Tf,O, THF,—78
°C to room temperaturé furnished triflate9 in 48% overall
yield 28

Scheme 5
AgOCN, B
0 ewosomn | Ty EGN.THO, THE
e, \\(/ Q| —— A oTf
BT oHN 7 -78°Ctont J/
Br 2 o (48%) o— 9

The stage was now set for the union af){4 with (—)-20
utilizing 9. After optimization we found thatPrMgCl promoted
the coupling of bromid® with lactone ¢)-20 to afford a single
hemiketad® in excellent yield (Scheme 6). Presumably, Grignard
exchange generates the metalated oxazole that subsequently
attacks the lactone. Interestingly, premixing of the coupling

(26) Sheehan, J. C.; Izzo, P. J. Am. Chem. S0d.949 71, 4059.

(27) (a) DeBoer, T. J.; Backer, H. Qrg. Synth1956 36, 16. (b) Aldrich
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Scheme 6
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Scheme 7

partners before addition ¢fPrMgCl was required to minimize
the dimerization of9 (arising from the electrophilic nature of
unreactedd).>® Methyl ketal formation fTSA, MeOH, 35°C)

OTBS  14)NBS, AgBr;

gompleted the synthesis of the C(241) side chain triflate-{)- :b))%;gs,'j‘;ghs)z

. c, .
Stille coupling of ()-3 with vinyl stannane+)-4 [Pd(PPh)a, Meor, #E'WM—

LiCl, 100 °C, 24 h] furnished adductH)-24 in a 72% yield THF, 75h

{70%)

(Scheme 6). Selective removal of the BPS group (KOH, 18-cr-
6), oxidation (DessMartin), and removal of the DMB group
(DDQ) then afforded hydroxyaldehydé-J-25. Appendage of a
C(1-2) phosphonate moiety at C(24), followed by a Still-
modified Horner-Emmons macrocyclizatiGhprovided (+)-26;
interestingly theZ/E selectivity improved with higher tempera-
ture33

Having arrived at the complete phorboxazole skeleton, access
to the terminal vinyl bromide proved to be an unexpected
challenge. Radical promoted hydrostannylationg®H, AIBN,
A; or BusSnH, EtB, room temperature), although providing a
mixture of the external to internal vinyl stannanes (4:1), led to
isomerization at the C(23) olefin. Alternatively, palladium- ) ) . )
mediated hydrostannylation [Pd{RPh),, BusSnH; NBS] gave of th_e synthetic venture include the use of modified Petasis
predominately the internal [C(45)] bromide, albeit with no C(2,3) Ferrier rearrangements for the effective assembly of both the
isomerization. Success was eventually found in the three-stepC(11-15) and C(22-26) cis-tetrahydropyan rings; the design,
procedure of Guib& which exploited the terminal alkynyl ~ synthesis, and application of a novel bifunctional oxazole linchpin;
bromide for enhanced diastereoselectivity. Global deprotection and the preparation and Stille coupling of a C(28) trimethylstan-
(6% HCI, THF, 72 h) then affordedH{)-phorboxazole A ), nane. The longest linear sequence leadingtpghorboxazole
which displayed spectral data identical in all respects to that A (1) was 27 steps, with an overall yield of 3%.
reported for the natural materigi{ NMR (600 MHz), COSY,
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