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Breynins A and B, novel sulfur-containing glycosides isolated
from the Taiwanese woody shrub Breynia officinalis Hemsl,
possess significant oral hypocholesterolemic activity.! Although
the complete structures of the breynins remain unknown, ex-
haustive hydrolysis of breynin A afforded breynolide (1), along
with D-glucose, L-rhamnose, and p-hydroxybenzoic acid.!® The
structure of 1 was then secured via single-crystal X-ray analysis. '
Our interest in the breynins stems from their potent pharmaco-
logical properties and the remarkable structural similarity of 1
with phyllanthocin,? the aglycon methy! ester of the phyllanthoside
family of antitumor agents.?® Not surprisingly, others in the
synthetic community have also been attracted to this arena,’ and
in 1990 Williams et al. reported the first total synthesis of (+)-1.%
Herein we disclose an alternate, stereochemically linear* approach
which recently culminated in the construction of racemic brey-
nolide. Highlights include (1) anomerically driven spiro-
ketalization—equilibration of enedione 14b, via a protocol utilized
to great advantage in our phyllanthocin synthesis;> (2) a che-
moselective elimination effecting regiocontrolled epoxide ring
opening (4 — 5); (3) expeditious three-step elaboration of the
perhydrobenzothiophene ring system; and (4) an end game ex-
ploiting the strain in enone 19 to permit Michael addition of allyl
alcohol, followed by the generation and hydroxylation of an enolate
bearing two $-alkoxy groups.

Breynolide (1)

As our point of departure, the directed epoxidation® of 27
followed by Jones oxidation? afforded 3% (Scheme I), Enol ether
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formation, ozonolysis, and DBU-promoted epoxide ring opening
then provided 5 in excellent overall yield (85% from 3). Sub-
sequent generation of the dianion (LDA, THF) and chlorination
with NCS furnished 6,” the substrate for sulfur incorporation. As
anticipated, addition of thiolacetic acid followed by treatment with
NaOMe in MeOH (4 h, 23 °C) led to 7;>!° unequivocal proof
of the latter structure derived from single-crystal X-ray analysis.!!
Protection of the secondary hydroxyl (MEMCI) and reduction
of ketone 8% (NaBH,, MeOH) then generated endo alcohol 9%
as the exclusive product (>99:1). Unfortunately, a variety of
tactics including Mitsunobu inversion!? of 9 and dissolving metal
reduction!? of 8 gave only trace amounts of the desired exo isomer.
Accordingly, we prepared vinyl sulfide 10%*!4 and reintroduced
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the hydroxy! via hydroboration, exploiting the convex bias of the
bicyclic skeleton to set the exo stereochemistry; the overall yield
for this five-step operation was 59%. Protection of alcohol 11%1%
[TBDPSOTf (TBDPS = tert-butyldiphenylsilyl), 2,6-lutidine] and
ester reduction (DIBAL-H, toluene) then afforded aldehyde 12.%

Union of the vinyl anion derived from 13° with aldehyde 12,
ketal hydrolysis (aqueous oxalic acid, CH,Cl,), and Swern oxi-
dation'¢ furnished enedione 14a,% poised for the spiroketalization
maneuver (Scheme I1). In the event, removal of the MEM group
(ZnBr,, CH,Cl,) and treatment of alcohol 14b with acid (TsOH,
PhH)7 produced spiroketal 15° in 53% yield, accompanied by 16,%
17,°2 and 18.% The stereochemistry of 15, initially deduced from
'H NMR data, was confirmed by single-crystal X-ray analysis
of alcohol 17;!! resilylation of the latter afforded additional 15
(TBDPSOTHT, 2,6-lutidine, CH,Cl,, 90%). Moreover, equilibration
of minor spiroketals 16 and 18 (TsOH, PhH) generated 15 as the
major product; treatment of the remaining 16 with DBU (PhH,
24 h, room temperature) then furnished 18 in 70% yield. In this
fashion, spiroketal 15 could be prepared from 14a in 77% overall
yield.

At this juncture, completion of the synthesis of 1 entailed
reduction of the C(11) ketone, installation of the trans vicinal diol
at C(6,7),!” and deprotection. We reasoned that the ring strain
inherent in enone 19 would facilitate both 1,4-addition of a suitable
oxygen nucleophile and C(7) hydroxylation via the corresponding
enolate, without elimination of the 8-alkoxy groups. To this end,
diketone 15 was reduced chemo- and stereoselectively with L-
Selectride (Scheme 111) and the resultant axial alcohol protected
as the TBS ether (76% yield, two steps). Unsaturation at C(6,7)
was introduced via treatment of the derived enolate (LDA,
HMPA, THF, 0 °C) with benzeneseleninyl chloride;!® this method
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circumvented the potential problem of sulfur oxidation. Enone
19% was then exposed to allyl alcohol and Cs,CO, catalyst; a
readily separable mixture of 20° and 21° (ca. 3:1, 80%) resulted.
Davis hydroxylation!® of 20 [(a) KHMDS, THF; (b) camphor
oxaziridine], isomerization of allyl ether 22 to an enol ether
[RhCI(PPh,);, aqueous EtOH, DABCO, at reflux],?° and hy-
drolysis with methanolic HC! (10% concentrated HC! in anhydrous
MeOH, 16 h) then furnished synthetic (%)-breynolide (1),
identical in all respects (500-MHz 'H NMR, 125-MHz 3C
NMR, IR, MS) except optical rotation with an authentic sample
provided by Professor Williams.?!

In summary, a reasonably concise, stereochemically linear total
synthesis of breynolide has been achieved. Importantly, the three
secondary hydroxy! groups in penultimate intermediate 22 are
differentially protected; this substance therefore holds considerable
promise as a precursor to the biologically active glycosides.
Progress toward the structure elucidation and total synthesis of
the breynins will be reported in due course.
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