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Summary: A highly enantioselective synthesis of anthra-
cycline precursors (1a and 10) was accomplished through
a chirality-transfer ene reaction.

Because of their significant biological activity, anthra-
cycline antibiotics! (e.g., adriamycin and daunomycin) have
been important targets in synthetic organic chemistry.
We describe herein an efficient synthetic method for
preparation of optically pure precursors of these antibi-
otics.2 Inaprevious paper, we reported a chirality-transfer
ene reaction between (S)-3-(tert-butyldimethylsiloxy)-2-
(ethylthio)-1-butene with aldehydes,® giving highly enan-
tiomerically pure ene adducts in reactions with aromatic
aldehydes. On the basis of these results, we have extended
this methodology for the synthesis of the optically pure
anthracycline substrates la and 1b (Figure 1).

We chose 5-methoxy-2-(triisopropylsiloxy)benzalde-
hyde, which was easily prepared from commercially
available 2-hydroxy-5-methoxybenzaldehyde, as an eno-
phile. Under the influence of Me,AlCl, the reaction of
aldehyde 2 with (S)-3-(tert-butyldimethylsiloxy)-2-(meth-
ylthio)-1-butene afforded nearly enantiomerically pure
(99% ee)* ene adduct 3 in 95% yield.

The neighboring effects of both hydroxy and methoxy
groups enabled regioselective lithiation® at the 6-position
of 8 using butyllithium®in hexane. Subsequent treatment
of the lithiated species with paraformaldehyde afforded
the hydroxymethylation product 4 in 78% yield (ca. 30%
yield based on unrecovered starting material).

It was necessary to next convert the primary alcohol
moiety of 4 into a good leaving group to allow ring closure
under mild enough reaction conditions so as not to
aromatize the A ring.” Treatment of 4 with PhaP/(CClg)-
C0/2,6-lutidine® at low temperature formed the desired
primary benzyl chloride selectively, which was too unstable
for subsequent manipulation.
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The trichloroacetate 5, selectively prepared by the
reaction of 4 with hexachloroacetone® and ethyldimeth-
ylamine in CH3CN-CH;Cl;, proved to be an excellent
leaving group. Even with weak Lewis acids such as Me,-
AICl, 5 underwent ring closure cleanly at -78 °C to give
the bicyclic ketone 6 in 62% overall yield as a single
stereoisomer’® whose stereochemistry was assigned as
78,9811 by X-ray crystallographic analysis.!2

The hydroxy group of 6 was protected as the acetate,
and the a-alkylthio keto group of 7 was converted to the
enol silyl ether 8 by heating with activated zinc!3 and
chlorotriethylsilane. Underthese conditions a fair amount
of hydrolyzed ketone was also formed. However, in the
presence of diethylzinc, the desired enol silyl ether was
obtained in high yield. After removal of the acetyl group
with DIBAL, enol silyl ether 9 was treated with tert-butyl
hydroperoxide in the presence of VO(acac);!* in toluene
to afford the cis diol la in 69% yield.15

Interestingly, the oxidation of 9 in CH,Cl; gave the diol
10 containing the a,a’-dihydroxyacetone side chain via a
double hydroxylation reaction.1é
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Since conversion of compounds analogous to la or 10
into natural anthracyclinones has been reported by several

groups,!’ 1a and 10 can be easily converted to daunomy-
cinone and adriamycinone, respectively.
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