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In a recent paper,1 we reported a total synthesis of (()-
batrachotoxinin A from (()-Wieland-Miescher diketone.
Since both (+)- and (-)-Wieland-Miescher diketones are
available through proline-based asymmetric cyclization,2 the
total synthesis reported could provide batrachotoxinin A and
batrachotoxin in both natural and unnatural enantiomeric
forms. We recognized, however, the intriguing possibility
that an optical resolution of racemic methyl ketone 1 could
be achieved via asymmetric reduction. Provided with a
chiral reducing agent that recognizes the boxed portion of
the molecule perfectly but ignores the remaining portion
completely, one would expect asymmetic reduction of 1 to
yield a 1:1 mixture of optically pure 2 and 3.

To test the feasibility of this approach, we first studied
the oxazaborolidine-catalyzed reduction (widely known as
the CBS reduction)3 of optically active ketone 44 derived from
commercially available (+)-estrone. Treatment of (+)-4 with
BH3‚SMe2 in the presence of an equimolar amount of (S)-
B-Me CBS (purchased from Strem Chemical) at -45 °C for
30 min furnished (R)-alcohol (+)-5 in 95% yield without
contamination of its C19 diastereomer (Scheme 1). After
acetylation, the C19 stereochemistry was established by
X-ray crystallographic analysis.5 In contrast, the reduction
of (+)-4 with (R)-B-Me CBS (purchased from Strem Chemi-
cal) provided (S)-alcohol (+)-6 in greater than 99% de. It is
worth noting that (+)-6 was cleanly converted into (+)-5 via
a Mitsunobu reaction (DEAD/Ph3P/m-ClPhCO2H/PhH/rt)6

followed by NaOMe/MeOH treatment or Dess-Martin oxi-
dation7 followed by CBS reduction.

These two asymmetric reductions have unambiguously
demonstrated the feasibility of this approach. To demon-
strate its practicality experimentally, we synthesized race-
mic 44,8 and examined its CBS reduction (Scheme 2). As
expected, the CBS reduction with (S)-oxazaborolidine gave
a 1:1 diastereomeric mixture of (+)-5 and (-)-6, which was
subjected to acetylation and then to chromatographic sepa-
ration to furnish the acetates of (+)-5 and (-)-6, with each
having an enantiomeric excess of >99%9 in 95% combined
yield. Similarly, the CBS reduction of (()-4 with (R)-
oxazaborolidine provided (+)-6 and (-)-5, each having an
enantiomeric excess of >99%.9

These experiments have demonstrated that the CBS
reagent is practically perfect in recognizing the boxed portion
of 4 (Scheme 1), but it has not been established how
absolutely it ignores the remaining portion of 4. In this
connection, we noticed a small but significant difference in
the reaction rates between the reduction of (+)-4 with (S)-
and (R)-oxazaborolidines at -45 °C.10 When the reduction
was conducted at -78 °C, the difference in the rates became
very distinct. A time-course experiment has established that
the reduction proceeds with approximately S ) 2711 at -78
°C, suggesting the possibility of kinetic resolution of (()-4.
Indeed, when the reduction of (()-4 with (S)-oxazaborolidine
at -78 °C was quenched at approximately 60% completion,
(-)-4 was isolated in 40% yield with greater than 93% ee,12

along with a 5:1 mixture of (+)-5 and (-)-6, each with >99%
ee.9,13
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Both methods reported allow us to convert (()-4 into (+)-5
and (-)-5, but the former method is superior in terms of
practicality and simplicity. As noted, this study was initi-
ated with the specific application to the batrachotoxin case,
and the CBS reduction of (()-1 indeed proceeded in a
completely analogous manner to the case of (()-4.14 These
experiments demonstrate the usefulness of achieving the
optical resolution and stereospecific reduction of a polyfunc-

tional racemic substrate simultaneously at a very late stage
of a synthesis, thereby providing both enantiomers of a
target molecule in one synthesis.15
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(13) The kinetic resolution of (()-Wieland-Miescher diketone was also

tested with 0.6 equiv of (R)-Me-B‚BH3 (at -78 °C for 30 min) to give (+)-
unsaturated keto alcohol as a single diastereomer with 99% ee, along with
the recovered (-)-diketone with 90% ee. For the details, see the Supporting
Information.

(14) The details of this experiment shall be reported in the full acount
of batrachotoxin synthesis.

(15) When using an optically active starting material or applying an
asymmetric process at an early stage of a synthesis, one needs to carry out
two syntheses to obtain both enantiomers of a target molecule.
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