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Synthetic Studies toward the Kempane Diterpenes: Scheme 1
Preparation of the Ring System
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The defensive secretions of nasute soldier termites incIude 23%
tetracyclic diterpenes of two closely related types, the rippertanes

(e.g.,1) and the kempanes (e.@,and3).l We report herein TBDMSO
an approach to the synthesis of the ring system of the kempane
diterpenes in a manner that should allow access to all of the

X X ; Scheme 2
known kempanes from one multifunctional pentacyclic com-
pound. Previous approaches to the kempanes have led to only 0
one total synthesis. The Dauben grdypepared kempene-2
(2) by a clever route in which, at different points in the synthesis, H Li-C=C-OEt/
two rings were established by Dielalder additions of isoprene. THF, -78°C
Paquette and co-workéreeported an approach to kempade toluene, A’ 82%
that included a remarkably efficient palladium-catalyzedq3 80%  1BpMSO TBDMSO

2] cycloaddition. An isomer 08 was prepared in which the
double bond was conjugated with the ketone, but, unfortunately,
they were unable to transform this isomer into the less-stable
natural product. In the only enantioselective approach, Metz
et al5 assembled aor-methyl skeleton for &-hydroxy-15-
rippertene {) from (—)-a-santonin.

KF/MeOH
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ii. LIAI(O—t-Bu)gH/ H

Our strategy was to use a Dielélder reaction to establish ~ THF, —20 °C, 78%
the relative stereochemistry for the central stereogenic centersii. MEMCI, 92%  H'
at C-10a, C-10b, and C-16cThe diene was required to have MEMO
oxygens at the same locations agiand/or3, and functionality
should already be present that would be needed for the closure
of the final, seven-membered ring. An appropriate died)e (
was constructed from enoddy a route reminiscent of Corey’s
work,”® as outlined in Scheme 1. The trapping of dichlo-

roketene by dienes proceeded regiospecificalfyas did a L-Selectride
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As shown in Scheme 2the Diels-Alder reaction ofd with the ketone at C-3 was reduced, predominantly by equatorial
2,6-dimethyl-1,4-benzoquinone proceeded smoothly in a regio-, addition of hydride, with LiAl(Ot-Bu)sH,® and the axial alcohol
stereo-, and facially-selective manner to provide addo¢cin was protected with (2-methoxyethoxy)methyl chloride to give
which three of the four rings of the kempanes were already in 16. The equatorial position for the C-7 methylid developed
place. An examination of the relative accessibilitlesf the as a result of the dissolving-metal reduction of the enorisin
two ketones inl0 to axial attack led to the correct prediction Reduction of the remaining ketone by equatorial attack with
of addition of ethoxyacetylide to providdl exclusively. L-Selectride provided8. Dieckmann cyclization of the final
Release of the silyl group with fluoride ion gat@ and13in seven-membered ring with KBBu afforded the pentacyclic
a 7:1 ratio, respectively. Formation of the hemiacetal target19, which has all of the stereogenic centers of the kempane

confirmed the relative stereochemistry at the carbinol center in diterpenes in their correct configurations (once again confirmed
11 NOE measurements established that the minor pratBict by NOE measurements) and oxygen functionality on every ring.
had epimerized at C-4a. Reduction and solvolysis of the mixture The oxygen functions at C-1, C-3, and C-5 are as found in
of 12and13 was carried out in a single operation with zinc in  various kempanes; the lactone can be reduced to a C-10 methyl
refluxing acetic acid. This yielded thy-unsaturated ketone  or may be used to facilitate methylation; and a remaining methyl
14, which included a minor component that was epimeric at group (at C-2a) can be introduced by 1,4-addition toagf:

C-4a (6:1cis to trans ratio). Treatment ofl4 with HCI in unsaturated C-1 ketone. Modification @B to 2 and 3 is
methanol completed the epimerization process, and the doublecurrently underway in our laboratory.

bond was brought into conjugation concomitantly providing only

one enonel5. NOE measurements established that the methyl  Acknowledgment. We thank the Natural Sciences and Engineering
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were cis, i.e., the ester chain had assumed the required,

thermodynamically-preferred equatorial position. Reduction of  sypporting Information Available: Procedures for the preparation

15 with NaBH; in 1:1 MeOH/CHCIl, at —78 °C!2 was of compoundsl0—19 and *H and 3C NMR spectra of10—19 (31
completely chemoselective but not stereoselective. A 1.5:1 pages). See any current masthead page for ordering and Internet access
mixture, epimeric at C-3, was obtained, undesired equatorial instructions.

alcohol was the major component. On the other hand, only j,971769n
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