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ABSTRACT

Studies toward the total synthesis of marine diterpenoids isolated from Acanthella sp., e.g., kalihinol A, are described. Efficient construction
of the functionalized trans-decalin core (11) is achieved through intramolecular Diels−Alder cyclization followed by diastereoselective epoxidation
and aziridination.

Kalihinol A (1) is one of several structurally related
diterpenoids isolated from the marine spongeAcanthella
(Table 1). Since their discovery in 1984 by Scheuer1, this
class of natural products has grown to include more than 40
members, each characterized by a highly functionalized
tricyclic core containing isonitrile, isothiocyanate, formamide,
and/or chlorine moieties.

The kalihinane diterpenoids possess an array of important
biological activities.2 In particular, kalihinol A shows potent

in vitro inhibition of the malaria parasite,Plasmodium
falciparum(EC50 1.2× 10-9 M) with a high selectivity index
(SI 317), defined as a ratio of FM3A cell cytotoxicity toP.
falciparium.3 Recently, much attention has been given to the
growing problem of malaria proliferation due to increased
resistance to existing drugs.4 Considering the antiplasmodial
activity of kalihinol A and interesting functionalization of
the kalihinane family, a project directed toward their total
synthesis was initiated.5
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Table 1. Representative Kalihinane Diterpenoids
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We hoped to access a number of kalihinane congeners and
therefore desired an approach to the kalihinane-type car-
bocycle that would enable maximum flexibility in the
introduction of the numerous functional groups present. To
this end, retrosynthetic analysis of the decalin core led to an
intermediate resembling3 (Scheme 1), an intermediate in

Taber’s synthesis of (()-torreyol.6 This cis-decalin is the
intramolecular Diels-Alder cycloadduct resulting from
oxidation of triene2 and possesses the relative stereochem-
istry between C(6) and C(7) found in the kalihinols. It was
thus recognized that3 could serve as an adequate model
scaffold on which to explore construction of the challenging
R-hydroxy isonitrile and tertiary isonitrile moieties requisite
for the synthesis of kalihinol A and related congeners.

Scheme 1 shows the retrosynthesis of model decalin11.
It was expected that the topology enforced bycis-decalin3
could be used for stereocontrolled introduction of the
R-hydroxy isonitrile, while thetrans-decalin resulting from
epimerization would control the introduction of the equatorial
isonitrile at C(10) via aziridine7.

Having identified an approach, we commenced work with
triene 2 (Scheme 2), which under Jones conditions and in
accord with Taber’s procedure directly afforded3 as a 9:1
mixture of decalin diastereomers. As anticipated, epoxidation
of 3 with DMDO occurs predominantly from the convex face
to provide a 98:2 mixture of epoxide diastereomers favoring
4.7 Epimerization of 4 (NaOMe, MeOH) yielded a 7:3
mixture oftrans- andcis-decalins respectively, which could
be separated by silica gel chromatography or olefinated
directly to give olefin5 with a slightly improved decalin

ratio of 78:22. From5, azido-alcohol6 was obtained in near
quantitative yield by facile trans-diaxial epoxide opening with
ammonium azide.8

Installation of the equatorial nitrogen at C(10) was
accomplished by copper-catalyzed aziridination with PhId
NTs to give a 9:1 mixture of diastereomers favoring aziridine
7.9 Single-crystal X-ray analysis of7 revealed the correct
relative configuration at all six necessary stereocenters
(Figure 1).

Importantly, the orthogonally masked amines present in
aziridine 7 allow for a selective reduction protocol that
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Figure 1. ORTEP plot of aziridine7.
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enables derivatization of each free amine according to the
functional groups required in each of the kalihinols (e.g.,
-NCS, -NCO, -NC). Thus, reduction of the azide with
nickel boride, generated in situ from nickel chloride and
sodium borohydride, gave amine8 in excellent yield (Scheme
3).10 This was followed by aziridine opening with lithium
triethylborohydride and detosylation with sodium/ammonia
to furnish diamine10. Finally, bisformylation of10 using

N-formyl imidazole followed by dehydration gave bisisoni-
trile 11.11

In summary, we have developed an efficient approach to
the functionalized decalin core of kalihinol A and related
congeners. This approach employs an intramolecular Diels-
Alder cycloaddition and highly diastereoselective epoxidation
and aziridination procedures to install the appropriate
functionality in 25% overall yield and 11 steps from2.
Further efforts directed toward the asymmetric total synthesis
of the kalihinane diterpenoids, in particular, kalihinol A, are
currently underway and will be reported in due course.
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