Communications

and reduction. The overall yield from the spiro ketolactam
4 to the alcohol 29 was ~20% (the conditions have not been
optimized; the recycle procedure is not counted).

The alcohol 20 could be converted to (+)-perhydrohistri-
onicotoxin (18) in ~85% overall yield by following the
method established before,!7:18

Supplementary Material Available. Experimental details will
appear following these pages in the microfilm edition of this vol-
ume of the journal. Photocopies of the supplementary material
from this paper only or microfilm (105 X 148mm, 24X reduction,
negatives) containing all the supplementary material for the pa-
pers in this issue may be obtained from the Journals Department,
American Chemical Society, 1155 16th Street, N.W. Washington,
D.C. 20036. Remit check or money order for $4.50 for photocopy or
$2.50 for microfilm, referring to code number JOC-75-2009.
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Synthetic Studies on Histrionicotoxins, I1.!
A Practical Synthetic Route to (+)-Perhydro- and
(£)-Octahydrohistrionicotoxin

Summary: The first total synthesis of ()-octahydrohistri-
onicotoxin (9b), one of the actual naturally occurring his-
trionicotoxins, and a practical synthesis of (+)-perhydro-
histrionicotoxin (9a) have been achieved by using cycliza-
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tion of the «,8-unsaturated ketoamide 3 to the spiro keto-
lactam 5 as a key reaction.

Sir: In the preceding paper! we reported a stereocontrolled
synthesis of perhydrohistrionicotoxin (9a). However, this
route is still unsatisfactory from the practical point of view,
because of too many steps required and its low overall yield
from the commercially available starting material. In this
communication we describe a practical synthetic route to
(+)-perhydrohistrionicotoxin (9a) and the first total syn-
thesis of (+)-octahydrohistrionicotoxin (9b), one of the ac-
tual naturally occurring histrionicotoxins.%® The key step
of this new route was developed based on our previous ob-
servation! that the spiro ketolactam 5a is stable under
strong acidic and basic conditions, which would suggest a
possibility to cyclize the «,8-unsaturated ketoamide 3a to
the spiro ketolactam 5a.

2-Butylcyclohexane-1,3-dione*® (1a) (mp 112-113°, lit.4
mp 115-116°) was synthesized from methyl 4-(chloro-
formyl)butyrate by two operations [(1) (C5H;;1)oCd in ben-
zene, (2) KO-t-Bu in ether]. The cyclohexanedione la was
converted to the vinyleyclohexenone® 2a (oil) by two opera-
tions [(1) EtOH-H*, (2) CH;=CHMgBr in THF]. Michael
addition of methyl malonamate to 2a (NaQCHj; in
CH30H), followed by hydrolysis of the ester group (ague-
ous NaOH), neutralization (aqueous HCl), and decarboxyl-
ation (100° in dioxane), yielded the «,8-unsaturated ke-
toamide® 3a (viscous oil) in 45% overall yield from methyl
4-(chloroformyl)butyrate.

The expected cyclization of 3a was most efficiently
achieved by treatment with ethyl orthoformate in ethyl al-
cohol containing camphorsulfonic acid, followed by aque-
ous acetic acid work-up, and a mixture of the epimeric ke-
tolactams®® 4a (two parts) and 5a (one part) was isolated
in almost quantitative yield.

Parallel experiments, starting from methyl 4-(chloro-
formyl)butyrate and dipentenylcadmium, gave the corre-
sponding 2-(A3-butenyl)cyclohexane-1,3-dione® (1b) (mp
92.5-93.5°, lit.” mp 95-97.5°), the vinylcyclohexenone® 2b
(oil), the o,8-unsaturated ketoamide® 3b (viscous oil), and
then an epimeric mixture of the spiro ketolactam®8 4b (two
parts) and 5b (one part) in 45% overall yield.

The epimeric mixture of the spiro ketolactams 4a and 5a
was converted to (&)-perhydrohistrionicotoxin (9a) by the
established method.! Parallel experiments allowed the con-
version of the epimeric mixture of the spiro ketolactams 4b
and 5b to (%)-octahydrohistrionicotoxin (9b). Namely,
equilibration of the mixture in methylene chloride contain-
ing sodium methoxide at room temperature gave a new
mixture of 5b (four parts) and 4b (one part), which was re-
duced to the alcohol® 6b (mp 181-183°) by lithium in am-
monia at ~78° in 50% yield. The undesired alcohols (epim-
ers at the 7 position), easily separated by a short silica gel
column chromatography, can be recycled by Jones oxida-
tion, equilibration, and reduction. The structure of the al-
cohol 6b was confirmed by spectroscopic data as well as by
reducing and identifying the product with the authentic
6a.! The lactam alcohol 6b was converted into the corre-
sponding thiolactam alcohol® 7b (mp 171-172°) in 90%
yield by three operations [(1) AcoO-Py, (2) P,S;, (3) OH-].
Protection of the alcoholic function of 7b as the THP de-
rivative, thioimino ether formation with Meerwein reagent,
AlH(i-Bu)g-catalyzed alkylation with pentenyllithium,!
and deprotection of the alcoholic function yielded the keti-
mine® 8b, which was immediately reduced with AlH; in cy-
clohexane to yield a mixture of (£)-octahydrohistrionico-
toxin (9b, six parts) and epi-octahydrohistrionicotoxin
(one part). The (£)-octahydrohistrionicotoxin (9b) can be
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