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and reduction. T h e  overall yield from the  spiro ketolactam 
4 t o  the  alcohol 29 was -20% (the conditions have not been 
optimized; the  recycle procedure is not counted). 

T h e  alcohol 20 could be converted to  (f)-perhydrohistri- 
onicotoxin (18) in -65% overall yield by following the  
method established before.l7Js 

S u p p l e m e n t a r y  M a t e r i a l  Avai lab le.  Exper imenta l  details w i l l  
appear fol lowing these pages in the mic ro f i lm edit ion of th is  vol- 
ume o f  the journal. Photocopies o f  the  supplementary mater ia l  
f rom th is  paper only or micro f i lm (105 X 148mm, 24X reduction, 
negatives) containing a l l  the supplementary material for  the pa- 
pers in this issue may be obtained f rom the Journals Department, 
American Chemical Society, 1155 16th Street, N.W. Washington, 
D.C. 20036. R e m i t  check or money order for $4.50 for photocopy or  
$2.50 for microfi lm, referr ing to code number JOC-75-2009. 
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Product at this stage is the bromohydrin' (mp 156-158'; i.e.. X = OH, Y 
= H. 2 = Br, and W = 0 in structure 5), which yield "a" epoxide upon 

P , Product at this stage is the enol ether 21. 

basic treatment. 
Stereochemistry of the mesyiate 10 is controlled by opening "u" epox- 
ide by isopropoxide. Epoxidation of the olefin 13 with m-chioroperben- 
zoic acid gave "p" epoxide as the major product, which is opened 
again at the 8 position by isopropoxide; dibutylcopper lithium opened the 
"p"  epoxide also at the 8 position. 
We had studied independently a method converting 12 into perhydrohis- 
trionicotoxin similar to the reported m e t h ~ d , ~  but the results were less 
satisfactory than the present method. 
Generously supplied by Dr. B. Witkop and Dr. T. Tokuyama. 
Kindly carried out by Professor E. X. Albuquerque. 
The ratio (26:27) depends on the acidic work-up conditions. Sterochem- 
icai assignments of 26 and 27 were made on the basis that 27 yielded 
the aicohoi 20 upon reduction, but 26 did not. 
in addition a minor product ( -5%)  was identified as the a.p-unsaturated 
ketoamide 3a in the succeeding paper." Since 26 and 27 are stable 
under the reaction conditions, 3a probably arises directly from 25. 
Sodium borohydride reduction of 27 gave exclusively the undesired ai- 
cohol. 
Part iI following by T. Fukuyama. L. V. Dunkerton, M. Aratani, and Y. 
Kishi. 
We (M.A., L.V.D., T.F., and Y.K.) thank Harvard University and Hoff- 
mannla Roche Co. for their financial assistance. 
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Synthetic Studies on Histrionicotoxins. 11.' 
A Practical Synthetic Route to (&)-Perhydro- and 

( f )-Oc tahydrohistrionicotoxin 

Summary: T h e  first total synthesis of (f)-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- 

tion of the a,P-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  
(f)-perhydrohistrionicotoxin (9a) and the first total syn- 
thesis of (f)-octahydrohistrionicotoxin (9b), one of the ac- 
tual naturally occurring histrionicotoxins.','j The  key step 
of this new route was developed based on our previous ob- 
servation' tha t  the spiro ketolactam 5a is stable under 
strong acidic and basic conditions, which would suggest a 
possibility to cyclize the a$-unsaturated ketoamide 3a to 
the spiro ketolactam 5a. 

2-Butyl~yclohexane-l,3-dione~~~ ( la )  (mp  112-1 13', lit.4 
m p  115-116') was synthesized from methyl 4dchloro- 
formy1)butyrate by two operations ((1) (CsH11)2Cd in ben- 
zene, (2) KO-t-Bu in ether]. The cyclohexanedione l a  was 
converted to the vinylcyclohexenones 2a (oil) by two opera- 
tions [(l) EtOH-Hf, (2) CH2=CHMgBr in THF] .  Michael 
addition of methyl malonamate to 2a (NaOCH.1 in 
CHBOH), followed by hydrolysis of the  ester group (aque- 
ous NaOH), neutralization (aqueous HCl), and decarboxyl- 
ation (100' in dioxane), yielded the a#-unsaturated ke- 
toamide5 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- 
to lac tam^^^^ 4a (two parts) and 5 s  (one part) was isolated 
in almost quantitative yield. 

Parallel experiments, starting from methyl 4-(chloro- 
formyl) butyrate and dipentenylcadmium, gave the corre- 
sponding 2-(~3-butenyl)cyclohexane-1,3-dione5 ( I  b) (mp  
92.5-93.5', lit.7 m p  95-97.5'), the vinylcyclohexenone" 2b 
(oil), the a,P-unsaturated ketoamides 3b (viscous oil), and 
then a n  epimeric mixture of the  spiro ketolactamiz6 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 (f)-octahydrohistrionicotoxin (9b). Namely, 
equilibration of the mixture in methylene chloride contain- 
ing sodiutn methoxide at room temperature gave a new 
mixture of 5b (four parts) and 4b (one part) ,  which was re- 
duced to the alcohol5 6b (mp  181-183') by lithium in am- 
monia a t  -78' in SO% 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.l The  lactam alcohol 6b was converted into the corre- 
sponding thiolactam alcohol5 7b (mp  171-172') in 90% 
yield by three operations [ ( I )  AcsO-Py, (2) P&, (3) OH-]. 
Protection of the alcoholic function of 7b as the T H P  de- 
rivative, thioimino ether formation with Meerwein reagent, 
AlH(i-Bu)a-catalyzed alkylation with pentenyllithium,' 
and  deprotection of the alcoholic function yielded the keti- 
mine5 8b, which was immediately reduced with AlH.3 in cy- 
clohexane to yield a mixture of (&)-octahydrohistrionico- 
toxin (9b, six parts) and epi- octahydrohistrionicotoxin 
(one part). T h e  (A)-octahydrohistrionicotoxin (9b) can be 
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separated by silica gel TLC or by direct recrystallization as 
its hydrochloride. The overall yield of 9b from 7b was 
-70%. The structure of the synthetic octahydrohistrionico- 
toxin5 9b (melting point in a sealed tube, 151-154' as its 
hydrochloride) was confirmed by spectroscopic data (MS, 
NMR, ir) and also by reducing and identifying it with au- 
thentic perhydrohistrionicotoxin (9a).l 

Thus, racemic octahydro- and perhydrohistrionicotoxin 
can be synthesized in -14% overall yield (the conditions 
have not been optimized; the recycle of the undesired alco- 
hols is not counted) from the commercially available meth- 
yl 4-(chloroformy1)butyrate by simple operations. I t  is also 
possible to  apply the procedure for the synthesis of octahy- 
dro- and perhydrohistrionicotoxin analogs and of decahy- 
drohistrionicotoxins. The detailed results of the physiologi- 
cal tests of these synthetic materials will be reported else- 
where. Further extension of the present procedure for the 
synthesis of additional histrionicotoxins is in progress in 
our laboratories.s 

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 148 mm, 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-75-2011. 
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