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10 11 12,13 
(see Table 11) 

One of the attractive and useful aspects of this new 
method of ortho-lithiation is the possibility for further 
modifications and transformations of the oxazoline group 
under mild conditions: (i) into ketones uia N-alkylation 
and addition of an organometallic reagent,12 (ii) into al- 
dehydes by r e d ~ c t i o n , ~ ~ , ~ ~  (iii) into ester or acids by solvol- 
y s k 5  
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Synthetic Studies on Histrionicotoxins. I. 
A Stereocontrolled Synthesis of 
(i)-Perhydrohistrionicotoxin 

Summary: A stereocontrolled synthesis of (&)-perhydro- 
histrionicotoxin (18) was achieved by using a reaction of 
acylaziridine 11 with dibutylcopper lithium as a key step. 

Sir: Histrionicotoxins,l the toxic principles isolated from 
the venom of the Columbian frog Dendrobates histrioni- 
cus, are remarkably useful neurophysiological tools which 

selectively inhibit the ion transport mechanism of the cho- 
linergic receptor.2 Recent communication3 on a synthesis of 
perhydrohistrionicotoxin prompted us to  report our syn- 
thetic studies in this field. 

The spiro ketolactam 4 was synthesized by the following 
simple procedures in 60% overall yield from 1. Treatment 
of 2-nitrocyclohexanone keta14.5 1 [bp 125-127' (7mmHg)I 
with methyl acrylate in tert- butyl alcohol containing Tri- 
ton B, followed by hydrolysis (NaOH in aqueous methyl al- 
cohol a t  room temperature), afforded the nitro acid5 2 (mp 
130-131'). The nitro acid 2 was homologated to the nitro 
ester5 3 (oil) by Arndt-Eistert reactions, Le., (1) SOCl2 in 
C6Hs a t  50°, (2) CHzN2 in Et20 a t  room temperature, (3) 
AgBF4-Et3N in methyl alcohol at 0'. Catalytic hydrogena- 
tion of 3 (Raney Ni in methyl alcohol a t  50'), followed by 
deketallization (aqueous TFA a t  75'), afforded the spiro 
ketolactam5 4 (mp 150-152'). 

A possibility to control the stereochemistry a t  the 6 and 
7 positions was first examined. Namely, sodium borohy- 
dride reduction of 4 in methyl alcohol gave in 85% yield the 
alcohol5 5 (mp 160-162'), which was converted to the 
mesylate5 6 (mp 157-158'). The stereochemistry of the al- 
cohol 5 was assigned based on the fact that  sodium hydride 
treatment of 6 in wet T H F  yielded cleanly the acylaziri- 
dine5 7 (oil). Acetic acid treatment of 7 gave exclusively the 
acetate5 8 (mp 143-144°),6 identical with the acetate ob- 
tained by acetylation of the alcohol 5. This acetolysis result 
suggested that the required functionality with the desired 
stereochemistry could be introduced by opening the acyl- 
aziridine system in 7. Thus, 7 was allowed to react with di- 
butylcopper lithium in T H F  at room temperature, to give 
exclusively the lactam 9 (oil) in -65% ~ i e l d . ~ , ~  On the other 
hand, butyllithium or butylmagnesium bromide reacted 
with 7 in a 1,2-addition f a ~ h i o n . ~  

In order to apply the described method to the real syn- 
thesis, the mesylate5 10 (melting point of the corresponding 
alcohol, Le., X = OH in 10, 134-135') was stereospecifically 
synthesized from 4 in 35% overall yield by six successive 
operations [(l)  (Et0)3CH-H+, (2) A,8 (3) Brz, (4) NaBH4,9 
(5) i-PrONa-i-PrOH,10 (6) MsCl-Py]. Sodium hydride 
treatment of 10 in wet benzene at  room temperature yield- 
ed cleanly the a~ylazir idine~ 11 (oil), which was allowed to 
react with dibutylcopper lithium in THF at  room tempera- 
ture to afford the lactam5 12 (oil) in 15% yield from 10. One 
of the undesired products (-30%) in this reaction was the 
olefin5 13 (mp 115-117'); 13 was possibly derived from the 
halo intermediate 14.7 

The lactam 12 was converted to the thiolactam5 15 
(melting point unrecorded) by PzS5 in refluxing benzene. 
The thiolactam 15 was converted to the imine5 16 (oil) by 
two steps, i.e., thioimino ether formation with Meerwein 
reagent and alkylation with pentyllithium in hexane-ether 
containing diisobutylaluminum hydride. In the last alkyla- 
tion process, the activation of the carbon-nitrogen double 
bond and solvent system are critical.ll Boron tribromide 
treatment of 16 in methylene chloride (Le., 16 - 17), fol- 
lowed by aluminum hydride reduction in cyclohexane, af- 
forded a mixture of (f)-perhydrohistrionicotoxin (18) [six 
parts, melting point (in a sealed tube) as its hydrochloride, 
159-161'1 and (&)-epi-perhydrohistrionicotoxin (19) [one 
part, melting point (in a sealed tube) as its hydrochloride, 
199-201'1, which could be separated by preparative TLC 
or by direct crystallization and recrystallization as the hy- 
drochloride. Stereochemistry of the aluminum hydride re- 
duction is obviously controlled by a complex formation of 
the reducing reagent with the alcoholic function in 17, be- 
cause aluminum hydride seduction of 16 in T H F  or sodium 
borohydride reduction of 17 in methyl alcohol gave the 



2010 J .  Org. Chem., Vol. 40, No. 13, 1975 Communications 

Y 

1 3  X = Y = I I  

21 X = I ; E L ,  Y - € I  
d 

#...d 

W 

4 X,Y=O, Z = H ,  W=O 
p\/ 

5 X = O H ,  Y = H ,  Z = H ,  W = O  

6 X = O M s ,  Y=H, Z = H ,  W = O  

8 X = O A c ,  Y=H, Z = H ,  I d = O  

N 

N 

PJ 

9 X Z G - B U ,  Y=H, Z = H ,  W = O  
/v i 10 X = O M s ,  Y=H, Z = O P r - - ,  W=O 

,%+. 
1 2  X = n - B u ,  Y=H, Z = O P r - - - ,  W = O  - -  
1 4  X=hal, Y=H, Z = O P r - ,  W=O 

1 5  X = n - B u ,  Y = H ,  Z = O P r - ,  W=S 

i 

i 

i /w 

d 

2 0  X = f i - B u ,  Y = H ,  Z=OH, W = O  
AeL., 

0 

18 R = n - C r H  K = H  
rw 1 ~~ -1 1 1 '  2 
19 K = t i ,  R , , - I I - C  H 
- 1  L. -- 5 1 1 

product belonging to the epi series as the major product. 
The best overall yield from the lactam 12 to (&)-perhydro- 
histrionicotoxin (18) was -65%. Synthetic perhydrohistri- 
onicotoxin (18) [melt,ing point (in a sealed tube) as its hy- 
drochloride, 159-161°] was identical with the authentic 
substanceI2 by comparison of spectroscopic data (MS, 
NMR, ir), chromatographic behavior (silca gel and alumi- 
num oxide TLC), and physiological activit,y.13 

For the practical purposes, a more efficient route to the 
spiro lactam alcohol 20 was sought. Phenylsulfenyl chloride 
treatment of the enol ether5r8 21 (mp 126---127O) in methy- 
lene chloride gave thiophenylenoneb 22 (mp 170-171°), 
which reacted with butylmagnesium chloride in THF to 
give the carbinol5 23 (mp 201--202O) in 80% overall yield. 
Thionyl chloride treatment of 23 gave the chloride5 24 (oil), 
which was reduced to the thiophenylenolj 25 (oil) with 
zinc-hydrogen chloride. Hydrolysis of 25 with concentrated 
hydrobromic acid yielded a mixture of t,he epimeric spiro 
ketolactams5J4 26 (one part) and 27 (three parts).15 Equili- 
bration of the mixture of 26 and 27 in methylene chloride 
containing sodium niethoxide gave a new mixture com- 
posed of four parts 27 and one part 26. Lithium or calcium 
ammonia reductionlG of 27 a t  -78' gave exclusively the de- 
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sired alcohol5 20 (mp 133-134'), which was identified with 
the authentic alcohol synthesized by hydrolysis of 12 (BBr3 
in CHzClz). Conventionally, the equilibrated mixture of 26 
and 27 was subjected to the lithium or calcium reduction 
and the desired alcohol 20 was easily isolated in 50% yield 
by a short silica gel column chromatography. The fraction 
containing the undesired alcohols (epimers a t  the 7 posi- 
tion) could be recycled by Jones oxidation, equilibration, 

rrrvI - - 4 9 '  
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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  (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. 
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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. 

Department of Chemistry M. Aratani 
Harvard University L. V. Dunkerton 
Cambridge, Massachusetts 02138 T. Fukuyama 

Y. Kishi* 

Faculty of Pharmacy 
Meijo University 
Showa, Nagoya, J a p a n  

Received March 17, 1975 

H. Kakoi 
S. Sugiura 

S. Inoue 

Synthetic Studies on Histrionicotoxins. 11.' 
A Practical Synthetic Route to (&)-Perhydro- and 

( f )-Oc tahydrohistrionicotoxin 

Summary: The  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' that  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 
mp 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 mp 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). The  (A)-octahydrohistrionicotoxin (9b) can be 


