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A Simple Total Synthesis of 
(±)-Perhydrohistrionicotoxin 

Sir: 

The pioneering studies of Dr. Bernhard Witkop and col
laborators on the isolation and characterization of toxins 
from the venom of the Colombian frog Dendrobates his-
trionicus has led to the recognition of three substances of 
high biological activity, histrionicotoxin ( I ) 1 2 and its oc-
tahydro (2)3 and perhydro (3)4 derivatives. These com
pounds have been found to be of extraordinary promise as 
probes of the phenomena involved in neuromuscular trans
mission.3,4 This fact coupled with the extreme scarcity of 
natural material lends an unusual urgency to the develop
ment of chemical syntheses of these substances. We are 
most grateful to Dr. Witkop for suggesting to us the investi
gation of such synthesis and for arousing our interest in this 
area. A simple total synthesis of (±)-perhydrohistrionico-
toxin (3) has been devised and is described herein.5 
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Cyclopentanone pinacol, prepared in 65% yield by a mod
ification of the Mukaiyama method,6 was converted to the 
spiro ketone 4 by acid-catalyzed rearrangement as previous
ly described.7 Conversion of 4 to the tertiary alcohol 5, bp 
95° (0.7 mm),8 was effected in 95% yield by three cycles of 
reaction with /z-butyllithium in hexane—ether9 at reflux. 
The olefin 6 was obtained from 5 in 86% yield by reaction 
with 1 equiv of thionyl chloride and 2.05 equiv of pyridine 
in pentane at —78° for ca. 6 hr10 and further converted by 
hydroboration-oxidation (alkaline hydrogen peroxide) to 
the alcohol 7 (78% yield), mp 64-64.5°. 
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Irradiation of the nitrite ester of 7 (prepared by reaction 
of 7 with 1.2 equiv of nitrosyl chloride in 1.4 equiv of pyri
dine in methylene chloride at <0°) in pyridine as solvent 
under argon using a Pyrex container and an external sun 
lamp (100-W Westinghouse H38-4G5) afforded the desired 

oxime 8, mp 124-125°, (ca. 20%) together with an isomeric 
oxime produced by functionalization of the n -butyl 
group.11 '12 Beckmann rearrangement of the oxime was ef
fected by reaction with 1 equiv of tosyl chloride and 2.4 
equiv of pyridine in benzene at 25° for 12 hr to give as sole 
product the lactam 9, mp 132-133°, which clearly pos
sessed the structure shown rather than that with NH and 
CO groups transposed as indicated by the pmr spectrum. 
Reduction of 9 with excess lithium aluminum hydride in 
THF at reflux for 36 hr produced cleanly the corresponding 
amino alcohol 10 which was converted to the ten- butyldi-
methylsilyl derivative l l 1 3 by reaction with 1 equiv of tert-
butyldimethylchlorosilane in THF for 2 hr at 25° in the 
presence of 1.3 equiv of sodium hydride. The synthesis of 
(±)-perhydrohistrionicotoxin was completed without isola
tion of intermediates by the sequence: (1) conversion of 11 
to the corresponding /V-bromoamine with a slight excess of 
N- bromosuccinimide in THF at 0° for 1 hr, (2) dehydro-
bromination to the imine with excess potassium tert-amy-
loxide in THF at - 4 0 ° for 2 hr, (3) removal of THF and 
reaction with excess w-amyllithium in hexane at 25° for 12 
hr, and (4) desilylation with tetra-tt-butylammonium fluo
ride13 in THF at 25° (ca. 50% overall). The product ob
tained in this way was purified by chromatography on silica 
gel using 20% THF in hexane saturated with ammonia for 
elution and shown to be identical with naturally derived 
perhydrohistrionicotoxin14 by ir, pmr, and mass spectral 
comparison of chromatographically homogeneous material. 
Further confirmation of the synthetic material as (±)-
perhydrohistrionicotoxin was obtained by the identity of the 
R f values in several different solvent systems on silica gel 
and alumina plates and also by measurements of biological 
activity.'5 In addition to 3, a small amount of the isomer ep-
imeric at the amyl-bearing carbon was produced in the 
above described process for introduction of the «-amyl ap
pendage. In contrast, when the free alcohol 10 was used di
rectly in the sequence TV- bromoamine —*• imine —* «-amyl-
substituted amine, the major product was the epimer of 3.1 6 

The stereoselective addition of «-amyllithium to the silylat-
ed imine to form 3 (in contrast to results with the unsilylat-
ed imine) may be a consequence of a transition state (12) in 
which each ring possesses the alternative chair form from 
that expressed in 3 and the shielding by the n- butyl group 
of one face of the imine 7r-system.'7 
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Studies on the Early Stages of Papaver 
Alkaloid Biogenesis1 

Sir: 

The Pictet-Spengler condensation of a /?-arylethylamine 
with a carbonyl derivative has long been cited as the proba
ble mechanism for the biogenesis of tetrahydroisoquinoline 
and /3-carboline skeletons of diverse alkaloids.2 In the syn
thesis of indole alkaloids of Vinca rosea,3 the participating 
carbonyl group has been shown by tracer studies to be the 
aldehyde of secologanin, whereas for certain methyl 
tetrahydroisoquinolines the ketone of pyruvic acid has been 
implicated.4 For Papaver alkaloids the carbonyl donor has 
not been identified. Labeled dopamine (I) has been incorpo
rated solely into the upper half of the benzyltetrahydroiso-
quinoline structure whereas tyrosine labels both C6-C2 
moieties.2 
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To examine its possible role in the latter pathway, 3,4-
dihydroxyphenylpyruvate (II)5 has been prepared and 
subjected to Pictet-Spengler condensation6 with dopamine 
(I) (Scheme I). The product, norlaudanosolinecarboxylic 
acid (III) was purified as its hydrochloride: mp 287-295° 
dec; uv Xmax (0.1 N HCl) 284 nm (log t 3.79); ir Xmax 

(KBr) 1730 cm - 1 ; nmr (CD3OD) 5 6.7-7.6 (m, aromatic 
H's), 3-4.1 (m aH, H-I, H-3, H-4); mass spec m/e 331 
( M + 0.7%), 284 (23%), 208 (18%), 164 (100%), 124 (77%), 
123 (33%). Another potential intermediate, 1,2-dehydro-
norlaudanosoline (IV), was synthesized by a modification 
of the method for the synthesis of norlaudanosoline (V).7 It 
was characterized as its HCl salt: 287-290° dec; uv X 
(0.1 N HCl) 244, 302, 352 nm (log e 4.14, 3.92, 3. 
spectively); ir Xmax (KBr) 3550 (sh), 3250 (br), 1650 cm"1; 
nmr (CD3OD) 8 7.4 (s, H-7), 6.7 (m aromatic H's), 4.12 (s, 
aH) , 3.82 (t, H-3) 3.0 (t, H-4); mass spec m/e 285 ( M + 

64%), 284 (100%), 268 (22%), 267 (11%), 162 (20%), 124 
(20%), 123 (20%). Norlaudanosoline (V) obtained by pub
lished procedures7-8 gave spectral data consistent with re
ported values and its hydrochloride melted without depres
sion, mp 278-280°, when measured with an admixture of 
an authentic sample kindly provided by Dr. A. S. Teitel of 
Hoffman La Roche. 

With Papaver alkaloids III-V in hand in vivo tracer ex
periments were undertaken using 15-day old Papaver orien
tate seedlings as well as with latex expressed from capsules 
of this plant harvested immediately after petal fall. After 
incubation with 1 /*Ci of 14C-labeled precursor (4 hr for 
latex, 8-24 hr for seedlings), the plant material was homog
enized with 1 N HCl containing 20 mg of carrier alka-
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0.02 
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" Decarboxylation of the isolated amino acid (III) afforded CO2 with at least 80 % of the total activity in experiment 3 and 9 and 13 % of the 
total activity of III in experiments 7 and 8, respectively. 
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