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Abstract: The first total synthesis of d,l-histrionicotoxin (1) from the spirolactam (i) is 

reported. 

In recent years considerable synthetic interest has been addressed to the histrionico- 

toxin family2p3 of alkaloids; in particular, many successful syntheses of perhydrohistrionico- 

toxin (A), the hydrogenation product of histrionicotoxin, have been recorded.4 However, 

naturally occurring histrionicotoxins except octahydrohistrionicotoxin (2j5 have not yet been 

synthesized. In this communication we would like to report the synthesis of d,l-histrionico- 

toxin Q), the parent alkaloid of this family.6 

H H 1 li I 

1 : histrionicotoxin 1 : octahydrohistrionicotoxin 2 : perhydrohistrionicotoxin 

Upon examination of negative but valuable experimental results accumulated in our labora- 

tories over the years, it became obvious that certain synthetic schemes were not applicable to 

the synthesis of historionicotoxin even though they initially seemed attractive. For example, 

our original intention had been to use Wittig olefination to introduce simultaneously both cis- 

enyne side-chains. However, we noted that the phosphorane generated from 4 produced no - 

recognizable amount of the desired product on treatment with 3-(t-butyldimethylsilylJpropyna1. 

Thus, it was decided to introduce the side-chain at the C.7 position in a stepwise manner using 

a cyclic intermediate for selective formation of the cis-olefinic bond. 
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Our synthesis beganwith the known spirolactam 5,5 which was converted into the enol ether 

5' (mp 175-177OC) in 4 steps, i.e. 1. Os04-NaIO4/dioxane-H2O/RT, 2. 1 N NaOH/MeOH/RT, 

3. Ac20/py/RT, and 4. 18O“C (11 mm Hg). Bromination (Br2/MeOH-CH2C12) of 5, followed by 

dehydrobromination (DBU/DMS0/140°C), gave a diastereomeric mixture of unsaturated methylace- 

tals.8 Hydrolysis (AcOH-H20/600C) of this mixture, followed by reduction (NaBH4/THF-H20) and 

then acetylation (Ac2O/py), gave the diacetate 2 (mp 208-209°C). The spin-spin coupling 

constant (J = 11.3 Hz) of the olefinic protons clearly indicated that the cis-olefin formed in 

the dehydrobromination step was retained unchanged throughout the transformation. The overall 

yield of 2 from 2 was 35-40%. Thiolactamisation (P2S5/py/80DC) of 7 and then condensation with - 

ethyl 2-bromoacetoacetate (NaHC03/CH2C12/RT)g gave the cc-acetyl vinylogous urethane 8 (oil) in 

60% overall yield. 

One of the major difficulties met in this particular synthetic route was the timing of 

functionalization of the lower side-chain. For example, all attempts to oxidize the allylic 

alcohol 9a or 9b were unsuccessful apparently due to a vinylogous Grob-type fragmentation of -- 

the intermediate. Thus, we were forced to construct the lower side-chain at an early stage of 

synthesis to prevent the lone pair electrons of the nitrogen from participating in the 

undesired fragmentation. It proved possible to saponify selectively the primary acetate of 8 

(NaOH/H20-MeOH/-20“C) and then to oxidize to the desired unsaturated aldehyde (PCC/CH2C12/RT), 

which was immediately subjected to the 3-step sequence of reactions (1. (Ph)3P+CH2ClCl-/ 
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4 5 : R=CH2CH2CH=CH2, X=Ac 

7 : R=CH%HCH>OAc, X=Ac 

e : R=CH$HCICH 

s : R=C02Et 

g : R=CH20AC, X=Y=Ac 

E : R=CsCSi(Me)3, X=Ac, Y=H 
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1 
R =CH2C02Et, R2=H, R3=Si(Mej3, X=Ac 

d=H, R2=CH2C02Et, R3=Si(Me13, X=Ac 

1 
R =CH2CH20H, 'R'=H, R3=Si(Mej3, X=Ac 

1 
8 =CH2CH2P+(PId3Br , - R2=R3=H, X=Ac 



n-BuLi/THF/-78°C,1Q 2. NaOEt/EtOH/50°C,9 3. CH3Li/TMSCl/THF"l 

cis-enyne 10 (oil) in 37% overall yield from 8. The spin-spin - 

olefinic protons was found to be 10.1 Hz, which confirmed that 

the cis-olefinic bond was preserved throughout this sequence. 
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to furnish the protected 

coupling constant of the 

the stereochemical integrity of 

We next turned our attention to the completion of the upper side-chain. Although reduction 

of the vinylogous urethane group was unexpectedly difficult with LiAlH4, Super-Hydride or 

AlH3," reduction was quite facile with borohydride-based reagents. A 1:l ratio of the amino 

esters lla (38% isolated yield; oil) and llb (38% isolated yield; mp 94-95°C) was obtained - - 

using NaBH3CN in cyclohexane at room temperature. The stereochemistry of lla was tentatively - 

assigned, based on the observation that llb was the sole product obtained by reduction of 10 - - 

with NaBH4 in ethanol." This assignment was later confirmed by the successful synthesis of 

histrionicotoxin from lla. - The amino ester lla was reduced (LiAlH4/THF) and acetylated - 

(Ac20/py) to yield the corresponding diacetate. It again proved possible to saponify selec- 

tively the diacetate (NaOH/MeOH/OOC) to the monoacetate 12 (mp 132-133'C). Although the yield - 

of this reaction was only moderate (31% direct yield; 78% yield based on the recovered diol and 

the starting material), the ease with which the diol product and the starting material were 

recycled made the procedure quite practical; the overall yield of 12 from lla was 63% after two - - 

recycles of the diol. Desilylation (n-Bu4NF/THF) and then mesylation (MsCl/Et3N/CH2C12) of 12 - 

were followed by formation of the corresponding hydrochloride (HCl/Et20/CH2C12), which acted to 

prevent undesired cyclisation of the amino mesylate in the subsequent transformation.'* 

Treatment of the hydrochloride with anhydrous lithium bromide (DMF/50°C) and then with excess 

triphenylphosphine (CH3CN/160°C) gave the phosphonium salt 13 in 35% overall yield. Wittig - 

reaction of the phosphorane generated from 13 (LDA/THF/RT) with 3-(t-butyldimethylsilyll- - 

propynal, followed by desilylation (n-Bu4NF/THF) and then deacetylation (NaOH/MeOH), produced a 

24:1 ratio (NMR) of cis- and trans-enynes,13 which were separated by preparative tic to yield 

d,l-histrionicotoxin (1) (18% overall yield14) and its trans isomer (0.8% overall yield). 

On comparison of spectroscopic ('H-NMR, MS, W) and tic data, the synthetic substance was 

identical with natural histrionicotoxin. 15 
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Table 

conditions 1 ii iii iv - - - 

n-BuLi/THF/RT 1O:l (81%) 14:l (79%) 1O:l (45%) 12:1 (92%) 

n-BuLi/THF/-78OC 21:1 (85%) 5:1 (70%) 2.5:l (35%) --- 
n-BuLi/TMEDA-THF (1:4)/RT __- 7:1 (88%) 7:1 (60%) --- 

n-BuLi/TMEDA-THF (1:4)/-78OC 3O:l (95%) 5:1 (79%) --- ___ 

KN(TMS)2/TMEDA-THF (1:4)/RT --- 7:1 (87%) 7:1 (57%) --- 
KN(TMSj2/TMEDA-THF (1:4)/-78OC 39:l (76%) 3:1 (78%) --- ___ 

This experiment was carried out on an Il-mg scale. The scale of the experiment seemed to 
be the primary reason for the low chemical yield - compare with the yield of iii in - 
reference 13. 
We are indebted to Dr. J. Daly for a sample of natural histrionicotoxin. 
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