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Transannular Hydride Shifts. An Application to the Synthesis of 
Lycopodium Alkaloids 
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LCECENTLY much interest has been shown in driving force in these hydride shifts2J4 has been 
transannular reactions in the bicyclo [3,3, llnonane the energy gain associated with the transformation 
systeml-4 and the occurrence of transannular of a disubstituted olefinic system into a tri- 
hydride shifts has been d e r n ~ n s t r a t e d . ~ ~ ~  The substituted one. We now report a case in 
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which a trisubstituted olefinic linkage in a 
bicyclo [3,3, llnonane system has been saturated at  
the expense of a secondary alcohol, presumably 
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Me 
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Me 

by means of a transannular hydride shift. The 
reaction is of potential value in the synthesis of 
Lycopodium alkaloids such as lycopodine (I) since 
it provides a stereospecific method for elaborating 
the natural configuration at  C-15 in these alkaloids. 

The starting point for this series of reactions 
was the unsaturated lactam (11), previously6 pre- 
pared from lycopodine (I). Reduction of (11) 
with lithium aluminium hydride afforded the un- 
saturated alcohol (III),B m.p. 93-94", Vmax (CCl,) 
3542 (concentration-independent, OH to T-H- 
bonded hydroxyl') 1670 cm.-l (double bond). The 
alcohol (111) was also obtained by hydrolysis of 
anhydrolofoline.8 Modified Oppenauer oxidation9 
of (111) yielded the ketone (IV),g m.p. 126-127-5", 
Vmax (CCl,) 1710, 1670 cm.-l, which on reduction 
with sodium-ammonia-methanol furnished the 
amorphous alcohol (V)O (m.p. of methiodide 
288-289") , Vmax (CCl,) 3620 (non H-bonded 
hydroxyl), 1675 cm.-l (double bond). 

The alcohol (V), when dissolved in 75% sulphuric 
acid,2 was transformed into lycopodine (I) in almost 
quantitative yield. The transformation of a 
secondary alcohol into a ketone by a transannular 
hydride shift has previously been observed in the 
cyclodecane series.1° As expected,s the alcohol 
(111) gave only the oxide (VI) when treated with 
75% sulphuric acid. 

This sequence provides a method for adding 
a hydrogen to the more hindered side of C-15, a 
result not easily achieved by other means. Thus, 
equilibration of a carbonyl function at  C-8 yields 
the 15-epi-seriesll (with the bridging ring in the 
boat conformationll) and we now find that plati- 
num-catalysed hydrogenation of the unsaturated 
ketone (IV) yields dihydrodeoxyannofoline,l2 the 
C- 15 epimer of dihydrolycopodine (I, carbonyl 
reduced to axial alcohol). 
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the nuclear magnetic resonance spectra were completely consistent with the structures formulated. 


