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THE REVISED STRUCTURE OF PANlCULlNE 
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A b s t r a c t  - The o r i g i n a l  s t r u c t u r e  o f  p a n i c u l i n e  has been r e v i s e d  based upon a d d i t i o n a l  

p h y s i c a l  data.  

The s tudy  o f  Lycopodium conferturn has l e d  t o  t h e  i s o l a t i o n  o f  p a n i c u l i n e  and d e a c e t y l p a n i c u l i n e  as 

t h e  major components p resen t  i n  t h e  a l k a l o i d s  m i x t u r e .  P a n i c u l i n e ,  1, had been p r e v i o u s l y  i s o l a t e d  

from C.pan icu la tum as a minor  component and i t s  s t r u c t u r e  was proposed on t h e  b a s i s  o f  p h y s i c a l  

d a t a  and some chemical  A  d e t a i l e d  s t u d y  o f  t h e  ' ~ ( 4 0 0  MHz) and 1 3 ~ - ~ ~ ~  (100 MHz) 

o f  p a n i c u l i n e  and o f  o t h e r  c l o s e l y  r e l a t e d  a l k a l o i d s  n e c e s s i t a t e s  mod i f y ing  t h e  s t r u c t u r e  t o  2, 

i .e. I0a-hydroxyacety ld ihydrolycopodine.  

Examinat ion o f  t h e  IH-NMR spectrum o f  ace ty ld ihydro lycopod ine ,  2, p a r t i c u l a r l y  i n  t h e  r e g i o n  2.5- 

3.8 ppm, revea led  w i t h  p r e c i s i o n  t h e  envi ronment  around t h e  n i t r o g e n  atom: t h e  lowes t  f i e l d  

s i g n a l s  (6 3.43 and 3.16) were ass igned  t o  a x i a l  p r o t o n s  on t h e  b a s i s  o f  t h e  observed coup1 i n g  

cons tan ts  ( two l a r g e  J and Jaa values and a sma l l  J ( see  Tab le  1) .  The d i f f e r e n t  J va lues 
gem ae gem 

observed (13.5 v s .  11.6Hr) can be c o r r e l a t e d  t o  t h e  d i f f e r e n t  o r i e n t a t i o n s  o f  these a x i a l  p ro tons  

3 w i t h  respec t  t o  t h e  n i t r o g e n  lone  e l e c t r o n  p a i r  . On t h e  b a s i s  o f  t h i s  o b s e r v a t i o n ,  t h e  s i g n a l  a t  

6  3.43 i s  t e n t a t i v e l y  ass igned  t o  H-1 a x i a l .  Ex tens ive  doub le  i r r a d i a t i o n  exper imen ts  e s t a b l i s h e d  

4  t h e  absorp t ions  o f  t h e  co r respond ing  e q u a t o r i a l  p ro tons ,  H-1 and H-9, a t  62.50 and 2.55 r e s p e c t i v e l y .  



Table 1 'H-NMR data for l b ,  2  and 3 4 

I n  CDC13, ppm from TMS (J values i n  Hz) .  Spectra were determined on a Bruker WH-400 

spectrometer (400 MHZ) 

Table 2 I3t-NMR data for l b ,  2 , 3  and l d 4 2 7  

Compound C-1 C-5 C-6 C-7 C-8 C-9 C-10 C - 1 1  C -12  

I d  - 46.6 212.7 43.0 36.7 42.6 55.0 68.1 3 4 . 8  43.3 

In CDC13, ppm from TMS. Spectra were determined on a Bruker WH-400 spectrometer 

(100 MHz). 
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I 
These cha rac te r i s t i cs  are shown again i n  the H-NMR spectrum o f  deacetyi lycoclavine, 2, an 

a l k a l o i d  possessing an i den t i ca l  environment around the n i t rogen atom as i n  2. These unusual assign- 

ments (ax ia l  protons on methylene carbons next t o  n i t rogen normal ly absorb ca. 0.5 ppm higher f i e l d  

than the equator ia l  ones) a re  probably associated t o  yHH- type i n te rac t i ons  between H-1 a x i a l  and 

5 C-14 and yZHH in terac t ions  between H-9 a x i a l  and C-4 and C-2 . The revised s t ruc tu re  o f  pan icu l ine  

i s  i n  complete agreement w i t h  t h i s  new information. Thus, placement o f  an equator ia l  hydroxyl 

group a t  C-10 accounts f o r  the m u l t i p l e t  a t  S 3.80 (ha l f -w id th  35 Hz) assigned t o  the a x i a l  H-10, 

together w i t h  the concomitant s i m p l i f i c a t i o n  o f  the resonance o f  the ax ia l  H-9 (a t r i p l e t  a t  

6 6 2.95). wheras the ax ia l  H-1 remained unal tered . Examination o f  the 13c-~MFl spectra of  panicul ine 

and de r i va t i ves  confirmed the new s t ruc tu re  proposed f o r  t h i s  a l k a l o i d  and a l so  showed a good 

7 co r re la t i on  w i t h  t ha t  o f  2,3 and o ther  lycopodium a l ka lo ids  o f  t h i s  type . The presence of the 

secondary hydroxyl group was indicated by the s igna l  a t  6 68.5 (d) and i t s  assignment t o  C-10 

fol lowed from the expected s h i f t s  o f  C-9 (7.5 ppm), C - l l  (9.6) and (-12 (-1.7). The s igna ls  

corresponding t o  C-2, C-3 and C-4 i n  pan icu l ine  remained unal tered when compared t o  the values 

assigned t o  these carbons i n  2,1, id and i n  o ther  lycopodium a l ka lo ids  of t h i s  type7. This 

I 
informat ion,  taken together w i t h  the H-NMR data, supports the assignment o f  the secondary 

hydronyi group a t  (-10, not (-2. 

The secondary nature o f  the hydroxyl group present i n  pan icu l ine  was previously discarded i n  favor 

o f  a t e r t i a r y  one on account of a )  lack o f  an apreciable s igna l  f o r  i t s  gerninal proton when the 

spectrum was run a t  60 MHz and b) the inertness o f  pan icu l ine  t o  undergo ox idat ion  under 

condi t ions normal ly employed t o  convert secondary alcohols i n t o  the corresponding ketones. New 

attemps t o  ca r r y  out t h i s  t ransformat ion f o l l w i n g  a va r i e t y  o f  procedures as reported i n  the 

8 literature have been unsuccesful . Deacetylpaniculine, L, on the other hand, was r e a d i l y  

transformed i n t o  a product w i t h  the proper t ies  o f  a hydroxy-ketone, whose s t ruc tu re  has now been 

shown to  correspond t o  (Table 2 ) ,  which demonstrates the d i f fe rences I n  r e a c t i v i t i e s  between 

the secondary OH groups located a t  (-10 and C-5 .  
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