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S T U D I E S  ON T H E  CHEMICAL CONSTITUENTS OF AZADIRACHTA I N D I C A  A - J U S S  
(MELIACEAE) PART I :  ISOLATION AND STRUCTURE OF A NEW TETRANORTRI- 
TERPENOID - N I M O L I C I N O L  
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U n i v e r s i t y  o f  K a r a c h i ,  Karachi-32,  Pak is tan  

A b s t r a c t -  A new t e t r a n o r t r i t e r p e n o i d  p r o v i s i o n a l l y  named as n i m o l i c i n o l  

h a s  been i s o l a t e d  from t h e  f r e s h ,  r i p e ,  u n d r i e d  f r u i t s  o f  A z a d i r a c h t a  

i n d i c a  A .  J u s s  (Neem) and i ts  s t r u c t u r e  h a s  been e l u c i d a t e d  as 170- 

hydroxy-14,154eoxy-17-epi-gedunin ( I )  by s p e c t r a l  s t u d i e s .  

I n  v i e w  of t h e  enormous t h e r a p e u t i c  importance1" a t t r i b u t e d  t o  A z a d i r a c h t a  ind ica ,  

d i f f e r e n t  p a r t s  o f  t h e  t r e e  have been s u b j e c t e d  t o  c h e m i c a l  i n v e s t i g a t i o n s  by va-  

r i o u s  g r o u p s  o f  workers .  3-8 More r e c e n t  s t u d i e s  u n d e r t a k e n  f o r  t h e  f i r s t  t i m e  on 

f r e s h ,  u n d r i e d  f r u i t s  o f  t h e  p l a n t  by S i d d i q u i ,  e t  a l .  l e d  t o  t h e  i s o l a t i o n  and 

s t r u c t u r e  e l u c i d a t i o n  o f  t h r e e  new t e t r a n o r t r i t e r p e n o i d s .  a z a d i r a d i o n e . '  epoxyaza- 

d i r a d i o n e , 1 °  and 170-hydroxyazadiradione.11 The p r e s e n t  c m m u n i c a t i o n  d e a l s  w i t h  

t h e  i s o l a t i o n  o f  a  new h i t t e r  c o n s t i t u e n t  n i m o l i c i n o l  f r m  t h e  Neem f r u i t ,  and t h e  

e l u c i d a t i o n  o f  i ts  s t r u c t u r e  a s  17o-hydroxy-14,154eoxy-17-epi-gedunin ( I ) ,  on t h e  

e v i d e n c e  of s p e c t r a l  d a t a .  I t  i s  noteworthy i n  t h i s  c o n n e c t i o n  t h a t  th roughout  t h e  

i s o l a t i o n  p r o c e d u r e ,  mild c o n d i t i o n s  of a c i d f b a s e  and t e m p e r a t u r e  were employed 

t o  avo id  t h e  p o s s i b l e  f  o m a t i o n  of  a r t i f a c t s  
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The mass spectrum of n i m o l i c i n o l  showed a  m o l e c u l a r  i o n  peak  a t  m / e  482 .2293  cor- 
responding t o  t h e  f o r m u l a  C28H3407 ( c a l c u l a t e d  482 .2304) .  The i r  spec t rum re- 

vealed bands a t  1665 cm-' (a, B-unsa tura ted  c a r b o n y l ) ,  1710 cm-' ( c a r h o n y l  f u n c t i o n  
-1 

of 0 . 8 - u n s a t u r a t e d  6 - l a c t o n e ) ,  1740  cm ( e s t e r  c a r h o n y l ) ,  3460 cm-' (0-H) and 

875, 1 5 0 2 ,  3150 cm-' ( c h a r a c t e r i s t i c  o f  a  B - s u b s t i t u t e d  f u r a n  r i n g ) .  The uv s p e c -  

t rum showed maxima a t  218 nm ( l o g  E 4 . 2 8 )  and 231  m ( l o g  e 4 . 4 7 )  which a r e  i n  

keeping w i t h  a f u r a n  r i n g  and 1-en-3-one f u n c t i o n s .  

The m o l e c u l a r  fo rmula  r e v e a l e d  1 2  d o u h l e  bond e q u i v a l e n t s  i n  t h e  m o l e c u l e ,  3  of 

which have  been accounted  f o r  by a  f u r a n  r i n g ,  3  by t h r e e  c a r b o n y l  f u n c t i o n s ,  4  
1 

by f o u r  r i n g s  w h i l e  two must b e  p r e s e n t  a s  d o u b l e  bonds s i n c e  t h e  H-mr spec t rum 

shawe5 t h r e e  one-pro ton  o l e f i n i c  s i g n a l s  a t  6 7 . 0 5  ( d ,  J = 1 0  Hz, H-I ) ,  6 5 . 8 5  ( d ,  

J = 1 0  H z ,  H-2) and 6 5 .57 ( s ,  H-15). Three  one-proton m u l t i p l e t s  a t  6 7 . 5 2 ,  

6 7 .40 and 6 6 . 4 5  have been a s s i g n e d  t o  H-21, H-23 and H-22 r e s p e c t i v e l y  and a 
one-proton m u l t i p l e t  a t  6  5 . 2 0  (Wh12= 7 . 5  Hz) h a s  been a t t r i b u t e d  t o  H-7. The 

width o f  t h i s  m u l t i p l e t  a t  h a l f  h e i g h t  cor responded  t o  a n  e q u a t o r l a 1  p r o t o n ,  sug-  

g e s t i n g  t h a t  o r i e n t a t i o n  o f  t h e  a c e t o x y  f u n c t i o n  is o .  A one-pro ton  s i n g l e t  at 

6 4 . 3 1  which d i s a p p e a r e d  on shak ing  w i t h  D20 h a s  been a s c r i b e d  t o  t h e  hydroxyl  

p ro ton .  A t h r e e - p r o t o n s  s i n g l e t  o f  t h e  a c e t y l  p r o t o n s  appeared  a t  6 1 . 9 5 ,  w h i l e  

four  s i n g l e t s  f o r  f i v e  t e r t i a r y  methy l  g r o u p s  appeared  a t  6 1 . 0 6  (6H) ,  6  1 . 1 2 ,  

6 1 . 2 2  and 6 1 . 3 5 .  

The d a t a  p r e s e n t e d  s o  f a r  s u g g e s t e d  t h e  p r e s e n c e  of  a  f u r a n  r i n g  and nonna l  A and 

B r i n g s  of gedunin12 c o n t a i n i n g  7u-acetoxy f u n c t i o n .  The o b s e r v a t i o n ,  t h a t  t h e  

hydroxyl  f u n c t i o n  c o u l d  n o t  b e  a c e t y l a t e d  w i t h  p y r i d i n e  and a c e t i c  a n h y d r i d e  under  

n o m a l  c o n d i t i o n s ,  l e d  t o  t h e  assumpt ion  t h a t  i t  is t e r t i a r y  i n  n a t u r e  and l o c a t e d  

st one of  t h e  t h r e e  p o s i t i o n s ,  i . e .  C-5, C-9 o r  C-17. The a b s e n c e  of  c h a r a c t e r i s -  

t i c  H-17 signal1'  i n  t h e  ' ~ - r m r  s p e c t r u m ,  however ,  r e v e a l e d  t h a t  t h e  hydroxyl  

group is a t  C-17, which was f u r t h e r  c o r r o b o r a t e d  from 13c-nmr ( T a b l e )  and mass 

s p e c t r a l  d a t a .  Appearance of  o n l y  one  o l e f  i n i c  p r o t o n  a t  6 5 .57  ( a p a r t  f rom H-1, 

H-2 and f u r a n o i d  p r o t o n s )  impl ied  t h a t  t h e  d o u b l e  bond had t o  h e  p l a c e d  i n  a  way 

which would produce  s u c h  a s i n g l e  p r o t o n ,  i . e .  e i t h e r  a t  C-9(11) o r  C-14(15). A s  

the  i r  spec t rum and t h e  d o u h l e  bond e q u i v a l e n t s  were i n  agreement  w i t h  a n  a,@- 

u n s a t u r a t e d  l a c t o n e ,  it appeared  t o  i n d i c a t e  t h a t  t h i s  o l e f i n i c  p r o t o n  is a  p a r t  

of t h e  p a r t i a l  s t r u c t u r e  -08-8-0-. Thus t h e  p o s s i b l e  p o s i t i o n s  f o r  t h e  l a c t o n e  

were e i t h e r  i n  r i n g  C o r  D. The 1 3 c - ~ n r  and mass s p e c t r a l  d a t a ,  however, c o n c l u -  

s i v e l y  s u p p o r t e d  r i n g  D l a c t o n e ,  a s  C-17 a p p e a r e d  a t  6 1 0 4 . 0  r e v e a l i n g  t h a t  it 

is bonded t o  two oxygen f u n c t i o n s .  

The chemica l  s h i f t s  a t  6  1 . 0 6  (6H) and 6  1 . 2 2  (3H) have  been a s s i g n e d  t o  4a- ,  

48-CH3 p r o t o n s  and 10-CH p r o t o n s  r e s p e c t i v e l y  t h r o u g h  comparison o f  s h i f t s  for these 
3  

p r o t o n s  i n  gedunin13 and deaxygedunin .12  The d o w n f i e l d  s h i f t  a t  6  1 . 3 5  (3H) h a s  

been a t t r i b u t e d  t o  8-CH3 p r o t o n s  i n  a n a l o g y  t o  i ts  v a l u e  o b s e r v e d  i n  deoxygedunin 

in  which t h e s e  p r o t o n s  a p p e a r  at d o w n f i e l d  d u e  t o  an  a n i s o t r o p i c  e f f e c t  o f  t h e  14- 

15 d o u b l e  bond,14 whereas  t h e  r e n a i n i n g  hand at 6  1 . 1 2  h a s  been a s c r i b e d  t o  

13-CH3 p r o t o n s .  
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The c o n f i g u r a t i o n  o f  f u r a n  r i n e  in n i m o l l c i n o l  has been d e t e r m i n e d  by measur ing  

n u c l e a r  Cverhauser  e f f e c t s  (NOE). I r r a d i a t i o n  a t  6 1 . 3 5  (H-30) enhanced t h e  i n -  

t e c r a l  i n t e n s i t i e s  of n-7 a t  6 5 . 2 0  (18% NOE), H-21 a t  5 7 . 5 2  ( 2 4 4  NOE) and H-15 

a t  6 5.57 ( 8 . 3 %  NOE). I r r a d i a t i o n  a t  6 1 . 1 2  (11-18) i n c r e a s e d  t h e  s i g n a l  o f  H-9 

a t  6 2 .42  (16% NOE), whereas  t h e  s i g n a l s  a t  6 7.52 (H-21) and 6 6 . 4 5  (8-22)  r e -  

m a m e 1  u n a f f e c t e d .  The f u r a n  r i n g  is  t h e r e f o r e  0 -or ien ted  l i k e  i n  1 7 - e p i -  

a z a d i r a d i o n e .  
8 

The c h a n i c a l  s h i f t s  o f  C-18 and C-20 i n  t h e  13c-nmr spec t rum a l s o  s u p p o r t e d  t h i s  

v i e w .  The upf i e l d  a p p e a r a n c e  of C-18 i n  n i m o l i c i n o l  a s  compared t o  i t s  downf ie ld  

s h i f t  i n  1 7 ~ - h y d r o x y a z a d z r a d i o n e 8  is  d u e  t o  t h e  y-gauche i n t e r a c t i o n  of  t h i s  methy l  

g roup  w i t h  t h e  17-hydroxyl  f u n c t i o n  which prov ided  a d e f i n i t e  e v i d e n c e  t h a t  t h e  hy- 

clroxyl f u n c t i o n  is o - o r i e n t e d .  F u r t h e r ,  t h e  chemical s h i f t  o f  C-20 i n  n i m o l i c i n o l  

is a l s o  i n  agreement  w i t h  t h e  a - o r i e n t a t i o n  of the  hydroxyl  f u n c t i ~ n . ~ , ~ ~ , ~ ~  

The f r a g m e n t s  a t  m/e 95 .0120  and m/e 137.0964 i n  t h e  mass  spec t rum c o r r e s p o n d i n g  t o  

t h e  c o m p o s i t i o n s  C5H302 and C9H130 may he a t t r i b u t e d  t o  t h e  i o n s  ' a '  and ' b '  r e s -  

p e c t i v e l y .  Another f ragment  a t  m/e 370 .2121  which is e q u i v a l e n t  t o  C23H3004 ( i o n  

' c ' )  is c o n s i s t e n t  w i t h  r e t r o  Die l s -Alder  c l e a v a g e  of r i n g  D, whereas t h e  b a s e  peak 

a t  m/e 328 .2035  (C H 0  ) p o s s i b l y  r e s u l t s  from t h e  loss of a k e t e n e  m o l e c u l e  from 2 1  28 3  
t h e  i o n  ' c ' .  Fragments  o b s e r v e d  a t  m/e 465,  467 and 422 have been a t t r i b u t e d  t o  

t h e  l o s s  o f  OH, CH and CH COOH r e s p e c t i v e l y .  3  3  

TABLE 

1 3 ~ - ~ ~ ~  SPECTRAL DATA 

a , b , c , d :  Assignments  way be r e v e r s e d .  A l l  v a l u e s  a r e  i n  5 (ppn)  r e l a t i v e  t o  lXS=O. 

EXPERIMENTAL 

Mel t ing  p o i n t s  were r e c o r d e d  i n  g l a s s  c a p i l l a r y  t u b e s  and a r e  u n c o r r e c t e d .  I r  ( K B r  

d i s c )  and uv s p e c t r a  ( i n  m e t h a n o l )  were measured on JASCO IRA-I s p e c t r o m e t e r  and 

Pye-Unicam SP-800 s p e c t r o m e t e r  r e s p e c t i v e l y ;  mass s p e c t r a  were r e c o r d e d  on F i n n i g a n  

MAT 312 d o u b l e  f o c u s s i n g  mass  s p e c t r o m e t e r .  'H- and 13c-mr ( b r o a d  band and o f f -  

r e s o n a n c e )  s p e c t r a  were r e c o r d e d  i n  CDCl on a  Bruker WP-100-SY FT-NMR s p e c t r o m e t e r .  
3  

13c-nmr s p e c t r a l  a s s i g n m e n t s  have  been made p s r t l y  t h r o u g h  t h e  m u l t i p l i c i t i e s  i n  

t h e  o f f - r e s o n a n c e  decoupled  spec t rum and p a r t l y  th rough  c a n p a r i s o n  w i t h  p u b l i s h e d  

d a t a  f o r  s i m i l a r  compounds. 8-11'16 The p u r i t y  a f  samples  was checked on t l c  

( s i l i c a  g e l ) .  



Fresh ,  u n r u p t u r e d ,  r i p e  f r u i t s  of N e e m  ( 2 0  Kg) were r e p e a t e d l y  p e r c o l a t e d  w i t h  

e t h a n o l .  The t h i c k i s h  r e s i d u e ,  o b t a i n e d  on removal  of t h e  s o l v e n t  i n  vacuo ,  was 

p a r t i t i o n e d  between e t h y l  a c e t a t e  a n d  w a t e r .  The e t h y l  a c e t a t e  l a y e r  was re- 

p e a t e d l y  e x t r a c t e d  o u t  w i t h  1% NaOH to  s e p a r a t e  t h e  a c i d i c  p a r t  from t h e  n e u t r a l  

c o n s t i t u e n t s .  The e t h y l  a c e t a t e  l a y e r  was washed w i t h  w a t e r ,  d r i e d  and f i l t e r e d .  

The d a r k i s h  r e s i d u e  l e f t  on removal  o f  t h e  s o l v e n t  u n d e r  reduced  p r e s s u r e  was t a -  

ken up i n  50% e t h a n o l ,  and r e p e a t e d l y  shaken  o u t  w i t h  a m i x t u r e  o f  benzene and 

petroleum e t h e r  ( 2 : l ) .  The benzene-petroleum e t h e r  l a y e r  was c h a r c o a l e d ,  f r e e d  

of t h e  s o l v e n t  i n  vacuo and d i v i d e d  i n t o  p e t r o l e u m  e t h e r  s o l u b l e  and i n s o l u b l e  

f r a c t i o n s .  On keeping a t  r o a n  t e n p e r a t u r e  t h e  c o n c e n t r a t e d  s o l u t i o n  of  t h e  f o r -  

mer y i e l d e d  a f i n e  c r y s t a l l i n e  mass which on r e c r y s t a l l i z a t i o n  from e t h y l  a c e t a t e ,  

could he identified as a z a d i r a d i o n e  ( l o c . c i t )  t h r o u g h  comparison o f  its s p e c t r a l  

d a t a  ( u v ,  i r ,  mass ,  'H-rmr), mp, m p ,  t l c  and mixed t l c  w i t h  a n  a u t h e n t i c  sample .  

The mother l i q u o r  of a z a d i r a d i o n e  and t h e  pe t ro leum e t h e r  i n s o l u b l e  f r a c t i o n  were 

canbined t o g e t h e r ,  t a k e n  i n  e t h y l  a c e t a t e  and shaken o u t  w i t h  6% sodium c a r b o n a t e  

s o l u t i o n  t o  remove t h e  r e s i d u a l  a c i d i c  c a n p o n e n t s .  A f t e r  u s u a l  work ing ,  t h e  e t h y l  

a c e t a t e  l a y e r  was c h a r c o a l e d ,  c o n c e n t r a t e d  and kep t  a t  room t e m p e r a t u r e  o v e r n i g h t ,  

when f i n e  c r y s t a l s  of n i m o l i c i n o l  ( 1  g ,  0 .01% on d r y  weigh t  b a s i s  o f  f r u i t s )  were 

obtained. The mother l i q u o r  y i e l d e d ,  on c o n c e n t r a t i o n  a n o t h e r  c r o p  of n i m o l i c i n o l .  

On r e c r y s t a l l i z a t i o n  from e t h y l  a c e t a t e m e t h a n o l  ( 1 : l )  i t  formed f i n e  s h i n i n g  

n e e d l e s ,  showing one  uv a c t i v e  s p o t  on t l c ,  mp 270-274O~.  
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