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ISOLATION OF MELlAClN ClNNAMATES FROM THE ROOT BAQK OF AZADIRACHTA 

A.  ~ u s s  ( M E L I A C E A E )  

I f f a t  Ara, Bina Shaheen S i d d i q u i ,  Shaheen F a i z i ,  and Salimuzzaman S i d d i q u i  

H.E .J .Research  I n s t i t u t e  o f  Chemistry 
U n i v e r s i t y  of K a r a c h i ,  Karachi-32,  P a k i s t a n  

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  named as n i m h o l i c i n  h a s  been i so l a -  
t e d  from t h e  n e u t r a l  f r a c t i o n  of  r o o t  h a r k  of  A z a d i r a c h t a  indica A.Juss 
(neem) b e s i d e s  n imbol in  B p r e v i o u s l y  r e p o r t e d  from t h e  t r u n k  wood. The 
s t r u c t u r e  e l u c i d a t i o n  o f  n i m b o l i c i n  th rough  chemica l  and s p e c t r o s c o p i c  
methods a l o n g  w i t h  t h e  h i t h e r t o  u n r e p o r t e d  "c-nmr and 2D s p e c t r a l  s t u d i e s  
(NOESY, COSY, h e t e r o c o s y )  o f  n imhol in  B form t h e  s u b j e c t  o f  p r e s e n t  commu- 
n i c a t i o n .  

I n  pursuance  o f  s t u d i e s  i n  t h e  c o n s t i t u e n t s  o f  f r u i t s ,  l e a v e s ,  twigs1 a n d  stem bark 

2  
of  A z z d i r a c h t a  indica , a new m e l i a c i n  n i m b o l i c i n  a l o n g  w i t h  n imbol in  B h a s  been i s o -  

l a t e d  from t h e  n e u t r a l  f r a c t i o n  of neem r o o t s .  The s t r u c t u r e  o f  t h e  new t e r p e n o i d  

h a s  been de te rmined  th rough  s p e c t r a l  and chemica l  s t u d i e s  w h i l e  n i m h a l i n  B  h a s  been 

i d e n t i f i e d  t h r o u g h  comparison o f  i ts  s p e c t r a l  d a t a  w i t h  t h o s e  r e p o r t e d  i n  l i t e r a t u r e .  3  

F u r t h e r ,  13C-nmr a n d  2D s p e c t r a l  s t u d i e s  of n imhol in  B  have a l s o  been c a r r i e d  out 

which have n o t  been r e p o r t e d  e a r l i e r  

l< imbol ic in  ( I )  was o b t a i n e d  from t h e  n e u t r a l  f r a c t i o n  of  t h e  methylene c h l o r i d e  ex- 

t r a c t  o f  neem r o o t s ,  f o l l o w i n g  t h e  c o u r s e  o f  i s o l a t i o n  procedure  r e c o r d e d  i n  the ex-  

p e r i m e n t a l .  I t  h a s  molecu la r  fo rmula  C41H48010 and showed maxim? a t  205 a n d  280 nm 

i n  uv s p e c t r u m .  I t s  i r  spec t rum showed p e a k s  a t  3400 (hydroxy g r o u p ) ,  1720 ( e s t e r  

1 c a r b o n y l  f u n c t i a n ) a n d  1120 and 980 cm-' ( e t h e r  l i n k a g e ) .  The H-nmr s p e c t r u m  showed 

t h e  p r e s e n c e  of a  5 - s u b s t i t u t e d  f u r a n  r i n g  (6 7 . 2 0 ,  7 . 2 7 ,  6 . 3 4 ;  H-21, H-23 and H-22 

r e s p e c t i v e l y ) ,  a  c innamoyloxyl  g roup  ( 6  7 . 7 3 ,  6 . 3 9 ,  each lH,  d ,  J = 1 5 . 9 6  Hz, H-3' and 

N-2' r e s p e c t i v e l y ;  7 . 5 2 ,  PH, m, H-5 ' ,  H - 9 ' ,  7 . 3 8 ,  2H, m, H-6 ' ,  H-8' a n d  7 . 3 9 ,  lL,  m, 

H - 7 ' ) ,  an  a c e t o x y l  group ( 5  2 . 0 3 ,  3H, s ) ,  a h c m i a c e t a l  moie ty  ( 5 5 . 3 0 ,  l H ,  m, H-12; 

5 . 2 6 ,  d d ,  J = 8 . 0 0 ,  2 .80  Hz, H-15) and an  e t h e r  l i n k a g e  between C-6 and C-28 ( 6  3 . 7 2 ,  

3 . 7 8 , e a c h  IH, d ,  J = 7 . 0 4  Hz, H-28% and H-28h). The bydroxyl  g r o u p  o f  t h e  hemiace ta l  

Was a l s o  conf i rmed  by a c e t y l a t i o n  of  I t o  I a .  The d a t a  s o  f a r  r e c o r d e d  showed t h a t  

n i m h o l i c i n  ( I )  is c l o s e l y  r e l a t e d  w i t h  n imbol in  B . ~  The chemical  s h i f t s  a n d  coupl ing  

c o n s t a n t s  o f  H-5 (5 2 . 7 8 ,  d ,  J = 1 2 . 8 0  H z ) ,  H-6 ( 6  4 .19 ,  dd,  J = 1 2 . 8 0 ,  2 . 8 0  Hz) and H-7 

( 6  5 . 7 7 ,  d ,  J = 2 . 8  Hz) a s  well  a s  H-9, H - l l u ,  H-115, H-16u, H-166 a n d  H-17 ( v i d e  

t a b l e )  f u r t h e r  showed t h a t  t h e  p a r t  of t h e  s k e l e t o n  d i s c u s s e d  so f a r  h a s  t h e  i d e n t i c a l  



11, R=H 

I I a ,  R = A c  

substitution pattern as that of nimholin B, and they differ in the substituents of 

ring A  only. Justification of the functionalities noted above left a C4H502 unit, 

of the rnoelcular formula to be explained. The nmr spectral data ( 6  1.93, 1:-4", 

6 7.43, 7.44, each 1H d, J=3.50 Hz, H-3"a, H-3"b; 6 C-1" 170.4, 6 C-2" 128.9, 

6 C-3" 108.4 and 6 C-4" 12.1) and a mass fragment at mlz 614.2870 (M-C4H602) con- 

clusively established the identity of C4H502 unit as a 2-methylpropenoate function 

The proton at 6 4.94 which is comparable with that of H-3 of nimbolin B suggested 

that the acetoxy function is at C-3 while the 2-methylpropenoate function is at 

C-1 and thus H-i appears at 6 5.00 as against 6 4.83 in nimbolin 8. The position 
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~ a h l e  I ' H - N ~  spectral Data of ~imbolicin (11 and N i m b o l i n  U (11) 
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~ss1gnmcnts  I Ia 11 I I ~  



Table I (Contd. 1 
............................................................................................ 
A s s i g m n t s  I la I1 IIa 

M -30 
3 1.47151 1.45(51 1.471s) 1.47151 

13 
Table I1 C-Nmr Spectral Data of ~ i r r b o l i c i n  (1) arld Nimholin B (11) 

................................................................................................... 
Carbon Nos. (1) (111 Carbon Nos. 111 111) 
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Of P r o p e n o a t e  f u n c t i o n  a t  C-1 and a c e t o x y  group  a t  C-3 h a s  a l s o  been s u p p o r t e d  i n  

t h e  NOESY spec t rum which showed t h e  i n t e r a c t i o n  of  H-4" w i t h  H-110; M-1 w i t h  H-110 

and t h e  a c e t o x y  methyl p r o t o n s  w i t h  H-5. The c o u p l i n g  c o n s t a n t s  o f  H-l and H-3 

( v i d e  t a b l e  I )  f u r t h e r  showed t h a t  b o t h  t h e  e s t e r  f u n c t i o n s  a t  C-1 and C-3 a r e  a -  

o r i e n t e d .  I n  t h e  l i g h t  o f  above f a c t s  s t r u c t u r e  ( I )  h a s  been a s s i g n e d  t o  n i m b o l i c i n .  

Ximholin B  o b t a i n e d  i n  t h e  p r e s e n t  working h a s  mp 241  - 2 4 3 ' ~ ,  [a] - 93.3'which are 
D 

i d e n t i c a l  w i t h  t h o s e  r e p ~ r t e d . ~  A comple te  ass ignment  o f  t h e  p r o t o n s  h a s  been made 

( v i d e  t a b l e )  i n  t h e  p r e s e n t  working th rough  2D-nmr (2D J r e s o l v e d ,  COSY-45, NOESY) 

1 
and homonuclear  decoupl ing  e x p e r i m e n t s  a s  w e l l  a s  H-I3C hetero-COSY which a l s o  

e n a b l e d  t o  e x a c t l y  a s s i g n  v a r i o u s  p r o t o n s  and c a r b o n s  n o t e d  i n  t a b l e  I  and I1 r e s -  

p e c t i v e l y .  On r e a c t i o n  w i t h  a c e t i c  a n h y d r i d e / p y r i d i n e  I1 formed t h e  monoacetyl 

1 d e r i v a t i v e  ( I I a )  which was c h a r a c t e r i z e d  t h r o u g h  mass and H-nmr s p e c t r a l  d a t a  

( t a b l e  I ) .  

The s t e r e o c h e m i s t r y  of v a r i o u s  c e n t r e s  o f  n imbol in  B  h a s  been conf i rmed  through 2D- 

NOE (NOESY) spec t rum which showed t h e  s p a t i a l  c o n n e c t i v i t i e s  o f  H-21 w i t h  H-2'; 

H-23 w i t h  H-18; H-7 w i t h  H - 6 ,  H-18 and H-30; and K-6 w i t h  H-30 and H-7. S p a t i a l  

c o n n e c t i v i t y  o f  H-21 w i t h  H-2' showed t h a t  c innamate group and furan r i n g  b o t h  have  

o d i s p o s i t i o n .  F u r t h e r  t h e  i n t e r a c t i o n  o f  A-30 w i t h  H-19 and N-19 w i t h  H-29 were 

a l s o  o b s e r v e d  a l o n g  w i t h  t h a t  of H-5 and H-9 t h u s  conforming t o  t h e  H/C t r a n s  r i n g  

j u n c t i o n .  

EXPERIMENTAL 

M e l t i n g  p o i n t s  were r e c o r d e d  i n  a i r - b a t h  m e l t i n g  p o i n t  a p p a r a t u s  a n d  a r e  u n c o r r e c t e d .  

I r  and uv s p e c t r a  were measured on JASCO-IRA-I and pye unicam sp-800 s p e c t r o p h o t o -  

m e t e r s  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 l n n i g a n  MAT 1 1 2  a n d  312 double 

f o c u s s i n g  mass s p e c t r o m e t e r s ;  e x a c t  masses have been measured th rough  peak matching;  

1 
H-nmr spec t rum and NOESY exper iment  ( p u l s e  d e l a y  2  s e c .  mixing time 0 . 5  s e e )  were 

run  on Bruker  AM 300 NMR s p e c t r o m e t e r .  13c-~mr s p e c t r a . , w e r e  r e c o r d e d  i n  CDCl a t  
3  

75 MHz and a s s i g n m e n t s  a r e  based  on DEPT exper iment  and comparison w i t h  s i m i l a r  

c o m ~ o u n d s . ~  Chemical s h i f t s  are r e p o r t e d  i n  ppm ( S) and d e l a y  t i m e  f o r  h e t e r o c o s y  

was 36 m sec .  O p t i c a l  r o t a t i o n s  were measured a t  24°C i n  c h l o r o f o r m .  Merck K i e s e l g e l  

6 0  PFZS4 c o k t e d  on g l a s s  p l a t e s  was used  f o r  a n a l y t i c a l  ( t h i n  l a y e r )  a n d  p r e p a r a t i v e  

( t h i c k  l a y e r )  chromatography.  

E x t r a c t i o n  and F r a c t i o n a t i o n : N -  mots (28 kg) ( c o l l e c t e d  from Karachi r e g i o n )  were r e -  

p e a t e d l y  e x t r a c t e d  w i t h  methylene c h l o r i d e  a t  room t e m p e r a t u r e .  The combined 



e x t r a c t s  were f r e e d  of t h e  s o l v e n t  udder  reduced  p r e s s u r e  and p a r t i t i o n e d  between 

e t h y l  a c e t a t e  and w a t e r .  The former  was shaken o u t  w i t h  4% Na2C03 s o l u t i o n  t o  

s e p a r a t e  t h e  a c i d i c  from n e u t r a l  c o n s t i t u e n t s .  The r e s i d u e  o b t a i n e d  on u s u a l  work 

up of  t h e  e t h y l  a c e t a t e  l a y e r  c o n t a i n i n g  t h e  n e u t r a l  f r a c t i o n  was t r e a t e d  w i t h  

p e t r o l e m  e t h e r  t o  s e p a r a t e  p e t r o l e u m  e t h e r  s o l u b l e  ( A )  and i n s o l u b l e  f r a c t i o n s .  

The l a t t e r  f r a c t i o n  was s u c c e s s i v e l y  t r e a t e d  w i t h  e t h e r  and e t h y l  a c e t a t e  t o  g i v e  

e t h e r  and e t h y l  a c e t a t e  s o l u b l e  f r a c t i o n s .  Each o f  t h e s e  was c o n c e n t r a t e d  and 

t r e a t e d  w i t h  an excess of  p e t r o l e u m  e t h e r  u l t i m a t e l y  a f f o r d i n g  e t h e r - p e t r o l e w n  

e t h e r  s o l u b l e  ( B )  and i n s o l u b l e  f r a c t i o n s ;  and e t h y l  a c e t a t e  p e t r o l e u m  e t h e r  s a l u -  

b l e  ( C )  and i n s o l u b l e  f r a c t i o n s  r e s p e c t i v e l y .  F r a c t i o n  A, B and C  were combined 

on t h e  b a s i s  o f  t l c ,  f r e e d  of  t h e  s o l v e n t  and p a r t i t i o n e d  between 90% methanol  

and p e t r o l e u m  e t h e r .  The 90% m e t h a n o l i c  p h a s e ,  a f t e r  a d d i t i o n  of  NaC1, was shaken 

o u t  w i t h  e t h y l  a c e t a t e  which was c o n c e n t r a t e d  and a g a i n  t r e a t e d  w i t h  an  excess 

of p e t r o l e u m  e t h e r .  The i n s o l u b l e  f r a c t i o n  ( 3 . 6  Bj t h u s  o b t a i n e d  was s u b j e c t e d  

t o  f l a s h  column chromatography5 ( s i l i c a  g e l ,  E.Merck 9 3 8 5 ) .  The column was s u c c e s -  

s i v e l y  e l u t e d  w i t h  pe t ro leum e t h e r  and e t h y l  a c e t a t e  i n  t h e  o r d e r  o f  i n c r e a s i n g  

p o l a r i t y .  Nimbol ic in  was o b t a i n e d  w i t h  some a l l i e d  i m p u r i t i e s  i n  t h e  f r a c t i o n s  

e l u t e d  w i t h  t h e  s o l v e n t  sys tem,  p e t r o l e u m  e t h e r - e t h y l  a c e t a t e  7 . 5 : 2 . 5  w h i l e  t h e  l e s s  

p o l a r  c o n s t i t u e n t s  o b t a i n e d  w i t h  t h e  same s o l v e n t  sys tem gave n imbol in  B on r e p e a t e d  

p u r i f i c a t i o n  t h r o u g h  f l a s h  column chromatography and f i n a l  c y r s t a l l i z a t i o n  w i t h  

mois t  methanol .  Nimbal ic inwas  f inal ly  p u r i f i e d  by r e p e t i t i o n  of f l a s h  column c h r o -  

matography u s i n g  s o l v e n t  sys tem p e t r o l e u m  e t h e r - e t h y l  a c e t a t e  7 : 3 .  

Nimbol ic in :  Nimbol ic in  ( 1 6 . 3  mg) ( I )  was o b t a i n e d  a s  i r r e g u l a r  p l a t e s , m p  1 2 1 - 1 2 ~ ~ ~ ,  

( M + - c ~ H ~ o ~  -HZO) ( 5 ) ,  550.2889 (C33H4207j ( 2 )  and 95.0495 (C6H70) ( 1 0 0 ) .  

A c e t y l a t i o n  of I t o  la: To a s o l u t i o n  of  I ( 4  mg) i n  p y r i d i n e  ( 2  m l ) ,  a c e t i c  anhy- 

d r i d e  ( 4  ml )  was added and t h e  r e a c t i o n  m i x t u r e  k e p t  o v e r n i g h t  a t  room t e m p e r a t u r e .  

On u s u a l  work up Ia was o b t a i n e d  a s  p l a t e s  ( 3 . 1  mg), mp 1 0 0 - 1 0 l o ~ , u v  Amax(MeOH) 

nm 203  and 270;  i r  v (CHCl3j cm" 2900 (C-H), 1720 ( b r . , e s t e r  c a r b o n y l s )  1360 
max 

and 1080 ( e t h e r  l i n k a g e ) .  EIMS m/z ( % ) :  701 (M+-41) ( I ) ,  684 (M+-41-17) ( 2 ) ,  675 

+ 
(u+-64) ( 6 ) ,  615  (M+-60) ( 3 0 j ,  449 ( M  -c innamic a c i d  - 2 metbylpropenoic  a c i d  - 

oCoCH3) ( 1 0 )  and 1 3 1  ( 1 0 0 ) .  
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Nimbolin B: Nimbolin B (553 mg) (11) was obtained as white crystalline powder, mp 

24 
140-14z0c, [u]~ = -93.3 (CHC13), EIMS m/z ( % ) :  674.3100 (calc. for C39H46010, 

674.3100) (M+) (1.7). 596.2969 (Cg4Hq409) (M+-C~H~O) (5.81, 508.2459 (C30H3607) 

+ 
(M -C H 0 - H20) (6) and 450.3134 (C30H4203) (100). 

9 8 2 

Acetylation of nimbolin B: To a solution of nimbolin B (10 mg) in pyridine (2 ml), 

acetic anhydride (4 ml) was added and reaction mixture kept overnight at room 

temperature. The acetylated product obtained after usual work up crystallized 

0 
from petroleum ether as irregular plates (7.8 mg), mp 162-128 C: uv Amax(MeOH) nm. 

205, 218, 223 and 278, ir vmax(CBC13) cm-l 2850 (C-A), 1720 (br.,ester carbonyls), 

1640 (trisubstituted double bond), 1160 and 1020 (ether linkage). EIMS (%) :  656 

(M+-60) (a), 638(8), 596(7), 147(12), 131(100), 103(22). 
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