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Abstract  - A new ring-C sfco t e t ranor t r i te rpenoid  U-hydroxybutenolide named as 

isoazadirolide, h a s  been isolated from the  acidic fract ion of t he  f r e s h ,  und r i ed ,  

winter  leaves of Azadirachta indica A . J u s s  (neem) ,  along with a coumarin identified 

B S  scopoletin. The  s t r u c t u r e s  of t he se  compounds have been es tab l i shed  through 

chemical and  spec t ra l  s t ud i e s .  It i s  t h e  f i r s t  ins tance  of isolation of a coumarin 

from any  of t he  various p a r t s  of neem t r ee .  

Chemical investigations under taken  b y  Siddiqui  e l  al. in  t h e  terpenoidal  cons t i tuents  of Azadirachta 

ind ics  have  led t o  the  isolation and  s t r u c t u r e  elucidation of severa l  new t r i tc rpenoids  from the 

f r e sh  and  ~ e a v e s ~ - ~ .  In continuation of these  s t ud i e s ,  a new y-hydroxybutenolide 

te t ranor t r i te rpenoid  named as isaazadirolide has  been  isolated from the  acidic fract ion of the 

f r e s h ,  undr ied  neem leaves ,  toge ther  with a coumarin identified a s  scopoletin through the 

comparison of i t s  spec t ra l  data with those reported in ~ i t e r a t u r e ' ~ ' ~ ' .  The  s t r u c t u r e  of isoazadiro- 

l ide h a s  been established a s  I ,  t h rough  chemical and  spec t ra l  s tudies .  

lsoazadirolide (1) has  molecular formula C32H42010 (h igh  resolution mass) and  showed uv absorption 

maxima a t  210 ( ~ 4 1 0 2 0 )  and  290 nm ( c 3516). The  i r  spec t rum showed t h e  p r e sence  of hydrony 

1 g r o u p  (3400 cm- ) ,  n,B-unsaturated-i-lB~tone (1760 cm-I) ,  carbomethoxyl function (1140 cm-'1, 

1 e s t e r  carbonyl  (1720 cm- ), t r i subs t i t u t ed  double band (1640 and  822 cm-l)  and  e t h e r  linkage 

1 (1145 and  1080 em-'). The  H-nmr spec t rum of I showed two one-proton multiplets a t  & 5.06 
0 
I 1  



(Wt = 5.3 Hz) and 4.91 (Wt = 5.7 Hz) related t o  H - l  and  H-3 respectively;  f ive one-proton 

multiplets a t  6 5.50,  2.32, 2.22, 2.10 and 2.06 d u e  to  H-15, H-IIB, H-20, H-160 end H-2a 

respectively;  f ive  one-proton doublets a t  64 .21  (5 = 3.2 Hz),  4.08 ( J  = 7.3 Hz),  3.12 ( J  = 9.0 

Hz) ,  3.61 ( J  = 7.3 Hz) and 2.60 ( J  = 12.3  Hz) a t t r ibutable  t o  H-7, H-28% H-17, H-28 Band H-5 

respectively.  Four  one-proton double doublets a t  6 3.91 ( J  = 12.3 and 3.2 Hz) ,  2.52 (J  = 5.7 

and 5 .5  Hz) ,  2.30 ( J  = 13.0 and 7.0 Hz) a n d  2.20 ( J  = 16.0 and 5 . 1  HZ) have been ass igned t o  

H-6, H-9, H-160 and H- l la  respectively.  It f u r t h e r  showed a two-proton broad multiplet a t  6 

3.84 fo r  the  hydroxyl  g roups ;  a three-proton s h a r p  singlet  a t  6 3.50 fo r  methaxy protons ;  a 

three-protons broad singlet  a t  6 1.68 f o r  a vinylic methyl,  and  t h r ee  three-proton s h a r p  s ingle ts  

a t  6 1.13 (H-19), 1.24 (H-29) a n d  1.28 (H-30) f a r  t h r ee  quaternary  methyl g roups .  The  

chemical sh i f t s  of the  protons of carbocyclic nucleus a r e  in agreement with those repor ted  f o r  

13 1 t h e  same protons  in salannol12 and 2',3'-dehydrosalannol . The H-nmr spect rum f u r t h e r  

showed a senecioxy e s t e r  function b y  the  presence  of an olefinic proton singlet  a t  6 5.92 (H-2') 

and two vinylic methyl groups  a t  6 2.14 and 1.94 ( >C=CHCO) .  These  values are in keeping 

with those repor ted  fo r  the  same protons in 2',3'-dehydrosalannol (1oc.cit.). The  presence  of 

th is  g roup  was f u r t h e r  corroborated b y  a diagnostic fragment a t  miz 486.2266 (C27H3408)  in 

t h e  mass spectrum of I ,  result ing from the  loss of senecioic acid.  Fu r the r ,  the  s ignals  charac ter -  

ist ic of t h e  furan  r i ng  were missing and a 21-hydraxybut-20(22)-ene-21,233y-I~~tone side chain 

was indicated b y  the  presence of two one-proton multiplets a t  6 6.00 (H-21) and 6.15 (H-22) in 

1 t h e  H-nmr spect rum of 1. On acetylation with acetic anhydr ide-pyr id ine ,  I yielded the  diacetyl  

der iva t ive  11, i n  the  l ~ - n m r  of which (v ide  experimental) t he  signals corresponding t o  t h e  

pro tons  geminal to  the  hydroxyl function shifted to  6 5.44 and 6.89. along with t h e  appearence  

of two acetoxy methyl signals a t  6 1.97 a n d  1.98.  The  da t a  recorded so f a r  le f t  t h e  location of 

the  senecioxy e s t e r  and one of t h e  hydroxyl  functions which could be placed in ring-A a t  C - l  

and C-3, s ince  t h e  multiplets of H - l  and  H-3 have similar widths a t  half he ight .  F u r t h e r ,  the  

multiplicity a n d  value of W i  ( 5 .3  and 5 . 1  Hz respectively) of these  pro tons  showed tha t  they  

are equatorial  a n d  coupled with two neighbouring protons  i . e .  H-2a and H-2 8. The placement 

of t h e  e s t e r  function a t  C-1 and the  hydroxyl  g roup  a t  C-3 could be finally established through 

comparison of t h e  chemical sh i f t s  of various protons with those of 3-deacetylsnlannin a n d  salannol 

( loc.ci t . ) ,  part icularly of H-9, H- l l a  and H-11B; and H-5, H-28o and H-288. 

The  stereochemistry of various cen t r e s  of isoazadirolide (1) has  been established t h rough  NOESY 

spectrvm which showed the  spatial  connectivit ies of H-17 with H-30, H-l6B and H-7; H-30 

with H-18, H-160, H-116, H-7, H-6 and H-1; H-19 with H-30, H-6 and H-20; H-29 with H-285, 
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and H-7; H-5 with H-28o and H-15; and also of H-6 with H-7. The spatial connectivity of H-17 

with H-30, H-166 and H-7 indicated that the side chain a1 C-17 i s  a orieicled. The  spatial 

~onnec t iv i ty  of H-30 with H - l  f u r the r  confirmed the  o orientation of the es ter  substituent 

a t  C-1 .  

lsoazadiralide ( I )  i s  of significant biological importance as atheryhydroxybutenolides have been 

5 reported to  possess insect growth regulating and insect antifeeding14 properties.  Moreover, it 

has also been observed earlier that  many of the  most potent insect feeding deterrent  limonoids 

15 are ring-C seco type . Fur the r ,  a s  the  hydroxybutenolide side chain has been considered as 

the  intermediate in the  formation of furan ring of meliacins16. I may be regarded as  the 

precursor  of salannol and 2',3'-dehydrosalannol isolated earlier from neem (loc.cit.). 

EXPERIMENTAL 

Melting points were recorded in glass capillary tubes and a r e  uncorrected. I r  and uu spectra 

were measured on JASCO IRA-I and Pye-Unicam SP-800 spectrometers respectively. Mass spectra 

were recorded on Finnigan MAT 112 and 312 double focussing mass spectrometers; exact masses 

have been measured through peak matching. ' ~ - n m r  spectrum and NOESY experiment (pulse 

delay 2 s e c . ,  mixing time 0.5 sec. )  were r u n  an Bruker A M  300 NMR spectrometer. Merck 

Kieselgel 60 PF25q coated on glass plates was used fa r  analytical (thin layer)  and preparative 

(thick layer)  chromatography. 

Isolation of isoazadirolide ( I )  

Winter crop of f r e sh ,  undried and uncrushed neem leaves (40 k g )  collected from Karachi region. 

were repeatedly percolated with ethyl alcohol a t  room temperature. Removal of the  solvent from 

the combined extracts  under reduced pressure  gave a dark green thickish residue, which was 

partitioned between ethyl acetate and water.  The ethyl acetate layer was repeatedly extracted 

out with 4% Na2C03 to  separate the  acidic and the  neutral fractions. The Na2C03 layer was 

acidified with dilute HCI and shaken out with ethyl acetate which was washed, dried and 

charcoaled. The filtrate along with the  ethyl acetate eluate of the  charcoal was freed of the 

Solvent and the  viscous residue was divided into petroleum ether  soluble and insoluble fractions. 

On preparative tlc (silica gel; benzene-acetone 8:2) ,  the latter fraction yielded three  components 

A-1, A-2 and A-3, ,he Last two being the  major constituents. A-1, af ter  purification through 

preparative tlc (silica gel; chloroform-methanol 95:5) and crystallization from chloroform afforded 



i soazad i ro l ide  ( I )  as r o d s ,  mp 130°C, [ o 1 2 4 D  = Z O O o  (CHC13). HRMS mlz  ( 8 ) :  586.2738 (M', 

c a l c d .  f o r  C32H42010 : 586 .2776) (31 ,  558.2807 (M-CO) ( 4 1 ,  524.2765 (M-C02-H20) ( 6 1 ,  486.2266 

(M- > = C H C O O H )  ( 6 )  and 424.2251 (C26H3205)  ( 1 0 ) .  

A-2 which  c r y s t a l l i z e d  f rom ch lo ro fo rm as f i n e  n e e d l e s ,  mp 204"'C, was iden t i f i ed  as scopo le t in  

t h r o u g h  compar i son  of i t s  p h y s i c a l  a n d  s p e c t r a l  d a t a  with t h o s e  r e p o r t e d  in  ~ i t e r a t u r e ~ ~ ' ~ ~ .  

A-3 was ul t imately r e s o l v e d  i n t o  f o u r  c o n s t i t u e n t s  isonimocinol ide5,  isonimbocinol ide8,  nimocinol ide 5 

a n d  nimbocinol ide9,  communicated e a r l i e r .  

Acetylat ion of I t o  11 

To a solut ion of 1 ( 4  m g )  i n  p y r i d i n e  ( 1  ml ) ,  a c e t i c  a n h y d r i d e  ( 2  ml) was a d d e d  a n d  t h e  

reac t ion  m i x t u r e  k e p t  o v e r n i g h t  a t  roam t e m p e r a t u r e .  On u s u a l  work u p ,  11 w a s  o b t a i n e d  as a 

c r y s t a l l i n e  r e s i d u e  which  on r ec rys ta l l i za t ion  from e t h y l  a c e t a t e  fo rmed  i r r e g u l a r  p l a t e s ,  mp 

1 105OC; uv hmsx (MeOH) nm: 210,  294; ir vmax (CHCI3)  cm- : 1760 (a,B-unsaturated-y-lactone), 

1742 ( c a r b o m e t h o x y l ) ,  1725 ( b r ,  e s t e r  c a r b o n y l s ) ,  1640 a n d  820 ( t r i s u b s t i t u t e d  d o u b l e  b o n d ) ,  

1140 a n d  1080 ( e t h e r  l i n k a g e ) .  HRMS m l z  (%) :  610.2942 (M', c a l c d .  f o r  C36H46012 : 670.2987) 

( 2 ) ,  610.2756 (M-C2Hq02) ( 5 ) .  550.2550 (M-2xC2H402) ( 4 ) .  528.2707 (M-side c h a i n )  (101 a n d  

468.2571 (M-side c h a i n  - C 2 H 4 0 2 )  ( 2 0 ) .  'H-nmr (300 MHz, CDC131 6 : 6.89 ( l H ,  m, H-211, 

6 .09 ( l H ,  m, H-22). 6 .07  ( l H ,  s ,  H-2'). 5 . 6 3  ( l H ,  m, W i  = 7.0 Hz ,  H-1). 5 .44  ( l H ,  m, W +  = 

6 .9  Hz ,  H-31, 5 .36 ( l H ,  m, H-15), 4 .18 ( l H ,  d ,  J = 3.3 Hz, H-7). 3.96 ( l H ,  d d ,  J = 1 2 . 6  a n d  

3 . 3  Hz, H-61, 3.70 ( l H ,  d ,  J = 7 .2  Hz ,  H - 2 8 d ,  3.56 ( l H ,  d ,  J = 7 .2  Hz ,  H-28e) ,  3 .47 (3H,  s ,  

OMe), 3 .44 ( l H ,  d ,  J = 9 . 0  Hz, H-171, 2.12 ( l H ,  d ,  J = 12.6 Hz, H-5). 2 .65 ( l H ,  t ,  Jgsll0 = 

JgSl l3  = 6.0 Hz ,  H-9). 2.43 ( l H ,  d d ,  J = 1 2 . 6  Hz, J160,15 = 6.4 Hz, H-16a) ,  2.36 ( l H ,  
gem 

d d ,  J = 1 6 . 0  Hz ,  J l l g , 9  = 6 . 0  Hz ,  H- l lB) ,  2 .27 ( l H ,  m, H-28), 2 .20  ( l H ,  m, H - l l o ) ,  2.15 
gem 

( l H ,  m, H-166). 2 .03  (1H.  m, H - 2 4 ,  2 . 1 1  a n d  1.92 (each  3H,  br.s, 'C=CHCOO),  1 .98  a n d  
/ 

1 .97  (each  3H,  s ,  2xOAc) .  1 . 7 1  ( 3 H ,  d ,  J = 1.2 Hz ,  H-181, 1 . 2 8  (3H,  s ,  H-30). 1 . 2 5  ( 3 H ,  s ,  

H-29) a n d  1 . 1 9  (3H,  s ,  H-19). 
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