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A b s t ~ a c t  - A s i m i c i n .  a new t r i h yd roxy -b i s t e t r ahyd ro fu ran  f a t t y  a c i d  Y -  - 

l a c t o n e  has  been i s o l a t e d ,  u s i n g  b r i n e  s h r i m p  l e t h a l i t y  f o r  a c t i v i t y -  

d i r e c t e d  f r a c t i o n a t i o n ,  f r o m  e x t r a c t s  o f  t h e  b a r k  and t h e  seeds  o f  t h e  

pawpaw t r e e ,  A s i m i n a  t r i l o b a  Duna l .  (Annonaceae) .  T h i s  compound i s  

e x t r e m e l y  c y t o t o x i c  and shows p r o m i s i n g  p e s t i c i d a l  a c t i v i t i e s .  

A  95% e t h a n o l  e x t r a c t  o f  t h e  l e a v e s  and t w i g s  o f  t h e  pawpaw, A s i m i n a  t r i l o b a  Duna l .  

(~nnonaceae) ' ,  was t o x i c  t o  m i c e  a t  6.25 rnglkg i n  t h e  3PS l y rnphocy t i c  l eukemia  system.' T e s t i n g  

o f  t h e  seeds,  wood, b a r k ,  l e a v e s  and t w i g s ,  i n  a  c o n v e n i e n t  b i o a s s a y  i n v o l v i n g  b r i n e  s h r i m p  

~ e t h a l i t y , ~  de te rm ined  t h e  ba rk  t o  be t h e  most  p o t e n t  p l a n t  p a r t .  Through m u l t i p l e  p a r t i t i o n i n g 8  

and ch romatograph ic  s teps,  m o n i t o r i n g  t h e  f r a c t i o n a t i o n s  w i t h  t h i n - l a y e r  chromatography and b r i n e  

sh r imp  l e t h a l i t y ,  a s i r n i c i n  (1). a novel  acetogenin,  was i s o l a t e d  as a  ma jo r  b i o a c t i v e  component o f  

t h e  ba rk  and t h e  seeds. 

P r e v i o u s l y  r e p o r t e d  l i n e a r  Annonaceous a c e t o g e n i n s  i n c l u d e  t h e  c y t o t o x i c l a n t i t u m o r  

compounds, u v a r i c i n 4  (21 and  d e s a c e t y l u v a r i c i n 5  f r o m  Uvaria a c c u m i n a t a  and r o l l i n i c i n ,  

i s o r o l l  i n i ~ i n , ~  and  r o 1 1 i n o n e 7  f r o m  R o l l  i n i a  p a p i l l i o n e l l a ,  and t h e  a n t i m i c r o b i a l  compounds, 

c h e r i m o l i n e  and d i h y d r o c h e r i m o l i n e  f rom Annona ~ h e r i m o l i a . ~  A s i m i c i n  ( 1 )  was e x t r e m e l y  c y t o t o x i c  

i n  t h e  9KB (human n a s o p h a r y n g e a l  c a r c i n o m a ,  ED50 < 1 W 5  u g l m l )  a n d  t h e  9PS ( m u r i n e  l y m p h o c y t i c  

l eukemia ,  ug l rn l )  s ~ s t e m s . ~  P r o m i s i n g  p e s t i c i d a l  a c t i v i t y 9  p a r a l l e l e d  t h e  b r i n e  sh r imp  

l e t h a l i t y  t h r o u g h o i ~ t  t h e  f r a c t i o n a t i o n  of t h e  ba rk  and i n c l u d e d  s i g n i f i c a n t  a c t i v i t y  aga ins t  t h e  

s t r i p p e d  cucumber b e e t l e ,  Mexican bean b e e t l e ,  mosqu i to  l a r v a e ,  b l o w f l y  l a r v a e ,  melon aphid, t w o  

s p o t t e d  s p i d e r  m i t e ,  and t h e  f r e e - l i v i n g  nematode ,  C a e n o r a b d i t i s  e l e g a n s .  These p e s t i c i d a l  

a c t i o n s  o f  a s i m i c i n  f u r t h e r  e x p a n d  t h e  s p e c t r u m  o f  b i o l o g i c a l  a c t i v i t i e s  o f  t h i s  new c l a s s  o f  

n a t u r a l  compounds. 



A s i m i c i n  (1 )  was i s o l a t e d  as a w h i t i s h  w a x  (mp 68-6gaC). The h i g h  r e s o l u t i o n  f a s t  atom 

bombardment (FAB) MS gave an MH+ a t  mfz 623.4863 (calc .  623.4863) co r respond ing  t o  t h e  m o l e c u l a r  

fo rmu la  C37H6607. The presence o f  t h r e e  hydroxy l  m o i e t i e s  was obvious by t h r e e  success ive  losses  

of w a t e r  ( m f z  1 8 )  f r o m  t h e  m o l e c u l a r  i o n  ( F i g u r e  1). The f o r m a t i o n  o f  a t r i a c e t a t e  ( 3 )  

( A c 2 0 / p y r i d i n e )  and broad 1K a b s o r p t i o n  a t  3420 ern-I c o n f i r m e d  t h e  presence o f  t h r e e  hydroxy ls .  

A p o s i t i v e  response t o  Kedde's reagent1' suggested t h e  presence o f  an a, 8 - u n s a t u r a t e d  

lactone.  An IR ca rbony l  a b s o r p t i o n  band a t  1750 cm-' and a  UV (MeOH) A m a x  a t  208 nm ( E  = 14,300) 

R R '  R" 

1 A s i m i c i n  OH OH OH 

2 U v a r i c i n  OAc OH H 

3  A s i m i c i n  t r i a c e t a t e  OAc 0Ac OAc 

a l s o  i n d i c a t e d  an a .  0-unsaturated lactone.  I n  a d d i t i o n ,  s e l e c t i v e  ' H - ~ H  decoup l ings  i n  t h e  'H 

NMR (COC13) showed a s s o c i a t e d  s i g n a l s  a t  6 7.U ClH, H(35). q ,  J = 1.5, 1.51, 5.06 [ l H ,  H(36) .  qq, 

J = 6.8, 1.5, 1.51, and 1.41 [3H, H(37), d, J = 6.81, s p e c i f i c a l l y  i n d i c a t i n g  a n a ,  0 - u n s a t u r a t e d  

7- lactone' '  (Table 1). These assignments were con f i rmed i n  t h e  13c NMR spectrum by resonances 

a t  6174.6 ClC, s, C ( 1 ) I .  151.8 CIC,~ ,  C(35)1, 131.1 [IC, s, C ( z ) I ,  78.0 CIC, d, C ( 3 6 ) l  and 19.1 

ClC, q, C ( 3 7 ) I .  

Fur thermore,  t h e  13c NMR spectrum o f  a s i m i c i n  (1) showed s i g n a l s  due t o  oxygen-bear ing 

c a r b o n s  a t  6  74.0 C2C, d, C(151 a n d  C ( 2 4 ) l  a n d  69.9 [LC, d, C(4)1, s u g g e s t i n g  t h r e e  s e c o n d a r y  

h y d r o x y l  m o i e t i e s ,  t w o  o f  w h i c h  w e r e  e q u i v a l e n t .  I n  t h e  IH NMR (CDC13) s p e c t r u m ,  a  s i g n a l  a t  

6  3.37 (2H, b r q )  was a t t r i b u t e d  t o  t h e  h y d r o g e n s  a t  C(15)  and  C(24) ,  and a s i g n a l  a t  6  3.86 ( l H ,  

m )  was a t t r i b u t e d  t o  t h e  p r o t o n  a t  C(4). These a s s i g n m e n t s  w e r e  s u b s t a n t i a t e d  b y  t h e  IH NMR 

Spectrum of t h e  t r i a c e t a t e  i n  which s i g n a l s  f o r  t h e  C(15) and C(24) p ro tons  were s h i f t e d  d o w n f i e l d  

t o  6  4.85, and t h e  C(4) p r o t o n  s i g n a l  was s h i f t e d  d o w n f i e l d  t o  6 5.10. 

The b i s t e t r a h y d r o f u r a n  h e t e r o c y c l i c  m o i e t y  was i n d i c a t e d  b y  m u l t i p l e  resonances  f o r  

f i v e  p ro tons  between 6 3.79-3.89 i n  t h e  'H NMR (CDC13) spectrum; these  were reso lved  i n  C6D6 i n t o  

s i g n a l s  a t  63.86 (2H, m ) ,  3.77 ( l H ,  m ) ,  and 3.73 (2H, m). These p r o t o n  r e s o n a n c e s  and s i g n a l s  i n  
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t h e  13c NMR (CDCI3)  a t  6  81.8 C2C, d, C(19)  and  C ( 2 0 ) l  and 83.1 CZC, d, C(23)  and C ( 1 6 ) l  were 

d i r e c t l y  analogous t o  s i m i l a r  s i g n a l s  i n  u v a r i c i n 4 .  The s a t u r a t e d  a l k y l  chain,  t y p i c a l  o f  t h e  

ace togen ins ,  was suggested by m u l t i p l e  CH2-resonances between 6  29.7-25.5 i n  t h e  13c NMR spectrum 

and s i g n a l s  a t  60.86 [3H, C(34). t l  and 1.25 (ca.  32H, b r o a d )  i n  t h e  'H N M R  (CDC13). 

C o n f i r m a t i o n  o f  t h e  s t r u c t u r a l  p l a c e m e n t  o f  t h e  t h r e e  h y d r o x y l  g r o u p s  was based  o n  

s e l e c t i v e  IH-~H decoup l ing  exper imen ts  and t h e  FAB MS f ragmenta t ion  p a t t e r n .  Decoup l ing  of t h e  

t w o  e q u i v a l e n t  o x y g e n - b e a r i n g  m e t h i n e  p r o t o n s  a t  6  3.45 i n  C606 showed a s s o c i a t i o n  w i t h  t h e  

p r o t o n s  o f  C(23)  and C(16)  a t  63.86, s u g g e s t i n g  t h e  p r e s e n c e  o f  h y d r o x y l  g r o u p s  a t  C(15)  and 

C(24) .  In t h e  FAB M S ,  o - c l e a v a g e  b e t w e e n  C ( 2 4 )  and  C(23)  gave  f r a g m e n t s  a t  m l r  1 7 1  and m l z  153  

(171-H20) .  a - C l e a v a g e  b e t w e e n  C ( 1 6 )  and  C(15)  p r o d u c e d  a  f r a g m e n t  a t  m l z  311 f o l l o w e d  b y  

s e q u e n t i a l  l o s s  o f  t w o  males o f  wa te r ;  such a  f r a g m e n t a t i o n  suggested t h a t  t h e  r e m a i n i n g  hydroxy l  

g r o u p  m u s t  b e  a t t a c h e d  a t  one o f  t h e  c a r b o n s  b e t w e e n  C(3 -14)  ( s e e  F i g u r e  1). D e c o u p l i n g  o f  t h e  

oxygen-bear ing meth ine  p r o t o n  a t  6  3.77 showed a s s o c i a t i o n  w i t h  s i g n a l s  a t  2.51 ( l H ,  dddd) and 

2.38 ( I H ,  d d t ) .  The s i g n a l s  a t  6  2.51 and  2.38 w e r e  a t t r i b u t e d  t o  n o n e q u i v a l e n t  m e t h y l e n e  

p r o t o n s  a t  C(3) ,  w i t h  t h e  n o n e q u i v a l e n c e  b e i n g  a  r e s u l t  o f  t h e  h y d r o x y l  g r o u p  a t  C(4). The 

m e t h y l e n e  p r o t o n s  a t  C ( 3 )  e x h i b i t e d  g e m i n a l  c o u p l i n g  ( J  = 15) ;  t h e  p r o t o n  a t  6  2.51 ( 3 a )  was 

c o u p l e d  t o  t h e  p r o t o n  o f  C(4 )  ( J  = 3.5); and t h e  p r o t o n  a t  62.38 ( 3 b )  was c o u p l e d  t o  t h e  same 

p r o t o n  ( J  = 81.'' P r o t o n  3a a l s o  e x h i b i t e d  long-range c o u p l i n g  w i t h  t h e  p r o t o n  a t  C(35) ( J  = 1.2) 

and C(5a) (J=1.7), and p r o t o n  3b showed l o n g  range c o u p l i n g  t o  t h e  p r o t o n  on C(36) ( J  = 1.5) and 

C ( 3 5 )  (J=1.5). Thus, t h e  t h i r d  h y d r o x y l  a s s i g n m e n t  was c o n c l u d e d  t o  b e  a t  C(4), a  n o v e l  f e a t u r e  

f o r  t h e  acetogenins.  C o n f i g u r a t i o n s  a t  t h e  c h i r a l  c e n t e r s  rema in  unresolved.  

Me 

F i g u r e  1. FAB MS o f  A s i m i c i n  (MH+, m lz  623.4863, c a l c .  623.4863). 

1 1 9 9 -  



TAELE I .  and 13c Chemical Sh i f ts  (6) and '11-II Coupling Constants (J. Hz) af Rs imic in  (1) and 
Asimicin T r i a c e t a t e  (3 ) .  
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a )  I n  C D C I 3  b,  In C6U6 C, I n  C D C I 3 ,  recorded a t  200 MHz These rnethylene carbon assignments 
a r e  t e n t a t i v e ,  and nay be interchanged. 
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