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CHEMISTRY AND BIOLOGY OF A 

N E W  CLASS OF P L A N T  PRODUCTS+ 

ggg414g L L S E ~ ~ Z ,  EP:!@$~ ygg a n d  Bngnr ----- I a n  --- ~ e r i i a *  ------ 
B i o c h e m i c a l  I n s t i t u t e ,  U n i v e r s i t y  o f  Ghen t ,  L e d e n a n c k s t r a a t ,  

Ghen t ,  Belgium.  

A g r o u p  o f  u v - s e n s i t i v e  h e t e r o c y c l i c  compounds 

c h a r a c t e r i z e d  a s  i s o x a z o l i n - 5 - o n e s  were  found  i n  some 

legume s e e d l i n g s .  T h e i r  i s o l a t i o n ,  p u r i f i c a t i o n  and 

s t r u c t u r a l  i d e n t i f i c a t i o n  a r e  e x p l a i n e d .  With emphas i s  

on t h e  p a r t i c u l a r  p r o p e r t i e s  o f  t h e  n a t u r a l  p r o d u c t s  

- c h e m i c a l  a n d  p h o t o c h e m i c a l  d e g r a d a t i o n  - t h e  c h e m i s t r y  

of N - s u b s t i t u t e d  i s o x a z o l i n - 5 - o n e s  i s  r e v i e w e d .  The 

s e c o n d  p a r t  o f  t h i s  p a p e r  d e a l s  w i t h  t h e  d i s t r i b u t i o n ,  

m e t a b o l i s m  and w i t h  some b i o l o g i c a l  a s p e c t s  o f  t h e  

t i t l e  compounds.  T h e i r  p o s s i b l e  o r i g i n  a n d  f u n c t i o n  

a r e  d i s c u s s e d .  

I n  some legume s e e d l i n g s  i s o x a z o l i n - 5 - o n e  d e r i v a t i v e s  a r e  p r e -  

s e n t  i n  h i g h  c o n c e n t r a t i o n s .  The n a t u r a l  o c c u r r e n c e  of  t h e  i s o x a -  

1 z o l i n - 5 - o n e  r i n g  was f i r s t  r e c o g n i z e d  i n  1969  . From a  s m a l l  number 

o f  p l a n t  s o u r c e s ,  e i g h t  d e r i v a t i v e s  h a v e  now b e e n  c h a r a c t e r i z e d ,  

f o u r  of t h e s e  a r e  a-amino a c i d s .  

Dedicated to P ro fesso r  Tsunematsu Takemoto on the occasionoC his retirement.  



2-6 
Legume s e e d s  form a  r i c h  s o u r c e  of  non -p ro t e in  amino a c i d s  , 

even s o  t h a t  chemotaxonomic s t u d i e s  can  be  ba sed  on t h e i r  d i s t r i -  

b u t i o n .  S e e d l i n g s  of  t h e  garden  pea  ( P h  sa t ivum)  have been 

f r e q u e n t l y  used  t o  s t u d y  n i t r o g e n  metabol i sm,  n i t r o g e n  t r a n s p o r t  
6-8 

o r  t o  s t u d y  t h e  o c c u r r e n c e  and t h e  metabol ism of t h e  f r e e  amino 

acids9-' ' ,  p a r t i c u l a r l y  homoserine 17-24 

There i s  l i t t l e  doubt t h a t  some unknown compounds mentioned by a  

number of  a u t h o r s  may be  i d e n t i c a l  t o  t h e  h e t e r o c y c l i c  amino a c i d s  

s t u d i e d  i n  ou r  l a b o r a t o r y  Other  a u t h o r s  who used  d i l u t e  

a l k a l i  i n  t h e i r  e x t r a c t i o n  procedure  may have d e s t r o y e d  t h e  

i soxazo l i n -5 -one  amino a c i d s  i n  t h e  i s o l a t i o n  p r o c e s s  10-12,0r t h e y  

may have used  o l d e r  p l a n t  m a t e r i a l  where t h e  i soxazol in -5-one  

d e r i v a t i v e s  a r e  v i r t u a l l y  a b s e n t  17 ,24 .  

Tu t h e  a u t h o r s '  l a b o r a t o r y ,  two u r a c i l  amino a c i d s  and 

e i g h t  i soxazo l i n -5 -one  d e r i v a t i v e s  have been i s o l a t e d  and cha rac -  

t e r i z e d .  Bes ides  t h e i r  chemica l  name, t h e y  a r e  a l s o  d e s i g n a t e d  

by a  Roman numeral  ( s e e  F i g .  I ) ,  a v o i d i n g  t h e  i n t r o d u c t i o n  of 

new t r i v i a l  names. 

I s o l a t i o n  and i d e n t i f i c a t i o n  

Van P a r i j s  and coworke r s ,  w h i l e  l o o k i n g  f o r  n u c l e i c  a c i d  

p r e c u r s o r s  i n  t h e  e l o n g a t i n g  a x i s  of pea  s e e d l i n g s ,  found f o u r  

p r o d u c t s  w i th  p romi s ing  uv s p e c t r a  and hav ing  a-amino a c i d  p rope r -  

t i e s 2 7 .  Two o f  t h e s e  p r o d u c t s  were r a t h e r  s t a b l e ,  e v e n t u a l l y  i t  

was conc luded  t h a t  t h e y  were t h e  i s o m e r i c  8 - u r a c i l - a l a n i n e s  : 

v i l l a r d i i n e  ( I V )  and i s o w i l l a r d i i n e  ( 1 1 ) ~ ~ .  Two o t h e r  p r o d u c t s  

( I  and 111) were very  s e n s i t i v e  t o  u v - i r r a d i a t i o n  and t o  d i l u t e  

a l k a l i .  The u v - s p e c t r a  of  I and I11 i n  w a t e r  a t  d i f f e r e n t  pH 

were ve ry  s i m i l a r  t o  t h o s e  o f  6-amino u r a c i l  d e r i v a t i v e s  and it 
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H 
compound I1 

13-0-glumre y"' 
YH-NH2 
COOH 

compound I11 compwnd I V  

I : R  = - c H ~ - c H ' ~ ~ ~  -CWH 
/NH2 

V : R = - C H 2 - C H 2 - N H  - C O - C H 2 - C H y C H , C O O H  

NH2 
VI : R  = - C H Z - C H 2 - C H  - COOH 

VII : R = - C H 2 - C H 2  - N H 2  

Fig. 1 : Structures of heterocyclic compounds isolated from 6-day- 

old seedlings of pee (pisum sativum) (I-IV) and from 10-day-old 

seedlings of sweet pea (Lathyrus odoratus) (I, 111, V-X). 

I : 6-(isoxazolin-5-one-2-yl)-alanine, 11 : B-(uracil-3-y1)-alanine 

or isowillardiine, I11 : 8-(2-8-D-glucopyranosyl-isoxazolin-9-one- 

4-~1)-alanine, IV : 8-(uracil-1-y1)-alanine or Willardiine, 

V : 2-(y-glutamyl-aminoethy1)-isoxazolin-5-0, VI : a-amine-y- 

(isoxazolin-5-one-2-y1)-butyric acid, VII : 2-aminoethyl-isoxazolin- 

5-one, VIII : 8-(isoxazolin-5-one-2-yl)-propionitrile, IX : 2-8- 

D-glucopyranosyl-isoxazolin-5-one, X : 2-carboxymethyl-isoxazolin- 

5-one. 

- 569 - 



was s u g g e s t e d  t h a t  t h e s e  p r o d u c t s  h e a r  some s t r u c t u r a l  r e l a t i o n s h i p  

t o  t h e  p l a n t  p y r i m i d i n e s  v i c i n e  a n d  c o n v i c i n e 2 ' .  When t h e  nmr s p e c -  

t r a  became a v a i l a b l e  t h e  p r e s e n c e  of a  f i v e  membered h e t e r o c y c l i c  

r i n g  became c l e a r .  A f t e r  c o m p a r i s o n  of t h e  c h e m i c a l  and s p e c t r a l  

p r o p e r t i e s  o f  t h e  n a t u r a l  p r o d u c t s  I and 111 w i t h  s y n t h e t i c  N - s u b s t i -  

t u t e d  i s o x a z o l i n - 5 - o n e s  o b t a i n e d  a s  a  g i f t  f rom De s a 1 - 1 0 ~ ~  t h e  p i e c e s  

o f  t h e  p u z z l e  f e l l  i n t o  p l a c e .  

For  t h e  i s o l a t i o n  o f  t h e  i s o x a z o l i n - 5 - o n e  d e r i v a t i v e s ,  6-day-old  

d a r k  grown p e a  s e e d l i n g s  o r  10 -day-o ld  d a r k  grown s w e e t  p e a  

( L a t h y r u s  o d o r a t u s )  s e e d l i n g s  were  g e n e r a l l y  u s e d .  For  p r e p a r a t i v e  

i s o l a t i o n  t h e  c o t y l e d o n s  were  d i s c a r d e d  b e c a u s e  o f  t h e  much l o w e r  

c o n c e n t r a t i o n  on a  d r y  w e i g h t  b a s i s .  The t i s s u e  was e x t r a c t e d  by 

c o l d  7 0  % e t h y l  a l c o h o l ,  1 N p e r c h l o r i c  a c i d  o r  5  % t r i c h l o r o  a c e t i c  

a c i d  ; o r  t h e  p r e s s e d  o u t  j u i c e  was d i a l y z e d  a g a i n s t  w a t e r .  The 

e x t r a c t s  were  s e p a r a t e d  by c a t i o n  e x c h a n g e  c h r o m a t o g r a p h y  on Dowex 

50 W (H ' ) ,  f rom which I X ,  X and V I I I  were  e l u t e d  o u t  w i t h  w a t e r  i n  

t h i s  o r d e r .  The Dowex column was e l u t e d  f u r t h e r  w i t h  a  l i n e a r  

g r a d i e n t  of K C 1  ( 0 - 2  N ) ,  t o t a l  volume 1 0  1 f o r  a  b e d  volume o f  a b o u t  

1 . 2 5  1. The p e a k  c o n t a i n i n g  111 w a s  e l u t e d  o u t  a f t e r  3 .3  1. ( 0 . 6  N ) .  

I ,  I1 a n d  I V  w e r e  e l u t e d  o u t  t o g e t h e r  a t  a b o u t  1 N H C 1 .  V and V I  were  

e l u t e d  o u t  a t  1 . 5  N K C 1  as a  d o u b l e  p e a k ,  t h e  f r o n t  p a r t  c o n t a i n i n g  

m a i n l y  V .  V I I  was e l u t e d  o u t  a t  a b o u t  2 N H C l .  F u r t h e r  p u r i f i c a t i o n  

was a c h i e v e d  by p a s s i n g  t h e  p r o d u c t s , d i s s o l v e d  i n  N20, t h r o u g h  a  

Dowex 1 ( K C O O - )  co lumn,  where  o n l y  V I I I  w a s  s l i g h t l y  r e t a i n e d  h u t  

was e l u t e d  o u t  w i t h  H20 a n d  t h e  a c i d i c  X was e l u t e d  o u t  w i t h  2  N 

H C O O H .  C r y s t a l l i z a t i o n  a s  a  p u r i f i c a t i o n  s t e p  c o u l d  b e  u s e d  w i t h  

I ,  11, 111, V ,  V I  a n d  X. V I I  a n d  I X  were  p u r i f i e d  by p a p e r  chroma- 

t o g r a p h y .  V I I I  c o u l d  h e  e a s i l y  p u r i f i e d  b e c a u s e  o f  t h e  n o n - i o n i c  

a d s o r p t i o n  on b o t h  Dawex 1 a n d  Dowex 50 r e s i n s  a n d  t h e  s o l u b i l i t y  

i n  c h l o r o f o r m .  
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The p r o d u c t s  c a n  b e  i d e n t i f i e d  by p a p e r  c h r o m a t o g r a p h y  : t h e  

Rf v a l u e s  i n  f o u r  s o l v e n t s  were  r e p o r t e d 2 7 .  A f t e r  r e a c t i n g  w i t h  a  

n i n h y d r i n  s p r a y ,  compound I g i v e s  a n  u n u s u a l  r e d - o r a n g e  c o l o r  which 

c h a n g e s  g r a d u a l l y  t o  p u r p l e  a f t e r  1 o r  2  h o u r s .  V I I  g i v e s  a  

s i m i l a r  b u t  s t a b l e  c o l o r .  I n  t h e  same c o n d i t i o n s  V I I I  g i v e s  a  

f a i n t  t u r q u o i s  c o l o r  l i k e  $-amino p r o p i o n i t r i l e .  The u s e  o f  a  

c o n v e n t i o n a l  amino a c i d  a n a l y z e r ,  combin ing  u v - d e t e c t i o n  (254  o r  

260 nm) w i t h  n i n h y d r i n  d e t e c t i o n , p e r m i t s  t h e  l o c a l i z a t i o n  o f  

t h e  compounds I t o  V I I I  ( s e e  F i g .  2 ) .  

The i d e n t i t y  of t h e  i s o x a z o l i n - 5 - o n e  d e r i v a t i v e s  c a n  b e  

c o n f i r m e d  by u s i n g  t h e i r  s p e c i f i c  p r o p e r t i e s  : a  h i g h  s e n s i t i v i t y  

t o  u v - i r r a d i a t i o n  and a r a p i d  d e g r a d a t i o n  i n  d i l u t e  a l k a l i .  Fur-  

t h e r m o r e ,  t h e  u v - p h o t o l y s i s  p r o d u c t s  can  be e a s i l y  i d e n t i f i e d .  

C H E M I S T R Y  

Uv s p e c t r a  The n a t u r a l  o c c u r r i n g  2-substituted-3-isoxazolin-5-ones 

h a v e  o n l y  one t a u t o m e r i c  fo rm,  which  makes t h e  n o t a t i o n  3 

s u p e r f l u o u s .  The chromophore  i s  v e r y  s i m i l a r  t o  t h e  chromophore  

o f  some i m p o r t a n t  n a t u r a l  p y r i m i d i n e s  h e n c e  t h e  u v - s p e c t r a  a r e  

v e r y  s i m i l a r . ( A  a r o u n d  265 nm, A m a x  I X  a t  260 .nm) .  I n  a l k a l i n e  
max 

s o l u t i o n  a b a t h o c h r o m i c  s h i f t  o f  2  nm i s  o b s e r v e d  i n  t h e  uv s p e c t r a  

o f  I a n d  111, w i t h  a  s p e c t r o p h o t o m e t r i c  pK-value  o f  7 . 9 l  and a b o u t  

r e s p e c t i v e l y .  T h i s  c o i n c i d e s  w i t h  t h e  d e p r o t o n a t i o n  of t h e  

a-amino g r o u p  i n  t h e  s i d e  c h a i n .  I n  t h e  u v - s p e c t r u m  o f  V I  a  s h i f t  

o f  1 nm i s  o b s e r v e d  a t  a l k a l i n e  pH. 

A l k a l i n e  d e g r a d a t i o n  I n  a l k a l i n e  medium t h e  n a t u r a l  i s o x a z o l i n -  

? -ones  a r e  u n s t a b l e .  A t  room t e m p e r a t u r e  t h e  uv a b s o r p t i o n  d i s -  

a p p e a r s  i r r e v e r s i b l y  w i t h  a h a l f  l i f e  t i m e  of a b o u t  2  h o u r s  a t  pH 
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1 0  a n d  a b o u t  6  min a t  pH 1 2 .  A t  pH 1 2  t h e  h a l f  l i f e  t i m e  o f  I ,  

I11 and 2 , 4 - d i m e t h y l  i s o x a z o l i n - 5 - o n e  i s  6 m i n ,  37  s e c  and 8 min 

r e s p e c t i v e l y .  I n  t h e  p r e s e n c e  o f  4 % f o r m a l d e h y d e  t h e  h a l f  l i f e  

3 1 t i m e  i s  e x t e n d e d  t h r e e  t o  t e n f o l d  . The h e t e r o c y c l i c  r i n g  i s  

h y d r o l y z e d  i n  6  N H C 1  a t  100°C f o r  1 8  h r s .  A f t e r  h e a t i n g  i n  

1 N H C 1  o r  H2SO4 f o r  1 h r ,  I was a l m o s t  u n a l t e r e d  b u t  I11 was 

3 1  p a r t i a l l y  d e g r a d e d  . 
I n  0 .25  M NaIOh a t  room t e m p e r a t u r e ,  t h e  s i d e  c h a i n  o f  I 

a n d  11 i s  s l o w l y  o x i d i z e d ,  u s i n g  a b o u t  2  e 9 . o f  1 0 ~ -  a f t e r  

3 1  7 d a y s ,  w h i l e  t h e  h e t e r o c y c l i c  r i n g  i s  unchanged  . On t h e  

o t h e r  hand  c a t a l y t i c  h y d r o g e n a t i o n  o f  i s o x a z o l e s  l e a d s  t o  r i n g  

o p e n i n g  a t  t h e  N-0 bond .  32 ,54  

While  3 , 5 - d i s u b s t i t u t e d  i s o x a z o l e s  a r e  v e r y  s t a b l e  t o  

b a s e s 3 2 ,  o t h e r  i s o x a z o l e s  can  u n d e r g o  d i f f e r e n t  modes o f  r i n g  

c l e a v a g e  b y  a l k a l i n e  r e a g e n t s  d e p e n d i n g  upon t h e  n a t u r e  of t h e  

~ u b s t i t u e n t s ~ ~ ' ~ ~ .  The a l k a l i n e  r ing .opening o f  2 -me thy l - i soxaza l in -  

5-ones o c c u r s  a t  room t e m p e r a t u r e  o n l y  when p o s i t i o n  3  i s  n o t  

s u b s t i t u t e d ,  y i e l d i n g  N-methyl monoamides o f  t h e  c o r r e s p o n d i n g  

m a l o n i c  a c i d   derivative^^^. A f t e r  a l k a l i n e  t r e a t m e n t  o f  I ,  t h e  

1 6-malonyl  d e r i v a t i v e  of a , @ - d i a m i n o p r o p i o n i c  a c i d  was found  . 

P h o t o l y s i s  The p h o t o c h e m i c a l  r e a c t i o n s  o f  i s o x a ~ o l e s ~ ~  a n d  

b e n z i s o ~ a z o l e s ~ ~  w i t h  t h e  f o r m a t i o n  o f  o x a z o l e s  h a v e  b e e n  r e p o r -  

t e d .  From 3 , 5 - d i p h e n y l i s o x a z o l e ,  2 , 5 - d i p h e n y l o x a z o l e  i s  formed 

o v e r  a  t h r e e  membered i n t e r m e d i a t e  a ~ i r i n e ~ ~ ,  d e p e n d i n g  on t h e  

w a v e l e n g t h  o f  t h e  i r r a d i a t i o n .  T h i s  r e a c t i o n  seems t o  b e  r e v e r -  

~ i b l e ~ ~ .  When t h e  3 - p o s i t i o n  o f  t h e  i s o x a z o l  r i n g  i s  n o t  s u b s t i -  

t u t e d ,  t h e  a z i r i n e  i n t e r m e d i a t e  g i v e s  r i s e  t o  a n  a l i p h a t i c  

39 p r o d u c t  i n s t e a d  of an  o x a z o l e  . I n  t h e  p h o t o c h e m i c a l  c o n v e r s i o n  

3  7 of h e n z i s o x a z o l e  t o  b e n z o x a z o l e ,  n o  a z i r i n e  i n t e r m e d i a t e  i s  formed . 



The n a t u r a l  i s o x a z o l  i b o t e n i c  a c i d  (a-amino-u-(3-hydroxy-isoxazoyl- 

5 - y 1 ) - a c e t i c  a c i d )  was c o n v e r t e d  by u v  l i g h t  i n t o  t h e  n a t u r a l  

o x a z o l  muscazone (a-amino-a  ( 2 ( 3 8 )  - 0 x a z o l o n y 1 ) - a c e t i c  a c i d )  
40.  

When a  ~ o - ~ M  s o l u t i o n  o f  I o r  2 , 4  dimethylisoxazolin-5-one 

i s  i r r a d i a t e d  w i t h  a 253 .7  nm l i g h t  s o u r c e ,  s h i e l d e d  f rom h i g h  e n e r g y  

r a d i a t i o n  w i t h  a 60 % s a t u r a t e d  N a - a c e t a t e  s o l u t i o n ,  t h e  uv- spec t rum 

1 
d i s a p p e a r s  w i t h  an  i s o h e s t i c  p o i n t  a t  a r o u n d  215 nm . No new unsa -  

t u r a t e d  h e t e r o c y c l i c  p r o d u c t  seems t o  b e  fo rmed .  

S i n c e  t h e  ch romophores  o f  t h e  n a t u r a l  i s o x a z o l i n - 5 - o n e s  a r e  

s i m i l a r  t o  t h o s e  o f  t h e  n a t u r a l  p y r i m i d i n e s  u r a c i l  a n d  t h y m i n e ,  

t h e i r  p h o t o c h e m i c a l  b e h a v i o u r s  were  compared.  

The p h o t o h y d r a t i o n  o f  u r a c i l  and u r i d i n e  i s  a  w e l l  documented 

phenomenon 41342 .  A w a t e r  a d d i t i o n  a t  t h e  5-6 d o u b l e  bond  o c c u r s ,  

y i e l d i n g  5-hydro-6-hydroxy d e r i v a t i v e s  w i t h  a  quantum y i e l d  ('3) 

o f  21 .6  x  f o r  u r i d i n e .  On h e a t i n g  i n  t h e  a b s e n c e  of u v - l i g h t  

9 0  % o f  t h e  a b s o r b a n c e  a t  260 nm c a n  b e  r e g e n e r a t e d .  The p h o t o h y d r a -  

t i o n  r e a c t i o n  i s  much s l o w e r  i n  KI2oL3 where  70 % o f  t h e  a b s o r b a n c e  

42 was r e g e n e r a t e d  . 
The p h o t o l y s i s  o f  t h e  n a t u r a l  i s o x a z a l i n - 5 - o n e s  and t h e  s y n t h e t i c  

2,~-dimethyl-isoxazolin-5-one show quantum y i e l d s  a b o u t  20 t i m e s  

h i g h e r  t h a n  t h e  quantum y i e l d  o f  u r i d i n e  ( s e e  T a b l e  1 ) .  

To o u r  k n o w l e d g e ,  t h e  n a t u r a l  i s o x a z o l i n - 5 - o n e s  a p p e a r  t o  b e  

t h e  most u v - s e n s i t i v e  n a t u r a l  p r o d u c t s .  High quantum y i e l d s  ( 0 . 3 5 )  

h a v e  a l s o  b e e n  r e p o r t e d  f o r  t h e  p h o t o c o n v e r s i o n  o f  a z i r i n e s  t o  

i s o x a z o l e s  b y  i r r a d i a t i o n  a t  334 nm36. The assumed p h o t o h y d r a t e  

p r o d u c t  o f  N - s u b s t i t u t e d  i s o x a z o l i n - 5 - o n e s  must b e  u n s t a b l e ,  

g i v i n g  r i s e  t o  a number o f  f r a g m e n t s .  I n  a n a l o g y  w i t h  t h e  p h o t o -  

h y d r a t e  o f  u r i d i n e ,  a  3 -hydroxy-4 -d ihydro  s u b s t i t u t i o n  i s  p r o p o s e d  

f o r  t h e  p h o t o h y d r a t e  o f  N - s u b s t i t u t e d  i s o x a z o l i n - 5 - o n e s  
4 4 , 4 5  
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Table 1. Relative quantum yield of the photolysis of several 

natural and one synthetic isoxazolin->-ones, compared to uridine 
a 

as a standard 26,31 

Compound @ in H20 B in D20 

I . 49  .38 

111 .34 .28 

VI .62 

VIII . 49  

x .46 

2,b-dimethylisoxazolin-5-one .46 .33 

uridine .0216 .010 

a. Mercury light source (llanovia TUV, 6 W, shielded with 60 % 

sat. NaAc solution). 

The identification of the photoproducts of the natural iso- 

xazolin-5-ones supports the proposed photor@action and was a very 

helpful tool in the structure analysis. From every product 

isolated, at least one photoproduct was identified. 

From an irradiated solution of I, three new products were 

isolated in small amounts and in low yield (5 % , . a  % and 12 % 

as determined by ninhydrin staining). These photoproducts were 

identified by paperchromatographic and electrophoretic comparison 

with synthetic compounds as a,B-diaminopropPonic acid, a-amino- 

6-malonylarnino propionic acid and a-amino-6-acetylamino propionic 

acid respectively31 (see Fig. 3). 

The malonyl derivative was identical with the product of alkaline 

ringopening. Diaminopropionic acid was also found after acid 

1 hydrolysis of I . 
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P h o t o l y s i s  o f  I11 y i e l d e d  D-glucose  and g l u t a m i c  a c i d  t o g e t h e r  

w i t h  t h r e e  u n i d e n t i f i e d  n i n h y d r i n  r e a c t i n g  p r o d u c t s z 6 .  G l u c o s e  

a n d  g l u t a m i c  a c i d  were  a l s o  formed b y  a c i d  h y d r o l y s i s  o f  111. 

The f o r m a t i o n  o f  g l u t a m i c  a c i d  a s  a p h o t o p r o d u c t  o f  111 can  b e  

e x p l a i n e d  b y  t h e  same scheme t h a t  was v a l i d  f o r  I : t h e  & - s u b s t i -  

t u e n t  a l a n i n e  fo rms  one  f r a g m e n t  w i t h  t h e  r i n g  c a r b o n s  3  a n d  4 

( o r  4 a n d  5 )  which became t h e  C - 4 a n d c - 5 o f  t h e  g l u t a m i c  a c i d  

m o l e c u l e .  G l u c o s e  a c c o u n t s  f o r  48 % o f  t h e  w e i g h t  o f  t h e  m o l e c u l e  

2  6 
111 . 

P h o t o l y s i s  o f  V y i e l d e d  two u n i d e n t i f i e d  n i n h y d r i n  r e a c t i n g  

p r o d u c t s .  On t h e  b a s i s  o f  t h e i r  e l e c t r o p h o r e t i c  m o b i l i t y ,  t h e y  

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

o f  V I I .  A f t e r  m i l d  h y d r o l y s i s  V y i e l d e d  V I I  and g l u t a m i c  acid3' .  

P h o t o l y s i s  o f  V I  y i e l d e d  a , y - d i a m i n o b u t y r i c  a c i d  a n d  u-amino- 

y - a c e t y l a m i n o b u t y r i c  a c i d .  These  a r e  t h e  homologues  o f  p h o t o p r o d u c t s  

o f  I ,  i n d i c a t i n g  t h e  homology b e t w e e n  I a n d  T I .  

P h o t o l y s i s  o f  V I I  y i e l d e d  e t h y l e n e  d i a m i n e  and i t s  m o n o a c e t y l  

d e r i v a t i v e  a s  i n d i c a t e d  by amino a c i d  a n a l y s i s ,  where  t h e  d i a m i n e  

was e l u t e d  w i t h  a  1 N c i t r a t e  b u f f e r  a t  pH 6 . ~ 8 ~ ' .  Bo th  t h e  

46 
n a t u r a l  and t h e  s y n t h e t i c 4 '  compound V I I I  show i d e n t i c a l  s e n s i t i v i t y  

f o r  u v - i r r a d i a t i o n .  I n  t h e  two c a s e s  6 - a m i n o p r o p i o n i t r i l e  was 

t h e  p h o t o p r o d u c t .  

S i m i l a r l y  t h e  n a t u r a l  and t h e  s y n t h e t i c  compound I X  p r o d u c e d  

D-g lucose  a s  p h o t o p r o d ~ c t ~ ~ .  P e r h a p s  t h e  u n s t a b l e  1 -aminog lucose  

was a l s o  formed i n  s m a l l  amounts  a s  s u g g e s t e d  by t h e  a u t o m a t i c  

amino a c i d  a n a l y s i s  o f  an  i r r a d i a t e d  r o l u t i o n  of I X  o r  111. 

The one a c i d i c  compound X y i e l d e d  g l y c i n e  a s  t h e  o n l y  n i n h y d r i n  

r e a c t i n g  p h o t o p r o d ~ c t ~ ~ .  U n t i l  now no a t t e m p t  h a s  b e e n  made t o  

i d e n t i f y  m a l o n i c  a c i d  o r  v o l a t i l e  components  wh ich  e v e n t u a l l y  

m i g h t  b e  formed d u r i n g  t h e  p h o t o c h e m i c a l  r i n g o p e u i n g  o f  t h e  

i s o x a z o l i n - 5 - o n e s .  

- 577 - 



Nmr-spec t ra  S p e c t r o s c o p i c  e x a m i n a t i o n  o f  t h e  n a t u r a l  i s o x a z o l i n -  

5-ones  and  o f  some s y n t h e t i c  2 - s u b s t i t u t e d  o n e s  shows some p o i n t s  

o f  s i m i l a r i t y  which a r e  summarized i n  T a b l e  2 .  The c o u p l i n g  

c o n s t a n t  ( J - v a l u e )  o f  t h e  o l e f i n i c  p r o t o n s  i s  c o n s i s t e n t l y  

3 . 5  H z ,  q u i t e  d i f f e r e n t  from t h e  7  Hz f o r  t h e  o l e f i n i c  p r o t o n s  

i n  t h e  u r a c i l  r i n g s  o f  I1 and  I V .  The i n f r a r e d  s p e c t r a  o f  t h e  

N-substituted-3,b-unsubstituted i s o x a z o l i n - 5 - o n e s  show b a n d s  

a t  c a .  1550 ( c = c ) ,  1720-1730 (C=O),  3060-3080 (3-H) and  3120-3150 cm-I 

(4 -H)49 .  I n  t h e  mass s p e c t r a  m a j o r  p e a k s  o c c u r  w i t h  m/e = 99 

( r i n g  + 1 5 )  o r  m/e = 98 49 ,50  

S y n t h e s i s  A t  t h e  t i m e  t h a t  t h e  n a t u r a l  i s o x a z o l i n - 5 - o n e s  were  d i s -  

c o v e r e d ,  no d e s c r i p t i o n  o f  N-substituted-3,b-unsubstituted i s o x a z o l i n -  

5-ones  was found  i n  t h e l i t e r a t u r e .  While  t h e  i s o x a z o l  r i n g  was 

o f t e n  s y n t h e s i z e d 5 2 ,  we know of  o n l y  a  few a c c o u n t s  an  N - s u b s t i t u t e d  

i s o x a z o l i n - 5 - o n e s  29 ,35 '49 '53-55 .  A number o f  p r o d u c t s  were  SYnthe- 

s i z e d  b y  c o n d e n s a t i o n  o f  N-a lky l  h y d r o x y l a m i n e s  w i t h  0-0x0 

e s t e r s  5  6 2 9 ' 5 3 ' 5 4  o r  b y  a l k y l a t i o n  o f  N - u n s u b s t i t u t e d  compounds . 
S y n t h e s i s  o f  N - s u b s t i t u t e d - 3 , k u n s u b s t i t u t e d  d e r i v a t i v e s  was a c h i e v e d  

o n l y  by d i r e c t  s u b s t i t u t i o n  o f  t h e  f r e e  r i n g  4 9 , 5 0 , 5 4 , 5 7  

The f r e e  i s o x a z o l i n - 5 - o n e  r i n g  was f i r s t  i s o l a t e d  a f t e r  t h e  

r e a c t i o n  o f  h y d r o x y l a m i n e  w i t h  r i b o n u c l e i c  I n  t h e  

r e a c t i o n  of h y d r o x ~ l a m i n e  w i t h  p y r i q i d i n e s ,  t h e  N-0 o f  t h e  i s o x a z o l e  

6 0  
r i n g  o r i g i n a t e s  f rom t h e  h y d r o x y l a m i n e  . Chemical  s y n t h e s i s  o f  

t h e  u n s t a b l e  r i n g  was a c h i e v e d  b y  c y c l i z a t i o n  o f  t h e  e t h y l  e s t e r  

o f  3 - o x i m i n o - p r o p i o n a t e  formed by r e a c t i o n  o f  h y d r o x y l a m i n e  w i t h  

e t h y l f ~ r m y l a c e t a t e ~ ~ ,  o r  w i t h  e t h y l p r o p i o l a t e 5 0 .  The N a - s a l t  o f  

t h e  r i n g  i s  more s t a b l e .  
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T a b l e  2 .  uv  a n p  nmr s p e c t r a l  d a t a  o f  n a t u r a l  a n d  s y n t h e t i c  i s o x a z o -  

l i n - 5 - o n e  d e r i v a t i v e s  and two n a t u r a l  u r a c i l  d e r i v a t i v e s  (11 a n d  

Compound 
u V  'max 

i n  nm 

V I I  

. V I I I  

I X  

'2-OK e t h y l  I s  265 

' 2 , b - d i m e t h y l  Is 273  

N m r  6 v a l u e s  i n  ppm Ref 

1 

25 

2  6 

5  1 

30 

30 

30 

49 

48 

48 

49 

49 

49 

2  6  

a .  
U v - s p e c t r a  were  r e c o r d e d  i n  w a t e r .  Nmr-spec t ra  were  r e c o r d e d  

i n  D20 o r  i n  C D C 1 3  f o r  t h e  p r o d u c t s  m a r k e d ' .  

For  t h e  u r a c i l  d e r i v a t i v e s  (11 a n d  IV)  t h e  s i g n a l s  f o r  t h e  

c o r r e s p o n d i n g  o l e f i n i c  p r o t o n s  6-8,  5-B a n d  J 5-6 a r e  g i v e n .  

I s  s t a n d s  f o r  i s o x a z o l i n - 5 - o n e .  
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A number o f  N - a l k y l - i s a x a z o l i n o n e s  h a v e  b e e n  s y n t h e s i z e d ,  

i n c l u d i n g  two n a t u r a l  p r o d u c t s .  Compounds V I I I  ( 2 - c y a n o e t h y l -  

i s o x a z o l i n - 5 - o n e ) w a s  o b t a i n e d  by r e a c t i o n  o f  a c r y l o n i t r i l e  and 

t h e  f r e e  r i n g  i n  0 . 1  M N a - a c e t a t e  b u f f e r ,  p H  4 .25  a t  room tempe-  

r a t u r e h 9 .  The g l u c o s i d e  ( IX)  was p r e p a r e d  b y  r e a c t i n g  2 , 3 , 4 , 6 -  

t e t r a  a c e t y l - a - g l u c o p y r a n o s y l h r o m i d e  w i t h  i s o x a z o l i n - 5 - o n e  Na- 

s a l t  i n  d r y  m e t h a n o l 4 8 .  The two n a t u r a l  p r o d u c t s  V I I I  and TX 

+ 
were  p r o d u c e d  i n  p o o r  y i e l d  ( -  1 %),  w h i l e  t h e  a l k y l a t i o n s  o f  

t h e  r i n g  h a d  much h i g h e r  y i e l d  (20-50 % ) .  The p r o d u c t i o n  o f  

l h c  l a b e l l e d  n a t u r a l  i s o x a z o l i n - 5 - o n e s  by s u b s t i t u t i o n  o f  t h e  

5 7 f r e e  l a b e l l e d  r i n g  i s  t h e r e f o r e  uneconomica l  . 
A t t e m p t s  t o  s y n t h e s i z e  t h e  o t h e r  n a t u r a l  i s o x a z o l i n - 5 - o n e s  

h a v e  b e e n  u n s u c c e s s f u l  t h u s  f a r  50 ,57  

BIOLOGICAL ASPECTS 

The h e t e r o a r o m a t i c  N - s u b s t i t u t e d  i s o x a z o l i n - 5 - o n e  d e r i v a t i v e s  

have  b e e n  found  i n  h i g h  c o n c e n t r a t i o n  i n  a  s m a l l  number o f  legume 

s p e c i e s , b e l o n g i n g  t o  t h e  V i c i e a e .  No chemotaxonomic s c r e e n i n g  h a s  

b e e n  done .  Compound I was i d e n t i f i e d  i n  Pisum s a t i v u m ,  Pisum a r v e n s e ,  

L a t h s r u s  o d o r a t u s ,  L a t h y r u s  l a t i f o l i u s , -  c u l i n a r i s  and xicia 

s a t i v a .  Compound 111 was found  t o g e t h e r  w i t h  I ,  e x c e p t  i n  6 .  l a t i -  

folix, of which o n l y  a  s m a l l  s ample  o f  s e e d l i n g s  was u s e d .  The 

o t h e r  i s o x a z o l i n - 5 - o n e s  have  t h u s  f a r  o n l y  b e e n  i s o l a t e d  f rom 

L. o d o r a t u s ,  e x c e p t  V I I I  t h a t  was f o u n d  a l s o  i n  & l a t i f o l i u s .  - 
The c o n c e n t r a t i o n  o f  h e t e r o c y c l i c  amino a c i d s  and i t s  

e v o l u t i o n  d u r i n g  t h e  deve lopment  o f  p e a  s e e d l i n g s  h a s  b e e n  s t u d i e d  

by p a p e r  c h r o m a t o g r a p h y L 4  a n d  by amino a c i d  a n a l y s i s 6 1 .  On a  d r y  

w e i g h t  b a s i s ,  maximum c o n c e n t r a t i o n s  o f  I and I1 a r e  r e a c h e d  a f t e r  

6 t o  8 d a y s  of g e r m i n a t i o n .  I n  d i f f e r e n t  p a r t s  o f  t h e  s e e d l i n g  

a x i s ,  1 t o  2  % o f  I and a b o u t  0 . 1  % o f  I1 i s  r e a c h e d .  No g r e a t  



d i f f e r e n c e s  a r e  o b s e r v e d  w h e t h e r  t h e  s e e d l i n g s  a r e  grown i n  t h e  

d a r k  o r  u n d e r  c o n t i n u o u s  l i g h t 4 ' .  A maximum amount p e r  p l a n t  o r  

p e r  p l a n t  p a r t  i s  r e a c h e d  i n  a  l a t e r  s t a g e .  A f t e r  two  weeks  a f  

g e r m i n a t i o n ,  a b o u t  3  umoles  o f  I i s  f o u n d  p e r  s e e d l i n g  ( w i t h o u t  

6 i 
t h e  c o t y l e d o n s )  a n d  a b o u t  2 umoles  i n  a p a i r  o f  c o t y l e d o n s  . 

I n  1 0 - d a y - o l d  s e e d l i n g s  o f  L a t h y r u s  o d o r a t u s  ( w i t h o u t  C o t y l e -  

d o n s )  a b o u t  1 0  % of t h e  d r y  w e i g h t  c o n s i s t s  o f  N - s u b s t i t u t e d  

i s o x a z o l i n - 5 - o n e  d e r i v a t i v e s .  The m a j o r  compound i n  t h i s  m a t e r i a l  

i s  V I ,  making up 3 . 5  % o f  t h e  d r y  w e i g h t ,  f o l l o w e d  by I ( 1 . 9  %I, 

V ( 1 . 2  % )  and V I I I  ( 0 . 8  % ) 3 0 .  

R e c e n t l y ,  i s o x a z o l i n - 5 - o n e  d e r i v a t i v e s  h a v e  b e e n  f o u n d  i n  

6 1 
t h e  r o o t  e x u d a t e  of a x e n i c  s e e d l i n g s  o f  p e a s  a n d  s w e e t  p e a s  . 
The c o n c e n t r a t i o n  o f  t h e  p r o d u c t s  h a v e  b e e n  d e t e r m i n e d  i n  t h e  

e x u d a t e s  and i n  t h e  c o r r e s p o n d i n g  r o o t s  a f t e r  v a r y i n g  p e r i o d s  

o f  g e r m i n a t i o n  u n d e r  an  a r t i f i c i a l  l i g h t  c y c l e .  I n  t h e  e x u d a t e  

f rom p e a  s e e d l i n g s  I and I1 were m a j o r  c o n s t i t u e n t s  ; i n  t h e  

e x u d a t e  f rom s w e e t  p e a  s e e d l i n g s , V I I I  was t h e  main  component 

w h i l e  I ,  V and V I  were  p r e s e n t  a s  w e l l .  I n  t h e  s w e e t  p e a  r o o t  

e x u d a t e s ,  t h e r e  was a  p r o n o u n c e d  r i s e  o f  V I I I  a s  compared t o  

t h e  c o n c e n t r a t i o n  i n  t h e  r o o t .  The exuded  common amino a c i d s  

seemed t o  be  r e a h s o r b e d  by t h e  r o o t 6 7  i n  a s e p t i c  c o n d i t i o n s ,  

e s p e c i a l l y  b o m o s e r i n e  f rom t h e  p e a  e x u d a t e .  

The b i o s y n t h e s i s  o f  t h e  n a t u r a l  i s o x a z o l i n - 5 - o n e  d e r i v a t i v e s  

h a s  b e e n  s t u d i e d  i n  v i t r o  b y  Murakosh i  and c o w o r k e r s .  The 

c h e m i c a l l y  u n s t a b l e  f r e e  i s o x a z o l i n - 5 - o n e  r i n g  seems t o  b e  t h e  

s t a r t i n g  p o i n t  f o r  t h e  e n z y m a t i c  s y n t h e s i s  o f  t h e  a l a n i n e  

d e r i v a t i v e  163 a n d  t h e  g l u c o s i d e  1 ~ ~ ~ .  The d o n o r  o f  t h e  a l a n i n e  

s i d e  c h a i n  i s  0 - a c e t y l s e r i n e  w h i l e  UDP-glucose i s  t h e  donor  o f  

t h e  g l u c o s i d e  s u b s t i t u e n t .  A f t e r  a l u c o s i d a t i o n  o f  t h e  r ing-?? ,  

t h e  C - 4  o f  t h e  r i n g  seems t o  h a v e  t h e  r i g h t  p r o o e r t i e s  t o  r e c e i v e  
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an  a l a n i n e  s u b s t i t u t i o n ,  h e r e b y  p r o d u c i n g  IIIG5 ( s e e  F i g .  4). 

P e r h a p s  t h e  same enzyme s y s t e m  i s  i n v o l v e d  i n  t h e  two a l a n y l a t i o n  

r e a c t i o n s .  

P r e v i o u s l y  i t  was f o u n d  t h a t  t h e  i n  v i v o  s y n t h e s i s  o f  I1 a l s o  

i n v o l v e s  N - s u b s t i t u t i o n  of t h e  u r a c i l  r i n g  w i t h  s e r i n e ,  p r o d u c i n g  

a g a i n  t h e  8 - s u b s t i t u t e d  h e t e r o c y c l i c  a l a n i n e  d e r i v a t i v e 6 6 .  L a t e r  

work showed t h a t  0 - a c e t y l s e r i n e  w a s  a  more e f f e c t i v e  p r e c u r s o r  f o r  

t h e  s i d e  c h a i n  a n d  t h a t  u r a c i l  a s  w e l l  a s  u r i d i n e  a n d  o r o t i c  a c i d  

are  p r e c u r s o r s  f o r  t h e  h e t e r o c y c l i c  r i n g  o f  b o t h  t h e  i s o m e r i c  

6 7 compounds I1 and I V  . 
The l a t h y r o g e n i c  compounds a , y - d i a m i n o b u t y r i c  a c i d  a n d  

B - a m i n o p r o p i o n i t r i l e  a r e  t h e  p h o t o p r o d u c t s  of V I  a n d  V I I I  r e s p e c t i -  

v e l y .  T h e r e f o r e  V I I I  was t e s t e d  f a r  i t s  p o t e n t i a l  t o x i c i t y .  

When w e a n l i n g  r a t s  r e c e i v e d  0.4 % o f  V I I I  ( h a l f  o f  t h e  c o n c e n t r a t i o n  

i n  L a t h y r u s  s e e d l i n g s )  i n  t h e i r  d i e t ,  s i m i l a r  symptoms d e v e l o p e d  

a s  i f  t h e  o s t e o l a t h y r o g e n i c  8 - a m i n o p r o p i o n i t r i l e  was consumed 

i n  t h e  same c o n c e n t r a t i o n 6 8 .  A f t e r  e x a m i n i n g  t h e  u r i n e  o f  t h e  

e x p e r i m e n t a l  a n i m a l s  i t  was c o n c l u d e d  t h a t  V I I I  was m e t a b o l i z e d  

i n  t h e  r a t ,  t h e r e b y  l i b e r a t i n g  B - a m i n o p r o p i o n i t r i l e  as t o x i c  

p r i n c i p l e .  

When a  f u n g i c i d e  c o n t a i n i n g  an  i s o x a z o l - 5 - o n e  r i n g  

(~-(2-chlorophenylhydrazonO)-3-methylisoxazl--one) i s  f e d  t o  

6  9 mammals, m e t a b o l i c  o p e n i n g  o f  t h e  i s o x a z o l  r i n g  a l s o  o c c u r r e d  . 
I f  t h i s  h o l d s  t r u e  f o r  V I ,  t h e n  t h i s  compound may h a v e  n e u r o l a t h y -  

r o g e n i c  t o x i c i t y  l i k e  i t s  p h o t o p r o d u c t  a , y - d i a m i n o b u t y r i c  a c i d  

( r e v i e w  on l a t h y r i s m 7 0 ) .  

We d i d  n o t  s e a r c h  i n  t h e  l i t e r a t u r e  f o r  s y n t h e t i c  i s o x a z o l  

d e r i v a t i v e s  a n d  t h e i r  m e t a b o l i s m .  From t h e  i n f o r n a t i o n  a t  hand  

i t  seems t h a t  i n  a n i m a l s  t h e  i s o x a z o l r i n g i s  m e t a b o l i z e d  t h r o u g h  

r i n g o p e n i n g  6 8 y 6 9 .  I n  p l a n t s  i s o x a z o l  d e r i v a t i v e s  seem t o  b e  e i t h e r  



a l a n y l a t e d  a t  t h e  N o r  t h e  C - 4  o f  t h e  r i n g  63365, o r  g l u c o s y l a t e d  

a t  t h e  r ing-N o r  a t  O H  s u b s t i t u e n t s  on t h e  r i n g  
64 ,71-73  

Compounds I a n d  I1 h a v e  b e e n  t e s t e d  b y  Watk ins  f o r  t h e i r  

a c t i v i t y  on n e u r o n e s  o f  v e r t e b r a t e s .  It was f o u n d  t h a t  I was a  

weak n e u r o n a l  e x c i t a n t  o f  t h e  g l u t a m a t e  t y p e ,  w h i l e  I1 h a d  no 

74 a c t i v i t y  . However,  t h e  r e l a t e d  p l a n t  p r o d u c t  q u i s q u a l i c  a c i d  

(6-(3,s-dioxo-oxadiazolidine-2-y1)-alanine) d i s c o v e r e d  and d e s c r i b e d  

by Takemoto a n d  c o w o r k e r s  7 7  7 5 3 7 6  h a d  a  much h i g b e r  a c t i v i t y  . 
I t  s h o u l d  b e  n o t e d  t h a t  s e v e r a l  n a t u r a l  p r o d u c t s  w i t h  an  i s o x a z o l  

r i n g  and w i t h  b i o l o g i c a l  a c t i v i t y  h a v e  b e e n  i s o l a t e d  f rom o t h e r  

o r g a n i s m s .  The a n t i b i o t i c  c y c l o s e r i n e  ( D - 4 - a m i n o - 3 - i s o x a z o l i d o n e )  

78 
was i s o l a t e d  from t h e  s o i l  o r g a n i s m  S t r e p t o m y c e s  o r c h i d a c e u s .  

From t h e  p o i s o n o u s  mushroom Amani t a  m u s c a r i a  t h e  h a l u c i n o g e n s  n u s c i m o l  

7 9  
(5-aminoethyl-3-hydroxy-isoxazole) a n d  i b o t e n i c  a c i d  were  i s o l a t e d  . 
From t h e  mushroom TriciiolOWa musca r ium t h e  i n s e c t i c i d e  t r i c h b l o m i c  

8 o a c i d  ( 2 , 3 - d i h y d r o  d e r i v a t i v e  o f  i b o t e n i c  a c i d )  was i s o l a t e d  . 
R e c e n t l y ,  two  n a t u r a l  i s o x a z o l e  amino a c i d s ,  r e s e m b l i n g  i h o t e n i c  

a c i d ,  h a v e  b e e n  i s o l a t e d  f rom S t r e p t o m y c e s  s v i c e u s .  The p r o d u c t s  

a r e  code  numbered U-42126 o r  NSC 1 6 3 5 0 1  (a -amino-3 -ch lo ro -h ,5 -  

d i h y d r o - 5 - i s o x a z o l e  a c e t i c  a c i d )  a n d  U-43795 o r  NSC 176324  (a-amino- 

3-chloro-4-hydroxy-~,5-dihydro-5-isoxazole a c e t i c  a c i d ) .  B o t h  

6 1  
h e t e r o c y c l i c  amino a c i d s  h a v e  a n t i b i o t i c  and a n t i t u m o r  a c t i y i t y  . 
They a r e  s e l e c t i v e  a n t a g o n i s t s  o f  k g l u t a m i n e B 2 .  S i m i l a r  b u t  l e s s  

8 3  s p e c i f i c  p r o p e r t i e s  a r e  a t t r i b u t e d  t o  i b o t e n i c  a c i d  . The s t r u c -  

t u r e s  o f  n a t u r a l  i s o x a z o l e s  f rom b a c t e r i a l  o r  f u n g a l  o r i g i n  a r e  

g i v e n  i n  F i g .  5 .  
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DISCUSSION 

From t h e  r e s u l t s  r e v i e w e d  i n  t h i s  p a p e r  it i s  c l e a r  t h a t  t h e  

n a t u r a l  i s o x a z o l i n o n e  d e r i v a t i v e s  h a v e  some p o i n t s  o f  i n t e r e s t  t o  

t h e  c h e m i s t  a s  w e l l  a s  t o  t h e  b i o l o g i s t .  

The i n s t a b i l i t y  o f  t h e  n a t u r a l  i s o x a z o l i n o n e s  i n  a l k a l i n e  

s o l u t i o n  may b e  t h e  main  r e a s o n  why t h e s e  p r o d u c t s  were  n o t  d e s c r i -  

b e d  e a r l i e r  a s  c o n s t i t u e n t s  o f  o t h e r w i s e  p o p u l a r  m a t e r i a l  i n  

b o t a n i c a l  r e s e a r c h .  We h a v e  found  t h a t  i f  2  % NH40H i s  i n c l u d e d  

i n  t h e  e x t r a c t i o n  p r o c e d u r e ,  v i r t u a l l y  no i s o x a z o l i n o n e  d e r i y a -  

t i v e s  were  i s o l a t e d  a s  compared t o  n e u t r a l  o r  a c i d i c  p r e p a r a t i o n s .  

The e f f i c i e n c y  o f  t h e  p h o t o c h e m i c a l  r i n g o p e n i n g  ( &  = 0 . 5 )  a n d  

t h e  h i g h  UV-absorp t ion  ( E  = 1 2 , 4 0 0 )  o f  t h e  i s o x a z o l i n o n e s  make 

them t h e  n a t u r a l  p r o d u c t s  w i t h  t h e  h i g h e s t  s e n s i t i v i t y  t o  uv 

l i g h t .  T h e r e  i s  no  i n d i c a t i o n  however  t h a t  t h e s e  u n i q u e  p r o p e r t i e s  

h a v e  any p h y s i o l o g i c a l  i m p a c t .  

The h i g h  amount o f  i s o x a z o l i n o n e s  b e i n g  f o u n d  i n  t h e  s e e d l i n g  

t i s s u e  r a i s e s  q u e s t i o n s  a b o u t  t h e i r  o r i g i n ,  f u n c t i o n  and f a t e .  

Because  t h e i r  s y n t h e s i s  i n  t h e  s e e d l i n g  i s  l i t t l e  i n f l u e n c e d  

by t h e  l i g h t  a n d  no e f f e c t i v e  p r e c u r s o r  f o r  t h e  i s o x a z o l  r i n g  h a s  

y e t  b e e n  f o u n d ,  we assume t h a t  t h e  i s o x a z o l i n o n e  d e r i v a t i v e s  

o r i g i n a t e  f rom t h e  c a r b o n  a n d  n i t r o g e n  r e s e r v e s  i n  t h e  c o t y l e d o n s  

( s e e d  g l o b u l i n e s ) .  The f o r m a t i o n  o f  t h e  i s o x a z o l i n - 5 - o n e  r i n g  

f rom t h e  c h e m i c a l  r e a c t i o n  o f  h y d r o x y l a m i n e  w i t h  r i b o n u c l e i c  

a c i d s  m i g h t  s u g g e s t  t h a t  R N A ,  wh ich  i s  p r e s e n t  i n  r a t h e r  l a r g e  

amounts  i n  t h e  c o t y l e d o n s ,  s h o u l d  b e  c o n s i d e r e d  a s  a  p o s s i b l e  

o r i g i n  f o r  t h e  i s o x a z o l i n o n e  r i n g .  However t h e  amount o f  RNA p e r  

+ 
p e a  s e e d  ( -  1 mg) 8 4 ' 8 5 ,  which i s  o n l y  p a r t i a l l y  b r o k e n  down d u r i n g  

t h e  g e r m i n a t i o n ,  can  h a r d l y  p r o v i d e  a l l  t h e  m a t e r i a l  n e e d e d  f o r  

t h e  s y n t h e s i s  o f  t h e  h i g h  c o n c e n t r a t i o n s  o f  I i n  t h e  s e e d l i n g  a n d  

+ 
i n  t h e  e x u d a t e  ( -  0 . 9 5  mg) .  
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The compounds may h a v e  same f u n c t i o n  i n  t h e  t r a n s p o r t  Of c a r b o n  a n d  

n i t r o g e n  f rom t h e  s t o r a g e  c o t y l e d o n s  t o  t h e  g rowing  p l a n t l e t s .  

S i n c e  t h e  g r o w i n g  p l a n t  r e q u i r e s  a h i g h  w a t e r  i n f l u x a 6  a n d  t h u s  

a  h i g h  o s m o t i c  p r e s s u r e ,  a  p h y s i o l o g i c a l  r o l e  a s  o s m o t i c  r e g u l a t o r  

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

m o l e c u l e s .  

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

r e l a t e d  p e a  a n d  swee t  p e a  s e e d l i n g s  may i n d i c a t e  t h a t  t h e  i n f l u e n c e  

o f  t h e  r o o t  e x u d a t e  on t h e  m i c r o o r g a n i s m s  i n  t h e  r h i z o s p h e r e  

( d i s c u s s e d  b y  R o v i r a  8 7 ) i s  r a t h e r  s p e c i f i c .  The s p e c i f i c  e x u d a t i o n  

o f  t h e  t o x i c  compound V I I I  f rom s w e e t  p e a  r o o t s  s u g g e s t s  t h e  

p o s s i b i l i t y  t h a t  t h e  s e e d l i n g  a c q u i r e s  some p r o t e c t i o n  a g a i n s t  

r o o t  i n f e c t i o n  b y  s e c r e t i n g  V I I I .  

From t h e  e n z y m a t i c  s y n t h e s i s  o f  I ,  I X  and 111, i t  seems t h a t  

t h e  p l a n t  s y n t h e s i z e s  t h e  N-substituted-3,b-unsubstituted i s o x a z o l i n -  

5 - o n e s ,  i n  t h e  same way a s  t h e  c h e m i s t ,  by  d i r e c t  s u b s t i t u t i o n  o f  

t h e  f r e e  r i n g .  T h i s  i s  a l s o  t r u e  f o r  a  r a n g e  o f  h e t e r o c y c l i c  

8 - s u b s t i t u t e d  a l a n i n e s  f rom p l a n t s ,  where  however  t h e  f r e e  r i n g  

was p r e s e n t . 8 8  T h i s  i n d i c a t e s  t h a t  t h e  f r e e  r i n g  may b e  f o u n d  

i n  p l a n t s  where  t h e  s u b s t i t u t e d  r i n g  i s  p r e s e n t .  A l s o ,  t h o s e  

p l a n t  s p e c i e s  c o n t a i n i n g  I11 s h o u l d  c o n t a i n  a l s o  i t s  p r e c u r s o r  I X  

a l b e i t  i n  m i n u t e  q u a n t i t i e s .  

The a s s u m p t i o n  t h a t  V I  and V I I I  a r e  p r e c u r s o r s  f o r  t h e  

l a t h y r o g e n s  a , y - d i a m i n o b u f y r i c  a c i d a 9  and R - a m i n o p r o p i o n i t r i l e  

i s  n o t  s u p p o r t e d  b y  o u r  f i n d i n g s  : L2 o d o r a t u s  i s  n o t  n e u r o l a t h y r o -  

6 8  g e n i c  and p r o b a b l y  d o e s  n o t  c o n t a i n  a , y - d i a m i n o b u t y r i c  a c i d  . 
On t h e  o t h e r  hand t h e  n e u r o l a t b y r a g e n i c  s p e c i e s  L .  l a t i f o l i u s  - 

c o n t a i n s  a , y - d i a m i n o b u t y r i c  a c i d  i n  t h e  seeds7 '  b u t  d o e s  n o t  

s y n t h e s i z e  V I  i n  t h e  s e e d l i n g s .  I n c o r p o r a t i o n  s t u d i e s  w i t h  1 4 c -  

8 - a m i n o p r o p i o n i t r i l e  d i d  n o t  show i t s  m e t a b o l i c  r e l a t i o n  w i t h  V I I I  57  



Some m e t a b o l i c  r e l a t i o n s h i p  b e t w e e n  i s o x a z o l i n o n e s  c a n  be r e a d i l y  

e x p e c t e d ,  s u c h  a s  t h e  c o n v e r s i o n  o f  I t o  V I I  b y  d e c a r b o x y l a t i o n  

( t h e  same r e l a t i o n  e x i s t s  b e t w e e n  i b o t e n i c  a c i d  a n d  musc imol )  

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

enzyme. I n  p l a n t s  m e t a b o l i c  p a t h w a y s  l e a d i n g  f rom an  amino a c i d  

o v e r  a n  oxime i n t e r m e d i a t e  t o  a  n i t r i l e  w i t h  one  c a r b o n  l e s s  h a y e  

9  0  b e e n  d e s c r i b e d  . T h i s  i s  a  p o s s i b l e  m e t a b o l i c  r e l a t i o n s h i p  

b e t w e e n  V I  a n d  V I I I .  O x i d a t i o n  o f  t h e  n i t r i l e  and l o s s  o f  H C N  may 

l e a d  t o  a  c a r b o x y l i c  ac id9 ' ,  t h i s  i s  a  p o s s i b l e  m e t a b o l i c  r e l a t i o n -  

s h i p  b e t w e e n  V I I I  a n d  X .  

The a - a m i n o b u t y r i c  a c i d  s i d e  c h a i n  o f  V I  h a s  r e c e n t l y  b e e n  

found  i n  o t h e r  n a t u r a l  p r o d u c t s  : an  u n u s u a l  n u c l e o t i d e  i n  t r a n s f e r  

r i b o n u c l e i c  a c i d  3-(3-amino-3-carboxypropyl)uracil, t h e  h i g h e r  

homologue o f  1191 an  a n t i b i o t i c  a m i c l e n o m y c i n  a - a m i n ~ - ~ - ( b - a m i n o ,  

2,s-cyc1ahexadlenyl)-butyric a c i d 9 2  a n d  two p l a n t  p r o d u c t s  

~-(3-amino-3-carboxypropyl)azetidine-2-carboxylic a c i d  a n d  N - ( 3 -  

9 3  a m i n o - 3 - c a r b o x y p r o p y l )  n i c o t i n i c  a c i d  . A z e t i d i n e - 2 - c a r b o x y l i c  
9  3 a c i d  h a s  b e e n  p r o p o s e d  a s  t h e  p r e c u r s o r  f o r  t h i s  s i d e  c h a i n  . 
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