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EFFECT OF BORATE ON THE DECOMPOSITION OF 2.4-DIHYDROXY-7-METHOXY-7.4- 

BENZOXAZIN-3-ONE, A  HYDROXAMIC ACID FROM GRAMINEAE 
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F a c u l t a d  de C i e n c i a s ,  U n i v e r s i d a d  d e  C h l l e .  C a s i l l a  653, S a n t i a g o ,  C h i l e  

A b s t r a c t  - B o r a t e  a n i o n  c a t a l y z e d  t h e  d e c a m p o s l t ~ o n  o f  t h e  t i t l e  

compound, a r e s i s t a n c e  f a 6 t o r  o f  Gramlneae.  The e f f e c t  was a t t r i b u t e d  

t o  t h e  f o r m a t i o n  o f  a complex  between b o r a t e  and  t h e  open -cha in  

h y d r o x a m l c  acid i n t e r m e d i a t e  i n  t h e  d e c o m p o s i t i o n  r e a c t i o n .  

C y c l i c  hydpoxamic  a c i d s  i s o l a t e d  f r o m  e x t r a c t s  o f  Grarnineae (Hxl p l a y  an 

i r n p o ~ t a n t  r o l e  i n  t h e  d e f e n s e  o f  t h e  p l a n t  a g a i n s t  i n s e c t s . ' ' 2  I n  a d d i t i o n ,  

4 t h e y  e x h l b i t  t o x l c  e f f e c t s  t o w a r d s  s e v e r a l  b a c t e r i a 3  and  f u n g i  , and have been 

r e p o r t e d  as m u t a g e n i c  t o  b a c t e r i a . 5  W h i l e  s t u d y i n g  t h e  aqueous d e c o m p o s i t ~ o n  o f  

DIMBOA, 1, t h e  ma in  Hx i n  wheat  and m a i z e  e x t r a c t s ,  a catalytic e f f e c t  b y  

b o r a t e  b u f f e r  was o b s e r v e d .  I n .  t h i s  p a p e r  t h l s  e f f e c t  i s  d e s c r i b e d  and an 

i n t e r p ~ e t a t i o n  o f  i t s  o ~ i g i n  s u g g e s t e d .  

The d e c o r n p o s ~ t i o n  o f  DIMBOA was m o n i t o r e d  s p e c t r o p h o t o m e t r i c a l l y  a t  290  nm. The 

m a i n  decomposition p r o d u c t  was 6-methoxy-benzoxazo l in -2 -one.  F i r s t  o r d e r  r a t e  

c o n s t a n t s  we re  c a l c u l a t e d  u s i n g  a l i n e a r - r e g r e s s i o n  camputel-  p r ~ g r a r n . ~  A n a l o g u e s  

o f  OIMBOA Were s y n t h e s i z e d  a c c o r d i n g  t o  r e p o r t e d   method^."^ 
The catalytic e f f e c t  of  b o r a t e  i s  shown i n  F i g .  1. Hyd roxam ic  a c i d s  have been 

Shown t o  i n t e r a c t  w l t h  b o r a t e . '  H o w e v e r ,  DIMBOA decomposes w i t h  t h e  i n t e r -  

m e d i a c y  o f  t h e  open -cha in  h y d r o x a m i c  a c i d  2.8 '10 '11 I n  o r d e r  t o  d e t e r m i n e  

w h i c h  of  t h e s e  two  h y d r o x a m l c  a c i d s  i n t e r a c t s  w i t h  b o r a t e ,  mode l  compounds 3 

and 4 w e r e  s y n t h e s i z e d  and t h e i r  s p e c t r a  r e c o r d e d  ( F i g .  21. 



I F '  
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F l g .  1. E f f e c t  o f  b o r a t e  ( I  and phosphate  ( i  pH 9 on t h e  r a t e  of d e c o m p o s i t i o n  

o f  OIMBOA I 8  l o - '  MI a t  31°. 

F l g .  2. A b s o r p t i o n  S p e c t r a  o f  8 1 0 - ~  M S O ~ U ~ L O ~ S  o f  compounds 1, 3 and 4 in 

0.3 M phospha te  (---I  and b o r a t e  (---I  pH 9  b u f f e r s .  

F i g .  2 shows t h a t  w h i l e  t h e  o p t l c a l  d e n s i t y  o f  4 a t  260 nm s u b s t a n t i a l l y  

I nc reased  i n  b o r a t e  as compared w i t h  phosphate  b u f f e r ,  t h e  a b s o r p t i o n  peaks o f  

1 and 3 a t  290 and 300 nm r e s p e c t i v e l y ,  were n o t  a f f e c t e d .  These r e s u l t s  

i n d l c a t e  t h a t  o n l y  compound 4 i n t e r a c t s  w i t h  b o r a t e ,  and g i v e  s u p p o r t  t o  t h e  

p roposa l  of complex f o r m a t i o n  between t h e  open -cha in  fo rm o f  OIMBOA, 2, and 

bo ra te .  T h i s  complex was  n o t  d e t e c t e d  i n  t h e  s p e c t r u m  of OIMBOA presumably  due 

t o  t h e  l o w  e q u i l i b r i u m  c o n c e n t r a t i o n  o f  2. 1 2  

The s t r u c t u r e  o f  t h e  complex can n o t  be s i m i l a r  t o  t h a t  r e p o r t e d  f o r  o t h e r  

hydmxamic  a c i d s , '  s i n c e  no e n o l l r a b l e  hyd rogen  is p r e s e n t  i n  2. H o w e v e r ,  

analogous i n t e r a c t i o n  o f  b o r a t e  w i t h  t h e  hyd roxamlc  h y d r o n y l  m o i e t y  l e a d s  t o  

s t r u c t u r e s  5 and 6. From a thermodynamic v i e w p o i n t ,  complex 5 wou ld  be f a v o r e d  
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s i n c e  i t  i n v O 1 v e ~  t h e  f o r r n a t l o n  o f  a 6-membered r i n g  and i s  f u r t h e r  s t a b i l i z e d  

by  i n t r a m o l e c u l a r  hyd rogen  bond ing .  

The f a c t  t h a t  c y c l i c  hyd roxamic  a c i d s  1 and 3 do n o t  show i n t e r a c t i o n  w i t h  

b o r a t e  may be r a t i o n a l i z e d  an t h e  b a s i s  o f  i n t e r a t o m i c  d i s t a n c e s .  The d i s t a n c e  

between t h e  hyd roxamic  h y d r o x y l  oxygen and the c a r b o n y l  oxygen has been 

d e t e r m i n e d  c r y s t a l l o g r a p h i c a l l y  as 2.84 A  i n  t h e  ana logue  of DIMBOA l a c k i n g  t h e  

7-methoxy group.13 T h l s  d i s t a n c e  i s  0.49 A  l onge r  t h a n  t h e  0-0 d i s t a n c e  i n  

b o ~ l c  a c i d .  Thus,  t h e  f o r m a t i o n  of a complex  of t y p e  6 i s  l e s s  l i k e l y  an t h i s  

b a s i s ,  and a l s o  because i t  would  necessarily l e a d  t o  a 5-membered r i n g .  

The f o l l o w i n g  scheme 1s  hence p o s t u l a t e d  f o r  t h e  d e c o m p o s i t i o n  o f  DIMBDA i n  t h e  

p resence  o f  b o p a t e  pH 9: 

k ,  - Products 

Under s t e ~ d y - s t a t e  c o n d i t i o n s ,  e q u a t i o n  1 i s  o b t a i n e d . 1 4  T h i s  may be reduced  t o  

e q u a t i o n  2 ,  i n  w h i c h  kobS and koobs are t h e  obse rved  r a t e  c o n s t a n t s  i n  t h e  

PPeSenCe and absence o f  b o r a t e .  T h i s  model f i t s  t h e  e x p e r i m e n t a l  r e s u l t s  shown 

i n  F i g .  1, w l t h  a c a t a l y t i c  c o n s t a n t ,  kcat ,  e q u a l  t o  0 .103 mln-' M-l. 

The f o r m a t i o n  o f  p r o d u c t s  f rom i n t e r m e d i a t e  2 ( o r  51 i n v o l v e  t h e  n u c l e o p h i l i c  

a t t a c k  o f  t h e  hyd roxamic  oxygen atom on t h e  a l d e h y d i c  c a r b o n y l  g roup.  1 0 , l l  The 

c a t a l y t i c  e f f e c t  of b o r a t e  may a r i s e  f r om both  thermodynamic  and k i n e t i c  

f a c t o r s .  S i n c e  an open-cha in  i n t e r m e d i a t e  i s  n e c e s s a r y  f o r  r e a c t i o n ,  t h e  



d i s p l a c e m e n t  of e q u ~ l l b r i a  t o w a r d s  t h i s  compound v i a  f o r m a t i o n  o f  b o r a t e  comp lex  

5  f a v o r 9  t h e  r e a c t i o n .  On t h e  o t h e r  hand,  complex  5  i s  p r e s u m a b l y  m o r e  r e a c t i v e  

than 7  on e n t r o p i c  g r o u n d s  ( r e a c t i v e  g r o u p s  a r e  h e l d  i n  s u i t a b l e  p o s i t i o n  f o r  

r e a c t i o n )  as w e l l  as on e n t h a l p i c  g r o u n d s  ( s t r o n g  p o l a r i z a t i o n  b y  b o r o n  of t h e  

a l d e h y d i c  c a r b o n y l  g r o u p l .  

ACKNOWLEDGEMENTS 

The a u t h o r s  wish t o  ackaw ledge  t h e  a b l e  t e c h n i c a l  a s s i s t a n c e  o f  M i s s  L i l i a n  B. 

Muiioz, and  t h e  f i n a n t i a l  s u p p o r t  o f  U n i v e r s i d a d  de C h i l e ,  UNDP-UNESCO Prog ram 

CHI-84/003 and Agency f o r  I n t e r n a t i o n a l  Deve lopmen t .  

REFERENCES AND NOTE 

1 V.H. Argando i ia ,  L.J. C o r c u e r a .  H.M. N ~ e r n e y e r  and B.C. Campbe l l ,  E n t .  E x p e r .  

App l . ,  1983,  34. 134.  

2  B.J. Long,  G.M. Dunn,  J.S.  Bowman and  D.G. R o u t l e y ,  C r o p  S c l . ,  1977,  17,  58. 

3 L.J.  C O r c u e ~ a ,  M.D. Woodward, J.P.  He lgeson ,  A. Kelman and C.D. Uppe r ,  Plant 

P h y s i o l . ,  1978,  61, 791. 

4 B.J. Long,  G.M. Dun" and D.G. R o u t l e y ,  C r o p  S c i . ,  1978,  18 ,  573. 

5  Y .  H a s h m o t o ,  K. Shudo. T. Dkamoto,  M. Nagao, Y. T a k a h a s h i  and T. Sug i rnura ,  

M u t a t i o n  R e s . .  1979,  66 ,  191.  

6  M.J.J. H o l t  and A.C. N o r r i s ,  J. Chem. Educ . ,  1977,  54, 426.  

7  R.T. C o u t t s ,  D. N a b l e  and D.G. W i b b e r l e y ,  J .  Pharm. Pha rmaco l . ,  1964,  16 ,  773.  

8  E.E. Smissman, M.D. C o r b e t t ,  N.A. Jenny  and 0. K r i s t l a n s e n ,  J. O rg .  Chem., 

1972, 37 ,  1700.  

9  J. Hase,  K .  K o b a s h i  and K. Kurnaki, Chem. Pharm. B u l l . ,  1967,  1 5 ,  534. 

10  J . 6 - son  B rendenbe rg ,  E. Honkanen and A . I .  V l r t a n e n ,  A c t a  Chem. Scand. ,  1962 ,  

16,  135.  

11 H.R. B r a v o  and  H.M. N iemeye r ,  T e t r a h e d r o n ,  i n  p r e s s .  

12  S.V. Copa ja ,  H.R. B r a v o  and H.M. N iemeye r ,  t o  be published. 

13  L .  K u t s c h a b s k y ,  W. Da the  and G. S c h n e l d e r ,  C r y s t .  S t r u c t .  Comm., 1982,  11, 

841. 

14  I n  t h i s  e q u a t i o n .  t o t a l  c o n c e n t r a t i o n  o f  DIMBOA has  b e e n  used.  DIMBOA i s  a 

d l p ~ o t i c  a C l d  w l t h  P K ~ ' ~  o f  6 . 9  and  1D.9.15 S i n c e  a t  pH 9 t h e  mono-an ion  

c o r r e s p o n d s  t o  99.7% of t o t a l  DIMBOA, t h e  e r r o r  i n v o l v e d  i n  t h i s  e q u a t i o n  i s  

n e g l i g i b l e .  

15  H.M. Nierneyer,  H.R. B r a v o .  G.F. Pei ia and L.J. C o r c u e r a ,  C h e m ~ s t r y  and 

B i o l o g y  o f  H y d r o x a m i c  A c i d s .  H. K e h l ,  ed. ,  S .  K a r g e r  AG, B a s e l ,  1982,  p. 22.  

R e c e i v e d ,  1 9 t h  August, 1985 


