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Abstract - Kinet ic  a n d  product s tud ies  i nd i ca te  that  the t i t l e  compound 

decomposes i n  aqueous solut ions to  g ive  5-ni fro-2-aminophenol with the  

intermediacy of  y-(2-hydroxy-4-nitrophenyl)carbamic ac id .  

Cyc l ic  hydroxamic  a c i d s  (HX) der ived f rom 2,4-di hydroxy-1 ,4-benzoxazin-3-one (DIBOA) 

present i n  cerea l  e*tracts,' show an t i b io t i c  a n d  ant i feedant ef fects towards cerea l  

t ox i c i t y  aga ins t  several  p l a n t  pathogenic fungi5 a n d  b a ~ t e r i a , ~  a l l e i o ~ a t h i c  

ef fects towards and  possess considerable ant i - in f lammatory  a c t i v i t y .  
9 

The decomposition of DlEOA and  i t s  7-methoxy d e r i v a t i v e  t o  the corresponding benzoxazoiin- 

2-ones has been s tud ied i n  detai l . 'o- tn The mechanism i n v o l v i n g  an isocyanate intermediate 

depicted i n  Scheme i p a t h  A accounts for  the observat ions repor ted.  When a series of 

7-subst i tuted DlBOAs was studied, the react ions fol lowed a common k i n e t i c  pat tern  and 

gave r i s e  to  a Hammett p lo t  consistent w i th  the mechanism above. l5 The 7-ni t ro compound 

(NDlEOA) const i  l u ted  an exception. We repor t  here in  the character iza t ion of the 

decomposition of NDIBOA. 

NOlEOA w a s  synthesized b y  ox ida t i on  of the corresponding lactam, which was obtained b y  

react ion of %nitro-2-aminophenol w i th  d i c h l o r o a c ~ t ~ l c h l o r i d e  and  fu r the r  hyd ro l ys i s  of the 

product w i th  aqueous NaHCO 16 
3 '  
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1 : C12CHCOCI / (C2H5),N, anhydrous ether 

2 ; 10% oq. NaHCO, 

3 ; i )  B S A  , i i )  Mo051DMF)z /CH2C12 , ~ i i )  No4(  EDTA) 

The main  produc l  iso la ted from ethereal  ex t rac ts  of the decomposil ion react ion mix ture  a t  

every pH studied was 5-nitro-2-aminophenol , ident i f i c d  b y  comparison of i 1s spectroscopic 

a n d  chromatographic proper t ies  w i t h  those of a commercial s tandard.  

Kinet ics of decomposition was fol lowed a t  50DC between pH 3 a n d  10 f o r  a least 3 

ha l f - l i ves  b y  t a k i n g  spectra between 300 and  460 nm a f te r  d i f fe rent  t ime in terva ls .  Date 

were f i t t e d  to  e f i r s t -o rde r  k ine t i c  model. Standard e r ro rs  of the r a t e  constants were lower 

than  3%. 

The spect ra  of reactants ,  intermediates and products  were pH-dependent. In  the pH range  

3 t o  7, k inet ics  was monophasic w i th  disappearance of the b a n d  i n  the reg ion 335-380 nm 

concomitant w i t h  the appearance of a band  a t  395 nm. Runs a t  pH h ighe r  than 8 showed 

b iphas i c  behav iour .  The f i r s t  phase consisted of the decrease of t he  absorpt ion i n  the 

reg ion  390-410 nm and  concomittant increase i n  the reg ian 320-355 nm and  showed an 

isosbestic po in t  i n  the reg ion 360-375 nm. Dur ing  the second phase, the band  i n  the reg ion  

320-355 nrn disappeared and  another one was formed i n  the reg ion 360-420 nm. Kinet ic p l o t s  

for these processes a rc  shown i n  F igu re  1. 

Time (m in )  

F i g u r e  i .  Decomposition of  NDIBOA a t  pH 10, 50'C fol lowed a t  320 nm: d i rec t  p lo t  (A ) ,  

semilog p lo t s  for the two phases ( 8 ) .  
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Table  1 shows the r a t e  constants obta ined for  the decomposition of NDIBOA at d i f fe rent  pH. 

The ra tes  for  the f i r s t  process ( k  1 were pH-dependent. The rate-pH p r o f i l e  (F igu re  21 
I 

suggests the independent decomposition of NDlBOA a n d  i t s  monoanion. The s o l i d  l i n e  i n  t he  

g r a p h  corresponds to the least-squares f i t  o i  the da ta  to equat ion 1 a r i s i n g  f r o m  the 

model i n  Scheme 2. The f i t  generates va lues for  k l  = 0.94 n I i n 1  k 2  = 11.68 x to-' 

mi"-' a n d  pK = 5.3. A v a l u e  of 6.14 has been determined at 30'C from thermodynamic 

spect ra l  data.15 The second process ( k  ) does not show a c lear  cut dependence on pH. 
I I 

Tab le  1. pH dependence of the pseudo f i r s t  o rde r  Tale constants for the 

decomposition of NDIBOA at 50°C 

PH k l  . (mi"- ' )  k~~ . 
3.0 0.94 

4.0 0.90 

4.5 1.52 

5.0 1.77 

5.5 3.15 

6.0 5, f ih  

7.0 10.7 

8.0 11.3 2.20 

9.0 11.5 2.74 

10.0 11.7 2.53 

3 4 5 6 7 8 9 1 0  

pH 

F igu re  2. pH-rate p r o f i l e  f o r  the decomposition of NDIBOA i n  aqueous solut ions a t  50'C. 
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Scheme 2 

I 
Intermediate 

I 
Intermediate 

Two l i k e l y  poss ib i l i t i es  for  the s t ruc tu re  of the intermediate tha t  accumulates between pH 7 

a n d  10 a r e  an isocyanate a n d  a carbamic ac id .  The fo l lowing evidence ind icates  that  t h i s  

l a t t e r  poss ib i l i t y  p reva i l s :  il the uv spectrum of the intermediate i s  s i m i l a r  to  that  

expected for a carbamic acid;17 i i )  add i t i on  of amines to  the react ion medium f a i l e d  to 

produce any  measurable amount of subst i tu ted urea; ii i 1 the ~pect rophotometr ic  Changes 

and  the ra tes  observed for  the second phase of the react ion were  comparable to  those 

repor ted for  the conversion of - N-(p-nitropheny1)carbamate - in to  p-ni t roani l ine;17 i v )  control  

runs sub jec t ing 6n i t robenzoxazo l i n -Zone  to  s i m i l a r  react ion condit ions f a i l e d  to  produce 

the corresponding arninophenol. In the react ion of 2,4-dihydroxy-l,4-benzoxazin-3-ones wi th  

subst i tuents i n  pos i t ion  7 lees electron-accept ing than  the n i t r o  group, i n te rna l  nuc ieophi l i c  

a t tack  b y  the phenol ic oxygen i n  the isocyanate prevents  the format ion of a carbamic a c i d  

and  leads d i r e c t l y  t o  a 1,3-benzoxazin-Lone. When the ?-ni t ro group i s  present,  i t s  

e lec t ron-at t rac t ing proper t ies  decrease the nuc leoph i l i c i t y  of the phenol ic oxygen. I n  t h i s  

case, nuc ieophi l i c  a t tack  b y  so lven l  b r i n g s  the r a p i d  format ion a n d  accumulat ion of the 

corresponding carbamic ac id ,  as has been reported e a r l i e r  (%heme 1, p a t h  6 ) .  17.18 

At pH lower than  7, the spect ra l  changes do not evidence the accumulat ion of an 

intermediate.  I n  t h i s  case format ion of the intermediate i s  slower than  i t s  f u r t h e r  react ion 

w i t h  solvent s ince t h i s  l a t t e r  react ion i s  a c i d  c a t a l ~ z e d . ' ~  However, s ince the product of 

the reac t i on  i s  the same a t  every pH s tud ied,  i t  i s  safe to  assume tha t  the react ion 

 follow^ the mechanism descr ibed throughout the pH range considered. 
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