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Abstract - Kinet ic  a n d  product  s tud ies  of  the react ion of 7-subst i tuted 4- -- 
hydroxyl-1,4-benzoxazin-3-ones i n  s t rong ly  a c i d i c  rnedia produced b iphas ic  

Hamnlett p lo t s  which ind icated the intermediacy of  a h i g h l y  e lec t roph i l i c  n i t rogen 

Compound w i th  n i t ren iun l  ion Character. 

The in mutagenic i ty  of ce r ta in  ary lamines has been associated w i t h  t h e i r  enzymatic 

ox ida t i on  t o  a ry lhyd roxamic  acids,  f u r t h e r  ac t i va t i on  forming su l fa te  esters, a n d  f i n a l l y  to  

formation o f  the u l t ima te  carcinogen, a n i  t renium The 1 ,4-benroxarin-3-one 

de r i va t i ves  ( l a )  and  (2 )a re  m ~ t a g e n i c . ~  The 2-acetylated de r i va t i ve  of  1s h a s  been shown t o  

react  w i t h  n ~ c l e o p h i l e s , ~  de r i va t i ves  o f  nuc le ic  ac ids  among  other^,^'^ i n  react ions 

p o ~ t ~ l a t e d  to  OCCUP w i t h  the intermediacy of a n i t ren ium ion. 
8 

Compound l o  i b  t c  id l e  if lg 2 
R C H 3 O  CH3 H F CI C0,CH3 CN 

The react ion of  l c  i n  HCI to  g i v e  7-chloro-l,4-benzoxazin-3-one has been suggested t o  

%CUP W i t h  format ion of a n i t ren ium ion ,  i n  a sequence such as 1-3. We repor t  herein 

k i n e t i c  s tud ies  on the decomposition of a ser ies of  7-subst i tuted 1,L-benroxazin-3-ones 

( l a - l g )  i n  HCI of d i f fe rent  concentrations which support  the scheme proposed. 

Ar-NOH-COR + lit - Ar-NOH~+-COR (1 )  

Ar-NOH~+-COR - AT-N+-COR + H2U (21 

Ar-N'-COR - Product i31 
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The r e q u i r e d  hydroxamic  ac ids  ( I s - g )  were synthesized b y  reduct ive  cyc l i za t i on  of the 

corresponding nitr.o esters,  which were obta ined b y  react ion of potassium 2 - n i t r o p h e n o ~ i d e s  

tv i th a-bromoacetate. A l l  compounds gave spect ra l  da ta  consistent w i t h  the assigned 

s t r ~ c t u ~ e s .  

I )  KOH /CH30H NaBH4- Pd(C)  
2) B r C i i 2 c o z c ~ 3 / ~ ~ ~  - 'aN& d(mone - 

OC H3 I 
OH 

l a -  l g  

The main  products  iso la ted from the react ion of  l c  w i t h  concentrated HCI were 5-chloro- 

and 7-chloro-1 ,&benzoxazin-3-ones, wh i l e  for  t he  analogous react ion of l a  t he  main  

product was 5-chloro-7-methoxy-l,4-benzoxazin-3-one. 

The k ine t i cs  of the react ions was fol lowed spectrophotometr ical ly.  At h i g h  HCI concentrat ions 

0 1 7 M  the spectra of the reactants  decreased cont inuousiy,  wh i l e  a t  low concentrat ions 

7 M  an isosbestic po in t  appeared. I n  a l l  c a s e s ,  however, the k ine t i cs  of the react ions 

were pseudo-f i rst  order  w i t h  respect to  reactants.  

F igu re  1 shows the r a t e  constants as a funct ion of  H /pH f o r  the unsubst i tv ted compound 

( l c ) ,  a n d  suggests independent decomposition of protonated a n d  n e u t r a l  forms of the 

compound, i n  e q u i l i b r i u m  w i th  each other as depicted i n  Scheme 1. 

F igu re  1. Decomposition of l c  i n  HCI of d i f fe rent  concentrat ions at  31°C. 



Scheme 1 
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K. 

Ar-NOH-CO-R + H' Ar-NOH I-CO-R 
2  

I ka 

k~ 

Products Products 

k g  + k,, Ka  LH+) 

kobs = 14) 

Ka LH+) + 1 

Exper-imental po in t s  gave a s t rong f i t  to  equat ion 4 descr ib ing the equ i l i b r i um i n  Scheme 

1 ,  a n d  lead to  va lues f o r  k B, k A  and K . pKa values obta ined from s im i l a r  studies 

conducted f o r  other compounds of the ser ies generated a l i n e a r  Hamrnett p l o t  w i t h  values of 

p (2)  = 1 .42  and  r= 0.99. Fu r the r  ei,idence f o r  the existence of a pro tonat ion equ i l ib r ium 

w a s  obta ined from the  decomposition react ion of compound ( 2 1 ,  a d i p r o t i c  hydroxamic 

acid.' Reactions foi lowed pseudo-f i rst  order  k ine t i cs  throughout the H /pH range  studied. 

The r a t e  constants determined gave r i s e  to a p lo t  against H /pH w i t h  3 in f lec t ion po in ts  

(F igu re  2 ) ,  corresponding to  the d issoc ia t ion processes i n v o l v i n g  protonated, neu t ra l ,  

monoanionic a n d  d ian ion ic  species. 

2 - - 
C .- 
E - r: 3 -  
x 

m 
- 

1 4 -  

- 

- 4  0 4 B 12 

Ho pH 

F igu re  2. Decomposition of  2 i n  HCI of d i f fe rent  concentrat ions (Ho range)  or di f ferent 

aqueous buf fers  (pH range) a t  31°C. The l i n e  d rawn  corresponds to  a least-squares f i t  of 

the experimental  po in t s  to  an extension of equa l ion 4  which takes i n l o  account the f o u r  

possible reac t i ve  species: protonated, neu t ra l ,  monoanionic a n d  d ian ion ic .  
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The ra tes  of  decomposition of protonated ( l a - 9 )  f k A  va lues from equat ion 4) are plotteci 

aga ins t  Hammett p a r a m t e r s  i n  Figure 3. The compounds fe l l  i n to  two d i s t i nc t  groups. 

Those w i t h  electron dona t i ng  subst i tuents were best cor re la ted b y  Hammett parameters,  

the v a l u e  of  P be ing  0.71, and  the cor re la t ion coeff ic ient 0.99, as contrasted w i th  0.86 i f  

u+ was used. Compounds w i t h  electron w i thd raw ing  subst i tuents were best co r re la ted  b y  

Hammett d parameters, the va lue  of P be ing  -4.08, a n d  the cor re la t ion coeff ic ient -0.96, 

as contrasted wi th  -0.88 i f  a was used. 

, 

- 1.5 - 
I 
C .- 
E - 2 -  

w, n 

x 
(1, 2.5 
0 - 
I 

3 

- C I . .CI 

- CHsO 

- 

- 

,CNa 
-0.2 0 0.2 0.4 0.6 

u u+ 

F igu re  3. Hammett p lo t  f o r  the decomposition of protonated hydroxamic ac ids  l a  to  l g ,  a t  

31 "C. 

I t  h a s  been po in ted out that  Hammett p lo t s  w i th  a concave downward break are i nd i ca t i ve  

of a change i n  the r a t e  determining step of an otherwise constant mechanism.1° Th i s  i s  

consistent w i th  equat ions 1-3, i n  which react ion 3 re fers  to  the a t tack  of ch lor ide i on  on 

the aromatic r i n g .  Thus, i n  compounds w i t h  electron wi thdrawing subst i tuents ,  the 

ion izat ion step i s  r a t e  determining; however, when the subst i tuent5 s tab i l i ze  the 

intermediate n i t ren ium ion su f f i c i en t l y  through electron release, nuc leophi i i c  add i t i on  b y  

ch lo r i de  ion becomes r a t e  determing. 

The s igns  and  magnitudes of the P va lues a n d  the na tu re  of the parameters best 

desc r ib ing  the co r re la t i ons  are i n  agreement w i th  t h i s  in terpre ta t ion.  When step 2 i s  r a t e  

determining, the t rans i t i on  s ta le  i s  electron deff ic ient w i th  respect to  the ground state,  

a n d  P i s  expected to  be  negat ive  and  best cor re la t ions a r e  expected w i th  mt. The P va lue  

obta ined m igh t  b e  compared w i th  tha t  f o r  t he  decomposition of  methanesulfonatrs of 

N-hydroxyacetani l ides i n  chloroform f P =  -9.24 w i t h u ' )  which was shown to  proceed - 
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th rough a n i t ren ium ion . ' '  The di f ference may be accounted for  by a bet ter  l eav ing  group 

a n d  a less p o l a r  solvent i n  the case of sul fonate esters. When step 3 i s  r a t e  determining, 

nuc leophi l i c  a t tack  b y  ch lo r i de  i on  i s  f a c i l i t a t e d  b y  electron removal from the reaction 

center a n d  a smal l  p o s i l i v e  ,O v a l u e  i s  expected. 
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