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THE REACTION OF OXAZOLES WITH SINGLET 0XYGEN.IV. IMINO ANHYDRIDE INTERMEDIATES 
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Reaction o f  2-aryl-4,5-polymethylene oxazoles w i t h  s i n g l e t  

oxygen y i e l d s  N-aroyl imino anhydrides. I f  the  polymethylene 

br idge  i s  l a r g e  enough a f u r t h e r  rearrangement t o  t r i am id rs  may 

take place. 

Previous repo r t s  on the  reac t ions  of s i n g l e t  oxygen w i t h  oxazoles have shown 

t h a t  oxygen uptake leads t o  t r iamides,  most probably, through in te rmed ia te  imino 

 anhydride^."^'^ While these imino anhydrides a re  too reac t i ve  t o  be i s o l a t e d  

i n  the  oxygenations of monocyclic oxazoles, they may be i s o l a t e d  i n  the  case o f  

fused-r ing systems. Thus, the  s i n g l e t  oxygen ox ida t i on  of 2-phenylcyclohexeno-4, 

2 5-oxazole ( 1 )  i n  methanol leads t o  an imino anhydride pos tu la ted  t o  be e i t h e r  3 o r  - 
2b. I n  t h i s  communication we descr ibe oxygen-18 t r ace r  s tudies support ing - 
s t r u c t u r e b ,  and r e p o r t  f u r t he r  examples showing the g e n e r a l i t y  of the  reac t i on .  

The reac t i on  o f  a number of 2-aryl-4,5-polymethylene oxazoles ( I )  w i t h  s i n g l e t  

oxygen i n  methylene c h l o r i d e  y i e l ded  products corresponding t o  I 1  (Table 1 ) .4 '5  

A t y p i c a l  procedure i s  i l l u s t r a t e d  by the  conversion of I b  t o  I I b :  A s o l u t i o n  

o f  2.889 o f  I b  i n  2 1  o f  f r e s h l y  d i s t i l l e d  methylene c h l o r i d e  was i r r a d i a t e d  w i t h  



a 275 w a t t  sun lamp i n  t he  presence o f  methylene b l ue  f o r  6 h r  w h i l e  d r y  a i r  

was bubbled through t he  so lu t i on .  Removal o f  so lven t  i n  vacuo and chromatography 

on s i l i c a  ge l  ( e the r )  y i e l ded  I I b  (87%). mp 94-95.5'. The product  ( I I b )  shows 

no NH band i n  the  I . R . ,  and has carbonyl peaks a t  1745, 1680 and 1660 cm-l.  

The NMR spectrum shows absorp t ion  a t  r 2.0-2.5 (m, 5H), 6.8-7.2(m, 4H) and 7.9-8.3 

(m, 6H). Ref lux ing I I b  overn igh t  i n  water gave a v i r t u a l l y  q u a n t i t a t i v e  y i e l d  

of benzamide and p ime l i c  ac i d .  

Since t he  above data a re  i n  accord w i t h  e i t h e r  s t r u c t u r e  I I b  o r  I I I b ,  we 

employed oxygen-18 l a b e l i n g  techniques t o  d i s t i n g u i s h  between the  two p o s s i b i l i t i e s .  

Oxazol e(I) 

l a ,  Ar=C H ; n=4 6 5 

Ib ,  Ar=C6H5; n-5 
, 
Ic,  Ar=C H ; n=6 6 5 

I d ,  Ar=e-CH C H ; n=4 
3 6 4  

I e ,  Ar=p-CH30C6H4; n=4 

Imino Anhydride (11)  

I I a ,  m.p. 125-6' (65%) 

I I b ,  m.p. 94-95.5O (87%) 

I I c ,  m.p. 100- lo (80%) 

I I d ,  m.p. 171-2' (60%) 

I I e ,  m.p. 151-2' (55%) 

I1 
I 11  

Chart  I ( ~ ' r e ~ r e s e n t s  oxygen enriched w i t h  180) 
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As p i c t u r e d  i n  Char t  I , i n c o r p o r a t i o n  of s i n g l e t  oxygen i n t o  t h e  p roduc t  cou ld  

take  p l a c e  by paths a, b o r  c. Using a  s i n g l e t  oxygen source enr iched w i t h  oxygen-18, 

pa th  a would lead  t o  I I b  having t h e  l a b e l i n g  p a t t e r n  shown, w h i l e  paths b o r  c 
would lead  t o  I I I b  i n  which bo th  carbonyl  oxygens c o n t a i n  t h e  e x t r a  oxygen-18. 6  

React ion of I b  w i t h  t h e  known s i n g l e t  oxygen donor, d iphenylanthracene perox ide,  

c o n t a i n i n g  4% 1802, f o r  48 h r  i n  r e f l u x i n g  benzene gave t h e  di-oxygen-18 l a b e l l e d  

in te rmed ia te  I I b ,  upon p r e p a r a t i v e  t l ~ . ~  The mass spectrum o f  u n l a b e l l e d  I I b  

shows a  weak paren t  peak a t  245 amu as w e l l  as s i g n i f i c a n t  peaks a t  105 amu (C6H5C0, 

100%); 140 amu (C7H10N02, 8%); and 21 7  amu (C13H1 5N02, 5%). The mass spectrum 

o f  l a b e l l e d  I I b  i n d i c a t e d  t h a t  4.2+0.3% of molecular  oxygen-18 had been incorpora ted  

i n  t h e  paren t  peak a t  245 amu w i t h  no d e t e c t a b l e  mono-oxygen-18 i n c o r p o r a t i o n .  

I n  a d d i t i o n ,  t h e  benzoyl peak a t  105 amu showed a  p+2 oxygen-18 enrichment of 

4.4+0.2%, ahd t h e  remain ing atom o f  oxygen-18 ( 3 . 8 9 . 2 8 )  was found i n  t h e  o t h e r  

p o r t i o n  o f  t h e  molecule a t  140 amu. These r e s u l t s  f i r m l y  es tab l i shed  the  s t r u c t u r e  

o f  I I b  and r e l a t e d  products  (Table I )  as N-aroy l iso imides.  

The i s o l a t i o n  of N-aroyl i so im ides  (11) i s  o f  spec ia l  i n t e r e s t  i n  view of the  

ready rearrangement t o  t r i amides  observed e a r l i e r . '  I t  appears t h a t  the  geometr ic 

r e s t r i c t i o n s  imposed on t h e  system by t h e  polymethylene b r i d g e  prevents the  i s o i m i d e  

f rom a t t a i n i n g  t h e  c o r r e c t  mo lecu la r  a l ignment  f o r  rearrangement. I n  accord w i t h  

t h i s  view, i t  was considered l i k e l y  t h a t  if the  4,5-polymethylene b r i d g e  on t h e  

oxazole was l a r g e  enough, t h e  chemical behavior  would approach t h a t  of t h e  monocycl ic 

2-aryl-4,5-dialkyloxazoles. Accord ing ly ,  the  oxazole ( I ,  n=lO; Ar=CbH5) was 

prepared and photooxid ized under t h e  usual  c o n d i t i o n s  ( v i d e  supra) .  A f t e r  chroma- 

tography o f  t h e  p roduc t  on s i l i c a  ge l .  the  t r iamide(1V) was ob ta ined  as a  v iscous 

o i l  (70%). The NMR spectrum o f  I V  shows r 2.0-2.6 (m, 5H), 7.25-7.5 (m, 4H) and 

8.0-8.8 (m, 16H). The I . R .  spectrum of t h e  t r i a m i d e  i s  d i s t i n c t i v e ,  showing no 

-NH absorp t ion ,  a  ve ry  broad carbonyl  band a t  1715 cm-l, and a d d i t i o n a l  amide 

bands a t  1250 and 1200 cm-l.  
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