
I .  

PYROLYSIS AND PHOTOLYSIS OF 3-BENZYL- AND 

3-PHENYL-4-PHENYL-1,2,4--.OXADIAZOLONE-5 

J. H, Boyer and P .  J .  A .  F r i n t s  

Department o f  Chemistry, Univers i ty  o f  I l l i n o i s  

Chicago C i r c l e  Campus, Chicago, I l l i n o i s  60680 
a -  

I ..a 

The intermediacy of  an azomethine n i t r e n e ,  - 1, (1) genera ted  f r o &  3-benzyl- 

~-phenyl-1,2,4-oxadiazolone-5, - 2, by e i t h e r  p y r o l y s i s  o r  p h o t o l y s i s  i s  doubly 

upported.  A subsequent t r ans fo rma t ion  i n t o  N,a-diphenylacetamidine, 3, through 

n termolecular  hydrogen a b s t r a c t i o n  i s  cons t rued  as a d i a g n o s t i c  t e s t  (2 ,3) ,  and 

: y c l i z a t i o n  through i n s e r t i o n  w i t h  a CH bond a f f o r d s  t h e  b e s t  exp lana t ion  f o r  the 

'ormation of  one o f  two p o s s i b l e  five-membered r i n g s .  An i n d i s c r i m i n a t e  n i t r e n e  

rould undergo c y c l i z a t i o n  t o  form both  benzylbenzimidazole,  2, and a n i l i n o i n d o l e ,  

I .  
.s c o n s i s t e n t  w i t h  r ing-c losure  from e i t h e r  an i o n i c  o r  b i r a d i c a l  form, - 6, o f  t h e  

i i t r e n e  o r  from i t s  tau tomer ic  d i a z i r i n e ,  - 7 (1,4). 

i i t r ene  - 1 apparen t ly  does n o t  tau tomer ize  i n t o  f3-anilino-f3-styryl n i t r e n e ,  

' H CH=C(NHC,H,)N. '6 5 

Absence o f  i n d i s c r i m i n a t i o n  i s  r evea led  i n  t he  formation of  - 4 b u t  no t  - 5 and 

It i s  of  i n t e r e s t  t o  no te  t h a t  
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Here tofore  carbodi imides were n o t  d e t e c t e d  as e i t h e r  p h o t o l y t i c  o r  p y r o l y t i c  

i roduc t s  f r o n  oxgdiazolones ( 5 ) .  I n  minor amounts, phenylbenzylcarbodiimide, E, 
znd diphenylcarbodi imide,  2, have been ob ta ined  p h o t o l y t i c a l l y  from - 2 and 3,4- 

liphen'yl-l,2,4-oxadiazolone-~, - 1 0 ,  r e s p e c t i v e l y .  The corresponding major products  

we - 4 and 2 - p h e n y l b e n ~ i m i d a z o l e ~  - 11. 

2 and 11 genera ted  p h o t o l y t i c a l l y  and p y r o l y t i c a l l y  from f o u r  d i f f e r e n t  f i ve -  

nembered h e t e r o c y c l e s  i s  found i n  Table I. I n  a d d i t i o n  diphenyldiazidomethane, l5, 

ungergoes p h o t o l y s i s  w i th  t h e  formation of 2, - 11 and - 1 2  ( 1 0 ) .  

A comparison of product  d i s t r i b u t i o n  between 

Since  p h o t o l y s i s  of  

hv 
benzene 

? 

(C6H5)2c(N3)2 - ( C 6 H 5 ) , C ( N 3 ) N  + C 6 H 5 C ( N 3 ) = N C 6 H 5  3 -, 12 14% 
4 2  

16 - 1 5  . -11 - 

TABLE I 

Product D i s t r i b u t i o n  between Diphenylcarbodiimide, C6H5N=C=NC6H5,  - 9 ,  and 

11 * 
m c 6 H 5  ' - 

2-Phenylbenzimidazole, 

I 
H 

S t a r t i n g  
Mat e r i  a 1 

C H C-NC H , 6 p  \ 6 5  
N 

- 
H C-NC6H5 7/ \ 

N,n,p(C6H5)3 

Number 

Product ,  % Yie ld  

- 9 
P y r o l y s i s  
Pho to lys i s  

0 

1.1 

76 
0 

100  

62 

100  

No d a t a  
3 

11 
Py r o ly s i s  
P h o t o l y s i s  

- 

90 

86 

23 

66 

0 

3 

0 

No d a t a  
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3 ipheny l t e t r azo le ,  ._ - 1 2 ,  does n o t  lead t o  t h e  formation of diphenylcarbodi imide,  9, 
( see  Table) T t  i s  assumed that  t h e  l a t t e r  arises from t h e  az ide ,  16, dur ing  

? h o t o l y s i s  of  _. 15. 

The product  d i s t r i b u t i o n  between - 9 and - 11 from t h e  he te rocyc le s ,  - 1 0 ,  12, 13 
and - 1 4 ,  and the d i a z i d e ,  - 15,  i s  i n c o n s i s t e n t  w i t h  an exp lana t ion  based on competi- 

Live rearrangement from an azomethine n i t r e n e ,  C G H ~ C ( = N C ~ H ~ ) N ,  - 17, at any given 

energy l e v e l .  Competit ive rearrangement from t h e  same in t e rmed ia t e  a t  d i f f e r e n t  

energy l e v e l s ,  however, i s  no t  precluded (13) .  On the o t h e r  hand the data i s  a l s o  

s a t i s f a c t o r i l y  accounted f o r  i f  7 11 i s  produced from t h e  n i t r e n e  by i n s e r t i o n  w i t h  

an aromatic  CH bond (a  t y p i c a l  n i t r e n e  r e a c t i o n )  and - 9 i s  produced independent ly  of  

- 1 7 ,  e .g . ,  by a r e a c t i o n  i n  which rearrangement t o  t h e  carbodi imide i s  concerted w i t 1  

an e l i m i n a t i o n  ( 1 4 ) .  For  t h e  t e t r a z o l e ,  - 1 2 ,  s imultaneous p h o t o l y t i c  c leavage of  t w t  

r i n g  bonds b r i n g i n g  about  the formation of  the n i t r e n e ,  - 1 7 ,  and n i t r o g e n  i s  appar- 

e n t l y  r equ i r ed .  A s e q u e n t i a l  c leavage would l e a d  i n i t i a l l y  t o  t h e  az ide ,  7 1 6 ,  ( i n  

an e x c i t e d  s ta te )  a p r e c u r s o r  f o r  t h e  carbodi imide,  - 9 .  Since t h e  l a t t e r  i s  n o t  a 

p h o t o l y t i c  product  from t h e  t e t r a z o l e ,  - 1 2 ,  a s e q u e n t i a l  cleavage of t e t r a z o l e  bonds 
7 

i s  u n l i k e l y .  

An o u t l i n e  of  p y r o l y t i c  and p h o t o l y t i c  products  from - 2 f o l l o w s .  Pho to lys i s  

w a s  c a r r i e d  out  i n  a Rayonet u n i t  w i t h  l i g h t  a t  2537A. 

q u a n t i t a t i v e l y  i n  each r e a c t i o n .  

Carbon dioxide was produced 

Apparently phenylacetamide, -- 1 8 ,  was produced by 

h y d r o l y s i s  o f  - 3 dur ing  workup. 

p y r o l y t i c  and p h o t o l y t i c  product  from 8 (15 ) .  

were p rev ious ly  known and t h e i r  i d e n t i t y  has' been f i r m l y  e s t a b l i s h e d .  

Phenylbenzylcyanamide, l.9, i s  known t o  b e  both a 

A l l  s t a r t i n g  m a t e r i a l s  and products  
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R e  f e re n ce s 
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1. . ATI azomethine n i t r e n e  resonance h y b r i d  may be d e s c r i b e d  w i t h  t he  fo l lowing  

A p o s s i b l e  valence . valence bond s t r u c t u r e s :  R C = N R H R C - N R  ( 8  = o r  It:). 

: N :  :N* 
I I I  * 

tautomerism w i t h  a d i a z i r i n e  i s  recognized:  R - C = N R < j  RC-NR. Spin 
\ I  

N 
I 
N 

m u l t i p l i c i t y  f o r  t h e  n i t r e n e s  i n  t h i s  work i s  n o t  e s t ab l i shed .  

2.  P.A.S. Smith,  Open-chain Nitrogen Compounds, V o l .  11, W. A .  Benjamin, N e w  York 
3 

1966, p. 217. 

3 . '  J. Sauer  and K .  K .  Mayer, Tetrahedron Let ters  1968, 325. They r e p o r t  t h e  

format ion  o f  an amidine i n  86% y i e l d  from t h e  p y r o l y s i s  o f  a mixture  of' a 

1,2,4-oxadiazolone-5 and copper a c e t y l a c e t o n a t e .  Apparently the amidine was 

no t  d e t e c t e d  from p y r o l y s i s  wi thout  t h e  c a t a l y s t .  

4. Ext rus ion  o f  carbon d ioxide  from an oxadiazolone may proceed by e i t h e r  si- 

multaneous o r  s e q u e n t i a l  c leavage o f  two r i n g  bonds. Formation o f  a benz- 

imidazole  concer ted  wi th  e j e c t i o n  o f  carbon d ioxide  fo l lowing  cleavage o f  

one r i n g  bond i n  a 3-substituted-4-aryloxadiazolone i s  conceivable .  Between 

t h i s  extreme and c y c l i z a t i o n  from a d i s c r e t e  n i t r e n e  there  may 'be  an i n f i n i t e  

number o f  mechanisms merging i n t o  each o t h e r ,  w i t h  s e l e c t i o n  dependent on 

the requirements  o f  each i n d i v i d u a l  example. 

The rearrangement r e q u i r e d  f o r  carbodi imide format ion  may be concer ted  w i t h  

e i t h e r  s imultaneous o r  s e q u e n t i a l  c leavage o f  r i n g  bonds Between these 

two extremes an i n f i n i t e  number o f  mechanisms may be merging t o g e t h e r .  I n  

t h e  event  t h a t  rearrangement from a n i t r e n e  may be r e q u i r e d  f o r  c e r t a i n  car-  

bodiimi.de format ions  there m a y  be an a d d i t i o n a l  f a m i l y  o f  mechanisms merging 

between rearrangement concer ted  wi th  e l i m i n a t i o n  and rearrangement from a 

d i s c r e t e  n i t r e n e .  

5. Benzimidazoles,  b u t  n e i t h e r  carbodi imides n o r  cyanamides, n o r  amidines,  were 

r e p o r t e d  t o  be p y r o l y t i c  and p h o t o l y t i c  products  from 3-subst i tuted-4-aryl-  

1,2,4-oxadiazolones by T. B a c c h e t t i  and A .  Alemagna, Gass. C h i m .  I t a l .  91, 
1475 (1961) and i n  e a r l i e r  papers .  i 
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R.  Huisgen and 

and J. M. Kliegman, J .  Am. Chem. SOC. &, - 5959 ( 1 9 6 7 ) .  

and B. G.  Advani, J. Org. Chem. 3, - 3369 (1965) proposed t h e  

t o  be concer ted  w i t h  t h e  e v o l u t i o n  of  s u l f u r  d ioxide .  

J .  Wulff,  Tetrahedron Let ters  1967, 921  propose I 1 4  as an 

i n t e r m e d i a t e  i n  the r e a c t i o n  between CGHSCNO and C,H,N=P(C,H,) 3 .  

J. Sauer and K.  K .  Mayer ( 3 )  assume the compet i t ive  rearrangements ,  17 + 2 
and - 1 7  + 11, t o  account f o r  t h e s e  products  from 10, _. 1 2  and 13. 
Carbodiimide formation concer ted  w i t h  an e l i m i n a t i o n  from 10, - 1 2 ,  2, fi and 

- 1 6  r a t h e r  t han  from a rearrangement o f  t h e  n i t r e n e ,  - 17,  i s  reminiscent  o f  the 

p y r o l y t i c  and p h o t o l y t i c  Cur t iu s  rearrangement from an a c y l  az ide .  S. Linke, 

G.  T. Tisue and W. Lwowski, J.  Am. Chem. Soc. a, - 6308 (1967) have concluded 

t h a t  t e r t - b u t y l  i s o c y a n a t e  formation i s  concer ted  w i t h  t h e  e l i m i n a t i o n  o f  

n i t r o g e n  from p i v a l o y l  az ide  and does n o t  r e s u l t  from a rearrangement of  

p i v a l o y l  n i t r e n e ,  a l s o  produced. 
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