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I r r a d i a t i o n  of 0-acety l  indoxy l  ( I )  i n  benzene s o l u t i o n  by 

a high-pressure mercury lamp a f f o rded  i n d i g o  (11) and d i a c e t y l  

(Dl), and no photo-Fr ies rearranged products were formed. Upon 

i r r a d i a t i o n  o f  I i n  t he  presence of excess benzophenone (N), 

however, 2-diphenylmethyleneindolin-3-one (Va) was obta ined as 

a predominant product .  The pathways f o r  t he  fo rmat ion  o f  11, 

Ul, and Ya are  discussed. 

Since i t  has been repor ted  by Anderson and ueeseP as w e l l  as by ~ o b s a 3  

t h a t  phenolate es te r s  rearrange photochemical ly  t o  y i e l d  a m ix tu re  of 2- and e- 
hydroxyary lketones,  a v a r i e t y  o f  a r y l  es te r s  o f  ca rboxy l i c  ac ids,  v i n y l  es te rs ,  

and N-arylamides were found t o  undergo analogous photo-Fr ies 

However, l i t t l e  a t t e n t i o n  has been p a i d  t o  t he  photo-Fr ies rearrangement of 

heteroaromat ic  es te r s  o f  t he  t ype  Het-OCOR (Het: heteroaromat ic  group). Recent- 

l y ,  Somei and ~ a t s u m e ~  repo r ted  t he  f a c i l e  d i r e c t  i n t r o d u c t i o n  o f  var ious  k inds  

o f  s i de  cha in  u n i t s  i n t o  t he  3-, 4-, and 6 -pos i t i ons  o f  t he  i n d b l e  r i n g  by 



photo-Fries type  rearrangement o f  1 - subs t i t u t ed  indo les .  

R=COOEt, COMe, CH,Ph, SO,C,H,Me(p), OMe, O E t  

We have undertaken an i n v e s t i g a t i o n  of t he  pho to l ys i s  of 0 -ace ty l indoxy l  

( I ) ,  analogous ace t y l  m ig ra t i on  being expected t o  occur. I n  t he  present  paper 

novel f i n d i n g s  concerning photochemical r eac t i on  o f  I are  described. 

When a benzene s o l u t i o n  o f  I (1.14 x M/1) s t i r r e d  by a stream of 

n i t rogen,  was i r r a d i a t e d  by 300W high-pressure mercury lamp w i t h  a Pyrex f i l t e r  

f o r  2 h, i n d i g o  (D) and d i a c e t y l  (IU) were formed i n  25.4 and 23.3% y i e l d s  

a long w i t h  res inous mater ia ls .  The s t r u c t u r e  o f  I1 was confirmed by comparison 

of t he  spec t ra l  data w i t h  an au thent ic  sample, and m was i d e n t i f i e d  as i t s  

disemicarbazone. Upon i r r a d i a t i o n  o f  I i n  ethanol under s i m i l a r  cond i t ions ,  

however, res inous ma te r i a l s  o n l y  formed. Thus, i r r a d i a t i o n  of I gave no photo- 

F r i es  rearranged products. 

qoAxu-,~~O~O-h~~~ REARRANGEMENT 

0 0 
I1 1 % + H3C-C-C-CH3 

I 0 m 
I1 

It has been repor ted  t h a t  t he  photo-Fries rearrangement o f  a r y l  es te r s  

invo lves  i n i t i a l  l i gh t - i nduced  f i s s i o n  o f  t he  acyl-oxygen bond of the  e s t e r  

i n t o  a p a i r  of acy l  and phenoxy r a d i c a l s  i n  t he  so l ven t  cage, which recombine 

t o  form the  rearranged products.3 I n  general ,  t he  phenoxy r a d i c a l  d i f fused 

from the  cage abs t rac ts  hydrogen from the  so l ven t  t o  form a phenol, b u t  t he  f a te  
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o f  t he  f r e e  acy l  r a d i c a l  i s  n o t  known. Yogev e t  a1.7 found t h a t  i r r a d i a t i o n  of 

2-methylcyclohexenyl ace ta te  afforded t he  d imer ic  ketone a r i s i n g  from the  d i -  

me r i za t i on  of f ree  eno la te  r a d i c a l s ,  i n  a d d i t i o n  t o  t he  rearranged product  and 

2-methylcyclohexanone. 

The format ion of d i a c e t y l  (IIf) i n  t he  present  p h o t o l y s i s  i s  p a r t i c u l a r l y  

noteworthy. On t he  bas is  of t he  view o f  Yogev e t  a1. ,7 i n  t he  pho to l ys i s  o f  I 

i n d i g o  (It) might  be produced from leuco ind igo  which would be formed by t he  d i -  

me r i za t i on  of f ree  indoxy l  r a d i c a l s ,  b u t  the  format ion of Dl cou ld  n o t  be 

understood i n  terms o f  the  d ime r i za t i on  o f  f ree  ace t y l  r a d i ~ a l s . ~  

Although t he  exact  pathway f o r  t he  present  pho to l ys i s  i s  n o t  c l ea r ,  we 

pos tu l a te  a  poss ib l e  one as fo l lows:  t he  r e a c t i o n  s t a r t s  w i t h  t h e  fo rmat ion  o f  

an excimer, fo l lewed by a concerted d imer iza t ion-e l im ina t ion  process [n2 + nZ + 

02 + 021 t o  y i e l d  leuco ind igo  which i s  e a s i l y  transformed i n t o  i nd igo  (II), and 

d i a c e t y l  (IU). The pos tu l a ted  pathway seemed t o  be supported by the  fo rmat ion  

of II and Ul w i t h  almost equal y i e l d s .  

We found t h a t  I reac ted  w i t h  benzophenone ( N )  upon i r r a d i a t i o n .  I r r a d i -  

a t i o n  o f  equimolar  q u a n t i t i e s  of I and IY i n  benzene s o l u t i o n  furn ished a  new 



product  V [mp 196-197oC, r ed  c r y s t a l s ]  i n  8% y i e l d  i n  a d d i t i o n  t o  II (15% y i e l d )  

and ID (10% y i e l d ) .  When N was employed i n  excess ( I / N  =1/5 M/M), the  com- 

pound V was obta ined i n  23.5% y i e l d  a long w i t h  t races  o f  I[ and ID. The pres-  

ence of N seemed t o  suppress the  fo rmat ion  o f  excimer. 

The molecular  formula of V agreed w i t h  t h a t  o f  a compound a r i s i n g  frm a 

1 : l  adduct of I and N by the  e l i m i n a t i o n  o f  a c e t i c  ac id.  The spec t ra l  da ta  o f  

V a re  as fo l lows:  vKBr 3300 (NH), 1670 (C=O), 1620 cm-' (C-C); 6CDC13 6.7 ( lH ,  
max PW 

broad, Ntj, exchanged w i t h  D,O), 6.8-7.7 (14H, m, aromatic protons); M+ m/e 297. 

Treatment of V w i t h  30% aqueous hydrogen peroxide i n  10% e thano l i c  potassium 

hydroxide s o l u t i o n  a t  roan temperature a f f o rded  benzophenone i n  90% y i e l d ;  t h i s  

i nd i ca tes  t he  presence o f  diphenylmethylene group i n  V. 

On the  bas is  o f  the  above observations, e i t h e r  o f  two compounds, 2 -d i -  

phenylrnethyleneindolin-3-one (Va) o r  3-diphenylmethyleneoxindole (Vb), is  thought 

poss ib l e  f o r  the  s t r u c t u r e  o f  V. However, the  compound Vb cou ld  be excluded 

f r a n  the  poss ib le  s t r u c t u r e  o f  V, because the  compound V was d i f f e r e n t  from the  

au then t i c  sample of Vb [rnp 240°c, ye l l ow  c r ys ta l s ] .  9 

Va Vb 

Recently, J u l i a n  and  ringh ham" repor ted  t h a t  i r r a d i a t i o n  o f  N i n  t he  

presence of N-acyl indoles a f f o rded  t he  corresponding tetrahydro-oxeto[2,3-bl- 

indoles,  wh i l e  i ndo le  d i d  n o t  r e a c t  w i t h  I/ upon i r r a d i a t i o n .  The l ack  of r e -  

a c t i v i t y  of i ndo le  may be caused by a quenching e f fec t  on t he  e x c i t e d  ketone by 

t he  non-bonded e lec t rons  on the  n i t r ogen  atan. Even i f  the  pathway f o r  g i v i n g  

Va proceeded - format ion o f  an oxetane intermediate,  t he  in te rmed ia te  would 

be t he  oxetoC3.2-blindole - A, b u t  n o t  oxeto[2,3-bl indole g, and then Va would be 
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given from A w i t h  t he  e l i m i n a t i o n  o f  a c e t i c  ac id .  However, at tempts t o  de tec t  

the  fo rmat ion  of a c e t i c  a c i d  were unsuccessful.  

+ - \ C - O H ~ -  ph' cage 

0-AC 0 Hygrogen- Nkph- ei a ph -----t source Va 
H Ph Ph Ph 

The mechanisms repor ted  f o r  novel photo-induced C-a lky la t ions  o f  hetero-  

c y c l i c  compounds w i t h  a lcohols"  and a lkano ic  acids1' seemed t o  be ve ry  in fonna- 
/ 

t i v e  f o r  the  present  photochemical r eac t i on .  Although f u r t h e r  s tudy i s  under 

progress, we t e n t a t i v e l y  propose a p o t e n t i a l  pathway f o r  t he  format ion o f  Va 

proceeding i n i t i a l  formation o f  an exc ip l ex  C-, fo l lowed b y  formation of a 

p a i r  of r a d i c a l s  i n  t he  so l ven t  cage, as shown i n  the  above scheme. 
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