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The photochemistry o f  3-phenyl-2-isoxazol ine de r i va t i ves ,  which are con- 

s i de red  t o  be t he  s imp les t  heterocycles con ta in ing  a r y l  ketoxime chromophore, 

has been ex tens i ve l y  s tudied.  I n  con t ras t  t o  a nonconstrained system such 

as acetophenone oxime ether ,  most of 2- isoxazol ine de r i va t i ves ,  upon i r r a -  

d i a t i o n ,  underwent the N-0 bond f i s s i o n  as the pr imary process and af forded 

a wide v a r i e t y  of products depending on t he  s t r uc tu res  o f  the  s t a r t i n g  

mater ia ls .  The formation of 3-oxazol ines, B-aminoohalcones and 1,3-oxazepines 

a re  t y p i c a l  o f  the  N-0 bond f i s s i on .  On the  o the r  hand, there  are some r e -  

a c t i o n  in which i r r a d i a t i o n  cleaved the  bond d i f f e ren t  from the N-0 bond, 

as i n  the  photolyses o f  4,5-subst i tu ted 3-phenyl-2-isoxazolines. The photo- 

l yses  o f  the  formal ly  formulated dimers o f  i soxazo le  (! and 2) and the  adduct 

of i soxazo le  w i t h  benzene (3) underwent exc lus i ve l y  the  (2  + 2 )  type cyc lo -  

revers ion  t o  g i ve  s t a b l e  molecules such as isoxazole and benzene. I n  o rder  

t o  i n v e s t i g a t e  the  preference i n  the  bond cleavage between the  N-0 and t he  
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C-C bonds, the photochemistry of 5,5'-bi-2-isoxazolines ($8 and 4k) and bi-iso- 

mzoline fused with cyclopentane r ing ( z ) ,  have been carr ied  out.  The chemical 

and spectroscopic evidence indicat ing the generation of imino and 2-isoxazoli- 

nyl radica ls  during the photolyses of 2-isoxazoline der ivat ives  will  be repor t  

I r radia t ion of tetraphenyl der ivat ive  ($8).  mp 275' (uv max in cyclohexane, 

265 nm,  s=23,000 with end absorption) i n  benzene through a quartz using a high 

pressure mercury lamp (Toshiba H-400P) resul ted  in the formation of a complex 

photolysate which, upon seperation with t l c  ( s i l i c a  g e l ) ,  afforded f ive  photo- 

products; 3,5-diphenyl-2-isoxazole ( 5 ) (7%) ,  2-benzoyl-3-phenyl-2H-azirine ( l )  

(5%) ,  @-aminochalcone (8 )  - (20%), dibenzoylmethane azine (2) , mp 16g0, (20%), 

and (3-phenyl-2-isoxazolin -5-yl)0-aminochalcone (LQg), mp 106', (20%). The 

s t ruc tu res  of h i t h e r t o  urrknm pmdrrcts (2  and Lga) were es tabl ished by t h e i r  

spect ra l  cha rac te r i s t i c s  and chemical evidence. Acid catalyzed hydrolysis of 

( 9 )  - afforded dibenzoylmethane and 3,5-diphenylpyrazole. Treatment of (LC$) 
with acid gave 3,5-diphenyl-2-isoxazole and dibenzoylmethane. 

On the other hand, the photolysis of diphenyl der ivat ive  (&),  mp 235", ( 

uv max in cyclohexane, 266 nm,  ~ = 2 2 , 0 0 0  with end absorption) did not give 

any c l e a r  product under the same condit ions as  ($I), whereas ( Jp$) ,  mp 174", 

was obtained in 28% y ie ld  as  a so le  product when the i r r ad ia t ion  was ca r r i ed  

out through a f i l t e r  of aqueous nickel sulphate solut ion.  

To account fo r  the photolyses of ($p) and ($b) ,  we wish t o  propose a 

radical  pa i r  mechanism shown in Scheme I .  One explanation would be t h a t  i r r a -  
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d i a t i o n  o f  (4) i n i t i a l l y  invo lves  the  N-0 bond f i s s i o n  t o  g ive  a d i r a d i c a l  (11) -- 
which i n  t u r n  col lapses t o  generate a r a d i c a l  p a i r  of imino (12) and isoxa-  -- 

z o l i n y l  r a d i c a l  (13).  These rad i ca l s  would a l so  be der ived  from (4)by the  C-C -- - 
bond f i ss ion ,  fol lowed by the N-0 bond cleavage of the  r e s u l t i n g  r a d i c a l  (13). -- 

N-0 
Ph I 

($a) :  R-Ph 

( i b ) :  R-H ( g b ) :  R=H 

R \f\Rh coupling, Ph 
( 0 

This r a d i c a l  p a i r  i s  a key in te rmed ia te  and undergoes subsequent coup l ing  and 

d i sp ropo r t i ona t i on  reac t i ons  depending on t he  s t a b i l i t y  o f  the  r a d i c a l  w i t h i n  

the  so l ven t  cage. It i s  conceivable t h a t  t he  s tab le  r a d i c a l  p a i r  from (4:) 

affords n o t  on l y  the coup l ing  products (2 and 1Bp) b u t  a iso  the d ispropor-  --- 
t i o n a t i o n  products (6  and g) i n  good y i e l ds ,  w h i l e  the  l ess  s tab le  r a d i c a l  

p a i r  from (4b) r e s u l t s  i n  the  low y i e l d  i s o l a t i o n  o f  the recombination product  

(I@). To confirm the proposed mechanism i n  Scheme I, i r r a d i a t i o n  o f  the  b i -  --- 

isoxazo l ine  fused w i t h  cyclopentane (5) was c a r r i e d  ou t  i n  the  expec ta t ion  of 

the generat ion of a d i r a d i c a l  con ta in ing  both the  imino and i s o f a z o l i n y l  r a d i -  

c a l  centers.  Repeated scanning o f  the  uv spectrum du r i ng  the  pho to l ys i s  of 

(2) i n  a low concent ra t ion  (3.4 x M) exh ib i t ed  the i sosbes t i c  po in t s  a t  

the  c y c l i c  enarnine aldehyde (14) as a so le  product  i n  70% y i e l d .  Thus, the  -. 



formation of (14) -- which i s  the product with the same type as  (10) can be well 

explained by an intramolecular recombination of two radical  s i t e s  in (12) 
derived e i t h e r  from the d i radica l  (15) o r  (ill. 

No ESR signal was observed in the photolysis of (4s) a t  temperatures above 

77"K, indica t ing the shor t  l i f e  time of the radical  intermediates (11, 12 and 

3 -- However, a spin trapping technique could c l ea r ly  prove the  intermediacy 

of the f r ee  radica ls .  I r radia t ion of ($2) in benzene in the  presence of 

2,3,5,6-tetrakis(trideuteriomethyl)nitrosobenzene showed a strong ESR signal 

a t  9-2.0062. Hiperfine s t ruc tu re  of the spectrum with the constants,  %=13.6G 

and a+,=O.EG, i s  reasonably explained by the  spin adduct with the s t ruc tu re  

(18) .  -- The s imi la r  reaction in the presence of 2,4,6-tri-t-butylnitroso- 

benzene exhibited the  ESR spectrum with the constants,  % = l b . O ~  and a+=1.9G 

a t  g=2.0040, which can be in terpre ted  as  t h a t  of the s t ruc tu re  @). The con- 

s t a n t s  f o r  each adduct agree well with those of the adduct c h a r a c t e r i s t i c  of 

the spin trapping agent. The above r e s u l t s  strongly support the  intermediacy 

of the radical  p a i r  i n  Scheme I .  Further inves t igat ion on the mechanism, 

including t h a t  t o  form the radical  pa i r ,  i s  i n  progress. 
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