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The au tox ida t i on  o f  d ibenzalacetone oxime i n  t he  oresence of 

severa l  k inds  o f  t r a n s i t i o n  metal s a l t s  gave 4-hydroxy-5-phenyl- 

3-styryl-4,5-dihydroisoxazole,  accompanied w i t h  c i n n a m o n i t r i l e  and 

benzaldehyde. S i m i l a r  t reatment  o f  benzalacetophenone oxime, 

benzalacetone oxime and t h e i r  p - subs t i t u t ed  d e r i v a t i v e s  a l s o  

a f f o rded  4-hydroxy-4,5-dihydroisoxazole d e r i v a t i v e s .  

Recent ly  na l lad ium( I1 ) - induced c y c l i z a t i o n  o f  unsaturated ketoximes 

under an atmosphere o f  argon t o  g i v e  i soxazo les  o r  p y r i d i n e s  has been 

r e p ~ r t e d . ' , ~  I n  t h i s  paper we wish t o  r e p o r t  t he  oxidative c y c l i z a t i o n  of 

d g - u n s a t u r a t e d  ketoximes t o  4-hydroxy-4,5-dihydroisoxazoles under t he  

c a t a l y t i c  e f f ec t  o f  c o p p e r ( I I ) ,  c o b a l t ( I I ) ,  and manganese(I1) s a l t s .  

When a s o l u t i o n  o f  d ibenzalacetone oxime (2, 3 mnol) and c o b a l t ( I 1 )  

ace ta te  (0.3 mmol) i n  methanol (20 m l )  was s t i r r e d  under an atmosphere of 

oxygen a t  30 ? 0.5'C, r a p i d  uotake o f  oxygen took p lace.  Separat ion of t he  

r e a c t i o n  m ix tu re  gave 4-hydroxy-5-phenyl-3-styryl-4,5-dihydroisoxazole (Za), 

mp 194-195°C; 1)&$,~ 3235 cm-1; hkgH 293 nm ( l o g e  4.97). 0-acetate, mo 

128-130°C; v::: 1740 cm-1;$E1$13 5.68 (Cq-H, d, J=2 Hz), 6.34 (Cg-H, d, 

5-2 Hz). Heat ing of 2 w i t h  s u l f u r i c  ac i d -ace t i c  a c i d  gave 5-phenyl-3- 



Table 1. The Ox ida t i ve  C y c l i z a t i o n  and t he  Ox ida t i ve  F i s s i o n  of >.a) 

Reaction Solvent  Metal  02 absorbed Y i e l d  ( % l b )  
t ime ( h r )  s a l t  (ml 2a 

d 3 4 - 
Methanol Cu(OAc)2 

, CO(OAC)~ 

Mn(OAc)2 

Ni(OAcI2 

Zn(OAc)2 

Acetone C u ( 0 A c ) ~  

Benzene 

Methanol C ~ ( a c a c ) ~  

Co(acac)2 

Mn(acac)2 

a )  The oxime ( 3  mmol), metal s a l t  (0.3 mmol), and t he  so l ven t  (20 m l )  were 

used, and t he  r e a c t i o n  temperature was 30 ? 0.5"C. b )  The y i e l d  o f  9 was 

ob ta ined by t he  TLC separa t ion  of t he  product  f o l l owed  by UV ana l ys i s  

( i s o l a t e d  y i e l d s  were l i s t e d  i n  parentheses), and t he  y i e l d s  o f L a n d  A w e r e  

est imated by TLC separa t ion  f o l l owed  by NMR ana l ys i s  us ing  peak areas a t  

10.05 ppm ( f o r 2 )  and a t  5.80 ppm ( f o r  3, r e l a t i v e  t o  t h e  area o f  CH3 

protons o f  known amount o f  to luene added as an i n t e r n a l  standard. 

s t y r y l i soxazo le4  i n  63% y i e l d .  Benzaldehyde (3 and c i n n a m o n i t r i l e  (ft) were 

the  by-products. The e f f e c t  o f  several  k inds  of metal s a l t s  on. the y i e l d s  of 

2a, 3, a n d A w a s  shown i n  Table 1. I t  i s  appare"t t h a t  Co( I1 )  and ' ~ n ( 1 1 )  - -. 
s a l t s  a re  very  e f f ec t i ve ,  w h i l e  Zn ( I 1 )  s a l t  i s  almost i n e f f e t t i v e .  When 

Cu( I1 )  s a l t  was used t h e  y i e l d  o f  ?g was low. 

S i m i l a r  r e a c t i o n  was c a r r i e d  o u t  w i t h  benzalacetophenone oxime (k), i t s  

4-methoxy (k), 4'-methoxy (3, and 4 ' - ch lo ro  (k) de r i va t i ves ,  as w e l l  as 

benzalacetone oxime ( I f ) ,  i t s  4-methyl ( l g ) ,  4-methoxy (x), and 4-chloro - - 
(1) d e r i v a t i v e s .  The m e l t i n g  po in t s ,  the  y i e l d s ,  and t h e  spec t ra l  data o f  

I RR- 
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t he  r e s u l t i n g  4-hydroxy-4,5-dihydroisoxazoles (2-2) a re  l i s t e d  i n  Table 2. 

I n  these o x i d a t i v e  c y c l i z a t i o n  reac t i ons  i t  was observed t h a t  1 )  t he  

r e a c t i o n  of benzalacetone oxime d e r i v a t i v e s  was very  slow compared w i t h  

Table 2. The M e l t i n g  Points,  t h e  Yie lds,  and t h e  Spec t ra l  Data o f  ~ - 2 . ~ )  

Compound MP . Y i e l d  b ,  ~ h &  A EH 
("C) ( % I  (cm-1) nm ( l o g & )  

2b C )  168-169 - 49 3315 264 (4.15) 

2c 131-133 - 46 3280 266 (4.21) 

2d - 151-152 47 3275 277 (4.29) 

141-142 50 3250 269 (4.29) , 

2 f  101-103 - 36 3250 254 (2.20) 260 (2.31) 266 (2.21)  

29 - 68-69 38 3270 261 (2.47)  266 (2.55) 274 (2.47) 

2h 
w 

116-117 40 3255 277 (3.19) 284 (3.12) 

2 i  
d 

102-103 37 3275 263 (2.43) 269 (2.49) 276 (2.36) 

a )  The oxime ( 3  mmol), c o b a l t ( I 1 )  ace ta te  (0.3 mnol),  and methanol (20  m l )  

were used. The r e a c t i o n  temperature and t he  r e a c t i o n  t ime  f o r  I>-% were 

30°C and 2 hr, w h i l e  those f o r  if-3 were 50°C and 5 h r .  b) The y i e l d s  were 

est imated by UV and NMR analyses. c )  0-acetate, mp 177-179°C. [Sk;f,l3 5.61 

(Cq-H, d, J=2 Hz), 6.31 (C5-H, d, J=2 Hz)]. Reported mp of 2 i s  1 9 3 - 1 9 4 " ~ , ~  

and t h a t  of t h e  ace ta te  i s  198-199"c5 and 1 7 1 - 1 7 4 " ~ . ~  The dehydrat ion of 2b- 

t h a t  we have ob ta ined gave a l s o  3,5-diphenyl isoxazole i n  72% y i e l d ,  and 

there fo re  i t  must be a s tereoisomer o f  t h a t  descr ibed i n  t h e  l i t e r a t u r e .  



those of benzalacetophenone oximes and dibenzalacetone oxime, and i t  was 

necessary t o  r a i s e  t he  r e a c t i o n  temperature t o  50°C f o r  o b t a i n i n g  t he  

comparable oxygen absorp t ion  ra te ;  2) i n t r o d u c t i o n  o f  c h l o r i n e  on 4- o r  4 ' -  

p o s i t i o n  slowed down the  r e a c t i o n  r a t e ,  w h i l e  t he  i n t r o d u c t i o n  o f  methyl o r  

methoxyl group acce le ra ted  t he  r e a c t i o n  r a t e ;  3)  t he  y i e l d s  o f  4-hydroxy- 

4,5-dihydroisoxazoles were h i gh  when Co(I1)  o r  Mn(I1)  s a l t  was used compared 

t o  t h a t  w i t h  Cu(I1)  s a l t .  

I n  o rder  t o  examine t he  behavior  of a p a i r  of stereoisomers o f  t he  

oxirnes bo th  E- and Z-forms o f  3 7  were subjected t o  o x i d a t i v e  c y c l i z a t i o n  

under t he  same cond i t i ons ,  g i v i n g 2  i n  37% and 40% y i e l d s  respec t i ve l y .  

S i m i l a r  t reatment  o f  E-  and Z-forms o f  l i 7  gave 2 i  i n  37% and 36% y i e l d s  
CV N 

r espec t i ve l y .  These r e s u l t s  i n d i c a t e  t h a t  r a p i d  i somer i za t i on  must has 

occurred between t he  two isomers under t he  e f f ec t  of these metal s a l t s .  
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