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P R E P A R A T I O N  O F  ’80 -BILABELLED C A R B O X Y L I C  A C I D S :  

CINNAHIC AND PHENYLPROPIOLIC ACIDS STYRYLISOXAZOLES 

A.BARACCH1, S . C H I M I C H I ,  F . D E  S I O ,  D.DONAT1, R . N E S 1 ,  P . S A R T I -  

FANTONI* a n d  T.TORROBAa 

C e n t r o  d i  S t u d i o  d e l  C . N . R .  s u l l a  C h i m i c a  e l a  S t r u t t u r a  d e i  

C o m p o s t i  E t e r o c i c l  i c i  e l o r o  A p p l i c a z i o n e ,  c / o  D i p a r t i m e n t o  d i  

C h i m i c a  O r g a n i c a  “ U . S c h i f f ” ,  V i a  G . C a p p o n i , g  - 5 0 1 2 1 -  F I R E N Z E  

I t a l y  

S U M M A R Y  

3 - P h e n y l - 2 - p r o p e n o i c  ( c i n n a m i c )  a n d  3- L2H5] - p h e n y l - 2 - p r o p e n o i c  

1 8 0 - b i l a b e l l e d  a c i d s  ( z c , d )  a r e  p r e p a r e d  x g  a l k a l i n e  h y d r o l y s i s  

o f  s t y r y l i s o x a z o l e s  ( i a , b ) .  T h e  same r e a c t i o n  c a r r i e d  o u t  o n  t h e  

__  v i c - d i b r o m o c o m p o u n d s  ( l a , b )  g a v e  t h e  3 - p h e n y l - 2 - p r o p y n o i c  ( p h e -  

n y l p r o p i o l i c )  a n d  3-  [2H5]-phenyl-2-propynoic 1 8 0 - b i l a b e l l e d  

a c i d s  ( i c ,  d ) ,  r e s p e c t i v e l y .  

KEY W O R D S  

O x y g e n - 1 8  a n d  d e u t e r i u m  l a b e l l e d  c o m p o u n d s ;  3 - p h e n y l - 2 - p r o p e n o i c  

a n d  3 - p h e n y l - 2 - p r o p y n o i c  a c i d s .  

INTRODUCTION 

T h e  i m p o r t a n c e  o f  i s o x a z o l e  d e r i v a t i v e s  a s  i n t e r m e d i a t e s  i n  orga- 

n i c  s y n t h e s i s  i s  w e l l  e s t a b l i s h e d  o n  t h e  b a s i s  o f  t h e  c u r r e n t  

l i t e r a t u r e  o n  t h i s  t o p i c  ( 1 - 4 ) .  M o r e o v e r  s y n t h e s e s  o f  n a t u r a l  
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p r o d u c t s  o r  r e l a t e d  c o m p o u n d s ,  e.g. s t e r o i d s  ( 5 )  a n d  ( 2 ) - [ 6 ] -  

g i n g e r o l  ( 6 )  a n d  c o r r i n s  ( 7 )  were a c h i e v e d  by  f o l l o w i n g  s t r a t e -  

g i e s  w h i c h  i n v o l v e d  i s o x a z o l e  d e r i v a t i v e s  a s  a p a r t  o f  t h e  s y n -  

t h e t i c  r o u t e s .  

U n d e r  t h e  former l i n e  we h a v e  a l r e a d y  r e p o r t e d  t h e  p r e p a r a t i o n  of 

c i n n a m i c  (8), c o u m a r i c  ( 9 )  a n d  p h e n y l p r o p i o l i c  ( 1 0 )  a c i d s  

s t y r y l i s o x a z o l e s .  T h e  u s e  o f  Na180H ( l 8 0  2 0 % )  f o r  t h e  c l e a v a g e  

o f  t h e  i s o x a z o l e  r i n g  i n  t h e  p r e p a r a t i o n  o f  c i n n a m i c  a c i d ,  a l -  

l o w e d  u s  t o  c l a r i f y  t h e  r o l e  of n u c l e o p h i l i c  a t t a c k  o f  t h e  a l k a -  

l i n e  medium o n  t h e  C 5  of  t h e  i s o x a z o l e  r i n g  w h i c h  i n  t u r n  b e c a m e  

t h e  c a r b o n  atom of t h e  c a r b o x y l i c  g r o u p  ( 1  1 1 .  I n  a d d i t i o n ,  l80- 

b i l a b e l l e d  c o u m a r i c  a c i d  was a l s o  o b t a i n e d  b y  t h i s  r o u t e  (9). 

B e c a u s e  t h e  m e t h o d s  r e p o r t e d  i n  t h e  l i t e r a t u r e  f o r  t h e  p r e p a r a -  

t i o n  o f  t h e  1 8 0 - b i l a b e l l e d  c a r b o x y l i c  a c i d s  m a i n l y  i n v o l v e  t h e  

u s e  o f  C1802( 1 2 1 ,  h y d r o l y s i s ,  o r  e x c h a n g i n g  p r o c e d u r e s  w i t h  H2"0 

( 1 3 ) ,  we f o u n d  i t  i n t e r e s t i n g  t o  e x t e n d  o u r  p r e v i o u s  e x p e r i m e n t s  

t o  t h e  p r e p a r a t i o n  o f  c i n n a m i c  a n d  p h e n y l p r o p i o l i c  a c i d s  w i t h  two 

l80  i n  t h e  c a r b o x y l i c  g r o u p .  

RESULTS A N D  DISCUSSION 

T h e  s t y r y l i s o x a z o l e s  ( l a , b )  u s e d  i n  t h i s  s t u d y  a s  s t a r t i n g  mate- 

r i a l s  were o b t a i n e d  a c c o r d i n g  t o  t h e  l i t e r a t u r e  ( 1 4 )  by  c o n d e n -  

s i n g  3,5-dimethyl-4-nitroisoxazole w i t h  b e n z a l d e h y d e  a n d  ['H5]- 

b e n z a l d e h y d e  r e s p e c t i v e l y .  A l k a l i n e  h y d r o l y s i s  ( N a O H  1N) o f  com- 

p o u n d s  l a  a n d  l b ,  f o l l o w e d  b y  a c i d i f i c a t i o n ,  g a v e  t h e  e x p e c t e d  

c i n n a m i c  a c i d s  2a (8) a n d  2 b  w h i c h  s h o w e d  p e a k s  i n  t h e  mass 

s p e c t r a  a t  m / e = 1 4 8 ,  1 4 7  a n d  m / e = 1 5 3 ,  1 5 2 ,  r e s p e c t i v e l y .  T h e s e  

v a l u e s  were a t t r i b u t e d  t o  t h e  c o r r e s p o n d i n g  m o l e c u l a r  i o n s  M +  a n d  

M + - 1 .  When t h e  same h y d r o l y s i s  was c a r r i e d  o u t  w i t h  Na180H ( l 8 0  
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99.8%), t h e  mass s p e c t r a  of t h e  r e s u l t i n g  a c i d s  s h o w e d  s i g n a l s  a t  

m / e = 1 5 2 ,  151 a n d  m / e = 1 5 7 , 1 5 6 .  T h e s e  f i n d i n g s  were i n  a g r e e m e n t  

f o r  M + a n d  M + - 1  of  t h e  e x p e c t e d  ’ * O - b i l a b e l l e d  c i n n a m i c  a n d  3- 

[2H5]-phenyl-2-propenoic a c i d s  2 c  a n d  2 d .  
A l k a l i n e  h y d r o l y s i s  ( N a O H  1 N )  f o l l o w e d  b y  a c i d i f i c a t i o n  o f  2 a  

( 1 0 )  a n d  3 b  g a v e  t h e  3 - p h e n y l -  a n d  

a c i d s  fia a n d  f i b ,  w h i c h  s h o w e d  s i g n a l s  i n  t h e  mass s p e c t r a  a t  

m/e=146 ( M + )  a n d  rn/e=151 (M+). 

3-[2H5]- p h e n y l - 2 - p r o p y n o i c  

Br2 

I I  
Br Br 

1 3 

Z- Cis C-Ar 

2 4 

Compound I A r  2 

- l a ,  ?a 

- l b ,  3 b  

- 2 a ,  ?a 

- 2 b ,  fib 

- 2 c ,  fic 

- 2 d ,  fid 

‘gH5 

‘gD5 

‘gH5 C O O H  

‘gD5 COOH 

‘gH5 C 1 8 0 1 8 0 H  

1 ‘gD5 Cl80  180H 

T r e a t m e n t  o f  2a  a n d  3 b  w i t h  Na180H ( l 8 0  9 9 % )  a f f o r d e d  fic a n d  f i d ,  

w h o s e  p e a k s  i n  t h e  mass s p e c t r a  a p p e a r e d  a t  m / e = 1 5 0  ( M + )  a n d  

m/e=155 (M+). T h e s e  v a l u e s  a r e  c o n s i s t e n t  w i t h  t h o s e  e x p e c t e d  f o r .  
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t h e  m o l e c u l a r  i o n  o f  1 8 0 - b i l a a b e l l e d  3 - p h e n y l -  a n d  3- [2H5]-phenyl -  

2 - p r o p y n o i c  a c i d s  4c a n d  4 d ,  r e s p e c t i v e l y .  I t  i s  n o t e w o r t h y  t o  

c o n s i d e r  t h a t  t h e  a b o v e  m e t h o d ,  w h i c h  i m p l i e s  o n l y  t h e  u s e  o f  

H 2 1 8 0  a s  l a b e l l i n g  r e a g e n t ,  i s  b a s e d  o n  t h e  a l k a l i n e  h y d r o l y s i s  

o f  t h e  3-methyl-4-nitroisoxazol-5-yl g r o u p , w h i c h  i s  a m a s k e d  

c a r b o x y l i c  g r o u p .  

T h i s  r e a c t i o n  a p p e a r s  t o  b e  c a n d i d a t e  a s  a g e n e r a l  m e t h o d  f o r  

p r e p a r i n g  1 8 0 - b i l a b e l l e d  c a r b o x y l i c  a c i d s .  

EXPERIMENTAL 

Mass s p e c t r a l  d a t a  o f  c o m p o u n d s  ? a - d  a n d  4 a - b  were t a k e n  b y  

d i r e c t  i n l e t  i n  t h e  LKB mass s p e c t r o m e t e r ,  w h e r e a s  a V G  70-70  EQ 

s p e c t r o m e t e r  was u s e d  f o r  t h o s e  o f  c o m p o u n d s  4 c - d .  ' H - N . M . R .  

s p e c t r a  were r e c o r d e d  o n  a P e r k i n - E l m e r  R 3 2  s p e c t r o m e t e r  a n d  

r e p o r t e d  i n  p .p .m.  w i t h  t e t r a m e t h y l s i l a n e  a s  i n t e r n a l  s t a n d a r d .  

E l e m e n t a l  a n a l y s e s  were p e r f o r m e d  w i t h  a P e r k i n - E l m e r  240C a p p a -  

r a t u s ;  p e r c e n t a g e  o f  d e u t e r i u m  i n  c o m p o u n d s  l b  a n d  I b ,  was  

c a l c u l a t e d  f o r  t h e  r i g h t  M . W .  a n d  f o u n d  as  h y d r o g e n .  3 - M e t h y l - 4 -  

n i t r o - 5 - s t y r y l i s o x a z o l e  ( l a ) ,  c i n n a m i c  a c i d  ( ? a ) ,  5 - (  1 , 2 - d i b r o m o -  

2-phenylethyl)-3-methyl-4-nitroisoxazole (?a)  a n d  p h e n y l p r o p i o l i c  

a c i d  ( ? a )  were p r e p a r e d  a c c o r d i n g  t o  t h e  r e f .  ( 1 4 ) ,  (81, ( 1 5 )  a n d  

( 1 0 1 ,  r e s p e c t i v e l y .  Na180H was p r e p a r e d  by  c a r e f u l  a d d i t i o n  o f  Na 

t o  H2l80 ( i s o t o p i c  e n r i c h m e n t  was 9 9 . 8 %  a n d  9 9 %  f o r  t h e  h y d r o l y -  

s i s  o f  l a - b  a n d  3 a - b ,  r e s p e c t i v e l y ) .  

3 -Me t h y  1 - 4 - n i t r o - 5 - ( 2 - [ H 51 - p h e n y 1 e t h e n  y 1 ) - i s o x a  z o lg ( 1 b ) 

Compo.und l b  was p r e p a r e d  b y  c o n d e n s i n g  3,5-dimethyl-4-nitroisoxa- 

z o l e  w i t h  [ 2 H 5 ] - b e n z a l d e h y d e  ( M e r c k , 9 8 % )  f o l l o w i n g  t h e  p r o c e d u r e  

r e p o r t e d  i n  t h e  l i t e r a t u r e  ( 1 4 )  f o r  l a .  Y i e l d  8 0 . 6 % ,  m.p .  1 5 4 -  

155'C (from e t h a n o l ) .  
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N . M . R .  ( C D C 1 3 ) :  2 . 5 7  ( s ,  3H, C H 3 ) ;  7 . 6 9  ( A B  s y s t e m ,  2 H ,  J A B =  

1 6 . 6 H z ) .  

A n a l .  C a l c d .  f o r  C 1 2 D 5 H 5 N 2 0 3  : C ,  6 1 . 2 6 ;  H ,  4 . 2 4 ;  N ,  1 1 . 9 5  

F o u n d :  C ,  6 1 . 3 9 ;  H ,  4 . 3 6 ;  N ,  1 2 . 1 5 % .  

3-[ 2H5] - P h e n y l - 2 - p r o p e n o i c  acid ( 2 b )  

Compound I b  ( g  0 . 3 5 0 )  t r e a t e d  a s  r e p o r t e d  i n  r e f .  ( 9 )  f o r  l a  g a v e  

- 2 b  ( g  0 . 1 4 8 ,  65% y i e l d )  w h i c h  was p u r i f i e d  by s u b l i m a t i o n  ( l l O ' C ,  

0 .6  mmHg), m.p. 133'C. 

1 8 0 - B i l a b e l  l e d  3 - p h e n y l - 2 - p r o p e n o i c  acid ( 2 c )  
Compound l a  ( g  0 . 0 3 0 )  t r e a t e d  w i t h  Na180H 1 N  ( m l  0 . 5 )  a s  r e p o r t e d  

i n  r e f .  ( 9 )  f o r  ?a , g a v e  Z c ,  w h i c h  was p u r i f i e d  b y  s u b l i m a t i o n  

( l O O ' C ,  0 . 6  m m H g ) .  

1 8 0 - B i l a b e l l e d  3-L2H5] - p h e n y l - 2 - p r o p e n o i c  acid ( Z d )  

Compound l b  ( g  0 . 0 1 3 )  t r e a t e d  w i t h  Na180H ( m l  0 . 5 ) ,  was h e a t e d  

( 9 5 . C )  u n d e r  s t i r r i n g  f o r  4 h. The  c o l d  m i x t u r e  was t h e n  f i l t e r e d  

a n d  t h e  s o l u t i o n  a c i d i f i e d  w i t h  h y d r o c h l o r i c  a c i d  ( g a s )  t o  g i v e  

t h e  e x p e c t e d  I d  w h i c h  was p u r i f i e d  b y  s u b l i m a t i o n  ( g  0 . 0 0 1 ;  

l O O ' C ,  0 . 6  m m H g ) .  

5 - ( 1 , 2 - D i b r o m o - Z -  L2H5]-phenyle thyl  ) - 3 - m e t h y l - 4 - n i  t r o i s o x a z o l  e ( 2 b )  

Compound 2 b  was p r e p a r e d  b y  t r e a t i n g  l b  ( g  0 . 5 6 0 )  i n  c s 2  w i t h  

b r o m i n e  f o l l o w i n g  r e f . ( l  1 ) .  Y i e l d  7 1 . 8 % ,  m.p. 1 6 8 - 1 6 9 ' C  ( f r o m  

e t h a n o l  1 . 
I . R . ( K B r )  : 1 6 1 5 ,  1 5 2 0 ,  1 4 1 5 ,  1 3 7 9 ,  1 3 6 5 ,  1 3 0 0 ,  1 1 4 0  a n d  8 2 2  cm-' 

N . M . R .  ( C D C 1 3 )  : 2 . 6 3  ( s ,  3H, C H 3 ) ;  5 . 5 5 - 6 . 4 5  ( A B  S y s t e m ,  ten- 

t e r e d  a t  6 . 0 ,  J A B  = 1 2 H z ) .  

A n a l .  C a l c d .  f o r  C 1 2 D 5 H 5 N 2 0 3 B r 2  : C ,  3 6 . 4 7 ;  H ,  2 . 5 3 ;  N ,  7 . 0 9  

F o u n d  : C ,  3 6 . 7 6 ;  H ,  2 . 6 7 ;  N ,  7 . 1 1 % .  
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- 3- ~ H 5 ] - P h e n y l - 2 - p r o p y n o i c  acid ( 4 b )  

C o m p o u n d  2 b  ( g  0 . 4 0 0 )  was t r e a t e d  w i t h  N a O H  1 N  ( m l  8 )  a n d  h e a t e d  

( 9 5 . C )  f o r  3 h .  U n r e a c t e d  2 b  was f i l t e r e d  o f f  ( g  0 . 0 1 8 )  a n d  t h e  

s o l u t i o n  a c i d i f i e d  w i t h  H C 1  ( g a s )  t o  g i v e  t h e  e x p e c t e d  compound 

- 4 b  ( g  0 . 1 0 3 )  w h i c h  was p u r i f i e d  b y  s u b l i m a t i o n  ( g  0 . 0 7 9 ;  5 5 ' C ,  

0.5 m m H g ) .  

1 8 0 - B i l a b e l l e d  3 - p h e n y l - 2 - p r o p y n o i c  acid ( 4 c  1 

C o m p o u n d  ?a ( g  0 . 0 2 5 )  was t r e a t e d  w i t h  Na180H 1 N  ( m l  0 . 5 )  a n d  

h e a t e d  (95.C) f o r  4 h. T h e  c o l d  m i x t u r e  was t h e n  f i l t e r e d  a n d  t h e  

s o l u t i o n  a c i d i f i e d  w i t h  h y d r o c h l o r i c  a c i d  ( g a s )  t o  g i v e  t h e  

e x p e c t e d  compound  4c w h i c h  was p u r i f i e d  by s u b l i m a t i o n  ( g  0 . 0 0 1 ;  

1 0 7 ' C ;  0 . 5  m m H g ) .  

0- B i  1 a b e  1 1 e d 3- [' H5 1 -p h e  n y 1 - 2 - p r o p y  n o i c acid ( 4 d  

C o m p o u n d  2 b  ( g  0 . 0 2 5 )  was t r e a t e d  w i t h  Na180H 1 N  ( m l  0 . 5 )  a n d  

h e a t e d  ( 9 5 . C )  f o r  4 h.  T h e  c o l d  m i x t u r e  was t h e n  f i l t e r e d  a n d  t h e  

s o l u t i o n  a c i d i f i e d  w i t h  h y d r o c h l o r i c  a c i d  ( g a s )  t o  g i v e  t h e  

e x p e c t e d  compound 4 d  w h i c h  was p u r i f i e d  b y  s u b l i m a t i o n  ( g  0 .001;  

90.C; 0 . 5  m m H g ) .  
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