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SYNTHESIS AND PROPERTIES OF ISOSELENAZOLECARBOXYLIC ACIDS 
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A b s t r a c t  - S i x  members o f  t h e  unknown c l a s s  o f  i s o s e l e n a z o l e -  

c a r b o x y l i c  a c i d s  a r e  p r e p a r e d  b y  Se02 o x i d a t i o n  o f  3-  a n d / o r  

5 - m e t h y l  s u b s t i t u t e d  i s o s e l e n a z o l e  d e r i v a t i v e s .  

R e c e n t l y  we have  found a  c o n v e n i e n t  me thod  f o r  t h e  s y n t h e s i s  o f  i s o s e l e n a z o l e s  wh i ch  

a l l o w s  t h e  p r e p a r a t i o n  o f  v a r i o u s  a l k y l  and a r y l  s u b s t i t u t e d  d e r i v a t i v e s , '  w h i l e  

t h e  i n t r o d u c t i o n  o f  h e t e r o a t o m - c o n t a i n i n "  f u n c t i o n s  was up t o  now an u n s o l v e d  

p r o b l e m .  C o n t i n u i n g  o u r  i n v e s t i g a t i o n  i n  t h i s  f i e l d  we examined  p o s s i b i l i t i e s  o f  

o b t a i n i n g  f u n c t i o n a l  i z e d  i s o s e l e n a z o l e s  by  o x i d a t i v e  t r a n s f o r m a t i o n  o f  t h e i r  a1 k y l  

s u b s t i  t u e n t s .  

We w i s h  t o  r e p o r t  h e r e  t h e  p r e p a r a t i o n  and t h e  p r o p e r t i e s  o f  i s o s e l e n a z o l e -  

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

compounds and a r e  w o r t h y  o f  i n t e r e s t  f o r  t h e i r  p o t e n t i a l i t i e s  i n  t h e  s y n t h e s i s  o f  

o t h e r  d e r i v a t i v e s  o r  i n  t h e  p r e p a r a t i o n  o f  p r o d u c t s  f o r  p r a c t i c a l  p u r p o s e s  l i k e  

c o s m e t i c s  tic. 

The o x i d a t i o n  o f  m e t h y l i s o s e l e n a z o l e s  t o  t h e  c o r r e s p o n d i n g  c a r b o x y l i c  a c i d s  i s  n o t  

a  g e n e r a l l y  o c c u r r i n g  r e a c t i o n ,  and i n  f a c t  v a r i o u s  o x i d i z i n g  a g e n t s  l i k e  p o t a s s i u m  

permanganate  and c h r o m i c  a n h y d r i d e  i n  a c e t i c  o r  s u l p h u r i c  a c i d  f a i l e d  i n  g i v i n g  

o x i d a t i o n  i n  s i d e  c h a i n  o r  o x i d e  f o r m a t i o n  a t  t h e  s e l e n i u m  atom, w h i l e  t h e y  r e s u l t e d  

i n  d e g r a d a t i n g  t h e  r i n g ,  i n  ag reemen t  w i t h  wha t  we found  w i t h  m e t h y l  d e r i v a t i v e s  

o f  1 , 2 , 5 - s e l e n a d i a z o l e .  2  

O n l y  s e l e n i u m  d i o x i d e  i n  s e a l e d  g l a s s  v i a l  was e f f i c i e n t  f o r  t h e  t r a n s f o r m a t i o n  

o f  m e t h y l i s o s e l e n a z o l e s  i n t o  t h e  c o r r e s p o n d i n g  c a r b o x y l i c  a c i d s  (Scheme 1 ) .  



The o x i d a t i o n  o f  t h e  3,5-dimethylisoselenazole y i e l d e d  a  m i x t u r e  o f  i s o s e l e n a z o l e -  

3 , 5 - d i c a r b o x y l i c  a c i d ,  3 - m e t h y l i s o s e l e n a z o l e - 5 - c a r b o x y l i c  a c i d ,  and 5 - m e t h y l i s o -  

s e l e n a z o l e - 3 - c a r b o x y l i c  a c i d .  

The r e a c t i o n  c o n d i t i o n s  as m o l a r  r a t i o  o f  r e a g e n t s ,  r e a c t i o n  t e m p e r a t u r e  and t im,  

needed an a c c u r a t e  s e l e c t i o n  w h i c h  was a c c o m p l i s h e d  t h r o u g h  a  s e r i e s  o f  e x p e r i m e n t s  

w i t h  3 - m e t h y l i s o s e l e n a z o l e .  

S C H E M E  1  

4 a .  Q~ = H , R = C O O H  

3  4 b :  R = COOH , R = H  

3 4 c :  R = C6H5 , R = COOH 

3  4 d: R = R = COOH 

3  4 e :  R = C O O H  , R = C H ~  

3  4 f :  R = C H 3 ,  R =COOH 

S e l e n i u m  d i o x i d e  t r a n s f o r m s  i n t o  t h e  c o r r e s p o n d i n g  c a r b o x y l i c  a c i d s  a l s o  m e t h y l -  

1 , 2 , 5 - s e l e n a d i a z o l e s 2  w h i c h  show "ood a n a l o g i e s ,  f r o m  t h i s  s t a n d p o i n t ,  w i t h  methyl- 

i s o s e l e n a z o l e s ,  n e v e r t h e l e s s  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  r e a c t i v i t y  o f  t h e  two 

c l a s s e s  o f  h e t e r o c y c l e s  a r e  p o i n t e d  o u t  by  o t h e r  o x i d i z i n g  a g e n t s .  The 1 ,2 ,5-se lena-  

d i a z o l e  and i t s  m e t h y l  d e r i v a t i v e s  unde rgo  o x i d a t i o n  o f  t h e  s e l e n i u m  atom f r o m  t Z  

t o  + 4  e i t h e r  by  an aqueous m i x t u r e  o f  s i l v e r  o x i d e  and sod ium n i t r a t e  w i t h  f o r m a t i o n  

of h y d r o x y  n i t r a t e s  o r  by  b rom ine  u n d e r  anhyd rous  c o n d i t i o n s  w i t h  f o r m a t i o n  o f  1 , l -  

d i b romo  a d d u c t s 2  (Scheme 2 ) .  

Any a t t e m p t  t o  c a r r y  o u t  ana logous  r e a c t i o n s  w i t h  3 - m e t h y l i s o s e l e n a z o l e  was 

u n s u c c e s s f u l .  W i t h  b r o m i n e  o n l y  an e l e c t r o p h i l i c  s u b s t i t u t i o n  r e a c t i o n  t a k e s  p l a c e  

t o  a f f o r d  3 - m e t h v l - 4 - b r o m o i s o s e l e n a z o l e .  3  
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S C H E M E  2  

\ / 
/Se, 

HO ONO, 

R e a c t i o n s  e n h a n c i n g  t h e  s e l e n i u m  o x i d a t i o n  numb'er a r e  n o r m a l l y  f o u n d  w i t h  l i n e a r  

and c y c l i c  s e l e n o  e t h e r s .  b u t  n e v e r ,  s a v e  1 , 2 , 5 - s e l e n a d i a z o l e s ,  w i t h  a r o m a t i c  s e l e -  

n i u m  h e t e r o c y c l e s .  I s o s e l e n a z o l e s  a n d  1 , 2 , 3 - s e l e n a d i a z o l e s 4  a l i g n  w i t h  t h e  o t h e r  

a r o m a t i c  sys tems  even  i f  t h e y  c o n t a i n  one N - S e  bond  w h i c h  draws t h e i r  s t r u c t u r e  

n e a r  t h a t  o f  1 , 2 , 5 - s e l e n a d i a z o l e s .  I t  seems r e a s o n a b l e  t h e r e f o r e  t h a t  t h e  s i n g u l a r  

r e a c t i v i t y  o f  1 , 2 , 5 - s e l e n a d i a z o l e s  may be c o n n e c t e d  t o  t h e  r i n g  s t r u c t u r e  more 

t h a n  t o  t h e  n e i g h b o u r i n g  a tom e f f e c t s ,  i n d i c a t i n g  a  l o w  e l e c t r o n  d e l o c a l i z a t i o n  

i n  t h e  h e t e r o c y c l e .  

The o x i d a t i o n  a t  t h e  b e n z y l i c  p o s i t i o n  o f  i s o s e l e n a z o l e  and 1 , 2 , 5 - s e l e n a d i a r o l e  

d e r i v a t i v e s  by  s e l e n i u m  d i o x i d e  t o  t h e  c o r r e s p o n d i n g  c a r b o x y l i c  a c i d  i s  made more 

p e c u l i a r  by  c o m p a r i s o n  w i t h  t h e  b e h a v i o u r  o f  t h e  s u l p h u r  i s o l o g u e s ,  and i n  f a c t  e i t h e r  

2  3-methyl-1,2,5-thiadiazole i n  p r e v i o u s  e x p e r i m e n t s  o r  3 - m e t h y l i s o t h i a z o l e i n  present 

a t t e m p t s  f a i l e d  i n  g i v i n g  such  a  t y p e  o f  r e a c t i o n .  On t h e  o t h e r  s i d e ,  5 - m e t h y l i s o -  

t h i a z o l e ,  s u b m i t t e d  t o  o x i d a t i o n  w i t h  s e l e n i u m  d i o x i d e  as f o r  r e a c t i o n s  o f  Scheme 1,  

a f f o r d e d  i s o t h i a z o l e - 5 - c a r b o x y l i c  a c i d  i n  8 % y i e l d s .  N e v e r t h e l e s s  m e t h y l  hyd rogens  

i n  p o s i t i o n  5  o f  t h e  i s o t h i a z o l e  n u c l e u s  a r e  r e m a r k a b l y  more  r e a c t i v e  t h a n  t h o s e  i n  

p o s i t i m 3  a l s o  i n  n u c l e o p h i l i c  r e a c t i o n s  l i k e  a l k a l i n e  h y d r o g e n - d e u t e r i u m  exchange. 5 

The p r e p a r e d  i s o s e l e n a z o l e c a r b o x y l i c  a c i d s  showed t o  be  p r o n e  t o  t h e  u s u a l  

t r a n s f o r m a t i o n s  i n t o  a c y l  d e r i v a t i v e s  . I s o s e l e n a z o l e  - 3 , 5 - d i c a r b o x y l i c  a c i d ,  



3 - m e t h y l i s o s e l e n a z o l e - 5 - c a r b o x y l i c  a c i d  a n d  5 - m e t h y l i s o s e l e n a z o l e - 3 - c a r b o x y l i c  a c i d  

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

a b o v e  m e n t i o n e d  a c i d s .  I s o s e l e n a z o l e - 3 - c a r b o x y l i c  a c i d  was  t r a n s f o r m e d  i n t o  i t s  a c y l  

c h l o r i d e  a n d  t h e n  i n t o  a m i d e .  

A l l  t h e  p r e p a r e d  i s o s e l e n a z o l e c a r b o r y l i c  a c i d s  a n d  e s t e r s  a s  w e l l  a s  i s o s e l e n a z o l e -  

3 - c a r b o x a m i d e  s h o w e d  s a t i s f a c t o r y  e l e m e n t a l  a n a l y s e s ,  I . R .  a n d  N . M . R .  s p e c t r a  i n  

a g r e e m e n t  w i t h  t h e  p r o p o s e d  m o l e c u l a r  s t r u c t u r e s .  

C h a r a c t e r i s t i c  d a t a  o f  i s o s e l e n a z o l e c a r b o x y l i c  a c i d s  a r e  c o l l e c t e d  i n  t h e  T a b l e .  

T A B L E  

C h a r a c t e r i s t i c  d a t a  o f  i s o s e l e n a z o l e c a r b o x y l i c  a c i d s  

Compound Y i e l d  mp "C I . R . *  IH-N.M.R. M . S .  

% ( s o l v e n t )  cm-1 ( a c e t o n e - d 6 )  m/e Mt ( re1 .  i n t . % )  
-- 

1 4 7  - 1 4 8  

( a c e t o n i t r i l e )  

1 8 3  - 1 8 5  

( a c e t o n e )  

1 6 4  - 1 6 6  

( c h l o r o f o r m )  

2 0 0 - 2 0 3  (dec.) 

( c h l o r o f o r m )  

1 9 8  - 2 0 0  

( a c e t o n e )  

1 4 8  - 1 5 0  

( a c e t o n e )  

9 . 5 0  ( d ,  l H ,  J = 5 . 3 ~ ~ ) :  

8 . 1 8  ( d .  l H ,  J = 5 . 3 H z )  

9 . 2 5  ( d ,  l H ,  J = 1 . 8  Hz), 

8.03 ( d ,  l H ,  J = 1 . 8 H z )  

8 . 1 7  ( 8 ,  1 ~ ) :  

7 . 6 3  - 7 .32  (m,  5H) 

7 .86  ( s ,  l H ) ,  

2 . 4 7  ( s ,  3 H )  

7 .26  ( q ,  l H ,  J ~ 1 . 2  HZ),  

2 . 7 3  ( d .  3H. J - 1 . 2  H z )  

 h he r e p o r t e d  b a n d s  a r e  t e n t a t i v e l y  a s s i g n e d  t o  t h e  r i n g  o n  e m p i r i c a l  b a s i s .  '1n CDC13 

- 1 3 0 -  
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EXPERIMENTAL 

M e l t i n g  p o i n t s  w e r e  d e t e r m i n e d  w i t h  a  R e i c h e r t  T h e r m o v a r  a p p a r a t u s  a n d  a r e  un- 

c o r r e c t e d .  I . R .  s p e c t r a  w e r e  r e c o r d e d  on  a  P e r k i n - E l m e r  rnod.1330 s p e c t r o p h o t o m e t e r  

i n  K B r  p e l l e t s  u n l e s s  o t h e r w i s e  i n d i c a t e d .  ' H - N . M . R .  s p e c t r a  w e r e  r e g i s t e r e d  on 

W.M. 300 B r u k e r  s p e c t r o m e t e r .  Mass s p e c t r a  w e r e  r e c o r d e d  o n  a  V a r i a n  MAT CH5-OF 

a p p a r a t u s  a t  70 eV; t h e  v a l u e  a r e  r e f e r r e d  t o  t h e  s e l e n i u m  i s o t o p e  80 .  

7hohelenarolecn&boxyLic acidh. A m i x t u r e  o f  s o l i d  s e l e n i u m  d i o x i d e  a n d  0 . 3 0 0  g  o f  

t h e  a p p r o p r i a t e  m e t h y l i s o s e l e n a z o l e s  1  a  - d  ( m o l a r  r a t i o  2 .5  : 1 )  was h e a t e d  a t  100 

"C f o r  3  h  i n  an e v a c u a t e d  a n d  s e a l e d  P y r e x  v i a l .  A f t e r  c o o l i n g  t h e  r e a c t i o n  

p r o d u c t  was d i s g r e g a t e d  w i t h  5  ml  o f  w a t e r ,  a l k a l i f i e d  w i t h  aqueous  30 % sod ium 

h y d r o x i d e  and  e x t r a c t e d  w i t h  f o u r  5  ml p o r t i o n s  o f  p e n t a n e  t o  remove t h e  u n r e a c t e d  

i s o s e l e n a z o l e  d e r i v a t i v e .  The aqueous a l k a l i n e  phase  was a c i d i f i e d  u p  t o  pH 2  - 3  

w i t h  s a t u r a t e d  aqueous  s o l u t i o n  o f  KHS04 and  e x t r a c t e d  w i t h  e t h e r  i n  a  c o n t i n u o u s  

e x t r a c t i o n  d e v i c e .  A f t e r  d r y i n g  o v e r  a n h y d r o u s  s o d i u m  s u l p h a t e  and  r e m o v a l  

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

we re  p u r i f i e d  b y  c r y s t a l l i s a t i o n  ( s e e  t h e  T a b l e )  e x c e p t  f o r  w h a t  c o n c e r n s  t h e  

o x i d a t i o n  p r o d u c t  o f  3,5-dimethylisoselenazole. I n  s u c h  c a s e  t h e  c r u d e  a c i d i c  r e -  

s i d u e ,  o b t a i n e d  f r o m  t h r e e  v i a l s ,  was d i s s o l v e d  i n  5  ml  o f  a n h y d r o u s  THF, t r e a t e d  

w i t h  e x c e s s  o f  an  e t h e r e a l  s o l u t i o n  o f  d i a z o n e t h a n e  and  d i s t i l l e d  i n  v a c u o  t o  r e -  

move t h e  s o l v e n t .  The o i l y  r e s i d u e  was s e p a r a t e d  b y  p r e p a r a t i v e  l a y e r  c h r o m a t o g r a p h y  

o n  Me rck  s i l i c a  g e l  PF254  . 3 6 6  ( t h i c k n e s s  1  mm, e l u e n t  benzene  - m e t h a n o l  9 8 :  2 )  t o  

g i v e  t h e  f o l l o w i n g  m e t h y l  e s t e r s :  

D i m e t h y t  ihohetenazole-3,s-dica&boxylate ( Y i e l d  6  % ) ;  mp 69 - 71 " C  ( e t h e r l p e n t a n e ) .  

Found:  C ,  33 .80 ;  H, 2 . 9 0 ;  N, 5 . 59 .  C7H7N04Se r e q u i r e s  C ,  3 3 . 8 9 ;  H, 2 .84 ;  N,  5 . 6 5 % .  

IH-N.M.R. ( LOCI3,  TMS i n t .  r e f .  ) 8 . 5 6  ( s ,  l H ) ,  3 . 9 9  ( s ,  3H),  3 .95  ( s ,  3 H ) .  I . R .  

1723  (C -O) ,  1 5 3 5 ,  1 4 3 0 ,  737,  435 cm-' ( r i n g ) .  

MethyL 3-me.tky.eihohe~enarote-5-cnhboxyea*e ( Y i e l d  1 4  % ) ;  rnp 36 - 38  " C  ( p e n t a n e ) .  

Found :  C ,  35 .41 ;  H, 3 . 5 0 ;  N, 6 . 8 2 .  C6H7N02Se r e q u i r e s  C ,  35 .31 ;  H, 3 .46 ;  N, 6 . 86  %. 
'H.N.M.R. ( C D C 1 3 ,  TMS i n t .  r e f . )  7 . 8 6  ( s ,  l H ) ,  3 . 93  ( s ,  3H ) ,  2 . 5 3  ( s ,  3 " ) .  I . R .  

1720  (C=O) ,  1 5 4 6 ,  1435 ,  736,  385 cm-' ( r i n g ) .  

Methyl 5-methyeihoaelenazok-3-cahboxytate ( Y i e l d  7  % )  ; o i l .  Found  C ,  35 .43 ;  H,3.56; 

1  N, 6 .90 .  C6H7N02Se r e q u i r e s  C ,  35 .31 ;  H, 3 . 4 6 ;  N, 6 . 8 6  % .  H.N.M.R. (CDC13, TMS i n t .  

r e f . )  7 . 7 9  ( q ,  l H ,  5 - 1 . 2  H z ) ,  3 . 98  ( 5 ,  3 H ) ,  2 . 73  ( d ,  3H, J = 1 . 2  H z ) .  I . R .  ( l i q u i d  

f i l m )  1715  ( C - 0 ) ,  1 5 4 0 ,  1438 ,  733,  458 cm-' ( r i n g ) .  

The o b t a i n e d  e s t e r s  w e r e  s a p o n i f i e d  b y  1 . 5  h  r e f l u x  w i t h  a  3  % s o l u t i o n  o f  



p o t a s s i u m  h y d r o x i d e  i n  95 % e t h a n o l .  

Inothiazole-5-canboxyiic acid was o b t a i n e d  b y  o x i d a t i o n  o f  5 - m e t h y l i s o t h i a z o l e  

as d e s c r i b e d  f o r  i s o s e l e n a z o l e c a r b o x y l i c  a c i d s .  Y i e l d  8  4 : ;  I . R .  s p e c t r u m  s u p e r -  

i m p o s a b l e  w i t h  t h a t  o f  an  a u t h e n t i c  samp le .  6  

Inonetenazo!e-3-cahboxamide. A  m i x t u r e  o f  i s o s e l e n a z o l e - 3 - c a r b o x y l i c  a c i d  ( 0 . 1 2 6  

g  , 0 . 7 2  mmol)  and  3  ml o f  f r e s h l y  d i s t i l l e d  t h i o n y l  c h l o r i d e  was r e f l u x e d  f o r  1  h ,  

t h e n  i t  was e v a p o r a t e d  a t  r e d u c e d  p r e s s u r e  t o  g i v e  t h e  c r u d e  a c y l  c h l o r i d e .  Such 

c h l o r i d e  was d i s s o l v e d  i n  3  m l  o f  a n h y d r o u s  THF, t r e a t e d  w i t h  gaseous  ammonia u p  

t o  s a t u r a t i o n  a n d  s e t  a s i d e  f o r  a  n i g h t .  W a t e r  ( 3 m l )  was t h e n  added a n d  t h e  m i x t u r e  

was e x t r a c t e d  w i t h  f i v e  5  ml p o r t i o n s  o f  e t h e r ,  d r i e d  o v e r  a n h y d r o u s  s o d i u m  s u l p h a t e  

and  e v a p o r a t e d  a t  r e d u c e d  p r e s s u r e  t o  g i v e  i s o s e l e n a z o l e - 3 - c a r b o x a m i d e  ( 0 . 0 5 3  g  , 
0 .30  mmol )  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  a t  1 5 0  " C / 0 . 0 1  T a r r . ,  mp 1 4 3  - 1 4 5  " C  . 

Found  C ,  2 7 . 4 0 ;  H, 2 .33 ;  N ,  16 .08 .  CqH4N20Se r e q u i r e s  C ,  27 .45 ;  H, 2 .30 ;  N, 1 6 . 0 0 % .  

M.S. m/e 176  (M', 45 % ) .  I . R .  3430  (NH2) ,  1 6 5 3  (CEO) ,  1 3 9 6 ,  730,  411 c m - I  ( r i n g ) .  

Thin wonk Wan done with Sinanciat auppont 0 6  "Mieinteno della PubbPicn lothuzione" 
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