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RECENT DEVELOPMENTS I N  THE C H E M I S T R Y  AND BIOLOGY 
OF OISELENIDES, BENZISOSELENAZOLONES AND SELENI- 
N I C  A C I D S  

JACEK MLOCHOWSKI, K R Y S T I A N  KLOC, LUDWIK SYPER, 
ANNA 0. INGLOT 
I n s t i t u t e  o f  O r g a n i c  and P h y s i c a l  C h e m i s t r y ,  
T e c h n i c a l  U n i v e r s i t y  o f  Wrockaw, 50-370 Wroc€aw, 
and I n s t i t u t e  o f  Immunology and E x p e r i m e n t a l  
Therapy  PAS,  53-114 Wroc?aw, Po land .  

A b s t r a c t  Syn theses  of v a r i o u s  g r o u p s  o f  o r g a n o s e l e -  
n ium compounds such  as  a r y l  and h e t e r o a r y l  d i s e l e n i -  
des (l), bis (2 -ca rbamoy1)pheny l  d i s e l e n i d e s  (21, 
1,2-b~nzisoselenazol-3(2H)-ones (11, t h e i r  l - o x i d e s  
(4) and s e l e n i n i c  a c i d s  (2) a r e  r e p o r t e d .  Some of  
them m a n i f e s t  p o t e n t  b i o l o g i c a l  a c t i v i t y  as immuno- 
m o d u l a t o r s  (compounds 1-1) and c y t o s t a t i c s  (compounds 5) 

I N T R O D U C T I O N  

I n  r e c e n t  decade many e x c i t i n g  r e s e a r c h  r e s u l t s  i n d i c a t e d  

t h a t  s e l e n i u m  can  i n f l u e n c e  t h e  mammalian m e t a b o l i s m .  
A number o f  s e l e n i u m  compounds, p a r t i c u l a r l y  o r g a n o s e l e -  

n ium ones, were r e p o r t e d  as p o t e n t i a l l y  u s e f u l  chemothe ra -  

p e u t i c  a g e n t s .  S e v e r a l  examples o f  a n t i - i n f e c t i v e ,  a n t i -  

c a n c e r  and a n t i i n f l a m m a t o r y  a g e n t s  were r e p o r t e d .  

Work ing  on c h e m i s t r y  and b i o l o g y  o f  t h e  s y n t h e t i c  immuno- 

s t i m u l a n t s ,  we p o i n t e d  o u t  t h a t ,  a l t h o u g h  numerous compo- 

unds s t i m u l a t i n g  i m m u n o l o g i c a l  response  i n  mammalia have 
been known, o n l y  a few o f  them a r e  e f f e c t i v e  i n  human 

c e l l s . '  

m a t i o n  t h a t  some o f  b e n z i s o s e l e n a z o l o n e s  ( e b s e l e n  1, 2,2- 

-diselenobis(benzamides) and carbamoylphenylselenylyl 
s u l f i d e s ,  e x h i b i t  t h e  g l u t a t h i o n e  p e r o x i d a s e - l i k e  a c t i -  

~ i t y ~ - ~  and w i t h  r e p o r t  t h a t  o t h e r  o x i d a s e ,  namely  g a l a c -  
t o s e  o x i d a s e  i n d u c e d  i n t e r f e r o n . '  I t  p rompted  us t o  s t u d y  

1-5  

The work p r e s e n t e d  h e r e  was i n s p i r e d  w i t h  i n f o r -  
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chemistry and biology of the aromatic and azaaromatic di- 
selenides (l.,2) benzisoselenazolones (11, their 1-oxides 
(4) and seleninic acids (2) and the results obtained are 
briefly reported in this paper. 

RESULTS 

Aromatic and azaaromatic diselenides 1 were synthesized 
from haloarenes, haloazines or diazonium derivatives ac- 
cording to the general method elaborated earlier in our 
l a b ~ r a t o r y . ~  It was based o n  the nucleophilic substitu- 
tion of the halogen atom or diazonium ion with the dise- 
lenide group by the action of lithium diselenide, formed 
in situ from elemental selenium and lithium in the pre- 
sence diphenylacetylene a s  catalyst. 

Li2Se2, THF 
2 Ar-X - Ar-SeSe-Ar + 2 LiX 

or/and HMPT 32-78% - 
Ar = p-C6H4-Y (Y=COCH3,CONH2,CONHC12H25,CONHC18H37,COOH), 

2-, 3-pyridyl, 2-(6-methylpyridyl), 2-, 3-quinolyl 
@ X = C1, Br, N2 

N-Substituted bis(2-carbamoy1)phenyl diselenides 2 were 
obtained in high yields by the reductive ring cleavage 
of 1,2-benzisoselenazol-3(2H)-ones 1 with hydrazine. 

- 3 - 2 71-100% 

R = H, alkyl, aryl, 2-, 3-pyridyl, 2-pyrimidynyl, acetyl 

Studying the reaction of 2-(chloroseleno)benzoyl chloride 
with various compounds having amino group, we found that 
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most of  them reacted in usual way giving benzisoselena- 
zol-3(2H)-ones (2) although some exception were observed 
(e.g. formation of 3H-2,l-benzoxaselenolones from 8-amino- 
quinolines). 

0 

- 3 62-96% 

R = H, alkyl, aryl, azaaryl, carboxyalkyl, carboxamid, 
acetyl. 

1,2-8enzisoselenazol-3(2H)-one l-oxides (4) were obtained 
in two alternative ways by the oxidation o f  compounds 1 
o r  by oxidative cyclisation of diselenides 2. 

0 

- H2°2 
60-95% N-R r~----- - 2 

65-83% 

0 4 - 
It was observed that oxidative cyclisation tooks place 
only when aryl diselenides were o-substituted with the 
carboxamide group o r  with its precursor. In other cases, 
areneseleninic acids were formed which could be subsequ- 
ently oxidized to peroxyseleninic acids when excess of  
hydrogen peroxide was used. Alkyl diselenides were 
smoothly oxidized to alkaneseleninic acids 5 using stoi- 
chiornetric amount of 30% hydrogen peroxide according to 
the method reported earlier. 10 

H202,CH3CN o r  CH2C12 
R-SeSe-R _. 2 RSeOOH 

-15'~ o r  20'~ 
R = alkyl, aryl 5 23-965 - 
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The a b i l i t y  t o  i n d u c e  c y t o k i n e s ,  such a s  i n t e r f e r o n  gamma 
( I F N - r )  and tumor  n e c r o s i s  f a c t o r  (TNF) i n  human p e r i p h e -  
r a l  b l o o d  l e u c o c y t e s  o f  compounds s y n t h e s i z e d  was e s t a b -  
l i s h e d .  Some o f  t hen ,  p a r t i c u l a r l y  d i s e l e n i d e s  1,2 
2 - ( 6 -me t h y  1 p y r i d y 1 ) d i s e 1 en i d e , b i s [2 - ( N - p h e n y 1 c a r b a mo y 1) 3 
d i s e l e n i d e  and i t s  p y r i d i n e  a n a l o g  gave max imal  r e s p o n s e  

TNF> 500 U . m l - '  and IFN>300  U - m l "  w h i c h  made them t h e  
most p o t e n t  known l o w - m o l e c u l a r - w e i g h t  immunomodulators.  
C y t o t o x i c i t y  o f  t h e s e  compounds was a l s o  i n v e s t i g a t e d  and 
i t  was r e v e a l e d  t h a t  a c i d s  5,  p a r t i c u l a r l y  m e t h a n e s e l e n i -  
n i c  a c i d  and b u t h a n e s e l e n i n i c  a c i d  m a n i f e s t e d  h i g h  a c t i -  

v i t y  a g a i n s t  e x p e r i m e n t a l  tumor  K8 c e l l s  ( I D 5 o =  3 . 6 ~ 1 0 - ~  
and 11. pMernl- l ) .  
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