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Novel, potentially useful spin-label reagents 
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A b s t r a c t  - New 
w e r e  s y n t h e t i z e  
a z i d o  c a r b o x y l i  

n i t r o x i d e  s p i n - l a b e l  (SL) s y n t h o n s  a n d  r e a g e n t s  
d :  S L - f a t t y  a c i d s  a n d  S L - d i e n o n e s ,  m a l e i m i d o  or 

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

INTRODUCTION 

A l t h o u g h  a l a r g e  c o l l e c t i o n  o f  s t a b l e  n i t r o x i d e s  ( N - o x y l s ,  a m i n o x y l s )  w i t h  
s e l e c t i v e l y  r e a c t i n g  f u n c t i o n s  a r e  u s e d  for t h e -  s p i n - l a b e l l i n g  ( S L )  o f  
b i o m o l e ~ u l e s ~ - ~ ,  t h e  n e e d  f o r  n o v e l  r e a g e n t s  w i t h  h i g h e r  r e a c t i v i t y  a n d  b e t t e r  
s t a b i l i t y  i s  i n c r e a s i n g .  One e x a m p l e  i s  t h e  p r e p a r a t i o n  o f  p y r r o l i d i n e - I - o x y l  
f a t t y  a c i d s '  i n s t e a d  o f  less s t a b l e  o x a z o l i d i n y l - I - o x y l  o n e s 5 ,  The  
c o n v e n t i o n a l  c h e m i c a l  p r o t e i n  m o d i f i c a t i o n s  ( L - e t h y l m a l e i m i d e ,  a - h a l o a c e t -  
a m i d e s ,  2 , 4 - d i n i t r o c h l o r o -  (or f l u o r o - )  b e n z e n e ,  a c t i v a t e d  e s t e r s ,  i m i d -  
a z o l i d e s ,  e t c . ) 6  h a v e  made a n  i m p o r t a n t  i m p a c t  o n  t h e  d e v e l o p m e n t  o f  
p a r a m a g n e t i c  a n a l o g u e s  o f  t h e s e  r e a g e n t s  w i t h  r e l a t i v e l y  e a s y  c h e m i c a l  
r e a c t i o n s  for t h e  s t u d y  o f  p r o t e i n s  b y  E S R  s p e c t r o s c o p y .  H o w e v e r ,  t h e  
e x p a n d i n g  d o m a i n  o f  n o v e l  r e a g e n t s  ', s u c h  a s  c l e a v a b l e ,  p h o t o s e n s i t i v e ,  
c r o s s - l i n k i n g ,  b i f u n c t i o n a l  (homo or h e t e r o ) ,  s i t e - s p e c i f i c  r e a g e n t s ,  o f f e r s  
o p p o r t u n i t i e s  for t h e  d e s i g n  o f  s u c h  n o v e l  b u t  SL r e a g e n t s  t o o .  
F u r t h e r m o r e ,  t h e  r e p l a c e m e n t  o f  a n  a - a m i n o  a c i d  u n i t  w i t h  a p a r a m a g n e t i c  
* a m i n o  a c i d  i n  a b i o l o g i c a l l y  a c t i v e  p e p t i d e  o f f e r s  a p o t e n t i a l  o p p o r t u n i t y  
for i n v e s t i g a t i o n s  o f  r e l a t i o n s h i p s  b e t w e e n  s t r u c t u r e  a n d  b i o l o g i c a l  a c t i v i t y .  
The SL o f  d r u g s  w i t h  t h e  m in imum p o s s i b l e  p e r t u r b a t i o n  o f  t h e  s t r u c t u r e ,  i n  a n  
e f f o r t  t o  r e t a i n  t h e  b i o l o g i c a l  c h a r a c t e r  o f  t h e  d r u g s  a f t e r  t h e  l a b e l l i n g ,  i s  
a n  i n t e r e s t i n g  m e t h o d  f o r  m a p p i n g  r e c e p t o r  s i t e s .  I t  may b e  b o r n e  i n  m i n d  t h a t  
t h e  b i o l o g i c a l  o x i d a t i o n  o f  s e c o n d a r y  c y c l i c  a m i n e s  l e d  t o  t h e  f o r m a t i o n  o f  
n i t r o n e s * ,  o r  i n  s p e c i a l  c a s e s  ( s u c h  a s  2,2,6,6-tetramethylpiperidines) t o  
& - o x y l  compounds ;  t h i s  offers a n  o p p o r t u n i t y  for t h e  d e s i g n  o f  b i o l o g i c a l l y  
a c t i v e  new m o l e c u l e s  o x i d i z i n g  t o  n i t r o x i d e  i n  v i v o .  -- 

NEW SPIN-LABEL REAGENTS 

I n  r e c e n t  y e a r s  o u r  l a b o r a t o r y  h a s  d e v e l o p e d  s e v e r a l  p o t e n t i a l l y  u s e f u l  SL 
r e a g e n t s .  Some o f  t h e m  a r e  a l r e a d y  u s e d  i n  b i o l o g i c a l  s t u d i e s  (Scheme 1 , 2 ) .  
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The compounds  p r o d u c e d  i n c l u d e  f a t t y  a c i d s  l.-4lo, i n t e r m e d i a t e s  f o r  u n s a t u -  
r a t e d  f a t t y  a c i d s  5-Il1 , d i e n e s  a c t i v a t e d  w i t h  e l e c t r o n - w i t h d r a w i n g  g r o u p (  s )  
- -  6 - 1 0  12, c a p a b l e  o f  n u c l e o p h i l i c  a d d i t i o n  o f  H S  g r o u p s  f o r  ATPase membrane 
s t u d  i e s I 3, a- b r o m o k e t o n e s 
-- 14-1611 ,  a , P - d i o x o  compounds  l a b e l l i n g  t e g u a n i d i n o  m o i e t y  1 7 - 1 9 1 5 ,  
t h i u r o n i u m  2 0  16@ a n d  s e l e n u r o n i u m  s a l t s a t 2 1  I$ , d i s u l f i d e s ,  d i s e l e n i d e s  
_- 2 2 1 6 a , z 1 6 b , 1 : c a t i o n i c  p r o b e s  2 4 , 2 5  -- 

h e  t e r o b i f  u n c t i o n  a 1 i z e d p y r r o 1 i d  i n  e s U- EL 4 ,  

a n d  a n i o n i c  p r o b e s  2 6 , 2 7 1 9 .  - - 
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FATTY ACIDS 

The  m o r e  s t a b l e  2 , 2 -  a n d  2 , 5 - f u n c t i o n a l i z e d  p y r r o l i d i n e - N - o x y l  f a t t y  a c i d s  
( t h e  p r o x y l s  a n d  a z e t o x y l s )  w e r e  s y n t h e t i z e d  b y  u t i l i z i n g  t h e  r e a c t i o n s  
b e t w e e n  G r i g n a r d  r e a g e n t s  a n d  w e l l - k n o w n  n i t r o n e s ,  b u t  t h e  d e v e l o p m e n t  o f  a 
c a r b o x y l i c  f u n c t i o n  i s  a r a t h e r  l a b o r i o u s  m u l t i p l e - s t e p  p r o c e d u r e  ( e . 9 .  

I n  o u r  p r o c e d u r e s ,  we i n t r o d u c e d  compounds c o n t a i n i n g  a t e r m i n a l  d o u b l e  b o n d  
-- 2 9 - 3 2  w h i c h  c a n  b e  o x i d i z e d  i n  one  s t e p  t o  a c a r b o x y l i c  g r o u p .  S t a r t i n g  f r o m  
1 3 - a l k y l  o r  1 3 - a l k e n y l  a , O - u n s a t u r a t e d  0 x 0  compounds  ;la a l l o w e d  us  t o  p r e p a r e  
2 ,3 -  a n d  2 , 4 - f u n c t i o n a l i z e d  p y r r o l i d i n e - I - o x y l  f a t t y  a c i d s  2 , 3 , 3 3  t o o  
(Scheme 3 ) .  

-OTHP+ - O H  + - O M S  + - X  +-CN+-COzH) . 

- - -  
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CROSS-LINKING REAGENTS 

T h e r e  a r e  a m p l e  o p p o r t u n i t i e s  f o r  t h e  i n t r o d u c t i o n  o f  f u n c t i o n a l i t i e s  i n t o  
p o s i t i o n  3 a n d  3 i n  t h e  p y r r o l i n e  r i n g  : t h e  i n t r o d u c t i o n  o f  a n  a l k y l  or a r y l  
g r o u p  i n t o  t h e  1 3 - p o s i t i o n  t o  t h e  e s t e r  f u n c t i o n  o f  34, i n  a c o n j u g a t e  a d d i t i o n  
v i a  a G r i g n a r d  r e a c t i o n ,  a l l o w e d  t h e  p r e p a r a t i o n  o f  compounds  3 5 , 3 6 .  The  
c o n j u g a t e  a d d i t i o n  o f  n i t r o m e t h a n e ,  f o l l o w e d  b y  s e l e c t i v e  r e d u c t i o n  t o  t h e  
c o r r e s p o n d i n g  ? -amino  e s t e r  2, y i e l d e d  a s y n t h o n  f o r  t h e  p r e p a r a t i o n  o f  
m a l e i m i d e  58 a n d  a r y l  a z i d e  2 compounds  (Scheme 4 ) .  

- _  
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DlENES ACTIVATED BY ELECTRON-WITHDRAWING GROUPS 

Neither the pyrroline-3-aldehyde 40 nor the 1,2,5,6-tetrahydropyridine- 
4-carboxaldehyde 4?_ were reactive enough to react with bionucleophiles. 
Therefore, they were converted in an aldol-type reaction to electron- 
withdrawing group-activated 0-electrophilic dienes 1 - 1 0 1 2 .  Especially the 
indanedione derivative 10 exhibited a high reactivity towards SH groups13 
(Scheme 5 ) .  

Scheme 5 
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THlO AND SELENO REAGENTS 

We earlier reported that a paramagnetic thiol compound, 3-thiolmethyl- 
2,2 5 , 5 - t e t r a m e t h y l p y r r o l i n e - l - o x y l  42, can be obtained from thiuronium salt 
- 201'? In the same way selenuronium salt 21 can be obtained, f r o m  which the 
very reactive allylic selenol 43 can be prepared. The 42. and 43 are oxidized 
to biradical disu1fi.de ;12 and diselenide 23, respectively 16b. These biradicals 
are able to react with protein SH groups17 (Scheme 6). 

Scheme 6 

YI I 

CATIONIC AND ANIONIC PROBES 

Phosphonium compound 2 3  was obtained18 from allylic halide 4 4  with and 
the amines 2 5 w e r e  preparedla by reductive amination reaction o f  0 with 
NaCNBH 3 .  

Various aryl nitroxides have been nitrated with concentrated H , S 0 , / H N 0 3  
without harm to the nitroxide function, to give ultimately highly acidic 
polynitrophenol substituted, water-soluble nitroxides as a series o f  promising 
anionic probes, e.g. 26,27 19 (Scheme 7). 

PhtP, 
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Scheme 7 
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LABELLED a - A M I N O  ACIDS AND DRUGS 

The excellent reactivity o f  allylic sulfonates or halides 44,B can be 
utilized f o r  the p;eparation of a-amino acid derivatives spin-labelled in the 
side-chain 46 ,c '". 
Several drugs can be labelled 48-53 with remarkably little perturbation o f  
their biological functionz3 (Scheme 8). 

Scheme 8 
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NEW ANTIARRHYTHMIC COMPOUNDS 

In an extended collaboration with pharmacologists, a new group o f  diamagnetic 
antiarrhythmic compounds 5 5  has been developed. These compounds belong in the 
class o f  membrane affine antiarrhythmic drugs (such as quinidine and 
procainamide), which can be oxidized either in vitro o r  in vivo to free 
radical compounds such as 5 5  '' (Scheme 9). 
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A c k n o w l e d g e m e n t s  - I am d e e p l y  i n d e b t e d  t o  my c o l l e a g u e s ,  e s p e c i a l l y  
Or. O l g a  H a n k o w s z k y ,  a n d  c o l l a b o r a t o r s ,  whose  names a p p e a r  i n  our 
p a p e r s  c i t e d  i n  t h i s  b r i e f  r e v i e w .  Our r e s e a r c h  h a s  m a i n l y  b e e n  
s u p p o r t e d  b y  t h e  H u n g a r i a n  Academy o f  S c i e n c e s  ( 3 0 1 / A / 8 2  a n d  
3 / 1 0 4 / 8 6 ) .  
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