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The r a t e  cons tants  and act ivat ion energ ies  for  homolyt ic  d issoc ia t ion  of 2,2,-di[~ (B)" 
naphthyl]- ,  2,2, -diquinol inyl- ,  and 2 ,2 ' -d i (9 -ac r id iny l ) -4 ,4 '  ,5,5' - t e t raphenyld i imidazo ly l s  
in toluene in the p r e s e n c e  of c~ ,~-diphenyl - f l -p icry lhydraz ine  w e r e  de termined.  The de-  
g r e e s  of d i ssoc ia t ion  of the d i imidazolyls  we re  found. The effect  of subst i tuents  on the 
s tab i l i ty  of imidazolyl  r ad i ca l s  is d i scussed .  

The effect  of var ious  subst i tuents  (substi tuted phenyl, naphthyl, and diphenylyl groups  and res idues  
of f i v e - m e m b e r e d  he te rocyc les )  on the r eac t iv i t i e s  of imidazolyl  r ad ica l s  and on the abi l i ty  of the i r  d i m e r s  
to undergo homolyt ic  d i ssoc ia t ion  is well  known [2]. 

We have studied the ef fec t  of r e s idues  of s i x - m e m b e r e d  ni t rogen-conta ining he te rocyc les  on the d i s -  
soc iation of d i imidazolyls  in the ca se  of 2 ,2 ' -d iquinol inyl -  and 2,2'  -di  (9-acr idinyl)-4 ,4 '  ,5,5' - t e t raphenyld i -  
imidazolyls  [3] (Table 1). 2 - a  and 2- f l -Naphthyl -subs t i tu teddi imidaz01yls  w e r e  invest igated as model 
compounds.  

The d issoc ia t ion  r a t e  constants  (kdiss) of d i imidazolyls  I-IX w e r e  m e a s u r e d  by the method in [4], 
which is based  on the r eac t ion  of the r ad ica l s  f o rmed  in the reac t ion  with a ,o~ , -d ipheny l - f l -p ic ry lhydra -  
zine (X). 

The p r o c e s s  was  followed spec t ropho tome t r i ca l l y  f r o m  the inc rease  in the optical  densi ty  at X = 530 
n m -  the absorp t ion  m a x i m u m  of the rad ica l  of X 0DPPH). 

As in the case  of a ry l - subs t i t u t ed  d i imidazolyls  [4], the kinet ics  of the fo rmat ion  of the DPPH rad ica l  
a r e  desc r ibed  by a f i r s t - o r d e r  equation. The kdiss  va lues  obtained (Table 1) conf i rm the conclusion [2, 4] 
that  the r a t e  of d issoc ia t ion  of the di imidazolyl  d e c r e a s e s  as the e l e c t r o n - a c e e p t o r  c h a r a c t e r  of  the sub-  
s t i tuent  i n c r e a s e s .  

A study of the dependence of log kdiss  on the (r constants  of quinolinyl [6] and fl-naphthyl subst i tuents  
[7] showed that  the ~ constants  found f r o m  the two reac t ion  s e r i e s  (hydrolysis  of the e s t e r s  and the PKa 
va lues  of the cor responding  quinol ineearboxyl ic  ac ids )do  not suff icient ly accu ra t e ly  re f l ec t  the ro le  of the 
f a c t o r s  affecting the s tab i l iza t ion  of the t r ans i t ion  s ta te ,  which is apparen t ly  c lose  to a rad ica l  s ta te ,  in 
this p r o c e s s .  

F r o m  the cr constants  of two- r ing  subst i tuents  (Table 1), one should have expected a dec r ea se  in 
kdiss  for  a l l  of the d i imidazoly ls  containing such subst i tuents  as  compared  with 2 -phenyl - subs t i tu ted  c o m -  
pound L However,  r e p l a c e m e n t  of a phenyl group by an ~-naph thy l  g roup  has l i t t le effect  on kdiss ,  whereas  
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TABLE 1. Rate Constants for  the Dissociat ion of Diimidazolyls 
(kdiss) , Dissociat ion-Act ivat ion Energies  (E a), and Po la rograph-  
ic Oxidation Potentials of the Anions of the Corresponding Imi-  

dazoles "c~,~ ~ \  ] 

�9 r - I !  
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Fig. 1. Relationship between 
kdiss of di imidazolyls  VIX at 
70~ in toluene and the poten- 
t ials  of polarographic oxida- 
t ion of the anions of the c o r -  
responding imidazoles.  

replacement  by a f~-naphthyl group leads to an increase  in kdiss by a 
fac tor  of 10-20. The aza analogs of the indicated substituents (quino- 
linyl groups) have a s imi lar  effect, whereas  the effect of the ni t rogen 
atom of the quinolinyl substituent on the remainder  of the molecule is 
weakened. This is apparent ly due to the increased contribution of two- 
ring substituents to stabilization of the radica l  state as compared with 
the ionic state.  

F r o m  a compar i son  of the kdiss values of 3-,  6-, and 7-quino- 
l inyl-subst i tuted diimidazolyls  (IV, VII, and VIII) with the cr constants  of 
the corresponding substituents,  it can be concluded that t h e r o l e  of --M 
effects increases  and the role of - I  effects decreases .  Replacement  
of the phenyl group in the 2 position of the imidazole ring of the di imi-  
dazolyls by a two-r ing substituent is accompanied by a cer ta in  decrease  
in the activation energy (Ea) for  their  homolytic dissociat ion {Table 1). 

A more  s t r ic t  relat ionship is observed between log kdtss and the 
half-wave potentials of p01arographie oxidation of the anions of the co r -  
responding imidazoles (Fig. 1). This consti tutes evidence that the 
ability of the anion to undergo oxidation to an imidazolyl radica l  and 

the rate  of homolytie dissociat ion of the di imidazolyls  a re  determined to a considerable extent by the s ta-  
bili ty of the radica ls  formed.  The point corresponding to acr idinyl-subst i tu ted IX lies above the c o r r e l a -  
tion line (Fig. 1). This can be explained by an increase  in the s ter ic  hindrance in diimidazolyl  IX, which 
promotes  its dissociat ion into radicals .  The decrease  in its dissociat ion E a  value is in agreement  
with this. 

In cont ras t  to di imidazolyls  I-IX, in the react ion of a ,~-diphenyl- f l -p icrylhydrazine  with 2 ,2 ' -d i (6-  
quinol inyl ) -4 ,4 ' ,5 ,5 ' - te t ra(p-anisyl )d i imidazolyl  (XD in toluene at 60 ~ a discontinuity is detected on the 
semilogar i tkmic  anamorphosis  of the dependence of the optical density (D) on the t ime (r) (Fig. 2). Inas-  
much as there  is a considerable  concentra t ion of the f ree  rad ica l  at  this t empera tu re  in the solution of Xi, 
as indicated by the intense g reen  co lor  of the solution, it can be concluded that the f i r s t  portion of the de- 
pendence of D on T ref lec ts  p r imar i ly  the kinetics of the react ion Of the radical ,  which is in equilibrium 
with the dimer ,  whereas  the second portion ref lects  the kinetics of dissociat ion of XI. 

The ra tes  of the f i r s t  and second steps of the process  were  evaluated approximately.  The kdiss 
values of XI were  initially calculated f rom the second port ion of the curve beginning with v = 20 min. The 
rate  constant  for  the reac t ion  of the imidazolyl rad ica l  with a ,a -d iphenyl - f l -p icry lhydraz ine  (krad) was 
then calculated as  for  a pseudomonomoleeular  reac t ion  with allowance for  this p rocess .  Under  the given 
conditions, krad is 0.32 • 0.02 min -I, which is higher by a fac tor  of 27 than kdiss for  XI (0.0118 ~: 0.0007 
rain-i). 
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T A B L E  2. D e g r e e  of  D i s s o c i a t i o n  (a)  of  D i i m i d a z o l y l s  and  
D i m e r - R a d i c a l E q u i l i b r i u m C o n s t a n t s  (Keq) a t  60~ and a D i m e r  
C o n c e n t r a t i o n  in T o l u e n e  of 10 -3 M 
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F i g .  2. R e a c t i o n  of XI w i th  d i -  
p h e n y l p i c r y l h y d r a z i n e  (DPPH).  D e -  
p e n d e n c e  of  the  o p t i c a l  d e n s i t y  on 
the  t i m e  (A) and i t s  a n a m o r p h o s i s  
(]3 and  C) (D~ = 0.24). 

The  r a d i c a l - d i m e r  e q u i l i b r i u m  c o n s t a n t s  (keq) and the  d e -  
g r e e  of  d i s s o c i a t i o n  (~) of  t h e d i i m i d a z o l y l s  w e r e  m e a s u r e d .  The  
Keq  and ~ v a l u e s  in t o l u e n e  a t  60 ~ f o r  I - I X  w e r e  d e t e r m i n e d  by  
s p e c t r o p h o t o m e t r y  f r o m  the  o p t i c a l  d e n s i t i e s  of  t h e i r  s o l u t i o n s  a t  
X m a  x of the  l o n g - w a v e  a b s o r p t i o n  band of the  r a d i c a l s .  E q u i -  
l i b r i u m  w a s  e s t a b l i s h e d  in 15 -20  ra in .  The  m o l e c u l a r  e x t i n c t i o n s  
(~) w e r e  found f r o m  the  d e p e n d e n c e  of the  o p t i c a l  d e n s i t i e s  of  the  
s o l u t i o n s  u n d e r  e q u i l i b r i u m  c o n d i t i o n s  on the  s t a r t i n g  c o n c e n t r a -  
t i on  of  the  d i m e r  (Table  2). It is  a p p a r e n t  f r o m  the d a t a  ob t a ined  
t ha t  the  e f fec t  of  a s u b s t i t u e n t  in the  2 p o s i t i o n  of the  i m i d a z o l e  
r i n g  of the  d i i m i d a z o l y l s  on the  r a d i c a l - d i m e r  e q u i l i b r i u m  is 
s i m i l a r  to  the  e f f ec t  on the  r a t e  of d i s s o c i a t i o n  of the  d i m e r s  - 
the  d e g r e e  of d i s s o c i a t i o n  of the  d i i m i d a z o l y l  d e c r e a s e s  a s  the  
a c c e p t o r  c h a r a c t e r  of  the  s u b s t i t u e n t  i n c r e a s e s .  

E X P E R I M E N T A L  

The  s y n t h e s i s  of  the  d i i m i d a z o l y l s  w a s  d e s c r i b e d  in [3]. 
The  o x i d a t i o n  p o t e n t i a l s  of the  an ions  of I - I X  w e r e  found [1] by  
p o l a r o g r a p h i e  o x i d a t i o n  of  s o l u t i o n s  of the  c o r r e s p o n d i n g  i m i d a -  
z o l e s  in d ioxane  con ta in ing  a b o r a t e  b u f f e r  (pH 9 .18) .  

T h e  o p t i c a l  d e n s i t i e s  of  the  s o l u t i o n s  of  d i i m i d a z o l y l s  w e r e  m e a s u r e d  in p u r i f i e d  t o lue ne  wi th  an  
S F - 2 M  s p e c t r o p h o t o m e t e r  in a t h e r m o s t a t t e d  (with a n  a c c u r a c y  of  ~- 0.2 ~ c uve t t e  wi th  a t h i c k n e s s  of 4 cm.  

Solu t ions  of  d i i m i d a z o l y l s  I - IX  wi th  a n  i n i t i a l  c o n c e n t r a t i o n  of  3 .8  �9 10 -5 M w e r e  u s e d  to d e t e r m i n e  
the  r a t e  c o n s t a n t s  of h o m o l y t i c  d i s s o c i a t i o n  (kdiss ) .  The  ~ , ~ - d i p h e n y l - f l - p i c r y l h y d r a z i n e  c o n c e n t r a t i o n  
w a s  1.5 �9 10 -4 M. The  m e a s u r e m e n t s  w e r e  m a d e  a t  the  a b s o r p t i o n  m a x i m u m  of the  D P P H  r a d i c a l  (530 
nm) .  The  k d i s s  v a l u e s  w e r e  c a l c u l a t e d  f r o m  f o r m u l a  (1) w i th  the  a i d  of the  m e t h o d  of l e a s t  s q u a r e s .  

2.303 D| 
. . . .  lg kdiss .~ -b~-/:Y" 

T h e  a c c u r a c y  in the  d e t e r m i n a t i o n s  w a s  1-5%. The  a c t i v a t i o n  e n e r g i e s  w e r e  found g r a p h i c a l l y  wi th  an  
a c c u r a c y  of  10% f r o m  the  d e p e n d e n c e  of  log  k d i s s  on T -1. 

T h e  d i m e r ' r a d i c a l  t h e r m a l  e q u i l i b r i u m  p a r a m e t e r s  w e r e  c a l c u l a t e d  f r o m  the  f o r m u l a s  

(i) 

D CR 2 CR" 
c R = ' 7 / ;  "';-a = c, ,  ; r  2 , -T - '  

A- -  ,- 
2 

w h e r e  C R is  the  r a d i c a l  c o n c e n t r a t i o n  u n d e r  e q u i l i b r i u m  c o n d i t i o n s :  A is  the  s t a r t i n g  d i i m i d a z o l y l  c o n -  
c e n t r a t i o n ,  D i s  the  o p t i c a l  dens  i ty  of the  so lu t ion ,  g i s  the  m o l e c u l a r  e x t i n c t i o n  of the  r a d i c a l ,  and I is  the  
t h i c k n e s s  of the  c u v e ~ e .  

T h e  r v a l u e s  a t  the  a n a l y t i c a l  w a v e l e n g t h  w e r e  d e t e r m i n e d  f r o m  the  f o r m u l a  
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( . . )  21 A~D~ AID~ 

D~ DI 

where D i is the optical density of the solution under equilibrium conditions for a starting diimidazolyl con- 
centration (AI) of 10 -3 M, D i is the optical density at concentration A i (2, 4, 6, or 8 �9 10 -4 M). 

The accuracy in the determination of ~ was 15%, and the accuracy in the determination of Keq and 
was 15-20%. 
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