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XV.* MONO- AND DISUBSTITUTED TRIPHENYLIMIDAZOLYL 

RADICALS AND THEIR DIMERS 

L .  G. T i k h o n o v a  a n d  B .  S .  T a n a s e i c h u k  UDC 541,515:547.785.1 

The dependence between the ra te  of dissociat ion of d imers  of 2 ,4 ,5- t r iaryl imidazolyl  
radicals  and the cha rac te r  of the substituent in the 2- and 4-phenyl r ings was inves t i -  
gated.  It was found that the ra te  of dissociat ion of 2,4-disubsti tuted dimers  depends 
only on the cha rac te r  of the substituents in the 2-phenyl ring. 

Continuing our study of the dependence between the s t ruc tures  of radicals  of the t r ia ry l imidazolyl  
ser ies  and the rate  of dissociat ion of their  d imers ,  we decided to investigate the effect of substituents in 
the 4-phenyl ring on the ra te  of dissociat ion of the d imers .  

Substituted t r iphenylimidazoles  {Tables 1 and 2) were synthesized via the Davidson method [2] by 
condensation of benzyIs with aromat ic  aldehydes in the presence  of ammonium acetate in glacial  acetic 
acid. All of the imidazoles obtained are  crys ta l l ine  substances that are  insoluble in water  and modera te ly  
soluble in benzene and alcohol. Compounds I-IX, which have a p-methoxy group in the 4-phenyl ring, 
general ly c rys ta l l i ze  with incorporat ion of the solvent, which is removed  with difficulty by vacuum drying. 

The UV absorption spec t ra  of alcohol solutions of the t r ia ry l imidazoles  have two maxima at 225-290 
nm and 300-395 nm. The introduction of substituents has little effect on the form of the curve  and induces 
only a slight shift of the absorption maximum (the nitro group has the g rea tes t  effect) (Tables 1 and 2). 

The t r i a ry l imidazo les  are  dehydrogenated by lead dioxide in benzene to give deeply colored solutions 
of rad ica l s .  The dehydrogenation of the intensely colored nitro derivatives is not accompanied by a visible 
change in the color ,  but ESR spect roscopic  data attest to the presence  Of paramagnet ic  par t ic les .  The ESR 
spec t rum of the 2,5(4)-diphenyl-4(5)-(p-nitrophenyl)imidazolyl  radical  is a singlet with an unresolved s t ruc -  
ture .  The signal width is 23 Oe. 

The absorption spec t ra  of benzene solutions of the radicals  in the visible region (400-700 nm) have 
one maximum. The introduction of substituents into the phenyl r ings,  r egard less  of their nature, induces a 
bathochromic shift of the absorp t ion  spec t rum maximum as compared  with the t r iphenylimidazolyl  radical  
(~max = 555 nm) (Tables 1 and 2). 

A number of d imers  with substituents of different cha rac te r  in different positions of the phenyl r ings 
(Table 3) were  obtained by oxidation of the t r i a ry l imidazo les  with potassium ferr icyanide  in aqueous a lco-  
holic alkali [3]. 
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*See [1] for communicat ion XIV. 
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The stable dimers are yellowish substances that 
melt with decomposition over a rather wide range of 
temperatures; this is apparently due to their thermal 
dissociation. 

The rates of dissociation of the dimers into 
radicals were determined via the method in [4] and 
were described by a first-order equation. 

As seen from Table 3, the rate of dissociation 
of dimers with substituents in the 4-phenyl ring is 
practically independent of the character of the sub- 
stituent, although it is somewhat lower than the rate 
of dissociation of the triphenylimidazolyl dimer (XXV). 
The character of the substituent also does not affect 
the energy of activation of dissociation, but the pres- 
ence of a substituent does lower it somewhat in com- 
parison with that of unsubstituted bis(triphenylimid- 
azolyl). A weaker effect of substituents in the 4- 
phenyl ring on the physicochemical properties of both 
triarylimidazoles and triarylimidazolyls was previ- 
ously noted by 8iimmermann and Cescon and co- 
workers [5,6], but in this ease we are dealing more 
with the absence of this effect, at least over the in- 
vestigated range of temperatures. 

When substituents are simultaneously present 
in the phenyl rings in the 2 and 4 positions of the 
imidazole ring, the rate of dissociation of the dimers 
depends on the nature of the substituent in the 2- 
phenyl ring: electron-donor substituents facilitate 
dissociation of the dimers, while electron-aceeptor 
substituents hinder it. The effect of substituents on 
the rate of dissociation of the dimers is described by 
the Hammett equation: 

I g K = -  l , I I 4 9 - 0 , 3 3 5 o ~ - 0 , 3 7 1 o c  at 
lg  K = - 1 , 2 9 8 6 - 0 , 4 4 5 o ~ - - 0 , 5 4 0 u c  at 
Ig  K = - 1 , 5 0 0 3 -  0,622u~ - 0 ,8540c at 
I g K =  - 1 , 8 7 1 3 - 0 , 7 9 4 ~ L -  1,076~c at 

85 ~ ( r  = 0 , 9 9 9 )  
80 ~ ( r  = 0 , 9 9 9 )  
75 ~ ( r  = 0 , 9 9 9 )  
65 ~ ( r  = 0,998) 

As seen from the table above, the presence of 
a p-methoxy group in the 4-phenyl ring (XVI-XX) in- 
creases the relative contribution of the mesomeric 
component to stabilization of the transition state as 
compared with bis(2-aryl-4,5-diphenylimidaz olyls), 
for which the inductive component usually prevails 
over the mesomeric component: 

l g K = - -  1 ,0878--0 ,424c~--0 ,472c7c  at 
l g K = - - l , 1 8 9 5 - - 0 , 5 0 7 u i - - 0 , 1 6 5 o c  at  
l g  K = - 1 , 4 1 2 2 - 0 , 5 1 4 u i - 0 , 3 8 2 u c  at  
l g K =  - 1 , 8 4 8 5 - 0 , 5 6 2 o i - 0 , 4 0 5 u c  a t  

85 ~ (r = 0,993) 
80 ~ (r = 0 , 9 9 8 )  
75 ~ (r = 0,999) 
65 ~ (r = 0,999) 

[the rate constants for dissociation of bis(2-aryl-4,5- 
diphenylimidazolyls) presented in [7] were used for 
the calculations]. 
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E X P E R I M E N T A L  

2,5(4)-Diphenyl-4(5)-(p-methoxyphenyl)imidazole (I), A solution of 1.2 g (5 mmole) of p-methoxy-  
benzyl, 0.53 g (5 mmole) of benzaldehyde, and 3 g of ammonium acetate in 25 ml of glacial  acetic acid was 
refluxed for 1 h. It was then cooled and diluted to 250 ml with water .  The precipitate was removed by 
filtration, washed with water,  and dried to give 1.53 g (93~) of color less  c rys ta l s  with mp 225-226 ~ (from 
aqueous acetone). 

Compounds II-XV were s imi lar ly  obtained. In order  to avoid the formation of resinous products in 
the preparat ion of II, III, VIII, and IX, the react ion mass should be poured into ammonium hydroxide. 

2,5(4)-Diphenyl-4(5)-(p-methoxyphenyl)imidazolyl Dimer (XVI). A total of 450 ml of 1~ potassium 
ferr icyanide solution was added with continuous s t i r r ing at 5-10 ~ in the course  of 1.5 h to a solution of 1.1 
g (3.4 mmole) of 2,5(4)-diphenyl-4(5)-(p-methoxyphenyl)imidazole in 100 ml of alcohol containing 12 g of 
potassium hydroxide. A blue color  corresponding to the color  of the result ing radical  developed on addi- 
tion of the f i rs t  portions of the oxidizing agent. The blue color  vanished as the ferr icyanide solution was 
added, and a precipitate formed; this was removed by fi l trat ion and washed thoroughly with water .  The 
l ight-colored product was dried and dissolved in a smal l  amount of benzene.  The intensity of the color  of 
the solution fell quite rapidly. The benzene was vacuum evaporated to dryness ,  and the residue was t r i -  
turated with ethanol to give 0.78 g (690/c) of yellow c rys ta l s  with mp 95-110 ~ . 

Dimers  XVII-XXIV were  s imi lar ly  synthesized.  

Kinetic Measurements .  The react ion of the d imers  with diphenylpicrylhydrazine [4] was used to de-  
te rmine  the rate  of dissociat ion of the d imers .  The rate  constants for dissociat ion of the d imers  and the E a 
values were  determined graphical ly.  Toluene, purified via the method in [8], was used as the solvent.  

The react ion constants (p) and the corre la t ion  coefficients in the Hammett equation were calculated 
by the t h r ee -pa r ame te r  corre la t ion  method [9]. The inductive and mesomer ic  components of the r con-  
stants were taken f rom [10]. 
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