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2-Aryl -4 ,5-d i (p-bromophenyl}  imidaz olyl dime r s  we re  synthe size d, and the dependence between 
the ra te  of d issocia t ion of the d i m er s  into rad ica l s  and the c h a r a c t e r  of the subst i tuents  in the 
2-phenyl  r ing was invest igated.  It was found that  the effect  of subst i tuents  on the ra te  of d i s so -  
ciat ion of the d i m er s  is desc r ibed  by the Hammet t  equation. The p re sence  of b romine  a toms 
in the p posi t ions  of the 4 -and  5-phenyl  r ings inc reases  the contribution of the m e s o m e r i c  
component  to s tabi l izat ion of the t rans i t ion  s tate  of the dissocia t ion of d imer s  as compa red  
with bis ( t r iphenyl imidazolyls) .  

The ra te  of d issocia t ion of d i m e r s  of t r iphenyl imidazoly l  rad ica l s  that contain subst i tuents  in the 2-  
and 4-phenyl  r ings  is de te rmined  by the p re sence  and c h a r a c t e r  of subst i tuents  in the 2-phenyl  r ing [2]. 
Moreover ,  the p r e sence  of a subst i tuent  in the 4-phenyl  r ing somewhat  lowers  the act ivat ion energy  of the 
dissocia t ion of the d i m e r  (by 0.7-0.9 kca l /mole}  without having a substant ia l  effect  on the dissociat ion rate.  

In the p r e sen t  paper ,  we have studied the dissocia t ion of d imer s  of t r i a ry l imidazo ly l  rad ica l s  that 
contain subst i tuents  in all  t h ree  phenyl r ings.  

2 -Ary l -4 ,5 -d i (p -b romopheny l} lmidazo les  were  obtained by condensation of p ,p ' -d ib romobenz i l  with 
a roma t i c  aldehydes in the p re sence  of ammonium aceta te  in glacial  acet ic  acid v ia  the Davidson method 
[3]. 

The UV absorp t ion  s p e c t r a  of alcohol solutions of the imldazoles  have two max ima  at 235-300 and 300- 
375 nm (Table 1). The introduction of subst i tuents  into the phenyl r ing of the imidazole  molecule causes  a 
cons iderable  ba thoehromie  shift of the absorpt ion  spec t rum max imum as compa red  with t r iphenyl imidazole  
(~ max  225 and 301 rim}. 

When toluene solutions of 2 -a ry l -4 ,5 -d i (p -b romopheny l} lmidazo les  are  shaken with lead dioxide, 
they take on an intense colorat ion,  which is due to the format ion  of radica ls .  The rad ica l  c h a r a c t e r  of the 
dehydrogenation products  is conf i rmed  by ESR spec t roscopy .  The e lec t ronic  absorpt ion spec t r a  of toluene 
solutions of the rad ica l s  at 400-700 nm have one max imum (Table 1}, The p resence  of subst i tuents ,  r e g a r d -  
l e s s  of the i r  na ture ,  in the 2- ,  4 - ,  and 5-phenyl  r ings causes  a ba thochromic  shift of the absorpt ion max i -  
mum as compared  with the t r iphenyl imidazoly l  rad ica l  (by ~ 20 nm}. 

Radical  d im er s  a re  obtained by oxidation of 2 -a ry l -4 ,5 -d i (p -b romopheny l} imidazo les  with po ta s s ium 
fe r r i cyan ide  in aqueous alcoholic alkali.  The absorpt ion spec t r a  of alcohol solutions of the d imer s  have one 
max imum in the UV region (Table 2). 

*See [1] for  communica t ion  XVIII. 

N. P. Ogarev Mordovski i  State Univers i ty ,  Saransk.  T rans l a t ed  f r o m  Khimiya Getero ts ik l icheskikh  
Soedinenii, No. 1, pp. 96-98, January ,  1973. Original a r t ic le  submit ted  June 8, 1971. 

�9 1975 Consultants Bureau, a ~{ivision of Plenum Publishing Corporation, 227 Pest I7th Street, New York, N. Y. 10011. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A 
copy of this article is available from the publisher for $15.00. 

85 



TABLE i. 2 - A  ry1-4,5  - di  (p -b  r o mop he nyl) I mi  da z ol e s 

B r / ~  

o~ c~ R 
O 

i{ n p-CH3 
~ m-CHa 

p-Br 

m-Cl 
VI p-NO~ 

ImP, *C Empirical formula 

279--28{~ C21HI4Br~N2 
260--26.2 C22HI6Br2N2 
314--315 Cz~Ht~Br2N2 
275--27C C2tHlsBr3N2 

323--324 CsIHIzBrzC1N2 
327--328 C21HI,BrzNaO~ 

Found, 

i ! i  3,2 6,1 55,5 3,116,2 3,3 5,71 56,413,4] 6,01 
3,4 5,6156,413,416,0 ] 
2,5 5,2147,3 2,5 5,3 

t/ 8,2 50,5 2,6 8,41 , 3,1 
/ 

% Calc., % Xmax, nm 
I ( log e), of, 

- - - ~  . ~ - ~ -  imidazole 
N c H IN (alcohol) 

3o2 (4,26) 
300 (4,39) 
305 (4,3,1) 
235 (4,24), 
310 (4,35) 
305 (4,39) 
300 (4,12), 
375 (4,15) 

572i: 
591 56 
585 36 
591 52 

580 

T A B L E  2. 2 : A r y l - 4 , 5 - d i ( p - b r o m o p h e n y l )  i m i d a z o l y l  D i m e r s  

R 

B / ~ ' ~  J, 

Com- 
pound 

VII 
VIII 

IX 
X 

XI 
XlI 

R rap, ~ 

H . 175--180 
p-CH3 214--218 
m-CHa 173--177 
p-Br 130--143 
m-Cl 13o--139 
p-NO~ 140--143 

Empirical 
formula 

C42HmBr4N4 
C44H30Br4N4 
C44H30Br4N4 
C42H~Br6N4 
C42H24Br4CIgN4 
C42H24Br4N604 

Found. % Calc., % kmax, (log 
s), ofdimer 

C I HI N C 1 H ] N (alcohol) 

563359 57 9:11 
56,8 3,6 5,7 56,613,2 6,0 
56,8 3,4 6,2 56,6 3,2 6,0 
47,2 2,5 5,5 47,4 2,3 5,3 
52,0 2:~ 5,6 51,7 2,5 57 
51,0 8,2 50,6 2,4 

280 (4,61) 
285 (4,52) 
280 (4,36) 
280 (4,52) 
280 (4,43) 
275 (4,53) 

68 
69 
65 
70 
65 
30 

T A B L E  3. T h e r m o d y n a m i c  Data  fo r  the  D i s s o c i a t i o n  of 2 - A r y l -  
4 , 5 - d i ( p - b r o m o p h e n y l ) I m i d a z o l y l  D i m e r s  in To luene  

Com- 
pound 

VII 
VIII 

IX 
X 

XI 
XII 

H 
p-CH8 
m-CHa 
p-Br 
m-Cl 
p-NO2 

Dissociation rate constants, K �9 102, 
rain-1 

65* 

1,92 
3,26 
2,83 
2,51 
1,13 
0,65 

75* 

4,92 
6,90 
5,64 
5,98 
3,22 
1,71 

80 ~ 

7,13 
11,04 
9,00 

10,51 
4,8I 
2,85 

85 ~ 

I0,19 
13,80 
12,02 
14,15 
7,60 
4,08 

Ea, kcal/ 
mole 

20,4 
18,3 
19,2 
21,6 
22,5 
23,7 

K0, rain -1 

3,0. l0 n 
0,2.10 n 
0,7. l0 II 
2,3.101~ 
4,1 , 1012 

13,0. l012 

The  me thod  in [4] was  u s e d  to  i n v e s t i g a t e  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  into r a d i c a l s .  The  
r a t e  of d i s s o c i a t i o n  of 2 - a r y l - 4 , 5 - d i ( p - b r o m o p h e n y l ) i m i d a z o l y l  d i m e r s  i s  d e s c r i b e d  by  a f i r s t - o r d e r  
equat ion .  

The t h e r m o d y n a m i c  da t a  f o r  the  r a t e  of d i s s o c i a t i o n  of the  2 - a r y l - 4 , 5 - d i ( b r o m o p h e n y l ) l m i d a z o l y l  
d i m e r s  in to luene  at  65-85 ~ a r e  p r e s e n t e d  in Tab le  3. 

The r a t e  of d i s s o c i a t i o n  of 2 - a r y l - G , 5 - d i ( p - b r o m o p h e n y l )  l m i d a z o l y l  d i m e r s  p r o v e d  to  be h i g h e r  than  
the r a t e  of d i s s o c i a t i o n  of  the  ana logous  2 - a r y l - 4 , 5 - d i p h e n y l i m i d a z o l y l  d i m e r s .  J u s t  as  fo r  b i s ( 2 - a r y l - 4 , 5 -  
d i p h e n y l i m i d a z o l y l s ) ,  e l e c t r o n - d o n o r  s u b s t i t u e n t s  (p-  and  m-CH3) f a c i l i t a t e  d i s s o c i a t i o n  of the  d i m e r s ,  
whi le  e l e c t r o n - a c c e p t o r  s u b s t i t u e n t s  h i n d e r  it .  The p r e s e n c e  of  b r o m i n e  i n t h e p  p o s i t i o n  of the  2 - p h e n y l  
r i n g  a l so  i n c r e a s e s  the d i s s o c i a t i o n  r a t e  (Table  3) b e c a u s e  of the  s t r o n g  m e s o m e r i c  e f f ec t  of b r o m i n e .  
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The effect of substituents on the rate of dissociat ion of the d imers  is sat isfactor i ly  described by the Hammett  
equation with separat ion of the inductive and mesomer ic  components of the ~ constants:  

lg K = - 0.9819-0.350~1 - 1,032~c ( at 
lg K = - 1.1446-0.415~i- 1.093~c ( at 
lg K = - 1.4456-0.477~- 1.151~c (at 
Ig K = - 1.6403- 0.604~i - 1.178~c (at 

85 ~ (r=0.962) 
80 ~ (r=0.983) 
75 ~ (r=0.983) 
65 ~ (r=0.986) 

Thus the introduction of substituents into the p position of 4 -  and 5-phenyl rings changes the cha rac te r  
of the stabilization of the transi t ion state by increasing the relative contribution of the mesomer ic  compo-  
nent of the substituents in the 2-phenyl group as compared  with 2-aryl -4 ,5-diphenyi imidazolyl  dimers  [2]. 

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

2-Phenyl-4 ,5-di (p-bromophenyl) imidazole  (I). A solution of 1.84 g (5 mmole) of 4 ,4 ' -d ibromobenzi I  
[5], 0.53 g (5 mmole) of benzaldehyde, and 3 g (40 mmole) of ammonium acetate in 25 ml of glacial acetic 
acid was refluxed for 1 h. It was then cooled and diluted with 220 ml of water,  and the white precipitate was 
removed by filtration, washed with water,  and dried to give 1.14 g (50%) of color less  needles with mp 279- 
280 ~ (from alcohol). 

Compounds II-VI were  s imi la r ly  prepared  (Table 1). 

Imidazoles V and VI began to separate  out 10-15 rain after  the s tar t  of the reaction,  but considerable 
dilution of the react ion mixture with water  is neces sa ry  to isolate the res t  of the compounds. 

2-Phenyl-4 ,5-di (p-bromophenyl) imidazolyl  Dimer  (VII). A total of 450 mt of 1% potass ium f e r r i -  
cyanide solution was added with s t i r r ing  at 5-10 ~ in the course  of an hour to a solution of 1.54 g (3.4 mmole) 
of 2-phenyl-4,5-di(p-bromophenyl) imidazole  in alcoholic alkali (12 g of KOH in 100 ml of alcohol). The 
addition of the f i rs t  port ions of the ferr icyanide solution was accompanied by the appearance of an intense 
coloration pecul iar  to the radical ,  after  which a precipitate formed. It was removed by filtration and 
washed thoroughly with water.  The dried product was dissolved in benzene, which was then removed by 
vacuum distillation with a water  aspira tor .  The residue, which is a t ransparent  solid mass,  was t rea ted  
with alcohol, as a resul t  of which 1.05 g (68%) of a yel lowish-greenish product with mp 175-180 o was iso-  
lated. 

Dimers  VIII-XII were  s imi la r ly  obtained (Table 2). 

The kinetic measurements  were made as in [4]. 

The t h r e e - p a r a m e t e r  corre la t ion  method [6] was used to separate the inductive and mesomer ic  com-  
ponents of the Hammett  a constants.  The ~I  and aC  values were taken f rom [7]. 
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