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D i m e r s  of 4 (5)-phenyl-5  (4)-~ - n a p h t h y l - 2 - p h e n y l - s u b s t i t u t e d  imidazo ly l  r a d i c a l s  we re  
syn thes i zed  in o r d e r  to s tudy the effect  of a fi -naphthyl  group on the s t ab i l i t y  of t r i a r y l -  
im idazo ly l  r a d i c a l s ,  and the r a t e  cons tan t s  and e n e r g i e s  of ac t iva t ion  for  d i s soc i a t i on  of 
the d i m e r s  were  d e t e r m i n e d .  The p r e s e n c e  of a 13-naphthyl g roup  in the b i s t r i a r y l i m i d -  
azo ly l  m o l e c u l e  f a c i l i t a t e s  i ts  d i s soc i a t i on  into r a d i c a l s  as  c o m p a r e d  with b i s t r i p h e n y l -  
i m i d a z o l y l .  

As d e m o n s t r a t e d  in [1 ], r e p l a c e m e n t  of one of the phenyl r ings  in the t r i p h e n y l i m i d a z o l y l  m o l e c u l e  by 
a b iphenyl  g roup  somewhat  i n c r e a s e s  the r a t e  of d i s soc i a t i on  of the d i m e r s  of these  r a d i c a l s  and r e d u c e s  
the e n e r g y  of ac t iva t ion  for  the d i s soc i a t i on  by  1 ,5-2 .0  k c a l / m o l e .  It s e e m e d  of i n t e r e s t  to us to inves t iga t e  
the effect  of o ther  po lycyc l i c  h y d r o c a r b o n  groups  in the r a d i c a l  mo lecu le  on the  r a t e s  of d i s soc i a t i on  of 
t h e i r  d i m e r s .  The a im  of th is  communica t ion  is  a d e s c r i p t i o n  of the syn thes i s  of d i m e r s  of 4 (5) -phenyl -  
5 (4)-~ - n a p h t h y l - 2 - a r y l i m i d a z o l y l s  and an inves t iga t ion  of the effect  of subs t i tuen t s  in the 2-phenyl  r ing  on 
the r a t e  cons tan t s  for  d i s soc i a t i on  of the d i m e r s ,  

The d i m e r s  w e r e  syn thes i zed  by the oxidation of fi - n a p h t h y l d i a r y l i m i d a z o l e s  [2] with p o t a s s i u m  f e r r i -  
cyan ide  in aqueous a lcohol ic  a lka l i :  

g,~, . . n .  [ coa~...n x ] /3.CjoHx..~-c~H4R K3Fe(cNI~ | ...1~ ~--C6H4R| 
I-V 

t I~ tt; I tR~p-CH3;  I I IR=m-CH3;  I V R - p - B r ;  V R = m - G I  

* See [1] for  communica t ion  XIII.  

TABLE 1. D i m e r s  of 2 - ( R - P h e n y l ) - 4 ( 5 ) - p h e n y l - 5 - ( 4 ) - f l - n a p h t h y l -  
i m i d a z o l y l s  

F~ % Calc" ~176 ~ ~" l~ min'1 ~ A, 

mp oc Ef 7=il: al 
C H N C H N ~ 60~ 7~176 75~ 80~ ~ -  m l  

126-129 CsoH34N4 
II 145--149 [ C52HasN4 

III[ 158--162] C~HsaN4 
137--140 CsoH32Br~N4 v 
166--168 CsoHs2C12N4 

87,4 5,2 8,1 86,9 5,0 8,1 631199 384 6,44 8,54 17,0 4,8.107 
86.8 5,018,2 86,9 5,3 7,8 58 2:23 4:63 6,9019,20[ 16,6 2,8. lO 7 
86,815,617,9 86,9 5.3 7,8 60 2,18 3,936,51 8,68 16,5 1,3.107 

170,614,216,2 70,8 3,816,6170 1,59 3,47 640 725 180H 3. lO 8 
179,314,017,6179,014,217,4157 1,38 2,90 6:21 6:90 18:6 4:8.108 

N. P .  Ogarev  Mordovsk i i  State  Un ive r s i t y ,  Sa ransk .  T r a n s l a t e d  f rom Khimiya  G e t e r o t s i k l i c h e s k i k h  
Soedineni i ,  No. 9, pp. 1255-1257, Sep t embe r ,  1971. Or ig ina l  a r t i c l e  submi t t ed  D e c e m b e r  10, 1970. 

�9 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West }7th Street, New York, N. Y. I001}. 
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, wit[tout written permission of the publisher. A 
copy of this article is available from the publisher for $I5.00. 

1 1 8 0  



.D 
0,14 

o,12 

o,1o 

o, o8 

o, o6 

o, o4 

1 

........ I ;  3s 45  

1,0 

o,8 

0,6 

0,4 

o,2 

~, mm 

Fig. I. Kinetic curve of the dissociation 

of bis-4 (5)-phenyl-5 (4)-/3 -naphthyl-2- 
(m-tolyl)imidazolyl in toluene (I) and its 

anamorphosis (2) at 75~ 

[9 K 
-1~6 , , , ~ d H  3 

-1,7 m - C H %  

-1,8 ~o~- BP 

-1,9 ~ , , , ~ rn , %-C~ 
-0,2-0,1 00 ,1  0,2 0,3 0,4 

Fig.  2. Cor r e l a t i on  of the r a t e s  of d i s -  
sociat ion of b i s -4  (5)-phenyl-5 (4)-fi - 
naph thy l -2 -  (R-phenyl) imidazolyls  with 
the Hammet t  G cons tants  at 60 ~ 

The method proposed in [3], which is based on the reac- 

tion of the dimer with a,a-diphenyl-fi-picrylhydrazine, was 

used to investigate the rate constants for dissociation of the 

dimers. The rate of dissociation of a dimer was determined 

from the rate of accumulation of c~ ,a-diphenyl-/3-picryl- 

hydrazyl in solution. 

As in the case of bistriphenylimidazolyl, the rate of dis- 

sociation of the dimer is described by a first-order equation 
(Fig. I). The dissociation rate constant (K) was determined 
from the slope of the anamorphoses in coordinates of 

log[Doo / (D~o - D ~.)] and I". The rate constants were deter- 
mined at four temperatures, the energies of activation for all 
of the dimers were determined from the temperature depen- 

dence of the constants, and the preexponeatial factors (A) 

were calculated (see Table i). 

The effect of substituents in the phenyl ring on the rate 

of dissociation of the dimers of [3 -naphthyldiarylimidazelyls 

is satisfactorily described by the Hammett equation (Fig. 2). 
However, judging from the absolute p values, the effect of 

substituents in this case is less than in the case of dimers of 

biphenyldiarylimidazolyls [I ] and triphenylimidazolyls [4]. 
This is probably explained by the fact that the/3 -naphthyl 

group makes a considerably larger contribution to the energy 
of stabilization of the transition state than the phenyl or even 
biphenyl groups: 

at 50 ~ Ig K=-0,402a+ ... (r=0,998; s=0,20), 
at 70 ~ Ig K=-0,325a+ ... (r=0,988; s=0,25), 
at 75 ~ lg K = - 0 , 2 8 3 a +  .. .  (r=0,980; s=0,23), 
at 80 ~ lg K=  -0 ,240a+  .. .  (r~0,992; s=0,21). 

In this  case ,  jus t  as in the case  of b i sb ipheny ly ld i a ry l -  
imidazo ly l s  [1], the effect of subs t i tuen ts  on the energy  of 
act ivat ion is ins igni f icant ,  and l ies  at 17-18 k c a l / m o l e ,  which 
is 5 k c a l / m o l e  less  than the energy  of act ivat ion for b i s t r i -  
phenyl imidazoly l .  

EXPERIMENTAL 

The synthesis of the imidazoles was described in [2]. 
The dimers were obtained by oxidation of the imidazoles by 
the method in [5]. 

Bis-2 ,4 (5) -d iphenyl -5  (4)-biphenylyl imidazolyl  (I). A total  of 450 ml  of 1% aqueous po tass ium f e r r i -  
cyanide was added with vigorous s t i r r i n g  at 5 to 10 ~ in the course  of 2 h to I g of 2. ,4(5)-diphenyl-5(4)-bi-  
phenylyl imidazole  d isso lved  in 100 ml  of 95% ethanol containing 12 g of po tass ium hydroxide.  The p r e -  
c ipi ta te  was removed by f i l t ra t ion ,  washed with water ,  dr ied,  and d isso lved  in cold benzene .  The f i l t ra te  
was evapora ted ,  and the oil was t r i t u r a t e d  with ethanol unt i l  c ry s t a l s  appeared.  The c r y s t a l s  were  r e -  
c r y s t a l l i z e d  f rom aqueous methanol .  

D i m e r s  II-V were  s i m i l a r l y  obtained;  the i r  c h a r a c t e r i s t i c s  are  p resen ted  in Table 1. 

The a , a - d i p h e n y l - f i - p i c r y l h y d r a z i n e  n e c e s s a r y  for the de te rmina t ion  of the ra te  of d issocia t ion of the 
d i m e r s  was synthes ized  according  to the method in [6]. 

The toluene used as the so lvent  was purif ied by shaking with su l fur ic  acid, washing with water ,  sodium 
carbonate  solut ion,  and water ,  and d is t i l la t ion  over sodium.  The kinet ic  curves  were  r eco rded  with an SF-5  
spec t ropho tomete r .  
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