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Ten s e r i e s  of t r i a ry l im idazo l e s  were  subjected to po la rographic  oxidation. It was found that 
e l ec t ron-donor  subst i tuents  fac i l i ta te  po larographic  oxidation, while e l e c t r o n - a c e e p t o r  sub- 
s t i tuents  hinder  it. Cor re la t ion  equations in coordinates  of El/2 and r we re  found for  all  
of the invest igated s e r i e s .  

Despi te  the numerous  invest igat ions of the chemis t ry  of substi tuted imid.azoles, the amount of study 
devoted to the capaci ty  of these  compounds fo r  oxidation has c lea r ly  been inadequate [1, 2]. Since t r i a r y l -  
imidazoles  can f o r m  f r e e  r ad ica l s  on oxidation, finding the dependence between the s t ruc tu re  and ease  of 
oxidation of t r i a ry l imidazo le s  would make  it poss ib le  to some degree  to predic t  the cha rac t e r  of the effect 
of subst i tuents  on the ease  of fo rmat ion  of f r ee  r ad ica l s  of this  c lass .  The a im of the p re sen t  r e s e a r c h  was 
an invest igat ion of the effect  of subst i tuents  on the magnitude of the ha l f -wave  potent ials  for  the oxidation 
of a number  of t r i a ry l imidazo le s .  Ten s e r i e s  of subst i tuted t r i a ry l imidazo les ,  which d i f fe r  with r e spec t  to 
the charac te r ,  position, and maxtber of subst i tuents  in the molecule ,  were  subjected to po la rographic  oxida- 
t ion (see Table  1). 

It is  seen  f r o m  the data p resen ted  in Table  1 that the introduction of e l ec t ron-donor  subst i tuents  fac i l -  
i ta tes  po la rograph ic  oxidation, while the introduction of e l e c t r o n - a c c e p t o r  subst i tuents  hinders  it. The oxi-  
dation ha l f -wave  potent ia ls  range  f r o m  0.54 to 1.40 V. 

The d i f ference  in the oxidation potent ia ls  of imidazo les  that  have identical  subst i tuents  in the phenyl 
r ings  of the 2 and 4 posi t ions  is  usual ly  insignificant,  but it is mani fes ted  quite dist inctly when subst i tuents  
with a s t rong e lec t ron-donor  effect  a re  presen t .  Thus the introduction of a methoxy group into the phenyl 
r ing of the 2 posit ion of the imidazole  r ing (VIII) lowers  the oxidation ha l f -wave  potential  m o r e  significantly 
[as compared  with t r iphenyl imidazole  (1)] than the introduction of a methoxy group into the phenyl r ing of 
the 4 posi t ion (XXIV). 

Replacement  of a phenyl r ing  by a two-r ing  hydrocarbon  res idue  (diphenylyl and naphthyl) in the t r i -  
phenyl lmidazole  molecu le  h inders  the de te rmina t ion  of the l imit ing cur ren t .  In this connection, the oxida- 
t ion of diphenylyl-  and naphthyld iary l imidazoles  was ca r r i ed  out. in anhydrous d imethy l fo rnmmide  (DMF), 
which lowers  the oxidation potent ial  by 0.10-0.15 V as compared  with 99% aqueous DMF (El/2 of t r iphenyl -  
imidazole  is  0.98 V in anhydrous DMF and 1.12 V in 99% aqueous DMF). 

To study the effect  of subst i tuents  on the ease  of po la rographie  oxidation of t r i a ry l imidazo les ,  one 
can use  co r re l a t ion  equations of the Hammet t  type, which have also found applicat ion in po la rography  [3, 4]. 
In the gene ra l  case ,  the change in the hal f -wave potential  induced by the introduction of a substi tuent  into 
the molecule  is  desc r ibed  by the equation 

E112 = E~ g p-t- po +. 

The e lee t rophi l ic  constants  of Brown and Okamoto [5] were  used to c o r r e l a t e  the hal f -wave potent ia ls  
of the oxidation of the t r i a ry l i m i dazo l e s .  The r e su l t s  of the cor re la t ion  a r e  p resen ted  in Table 2. It is ap-  
parent  f r o m  a c o m p a r i s o n  of s e r i e s  1 and 2 that in the case  of t r iphenyl imidazoles ,  subst i tuents  in the phen-  
yl r ing  of the 2 posi t ion have a somewhat  g r e a t e r  effect  than subst i tuents  of the phenyl r ing of the 4(5) pos i -  
tion. This  can be explained if one takes  into account the fact  that the phenyl r ings  of the 4 and 5 posi t ions  
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TABLE 2. Characteristics of the Polarographic Oxidation of 
Triarylimidazoles 

Series Compound x 

2 3 

I H 
II p-CHa 

Ill m-CHa 
IV p-Br 
V m-Br 

VI p-NO2 
VII m-NO2 

VIII p-OCH, 
IX p-N (CHa) 

X p-OC2H~ 
XI p-NO2 

XII p-Cl 
XII1 p-Br 
XIV p-I 
XV p-CH3 

XVI p-CH~ 
XVII m-CH~ 

XVIII p-Br 
XIX m-Br 
XX p-NO~ 
XXI m-NO2 

XXII p-OCHa 
XXIII p-N (CH~) 2 

XXIV H 
XXV p-CHa 

XXVI m-CH3 
XXVII p-Br 

XXVIII m-Br 
XXIX p-NO~ 
XXX m-NO2 

XXXI p-OCH3 
XXXI I p-N (CHa) 

XXXIII H 
XXXIV p-CH8 
XXXV m-CH3 

XXXVI p-Br 
XXXVII m-C1 

XXXVI I I p-NO2 

XXXIX H 
XL p-CH~ 

XLI m-CH3 
XLII p-OCH3 

XLIII p-NO2 
XLIV m-NO2 
XLV p-Br 

XLVI m-Cl 

XLVII H 
XLVIII p-CHa 

XLIX p-OCH3 
L p-OC~H5 

LI p-Cl 

El/2* , 
V 

4 

1,12 
1,11 
1,14 
1,23 
1,27 
1,26 
1,35 
0,958 
0,58 

0,998 
1,29 
1,18 
1,23 
1,19 
1,11 

1,04 
1,09 
1,15 
1,16 
1,22 
1,22 
0,93 
0,54 

L01 
),98 
3,98 
1,01 
1,05 
1,10 
1,06 
0,88 
0,54 

1,18 
1,15 
1,18 
1,24 
1,28 
1,40 

1,12 
1,08 
[,12 
1,02 
1,26 
1,24 
1,13 
1,17 

1,11 
1,05 
3,98 
),99 
[,16 

b $  Correlation 
m.V .... parameters 

(i I 7 

1,73 
1,56 
1,45 
1,71 
1,40 
1,73 
t,51 
1,15 
1,18 

1,20 
1,49 
1,5l 
1,58 
[,5I 
1,33 

1,18 
1,00 
1,24 
1,07 
1,35 
0,84 
1,42 
1,27 

1,25 
3,98 
1,02 
1,24 
t,31 
1,18 
1,29 
3,87 
3,76 

1,40 
0,90 
0,88 
1,04 
1,14 
1,16 

1,50 
1,32 
1,23 
0,96 
1,57 
1,82 
1,78 
2,05 

1,39 
1,27 
1,21 
1,05 
2,00 

p=0,289 
r=0,985 
s=0,063 

p=0,195 
r=0,972 
s=0,036 

p=0,265 
r=0,985 
s=0,056 

p=0,206 
r=0,979 
z=0,024 

0=0,231 
r=0,981 
s=O,020 

0=0,152 
r = 0,956 
s=O,O01 

0=0,184 
r=0,941 
s=O,070 
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TABLE 2 (continued) 

10 

LII 
LIII 
LIV 
I.V 

LVI 
LVII 

LVIII 
LIX 

LX 
LXI 

LXII 
LXllI 
LXIV 
LXV 

LXVI 
LXVII 
LXVIII 

LXIX 
LXX 

LXXI 
LXXII 

LXXIII 

H 
p-CH3 
m-CH3 
p-OCHa 
p-B J" 
m-C1 
p-NO2 
re-NO2 

H 
p-CHa 
p-OCH3 
p-OC~tts 
p-Br 
p-C1 

H 
p-CH3 
m-CH3 
p-OCH3 
p-Br 
m-Cl 
p-NQ 
m-NO2 

1,08 
1,06 
1,08 
1,01 
1,10 
1,17 
1,24 
1,18 

1,07 
1,04 
0,96 
0,97 
1,10 
1,13 

1,09 
1,08 
1,I0 
0,98 
1,12 
1,18 
1,22 
1,22 

1,89 
1,98 
1,69 
1,41 
1,86 
1,77 
1,89 
1,43 

1,18 
1,02 
1,02 
1,02 
1,27 
1,25 

1,89 
1,66 
1,57 
1,46 
2,00 
2,00 
1,85 
2.12 

117 
115 
I00 
148 
115 
116 
130 
120 

lOO 
130 
98 

105 
II0 
145 

125 
122 
130 
120 
125 
125 
128 
9O 

p=0,141 
r = 0,986 
s=O,016 

p = 0 , 1 8 6  
r = 6 ,980  
s = 0 ,039  

p=0.155 
r=0,981 
s = 0.002 

* Rela t ive  to a sa tu ra t ed  ca lomel  e l ec t rode .  
Limit ing diffusion cur ren t .  

$Slope of the graph of the dependence of log [ ( id- i ) / i ]  on E. 

a r e  turned  ,~ 90 ~ about the C ( 0 - A r  and C (5 ) -Ar  bonds, while the phenyl r ing  in the 2 posi t ion is  in the s ame  
plane with the imidazo le  r i n g  [6]. 

The p r e s e n c e  and c h a r a c t e r  of the subs t i tuents  in the phenyl r ings  of the 4 and 5 pos i t ions  of the i m -  
idazole  r ing  a l so  affect  the p value,  which c h a r a c t e r i z e s  the sens i t iv i ty  of the r eac t i on  cen te r  to the p r e s -  
ence of subs t i tuents  in the ph~,nyl r ing  of the 2 posi t ion of the imidazo le  r i n g -  the in t roduct ion of a methyl  
group, b romine ,  o r  a methoxy group d e c r e a s e s  p. Moreover ,  the mos t  pronounced d e c r e a s e  in p is  obse rved  
when a methoxy group i s  p r e s e n t  ( se r i e s  4). 

When one of the phenyl  r ings  is r e p l a c e d  by a t w o - r i n g  hydroca rbon  r e s idue ,  the p ic tu re  changes.  In 
th is  case ,  the r eac t i on  cen te r  i s  m o r e  sens i t ive  to the p r e s e n c e  and c h a r a c t e r  of the subst i tuent  in the 4 (5) 
pos i t ion  of the imidazo le  r ing  (see s e r i e s  6-7 and 8-9). This  s o r t  of d i f fe rence  in the degree  of the effect 
of subs t i tuents  on in t roduct ion of a po lycyc l i c  subst i tuent  can ha rd ly  be explained by spec i f ic  e l e c t r o c h e m -  
i ca l  f ac to r s ,  s ince  this  pecu l i a r i t y  i s  not mani fes ted  fo r  some one s e r i e s  but is  c h a r a c t e r i s t i c  fo r  a l l  of the  
inves t iga ted  s e r i e s  that have a two- r ing  hydroca rbon  r e s i due  as  a subst i tuent .  The m o r e  probable  explana-  
t ion h e r e  is  that  based  on the d i f fe rence  in the  conf igurat ions  of im idazo te s  that have two- r ing  subst i tuents  
in the 2 and 4 (5) pos i t ions  of the imidazo le  r ing.  The in t roduct ion of two- r ing  r e s i d u e s  into the 2 posi t ion,  
where  they a r e  cop lanar  with the imidazo le  r ing,  p r o m o t e s  the fo rma t ion  of a s ingle  e l ec t ron ic  sys tem,  
which is  m o r e  sens i t ive  to the p r e s e n c e  of a subst i tuent  than the l e s s  developed e l ec t ron ic  p h e n y l - i m i d -  
azole  sys t em,  and th is  a l so  f ac i l i t a t e s  be t t e r  mani fes ta t ion  of the effect  of subs t i tuents  in the 4 (5) posi t ion.  
However ,  when the two- r ing  subst i tuent  is  in the 5 (4) pos i t ion  of the imidazo le  r ing,  where  i t  is  def lected 
f r o m  the plane of conjugation with imidazole ,  the effect  of a subs t iment  in the 2 pos i t ion  of the imidazo le  
r ing  on the change in the ha l f -wave  potent ia l  i s  man i fes ted  to a l e s s e r  extent in connection with the Iess  
developed s y s t e m  of conjugation; th is  a l so  leads  to l a r g e r  p va lues  in s e r i e s  7 and 9 than in s e r i e s  6, 8, and 
10. 

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

The po l a rog raph i c  oxidation of the  t r i a r y l i m i d a z o l e s  was c a r r i e d  out with a ro ta t ing  p la t inum e l e c -  
t rode  in a t h e r m o s t a t t e d  ce l l  at  25+ 0.2 ~ The r a t e  of ro ta t ion  of the e l ec t rode  was 600 rpm, and the e l ec -  
t rode  a r e a  was 0.785 mm 2. The p o l a r o g r a m s  were  r e c o r d e d  with an LP-60 e lec t ron ic  po la rograph .  The 
compar i son  e l ec t rode  was  a s a tu r a t ed  ca lomel  e lec t rode .  The e l ec t rode  poten t ia l  was  mon i to red  with a 
P P T V - 1  po ten t iomete r .  The m e a s u r e m e n t s  w e r e  made  in 99% aqueous DMF ( se r i e s  1-5) and anhydrous  
DMF ( se r i e s  6-10) in the p r e s e n c e  of 0.1 M LiC104. The d e p o l a r i z e r  concent ra t ion  was 1 �9 10 -3 M. A l i nea r  
dependence of the diffusion cu r r en t  on the d e p o l a r i z e r  concent ra t ion  was  obse rved  fo r  a l l  of the t r i a r y l -  
imidazo les .  
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The v o l t - a m p e r e  curves  of the t r i a ry l i m idazo l e s  have the shape of a wel l -expressed  wave. The vol t-  
a m p e r e  curves  of the n i t ro -  and b romo-subs t i t u t ed  imidazoles  display weakly expres sed  waves with diffi-  
cu l t - t o -de t e rmine  l imit ing cu r r en t s  rid). The ha l f -wave  potent ia ls  fo r  the oxidation of the t r i a ry l imidazo le s  
we re  de te rmined  f r o m  the dependence of log [(id-i)/ i  ] on E; they were  reproduced withan accuracy  of* 5 mV. 
The r e su l t s  of the po la rographic  oxidation of the t r i a ry l im idazo l e s  a r e  p resen ted  in Table 1. 

The d ime thy l fo rmamide  used as  the solvent  in this  study was pur i f ied by shaking with calcined po tas -  
s ium carbonate  for  72 h and subsequent v a l u t a  dist i l lat ion at 38-40 ~ (10 ram). The puri ty  of the DMF was 
moni to red  by polarography;  a solution of l i thium pe rch lo ra t e  in the pure  solvent gave  a normal  charge curve.  

The synthes is  and c h a r a c t e r i s t i c s  of the invest igated imidazo les  were  descr ibed  in [7-10]. 
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