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The condensation of heterocyclic aldehydes with aromatic a-diketones in the presence of 
ammonium acetate in acetic acid has given 4,5-diaryl-2-quinolinylimidazoles and 4,5-diaryl-  
2-(acridin-9-yl)imidazoles.  The oxidation of the latter with K3Fe(CN) 6 in an alkaline medium 
has given the corresponding biimidazolyls, which possess photochromic and thermochromic 
proper t ies .  

2,2' ~4,4' ,5,5'-Hexaarylbiimidazolyls, obtained by the oxidation of 2,4,5-triarylimidazoles,  possess 
photochromic and thermochromie properties thanks to reversible  dissociation on irradiation or heating into 
deeply colored free radicals.  At the present  time, the propert ies of biimidazolyls with carbocyclic sub- 
stituents of the aromatic ser ies  containing various functional groupings have been widely studied [2]. Imid- 
azolyl radicals containing carbazolyl,  indol-3-yl [4], a - fury l ,  and a- thienyl  [2] radicals as substituents are 
also known. 

It appeared of interest  to investigate the influence exerted by residues of s ix-membered nitrogen- 
containing het~rocycles on the properties of the imidazolyl radicals and their dimers.  We have previously 
[1] described the synthesis of the 2-hetero analogs of the tr iarylimidazoles containing quinoline and acr i -  
dine residues as substituents in position 2 of the imidazole residue,  in the present  work we give the syn- 
thesis aadpropert ies  of the previously undescr~ed  2-heteryl-4,5-diphenylimidazoles (I-XV, Table 1) and 
4,4' ,5 ,5 ' - tetraaryl-2,2 '-diheterylbi imidazolyls  (XVI-XXX, Table 2). 

,-r'%,,...~n~ [" p-r%,,...~n~ ] 

I - X V  XVI-XXX 

The synthesis of the imidazoles was effected by the usual method [5] with the gradual addition of an 
acetic acid solution of a heterocyclic aldehyde and an aromatic a-diketone to a boiling solution of ammoni- 
um acetate In acetic acid. It must be mentioned that the 2-heteryl-4,5-diphenylimidazoles (VII-XV) contain- 
ing Br and N O  2 a s  substituents in the para position of the phenyl ring were obtained in low yields. As a 
rule, the products formed mixtures from which the required compound was isolated by chromatography on 
alumina after its recrystaUization from a suitable solvent. The imidazoles (I-IV and VII-IX) are colorless,  
(V, VI, X, and XI) yellow, and (XII-XV) orange substances with high melting points. They dissolve in acetic 
acid and also in ethanolic alkalis with a deepening of their coloration which is part icularly pronounced in 
the case of the nitro derivatives.  

The most widely used method of synthesizing hexaarylbiimidazolyls is the oxidation of t r iaryl imid-  
azoles in ethanolic alkali with an aqueous solution of K3Fe(CN) 6 at a low temperature [6]. However, under 
these conditions the 4,5-diaryl-2-quinolinylimidazoles do not form biimidazolyls, which is possibly due to 

* For Communication I, see [1]. 
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the poor  solubil i ty of the ini t ial  imidazo les .  The b i imidazoly ls  (XVI-XXX) were  obtained by oxidizing the 
cor responding  imidazoles  with K3Fe(C N)6 in an emuls ion of pyridine and aqueous alkali .  In the oxidation of 
the t r i subs t i tu ted  imidazoles  containing quinol in-4-yl  and ac r id in -9 -y l  r e s idues ,  in addition to the b i imid -  
azolyls  (XVII and XXI), a cons iderable  amount of the s ta r t ing  m a t e r i a l  was r e c o v e r e d  f rom the react ion  
mix tu re  even with a l a rge  excess  of K3Fe(CN) 6 and a prolonged reac t ion  (up to 6 h). This is obviously due 
to the s t rong e l ec t ron -accep t ing  action of these subst i tuents ,  which oppose the oxidation p r o c e s s .  4 ,5 -Di -  
phenyl -2- (quinol in-2-y l ) imidazole  and 4 ,5-d iphenyl -2- (quinol in-8-y l ) imidazole  and the i r  4 ,5-di(p-tolyl)  
analogs do not, under  these condit ions,  f o rm bi imidazoly ls  capable  of d issocia t ing into r ad ica l s .  The p r o d -  
ucts  i sola ted cons i s t  in each  case  of a mix ture  of the init ial  compound and compounds of unde te rmined  
s t ruc tu r e .  It  is  also in teres t ing  to note that  2 - (an thracen-9-y l )4 ,5 -d iphenyl imidazo le ,  unlike its ac r id in -9 -  
yl analog, f o r m s  an orange nonphotochromic spar ingly  soluble compound with mp 206-210~ which cannot 
be r e c r y s t a l l i z e d  without decomposi t ion ,  This compound is apparent ly  the product  of the recombina t ion  of 
r ad ica l s  through the anthracene nucleus .  

The b i imidazoly l s  (XVI-XXX) obtained (Table 2) a re  yellow h igh-mel t ing  subs t ances .  They have no 
sharp  mel t ing  points because  of t h e r m a l  d issocia t ion into rad ica l s  during the mel t ing  p r o c e s s .  When solu-  
t ions of the b i imidazoly ls  obtained are  heated or i r r ad ia ted  with sunlight, they d issoc ia te  into deeply 
co lored  r ad ica l s  which give an ESR signal  and genera te  the DPPH rad ica l  f rom diphenylpicry lhydraz ine .  
The quinol inyl-subst i tu ted rad ica l s  have a green  colorat ion,  and the ac r id iny l - subs t i tu ted  ones are  red .  In 
the da rk  at r oom t e m p e r a t u r e  the color  gradual ly  d i sappear s ,  and it r e a p p e a r s  once more  on heating or 
i r rad ia t ion .  The r ad i ca l s  d i f fe r  cons iderab ly  in s tabi l i ty .  Thus,  the d a r k - g r e e n  color  of a solution of (XVII) 
heated  to 100-110~ d i sappea r s  a lmos t  comple te ly  when the solution is cooled to r o o m  t e m p e r a t u r e .  At 
the same t ime,  the color  of a solution of (XXVII) is re ta ined  for  s e v e r a l  hour s .  This con f i rms  exis t ing in-  
fo rmat ion  [2] according to which e l ec t ron -accep t ing  subst i tuents  dec rea se  the s tabi l i ty  of t r i a ry l imidazo ly l  
rad ica l s  and e lec t ron-donat ing  subst i tuents  i nc rease  i t .  

EXPERIME NTAL 

4.,5-Diaryl-2-heterylazoles (I-XV). Over 2 h, a hot solution of 0.01 mole of a diketone and 0.01 mole 
of an aldehyde in 60 ml  of acet ic  acid was added to a boiling solution of 5 g (0.065 mole) of ammonium a c e -  
tate in 20 ml  of g lac ia l  acet ic  acid.  The reac t ion  mix ture  was boiled for  another  3 h, cooled, and poured 
onto 250 g of ice with an exces s  of concent ra ted  aqueous ammonia  solution.  The prec ip i ta te  was f i l te red  
off, washed  with wa t e r ,  dr ied,  ch romatographed  in ch lo ro fo rm on alumina,  and r e c r y s t a l l i z e d  f rom a su i t -  
able solvent  (Table 1). 

_4 ,4 ' , 5 , 5 ' -Te t r aa ry l -2 ,2 ' - d ihe t e ry lb i imidazo ly l s  (XVI-XXX). A 4 , 5 -d i a ry l -2 -he t e ry l im idazo l e  (0.01 
mole) was d isso lved  in 80 m l o f  f r e sh ly  dis t i l led pyr id ine .  The solution was cooled to 0-2~ and to it was 
slowly added a cooled solution of 11 g (0.196 mole) of KOH in 40 ml  of wa te r .  Then, with s t i r r ing ,  14.4 g 
(0.044 mole) of a f inely ground powder of K3Fe(CN) 6 was added to the reac t ion  mix tu re .  S t i r r ing  was con-  
tinued for  another  4 h at  0-2~ and the reac t ion  mixture  was slowly poured into 500 ml  of wa te r .  The p r e -  
cipi tate that  deposi ted was f i l t e red  off, washed with wa te r ,  and dried in a vacuum des i cca to r  over  solid 
KOH. The dr ied res idue was d isso lved  in ch lo ro fo rm and ch roma tog raphed  on A1203 . The solvent  was 
e l imina ted  at  r oom t e m p e r a t u r e ,  In the case  of compounds (XVII, XIX, XXI), the resul t ing  v i t reous  m a s s  
was t r i t u r a t ed  with 7 ml  of acetone and the prec ip i ta te  was f i l te red  off and dried in a vacuum des i cca to r .  
In the case  of compounds (XVI, XVIII,  XX, XXII-XXX), a f te r  the e l iminat ion of the solvent  the product  was 
r ep rec ip i t a t ed  f r o m  toluene with pe t ro leum e the r .  All the opera t ions  were  p e r f o r m e d  in a darkened r o o m .  

The vis ib le  s p e c t r a  of the r ad i ca l s  we re  r eco rded  on an SF-2M spec t ropho tome te r  in solution in 
pur i f ied  toluene in a t he rmos ta t ed  cel l  at 80~ at  an init ial  concentra t ion  of the b i imidazolyl  of 10 -~ M. The 
th ickness  of the cel l  was 1 c m .  
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