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The dipole momen t s  of N-  and C -a ry l  and N- and C-fury l  de r iva t ives  of imidazole  and 
benz imidazo le  have been de te rmined .  A compar i son  of the dipole moment s  of the a ry l  
de r iva t ives  found expe r imen ta l ly  and calcula ted  vec to r ia l ly  has  shown they have a non-  
p lanar  s t ruc tu re .  Converse ly ,  de r iva t ives  of 2-(c~-furyl) -4 ,5-diphenyl tmidazole  contain 
a p l ana r  b icyc l ic  f r agmen t .  The hypothesis  is put f o rwa rd  that the conformat ion  of the 
b icyc l ic  compounds studied is de te rmined  by  a combinat ion of s t e r i c  and e lec t ronic  f ac -  
t o r s .  

It has  been  shown [2, 3] that  in solution conjugated b icycl ie  s y s t e m s  have a nonplanar  configurat ion 
due to the ro ta t ion  of the nuclei around the single C - C  or C - N  bonds,  which p o s s e s s  a ce r t a in  degree  of 
double-bond c h a r a c t e r .  It  appeared  of i n t e r e s t  to s tudy the conformat ion  of 1- and 2 - a r y l  and t -  and 2-  
fu ry l  de r iva t ives  of imidazole  and benz imidazo le  in solution in connection with the i r  e lec t ron ic  s t ruc tu re  
and s t e r i c  f a c to r s .  

To solve the  p rob l em  posed ,  the dipole momen t s  of compounds I -XVIII  were  de te rmined  e x p e r i m e n -  
ta l ly  (Pexp) and were  ca lcula ted  (Pcalc) by  the v e c t o r i a l  s cheme .  
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IV-XIV Rl=lt; 
IV-XII R#= Rs= CBHs; 

I R,= H, R2=m-CBH4NO2; 
II RI= C~Hs, R2= m-C6H4NO2; 

I l l  R 1 = II, R~= o-C6H4NO2; 

XV R I = ~-  Coil 4 NO 2, R~ = H ; 
XVI RI=c,-%H,~NO2,R2 = H 

IV R2=m-C6H4NO2; V R2=H; 
VI R2=C6Hs; VII %~p-CsH4CH3; 

rill R2=p-C6H4NO2; IX Rz=p-C6H4N(CH3)2; 
X R2=p-C6H4Br ; XI R2=p-C6H4OCH3; 

XII R2=(2-C4H30 ; 
XIII R2= (z-C4H30 , R4=C6Hs, Rs~P-C6H4CH3; 
X|V R2~ zIbC4H30, R4 ~C6H~ , Rs~P.C6H4OC2H5; 

XVII R~=m~ R2=R4=Rs~H; 
XVtll RI= o.%H4NO2, R2~R4=RS~ B 

* For Communication IV, see [i]. 
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The calculat ion of the dipole moment s  of compounds I -XlV was p e r f o r m e d  as desc r ibed  p rev ious ly  
[2] using the value of Pexp of compound VI and its methyl  de r iva t ive  VII. The dipole moments  of c o m -  
pounds XV-XVIII  were  ca lcula ted  on the bas i s  of MO data taking into account the r - m o m e n t  of the i n t e r -  
act ion (/~c ~) of the imidazole  and N-phenyl  nuclei (0.68 D) [4]. The calculat ion of the dipole momen t s  of com-  
pounds I - IV,  XII,  XIII,  and XV-XVIE was c a r r i e d  out for  two poss ib le  p lanar  conformat ions  A (~ = 0 ~ and 
B (~o = 180"). 

The following values of the group and bond moments  were  taken: C a r - C H  3 0.4 D; momen t  of the 
s r ing  0.71 D [5]; C a r - O C H  3 1.28 D(0 = 72~ C a r - B r  1.54 D [6]; and Car-N(CH~) 2 1.61 D (0 = 29.5 ~ 
[71. 
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The expe r imen ta l  values  of the dipole momen t s  and the r e su l t s  of the calculat ion a r e  given in Table 1. 

The values  of the dipole momen t s  of compounds I - IV calcula ted  vec to r ia l ly  for  the p lanar  c o n f o r m a -  
t ions A (9 = 0~ and B (~ = 180 ~ differ  cons iderab ly  f r o m  the expe r imen ta l  va lues ,  which is due to the i r  
nonplanar  s t r u c t u r e .  The deviation f r o m  coplanar i ty  of the s t ruc tu re  in the case  of the o r t h o - n i t r o - s u b -  
st i tuted 111 is g r e a t e r  than fo r  the me ta  de r iva t ives  I and IV (I, IV, ~0 ~ 150~ III ,  ~ = 90~ The la t t e r  is 
comple te ly  explained by  the s t e r i e  in terac t ion  in III  between the ortho subst i tuents  re la t ive  to the C -  C 
bond between the r ings  (Fig. 1). A conf i rmat ion  of this is the inc rease  in the angle ~ (II, ~0 = 119 ~ with 
the introduct ion of a C2I-I ~ group into posi t ion 1 of benz imidazo le ,  which i n c r e a s e s  the s t e r i c  repuls ion  b e -  
cause  of the cons iderab le  over lapping of the van der  Waals radi i  of the hydrogen a toms  of the ethyl  group 
and the phenyl r ing.  

In spite of the absence of apprec iab le  s t e r i c  hindrance to the existence of a p lanar  s t r u c t u r e  for 
compounds I and IV, these  molecu les ,  even when the dioxane effect  is taken into account,  do not ex is t  in 
solution in the f o r m  of p lanar  i s o m e r s .  This is apparen t ly  due to the insufficient energy of s tabi l iza t ion of 
the p lanar  f o r m s  as a r e s u l t  of conjugation between the r ings  through the C2-CAr  bond. The low degree  
of conjugation between the r ings  is evidently due to counteref fec ts  a r i s ing  as a r e su l t  of the e l ec t ron -  
accept ing na ture  of  both the b e n z i m i d a z o l - 2 - y l  r ad ica l  [3, 13] and the ni t rophenyl  rad ica l .  What has been  
said  above is in ha rm ony  with the absence  of an in te rac t ion  m o m e n t  for  2 - (p-n i t rophenyl ) -4 ,5 -d iphenyl -  
imidazole  (VIII, #exp = 6.10, # c a l c =  6.09 D). The e l ec t ron -accep t ing  na ture  of the benz imidazo l -2 -y l  
r ad ica l  is  conf i rmed  by  a cons idera t ion  of the dipole moment s  of compounds V-VII and X. In pa r t i cu l a r ,  
the introduct ion of an e lec t ron-donat ing  b romine  a tom into the p a r a  posit ion of the phenyl r ing p re sen t  in 
posi t ion 2 of the he te rocyc le  leads  to a lowering of the exper imen ta l  dipole moment  in compar i son  with that  
ca lcula ted  vec to r ia l ly  (X, #exp  = 4.10; Pca lc  = 4.46 D). Obviously,  in this case  the par t ic ipa t ion  of the  p-  
e l ec t rons  of the b romine  in the total  conjugation plays  a g r e a t e r  ro le  than the inductive capaci ty  of b romine  
for  a t t rac t ing  e lec t rons  to i tself .  

The exper imen ta l  dipole moment s  of compounds XII-XIV (taking into account a dioxane effect  of 
0.15-0.30 D [12]) show the fo rmat ion  in solution of the p lanar  s t r u c t u r e  A ((? = 0~ The s tabi l izat ion of 
the p lanar  conformat ion  p robab ly  takes  place  because  of the exis tence  of an in t r amolecu la r  hydrogen bond 
(IHB) of the NH...O type.  It is not excluded,  e i ther ,  that s t r u c t u r e  A is p r e f e r ab l e  because  the dipoles not 
par t i c ipa t ing  in the ~r bonding of the hybr id  e lec t ron  pa i r s  of the oxygen and ni t rogen have an energe t ica l ly  
m o r e  favorab le  a r r a n g e m e n t  fo r  this conformat ion  than for  conformat ion  B. An IR spec t roscop ic  study of 
compounds VI and XII  that  we have p e r f o r m e d  (IKS-14A ins t rument ,  LiF p r i s m ,  hexachlorobutadiene) tends 
to conf i rm the second hypothesis :  thei r  s p e c t r a  in the 3600-2500 cm -1 region a r e  p rac t i ca l ly  ident ical ,  
while in VI an IHB is not f eas ib le .  

Fo r  compound XIV, the dipole moment s  we re  ca lcula ted  for  var ious  angles of ro ta t ion  ~ of the phenyl 
r ing with the p-OC2H s subst i tuent .  The e x p e r i m e n t a l  values  of the dipole moment  (3.94 D) (allowing for  the 
dioxane effect)  co r r e sponds  to a ro ta t ion  of the P -C2Hs-O phenyl r ing  re la t ive  to the C s - C A r  r ing of ap-  
p r o x i m a t e l y  90 ~ (Pcalc = 3.69 D), which is due to the cons iderab le  s t e r i c  in te rac t ion  of the 4-  and 5-phenyl 
r a d i c a l s .  
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T A B L E  i .  Dipole  M o m e n t s  of  1 -  and  2 - A r y l - ( a - f u r y l )  D e r i v a t i v e s  

of  I m i d a z o l e  and B e n z i m i d a z o l e  in Dioxane  

Com- 
pound Name 

I 2-(m=Nitrophenyl)benzimidazole 
II 1 -Ethyl-2-(m-nitrophenyl)benzimidazole 

III 2 -(o-Nitrophenyl)benzimidazole 
IV 2-(m-Nitrophenyl)-4,5-diphenyl- 

imidazole 
V 4,5-Diphenylimidazole 

VI 2,4,5 -Triphenylimidazole 
VII 2 -( p -T olyl)-4,5-diphenylimid az ole 

VIII 2 -(p -Nitr ophenyl)-4,5 -diphenyl- 
imidazole 

IX 2-(p-Dimethylaminophenyl)-4,5- 
diphenylimidazole 

X 2-(p-B romophenyl)-4,5 -diphenylimidazole 
XI 2 -(p-Met hoxyphenyl)-4,5-diphenyl - 

imidazole 
XlI 2 -(a-FUryl)-4,f-diphenylimidazole 

XIII ' 2-(a-FUrvl)-4-phenyl-5-(p-t olyl)- 
t imid az61e 

XlV 5-(p-Ethoxyphenu 
/ pSenylirmdazoIe 

XV [ 1-(m-Nitrophenyl)benzimidazole 
XVI I 1-(o-Nitrophen~1)benzlmidazole 

XVII ~ 1-(m-Nitrophenvl)imidazole 
XVIII / 1 -(o-Nitropheny2)imidazole 

~}{p' 

3,24 
4,59 
5,32 
3,48 

4,40 
(4,39) * 
3,92 
3,87 
6,10 

4,76 

4,10 
4,21 

3,45 
3,76 

3,94 ' 

3,45 
5,91 

(3,63) * 
5,89 

(5,90)I" 

gcalc 
A(~=w) B (r ~ 

7,84 2,73 
7,84 2,73 
7,46 
7,84 

3,22 
3,51 

4,50 
6,92 
4,50 
6,92 

1,38 
2,73 

(3,81) $ 

(3,81)~ 
(3,82):1: 
6,09 

(4,59)* * 

4,46 
(4,19) *i 

4.63 
4,91 

(3,74)** 

3,04 
6,07 
3,04 
6,07 

Angle 
e, deg 

152 
I19 
89 

146 

0 
O 

0 

122 

108 

* V a l u e s  of # e x p  f r o m  the  l i t e r a t u r e  [5, 14]. 
In b e n z e n e .  

$ V a l u e s  of # c a l c  f r o m  the  l i t e r a t u r e  [8]. 
** C a l c u l a t e d  wi th  the  a s s u m p t i o n  of f r e e  r o t a t i o n  of the  p a r a  

s ubs t i t uen t .  

c c 

C ~  I~ C ~ C / 

F i g .  1. G e o m e t r i c a l  m o d e l  of 
2 - a r y l - s u b s t i t u t e d  i m t d a z o l e s  
(the bond  l e n g t h s  and van  d e r  
W a a l s  r a d i i  f r o m [ 9 - 1 2 ]  a r e  
us ed) .  

As  in the  c a s e  of the  2 - a r y l  d e r i v a t i v e s  I - IV ,  a c o m p a r i s o n  of the  
e x p e r i m e n t a l  and  v e c t o r i a l l y  c a l c u l a t e d  m o m e n t s  of 1 - ( m - n i t r o p h e n y l ) -  
b e n z i m i d a z o l e  (XV) shows  tha t  i t s  s t r u c t u r e  i s  n o n p l a n a r  (qo = 122~ 
b e c a u s e  of  t he  s t e r i c  i n t e r a c t i o n  of the  o r t h o  h y d r o g e n  a t o m  of  the  1 -  
pheny l  r i n g  and the h y d r o g e n  a t o m  in p o s i t i o n  7 of t he  b e n z i m i d a z o l e  
[12]. H o w e v e r ,  in s p i t e  of the  s m a l l e r  s t e r i c  h i n d r a n c e  in  the  c a s e  
of  t he  [ m i d a z o l e  d e r i v a t i v e  XVII ,  t h i s  is  c h a r a c t e r i z e d  b y  a g r e a t e r  
d e v i a t i o n  f r o m  a c o p l a n a r  s t r u c t u r e  (~0 = 108~ Th i s  m a y  b e  due to  
t he  i n c r e a s e  in t he  s i z e  of  the  c h a i n  of con juga t i on  fo r  compound  XV, 
w h i c h  p r o m o t e s  t h e  s t a b i l i z a t i o n  of  a p l a n a r  s t r u c t u r e  ( see  [3]). S t i l l  
g r e a t e r  v - e l e c t r o n i c  i n t e r a c t i o n  ~s a p p a r e n t l y  found in the  o - n i t r o -  
p h e n y l  d e r i v a t i v e s  of  i m i d a z o l e  and b e n z i m i d a z o l e  (XVI and XVIII) .  As 
i s  we l l  known [4], the  i n t e r a c t i o n  m o m e n t  ( / ~ )  a r i s i n g  u n d e r  t h e s e  c o n -  
d i t i ons  d e c r e a s e s  the  e x p e r i m e n t a l  v a l u e  of the  d i p o l e  m o m e n t .  Con-  
s e q u e n t l y ,  # e x p  fo r  XVI and  XV]:II p r o v e d  to b e  s m a l l e r  t han  the v e c -  
t o r i a l l y  c a l c u l a t e d  v a l u e s  of p even  f o r  t he  p l a n a r  c o n f o r m a t i o n  B.  The  

l a t t e r  c a n  be  e x p l a i n e d  b y  the  m a x i m u m  a p p r o a c h  of the  s t r u c t u r e  o f  t he  m o l e c u l e s  m e n t i o n e d  to  the  p l a n a r  
m o d e l  B (qo = 180 ~ in s p i t e  of p r o n o u n c e d  s t e r i c  h i n d r a n c e  [12]. H o w e v e r ,  an  a c c u r a t e  d e t e r m i n a t i o n  of 
the  va lue  of t he  ang le  r f r o m  t h e  e x p e r i m e n t a l  v a l u e s  of the  d i p o l e  m o m e n t s  of XVI and XVIII  us ing  a v e c -  
t o r i a l  s c h e m e  does  not  a p p e a r  p o s s i b l e .  Thus ,  i t  m a y  be  a s s u m e d  tha t  t he  s p a t i a l  s t r u c t u r e  of  the  c o m -  
pounds  s t u d i e d  i s  d e t e r m i n e d  not  on ly  b y  s t e r i c  f a c t o r s  bu t  a l s o  by  the d e g r e e  of  c o n j u g a t i o n  v i a  the  bond  
b e t w e e n  the  r i n g s .  

EXPE RIME NTAL 

The 2-nitrophenylbenzimidazoles were obtained from o-phenylenediamine (I, m) or its N-ethyl de- 
rivative (I~ and the corresponding nitrebenzaldehyde in ethanol in the presence of nitrobenzene [14]. 
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2-(m-Nitrophenyl)benzimidazole (I}. Dark yellow plates with mp 189~ (from benzene). Yield 60~0. 
Found, %: N 17.41. C13H~N302. Calculated, %: N 17.57. 

1-Ethyl-2-(m-nitrophenyl)benzimidazole (I~. Yellow plates with mp 114~ (from aqueous ethanol). 
Yield 50~0. Found, %: N 15.36. C15H~N302. Calculated, %: N 15.72. 

2-(o-Nitrophenyl)benzimidazole (I~ was characterized with mp 271~ corresponding to the figure 
given in the l i terature [15]. 

The 1-nitrophenyl derivatives of imidazole and benzimidazole were synthesized by boiling (30 h) mix- 
tures of the corresponding bromonitrobenzenes, azoles, cuprous bromide, and potassium carbonate in bromo- 
nitrobenzenes [16, 17]. 

1-(m-Nitrophenyl)benzimidazole (XV). Pale yellow needles, mp 146~ (from aqueous ethanol); bp 
212~ (10 mm). Yield 35%. Found, %: N 17.91. C13H�N302. Calculated, %: N 17.57. 

1-(o-Nitrophenyl)imidazole (XVII~. Pale yellow plates after vacuum distillation at 180~ (13 mm); 
mp 97~ Yield 30%. Found, %: N22.00. C9H~N302. Calculated, ~o: N 22.21. 

Compounds XVI and XVII have been described previously [18]. The syntheses of the 2-aryl-  and 2- 
furyl-4,5-diphenylimidazoles IV-XIV were made from benzine and the corresponding aldehydes in acetic 
acid [19]. The physicochemical characteristics of IV-XIV are given in [20]. 

The dipole moments of compounds I-XVI]I were determined in dioxane and that of XVIII also in ben- 
zene, at 25 -~ 0.1~ in the range of molar fractions of I - 10-3-6 �9 10 -3 by a published method [2]. 
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