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The interact ion between the imidazole r ing and subst i tuents  in the benzene r ing in some N-ary l imidazoles  
is examined with the aid of dipole moments ,  UV spectra ,  ionization constants,  and rate  constants for the 
Menshutkin react ion.  

It has been shown previously that in N-phenylimidazole (I) there is a weak but definite in teract ion between the =- 
e lec t ron  sys tems  of the imidazole and benzene r ings,  resu l t ing  in a d isplacement  of v -e lec t ron  density in the direct ion 
of the la t ter  (IA) [1-5]. 
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This interact ion affects the physical  p roper t ies  of the molecule of I, and the react iv i ty  of the r ings concerned. 
For  example, I is  less  basic than N-aikyl(aralkyl) imidazoles ,  and undergoes the Menshutkin react ion with g rea te r  
difficulty [3]. The very  smooth ni t ra t ion  of I to 1-p-ni t rophenyl imidazole  (IIb) [6] shows that the N-imidazolyl  group 
possesses  o r tho-para  or ient ing p roper t i e s ;  7r, ~-conjugation of the phenyl and N-imidazolyl  groups also appears in 
the dipole moments  [1] and e lec t ronic  absorption spec t ra  [2, 5], and it is well known by molecular  orbital  calculations 
[4]. 

Our work has recent ly  resul ted in N-ary l imidazoles  of type II becoming readi ly  access ib le  [7, 8]. This has 
enabled us to investigate further  the mutual effects of the aryl  and N-imidazolyl  radicals ,  and to focus attention on the 
nature  of the e lec t ron  t r ans fe r  effects between the subst i tuents  R in II, and the imidazole ring. The resul ts  are  given 
in the presen t  paper.  

a) UV Spectra. In contras t  to imidazole and its 1-alkyl der ivat ives ,  which do not absorb higher than 210-215 nm, 
the UV spec t ra  of I are composed of two absorption bands; one intense band at short  wavelength in the 240 nm region, 
and a low intensi ty band at long wavelength in the region of 260 nm. As in other substi tuted benzenes [9], the short  
wavelength band is assigned to the e lectron t r ans f e r  involving both r ings  (the K-band), and the long wavelength band 
is associated with the forbidden B-band of benzene [2]. Some authors ass ign the K-band in N-phenylazoles to an 
ani l ine- l ike  shift of type iI ~ HI. It appears,  however, to be more  cor rec t  to regard  it as the resul t  of the in teract ion 
of the ~-e lec t ron  sys tem of the benzene r ing with all the ~-e lec t ron  sys tems of the heterocycl ic  res idue (IA), and not 
mere ly  with the p -e l ec t rons  of the pyr ro le  ni t rogen atom [4, 5]. 

The resu l t s  for II are  given in Table 1. The introduction of e lec t ron-accept ing  subst i tuents  (p-NO2, p-CHO, 
p-COCH3) into the benzene r ing of N-phenyl imidazole resu l t s  in a marked bathochromic shift of the 240 nm band, with 
the resu l t  that it becomes super imposed on the B-band, and the la t ter  does not appear in the spectrum. This indicates 
appreciable conjugation of the subst i tuents  R in I Ib-IId (Table 1) with the N-imidazolyl  group, which consequently 
assumes  an e lec t ron-donor  charac te r  (for example, IIIb). 

*For par t  III, see [3]. 
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The  a b s o l u t e  v a l u e s  of t h i s  b a t h o c h r o m i c  s h i f t  in a s e r i e s  of  i m i d a z o l e s  a r e ,  h o w e v e r ,  abou t  2.5 t i m e s  l e s s  t han  
in a c o r r e s p o n d i n g  s e r i e s  of d i m e t h y l a n i l i n e s  ( T a b l e  2). T h i s  i s  not  s u r p r i s i n g ,  s i n c e  i n t e r n a l  c o n j u g a t i o n  of the  7r- 
e l e c t r o n s  in the  i m i d a z o l e  r i n g  r e d u c e s  i t s  ab i l i t y  to  p a r t i c i p a t e  in  c o n j u g a t i o n  w i th  t he  7 r - e l e c t r o n s  of t he  s u b s t i t u e n t s .  

C o m p o u n d  

IIa 
IIb 
IIc 
lid 

lie 

IIf 
IIg 
IIh 
IIj 
IIk 
IIl 
IIm 

* S h o u l d e r  

Table i .  UV Spectra of N-Arylimidazoles (II) 

H 
p-NOe 
p-CHO 
p-COCH3 

~'max' n m  

238 
295 
276 
270 

256 

K-Band 

l ~ e  

3.93 
4.08 
4,25 
4,20 

4.28 

noes not abso rb  above 220 nm 

o-CHs 239 4.06 
m-GHs 241 4.09 
p-OCH3 238 4.05 
p-OH 236* 3.96 
m-OH 232* 339 
o-OH i 245 4.19 
p-Br i i 

B-Band 

~max' nm 

264* 

260* 
280* 
278* 
282 
281 

3,27 

3,66 
3,32 
3.34 
3,60 
3.66 

I n t r o d u c t i o n  of e l e c t r o n - d o n o r  g r o u p s  (OH, CHsO, Br ,  CH3) into the  1 - p h e n y l i m i d a z o l e  m o l e c u l e  h a s  l i t t l e  e f f e c t  on 
the  p o s i t i o n  of the  K - b a n d .  It i s  we l l  known t h a t  the  p r e s e n c e  in the  b e n z e n e  r i n g  of two s u b s t i t u e n t s  of a s i n g l e  type  
( n o n c o m p l e m e n t a r y )  d o e s  not  s u b s t a n t i a l l y  a f f ec t  the  UV s p e c t r u m  in c o m p a r i s o n  w i t h  t h a t  of the  m o n o - s u b s t i t u t e d  
c o m p o u n d .  Thus ,  in c o m p o u n d s  I I f - I I m ,  the  i m i d a z o l y l  g r o u p  b e h a v e s  as  an  e l e c t r o n  d o n o r .  In IIf, the  K - b a n d  
u n d e r g o e s  a s u b s t a n t i a l  b a i h o c h r o m i c  sh i f t  as  a r e s u l t  of  t he  d i s t o r t i o n  of the  c o p l a n a r i t y  of the  m o l e c u l e .  

T a b l e  2. V a l u e s  of the  B a t h o c h r o m i c  Shif t  in t h e  K - b a n d  
( in  r am)  in  p - S u b s t i t u t e d  D i m e t h y l a n i l i n e s  (AX1) and  N- 

P h e n y l i m i d a z o l e s  (&k2) 

i Rat io  S u b s t i t u e n t  A2~, to As AX,/A~o 

p-NO2 
p-CHO 
p-COCHa 

~- 140 
+ 92 
+ 87 

I 
+ 57 ] 2,46 
+ 38 i 2,42 
+ 32 [ 2.72 

I 

The UV s p e c t r u m  of IIe is  of  i n t e r e s t .  The  l a r g e  b a t h o c h r o m i c  s h i f t  (+ 18 nm)  of  the  K - b a n d  in c o m p a r i s o n  w i t h  
the  s p e c t r u m  of I i s  due  to t he  i n c r e a s e d  l e n g t h  of  the  c o n j u g a t e d  c h a i n  in  t h i s  compound .  Th i s  i s  p o s s i b l e  only  i f  t he  
s e c o n d  N - i m i d a z o l y l  g r o u p  a s s u m e s  the  u n u s u a l  c h a r a c t e r  of an e l e c t r o n - a c c e p t e r  (IIIe).  

N ~ ~,~ 

IIIe 

b) Dipole Moments. The conjugational interaction of the rings in N-phenylimidazole results in the appearance of 
an increased r-moment directed along the N--C6H ~ axis toward the phenyl group [i]. This 7r-moment, whose value was 
estimated to be 0.68 D, was calculated from the moment of the imidazole ring, which is accompanied by a reduction in 
the dipole moment of N-phenylimidazole in comparison with imidazole itself, and with its 1-alkyl derivatives. It was 
estimated that the total vector dipole moment of N-phenylimidazole is directed at an angle of 13 ~ to the axis passing 
through the Nt-atom of the heterocycle and the p-carbon atom of the phenyl group (IV) [4]. 
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Yl Total moment 

~ 7r-moment 

IV 

In t h i s  c o n n e c t i o n ,  i t  w as  i n t e r e s t i n g  to e x a m i n e  t he  e f f e c t  of  the  s u b s t i t u e n t s  R in  II on t he  m a g n i t u d e  of  t he  d i p o l e  

m o m e n t  of t h i s  m o l e c u l e .  

T a b l e  3. Dipo le  M o m e n t s  of N - A r y l i m i d a z o l e s  ( in  Debye  u n i t s )  a t  25 ~ 

Compound R in tl Solvent /~exp ~calc 

Ila 
tin 
llg 
llf 
IIm 
tlJ 
lid 
lib 
IIo 

H 
p-CHa 
m-CHs 
o-Ctl~*** 
p-Br 
p-OH 
p-COCHa 
p-NO,, 
m-tNO~ 

Benzene 

Dioxan 
Benzene 
Dioxan 

3,50 
3.90 
3.73 
3.79 
2.20 
5.48 
2.89 
1.55 
3,63 

3.52* 
3.86 
3.70 (3.76; 3,52)** 
3.68 (3.76; 3.61)** 
2,01 
5.25 
270 (2,01; 3.25)** 
1.00 
3,84 (3.04; 4.50)** 

*Theoretical value, from molecular orbital calculations. 
**The values in parentheses are those calculated for conformations A and B, respectively. 

***The dipole moment of l-phenyl-2~methylimidazole (4.19 D in benzene) was also measured. The 
theoretical value is 3.90 D, 

Our  e x p e r i m e n t a l  v a l u e s  f o r  the  d ipo le  m o m e n t s  ( T a b l e  3) w e r e  c o m p a r e d  w i th  t h o s e  c a l c u l a t e d  by  t he  v e c t o r  
m e t h o d .  In the  c a l c u l a t i o n s ,  the  N - a r y l i m i d a z o l e s  w e r e  r e g a r d e d  as  p l a n a r ,  d i s u b s t i t u e d  b e n z e n e s ,  and t h e i r  m o m e n t s  

w e r e  c a l c u l a t e d  by  the  f o r m u l a :  

= (~12+~22+,2~l~t2cosO)'/2, 

w h e r e  /~1 i s  t he  d ipo le  m o m e n t  o f l - p h e n y l i m i d a z o l e  (+3.50 D); #z i s  t he  m o m e n t  of  t h e  C a r - - R  bond,  t a k e n  to  be  e q u a l  
to the  m o m e n t  of t he  c o r r e s p o n d i n g  m o n o s u b s t i t u t e d  b e n z e n e  [11]; p(C~Hs = +0.37 D; #(CGH~--Br)  --: - 1 . 5 7 D ;  
#(C6HsOH) = +1.78D;  g(CGHsCOCH 3) = - 2 . 8 D ,  d i r e c t e d  a t  an  a n g l e  of  132~ to the  C6H~----R ax i s  [12]; P(C6H~--NO2) = 
- -4 ,03D;  0 i s  the  a n g l e  b e t w e e n  the  v e c t o r s  of  t he  d ipo le  m o m e n t s  of  the  s u b s t i t u e n t s  R and  the  i m i d a z o l e  r e s i d u e .  

S ince  the  v e c t o r  of  the  m o m e n t  o f l - p h e n y l i m i d a z o l e  is  s o m e w h a t  i n c l i n e d  to  t h e  N - - P h  a x i s  in  the  d i r e c t i o n  of  
t he  p y r i d i n e  n i t r o g e n  a t o m ,  fo r  c o m p o u n d s  II s u b s t i t u t e d  in t he  o r t h o  and  m e t a  p o s i t i o n s  of the  b e n z e n e  r i ng ,  we t o o k  

in to  a c c o u n t  t he  n o n e q u i v a l e n c e  of  c o n f o r m a t i o n s  A and  B. 

A B 

The  t o t a l  m o m e n t s  fo r  t h e s e  c o m p o u n d s  w e r e  c a l c u l a t e d  f r o m  the  f o r m u l a :  

w h e r e  # A  and  P B  a r e  t he  d ipo le  m o m e n t s  of  the  c o n f o r m a t i o n s  A and B. I n l - p h e n y l - 2 - m e t h y l i m i d a z o l e  and  1 - ( o -  

t o l y l ) i m i d a z o l e ,  d i s t u r b a n c e  of the  c o p l a n a r i t y  of  the  m o l e c u l e  m a k e s  i t  n e c e s s a r y  to  r e d u c e  t he  v a l u e  of  t he  a d d i t i o n a l  
7 r -moment ,  a c c o r d i n g  to B r a u d e ' s  l aw  A/Qnte  r = APinterC'COS 20. C o n s e q u e n t l y ,  in  c a l c u l a t i n g  t h e  v e c t o r  d ipo le  
m o m e n t s  of  t h e s e  c o m p o u n d s ,  we i n t r o d u c e d  in to  the  m o m e n t  o f l - p h e n y l i m i d a z o l e  t he  c o r r e s p o n d i n g  c o r r e c t i o n  w i th  a 
p o s i t i v e  s i gn  (+0.36 D), t a k i n g  A P i n t e r  ~ = 0.68 D, O = 460 ( the  ang le  of d e f l e c t i o n  of the  p h e n y l  g r o u p  wi th  r e s p e c t  to 

t he  N- -  P h  bond  [5 ] ). 

A good c o r r e l a t i o n  is o b s e r v e d ,  f o r  m o s t  of t he  c o m p o u n d s ,  b e t w e e n  t he  e x p e r i m e n t a l  v a l u e s  f o r  the  d ipo le  
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moments  and the vec tor  values ,  thus confi rming the validity of our assumptions concerning the d i rec t ion  of the total 
vec to r  dipole moment  of the imidazole  ring. The resu l t s  also indicate that the in terac t ion  of the substi tuents R with the 
imidazole  r ing in II is only weak. In those cases  where  the in teract ion is strong,  as for example i n l - p - n i t r o -  
phenyl imidazole ,  a marked  d ive rgence  is observed  between Pexp and Pcalc.  This  is explained by polar iza t ion  of the 
imidazole  ring, and the change in its dipole moment  resul t ing  f rom d i rec t  polar  conjugation with the ni tro group (IIIb). 

Table 4. Ionization Constants (pKa) and Reaction Constants 

with Ethyl Iodide (k) of N-Ary l imidazo les  

Compound  pK a k X 106. (lsec "1" mole " 1 )  �9 Mach-DanielliBrown) and 

IIa 5.10 15.7 0 
I I j 5.35 22.6 --  0.37 
I 1 k 5.23 19.6 --  0,268 
I I n 5,24 I'9.0 -- 0.170 
I I g 5.24 16,9 --  0,069 
II  m 4.91 11,0 +0 ,232  
I Id 4.54 10.8 + 0.502 
l i b  3.96 , 7,8 + 0 . 7 7 8  

c) Reac t iv i ty  of the pyridine N-atom. Conjugation of the r - s y s t e m s  of the phenyl and imidazole  r ings in 1- 
phenylimidazole,  as has a l ready been point out, leads to a d e c r e a s e  in the basic i ty  of the imidazole  ring. The 
introduction of e l ec t ron-donor  substi tuents into the benzene r ing o f l - p h e n y l i m i d a z o l e  causes  a modest  inc rease  in the 
basic i ty  of the pyridine ni t rogen atom, while e l ec t ron -accep t ing  substi tuents resu l t  in a d e c r e a s e  in bas ic i ty  (Table 4). 
A sa t i s fac tory  co r re l a t ion  exis ts  between the g-constants  (Mach-Daniel l i  and Brown) of e l ec t ron-donor  and weak 
e l e c t r o n - a c c e p t o r  (e. g., Br) groups, and the values  of the ionization constants.  The re la t ive ly  low values  for the 
reac t ion  constant p(+0.753) indicates,  however,  the weakness  of the e lec t ron  t r ans fe r  effects  f rom the snbstituent R to 
the pyridine ni t rogen atom in II. Strongly e l ec t ron -accep t ing  groups (p-NO 2 and p-COCH3) behave as i f  their  r e spec t ive  
cr values were  significantly g r ea t e r  than normal ,  viz. ,  +1.25 and +0.65, respec t ive ly .  These values  are  close to those 
for the a-  constant (1.27 for p-NO 2 and 0.87 for COCH3), which i t se l f  shows that significant polar  conjugation ex is t s  
between the r - e l e c t r o n s  of the he te rocyc le  and the substi tuent R, IIIb, (IIId) [13]. 

The imidazole  r ing is s t i l l  l e ss  sens i t ive  to the effect  of the subst i tuents  R in reac t ions  involving alkylation at 
the pyridine N-a tom to give qua te rnary  salts.  For  the reac t ion  between N-a ry l imidazo tes  and ethyl iodide in acetone at 
50 ~ the constant has the genera l  value of -0 .395.  The low sensi t iv i ty  of this reac t ion  to the nature of the substituent R 
resu l t s  in an equally sa t i s fac to ry  co r re l a t ion  between the rate constants  and the cr values,  both for e lec t ron-donat ing  
and e l ec t ron -accep t ing  groups.  

The cor re la t ion  coeff ic ients  r and the standard deviat ion s a re  equal to, for the ionization constants,  0.958 and 
0.033, and for the quaternizat ion react ion,  0.949 and 0.041, respec t ive ly .  

These invest igat ions the re fo re  show that the N- imidazoly l  group of II usually exhibits e l ec t ron-donor  p roper t i es .  
The nature of the in terac t ion  between the imidazole  r ing and the substi tuent R depends to a large  extent on the nature 
of the la t te r .  The interact ion appears  ve ry  strongly in compounds with s t rongly e l ec t ron -accep t ing  substi tuents,  and 
less  c lea r ly  in those compounds where  R is e lec t ron-donat ing  or  weakly e lec t ron-accep t ing .  

EXPERIMENTAL 

All the starting materials were obtained by direct arylation of imidazolewith aryl halides, as described 
previously [7,8]. 

UV Spectra  were  measu red  on an SF-4 instrument ,  in methanol solution. The dipole moments  were  measured  by 
the resonance  method, and the ionization constants (in 50% aqueous ethanol at 20 ~ ) and the ra te  constants for the 
reac t ion  of the N-a ry l imidazo l e s  with ethyl iodide (in acetone at 50 ~ were  measu red  as desc r ibed  in [1, 3]. 
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