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The ease of opening of the imidazole ring in quaternary salts of benzimidazole bearing a 2-benzimidazolyl 
radical on one of the N-atoms, and the basicity constants of N-(2-benzimidazolyl)- and N-(2- 
benzimidazolylmethylene)-az01es, indicate the considerable electron-acceptor effect of the 2- 
benzimidazolyl grouping. Examination of the UV absorption spectra permits the elucidation of the part 
played by mesomeric effects between the heteroeyelic rings in these compounds. 

The proper t i es  of 2-subs t i tu ted  benzimidazoles  show that the 2-benzimidazoly l  radical  possesses  considerable  
electrophi l ic i ty  [2]. This  explains the ease of opening of the imidazole r ing in quaternary  benzimidazol ium sal ts  [3] 
bea r ing  a 2-benzimidazoly l  radica l  on one of the ni t rogen atoms (In) by weakly bas ic  reagen ts .  This reac t ions  occurs  
with special  ease in 1 -a ry l -3 - (2-benz imidazo ly l )  benzimidazol ium sal ts  (Ib), which undergo r ing-opening even dur ing  
preparat ion.  The resu l t ing  compounds undergo par t ia l  deformylat ion even on recrys ta l l i za t ion .  

The qua te rnary  sal ts  Ie and Id, which possess  a f ree  NH-group in the 2-benzimidazolyl  radical ,  behave 
s imi l a r ly  with bases .  The format ion  of yl ides  is not observed,  as  it  is in the case of N-(2-benzimidazolyl )pyr id inium 
sal ts  [4]. Invest igat ions of the UV and IR spect ra  of the r ing-opening  products IIc, IId and IIIc, IIId, and compar ison 
of the i r  spec t ra l  curves  with those obtained for the q u a t e r n a r y  sal ts  Ia and Ib, and with those of the o-phenylene 
d iamine  der iva t ives  with the s t ruc tu re  shown (IIa and IIIa) [3],lead to the same conclusion.  

Hal" / R '  ~ H CHO ~ m H ff 

R \ \  / /  R 
l a - d  l l a - d  ~ Ill a - d  " 

I I R=CH3, R' =Ct l  a, CaH~; b R=  CH a, R ' = P b :  e R = H , R ' = C H a ; d R = H , R ' = P h  

The IR spec t ra  of all  the ini t ia l  r ing-opening  products contain s t rong absorption bands at 1650-1680 cm -1 and 
1555-1565 cm -1 due, respect ively,  to the valency v ibra t ions  of the C-~O of the secondary amide group, and to the 
deformat ional  v ibra t ions  of the secondary  amino group [5]. The la t te r  band is  also p resen t  in the spec t ra  of the 

deformylat ion products  III. 

[3], 

The properties of the quaternary salts I as described are similar to those of benzimidazolium 2, 4-dinitrophenoxide 
indicating the simila~'ity of the eleetron-aeceptor effect of the 2,4-dinitrophenyl and the 2-benzimidazolyl radicals. 

Table I. Absorption Maxima in the Spectra of the Quaternary Salts and 
Their Ring-Opening Products 

Compound  UV Spect ra ,*  kmax,  n m  (lg e )  I R  Spect ra ,** v, cm "1 

I a  
Id  

I I a  
l l c  
lid 

Ilia 
file 
IIId 

278 (4,I2); 290 (4,08) 
278 (4.04); 292 (4,I4) 
292 (4.46) 
260 (4,05); 292 (4,37) 

242 (4.25); 290 (4.15) 
244 (4,00); 288 (3.90) 

1628; 1619, 1584, t538 
1626; 1613, 1580, 1545 
1650; 1616; 1558; 1497 
1674; 1609; 1555; 1497 
168t; 163I; 1595; 1555; 1496 
1529, 1596; 1565, 1507 
1605, 1565, 1510 
1596, 1566, 1499 

*In methanol ,  on an  S F . 4 A  spee t roph0 to  lmeter. 
**Absorpt ion  bands in the 1 7 0 0 - 1 4 7 0  cm region are shown; I K S - 1 4 A  spect rometer .  

*For par t  I, see [1]. 
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The inse r t ion  of a methylene  group between the n i t rogen a tom of the benz imidazo l ium cat ion and the 2 - b e n z i m i d -  
azo ly l  r a d i c a l  r e s u l t s  in cons ide rab l e  weakening of the effect  of the l a t t e r ,  the qua t e rna ry  sa l t  IV being conver ted  into 
the  o -phenylened iamine  de r iva t ive  V only by s t rong  a lka l i s .  The r e a c t i o n  is a l so  r e v e r s i b l e ;  in ac id  solut ion,  as in the 
ca se  of NN ' -d i a lky lbenz imidazo l ium compounds [6], the  equi l ibr i t fm is shif ted in the d i rec t ion  of the format ion  of the 
s t a r t i n g  m a t e r i a l  IV (the UV s p e c t r a  of IV and V in 1 N HC1 a re  coincident).  

H CHO 
I ~ ' ~ \  ,.~,N/'CHa OH- [-~"~: ')_CH2_ N NCH3 

CH3 IV ~ H3 V 

In o r d e r  to examine  m o r e  c lose ly  the  effect  of the 2 -benz imidazo ly l  r a d i c a l ,  the UV s p e c t r a  and bas i c i t y  constants  
of some N- (2 -benz imidazo ly l ) azo l e s  (VI) and t h e i r  methylene  analogs (VII) were  examined.  

%-N.o, -c.2-N| 
I I 
R Vla-e CH 3 Vlla-o 

Vla.d R=CH 3, e R=H; 

VI, Vlla-e N ~ ,  = a, N-imidazo|yl; b, N-benzimidazoly; 
c, N-pyrazolyl; d, N-indazolyl; e, N-indazolyl. 

In view of the low so lub i l i t i e s  of VI and VII in wa te r  and in w a t e r - a l c oho l  m ix tu re s ,  t h e i r  pK a va lues  were  d e t e r -  
mined  by the po ten t iomet r i c  t i t r a t i on  method,  in ace ton i t r i l e  solut ion [6]. The wide range  of the pH sca le ,  and the l a rge  
d i f fe rent ia t ing  effect  of ace ton i t r i l e ,  p e r m i t t e d  the r e l i a b l e  de t e rmina t i on  of the constants  for  both the f i r s t  and second 
s t ages  of the pro tonat ion  pKal and PKa2 , the n u m e r i c a l  va lues  of which were  7-7.5 pK units h igher  than when de t e rmined  
in aqueous solut ion (this follows f rom [8], and compa r i son  of the ionizat ion cons tants  of N-a lky lbenz imidazo le s  where  
a lky l  = CH3, p-C3H?, in aee ton i t r i l e  (Table 2) with the co r r e spond ing  values  r e l a t i v e  to aqueous solut ions (5.62 and 5.46 
r e spec t i ve ly )  [9]). The r e s u l t s  obtained a re  given in Table  2. 

The cour se  of protonat ion in VI and VII has been es tab l i shed .  In the N- (2 -benz imidazo ly l ) - subs t i t u t ed  imidazo le  
Via  and the benz imidazo le  VIb, the f i r s t  ionizat ion constant  apparen t ly  r e l a t e s  to the N - h e t e r o - s u b s t i t u t e d  r ing.  This  
conclus ion is suppor ted  by the cou r se  of the qua te rn iza t ion  of VIb [3], and ag rees  with the fact that  the bas ic i ty  of 2-  
h e t e r o - s u b s t i t u t e d  azoles  is known to be r educed  as a r e s u l t  of the sh ie ld ing  of the pyr id ine  N-a tom [10, 11]. The s e c -  
ond bas i c i t y  constant  (PKa2) of Via  and VIb r e l a t e s  to the 2 -benz imidazo ly l  r a d i c a l ,  and is subs tan t i a l ly  r educed  as a 
r e s u l t  of the s t rong  inductive effect  of the imidazo le  cation.  

The s ame  sequence  of protonat ion  of the h e t e r o c y c l i c  r ings  is sugges ted  for  Vl:[a and VIIb, by c ompa r i s on  of the 
pKa values  of the  imidazo le  and benz imidazo le  de r iva t i ve s .  

On the other  hand, in the c a s e s  of the N - ( 1 - m e t h y l - 2 - b e n z i m i d a z o l y l ) - s u b s t i t u t e d  py razo le  (VIIe) and indazole  
(VIM), the f i r s t  proton apparen t ly  becomes  a t tached to  the  pyr id ine  n i t rogen  a tom of the more  bas ic  2 -benz imidazo ly l  
r a d i c a l ,  s ince  the s t e r i c  a c c e s s i b i l i t y  of both bas ic  cen te r s  is  app rox ima te ly  equal.  Unlike Via and VIb, VIc and VId 
a r e  monoacid  buses .  Compar i son  of the pKal  va lues  for  VIIc and VIM with the p robab le  bas i c i ty  constants  of py razo le  
(2.47+ 7) and indazole  (1.22 + 7) in ace ton i t r i l e  sugges t s  that  the f i r s t  s tage of protonat ion,  in the p r e se n t  case  a lso ,  
r e l a t e s  to the 2 -benz imidazo ly l  r ad i ca l .  Compar i son  of the bas i c i t y  of the imidazo le  and benz imidazo le  Via,  VIb, and 
VlJa and V]lb shows the powerful  e l ec t roph i l i c  effect  of the 2 -benz imidazo ly l  r a d i c a l  in Via  and VIb, which r e s u l t s  in a 
m a r k e d  reduc t ion  in the  b a s i e i t i e s  of the  imidazo ly l  and benz imidazo ly l  r ings  with which it is d i r ec t l y  l inked. This  is  
in ag reemen t  with the high value of the  Taft  inductive constant  (~* 2.0) of the 2 -benz imidazo ly l  r a d i c a l  [12]. 

The pa r t  p layed  by m e s o m e r i c  effects  in the  in te rac t ion  between the 2 -benz imidazo ly l  r a d i c a l  and the N- 

Table  2. Protonat ion  Constants  

Compound PI(al PKa2 Compound PKal PI(a2 

Via 
VIb  
VIc 
VId 

N-Ethyl- 
benzimidazole 

11,46 
9,9l 
9,59 
8.80 

13,22 

5,34 
5,01 

VIIa 
VIIb 
VIIc 
VIId 

N-n-Propyl- 
benzimidazole 

13,73 
12,58 
12,27 
12,03 
13,22 

9,25 
9,21 
4.29 
4,72 



h e t e r o c y c l e  in VI and VII is  shown by  the UV s p e c t r a  (Table 3, F igs .  i and 2). The N- (2-benz imidazo ty lmethy lene) -  
azo les  VII a r e  taken as  mode l s  of unconjugated compounds.  The va l id i ty  of th i s  a s sumpt ion  i s  conf i rmed  by the v i r tua l  
ident i ty  of the s p e c t r a l  cu rves  of t h e p y r a z o l e  (VIIc) and the imidazo le  de r iva t ive  WIIa) ,bo th  with each o t h e r  and a lso  
with the absorp t ion  s p e c t r a  of the 1, 2 - d i a l k y l b e n z i m i d a z o l e s  [13]. This ident i ty  is  explained by the fact  that the 
i so la ted  ch romophores ,  i . e . ,  the imidazo le  [14] and p y r a z o l e  [15] r ings ,  ab so rb  ou ts ide  the l imi t s  of the s p e c t r a l  
r eg ions  under cons ide ra t ion .  

Table  3, Absorp t ion  Maxima in the UV s p e c t r a  of N - ( 2 - B e n z i m i d a z o l y l ) -  
and N~ (2- Benz imidazo ly lmethy lene)azo les  

Compound ~'mau, nm figs) Compound ~ma~, nm figs) 

Via 

VIc 

VId 

Vie 

255 278 ~5 
(3.93) (4.01) (3,98) 
250 276 284 

(4,35) (4.28) (4,25) 
238--238 256--258 288 

(4.01) (3,98) (4,14) 
268 306--308 

(3.98) (4.45) 
268 304--310 

(3.S6) (4.50) 

VtIa 

Vlib 

VIIc 

VIIa 

255 270 276 284 
(3,89) (3,64) (~,92) (3.84) 
252 268 275 282 

(4,18) (4,02) (4,10) (4,03} 
255 ~70 276 284 

(3,93) (3,82) (3.91) (3.85) 
246 257 277 284 --286 

(4.04) (4.09) (4,23) (4,09) 

The i n c r e a s e  in in tens i ty  of the absorp t ion  m a x i m a  in the c a s e s  of VIIb and VIId r e su l t s  f rom the  superpos i t ion  
of the s p e c t r a  of benz imidazo le  and indazole .  In con t r a s t  to VIIa and VIIb, the absorp t ion  s p e c t r a  of the imidazole  
de r i va t i ve  Via and of the  benz imidazo te  Vlb, in which these  r i ngs  a r e  l inked d i r e c t l y  to the he t e roc yc l e s ,  a r e  
c h a r a c t e r i z e d  by  a s m a l l  i n c r e a s e  in the  in tens i ty  of the s h o r t  wavelength  band at  250-255 am,  and by  the p a r t i a t  
smoothing out of the  f ine s t r u c t u r e  of the  B-band at  268-282 am.  A m o r e  m a r k e d  change i s  seen  in the  s p e c t r u m  of 
the benz imidazo le  vro.  

4,s! 

\ 
\ :  a Q 

",X• / ,~, . - 'JX~ 
\ 

:I 

~2~ 2aG 260 280 3oa s2o •: nm 

Fig.  1. UV absorp t ion  s p e c t r a  in methanol :  
1) N-(1 -me thy l -2 -benz imidazo Iy tme thy l ene )  - 
imidazo le  (VIIa); 2) N - ( 1 - m e t h y l - 2 -  
benz imidazo ly lme thy lene  )benz imidazole  
(VIIb); 3) N - ( 1 - m e t h y l - 2 - b e n z i m i d a z o l y l  
benz imidazo ly lme thy lene )py razo le  (VIIc); 
4) N- ( 1 - m e t h y l - 2 - b e n z i m i d a z o l y l m e t h y l e n e ) -  

indazole  (VI!d). 

The r e s u l t s  given h e r e  ind ica te  without doubt the  ex i s t ence  of conjugat ion be tween  N- and C - h e t e r o c y c l i e  nucle i  
of Via and Vii), the extent  of which i s ,  however ,  sma l l ,  pe rhaps  as  a r e s u l t  of the d e p a r t u r e  f rom p lanar i ty  of the 
m o l e c u l a r  s t ruc tu re .  The i n c r e a s e  in conjugat ion in the benz imidazo l e  (VIb)is expl icab le  by the i n c r e a s e  in the length 
of the conjugated chain in c o m p a r i s o n  with that  of the  imidazo le  de r iva t ive .  

The s p e c t r u m  of  N - ( 1 - m e t h y l - 2 - b e n z i m i d a z o l y l ) p y r a z o l e  (Vtc) has  a band at  236-238 nm r e su l t ing  f rom 
conjugat ion be tween the p y r a z o l e  and b e n z i m i d a z o l e  r ings .  This  band i s  shif ted ba thoch romica t l y  r e l a t i v e  to the  
absorp t ion  band of unsubs t i tu ted  py razo te ,  but  th is  shif t  i s  26 nm s m a l l e r  than in N-pheny lpyrazo le  (40 rim) [16], the 
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benzimidazole ,  in 74% yield,  as snow-white  needles ,  mp 91-92  ~ C f rom light pe t ro leum,  readi ly  soluble in most  
organic  solvents .  Found, %: C 66.8; H 5.0; N28.1.  Calculated for  CllH10N4, %: C 66.6; H 5.1; N28.3.  

Mp, ~ 
Com- 
pound 

Ia* 257--258 

IV 259(decomp.: 
Ic 226--227 

Table  4. B e n z i m i d a z o l i u m  sa l t s  

Solvent  for 
crystallization 

* R'=C~Hs. 

Alcohol  and 
ether 

Alcohol 
Alcohol and 

ether 

Molecular formul Found, % 
N CI 

CITHIrCIN4 18.1 11,6 

CIsHIsC1NcH20 18.4 11.6 
CITH17C1N4 18.0 11.6 

Calculated, % 

J 
N ! CI 

17,9 11.3 

18.5 i1.7 
17,9 ll,3 

Yield,. 
% 

64 

44 
78 

N-(2-Benzlmtdazoly l ) indazole  (Vie). Equimolar  amounts of indazole and 2-ch lorobenz imidazo le  were  fused 
together  at 110-120 ~ C. The reac t ion  mix tu re  was t rea ted  with boil ing alcohol,  f i l te red ,  and.the f i l t r a te  cooled. The 
prec ip i ta te  which separa ted  was c rys t a l l i zed  repea ted ly  f rom alcohol to give a 57% yield of snow-white plates ,  mp 171- 
172 ~ C. Found, %:N23.9 .  Calculated for  C14H10N4, %: N23.9.  

N- (1-M e thyl -2-benzimidazoly lmethylene)  azoles  (VIIa-d). A solution of 2-chlo romethy l -  1-methylbenzimidazole  
(10 mM) and 15-20 mM of the appropr ia te  azole  in xylene (for VIIc and VHd) o r  toluene (for VIIa and VI]b) was boiled 
for  2 - 3  hr.  The solvent  was r emoved  in vacuo, and the res idue  was worked up as desc r ibed  below. 

R~ R~ Ra 

v i csH0 IIIa 

I n c  CHs i CHa 
IIIb Ph 
lnd  Ph 

Table 5 

I 
Rt 

Solvent for 
n Mp, ~ crystallization 

207--208 Aqueous alcohol 
164--165 Methanol 
222--223 Toluene 
226--227 Aqueous alcohol 
183--184 Alcohol 
268--269 Alcohol 

* Calculated on starting quaternary salt. 
**Calculated on 1-phenylbenzimidazole. 

N, % 

Molecular formula ~ 

I 
CIsHj4N40 ~ 121 3 21s 
CITHxsN4().0.SHzO 1816 I8.5 
C16HIsN4 21.2 21;0 
C~4H~4N4 I 23.6] 23.5 
C2oHtsN4 18 1! 17,8 
CIsHIsN4 18,7i 18,6 

72 
63 
68* 
80 
34** 
39** 

VIIa. The res idue  was t r i tu ra ted  with 10% alkali ,  washed with cold water ,  and r e c r y s t a l l i z e d  f rom carbon 
t e t r ach lo r ide ,  giving a 58% yield (calculated on 2 - ch lo rome thy l - l -me thy lbenz imidazo l e )  of co lo r l e s s  needles,  mp 
150 ~ C. Found, %: C 68.0; H 5.8; N 26.6. Calculated for  Ct2HtzN4, %: C 67.9; H 5.7; N 26.4. 

VIIb. After  t r ea tmen t  of the res idue  with 10% alkali ,  it was d isso lved  in the min imum amount of alcohol,  and the 
solution kept overnight .  The alcoholic  mix tu re  was f i l t e red  and diluted with water .  The prec ip i ta te  which separa ted  
was r e c r y s t a l l i z e d  f rom carbon t e t r ach lo r ide  to give a 46% yield (calculated on 2 -ch loYomethy l -1 -  
methylbenzimidazole)  of co lo r l e s s  p r i s m s ,  mp 165-166 ~ C, f rom aqueous alcohol. Found, %: C 73.5; H 5.5; N 21.5. 
Calculated fo r  Ct6H14N t, %: C 73.26; H 5.38; N 21.36. 

VIIa. The residue was dissolved in water with warming, the solution basified, and the reaction product extracted 
with ether, to give a 71% yield of colorless prisms, mp 109.5-110 ~ C (from hexane). Found, %: C 67.8; H 5.8; N 26.5. 
Calculated for CIzHt2N 4, %: C 67.9; H 5.7; N26o4. 

VIId. The solid res idue  was boi led in wate r  containing a few drops of alkali ,  and the hot mix tu re  was f i l t e red  
and the res idue  washed with e ther ,  giving a 75% yield of co lo r l e s s  p r i sm s ,  mp 167-168 ~ C (from benzene).  Found, %: 
C 73.5; H 5.5; N 21.4. Calculated for  C16H14N4, %: C 73.3; H 5.4; N 21.4. 

The basicity constants were determined on a LPU-01 potentiometer by the method described in [7]. 
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