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The reac t ion  of py ry l ium sal ts  with p r i m a r y  amines  of the benzimidazole  s e r i e s  gives  
benz imid azo l y l py r i d i n i um pe reh l o r a t e s .  The bac t e r io s t a t i c  action of the  synthes ized  p r e p -  
a ra t ions  was invest igated.  

It is known that the reac t iv i ty  of amino groups  in the benzimidazole  molecule  is not equivalent.  It 
s eemed  of in te res t  to study the reac t ion  of amines  of the benzimidazole  s e r i e s  with var ious  pyry l ium sal ts  
in o r d e r  to obtain potential ly biological ly active compounds [1, 2]. 

The amino group in 1 -me thy l -5 -aminobenz imidazo le  differs  little f r o m  an a roma t i c  amino group, and 
the la t ter ,  as in aniline [3], readi ly  r eac t s  with 2 ,4 ,6 - t r ime thy lpyry l ium pe rch lo ra t e  (I) to give pyr id in ium 
sal t  I Ia  and i ts  d iperch lora te  file), which is fo rmed  by the reac t ion  of IIa with unchanged I; this  was con- 
f i rmed  by specia l  expe r imen t s .  
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A s i m i l a r  reac t ion  with 2 ,4 ,6- t r iphenylpyry l ium perch lo ra te  ffII) p roceeds  only in absolute dimethyl-  
f o rmamide ,  and 2 ,4 ,6- t r iphenylpyr id in ium d iperch lora te  is not fo rmed  in this case .  In view of the reduced 
bas ic i ty  of the amino group, 2 -aminobenz imtdazo les  do not f o r m  pyr id in ium sa l t s  with I but are  conver ted 
to the pe rch lo ra t e s ;  this is accompanied  by opening of the py ry l ium ring. The pyr id inium sal t  could not 
be obtained even in the reac t ion  of the N-anion of 1 -me thy l -2 -aminobenz imidazo le ,  which has inc reased  
e lec t ron  density,  with I. On the other  hand, 2 -aminomethy lbenz imidazo le  readi ly  r e ac t s  with I [4] and other  
pyry l ium sa l t s .  2- f l -Aminoethylbenzimidazole  undergoes  this reac t ion  even more  readi ly .  
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1Van=l,  R=R'=C6Hs, t~"=H; IVb n=l ,  R=C}Hs, R '=R '=H;  IVc n=2, R=R'=CH3,. 
R '=H; IVdn=2, R=R'=C6Hs, ~ '=H;  IVe n=l ,  R=R'=R'=CH3. 

In con t ra s t  to IIa, IV do not f o r m  d ipe reh lo ra tes  in the p roce s s  of the i r  fo rmat ion  f r o m  the appropr ia te  
aminobenz imidazo l e s  and pyry l ium sa l t s .  2-c~-Aminoethylbenzimidazole r e ac t s  with I to give the expected 
product  {IIe), but the compound formed with III, poss ib ly  by vir tue  of the s t e r i c  hindrance,  decomposes ,  
r e g a r d l e s s  of the reac t ion  t ime,  into 2 ,4 ,6- t r iphenylpyr idine  and 2-v inylbenzimidazol ium perch lo ra te  W). 

This t r ans fo rmat ion ,  which r eca l l s  the Hofmann degradat ion of qua te rna ry  ammonium bases  [5], ap-  
pa ren t ly  p roceeds  via a s i m i l a r  mechan i sm.  In fact ,  the hydrogen a tom i n t h e b r i d g e c a r b o n  atom should be 
ve ry  labile under  the influence of two s t rong  e l e c t r o n - a e c e p t o r  subst i tuents  and may spli t  out a pe rch lo ra te  
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TABLE 1. Results  of Microbiological Tests  of Benzimidazolyl- 
pyridinium Perchlorates * 

Com- 
pound 

IIa 
lib 
IIc 
IVa 
IVc 
IVd 
IVe 

Salmonella Flexner dysentery Escherichia 
typhosa bacillus coli 

1:i0000 
1:10000 
1:I000 
l: 10000 

1:100 

1 1 0 0 0 0  
1 lOOOO 
1 lOOO 
1 [oooo 

!:i00 

I : 10000 
1:10000 
I : I 0 0 0  
1 : 1 0 0 0 0  

1:100 

Staphylococcus 
aureus 

1 : I000 

I : t 0 0 0 '  

*The dashes in the table denote that the prepara t ion is not active 
with respect  to the indicated mic roorgan i sm.  

anion on heating to give perch!er ic  acid. Of course ,  the molecules  subsequently decompose to tr iphenyl-  
pyridine and 2-vinylbenzimidazole.  The la t ter  forms a perchlora te  with the perchlor ic  acid available in the 
react ion mixture.  

The IR spec t ra  of the compounds obtained (Ha-c and IVa-e) contain intense absorption bands of the 
pyridfnium ring at 1620-1640 and 1555-1580 em -1, of the C104 anion at 1100 cm -~, and of the benzimidazole 
NH group at 3200-3400 cm -1. 

It is known [6] that pyryl ium salts  also react  with secondary amines.  However, 2 ,4 ,6- t r imethylpyry l -  
ium perch lora te  does not form aryl derivatives e i ther  at the pyrrole  nitrogen atom of benzimidazole or  
with benzimidazo]ine and benzimidazolone.  

We investigated the bacter ios ta t ic  action of the synthesized preparat ions  by ser ia l  culture,  The bac-  
ter ios ta t ic  action was studied with respec t  to Gram-negat ive  and Gram-posi t ive  mic roorgan i sms .  The 
bacter ia l  cul tures used in the exper iments  had the typical biochemical  and serological  proper t ies .  The 
data obtained are presented in Table 1. 

Prepara t ion  IIa in vitro has a s t rong baeter ios ta t ic  effect on mic roorgan i sms  of the enter ic  group in 
concentrat ions of 0.01 #g.  Prepara t ion  IIb in the same concentrat ion has a more moderate  action. P rep -  
arat ion IIc is active with respect to the same group of microorganisms but in a concentration of 0.i pg. 

Compound IVa is moderately active with respect to microorganisms of the enteric group at a concentration 

of 0.01 pg, and in larger doses has an effect on staphylococci. Preparations IVc and IVe are inactive, while 

IVd has a preferable effect on Staphylococcus aureus. 

It is seen from the data presented that the most active preparations are those obtained from 5-amino- 

benzimidazole. Of the 2-aminoalkylbenzimidazole derivatives, only the compounds that contain phenyl sub- 

stituents in the pyridinium ring are active. 

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

The IR spec t ra  of mineral  oil suspensions of the synthesized compounds were recorded with a UR-20 
spec t romete r .  

Reaction of I with 1-Methyl-5-aminobenzimidazole .  A mixture of 1.47 g (0.01 mole) of l - m e t h y l - 5 -  
aminobenzimidazole [7] and 2.23 g (0.01 mole) of I [8] in absolute alcohol was refluxed for 30 rain. It was 
then cooled to precipitate 1.65 g (36%) of diperchlorate  IIc with mp 278 ~ (dec., f rom methanol). Found: C 
42.6; H 4.2; C1 15.4; N 9.1%. CIGHI~C1N304" HC1G4, Calculated: C 42,5; H 4.2; C1 15,7; N 9.3%. 

Ether  was added to the mother  l iquor to precipitate 0.9 g (26%) of an oil that c rys ta l l ized  slowly to 
give perchlora te  IIa with mp 128 ~ (dec., f rom ethanol). Found: C 54,7; H5.5; Cl10,0; N11.7%, CtGHtsC1N304. 
Calculated: C 54.6; H 5.2; C1 10.1; N 11.9%. 

Diperchlorate IIc was also obtained in quantitative yield by refluxing a solution of equimolecular  
amounts of monoperehlorate  IIa and I in alcohol for  30 rain. 

1- (1-Methyl-5-benzimidazolyl ) -2 ,4 ,6- t r iphenylpyr id inium Perchlora te  (lib). This compound was s im-  
i larly obtained by refluxing III [8] with 1-methyl -5-aminobenzimidazole  in absolute dimethylformamide.  
The addition of e ther  precipi tated an oily product, which formed solvates with ethanol and methanol on c r y s -  
tallization. Both solvates softened slightly on heating, after  which they both solidified and melted identically 
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TABLE 2. 1-(2-Benzimidazolylalkyl)pyridinium Perch lora tes  (IV)* 

Com: ~p,: 
pound 1 ~T i 

Recrystal- 
lization 
solvent 

Empirical 
formula 

Found, % Calc., % ~. 

IH :3 c H cl N C Ct N i~ 
! 

IVa 21,,(314 Ethanol C3,H2~CIN304 69,7 4,8 6,9i 7,6 69,2 4,5 6,6 7,8 68 
IVb 31T: W a t e r  C~sH20C1N304 64,714,618,01 9,4 65,0 4,4 7,7 9,1144 
IVc Methanol C17H2oC1NaO4 55,3/5,819,51 11,5 55,8 5,5] 9,71 11,5172 
IVd 1741_2875 Ethanol C32H28C1N504.2H20 65,1 5,2 6,3 7,0 65 4 5 1 60 7,1 83 
IVe Ethanol CITH~0C1NsO4 56,2 5,7 9,6 11,5 5518 515 9:7 11,5 71 

*All of the react ions were ca r r i ed  out in ethanol for 30 rain. 
~'All of the compounds melted with decomposition. 

at 294 ~ (dec.). The yield was 61%. Found: C 67.0; H 5.8; C1 5.5; N 6.2%. C31H24C1N30 4" 2C2HsOH. Calcu- 
lated: C 66.7; H 5.8; C1 5.6; N 6.7%. Found: C 66.1; H 5.1; C1 5.6; N 6.8%. C3~H24C1N30 4" 2CH3OH. Calcu- 
lated: C 65.8; H 5.4; C1 5.9; N 7.0%. The dried product was very hygroscopic,  and it was therefore  not 
analyzed. 

1-(2-Benzimidazolylmethyl)-2 ,4 ,6- t r iphenylpyr idinium Perchlora te  OVa). 2-Aminomethylbenzimid-  
azole, obtained by the action of an alcohol solution of sodium ethoxide [from 0.46 g (0.02 g-atom) of sodium] 
on 2.2 g (0.01 mole) of 2-aminomethylbenzimidazol ium dihydrochloride,  was refluxed in 25 ml of absolute 
ethanol for  30 rain with 3.27 g (0.08 mole) of III. The mixture was cooled to precipitate 3.46 g (68%) of sol-  
rate C31H24ClN304 �9 2C2H5OH with mp 147 ~ (from ethanol). Prolonged drying in a pistol over  P205 gave co lor -  
less  c rys ta l s  with mp 203 ~ (dec.). 

The remaining 2-substi tuted benzimidazoles  (IVb-e) were s imi lar ly  obtained.* Data on them are 
presented in Table 2. All of derivat ives III gave solvates,  while solvates were not formed with the other  
pyryl ium salts.  

Reaction of III with 2-(~-Aminoethyl)benzimidazole.  2-(~-Aminoethyl)benzimidazole,  obtained by the 
action of an alcohol solution of sodium ethoxide [from 0.165 g (7.2 rag-atom) of sodium] on 0.84 g (3.6 mmole) 
of 2-(1-aminoethyl)benzimidazolium dihydrochloride,  was refluxed for 30 rain in 20 ml of absolute ethanol 
with 1.23 g (3 mmole) of III. The mixture was cooled and fi l tered to give a mixture of 2,4,6-triphenylpyridine 
[0.5 g (55%)] and unchanged III [0.17 g (14%)]. The fi l trate was evaporated,  and the residual oil was washed 
repeatedly with e ther  to separate an additional 0.27 g (29%) of 2,4,6-tr iphenylpyridine.  The solidified oil 
contained 0.6 g (82%) of 2-vinylbenzimidazolium perchlora te  {V) and apparently t r aces  of the products of 
the polymerizat ion of V. The mixture had mp 268 ~ (dec., f rom glacial acetic acid). Found: C 44.4; H 3.9; 
C1 14.2%. CgHsN2"HC104. Calculated: C 44.2; H 3.7; C1 14.5%. 

Compound V was identical to 2-vinylbenzimidazolium perchlorate  obtained f rom 2-vinylbenzimidazole,  
synthesized by the method in [11]. 

Reaction of I with 1,3-Dimethyl-2-benzimidazol inimine.  A 1 : 2 mixture of the indicated compounds 
was refluxed for  2 h in ethanol. Cooling of the mixture precipi tated 1,3-dimethyl-2-benzimidazol inimine 
perchlora te  with mp 246 ~ (from ethanol) in quantitative yield. Found: C 40.9; H 4.8; C1 13.5%. CgHIlN 3" 
HC104. Calculated: C 41.3; H 4.6; C1 13.6%. The mother  l iquor contained excess  imine and the product 
of opening of I. 
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