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A number of bis(1-benzimidazolyl)alkanes (I) were synthesized, and their behavior toward 
sodium amide and potass ium hydroxide was studied. While compounds with n= 3-5 ( Ic - Ie)  
a re  aminated by NaNH 2 and hydroxylated by KOH to give diamines (II) andbisbenzimidazolones 
(III), La,b with n= 1, 2 decomposed under the influence of these reagents.  Considerat ions r e -  
garding the possible reasons  for this phenomenon a re  stated. 

It has been shown that bis(1-benzimidazolyl)methane (Ia) [2] and 1,2-bis(benzimidazolyl)ethane (Ib) 
[3] do not undergo amination by sodium amide. The reasons  for  this could not be ascertained,  although it 
was assumed to be due to the s te r ic  hindrance to react ions  at the 2 position that is created by the closely 
located benzimidazole rings. The successful  amination of 1- ter t -butylbenzimidazole  [4] - a compound with 
a bulky substituent in the 1 p o s i t i o n -  demonst ra ted  that s ter ic  effects cannot bear  the responsibil i ty for  
the inert behavior of Ia and Ib with respect  to sodium amide. In this connection, it seemed of interest  to 
synthesize bis(1-benzimidazolyl)alkanes with f a r - r emoved  benzimidazolyl  substituents and to test  their 
behavior toward sodium amide and potassium hydroxide (the la t ter  reagent reminds one of sbdium amide 
with respect  to its effective mechanism) [5]. We obtained I {Table 1) in good yields by the action of the 
appropriate  dihalo derivatives on benzimidazole in alcoholic alkali (Ia-f) or in neutral  media (Ig). 

It was found that of all  of the I compounds, only bis(1-benzimidazolyl)propane (Ic), b is(1-benzimida-  
zolyl)butane (Id), and bis 0--benzimidazolyl)pentane (Ie) a re  aminated by sodium amide and hydroxylated by 
alkali to give diamines (II) orbisbenzimidazolones  (III, Table 1). Moreover,  the amination proceeds at higher 
t empera tu res  (130-160~ than in the case of simple 1-alkylbenzimidazoles (110-115~ and the react ion 
product  is obtained in low yield and is difficult to purify. 
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f R = C H ~ ? - C H 2 :  g R=CH2OCH2 

Compounds Ia,b,f,g do not reac t  with sodium amide in xylene solution, while a reaction accompanied 
by the evolution of gases  (CO2, NH3, H2, and hydrocarbons) is observed in dimethylaniline. Only in the amin-  
ation of If were  we able to isolate 25% of the s tar t ing compound and i3% of the benzimidazole.  Compounds Ia, b, 

* See [1] for communication XXVIII. 
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TABLE i. C h a r a c t e r i s t i c s  of I - I I I  

Corn-  
pound 

Ic 
Id 
Ie 
If 
Ig 
IIc 
Ild 
Ile 

Ill c 
Illd 
IIIe 

mp, ~ (crystallization 
solvent) 

137--138 (xylene) 
171--I72 (aqueous alcohol) 
58--70 ,(water) 
209--210 (aqueous alcohol) 
186--186,5 (benzene) 
231--232 (water) 
286--288* (aqueous alcohoI) 
225--226* (aqueous alcohol) 
246--247 (acetic acid) 
331--332" (acetic acid) 
218--219" (acetic acid) 

Empirical 
formula 

Found, % 

CjrlIIoN4. I/2H20 72,0 
ClalI 8N4 ' 74,7 
CIgH20N4 - 2IIoO 6 6 , 7  
C2~}I18N4 - 78,2 
CI~HI4N40' 1/2I-t20 68,9 
CI7HIsN6 66,7 
CIsH20N6 �9 I/2H20 65,7 
CjgII2aN0 �9 1/2H20 66,5 
C,7t it6N40~ 66,67 
C~sHI,~N402 ,,-,- 
ClgIq2oN4()~ 67,7 

* These compounds melt with decomposition. 

TABLE 2. 
Bisbenzimidazolylalkanes 

6,1] 19,9 
6,71 i9,4 
7,2i 16,3 
5,5 16,3 
5,0J 20,3 
6,1126,6 
6,81 25,5 
7,0[ 24,9 
5,4 / 18,6 
5,8 17,1 
6,2 6,5 

[ d C a l c . y c  Yiel  , 
% 

C H N ! 

71,6 5,9 

6,0 
74,5 6,3 
67,0 7,1 
78,l 5,4 
68,8 5,4 
66,6 
65,6 6,4! 
66,4 6,8 
66,2 5,2 
67,1 56  
67,8 6',0 

ill oo 39833o 283750 IG 
80,7 
90,6 

Compound 

Ionization Constants and Behavior toward Sodium Amide and Anhydrous Alkali of Some 

PKa 2~ (wate r  : 
alcohol i : i) 

Ia 
Ib 

Ic 
Id 
Ie 
If 
Ig 

4.22 
4.56 
5.02 
5.13 
5.17 
4.80 
4.38 

B e h a v i o r  toward  sod ium amide  

Not a m i n a t e d  
D e s t r u c t i v e l y  decompsed  
A m i n a t e d  
A m i n a t e d  
A m i n a t e d  
D e c o m p o s e d  to a b e n z i m i d a z o l e  
Not a m i n a t e d  

Behav io r  toward  a nhyd r ous  a lka l i  

Decomposed to a benzimidazole 
Decomposed to a benzimidazole 
Hydroxylated 
Hydroxylated 
Hydroxylated 
Decomposed to a benzimidazole 
Decomposed to a benzimidazole 

f,g are apparently decomposed under severe conditions under the influence of NaNH 2. More precisely, in 
addition to forming benzirnidazole, the starting compounds are destroyed under the influence of potassium 
hydroxide. Moreover, in all cases we isolated a benzimidazole (in 42-88% yield). The splitting out of the 
N-substituent (isopropyl, methoxymethyl) on fusion of N-substituted benzimidazoles with potassium hydrox- 
ide }]as also been previously observed [4, 5]. 

The difference in the behavior of Ic,d,e and la,b,f,g is apparently explained in part by the reduced 
basicity of the latter (Table 2). It has been previously shown that the basicity is the most important factor 
that influences the Chichibabin reaction (because of the necessity of the prior coordination of the pyridine 
N atom with the Na + ions in sodium amide), and a decrease in the basicity of benzimidazole derivatives to 
pK a 4.2-4.5 can completely prevent their amination. The decrease in basicity in la,b,f,g is due to the mu- 
tual electron-aeceptor effect of the two closely located benzimidazole groupings (la,b) or even of the oxygen 
(Ig) and p-phenylene (If) bridges. On the other hand, the benzimidazole groupings in Ic,d,e have practically 
no effect on one another, and the pK a values of Ic, d,e and the readily aminated l-alkylbenzimidazoles are 
practically identical. In addition, the certain difficulty in the amination and hydroxylation of Ic, d,e and the 
decomposition of molecules of other bis (l-benzimidazolyl)alkanes by the action of NaNH 2 may be partially 
due to the instability of the alkylene chain with respect to the action of caustic reagents such as sodium 
amide and KOH. 

Finally, a last factor, which, in our opinion, should not be disregarded, is the presence in I of two 
identical N atoms of the pyridine type, which compete with one another for coordination with sodium amide. 
The equivalence of these N atoms may make sorption of a molecule of the heterocyclic derivative on the 
surface of the NaNH 2 too brief and ineffective for the occurrence of the Chichibabin reaction. 

The interaction of all of these factors apparently also determines the different behavior of I toward 
sod ium a m i d e  and a lka l i .  

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

t ,  3-  Bis ( l - b e n z i m i d a z o l y l )  p ropane  (Ic). A 45 -g  ( 0.3 8 mole)  s a m p l e  of b e n z i m i d a z o l e  and 3 0 g ( 0.19 mole)  
of 1 - c h l o r o - 3 - b r o m o p r o p a n e  w e r e  added s u c c e s s i v e l y  to a so lu t ion  of 25 g (0.45 mole) of 85% KOH in 400 m l  
of a lcohol .  The m i x t u r e  was  r e f luxed  for  4 h, a f t e r  which 24.4 g of a m i x t u r e  of KC1 and K B r  was  r e m o v e d  
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by f i l t rat ion,  and the alcohol was removed  f r o m  the f i l t ra te  by disti l lation. The semic rys ta l l ine  res idue 
was d isso lved  in 300 ml  of ch loroform,  and the solution was washed with 10% NaOH solution and dr ied with 
Na2SO 4. The ch lo ro fo rm was  removed,  and the res idue  was t r i tu ra ted  with ether .  The prec ip i ta ted  Ic was 
r emoved  by f i l t ra t ion and dr ied to give 30.5 g of co lo r l e s s  needles  with mp 137-138 ~ i , 4 - B i s ( i - b e n z i m i d  - 
azolyl}butane (Id} was s i m i l a r l y  obtained. 

1 ,5-Bis(1-benzimidazolyl )pentane  (Ie). This  compound was obtained s imi l a r ly  but with s eve ra l  dif- 
f e r ences  in the isolation procedure .  Remova l  of the ch lo ro fo rm left a brown oil, which was  dissolved in 
5% HC1. The solution was made  alkaline with 10% NaOH solution to give a yel lowish prec ip i ta te  in 70% yield. 
The product  was r e e r y s t a l l i z e d  f r o m  wa te r  to give co lo r l e s s  needles  of the dihydrate  of Ie with rap 58-70 ~ 
The dihydrate  lost  wa te r  on drying over  P205 to give a s t icky c a r a m e l - l i k e  m a s s  that could be drawn into 
long threads .  The yield was 39%. This  m a s s  c rys t a l l i zed  again  on s to rage  in a des i cca to r  to give a c r y s t a l  
hydrate  containing one molecule  of wa t e r  and two molecu les  of base.  Compound Ie was quite soluble in 
ch loroform,  alcohol, and ethyl aceta te ,  only sl ightly soluble in benzene,  and insoluble in e ther  and pe t ro l eum 
ether .  

r  (If). A 28.32-g (0.24 mole) sample  of benzimidazole  and a solu-  
tion of 21 g (0.12 mole) of p-xylylene  dichloride in 200 ml  of alcohol were  added to a solution of 15.84 g 
(0.28 mole) of 85% KOH in 200 m l  of alcohol, and the mix tu re  was refluxed for  4 h. It was then cooled, and 
wa te r  was added until  prec ip i ta t ion  was complete .  The yield of co lo r l e s s  needles  with mp 209-210 ~ was 
quantitative.  PMR spec t rum,  5, ppm (CDC13, 10% by volume): 5.10 (singlet, four  CH 2 protons),  6.92 (singlet, 
four  protons  of the phenylene bridge) ,  7.05 (center of a multiplet ,  eight protons  of the benzene rings),  7.70 
(singlet, two protons  of the imidazole  rings).  

i , 2 -B i s ( i -benz imidazo ly l )d ime thy l  E the r  (ig). A 1 .75-ml  (0.01 mole) sample  of b i sch lo romethy l  e ther  
was added with s t i r r ing  to a cooled (to 0 ~ suspension of 4.72 g (0.04 mole) of benzimidazole  in 100 ml  of 
absolute  xylene, and the mix ture  was  ref luxed fo r  2 h. The resul t ing oil was  sepa ra ted  and t rea ted  with 
water ,  and the c r y s t a l s  of Ig that f o r m e d  were  r emoved  by f i l t ra t ion and dr ied to give 2 g of .co lor less  f i -  
b rous  c rys t a l s .  

i , 3 - B i s ( 2 - a m i n o - i - b e n z i m i d a z o l y l ) p r o p a n e  (iIc). A mix tu re  of 5.52 g (0.02 mole) of Ic and 3.9 g (0.1 
mole) of sodium amide  was heated in 60 m l  of absolute  dimethylanll ine for  1.5 h at 135-155 ~ The evolved 
hydrogen (320 ml) was collected.  The mix tu re  was then cooled and diluted with 10 ml  of water .  The st icky 
prec ip i ta te  was removed  by f i l t ra t ion  and dissolved in water .  The solution was ex t rac ted  with ch loroform,  
and the ch lo ro fo rm was evapora ted  to give 1 g of p a l e - r o s e  c rys t a l s .  IR s p e c t r u m  (mineral  oil), cm- l :  Z, as  
3435, v s 3335, 5 1650 (NH2). The ch lo ro form- inso lub le  res idue  yielded a high-mel t ing side product  with 
m p >  360 ~ (from dimethyl formamide) .  The s t r u c t u r e  of this side product  could not be ascer ta ined ,  but it 
did not contain an amino group. 

i , 4 -B i s (2 - am i no - i -benz i m i dazo l y l )bu t ane  (IIb). This  compound was obtained as p a l e - r o s e  c r y s t a l s  
v ia  the method used to p r e p a r e  IId. IR spec t rum (mineral  oil), cm-l :  Vas3425 , Vs3310 , 5 1660 (NH2). 

1 ,5 -Bi s (2 -amino- l -benz imidazo ly l )pen tane  (IIe). This  compound was obtained as p a l e - r o s e  c r y s t a l s  
by the action of NaNH 2 on Ie, as  in the p repa ra t ion  of IIa. IR s p e c t r u m  (CHC13) , cm-l :  ~,as3492, ~,s3409, 
5 1636 (NH2). 

Attempted Amination o fBis (1 -benz imidazo ly l )me thane  (Ia), 1 ,2-Bis(1-benzimidazolyl )e thane  {Ib), 
r162 (1-benzimidazolyl ) -p-xylene  (If), and 1 ,2-Bis  (1-benzimidazolyl)dimethyl  E the r  (Ig.) The aminat ion 
of 0.01 mole  of the above- indica ted  subs tances  with 0.05 mole  of sodium amide  in absolute xylene at 139 ~ 
for  2 h was unsuccessful .  The s ta r t ing  m a t e r i a l s  were  r ecove red  in 50-90% yields  and were  identified by 
ch romatography  and f r o m  the IR s pec t r a  of mix tu res .  Des t ruc t ive  decomposi t ion  of subs tances  Ia ,b ,f ,g  
( recorded by the evolution of CO2, NH3, H2, and gases  that decolor ize  b romine  water)  occu r r ed  in absolute 
dimethylanil ine at 130-150 ~ In the aminat ion of If, we were  able to isolate 25% of the s ta r t ing  compound 
and 13% benzimidazole .  The aminat ion of bis  (1-benzimidazolyl)methane yielded a high-melt ing product  
imp > 360 ~ (from DMF)] that was only sl ightly soluble in the usual  organic  solvents .  The s t ruc tu re  of this 
product  could not be ascer ta ined ,  but it did not contain an amino group. 

1 ,3 -B i s (benz imidazo l -2 -on - l -y l )p ropane  (iIIc). A 2.76-g (0.01 mole) sample  of Ic was  fused with 
5.6 g (0.1 mole) of anhydrous powdered KOH at 240-260 ~ in a Kjeldahl  f lask.  Hydrogen evolution (340 ml) 
ceased  a f t e r  40 rain. The cooled g r a y - g r e e n  mel t  was  t rea ted  with 5% HC1 until it gave an acid reac t ion  to 
Congo Red. The prec ip i ta te  was r em oved  by f i l t ra t ion,  washedwi th  water ,  and d r i ed to  give i .i5 g of p a l e - r o s e  
crystals. IR spectrum (mineral oil): Vco i7iO cm -i. 

1282 



1,4-Bis(benzimidazol-2-on-l-yl)butane (IIId). This compound was obtained as rose crystals by.the 
method used to prepare IIIc. IR spectrum (mineral oii), cm-l: 1724 (shoulder) and 1695 (C = O). 

1,5-Bis(benzimidazol-2-on-l-yl)pentane (IIIe). This compound was obtained as pale-rose crystals 
by the method used to prepare HIe. IR spectrum (CHCI3) , cm-l: 3478 (N-H), 1710 (C =O). 

Attempted Hydroxylation of la,b,g. Fusion of 0.01 mole of the above-indicated substances with 0.I 
mole of anhydrous powdered KOH at 200-250 ~ gave benzimidazole in 42-88~0 yield. The hydroxylation prod- 
uct was identified by chromatography and mixed-melting-point determination. 

Ionization Constants. These were determined at 25~:i ~ by potentiometric titration of 0.001 M solu- 
tions of the bases in 50% (by weight) aqueous alcohol with 0.01 N HCI with an LPU-01 potentiometer and 
were calculated by the usual method. 
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