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The influence of the e lectron-donat ing groups CH30, N(CH3)2, OH, NH2, CH 3 in various 
positions of the benzimidazole molecule on the occur rence  of the Chichibabin react ion 
in this se r i e s  has been studied. While all monosubsti tuted 1-alkylbenzimidazoles  undergo 
amination with sodium amide with g rea te r  or  sma l l e r  readiness ,  5 ,5-dimethoxy- and 5,6- 
methylenedioxybenzimidazoles  do not take par t  in this reaction.  The behavior  of benzimid-  
azole der ivat ives  toward ~odium amide is d iscussed f rom the point of view of the electron 
density at the pyridine nitrogen atom and at the C 2 atom of the imidazole ring, which was 
evaluated on the basis  of molecular  orbital  calculations,  ionization constants,  and the 
chemical  shifts of the protons attached to the C 2 atom in the PMR spectra .  

Continuing a study of the Chichibabin react ion in the benzimidazole se r i e s  [2], we have subjected 
benzimidazole der ivat ives  containing electron-donat ing groups in var ious  positions of the molecule to the 
action of sodium amide. It was found that all monosubsti tuted 1-alkylbenzimidazoles  containing the above- 
mentioned substituents a re  readi ly aminated by NalX~H 2 with the format ion of 2-aminobenzimidazoles  (Ta- 
ble 1). Exceptions are  5-hydroxy-  and 5-aminobenzimidazoles ,  which can be caused to part icipate in the 
amination reac t ion  only under special  conditions (200~ paraffin oil). This is due to the fact  that the anions 
formed initially by the action of NaNH 2 on the OH and NH 2 groups natural ly take par t  in the Chichibabin r e -  
action with considerably  g rea t e r  difficulty. However,  it must  be mentioned that in the case  of the 5-hydroxy 
der ivat ive we were unable to isolate a 2-amino derivat ive (probably because of its ease of oxidation), and 
we judged that the Chichibabin react ion had taken place f rom the evolution of hydrogen (70~). The previous 
conclusions [2] on the passivi ty of 5 -hydroxy-  and 5-aminobenzimidazoles  with respec t  to Nahg-I 2 re la te  to 
their  behavior  under  the usual  conditions (xylene, dimethylaniline, 110-140~ 

We found that the introduction of a second methoxy group into the ortho position to the f i r s t  complete-  
ly inhibits the amination react ion:  unlike the 5 ,6-dimethylbenzimidazoles  [3], 1-a lkyl-5 ,6-dimethoxybenz-  
imidazoles de not take par t  in the Chichibabin reaction.  1-Methyl-5 ,6-methylenedioxybenzimidazole  behaves 
s imi la r ly  with r e spec t  to NaNtt 2. 

In o rde r  to in terpre t  the behavior  of imidazole derivat ives  in the Chichibabin reaction,  it is neces sa ry  
to have information on the e lectron density both on the C ~ atom and on the pyridine nitrogen atom [4]. The la t -  
te r  is easy to evaluate by measur ing  the ionization constant,  pK a, of the imidazolium ions. For  all benz-  
imidazole der ivat ives  containing electron-donat ing substi tuents,  the basici ty  of the N atom is above the c r i t -  
ical region of pK a (4.2-4.3) [4] and is therefore  sufficient for its ready coordination with the sodium atom 
of the NaNH 2 molecule,  which is essent ial  for the occur rence  of the f i rs t  s tage of the Chichibabin react ion - 
the addition of NaNH 2 to the C==N bond. Consequently, all the differences in the behavior  of these com-  
pounds must  be due to differences in the electron density at the Cc~ atom, or  to some other  factors .  The 

*For Communication XXI, see [1]. 
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TABLE 1. 2 -Amino  Der iva t ives  of Benz imidazo le  Obtained by 

D i r ec t  Amina t ion  
R'~--NH2 

I 
R 

R' rap, "C Empirical 
formula 

Found, % Calculated, % Yield, 

CHa 

CsHsCH2 

C2Hs 

C6HsCH~ 

CHa 

C~Hs 

o-CHaOCsH4 

p-CHaOC~H4 

p-(CH~)~NC~H4 

4-CH30 

5-CHsO 

6,-CH~O 

7-CH30 

5-N(CH3)2 

5'-N(CH3)~ 

H 

H 

H 

171-- 
--17E.* 
208-- 
--2c,9r 
19q-- 
--1985 
211-- 
--212t 
217~ 
--218" 
255-- 
--256* 
191-- 
--192r 
183-- 
- -  I ~ i / I . . p  

Z 4 0 - - - .  

~ ' A 4 q  '1 

CgHIIN~O 

C~sHIsN30 

CIoHI3N30 

CIsHI~N30 

CmHI4N4 

C~IH16N4" 
C6H~N306 

C14HI~N30 

Cl4HlaNsO 

CIsHI6N4 

I oJ I @1 03 6 45 23 90 61 5v 625.2371 57 

71'4@ 5'89 16'76171 ' 2 '97 ' I [ I 5. 11659j85 

162'5216'72 2~'14 62'80 / 6'8'5 21'97 53 
, , �9 i , i ,  I , , 

71 15 57911661 71 12!597 1659 64 

63 42 709fl9 60 63,1~ 7 41 29 45' 83 
%7 37! '  I ' 3 1 7  [ I ' ' i7 , i4531928 14 1i 442]2'262 75 

0 56 5,57 17.33 70 27 5 47 17 56 82 
7 o ~  I I '  I , 5,61 17,67170.2715;47[17,56 74 

71,69 6,34[21,45[71,97[6,44121,58 71 

i 

* F r o m  benzene .  
F r o m  e thanol .  
F r o m  aqueous ethanol .  

TABLE 2. 7r -Elect ronic  Charges  (q), E n e r g i e s  of Anionic  Loca l i za t ion  
(L-) ,  and Chemica l  Shifts of the P ro tons  (~-) in Pos i t ion  2 of  1 - M e t h y l -  
imidazo le  Der iva t ives .  

Compound 

Benzimidazole 
4-methoxy 
5-methoxy 
6-methoxy 
'7 - methoxy 
5,6 - dimethoxy 
5,6-methy.lengdioxy 
4,7-dimethoxv - 
5 - dimethylardino 

Imidazole 
3H-Naphtho[1,2]imidazole 

+0,170 
+0,156 
+0,Ifx2 
+0,158 
+0,16@ 
+0,155 
+0,155 
+0,156 
+0,168 
+0,004 
-{20,151 

L -  

1,931 
1,956 
1,932 
1,940 
1,939 
i ,952 
1,952 
1 , 9 6 1  

1,%2 
3,2:90 
1,964 

2,18 

2,20 
2,23 

2,24 
2,25 

2,16 
2,57 
2,10 

Capacity 
for amination 

+ 
+ 
+ 
+ 
+ 

? 
+ 

combined  c o n s i d e r a t i o n  of the r e s u l t s  of m o l e c u l a r  o rb i t a l  ca lcu la t ions  [5] and of  the c h e m i c a l  shif ts  of  
the pro tons  a t t ached  to this  a t o m  [6,7] m u s t  be r e g a r d e d  as a r e l i ab le  method  of evalua t ing  the e l ec t ron  

.dens i ty  at  the C a a tom of the imidazo le  r ing.  In this connec t ion  we have p e r f o r m e d  q u a n t u m - m e c h a n i c a l  
ca lcu la t ions  by the HMO method  of  a n u m b e r  of the benz imidazo l e  de r iva t i ve s  s tudied and we have a l so  
m e a s u r e d  the i r  PMR s p e c t r a  in d e u t e r o c h l o r o f o r m  solut ion.  The e l ec t ron  dens i ty  va lues ,  the ene rg i e s  of 
anionic  loca l iza t ion ,  and the chemica l  shif ts  �9 of the p ro tons  on the C a a t o m  that  w e r e  obta ined (Table 2) 
show that  the r eac t i v i t i e s  of the # pos i t ions  in all the compounds  s tudied cannot  d i f fer  subs tan t ia l ly  f r o m  
one ano ther ,  which gene ra l l y  speaking  is not  s u r p r i s i n g  in view of the r e m o t e n e s s  of the subs t i tuen ts  f r o m  
the r e a c t i o n  cen t e r .  F o r  c o m p a r i s o n ,  Table  2 g ives  the r e s u l t s  of ca lcu la t ions  by the HMO method for  
benz imidazo l e ,  imidazo le ,  and naph th imidazo le  taken f r o m  [5]. 

Thus,  the inhibit ing effect  of the two methoxy  g roups  on the r eac t iv i t y  of  the imidazo le  r ing  cannot  be  
explained by the i r  s t r ong  e l e c t r o n - d o n a t i n g  act ion,  with the d e c r e a s e  in the pos i t ive  c h a r g e  on the p -ca rbon  
a t o m  fol lowing f r o m  it. This is a l so  shown by the fac t  that  5 ,6 -d ime thoxybenz imidazo le ,  l ike o the r  benz -  
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TABLE 3. Ionization Constants (pK a) of Benz- 
imidazolium Ions at 25 4-1oc. 

L 
R 

pK a (water : Capacity for 
R r~' ethanol, 95 : 5) ,Amination 

CH3 
CH3 
C6HsCH2 
CHs 
C~Hs 
C6HsCH2 
C2Hs 
CH3 
CH3 
CH8 
CH3 
C2H5 
C2Hs 
CH~ 
C~HsCH2 
n-CH3OC~H4 
o-CH~OC6H,t 
p:(CH3) 2NC6H4 

4-CHsO 
5-CH~O 
5-CHzO 
6-CH30 
6-CH30 
7-CH30 
5,6- (C,H~O) 2 
5.6-OCH20 
5-OH 
5-NH~ 
5-N(CH3)~ 
'5-N (CH3) 
6-CH3 
5,6- (CH3) 2 
5,6-(CH3)2 

5.25 
5,78 
5,38 
5,66 
5,47 
5,10" 
5,97 
5.83 
5,94 
6;21 
6,10 
6,2c/ 
5,ff71- 

5,431" 
5,12 
4,81 
4.77 
4,87 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

*In 10 % aqueous ethanol; 
t In 50 % aqueous ethanol. 

imidazole derivat ives  [8], does not take par t  in azo coupling react ions with diazonium salts in an alkaline 
medium, i.e., a fa i r ly  high positive charge is always retained in position 2. Finally, the values of pK a 
(Table 3) show that the electron-donat ing effect of the substituents in 5 ,6-dimethyl-  and, par t icular ly ,  5- 
dimethylaminobenzimidazoles  is g r ea t e r  than in 5,6-dimethoxybenzimidazole and, never theless ,  these 
compounds aminate.  It appears  to us to be mos t  likely that the inert  behavior of 5 ,6-dimethoxy-  and 5,6- 
methylenedioxybenzimidazoles  to NaNH 2 is due to the formation,  during the reaction, of a stable solvate 
complex of type I in which both oxygen atoms actually become elect ron-accept ing centers  and, like other 
e lec t ron-accept ing  substituents (F, C1, NO 2 COO1R, etc.) in the benzene ring of benzimidazole [2] lower 
the basici ty of the nitrogen atom, interfer ing with its coordination with the sodium atom and thereby pre-  
venting the Chichibabin react ion itself. As has recent ly  been established, such complexes are  part icular ly 
stable just  when two oxygen atoms are  adjacent, as in the case  of vera t ro le ,  2-methoxyte t rahydrofuran 
[9] and, apparently,  in 5 ,6-dimethoxy-  and 5,6-methylenedioxybenzimidazoles .  

CH3 -0,003 - 0 ,  r66 -0,042 
I N~. 

t I - - 0 , 0 0 3  -- 0 ,166 --  0 .046 ] 

C f l -  R C2H s 
I I I  

An al ternat ive explanation, consist ing in the blocking of the NaNH 2 molecules  by coordination of type 
I is excluded by the fact  that the react ion does not take place even in the presence  of a la rge  excess of 
NaNH 2. In addition to this, 1-methylbenzimidazole  can be aminated in vera t ro le ,  dioxane, or  anisole with 
yields of, respect ively ,  50, 69, and 55%, although the isolation of the amine in these cases  is made difficult 
by pronounced resinif icat ion (the la t ter  mos t  probably the resu l t  of the destruct ion of the solvent molecules  
by the sodium amide). 

A s imi la r  phenomenon may occur  in 1-ethyl imidazo [4,5-b]phenazine (I1), which does not reac t  with 
NaNH 2, either,  and which may be considered to a cer tain extent as a s t ructura l  analog of the difficultly 
access ib le  5 ,6-bisdimethylaminobenzimidazole .  Another possible reason for the iner t  behavior  of com-  
pound II to NaNH 2 is its low basici ty (pK a 3.62 in 50% ethanol at 25~ which, as already pointed out [4], 
may prevent  amination even in spite of a considerable  positive charge  on the # - c a r b o n  atom (see the r e -  
sults of the molecular  orbital  calculations of II). 

As was to be expected, the presence  of e lectron-donat ing substituents in the phenyl nucleus of N- 
phenylbenzimidazole faci l i tates the amination react ion as compared  with the unsubstituted compound, 
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which is in ha rmony  with the conclusions drawn previously  on the influence of a phenyl subst i tuent  in pos i -  
tion 1 on the reac t iv i ty  of the imidazole  nucleus [10]. 

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

5-Ni t ro-4-p- - to luenesu l fonamidovera t ro le  {HI). This was obtained by ni t ra t ing 4 -p - to luenesu l fonami-  
dove ra t ro l e  by analogy with 3-ni t ro-4-p-- to luenesul fonamidoanisole  [11]. Yield 92 %. Yellow plates  with mp 
203-204~ (from benzene).  Found, %: C 51.09; H 4.41; N 7.96. Calculated for  C15Hi~N2Os; fr: C 51.13; 
tt 4.57; N 7.95. 

4 - (N-Methy l -p - to luenesu l fonamido) -5 -n i t rove ra t ro l e  (IVa). This was obtained by methylat ing III [11]. 
Yield 80fr. Color less  needles  with mp  193-194~ ff rom benzene).  Found, fr: C 52.51; H 5.09; N 7.90. 
Calculated for C16HIsN20 s, fr: C 52.46; H 4.95; N 7.64. 

4 - (N-E thy l -p - to luenesu l fonamido) -5 -n i t rove ra t ro l e  (IVb). Color less  needles  with mp 151-152~ 
(from ethanol). Found, fro: C 53.71; H 5.38; N 7.72. Calculated for  CI~H20N206, fr: C 53.67; H 5.29; 
N 7.36. 

4 -Me thy l amino -5 -n i t rove ra t ro l e  (Va). This was obtained f r o m  IVa as given in [11]. Yield 90 fr. 
Bright r ed  needles  with mp  149-150~ (from ethanol). Found, fr: C 50.78; H 5.47; N 13.01. Calculated 
for  C~I-I12NzO 4, fr" C 50.94; H 5.70; N 13.20. 

.4._-Ethylamino-5-nitroveratrole (Vb). This was obtained f r o m  IVb as in [11]. Yield 92fr. Bright 
o rsnge  needles  with mp 169.5-170~ (from ethanol). Found, fr: C 53.37; H 6.29; N 12.37. Calculated for  
C10H14NzO4, fr: C 53.09; H 6.23; N 12.38. 

5 ,6 -Dime thoxy- l -me thy lbenz imidazo le  (Via). With cooling and s t i r r ing ,  7.2 g (0.06 g-a t )  of powdered 
tin was added to a solution of 4.24 g (0.02 mole) of Va in 20 ml  of hydrochlor ic  acid (d 1.18) and 25 ml of 
80 fr fo rmic  acid.  The m i x t u r e w a s  heated at 100~ until it had los t  its color ,  and then it was cooled and the 
double sa l t  was f i l te red  off. This was dissolved in 20 ml  of water ,  t r ea ted  with 50 ml of 4070 alkali ,  and ex-  
t r ac t ed  with ch loroform.  The f i l t r a te  lef t  a f t e r  the separa t ion  of the double sa l t  was made alkal ine and ex- 
t rac ted  with ch loroform,  the ex t rac t s  were  combined and sa tura ted  with po tass ium carbonate ,  and the so l -  
vent was dis t i l led off. Yield 2.8 g (74fr). Color less  plates with mp  125-126~ (f rom benzene with the addi-  
tion of pe t ro leum ether) .  Found, fr: C 62.71; H 6.03; N 14.70. Calculated for  C10Hl~N202, fro: C 62.45; 
H 6.28; N 14.46. 

1 -E thy l -5 ,6 -d imethoxybenz imidazo le  (VIb). This  was obtained in a s i m i l a r  manner  to Via. Color less  
needles  with m p  110-111~ (from ethanol with the addition of ether) .  Found, 70: C 63.90; H 6.74; N 13.68. 
Calculated for  ClIH14NzO3, 70: C 64.05; H 6.84; N 13.58. 

5 ,6-Methylenedioxybenzimidazole  (VII). This was obtained in a s i m i l a r  manne r  to Via by the r educ-  
t ive cycl izat ion of 1 ,2 -methylenedioxy-4 ,5-d in i t robenzene  [12]. The double sa l t  was decomposed  with sodi -  
um sulfide. The f i l t ra te  was evapora ted  and the base  was l ibera ted  f r o m  the 5 ,6-methylenedioxybenzimid-  
azole  hydrochlor ide  fo rmed  (lustrous co lo r l e s s  needles  with mp 275-276~ by the act ion of alkali .  Yield 
7770. Color less  c ry s t a l s  with mp 209-210~ (from ethanol with the addition of ether) .  Found, fr: C 59.47; 
H 3.92; N 17.39. Calculated for  CsH6N202, fr: C 59.27; H 3.73; N 17.27. 

5,6-Methylenedioxy, -1 -me thy lbenz imidazo le .  This was obtained by the methylat ion of ViI with methyl  
iodide (1.5 mole)  in ethanolic alkal i  (1.5 mole) at r o o m  t e m p e r a t u r e .  Yield 90fr. Color less  c r y s t a l s  with 
mp 154-155~ (from aqueous ethanol). Found, 70: C 61.26; H 4.41; N 15.91. Calculated for  CsI-IsN~O 2, 70: 
C 61.35; H 4.57; N 15.89. 

1 -Benzy l -7 -me thoxybenz imidazo le  (VIII). This was obtained f r o m  2 -benzy lamino-3 -n i t roan i so l e  [13] 
in a s i m i l a r  manner  to Via. Color less  c r y s t a l s  with mp 118-119~ (from ethanol). Found, %: C 75.56; 
H 6.27; N 12.17. Calculated for  C15Hi4N20, fr: C 75.60; H 5.92; N 11.75. 

Methiodide of VIII, mp  202-203~ (from ethanol with the addition of e ther) .  

4 -Methoxy- l -me thy lbenz imidazo le .  Obtained by the debenzylat ion of the methiodide of VIII with 
sodium (2 g-at )  in liquid ammonia  by a method desc r ibed  previously  [14]. Yield 40fr. Color less  c ry s t a l s  
mp 140-141~ ff rom pe t ro l eum ether) .  Found, %: C 67.03; H 6.46; N 17.46. Calculated for  CsI-Ii0N20, ~:  
C 66.66; H 6.21; N 17.28. 
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1-Ethyl imidazo[4 ,5-b]phenazine  (II). This was obtained by the ethylation of imidazo[4,5-b]phenazine 
[15] with ethyl iodide (1.6 mole)  in ethanolic alkal i  (1.6 mole) at the boil for  2 hr .  Yield 48%. Dark yellow 
p r i s m s  with mp  237-238~ (f rom ethanol). Found, %: C 72.32; H 5.07; N 22.57. Calculated for  CisH12N 4, 
%: C 72.56; H 4.87; N22.56.  

N-Anisy l -  and N-p-Dimethy laminophenylbenz imidazo les .  These  were  obtained by the d i rec t  a ry la t ion  
of benz imidazole  with the cor responding  ary l  b romides  [16]. Yields 40-60%. The constants  of the c o m -  
pounds obtained ag reed  with those  given in the l i t e r a t u r e  [16,17]. 

React ion of N-Substi tuted 5 ,6 -Dimethoxy-  and 5 ,6-Methylenedioxybenzimidazoles  with Sodium Amide.  
When the compounds were  heated  w~h a threefold  excess  of NaNH 2 in absolute  xylene or  in dimethylani l ine 
at  130-150~ for  6 h r ,  no evolution of hydrogen was observed .  The compounds were  r e c o v e r e d  f r o m  the r e -  
action mix tu re  unchanged with y ie lds  of 60-80 %. When the heating was c a r r i e d  out in paraff in  oil at 200~ 
res in i f ica t ion  took place.  

The aminat ion  of the o ther  compounds in xylene  o r  in dimethylani l ine was c a r r i e d  out by a published 
method in a cu r r en t  of n i t rogen [2,3]. As an example  of aminat ion in paraff in  oil, the p rocedure  for  the 
p r epa ra t i on  of 2 , 5 - d i a m i n o - l - m e t h y l b e n z i m i d a z o l e  is given below. 

2 , 5 - D i a m i n o - l - m e t h y l b e n z i m i d a z o l e  (hydrochloride)o A suspens ion of 1.47 g (0.01 mole)  of 5 - amino -  
1 -me thy lbenz imidazo le  and 1.2 g (0.03 mole)  of NaNH 2 in 20 ml  of absolute  paraff in  oil was heated  at  200~ 
with s t i r r i ng  in a c u r r e n t  of n i t rogen for  2 hr .  After  cooling, 20 ml  of 1 0 ~  hydrochlor ic  acid was added and 
the mix tu re  was ex t rac ted  with pe t ro l eum ether .  The hydrochlor ic  acid solution was evapora ted  and the 
r e s idue  was ex t rac ted  with hot ethanol. After  two r ec rys t aUiza t i ons  f r o m  ethanol,  the hydroch lor ide  fo rmed  
co lo r l e s s  c r y s t a l s  with mp 332-333~ Yield 1.62 g (69%). Found, %: C1 29.74; N 24.00. Calculated for  
CsHIoN4-2HC1, %: C1 30.16; N23.83.  

The HMO calculat ions were  p e r f o r m e d  as  desc r ibed  by Minkin et al .  [18] with the p a r a m e t e r s  r e c o m -  
mended by S t r e i tw iese r  [19]: hg 2; h~ 1~5; h~ 0.5; kc-o=kc-~=0,~; kGN=kcc=l The solution of the s ecu la r  d e t e r m i n -  
ant was obtained on a nRazdan" e lec t ronic  digital compute r .  

The PMR s pec t r a  were  m e a s u r e d  on a P e r k i n - E l m e r  R-10 (6G MHz) s p e c t r o m e t e r  with 4-10~c solu-  
tions of the subs tances  in deu te roch lo ro fo rm.  Te t ramet t ly l s i l ane  was used  as the internal  s tandard.  

The ionization constants  were  m e a s u r e d  on the LPU-01 pHI-meter  at  a t e m p e r a t u r e  of 25• I~ by the 
method desc r ibed  prev ious ly  [4]~ 
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