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Dibazol (2-benzs/ibenzimidazole) is an original  native prepara t ion  having hypotensive effect [11 and 
finds wide use in medical p rac t ice .  According to l i te ra ture  data [2], the industrial method of dibazol syn-  
thesis is based on condensation of phenylacetic acid, formed as a resul t  of acidic hydrolysis  of benzyl cy-  
anide, wi tho-phenylenediaminein the presence  of hydrochlor ic  acid at a t empera ture  of 225~ 

It is known that benzyl imidazoles  can be obtained upon di rec t  react ion of hi[r i les  with a romat ic  di- 
amines [3] in the p resence  of an acidic catalyst .  

We investigated the condensation react ion of o-phenylenediamine (I) with benzyl cyanide (II) in anhy- 
drous medium using acids of var ious s t rengths .  The react ion was ca r r i ed  out in a melt at a t empera tu re  
of 190 ~ and an equimolar  rat io of reagents  and acid. In all cases  dibazol (IV) was isolated as the main r e -  
action product .  The obtained resul ts  are  presented in Table I. 

It is seen f rom Table I that the yield of (IV) increases  upon increasing the acidic proper t ies  of the 
acid. The effect of acid evidently reduces  to activation of the ni tr i le  and its t r ans format ion  to the activated 
fo rm [4], which reac ts  with the amine. The fraction of the active intermediate  fo rm of the nitr i le increases  
with increas ing s t rength of the acid. It can be postulated that an intermediate product  is present  in the r e -  
action mass  having an amidene nature,  since it is known that under analogous conditions N-subst i tuted am[-  
dines [5] are  obtained in good yields from aromat ic  amines and ni t r i les .  However, only (I), (II), and 
(IV) were detected in all cases  upon chromatographic  analysis  of the react ion mass  and the oxidation 
product  of (I) was detected in a smal l  amount. We synthesized N2-(o-aminophenyl)phenylacetamidine 
(II1) f rom (I) and (I1) in the p resence  of phenyllithium by the known method. The obtained am[dine 
base has a spec t rum in the ul traviolet  r e , o n  cha rac te r i s t i c  for  substituted phenylacetamides .  It 
c loses  easi ly to (IV). a l ready upon weak heating. Am[dine hydrochlor ide (II), upon boiling in acetone, 
also c loses  to (IV) with l iberation of ammonium chloride. Consequently, it can be proposed that the 
formed am[dine (II1) c loses  rapidly under the react ion conditions to (IV). The following scheme can 
be presented in connection with the proposed react ion between (I) and (II) in the p resence  of acids.  
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TABLE 1. Experimental  Rate Constants 
of the Dibazol {IV) Format ion  Reaction 
and Yields as a Function of Added Acids 

K. 10-~, l i ter~ Yield ,  %, 
Acids mole  �9 sec r =  2 h 

Hydrogen chloride 
Aluminum chloride 
p-Toluenesulfonic acid 
Phosphorus pentoxide 
Boric acid 
Ammonium chloride 

20 
18,4 
12,7 

1,8 

85 
74 

58.2 
46 
17 

Traces 

[ ~ HzO6H~ ] H 
N \  

C-CH,?_G6H 

As a rule,  the l imiting stage of an acidic catalytic 
p rocess  is t ransformat ion  of the active fo rm of the hi[ri le 
to the react ion product.  Since under the react ion conditions 
the concentrat ion of intermediate  product  is significantly 
lower than the concentrat ion of initial reagents ,  the r e a c -  
tion can be charac te r i zed  as an equil ibrium p rocess .  In 
this case the experimental  rate constant can be determined 
f rom the change in concentrat ion of ei ther  the initial o r  
final products .  The rate  of change in concentrat ion of (I) 
in the react ion was controlled co lo r imet r i ea l ly  f rom for -  
mation of the colored condensation product  of (I) with 
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Fig. 1. Dependence on degree of t ransformat ion  of o-phenylene-  
diamine (i) on amount of acidic catalyst .  Molar ra t ios  of acid and 
(i) on the absc i ssa  axis; degree of t ransformat ion  of (I) in 2 h ~ )  
on the ordinate axis. 1) p-Toluenesulfonic  acid; 2) hydrogen chlo- 
ride. 

Fig. 2. Dependence of degree of t ransformat ion  (~)of o-phenylene-  
diamine on tempera ture .  
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Fig. 3. Dependence of opti-  
cal density (D) of solution of 
react ion products  of o-phenyl-  
enediamine (I) with ace ty lac-  
tone on concentrat ion of (i) (C}. 

acetylacetone in acidic medium (1,4-benzdiazepine) [6]. Under the con- 
ditions of ca r ry ing  out the analysis ,  (IV) and amidine (liD, the inter-  
mediate react ion product,  do not fo rm colored products with acetyl -  
acetone. 

Values of react ion rate constants are  presented in Table 1. They 
are  in agreement  with yields of the final product.  The e r r o r  in de ter -  
mining react ion rate  constants,  calculated by the method of mathemat i -  
cal s ta t is t ics  [7], amounts to 2-3%. It is seen f rom Table 1 that in the 
case of s t rong acids,  both protic and aprotic,  the values of ra te  con- 
stants are  significantly higher than in the case of weak acids. The r e -  
action proceeds  most  readi ly  in the p resence  of hydrogen chloride and 
p-toluenesulfonic acid. Experimental  rate constants do not make it 
possible to evaluate ra t ios  of constants of individual react ion steps;  
however,  on the whole they agree with the proposed scheme.  We did 
not determine the t rue rate  constant of the ac id-ca ta lyzed process ,  

since it is not possible to es tabl ish  the fraction of active form of nitrile.  The effect of amount of acid on 
react ion rate  was investigated for  the case of p-toluenesulfonic acid and hydrogen chloride.  Upon increas -  
ing the amount of acid the react ion rate  increased,  which evidently is associa ted  with an increase in the 
amount of active fo rm of nitr i le (Fig. 1). An attempt to decrease  the tempera ture  of the react ion mass leads 
to a decrease  in yield of final product  (Fig. 2). 

Thus, the found optimal conditions of synthesizing (IV) in anhydrous medium are :  t empera ture  190 ~ , 
length 2 h, rat io of (I) base:  (I) dlhydrochloride:  (II) 0.5 : 0.5 : 1. 

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

The following mater ia ls  were used: (I) base (pure}, (I} dihydrochloride (pure}, aluminum chloride 
(very pure}; p-toluenesulfonic acid (pure}, dried in vacuum over  phosphorus pentoxide; (II} distilled in vac-  
uum at 170 ~ (12 mm}, boric  acid (chemically pure}, ammonium chloride (chemically pure}, t r ie thylamine 
(chemically pure}. 

Synthesis of Dibazol (IV) in Anhydrous Medium. A mixture of (I} base,  (I) dihydrochloride,  and (ID in 
a molar  rat io of 0.5 : 0.5 : 1 was melted at a t empera tu re  of 190 ~ in a sealed ampoule or  a flask having an a i r  
condenser  and s t i r r e r  in a s t r e a m  of inert  gas for 2 h. At the end of holding the mass was cooled and the 
obtained product was t r ans fo rmed  to the hydroehloride (IV) by boiling with 5% hydrochlor ic  acid for 10 min. 
Pur i f icat ion of (IV) was ca r r i ed  out by rec rys ta l l i za t ion  f rom water .  Yield of (IV) hydrochloride was 85%. 
The product was a white powder with a slightly yellow tinge, mp 184-186 ~ 
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Synthesis  of N2-(o-aminophenyl)phenylacetamidine  (I1/). To 0.2 g - a t o m  of l i th ium in absolute e the r  
was added in drops 0.1 mole  of  b romobenzene  with s t i r r i ng .  Af te r  maintaining for  30 min 0.1 mole  of (I) 
was  added; again a f t e r  30 min (II) was  added gradual ly .  The reac t ion  m a s s  was decomposed  with w a t e r  and 
the l a y e r s  were  sepa ra ted ,  The solvent  was dis t i l led f r o m  the e the r  l a y e r  in vacuum without heating. We 
obtained (III) in a yield of 40%. The product  was white c r y s t a l s ,  soluble in e ther ,  alcohol,  and s l ight ly  so l -  
uble in wate r .  Upon heating in hydroch lor ic  acid it hydro lyzes  to (I), giving a pos i t ive  reac t ion  with ace ty l -  
acetone.  It  s t a r t s  to mel t  at 110 ~ with l ibe ra t ion  of ammon ia  and closing to (IV). Upon lengthy s t a n d i n g o f  
the product  in a i r  the odor of am m on i a  is a lso  pe rce ived ,  which indicates  the gradual  closing of (Ill) to (IV). 
The re fo re ,  it is not poss ib le  to p u r i f y t h e  obtained produc t  by r ec rys t a l l i za t ion .  An alcoholic solution of 
(Ill) in the UV region h a s  a dropping s p e c t r u m  with absorpt ion m a x i m a  in the region of 220-320 nm,  which 
is c h a r a c t e r i s t i c  for  subst i tu ted  phenylace tamidines .  Hydrochlor ide  (iII) is obtained by pass ing  a calcula ted 
amount  of hydrogen ch].oride into an e the r  solution of base .  The product  does not submit  to pur i f ica t ion and 
c loses  to (IV) upon boiling in acetone.  

K i n e t i c  I n v e s t i g a t i o n s  

A. Const ruc t ion  of a Cal ibra t ion  Graph.  To cons t ruc t  a ca l ibra t ion  graph  of the dependence of optical 
dens i ty  on the concentra t ion  of 1 ,4-benziazepine ,  f o rmed  upon reac t ion  of (I) with acety lacetone  in a 5% hy- 
d roch lor ic  acid medium,  into 25-1Ill m e a s u r i n g  f lasks  we re  p laced  2, 1.5, 1, 4, . . .  0 . 5 m l o f p r e p a r e d s o l u t i o n  
of (I) of a de te rmined  concentra t ion  (0.00395 mo le / l i t e r ) .  The contents of the f lask  were  mixed,  0.5 ml of 
a 20% ace ty lace tone  solution in alcohol was added, and solut ions were  brought  to the m a r k  with hydrochlor ic  
acid.  The optical  densi ty  of solut ions was m e a s u r e d  a f t e r  3 min on an FI~K-M with a ye l low-green  f i l te r .  
Solutions obeyed the L a m b e r t - B o u g u e r - B e e r  law (Fig. 3). 

B. Kinetics of Disappearance  of o -Pheny lened iamine  (I) in React ion with Benzyl Cyanide (II). In a m -  
potties were  p laced  0.02 mole each  of (I) and (II) acid. The reac t ion  was c a r r i e d  out at a t e m p e r a t u r e  of 
100 ~ (+ 1 deg). The amount of unreac ted  (I) was control led  a f t e r  each  30 min pho toco lo r ime t r i ca l ly  analo-  
gously to that desc r ibed  above.  

E f f e c t  o f  A m o u n t  o f  A c i d  o n  R a t e  o f  D i s a p p e a r a n c e  

o f  o - P h e n y l e n e d i a m i n e  ( I )  in  R e a c t i o n  w i t h  B e n z y l  

Cyanide  (II) 

A. p-Toluenesu l fonic  Acid. In ampoules  were  p laced  0.001 mole each  of (I) ba se  and (iI). The amount  
of p- to luenesul fonic  acid amounted to 0.0002, 0.0005, 0.0001, 0.002, 0.003, 0.004, and 0.005 mole.  The a m -  
poules were  heated on an oil bath  at a t e m p e r a t u r e  of 190 ~ for  2 h. At the end of reac t ion  the contents of the 
ampoule  were  d issolved in 5% hydrochlor ic  acid. The amount of r emain ing  amine  was de te rmined  at the 
cor responding  dilution analogously  to that desc r ibed  above.  

B. Hydrogen Chloride.  In ampoules  were  p laced  (i) base  in amounts  of 0.004, 0.0035, 0.003, 0.002, 
0.0015, 0.001 mole;  (i) d ihydrochlor ide  in amounts of 0.0005, 0.001, 0.002, 0.0025, 0.003, 0.004 mole;  ilI) in 
an amount of 0.004 mole.  The amount of unreac ted  f ree  (I) was de te rmined  analogously  to that  desc r ibed  
above. 

E f f e c t  o f  T e m p e r a t u r e  o n  R a t e  o f  D i s a p p e a r a n c e  

o f  o - P h e n y l e n e d i a m i n e  ( I )  in  R e a c t i o n  w i t h  B e n z y l  

C y a n i d e  ( I I )  

In ampoules  we re  p laced  0.001 mole of (I) base ,  0.001 mole of (iI), and 0.004 mole of p- to luenesul fonic  
acid,  and they were  heated to t e m p e r a t u r e s  of 190, 180, 170, 160, 150 ~ The amount  of anreac ted  (I) was de-  
t e rmined  analogously  to that desc r ibed  above. 

I. 

2. 
3. 
4. 

LITERATURE CITED 

M. D. Mashkovski i ,  Drugs [in Russian],  Moscow (1967). 
B. A. P o r a i - K o s h l t s ,  O. F. Ginzburg,  and D. S. t~fros, Zh. Obshch. Khim.,  17, 1768 (1947). 
R. E lder f ie ld  (editor),  Heterocycl ic  Compounds [Russian t rans la t ion] ,  Vol. 5, Moscow (1961), p. 219. 
E. N. Z i l ' b e r m a n ,  React ions  of Ni t r i l e s  [in Russian] ,  Moscow (1972), p. 23. 

485 



o 

6. 

7. 

1~. Z. Shriner and F. W. Neuman, Chem. Rev., 3_55, 361 (1944). 
R. Lastovskii and V. Vainshtein, Technical Analysis in the Manufacture of Intermediate Products and 
Dyes [in Russian], Moscow (!958). 
A. N. Zaidel' ,  Elementary Evaluation of Measurement Er ro r s  [in Russian], Leningrad (1968). 

486 


