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XXIV.* AZO COUPLING OF ARENES WITH BENZIMIDAZOLE-2-  

DIAZONIUM SALTS 

A.  M.  S i m o n o v  a n d  S.  N.  K o l o d y a z h n a y a  UDC 547.785.5:542.958.3 

The high reac t iv i ty  of benz imidazo le -2 -d iazon ium sa l t s ,  which can couple with benzene and 
i ts  homologs ,  is  apparen t ly  due to the effect  of a pos i t ive ly  charged  imidazole  r ing linked to 
the diazo group.  The c o r r e c t n e s s  of this assumpt ion  was  proved  by the fo rmat ion  of azo-  
compounds by the reac t ion  of the 2 - amino - l , 3 -d i a lky lbenz imidazo l i um salt ,  fo rmed  in an 
acidic med ium f r o m  the cor responding  imine,  with ni tro sylsul fur ic  acid ( "se l f -coupl ing"  r e -  
action) or  of the 2 - a m i n o - l , 3 , 5 , 6 - t e t r a m e t h y l b e n z i m i d a z o l i u m  salt  with n i t rosy l su l fur ic  
acid in the p r e s ence  of toluene.  

As was  p rev ious ly  shown in [2 ], the s imples t  a r enes  r ead i ly  couple with benz imidazo le -2 -d iazon inm 
sa l t s  (I), f o rmed  by the action of n i t rosy l su l fu r i c  acid (XI) on 2-aminobenzimidazoles , '~  in concentra ted  
sulfur ic  and phosphor ic  acids .  Such high r eac t iv i ty  can be explained by the effect  on the diazo group of the 
highly e lec t rophi l ic ,  pro tonated  imidazole  r ing linked to it [2, 4]. 
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To v e r i f y  the assumpt ions  made ,  we introduced 2 - imino - l , 3 -d i a tky l imidazo l ine s  II into the indicated 
t r an s fo rma t ions .  In acidic media  these  compounds exis t  in the f o r m  of 2 - amino - l , 3 -d i a lky lbenz imid azo l i -  
um sa l t s  (III) [5], and, under  the act ion of XI, should apparen t ly  be conver ted  to diazonium sa l t s  IV, which 
contain a doubly charged  cation.  It might  be expected that these  sa l t s  will have the same  p r o p e r t i e s  as  
sa l t s  I .  

II a,b III a,b IYa,b va ,b  
u-vaR=cn3, n-z,5: b R=c2n 5, n-,,s 

In fact ,  r e ac t i on  of 2 - iminobenz imidazo l ines  with XI in concent ra ted  sulfuric  and phosphoric  acids 
gives  azo compounds which, as in the case  of 2 -aminobenz imidazo les  [3], a r e  apparent ly  fo rmed  by coup- 
ling of diazonium sal t  IV with the s ta r t ing  imine (II), which does  not r eac t  with XI. The azo compounds 
a re  i so la ted  (after  pour ing the reac t ion  mix tu re  into ice) in the f o r m  of iodides (V) that a re  only sl ightly 
soluble in wa te r .  As es tab l i shed  in the case  of Va, they a re  identical  to the products  of dialkylat ion of azo 
compounds VI, which a re  fo rmed  f r o m  2 -aminobenz imidazo les  by "se l f -coupl ing."  (See scheme ,  page 1460.) 

*See [1] for  Communicat ion  XXIII. 
"~ The 5 and 6 posi t ions  in these  sa l t s  should be substi tuted;  o therwise ,  "se l f -coupl ing"  occu r s  [3]. 
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Compound II reac t s  considerably more  slowly with XI than the corresponding 2-aminobenzimidazoles .  
Thus the p roces s  must be ca r r i ed  out for  no less  than 20 h to obtain a sufficiently high yield of Va and for  
80-90 h to obtain sufficiently high yields of Vb. This is probably due to the s ter ic  effect of the alkyl rad i -  
cals attached to the nitrogen atoms of the imidazole ring. 

Dark- red  V are stable iodide hydroiodides which decompose near  their  melting points. On prolonged 
t rea tment  with water  at 20 ~ (faster with heating) they lose a portion of their  ionogenic halogen and are  con- 
ver ted to black substances with a metall ic  lus ter ;  these were not studied more  closely.  

If the 5 and 6 positions of II are  substituted with, for  example, methyl groups,  as in VII, "se l f -coup-  
ling" becomes impossible since the 4 and 7 positions are inactive. The diazonium salts formed f rom VII 
will couple with azo components introduced into the react ion mixture,  for example, arenes .  However, in 
contras t  to diazonium salts I, the diazo compound obtained f rom VII couples quite successful ly  only with 
toluene and only on prolonged reaction; t r aces  of azo compounds, detected chromatographical ly ,  are  formed 
with mesi tylene,  m-xylene,  and benzene. In the f i rs t  two cases ,  this may be due to a cer tain extent to both 
reaction of the a renes  themselves  with XI* and to s ter ic  hindrance ar is ing during azo coupling. The chief 
reason,  however,  is the considerably lower activity of diazo compounds of the IV type as compared with 
that of I, as a resul t  of which benzene, for example, undergoes vi r tual ly  no coupling, and the yield of VIH 
f rom toluene is low (23%). Structure VIII was confirmed by alternative synthesis.  

The heretofore  unreported diazotization of imines apparently proceeds  through N-ni t roso compounds, 
in agreement  with the concepts of the mechanism for the formation of diazonium salts [7]. In fact,  
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N-ni t roso derivat ives of 2- imino- l ,3-dia lkylbenzimidazol ines  [8], which exist as dipolar ions (inner diazo-  
tares) according to their  IR spectra ,  form azo compounds that are  identical to the previously descr ibed V 
or  VIII when they are t reated with concentrated H2SO 4 in the presence  of appropriate azo components.  

CH~ xa,b cH3 
xaR-m b R~CH 3 

The results confirm our assumptions regarding the strueture and the reason for the high react iv i ty  
of benzimidazole-2-diazonium salts. 

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

Reaction of 2- Imino- l ,3-dia lkylbenzimidazol ines  (II) with XI. Compound IIa (O.01 mole) was dis-  
solved in the cold in 15 ml of concentrated H2SO4, 2 g-equivalents  of XI and 8-10 ml of concentrated H3PO 4 
were added to the ice-cooled solution, and the mixture was allowed to stand at room tempera ture  for 30 h. 
The react ion with IIb was car r ied  out s imilar ly ,  but the react ion time was 90 h. The react ion mixture was 

*A mixture Of substances,  which is chromatographical ly  s imi lar  to the mixture of compounds formed in 
azo coupling experiments  (see [6]) is formed during prolonged (25-30 h) react ion of these arenes  with XI. 
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poured over ice,  urea was added to decompose the ni t rous acid, and sufficient saturated potass ium iodide 
solution to make the mother  l iquor above the precipi tate  almost  co lor less  was added in the cold. The p r e -  
cipitate was washed with water  and dried,  f i rs t  at 20 ~ and then at 40-50 ~ The V obtained in this way were 
insoluble in water ,  quite soluble in acetone,  and less  soluble in alcohol (heating). 

2-Amino-  1 ,1 ' , 3 ,3 ' - t e t r amethy l -2  ' ,5-diazobenzimidazol inm Diiodide (Va). A. Compound Va was ob- 
tained in 66% yield by react ion of IIa with XI. Dark- red  needles with mp 253-254 ~ (from acetone with water) 
Found %: I 63.04; N 10.86. C18H2112N 7 �9 2.5HI. Calculated %: I 62.82; N 10.79. 

B. N-Ni t roso-2- imino- l ,3 -d imethy lbenz imidazo le  (Xa) [8] was dissolved in the cold in a mixture of 
concentrated H2SO 4 a n d  I-I3PO4, an equivalent amount of IIa was added, and the mixture was allowed to stand 
for 25-30 h. It was then poured over  ice and t reated as descr ibed above to give 30% of Va. 

C. A mixture of i somer ic  azo compounds (VI) [3] was heated with 4 mole of f resMy distilled methyl 
benzenesulfonate at 100% After  1 h, the melt  was cooled and t r i tura ted  with ether.  The residue was d is-  
solved in water ,  and the solution was saturated with potass ium iodide. The precipi tate  is the diiodide of 
the azo compound, which differs  f rom Va in the absence of hydriodic acid in the c rys ta l s  and the different 
cha rac te r  of the UV-absorption spect rum.  The yield of the b r i ck - r ed  needles with mp 254-255 ~ (from aceto-  
nitri le with acetone) was 78%. Found %: I 43.54. CIsH2112N 7. Calculated %: I 43.08. After t reatment  in 
the cold with dilute hydriodic acid and drying at 40-50 ~ the compound was identical to the samples  obtained 
via methods A and B. 

2 - Amino - l , l ' , 3 , 3 ' - t e t r a e thy l -2 ' , 5 -d i azobenz imidazo l i um Diiodide (Vb). This was obtained in 52% 
yield f rom IIb. Da rk - r ed  needles with mp 245 ~ (from aqueous alcohol). Found %: I 53.60; N 11.98. 
C22I-]2912N7 " 1.5HI. Calculated %: I 53.05; N 11.71. 

1 ,3 ,5 ,6-Tet ramethyl -2- iminobenzimidazol ine  (VII). This was obtained by alkylation [9] of 2 -amino-  
1 ,5 ,6- t r imethylbenzimidazole  [10] in alcoholic methyl iodide (2 mole) with subsequent t rea tment  with al-  
kali. Yield 85%. Snow-white needles with mp 156 ~ (from aqueous alcohol). Found %: C 69.61; H 7.87; N 
22.27. CllHisN3. Calculated %: C 69.81; H 7.99; N 22.20. 

2 - (p-Toly ld iazo) - l ,5 ,6 - t r imethylbenz imidazole  (IX). This was obtained in 63% yield by react ion of 
1 ,5 ,6- t r imethyl -2-aminobenzimidazole  with XI and toluene by the method descr ibed in [2]. Light-orange 
plates (from hexane) with mp 198 ~ Found %: C 73.10; H 6.68. C17HIsN 4. Calculated %: C 73.35; H 6.52. 

2 -Ni t ros imino- l ,3 ,5 ,6 -Te t ramethy lbenz imidazo l ine  (Xb). This was obtained in 92% yield via the 
method in [8] at 60-70 ~ Light-yel low needles  which decompose explosively at 150 ~ (from alcohol or  ace -  
tone. Found %: N25.42.  CI1Hi4N40. Calcula ted%: N25.67 .  

2 - (4 ' -To ly ld iazo) - l ,3 ,5 ,6 - te t ramethy lbenz imidazo l inm Iodide (VIII) .  A. Compound VII [0.95 g (5 
mmoie)] was dissolved in the cold in a mixture of 10 ml of concentrated H2SO 4 and 5 ml of concentrated 
H3PO 4, 1 ml of toluene and 10 mmole of XI were added, and the mixture was shaken at 20-25 ~ for  30-35 h. 
The mixture  was then poured over  ice, and a saturated solution of potass ium iodide was added. The p r e -  
cipitate was washed with water ,  dried at 50 ~ , and t reated with boiling acetone (three to four t imes  with 50- 
ml port ions).  The residue contained iodide which had not reacted  with VII (41%). The acetone extract  was 
evaporated,  and the residue was washed with ether  and a small amount of alcohol to give 23% of dark-  
c h e r r y  p r i s m s  with mp 231-232 ~ (from acetone or  chloroform) and 2 m a x  404-410 nm and log e 4.38 (meth- 
anol). Found %: I 52.02; N 9.58. CisH21IN 4 " 1.5HI. Calculated %: I 51.82; N 9.15. 

B. N-Ni t roso-2- imino- l ,3 ,5 ,6 - te t ramethy lbenz imidazo l ine  and a twofold excess  of toluene were 
shaken with concentrated H2SO 4 for 30-35 h. Compound VIII (27%) was isolated as descr ibed in A. 

C. Compound IX was alkylated in alcoholic methyl iodide (2 mole) for  3-4 h to give 94% of dark-  
che r ry  p r i s m s  of a product with mp 231-232 ~ (from alcohol), which differed f rom VIII obtained by methods 
A and B in that it did not contain hydriodic acid and had a different UV-absorption spect rum.  Found %: I 
30.54; N 13.48. CIsH21IN 4. Calculated %: I 30.19; N 13.33. Trea tment  of the compound obtained with dilute 
hydriodic acid gave a compound that was identical to that obtained via  methods A and B. 

1. 
2. 
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