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The ni t rosat ion and azo coupling react ions  in the imidazo[1,2-a]benzimidazole se r ies  have been 
studied. Posit ion 3 of the sys tem undergoes  attack. The ni t roso compounds readi ly  undergo 
hydrolys is  in acid and alkaline media at the 1-2 bond with the format ion of der ivat ives  of benz-  
imidazolone or  2- iminobenzimidazol ine.  

Continuing a study of t rans format ions  in the imidazo[1,2-a]benzimidazole  se r ies ,  we have found that 
its 2-phenyl derivat ive (Ia) readi ly  r eac t s  with ni t rous  acid. As in bromination [2], substitution takes place 
at position 3 and leads to the ni t roso compound (I1), which undergoes the react ions  usual for  these sub- 
s tances :  with benzyl cyanide it fo rms  an anil and with a ry lamines  areneazo derivat ives  (Ill) ; the la t ter  are  
also obtained by the react ion of I with diazonium compounds. Consequently, ni t rosat ion and azo coupling 
take place at the same position of the nucleus.  

When electrophil ic  groups are  included in an imidazole ring adjacent to a benzimidazole nucleus,  it 
becomes  unstable and readi ly  opens. Thus, on being heated in aqueous alkaline solution the methiodide of 
compound I is converted into 1-methyl -3-phenacylbenzimidazolone  [2], and the methiodide of Ib is converted 
into a derivat ive of 2- iminobenzimidazol ine (VIIb).~ The ni t roso compound II was subjected to a s imi lar  
convers ion in boiling ethanolic alkali; here ,  also,  the ring opened at the 1-2 bond, the ni t roso group being 
converted into an isoni t roso group and the imino group being split off hydrolyt ical ly .  

When the react ion solution was acidified to pH 5-6, 3 -hydroxy imonophenacy l - l -methy lbenz imidazo l -  
one (V) precipi ta ted f rom it as a co lor less  compound with mp 227-228~ (a-monooxime) .  This conclusion 
is in ha rmony  with the IR spect rum,  in which the absorption of two CO groups appears  in the fo rm of a 
broad band with two c losely  adjacent maxima (1677 and 1700 cm-1), and the C---- N stretching vibrat ions  are  
represen ted  by a band at 1623 cm -1. The unambiguity of the ass ignment  of the carbonyl  absorption bands 
of compound V is conf i rmed by the IR spec t rum of 3 -phenacyl - l -methy lbenz imidazo lone ,  in which the 
analogous vibrat ions  are  present  at 1687 and 1694 cm -1. 

When the mother  l iquor af ter  the precipi ta t ion of V was acidified to pH 1, a compound precipi ta ted 
with mp 184-185~ - the salt of the imino compound VIIa formed by the incomplete hydro lys is  of the ni t roso 
compound. The base - 3 -hydroxyiminophenacyl -2- imino- l -methy lbenz imidazo l ine  (VIIa) - which was iso-  
lated f rom the salt by the action of ammonia ,  was converted on fusion or  on long s torage into the initial 
n i t roso compound. (See scheme,  page 640 .) The s t ruc ture  of VIIa was confirmed by its IR spect rum.  It 
contained v e r y  s t rong bands in the v C ~ N (1645 cm -l) and v CO (1680-1690 cm -1) regions  and one in the 
vOH and v NH regions appearing in the fo rm of a continuous broad band with maxima at 3090 and 3250 cm -1, 
respect ively .  Analogous bands are observed  in the IR spec t rum of the hydrochlor ide of this compound 
(VIIa �9 HC1): vCO 1689, v C :  N 1628, VOH 3040, and VNH 3230 era - l .  

*For  Communication i'i, see [1]. 
These facts  pe rmi t  the conclusion that in the methiodide of I it is the 1-2 bond which is cleaved and not 

that at the guanidine C atom, as was assumed previously  [1]. 
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The fo rmat ion  of the hydroehlor ide  (VIIa �9 HC1) also takes  place when an ethanolic solution of the sal t  
of the i son i t roso  compound VI is  heated.  When an aqueous alkaline solution of VIIa was boiled, the imino 
group was  saponified and the f l -monooxime VIIIa with rap 216~ was  isolated in quanti tat ive yield; this ,  un-  
l ike the ~ - m o n o o x i m e ,  f o r m s  a complex  copper  sal t  [3]. The l a t t e r  is conver ted  into the fl f o r m  in boiling 
ethanolic hydrochlor ic  acid or  on prolonged s to rage  in the light. 

The fo rmat ion  of compounds V and VIIa convincingly shows that the n i t roso  group in the nucleus of II 
i s  p r e sen t  at posi t ion 3. 

It  was  imposs ib le  to obtain a n i t roso  compound f r o m  Ib. The action of n i t rous  acid on Ib in ethanolic 
solution in the p r e s e n c e  of hydroch lor ic  acid led to s imul taneous  n i t rosa t ion  and the opening of the imidazo 
r ing,  with the fo rmat ion  of 3 -hyd roxy i m i noace tony l -2 - im ino - l -me thy lbenz imidazo l i ne  (VIIb - HC1). On 
saponif icat ion of the NH group,  the base  VIIb isola ted f r o m  the sal t  was  conver ted  into compound VIIIb, 
which is the ~ - m o n o o x i m e ,  since it r ead i ly  f o r m s  a copper  sal t .  

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

2 ,9-Dimethy l imidazo  [1 ,2-a]benzimidazole  Methiodide. A solution of 1 g (5.4 mmole  s) of 2 ,9 -d imethy l -  
imidazo[1 ,2-a ]benz imidazole  [1] and 1.02 ml  (16 mmoles)  of methyl  iodide in 10 ml  of absolute ethanol was  
boiled for  6 h. Yield of snow-white  need les  with mp 249~ (ethanol), 1.5 g (78%). Found ~ :  C 43.86; H 4.46; 
I 38.34; N 12.73. CizH14N3I. Calculated %: C 44.05; H 4.31; I 38.79; N 12.85. 

3 - A c e t o n y l - l - m e t h y l - 2 - m e t h y l i m i n o b e n z i m i d a z o l i n e .  a. A mix tu re  of 1 g of the methiodide of Ib and 
15 ml  of 10% caust ic  po tash  solution was  heated  in the boiling wa te r  bath for  2 h. The oil that sepa ra ted  out 
c rys t a l l i zed  on standing in the r e f r i g e r a t o r .  Yield 0.53 g (80%). Co lo r l e s s  need les  with mp 136-137~ 
(water) ,  soluble in ethanol and benzene.  Found %: C 66.45; H 7.41; N 19.31, 19.51. CI2H14N30. Calculated %: 
C 66.34; H 6.96; N 19.34. 

b. The same  substance  was  obtained by boiling an ethanolic solution of 0.5 g of 1 - m e t h y l - 2 - m e t h y l -  
aminobenzimidazole  [4] with 33 ml  of b romoace tone .  The hydrobromide  that  deposi ted (0.3 g) was sepa -  
ra ted  off and was then heated with 10% caust ic  po tash  for  1 h. Af ter  cooling, the oil that had separa ted  out 
c rys t a l l i zed  in the f o r m  of c o l o r l e s s  need les  with mp 136~ (water).  A mix tu re  with the product  of ex p e r i -  
ment  a gave no dep res s ion  of the mel t ing point.  

9 -Methy l -3 -n i t roso -2 -pheny l imidazo[1 ,2 -a ]benz imidazo le  (I1). A solution of 1.24 g (5 mmoles)  of Ia 
in 10 ml  of glacia l  ace t ic  acid was t r ea t ed  dropwise  with v igorous  s t i r r ing  at 20~ with a solution of 0.35 g 
(5 mmoles)  of sodium ni t r i te  in 2 ml  of wa te r ,  and then 30 ml  of w a t e r  was added gradual ly .  The p r e c i p i -  
ta te  was f i l te red  off and washed with wa te r .  Yield 1.18 g (92%). Bright  green ,  s t rongly  e lec t r i fy ing  needles  
with mp 247~ (ethanol), soluble in e the r  and acetone,  and spar ingly  soluble in ethanol.  Found %: C 69.25; 
H 4.42; N 20.29. CI6H12N40. Calculated %: C 69.55; H 4.38; N 20.28. 

When an acetone solution of II was  mixed with conc. HC1, a p rec ip i t a te  of hydrochlor ide  of the i so-  
n i t roso  compound VI was  fo rmed .  Bright  red  needles  with mp 208-209~ soluble in ethanol,  hydrolyzing 
under  the action of w a t e r  to the initial n i t roso  compound. Found %: C 61.50; H 4.14; N 17.97; C1 11.85. 
CI~H13C1N40. Calculated ~c: C 61.44; H 4.19; N 17.91; C1 11.34. 
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3-Hydroxy iminophenacy l - l -me thy lbenz imidazo lone  (the a - m o n o o x i m e ,  V). A suspension of 1 g of II 
in 15 ml  of ethanolic caus t ic  soda (0.2-0.3 g) was boiled for  10-15 rain. Af te r  cooling, the yellow solution 
was  acidified with conc. HC1 to pH 5-6, and the monooxime was  p rec ip i t a ted  by dilution with wa te r .  Yield 
0.5 g (47%). Lus t rous  snow-white p r i s m s  with mp 227-228~ (decomp.,  ethanol),  insoluble in w a t e r  and 
ac ids ,  soluble in dilute a lka l ies  with the fo rmat ion  of a yellow solution [5]. Found %: C 65.23; H 4.35; N 
14.24; mol .  wt. 297 (Rast).  Ct6Hi3N303. Calculated:  C 65.08; H 4.44; N 14.23; mol .  wt. 295. 2 ,4 -Din i t ro -  
phenylhydrazone.  Lus t rous  yellow need les ,  mp 150-251~ (f rom glacia l  ace t ic  acid). Found %: C 55.47; 
H 3.64; N 20.79. C22HITNTO6. Calculated %: C 55.58; H 3.60; N 20.62. F r o m  aqueous acet ic  acid or  f r o m  
ethanol the hydra te  of the hydrazone  deposi ted,  and this did not lose w a t e r  even at 150~ Bright  orange 
needles ,  yellowing at 185~ and mel t ing at 250-251~ Found %: C 54.02; H 4.02; N 19.88. C22H17NTO6 �9 H 2 0 .  

Calculated %: C 53.55; H 3.88; N 19.87. 

3 - H y d r o x y i m i n o p h e n a c y l - 2 - i m i n o - l - m e t h y l b e n z i m i d a z o l i n e  (VIIa). a. Acidification to pH 1 of the 
m o t h e r  solution a f t e r  the separa t ion  of compound V led to the prec ip i ta t ion  of 0.45 g of the hydrochlor ide  of 
VIIa. mp 85~ (ethanol containing e ther) .  Yield 37.5%. 

b. A suspension of II in ethanol was  t r e a t ed  with a few drops  of conc. HC1, and the resu l t ing  solution 
was  boiled for  5-10 min,  whereupon VIIa �9 HC1 prec ip i t a ted  f r o m  it in a lmos t  quanti tat ive yield.  Snow-white 
need les ,  mp 184-185~ (ethanol containing e ther) .  Found %: C 58.24; H 4.70; N 17.06; C1 10.55. C16H14N402 �9 
HC1. Calculated %: C 58.10; H 4.57; N 16.94; C1 10.72. 

On the addition of concent ra ted  ammonia ,  an ethanolic solution of the hydrochlor ide  deposi ted light 
yellow p la tes  of VIIa. It me l t ed  at 105~ the g reen  mel t  immed ia t e ly  r e c r y s t a l l i z e d  and then mel t ed  again 
at 247~ When VIIa was  r e c r y s t a l l i z e d  f r o m  ethanol,  a da rk  g reen  solution was  fo rmed  which, on rapid  
cooling, deposi ted light yel low c r y s t a l s  with the above-g iven  mel t ing point (on slow heating) - the n i t roso  
compound ]I. They were  dr ied in a vacuum des i cca to r  at 20~ (drying at 100~ or  prolonged s torage  l i ke -  
wise  conver t s  VIIa into the g reen  n i t roso  compound II). The substance  is soluble in dilute ammonia  and 
a lka l ies .  Found %: C 63.69; H 5.09; N 18.61. C16Hi4N402 �9 i/2H20. Calculated %: C 63.36; H 4.98; N 18.47. 

3 -Hydroxy iminophenacy l - l -me thy lbenz imidazo lone  (the f i -monooxime ,  VIIIa). A solution of 0.2 g of 
VIIa in 5 ml  of 10% aqueous potash  was  boiled for  2 h 30 min and, a f t e r  cooling, was  acidified with concen-  
t r a t ed  hydrochlor ic  acid, and the p rec ip i t a te  was f i l te red  off. Yield 0.19 g (almost  quanti tat ive),  mp 212- 
214~ (decomp.) .  Lus t rous  c o l o r l e s s  cubic c r y s t a l s ,  mp 216~ (ethanol), spar ing ly  soluble in the usual so l -  
vents  and r ead i ly  soluble in a lka l ies  fo rming  yellow solut ions.  Found ~ C 65.00; H 4.51; N 14.43. 
C16H13N303. Calculated ~c: C 65.08; H 4.44; N 14.23. A mix tu re  with V gave a depress ion  of the melt ing 
point (209~ 

The copper  complex  sal t  of the /3-monooxime VIIIa was  fo rmed  by boiling an ethanolic solution of 
V]IIa with copper  ace ta te .  The mix tu re  was f i l te red  hot, and the da rk  g reen  m i c r o c r y s t a l l i n e  p rec ip i t a te  
was  washed on the f i l t e r  with hot ethanol,  acetone,  ch lo ro fo rm,  and e ther ,  mp 204-205~ (violent decompo-  
sition). Found%:  N 9.72. C~GH12N303 �9 Cu(CH3COO ). Calculated %: N 10.08. 

3 - ( l ' - H y d r o x y i m i n o a c e t o n y l ) - 2 - i m i n o - l - m e t h y l b e n z i m i d a z o l i n e  (VIIb). An ethanolic solution of 0.74 g 
(4 mmoles)  of Ib was  t r ea t ed  with 2 ml  of concent ra ted  hydroch lor ic  acid and, with ice cooling, a solution 
of 0.41 g (6 mmoles )  of sodium ni t r i te  in 2 ml  of wa t e r  was slowly added. The white p rec ip i t a te  gradual ly  
deposi ted f r o m  the solution. After  30 min ,  it was  f i l te red  off and washed with acetone.  Yield 0.85 g (80%). 
When the mo the r  solution was  diluted with wa te r ,  another  0.2 g of the hydrochlor ide  deposi ted.  The total  
yield was  a lmos t  quanti tat ive.  Co lor less  need les ,  mp 196-197~ (ethanol containing e ther) .  Soluble on hea t -  
ing in ethanol and wa te r .  Found %: C 48.90; H 5.18; N 20.55; C1 13.26. CllH12N40 2 �9 HC1. Calculated Z/c: 
C 49.17; H 4.88; N 20.85; C1 13.20. 

0.7 g of the hydrochlor ide  of VIIb was  t r i t u ra t ed  with an exces s  of 22% ammonia ,  and the p rec ip i t a te  
of the base  was  f i l t e red  off and washed  with wa te r .  Yield 0.58 g (89%). Fine yellow needles  with mp 137- 
138~ (decomp.,  f r o m  ethanol).  Found %: C 52.52; H 6.00; N 22.66. CiiH12N402 �9 H20. Calculated ~ :  C 
52.79; H 5.64; N 22.39. 

3- ( l ' - H y d r o x y i m i n o a c e t o n y l ) - l - m e t h y l b e n z i m i d a z o l o n e  (the f i -monooxime ,  VIIIb). Obtained in quanti-  
ta t ive  yield in the s ame  way as  VIIIa by boiling VIIb in 10% caus t ic  potash for  5 h. La rge  c o l o r l e s s  c r y s -  
ta l s  with mp  207-208~ (decomp. ,  f r o m  ethanol).  Found %: C 56.80; H 5.03; N 18.33. CliHI1N303. Calcu-  
la ted %: C 56.65; H 4.75; N 18.02. 2 ,4-Dini t rophenylhydrazone .  Dark  yellow needles  with mp 235-237~ 
( f rom ethanol).  Found %: C 49.46; H 3.73; N 23.69. ClTH15N706. Calculated %: C 49.40; H 3.66; N 23.72. 
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Copper  Complex Salt of the f i -Monooxime VIiIb. Brownish g reen  m i c r o c r y s t a l l i n e  p rec ip i ta te  with 
mp 212~ (decomp.) .  Found ~ :  N 11.57. CilH10N~O3 �9 Cu[CH3COO ]. Calculated %: N 11.84. 

3 -c~-Cyanobenzy l ideneamino-9-methy l -2 -phenyl imidazo[1 ,2 -a ]benz imidazo le .  A suspension of 0.28 g 
of 1I in 5 ml  of ethanol was t r e a t ed  with 0.25 ml of benzyl cyanide and three  drops  of a 5% solution of 
caus t ic  soda, and the mix tu re  was  boiled for  25-30 min.  The n i t r o s ,  compound gradual ly  d issolved and 
then the red  solution deposi ted the reac t ion  product .  Yield 0.19 g (50%). Color less  needles  with mp 183- 
184~ (decomp.,  f r o m  dioxane containing e ther) ,  spar ing ly  soluble in ethanol,  benzene,  and ch loroform;  
r ead i ly  soluble in dioxane. Found %: C 73.30; H 5.15; N 17.78. C24HiTN 5 �9 I-]20. Calculated ~ :  C 73.26; 
H 4.87; N 17.80. 

9 - M e t h y l - 2 - p h e n y l i m i d a z o [ 1 , 2 - a ] b e n z i m i d a z o l e - 3 - a z o - l - p - b e n z o i c  Acid (III, Ar  = C6H4COOH-p). 
a. A solution of 0.5 g (2 mmoles )  of II and 0.26 g (2 mmoles)  of p -aminobenzo ic  acid in 4 ml  of glacial  
ace t ic  acid was  boiled for  2 h. On the following day, the solution was diluted with wa te r ,  and the p rec ip i ta te  
was f i l te red  off. Yield 0.43 g (57%). mp 305-306~ (d imethyl formamide) .  Found %: C 69.93; H 4.38; N 
17.87. C23H17NsO 2. Calculated %: C 69.86; H 4.33; N 17.71. 

b. To a solution of 0.14 g of anhydrous sodium carbonate  in 5 ml of wa t e r  were  added 0.34 g (2.5 
mmoles )  of p -aminobenzo ic  acid and 0.18 g of sodium ni t r i te  in 2 ml  of wate r .  The solution was poured in- 
to a mix tu re  of 2.5 g of ice and 0.5 ml  of concent ra ted  hydrochlor ic  acid,  and an ethanolic solution of 0.62 g 
(2.5 mmoles)  of Ia was  added. Af ter  half  an hour ,  the prec ip i ta te  that had deposi ted was f i l te red  off and 
washed with wa te r ,  with dilute a m m o n i a  solution, and with methanol .  Yield 76.5%. Lus t rous  red  needles ,  
mp 306~ (d imethyl formamide) .  The subs tance  was identical with the product  obtained f r o m  II by method a. 

4 - B r o m o b e n z e n e - l - a z o - 3 - ( 9 - m e t h y l - 2 - p h e n y l i m i d a z o [ 1 , 2 - a ] b e n z i m i d a z o l e ) .  At 0-5~ a solution of 
0.18 g (2.5 mmoles)  of sodium ni t r i te  in 1.5 ml  of w a t e r  was  added to a solution of 0.43 g of p - b r o m o -  
aniline (2.5 mmoles)  in 1.5 ml of wa t e r  and 1 ml  of concent ra ted  hydrochlor ic  acid.  Then 0.62 g (2.5 
mmoles )  of Ia in 2.5 ml  of glacia l  acet ic  acid was  added and the mix tu re  was heated in the wa te r  bath for  
5-10 min (see [6]). Af ter  cooling, the p rec ip i ta te  was  f i l te red  off and was washed with wa te r  and 10% a m -  
monia  solution. Yield 0.91 g (84%). Lus t rous  bright  r ed  needles  with mp 295~ (benzene). Found %: C 
61.75; H 3.99; Br 18.10; N 16.37. C22H16BrN 5. Calculated %: C 61.40; H 3.75; Br  18.57; N 16.28. 

2 -Pheny l - subs t i t u t ed  imidazo[1 ,2-a ]benz imidazo les  reac t  s i m i l a r l y  with the diazonium sa l t s  obtained 
f r o m  sulfanil ic acid and f r o m  o - ,  p - ,  and m-n i t roan i l i nes .  
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