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It has been found that 9 -methyl -2-phenyl -  and 2 ,9-dimethyl imidazo[1,2-a]benzimidazoles  
undergo d i rec t  formylat ion at posit ion 3. The formyl  der ivat ives  obtained take par t  in a 
s e r i e s  of condensations cha rac te r i s t i c  for  aldehydes,  but they do not undergo the Canniz- 
za ro  disproport ionat ion.  

Continuing a study of the e lec t rophi l ic  substi tution reac t ions  of imidazo[1,2-a]benzimidazole [1], we 
have es tabl ished tha t  the d i rec t  Vi l smeier  formyla t ion  of 9-methyl-2-phenyl imidazo[1,2-a]benzimidazole  
(Ia) takes place at posi t ion 3 of the imidazole r ing attached to the benzimidazole sys tem.  The position of 
en t ry  of the aldehyde group was es tabl ished by  means of the independent synthesis  of this aldehyde f rom 
the 3 -b romo  der ivat ive  obtained previous ly  [1] via the organoli thium compound. 2 ,9-Dimethyl imidazo-  
[1,2-a]benzimidazole (1t)), which was synthesized by a method descr ibed  previously  [2] f rom 2-amino-1-  
methylbenzimidazole  and bromoace tone ,  also takes par t  in the formyla t ion  react ion.  The s t ruc tu re s  of the 
aldehydes (]Ia,b) obtained by formyla t ion  a re  conf i rmed by the i r  IR spec t ra ,  which contain the absorpt ion 
bands at 1638 and 1640 cm -1 that a re  cha rac t e r i s t i c  for  aldehydes of this type [3]. 

I t I 
CH3 CH CH 3 CH 3 I -  
,a,b IJa,~ ma,b 

I-I11 a R =  Cstt 5, b R = C H  3 

Under the action of a romat ic  amines ,  IIa,b are  conver ted  into antis (Table 1), and they condense with 
ni tro compounds and r e a c t  with hippuric acid and acet ic  anhydride to fo rm azlactones.  Compounds 13t) r e -  
act m or e  read i ly  than IIa. 

However ,  these aldehydes cannot take par t  in the Cannizzaro reac t ion ,  including c ro s s - s ec t i o ns  of 
this type,  under ve ry  d iverse  conditions and in the p re sence  of ca ta lys ts  (active s i lve r ,  f r e sh ly  p repa red  
s i lve r  oxide). An at tempt to c a r r y  out this t r ans format ion  by the action of sodium amide in liquid am-  
monia led to  the deformylat ion of IIa with the format ion of the initial Ia in a lmost  quantitative yield. 

On prolonged heating with methyl iodide, compounds II fo rm methlodides which are  unstable to hea t -  
ing in an alkaline medium: the 2-methyl  der ivat ive  (Bib), losing methyl iodide, is conver ted  into the ini-  
t ial  aldehyde,  and the phenyl der ivat ive  (IIIa) undergoes deformylat ion,  as well .  

*For Communication I, see [i]. 
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TABLE 1. 

E 
o 
tA 

IVa CH3* 

I'vb C6Hs* 

IVc CH~* 

I'r C6Hst 

Azomethines of the Imidazo[1,2-a]benzimidazole Series 

N ~ _ _ ~  CH =NAt  

i 
CH~ 

Ar 

o o ~ . ~ I  
C6H4OH-o 292 

(decomp. DMFA) 
C~H4OH-o 245 

',benzene) 
CTH4NO~-p 142 

(ethanol) 
CGH4NO2-p 230 

I(benzene', 

Empirical 
formula 

Found, % 

CIsHI6N~O 71,28 

C23HIsN40 175,60 

C1sH1sNsO~" H20$ t51,48 

C~HI~Ns02 /69,64 
I 

Calculated, 1 

C H N 

5,54 18,34 71,04 5,30 18 42 ] , 83 

4,79 15,40 75,39 4,95 15,29 38 

5,04 20,03t61,5314,88 19,93 98 

4,29 17,9669,864,32 17,72 76 

* Obtained by boiling equimolecular  amounts of the s tar t ing mater ia l s  
in ethanol: IVa for 2 h, IVb for  9-10 h, and IVc for 3 h. 

Obtained by fusion at 150~ for  5 h and chromatography of the mel t  
on a column of alumina (chloroform).  
$ The compound does not lose water  even on drying in vacuum over  
phosphorus pentoxide at 100~ 

TABLE 2. 9-Methyl-2-  s tyryl imidazo[  1,2-a]benzimidazoles  

~ / ' ~ N  / ~'N CH =CHAr 
I 
CH~ 

t Mp, ~ (sol- Found, %~ Calculated, 
a vent for crys o Empirical % Ar 
o ~ tallization) formula c H N C H 

i CsHs o-HOC6H4 p-O2NC6H4 221(decomp.,[ 2IS(ethanol) 297(DMFA) DMFA) ,i CIsHIsNaO CIsHI4N40~ �9 C18HIsN3 "I-I~O H~O]64,46 / 74,6374,47] 5,55 14,24 74,215,394,79 14,8116,65 74,7264,24 5,324,805,281] 

2,4-(OH)2C~H3 307(DIvIFA) CIsHIsN302 70,79 4,95 13,85 70,82 4,95 I 
p-(CH3) 2NC6H4 282(ethanol) C20H20N4 75,94 6,50 17,97 75,92 6,37 

N 

14,42 90 
I6,66 71,5 

14,52 98 
13,76 41 
17,71 63 

We we re  unable to conver t  ]b into an aldehyde by  oxidizing the methyl group in posi t ion 2 with se -  
lenium dioxide: a complex mix tu re  of convers ion  products  was fo rmed  f rom which it was impossible  to 
isola te  the aldehyde. The oxidation of Ib by potass ium permanganate  in a neutral  medium led to the opening 
of the imidazole  r ing  attached to the benz[midazole  sys t em with the format ion  of 1 ,1 ' -d ime thy l -2 ,2 ' - azo -  
benzimidazole  [4]. 

In spite of the fact  that the methyl  group in posit ion 2 of I]b is not conjugated with the pyridine n i t ro -  
gen atom of the imidazole r ing,  the mobi l i ty  of the hydrogen atoms in this group is v e ry  high: condensa-  
tion with a romat ic  aldehydes takes place ve ry  read i ly  with the format ion  of 2 - s ty ry l  der iva t ives  (Table 2). 
The IR spec t r a  of these compounds each has an absorpt ion band at 1575 cm -1, the p resence  of which shows 
the conjugation of the double bond with the a romat ic  r ing.  This is also shown by the shift  of k m a  x in the 
UV spec t ra  by 10-15 nm in the long-wave di rec t ion (Fig. 1) as compared  with I. All the s ty ry l  der iva t ives  
synthes ized f luoresce  in UV light. 
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Fig. 1. UV absorpt ion spec t ra  
of imidazo [ 1,2-a]benzimidazole 
der iva t ives  (methanol): 1) 9- 
methyl -2-phenyl imidazo[1 ,2-a] -  
benzimidazole ;  2) 2- (p-dimethyl-  
aminos tyry l ) -  9-methyl imidaz o- 
[1,2-a]benzimidazole;  3) 9- 
me thy l -2 - s ty ry l imidaz  o [1,2-a]- 
benzimidazole .  

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

3- Ac etony1-2- imino-  1-methylb enzimidaz oline Hydrobromide.  
A hot ethanolic solution of 1.47 g (1 mmole) of 2 - a m i n o - l - m e t h y l -  
benzimidazole  was mixed with 0.83 ml (1 mmole) of b romoace tone  
and the mixture  was left  overnight in a dark  place.  E ther  w a ~  
added, and the prec ip i ta te  was f i l te red  off and was washed with 
acetone and e ther .  Yield 2.42 g (85.5%). Snow-white needles with 
mp 287~ (decomp. f rom water) .  Found, 70: C 46.64; H 4.55; Br  28.28; 
N 15.03. CllHI3N30 �9 HBr.  Calculated, 7o: C 46.49; H 4.97; Br  28.12; 
N 14.79. 

3-Acetenyl-2-imino-l-methylbenzimidaz01ine. The base was 
isolated from an aqueous solution of the hydrobromide by means of 
a saturated solution of sodium carbonate with almost quantitative 
yield. Colorless needles, mp II0-111~ (from aqueous alcohol). 
Found, 7oz C 64.95; H 6.77; N 20.64. CiiHi3N30. Calculated, ~o: 
C 65.01; H 6.45; N 20.68. 

The compound is unstable and gradually cyclizes, forming ~o, 
on storage. 

2,9-Dimethylimidazo[l,2-a]benzimidazole (Ib). The hydro- 
chloride of ~o was obtained with a yield of 88% by boiling (2 h) a 
solution of the imine or its hydrobromide in concentrated hydro- 
chloric acid. Colorless needles with mp 200~ (decomp.). Found, 70: 
N 18.66. CIIHIIN 3 �9 HCI. Calculated, 70; 18.95. 

The salt was dissolved in ethanol and converted into the base 
by the addition of ammonia. Snow-white fibers, mp 94~ (from 
ethanol)*. Found, ~o: C 70.98; H 5.99; N 23.02. CIIHIIN 3. Cal- 
culated, 70; C 71.31; H 5.99; N 22.69. 

3-Formyl -2 ,9-d imethyl imidazo[1 ,2-a ]benz imidazole  (l:[b). With vigorous s t i r r ing ,  1 ml of phosphorus 
oxychlor ide  was slowly added to a solution of 0.93 g (6 mmoles)  of Ib in 10 ml of anhydrous DMFA. The 
mix tu re  was s t i r r e d  in the cold for  another  half hour  and in the boiling water  bath for 15-20 rain. After 
cooling, ice was added and the pH was brought to 7 by the addition of potassium acetate  solution. The 
prec ip i ta te  that deposited was f i l t e red  off and washed with water .  Yield 0.75 g (70%). Yellowish-white 
needles soluble on heating in ethanol,  dioxane,  and water ,  mp 186~ (from methanol).  Found, ~0: C 67.95; 
H 5.19; N 19.50. C12HllN30. Calculated, ~0: C 67.59; H 5.20; N 19.71. 2 ,4-Dini t rophenylhydrazone of 
I ~ .  Black c rys ta l s  with mp 288~ (from DMFA). Found, 70: C 55.04; H 4.02; N 24.67. C18I-I15N704. Cal- 
culated,  %: C 54.96; H 3.84; N 24.93. Oxime of rib. White s t rongly  e lec t r i fy ing needles with mp 265~ 
(from aqueous ethanol).  Found, %: C 62.93; H 5.35; N 24.76. C12tt12N40. Calculated, ~0: C 63.14; H 5.30; 
N 24.55. 

Methiodide of I ~  glib). This was obtained in 60% yield by boiling a so lu t ionof  1 mmole  of the al-  
dehyde and 3 mmoles  of methyl  iodide in absolute ethanol for  15-20 h. Slightly yel lowish needles  with mp 
246-247~ (from ethanol containing e ther) .  Found, %: C 44.20; H 4.09; N 12.21. Ci3H14INsO. Calculated, 70: 
C 43.96; H 3.97; N 11.83. Compound ~ is unstable.  On s torage  and on heating with 10~0 KOH solution it 
decomposes ,  forming the initial lib. 

3 -Formyl -9 -methy l -2 -pheny l imidazo[1 ,2 -a ]benz imidazo le  (Ha). a) This was obtained by the fo rmyla -  
t ion of Ia by  the method desc r ibed  for Ib, but the heating in the boiling water  bath was pe r fo rmed  for  2 h. 
Yield 88%. Snow-white si lky needles  with mp 147~ (from dioxane). Found, %: C 74.25; H 4.77; N 14.93. 
C17Hi3N30. Calculated, ~0: C 74.16; H 4.76; N 15.26. 

* After  some days,  the melt ing point fell  to 74~ According to analysis  and IR spec t roscopy,  on s torage 
hydrat ion took place and the substance was par t ia l ly  r econve r t ed  into the initial imine. 
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b) In a c u r r e n t  of n i t rogen,  a solution of 2 g of 3 - b r o m o - 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 -  
zole in 70 ml  of absolute toluene was added in por t ions  to an e therea l  solution of n-butyl l i th ium (0.36 g of 
l i thium and 15 ml  of absolute  ether) cooled to - 75~  and the mix ture  was s t i r r e d  at  this  t e m p e r a t u r e  for  
5 h. The r e su l t i ng  mix tu re  was t r e a t ed  with a mix tu re  of 6 ml  of DMFA in 70 ml  of absolute e the r ,  and 
s t i r r ing  was continued at -75~  for  1 h and at 20~ for  3 h. Then t h e m i x t u r e  was t r e a t ed  with 12 ml  of 
aqueous acet ic  acid (1:1) and the e the rea l  so lu t ionwas  s epa ra t ed  off. The r e s idue  f r o m  the evaporat ion of 
the e ther  was t r i t u r a t e d  with dioxane and the mix tu re  was  f i l t e red .  Yield 1.37 g (81%). mp  147~ The 
compound was identical  ch roma tog raph ica l ly  (A1203; ch loroform;  b r igh t  blue spot r evea l ed  with iodine) and 
in its mel t ing point with the product  obtained by method (a). A mix tu re  gave no depress ion  of the melt ing 
point.  2 ,4-Dini t rophenylhydrazone of Ha. D a r k  r ed  needles  with mp 304~ (f rom DMFA). Found, %: 
C 60.43; H 3.91; N 21.46. C2sHnN704. Calculated,  %: C 60.65; H 3.76; N 21.53. Oxime of Ha. Color less  
needles ,  mp 235~ (f rom aqueous ethanol).  Found, ~o: C 70.31; H 5.05; N 19.28. C17HltN~O. Calculated,  ~0: 
C 70.33; H 4.86; N 19.30. 

Methiodide of Ha (KIa). An ethanolic solution of Ha (1 mmole)  and methyl  iodide (4 mmoles )  was 
boi led fo r  35-40 h. After cooling, the p rec ip i ta te  was f i l t e red  off. Snow-white needles  with mp 232-233~ 
(decomp. f r o m  ethanol).  Yield 40%. Found, ~0: C 51.62; H 4.04; I 30.12; N 10.19. C18H16IN30. Calculated,  
~0: C 51.81; H 3.87; 1 30.41; N 10.07. When the subs tance  was heated with 10~0 KOH solution,  an oil was 
f o r m e d  which c rys t a l l i zed  on cooling, giving co lo r l e s s  needles  with mp 118-119~ (f rom aqueous ethanol), 
ident ical  ch roma tog raph ica l l y  with the ini t ial  Ia .  A mix tu re  with an authentic sample  gave no d e p r e s s i o n  
of the mel t ing  point. 

4-(2'•9'-Dimethy••midazo[••2-a]benz•midaz••-3'-y•methy•ene)-2-pheny••xaz•••n-5-one. A mix tu re  of 
0.21 g (1 mmole)  of Hb, 0.19 g (1.2 mmoles )  of hippuric  acid,  0.15 g (2 mmoles)  of fused sodium ace ta te ,  
and 1 ml  of ace t ic  anhydride was boi led for  1 min .  The resu l t ing  solution was heated in the boil ing wa te r  
ba th  for  3 h,  and then w a t e r  (17 ml) was added and it was  lef t  overnight .  The p rec ip i t a te  that  had deposi ted 
was  f i l t e red  off and washed  with wate r .  Yield 0.22 g (62~0). D a r k  orange  c rys t a l s  with mp 252.5~ (f rom 
DMFA). Found, %: C 70.33; H 4.88; N 15.78. C21H16aN402. Calculated,  ~0: C 70.77; H 4.52; N 15.72. 

4 - (9 , -Me thy l -2 ' - pheny l imidazo [1 ,2 -a ]benz imidazo l -3 ' - y lme thy lene ) -2 -pheny loxazo l in -5 -one .  This 
was  obtained in a s i m i l a r  m anne r  to the preceding  azlactone with a yield of 24%. Small  orange needles  
with mp 252~ ( f rom DMFA). Found, %: N 13.32. C26~I18N402. Calculated,  %: N 13.39. 

9 -Methy l -3 - ( f l -n i t rov iny l ) -2 -pheny l imidazo[1 ,2 -a ]benz imidazo le .  A mix tu re  of 0.28 g (1 mmole)  of 
Ha,  0.09 g (1 mmole)  of anhydrous of am m on ium ace ta te ,  and 3 ml  of n i t romethune was  boiled for  40 h and, 
a f t e r  ch roma tog ra phy  on a column (A1203; ch lo ro fo rm) ,  the ni t rovinyl  der iva t ive  was i so la ted  in the fo rm 
of b r igh t  o range  needles  soluble in benzene ,  ch lo ro fo rm,  and ethanol.  Yield 0.15 g (47%). mp  189-189.5~ 
(f rom ethanol).  Found, %: C 68.08; H 4.38; N 17.92. Cl~Ii4N402. Calculated,  %: C 67.91; H 4.43; N 17.60. 

Action of P o t a s s i u m  P e r m a n g a n a t e  on Ib. With heat ing in the boil ing wa te r  bath and s t i r r i n g ,  a 
s a tu ra t ed  aqueous solut ion of 2.1 g of p o t a s s i u m  pe rmangana te  was added to 0.7 g of ~ in 10 ml  of wa t e r ,  
and heating was  continued for 2 h. After cooling, the p rec ip i t a te  was f i l te red  off, and the reac t ion  p rod -  
uct was ex t rac ted  f r o m  it with ch lo ro fo rm.  After  the evapora t ion  of the ch lo roform,  0.46 g of a dark  
orange subs tance  was left .  Chromatography  on a column containing a lumina yielded b r igh t  orange needles  
of 1 , 1 ' - d i m e t h y l - 2 , 2 ' - a z o b e n z i m i d a z o l e  with mp  283-284~ There  was no dep re s s ion  of the mel t ing  point 
in a mix tu re  with an authentic s am p l e .  

Styryl  Der iva t ives  of lb. These  were  obtained by fusing equimolecu la r  amounts  of ]b and the c o r r e -  
sponding aldehydes at 65-100~ for  5-10 rain. The mel t s  w e r e  t r i t u r a t ed  with e ther ,  and the products  were  
f i l t e red  off and r e c r y s t a l l i z e d  (Table 2). 

In the fusion with benzaldehyde ,  the r eac t i on  took place  in the p r e s e n c e  of ca ta ly t ic  amounts  of bo r i c  
acid.  With 2 ,4-dihydroxybenzaldehyde,  the condensat ion took place when the s ta r t ing  m a t e r i a l s  we re  heated 
in ethanol.  

1. 

2. 
3. 
4. 
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