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The hydrolysis  of the 1,2-amide bond by the action of acids and alkalis,  monobromination,  
and condensation with aldehydes at the methylene group were investigated for  9 -methyl -  
(benzyl)-2-oxo-2,3-dihydroimidazo[1,2-a]benzimidazoles  (I). After  reduction of the 3- 
(o-nitro)benzylidene derivat ive obtained by this condensation, the amino group reac t s  with 
the 2-oxo group to give a f ive- r ing  sys tem.  The synthesis  of 1-methyl -2-oxo-2 ,3-d ihydro~ 
imidazo[1,2-a]benzimidazole is descr ibed.  

In a study of the chemical  p roper t i es  of the previously descr ibed [2] 9 -R-2-oxo-2 ,3-d ihydro imidazo-  
[1,2-a]benzimidazoles (In, b), we have establ ished that Ia is readi ly  hydrolyzed at the amide 1,2 bond by 
the action of acid and alkali solutions to give 2 - imino- l -methy l -3 -ca rboxymethy lbenz imidazo l ine  hydro-  
chloride (II) [3] and 1-methyl -3-carboxymethylbenzimidazolone  [4], respect ively .  

As inthe case of imidazo[1,2-a]benzimidazole [5], the oxidation of Ia with potass ium permanganate  
in neutra l  media  leads to opening of the outer  imidazole ring to give 1 ,1 ' -d imethyl -2 ,2 ' -azobenzimidazole  
(Iv). 
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As compared  with the already well-known sys tems of this type [6-9], the activity of the methylene 
group in Ia, b is lower.  Thus they fo rm condensation products  (Va, b, c and Via, b) (see Table 1) only with 
the most  react ive aldehydes (o- and p-ni t robenzaldehydes,  5-ni t rofurfural) ,  while Ia, b do not r e a c t w i t h  
benzaldehyde and ni t roso compounds. 

Azo coupling with benzenediazonium fluoborates  leads to a complex mixture  of t ransformat ion  prod-  
ucts f rom which we were  unable to isolate dyes. 

A monobromo derivat ive (VII) is formed in the brominat ion of Ia in glacial acet ic  acid. According 
to the PMR data, brominat ion proceeds  in the benzene ring ra ther  than at the methylene group, since the 
singlet f rom two methylene protons at 4.75 ppm, which is in the spec t rum of the s tar t ing compound, is 

�9 retained in the spec t rum of VII. 

*See [1] for  communicat ion VIII. 
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TABLE 1. 3-Arylidene(heteryl idene)-9-methyl(benzyl)-2-oxo-2,3-  
dihydroimidazo[ 1,2-a]benzimidazoles 
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VbICH3 

Vc CH3 
Via CH2C6Hs 

Vlb CH2C6H5 

mp, 
(crystalliza- 
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C17HI2N403 
C,sHloN404 

CITHI2N4Oa 
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Found, % Calc., % h~- ~. 

p-NO~C6H4 317 DMF 
5-NO 2- Fur- 314 Alcohol 

furytidenr DMF 
o-NOzC~H 4 262 DMF 
p-NO2C6H 4 300--301 
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C~,H~4N404 

17,3] 63,73,817,51 58,263'93,53'818,1J 58,13,218,11 
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Opening of the imidazoline ring to give (N-ni t roso)-2- imino-  1-methyl -3-carboxymethylbenzimidazo-  
line (VIII) occurs  during the action of excess  sodium nitrite on Ia in dilute acetic acid. The s t ructure  of 
VIII was proved by alternative synthesis by ni t rosat ion of II. 

Reduction of the 3-(p-nitro)benzylidene derivative (Va) with stannous chloride in glacial acetic acid 
leads to the corresponding amine (IX). For  the o-ni t ro  i somer  (Vc), the react ion is accompanied b y c y c l i z a -  
tion through the amino and carbonyl groups.  The format ion of a f ive- r ing  sys tem (X) is confirmed by the 
IR spectrum,  in which bands corresponding to absorption of carbonyl and amino groups are not observed.  

AL, s.c,o .2o 
o,N  c. coo. ac  l 

CH~ CB 3 
vc ~( 

It seemed of in teres t  to compare  the proper t ies  of Ia with those of the 1-methyl i somer  (XI). To ob- 
tain XI, 2-methylaminobenzimidazole  (XII) [1] was refluxed with excess  me thy lch lo roace ta t e fo r  1 h, af ter  
which the react ion mixture was treated with 22% ammonium hydroxide. In this case,  two compounds were 
obtained: one of them proved to be the desired XI (in 23% yield), while the other was 1-carbamylmethy l -  
2-methylaminobenzimidazole  fX-iII) (in 64% yield). The s t ructure  of the latter was conf i rmed by alternative 
synthesis - by fusing 2-methylaminobenzimidazole with chtoroacetamide - and by the IR spectrum, which 
contains absorption bands of a CO group at 1685 cm -1 and an NH 2 group at 3310 and 3405 cm -1. 

" NHCH~ 0 NHCH 3 
t I 
CH~ CH2CONH 2 

XII  Xl XI I I  

Heating of XIII in acetic anhydride gives XI, the s t ructure  of which is in agreement  with the IR (vCO 
1760 cm -1) and PMR (two distinct singlets at 6 3.22 and 4.73 ppm, related, respectively,  to the methyl and 
methylene protons) spect ra .  Compound XI condenses with active aldehydes of aromat ic  charac te r ,  but, 
like Ia, does not react  with benzaldehyde. 

In conclusion, we note that at tempts to synthesize 1-benzyl -2-oxo-2 ,3-dihydroimidazo[1 ,2-a]benz-  
imidazole (Ib) f rom 1-benzyl-2-chloroacetamidobenzimidazole  (XIV) by splitting out of hydrogen halide 
[10-12] did not lead to the desired result .  When XIV is heated in benzene solution with piperidine, only 
substitution of the chlorine atom by a piperidine residue occurs .  Pyridinium salt XV is formed with py r -  
idine. The action of t r iethylamine in refluxing benzene and of liquid ammonia (for 30 h) leads to splitting 
out of a chloroacetyl  group and isolation of 1-benzyl-2-aminobenzimidazole .  Attempts to accompl i sh the r -  
mal cyclizat ion of XIV were also unsuccessful :  when the compound is heated briefly (at 200 ~ for 30-40 min), 
it remains  unchanged, but it resinif ies  on longer heating. 

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

The IR spect ra  of mineral  oil suspensions of the compounds were measured  with a UR-20 spec t re -  
photometer .  The PMR spect ra  were recorded  with a PE-2305 spec t romete r  with an operating frequency 
of 60 MHz with hexamethyldisiloxane as the internal standard.  The chemical  shifts are given on the 6 
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scale and are converted with respect  to te tramethylsi lane.  The spect ra  of 10G solutions in t r i f luoroacet ic  
acid solutions at 25 ~ were recorded.  

HYdrolysis of 9-Methyl-2-oxo-2,3-dihydroimidazo[1,2-a]benzimidazole  (Ia). A._= A compound with 
mp 275 ~ was formed in 92%yield when Ia was heated with concentrated HC1 for  5-10 min. No melt ing-point  
depress ion was observed for  a mixture of this product with II. 

B_..=. A 0.19-g (1 mmole) sample of Ia was refluxed in 4 ml of 10% NaOH solution for  2 h. Acidification 
of the mixture gave 0.14 g (70~) of a substance with rap 208-209 ~ which was identical to a genuine sample 
of III. 

Action of Potass ium Permanganate on In. A 3.6-g sample of potass ium permanganate was added to 
0.6 g of Ia in 5 ml of water,  and the mixture was heated on a water  bath for 3 h. It was then cooled, and 
the precipitate was removed by filtration; the product was extracted with hot acetone. Evaporation of the 
acetone left 0.32 g of a dark-orange mater ia l ,  which was purified by column chromatography (A1203 and 

chloroform)  to give br ight -orange needles with mp 283-284 ~ No melting-point  depress ion was observed 
for a mixture of this product with a genuine sample of IV. 

Ylidene Derivatives of 9-R-2-Oxo-2,3-dihydroimidazo[1,2-a]benzimidazoles  (Va, b, c and Via, b). 
These compounds were obtained by heating equimolecular  amounts of Ia (Ib) and the appropriate aldehydes 
in glacial  acetic acid or  acetic anhydride for  15-20 min. The result ing precipi tates  were removed by f i l t ra-  
tion and washed with ether .  In the react ion of Ia with p-nitrobenzaldehyde in glacial acetic acid, we ob- 
served the formation of a pale-yellow compound with mp 272 ~ ffrom a lcohol -DMF) ,  which was identified as 
the hydrate of Va. Found: C 60.7; H 4.2%. C17H12N403. H20. Calculated: C 60.4; g 4.2%. On heating in 
acetic anhydride, it lost water and was converted to Va. 

Bromination of In. A solution of 2 mmole of bromine in glacial acetic acid was added with s t i r r ing  
and heating (50-60 ~ in the course  of 30 min to a solution of 0.38 g (2 mmole) of Ia in glacial acetic acid. 
The precipitated b romo derivative (VII) that formed on cooling the mixture was removed by fi l tration and 
washed with e ther  to give 0.4 g (76%) of slightly yellowish needles with mp 263 ~ (from a l coho l - e the r ) .  
Found: C 44.8; H 3.4; Br 30.4; N 15.9%. C10HsBrN30. Calculated: C 45.1; H 3.0; Br 30.0; N 15.8%. 

(N-Ni t roso) -2- imino- l -methyl -3-carboxymethylbenz imidazol ine  (VIII). A. A 0.42-g (6 mmole) sample 
of sodium nitrite was added gradually at room tempera ture  to a suspension of 0.38 g (2 mmole) of Ia in 2 
ml of water  acidified with acetic acid. The precipitate that formed after  2 days was removed by fi l tration 
to give 0.07 g (15%) of dark-yel low p r i sms  with mp 152 ~ (from ethanol). Found: N 23.8%. C10H10N403. Cal- 
culated. N 23.9%. 

B_...~. A compound identical to that obtained by method A was formed in 76% yield by the action of ex- 
cess  sodium nitrite on II under the conditions of experiment  A after  20 min. 

3-(p-Aminobenzyl idene)-9-methyl-2-oxo-2,3-dihydroimidazo[1,2-a]benzimidazole  (IX). A suspension 
of 1 g of Va in 10 ml of a solution of 3 g SnC12 �9 2H20 in glacial acetic acid saturated with hydrogen chloride 
was heated on a boi l ing-water  bath for 5 h. The result ing tin complex was removed by fi l tration and decom- 
posed by refluxing for  3-5 min with 10% sodium hydroxide solutiom The solid mater ia l  was removed by 
fi l tration and washed with water  to give 0.72 g (80%) of pale-orange needles with mp 287 ~ (DMF). Found: 
C 70.1; H 5.1; N 19.0%. C17H14N40. Calculated: C 70.3; H 4.9: N 19.3qo. IR spec t rum (in mineral  oil): vCO 
1720, VNH 3235, 3340 cm -1. 

7-Methylquinolino[4,5-b]imidazo[1,2-a]benzimidazole (X). This compound was obtained in 85% yield 
f rom Va under conditions s imi la r  to those described above. The pale-yellow c rys ta l s  had mp 321-322 ~ 
(DMF). Found: C 74.9; H 4.4; N 2 0 . ~ .  Cl?HI2N 4. Calculated: C 75.0; H 4.4; N 20.6%. 

Reaction of 2-Methylaminobenzimidazole with Methyl Chloroacetate.  A solution of 1.02 g (7 mmole) 
of XII in 3 ml of methyl chloroacetate was refluxed for  1 h, after  which the excess  e s t e r  was removed by 
distillation at reduced p re s su re .  The residue was t reated with 5 ml of concentrated ammonium hydroxide 
and extracted with chloroform.  The result ing color less  solid amide (XIII) was removed by fi l tration and 
washed with ch loroform to give 0.85 g (64%) of product.  The chloroform layer  was separated and evaporated 
to  give 0.32 g (23%) of XI. 

1-C arbamylmethyl-2-methylaminobenzimidazole  (XIII). Equimoleeular  amounts of 2-methylamino-  
benzimidazole and chloroacetamide were fused at 120-125 ~ for  30 min. The mixture was cooled, and the 
melt was t r i tura ted with ether .  The solid was removed by fi l trat ion and t reated with 22q0 ammonium hydrox- 
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ide to give an a lmos t  quanti tat ive yield of shiny co lo r l e s s  p la tes  with mp 215-216 ~ (from water) .  Found: 
C 58.6; H 5.8; N 27,6~0. C10HI2N40. Calculated:  C 58.8; H 5.9; N 27.4~. 

1 -Methy l -2 -oxo-2 ,3 -d ihydro imidazo[1 ,2 -a ]benz imidazo le  (XI). .A 0.2 g sample  of XIII was heated 
with 0.8 ml of acet ic  anhydride fo r  15-20 min.  The prec ip i ta te  that fo rmed  when the mix ture  was cooled 
was r emoved  by f i l t ra t ion  and washed with e the r  to give 0.15 g (78%) of co lo r l e s s  f ibrous  needles  with mp 
214 ~ (alcohol) that were  soluble in hot water ,  ch loroform,  and benzene.  Found: C 64.3; H 5.0; N 22.7%. 
C19NgN30. Calculated: C 64.1; H 4.8; N 22.5~o. 

3-(p-Nitrobenzylidene)-l-methyl-2-oxo-2,3-dihydroimidazo[1,2-a]benzimidazole. A 0.19-g (1 mmole) 
sample  of XI was heated in 2 ml of acet ic  anhydride with 1 mmole  of p-ni t robenzaldehyde for  1 h. The p r e -  
cipi tate that fo rmed  on cooling was removed  by f i l t ra t ion to give (in 70~ yield) b r igh t -ye l low shiny needles  
with mp 284 ~ Found: N 17.8%. Ci7H12N40 ~. Calculated:  N 17.5%. 

3 - ( 5 - N i t r o f u r f u r y l i d e n e ) - l - m e t h y l - 2 - o x o - 2 , 3 - d i h y d r o i m i d a z o [ t , 2 - a ] b e n z i m i d a z o l  e.  This compound 
was s imi l a r ly  obtained in 82~ yield as yel low p r i s m s  with mp 278 ~ Found: C 58.1; H 3.4%. ClsH10N404. 
Calculated:  C 58.1; H 3.2~. 

1 -Benzy l -2 -ch lo roace tamidobenz imidazo le  (XIV). ,4 solution of 1.36 g (0.012 mole) of ch loroace ty l  
chloride in 5 ml of benzene was added with s t i r r i ng  to a refluxing solution of 2.23 g (0.01 mole) of 1-benzyl -  
2 -aminobenz imidazo le  in 100 ml of absolute benzene and 1-2 ml of pyridine,  and the mixture  was refluxed 
for  3 h. The prec ip i ta te  that fo rmed  a f t e r  12 h was removed  by f i l t ra t ion  and washed thoroughly with wa te r  
to give 2.25 g (75%) of co lo r l e s s  f ibrous  needles  with mp 210 ~ (benzene). Found: C 64.0; H 4.9; C112.0%. 
C16H~4C1N30. Calculated:  C 64.1; H 4.7; C111.8~c. IR spec t rum (in mine ra l  oil): VCO 1632, VNH 3318 cm -~. 

1 -Benzy l -2N-p iper id inoace tamidobenz imidazo le .  ,4 solution of 0.3 g (1 mmole)  of XIV and 0.2 g 
(2 mmole)  of p iper idine  in 5 ml of absolute benzene was refluxed for  6 h, a f te r  which the solvent  was r e -  
moved by dist i l lat ion,  and the res idue was t r ea ted  with boiling water .  The aqueous mixture  was f i l te red  to 
give 0.35 g (quantitative yield) of co lo r l e s s  needles  with mp 151 ~ ( f rom aqueous alcohol).  Found: C 72.1; 
H 6.9; N 16.3~. C21H24N40. Calculated:  C 72.4; H 6.9; N 16.1~. 

N- (1 -Benzy l -2 -benz imidazo ly laminoace ty l )pyr id in ium Chloride (XV). ,4 solution of 0.3 g (1 mmole)  
of XIV in 5 ml of absolute pyridine was ref luxed for  4 h. The prec ip i ta te  that fo rmed  on cooling the mix -  
ture  was removed  by f i l t ra t ion and washed with e the r  to give 0.32 g (84%) of co lo r l e s s  needles  with mp 
152 o (pyridine) that were  soluble in wa te r  and alcohol.  Found: N 14.8%o C2~H19C1N40. Calculated:  N 
14.8q0. IR s p e c t r u m  (in mine ra l  oil): VCO 1635, ~NH 3370 cm -1. 
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