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E s t e r s  of 1 -a lky l -  and 1 - a r a l ky l -2 - i m inobenz imidazo l i ne -3 - ace t i c  acids are  conver ted  to 
e s t e r s  of 2 ,9 -d ime thy l imidazo[1 ,2 , - a ]benz imidazo le -3 -ca rboxy l i c  acid on heating with acet ic  
anhydride. The b r i e f  action of acet ic  anhydride on the f ree  iminobenzimidazol in~aeet ic  acids 
gives 2 -oxo-2 ,3 -d ihydro imidazo[1 ,2 -a ]benz imidazo les ,  which are  conver ted  to 2 ,9-subs t i tu ted  
3 -ace ty l imidazo[1 ,2 -a ]benz imidazo les  on prolonged heating with acet ic  anhydride. 

In o rde r  to obtain new compounds of the imidazo[1 ,2-a]benzimidazole  s e r i e s ,  we studied the action of 
acet ic  anydride on 1 -a lky l -  and 1 - a r a l ky l -2 - im inobenz imidazo l i ne -3 - ace t i c  acids (Ia, b) and the i r  e s t e r s  
(Ha-c); the l a t t e r  are  readi ly  fo rmed  by mixing 1-a lky l -  and 1 - a r a l k y l - 2 - a m i n o - b e n z i m i d a z o l e s  with e s t e r s  
of ch loroace t ic  acid [2]. N-Acetyl  der iva t ives  (IIIa, b) a re  obtained in 80-85% yield by b r i e f  heating of IIa, 
b in acet ic  anhydride. Bands of an e s t e r  carbonyl  group at 1780 cm -l ,  a s t rong band of a single bond 
( ~C_O ) at 1240 cm - l ,  and the carbonyl  absorpt ion  of an aeetyl  group at 1730 cm -1 appear  dist inct ly in the 
IR spec t rum of IIIa. The en t ry  of an acetyl  group into the imino group is conf i rmed by the convers ion  of 
IIIa to 1 -me thy l -3 -ca rboxymethy lbenz imidazo lone  [3] by the action of alkali.  Acid hydro lys i s  of IIIa gives 
the hydrochlor ide  of Ia [2]. 

While the reac t ion  with acet ic  anhydride in the s e r i e s  of e s t e r s  of i m i d a z o l y l - 2 - m e r c a p t o a c e t i c  acids 
t e r m i n a t e s  in the fo rmat ion  of N-ace ty l  de r iva t ives  [4, 5], when IIIa, b are  heated for  a long t ime  in acet ic  
anhydride,  they undergo cycl izat ion to give e s t e r s  of imidazo[1 ,2 -a ]benz imidazo le -3 -ca rboxy l i c  acid (IVa, 
b). The new imidazole  r ing is f o rm ed  by spli t t ing out of wa te r  through the acetyl  and methylene groups.  
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After 4-5 h, the yield of cyel izat ion product  is 47-507o, but it i nc r ea se s  to 85-89% in the p r e sence  of sodium 
aceta te .  

The s t ruc tu re  of IVa-c  was  conf i rmed  by the IR spec t ra ,  in which s t rong bands are  obse rved  at 1710 
and 1100-1110 cm -1 (PC = 0  and 1600 om -1 (PC =N ) '  and also by the convers ion of IVc to IVa by t r a n s e s t e r i -  
flcation. 

*See [1] for  communica t ion  V. 
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The hydrolys is  of IVa, b by hYdrochloric acid is accompanied by decarboxylat ion and leads to 9-a lkyl-  
and 9-ara lkyl -2-methyl lmidazo[1 ,2-a]benzimidazoles  (Va, b) [6]; this is apparently due to the high instabil i-  
ty of the initially fo rmed  acid IV (R 1 =H). In fact,  the s imi lar ly  constructed 3-1i th io-9-methyl-2-phenyl-  
imidazo[1,2-a]benztmidazole [6] rapidly decomposed to 9-methyl-2-phenyl imidazo[1,2-a]benzimidazole  on 
t rea tment  with solid carbon dioxide. The corresponding organollthium compound of Va was not obtained 
because of the insufficient labili ty of the halogen in the 3 -b romo derivative of Va. 

Es t e r s  IIIa, b are  readi ly  saponifled with concentra ted hydrochlor ic  acid to the hydrochlor ides  of the 
corresponding acids (Ia, b). When In, b are heated in acetic anhydride for 3-5 min, they cyclize with spl i t -  
t ingoutof  water  to give 9-a lkyl-  and 9-ara lkyl -2-oxo-2 ,3-dihydrolmtdazo[1 ,2-a]benzimidazoles  (Via, b) in 
85-90% yield. The la t te r  are  also obtained by heating Ia, b in pyridine with acetic anhydride, but the yields 
are lower (55-60%). The IR spec t ra  of Via, b show strong absorption bands of the CO group at 1720-1725 
cm -1. The spec t rum of Via differs  markedly f rom the IR spect rum of Ia, in which there  are  bands of the 
s t re tching vibrat ions of hydroxyl and imino groups (3270 and 3360 cm -l ,  respectively)  in addition to the 
absorption band of the CO group at 1768 cm -1. Subsequent heating (for 3 h) of Ia or Via in acetic anhydride 
leads to an unexpected result .  In this case,  two compounds are  formed. The major  react ion product  (in 
50-52% yield) is 3-acetyl -2 ,9-dimethyl lmidazo[1,2-a]benzimidazole  (VIIa), the s t ruc ture  ofwhichwas proved 
by alternative synthesis  by direct  acetylatton of Va. This compound is res is tant  to the action of acids and 
alkalis and forms  a 2,4-dlni trophenylhydrazone;  the band of a carboxyl group is present  in its IR spect rum 
at 1630 em -i.  

The indicated react ion direct ion is apparently de termined by the ease of opening of the imidazolinone 
ring. The N-acetyl  derivative (In) formed in this case cycl izes  to 2 ,9-dimethyl imidazo[1,2-s tbenzimidazole-  
3-carboxyl ic  acid under the react ion conditions; the la t te r  is immediately decarboxylated,  sad the result ing 
2,9-dlmethylimidazo[1,2-a]benzimidazole undergoes C-acetylat ion to give VIIa. 
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I, VI a R=CHa; b R=CH2C6Hs; VII a R=CH 3 

The second compound (VIIIa), obtained in low yield (10-12%) by heating Ia or  Via in acetic anhydride, 
is bright yellow and only slightly soluble in the usual organic solvents; its IR spect rum is a lmost  completely 
identical to the spect rum of Via. These data make it possible to propose that VIIIa is the product  of con- 
densation of acetic anhydride with two molecules  of Via. 

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

1-Benzyl-2- imino-3-carbomethoxymethylbenzimidazol ine  Hydrochloride {Ib). This compound was ob- 
tained in 94% yield by the method used to p repare  IIa [2]. The color less  p r i sms  had mp 235 ~ (from alcohol contain- 
ing ether).  Found: C 61.9; H 5.6; C1 10.2%. C17HN302" HC1. Calculated: C 61.6; H 5.5; C1 10.7%. 

1-Benzyl -2- imino-3-carboxymethylbenzimidazol ine  Hydrochloride (IIb" HC1). A solution of 1 g of Ib 
in 20 ml of concentra ted HC1 was refluxed for  3 h, and the result ing precipi tate  was removed by f i l t rat ion 
and washed with acetone to give 0.82 g (86%) of co lor less  needles with mp 239-240 ~ (from alcohol). Found: 
C 60.2; H 5.5; C1 11.2%. C16HisN302" HC1. Calculated: C 60.5; H 5.1; C1 11.1%. 

1-Benzyl -2- imino-3-carboxymethylbenzimidazol ine  (IIb). This compound was isolated by t rea tment  
of IIb. HC1 with concentrated ammonium hydroxide solution in the cold. The ammonia was evaporated to 
give white fibrous needles (9370) with mp 271 ~ (from alcohol containing ether) that were  insoluble in water.  
Found: N 15.2%. Ci6H15N302. Calculated: N 14.9%. 
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TABLE 1. Produc t s  of the React ion of 1-Alkyl-  and 1 -Ara lky l -2 -  
imino-3 -ca rbomethoxymethy lbenz imidazo l ines  with Acet ic  Anhydride 

Ilia CHa 
IlIb I CH2C6H6 
IVa t CHa 
IVb CH~CGHs 

IVc ! CHa 

* Found: 
t Found: 

R, 

CH3 
CH3 
CHa 

CHa 

C~HIs 

C1 11.4%. 
Cl 9.8%. 

rap, ~ 
(crystal:- Empirical 
Hzation mrmu,a 
solvent) 

198 (alcohoD C13H1sNaOa. HCI* 5623, 9 
226(alcoho1)[C19HigN303-HCIT 61 
138(aqueous[ Cl3HlaNaO2 

alcohol) ' 
ll~(petro-leura ClgHlrNsO2 71,3 

ether) 
79--80 (pe- CIgH~NaO~ 169'5 

troleum 
ether) 

Calculated: C1 11.9% 
Calculated: C1 9.5%. 

Found, % 

5,5] -- 
5,7 
5,3 1~,2 

5,8 13,0 

7,9 12,8 

I 

Calc., % 

C H i N 

I 
52,4 54 -- 
61 5:4 -- 
64,1 5,4117,3 

71,4 5,4 13,1 

69,7 7,7 12,9 

81,9 
85,7 
89,2 

85,4 
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2 - A c e t a m i d o - l - m e t h y l - 3 - c a r b o m e t h o x y m e t h y l b e n z i m i d a z o l i n e  Hydrochlor ide  (IIIa). A suspension of 
1.02 g (4 mmole) of Ia in 12 ml of acet ic  anhydride was  ref luxed until the solid had dissolved comple te ly  
(1 h). The solution was cooled, 35-40 ml of e the r  was added, and the resul t ing prec ip i ta te  was r emoved  by 
fi l trat ion.  

Hydro lys i s  of IIIa. A. A 0.3-g (1 mmole)  sample  of IIIa was heated with 5 ml of 20% aqueous KOH 
solution for  4 h. The solution was acidif ied with concent ra ted  HC1 to give 0.2 g (91%) of 1 - m e t h y l - 3 - c a r -  
boxymethylbenzimidazolone  with mp 208-209 ~ (mp 218-219 ~ [3]). No melt ing-point  depress ion  was obse rved  
for  a mixture  of this product  with 1 -me thy l -3 -ca rboxymethy lbenz lmidazo lone  obtained v ia  the method in [3]. 

B. Heating of IIIa with concent ra ted  HC1 for  2 h gave a compound with mp 275 ~ in 85% yield. This  
compound was identical  to a known sample  of the hydrochlor ide  of Ia [2]. 

2 ,9 -Dlmethy l -3 -ca rbomethoxy imidazo[1 ,2 -a ]benz imidazo le  (IVa) .  A. A suspension of 1 g (4 mmole) 
of IIa  in 10 ml of acet ic  anhydride containing 0.8 g of f resh ly  calcined sodium acetate  was ref luxed for  5 h. 
It was  then cooled and poured  over  ice. Af te r  the acet ic  anhydride had decomposed  complete ly ,  the solution 
was neu t ra l i zed  with sodium bicarbonate .  The resul t ing prec ip i ta te  was r emoved  by f i l t ra t ion and washed 
repea ted ly  with water .  The compound was quite soluble in alcohol, ch loroform,  and benzene. 

Compounds IVb and IVc were  s i m i l a r l y  obtained (see Table 1). 

B. P r e p a r a t i o n  by t r anse s t e r i f i c a t fon  of IVc. A solu~ion of 0.33 g of IVc in 10 ml of methanol was 
ref luxed for  6 h i n  the p r e s ence  of cata lyt ic  amounts  of sodium methoxide. The methanol was r emoved  by 
disti l lation, and the res idue  was t r e a t ed  with water .  The solid was r emoved  by f i l t ra t ion and c rys t a l l i zed  
f rom aqueous alcohol to give 0.19 g (79%) of product.  The product  was identical to the compound obtained 
v ia  method A with r e spec t  to ch romatography  (A1203, ch loroform,  development  with iodine) and melt ing 
point. 

9 -Benzy l -2 -methy l imidazo[1 ,2 -a ]benz imidazo le  (Vb). A solution of 0.96 g (3 mmole) of IVb in 15 ml 
of dilute hydrochlor ic  acid (1:1) was ref luxed for  6 h, a f te r  which it was cooled and neut ra l ized  with 22% 
ammonium hydroxide. The oily prec ip i ta te  was ex t r ac t ed  with 30-35 ml of ch loroform,  and the solvent was 
evapora ted  to give 0.78 g (95%) of Vb as an oil, which began to c rys ta l l i ze  in a vacuum des icca to r  ove r  
P205 to give co lo r l e s s  p r i s m s  with mp 111 ~ ( f rom aqueous alcohol) that  were  soluble in ch lo roform,  benzene,  
e ther ,  and alcohol. Found: C 77.8; H 5.8; N 15.7%. C17H15N 3. Calculated: C 78.1; H 5.8; N 16.1%, The 
p ic ra te  had mp 192 ~ (alcohol). Found: C 56.2; H 3.8%. C23HIaN60. Calculated: C 56.3; H 3.7%. 

9 -Me thy l -2 -oxo -2 ,3 -d ihyd ro imidazo [1 ,2 -a ]benz imidazo le  (Via). A solution of 2 g of Ia in 4 ml of 
acet ic  anhydride was  ref luxed for  3-5 min, a f t e r  which it was cooled, and the prec ip i ta te  was removed  by 
f i l t ra t ion and washed  with e the r  to give 1.6 g (85%) of product.  The product  was c rys ta l l i zed  f r o m d i m e t h y l -  
f o rmamide  to give shiny co lo r l e s s  p r i s m s  with mp 265-266 ~ Found: C 64.3; H 5.0 N 22.8%. C10H~NaO. 
Calculated C 64.1; H 4.8; N 22.4%. Compound VIb was s i m i l a r l y  obtained in 90% yield as co lo r less  p r i s m s  
with mp 198 ~ (alcohol). Found: C 72.7; H 4.8; N 16.0%. CIGH13N30. Calculated: C 73.0 H 5.0; N 15.9%. 

3 -Ace ty l -2 ,9 -d imethy l imIdazo[1 ,2 -a ]benz imidazo le  (VIIa). A. A solution of 0.37 g (2 mmole) of Va in 
5 ml of acet ic  anhydride was heated for  3 h, a f te r  which it was cooled and poured over  ice. The aqueous 
mix ture  was neu t ra l i zed  with sodium bicarbonate ,  and the prec ip i ta te  was r emoved  by f i l t ra t ion and washed  
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repea ted ly  with wa t e r  to give 0.39 g (87%) of co lo r less  needles  with mp 178 ~ (from aqueous alcohol) that 
were  soluble in alcohol, ch loroform,  and benzene.  Found: C 68.7; it 5.7; N 18.6%. C12H13N30. Calculated: 
C 68.7; H 5.8; N 18.5%. The 2,4-dinl t rophenylhydrazone of VIIa was obtained as da rk-brown needles  with 
mp 260-261 ~ ( f rom DMF). Found: N 23.7%. CI9H17N?O 4. Calculated: N 24.0%. 

B. A solution of 1 g of Ia in 10 ml of acet ic  anhydride was ref luxed for  3 h. After  10-12 h, 0.12 g 
(12%) of VIIIa prec ip i ta ted  f rom the solution. The precipi ta te  was r emoved  by f i l t ra t ion and washed with 
wa te r  to give yellow p r i s m s  with mp 315 ~ ( f rom DMF). The compound was insoluble in the usual organic 
solvents.  Found: C 66.0; H 4.7; N 21.1%. C22H18N602 . Calculated: C 66.3; H 4.5; N 21.1%. IR spec t rum:  
VCO 1710 cm -l. The f i l t ra te  was poured over  ice and, a f te r  the acet ic  anhydride had decomposed,  neu t ra l -  
ized with 22% ammonium hydroxide solution. The precipi ta te  was r emoved  by f i l t ra t ion and washed with 
water .  Chromatography  of a ch loroform solution of the precipi ta te  with a column fil led with aluminum oxide 
gave 0.57 g (50%) co lo r l e s s  c ry s t a l s  with mp 178 ~ The compound was identical to the product  obtained by 
method A with r e spec t  to melt ing point and chromas 

3-Acety l -2 ,9-d imethyl imidazo[1 ,2-a]benz imidazole  Hydrochloride (VIIa. HC1). A 0,23-g (1 mmole) 
sample  of VIIa was t r ea t ed  in the cold with concentra ted  HC1. The solid was removed  by f i l t ra t ion and 
washed  with alcohol to give 0.26 g (quantitative) of co lo r l e s s  needles  with mp 276 ~ ( f rom alcohol) that were  
soluble in water .  Found: C 59.5; H 5.6; C1 12.9%. C13HI3N30" tIC1. Calculated C 59.2; H 5.3; C1 13.4%. 

The IR spe c t r a  of minera l  off suspensions were  r eco rded  with a UR-20 spec t ropho tomete r  (the spec-  
t r a  of IVa, b were  obtained f rom ch loroform solutions). 
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