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Abstract - Starting f i o r  3-(4.5-dihydro-lH-i1nidazol-2-yl)-2-oxo-2,3-dihydro- 

benzimidazole- I -carbonitriles ( la-e) the 2-amino- I-(4.5-dihydro-IH-imidmol- 

2-yl)benzimidazoles (2a-e) and l-(4,S-dihydro-1H-i1nidazol-2-yl)-2-oxo-2,3-di- 

hydrobenzimidazoles (3a-e) have been synthesized. Cyclocondensation of 2a 

with acetic anhydride or acyl chlorides gave novel functionalized 2.3-dihydro- 

benzo[4,5]imidazo[l.2-c]imidazo[l,2-a]triazines (4a-d). 

2-Aminobenzimidazoles occur in a broad spectrum of drugs and pharmacological agents1 with 

antihi~taminic,~ hypotensive,' anthel~nintic,'~ antiviral ,~nti tumor. '  antibacterial,'.' antiaggregatory,"' 

antiartythmic," ana lge~ ic . '~  or antiinflamnato~y properties1' There has been widespread interest in their 

chemistry, although many simple 2-aminobenzimidazoles are still not readily available.'" 

In connection with our studies on novel antihypertensive aryli~ninoimidazolines (clonidine, moxonidine) 

analogs with the exocyclic nitrogen atom incorporated into an azole ring system. we have previously 

described the facile methods for preparation of the I-(4.5-dihydro-IH-imidazol-2-yl)benzimidazoles" and 

the 3-(4,5-dihydro-lH-i1nidazol-2-yl)-2-oxo-2.3-dihydrobenzi1nidazole-l-carbonitriles of type I.'" 

However, attempts to prepare 2-a1nino-l-(4.5-dihydro-lH-i1nidazol-2-yl)benzimidazoles (2) by the direct 

heteroalkylation of 2-amino-benzimidazoles with an imidazoline derivative possessing a good leaving 

group (CI, CHiS or NHNOz) at the position C-2 have failed Thus, we wish to describe herein a possible 

entry to 2-aminobenzimidazole derivatives (2) and their application to the synthesis of novel functionalized 

2,3-dihydrobenzo[4.5]imidazo[1,2-c]i1~iidazo[l.2-u] [1,3,5]triazine ring system (4) (Scheme I). 

Treatment of the carbonitriles ( la-e)  with aqueous 5% NaOH at room temperature for 24 h affords the 

corresponding 2-aminobenzi~nidazole derivatives (2a-e) and 2-0x0-2.3-dihydrobenzimidazoles (3a-e). 
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Scheme I 

Products (2) and (3) thus obtained can be easily separated as the former compounds deposit from the 

reaction mixture and are simply filtered. Compounds (2) are obtained upon neutralization of the filtrate 

with 10% HCI. 

Mechanistically, the formation of 2 can he rationalized by invoking the initial nucleophilic attack o f  an 

hydroxide anion at the carbon atom of the C=O group of 1 leading t o  the intermediate (A) followed by the 

imidazoline ring scission and subsequent loss of COZ molecule which results in the formation of the N- 

acylcyanamide (B). This process is completed by an intramolecular nucleophilic attack of the exocyclic 

nitrogen atom to the cyano carbon in B to give the final product (2). 

Transformation of carbonitriles (1) into 2-aminobenzimidazoles (2) was rather unexpected in view of the 

previous findings that 2-0x0-2.3-dihydrobenzimidazoles were stable under Schotten-Baumann reaction 

~onditions,".~' and the hydrolysis of their 1.3-diacetyl or 1.3-dialylsulfonyl derivatives under basic 

conditions led to the exclusive formation of the parent 2-0x0-2.3-dihydrobenzimidazolesl~herefore, we 

have estimated the reactivity of I using a h  inilio MO  calculation^.^^ In general, the reaction with hard 

reagent would be the electrostatically -controlled reaction and positive charges at each electrophilic center 
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must be considered. For the two electrophilic sites in l a  the following charges were calculated: 0.52 e (the 

cyano carbon atom) and 1.04 e (the carbon atom of the carbonyl group). In this viewpoint, the nucleophile 

(OH) can easily approach the later site giving rise to the formation of the intermediate (A). 

Presence of the electron-donating CH?O group in benzimidazole ring of i d  caused a dramatic decrease in 

the yield of product (2d) (cf. Table 1). Assuming that, by analogy to aromatic amides, in the alkaline 

hydrolysis of 2-oxobenzimidazoles (1) the rate-determining step is the attack of hydroxide ion at the 

carbonyl atom, the OCH; group is predicted to increase the free energy of the transition state, and hence, 

decrease the rate of this reaction. 

The common IR feature of the products (2) and (3) is the lack of C=N vibrations at 2250-2270 cm~l The 

IR spectra of 3, in contradistinction to these of 2, exhibit C=O vibrations at 1708-1728 cm? Physical and 

spectroscopic properties of the 2-oxobenzimidazoles (3) prepared herein are identical with these described 

Table I. 2-Aminobenzimidazoles (2a-e), 2-oxobenzimidazoles (3a-e) and 

2.3-dihydrobenzo[4,5]imidazo[1,2- c]imidazo[l,2-a][l.3,5]triazines (4a-d). 
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We further found that the compound (241) subjected to the reaction with acetic anhydride in the presence of 

triethylamine in boiling THF, undergoes N-acetylation reaction followed by a cyclocondensation process 

giving rise to the formation of 5-methyl-2,3-dihydrobenzo[4,5]imidazo[l,2-c]imidazo[l,2-a][l,3,5]triazine 

( 4 a )  Similarly, the reactions of Za with a variety of acyl chlorides afford the corresponding derivatives 

(4b-d). 

Structures of the products (2, 3 and 4) are confirmed by elemental analyses. IR. 'H- and "c-NMR as well 

as MS spectral data presented in Table 2. 

EXPERIMENTAL 

Melting points were determined using a Boetius apparatus and are uncorrected. IR  spectra were recorded 

on a Specord M80 spectrophotometer 'H and l Z ~ - ~ ~ ~  spectra were recorded on a Varian Gemini 200 

spectrometer in DMSO-d6 as solvent. locked on solvent deuterium and referenced t o  residual solvent 

protons. MS spectra were measured with a LKB 9000s spectrometer at 70 eV 

2-Amino-l-(4,5-dihydro-IH-imidazol-2-yl)benzimidazole (2a) and I-(4,s-dihydro-1H-imidazol-2- 

y1)-2-0x0-2,3-dihydrobenzimidazule (3a): 

A suspension of a nitr i le(l@(0.5 g, 2 .2  mmol) in aqueous 5% NaOH (20 mL) was stirred at rt for 24 h. 

The crude product (2a) that precipitated was collected by tiltration, washed with Hz0  and purified by 

recrystallization from EtOH (0.2 g; 45%) The alkaline filtrate was treated with 10% HCI (pH = 6) .  then. 

the pH of the solution was adjusted to 9 with 10% Na2C03. Product (3a) that deposited was collected by 

suction, washed with H 2 0  and purified by recrystallization from EtOH (0. I g, 23%). 

Analogously were prepared compounds (2b-e) and (3b-e). 

S-Methyl-2,3-dihydrobenzo[4,S]imidazo[1,2-r]imidazo[l,2-a~[1,3,S~triazine (4a): 

To a suspension of 2-aminobenzi~nidazole (2a) (0.5 g. 2.43 mmol) in anhyd THF (15 mL) were succesively 

added triethylamine (0.68 mL. 4.9 mmol) and acetic anhydride (0.5 1 mL, 4.9 mmol). The reaction mixture 

was refluxed for 2 h, and after cooling. the solvent was removed under reduced pressure. The crude 

residue thus obtained was recrystallized from MeOH to give 0.27 g (48%) o f the  compound (4a). 
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5-Benzyl-2,3-dihydrobenzo[4,S]imidazo[l,2-c~imidazo[l,2-a~[1,3,S~triazine (4b): 

To a suspension of 2-aminobenzimidazole (213) (0.5 g, 2.48 mmol) in anhyd THF (15 mL) were added 

succesively triethylamine (0.69 mL, 4.96 mmol) and phenylacetyl chloride (0.65 mL, 4.96 mmol). The 

reaction mixture was refluxed for 2 h and after cooling to rt, the solvent was removed under reduced 

pressure. The solid residue was purified by recrystallization from DMF to give 0 4 7 g  (63%) of the 

compound (4b). 

Analogously were prepared compounds (4c) and (4d). 

Physico-chemical properties of the compounds (2, 3, and 4) are given in Table 1 and the corresponding 

spectral data of 2 and 4 in Table 2. 
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