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HYDRO-1H-IMIDAZOL-2-YL)BENZIMIDAZOLES. A ROUTE TO
2,3 -DIHYDROBENZO[4,5]IMIDAZO|1,2-c|IMIDAZO[1,2-a][1,3,5] -
TRIAZINE RING SYSTEM
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Abstract - Starting from 3-{4.5-dihydro-1H-imidazol-2-y1)-2-0x0-2,3-dihydro-
benzimidazole- | -carbonitriles {la-¢) the 2-amino-1-(4,5-dihydro-1H-imidazol-
2-yl)benzimidazoles (2a-¢) and [-(4,5-dthydro-1/-imidazol-2-y1)-2-0x0-2,3-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[1,2-climidazo[ 1,2-«]triazines {d4a-d).

2-Aminobenzimidazoles occur in a broad spectrum of drugs and pharmacological agents' with
antihistaminic,” hypotensive,” anthelmintic,*’ antiviral® antitumor.” antibacterial®*® antiaggregatory, "
antiarrythmic,' anaigesic.'” or antiinflammatory properties.”® 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 aryliminoimidazolines (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 1-(4,5-dihydro- 1 H-imidazol-2-yl)benzimidazoles" and
the 3-(4.5-dihydro-1H-imidazol-2-y1)-2-oxo-2.3-dihydrobenzimidazole- |-carbonitriles  of type 1."
However, attempts to prepare 2Z-amino-1-(4,5-dihydro-1/-imidazol-2-yl)benzimidazoles (2} by the direct
heteroalkylation of 2-amino-benzimidazoles with an imidazoline derivative possessing a good leaving
group (Cl, CHsS or NHNQO,) 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-¢]imidazo[1,2-a] [1.3,5]triazine ring system (4) (Scheme 1),

Treatment of the carbonitriles {1a-e) with aqueous 5% NaOH at room temperature for 24 h affords the

corresponding 2-aminobenzimidazole derivatives (2a-e) and 2-oxo-2,3-dihydrobenzimidazoles (3a-e).
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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% HCL

Mechanistically, the formation of 2 can be rationalized by invoking the initial nucleophilic attack of an
hydroxide anion at the carbon atom of the C=0 group of 1 leading to the intermediate (A) followed by the
imidazoline ring scission and subsequent loss of CO; molecule which results in the formation of the A-
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-oxo-2,3-dihydrobenzimidazoles were stable under Schotten-Baumann reaction

" 14.17
conditions,

and the hydrolysis of their 1 3-diacetyl or 1,3-diarylsulfonyl derivatives under basic
conditions led to the exclusive formation of the parent 2-ox0-2,3-dihydrobenzimidazoles.'® Therefore, we
have estimated the reactivity of 1 using ab initio MO calculations.”” 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 1a 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 CH3O group in benzimidazole ring of 1d 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-oxabenzimidazoles (1) the rate-determining step is the attack of hydroxide i1on 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™ The
IR spectra of 3, in contradistinction to these of 2, exhibit C=0 vibrations at 1708-1728 c¢cm™. Physical and
spectroscopic properties of the 2-oxobenzimidazoles (3) prepared herein are identical with these described

by us elsewhere.”

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

2,3-dihydrobenzo[4,5|imidazo[ 1,2- climidazo[1,2-a][1,3,5]triazines (4a-d).

Product R R' [R* |Yield| mp("C) | Molecular | Analysis % Caled (Found)
{%) | {(solvent) Formuila C H N

22 |H - 15 | 204-207 |CiHy Ns | 59.68 551  34.80
(EtOH) (59.44 529 35.02)

2b CH, - - 47 224 - 226 | CyHy;3N; 61.37 6.08 3254
(DMF/H,0) (6114 633  3238)

2 (CH. |- |- 52 | 200-203 |Ci.HjsNs | 62.86 659  30.55
(McOH) (63.11 6.54 30.29)

2d OCH, |- - 7 195 - 198 | C;H3N:O 57.12 5.66 30.29
{H:O0) (57.33 5.34 30.55)

2e Cl - - 67 2200-223 | CipHoNsCL | 50.96 428 2972
(MeOH) (50.82 439  29.58)

3a H - - 23 196 - 198 [ CinHoN4O 5939 4,98 2771
(EtOH) (59.11 4.88 28.02)

3b CH; - - 25 188 - 190 [ CyyH,»N40 61.09 5.59 2591
(MeOH) 6122 578  2687)

3c C-H; |- - 19 179 - 182 | C5H (4 N,O 62.59 6.13 2433
(MeOH) (62.71 6.34 24.59)

3d OCH, |- - 44 I94 - 196 | C) ) H;2NJO; | 56.89 5.21 24.13
(McOH) (56.79 5.33 23.99)

3e (] - - 11 178 - 180 | CgHoN,OCI | 50.75 3.83 23.68
(DMF/H-0) (51.01 3.88 23.54)

4a H H |H 48 285 - 288 | C)-H; Ns 63.98 4.92 31.09
(MeCH) (64.13 5.15 31.01)

4b H H |Ph 63 238 -241 | Ci3HysNs 71.74 5.02 23.24
(DMF}) (71.54 5.12 23.19)

d¢ H Cl | CH, 51 240 CiaHjaN:Cl | 57.04 4.42 25.59
(MeOH) (5733 427 2569)

44 |H cl|H 71 260 | C.H.N:Cl | 5549 388  26.97
(DMF) (5528 414 27.15)
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We further found that the compound (2a) 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[4,5jimidazo[ 1,2-c)imidazo[1,2-a][ 1.3,5]triazine
(4a). Similarly, the reactions of 2a 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. TR spectra were recorded
on a Specord M80 spectrophotometer 'H and “C-NMR spectra were recorded on a Varian Gemini 200
spectrometer in DMSO-d; as solvent, locked on solvent deuterium and referenced to residual solvent

protons. MS spectra were measured with a LKB 90008 spectrometer at 70 eV,

2-Amino-1-{4,5-dihydro-1H-imidazol-2-yl)benzimidazole (2a) and 1-(4,5-dithydro-1H-imidazol-2-

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

A suspension of a nitrite (1af°® (0.5 £ 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 filtration, washed with HyO and purified by
recrystallization from E1OH (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% Na,COs. Product (3a) that deposited was collected by
suction, washed with H,O and purified by recrystallization from EtOH (0.1 g, 23%]).

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

5-Methyl-2,3-dihydreobenzo|4,5]imidazo[1,2-¢]imidazo[1,2-a][1,3,5]triazine (4a):

To a suspension of 2-aminobenzimidazole (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 (0.51 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%) of the compound (4a).
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5-Benzyl-2,3-dihydrobenzo|4,5]imidazo[1,2-climidazo[1,2-a|[1,3,5]triazine (4b):

To a suspension of 2-aminobenzimidazole (2a) (0.5 g, 2.48 mmol) mn 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 ri, the solvent was removed under reduced

pressure. The solid residue was purified by recrystallization from DMF to give 0.47g (63%) of the

compound (4b).

Analogously were prepared compounds (4¢) and (dd).

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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