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Abstract—A synthetic route has been proposed to 3-phenyl-1H-[1,4]oxazino[4,3-a]benzimidazol-1-one, which 
is the first representative of a new heterocyclic system. The transformation of the title compound to 4-phenyl-
2,5-dihydro-1H-[1,2,5]triazepino[5,4-a]benzimidazol-1-one via reaction with hydrazine hydrate has been 
studied.
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INTRODUCTION

Interest in hetero-fused 1,2,5-triazepines is related 
to the broad spectrum of their biological activity [1]. 
However, design of drugs based thereon is restrained 
due to low accessibility of these compounds. They do 
not occur in nature, and organic synthesis is the main 
source of such structures. Unfortunately, no systematic 
studies on the assembly or fusion of 1,2,5-triazepine 
ring have been reported.

We previously proposed a synthetic approach to the 
first representative of a new heterocyclic system, 
1,4-di phenyl-5H-[1,2,5]triazepino[5,4-a]benzimid-
azole [2], which is based on the reaction of 2-(2-ben-
zoyl-1H-benzimidazol-1-yl)-1-phenylethanone with 
hy drazine hydrate, followed by thermal heterocycliza-
tion of the primary product. In continuation of our 
studies on the synthesis of benzimidazolo[1,2,5]tri-
azepines, we presumed that, by analogy to 1,2-diaze-
pine ring fusion, 1,2,5-triazepine ring can be fused to 
another heteroring via reaction of hydrazine with not 
only 1,5-dicarbonyl compounds containing the corre-
spond ing heterocycle [3] but also hetero-fused pyran-
2-ones [1] and made an attempt to realize the latter 
approach.

Thus, the goal of the present work was to develop 
a preparative procedure for the synthesis of [1,4]oxa-

zino[4,3-a]benzimidazole derivative and accomplish 
its transformation into the corresponding [1,2,5]triaze-
pino[5,4-a]benzimidazole.

RESULTS AND DISCUSSION

The synthetic route to 3-phenyl-1H-[1,4]oxazino-
[4,3-a]benzimidazol-1-one (6) is outlined in Scheme 1. 
Methyl ester 2 was synthesized according to a proce-
dure analogous to that described in [4]. Potassium 
1-(2-oxo-2-phenylethyl)-1H-benzimidazole-2-carbox-
ylate (4) was formed in the reaction of ester 2 with 
phenacyl bromide in the presence of potassium car-
bonate. This reaction can be carried out in acetone or 
acetonitrile, but the best result was obtained in moist 
acetonitrile. In this case, the product was a mixture of 
methyl 1-(2-oxo-2-phenylethyl)-1H-benzimidazole-2-
carboxylate (3) and potassium 1-(2-oxo-2-phenyl-
ethyl)-1H-benzimidazole-2-carboxylate (4), but the 
latter was readily separated due to its poor solubility. 
Potassium salt 4 was then converted to sodium salt 5 
by treatment with a saturated aqueous solution of 
sodium chloride.

Sodium 1-(2-oxo-2-phenylethyl)-1H-benzimid-
azole-2-carboxylate (5) was subjected to cyclization in 
thionyl chloride. The target product, 3-phenyl-1H-
[1,4] oxazino[4,3-a]benzimidazol-1-one (6), was isolat-
ed by removal of excess thionyl chloride, followed by 
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treatment of the residue with anhydrous methanol 
where compound 6 is almost insoluble. The yield of 6 
was 50%; it was isolated as a pale yellow fine powder. 
The methanolic mother liquor contained a small 
amount of ester 3 and methyl 1-(1-chloro-2-oxo-2-
phenylethyl)-1H-benzimidazole-2-carboxylate (9). 
Ester 3 is likely to be formed as a result of transester-
ification of 6 catalyzed by HCl generated from residual 
thionyl chloride and methanol. We failed to explain the 
formation of compound 9. Presumably, it resulted from 
radical chlorination of 3 on exposure to light.

Oxazinobenzimidazole 6 was also obtained by 
heating keto ester 3 in acetic anhydride for 8 h. It was 
isolated in 10% yield as yellowish needles, and its 
NMR spectra were completely identical to those of 
a sample isolated in the reaction of 5 with thionyl 
chloride. Prolonged heating of 3 in boiling acetic anhy-
dride led to formation of tars. Compound 6 is the first 
representative of a new heterocyclic system, [1,4]oxa-
zino[4,3-a]benzimidazoles. Acidification of an aqueous 
solution of sodium salt 5 gave acid 7 which underwent 
complete decarboxylation to 2-(1H-benzimidazol-1-
yl)-1-phenylethanone (8) when dried at room tempera-
ture for 24 h (Scheme 1).

By analogy with the data of [5, 6, 7], we presumed 
that treatment of 6 with hydrazine hydrate will produce 

4-phenyl-2,5-dihydro-1H-[1,2,5]triazepino[5,4-a]benz-
imidazol-1-one (11). However, instead of expected 11 
we isolated 1-(2-oxo-2-phenylethyl)-1H-benzimid-
azole-2-carbohydrazide (10). Furthermore, no hydra-
zone at the phenacyl group was formed under these 
conditions. The same result was obtained in the reac-
tion of 3 with hydrazine hydrate (Scheme 2). Hydrazide 
10 in acetic acid was converted to triazepinone deriva-
tive 11. This cyclization conforms to the mechanism 
proposed previously [8].

It is known that triazepine ring tends to undergo 
con traction by the action of mineral acids [9]. No such 
ring contraction was observed in the case of triazepi-
none 11. By heating compound 11 in boiling aqueous 
HCl for 5 min we obtained benzimidazole 8 as a result 
of hydrolysis followed by decarboxylation.

Keto ester 3 is capable of reacting not only with 
hydrazine but also with other nitrogen nucleophiles. 
The reaction of 3 with excess formamide under reflux 
for 30 min quantitatively afforded 3-phenylpyrazino-
[1,2-a]benzimidazol-1(2H)-one (13) which is stabilized 
as aromatic tautomer, 3-phenylpyrazino[1,2-a]benz-
imidazol-1-ol (14). When ester 3 was heated in 
N-meth yl formamide for 30 min, the product was 
N-methyl-1-(2-oxo-2-phenylethyl)-1H-benzimidazole-
2-carboxamide (15). In this case, stabilization of 
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2-methyl-3-phenylpyrazino[1,2-a]benzimidazol-
1(2H)-one (16) via tautomerization is impossible, and 
compound 16 is not formed (Scheme 2).

As shown in [5, 6], recyclization of 6-phenyl-2H-
pyran-2-one 17 with hydrazine to diazepinone 18 
begins with the attack of hydrazine on C6, since the 
C5=C6 double bond is polarized so that the C6 atom 
bears a partial positive charge (Scheme 3). This mecha-
nism [7–9] is typical of lactones with a π-amphoteric or 
π-rich aromatic ring. Structure 17 possesses one more 
reaction center, C2; however, its electrophilicity is 
reduced due to conjugation of the carbonyl group with 
the neighboring aromatic ring.

The imidazole aromatic system of oxazinone 6 is 
π-deficient, and the C5=C6 bond therein is not polar-
ized. Therefore, nucleophile reacts at C2 to give hydra-
zide 10. Further cyclization of 10 to triazepinone 11 
follows the mechanism proposed in [10].

An example of opening of a lactone ring in which 
the C5=C6 bond is not polarized was described in [11]. 

1-phenyl-3H-pyrano[3,4-b][1]benzofuran-3-one (19) 
reacted with hydrazine hydrate to give 2-{2-[(E,Z)-hy-
drazinylidene(phenyl)methyl]-1-benzofuran-3-yl}-
aceto hydrazide (20) rather than diazepinone 21 
(Scheme 4). In this case, the attack of hydrazine was 
directed at C2. Molecule 19 possesses one more reac-
tion center, C4, and compound 19 can be regarded as 
a 3-phenylacrylic acid ester which is capable of react-
ing with hydrazine according to Michael to produce 
4a-hydrazinyl-1-phenyl-4,4a-dihydro-3H-pyrano-
[3,4-b][1]benzofuran-3-one (22). Reaction of the latter 
with excess hydrazine could give rise to 2-{3-hydra-
zinyl-2-[(E,Z)-hydrazinylidene(phenyl)methyl]-2,3-
dihydro-1-benzofuran-3-yl}acetohydrazide (23). Pre-
sumably, compound 23 remained in the mother liquor 
after recrystallization of the products obtained in the 
reaction of 19 with hydrazine. Of particular interest is 
cyclization of hydrazone 23 under the same conditions 
as for hydrazone 20.

Scheme 2.
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Scheme 4.

EXPERIMENTAL

The 1H and 13C NMR spectra were recorded on 
a Bruker Avance II spectrometer at 400 and 100 MHz, 
respectively, using DMSO-d6 as solvent and tetra-
methylsilane as internal standard. The melting points 
were measured on a Boetius type melting point appara-
tus and are uncorrected.

Methyl 1-(2-oxo-2-phenylethyl)-1H-benzimid-
azole-2-carboxylate (3). A mixture of 10 g (47 mmol) 
of compound 2, 14 g (70 mmol) of ω-bromoaceto-
phenone, and 16 g (0.116 mol) of finely powdered 
potassium carbonate in 140 mL of acetonitrile was 
refluxed for 6 h. The mixture was cooled and filtered, 
and the precipitate was washed with acetonitrile. The 
solvent was distilled off to dryness, and the residue was 
recrystallized from propan-2-ol. Yield 2.6 g (19%), 
colorless crystals, mp 165–166°C. 1H NMR spectrum, 
δ, ppm: 3.88 s (3H, CH3), 6.23 s (2H, CH2), 7.34 t (1H, 
CH, J = 6.8 Hz), 7.39 t (1H, CH, J = 7.2 Hz), 7.60 t 
(2H, CH, J = 7.6 Hz), 7.65–7.75 m (2H, CH), 7.81 d 
(1H, CH, J = 7.6 Hz), 8.12 d (2H, CH, J = 7.6 Hz). 
13C NMR spectrum, δC, ppm: 51.6 (CH2), 52.1 (CH3), 
111.1 (CH), 120.9 (CH), 123.0 (CH), 124.9 (CH), 
128.0 (2C, CH), 128.5 (2C, CH), 133.6 (CH), 134.4, 
136.4, 140.6, 141.2, 159.9, 192.3 (CO). Found, %: 
C 69.34; H 4.83; N 9.57. C17H14N2O3. Calculated, %: 
C 69.38; H 4.79; N 9.52. M 294.31.

Sodium 1-(2-oxo-2-phenylethyl)-1H-benzimid-
azole-2-carboxylate (5). The solid product separated 
from the reaction mixture in the synthesis of 3 was 

added to 200 mL of a saturated solution of sodium 
chloride, and the mixture was stirred at 80°C for 
30 min. The mixture was cooled, and the precipitate 
was filtered off, washed with brine, and dried.

2-(1H-Benzimidazol-1-yl)-1-phenylethanone (8). 
A solution of 0.5 g of sodium salt 5 in 5 mL of water 
was acidified to pH 6 with acetic acid, and the precip-
itate was filtered off and washed with water. Yield 
260 mg (95%), colorless crystals, mp 120–121°C. 
1H NMR spectrum, δ, ppm: 5.96 s (2H, CH2), 7.15–
7.24 m (2H, CH), 7.35–7.44 m (1H, CH), 7.59 t (2H, 
CH, J = 7.6 Hz), 7.36–7.66 m (1H, CH), 7.70 t (1H, 
CH, J = 7.2 Hz), 8.08 s (1H, CH), 8.11 d (2H, CH, 
J = 7.6 Hz). 13C NMR spectrum, δC, ppm: 50.5 (CH2), 
110.1 (CH), 119.2 (CH), 121.0 (CH), 121.9 (CH), 
128.0 (2C, CH), 128.5 (2C, CH), 133.5 (CH), 134.4, 
143.1, 144.5 (CH), 192.6 (CO). Found, %: C 76.21; 
H 5.18; N 11.89. C15H12N2O. Calculated, %: C 76.25; 
H 5.12; N 11.86. M 236.28.

3-Phenyl-1H-[1,4]oxazino[4,3-a]benzimidazol-1-
one (6). Five to six drops of dimethylformamide were 
added with stirring to 100 mL of thionyl chloride, and 
sodium salt 5 was then added in portions. The mixture 
was stirred for 15 min at room temperature and was 
then refluxed for 1 h. The mixture was cooled, excess 
thionyl chloride was distilled off, and anhydrous 
methanol was added to the residue with stirring. The 
mixture was stirred for 10 min, and the precipitate was 
filtered off and washed with anhydrous methanol and 
water. Yield 6.2 g (50%), fine yellow crystals, mp 248–
249°C. 1H NMR spectrum, δ, ppm: 7.43 t (1H, CH, 
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J = 7.2 Hz), 7.46–755 m (3H, CH), 7.67 t (1H, CH, J = 
7.2 Hz), 7.88 d (2H, CH, J = 8.0 Hz), 7.91 d (1H, CH, 
J = 8.4 Hz), 8.21 d (1H, CH, J = 8.4 Hz), 8.91 s (1H, 
CH). 13C NMR spectrum, δC, ppm: 103.4 (CH), 112.6 
(CH), 121.3 (CH), 124.0 (2C, CH), 125.3 (CH), 125.7 
(CH), 128.7 (2C, CH), 129.1 (CH), 129.9, 130.4, 
134.6, 141.2, 143.0, 152.5 (CO). Found, %: C 73.18; 
H 3.87; N 10.71. C16H10N2O2. Calculated, %: C 73.27; 
N 3.84; N 10.68; O 12.20. M 262.27.

Methyl 1-(1-chloro-2-oxo-2-phenylethyl)-1H-
benzimidazole-2-carboxylate (9). The methanolic 
filtrate obtained in the synthesis of 6 was evaporated, 
and the residue was recrystallized from propan-2-ol. 
The crystalline product, 1.35 g, was a mixture of com-
pounds 3 and 9 at a ratio of 2:3. Repeated crystallization 
from 8 mL of methanol gave 0.5 g of 9 as colorless 
cubic crystals with mp 140–141°C. 1H NMR spectrum, 
δ, ppm: 4.02 s (3H, CH3), 7.37 t (1H, CH, J = 7.2 Hz), 
7.43 t (1H, CH, J = 7.2 Hz), 7.51 t (2H, CH, J = 
8.0 Hz), 7.60–7.67 m (2H, CH), 7.79 d (1H, CH, J = 
8.0 Hz), 7.98 d (2H, CH, J = 8.0 Hz), 8.93 s (1H, 
CHCl). 13C NMR spectrum, δC, ppm: 52.8 (CH3), 66.0 
(CHCl), 113.9 (CH), 121.4 (CH), 123.9 (CH), 125.7 
(CH), 128.5 (2C, CH), 128.6 (2C, CH), 132.8, 133.7 
(CH), 134.1, 139.9, 141.4, 159.8 (COO), 187.1 (CO). 
Found, %: C 62.07; H 4.04; Cl 10.77; N 8.56. 
C17H13ClN2O3. Calculated, %: C 62.11; H 3.99; 
Cl 10.78; N 8.52. M 328.76.

1-(2-Oxo-2-phenylethyl)-1H-benzimidazole-2-
carbohydrazide (10). A mixture of 0.8 mmol of com-
pound 3 or 6, 3 mL of methanol, and 2 mmol of 
hydrazine hydrate was refluxed for 1 h. The mixture 
was cooled and diluted with 8 mL of water, and the 
precipitate was filtered off. Yield 130 mg (58%), fine 
colorless crystals, mp 177–178°C. 1H NMR spectrum, 
δ, ppm: 6.29 s (2H, CH2), 7.25–7.35 m (2H, CH), 
7.55–7.65 m (3H, CH), 7.69 t (1H, CH, J = 7.2 Hz), 
7.73–7.79 m (1H, CH), 8.12 d (2H, CH, J = 7.6 Hz), 
10.09 br.s (1H, NH). 13C NMR spectrum, δC, ppm: 
51.2 (CH2), 110.7 (CH), 119.9 (CH), 122.6 (CH), 123.7 
(CH), 128.0 (2C, CH), 128.5 (2C, CH), 133.4 (CH), 
134.6, 136.4, 140.9, 142.9, 157.8 (CONH), 192.5 (CO). 
Found, %: C 65.37; H 4.83; N 19.07. C16H14N4O2. 
Calculated, %: C 65.30; H 4.79; N 19.04. M 294.32.

4-Phenyl-2,5-dihydro-1H-[1,2,5]triazepino-
[5,4-a]benzimidazol-1-one (11). A mixture of 162 mg 
(0.6 mmol) of compound 10, 0.1 mL of acetic acid, and 
3 mL of water was refluxed for 30 min. The mixture 
was cooled, and the precipitate was filtered off. Yield 
150 mg (98%), fine colorless crystals, mp 248–249°C. 
1H NMR spectrum, δ, ppm: 5.60 s (2H, CH2), 7.30 t 

(1H, CH, J = 6.4 Hz), 7.35–7.51 m (4H, CH), 7.74 d 
(1H, CH, J = 7.6 Hz), 7.96–8.12 m (3H, CH), 11.70 s 
(1H, NH). 13C NMR spectrum, δC, ppm: 39.8 (CH2), 
110.8 (CH), 120.6 (CH), 122.9 (CH), 124.5 (CH), 
126.8 (2C, CH), 128.5 (2C, CH), 130.4 (CH), 132.9, 
133.7, 142.0, 144.1, 157.0, 157.6. Found, %: C 79.59; 
H 4.42; N 20.31. C16H12N4O. Calculated, %: C 79.55; 
H 4.38; N 20.28. M 276.30.

3-Phenylpyrazino[1,2-a]benzimidazol-1(2H)-one 
(13). A mixture of 200 mg (0.7 mmol) of compound 3 
and 2 mL of formamide was refluxed for 30 min. The 
mixture was cooled, and the colorless crystals were 
filtered off and washed with water. Yield 165 mg 
(93%), mp 342–343°C. 1H NMR spectrum, δ, ppm: 
7.39–7.54 m (5H, CH), 7.79 d (2H, CH, J = 7.2 Hz), 
7.86–7.92 m (1H, CH), 8.21 m (1H, CH), 8.34 s (1H, 
CH), 11.78 br.s (1H, NH or OH). 13C NMR spectrum, 
δC, ppm: 103.6 (CH), 112.6 (CH), 120.7 (CH), 124.0 
(CH), 126.4 (2C, CH), 127.4, 128.6 (2C, CH), 128.8 
(CH), 130.3, 131.4, 139.7, 142.8, 154.8 (CO). 
Found, %: C 73.63; H 4.29; N 16.12. C16H11N3O. 
Calculated, %: C 73.55; H 4.24; N 16.08. M 261.29.
N-Methyl-1-(2-oxo-2-phenylethyl)-1H-benzimid-

azole-2-carboxamide (15). A mixture of 200 mg 
(0.7 mmol) of compound 3 and 2 mL of N-methylform-
amide was refluxed for 30 min. The mixture was 
cooled and diluted with 5 mL of water, and the precip-
itate was filtered off, washed with water, dried, and 
recrystallized from methanol. Yield 73 mg (35%), 
colorless crystals, mp 172–173°C. 1H NMR spectrum, 
δ, ppm: 2.79 d (3H, CH3, J = 4.6 Hz), 6.28 s (2H, CH2), 
7.25–7.35 m (2H, CH), 7.55–7.62 m (3H, CH), 7.69 t 
(1H, CH, J = 7.6 Hz), 7.72–7.77 m (1H, CH), 8.11 d 
(2H, CH, J = 7.6 Hz), 8.80 q (1H, NH, J = 4.6 Hz). 
13C NMR spectrum, δC, ppm: 25.5 (CH3), 51.3 (CH2), 
110.8 (CH), 119.8 (CH), 122.6 (CH), 123.7 (CH), 
128.0 (2C, CH), 128.4 (2C, CH), 129.5, 133.3 (CH), 
134.6, 136.6, 140.7, 159.4 (CON), 192.4 (CO). 
Found, %: C 69.65; H 5.19; N 14.38. C17H15N3O2. 
Calculated, %: C 69.61; H 5.15; N 14.33. M 293.33.

CONCLUSIONS

A preparative procedure has been developed for the 
synthesis of 3-phenyl-1H-[1,4]oxazino[4,3-a]benz-
imid azol-1-one (6), and its transformation into 4-phe-
nyl-2,5-dihydro-1H-[1,2,5]triazepino[5,4-a]benzimid-
azol-1-one has been studied. A plausible mechanism of 
this transformation has been proposed. Both 4-phenyl-
2,5-dihydro-1H-[1,2,5]triazepino[5,4-a]benzimidazol-
1-one and other cyclic derivatives based on benzimid-
azole-2-carboxylic acid can also be synthesized from 
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methyl 1-(2-oxo-2-phenylethyl)-1H-benzimidazole-2-
carboxylate without intermediate preparation of the 
corresponding lactone.
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