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a b s t r a c t

1-Substituted benzimidazoles react with acylacetylenes and water (reflux in MeCN, 46e120 h) to ster-
eoselectively give functionalized arylaminovinyl ketones, products of the imidazole ring-opening, in up
to 75% yield and benzodiazocinones, products of the imidazole ring-expansion, in up to 28% yield. With
D2O the yield of benzodiazocinone from 1-methylbenzimidazole and benzoylphenylacetylene is twice as
much compared to the same reaction with H2O, thus demonstrating the strong isotopic effect of deu-
terium. The reaction mechanism, which agrees with deuterium distribution in the products, is discussed.

� 2015 Elsevier Ltd. All rights reserved.

1. Introduction

In the current decade, the zwitterionic adducts of imidazoles
and electron-deficient acetylenes, actually vinyl carbanions ac-
companied by inner ammonium cations, attract much attention
as multi-faceted intermediates for functionalization of the imid-
azole scaffold and fairly accessible reactive building blocks for
organic synthesis. The carbanionic sites of these intermediates are
readily intercepted by diverse electrophiles including another
molecule of electron-deficient acetylenes,1 aldehydes,2 1,3-
dicarbonyl compounds,3 isocyanates,4 isothiocyanates,5 pyru-
vate,6 ketenes7 or elemental chalogenes.8 If the electrophile is
water, then in the case of acylacetylenes, imidazole ring opening
occurs to stereoselectively afford functionalized (Z,Z)-dia-
zadienes.9 For these reactions, most often, electron-deficient
acetylenes, acetylenedicarboxylates and esters of acetylene car-
boxylic acid were employed.

The ring opening of the imidazole moiety in benzimidazoles
under the action of acylacetylenes and water might open a simple
straightforward route to functionalized 1,2-phenylenediamines,
namely b-aminovinyl ketones with the formanilide moiety. How-
ever, this does not seem too obvious since the reactivity and ba-
sicity of benzimidazoles essentially differs from that of imidazoles.
Moreover, previously it was reported that the reactions of 1-
substituted benzimidazoles with 1-phenylbut-1-yn-3-one affor-
ded only the products of ring expansion, benzodiazocinones, in
small yields (7e9%), no ring-opening products were mentioned.10

Meanwhile, the b-aminovinyl ketones, which might be originated
from the aforementioned benzimidazole ring opening, would rep-
resent a new family of promising synthetic auxiliaries for the drug
discovery. Diverse b-aminovinyl ketones possess various biological
activity (aniconvulsant, molluscicidal and larvicidal)11 and partici-
pate in the synthesis of natural alkaloids.12 b-Aminovinyl ketone
with the amino function was claimed as a lifespan compound for
altering eukaryotic organisms.13 Especially prospective as potential
pharmaceuticals are b-aminovinyl ketones with heteroaromatic
and aromatic substitutents. Enaminones bearing pyrrolyl, furyl and
thienyl entities are active against Gram positive and Gram negative
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bacteria and yeast.14 Some representatives of this series show good
inhibitory activity of human breast cancer cells.15

2. Results and discussion

Here we report the conditions (reflux in MeCN, 46e120 h),
under, which the reaction of 1-substituted benzimidazoles 1aee,
acylacetylenes 2aec and water takes both directions, i.e., the ring-
opening and ring-expansion. The former affords (Z)-arylaminovinyl
ketones 3aeg (16e75% yields), while the latter leads to benzodia-
zocinones 4aeg (up to 28% yields) (Table 1).

The reaction was monitored by IR spectroscopy and stopped
after disappearance of the absorption band at 2198e2201 cm�1

belonging to the stretching vibrations of the triple bond in acyla-
cetylenes 2. The reaction is stereoselective: only Z-isomers of ary-
laminovinyl ketones 3 are detected in the reaction mixture.

It should be underlined that, unlike the ring opening of 1-
substituted imidazoles with acylacetylenes, the same reaction
with 1-substituted benzimidazoles requires much harsher con-
ditions (45e50 �C, 24 h for imidazoles; 82 �C, up to 120 h for
benzimidazoles) that is likely due to a lesser basicity of benz-
imidazoles (pKaw5.5 for benzimidazole vsw7.2 for imidazole)16

Table 1
Ring-opening and ring-expansion of 1-substituted benzimidazoles 1 under the action of acylacetylenes 2 and H2O (D2O) in boiling MeCN, 1:2: H2O (D2O) molar ratio¼1:1:1

Entry R1 R2 R3 Time (h) Product 3, yield (%) Product 4, yield (%)

1 Me H Ph 70

3a, 61 4a, 10

2a Me H Ph 46

3a(D), 16
4a(D), 28

3 Et H Ph 120

3b, 74 4b, 10

4 Allyl H Ph 120

3c, 22 4c, ≤ 1

5 Vinyl H Ph 120

3d, 64 4d, ≤ 1

6 Me Me Ph 70

3e, 75 4e, 13
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