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of the chemistry of 2,3-dihydro-1H-
imidazole 1 is largely stimulated by the high 
acological activity of its derivatives.1-10 To 
procedure for the synthesis of compound 1 
e-2-sulfonic acid has been developed.11,12 
exists as the 1H-tautomer13 is successfully 

neutral conditions to give various 
,14 9-(2-Dialkylaminoethyl)-substituted 
 series that are of particular interest for 
 are synthesized in good yields by a different 
y cyclization of 2-amino-1-(2-dialkylamino
es with 1,2-dibromoethane.3,15,16 Clinical 
entative of these 9-substituted compounds, 
hyl)-2,3-dihydroimidazo[1,2-a]benzimidazole 
ntidiabetic drug demonstrated a number of 
logical effects, for example, on the glucose 
oglobin levels, thrombogenic potential, 

ovement, insulin production, and decreasing 
e.3,17

idazo[1,2-a]benzimidazoles containing 
benzene ring are much less available. They 
 a multistage manner in low overall yields 
ing o-nitroanilines.5,13

studied whether compound 1 and some of its 
ves 2a-d could undergo direct nitration. In 
solution of dihydro imidazobenzimidazole 1 
th an equimolar amount of KNO3 at -5 °C 
ivative 3 in 70% yield (Scheme 1). The yield 
 be improved to 90% if the hydronitrate of 
rmed on treatment of its solution in acetone 
ach pH value of 1, is added to conc. H2SO4.† 
derivative 3 with the similar melting point 

2,4-dinitrochlorobenzene.13

Position 7 of the nitro group in structure 3 was confirmed by 
NMR spectroscopy and quantum chemical studies. The 
characteristics of the 1H NMR spectrum of compound 3 allow us 
to exclude the substitution at positions 5 and 8 in the tricyclic 
ring system. In the 15N-1H HMBC spectrum, the 15N9 nucleus 
forms a single cross-peak (184.78; 8.02 ppm), obviously with 
the C8H proton that is nearest to it. In the 1H NMR spectrum, this 
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ivatives can be conveniently synthesized 
 corresponding tricyclic precursors with a 
r with the HNO3 /CF3COOH system. This 

rly smoothly and with good regioselectivity.
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Scheme  1  Reagents and conditions: i, KNO3 / H2SO4, -5 °C; ii, HNO3, 
Me2CO; iii, H2SO4, -5 °C; iv, CF3COOH, HNO3, 30-35 °C, 2-3 h; v, RCH2Br, 
DMF, reflux, 6 h.
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proton resonates as a doublet with J 2.1 Hz, which is possible 
only if the nitro group is located at position 7 (for details, see 
Online Supplementary Materials).

According to the DFT quantum chemical calculations 
(B3LYP/6-311G**), in the protonated form of substrate 1, which 
in fact undergoes nitration, the bond of the N4 atom with the 
benzene ring (1.402  Å) is shorter than that of the N9 atom 
(1.418 Å). This indicates a higher electron donating ability and a 
stronger conjugation of the N4 atom, which is responsible for the 
transfer of π-electron density to the C7 atom, as compared to the 
N9 atom, which has a similar effect on the C6 atom. As a result, 
the C7 atom makes a larger contribution to the HOMO with this 
shape than the C6 atom does. Moreover, a larger negative 
Mulliken charge is localized on the C7 atom (–0.128 for C7 and 
–0.121 for C6). Thus, position 7 in protonated molecule 1 is the 
most sensitive to electrophilic attack, both in the case of orbital 
control and charge control of the reaction.

To additionally confirm the structure of compound 3, the 
chemical shifts for 1H, 13C and 15N nuclei in the 6- and 7-nitro 
derivatives of 1 were calculated using the SOS DFPT IGLO 
method (B3LYP/6-311G**//PW91-PW91/IGLO-II).18 In this 
case, we considered only the most stable 1H-tautomeric forms of 
these compounds, which are more favorable by 5.4 and 
6.5  kcal  mol-1, respectively, in the gas phase than the 
9H-tautomeric forms. In polar media, due to the higher polarity 
of 1H-forms, the difference in the energies of the tautomers 
would obviously be even more significant. It was found that the 
dC(8a) value is the diagnostic parameter that makes it possible to 
distinguish between 6- and 7-substituted structures. Its 
experimental value (148.70 ppm) is in good agreement with the 
calculated one for the 7-nitro derivative (146.41 ppm) but not for 
its 6-nitro isomer (156.77 ppm).

Nitration of 9-methyl-2,3-dihydroimidazobenzimidazole 2a2 
in trifluoroacetic acid solution with two equivalents of nitric acid 
(d 1.39) at 30-35 °C also gives 7-nitro derivative 4a in 86 % yield. 
Nitration nearly does not occur with one equivalent of nitric 
acid, apparently, due to the reagent consumption for the 
protonation of the starting material. Under the same conditions 
but with three equivalents of nitric acid, dialkylaminoethyl 
derivatives 2b-d are also successfully nitrated to afford 7-nitro 
substituted compounds 4b-d, diabenol 7-nitro derivative 4b in 
particular, in 78-86 % yields.‡ Since compounds 2b-d (especially 

2b) are low-melting,2,3 it is more convenient to perform the 
reaction with their dihydronitrates obtained preliminarily using 
as little as one equivalent of nitric acid.

The position of the nitro group in structures 4a-d was 
determined by NMR spectroscopy. According to the appearance 
of the 1H  NMR spectra, the substituent in these compounds 
could in principle be located at positions 6 or 7. In the HMBC 
15N-1H spectrum of nitro derivative 4c, the 15N9 nucleus gives 
two cross peaks with benzene ring protons. Since one of them 
that has chemical shifts of 102.26, 7.67  ppm is significantly 
(almost 3.5-fold) more intense than the other one, it can be 
confidently attributed to the H8 proton, which is the closest to the 
15N9 nucleus. This proton manifests itself as a doublet with 
J 2.2 Hz in the 1H NMR spectrum, which implies that the nitro 
group is located at position 7 in this case.

This nitration direction of 9-substituted compounds 2a-d is 
also confirmed by quantum chemical calculation data for the 
protonated form of model 9-methyl derivative 2a showing that 
the electron density on the HOMO is again substantially higher 
at position 7 than on the C6 atom, and of course, on the C5 and C8 
atoms (see Online Supplementary Materials).

Though compound 3 contains a strong electron-withdrawing 
nitro group, its NH moiety can be readily alkylated with benzyl, 
2-aryloxyethyl and phenacyl bromides to give the corresponding 
N9-substituted derivatives 4e-n (see Scheme 1).

Preliminary screening of the anti-infective activity of the nitro 
derivatives of dihydroimidazo[1,2-a]benzimidazole showed that 
compounds 4 had pronounced protistocidal activity against 
Colpoda steinii amoebae: they surpassed the reference drug 
Toltrazuril in this respect (4e,f,h-j) or were not inferior to it (4h; 
see Online Supplementary Materials).
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