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Abstract—A one electron transfer process during the vicarious nucleophilic substitution C-amination of 1-methyl-4-nitroimidazole
is detected by EPR-monitoring. © 2002 Elsevier Science Ltd. All rights reserved.

Vicarious nucleophilic substitution (VNS) of hydrogen
provides a convenient method for the introduction of
functional groups into aromatic1–6 and heterocyclic
rings.7–10

It is known that the VNS C-amination of 1,2-dimethyl-
4-nitroimidazole by hydroxylamine hydrochloride in
MeOH in the presence of KOH results in 5-amino-1,2-
dimethyl-4-nitroimidazole (72% yield) and a minor
amount (7%) of a substituted 1,2,5-oxadiazole.11 The
reaction of 1-alkyl(aryl)-2-methyl-4-nitroimidazole with
4-amino-1,2,4-triazole in MeOH in the presence of
MeONa at 25°C gave substituted 1,2,4-oxadiazole-3-
carboxamidines (40–87% yield) and small amounts (6–
7%) of 1,2-substituted 5-amino-4-nitroimidazoles.11

Previously we have reported a VNS C-amination of
1-methyl-4-nitropyrazole with the use of 4-amino-1,2,4-
triazole12 and 1,1,1-trimethylhydrazinium halogenides13

as amination agents.

Extending these studies we have established that 1-
methyl-4-nitroimidazole 1, under mild conditions

(20°C) in the presence of dry sodium methylate or
potassium tert-butylate in DMSO, treated with 1,1,1-
trimethylhydrazinium iodide 2 gives 5-amino-1-methyl-
4-nitroimidazole 3 in 56% yield. Another reaction
product is trimethylamine hydroiodide (Scheme 1).
When the reaction of 1-methyl-4-nitroimidazole 1 with
4-amino-1,2,4-triazole is carried out in dry DMSO in
the presence of t-BuOK at 20°C, 5-amino-1-methyl-4-
nitroimidazole 3 was obtained in 39% yield, i.e. in a
higher yield than reported in the literature.11

When the vicarious substitution of hydrogen was con-
ducted on 1-methyl-4-nitroimidazole under the effect
of the amination agents 1,1,1-trimethylhydrazinium
iodide and 4-amino-1,2,4-triazole in the MeONa/
DMSO or t-BuOK/DMSO system, the appearance of a
transitory bright-blue coloring of the reaction mixture
which rapidly turned to red–brown was observed. This
suggests the formation of an intermediate radical-ion
species. This may be as a result of one electron transfer
processes and gave a good reason to use EPR spec-
troscopy in order to detect possible free-radical species
in the amination reactions of the nitroimidazole.

Scheme 1.
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In fact, in the reactions of 1-methyl-4-nitroimidazole
with 1,1,1-trimethylhydrazinium iodide and 4-amino-
1,2,4-triazole, the same signals with a well-resolved
hyperfine structure (HFS) were recorded by EPR spec-
troscopy. Signal intensity is increased up to a stationary
value and then is decreased, disappearing at the end.

As an example the EPR signal of the reaction mixture
of 1-methyl-4-nitroimidazole with 1,1,1-trimethylhy-
drazinium iodide in the t-BuOK/DMSO system is
shown in Fig. 1. The EPR signal characteristics allow
the unambiguous assignment of the radical-anion of
1-methyl-4-nitroimidazole.14

However, an attempt to perform the VNS C-amination
of 2-methyl-4-nitroimidazole and 1,2-dimethyl-4-nitro-
imidazole using the above amination agents was unsuc-
cessful: only the initial nitroimidazoles were recovered
quantitatively from the reaction mixture. Why these
reactions do not go, still needs to be established.

Moreover, it should be noted that if the VNS C-amina-
tion does not occur (as with 2-methyl-4-nitroimidazole
and 1,2-dimethyl-4-nitroimidazole), no EPR signals of
primary radical-anions can be recorded, as in the cases
with blank tests when at least one of the components
was absent in the reaction mixture.

The results indicate the presence of a one electron
transfer channel in the vicarious C-amination reaction
of 1-methyl-4-nitroimidazole. Taking into account the
structure of VNS reaction products, a high stationary
concentration of radical-anions of 1-methyl-4-nitroimi-
dazole and the absence of radical-anions of 2-methyl-
and 1,2-dimethyl-4-nitroimidazoles in the reactions,
when the amination does not occur, we think that the
VNS C-amination of 1-methyl-4-nitroimidazole is likely

Figure 1. (Top) the EPR spectrum recorded in the reaction of
1-methyl-4-nitroimidazole with 1,1,1-trimethylhydrazinium
iodide in the t-BuOK/DMSO system; (bottom) the simulated
EPR spectrum: HFS constants, mT: 1.388 (1N, NO2), 0.477
(1H, C-5), 0.070 (2N, N-1,3), 0.056 (1H, C-2), 0.020 (3H,
N-CH3).

to follow a radical-ion mechanism.15 If this is so, radi-
cal-anions may be formed according to Scheme 2.

Scheme 2. The suggested scheme for the reaction of 1-methyl-4-nitroimidazole with 4-amino-1,2,4-triazole.
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As shown by UHF/6-31G* quantum-mechanical cal-
culations of the 1-methyl-4-nitroimidazole radical-
anion,16 the highest spin density is concentrated in the
imidazole ring position 5 (Table 1). This is a prerequi-
site for the amination to be conducted at position 5.

Experimental

1H and 13C NMR spectra were run on a Bruker DRX-
400 (400 and 100.13 MHz for 1H and 13C, respec-
tively, TMS as internal standard). EPR spectra were
recorded on an SE/X-2547 spectrometer (Radiopan,
Poland) in special ampoules at 20°C. The solvent and
solutions of the initial compounds were carefully
degassed by bubbling with argon before mixing. Simu-
lated spectra were obtained using the WINEPR Sim-
Fonia 1.25 program (Bruker, Inc. 1996).

5-Amino-1-methyl-4-nitroimidazole 3. Method A. To a
solution of 3 g (0.024 mol) of 1-methyl-4-nitroimida-
zole in 40 ml of dry DMSO 5.25 g (0.026 mol) of
trimethylhydrazinium iodide was slowly added with
stirring at 20°C until complete dissolution and then
2.81 g (0.052 mol) of dry sodium methylate was
added. The first transitory blue color appeared and
after 15 min the reaction mixture acquired an intensive
red–brown color. The reaction mixture was stirred for
20 h at 20°C, poured onto ice and acidified to pH 3.0
with 10% HCl solution. The imidazole precipitate 3
was filtered off and the filtrate was extracted thrice
with ethyl acetate. The ethyl acetate solution was dried
with MgSO4, the solvent was evaporated in vacuo and
the residue was combined with the imidazole 3 isolated
previously and recrystallized from DMF and then
from hot water. Yield 1.9 g (56%), mp 295–297°C
(297–299°C17). When the reaction is performed in the
t-BuOK/DMSO system, the yield of imidazole 3 is
20%.

1H NMR spectrum (DMSO-d6) �, ppm: 7.51 (s, 2H,
NH2), 7.23 (s, 1H, H-2), 3.43 (s, 3H, Me). 13C NMR

spectrum (DMSO-d6) �, ppm: 30.71 (Me), 132.46 (C-
2), 143.97 (C-5), signal C-4 is not observed due to
quadrupole broadening caused by 13C–14N (NO2)
spin–spin coupling.18 This broadening disappears in
the triplet resonance experiment 13C-{1H,14N}.19

Found (%): C, 33.65; H, 4.38; N, 39.16. Calcd for
C4H6N4O2 (%): C, 33.80; H, 4.26; N, 39.43.

Method B. To a solution of 5.0 g (0.04 mol) of 1-
methyl-4-nitroimidazole in 60 ml of dry DMSO, 3.7 g
(0.044 mol) of 4-amino-1,2,4-triazole was slowly added
with stirring at 20°C until complete dissolution and
then 9.86 g (0.088 mol) of dry potassium tert-butylate
was added. The first transitory blue color appeared
and after 5–7 min the reaction mixture acquired an
intensive red–brown color that was accompanied by
spontaneous heating to 53°C. The reaction mixture
was cooled, stirred for 10 h at 20°C, poured onto ice
and acidified to pH 3.0 with 10% HCl solution. The
imidazole precipitate 3 was filtered off and the filtrate
was extracted three times with ethyl acetate. The ethyl
acetate solution was dried with MgSO4, the solvent
was evaporated in vacuo and the residue was com-
bined with the imidazole 3 prepared previously and
recrystallized from DMF and then from hot water.
Yield 2.16 g (39%), mp 297°C.
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