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The products of the alkylation of sodium 4-nitro-1,2,3-triazolate with ethyl bromide were investigated
using 'H, '3C, and >N NMR spectroscopy. It was found that alkylation proceeds on the triazole nitrogen
atoms giving a mixture of three isomeric N-ethyl-4-nitro-1,2,3-triazoles. The molar ratio of N1, N2, and
N3-alkylation products was 4:8:1. The formation of a minor N3-isomer, namely 1-ethyl-5-nitro-1,2,3-tri-

azole was confirmed by X-ray structural analysis of single crystals of its tetranuclear copper(Il) complex
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obtained by reaction of copper(Il) chloride dihydrate with a mixture of the N2 and N3-isomers.
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4-Nitro-1,2,3-triazole 1 and its N-substituted derivatives are of
interest as high-energy materials,! radiosensitizers in cancer radi-
ation therapy,? precursors for the synthesis of medicines and other
interesting compounds.®> N-Substituted 4-nitro-1,2,3-triazoles are
synthesized by simple procedures such as alkylation of triazole 1
or its salts with alkyl or aryl halides and dimethyl sulfate or cyclo-
addition of 1 to activated multiple bonds. Theoretically, in reac-
tions with RX, three isomeric N-substituted 4-nitrotriazoles 2-4
could form (Scheme 1). However, in most cases only two isomers
attributed to 1- and 2-substituted 4-nitrotriazoles 2 and 3 were
isolated. N3-Alkylation products 4 (more precisely 1-substituted
5-nitro-1,2,3-triazoles) were not observed and this can be ex-
plained by steric factors and also the negative inductive effect of
the nitro group, lowering the nucleophilicity of the neighboring
nitrogen atom.?>># At the same time, in a few cases, N-substituted
4-nitro-1,2,3-triazoles obtained using the above mentioned ap-
proach were assigned as 1- and 3-substituted 4-nitro-1,2,3-
triazoles.”

In particular, alkylation of sodium 4-nitro-1,2,3-triazolate 5
with ethyl bromide gave a mixture of 1-ethyl-4-nitro-1,2,3-triazole
6 and 2-ethyl-4-nitro-1,2,3-triazole 7 (molar ratio 40:60, total
yield 85%).4 However, alkylation of 5 with ethyl iodide gave tria-
zole 6 and 1-ethyl-5-nitro-1,2,3-triazole 8 in 57% and 21% yield,
respectively.”® Obviously, such drastic apparent differences in
selectivity during alkylation are actually due to the accuracy of
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the identification of the regioisomers, which were made based on
TH NMR data only. Moreover, no physical or chemical characteris-
tics of triazole 8 were reported.®®

In the present investigation, we found that the alkylation of so-
dium 4-nitro-1,2,3-triazolate 5 with ethyl bromide occured on all
three triazole nitrogen atoms giving a mixture of isomeric
N-ethyl-4-nitro-1,2,4-triazoles 6-8 (Scheme 2).°

The ratio of isomers 6:7:8, determined from the intensities of
the singlets of the protons on the endocyclic carbon atom in 'H
NMR spectra, was 4:8:1. Identification of isomers was achieved
based on 'H, 3C, and >N NMR spectroscopic data (Table 1). The
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Table 1
H (500.13 MHz), *C (125.76 MHz), and '°N (50.69 MHz) chemical shifts of N-ethyl-
4-nitro-1,2,3-triazoles in DMSO-dg
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CH, 1.46 (J 7.3); 153 147 ( 7.3); 145 1.47 (J 7.0); 149
CH, 4.46 (] 7.3); 46.8 4.54 (] 7.3); 52.0 4.70 (J 7.0); 47.3
Cendocyclic—H 9.29; 125.0 8.60; 131.8 8.64; 133.5
Cendocyclic_Noz 153.5 153.4 144.4

N-1 —-121.7 —44.2 —134.5

N-2 -18.8 -117.9 -9.1

N-3 -37.7% —56.9 -31.5%

NO, -25.9

¢ Signal was not assigned unambiguously.

least volatile isomer isolated as a solid was assigned as 1-substi-
tuted 4-nitro-1,2,3-triazole 6 since the signal due to the proton
of the endocyclic carbon atom in lI-mono- and 1,4-disubstituted
1,2,3-triazoles occurs at lower field compared to the corresponding
signal in the 2- and 2,4-isomers.” Attempts to separate the remain-
ing isomers by fraction distillation were unsuccessful due to the
similarity in their boiling points. The NMR spectra of the resulting
mixture clearly showed the presence of two isomeric N-ethyl-4-ni-
tro-1,2,3-triazoles (molar ratio of isomers 7 and 8 was 9:1). In the
'H and '*C NMR spectra, the CHz and Cepdocycic-H groups had
nearly identical chemical shifts, but different chemical shifts of
the CH, and Cendocyclic—NO> groups. Such differences are due to dis-
placement of the ethyl group from N-2 to the neighboring N-3 po-
sition. They are in good agreement with electron density-based 'H
and 3C NMR structural correlation for N-methylene shifts in
N-alkylazoles which allows clear distinctions between N-alkyl sub-
stituents located on azole nitrogen atoms, =N-N(CH,R)-N= versus
=N-N(CH,R)-CH=2 Taking into account the low sensitivity of 1°N
nuclei, '>N NMR spectra were analyzed using the 2D HMBC tech-
nique.® In the 'H-15N HMBC NMR spectra, we also observed two
series of signals. The major isomer, assigned as 7, showed signals
which were close to those of 2-(2,4-dinitrophenyl)-4-nitro-1,2,3-
triazole.** The remaining signals were assigned to isomer 8. Unfor-
tunately, not all the nitrogen atoms of 8 appeared as signals in the
'H-15N 2D NMR spectra. For this reason, the signals due to the
NO, group and the N-3 atom were not distinguished. The same
problem also occurred during the >N NMR study of triazole 6.

Formation of triazole 8 was also confirmed by X-ray structural
analysis of single crystals of its tetranuclear copper(Il) complex,
Cu40ClgL4 which was formed under prolonged (~1 month) action
of copper(Il) chloride dihydrate with the above-mentioned mixture
of N2- and N3-isomers.'? Interestingly, in spite of the large excess
of the N2-isomer 7, only the pure crystalline complex of N3-isomer
8 was isolated. This can be explained by a significant difference in
complexing ability (or basicity) of the isomers due to electronic
and steric factors. Experimental and theoretical studies on the ba-
sicity of N-methyl-1,2,3-triazoles in the gas phase, in solution and
in the solid state showed that 1-substituted 4(5)-R-1,2,3-triazoles
have a higher basicity in comparison with 2-substituted exam-
ples.!! Previously, we successfully used similar differences for the
separation of isomeric N-monosubstituted tetrazoles.'? In this
case, treatment of an isomeric mixture of 1- and 2-monosubsti-
tuted tetrazoles with copper(Il) chloride in ethanol led to the pre-
cipitation of the complex CuL,Cl,, where L= 1-monosubstituted
tetrazole.

Figure 1. The structure of the tetranuclear copper(ll) complex with 1-ethyl-5-
nitro-1,2,3-triazole 8.

The formation of the tetranuclear copper(Il) complex is caused
by slow hydrolysis of copper(Il) chloride leading to a cluster of high
thermodynamic stability. Single-crystal X-ray analysis'> showed
that in the complex, the central oxygen atom is tetrahedral coordi-
nated to four copper atoms, each of which is connected to three
other copper atoms via chlorine atoms. The copper atoms exist in
a distorted trigonal-bipyramidal environment, with the N3 triazole
atom and the central oxygen atom in axial positions. Three chlo-
rine atoms lie in the equatorial plane (Fig. 1). Tetranuclear com-
plexes of copper(Il) with the composition Cus0XgL, (X is Cl or Br,
and L is halogen or N-, O- or P-donor ligands) have been the subject
of numerous investigations, mainly because of their unusual mag-
netic properties, which are caused by the existence of two different
exchange interaction channels, Cu-O-Cu and Cu-X-Cu, and which
depend on the nature of the ligand L.!* Among azoles, similar com-
plexes have been described for imidazoles,'® pyrazoles,'® and tet-
razoles.!” The tetranuclear copper(ll) complex reported here
containing a 1,2,3-triazole derivative is the first synthesized and
structurally characterized complex of vicinal nitrotriazoles.
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