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The firstmetal–organic 5-nitrotetrazolate, [Me3Sn(μ-OH)SnMe3(μ-OH)SnMe3(H2O)][NT] (2), has been prepared
by a simple metathetical reaction between Me3SnCl and sodium 5-nitrotetrazolate dihydrate (=NaNT, 1). A
single-crystal X-ray diffraction study revealed the presence of the trinuclear [Me3Sn(μ-OH)SnMe3(μ-OH)
SnMe3(H2O)]+ cation towhich the 5-nitrotetrazolate anion is coordinated via a ring-N atom. The NT anion is fur-
ther engaged in four different O\H⋯N and O\H⋯N hydrogen bonds involving the remaining three ring-nitrogen
atoms and one oxygen of the nitro group, leading to an extensive supramolecular hydrogen-bonded network in
the solid state. Despite its very low N content of only 10.65%, compound 2 is highly impact-sensitive (b2.5 J) and
can be classified as a primary explosive.

© 2014 Elsevier B.V. All rights reserved.

Primary explosives are highly sensitive explosive compounds
which are used to initiate large amounts of secondary explosives
such as 2,4,6-trinitrotoluene (=TNT) [1–3]. Historically, one of the
first practical primary explosives was mercury fulminate, Hg(CNO)2
(“Knallquecksilber”), which has been widely used for almost 100 years
[4]. It was later replaced by lead(II) azide, Pb(N3)2, which is being gener-
ally used as primary explosive until today [1,5,6]. However, lead(II)
azide inherits the severe disadvantages that highly toxic hydroazoic
acid, HN3, can be formed under certain conditions [5,6], and that its
use is always associated with lead pollution of the environment [7].
For this reason, the search for environmentally acceptable (“green”)
primary explosives is currently a hot topic in this field [8]. One of the
most promising approaches is the development of nitrogen-rich ener-
getic compounds based on tetrazole and tetrazine derivatives [9–11].
Of particular interest among these are explosive materials comprising
the 5-nitrotetrazolate anion, [CN4NO2]− (=NT). Various salts [12–16]
and transition metal complexes [17–23] containing nitrotetrazolate
have been prepared and tested. Perhaps the most promising candidate
to come out of these research efforts is the recently reported copper(I)
5-nitrotetrazolate (=DBX-1) [24]. The easily prepared DBX-1 has been
shown to be one of the best “drop-in” lead(II) azide replacements to
date due to its high thermal stability and equivalent safety and perfor-
mance properties. The preparation of DBX-1 involves treatment of
copper(II) chloride with sodium 5-nitrotetrazolate dihydrate (=NaNT,
1) in the presence of sodium ascorbate as reducing agent. The synthesis

of the important precursor NaNT (1) has been investigated in great de-
tail [16,25–27]. To our best knowledge, no metal–organic main-group
or organotransition metal derivatives of the NT anion have ever been
reported in the literature. We describe here the synthesis, structural
characterization, and energetic properties of the title compound,
[Me3Sn(μ-OH)SnMe3(μ-OH)SnMe3(H2O)][NT] (2), as the first example
of a metal–organic main-group metal nitrotetrazolate.

Sodium 5-nitrotetrazolate dihydrate (=NaNT, 1), was prepared by a
modified literature method according to Scheme 1 [16,28,29]. The
preparation involves a modified Sandmeyer reaction (diazotation) of
5-aminotetrazole in the presence of copper(II) sulfate. In the first step,
a pale blue, very explosive (especially when dry) intermediate of the
composition Cu(NT)2·HNT is formed, which is kept in a wet state and
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subsequently treated with warm sodium hydroxide solution to afford 1
as the dihydrate. While the dihydrate of NaNT is fairly insensitive and
can be handled with the appropriate care, the anhydrous material is
dangerously explosive [16,28,29]. Most recently, after the present
study had been finalized, a significantly improved preparation of high-
purity NaNT has been reported, which avoids the handling of the poten-
tially dangerous Cu(NT)2·HNT intermediate [27].

Based upon our experience with the preparation of triorganotin(IV)
pentacyanopropenides [30] and the recently reported azotetrazolate
derivative [Me3Sn(μ-C2N10)SnMe3(H2O)]n [31] we investigated the
reaction of NaNT (1) with trimethyltin chloride in aqueous solution.
Slow evaporation of the reaction mixture to dryness afforded well-
formed, colorless, spear-like crystals of the product admixed with the
cube-like crystals of theNaCl by-product. The latter could be redissolved
in a minimum amount of cold water. The product was then carefully

dried in air. Spectroscopic characterization proved to bemostly uninfor-
mative (vide infra), but the crystals were found to be suitable for X-ray
diffraction [32]. The X-ray structure analysis revealed the rather unex-
pected presence of the title compound, [Me3Sn(μ-OH)SnMe3(μ-OH)
SnMe3(H2O)][NT](2). Scheme 2 illustrates the formation of 2.

Compound 2was found to crystallize in the monoclinic space group
P21/n [33]. As can be seen in Fig. 1, the most notable structural feature
is the presence of the trinuclear organotin cation [Me3Sn(μ-OH)
SnMe3(μ-OH)SnMe3(H2O)]+. This cation is normally formed in reac-
tions of Me3SnX (X = Cl, Br, I) with 2 equiv. of Me3SnOH [34]. It has
been frequently shown to be a highly useful component of interesting
supramolecular structures [35–37]. As in the case of the rhenium cluster
complex [Me3Sn(μ-OH)SnMe3(μ-OH)SnMe3][{Me3Sn}3{Re6Se8(CN)6}],
the formation of the [Me3Sn(μ-OH)SnMe3(μ-OH)SnMe3(H2O)]+ cation
in 2 can be traced back to the fact that aqueous solutions of 1 have a

Scheme 2. Preparation of [Me3Sn(μ-OH)SnMe3(μ-OH)SnMe3(H2O)][NT] (2).

Fig. 1.Molecular structure of 2 in the crystal showing the atom-labeling scheme. Displacement ellipsoids are drawn at the 50% probability level.

Fig. 2. Supramolecular crystal structure of 2 viewed along the a axis.
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pH value of N7, which could cause intermediate formation of Me3SnOH.
A notable structural difference to previously reported structures is that in
2 the [Me3Sn(μ-OH)SnMe3(μ-OH)SnMe3(H2O)]+ cation adopts a U-
shaped (cisoid) conformation with the H atoms of the μ-OH groups
pointing in the same direction, whereas in [Me3Sn(μ-OH)SnMe3(μ-
OH)SnMe3]Br [36] and [Me3Sn(μ-OH)SnMe3(μ-OH)SnMe3][{Me3Sn}3
{Re6Se8(CN)6}] [37] the configuration of the cation is Z-shaped
(transoid) with the μ-OH hydrogens pointing in opposite directions. It
has been pointed out that the trinuclear [Me3Sn(μ-OH)SnMe3(μ-OH)
SnMe3(H2O)]+ is itself a supramolecular entity formed through dative
O → Sn bonds connecting the Me3Sn groups [36,38]. In 2, all three Sn
atoms comprise a trigonal-bipyramidal coordination geometry. The co-
ordination sphere of Sn1 is completed by awater molecule, while the 5-
nitrotetrazolate anion is loosely coordinated to Sn3 via the ring-
nitrogen atom N3 (Fig. 1). The length of the secondary Sn⋯N bond [38]
is 2.809 Å. With 176.00(12)° the O4-Sn2-O5 angle at the central Sn
atom is nearly linear (cf. 178.8(2)° in [Me3Sn(μ-OH)SnMe3(μ-OH)
SnMe3]Br [36]). The 5-nitrotetrazolate anion is further engaged in four
different O\H⋯N and O\H⋯N hydrogen bonds involving the remaining
three ring-nitrogen atoms and one oxygen of the nitro group (Fig. 2).
This leads to an extensive supramolecular hydrogen-bonded network in
the solid state resembling e.g. those reported for the crystal structures
of alkali and alkaline earth metal 5-nitrotetrazolates [16,22–27]. In good
agreement with the solid state structure is the IR spectrum of 2 which
shows bands typical for all major components of the molecule (OH,
NO2, N\C\N, Sn(CH3)). In contrast, both the 1H and 13C spectra each
show only a singlet attributable to Sn(CH3)3, indicating that the solid-
state structure of 2 does not persist in solution (acetone-d6).

Initial test results of the energetic properties of 2 are listed in Table 1.
In addition to a simple combustion test, the impact and friction sensitiv-
ity were tested according to established BAM methods [3] using the
BAM drop hammer and BAM friction tester. The “flame test” revealed
deflagration of 2 accompanied by strong evolution of smoke (SnO2).
The material was found to be relatively insensitive to friction (N288 N).
In contrast, the drop hammer test revealed that despite the low nitrogen
content and negative oxygen balance, compound 2 is very sensitive to
impact. The value of b2.5 J for 2 is comparable to those found for
Pb(N3)2 (3.0–6.5 J) [2] or lead(II) styphnate (2.5–5.0 J) [39], so that 2
can be classified as a primary explosive.

In summarizing the results reported here, the first metal–organic
nitrotetrazolate, [Me3Sn(μ-OH)SnMe3(μ-OH)SnMe3(H2O)][NT] (2),
wasmade via a simple metathetical reaction andwas structurally eluci-
dated by single-crystal X-ray diffraction. The supramolecular crystal
structure is characterized by an extensive network of O\H⋯N and
O\H⋯N hydrogen bonds. With an impact sensitivity of b2.5 J, com-
pound 2 represents a new type of primary explosive. Being an organotin
compound, it can certainly not be regarded as environmentally accept-
able, but the results reported here will without doubt stimulate further
work directed to the exploration of newmetal–organic or organometal-
lic (transition metals) 5-nitrotetrazolates.
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Appendix A. Supplementary material

Crystallographic data for the crystal structure reported in this paper
can be obtained from the Cambridge Crystallographic Data Center, 12
Union Road, Cambridge CB21EZ, UK (fax: +44-1223-336-033; e-mail:
deposit@ccdc.cam.ac.uk or http://www.ccdc.cam.ac.uk/) by referring
to the CIF deposition code CCDC 977000 (2). Supplementary data to
this article can be found online at http://dx.doi.org/10.1016/j.inoche.
2014.02.003.
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