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Abstract—Guanazine (3,4,5-triamino-1,2,4-triazole) is selectively nitrosated on C–NH2 to produce nitrosoguanazine (3-nitros-
amino-4,5-diamino-1,2,4-triazole). The nitrosoguanazine is used to prepare 5-azido-3-amino-1,2,4-triazole and nitrosoguanazine
anion–Cu(II) complexes.
Published by Elsevier Ltd.
1. Introduction and discussion

Reports of isolation of primary nitrosamino compounds
are rare, due, at least in part, to the fact that these
compounds readily convert to diazonium salts under
normal reaction conditions. Among these reported
nitrosamino compounds, we found 3-nitrosamino-4-
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Scheme 1. Reagents and conditions: (i) 1 equiv HOAc, 1 equiv NaNO2, H2O
(iii) NaOH (4a) or KOH (4b), H2O; (iv) Cu(II)(NO3)2(2.5H2O), H2O; (v) di
aryl-5-alkyl-1,2,4-triazoles1 and 3-nitrosamino-5-amino-
1,2,4-triazole.2,3

We have prepared a primary nitrosamino-triazole com-
pound for use as an intermediate to other materials.
Thus, we report here (Scheme 1): (a) The selective nitro-
sation of guanazine (1) (3,4,5-triamino-1,2,4-triazole) to
Cu(II) complexes.
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, 0–25 �C/20 h (product 2 is possibly dimer);8 (ii) H2O, 75 �C/45 min;
lute HNO3 (6) or dilute HCl (7).
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Figure 2. The crystal structure of the complex Cu(II) salt, 5; as
mentioned above, there are also two nitrate anions and two water
molecules in the asymmetric unit that are not shown here because they
occur above and below this roughly planar cluster and would obscure
the view. The central oxygen is part of a hydroxyl ion; its proton lies
above the plane and is not shown.

Figure 3. The crystal structure of 6, a nitrate salt of 3, as revealed by
X-ray analysis; atoms are represented by ‘50% probability’ displace-
ment ellipsoids.
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produce nitrosoguanazine (2) (3-nitrosamino-4,5-diami-
no-1,2,4-triazole); (b) The conversion of 2 to 5-azido-3-
amino-1,2,4-triazole (3); and (c) The conversion of salts
4a,b to nitrosoguanazine anion–Cu(II) complex 5.

This work began with an interest in the preparation of
34,5 as a versatile intermediate to new energetic materi-
als. Our initial approach to 3, involving selective diazo-
tization of 1, gave a low yield of impure 3; thus, the
approach was changed to the preparation and use of 2
as an intermediate to 3.6 The latter approach, involving
selective nitrosation of 1, produces high-purity 27,8 that
can be easily converted to 3 by heating in H2O or H2O/
HOAc.9

Nitrosoguanazine 2 was treated with NaOH or KOH in
water to give the respective salts, 4a and 4b.10 Crystal
structure analyses of 4a (Fig. 1)11 and b11 show that
nitrosation of 1 has occurred on C–NH2 rather than
on N–NH2. Apparently, the C–NH2, being the more ba-
sic amine, is more susceptible to NO+ attack. Salt 4a is a
hydrate, while 4b is free of water. The salts have high
thermal stability as determined by DSC.10

Salts 4a and 4b, when treated with copper(II) nitrate
in water, form nitrosoguanazine anion–Cu(II) complex
5.12 Crystal structure analysis of 5 (Fig. 2) shows that
the complex contains three nitrosoguanazine anions,
three Cu2+, and hydroxide, along with two nitrate
ions and two water molecules.11 The complex is very
similar in structure to those recently reported for
3-acetylamino-1,2,4-triazole anion and 3-acetylamino-
5-amino-1,2,4-triazole anion.13,14

Azidoaminotriazole 3 is sufficiently basic that it readily
forms acid salts, for example, HNO3 salt 6 and HCl salt
hydrate 7.15 Crystal structure analyses were performed
on 6 (Fig. 3)11 and 7,11 as well as on the free amine
3.11 The IR spectra of 3 and its salts 6 and 7 show very
significant differences in the region of azide group
absorption: compound 3 has a single very strong peak
at 2147 cm�1; 7 has a single peak (2151) of medium
Figure 1. The crystal structure of 4a, a hydrated sodium salt of 2, as
revealed by X-ray analysis; atoms are represented by displacement
ellipsoids containing 50% of the probability density.
intensity; 6 shows two absorptions (2202 and 2165)
and they are of weak intensity.

We anticipate that azidoaminotriazole and nitrosoguan-
azine, possessing multiple functionality including reac-
tive amine groups, will be of interest as intermediates
toward other new materials. In addition, it may be pos-
sible to produce new complexes similar to 5 by expand-
ing to other types of heterocyclic anions.
2. Crystal structures

There are two separate ion pairs and two water mole-
cules linked together in a cluster in the 4a crystal. The
anions are chemically identical, but differ in their ion–
ion and hydrogen-bonding packing interactions, shown
by the dashed lines in Figure 1. There are also two sep-
arate ion pairs in the asymmetric unit of 6 (Fig. 3), form-
ing a cluster which appears to be symmetric, but it
contains neither 2-fold nor inversion symmetry. The
two anions differ because of different packing interac-
tions, but not significantly.
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The crystal structure of 5 (Fig. 2) should be considered
to be low-precision, because its data come from a
twinned crystal which compromised the overall quality
of the collected crystal data. Two components were
found from the diffraction pattern; both components
were used to fit the unit cell and data from both compo-
nents were used to refine. However, the structure refines
to a high R value of 8.7% for the observed reflections, so
there may be other unrecognized components affecting
the data. Hydrogen atoms could not reliably be located,
but considerations of the shape of the multi-atom ions,
the relative weights of the nonhydrogen atoms and the
overall charge balance led us uniquely to the reported
structure.
3. Analytical methods

Differential scanning calorimetry (DSC) experiments for
energetic complexes 5 should be performed using amounts
of 0.2 mg or less: The IR spectra were recorded via atten-
uated total reflectance (ATR) on a ThermoNicolet Ava-
tar 370 FT-IR Spectrometer. NMR spectra were
recorded using either Varian 300 MHz Mercury Plus
system or a Varian Inova system equipped with a
5 mm triple resonance triaxial PFG probe at 500 MHz
for 1H and 125 MHz for 13C (referenced to residual sol-
vent signals). Elemental analyses were performed by
Galbraith Laboratories, Inc., Knoxville, TN. In general,
for high-nitrogen heterocyclic compounds, we have
experienced difficulty in obtaining consistent analytical
values for N. The values found for N are often low, even
though values for other elements (C, H, etc.) are accept-
able. The analytical purity is further established using
other techniques (NMR, IR, DSC, mp).
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