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Copper bis(1-methyl-5-nitriminotetrazolate) (1) was synthe-
sized and investigated as a new primary explosive. Com-
pound 1 was obtained by dehydration of diaquabis(1-methyl-
nitriminotetrazolato)copper(II) dihydrate (2) or diaquabis(1-
methylnitriminotetrazolato)copper(II) (3) at 120 °C. Com-
plexes 2 and 3 are easily formed by the reaction of 1-methyl-
5-nitrimino-1,2,3,4-tetrazole (4) with copper(II) nitrate in
aqueous solution in high yields. Single crystals of 1 were ob-
tained by recrystallization from dry methanol, whereas wet
methanol favors the yield of diaquabis(1-methyl-nitriminote-
trazolato)copper(II) dimethanolate (5). Compound 1 was
characterized by using single-crystal X-ray diffraction, IR
spectroscopy, elemental analysis, and differential scanning
calorimetry (DSC). The sensitivities were investigated by
using the BAM drophammer and friction tests, and the heat

Introduction

Commonly used primary explosives[1,2] still include poi-
sonous and polluting compounds (illustrated in Figure 1)
like lead azide [Pb(N3)2],[3–5] and lead styphnate (2,4,6-trini-
troresorcinate),[6] which replaced mercury fulminate
[Hg(CNO)2][7] early in the last century. Primary explosives
are highly sensitive and are characterized by detonation ve-
locities of 3500–5500 ms–1. The discovery of suitable new
substitutes for lead-containing primary explosives is an im-
portant aspect of current energetic materials research. Pri-
mary explosives consisting only of C, N, and H such as
tetrazene,[8] which is used as a sensitizer, exist but are often
difficult to synthesize.

A recently employed idea is the formation of nontoxic
metal complexes containing zinc or copper instead of toxic
heavy metals.[9] Because several tetrazoles[10,11] and tetrazol-
ates[12,13] are known to be promising energetic com-
pounds[14] with appropriate properties such as high densi-
ties, a positive heat of formation, and a high nitrogen con-
tent, one possible alternative for the development of new
primary explosives is the use of copper tetrazole com-
plexes.[15–17]
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of formation was calculated on the basis of electronic ener-
gies at the B3LYP/SDD level of theory. Compound 1 shows
an impact sensitivity that is five times higher and a friction
sensitivity that is ten times lower than that of lead azide,
which is appropriate. In addition, the long-term stability of 1
at higher temperatures was tested by using isothermal safety
calorimetry (TSC). Compounds 2 and 3 were characterized
by single-crystal X-ray diffraction, IR spectroscopy, elemen-
tal analysis, DSC, bomb calorimetry, and BAM sensitivity
tests. In addition, compound 5 was characterized by single-
crystal X-ray diffraction and elemental analysis. The dehy-
dration of 2 was determined by using thermal gravimetry
(TG) to occur by the loss of crystal water in one discrete step.
(© WILEY-VCH Verlag GmbH & Co. KGaA, 69451
Weinheim, Germany, 2007)

Figure 1. Common primary explosives: (a) lead azide, (b) lead
styphnate, (c) mercury fulminate, and (d) tetrazene.

Copper tetrazole complexes are also suitable materials
for modern pyrotechnical compositions. Common pyro-
technic compositions are nonexplosive combustible mix-
tures consisting of fuels and oxidizers, which generate
bright-colored light, heat, or acoustic effects.[18] High-nitro-
gen materials have been investigated for use in pyrotechnic
compositions in order to reduce smoke production.[19] A
low-smoke pyrotechnic composition should include a nitro-
gen-rich energetic material (e.g. tetrazoles) with a low car-
bon content, an oxidizer, and a colorant. Copper(II) 1-
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methyl-5-nitriminotetrazolates 2 and 3 are suitable new
compounds for use as green-coloring pyrotechnic materials
acting as substitutes for toxic barium salts.

Results and Discussion

Synthesis

The copper complexes [Cu(C2H3N6O2)2(H2O)2]·2H2O
(2) and [Cu(C2H3N6O2)2(H2O)2] (3) were synthesized ac-
cording to Scheme 1 by the addition of an aqueous solution
of copper nitrate trihydrate to an aqueous solution contain-
ing two equivalents of 1-methyl-5-nitriminotetrazole (4)[20]

at 80 °C. Compound 2 was observed as the main product
(85% yield), whereas 3 was obtained when the mother
liquor was allowed to stand for a few days. Compound 4
was synthesized by the nitration of 1-methyl-5-aminotetra-
zole[21,22] by using fuming HNO3.

Scheme 1. Synthesis of compounds 2 and 3.

The highly explosive [Cu(C2H3N6O2)2] (1), which does
not contain crystal water, was obtained by dehydration of
2 by using high vacuum (1�10–2 bar) at 120 °C for two
hours (Scheme 2). To remove the four water molecules,
heating to 120 °C is sufficient but it requires twice the time.
Single crystals of 1 were obtained by recrystallization of 1
from dry methanol, whereas recrystallization from wet
methanol led to the formation of crystals of compound 5,
which contains two coordinated water molecules and two
free methanol molecules.

Scheme 2. Synthesis of 1 by dehydration of 2 or 3.

Molecular Structures

The single-crystal X-ray diffraction data were collected
with an Oxford Xcalibur3 diffractometer with a Spellman
generator (voltage 50 kV, current 40 mA) and a KappaCCD
detector. Data collection was undertaken by using the Crys-
Alis CCD software,[23] and the data reductions were per-
formed with the CrysAlis RED software.[24] The structures
were solved by using SIR-92[25] and refined with SHELXL-
97[26] and finally checked with PLATON.[27] In the struc-
tures, the hydrogen atoms were located and refined. The
absorptions of 1, 2, 3, and 5 were corrected by using the
SCALE3 ABSPACK multiscan method.[28] Selected data
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from the X-ray data collections and refinements are given
in Table 3. Further information regarding crystal structure
determination was deposited with the Cambridge Crystallo-
graphic Data Centre.[29]

Primary explosive 1 crystallizes in the monoclinic space
group P21/c with 2 molecules in the unit cell and a density
of 2.067 gcm–3. The copper cations lay on the center of in-
version and are coordinated in a distorted octahedral ar-
rangement by two nitrogen atoms [d(Cu–N4) = 1.923(2) Å],
which is also found in copper nitrogen complexes such as
[Cu(NH3)4(NO3)2],[30] and four oxygen atoms [d(Cu–O1) =
1.974(2) Å, d(Cu–O4i) = 2.589(2) Å (i: 2 –x, –0.5 + y, 1.5 –
z)]. The shorter coordination distances Cu–N4 and Cu–O1
are between one chelating 1-methyl-5-nitriminotetrazolato
ligand, whereby a longer coordination to the other oxygen
atom of the nitro group is also observed, which is longer
than in typical Jahn–Teller distorted d9 copper complexes
(see structures of 2, 3, and 5). Accordingly, every nitro
group participates in coordination with two copper centers,
which results in an endless 3-dimensional network. The ex-
tended molecular structure of 1, which illustrates the coor-
dination of the nitro groups in the crystalline state, is shown
in Figure 2.

Figure 2. Crystal structure of 1 showing an extended molecular
unit and atom-labeling scheme. Ellipsoids represent 50% prob-
ability.

The reaction of ligand 4 with copper(II) nitrate yields
two different compounds {[Cu(C2H3N6O2)2(H2O)2]·2H2O
(2) and [Cu(C2H3N6O2)2(H2O)2] (3)}, which can be easily
distinguishable by their color. Blue-colored main product 2
is characterized by the inclusion of two water molecules
that do not participate in the coordination sphere. In these
two structures, the effects of the inclusion of water can
clearly be seen for example in the variation of the density
(2 1.870 gcm–3, 3 2.035 gcm–3). Both compounds crystallize
with two molecules in the unit cell in the monoclinic crystal
system: 2 in the space group P21/c and 3 in the alternative
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setting P21/n. The coordination geometry of the copper cat-
ions is characterized by an elongated octahedral arrange-
ment due to the Jahn–Teller effect. This coordination geom-
etry is typical for transition-state metals with d9 valence
electron configurations distorted by the Jahn–Teller[31] ef-
fect and is similar to those found for other complexes of
both 2-substituted and 1-substituted tetrazoles.[32] The Cu–
N bond lengths show considerable variation. Whereas a
typical Cu–N4 distance of 1.997(1) Å is found in 2, which is
comparable to complexes with ligand systems such as 1,10-
phenanthroline,[33] in compound 3 the distance Cu–N4 of
1.919(2) Å is importantly shorter. The differences in the
Cu–O bond lengths are, however, less significant [2: d(Cu–
O3) = 1.971(1) Å, d(Cu–O1) = 2.393(1) Å, 3: d(Cu1–O1) =
2.048(2) Å, d(Cu1–O3) = 2.337(2) Å]. The geometries of the
1-methyl-5-nitriminotetrazolate moieties in 2 and 3 are es-
sentially unaffected by the inclusion of water in 3. In Fig-
ures 3 and 4 the molecular moieties of complexes 2 and 3
are shown.

Figure 3. Crystal structure of 2 showing the molecular unit and
atom-labeling scheme. Ellipsoids represent 50% probability.

Figure 4. Crystal structure of 3 showing the molecular unit and
atom-labeling scheme. Ellipsoids represent 50% probability.

Compound 5 crystallizes in the monoclinic space group
P21/c with two molecules in the unit cell and the lowest
density of 1.74 gcm–3 observed in this work. The structure
is analogues to that of 2; however, instead of two water
molecules in 2, two methanol molecules complete the pack-
ing of compound 5. The methanol is not coordinated to
any copper centers; therefore, it is not further discussed.
The molecular structure of 5 in the crystalline state is
shown in Figure 5.

The bond lengths and bond lengths of the discussed crys-
tal structures 1, 2, 3, and 5 are given in Table 1.
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Figure 5. Crystal structure of 5 showing the molecular unit and
atom-labeling scheme. Ellipsoids represent 50% probability.

Table 1. Bond lengths and angles.

Atoms A–B 1 2 3 5
d [Å] d [Å] d [Å] d [Å]

Cu–O3 – 1.971(1) 2.337(2) 1.998(2)
Cu–N4 1.923(2) 1.997(1) 1.919(2) 1.960(2)
Cu–O1 1.974(2) 2.393(1) 2.048(2) 2.326(2)
O2–N6 1.248(3) 1.261(2) 1.241(3) 1.252(2)
O1–N6 1.291(3) 1.246(2) 1.284(3) 1.255(2)
N1–C1 1.340(3) 1.347(2) 1.344(3) 1.339(3)
N1–N2 1.352(3) 1.349(2) 1.352(3) 1.353(3)
N1–C2 1.467(4) 1.462(2) 1.467(3) 1.466(3)
N5–N6 1.306(3) 1.324(2) 1.311(3) 1.328(3)
N5–C1 1.362(3) 1.365(2) 1.366(3) 1.361(3)
N2–N3 1.287(3) 1.294(2) 1.293(3) 1.288(3)
N3–N4 1.365(3) 1.365(2) 1.365(3) 1.365(3)
N4–C1 1.334(3) 1.343(2) 1.337(3) 1.343(3)

Atoms A–B–C Angle [°] Angle [°] Angle [°] Angle [°]

O3–Cu–N4 – 89.84(6) 87.08(9) 89.27(8)
O3–Cu–O1 – 88.97(5) 91.39(8) 88.35(7)
N4–Cu–O1 86.23(8) 76.57(5) 85.57(8) 78.18(7)
C1–N1–N2 108.8(2) 109.5(1) 109.4(2) 109.8(2)
C1–N1–C2 129.5(2) 128.8(1) 129.2(2) 128.4(2)
N2–N1–C2 121.7(2) 121.7(1) 121.1(2) 121.8(2)
N6–N5–C1 117.5(2) 117.8(2) 118.3(2) 118.5(2)
N3–N2–N1 107.4(2) 106.6(1) 107.0(2) 107.1(2)
O1–N6–O2 117.8(2) 120.8(1) 117.6(2) 121.0(2)
O1–N6–N5 125.2(2) 124.9(1) 125.1(2) 124.0(2)
O2–N6–N5 116.9(2) 114.3(1) 117.4(2) 115.0(2)
N2–N3–N4 109.6(2) 110.6(1) 109.7(2) 109.5(2)
C1–N4–N3 107.1(2) 106.5(1) 107.4(2) 107.7(2)

Thermogravimetry

Thermogravimetry was used to investigate the dehy-
dration step and was performed with a Setaram TG-DTA
92-16[34] under a helium atmosphere with a heating rate of
1°min–1 to a maximum temperature of 350 °C. For the mea-
surement, 5.351 mg of a pulverized sample in an aluminum
oxide pan was used. The TG curve as well the DTA curve
are shown in Figure 6, and they show that the loss of water
occurs over a wide range that starts before 50 °C and ends
at about 85 °C. The loss of water depends on the heating
rate and occurs at higher temperatures when higher heating
rates are used (see DSC measurements). The loss of
0.878 mg weight corresponds to the loss of all four water
molecules in compound 2, and therefore, it was not possible
to stop the dehydration at compound 3. In the second step
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at about 245 °C, a mass of 3.932 mg was lost, which is more
than the expected mass for the remaining copper(II) oxide
as solid residues. Through the explosion that releases a huge
amount of nitrogen, some of the CuIIO must be removed
from the open setup.

Figure 6. Thermogravimetry plot of compound 2 showing the loss
of mass (right axis) and the DTA curve (left axis).

Energetic Properties

Differential Scanning Calorimetry (DSC)

DSC measurements used to determine the thermal be-
havior of the copper(II) 1-methyl-5-nitriminotetrazolate
complexes were performed in covered Al containers with a
nitrogen flow of 20 mLmin–1 with a Perkin–Elmer Pyris 6
DSC,[35] which was calibrated by standard pure indium and
zinc at a heating rate of 5 °Cmin–1. Compound 1 decom-
poses at a temperature of 252 °C at a heating rate of
5°min–1 and at 248 °C at a heating rate of 2°min–1. The
DSC plots in Figure 7 show the thermal behavior of ca.
1.5 mg of 1–3 in the temperature range from 50 to 300 °C.
Interestingly, the deprotonation in combination with the co-
ordination to the copper(II) centers results in a substantial
increase in the decomposition points in relative to neutral
ligand 4, which decomposes at temperatures above 125 °C.

Figure 7. DSC plots of compounds 1, 2, and 3 (heating rate
5°min–1).
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To determine the heats of decomposition, a Linseis DSC
PT10[36] instrument was used. Three samples (ca. 1 mg)
were heated with a heating rate of 2°min–1 and a fixed ni-
trogen flow of 5 Lh–1 over the decomposition peaks. The
surface was integrated by using Linseis software, and the
average of three measurements was used to calculate the
heats of decomposition: for 1 ∆dec.Hm° = 2739 Jg–1

(958 kJmol–1) and for 2 ∆dec.Hm° = 2218 Jg–1

(936 kJmol–1).

Bomb Calorimetry

As a result of its explosive character, it was not possible
to combust compound 1 completely in the bomb calorime-
ter; therefore, only complex 2 was investigated by using
bomb calorimetry (Scheme 3). For the calorimetric mea-
surements of 2, a Parr 1356 bomb calorimeter (static jacket)
equipped with a Parr 1108CL oxygen bomb for the com-
bustion of highly energetic materials was used.[37] The
reported value of the energy of combustion ∆Uc =
–1610 calg–1 (–2841 kJmol–1) is the average of three single
measurements. The calorimeter was calibrated by combus-
tion of certified benzoic acid (SRM, 39i, NIST) under an
oxygen atmosphere at a pressure of 3.05 MPa. The standard
molar enthalpy of combustion (∆cH°) was derived from
∆cH° = ∆Uc + ∆nRT [∆n = ∆ni (products, g) – ∆ni (reac-
tants, g); where ∆ni is the total molar amount of gases in the
products or reactants]. The enthalpy of formation, ∆fH°, of
–904 kJmol–1 for 2 was calculated at 298.15 K by using the
Hess thermochemical cycle and the combustion reaction
outlined in Scheme 3. After combustion, only a brown com-
pound was left in the bomb, which was identified as cop-
per(II) oxide.

Scheme 3. Combustion equation of 2.

To estimate the heat of formation of solid
[Cu(C2H3N6O2)2] (1), we calculated[38] the electronic ener-
gies of all species involved in the gas-phase reaction
(Scheme 4) at the B3LYP/SDD level of theory to be ∆Eel(1)
= –1859 kJmol–1.

Scheme 4. Gas-phase combustion equation of 1.

This gas-phase electronic energy was converted after cor-
rection for the work term and the vibrational, translational,
and rotational corrections into the gas-phase enthalpy of
∆H(1) = –1883.4 kJmol–1.

With the known enthalpy of sublimation for CuO of
∆Hsub.(CuO) = 462.7 kJmol–1[39] and the estimated heat of
sublimation for 1 of ∆Hsub.(1) = 175.9 kJmol–1 [this value
was taken to be equal to the enthalpy of sublimation of
the Cu(salen) complex,[40] the enthalpy of combustion of 1
according to the equation in Scheme 5 could be calculated
to be ∆Hcomb.(1,s) = –2169.3 kJmol–1.
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Scheme 5. Combustion equation of solid 1.

The enthalpy of formation was then calculated by using
the known literature[41] values for the enthalpies of forma-
tion of water [∆H°f(H2O,g) = –242 kJmol–1] and carbon di-
oxide [∆H°f(CO2,g) = –393 kJmol–1] to be ∆H°f (1,s) =
–83.7 kJmol–1.

Sensitivities

For initial safety testing, the impact and friction sensitivi-
ties were tested according to BAM methods[42,43] with the
“BAM Fallhammer” and “BAM friction tester”. Com-
pound 1 is very sensitive towards impact (0.7 J) and friction
(40 N), and because the value is comparable with lead azide,
it should be considered to be a primary explosive; it should
therefore only be handled with appropriate precautions.
Compounds 2 and 5 are not sensitive towards impact
(�100 J) and friction (�360 N). Compound 3 shows only a
very low impact sensitivity (�55 J) and is not sensitive
towards friction.

Comparison with Lead Azide

Because lead azide is still used in modern priming
charges and the U. S. army alone consumes more than
1000 lbs of it,[9] a comparison of its properties with those
of compound 1 is shown in Table 2.

Table 2. Energetic properties of 1 and lead azide.

1 Lead azide

Impact sensitivity �0.7 J 2.5–4.0 J (pure)
3.0–6.5 J (techn.)

Friction sensitivity �40 N 0.1–1 N
Decomposition temperature 252 °C �315 °C

Long-Term Stability Tests

The long-term stability test of 1 was performed with a
Systag FlexyTSC[44] (thermal safety calorimetry) in combi-
nation with a RADEX V5 oven and the SysGraph software.
The test was undertaken as long-term isoperibolic evalu-
ations in glass test vessels at atmospheric pressure with
500 mg of the compound. It was shown that tempering the
substance for 48 h at 40 °C below the decomposition point
results in storage periods that are over 50 years at room
temperature. Initially, for 1 a temperature of 210 °C was
chosen and possible occurrences of exo- or endothermic be-
havior were investigated over period of 48 h (Figure 8).
Compound 1 was not stable for 48 h at a temperature of
210 °C. After 25 h there was an explicit increase in the tem-
perature that was passed again after a few hours. After 48 h
the compound in the test vessel was mainly brown-colored
CuIIO. The second test was performed at a temperature of
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190 °C, and the compound was completely stable during
this period. It can therefore be reasoned that the compound
shows long-term stability even at higher temperatures,
which is a basic requirement for possible applications.

Figure 8. TSC plots of compound 1 over a period of 48 h at (a)
210 °C and (b) 190 °C (the upper curve represents the oven tem-
perature, the curve below the sample temperature).

Conclusions

From this experimental study the following conclusions
can be drawn: (1) 1-Methyl-5-nitriminotetrazole can be
used as a bidentate ligand in novel copper complexes form-
ing compounds with different amounts of crystal water de-
pending on the reaction conditions. The crystal water can
be completely removed at higher temperatures to form
highly explosive bis(1-methyl-5-nitriminotetrazolate) cop-
per(II) (1). The dehydration proceeds in discrete steps and
is determined by differential thermo gravimetry. (2) Bis(1-
methyl-5-nitriminotetrazolato) copper(II) is a primary ex-
plosive due to its high sensitivity towards impact (0.7 J),
but it shows a lower sensitivity towards friction (40 N) rela-
tive to common primary explosives. It is stable up to 250 °C
and even shows long-term stability when tested at a tem-
perature of 190 °C. In comparison with the commonly used
lead azide, it shows suitable properties, in particular, its fric-
tion and impact sensitivities and its lower toxicity. The ther-
mal decomposition provides a heat of decomposition of
2730 Jg–1, which was measured by using differential scan-
ning calorimetry. (3) The crystal structures presented show
common copper coordinations that are characterized by a
Jahn–Teller distorted elongated octahedral coordination
sphere.

Experimental Section
All reagents and solvents were used as received (Sigma–Aldrich,
Fluka, Acros Organics) if not stated otherwise. Melting points were
measured with a Perkin–Elmer Pyris6 DSC apparatus by using a
heating rate of 5° min–1. Otherwise, melting points were determined
with a Büchi melting point B-450 apparatus and are not corrected.
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Infrared (IR) spectra were recorded with a Perkin–Elmer Spectrum
One FTIR instrument. Elemental analyses were performed with a
Netsch STA 429 simultaneous thermal analyzer. Bomb calorimetry
was done with a Parr 1356 bomb calorimeter with a Parr 1108CL
oxygen bomb. The sensitivity data were performed with a BAM
drophammer and a BAM friction tester.

CAUTION!

Compounds 1 and 4 are highly energetic materials that show in-
creased sensitivities towards various stimuli. Proper protective mea-
sures (safety glasses, face shield, leather coat, earthened equipment
and shoes, Kevlar gloves and ear plugs) should be used when handling
these compounds, especially when compound 1 is prepared on a larger
scale.

[Cu(C2H3N6O2)2] (1): The highly explosive copper complex 1 was
obtained by dehydration of powdered 2 at 120 °C and reduced pres-
sure (1�10–2 mbar) for 2h. Single crystals suitable for X-ray dif-
fraction were grown from dry methanol. M.p. 252 °C (dec.). IR
(KBr): ν̃ = 3498 (m), 3456 (m), 3223 (m), 2861 (m), 2926 (m), 2346
(w), 1618 (m), 1528 (m), 1494 (m), 1477 (m), 1438 (m), 1384 (m),
1339 (s), 1303 (s), 1245 (m), 1229 (m), 1120 (m), 1037 (w), 1001
(m), 873 (m), 776 (w), 733 (w), 698 (w), 588 (w), 512 (w) cm–1.
C4H6CuN12O4 (349.71): calcd. C 13.74, H 1.73, N 48.06; found C
13.77, H 1.83, N 48.29.

[Cu(C2H3N6O2)2 (H2O)2]·(H2O)2 (2): Copper(II) nitrate trihydrate
(240 mg, 1.0 mmol) was dissolved in hot water (2 mL) and com-
bined with a hot solution of 1-methyl-5-nitriminotetrazole (288 mg,

Table 3. Crystallographic data.

1 2 3 5

Formula CuC4H6N12O CuC4H14N12O8 CuC4H10N12O6 C6H18CuN12O8

Formula weight 349.75 421.81 385.78 449.87
Crystal system monoclinic monoclinic monoclinic monoclinic
Space group P21/c (14) P21/c (14) P21/n (14) P21/n (14)
Color / habit green / rods blue / rods green / plates light blue / needles
Size [mm] 0.03�0.04�0.10 0.08�0.17�0.18 0.08�0.12�0.16 0.03�0.05�0.12
a [Å] 9.1982(5) 5.9934(4) 5.7451(6) 6.9382(3)
b [Å] 6.7004(3) 14.3068(8) 9.482(1) 12.1607(7)
c [Å] 9.3453(4) 8.9967(6) 11.574(1) 10.1950(5)
α [°] 90.0 90.0 90.0 90.0
β [°] 102.653(5) 103.753(6) 92.935(9) 93.188(5)
γ [°] 90.0 90.0 90.0 90.0
V [Å3] 561.98(5) 749.32(8) 629.7(1) 858.86(7)
Z 2 2 2 2
ρcalcd. [g cm–3] 2.067 1.870 2.035 1.740
µ [mm–1] 1.991 1.529 1.799 1.340
F(000) 350 430 390 462
λMo-Kα [Å] 0.71073 0.71073 0.71073 0.71073
T [K] 100(2) 120(2) 200(2) 100(2)
θ min, max [°] 3.8, 26.0 4.5, 26.5 4.1, 26.5 3.7, 26.0
Data set –11/11; –8/8; –11/11 –7/7; –17/17; –11/11 –7/7; –11/11; –14/14 –8/8; –13/15; –12/12
Reflections collected 5473 7776 6422 4363
Indep. reflections 1102 1551 1295 1689
Rint 0.044 0.025 0.038 0.041
Observed reflections 837 1473 1170 1060
No. parameters 109 143 126 160
R1 (obs) 0.0267 0.0254 0.0352 0.0291
wR2 (all data) 0.0669 0.0616 0.0782 0.0612
GooF 0.96 1.12 1.16 0.88
Min./Max. Resd. [eÅ–3] –0.32, 0.42 –0.24, 0.34 –0.31, 0.39 –0.33, 0.41
Device type Oxford Xcalibur3 CCD Oxford Xcalibur3 CCD Oxford Xcalibur3 CCD Oxford Xcalibur3 CCD
Solution SIR-92 SIR-92 SIR-92 SIR-92
Refinement SHELXL-97 SHELXL-97 SHELXL-97 SHELXL-97
Absorption correction multiscan multiscan multiscan multiscan
CCDC No. 642162 641972 641973 642161
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2 mmol) in water (15 mL) and heated at reflux for 5 min. After
cooling to room temperature and standing for 24 h, blue crystals
of 2 started to precipitate (299 mg, 71%). After filtration, the
mother liquid was left, whereby green crystals of 3 were obtained
(39 mg, 10%). M.p. 256 °C (dec.). IR (KBr): ν̃ = 3504 (m), 3461
(m), 3220 (m), 2963 (m), 2148 (w), 1801 (w), 1662 (w), 1526 (m),
1476 (s), 1398 (m), 1384 (m), 1339 (s), 1305 (s), 1256 (m), 1120 (m),
1037 (m), 1010 (w), 929 (w), 887 (w), 859 (w), 776 (w), 737 (w),
654 (w), 585 (w) cm–1. C4H14CuN12O8 (421.78): calcd. C 11.39, H
3.35, Cu 15.07, N 39.85, O 30.35; found C 11.32, H 3.38, N 39.69.

[Cu(C2H3N6O2)2(H2O)2] (3): M.p. 251 °C (dec.). IR (KBr): ν̃ =
3481 (m), 2963 (w), 1798 (w), 1628 (m), 1539 (m), 1487 (m), 1417
(s), 1404 (s), 1385 (s), 1339 (m), 1298 (s), 1247 (m), 1125 (m), 1030
(m), 877 (w), 772 (w), 757 (w), 734 (m), 701 (m), 537 (w) cm–1.
C4H10CuN12O6 (385.75): calcd. C 12.45, H 2.61, Cu 16.47, N 43.57;
found C 12.28, H 2.71, N 43.11.

4: 1-Methyl-5-nitriminoterazole was obtained by the nitration of
1-methyl-5-aminotetrazole by using fuming HNO3. The nitration
reaction was quenched with ice water, and the solvent was removed
by using high vacuum until the product started to precipitate.

[Cu(C2H3N6O2)2 (H2O)2]·(MeOH)2: The light-blue colored meth-
anol containing complex 5 was obtained by recrystallization of 1
from a wet methanol solution. C6H18CuN12O8 (449.83): calcd. C
16.02, H 4.03, N 37.37; found C 15.8, H 3.92, N 37.65.

Table 3 contains the parameters and data obtained from the single-
crystal X-ray determinations.
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