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Tetraazapentalene Chemistry: Unexpected
Intramolecular Electron Rearrangement Induced
by Highly Reactive y-Dinitroso Substituents**
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Tetraazapentalenes (TAP),[1–4] tetraazaphosphapentalenes
(TAPP),[5] tetraazathiapentalenes (TATP),[6–7] tetraazaselena-
pentalenes (TASP),[8–9] and their derivatives (Scheme 1) are
of special interest owing to their unusual electronic structure
and chemical behavior which is governed by the striking

orientations of the heteroatoms. These heterocyclic systems
promise a variety of applications including in organic syn-
thesis, redox chemistry, and in industry, military, and space
programs. Some examples of these applications include the
derivatization of p-hypervalent heterocyclic TATP,[10–12] the
synthesis of versatile heterocyclic compounds,[13–15] exotic
metal carbene chemistry,[16–20] shaped charges for downhole
penetrators,[21] and thermally stable high-energy materi-
als.[22–26] Much attention has been focused on the preparation
(precursors and methods) and properties of the heterocyclic
tetraazapentalenes and their derivatives because their appli-
cations depend significantly on their thermal stability, perfor-
mance, and synthetic practicality.

We are interested in the preparation of high-nitrogen-
content energetic materials, heterocyclic high-density materi-
als, and green primary explosives for a wide variety of
applications through the utilization of tetrazines,[27] tetra-
zoles,[28] triazines,[29] furazans,[30] triazoles,[31] pyridines,[32] and
azetidines.[33] Our interest in heterocyclic tetraazapentalenes
was to probe the explosive performance (detonation velocity
(VD) and detonation pressure (PCJ)) of previously synthe-
sized, thermally stable high-energy compounds and to

Scheme 1. The structures of tetraazapentalenes (TAPs), tetraazaphos-
phapentalenes (TAPPs), tetraazathiapentalenes (TATPs), and
tetraazaselenapentalenes(TASPs).
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develop candidates with a better performance for realistic and
yet practical applications.

Maquestiau et al. reported the preparation and partial
physical characterization (MS: [M+]= 389; IR: ñ= 1530 and
1320 cm�1) of 1, but neither crystal structure, thermal stability,
sensitivity, nor explosive performance were provided.[34–35]

Herein, we report an improved preparation of 1, its full
characterization, including energetic properties, and its novel
reactivity through intramolecular electron rearrangement.
The details of the three-step preparation are shown in
Scheme 2.

The condensation reaction between benzotriazole and 2-
chloro-3-nitropyridine was performed in acetonitrile in the
presence of Na2CO3, to give regioisomer 1A, which then
underwent ring closure by treatment with P(OEt)3 in reflux-
ing xylene to yield 1B. After its dissolution in H2SO4 (98%) at

5 8C, HNO3 (90%) was slowly added, while the temperature
was maintained below 2 8C. The reaction mixture was stirred
vigorously at 80 8C for 2 h, cooled to room temperature, and
poured onto crushed ice. Once filtered and washed with cold
water, the yellow product was triturated consecutively with a
minimum amount of acetone, acetonitrile, and methanol to
remove any remaining acids.[21]

Isolated 1 was characterized by X-ray crystallography,[36a]

differential scanning calorimetry (DSC, exotherm of fast
decomposition), heat of formation, and UV/Vis, IR, and 1H
and 13C NMR spectroscopy.[37] The X-ray crystal structure of 1
(grown through the slow evaporation of a solution in nitro-
methane), is shown in Figure 1.

Overall, the reaction sequence shown in Scheme 2 gives 1
in 74% yield, which is two and half times greater than that
reported by Maquestiau et al.[34–35] Furthermore, the duration
of the nitration reaction is much shorter (2 vs 48 h), and both
solvents (acetonitrile from the condensation reaction and
xylenes from the ring-closure step) are subsequently distilled

to allow recovery and reuse. Com-
pound 1 has a thermal stability similar
to that of the other well-known ther-
mally stable analogues shown in
Scheme 3, but exhibits the highest
experimentally measured VD and PCJ.
As a consequence, the combination of
better reaction yield, cheaper produc-
tion cost, and higher performance has
made 1 attractive for use in realistic
and practical applications.[21]

A stoichiometric reaction between
1 and NaN3 in DMSO at 40 8C gave 2.
After the reaction was cooled to room
temperature, water was added to pre-
cipitate the analytically pure brown
product, which was filtered, washed
thoroughly with water, and air-dried,
[Eq. (1)].

Compound 2 was characterized by DSC, elemental
analysis, and UV/Vis, IR, and 1H and 13C NMR spectrosco-
py.[38] Caution! Compound 2 is very sensitive to sparks,
friction, and impact,[39] hence, plastic spatulas should be used.
This reaction should be performed within a fume hood fitted
with a thick blast shield. Grounding straps, thick gloves, and a
face shield should be worn at all times.

The reaction shown in Equation (2) exhibits the same
nucleophilic disubstitution of the benzopyridotetraazapenta-

Scheme 2. Detailed preparation of 1.

Figure 1. The ORTEP diagram (ellipsoids drawn at the 25% probability
level) with labeling scheme for 1. Selected bond lengths [D] and angles
[8]: N1-N2 1.370(14), N2-N3A 1.337(12), N2-N3B 1.330(13), N1-N2-
N3A 114.2(11), N2-N1-C6A 108.3(11), N3A-C1A-C6A 111.5(12).

Zuschriften

7252 www.angewandte.de � 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. 2005, 117, 7251 –7256

http://www.angewandte.de


lene (BPTAP) backbone. How-
ever, it was necessary to use a
large excess of nucleophile
(sodium methoxide or piperi-
dine) in the appropriate solvent
and to heat the reaction mixtures
at reflux or at 80 8C. The isolated
product was purified through
column chromatography.

The disubstitution pattern of
2, 5, and 6 in Equations (1)

and (2) is unique when compared to those of the Z-shaped
and T-shaped isomers of dibenzotetraazapentalene (BBTAP;
7) and dipyridotetraazapentalene (PPTAP; 9).[22–24] As shown
in Scheme 4, substitution by the azide group occurred only
ortho to the N bridgeheads.[22–24] Even with excess NaN3,
higher temperature, and longer reaction time, only one azide
group substituted on each side of the BBTAP and PPTAP
systems.

Based on the preparation of 12 (nitrogen atoms form a Z-
shaped structure) from 7[22] [Eq. (3)] or the analogous
compound from 8 (the nitrogen atoms in a T-shaped
structure),[23] we predicted that the nitration of 2, followed
by azido–nitro ring closure, would give the corresponding
furoxano–tetrazolo product 13 as shown in Equation (4).

The reaction shown in Equation (4) did not form 13, but
rather took a substantially different pathway as shown in

Scheme 3. Some common thermally stable compounds.

Scheme 4. Diazido-substituted isomeric tetraazapentalenes.
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Scheme 5. The adjacent 2-azido and 3-nitro positioning
provoked the elimination of molecular nitrogen followed by
ring closure to form the corresponding furazan N-oxide
compound 3A or the resonance hybrid y-2,3-dinitroso

compound 3B. The presence of
the y-3-nitroso group triggers the
elimination of the second nitro-
gen molecule and subsequent
ring closure to form 3C, which is
the valence isomer of 3D. The y-
4-nitroso substituent in 3D stim-
ulates an intramolecular electron
rearrangement to open the T-
shaped tetraazapentalene back-
bone to form 4. This is the first
example of the ring opening of

the T-shaped tetraazapentalene isomer. This ring opening is
unlike the ring scissions of the Z-shaped TACOT, which was
attacked either by oxidation with peracetic acid,[41] reduction
with lithium aluminum hydride (or copper(i) cyanide),[41] or

nucleophilic substitution with
sodium methoxide.[42] The unpre-
dicted product 4 was confirmed
through the X-ray crystal structure
shown in Figure 2,[36b] and fully
characterized by DSC, elemental
analysis, and UV/Vis, IR, and 1H
and 13C NMR spectroscopy.[43]

These results are important in
demonstrating the improved prep-
aration of 1, which may lead to a
variety of realistic and yet practical
applications. Ring scission of the T-
shaped tetraazapentalene isomer is
novel as it occurs through an
unpredicted intramolecular elec-
tron rearrangement activated by
the highly reactive y-dinitroso sub-
stituents of 3c.
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