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New ring-transformation reaction: the conversion 
of a tetrazole ring into a 1-oxa-3,4-diazine ring
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New ring cleavage/ring closure reactions of tetrazole derivatives provide a route to a new heterocyclic system such as
furazano[3,4-e]-1-oxa-3,4-diazine, which was characterized by 1H, 13C and 14N NMR spectroscopy and X-ray crystallography.

Tetrazoles are useful reagents in heterocyclic synthesis and are
widely used in ring cleavage/ring closure reactions with electro-
philic reagents to form new C–N and N–N bonds. These reac-
tions usually proceed via a dipolar nitrilimine intermediate; the
resulting dipole frequently being designed to react further in a
tandem electrocyclic cyclization process to generate a new
heterocyclic ring.1 Despite a relatively large number of known
tri-, five-, and six-membered nitrogen heterocycles prepared
in this way, there are very few incorporating oxygen or sulfur in
new ring.1,2

We recently discovered a reaction of tetrazole ring recycliza-
tion (Scheme 1) during an unsuccessful attempt to synthesize
3-(3-nitrofurazan-4-yl)-1-phenyltetrazole 3 from 3-fluoro-4-nitro-
furazan 23 and the sodium salt of 1-phenyltetrazole 1. We
have investigated the reactivity of 2 with salt 1 anticipating a
resulting typical nucleophilic displacement product.4

On stirring these reactants in glym at room temperature, the
rapid consumption of nitrofurazan was detected by TLC.† From
this complex reaction we could not isolate 3, but only a rather

low yield of a new product (34%). On isolation the product was
found to have a molecular formula of C11H5N7O5, suggesting
that two molecules of the starting nitrofurazan participated in
the reaction and the new product resulted from destruction of
the tetrazole ring. The structure of furazano[3,4-e]-1-oxa-3,4-
diazine 4 was suggested by its 1H, 13C and 14N NMR and mass
spectra.‡ Thus, the electron impact mass spectrum of 4 showed
a strong molecular ion peak (m/z 315, 60%) and significant
peaks due to loss of a nitro group (m/z 269, 5%), a nitro-
furazanyl moiety (m/z 201, 23%) and of PhCN (m/z 212, 16%)
from the molecular ion as might be expected from the structure.

In order to characterize the bicyclic compound unambi-
guously, a single crystal X-ray determination was carried out.§

The structure of product 4 is based on a heterocyclic system in
which the 1-oxa-3,4-diazine nucleus has been originated and
annulated with the furazan ring. The asymmetric unit cell of 4
contains two molecules A and A' with similar structures (in
Figure 1, only molecule A is shown).

The main difference in the molecular structures of A and A'
is that the nitro group in A' is disordered over two positions
while A molecule is totally ordered. In both molecules, Ph and
furazan fragments are nearly coplanar to the central fused ring.
The nitro group is almost perpendicular to the furazan ring that
is due to sterical repulsion between nitro oxygen and N1(1')

† To a solution of salt 1 (0.34 g, 2 mmol) in dry glym (5 ml) was added
a solution of 2 (0.27 g, 2 mmol) in dry glym (1 ml) all at once with
efficient stirring. The mixture was allowed to stir at room temperature
for 1 h. An examination of the reaction mixture by TLC showed the
disappearance of almost all of the starting material. Then, 50 ml of
CH2Cl2 and 40 ml of water were added. The organic solvent was
collected, washed with cold water and dried. After removal of CH2Cl2
under reduced pressure, the residue was purified by chromatography on
silica (pentane–CH2Cl2 5:2 as an eluent) to provide compound 4 (0.11 g,
34%) as a colourless solid.
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‡ For compound 4: mp 168–170 °C (CCl4). 1H NMR (CDCl3) d: 7.35–
7.85. 13C NMR (CDCl3) d: 125.5, 127.0, 129.2, 133.5, 138.0, 144.8,
145.2, 151.6, 155.7. 14N NMR (CDCl3) d: –35.8 (NO2). EI-MS, m/z:
315 [M]+, 269 [M – NO2]+, 212, 211, 201, 171, 143, 129, 103, 77. Found
(%): C, 41.94; H, 1.59; N, 31.08. Calc. for C11H5N7O5 (315.20) (%): C,
41.92; H, 1.60; N, 31.11.
§ X-Ray quality single crystals of compound 4 were grown by slow
evaporation of a CHCl3 solution at room temperature. The single crystal
(C11H5N7O5) is monoclinic, space group P21/c: a = 13.820(3), b = 16.074(3)
and c = 11.388(2) Å, b = 107.273(4)°, V = 2415.8(8) Å3, Z = 8, M = 315.2,
dcalc = 1.733 g cm–3, m = 0.124 mm–1. 16515 reflections were collected
on a SMART 1000 CCD difractometer [l(MoKα) = 0.71073 Å, graphite
monochromator, w-scans, 2q < 56°] at 120 K. The structure was solved
by the direct methods and refined by the full-matrix least-squares procedure
in anisotropic approximation. 5759 independent reflections [Rint = 0.0287]
were used in the refinement procedure that was converged to wR2 = 0.0956
calculated on F2

hkl [GOF = 1.040, R1 = 0.0518 calculated on Fhkl using
3557 reflections with I > 2s(I)]. 

CCDC 714466 contains the supplementary crystallographic data for this
paper. These data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
For details, see ‘Notice to Authors’, Mendeleev Commun., Issue 1, 2009.
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atoms. The planar structure of 4 implies the presence of π-con-
jugation. The bond lengths at N2(2') atom are in agreement
with its planar geometry and C1(1')–C7(7') and C9(9')–O2(2')
bonds are shorter than single C(ar)–C(O) bonds.5 This structure
can be compared to an example of fused 1-oxa-3,4-diazine
studied by X-ray method6 in which the six-membered ring
adopts a boat conformation and π-conjugation is broken, which
results in shortening of C=N bond and elongation of bonds at
N2(2') atom and O2(2')–C9(9') bond.

In the crystal of 4, molecules form a layered structure by
means of O···O, O···N and stacking interactions. Each layer
consists of the molecules of the same type. As in many cases of
relatively dense molecules involving a nitro group and a furazan
ring,7 the crystal structure of 4 is also stabilized by numerous
slightly shortened O···O, O···N and N···N intermolecular
contacts with distances at the boundary between normal and
shortened ones.

The formation of this bicyclic system was particularly
surprising, suggesting that a new type of reaction had occurred.
The mechanism of this unusual reaction has not been
unequivocally established, but one reasonable possibility is
outlined in Scheme 2. Here, it is proposed that the nucleophilic
displacement of fluoride at the furazan produces disubstituted
tetrazole 3 in the normal manner. This labile intermediate is not
isolated but is converted into nitrilimine 5 by opening of the
tetrazole ring with extrusion of N2. The second molecule of the
highly electrophilic furazan 1 attacks nitrilimine 5 leading to
salt 6. This ionic species then undergoes a charge shift to produce
7, which subsequently undergoes intramolecular nitro-nitrite rear-
rangement8 to give 8. The final step involves oxadiazine ring
closure, which is driven by the lone pair of electrons on oxygen,
resulting in the elimination of FNO to generate final product 4.

It is especially significant considering that the reaction is
carried out at room temperature i.e. against the prevailing feeling
that high temperatures are required to ring transformations of
N-substituted tetrazole intermediates.

Note that ring cleavage/ring closure reactions of tetrazoles
bearing at the N atom a (het)aryl moiety involving an ortho
nitro group provide a route to five-membered heterocycles. These
transformations require a tetrazole nitrogen loss and retaining
the nitro group for nitroaryl moieties,9 or the participation
in cyclization of the hetaryl moieties’ carbon atom with the
nitro group retained.9(a),10 However, in the foregoing researches
deliberately prepared stable disubstituted tetrazoles were subjected
to ring cleavage/ring closure reactions, i.e., the reaction was
lacking an electrophile (o-halonitro compound) able to react

with nitrilimine intermediates yielding a compound of type 6.
The nitro-nitrite rearrangement is also achievable for the structure
types used before, though it is facilitated by electron-acceptor
substituents or can be induced by external impact.11 It means
that the discussed case may not be unique, and a similar reaction
is likely to be encountered outside of the furazan family.

A strong driving force for described herein reaction would
be derived from the high electrophilicity of fluorofurazans and
susceptibility of nitrofurazans to intramolecular nitro-nitrite
rearrangement in the presence of different nucleophiles. This
reaction provides a facile route to potentially very interesting
heterocyclic systems.
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Figure 1 ORTEP view (thermal ellipsoids are shown with 50% probability)
of 2-(3-nitrofurazan-4-yl)-4-phehyl-4H-1,3,4-furazano[3,4-e]oxadiazine 4.
Selected bond lengths (Å): C(1)–C(7) 1.464(3) [1.464(3)], C(7)–N(1)
1.271(2) [1.274(2)], C(7)–O(2) 1.396(2) [1.393(2)], C(9)–O(2) 1.357(2)
[1.357(2)], N(1)–N(2) 1.399(2) [1.395(2)], C(8)–N(2) 1.368(2) [1.369(2)],
C(10)–N(2) 1.371(2) [1.369(2)]. Bonds lengths in square brackets corre-
spond to A' molecule.
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