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The synthesis and properties of several novel high-nitrogen materials based on nitroguanyl-substituted tetrazines are described. An optimized
procedure provides straightforward access to these materials in multigram quantities.

Recently there has been considerable interest in the studytetrazines have demonstrated powerful synthetic utility
of the reactivity and properties of 1,2,4,5-tetrazine hetero- through their ability to participate in inverse electron demand

cycles™” The high degree of attention given to this

Diels—Alder reactiond, providing access to a wide range

heterocyclic system stems from the unique and interesting of other heterocycles and natural produfcts.addition, the
properties displayed by 1,2,4,5-tetrazines. For example,1 2 4 5-tetrazine ring system displays unique materials
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properties as well. This electroactive, colored ring system
typically exhibits high electron affinity, low lying* orbitals

and nst* transitions in the visible light region, attractive
properties for optical and electroactive materials applica-
tions3 Furthermore, tetrazines also possess high positive
heats of formation and crystal densities, properties important
in energetic materials applicatiohMost of the recent reports

on the chemistry of tetrazines have focused on the develop-
ment of methods for preparing difficult-to-access nonsym-
metrically substituted tetrazin€§.he majority of successful
methods use soft, neutral heteroatom nucleophiles for the
displacement of leaving groups at the 3 and 6 positions of
the tetraziné.The use of hard carbanion nucleophiles results
in unusual azaphilic addition to the tetrazine ctr@nly a

few reports have documented the reactivity of tetrazines
toward anionic heteroatom nucleophifég.In these cases,
the reported vyields are typically low and undesired side
reactions are generally observed.
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To better examine the materials properties of this novel
At the Los Alamos National Laboratory we have been high nitrogen compound, we required an optimized method
interested in the development of novel heterocyclic materials to (1) prepare multigram quantities 8fand (2) eliminate
for applications in a wide variety of field8 In particular, the use of DMF as the solvent. It is known that sodium
we have studied heterocycles with high nitrogen content. In methoxide can act as base for the deprotonation of nitro-
our continuing efforts in this area, we now report on the guanidine® We thus prepared a methanolic solution of
reactivity of tetrazines with the anion of nitroguanidine. ~ sodium nitroguanidine and found that a temperature 40
The low level of nucleophilicity displayed by nitroguani- °C was required to prevent the sodium nitroguanidine from
dine itself is not sufficient to allow participation in nucleo-  precipitating from solution. Portionwise addition bfo the
philic displacements on tetrazines, even at elevated temper-methanol solution at a constant temperature range ef 45
atures. However, it has been demonstrated that nitroguanidinéd0 °C and stirring for 2 h resulted in the precipitation of a
has a [K, in the range of 1415 and forms a stable and reddish brown solid. This material was determined to be 3,6-
isolable potassium saltUnfortunately, only two references ~ bis-nitroguanyl tetrazine, disodium sad)( Suspending in
in the literature report the use of a metal salt of nitroguanidine water and subsequent neutralization with aqueous HCI

as a nucleophil&© resulted in the formation d8 in excellent yield on a 30-g
We began our investigations by focusing on the readily scale (Scheme 2§.
available 3,6-bis(3,5-dimethylpyrazol-1-yl) tetrazir® @s To confirm the proposed structure 8fan X-ray crystal-

our starting material In our preliminary experiments we lographic analysis of a crystal grown from dimethyl sulfoxide
prepared the sodium salt of nitroguanidine in situ through (DMSO) was performeét Indeed, the X-ray crystal structure
the use of NaH in DMF. After gas evolution ceasédyas demonstrates th& exists in the nitrimino form (Figure 1).
added in portions at reduced temperature (Scheme 1). TLC

analysis indicated the complete consumptionlaind the
formation of a single, new product after several minutes.
Quenching of the reaction mixture with water and acidifica-
tion resulted in the precipitation of the monosubstitution
product2.

Having successfully prepared a mononitroguanyl tetrazine
derivative, we turned our attention toward the preparation
of 3,6-bis-nitroguanyl tetrazine (3). In the few previous
reports on the reactivity of delocalized anionic heteroatom
nucleophiles with tetrazines, difficulty was encountered in
preparing doubly substituted produéfewe were concerned
that higher reaction temperatures may be required to achieve
double displacement, which would likely result in unwanted
side reaction$? Much to our surprise, the use of 2 equiv of
the sodium salt of nitroguanidine resulted in the clean
formation of the 3,6-bis-nitroguanyl tetrazitdeat temper-

Figure 1. Ortep drawing o0f3-2DMSO.

atures below 23C leading to a>85% isolated yield. In addition, the molecule crystallizes in a highly planar
geometry. Solvate-free crystals were not attainable, but gas

(8) (a) Chavez, D. E.; Hiskey, M. Al. Pyrotech.1998,7, 11. (b) Ali, pycnometry indicates that the crystal density3fs near
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Scheme 3. Transformations of Intermediate
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The disodium salt is a useful intermediate as it allows
access to a variety of other derivatives3afScheme 3). For
example, dissolution o# in warm water, followed by
treatment with a solution of silver nitrate in water, results
in the formation of the bis-silver sai. Similarly, treat-
ment with a solution of triaminoguanidinium hydrochloride
(TAG-HCI) in water results in the formation of the bis-
triaminoguanidinium sal6. Gas pycnometry indicates a
crystal density near 1.61 g/érfor 6.

Compounds3 and6 were further evaluated to determine
their corresponding heat of formation values. Compo8nd
was found to have a heat of formation-683 + 2 kcal/mol
by combustion calorimetry. This is quite impressive, con-
sidering that the heat of formation of nitroguanidine itself is
reported to be-23 kcal/mol'® and is a clear indication of
the degree of energy imparted to the overall molecule by
the tetrazine ring. Compoungl was found to have a very

(15) Dobratz, B. MLawrence Liermore National Laboratory Explags
Handbook; Properties of Chemical Exploss and Explosie Simulants;
UCRL-52997, National Technical Information Service, U. S. Department
of Commerce: Springfield, VA, 1981.
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high heat of formation of+300 £ 2 kcal/mol. The above
properties of these high-nitrogen materials make them
attractive candidates for energetic materials applications.

We have demonstrated that the sodium salt of nitroguani-
dine can serve as a excellent nucleophile for reaction with
1. An optimized method of preparation was developed using
methanol as a solvent that allows compouBand6 to be
prepared in multigram quantities. We have further discovered
that 3 and 6 exhibit potentially useful energetic materials
properties® Current efforts are directed toward the study of
combustion behavior 08—6. Preliminary results indicate
that these materials display unique burn rate properties. These
studies will be communicated in due course.
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(16) Compound8—6 are explosives and should be handled appropriately.
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