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Tetrazole derivatives, which have high nitrogen content,
belong to an interesting class of heterocycles that could be
applied to a variety of high energy density materials (HEDMs).!
Particularly, aminotetrazole-based energetic materials have
attracted considerable interest due to their high thermal
stabilities and large positive heats of formaton.> Moreover,
they are anticipated to be quite insensitive, extremely power-
ful, and produce less pollutants when explode.

Recently, 1,2-bis(5-nitroiminotetrazol-1-yl)ethane (3)’ and
its energetic salts* have been prepared in good yields
(Scheme 1). The development of 1,2-bis(5-aminotetrazol-1-
yl)ethane (2)°*® has been extended by the utilization of an
excellent in situ method that involves reactions of cyanogen
azide® and ethylene diamine. Nitration of aminotetrazole 2
using 100% nitric acid produced 3. The synthesis of nitro-
iminotetrazole salts provided a straightforward approach to
highly energetic salts, which exhibit attractive physical
properties, such as good thermal stabilities, high densities,
and good heats of formation.*

1-Substituted 5-aminotetrazole derivatives were prepared
by the treatment of potassium S5-aminotetrazolate with an
alkyl halide.” There are several reports in the literature
describing in situ generation of 1-substituted 5-aminotetra-
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Scheme 1. Synthesis and reaction of 3.

zoles via alkylation of 5-aminotetrazole with alkyl halides.
However, selective alkylation of aminotetrazoles is not
possible because of the competitive formation of 1- and 2-
alkylated-5-aminotetrazoles.>® These isomers were separable
in very low yields by crystallization or column chromato-
graphy. 1-Substituted 5-aminotetrazoles could be efficiently
prepared using cyanogen azide.”®® However, cyanogen
azide is highly toxic and is not convenient to handle.®*" In
this work, we present a new synthetic scheme for compound
2 without using toxic cyanogen azide and introduce an
efficient preparation of 3 for easy scale-up.

The synthesis of 2 results from a nucleophilic substitution
reaction between 2 equivalent of sodium 5-aminotetrazolate
and 1 equivalent of 1,2-dibromoethane (Scheme 2).%** How-
ever, three isomers, 2, 1-(5-aminotetrazol-1-yl)-2-(5-amino-
tetrazol-2-yl)ethane (6), and 1,2-bis(5-aminotetrazol-2-yl)-
ethane (ratio = 1:3:1), from this reaction were formed as was
reported in the literature.”® Separation of the three isomers
was accomplished based on the difference of aqueous
solubility. 2 was isolate in 11% yield through a very rapid
filtration from refluxing suspension with a small amount of
water.®

To improve the yield, we searched for a new route for
compound 2. 1-(2-Chloroethyl)-5-aminotetrazole (5) can be
prepared by chlorination of 1-(2-hydroxyethyl)-5-amino-
tetrazole, which was synthesized from sodium 5-aminotetra-
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Scheme 2. Synthesis of 2.
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Scheme 3. Synthesis of 3.

zolate and 2-chloroethanol.” Under the same conditions for
alkylation, 5 was reacted with sodium 5-aminotetrazolate in
aqueous solution.'” Separation of the two isomeric products
(2:6 = 1:1) led to the 2 in 14% of yield. The experiments
showed that water was a suitable separation solvent, whereas
other solvents, namely, acetone, acetonitrile, ethanol, and
DMSO/water did not give a good result in the isolation of 2.
These isomers could be separated in aqueous solution but
much of the product was lost.

Since the separation of 2 and 6 required a great deal of
effort and caused a loss of a substantial portion of products,
nitration with 100% nitric acid preceeded with a mixture.

As shown in Scheme 3, 3 was obtained from compound 2,
which was present as a mixture with 6.

After nitration, a white solid was obtained along with oily
unknown compounds. This oil was removed with a Pasteur
pipette and the crude white solid was washed several times
with water. Fortunately, the white solid was proved to be
pure compound 3 by 'H, and >*C NMR spectroscopy. Our
NMR analyses were in good agreement with the reported
values.’

In conclusion, we developed a new nontoxic method for
the preparation of 2 from 5 and sodium 5-aminotetrazolate
with 14% vyield. The alkylation of sodium 5-aminotetra-
zolate using 1,2-dibromoethane was performed by following
the experimental procedure by Barmin e al.>* and modify-
ing the separation method. The production yield for 2 was
11%. Highly energetic compound 3 could be synthesized by
nitration from 2, which was present as a mixture with 6 in
good yield. Our new synthetic scheme without using highly
toxic cyanogen azide may enable us to produce a large
quantity of the compound 3 and to apply it to various
military applications.

Safety Precautions. While we have experienced no diffi-
culties with the impact instability of the 1,2-bis(5-amino-
tetrazol-1-yl)ethane (2) and 1,2-bis(5-nitroiminotetrazol-1-
yl)ethane (3). Manipulations must be carried out in a hood
behind a safety shield. Eye protection and leather gloves
must be worn. Extreme caution should be exercised at all
times during the synthesis, characterization, and handling of
any of these materials, and mechanical actions involving
scratching or scraping must be avoided.
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. Synthesis of 1,2-bis(5-aminotetrazol-1-yl)ethane (2): Method A:

The literature procedure was modified.® A solution of 103 g (1.00
mol) 5-aminotetrazole hydrate (4) and 40.0 g (1.00 mol) sodium
hydroxide and 93.0 g (0.495 mol) 1,2-dibromoethane in 300 mL
water/10 mL DMSO was heated to reflux at 125 °C (oil bath) for
19 h. After reaction, the hot suspension was filtered very quickly
and the filter cake was washed two times with water to give
compound 2°*° (11.9 g, 0.0607 mol, 11%) as a white solid; m.p.:
274 °C; "H NMR (DMSO-d): § 4.50 (s, 4H, CH»), 6.72 (s, 4H,
NH,); '*C NMR (DMSO-de): 8 42.9, 155.4.

Method B: A solution of 13.2 g (0.128 mol) 5-aminotetrazole
hydrate (4), 5.14 g (0.128 mol) sodium hydroxide and 15.8 g
(0.107 mol) 1-(2-chloroethyl)-5-aminotetrazole (5)° in 100 mL
water was heated to reflux at 125 °C (oil bath) for 18 h. After
cooling, a white solid was precipitated and filtered. To the collected
filter cake was added 30 mL water and heated at reflux. When the
hot suspension was filtered and washed three times with water,
compound 2 (3.04 g, 0.0155 mol, 14%) was obtained as a white
solid.

. Finnegan, W. G; Henry, R. A. J. Org. Chem. 1959, 24, 1565.
. Synthesis of 1,2-bis(5-nitroiminotetrazol-1-yl)ethane (3): A 2.50 g

(12.8 mmol) mixture (1:1) of 1,2-bis(5-aminotetrazol-1-yl)ethane
(2)°** and 1-(5-aminotetrazol-1-yl)-2-(5-aminotetrazol-2-yl)ethane
(6)°*, which was obtained from 2.00 g (13.6 mmol) 5 and 1.45 g
(13.6 mmol) sodium 5-aminotetazolate, was added portion wise
to a cooled 8 mL 100% nitric acid. The solution was stirred for
20 h at room temperature and then poured into ice. The solvent
was removed under air dry and the light yellow solid was washed
with water. Compound 3* (1.70 g, 5.94 mmol, 44%, refer to 5)
was obtained; mp 194 °C (dec.); '"H NMR (DMSO-ds): & 4.66 (s,
4H, CHy), 5.22 (br. s, 4H, NH,); *C NMR (DMSO-ds): & 44.7,
150.7.



