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Abstract—The review summarizes published data on the structure, tautomeric properties, direct and indirect
methods of preparation, chemical properties, and reactivity of 5-amino-3-nitro-1,2,4-triazole which is one
of the most important synthons of the symmetric triazole series.
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[. INTRODUCTION

The chemistry of 1,2,4-triazole and its nitro and
azido derivatives, as well as of the other nitrogen-
containing heterocycles based thereon, has received
successful development in the last few decades, in
many respects due to studies performed by Russian
chemists. Fruitful works in this field under the

guidance of V.A. Tartakovskii [1] at the Zelinskii
Ingtitute of Organic Chemistry, Russian Academy of
Sciences, and of research teams at the St. Petersburg
State Institute of Technology and Ural State Technical
University should be noted. 5-Amino-3-nitro-1,2,4-
triazole (ANTA) occupies a specific place among nitro
compounds of the 1,2,4-triazole series. Direct prac-
tical applications of 5-amino-3-nitro-1,2,4-triazole
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[2-4] gave an impetus to both development of accept-
able procedures for its preparation [3] and extensive
studies of its structure and physical, chemical, and
energy properties [5-11]. However, the most import-
ant is that 5-amino-3-nitro-1,2,4-triazole is a polydent
synthon which, unlike the other members of the nitro-
triazole series, possesses an exocyclic amino group
neighboring to the pyrrole-like ring nitrogen atom
in addition to endocyclic nucleophilic centers. At
present, the synthetic potential of 5-amino-3-nitro-
1,24-triazole is far from being exhausted.

Like other 5-substituted 3-nitro-1,2,4-triazoles,
5-amino-3-nitro-1,2,4-triazole is capable of under-
going N-substitution (addition) reactions. Alkylation
of 5-amino-3-nitro-1,2,4-triazole can involve both the
endocyclic nitrogen atom and the amino group to give
isomeric products. Disubstituted derivatives can also
be obtained. Reactions of ANTA with difunctional
electrophilic reagents could occur at its one or another
nucleophilic center to give functionally substituted
and isomeric derivatives; also, both reaction centers
in the substrate and in the reagent may be involved.
In such cases either independent transformations or
ring fusion to give polycyclic systems are possible.
Furthermore, quite promising are various transforma-
tions of functional groups in the exocyclic moiety of
N-alkyl(or aryl)-5-amino-3-nitro-1,2,4-triazole deriva-
tives. These reactions may occur either independently
or with participation of the 5-amino group. Finaly,
both 5-amino-3-nitro-1,2,4-triazole and its N-sub-
dtituted derivatives could give rise to transformations
of the exocyclic amino group, eg., diazotization,
oxidation, or nitration.

To what extent these or other purposeful trans-
formations of ANTA and its derivatives are possible
will become clear after anaysis of the material
accumulated while developing methods for prepara-
tion of these compounds and studying their reactivity
and some properties.

1. STRUCTURE AND TAUTOMERISM
OF 5-AMINO-3-NITRO-1,2,4-TRIAZOLE

The structure and tautomerism of ANTA were
studied by gquantum-chemical methods [6—81, X-ray
diffraction [9, 10], IR spectroscopy [8], and *H, 13C,
and N spectroscopy [11]. Specific atention was
given to tautomeric properties of ANTA [5, 7-11]
which, like al 5-substituted 3-nitro-1,2,4-triazoles,
can exists as three tautomeric forms (1H, 2H, and 4H)
shown in Scheme 1. A question as to which tautomer
prevails is fairly important. This follows even from
nomenclature discrepancies, for 5-amino-3-nitro-1,2,4-
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triazole itself is referred to as 1H and 2H tautomers
in the literature [8]. Although ANTA is capable of
eliminating a proton from the ring nitrogen atom
(pK, 7.05) and its amino group can be protonated,
in none of publications the possibility for formation
of the corresponding inner salt was discussed. This
is confirmed by spectral data

Scheme 1.
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We formerly believed that the 1H tautomer prevails
on the basis of the following experimental data. First,
the hydrogen atom in the series of 5-substituted
3-nitro-1,2,4-triazoles is usually located on the distal
heteroatom with respect to the nitro group (in keeping
with the dipole moments [12]); second, the hydrogen
atom in 5-amino-1,2,4-triazole is located on the nitro-
gen atom neighboring to the amino group (according
to the X-ray diffraction data [13]). Recent studies
of the structure of 5-amino-3-nitro-1,2,4-triazole have
confirmed the validity of our concepts. Though
guantum-chemical calculations, depending on the
procedure used, give contradictory results concerning
the structure of particular molecular fragments, in
most cases the calculated energy parameters and
dipole moments indicate that just 5-amino-3-nitro-
1,2,4-triazole is the most stable [7, 8] both in the gas
phase and in polar solvents (¢ > 4.8 [9]).

The structures of 5-amino-3-nitro-1,2,4-triazole,
its hydrate, and hydrazinium salt [9, 10] were studied
by X-ray diffraction. It was found that the geometric
parameters of the ring in 5-amino-3-nitro-1,2,4-tri-
azole and its hydrate and anion are similar to those
of the other triazoles: the heteroring is almost planar
(within 0.002-0.006 A). In al cases, strong intra-
molecular hydrogen bonds N—H---N—H are formed,
and the substituents dlightly deviate from the ring
plane. The bond lengths and bond angles in the anion
are similar to those found for 5-amino-3-nitro-1,2,4-
triazole and its hydrate, but the substituents deviate
from the ring plane to a greater extent. According to
the X-ray diffraction data, 5-amino-3-nitro-1,2,4-tri-
azole is a polymorphic compound: it exists as a- [9]

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 38 No. 9 2002



5-AMINO-3-NITRO-1,24-TRIAZOLE AND ITS DERIVATIVES

and B-modifications [10]. The a-form is formed by
crystallization from a chloroform—ethanol mixture,
and the B-form, from 1-butanol. It is important that
in both structures the hydrogen atom is attached to
the nitrogen atom adjacent to the carbon atom which
is linked to the amino group, i.e., both structures
correspond to the 1H tautomer.

The a-form gives rise to monoclinic crystals (C2/c
symmetry, Z = 8) in which the molecules are tightly
linked through intermolecular hydrogen bonds,
thus forming twisted bands; contiguous chains are
linked through N—H---O intermolecular hydrogen
bonds [9]. Crystals of the B-form of 5-amino-3-nitro-
1,2,4-triazole have a P2;/n symmetry (Z = 4); the
molecules in crystal form extended planar and broad
bands [10]. The nitro group in the a-form deviates
from the ring plane by 10.5°, and the amino group,
by 5.4°. All hydrogen atoms in 5-amino-3-nitro-1,2,4-
triazole hydrate (monoclinic crysals) are involved in
intermolecular hydrogen bonds. The substituents
deviate from the heteroring plane to a lesser extent:
the nitro group deviates by 4.3°, and the amino group,
by 2.1°. Hydrazinium 5-amino-3-nitro-1,2,4-triazolate
has orthorhombic crystals in which the molecules
form a 3D network of intermolecular hydrogen bonds.
The bond lengths and bond angles in the anion are
analogous to those in neutral 5-amino-3-nitro-1,2,4-
triazole molecule and its hydrate, but the substituents
deviate from the heteroring plane to a greater extent:
7.6° for the nitro group and 13.8° [9] for the amino
group.

Thus both X-ray diffraction data and results of
guantum-chemical calculations indicate that 5-amino-
3-nitro-1,2,4-triazole exists as 1H tautomer [7, 8].

1. METHODS OF SYNTHESIS
OF 5-AMINO-3-NITRO-1,2,4-TRIAZOLE

All presently known methods of preparation of
5-amino-3-nitro-1,2,4-triazole and many its deriva-
tives are based on transformations of various com-
pounds of the triazole series. The latter are prepared
most frequently from accessible 5-amino-1,2,4-tri-
azole and 3,5-diamino-1,2,4-triazole (guanazole).
5-Amino-3-nitro-1,2,4-triazole itself can be obtained
using conventional procedures for direct introduction
of a nitro group into azole ring, such as nitration and
diazotization or oxidation of the corresponding amino-
triazoles. In addition, an indirect procedure includes
partia reduction of one nitro group in 3,5-dinitro-
1,2,4-triazole (DNT).

[11.1. Nitration of 5-acetamido-1,2,4-triazole.
According to this procedure, 5-amino-3-nitro-1,2,4-
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triazole was synthesized for the first time in 1979 by
M.S. Pevzner [14]. The synthetic scheme consists
of three steps, the key of which is nitration of 5-acet-
amido-1,2,4-triazole. The latter was obtained in turn
by acetylation of 5-amino-1,2,4-triazole. The nitration
was carried out using a mixture of equal volumes of
concentrated nitric acid and acetic anhydride at O to
3°C. Hydrolysis of 5-acetamido-3-nitro-1,2,4-triazole
gave target 5-amino-3-nitro-1,2,4-triazole (Scheme 2).

Scheme 2.
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Disadvantages of this procedure are a number of
steps, hazardous nitration with acetyl nitrate, and the
necessity of strictly following the required conditions
to avoid side processes. In addition, the hydrolysis
stage (heating in boiling hydrochloric acid) takes
a long time, and the yield of the target product is as
low as ~22% (calculated on the 5-acetamido-1,2,4-tri-
azole taken). The above reaction is an example of
direct introduction of a nitro group into triazole ring,
which undoubtedly involves initial N-nitration at the
ring nitrogen atom with subsequent intramolecular
migration of the nitro group from position 1 to 5,
typical of triazoles [15].

[11.2. Diazotization of 3-acetamido-5-amino-
1,2,4-triazole. The procedure is related to that
described above. Both these utilize 5-acetamido-3-

Scheme 3.
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nitro-1,2,4-triazole as intermediate, which is then
subjected to hydrolysis. The difference is the method
of synthesis of 5-acetamido-3-nitro-1,2,4-triazole
(Scheme 3). One amino group in guanazole was pro-
tected via acylation at the ring nitrogen atom and
subsequent thermal rearrangement. Diazotization of
the acetamino derivative [16] gave 49% of 5-acet-
amido-3-nitro-1,2,4-triazole, and the overall yield
of 5-amino-3-nitro-1,2,4-triazole (on the initial guana-
zole) in the four-step synthesis was about 30%. Apart
from the long stage of hydrolysis of 5-acetamido-3-
nitro-1,2,4-triazole in boiling hydrochloric acid (see
above), the procedure is hazardous. The diazotization
stage gives a highly sensitive intermediate diazo
compound which is insoluble in the reaction medium.
Therefore, there is a risk of its accumulation and
explosion.

[11.3. Oxidation of guanazole and N-acylguana-
zole. In 1982, a procedure was proposed (and then
improved) for preparation of ANTA in one or two
steps from guanazole [17, 18] or N-acylguanazole
[17] by oxidation with 30% hydrogen peroxide in the
presence of sodium tungstate (yield 60%). In the
oxidation of guanazole, azoxy-3,3"-bis(5-amino-1,2,4-
triazole) was formed together with 5-amino-3-nitro-
1,2,4-triazole [18] (Scheme 4).

Scheme 4.
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The formation of intermediate N-acylated 5-amino-
3-nitro-1,2,4-triazole in the oxidation of N-acylguana-
zole was detected by 'H NMR spectroscopy (in the
crude product isolated by extraction). We failed to
isolate this intermediate because of its fast hydrolysis
to give 5-amino-3-nitro-1,2,4-triazole and acetic acid.

The procedure requires the use of sodium tungstate
and a large excess of hydrogen peroxide. On the other
hand, taking into account that the target product is
isolated from the reaction mixture by extraction, the
waste solution containing the catalyst and excess
oxidant may be utilized by recycling after reinforce-
ment with more concentrated hydrogen peroxide to
a required concentration.
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I11.4. Reduction of 3,5-dinitro-1,2,4-triazole. In
the last decade a procedure has been developed for
preparation of 5-amino-3-nitro-1,2 4-triazole by reduc-
tion of 3,5-dinitro-1,2,4-triazole ammonium salt with
hydrazine [2]. At present, this procedure is regarded
as the best one, and, judging by published data, just
it has found large-scale application [2, 3]. The method
includes three stages: diazotization of guanazole to
3,5-dinitro-1,2,4-triazole, its transformation into
ammonium salt, and reduction of one nitro group in
the latter with hydrazine hydrate (Scheme 5).

Scheme 5.
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The key stage, namely the transformation of 3,5-di-
nitro-1,2,4-triazole ammonium salt into hydrazinium
sdt, is carried out by mixing with hydrazine hydrate
and subsequent heating to 60-80°C. Free 5-amino-3-
nitro-1,2,4-triazole can be isolated from the resulting
hydrazinium salt by acidification to pH 2-4.

Some problems in the stages preceding the key one
are concerned not with the synthesis of guanazole and
its diazotization but isolation of intermediate product,
3,5-dinitro-1,2,4-triazole salt, from the reaction mix-
ture after diazotization. It seems reasonable to extract
3,5-dinitro-1,2,4-triazole with a solution of a tertiary
amine (e.g., trilaurylamine) in toluene or chlorinated
hydrocarbon with subsequent treatment of the extract
with gaseous ammonia [19].

IV. REACTIONS OF 5-AMINO-3-NITRO-
1,24-TRIAZOLE

Derivatives of 5-amino-3-nitro-1,2,4-triazole can
be obtained by reactions occurring at the heteroatom
and exocyclic amino group. Here, we can speak about
its polydent reactivity. 5-Amino-3-nitro-1,2,4-triazole
is capable of reacting with various electrophilic
reagents with participation of one or both reaction
centers and transformation of the free amino group.

IV.1. Reactions at the ring nitrogen atom. The
reactivity of NH acids of the triazole series in sub-
stitution and addition processes is determined by their
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nucleophilicity and basicity. The basicity of anions
derived from 5-substituted nitrotriazoles, 5-amino-3-
nitro-1,2,4-triazole among them, with respect to
hydrogen and carbon was studied while determining
pK, values and equilibrium constants for reversible
hydroxymethylation [20]. Their nucleophilic reactivity
in the addition to methyl vinyl ketone was examined
in [21]. Satisfactory correlations were obtained for
pK,, versus oz and o, and for logk versus pK,. Also,

linear relations were observed between logk and o,°
and basicity parameters with respect to hydrogen and
carbon. These data suggest that the reactivity of
5-amino-3-nitro-1,2,4-triazole should be typica of
the series of substituted 3-nitrotriazoles. Therefore,
ANTA should be fairly reactive toward various elec-
trophilic reagents and the reaction conditions should
be consistent with the pK, values. In this respect,
the most closely related analog of 5-amino-3-nitro-
1,2,4-triazole among the series of 5-substituted
3-nitro-1,2,4-triazoles is 3-nitro-1,2,4-triazole (pK,
5.95 [20]). Various reactions of the latter were studied
in sufficient detail. Nevertheless, known reactions of
5-amino-3-nitro-1,2,4-triazole are few in number. The
reasons are (1) that this compound was difficultly
accessible in the early stages of development of the
chemistry of 5-substituted 3-nitro-1,2,4-triazoles and
(2) that ANTA derivatives can be synthesized by
indirect methods starting from numerous compounds
of the 3,5-dinitro-1,2,4-triazole series.

Direct substitution at the ring nitrogen atom
includes akylation of 5-amino-3-nitro-1,2,4-triazole
with epoxy derivatives and bromoacetone [22], addi-
tion to methyl vinyl ketone [23], and some arylation
and hetarylation reactions [3, 24-27] which were
aimed mainly at obtaining high-energy compounds.

The alkylation with epoxy derivatives is very
important for estimation of the nucleophilicity of the
endo- and exocyclic reaction centers, for high reac-
tivity of epoxy compounds toward various amines is

Scheme 6.
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well known [28]. As shown in [22], 5-amino-3-nitro-
1,2,4-triazole, like other triazoles with a similar
acidity [29], reacts in the presence of bases or in
agueous ethanol containing no base. As a result,

Nl-substituted compounds are formed exclusively
in a high yield. The amino group remains intact.
Opening of a substituted oxirane ring follows the
Krasuskii rule and yields secondary alcohols. Like-
wise, the alkylation of ANTA sodium salt with
bromoacetophenone occurs at the ring nitrogen atom
(Scheme 6). The structure of the products was con-
firmed by their chemical transformations and by
independent  syntheses.  5-Amino-3-nitro-1-(2-oxo-
propyl)-1,2,4-triazole was examined by *C, ®N, and
14N NMR spectroscopy. The spectral data also con-
firmed the site of substitution in the ANTA molecule,
namely the N' atom [30].

5-Amino-3-nitro-1,2,4-triazole reacts with methyl
vinyl ketone [23] in a way similar to the other 5-sub-
stituted 3-nitro-1,2,4-triazoles [31], i.e., addition
product at the ring nitrogen atom is formed but only
when the synthesis is carried out in the absence of
a catayst (Scheme 7).

Scheme 7.
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The structure of the resulting ketone was proved by
its transformation into the corresponding hydrazone
[23] which was identical to the product obtained by
reduction of 3,5-dinitro-1-(3-oxobutyl)-1,2,4-triazole
with hydrazine [32]. More profound transformations
leading to fusion of the substituent to the ring with
participation of the amino group occur in the presence
of a base or on treatment of 5-amino-3-nitro-1-(3-oxo-
butyl)-1,2,4-triazole with alkali [23].

Picrylation of 5-amino-3-nitro-1,2,4-triazole was
briefly noted in [24]; various substrates were used
to obtain its heteryl derivatives, e.g., halogen deriva-
tives of pyrimidine [3, 25, 26], 1,3,5-triazine, and
1,2,5,6-tetrazine [3], as well as compounds of the
3,5-dinitro-1,2,4-triazole series [27]. Formerly, the
site of substitution in 5-amino-3-nitro-1,2,4-triazole
was far from being clear. The arylation of ANTA with
picryl fluoride gave a product of substitution at the
amino group [24]. The product of its reaction with
4,6-dichloro-5-nitropyrimidine in ethanol in the pres-
ence of sodium ethoxide was initialy assigned the
structure of 5-nitro-4,6-bis(3-nitro-1,2,4-triazol-5-yl-
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amino)pyrimidine [25] which implies replacement at
the amino group, unusua for akylation of 3-sub-
stituted 5-amino-1,2,4-triazoles in the presence of
bases. These compounds react at the amino group
only in the absence of akali, and numerous examples
of such reactions are known [33-35]. The subsequent
studies have shown that 5-amino-3-nitro-1,2,4-triazole
iS not an exception in the series of 5-substituted
3-nitro-1,2,4-triazoles. the reaction involves not the
exocyclic amino group but the ring nitrogen atom, and
the product is 4,6-bis(5-amino-3-nitro-1,2,4-triazol-
1-yl)-5-nitropyrimidine [3, 26] (Scheme 8). Its struc-
ture was proved by the *C and ®™N NMR spectra
Analogous triazine and tetrazine derivatives were syn-
thesized by Lee et al. [3] (Scheme 9).
3,5-Dinitro-1,2,4-triazole derivatives were used as
electrophilic reagents toward 5-amino-3-nitro-1,2,4-
triazole anion [27]. These reactions were nonselective
with respect to the substrate but selective with respect
to the reagent. The resulting N—C-bitriazoles were
N-derivatives of 5-amino-3-nitro-1,2,4-triazole with
free amino group which can be oxidized. Side pro-
cesses included either independent replacement of the
5-amino group in 3,5-dinitro-1,2,4-triazole derivatives
by hydroxide ion with formation of the correspondlng
triazolones or elimination of a labile N'-substituent

X

=Z

Y N.

Cdl,

according to the retro-Michael pattern in the case of
3,5-dinitro-1-(3-oxobutyl)-1,2,4-triazole (Scheme 10).

Scheme 10.
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IV.2. Reactions at the exocyclic amino group.
Apart from picrylation [24] (see above), the amino
group in 5-amino-3-nitro-1,2,4-triazole can be
subjected to diazotization, oxidation with various
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oxidants, and protonation. Diazotization of 5-amino-
3-nitro-1,2,4-triazole under standard conditions gives
the corresponding diazo compound with zwitterionic
structure. In akaline medium the inner salt is con-
verted into dianion [36] (Scheme 11).

Scheme 11.
—r NaNO,, H —|/
N - A
H,N N’ N, N~

OH
- _ON—N)\N/N

Under appropriate conditions the diazonium salt
may be brought into azo coupling or converted into
a 5-substituted 3-nitro-1,2,4-triazole which is difficult
or even impossible to obtain by other methods.

Oxidation of the amino group in 5-amino-3-nitro-
1,2,4-triazole was also reported. Its very slow oxida-
tion to 3,5-dinitro-1,2,4-triazole occurs even during
the synthesis of 5-amino-3-nitro-1,2,4-triazole from
guanazole by treatment with H,O,-Na,WO, [18]
(Scheme 12). A considerable difference in the rates of
the oxidation steps indicates very low reactivity of
the amino group in 5-amino-3-nitro-1,2 4-triazole.
Almost complete conversion was attained only on
prolonged oxidation (about 7 days). The oxidation of
5-amino-3-nitro-1,2,4-triazole can be accelerated to
a considerable extent by adding an akali, i.e., by con-
verting it into the anionic form. Then the basicity of
the amino group strongly increases due to delocaliza-
tion of the negative charge over the heteroring. It
should be emphasized that N-substituted 5-amino-3-
nitro-1,2,4-triazoles having no labile proton (which
cannot be converted into anionic form) are not
oxidized with the above system.

Scheme 12.
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This reaction may be important only as an example
of oxidation of the amino group in 5-amino-3-nitro-
1,2,4-triazole to nitro group and as a method for
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indirect estimation of its reactivity. From the practical
viewpoint, such a procedure for synthesizing 3,5-di-
nitro-1,2,4-triazole is unreasonable. However, the
possibility for oxidation of weakly basic 5-amino-3-
nitro-1,2 4-triazole via conversion into the anionic
form to enhance the reactivity of amino group should
be taken into account while considering reactions of
other heterocyclic NH acids whose oxidation in the
H-form is hindered.

Treatment of 5-acetamido-3-nitro-1,2,4-triazole
with a mixture of sulfuric and nitric acids leads to
formation of the corresponding N-nitroacetamide.
Acid hydrolysis of the latter gives 3-nitro-5-nitro-
amino-1,2,4-triazole [16] (Scheme 13). According to
our data, preliminary protection of the amino group
IS unnecessary.

Scheme 13.
NOZ NOZ
_l/ HNOg/HZSO4 N—|/
)\ P
RHN 0,NNH ﬁ/
R = H, Ac.

The product is a dibasic NH acid which is charac-
terized by pK, —0.06 (at the nitroamino group) and
pK,, 7.33 (at the endocyclic nitrogen atom). This is
a fairly rare case when the acidity of an organic acid
is comparable with that of minera acids.

IV.3. Transformations involving substitution at
the ring nitrogen atom with participation of the
amino group. The molecule of 5-amino-3-nitro-1,2,4-
triazole possesses two reaction centers: the endocyclic
nitrogen atom and the amino group located in the
position appropriate for intramolecular cyclizations.
Therefore, in the general case reactions of ANTA
with the corresponding difunctional electrophilic
reagents could lead to formation of polycyclic systems
with a nitro group in the azole moiety. An example
is a classical version of synthesis of [1,24]triazolo-
[1,5-a]pyrimidines [37] by heating 5-amino-3-nitro-
1,2,4-triazole with ethyl acetoacetate in boiling acetic
acid. As a result, 5-methyl-2-nitro-7-oxo-4,7-dihydro-
[1,2,4]triazolo[1,5-a]pyrimidine was obtained [38]
(Scheme 14).

Scheme 14,

NO, MeCOCH;COOEt O,N

i_|( AcOH

NN
H

YNY

N—N

H,N
0
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Its analogs, 6-nitro-substituted 1,2,4-triazolo-
[1,5-a]pyrimidines, are known as antimicrobial and
antiviral agents [39]. At present, the only route to
2-nitro analogs of such compounds is condensation of
difunctional substrates with 5-amino-3-nitro-1,2,4-
triazoles, for direct introduction of a nitro group into
position 2 of 1,2,4-triazolo[1,5-a]pyrimidine by nitra-
tion or diazotization of the corresponding derivatives
is practically unfeasible.

V. TRANSFORMATIONS OF 5-AMINO-3-NITRO-
1,24-TRIAZOLE DERIVATIVES

This section describes selective transformations of
functional group in the N -substituent of 5-amino-3-
nitro-1,2,4-triazole without invoIving the other ring
substituents, reactions of the amino group without
participation of functional group in the N-substituent,
and transformations involving both these.

V.1l. Reactions of functional group in the
N-alkyl substituent. The following reactions of this
type were reported: oxidation of 5-amino-1-(2-hy-
droxypropyl)-3-nitro-1,2,4-triazole to the correspond-
ing ketone with Jones reagent [22] (Scheme 15),
reaction of 5-amino-3-nitro-1-(3-oxobutyl)-1,2,4-tri-
azole with hydrazine to obtain the corresponding
hydrazone [23] (Scheme 16), and esterification of
5-amino-1-(2-carboxyethyl)-3-nitro-1,2,4-triazole with
methanol in the presence of oleum [40] (Scheme 17).

Scheme 15.
N—l/NOZ CrO;, H,S0, N—l/NO2
AA AA
H,N N H,N N
CH,CH(OH)R CH,COMe
Scheme 16.

N—|/ N
XU o 1]
H,N N

CH,CH,COMe CH,CH,CMe

NNH,

Scheme 17.

CH,0H, H*
N/N —

i _”/No2

N/N

H,N H,N

CHZCHZCOOH CH,CH,COOMe
V.2. Transformations of the amino group.
These include oxidation of the amino group. Unlike
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ANTA, 5-amino-3-nitro-1,2,4-triazoles having a sub-
dtituent on the nitrogen are not oxidized with such
oxidants as hydrogen peroxide and sodium tungstate
[18]. The use for the same purpose of potassium per-
manganate in akaline medium was also unsuccessful.
On the other hand, 5-amino-3-nitro-1,2,4-triazoles are
fairly readily oxidized with potassium permanganate
or potassum bromate in hydrochloric acid (i.e., with
Cl, and CIBr in statu nascendi). As aresult, the corre-
sponding azo derivatives are obtained in high yield.
The procedure is applicable for both N-alkyl- [22] and
N-hetaryl-substituted 5-amino-3-nitro-1,2,4-triazoles
[27] (Scheme 18).

Scheme 18.

i _”/No2

N NN

CH,CH(OIDR

KMnO,, HCI ]—N N—[|
it iy || I

RCH(OH)CH, CH,CH(OHR

AY _ /
KBrO;, HCI N_< >_N

N=N

0y N)_ Y \r_I\NO

R = H, CH,COCH,.

Selective oxidation of the amino group in the first
case should be noted: The side-chain functiona group
remains intact [22].

V.3. Reactions involving the amino group and
functional group in the N-alkyl substituent.
An example of such transformations is the addition
of methyl vinyl ketone to 5-amino-3-nitro-1,2,4-tri-
azole in akaline medium to afford 5-hydroxy-5-
methyl-2-nitro-4,5,6,7-tetrahydro[ 1,2,4]triazol o[ 1,5-a] -
pyrimidine [23]. The same product was obtained in
an attempt to effect deakylation of 5-amino-3-nitro-
1-(3-oxobutyl)-1,2,4-triazole by treatment with a base
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(according to the retro-Michael reaction pattern) [23].
Instead of the expected heterolytic cleavage of the
N!—C bond with elimination of methyl vinyl ketone,
intramolecular ring closure occurred to give bicyclic
product with fused triazole ring (Scheme 19). In this
case, the azine version could be expected through the
reaction of the side-chain carbonyl group at the amino
group with elimination of water. However, the above
fused system was formed as a result of proton transfer.
The product lost water molecule to give 5-methyl-2-
nitro-4,7-dihydro-1,2,4-triazol o[ 1,5-a]pyrimidine on
heating at 100-120°C [23].

Scheme 19.
NO, CHy=CHCOMe OyN<__x. _N.__Me
oo Y
)\ 5 N—N OH
H,N }NI
NO,
i | OH™
HLN NN
CH,CH,COMe
H H
OgN Ne_~Me 0:N Ne_~Me
Nx A Nx
T A YY)
N—N OH —H,0 N—N

VI. SYNTHESES OF 5-AMINO-3-NITRO-
1,24-TRIAZOLE DERIVATIVES
VIA TRANSFORMATIONS OF VARIOUS
COMPOUNDS OF THE 1,2,4-TRIAZOLE SERIES

Known reactions of this type can be divided into
four groups. These are reduction or replacement of the
nitro group in 3,5-dinitro-1,2,4-triazole derivatives,
reduction of the azido group in N-substituted 5-azido-
3-nitro-1,2,4-triazoles, oxidation of N-alkylguanazoles,
and direct nitration of RNH-1,2,4-triazoles.

VI.1. Transformations of 3,5-dinitrotriazole
derivatives. In fact, the first representative of the
5-amino-3-nitro-1,2,4-triazole series was not the
parent compound itself but its 1-methyl derivative.
The latter was synthesized as early as 1970 while
studying nucleophilic replacement of the nitro group
in position 5 of 1-methyl-3,5-dinitro-1,2,4-triazole by
ammonia [41] and hydrazine [42]. In the latter case,
substitution of the nitro group was the main reaction
pathway, and reduction of 5-hydrazino-1-methyl-3-
nitro-1,2,4-triazole gave 5-amino-1-methyl-3-nitro-
1,2,4-triazole in high yield (Scheme 20). Later on,
the procedure for nitro group reduction with hydrazine
was extended to oxoalkyl derivatives of 3,5-dinitro-
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1,2,4-triazole [32]. In such a way, a large number of
compounds of the 5-amino-3-nitro-1,2,4-triazole series
were synthesized by reduction of other N-functionally
substituted 3,5-dinitro-1,2,4-triazoles [40].

Scheme 20.

NOZ NOZ
N—|’| NoH-H,0 N—|’|
AL AKX

O,N N H,N ITI
Me
NO
T
+
HZNNH)\ITVN
Me
NH,OH

—_—

N NO,
AN

Me

. NO,
A
H,N ITI’N
M

e

It should be emphasized that in all cases (with no
exceptions) only the 5-nitro group in the 3,5-dinitro-
1,2,4-triazole ring was reduced and that almost all
products thus obtained had the structure of N-sub-
stituted 5-amino-3-nitro-1,2,4-triazoles. Nevertheless,
while performing the reduction with hydrazine, it
should be kept in mind that, depending on the func-
tional group present in the N-alkyl group of 3,5-di-
nitro-1,2,4-triazole, either the 5-nitro group or both
the nitro group and the side-chain functiona group
may be involved. Furthermore, the two groups can be
transformed independently or ring fusion can occur.

Selective reduction of the nitro group was reported
for N-akyl-, N-alkenyl-, N-hydroxyalkyl-, N-acet-
amidoalkyl-, N-carboxyalkyl-, and N-nitroxyalkyl-
3,5-dinitro-1,2,4-triazoles [I: R = H, CH=CH,,
CH(OH)Me, NHCOMe, CH,NHCOMe, COOH,
CH,COOH, CH(ONO,)M¢]. Independent transforma-

Scheme 21.

N/N

CH,R

NO,
i—w NoH-H,0
N E—
| NO;
CH,R )l\ll\—”/

N NN

CH,Z
n
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tions of the two functionalities were reported for tri-
azol-1-ylakylcarboxylic acid esters and 3,5-dinitro-
1-(3-oxobutyl)-1,2,4-triazole. The former are con-
verted into the corresponding hydrazides, and the
latter gives hydrazone provided that the amount of
the reducing agent is sufficiently large (Scheme 21;
[I: R = CH,COMe, COOMe, CH,COOMe, Z =
CH,C(=NNH,)Me, CONHNH,, CH,CONHNH,).

In the reaction of 3,5-dinitro-1-(3-oxobutyl)-1,2,4-
triazole with an equimolar or nearly equimolar amount
of hydrazine and in the reduction of 3,5-dinitro-1-
(2-oxopropyl)-1,2,4-triazole, regardliess of the amount
of reducing agent, the only products were the corre-
sponding fused triazoles (Scheme 22).

Scheme 22.

NO,
_Nl/ N2H4 H,0 \rN\rN\N
N/

(CHZ)nCOMe

OyN
2 Me

n=1 2

These data indicate that the reaction initially occurs
a the carbonyl group of 3,5-dinitro-1-(3-oxobutyl)-
1,2,4-triazole to give the corresponding hydrazone;
the latter undergoes either further reduction or intra
molecular nucleophilic substitution of the nitro group,
leading to ring closure (Scheme 23).

Scheme 23.
N NO, NO,
|_||/ N,H,-H,0 _(
o,N" NN —  |onN N”N
(CHy), COMe <CH2>2 CMe
NNH,

Y e

N—N

VI.2. Reduction of the azido group in 5-azido-
3-nitro-1,2,4-triazole derivatives. Transformations of
compounds belonging to the 5-azido-3-nitro-1,2,4-tri-
azole series were reported in only one publication
[43]. First, such compounds are few in number and,
second, there are no reasons to use them as starting
material for the synthesis of 5-amino-3-nitro-1,2,4-
triazole derivatives. Nevertheless, the number of
reported examples is sufficient to demonstrate the
general character of this approach. It should be noted
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that the underlying reaction is nontrivial: treatment
of N-substituted 5-azido-3-nitro-1,2,4-triazoles with
strongly basic aliphatic amines results in reduction of
the 5-azido group instead of the expected replacement,
which is typical of nltrotrlazole derivatives having
a labile substituent at C°. Most probably, the reaction
follows the addition-elimination pattern with pre-
dominant attack by nucleophilic reagent on the
terminal nitrogen atom of the azido group rather than
on the carbon atom attached thereto. It is most reason-
able to carry out the process by treatment of 5-azido-
3-nitro-1,2,4-triazole derivatives with 25% agqueous
methylamine at 40-50°C (Scheme 24).

Scheme 24.
—|/ _ MeNH, )\—|/
CHZR CHZR'

R = R = H, COOH; R = COOMe, R" = CONHMe.

Here, as in the precedi ng case, the reduction with
methylamine could give rise to the r&epectlve trans-
formations of functional group in the N'-substituent
provided that it is sensitive to the reagent (e.g.,
an ester moiety).

VI.3. Oxidation of N-substituted guanazoles.
The oxidation of one amino group in guanazole with
sodium tungstate is applicable to N-substituted guana-
zoles, including those having a functional group in
the N-alkyl chain. The reaction occurs exclusively at
the distal amino group, the side-chain functionality
remaining unchanged. The products, N-substituted
5-amino-3-nitro-1,2,4-triazoles are formed in 60-80%
yield [18] (Scheme 25).

Scheme 25.
1\ll_”/l\IHZ Hzo, Nazwo4 l\ll—”/NOZ
HzN ITI/N OzN)\N/N

R = Me, CH,COOH, CH,CH(OH)Me.

VI1.4. Nitration of 3-arylamino-1,2,4-triazoles.
Direct introduction of a nitro group into triazole ring
by nitration with acetyl nitrate was reported for the
first time by Pevzner et al. [14] who synthesized
5-amino-3-nitro-1,2,4-triazole from 3-acetamido-1,2,4-
triazole. Later on, the procedure was extended to
3-arylamino-1,2,4-triazoles [33, 34] (Scheme 26).
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Scheme 26.
H
N R
N—l/
LA
N R
HNO;, AcyO N—l/
P
0,N \ig NO
2 H OZN L 2

R = H [33], C [34].

Li et al. [33] described an unusua version of
picrylation of 3-amino-1,24-triazole:; the latter was
treated with N-methyl-N,2,4,6-tetranitroaniline, and
the compound thus obtained was subjected to nitration
with mixtures of concentrated nitric acid with acetic
anhydride or acetic acid. According to the authors,
two isomeric products were formed: 1-nitro-3-(N-
nitropicrylamino)-1,2,4-triazole and 5-nitro-3-(N-
nitropicrylamino)-1,2,4-triazole. Undoubtedly, the first
of these is precursor of the second.

VII. CONCLUSION

All methods for preparation of 5-amino-3-nitro-
1,2,4-triazole derivatives are based on transformations
of the parent compound and those belonging to the
same series. These transformations occur with reten-
tion of the triazole ring or involve the amino group
or functional group in the Nl-substituent. The latter
reactions may be selective or they may proceed with
participation of the ring substituents. Other com-
pounds of the triazole series, specifically derivatives
of guanazole, 5-azido-3-nitro-1,2,4-triazole, or 3,5-di-
nitro-1,2,4-triazole can also be used as starting
material.

5-Amino-3-nitro-1,2,4-triazole can react with
various electrophilic reagents, both mono- and difunc-
tional ones, following the N-substitution (addition)
pattern. The alkylation and arylation in akaline
medium occur exclusively at the N! atom. Reactions
with appropriate difunctional reagents can lead to
intramolecular ring closure with formation of fused
systems. Polycyclic systems can also be obtained via
transformation of the N-substituent, as a result of
which a functional group capable of reacting with the
amino group appears. Although the amino group in
5-amino-3-nitro-1,2,4-triazole and especially in its
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N-substituted derivatives is relatively low reactive, it
can be brought into reactions with nitrating, nitrosat-
ing, and oxidizing agents.

The data on chemical transformations of 5-amino-
3-nitro-1,2,4-triazole, discussed in the present review,
open the way to diverse modification of its structure
and synthesis of new practically important compounds
of this series.
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