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5-Amino-1,2,4-triazole-3-carboxamide homologues
and their biological potential
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New homologues of 5-amino-1,2,4-triazole-3-carboxamide,
viz., 5-(®-aminoalkyl)-1,2,4-triazole-3-carboxamides have
been synthesized. The intermediate acyloxalamidrazones
undergo thermal cyclization to 1,2,4-triazoles with the better
yield in the absence of catalyst while in the presence of
10 mol% TsOH the main product is the corresponding
1,3,4-oxadiazole derivative. The obtained compounds have
demonstrated various biological properties comparable to
those of the nucleoside drug ribavirin.
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1,2,4-Triazole-3-carboxylic acid is an interesting basic scaffold
for various biologically active compounds, including multivalent
systems. Among them, the most known are 1,2,4-triazole-3-
carboxylic acid nucleoside derivatives which have the greatest
structural diversity.'~* For example, ribavirin and its derivatives
containing 5-substituted 1,2,4-triazole-3-carboxamide moieties
as heterocyclic bases exhibit a broad spectrum of biological
properties.>® However, nucleosides with a 5-positioned amino
group in the 1,2,4-triazole fragment are less represented. Among
them, 5-aminoribavirin’ and its N-aryl derivatives are known, the
latter demonstrating antitumor activity.® This generates interest
in the biological properties of other derivatives of 5-amino-1,2,4-
triazole-3-carboxylic acid, in particular, to the relative
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In the cases of ribavirin analogues not only nucleosides but
also their heterocyclic bases often exhibit biological activity.”°
For example, 5-substituted 1,2,4-triazole-3-carboxamide and
1,2,4-triazole-3-carboxylate demonstrated superior activity to
that of their ribosides and 2-hydroxyethoxymethyl analogues in
a study of activity against RNA containing tobacco mosaic
virus.!!-13

Therefore, we were interested in a number of 5-amino-1,2,4-
triazole-3-carboxamide homologues as potential bioactive
compounds and in comparing their properties with ribavirin. For
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this purpose, we needed a method that would allow us to obtain
these homologues in preparative quantities. Synthetic routes to
5-amino-1,2,4-triazole-3-carboxamide 1 and its homologues are
different,'*!> therefore, we used two strategies for their
preparative synthesis. 5-Amino-1,2,4-triazole-3-carboxamide 1
was obtained from oxalic acid and aminoguanidine bicarbonate
in a two-step sequence through intermediate 5-amino-1,2,4-
triazole-3-carboxylic acid and its chloride with an overall yield
of 59% (see Online Supplementary Materials).

The synthetic access to homologous 5-(w-aminoalkyl)-1,2,4-
triazole-3-carboxylic acids may be in principle close to that for
their simpler 5-alkyl analogues. For the latter, the known methods
are mainly comedown to the cyclization of acylamidrazones or
diacylated amidrazones.!®!7 In this work, we designed the
corresponding synthetic sequence starting from ®-amino-
alkanoic acids 2a—d (Scheme 1).

The crucial step in this scheme had to be thermal cyclization
of acylamidrazones 4a—d. The case that involved the cyclization
of precursor 4a affording ethyl 5-[N-(tert-butoxycarbonyl)-
aminomethyl]-1,2,4-triazole-3-carboxylate Sa was previously
documented.'> We decided to use it as a basis for the preparative
synthesis of other homologues Sb—d. However, this method has
some limitations, for example, the pH dependent formation of
1,3,4-oxadiazole heterocycle along with the target 1,2,4-tri-
azole.'® In this work, we performed selection of the reaction
conditions using the example of acylamidrazone 4c¢ having the
medium length of the hydrocarbon linker in the series. Thermal
cyclization of 4¢ was carried out in the presence of both acidic
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Scheme 1 Reagents and conditions: i, SOCl,, MeOH (anhydrous), room temperature; ii, Boc,0, Et;N, MeOH, room temperature; iii, N,H,- H,O, MeOH,
room temperature; iv, EtOH, room temperature; v, o-xylene, reflux; vi, NH;, MeOH, reflux; vii, HCI, dioxane (anhydrous), room temperature.

and basic catalysts, as well as without them. Due to the presence
of labile fert-butoxycarbonyl and ester groups in amidrazones 4
we tested p-toluenesulfonic acid (TsOH) or pyridine as
cyclization catalysts. The product composition was assessed by
HPLC with mass spectrometric detector using authentic ethyl
5-[3-(tert-butyloxycarbonylamino)propyl]-1,2,4-triazole-3-
carboxylate Sc¢ and ethyl 5-[3-(fert-butoxycarbonylamino)-
propyl]-1,3,4-oxadiazole-2-carboxylate 5'c as the standards. The
highest content of 1,2,4-triazole 5S¢ was observed in the case of
2-hour refluxing in o-xylene without the addition of a catalyst
(Table 1). The presence of pyridine resulted in a slight decrease
in the content of 1,2,4-triazole Sc¢ while the presence of TsOH
sharply reduced its content. The maximum content of
1,3,4-oxadiazole S'c was observed with the application of
0.1 equiv. of TsOH. The increase in TsOH content decreased not
only the 5'c yield but also 4¢ conversion after 2 h of reflux. When
acyloxalamidrazone hydrochloride 4¢ - HCI (obtained by treating
acyloxalamidrazone 4¢ with two equivalents of 0.2 M HCl in
THF) was refluxed in o-xylene without the addition of a catalyst,
none of the products Sc and 5'c were detected even after complete
conversion of the starting compound.

Acyloxalamidrazone 4¢ was obtained with 67% overall yield
in four steps (see Scheme 1): y-aminobutyric acid 2¢ was
esterified, and its methyl ester was N-protected with a fert-
butyloxycarbonyl group. Further hydrazinolysis of this derivative
gave hydrazide 3¢, which was then reacted with thioxamic acid
ethyl ester to form acylamidrazone 4c. For the preparative
synthesis of triazole Se¢, cyclization in the absence of a catalyst
was chosen. Under these conditions, the preparative yield of Sc¢
was 61%, with an increase in the duration of boiling to 12 h and
an isolation of Sc by column chromatography on silica gel in
methanol—chloroform eluent.

Thermal catalyst-free cyclization in o-xylene was also chosen
for the preparative synthesis of other homologues Sa,b.d (see

Table 1 Yield of the products of the oxalamidrazone 4¢ cyclization.”

Yield (%)
Catalyst
1,2,4-triazole 5¢  1,3,4-oxadiazole 5'c

Pyridine (50 mol%) 42 2
Pyridine (30 mol%) 43 4
Pyridine (20 mol%) 46 4
Pyridine (10 mol%) 47 6
Pyridine (5 mol%) 51 7
No catalyst 65 8
TsOH (5 mol%) 15 32
TsOH (10 mol%) 10 44
TsOH (20 mol%) —b 28
TsOH (30 mol%) b 10
TsOH (50 mol%) —b 9

“From HPLC-MS data. ® The product was not detected.

Scheme 1) which were obtained in 62-73%. Amides 6a—-d were
prepared by ammonolysis of esters Sa—d and isolated by column
chromatography on silica gel with 71-82% yields. The removal
of Boc-protection was performed by the action of 3.4 M HCl/
1,4-dioxane solution, which afforded the target 5-substituted
1,2,4-triazole-3-carboxamide dihydrochlorides 7a-d with
80-97% yields. The structures of all obtained compounds were
assessed by a set of physicochemical methods of analysis
including 'H, '3C NMR spectroscopy and high resolution mass
spectrometry. The purity of the products, determined by the high
performance liquid chromatography with mass spectrometric
detector, was more than 95%.

As mentioned above, derivatives of 1,2,4-triazole heterocyclic
base can sometimes exhibit biological activity comparable with
that of ribavirin nucleoside. Therefore, we studied the spectrum
of biological properties of the synthesized series of homologues,
namely their antiviral, antitumor and antimicrobial properties, in
comparison with ribavirin. The effect against the influenza
A/Aichi/2/68 (H3N2) RNA virus was estimated on the MDCK
cell model. It was shown that compounds 1 and 7a—d exhibited
lower cytotoxic concentrations (CCsg) than ribavirin. As a result
of assessing the antiviral properties, it was found that all
homologues suppressed virus replication to varying degrees.
Compound 7d at a concentration of 1 mM completely suppressed
the development of the A/Aichi/2/68 (H3N2) virus, as ribavirin
did (see Online Supplementary Materials). In CCRF-SB acute
lymphoblastic leukemia and K562 chronic myeloid leukemia
cell lines, compound 7a, unlike ribavirin, increases the proportion
of cells in the GO phase of the cell cycle, similar to the antitumor
drug cytarabine. Weak antimicrobial effect of 1 and 7b—d was
demonstrated against M. luteus, S. aureus, P. aeruginosa, while
ribavirin demonstrated weak activity against P. aeruginosa and
C. albicans. Antimicrobial activity was also assessed on a non-
pathogenic model of M. tuberculosis—M. smegmatis. Extremely
low inhibition of microorganism growth was revealed in the
presence of synthesized compounds 7b—d.

To summarize, using the catalyst-free thermal cyclization of
N-acylated amidrazones, new homologues of 5-amino-1,2,4-
triazole-3-carboxamide were obtained in preparative quantities,
and the spectrum of their biological action was assessed. Using a
cell model of the influenza A/Aichi/2/68 (H3N2) RNA virus, it
was shown that compound 7d exhibited an antiviral effect
comparable to that of ribavirin at concentrations of 1 mM with
half the toxicity. The toxicity of homologues 7a—d against acute
and chronic forms of leukemia is inferior to the toxicity of
ribavirin, but analogue 7a increases the proportion of cells in the
GO phase of the cell cycle, similar to the antitumor drug
cytarabine. The resulting series of homologues demonstrates an
antimicrobial profile different from that of ribavirin. Synthesized
homologues 7b—d exhibit low effect against both gram-positive
and gram-negative bacteria, unlike ribavirin, which exhibits
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activity only against the gram-negative bacteria P. aeruginosa
and C. albicans. Therefore, homologues of S5-amino-1,2,4-
triazole-3-carboxamide are promising not only as heterocyclic
bases for synthetic nucleosides, but may become the basis for the
development of a new class of non-nucleoside biologically active
agents.
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Online Supplementary Materials
Supplementary data associated with this article can be found
in the online version at doi: 10.71267/mencom.7753.
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