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STUDIES ON PYRAZINE DERIVATIVES. XL.
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ACTIVITY OF 4-HYDROXYALKYL-5-PYRAZINYL-
4H-[1,2,4]-TRIAZOLE-3-THIONES
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In the reactions of pirazinoyldithiocarbazoic acid monoester with
aminoalcohols, 4-hydroxyalkyl-1,2,4-triazole-3-thiones were obtained.
Their susceptibility to alkylation, as well as the condensed heterocyclic
1,3-thiazacycloalkyl[3,2-b]-1,2,4-thiazoles! formation ability, were ex-
amined. Some of the compounds obtained were tested for their tubercu-
lostatic activity.

Keywords: 1,3-Thiazacycloalkyl[3,2-b]-1,2,4-triazoles; 4H-[1,2,4]-tri-
azole-3-thiol; hydrazinedithioic acid ester; pyrazines; tuberculostatic

INTRODUCTION

The reactions of acyldithiocarbazoic acid monoester with aminoethanol
were found useful to the syntheses of 4-(2-hydroxyethyl)-1,2,4-triazole-
3-thiones, as reported before.l? An extensive examination of these reac-
tions was the main view of the present study. A considerable number of
the aminoalcohols had to be used initially, then the possibility of obtain-
ing the triazolothione derivatives, in particular through the cyclization
of triazole with 1,3-thiazacycloalkanes to the condensed systems, was
studied.

Address correspondence to Henryk Foks, Department of Organic Chemistry, Medical
University of Gdansk, Al. Gen. J. Hallera 107, 80416 Gdansk, Poland. E-mail: hfoks@
farmacja.amg.gda.pl
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CHEMISTRY

The synthesis of methyl pyrazinoyldithiocarbazate 1 was reported
elsewhere.! The reaction of this ester was conducted either in an ex-
cess of the corresponding amine (neat), or in dimethylformamide so-
lution with double stoichiometric amine excess. The product forma-
tion depended on the amine structure, not on the reaction conditions.
The use of ethanolamines, 3-amino-1-propanol, 1-amino-2-propanol,
4-amino-1-butanol, and 3-amino-1,2-propandiol gave the corresponding
5-pyrazinyl-4-hydroxy-alkyl-1,2,4-triazole-3-thiones 2a—e. In the first
stage of these reactions, the salts of the corresponding triazolothiones
with the amine used were formed, and then upon acidification free
thiones were obtained.

A different reaction course was observed in the case of aminoal-
cohols having their amine groups bound to the secondary or tertiary
carbon atoms. The pyrazinoyldithiocarbazoic ester was not subject to
cyclization under the influence of amines such as 2-amino-2-methyl-
1-propanol, L-2-amino-1-phenyl-1-propanol, L-2-amino-3-phenyl-1-
propanol, or both (+ and —) 2-amino-2-butanol enantiomers, but to the
cleavage only. Pyrazinohydrazide and most likely 1,3-dihydroxyalkyl-
thioureas were the reaction products. In the case of analogous
compounds, the same reaction course and mechanism were already
reported.?

The examination of cyclization conditions of the 4-hydroxyalkyl
derivatives 2a—e to the condensed systems 3a—e was the next step of the
present study. The reactions proceeded in the solutions of both concen-
trated hydrochloric and polyphosphoric acid. The reaction yields were
almost the same, but for preparative reasons it was easier to obtain the
products with hydrochloric acid.

The cyclization of 4-hydroxyalkylthiones in the acidic media was
confirmed by the reactions of compound 1 with 2-bromoethylamine
and 3-bromopropylamine. The products thus obtained were identical
to the earlier prepared ones; however, the yields were smaller. The last-
mentioned reaction is another example of dithiocarbazates use in het-
erocyclic systems syntheses.

4-Hydroxyalkyltriazolthioles 2a-e were changed, in good yields, into
S-substituted derivatives 4-9 upon action of active halogen-containing
compounds in basic media. Compound 6a was used to synthesizes of
the amide derivative 10a and of the hydrazide 11a.

The replacement reactions of a thiocarboxyethyl group by a hy-
drazine arrangement (in compound 5a) and of SMe group by the mor-
pholine one (in compound 4a) were unsuccesful. In the former case, the
triazolothione 2a, and in the latter one small amounts of the condensed
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heterocyclic rings (compound 3a), were isolated instead of the products
expected.

The reactions realized are shown in Scheme 1. The IR, 'H NMR, and
mass spectra, as well as the results of elementary analyses, supplied
the documentary evidence for the structures of the products.

EXPERIMENTAL

Melting points were determined with the Reichert apparatus and are
uncorrected. The IR spectra were taken with a Satellite spectropho-
tometer. The 'H NMR spectra were taken with a Varian Gemini 200
spectrometer BS-487¢, MS-LKB 900 S instrument (electron impact at
70 eV). Reaction yields and the physical constants of the compounds
obtained are given in Table I. The results of elemental analyses for C
and H for all the compounds obtained are in good agreement with the
data calculated.

4-Hydroxyalkyl-5-pyrazinyl-1,2,4-triazole-3-thiones (2a-e)

Compound 1 (10 mmole, 2.3 g) and the corresponding amine (50 mmole)
were refluxed for 0.5 h. After cooling, water (10 ml) was added and the
mixture acidified with concentrated HCI to pH 5. The products precip-
itated at ambient temperature or upon cooling in a freezer.

1,3-Thiazacycloalkyl[3,2-b]1,2,4-triazole (3a-e)
Method A

The corresponding compounds 2a-e (5 mmole) was refluxed with con-
centrated HC1 (10 ml) for 2 h. After cooling the mixture was treated with
water (50 ml) and alkalified with ammonia. The products precipitated
were filtered off and crystallized from water.

Method B
The reaction was carried on in similar way: compounds 2a—e were
heated to 100°C in polyphosphoric acid (15 g) (PEA).

Method C (for Compounds 3a,b)

To a solution of KOH (10 mmole) in dimethylformamide (DMF) (2 ml)
and water (2 ml) either 2-bromoethylamine hydro-bromide (5 mmole)
or 3-bromopropylamine hydrobromide (5 mmole), and then compound
1, were added. The mixture was refluxed for 0.5 h. After cooling, water
(5 ml) was added and alkalified with concentrated ammonia.
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4-Hydroxyalkyl-3-mercaptomethyl-5-pyrazino-
1,2,4-triazoles (4a, 7b, 9¢)

To a solution of KOH (5 mmole) in ethanol (15 ml) the correspond-
ing triazolothione (5 mmole) was introduced, and then methyl iodide
(5 mmole) was added dropwise. The mixture was refluxed for 1 h. Then
the solvent was evaporated, water (5 ml) was added, and the precipi-
tates were filtered off.

4-Hydroxyalkyl-3-carboethylthio and
3-Carboxyethylomethylenthio-5-pyrazino-1,2,4-triazoles
(5a, 6a, 8b)

To a solution of KOH (5 mmole) in ethanol (15 ml) compounds 2a or 2b
(5 mmole) and the corresponding halogenoderivative, i.e., ethyl chloro-
formate or ethyl bromoacetate (5 mmole) were added and the mixture
refluxed for 1 h. Then ethanol was evaporated, water (5 ml) was added,
and the mixture alkalified with concentrated ammonia. Compound 6a
precipitated in crystalline form, and 5a and 8b were isolated by extrac-
tion with chloroform.

4-3-Hydroxyethyl-5-pyrazino-3-thioacetamido-
1,2,4-triazole (10a)

Compound 6a (5 mmole) and concentrated ammonia (20 ml), were
placed in a closed vessel and stirred for 3 days. The mixture was then
evaporated to dryness with a rotary vaporizer. The residue was purified
by crystallization.

4-Hydroxyethyl-5-pyrazino-3-thioacetohydroxy-
1,2,4-triazole (11a)

Compound 6a (25 mmole), dioxane (5 ml), and 100%-hydrazine hydrate
(1 ml) were refluxed for 0.5 h. On evaporating to dryness, the residue
was treated with water (5 ml), cooled, and the precipitated compound
11a filtered off.
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