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Abstract: The multicomponent reactions of 5-amino-3-methylthio-1,2,4-triazole with aromatic aldehydes and pyruvic acid were studied
using conventional thermal heating and ultrasonic activation at room temperature. Under conventional heating, dihydrotriazolopyrimidine
derivatives were formed in both two- and three-component treatments. In the case of ultrasonic activation, the multicomponent reaction led
to the formation of 7-hydroxytetrahydrotriazolopyrimidines.
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looxadiazocine-5-carboxylic acids Il and 3-hydroxy-
triazolyldihydropyrrolones IV (Scheme 1). The reaction

Introduction

Pyrimidine derivatives and their sulfur analogs have
attracted much attention because of their wide range of
biological activities involving antibacterial [1], anti-
inflammatory [2-3], analgesic [3], antitumour [4-5], anti-
microbial [6], anti-infective [7] and antifungal [8-9] activities.

In our previous work, the multicomponent reactions of
3-amino-1,2,4-triazole with aromatic aldehydes and pyruvic
acid (arylpyruvic acids) were discussed from the viewpoints
of their selectivity and molecular diversity. Different types
of heterocycles depending on the structures of the reagents,
the solvent, the temperature mode, and the activation
method were formed [10-13]. In particular, the
multicomponent approaches based on the reaction of
3-amino-1,2,4-triazole, aromatic aldehydes, and pyruvic
acid  were described for the  synthesis  of
dihydrotriazolopyrimidine-5-carboxylic acids I, 7-hydroxy-
tetrahydropyrimidine-7-carboxilic acid 11, benzotriazo-
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conditions were found for the selective synthesis of each of
these compounds (I-1V). Application of non-classical
activation methods like ultrasonication and microwave
irradiation have appeared as convenient tools for tuning the
multicomponent treatments.

o] X=H m

Scheme 1. Diversity of heterocyclizations of 3-amino-1,2,4-
triazole with aldehydes and pyruvic acids.
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Scheme 2. Switchable heterocyclizations of 3-(methylthio)-1H-1,2,4-triazol-5-amine with aldehydes and pyruvic acids.

Some reactions involving sulfur-containing substituents
in the 3" position of 3-amino-1,2,4-triazole were described
in the literature as well [14-19].

Results and Discussion

Here, we report the Doebner-type synthesis of
undescribed 2-methylthiotetrahydrotriazolo[1,5-a]pyri-
midine-7-carboxylic acids, and 2-methylthiodihydro-
triazolo[1,5-a]pyrimidine-5-carboxylic acids. The type of
final heterocycle forming in the multicomponent reaction
between 3-(methylthio)-1H-1,2,4-triazol-5-amine, aromatic
aldehydes and pyruvic acid depends on the reaction
conditions — conventional heating or ultrasonication.

In particular, it was found that the three-component
treatment of an equimolar mixture of 3-(methylthio)-1H-
1,2,4-triazol-5-amine (1), aromatic aldehydes 2a-d, and
pyruvic acid (3) under conventional heating at reflux in
glacial acetic acid for 4 hours selectively led to the
formation of a dihydropyrimidine ring and thus
2-(methylthio)-7-aryl-4,7-dihydro-[1,2,4]triazolo[1,5-a] py-
rimidine-5-carboxylic acids 4a-d were isolated as the only
products of the interaction in satisfactory yields (Scheme 2,
Method A, and Table 1).

On the other hand, the multicomponent reaction of the
same starting materials 1, 2a-d, and 3 in glacial acetic acid
under ultrasonication at room temperature for 2 hours led to
the formation of 7-hydroxy-2-(methylthio)-5-aryl-4,5,6,7-
tetrahydro-[1,2,4]triazolo-[1,5-a]pyrimidine-7-carboxylic
acids 5a-d (Scheme 2, Method B, and Table 1). Mechanical
stirring at room temperature instead of ultrasonication led to
the formation of compounds 5a-d as well. However, this
procedure required a longer reaction time (ca. 30 h) and the
yield and purity of the products were significantly lower.
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It should be noted, that dihydropyrazolopyrimidine
carboxylic acids 4 were formed by sequential procedure as
well. The linear pathway included two steps: the synthesis
of arylidenpyruvic acids 6a,b starting from appropriate
aromatic aldehyde 2 and pyruvic acid 3, and their further
heterocyclization with 3-(methylthio)-1H-1,2,4-triazol-5-
amine 1 in glacial acetic acid under conventional heating for
30 min gave dihydropyrazolopyrimidine carboxylic acids
4a,b (Scheme 2, Method C). Thus, the final reaction
products 4 were identical to the compounds isolated from
the multicomponent reaction (Scheme 2, Method A) in
similar yields (Table 1).

The structures of the heterocyclic carboxylic acids 4a-d
and 5a-d were established by MS, *H and *3C NMR spectral
data. The 'H NMR spectra of 2-(methylthio)-7-aryl-4,7-
dihydro-[1,2,4]triazolo[1,5-a]pyrimidine-5-carboxylic acids
4a-d show the following signals: a broad singlet for NH
group (9.82-9.99 ppm), signals of aromatic H-atoms and
terminal groups, a doublet for H-atom in position 7 of the
heterocycle (6.12-6.30 ppm, J = 3.9 Hz), a doublet for
ethylene H-atom at C-5 (5.72-5.77 ppm, J = 3.7 Hz), a
singlet for methyl group (2.38-2.39 ppm). The *H NMR
spectra of 7-hydroxy-2-(methylthio)-5-aryl-4,5,6,7-tetra-
hydro-[1,2,4]-triazolo[1,5-a]pyrimidine-7-carboxylic acids
5a-d show a broad signal for the pyrimidine NH at 6 = 7.78-
7.94 ppm, a singlet for methyl group (2.42-2.43 ppm), a
multiplet for the CH group at C-5 at 6 = 4.54-4.80 ppm, a
multiplet for the CH, group at C-6 at 6 = 2.03-2.41 ppm,
and peaks for aromatic protons as well as signals for other
substituents.

The structure of compounds 4a-d and 5a-d was
additionally confirmed by the comparison of their *H NMR
spectra with literature data for similar pyrimidines [10-12].

MS and *C NMR are also in an agreement with the
proposed structures.
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Table 1. Synthesis of compounds 4a-d and 5a-d.

Entry Starting materials Ri?rcﬁleon Conditions Yield
Pathway Product
Compd. R (hours) A or US (%)
1 2a CeHs 4 A A 4a 37
2 2b 4-Cl-CgH, 4 A A 4b 64
3 2c 4-CHy0-CeH, 4 A A 4c 44
4 2d 4-COOCH;-CHy 4 A A 4d 43
5 2a CeHs 2 B us 5a 67
6 2b 4-Cl-CgH, 2 B us 5b 40
7 2c 4-CHy0-CeH, 2 B us 5¢ 69
8 2d 4-COOCH;-CHy 2 B us 5d 64
9 6a 4-Cl-CgH, 05 C 4b 40
10 6b 4-CH30-CgH, 05 C 4¢ 43
Conclusions

Thus, we showed that the multicomponent reactions
involving  5-amino-3-methylthio-1,2,4-triazole, aromatic
aldehydes, and pyruvic acid can be switched between two
different pathways using either conventional thermal
heating in acetic acid or ultrasonic activation at room
temperature in the same solvent. Under conventional
heating  2-(methylthio)-7-aryl-4,7-dihydro-[1,2,4]triazolo-
[1,5-a]pyrimidine-5-carboxylic acids were formed both in
the three-component treatment and in sequential two-step
reaction via preliminary synthesis of arylidenpyruvic acid.
In the case of ultrasonic activation the multicomponent
reaction led to the formation of 7-hydroxy-2-(methylthio)-
5-aryl-4,5,6,7-tetrahydro-[1,2,4]triazolo-[1,5-a]pyrimidine-
7-carboxylic acids.

Experimental section

Melting points were determined with a Kofler apparatus
and were uncorrected. The H and 3C NMR spectra were
recorded in DMSO-ds at 400 MHz (100 MHz for 13C NMR)
with a Varian MR-400 spectrometer.

The mass spectra were measured Shimadzu GCMS-2020
instrument (70 eV ionizing energy) using the direct inlet
(DI) method. Elemental analysis was performed on a Euro
Vector EA-3000.

Ultrasound-assisted experiments were carried out using a
standard ultrasound bath (SELDI, Ukraine) with a working
frequency of 44.2 kHz.

Arylidenpyruvic acids 4a-b were synthesized according
to the literature procedure [20]. 3-(Methylthio)-1H-1,2,4-
triazol-5-amine (1), 2-oxopropa-noic acid 2, and substituted
aldehydes 3a-d were commercially available and were
purchased from Merck.
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General procedure for the preparation of compounds
5a-d:

Method A: 100 mg (0.77 mmol) of 3-(methylthio)-1H-
1,2,4-triazol-5-amine (1) were dissolved in glacial AcOH
(2 mL), then pyruvic acid (2; 0.77 mmol) and the
appropriate aldehyde (2a-2d; 0.77 mmol) were added. The
mixture was refluxed for 4h, then it was cooled and allowed
to stand overnight. After that, the resulting precipitate was
collected by filtration and dried in air, yielding a colorless
solid.

2-(methylthio)-7-phenyl-4,7-dihydro[1,2,4]triazolo-[1,5-
a]pyrimidine-5-carboxylic acid (4a):

Yield: 27 mg, 37%; Colorless solid; mp 259-261 °C.
!H NMR (400 MHz, DMSO-dg) 6 9.86 (s, 1H, NH), 7.15-
7.42 (m, 5H, ArH), 6.18 (d, J 3.9 Hz, 1H), 5.77 (d, J 3.7 Hz,
1H), 2.39 (s, 3H, SCHs). Anal. Calcd. for C13H12N4O,S: C,
54.16; H, 4.20; N, 19.43. Found C, 54.08; H, 4.27; N,
19.51. MS (El, 70 eV) m/z (%) 288 (M*, 100), 243 (30),
211 (61), 193 (45), 165 (27), 115 (50), 77 (39).

7-(4-chlorophenyl)-2-(methylthio)-4,7-dihydro-[1,2,4]
triazolo[1,5-a]pyrimidine-5-carboxylic acid (4b):

Yield: 76 mg, 64%; Colorless solid; mp 285-287 °C.
!H NMR (400 MHz, DMSO-dg) 6 9.89 (s, 1H, NH), 7.20-
7.46 (m, 4H, ArH), 6.22 (d, J 3.9 Hz, 1H, CH), 5.76 (d,
J 3.7 Hz, 1H, CH), 2.39 (s, 3H, SCH3). C NMR
(100 MHz, DMSO-dg) § 163.7; 159.9; 150.6; 140.6; 133.9;
129.8; 129.7; 128.5; 106.9; 59.6; 14.4. Anal. Calcd. for
C13H11C|N4OZSZ C, 48.38; H, 3.44; N, 17.36. Found C,
48.25; H, 3.47; N, 17.39. MS (EI, 70 eV) m/z (%) 322 (M*,
30), 290 (11), 286 (18), 241 (18), 211 (65), 193 (56), 165
(52), 140 (60).

7-(4-methoxyphenyl)-2-(methylthio)-4,7-dihydro-[1,2,4]
triazolo[1,5-a]pyrimidine-5-carboxylic acid (4c):

Yield: 106 mg, 44%; Colorless solid; mp 273-275 °C.
'H NMR (400 MHz, DMSO-dg) J 9.82 (s, 1H, NH), 6.87-



7.18 (m, 4H, ArH), 6.12 (d, J 3.9 Hz, 1H, CH), 5.75 (d,
J3.7 Hz, 1H, CH), 3.73 (s, 3H, OCHs), 2.39 (s, 3H, SCH).
Anal. Calcd. for CaH1aN4OsS: C, 52.82; H, 4.43; N, 17.60.
Found C, 52.72; H, 4.51; N, 17.65. MS (EI, 70 eV) m/z (%)
318 (M, 89), 271 (65), 211 (34), 193 (40), 158 (100), 145
(72), 128 (50).

7-(4-(methoxycarbonyl)phenyl)-2-(methylthio)-4,7-di-
hydro[1,2,4]triazolo[1,5-a]pyrimidine-5-carboxylic ~ acid
(4d):

Yield: 120 mg, 43%; Colorless solid; mp 255-257 °C.
'H NMR (400 MHz, DMSO-dg) 6 9.99 (s, 1H, NH), 7.32-
8.02 (m, 4H, ArH), 6.30 (d, J 3.9 Hz, 1H, CH), 5.78 (d,
J 3.7 Hz, 1H, CH), 3.84 (s, 3H, OCHz3), 2.38 (s, 3H, SCHs).
3C NMR (100 MHz, DMSO-dg) 6 165.9; 162.7; 159.0;
149.8; 145.6; 129.8; 129.5; 127.6; 127.1; 105.8; 59.1; 52.2;
13.5. Anal. Calcd. for 015H14N404S: C, 52.02; H, 4.07; N,
16.18. Found C, 51.96; H, 4.16; N, 16.25. MS (EI, 70 eV)
m/z (%) 346 (M*, 1), 211 (28), 165 (36), 140 (40), 128 (36),
119 (45), 115 (77).

The same compounds as 4b and 4c were obtained via
two-component reaction (Method C) including appropriate
arylidenpyruvic acids 6a-b and 3-(methylthio)-1H-1,2,4-
triazol-5-amine (1). 100 mg (0.77 mmol) of 3-(methylthio)-
1H-1,2,4-triazol-5-amine (1) were dissolved in glacial
AcOH (2 mL), then appropriate 2-oxo-4-arylbut-3-enoic
acids were added. The mixture was refluxed for 30 min,
then it was cooled and allowed to stand overnight. After
that, the resulting precipitate was collected by filtration and
dried in air, yielding a colorless solid.

Method B: 100 mg (0.77 mmol) of 3-(methylthio)-1H-
1,2,4-triazol-5-amine (1) were dissolved in glacial AcOH
(2 mL), then the appropriate aldehyde (2a-d; 0.77 mmol)
and pyruvic acid (3; 0.77 mmol) were added. The mixture
was put into the ultrasound bath for 120 min. Then the
mixture was allowed to stand overnight. After that, the
resulting precipitate was collected by filtration and dried in
air, yielding a colorless solid.

7-hydroxy-2-(methylthio)-5-phenyl-4,5,6,7-tetrahydro-
[1,2,4]triazolo[1,5-a]pyrimidine-7-carboxylic acid (5a):

Yield: 160 mg, 67%; Colorless solid; mp 152-154 °C.
'H NMR (400 MHz, DMSO-dg); 6 7.84 (s, 1H, NH), 7.26-
7.66 (m, 5H, ArH), 4.57-4.70 (m, 1H, CH), 2.42 (s, 3H,
SCH3), 2.04-232 (m, 2H, CH). Anal. Calcd. for
Ci13H14N40OsS: C, 50.97; H, 4.61; N, 18.29. Found C, 50.87;
H, 4.66; N, 18.32. MS (El, 70 eV) m/z (%) 288 (M*—H,0,
8), 243 (15), 211 (18), 130 (100).

5-(4-chlorophenyl)-7-hydroxy-2-(methylthio)-4,5,6,7-
tetrahydro-[1,2,4]triazolo[1,5-a] pyrimidine-7-carboxylic
acid (5b):

Yield: 115 mg, 40%; Colorless solid; mp 169-171 °C.
'H NMR (400 MHz, DMSO-dg) 6 7.79 (s, 1H, NH), 6.89-
7.51 (m, 4H, ArH), 4.59-4.70 (m, 1H, CH), 3.06 (s, 3H,
O-CHs), 2.42 (s, 3H, SCHs), 2.04-2.32 (m, 2H, CH).
13C NMR (100 MHz, DMSO-dg) 6 170.6; 159.4; 155.4;
133.1; 128.2; 114.4; 81.6; 55.6; 50.8; 42.4; 13.9. Anal.
Calcd.. for Ci3H13CINAOsS: C, 45.82; H, 3.85; N, 16.44.
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Found C, 45.76; H, 3.91; N, 16.52. MS (EI, 70 eV)) m/z (%)
322 (M*—H0, 3), 211 (6), 165 (87), 137 (46), 130 (79).

7-hydroxy-5-(4-methoxyphenyl)-2-(methylthio)-4,5,6,7-
tetrahydro-[1,2,4]triazolo[1,5-a] pyrimidine-7-carboxylic
acid (5c):

Yield: 180 mg, 69%; Colorless solid; mp 168-170 °C.
H NMR (400 MHz, DMSO-dg) 6 7.79 (s, 1H, NH), 6.88-
7.41 (m, 4H, Ar), 4.54-4.63 (m, 1H, CH), 3.75 (s, 3H,
OCHs), 2.42 (s, 3H, SCH3), 2.03-2.31 (m, 2H, CH,).
Anal. Calcd. for C14H16N4O4S: C, 49.99; H, 4.79; N, 16.66.
Found: C, 50.07; H, 4.76; N, 16.71. MS (El, 70 eV)
m/z (%) 318 (M* -H;0, 20), 271 (21), 151 (100), 133 (52),
130 (61).

7-hydroxy-5-(4-(methoxycarbonyl)phenyl)-2-(methyl-
thio)-4,5,6,7-tetrahydro-[1,2,4]triazolo[1,5-a] pyrimidine-7-
carboxylic acid (5d):

Yield: 179 mg, 64%; Colorless solid; mp 159-161 °C.
'H NMR (400 MHz, DMSO-dg) 6 7.74 (s, 1H, NH), 7.46-
8.20 (m, 4H, Ar), 4.68-4.80 (m, 1H, CH), 3.90 (s, 3H,
OCHs), 2.43 (s, 3H, SCH3), 2.13-2.41 (m, 2H, CH,).
Anal. Calcd. for C15H16N4OsS: C, 49.44; H, 4.43; N, 15.38.
Found: C, 49.36; H, 4.51; N, 15.41. MS (El, 70 eV)
m/z (%) 346 (M*-H;0, 3), 189 (67), 145 (40), 130 (100).
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[Tepeknrogaemi 3a paxyHOK YMOB 0araTOKOMITOHEHTHI1 peaKiiii
5-amiHO-3-(MeTHnTIO)-1,2,4-TpHa3oiy, apOMaTUYHUX aJIbJICTI/iB
Ta MIPOBUHOIPATHOI KUCIOTH

4. 1. Caxno', M. B. Muxaiinenko™?, M. O. Konocos?, O. T'. IlIsens?, B. |. Mycaros', H. B. Yopna®,
C. M. Jlecenko’, B. A. Uebanop**

! Haykoso-mexnonoziunuii komnnexc «Incmumym monoxpucmanie» HAH Vxpainu, np. Hayxu, 60, Xapxis, 61072, Yipaina

2 Xapxiscoxuii nayionanvuuii ynisepcumem imeni B. H. Kapasina, ni. Céoboou, 4, Xapxis, 61077, Vpaina

Pesiome: BuBueHO 0araTOKOMIOHEHTHI peakuii 5-amMiHO-3-MeTHiTio-1,2,4-Tprua3ony 3 apOMAaTHYHUMH ajbJerilaMyd Ta MipPOBUHOTPAJHOI KHCIOTOH i3
3aCTOCYBAaHHSAM 3BHYallHOTO TEPMIYHOTrO HArpiBy Ta NpPH BHUKOPHCTaHHI YJbTPa3sBYKOBOI aKTHBAalil MpH KIMHATHIH TeMmeparypi y TOMYy X CamMoOMy
po3unHHUKY. [Ipy 3BHYaiiHOMY HArpiBaHHI B OLTOBiil KHCIOTI yTBOPIOBAIKCH 2 -(METHITIO)-7-apun-4,7-murinpo-[1,2,4]puaszono-[1,5-a]nipuminnn-5-
KapOOHOBI KHCJIOTH, SIK HpPH TPUKOMIIOHEHTHIM peakilii, Tak i HpH MOCHIIOBHIiil JBOXKOMIIOHEHTHIH peakiil, MUIIXOM HONEPEIHBOr0 CHHTE3Y
ApWIIIIEHNTIPOBUHOTPaJHAX KUCIOT. Y BHUIAJKY YJIbTPa3ByKOBOI aKkTHBAIlil 6araTOKOMIOHEHTHA PEakilist B OLTOBIH KMCIIOTI 3a KiMHATHOI TeMIIEpaTypH
MPUBOAMIA [0 YTBOPEHHs 7-Timpokcu-2-(mernirio)-5-apuin-4,5,6,7-retparinpo-[1,2,4]tpuazono-[1,5-a]mipuminuu-7-kapooHoBux KucioT. [lomambime
BUBYCHHSI OCOONMBOCTEH YTBOPGHHS [JaHHMX PEYOBHH Ma€ CyTTeBe (DyHZaMEHTalbHE 3HAYCHHS I ACTAILHOTO PO3YMIHHS MEXaHi3MiB (hOpMyBaHHs
A30JI0a3MHOBUX CHCTEM, III0 € BaKITHBUM IS {UIECIIPSIMOBAHOTO CHHTE3Y I'eTEPOLHUKIIYHAX CHCTEM, sIKi MalOTh 3a3/jalIerib 3a1ani BnacTuB ocTi. [TokaszaHo
MEePCHEKTUBHICTh CHHTE3y HOBHX METEPOLUKIIYHHX CIIOTYK I(Or0 KJIACY, SIKi MPOTHO30BAHO MAIOTh MIMPOKHUIA CIIEKTp 01010riYHOT aKTHBHOCTI.

Kirouosi ciioBa: 5-amino-3-(MetninTio)-1,2,4-Tpra3on; 6araTOKOMIOHEHTHA PEAKINis; YIbTPa3BYK; MiPOBHHOTPAIHA KHCIOTA; TeTePOIIMKITI3aIlis.
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