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The synthesis of 3-methyl-6-R-[1,2,4]triazolo[3,4-b]-
[1,3,4]thiadiazole derivatives

Aim. To conduct the synthesis and confirm the structure of 3-methyl-6-R-[1,2,4]triazolo[3,4-b][1,3,4]thiadia-
zole derivatives as potential biologically active compounds.

Results and discussion. It has been shown that the heterocyclization reaction of 4-amino-5-methyl-4H-
1,2,4-triazole-3-thiol with carboxylic acids in the excess of phosphorus oxychloride yields 3-methyl-6-R-[1,2,4]-
triazolo[3,4-b][1,3,4]thiadiazoles.

Experimental part. The reaction of 4-amino-5-methyl-4H-1,2,4-triazole-3-thiol with the corresponding car-
boxylic acids was carried out in the excess of phosphorus oxychloride. The mixture was heated for 5 h with
subsequent cooling and neutralization to pH 7 using ammonia solution. '"H NMR spectra of the compounds
synthesized were recorded on a Varian Mercury VX-200 spectrometer operating at a frequency of 200 MHz,
in DMSO-d;, using tetramethylsilane (TMS) as an internal standard. Melting points were measured using a MPA100
device. The elemental analysis was performed on a Elementar Vario EL Cube elemental analyzer. Agilent 1260
Infinity HPLC System equipped with Agilent 6120 mass spectrometer were used for registering LC-MS data.

Conclusions. As a result of this study 10 new compounds of the 3-methyl-6-R-[1,2,4]triazolo[3,4-b][1,3,4]-
thiadiazole series have been obtained. The structure and purity of the products have been confirmed using
"H NMR spectroscopy, LC-MS and elemental analysis.
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Banopisbkuli depxasHull meduyHul yHigepcumem, YKkpaiHa

CwuHTe3 noxigHux 3-meTun-6-R-[1,2,4]tpuasono[3,4-b][1,3,4]Tiapiazony

Meta. CuHTe3yBaTtu Ta NigTBEPANTU CTPYKTYPY noxigHmx 3-metun-6-R-[1,2,4]tpunasono(3,4-b][1,3,4]Tiagia-
300y — NOTEHL,NHMX BiONOriYHO aKTUBHUX CMOMYK.

Pe3ynbraTty Ta ix o6roBopeHHs. NokasaHo, wo B3aemogia 4-amiHo-5-metun-4H-1,2,4-tpuason-3-Tiony
3 kapbOHOBUMYM KUCITOTAMU Y MPUCYTHOCTI HaANMLIKy dooccopy okcuxnopuay nepebirae 3 yTBOPEHHSM 3-MeTun-
6-R-[1,2,4]Tpnaszono[3,4-b][1,3,4]tiagiazonis.

ExkcnepumeHTanbHa YyacTtuHa. B3aemogito 4-amiHo-5-meTun-4H-1,2 4-tpnason-3-Tiony 3 kapOOHOBMMMU KNCIIO-
Tamy NPOBOAMUNN Y HaANMLIKY hocdopy OKCUXMOopWUAy Npy HarpiBaHHi BNpogoBX 5 roguH 3 noganbLUnm 0Xo-
NOMKEHHAM Ta HerTpanisadieto Jo pH 7 posdnHom amoHiaky. 'H AMP-cnekTpu cuHTe3oBaHux cnomnyk 6yno 3a-
nucaHo Ha crnektpometpi Varian Mercury VX-200, po6oya yactota — 200 MI"u, B AMCO-d,, 3 BUKOPUCTAHHAM
TeTpameTuncunary (TMS) gk BHYTPILLHBOrO cTanHAapTy. TemMnepatypu nnasneHHs BUMIptoBanv 3a 40NoMOror
npuctpoto MPA100. EnemeHTHMIN aHani3 BUKOHYBanu Ha enemMeHTHoMy aHanizatopi Elementar Vario EL Cube.
Cunctemy HPLC Agilent 1260 Infinity 3 mac-cnektpometpom Agilent 6120 BukopucTaHo ang peectpadii LC-MS-
haHux.

BucHoBku. B pesynbrati gocnigxeHHs cuHTe3oBaHo 10 HOBMX cnonyk 3 paay noxigHnx 3-metun-6-R-[1,2,4]-
Tpuasono[3,4-b][1,3,4]Tiagiazony. CTpPyKTypy Ta 4YMCTOTY CMHTE30BaHUX CMOMYyK MiATBEPOKEHO METoAamu
"H AMP-cnekTpockonii, LS-MS Ta eneMeHTHUM aHanisom.

Knrouoei cnoesa: cnHtes; 1,2,4-Tpnasonm; isnko-ximivyHi BNacTMBOCTI

T. B. Mma3yHoBa, A. U. NMaHaceHko, E. I'. KHbIwWw

Banopoxckuli 2ocydapcmeeHHbIl MeQUUUHCKUU yHugsepcumem, YkpauHa

CuHTe3 npousBoaHbIx 3-meTun-6-R-[1,2,4]tpuasono[3,4-b][1,3,4]Tnaguasona

Llenb. CuHTe3npoBaTb U NOATBEPANUTb CTPYKTYPY Npou3BoaHbix 3-meTnn-6-R-[1,2,4]tpmnasono[3,4-b][1,3,4]-
Tnagmasona — noTeHumarnbHbIX 61MONOrMYeckn akTUBHBIX COEOUHEHNIA.

Pe3ynbraTtbl U ux o6cyxaeHune. NNokasaHo, 4TO B3anmopencTene 4-aMmHo-5-vetun-4H-1,2,4-tpnason-3-
TMona ¢ KapboOHOBBLIMM KMCIOTaMU B MPUCYTCTBUM M36bITKA okcuxopraa pocdopa npoTekaeT ¢ obpasoBaHvem
3-metnn-6-R-[1,2,4]tpnasono[3,4-b][1,3,4]Tnagnasonos.

OKkcnepuMeHTanbHaAa YacTb. Baanmogericteue 4-ammHo-5-metun-4H-1,2,4-tpnason-3-tmona ¢ kapboHo-
BbIMM KMCMOTaMy NPOBOAMIU B M3ObITKe oKkcrxopuaa docdopa npu HarpeBaHuy B Te4eHUn 5 4acoB ¢ nocneanyto-
MM OXNnaxaeHnem n HerTpanusaumnen go pH 7 pactsopom ammuaka. 'H AMP-cnekTpbl CUHTE3MPOBaHHbLIX CO-
eavHeHun 6biny 3anncaHbl Ha cnektpometpe Varian Mercury VX-200, paboyas yactota — 200 My, 8 AMCO-d,,
C ucnonb3oBaHveM TeTpameTuncunarHa (TMS) B kauecTBe BHYTpPEHHEro ctaHaapTa. Temneparypbl NnaBneHns
namepsanu ¢ nomolbio yctporictea MPA100. OneMeHTHbIN aHanu3 BbIMOMHANM Ha 3NeMeHTHOM aHanusaTope
Elementar Vario EL Cube. Cuctema HPLC Agilent 1260 Infinity c macc-cnektpomeTpom Agilent 6120 ncnons3osa-
Ha onsa peructpauum LC-MS-gaHHbIX.

BbiBoAabl. B pesynsrate nccrnenoBaHus cuHTe3anpoBaHbl 10 HOBBIX COEAUHEHUI U3 psiAa NPOU3BOAHbIX
3-metun-6-R-[1,2,4]1pnasono[3,4-b][1,3,4]tnagnasona. CTpykTypa 1 YMCTOTA COEAMHEHUI NOATBEPKAEHBI Me-
Togamun 'H AMP-cnektpockonuu, LS-MS 1 anemeHTHbIM aHan1som.

Knroueenie cnoea: cuHtes; 1,2,4-1pnasonsbl; GU3NKO-XMMNUYECKME CBONCTBA
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The derivatives of 1,2,4-triazole have been attrac-
tive for research for many years, particularly due to
their reactivity and synthetic capabilities, whereas
the search for new potential biologically active com-
pounds among them remains one of the priorities
of modern medicinal, pharmaceutical, and organic
chemistry [1-4]. Specifically, the 1,2,4-triazole moiety
can be found in various pharmaceutical substances that
are available at the market today [5], for instance, ri-
bavirin used as antiviral substance, estazolam and
triazolam used to treat sleep disorders and insomnia,
anastrozole, vorozole and letrozole applied for breast
cancer management [5-7].

Biological activities of functionalized 1,2,4-tria-
zoles are being intensively studied [8-12]. At the same
time, many of these compounds have already been
used as anti-inflammatory, antibacterial, and anti-
fungal products [5, 6]. Development of new synthetic

approaches for obtaining 1,2,4-triazole derivatives
that may be used in medical and biological studies
is of great significance for synthetic chemists [13,
14]. Therefore, the aim of this work was to synthe-
size and confirm the structure of new potential-
ly biologically active derivatives of the 3-methyl-6-R-
[1,2,4]triazolo[3,4-b][1,3,4]thiadiazole series.

To attain the aim 4-amino-5-methyl-4H-1,2,4-
triazole-3-thiol 1 was used as an initial compound
[17]. Heterocyclization of compound 1 with car-
boxylic acids 2a-j was carried out in the excess
of phosphorus oxychloride, yielding 3-methyl-
6-R-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazoles  3a-j
(Scheme).

The structure of 3-methyl-6-R-[1,2,4]-triazolo[3,4-b]-
[1,3,4]thiadiazoles 3a-j was confirmed using ele-
mental analysis (Table 1), 'H NMR-spectroscopy, and
LC-MS analysis (Table 2).

N~ N-
Me— JN\ + R-COOH _PoCh Me—< E‘K
N™ "SH N" s
H,N N=(
R

1 2a-j 3a-

a: R =2-F-Ph; b: R = 2-MeO-Ph; ¢: R = 4-tBu-Ph; d: R = 2-CI-4-NO,-Ph;
e: R = 2-CI-5-NO,-Ph; f: R = furan-2-yl; g: R = thiophen-2-yl;
h: R = 5-bromothiophen-2-yl; i: R = pyridin-2-yl; j: R = adamantan-1-yl

Scheme. The synthesis of 3-methyl-6-R-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazoles 3a-j

Table 1
Physicochemical properties and the elemental composition
of 3-methyl-6-R-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazoles 3a-j synthesized
Molecul Calculated, %
Compound R M. p., °C olecufar Yield, % Found, %
formula
C H N S
51.27 3.01 23.92 13.69
3a 2-F-Ph 143-145 C,oH,FN,S 82 5135 302 23.05 13.73
53.64 4.09 2275 13.02
3b 2-MeO-Ph 122-124 | C,,H,,N,0S 84 384 107 5579 1306
61.74 5.92 20.57 11.77
3¢ 4-tBu-Ph 121-123 C,.H,eN,S 82 o134 290 2023 1170
40.62 2.05 23.68 10.84
3d 2-Cl-4-NO,-Ph 118-120 | C,H,CIN.O,S 86 2006 T 37c | Tosa
40.62 2.05 23.68 10.84
3e 2-Cl-5-NO,-Ph 166-168 | C,,H,CIN.O,S 82 2020 209 2353 10.75
46.59 2.93 27.17 15.55
3f furan-2-yl 159-161 CgHgN,OS 89 26.46 290 3728 15.59
. 43.23 2.72 25.20 28.85
39 thiophen-2-yl 137-139 CgHN,S, 89 23.17 271 2503 28.80
. 31.90 1.67 18.60 21.29
3h 5-bromothiophen-2-yl| 154-156 CgHBrN,S, 88 3164 160 18.42 2135
. - 49.76 3.25 32.24 14.76
3i pyridin-2-yl 152-154 CoH,N.S 20 2965 324 3234 14.71
. 61.28 6.61 20.42 11.69
3j adamantan-1-yl 150-152 C..HgN,S 90 6135 6.64 2044 11.71
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Table 2

'H NMR spectra and LC-MS data for 3-methyl-6-R-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazoles 3a-j

Compound 'H NMR (200 MHz, DMSO-d,), 6, ppm LC_[Mi’{]n/Z
3a 7.94-7.86 (1H, m, CH,), 7.47-7.43 (1H, m, C;H,), 7.33 (2H, dtd, J, = 8.2 Hz, J, = 7.5 Hz, 53595
J,=1.6Hz,CH,), 2.54 (3H, s, CH,) ’
3b 7.79-7.73 (1H, m, CH,), 7.57-7.48 (1H, m, C,H,), 7.17 (1H,td, J, = 7.5 Hz, J, = 1.5 Hz, 247,06
C,H,), 7.11 (1H,dd, J, = 7.5 Hz, J, = 1.5 Hz, C,H,), 4.01 (3H, s, OCH,), 2.53 (3H, 5, CH.) :
3¢ 7.92-7.84 (2H, m, C,H,), 7.60-7.53 (2H, m, C,H,), 2.54 (3H, s, CH,), 1.35 (9H, s, C,H,) 273.38
3d 8.30-8.21 (2H, m, C,H,), 7.98 (1H, d, J = 7.4 Hz, CH,), 2.49 (3H, 5, CH,) 297.70
3e 8.46 (1H,d, J = 1.5 Hz, C,H.), 8.24 (1H, dd, J, = 7.5 Hz, J, = 1.5 Hz, C,H,), 59770
7.77 (1H,d, J = 7.5 Hz, C,H,), 2.49 (3H, s, CH,) :
3f 7.79-7.76 (1H, m, furan-2-yl), 7.28-7.24 (1H, m, furan-2-yl), 6.69-6.65 (1H, m, furan-2-yl), 207.22
2.56 (3H, s, CH,) :
3g 7.83-7.75 (2H, m, thiophen-2-yl), 7.19 (1H, t, J = 7.5 Hz, thiophen-2-yl), 2.54 (3H, s, CH,) 223.29
3h 7.58 (1H, d, J=7.5 Hz, 5-bromothiophen-2-yl), 7.15 (1H, d, J=7.5 Hz, 302.19
5-bromothiophen-2-yl), 2.52 (3H, s, CH,) )
3i 8.76-8.73 (1H, m, pyridin-2-yl), 7.98-7.95 (1H, m, pyridin-2-yl), 218.25
7.62-7.54 (1H, m, pyridin-2-yl), 7.47-7.41 (1H, m, pyridin-2-yl), 2.59 (3H, s, CH.) ’
2.52 (3H, s, CH,), 2.14 (3H, dddd, J, = 13.6 Hz, J, = 6.8 Hz, J, = 6.3 Hz, J, = 0.7 Hz,
3j adamantan-1-yl), 2.06 (6H, dd, J, = 6.8 Hz, J, = 0.8 Hz, adamantan-1-yl), 275.38
1.83-1.72 (6H, m, adamantan-1-yl)

The LC-MS analysis revealed individual peaks of
the compounds synthesized on chromatograms, while
the mass-to-charge ratios corresponded to the mo-
lecular masses of the compounds (Table 2).

The data of the elemental analysis confirmed
the structures of 3-methyl-6-R-[1,2,4]triazolo[3,4-b]-
[1,3,4]thiadiazoles 3a-j (Table 1).

Finally, '"H NMR spectra for the compounds 3a-j
synthesized indicated that these compounds had
the predicted structures (Table 2). For example,
obtaining 6-(2-fluorophenyl)-3-methyl-[1,2,4]triazolo-
[3,4-b][1,3,4]thiadiazole 3a was confirmed by the sig-
nals of the corresponding 2-fluorophenyl and me-
thyl groups attached to the 1,2,4-triazole nucleus.
The'H NMR spectrum for compound 3a was charac-
terized by a chemical shift in a strong field appearing
as a triple proton singlet of the methyl group bound
with 1,2,4-triazole ring at 2.54 ppm. Protons of the 2-fluo-
rophenyl moiety appeared as two single proton multi-
plets and double proton signal at 7.91 ppm, 7.45 ppm
and 7.33 ppm, respectively.

Experimental part

The chemical reagents were obtained from “Ukr-
orgsyntez Ltd (UOS)” with the entire set of quality
certificates. The physicochemical characterization
of the compounds synthesized was performed ac-
cording to methods and approaches provided by
the State Pharmacopoeia of Ukraine (SPhU). An auto-
matic MPA100 apparatus was used for determining
melting points. The elemental analysis was conduc-
ted using an Elementar Vario EL Cube elemental analyzer:
'H NMR spectra were recorded using a Varian Mer-
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cury VX-200 spectrometer operating at a frequency
of 200 MHz, DMSO-d, was used as a solvent and tetra-
methylsilane (TMS) was used as an internal standard.
The spectra interpretation was performed using Spin-
Works software. The LC-MS data were recorded by
Agilent 1260 Infinity HPLC System equipped with
Agilent 6120 mass spectrometer in the electrospray
ionization mode (ESI) [15, 16].

The procedure for the synthesis of 3-methyl-
6-R-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazoles 3a-j.
Into a 100 mL round-bottomed flask containing a triple
excess of phosphorus oxychloride add 4-amino-5-me-
thyl-4H-1,2,4-triazole-3-thiol 1 (0.01 mol) and the cor-
responding acid (0.01 mol) when heating. Heat the mix-
ture on a water bath for 5 h. Then allow it to cool and
pour the mixture onto ice. When the ice is melted,
neutralize the mixture to pH = 7 with ammonia so-
lution, rinse the precipitate formed thoroughly with
water and filter. The compounds synthesized are yel-
low (3a, 3d, 3i), green (3b, 3g), and brown (3c, 3e,
3f, 3h, 3j) crystals. For analytical purposes, recrys-
talize the compounds from 2-propanol (3a, 3f), ace-
tic acid (3d, 3e, 3g, 3h), 1-butanol (3b, 3¢, 3i), and
methanol (3j).

Conclusions

As a result of this study 10 new substances of
the 3-methyl-6-R-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazo-
le series have been obtained. The structure and purity
of the products have been confirmed using 'H NMR
spectroscopy, LC-MS and elemental analysis.

Conflict of interests: the authors have no con-
flict of interests to declare.
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