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Investigation of physical and chemical properties of new derivatives
of 5-(thiophene-3-ylmethyl)-4R-1,2,4-triazole-3-thiols

A. V. Khilkovets‘=*

Zaporizhzhia State Medical University, Ukraine

Heterocyclic compounds are one of the most important branches of modern organic chemistry and are widely used in medicine, pharmacy,
agriculture, and in the production of new materials. One of these compounds is 1,2,4-triazole, which has attracted the attention of scientists
around the world for many years.

The aim of the work is to synthesize new derivatives of 5-(thiophene-3-yimethyl)-4R-1,2,4-triazole-3-thiols and study their physical-
chemical properties, conducting primary pharmacological screening.

Materials and methods. Organic synthesis classical methods were used in the study, as well as a complex of physical-chemical analysis
methods ("H NMR spectroscopy, elemental analysis, Elisa and chromato-mass spectral studies) were done. Prediction of pharmacological
activity was carried out by using the PASS online computer program.

Results. Two initial compounds were obtained: 5-(thiophene-3-ylmethyl)-4phenyl-1,2,4-triazole-3-thiol and 5-(thiophene-3-ylimethyl)-4H-
1,2,4-triazole-3-thiol. During their further chemical transformation, a number of new corresponding alkyl derivatives were obtained. The
structure of the synthesized compounds was confirmed using modern physical-chemical methods of analysis. Based on the results of
pharmacological screening, the high activity of the obtained compounds can be predicted.

Conclusions. 5-(thiophene-3-yImethyl)-4H-1,2 4-triazole-3-thiol, 5-(thiophene-3-yImethyl)-4-phenyl-1,2,4-triazole-3-thiol and a number
of their alkyl derivatives were synthesized. The structure and individuality were proved thanks to modern physical and chemical methods
of analysis. Having analyzed the results of primary pharmacological screening of a number of obtained compounds, some of them were
selected for further study.
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HocnigkeHHs ¢i3nko-XiMiuHMX BNacTMBOCTEN HOBUX NOXigHUX 5-(TiodeH-3-inmeTun)-4R-1,2,4-Tpiason-3-tionis
A. B. XinbkoBeLpb

eTepouMKNiYHi CNOMYKU — OAMH i3 HANBAXIMBILLUX PO3LiNIB Cy4aCHOI OpraHiyHoi XiMmii, L0 LUIMPOKO 3aCTOCOBYOTLCA B MeAULMHI, (hapma-
Lii, cinbCbkoMy rocnogapcTsi Ta i Yac oTpuMaHHs HoBux Matepianis. OfHa 3 Takvx cnonyk — 1,2,4-Tpia3on, skuid npoTsrom 6araTbox
pOKIB NpuUBEPTAE yBary HaykoBLiB YCbOrO CBITY.

MeTa po6oTu — CUHTE3 HOBWX NOXIAHUX 5-(TiodeH-3-inmeTun)-4R-1,2,4-Tpiason-3-Tionis i focnigkeHHs iXHiX ¢i3nKo-XiMiYHUX BnacTu-
BOCTe, 3AINCHEHHS NEPBUHHOMO (hapMakoOrivYHOTO CKPUHIHTY.

Marepianu Ta metoau. Iig Yac AOCNIAKEHHS BUKOPUCTanNM KNacyyHi METOAMKM OPraHiyHOro CUHTE3Y, @ TaKoX 3acTocyBanu KOMMeKe
iauko-ximiuHux mMeTtopis aHanisy (*H AMP cnektpockonisi, enemMeHTHWiA aHani3, |4 Ta xpomato-mac-cnekTpanbHi focnigkeHHs). Mpo-
rHO3yBaHHS (hapMaKomnoriYHOi aKTVBHOCTI 34 CHIN 3a AONOMOrOK0 KOMM'KoTEPHOI nporpamu PASS online.

Peayneratu. OTpumanu ABi BUXigHi cnonyku: 5-(Tioden-3-inmetun)-4denin-1,2,4-tpiason-3-tion i 5-(tiocpeH-3-inmetnn)-4H-1,2,4-
Tpiason-3-tion. Mig Yac HacTyNHWX XiMiYHMX NEPETBOPEHb OfepXXanu psg HOBWX BIANOBIAHMX ankinnoxigHux. CTpyKTypa CYHTE30BaHUX
CMONyK MiATBEPMAKEHA 3 BUKOPUCTAHHAM Cy4acHUX i3nko-xiMiuHMX MeTodiB aHanidy. 3a pesynsratamu apMakonoriYHOro CKPUHIHIY
MOXHa NPOrHO3yBaTH BUCOKY aKTUBHICTb HOBMX CMOMYK.

BucHoBku. CuHtesysanu 5-(tiopeH-3-inmetun)-4H-1,2,4-tpiason-3-tion, 5-(TiodeH-3-inmetnn)-4-cpeHin-1,2,4-tpiason-3-Tion i pag, ixHix
ankinnoxigHwx. byaoBy Ta iHAMBIAYyanbHICTb CNOMYK AOBENM 3 3aCTOCYBAHHAM Cy4acHUX i3nko-XiMibHUX MeTodiB aHaniay. [NpoaHaniay-
BaBLLUW pe3ynbsTaTv NEPBUHHOMO hapMaKomoriYHOro CKPUHIHTY, Aesiki 3 psdy cnonyk obpanu Ans HaCTYMHWUX JOCHIOXeEHb.

Kniouogi cnoea: 5-(tiocbeH-3-inmetun)-4-R-1,2,4-Tpiason-3-Tion, cuHTE3, Gi3nKo-XiMiYHi BNacTMBOCTI.
AKTyanbHi nuTaHHA hapmaueBTUYHOI | MeAMYHOI Hayku Ta npakTuku. 2021. T. 14, Ne 2(36). C. 152-156
ARTICLE UDC 615.31:547.79'367].03/.04-047.37
INFO DOI: 10.14739/2409-2932.2021.2.232334
Current issues in pharmacy and medicine: science and practice 2021; 14 (2), 152-156
Key words: 5-(thiophene-3-ylmethyl)-4-R-1,2,4-triazole-3-thiol, synthesis, physical and chemical properties.
e —— *E-mail: nastia010792@ukr.net

zsmu.edu.ualarticle/

view/232334 Received: 13.04.2021 // Revised: 26.04.2021 // Accepted: 05.05.2021

152 AKTyanbHi MUTaHHA hapMaLeBTUYHOI | MeAVNYHOI Hayku Ta npakTvku. — 2021. — T. 14, Ne2(36) ISSN 2306-8094


https://orcid.org/0000-0001-7401-9458
https://doi.org/10.14739/2409-2932.2021.2.
232334
mailto:nastia010792%40ukr.net?subject=

Investigation of physical and chemical properties of new derivatives of 5-(thiophene-3-ylmethyl)-4R-1,2,4-triazole-3-thiols

WUccnepnoBanue hM3nKO-XMMUYECKUX CBOMCTB HOBbIX NPON3BOAHbIX 5-(TodeH-3-unmetun)-4R-1,2,4-Tpuason-3-tmonos
A. B. XunbkoBeL

leTepoumKnMYeckme COEANHERNS — OAWH W3 BaXHEWLIMX Pa3fenosB COBPEMEHHON OPraHNYeCKoi XMW, LLIMPOKO MPUMEHSIOTCS B MEAM-
LMHe, hapmMaLim, CenbCkoM XO3AMCTBE M MPU NOMy4YeHUN HOBbIX MaTepranoB. OAHO 13 Taknx coeguHernii — 1,2,4-Tpuason, KOTopbIn B
TeyeHWe JONrvX NET NpUBMeKaeT BHUMaHWe Y4EHbIX BCEro Mupa.

Llenb paboTkl — CMHTE3 HOBbLIX MPOU3BOAHBIX 5-(TMOMEH-3-nnmeTnn)-4R-1,2,4-Tpraszon-3-T1oNoB 1 nccneaoBaHne nx MUsnko-xmmm-
YeCKNX CBOWCTB, NPOBEAEHNe NePBUYHOMO (hapMakonormyeckoro CKpUHMHra.

Matepuans! u metoabl. B xoge nccnegoBaHus NpUMEHsSNM METOAbI KNACCUYECKOr0 OPraHNYeckoro CUHTE3a, a Takke UCMOonb30BaH
KoMMnekc umanko-xummyeckux metogos aHanmsa ('H AMP cnektpockonusi, anemeHTHbIn aHanus, MK n xpomato-macc-cnekTpans-
Hble uccrnepoBaHus). MNporHo3npoBaHe apMakonormyeckon akTMBHOCTU NMPOBEAEHO C MOMOLLbI KOMMBIOTEPHOW MPOrpammbl
PASS online.

Pesynirathl. [MonyyeHbl ABa UCXOAHBIX COeAMHEHUS: 5-(TuodeH-3-unmetun)-4dpennn-1,2,4-tpuason-3-tmon u 5-(tnodeH-3-unme-
TMn)-4H-1,2,4-Tpnason-3-Tvon. B xoae AanbHenWwnx XuMmyecknux npeobpasoBaHnii Nony4YeH psg HOBbIX COOTBETCTBYIOLLMX anKunnpou3eo-
AHbIX. CTPYKTYpa NonyyeHHbIX COeaMHeHN NOATBEPX/AEHa COBPEMEHHbIMY (OU3NKO-XMMUYECKMMU MeTogamu aHanuaa. Mo pesynsratam
hapmMakonornyeckoro CKPUHUHra MOXHO CMPOrHO3MPOBATb BbICOKYHO aKTVBHOCTb MOMNYYEHHbIX COEANHEHWA.

BebiBoakl. CuHTesnpoBanu 5-(tnoden-3-unmetun)-4H-1,2,4-tpnason-3-tvon, 5-(tnodex-3-unmetun)-4-ennn-1,2,4-rpuason-3-t1on n
pSA X ankMnpon3BoaHbIX. CTPOEHWE U MHAMBMAYaNbHOCTL fOKa3aHbl C MCMOb30BAHUEM COBPEMEHHbIX (IU3MKO-XUMUYECKUX METOLOB
aHanusa. [poaHanuanpoBas pe3ynsTaTthl NEPBUYHOTO (hapMaKorormMieckoro CKpUHUHa, HEKOTOPbIE COEAMHEHMUS U3 MOMNYYEHHOro psaa

oToBpanu Ana AanbHenLInX cCneaoBaHuim.

KntoueBsie cnosa: 5-(tnoden-3-unmetun)-4-R-1,2,4-tpnason-3-tmon, CuHTEs, OM3NKO-XMMUYECKNE CBOMCTBA.

AxTyanbHble Bonpochl (hapmaLieBTMYEeCKON N MeAULMHCKON Hayku 1 npakTuku. 2021. T. 14, Ne 2(36). C. 152-156

Heterocyclic compounds are one of the most important
branches of modern organic chemistry and are widely used
in medicine, pharmacy, agriculture, and in the production of
new materials [1-3]. One of these compounds is 1,2,4-tri-
azole, which has attracted the attention of scientists around
the world for many years.

Despite a large amount of existing information on the
study of 1,2.4-triazole derivatives, this topic still remains
relevant, since these derivatives are potentially biologically
active substances. Currently, there is a growing tendency in
the scientific world to combine 1,2,4-triazole with various
substituents, functional groups, as well as aromatic and
heterocyclic fragments [4—6]. Such studies are undoubtedly
promising and original. The new molecules obtained in this
way exhibit a wide range of biological activity, and most of
them are low-toxic, which is undoubted of great importance
[7,8]. It is also interesting that the introduction of various
pharmacophores into the molecule leads to the formation
of new properties, which certainly opens opportunities for
creating a new “ideal” compound.

According to the literature, we were convinced that the
combination of 1,2,4-triazole and a five-membered hetero-
cycle-thiophene is insufficiently studied. In our opinion, this
combination is very promising, since the thiophene molecule
is aromatic and has high reactivity. Existing data on the
obtained thiophene-containing compounds have shown the
presence of high biological activity and low toxicity.

Aim

The aim of the work is to synthesize new derivatives of
5-(thiophene-3-ylmethyl)-4R-1,2,4-triazole-3-thiols and
study their physical-chemical properties, conducting primary
pharmacological screening.

Materials and methods of research

Chemical names of compounds are given according to the
TUPAC nomenclature (1979) and the IUPAC recommenda-
tions (1993). The study of the physical and chemical pro-
perties of the obtained substances was carried out by using
the methods listed in the state Pharmacopoeia of Ukraine.
The melting points were determined by the open capillary
method on an OptiMelt MPA 100 instrument with a platinum
RTD sensor. Element analysis was carried out by using the
elementary vario EL cube analyzer (system Elementar Analy-
sen, Germany). IR spectra (4000-400 cm™) were obtained
by using the ALPHA-t module of the Bruker ALPHA FT-IR
spectrometer (Bruker optics, Germany). '"H NMR spectra
(400 MHz) were recorded on a Varian-MR 400 spectrometer
with an internal SiMe4 standard in a DMSO-d6 solution.
Chromato-mass-spectral studies were carried out on the
Agilent 1260 Infinity HPLC device, which is equipped with
an Agilent 6120 mass spectrometer (electrospray ionization
method (ESI). The prediction of pharmacological activity
was performed using the online computer program PASS.

To obtain new compounds, we used the generally accepted
synthesis method [9], according to which 3-thiophenacetate
acid was used as the starting substance. During further
chemical transformations, the corresponding N-R-2-(2-(thio-
phene-3-yl)acetyl)hydrazine carbothioamides were obtained.
The cycle was closed in an alkaline medium, and acetate
acid was added to the neutral medium to further isolate the
initial thiols. Thus, two starting substances were obtained:
5-(thiophene-3-ylmethyl)-4phenyl-1,2,4-triazole-3-thiol (1)
and 5-(thiophene-3-ylmethyl)-4H-1,2,4-triazole-3-thiol (2)
(Fig. I).

The next step was to obtain a number of alkyl derivatives
[3-9]. The reaction was carried out in an alcoholic medium by
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Fig. 1. The synthesis of 5-(thiophene-3-ylmethyl)-4phenyl-1,2,4-triazole-3-thiol (1) and 5-(thiophene-3-ylmethyl)-4H-1,2,4-triazole-3-thiol (2).
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Fig. 3. The synthesis of dihaloalkanes.
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adding an equivalent amount of alkali to the initial thiols and
corresponding haloalkanes (Fig. 2). In the case of dihaloal-
kanes, double the amount of Alkali was added (Fig. 3). The
synthesized compounds were recrystallized from a mixture
of methanol and water in various ratios.

Results

The IR spectra of the obtained compounds were characterized
by the presence of clear bands of valence and other vibrations
of strong and medium intensity of the main fragments of
molecules. In the initial compounds, we observed valence
vibrations C = C in the region of 16201680 cm™, C =N in
the cycle — 1480-1500 cm™, as well as a high intensity of
thiophene valence vibrations in the region of 690-750 cm'.
There were valence vibrations in the range 0f 255-2590 cm’!,
which indicated the presence of the S-H group. Valence vibra-
tions of the CH, group were in the range of 2870-2940 cm,
CH, —2950-2975 c¢m’, and deformation vibrations of the
S-CH, group in the region of 1325 cm" are clearly observed
in the alkyl derivatives which we obtained.
4-phenyl-5-(thiophen-3-ylmethyl)-1,2,4-triazole-3-thiol (1)
Yield.: 75 %; Mp.: 188-190 °C; 'H NMR (400 MHz, DM-
SO-d,) &: 7.46-7.52 (m, 3H-14,15,16 C H,), 7.22-7.29 (m,
2H-13,17 C.H,), 6,96 (s, 1H-2 tiophen), 6.75 (d, ] =4.58 Hz,
2H-3,4 tiophen), 3.85 (s, 2H, CH,); Anal. Caled. (%): C57.12,
H4.06,N 15.37, S 23.46. Found: C 57.29, H 4.05, N 15.33.
5-(thiophen-3-ylmethyl)-4H-1,2,4-triazole-3-thiol (2)
Yield.: 56 %; Mp.: 178-180 °C; '"H NMR (400 MHz, DM-
SO-d,) &: 7.49 (dd, J = 4.73, 2.90 Hz, 1H-2 tiophen); 7.30
(s, IH-5 tiophen), 7.03 (d, J = 4.88 Hz, 1H-4 tiophen), 3.89
(s, 2H, CH,); Anal. Calcd. (%): C 42.62, H 3.58, N 21.30, S
32.50. Found: C 42.58, H 3.58, N 21.29, S 32.57.
3-(pentylthio)-4-phenyl-5-(thiophen-3-ylmethyl)-1,2,4-tri-
azole (3) Yield.: 75 %; Mp.: 169—171 °C; '"H NMR (400 MHz,
DMSO-d,) 6: 7.46-7.56 (m, 3H-14,15,16 C H,), 7.30-7.42
(m, 2H-13,17 CH,), 7.25 (d, J = 4.58 Hz, 1H-4 tiophen),
6.89 (s, 1H-5 tiophen), 6.71 (d, J = 4.58 Hz, 1H-2 tiophen),
3.93 (s, 2H, CH,), 3.29 (s, 2H, CH,), 2.97-3.06 (m, 2H,
CH,), 1.52-1.63 (m, 2H, CH,), 1.23 (s, 2H, CH,), 0.80 (d,
J =6.71 Hz, 3H, CH,); m/z = 343.10 [M+1]; Anal. Calcd.
(%): C 62.94, H 6.16, N 12.23, S 18.67. Found: C 62.95, H
6.17, N 12.22, S 18.65.
3-(butylthio)-5-(thiophen-3-ylmethyl)-4H-1,2,4-triazole
(4) Yield.: 73 %; Mp.: 137-139 °C; 'H NMR (400 MHz,
DMSO-d,) 6: 6.92-7.52 (m, 3H-2,4,5 tiophen), 3.98 (s, 2H,
CH,), 2.94-3.08 (m, 2H, CH,), 1.51-1.62 (m, 2H, CH,), 1.34
(m, J =7.32 Hz, 2H, CH,), 0.79-0.90 (m, 3H, CH,); m/z =
253.10 [M+1]; Anal. Caled. (%): C 52.14, H 5.97, N 16.58,
S 25.31. Found: C 52.28, H 5.98, N 16.54, S 25.28.
3-(methylthio)-4-phenyl-5-(thiophen-3-ylmethyl)-1,2,4-tri-
azole (5) Yield.: 76 %; Mp.: 175-177 °C; '"H NMR (400 MHz,
DMSO-d6) 6: 7.44-7.53 (m, 3H-14,15,16 C H,), 7.30-7.41
(m, 2H-13,17 C H,), 7.20-7.30 (m, 2H-2,5 tiophen), 6.71 (d,
J =4.58 Hz, 1H-4 tiophen), 3.94 (s, 2H, CH,), 2.51 (s, 3H,
CH,); m/z=287.0 [M+1]; Anal. Calcd. (%): C 58.51, H 4.56,
N 14.62,S 22.31. Found: C 58.43, H4.55,N 14.58, S 22.35.

3-(methylthio)-5-(thiophen-3-ylmethyl)-4H-1,2,4-triazole
(6) Yield.: 68 %; Mp.: 124-126 °C; 'H NMR (400 MHz,
DMSO-d,) &: 7.22-7.53 (m, 1H-2 tiophen), 7.00-7.06 (m,
2H-4,5 tiophen), 4.04 (s, 2H, CH,), 3.32 (s, 3H, CH,); m/z =
211.0 [M+1]; Anal. Calcd. (%): C 45.47,H 4.29,N 19.89, S
30.35. Found: C 45.53, H 4.30, N 19.89, S 30.42.

3-(butylthio)-4-phenyl-5-(thiophen-3-ylmethyl)-1,2,4-tri-
azole (7) Yield.: 65 %; Mp.: 87-89 °C; m/z=329.10 [M+1].

3-(octylthio)-5-(thiophen-3-ylmethyl)-4H-1,2,4-triazole
(8) Yield.: 71 %; Mp.: 67—69 °C; m/z=309.10 [M+1]; Anal.
Calcd. (%): C58,H 7.49,N 13.58, S 20.72. Found: C 58.05,
H 7.50,N 13.59, S 20.77.

3-(decylthio)-5-(thiophen-3-ylmethyl)-4H-1,2,4-triazole (9)
Yield.: 69 %; Mp.: 85-87 °C; 'H NMR (400 MHz, DMSO-d,)
8: 7.42 (s, 1H-5 tiophen), 7.21 (s, 1H-4 tiophen), 6.98 (d, J
= 4.88 Hz, 1H-2 tiophen), 3.99 (s, 2H, CH,), 3.29 (s, 2H,
CH,), 1.53-1.62 (m, 6H, CH,), 1.16-1.36 (m, 10H, CH,),
0.76-0.85 (m, 3H, CH,); m/z = 337.20 [M+1]; Anal. Calcd.
(%): C 60.49, H 8.06, N 12.45, S 19.00. Found: C 60.53, H
8.05,N 12.46, S 19.04.

3-(decylthio)-4-phenyl-5-(thiophen-3-ylmethyl)-1,2,4-tri-
azole (10) Yield.: 64 %; Mp.: 82—84 °C; m/z=413.20 [M+1].

3-(nonylthio)-4-phenyl-5-(thiophen-3-ylmethyl)-1,2,4-tri-
azole (11) Yield.: 62 %; Mp.: 78-90 °C; m/z=399.20 [M+1].

2-((4-phenyl-5-(thiophen-3-ylmethyl)-1,2,4-triazol-3-yl)
thio)ethan-1-ol (12) Yield.: 67 %; Mp.: 82—84 °C; Anal. Calcd.
(%): C 56.76, H 4.76, N 13.24, S 20.10. Found: C 56.60, H
4.75,N 13.20, S 20.19.

2-((5-(thiophen-3-ylmethyl)-4H-1,2,4-triazol-3-yl)thio)
ethan-1-ol (13) Yield.: 65 %; Mp.: 185-187 °C; Anal. Calcd.
(%): C42.27,H3.99, N 18.49, S 28.21. Found: C 42.24, H
3.98, N 18.45, S 28.18.

Due to the prediction of pharmacological activity using
the PASS online computer program, a fairly wide range of
possible activities was identified. For the initial compound
4-phenyl-5-(thiophen-3-ylmethyl)-1,2,4-triazole-3-thiol (1)
and its alkyl derivatives (3, 5, 7, 10, 11, 12) the following
types of activity were predicted: anti-atherosclerotic — 52 %,
analgesic — 48 %, antioxidant — 45 %, calcium channel
blockers — 47 % and as a means for the treatment of stroke —
48 %. It is predicted with high probability that the compound
5-(thiophen-3-ylmethyl)-4H-1,2,4-triazole-3-thiol (2) and
its alkyl derivatives (4, 6, 8, 9, 13) show: anti-inflammatory
activity — 90 %, antiplatelet — 47 %, dermatological — 42 %,
inhibition of angiogenesis — 80 % and also as a means for the
symptomatic treatment of diabetes mellitus — 42 %.

Discussion

The structure and individuality of the obtained compounds
were proved thanks to modern physical-chemical methods
of analysis.

Careful analysis of the "H NMR spectra indicates the pro-
duction of new alkyl derivatives. On the spectrums, in the
region typical for aromatic compounds, there were charac-
teristic signals of the phenyl radical in the form of multiplets.
Thiophene cycle signals in the form of singlet and doublet
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were also observed in the same region. A clear methylene
linker signal between the thiophene and 1,2,4-triazole hete-
rocycle was present as a singlet. Successful alkylation was
indicated by the presence of a series of duplets, singlets, and
multiplets, which indicated the addition of an alkyl radical
along the sulphor atom, for example in compound 3-(pent-
ylthio)-4-phenyl-5-(thiophen-3-ylmethyl)-1,2,4-triazole (3):
3.29 (s, 2H, CH,), 2.97-3.06 (m, 2H, CH,), 1.52 — 1.63 (m,
2H, CH,), 1.23 (s, 2H, CH,), 0.80 (d, J = 6.71 Hz, 3H, CH,).

Conclusions

1. A number of new S-alkyl derivatives of 5-(thiophene-3-
ylmethyl)-4phenyl-1,2,4-triazole-3-thiols and 5-(thiophene-
3-ylmethyl)-4H-1,2 4-triazole-3-thiols were synthesized.

2. The individuality and the structure of the obtained
compounds were proved by using a complex of modern
physical-chemical methods of analysis.

Prospects for further researches. Having analyzed the re-
sults of primary pharmacological screening, some promising
compounds were selected for further, more in-depth study.
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