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Anticancer Properties of 1,2,4-Triazoles

Cancer, one of the most serious diseases threatening human life, is characterized by the
uncontrolled division of cells. There are many different types of cancer. There are claims that
oxidative stress plays a crucial role in tissue damage related to various diseases such as cancer
(Harmankaya et al., 2020, 2021; Harmankaya & Harmankaya, 2022). Scientists are doing
various studies on this disease intensively.

Compounds bearing 1,2,4-triazole ring generally show many biological activities. In this
section, the anticancer properties of various types of compounds with 1,2,4-triazole ring are
discussed.

In a study by Bekircan et al., the anticancer activities of four compounds containing 1,2,4-
triazole ring were investigated. Compound of 2,6-Cl.CsHs derivatived was found to exhibit
higher anticancer activity in preliminary tests with breast cancer, non-small cell lung cancer
and CNS cancer cancer cell lines. This compound has been reported to exhibit significant

anticancer potential in screening tests with 60 human cancer cell lines (Bekircan et al., 2006).
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Figure 1 Structure of the compounds (Bekircan et al., 2006).
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In a 2011 study, a series of indolyl-1,2,4-triazoles were synthesized as anticancer agents and
the cytotoxic effects of these compounds were investigated in six human cancer cell lines using
3-(4,5-dimethyldiazol-2-yl)-2,5-diphenyltetrazolium-bromide. The synthesized indolyl-1,2,4-
triazole compounds have been reported to be investigated against prostate, breast and pancreatic
cancer cell lines. Compounds 3-(3',4',5'-trimethoxyphenyl)-5-(N-methyl-3'-indolyl)-1,2,4-
triazole and  3-(4'-piperidinyl-5-(N-methyl-3'-indolyl)-1,2,4-triazole  carrying  3,4,5-
trimethoxyphenyl and 4-piperidinyl substituents were found to have significant inhibitory
effects against the cancer cell lines studied (Kumar et al., 2011).

The effect of some 1,2,4-triazole derivatives on human colon cancer appears to have been
studied in vitro and in vivo in rats. According to this study, it was determined that 1,2,4-triazole
derivatives have antitumor activity (Parlak et al., 2019).

A very recent study was conducted on the antiproliferative effects of 3-alkylsulfanyl-1,2,4-
triazole derivatives on three human cancer cell lines, including breast cancer, lung cancer and
ovarian cancer. These studied compounds were found to show moderate to promising

antiproliferative activities against different cancer cell lines (Ghanaat et al., 2020).

Ry=H, 3,4,5-(OMe)3
R,= H, 3,4,5-(OMe)3, 4-Cl

Figure 2. 3-Alkylsulfanyl-1,2,4-triazole derivatives (Ghanaat et al., 2020).

A recent study investigated the anticancer activity of a series of novel (S)-Naproxen derivatives
carrying a thiosemicarbazide/1,2,4-triazole moiety against human breast cancer cell lines (Han
et al., 2022).

The antitumoral activity of 1,2,4-triazole D-ribose derivatives against T cell lymphoma cell line
was investigated. Structures containing 1,2,4-triazolic ring attached to the carbohydrate moiety
by sulfur have been reported in the literature to exhibit moderate anti-proliferative activity
(Avanzo et al., 2012).
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A study appears to have been made on a new series of fused acridines containing 1,2,4-triazole
derivatives. All these derivatives were studied for their anticancer activities against four human
cancer cell lines, including lung, breast, melanoma and colon cancers. Among these
compounds, compounds bearing 3,4,5-trimethoxy, 4-chloro and 4-trifluoromethyl groups in the
para position of the phenyl ring were found to exhibit the strongest anticancer activity against

these four cancer cell lines (Mahanti et al., 2019).

R=H, 4-methyl, 4-methoxy, 3,4,5-trimethoxy, 4-bromo,
4-chloro, 4-fluoro, 4-trifluoromethyl, 4-nitro, 4-cyano

Figure 3. Series of fused acridine containing 1,2,4-triazole derivatives (Mahanti et al., 2019).

In a study conducted in 2017, 1,2,4-triazole-derived Schiff base and their complexes were
investigated for their anticancer activities in breast cancer cell lines (Deodware et al., 2017).

It has been reported that 1,2,4-triazole derived compounds have been studied for anticancer
activity against human breast cancer cell line and human cervical cancer cell line. These

compounds were found to exhibit cytotoxicity to all cell lines studied (Mahar et al., 2020).
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Figure 4. (E)-1-((4-(arylideneamino)-5-mercapto-4H-1,2,4-triazol-3-yl)methyl)pyrrolidine-
2,5-diones (Mabhar et al., 2020).

The anticancer activity of compounds containing 4,5-diphenyloxazol-1,2,4-triazole derivatives
against prostate lung cancer cell lines was investigated. Some of these have been reported to be
considered promising precursor molecules for cancer therapy (Maddali et al., 2021).

In a study conducted by Parlak in 2018, the anticancer activity of [(4-substituted-5-pyridin-4yl-
4H-1,2,4-triazol-3-yl)thio] acetic acid derivatives was investigated. These compounds have
been investigated in vitro on human breast cancer and murine leukemia cells. It has been
reported that the compounds tested in the study may have anticancer activity in different cancer
series under in vitro conditions (Parlak, 2018).

In a study by Luo et al., 4-(3-(naphthalen-1-yl)-1-phenyl-1H-1,2,4-triazol-5-yl)-1-oxa-4-
azaspiro[4.5] deca-6,9-diene-3,8-dione compound has been reported that has significant in vitro
cytotoxic activity. It has also been found that this compound suppresses breast cancer tumor
growth in vivo. These results indicate 4-(3-(naphthalen-1-yl)-1-phenyl-1H-1,2,4-triazol-5-yl)-
1-oxa-4-azaspiro[4.5] deca-6,9-diene-3,8-dione compound could be a potential anticancer
agent (Luo et al., 2021).

Figure 5. 4-(3-(Naphthalen-1-yl)-1-phenyl-1H-1,2,4-triazol-5-yl)-1-oxa-4-azaspiro[4.5] deca-
6,9-diene-3,8-dione compound (Luo et al., 2021).
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Compounds composed of ligands Zn?*, Cd?* and UO,2 * with a 1,2,4-triazol ring were
investigated in vitro against human hepato Carcinoma (Gaber et al., 2018).
8-substituted-[(1,2,4-triazol-3-yl)methoxy]quinoline derivatives have been found to exhibit
antitumor activity. The presence of dihydro-1,2,4-triazolyl moiety in the structure shows that it
positively affects the interaction of molecules with biological targets (Rashad et al., 2010).
Some of 2-(3-substituted-1H-pyrazol-4-yl)-3-(3-substituted-5-sulfanyl-1,2,4-triazol-4-yl)-1,3-
thiazolidin-4-ones have been reported to show anticancer activity in human breast cancer cells
in a dose-dependent manner. 2-(3-(4-chlorophenyl)-1H-pyrazol-4-yl)-3-(3-mercapto-5-(0-
tolyloxymethyl)-4H-1,2,4-triazol-4-yl)thiazolidin-4-one compound has been determined that
the presence of chlorine in the ortho position and a methyl group in the significantly increases

the anticancer activity of this compound (Isloor et al., 2013).
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Figure 6. 2-(3-substituted-1H-pyrazol-4-yl)-3-(3-substituted-5-sulfanyl-1,2,4-triazol-4-yl)-
1,3-thiazolidin-4-ones (Isloor et al., 2013).

The in vitro cytotoxicity of 1,4-bis(4-substituted-5-mercapto-1,2,4-triazol-3-yl)butane
derivatives was investigated. These compounds were studied for their in vitro cytotoxicity
against three human cell lines of lung carcinoma, colon adenocarcinoma and breast cancer. As
a result, it was determined that the compounds carrying p-tolyl and p-ethoxy phenyl groups as

substituted groups showed more activity than other compounds (Purohit & Mayur, 2012).
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R= Phenyl, p-tolyl, m-tolyl, p-ethoxy phenyl, cyclohexyl, n-butyl
Figure 7. 1,4-bis(4-substituted-5-mercapto-1,2,4-triazol-3-yl)butane derivatives (Purohit &

Mayur, 2012).

Antitumor activities of N-substituted amides of 3-(3-ethylthio-1,2,4-triazol-5-yl)propenoic acid
compounds were investigated. It was evaluated for their anticancer activities against two cancer

cell lines, the human lung cancer cell line and the human breast carcinoma cell line (Pachuta-

Stec et al., 2009).
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Figure 8. N-substituted amides of 3-(3-ethylthio-1,2,4-triazol-5-yl)propenoic acid compounds
(Pachuta-Stec et al., 2009).

Cl

It is thought that some of the derivatives of phenylcarbamoylazinane-1,2,4-triazole amides may
lead to the synthesis of effective drug-like molecules that can be used in the treatment of colon
cancer (Saeed et al., 2022).

In a very recent study, 4-(((4-ethyl-5-(thiophen-2-yl)-4H-1,2,4-triazol-3-yl)thio)methyl)-6,8-
dimethyl-coumarin compound synthesis was performed and cytotoxic effects of this compound
on different cell lines were investigated. Research has been reported on human breast
adenocarcinoma cell line, human umbilical vein endothelial cell line, and human gastric cancer
cell line (Koparir et al., 2022).
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Figure 9. 4-(((4-ethyl-5-(thiophen-2-yl)-4H-1,2,4-triazol-3-yl)thio)methyl)-6,8-dimethyl-

coumarin compound (Koparir et al., 2022).

1,4-bis[5-(5-mercapto-1,3,4-oxadiazol-2-yl-methyl)-thio-4-substituted-1,2,4-triazol-3-yl]-
butane series, evaluated for in vitro cytotoxicity potential using the standard MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) test. It has been tested against three
human cancer cell lines: lung cancer, colon cancer, and breast cancer (Purohit et al., 2011).
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Figure 10.  1,4-bis[5-(5-mercapto-1,3,4-oxadiazol-2-yl-methyl)-thio-4-substituted-1,2,4-
triazol-3-yl]-butane series (Purohit et al., 2011).

The anticancer activity of 6-(substituted aryl)-4-(3,5-diphenyl-1H-1,2,4-triazol-1-yl)-1,6-
dihydropyrimidine-2-thiol compounds against 60 cell lines of different human tumors was
investigated. Compounds with 4-chlorophenyl and 4-methoxyphenyl substituents were found

to be active on non-small cell lung cancer (Khanage et al., 2012).
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Figure 11. 6-(substituted aryl)-4-(3,5-diphenyl-1H-1,2,4-triazol-1-yl)-1,6-dihydropyrimidine-
2-thiol compounds (Khanage et al., 2012).

The cytotoxicity of compounds containing 1,2,4-triazole ring containing adamantane and
monoterpenoid moieties has been reported in the literature using cervical cancer and colon
cancer cell lines (Munkuev et al., 2021).

In one study, the antitumor activities of Schiff base with three 1,2,4-triazole rings against
Ehrlich ascites carcinoma (EAC) in Swiss albino mice were investigated. 4-({[3-(4-
fluorophenyl)-1H-pyrazol-4-ylJmethylene}amino)-5-[ (2-methylphenoxy) methyl]-1,2,4-
triazole-3-thiol compound has been reported to increase the survival time of infected mice
(Sunil et al., 2013).
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Figure 12. Structure of Schiff bases with 1,2,4-triazole ring (Sunil et al., 2013).
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Azo dye ligand containing 1,2,4-triazole ring was synthesized and its in vitro cytotoxicity was
investigated against human liver carcinoma cell line. Azo dye ligand has been found to have
strong antitumor activity. It has been reported to be a promising result in terms of acceptability

as an anticancer drug (EI-Ghamry et al., 2018).
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Figure 13. Structure of azo ligand (EI-Ghamry et al., 2018).

Cu(Il) and Ag(l) complexes of Schiff bases with 1,2,4-triazole ring were synthesized. Their
cytotoxic activities against human breast cancer cell line were studied. As a result of cytotoxic
activity examination, it has been reported that Cu(ll) complex may be a potential anticancer
agent (Abdelghany et al., 2021).

N—N N-NH
/4N>\SH /QN)QS
I I

/ N Tautomerism / N
HC’ HC”

Figure 14. The proposed structure of Schiff base (Abdelghany et al., 2021).
In a study conducted in 2020, the synthesis of 4-substituted-5-(1-(6-methoxynaphtalen-2-
yl)ethyl)-3-((substitutedbenzyl)thio)-4H-1,2,4-triazole  compounds was made. These
compounds have been studied against prostate cancer. (S)-3-((2,4,6-trimethylphenyl)thio)-4-
(4-fluorophenyl)-5-(1-(6-methoxynaphtalen-2-yl)ethyl)-4H-1,2,4-triazole compound has been

reported to be a potential candidate for in vivo prostate cancer therapy (Birgul et al., 2020).



Chemistry of 1,2,4-Triazoles in Current Science

N

— N\

‘O N /I\I

~o Ry” \<
S—/\

R

R,= 3-chlorophenyl, 4-chlorophenyl, 4-fluorophenyl, 4-(trifluoromethyl)phenyl
Ro= phenyl, 4-chlorophenyl, 4-fluorophenyl, 4-methylphenyl, 3-methoxyphenyl,
4-methoxyphenyl, 2,6-dichlorophenyl, 2,4,6-trimethylphenyl.

Figure 15. 4-substituted-5-(1-(6-methoxynaphtalen-2-yl)ethyl)-3-((substitutedbenzyl)thio)-
4H-1,2,4-triazoles (Birgul et al., 2020).

The cytotoxic and apoptotic activities of heterocyclic compounds with 1,2,4-triazole ring
containing indole were investigated against breast cancer. The compounds have been reported

to exhibit cytotoxic activity against breast cancer cells (Nafie & Boraei, 2022).
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Figure 16. Structures of the compounds (Nafie & Boraei, 2022).

Three versatile half-sandwich ruthenium(ll) p-cymene complexes carrying triazole ligands
were investigated against lung adenocarcinoma and breast adenocarcinoma cells. It has been
reported to show cancer cell growth inhibitory activity. These complexes have been reported to
show good efficacy to kill cancer cells (Muley et al., 2021).

In a 2011 study, 3-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)-5-(2-fluorobenzylthio)-4-phenyl-
4H-1,2,4-triazole has been reported that the compound may be a potential antitumor agent
against liver cancer cells according to the results of apoptosis assay and Western-blot (Hou et
al., 2011).
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Figure 17. Structure of 3-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)-5-(2-fluorobenzylthio)-4-
phenyl-4H-1,2,4-triazole (Hou et al., 2011).
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4-(((4,5-Diphenyl-4H-1,2,4-triazol-3-yl)thio)methyl)-1-hexadecyl-1H-1,2,3-triazole, 1-(4-
bromophenyl)-4-(((4,5-diphenyl-4H-1,2,4-triazol-3-yl)thio)methyl)-1H-1,2,3-triazole, and 1-
(4-bromophenyl)-4-(((5-methyl-4-phenyl-4H-1,2,4-triazol-3-yl)thio)methyl)-1H-1,2,3-triazole
compounds were investigated in human colon carcinoma, human cervical carcinoma, and
human breast adenocarcinoma. 4-(((4,5-Diphenyl-4H-1,2,4-triazol-3-yl)thio)methyl)-1-
hexadecyl-1H-1,2,3-triazole compound were reported to be the most potent compounds tested
against the human breast adenocarcinoma cell line. The other two compounds were reported to
have good anticancer activity against the human breast adenocarcinoma cell line (Al Sheikh Ali
et al., 2020).
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Figure 18. Structure of the compounds (Al Sheikh Ali et al., 2020).

The in vitro anticancer activity of compounds with a 1,2,4-triazole ring against human breast
cancer cell line was investigated. The compounds have been reported to have significant

anticancer activity (Desai et al., 2021).
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Figure 19. Structure of compounds 1, 2, 3 and 4 (Desai et al., 2021).
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Anticancer activities of thiazolepyridine compounds combined with 1,2,4-triazole derivatives
against human cancer lines including prostate cancer, lung cancer and breast cancer were
investigated. Some of these compounds have been reported to exhibit significant activity
(Sumalatha et al., 2020).

Ar= Pyridine-4-yl hydrochloride, 4-nitrophenyl, 3,5-dinitrophenyl, 3,4,5-trimethoxyphenyl, 3,5-dimethoxyphenyl,
4-methoxyphenyl, 4-chlorophenyl, 4-bromophenyl, 4-cyanophenyl, 4-methylphenyl.

Figure 20. Structure of 1,2,4-triazolearyl incorporated thiazolepyridine derivatives (Sumalatha
et al., 2020).

Some Mannich bases with 1,2,4-triazole ring have been reported to have antiproliferative
activity on prostate, liver and breast human cancer cells (Ceylan et al., 2020).
Compounds containing 1,2,4-triazole ring with N-phenyl acetamide moieties were tested

against lung and breast cancer cell lines for their in vitro potential (Shahzadi et al., 2021).

4& >Ph /\g

R= CgHs, 2,4-Cl,-CgHa, 2,4-Me,-CgHa, 3,4-Cly-CgHa, 4-F-CgHa,
2-C|-C6H4, 4-Me-CgHy, 3,4-Me,-CgHs, 4-C|-CGH4, 2-F-CgHgy

Figure 21. Structure of Thio N-(substituted-phenyl)acetamide derivatives of theophylline-7-
acetic acid (Acefylline) (Shahzadi et al., 2021).
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