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ABSTRACT: 

Cancer is one of the most prominent human diseases which has enthused scientific and commercial interest in the 

discovery of newer anticancer agents from synthesized derivatives.   The present study report the synthesis of some 

1,2,4-triazolo-5-thiones derivative and The structures of these compounds have been elucidated by spectral analysis 

(IR, NMR & Mass). The title compounds were then evaluated for their In vitro cytotoxic activity by MTT assay 

method. Newly synthesized compounds have shown promising anticancer activity. Oral bioavailability was 

considered to play important role for development of bioactive molecules as therapeutic agents. Therefore, a 

computational study for prediction of “ADME” properties was performed by using Lipinski’s “rule of five”
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1. INTRODUCTION 

Cancer is one of the most dangerous, fast propagating with quite high mortality rate disease of 

present century even in the developed country. The situation is even worse in the under developed 

country due to lack of knowledge, poverty and non-availability of quality drugs. 

Cancer is not one disease, but many diseases that occur in different areas of the body. Each type of cancer 

is characterized by the uncontrolled growth of cells. Under normal conditions, cell reproduction is 

carefully controlled by the body. However, these controls can malfunction, resulting in abnormal cell 

growth and the development of a lump, mass, or tumor. Some cancers involving the blood and blood-

forming organs do not form tumors but circulate through other tissues where they grow.
1-4

 

A tumor may be benign (non-cancerous) or malignant (cancerous). Cells from cancerous tumors can 

spread throughout the body. This process, called metastasis, occurs when cancer cells break away from 

the original tumor and travel in the circulatory or lymphatic systems until they are lodged in a small 

capillary network in another area of the body. Common locations of metastasis are the bones, lungs, liver, 

and central nervous system.
 4-7

 

      The type of cancer refers to the organ or area of the body where the cancer first occurred. Cancer that 

has metastasized to other areas of the body is named for the part of the body where it originated. For 

example, if breast cancer has spread to the bones, it is called "metastatic breast cancer" not bone cancer. 

The main types of cancer are sarcoma, carcinoma, lymphoma and myeloma, leukemia, central nervous 

system cancers. 
8-10

 

      Sarcoma begins in muscle blood, vessels, cartilage, fat, bone, or any other connective or supportive 

tissue.  

Carcinoma begins in skin or tissues which cover internal organs.  

Lymphoma and myeloma begins in immune system cells.  
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 Leukemia starts in blood forming tissue as bone marrow, producing numerous abnormal blood 

cells and then they enter to blood.  

 Central nervous system cancer begins into spinal cords and brain. 

There are several fundamental techniques available to treat cancer, but each has its own merits and 

demerits. In most therapeutic approach to treat cancer there will be a chemical component. Therefore, 

there is a need for development of new and most effective as well as non-toxic anticancer agents.
 
 

2. METHODOLOGY AND MATERIAL 

It follows from the literature survey that the derivative of [1,2,4]-triazole have a high potential 

biological activity. The sulphur containing and heterocyclic ring substituted [1,2,4]-triazole have variety 

of biological activities like anticancer, antibacterial, antifungal, antiviral, antitubercular
 

and anti-

inflammatory. 

The work aim to synthesized some [1,2,4]-triazole-5-thiones derivatives, which have their own cytotoxic 

activity. 

 

SCHEME OF WORK 

The synthetic scheme includes following steps. 

 

Step I:- 

R

Aromatic aldehyde

CHO
CH2COOH

CH2COOH
CH3COONH4

Ammonium acetate

+ +

Succinic acid

R CHCH2CH2COOH

NH2

(1a-c)

Ethanol
Reflux 6 hrs.

   760C

 

Step II:- 

 

 

R CHCH2CH2COOH

NH2

CH3CH2OH

Ethanol
+

(1a-c)

R
CHCH2CH2COOCH2CH3

NH2

(2a-c)

(i)SOCl2
(ii)NH3

-H20
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Step III:- 

 

R
CHCH2CH2COOCH2CH3

NH2

+

O
OCH3

H3CO

2,5-dimethoxy-tetrahydrofuran

(2a-c)
Clausen-Kaas
  ReactionReflux 2 hrs

820C

CH3COOH

R CHCH2CH2COOCH2CH3

N

(3a-c)  

 

Step IV:- 

 

 

R CHCH2CH2COOCH2CH3

N

(3a-c)

R CHCH2CH2CONHNH2

N

(4a-c)

NH2NH2H2O

Reflux 6 hrs

700C
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Step V:- 

 

 

 

R CHCH2CH2CONHNH2

N

R

CHCH2CH2CONHNHCNHR1

N

S

Ethanol

1100C

(4a-c)
(5a-i)

+ R1NCS
Reflux 4 hrs

 

 

 

Step VI:- 

 

R

CHCH2CH2CONHNHCNHR1

N

S

(5a-i)

NaOH

Cyclisation

Reflux 4 hrs

R CHCH2CH2

N

N

HN

N

S

R1

(A1-A9)
 

 

Table No: 01 List of synthetic derivatives: 

S. No. Compounds R R1 

1 A1 -4 NO2 -C6H5 

2 A2 -4 NO2 -C2H5 

3 A3 -4 NO2 -CH3 

4 A4 -3 NO2 -C6H5 

5 A5 -3 NO2 -C2H5 

6 A6 -3 NO2 -CH3 

7 A7 -4 Cl -C6H5 

8 A8 -4 Cl -C2H5 

9 A9 -4 Cl -CH3 
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Synthesis of [1,2,4]-triazolo-5-thiones derivatives:- 
 

 [1’-(4-nitrophenyl-pyrrol-1H-yl)-3’-(1,2,4-triazolo-5-thione-4-phenyl)]-propane    (A1) 

 [1’-(4-nitrophenyl-pyrrol-1H-yl)-3’-(1,2,4-triazolo-5-thione-4-ethyl)]-propane       (A2) 

 [1’-(4-nitrophenyl-pyrrol-1H-yl)-3’-(1,2,4-triazolo-5-thione-4-methyl)]-propane    (A3) 

 [1’-(3-nitrophenyl-pyrrol-1H-yl)-3’-(1,2,4-triazolo-5-thione-4-phenyl)]-propane    (A4) 

 [1’-(3-nitrophenyl-pyrrol-1H-yl)-3’-(1,2,4-triazolo-5-thione-4-ethyl)]-propane       (A5) 

 [1’-(3-nitrophenyl-pyrrol-1H-yl)-3’-(1,2,4-triazolo-5-thione-4-methyl)]-propane    (A6) 

 [1’-(4-chlorophenyl-pyrrol-1H-yl)-3’-(1,2,4-triazolo-5-thione-4-phenyl)]-propane (A7) 

 [1’-(4-chlorophenyl-pyrrol-1H-yl)-3’-(1,2,4-triazolo-5-thione-4-ethyl)]-propane    (A8) 

 [1’-(4-chlorophenyl-pyrrol-1H-yl)-3’-(1,2,4-triazolo-5-thione-4-methyl)]-propane (A9) 

 

 Prediction of the bioavailability of synthesized compounds by Lipinski’s rule of five. 

 Identification and characterization of synthesized compounds by IR, 
1
HNMR and MS. 

 Study the invitro cytotoxic activity of the synthesized compounds by MTT assays method. 

3. SYNTHESIS PROCESS: 

SYNTHESIS OF BUTANOIC ACID DERIVATIVES [1A-C] 

To a solution of substituted benzaldehyde (0.1 mol) in ethanol (200 ml) succinic acid (0.1mol) and 

ammonium acetate (0.2 mol) were added. The reaction mixture was refluxed for 6 hrs, after that mixture 

was cooled and filtered the precipitate, washed with hot ethanol and dried to give solid which was used in 

the next step without purification.  

Synthesis of [2a-c] 

To a stirred suspension of 1a-c (0.050 mol) in ethanol was added dropwise thionyl chloride (0.055 

mol). Stirring was maintained for 30 min at 5
0
C and the solution was then evaporated to dryness. The 

solid residue was triturated in ether and filtered and dissolved in a mixture of ether (300 ml) and water (30 

ml). The reaction mixture was then bubbled for 2 min at room temperature with an ammonia gas flow. 

The organic layer was separated and the solvent was evaporated under reduced pressure. The residue 

obtained was recrystallized with ethanol.   

          Synthesis of [3a-c] 

           To a solution of 3a-c (0.45 mol) in acetic acid (100 ml), 2,5-dimethoxytetrahydrofuran (5.9 ml, 

0.045 mol) was added. The reaction mixture was refluxed for 2 hrs and then evaporated to dryness. The 

residue was taken up in the ether (100 ml) and filtered. The precipitate was collected and recrystallized 

with methanol. 

Synthesis of [4a-c] 

To the substituted ester 3a-c (0.1 M), hydrazine hydrate (80%) (0.1 M) in ethanol was added and 

refluxed for 6 hrs. The resulting solution was left overnight, filtered; precipitate was washed with water 

and recyrastallized from methanol.  

Synthesis of [5a-i] 

Compounds 4a-c (0.018 mol) were dissolved in boiling ethanol and equimolar amounts of 

methyl/ethyl/phenyl-isothiocyanate in ethanol were added and refluxed for 4 hrs. The flask content was 
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allowed to cool and concentrated. The precipitated product was filtered, dried and recyrastallized from 

ethanol. 

Synthesis of 3’-substituted-[1,2,4-triazolo]-3-thiones derivatives [A1-9] 

To the compounds in previous step 5a-i (0.01 mol) alcoholic sodium hydroxide (4N, 4ml) was 

added and refluxed for 4 hrs cooled and filtered. The filtrate was adjusted to pH 4-6 with hydrochloric 

acid. The mixture was kept a side for 1 h and the crystal produced were filtered, dried and recyrastallized 

from methanol.  

4. DISCUSSION OF RESULTS 

The synthesis of the triazole ring was carried out by starting from  substituted benzaldehyde with 

succinic acid on treatment with ammonium acetate according to Rodionow-Johnson reaction to give δ-

amino butanoic acid derivative 1a-c and esterification of carboxylic acid group was carried out, without 

protection of amino group, through a treatment with thionyl chloride in ethanol followed by displacement 

of the intermediary salt with ammonia in ether to give substituted ethyl 4-amino butanoate 2a-c. This is 

subjected to Clauson-Kaas reaction using 2,5-dimethoxytetrahydrofuran in acetic acid to yield the ethyl 

aryl-pyrrolyl-butanoates 3a-c and hydrazinolysis of ester group by using equimolar amount of hydrazine 

hydrate in ethanol gave aryl-pyrrolyl-butanehydrazide 4a-c which was then reacted with alkyl and aryl-

isothiocyanate to yield substituted thiosemicarbazides 5a-i as described. Cyclocondensation of 5a-i in 

aqueous alkaline medium gives substituted-[1’-(aryl-pyrrol-1H-yl)-3’-(1,2,4-triazolo-5-thione)}]-propane 

derivatives A1-9.  

Physical Characterization 

All synthesized compounds were recrystallized with ethanol and identified by TLC using ethyl 

acetate : petroleum ether as solvent system in 1:1. Spots were visualized through the iodine chamber and              

the Rf value was calculated and were found to be in the range of 0.69-0.88. 

The melting points of the synthesized compounds were determined by open capillary tube and are 

uncorrected and were found to be in the range of 198-314
o
C. All the synthesized compounds were freely 

soluble in all polar solvent. 

Spectral Analysis  

IR Spectra 

IR spectra were recorded on Perkin Elmer FTIR spectrometer using KBr. The compounds 1a-c 

show the presence of C=O stretching at 1754-1693 cm
-1

 and OH stretching at 3434-3334 cm
-1

 and free 

NH stretching at 3312-3399 cm
-1

 may be due to formation of acid. 

Compounds 1a-c undergo esterification reaction and gets converted into ester because compound 2a-c 

show characteristic stretching at 1711-1724 cm
-1

 which decrease from 1a-c compounds it may be due 

ester formation and absence of OH stretching in compound 2a-c confirms the formation of ester. 

In step III pyrrole ring is formed through Clauson-Kaas reaction is confirmed by absence of NH 

stretching in compounds 3a-c. 

In compounds 4a-c NH stretching at 3407-3369 cm
-1

 and absence of ester stretching and decrease of C=O 

stretching in the range 1711-1694 cm
-1

 may be due to hydrazide formation.  

The presence of C=S stretching at 1200-1050 cm
-1

 in compounds 5a-i may be due formation of 

thiosemicarbazide from hydrazide by using different aryl/alkyl isothiocynate. All compounds A1-9 the NH 
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stretching is shifted towards the lower wave number due to triazole formation and C=S stretching in the 

range of 1191-1049 cm
-1 

show the formation of thione and the absence of absorption due to C=O group 

established that all thiosemicarbazide had converted to triazole by cycloaddition reaction. 

In general all compounds show C-H stretching in the range 2978-3100 cm
-1

 is may be due to propane 

group and C-N stretching in the range of 1340-1250 cm
-1

 and ArC-H bending 750-700 cm
-1

.  

Compounds A7-9 shows C-Cl stretching in the range of 600-800 cm
-1

 and compounds A1-6 shows the 

stretching at 1570-1500 cm
-1

 and 1370-1300 cm
-1

 range due to aromatic C-NO2 groups 

.  
     1

HNMR Spectra 

1
H-NMR spectra were recorded on Mitz-FTNMR by using Bruker Advance II 400 MHz NMR 

spectrometer. The chemical shift’s were reported as parts per million downfield from tetra methyl silane 

by using DMSO as a solvent. A triplet in the range 1.0-1.4 ppm is due to CH2 proton and quartet 2.1-2.6 

ppm is due to CH2 group of propane and triplet in the range of 4.5-5.3 ppm is due to CH proton and 

singlet between 7.0-7.3 ppm that confirms the presence of NH group in triazole nucleus and CH proton of 

pyrrole ring show triplet in the range of 6.1-6.6 ppm, multiplet in the range 7.1-8.9 ppm showed the 

presence of aromatic proton. All aromatic protons showed characteristic downfield. All compounds 

showed respective downfields that supported the structure of various synthesized triazole-5-thiones.  

In compound A1, A4, A7 showed the extra aromatic proton may be due to phenyl group which present in 

the 4
th
 position of triazole nucleus and compound A2, A5, A8 shows triplet may be due to methyl proton in 

range of  1.0 ppm and methylene proton shows quartet at 3.6-3.8 ppm which present in the  4
th
 position. In  

A3, A6, A9 singlet at 2.6-2.7 ppm is due to methyl group in the 4
th
 position.   

Mass spectroscopy was performed on LC-MS-Tranp-SL2010A SHIMADZU using Dimethyl-sulfoxide as 

solvent. All the compounds showed characteristic molecular ion (m, m+1) peak and base peak. 

Compound A7-9 shows m+2 peaks, which confirm the presence of Cl group in the structure. All the Mass 

spectra further confirm the synthesized compounds structure 

.Invitro cytotoxic activity  

Invitro cytotoxic activity was carried out for all the synthesized compounds by using MTT assay 

method on breast cancer cell line (T47D and MCF-7). The IC50 value was calculated at the 0.1-100 µgM 

concentration range.  The result showed that all the compounds show significant cytotoxic activity against 

both cell line and IC50 value lies between 50-90 µM. All the compounds showed good cytotoxic activity 

and the compound A1, A2, A5 showed better activity than other compounds. This may be due to presence 

of nitro group and phenyl group in the compound. Further work can be carried out by substituting various 

bulky groups in the 4
th 

position to get more active compound.
 

Anticancer assay of all synthesized compound A1-9 were performed and evaluated in two Breast cancer 

cell lines MCF-7 and T47D and doxorubicin used as a standard. The result of all synthesized compounds 

is given in Table no:02. 
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Table-02:- Invitro cytotoxic activity in two cancer cell lines (MCF-7 and T47D) 

 

Compounds code                                                               (IC50) µM
a
                                                           

                                                                  

                                                      MCF-7
b
                                                              T47D

c
 

 

      A1                                                                                57                                                                        51 

      A2                                                                                59                                                                        61 

      A3                                                                                65                                                                        79 

      A4                                                                                62                                                                        64 

      A5                                                                                58                                                                        63 

      A6                                                                               69                                                                        78 

      A7                                                                                82                                                                                         89 

      A8                                                                   85                                                                        86 

      A9                                                                                86                                                                        85 

     Doxorubicin                              0.50                                                                    0.59 

 

a- 50% cell viability concentration in micromole (µM). 

b, c- Human breast cancer cell lines. 

5. LIPINSKI’S RULE OF FIVE 

Oral bioavailability was considered to play important role for development of bioactive molecules 

as therapeutic agents. Therefore, a computational study for prediction of “ADME” properties was 

performed by using Lipinski’s “rule of five”
 15-18

 

Lipinski's rule of five is a rule of thumb to evaluate drug likeness or determine if a chemical compound 

with a certain pharmacological or biological activity has properties that would make it a likely orally 

active drug in humans. The rule was formulated by Christopher A. Lipinski in 1997, based on the 

observation that most medication drugs are relatively small and lipophilic molecules.  

The rule describes molecular properties important for a drug's pharmacokinetics in the human body, 

including their absorption, distribution, metabolism, and excretion ("ADME"). However, the rule does not 

predict the pharmacologically activity.
 19-21

 

The rule is important for drug development where a pharmacologically active lead structure is optimized 

step-wise for increased activity and selectivity, as well as drug-like properties as described by Lipinski's 

rule. The modification of the molecular structure often leads to drugs with higher molecular weight, more 

rings, more rotatable bonds, and a higher lipophilicity.  

Lipinski's rule says that, in general, an orally active drug has no more than one violation of the following 

criteria:
 22

 

 Not more than 5 hydrogen bond donors (nitrogen or oxygen atoms with one or more hydrogen 

atoms)  

 Not more than 10 hydrogen bond acceptors (nitrogen or oxygen atoms)  

 A molecular weight under 500 daltons.  

 A partition coefficient log P less than 5. 

Prediction of bioavailability was done by customized software. By incorporating the structure of the 

compound some parameters were obtained and tabulated in the Table:03.  

http://en.wikipedia.org/wiki/Rule_of_thumb
http://en.wikipedia.org/wiki/Druglikeness
http://en.wikipedia.org/wiki/Chemical_compound
http://en.wikipedia.org/wiki/Pharmacology
http://en.wikipedia.org/wiki/Biological_activity
http://en.wikipedia.org/w/index.php?title=Oral_activity&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Oral_activity&action=edit&redlink=1
http://en.wikipedia.org/wiki/Drug
http://en.wikipedia.org/w/index.php?title=Christopher_A._Lipinski&action=edit&redlink=1
http://en.wikipedia.org/wiki/Medication
http://en.wikipedia.org/wiki/Lipophilicity
http://en.wikipedia.org/wiki/Molecule
http://en.wikipedia.org/wiki/Molecular_property
http://en.wikipedia.org/wiki/Pharmacokinetics
http://en.wikipedia.org/wiki/Absorption_(pharmacokinetics)
http://en.wikipedia.org/wiki/Distribution_(pharmacology)
http://en.wikipedia.org/wiki/Metabolism
http://en.wikipedia.org/wiki/Excretion
http://en.wikipedia.org/wiki/ADME
http://en.wikipedia.org/wiki/Drug_development
http://en.wikipedia.org/wiki/Drug_discovery_hit_to_lead
http://en.wikipedia.org/wiki/Chemical_bond
http://en.wikipedia.org/wiki/Hydrogen_bond
http://en.wikipedia.org/wiki/Nitrogen
http://en.wikipedia.org/wiki/Oxygen
http://en.wikipedia.org/wiki/Atoms
http://en.wikipedia.org/wiki/Hydrogen
http://en.wikipedia.org/wiki/Atoms
http://en.wikipedia.org/wiki/Hydrogen_bond
http://en.wikipedia.org/wiki/Nitrogen
http://en.wikipedia.org/wiki/Oxygen
http://en.wikipedia.org/wiki/Atoms
http://en.wikipedia.org/wiki/Molecular_weight
http://en.wikipedia.org/wiki/Dalton
http://en.wikipedia.org/wiki/Partition_coefficient
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Table 03:- Physicochemical Parameters. 

 

Compound 

 

log P 

 

 

 

M.W. 

   

    No. of H atom 

 

No. of violation 

acceptor Donor 

 

A1 

 

A2 

 

A3 

 

A4 

 

A5 

 

A6 

 

A7 

 

A8 

 

A9 

 

2.149 

 

2.525 

 

3.424 

 

2.794 

 

2.868 

 

3.244 

 

4.235 

 

3.513 

 

2.569 

 

 

405.47 

 

357.43 

 

343.49 

 

405.47 

 

357.43 

 

343.49 

 

394.92 

 

346.88 

 

332.85 

   

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

7 

 

7 

 

7 

 

7 

 

4 

 

4 

 

4 

 

4 

 

4 

 

1 

 

1 

 

1 

 

1 

 

1 

 

1 

 

1 

 

1 

 

1 

 

 

From the above values which are obtained by customized software all compounds show good 

bioavailability because according to Lipinski’s rule of five number of violation is less than 1. From this 

all this compounds were selected for synthesis.
 23-24 

6.  CONCLUSION 

In the present study, some novel 1,2,4-triazole-5-thiones derivatives have been synthesized which 

contain pyrrole nucleus and screened for their cytotoxic activity against two different human Breast 

cancer cell lines. 

The synthesis is based on the conversion of ester to hydrazide derivative which on treatment with 

different isothiocynate gets converted into thiosemicarbazides which on cyclocondensation in alkaline 

condition gave triazole nucleus having thione group and pyrrole ring is formed by Clauson-Kaas reaction 

on Ethyl 4-amino-4-(substituted phenyl) butanoate. 

Nine derivative of 1,2,4-triazole-5-thiones were synthesized and confirmed by physical and 

spectral analysis. The synthesized compounds were characterized by IR, 
1
HNMR and Mass spectral data. 

All the synthesized compounds show characteristic absorption peaks in IR and NMR spectra. Expected 

molecular ion peak (M
+
) fragments were observed for the entire compounds in mass spectra. 

Literature review reveals that triazole having aromatase enzyme inhibitory activity. Hence 

cytotoxic activity was carried out against breast cancer cell lines and all the synthesized compounds have 

significant cytotoxic activity against both MCF-7 and T47D breast cancer cell lines using MTT assay 

method. The presence of phenyl group in 4
th 

position
 
of triazole nucleus gives a better active compound. 

Overall it can be concluded that the presence of bulky substitution in 3
rd

 and 4
th
 position of triazole 

nucleus may give a better active compound. 
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