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1. TITLE OF THE THESIS AND ABSTRACT 
TITLE:  

DESIGN AND SYNTHESIS OF SMALL MOLECULE NON-STEROIDAL            
AROMATASE INHIBITORS AS POTENTIAL ANTICANCER AGENTS 

 
ABSTRACT 
Aromatase is the enzyme that distinguishes a man from women by converting androgens to 
estrogens. It is a rate limiting enzyme that characteristically binds C19 steroids with 4-ene-3-one 
system. Unfortunately it also triggers estrogen dependent breast cancers. Around 70-80% of 
postmenopausal breast cancer patients are found to be estrogen-dependent breast cancer cases. 
The reduction of estrogen physiological concentration through aromatase inhibition is one of 
most important therapeutic strategies against postmenopausal breast cancer. Currently, the third-
generation aromatase inhibitors (Anastrazole, Exemestane and Letrozole) are approved as front-
line therapy for early and even advanced cases of breast cancer in postmenopausal women. 
However aromatase inhibitors chronic monotherapy or their combination with other targeted 
agents reported to develop resistance. The quest for new class of aromatase inhibitors is essential 
to overcome the plausible resistance and unwanted side effects due to chronic therapy. 
Considering the magnitude for the necessity of newer generation aromatase inhibitors, the 
present research proposal aims at the design of new series of heterocyclic rings like 
benzothiazole, benzimidazole 1,3,4-thiadiazole, imidazo[2,1-B][1,3,4]thiadiazole and 
thioureaderivatives as aromatase inhibitors. Initial in-silico studies of ligand Based 3D QSAR 
Pharmacophore Modeling and Molecular docking studies were done to strengthen the rationale 
of the study. Based on the literature review different synthetic routes were adopted to synthesize 
aforementioned heterocyclic compounds. A new series of nitrogen-containing heterocyclic 
compounds viz. 5-(substituted)-1,3,4-thiadiazol-2-amine,  1-(5-substituted-1,3,4-thiadiazol-2-yl)-
3-phenylthioureas, 1-(5-substituted)-1,3,4-thiadiazol-2-ylbenzo[d]thiazole-2-amine and 2,6-
disubstituted imidazo[2,1-b][1,3,4]thiadiazole derivatives, were synthesized. The synthesized 
compounds were tested for one dose assay (10 μM) at the NCI over 60 cell line panel 
representing Leukemia, Non-Small Cell Lung, Colon, CNS, Melanoma, Ovarian, Renal, Prostate 
and Breast cancers. With thorough in-silico, ADMET studies and NCI preliminary screening, the 
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expected potent molecules were tested for in-vitro 96 well MTT assay on HeLa cell line with 
Letrozole as positive controle. Compounds 10, 12, 54, 58 and 69 showed potent anti cancer 
activity against HeLa cell line equivalent to letrozole. Compounds 58 and 69 have showed 
selective anti-leukemic activity. 
2. BRIEF DESCRIPTION ON STATE OF THE ART OF THE RESEARCH TOPIC 
Estrogens play a vital role in the development and growth of breast tumors especially in 
postmenopausal women apart from their important functions in maintaining cell homeostasis [1]. 
The reduction of estrogen physiological concentration through aromatase inhibition is one of 
most important therapeutic strategies against this cancer type [2]. The third-generation aromatase 
inhibitors (Letrozole, Anastrozole, Exemestane) are used as first-line therapy in the treatment of 
early and metastatic breast cancer in postmenopausal women at present [3] [4]. The researchers 
and scientists elsewhere are working on developing various class of heterocyclic compounds as 
aromatase inhibitors for breast cancer therapy [5]. Among several nitrogen containing 
heterocyclics, 1,3,4-thiadiazole, imidazo[2,1-b][1,3,4]thiadiazole and benzothiazole were 
expansively studied since several decades due to their exceptional pharmacological applications 
like diuretic, antimicrobial, analgesic, antihelmentic, and many others apart from potent 
anticancer activity [6-9]. The 1,3,4-Thiadiazole is bioisostere of pyrimidine and oxadiazole. It is 
a five membered heterocyclic ring containing a sulphur atom and two sp2 nitrogens. The sulfur 
atom imparts improved liposolubility. The mesoionic nature i.e., distinct regions of positive and 
negative charges that are highly polarizable with a net neutral electron on thiadiazole is the 
unique properties of the thiadiazole ring. This property enhances the pharmacodynamics nature 
of the compound. The thiadiazole crosses phospholipid bilayer of the cell and interacts with 
biological targets with distinct affinity [10]. Of late, 1,3,4-thiadiazole was found to be a 
promising scaffold for its anticancer activity against several cancer cell lines, inhibiting diverse 
biological targets. Filanesib; a 1,3,4-thiadiazoles derivative, was approved by the FDA as an 
orphan drug for treating multiple myeloma. This drug acts by inhibiting kinesin spindle protein 
[11]. However, recent research findings showed that the 1,3,4-thiadiazole, when equipped with 
other heterocyclic scaffolds, has displayed enhanced anticancer properties. Benzothiazole is one 
such promising scaffold linked to thiadiazole which was extensively studied by researchers 
elsewhere for its promising diverse biological properties particularly antitumour activity [12] 
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[13].  Phortress, an antitumour prodrug is a novel benzothiazole derivative which exhibited 
potent and selective antitumour activity against breast, ovarian and renal cancer [14]. On the 
other hand, levamisole, an imidazothiazole derivative is known for its anticancer property in 
addition to broad-spectrum anthelmintic activity. This drug was explored as a lead molecule and 
several modified compounds were developed for anticancer activity [15]. Researchers developed 
imidazo[2,1-b][1,3,4]thiadiazole derivatives; a class of fused heterocyclic compounds by 
replacing thiazole ring of levamisole with thiadiazole. This new class of compounds was 
explored for various pharmacological properties particularly anticancer activity.  
3. DEFINITION OF THE PROBLEM 
According to GLOBOCAN 2018 update, the highest number of cancer cases reported in India is 
breast cancer. An estimated 70218 women died in India due to breast cancer more than any other 
country in the world1. More than 70% of breast cancers are positive for estrogenic receptor [16] 
[17]. Despite aromatase inhibitors being used widely and effectively in the treatment of estrogen 
receptor positive breast cancer, the quest for new class of drugs still stays indispensable to evade 
the danger of conceivable rising resistance (loss of ER expression, mutation of TP53, EGFR over 
expression etc). To reduce toxicity, unwanted side effects (osteoporosis, cardiovascular 
complications) due to chronic treatment [18] and recurrences, new class of aromatase inhibitors 
with alternate biding interaction or multiple target approach is needed.  
4. OBJECTIVES AND SCOPE OF WORK 
Taking the advantage of thiadiazoles, benzothiazoles and imidazo[2,1,b][1,3,4]-thiadiazoles as 
anticancer agents, the substitutions and molecular hybridization on these heterocyclic 
compounds would develop a potential class of anticancer agents. A new series of 5-substituted-
1,3,4-thiadiazoles linked with phenyl thiourea, benzothiazole and 2,6-disubstituted imidazo[2,1-
b][1,3,4]thiadiazole and imidazothiadiazole derivatives were proposed. Considering the 
magnitude for the necessity of newer generation aromatase inhibitors, the present research 
proposal aims at design and synthesis of small molecule non-steroidal aromatase inhibitors as 
potential anti-cancer agents. 
4.1. OBJECTIVES 
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 To check the novelty of proposed  5-substituted -1,3,4-thiadiazol-2amine derivatives  
 To perform in-silico studies of different structures including the proposed molecules 
 To establish the method to synthesize the proposed 5-substituted-1,3,4-thiadiazol-2-amine 

derivatives   
 To purify and characterize the proposed molecules by using various methods like TLC, melting 

point, 1H NMR spectroscopy, 13C NMR spectroscopy, Mass Spectrometry, elemental analysis 
etc. 

 To evaluate synthesized derivatives on various cancer cell lines at NCI for in- vitro anticancer 
activity. 

4.2. SCOPE OF WORK 
 New class of armoatase inhibitors will be developed 
 Filling of patents for series of highly active novel lead molecules 
 Publications in international journals of high impact factors.  
 Presentation of results in international and national conferences.  

 
5. ORIGINAL CONTRIBUTION BY THE THESIS 
 The novelty of the proposed compounds was ascertained by SciFinder database at CSIR-

CSMCRI, Bhavnagar and later at CSIR-IICT, Hyderabad. 
 The 3D docking and pharmacophore based QSAR studies (in-silico) were performed on state 

of the art software Schrodinger suite 9.1., Schrodinger 2018 and Discovery Studios 3.0 using 
3EQM and 3S7S aromatse binding proteins. Pharmacophore hypothesis was developed and 
several potential virtual anticancer compounds were identified. 

 The synthetic methods adopted were on par with the current synthetic methods. Especially with 
the synthesis of thiadiazoles, benzthiazoles and imidazo[2,1,b][1,3,4]-thiadiazole derivatives.  

 An attempt to make C-C coupling of 5-chloro-N-methylbenzimidazole binding to methylene 
bridge of thiadiazole derivative is a new approach.  

 The anticancer screening was performed using the facilities offered by National Cancer 
Institute, NIH, USA, under Developmental Therapeutics Clinic (DTC) programme under 
which new potential anticancer agents were identified. 



 

 Further in-vitro breast cancer studies were performed on HeLa cancer cell line by MTT assay 
for selected molecules and also for other potential 
studies.  

 Potential new class of thiadiazole based anticancer agents was
6. METHODOLOGY OF RESEARCH, RESULTS/COMPARISONS
METHODOLOGY OF RESEARCH
Novelty of the compounds was ascertained by SciFinder 
using markush, substructure and similarity methods. Novelty of other synthesized derivatives 
was confirmed by SciFinder database at CSIR
search method was imported to PDF. The
were performed on state of the art software Schrodinger suite 9.1., Schrodinger 2018 and 
Discovery Studios 3.0 using 3EQM and 3S7S aromat

Preliminary screening of aromatase active site 

 
 
 
 
     
The in-silico 3D pharmacophore hypothesis model was found to be reliable and the ligand based 
3D QSAR pharmacophore modeling and docking studies of non
was done for a series of novel Benzothiazole, Benzimidazole, 1,3,4
oxadiazole, imidazo[2,1-B][1,3,4]thiadiazole derivatives.
hydrogen bond acceptor (A) and two aromatic rings (R) was selected as pharmacophore 
hypothesis for building the 3D QSAR model. Training set correlation with Partial Least Square 

breast cancer studies were performed on HeLa cancer cell line by MTT assay 
for selected molecules and also for other potential molecules that are derived from 

class of thiadiazole based anticancer agents was developed. 
METHODOLOGY OF RESEARCH, RESULTS/COMPARISONS 

METHODOLOGY OF RESEARCH 
Novelty of the compounds was ascertained by SciFinder database at CSIR-CSMCRI, Bhavnagar 
using markush, substructure and similarity methods. Novelty of other synthesized derivatives 
was confirmed by SciFinder database at CSIR-IICT, Hyderabad. The total SciFinder database 
search method was imported to PDF. The 3D docking and pharmacophore based QSAR studies 
were performed on state of the art software Schrodinger suite 9.1., Schrodinger 2018 and 
Discovery Studios 3.0 using 3EQM and 3S7S aromatase binding proteins.  

Preliminary screening of aromatase active site and QSAR results of training molecules 
Discovery Studios 3.0 [19]  

 

silico 3D pharmacophore hypothesis model was found to be reliable and the ligand based 
3D QSAR pharmacophore modeling and docking studies of non-steroidal Aromatase Inhibitors 

of novel Benzothiazole, Benzimidazole, 1,3,4-thiadiazole, 1,3,4
B][1,3,4]thiadiazole derivatives. A 3-point pharmacophore with one 

hydrogen bond acceptor (A) and two aromatic rings (R) was selected as pharmacophore 
ilding the 3D QSAR model. Training set correlation with Partial Least Square 

Preliminary QSAR study on Discovey Studios 3.0, using various 
ligands and IC50 values from Dorion

Training set molecules aligned with the isosurface of the 3D QSAR model 
coefficients on electrostatic potential grid (A) and Van der
 A = Blue represents positive coefficients; red represents negative 

coefficients.
 B = Green represents positive coefficients; yellow represents negative 

coefficients.

A
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breast cancer studies were performed on HeLa cancer cell line by MTT assay 
molecules that are derived from in-silico 

CSMCRI, Bhavnagar 
using markush, substructure and similarity methods. Novelty of other synthesized derivatives 

IICT, Hyderabad. The total SciFinder database 
3D docking and pharmacophore based QSAR studies 

were performed on state of the art software Schrodinger suite 9.1., Schrodinger 2018 and 

ining molecules using 

silico 3D pharmacophore hypothesis model was found to be reliable and the ligand based 
steroidal Aromatase Inhibitors 

thiadiazole, 1,3,4-
point pharmacophore with one 

hydrogen bond acceptor (A) and two aromatic rings (R) was selected as pharmacophore 
ilding the 3D QSAR model. Training set correlation with Partial Least Square 

Studios 3.0, using various 
Dorion et al, 

of the 3D QSAR model 
waals grid (B).
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factors (R2=0.99, SD=0.1265, F=470.6, P=1.033e-018) and the test set correlation (Q2 = 0.7854, 
RMSE = 0.5284, Pearson R = 0.9111) N = 34 was chosen among the four different PLS factors 
generated.  
Synthetic strategy: 
Thiadiazole derivatives were synthesized by refluxing substituted acids with POCl3 and 
thisemicarbazide (Scheme 1) [20]; Linking of thiadiazole with thioureas to form different 
thiourea derivatives is done by condensing with substituted phenylisothiocynates (Scheme 2) [9]. 
The linking of thiadiazoles with benzthiazoles can be done by oxidative cyclization of thiourea 
derivatives (Scheme 3) [9]. The synthesis of fused heterocyclic ring imidazo[2,1-
b][1,3,4]thiadiazole derivatives can be done by reacting thiadiazole derivatives with phenacyl 
bromide (Scheme 4) [7] [20]. Conjugation of ligand Lu with thiadiazole derivative was carried 
out with the help of chelating complex (p-NCS-benzyl-DOTA) using 0.1N ammonium acetate 
buffer (Scheme 5) [21]. Direct conjugation studies of thiadiazole derivatives with Lu were 
carried out by heating and ultra sonication in the presence phosphate buffer (Scheme 6). 
Synthesis of benzimidazole can be done by condensing 4-chloro-ortho-phenylenediamine with 
formic acid. N-methylation of benzimidazole can be completed by reacting it with methyliodide 
in dry acetone [22]. The C-C coupling of thiadiazole derivative with n-methylbenzimidazole can 
be done by N-butyl lithium catalyzed C-C coupling reaction (Scheme 8) [23]. 
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Scheme-1 
 
 
 
 
 
 
 
 
 
 
 

Reagents and conditions (scheme 1): All the above mentioned reactions were performed under 
reflux conditions at 90-120 oC; Where thiosemicarbazide and phosphorus oxychloride are treated 
with reagents a), 2-(4-Chlorophenyl)acetic acid; b), 2-(4-Fluorophenyl)acetic acid; c), 2-(4-
Bromophenyl)acetic acid; d), 2-(4-Nitrophenyl)acetic acid; e), 2-(p-Tolyl)acetic acid; f), 4,4-
Bis(4-hydroxyphenyl)valeric acid; g), 2-(4-Isobutylphenyl)propanoic acid; h), 2,2-
Diphenylacetic acid; i), 2-Phenylacetic acid; j), 2-(4-Cyanophenyl)acetic acid; k), 2-(3-
Methoxyphenyl)acetic acid; l), 2-(4-Methoxyphenyl)acetic acid to yield respective products (1-
12).  Published: Stephen Paul Avvaru, Malleshappa N. Noolvi, Tejraj M. Aminabhavi, Ashutosh 
Dash, Sudipta Chakraborty. Letrozole-177Lu complex as radioactive pharmaceutical: A novel 
translational research in the treatment and diagnosis of breast cancer. 6th International 
conference, SDPC, Kim, 16th-17th Feb 2019. 
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Scheme-2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Reagents and conditions (scheme 2): All the above mentioned reactions were carried out using 
dry Methnol/ethanol under reflux conditions at 70 oC for 4-28 hrs; Where various thiadiazole 
were treated with reagents a), 4-Fluorophenyl isothiocyanate; b), 1,2-Dichloro-4-
isothiocyanatobenzene; c), e), g), i), k), m), o), q), s), u) and w) is Phenyl isothiocyanate; and d), 
f), h), j), l), n), p), r), t) and v) is 4-Chlorophenyl isothiocyanate to yield respective products 
(13-36).   
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Scheme-3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Reagents and conditions (scheme 3): All the above mentioned reactions were carried out under 
ice cold conditions; Where various thiourea derivatives (13-35) were treated with reagent a – w, 
bromine chloroform solution to yield respective products (36-58).  
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Scheme-4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Reagents and conditions (scheme 4): All the above mentioned reactions were carried out using 
dry ethanol with few drops of DMF  under reflux conditions at 70 oC for 4-26 hrs; Where various 
thiadiazole derivatives (1-5 & 7-12) were treated with reagents a-k , phencyl bromide. 
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Additional schemes 
                                                           Scheme-5 
 
 
 
 
 
 

Substituted-thiadiazole-2-amine conjugation with p-SCN-DOTA-Lu complex for the 
treatment and diagnosis of breast cancer 

Published: Stephen Paul Avvaru, Malleshappa N. Noolvi, Tejraj M. Aminabhavi, Ashutosh 
Dash, Sudipta Chakraborty. Rational design of new radiolabeled heterocyclic compounds as 
aromatase inhibitors: A new approach for breast cancer diagnosis and therapy. PEMED 2018, 
Personalized and Precision Medicine, International Conference, 25-27 June 2018, Paris  

                       Scheme-6 
 
 
 
 
 
 
 
4-substitutedphenyl-thyiadiazole-2-amine and Lu complex for treatment and diagnosis of 

breast cancer 
Published: Stephen Paul Avvaru, Malleshappa N. Noolvi, Tejraj M. Aminabhavi, Ashutosh 
Dash, Sudipta Chakraborty, Shyam S. Shukla. Design, synthesis and screening of radiolabeled 
aromatase inhibitors as anticancer agents: A new approach for breast cancer diagnosis and 
therapy. Su-Chem 2018,  Sustainable Chemistry for Health, Environment and Materials, 
International conference, 6th-8th August 2018, CSIR-IICT, Hyderabad. 
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Letrozole-Lu complex for the treatment of breast cancer and diagnosis 
 

Scheme 7 
 
 
 
 
 
 
 
 
 
 
 
 

Anticancer screening: 
The synthesized derivatives were tested for one dose MTT assay on 60 cancer cell line at 
National Cancer Institute, NIH, USA. The interpretation of one dose compare graph gives the 
cancer cell line sensitivity over the screening compounds. It is a characteristic fingerprint for the 
screened compounds. The compounds 58 and 69 exhibited exceptional anti-leukemia 
activity.The compound 58 showed 32 percent lethality on HL-60 (TB) cell line. It also showed 
growth inhibition on K-562 and SE cell lines of leukemia. In terms of selectivity ratio, 58 and 69 
compounds were interestingly more selective for HL-60(TB) and CCRF-CEM leukemia cell 
lines respectively. Compounds 40; N-(5-(4-florobenzyl)-1,3,4-thiadiazole-2-yl)benzo[d]thiazole-
2-amine showed significant growth inhibition selectively on HOP-92 non-small cell lung cancer 
cell line. Compound 38; N-(5-(4-chlorobenzyl)-1,3,4-thiadiazole-2-yl)benzo[d]thiazole-2-amine, 
exhibited tumor growth inhibition on melanoma and renal cancer. ADMET studies were carried 
out using SwissADME software on all the synthesized compounds. Based on in-silico studies 
and ADMET data synthesized compounds were selected and subjected for in-vitro anticancer 
activity against HeLa cell line by MTT assay [24]. 
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The bars marked Letrozole in all the histograms is the positive control. The other bars with 
respective compound codes in histogram are the cell viability percentages of HeLa cell line 
against the respective compounds. All the compounds including Letrozole
concentrations (1000 nM, 100 nM, 10nM, 1 nM) to test the effective concentration window with 
48 and 72 hours incubation on 96 well plate. 1000 nM concentration of all the five derivatives 
has shown significant inhibition on HeLa cells 
concentrations of all the derivatives showed an insignificant to moderate effect on HeLa cells in 
48 hours and 72 hours incubation. Compounds 
equivalent to letrozole in all the four concentrations. 
decreased the cell viability of HeLa cells in 42
1000 nM concentrations in 72 hou
RESULTS AND COMPARISON
 

Compound Identity 
Compound No. 5 
R = 4-methylbenzyl 

The bars marked Letrozole in all the histograms is the positive control. The other bars with 
respective compound codes in histogram are the cell viability percentages of HeLa cell line 
against the respective compounds. All the compounds including Letrozole were tested on four 
concentrations (1000 nM, 100 nM, 10nM, 1 nM) to test the effective concentration window with 
48 and 72 hours incubation on 96 well plate. 1000 nM concentration of all the five derivatives 
has shown significant inhibition on HeLa cells equivalent to Letrozole. However, 1nM 
concentrations of all the derivatives showed an insignificant to moderate effect on HeLa cells in 
48 hours and 72 hours incubation. Compounds 10, 12 and 54 showed significant inhibition 
equivalent to letrozole in all the four concentrations. Interestingly compound 
decreased the cell viability of HeLa cells in 42-hour incubation. A similar effect was observed on 
1000 nM concentrations in 72 hour incubation period as well 
RESULTS AND COMPARISON 

 
 

Observed parameters & Results
IR: (KBr, cm-1): 3325, 3182 (1o-NH stretch), 
stretch), 1595(C=N- stretch). 
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The bars marked Letrozole in all the histograms is the positive control. The other bars with 
respective compound codes in histogram are the cell viability percentages of HeLa cell line 

were tested on four 
concentrations (1000 nM, 100 nM, 10nM, 1 nM) to test the effective concentration window with 
48 and 72 hours incubation on 96 well plate. 1000 nM concentration of all the five derivatives 

equivalent to Letrozole. However, 1nM 
concentrations of all the derivatives showed an insignificant to moderate effect on HeLa cells in 

showed significant inhibition 
Interestingly compound 58 and 69 have 

hour incubation. A similar effect was observed on 

Observed parameters & Results 
NH stretch), 3023(Ar-CH-
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IUPAC: 5-(4-methylbenzyl)-1,3,4-
thiadiazol-2-amine 

1H NMR: δ ppm: 7.20-7.11 (m, 4H, -Aryl-H), 7.07 (s,2H, 
-NH2), 4.1 (s, 2H –CH2), 2.26 (s, 3H –CH3); 

Molecular formula: C10H11N3S 13 C NMR: 169.5, 158.7, 136.9, 134.9, 129.4,129.1, 55.1, 
20.5; 

Molecular weight: 205.2 Mass:  m/z 206.3. 
Characterization of Compounds in scheme 1 (1-12), was carried out by identifying characteristic 
features like MP, IR 1o-NH2 stretch (3350-3150 cm-1); Ar C-H stretch (2950-3050 cm-1), absence 
of phenylisothiocyanate at ~2000 cm-1 ; 1H NMR δ ppm: ~9.0-7.0 (s, 2H, -NH2), ~7.8-7.0 (m, 
4H, -Aryl-H); 13 C NMR δ ppm: ~170-160 (C2, thiadiazole) ~160-155 (C5, thiadiazole) ~140-
120 (Ar-C) and mass: m/z peak matching to molecular weight of the compounds. 
 
 
 
 

Compound Identity Observed parameters & Results 
Compound No. 15 
R = 4-Chlorobenzyl, R1= H; R2=H 

IR: (KBr, cm-1): 3184 (2o-NH stretch), 3023(Ar-CH-
stretch), 1591(C=N- stretch), 725 (C-Cl).  

IUPAC: 1-(5-(4-chlorobenzyl)-1,3,4-
thiadiazol-2-yl)-3-phenylthiourea 

1H NMR: (DMSO-d6) δ ppm: 8.64 (s,1H, -NH), 7.96-
7.27 (m, 9H, -Aryl-H), 4.59 (s, 1H –NH), 4.46 (s, 2H,-
CH2);  

Molecular formula: C16H13ClN4S2 13 C NMR: 166.5, 163.9, 144.8, 135.0, 134.8, 133.8, 
132.3, 132.1, 131.0, 128.8, 128.7,128.6, 127.4, 127.2, 
124.5, 36.0; 

Molecular weight: 360.88 Mass:  m/z 361.3. 
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Characterization of Compounds in scheme 2 (13-35), was carried out by identifying 
characteristic features like MP, IR 1o-NH2 stretch (~3200 cm-1); Ar C-H stretch (3050-2950 cm-
1); 1H NMR δ ppm: ~9.0 & ~4.0 (s, 2H, -NH), ~8.0-7.0 (m, -Aryl-H); 13 C NMR δ ppm: ~180-
175 (C=S) ~170-160 (C2, thiadiazole) ~160-150 (C5, thiadiazole) ~140-120 (Ar-C) and mass: 
m/z peak matching to molecular weight of the compounds. 
 
 
 
 

Compound Identity Observed parameters & Results 
Compound No. 48 
R = 1-(4-isobutylphenyl)ethyl), R1= H; 
R2=H 

IR: (KBr, cm-1): 3250 (NH-stretch), 2955 (Ar –CH), 
1606 (C=N)  

IUPAC: N-(5-(1-(4-
isobutylphenyl)ethyl)-1,3,4-thiadiazol-
2-yl)benzo[d]thiazol-2-amine 

1H NMR: (CDCl3) δ ppm; 9.80 (s, 1H –NH),7.60-7.08 
(m, 8H, -Aryl-H), 4.43 (q, 1H,-CH), 2.45 (d, 2H,-
CH2), 1.81-1.78 (m, 1H,-CH), 1.68 (d, 3H,-CH3), 
0.90, 0.89(d,6H,-CH3); 

Molecular formula: C21H22N4S2 13 C NMR: 168.9,163.0, 139.9, 138.4,137.7, 129.3, 
129.2, 127.2, 124.7, 122.8, 121.8, 118.5, 44.1, 38.8, 
29.5, 22.1, 20.9;  

Molecular weight: 394.5 Mass:  m/z: 395.30  
Characterization of Compounds in scheme 3 (36-58), was carried out by identifying 
characteristic features like MP, IR 1o-NH2 stretch (~3200 cm-1); Ar C-H stretch (3100-2900 cm-
1); 1H NMR δ ppm: ~9.0-8.0 (s, 1H, -NH), ~8.0-7.0 (m,  -Aryl-H); 13 C NMR δ ppm: ~170 (C2, 
benzothiazole) ~160 (C2, thiadiazole) ~160-150 (C5, thiadiazole) ~135-120 (Ar-C) and mass: 
m/z peak matching to molecular weight of the compounds.  
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Compound Identity Observed parameters & Results 
Compound No. 69 
R = 4-Methoxybenzyl 

IR: (KBr, cm-1): 3041 (Ar –CH), 1616 (C=N)  

IUPAC: 2-(4-methoxybenzyl)-6-
phenylimidazo[2,1-b][1,3,4]thiadiazole 

1H NMR: (DMSO-d6) d ppm:8.63 (s, 1H, C-5-H, 
imidazole), 7.84-6.94 (m, 9H, Ar-H), 4.36(s, 2H –
CH2), 3.75 (s, 3H,-OCH3);  

Molecular formula: C18H15N3OS 13 C NMR: 164.5,160.0, 140.2, 137.5,133.7, 130.1, 
129.8, 128.4, 127.6, 122.8, 113.6, 56.7, 34.4 

Molecular weight: 321.4 Mass:  m/z: 322.5  
Characterization of Compounds in scheme 4 (59-69), was carried out by identifying 
characteristic features like MP, IR Ar C-H stretch (3100-2900 cm-1) and absence of 1o or 2o -NH2 
stretch (~3400-3200 cm-1);  1H NMR δ ppm: ~9.0 (s, 1H, C5-H), ~8.0-7.0 (m,  -Aryl-H); 13 C 
NMR δ ppm: ~160 (C2, imidazo[2,1-b][1,3,4]thiadiazole), ~140 (C6, imidazo[2,1-
b][1,3,4]thiadiazole), ~135-120 (Ar-C) and mass: m/z peak matching to molecular weight of the 
compounds.  

Comparison chart of in-silico and in-vitro anticancer studies 
S.No Compound  

code 
QSAR/Docking 
 

NCI activity One Dose assay 
(60 cell lines) 

MTT assay 
(HeLa cell 
line) 

1 5 Mild - Mild  
2 6 moderate - Mild  
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3 7 Moderate  - Moderate  
4 10  - Good 
5 12 Moderate - Good 
6 15 Moderate Mild (UO-31 renal cancer cell line) - 
7 17 Moderate Mild (HOP-92 Non-Small Cell Lung 

Cancer cell line) 
- 

8 25 Mild Mild (HOP-92 Non-Small Cell Lung 
Cancer cell line) 

- 

9 35 Good Mild (UO-31 renal cancer cell line & 
UACC-62 melanoma cell line 

- 

10 38 Moderate Moderate (LOX IMVI melanoma cancer) 
& (CAKI-1 renal cancer cell lime) 

Mild 

11 39 Moderate - Mild 
12 40 Moderate Good (HOP-92 Non-Small Cell Lung 

Cancer cell line) & moderate (UO-31 
renal cancer cell line 

Moderate 

13 41 Moderate - Moderate 
14 48 Mild Mild (renal cancer) - 
15 54 Good - Good 
16 58 Moderate Exceptional (HL-60 leukemia cell line); 

Good K-562 leukemia cell line & (SR 
Leukemia cell line) 

Mild 

17 60 Moderate - Moderate 
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S.No Compound  
code 

QSAR/Docking 
 

NCI activity One Dose assay 
(60 cell lines) 

MTT assay 
(HeLa cell 
line) 

18 63 Mild - Moderate 
19 64 Mild Moderate UO-31 renal cancer cell line - 
20 67 Good - Good 
21 69 Good Very good CCRF-CEM leukemia cell line Good 
The parameters taken in QSAR/Docking, NCI anticancer screening (60 cell lines) and 96 well 
MTT assay (HeLa cell line) are namely mild, moderate, good, very good and exceptional. The 
QSAR/docking parameters were assigned based on predicted activity scores of QSAR, docking 
scores, H-bond interactions with MET 374 amino acid at the active site, Pi-Pi stacking with 
heme prosthetic group, H-bond interaction with other amino acids at the active site. Parameters 
for NCI anticancer activity on 60 cancer cell line and 96 well MTT assay against HeLa cell line 
were assigned based on growth inhibition percentage below 20, above 20, above 30, above 40. 
The lethal killing effect is considered as exceptional. The comparison chart shows the correlation 
of in-silico studies with the in-vitro studies of the compounds.  
7. ACHIEVEMENTS WITH RESPECT TO OBJECTIVES 
The mentioned objectives in the beginning, which were to find novelty, insilico studies, establish 
synthetic route, characterize and evaluate anticancer activity of the proposed 4-((5-amino-1,3,4-
thiadiazole-2yl) derivatives and its analogues were carried out. After going through methodology 
and results, it is clear that all the objectives were met satisfactorily. Further ADMET studies and 
preliminary in-vitro MTT assay on HeLa cell lines was also carried out for the synthesized new 
compounds.  
8. CONCLUSION 
 The QSAR and docking studies of thiadiazole based derivatives on aromatase enzyme (PDB: 

3S7S) have shown reversible interactions at the active site with good docking scores 
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comparable to Letrozole and Exemestane.  
 The Pi-Pi interaction of thiadiazole ring with heme prosthetic group of aromatase, H-bond 

interactions with amino acids at active site were identified. 
 The allosteric binding interactions at the active site like ALA 306, ASP 309 and other crucial 

amino acids were identified.  
 A new series of nitrogen-containing heterocyclic compounds viz. 5-(substituted)-1,3,4-

thiadiazol-2-amine,  1-(5-substituted-1,3,4-thiadiazol-2-yl)-3-phenylthioureas, 1-(5-
substituted)-1,3,4-thiadiazol-2-ylbenzo[d]thiazole-2-amine and 2,6-disubstituted imidazo[2,1-
b][1,3,4]thiadiazole derivatives, were synthesized.  

 The synthesized compounds were tested for one dose assay (10 μM) at the NCI over 60 cell 
line panel representing Leukemia, Non-Small Cell Lung, Colon, CNS, Melanoma, Ovarian, 
Renal, Prostate and Breast cancers. 

 With thorough in-silico, ADMET studies and NCI preliminary screening, the expected potent 
molecules were tested for in-vitro 96 well MTT assay on HeLa cell line. 

 Compounds 10, 12, 54, 58 and 69 showed potent anti cancer activity against HeLa cell line 
equivalent to letrozole. 

 Compounds 58 and 69 have showed selective anti-leukemic activity.  
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