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ABSTRACT: The Work Reports Facile Synthesis Of Novel Ten Α-Aminophosphonate Derivatives Coupled With 3-Formyl 

Chromone Moiety, Namely Diethyl ((4-Oxo-4H-Chromen-3-Yl)((5-Sustituted Phenyl-1,3,4-Thiadiazol-2-

Yl)Amino)Methyl)Phosphonate 6(A-J). The Derivatives 6(A-J) Were Synthesized Through One-Pot Three Component Kabachnik-

Fields Reaction, By Using Ultrasound In Presence Of Zirconium Oxychloride (Zrocl2)  As A Catalyst, To Give The Final 

Compounds In Better Yields And In Shorter Reaction Time. Thiadiazole And Its Derivatives Possess A Broad Range Of Biological 

And Pharmacological Properties. 5-Substituted Phenyl-1,3,4-Thiadiazol-2-Amine Is Widely Used As Starting Material For The 

Synthesis Of A Broad Range Of Heterocyclic Compounds And As Substrates For Drug Synthesis. Several 3-Formylchromone 

Derivatives Possess A Broad Range Of Biological And Pharmacological Properties. The Α-Amino Phosphonate Derivatives 

Constitute An Important Class Of Organophosphorus Compounds On Account Of Their Versatile Biological Activity. Considering 

The Importance Of The Three Pharmacophores, Promoted Us To Club All Pharmacophores In A Single Molecule Using Green 

Protocol. The Principles Of Green Chemistry Are Followed While Performing The Synthesis.  

 

Keywords: Kabachnik-Fields Reaction; Ultrasound, Thiadiazol; 3-Formyl Chromone; Α-Amino Phosphonate; Zirchonium 

Oxychloride. 

 

INTRODUCTION 

Canceris A Disease Which Involves The Abnormal Cell Growth. The Cancer Cells Have A Potential To Invade Or Spread To 

Other Parts Of The Body1. Topoisomerases (Topos) Are The Nuclear Enzymes That Resolve Topological Problems Which Are 

Associated With The DNA During Various Genetic Processes. The Essential Role Of Topoisomerases In Imperative Processes Of 

The Cell, Their Increased Level In The Solid Tumors And Death Of The Cell Due To Their Inhibition Makes Topoisomerases 

Inhibitors As An Important Class Of Anticancer Agents 2 

Topoisomerases Are Enzymes That Solve The Topological Problems Associated With The DNA. They Help By Converting 

The Super Coiled DNA To The Relaxed Form Which Allows Important Cellular Processes To Lead Further 2. The Topos Are Of 

Two Types Depending Upon Their Ability A) Topo I That Cleaves The Single Strand Of DNA At A Time; And B) Topo II That 

Simultaneously Breaks The Double Strand Of DNA 3, 4. Topo II Plays Major Role During The Process Of Cell Proliferation. Because 

Of The Importance Of Topo II Function In Cell Proliferation Process Most Of The Scientist Are Doing Research In The 

Development Of Effective Topo II Inhibitors. The Synthesis Phase (S Phase) Is Considered To Be The Most Vital Phase In The 

Cell Cycle Because At This Phase DNA Gets Duplicated. S Phase Lies In Between The G1 And G2 Phases Followed By Mitotic 

Phase (M Phase). At M Phase The Mother Cell Divides Into Two Daughter Cells 5. If The Synthesized Compound Is Able To 

Inhibit Topo II Function, It Results In Topological Problems Associated With The DNA And Interruption At Important Stages Of 

Cell Cycle Which Ultimately Leads To Cell Death 6. 

Chromone Is Considered A Vital Moiety In The Field Of Medicinal Chemistry. The Chromone Core Can Be A Versatile 

Foundation To Discover Novel Anticancer Drug With Topoisomerase Inhibiton Ability. A Synthetic Flavonoid MHY336 Have 

Ability To Arrests The Cell Cycle In G2/M Or S Phase Via Topo-II Dependent Mechanism 7. Dietary Flavonoid Fisetin, Has Been 

Found To Act As A Dual Inhibitor Of Topo-I And Topo-II In Cells 8. Psorospermin, A Natural Antitumor Antibiotic 9, It Has Been 

Shown That It Intercalates With DNA And Its Alkylating Potential Is Significantly Increased In The Presence Of Topo-II 10,11. 

Α-Aminophosphonates Are Among The Most Studied Bioactive Organo Phosphorus. The Α-Aminophosphonates Derivatives 

And Have Been Used As Enzyme Inhibitors 12, Inhibitors Of Serine Hydrolase 13, Peptide Mimics 14, Antiviral 15, Antibacterial 16, 

Antifungal 17, Anticancer 18, Anti-HIV 19, Antibiotics 20, Herbicidal 21 Etc.  

In Recent Years, Many Promising Multicomponent Reactions Have Come Up As A Novel Synthetic Platform In The Field 

Of Organic Chemistry. Among Many Multicomponent Reactions Reported So Far, We Were Particularly Interested In Exploring 

Kabachnik-Fields Reaction Because It Can Afford Α-Amino Phosphonates In Good Yield 22. The Kabachnik -Fields Reaction Is 

One Of The Well Known Multicomponent Reactions. The Kabachnik -Fields Reaction Corresponds To The Classical Method For 

The Synthesis Of Organophosphorus Compounds. It Was Discovered In 1952 Independently By Kabachnik And Medved 23 And 

Fields 24. The Reaction Occurs In A Three-Component System Consisting Of A Hydrophosphoryl Compound, A Carbonyl 

Compound (Aldehyde Or Ketone), And An Amine And Results In Α-Aminoalkylphosphonates Commonly Named As Α -Amino 

Phosphonates 25, 26. 

The Designing Protocol For The Target Compound Is As Shown In Figure 1.Ilmofosine And Edelfosine Contains Dialkoxy 

Phosphonate Group And Are Good Anticancer Agents. An Isoflavonoid Genistein, An Flavonoid MHY336, Dietary Flavonoid 
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Fisetin And Psorospermin Are Good Topoisomease Inhibitors Containing Chromone Nucleus. Thiadiazole Derivatives Are 

Reported To Be Good Anticancer Agents By Many Scientists 27,28,29,30. Therefore, We Thought Worthwhile To Synthesize New 

Hybrid Derivatives Based On Molecular Hybridization Strategy To Produce New Hybrid Compound With Improved Efficacy. The 

Target Compounds Contain Thiadizole Moiety Coupled With 3-Formyl Chromone Moiety And Α-Aminophosphonate Linkage 

With The Hope To Get Novel Hybrid Derivatives With Better Anticancer Activity And Minimized Toxicity. 

Ten New Diethyl (4-Oxo-4H-Chromen-3-Yl)(5-Substituted Phenyl-1,3,4-Thiadiazol-2-Ylamino) Methyl Phosphonate 

Derivative 6(A-J) Were Synthesized In Facile, Eco-Friendly Condition By One Pot Kabachnik–Fields Reaction Using Ultrasonic 

Processor At Room Temperature. All The Synthesized Compounds 6(A-J) Were Screened For Their In-Vitro Anticancer Activity 

Against Two Human Cancer Cell Lines Such As DU 145 (Human Prostate Cancer Cell Line) And MCF-7 (Human Breast Cancer 

Cell Line) And Also On Non-Tumor Cell Lines Such As MCF-10 (Normal Breast Epithelial Cell) By MTT Assay Method 31. 

 
Figure 1.The Designing Protocol For The Target Compound 6(A-J). 

MATERIAL AND METHOD 

General  

All The Chemicals Used For The Synthesis Were Of Merck, Sigma, Research Lab, Qualigens Make And Hi Media.       

Chemistry 

Diethyl (4-Oxo-4H-Chromen-3-Yl)(5-Substituted Phenyl-1,3,4-Thiadiazol-2-Ylamino)Methyl Phosphonate Derivatives 6(A-

J) Were Synthesized As Outlined In Scheme 1. 5-Substituted Phenyl-1,3,4,-Thiadiazol-2-Amine 3(A-J) Were Synthesized by 

reacting Substituted Benzoic Acid 1(A-J) with Thiosemicarbazide (2) In The Presence Of Few Drops Of Sulphuric Acid (H2SO4) 

Catalyst By The Conventional Method In Ethanol And Were Also Synthesized By Ultrasonicaton Method With Few Drops Of 

H2SO4. Α-Amino Phosphonate Derivatives 6(A-J) Were Synthesized by Kabachnic-Fields Synthesis Method By Reacting5-

Substituted Phenyl-1,3,4,-Thiadiazol-2-Amine 3(A-J), 3-Formyl Chromone (4) And Triethylphosphite (5) Via One Pot Synthetic 

Step In Presence Of Zirconium Oxychloride (Zrocl2) As A Catalyst. 
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Scheme 1. Scheme Of Synthesis Of Diethyl (4-Oxo-4H-Chromen-3-Yl)(5-Substituted Phenyl-1,3,4-Thiadiazol-2-

Ylamino)Methyl Phosphonate Derivatives6(A-J). 

Synthesis 

Synthesis Of 5-Phenyl-1, 3, 4-Thiadiazol-2-Amine 3(A-J) 

A) Conventional Method 40 

An Ethanolic Solution Of Substituted Benzoic Acid (0.05 Mol) 1(A-J) Was Added To Thiosemicarbazide (0.05 Mol) (2) With 

Constant Sterring; Few Drop Of Sulphuric Acid Was Added And Refluxed For 140-160 Min.  At 80-90 0C, After Completion Of 

The Reaction (TLC), The Reaction Mixture Was Cooled And Poured To Ice-Cold Water, Filtered, Dried And Recrystallized From 

Ethanol. 

B) Ultrasonication Method 

To The Equimolar Quantity Of Substituted Benzoic Acid (0.05 Mol) 1(A-J), Thiosemicarbazide(2) (0.05 Mol) In 5-7 Ml Of 

Ethanol, Catalytic Amount Of Sulphuric Acid Was Added And Beaker Containing Reaction Mixture Was Kept Inside An Acoustic 

Chamber And Solid Probe Of Ultrasonicator Inserted In A Beaker And Reaction Was Carried Out At 25 0C And 60 % Amplitude 

With 9 Sec Pulse On And 12 Sec Pulse Off Time For Specific Time Period Such As 30-40 Min. The Completion Of The Reaction 

Was Checked By TLC. After Completion Of The Reaction, The Reaction Mixture Was Poured Into The Ice Cold Water, Filtered, 

Dried And Recrystallized From Ethanol. 

General Procedure For Synthesis Of Diethyl ((4-Oxo-4H-Chromen-3-Yl)((5-Sustituted Phenyl-1,3,4-Thiadiazol-2-

Yl)Amino)Methyl) Phosphonate Derivatives 6(A-J) 

A) Conventional Method 40 

A Mixture Of Substituted Thiadiazole Derivatives 3(A–J) (0.05 Mol), 3-Formyl Chromone (4) (0.05 Mol), 

Triethylphosphite(5) (0.05 Mol) And The Catalytic Amount Of Zirconium Oxychloride In Absolute Ethanol Was Added And 

Refluxed For A Specified Time As Shown In Table 2. After Completion Of The Reaction, The Reaction Mixture Was Cooled And 

Poured To Ice-Cold Water, Filtered, Dried And Recrystallized From Ethanol. 

B) Ultrasonication Method 

A Mixture Of Substituted Thiadiazole Derivatives 3(A–J) (0.05mol), 3-Formyl Chromone (4) (0.05 Mol), Triethyl 

Phosphite(5) (0.05 Mol) And The Catalytic Amount Of Zirconium Oxychloride In Absolute Ethanol Was Taken. Then The Reaction 

Mixture Was Kept Inside An Ultrasonicator Acoustic Chamber At 25 0C At 60 %Amplitude For A Specified Time As Shown In 

Table 2. The Progress Of The Reaction Was Monitored By TLC. After Completion Of The Reaction, The Reaction Mixture Was 

Poured Into The Ice-Cold Water And Filtered Under Suction; The Precipitate Thus Obtained Was Washed With Water And 

Recrystallized From Ethanol. 

Our Work Represents The One Pot Kabachnik-Fields Synthesis Of Diethyl ((4-Oxo-4H-Chromen-3-Yl)((5-Sustituted Phenyl-

1,3,4-Thiadiazol-2-Yl)Amino)Methyl) Phosphonate Derivatives From 5-Substituted Phenyl-1,3,4,-Thiadiazol-2-Amine3(A-J), 3-

Formyl Chromone (4) And Triethyl Phosphite(5) By Using Ultrasonic Processor And Zrocl2as A Catalyst At Room Temperature 

With Yield From 84-95 %. 

BIOLOGICAL EVALUATION 

In Vitro Anticancer Screening 
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All The Synthesized Compounds 6(A-J) Were Evaluated For Their In Vitro Anticancer Activity Against Two Human Cancer 

Cell Lines DU 145 And MCF-7 By MTT Assay. The Human Breast Cancer Cell Line (MCF-7) And Human Prostate Cancer Cell 

Line (DU-145) Were Grown In DMEM Medium Containing 10 % Foetal Bovine Serum And 0.7 % Antibiotics. Cells Were Seeded 

Into 96 Well Microtiter Plates In 100 µl Of Media At Plating Density Of 5000 Cells/Well. Seeded Cells Were Incubated At 37 ⁰C, 

5 % CO2, 95 % Air And 100 % Humidity For 24 H. At 24 H, Old Media Was Changed With Fresh Media Followed By Treatment 

With Each Compound At 10 µm, 1 µm, And 0.1 µm. After 24 H Treatment, Cell Viability Was Assessed By 3-(4,5-

Dimethylthiazol)-2,5- Diphenyltetrazolium Bromide (MTT), Cell Were Incubated With 20 µl Of MTT (5mg/Ml) In PBS For 4 H 

At 37 ⁰C. The Medium Was Removed And Form Azan Crystal Was Dissolved In DMSO. MTT Reduction Was Quantified By 

Measurement Of Absorbance At 570 Nm Using A Multimode Reader, Synergy Mx Of Biotek 41. 

Flow Cytometric Analysis Of The Cell Cycle 

Cell Cycle Progression Was Evaluated Using A Flow Cytometer, BD LSR Fortessa With Software FACS Diva Version 6.2. 

In Brief, DU 145, Human Prostate Cancer Cells Were Incubated For 24 H With Given Compound 6h, Each At Two Concentrations 

Closer To IC50 Values, Obtained During The Cell Viability Assay. After 24 H Of Treatment, Cells Were Harvested, Washed With 

PBS And Fixed In Ice Cold 70 % Ethanol For Overnight In 4 ⁰C. Next Day, All Samples Were Centrifuged At 3000 RPM For 4 

Minutes And Stained With Propidium Iodide (PI) (5mg/Ml) Followed By Addition Of Rnase And Analyzed 41,42. 

Apoptosis Induction 

Apoptosis Was Determined By Staining The Cells With Annexin Vfluorescein Isothiocyanate (FITC) And Counterstaining 

With PI Using The Annexin V-FITC/PI Apoptosis Detection Kit (BD Biosciences, San Diego, CA) According To The 

Manufacturer’s Instructions. Briefly, 4x106 Cell/T 75 Flasks Were Exposed To Compound 6h At Its IC50 Concentration For 24 And 

48 H. The Cells Then Were Collected By Trypsinization And 0.5x106 Cells Were Washed Twice With Phosphate-Buffered Saline 

(PBS) And Stained With 5 µl Annexin V-FITC And 5 µl PI In 1x Binding Buffer For 15 Minutes At Room Temperature In The 

Dark. Analyses Were Performed Using FACS Calibur Flow Cytometer (BD Biosciences, San Jose, CA) 43,44. 

Measurement Of Topoisomerase II Inhibitory Activity 

The Most Active Anticancer Agents From The Synthesized Series Were Further Evaluated For Prediction Of Their Mode Of 

Action Using Topo II Drug Screening Kit (Topogen, Inc., Columbus) According To Procedure Reported By Patra Et Al. Adriamycin 

Was Used As Standard In This Evaluation.  

The Reaction Was Started Upon Incubation Of A Mixture Consisted Of, Human Topo II (2 Μl), Substrate Super Coiled Phot1 

DNA (0.25 Μg), 50 Μg/Ml Test Compound (2 Μl), And Assay Buffer (4 Μl) In 37 °C For 30 Min. In Order To Terminate The 

Reaction, 10% Sodium Dodecylsulphate (2 Μl) And Proteinase K (50 Μg/Ml) Were Added At 37ºc For 15 Min. Followed By 

Incubation For 15 Min At 37 °C. Then, The DNA Was Run On 1% Agarose Gel In Biorad Gel Electrophoresis System For 1-2 H 

Followed By Staining With Gelredtm Stain For 2 H And Destained For 15 Min With TAE Buffer. The Gel Was Imaged Via 

Biorad’s Gel Doctmez System. Both Supercoiled And Linear Strands DNA Were Incorporated In The Gel As Markers For DNA-

Topo II Intercalators. The Results Were Reported As IC50 (50% Inhibition Concentration) Values 45,46.  

Docking Study 

The Molecular Docking Study Was Initiated With The Sketching Of 2D Form Of The Structure Of All Synthesized 

Compounds Using Maestro Build Panel And Optimized To Lower Energy Conformers Using Lig Prep V3.5.9 (Schrodinger, LLC). 

2D Form Of The Compounds Then Subjected Form Ligand Library Preparation Module By Keeping, Preparation Protocol As 

Surface For Searching Where It Generates  Single Lowest Strain Energy Tautomer/Stereoisomer And All Necessary Structural 

Properties Were Added And Final 3D Prepared Conformation Of Each Compounds Are Stored In Mol2 File Format. To Perform 

Molecular Docking Three Dimensional X-Ray Crystal Structure Of Topoisomerase II Α (PDB ID: 3QX3) Complex With 

Genisteinwas Used. Molecular Docking Study Of Synthesized Series Of Compounds 6(A-J) Was Subjected For Understanding Of 

Binding Interactions With Human Topoisomerase II Α Enzyme (PDB ID: 3qx3) Was Performed Maestro 9.1 Using Glide V6.8 

(Schrodinger) Package Following Standard Procedure.Many Topoisomerase II Α Inhibitors Have Been Produced And Tested In 

Clinic By Now. The Crystal Structures Of Topoisomerase II Α Were Picked Up From The Protein Data Bank (PDB) 

(Http://Www.Rcsb.Org/Pdb/Explore/Explore.Dostructureid=3QX3) (PDB Code: 3qx3). All The Synthesized Compounds 6(A-J) 

Showed Very Good Binding Interactions In The Active Site Of Selected Receptor.  The Most Active Compounds In The Study 

Which Have Shown Very High Docking Scores Value Against Selected Receptors And Had A Good Binding Affinity Predicated 

By Non-Covalent Interactions Such As Hydrogen Bond Interaction, VDW Interaction, Carbon, Hydrogen Bond Interaction, Pi-

Anion Interaction, Pi-Pi Shaped Interaction, Alkyl Interaction, Pi-Sigma And Pi-Alkyl Interactions. To Represent The Details Of 

Docking Score Following Terms Is Used As Total Score: As Total Docking Score Is Shown In Table 5. 

In-Silico Bioavailability Predictions 

By Using A Molinspirationthe Bioavailability Properties Were Predicted And It Was Observed That The Synthesized 

Compounds 6(A-J) Posses Good % Absorption (41.65 % To 73.27 %) As Shown In Table 6. Absorption (% ABS) Was Calculated 

By: % ABS = 109 - (0.345 X TPSA) 47.In The Present Study, Calculation Of Molecular Volume (MV), Molecular Weight (MW), 

Logarithm Of Partition Coefficient (Milog P), Number Of Hydrogen Bond Acceptors (N-ON), Number Of Hydrogen Bonds Donors 

(N-OHNH), Topological Polar Surface Area (TPSA), Number Of Rotatable Bonds (N-ROTB), Number Of Rigid Bonds (Rig Bond), 

Rings, And Lipinski’s Rule Of Five 48. All The Synthesized Compounds 6(A-J) Were Found To Be Nontoxic, as Predicted By 

Using Mol-Inspiration. 

RESULT AND DISCUSSION  

All The Synthesized Compounds Were Characterized And Confirmed By Spectral Analysis Like; FTIR, 1H NMR, 13C NMR, 
31P NMR, MS And Elemental Analysis. Open Capillary Tubes Method Was Used To Determine The Melting Points Of The 

Synthesized Compounds And Is Uncorrected. Details Of Synthesis Of 5- Substituted Phenyl-1,3,4-Thiadiazol-2-Amine Derivatives 

3(A-J) By Conventional And Ultrasound Method Is As Shown In Table 1. Physical Constants Data And Time Required For 
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Completion Of Reaction For Diethyl (4-Oxo-4H-Chromen-3-Yl)(5-Substituted Phenyl-1,3,4-Thiadiazol-2-Ylamino) Methyl 

Phosphonate Derivatives 6(A-J) Using Conventional Method And Ultrasound Methodis As Shown In Table 2.  

Table 1. Details Of Synthesis Of 5- Substituted Phenyl-1,3,4-Thiadiazol-2-Amine Derivatives 3(A-J) By Conventional 

Method And Ultrasound Method. 

Entry Ar 

Time 

Required For 

Conventional 

Method   

(Minutes) 

% 

Yield 

 

Time 

Required 

For 

Ultrasound 

Method 

(Minutes) 

% 

Yield 

 

3a Phenyl 150 86 30 90 

3b 4-Chloro Phenyl 140 87 35 91 

3c 
4-Hydroxy 

Phenyl 
140 90 35 93 

3d 4-Methyl Phenyl 160 93 40 95 

3e 
2-Hydroxy 

Phenyl 
160 91 30 95 

3f 4-Nitrophenyl 140 89 30 95 

3g 4-Bromo Phenyl 145 86 35 90 

3h 5-Styryl 150 91 30 95 

3i 2-Phenyl Acetate 150 89 30 95 

3j 
3,4-Dinitro 

Phenyl 
140 87 30 90 

Table 2. Physical Constants Data For Diethyl (4-Oxo-4H-Chromen-3-Yl)(5-Substituted Phenyl-1,3,4-Thiadiazol-2-

Ylamino)Methyl Phosphonate Derivatives 6(A-J). 

Biological Evaluation 

Cell Viability Assay 

The In Vitro Anticancer Activity For The Novel Series Of Diethyl (4-Oxo-4H-Chromen-3-Yl)(5-Substituted Phenyl-1,3,4-

Thiadiazol-2-Ylamino)Methyl Phosphonate Derivatives 6(A-J) Were Evaluated By MTT Assay Against Two Human Cancer Cell 

Lines Such As DU-145 And MCF-7. They Were Also Evaluated Against Non-Tumor Cell Lines Such As MCF-10 (Normal Breast 

Epithelial Cell). The results obtained are As Shown In Table 3. 

Table 3. In Vitro Anticancer Activity Of The Synthesized Compounds 6(A-J). 

Entry Cancer Cell Lines 

DU-145 Cell Line MCF-7 Cell Line 

% 

Cancer 

Cell 

Viability 

At 10µm 

% 

Cancer 

Cell 

Death 

At 

10µm 

Std. 

Dev. 

IC50 

(µm) 

% 

Cancer 

Cell 

Viability 

At 10µm 

% 

Cancer 

Cell 

Death 

At 

10µm 

Std. 

Dev. 

IC50 

(µm) 

Control 100 0 ±0.03  100 0 ±0.16  

Code Ar Molecular 

Formula 

Mol 

Weight 

(Gm) 

Time Required 

Conventional 

Method 

(Min) 

% 

Yield 

Time Required 

Ultrasound 

Method 

(Min) 

% 

Yield 

Melting 

Point(°C) 

6a Phenyl C22H22N3O5PS 471.47 130 60 80 90 195-196 

6b 4-Chloro 

Phenyl 

C22h21cln3o5ps 505.91 135 66 70 92 150-152 

6c 4-Hydroxy 

Phenyl 

C22H22N3O6PS 487.47 135 68 75 95 176-178 

6d 4-Methyl 

Phenyl 

C23H24N3O5PS 485.49 140 60 85 90 180-182 

6e 2-Hydroxy 

Phenyl 

C22H22N3O6PS 487.47 150 62 90 90 188-190 

6f 4-Nitrophenyl C22H21N4O7PS 516.46 130 58 80 88 140-142 

6g 4-Bromo 

Phenyl 

C22h21brn3o5 550.36 140 64 75 94 112-114 

6h 5-Styryl C24H24N3O5PS 497.50 130 62 80 92 160-162 

6i 2-Phenyl 

Acetate 

C24H24N3O7PS 529.50 135 56 80 87 178-180 

6j 3,4-Dinitro 

Phenyl 

C22H20N5O9PS 561.46 130 50 80 84 176-178 
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6a 95.26 4.75 ±0.04  66.32 33.68 ±0.06  

6b 94.14 5.86 ±0.08  81.81 18.19 ±0.03  

6c 92.22 7.78 ±0.07  37.66 62.34 ±0.08 4.99 

6d 81.03 18.97 ±0.06  60.77 39.23 ±0.02  

6e 34.0 65.92 ±0.06 3.11 32.08 67.92 ±0.01 2.97 

6f 85.88 14.12 ±0.02  39.17 60.83 ±0.02 5.84 

6g 83.27 16.73 ±0.05  79.39 20.61 ±0.06  

6h 44.83 55.17 ±0.08 8.03 67.06 32.94 ±0.006  

6i 93.97 6.03 ±0.07  54.98 45.02 ±0.10  

6j 88.51 11.49 ±0.14  45.59 54.41 ±0.24 6.99 

IC50: Growth Inhibition Of 50 %; Std Dev.: Standard Deviation; DU-145: Prostate Cancer Cell Lines; MCF-7: Breast Cancer Cell 

Lines; Control: DMSO. 

 
2(A) 

 
2(B) 

Figure 2.2(A) Represents % Inhibition Of DU-145 Cancer Cell Lines By The Synthesized Compounds 6(A-J), 2(B) Represents % 

Inhibition Of MCF-7 Cancer Cell Lines By The Synthesized Compounds 6(A-J). 
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3 

Figure 3. The IC50 Value Calculation Graph Of The Most Potent Synthesized Compound 6e. 

Figure 2 Represents % Inhibition Cancer Cell Lines By The Synthesized Compounds 6(A-J). Figure 2arepresents % Inhibition 

Of DU-145 Cancer Cell Lines By The Synthesized Compounds 6(A-J) Andfigure2(B) Represents % Inhibition Of MCF-7 Cancer 

Cell Lines By The Synthesized Compounds 6(A-J). Figure 3 Represents IC50 Value Calculation Graph Of The Most Potent 

Synthesized Compound 6e. 

From The In Vitro Anticancer Screening The Compound 6e (Which Bears Ortho Hydroxy Group On The Phenyl Ring) Was 

Found To Be The Most Potent Anticancer Compound Among The Synthesized Compounds Against MCF-7 And DU-145 Cancer 

Cell Lines With IC50 Value Of 2.97 µm And 3.11 µm Respectively. The Compound 6f Was Found To Be The Second Most Potent 

Anticancer Compound Among The Synthesized Compounds Against MCF-7 Cancer Cell Lines With IC50 Value Of 5.84 µm With 

60.83 % Of Cancer Cells Death. The Compound 6h (Which Bears Acetate Group On The Phenyl Ring) Was Found To Be The 

Second Most Potent Anticancer Compound Among The Synthesized Compounds Against DU-145 Cancer Cell Lines With IC50 

Value 8.03 µm With 55.17 % Of Cancer Cells Death. 

Cell Morphology Was Observed At The IC50 Concentration Of Synthesized Compound 6e And Photographs Were Taken Under 

The Eclipse Ti-S Inverted Research Microscope-Nikon And The Images Were Processed Using NIS-Elements Software. The Figure 

4 Represents The Changes Shown By The Synthesized Compound 6e At Its IC50 Concentration And Control I.E. DMSO Solvent 

On DU-145 Cancer Cell Line. It Can Be Clinched From Figure 4 That At The IC50 Concentration Of The Most Active Compound 

6e There Were A Distinctive Changes Observed Such As Cells Detachment, Cell Membrane Deformation, Cell Shrinkage And 

Reduced Number Of Viable Cells In DU-145 Cancer Cell Lines In Comparison To Control Cells. Similarly In The Figure 5 

Represents The Changes Shown By The Synthesized Compound 6e At Its IC50 Concentration And Control I.E. DMSO Solvent On 

MCF-7 Cancer Cell Line. It Can Be Concluded From Figure 5 That At The IC50 Concentration Of The Most Active Compound 6e 

There Were A Distinctive Changes Observed Such As Cells Detachment, Cell Membrane Deformation, Cell Shrinkage And 

Reduced Number Of Viable Cells In MCF-7 Cancer Cell Lines In Comparison To Control Cells. 

  
6e               Control 

Figure 4. Images For In-Vitro Anticancer Activity Of Compound 6e And Control Against DU 145 Cancer Cell Line At 

100x Mgnification 
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6e                                   Control 

Figure 5. Images For In-Vitro Anticancer Activity Of Compound 6e And Control Against MCF-7 Cancer Cell Line At 

100x Magnification 

Flow Cytometric Analysis Of The Cell Cycle 

In Order To Understand The Mode Of Action Of Most Active Compound, We Had Examined Its Effects On Cell Cycle 

Progression By Flow Cytometry Analysis On, Human Prostate Cancer Cells (DU-145). In This Study DU-145 Cells Were Treated 

With The Active Synthesized Compound 6h At Two Concentrations Closer To IC50 Values, Obtained During The Cell Viability 

Assay. The Data Obtained Clearly Signposts That The Active Synthesized Compound 6h Have An Ability To Alter The Cell Cycle 

Progression Enormously. The Percentage Distribution Of Cells In Various Phases Of The Cell Cycle Is Exemplified In The Figure 

6. The Figure 6 Revealed That The Exposure Of DU-145 Cells To Compound 6h At The IC50 Concentration For 24 Hrs Induced A 

Significant Disruption In The Cell Cycle Profile Including Time Dependent Decrease In Cell Population At G1 Phase With 

Concomitant Increase At Sub G0/G1phase And G2/M Phase. This Might Indicate An Ability Of The Compound 6h To Reduce The 

Cellular Proliferation And To Induce Cell Cycle Arrest At G2/M Phase And Induce DNA Fragmentation, The Hallmark Of Cell 

Death, Preventing The Cells From Proceeding Towards Replication And Proliferation.  

If There Is An Increase In The Cell Percentage At The Sub G0/G1 During Analysis It Means That The Apoptosis Took Place. 

As Revealed In Figure 6, The Compound 6h Has Shown Dose Dependent Arrest Of The Cell Cycle At G2/M Phase, Along With 

The Decrease Of Cells At G0/G1 Phage. It Can Be Perceived; From Figure 6 That There Was An Increase In Sub G0/G1 Population, 

Compared To Control. This Indicates Apoptotic Death In The DU 145 Cancer Cells When Treated With The Synthesized 

Compound 6h. The Increase Of Cells In Sub G0/G1 Fraction Indicates That The DNA Fragmentation And Apoptosis Occurs In 

Cancer Cells Due To The Synthesized Compound 6h 32,33. 
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Figure 6. Flow Cytometry Cell Cycle Analysis Of Control And Of Compounds 6h Treated On DU-145 Cancer Cells. 

Apoptosis 

Apoptosis, Autophagy And Necrosis Are The Major Types Of Cell Death. Apoptosis, Or Programmed Cell Death, Is A Normal 

Physiologic Process For Removal Of Unwanted Cells. One Of The Earlier Events Of Apoptosis Includes Translocation Of 

Membrane Phosphatidylserine (PS) From The Inner Side Of The Plasma Membrane To The Surface. Annexin V, A Ca2+ Dependent 

Phospholipid-Binding Protein, Has High Affinity For PS. This Assay Detects PS Expressed On The Surface Of The Apoptotic Cells 

And Fluoresce Green After Interacting With The Labeled Annexin V. During Early Apoptosis, Membrane Asymmetry Is Lost, And 

PS Translocates From The Cytoplasmic Side Of The Membrane To The External Leaflet. Propidium Iodide (PI), The Counter Stain 

Used In This Assay, Has The Ability To Cross Only Compromised Membranes To Intercalate Into The DNA. Therefore, PI Is Used 

To Detect The Late Stages Of Apoptosis And Necrosis By The Presence Of Red Fluorescence. 

The Ability Of The Synthesized Compound 6h To Induce Apoptosis Was Determined Using An Annexin V (Conjugated To 

FITC) Apoptosis Detection Kit. From Figure 7 It Is Clear That The Compound 6h Have Induced Early Apoptosis And Late 

Apoptosis Of 16.7% And 4.1% Respectively In Comparison With Control With Early Apoptosis Of 3.2% And Late Apoptosis Of 

1.1%. 

 
Figure 7. Apoptosis Study By Annexin V/FITC Assay Of Compound 6h. 

Effect Of Compound 6h On DU 145 Cells Treated For 24 H. (A)-Control (With 0.1% DMSO), (B)-Treated With Compound 

6h (8.03 µm). Lower Left Represents Live Cells (Annexin V-/PI-), Lower Right Represents Early Apoptotic Cells (Annexin V+/PI-

), Upper Right Represent Late Apoptotic Cells (Annexin V+/PI+) And Upper Left Represent Necrotic Cells (Annexin V-/PI+). 

Measurement Of Topoisomerase II Activity 

The Most Active Anticancer Compounds According To The In Vitro Anticancer Evaluation Data Are Compounds 6c, 6e, 6f, 

6h And 6j. These Compounds Were Further Evaluated To Predict Their Ability To Inhibit Topoisomerase II Enzyme. The Catalytic 

Activity Of Topo II Was Evaluated According To The Procedure Reported By The Scientist Patra Et Al [34]. Adriamycin Was 

Used As Standard In This Evaluation. Adriamycin Inhibits The Progression Of Topoisomerase II, An Enzyme Which Relaxes 

Supercoils In DNA For Transcription. The Data Of The Measurement Of Topoisomerase II Activity Is As Presented In Table 4. 

The Synthesized Compounds 6c, 6e, 6f, 6h And 6j Have An Ability To Inhibit Thetopoisomerase II Enzyme. The Compound 

6e Was Found To Be The Most Potent Topoisomerase II Enzyme Inhibitor. The Compound 6c Was Found To Be The Second Most 

Potent Topoisomerase II Enzyme Inhibitor. 

Table 4. The IC50 Values Of The Novel Synthesized Compounds Against Topo II Enzyme. 

Compound IC50 µm A 

6a ND 

6b ND 

6c 8.18±0.21 
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6d ND 

6e 5.98±0.14 

6f 15.46±0.05 

6g ND 

6h 16.21±0.09 

6i ND 

6j 14.08±0.15 

Adriamycin 0.94±0.05 
Athree Independent Experiments Were Performed For Each Concentration; ND: Not Determined. 

Docking Study 

In Order To Explore Binding Affinity, Binding Mode And Molecular Interactions Of The Synthesized Compounds 6(A-J), 

Molecular Docking Study Was Carried Out On Topoisomerase II. Human Topoisomerase II Enzyme Is Indispensable For Numerous 

Processes In The Cell. Inhibition Of Human Topoisomerase II Has Been Shown To Be A Promising Therapeutic Strategy. 

Molecular Docking Study Was Carried Out Using Topoisomerase II Α Enzyme Of Human (PDB ID: 3QX3). Molecular Docking 

Was Performed Using Maestro 9.1 Using Glide V6.8 Module Of Schrodinger Package Following Standard Procedure. The Crystal 

Structures Of Human Topoisomerase II Α In Complex With Genistein Were Picked Up From The Protein Data Bank(PDB Code: 

3QX3) 35,36. 

Depending Upon The Binding Affinity, Total Score -Log(Ki), Molecular Interaction Values The Novel Derivatives Such As 

6c, 6e, 6i And 6f  Have Shown Docking Score In Between 7.708 And 7.724 Are Found Among The Most Active One. The 

Compounds 6b, 6d, 6h, 6h And 6j Are The Moderately Active With Docking Score 6.913 To 6.193. The Compound 6e Is The 

Most Active Amongst The Entire Synthesized Compounds With Docking Score Of 7.724 As Given In Table 5. 

Table 5. Molecular Docking Study Data Of The Synthesized Compounds 6(A-J) In The Top II Α Enzyme Of Human (PDB ID: 

3QX3). 

Compound ID Total Score -Log(Ki) 

6a 
7.524 

6b 
6.193 

6c 
7.253 

6d 
6.913 

6e 
6.015 

6f 
7.708 

6g 
6.913 

6h 
6.542 

6i 
7.374 

6j 
6.529 

Total Score: Total Docking Score. 

The Most Active Derivative 6f (7.708) Have Shown Efficient Binding Mode And Penetrating Active Site Cavity In The 

Topoisomerase II Α (3QX3) By Forming The Hydrogen Bond Interactions With Active Site Residues Such As LYS505, GLY504, 

THR1012, MET782, LEU918, TYR923 And LEU1011 Etc As Shown In Figure 8. The Most Active Derivative 6f Interacts With 

Active Site Residue ARG503 Forming The Hydrogen Bond With Phenyl Ring Hydrogen Atom. Hydrophobic Amino Acids 

LEU1011 And MET782 Interact With Aryl Ring Pi- Electrons And Alkyl Groups To Form Pi-Alkyl And Pi-Sigma Interactions. 
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Figure 8. Binding Pose And Molecular Interactions Of 6f Into The Active Site Of Top II Α 

In Silico ADMET Predictions 

Early Prediction Of The Drug Like Properties Of Lead Compounds Is An Important Task As It Decides The Time And Cost 

Of The Drug Discovery And Development. Many Of The Active Agents Have Shown Significant Biological Activity Fail In 

Clinical Trials Because Of Inadequate Drug Like Properties. The Drug Like Properties Has Been Predicted By Analyzing 

Absorption And Distribution Characteristics. We Have Calculated And Analyzed Various Physical Descriptors And Pharmaceutical 

Relevant Properties For ADMET Prediction By Using Mol-Inspiration 37,38 the Data Is Summarized In Table 6.All The Compounds 

Showed Significant Values For The Various Parameters Analyzed And Showed Good Drug-Like Characteristics Based On 

Lipinski’s Rule Of Five And Its Variants That Characterized That These Agents Are Likely To Be Orally Active 39. The Data 

Obtained For All The Synthesized Novel Derivatives 6(A-J) Is Within The Range Of Accepted Values. None Of The Synthesized 

Compounds Had Violated The Lipinski’s Rule Of Five. The Value Of Polar Surface Area (PSA) And Log P Value Of The 

Synthesized Compounds 6(A-J) Indicate Good Oral Bioavailability. The Parameters, Like Number Of Rotatable Bonds And 

Number Of Rigid Bonds Are Linked With The Intestinal Absorption. All The Synthesized Compounds 6(A-J) Have Shown Good 

Intestinal Absorption. All The Synthesized Compounds 6(A-J) Were Found To Be Nontoxic. In SiliCo Assessment Of All The 

Synthetic Compounds Has Shown That They Have Very Good Pharmacokinetic Properties Which Is Reflected In Their 

Physicochemical Values And Which Is Ultimately Contributing For Pharmacological Properties Of These Molecules. 

By Using A Mol-Inspiration It Was Predicted That The Compounds Exhibited A Good % Absorption (ABS) Ranging From 

41.65 % To 73.27 % As Shown In Table 6. 

Table 6. Pharmacokinetic Parameters Of The Synthesized Compounds 6(A-J) For Good Oral Bioavailability. 

Entry 
% 

ABS 

TPSA 

(A2) 

N- 

ROTB 
MV MW 

Milog 

P 

N- 

ON 

N- 

OHNH 

Lipinski 

Violation 

Rule 

 

6a 

- 

 

73.27 

- 

 

103.56 

- 

 

9 

- 

 

396.07 

<500 

 

471.47 

<5 

 

3.85 

<10 

 

8 

<5 

 

1 

<1 

 

0 

6b 
73.27 103.56 9 409.61 505.91 4.53 8 1 1 

6c 66.29 123.79 9 404.09 487.47 3.38 9 2 0 

6d 
73.27 103.56 9 412.64 485.49 4.30 8 1 0 

6e 66.29 123.79 9 404.09 487.47 3.59 9 2 0 

6f 
57.46 149.38 10 419.41 516.46 3.81 11 1 2 

6g 73.27 103.56 9 413.96 550.36 4.66 8 1 1 

6h 
73.27 103.56 10 423.49 497.50 4.05 8 1 0 

6i 64.19 129.87 11 440.60 529.50 3.36 10 1 1 

6j 
41.65 195.21 11 442.74 561.46 3.70 14 1 2 

% ABS- Percentage Of Absorption; TPSA- Topological Polar Surface Area; N-ROTB- Number Of Rotatable Bonds; MV- 

Molecular Volume; MW- Molecular Weight; Milogp-Logarithm Of Partition Coefficient; N-ON- Number Of Hydrogen Bond 

Acceptors; N-OHNH- Number Of Hydrogen Bonds Donors. 

Spectral Analysis 
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The FTIR Spectra Were Obtained Using JASCO FTIR-4000 And Peaks Were Expressed In Terms Of Wave Number (Cm-1). 

The 1H NMR And 13C NMR Spectra Of The Synthesized Compounds 6(A-J) Were Recorded On Bruker Avance II 400 NMR 

Spectrometer At 400 Mhz Frequency In DMSO And Using TMS As Internal Standard (Chemical Shift Δ In Ppm). The Mass Spectra 

Were Scanned On Water’s Micromass Q-T Of System. The 31P NMR Of Compounds Was Recorded At Δ 250 To Δ 250 In DMSO 

And Using Phosphoric Acid (H3PO4) As External Standard (Chemical Shift Δ In Ppm). Ultrasound Synthesizer Vibra Cell VCX-

500 (Sonics, Newtown, CT, USA) With Solid Probe Was Used For Synthesis Of Intermediates and final derivatives 6(A-J). The 

MTT Assay For Anti-Cancer Activity Evaluation Of The Synthesized Compounds 6(A-J) Was Performed At Department Of 

Animal Biology, University Of Hyderabad, Hyderabad 500046, India 

Diethyl (4-Oxo-4H-Chromen-3-Yl)(5-Phenyl-1,3,4-Thiadiazol-2-Ylamino)Methylphosphonate 6a 

M. P.: 195-197 °C ; IR (Kbrvmax In Cm-1): 3363.25 (N-H Stretching), 3016.12 (C-H Stretching Of Aromatic), 2773.14 (C-H 

Stretching Of Alkyl), 2271.73 (C=N Stretching), 1725.02 (C-O Stretching), 1665.10 (C=O Stretching), 1527.35 (C-N Stretching), 

1041.37 (O- Stretching), 663.39(C-S Stretching); 1HNMR (400 Mhz, DMSO, Δh Ppm): 1.29 (T, 6H, 2×OCH2CH3), 4.70 (Q, 4H, 

2×OCH2CH3), 5.05 (D, 1H, -CH), 7.41-8.08 (M, 10H, Aromatic), 8.61 (S, 1H, -NH); 13CNMR: (DMSO) Δppm: 16.3(CH3), 

16.3(CH3), 62.3(CH2), 62.3(CH2), 61.09CH), 128.7(CH), 123.4(CH), 129.2(CH), 135.2(CH), 125.8(CH), 130.9(CH), 116.9(CH), 

123.9(C), 133.5(C), 183.0(C), 150.6(C), 157.2(C), 174.1(C), 164.2(C); 31PNMR (200 Mhz, DMSO) Δ: 19.90; Molecular Weight: 

Calculated: 471.47. Found: 472.47 (M+1); Molecular Formula: C22H22N3O5PS; Elemental Analysis: (C, H, N): 56.05, 4.70, 8.91, 

found 56.03, 4.71, 8.90. 

Diethyl(5-(4-Chlorophenyl)-1,3,4-Thiadiazol-2-Ylamino)(4-Oxo-4H-Chromen-3-Yl)Methylphosphonate 6b 

M. P.:150-152 °C; IR (Kbrvmax In Cm-1): 3303.25 (N-H Stretching), 3096.12 (C-H Stretching Of Aromatic), 2783.14 (C-H 

Stretching Of Alkyl), 2241.73 (C=N Stretching), 1715.02 (C-O Stretching), 1685.10 (C=O Stretching), 1527.35 (C-N Stretching), 

1041.37 (O- Stretching), 660.39(C-S Stretching); 1HNMR (400 Mhz, DMSO, Δh Ppm): 1.28 (T, 6H, 2×OCH2CH3), 4.71 (Q, 4H, 

2×OCH2CH3), 5.05 (D, 1H, -CH), 7.47-8.08 (M, 9H, Aromatic), 8.61 (S, 1H, -NH); 13C NMR: (DMSO) Δ Ppm: 16.3(CH3), 

16.3(CH3), 62.3(CH2), 62.3(CH2), 61.6(CH), 123.4(CH), 135.2(CH), 125.8(CH), 128.9(CH), 116.1(CH), 129.3(CH), 128.9(CH), 

129.3(CH), 116.9(C), 123.9(C), 131.6(C), 183.0(C), 150.6(C), 157.2(C), 134.3(C), 174.1(C), 164.2(C); 31PNMR (200 Mhz, DMSO) 

Δ: 19.84; Molecular Weight: Calculated: 505.91. Found: 507.91(M+2); Molecular Formula: C22h21cln3o5ps; Elemental Analysis: 

(C, H, N,): 52.23, 4.18, 8.31, Found 52.21, 4.19, 8.29. 

Diethyl (5-(4-Hydroxyphenyl)-1,3,4-Thiadiazol-2-Ylamino)(4-Oxo-4H-Chromen-3-Yl)Methylphosphonate 6c 

M. P.:176-178 °C  ; IR (Kbrvmax In Cm-1): 3303.25 (N-H Stretching), 3106.12 (C-H Stretching Of Aromatic), 2773.14 (C-H 

Stretching Of Alkyl), 2271.73 (C=N Stretching), 1709.02 (C-O Stretching), 1675.10 (C=O Stretching), 1527.35 (C-N Stretching), 

1051.37 (O- Stretching), 698.39(C-S Stretching); 1HNMR (400 Mhz, DMSO, Δh Ppm): 1.29 (T, 6H, 2×OCH2CH3), 4.71 (Q, 4H, 

2×OCH2CH3), 5.09 (D, 1H, -CH), 5.35 (S, 1H, OH), 6.87-8.08 (M, 9H, Aromatic), 8.60 (S, 1H, -NH); 13CNMR: (DMSO) Δ Ppm: 

16.3(CH3), 16.3(CH3), 62.3(CH2), 62.3(CH2), 61.0(CH),  123.4(CH), 135.2(CH), 125.8(CH), 128.9(CH), 116.4(CH), 116.1(CH), 

128.9(CH), 116.4(CH), 116.9(CH), 123.9(CH), 126.1(C), 158.5(C), 183.0(C), 150.6(C), 157.2(C), 174.1(C), 164.2(C); 31PNMR 

(200 Mhz, DMSO) Δ: 19.54; Molecular Weight: Calculated: 487.47. Found: 488.47 (M+1); Molecular Formula: C22H22N3O6PS; 

Elemental Analysis: (C, H, N): 54.21, 4.55, 8.62, Found 54.20, 4.56, 8.60. 

Diethyl (4-Oxo-4H-Chromen-3-Yl)(5-P-Tosyl-1,3,4-Thiadiazol-2-Ylamino)Methylphosphonate 6d 

M. P.: 180-182 °C  ; IR (Kbrvmax In Cm-1):  3357.25 (N-H Stretching), 3016.82 (C-H Stretching Of Aromatic), 2763.14 (C-H 

Stretching Of Alkyl), 2271.73 (C=N Stretching), 1705.02 (C-O Stretching), 1695.10 (C=O Stretching), 1597.35 (C-N Stretching), 

1041.37 (O- Stretching), 676.39(C-S Stretching); 1HNMR (400 Mhz, DMSO, Δh Ppm): 1.29 (T, 6H, 2×OCH2CH3), 2.34 (S, 3H, 

Aromatic C-CH3),4.71 (Q, 4H, 2×OCH2CH3), 5.09 (D, 1H, -CH), 5.35 (S, 1H, OH), 7.40-8.09 (M, 9H, Aromatic), 8.60 (S, 1H, -

NH); 13CNMR:(DMSO) Δppm: 16.3(CH3), 16.3(CH3), 21.3 (CH3), 62.3(CH2), 61.0(CH), 123.4(CH), 135.2(CH), 129.5(CH), 

125.8(CH), 127.4(CH), 116.1(CH), 129.5(CH), 127.4(CH), 131.7(CH), 123.9(CH), 116.9(C), 123.9(C),  130.5(C), 183.0(C), 

150.6(C), 157.2(C), 174.1(C), 164.2(C); 31PNMR (200 Mhz, DMSO) Δ: 19.54; Molecular Weight: Calculated: 485.49. Found: 

486.49 (M+1); Molecular Formula: C23H24N3O5PS; Elemental Analysis: (C, H, N): 56.90, 4.98, 8.66, Found 56.89, 4.99, 8.64. 

Diethyl (5-(2-Hydroxyphenyl)-1,3,4-Thiadiazol-2-Ylamino)(4-Oxo-4H-Chromen-3-Yl)Methylphosphonate 6e 

M. P.:188-190 °C ; IR (Kbrvmax In Cm-1):  3363.25 (N-H Stretching), 3016.12 (C-H Stretching Of Aromatic), 2753.14 (C-H 

Stretching Of Alkyl), 2281.73 (C=N Stretching), 1710.02 (C-O Stretching), 1685.10 (C=O Stretching), 1617.35 (C-N Stretching), 

1081.37 (O- Stretching), 663.39(C-S Stretching); 1HNMR (400 Mhz, DMSO, Δh Ppm): 1.29 (T, 6H, 2×OCH2CH3), 4.70 (Q, 4H, 

2×OCH2CH3), 5.08 (D, 1H, -CH), 5.35 (S, 1H, OH), 7.01-8.08 (M, 9H, Aromatic), 8.55 (S, 1H, -NH); 13CNMR: (DMSO) Δ Ppm: 

16.3(CH3), 16.3(CH3), 62.3(CH2), 62.3(CH2), 61.60(CH), 123.4(CH), 135.2(CH), 125.8(CH), 128.9(CH), 116.4(CH), 116.1(CH), 

128.9(CH), 116.4(CH), 116.9(CH), 123.9(CH), 126.1(C), 158.5(C), 183.0(C), 150.6(C), 157.2(C), 174.1(C), 164.2(C); 31PNMR 

(200 Mhz, DMSO) Δ: 19.04; Molecular Weight: Calculated: 487.47. Found: 488.47 (M+1); Molecular Formula: C22H22N3O6PS; 

Elemental Analysis: (C, H, N): 54.21, 4.55, 8.62, Found 54.20, 4.57, 8.60. 

Diethyl(5-(4-Nitrophenyl)-1,3,4-Thiadiazol-2-Ylamino)(4-Oxo-4H-Chromen-3-Yl)Methylphosphonate 6f 

M. P.: 140-142 °C; IR (Kbrvmax In Cm-1): 3293.25 (N-H Stretching), 3016.12 (C-H Stretching Of Aromatic), 2773.14 (C-H 

Stretching Of Alkyl), 2271.73 (C=N Stretching), 1725.02 (C-O Stretching), 1715.10 (C=O Stretching), 1527.35 (C-N Stretching), 

1041.37 (O- Stretching), 689.39(C-S Stretching); 1HNMR (400 Mhz, DMSO, Δh Ppm): 1.28 (T, 6H, 2×OCH2CH3), 4.71 (Q, 4H, 

2×OCH2CH3), 5.09 (D, 1H, -CH), 7.47-8.38 (M, 9H, Aromatic), 8.61 (S, 1H, -NH); 13CNMR:(DMSO) Δppm:16.3(CH3), 

16.3(CH3), 62.3(CH2), 62.3(CH2), 61.60CH), 123.4(CH), 135.2(CH), 125.8(CH), 128.9(CH), 116.4(CH), 116.1(CH), 128.9(CH), 

116.4(CH), 116.9(CH), 123.9(CH), 126.1(C), 158.5(C), 183.0(C), 150.6(C), 157.2(C), 174.1(C), 164.2(C); 31PNMR (200 Mhz, 

DMSO) Δ: 19.64; Molecular Weight: Calculated: 516.46. Found: 517.46 (M+1); Molecular Formula: C22H21N4O7PS; Elemental 

Analysis: (C, H, N): 51.16, 4.10, 10.85, Found 51.14, 4.12, 10.83. 

Diethyl (5-(4-Bromophenyl)-1,3,4-Thiadiazol-2-Ylamino)(4-Oxo-4H-Chromen-3-Yl)Methylphosphonate 6g  
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M. P.: 112-114 °C; IR (Kbrvmax In Cm-1):   3293.25 (N-H Stretching), 3096.12 (C-H Stretching Of Aromatic), 2763.14 (C-H 

Stretching Of Alkyl), 2271.73 (C=N Stretching), 1715.02 (C-O Stretching), 1675.10 (C=O Stretching), 1527.35 (C-N Stretching), 

1041.37 (O- Stretching), 668.39(C-S Stretching) ; 1HNMR (400 Mhz, DMSO, Δh Ppm): 7.10(NH) ,1.29(CH3), 1.29(CH3), 

4.07(CH2), 4.07(CH2), 3.3(CH), 7.47(CH), 7.56(CH), 8.08(CH), 7.86(CH), 7.55(CH), 7.66(CH), 7.86(CH), 7.66(CH), 4.0(NH); 
13CNMR:(DMSO) Δppm: 16.3(CH3), 16.3(CH3), 62.3(CH2), 62.3(CH2), 61.0(CH), 123.4(CH), 135.2(CH), 

125.8(CH),129.7(CH),116.1(CH), 132.1(CH), 129.7(CH), 132.1(CH), 116.9(C), 123.9(C), 132.5(C), 183.0(C), 150.6(CH), 

151.2(C), 123.1(C), 174.1(C), 164.2(C); 31PNMR (200 Mhz, DMSO) Δ: 19.94; Molecular Weight: Calculated: 550.36. Found: 

552.36 (M+2); Molecular Formula: C22h21brn3o5ps; Elemental Analysis: (C, H, N): 48.01, 3.85, 7.63, Found 48.00, 3.87, 7.60. 

 (E)-Diethyl (4-Oxo-4H-Chromen-3-Yl)(5-Styryl-1,3,4-Thiadiazol-2-Ylamino)Methylphosphonate 6h 

M. P.:160-162 °C; IR (Kbrvmax In Cm-1): 3293.25 (N-H Stretching), 3116.12 (C-H Stretching Of Aromatic), 2703.14 (C-H 

Stretching Of Alkyl), 2298.73 (C=N Stretching), 1710.02 (C-O Stretching), 1705.10 (C=O Stretching), 1527.35 (C-N Stretching), 

1041.37 (O- Stretching), 653.39(C-S Stretching); 1HNMR (400 Mhz, DMSO, Δh Ppm): 1.28 (T, 6H, 2×OCH2CH3), 4.71 (Q, 4H, 

2×OCH2CH3), 5.09 (D, 1H, -CH), 6.59-6.99 (M, 2H, -CH), 7.33-8.10 (M, 9H, Aromatic), 8.55 (S, 1H, -NH); 13CNMR: (DMSO) 

Δppm:16.3(CH3), 16.3(CH3), 133.4(CH), 116.9(CH), 62.3(CH2), 62.3(CH2),  61.0(CH), 127.9(CH), 128.6(CH), 128.6(CH), 

123,4(CH), 135.29(CH), 128.5(CH), 125.8(CH), 116.1(CH), 128.5(CH), 137.5(C), 116.9(C), 123.9(C), 183.0(C), 150.6(C), 

157.2(C), 158.9(C), 164.2(C);  31PNMR (200 Mhz, DMSO) Δ: 19.65; Molecular Weight: Calculated: 497.50. Found: 498.50 (M+1); 

Molecular Formula: C24H24N3O5PS; Elemental Analysis: (C, H, N): 57.94, 4.86, 8.45, Found 57.92, 4.88, 8.43. 

2-(5-((Diethoxyphosphoryl)(4-Oxo-4H-Chromen-3-Yl)Methylamino)-1,3,4-Thiadiazol-2-Yl)Phenyl Acetate 6i 

M. P.:178-180 °C; IR (Kbrvmax In Cm-1): 3283.25 (N-H Stretching), 3056.12 (C-H Stretching Of Aromatic), 2773.14 (C-H 

Stretching Of Alkyl), 2271.73 (C=N Stretching), 1715.02 (C-O Stretching), 1695.10 (C=O Stretching), 1598.35 (C-N Stretching), 

1089.37 (O- Stretching), 679.39(C-S Stretching); 1HNMR (400 Mhz, DMSO, Δh Ppm): 1.28 (T, 6H, 2×OCH2CH3), 2.28 (S, 3H, -

CH3), 4.71 (Q, 4H, 2×OCH2CH3), 5.09 (D, 1H, -CH), 7.33-8.10 (M, 9H, Aromatic), 8.55 (S, 1H, -NH); 13CNMR:(DMSO) Δppm: 

16.3(CH3), 16.3(CH3), 20.3(CH3), 62.3(CH2), 62.3(CH2), 169.0(C), 61.0(CH), 129.4(CH), 126.0(CH), 129.1(CH), 135.2(CH), 

125.8(CH), 127.9(CH), 123.2(CH), 116.1(CH), 116.9(C), 123.9(C), 129.4(C), 151.1(C), 183.0(C), 150.6(CH), 157.2(C), 174.1(C), 

164.2(C); 31PNMR (200 Mhz, DMSO) Δ:  19.45; Molecular Weight: Calculated: 529.50. Found: 530.50 (M+1); Molecular Formula: 

C24H24N3O7PS; Elemental Analysis: (C, H, N ): 54.44, 4.57, 7.94, Found 54.42, 4.59, 7.90. 

Diethyl(5-(3,4-Dinitrophenyl)-1,3,4-Thiadiazol-2-Ylamino)(4-Oxo-4H-Chromen-3-Yl)Methylphosphonate6j 

M. P.:176-178 °C; IR (Kbrvmax In Cm-1):  3303.25 (N-H Stretching), 3106.12 (C-H Stretching Of Aromatic), 2711.14 (C-H 

Stretching Of Alkyl), 2225.73 (C=N Stretching), 1710.02 (C-O Stretching), 1685.10 (C=O Stretching), 1587.35 (C-N Stretching), 

1091.37 (O- Stretching), 673.39(C-S Stretching); 1HNMR (400 Mhz, DMSO, Δh Ppm): 1.29 (T, 6H, 2×OCH2CH3), 4.71 (Q, 4H, 

2×OCH2CH3), 5.05 (D, 1H, -CH), 7.10-8.08 (M, 5H, Aromatic), 8.49 (S, 1H, -NH), 8.52-8.99 (M, 3H, Aromatic); 
13CNMR:(DMSO) Δppm:16.3(CH3), 16.3(CH3), 62.3(CH2), 62.3(CH2), 61.0(CH), 123.4(CH), 135.2(CH), 125.8(CH), 116.1(CH), 

134.5(CH), 125.3(CH), 123.7(CH), 116.9(C), 123.9(C), 140.5(C), 144.8(C), 145.3(C), 183.0(C), 150.6(CH), 157.2(C), 174.1(C), 

164.2(C); 31PNMR (200 Mhz, DMSO) Δ: 19.56; Molecular Weight: Calculated: 561.46. Found: 562.46 (M+1); Molecular Formula: 

C22H20N5O9PS; Elemental Analysis: (C, H, N): 47.06, 3.59, 12.47, Found 47.04, 3.61, 12.45. 

CONCLUSIONS 

The Ten Novel Diethyl (4-Oxo-4H-Chromen-3-Yl)(5-Substituted Phenyl-1,3,4-Thiadiazol-2-Ylamino)Methyl Phosphonate 

Derivatives6(A-J) Were Synthesized Using Ultrasonic Processor, In Presence Of Zrocl2 As A Catalyst. The In-Vitro Anticancer 

Activity Was Performed Against Two Human Cancer Cell Lines Such As DU 145 And MCF-7 By MTT Assay Method. From The 

In-Vitro Anticancer Screening The Compound 6e Was Found To Be The Most Potent Anticancer Compound Among The 

Synthesized Compounds Against MCF-7 Cancer Cell Lines With IC50 Value Of 2.97 µm With 67.92 % Of Cancer Cells Death.  In 

Silico Bioavailability Studies Indicated That Compounds Have A Good In Silico % Absorption (41.65 % To 73.27 %) And The All 

Synthesized Compounds 6(A-J) Were Found To Be Non-Toxic. This Suggests That The Compounds Of The Present Series Can 

Serve As Lead Molecules For The Design And Development Of New Topoisomease II Inhibitor As Anticancer Agents. 
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