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ABSTRACT 

Objective: To prepare and compare a set of derivatives of 7-methoxy-3-(3-(4-R-phenyl)-3-(phenylthio) propanoyl)-

2H-chromen-2-one to test their ability to induce anti-proliferative effects on MCF-7 human breast cancer cell line. 

Study Design: Experimental study 

Place and Duration of Study: This study was conducted at the College of Pharmacy, University of Basrah, Iraq 

from 15th March 2024 to 30th April 2025. 

Methods: Five coumarin-chalcone derivatives were prepared using starting materials. The microculture tetrazolium 

assay was used to determine the IC50 values of these derivatives against the MCF-7 breast cancer cell line to 

determine its in vitro anticancer potential. The chemical structures of the synthesized derivatives were determined 

by determination of the melting point, mass spectrometry, infrared spectroscopy, and nuclear magnetic resonance 

spectroscopy (1H and 13C). The microculture tetrazolium assay was used to assess antiproliferative activity to 

evaluate cell viability and calculate IC50 values. 

Results: Compound 11 demonstrated the best anti-proliferative activity with an IC50 of 6.25  ug/mL, compared to 

other derivatives. Compounds 8, 9 and 10 showed moderate cytotoxicity with the IC50 of 26.31, 29.29 and 

33.49ug/mL respectively. Compound 7 on the other hand was less active with IC50 of 71.57 ug/mL. All the 

compounds that were synthesized showed a lower potency than the reference drug doxorubicin, the IC50 of which 

was 2.40 0 M. 

Conclusion: The antiproliferative potency of the synthesized coumarin-chalcone derivatives was different and 

compound 11 was the strongest against the MCF-7 breast cancer cell line. Such results indicate that additional 

optimization of such compounds can result in the creation of more potent anticancer agents. 
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INTRODUCTION 

Breast cancer is the most common among women 

worldwide and leading cause of cancer related deaths 

after that of lung cancer; epidemiological literature 

revealed a prevalence of 22-26 and a risk of breast 

cancer-related mortality of about 18%.1-3 Multidrug 

resistance (MDR) are some of the significant obstacles 

to effective treatment of cancer.4  
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In line with the (WHO) tumor data-base of 2021, over 2 

million women are screened with breast cancer in the 

year.3 

As the latest research indicates, coumarin has also been 

found to potentially treat cancer, potentially reducing 

the adverse impacts of radiation. Incorporation of 

coumarin into the hybridization structures is very 

effective in cancer treatment because the substance has 

the capability of destroying tumor cells as seen in 

various articles.5,6 

It has vastly studied coumarin compounds in their 

anticancer effects against numerous cancers such as; 

melanoma, lymphoma, squamous cell carcinomas, 

prostate cancer progression, and against breast cancer 

rise. Toxic effects caused by radiation can be countered 

by using coumarins, hence, there is need to develop 

robust anti-tumor agents which are tissue-selective in 

addition to the distinct gamut of potency as a 

consequence of emergence of resistance to treatment, 

development of adverse effects and re-emergence of 

malignancies. Molecular hybrids have made them a 
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special agent especially to scientists and researchers 

because of the synergistic pharmacological effects. In 

the last 15 years or so, many MH based anticancer 

therapeutics are discovered.7 

A key reaction in organic chemistry, the nucleophilic 

addition of thiols to form a carbon-sulfur bond, is the 

Michael addition reaction, which entails addition of 

carban-ions to unsaturated system in conjugation with 

an activating group (carbonyl group).8 A wide range of 

reagents, have been reported in the literature to carry 

out the addition of thiols to conjugated alkenes.9 

A very useful reaction in the asymmetric conversion is 

the catalytic asymmetric Michael addition, which has 

been developed to a very successful degree in new 

years in the organocatalytic form of the reaction.10 

One of the many types of reactions is the sulfa-Michael 

addition that provides direct access to optically active 

sulfides, which can be used as a wide range of starting 

materials in the synthesis of biologically important 

chemicals.11
 

METHODS 

The experimental research was done at the College of 

Pharmacy, University of Basrah, Iraq from the 15th 

March 2024 to 30th April 2025 by the letter No. 

4545/QM/Approval/SJKDH379 dated March 9, 2024. 

Ethyl acetoacetate, thiophenol, 4- nitrobenzaldehyde, 4-

bromobenzaldehyde, 4-methoxybenzaldehyde and 

piperidine were purchased off of MERCK. The sources 

of benzaldehyde, Ethanol and Methanol were purchased 

through Thomas Baker. Preparation of 3-Acetyl- 7-

Methoxycoumarin: In a round bottom flask with 50 mL 

of ethyl acetoacetate ( 0.026 mol, 3 mL, 3.06 g), 2-

methoxy- 4-hydroxy benzaldehyde ( 0.028 mol, 3 ml, 

3.5 g) was added followed by the addition of 

dimethylamine ( 15 drop) as a catalyst, and the mixture 

was stirred A yellow precipitation formative, 

recrystallization using ethanol.12 

Coumarin-Chalcone derivatives (2-6): 3-Acetyl-7-

methoxy-2H -chromen-2-one (0.44 g, 2.0 mmol) was 

dissolved in 25 mL of DCM, and 0.5 mL of piperidine 

was added to it. The mixture was kept at reflux 

temperature of 10 hrs. The solution was cooled, filtered, 

dissolved in a small amount of aliquot of 

dichloromethane and further methanol was then added 

to cause precipitation.13 

Preparation of new coumarin-2-thiocarbonyl derivatives 

(7-11): In a 250 mL round-bottom flask with magnetic 

stir bar dissolve coumarin-chalcone derivative 

(1.43mmol) in 20-25 mL of DCM. Add thiophenol 

(1.43 mmol) to the solution which is being stirred at 

room temperature. A base catalyst, triethylamine (0.715 

mmol, 0.1 mL) is dropwise added to produce the 

thiolate species in the solution. The mixture is shaken at 

room temperature and the reaction is followed by 

(TLC) with nhexane/ethyl acetate (9:1) as a product. 

When it is ready, the mixture reaction is filtered into an 

ice-cold water to separate the product. DCM 

recrystallization provides the pure 2,14 -thiocarbonyl 

coumarin product. 

Methods of characterization: Stuart SMP apparatus was 

used to determine the melting points of the synthesized 

compounds. A spectrophotometer was employed to get 

the infrared spectrum with a KBr disc (SHIMADZU, 

Japan). It used Bruker spectrometer (Switzerland) to 

record the 1H NMR and 1C NMR spectrums, using 

DMSO and CDCl3 as solvents, tetramethylsilane 

(TMS) as a reference and mass spectra of the 

synthesized coumarin beta thiocarbonyl molecule were 

recorded at the Faculty of Chemistry, Tehran 

University. 

Preliminary cytotoxicity screening: The cells were 

inoculated on a (96) well plate at a concentration 

density of 2x104 cells per well. Each well was then 

filled with 150 0L of DMEM culture with 100 units/mL 

penicillin, 100 0L streptomycin, and 10 percent fetal 

bovine serum (FBS). After this, the plate was left at  

37 ° C and exposed to 5% CO 2 and 95% relative 

humidity of a humid atmosphere in a 24 hour 

incubation. After the incubation period, fresh media 

having different doses of coumarin-2 compounds (1, 

10, 25, 50, and 100 25g) and doxorubicin (1, 2.5, 5, 10, 

and 20 25g) were added to the media in each of the 

wells. The plate required 24-hour incubation. Each well 

was filled with 10 0L of MTT (4mg/mL) and incubated 

over 4 hours at 37C without light to dissolve formazan. 

100 0L of dimethyl sulfoxide (DMSO) was added and 

allowed to dissolve. The optical density at 570 nm was 

measured after the full dissolution of the purple 

formazan using the ELISA microplate (BioRad, 

USA).15,16 The half maximum inhibitory 

concentration (IC50) of each cell line is calculated after 

triplicate treatments were done. Viability was 

determined by comparing the treated and untreated cells 

and measures were made thrice. Proliferative rate (PR) 

percentage =(A/B) 100, Equation (1). Inhibitor Rate % 

= 100 – PR Equation (2). A is the optical density of 

wells that are treated. B = Optical density of control 

(untreated) wells. The data was inputted and was 

analyzed using SPSS- 26. 

RESULTS 

The compounds of coumarin- 2 -thiocarbonyl 

derivatives (7-11) were elucidated with the help of 

multiple distinctive spectrum changes, which 

encompassed MS, IR, 1H NMR, and 13C NMR. Mass 

spectrometry was used to determine the molecular 

weight of the product synthesized and the majority of 

derivatives had molecular ion (M+.) peaks that 

indicated their respective molecular weight (Table 1). 

FT-IR of coumarin- -thiocarbonyl Derivatives: FTIR 

spectral analysis of the synthetic coumarin - 

thiocarbonyl derivatives (compounds 7 -11) was used to 

confirm the key functional groups of these coumarin - 
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thiocarbonyl derivatives. Typical of the derivatives 

moiety, the high absorption band in the range of 1710-

1735 cm -1 was attributed to the C=O vibration of 

coumarinmoiety. The bands at 650-800 cm -1 were 

additional proofs of the existence of correlated to 

aromatic C-S out-of-plane bending vibrations. A broad 

3100-3000 cm-1 region of all compounds indicated the 

presence of aromatic C–H stretching whereas 1200-

1250 cm-1 area of O-C of methoxy group. Table 2 

shows the spectra that were obtained after correlation 

with reference to conventional infrared, thus 

establishing the structural integrity of the prepared 

compounds. 

1H-NMR spectrums of coumarin -2-thiocarbonyl 

derivatives 7-11: the 1H-NMR spectrums of the five 

synthesized coumarin-2-thiocarbonyl derivatives as 

indicated in table 3 have characteristic pattern that is 

consistent with their speculated structure. The 

downfield area (6.9-8.2 ppm) will contain numerous 

aromatic proton peaks in each compound which will be 

a bearer of a substituted benzene ring of both the 

coumarin and 1-beta thiocarbonyl. Such signals are 

normally formed as multiplets or doublets through spin-

spin coupling and they are also the outcome of the 

substituted pattern and symmetry of an aromatic system 

hence their successful synthesis and structural integrity. 

13C-NMR spectra of coumarin -2 thiocarbonyl 

derivatives 711: The 13C nuclear magnetic resonance 

(NMR) spectra showed the appearance of the signals at 

approximately 41ppm and 49ppm, attributed to the 

evolution of the β-thiophenol (CHS) atom which is C11 

and C10 respectively. Moreover, there are two peaks of 

195.5 and 159.7 ppm. The signals are ketone carbonyl 

(C=O) of the acetyl (-COCH2) group and the lactone 

carbonyl (C=O), respectively. In all the synthesized 

compounds as well two signals in 165 ppm and 56 ppm 

are credited to the carbon attached with methoxy group 

on position C7 and methoxy C-7a respectively. 

Lipinski Rule of Five (RO5): The generated products 

(7-11) were assessed based on Lipinski Rule of Five, 

which is usually used to assess the potential of a 

compound as an orally active pharmaceutical agent. 

The theoretical moles weight of the compounds were 

determined as 416.49 to 395.38 g/mol. The number of 

hydrogen bond donors was 0 and that of hydrogen bond 

acceptors was 4-6. The number of calculated rotatable 

bonds was between 7 and 8. The lipophilicity, as shown 

by the Log P mentioned was 3.27-3.80. Total polar 

surface area (T.P.S.A) of the compounds ranged 

between 81.81 and 127.63 A 2. The parameters fit the 

acceptable range of values that are set by Lipinski 

criteria which means that the compounds have 

favorable pharmacokinetic characteristics and can be 

orally bio-absorbed (Table 5). 

 

Table No. 1: Physical characteristics and mass spectra of coumarin-β-thiocarbonyl derivatives 7-11 

Compound 
Melting Point 

(°C) 
Yield % 

Molecular 

weight (g/mole) 
Mass (M.+) m/e Appearance 

7 138.5–140 45.89 416 416.3 Yellow 

8 183–184 38.84 446 446.2 Pale Yellow 

9 155–156.5 48.73 495 494.1 Chrome Yellow 

10 168–169 39.66 461 461.1 Gold Yellow 

11 243.5–245 26.09 460 459.2 Dark Red 

 

Table No. 2: FT-IR characteristics of coumarin- β-thiocarbonyl derivatives 7-11 

Absorption bond Comp. 7 Comp. 8 Comp. 9 Comp. 10 Comp. 11 

C=O (lactone – coumarin) 1728(s) 1730 (s) 1736(s) 1735 (s) 1728 (s) 

C=O (thio-carbonyl) 1658 (m) 1672(m) 1672 (m) 1672 (m) 1643 (m) 

C–S (stretching) 692 (m) 787 (m) 680 (m) 650 (m) 655 (m) 

C–H (Aromatic) 3024–3074(w) 3040 (w) 3040 (w) 3040 (w) 3078 (w) 

C–O (Methoxy) – 1205-1255 (s) – – – 

–CH₃ (Methoxy, C–H stretch) – 2841 (w) – – – 

C–Br (stretching) – – 574 (w) – – 

N=O (asym. stretch) – – – 1548 (s) – 

N=O (sym. stretch) – – – 1365 (s) – 

–CH₃ (Dimethyl bending) – – – – 1381 (m) 

Alkyl C–H stretching – – – – 2934 (s) 
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Table No. 3: 1H-NMR spectra of coumarin -β-thiocarbonyl derivatives 7–11 

Compound 

Chemical shift 

C4 C11 C10 C-7a R 
Aromatic 

protons 

7 
8.30 

(s,1H) 

4.80-4.84 

J=14.4Hz 

(t,1H) 

3.63-3.69 

J1=18.2 

J2=6.8 

(dd,2H) 

3.81 

(s,3H) 
- 

6.72-7.6 

(m,10H) 

8 
8.41 

(s,1H) 

4.33-4.37 

J=14.4Hz 

(t,1H) 

3.55-3.61 

J1=18.2 

J2=6.8 

(dd,2H) 

3.84 

(s,3H) 

3.94 

(s,3H) 

6.74-7.88 

(m,9H) 

9 
8.40 

(s,1H) 

4.26-4.28 

J=13.6Hz 

(t,1H) 

3.69-3.76 

J1=18.2 

J2=6.8 

(dd,2H) 

3.83 

(s,3H) 
- 

6.73-7.47 

(m,9H) 

10 
8.51 

(s,1H) 

4.10-4.14 

J=14.4Hz 

(t,1H) 

3.50-3.56 

J1=18.2 

J2=6.8 

(dd,2H) 

3.93 

(s,3H) 
- 

6.83-8.13 

(m,9H) 

11 
8.51 

(s,1H) 

4.30-4.39 

J=14.4Hz 

(t,1H) 

3.61-3.66 

J1=18.2 

J2=6.8 

(dd,2H) 

3.90 

(s,3H) 

3.01 

(s,3H) 

N-(CH3)2 

6.78-7.88 

(m,9H) 

 

Table No. 4: 13C NMR characteristics of coumarin–β-thio carbonyl derivatives (Compound 7–11) 

Carbon position Comp. 7 Comp. 8 Comp. 9 Comp. 10 Comp. 11 

9 194.77 187.00 195.53 195.53 186.06 

7 165.40 165.35 165.51 165.28 165.35 

2 159.56 159.36 159.74 159.75 159.89 

1b 157.74 157.47 157.75 157.79 157.75 

1′ 141.39 135.05 147.83 152.79 132.05 

1`` 134.97 140.01 136.94 135.31 140.90 

4 134.32 143.70 140.62 138.82 147.84 

3 133.01 132.43 133.18 131.51 131.68 

2`` 131.56 129.54 129.63 128.63 131.08 

6`` 131.56 129.54 129.63 128.63 131.08 

5 130.69 131.21 130.64 129.83 131.19 

3`` 128.90 129.06 128.87 128.11 125.11 

5`` 128.90 129.06 128.87 128.11 125.11 

3′ 128.21 120.15 134.94 124.31 113.90 

5′ 128.21 120.15 134.94 124.31 113.90 

2′ 127.50 128.34 131.63 127.51 122.82 

6′ 127.59 128.34 131.63 127.51 122.82 

4′ 127.16 158.94 120.56 147.82 152.14 

4`` 124.17 125.18 127.12 125.60 120.59 

6 113.91 113.99 113.89 113.90 111.71 

1a 112.39 112.53 112.00 112.04 110.90 

8 100.33 100.83 100.26 100.42 100.40 

7a 57.07 56.77 56.07 56.06 56.00 

10 48.42 50.75 48.17 50.36 49.96 

11 40.54 43.48 40.47 40.03 40.68 

R - 56.68-OCH3 - - 44.58-N(CH3)2 
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Table No. 5: Lipinski's rules for coumarin-β-thio carbonyl compounds (7-11) 

Cpd. 
Mol. Wt. 

(g/mol) 
NRB NHA NHD TPSA (Å²) Log P 

Lipinski’s Rule 

of Five Violation 

7 416.49 7 4 0 81.81 3.27 0 

8 446.51 8 5 0 91.04 3.53 0 

9 495.38 7 4 0 81.81 3.76 1 

10 461.49 8 6 0 127.63 3.11 0 

11 459.56 8 4 0 85.05 3.80 0 

 

DISCUSSION 

The dose-response curve was obtained and used to 

determine the half maximal inhibitory concentration 

(IC50), which was expressed as the percentage of cell 

death at different drug concentrations. The production 

of all the produced compounds was cytotoxic with an 

IC50 range of 6.25 to 71.57 μM.15,16 

Compound 11, which contains a dimethylamine group 

[-N(CH3)2], was the most active of the compounds 

produced, with an IC 50 of 6.25 0M. Compound 8 and 

10that contained a methoxy, bromo and nitro group 

showed high activity with an IC of 26.31, 26.49 μM 

and 33.49 33.49 33.49 33.49 33.49 33.49 33.49 33.49 

33.49 33.49 33.49 33.49 33.49 33.4 All the produced 

compounds exhibit less cytotoxic activity in 

comparison to doxorubicin, with a significantly lower 

IC50 of 2.40 0M. On the other hand, compounds 7 were 

less active. With no substituent on compound 7, the 

IC50 was 71.57mol/kg.17,18 

CONCLUSION 

The cytotoxic activities of the compounds produced 

were determined using the MCF-7 cell line. Compound 

11 [N(CH3)2]substituted was found to have a superior 

cytotoxic activity with an IC50 value of 6.25 M 

compared to the other compounds obtained. However, 

their cytotoxic action was not as much powerful as the 

conventional doxorubicin. 
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