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ABSTRACT 
Objective:  Various personal care products previously used triclosan, a chlorinated antimicrobial agent. However, 

safety and environmental concerns have grown, forbidding its application. Given this fact, the present work aims to 
repurpose this out-of-use chemical by including it as a precursor for synthesizing nineteen triclosan-based coumarins 
(TBCs). Methods: The spectrophotometric methods applied to confirm the chemical structures of TBCs were FTIR, 1H-
NMR, 13C-NMR, and HRMS. The antimicrobial investigations were run through using broth microdilution methodology 
and many pathogenic microbes. These include six aerobic and four anaerobic ATCC-approved bacterial strains, as well 
as two fungal strains. We validated the results by comparing them with three standards: ciprofloxacin, metronidazole, and 
nystatin, which were based on the tested microbe. On the other hand, the biocompatibility investigations determined the 
ability of TBCs to inhibit the normal growth of three microbiome strains. Results: The results revealed several conclusive 
points, including the bactericidal impact of the synthesized TBCs on both pathogenic and microbiome strains tested, with 
low and high MIC values, respectively. The impact of the synthesized TBCs on pathogenic bacteria was dependent on 
the number and type of substitutes on the D ring, but this was not the case for microbiome bacteria, where these two 
factors were of low importance. These factors also influence the activity of the synthesized TBCs against pathogenic 
fungi. The latter microbes exhibit a high level of sensitivity to the synthetic intermediate, which contains a carboxylic 
acid moiety within its structure. We concluded from these findings that the number of chlorides that deactivated the D 
ring directly promoted the anti-aerobic bacterial activity. The same holds true for the anti-anaerobic bacteria, albeit with 
the addition of nitro groups. Conclusion: the results could provide insights into how the structure of the synthesized TBCs 
influences their antimicrobial activity. This renders them highly promising as potential future medicines that are robust, 
safe, and effective against a broad spectrum of microbes. 
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1. Introduction 
Triclosan, a synthetic chlorophenolic compound with broad-

spectrum antimicrobial qualities, can be found in many different kinds 
of personal care and beauty products[1]. From its first development in 
1972 to its widespread use in personal hygiene and healthcare goods 
since then, triclosan has been marketed for these qualities and has been 
utilized widely to mitigate or avoid bacterial growth[2]. Triclosan has 
become a widely debated and scrutinized topic, despite its effective 
bacterial killing and growth limitation capabilities. Scientists are 
concerned about its impact on human health, particularly its potential 
to disrupt thyroid hormone regulation and exacerbate the issue of 
antibiotic resistance[3]. Furthermore, research has demonstrated that 
triclosan can accumulate in water systems and other environmental 
areas, posing a threat to aquatic life and ecosystems[4]. The lack of 
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adequate proof of triclosan's effectiveness compared to conventional soap and water has led government 
agencies like the American Food and Drug Administration to prohibit its inclusion in generic hand soaps and 
body washes. This move is in reaction to these concerns[5]. Numerous companies are choosing to eliminate 
triclosan from their formulations due to public and humanitarian demands for safer alternatives. Although 
certain products, like toothpaste, still include the chemical under study, this trend is swiftly shifting[6]. 

Tonka beans, cinnamon, and sweet clover are just a few of the many plant sources of coumarins, a class 
of nature-derived products with a distinctively sweet fragrance[7]. Structurally related to benzopyrone 
chemicals, coumarins naturally shield plants from harmful chemicals and insects, playing a crucial role in their 
defense systems[8]. Numerous well-developed synthetic methods, including a variety of organic and inorganic 
agents, catalyze the synthesis of coumarins in the chemical sciences[9–11]. The wide variety of biological and 
pharmacological effects of coumarins has also piqued their interest[12]. Their ability to prevent blood clots is 
what inspired the creation of medications like warfarin[13]. In addition to this ability, medicinal chemists are 
also studying coumarins for their antioxidant[14,15], anti-inflammatory[16,17], hypoglycemic[18,19], 
hypolipidemic[20,21], antibacterial[22,23], anticancer[24,25], and other properties[26–28]. 

Over the past few years, Mustafa Lab has been repurposing various phenols and chlorophenols from out-
of-use chemicals into biosafe pharmacological products, using coumarin-4-acetic acid as a lead. People 
stopped using the 3-(tert-butyl)-4-methoxyphenol, a food-preserving antioxidant, due to its carcinogenicity. 
This phenol has changed into coumarin derivatives that are safe for humans and have anti-inflammatory, anti-
cancer, and anti-oxidative stress properties[29].  Additionally, two chlorophenols, 3,4-dichlorophenol and 
2,3,4,5-tetrachlorophenol, have specific toxicities for humans. The former causes hormonal disturbances by 
inducing the estrogen receptor of the α brand, while the latter induces hepatic toxicity and teratogenicity. When 
these two chlorophenols were used as building blocks to make their coumarins, the compounds that were made 
had a lot of different biological effects, such as fighting cancer, oxidative stress, diabetes, and a wide range of 
microbes[30]. Finally, dinitro-ortho-cresol, a poisonous chlorophenol with broad antimicrobial activity, can lead 
to severe health consequences, ranging from kidney damage to death. Using coumarin-4-acetic acid as a lead, 
the chlorophenol underwent modification, transforming into coumarin derivatives with more potent 
antimicrobial potential and excellent biosafety profiles[31].  

The above studies and their results led to the work that turned triclosan from a chlorophenol antimicrobial 
agent that wasn't needed and was bad for health into its coumarin-4-acetic acid derivative. Using various mono-, 
homodi-, and homotri-functionalized phenols, a SOCl2-mediated esterification method created eighteen 
aromatic esterified coumarins from the latter. These functionalities include fluoride, chloride, nitro, nitrile, 
methoxy, and methyl.  

Through a broth micro-diluting approach, the nineteen synthesized triclosan-based coumarins (TBCs) and 
three standards were studied against various pathogenic and non-pathogenic microbes. These include six 
aerobic bacteria, four anaerobic bacteria, two fungal strains, and three microbiome bacteria that have been 
approved by their ATCC codes. The studies include two branches: the antimicrobial activity tested against 
pathogenic microbes and biocompatibility profiling toward non-pathogenic microbes. Regarding the first study 
branch, the pathogenic aerobic bacterial strains employed are Pseudomonas aeruginosa (ATCC-27853, P. 
aeruginosa), Klebsiella pneumonia (ATCC-700603, K. pneumonia), Haemophilus influenzae (ATCC-49247, 
H. influenzae), Escherichia coli (ATCC-25922, E. coli), Salmonella typhi (ATCC-6539, S. typhi), and Shigella 
dysenteriae (ATCC-13313, S. dysenteriae). In the same branch, the utilized pathogenic anaerobic bacterial 
strains are Bacteroides fragilis (ATCC-25285, B. fragilis), Clostridium perfringens (ATCC-13124, C. 
perfringens), Fusobacterium necrophorum (ATCC-25286, F. necrophorum), and Prevotella melaninogenica 
(ATCC-25845, P. melaninogenica). Additionally, the study encompassed Candida albicans (ATCC-10231, C. 
albicans) and Aspergillus niger (ATCC-16888, A. niger). On the other hand, the second study branch that 
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included biocompatibility profiling used the following microbiome bacterial strains: E. coli (BAA-1427), E. 
coli (MG1655), and E. coli (BAA1430). 

2. Materials and methods 
General points. The researchers shopped in the central chemical store of the University of Mosul's 

College of Pharmacy for the chemicals, microbiological agents, synthesis solvents, and spectroscopical-grade 
solvents. According to their manufactures' instructions, the microbiological systems were ready for 
implementation, and we used the chemicals and solvents straight from their bottles without any additional 
purification. A 40 kHz, 350 W, Power Sonic-410, Korea, ultrasonic source supports a water bath in the 
sonication system. A single-open capillary approach using automated electrothermal apparatus (CIA-9301) 
was used to estimate the melting temperature ranges (mp) of the synthesized TBCs without any pre-estimation 
using standards. Utilizing thin-layer chromatography (TLC), the researchers were able to track the progress of 
the synthetic phase and ascertain the chemical purity levels. The method's stationary part was an aluminum 
sheet (F254) mounted with a silica gel, while the mobile section was a mixture of CHCl3 and MeOH (4:1). In 
addition, the spectrometers used for recording the derivative spectra of 13C-NMR (100 MHz) and 1H-NMR 
(400 MHz), FTIR (400-4000 cm-1), and UV-Vis (200-800 nm) were the Bruker Avance DRX-400 MHz, the 
Bruker-alpha-ATR-FTIR (in solid-state mode), and the UV-1600PC UV-Vis. Nevertheless, the hypothetical 
molecular mass (T-mass) values were calculated in Dalton unit online by means of the BMRB program 
(https://bmrb.io/metabolomics/mol_mass.php), whereas the Dalton-computed real molecular mass (P-mass) 
numbers were acquired using the Varian (7 Tesla) FTICR-MS spectrophotometer. The accuracy threshold, 
denoted as A-threshold and expressed in parts per million (ppm), was determined using a particular formula: 
(T-mass minus P-mass)/T-mass × 106. 

Synthetic plan. The chemical synthesis, as depicted in Scheme 1, commences with the use of two readily 
available chemicals: conc. H2SO4 and 3-carboxy-3-hydroxypentane-1,5-dioic acid. The resulted product, 3-
oxopentanedioic acid[32], was condensed with triclosan, yielding the coumarin-4-acetic acid derivative coded 
here as TBC-p. The latter was esterified individually with many functionalized phenols to produce eighteen 
congeners coded TBC1-TBC18. 

Synthesis of TBC-p. Through careful warmth, a transparent ethyl acetate combination was produced 
from 3.5 ml of 10-mmol 3-oxyglutaric acid and 2.90 grams of 10-mmol triclosan. Using a water-ice bath to 
maintain a temperature under 10 °C, the resulting solution was gradually added to a 25-ml spherical beaker 
holding high-concentration H2SO4. The mixture under reaction was whisked continuously for 2.5 hours before 
being taken out of the ice bath and allowed to stand at room temperature overnight. On the following day, the 
working suspension was combined with water and crushed ice in a beaker. To obtain the desired compound, 
the suspended matter was collected on a filter paper, rinsed with cold water, and allowed to dry at room 
temperature. Recrystallizing from a 2:1 combination of benzene and methanol was used to perform the 
purification as a final step[33].  

2-(5-Chloro-8-(2,4-dichlorophenoxy)-2-oxo-2H-chromen-4-yl)acetic acid (TBC-p). Pale yellow 
powder; yield%: 85%; mp: 210–213°C; 1H-NMR (400 MHz, DMSO-d6), ppm: 12.03 (s, 1H, carboxylic acid), 
7.65–7.22 (m, 5H, aromatic protons), 7.05 (s, 1H, lactone H-3), and 4.04 (s, 2H, CH2 of acetic acid); 13C-NMR 
(100 MHz, DMSO-d6), ppm: 175 (C=O, carboxylic acid), 161 (C=O coumarin), 146–112 (aromatic carbons), 
and 43 (CH2, acetic acid); IR, νmax, cm–1: 3450–3000 (broad, O–H stretch, carboxylic acid), 1733 (C=O, acid), 
1652 (C=O, coumarin), 1586 (aromatic C=C stretch), and 889 (C–Cl aromatic); ESI-MS m/z 401 [M + H]+; 
calculated, %: C17H10Cl3O5; C: 50.04%, H: 2.47%, Cl: 31.19%, and O: 16.30%, which closely matching the 
expected values. These are C: 51.10%, H: 2.27%, Cl: 26.62%, and O: 20.02%. 

 

https://bmrb.io/metabolomics/mol_mass.php
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Scheme 1. The synthetic pathway yielded TBCs. 

General method for synthesizing TBC1-TBC18. In a salt-ice bath, 4.0 g of 10-mmol TBC-p was 
dissolved in an excess of freshly distilled SOCl2 (25 ml) under conditions of dryness. The click solution was 
stirred in this environment for 30 minutes and then at room temperature for the same timetable. Then, the 
working solution was subjected to 3-hour refluxing and removed the excess SOCl2. The generated white solid 
representing the acyl chloride congener of TBC-p was treated with various 5-mmol functionalized phenols 
separately. Every 30-minute refluxing period, the TLC technique examined the reaction solution for product 
formation. As the spotting results indicated the reaction complement, the handling solution was poured into a 
2-liter bucker containing a mixture of ice cube pieces and water. The immediately formed solid was cold-
filtered, ice-water-washed, and left to dry. TLC checked the purity of the resultant product, and 
recrystallization from a specific solvent mixture established its purity[34,35]. 

4-Fluorophenyl 2-(5-chloro-8-(2,4-dichlorophenoxy)-2-oxo-2H-chromen-4-yl)acetate (TBC1). Pale 
yellow powder; yield%: 62%; mp: 230–233°C; 1H-NMR (400 MHz, DMSO-d6), ppm: 7.82–7.36 (m, 9H, 
aromatic protons), 7.12 (s, 1H, coumarin H-3), and 3.93 (s, 2H, CH2 of the ester); 13C-NMR (100 MHz, DMSO-
d6), ppm: 172 (C=O, ester), 162 (C=O coumarin), 146–112 (aromatic carbons), and 41 (CH2, acetate group); 
IR, νmax, cm–1: 1742 (C=O, ester), 1650 (C=O, coumarin), 1582 (aromatic C=C stretch), and 889 (C–Cl 
aromatic); ESI-MS m/z 495 [M + H]+; calculated, %: C23H14Cl3FO5; C: 53.59%, H: 2.73%, Cl: 20.68%, F: 
3.69%, and O: 19.31%, which closely matching the expected values. These are C: 55.95%, H: 2.45%, Cl: 
21.54%, F: 3.85%, and O: 16.20%. 
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3,5-Difluorophenyl 2-(5-chloro-8-(2,4-dichlorophenoxy)-2-oxo-2H-chromen-4-yl)acetate (TBC2). 
Pale yellow powder; yield%: 55%; mp: 235–238°C; 1H-NMR (400 MHz, DMSO-d6); ppm 7.85–7.53 (m, 8H, 
aromatic protons), 7.20 (s, 1H, coumarin H-3), and 4.00 (s, 2H, CH2 of the ester); 13C-NMR (100 MHz, DMSO-
d6), ppm: 172 (C=O, ester), 162 (C=O coumarin), 144–116 (aromatic carbons), and 39 (CH2, acetate group); 
IR, νmax, cm–1: 1756 (C=O, ester), 1659 (C=O, coumarin), 1585 (aromatic C=C stretch), and 889 (C–Cl 
aromatic); ESI-MS m/z 512 [M + H]+; calculated, %: C23H13Cl3F2O5; C: 51.81%, H: 2.46%, Cl: 19.94%, F: 
7.09%, and O: 18.70%, closely matching the expected values. These are C: 53.99%, H: 2.17%, Cl: 20.79%, F: 
7.43%, and O: 15.63%. 

3,4,5-Trifluorophenyl 2-(5-chloro-8-(2,4-dichlorophenoxy)-2-oxo-2H-chromen-4-yl)acetate (TBC3). 
Pale yellow powder; yield%: 49%; mp: 240–243°C; 1H-NMR (400 MHz, DMSO-d6), ppm: 7.80–7.38 (m, 7H, 
aromatic protons), 7.24 (s, 1H, coumarin H-3), and 4.07 (s, 2H, CH2 of the ester); 13C-NMR (100 MHz, DMSO-
d6), ppm: 171 (C=O, ester), 162 (C=O coumarin), 141–112 (aromatic carbons), and 42 (CH2, acetate group); 
IR, νmax, cm–1: 1757 (C=O, ester), 1659 (C=O, coumarin), 1585 (aromatic C=C stretch), and 889 (C–Cl 
aromatic); ESI-MS m/z 531 [M + H]+; calculated, %: C23H12Cl3F3O5; C: 50.11%, H: 2.20%, Cl: 19.27%, F: 
10.34%, and O: 18.08%, closely matching the expected values. These are C: 52.15%, H: 1.90%, Cl: 20.08%, 
F: 10.76%, and O: 15.10%. 

4-Chlorophenyl 2-(5-chloro-8-(2,4-dichlorophenoxy)-2-oxo-2H-chromen-4-yl)acetate (TBC4). Pale 
yellow powder; yield%: 65%; mp: 225–228°C; 1H-NMR (400 MHz, DMSO-d6); ppm: 7.77–7.43 (m, 9H, 
aromatic protons), 7.18 (s, 1H, coumarin H-3), and 3.98 (s, 2H, CH2 of the ester); 13C-NMR (100 MHz, DMSO-
d6); ppm: 172 (C=O, ester), 161 (C=O coumarin), 142–113 (aromatic carbons), and 41 (CH2, acetate group); 
IR, νmax, cm–1: 1751 (C=O, ester), 1667 (C=O, coumarin), 1585 (aromatic C=C stretch), and 888 (C–Cl 
aromatic); ESI-MS m/z 511 [M + H]+; calculated, %: C23H13Cl4O5; C: 51.73%, H: 2.45%, Cl: 26.57%, and O: 
19.25%, closely matching the expected values. These are C: 54.15%, H: 2.37%, Cl: 27.80%, and O: 15.68%. 

3,5-Dichlorophenyl 2-(5-chloro-8-(2,4-dichlorophenoxy)-2-oxo-2H-chromen-4-yl)acetate (TBC5). 
Pale yellow powder; yield%: 62%; mp: 230–235°C; 1H-NMR (400 MHz, DMSO-d6), ppm: 7.81–7.36 (m, 8H, 
aromatic protons), 7.22 (s, 1H, coumarin H-3), and 4.01 (s, 2H, CH2 of the ester); 13C-NMR (100 MHz, DMSO-
d6), ppm: 172 (C=O, ester), 162 (C=O coumarin), 141–113 (aromatic carbons), and 38 (CH2, acetate group); 
IR, νmax, cm–1: 1756 (C=O, ester), 1659 (C=O, coumarin), 1585 (aromatic C=C stretch), and (C–Cl aromatic); 
ESI-MS m/z 546 [M + H]+; calculated, %: C23H12Cl5O5; C: 48.18%, H: 2.11%, Cl: 35.68%, and O: 14.03%, 
closely matching the expected values. These are C: 50.73%, H: 2.04%, Cl: 32.55%, and O: 14.69%. 

3,4,5-Trichlorophenyl 2-(5-chloro-8-(2,4-dichlorophenoxy)-2-oxo-2H-chromen-4-yl)acetate 
(TBC6). Pale yellow powder; yield%: 56%; mp: 235–240°C; 1H-NMR (400 MHz, DMSO-d6), ppm: 7.82–
7.38 (m, 7H, aromatic protons), 7.24 (s, 1H, coumarin H-3), and 4.03 (s, 2H, CH2 of the ester); 13C-NMR (100 
MHz, DMSO-d6); ppm: 172 (C=O, ester), 161 (C=O coumarin), 141–112 (aromatic carbons), and 41 (CH2, 
acetate group); IR, νmax, cm–1: 1761 (C=O, ester), 1658 (C=O, coumarin), 1587 (aromatic C=C stretch), and 
888 (C–Cl aromatic); ESI-MS m/z 580 [M + H]+; calculated, %:  C23H11Cl6O5; C: 44.90%, H: 1.80%, Cl: 
40.95%, and O: 12.35%, closely matching the expected values. These are C: 47.71%, H: 1.74%, Cl: 36.74%, 
and O: 13.82%. 

4-Nitrophenyl 2-(5-chloro-8-(2,4-dichlorophenoxy)-2-oxo-2H-chromen-4-yl)acetate (TBC7). Pale 
yellow powder; yield%: 44%; mp: 210–215°C; 1H-NMR (400 MHz, DMSO-d6), ppm: 7.84–7.36 (m, 9H, 
aromatic protons), 7.22 (s, 1H, coumarin H-3), and 4.03 (s, 2H, CH2 of the ester); 13C-NMR (100 MHz, DMSO-
d6), ppm: 172 (C=O, ester), 162 (C=O coumarin), 142.0–118 (aromatic carbons), and 40 (CH2, acetate group); 
IR, νmax, cm–1: 1758 (C=O, ester), 1656 (C=O, coumarin), 1588 (aromatic C=C stretch), 1522 and 1353 (NO2 
symmetric and asymmetric stretches), and 885 (C–Cl aromatic); ESI-MS m/z  521 [M + H]+; calculated, %: 
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C23H12Cl3NO7; C: 52.86%, H: 2.31%, Cl: 20.34%, N: 2.68%, and O: 21.81%, closely matching the expected 
values. These are C: 53.05%, H: 2.32%, Cl: 20.43%, N: 2.69%, and O: 21.51%. 

3,5-Dinitrophenyl 2-(5-chloro-8-(2,4-dichlorophenoxy)-2-oxo-2H-chromen-4-yl)acetate (TBC8). 
Pale yellow powder; yield%: 42%; mp: 220–225°C; 1H-NMR (400 MHz, DMSO-d6), ppm: 7.85–7.34 (m, 8H, 
aromatic protons), 7.22 (s, 1H, coumarin H-3), and 4.02 (s, 2H, CH2 of the ester); 13C-NMR (100 MHz, DMSO-
d6), ppm: 172 (C=O, ester), 161 (C=O coumarin), 142–118 (aromatic carbons), and 41 (CH2, acetate group); 
IR, νmax, cm–1: 1756 (C=O, ester), 1658 (C=O, coumarin), 1587 (aromatic C=C stretch), 1540 and 1340 (NO2 
symmetric and asymmetric stretches), and 886 (C–Cl aromatic); ESI-MS m/z  567 [M + H]+; calculated, %: 
C23H11Cl3N2O9; C: 48.68%, H: 1.95%, Cl: 18.73%, N: 4.93%, and O: 25.71%, closely matching the expected 
values. These are C: 48.83%, H: 1.96%, Cl: 18.80%, N: 4.95%, and O: 25.45%. 

3,4,5-Trinitrophenyl 2-(5-chloro-8-(2,4-dichlorophenoxy)-2-oxo-2H-chromen-4-yl)acetate (TBC9). 
Pale yellow powder; yield%: 42%; mp: 230–235°C; 1H-NMR (400 MHz, DMSO-d6), ppm: 7.82–7.38 (m, 7H, 
aromatic protons), 7.24 (s, 1H, coumarin H-3), and 4.01 (s, 2H, CH2 of the ester); 13C-NMR (100 MHz, DMSO-
d6), ppm: 172 (C=O, ester), 162 (C=O coumarin), 142–116 (aromatic carbons including trinitrophenyl carbons), 
and 42 (CH2, acetate group); IR, νmax, cm–1: 1754 (C=O, ester), 1654 (C=O, coumarin), 1586 (aromatic C=C 
stretch), 1553 and 1341 (NO2 symmetric and asymmetric stretches), and 884 (C–Cl aromatic); ESI-MS m/z 
612 [M + H]+; calculated, %: C23H10Cl3N3O11; C: 45.13%, H: 1.65%, Cl: 17.43%, N: 6.86%, and O: 28.93%, 
closely matching the expected values. These are C: 45.23%, H: 1.65%, Cl: 17.42%, N: 6.88%, and O: 28.82%. 

4-Cyanophenyl 2-(5-chloro-8-(2,4-dichlorophenoxy)-2-oxo-2H-chromen-4-yl)acetate (TBC10). Pale 
yellow powder; yield%: 63%; mp: 220–225°C; 1H-NMR (400 MHz, DMSO-d6), ppm: 7.83–7.38 (m, 9H, 
aromatic protons), 7.26 (s, 1H, coumarin H-3), and 4.01 (s, 2H, CH2 of the ester); 13C-NMR (100 MHz, DMSO-
d6), ppm: 172 (C=O, ester), 160 (C=O coumarin), 148–116 (aromatic carbons including cyano-substituted 
carbons), 118 (C≡N), and 38 (CH2, acetate group); IR, νmax, cm–1: 1761 (C=O, ester), 1659 (C=O, coumarin), 
1588 (aromatic C=C stretch), 2223 (C≡N stretch), and 885 (C–Cl aromatic); ESI-MS m/z 502 [M + H]+; 
calculated, %: C24H12Cl3NO5; C: 55.42%, H: 2.32%, Cl: 20.51%, N: 2.70%, and O: 18.05%, closely matching 
the expected values. These are C: 57.57%, H: 2.42%, Cl: 21.24%, N: 2.80%, and O: 15.98%. 

3,5-Dicyanophenyl 2-(5-chloro-8-(2,4-dichlorophenoxy)-2-oxo-2H-chromen-4-yl)acetate (TBC11). 
Pale yellow powder; yield%: 60%; mp: 225–230°C; 1H-NMR (400 MHz, DMSO-d6), ppm: 7.82–7.38 (m, 8H, 
aromatic protons), 7.22 (s, 1H, coumarin H-3), and 4.04 (s, 2H, CH2 of the ester); 13C-NMR (100 MHz, DMSO-
d6), ppm: 172 (C=O, ester), 161 (C=O coumarin), 142–116 (aromatic carbons including cyano-substituted 
carbons), 114 (C≡N), and 39 (CH2, acetate group); IR, νmax, cm–1: 1762 (C=O, ester), 1656 (C=O, coumarin), 
1586 (aromatic C=C stretch), 2224 (C≡N stretch), and 882 (C–Cl aromatic); ESI-MS m/z 527 [M + H]+; 
calculated, %: C25H11Cl3N2O5; C: 55.03%, H: 2.03%, Cl: 19.51%, N: 5.13%, and O: 18.30%, closely matching 
the expected values. These are C: 57.12%, H: 2.11%, Cl: 20.23%, N: 5.33%, and O: 15.22%. 

3,4,5-Tricyanophenyl 2-(5-chloro-8-(2,4-dichlorophenoxy)-2-oxo-2H-chromen-4-yl)acetate 
(TBC12). Pale yellow powder; yield%: 55%; mp: 230–235°C; 1H-NMR (400 MHz, DMSO-d6), ppm: 7.85–
7.38 (m, 8H, aromatic protons), 7.22 (s, 1H, coumarin H-3), and 38 (s, 2H, CH2 of the ester); 13C-NMR (100 
MHz, DMSO-d6), ppm: 172 (C=O, ester), 162 (C=O coumarin), 144–118 (aromatic carbons including cyano-
substituted carbons), 115 (C≡N), and 40 (CH2, acetate group); IR, νmax, cm–1: 1758 (C=O, ester), 1656 (C=O, 
coumarin), 1586 (aromatic C=C stretch), 2224 (C≡N stretch), and 883 (C–Cl aromatic); ESI-MS m/z 552 [M 
+ H]+; calculated, %: C26H10Cl3N3O5; C: 53.68%, H: 1.74%, Cl: 18.53%, N: 7.23%, and O: 19.82%, closely 
matching the expected values. These are C: 56.70%, H: 1.83%, Cl: 19.31%, N: 7.63%, and O: 14.53%. 

4-Methoxyphenyl 2-(5-chloro-8-(2,4-dichlorophenoxy)-2-oxo-2H-chromen-4-yl)acetate (TBC13). 
Pale yellow powder; yield%: 80%; mp: 210–215°C; 1H-NMR (400 MHz, DMSO-d6), ppm: 7.82–7.38 (m, 9H, 
aromatic protons), 7.21 (s, 1H, coumarin H-3), 4.01 (s, 2H, CH2 of the ester), and 3.72 (s, 3H, methoxy group); 
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13C-NMR (100 MHz, DMSO-d6), ppm: 172 (C=O, ester), 161 (C=O coumarin), 142–112 (aromatic carbons 
including methoxyphenyl and coumarin carbons), 56 (OCH3), and 38 (CH2, acetate group); IR, νmax, cm–1: 
2855 (C–H stretch from methoxy), 1762 (C=O, ester), 1662 (C=O, coumarin), 1588 (aromatic C=C stretch), 
and 884 (C–Cl aromatic); ESI-MS m/z 507 [M + H]+; calculated, %: C24H14Cl3O5;  C: 56.91%, H: 2.79%, Cl: 
19.86%, and O: 20.44%, closely matching the expected values. These are C: 57.00%, H: 2.99%, Cl: 21.03%, 
and O: 18.98%. 

3,5-Dimethoxyphenyl 2-(5-chloro-8-(2,4-dichlorophenoxy)-2-oxo-2H-chromen-4-yl)acetate (TBC14). 
Pale yellow powder; yield%: 84%; mp: 215–220°C; 1H-NMR (400 MHz, DMSO-d6), ppm: 7.83–7.38 (m, 8H, 
aromatic protons), 7.22 (s, 1H, coumarin H-3), 4.01 (s, 2H, CH2 of the ester), and 3.74 (s, 6H, methoxy groups); 
13C-NMR (100 MHz, DMSO-d6), ppm: 171 (C=O, ester), 160 (C=O coumarin), 144–116 (aromatic carbons), 
58 (OCH3), and 39 (CH2, acetate group); IR, νmax, cm–1: 2866 (C–H stretch from methoxy), 1762 (C=O, ester), 
1658 (C=O, coumarin), 1588 (aromatic C=C stretch), and 885 (C–Cl aromatic); ESI-MS m/z 537 [M + H]+; 
calculated, %: C25H16Cl3O6; C: 57.32%, H: 3.06%, Cl: 19.12%, and O: 20.50%, closely matching the expected 
values. These are C: 56.05%, H: 3.20%, Cl: 19.85%, and O: 20.90%. 

3,4,5-Trimethoxyphenyl 2-(5-chloro-8-(2,4-dichlorophenoxy)-2-oxo-2H-chromen-4-yl)acetate (TBC15). 
Pale yellow powder; yield%: 89%; mp: 220–225°C; 1H-NMR (400 MHz, DMSO-d6), ppm: 7.84–7.38 (m, 7H, 
aromatic protons), 7.26 (s, 1H, coumarin H-3), 4.02 (s, 2H, CH2 of the ester), and 3.76 (s, 9H, methoxy groups); 
13C-NMR (100 MHz, DMSO-d6), ppm: 171 (C=O, ester), 163 (C=O coumarin), 143–115 (aromatic carbons), 
58 (OCH3), and 42 (CH2, acetate group); IR, νmax, cm–1: 2858 (C–H stretch from methoxy), 1758 (C=O, ester), 
1656 (C=O, coumarin), 1587 (aromatic C=C stretch), and 888 (C–Cl aromatic); ESI-MS m/z 567 [M + H]+; 
calculated, %:  C26H18Cl3O7; C: 58.27%, H: 3.17%, Cl: 18.50%, and O: 20.06%, closely matching the expected 
values. These are C: 55.19%, H: 3.38%, Cl: 18.80%, and O: 22.62%. 

p-Tolyl 2-(5-chloro-8-(2,4-dichlorophenoxy)-2-oxo-2H-chromen-4-yl)acetate (TBC16). Pale yellow 
powder; yield%: 81%; mp: 215–220°C; 1H-NMR (400 MHz, DMSO-d6), ppm: 7.82–7.38 (m, 9H, aromatic 
protons), 7.24 (s, 1H, coumarin H-3), 4.01 (s, 2H, CH2 of the ester), and 2.46 (s, 3H, methyl group); 13C-NMR 
(100 MHz, DMSO-d6), ppm: 171 (C=O, ester), 163 (C=O coumarin), 1454–116 (aromatic carbons), 41 (CH2, 
acetate group), and 22 (methyl group); IR, νmax, cm–1: 2865 (C–H stretch from the methyl group), 1762 (C=O, 
ester), 1658 (C=O, coumarin), 1586 (aromatic C=C stretch), and 884 (C–Cl aromatic); ESI-MS m/z 491 [M + 
H]+; calculated, %: C23H15Cl3O4; C: 60.87%, H: 3.33%, Cl: 17.84%, and O: 17.96%, closely matching the 
expected values. These are C: 58.86%, H: 3.09%, Cl: 21.72%, and O: 16.33%. 

3,5-Dimethylphenyl 2-(5-chloro-8-(2,4-dichlorophenoxy)-2-oxo-2H-chromen-4-yl)acetate (TBC17). 
Pale yellow powder; yield%: 84%; mp: 210–215°C; 1H-NMR (400 MHz, DMSO-d6), ppm: 7.82–7.38 (m, 8H, 
aromatic protons), 7.27 (s, 1H, coumarin H-3), 4.00 (s, 2H, CH2 of the ester), and 2.18 (s, 6H, methyl groups); 
13C-NMR (100 MHz, DMSO-d6), ppm: 171 (C=O, ester), 163 (C=O coumarin), 144–114 (aromatic carbons), 
42 (CH2, acetate group), and 23 (methyl groups); IR, νmax, cm–1: 2868 (C–H stretch from methyl groups), 1762 
(C=O, ester), 1658 (C=O, coumarin), 1588 (aromatic C=C stretch), and 882 (C–Cl aromatic); ESI-MS m/z 505 
[M + H]+; calculated, %: C23H17Cl3O4; C: 61.67%, H: 4.13%, Cl: 18.46%, and O: 17.74%, closely matching 
the expected values. These are C: 59.61%, H: 3.40%, Cl: 21.11%, and O: 15.88%. 

3,4,5-Trimethylphenyl 2-(5-chloro-8-(2,4-dichlorophenoxy)-2-oxo-2H-chromen-4-yl)acetate 
(TBC18). Pale yellow powder; yield%: 87%; mp: 215–220°C; 1H-NMR (400 MHz, DMSO-d6), ppm: 7.82–
7.38 (m, 7H, aromatic protons), 7.26 (s, 1H, coumarin H-3), 4.04 (s, 2H, CH2 of the ester), and 2.36 (s, 9H, 
methyl groups); 13C-NMR (100 MHz, DMSO-d6), ppm: 174 (C=O, ester), 160 (C=O coumarin), 148–116 
(aromatic carbons), 40 (CH2, acetate group), and 23 (methyl groups); IR, νmax, cm–1: 1758 (C=O, ester), 1658 
(C=O, coumarin), 1586 (aromatic C=C stretch), 2868 (C–H stretch from methyl groups), and 882 (C–Cl 
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aromatic); ESI-MS m/z 519 [M + H]+; calculated, %: C24H18Cl3O4; C: 60.09%, H: 3.78%, Cl: 18.95%, and O: 
17.89%, closely matching the expected values. These are C: 60.31%, H: 3.70%, Cl: 20.54%, and O: 15.45%. 

Evaluating the activity against pathogenic aerobic bacteria. This activity of the test compounds 
against pathogenic aerobic bacteria was assessed using the broth microdilution method. Mueller-Hinton broth 
(MHB) was employed as the growth medium, with ciprofloxacin (CIP) serving as the positive control and 
dimethyl sulfoxide (DMSO) as the negative control. A stock solution was prepared by dissolving 1 mg of each 
test compound in 1 ml of DMSO and then serially diluted twofold with sterilized water to obtain 12 solutions 
with concentrations ranging from 1024 to 0.25 μg/ml. For each test, 3 ml of MHB, 2 ml of inoculum (adjusted 
to 0.5 McFarland standard), and 1 ml of the respective concentration of the test solution were combined in 
labeled test tubes. The prepared mixtures were incubated at 37 °C for 24 hours, and the minimum inhibitory 
concentration (MIC) was determined as the lowest concentration that completely inhibited bacterial growth[36]. 

To determine the minimum bactericidal concentration (MBC), the concentration immediately above the 
MIC in the serial dilution sequence was further aqueous-diluted to final concentrations on the basis of adding 
0.05, 0.5, 1, or 4 concentration factors to that of the MIC. The MIC-determined protocol was repeated with 
these dilutions to assess the second microbiological measure, MBC[37]. The potency marker (PM) represents 
the third detected microbiological measure that was calculated by dividing the MBC value by the 
corresponding MIC value. Based on the PM, the mode of activity was categorized: a PM value greater than 4 
indicated bacteriostatic activity, while a PM value of 4 or less indicated bactericidal activity[38]. 

Evaluating the other microbiological activities. The baseline protocol for assessing antibacterial 
activity against pathogenic aerobic bacteria was adapted to evaluate other microbiological activities of the test 
chemicals. For activity against pathogenic anaerobic bacteria, modifications were made to the standard 
protocol. The growth medium was replaced with Brucella agar supplemented with 5% sheep blood, and 
metronidazole (MET) was used as the positive control. Also, the incubation process was extended to 48 hours 
and conducted in an anaerobic jar. The latter was maintained in an oxygen-free environment using an anaerobic 
gas generation system, an anaerobe indicator, and palladium as a catalyst to ensure proper anaerobic conditions 
[39]. Given the antifungal activity, the baseline protocol was modified by replacing the growth medium with 
Sabouraud-dextrose broth and the positive control with nystatin (NYT). Additionally, the incubation process 
was adjusted to 48 hours at 30 °C to accommodate fungal growth requirements[40]. Finally, to assess the 
biocompatibility of the test chemicals with microbiome bacteria, the baseline protocol was applied without 
any modifications[41]. 

3. Results and discussion 
3.1. Chemistry 

The synthesis of precursor TBC-p and its aromatic-esterified derivatives (TBC1-TBC18) was performed 
through sequential steps. In the first one, 3-oxopentanedioic acid was prepared through a previously published 
paper by condensing 3-carboxy-3-hydroxypentane-1,5-dioic acid with conc. H2SO4 via a decarboxylation-
mediated mechanism[42]. Because of the strong concentration of inorganic acid used, it is impossible to follow 
up on the reaction progress via the TLC technique. Therefore, the stoppage of bubble release represents the 
best visible indicator of the reaction complement[43].  

In the second synthetic step, the application of the Pechmann condensation reaction created the precursor 
TBC-p. The process involves the condensation of 3-oxopentanedioic acid with triclosan in the presence of 
concentrated H2SO4, which serves as both a catalyst and a drying agent [44]. The researchers utilized an excess 
amount of the acid as a reaction medium to fulfill these two roles, resulting in a comparatively high yield of 
85.13%[45]. Since the progress of this synthetic reaction can’t be detected via the TLC technique, as in the first 
step, long room temperature-performed mixing was applied (18 hours)[46]. The elemental and spectroscopic 
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examinations confirm the formation of TBC-p. The latter examination clearly reveals the presence of a 
carboxylic acid moiety in the FTIR and 1H-NMR charts[47]. 

SOCl2-catalyzed esterification of TBC-p with various phenols was the final synthetic step. The number 
and type of substitutions distinguish these phenols from one another. Given the latter factor, the substitution 
types used included fluoride, chloride, nitro, cyano, methoxy, and methyl entities. Regarding the substitution 
number, it was one, two, or three[48]. The spectroscopic methods were utilized to identify the esterified 
compounds (TBC1–TBC18) by observing the disappearance of the carboxylic acid moiety and the appearance 
of an aliphatic ester motif[49]. One of the most notable aspects of this synthetic step is the significant variation 
in the yield% values, ranging from 86.52 to 41.56%. The researchers concluded by analyzing this variation 
that the yield percentage directly relates to the number and capacity of the original phenolic substitution to 
donate electrons[50]. Accordingly, TBC15, which constructs from a phenol-trisubstituted with methoxy groups, 
has the highest yield% value. The other conclusion is that the relationship is reversed when considering those 
with electron-withdrawing functionality[51]. Therefore, TBC9, a phenol-trisubstituted compound with nitro 
groups, correlates with the lowest yield% value. 

3.2. Microbiology 
3.2.1. Antibacterial activity against pathogenic aerobes 

Aerobic bacterial pathogens are an increasing threat to health because they can cause a broad variety of 
ailments, from minor skin infections to serious system-wide illnesses[52]. These bacteria flourish in 
surroundings high in oxygen. Common aerobic bacteria like E. coli and P. aeruginosa can cause infections of 
the urinary system, respiratory tract, wounds, and sepsis[53]. Because they can thrive in environments with weak 
immune systems and create biofilms on medical equipment, these bacteria pose a serious threat to patients in 
healthcare facilities, where they can develop resistance to antibiotics[54]. The emergence of multidrug-resistant 
strains of aerobic bacteria has further compounded the problem, decreasing remedies and increasing the 
likelihood of complications like longer hospital stays, more medical bills, and even death[55]. Strict infection 
control protocols, cutting-edge diagnostic equipment, and unceasing investigation into potential antibiotic and 
non-antibiotic treatment options are necessary to combat infections caused by this bacterial type[56–58]. 

We used the broth microdilution methodology to score our TBCs' ability to inhibit the pathogenic growth 
of six aerobic bacterial strains by calculating three measures: MIC, MBC, and PM[59]. For the first one, Table 
1 shows that the MIC values in μg/ml for the CIP, the precursor TBC-p, and the esterified coumarins (TBC1–
TBC18) are 0.70–1.60, 10.85–13.20, and 1.10–6.95, respectively. Additionally, the synthesized TBCs showed 
less activity compared to CIP, albeit to varying degrees. In comparison to its esterified congeners, TBC-p 
demonstrated significantly less activity. This fact underscores the significance of aromatic esterification of the 
precursor carboxylic acid, as it possesses a high hydrophilic character that could potentially restrict the 
compound's penetration into aerobic bacteria[60]. For the esterified coumarins, we found that the activity 
depends on the substitution map located on ring D. In more detail, we found that the coumarins with one 
substitution on this ring are less active than those with two, and those with two are less active than those with 
three[61]. Another important factor is the type of substituted moiety, which arranges the order of activity in a 
descending order: chloride, fluoride, methoxy, methyl, cyano, and nitro[62]. Based on these outcomes, TBC6, 
which has three chloride moieties on ring D, is the compound with the highest activity among all the 
synthesized compounds. In the literature, we find that the presence of an aromatic chloride framework can 
enhance the antibacterial activity against pathogenic aerobes. This fact aligns with our final conclusion[63–66]. 
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Table 1. The MIC values of the CIP as well as TBC-p and its esterified coumarins against pathogenic aerobes. 

Bacterial 
strain 

Codes of the positive control and TBCs 

CIP TBC-p TBC1 TBC2 TBC3 TBC4 TBC5 TBC6 TBC7 TBC8 

P. aeruginosa 1.05 11.15 2.30 2.25 2.10 1.70 1.65 1.55 6.30 6.25 

K. pneumonia 0.70 10.85 2.15 2.10 1.95 1.55 1.35 1.15 6.45 6.40 

H. influenzae 1.15 11.40 2.55 2.40 2.25 2.05 1.95 1.80 6.15 6.10 

E. coli 1.25 11.75 2.45 2.40 2.35 1.90 1.80 1.65 6.95 6.80 

S. typhi 1.60 12.05 2.95 2.85 2.50 1.90 1.85 1.80 6.95 6.90 

S. dysenteriae 0.95 13.20 2.55 2.30 2.05 1.40 1.25 1.10 6.35 6.20 

Bacterial 
strain 

Codes of the TBCs 

TBC9 TBC10 TBC11 TBC12 TBC13 TBC14 TBC15 TBC16 TBC17 TBC18 

P. aeruginosa 6.10 4.75 4.60 4.45 2.75 2.55 2.35 3.40 3.25 3.10 

K. pneumonia 6.25 4.90 4.85 4.85 2.45 2.35 2.30 3.65 3.20 3.05 

H. influenzae 6.15 4.75 4.70 4.60 2.90 2.75 2.70 3.55 3.30 3.30 

E. coli 6.95 5.10 5.15 4.95 2.75 2.65 2.50 3.65 3.40 3.15 

S. typhi 6.80 5.05 4.90 4.75 3.15 3.10 3.15 3.70 3.55 3.40 

S. dysenteriae 6.05 4.45 4.35 4.30 2.65 2.60 2.55 3.25 3.25 3.20 

The μg/ml is the unit used to define the MIC values 

The second computed microbiological measure, MBC, represents the concentration of the chemical that 
can kill the exposed bacteria. So, it is logical to be greater than that of MIC[67]. Table 2 presents the numerical 
values used to calculate the MBC for the CIP, along with the TBC-p and its esterified coumarins against the 
studied aerobic bacteria. Analyzing these values reveals a parallel relationship with the MIC values, using the 
same rationale. Given the numbers found in Table 3, which are less than 4, the synthesized compounds 
collectively act as bactericidal rather than bacteriostatic against the pathogenic aerobes under study[68–70]. 

Table 2. The MBC values of the CIP as well as TBC-p and its esterified coumarins against pathogenic aerobes. 

Bacterial 
strain 

Codes of the positive control and TBCs 

CIP TBC-p TBC1 TBC2 TBC3 TBC4 TBC5 TBC6 TBC7 TBC8 

P. aeruginosa 2.00 22.15 3.05 3.25 2.55 2.80 2.00 1.70 11.90 10.40 

K. pneumonia 1.30 21.55 2.85 3.05 2.35 2.55 1.65 1.30 12.20 10.65 

H. influenzae 2.15 22.65 3.40 3.45 2.75 3.40 2.40 2.00 11.60 10.15 

E. coli 2.35 23.35 3.25 3.45 2.85 3.15 2.20 1.85 13.15 11.35 

S. typhi 3.00 23.95 3.95 4.10 3.05 3.15 2.25 2.00 13.10 11.50 

S. dysenteriae 1.80 26.25 3.40 3.30 2.50 2.30 1.55 1.20 12.00 10.35 

Bacterial 
strain 

Codes of the TBCs 

TBC9 TBC10 TBC11 TBC12 TBC13 TBC14 TBC15 TBC16 TBC17 TBC18 

P. aeruginosa 8.15 6.34 6.15 5.95 3.65 3.40 3.15 4.55 4.35 4.15 

K. pneumonia 8.35 6.54 6.50 6.45 3.25 3.15 3.10 4.90 4.30 4.10 

H. influenzae 8.20 6.34 6.30 6.15 3.85 3.65 3.60 4.75 4.40 4.40 

E. coli 9.30 6.81 6.95 6.60 3.65 3.55 3.35 4.85 4.55 4.20 

S. typhi 9.10 6.74 6.55 6.35 4.20 4.15 4.20 4.90 4.75 4.55 

S. dysenteriae 8.10 5.94 5.80 5.75 3.55 3.50 3.40 4.35 4.35 4.30 
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The μg/ml is the unit used to define the MBC values 

Table 3. The PM values of the CIP as well as TBC-p and its esterified coumarins against pathogenic aerobes. 

Bacterial 
strain 

Codes of the positive control and TBCs 

CIP TBC-p TBC1 TBC2 TBC3 TBC4 TBC5 TBC6 TBC7 TBC8 

P. aeruginosa 1.905 1.987 1.326 1.444 1.214 1.647 1.212 1.097 1.889 1.664 

K. pneumonia 1.857 1.986 1.326 1.452 1.205 1.645 1.222 1.130 1.891 1.664 

H. influenzae 1.870 1.987 1.333 1.438 1.222 1.659 1.231 1.111 1.886 1.664 

E. coli 1.880 1.987 1.327 1.438 1.213 1.658 1.222 1.121 1.892 1.669 

S. typhi 1.875 1.988 1.339 1.439 1.220 1.658 1.216 1.111 1.885 1.667 

S. dysenteriae 1.895 1.989 1.333 1.435 1.220 1.643 1.240 1.091 1.890 1.669 

Bacterial 
strain 

Codes of the TBCs 

TBC9 TBC10 TBC11 TBC12 TBC13 TBC14 TBC15 TBC16 TBC17 TBC18 

P. aeruginosa 1.336 1.336 1.337 1.337 1.327 1.333 1.340 1.338 1.338 1.339 

K. pneumonia 1.336 1.336 1.340 1.330 1.327 1.340 1.348 1.342 1.344 1.344 

H. influenzae 1.333 1.336 1.340 1.337 1.328 1.327 1.333 1.338 1.333 1.333 

E. coli 1.338 1.336 1.350 1.333 1.327 1.340 1.340 1.329 1.338 1.333 

S. typhi 1.338 1.336 1.337 1.337 1.333 1.339 1.333 1.324 1.338 1.338 

S. dysenteriae 1.339 1.336 1.333 1.337 1.340 1.346 1.333 1.338 1.338 1.344 

3.3. Antibacterial activity against pathogenic anaerobes 
Pathogenic anaerobic bacteria, which can survive in low-oxygen environments such as deep tissues, 

wounds, or internal organs, are a major cause for concern when it comes to infections[71].These infections often 
accompany illnesses that affect the gums, teeth, blood vessels, intestines, or pelvis[72]. Anaerobic bacteria, like 
those in the genus Fusobacterium, genus Clostridium, and other similar species, make toxins and enzymes that 
hurt host tissues, make inflammation worse, and weaken immune responses[73]. Untreated infections can lead 
to severe issues like tissue necrosis, systemic inflammation, organ failure, and even apoptosis[74]. For 
successful handling of these infections and reducing the probability of long-term health repercussions, timely 
detection and tailored treatment are critical. Often, the latter factor involves antibacterial drugs like 
metronidazole or clindamycin[75]. 

With antibiotic resistance on the rise among anaerobic pathogens, it is crucial to find novel anti-anaerobic 
bacterial options[76]. That being said, a large number of these bacteria have evolved resistance to widely used 
antibiotics, which increases the likelihood of treatment failure and narrows the choices for curative measures[77]. 
Also, ordinary antibiotics have a difficult time killing anaerobes because of their unusual physiology. Not only 
is it critical to find novel therapeutic agents to combat resistance, but it is also critical to develop biocompatible, 
more effective medicines with fewer adverse effects[78]. Novel classes of antibiotics, antimicrobial peptides, 
and targeted treatments are examples of creativity that have the potential to dramatically boost clinical results 
for these challenging infections[79]. 

Using the broth microdilution method, we tested our TBCs to see if they could stop the growth of four 
harmful anaerobic bacterial strains in their ideal conditions. During this evaluation, we calculated three 
parameters: MIC, MBC, and PM. The MIC values for the MET, the precursor TBC-p, and the esterified 
coumarins are 0.95-2.85, 47.20-45.45, and 4.35-7.85, respectively, according to Table 4. The amount to which 
synthesized TBCs were less active than MET varied.   Notably, TBC-p exhibited far lower activity compared 
to its esterified counterparts. This overstates the importance of the aromatic esterification of the carboxylic 
acid precursor, as its hydrophilic nature may limit the compound's ability to penetrate anaerobic bacteria. Also, 
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we observed that the esterified coumarins' activity is dependent on the substitution pattern situated on ring D. 
Further investigation revealed that coumarins with a single substitution on this ring exhibit lower activity 
compared to those with two, and likewise for those with three. The substituted motif type also matters, since 
it ranks the substituents' activities from most active to least: nitro, chloride, methoxy, methyl, fluoride, cyano, 
and nitro. In light of these results, the most active of the produced molecules is TBC9, featuring three nitro 
groups on ring D. Our literature review reveals that compounds with nitrobenzene frameworks can target 
pathogenic anaerobes more effectively. This evidence supports our final verdict. 

Table 4. The MIC values of the MET as well as TBC-p and its esterified coumarins against pathogenic anaerobes. 

Bacterial 
strain 

Codes of the positive control and TBCs 

MET TBC-p TBC1 TBC2 TBC3 TBC4 TBC5 TBC6 TBC7 TBC8 

B. fragilis 2.85 45.80 6.70 6.55 6.40 4.75 4.70 4.60 4.45 4.40 

C. perfringens 0.95 45.45 6.65 6.60 6.65 4.50 4.40 4.35 4.15 4.15 

F. necrophorum 1.80 46.35 6.90 6.85 6.70 4.90 4.75 4.70 4.55 4.45 

P. melaninogenica 1.05 47.20 6.70 6.75 6.65 4.95 4.90 4.75 4.70 4.75 

Bacterial 
strain 

Codes of the TBCs 

TBC9 TBC10 TBC11 TBC12 TBC13 TBC14 TBC15 TBC16 TBC17 TBC18 

B. fragilis 4.35 7.85 7.60 7.45 5.30 5.20 5.05 5.80 5.75 5.60 

C. perfringens 4.05 7.75 7.70 7.55 5.30 5.10 4.90 5.90 5.60 5.65 

F. necrophorum 4.45 7.75 7.75 7.50 5.50 5.35 5.15 5.95 5.80 5.60 

P. melaninogenica 4.70 7.60 7.45 7.35 5.35 5.30 5.25 5.60 5.55 5.45 

The μg/ml is the unit used to define the MIC values 

Table 5 displays the numbers representing the concentrations at which the MET and the developed 
coumarins can kill the studied anaerobic bacteria. Also, analyzing these numbers and comparing them with 
their related MIC numbers shows that they operate in a similar pattern[80]. On the other hand, Table 6 reveals 
that these coumarins were bactericidal rather than bacteriostatic against the pathogenic anaerobes under study, 
since the listed values are less than 4[81]. 

Table 5. The MBC values of the MET as well as TBC-p and its esterified coumarins against pathogenic anaerobes. 

Bacterial 
strain 

Codes of the positive control and TBCs 

MET TBC-p TBC1 TBC2 TBC3 TBC4 TBC5 TBC6 TBC7 TBC8 

B. fragilis 7.90 136.95 19.25 18.20 16.45 12.60 13.55 13.75 11.85 11.65 

C. perfringens 2.65 135.85 19.10 18.35 17.15 11.95 12.75 13.05 11.15 11.10 

F. necrophorum 5.05 138.50 19.85 19.05 17.25 13.05 13.70 14.10 12.10 11.85 

P. melaninogenica 2.90 141.15 19.25 18.80 17.10 13.10 14.15 14.15 12.45 12.65 

Bacterial 
strain 

Codes of the TBCs 

TBC9 TBC10 TBC11 TBC12 TBC13 TBC14 TBC15 TBC16 TBC17 TBC18 

B. fragilis 12.00 22.65 20.15 21.60 15.25 13.85 11.75 15.45 16.00 16.15 

C. perfringens 11.25 22.35 20.40 21.85 15.25 13.50 11.40 15.70 15.65 16.30 

F. necrophorum 12.35 22.25 20.55 21.75 15.80 14.20 12.05 15.80 16.10 16.10 

P. melaninogenica 13.15 21.85 19.70 21.35 15.45 14.15 12.25 14.90 15.45 15.70 

The μg/ml is the unit used to define the MBC values 
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Table 6. The PM values of the MET as well as TBC-p and its esterified coumarins against pathogenic anaerobes. 

Bacterial 
strain 

Codes of the positive control and TBCs 

MET TBC-p TBC1 TBC2 TBC3 TBC4 TBC5 TBC6 TBC7 TBC8 

B. fragilis 2.772 2.990 2.873 2.776 2.570 2.653 2.883 2.989 2.663 2.648 

C. perfringens 2.789 2.989 2.872 2.780 2.579 2.656 2.898 3.000 2.687 2.675 

F. necrophorum 2.806 2.988 2.877 2.781 2.575 2.663 2.884 3.000 2.659 2.663 

P. melaninogenica 2.762 2.990 2.873 2.785 2.571 2.646 2.888 2.979 2.649 2.663 

Bacterial 
strain 

Codes of the TBCs 

TBC9 TBC10 TBC11 TBC12 TBC13 TBC14 TBC15 TBC16 TBC17 TBC18 

B. fragilis 2.759 2.885 2.651 2.899 2.877 2.663 2.327 2.664 2.783 2.884 

C. perfringens 2.778 2.884 2.649 2.894 2.877 2.647 2.327 2.661 2.795 2.885 

F. necrophorum 2.775 2.871 2.652 2.900 2.873 2.654 2.340 2.655 2.776 2.875 

P. melaninogenica 2.798 2.875 2.644 2.905 2.888 2.670 2.333 2.661 2.784 2.881 

3.4. Activity against pathogenic fungi 
Infections caused by fungi are becoming increasingly common and impact millions of individuals across 

the globe. Athletes' foot, ringworm, and thrush are examples of superficial infections; invasive candidiasis and 
aspergillosis are illustrations of more serious and potentially fatal diseases[82,83]. People with compromised 
immune systems, such as chemotherapy patients, transplant recipients, or those with long-term health 
conditions like diabetes, renal malfunction, or AIDS, are more susceptible to severe fungal infections[84]. The 
development of antifungal resistance has made it much more difficult to treat aggressive infections once they 
travel to critical organs. Misdiagnosis, along with therapeutic delays, is common because symptoms are similar 
to those of other diseases[85]. Environmental fungus, including those responsible for diseases like 
histoplasmosis and valley fever, can also be a risk to human health in certain areas. To cope with such worries, 
we need better antifungal drugs, improved hygiene practices, and earlier diagnosis of fungal infections[86]. 

We evaluated and compared the capacity of our TBCs to inhibit the growth of two fungal strains by 
calculating their MIC values using the Sabouraud-dextrose broth-microdiluting approach and NYT[87]. We also 
computed the minimum fungicidal concentration (MFC) measure to determine the chemical concentration 
capable of killing the fungi under study. Moreover, we quantified these two measures and specified the third 
one, PM, for each investigated TBC by dividing its MFC value by the MIC[88]. Table 7 includes the results 
obtained from the calculation of these three measures, which highlight several conclusive points. One of the 
key findings is that the TBCs under investigation showed a higher level of activity than NYT against the fungi 
under study. Also, the TBC-p with the carboxylic acid group exhibits the best activity compared with its 
esterified coumarins. This finding confirms that the esterification of this precursor with phenolic derivatives 
has minimal impact[89]. However, when we analyzed the activity of the esterified coumarins, we found that 
those with a high number of substitutions exhibited a higher activity than those with two substitutions, which 
in turn showed a greater activity than those bearing a single substitution on the ring D. Given the substitution 
type, the order of activity was chloride, methoxy, methyl, fluoride, cyano, and nitro[90]. On the other hand, the 
values of the third measure PM suggest that NYT and the synthesized TBCs act as fungicidal antifungal agents; 
these values fall below the threshold value of 4[91]. 
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Table 7. The MIC, MFC, and PM values calculated for NYT as well as TBC-p and their esterified coumarins against pathogenic fungi.  

Fungal 
strain 

MIC (μg/ml) 

MET TBC-p TBC1 TBC2 TBC3 TBC4 TBC5 TBC6 TBC7 TBC8 

C. albicans 5.00 0.95 3.50 3.35 3.20 2.50 2.25 2.15 4.00 4.00 

A. niger 9.00 1.15 3.75 3.60 3.55 2.75 2.75 2.70 4.30 4.30 

Fungal 
strain 

MIC (μg/ml) 

TBC9 TBC10 TBC11 TBC12 TBC13 TBC14 TBC15 TBC16 TBC17 TBC18 

C. albicans 3.90 3.95 3.90 3.75 2.75 2.65 2.60 3.10 2.95 2.80 

A. niger 4.15 4.25 4.15 3.95 3.10 3.00 2.90 3.50 3.30 3.25 

Fungal 
strain 

MFC (μg/ml) 

MET TBC-p TBC1 TBC2 TBC3 TBC4 TBC5 TBC6 TBC7 TBC8 

C. albicans 8.00 1.85 10.15 8.35 7.95 7.20 5.50 6.45 11.15 10.60 

A. niger 13.00 2.55 10.80 9.00 8.80 7.95 6.70 8.20 11.90 11.45 

Fungal 
strain 

MFC (μg/ml) 

TBC9 TBC10 TBC11 TBC12 TBC13 TBC14 TBC15 TBC16 TBC17 TBC18 

C. albicans 10.80 11.40 11.25 10.80 7.95 7.00 6.95 8.60 7.95 8.10 

A. niger 11.55 12.20 11.90 11.45 8.90 7.90 7.70 9.70 8.80 9.35 

Fungal 
strain 

PM 

MET TBC-p TBC1 TBC2 TBC3 TBC4 TBC5 TBC6 TBC7 TBC8 

C. albicans 1.600 1.947 2.900 2.493 2.484 2.880 2.444 3.000 2.788 2.667 

A. niger 1.444 2.217 2.880 2.500 2.479 2.891 2.436 3.037 2.767 2.667 

Fungal 
strain 

PM 

TBC9 TBC10 TBC11 TBC12 TBC13 TBC14 TBC15 TBC16 TBC17 TBC18 

C. albicans 2.769 2.886 2.885 2.880 2.891 2.642 2.673 2.774 2.695 2.893 

A. niger 2.783 2.871 2.867 2.899 2.871 2.633 2.655 2.771 2.667 2.877 

3.5. Biocompatibility with microbiota bacteria 
There is a monetary penalty line between treating dangerous infections and ensuring that novel 

antimicrobial candidates are biocompatible with the bacteria that make up the microbiota[92]. These normal 
bacteria form an intricate ecology that plays a vital role in our digestion, immune system, and overall well-
being[93]. Although antimicrobial drugs are efficient against pathogens, they have the potential to upset this 
delicate microbial balance. This can result in unforeseen issues, including an increase in dangerous bacteria, 
infections caused by pathogenic fungi, or disruptions in metabolic processes[94]. Thus, it is critical to evaluate 
potential novel antimicrobial candidates for biocompatibility with the microbiota to make sure they won't kill 
off beneficial bacteria, which might affect health in the long run or cause resistance to emerge[95]. To create 
treatments that effectively treat infections while being safe for the host's general microbial environment, it is 
crucial to understand how antimicrobial drugs interact with the microbiome[96]. 

For the reasons mentioned above, we conducted an evaluation on our TBCs to determine their 
biocompatibility with the normal microbiota. This was done using three normal bacterial strains, CIP, and 
broth microdiluting as test microorganisms, a reference for comparison, and a method to be used, respectively. 
Table 8 presents the values of MIC, MBC, and PM for both the CIP and the synthesized TBCs. By analyzing 
these numbers, we can identify some conclusive findings. First off, the investigated chemicals demonstrated a 
bactericidal impact on the normal bacteria under study, with low MIC values for the CIP and high values for 
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the synthesized TBCs. This finding indicates that the latter chemicals have excellent biocompatibility profiles 
toward the studied microbiome bacterial strains compared with the reference. In this regard, the values of MIC 
for the synthesized TBCs can reach about 160-fold higher than those of the CIP[97–99]. There are also small 
differences between the values of TBCs regarding the three computed microbiological measures. This indicates 
that the compatibility of TBCs with microbiota bacteria stems from their basic coumarin backbone, not from 
the esterification and substitution patterns on ring D. 

Table 8. The MIC, MFC, and PM values calculated for CIP as well as TBC-p and their esterified coumarins toward three different 
microbiome bacteria.  

Microbiome 
strain 

MIC (μg/ml) 

CIP TBC-p TBC1 TBC2 TBC3 TBC4 TBC5 TBC6 TBC7 TBC8 
E. coli (BAA-

1427) 1.05 158 157 158 164 157 159 162 160 157 

E. coli 
(MG1655) 1.85 162 160 160 160 159 166 157 157 158 

E. coli 
(BAA1430) 1.15 155 162 162 163 163 165 158 159 158 

Microbiome 
strain 

MIC (μg/ml) 

TBC9 TBC10 TBC11 TBC12 TBC13 TBC14 TBC15 TBC16 TBC17 TBC18 
E. coli (BAA-

1427) 160 162 157 160 159 160 157 163 158 162 

E. coli 
(MG1655) 160 163 159 163 159 163 157 160 159 164 

E. coli 
(BAA1430) 164 160 155 160 157 167 155 164 155 165 

Microbiome 
strain 

MBC (μg/ml) 

CIP TBC-p TBC1 TBC2 TBC3 TBC4 TBC5 TBC6 TBC7 TBC8 
E. coli (BAA-

1427) 3.05 476 472 481 504 476 491 495 494 474 

E. coli 
(MG1655) 5.30 487 482 487 492 482 512 479 484 477 

E. coli 
(BAA1430) 3.30 466 486 493 501 494 509 482 491 477 

Microbiome 
strain 

MBC (μg/ml) 

TBC9 TBC10 TBC11 TBC12 TBC13 TBC14 TBC15 TBC16 TBC17 TBC18 
E. coli (BAA-

1427) 492 495 483 492 491 494 484 502 486 498 

E. coli 
(MG1655) 492 498 489 501 491 503 484 492 489 504 

E. coli 
(BAA1430) 504 488 477 492 484 515 478 505 477 507 

Microbiome 
strain 

PM 

CIP TBC-p TBC1 TBC2 TBC3 TBC4 TBC5 TBC6 TBC7 TBC8 
E. coli (BAA-

1427) 2.905 3.013 3.006 3.046 3.073 3.032 3.088 3.056 3.088 3.019 

E. coli 
(MG1655) 2.865 3.006 3.013 3.044 3.075 3.031 3.084 3.051 3.083 3.020 

E. coli 
(BAA1430) 2.870 3.006 3.000 3.043 3.074 3.031 3.085 3.051 3.088 3.019 

Microbiome 
strain 

PM 

TBC9 TBC10 TBC11 TBC12 TBC13 TBC14 TBC15 TBC16 TBC17 TBC18 
E. coli (BAA-

1427) 3.075 3.056 3.076 3.075 3.088 3.088 3.083 3.080 3.076 3.074 

E. coli 
(MG1655) 3.075 3.055 3.075 3.074 3.088 3.086 3.083 3.075 3.075 3.073 

E. coli 
(BAA1430) 3.073 3.050 3.077 3.075 3.083 3.084 3.084 3.079 3.077 3.073 
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4. Conclusion 
This work reports the success in the creation of nineteen TBCs using triclosan as a starting building unit. 

These coumarins include the precursor TBC-p and eighteen of its aromatic esterified coumarins (TBC1-
TBC18). Figure 1 shows some intriguing facts about the connection between structure and activity regarding 
the synthesized TBCs. We discovered these facts by testing them for biocompatibility and antimicrobial 
activity and then comparing the results with various standards. First, the biocompatibility of the synthesized 
compounds is entirely dependent on the coumarin framework rather than other structural factors. On the other 
hand, the antimicrobial activity of the compounds under study depends on the number and type of substitutions 
in ring D. Given the former factor, compounds with three substituents are more active than those with two, 
which in turn are more active than those with a single substituent. The type of substitution plays a significant 
role, with chloride showing the greatest activity against pathogenic aerobic bacteria and nitro showing the 
greatest activity against pathogenic anaerobic bacteria. TBC-p exhibits the highest activity against pathogenic 
fungi, thereby diminishing the significance of the other two recorded factors. Our recommendation is to direct 
further studies to utilize these insights for developing more potent and selective antimicrobial prospects derived 
from the coumarin scaffold. 
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Figure 1. The relationship between the structural characteristics of TBCs and their activity and biocompatibility. 
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