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ABSTRACT

In this study, we report the design, synthesis, and comprehensive biological evaluation of a novel series of linear
1,3-dioxolane—coumarin hybrids (DCH1-DCHY7) as promising multi-target therapeutic agents. The synthesis involved
an optimized multi-step approach beginning with a Pechmann condensation followed by selective esterification reactions,
yielding high-purity compounds confirmed via FTIR, 'H-NMR, and 3C-NMR analyses. The hybrids were systematically
screened for their antioxidant, anticancer, anti-inflammatory, antidiabetic, and antimicrobial activities. In addition, their
biocompatibility was assessed using non-cancerous human cell lines and commensal bacterial strains. Among the
synthesized hybrids, DCH4 exhibited remarkable antioxidant and anticancer properties, while DCH1 showed superior
anti-inflammatory and antifungal activity. DCH2 demonstrated potent antidiabetic and anti-anaerobic bacterial efficacy,
and DCHS5 emerged as the most active against aerobic gram-negative bacteria. These bioactivities were closely linked to
specific structural modifications, as revealed through structure—activity relationship analyses. In silico evaluations using
ProTox-Il, PreADME, and SwissADME tools predicted favorable drug-likeness, low toxicity, high oral bioavailability,
and acceptable pharmacokinetic profiles, further supporting their therapeutic relevance. Importantly, all hybrids displayed
minimal cytotoxic effects on non-cancerous cells and exhibited selective antimicrobial actions, sparing beneficial gut
microbiota. This highlights their potential as safer alternatives to conventional therapies. The introduction of the 1,3-
dioxolane moiety into the coumarin scaffold contributed significantly to the observed bioactivities, suggesting this hybrid
framework as a versatile platform for future drug development. Overall, our findings establish these 1,3-dioxolane—
coumarin hybrids as promising multifunctional drug candidates with broad-spectrum pharmacological potential and a
strong safety profile, warranting further investigation and development.
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ARTICLE INFO 1. Introduction

Coumarins (COMs) represent a diverse group of phenolic
compounds naturally occurring in plants, characterized by a fused
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benzene and a-pyrone ring system?. More than 1,300 structural
variants have been identified, primarily functioning as secondary
metabolites in plants, fungi, and bacteria®®!. Due to their abundance in
medicinal plants and relatively low toxicity, COMs have garnered
significant attention for their clinical and biochemical properties®-®l,
The study of COM s is fascinating due to their low molecular weight,
simple structure, and extensive electron conjugation system. They also
offer good solubility, along with excellent bioavailability, biosafety,
and compatibility®°. These compounds exhibit strong therapeutic
potential and play a vital role in modern healthcare due to their diverse
pharmacological and biological activities, making them essential in
medicinel!>13. These medicinal activities include anticancer!**6l
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anti-inflammatory™”,  anticoagulant™®l, antihypertensive?2,  anticonvulsant?>241,  antioxidant>-27,
antimicrobial®-*9 antidiabetic*%, and neuroprotectivel®*3¢ effects, among others®-3%, The therapeutic
potential of COMs arises from their unique interactions with biological targets, making them valuable
candidates for the treatment of various human diseases!. The core structure of COM is associated with a
distinctive pleasant aroma, while substitutions can take place at six specific positions“*#3, This structural
feature, along with possible ring hybridization at different layouts, contribute to the extensive pharmacological
diversity of COMs*“l, In this context, COM-hybrid compounds have attracted significant global research
attention for their potential bioactive properties*’~%, Extensive in vitro and in vivo studies are being conducted
to evaluate these hybrids’ therapeutic potential, with the aim of identifying effective candidates for the
treatment of various diseases®. Several studies have reported that COM-hybrid compounds exhibit bioactive
properties, including antioxidant®5¢ anticancer®¢ anti-inflammatory®-%, antidiabetic!® %2, and
antimicrobial effects[63-6¢],

Heterocyclic compounds are cyclic organic molecules that include at least one heteroatom[®” and the most
common heteroatoms found in these compounds are nitrogen, oxygen, and sulfurf®®. However, heterocyclic
compounds containing other heteroatoms are also well known and widely studied®®. Heterocyclic compounds
are essential in biology, particularly for their effectiveness in combating various diseases. Due to their
significant role, heterocycles are extensively used in different biological applications and are recognized as a
fundamental class of organic moleculest 7. Also, heterocyclic compounds are integral to the structure of
many vital biological molecules, such as chlorophyll, hemoglobin, vitamins, DNA, and RNA[?, Their
structural diversity and unique properties make heterocycles highly valuable in medicinal chemistry, where
they serve as key components in the development of numerous pharmaceutical drugs for treating various
diseases!™®l. The heterocyclic structural features are present in over 90% of newly developed drugs, bridging
the fields of biology and chemistry, where significant scientific discoveries and applications take placel’“l, The
synthesis of various heterocyclic COM hybrids has attracted considerable attention from medicinal chemists
due to their improved therapeutic applicationst™. These hybrids are formed by strategically merging a COM
ring with different heterocycles, including pyrrolet, furanl’”, pyrant”®, oxepinel’, oxazole®, benzene with
electron-donating! or -withdrawing group!®?, dioxathiole!®! and thiadiazole®. This process, known as
hybridization, involves incorporating the heterocyclic moiety as an integral part of the benzene and/or a-pyrone
ringst®!. Such an innovative approach to molecular modification has led to the development of hybrids with
remarkable medicinal properties, offering promising prospects for therapeutic applications(®el.

The 1,3-dioxolane ring (DR) is a highly significant heterocyclic framework due to its broad applications
in chemistry and pharmaceuticals®”. It serves as a versatile solvent®l a stabilizing agent in chemical
reactions®®, and a crucial precursor in drug synthesis®?. The distinct five-membered ring structure,
characterized by the presence of two oxygen atoms, enhances the ring reactivity and adaptability®],
Furthermore, DR-based compounds demonstrate notable biological activities, making them valuable in the
development of novel therapeutic agents®>®3. Many drugs that have a DR in their structure include antifungals
(like ketoconazole and itraconazole), antivirals (like amdoxovir), and anticancer drugs (such as
podophyllotoxin, etoposide, and teniposide)®**], These properties not only establish DR as a key component
in both industrial and medicinal chemistry but also make it particularly effective in hybridization with COM,
further expanding its potential applications!®¢°7,

Although COMs have been extensively explored for their diverse biological activities, investigations
specifically targeting the linear hybridization of DR with the coumarin scaffold remain scarce. To address this
research gap, the present study focuses on the synthesis and pharmacological evaluation of a new series of
DR-COM hybrid molecules (designated as DCH1-DCH?7). These hybrids were designed to explore the
therapeutic potential conferred by the integration of a DR into the COM framework. The synthetic route began
with the preparation of a precursor molecule, P-DCH, which was subsequently modified to yield the lead

2



hybrid DCHZ1. Further structural diversification produced six additional analogs (DCH2-DCHY7), as outlined
in Figure 1. The resulting hybrids underwent a broad range of in vitro assays to determine their antioxidant,
anticancer, anti-inflammatory, antidiabetic, and antimicrobial activities. In parallel, their biocompatibility was
assessed using non-cancerous human cell lines and representative commensal bacterial strains. To complement
the experimental findings, in silico evaluations of toxicity, drug-likeness, and pharmacokinetic parameters
were also conducted, offering a comprehensive insight into their suitability as multi-target therapeutic
candidates.
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Figure 1. Synthetic pathway for the DR-COM hybrids.

2. Experimental section

2.1. Chemical materials, bioactive agents, and instruments

Several international suppliers were giving the scientists the chemicals and bioactive agents they needed
to finish the process and investigate whether the synthesized DCHSs could be used as medicines. BioVision,
Bioworld, BT-LAB, Chambrau, Haihang, Key Organics Ltd, Labcorp, and Sigma-Aldrich were some of these
suppliers. The quality of the synthesized ingredients was verified, and the development of the reactions was
tracked using thin-layer chromatography (TLC). Given this technique, silica gel was used as the stationary
phase, whereas acetone and chloroform were mixed in a 4:1 ratio to make the mobile phase. The instruments
used were a a-brand Bruker ATR, an Avance |11 HD device (also made by Bruker) that runs at 75 MHz for
13C and 300 MHz for H, and a UV-1600PC Ultraviolet-Visible spectrophotometer. The purpose of these
spectrophotometers was to measure the compounds' infrared, nuclear magnetic resonance, and ultraviolet—
visible properties, respectively.

2.2. Synthesis of P-DCH

A solution of pyridine (0.40 ml, 5 mmol) and hydroxyquinol (1.26 g, 10 mmol) in 25 ml of anhydrous
ethyl acetate was put in a salt-ice bath in a cone-shaped flask that was wrapped in aluminum foil to keep out
light. A cold solution of diiodomethane (0.40 ml, 5 mmol) in 6 ml of anhydrous ethyl acetate was gradually
added drop by drop as the mixture's temperature decreased to 0<C. After 12 hrs of mixing at 90 <C, the reaction
mixture was condensed, treated with 50 ml of H-O, and the organic layer was isolated. Following dehydration
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and reduced pressure vaporization, the named chemical was recovered by adding it to a crushed ice-water
mixture, filtering it, and recrystallizing the solid with a combination of dichloromethane and ethanol®®l,

P-DCH: Off-white crystals; MP = 108-110°C; Amax (ethanol) = 292 nm; R = 0.17 (chloroform: acetone,
in ratio of 4 to 1); percentage of yield (practical obtained weight) = 66.23 (0.46 @) ; IR Vmax: 3206 cm™ (broad
band, hydrogen bonding phenolic O-H group), 2823 cm™ (weak band, n-alkane C-H group), 1580 cm (strong
band, benzene C=C group), 1232 cm™and 1065 cm (dioxolane ether C-O-C group); *H-NMR (DMSO-ds,
300 MHz): 6 = 6.78 ppm (1H, doublet peak, J = 6 Hz, proton at position-7), 6.64 ppm (1H, doublet peak, J =
6 Hz, proton at position-6), 6.45 ppm (1H, singlet peak, proton at position-4), 5.96 ppm (2H, singlet peak,
protons at position-2), and 5.52 ppm (1H, singlet peak, protons at position-5 of OH group); **C-NMR (DMSO-
ds, 75 MHz): 6= 152.5 ppm (C, carbon at 5-position), 140.8 ppm (C, carbon at 7a-position), 138.4 ppm (C,
carbon at 3a-position), 120.7 ppm (CH, carbon at 7-position), 113.9 ppm (CH, carbon at 6-position), 106.3
ppm (CH, carbon at 4-position), and 100.0 ppm (CHz, carbon at 2-position).

2.3. Synthesis of DCH1

A colorless ethyl acetate solution was obtained by gently heating 0.88 g of 3-ketoglutaric acid (6 mmol)
with 0.69 g of P-DCH (5 mmol). The resulting mixture was slowly added to a round-bottom flask that held 25
ml of concentrated sulfuric acid while being kept below 10<C with a salty ice bath. The handling mixture was
removed from this bath and allowed to sit on the stir plate at room temperature for the whole night after being
continuously stirred for 2.5 hours. The next day, the mixture was transferred to a beaker and mixed with
crushed ice and water. To obtain DCH1, the precipitate was gathered using filter paper, cold water-rinsed
several times, and allowed to air-dry. The purification procedure used recrystallization from a combination of
chloroform and ethanol (1:2)1,

DCH1: Off-white powder; MP = 153-155°C; Amax (€thanol) = 324 nm; R¢= 0.13 (chloroform: acetone, in
ratio of 4 to 1); percentage of yield (practical obtained weight) = 86.17 (1.07 @) ; IR Vmax: 3060 cm™* (medium
band, cis C=C group), 3013 cm* (broad band, hydrogen-bonding carboxylic acid O-H group), 2890 cm™ (weak
band, n-alkane C-H group), 1732 cm™ (strong band, pyrone ring C=0 group), 1690 cm™ (strong band, C=0
group of dimeric carboxylic acid), 1588 cm™ (strong band, cis C=C group), 1546 cm™ (medium band, benzene
C=C group), 1228 cm™ and 1065 cm™ (dioxolane ether C-O-C group); *H-NMR (DMSO-dg, 300 MHz): § =
11.11 ppm (1H, singlet peak, proton of O-H group), 6.91 ppm (1H, singlet peak, proton at position-4), 6.76
ppm (1H, singlet peak, proton at postion-9), 6.35 ppm (1H, singlet peak, proton at position-7), 5.95 ppm (2H,
singlet peak, proton at position-2), 3.10 ppm (2H, singlet peak, proton at position-10);**C-NMR (DMSO-d6,
75 MHz): 6= 173.1 ppm (C, carbon at 11-position), 162.2 ppm (C, carbon at 6-position), 153.0 ppm (C ,carbon
at 8-position), 146.4 ppm (C, carbon at 4a-position), 143.9 ppm (C, carbon at 3a-position), 141.5 ppm (C,
carbon at 9a-position), 115.7 ppm (C, carbon at 7-postion), 114.6 ppm (C, carbon at 8a-postion), 113.5 ppm
(CH, carbon at 9-position), 111.5 ppm (CH, carbon at 4-position), 100.0 ppm (CH>, carbon at 2-position), 30.9
ppm (CH_, carbon at 10-position).

2.4. General method for synthesizing DCH2-DCH?7

In a salty ice bath, a round-bottom, dual-necked flask holding 1.24 g (5 mmol) of DCH1 dissolved in 25
ml of fresh-distilled thionyl chloride was set up. A stopper supported with blue litmus paper was used to close
off one of the necks, while a condenser was attached in the other. After stirring the mixture for 30 minutes in
anhydrous circumstances, it was allowed to settle for another 30 minutes at room temperature before refluxing
for 3 hours. The handling mixture was monitored for reaction endpoint using the blue-red color shift of the
litmus paper that was changed every 30 minutes. Excess thionyl chloride was distilled once the blue litmus
paper ceased changing color, and the production of the acyl chloride derivative of DCH1 was evident from the
leftover white substance in the flask. A 50 ml solution of dehydrated diethyl ether was added to the same flask
that held the remaining white precipitate. This solution contains 5 mmol of 4-methoxyphenol, along with 1 ml
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of pyridine. At room temperature, the addition was performed, and after 30 minutes of stirring in anhydrous
circumstances, the mixture was refluxed. Furthermore, the litmus paper's color changes were employed to track
the reaction's development. 50 ml of distilled water was added to the mixture once the reaction was finished.
After that, the organic layer was separated, dried, and evaporated to produce DCH2. The other DCHs were
synthesized in a manner like that of DCH2, but the only variance is the type of 4-functionalized phenol used.
So, methylphenol, fluorophenol, chlorophenol, bromophenol, and iodophenol were used to make DCH3,
DCH4, DCH5, DCH6, and DCH7, in that order. Chloroform and ethyl acetate mixed in a 2-to-1 ratio were
used in the recrystallization process to purify each of the synthesized DCHs!*%],

DCH2: Pale yellowish-white powder; MP = 124-126°C; Amax (ethanol)= 372 nm; R¢= 0.53 (chloroform:
acetone, in ratio of 4 to 1); percentage of yield (practical obtained weight) = 82.65 (1.46 g); IR Vmax: 3095 cm
! (medium band, cis C-H group), 2915 cm™ (weak band, OMe C-H group), 2823 cm™ (weak band, n-alkane
C-H group), 1733 cm™ (strong band, pyrone C=0 group), 1710 cm™ (strong band, non-aromatic ester C=0
group), 1664 cm™ (strong band, cis C=C group), 1593 cm™ (strong band, benzene C=C group), 1266 cm™ and
1064 cm (dioxolane ether C-O-C group); *H-NMR (DMSO-dg, 300 MHz): & = 7.36 ppm (2H, doublet peak,
J= 6 Hz proton at 3' and 5'- positions), 7.06 ppm (2H, doublet peak, proton at positions-2' and 6', J= 6 Hz),
6.91 ppm (1H, singlet peak, proton at position-4), 6.75 ppm (1H, singlet peak, proton at position-9), 6.36 ppm
(1H, singlet peak, proton at position-7), 5.94 ppm (2H, singlet peak, proton at postion-2), 4.14 ppm (3H, singlet
peak, OMe group at position-4'), 3.14 ppm (2H, singlet peak, proton at position-10); **C-NMR (DMSO-ds, 75
MHz): 6 = 169.2 ppm (C, carbon at 11-position), 162.3 ppm (C, carbon at 6-position), 156.4 ppm (C, carbon
at 4'-position), 153.0 ppm (C, carbon at 8-position), 146.4 ppm (C, carbon at 4a-position), 144.6 ppm (C,
carbon at 1'-position), 143.9 ppm (C, carbon at 3a-position), 141.7 ppm (C, carbon at 9a-position), 124.0 ppm
(CH, carbon at 4-postion), 120.1 ppm (CH, carbon at 2" and 6'-positions), 115.7 ppm (CH, carbon at 3'-position,
and carbon at 5'-position), 114.6 ppm (C, carbon at 8a-position), 113.4 ppm (CH, carbon at 7-position), 112.3
ppm (CH, carbon at 4-position), 100.1 ppm (CH,, carbon at 2-position), 51.1 ppm (CHs, OMe at 4'-position),
28.3 ppm (CH: , carbon at 10-position).

DCHa3: Pale yellowish-white powder; MP = 113-116°C; Amax (ethanol) = 363 nm; R¢ = 0.50 (chloroform:
acetone, in ratio of 4 to 1); percentage of yield (practical obtained weight) =80.21 (1.36 @) ; IR Vmax: 3087 cm”
1 (medium band, cis C-H group), 2874 cm™* (weak band, n-alkane C-H group), 2816 cm (weak band, n-alkane
C-H group), 1732 cm™ (strong band, pyrone C=0 group), 1711 cm™* (strong band, non-aromatic ester C=0
group), 1666 cm™ (strong band, cis C=C group), 1594 cm (strong band, benzene C=C group), 1219 cm and
1068 cm* (dioxolane ether C-O-C group); *H-NMR (DMSO-ds, 300 MHz): & = 7.26 ppm (2H, doublet peak,
J = 6 Hz, proton at position-3' and 5')), 7.03 ppm (2H, doublet peak, J = 6 Hz, proton at positions-2' and 6"),
6.90 ppm (1H, singlet peak, proton at position-4), 6.76 ppm (1H, singlet peak, proton at position-9), 6.37 ppm
(1H, singlet peak, proton at position-7), 5.96 ppm (2H, singlet peak, proton at position-2), 3.13 ppm (2H,
singlet peak, proton at position-10), 2.76 ppm (3H, singlet peak, OMe group at position-4); *C-NMR (DMSO-
ds, 75 MHz): 6 = 169.6 ppm (C, carbon at 11-position), 162.2 ppm (C, carbon at 6-position), 153.0 ppm (C,
carbon at 8-position), 149.3 ppm (C, carbon at 1'-position), 146.5 ppm (C, carbon at 4a-position), 143.8 ppm
(C, carbon at 3a-position), 141.7 ppm (C, carbon at 9a-position), 134.2 ppm (C, carbon at 4'-position), 122.0
ppm (CH, carbon at 3'-position and 5'-position), 119.0 ppm (CH, carbon at 2' and 6'-positions), 115.8 ppm
(CH, carbon at 7-position), 114.6 ppm (C, carbon at 8a-position), 113.8 ppm (CH, carbon at 9-position), 111.5
ppm (CH, carbon at 4-position), 100.1 ppm (CH, carbon at 2-position), 27.5 ppm (CH., carbon at 10-position),
and 24.1 ppm (CHs, 4'-CHs).

DCH4: White powder; MP = 138-141°C; Amax (ethanol) = 296 nm; R¢= 0.34 (chloroform: acetone, in ratio
of 4 to 1); percentage of yield (practical obtained weight) =51.09 (0.87 g) ; IR Vmax: 3068 cm™* (medium band,
cis C-H group), 2823 cm™ (weak band, n-alkane C-H group), 1733 cm™ (strong band, pyrone C=0 group),
1711 cm? (strong band, non-aromatic ester C=0 group), 1664 cm™ (strong band, cis C=C group), 1594 cm*
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(strong band, benzene C=C group), 1217 cm™ and 1064 cm™ (strong band, dioxolane ether C-O-C group),
1095 cm! (strong band, benzene C-F group). *H-NMR (DMSO-ds, 300 MHz): 5 = 7.26 ppm (2H, doublet peak,
J = 6 Hz, proton at position-2' and 6'), 7.04 ppm (2H, doublet peak, J = 6 Hz, proton at position-3', and 5'),
6.93 ppm (1H, singlet peak, proton at position-4), 6.77 ppm (1H, singlet peak, proton at position-9), 6.35 ppm
(1H, singlet peak, proton at position-7), 5.94 ppm (2H, singlet peak, proton at position-2), 3.15 ppm (2H,
singlet peak, proton at position-10); *C-NMR (75 MHz, DMSO-ds): 6 = 169.4 ppm (C, carbon at 11-position),
162.7 ppm (C, carbon at 6-position), 158.2 ppm (C, carbon at 4'-position), 153.0 ppm (C, carbon at 8-position),
147.9 ppm (C, carbon at 4a-position), 146.5 ppm (C, carbon at 1'-position), 143.8 ppm (C, carbon at 3a-
position), 141.7 ppm (CH, carbon at 9a-position), 120.7 ppm (CH, carbon at 2'-position and 6'-position), 115.8
ppm (CH, carbon at 3'-position and 5'-position), 114.7 ppm (C, carbon at 8a-position), 113.4 ppm (CH, carbon
at 9-position), 111.5 ppm (CH, carbon at 7-position), 108.4 ppm (CH, carbon at 4-position), 100.0 ppm (CHz,
carbon at 2-position), 27.5 ppm (CHz, carbon at 10-position).

DCH5: White powder; MP = 130-133°C; Amax (ethanol) = 297 nm; R¢= 0.35 (chloroform: acetone, in ratio
of 4 to 1); percentage of yield (practical obtained weight) = 55.12 (0.99 g) ; IR Vmax: 3065 cm™ (medium band,
cis C-H group), 2824 cm™ (weak band, n-alkane C-H group), 1733 cm™ (strong band, pyrone C=0 group),
1710 cm? (strong band, non-aromatic ester C=0 group), 1665 cm™ (strong, cis C=C group), 1590 cm (strong
band, benzene C=C group), 1215 cm™ and 1062 cm™ (dioxolane ether C-O-C group), 983 cm™ (benzene, C-
Cl group); *H-NMR (DMSO-dg, 300 MHz): & = 7.52 ppm (2H, doublet peak, J = 6 Hz, proton at positions-3'
and 5", 7.32 ppm (2H, doublet peak, J = 6 Hz, proton at positions-2' and 6'), 6.91 ppm (1H, singlet peak, proton
at position-4), 6.77 ppm (1H, singlet peak, J =6 Hz, proton at position-9), 6.37 ppm (1H, singlet peak, proton
at position-7), 5.95 ppm (2H, singlet peak, proton at position-2), 3.13 ppm (2H, singlet peak, proton at position-
10); *C-NMR (DMSO-ds, 75 MHz): & = 169.5 ppm (C, carbon at 11-position), 162.2 ppm (C, carbon at 6-
position), 153.0 ppm (C, carbon at 8-position), 150.4 ppm (C, carbon at 1'-position), 146.4 ppm (C, carbon at
4a-position), 143.9 ppm (C, carbon at 3a-position), 141.7 ppm (C, carbon at 9a-position), 132.0 ppm (C, carbon
at 4'-position), 122.9 ppm (CH, carbon at 3' and 5'-positions), 120.5 ppm (CH, carbon at 2' and 6'-positions),
115.8 ppm (CH, carbon at 9-position), 114.1 ppm (CH, carbon at 8a-position), 113.4 ppm (CH, carbon at 7-
position), 111.5 ppm (CH, carbon at 4-position), 100.1 ppm (CH,, carbon at 2-position), 33.2 ppm (CHz,
carbon at 10-position).

DCH6: Slightly yellowish-white powder; MP = 117-119°C; Amax (ethanol) = 310 nm; Rf = 0.39
(chloroform: acetone, in ratio of 4 to 1); percentage of yield (practical obtained weight) = 42.89% (0.86 g) ;
IR Vmax: 3064 cm* (medium band, cis C-H group), 2824 cm™ (weak band, n-alkane C-H group), 1731 cm™*
(strong band, pyrone C=0 group), 1709 cm (strong band, non-aromatic ester C=O group), 1666 cm™ (strong
band, cis C=C group), 1590 cm (strong band, benzene C-C group), 1216 cm™ and 1064 cm™ (strong band,
dioxolane ether C-O-C group), 896 cm™ (strong band, benzene C-Br group); *H-NMR (DMSO-ds, 300 MHz):
& ="7.76 ppm (2H, doublet peak, J = 6 Hz, proton at positions-3' and 5"), 7.16 ppm (2H, doublet peak, J = 6
Hz, proton at position-2' and 6"), 6.91 ppm (1H, singlet peak, proton at position-4), 6.75 ppm (1H, singlet peak,
proton at position-9), 6.37 ppm (1H, singlet peak, proton at position-7), 5.95 ppm (2H, singlet peak, proton at
position-2), 3.15 ppm (2H, singlet peak, proton at position-10); *C-NMR (DMSO-ds, 75 MHz): & = 169.6
ppm (C, carbon at 11-position), 162.2 ppm (C, carbon at 6-position), 153.0 ppm (C, carbon at 8-position),
151.3(C, carbon at 1'-position), 146.6 ppm (C, carbon at 4a-position), 143.8 ppm (C, carbon at 3a-position),
141.7 ppm (C, carbon at 9a-position) 123.6 ppm (CH, carbon at 3'-position and carbon at 5'-position), 121.3
ppm (CH, carbon at 2'-position and carbon at 6'-position), 118.5 ppm (C, carbon at 4'-position), 115.8 ppm
(CH, carbon at 9-position), 114.9 ppm (C, carbon at 8a-position), 113.4 ppm (CH, carbon at 7-position), 111.5
ppm (CH, carbon at 4-position), 100.1 ppm (CH, carbon at 2-position), 33.3 ppm (CH., carbon at 10-position).

DCH7: Slightly yellowish-white powder; MP =110-112<C; Amax (Ethanol)= 306; Rf = 0.39 nm
(chloroform: acetone, in ratio of 4 to 1); percentage of yield (practical obtained weight) =43.34% (0.98 g); IR
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Vmax: 3060 cm™ (medium band, cis C-H group), 2827 cm™* (weak band, n-alkane C-H group), 1731 cm™ (strong
band, pyrone C=0 group), 1710 cm (strong band, non-aromatic ester C=0 group), 1663 cm™ (strong band,
cis C=C group), 1590 cm? (strong band, benzene C=C group), 1212 cm™ and 1066 cm™ (strong band,
dioxolane ether C-O-C group), 796 cm™ (strong band, benzene C-1); *H-NMR (DMSO-ds, 300 MHz): 6 = 7.86
ppm (2H, doublet peak, J = 6 Hz, proton at position-3' and H-5"), 7.08 ppm (2H, doublet peak, J = 6 Hz, proton
at position-2' and 6'), 6.91 ppm (1H, singlet peak, proton at position-4), 6.77 ppm (1H, singlet peak, proton at
position-9), 6.36 ppm (1H, singlet peak, proton at position-7), 5.96 ppm (2H, singlet peak, proton at position-
2), 3.13 ppm (2H, singlet peak, proton at position-10); **C-NMR (DMSO-ds, 75 MHz): § = 169.4 ppm (C,
carbon at 11-position), 162.2 ppm (C, carbon at 6-position), 153.0 ppm (C, carbon at 8-position), 151.2 ppm
(C, carbon at 1'-position), 146.8 ppm (C, carbon at 4a-position), 143.8 ppm (C, carbon at 3a-position), 141.6
ppm (C, carbon at 9a-position), 129.6 ppm (CH, carbon at 3' and 5'-positions), 120.7 ppm (CH, carbon at 2'
and 6'-position), 115.8 ppm (CH, carbon at 9-position), 114.6 ppm (C, carbon at 8a-position), 113.4 ppm (CH,
carbon at 7-position), 111.5 ppm (CH, carbon at 4-position), 100.0 ppm (CHy>, carbon at 2-position), 93.0 ppm
(C, carbon at 4'-position), 33.2 ppm (CHa, carbon at 10-position).

3. Evaluation of biomedical activities

3.1. DCHs as anti-oxidative stress prospects

The SH-SY5Y human neuroblastoma cell line (ATCC: CRL-2266) was employed, with a starting cellular
population of 12x10% These cells were transferred from a growth plate containing DMEM/F-12 (brochure
number 11320033) medium to a dark, flat-bottomed surface plate with 96 wells. After cultivation, the
developed cells were exposed to an oxidative stressor, specifically 100 uM of H,O,, for 24 hours. One of the
chemicals under investigation was introduced to the cells at a concentration of 5 mM. The capacity of this
chemical to mitigate the induced oxidative was quantified utilizing a reactive oxygen species-detecting kit
(code Abcam ab 113,851). To simulate physiological conditions, an incubator maintained at a constant
temperature of 37<C and a 5% CO- atmosphere was employed. Given the spectrophotometric evaluation, a
redox-based fluorescent probe (SH0403 code) was employed to detect the formation of fluorescent green
dichlorofluorescein, which results from the decomposition of diacetyl dichlorofluorescein by a biological
enzyme. Furthermore, H>O, (which is employed as a negative control) and DMF (employed as a positive
control) were delivered separately to the generated SH-SY5Y cell lines. Subsequently, the treated cell lines
were exposed to chloromethyl derivatives of diacetyl dichlorofluorescein (100 M) for 1 hour, and the emitted
fluorescence was computed via a fluorescent microscopel*®.

3.2. DCHs as anticancer prospects

The MTT method, which uses 3-[4, 5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide as a visible
indicator, is used to test the anticancer activity of DCHs. All of the DCHs and the standard drug 5-fluorouracil
(5-FU) were mixed with DMSO to make a blank solution with a concentration of 1 mg/ml. From this, the
following nine distilled water-diluted concentrations were created: 3.12, 6.25, 12.5, 25, 50, 100, 200, 400, and
800 g/ml. The chemicals being studied were also tested on six different types of cancer cells, which were
named AMN3 (murine mammary cancer cells), HeLa (cervical epithelial cancer cells), KYSE-30 (human
esophageal cancer cells), SKG (cervical squamous carcinoma cells), SK-OV-3 (ovarian cancer cells), and
MCEF-7 (breast cancer cells). In each well of a 96-well plate, 10,000 cells were cultured from every cancer cell
line examined. Following a single day, the examined chemical was supplied to the treated wells in various
concentrations. After 72 hours, the cells' viability was checked using a specific method: the medium was taken
away, 28 ul of MTT solution (3.27 mM) was added, and the cells were then left to sit at 37°C for 90 minutes.
The investigated (Ai) and control (Ac) wells were both assessed using the microplate reader, calibrated to a
wavelength of 492 nm. This experiment was conducted 3 times for every chemical under investigation to
ensure precision and optimize performance. To calculate the growth inhibition percentage (G1%), the formula
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employed is G1% = [(Ac-Ai)/Ac] x100. ICso values were determined by nonlinear regression by putting the
GI% data against their corresponding logarithmic concentration scores*%,

3.3. DCHs as anti-inflammatory prospects

In this study, a COX enzyme model, comprising both COX-1 and COX-2 isoforms, was sourced from
Cayman (catalog number: 560131) for evaluation. The test chemical, along with the reference drugs aspirin
(Asp) and celecoxib (Cxb), was initially prepared as a DMSO solution at a concentration of 1 mg/ml. This
stock solution was then serially diluted with distilled water to achieve final concentrations ranging from 3.12
to 800 pg/ml. There was 0.96 mL of 0.1 M Tris-HCI buffer in the reaction mixture, along with 10 ul of the
enzyme preparation and 100 pl of the test chemical. Arachidonic acid, as a substrate, initiated the reaction after
a 10-minute incubation at 37°C. Subsequently, 50 ul of Ellman’s reagent (1 M) was introduced, allowing the
reaction to proceed for an additional 2 minutes. Absorbance was then recorded at 410 nm using a
spectrophotometer, with a blank control serving as the reference. The collected data were used to determine
the 1Cso values of the test compounds and their COX-1/COX-2 selectivity indexest®l,

3.4. DCHs as antidiabetic prospects

The inhibitory potential of the synthesized DCHs against porcine a-amylase and yeast a-glucosidase was
evaluated, with acarbose (ACB) serving as the reference standard. To achieve the desired test concentrations,
the primary DMSO stock solution (2 mg/ml) was serially diluted with distilled water, generating seven sub-
solutions ranging from 1000 to 25 pg/ml. The percentage inhibition (PS%), which reflects the antidiabetic
activity, was calculated using the equation: PS% = (OPDacs—OPDsyn/OPDacg) > 100. The OPDsyn
represents the optical density of the synthesized DCHSs, and OPDacg corresponds to the optical density of ACB.
The ICso value of each compound was determined through nonlinear regression analysis by plotting PS%
number against the corresponding logarithm of the concentration. Additionally, the potency coefficient (PC)
of the synthesized DCHs was computed using the equation: 1- (ICso of the chemical under investigation - ICsg
of ACB/ICs, of ACB). This approach enabled the comparative assessment of the antidiabetic efficacy of the
synthesized DCHs relative to ABCI4,

3.5. Porcine a-amylase inhibitory assay

A phosphate-buffered solution (pH 6.8) was used to dissolve starch, preparing a substrate solution at a
concentration of 500 pg/ml. At the same time, the enzyme solution was made by mixing 20 pl of the enzyme
(2 units/ml) with the same amount of the test chemical at a known concentration. Subsequently, 40 pl of the
substrate solution was mixed with the enzyme-test chemical mixture, and the reaction was incubated at 25<C
for 10 minutes. To stop the enzyme reaction, 0.4 M sodium hydroxide, 12% anhydrous Rochelle salt, and 1%
2-hydroxy-3,5-dinitrobenzoic acid were added to the mixture while it was being stirred all the time. The
mixture was then heated in a boiling water bath for 15 minutes, cooled to 25<C using tap water, and diluted to
a final volume of 10 ml with distilled water. The test chemical's ability to stop the enzyme from working was
found by measuring its absorbance at 540 nm. A blank control was prepared following the same procedure,
except that distilled water was used in place of the test chemical solution%I,

3.6. Yeast a-glucosidase inhibitory assay

4-nitrophenol-a-D-glucopyranoside was dissolved in a phosphate-buffered solution (pH 6.8) to make a 2
ml solution of the substrate mixture (375 pg/ml). At the same time, an enzyme mixture was made by mixing
20 ul of yeast a-glucosidase (0.1 unit/ml) with the same amount of a solution that had the right amount of the
test chemical. Subsequently, 40 ul of the substrate mixture was mixed with 40 pl of the enzyme mixture, and
the reaction was incubated at 37°C for 30 minutes. It was stopped by adding 80 ul of 0.2 M disodium carbonate
in a buffered solution. The enzymatic activity was then assessed colorimetrically by measuring absorbance at



405 nm. A blank control was prepared using the same procedure, except that distilled water was used instead
of the test chemical solution!*%l,

4. DCHs as antimicrobial prospects

4.1. Anti-aerobic gram-negative bacterial potency

Six different types of aerobic gram-negative bacteria were tested to see how well the synthesized DCHs
killed them using the broth dilution method. Mueller-Hinton broth served as the growth medium, while DMSO
was used as the negative control, and ciprofloxacin (Cipro) was included as the positive control. To prepare
the stock solution, 7.5 mg of the test compound was dissolved in 5 ml of DMSO. A series of 13 two-fold serial
dilutions was then prepared using autoclaved distilled water as the diluent, yielding final concentrations
ranging from 1024 pg/ml to 0.25 pg/ml. For each test, 3 ml of the broth, 0.2 ml of bacterial inoculum (adjusted
to a 0.5 McFarland standard using autoclaved distilled water), and 1 ml of the respective dilution were
combined in labeled test tubes. The tubes were then incubated at 37<C for 24 hours, after which bacterial
growth was assessed visually. The lowest concentration at which no visible bacterial growth was observed was
recorded as the minimum inhibitory concentration (MIC). To determine the minimum bactericidal
concentration (MBC), an aliquot from just above-MIC dilution (based on 4, 1, 0.5, or 0.05 dilution factor) was
sub-cultured onto fresh broth-containing test tubes and incubated under the same conditions. The MBC was
defined as the lowest concentration at which no bacterial growth was detected. The potency marker (PM) of
each compound was calculated by dividing its MBC value by the corresponding MIC value,

4.2. Anti-anaerobic bacterial potency

The methodology used to evaluate the potency of DCHs against four kinds of pathogenic anaerobic
bacteria largely mirrored the approach applied to assess their effectiveness against gram-negative bacterial
strains, albeit with some key modifications. Notably, metronidazole (Metro) served as the positive control, and
Brucella agar supplemented with 5% sheep blood was utilized as the growth medium. Furthermore, the
incubation period was extended to 48 hours at 37 <C within an anaerobic jar. This jar maintained an atmosphere
composed of 10% H», 10% CO>, and 80% N, ensuring anaerobic conditions. To facilitate this environment, a
palladium catalyst and an anaerobe indicator were incorporated°l,

4.3. Antifungal potency

The steps used to test how well the DCHs killed two kinds of pathogenic fungi were very similar to the
steps used to test how well they killed aerobic gram-negative bacteria. The main differences were that the
minimum fungicidal concentration (MFC) was used as the main measure of antifungal activity, Sabouraud
dextrose broth was used as the growth medium, and nystatin (Nyst) served as the reference antifungal agent.
The incubation period was extended to 48 hours by maintaining the temperature at 30<C to ensure optimal
fungal growth conditions!*%l,

5. DCHs as biocompatible prospects

5.1. Biosafety toward commensal bacterial strains

The biosafety evaluation of DCHs was conducted using three commensal bacterial strains, employing the
same broth dilution method previously used for assessing aerobic gram-negative bacteria. Mueller-Hinton
Broth was utilized as the growth medium, while Cipro served as the positive control and DMSO as the negative
control. Additionally, the MIC, MBC, and PM were determined following the same investigational working
steps10l,



5.2. Biosafety toward non-cancerous cell lines

After evaluating the anticancer potential of DCHSs, a biosafety assessment was conducted. The first phase
of the study utilized an MTT-based colorimetric assay to examine the cytotoxic effects of these chemicals
against six different tumor cell lines, aiming to determine their potential anticancer activity. In the subsequent
phase, the carcinogenicity of the chemicals under assessment was detected using a similar methodological
approach. However, instead of cancer cells, three non-cancerous cell lines, including human prostatic epithelial
cells (RWPE-1), human mammary epithelial cells (MCF-10A), and human embryonic renal cells (HEK-293),
were employed to evaluate their effects on normal cellular viability and safety™!!,

6. Algorithmic assessment of pharmacological suitability

6.1. Preliminary assessment of simulated toxicology

The ProTox-Il platform was utilized to evaluate the computerized theoretical toxicity of DCHs. This
assessment was conducted by analyzing their chemical structures and comparing them to known compounds
within the platform’s extensive database. ProTox-1l uses predictive algorithms to guess toxicity classes and
find possible interactions with enzymes that are involved in toxicity. This open-source tool provides useful
information about the safety profile of newly synthesized chemicals, which helps with preliminary toxicity
screening before more experiments are done to confirm the results**?l,

6.2. Preliminary assessment of simulated pharmacokinetics and drug-likeness

The PreADME and SwissADME online-predicting tools were utilized to computerize the theoretical
assessment of the pharmacokinetics and drug-likeness in relation to DCHs. Researchers can use these platforms
for free to look at molecular properties based on the two-dimensional structure of chemicals; this makes them
useful for early drug screening. These prediction tools give a lot of computer-generated data, like how well
chemicals dissolve in water, how well they dissolve in fat, how bioavailable they are, how well they move
through membranes, and other pharmacokinetic and drug-related properties that are important for preliminary
researcht*3l,

7. Results and discussion

7.1. Synthetic approach

The synthetic pathway employed in this study (Figure 1) involved a series of well-defined steps. Initially,
diiodomethane was reacted with hydroquinone to generate the intermediate P-DCH. This compound
subsequently underwent a Pechmann condensation with 3-ketoglutaric acid to afford DCHZ1, which was then
converted into a series of ester derivatives, DCH2-DCH?7, via esterification of its acyl chloride intermediate
with various substituted phenols. The acyl chloride was prepared by treating DCH1 with thionyl chloride. It
is worth noting that halogen-substituted phenols, due to the electron-withdrawing nature of halogens, exhibit
reduced nucleophilicity. As a result, such esterification reactions are less frequently reported in the literature.
Nevertheless, careful optimization of reaction conditions in the present study led to successful synthesis of the
targeted compounds with satisfactory yields™*4l,

Compared to the methodology reported by Nameer et al.'%], the current synthetic route demonstrates
several improvements. These include the selection of more effective solvents, refined reaction conditions, and
a more efficient purification process. Notably, our approach eliminates the need for an additional dehydration
step involving calcium chloride, which was necessary in the Nameer et al. protocol. Instead, the reaction was
carried out in anhydrous ethyl acetate, which offered superior solubility and stability, thereby promoting
consistent reaction kinetics. A key advantage of the present method lies in the use of diiodomethane for the
initial transformation, as opposed to thionyl chloride used by Nameer et al. Furthermore, our procedure
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incorporates an extended reaction period—12 hours at 90 °C—as opposed to only 3 hours of stirring at 0 °C,
as described in the previous method. This prolonged reaction time contributed to improved yields and more
complete conversions.

Throughout the synthesis, the progression of acyl chloride formation was monitored using litmus paper,
allowing for precise control of reaction progress. Additionally, purification was enhanced by crystallizing the
final products from a dichloromethane—ethanol mixture (1:2 ratio), which significantly improved both yield
and purity when compared to the ethyl acetate-based purification used in the earlier method. Overall, the
optimized conditions presented in this study—particularly with regard to solvent selection, reaction duration,
and purification—resulted in a more robust and reliable synthetic approach, delivering higher product quality
and greater efficiency than previously reported methods.

7.2. DCHs and their anti-oxidative stress capacity

Recent scientific advancements have firmly established the link between oxidative stress and various age-
related diseases, including cancer, cardiovascular conditions, chronic inflammation, and other health issues™*6-
1181 In light of this, the present study evaluated the potential of synthesized hybrids to alleviate oxidative stress
in human SH-SY5Y cell populations exposed to H,O,. To ensure a comprehensive assessment, DMF, H,0,,
and a combination of DMF and H,O, were used as the positive control, negative control, and reference,
respectively. Intracellular reactive oxygen species (iROS) levels, induced by H,O; exposure and subsequently
modulated by the synthesized hybrids, were quantified and are presented in Table 1.

The study highlighted three key observations, the most prominent of which was the notable antioxidant
activity exhibited by compounds bearing phenyl ester moieties—especially DCH4—whose efficacy was
comparable to that of the standard reference compound. This suggests that such hybrid molecules may hold
therapeutic promise for managing diseases linked to oxidative stress. Secondly, while the DCHs demonstrated
antioxidant effects, their potency was generally lower than that of the reference agent, with effective
concentrations ranging between 228 and 328 pg/ml. Thirdly, the compounds' antioxidant efficacy followed the
order: DCH4 > DCH5 > DCH2 > DCH3 > DCH6 > DCH7 > DCHA1. The superior activity of DCH4 is likely
attributed to the presence of a fluorine substituent on the phenyl ester group, enhancing its oxidative stress
mitigation potential. In contrast, DCH1 showed the weakest activity, possibly due to the absence of a phenyl
ester moiety. DCH2 and DCHS5 also exhibited promising activity, which may be linked to the presence of
methoxy and chloro substituents, respectively. DCH3 and DCH6 demonstrated moderate activity, associated
with methyl and bromo groups, while the relatively low activity of DCH7 might stem from the influence of
the iodo substituent. Overall, these findings underscore the importance of structural modifications in
influencing antioxidant performance and support the potential of these hybrid molecules as scaffolds for future
drug development targeting oxidative stress-related conditions.

Table 1. The results in relative fluorescence units + standard deviation (n = 3) from studying how DCHs might work as antioxidants.

Compound iROS
Positive control (DMF) 181.27 +1.08
Negative control (H202) 523.76 £1.23
Reference (H202+DMF) 211.83 +1.00

DCH1 328.45 +1.14
DCH2 234.85 +1.20
DCH3 253.68 +0.98
DCH4 228.52 +0.86
DCH5 230.02 +£1.16
DCH6 310.33 £1.24
DCH7 311.76 £1.11
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7.3. DCHs and their anticancer capacity

The anticancer potential of the synthesized hybrid compounds was evaluated using the MTT assay across
six distinct human cancer cell lines: AMN-3, HeLa, KYSE-30, SKG, SK-OV-3, and MCF-7. Table 2 presents
the half-maximal inhibitory concentration (ICso) values for each hybrid compound alongside 5-FU, a well-
established chemotherapeutic agent used as the reference standard**®l, The I1Cso values served as the basis for
interpreting the cytotoxic efficacy of the compounds. Initial I1Cso values for the synthesized hybrids ranged
from 13.28 pg/ml to 102.29 pg/ml, indicating varying degrees of cytotoxic activity. All compounds
demonstrated a similar mode of action. Among them, DCH4 emerged as the most potent, followed by DCHS5,
DCH2, DCH3, DCH6, DCH?7, and finally DCH1, which exhibited the weakest anticancer activity across all
tested cell lines. Notably, the limited efficacy of the latter compound highlights the importance of the phenyl
ester moiety in enhancing anticancer activity.

Hybrids containing electron-withdrawing halogen substituents, particularly fluoride (DCH4) and chloride
(DCHS5), demonstrated pronounced cytotoxic effects. The former one was especially effective, displaying
strong inhibitory activity against multiple cell lines—most notably HeLa, MCF-7, and SK-OV-3—suggesting
its potential as a promising lead compound for further oncological research. DCH5 also exhibited substantial
anticancer activity, reinforcing its potential value. Conversely, hybrids substituted with methoxy and methyl
groups (DCH2 and DCH3) showed moderate efficacy, while those containing bromide and iodide (DCH6 and
DCH7) were among the least active. Interestingly, the fluoride-substituted compound DCH4 demonstrated
cytotoxic effects comparable to those of 5-FU in cell lines such as MCF-7 and HelLa, and showed similar
potency against AMN-3 and SK-OV-3. The superior activity of this hybrid compound may be attributed to the
strong electron-withdrawing nature of the fluoride group, which is known to influence molecular interactions
with biological targets. This observation aligns with previous reports linking aromatic fluoride substitution to
enhanced anticancer properties[*?°-122l,

Table 2. The results as ICso (ug/ml) + standard deviation (n = 3) from studying how DCHs might work as anticancer prospects.

Compound
Cell line
5-FU DCH1 DCH2 DCH3 DCH4 DCH5 DCH6 DCH7
63.52 + 53.95 + 68.54 + 29.89 + 3224 + 62.85 + 69.39 +
AMN-3 252 +1.04 1.14 0.94 1.02 0.98 1.04 1.06 1.00
Hela 1345+ 60.64 + 19.16 £ 37.50 £ 13.65 = 16.87 = 51.57 + 52.40 +
1.18 1.12 1.04 0.94 1.02 1.07 1.02 1.17
KY'SE-30 31.26 + 69.07 £ 49.55 + 5341 + 4421 + 44.36 + 56.56 + 59.55 +
1.11 0.93 1.06 1.026 0.95 1.10 1.09 1.03
MCE-7 12.56 + 92.65 + 23.68 = 29.89 + 13.28 + 23.80 = 85.47 £ 90.70 =
1.12 1.07 1.17 1.02 1.17 1.17 0.97 1.10
SKG 2253 + 102.29 + 43.18 + 38.60 = 3315+ 3325+ 83.93 + 80.29 +
1.18 0.9486 1.14 1.19 1.09 1.02 1.01 1.10
SK-OV-3 22.96 = 64.29 + 58.09 + 3842+ 26.21 + 30.30 + 56.51 + 62.77 =
0.97 0.95 1.01 0.91 0.88 0.89 1.03 0.97

7.4. DCHs and their anti-inflammatory capacity

The synthesized hybrid compounds were evaluated for their anti-inflammatory potential by assessing their
inhibitory effects on the cyclooxygenase enzymes COX-1 and COX-2[122124, Asp and Cxb were employed as
reference standards*?®, and the half-maximal inhibitory ICsy values for both the standard drugs and the
synthesized compounds are summarized in Table 3. Several important observations emerged from the data.
Firstly, the hybrid molecules demonstrated comparatively lower COX inhibitory activity than the reference
drugs. However, their mode of action appeared to be similar. The 1Cs values for the synthesized compounds
ranged from 102.10 pg/ml to 224.82 ug/ml. Notably, the order of inhibitory potency among the hybrids was
as follows: DCH1 > DCH4 > DCH5 > DCH2 > DCH3 > DCH6 > DCH?7.

12



Among the tested compounds, DCHZ1 exhibited the most potent inhibition against both COX-1 and COX-
2. Its superior activity is likely attributed to the absence of a phenyl ester moiety, which may enhance its
interaction with the enzyme active sites. DCH4 and DCHS5 also displayed notable activity, though to a lesser
extent, possibly due to the presence of fluorine and chlorine substituents on the phenyl ester ring. Compounds
DCH2 and DCH3 showed moderate inhibition, which could be linked to their methoxy and methyl
substitutions, respectively. In contrast, DCH6 and DCH?7 exhibited the weakest inhibitory effects, potentially
due to the presence of bulkier halogen substituents such as bromine and iodine. Furthermore, the COX-1/COX-
2 selectivity among the hybrids followed the trend: DCH7 > DCH6 > DCH1 = DCH2 = DCH3 > DCH5 >
DCH4. The COX-1/COX-2 selectivity ratios suggest that several of the synthesized compounds, particularly
DCH1, may serve as promising scaffolds for further structural refinement in the pursuit of novel anti-
inflammatory agents. These findings also highlight the significance of the heterocyclic core structure in
modulating enzyme selectivity and inhibitory activity.

Table 3. The results as ICso (ug/ml) + standard deviation (n = 3) from studying how DCHs might work as anti-inflammatory

prospects.
Compound
Test name
Asp Cxb DCH1 DCH2 DCH3 DCH4 DCH5 DCH6 DCH7
COX-1 3.80 = 7.45 + 12330+ 196.38+ 196.09+ 186.54+ 18729+ 223.85+ 224.82
0.88 0.96 0.87 0.89 0.86 0.91 0.93 0.84 +0.96
COX-2 31.24 + 1.78 + 102.10+ 161.75+ 161.83+ 13056+ 14239+ 18843+ 192.18
0.96 0.90 0.87 0.93 0.84 1.06 1.04 1.17 +0.97
COX-1/CoX-2
selectivity 0.12 4.19 1.21 1.21 1.21 1.43 1.32 1.19 1.17
marker

7.5. DCHs and their antidiabetic capacity

An in vitro investigation was conducted to evaluate the antidiabetic potential of the synthesized hybrid
compounds by assessing their inhibitory activity against two key enzymes involved in carbohydrate
metabolism: porcine o-amylase and yeast a-glucosidase!*?l, ACB was employed as the standard reference drug
for comparison., while the 1Cso values, which reflect the degree of enzyme inhibition, are summarized in Table
4 for both the test compounds and the reference. The analysis revealed several noteworthy observations.
Overall, the synthesized hybrids exhibited moderate inhibitory activity relative to ACB. Specifically, their ICsg
values against yeast a-glucosidase ranged from 376.11 pg/ml to 438.31 pg/ml, while inhibition of porcine a-
amylase was observed in the range of 339.99 pg/ml to 388.31 g/ml. Despite being less potent than ACB, the
hybrids demonstrated consistent inhibitory effects on both enzymes, suggesting a uniform mechanism of action.

The compounds followed a distinct order of potency based on their ICsovalues: DCH2 > DCH3 > DCH1 >
DCH4 > DCHS5 > DCH6 > DCH7. Among these, DCH2 and DCH3 emerged as the most promising
candidates, likely due to the presence of electron-donating substituents such as methoxy and methyl groups at
the C-4" position. These groups, when integrated into a conjugated framework, may enhance electron density
and facilitate stronger interactions with the enzyme active sites, thereby improving inhibitory activity.
Conversely, DCH6 and DCH?7 exhibited the lowest antidiabetic activity. This diminished potency may be
attributed to the incorporation of electron-withdrawing atoms like bromine and iodine at the same C-4" position,
which could reduce the compounds' ability to interact effectively with the target enzymes. These findings
underscore the importance of structural modifications, particularly the nature and position of substituents on
the phenyl ring, in modulating antidiabetic efficacy. While the heterocyclic core contributes to the biological
activity, strategic functionalization can significantly influence therapeutic potential. Based on these insights,
DCH2 and DCH3 represent valuable scaffolds for the design of more potent a-amylase and a-glucosidase
inhibitors for potential use in diabetes management.
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Table 4. The results as ICso (ng/ml) + standard deviation (n = 3) from studying how DCHs might work as antidiabetic prospects.

Compound
Test name
ACB DCH1 DCH?2 DCH3 DCH4 DCH5 DCH6 DCH7
Procinc@- oo cn 0o, 36283+ 339.99%+ 34861+ 36807+ 36855+ 38610+ 3883l =
amylase 03 0. 0.97 1.05 0.96 0.98 0.98 1.03 1.06
Potency 1.00 0.73 0.78 0.76 0.72 0.72 0.68 0.68
factor-1
Yeast o- og3o0s0gg 0982% 37611+ 37931+ 41696+ 42771+ 43615+ 43831+
glucsidase oo . 1.02 0.92 1.05 0.99 0.96 0.95 1.00
Potency
1.00 0.69 0.75 0.75 0.68 0.66 0.65 0.65
factor-2

8. DCHs and their antimicrobial properties

8.1. Anti-aerobic gram-negative bacterial capacity

This study evaluated the synthesized hybrids for their antibacterial activity in vitro against six gram-
negative bacterial strains using the microdilution technigque in a broth medium. The tested strains included
Klebsiella pneumoniae (ATCC 700603), Pseudomonas aeruginosa (ATCC 27853), Escherichia coli (ATCC
25922), Haemophilus influenzae (ATCC 49247), Shigella dysenteriae (ATCC 13313), and Salmonella typhi
(ATCC 6539)112], Table 5 presents the MIC, MBC, and PM values for each hybrid as well as the reference
drug. While the hybrid compounds demonstrated noteworthy antibacterial activity against the tested gram-
negative bacterial strains, their potency was generally lower than that of Cipro. The MIC values for the hybrids
ranged from 2.50 pg/ml to 18.00 pug/ml, and the MBC values spanned from 3.50 ug/ml to 35.00 pg/ml.

The descending order of antibacterial activity was observed as follows: DCH5 > DCH2 > DCH3 >
DCH4 > DCH6 > DCH7 > DCHL1. This trend suggests that increasing the hydrophobic character of the
hybrids enhanced their effectiveness against gram-negative pathogens*?¢12°l. Notably, DCH5 emerged as the
most potent among the series, exhibiting bactericidal activity across all tested strains. Its superior performance
is likely attributed to its structural features—specifically, the presence of a 4-chlorophenyl group at the C-4"
position. This group may enhance membrane permeability and interaction with bacterial targets due to its dual
hydrophilic and lipophilic nature, along with its ability to act as a hydrogen bond acceptorl*3.1311,

DCH2 also exhibited strong antibacterial activity, albeit slightly lower than that of DCH5. Compounds
DCH3 and DCH4 showed moderate efficacy, possibly due to the influence of methoxy, methyl, and fluorine
substituents. In contrast, DCH6 and DCH7 displayed reduced activity, which may be attributed to the presence
of bulkier halogens like bromine and iodine. The least effective hybrid, DCH1, contained a carboxylic acid
group at the C-1' position—a strongly hydrophilic moiety that may hinder its ability to penetrate bacterial
membranest*®?, Despite the variability in potency, all synthesized hybrids exhibited bactericidal properties
against the tested gram-negative strains, as reflected in their PM values, which ranged from 1.20 to 2.44.

Table 5. The results from studying how DCHs might work as anti-aerobic gram-negative bacterial prospects.

Bacterial

Test

. Cipro DCH1  DCH2 DCH3 DCH4 DCH5 DCH6 DCH7
strain name
MIC 0.85 18.00 5.00 9.00 9.00 2.50 8.00 12.00
ESChc%rl'iCh'a MBC 1.65 35.00 7.00 11.00 11.00 3.50 1200  24.00
PM 1.94 1.94 1.40 1.22 1.22 1.40 1.50 2.00
MIC 1.05 18.00 5.00 8.00 9.00 2.50 8.00 9.00
Haemophilus )0 - 1.85 24.00 6.00 11.00 11.00 3.50 17.00 22.00
influenzae
PM 176 1.33 1.20 1.38 1.22 1.40 2.13 2.44
Klebsiella MIC 0.65 9.00 5.00 5.00 5.00 2.50 9.00 11.00
pneumonia MBC 1.35 17.00 7.00 11.00 9.00 3.00 13.00 17.00
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Bacterial Test

. Cipro DCHI DCH2 DCH3 DCH4 DCH5 DCH6 DCH7
strain name
PM 2.08 1.89 1.40 2.20 1.80 1.20 1.44 155
MIC 1.85 18.00 4.00 9.00 9.00 2.50 9.00 18.00
Sa'ggﬂf”a MBC 275 23.00 8.00 12.00 12.00 3.50 1300  23.00
PM 1.49 1.28 2.00 1.33 1.33 1.40 1.44 1.28
MIC 0.65 18.00 4.00 8.00 5.00 2.50 9.00 17.00
Shigella MBC 1.20 27.00 8.00 11.00 7.00 4.00 1600  25.00
dysenteriae
PM 1.85 1.50 2.00 1.38 1.40 1.60 178 1.47
MIC 1.15 18.00 4.00 4.00 4.00 2.50 9.00 10.00
Pseudomonas )0 - 1.95 22.00 6.00 10.00 7.00 3.00 14.00 22.00
aeruginosa
PM 1.70 1.22 1.50 250 175 1.20 156 2.20

Table 5. (Continued)

The values of MIC and MBC are expressed in the unit of ug/ml

8.2. Anti-anaerobic bacterial capacity

This study examined the antibacterial activity of the synthesized hybrids against four anaerobic bacterial
strains: Clostridium perfringens (ATCC 13124), Bacteroides fragilis (ATCC 25285), Prevotella
melaninogenica (ATCC 25845), and Fusobacterium necrophorum (ATCC 25286)[*3l. The anti-anaerobic
bacterial parameters for each tested compound as well as the reference drug are detailed in Table 6. The results
revealed that the synthesized hybrid compounds exhibited comparatively lower antibacterial activity than
Metro. Despite this, they appeared to operate through a similar fashion of action. The MIC values ranged from
7.00 pg/ml to 57.00 pg/ml, while the MBC values varied between 9.00 pg/ml and 91.00 pg/ml. Based on their
MIC matrixes, the compounds were ranked as follows: DCH2 > DCH3 > DCH5 > DCH4 > DCH1 > DCH7 >
DCHe6.

Interestingly, these hybrids showed improved anti-anaerobic activity when compared with earlier reports
on linear benzocoumarins™, highlighting the significance of incorporating heterocyclic structures in
enhancing antibacterial efficacy. Among the tested series, DCH2 emerged as the most potent, likely due to the
presence of a methoxy group at the C-4" position, which may contribute to its superior activity against
anaerobic bacteria. On the other hand, DCH6 was the least effective, potentially due to the presence of a
bromine substituent at the same position. This substitution appears to diminish its antibacterial potency, as
indicated by the relatively high MIC and MBC values required to inhibit and eliminate bacterial growth. These
findings underscore the potential for further structural optimization, particularly of DCH2, to enhance its
therapeutic effectiveness against anaerobic pathogens.

Table 6. The results from studying how DCHs might work as anti-anaerobic bacterial prospects.

Bacterial strain r?;?]te Metro DCH1 DCH2 DCH3 DCH4 DCH5 DCH6 DCH7
MIC 3.00 52.00 10.00 17.00 33.00 32.00 57.00 53.00
Bacteroides fragilis MBC 3.50 78.00 11.00 22.00 41.00 41.00 68.00 64.00
PM 1.17 1.50 1.10 1.29 1.24 1.28 1.19 1.21
MIC 1.05 53.00 7.00 11.00 30.00 28.00 44.00 33.00
Clostridium MBC 1.85 68.00 9.00 1400 3500 33.00 59.00  41.00
perfringens
PM 1.76 1.28 1.29 1.27 1.17 1.18 1.34 1.24
Fusobacterium MIC 2.00 35.00 8.00 13.00 35.00 26.00 40.00 48.00
necrophorum MBC 2.65 91.00 9.00 15.00 50.00 33.00 46.00 55.00
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Test

Bacterial strain name Metro DCH1 DCH2 DCH3 DCH4 DCH5 DCH6 DCH7
PM 1.33 2.60 113 115 1.43 1.27 115 115

MIC 0.95 4800 1000  13.00 4000 3500  48.00  53.00

Prevotella MBC 1.55 91.00 1200  17.00  59.00  46.00 5500  68.00

melaninogenica
PM 1.63 1.90 1.20 131 1.48 131 1.15 1.28

Table 6. (Continued)

The values of MIC and MBC are expressed in the unit of ug/ml

8.3. Antifungal capacity

A Sabouraud dextrose broth dilution assay was conducted to evaluate the antifungal activity of the
synthesized hybrids in comparison to Nyst against two pathogenic fungal strains: Aspergillus niger (ATCC
16888) and Candida albicans (ATCC 10231)*3], Table 7 summarizes the antifungal parameters for the tested
hybrids as well as the reference antifungal drug. The synthesized hybrid compounds exhibited a broad
spectrum of antifungal activity, with MIC values ranging from 1.45 pg/ml to 33.00 pg/ml and MFC values
spanning 1.75 pg/ml to 39.00 g/ml. Among these, the presence of a heterocyclic core appeared to significantly
influence antifungal potency. For instance, DCH1 demonstrated superior antifungal activity compared to the
standard drug Nyst. Furthermore, the antifungal effectiveness of hybrids bearing 4-substituted phenyl rings
varied depending on the nature of the substituent groups. Compounds DCH4 and DCH5, which incorporate
fluoro- and chloro-substituted phenyl moieties, showed notable antifungal efficacy, indicating their promise
as scaffolds for the development of new antifungal agents. In contrast, DCH6 and DCH7, containing bromo-
and iodo-substituted phenyl groups, were the least active, as evidenced by their relatively high MIC and MFC
values(*3¢],

Table 7. The results from studying how DCHs might work as antifungal prospects.
Test

Fungal strain name Nyst DCHLI DCH2 DCH3 DCH4 DCH5 DCH6 DCH7
MIC 8.00 1.45 11.00 13.00 1.90 2.00 31.00 33.00
Aspergillus niger ~ MFC 11.00 1.75 15.00 17.00 2.25 3.00 35.00 39.00
PM 1.38 1.21 1.36 1.31 1.18 1.50 1.13 1.18
MIC 4.00 1.25 6.00 4.00 1.50 1.75 18.00 19.00
Candida MFC 6.00 1.50 7.00 7.00 1.75 2.00 19.00 21.00
albicans
PM 1.50 1.20 1.17 1.75 1.17 1.14 1.06 1.11

The values of MIC and MFC are expressed in the unit of ug/ml

9. DCHs and their biocompatibility aspects

9.1. Biosafety toward commensal bacterial strains

Most orally administered prescription drugs have a negative impact on the normal growth of gut
microbiota, often leading to side effects such as diarrheal™*"). To test this idea with the new hybrids, researchers
looked at how they affected the growth of normal microbiota using three types of friendly Escherichia coli:
BAA-1427, BAA-1430, and MG1655. In this study, Cipro was used as a reference agent for two key reasons:
first, because it is an approved oral antibiotic, and second, to validate the reliability of the testing method™3¢l,
Table 8 presents the antimicrobial activity of the synthesized hybrid compounds alongside Cipro. Based on
toxicity assessments, the hybrids were ranked from least to most toxic as follows: DCH5, DCH1, DCH4,
DCH3, DCH6, DCH7, and DCH2. Notably, Cipro exhibited a strong inhibitory effect on the growth of the
tested commensal bacterial strains. In contrast, the hybrid compounds—particularly DCH5—demonstrated
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considerably lower bactericidal activity against these beneficial microbes. Nonetheless, all the tested hybrids
showed potent bactericidal effects, as evidenced by their low PM values, which may pose potential biosafety
concerns. These findings highlight the need for further comprehensive studies to better understand and evaluate
their safety profiles**,

Table 8. The results from investigating the microbiota biocompatibility aspect of the DCHs.
Bacterial strain Test name Cipro DCH1 DCH2 DCH3 DCH4 DCH5 DCH6 DCH7

MIC 1.05 13.00 7.00 11.00 12.00 16.00 9.00 9.00

Escherichia coli
(BAA-1427) MBC 1.35 16.00 11.00 14.00 14.00 22.00 12.00 11.00
PM 1.29 1.23 157 1.27 117 1.38 1.33 1.22
MIC 1.15 11.00 12.00 17.00 18.00 23.00 11.00 11.00

Escherichia coli
(BAA1430) MBC 1.55 14.00 15.00 21.00 22.00 28.00 16.00 13.00
PM 1.35 1.27 1.25 1.24 1.222 1.22 1.45 1.18
MIC 1.60 15.00 12.00 18.00 21.00 27.00 11.00 12.00

Escherichia coli
(MG1655) MBC 2.00 18.00 14.00 22.00 24.00 30.00 12.00 15.00
PM 1.25 1.20 1.17 1.22 1.14 1.11 1.09 1.25

The values of MIC and MBC are expressed in the unit of ug/m!

9.2. Biosafety toward non-cancerous cell lines

To assess the cellular biosafety of the synthesized hybrids, the same MTT assay was conducted on three
noncancerous cell lines: RWPE-1, MCF-A10, and HEK-293. As a positive control, 5-FU—a well-established
anticancer agent—was used. Several important findings can be drawn from the data presented in Table 9.
Firstly, the ICs values of 5-FU against noncancerous cell lines closely aligned with those reported in previous
studies, thereby validating the reliability of the employed experimental protocol®4%l, The biosafety range
observed for the tested compounds extended from 48.10 pg/ml to 149.73 pg/ml. Notably, all synthesized
hybrid compounds demonstrated markedly improved biosafety profiles in comparison to the standard drug, 5-
FU. Among them, DCH4 emerged as the most potent anticancer agent, displaying a biosafety index nearly
threefold higher than that of 5-FU. This suggests a promising degree of selectivity for cancer cells and
underscores the potential of this hybrid for further mechanistic and preclinical evaluation.

Table 9. The results as IC50 (ng/ml) + standard deviation (n = 3) from investigating the cellular biocompatibility aspect of the DCHs.

Compound
Cell line
5-FU DCH1 DCH2 DCH3 DCH4 DCH5 DCH6 DCH7
HEK-293 4143 + 51.22 + 69.09 + 61.43 + 136.41 + 67.86 = 55.34 + 48.10 +
1.13 0.97 1.03 0.94 1.06 1.10 0.96 1.18
MCE-AL0 42.47 + 53.89 + 7161+ 63.30 + 149.73 + 73.07 £ 58.84 + 54.80 +
0.89 1.04 1.10 1.18 1.13 0.94 0.96 1.03
RAPE-1 34.75 + 48.29 + 66.01 + 57.80 + 134.94 + 96.20 + 5294 + 48.76 +
1.08 1.06 1.12 0.94 1.20 1.14 0.97 0.94

9.3. Computer-aided drug eligibility characteristics
9.3.1. Anticipated toxicity parameters

A principal obstacle hindering the advancement and accessibility of many research studies in the applied
medical field was the potential toxicity of specific synthetic compounds™. Numerous computer-aided
systems have been created to predict the probable toxicity of various synthetic compounds[*42143l, The present
research employed the ProTox-1l system to predict the toxicity profiles of the synthesized hybrids. The
toxicity-related terminology derived from this system is described in Table 10. Before interpreting the
statistics, it is evident that the average similarity percentage ranged from 51.22% to 59.02%. This signifies the
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originality of the synthesized hybrid, as there were no closely related compounds in the platform's dataset.
Nevertheless, this minimal percentage may result in diminished expected accuracy (below 70%), as this
platform relies on structural resemblance between dataset architectures and the analyzed hybrid structures to
predict the toxicity profile for the compounds. The estimated LD50 values for the synthesized hybrids are
ranged between 3200 mg/kg and 1500 mg/kg. Since these values fall within the 500-5000 mg/kg range, the
hybrids are considered slightly toxic based on LD50 classification. Their predicted toxicity levels correspond
to categories 4 and 5, which help assess the overall chemical toxicity profile. In this scale, a higher level (closer
to 6) indicates lower toxicity. Based on these findings, the synthetic hybrids demonstrate an acceptable toxicity
profilel144:143],

In medicinal chemistry, the topological polar surface area (TPSA) is an important measure of a molecule’s
polarity. It is calculated based on the surface area occupied by polar atoms or functional groups within the
molecule. TPSA is closely linked to a compound’s ability to pass through biological membranes and enter
cells. Generally, non-polar molecules have low TPSA values (below 20 AZ, while highly polar molecules,
which contain multiple functional groups such as hydroxyl, amine, carbonyl, and carboxyl, can have TPSA
values reaching several hundred A#4l. For the synthesized hybrids, TPSA values ranged from 74.97 A=o
85.97 A=suggesting a well-balanced lipophilicity that promotes efficient absorption in the intestines. At the
same time, their pronounced polarity likely restricts their ability to penetrate the blood—brain barrier, which
may help reduce potential toxicity to the central nervous system, and the other hybrids that have penetration
may help in central nervous system agent scaffoldst47],

Also, the data listed in Table 10 indicates that all hybrids did not exhibit liver toxicity; this illustrates the
evident role of halogens in the liver toxicity of the produced hybrids. The synthesized hybrids exhibit no
significant potential for carcinogenicity, immunogenicity (all synthesized hybrids have no effect on
immunogenicity except DCH2 and DCH4), or cytotoxicity. Eventually, the created hybrids DCH1, DCHD5,
DCH6, and DCH7 don’t cause any alteration, while DCH2, DCH3, and DCH4 possess the capacity to induce
alterations in DNA sequences, leading to mutations. The chance of such mutations occurring was reported to
be minimal. Consequently, further research is required to validate the toxicity of these hybrids!*4l,

Table 10. The computer-based toxicity prediction regarding the synthesized hybrids.

Applicable Compound
principle toxicity DCH1 DCH2 DCH3 DCH4 DCH5 DCH6 DCH7

A-Tox-level 5 4 4 4 4 4 4
Car-Tox 0.61 0.65 0.66 0.62 0.61 0.62 0.61
Cyt-Tox 0.8 0.82 0.82 0.69 0.69 071 071
Imm-Tox 0.96 0.56 0.88 0.61 0.53 057 0.76
Liver-Tox 0.78 0.77 0.77 0.56 0.55 0.56 057
Mut-Tox 0.56 0.58 0.54 0.53 0.52 0.54 0.53

A-Tox-level: Anticipated toxicity level, Liver-Tox: Liver toxicity, Car-Tox: Carcinogenicity, Imm-Tox: Immunogenicity, Mut-Tox:
Mutagenicity, and Cyt-Tox: Cytotoxicity.

9.3.2. Anticipated pharmacokinetic parameters

Many computational analyses have been created to provide insights into the pharmacokinetic
characteristics of the compounds being studied since drug development and discovery are intricate and varied
processest*4%150 This work employed the pre-ADMET and SwissADMET platforms to report the
pharmacokinetic parameters of the synthesized hybrids. Table 11 shows the information that was gathered
after the chemical structures of the synthesized hybrids were sent to these two different online search engines.
Although the synthesized hybrids achieve nearly complete intestinal absorption, the permeability of Caco2
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cells constrains their deficient internal diffusion values. This discovery indicates that the intestinal absorption
process may utilize other techniques beyond energy-independent mechanisms. One reason could be that the
absorption rates in Caco-2 cell models are different from those in other intestinal cells because they lack certain
transporters, extracellular mediators (like phospholipids and bile acids), or mucus-secreting cellular
componentssil,

The ability to inhibit the P-glycoprotein pump was confirmed by each of the synthesized hybrids[*52. This
inhibition can boost bioavailability by augmenting gastrointestinal medication absorption. Nonetheless, this
activity-inhibiting effect retains the capacity to create drug removal or effects associated with interaction[*%,
When it comes to their ability to stop metabolizing enzymes, all of the synthesized hybrids were able to stop
CYP3A4 and CYP2C9 but not DCH1. Concerning CYP2D6, all DCHs exhibited no inhibitory effects. It is
important to be careful when giving these new hybrids along with other drugs that depend on the metabolism
of the CYP3A4 subfamily™4, This subfamily is important for the metabolism of about half of the medicines
on the market right now!®®.. This warning aims to mitigate the potential dangers linked to medication
interactions.

Overall, the synthesized hybrids had better protein binding capacities and ranks (52.828-96.839%), which
meant that the volume of distribution was smaller, the half-life was longer, and the percentage of unbound
proteins was lower[*%¢l. The strong ability to bind to plasma proteins can change how the medicine works and
how it behaves, since only the part of the drug that is not bound can have an effect on living things™. The
fact that the synthesized hybrids have a low ability to pass through the blood-brain barrier suggests that they
will not be very toxic and probably won't have any negative effects on the nervous system, which is in line
with their TPSA values. The seldom manifestation of adverse effects is essential in evaluating the level of
toxicity to the central nervous system[®8. All synthesized hybrids conform to Lipinski's Rule of Five,
signifying their suitability as potential candidates for oral administration(*%°,

Table 11. The online pharmacokinetic prediction regarding the synthesized hybrids.

Pharmacokinetic

DCH1 DCH2 DCH3 DCH4 DCH5 DCH6 DCH7
parameters
BBB No No Yes Yes Yes Yes Yes
BA 0.56 0.55 0.55 0.55 0.55 0.55 0.55
CaCP 21.076 33.357 31.195 30.377 25.604 24.779 24.759
CYP3A4 No Yes Yes Yes Yes Yes Yes
CYP2C9 No Yes Yes Yes Yes Yes Yes
CYP2D6 No No No No No No No
. High High High High High High
0,

GDA% High 89.343 98.852 98.843 98.822 98.539 98.045 97.917
LR-5 Applicable Applicable Applicable Applicable Applicable Applicable Applicable
P-gp No No No No No No No
PPB 52.828 86.917 90.025 88.352 90.509 90.495 96.839

1.86e-00 3.49e-02 2.05e-02 3.86e-02 1.14e-02 1.11e-02 1.36e-02
PWS

mg/ml mg/ml mg/ml mg/ml mg/ml mg/ml mg/ml
SF 2.82 3.36 3.32 3.19 3.19 3.21 3.35

BBB: Capacity to cross the blood-brain barrier, CaCP: Caco2 cell permeability in nm/sec, CYP: Cytochrome-P450, BA:
Bioavailability, GDA%: Percentage of gastric drug absorption, LR-5: Lipinski's rule of five, P-gp: Capability to bypass the
glycoprotein pumping, PPB: Extent of plasma protein binding, PWS: predicted water solubility in mg/ml, and SF: synthetic feasibility.
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10. Conclusion

The investigation into 1,3-dioxolane-coumarin hybrid compounds (DCH1-DCH7) has yielded promising
results that underscore their potential as multi-target therapeutic agents. The improved way of making these
compounds, with better control over the reactions and purification, led to the creation of very pure compounds,
which helped in conducting accurate biological tests. Each assay provided critical insights: the antioxidant
studies revealed that hybrids with electron-withdrawing groups—particularly DCH4—offer enhanced
protection against oxidative stress, a key factor in many degenerative conditions. In anticancer assessments,
DCH4 and DCH5 emerged as the most potent, suggesting that the nature and position of substituents on the
phenyl ester moiety are crucial for cytotoxic efficacy. The anti-inflammatory tests, although showing moderate
enzyme inhibition compared to standard drugs, highlighted the role of the heterocyclic core in modulating
COX-1 and COX-2 enzyme activity; DCH1 is a strong anti-inflammatory and antifungal. Furthermore, the
antidiabetic evaluations indicated that DCH2 and DCH3 possess a balanced inhibition of porcine a-amylase
and yeast a-glucosidase, making them potential leads for glycemic control. The antimicrobial assays confirmed
a broad-spectrum activity against both aerobic and anaerobic bacteria, DCH5 and DCH2 being stronger,
respectively, with efficacy varying according to structural modifications. Importantly, biosafety assessments
showed that these compounds exert minimal adverse effects on non-cancerous cells and commensal
microorganisms, finding DCH4 and DCH5 to be stronger agents, respectively. Complementary in silico
studies further validated the pharmacokinetic suitability and low toxicity of the hybrids. Overall, these results
create a strong basis for improving and developing 1,3-dioxolane-coumarin hybrids in drug discovery.
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