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ARTICLE INFO ABSTRACT

Keywords: The COVID-19 pandemic began in March 2020 and has affected many countries and infected over a million
Flavonol-3-O-glycoside people. It has had a serious impact on people's physical and mental health, daily life and the global economy.
(Sjl(\)lzlsls(;gz Today, many drugs show limited efficacy in the treatment of COVID-19 and studies to develop effective drugs

continue. Here, we aim to the synthesise and characterise of the flavonol-3-O-glycoside derivatives, the following
and evaluated molecular docking studies with antimicrobial activity, inhibition of SARS-CoV-2 main protease
enzyme (3CLpro) and nuclease activity. Molecular docking simulations of the synthesized flavonol-3-O-glycoside
derivatives, especially compounds 5a, 5d, 5h, 5i and 5m, showed a stronger interaction with SARS-CoV-2
3CLpro in the active site. Two compounds from the target compounds, 5h and 5m, were found to be specif-
ically effective against M. smegmatis and yeasts. In particular, compounds 5a, 5d, 5h, 5i and 5m, which exhibited
high activity against the SARS-CoV-2 main protease enzyme, were found to be effective at low concentrations.
We determined the ICsq values for the compounds that showed an inhibitory effect as well as their nuclease
activities, which further emphasising the potential of our results. Among these, compound 5d showed a sig-
nificant competitive inhibitor of 3CLpro. Furthermore, nuclease activity studies identified compound 5d as the
most potent. The above results suggest that the flavonol-3-O-glycoside derivatives could be promising new
antiviral agents for the development of 3CLpro inhibitors to combat COVID-19.

Nuclease activity
Antimicrobial activity
Molecular docking

1. Introduction

A novel strain of the extremely contagious pathogenic coronavirus
disease 2019 (COVID-19), caused by the acute respiratory syndrome
coronavirus SARS-CoV-2 [1]. SARS-CoV-2 is a positive-sense and single-
stranded ribonucleic acid (+ssRNA) virus that leads to a severe acute
respiratory syndrome such as pneumonia and respiratory failure [2-4].
In addition SARS-CoV-2 enters the host cell and contains a receptor-
binding domain of the spike protein (S protein) that binds to
angiotensin-converting enzyme 2 (ACE2), which determines human

transmissibility and inflammatory response [1,5-6].

In December 2019, an outbreak began in Wuhan, China, and quickly
spread around the world. On March 11, 2020, the World Health Orga-
nization (WHO) declared the COVID-19 pandemic [4]. According to the
WHO Coronavirus (COVID-19) Dashboard, there have been >7 million
deaths and >776 million infected cases worldwide as of October 2024
[71.

The coronaviruses are divided into types of strains such as a-coro-
navirus (a-CoV), B-coronavirus (f-CoV), y-coronavirus (y-CoV), -coro-
navirus (8-CoV) [8]. The SARS-CoV-2 virus belongs to the genus $-CoV
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genus, and posses a serious threat to human health [9,10]. Studies have
shown the that symptoms are fever, dry cough, fatigue, body aches and
pains, stuffy nose, headache, conjunctivitis, sore throat, diarrhea, loss of
taste or smell, rash or discoloration of the fingers on the hand in this
disease [11-14].

The B-CoV genome encodes four major structural proteins (S: spike;
E: envelope; M: membrane; N: nucleocapsid), and several non-structural
proteins (nsps), including the coronavirus main protease (MP™) or also
known as 3-chymotrypsn-like protease (3CLP™), the RNA-Dependent
RNA polymerase (RdRp) and the papain-like protease (PLP™) [15-18].
And although the 3CLP™ and its homolog is an ideal target for the
screening and development of anti-SARS-CoV-2 drugs [19,20]. To date,
some antiviral, antimalarial and immunomodulatory drugs such as
remdesivir, chloroquine, hydroxychloroquine, flavipiravir, tilorone and
umifenovir have been used. Further studies have shown that there are no
specific and safe antiviral drugs that have been researched for the
treatment of COVID-19 infections [21-26].

Flavonols (3-hydroxyflavones) are the most active compounds of the
flavonoid family, exibiting potent pharmacological activities, including
antimicrobial, antioxidant and anticancer effects and good biocompat-
ibility [27,28]. They are mainly found in vegetables, beverages, fruits,
flowers, bark, seeds and nuts [29,30]. Particularly, quercetin (3, 3, 4, 5,
7-pentahydroxyflavone) is a polyhydroxy compounds a natural subclass
of flavanols with high medicinal value including health benefits. Quer-
cetin and quercetin derivatives are present in their natural form as
glycosides with different sugar units, which are more stable and soluble
and usually have excellent biological activities [31-33]. As recent
studies have shown, quercetin-glycoside derivatives have been tested for
their antimicrobial activity and showed significant activity [34,35]. In
addition, research has reported that quercetin-3-p-galactoside reduces
the activity of SARS-CoV-3CLP™ [36]. Quercetin-3-O-glycoside is an
excellent compound that binds to the MP™ enzyme, and can thus be
considered a COVID-19 drug via the inhibition of SARS-CoV-2 activities
(Fig. 1) [371.

As far as we know there is not much literature available on the
flavonol-3-O-glycosides of SARS-CoV-2 inhibitors, except for a few ex-
amples [33,36]. Based on these previous findings, we hypothesized that
flavonol-3-0O-glycoside could inhibit the 3CLpro activity of SARS-CoV-2.
In the following, the synthesis, structural characterization and molecu-
lar docking studies as well as the antimicrobial activity, the inhibition of
the SARS-CoV-2 main protease enzyme (3CLpro) and the nuclease ac-
tivity are investigated in detail.

2. Results and discussion
2.1. Chemistry
In this work, the structurally diverse synthetic pathway of the target

compounds flavonol-3-O-glycoside (5a-r) is illustrated as in Scheme 1.
Flavonol-3-O-glycosides (5a-r) were synthesized from substituted

OH O

HO

Fig. 1. Representative structure of quercetin-3-O-glycoside.
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aromatic ketones (1) and substituted aromatic aldehydes (2) in three
steps. Previously, we synthesized a series of chalcone derivatives (3a-r)
using the well-established base-catalyzed Claisen-Schmidt condensa-
tion, which gives good yields [38]. These chalcone derivatives (3a-r)
were then oxidatively cyclized with 35 % hydrogen peroxide (H205) to
obtain flavonol derivatives (4a-r) in moderate to excellent yields by the
Algar-Flynn-Oyamada (AFO) reaction [39,40]. Finally, the 3-O-glyco-
side of flavonols was synthesized with 2,3,4,6-tetra-O-acetyl-a-p-gluco-
pyranosyl bromide (TAGBr) in dry acetone under inert atmosphere to
obtain acetylflavonols. Deacetylated reactions take place with NaOCHjg
in dry methanol according to the Zemplen method to obtain the target
flavonol-3-0O-glycosides in moderate yields (5a-r) [41,42]. Based on the
relevant literature, compounds 3a-i, 3k, 31, 3o, 3r, 4a-i, 40, 5c and 5f
have been described so far [43-46]. To the best of our knowledge, all
other compounds 3j, 3m, 3n, 3p, 3q, 4j-n, 4p-r, 5a, 5b, 5d, 5e, 5g, 5h,
5i and 5j—-r are new. Subsequently, the structure of all compounds was
established by analysing the IR, 'H NMR, '*C NMR and HRMS spec-
troscopy methods.

The IR spectrum of the chalcone compounds (3a-r) showed peaks
around of 3100 ecm ™! attributable to 2-OH, 1638 cm ™! attributable to
C=0 and 1565 cm™! attributable to C=C. The flavonol compounds
(4a-r) showed the absoprtion IR peaks at 3241-3315 cm~! (3-OH
stretching), 1598-1613 cm! (C=O0 stretching) and 1155-1210 cm !
(C—O stretching), respectively. The characteristic peaks for the O-p-D-
glucosyl skeletal linkage (glucosidic C—H stretching) were found at
2939-2968 cm™! for flavonol-3-O-glycoside compounds (5a—r). Simi-
larly, the pB-configuration of anomeric carbon stretching for flavonol-3-
O-glycoside was observed at 842-908 cm! [42,47].

The 'H NMR spectra of the chalcone compounds (3a-r) show two
characteristic doublets at ~7.7 ppm (d, J = ~15.4 Hz, 1H, H-2, A part of
the AB system) and ~7.99 ppm (d, J = ~15.4 Hz, 1H, H-3, B part of the
AB system) corresponding to the olefinic proton in the enone bond in the
chalcone molecule. In addition, the J value (1H—1H coupling constant)
of 15.4 Hz confirmed the formation of the E configuration of the olefinic
proton in the chalcone molecule (3j) (see electronic Supplementary In-
formation (ESI) for details) [48]. In addition, compound 3j contains a
hydroxy group at the H-2' position, as shown by the resonance signal at
8¢ 13.17 ppm (s, 1H) in the NMR spectra. The flavonol skeleton was
confirmed by the TH NMR signals at 8y 8.14 (d, J = 7.5 Hz, 1H, H-5), 6y
7.19 (t, J = 8.6 Hz, 1H, H-6), 8y 7.47 (m, 1H, H-8) and 6y 8.45 (s, 1H, 3-
OH) for compound 4n (see ESI) [49]. For all flavonol-3-O-glycoside
compounds (5a-r), the 'H NMR spectra show a doublet signal at 5y
4.92-5.54 (J = ~7.4 Hz) confirming the f-orientation of the sugar
moiety. That this also demonstrated the glupyranosyl group was bound
to the C-3 position. Furthermore, the p-glucose unit was in the p-orien-
tation, which was confirmed by a positive value as the D-configuration
[50]. Thus, the structure of compounds (5a-r) was elucidated as
flavonol-3-0-B-D-glycoside. As well, 'H NMR (400 MHz, DMSO/CDCl3)
spectrum of 51 shows multiplet signals (6H) around § 3.0-3.6 ppm
assignable for the glucosidic proton of the flavonol-3-O-glycoside beside
the signals corresponding to the glucosidic OH in the region &y 4.2-5.5
ppm. Furthermore, the 'H spectra for all compounds (3a-r, 4a-r and
5a-r) showed the protons of the aromatic ring in the range of 6.69-8.30
ppm, indicating the expected chemical shifts and integral values.

The '3C NMR of compounds (3a-r) showed diagnostic peaks of the
three sp? quaternary hybridized carbon atoms with chemical shifts at 5¢
~192.0 (including a carbonyl carbon), ¢ ~122.0 ppm (C-2) and 8¢
~143.0 (C-3) ppm, confirming the connectivity of the carbon skeleton
[51]. In agreement with thel*c NMR spectrum of the flavonol com-
pounds (4a-r), three carbon sequence of 5¢ ~144.0 (C-2), 8¢ ~138.0
(C-3) and 8¢ ~172.0 (including carbonyl carbon) ppm were revealed
[52]. Based on the above analysis, the planar structure of flavonol was
determined. In addition, the 3C NMR spectrum of the compounds
(5a-r) showed only one peak at ¢ ~102.0 ppm, confirming that the f-p-
glucose moiety was also bound to the C-3 position [42,47,50,53].
Therefore, the structure of 5a-r was elucidated as a flavonol-3-O-$-D-
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h: R;=H; R,=3-Br/q: Ry=4-F; R,= 3-Br
i: Ry= H; Ry=4-Br/r: R|=4-F; R,=4-Br

Scheme 1. General ways to produce the target compounds 5a-r. Reagents and conditions: i: 40 % KOH, ethanol, rt); ii: Na;CO3, 35 % H,0,, methanol); iii: Acetone,

TAGBr, methanol, KOH, 0-5 °C, NaOCH3, methanol).

glycoside. The characteristic glucosidic and aromatic ring carbons were
located at the expected chemical shifts for the compounds (5a-r).
Another interesting feature of the fluorine-substituted compounds is that
the fluorine carbon signals in the '3C NMR spectra are magnetically
inequivalent, although they are not diastereotopic. Consequently, in the
13C NMR (100 MHz, DMSO/CDCls) spectra of compound 5j, the char-
acteristic carbon-fluorine signals were found to be doublets at &¢
128.42/128.31 (C-5, 3JCF: 11 Hz), 114.28/114.05 (C-6, 2JCF = 23 Hz),
167.07/164.60 (C-7, "Jcr= 252 Hz), 105.07/104.81 (C-8, %Jcr = 26 Hz),
156.83/156.69 (C-9, 3JCF =14 Hz), 120.93 (C-10),118.99/118.85 (C-1/,
2Jce = 14 Hz), 161.22/158.72 (C-2/, LJcp = 250 Hz),115.90/115.69 (C-
3, 2Jcp = 21 Hz), 133.02/132.93 (C-4, 3Jcr = 9 Hz), 124.09,/125.05 (C-
5, 4JCF =4Hz),132.33/132.30 (C-6/, 3JCF = 3 Hz) ppm (see ESI) [38,53].

Finally, the mass spectra of all synthesized compounds (3a-r, 4a-r
and 5a-r) showed molecular ion peaks at the corresponding m/z values,
confirming their molecular mass. Compound 3j is a yellow solid, and its
molecular formula was determined to be C;5H;F20, based on HRMS for
the peak at m/z 261.0722 [M + H]+ (calc. for Cy5HpoF202, 261.0649).
In addition, compound 4j was obtained as a yellow solid, and its mo-
lecular formula was determined by HRMS for the peak at m/z 275.0473
[M + H]+ (calc. for Ci5HgF20s3, 275.219) as C15HgF20s3. In addition,
compound 51 was obtained as a pale yellow powder and HRMS showed
an [M + H]" ion peak at 437.1008 m/z, which gave the molecular

formula Cy1H1gF20g (calc. for Co1H1gF20g, 437.0970) (see ESI).

2.2. Molecular modeling study

2.2.1. Molecular docking results

This study, we used the SARS-CoV-2 3CLpro crystal structure in
complex with the N3 inhibitor for molecular docking analysis. First,
redocking was performed with this reference compound N3 in the
crystal structure to validate the docking simulations (Fig. 2). This
compound formed pi-sigma interactions with His41, pi-sulfur with
Metl65, alkyl interactions with Leul4l, pi-alkyl interactions with
His163 and His164, and hydrogen bonding interactions with Glul66,
Arg188, Thr190, and GIn189 (Fig. 2).

After the validation process, we investigated the binding mecha-
nisms between the flavonol-3-O-glycosides and the SARS-CoV-2 3CLpro
enzyme at the molecular level and predicted their binding affinities. All
synthesized compounds (5a-r) showed significant inhibitory effects on
SARS-CoV-2 3CLpro and outperformed the reference inhibitor N3. In
vitro analysis revealed that compounds 5a, 5m, 5h, 5i and 5d exhibited
the strongest activity, with inhibitory concentrations of 8.42 pM, 14.56
pM, 14.85 pM, 16.11 pM and 18.06 pM, respectively. These compounds
also showed stronger binding affinities in the docking study (see
Table 1).



G. Celik et al.

SARS-CoV-2 3CLpro-compound N3

T w B !

Ut} 46 < >

“ B % =
gE T § 7 N\

NN &
A8 > < % CA g ¥

G gl N

SARS-CoV-2 3CLpro-compound Sh

94Y A3

=
-
—

SARS-CoV-2 3CLpro-compound Sa

International Journal of Biological Macromolecules 298 (2025) 139621

SARS-CoV-2 3CLpro-compound Sm

TR

5 T

*

s
o>

=

RG
s

Fig. 2. The 2D analysis of the binding conformations with the lowest energy of the SARS-CoV-2 3CLpro enzyme with the active compounds.

Table 1

As a result of docking analysis of flavonol-3-O-glycoside (5a-r) and N3
(reference) compounds, the lowest binding energy values in the active site of
SARS-CoV-2 3CLP™.

Compounds Binding energy (kcal/mol)
5a -9.13
5b —8.65
S5c —8.55
5d —8.80
Se -9.10
5f -9.44
58 -9.36
5h -9.31
5i -9.42
5j —8.62
5k —8.54
51 —8.84
5m -9.11
5n -9.25
50 —9.80
5p -9.30
5q -9.41
5r —10.10
Reference compound (N3) -8.31

Compound 5a, which has the highest binding affinity to the SARS-
CoV-2 3CLpro enzyme, forms a hydrogen bond with the amino acid
Glul166, Thr190, Met165 and Argl88, a n-sulfur bond with the amino
acid Cys145, a n—alkyl with Met49, a van der Waals bond with Leul41,
Ser144, His163, Leul67, Alal91, GIn192, Val186, Asp187, Tyr54 and
Asp187 of SARS-CoV-2 3CLpro (Fig. 2). The other active compounds
interacted mainly with the SARS-CoV-2 3CLpro enzyme through
hydrogen bond interactions with residues Met165, Glul166, Gln189,
Thr190, Asn142, and Leul41, similar to the interactions observed with
crystallized compound N3 (see Fig. 2). These residues are located in the
catalytic region of the enzyme and are highly conserved among SARS-
CoVs [54,55], indicating their key role in binding affinity. This infor-
mation will help us develop more effective antiviral drugs for COVID-19.

2.2.2. Molecular dynamic simulations results

Molecular dynamics (MD) simulation is a computational technique
widely used to model the dynamic behavior of molecular systems over
time. This method enables the evaluation of the stability and binding
affinity of protein-ligand complexes by simulating their atomic-level
interactions [56]. In this study, molecular dynamics (MD) simulations
were conducted using the Desmond software package to evaluate the
binding affinity and stability of the hit compound 5a and a reference
compound against the SARS-CoV-2 3CLpro target over a 100-ns simu-
lation period.

To assess the overall structural stability of the target protein in
complex with the tested compounds, root mean square deviation
(RMSD) analysis was carried out. This analysis provides valuable in-
sights into the extent of structural deviation from the initial conforma-
tion throughout the simulation. For the SARS-CoV-2 3CLpro protein,
RMSD values for Ca atoms were observed in the range of 1.1 to 4.9 A
with compound 5a and 0.9 to 2.9 A with the reference compound
(Fig. 3A). Additionally, root mean square fluctuation (RMSF) values
were analyzed to evaluate the flexibility of individual protein residues in
the presence of the tested compounds. As depicted in Fig. 3B, residues
interacting (marked by green vertical bars) with compound 5a and the
reference compound exhibited RMSF values ranging from 0.6 to 3.5 A.

The non-covalent interactions between the protein and ligands were
monitored throughout the simulation to understand the binding affinity
of the hit compounds and the stability of their conformations within the
active site. His41, Met165, His163, His164, Glul66, Arg188, Thr190,
and GIn189, key residues known to play essential roles in the catalytic
activity of SARS-CoV-2 3CLpro [54,55], were observed to maintain
hydrogen bonding, hydrophobic interactions, and ionic interactions
with both compound 5a and the reference compound throughout the
simulation (Fig. 3C). These findings suggest stable interactions between
the ligands and the catalytic domains of SARS-CoV-2 3CLpro, further
supporting their strong binding affinity, as confirmed by RMSD and
RMSF analyses.
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Fig. 3. (A) The RMSD calculation, represented by the blue line for the protein and the red line for the ligand, was conducted for each complex (SARS-CoV-2 3CLpro/
compound) during the 100 ns MD simulation. (B) The RMSF assessment was performed for each complex (SARS-CoV-2 3CLpro/compound) following a 100 ns MD
simulation. (C) The four main factors in protein-ligand interaction are hydrogen bonds, hydrophobic contacts, ionic interactions, and water bridges. Stacked bar
graphs visualize these interactions throughout the trajectory, indicating the duration as a percentage of simulation time.

2.3. Biological evaluation determine the antimicrobial activity properties of the compounds. In the
study, antimicrobial activity against nine microorganisms was tested on
2.3.1. Antimicrobial properties of the target compounds various pathogenic bacteria and fungi suitable for human consumption.
In the study, the minimum inhibitory concentration (MIC) method The antimicrobial activities of the substances were analyzed using
was used against selected pathogenic indicator microorganisms to the MIC method. In general, the substances were found to have
Table 2
Minimal inhibition concentrations of target compounds.
Compounds Stock Sol. (pg/mL) Microorganisms and minimal inhibition concentration (MIC, pg/mL)
Gram (—) Bac. Gram (+) Bac. No Gram Fungi
Ec Yp Pa Sa Ef Bc Ms Ca Sc
5a 17.400 - - - 435 217 217 217 870 870
5b 15.600 780 780 - 195 195 97.5 97.5 780 -
5¢ 14.900 745 - - 186 372 372 372 745 745
5d 9.700 - - - 485 485 242 121 485 485
5e 26.000 1300 1300 - 650 650 325 325 1300 1300
5f 800 - - - - - 200 - 400 400
58 32.000 1600 1600 - 400 1600 200 200 800 -
5h 0.400 - - - - - - 20 10 -
5i 0.500 - 25 - - 25 25 25 12.5 -
5j 6810 - - - - - 170 85 340 340
5k 4790 - - - 239 239 239 60 30 239
51 3270 - - - - - 163 - - -
5m 1680 - - - - - - 10,5 42 84
5n 7010 - - - - 355 177 11 177 177
50 7560 - - 378 378 - 378 189 378 -
5p 4200 - - - 210 - 26 26 210 210
5q 4690 - - - 117 117 58 29 234 234
5r 2190 - - - - - 109 55 55 109
Amp. 10 10 18 128 3-5 10 15
Strep. 10 4
Flu 5 8 8

Ec: Escherichia coli Yp: Yersinia pseudotuberculosis Pa: Pseudomonas aeuriginosa Sa: Staphilococcus aureus Ef: Enterococcus faecalis Be: Bacillus cereus Ms.: Mycobacterium
smegmatis Ca: Candida albicans Sc: Saccharomyces cerevisiae.
Amp: Ampicillin Strep: Streptomycin Flu: Fluconazole.
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antimicrobial activity against at least one microorganism. None of the
substances except 50 had antipseudomal activity and substances 5b, 5e
and 5g were effective against all microorganism groups (broad spec-
trum) except P. aeruginosa. Substances 5a and 5d were effective against
other tested microorganisms except Gram-negative bacteria at concen-
trations of 217-870 and 121-485 pg/mL, respectively. The study found
that the most sensitive microorganism to the substances was
M. smegmatis, which was sensitive to all substances except 5f and 51 at
concentrations of 10.5-325 pg/mL. Substances 5h and 5m were found to
be specific and effective against M. smegmatis and yeasts at low con-
centrations (Table 2).

2.4. Nuclease activity of the target compounds

Coronaviruses (CoVs) cause respiratory and intestinal infections in
animals and humans. The main protease (Mpro), also known as 3CL
protease, has a crucial function in the cleavage of polyproteins derived
from viral RNA. Potential drug candidates for the treatment of patients
with COVID-19 are protease inhibitors that can inhibit viral replication.

An assay kit (BPS Science, 78042-1) was used to determine the
inhibitory effect of selected target compounds (test inhibitors) on the
SARS-CoV-2 major protease enzyme (3CLpro) and experiments were
designed according to the table below (Table 3).

The Untagged 3CL Protease Assay Kit is designed for the detection of
3CL protease activity and is used for screening and profiling in a
seamless assay that eliminates time consuming wash steps.

2.4.1. Studies on the genomic double-stranded DNA of E. coli

In the study, bacterial DNA was first tested to evaluate the nuclease
activity of the compounds (5¢, 5d, 5g and 5i). The nuclease-cutting
activities of the compounds (exonuclease activity) were analyzed
using purified and amplified E. coli gDNA (Table 4).

In the study carried out with genomic double-stranded DNA from
E. coli, substance 5c destroyed the gDNA after 30 min, while substance
5i partially destroyed it and substances 5d and 5g were ineffective.
Substance 5c also destroyed the gDNA after 120 min, while substance 5i
partially destroyed it and substances 5d and 5g were ineffective. After
240 min, substances 5c¢ and 5i partially destroyed the gDNA, while
substances 5d and 5g were ineffective.

2.4.2. Studies on the RNA of the bee virus (Apis mellifera filamentous virus
(AmFV), bp554)

To investigate the nuclease activity of the compounds on the viral
genome, the exonuclease activity was tested on the filamentous bee
virlis RNA (AmFV), which was available in our laboratory before the
sensitive SARS-CoV-2 RNA. Apis mellifera filamentous virus (AmFV) is a
major virus of honey bees that contains a single double-stranded DNA
genome, but its relationship to other parasites and its prevalence are
poorly understood. This study, which uses the viral double-stranded
DNA genome as a model to observe its activity against double-
stranded DNA viral nucleic acids, has the potential to significantly
impact our understanding of AmFV. Viral DNA amplified by PCR with

Table 3
Experimental design according to data sheet (BPS Bioscience #78042).
Component Positive Test Inhibitor Blank
control inhibitor control
3CL Protease (0.5 ng/ 30 ul 30 ul 30l -
pb?
Assay Buffer (with - - - 30 pl
DTT)
GC376 (500 pM) - - 10 pl -
Test Inhibitor - 10 pl - -
Diluent Solution 10 pl - - 10 pl
Total 40 pl 40 pl 40 pl 40 pl

# 3CL inhibitor GC376 is provided as a technical control for 3CL inhibition.
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Table 4

Results of substances that interact best with E. coli gDNA.
Compounds 30 min. 60 min. 120 min. 180 min. 240 min.
E. coli gDNA 3+ 3+ 3+ smear 3+ smear 3+ smear
5c 4+ 2+ 2+ 2+ 2+
5d - - - - -
5g /- 1+ 1+ +/- +
5i 4+ 4+ 4+ 4+ 44

specific primers was used for the study. In the study, 20 pl of each strain
sample was placed in 3 separate tubes and 5 pul of DNA was added. The
first series was kept on a vibrating hot plate at 37° for half an hour and
then applied to a 1 % agarose gel and photographed to get an idea of the
possible effects of our results (Table 5).

In this careful study, we used cDNA specific for the gene region of
honey bee filamentosis virus (AmFV) amplified with unique primers.
Our results showed that the tested compounds 5¢ and 5i exhibited
nuclease activity that potentially cleaved the cDNA from its ends within
the first 30 min. This careful approach ensures the validity of our results.

2.4.3. Studies on the DNA of the COVID-19 virus

Nucleases obtained by the hydrolysis of the phosphodiester bond in
DNA or RNA play a crucial role in pharmacological biotechnology as
well as in biological processes involving DNA, such as replication,
recombination, molecular cloning, genotyping, and mapping. Literature
research has shown that quercetin-3-O-glucoside compounds inhibit the
main protease enzyme of SARS-CoV-2, proving quercetin-3-O-glucoside
compounds as natural inhibitors.

The value of the positive control of the enzyme was measured at
12.87 OD and the value of the commercial inhibitory control at 9.978
OD. Using these values, we compared the inhibition values of our syn-
thesized compounds and considered values close to or below the inhi-
bition control values as significant and effective. According to these
data, sample 5a was found to be the most effective against inhibition of
the enzyme coronavirus 3CL protease enzyme. In addition samples 5m,
5h, 5i and 5d, in that order, showed very strong inhibitory activities
(Table 6, Table 7).

In determining the inhibitory activities of the synthesized flavonol-3-
O-glucoside compounds (compounds 5a-i) on the SARS-CoV-2 main
protease enzyme (3CLpro), data were obtained that overlap with the
results of the molecular modeling study. The ICsy [pM] values were
determined in the context of the kit used. Compared to the reference, the
compounds with the lowest inhibitory activity were determined as 5c,
5d, 5g and 5i. Some of these compounds were diluted to the extent
possible and the most appropriate concentration value for the enzyme
substrate was determined. Other compounds could not be diluted due to
insufficient kit. In addition, these compounds (5¢, 5d, 5g and 5i) were
used in nuclease activity studies.

3. Conclusion

In summary, we have succeeded in developing and synthesising the
flavonol-3-0O-glycoside derivatives with moderate yields. Their structure
was confirmed by spectral analyses (IR, 'H NMR, '3C NMR and HRMS).
Furthermore, molecular docking studies showed that the developed
flavonol-3-0O-glycoside derivatives of compounds 5a, 5d, 5h, 5i and 5m

Table 5

Results of substances that interact best with AmFV.
Compounds 30 min 120 min 240 min
AmFV cDNA (5 pl) 4+ 4+ 4+
5c 3+ 1+ +/—
5d 44 1+ +/-
5g 44 3+ 3+
5i 1+ +/— +/-
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Table 6
Results of substances that interact best with SARS-CoV-2.
Compounds 30 min 120 min 240 min
SARS-CoV-2 c¢DNA (5 pl) 3+ 3+ 3+
5c 3+ 3+ 3+
5d - - -
5g +/— +/— +/—
5i + + +

exhibited a stronger interaction with SARS-CoV-2 3CLpro compared to
the reference inhibitor N3. In addition, these target compounds were
tested for their antimicrobial activity in vitro to determine whether or
not the compounds exhibited high antimicrobial activity. The results
showed that compounds 5h, 5i, 5m, 5n, 5p and 5q exhibited moderate
to high antimicrobial activity.

In a study conducted with the COVID-19 OMICRON-BAL strain, it
was observed that out of four chemicals (5¢, 5d, 5g, 5i), one of them
destroyed SARS-CoV-cDNA within 30 min at 37 °C. Compound 5c¢ had
not effect on the covid nucleic acid, while compound 5d degraded the
DNA and exhibited anti-nuclease activity. Compound 5i was observed to
bind the DNA and hold it at the beginning of the well. Compound 5g
destroyed the nucleic acid and fluoresced intensely, especially in the
400 bp band, presumably due to the Br atom in its structure [57].

Finally, we believe that these results confirm the experimental re-
sults of the molecular docking studies. In vitro studies on anti-SARS-CoV-
2 and nuclease activity showed with ICsg values that compound 5d has
enormous potential as an anti-COVID-19 agent.

Due to their effective nuclease activity against the COVID-19 OMI-
CRON-BA1 strain, the 5a-i series synthesized compounds with the
flavonol core are believed to be potential alternatives to the drugs
currently used to treat COVID-19.

In view of all the results, the preduction of new flavonol-3-O-glyco-
side derivatives and further phase studies (animal studies) can
contribute to the development of new and effective COVID-19 drugs.

4. Experimental section
4.1. Chemistry general methods

All chemicals, reagents and solvents were used as purchased from
commercial suppliers and were used without any purification. All sen-
sitive reactions were carried out in dried flasks under nitrogen atmo-
sphere. The progress of all reactions was examined on Merck silica gel 60

Table 7
In vitro inhibitory effects of the target compounds on SARS-CoV-2 3CLpro.
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Fos4 aluminium TLC (thin layer chromatography, Merck) plates and
viewed under UV light (254 nm). Column chromatography was per-
formed with silica gel (230-400 mesh). The melting points of all com-
pounds were measured in degrees (°C) using a Thermo-var instrument
with microscope, which may be uncorrected. The IR spectra of the
compounds were measured using a Perkin Elmer 1600 Fourier transform
infrared spectrophometer (FTIR-ATR) in the range of 4000-400 (em™)
and expressed in wavenumber (ecm™1). The 'H NMR (400 MHz) and 3C
NMR (100 MHz) spectra were recorded on Bruker Avance III 400 MHz
spectrometer, using CDCl3/CD30D/DMSO-dg/Aceton-dg as solvent and
TMS (Me4Si) as internal standard. Chemical shifts were determined as
S-values (in ppm) and coupling constant in Hertz (Hz), and the multi-
plicity of signals is described as singlet (s), doublet (d), doublet of the
doublet (dd), triplet (t) and multiplet (m), while (br) is used for the
broad signal. A high —resolution mass spectrum (HRMS) was recorded
with Agilent 1260 Infinity Series LC/Q-TOF.

4.2. General procedure for the synthesis of chalcone (3(a-r)) derivatives

The procedure was mentioned in our previously published studies
[38,58]. The compounds (3a, 3b, 3¢, 3d, 3e, 3f, 3g, 3h, 3i, 3k, 31, 3o,
3r) were defined according to the published procedures [46,59-62].

4.3. Characterization of compounds (3j, 3m, 3n, 3p, 3q)

4.3.1. (2E)-1-(4-fluoro-2-hydroxyphenyl)-3-(2-fluorophenylDprop-2-en-1-
one (3j)

Yellow solid; yield: 81 %; Mp: 110-111 °C; IR (Vmax/cm ™ ): 3380
(OH), 3090, 3066, 3042 (aromatic C—H), 1639 (C=0), 1569 (C=CQ),
1351 (C—F), 1206 (C—O0); 'H NMR (400 MHz, CDCl3, TMS, 6 ppm): 7.7
(d, J = 15.4 Hz, 1H, H-2, A part of the AB system), 7.99 (d, J = 15.4 Hz,
1H, H-3, B part of the AB system), 6.69 (m, 1H, H-3"), 6.69 (m, 1H, H-5)),
7.93(dd, J = 15.9/7.2 Hz, 1H, H-6)), 7.22 (t, J = 7.6 Hz, 1H, H-3"), 7.6 (t,
J = 7.6 Hz, 1H, H-4"), 7.15 (m, 1H, H-5"), 7.42 (m, 1H, H-6"), 13.17 (s,
1H, 2-OH); '3C NMR (100 MHz, CDCI3, TMS, 6 ppm): 192.62 (C-1),
124.64 (C-2), 138.62 (C-3), 116.04 (C-1), 166.27/166.14 (C-2, 3Jcp =
13 Hz), 105.30/105.06 (C-3, 2Jcr = 24 Hz), 168.77/166.23 (C-4', Lcp =
254 Hz), 107.36/107.13 (C-5/, 2JCF = 23 Hz), 132.15/132.04 (C-6, 3JCF
=11 Hz), 122.53 (C-1"), 163.17/160.63 (C-2’, lJCF = 254 Hz), 116.56/
116.34 (C-3", 2Jor = 22 Hz), 132.45/132.33 (C-4", 3Jor = 12 Hz),
130.32/130.30 (C-5, 3J(;F = 9 Hz), 122.64/122.55 (C-6", 4JCF = 2 Hz);
HRMS (ESI-QTOF, positive) m/z caled for CisHjogF202 [M + H]™:
261.0649, found: 261.0722.

Compounds Concentrations Inhibition value Enzyme control Inhibitor control Blank assay buffer
(pg/pL) ICsp [uM] 3CL Protease (0.5 ng/pl) Commercial sample GC376 (500 pM) (with DTT)
5a 0.00416 8.42 12.87 9.98 1.794
5b 0.00373 27.38 12.87 9.98 1.794
5c 0.00356 52.12 12.87 9.98 1.794
5d 0.00223 18.06 12.87 9.98 1.794
5e 0.00598 26.42 12.87 9.98 1.794
5f 0.000184 ND 12.87 9.98 1.794
5g 0.00669 46.65 12.87 9.98 1.794
5h 0.0000836 14.85 12.87 9.98 1.794
5i 0.0001045 16.11 12.87 9.98 1.794
55 0.00681 61.02 12.87 9.98 1.794
5k 0.00479 51.60 12.87 9.98 1.794
51 0.00327 35.14 12.87 9.98 1.794
5m 0.00168 14.56 12.87 9.98 1.794
5n 0.00701 59.33 12.87 9.98 1.794
50 0.00756 160.76" 12.87 9.98 1.794
5p 0.00420 24.24 12.87 9.98 1.794
5q 0.00469 167.21° 12.87 9.98 1.794
5r 0.00219 51.19 12.87 9.98 1.794

ND: Not determined.

? Due to the decrease in substrate during the study, we were only able to add a reduced amount, resulting in a high value.
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4.3.2. (2E)-1-(4-fluoro-2-hydroxyphenyl)-3-(2-chlorophenyl)prop-2-en-1-
one (3m)

Bright yellow solid; yield: 40 %; Mp: 148-149 °C; IR (Vmax/cm 1)
3104 (OH), 3063 (aromatic C—H), 2922, 2852 (aliphatic C—H), 1638
(C=0), 1563 (C=C), 1350 (C—F), 1204 C-0O; 'H NMR (400 MHz, CDCIs,
TMS, 6 ppm): 7.56 (d, J = 16.0 Hz, 1H, H-2, A part of the AB system),
8.31 (d, J = 16.0 Hz, 1H, H-3, B part of the AB system), 6.69 (m, 1H, H-
3", 6.69 (m, 1H, H-5, 7.76 (d, J = 8.0 Hz, 1H, H-6'), 7.92 (dd, J = 12.0/
4.0 Hz, 1H, H-3"), 7.35 (m, 1H, H-4"), 7.35 (m, 1H, H-5"), 7.47 (d, J =
8.0 Hz, 1H, H-6"), 13.31 (s, 1H, 2’-OH); 13C NMR (100 MHz, CDCIs,
TMS, § ppm): 192.36 (C-1), 122.51 (C-2), 141.48 (C-3), 116.97 (C-1),
166.29/166.20 (C-2, 3Jcp = 9 Hz), 105.40/105.16 (C-3/, 2Jcp = 24 Hz),
168.85/166.35 (C-4, IJCF = 250 Hz), 107.41/107.18 (C-5, 2Jcp =23
Hz), 132.16/132.04 (C-6/, 3Jor = 12 Hz), 135.80 (C-1"), 132.82 (C-2"),
130.49 (C-3"), 131.69 (C-4"), 127.19 (C-5"), 127.96 (C-6"); HRMS (ESI-
QTOF, positive) m/z caled for Cy5H;oCIFO, [M]*: 276.0353, found:
276.2709.

4.3.3. (2E)-1-(4-fluoro-2-hydroxyphenyl)-3-(3-chlorophenylprop-2-en-1-
one (3n)

Orange solid; yield: 65 %; Mp: 143-144 °C; IR (vmax/cm’l): 3085
(OH), 3016 (aromatic C—H), 2917 (aliphatic C—H), 1643 (C=0), 1566
(C=C), 1352 (C—F), 1206 (C—0); 'H NMR (400 MHz, CDCl3, TMS, &
ppm): 7.56 (d, J = 15.5 Hz, 1H, H-2, A part of the AB system), 7.84 (d, J
= 15.5 Hz, 1H, H-3, B part of the AB system), 6.69 (m, 1H, H-3), 6.69
(m, 1H, H-5Y), 7.93 (dd, J = 15.3/6.4 Hz, 1H, H-6'), 7.65 (s, 1H, H-2"),
7.51 (d, J = 7.0 Hz, 1H, H-4"), 7.39 (m, 1H, H-5"), 7.39 (m, 1H, H-6"),
13.11 (s, 1H, 2-OH); 13C NMR (100 MHz, CDCI3, TMS, 5 ppm): 192.21
(C-1), 121.60 (C-2), 143.96 (C-3), 116.96 (C-1"), 166.32/166.19 (C-2/,
3Jcp =13 Hz), 105.39/105.15 (C-3, 2J(;F =24 Hz), 168.87/166.33 (C-4,
LJce = 254 Hz), 107.45/107.22 (C-5/, 2Jcp = 23 Hz), 132.12/132.00 (C-
6, BJCF =12Hz), 136.21 (C-1"), 128.05 (C-2"), 135.05 (C-3"), 130.36 (C-
4"),130.86 (C-5"), 127.13 (C-6"); HRMS (ESI-QTOF, positive) m/z caled
for C15H;0CIFO, [H]": 276.0353, found: 276.2786.

4.3.4. (2E)-1-(4-fluoro-2-hydroxyphenyl)-3-(2-bromophenyl)prop-2-en-1-
one (3p)

Bright orange solid; yield: 55 %; Mp: 128-129 °C; IR (Vmax/cm’l):
3058 (OH), 3023 (aromatic C—H), 2977 (aliphatic C—H), 1638 (C=0),
1565 (C=C), 1348 (C—F), 1204 (C—O0); 'H NMR (400 MHz, CDClIs,
TMS, § ppm): 7.50 (d, J = 15.4 Hz, 1H, H-2, A part of the AB system),
8.26 (d, J = 15.4 Hz, 1H, H-3, B part of the AB system), 6.70 (m, 1H, H-
3, 6.70 (m, 1H, H-5Y), 7.92 (dd, J = 15.4/6.4 Hz, 1H, H-6), 7.74 (d, J =
7.8 Hz, 1H, H-3"), 7.28 (t, J = 7.8 Hz,1H, H-4"), 7.38 (t, J = 7.8 Hz, 1H,
H-5"),7.66 (d, J = 7.9 Hz, 1H, H-6"), 13.10 (s, 1H, 2-OH); 13C NMR (100
MHz, CDCI3, TMS, § ppm): 192.29 (C-1), 122.74 (C-2), 144.03 (C-3),
116.86 (C-1"), 166.30/166.21 (C-2/ 3JCF = 9 Hz), 105.40/105.17 (C-3
2Jce = 23 Hz), 168.54/166.35 (C-4, 'Jcp = 219 Hz), 107.41/107.18 (C-
5, 2JCF = 23 Hz), 132.17/132.05 (C-6/, 3JCF = 12 Hz), 134.62 (C-1"),
126.17 (C-2"), 133.75 (C-3"), 131.82 (C-4"), 128.03 (C-5"), 127.81 (C-6");
HRMS (ESI-QTOF, positive) m/z caled for CysH1oBrFO, [M + H]™:
320.9848, found: 320.9880.

4.3.5. (2E)-1-(4-fluoro-2-hydroxyphenyl)-3-(3-bromophenyl)prop-2-en-1-
one (3q)

Orange solid; yield: 40 %, Mp: 138-139 °C; IR (vmax/cm’l): 3084
(OH), 3011 (aromatic C—H), 1642 (C=0), 1572 (C=C), 1347 (C—F),
1203 (C—0); THNMR (400 MHz, CDCI3, TMS, § ppm): 7.55 (m, 1H, H-2,
A part of the AB system), 7.83 (d, J = 15.3 Hz, 1H, H-3, B part of the AB
system), 6.69 (m, 1H, H-3"), 6.69 (m, 1H, H-5"), 7.93 (m, 1H, H-6), 7.55
(m, 1H, H-2"), 7.93 (m, 1H, H-4"), 7.55 (m, 1H, H-5"), 7.32 (t, J = 7.8 Hz,
1H, H-6"), 13.10 (s, 1H, 2°-OH); 3C NMR (100 MHz, CDCI3, TMS, &
ppm): 192.18 (C-1), 121.18 (C-2), 143.87 (C-3), 116.84 (C-1"), 166.33/
166.20 (C-2, 3JCF =13 Hz), 105.40/105.16 (C-3/, ZJCF =24 Hz),168.88/
166.34 (C-4, 'Jcg = 254 Hz), 107.46/107.23 (C-5, %Jcz = 23 Hz),
132.07/131.95 (C-6/, 3JCF = 12 Hz), 136.43 (C-1"), 133.80 (C-2"),
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123.21 (C-3"), 127.59 (C-4"), 130.92 (C-5"), 130.63 (C-6"); HRMS (ESI-
QTOF, positive) m/z caled for C;5H;oBrFO, [M + H]1: 319.9848, found:
320.2952.

4.4. General procedure for the synthesis of flavonol (4(a-r)) derivatives

2'-Hydroxychalcone derivatives (3(a-1)) (1 eq), NazCO3 (1 eq) and
hydrogen peroxide (35 %, 1 mL) in methanol (30 mL) was stirred
vigorously on ice for 1 h and then maintained room temperature. After
completion of the reaction, which was monitored by TLC, hydrochloric
acid (HCI, 10 %) was added to the reaction mixture to neutralize it,
resulting in a precipitate. These precipitates were filtered under reduced
pressure, washed with water and used for future purification (column
chromatography or crystallization) to obtain pure flavonol (4(a-r)). The
purity of flavonol compounds is >45 %. The compounds (4a, 4b, 4c, 4d,
4e, 4f, 4g, 4h, 4i, 40) and the details of their structural characterization
have been described previously [46,63-65].

4.5. Characterization of compounds (4j, 4k, 41, 4m, 4n, 4p, 4q, 4r)

4.5.1. 2-(2-fluorophenyl)-7-fluoro-3-hydroxy-4H-chromen-4-one (4j)
Bright yellow solid; yield: 48 %; Mp:156-157 °C; IR (Vmax/cm™b):
3299 (OH), 3080 (aromatic C—H), 1611 (C=0), 1459 (C=C), 1205
(C—F), 1155 (C—O0); 'H NMR (400 MHz, Aceton-dg, TMS, § ppm): 8.26
(dd, J = 15.4/5.0 Hz, 1H, H-5), 7.40 (m, 1H, H-6), 7.40 (m, 1H, H-8),
7.40 (m, 1H, H-3"), 7.63 (m, 1H, H-4), 7.40 (m, 1H, H-5), 7.87 (t, J =
8.5 Hz,1H, H-6); 13¢ NMR (100 MHz, Aceton-dg, TMS, 6 ppm): 142.99
(C-2), 139.70 (C-3), 172.35 (C-4), 128.04/127.93 (C-5, 3Jor = 11 Hz),
113.60/113.37 (C-6, 2JCF =23Hz),166.79/164.29 (C-7, IJCF =250Hz),
104.85,/104.60 (C-8, 2Jcr = 25 Hz), 156.78/156.66 (C-9, 3Jcr = 12 Hz),
118.94 (C-10), 117.29 (C-1'), 161.04/158.55 (C-2/, lJCF = 249 Hz),
116.26,/116.05 (C-3/, 2Jcr = 21 Hz), 132.51/132.43 (C-4, 3Jcr = 8 Hz),
124.30/124.27 (C-5, *Jcz = 3 Hz), 131.22 (C-6"); HRMS (ESI-QTOF,
positive) m/z calcd for C15HgF203 [M + H]™: 275.219, found: 275.0473.

4.5.2. 2-(3-fluorophenyl)-7-fluoro-3-hydroxy-4H-chromen-4-one (4k)
Yellow solid; yield: 45 %; Mp: 200-201 °C; IR (vmax/cmfl): 3315
(OH), 3080 (aromatic C—H), 2923 (aliphatic C—H), 1602 (C=0), 1578
(C=0C), 1218 (C—F), 1182 (C—O0); 'H NMR (400 MHz, CDCI3/CD30D,
TMS, 6 ppm): 8.19 (m, 1H, H-5), 6.88 (m, 1H, H-6), 7.07 (d, J = 9.5 Hz,
1H, H-8), 7.98 (dd, J = 15.4/6.5 Hz, 1H, H-2), 6.88 (m, 1H, H-4), 7.30
(m, 1H, H-5)), 8.07 (d, J = 8.1 Hz,1H, H-6'); :3C NMR (100 MHz, CDCI5/
CD30D, TMS, 6 ppm): 145.38 (C-2), 135.96 (C-3), 179.50 (C-4), 126.94/
126.84 (C-5, 3JCF =10Hz), 112.86/112.61 (C-6, 2JCF =25 Hz), 165.59/
163.33 (C-7, 1JCF =226 Hz), 103.56/103.31 (C-8, 2JCF =25Hz),121.34
(C-9), 118.42 (C-10), 135.82 (C-1"), 111.75/111.51 (C-2, ZJCF = 24 Hz),
162.87/160.95 (C-3, g = 192 Hz), 113.67/113.46 (C-4, 2Jcp = 21
Hz),128.87/128.78 (C-5, BJCF =9 Hz), 121.30 (C-6"); HRMS (ESI-QTOF,
positive) m/z caled for C;5sHgF203 [M + H]*: 275.219, found: 275.2776.

4.5.3. 2-(4-fluorophenyl)-7-fluoro-3-hydroxy-4H-chromen-4-one (41

Yellow solid; yield: 68 %; Mp:193-194 °C; IR (vmax/cm_l): 3256
(OH), 3085 (aromatic C—H), 2925 (aliphatic C—H), 1603 (C=0), 1574
(C=0C), 1230 (C—F), 1159 (C—0); 'H NMR (400 MHz, CDCI3, TMS, &
ppm): 8.25 (m, 1H, H-5), 7.22 (m, 1H, H-6), 7.22 (m, 1H, H-8), 8.25 (m,
2H, H-2'/6'), 7.22 (m, 2H, H-3'/5"; 13¢ NMR (100 MHz, CDCI3, TMS, &
ppm): 144.56 (C-2), 138.04 (C-3), 172.75 (C-4), 128.13/128.02 (C-5,
3.](;1: =11 Hz), 114.13/113.90 (C-6, 2JCF =23 Hz), 167.09/164.92 (C-7,
Ljer = 217 Hz), 104.86,/104.61 (C-8,%Jcr = 25 Hz), 156.38/156.24 (C-9,
3J(;F = 14 Hz), 117.56 (C-10), 126.93 (C-1"), 129.95,/129.87 (C-2'/6/,
3Jce = 8 Hz), 116.00/115.78(C-3/5, 2Jcp = 22 Hz), 164.54/162.41 (C-
4, lJCF = 213 Hz); HRMS (ESI-QTOF, positive) m/z calcd for C15HgF203
[M + H]': 275.219, found: 275.2776.

4.5.4. 2-(2-chlorophenyl)-7-fluoro-3-hydroxy-4H-chromen-4-one (4m)
Light orange solid; yield: 47 %; Mp: 163-164 °C; IR (Vmax/cm’l):
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3300 (OH), 3099 (aromatic C—H), 2924 (aliphatic C—H), 1613 (C=0),
1407 (C=C), 1210 (C—F), 1158 C—0; 'H NMR (400 MHz, Aseton-dg,
TMS, & ppm): 8.30 (dd, J = 15.8/6.4 Hz, 1H, H-5), 7.20 (m, 1H, H-6),
7.20 (m, 1H, H-8), 7.55 (d, J = 8.2 Hz, 1H, H-3"), 7.43 (m, 1H, H-4"), 7.43
(m, 1H, H-5Y), 7.65 (d, J = 8.5 Hz,1H, H-6"); 13C NMR (100 MHz, Aseton-
d¢, TMS, 5 ppm): 145.69 (C-2), 138.89 (C-3), 172.88 (C-4), 128.24/
128.13 (C-5, 3Jcp = 11 Hz), 114.22/113.98 (C-6, 2Jc = 24 Hz), 167.10/
164.56 (C-7, lJCF = 254 Hz), 105.05/104.80 (C-8, ZJCF = 25 Hz),
156.94/156.80 (C-9, 3JCF =14Hz),118.23(C-10), 129.22 (C-1'), 133.86
(C-2), 131.58 (C-3), 131.75 (C-4), 130.43 (C-5)), 126.81 (C-6'); HRMS
(ESI-QTOF, positive) m/z caled for C;sHgCIFO3 [M + H]': 291.0146,
found: 291.0185.

4.5.5. 2-(3-chlorophenyl)-7-fluoro-3-hydroxy-4H-chromen-4-one (4m)

Orange solid; yield: 53 %; Mp: 162-163 °C; IR (vmax/cm’l): 3311
(OH), 3087 (aromatic C—H), 2924 (aliphatic C—H), 1607 (C=0), 1446
(C=CQ), 1204 (C—F), 1047 (C—0); 'H NMR (400 MHz, Aseton-dg, TMS,
8 ppm):8.14 (d, J = 7.5 Hz, 1H, H-5), 7.19 (t, J = 8.6 Hz, 1H, H-6), 7.47
(m, 1H, H-8), 8.20 (bs, 1H, H-2), 7.47 (m, 1H, H-4"), 7.47 (m, 1H, H-5),
8.10 (dd, J = 15.3/5.6 Hz,1H, H-6"), 8.45 (s, 1H, 3-OH); 3¢ NMR (100
MHZ, Aseton-dg, TMS, § ppm): 143.32 (C-2), 139.47 (C-3), 172.51 (C-4),
127.89/127.78 (C-5, 3JCF =11Hz), 113.71/113.48 (C-6, 2JCF = 23 Hz),
167.03/164.49 (C-7, Wgr = 254 Hz), 105.01/104.76 (C-8, 2Jcr = 25 Hz),
156.39/156.25 (C-9, 3JCF =14Hz),118.12(C-10), 133.28 (C-1'), 127.05
(C-2), 134.16 (C-3", 129.71 (C-4),130.20 (C-5", 125.95 (C-6"); HRMS
(ESI-QTOF, positive) m/z caled for C15sHgCIFO3 [M + H]': 291.0146,
found: 291.0191.

4.5.6. 2-(2-bromophenyl)-7-fluoro-3-hydroxy-4H-chromen-4-one (4p)

Bright yellow solid; yield: 62 %; Mp: 187-188 °C; IR (Vmax/cm™1):
3264 (OH), 3095 (aromatic C—H), 2812 (aliphatic C—H), 1607 (C=0),
1403 (C=C), 1156 (C—F), 1117 (C—O0); 1H NMR (400 MHz, Aseton-deg/
CDCI3/CD30D, TMS, § ppm): 7.99 (dd, J = 15.2/6.2 Hz, 1H, H-5), 6.94
(m, 1H, H-6), 7.11 (m, 1H, H-8), 7.46 (d, J = 8.0 Hz, 1H, H-3"), 6.94 (m,
1H, H-4),7.20 (t,J = 7.4 Hz, 1H, H-5), 7.35 (d, J = 7.7 Hz,1H, H-6); 13¢
NMR (100 MHz, Aseton-ds/CDCI3/CD3OD, TMS, § ppm): 147.19 (C-2),
138.78 (C-3),172.88 (C-4), 127.75/127.62 (C-5, SJCF =13Hz),113.69/
113.46 (C-6, 2Jcr = 23 Hz), 166.71/164.13 (C-7, Jer = 258 Hz),
104.50/104.32 (C-8, ZJCF =18 Hz), 156.40/156.30 (C-9, 3JCF =10 Hz),
118.65 (C-10), 131.41 (C-1), 122.71 (C-2)), 132.97 (C-3"), 131.54 (C-4),
131.44 (C-5), 127.14 (C-6"); HRMS (ESI-QTOF, positive) m/z calcd for
C15HgBrFO; [M-H]': 332.9641, found: 332.3146.

4.5.7. 2-(3-bromophenyD-7-fluoro-3-hydroxy-4H-chromen-4-one (4q)

Pale yellow solid; yield: 51 %; Mp: 169-170 °C; IR (vmax/cm’l): 3261
(OH), 3095 (aromatic C—H), 1601(C=0), 1455 (C=C), 1210 (C—F),
1163 (C—0); 'H NMR (400 MHz, CDCI5, TMS, § ppm): 8.25 (dd, J =
15.1/6.2 Hz, 1H, H-5), 7.17 (m, 1H, H-6), 7.40 (t, J = 8.0 Hz, 1H, H-8),
8.34 (bs, 1H, H-2), 7.60 (d, J = 7.9 Hz 1H, H-4), 7.28 (d, J = 7.2 Hz, 1H,
H-5), 8.18 (d, J = 6.6 Hz,1H, H-6'); 13C NMR (100 MHZ, CDCl5, TMS, 5
ppm): 143.45 (C-2), 138.77 (C-3), 172.77 (C-4), 128.18/128.07 (C-5,
3Jcr = 11 Hz), 114.26/114.02 (C-6, %Jcr = 24 Hz), 167.18/164.68 (C-7,
1Jer = 250 Hz), 104.95/104.70 (C-8, 2Jcr = 25 Hz), 156.42,/156.32 (C-9,
3Jcr =10 Hz), 117.49 (C-10), 122.89 (C-1'), 133.14 (C-2), 132.54 (C-3),
130.21 (C-4),130.18 (C-5, 126.24 (C-6"); HRMS (ESI-QTOF, positive)
m/z caled for G;5HgBrFO3 [M + H]': 334.9641, found: 334.9667.

4.5.8. 2-(4-bromophenyl)-7-fluoro-3-hydroxy-4H-chromen-4-one (4r)
Yellow solid; yield: 46 %; Mp: 186-187 °C; IR (Vmax/cm™D): 3241
(OH), 3076 (aromatic C—H), 1598 (C=0), 1455 (C=C), 1210 (C—F),
1162 (C—O0); 'H NMR (400 MHz, Aseton-dg, TMS, § ppm): 8.26 (m, 1H,
H-5),7.33 (t,J = 6.8 Hz, 1H, H-6), 7.60 (d, J = 6.6 Hz, 1H, H-8), 8.26 (m,
2H, H-2'/6), 7.78 (d, J = 8.4 Hz, 2H, H-3/5)), 8.54 (s, 1H, 3-OH); 3¢
NMR (100 MHz, Aseton-dg, TMS, § ppm): 143.81 (C-2), 139.24 (C-3),
172.41 (C-4), 127.89/127.78 (C-5, 3JCF =11 Hz), 113.64/113.41 (C-6,
ZJCF =23 Hz),166.92/164.45 (C-7, 4JCF =247 Hz), 104.91/104.65 (C-8,

International Journal of Biological Macromolecules 298 (2025) 139621

2Jc1: = 26 Hz), 156.23 (C-9), 118.25 (C-10), 130.47 (C-1), 129.34 (C-2"/
6", 131.71 (C-3'/5), 123.69 (C-4); HRMS (ESI-QTOF, positive) m/z
caled for CysHgBrFO3 [M + H]™: 334.9641, found: 334.9656.

4.6. General procedure for the synthesis of flavonol-3-O-glycosides (5
(a-r)) derivatives

The synthesis procedures for the flavonol-3-O-glycosides (5(a-r))
were defined based on previous work [42,45,53].

4.7. Characterization of compounds (5(a-1))

4.7.1. 2-(2-fluorophenyl)-3-O-p-p-glucopyranosyl-4H-chromen-4-one (5a)

White powder; yield: 20 %; Mp: 141-142 °C; IR (vmax/crn’l): 3322
(OH), 2968 (glucosidic C—H), 2922 (aliphatic C—H), 1613 (C=0),
1466 (C=C), 1205 (C—F), 1056 (C—O), 908 (p-configuration of
anomeric carbon); 'H NMR (400 MHz, CD30D, TMS, & ppm): 8.24 (d,
1H, H-5, J = 7.4 Hz), 7.57 (m, 3H, H-6/7/8), 7.32 (m, 2H, H-3'/5), 7.83
(t, 1H, H-4, J = 7.0 Hz), 7.90 (t, 1H, H-6/, J = 7.4 Hz), 5.19 (d, 1H,
f-anomeric proton, J = 7.2 Hz), 3.06-3.76 (m, 6H, glucosidic C—H); 13¢
NMR (100 MHz, CD3OD, TMS, é ppm): 155.41 (C-2), 137.91 (C-3),
174.95 (C-4), 125.17 (C-5), 123.52 (C-6), 134.31 (C-7), 118.14 (C-8),
155.78 (C-9), 123.72 (C-10), 118.98/118.84 (C-1’, 2J = 13.8 Hz),
161.30/158.80 (C-2, 1J = 250.4 Hz), 115.61/115.39 (C-3, 27 =211
Hz), 132.60/132.51 (C-4, 3J = 8.7 Hz), 123.56/123.52 (C-5, *J = 3.6
Hz), 131.98/131.95 (C-6, 37=21 Hz), 102.17 (p-anomeric carbon),
74.07 (Glu/C-2), 76.26 (Glu/C-3), 69.72 (Glu/C-4), 76.89 (Glu/C-5),
61.07 (Glu/C-6); HRMS (ESI-QTOF, positive) m/z calcd for Cy1H19FOg
[M + H]': 419.1064, found: 419.1134.

4.7.2. 2-(3-fluorophenyl)-3-O-p-p-glucopyranosyl-4H-chromen-4-one (5b)

Pale yellow powder; yield: 23 %; Mp: 135-136 °C; IR (Vmayx/cm ™ 1):
3318 (OH), 2960 (glucosidic C—H), 2921 (aliphatic C—H), 1604
(C=0), 1480 (C=C), 1210 (C—F), 1054 (C—O0), 887 (p-configuration of
anomeric carbon); 'H NMR (400 MHz, CD30D, TMS, & ppm): 8.20 (d,
1H, H-5, J = 7.4 Hz), 7.55 (m, 2H, H-6/5), 7.83 (t, 1H, J = 7.0 Hz), 7.71
(d, 1H, J = 8.0 Hz), 8.02 (m, 2H, H-2//6), 7.29 (m, 1H, H-4'), 5.45 (d,
1H, p-anomeric proton, J = 7.7 Hz), 3.15-3.80 (m, 6H, glucosidic C—H);
13¢ NMR (100 MHz, CD30OD, TMS, 6 ppm): 155.55 (C-2), 137.13 (C-3),
175.13 (C-4), 129.16 (C-5), 125.02/124.97 (C-6, “J = 4.8 Hz), 134.19
(C-7), 118.05 (C-8), 155.41 (C-9), 123.49 (C-10), 132.85/132.77 (C-1/,
3J = 7.7 Hz), 116.08/115.86 (C-2, 2J = 22.4 Hz), 163.54/161.12 (C-3,
17=241.6 Hz), 117.39/117.16 (C-4, 27 =224 Hz), 129.83/129.70 (C-
5, 37=12.8 Hz), 124.96/124.91 (C-6/, i7=28 Hz), 101.90 (p-anomeric
carbon), 74.23 (Glu/C-2), 75.58 (Glu/C-3), 70.02 (Glu/C-4), 77.16
(Glu/C-5), 61.20 (Glu/C-6); HRMS (ESI-QTOF, positive) m/z calcd for
C21H19FOg [M + H]™: 419.1064, found: 419.1137.

4.7.3. 2-(4-fluorophenyl)-3-O-p-p-glucopyranosyl-4H-chromen-4-one (5¢)
[45]

Yellow powder; yield: 26 %; Mp: 172-173 °C; IR (Vmax/cm™1): 3295
(OH), 2965 (glucosidic C—H), 2922 (aliphatic C—H), 1600 (C=O0),
1469 (C=C), 1204 (C—F), 1047 (C—0), 904 (p-configuration of
anomeric carbon); 'H NMR (400 MHz, CD3OD, TMS, § ppm): 8.21 (d,
1H, H-5,J = 7.6 Hz), 7.51 (t, 1H, H-6, J = 7.4 Hz), 7.83 (t, 1H, H-7, J =
7.4 Hz), 7.70 (d, 1H, H-8, J = 7.7 Hz), 8.28 (t, 2H, H-2'/6', J = 7.2 Hz),
7.28 (t, 2H, H-3'/5', J = 8.8 Hz), 5.38 (d, 1H, p-anomeric proton, J = 7.3
Hz), 3.10-3.80 (m, 6H, glucosidic C—H); '*C NMR (100 MHz, CDsOD,
TMS, § ppm): 156.77 (C-2), 136.85 (C-3), 175.99 (C-4), 124.96 (C-5),
124.98 (C-6), 134.08 (C-7), 117.98 (C-8), 155.43 (C-9), 123.48 (C-10),
127.05/127.01 (C-1/, %7 = 3.3 Hz), 131.73/131.62 (C-2/6/, 3J = 10.5
Hz), 114.96/114.72 (C-3/5, 2J = 23.7 Hz), 165.43/162.94 (C-4, 1J =
249.3 Hz), 102.24 (B-anomeric carbon), 74.30 (Glu/C-2), 76.68 (Glu/C-
3), 69.92 (Glu/C-4), 77.13 (Glu/C-5), 61.59 (Glu/C-6); HRMS (ESI-
QTOF, positive) m/z caled for Co1HioFOg [M + H]': 419.1064, found:
419.1134.
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4.7.4. 2-(2-chlorophenyl)-3-0-p-p-glucopyranosyl-4H-chromen-4-one
5d)

Light yellow oil; yield: 21 %; IR (vmax/cm’l): 3325 (OH), 2947
(glucosidic C—H), 2846 (aliphatic C—H), 1643 (C=0), 1427 (C=Q),
1118 (C—F), 1018 (C—0), 890 (B-configuration of anomeric carbon); g
NMR (400 MHz, CD3OD, TMS, & ppm): 8.24 (d, 1H, H-5, J = 8.0 Hz),
7.56 (m, 4H, H-6/8/4'/5)), 7.84 (m, 2H, H-7/3"), 8.07 (s, 1H, H-6), 5.15
(d, 1H, p-anomeric proton, J = 7.8 Hz), 3.04-3.88 (m, 6H, glucosidic
C—H); 3C NMR (100 MHz, CD50D, TMS, § ppm): 157.64 (C-2), 137.97
(C-3), 175.16 (C-4), 125.15 (C-5), 125.10 (C-6), 134.29 (C-7), 118.12
(C-8), 155.75 (C-9), 129.87 (C-10), 123.78 (C-1'), 133.22 (C-2), 131.64
(C-3), 132.41 (C-4), 129.28 (C-5'), 126.39 (C-6), 102.55 (B-anomeric
carbon), 74.03 (Glu/C-2), 76.46 (Glu/C-3), 69.78 (Glu/C-4), 76.89
(Glu/C-5), 61.10 (Glu/C-6); HRMS (ESI-QTOF, positive) m/z calcd for
C21H19Cl0g [M + H]™: 435.0768, found: 435.0839.

4.7.5. 2-(3-chlorophenyl)-3-0-p-p-glucopyranosyl-4H-chromen-4-one (5e)

White solid; yield: 31 %; Mp: 100-101 °C; IR (Vmax/cm ™ ): 3301
(OH), 2940 (glucosidic C—H), 2920 (aliphatic C—H), 1617 (C=0),
1469 (C=C), 1206 (C—F), 1060 (C—O), 887 (p-configuration of
anomeric carbon); H NMR (400 MHz, CD3OD, TMS, § ppm): 8.19 (d,
1H, H-5, J = 7.8 Hz), 7.52 (m, 3H, H-6/8/5)), 7.69 (d, 1H, H-7, J = 8.0
Hz), 8.24 (s, 1H, H-2), 7.82 (t, 1H, H-4, J = 7.4 Hz), 8.10 (s, 1H, H-6'),
5.46 (d, 1H, p-anomeric proton, J = 7.2 Hz), 3.15-9.94 (m, 6H, gluco-
sidic C—H); 13¢ NMR (100 MHz, CD30OD, TMS, é ppm): 155.96 (C-2),
133.78 (C-3), 175.09 (C-4), 129.00 (C-5), 125.02 (C-6), 134.18 (C-7),
118.06 (C-8), 155.43 (C-9), 123.51 (C-10), 132.55 (C-1), 129.15 (C-2),
137.12 (C-3), 129.49 (C-4), 130.38 (C-5), 127.34 (C-6"), 101.86
(B-anomeric carbon), 74.32 (Glu/C-2), 75.54 (Glu/C-3), 70.06 (Glu/C-
4), 77.23 (Glu/C-5), 61.13 (Glu/C-6); HRMS (ESI-QTOF, positive) m/z
caled for Co1H19ClOg [M + H]™: 435.0768, found: 435.0836.

4.7.6. 2-(4-chlorophenyl)-3-O-p-p-glucopyranosyl-4H-chromen-4-one (5f)
[45]

White solid; yield: 23 %; Mp: 136-137 °C; IR (Vmax/cm™Y): 3317
(OH), 2939 (glucosidic C—H), 2831 (aliphatic C—H), 1611 (C=0),
1427 (C=C), 1203 (C—O0), 1111 (C—F), 1018 (C—0), 898 (p-configu-
ration of anomeric carbon); H NMR (400 MHz, CD30D, TMS, § ppm):
7.83 (t, 1H, H-5, J = 7.8 Hz), 7.57 (m, 4H, H-6/8/3'/5"), 7.72 (m, 1H, H-
7), 8.22 (d, 2H, H-2'/6/, J = 7.8 Hz), 5.41 (d, 1H, p-anomeric proton, J =
7.2 Hz), 3.04-3.87 (m, 6H, glucosidic C—H); *C NMR (100 MHz,
CD30D, TMS, 6 ppm): 155.42 (C-2), 133.84 (C-3), 175.09 (C-4), 127.91
(C-5), 124.95 (C-6), 134.06 (C-7), 117.94 (C-8), 151.12 (C-9), 123.47
(C-10), 127.27 (C-1), 132.50 (C-2'/6"), 130.73 (C-3'/5"), 136.66 (C-4),
101.92 (B-anomeric carbon), 74.27 (Glu/C-2), 76.51 (Glu/C-3), 69.70
(Glu/C-4), 77.24 (Glu/C-5), 61.12 (Glu/C-6); HRMS (ESI-QTOF, posi-
tive) m/z caled for Co1H;9ClOg [M + H]™: 435.0768, found: 435.0840.

4.7.7. 2-(2-bromophenyD)-3-0O-p-p-glucopyranosyl-4H-chromen-4-one
(59

Yellow oil; yield: 24 %; IR (vmax/crn’l): 3332 (OH), 2939 (glucosidic
C—H), 2839 (aliphatic C—H), 1627 (C=0), 1442 (C=C), 1226 (C—F),
1026 (C—O0), 894 (p-configuration of anomeric carbon); H NMR (400
MHz, CD3OD, TMS, § ppm): 8.25 (d, 1H, H-5, J = 8.0 Hz), 7.48 (m, 3H,
H-6/4'/5", 7.75 (d, 1H, H-7, J = 7.8 Hz), 7.62 (d, 1H, H-8, J = 8.0 Hz),
7.82 (m, 2H, H-3'/6"), 5.14 (d, 1H, B-anomeric proton, J = 7.8 Hz),
3.09-3.96 (m, 6H, glucosidic C—H); 13C NMR (100 MHz, CDs0D, TMS, &
ppm): 158.69 (C-2), 137.82 (C-3), 175.26 (C-4), 125.18 (C-5), 125.09
(C-6), 134.33 (C-7), 118.16 (C-8), 155.71 (C-9), 131.86 (C-10), 123.80
(C-11, 122.34 (C-2), 132.55 (C-3"), 132.46 (C-4), 131.74 (C-5)), 126.94
(C-6", 102.65 (B-anomeric carbon), 73.99 (Glu/C-2), 76.46 (Glu/C-3),
69.73 (Glu/C-4), 76.89 (Glu/C-5), 61.13 (Glu/C-6); HRMS (ESI-QTOF,
positive) m/z caled for CyHi9BrOg [M + HI': 479.0263, found:
479.0327.
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4.7.8. 2-(3-bromophenylD)-3-0O-p-p-glucopyranosyl-4H-chromen-4-one
(5h)

Yellow solid; yield: 25 %; Mp: 132-133 °C; IR (vmax/cm’l): 3272
(OH), 2958 (glucosidic C—H), 2923 (aliphatic C—H), 1615 (C=0),
1470 (C=C), 1102 (C—F), 1059 (C—O0), 887 (p-configuration of
anomeric carbon); 1H NMR (400 MHz, CD30OD, TMS, § ppm): 8.17 (m,
2H, H-5/6'), 7.47 (m, 2H, H-6/5)), 7.81 (t, 1H, H-7, J = 7.8 Hz), 7.68 (d,
2H, H-8/4, J = 8.0 Hz), 8.43 (s, 1H, H-2), 5.48 (d, 1H, p-anomeric
proton, J = 7.8 Hz), 3.16-3.84 (m, 6H, glucosidic C—H); 13C NMR (100
MHz, CD3OD, TMS, § ppm): 155.61 (C-2), 137.08 (C-3), 175.05 (C-4),
129.16 (C-5), 125.01 (C-6), 134.16 (C-7), 118.05 (C-8), 155.40 (C-9),
121.63 (C-10), 132.73 (C-1", 133.33 (C-2), 123.54 (C-3"), 131.92 (C-4),
129.69 (C-5), 127.70 (C-6"), 101.80 (B-anomeric carbon), 74.34 (Glu/C-
2), 76.53 (Glu/C-3), 70.09 (Glu/C-4), 77.24 (Glu/C-5), 61.34 (Glu/C-6);
HRMS (ESI-QTOF, positive) m/z caled for Cy;H1oBrOg [M + H]™:
479.0263, found: 479.0327.

4.7.9. 2-(4-bromophenyD-3-0O-p-p-glucopyranosyl-4H-chromen-4-one (5i)

White oil; yield: 21 %; IR (vmax/cm_l): 3318 (OH), 2948 (glucosidic
C—H), 2920 (aliphatic C—H), 1616 (C=0), 1471 (C=C), 1205 (C—F),
1023 (C—O0), 859 (p-configuration of anomeric carbon); 'H NMR (400
MHz, CD3OD, TMS, § ppm): 8.21 (d, 1H, H-5, J = 8.0 Hz), 7.52 (t, 1H, H-
6,J =8.0 Hz), 7.85 (t, 1H, H-7, J = 7.8 Hz), 7.7 (m, 3H, H-8/3'/5"), 8.10
(m, 2H, H-2'/6), 5.30 (d, 1H, p-anomeric proton, J = 7.7 Hz), 3.21-4.30
(m, 6H, glucosidic C—H); 13C NMR (100 MHz, CD30D, TMS, § ppm):
156.82 (C-2), 136.99 (C-3), 174.97 (C-4), 125.12 (C-5), 124.98 (C-6),
134.27 (C-7), 118.08 (C-8), 155.44 (C-9), 123.37 (C-10), 129.77 (C-1),
130.80 (C-2'/6"), 131.07 (C-3/5), 125.05 (C-4"), 102.35 (B-anomeric
carbon), 74.21 (Glu/C-2), 74.26 (Glu/C-3), 69.80 (Glu/C-4), 76.41
(Glu/C-5), 62.57 (Glu/C-6); HRMS (ESI-QTOF, positive) m/z calcd for
C21H19BrOg [M + H]™: 479.0263, found: 479.0325.

4.7.10. 2-(2-fluorophenyl)-7-fluoro-3-0O-f-p-glucopyranosyl-4H-chromen-
4-one (5j)

Bright yellow powder; yield: 30 %; Mp: 180-181 °C; IR (Vmax/cm ™ 1):
3348 (OH), 2950 (glucosidic C—H), 2925 (aliphatic C—H), 1619
(C=0), 1445 (C=C), 1201 (C—F), 1055 (C—O0), 852 (B-configuration of
anomeric carbon); H NMR (400 MHz, Aseton-dg, TMS, 6 ppm): 8.15
(dd, 1H, H-5,J = 15.2, 6.2 Hz), 7.25 (m, 3H, H-6/3'/4), 7.51 (m, 1H, H-
8),7.36 (d, 1H, H-5, J = 9.4 Hz), 7.83 (t, 1H, H-6/, J = 7.4 Hz), 4.96 (d,
1H, p-anomeric proton, J = 7.8 Hz), 3.0-3.6 (m, 6H, glucosidic C—H);
13¢ NMR (100 MHz, Aseton-dg, TMS, § ppm): 155.44 (C-2), 138.59 (C-
3), 173.84 (C-4), 128.42,/128.31 (C-5, 3Jcr = 11 Hz), 114.28/114.05 (C-
6, ZJCF = 23 Hz), 167.07/164.60 (C-7, 1JCF = 252 Hz), 105.07/104.81
(C-8, ZJcp = 26 Hz), 156.83/156.69 (C-9, 3Jcr = 14 Hz), 120.93 (C-10),
118.99/118.85 (C-1, 2Jcr = 14 Hz), 161.22/158.72 (C-2,, Ycr = 250
Hz),115.90/115.69 (C-3, ZJCF = 21 Hz), 133.02/132.93 (C-4, 3Jcp =9
Hz), 124.09/125.05 (C-5, “Jcz = 4 Hz),132.33/132.30 (C-6, %Jcp = 3
Hz), 103.70 (p-anomeric carbon), 74.21 (Glu/C-2), 76.87 (Glu/C-3),
70.20 (Glu/C-4), 76.92 (Glu/C-5), 61.77 (Glu/C-6); HRMS (ESI-QTOF,
positive) m/z caled for CyHigFoOg [M + H]': 437.0970, found:
437.1005.

4.7.11. 2-(3-fluorophenyD-7-fluoro-3-0-p-p-glucopyranosyl-4H-chromen-
4-one (5k)

Yellow solid; yield: 20 %; Mp: 185-186 °C; IR (vmax/cm’l): 3324
(OH), 2954 (glucisidic C—H), 2925 (aliphatic C—H), 1612 (C=0), 1448
(C=C), 1188 (C—F), 1040 (C—O0), 851 (p-configuration of anomeric
carbon); 'H NMR (400 MHz, Aseton-dg, TMS, & ppm): 8.12 (dd, 1H, H-5,
J=14.8/6.4 Hz), 7.22 (m, 1H, H-6), 7.47 (m, 1H, H-8), 7.95 (m, 2H, H-
2'/6"), 7.22 (m, 1H, H-3"), 7.47 (m, 1H, H-5)), 5.29 (d, 1H, p-anomeric
proton, J = 7.8 Hz), 2.8-3.6 (m, 6H, glucosidic C—H); '*C NMR (100
MHz, Aseton-dg, TMS, 5 ppm): 137.65 (C-2), 133.73 (C-3), 173.96 (C-4),
128.27/128.16 (C-5, 3JCF =11 Hz), 116.25/116.01 (C-6, 2J(;F = 24 Hz),
167.09/164.57 (C-7, “Jcr = 251 Hz), 105.09/104.83 (C-8, 2Jcp = 26 Hz),
156.47/156.33 (C-9, 3JCF = 14 Hz), 118.11 (C-10), 120.62 (C-1),
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114.13/113.90 (C-2, 2.]Cl: = 23 Hz), 163.38/160.94 (C-3, 1.]Cl: = 242
Hz),117.69/117.49 (C-4, 2Jcp = 21 Hz), 130.16/130.08 (C-5', %Jcp = 8
Hz), 125.31/125.28 (C-6, 4JCF = 3 Hz), 103.24 (B-anomeric carbon),
74.51 (Glu/C-2), 77.18 (Glu/C-3), 70.37 (Glu/C-4), 77.23 (Glu/C-5),
61.88 (Glu/C-6); HRMS (ESI-QTOF, positive) m/z calcd for Co1H;gF20g
[M + H]": 437.0970, found: 437.1016.

4.7.12. 2-(4-fluorophenyD)-7-fluoro-3-0-p-p-glucopyranosyl-4H-chromen-
4-one (501)

Pale yellow powder; yield: 27 %; Mp: 204-205 °C; IR (umax/cm’l):
3378 (OH), 2951 (glucosidic C—H), 2925 (aliphatic C—H), 1614
(C=0), 1442 (C=C), 1167 (C—F), 1056 (C—O0), 842 (p-configuration of
anomeric carbon); 'H NMR (400 MHz, DMSO/CDCI3, TMS, 6 ppm): 8.17
(dd, 1H, H-5, J = 15.3/6.4 Hz), 7.38 (m, 1H, H-6), 7.70 (d, 1H, H-8, J =
9.6 Hz), 8.23 (dd, 2H, H-2'/6/, J = 14.7/5.4 Hz), 7.38 (m, 2H, H-3'/5),
5.54 (d, 1H, p-anomeric proton, J = 7.7 Hz), 3.0-3.6 (m, 6H, glucosidic
C—H), 4.2-5.5 (m, 40H, glucosidic OH); *C NMR (100 MHz, DMSO/
CDClI3, TMS, 6 ppm): 155.63 (C-2), 136.70 (C-3), 173.39 (C-4), 128.43/
128.32 (C-5, 3Jor = 11 Hz), 114.58/114.35 (C-6, 2Jcr = 23 Hz), 166.73/
164.91 (C-7, lJCF = 182 Hz), 105.69/105.43 (C-8, ZJCF = 26 Hz),
156.20/156.12 (C-9, 3Jcr = 8 Hz), 120.96 (C-10), 127.38 (C-1), 132.16/
132.07 (C-2//6, 3JCF = 9 Hz), 115.89/115.67 (C-3'/5, 2JCF = 22 Hz),
164.23/162.55 (C-4/, 1JCF = 168 Hz), 101.19 (B-anomeric carbon),
74.55 (Glu/C-2), 76.86 (Glu/C-3), 70.23 (Glu/C-4), 77.96 (Glu/C-5),
61.36 (Glu/C-6); HRMS (ESI-QTOF, positive) m/z calcd for Co1HigF20g
[M + H]: 437.0970, found: 437.1008.

4.7.13. 2-(2-chlorophenyl)-7-fluoro-3-0O-f-p-glucopyranosyl-4H-chromen-
4-one (5m)

Yellow solid; yield: 25 %; Mp: 125-126 °C; IR (Vmax/cm ™ D): 3315
(OH), 2948 (glucosidic C—H), 2919 (aliphatic C—H), 1614 (C=0),
1446 (C=C), 1205 (C—F), 1060 (C—O), 855 (p-configuration of
anomeric carbon); H NMR (400 MHz, Aseton-dg, TMS, 6 ppm): 8.16
(dd, 1H, H-5, J = 14.8/6.4 Hz), 7.25 (d, 1H, H-6, J = 8.0 Hz), 7.36 (m,
1H, H-8), 7.48 (m, 2H, H-3'/4"), 7.36 (m, 1H, H-5"), 7.79 (d, 1H, H-6, J =
7.8 Hz), 4.92 (d, 1H, p-anomeric proton, J = 7.8 Hz), 3.0-3.6 (m, 6H,
glucosidic C—H); '3C NMR (100 MHz, Aseton-ds, TMS, § ppm): 157.65
(C-2), 138.33 (C-3), 174.11 (C-4), 128.42/128.32 (C-5, 3Jcr = 11 Hz),
114.34/114.11 (C-6, 2JCF =23Hz),167.14/164.75 (C-7, 1JCF =252 Hz),
105.05/104.90 (C-8, 2Jcr = 25 Hz), 156.81,/156.66 (C-9, >Jcr = 14 Hz),
120.93 (C-10), 129.78 (C-1), 133.27 (C-2),132.11 (C-3), 132.86 (C-4),
129.47 (C-5",126.82 (C-6), 103.72 (B-anomeric carbon), 74.24 (Glu/C-
2), 76.88 (Glu/C-3), 70.17 (Glu/C-4), 76.94 (Glu/C-5), 61.59 (Glu/C-6);
HRMS (ESI-QTOF, positive) m/z caled for Cy;H;gCIFOg [M + H]™:
453.0674, found: 453.0708.

4.7.14. 2-(3-chlorophenyl)-7-fluoro-3-O-p-p-glucopyranosyl-4H-chromen-
4-one (5n)

Light yellow powder; yield: 29 %; Mp: 175-176 °C; IR (Vmax/cm L)
3346 (OH), 2951 (glucosidic C—H), 2917 (aliphatic C—H), 1613
(C=0), 1446 (C=C), 1203 (C—F), 1050 (C—0), 848 (p-configuration of
anomeric carbon); H NMR (400 MHz, CD30D, TMS, é ppm): 8.24
(m,1H, H-5), 7.29 (t, 1H, H-6, J = 8.2 Hz,), 7.51 (m, 1H, H-8), 8.24 (m,
1H, H-2), 7.51 (m, 2H, H-4'/5", 8.09 (d, 1H, H-6, J = 6.8 Hz), 5.49 (d,
1H, B-anomeric proton, J = 6.8 Hz), 3.0-4.0 (m, 6H, glucosidic C—H);
13¢ NMR (100 MHz, CD30OD, TMS, § ppm): 156.07 (C-2), 133.80 (C-3),
174.22 (C-4), 128.88/127.77 (C-5, 3Jcr = 11 Hz), 113.92/113.69 (C-6,
2Jep = 23 Hz), 167.25/164.73 (C-7, \Jcp = 254 Hz), 104.67,/104.41 (C-8,
ZJCF = 25 Hz), 156.51/156.39 (C-9, BJCF = 14 Hz), 120.58 (C-10),
132.29 (C-17), 128.93 (C-2), 137.09 (C-3'),129.47 (C-4"), 130.42 (C-5),
127.27 (C-6"), 101.73 (B-anomeric carbon), 74.33 (Glu/C-2), 76.63
(Glu/C-3), 70.09 (Glu/C-4), 77.28 (Glu/C-5), 61.14 (Glu/C-6); HRMS
(ESI-QTOF, positive) m/z caled for Co;H;gCIFOg [M + H]™: 453.0674,
found: 453.0719.
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4.7.15. 2-(4-chlorophenyD-7-fluoro-3-O-p-p-glucopyranosyl-4H-chromen-
4-one (50)

Yellow solid; yield: 24 %; Mp: 197-198 °C; IR (vmax/cm’l): 3339
(OH), 2955 (glucosidic C—H), 2925 (aliphatic C—H), 1611 (C=0),
1446 (C=C), 1204 (C—F), 1057 (C—0), 852 (p-configuration of
anomeric carbon); 1H NMR (400 MHz, CD3OD, TMS, 6 ppm): 8.13
(m,1H, H-5), 7.19 (t, 1H, H-6, J = 7.9 Hz), 7.37 (d, 1H, H-8, J = 8.2 Hz,),
8.08 (d, 2H, H-2//6/, J = 8.8 Hz), 7.43 (d, 2H, H-3'/5, J = 8.8 Hz), 5.32
(d, 1H, p-anomeric proton, J = 7.6 Hz), 3.0-3.6 (m, 6H, glucosidic
C—H); 3¢ NMR (100 MHz, CD30D, TMS, 6 ppm): 156.39 (C-2), 136.68
(C-3), 174.25 (C-4), 127.88/127.77 (C-5, >Jcr = 11 Hz), 113.88/113.65
(C-6, 2Jcp = 23 Hz), 167.26/164.73 (C-7, Licp = 253 Hz), 104.59/104.34
(C-8, 2JCF = 25 Hz), 156.60/156.52 (C-9, 3Jcl: = 8 Hz), 120.57 (C-10),
129.17 (C-1), 130.64 (C-2'/6"), 128.12 (C-3//5"), 137.00 (C-4), 101.92
(B-anomeric carbon), 74.27 (Glu/C-2), 76.61 (Glu/C-3), 69.91 (Glu/C-
4), 77.21 (Glu/C-5), 61.11 (Glu/C-6); HRMS (ESI-QTOF, positive) m/z
caled for Co1H;gCIFOg [M + H]™: 453.0674, found: 453.0684.

4.7.16. 2-(2-bromophenyl)-7-fluoro-3-O-f-p-glucopyranosyl-4H-chromen-
4-one (5p)

Yellow oil; yield: 23 %; IR (vmax/cm’l): 3351 (OH), 2950 (glucosidic
C—H), 2925 (aliphatic C—H), 1617 (C=0), 1444 (C=C), 1202 (C—F),
1067 (C—O0), 852 (p-configuration of anomeric carbon); H NMR (400
MHz, CD30D, TMS, § ppm): 8.17 (dd, 1H, H-5, J = 15.2/6.2 Hz), 7.20 (t,
1H, H-6, J = 7.8 Hz), 7.35 (m, 1H, H-8), 7.62 (d, 1H, H-3', J = 7.8 Hz),
7.35 (m, 2H, H-4/5)), 7.70 (d, 1H, H-6', J = 7.4 Hz), 5.05 (d, 1H,
B-anomerik proton, J = 7.8 Hz), 3.0-4.0 (m, 6H, glucosidic C—H); 3¢
NMR (100 MHz, CD3OD, TMS, § ppm): 158.73 (C-2), 137.79 (C-3),
174.36 (C-4), 128.04/127.93 (C-5, 3Jcr = 11 Hz), 114.09/113.85 (C-6,
2.](;1: =23Hz),167.33/164.80 (C-7, IJCF =253 Hz), 104.70/104.50 (C-8,
2jcg = 26 Hz), 156.78/156.65 (C-9, 3Jcg = 13 Hz), 120.90 (C-10),
131.62 (C-1), 122.36 (C-2),132.61 (C-3"), 132.48 (C-4"), 131.80 (C-
5,126.94 (C-6"), 102.37 (B-anomeric carbon), 74.00 (Glu/C-2), 76.44
(Glu/C-3), 69.75 (Glu/C-4), 76.95 (Glu/C-5), 61.07 (Glu/C-6); HRMS
(ESI-QTOF, positive) m/z caled for CoyH1gBrFOg [M + H]™: 497.0169,
found: 497.0224.

4.7.17. 2-(3-bromophenyl)-7-fluoro-3-O-p-p-glucopyranosyl-4H-chromen-
4-one (5q)

Bright yellow powder; yield: 25 %; Mp: 145-146 °C; IR (Vmayx/cm ™ 1):
3264 (OH), 2958 (glucosidic C—H), 2922 (aliphatic C—H), 1604
(C=0), 1455 (C=C), 1204 (C—F), 1165 (C—0), 890 (p-configuration of
anomeric carbon); 'H NMR (400 MHz, CDsOD, TMS, § ppm): 8.01 (d,
1H, H-5, J = 7.8 Hz), 7.18 (t, 1H, H-6, J = 7.2 Hz), 7.34 (m, 1H, H-8),
8.24 (s, 1H, H-2), 7.56 (d, 1H, H-4, J = 7.9 Hz), 7.34 (m, 1H, H-5, 8.12
(dd, 1H, H-6/, J = 15.2/6.0 Hz), 5.39 (d, 1H, B-anomeric proton, J = 7.6
Hz), 3.0-3.8 (m, 6H, glucosidic C—H); '*C NMR (100 MHz, CDsOD,
TMS, § ppm): 156.02 (C-2), 137.04 (C-3), 174.20 (C-4), 127.86/127.76
(C-5, 3JCF =11Hz), 113.91/113.68 (C-6, ZJCF =24 Hz), 167.26/164.74
(C-7, Lcp = 252 Hz), 104.66,/104.53 (C-8, 2Jcp = 26 Hz), 156.54/156.40
(C-9, 3JCF = 13 Hz), 120.62 (C-10), 132.53 (C-1"), 133.37 (C-2), 121.64
(C-3", 131.89 (C-4), 129.68 (C-5'), 127.63 (C-6"), 101.64 (p-anomeric
carbon), 74.33 (Glu/C-2), 76.51 (Glu/C-3), 70.12 (Glu/C-4), 77.30
(Glu/C-5), 61.36 (Glu/C-6); HRMS (ESI-QTOF, positive) m/z calcd for
C1H1gBrFOg [M + H]": 497.0169, found: 497.0186.

4.7.18. 2-(4-bromophenyl)-7-fluoro-3-O-p-p-glucopyranosyl-4H-chromen-
4-one (51)

Yellow powder; yield: 21 %; Mp: 203-204 °C; IR (Vmax/cm™1): 3359
(OH), 2954 (glucosidic C—H), 2933 (aliphatic C—H), 1608 (C=0),
1445 (C=C), 1204 (C—F), 1059 (C—O0), 851 (p-configuration of
anomeric carbon); 'H NMR (400 MHz, CD30D, TMS, & ppm): 8.12 (dd,
1H, H-5,J=15.2/6.2Hz),7.19 (t, 1H, H-6, J = 8.2 Hz), 7.36 (d, 1H, H-8,
J=6.9Hz), 8.0 (d, 2H, H-2'/6/, J = 6.8 Hz), 7.58 (d, 2H, H-3//5,J = 6.7
Hz), 5.32 (d, 1H, p-anomeric proton, J = 7.6 Hz), 3.0-3.8 (m, 6H,
glucosidic C—H); '*C NMR (100 MHz, CDs0D, TMS, 6 ppm): 156.37 (C-
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2), 137.01 (C-3), 174.23 (C-4), 127.89/127.78 (C-5, 3JCF = 11 Hz),
113.89/113.66 (C-6, 2Jcp = 23 Hz), 167.26/164.73 (C-7, LJcp = 253 Hz),
104.60/104.34 (C-8, ZJCF = 26 Hz), 156.63/156.51 (C-9, 3JCF =12 Hz),
120.56 (C-10), 129.57 (C-1), 130.76 (C-2'/6), 131.17 (C-3'/6'), 125.04
(C-4", 101.90 (B-anomeric carbon), 74.32 (Glu/C-2), 76.60 (Glu/C-3),
69.90 (Glu/C-4), 77.21 (Glu/C-5), 61.11 (Glu/C-6); HRMS (ESI-QTOF,
positive) m/z caled for CpHigBrFOg [M + HI]': 497.0169, found:
497.0242.

4.8. Molecular modeling

4.8.1. Molecular docking

Molecular docking, also known as structure-based drug design, is a
computer-aided drug development technique used to study how chem-
ical molecules interact with target macromolecules (enzymes, nucleic
acids, receptor proteins) for which three-dimensional structural infor-
mation is available. It aims to predict the affinity of small molecule drug
candidates to protein targets, their binding to these macromolecules and
thus their biological activity. Studying the types of bond that are crucial
for molecular interactions (such as hydrogen bonds, van der Waals,
electrostatic bonds) enables the development of more effective and
specific ligands [66,67].

In this study, molecular docking was used to investigate the inter-
action mechanism between flavonol-3-O-glucoside derivatives (5a-r)
and SARS-CoV-2 3CLpro. The 3-dimensional (3D) crystal structure of
SARS-CoV-2 3CLpro, containing the N3 inhibitor with the PDB code
6LU7 (resolution: 2.16 /o\), was selected. Water and ion molecules were
removed from this crystal structure, and missing hydrogen atoms and
atomic charges were added using the program APBS-PDB2PQR [68]. A
40x40x40 lattice array with a lattice spacing of 0.375 A was then
defined, which included binding site of the target structure. A total of
100 independent runs per ligand were performed using the Lamarck
genetic algorithm. The biomolecular target structure and ligand mole-
cules were prepared according to the predetermined procedures, and
molecular docking was performed using the AutoDock 4.2 program
[69]. As a result of this process, the binding free energy (AG) and
binding affinity were calculated for each possible conformation.

4.8.2. Molecular dynamic simulation

A 100 ns molecular dynamics (MD) simulation was performed using
Desmond software [70] to evaluate the binding stability of the most
active compound 5a, and the reference compound in complex with the
SARS-CoV-2 3CLpro protein. The Maestro 13.8 graphical interface in-
tegrated with the Desmond software configured the simulation param-
eters. The protein-ligand complex structures were placed in an
orthorhombic simulation box and solvated using the TIP3P water model
[71]. Nat and Cl~ ions were added at a physiological concentration of
0.15 M to neutralize the system. The OPLS4 force field was applied to
describe the molecular interactions of the protein-ligand complex.

The simulations were conducted under the NPT ensemble, main-
taining a constant number of particles, a pressure of 1.01325 bar, and a
temperature of 300 K. The Nosé-Hoover thermostat was utilized to
control temperature, while the Martyna-Tobias-Klein method ensured
stable pressure. Long-range electrostatic interactions were calculated
using the Particle Mesh Ewald (PME) method. In contrast, short-range
electrostatic and van der Waals interactions were limited to a cutoff
distance of 9.0 A [72], ensuring an accurate representation of inter-
molecular forces.

Comprehensive trajectory analyses were performed to investigate
the dynamic behavior and stability of the protein-ligand complex. Key
structural properties such as Root Mean Square Deviation (RMSD) and
Root Mean Square Fluctuation (RMSF) were calculated, alongside
binding interaction assessments, including hydrogen bonds and hydro-
phobic contacts. Additionally, dynamic properties such as molecular
diffusion and conformational changes were examined.

The analysis of interactions between the protein and ligand further
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elucidated binding characteristics, focusing on critical non-covalent
interactions, including hydrogen bonds, hydrophobic interactions,
ionic interactions, and water bridges. These insights contribute to un-
derstanding the molecular mechanisms driving protein-ligand binding,
thereby informing structure-based drug design and enabling the iden-
tification of potential optimization sites for enhancing ligand efficacy.

4.9. Antimicrobial activity

For the antimicrobial activity test, we used Mueller Hinton medium
for the culture of Escherichia coli, Yersinia pseudotuberculosis, Peusodo-
monas aeruginosa, Staphylococcus aureus, E. faecalis, Bacillus cereus
strains. The antituberculosis activity was tested against Mycobacterium
smegmatis and BHI medium was used for cultivation. Cultures and PDA
medium were used against yeasts, Candida albicans and Saccharomyces
cerevisiae. To ensure the accuracy of our results, we thoroughly activated
the pathogenic test bacteria in the appropriate media using the waxed
jar method at 37 °C (yeasts at 28 °C) for 18 h. The final concentration of
the cultures was adjusted to 0.5 McFarland. All active bacteria were
homogeneously transferred to ELISA plates (96 wells) using a sterile
swab stick and set aside. The inhibitory activities of the individual target
compounds (5a-r) against selected pathogenic bacterial strains were
tested. The compounds were transferred to the ELISA plates containing
the selected pathogenic bacteria under aseptic conditions. Three anti-
biotics (ampicillin, streptomycin, fluconazole) were used as positive
control. The antimicrobial activity was evaluated based on the growth
observed in the wells after 24 h of incubation (Table 2) [73].

4.10. Inhibition study for COVID-19

4.10.1. Investigation of the inhibitory effects of the compounds on the
SARS-CoV-2 3CL protease

The determination of the inhibitory effect of the flavonol-3-O-
glycoside, which was synthesized and their structures analyzed, on
SARS-CoV-2 3CL protease was tested spectrophotometrically using a
commercially developed kit (BPS Bioscience Cat No: 78042-1). In the
study, the experimental buffer was prepared by adding DTT from a 0.5 M
stock to the protease buffer with a final DTT concentration of 1 mM.
Then the 3CL protease enzyme, which was included in the kit, was
diluted with the buffer at a concentration of 0.5 ng/pL. Then 30 pL of the
enzyme (in buffer) was added to each well (except blank). Only 10 pL of
test buffer (with DTT) was added to the blank. 10 pL of the 3CL protease
inhibitor (GC376 (500 pM)) supplied with the kit was added to the in-
hibitor control box. 10 pL of the test buffer (without DTT) was added to
the positive control well. 10 pL of the substrate solution (containing 3CL
protease substrate (10 mM) and 1.25 mL of assay buffer with DTT) was
added to each well. 10 pL of each product was added to the wells of the
synthesis products to be tested. Two replicates were planned for each
group. The plate was then allowed to stand for 4 h at room temperature
with gentle shaking. The fluorescence was then measured with a spec-
trophotometer (Spectramax M5) using 360 nm excitation and 460 nm
emission values, analyzed and the ICsy values calculated. The concen-
tration range of the tested synthesis products was prepared in different
stages and the ICs values were calculated for the lower concentration
range [74-76].

4.10.2. Studies to determine the nuclease activity

After investigating the inhibitory effect of the compounds whose
synthesis was performed and whose structures were analyzed on the
SARS-CoV-2 3CL protease, the nuclease activities of the compounds that
showed good activity were investigated [75,76]. In the study, it was
planned to use nucleic acids from different sources in the preliminary
study, as it is very difficult to obtain COVID nucleic acid, it is costly and
can only be obtained in limited quantities. Bacterial DNA (Escherichia
coli) is an easy nucleic acid to obtain. Total chromosomal DNA was
isolated and the antinuclease activity of the substances was tested. Since
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nuclease activity against viral nucleic acid was planned in the study, a
viral nucleic acid was also considered. For this purpose, AmFV viriis
DNA obtained from Samsun Veterinary Control Institute Bee Diseases
Research Laboratory (Vet. Dr. Rahsan AKPINAR) was used. The efficacy
of substances acting on the nucleic acids of these two different micro-
organisms was tested against the nucleic acid of the COVID virus.

DNA activity was performed using undiluted stock concentrations of
the chemicals. The starting materials were then diluted with sterile
distilled water containing 1 % DMSO. Three different DNA nucleases
were used for this activity. These were genomic DNA of the E. coli ATCC
25922 strain, of the filamentous viriis (AmFV) of the honey bee (Apis
mellifera), and PCR product DNA of the N1 gene (N gene SARS-CoV-
2IBSm N 1 forward primer AAGGAAATTTTGGGGACCAG, reverse
primer GAGTCAGCACTGCTCATGGA, 399 bp.), which was amplified
from the cDNA of the COVID-19 OMICRON-BA1 strain [77].

Nuclease activity was induced with chemicals by incubation at 37 °C
and 340 rpm shaking for 30, 60, 120, 180 and 240 min. After in-
cubations 30, 60, 120, 180 and 240 min, 20 pl of sample (pH 5.0-6.5)
was collected and run on a 1 % agarose gel at 60 V. The DNA was
visualized with a UV transilluminator at a wavelength of 360 nm and
photographed. Nuclease activity was assessed by comparing the DNA
bands with the control band. Nuclease activity was scored on a scale of
0-4. The DNA that was not exposed to the nuclease activity and the
control DNA were scored 4+, while the DNA fragmented by the nuclease
activity was scored 0.

4.10.2.1. E. coli genomic dsDNA study. In the study, the main starting
material was used directly for the experiment. The starting material was
prepared using sterile distilled water with 1 % DMSO. The genomic DNA
of the E. coli strain was extracted according to the method used by
Sambrook et al. [69]. The obtained dsDNA products were examined by
1 % (w/v) agarose gel electrophoresis and visualized in a UV
transilluminator.

The 10 compounds with the best enzyme activity were tested for
nuclease activity. The 80 pl of 1 % solution of the experimental stock
chemicals were taken and 20 pl nucleic acid was added to them. As a
control, 20 pl of E. coli DNA was added to 80 pl of sterile distilled water
and used as negative control (NK). NK: This was a control DNA study and
80 pl of sterile distilled water was used. 20 pl of DNA were added
directly, and DNA without chemical treatment was used as a negative
control.

After the samples were treated with DNA, they were stored for 30,
60, 120, 180 and 240 min. It was kept at 37 °C and 340 rpm and shaken
at intervals. At each expiration date, 20 pl were collected and run on a 1
% agarose gel at 60 V. Observed and photographed at 360 nm wave-
length with a UV transilluminator. The pH values of the substances were
measured by dripping them with pH strips before the experiment.

4.10.2.2. Examination of bee virus DNA (filamentous virus, bp 551). Apis
mellifera filamentous virus (AmFV) is a major virus of honey bees that
contains a double-stranded DNA genome, but its relationship to other
parasites and its distrubition are poorly understood. The viral double-
stranded DNA genome is encapsidated in a long nucleocapsid 3000 x
40 nm in lenght, and enclosed in a membrane. The first molecular
diagnosis of the AmFV virus revealed that it is widespread in honey bee
colonies and is probably transmitted both horizontally through food
exchange and vertically from the queen to the workers. Acute infections
of honey bees with AmFV lead to degradation of bee tissues, such as the
fat body, resulting in characteristic symptoms in which the hemolymph
of workers appears milky white [78]. This nucleic acid; double-stranded
DNA was considered as a model to observe its activity against viral
nucleic acids. Viral DNA amplified by PCR with specific primers was
used for the study.

RNA extraction from tissue: 15 samples of adult bee from the same
hive were transferred to 7 mL cryotubes and 3 mL of PBS (SIGMA,
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806544-500 mL, USA) was added. Then the samples were homogenized
in an automatic homogenizer (Bead Ruptor Elite, Bead Mill Homoge-
nizer, SKU 19-042E, OMNI International, USA). After the homogeniza-
tion process, the samples were centrifuged at 4000 rpm at +4 °C for 15
min and then the RNA was extracted from the supernatant. Remaining
samples were stored at —20 °C. RNA extraction was performed using a
commercial kit (High Pure Viral Nucleic Acid Kit, REF: 11858874001,
Roche, Germany) according to the manufacturer's instructions. The
extracted RNAs were stored at —20 °C until testing.

Diagnostic PCR primers were selected for the region encoding the
Bro gene (AmFV_112: forward CAGAGAATTCGGTTTTTGTGAGTG and
reverse CATGGTGGCCAAGTCTTGCT) of the AmFV genome. PCR re-
actions were using with standard reagents containing 0.4 pM of each
primer and a cycling profile of 30 min at 50 °C, followed by 15 min at
95 °C, 1 min at 94 °C, 1 min at 55 °C, and 72 min at 50 °C. It was per-
formed with 40 cycles of 1 min at °C. The identity of the PCR amplicons
was confirmed by Sanger sequencing [79].

In the study, the 10 compounds with the best enzyme activity were
tested for nuclease activity. The 20 pl of each stock sample were placed
in 3 separate tubes and 5 pl of DNA were added. The first series was kept
on a vibrating hot plate at 37 °C for half an hour, then runona 1 %
agarose gel and images were taken. The second and third tubes were
taken at 120 and 240 min and were run on a 1 % agarose gel and
visualized with a UV transilluminator.

4.10.2.3. Examination of the DNA of the COVID-19 virus. The COVID
virus has a single-stranded RNA genome with negative polarity. The
RNA contains the bases adenine, guanine, uracil and cytosine, but also
ribose-pentose as a sugar molecule. RNA is shorter and has a different
structure to the DNA molecule. The isolation of RNA is very difficult. It is
not as stable a molecule as DNA. As RNA is an unstable molecule, it
breaks easily during isolation and decays very quickly. RNA can be
isolated using four different methods. These methods are the “guanidine
thiocyanate method”, the “proteinase K method”, the “cesium chloride
gradient purification” and the “RNA isolation method with Trizol
(combined method)”. RNA isolation should always be carried out in a
cold environment (on ice). If the tubes are left outside for even 30 s
during isolation, the RNAs will degrade. Isolated RNAs are stored at
—80 °C. The RNA molecule can be run on agarose gel just like the DNA
molecule. However, the buffers used and the environmental conditions
are different. If the RNA is degraded when the whole RNA is isolated, a
smear pattern is formed in the agarose gel. For all these reasons, it is
difficult to use RNA as material for the nuclease activity experiment and
the results are not objective. For this reason, the isolated RNAs were
quickly converted into cDNA using the enzyme reverse transcriptase and
then stable double-stranded DNA was obtained using complementary
DNA.

Since it not possible to expose the COVID RNA to chemicals at 37 °C
in our study, double-stranded DNA was used, which was amplified with
c¢DNA was. However, since this procedure is also quite costly and the
DNA obtained is limited, the DNA fragment amplified by PCR was used
as test material. Using COVID-19 DNA specific primers (SARS-CoV-2-
IBS-m-N1 Forward; AAGGAAATTTTGGGGACCAG and Reverse; GAGT-
CAGCACTGCTCATGGA) belonging to the COVID-19 Omikron B1 strain,
fragments of 399 bp (Fig. 4) were obtained by conventional PCR tech-
nique [80].

In the study, the 4 compounds with the best DNase activity on E. coli
and AmFV DNA were tested for COVID-19 nuclease activity. The 20 pl of
each of the stock solutions of 4 different chemicals were added to 3
separate tubes and 5 pl of the DNA of the Omikron BA1 strain were
added. The first series was kept on a vibrating hot plate at 37 °C for half
an hour and then fixed in a 2 % agarose gel at 80 W for 20-30 min and
photographed. The second and third tubes were taken at 120 and 240
min and were run on a 2 % agarose gel and visualized with a UV
transilluminator.
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Fig. 4. Control dye (Orange G; 50 bp) and control COVID DNA (Omikron-BA1l
strain 399 bp).
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