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Abstract

This study aims to synthesize hesperidin oxime from hesperidin, chiral separation by HPLC method and comparative study of two
enantiomers as anti-inflammatory agents by docking them with Proto-oncogene serine/threonine-protein kinase Pim-1 using MOE software
(4.2). The structure of the synthesized product was validated through UV, IR,'H-NMR, and*C-NMR spectroscopic techniques. Hesperidin-
oxime was separated chirally in normal phase mode employing polysaccharide-based chiral stationary phases, namely Chiralcel® OD-H,
Chiralcel® OD-RH, and CHIRALPAK® AD-3R, under both normal and polar organic phase modes. Molecular docking shows that S-
hesperidin oxime gave better binding affinity towards pim-1 compared to R- hesperidin oxime.
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1. Introduction

Plants contain high levels of flavonoids, which are polyphenolic compounds that protect plants from parasites and illnesses [1-
3]. Flavonoids are structurally classifiedintoa variety of compounds, the most prominent of which are flavones, flavonols, and
flavanones. These compounds are well-documented for exhibiting a range of biological activities, such as antioxidant,
antiviral, anti-inflammatory, and anticancer effects[4-6]. Hesperidin (figure 1), commonly known as Vitamin P [7-9], is a bio-
flavonoid [10-12] that belongs to the flavonoid class known as flavanones [13]. It is a cheap by-product found nearly
exclusively in citrus fruits. Hesperidin (3’,5,7-trihydroxy-4’-méthoxyflavanone-7-a-L-rhamnopyranosyl (1 -6)- B-D-
glucoside or -7-rutinoside) is a chiral flavanone glycoside, containing two parts. An aglycone part is hesperetin (C;sH;4,O¢),
which chemically is a 5,7-dihydroxy-2-(3’-hydroxy-4’-méthoxyphényl) chroman-4-one , and a sugar part is rutinoside.
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Figure 1: Structure of Hesperidin.

Displayed in Figure 1 is the conjugate formed between hesperitin and rhamnosyl-a-1,6-glucose. Hesperidin is considered to
be one of the most abundant citro flavonoids isolated from the discarded peel of an ordinary orange. Hesperidin, along with
Diosmin, a flavone glycoside, is used to treat venous insufficiency [14-16]. The concentration of hesperidin in orange juice
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ranges from 200 to 600 mg/L [16-17]. As a result, pulp-containing orange juice contains more of this flavonoid than pulp-free
juice. Hesperidin’s effects on illness prevention and therapy have received much attention recently [18].It functions in various
biological roles, including antioxidant, antibacterial, antiulcer, anti-inflammatory, anti-carcinogenic, and vascular protective
activities.

Hesperidin has been employed in treating patients with vascular abnormalities, particularly those involving vessel fragility and
enhanced permeability linked to bruising[19]. In vitro studies have shown that Hesperidin exhibits antifungal activity
versus,Aspergillus fumigatus, Trichoderma glaucum and Botrytis cinerea at doses ranging from 1 to 10 ng. However, it was
discovered to be inert against Aspergillus niger. At a dose of 0.25 mM, Hesperidin did not entirely inhibit the development of
Penicillium expansum, Aspergillus. flavus, Fusarium semitectum and Aspergillus parasiticus,as well as higher concentrations
in subsequent studies. In vitro tests showed that hesperidin had no inhibitory impact on Candida albicans or Saccharomyces
cerevisiae [19-21].

Oximes (RIR2C@NOH) constitute a class of hydroxylamines in which R1 represents an organic side chain, while R2 can be
either hydrogen (yielding an aldoxime) or an aromatic group (yielding a ketoxime). In organic synthesis, oximes and their
derivatives serve as essential intermediates. Beyond their utility as a protective group, the oxime functional group readily
connects with significant chemical groups, including carbonyl, amino, nitro, and cyano functionalities [22].

Serving as vital intermediates, oximes are integral to the production of agrochemical and pharmaceutical compounds, and they
have been used in a variety of important medicinal and synthetic chemistry applications [12]. Many organic drugs used to treat
organophosphate (OP) poisoning include oxide-type functional groups. Acute OP toxicity inhibits acetylcholinesterase
(AChE), although oximes are expected to be somewhat effective in treating OP poisoning because they reactivate AChE
[23,24].

The current study focuses on the chiral separation of hesperidin oxime by HPLC, Optimizing analytical conditions with the
aid of polysaccharide-based chiral stationary phases. The compounds were produced in a single reaction step involving
hesperidin and hydroxylamine, and comparative study of two enantiomers as anti-inflammatory agents by docking them with
Proto-oncogene serine/threonine-protein kinase Pim-1 using MOE software (4.2).

2. Materials and methods

2.1. Reagents and solvents

Hesperidin was purchased from Sigma-Aldrich (Schnell Dorf, Germany), and hydroxylamine hydrochlorides along with
sodium acetate trihydrate were acquired from Fluka Buches.

2.2. Synthesis of hesperidin oxime

Hesperidin oxime was synthesized by combining 0.01 mol (6.1 g) of hesperidin with 0.01 mol (0.69 g) of hydroxylamine
hydrochloride in 20 mL of methanol and 0.01 mol (1.35 g) of sodium acetate trihydrate in water. The reaction mixture was
subjected to reflux in a water bath for 48 hours with constant stirring. Following cooling to ambient temperature and the
addition of 10 mL of dichloromethane, a white precipitate appeared, which was filtered and washed with water. The resulting
yield of the product was 63%, with a melting point of 204 °C.

23.1IR

The AGILENT Cary 630 FTIR spectrophotometer, fitted with a diamond ATR accessory, was employed to record IR spectra
for both solid and liquid materials, thus removing the necessity for sample preparation. Wave numbers are indicated in cm™.
2.4.NMR

Nuclear magnetic resonance (NMR) spectroscopy was carried out using a BRUKER spectrometer, with measurements taken
at 400 MHz for 1H NMR and 100 MHz for 13C NMR. Chemical shifts are denoted in ppm, and coupling constants are shown
in Hertz

2.5. Chromatographic separation

The analysis was performed using a Shimadzu LC-2030 series system, which included an automatic injector for a sample loop
of 1-100 pL, a double pump system with vacuum degassing, and a Shimadzu UV detector with adjustable wavelengths. Data
from chromatographic analyses were acquired, recorded, and processed using LC Lab Solution software (Shimadzu, Tokyo,
Japan). A 10 pL injection volume was used, with the UV wavelength configured based on each compound’s A_max.
Separations were carried out in isocratic mode at 25°C, with flow rates adjusted as required.

2.6. Chiral Stationary Phases (CSPs)
This research investigated four analytical stationary phases. The Exsil C-18 ODS achiral stationary phase (250 x 4.6 mm ID, 5
um particle size) was utilized alongside three other polysaccharide-based chiral stationary phases (CSPs) from Chiral
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Technologies Europe (Illkirch, France): Chiralcel® OD-H, Chiralcel® OD-RH, and CHIRALPAK® AD-3R. HPLC-grade
solvents employed in the study included methanol (MeOH), water (H,0O), and hexane (HEX). Analytes were prepared in
methanol with concentrations between 0.5 and 1 mg mL™. The injection volume was set to 20 pL, and the UV detector
wavelength was fixed at 285 nm. Chromatographic separations took place in isocratic mode at a flow rate of 0.5 mL min™,
which could be modified for particular requirements at ambient temperature.

2.7. Molecular docking study
In this study, we utilized molecular docking to investigate potential interactionsbetween hesperidin-oxime and Proto-oncogene
serine/threonine-protein kinase Pim-1.

2.7.1  Preparation of ligand

Version 21.0 of the chemDraw program was used to sketch the 2D structures of hesperidin oxime, and chem3D was used to
transform them to 3D. hesperidin-oxime preparations are optimized geometrically, with their initial positions, orientations,
and torsions identified. Utilizing the MOE software (4.2), farther more, by adding hydrogen atoms to the structure, lowering
the energy, and storing the result in the (Moe*) format.

2.7.2  Preparation of the protein

The online Protein Data Bank database (www.rcsb.org) offered access to the previously solved 3D crystal structure of pim-1,
which has a resolution of 2.85A. Utilizing the alpha-numeric PDB ID 2065 https:/www.rcsb.org/structure/2065 . The
receptor is produced by eliminating all linked ligands and crystallographic water molecules. The atoms' type and connectivity
were then verified using automated correction to avoid interference during molecule docking. The active site of Pim-1 is
identified using its crystalline structure, and the required residues are selected for docking studies and saved as PDB format.
2.7.3  Molecular Docking

In the docking process, the ligand is inserted into the active site of the receptor, and the optimal orientation and conformation
that yields the highest binding affinity are then sought after. Based on critical interactions with important active site residues
and the highest affinity scores, the most likely binding conformations were selected. The combination of geometric and
empirical scoring functions has been employed to achieve this [25,26].

3. Results and discussion
3.1. Synthesis of hesperidin oxime

The hesperidin oxime derivative (compound2) was synthesized directly from hesperidin by treating it with hydroxyl amine in
refluxing methanol. And as shown in Scheme 1, the isolated products were formed through a series of two reactions: the
formation of the oxime and the cleavage of the heteroside bond by nucleophilic attack of the primary amine onto the anomeric
carbon of rutinoside, resulting in the release of a phenoxide anion, a good leaving group. No intermediates were isolated;
hence, the precise order of these two stages could not be determined. Scheme 1 showcases the reaction yield, which ranged
from 63%. Spectral data processing was employed to validate the structures of the synthesized products, incorporating UV, IR
(the spectra of all products did not display any absorption associated with (C=0), and 1H and 13C NMR, which indicated an
absence of rutinoside. The hesperitin oxime was synthesized by Naik and Harini [27].

HO HO
OH OH

OCH
Ho
NHOH HCI.MeOH
CHSCOONa reflux 48h

1 q%w
Ha%

Hesperedln oxime

Hesperetin oxime

Scheme 1: One-pot synthesis of hesperidin-oxime 2 from hesperidin 1
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Figure 2: Structureof hesperidin-oxime 2

3.2. Characterization data for compounds

3.2.1 Hesperidin

3’,5,7-trihydroxy-4’-méthoxyflavanone-7-a-L-rhamnopyranosyl (1 - 6)- B-D-glucoside: beige powder, mp 250-253 °C,
UV e (MeOH): 286 (band T); 330 (bandIT), IR (KBr, cm™)

"H NMR 400 MHz,DMSO-dg, 5ppm) 12.06 (s, 1H, 5-OH), 9.05 (s, 1H, 3’-OH), 6.95-6.92 (m, 3H, H-2’, H5’& H-6"), 6.11 (d,
J =24 Hz, 1H, H-6), 6.10 (d, J = 2.0 Hz, 1H, H-8), 5.56 (dd, J = 12.3 Hz & 3.2 Hz, 1H, H-2), 5.44 (d, J = 4.7 Hz, 1H, H-
19%), 5.20-5.16 (m, 2H, H-18"", 6SM_OH), 5.02 (m, 1H, 4%"™-OH), 3.81 (m, 1H, H-3 ax), 3.77 (dd, J = 3.2 Hz, 1H, H-3
eq).3.63 (s, 3H, 4-OCH3), 1.09 (d, J = 6.4 Hz, 3H, H-68"™).

13C NMR (100MHz, DMSO,8ppm) 198.9 (C-4), 164.7 (C-7), 163.5 (C-5), 162.9 (C-9), 146.9 (C-4), 144.6 (C-5"), 131.4 (C-
17), 115.9 (C-2°), 114.6 (C-6"), 100.8 (C-10), 97.9 (C-6), 95.3 (C-8), 78.1 (C-2), 55.2 (4’-OCH3), 42.1 (C-3), 17.8 (C-6Rhm).

3.2.2 Hesperidin oxime

(2-(3"-hydroxy-4'-méthoxyphényl)-5-hydroxy-4-(hydroxylimino)-7-O-rutinose)-chromane 2: brown powder, yield 63 %, mp
200-204 °C, UV,,.x (MeOH): 285 (band I); 325 (bandIl), IR (KBr, cm™): 3415 (OH, strong), 2967 (CH3), 3389 (C=N-OH),
1503 (C=C), 1181(C-0).

"H NMR 400 MHz,DMSO-dg, dppm) 12.23 (s, 1H, 5-OH), 11.25 (s, N-OH),8.25 (s, 1H, 3’-OH), 6.89-6.90 (m, 3H, H-2’,
H5’& H-6’), 6.33 (d, J = 2.4 Hz, 1H, H-6), 6.05 (d, J/ = 2.0 Hz, 1H, H-8), 5.42 (dd, J = 12.3 Hz & 3.2 Hz, 1H, H-2), 5.38 (d, J
= 4.7 Hz, 1H, H-1°"), 5.25-5.17 (m, 2H, H-18", 6S™-OH), 5.11 (m, 1H, 4*"™-OH), 3.90 (m, 1H, H-3 ax), 3.87 (dd, J = 3.2
Hz, 1H, H-3 eq),3.71 (s, 3H, 4’-OCH3), 1.07 (d, J = 6.4 Hz, 3H, H-68™™).

13C NMR (100MHz, DMSO,8ppm) 166.9 (C-4), 165.1 (C-7), 163.0 (C-5), 162.6 (C-9), 147.8 (C-4), 145.3 (C-5"), 130.3 (C-
1’), 116.7 (C-2’), 114.1 (C-6’), 102.3 (C-10), 98.7 (C-6), 96.8 (C-8), 77.8 (C-2), 53.4 (4’-OCH3), 41.5 (C-3), 17.6 (C-6Rhm).

3.3 Enantioseparation of hesperidin oxime

To isolate the chiral substances and identify all potential enantiomers, three chiral stationary phases were utilized: Normal-
coated, normal-immobilized, and reversed-coated phases were utilized. An achiral conventional C-18 bonded stationary phase
(Figure 3) was applied to assess the clarity of the products, yielding a distinct peak that confirmed the purity of the
investigated compounds.

To achieve optimal separation of the hesperidin oxime enantiomers, the chromatographic conditions were refined for polar
organic phase and normal phase modes using Chiralcel® OD-H [cellulose tris(3,5-dimethyl phenyl carbamate) coated on 5
um silica gel], reversed-phase CHIRALCEL® OD-RH [cellulose tris(3,5-dimethyl phenyl carbamate) coated on 5 pum silica
gel], and Chiralpak® AD-3R [amylose tris(3,5-dimethyl phenyl carbamate) immobilized on 3 pm silica gel], with the
structure depicted in Figure 5. Hesperidin enantioseparation using HPLC on polysaccharide CSPs has already been reported in
several studies [28-32]. However, its oxime derivatives demand further exploration.

Table 1: Chromatographic data for the separation of hesperidin oxime by Chiral HPLC

Chiral stationary | Product Mobile phase Flow rate T1 T2 ‘kl k2 o Rs
phases (ml/min) (Min) (Min)
EtOH-HEX
(50-50) 4,23 5,25 2,01 4,35 1,56 1,1
2 9
Chiralcel ®OD-H MeOH-H20 05 1.54 354 | 209 | 609 | 166 | 2.90
(80-20)
MeOH 100% 6.57 7.37 2.15 242 1.52 1.22
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MeOH-H,0 ]
(80-20) 2,87 16 1,86 | 4,11 222 | 5,19
Chiralcel ®OD- 2
RH MeOH 100% 0,5 1,48 2,44 0,32 1,18 1,07 | 3,67
EtOH- Hex (50— 1,66 2,86 | 1,00 | 3,09 1,19
50) 1,03
2 MeOH-H,0 2,52 2,14 | 255 1,16 1,14
(70-30) 3,11
Chiralpak® AD- EtOH- Hex 4,82 5,63 3,56 3,82 1,12
0,5
3R (50-50) 3,56
MeOH 100% 2,12 3 1,19 1,15
11 2,75 | 2,86

Chiral stationary phases derived from polysaccharides, Cellulose and amylose have demonstrated their efficacy in HPLC for
the separation of chiral pharmaceuticals across normal, reversed, and polar organic phase modes. All columns demonstrated
good resolution;Both chiral stationary phases (CSPs) demonstrated effective interactions with the solutes, resulting in
appropriate retention factor values. Optimal resolution was obtained for compound 2, hesperidin oxime (Rs = 5.19) (Figure 5),
at a flow rate of 0.5 mL/min with a mobile phase mixture of 80% MeOH and 20% H:O on the Chiralcel® OD-RH. In
contrast, the minimum resolution was observed with hesperidin oxime on Chiralpak® AD-3R (Rs = 1.12) at the same flow
rate, utilizing a mobile phase of 50% EtOH and 50% HEX. When the columns are arranged in descending order by RS, their
enantioseparation ability decreases in the following sequence:Chiralcel® OD-RH>Chiralcel® OD-H>Chiralpak®IA. It is
worth noticing cellulose derivatives have better chiral separation than amylose. The cellulose tris (3,5-dimethyl phenyl
carbamate) coating on silica gel achieves superior enantioselectivity for hesperidin oxime and shorter retention times, which
may be attributed to the polarity of the methanol-water system.Compound 2 did not separate well on Chiralpak® AD-3R.
Incorporating water into the mobile phase significantly impacts the chiral recognition mechanisms of polysaccharide-based
CSPs for various reasons, primarily because of water's strong solvation impact on polymer-based chiral selectors.This shift in
solvation alters how the CSPs interact with their enantiomers, thereby increasing the potential for effective resolution.
Methanol is often utilized as the organic phase in reversed-phase chromatography because of its low viscosity and UV
absorbance, with elution typically achieved using an aqueous/alcohol solution. The reversed-phase mode is characterized by
reduced separation times and increased resolution values, which can be primarily attributed to polarity becoming a crucial
factor during aqueous/alcohol elution, thereby amplifying the solvation effect. The mechanisms of chiral recognition for
cellulose and amylose derivatives differ due to the unique higher-order structures of the cellulose and amylose CSPs, along
with variations in the configurations of the glucose residues and their connections. The stiffness and linearity of the cellulose
derivatives’ organization, as opposed to the more helical shape of the amylose derivatives, explains why cellulose columns
have better chiral separation capabilities than the latter. The helixes of cellulose and amylose, They are characterized as left-
handed 3-fold (3/2) and left-handed 4-fold (4/1) structures, with cellulose enantiomers possessing a chiral surface created by
distinct grooves [33, 37].
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Figure 3: Chromatogram for determining the purity of hesperdin oxime; mobile phases CSP C-18 being MeOH
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Figure 4: HPLC chromatograms of the enantiomeric separation of hesperidin oxime; CSP CHIRALCEL®OD-H; mobile phases MeOH-H20
(80-20), flow rates 0.5 ml/min; temperature 25°C, UV detector set at 285 nm.
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Figure 5: HPLC chromatograms of the enantiomeric separation of compounds 2; CSP CHIRALCEL®OD-RH; mobile phases MeOH-H20
(80-20), flow rates 0.5 mL/min;temperature 25°C, UV detector set at 285 nm.
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Figure 6: HPLC chromatograms of the enantiomeric separation of compounds 2; Chiralpak® OD-RH CSP; mobile phases MeOH 100%,
flow rates 0.5 ml/min; temperature 25°C, UV detector set to 285 nm.

3.4 Molecular docking study

The binding affinity of hesperidin-oxime to the PIM-1 enzyme was examined through a molecular docking study. The results
generated negative energy and a small RMSD of less than 2 A, indicating a precise prediction[38-40]. Table 2 summarizes the
study-specific binding energy (kcal/mol), RMSD values (A) and type of interaction with PIM-1.

Table 2: The results of docking, the binding energy (kcal/mol), RMSD (A) values and Interactions residues and type
interaction with PIM-1

Compounds BindingEnergy | RMSD (A)
(Kcal /mol)

S-hesperidin-oxime | -9.3 1.78

R-hesperidin-oxime | -7.9 1,93

The Table 2 shows that S- hesperidin-oxime has a low affinity binding value of -9.3 kcal / mol which is value is lower than R-
hesperidin-oxime -7.9 kcal / mol. Accordingly, the S- hesperidin-oxime has a more stable bond to PIM-1 than R- hesperidin-
oxime with RMSD value 1.78 and 1.93 (A) respectively. This value is supported by the number of interactions formed
between the ligands and PIM-1.

interactions formed between the ligands and PIM-1.
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Figure 7: 3D and 2D docked pose depiction of S- hesperidin-oxime.

When investigating the interaction of S- hesperidin-oxime with the residues in the enzyme's active site , it was observed that it
made six different vanderswalls interactions, two distinctive hydrophobic interactions and six different m interactions. Four
different vanderwalls interactions were achieved with ASPA g5, GLU4 24, GLUp 5 and GLU agg residues, while the ASP 55
and ASP ,;3; residues formed vanderwalls interactions towards oxygen atom in the molecule.

The hydrophobic interaction formed with ARG, 5, and LY S s¢; amino acid. Consequently, all  interaction formed arederived
from the S- hesperidin-oxime molecule via amino acids VAL, 16, LEU1 59, ILE 155, LEUA 74, LEUAy, and VALs, (Figure 7).

Figure 8: 3D and 2D docked pose depiction of R- hesperidin-oxime.

When the complex structure of the R- hesperidin-oxime compound with PIM-1 is examined, it is observed that vanderwalls
interactions, hydrophobic interactions and 7 interactions come to the fore. The ASPaj3; and ASP,jy; residues formed
vanderwalls interactions towards oxygen atom in the molecule, while three different vanderwalls interactions were achieved
with GLU 124, ASPA128, ASP 456, residues. The hydrophobic interactions were achieved with ARGy 15, and LYSAg; residues.
Five different  interactions were achieved with PHE a49, LEUA 74, VALA 26, ILE4;ss, and VAL,s, residues, while the ©
interaction was constructed from the benzene ring to LEUa,4 amino acid (Figure 8). According to figure 8 and 9, the R-
hesperidin-oxime conformation has a greater number of interaction than R- hesperidin-oxime conformation.

4. Conclusions

The aim of this endeavours is to produce hesperidin oxime and analyze its enantioseparation through three Polysaccharide-
based chiral stationary phases were utilized in both normal and polar organic phase modes, with Chiralcel® OD-RH providing
the optimal separation outcomes for hesperidin oxime in reversed-phase mode. The study further examined the influence of
chiral stationary phase properties on chiral separation.The results of the current researchoffer valuable insights in to the
molecular mechanisms underlying the anti-inflammatory activity of hesperidin oxime and pave the way for further exploration
of its therapeutic potential.
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