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Design and Synthesis of Vitamin Drug Conjugate for its Probable Potential
Against SARS-COV-2 Infections

The novel corona virus infection had become a global epidemic due to its rapid spread. So, there is an urgent
need to treat COVID-19 patients. The aim of this research was to hypothesize and examine vitamin drug con-
jugate as targeted moiety. The present scaffold may have potential role to fight against COVID-19 infection
due to its antimicrobial, antioxidants and immunomodulatory activities. Here, we've highlighted the term Vit-
amin Drug Conjugate as possible therapy approach for SARS-COV-2 infection. As a result, we synthesize,
characterized, and evaluated a Hydroxychloroquine — Folic Acid conjugate (HCQ-FA) by esterification
mechanism to provide effective treatment against SARS-CoV-2 infection by enhancing therapeutic effect
through synergistic mechanism, masking undesired side effects, and improving cellular internalization. By us-
ing prodrug, the efficacy and bioavailability of existing antiviral drugs could be improved. The structure of
the conjugate was determined by spectroscopic data like IR, NMR, and mass spectra, which indicates that
HCQ-FA conjugate formed by esteric conjugation. Molecular docking studies revealed that HCQ-FA conju-
gate shows good level of docking as well as binding interaction with main protease moiety. Molecular dy-
namic stimulation revealed that this conjugate shows good stability at the binding site of SARS main protease
moiety and exhibits inhibitory activity against COVID-19 infection.

Keywords: Vitamin drug conjugate, SARS-COV-2, Hydroxychloroquine, Folic acid, Molecular modelling,
Molecular Dynamic stimulation.

Introduction

Coronavirus infection (COVID-19) has received a lot of attention around the world due to its quick
transmission within humans and extremely high mortality [1]. The coronavirus outbreak that began in Wu-
han, China in December 2019 hase become now a global disaster [2, 3]. The novel corona virus is also
known as SARS-COV-2 and causes a contagious disease called COVID-19 [4, 5].

But there are currently no therapies for COVID-19 that have been approved by the FDA [6]. During the
COVID-19 pandemic, significant efforts have been made to develop therapeutic methods for the treatment
and prevention of SARS-CoV-2 infection, but still no drug therapy has proven effective against SARS-
COV-2 infection. But there is hope on the drugs such as hydroxychloroquine, remdesivir, favipiravir, lop-
inavir and ritonavir, which are used in the treatment guidelines in many hospitals around the world, and these
drugs play a vital role in prevention a novel coronavirus infection [2, 7-8]. However, it was found that each
antiviral drug alone is ineffective in the therapy of COVID-19 individuals, particularly in severe instances.
Combination drug therapy is used to increase their effectiveness, which invariably result in adverse effects.
As a result, there is an urgent need for treatment alternatives necessary to manage the COVID-19 epidemic
with minimizing adverse effects [1, 9]. Another way to prevent this disease is by enhancing immunity, as it
plays a critical role in fighting against SARS-COV-2 infection [6-7]. Apart from this many studies have ex-
plored that vitamins play a critical role against SARS-COV-2 infection through antioxidant, immunomodula-
tory and antimicrobial effects. According to new research, significantly higher dosages of nutrients including
vitamins D, B, C, E, Zinc, and Omega-3 fatty acids may have a positive impact, potentially reducing SARS-
CoV-2 viral infection and duration of hospitalization. It has recently been found that deficiency of these vit-
amins is associated with COVID-19 progression and an increase in patient mortality [6-10]. So here we
highlighted the emerging concept “Vitamin-Drug Conjugate” which could be potential therapeutic option to
treat SARS-COV-2 infection. Although coronavirus illness is being continuously increasing, there is current-
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ly no particular antiviral drug effective on COVID-19. So it is required to develop targeted drug delivery
with minimal side effects. This requirement can be met by the development of a “Vitamin-Drug Conjugate”
(targeted) [10-12].

To create a pharmacologically active novel chemical entity, a drug is coupled to the targeted moiety
through a spacer during the synthesis of a vitamin-drug conjugate. Vitamin drug conjugates will be non-
toxic, specifically internalize into infected cells and release the medications without loss of activity, reduce
toxic effects by remaining stable in blood circulation, and provide a target-specific delivery without harming
normal cells, will help to minimize side effects [13, 14]. A vitamin-drug conjugate is one of the most promis-
ing methods for treating illnesses including cancer, tuberculosis, and a range of viral infections while also
enhancing the therapeutic result. It selectively delivers medicine to the intended target [15-18].

Hydroxychloroquine and folic acid were used as raw materials to synthesize vitamin drug conjugates in
this work. In addition, high-yield synthetic procedures for conjugate synthesis are presented in this paper, as
well as detailed characterization information. Molecular modeling studies were also performed to compare
the binding affinity of the supplied synthetic conjugate to the significant protease of SARS-COV-2. Molecu-
lar docking study was conducted to comprehend how Hydroxychloroguine Folic Acid Conjugate (HCQFA)
binds to the main protease of SAR-CoV-2. We ran the molecular dynamic (MD) simulation to better under-
stand the complex's stability. According to docking experiments, the HCQ-FA compound effectively inhibits
the primary protease of the SARS-COV-2 virus. The current prodrug strategy may also improve drug poten-
cy and bioavailability and offer efficient treatment for new coronaviruses [19].

Experimental

Materials: All of the reactants used in this experiment were of analytical grade. Hydroxychloroquine
sulphate was purchased from BLD Pharmatech Pvt. Ltd. Folic acid was purchased from Loba Chemie Pvt.
Ltd. N-Hydroxy Succinimide (NHS) and 1-(3-Dimethylaminopropyl)ethyl carbodiimide HCI (EDC-HCI)
were purchased from Sisco research laboratories Pvt. Ltd. and 4-Dimethylaminopyridine (DMAP) was pur-
chased from Research lab fine chem industries.

Instruments used: Melting point was determined by using melting-boiling point apparatus (Veego).
TLC was performed by sing Silica Gel plates F254 on Aluminium sheets to monitor the reaction process and
assess the purity of the product. Spectroscopic data were recorded using following instruments. The Shimad-
zu FT-IR 8400S FTIR spectrophotometer was used to record FTIR spectra. Tetramethysilane served as an
internal standard, and DMSO was used as the solvent to acquire nuclear magnetic resonance spectra. Mass
spectra were captured using a Shimadzu LC-MS 8040 mass spectrometer. Schrodinger software was used to
conduct docking studies. A 100 ns molecular dynamic (MD) simulation was run using the AMBER18 pro-
gramme.

Methodology:

Hydroxychloroquine-Folic Acid Conjugate (HCQ-FA Conjugate)

HCQ-FA Conjugate were synthesized as per the synthetic route was shown in Scheme 1. An esterifica-
tion method was used to synthesize HCQ-FA conjugate where HCQ hydroxyl group reacts with carboxyl
group of folic acid result into formation of esteric derivative. Briefly, FA and EDC, DMAP, NHS were uti-
lized to make activated folic acid and after that HCQ was added to generate HCQ-FA derivative.

The mixture containing Folic acid (440mg) were dissolved in 5 ml of distilled water and EDC, DMAP
and NHS were added in the FA:EDC:DMAP:NHS in molar ratio of 1:2:3:1 to generate activated folic acid.
The carboxyl group of FA were activated by stirred the reaction mixture using magnetic stirrer for 2 hrs. at
room temperature by keeping the dark environment. After that, in the solution of activated folic acid, 400 mg
of HCQ was added and left the reaction mixture to react for next 24 hrs. at room temperature by keeping
dark environment. The reaction mixture was continuously monitored by TLC. The reaction was terminated
once folic acid and HCQ were no longer present in the reaction mixture, and the product was then isolated
using column chromatography. The given separated solution was then filtered and evaporated at 40°C in a
rotary evaporator. The synthesized product's yield and Rf values were recorded.

Physical and Spectral data values of HCQ-FA Conjugate:

M.P. — 186-188 °C; IR (KBr, 4000-400 cm™) 1737.92 C=0 (ester), 1693 (C=0 carboxylic), 3093
(C-H stretch), 3338.89 (N-H stretch), 1417.73 (C-C stretch), 1291 (C-N), 2555 (O-H), 1635 (N-H); *H NMR
(DMSO, 500 MHz): & (ppm) = *H NMR & = 6.5 to 8.5 (10H, Ar-H), 1.15 (t, 3H,), 1.17 (t, 3H), 1.37 (p, 2H),
1.44 (q, 2H), 2.35 (t, 2H), 2.43 (t, 2H,), 4.35 (t, 2H,), 4.39 (d, 2H), 4.55 (g, 1H), 11.5 (s, 1H), 6.63 (s, 2H),
Ms: m/z(%) =759.04 (M+).
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Scheme 1. Synthetic route of Hydroxychloroquine-Folic Acid conjugate

Molecular docking studies

The Schrodinger suite's Glide module was used to perform extra-precision (XP) molecular docking on
the compounds. A grid generating approach was used to determine the binding location prior to the docking
studies. The already-bound ligand was used as a reference site for the grid generation using the Glide grid
module. The experiment involving docking also made use of the created grid. To lessen the potential of non-
polar components on drug molecules, the van der Waals radii and scaling factor for the docking approach
were set to 0.80 and 0.15, respectively. Throughout the entire docking protocol, the ligands were unrestrict-
ed. A maximum of five optimal postures for each ligand could be provided by post-docking minimization,
which could then be included in the docking output file as reduced docked structures. The docking approach
enables the drug molecules to be flexible. Each molecule’s RMSD, docking score, glide score, and binding
energy were noted.

Molecular Dynamics (MD) Simulations

In order to investigate the structural, energetic, and steric refinement of the docked complex, an all-
atom MD simulation lasting 100 ns was carried out using the AMBER18 software. A total of 24,515 water
molecules were present in the system when the docked complexes were submerged in truncated TIP3P water
octahedrons. To neutralise the system and reach an ionic strength of 0.1M (which mimics the physiological
pH), enough Na* and CI- counterions were added. Using the PMEMD, the complete MD simulation experi-
ment was run on the Nvidia V100-SXM2-16GB Graphic Processing Unit. The Computational Shared Facili-
ty (CSF3) at the University of Manchester in the UK has a CUDA module installed. Simulations were car-
ried out utilizing the Langevin thermostat at 300 K, a Monte Carlo barostat at 1 atm, and volume exchange
attempts every 100 fs. The integration step used was 2 fs. Using the SHAKE algorithm, covalent bonds, in-
cluding hydrogen, are restricted. An 8-cutoff was used for short-range nonbonded interactions, while the par-
ticle mesh Ewald approach was used to handle long-range electrostatics. For a total of 10 ns, equilibration
involved cycles of NVT and NPT equilibration. A 100 ns production MD run was completed. CPPTRAJ was
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used to assess the root-mean-square deviation (RMSD), root-mean-square fluctuation (RMSF), and other
interactions along the entire trajectory, obtaining configuration measurements every 4 ps.

Results and Discussion

Scheme 1 shows the synthesis process for the HCQ-FA conjugate. Melting point and TLC tests were
performed on the synthesized conjugate to ensure that it was pure and homogeneous. The structures of HCQ-
FA Conjugate were ascertained through the use of IR, NMR, and mass spectrometry. Results from IR, NMR,
and mass spectrometry were listed in the experiment section. In order to determine the conjugate's binding
affinity to the SARS-COV-2 Main protease, molecular docking and MD stimulation studies were conducted.
The results of MD stimulation of the HCQ-FA Conjugate and molecular docking investigations have also
been presented in the experimental section.

FTIR

In the IR spectra of HCQ-FA, the primary peaks observed for C=0 carboxylic acid 1693 cm™,
3093 cm™ for C—H aromatic stretching, 3338.89 cm™ for N-H stretching. The C-N and O-H stretching were
observed at 1291 and 2555 cm™. Peaks at 17237.92 cm™* for C=0 of ester which indicate the formation of
HCQ-FA conjugate through the formation of esteric bond. The development of an esteric linkage is only
seen in the IR spectra of HCQ-FA conjugate but not observed in other molecules.

NMR

HCQ-FA Conjugate shows 'H NMR at & values, 4.35 (t, 2H,), 4.39 (d, 2H), 4.55 (g, 1H) respectively.
The HCQ-FA Conjugates NMR spectra indicate peaks at the above-mentioned 6 values, confirming the
structure of the HCQ-FA Conjugate. Peaks in the 3-5 ppm range suggest the development of an esteric bond-
ing in the conjugate.

Mass Spectroscopy:

The structural conformation of HCQ-FA conjugate was determined using mass spectra. The molecular
ion peak at 759.04 m/z in the mass spectra of HCQ-FA conjugate confirms the conjugation of HCQ with
Vitamin Folic acid through the development of an esteric linkage and confirms the synthesis of the final
product, i.e., HCQ-FA conjugate.

Molecular modeling:

Molecular docking study was performed to comprehend how Hydroxychloroquine Folic Acid Conju-
gate (HCQFA) binds to the main protease of SAR-CoV2. The inhibitor N3 was complexed with the main
protease of SAR-CoV-2 in the crystal structure (PDB:6LU7). Water molecules and other crystallographic
solvents were removed from the targe receptor during processing, and the protein was reduced according to
the Glide protein preparation methodology. The HCQFA was docked using the extra precision (XP) tech-
nigue, and the Grid generation was carried out using N3 as the reference ligand. In comparison to hy-
droxychloroquine (6.3 Kcal/mol), the best docked pose had a dock score of —7.4 Kcal/mol (Figure 1). Thus,
it was established that the target protein binds more strongly when the HCQ-FA conjugate is formed.
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Figure 1. Docked complex of HCQFA with the SAR-CoV-2 main protease, the highlighted region
shows the 3D image of protein ligand interactions and the 2D image sows the formation
of various interaction between the ligand and receptor
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Figure 2. The figure 2a, ¢ and 2b, d shows the initial and final conformations
from the simulation of the protein-ligand complex for 100 ns

The ligand was seen to create multiple hydrogen bonds with the receptor's active site residues. The most
significant ones are displayed in the three-dimensional (3D) schematic of the ligand-receptor interaction,
where hydrogen bonds are formed by the amino acids Thr190, GIn189, Hisl64, Hisl72, Phel40, and
Asnl42.

We ran the MD simulation to better understand the stability of the complex. Figures 2a, 2b, and 2d
show the simulation's initial and final conformations, respectively, while Figure 3 displays the findings from
an examination of the complex's MD trajectory data.
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a — Protein RMSD; b — Protein RMSF; ¢ — Ligand RMSD
Figure 3. The trajectory analysis of the Protein-ligand complex

According to the MD simulation, the receptor residues engage in a number of novel interactions with
HCQFA throughout the simulation, including the creation of hydrogen bonds with Met165 and Ser144 (Fig-
ure 2a, c). The last frame of the MD simulation underwent examination, and it revealed the creation of hy-
drogen bonds with Arg188, His41, and His164. The conjugate's phenyl ring and the residue GIn180 interact
through an arene (Figure 2). With the use of CPPTRAJ and XMGRACE software, the MD trajectory was
analyzed and graphs were created. The protein's RMSD points to a seamless transition and convergence be-
tween 1.5 and 3.0 A. The conjugate's phenyl ring and the residue GIn180 interact through an arene.
Throughout the simulation, the RMSF for the majority of the residues was below 2.0 A additionally, it was
discovered that the ligand experiences a conformational change that is reflected in its RMSD (Figure 3c). At
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this time, the ligand's RMSD varies between 1 and 5 and then rises sharply from 5 to 10 before stabilising for
the remainder of the simulation. All of these results point to good docking and even better stability over the
majority of the MD simulation duration.

Conclusions

Hydroxychloroquine-Folic acid (HCQ-FA) conjugate was synthesized, characterized and evaluated.
HCQ-FA conjugate may act as a novel approach against COVID-19 infection. HCQ-FA conjugate may ex-
hibit synergistic antiviral activity against COVID-19 infection, indicating that this combination therapy could
be used to combat the COVID-19 outbreak. This HCQ-FA conjugate was developed and investigated as a
novel prodrug method to address HCQ's non-specificity and toxicology problems. The efficacy and bioavail-
ability of the present antiviral drugs could be improved by using this prodrug method. Molecular docking
studies demonstrated that HCQ-FA conjugate shows good docking score as well as greater binding towards
target protein as compare to HCQ. MD stimulation revealed that this conjugate shows good stability at the
binding site of SARS main protease moiety and exhibits inhibitory activity against COVID-19 infection. We
concluded that this study could be useful for developing an effective therapeutic agent for SARS-COV-2 in-
fection due to the additive effect of HCQ-FA conjugate. It can exhibit excellent antiviral activity and also
helps to modulate immune system by synergistic mechanism.
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SARS-COV-2 nndexknusiyiapbiHa Kapchl BIKTUMAJ dj1eyeTi 6ap
BUTAMUH-TIPiTiK KOHBIOTATTHIH 1aMYbI JK9HE CHHTe3i

JKaHa KOpOHaBHPYCTHIK MHQEKIMSHBIH Te3 TapalryblHa OainaHbICTH skahaHIBIK SIHAEMHS MApTEOeCiH ajbl.
Ocpbriran OainanpicThl Oyrinae COVID-19-MeH aybIpaThiH HayKacTapabl THIMAI eMACYIIH ©3€KTi KaXeTTiIir
TYBIHAQN OTHIp. Bys1 3epTTeymiH MakcaThl MakcaTThl ASpi peTiHAe BHTAMHHAI-ASPLTIK KOHBIOTATTapbl
OGommkay koHEe 3epTrey Oonmpl. MyH7Tall KOHBIOTATTBIH MHKpPOOKAa Kapchl, AHTHOKCHAAHTTHIK JKOHE
MMMYHOMOIYJUUUTBIK Oencerinirine Oaitnmansictel COVID-19 mHbeKIMACEIMEH Kypecyae alTapiibIKTai
aneyeri 6omyst MymkiH. Karazna SARS-COV-2 uHOEKIUIACHH eMIeyre bIKTUMAN TCLT PeTiHAe «I9pyMeH-
JIOpLTIK KOHBIOTAaT» TEepMHUHI KepceTinreH. ['mapoxcuxmopoxuH-pomumii Kemkeuisl (I'XX-®K) koHbIOraThH
STepUPUKALUS MEXaHU3MiI apKbUIBl CHHTE3/ENl, CHHEPTEeTHKAJIBIK MEXaHH3M apKBUIBI TEPameBTIK dcepai
KYLIEHTy, KaKEeTCi3 jKaHama ocepiepii JKachlpy KoHE >KacyIIaiblK HWHTEpHAI[MOHAIN3ALMUSIHBI JKaKCapTy
apkbuTbl SARS-C0OV-2 uHGEKIMACHIH THIMIII eMCYIi KAMTaMachl3 €Ty YIIIiH CHIATTaIbl )KOHE OarajaH/Ibl.
KonnaneicTarsl BHpycKa Kapchl MpemapaTTapIblH THIMAUIN MEH OHOXKETIMILTITIH OCHIHIAW ajjiblH aja
nmpenaparieH xakcaptyra 6omnansl. Konsrorat kypbutbiMel UK, SIMP >xoHe MaccalblK CIEKTPJCpP CHUSKTHI
CHEKTPOCKOIUSUIBIK  ACPEKTEPICH AHBIKTANABL. AJBIHFaH cHekTpimik aepekrep ['XX-OK koHBroraTs
KOCBUTBICTBIH KYPZEIi 3QHp peaKIHsAChl HOTIKECIHAE Naiiga O0JFaHbIH KepceTeli. MOJeKYISPIbIK KOHABIPY
apkputel ['XX-®K koHBIOTAaTHI XKaKChl KOHABIPY ACHTEHiH, COHIal-aK MpOTea3aHBIH HETi3ri OeliriMeH
OalTaHBICTHIPATBIH ©3apa OPEKeTTeCYiH Kepceredi. MoseKynanblK JHHAMHUKAIBIK MOJIENIBACYIl KoJJaHa
oTeIpeil, SARS mpoTeazachiHbIH Herisri Oeiriniy Oainanbicy opHbIHAA [ XX-DK KOHBIOTATHIHBIH KaKChl
TypakTbUIBIFBI )koHe COVID-19 nH}ekmschHa Kapchl TeXKETIII OeJICEHALTIN aTa oTiIi.

Kinm ce30ep: BuTamMuH-10pinik koubiorat, SARS-CoV-2, ruapoKCUXIOPOKHH, (ONHUI KBIIIKBLIBI, MOJICKYJIa-
JIBIK MOJICTIB/ICY, MOJICKYJIAJBIK TUHAMHUKAIIBIK MOJICIIBICY.

P.II. bxoxne, [1.M. Kapue, 1O. Illunge, I1.P. Kyre, C.C. I'ypas, P.J1. BaBxeiin

Pa3paboTka ¥ CHHTe3 BUTAMHHHO-JICKAPCTBEHHOI0 KOHBIOraTa
C BEPOSITHBIM NOTeHIHAJI0M NPpoTUB HHexkuuiit SARS-COV-2

H3-3a OBICTPOTrO pacrpocTpaHEeHHs] HOBasi KOPOHABUPYCHAss MH(EKIMS MOTyYHiIa CTaTyC II00albHON dMue-
MHH. B CBSI3M ¢ 3TUM CerojHs CyIecTBYeT ocTpasi HeOOXOAUMOCTh B TOMCKe 3()(EKTUBHOTO JI€UECHHUS MalH-
entoB ¢ COVID-19. Llens HACTOSIIETO UCCIACIOBAHKS COCTOSIIA B TOM, YTOOBI BBIBUHYThH THIIOTE3Y U H3Y-
YHUTh KOHBIOTaThl BATAMUHOB U JICKAPCTBEHHBIX CPEJICTB B KAUeCTBE IIEJIEBOTO Ipernapara. Takol KOHBIOraT
MOXKET UMETh 3HaYMTEIbHBII nmoTeHuan B 6opbde ¢ nnpekuueir COVID-19 Onaronapst cBoeit aHTUMHKPOO-
HOU, aHTHOKCHJAHTHON W MMMYHOMOIYJHpPYIOUIeH aKTUBHOCTH. B paboTe mokazaH TEpMUH «BUTAMHUHHO-
JIEKapCTBEHHBII KOHBIOTAT» KaK BO3MOXHBIA moaxon K Tepanuu uHpekmun SARS-CoV-2. Konsiorar rua-
pokcuxiopoxuH-ommenas kucnora (I'XX-PK) Obu1 cHHTE3MPOBAaH MO MEXAaHU3MY STepH(HUKAINN, OXapaK-
TEpU30BaH U OIEHEH C IeNbio obecnedeHus dpdekruBHOro tedeHns nHdekmuu SARS-CoV-2 gepes ycuie-
HHE TepaneBTHIecKoro 3¢ eKra 3a CueT CHHepreTHIeCKOro MexaHH3Ma, MaCKUPOBaHHs HeXKENaTeNbHbIX 110-
60uHBIX 3()(EKTOB U yIIyULIeHHUs KICTOYHON MHTepHaIM3aluu. D((GEeKTUBHOCTh U OMOJOCTYIHOCTh CyIIe-
CTBYIOIIMX IPOTHBOBHPYCHBIX IPEMapaToB MOXKET OBITh YJIy4llIeHa C MOMOILBI0 TAaKOTO IPOJIEKapCTBa.
CTpyKTypy KOHBIOTaTa OINpeNe/sUId IO CIEKTPOCKONMYecKUM JAaHHbIM, TakuM kak WK, SIMP u macc-
cnekTpel. [loydeHHBIE CIIeKTpajbHBIC JaHHBIC YKa3bIBatOT Ha TO, uTo [ XX-®K kowbptorar obpazoBaics B
pe3yJibTaTe CI0XHOA(PUPHOH peaknnuy coeanHeHnsI. MeTo0M MOJIeKYJISIPHOTO JOKHHTA IToKa3aHo, uro ['XX-
OK KoHBIOTaT JEMOHCTPHUPYET XOPOIINH yPOBEHb CTHIKOBKH, a TAKXKE CBSI3BIBAIOIIEE B3aUMOJCHCTBHE C OC-
HOBHOH 4acTpio nmpoteassl. C IMOMOMIIBI0 MOJIEKYIISIPHO-ANHAMIYECKOTO MOISIPOBAHUS OTMEUEHA XOpoIIas
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ctabunbHOCTh ' XX-DK KoHBIOraTa B MecTe CBSI3BIBAHMS OCHOBHOW yacTh mpoteassl SARS u uHrubupyio-
I11asi akTUBHOCTh B oTHOIeHnH uHbekuun COVID-19.

Kniouesvie cnoea: BUTaMUHHO-TIEKapcTBeHHBIH KoHbiorat, SARS-COV-2, ruapoxcuxiopoxut, (omuesas
KHCIIOTa, MOJIEKYJIIPHOE MOZCIMPOBAHNE, MOJICKYJIIPHO - TMHAMUYECKOEe MOICIPOBAHHE.
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