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Abstract
Purpose  Vortioxetine an anti-depressant FDA-drug recently reported showing better in vitro efficacy against SARS-CoV-2.
Methods  In this study, we have synthesized ten new derivatives having alkenes, alkynes, benzyl, aryl, and mixed carbamate 
at the N-terminal of vortioxetine. Then the binding energy and interactions with the crucial amino acid residues in the bind-
ing pocket of main protease (Mpro) of SARS-CoV-2, of reported and ten newly synthesized vortioxetine derivatives (total 
thirty-one) in comparison with remdesivir are analyzed and presented in this paper.
Results  Based on the docking scores predicted by ADV and AD, most vortioxetine derivatives showed better binding effi-
ciency towards Mpro of SARS-CoV-2 in comparison with remdesivir (an EUA approved drug against SARS-CoV-2 Mpro) 
and vortioxetine.
Conclusion  This study shows that some vortioxetine derivatives can be developed into promising drugs for COVID-19 
treatment.

Keywords  Vortioxetine · SARS-CoV-2 · Main protease · Remdesivir

Introduction

The world is now facing a serious health crisis condition 
due to coronavirus disease (COVID-19) since December 
2019 [1]. The causative agent for COVID-19 was severe 
acute respiratory syndrome coronavirus-2 (SARS-CoV-2). 

SARS-Cov-2 belongs to genus β-coronavirus (order Nidovi-
rales; family Coronaviradae) and is a non-segmented, 
( +)-sense, enveloped single-stranded RNA virus [2]. It 
consists of genome length ranging from 26 to 32 kb in 
length [3]. Two proteases that facilitate the processing of 
functional proteins of SARS-CoV-2 are the 3C-like protease 
(3CLpro) and the papain-like protease (PLpro) [4]. 3CLpro 
executes proteolytic cleavages at the maximum number 
of sites (11 sites) within the polyprotein hence it is also 
termed as the main protease (Mpro) [5]. Mpro has a molecu-
lar weight of 33.8 kDa and is reported to be a cysteine pro-
tease. Within SARS-CoV-2, each protomer of Mpro protein 
are homodimer consisting of three domains – domain I, 
domain II and domain III [6]. The catalytic site/active site/
substrate-binding site of SARS-CoV-2 Mpro are located at 
the cleft of domains I and II, comprised of His-Cys cata-
lytic dyad (cysteine-145 and histidine-41 moieties) [7]. 
Here cysteine-145 acts as a common nucleophile and plays 
a major role in the proteolytic functioning of Mpro. Hence 
Mpro emerged as an important drug target against SARS-
CoV-2, since it plays a vital role in polyprotein process-
ing, virus maturation and the absence of similar protease 
in humans also makes it a perfect choice. Recently X-ray 

Hemant Suryavanshi and Raju D. Chaudhari contributed equally 
to this work.

 *	 Sudhan Debnath 
	 bcsdebnath@gmail.com

 *	 Goutam Biswas 
	 goutam@cbpbu.ac.in

1	 Revarthak Biopharma Pvt. Ltd., Mulkhed Road, Ghotawade, 
Pune 412115, Maharashtra, India

2	 Department of Chemistry, Cooch Behar Panchanan Barma 
University, Panchanan Nagar, Cooch Behar 736101, 
West Bengal, India

3	 Department of Chemistry, Tripura University, 
Suryamaninagar 799 022, Tripura, India

4	 Department of Chemistry, Netaji Subhas Mahavidyalaya, 
Udaipur 799114, Tripura, India

/ Published online: 4 May 2022

DARU Journal of Pharmaceutical Sciences (2022) 30:139–152

http://orcid.org/0000-0002-1488-2003
http://crossmark.crossref.org/dialog/?doi=10.1007/s40199-022-00441-z&domain=pdf


1 3

crystallography structure of Mpro, co-crystallized with an 
inhibitor N3 (PDB ID: 6LU7) had been reported by Jin et al. 
[6]. In last six months few vaccines had also been developed 
against SARS-CoV-2 which reduces the rate of infection and 
thus mortality [8]. Researchers are in continuous search for 
suitable alternatives like nanoparticles, small molecule drugs 
[9], and antibodies for the treatment of COVID-19 [10–13]. 
In present emergent situation small molecules drugs like 
remdesivir and favipiravir are now used for the treatment of 
COVID-19 [14]. Remdesivir is a known antiviral drug, now 
using in the treatment of COVID-19 which acts by inhibiting 
SARS-CoV-2 Mpro responsible for polyprotein processing 
and virus maturation [15].

Many research laboratories around the world are now in 
continuous search for specific antiviral drugs which can be 
repurposed successfully for the therapeutic cause without 
much side-effects [16]. In addition, several other antibiot-
ics, antibodies, NSAIDs and steroids are now been tried for 
the treatment of COVID-19 and are currently in clinical tri-
als [17]. Fluoxetine, an anti-depressant FDA-drug recently 
reported as a possible therapeutic agent against COVID-19 
(Fig. 1) [18, 19]. Initial data of studies are also interesting as 
it shows mixed effects against SARS-CoV-2. Another FDA-
approved antidepressant drug vortioxetine also showed inhi-
bition of SARS-CoV-2 spike protein mediated cell fusion 
[20]. It was also reported that vortioxetine in combination 
therapy with other drugs like clomifene, asenapine and 
chloroquine showed better efficiency in VSV-SARS-CoV-
2-Sdel18 pseudovirus model as well as in authentic SARS-
CoV-2 assay [21]. Initially the main option to the researchers 
to combat the COVID-19 was repurposing of existing drugs 
but now it is high time to search for new selective molecules 
to treat the disease. Hence, we envisage the idea of devel-
oping vortioxetine derivatives for the therapeutic treatment 
against this disease. Vortioxetine and its different derivatives 
are known to possess different activities like immunomod-
ulatory [22], antibacterial [23], antifungal, antioxidant, 

and anti-inflammatory agents [24–26]. Initially, a docking 
study between Mpro of SARS-CoV-2 and remdesivir was 
performed. Based on the binding pocket understanding and 
key features from remdesivir we have used vortioxetine and 
its reported derivatives as a tool compound to explore their 
binding interactions with Mpro.

Molecular understanding of vortioxetine helps in design-
ing of more analogues which then could interact in a bet-
ter way within the binding pocket of Mpro. Then based on 
binding energy and interaction profile, eight vortioxetine 
derivatives based on various functionality were synthesized. 
Then the binding energy and interactions within the binding 
pocket of Mpro of previously reported and newly synthesized 
vortioxetine derivatives were analyzed and presented in this 
paper. The docking score of compounds 15, 17, 19, 21, 26, 
28, 29, and 32 predicted by Autodock Vina (ADV) and 
Autodock 4.2 (AD) against SARS-CoV-2 Mpro were superior 
to the known inhibitors Remdesivir and Vortioxetine. This 
study could give a guideline for designing future vortioxetine 
based drug molecules for inhibiting polyprotein replication 
and virus maturation by inhibiting SARS-CoV-2 Mpro as a 
potential target for the treatment of COVID-19.

Result and Discussion

Design and synthesis of vortioxetine derivatives

Initially, remdesivir and vortioxetine (1) were docked to Mpro 
of SARS-CoV-2, and later additional known derivatives with 
diverse functionality were studied depending on the initial 
results (Fig. 2). For more variations, derivatives with differ-
ent functional groups were designed followed by synthesis 
and then characterization for structural confirmation. Fur-
thermore, molecular docking studies were carried out for 
these newly synthesized molecules.

Fig. 1   Chemical structure of Remdesivir, Fluoxetine and Vortioxetine (1)
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Starting material vortioxetine (1) was synthesized by fol-
lowing the previously reported method [23]. The derivatives 
of vortioxetine were synthesized by base mediated substitu-
tion reaction. For this project variations in the N–H terminal 
were achieved by alkylation, Buchwald coupling, and mixed 
carbamate formation shown in Fig. 3.

To identify the binding interaction inside the binding 
pocket of Mpro, compound 2–22 with five different types 
of substitutions at the N-terminal of vortioxetine (acyl sul-
phonyl, alkyl, benzyl, and / functionalized alkyl group) was 
initially investigated (Fig. 2). By employing a strong base at 
ambient condition, the newly designed compounds 23–25 
were synthesized from their corresponding halides (Fig. 3). 
To introduce heteroaromatic groups, the Buchwald reaction 
was used in conjunction with the Pd2(dba)3 reagent to create 

compound 26–27. It was well documented that carbamide 
functionalities sometimes enhance the efficacy of the com-
pound [27]. therefore, from commercially available aryl iso-
cyanate compound 28 and compound 29 were synthesized 
with moderate yields. Similarly, reaction with correspond-
ing alkyloxy carbonyl chloride at ambient condition gave 
carbamate functionalized derivative 30. The benzyl deriva-
tives 31 and 32 were synthesized from their correspond-
ing bromides following previously mentioned conditions in 
moderate yields [24]. All the products were synthesized in 
low to moderate yields, purified using column/combiflash 
chromatography, and characterised using 1H-NMR, 13C-
NMR, and high-resolution mass spectroscopy. The dock-
ing investigation was later conducted using the structures of 
newly synthesized scaffolds.

Fig. 2   Structures of known 
derivatives of vortioxetine

Entry Functional group (-R) Compound Entry Functional group (-R) Compound

1 -Methyl 2 12 13

2 -Ethyl 3 13 14

3 -Isopropyl 4 14 15

4 -n-propyl 5 15 16

5 6 16 17

6 7 17 18

7 8 18 19

8 9 19 20

9 10 20 21

10 11 21 22

11 12
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Binding mode for known drug Remdesivir 
and vortioxetine

In the beginning, we had carried out molecular docking stud-
ies of remdesivir and vortioxetine (1) with the crystal struc-
ture of SARS-CoV-2 Mpro (PDB ID: 6LU7). The 2D-inter-
action and docking poses of both compounds are shown in 
Fig. 4. Our docking studies revealed that remdesivir forms 
hydrogen bond interactions with HIP-41, and PHE-140. 
Additionally, π-anion interaction with HIP-41, MET-49, 
GLU-166, π-alkyl interaction with MET-49 and carbon-
hydrogen interactions HIP-41 and LEU-141 (Fig. 4A). On 

the other hand, vortioxetine showed π-sulphur interaction 
with MET-49, π-alkyl interaction with CYS-145, MET-165, 
and van der Waals interaction with GLN-189 (Fig. 4B). The 
binding affinity of Remdesivir predicted by Autodock Vina 
(ADV) and Autodock 4.2 (AD) were ‒7.0 and ‒7.14 kcal/
mol, respectively. Similarly, the binding affinity of Vortiox-
etine predicted by ADV and AD were ‒6.3 and ‒7.41 kcal/
mole, respectively. Visual inspection of binding mode of 
vortioxetine within the binding pocket of Mpro revealed that 
there is still room for designing stronger Mpro binders by 
adding more functionality to the piperazine ring (Fig. 4E 
and F).

Fig. 3   Scheme for synthesis of 
new vortioxetine derivatives 
with reaction conditions and 
isolated yields

Entry Structure Reaction condition
Yield

(%)
Compound

1 NaH, vinyl bromide,  THF, rt, 4h 52 23

2 NaH, propargyl bromide,  THF, rt, 4h 48 24

3 NaH, crotyl bromide,  THF, rt, 4h 29 25

4
Xantphos, Cs2CO3, Pd2(dba)3(10 mol%),

1,4 -Dioxane, 110°C, 12h
44 26

5
Xantphos, Cs2CO3, Pd2(dba)3(10 mol%),

1,4 -Dioxane, 110°C, 12h
49 27

6 DIPEA, DCM, rt, 4h 55 28

7 DIPEA, DCM, rt, 4h 50 29

8 NaH, CbzCl,  THF, rt, 4h 69 30

9
NaH, 1-bromo-4-(bromomethyl)benzene,  

THF, rt, 4h
51 31

10
NaH, 4-bromo-1-(bromomethyl)-2-

fluorobenzene, THF, rt, 4h
55 32
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Fig. 4   The 2D ligand interaction diagram of (A) Remdesivir, (B) Vortioxetine; binding pose of (C, D) Remdesivir (yellow) and (E, F) Vortiox-
etine (yellow) in the active site of SARS-CoV-2 Mpro

143DARU Journal of Pharmaceutical Sciences (2022) 30:139–152



1 3

Designing of compounds based on understanding 
from Remdesivir and vortioxetine binding

Furthermore, molecular docking studies of synthesized 
derivatives of vortioxetine (compound 2–32) were also per-
formed to understand their binding affinities towards SARS-
CoV-2 Mpro. From reported works of literature, a library 
of compounds 2–22 were selected based on different func-
tionality along with a set of newly synthesized compounds 
23–32. All compounds along with their docking score pre-
dicted by ADV and AD are listed in Table 1.

Molecular docking studies revealed that most of the 
designed analogues showed better binding as compared 
to Remdesivir (-7.0  kcal/mol) and the co-ligand N3 
(-7.4 kcal/mol) predicted by ADV [28]. The binding affini-
ties of hits predicted by ADV ≤ ‒7.0 are considered as 
better inhibitors. ADV predicted binding affinities of hits 
15, 17, 19, 26, 28, and 32 would have higher than co-
ligand. The binding affinity predicted by ADV and bind-
ing energy predict by AD of the designed analogues 15, 
17, 19, 21, 26, 28, 29 and 32 were better than the stand-
ard Mpro inhibitor Remdesivir. The 2D interactions of the 
eight best hits depicted in Fig. 5 and their docking score 
predicted by both the ADV and AD are found in Table 1. 
The docked binding poses in the 3D surface topology of 
15, 17, 19, 21, 26, 28, 29, 32 (green color) superposed 
on docked pose of known inhibitor remdesivir (yellow 
color) in the active site of SARS-CoV-2 Mpro are shown 
in Fig. 6. The binding pose of best hits 15, 17, 19, 21, 26, 
28, 29 and 32 was similar to the Remdesivir and adopts a 

similar binding orientation in the active site. In the active 
site of SARS-CoV-2 Mpro the residue CYS-145 and HIS-
41 acts as catalytic dyad [29]. The selected best hits 15, 
17, 21, 26, 28, 29 and 32 exhibited π-anion interactions 
with CYS-145 and 19 showed hydrogen bonding interac-
tion with CYS-145. Molecular dynamics (MD) simulations 
of peptide-like drug candidates with SARS-CoV-2 Mpro 
showed that the crucial amino acid residues for inhibition 
of Mpro were HIS-41, GLY-143, and GLU-166 [30]. The 
hit 17 showed hydrogen bonding interactions with HIS-41 
and π-anion interaction with GLU-166. The other hit 19 
exhibited hydrogen bonding interactions with GLY-143 
and π-π T-shaped interactions with GLU-166. The other 
two hits 28 and 29 interact with either GLY-143 or GLU-
166. Therefore, hits 17, 19, 28 and 29 are the best inhibi-
tors concerning inhibition of crucial interacting amino 
acid residues.

The molecular weight of all the hits was ≤ 500, the num-
ber of hydrogen bond donors ≤ 5, the number of H-bond 
acceptors ≤ 10. The value of MLOGP ≤ 4.5 [31] for drug-
likeness. The MLOGP value for hits 15, 19, 21 and 29 
lie in the acceptable range. The topological polar surface 
area (TPSA) of all the hits were less than 130 and the 
acceptable range is 20–130 Å2 [32]. The range of the num-
ber of rotatable bonds for drug-like molecules should be 
0‒9. The range of rotatable bonds of all the selected hits 
were ≤ 9.0. The range of iLOGP value for the drug-like 
molecule is -2–10 [33] here for all the hits this value lies 
in the acceptable range. Gastrointestinal absorption (GI) 
of all the selected hits were high except 17. The predicted 

Table 1   Compounds with their 
binding affinity predicted by 
ADV, binding energy predicted 
by AD and Ki value predicted 
by AD

# : Binds outside the binding site

Compounds *AVD score 
kcal/mol

#AD score 
kcal/mol

Ki (μM) Compounds *AVD score 
kcal/mol

#AD score 
kcal/mol

Ki (μM)

Remdesivir -7.0 -7.14 5.86 16 -6.5 -8.23 0.9276
Vortioxetine -6.3 -7.41 3.70 17 -7.8 -8.02 1.33
1 -6.4 -7.6 2.69 18 -6.4 -7.41 3.70
2 -6.3 -7.6 2.68 19 -7.8 -8.65 0.4566
3 -6.0 -8.0 1.38 20 -6.5 8.04 1.28
4 -6.1 -8.34 0.7697 21 -7.1 -8.40 0.6962
5 -5.8 -7.9 1.61 22 -6.7 6.16 30.5
6 -6.5 -8.53 0.5589 23 -6.3 -7.02 7.15
7 -6.7 -7.6 2.47 24 -6.3 -7.91 1.59
8 -6.0 -7.74 2.12 25 -6.2 -7.4 3.77
9 -6.2 -7.14 5.84 26 -7.5 -8.41 0.6846
10 -6.1 -6.30 24.10 27 -7.3# -7.40 3.77
11 -6.1 -7.01 7.27 28 -7.6 -9.26 0.1630
12 -6.9 -7.83 1.82 29 -7.1 -8.59 0.5052
13 -6.8 8.19 0.9924 30 -7.1# -9.07 0.2247
14 -6.6 -7.57 2.83 31 -6.5 -8.19 0.9924
15 -7.4 -8.63 0.4757 32 -7.5 -8.29 0.8383
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ADME results showed that most of the hits are drug-like. 
The ADME parameters are shown in Table 2. The syn-
thetic accessibility of all the hits are also good.

Conclusions

In conclusion, most vortioxetine derivatives showed better 
binding efficiency towards Mpro of SARS-CoV-2 in compari-
son with remdesivir (an EUA approved drug against SARS-
CoV-2 Mpro) and vortioxetine (1). Based on the docking 
scores predicted by ADV and AD, compound 15, 17, 19, 
21, 26, 28, 29, and 32 showed more binding affinity than 
remdesivir. The hits 17, 19, 28 and 29 are the best inhibi-
tors concerning inhibition of crucial interacting amino acid 
residues. Among different functionalities, the most efficient 
is with benzyl derivatives (15 and 17). The predicted ADME 
results revealed that most of the compounds are drug-like. 
These four compounds (17, 19, 28 and 29) along with some 
newly designed derivatives can be screened in future for 
the model in vitro and in vivo studies. Based on those data 
prospective vortioxetine derived drugs against SARS-CoV-2 
can be developed.

Materials and methodology

Designing of different analogues and synthesis 
for exploring structure‑activity relationship (SAR)

Commercially available analytical grade solvents and rea-
gents were purchased from commercial suppliers and were 
used without any further purification unless otherwise men-
tioned. Thin-layer chromatography (TLC) was performed for 
monitoring progress of reaction using commercially avail-
able Merck 60 F254 silica gel plate and visualized under UV 
light, and/or by spraying with freshly prepared phosphomo-
lybdic acid (PMA) in methanol, followed by charring at high 
temperature. For purification of the crude compounds, col-
umn chromatography was performed on silica gel (100–200 
mesh) or by using combiflash. All the 1H NMR and 13C 
NMR spectra were recorded at 25 °C using chloroform-
d(CDCl3) or DMSO-D6 as deuterated solvents with tetra-
methylsilane (TMS) as an internal standard. The multiplicity 
of the reported peaks singlet, broad singlet, doublet, triplet, 
quadruplet and multiplet (or unwell-resolved signals) are 
denoted by s, br. s, d, t, q, and m respectively. All chemical 
shifts are reported in ppm (δ) and coupling constants (J) are 
in hertz (Hz). Mass Spectrometry (MS) data was recorded 
for unknown compounds 23–32 on Qtof-micro quadruple 
mass spectrophotometer. Elemental microanalyses were 
performed on elemental analyzer model flash 2000 thermo 
fisher for all new compounds.

General procedure for the synthesis of 23–32

New vortioxetine derivatives were synthesized accord-
ing to following procedures. The synthetic procedure was 
modified for the synthesis of the vortioxetine derivatives. 
To a stirred solution of vortioxetine (1) (1 eq) in dry tet-
rahydrofuran (THF) (10 mL) was added sodium hydride 
(2 eq) at 0 °C. Contents were stirred at same temperature 
for 20 min, and then added alkyl/aryl/acyl/sulfonyl halide 
(1.5 eq) drop wise. The reaction mixture was stirred at 
room temperature until the reaction completes. The reac-
tions were quenched using cold water and extracted with 
ethyl acetate (3 × 10 mL). The combined organic layer was 
washed with brine, dried over anhydrous sodium sulphate 
and evaporated under reduced pressure. Crude product was 
purified by silica gel column chromatography to afford 
pure compound 23–25, 30–32.

1‑(2‑((2,4‑dimethylphenyl)thio)phenyl)‑4‑vinylpiperazine, 
(23)  Yield: 52%; Off white solid, Rf: 0.8, AcOEt: Hexane 
(1:9), 1H-NMR (CDCl3, 300 MHz) δ 7.29 (d, J = 7.8 Hz, 
1H), 7.16–6.73 (m, 5H), 6.39 (d, J = 7.5 Hz, 1H), 5.88–5.79 
(m, 1H), 5.17–5.08 (m, 2H), 3.02–3.00 (m, 4H), 2.59–2.56 
(m, 4H), 2.26 (s, 3H), 2.22 (s, 3H); 13C-NMR (CDCl3, 
75  MHz) δ: 149.15, 142.39, 139.09, 136.19, 134.87, 
134.56, 131.58, 127.70, 126.02, 125.36, 124.24, 119.77, 
118.13, 61.79, 53.40, 51.49, 21.11, 20.51; MS (m/z): 325.18 
[M + H]+. Anal. Calcd for C20H24N2S: C, 74.03; H, 7.46; N, 
8.63; Found C, 74.21; H, 7.27; N, 8.48.

1‑(2‑((2,4‑dimethylphenyl)thio)phenyl)‑4‑(prop‑2‑yn‑1‑yl)
piperazine, (24)  Yield: 48%; Off White solid, Rf: 0.75, 
AcOEt: Hexane (1:9), 1H-NMR (CDCl3, 300 MHz) δ 7.29 
(d, J = 7.8 Hz, 1H), 7.05–6.74 (m, 5H), 6.41 ( d, J = 7.8 Hz, 
1H), 3.28 (s, 2H), 3.06–3.04 (m, 4H), 2.71–2.69 (m, 4H), 
2.26 (s, 3H), 2.23 (s, 3H), 2.20 (m, 1H); 13C-NMR (CDCl3, 
75 MHz) δ: 149.07, 142.47, 139.19, 136.25, 134.62, 131.69, 
128.02, 127.81, 126.19, 125.48, 124.42, 119.88, 78.93, 
73.34, 52.44, 51.43, 46.96, 21.22, 20.63; MS (m/z): 337.18 
[M + H]+. Anal. Calcd for C21H24N2S: C, 74.96; H, 7.19; N, 
8.33; Found C, 74.77; H, 7.25; N, 8.18.

1‑(but‑2‑en‑1‑yl)‑4‑(2‑((2,4‑dimethylphenyl)thio)phenyl)pip‑
erazine, (25)  Yield: 29%; Light brown sticky liquid, Rf: 0.7, 
AcOEt: Hexane (1:9), 1H-NMR (CDCl3, 300 MHz) δ 7.28 
(d, J = 7.8 Hz, 1H), 7.05–6.72 (m, 5H), 6.39 (d, J = 7.5 Hz, 
1H), 5.60–5.44 (m, 2H), 3.03–2.93 (m, 6H), 2.59–2.56 
(m,4H), 2.26 (s, 3H), 2.22 (s, 3H), 1.60 (d, 3H); 13C-NMR 
(CDCl3, 75 MHz) δ: 149.30, 142.43, 139.13, 136.21, 134.61, 
131.64, 129.52, 128.14, 127.76, 126.53, 126.17, 125.46, 
124.30, 119.87, 60.90, 53.49, 53.38, 21.16, 20.56, 17.81; 
MS (m/z): 353.55 [M + H]+; Anal. Calcd. for C22H28N2S: C, 
74.95; H, 8.01; N, 7.95; Found: C, 74.77; H, 7.88; N, 7.91.
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Benzyl 4‑(2‑((2,4‑dimethylphenyl)thio)phenyl)pipera‑
zine‑1‑carboxylate, (30)  Yield: 69%; White solid, Rf: 0.9, 
AcOEt: Hexane (1:9), 1H-NMR (CDCl3, 300 MHz) δ 7.30–
7.24 (m, 6H), 7.16–6.77 (m, 5H), 6.44 (d, J = 7.8 Hz, 1H), 
5.09 (s, 2H), 3.63–3.60 (m, 4H), 2.95–2.93 (m, 4H), 2.27 
(s, 3H), 2.23 (s, 3H) 13C-NMR (CDCl3, 75 MHz) δ;155.34, 
148.80, 142.23, 139.18, 136.71, 136.01, 134.59, 131.65, 
128.46, 127.96, 127.85, 127.75, 126.33, 125.49, 124.65, 
119.85, 67.12, 51.48, 44.32, 21.12, 20.52; MS (m/z): 433.19 
[M + H]+; Anal. Calcd. for C26H28N2O2S: C, 72.19; H, 6.52; 
N 6.48; Found: C, 72.01; H, 6.60; N 6.37.

1‑(4‑bromobenzyl)‑4‑(2‑((2,4‑dimethylphenyl)thio)phenyl)
piperazine, (31)  Yield: 51%; White solid, Rf: 0.3, AcOEt: 
Hexane (1:9), 1H-NMR (DMSO-d6, 400 MHz) δ 7.53 (dd, 
J = 8.4 Hz, 2H), 7.32–7.29 (m, 3H), 7.21 (s, 1H), 7.13–7.06 
(m, 3H), 6.90–6.88 (m, 1H), 6.38–6.36 (dd, J = 8.0 Hz, 
1H), 3.52 (s, 2H) 2.97 (m, 4H), 2.54–5.52 (m, 4H), 2.32 (s, 
3H), 2.22 (s, 3H); 13C-NMR (CDCl3, 100 MHz) δ; 149.18, 
142.46, 139.20, 137.14, 136.25, 134.60, 131.66, 131.38, 
130.99, 127.99, 127.79, 126.11, 125.44, 124.32, 120.96, 
119.82, 62.42, 53.51, 51.55, 21.20, 20.60; MS: (m/z) 469.00 
[M + H]+.

1‑(4‑bromo‑2‑fluorobenzyl)‑4‑(2‑((2,4‑dimethylphenyl)thio)
phenyl)piperazine, (32)  Yield: 55%; White solid, Rf: 0.4, 
AcOEt: Hexane (1:9), 1H-NMR (DMSO-d6, 400 MHz) 
δ 7.52 (dd, J = 8.8 Hz, 1H), 7.51–7.40 (m, 2H), 7.29 (dd, 
J = 8.0 Hz, 1H), 7.20 (s, 1H), 7.11–7.06 (m, 3H), 6.88 (m, 
1H), 6.39–6.37 (dd, J = 8.0 Hz, 1H), 3.58 (s, 2H), 2.97 
(m, 4H), 2.54–2.52 (m, 4H), 2.31 (s, 3H), 2.21 (s, 3H) 
13C-NMR (CDCl3, 100 MHz) δ; 149.18, 142.39, 139.15, 
136.16, 134.58, 132.81, 132.76, 131.65, 128.01, 127.78, 
127.28, 127.24, 126.20, 125.46, 124.33, 124.03, 123.88, 
121.12, 121.03, 119.85, 119.10, 118.84, 54.89, 53.24, 51.52, 
21.19, 20.59; MS (m/z): 484.95 [M + H]+, Anal. Calcd for 
C25H26BrFN2S: C, 61.85; H, 5.40; N, 5.77; Found: C, 61.85; 
H, 5.40; N, 5.77.

Cesium carbonate (3 eq), and xantphos (0.05 eq) were 
added to a solution of vortioxetine (1) (1 eq), aryl bromide 
(1.5 eq) in 1,4 dioxane (8 mL) solvent. For 20 min, inert 
argon gas was purged through the reaction mixture, followed 
by catalytic amounts of Pd2(dba)3(10 mol%) being added. 
Then the reaction mixture was heated at 110 °C for 12 h. The 
crude reaction mixture was passed through celite bed and 
washed with ethyl acetate (50 mL). The organic layer was 
diluted with water (20 mL), washed with brine, separated, 
dried over anhydrous Na2SO4 and concentrated to get crude 
sticky liquid material. Column chromatography (30% ethyl 

acetate in hexanes) of the crude extract yielded the product 
as a white solid.

4‑(4‑(2‑((2,4‑dimethylphenyl)thio)phenyl)piperazin‑1‑yl)qui‑
noline (26)  Yield: 44%; Off-White Solid. Rf: 0.4 (AcOEt: 
Hexane (3:7), 1H-NMR (DMSO-d6, 400 MHz) δ 8.72 (d, 
J = 4.8 Hz, 1H); 8.13 (d, J = 8.0 Hz, 1H), 7.98 (d, J = 8.4 Hz, 
1H), 7.70 (t, J = 8.0 Hz, 1H), 7.58 (d, J = 6.8 Hz, 1H), 7.37 
(d, J = 7.2 Hz, 1H), 7.30 (d, J = 8.0 Hz, 1H), 7.25 (br.s, 
1H), 7.18–7.08 (m, 3H), 6.97 (m, 1H), 6.42 (d, J = 7.6 Hz, 
1H), 3.36 (m, 4H), 3.31 (m, 4H), 2.33 (s, 3H), 2.26 (s, 3H). 
13C-NMR (CDCl3, 100 MHz): δ 157.14, 150.87, 149.55, 
148.79, 142.46, 139.37, 136.26, 134.81, 131.76, 129.97, 
129.11, 127.88, 127.74, 126.28, 125.56, 125.34, 124.75, 
123.77, 123.60, 120.02, 109.01, 52.66, 51.69, 21.22, 20.64; 
MS (m/z): 425.90 [M + H]+. Anal. Calcd for C27H27N3S: C, 
76.20; H, 6.39; N, 9.87; Found: C, 76.47; H, 6.51; N, 9.82.

1 ‑ ( 2 ‑ ( ( 2 , 4 ‑ d i m e t h y l p h e n y l ) t h i o )
phenyl)‑4‑(5‑(trifluoromethyl)pyridin‑2‑yl) piperazine 
(27)  Yield: 49%; Off-White Solid. Rf:0.3, AcOEt: Hexane 
(4:6), 1H-NMR (DMSO-d6, 400 MHz) δ; 8.44 (s, 1H), 7.84 
(dd, J = 8.8,2.4 Hz, 1H), 7.36 (d, J = 8.0 Hz, 1H), 7.24 (br.s, 
1H), 7.17–7.09 (m, 3H), 7.04 (d, J = 9.2 Hz, 1H), 6.95–6.91 
(m, 1H), 6.42 (d, J = 8.0 Hz, 1H), 3.80 (m, 4H), 3.08 (m, 
4H), 2.32 (s, 3H), 2.26 (s, 3H).13C-NMR (CDCl3, 100 MHz) 
δ; 160.58, 148.78, 145.80, 145.76, 142.39, 139.34, 136.18, 
134.65, 134.53, 134.50, 131.75, 127.87, 127.75, 126.34, 
125.57, 124.73, 119.81, 114.98, 105.64, 51.43, 45.26, 
21.22, 20.63. MS (m/z) 443.97 [M + H]+. Calculated for 
C24H24F3N3S: C, 64.99; H, 5.45; N, 9.47; Found: C, 64.78; 
H, 5.29; N, 9.24.

To a solution of vortioxetine (1) (1 eq) in dry DCM 
(4 mL) solvent, was added N,N-diisopropyl ethylamine(2 eq) 
at 0 °C, stirred for 5 min, followed by dropwise addition of 
isocyanate (2 eq). The contents were stirred at room tem-
perature for 2 h and TLC was checked for the completion 
of reaction. The reaction mixture was quenched using ice 
water and extracted with DCM (20 mL). The extract was 
washed with brine, dried over anhydrous Na2SO4, filter and 
evaporated to get dark colored crude semi-solid material. 
Crude product was further purified by combiflash column 
chromatography to get pure solid compound.

N‑(3‑chloro‑4‑fluorophenyl)‑4‑(2‑((2,4‑dimethylphenyl)
thio)phenyl)piperazine‑1‑carboxamide (28)  Yield: 55%; 
Light brown solid. Rf:0.3 (AcOEt: Hexane 5:5), 1H-NMR 
(DMSO-d6, 400 MHz) δ; 8.77 (s, 1H); 7.75 (dd, J = 7.2, 
2.8 Hz, 1H), 7.45–7.42 (m, 1H), 7.35–7.24 (m, 3H), 7.17–
7.09 (m, 3H), 6.93 (t, J = 8.0 Hz, 1H), 6.42 (d, J = 8.0 Hz, 
1H), 3.61 (m, 4H), 3.00 (m, 4H), 2.32 (s, 3H), 2.25 (s, 
3H). 13C-NMR (DMSO-d6, 100 MHz) δ; 155.12, 151.56, 

Fig. 5.   2D ligand interaction diagram best hits (15, 17, 19, 21, 26, 28, 
29, and 32 in the active site of SARS-CoV-2 Mpro

◂
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149.20, 142.08, 139.61, 138.32, 136.17, 133.87, 132.18, 
128.49, 127.70, 126.38, 126.19, 125.10, 121.15, 120.90, 
120.02, 119.95, 116.99, 51.67, 44.63, 21.19, 20.58; MS 
(m/z): 470.10 [M + H]+. Anal. Calcd for C25H25ClFN3OS: C, 
63.89; H, 5.36; N, 8.94; Found: C, 64.02; H, 5.39; N, 8.80;

4‑(2‑((2,4‑dimethylphenyl)thio)phenyl)‑N‑(pyridin‑2‑yl)
piperazine‑1‑carboxamide (29)  Yield: 50%; Off white 
solid. Rf:0.35 (AcOEt: Hexane 3:7), 1H-NMR (DMSO-d6, 
400 MHz) δ; 8.77 (br s, 1H), 8.66 (d, J = 2.0 Hz,1H), 8.16 (d, 
J = 3.2 Hz, 1H), 7.91 (d, J = 8.4 Hz, 1H), 7.35 (d, J = 8.0 Hz, 
1H), 7.29–7.27 (m, 2H), 7.18–7.12 (m, 3H), 6.95 (m, 1H), 
6.43 (d, J = 8.0 Hz, 1H), 3.16 (m, 4H), 3.01 (m, 4H), 2.33 (s, 

3H), 2.25 (s, 3H). 13C-NMR (CDCl3, 100 MHz,) δ; 155.06, 
148.39, 143.63, 142.24, 141.16, 139.28, 136.43, 136.04, 
134.54, 131.68, 127.79, 127.68, 126.25, 125.52, 124.78, 
123.72, 123.59, 119.85, 51.36, 44.58, 21.11, 20.53; MS 
(m/z) 419.00 [M + H]+; Anal. Calcd for C24H26N4OS: C, 
68.87; H, 6.26; N, 13.39; Found: C, 68.66; H, 6.12; N, 13.54.

Molecular docking

The X-ray crystal structure of SARS-CoV-2 Mpro com-
plexed with co-ligand (N3) PDB ID: 6LU7 (2.16 Å) [6], 
was retrieved from Research Collaboratory for Structural 
Bioinformatics RCSB Protein Data Bank (www.​rcsb.​org). 

Fig. 6   Binding poses in the 3D 
surface topology of selected 
hits 15, 17, 19, 21, 26, 28, 29, 
32 (green color) and remdesivir 
(yellow color) in the active site 
of SARS-CoV-2 Mpro (A: Mpro 
with the active site, B: enlarged 
binding site)
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The Mpro crystal structure was imported in AutoDock Tools 
1.5.6 [34] and removed water molecules and hetero atoms, 
and then added polar hydrogen’s followed by computing 
Gasteiger and adding Kollman charge. Finally, the protein 
was saved in pdbqt format. The OpenBabel software was 
used to convert ligands into PDB format [35]. Furthermore, 
the ligands were prepared by detecting the torsion root, cor-
recting the torsion angles, assigning charges, optimizing 
using UFF [36] and finally converted into pdbqt format.

In this study, docking was performed using ADV in 
PyRx virtual screening open-source software [37]. The 
protein and ligand molecules to be docked are selected 
under the vina wizard control. The grid was generated 

by selecting the co-crystallized ligand and grid size 
can be adjusted according to the active site residues. A 
grid box with the size 58 × 68 × 70 with coordinates of 
center_x = -10.883, y = 13.934, and z = 68.209. During 
docking the grid spacing and exhaustiveness were 0.375 Å 
and 50, respectively. The docking Lamarckian Genetic 
Algorithm (LGA) was used [38].

These compounds were again re-docked using AD [39] 
to eliminate false positive software considering identical 
receptor grid coordinates. The top docking pose of ADV 
output file was visualized using Discovery Studio 2020 
Client (BIOVIA 2016) software. The virtual screening 
and ADME were performed using Windows 10 OS in a 

Fig. 6   (continued)
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64-bit machine, Core 2 Duo CPU microprocessor with 
4 GB RAM.

In‑silico ADME and drug‑likeness prediction

In silico Absorption, Distribution, Metabolism, Elimina-
tion (ADME) prediction is one of the important as well as 
significant criteria to estimate drug-likeness of the selected 
hits. Conventionally, ADME properties of drug molecules 
were determined in the last stage of the drug discovery pro-
cess. In modern drug discovery, ADME properties can be 
predicted using the in-silico method in the early stage. Due 
to poor ADME properties, 60% of drug molecules failed 
in the development process. Therefore, early prediction of 
these properties would lead to the reduction of drug discov-
ery costs [40]. In the present study, the potential hits were 
subjected to ADME prediction using a publicly available 
online web server: SwissADME (http://​www.​swiss​adme.​
ch [41]. Several properties like molecular weight, number 
of heavy atoms, number of aromatic heavy atoms, number of 
rotatable bonds, molar refractivity, topological polar surface 
area, solubility, gastrointestinal absorption, blood–brain, 
barrier penetration, Lipinski's rule of five, Ghose rule, Veber 
rule, bioavailability score, and synthetic susceptibility were 
predicted.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s40199-​022-​00441-z.
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