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Main Protease Inhibitors and Drug Surface Hotspot for the Treatment of

COVID-19: Drug Repurposing and Molecular Docking Approach

Abstract

The world is facing an unprecedented global pandemic caused by the novel SARS-CoV-2. In the absence
of a specific therapeutic agent to treat COVID-19 patients, the present study aimed to virtually screen out
the effective drug candidates from the approved main protease protein (MPP) inhibitors and their
derivatives for the treatment of SARS-CoV-2. Here, drug repurposing and molecular docking were
employed to screen approved MPP inhibitors and their derivatives. The approved MPP inhibitors against
HIV and HCV were prioritized, whilst hydroxychloroquine, favipiravir, remdesivir, and alpha-ketoamide
were studied as control. The target drug surface hotspot was also investigated through the molecular
docking technique. ADME analysis was conducted to understand the pharmacokinetics and drug-likeness
of the screened MPP inhibitors. The result of this study revealed that Paritaprevir (-10.9 kcal/mol), and its
analog (CID 131982844)(-16.3 kcal/mol) showed better binding affinity than the approved MPP inhibitor
compared in this study including favipiravir, remdesivir, and alpha-ketoamide. A comparative study among
the screened putative MPP inhibitors revealed that amino acids T25, T26, H41, M49, L141, N142, G143,
C145, H164, M165, E166, D187, R188, and Q189 are at critical positions for becoming the surface hotspot
in the MPP of SARS-CoV-2. The study also suggested that paritaprevir and its' analog (CID 131982844),
may be effective against SARS-CoV-2 as these molecules had the common drug-surface hotspots on the
main protease protein of SARS-CoV-2. Other pharmacokinetic parameters also indicate that paritaprevir
and its top analog (CID 131982844) will be either similar or better-repurposed drugs than already approved
MPP inhibitors.

Keywords: Main protease protein (MPP) inhibitors, SARS-CoV-2, COVID-19, Drug repurposing

and Molecular docking
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Introduction

COVID-19 is a rapidly spreading viral infectious disease caused by a beta coronavirus — novel
coronavirus SASR-CoV-2. The infection was first notified in China in late December 2019, and
within three months, 202 countries, territories and conveyance have been reported with COVID-
19 cases within their boundaries [1,2]. The emerging human pathogen is causing acute respiratory
tract infection with significant morbidity and case fatality. Severe and critical cases require critical
and intensive care facilities. The number of critical and intensive care facilities is getting
insufficient in some countries and organized health systems of many countries of Asia, Europe and
North America are getting incapacitated. COVID-19 has now become a global public health

emergency and been declared a pandemic by the World Health Organization [3].

Many efforts are ongoing around the world for the development of effective prevention and
treatment strategies for the COVID-19 outbreak. A preventive vaccine development usually takes
a long time and might be of use for next pandemic preparedness. Under the present situation, we
immediately need a treatment strategy for reducing the catastrophic effect of the ongoing
pandemic. Thus, finding out therapy appropriate for the COVID-19 is of paramount importance.
Depending on the target, therapies against SARS-CoV-2 can be divided into two categories, the
first one is acting on the human immune system or human cells, and the second one is on
coronavirus itself [4,5]. Therapies based on the immune system include blocking the signal
pathways of human cells that is angiotensin-converting enzyme 2 (ACE2) receptor protein on the
surface of cells required for virus replication. In case of therapies based on the virus, retroviral
RNA genome encodes for most three necessary enzymes that essential for virus replication: (i) the
viral protease (PR) (ii) the reverse transcriptase (RT) and (iii) the integrase (IN) [6-9] where one
of the best characterized, conserved drug targets of coronaviruses is the Main Protease Proteins
[10,11]. To inhibit the activity of Main Protease Protein (MPP) would be blocking the viral
replication, and it would be nontoxic as human proteases with a similar cleavage specificity have
already been reported [12,13]. HIV (Human immunodeficiency virus) and HCV (Hepatitis
C virus) are both RNA viruses that synthesize a protease from its genome to cut proteins free from

long chains and for making mature proteins [14,15]. Protease inhibitors are those drugs that can
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inhibit proteases and reduce levels of HIV and HCV to undetectable. Some of those drugs are now
repurposing against the COVID-19, which is also a RNA virus and possesses the main protease
[16-19]. Computational drug repurposing study previously showed Lopinavir and Ritonavir, two
HIV-1 protease inhibitors were identified to be capable of inhibiting SARS-CoV main protease
[20] that is why these the drugs used against HIV protease could be used as a homologous target
— as the previous SARS-CoV main protease has 96.1% of similarity with the SARS-CoV -2main
protease [20]. In the United States, four HCV protease inhibitors have also been recognized for
the use in combination with other specified anti-HCV agents, which also suggest the utilization of
similar drugs for treatment against the SARS-CoV-2 [21-23].

The observed impact of COVID-19 is differing among countries. However, the number of global
diagnosed cases have been exceeded over 1.8 million with a death toll above 1.10 million as of
April 12, 2020 [24]. Every day, the number of new cases is increasing exponentially, and
expectedly the number of deaths will increase proportionally. Current trend warns us about
entering a phase beyond the containment of the disease. These circumstances are pushing the
global scientific community high to find out a suitable drug that can be used for the treatment of
COVID-19 patients. The discovery of a new drug is a lengthy process. Thus, there is an urgency
for repurposing or reprofiling of drugs. Being able to repurpose or reprofile molecules, either
already been approved or tested for human safety, would cut down a significant amount of time
than the drug discovery process. Identifying existing molecules suitable for the treatment of

COVID-19 will lead to immediate clinical trials and subsequent treatment for the patients.

A virtual screening method for finding potential molecules as a drug candidate for particular
diseases or pathogens is reliable, time-saving, and cost-effective [25]. Thus, virtual screening
method is widely in practice throughout pharmaceutical industries. The molecular docking
approach of Computational biology is a powerful tool for screening out the effective drug
candidates and has a wide variety of applications in drug discovery and repurposing. Thus, it could
be used for repurposing molecules for the treatment of COVID-19. Besides, Computational
biology could assist in the field of structural biology, lead molecule optimization, screening out
the potential drug candidates, studying the drug surface binding pattern, providing hypothesis to
x-ray crystallography to study the substrates and inhibitors, the establishment of a combinatorial

library and so on design [26,27].
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Repurposing approved drugs against the COVID-2019 epidemic has several advantages, which
can help to identify treatment options rapidly [28]. However, three months into the COVID-19
pandemic, but as of now, it is not quite clear about antiviral drugs that could combat the SARS-
CoV-2 virus. Worldwide, scientists are racing to find out effective drugs by continuing many
studies. Developing a novel drug within a short time against an emerging infectious disease is a
time-bound challenge. So, it would be better to rely on a method of repurposing of existing drugs
against COVID-19. Here, the current study focuses on the screening of existing main protease
inhibitors and their derivatives, including the study of drug-surface hotspots of SARS-CoV-2, by

using drug repurposing and computational approaches.

Materials and Methods
Retrieval of main protease proteins (MPP) and MPP inhibitors

The Main Protease Proteins (MPP) structure of SARS-Cov-2 (PDB ID: 6LU7 and PDB ID: 6Y2E)
and HCV (PDB ID: 2P59) were retrieved from the genomic information of NCBI and RCSB
Protein Data Bank [29,30]. Moreover, the approved MPP inhibitors against HIV and HCV were
prioritized for the study. The PDB format for the approved Main Protease Protein (MPP) inhibitors
was retrieved from the DrugBank database of NCBI (Supplementary Table 1). Furthermore, the
derivatives molecules of topmost screened MPP inhibitors were collected from the NCBI
PubChem database (Supplementary Table 2). Moreover, hydroxychloroquine (DrugBank ID:
DB01611), favipiravir (DrugBank ID: DB12466), remdesivir (DrugBank ID: DB14761) and
alpha-ketoamide (DrugBank ID: CID 6482451) were also retrieved from the NCBI DrugBank

database.

Screening of MPP inhibitors against the MPP of SARS-CoV-2

AutoDock Vina software was used for molecular docking experiments, which is now being widely
used for screening out the effective therapeutics against the specific drug target of deadly
pathogens [30-32]. Prior to molecular docking, the crystal structure of MPP retrieved from protein

data bank (PDB ID: 6LU7) was cleaned up by using PyMOL [33] as it was in a complex structure
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with an inhibitor. After the removal of unwanted molecules such as water, ions, and inhibitor from
the MPP of SARS-CoV-2, it was exposed to 16 approved MPP inhibitors for analyzing the lowest
binding energy and interactive amino acids. Moreover, 100 derivatives of top MPP inhibitor
candidates found from the initial docking experiment were also exposed to the MPP of SARS-
CoV-2 to find out the top one for the treatment of COVID-19. Moreover, Paritaprevir and its top
derivatives (CID 131982844) were also exposed to molecular docking with the MPP of HCV (ID:
2P59) and another MPP of SARS-CoV-2 (PDB ID: 6Y2E) suggested by Linlin Zhang et al. 2020
[27]. The grid box parameters were set to a size of 60 A° x 70 A° x 62 A° (X x y x z) and center
0f -26.289 A° x 13.666 A° x 58.965 A° (x x y x z). Furthermore, another newly released crystal
structure of SARS-CoV-2 MPP (PDB ID: 6Y2E) was also used to double check the docking results
with the experimental data. The grid box parameters were set to a size of 45 A° x 66 A° x 62 A°
(x x y x z) and center of -16.520 A° x -26.112 A° x 17.524 A° (x x y x z) for ‘PDB ID: 6Y2E’.
LigPlot+ was used to generate the 2D ligand-protein interaction diagrams and to find out the
involved amino acids with their interactive position in the docked molecules [34]. Discovery
Studio and PyMOL were used to visualize and analyze the ligand molecule interactions with the

viral proteins [33,35].

Structural insights of drug surface hotspot in the MPP of SARS-CoV-2

To determine the drug surface hotspot of SARS-CoV-2 main proteasese protein, the docked
structures of MPP with the topmost MPP inhibitors were analyzed by LigPlot+, Discovery Studio
and PyMOL. The alpha-ketoamide inhibitor, recently suggested by a Linlin Zhang research group
for the treatment of COVID-19, was taken as the positive control [36,37]. The molecular docking
approach was employed for the study of the binding pattern of a-ketoamide, hydroxychloroquine,
favipiravir and remdesivir with the MPP of SARS-CoV-2, and the results enabled a comparative

structural analysis of screened MPP inhibitors and their derivatives.

ADME Analysis of Top Drug Candidates

To assess the absorption, distribution, metabolism, and excretion (ADME) properties of the

topmost candidates for the MPP inhibitors the Swiss ADME portal was used.
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[38]. The Swiss ADME portal is an online platform that is being used successfully to evaluate the
pharmacokinetics, drug-likeness, and medicinal chemistry friendliness of possible drug candidates
[39]. The study checked out the physico-chemical parameters (formula molecular weight, molar
refractivity, TPSA), lipophilicity (Log Po/w (iLOGP), Log Po/w (XLOGP3), Log Po/w
(WLOGP), Log Po/w (MLOGP), Log Po/w, (SILICOS-IT), Consensus Log Po/w), and water
solubility (Log S: SILICOS-IT, solubility) of the screened topmost MPP inhibitors and their
derivatives. To study the drug interaction with the cytochromes P450 (CYP) is one of the crucial
in drug discovery that is why the screened MPP inhibitors were employed to study the inhibition
effect of different CYP isoforms (CYP1A2 inhibitor, CYP2C19 inhibitor, CYP2C9 inhibitor,
CYP2D6 inhibitor, CYP3A4 inhibitor). However, other relevant pharmacokinetic parameters,
such as gastrointestinal (GI) absorption, BBB (blood-brain barrier) permeant, and P-gp substrate,

were also investigated for putative drug candidate of main protease proteins.

Results
Screening of MPP inhibitors against the MPP of SARS-CoV-2

All of the retrieved PDB structures of approved MPP inhibitors were prepared and optimized for
allowing the molecular docking experiment (Supplementary Table 1). Widely used common MPP

inhibitors of HCV and HIV (https://www.drugs.com/drug-class/protease-inhibitors.html) were

prioritized in the study [40]. There were seven HIV MPP inhibitors (amprenavir, ritonavir,
nelfinavir, indinavir, darunavir, fosamprenavir, saquinavir) and six HCV inhibitors (paritaprevir,
grazoprevir, glecaprevir, simeprevir, telaprevir, boceprevir) including ssunaprevir, atazanavir, and
lopinavir. All of these MPP inhibitors were employed for molecular docking, and the scoring
function of AutoDock Vina was utilized to predict the interaction between the above mentioned
ligands and the MPP of SARS-CoV-2 (PDB ID: 6LU7). The paritaprevir, an HCV MPP inhibitor,
was found to have the highest negative binding energy (-10.9 kcal/mol) when interacting with the
MPP of SARS-CoV-2 (Table 1A and Figure 1]. Moreover, glecaprevir (-9.3 kcal/mol), nelfinavir
(-8.7 kcal/mol), simeprevir (-8.6 kcal/mol), lopinavir (-8.4 kcal/mol) were also found to be the
topmost MPP inhibitors with a high binding affinity (Table 1A). The molecular docking result of
all retrieved MPP inhibitors against the MPP of SARS-CoV-2 are listed in Supplementary Table
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3. Furthermore, the derivatives of Paritaprevir were allowed to similar molecular docking studies.
The top derivative of Paritaprevir “(3S,9Z,12R,15S,17R)-N-cyclopropylsulfonyl-12-methyl-3-
[(5-methylpyrazine-2-carbonyl)amino]-2,14-dioxo-17 phenanthridin-6-yloxy-1,13-
diazabicyclo[13.3.0]octadec-9-ene-12-carboxamide” (CID 131982844) demonstrated highest
binding interaction ( -16.3 kcal/mol) with the MPP of SARS-CoV-2 which was better than
Paritaprevir (Table 1B, Figure 2 and Figure 3). Approximately 98% of the structural analogs of
paritaprevir interacting with the MPP of SARS-CoV-2 showed a higher negative binding energy
(>-10 kcal/mol) than that of paritaprevir interacting with the MPP of SARS-CoV-2
(Supplementary Table 4) Moreover, paritaprevir and its top derivatives (CID 131982844) were
also exposed to molecular docking with the MPP of HCV (ID: 2P59) and another MPP of SARS-
CoV-2 (PDB ID: 6Y2E). The results are given in Table 2. It was found that paritaprevir showed a
similar binding pattern as that of the MPP of HCV (-8.4 kcal/mol) and the MPP of SARS-CoV-2
(PDB ID: 6Y2E, -8.4 kcal/mol), as indicated by the previous molecular binding results found for
the paritaprevir interaction with the MPP of SARS-CoV-2 (PDB ID: 6LU7). Similar results were
also observed in the case of CID 131982844 interactions with the MPP of HCV (-8.4 kcal/mol)
and MPP of SARS-CoV-2 (PDB ID: 6Y2E and -8.4 kcal/mol). In addition, alpha-ketoamide (CID
6482451), which has been suggested as an MPP inhibitor based on laboratory experiments, was
also exposed to the MPP of SARS-CoV-2 (PDB ID: 6Y2E) as a positive control. The results
showed that the binding energy and interaction pattern of alpha-ketoamide (-8.4 kcal/mol) with
the MPP of SARS-CoV-2 (Figure 3) was similar to those of paritaprevir and its top derivatives
(CID 131982844). In addition, hydroxychloroquine (DB01611), favipiravir (DB12466), and
remdesivir (ID: DB14761) were employed for docking analysis of the MPP of SARS-CoV-2.
Remdesivir showed the highest negative binding energy (-7.4 kcal/mol) compared to that of
hydroxychloroquine (-5.0 kcal/mol) and favipiravir (-4.7 kcal/mol), but these values were lower
than those of the MMP inhibitors (paritaprevir (-10.9 kcal/mol) and its derivative (-16.3 kcal/mol)
found in the present study (Table 2 and Figure 4).

Structural insights of drug surface hotspot in the MPP of SARS-CoV-2

To determine the common interactive sites of MPP in SARS-CoV-2, the molecular docking pattern

and involved amino acid residues with their respective position were analyzed. The molecular
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docking study results of MPP inhibitors, derivatives and the control group with the MPP of SARS-
CoV-2 and HCV were closely investigated to determine the common drug-surface hotspots.. From
the molecular docking study, the five approved MPP inhibitors (paritaprevir, glecaprevir,
nelfinavir, simeprevir and lopinavir) were screened for the best ligand molecules bound with the
MPP of SARS-CoV-2 (Supplementary Table 1). As with the general screen, the derivatives of
paritaprevir were also screened, and the 10 topmost paritaprevir derivative interaction patterns
were also analyzed to understand the common drug-surface hotspots on the MPP of SARS-CoV-
2 (Table 1B). Here, Paritaprevir was found to be involved with the amino acid of R131, K137,
T169, A194, T196, D197, K236, Y237, N238, L286, L287 and D289 in the MPP (PDB ID 6LU7)
of SARS-CoV-2 (Figure 1). The position of N238, L286, and L287 were also crucial for the
binding of MPP inhibitors simeprevir (K5, Q12, K137, T199, N238, L272, L286, L287, D289)
and glecaprevir (T199, K236, Y237, L271, G275, M276, N277, G278, L286, L287) (Table 1A).
Most relevant results of binding with MPP were found in the case of nelfinavir. There were 13
amino acid positions (T25, T26, H41, M49, F140, L141, N142, H163, H164, E166, D187, R188,
Q189) in the docking site of nelfinavir which positions were also abundantly found in the most of
paritaprevir derivatives (Figure 2). Moreover, alpha-ketoamide inhibitors, reported for the
inhibition of MPP by lab experiment, was also employed for the interaction study with the MPP
(PDB ID: 6LU7) of SARS-CoV-2 (Figure 3). Most surprisingly, amino acids, such as T25, L27,
H41, M49, F140, N142, C145, H163, H164, pl M165, E166, H172, R188 and Q189, were found
to have critical positions in the alpha-ketoamide inhibitor interactions with MPP, and these amino
acids were also found in nelfinavir and derivatives of paritaprevir. Again, another MPP structure
(PDB ID: 6Y2E), reported for alpha-ketoamide inhibitors were also docked with the topmost MPP
inhibitors found from the present study, and the lopinavir were found the similar binding pattern
with both structures of MPP of SARS-CoV-2 what found from paritaprevir (Table 1B and Table
2). Besides, Binding pattern of remdesivir (T25, T26, H41, M49, L141, N142, G143, C145, H164,
M165, E166, D187, R188, Q189) with the MPP of SARS-CoV-2 (Figure 4) was highly similar
with the binding interaction of Nelfinavir (T25, T26, H41, M49, F140, L141, N142, H163, H164,
E166, D187, R188, Q189), alpha-ketoamide (T25, L27, H41, M49, F140, N142, C145, H163,
H164, M165, E166, H172, R188, Q189) and all of the topmost derivatives of paritaprevir (T25,
T26, L27, H41, M49, F140, L141, N142, G143, C145, H164, M165, E166, D187, Q189). The

binding patterns from MPP inhibitors, derivatives and experimentally suggested molecules
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indicates that that T25, T26, H41, M49, L141, N142, G143, C145, H164, M165, E166, D187,
R188 and Q189 could be the critical amino acid positions for drug surface hotspot in the MPP of
SARS-CoV-2 (Figure 5).

ADME Analysis of Top Drug Candidates

The physico-chemical parameters, lipophilicity, pharmacokinetics properties and water solubility
were studied for the topmost putative MPP inhibitors (paritaprevir, glecaprevir, nelfinavir,
simeprevir, and lopinavir) and the derivatives of Paritaprevir (Table 3 and Supplementary Table
5). Formula, molecular weight, molar refractivity and TPSA were determained. Lipophilicity,
partition coefficient between n-octanol and water (log Po/w) were also calculated by using five
commonly freely available predictive models (XLOGP3, WLOGP, MLOGP, SILICOS-IT,
ILOGP) [41]. The result of the drug interaction with the cytochrome P450 (CYP) indicates that
only paritaprevir had an inhibitory effect on CYP3A4, while glecaprevir had no interaction with
the cytochromes P450 (CYP) isoforms. Moreover, cytochrome CYP1A2, CYP2C9 and CYP2D6
had no interaction with the top putative MPP inhibitors. Also, there was no interaction possibility
of the top paritaprevir derivatives with the cytochrome CYP1A2, CYP2C19, CYP2C9, and
CYP2D6 (Supplementary Table 5). However, Gl absorption was found lower in case of
paritaprevir, glecaprevir, nelfinavir and simeprevir and the top paritaprevir derivatives. The blood-
brain barrier (BBB) permeation was also calculated by BOILED-Egg models [42], and there was
no BBB permeant among putative MPP inhibitors and paritaprevir derivatives. The study revealed
the water solubility levels of paritaprevir (1.38e-07 mg/ml; 1.81e-10 mol/l), glecaprevir (9.22e-06
mg/ml; 1.10e-08 mol/l), nelfinavir (3.11e-05 mg/ml; 5.48e-08 mol/l), simeprevir (1.21e-06 mg/ml,;
1.61e-09 mol/l) and lopinavir (5.57e-08 mg/ml; 8.85e-11 mol/l). In addition, the top ten derivatives
of paritaprevir were also subjected to ADME analysis, and the details of the analysis are included

in Supplementary Table 5.

Discussion

The newly emerged coronavirus has created a global health crisis. The pandemic has already

broken previous records set by other types of coronaviruses, such as SARS and MERS. The present
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study aimed to screen and suggest potential drug candidates against SARS-CoV to combat the
global pandemic of COVID-19. The study suggested that paritaprevir, glecaprevir, nelfinavir,
simeprevir and lopinavir along with their top derivatives may be effective against SARS-CoV-2,
and these molecules also had the common drug-surface hotspots on the main protease protein of
SARS-CoV-2.

COVID-19 has become a great challenge for international policymakers and scientific
communities [43,44]. SARS-CoV-2 virus is spreading around the world, and pandemic attitude
has established. The morbidity is increasing, and hospitals are running out of capacity to handle
critical cases. However, there is no drug to kill the virus or vaccine to protect it. The present study
aimed to screen and suggest potential drug candidates against SARS-CoV to combat the global
pandemic of COVID-19. The study suggested that paritaprevir, glecaprevir, nelfinavir, simeprevir
and lopinavir along with their top derivatives, may be effective against SARS-CoV-2, and these
molecules also had the common drug-surface hotspots on the main protease protein of SARS-
CoV-2.

Though there are numerous research and ongoing discussions on the efficacy of different drug
candidates — namely, hydroxychloroquine, favipiravir, remdesivir, and alpha-ketoamide [45,46].
Virtual screening for drug repurposing is becoming vital for finding drugs that could be used for
the treatment of COVID-19. Thus, we have taken endeavor to screen drugs been approved and
indicated for the treatment of other viral diseases. In the present study, the Main Protease
Protein(MPP) of HIV and HCV were prioritized to check out the efficacy of MPP inhibitors of
SARS-CoV-2, as those MPP inhibitors have already showed effective notions against different
viral pathogens [47,48]. Here, drug repurposing with the molecular docking approach was
employed for the comprehensive screening and analysis of the putative drug candidates against the
SARS-CoV-2. Moreover, to determine the common drug surface hotspot in the MPP of SARS-
CoV-2, different recently studied MPP inhibitors of SARS-CoV-2, such as alpha-ketoamide,
hydroxychloroquine, remdesivir and favipiravir [49-51] were also investigated with the approved

MPP inhibitors and their derivatives.
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From the analysis of molecular docking studies, it was found that paritaprevir, glecaprevir,
nelfinavir, simeprevir and lopinavir could be potential main protease protein inhibitors of SARS-
CoV-2, where lopinavir has been previously reported by different studies for the treatment of
COVID-19 [52]. Paritaprevir [53], Glecaprevir [54], Nelfinavir [55], and Simeprevir [56] had
already been approved for the treatment of HIV or HCV [57], and the results of this study indicate
that those could be the potential drug candidate of SARS-CoV-2 than Lopinavir. Again, the present
study also investigated the binding pattern of the screened MPP inhibitors along with few
experimentally trailed or suggested drug molecules such as alpha-ketoamide, hydroxychloroquine,
favipiravir, and remdesivir with MPP of SARS-CoV-2. Surprisingly, the screened MPP inhibitors
had similar, and in some cases, higher binding affinity with the main protease protein of SARS-
CoV-2. Approximately 100 derivatives of paritaprevir were also investigated through its
molecular docking with SARS-CoV-2, and one of the paritaprevir derivatives
“(3S,9Z,12R,158S,17R)-N-cyclopropylsulfonyl-12-methyl-3-[(5-methyl pyrazine-2-
carbonyl)amino]-2,14-dioxo-17 phenanthridin-6-yloxy-1,13-diazabicyclo [13.3.0]octadec-9-ene-
12-carboxamide (CID 131982844)”> was found to have the highest binding affinity in terms of
global energy than already approved MPP inhibitors for the treatment of COVID-19. This
paritaprevir derivative (CID 131982844) could be the better-dug candidate for the inhibition of
MPP of SARS-CoV-2. The docking algorithm search for potential energy algorithm and rank

binding affinity of molecules based on global energy minimum [58].

The study of drug surface hotspot is the pre-requisite for understanding the molecular interaction
between drug candidates and target molecules [59,60]. It has been revealed that the molecular
binding site of nelfinavir, remdesivir, alpha-kemoamide, and all of the paritaprevir derivatives had
a similar pattern that may indicate drug surface hotspot in the MPP of SARS-CoV-2. Some of
these positions were also found common in the paritaprevir, glecaprevir, simeprevir, and lopinavir.
The investigation suggested that amino acids T25, T26, H41, M49, L141, N142, G143, C145,
H164, M165, E166, D187, R188 and Q189 in the MPP could effectively interact with the drug

molecules.

Top screened drug candidates from MPP inhibitors and their derivatives were also employed for

ADME analysis. Physico-chemical parameters, lipophilicity, pharmacokinetics properties, and
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water solubility were studied, which contributes to the analysis of ADME properties. The study of
cytochromes P450 (CYP) isoforms inhibition concluded that the suggested MPP inhibitors and
paritaprevir derivatives had fewer possibilities to interact with cytochromes P450 (CYP) isoforms.
Blood-brain barrier (BBB) permeation and water solubility of putative MPP inhibitors were also
calculated. There was no BBB permeant in the screened MPP inhibitors and paritaprevir

derivatives.

The results provided in the present study suggest that paritaprevir and its' analog (CID 131982844)
could be a promising option for treating SARS-CoV-2, than already approved other MPP inhibitors
like favipiravir and remdesivir. The results of this current study are limited to in-silico analysis
and lack of in-vivo efficacy testing. At present, multiple MPP inhibitors like favipiravir and
remdesivir and other drugs are currently under evaluation through randomized control trials. Thus,
we strongly suggest a quick assessment of paritaprevir and its' analog (CID 131982844), through
a clinical trial, as a potential candidate for the treatment of COVID-19 patients.
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Figure 2: Molecular insights of Main Protease Protein interactions with (A) Nelfinavir and top
(B) Paritaprevir derivative.
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Figure 3: Structural overview of molecular interaction of (A) Alpha-ketoamide and top (B)
Paritaprevir derivative with Main Protease Protein of SARS-CoV-2.
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Table 1 (A): Molecular docking results of top five MPP inhibitors including interactive amino acids from
SARS-CoV-2 MPP.

Drug Name Binding Energy Involved Amino Acid with Position
( kcal/mol)
Paritaprevir -10.9 R131, K137, T169, A194, T196, D197, K236, Y237, N238, L286, L 287, D289
Glecaprevir 9.3 T199, K236, Y237, L271, G275, M276, N277, G278, 286, L287
Nelfinavir 8.7 T25, T26, H41, M49, F140, L141, N142, S144, H163, H164, M165, E166, D187, R188, Q189
Simeprevir 8.6 K5, Q12, K137, T199, N238, L272, L286, L287, D289
Lopinavir -84 Q107, Q110, V202, E240, P241, T243, H246, 1249, P293, F294

Table 1 (B): Molecular docking results of top ten Paritaprevir derivatives including interactive amino acids from
SARS-CoV-2 MPP.

PubC_hem ID. of c Binding Involved Amino Acids
Paritaprevir IUPAC Name Energy . .
derivatives (kcal/mol) with Positions
(3S,92,12R,15S,17R)-N-cyclopropylsulfonyl-12-methyl-
CID 3-[(5-methylpyrazine-2-carbonyl)amino]-2,14-dioxo-17- 163 Eng %112‘% |_||3116847’ l\éigg
131982844 phenanthridin-6-yloxy-1,13-diazabicyclo[13.3.0]octadec- ' ' ' ' '
; Q189
9-ene-12-carboxamide
(1S,4R,6S,7Z,14S,18R)-N-cyclopropylsulfonyl-18-(3,9- T25,T26, L27, H41, M49,
CID difluorophenanthridin-6-yl)oxy-14-[(1-methylpyrazole-4- 161 F140, L141, N142, G143,
117860584 carbonyl)amino]-2,15-dioxo-3,16- ' C145, H164, M165, E166,
diazatricyclo[14.3.0.04,6]Jnonadec-7-ene-4-carboxamide D187, Q189
(4S,6R,10S,162Z)-N-cyclopropylsulfonyl-10-[(5- T26, H41, M49, , F140,
CID methylpyrazine-2-carbonyl)amino]-3,9-dioxo-6- 161 L141, N142, C145,H163,
144881776 phenanthridin-6-yloxy-2,8-diazatricyclo[15.2.1.04,8]icos- ' H164, M165, E166, R188,
16-ene-1-carboxamide Q189
(4S,6R,10S,16Z)-N-cyclopropylsulfonyl-10-[(5-
CID methylpyrazine-2-carbonyl)amino]-3,9-dioxo-6- Hal, M43, , F140, L141,
g . : . -16 N142, C145,H163, H164,
144881777 phenanthridin-6-yloxy-2,8-diazatricyclo[15.2.1.04,8]icos-
; M165, E166, R188, Q189
16-ene-1-carboxamide
(1R,4S,6R,10S,162Z)-N-cyclopropylsulfonyl-10-[(5- T26, L27, HA1, M49, Y54,
CID methylpyrazine-2-carbonyl)amino]-3,9-dioxo-6- 155 F140, L141, N142, G143,
89997958 phenanthridin-6-yloxy-2,8-diazatricyclo[15.2.1.04,8]icos- ' C145, H164, M165, E166,
16-ene-1-carboxamide D187, Q189
(1S,4R,6S,7Z,14S,18R)-N-cyclopropylsulfonyl-14-[(5-
cID methylpyrazine-2-carbonyl)amino]-2,15-dioxo-18- T25, H41, M49, F140, N142,
90479564 phenanthridin-6-yloxy-3,16- -15.2 C145, H163, H165, E166,
diazatricyclo[14.3.0.04,6]nonadec-7-ene-4- P168, R188, Q189, T190
carboxamide;dihydrate
(1S,4R,6S,7Z,14S)-N-cyclopropylsulfonyl-14-[ (5-
CID methylpyrazine-2-carbonyl)amino]-2,15-dioxo-18- T25, L27, Hal, M43, F140,
g -15.2 N142, C145, M165, E166,
117930281 phenanthridin-6-yloxy-3,16- P168, R188, Q189. T190
diazatricyclo[14.3.0.04,6]Jnonadec-7-ene-4-carboxamide ' ' '
(1S,4R,7Z,14S,18R)-N-cyclopropylsulfonyl-14-[(5-
CID methylpyrazine-2-carbonyl)amino]-2,15-dioxo-18- T25, L27, Hal, M43, F140,
g -15.2 N142, C145, M165, E166,
126760198 phenanthridin-6-yloxy-3,16- P168, R188, Q189. T190
diazatricyclo[14.3.0.04,6]Jnonadec-7-ene-4-carboxamide ' ' '
(1S,6S,7Z,14S,18R)-N-cyclopropylsulfonyl-14-[ (5-
CID methylpyrazine-2-carbonyl)amino]-2,15-dioxo-18- T25, Hal, M49, F140, N142,
g -15.2 C145, H163, M165, E1686,
130368695 phenanthridin-6-yloxy-3,16- P168, R188, Q189. T190
diazatricyclo[14.3.0.04,6]nonadec-7-ene-4-carboxamide ' ' '
(1R,4S,6R,7Z,14R,18S)-N-cyclopropylsulfonyl-14-[(5-
CID methylpyrazine-2-carbonyl)amino]-2,15-dioxo-18- 15.2 Téi4g4ﬁlgﬂ349MiégOETégz
129606829 phenanthridin-6-yloxy-3,16- ' . ' ' '

diazatricyclo[14.3.0.04,6]nonadec-7-ene-4-carboxamide

P168, R188, Q189, T190




Table 2: Molecular

docking study of Hydroxychloroquine,

Favipiravir, Remdesivir,

alpha-ketoamide and MPP Inhibitors with MPPs of SARS-CoV-2 and HCV.

(PDB ID: 2P59)

Molecular
Ligand Candidates Main Pro_tease Binding Involved Am_lr_m Acids with
Protein Energy Positions
(kcal/mol)
T25, L27, H41, M49, F140, N142,
alpha-ketoamide (pSDA;S[;-Cg\L/[JZ?) 144 | C145, H163, H164,pl M165, E166,
' H172,R188, Q189
HvdroxyChioroquine SARS-CoV-2 50 | T198,T199, Y236, Y239, L271,
yaroxy a (PDB ID: 6LU7) ' L272, L286, L287
Caviviravir SARS-CoV-2 47 | L141,N142, G143, 5144, C145,
P (PDB ID: 6LU7) ' M165, E166
T25, T26, H41, M49, L141, N142,
Remdesivir (PSDA;S[')CFE\L/[JZ?) 7.8 | G143, C145, H164, M165, E166,
' D187, R188, Q189
Daritarevit SARS-CoV-2 100 | K102, V104, Q107, Q110, N151,
P (PDB ID: 6Y2E) ' 1152, D153, S158, T292, F294
ey V26, K34, A1033, Q1035, R1037,
Paritaprevir -10.6 | L1039, C1042, S1063, R1135,

H1136, S1159




Table 3: ADME analysis of top five MPP inhibitors by using SwissADME.

Topmost Main Protease Protein Inhibitors of SARS-CoV-2

Parameter ) ] ) o ) ) o
Paritaprevir Glecaprevir Nelfinavir Simeprevir Lopinavir
Formula C40H43N707 | C38H46F4AN6 | C32H45N30 | C38H47N50 | C37H48N4
S 09S 4S 7S2 05
chemical Molecular weight 765.88 g/mol 838.87 g/mol | 567.78 g/mol | 749.94 g/mol g/rﬁol
parameters —
Molar Refractivity 211.96 205.91 166.17 208.52 187.92
TPSA 198.03 A2 203.60 A2 127.20 A2 193.51 A2 120.00 A2
Log Pow (iILOGP) 3.34 3.71 4.24 4.3 4.22
Log Pow (XLOGP3) 4.65 4.55 5.67 4.81 5.92
Log Pow (WLOGP) 3.89 5.69 4.37 5,51 3.57
Lipophilicity
Log Pow (MLOGP) 0.88 1.32 3.2 1.48 2.93
Log Pow (SILICOS-IT) 2.28 2.42 4.56 4.89 6.02
Consensus Log Pow 3.01 3.54 441 4.2 4.53
Gl absorption Low Low Low Low High
BBB permeant No No No No No
P-gp substrate Yes Yes Yes Yes Yes
CYP1A2 inhibitor No No No No No
Pharmaco- CYP2C19 inhibitor No No Yes No Yes
kinetics CYP2C9 inhibitor No No No No No
CYP2D6 inhibitor No No No No No
CYP3A4 inhibitor Yes No Yes Yes Yes
. Log K, . -7.67 cm/s -8.19 cm/s -5.74 cmls -7.46 cml/s -5.93 cm/s
(skin permeation)
Log S (SILICOS-IT) -9.74 -7.96 -7.26 -8.79 -10.05
wat oo | ozmecs | el | 1Ee0 [sol
. Solubility mg/ml ; 1.81e- | mg/ml ; 1.10e- : : '
Solubility 10 mol/l 08 mol/l 5.48e-08 1.61e-09 8.85e-11
mol/l mol/l mol/l




Supplementary Tables

Supplementary Table 1: List of all approved Main Protease Protein (MPP) inhibitors retrieved
from the DrugBank of NCBI

MPP inhibitors DrugBank ID Group Description
Amprenavir DB00701 Approved, Investigational | HIV protease inhibitor
Approved,
Asunaprevir DB11586 Investigational, NS3 protease inhibitor
Withdrawn
Atazanavir DB01072 Approved, Investigational antlretri(r)]\élirbailté)rrotease
. . I HCV NS3/4A
Paritaprevir DB09297 Approved, Investigational orotease inhibitor
. HCV NS3/4A
Grazoprevir DB11575 Approved orotease inhibitor
Glecaprevir DB13879 Approved, Investigational HCV N_83{4A
protease inhibitor
Ritonavir DB00503 Approved, Investigational | HIV protease inhibitor
Nelfinavir DB00220 Approved HIV-1 protease
inhibitor
. antiretroviral protease
Lopinavir DB01601 Approved inhibitor
. . HCV NS3/4A
Simeprevir DB06290 Approved orotease inhibitor
Telaprevir DB05521 Approved, Withdrawn HCV N.83{4A
protease inhibitor
Indinavir DB00224 Approved specmp HIV protease
inhibitor
Darunavir DB01264 Approved HIV protease inhibitor
Fosamprenavir DB01319 Approved HIV protease inhibitor
Saquinavir DB01232 Approved, Investigational | HIV protease inhibitor
Boceprevir DB08873 Approved, Withdrawn HCV N.53{4'.A‘
protease inhibitor




Supplementary Table 2: List of the derivatives of Paritaprevir retrieved from NCBI.

PubChem ID

IUPAC Name

CID 131982844

(3S,92,12R,15S,17R)-N-cyclopropylsulfonyl-12-methyl-3-[(5-methylpyrazine-
2-carbonyl)amino]-2,14-dioxo-17-phenanthridin-6-yloxy-1,13-
diazabicyclo[13.3.0]octadec-9-ene-12-carboxamide

CID 117860584

(1S,4R,6S,7Z,14S,18R)-N-cyclopropylsulfonyl-18-(3,9-difluorophenanthridin-
6-yl)oxy-14-[(1-methylpyrazole-4-carbonyl)amino]-2,15-dioxo-3,16-
diazatricyclo[14.3.0.04,6]nonadec-7-ene-4-carboxamide

CID 144881776

(4S,6R,10S,16Z)-N-cyclopropylsulfonyl-10-[(5-methylpyrazine-2-
carbonyl)amino]-3,9-dioxo-6-phenanthridin-6-yloxy-2,8-
diazatricyclo[15.2.1.04,8]icos-16-ene-1-carboxamide

CID 144881777

(4S,6R,10S,16Z)-N-cyclopropylsulfonyl-10-[(5-methylpyrazine-2-
carbonyl)amino]-3,9-dioxo-6-phenanthridin-6-yloxy-2,8-
diazatricyclo[15.2.1.04,8]icos-16-ene-1-carboxamide

CID 89997958

(1R,4S,6R,10S,16Z)-N-cyclopropylsulfonyl-10-[(5-methylpyrazine-2-
carbonyl)amino]-3,9-dioxo-6-phenanthridin-6-yloxy-2,8-

diazatricyclo[15.2.1.04,8]icos-16-ene-1-carboxamide

CID 90479564

(1S,4R,6S,7Z,14S,18R)-N-cyclopropylsulfonyl-14-[(5-methylpyrazine-2-
carbonyl)amino]-2,15-dioxo-18-phenanthridin-6-yloxy-3,16-
diazatricyclo[14.3.0.04,6]nonadec-7-ene-4-carboxamide;dihydrate

CID 117930281

(1S,4R,6S,7Z,14S)-N-cyclopropylsulfonyl-14-[(5-methylpyrazine-2-
carbonyl)amino]-2,15-dioxo-18-phenanthridin-6-yloxy-3,16-

diazatricyclo[14.3.0.04,6]nonadec-7-ene-4-carboxamide

CID 126760198

(1S,4R,7Z,14S,18R)-N-cyclopropylsulfonyl-14-[(5-methylpyrazine-2-
carbonyl)amino]-2,15-dioxo-18-phenanthridin-6-yloxy-3,16-

diazatricyclo[14.3.0.04,6]nonadec-7-ene-4-carboxamide

CID 130368695

(1S,6S,7Z,14S,18R)-N-cyclopropylsulfonyl-14-[(5-methylpyrazine-2-
carbonyl)amino]-2,15-dioxo-18-phenanthridin-6-yloxy-3,16-

diazatricyclo[14.3.0.04,6]nonadec-7-ene-4-carboxamide




CID 129606829

(1R,4S,6R,7Z,14R,18S)-N-cyclopropylsulfonyl-14-[(5-methylpyrazine-2-
carbonyl)amino]-2,15-dioxo-18-phenanthridin-6-yloxy-3,16-

diazatricyclo[14.3.0.04,6]nonadec-7-ene-4-carboxamide

CID 134503655

(1S,4R,7Z,14S)-N-cyclopropylsulfonyl-14-[(5-methylpyrazine-2-
carbonyl)amino]-2,15-dioxo-18-phenanthridin-6-yloxy-3,16-
diazatricyclo[14.3.0.04,6]nonadec-7-ene-4-carboxamide

CID 91971755

(1S,4R,6S,7Z,14S,18R)-14-[(5-methylpyrazine-2-carbonyl)amino]-2,15-dioxo-
18-phenanthridin-6-yloxy-N-(2,2,3,3-tetradeuteriocyclopropyl)sulfonyl-3,16-
diazatricyclo[14.3.0.04,6]nonadec-7-ene-4-carboxamide

CID 129190351

(1S,4R,72,18R)-N-cyclopropylsulfonyl-14-[ (5-methylpyrazine-2-
carbonyl)amino]-2,15-dioxo-18-phenanthridin-6-yloxy-3,16-
diazatricyclo[14.3.0.0*®]nonadec-7-ene-4-carboxamide

CID 134689630

(7Z)-N-cyclopropylsulfonyl-14-[(5-methylpyrazine-2-carbonyl)amino]-2,15-
dioxo-18-phenanthridin-6-yloxy-3,16-diazatricyclo[14.3.0.0*¢]nonadec-7-ene-4-

carboxamide

CID 76528926

N-cyclopropylsulfonyl-8,8-difluoro-14-[(5-methylpyrazine-2-carbonyl)amino]-
2,15-dioxo-18-phenanthridin-6-yloxy-3,16-

diazatricyclo[14.3.0.0*®]nonadecane-4-carboxamide

CID 57415626

(1S,4R,6S,14S,18R)-N-cyclopropylsulfonyl-8,8-difluoro-14-[ (5-methylpyrazine-
2-carbonyl)amino]-2,15-dioxo-18-phenanthridin-6-yloxy-3,16-

diazatricyclo[14.3.0.0*®]nonadecane-4-carboxamide

CID 132247343

(3S,92,12R,15S,17R)-N-cyclopropylsulfonyl-11-methyl-3-[(5-methylpyrazine-2-
carbonyl)amino]-2,14-dioxo-17-phenanthridin-6-yloxy-1,13-

diazabicyclo[13.3.0]octadec-9-ene-12-carboxamide

CID 123539122

N-cyclopropylsulfonyl-9,9-difluoro-12-methyl-3-[(5-methylpyrazine-2-
carbonyl)amino]-2,14-dioxo-17-phenanthridin-6-yloxy-1,13-

diazabicyclo[13.3.0]octadecane-12-carboxamide

CID 68500653

(1S,4R,6S,14S,18R)-N-cyclopropylsulfonyl-14-[ (5-methylpyrazine-2-
carbonyl)amino]-2,15-dioxo-18-phenanthridin-6-yloxy-3,16-

diazatricyclo[14.3.0.0*%]nonadec-7-ene-4-carboxamide




CID 139266795

N-cyclopropylsulfonyl-14-[(5-methylpyrazine-2-carbonyl)amino]-2,15-dioxo-
18-phenanthridin-6-yloxy-3,16-diazatricyclo[14.3.0.0*®]nonadec-7-ene-4-

carboxamide;dihydrate

CID 140642412

(7Z)-N-cyclopropylsulfonyl-2,15-dioxo-18-phenanthridin-6-yloxy-14-(pyrazine-
2-carbonylamino)-3,16-diazatricyclo[14.3.0.0*5]nonadec-7-ene-4-carboxamide

CID 75093025

N-cyclopropylsulfonyl-14-[(5-methylpyrazine-2-carbonyl)amino]-2,15-dioxo-
18-phenanthridin-6-yloxy-3,16-diazatricyclo[14.3.0.0*]nonadec-7-ene-4-

carboxamide

CID 123207199

N-cyclopropylsulfonyl-14-[(5-methylpyrazine-2-carbonyl)amino]-2-oxo-18-
phenanthridin-6-yloxy-3,16-diazatricyclo[14.3.0.0*®]nonadec-7-ene-4-

carboxamide

CID 45110641

(1S,4R,6S,7Z,14S,18R)-N-cyclopropylsulfonyl-2,15-dioxo-18-phenanthridin-6-
yloxy-14-(pyridazine-4-carbonylamino)-3,16-diazatricyclo[14.3.0.0*¢]nonadec-

7-ene-4-carboxamide

CID 126970090

(1R,4R,6S,14S,18R)-N-cyclopropylsulfonyl-14-[(5-methylpyrazine-2-
carbonyl)amino]-2,15-dioxo-18-phenanthridin-6-yloxy-3,16-

diazatricyclo[14.3.0.0*®]nonadec-7-ene-4-carboxamide

CID 134693118

(1S,4R)-N-cyclopropylsulfonyl-14-[(5-methylpyrazine-2-carbonyl)amino]-2,15-
dioxo-18-phenanthridin-6-yloxy-3,16-diazatricyclo[14.3.0.0*¢]nonadec-7-ene-4-

carboxamide

CID 145142292

(1S,4R,82,15S,19R)-N-cyclopropylsulfonyl-15-[(5-methylpyrazine-2-
carbonyl)amino]-2,16-dioxo-19-phenanthridin-6-yloxy-3,17-

diazatricyclo[15.3.0.0*"]Jicosa-5,8-diene-4-carboxamide

CID 134322927

(3S,92,12R,15S,17R)-N-cyclopropylsulfonyl-11,12-dimethyl-3-[ (5-
methylpyrazine-2-carbonyl)amino]-2,14-dioxo-17-(phenanthridin-6-
yloxymethyl)-1,13-diazabicyclo[13.3.0]octadec-9-ene-12-carboxamide

CID 67985746

(1S,4R,7Z,18R)-N-cyclopropylsulfonyl-2,15-dioxo-18-phenanthridin-6-yloxy-
14-(pyrazine-2-carbonylamino)-3,16-diazatricyclo[14.3.0.0*%]nonadec-7-ene-4-

carboxamide




CID 68496388

(1S,4R,6S,14S,18R)-N-cyclopropylsulfonyl-2,15-dioxo-18-phenanthridin-6-
yloxy-14-(pyridazine-4-carbonylamino)-3,16-diazatricyclo[14.3.0.0*®]nonadec-

7-ene-4-carboxamide

CID 45110639

(1S,4R,6S,7Z,14S,18R)-N-cyclopropylsulfonyl-2,15-dioxo-18-phenanthridin-6-
yloxy-14-(pyrazine-2-carbonylamino)-3,16-diazatricyclo[14.3.0.0*¢]nonadec-7-

ene-4-carboxamide

CID 144678769

(1S,4S,72,14S,18R)-N-cyclopropylsulfonyl-5-methylidene-14-[(5-
methylpyrazine-2-carbonyl)amino]-2,15-dioxo-18-(phenanthridin-6-
yloxymethyl)-3,16-diazatricyclo[14.3.0.0*®]nonadec-7-ene-4-carboxamide

CID 68498031

(1S,4R,6R,7Z,14S,18R)-N-cyclopropylsulfonyl-14-[(5-methylpyrazine-2-
carbonyl)amino]-2,15-dioxo-18-phenanthridin-6-yloxy-3,16-
diazatricyclo[14.3.0.0*®]nonadec-7-ene-4-carboxamide

CID 132207185

(1S,4R,72,14S,18R)-N-cyclopropylsulfonyl-14-[(5-methylpyrazine-2-
carbonyl)amino]-2,15-dioxo-18-(phenanthridin-6-yloxymethyl)-3,16-

diazatricyclo[14.3.0.0*®]nonadec-7-ene-4-carboxamide

CID 123457581

N-cyclopropylsulfonyl-8,8-difluoro-5-methyl-14-[(5-methylpyrazine-2-
carbonyl)amino]-2,15-dioxo-18-phenanthridin-6-yloxy-3,16-

diazatricyclo[14.3.0.0*®]nonadecane-4-carboxamide

CID 68494543

N-ethylethanamine;(1S,4R,6S,7Z,14S,18R)-14-[(5-methylpyrazine-2-
carbonyl)amino]-2,15-dioxo-18-phenanthridin-6-yloxy-3,16-

diazatricyclo[14.3.0.0*%]nonadec-7-ene-4-carboxylic acid

CID 68494548

(1S,4R,6S,14S,18R)-14-[(5-methylpyrazine-2-carbonyl)amino]-2,15-dioxo-18-
phenanthridin-6-yloxy-3,16-diazatricyclo[14.3.0.0*®]nonadec-7-ene-4-

carboxylic acid

CID 140642415

(7Z)-N-cyclopropylsulfonyl-2,15-dioxo-18-phenanthridin-6-yloxy-14-
(pyridazine-4-carbonylamino)-3,16-diazatricyclo[14.3.0.0*®]nonadec-7-ene-4-

carboxamide

CID 144411760

(1S,4S,15S,19R)-N-cyclopropylsulfonyl-9,9-difluoro-15-[(5-methylpyrazine-2-
carbonyl)amino]-2,16-dioxo-19-phenanthridin-6-yloxy-3,17-

diazatricyclo[15.3.0.0* ]icos-5-yne-4-carboxamide




CID 144411796

(1S,4R,14S,18R)-N-cyclopropylsulfonyl-8,8-difluoro-5-methyl-14-[ (5-
methylpyrazine-2-carbonyl)amino]-2,15-dioxo-18-phenanthridin-6-yloxy-3,16-

diazatricyclo[14.3.0.0*%]nonadecane-4-carboxamide

CID 123172379

N-cyclopropylsulfonyl-12-methyl-3-[(5-methylpyrazine-2-carbonyl)amino]-
2,14-dioxo-17-phenanthridin-6-yloxy-1,13-diazabicyclo[13.3.0]octadec-9-ene-
12-carboxamide

CID 58001490

N-[(2S)-1-[(25)-2-[[(1R,2S)-1-(cyclopropylsulfonylcarbamoyl)-2-
ethenylcyclopropyl]carbamoyl]-4-(7-methoxy-2-phenylquinolin-4-
yl)oxypyrrolidin-1-yl]-3-[methyl(prop-2-enoyl)amino]-1-oxopropan-2-
yl]pyrazine-2-carboxamide

CID 123747270

N-cyclopropylsulfonyl-6-methylidene-15-[(5-methylpyrazine-2-
carbonyl)amino]-2,16-dioxo-19-phenanthridin-6-yloxy-3,17-
diazatricyclo[15.3.0.0*]icos-8-ene-4-carboxamide

CID 139598190

(1S,4R,14S,18R)-14-[(5-methylpyrazine-2-carbonyl)amino]-2,15-dioxo-18-
phenanthridin-6-yloxy-3,16-diazatricyclo[14.3.0.0*®]nonadec-7-ene-4-

carboxylic acid

CID 77506125

3-O-tert-butyl 4-O-ethyl 14-[(5-methylpyrazine-2-carbonyl)amino]-2,15-dioxo-
18-phenanthridin-6-yloxy-3,16-diazatricyclo[14.3.0.0*®]nonadec-7-ene-3,4-

dicarboxylate

CID 87473268

(1S,4R,6R,7E,14S,18R)-N-cyclopropylsulfonyl-14-[ (5-methylpyrazine-2-
carbonyl)amino]-2,15-dioxo-18-phenanthridin-6-yloxy-3,16-

diazatricyclo[14.3.0.0*%]nonadec-7-ene-4-carboxamide

CID 133548468

(1R,4S,6R,7E,14R,18S)-N-cyclopropylsulfonyl-14-[ (5-methylpyrazine-2-
carbonyl)amino]-2,15-dioxo-18-phenanthridin-6-yloxy-3,16-

diazatricyclo[14.3.0.0*%]nonadec-7-ene-4-carboxamide

CID 123942813

ethyl (1S,4R,6S,14S,18R)-14-[(5-methylpyrazine-2-carbonyl)amino]-2,15-dioxo-
18-phenanthridin-6-yloxy-3,16-diazatricyclo[14.3.0.0*®]nonadec-7-ene-4-

carboxylate

CID 68499876

(1S,4R,6S,7Z,14S,18R)-14-amino-N-cyclopropylsulfonyl-2,15-dioxo-18-
phenanthridin-6-yloxy-3,16-diazatricyclo[14.3.0.0*]nonadec-7-ene-4-

carboxamide




CID 143897349

(1S,4R,6R,14S,18R)-14-anilino-N-cyclopropylsulfonyl-18-isoquinolin-1-yloxy-
2,15-dioxo-3,16-diazatricyclo[14.3.0.0*%Inonadecane-4-carboxamide

CID 87474442

(1S,4R,6S,7E,14S,18R)-14-amino-N-cyclopropylsulfonyl-2,15-dioxo-18-
phenanthridin-6-yloxy-3,16-diazatricyclo[14.3.0.0*®]nonadec-7-ene-4-

carboxamide

CID 123706840

N-cyclopropylsulfonyl-5-methylidene-14-[(5-methylpyrazine-2-
carbonyl)amino]-2,15-dioxo-18-phenanthridin-6-yloxy-3,16-
diazatricyclo[14.3.0.0*®]nonadec-7-ene-4-carboxamide

CID 123764424

N-cyclopropylsulfonyl-15-[(5-methylpyrazine-2-carbonyl)amino]-2,16-dioxo-
19-phenanthridin-6-yloxy-3,17-diazatricyclo[15.3.0.0*"]icos-8-ene-4-

carboxamide

CID 144881773

N-[(1S,4R,7Z,14S,18R)-18-(7,8-dihydrophenanthridin-6-yloxy)-2,15-dioxo-
3,16-diazatricyclo[14.3.0.0*%]nonadec-7-en-14-yl]-5-methylpyrazine-2-

carboxamide

CID 44180178

N-[(2S)-1-[(2S,4R)-2-[[(1R,2S)-1-(cyclopropylsulfonylcarbamoyl)-2-
ethenylcyclopropyl]carbamoyl]-4-(7-methoxy-2-phenylquinolin-4-
yl)oxypyrrolidin-1-yl]-3-[methyl(prop-2-enoyl)amino]-1-oxopropan-2-

yl]pyrazine-2-carboxamide

CID 131982843

(1S,4R,82,15S,19R)-N-cyclopropylsulfonyl-15-[(5-methylpyrazine-2-
carbonyl)amino]-2,16-dioxo-19-phenanthridin-6-yloxy-3,17-

diazatricyclo[15.3.0.0*"]icos-8-ene-4-carboxamide

CID 73211765

(1S,4R,6S,7Z,14S,18R)-N-cyclopropylsulfonyl-14-[(5-methylpyrazine-2-
carbonyl)amino]-2,15-dioxo-18-phenanthridin-6-yloxy-3,16-

diazatricyclo[14.3.0.0*%]nonadec-7-ene-4-carboxamide;hydrate

CID 89997539

(1S,4R,6S,7Z,18R)-1-[6-(cyclopropylsulfonylcarbamoyl)-3-methylpyrazin-2-yl]-
2,15-dioxo-18-phenanthridin-6-yloxy-3,16-diazatricyclo[14.3.0.0*®]nonadec-7-

ene-4-carboxamide

CID 123658396

N-cyclopropylsulfonyl-12-ethyl-3-[(5-methylpyrazine-2-carbonyl)amino]-2,14-
dioxo-17-phenanthridin-6-yloxy-1,13-diazabicyclo[13.3.0]octadec-9-ene-12-

carboxamide




CID 16075882

tert-butyl N-[(2S)-1-[(2S,4R)-2-[[(1R,2S)-1-(cyclopropylsulfonylcarbamoyl)-2-
ethenylcyclopropyl]carbamoyl]-4-(3-pyrazin-2-ylisoquinolin-1-
yl)oxypyrrolidin-1-yl]-3,3-dimethyl-1-oxobutan-2-yl]carbamate

CID 23595603

tert-butyl N-[1-[2-[[1-(cyclopropylsulfonylcarbamoyl)-2-
ethenylcyclopropyl]carbamoyl]-4-(3-pyrazin-2-ylisoquinolin-1-
yl)oxypyrrolidin-1-yl]-3,3-dimethyl-1-oxobutan-2-yl]carbamate

CID 123202053

N-[2-ethenyl-1-[(1-methylcyclopropyl)sulfonylcarbamoyl]cyclopropyl]-22,25-
dioxo-11-pyridin-4-yl-2,21-dioxa-4,23,26-
triazapentacyclo[24.2.1.0%2.0%19,0'82%Inonacosa-3,5,7,9,11-pentaene-27-

carboxamide

CID 87476180

(1S,4R,6S,7E,14S,18R)-N-cyclopropylsulfonyl-2,15-dioxo-18-phenanthridin-6-
yloxy-14-(pyrazine-2-carbonylamino)-3,16-diazatricyclo[14.3.0.0*¢]nonadec-7-

ene-4-carboxamide

CID 87475090

(1S,4R,6S,7E,14S,18R)-N-cyclopropylsulfonyl-14-[(5-methylpyrazine-2-
carbonyl)amino]-2,15-dioxo-18-phenanthridin-6-yloxy-3,16-

diazatricyclo[14.3.0.0*®]nonadec-7-ene-4-carboxamide

CID 117625846

(1R,18R,20R,24S,27S)-24-cyclohexyl-N-[(3S)-3-ethyl-1-[ (1-
methylcyclopropyl)sulfonylamino]-1-oxopent-4-en-2-yl]-22,25-dioxo-11-
pyridin-4-yl-2,21-dioxa-4,23,26-
triazapentacyclo[24.2.1.0%2.0519,0'82%Inonacosa-3,5,7,9,11-pentaene-27-

carboxamide

CID 87471819

N-ethylethanamine;(1S,4R,6S,7E,14S,18R)-14-[(5-methylpyrazine-2-
carbonyl)amino]-2,15-dioxo-18-phenanthridin-6-yloxy-3,16-

diazatricyclo[14.3.0.0*%]nonadec-7-ene-4-carboxylic acid

CID 87473750

3-O-tert-butyl 4-O-ethyl (1S,4R,6S,7E,14S,18R)-14-[(5-methylpyrazine-2-
carbonyl)amino]-2,15-dioxo-18-phenanthridin-6-yloxy-3,16-

diazatricyclo[14.3.0.0*%nonadec-7-ene-3,4-dicarboxylate

CID 23595490

N-[1-[2-[[1-(cyclopropylsulfonylcarbamoyl)-2-ethenylcyclopropyl]carbamoyl]-
4-(6-methoxyisoquinolin-1-yl)oxypyrrolidin-1-yl]-3,3-dimethyl-1-oxobutan-2-

yl]pyrazine-2-carboxamide




CID 16075909

N-[(25)-1-[(2S,4R)-2-[[(1R,2S)-1-(cyclopropylsulfonylcarbamoyl)-2-
ethenylcyclopropyl]carbamoyl]-4-(6-methoxyisoquinolin-1-yl)oxypyrrolidin-1-
yl]-3,3-dimethyl-1-oxobutan-2-yl]pyrazine-2-carboxamide

CID 58594019

tert-butyl (2S,4R)-2-[[(1R,2S)-1-(cyclopropylsulfonylcarbamoyl)-2-
ethenylcyclopropyl]carbamoyl]-4-(3-pyridin-4-ylisoquinolin-1-
yl)oxypyrrolidine-1-carboxylate

CID 68500752

(1R,2S)-2-ethenyl-2-ethyl-1-[(2-methylpropan-2-yl)oxycarbonyl-[(2S,4R)-1-[ 2-
[(5-methylpyrazine-2-carbonyl)amino]non-8-enoyl]-4-phenanthridin-6-
yloxypyrrolidine-2-carbonyl]amino]cyclopropane-1-carboxylic acid

CID 67296958

(1R,2S)-2-ethenyl-2-ethyl-1-[(2-methylpropan-2-yl)oxycarbonyl-[(2S,4R)-1-
[(2S)-2-[(5-methylpyrazine-2-carbonyl)amino]non-8-enoyl]-4-phenanthridin-6-
yloxypyrrolidine-2-carbonyl]amino]cyclopropane-1-carboxylic acid

CID 129900715

N-[2-[(1S,4R,6S,7Z,14R,18R)-4-(2-cyclopropylsulfonylacetyl)-2,15-dioxo-18-
phenanthridin-6-yloxy-3,16-diazatricyclo[14.3.0.0*®]nonadec-7-en-14-
yl]acetyl]-5-methylpyrazine-2-carboxamide

CID 23595731

tert-butyl 2-[[1-(cyclopropylsulfonylcarbamoyl)-2-
ethenylcyclopropyl]carbamoyl]-4-(3-pyridin-4-ylisoquinolin-1-
yl)oxypyrrolidine-1-carboxylate

CID 68498890

3-O-tert-butyl 4-O-ethyl (1S,4R,6S,7Z,14S,18R)-14-[(5-methylpyrazine-2-
carbonyl)amino]-2,15-dioxo-18-phenanthridin-6-yloxy-3,16-

diazatricyclo[14.3.0.0*%nonadec-7-ene-3,4-dicarboxylate

CID 67983962

ethyl (1S,4R,6S,7Z,14S,18R)-14-[(5-methylpyrazine-2-carbonyl)amino]-2,15-
dioxo-18-phenanthridin-6-yloxy-3,16-diazatricyclo[14.3.0.0*¢]nonadec-7-ene-4-

carboxylate

CID 87471820

(1S,4R,6S,7E,14S,18R)-14-[ (5-methylpyrazine-2-carbonyl)amino]-2,15-dioxo-
18-phenanthridin-6-yloxy-3,16-diazatricyclo[14.3.0.0*®]nonadec-7-ene-4-

carboxylic acid

CID 58594100

N-[(2S)-1-[(2S)-2-[[(1R,2S)-1-(cyclopropylsulfonylcarbamoyl)-2-
ethenylcyclopropyl]carbamoyl]-4-(6-methoxyisoquinolin-1-yl)oxypyrrolidin-1-
yl]-3,3-dimethyl-1-oxobutan-2-yl]pyrazine-2-carboxamide




CID 87472503

(1S,4R,6S,7E,14S,18R)-N-cyclopropylsulfonyl-2,15-dioxo-18-phenanthridin-6-
yloxy-14-(pyridazine-4-carbonylamino)-3,16-diazatricyclo[14.3.0.0*®]nonadec-

7-ene-4-carboxamide

CID 68496037

ethyl (1S,4R,6S,7Z,14S,18R)-14-[(5-methylpyrazine-2-carbonyl)amino]-2,15-
dioxo-18-phenanthridin-6-yloxy-3,16-diazatricyclo[14.3.0.0*¢]nonadec-7-ene-4-
carboxylate;hydrochloride

CID 87472307

(1S,4R,6S,7E,14S,18R)-19-ethyl-14-[ (5-methylpyrazine-2-carbonyl)amino]-
2,15-dioxo-18-phenanthridin-6-yloxy-3,16-diazatricyclo[14.3.0.0*%]nonadec-7-
ene-4-carboxylic acid

CID 67296951

ethyl (1R,2S)-2-ethenyl-1-[(2-methylpropan-2-yl)oxycarbonyl-[(2S,4R)-1-[(2S)-
2-[(5-methylpyrazine-2-carbonyl)amino]non-8-enoyl]-4-phenanthridin-6-
yloxypyrrolidine-2-carbonyl]amino]cyclopropane-1-carboxylate

CID 141228784

ethyl (2S)-2-ethenyl-1-[(2-methylpropan-2-yl)oxycarbonyl-[(2S,4R)-1-[2-[(5-
methylpyrazine-2-carbonyl)amino]non-8-enoyl]-4-phenanthridin-6-

yloxypyrrolidine-2-carbonyl]amino]cyclopropane-1-carboxylate

CID 67296803

2-ethenyl-1-[[(2S)-2-[(5-methylpyrazine-2-carbonyl)amino]non-8-enoyl]-
[(2S,4R)-4-phenanthridin-6-yloxypyrrolidine-2-carbonyl]amino]cyclopropane-1-

carboxylic acid

CID 58594022

(2S,4R)-N-[(1R,2S)-1-(cyclopropylsulfonylcarbamoyl)-2-ethenylcyclopropyl]-4-

(3-pyrazin-2-ylisoquinolin-1-yl)oxypyrrolidine-2-carboxamide

CID 58593964

tert-butyl (2S,4R)-2-[[(1R,2S)-1-(cyclopropylsulfonylcarbamoyl)-2-
ethenylcyclopropyl]carbamoyl]-4-(3-pyrazin-2-ylisoquinolin-1-
yl)oxypyrrolidine-1-carboxylate

CID 67296808

2-ethenyl-1-[[(2S,4R)-1-[(2S)-2-[(5-methylpyrazine-2-carbonyl)amino]non-8-
enoyl]-4-phenanthridin-6-yloxypyrrolidine-2-carbonylJamino]cyclopropane-1-

carboxylic acid

CID 68494544

(1S,4R,6S,7Z,14S,18R)-14-[(5-methylpyrazine-2-carbonyl)amino]-2,15-dioxo-
18-phenanthridin-6-yloxy-3,16-diazatricyclo[14.3.0.0*®]nonadec-7-ene-4-

carboxylic acid




CID 68496262

2-ethenyl-1-[[(2S,4R)-1-[2-[(5-methylpyrazine-2-carbonyl)amino]non-8-enoyl]-
4-phenanthridin-6-yloxypyrrolidine-2-carbonyllamino]cyclopropane-1-

carboxylic acid

CID 135001966

ethyl (1R,2S)-2-ethenyl-1-[[(2S,4R)-1-[(2S)-2-[(2-methylpropan-2-
yl)oxycarbonyl-(5-methylpyrazine-2-carbonyl)amino]non-8-enoyl]-4-
phenanthridin-6-yloxypyrrolidine-2-carbonyllamino]cyclopropane-1-

carboxylate

CID 23595521

N-[1-(cyclopropylsulfonylcarbamoyl)-2-ethenylcyclopropyl]-4-(3-pyrazin-2-
ylisoquinolin-1-yl)oxypyrrolidine-2-carboxamide

CID 23595734

tert-butyl 2-[[1-(cyclopropylsulfonylcarbamoyl)-2-
ethenylcyclopropyl]carbamoyl]-4-(3-pyrazin-2-ylisoquinolin-1-
yl)oxypyrrolidine-1-carboxylate

CID 86660471

ethyl (1R,2S)-2-ethenyl-1-[[(2S,4R)-1-[(2S)-2-[(5-methylpyrazine-2-
carbonyl)amino]non-8-enoyl]-4-phenanthridin-6-yloxypyrrolidine-2-

carbonyl]amino]cyclopropane-1-carboxylate

CID 117804962

N-[(Z,2S)-1-[(2S,4R)-2-carbamoyl-4-phenanthridin-6-yloxypyrrolidin-1-yl]-9-
[(1S,2S)-2-(cyclopropylsulfonylcarbamoyl)cyclopropyl]-1-oxonon-8-en-2-yl]-5-

methylpyrazine-2-carboxamide

CID 144881772

N-cyclopropylsulfonylacetamide;N-[(1S,4R,7Z,14S,18R)-18-(7,8-
dihydrophenanthridin-6-yloxy)-2,15-dioxo-3,16-
diazatricyclo[14.3.0.0*%nonadec-7-en-14-yl]-5-methylpyrazine-2-carboxamide

CID 68499875

(1S,4R,6S,7Z,14S,18R)-14-amino-N-cyclopropylsulfonyl-2,15-dioxo-18-
phenanthridin-6-yloxy-3,16-diazatricyclo[14.3.0.0*®]nonadec-7-ene-4-

carboxamide;hydrochloride

CID 87472306

(1S,4R,6S,7E,14S,18R)-19-ethyl-14-[(5-methylpyrazine-2-carbonyl)amino]-
2,15-dioxo-18-phenanthridin-6-yloxy-3,16-diazatricyclo[14.3.0.0*®]nonadec-7-

ene-4-carboxylic acid;hydrochloride

CID 87474441

(1S,4R,6S,7E,14S,18R)-14-amino-N-cyclopropylsulfonyl-2,15-dioxo-18-
phenanthridin-6-yloxy-3,16-diazatricyclo[14.3.0.0*]nonadec-7-ene-4-

carboxamide;hydrochloride




Supplementary Table 3: Molecular Docking Result of Protease Inhibitors with Binding Energy.

Main Protease Molecular Binding Affinity
Protein Inhibitors with SARS-COV-2 (kcal/mol)

Paritaprevir -10.9
Glecaprevir -9.3
Nelfinavir -8.7
Simeprevir -8.6
Lopinavir -8.4
Ritonavir -8.4
Telaprevir -8.3
Grazoprevir -8.3
Indinavir -8.2
Amprenavir -7.9
Atazanavir -7.9
Darunavir -7.9
Fosamprenavir -7.9
Saquinavir -7.9
Asunaprevir -7.4
Boceprevir -7.1




Supplementary Table 4: Molecular Docking Result of Paritaprevir derivatives.

Molecular Molecular Binding Molecular Binding
Derivatives of Binding Affinity Derivatives of Affinity Derivatives of Affinity
Paritaprevir with SARS-C0OV-2 Paritaprevir with SARS-C0OV-2 Paritaprevir with SARS-C0OV-2
(kcal/mol) (kcal/mol) (kcal/mol)
CID 131982844 -16.3 CID132207185 -14.4 CID117625846 -12.8
CID 117860584 -16.1 CID 123457581 -14.4 CID87471819 -12.7
CID 144881776 -16.1 CID68494543 -14.3 CID87473750 -12.7
CID 144881777 -16 CID68494548 -14.3 CID 23595490 -12.7
CID 89997958 -15.5 CID140642415 -14.3 CID16075909 -12.6
CID 90479564 -15.2 CID144411760 -14.3 CID58594019 -12.6
CID 117930281 -15.2 CID144411796 -14.3 CID68500752 -12.6
CID 126760198 -15.2 CID 123172379 -14.3 CID67296958 -12.5
CID 130368695 -15.2 CID58001490 -14.2 CID129900715 -12.5
CID 129606829 -15.2 CID123747270 -14.2 CID 23595731 125
CID 134503655 -15.2 CID139598190 -14.2 CID68498890 -12.4
CID 91971755 -15.2 CID 77506125 -14.2 CID 67983962 -12.4
CID129190351 -15.1 CID87473268 -14.1 CID 87471820 -12.4
CID134689630 -15.1 CID133548468 -14.1 CID68499875 -12.1
CID 76528926 -15.1 CID123942813 -14 CID58594100 -12
CID57415626 -14.9 CID 68499876 -13.9 CID87472503 -12
CID132247343 -14.9 CID143897349 -13.8 CID68496037 -11.7
CID 123539122 -14.9 CID 87474442 -13.8 CID 87472307 -11.6
CID68500653 -14.8 CID123706840 -13.7 CID67296951 -11.5
CID139266795 -14.8 CID123764424 -13.7 CID141228784 -11.5
ClD140642412 -14.8 CID144881773 -13.7 CID 67296803 -11.4
CID 75093025 -14.8 ClD44180178 -13.6 CID58594022 -11.2
CID 123207199 -14.8 CID131982843 -13.6 CID58593964 -11.1
CID45110641 -14.7 CID 73211765 -13.5 CID67296808 -11.1
CID126970090 -14.7 CID 89997539 -13.5 CID 68494544 -11.1
CID134693118 -14.7 CID 123658396 -13.4 CID68496262 -11
CID145142292 -14.7 CID16075882 -13.3 CID135001966 -10.8
CID134322927 -14.7 CID 23595603 -13.3 CID 23595521 -10.8
CID 67985746 -14.7 CID 123202053 -13.2 CID 23595734 -10.4
CID 68496388 -14.7 CID87472306 -13.2 CID86660471 -10.1
CID45110639 -14.6 CID87476180 -13 CID 117804962 -8.7
CID144678769 -14.6 CID87474441 -12.9 CID144881772 -5.6
CID68498031 -14.4 CID87475090 -12.8




Supplementary Table 5: ADME analysis of top ten Paritaprevir derivatives by using SwissADME.

PubChem ID of Paritaprevir derivatives

Parameter CID CID CID CID CID CID CID CID CID CID
131982844 | 117860584 | 144881776 | 144881777 | 89997958 | 90479564 | 117930281 | 126760198 | 130368695 | 129606829
Formul C40H45N7 | C39H41F2N7 | C41H45N7 | C41H45N7 | C39H4IN7 | C40H47N7 | C40H43N7 | CA40H43N7 | C40H43N7 | C40H43N7
ormufa 075 0758 075 075 075 095 075 075 075 075
. . 767.89 789.85 779.90 779.90 751.85 801.91 765.88 765.88 765.88 765.88
Phy5|_co- Molecular weight g/mol g/mol g/mol g/mol g/mol g/mol g/mol g/mol g/mol g/mol
chemical
parameters L
Molar Refractivity 214.07 208.36 216.76 216.76 206.99 218.05 211.96 211.96 211.96 211.96
TPSA 198.03 Az 190.07 Az | 198.03 A2 | 198.03A2 | 198.03A2 | 21649 A2 | 198.03A2 | 198.03A2 | 198.03 A2 | 198.03 A2
Log Pow (iLOGP) 3.82 3.54 2.97 4.04 2.37 3.37 2.33 3.12 5.53 3.22
Log Pow (XLOGP3) 5.1 4,57 4.67 4.67 4.25 3.7 4.65 4.65 4.65 4.65
Linophilicit Log Pow (WLOGP) 4.28 4.65 4.43 4.43 3.58 3.76 3.89 3.89 3.89 3.89
ipophilici
POPRIICIY 171 09 Pow (MLOGP) 0.88 2.26 1.05 1.05 0.71 0.59 0.88 0.88 0.88 0.88
Log Pomw (SILICOS-IT) 2.59 2.18 2.91 2.91 1.74 2.28 2.28 2.28 2.28 2.28
Consensus Log Pow 3.33 3.44 3.2 3.42 2.53 2.51 2.81 2.96 3.45 2.98
Gl absorption Low Low Low Low Low Low Low Low Low Low
BBB permeant No No No No No No No No No No
P-gp substrate Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
CYP1A2 inhibitor No No No No No No No No No No
Pharmaco-  ["Cyp2C19 inhibitor No No No No No No No No No No
"\'Ar/‘e:'cs CYP2C9 inhibitor No No No No Yes No No No No No
ater CYP2D6 inhibitor No No No No No No No No No No
CYP3A4 inhibitor Yes No Yes Yes Yes Yes Yes Yes Yes Yes
LOg Kp R R _ _ R . _ B R R
(skin permeation) 7.36 cm/s 7.87 cm/s 7.74 cm/s 7.74 cm/s 7.87 cm/s 8.56 cm/s 7.67 cm/s 7.67 cm/s 7.67 cm/s 7.67 cm/s
Log S (SILICOS-IT) -10.09 -9.02 -10.45 -10.45 -9.38 -9.74 -9.74 -9.74 -9.74 -9.74
6.30e-08 7.53e-07 2.77e-08 2.77e-08 3.15e-07 1.45e-07 1.38e-07 1.38e-07 1.38e-07 1.38e-07
Water Solubilit mg/ml ; mg/ml ; mg/ml ; mg/ml ; mg/ml ; mg/ml ; mg/ml ; mg/ml ; mg/ml ; mg/ml ;
Solubility Yy 8.20e-11 9.53e-10 3.56e-11 3.56e-11 4.19-10 1.81e-10 1.81e-10 1.81e-10 1.81e-10 1.81e-10
mol/I mol/I mol/I mol/I mol/I mol/I mol/I mol/I mol/I mol/I




