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Abstract

Middle East respiratory syndrome coronavirus MERS-CoV
represents a big challenge for the healthcare system all over
the world. In the present study, five new compounds 4-8
were synthesized and investigated as anti-MERS-CoV
agents. The structures of the new compounds 4-8 were
justified by using micro-analytical and spectral data.
Biological results showed that all the screened compounds
might serve as promising anti-MERS-CoV agents. They
showed CCsp ranging from 0.67 mM to 3.22 mM. This range
is superior to the standard antiviral agent Favipiravir with
CCso >400 mM. The most active compounds 4 and 6 were
further subjected to Plaque Reduction assay. They showed a
promising inhibitory pattern. In silico molecular modeling
was performed for all the target compounds 4-8 inside the
active site of COVID-19 main protease (PDB: 6LU7) to
rationalize their antiviral activity. The substituted
benzylidene carbohydrazide moiety of compounds 4-8 fits in
the receptor cavity, which could explain the superior
antiviral activity of the novel compounds 4-8.

Keywords: Pyrazole, MERS-CoV, main protease, 6LU7
and COVID-19.
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1. Introduction

The coronavirus disease-2019 (COVID-19)
represents a worldwide life-threatening danger
(Perlman 2020, Pilkington, Pepperrell et al.
2020, Zhang, Wu et al. 2020). Middle East
Respiratory Syndrome MERS-CoV, severe
acute respiratory syndrome coronavirus SARS-
CoV and severe acute respiratory syndrome
coronavirus-2 SARS-CoV-2 belong to the
family of Coronaviridae. The mortality rate of
MERS-CoV is about 40%. This rate is higher
than SARS-CoV that is estimated to be 15%
(Zaher, Mostafa et al. 2020).

Generally, coronaviruses are single-stranded
enveloped RNA viruses. They have the largest
known RNA virus genomes. The active sites of
both SARS-CoV-2 and MERS-CoV conserve a
great extent of structural similarity. The
replication of coronavirus may be controlled by
inhibiting protease enzyme. The coronavirus
main protease is totally different from human
proteases. Therefore, it is considered an
encouraging target for designing antiviral agents
(Ullrich and Nitsche 2020).

Favipiravir may act as COVID-19
main protease inhibitor and may further be used
in the treatment of COVID-19 infection in a few
countries, wherein it is approved (Cai, Yang et
al. 2020, Chen, Huang et al. 2020). Favipiravir
IS a pyrazine carboxamide derivative that was
discovered by Toyama Chemical Co., Ltd.
(Furuta, Komeno et al. 2017). In 2014, it was
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approved in Japan for the treatment of the
pandemic infections of influenza viruses
(Hayden and Shindo 2019, Shiraki and Daikoku
2020). In 2020, the antiviral activity of
Favipiravir was assessed for the emergency
treatment of COVID-19 in different countries
(Li and De Clercq 2020). Recently, Wang et al.
reported that Favipiravir has half-cytotoxic
concentration (CCso) >400 mM and a well-
characterized safety profile  (Pilkington,
Pepperrell et al. 2020, Wang, Cao et al. 2020,
Wang, Fan et al. 2020).

Herein, we investigate the antiviral activity of
novel pyrazole-based analogues bearing a
phenyl ring on the pyrazole nitrogen N1. The
carboxamide moiety of Favipiravir was
modified in our target compounds to a
substituted benzylidene carbohydrazide moiety.
These substituents might recognize new binding

regions in the main protease active site,

Figure 1.
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Figure 1. The design of antiviral agents.
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2. Experimental

2.1 Materials and methods for synthesis and
analytical characterization

“All reagents were purchased from Aldrich,
Merck and Fluka and were used without any
further purification. Melting points were
measured on an electrothermal apparatus in
open capillary tubes using Stuart melting point
apparatus SMP10 and were uncorrected.
Infrared (IR) spectra were measured using KBr
discs on a Vector 22 Infrared spectrophotometer
(vmax in cm™), with ratio (1drug: 3 KBr). Nuclear
Magnetic Resonance spectra were recorded on
Bruker spectrometer (400MHz). Electron
impact mass spectra (EI-MS) were recorded on
a Finnigan MAT 312 mass spectrometer
connected with a MASPEC Data System.
Elemental analyses were performed in the
Microanalytical center, Al Azhar University,
Egypt”.

Ethyl 3-0x0-2-phenyl-2,3-dihydro-1H-
pyrazole-4-carboxylate 2

Phenyl hydrazine (0.1 mol) was added to
diethylethoxymethylene malonate (DEEM) (0.1
mol) and 10% ethanolic KOH (10 ml). The
mixture was refluxed for 40 mins at 80 °C. The
solution was poured on ice and a precipitate was
formed. The collected precipitate was dissolved
in H2O then neutralized with 10% HCI. The
solid was recrystallized from ethanol (Das,
Verma et al. 2008). White crystals; yield 95%;
m.p. (118-120 °C).
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3-Ox0-2-phenyl-2,3-dihydro-1H-pyrazole-4-
carbohydrazide 3

Hydrazine monohydrate 80% (0.1 mol) was
added to compound 2 (0.1 mol) then refluxed in
ethanol (20 ml) for 2 hrs. The reaction was
monitored by TLC. Upon completion, the
reaction mixture was cooled and the formed
precipitate was filtered, washed with water and
recrystallized from ethanol to yield compound 3
(Karrouchi, Charkaoui et al. 2013). Yellow
crystalline solid; yield 90%; m.p. (165-167) °C.

(E)-N’-(substitutedbenzylidene)-3-0xo0-2-
phenyl-2,3-dihydro-1H-pyrazole-4-
carbohydrazide 4-8

A mixture of compound 3 (0.1 mol) and
different aldehydes (0.1 mol) were dissolved in
ethanol (20 ml) in the presence of catalytic
amount of glacial acetic acid. The reaction
mixture was refluxed for 3-4 hrs. The reaction
was monitored by TLC. Upon completion, the
reaction mixture was poured on ice and a
precipitate was formed. The formed precipitate
was filtered, washed with water and
recrystallized from ethanol to yield compounds
4-8 (Karrouchi, Charkaoui et al. 2013).

(E)-N'-(4-chlorobenzylidene)-3-oxo-2-
phenyl-2,3-dihydro-1H-pyrazole-4-
carbohydrazide 4

White crystals; yield 76 %; m.p. (204-206) °C;
IR (KBr, cm™): 3557, 3048, 2996, 1637, 1485;
EI-MS (m/z, %): 340 (M"), 342 (M*+2);



'H-NMR (400MHz) (DMSO): 8 8.72 (s, 2H),
7.93-7.95 (dd, 2J=8 Hz, 2H), 7.90-7.92 (dd,
2J=8 Hz, 2H), 7.60 (s, 2H), 7.56-7.60 (m, 5H);
Anal.Calcd. for Ci17H13CIN4O2: C, 59.92; H,
3.85 N, 16.44. Found: C, 59.68; H, 4.18; N,
16.28.
(E)-N’-(4-hydroxybenzylidene)-3-ox0-2-
phenyl-2,3-dihydro-1H-pyrazole-4-
carbohydrazide 5

Yellow crystals; yield 68 %; m.p. (212-214) °C;
IR (KBr, cm™): 3425, 3010, 2990, 1710, 1635,
1428; EI-MS (m/z, %): 322 (M*); H-NMR
(400MHz) (DMSO): 61 11.15 (s, 1H), 9.00 (s,
2H), 7.68-7.70 (dd, 2J=8 Hz, 2H), 7.41-7.43 (dd,
2)=8 Hz, 2H), 7.39 (s, 2H), 6.96-7.99 (m, 5H);
13C-NMR (DMSO-d6): 8c 116.99, 118.63,
120.11, 131.33, 133.74, 159.07, 163.27;
Anal.Calcd. for C17H14N4O3: C, 63.35; H, 4.38;
N, 17.38. Found: C, 62.86; H, 4.68; N, 17.20.
(E)-N'-(2-hydroxybenzylidene)-3-0x0-2-
phenyl-2,3-dihydro-1H-pyrazole-4-
carbohydrazide 6

Yellow crystals; yield 70 %; m.p. (212-214) °C;
IR (KBr, cm™): 3425, 3167, 3047, 2954, 1712,
1622, 1413; EI-MS (m/z, %): 322 (MY);
'H-NMR (400MHz) (DMSO): &1 11.15 (s, 1H),
9.00 (s, 2H), 7.69-7.88 (m, 4H), 7.52 (s, 2H),
6.94-7.41 (m, 5H); Anal.Calcd. for C17H14N4Os:
C, 63.35; H, 4.38; N, 17.38. Found: C, 63.26; H,
4.70; N, 17.59.
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(E)-N'-(3,5-dichloro-2-hydroxybenzylidene)-
3-0x0-2-phenyl-2,3-dihydro-1H-pyrazole-4-
carbohydrazide 7
White crystals; yield 67 %; m.p. (270-272) °C.
IR (KBr, cm™): 3448, 3170, 3070, 2924, 1712,
1627, 1458; EI-MS (m/z, %): 390 (M*), 391
(M*+1); *H-NMR (400MHz) (DMSO): 1 12.49
(s, 1H), 9.08 (s, 2H), 7.88 (s, 2H), 7.80 (s, 2H),
7.32-7.77 (m, 5H); ¥3C-NMR (DMSO0-d6): &c
122.47,126.69, 127.26, 127.82, 130.03, 138.23,
139.58, 155.18, 162.95, 164.04; Anal.Calcd. for
C17H12CIbN4Os: C, 52.19; H, 3.09; N, 14.32.
Found: C, 52.40; H, 3.29; N, 14.18.
(E)-N'-(2-nitrobenzylidene)-3-oxo-2-phenyl-
2,3-dihydro-1H-pyrazole-4-carbohydrazide 8
Yellowis white crystals; yield 75 %; m.p. (212-
214) °C; IR (KBr, cm™): 3448, 3101, 2924,
1751, 1651, 1527, 1442, 1342; EI-MS (m/z, %):
351 (M*); 'H-NMR (400MHz) (DMSO): &4
8.97 (s, 2H), 8.15-8.18 (m, 5H), 7.90 (s, 2H),
7.78-7.82 (m, 4H); Anal.Calcd. for C17H13NsOa4:
C,58.12; H, 3.73; N, 19.93. Found: C, 58.34; H,
3.89; N, 20.11.

2.2. Biological evaluation

2.2.1. MTT cytotoxicity assay

“The cytotoxic activities of the extracts were
tested in Vero E6 cells by using the 3-(4, 5-
dimethylthiazol -2-yl)-2, 5-diphenyltetrazolium
bromide (MTT) method. The percentage of
cytotoxicity compared to the untreated cells was
determined with the following equation”

(Mosmann 1983).



Elewa et. al.

The plot of % cytotoxicity versus sample
concentration was used to calculate the
concentration which exhibited 50% cytotoxicity
(CCx0)”.

% cytotoxicity

_ (absorbance of cells without treatment — absorbance of cells with treatment)X100

absorbance of cells without treatment

4.2.2. Plaque reduction assay for screening
of anti-MERS Corona activity

“Assay was carried out according to the reported
method (Hayden, Cote et al. 1980) in a six well
plate where Vero E6 cells (10° cells / ml) were
cultivated for 24 hrs at 37 °C. The virus was
diluted to give countable plaques at dilution 10°
and mixed with the safe concentration of the
tested extracts based on the cytotoxicity assay
and incubated for 1 hour at 37 °C before being
added to the cells. Control wells were included
where untreated virus was incubated with Vero
E6 cells and finally plaques were counted and
percentage reduction in plaques formation in
comparison to control wells was determined as

following:”

Viral count untreatment — viral count treatment 100

Viral inhibition % =

Viral count untreatment

2.3. Molecular docking study

The molecular docking study of the target
compound 4-8 and Favipiravir (Silva Arouche,
Reis et al. 2020) was carried out in the
COVID-19 main protease
(PDB=6LU7) (Jin, Du et al. 2020). The protein

structure optimization as well as chemical and

active  site

energetic optimization of the investigated
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compounds 4-8 were performed as reported by
Nafie et al (Nafie, Tantawy et al. 2019). The
molecular docking calculations were validated
using MOE 2019. The analysis of drug target

interaction was visualized by Chimera software.

3. Results and discussion
3.1. Chemistry

Scheme 1 illustrated the synthetic route
developed for the synthesis of target compounds
4-8. These compounds were synthesized via the

simplest and the most economic chemical

pathway.
O —
)—0
/ﬁ\
COOC;Hs HN, A
THNHz CoHs0-[=C T ©
N COOC;Hs N
) )
14 10% Ethanolic KOH / reflux zv
HoN—NH,
ethanol / relfux 2 hrs
R, Rs
7\
Ri— R4
=
Q. N=CH Rs Q  NHp
PN )N
—( H —~ H
HN. N,
N~ O N (]
|
r//\J Different aldehydes / ethanol l,,/)\]
[ \
- glacial acetic acid / reflux 2 hrs N
4-8 3

Cpd. R, R, R; Ry Rs

H H o H

H H OH H
OH H H H
OH C H cl
NO, H H H

@ N o u A
IIT - XX

Scheme 1. Synthesis of target compounds 4-8.

Microanalyses and spectral data (IR,

'H-NMR,®C-NMR and EI-MS) were used to



elucidate the structure of the synthesized
compounds 4-8. The IR spectra showed
collectively NH and C=0 stretching at around
3300-3500 cm? and 1630-1700 cm'*
respectively, the appearance of (Ar-H, sp?)
stretching at 3000-3100 cm™, (=C-H) stretching
at 3010-3100 cm™, (N-C=0) at around 1665-
1710 cm™. Furthermore, the IR spectra of
compounds 5, 6 and 7 showed (O-H) stretching
at 3200-3400 cm™ and compound 8 showed
strong stretching related to (N-O, nitro) at 1527
and 1342 cm™. 'H-NMR spectra of the newly
synthesized compounds 4-8 showed NH singlets
at o [8.72-9.20 ppm] in addition to aromatic
multiplets at 61 [6.96-8.17 ppm]. Regarding the
'H-NMR spectra of compounds 5, 6 and 7,
singlets at on [11.00-12.49 ppm] were detected
that referred to the hydroxyl group (OH).

3.2. Biological activity
The antiviral activities of the target compounds
4-8 were evaluated against MERS-CoV. The

results were listed in Table 1.

Table 1. The antiviral activities of target
compounds 4-8 against MERS-CoV.

Cpd. CCso mM
4 0.77
5 9.00
6 0.67
7 3.22
8 1.99

Favipiravir >400

Rec. Pharm. Biomed. Sci. 5(1), 121-134, 2021

All the screened compounds 4-8 might serve
as promising antiviral agents. They showed
CCsp ranging from 0.67 mM to 3.22 mM. This
range is superior to the standard antiviral agent
Favipiravir with CCso >400 mM (Pilkington,
Pepperrell et al. 2020).

The most active compounds 4 and 6 were further
subjected to Plaque Reduction assay. A plaque-
forming unit (PFU) is a measure used in
virology to describe the number of virus
particles capable of forming plaques per unit
volume (Hayden, Cote et al. 1980). Compounds
4 and 6 showed promising viral inhibitory
patterns in the Plague Reduction assay. The

results are listed in Table 2.

3.3. Insilico studies

3.3.1. Molecular Modeling

To highlight the virtual mechanism of binding
for the tested compounds 4-8, they were
screened for their binding ability towards the
COVID-19 main protease highlighting both
binding energy and the drug-target interactions.
As seen in Figure 2, the peptide-like inhibitor
forms three interactions with the key amino
acids Glu 166, GIn 189 and Thr 190 with bond
length (~2 A). From the docking study, the
tested compounds 4-8 were docked inside the
COVID-19 main protease active site with good
binding energy from -18.03 Kcal/mol to -21.03
Kcal/mol and their interactions with the key

amino acids were listed in Table 3.
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Table 2. Viral activity for Middle East Respiratory Syndrome (MERS-CoV) evaluated by Plaque

Reduction assay.

_ ) Viral count after
Concentration Virus control ] o
Cpd. . (PFUIMI) treatment Viral Inhibition %
mg/m m
: (PFU/mI)
0.054 2.4%10° 14.2
0.027 2.5%10° 10.7
4 2.8*10°
0.013 2.7%10° 3.5
0.006 2.8*10° 0
0.43 toxic 0
0.22 toxic 0
6 2.8*10° :
0.22 toxic 0
0.05 1.5*10° 46.4
Interestingly, compounds 4-8 like the ol Atom1 Atom 2 Distance
Favipiravir, formed two strong hydrogen bond é Thﬁul‘;f_ﬁ 0 Guiblf 3‘_*3 ﬁEl jfti
. . . 3 G 166.A0  WALZ.CH  l.85k
interactions with Glu 166 through the carbonyl 4 GLU166.AH VAL3.CO  1.993
group as HBA and with GIn 189 through the

HBD. This is

rationalization that the tested compounds 4-8

NH-group as a good
have the same active pharmacophoric region of
the carboxamide group like Favipiravir. Unlike
Favipiravir, substituted benzylidene
carbohydrazide moiety of the target compounds
4-8 fits plausibly in the receptor cavity and
extended deep in the characteristic pocket
formed by GlIn 192, Thr 190, His 164, Gly 143
and Ala 193. This finding could explain the
antiviral

superior activity of the novel

compounds 4-8.

A

Figure 2. Binding disposition and active site of

peptide-like inhibitor (Chain C, Orange), inside
the COVID-19 main protease (Chain A, Buff),
with highlighted key residues; GIn 189, Glu 166,
and Thr 190 (Green).
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Table 3. Summary of ligand-receptor interactions of the docked compounds inside the active site of

COVID-19 main protease (PDB: 6LU7).

Ligand-receptor interactions

Binding energy -
Cpd. Interactive . )
(Kcal/mol) ) Number and Type Other interactions
residues
Glu 166 1 HB-acceptor
GIn 189 1 HB-donor
Favipiravir -19.91
Glu 166 1 HB-acceptor )
1 HB with Asn 142
GIn 189 1 HB-donor
4 -21.03
Qo dechan scceptor SOl e onconserves
O basic =+ backbane acceptor ~— solvent contact D inconsistent
O greasy =+ backbane donor “— metal contact ~ ©@arene-arene
Somour” B e O Ofarerecton
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-17.78

GIn 189

1 HB-donor

1 HB with Thr 190

O polar = sidechain acceptor O solvent residue  —+ nonconserved

Q acidic  +- sidechain donor O metal complex  —Xnonpresent

O basic  *—* backbone acceptor - solvent contact @ inconsistent

O greasy = backbone donor == metal contact arene-arene
proximity ligand O receptor ©@+arene-cation
contour exposure exposure

-18.03

GIn 189

1 HB-donor

1 HB with Phe 140

© polar

O acidic

© basic

O greasy
proximity
contour

==+ sidechain acceptor () solvent residue  — nonconserved

<+ sidechain donor () metal complex  —Xnonpresent
== backbene acceptor solvent contact @ Incensistent
== backbone donor  — metal contact arene—arene
@ loand () Meceprr @+arene-cation
exposure expasure
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1 HB with Asn 142

GIn 189 1 HB-donor

7 -20.85

Asp

O polar =+ sidechain acceptor O solvent residue =+ nonconserved
Q acidic  +— sidechain donor O metal complex  ~Xnonpresent
O basic =+ backbone acceptor solvent contact @ inconsistent
O greasy =+ backbone donor - metal contact ~©Qarene-arene
greasy
proximity ligand O receptor ©+arene-cation

Glu 166 1HB-acceptor ]
1 HB with Asn 142

GIn 189 1 HB-donor

8 -19.06

Pro
168

= sidechain acceptor O solvent residue =+ nonconserved
© metal complex  =Xnonpresent

—=solvent contact @ inconsistent

©Qarene-arene

O polar
Q acidic = sidechain donor

O basic = backbone acceptor

*Docking calculation using MOE-2019 was validated by having the RMSD value lower than two.
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Table 4. In silico ADME pharmacokinetics properties of tested compounds 4-8.
S SwissADME
Molinspiration 2018.10 )
. MolSoft (Daina,
(Tantawy, Amer et al. 2020, Youssef, EI-Moneim et al. ] o
(Nafie, Amer et al. 2020) Michielin et al.
2020)
Cpd. 2017)
N Drug likeness
MWt MV PSA o Solubility o
, , Logp | nrotb | nviolations | HBA | HBD (Lipinski Pfizer
(D) (A) | (A) (mg/L) :
filter)
4 340.77 | 284.38 | 79.26 | 2.88 4 0 3 2 159.47
“Yes, drug like”
5 322.32 | 278.86 | 99.49 | 1.72 4 0 4 3 3007.67
MW <500, Log
6 322.32 | 278.86 | 99.49 | 2.14 4 0 4 3 632.48
p<4.15,HBA <
7 391.21 | 305.93 | 99.49 | 3.19 4 0 4 3 152.40
10 and HDD <5
8 351.32 | 294.18 | 125.0 | 2.11 5 0 5 2 293.7

“Mwt: Molecular Weight, MV: Molecular Volume, PAS: Polar Surface Area, Log p: Log P: Octanol-water

partition coefficient, nroth: number of rotatable bond, nviolations: number of violations, HBA: Hydrogen Bond

Acceptor, HBD: Hydrogen Bond Donor”

Figure 3. Binding dispoition of docked
compound 4 (Green), and the peptide-like
inhibitor (Orange) inside the COVID-19 main
with  the of

protease 3D-visualization

interactions.

3. Bioinformatics study
All the tested compounds were tested for
physicochemical

properties and drug-like

properties using Bioinformatics studies. For the
future drug candidates with Lipinski's (Ro5)
(Lipinski 2004). For good drug absorbance
through intestines, the values of topological
polar surface area (TPSA) must be as low as 140
and the blood brain barrier (BBB) must be as
low as 90 A? (Clark and Pickett 2000). The
compounds 4-8 were all well-permeable and
As Table 4,
compounds 4-8 had 2-3 donors and 3-5

well-absorbed. shown in
acceptors for hydrogen bonding. Besides, all
tested compounds 4-8 exhibited log P values
between 2.11 and 3.74, so they were well
tolerated by cell membranes. For controlling

conformational changes and oral bioavailability,




the rotatable bond number (nrotb) should be <
10 (Veber, Johnson et al. 2002), all the tested
compounds 4-8 had 4-5 nrotb. Additionally, all
the tested compounds 4-8 exhibited good drug-
likeness score using SwissADME, especially
the lead compound 4, with drug-likeness score

of 0.81 using MolSoft as shown in Figure 4.

Drug-likeness model score: 0.81

) — Drugs
‘\ Non—drugs
f \ — Your compound

I T T
-6.00 -4.00 -2.00 0.00 2.00 4.00 6.00

Figure 4. Plot of Drug likeness score for the
compound 4  (0.81) using  Molsoft.
Blue-colored curve for drug like behavior, and
green-colored curve for non-drug

like behavior.

4. Conclusion

Middle East respiratory syndrome coronavirus
MERS-CoV represents a major growing public
healthcare problem all over the world. Herein,
we investigate the anti MERS-CoV activity of
novel pyrazole-based analogues bearing a
phenyl ring on the pyrazole nitrogen N1. The
carboxamide moiety of Favipiravir was
modified in our target compounds to a

substituted benzylidene carbohydrazide moiety.

Rec. Pharm. Biomed. Sci. 5(1), 121-134, 2021

The target compounds 4-8 displayed CCso
ranging from 0.67 mM to 3.22 mM, which is
superior to the standard antiviral agent
Favipiravir with CCsp >400 mM. Molecular
modeling and bioinformatics were performed
for all the newly synthesized compounds 4-8
inside the active site of COVID-19 main
protease (PDB: 6LU7). Like Favipiravir,
compounds 4-8 formed two strong hydrogen
bond interactions with the key amino acids
inside the active site. Unlike Favipiravir,
substituted benzylidene carbohydrazide moiety
of the target compounds 4-8 extended deeply in
the characteristic pocket of COVID-19 main
protease. This might explain the superior
activity of our target compounds. Moreover, all
the tested compounds exhibited good drug-
likeness score using SwissADME, especially
the lead compound 4, with drug-likeness score
of 0.81 using MolSoft.
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