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We report herein a new series of synthesized N-substituted-2-quinolonylacetohydrazides aiming to eval-
uate their activity towards SARS-CoV-2. The structures of the obtained products were fully confirmed
by NMR, mass, IR spectra and elemental analysis as well. Molecular docking calculations showed that
most of the tested compounds possessed good binding affinity to the SARS-CoV-2 main protease (MP™)
comparable to Remdesivir.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Recently, human coronaviruses have attracted much interest. A
new strain for Corona viruses (CoVs) identified in late December
2019 named SARS-CoV-2 resulted in a massive outbreak initially
in Wuhan, China and propagated to different nations around the
globe. The World Health Organization (WHO) declared the result-
ing disease named COVID-19 as a pandemic [1,2]. It is safe to say
that a sufficient understanding of SARS-CoV-2, and the full clini-
cal picture of the resulting COVID-19 disease will take some time
[3-8].

Remdesivir (Fig. 1) an adenosine analogue, has been recently
recognized as a promising antiviral drug against a wide array of
RNA viruses (including SARS/MERS-CoV) [9,10] infection in cul-
tured cells, mice and nonhuman primate (NHP) models. It is cur-
rently under clinical development for the treatment of the Ebola
virus infection [11]. Remdesivir binds to ribonucleic acid (RNA)-
dependent RNA polymerase and acts as an RNA-chain terminator.
It displays potent in vitro activity against SARS-CoV-2 with an ECsq
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at 48 h of 0.77 uM in Vero E6 cells. Remdesivir is highly selec-
tive for viral polymerases and is therefore expected to have a low
propensity to cause human toxicity [12].

During last few decades, 4-hydroxy-2-quinolones as privileged
structures in drug discovery are beyond doubt, one of the major ar-
eas in medicinal chemistry [13-15]. The 4-hydroxy-2-quinolinones
scaffold is widely found in alkaloids [16] and they are important
as a characteristic building block for a series of significant bio-
logically active compounds. Many efforts have been done on an-
tiviral properties of quinolines and quinolones and their structural
analogues against the human immunodeficiency virus (HIV), but
their antiviral activity was also demonstrated against the human
cytomegalovirus (HCMV), SARS corona virus, Zika virus, Chikun-
gunya virus, hepatitis C virus (HCV), and Ebola virus [17-22]. The
mechanism of action of antiviral quinolone remains unclear. Spe-
cific studies aimed at understanding the nature of drug’s targets
at the molecular level indicated that quinolones inhibit viral tran-
scription [23].

Elvitegravir, (Fig. 2) is the first quinolone-based anti-HIV drug,
exhibiting potent inhibitory activity against integrase-catalyzed
DNA strand transfer [24,25]. Another series of quinolone-3-
carboxylic acids have been synthesized by introducing different hy-
drophobic groups at the N(1), C(2), C(7), and C(8) positions [26].
Most of the compounds of this group showed anti-HIV activity
without cytotoxicity at a concentration of 100 ©M.
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Fig. 1. Structure of Remdesivir.
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Fig. 2. Chemical structure of Elvitegravir.

Fig. 3 summarizes the work of Aly et al. in the synthesis of 4-
hydroxy-2-quinolones of potential biologically active compounds.
As an example, 2,3-bis-(4-hydroxy-2-oxo-1,2-dihydroquinolin-3-
yl)succinic acid derivative I, was obtained by a one-pot reaction of
one equivalent of aromatic amines with two equivalents of diethyl
malonate in diphenyl ether and catalyzed with triethylamine [27].
A reaction of four equivalents of 4-hydroxyquinolin-2(1H)-one
with one equivalent of acenaphthoquinone gave acenaphthylene-
1,1,2,2-tetrayl-tetrakis(4-hydroxyquinolin-2(1H)-one) ~ (II,  [28].
We also reported that quinoline-2,4-dione reacted with 2-(2-
oxo0-1,2-dihydroindol-3-ylidene)malononitrile in pyridine to give
spiro(indoline-3,4’-pyrano[3,2-c]quinoline)—3’-carbonitrile (1,
[29], whereas 2-quinolone reacted with diethyl acetylenedi-
carboxylate to give pyrano[3,2-c]quinoline-4-carboxylate (IV,
[30]. Also a class of 1,2,3-triazoles derived by 2-quinolone (V,
[31]) was synthesized, via Cu-catalyzed [3 + 2]cycloadditions
(Meldal-Sharpless ‘click’-reactions) [31]. We also synthesized
naphthofuro[3,2-c]quinoline-6,7,12-trione VI, and pyrano|[3,2-
c]quinoline-6,7,8,13-tetraone, VII that have shown potential as ERK
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inhibitors [32], whereas synthesis of bis(6-substituted-4-hydroxy-
2-0x0-1,2-dihydroquinolin-3-yl)naphtha-ene-1,4-dione VIII and
(substituted N-(alkyl)bis-quinolinone)-triethylammonium salt VIV
[33], were explored as candidates for extracellular signal-regulated
kinases 1/2 (ERK1/2) having antineoplastic activity [33]. Recently,
we have reported the synthesis of 5,12-dihydro-pyrazino[2,3-c:5,6-
c’ldifuro[2,3-c:4,5-c’]-diquinoline-6,14(5H,12H)-dione X [34] and 2-
(4-hydroxy-2-oxo-1,2-dihydroquinolin-3-yl)—1,4-diphenyl-butane-
1,4-dione XI [34]. Most indicative is our recent synthesis of
6-substiuted-4-(2-(4-substituted-benzylidene)hydrazinyl)quinolin-
2(1H)-one derivative XII [35] which was evaluated for their in
vitro cytotoxic activity against 60 cancer cell lines according to NCI
protocol [35].

On the other hand, Schiff bases have large importance in medic-
inal and pharmaceutical fields due to a broad spectrum of biologi-
cal activities like analgesic [36-39], anti-inflammatory [36,38,40],
anti-tubercular [41], anti-cancer [42,43], and so forth. So, from
the highly biological and pharmaceutical activities of 4-hydroxy-2-
quinolinones and Schiff bases, we focused in our paper to merging
the activity of these compounds and compare them with Remde-
sivir (as one of the prospective drugs) against COVID-19.

2. Results and discussion
2.1. Chemistry section

Our research plane started by preparation of compounds 2a,b
during reaction between quinolones 1a,b and ethyl bromoacetate.
Compounds 2a,b reacted with hydrazine in EtOH and gave the cor-
responding 2-((2-oxo0-1,2-dihydroquinolin-4-yl)oxy)acetohydrazide
3a,b in good yields (Scheme 1) [44,45]. By refluxing equimo-
lar amounts of compounds 3a,b with an aldehydes in abso-
lute ethanol with few drops of acetic acid gave our target new
Schiff bases 4a-k in 75-90% yields (Scheme 1). The structure
assignments of compounds 4a-k were established using differ-
ent spectroscopic tools like IR, NMR ('H, 13C, 15N, 2D), ele-
mental analyses and mass spectrometry. The elemental analysis
showed that the corresponding molecular formula for all new
compounds 4a-k are formed form one molecule of compound
3a,b and one molecule of the entered aldehyde with elimination

N" 70 xi(3s)
b

Fig. 3. Structures of compounds that previously reported 2-quinolones I-XII.
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Scheme 1. Preparation of new Schiff bases 4a-k.
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Fig. 4. (E)-N-(4-Bromobenzylidene)—2-((7-methyl-2-oxo-1,2-dihydroquinolin-4-
yl)oxy)-acetohydrazide (4b).

for a H,0 molecule. To illustrate the structure for the obtained
compounds 4a-k, we choose compound 4b as an example which
was assigned as N’-(4-bromobenzylidene)—2-((7-methyl-2-0x0-1,2-
dihydroquinolin-4-yl)oxy)acetohydrazide (4b) with a molecular for-
mula CigH1gBrN303 (m/z = 414). Its IR spectrum did not show any
absorption band corresponding to hydrazine-NH,, thus indicated
that condensation has occurred (Fig. 4).

This was fully supported by its 'TH NMR spectrum, which dis-
played a characteristic singlet at 6y = 11.80, 11.34 ppm, integrating
for two D,0 exchangeable protons which were assigned as NH-4e
and NH-1, respectively. Also, a singlet at §y = 5.33 ppm (2H) cor-
responding to ~OCH,- (H-4c) was further confirmed from >C NMR
(Fig. 5) with a characteristic singlet at §c = 65.15 ppm (Table 1).

The protons of the phenyl group exhibit a 1,4-disubstituted
system and was observed as a double-doublet at 6y = 7.72 (d,
J = 8.5 Hz; 2H, H-0) and 6y = 7.65 (d, ] = 8.5 Hz; 2H, H-m) and
both of them give a TH-TH-COXY with each other (Table 1). The
13C NMR spectrum for compound 4b showed characteristic sin-
glets at ¢ = 167.78, 163.25, 162.05, 147 and 21.28 which were
assigned as C-4d, quinolone-C-2, C-4, C = N (C-4 g), and methyl
group (C-7a), respectively (Table 2). In >N-NMR, the signal at
6y = 317.2 ppm, indicated as N-4f gave HMBC correlation with

4a-k

Table 1
TH NMR for compound 4b.

TH NMR TH-TH COSY  Assignment:

11.80 (s, 1H) NH-4e

11.34 (s, 1H) 573 NH-1

8.01 (s, 1H) H-4g

7.76 (d, ] = 82 Hz, 1H)  7.03 H-5

772 (d,J = 85 Hz, 2H)  7.65 H-o

7.65 (d, ]_ 85Hz 2H) 7.72 H-m

7.09 (s; 1H) 2.38 H-8

7.03 (d,J = 8.4 Hz; 1H)  7.81, 7.76 H-6

5.74 (s, 1H) 11.34 H-3

5.33 (s H) H-4c

2.38 (s; 3H) 7.09 H-7a

Table 2
13C and >N NMR spectral data for compound 4b.
BCNMR HSQC HMBC Assignment:
167.78 11.80, 11.79, 5.33, 5.30 C-4d
163.25 11.78, 5.33, 4.81, 2.89, C-2
2.735
162.05 11.78, 7.76, 5.74, 5.33, C-4
4.85, 2.89, 2.735

142.93 8.02, 8.01, 7.96 11.80, 11.79, 7.72 C4g
141.07 7.81, 7.76, 7.72 Cc-7
140.15 7.81, 7.76, 7.36 C-8a
133.20 8.29, 8.25, 8.02, 8.01, 7.65 C-i
131.74 7.67 7.67 C-m
129.02 7.72 7.65 C-0
123.20 7.03 7.72, 7.65, 7.09 C-p
122.76 7.81 7.09, 2.38 C-6
122.35 7.76 7.09, 2.38 C-5
114.88 7.09 11.34, 7.04, 6.95, 2.38 C-8
112.38 7.09, 5.74 C-4a
96.68 5.77, 5.74 11.34 C-3
65.15 5.33, 5.30, 4.85, 4.81 11.79 C-4c
21.28 2.38 7.09, 7.03 C-7a
15N NMR HSQC HMBC Assignment:
317.2 8.02, 8.01 N-4f
177.9 11.80, 11.79 8.02, 8.01 N-4e
144.4 11.39, 11.34 N-1
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Fig. 5. 13C NMR spectrum of 4b.

proton at §y = 8.01 ppm which was assigned as H-4 g and didn’t
have any HSQC correlation, and this proton give HSQC correla-
tion with carbon at §c = 142.93 ppm, which was assigned as C-
4 g that indicates the absence of hydrazine-NH, and condensation
takes place on it, with other signals at §y = 177.9 and 144.4 ppm,
which were assigned as N-4e and N-1, respectively, and these ni-
trogen gave an HSQC correlation which indicates that these nitro-
gen atoms are carrying protons (Table 2). The former correlation
indicates the E-form of the azomethine structure.

2.2. Molecular docking calculations

To reveal the binding modes and affinities of the synthesized
compounds 4a-k with SARS-CoV-2 main protease (MP™) and RNA-
dependent RNA polymerase (RdRp), molecular docking calculations
were performed using Autodock4.2.6 software. The predicted dock-
ing scores and binding features of compounds 4a-k with MP™ and
RdRp receptors are listed in Table 3.

According to the calculated docking scores (Table 3), com-
pounds 4a-k showed good binding affinities towards MP™ with
values in range —7.5 to —9.7 kcal/mol. Compared to main protease
(MPro), the synthesized compounds showed lower binding affinities
towards RARP with docking scores in range —6.5 to —7.7 kcal/mol.
However, molecular docking of Remdesivir gave binding affini-
ties of —8.5 and —5.6 kcal/mol with MP™ and RdRp, respectively
(Table 3). Comparison of the binding affinities revealed that com-
pound 4d exhibited the largest binding affinities towards both of
MP™ and RdRp with values of —9.7 and —7.7 kcal/mol, respectively.
The high binding affinity of compound 4d towards MP™ may be
attributed to its potentiality to form four essential hydrogen bonds
with lengths of 2.02, 2.22, 1.83 and 2.07 A with LEU141, SER144,
HIS163 and GLU166 amino acids, respectively (Fig. 6).

Analysis of the docked 4d-RdRp complex, compound 4d forms
three essential hydrogen bonds with TYR619, ASP623 and GLU811
amino acids with average bond lengths of 2.19, 2.12 and 2.24 A,
respectively (Fig. 6). 2D LigPlus representations of interactions of

> alisencl
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.
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Fig. 6. Cartoon backbone representation of predicted binding modes of compound
4d with SARS-CoV-2 (a) main protease (MP™) and (b) RNA-dependent RNA Poly-
merase (RdRp). (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)
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compounds 4a-k with important amino acid residues of SARS-
CoV-2 MP™ are depicted in Fig. 7. Overall, the molecular docking
results could support the postulation that the synthesized com-
pounds may act as potent SARS-CoV-2 MP™ inhibitors.

3. Conclusion

In conclusion, a new series of N-substituted-2-
quinolonylacetohydrazides was here synthesized in order to
evaluate their activity towards SARS-CoV-2 MP™ and RdRp. The
NMR spectra ('H, 13C, 15N, 2D) were used to prove the structure
of the isolated compounds. Molecular docking calculations showed
that most of the tested compounds possessed good binding affinity
to the main protease (MP™) comparable to Remdesivir. Analysis
of the docked (E)-N’-(3-methoxybenzylidene)—2-((7-methyl-2-oxo-
1,2-dihydroquinolin-4-yl)oxy)acetohydrazide-RdRp complex shows
formation of three essential hydrogen bonds with TYR619, ASP623
and GLU811 amino acids with average bond lengths of 2.19, 2.12
and 2.24 A, respectively. Much work has be done to evaluate more
quinolones compounds, especially in the direction to find out
how drugs capable to treat infections caused by the SARS-CoV-2
virus.

(1.96 A)

TYR619 (2.19 A),
, ASP623 (2.28 A)
TRP800 (1.81 A),
, ASP761 (1.62 A),
TRP800 (1.78 A),
ASP760 (2.06 A),

e R e N N e o R

1.96 A), TRPS00

212 A
224 A
2.08 A

N A NN NI NI NI NI NI

Binding Features (Hydrogen bond

length in A)
GLU811 (1.92 A), TYR619 (2.07 A)

TYR619 (2.15 A), GLU811 (2.15 A)
TRP800 (1.91 A), SER814 (1.92 A)
TYR619 (2.78 A), TRP80O (1.78 A),
ASP623 (2.02 A), LYS621 (1.88 A)

ASP623
GLU811
TYR619
TYR619
ASP761
SER814
SER814
TRP800
ASP761
SER814

4. Experimental

RNA-dependent RNA Polymerase (RdRp)

Docking Score
(kcal/mol)
-7.3

-74

-7.5

—-7.7
-7.3

—6.5

-7.6

—-7.5

-7.2

-7.5
-7.6

Melting points were determined on Stuart electrothermal melt-
ing point apparatus and were uncorrected. TLC analysis was per-
formed on analytical Merck 9385 silica aluminum sheets (Kiselgel
60) with PF,s4 indicator. Spectra were measured in DMSO-dg on
a Bruker AV-400 spectrometer (400 MHz for 'H, 100 MHz for 13C,
and 40.54 MHz for °N), purchased with assistance from the Na-
tional Science Foundation (CHE 03-42,251) at the Florida Institute
of Technology, 150 W University Blvd, Melbourne, FL 32,901, USA.
Chemical shifts are reported vs TMS = 0 for 'H and 3C, and vs
NH; = 0 for 1°N. 15N signals were detected indirectly, via HSQC
and HMBC experiments. The samples were dissolved in DMSO-dg,
s = singlet, d = doublet, dd = doublet of doublet and t = triplet.
Mass spectrometry were recorded on a Varian MAT 312 instrument
in EI mode (70 eV), at the Karlsruhe Institut fiir Technologie (KIT),
Institute of Organic Chemistry, Karlsruhe, Germany.

Synthesis of substituted (E)-N’-(substituted benzylidene)—2-((7-
substituted-2-oxo-1,2-dihydroquinolin-4-yl)oxy)acetohydrazide 4a-
k.

A mixture of 3a,b (1 mmol), aldehydes (1 mmol) and a few
drops of acetic acid in 20 mL of absolute ethanol which was stirred
and refluxed for 6-8 h (the reaction was followed by TLC analy-
sis). After the reaction’s completion, the solid was filtered off and
washed with a hot ethanol to give pure compounds 4a-k.

(E)-N'-Benzylidene-2-((7-methyl-2-oxo-1,2-dihydroquinolin-4-
yl)oxy)acetohydrazide (4a).

This compound was obtained as a colorless compound, yield
0.28 g (83%); Rf = 0.4 (Toluene: Ethyl acetate; 10:1); TH NMR
(DMSO-dg): 8y = 11.75 (s; 1H, NH, H-4e), 11.34 (s; 1H, NH-1), 8.04
(s; 1H, H-4 g), 7.76 (m; 3H, H-5,0), 745 (m; 3H, H-m,p), 7.09 (s;
1H, H-8), 7.04 (d; J = 8.2, 1H, H-6), 5.73 (s; 1H, H-3), 5.34 (s; 2H,
H-4c), 2.38 (s; 3H, H-7a); 13C NMR (DMSO-dg): 8. = 167.78 (C-4d),
163.25 (C-2), 162.08 (C-4), 144.13 (C-4 g), 141.07 (C-7), 140.15 (C-
8a), 133.89 (C-i), 129.98 (C-p), 127.75 (C-m), 126.99 (C-o0), 122.76
(C-6), 122.35 (C-5), 114.87 (C-8), 112.38 (C-4a), 96.64 (C-3), 65.14
(C-4c), 21.28 (C-7a); SN NMR (DMSO-d): 8y = 315.1 (N-4f), 177.4
(N-4e), 144.1 (N-1a). MS (70 eV): m/z (%) = 335 (MT, 60). Anal
Calcd for CigH17N303 (335.36): C 68.05; H 5.11; N 12.53. Found: C
68.1;, H 4.99; N 12.66.

(E)-N'-(4-Bromobenzylidene)—2-((7-methyl-2-oxo-1,2-
dihydroquinolin-4-yl)oxy)-acetohydrazide (4b).

, SER144 (2.24 A),
, GLU166 (2.13 A),
GLY143 (1.75 A)

~ = 22~ ==

213 A
223 A
232 A

GLU166 (1.86 A), GLN192 (2.24 A),

GLU166 (1.89 A), LEU141 (1.97 A),
HIS163 (1.97), SER144 (2.31 A)
GLU166 (1.86 A), GLN192 (1.99 A)
SER144 (2.21 A), CYS145 (2.37 A)
GLU166 (2.21 A), GLN192 (2.19 A)
GLU166 (2.02 A), HIS163 (1.93 A),
GLN192 (2.22 A)

Binding Features (Hydrogen
GLU166 (2.15 A

bond length in A)
LEU141 (1.99 A
ARG188 (1.82 A
MET165 (2.52 A
LEU141

GLU166

GLN189

GLU166

Main Protease (MP™)
Docking Score
(kcal/mol)
-9.1

-9.0

-7.7

-9.7

-7.5

-7.9

-8.2

-8.5

-8.6

-8.7

-8.8

Compound

4a
4b
4c
4d
4e
4f
4g
4h
4i

4j

4k

Calculated docking scores (in kcal/mol) and predicted binding features for compounds 4a-k with SARS-CoV-2 main protease (MP™) and RNA-dependent RNA Polymerase (RdRp).

Table 3
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4g-Mrre 4h-Mpre

Fig. 7. 2D LigPlus representation of interactions of compounds 4a-k with important amino acid residues of SARS-CoV-2 main protease (MP™).
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Fig. 7. Continued

This compound was obtained as a colorless compound, yield
0300 g (72%); Ry = 0.3 (Toluene: Ethyl acetate; 10:1); NMR
(DMSO-dg): 8 (See Tables 1 and 2). MS (70 eV): m/z (%) = 415
(M + 1, 36), 414 (M*, 32). Anal. Calcd for C;gH;gBrN303 (414.25):
C 55.09; H 3.89; N 10.14. Found: C 55.10; H 3.77; N 10.11.

(E)-N’-(4-(Dimethylamino)benzylidene)—2-((7-methyl-2-oxo-
1,2-dihydroquinolin-4-yl)oxy)-acetohydrazide (4c).

This compound was obtained as a colorless compound, yield
0.300 g (79%); Ry = 0.6 (Toluene: Ethyl acetate; 10:1); TH NMR
(DMSO-dg): 8y = 11.45 (s; 1H, NH, H-4e), 11.33 (s; 1H, NH-1), 7.90
(s; 1H, H-4 g), 7.76 (d, ] = 8.2 Hz; 1H, H-5), 7.54 (d, ] = 8.86 Hz;
2H, H-o0), 7.09 (s; 1H, H-8), 7.03 (d, ] = 8.3 Hz; 1H, H-6), 6.75
(d, ] = 8.8 Hz; 2H, H-m), 5.68 (s; 1H, H-3), 5.28 (s; 2H, H-4c),
2.98 (s; 6H, NMe;), 2.38 (s; 3H, H-7a); 3C NMR (DMSO-ds):
8¢ = 16712 (C-4d), 163.25 (C-2), 162.14 (C-4), 151.45 (C-p), 144.95
(C-4 g), 141.07 (C-7), 140.15 (C-8a), 128.51, 128.25 (C-o,i), 122.75
(C-6), 122.36 (C-5), 114.87 (C-8), 112.40 (C-4a), 111.74 (C-m), 96.56
(C-3), 65.13 (C-4c), 39.50 (NMe,), 21.28 (C-7a); >N NMR (DMSO-
dg): 8y = 303.6 (N-4f), 176.4 (N-4e), 144.0 (N-1a), 52.8 (NMe;).
MS (70 eV): m/z (%) = 378 (M*, 60). Anal. Calcd for Cy;Hy,N403
(378.42): C 66.65; H 5.86; N 14.81. Found: C 66.77; H 5.79; N 14.66.

(E)-N-(3-Methoxybenzylidene)—2-((7-methyl-2-0xo0-1,2-
dihydroquinolin-4-yl)oxy)acetohydrazide (4d).

This compound was obtained as a colourless compound, yield
0.280 g (77%); Ry = 0.65 (Toluene: Ethyl acetate; 10:1); TH NMR
(DMSO-dg): 6y = 11.76 (s; 1H, NH, H-4e), 11.34 (s; 1H, NH-1),
8.00 (s; 1H, H-4 g), 7.76 (d; ] = 8.2 Hz, 1H, H-5), 7.37 (m; 1H, H-
5), 7.30, (m; 2H, H-2,6’), 7.09 (s; 1H, H-8), 7.02 (m; 2H, H-4',6'),
5.72 (s; 1H, H-3), 5.35 (s; 2H, H-4c), 3.80 (s; 3H, H-3a), 2.38 (s;
3H, H-7a); 13C NMR (DMSO-dg): §, = 167.83 (C-4d), 163.24 (C-2),
162.09 (C-4), 159.51 (C-3’), 143.94 (C-4 g), 141.21 (C-7), 140.15 (C-
8a), 135.31 (C-1"), 129.86 (C-5"), 122.76 (C-6), 122.33 (C-5), 119.68

(C-6'), 115.94 (C-5"), 114.88 (C-8), 112.39 (C-4a), 111.64 (C-2'), 96.66
(C-3), 65.19 (C-4c), 55.15 (C-3a’), 21.27 (C-7a); >N NMR (DMSO-
dg): 8y = 316.1 (N-4f), 177.5 (N-4e), 144.3 (N-1a). MS (70 eV): m/z
(%) = 365 (M*, 27). Anal. Calcd for CygH1gN304 (365.38): C 65.74;
H 5.24; N 11.50. Found: C 65.66; H 5.09; N 11.44.

(E)—2-((7-Methyl-2-ox0-1,2-dihydroquinolin-4-yl)oxy)-N'-(3,4,5-
trimethoxybenzylidene)aceto-hydrazide (4e).

This compound was obtained as a colorless compound, yield
0.38 g (90%); Ry = 0.45 (Toluene: Ethyl acetate; 10:1); TH NMR
(DMSO-dg): 8y = 11.78 (s; 1H, NH, H-4e), 11.34 (s; 1H, NH-1),
7.95 (s; 1H, H-4 g), 7.76 (d; ] = 8.2 Hz, 1H, H-5), 7.09 (s; 1H,
H-8), 705 (m; 3H, H-2',6), 5.70 (s; 1H, H-3), 5.37 (s; 2H, H-4c),
3.81 (s; 3H, H-3a’,5a"), 2.89 (s; 3H, H-4a’), 2.38 (s; 3H, H-7a); 13C
NMR (DMSO-dg): 8. = 167.81 (C-4d), 163.24 (C-2), 162.13 (C-4),
153.12 (C-3’), 143.92 (C-4 g), 141.06 (C-7), 140.15 (C-8a), 138.80 (C-
4’), 129.40 (C-1"), 122.77 (C-6), 122.31 (C-5), 114.88 (C-8), 112.38
(C-4a), 104.34 (C-2’), 96.64 (C-3), 60.08 (C-4c), 55.92 (C-4a’), 35.73
(C-3a"), 21.26 (C-7a); "N NMR (DMSO-dg): 8 = 313.2 (N-4f), 177.5
(N-4e), 143.9 (N-1a). MS (70 eV): m/z (%) = 425 (M™, 55). Anal
Calcd for CyyHy3N304 (425.43): C 62.11; H 5.45; N 9.88. Found: C
62.28; H 5.59; N 10.01.

(E)-N’-Benzylidene-2-((1-methyl-2-o0x0-1,2-dihydroquinolin-4-
yl)oxy)acetohydrazide (4f).

This compound was obtained as a colorless compound, yield
0.275 g (82%); Ry = 0.5 (Toluene: Ethyl acetate; 10:1); TH NMR
(DMSO-dg): 6y = 1175 (s; 1H, NH, H-4e), 8.04 (s; 1H, H-4 g),
8.01 (d, ] = 7.8 Hz; 1H, H-8), 7.76 (dd, J = 7.8, 2.2 Hz; 2H, H-
0), 769 (m; 1H, H-7), 7.54 (d, ] = 8.5 Hz; 1H, H-5), 746 (m;
3H, H-m,p), 7.31 (m; 1H, H-6), 5.98 (s; 1H, H-3), 5.38 (s; 2H, H-
4c), 3.58 (s; 3H, H-1a); 13C NMR (DMSO-dg): 8. = 167.71 (C-4d),
162.17 (C-2), 160.65 (C-4), 144.16 (C-4 g), 139.47 (C-8a), 133.89 (C-
i), 131.48 (C-7), 129.98 (C-p), 128.75 (C-m), 127.01 (C-o0), 122.88 (C-
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8), 121.55 (C-6), 115.56 (C-4), 114.64 (C-5), 97.21 (C-3), 65.28 (C-4c),
28.62 (C-1a); >N NMR (DMSO-dg): 8y = 315.1 (N-4f), 177.8 (N-4e),
137.4 (N-1a). MS (70 eV): m/z (%) = 335 (M, 45). Anal. Calcd for
Ci9H17N303 (335.36): C 68.05; H 5.11; N 12.53. Found: C 68.16; H
4.99; N 12.39.

(E)-N’-(4-Bromobenzylidene)—2-((1-methyl-2-oxo0-1,2-
dihydroquinolin-4-yl)oxy)acetohydrazide (4g).

This compound was obtained as a colorless compound, yield
0.290 g (70%); Ry = 0.3 (Toluene: Ethyl acetate; 10:1); TH NMR
(DMSO-dg): 8y = 11.81 (s; 1H, NH, H-4e), 8.01 (s; 2H, H-4 g3),
772 (d, ] = 8.5 Hz; 2H, H-o0), 764 (m; 3H, H-7,m), 7.54 (d,
J = 8.5 Hz; 1H, H-5), 7.31 ("t", ] = 7.5 Hz; 1H, H-6), 5.99 (s; 1H,
H-3), 5.37 (s; 2H, H-4c), 3.57 (s; 3H, H-1a); 13C NMR (DMSO-
dg): 8¢ = 167.80 (C-4d), 162.17 (C-2), 160.61 (C-4), 142.96 (C-4 g),
139.46 (C-8a), 133.20 (C-i), 131.73 (C-m), 131.48 (C-7), 128.91 (C-0),
123.21 (C-p), 122.86 (C-8), 121.55 (C-6), 114.64 (C-5), 97.23 (C-3),
65.27 (C-4c), 28.62 (C-1a); >N NMR (DMSO-ds): 8y = 316.9 (N-4f),
178.1 (N-4e), 137.4 (N-1a). MS (70 eV): m/z (%) = 415 (M + 1, 28),
414 (M*, 33). Anal. Calcd for CigHgBrN3O3 (414.25): C 55.09; H
3.89; Br 19.29; N 10.14. Found: C 55.17; H 3.99; Br 19.33; N 10.20.

(E)-N’-(4-Chlorobenzylidene)—2-((1-methyl-2-oxo-1,2-
dihydroquinolin-4-yl)oxy)-acetohydrazide (4h).

This compound was obtained as a colorless compound, yield
0.288 g (78%); Ry = 0.35 (Toluene: Ethyl acetate; 10:1); TH NMR
(DMSO-dg): 8y = 11.81 (s; 1H, NH, H-4e), 8.02 (m; 2H, H-4 g38),
779 (d, ] = 8.4 Hz; 2H, H-0), 7.75 (d, ] = 8.4 Hz; 1H, H-5), 7.68
("t", ] = 7.7 Hz; 1H, H-7), 7.31 ("t", ] = 7.5 Hz; 1H, H-6), 5.99 (s;
1H, H-3), 5.37 (s; 2H, H-4c), 3.57 (s; 3H, H-1a); 13C NMR (DMSO-
dg): 8¢ = 167.79 (C-4d), 162.18 (C-2), 160.62 (C-4), 142.86 (C-
4 g), 139.46 (C-8a), 134.43 (C-p), 132.86 (C-i), 131.47 (C-7), 128.81,
128.68 (C-0,5), 122.86 (C-8), 121.53 (C-6), 115.55 (C-4a), 97.22 (C-3),
65.28 (C-4c), 28.62 (C-1a); >SN NMR (DMSO-ds): Sy = 316.9 (N-4f),
177.9 (N-4e), 137.2 (N-1a). MS (70 eV): m/z (%) = 371 (M + 1, 27),
370 (M, 30). Anal. Calcd for Ci9H;gCIN3O3 (369.80): C 61.71; H
4.36; Cl 9.59; N 11.36. Found: C 61.77; H 4.44; Cl 9.65; N 11.45.

(E)-N’-(4-Methoxybenzylidene)—2-((1-methyl-2-oxo-1,2-
dihydroquinolin-4-yl)-oxy)acetohydrazide (4i).

This compound was obtained as a colorless compound, yield
0.260 g (71%); Ry = 0.6 (Toluene: Ethyl acetate; 10:1); TH NMR
(DMSO-dg): 6y = 11.62 (s; 1H, NH, H-4e), 8.01 (dd, J = 8.0, 1.3 Hz;
1H, H-8), 7.98 (s; 1H, H-4 g), 7.70 (d, ] = 8.7 Hz; 2H, H-o0), 7.67
(m; 1H, H-7), 754 (d, J = 8.5 Hz; 1H, H-5), 7.32 (m; 1H, H-6),
7.01 (d, ] = 8.8 Hz; 2H, H-m), 5.96 (s; 1H, H-3), 5.35 (s; 2H, H-
4c), 3.81 (s; 3H, OMe), 3.58 (s; 3H, H-1a); 3C NMR (DMSO-ds):
8¢ = 167.44 (C-4d), 162.17 (C-2), 160.76, 160.67 (C-4p), 144.03 (C-
4 g), 139.47 (C-8a), 131.48 (C-7), 128.60 (C-0), 126.51 (C-i), 122.88
(C-8), 121.56 (C-6), 115.56 (C-4a), 114.64 (C-5), 114.26 (C-m), 97.18
(C-3), 65.27 (C-4c), 55.28 (OMe), 28.62 (C-1a); SN NMR (DMSO-
dg): 6y = 308.6 (N-4f), 176.7 (N-4e), 137.3 (N-1a). MS (70 eV): m/z
(%) = 365 (MT, 30). Anal. Calcd for CoH1gN304 (365.38): C 65.74;
H 5.24; N 11.50. Found: C 65.77; H 5.33; N 11.44.

(E)-N’-(3-Methoxybenzylidene)—2-((1-methyl-2-oxo-1,2-
dihydroquinolin-4-yl)-oxy)acetohydrazide (4j).

This compound was obtained as a colorless compound, yield
0.277 g (76%); Ry = 0.65 (Toluene: Ethyl acetate; 10:1); H NMR
(DMSO-dg): 8y = 11.77 (s; 1H, NH, H-4e), 8.00 (m; 2H, H-4 g3),
7.69 (ddd, J = 8.5, 7.1, 1.4 Hz; 1H, H-7), 754 (d, ] = 8.5 Hz; 1H,
H-5), 7.37 ("t", ] = 7.9 Hz; 1H, H-5'), 7.31 (m; 3H, H-6,2/,6'), 7.00
(m; 1H, H-4"), 5.97 (s; 1H, H-3), 5.39 (s; 2H, H-4c), 3.80 (s; 3H,
OMe), 3.58 (s; 3H, H-1a); 3C NMR (DMSO-dg): 8¢ = 167.77 (C-4d),
162.16 (C-2), 160.66 (C-4), 159.51 (C-3’), 143.98 (C-4 g), 139.46 (C-
8a), 135.31 (C-1'), 131.48 (C-7), 129.85 (C-5'), 122.86 (C-8), 121.55
(C-6), 119.68 (C-6'), 115.91 (C-4), 115.55 (C-4a), 114.64 (C-5), 111.70
(C-2/), 97.22 (C-3), 65.33 (C-4c), 55.15 (C-3a"), 28.62 (C-1a); °N
NMR (DMSO-dg): 8y = 315.8 (N-4f), 177.7 (N-4e), 137.4 (N-1a).
MS (70 eV): m/z (%) = 365 (M*, 65). Anal. Calcd for CyoH1gN304
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(365.38): C 65.74; H 5.24; N 11.50. Found: C 65.70; H 5.33;
N 11.40.

(E)—2-((1-Methyl-2-0x0-1,2-dihydroquinolin-4-yl)oxy)-N’-(3,4,5-
trimethoxy-benzylidene)aceto-hydrazide (4Kk).

This compound was obtained as a colorless compound, yield
0.325 g (76%); Ry = 0.35 (Toluene: Ethyl acetate; 10:1); TH NMR
(DMSO-dg): 8y = 11.78 (s; 1H, NH, H-4e), 8.00 (d, ] = 7.9 Hz; 1H,
H-8), 7.95 (s; 1H, H-4 g), 7.69 ("t", ] = 7.8 Hz; 1H, H-7), 7.54 (d,
J = 8.6 Hz; 1H, H-5), 7.37 ("t", ] = 7.9 Hz; 1H, H-5), 7.32 (m;
1H, H-6), 7.05 (s; 2H, H-2’), 5.95 (s; 1H, H-3), 5.41 (s; 2H, H-4c),
3.83 (s; 6H, H-3a), 3.70 (s; 3H, H-4a’), 3.58 (s; 3H, H-1a’); 13C
NMR (DMSO-dg): 8¢ = 167.75 (C-4d), 162.15 (C-2), 160.71 (C-4),
153.13 (C-3’), 143.96 (C-4 g), 139.47 (C-8a,4’), 131.48 (C-7), 129.40
(C-1"), 122.85 (C-8), 121.55 (C-6), 115.56 (C-4a), 114.64 (C-5), 97.21
(C-3), 65.40 (C-4c), 60.09 (C-4a’), 55.95 (C-3a’), 28.62 (C-1a); >N
NMR (DMSO-dg): 8y = 313.2 (N-4f), 177.2 (N-4e), 137.2 (N-1a).
MS (70 eV): m/z (%) = 425 (M™, 45). Anal. Calcd for Cy;H;3N306
(425.43): C 6211; H 545; N 9.88. Found: C 62.20; H 5.39;
N 9.76.

5. Molecular docking calculations

The crystal structures of SARS-CoV-2 main protease (MP™; PDB
code: 6LU7 [46]) and RNA-dependent RNA polymerase (RdRp; PDB
code: 6M71 [47]) were taken as templates for all molecular dock-
ing. Receptors were cleaned of water molecules, ions and the lig-
ands. The protonation state of MP™ and RdRp was investigated us-
ing an H** server, and all missing hydrogen atoms were added
[48]. All molecular docking calculations were carried out using
Autodock4.2.6 software [49]. All docking parameters were kept to
default values, except the number of genetic algorithm (GA) runs
and the maximum number of energy evaluations (eval) which were
set to 250 and 25,000,000, respectively. The docking grid was set
to 60A x 60A x 60A with a grid spacing value of 0.375 A, and
the grid center was placed at the center of the active site. The
geometrical structures of all synthesized compounds were mini-
mized with a MMFF94s force field using SZYBKI software [50] and
the partial atomic charges were assigned using the Gasteiger
method [51].
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