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(57) ABSTRACT

Related is application of 2,4,5-trisubstituted 1,2,4-triazolo-
nes in antiviral therapy, particularly related to use of a
compound of formula I in the preparation a medicament,
wherein the medicament is used to prevent and/or treat a
disease associated with a virus. It is shown in vitro experi-
ment that, the compound effectively inhibits viral infections,
and shows low toxicity in some tests,
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APPLICATION OF 2,4,5-TRISUBSTITUTED
1,2,4-TRIAZOLONES IN ANTIVIRAL

THERAPY
[0001] The present application is based on and claims the
benefit of priority to Chinese patent application

202010692337.9 filed Jul. 17, 2020 which is hereby incor-
porated by reference in its entirety.

TECHNICAL FIELD

[0002] The present application relates to chemical drug
field, particularly relates to application of 2.4,5-trisubsti-
tuted 1,2,4-triazolones in antiviral therapy. In vitro tests
show that the compound can effectively inhibit various viral
infections, especially the compound BAY 2402234 has
effective inhibitory effect on Coronavirus, influenza virus,
enterovirus, zika virus, bunya virus, etc.

BACKGROUND ART

[0003] Virus is a non-cellular life that only has a nucleic
acid (DNA or RNA), and must parasitize in living cells and
multiply by replication. It infects the organism in many
ways, and replicates in susceptible host cells.

[0004] Viruses infecting humans can cause varying
degrees of damage to the human body. For example, some
diseases caused by viruses are almost fatal, such as HIV,
Ebola virus, rabies virus, etc.; other diseases caused by
viruses will cause people to lose labor and even life-long
disability, such as hepatitis caused by hepatitis A, hepatitis
B and other 5 types of hepatitis virus, viral myocarditis
caused by coxsackie virus, influenza virus, etc. In addition,
other viral diseases also pose serious threats to human
health, such as dengue virus and zika virus of Flaviviridae,
bunya virus of Bunyaviridae, enterovirus of Picornaviridae,
etc.

[0005] Among them, Coronavirus is an enveloped, unseg-
mented, single-stranded positive-stranded RNA virus that
has a wide range of animal hosts. Coronavirus like SARS
and MERS derived from animal infectious diseases can
cause death in humans.

[0006] On Feb. 11, 2020, the International Committee on
Taxonomy Viruses (ICTV) announced a new coronavirus—
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2). On the same day, the World Health Organization
(WHO) announced that the official name of the disease
caused by this virus is COVID-19. At present, the novel
coronavirus infection is mainly treated with supportive
therapy in clinic, and no specific antiviral drug is available.
It is urgent and necessary to develop drugs that can effec-
tively inhibit the above viruses, especially SARS-CoV-2.

[0007] Compounds of 2.4,5-trisubstituted 1,2.4-triazolo-
nes (formula I as shown below) are novel antitumor drugs
developed by Bayer AG. The antitumor activity is exerted by
inhibiting proliferation of tumor cells and inducing differ-
entiation. The drugs have great clinical treatment potential
for bone marrow malignant tumors. Among those com-
pounds, BAY 2402234 shows good antitumor activity both
in vivo and in vitro, and is currently undergoing phase I
clinical trial research with indications for bone marrow
tumors.
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CONTENT OF THE INVENTION
[0008] In the research, the inventor found that BAY

2402234 could inhibit various viruses, and showed low
cytotoxicity in some tests. This provides a new way and
option for effectively preventing and/or treating diseases or
symptoms caused by viruses.

[0009] In a first aspect, the disclosure provides use of a
compound of formula I, or its N-oxide, tautomer, geometric
isomer, solvate, hydrate, pharmaceutically acceptable salt,
or pharmaceutically acceptable salt of the tautomer or N-ox-
ide thereof in the manufacture of a medicament, wherein the
medicament is used in preventing and/or treating a disease
associated with a virus, and the compound of formula I is as
shown below,
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[0010] wherein,
[0011] R* represents a group selected from
[0012] 3-pentyl, 2,2-dimethylpropyl, 4-heptyl, 4-fluoro-

phenylcyclopropyl, cyclopentyl, cyclohexyl, cycloheptyl,
cyclopentylmethyl, cyclohexylmethyl, 1-cyclohexylethyl,
1-hydroxypropan-2-yl, 2-hydroxypropyl, 1-hydroxybutan-
2-yl, 1-cyanobutan-2-yl, 1-phenylbutan-2-yl, 1-amino-2-
propyl, l-amino-2-butyl, 1-amino-1-oxobutan-2-yl, indan-
2-yl,

[0013]
is selected from tetrahydrofuran-3-yl, tetrahydro-2H-pyran-

a 5- to 6-membered heterocycloalkyl group, which

4-yl and piperidin-4-yl, and which is optionally substituted
one or two times with a methyl group,

[0014]
one, two or three times, each substituent is independently

a phenyl group, which is optionally substituted,

selected from a fluorine atom or a chlorine atom or a group
selected from methyl, ethyl, propyl, isopropyl, difluorom-
ethyl, trifluoromethyl, methoxy, —O—C(=—0)-1,1-dim-
ethylethyl, hydroxy, —C(—O0)OCH,, —C(—O)NH-cyclo-
propyl, amino, methylamino, aminomethyl, —S—CH,,
—S(—0),CH;, and —S(—0)(NH)CH,, and

[0015]
from oxazol-2-yl, pyrazol-3-yl, pyrazol-5-yl, pyridin-2-yl,

a monocyclic heteroaryl group, which is selected

pyridin-3-yl, pyridin-4-yl, pyrimidin-2-yl, pyrimidin-4-yl,
chinolin-5-yl, indazol-5-yl, and which is optionally substi-
tuted one or two times, each substituent is independently
selected from methyl and methoxy,

[0016] R? represents a hydrogen atom or a fluorine or
chlorine atom,
[0017] R> represents a group selected from propyl,

2-methylpropyl, 3-pentyl, cyclopropylmethyl, cyclopropyl,
cyclopropylmethyl, cyclobutyl, cyclopentyl, cyclohexyl,
difluoromethyl, triftuoromethyl, 1,1-difluoroethyl, prop-2-
en-1-yl, 2-methyl-prop-1-en-1-yl, N.N-dimethylaminoethyl,
and phenyl,

[0018] R* represents a group selected from methyl, ethyl,
propyl, isopropyl, 2-butyl, prop-2-en-1-yl, cyclopropylm-
ethyl, benzyl, cyclopropyl, cyclobutyl, cyclopentyl, and
2-hydroxyethyl,

[0019] R’ represents a chlorine atom or a group selected
from methyl, ethyl, propyl, isopropyl, 2-butyl, isobutyl,
tent-butyl, cyclopropyl, cyclobutyl, cyclopentyl, trifluorom-
ethyl, hydroxymethyl, 1-hydroxyethyl, 2-hydroxypropan-2-
1-hydroxy-2,2,2-trifluoroethyl,
1-methoxyethyl, methoxy, isopropoxy, methylsulfanyl, ami-

yl, 1-chloroethyl,

nomethyl, (methylamino)methyl, (dimethylamino)methyl,
1-aminoethyl, 2-aminoethyl, methylamino and ethyl(meth-
yDamino, —C(—O0)OH, —C(—0)OCH,;, —C(—O)NH,,
—C(—0O)NHCH;, —C(—O)NHcyclopropyl, —C(—O)N
(CH,),, and —S(—0O)(=NH)CHj,.

[0020]
pound of formula II,

In some embodiments, the compound is the com-
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[0021] In some embodiments, the virus is a RNA virus.
[0022] Insome embodiments, the virus is a Coronaviridae
virus, an Orthoniyxoviridae virus, a Flaviviridae virus, a
Bunyaviridae virus, a Picornaviridae virus, an Arenavirus, a
Filoviridae virus, or a WEE virus.

[0023] In some embodiments, the virus is a Coronaviridae
virus.
[0024] In some embodiments, the Coronaviridae virus is

selected from HCoV-229E, HCoV-OC43, HCoV-NLG63,
HCoV-HKU1, SARS-CoV, MERS-CoV, and SARS-CoV-2.

[0025] In some embodiments, the virus is SARS-CoV-2.
[0026] In some embodiments, the virus is an Orthomyxo-
viridae virus.

[0027] In some embodiments, the virus is an influenza
virus.

[0028] Insome embodiments, the Orthomyxoviridae virus

is an influenza virus.

[0029] In some embodiments, the influenza virus is influ-
enza A vials (such as HIN1, H5N1, H7N1, H7N2, H7N3,
H7N7, H7N9, HON2, or HI1ONS8), Influenza B virus, or
Influenza C virus.

[0030] In some embodiments, the virus is a Flaviviridae
virus.
[0031] In some embodiments, the Flaviviridae virus is

selected from Zika virus, Dengue virus, West Nile virus,
Yellow fever virus and HCV.

[0032] In some embodiments, the virus is a Bunyaviridae
virus.
[0033] In some embodiments, the Bunyaviridae virus is

Bunya virus or Phlebovirus.

[0034] In some embodiments, the virus is a Picornaviridae
virus.
[0035] In some embodiments, the Picornaviridae virus is

Enterovirus or Foot-and-Mouth disease virus.

[0036] In some embodiments, the virus is a Filoviridae
virus.
[0037] In some embodiments, the Filoviridae virus is

selected from Ebola virus, Marburg virus, and Cueva virus.
[0038] In some embodiments, the medicament is used to
prevent and/or treat a disease caused by SARS-CoV, MERS-
CoV, SARS-CoV-2, Influenza virus, Zika virus, Dengue
virus, Bunya virus, or Enterovirus. In some preferred
embodiments, the medicament is used to prevent and/or treat
a disease caused by SARS-CoV, MERS-CoV, or SARS-
CoV-2, for example, SARS, MERS or COVID-19.
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[0039] BAY 2402234 has excellent antivirus activity
against Coronavirus, especially SARS-CoV-2, and can be
used to treat diseases caused by infecting the virus, for
example, simple infection, such as fever, cough, and pharyn-
galgia etc., pneumonia, acute or severe respiratory infection,
hypoxic respiratory failure, acute respiratory distress syn-
drome, sepsis, and septic shock etc. Through creative
research, the inventor found that BAY 2402234 can inhibit
the replication of SARS-CoV-2, and has excellent therapeu-
tic effect on diseases caused by SARS-CoV-2. Thus, in some
particularly preferred embodiments, the medicament is used
to prevent and/or treat a disease caused by SARS-CoV-2,
such as COVID-19.

[0040] In some embodiments, the medicament is for
human use.

[0041] In some embodiments, the medicament is for ani-
mal use.

[0042] In some embodiments, the medicament further
comprises a pharmaceutically acceptable carrier or auxiliary.
[0043] In some embodiments, the compound is the only
pharmaceutical active ingredient.

[0044] In some embodiments, the compound is used in
combination with other pharmaceutical active ingredients.
In some embodiments, the compound and the other phar-
maceutical active ingredients are in the same preparation
unit. In some embodiments, the compound and the other
pharmaceutical active ingredients are in different prepara-
tion units. In some embodiments, the compound and the
other pharmaceutical active ingredients are administered
concurrently, separately or successively. In some embodi-
ments, the other pharmaceutical active ingredients are anti-
viral drugs, such as amantadine, rimantadine, enfuvirtide,
maraviroc, acyclovir, ganciclovir, valaciclovir, famciclovir,
sodium phosphonate, lamivudine, zidovudine, enteltabine,
tenofovir, adefovir dipivoxil, efavirenz, nevirapine, saqui-
navir, oseltamivir, zanamivir, ribavirin, and interferon etc.
[0045] In some embodiments, the medicament is a solid
preparation or a liquid preparation. In some embodiments,
the medicament is a tablet, an injection, or a spray. In some
embodiments, the medicament is a tablet or injection.
[0046] Ina second aspect, the disclosure also relates to use
of'the compound as defined in the first aspect, or its N-oxide,
tautomer, geometric isomer, solvate, hydrate, pharmaceuti-
cally acceptable salt, or pharmaceutically acceptable salt of
the tautomer or N-oxide thereof in the manufacture of a
medicament, wherein the medicament is used to inhibit the
replication or reproduction of a virus in a cell (e.g., a
mammal cell).

[0047] Insome embodiments, the animal is human, dog or
pig.
[0048] In some embodiments, the medicament is for

human use or animal use.

[0049] In some embodiments, the medicament further
comprises a pharmaceutically acceptable carrier or auxiliary.
[0050] In some embodiments, the compound is the only
pharmaceutical active ingredient or used in combination
with other pharmaceutical active ingredients (e.g., the medi-
cament is a compound preparation).

[0051] In some embodiments, the other pharmaceutical
active ingredients are antiviral drugs, such as one or more
selected from amantadine, rimantadine, enfuvirtide, mara-
viroc, acyclovir, ganciclovir, valaciclovir, famciclovir,
sodium phosphonate, lamivudine, zidovudine, enteltabine,
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tenofovir, adefovir dipivoxil, efavirenz, nevirapine, saqui-
navir, oseltamivir, zanamivir, ribavirin, and interferon etc.
[0052] In some embodiments, the medicament is a solid
preparation or a liquid preparation.

[0053] In some embodiments, the medicament is a tablet,
an injection, or a spray, preferably a tablet or injection.
[0054] In a third aspect, the disclosure also relates to use
of'the compound as defined in the first aspect, or its N-oxide,
tautomer, geometric isomer, solvate, hydrate, pharmaceuti-
cally acceptable salt, or pharmaceutically acceptable salt of
the tautomer or N-oxide thereof in the manufacture of a virus
inhibitor.

[0055] In some embodiments, the inhibitor is used to
inhibit the replication or reproduction of a virus in a cell
(e.g., a mammal cell).

[0056] In some embodiments, the host is a mammal.
[0057] Insome embodiments, the mammal is human, dog
or pig.

[0058] In a fourth aspect, the disclosure relates to a

method of preventing and/or treating a disease associated
with a virus, comprising a step of administering to a subject
in need an effective amount of the compound as defined in
the first aspect, or its N-oxide, tautomer, geometric isomer,
solvate, hydrate, pharmaceutically acceptable salt, or phar-
maceutically acceptable salt of the tautomer or N-oxide
thereof.

[0059] In some embodiments, the subject is a mammal,
such as human.
[0060] In some embodiments, the compound, or its N-0x-

ide, tautomer, geometric isomer, solvate, hydrate, pharma-
ceutically acceptable salt, or pharmaceutically acceptable
salt of the tautomer or N-oxide thereof is administered alone,
or in combination with other pharmaceutical ingredient, for
example, administered concurrently, separately or succes-
sively.

[0061] In some embodiments, the other pharmaceutical
active ingredients are antiviral drugs, such as one or more
selected from amantadine, rimantadine, enfuvirtide, mara-
viroc, acyclovir, ganciclovir, valaciclovir, famciclovir,
sodium phosphonate, lamivudine, zidovudine, enteltabine,
tenofovir, adefovir dipivoxil, efavirenz, nevirapine, saqui-
navir, oseltamivir, zanamivir, ribavirin, and interferon etc.
[0062] In a fifth aspect, the disclosure also relates to a
method of inhibiting the replication or reproduction of a
virus in a cell (e.g., a mammal cell), comprising a step of
administering to a subject in need or contacting the cell with
an effective amount of the compound as defined in the first
aspect, or its N-oxide, tautomer, geometric isomer, solvate,
hydrate, pharmaceutically acceptable salt, or pharmaceuti-
cally acceptable salt of the tautomer or N-oxide thereof.
[0063] In some embodiments, the subject is a mammal,
such as human.

[0064] In some embodiments, the mammal cell is from
human cell.

[0065] In some embodiments, the compound, or its N-0x-
ide, tautomer, geometric isomer, solvate, hydrate, pharma-
ceutically acceptable salt, or pharmaceutically acceptable
salt of the tautomer or N-oxide thereof is administered alone,
or in combination with other pharmaceutical ingredient, for
example, administered concurrently, separately or succes-
sively.

[0066] In some embodiments, the other pharmaceutical
active ingredients are antiviral drugs, such as one or more
selected from amantadine, rimantadine, enfuvirtide, mara-
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viroc, acyclovir, ganciclovir, valaciclovir, famciclovir,
sodium phosphonate, lamivudine, zidovudine, enteltabine,
tenofovir, adefovir dipivoxil, efavirenz, nevirapine, saqui-
navir, oseltamivir, zanamivir, ribavirin, and interferon etc.
[0067] The virus and disease in the second to the fifth
aspects is as defined in the first aspect.

[0068] In some embodiments, the virus is a Coronavirus,
such as HCoV-229E, HCoV-OC43, HCoV-NL63, HCoV-
HKUI1, SARS-CoV, MERS-CoV, or SARS-CoV-2, espe-
cially SARS-CoV-2.

[0069] In some embodiments, the disease is a disease
caused by SARS-CoV-2, for example, simple infection
(such as fever, cough, and/or pharyngalgia), pneumonia,
acute or severe respiratory infection, hypoxic respiratory
failure, acute respiratory distress syndrome, sepsis, or septic
shock, particularly COVID-19.

[0070] In the present application, unless otherwise indi-
cated, the scientific and technical terms used herein have the
meanings commonly understood by those skilled in the art.
Also, the procedures of cell culture, molecular genetics,
nucleic acid chemistry, immunology laboratory operation
used herein are all conventional and widely used in the
corresponding fields. Meanwhile, for the purpose of better
understanding of the present invention, the definitions and
explanations of related terms are provided below.

[0071] As used herein, the term “pharmaceutically accept-
able salt” includes an inorganic acid salt or an organic acid
salt, and an inorganic base salt or an organic base salt, such
as sodium salts, potassium salts, calcium salts, lithium salts,
meglumine salt, hydrochloride salts, hydrobromide salts,
hydroiodide salts, nitrates, sulfates, phosphates, hydrogen
phosphates, acetates, propionates, butyrates, oxalates, trim-
ethyl acetates, adipates, alginates, lactates, citrates, tartrates,
succinates, maleates, fumarates, picrates, aspartates, glucon-
ates, benzoates, methanesulfonates, ethanesulfonates, ben-
zenesulfonates, p-toluenesulfonates or pamoates, etc.
[0072] As used herein, the term “geometric isomer” refers
to a stereoisomer resulted from different spatial arrange-
ments in molecules having a double bond or ring structure
due to the hindrance of the free rotation of atoms or groups
of atoms connected to the double bond or ring, such as
cis/trans isomers.

[0073] A compound of formula I in the disclosure may
exist in the form of a solvate (preferably a hydrate), and it
comprises a polar solvent, especially water, methanol or
ethanol, as a structural element of the lattice. The amount of
the polar solvent is stoichiometrical or non-stoichiometrical.
It shall be understood that, even though the solvates of the
compound of formula I used in the treatment of the disease
or infection defined in the present application may have
different properties (including pharmacokinetic properties),
once absorbed in the subject, the compound of formula I will
be obtained, so that the use of the compound of formula I
covers the use of any solvate of the compound of formula I.
[0074] Those skilled in the art should understand that
since nitrogen requires available lone pairs of electrons to be
oxidized into oxides, not all nitrogen-containing hetero-
cycles can form N-oxides; those skilled in the art will
recognize the nitrogen-containing heterocycles can form
N-oxides. Those skilled in the art will also recognize that
tertiary amines can form N-oxides. The synthetic methods
used to prepare N-oxides of heterocycles and tertiary amines
are well known to those skilled in the art, including the use
of peroxyacids, such as peracetic acid, m-chloroperoxyben-
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zoic acid (MCPBA), hydrogen peroxide, alkyl hydroperox-
ides such as tert-butyl hydroperoxide, sodium perborate, and
dioxirane (dioxirane) such as dimethyl bis ethylene oxide, to
oxidize heterocycles and tertiary amines. These methods for
preparing N-oxides have been widely described and
reviewed in the literature, see for example: T. L. Gilchrist,
Comprehensive Organic Synthesis, vol. 7, pp 748-750; A. R.
Katritzky and A. J. Boulton, Eds., Academic Press; as well
as G. W. H. Cheeseman and E. S. G Werstiuk, Advances in
Heterocyclic Chemistry, vol. 22, pp 390-392, A. R. Katritzky
and A. J. Boulton, Eds., Academic Press.

[0075] The compound of formula I may exist in a mixture
of two or more structurally different forms in rapid equilib-
rium (usually referred to as tautomers). Representative
examples of tautomers include keto-enol tautomers, phenol-
ketone tautomers, nitroso-oxime tautomers, imine-enamine
tautomers, etc. It is to be understood that the scope of the
application covers all such isomers in any ratio (e.g. 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%,
99%) or mixtures thereof.

[0076] In this application, the term “therapeutically effec-
tive amount” or “prophylaxically effective amount” refers
to, within the scope of reasonable medical judgment, an
amount sufficient to treat or prevent the patient’s disease but
low enough to avoid serious side effects (at a reasonable
benefit/risk ratio). The therapeutically effective amount of
the compound may vary based on factors including the
specific compound selected (for example, considering the
potency, effectiveness and half-life of the compound), the
selected route of administration, the disease to be treated, the
severity of the disease to be treated, age, size, weight, and
physical disease of the patient being treated, the medical
history of the patient being treated, the duration of treatment,
the nature of concurrent therapy, the desired therapeutic
effect, and etc., but it can still be routinely determined by
those skilled in the art.

[0077] In addition, it should be pointed out that the spe-
cific dosage and route of administration of the compound of
formula I, or a geometric isomer, a pharmaceutically accept-
able salt, a solvate or a hydrate thereof are determined by
many factors, including the age of the patient, body weight,
gender, health status, nutritional status, potency of the drug,
time taken, metabolic rate, severity of the disease, and the
subjective judgment of the physician. Preferable dose is
between 0.001-1000 mg/kg body weight/day.

DESCRIPTION OF THE DRAWINGS

[0078] The description of the drawings herein is provided
for further explanation of the present invention, and consti-
tutes part of the present application. The exemplary embodi-
ments and description are meant to explain the present
invention, and should not be understood as any inappropri-
ate limitation to the present invention. In the drawings:

[0079] FIG. 1 shows the effect on viral RNA load in Vero
E6 cells infected by SARS-CoV-2, wherein (a) shows BAY
2402234 can inhibit the viral RNA load in the cells 24 h after
the cells were infected by SARS-CoV-2, and the inhibitory
activity is dose-dependent; the left ordinate is the percentage
inhibition rate (corresponding to the red dots and fitting
curve therefrom) calculated from copy number of viral RNA
in the sample, and the right ordinate is the percentage
cytotoxicity calculated from cell viability (corresponding to
the blue dots and fitting curve therefrom), the abscissa is the
drug concentration; (b) shows that BAY 2402234 can inhibit
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the viral RNA load in the cells 48 h after the cells were
infected by SARS-CoV-2, and the inhibitory activity is
dose-dependent; the left ordinate is the percentage inhibition
rate (corresponding to the red dots and fitting curve there-
from) calculated from copy number of viral RNA in the
sample, and the right ordinate is the percentage cytotoxicity
calculated from cell viability (corresponding to the blue dots
and fitting curve therefrom), the abscissa is the drug con-
centration.

[0080] FIG. 2 shows the cytotoxicity of BAY 2402234 and
its in vitro anti-influenza virus activity.

SPECIFIC MODE FOR CARRYING OUT THE
INVENTION

[0081] The present invention is further illustrated clearly
and completely in the following examples in conjunction
with the drawings. Obviously, they are merely part, and not
all of the examples. At least one of the following examples
are illustrative and should not be understood as any limita-
tion to the present invention, as well as its application and
use. And other embodiments made by a person skilled in the
art without creative work in light of the present invention all
fall within the protection scope of the present invention.

EXAMPLE 1: EXPERIMENT OF BAY 2402234
IN REDUCTION OF VIRAL NUCLEIC ACID
LOAD OF CELLS INFECTED BY SARS-COV-2

(1) Drug Treatment of Virus-Infected Cells

[0082] Vero E6 cells (purchased from ATCC, Catalog No.
1586) were placed into a 24-well plate and incubated for 24
hours, then virus infection was carried out, specifically,
SARS-CoV-2 (2019-nCoV) virus (nCoV-2019BetaCoV/
Wuhan/WIV04/2019 strain, provided by Wuhan Institute of
Virology, Chinese Academy of Sciences) was diluted with
2% cell maintenance solution (formulation: FBS (purchased
from Gibco, Catalog No.: 16000044) was added to MEM
(purchased from Gibco, Article No: 10370021) by a volume
ratio of 2%, thereby obtaining the 2% cell maintenance
solution) to corresponding concentration, and then added to
the 24-well plate so that each well contained a viral load of
100TCIDs,. Next, BAY 2402234 (purchased from MCE,
Article No.: HY-112645) was diluted with 2% cell mainte-
nance solution to the corresponding concentrations and
added to corresponding wells, so that the final drug concen-
trations were 100 uM, 33 uM, 11 uM, 3.7 uM, 1.23 uM, 0.41
uM, 0.14 uM, respectively, then the plate was put in 37° C.,
5% CO, incubator and continuously cultured for 48 h, and
the cell vehicle control group was added with only 2% cell
maintenance solution without any test drug.

(2) RNA Extraction

[0083] The RNA extraction kit was purchased from Qia-
gen, Article No.: 74106. The consumptive materials (spin
column, RNase-free 2 ml collection tube, etc.) and reagents
(RLT, RW1, RPE, RNase-free water, etc.) involved in the
following RNA extraction steps were all parts of the kit. The
following extraction steps were all recommended by the kit
instructions.

[0084] 1) 100 uL of the supernatant was taken from the
test plate, added to a nuclease-free EP tube, then added with
350 pL. of Buffer RLT, mixed by a transfer liquid gun to
make it fully lysed, and centrifuged to take the supernatant;
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[0085] 2) the supernatant obtained in step 1) was added
with an equal volume of 70% ethanol and mixed well;

[0086] 3)the mixed solution obtained in step 2) above was
transferred to a RNase-free spin column, centrifuged at
12000 rpm for 15 s, and the waste liquid was discarded;

[0087] 4) 700 uL. of Buffer RW1 was added to the spin
column, then centrifugation was carried out at 12000 rpm for
15 s to clean the spin column, and the waste liquid was
discarded;

[0088] 5) 500 ul. of Buffer RPE was added to the spin
column, then centrifugation was carried out at 12000 rpm for
15 s to clean the spin column, and the waste liquid was
discarded;

[0089] 6) 500 ul. of Buffer RPE was added to the spin
column, then centrifugation was carried out at 12000 rpm for
2 min to clean the spin column, and the waste liquid was
discarded;

[0090] 7) the spin column was placed in a new RNase-free
2 ml collection tube, and centrifugation was carried out at
12000 rpm for 1 min to dry the spin column, and then the
entire spin column was transferred to the 1.5 ml collection
tube of step 8);

[0091] 8) the spin column dried in step 7) was placed in a
new 1.5 ml collection tube, added with 30 pl of RNase-free
water, and centrifuged at 12000 rpm for 2 min, the obtained
eluent contained the corresponding RNA, and was added
with RNase inhibitor (purchased from NEB, Article No.:
MO0314L), and detected with Nano Drop (purchased from
Thermo scientific, Nano Drop One) to determine each RNA
concentration.

(3) RNA Reverse Transcription

[0092] In the experiment, the reverse transcription kit
(PrimeScript™ RT reagent Kit with gDNA Eraser, Catalog
No. RR047Q) produced by TaKaRa Company was used for
RNA reverse transcription. The steps were as follows.

[0093] 1)gDNA removal: RNA samples from each experi-
mental group were collected, and 1 pug thereof was taken and
subjected to reverse transcription. First, 2 ul of SxgDNA
Eraser Buffer was added to the RNA sample of each experi-
mental group, the reaction system was supplemented with
RNase Free water to 10 mixed well, and subjected to 42° C.
water bath for 2 min to remove the gDNA that might exist
in the sample;

[0094] 2) Reverse transcription: the sample obtained in 1)
was added with appropriate amounts of enzyme, primer Mix
and reaction buffer, supplemented with RNase Free water to
an volume of 20 pl, reacted under 37° C. water bath for 15
min, then put in 85° C. water bath for 5 sec, thereby
obtaining cDNA via transcription.

(4) Real-Time PCR

[0095] Fluorescence quantitative PCR was used to detect
the copy number per ml of the original virus solution.

[0096] The reaction system was mixed using TB Green
Premix (Takara, Cat#RR820A), and the amplification reac-
tion and reading were carried out with StepOne Plus Real-
time PCR instrument (brand: ABI). The copy number con-
tained in per ml of the original virus solution was calculated.
The steps were as follows:
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[0097] 1) Establishment of standards: the plasmid pMT-
RBD (the plasmid was provided by Wuhan

[0098] Institute of Virology, Chinese Academy of Sci-
ences) was diluted to 5x10® copies/uL, 5x107 copies/uL,
5x10° copies/uL, 5x10° copies/uL, 5x10* copies/uL, 5x10°
copies/uL, 5x10% copies/uL. 2 uL standard or cDNA tem-
plate was taken for qPCR reaction.

[0099] 2) The sequences of primers used in the experiment
were as follows (all indicated in 5'-3' direction):

RBD-gF :
CAATGGTTTAACAGGCACAGE

RBD-gR:
CTCAAGTGTCTGTGGATCACE

[0100] 3) The reaction procedure was as follows:
[0101] Pre-denaturation: 95° C. for 5 minutes;
[0102] Cycle parameters: 95° C. for 15 seconds, 54° C. for

15 seconds, 72° C. for 30 seconds, for a total of 40 cycles.

Inhibition rate (%)=(the copy number of RNA of the
drug treatment group)/(the copy number of
RNA of the infection group)x100%

(5) Cytotoxicity Test of Drug

[0103] The detection of the drug cytotoxicity was per-
formed using CCK-8 kit (Beoytime). Specific steps were as
follows:

[0104] 1) 1x10* Vero E6 (ATCC) cells were placed in a
96-well plate and incubated at 37° C. for 8 hours.

[0105] 2) The drug was diluted with DMSO to an appro-
priate concentration of mother liquor, and then diluted with
MEM medium (purchased from Gibco, Catalog No.
10370021) containing 2% FBS (purchased from Gibco,
Catalog No. 16000044) to the same concentration as that for
the drug treatment. The original medium in the 96-well plate
was discarded, 100 plL of drug-containing MEM medium
was added to the cells, and three replicate wells were
prepared for each concentration. Vehicle control (DMSO
and medium were added to the cell wells, without adding
drug) and blank control (DMSO and medium were added to
the wells, without cells) were set up. After the drug was
added, the cells were cultured at 37° C. for 48 hours.
[0106] 3) 20 uL of CCK-8 solution (Beoytime) was added
to the well to be tested, mixed gently, without generating
bubbles, and continuously incubated at 37° C. for 2 hours.
OD,5, was read on a microplate reader (purchased from
Molecular Devices, Model: SpectraMax MS5), and cell
viability was calculated:

Cell activity (%)=(A g meamment groupy=A(piank con
wol))/ (A(vehicle control)_A(blank control))x 100%

[0107] wherein A was the reading of the microplate reader.
(6) Experimental Results
[0108] The results of the virus proliferation inhibition

experiment showed that the test compound at concentrations
of 10 uM, 3.3 uM, 1.1 pM, 0.3 uM, 0.1 uM and 0.03 uM
could effectively inhibit the replication of the SARS-CoV-2
virus genome in the infected supernatant (FIG. 1).

[0109] The cytotoxicity test results showed that the treat-
ment of the test compound (BAY 2402234) did not change
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the cell viability at below 10 uM, that was, the test com-
pound had no toxic effect on the cells at all test concentra-
tions (FIG. 1).

(7) Conclusion

[0110] The compound BAY 2402234 significantly inhibits
SARS-CoV-2 isolates nCoV-2019BetaCoV/Wuhan/ WIV04/
2019, ECs, of the compound is 0.0070 uM and 0.0027 uM
respectively, 24 hours and 48 hours after the infection, CC50
is 198.8 uM, and corresponding therapeutic index SI is
28400 and 73629.63 respectively.

EXAMPLE 2: IN VITRO EVALUATIONS OF
ANTI-INFLUENZA VIRUS ACTIVITY AND
SAFETY OF BAY 2402234

(1) Evaluation of Anti-Influenza Virus Activity of
the Drug

[0111] 1) MDCK cells (purchased from ATCC, Catalog
No.: CCL-34) were inoculated into a 96 wells plate at a
concentration of 1.5x10% cells/well, wherein the medium is
DMEM (purchased from Gibco, Catalog No.: 11995065)
containing 10% FBS (purchased from Gibco, Catalog No.:
16000044), and cultured for 24 hrs at 37° C. in a CO,
incubator.

[0112] 2) Before the experiment, the cells were wahsed 3
times with PBS (purchased from Gibco, Catalog No.:
10010049), 100 pl. of D/F-12 medium (purchased from
Gibco, Catalog No.:11330032) containing 2 pg/ml TPCK
(purchased from Sigma, Catalog No.:T1426) was added.
The 50 mM BAY 2402234 (purchased from MCE, Catalog
No.: HY-112645) mother liquor was then diluted with the
above D/F-12 medium in a serial manner to 0.444 uM, 0.148
uM, 0.049 pM, 0.016 puM, 0.005 uM, 1.829 nM, 0.609 nM,
and 0.203 nM, 50 pL of each was added to the cell culture
plate. Finally, the influenza viruses A/PR/8 (preserved in
Academy of Military Medical Sciences), A/California/07/
2009 (preserved in Academy of Military Medical Sciences),
A/Hongkong/08/1968 (purchased from ATCC, Catalog No.:
VR-1679), A/Zhenxing1109/2010 (preserved in Academy of
Military Medical Sciences), B/Lee/40 (purchased from
ATCC, Catalog No.: VR-1535) were diluted with D/F-12
medium containing 2 pg/ml, TPCK to corresponding con-
centration, 50 pl of the dilution was added into the 96-well
plate to reach 100 TCID, for each well. The final concen-
tration of the drug was 0.25 time to that of the drug before
being treated, that is, the drug with 0.111 uM as initial
concentration was diluted in 3-fold serial manner to reach
final concentration of 0.111 uM, 0.037 uM, 0.012 uM, 0.004
uM, 0.0014 pM, 0.457 nM, 0.152 nM, and 0.051 nM.
Negative control (wells only added with DMSO and the
culture medium, without the drug) and Positive control
(wells added with DMSO, culture medium and the virus,
without the drug) were set up. The cells were cultured at 37°
C. for 72 hrs.

[0113] 3) Buffer and substrate of CellTiter-Glo® Lumi-
nescent Cell Viability Assay Kit (purchased from Promega,
Catalog No.: G7573) were mixed in dark as the work
solution. The work solution and PBS were mixed in a ratio
of'4:6. The liquid in the cell culture plate was discarded, and
then 100 pl of test reagent was added for each well, the
96-well plate was shaked in an Orbital oscillator for 7min to
induce cell lysis. After stablizing the signal in dark for 5 min,
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chemiluminescence was determiend by an enzyme-labeled
instrument (purchased from Molecular Devices, Spectra-
Max M5), the plate reading program was the CellTiter-Glo
preset program, and the cell viability was calculated:

cell viability (%

ol group))/| (A(Negan've control group)_A(Posin've control

):(A(drug mreatment group)_A(Posin've con”

group))x100%
[0114] wherein A was the reads from the enzyme-labeled
instrument.
(2) Cytotoxicity Test of the Drug
[0115] 1) MDCK cell (purchased from ATCC, Catalog:

CCL-34) was inoculated into a 96-well plate at a concen-
tration of 1.5x10* cell/well, wherein the medium is DMEM
(purchased from Gibco, Catalog No.: 11995065) containing
10% FBS (purchased from Gibco, Catalog No.: 16000044),
and cultured for 24 hrs at 37° C. in a CO, incubator.
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(3) Test Results

[0119] The in vitro antiviral test showed that, EC,, of the
test compound BAY 2402234 for inhibiting the influenza
viruses A/PR/8, A/California/07/2009, A/Hongkong/08/
1968, A/Zhenxing1109/2010, and B/Lee/40 is 0.01+0.0003
uM, 0.03x0.009 uM, 0.007+0.003 uM, 0.04x0.01 uM, and
0.03£0.02 uM respectively (as shown in table 1); the cyto-
toxic test showed that, CC50 of the test compound on
MDCK is 0.27£0.09 uM (as shown in table 1), and corre-
sponding therapeutic index is 27, 9, 38.57, 6.75, and 9
respectively.

(4) Conclusion

[0120] The compound BAY 2402234 has relatively broad-
spectrum inhibitory effect on influenza virus (HIN1, HIN1-
Oseltamivir resistant strain, H3N2, type B).

TABLE 1

concentration for 50% maximal effect on influenza virus (ECsp) and safety (CCso) of BAY 2402234

Influenza virus (UM)

PR8-MDCK

CA07-MDCK  HK68-MDCK  ZX1109-MDCK  Blee-MDCK  CC5,-MDCK

0.01 = 0.0003

0.03 £ 0.009

0.007 = 0.003 0.04 + 0.01 0.03 £ 0.02 0.27 = 0.09

[0116] 2) Before the experiment, the cells were wahsed 3
times with PBS (purchased from Gibco, Catalog No.:
10010049), 150 pl of D/F-12 medium (purchased from
Gibceo, Catalog No.: 11330032) containing 2 ng/ml. TPCK
(purchased from Sigma, Catalog No.:T1426) was added.
And then 50 mM BAY 2402234 (purchased from MCE,
Catalog No.: HY-112645) mother liquor was then diluted
with the above D/F-12 medium in a serial manner to 4 pM,
1.333 uM, 0.444 uM, 0.148 uM, 0.049 M, 0.016 uM, 0.005
uM, 1.829 nM, 0.609 nM, 0.203 nM, 50 pL. of each was
added to the cell culture plate. The final concentration of the
drug was 0.25 time to that of the drug before being treated,
that is, the drug with 1 pM as initial concentration was
diluted in 3-fold serial manner to reach final concentration of
1uM, 0.333 uM, 0.111 pM, 0.037 uM, 0.012 uM, 0.004 pM,
0.0014 pM, 0.457 nM, 0.152 nM, 0.051 nM. Negative
control group (wells only added with DMSO and the culture
medium without the drug) was set up. The cells were
cultured at 37° C. for 72 hrs.

[0117] 3) Buffer and substrate of CellTiter-Glo® Lumi-
nescent Cell Viability Assay Kit (purchased from Promega,
Catalog No.: G7573) were mixed in dark as the work
solution. The work solution and PBS were mixed in a ratio
of'4:6. The liquid in the cell culture plate was discarded, and
then 100 pl of test reagent was added for each well, the
96-well plate was shaked in an Orbital oscillator for 7min to
induce cell lysis. After stablizing the signal in dark for 5 min,
chemiluminescence was determiend by an enzyme-labeled
instrument (purchased from Molecular Devices, Spectra-
Max M5), the plate reading program was the CellTiter-Glo
preset program, and the cytotoxicity was calculated:

cytotoxicity (%)=(A vegative conol groupy=ADrug wear
ment group))/. A(Negan've control group) 100%

[0118] wherein A was the reads from the enzyme-labeled
instrument.

EXAMPLE 3 IN VITRO EVALUATIONS OF
ANTI-ZIKA VIRUS ACTIVITY AND SAFETY
OF BAY 2402234

(1) Evaluation of Anti-Zika Virus Activity of the
Drug

[0121] 1) BHK cells (preserved in Academy of Military
Medical Sciences) or Vero cells (preserved in Academy of
Military Medical Sciences) were inoculated into a 96 wells
plate at a concentration of 5x10° cells/well for BHK cells
and 1x10* cells/well for Vero cells, wherein the medium is
DMEM (purchased from Gibco, Catalog No.: 11995065)
containing 10% FBS (purchased from Gibco, Catalog No.:
16000044), and cultured for 24 hrs at 37° C. in a CO,
incubator.

[0122] 2) The culture medium in the 96-well plate was
discarded, 100 pl. of DMEM medium (purchased from
Gibco, Catalog No.:11995065) containing 2% FBS (pur-
chased from Gibco, Catalog No.: 16000044) was added. The
50 mM BAY 2402234 (purchased from MCE, Catalog No.:
HY-112645) mother liquor was then diluted with the above
DMEM medium in a serial manner to 800 nM, 266.67 nM,
88.89 nM, 29.63 nM, 9.88 nM, 3.29 nM, 1.10 nM, and 0.37
nM, 50 pl. of each was added to the cell culture plate.
Finally, 50 plL of the zika virus strain SZ-SMGC-01 (pre-
served in Academy of Military Medical Sciences) diluted
with DMEM medium containing 2% FBS was added to
reach 100 TCID;,, for each well. The final concentration of
the drug was 0.25 time to that of the drug before being
treated, that is, the drug with 200 nM as initial concentration
was diluted in 3-fold serial manner to reach final concen-
tration of 200 nM, 66.67 nM, 22.22 nM, 7.41 nM, 2.47 nM,
0.82 nM, 0.27nM, and 0.09 nM. Negative control (wells
only added with DMSO and the culture medium, without the
drug) and Positive control (wells added with DMSO, culture
medium and the virus, without the drug) were set up. The
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BHK cells were cultured at 37° C. for 9 days, and the Vero
cells were cultured for 7 days.

[0123] 3) Buffer and substrate of CellTiter-Glo® Lumi-
nescent Cell Viability Assay Kit (purchased from Promega,
Catalog No.: G7573) were mixed in dark as the work
solution. The work solution and PBS (purchased from
Gibco, Catalog No.: 10010049) were mixed in a ratio of 4:6.
The liquid in the cell culture plate was discarded, and then
100 pl test reagent was added for each well, the 96-well plate
was shaked in an Orbital oscillator for 5 min to induce cell
lysis. After stablizing the signal in dark for 2 min, chemi-
luminescence was determiend by an enzyme-labeled instru-
ment (purchased from Molecular Devices, SpectraMax M5),
the plate reading program was the CellTiter-Glo preset
program, and the cell viability was calculated:

PN
cell viability (%)=(4 g seamnent groupy=A(positive con
ol group))/| (A(Negan've control group)_A(Posin've control

group))x100%
[0124] wherein A was the reads from the enzyme-labeled
instrument.
(2) Cytotoxicity Test of the Drug
[0125] 1) BHK cells (preserved in Academy of Military

Medical Sciences) or Vero cells (preserved in Academy of
Military Medical Sciences) were inoculated into a 96 wells
plate at a concentration of 5x10° cells/well for BHK cells
and 1x10* cells/well for Vero cells, wherein the medium is
DMEM (purchased from Gibco, Catalog No.: 11995065)
containing 10% FBS (purchased from Gibco, Catalog No.:
16000044), and cultured for 24 hrs at 37° C. in a CO,
incubator.

[0126] 2) The culture medium in the 96-well plate was
discarded, 150 ul. DMEM medium (purchased from Gibco,
Catalog No0.:11995065) containing 2% FBS (purchased
from Gibco, Catalog No.: 16000044) was added. The 50
mM BAY 2402234 (purchased from MCE, Catalog No.:
HY-112645) mother liquor was then diluted with the above
DMEM medium in a serial manner to 800 nM, 266.67 nM,
88.89 nM, 29.63 nM, 9.88 nM, 3.29 nM, 1.10 nM, and 0.37
nM, 50 pL. of each was added to the cell culture plate. The
final concentration of the drug was 0.25 time to that of the
drug before being treated, that is, the drug with 200 nM as
initial concentration was diluted in 3-fold serial manner to
reach final concentration of 200 nM, 66.67 nM, 22.22 nM,
7.41 1M, 2.47 nM, 0.82 nM, 0.27nM, and 0.09 nM. Negative
control (wells only added with DMSO and the culture
medium, without the drug) was set up. The BHK cells were
cultured at 37° C. for 9 days, and the Vero cells were
cultured for 7 days.

[0127] 3) Buffer and substrate of CellTiter-Glo® Lumi-
nescent Cell Viability Assay Kit (purchased from Promega,
Catalog No.: G7573) were mixed in dark as the work
solution. The work solution and PBS (purchased from
Gibco, Catalog No.: 10010049) were mixed in a ratio of 4:6.
The liquid in the cell culture plate was discarded, and then
100 pl of test reagent was added for each well, the 96-well
plate was shaked in an Orbital oscillator for 5 min to induce
cell lysis. After stablizing the signal in dark for 2 min,
chemiluminescence was determiend by an enzyme-labeled
instrument (purchased from Molecular Devices, Spectra-
Max M5), the plate reading program was the CellTiter-Glo
preset program, and the cytotoxicity was calculated:
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cytotoxicity (%)=(4 (vegasive convol groupyA(Drug mear
ment group))/A(Negative control groupy<100%

[0128] wherein A was the reads from the enzyme-labeled
instrument.

(3) Test Results
[0129] Preliminary test results showed that the test com-

pound BAY 2402234 had inhibitory effect on zika virus.

EXAMPLE 4: IN VITRO EVALUATIONS OF
ANTI-BUNYA VIRUS ACTIVITY AND SAFETY
OF BAY 2402234

(1) Evaluation of Anti-Bunya Virus Activity of the
Drug

[0130] 1) Huh7 cells (preserved in Academy of Military
Medical Sciences) were inoculated into a 96 wells plate at a
concentration of 5°10% cells/well, wherein the medium is
DMEM (purchased from Gibco, Catalog No.: 11995065)
containing 10% FBS (purchased from Gibco, Catalog No.:
16000044), and cultured for 24 hrs at 37° C. in a CO,
incubator.

[0131] 2) The culture medium in the 96-well plate was
discarded, 100 uL. DMEM medium (purchased from Gibco,
Catalog No.:11995065) containing 2% FBS (purchased
from Gibco, Catalog No.: 16000044) was added. The 50
mM BAY 2402234 (purchased from MCE, Catalog No.:
HY-112645) mother liquor was then diluted with the above
DMEM medium in a serial manner to 800 nM, 266.67 nM,
88.89 nM, 29.63 nM, 9.88 nM, 3.29 nM, 1.10 nM, and 0.37
nM, 50 pl. of each was added to the cell culture plate.
Finally, 50 L of the bunya virus (isolated in the laboratory:
from patient serum of Beijing Ditan Hospital Capital Medi-
cal University) diluted with DMEM medium containing 2%
FBS was added to reach 100 TCIDs,, for each well. The final
concentration of the drug was 0.25 time to that of the drug
before being treated, that is, the drug with 200 nM as initial
concentration was diluted in 3-fold serial manner to reach
final concentration of 200 nM, 66.67 nM, 22.22 nM, 7.41
nM, 2.47 nM, 0.82 nM, 0.27nM, and 0.09 nM. Negative
control (wells only added with DMSO and the culture
medium, without the drug) and Positive control (wells added
with DMSO, culture medium and the virus, without the
drug) were set up. The cells were cultured at 37° C. for 6
days.

[0132] 3) Buffer and substrate of CellTiter-Glo® Lumi-
nescent Cell Viability Assay Kit (purchased from Promega,
Catalog No.: G7573) were mixed in dark as the work
solution. The work solution and PBS (purchased from
Gibco, Catalog No.: 10010049) were mixed in a ratio of 4:6.
The liquid in the cell culture plate was discarded, and then
100 pl test reagent was added for each well, the 96-well plate
was shaked in an Orbital oscillator for 5 min to induce cell
lysis. After stablizing the signal in dark for 2 min, chemi-
luminescence was determiend by an enzyme-labeled instru-
ment (purchased from Molecular Devices, SpectraMax M5),
the plate reading program was the CellTiter-Glo preset
program, and the cell viability was calculated:

1 i1y 0/ Y= —
cell viability (%0)=(4 g seasnent groupy=A(positive con
trol group))/| (A(Negan've control group)_A(Posin've control

group))x100%
[0133] wherein A was the reads from the enzyme-labeled
instrument.
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(2) Cytotoxicity Test of the Drug

[0134] 1) Huh7 cells (preserved in Academy of Military
Medical Sciences) were inoculated into a 96 wells plate at a
concentration of 5x10° cells/well, wherein the medium is
DMEM (purchased from Gibco, Catalog No.: 11995065)
containing 10% FBS (purchased from Gibco, Catalog No.:
16000044), and cultured for 24 hrs at 37° C. in a CO,
incubator.

[0135] 2) The culture medium in the 96-well plate was
discarded, 150 ul. DMEM medium (purchased from Gibco,
Catalog No0.:11995065) containing 2% FBS (purchased
from Gibco, Catalog No.: 16000044) was added. The 50
mM BAY 2402234 (purchased from MCE, Catalog No.:
HY-112645) mother liquor was then diluted with the above
DMEM medium in a serial manner to 800 nM, 266.67 nM,
88.89 nM, 29.63 nM, 9.88 nM, 3.29 nM, 1.10 nM, and 0.37
nM, 50 pL. of each was added to the cell culture plate. The
final concentration of the drug was 0.25 time to that of the
drug before being treated, that is, the drug with 200 nM as
initial concentration was diluted in 3-fold serial manner to
reach final concentration of 200 nM, 66.67 nM, 22.22 nM,
7.41 1M, 2.47 nM, 0.82 nM, 0.27nM, and 0.09 nM. Negative
control (wells only added with DMSO and the culture
medium, without the drug) was set up. The cells were
cultured at 37° C. for 6 days.

[0136] 3) Buffer and substrate of CellTiter-Glo® Lumi-
nescent Cell Viability Assay Kit (purchased from Promega,
Catalog No.: G7573) were mixed in dark as the work
solution. The work solution and PBS (purchased from
Gibco, Catalog No.: 10010049) were mixed in a ratio of 4:6.
The liquid in the cell culture plate was discarded, and then
100 pl test reagent was added for each well, the 96-well plate
was shaked in an Orbital oscillator for 5 min to induce cell
lysis. After stablizing the signal in dark for 2 min, chemi-
luminescence was determiend by an enzyme-labeled instru-
ment (purchased from Molecular Devices, SpectraMax M5),
the plate reading program was the CellTiter-Glo preset
program, and the cytotoxicity was calculated:

cytotoxicity (%)=(A vegative conol groupy=ADrug wear
ment group))| A (Negative control group*100%

[0137] wherein A was the reads from the enzyme-labeled
instrument.

(3) Test Results
[0138] Preliminary test results showed that the test com-

pound BAY 2402234 had inhibitory effect on bunya virus.

EXAMPLE 5 IN VITRO EVALUATIONS OF
ANTI-ENTEROVIRUS ACTIVITY AND SAFETY
OF BAY 2402234

(1) Evaluation of Anti-Enterovirus Activity of the
Drug

[0139] 1) Vero cells (purchased from ATCC, Catalog No.:
CCL-81) were inoculated into a 96 wells plate at a concen-
tration of 1x10* cells/well, wherein the medium is DMEM
(purchased from Gibco, Catalog No.: 11995065) containing
2% FBS (purchased from Gibco, Catalog No.: 16000044),
and cultured for 24 hrs at 37° C. in a CO, incubator.

[0140] 2) Before the experiment, the cells were wahsed 3
times with PBS (purchased from Gibco, Catalog No.:
10010049), 100 pl. of DMEM medium (purchased from
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Gibco, Catalog No.:11995065) containing 2% FBS (pur-
chased from Gibco, Catalog No.: 16000044) was added. The
50 mM BAY 2402234 (purchased from MCE, Catalog No.:
HY-112645) mother liquor was then diluted with the above
DMEM medium in a serial manner to 40 uM, 13.33 uM,
4.44 uM, 1.48 pM, 0.49 uM, 0.16 uM, 0.05 uM, 18.29 nM,
6.09 nM, and 2.03 nM, 50 pL of each was added to the cell
culture plate. Finally, 50 ul. of the enterovirus strain CB3
(preserved in Academy of Military Medical Sciences)
diluted with DMEM medium containing 2% FBS was added
to reach 100 TCID,, for each well. The final concentration
of the drug was 0.25 time to that of the drug before being
treated, that is, the drug with 10 uM as initial concentration
was diluted in 3-fold serial manner to reach final concen-
tration of 10 uM, 3.33 uM, 1.11 uM, 0.37 uM, 0.12 pM,
13.72 nM, 4.57 nM, 1.52 nM, and 0.51 nM. Negative control
(wells only added with DMSO and the culture medium,
without the drug) and Positive control (wells added with
DMSO, culture medium and the virus, without the drug)
were set up. The cells were cultured at 37° C. for 5 days.

[0141] 3) Buffer and substrate of CellTiter-Glo® Lumi-
nescent Cell Viability Assay Kit (purchased from Promega,
Catalog No.: G7573) were mixed in dark as the work
solution. The work solution and PBS were mixed in a ratio
of'4:6. The liquid in the cell culture plate was discarded, and
then 100 pl of test reagent was added for each well, the
96-well plate was shaked in an Orbital oscillator for 5 min
to induce cell lysis. After stablizing the signal in dark for 3
min, chemiluminescence was determiend by an enzyme-
labeled instrument (purchased from Molecular Devices,
SpectraMax M5), the plate reading program was the Cell-
Titer-Glo preset program, and the cell viability was calcu-
lated:

PN
cell viability (%)=(4 g reamment groupy=A(Posidve con
trol group))/| (A(Negan've control group)_A(Posin've control

group))x100%
[0142] wherein A was the reads from the enzyme-labeled
instrument.
(2) Cytotoxicity Test of the Drug
[0143] 1) Vero cells (purchased from ATCC, Catalog No.:

CCL-81) were inoculated into a 96 wells plate at a concen-
tration of 1x10* cells/well, wherein the medium is DMEM
(purchased from Gibco, Catalog No.: 11995065) containing
10% FBS (purchased from Gibco, Catalog No.: 16000044),
and cultured for 24 hrs at 37° C. in a CO, incubator.

[0144] 2) Before the experiment, the cells were wahsed 3
times with PBS (purchased from Gibco, Catalog No.:
10010049), 150 pl, of DMEM medium (purchased from
Gibco, Catalog No.:11995065) containing 2% FBS (pur-
chased from Gibco, Catalog No.: 16000044) was added. The
50 mM BAY 2402234 (purchased from MCE, Catalog No.:
HY-112645) mother liquor was then diluted with the above
DMEM medium in a serial manner to 40 uM, 13.33 uM,
4.44 uM, 1.48 pM, 0.49 uM, 0.16 uM, 0.05 uM, 18.29 nM,
6.09 nM, and 2.03 nM, 50 pL of each was added to the cell
culture plate. The final concentration of the drug was 0.25
time to that of the drug before being treated, that is, the drug
with 10 uM as initial concentration was diluted in 3-fold
serial manner to reach final concentration of 10 uM, 3.33
uM, 1.11 uM, 0.37 uM, 0.12 uM, 0.04 uM, 13.72 nM, 4.57
nM, 1.52 nM, and 0.51 nM. Negative control (wells only
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added with DMSO and the culture medium, without the
drug) was set up. The cells were cultured at 37° C. for 5
days.

[0145] 3) Buffer and substrate of CellTiter-Glo® Lumi-
nescent Cell Viability Assay Kit (purchased from Promega,
Catalog No.: G7573) were mixed in dark as the work
solution. The work solution and PBS were mixed in a ratio
of'4:6. The liquid in the cell culture plate was discarded, and
then 100 pl of test reagent was added for each well, the
96-well plate was shaked in an Orbital oscillator for 5 min
to induce cell lysis. After stablizing the signal in dark for 3
min, chemiluminescence was determiend by an enzyme-
labeled instrument (purchased from Molecular Devices,
SpectraMax MS5), the plate reading program was the Cell-
Titer-Glo preset program, and the cytotoxicity was calcu-
lated:

cytotoxicity (%)=(A vegative conol groupy™ADrug wear
ment group))| A (Negative control group*100%

[0146] wherein A was the reads from the enzyme-labeled
instrument.

(3) Test Results
[0147] Preliminary test results showed that the test com-

pound BAY 2402234 had inhibitory effect on enterovirus.

Enterovirus (uM)

EV7I-RD EVD68-RD CAl6-RD CA6-RD CB3-Vero CCs,
>100 >100 >100 >100 <0.05  >300
[0148] In addition to those described herein, according to

the above descriptions, various modifications of the inven-
tion will be obvious for a person skilled in the art. Such
modifications also fall within the scope of the appended
claims. Each of the references (including all patents, patent
applications, journal articles, books, and any other publica-
tions) cited in this application is hereby incorporated by
reference in its entirety.

1.-10. (canceled)

11. A method of preventing and/or treating a disease
associated with a virus, comprising a step of administering
to a subject in need an effective amount of the compound of
formula (I1),

I

(
Y

F (6] F
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or its N-oxide, tautomer, geometric isomer, solvate,
hydrate, pharmaceutically acceptable salt, or pharma-
ceutically acceptable salt of the tautomer or N-oxide
thereof, wherein the virus is an Orthomyxoviridae virus
or a Coronaviridae virus.

12. A method of inhibiting the replication or reproduction
of a virus in a cell, comprising a step of administering to a
subject in need or contacting the cell with an effective
amount of the compound of formula (II),

g

N

O
ats
N—N F
¢
F (6] F
(6]
HN Cl

I

or its N-oxide, tautomer, geometric isomer, solvate,
hydrate, pharmaceutically acceptable salt, or pharma-
ceutically acceptable salt of the tautomer or N-oxide
thereof, wherein the virus is an Orthomyxoviridae virus
or a Coronaviridae virus.

13. (canceled)

14. The method according to claim 11,

the Coronaviridae virus is selected from HCoV-229E,

HCoV-0C43, HCoV-NL63, HCoV-HKU1, SARS-CoV,
MERS-CoV, and SARS-CoV-2.

15. The method according to claim 11, wherein the
compound, or its N-oxide, tautomer, geometric isomer,
solvate, hydrate, pharmaceutically acceptable salt, or phar-
maceutically acceptable salt of the tautomer or N-oxide
thereof is used to prevent and/or treat a disease caused by
SARS-CoV, MERS-CoV, SARS-CoV-2, Influenza virus.

16. The method according to claim 11, wherein the subject
is a mammal.

17. The method according to claim 12, wherein the
mammal cell is a human cell.

18. The method according to claim 11, wherein the
compound, or its N-oxide, tautomer, geometric isomer,
solvate, hydrate, pharmaceutically acceptable salt, or phar-
maceutically acceptable salt of the tautomer or N-oxide
thereof is administered only or in combination with other
pharmaceutical active ingredients.

19. The method according to claim 11, wherein the
Orthomyxoviridae virus is an Influenza virus.

20. The method according to claim 11, wherein the
Influenza virus is Influenza A virus, Influenza B virus, or
Influenza C virus.

21. The method according to claim 11, wherein the
compound, or its N-oxide, tautomer, geometric isomer,
solvate, hydrate, pharmaceutically acceptable salt, or phar-
maceutically acceptable salt of the tautomer or N-oxide
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thereof is used to prevent and/or treat a disease caused by
SARS-CoV, MERS-CoV, or SARS-CoV-2.

22. The method according to claim 11, wherein the
compound, or its N-oxide, tautomer, geometric isomer,
solvate, hydrate, pharmaceutically acceptable salt, or phar-
maceutically acceptable salt of the tautomer or N-oxide
thereof is used to prevent and/or treat a disease caused by
SARS-CoV-2.

23. The method according to claim 22, wherein the
disease is simple infection, pneumonia, acute or severe
respiratory infection, hypoxic respiratory failure, acute
respiratory distress syndrome, sepsis or septic shock.

24. The method according to claim 22, wherein the
disease is fever, cough, and/or pharyngalgia.

25. The method according to claim 11, wherein the
compound, or its N-oxide, tautomer, geometric isomer,
solvate, hydrate, pharmaceutically acceptable salt, or phar-
maceutically acceptable salt of the tautomer or N-oxide
thereof is used to prevent and/or treat COVID-19.

26. The method according to claim 11, wherein the subject
is human.

27. The method according to claim 18, wherein the
compound, or its N-oxide, tautomer, geometric isomer,
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solvate, hydrate, pharmaceutically acceptable salt, or phar-
maceutically acceptable salt of the tautomer or N-oxide
thereof is administered concurrently, separately, or succes-
sively in combination with other pharmaceutical active
ingredients.

28. The method according to claim 18, wherein, the other
pharmaceutical active ingredients are antiviral drugs
selected from amantadine, rimantadine, enfuvirtide, mara-
viroc, acyclovir, ganciclovir, valaciclovir, famciclovir,
sodium phosphonate, lamivudine, zidovudine, enteltabine,
tenofovir, adefovir dipivoxil, efavirenz, nevirapine, saqui-
navir, oseltamivir, zanamivir, ribavirin, and interferon.

29. The method according to claim 12, wherein the
Coronaviridae virus is selected from HCoV-229E, HCoV-
0C43, HCoV-NL63, HCoV-HKU1, SARS-CoV, MERS-
CoV, and SARS-CoV-2.

30. The method according to claim 12, wherein the
Orthomyxoviridae virus is an Influenza virus.

31. The method according to claim 30, wherein the
Influenza virus is Influenza A virus, Influenza B virus, or
Influenza C virus.



