WO 2021/202114 PCT/US2021/022976

TITLE OF THE INVENTION
ANTIVIRAL COMPOUNDS AND METHOD FOR TREATING RNA VIRAL INFECTION,
PARTICULARLY COVIB-19

CROSS REFERENCE TO RELATED APPLICATIONS
{8001} This application claims the benefit of and priority to U.S. Provisional Application Ser.
Nos. 63/0601,723, filed March 30, 2020, and 63/053,908, filed July 20, 2020, which are incorporated

herein by reference in entirety.

FIELD OF THE INVENTION
joBo2| The present invention pertains {o antiviral compounds, which is capable of treating

RNA-viral infection, particularly treating COVID-19.

BACKGROUND OF THE INVENTION

[8663] RNA virus is a virus that has ribonucleic acid (RNA} as s genetic material. Human
diseases caused by RNA viruses include infections by RNA viruses i the Coronaviridae,
Flaviviridae, Picornaviridae, Caliciviridae, Togaviridae, Arteriviridae, Astroviridae or Hepeviridag
farmlies.
[B004] Human Coronaviruses, {irst identified in 1960s, are common viruses that infect most

cople at some time in thewr Hife, generally causing nuld to moderate upper respiratory and
castrointestinal tract ilinesses, which is also referred to as "Middle East Respiratory Syndrome
Coronavirus” {MERS-CoV or MERS) that was first reported in Saudi Arabia in 2012, Severe acute
respiratory syndrome-related coronaviras {(SARS-CoV) responsible for Severe Acute Respiratory
Syndrome (SARS) was first recognized in China in 2002,
HEHESY Among coronaviruses, new Coronavirus disease 2019 (COVID-19) is a new infectious
disease caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2}, which was first
wdentified i 2019 io Wuhan, China and has spread globally. According to the announcement of
World Health Organization (WHO), there are currently more than 110 million confirmed cases
in the world, and more than 2.5 million people have died from the coronavirus COVID-19 outbreak
as of March 7, 2021. Supportive care is current standard of care. Although some compounds or
molecules were reported to be possible to treat Coronavirdae viral infections, there is no promised

therapy (o treat COVID-19 i humans.
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[8006] Accordingly, it is desirable to develop an efficient approach for treating Coronavirdae

viral infection, particularly COVID-19.

SUMMARY OF THE INVENTION
[OB07] Accordingly, the present invention provides methods and compounds for the treatment of
RNA viral infection.
{0608} In one aspect, the present invention provides a method for treating a ribonucleic acid
{RMNA) viral infection i a hurnan or an animal, which comprises adminisiering to said human or
ammal a therapeutically effective amount of a compound of Formula (I):

AN

0%,

Ry A
X
X
(Rm  ®
whertein:
A 15 a saturated or partially saturated optionally substituted 3, 6 or 7 membered ring;
-=--= represents a single bond or a double bond;
7' and 27 are independently N or C when ----- represents a single bond, provided 7' and 2° are not
both IN; and
Z' and Z7 are C when -—-- represents a double bond;
L is alinker selecied from a bond, NR®, 0, §, CR'R’, CRR-NRY, CRR>-0-, and
CRYR®-S; each RY, RZ RS, RY and R® is independently H, or an optionally substituted member
selected from the group consisting of C1-C8 alkyl, C2-C8 heterocalkyl, {2-C8 alkenyl, C2-C8
heteroalkenvl, C2-C8 alkynyl, C2-C8 heteroalkynyl, C1-C8 acvl, C2-C8 heteroacyl, C6-C10 aryi,
C5-C12 heteroarvl, C7-C12 arviaikyl, and C6-C12 heteroarvialky! group, or halo, OR, NR2, NROR,
NENR, SR, SOR, SO:R. SO:NRs, NRSO:R, NRCONRz, NRCSNR), NRC(=NR)NR:z, NRCOOR,
NRCOR, CN, COOR, CONRy, QOCR, COR, or NOg,
wherein each R is mdependently H or C1-C8 alkyl, C2-C§ hetercalkyl, C2-C8 alkenyl, C2-C§
steroalkenyl, C2-C8 alkynyi, C2-CR heteroalkynyl, C1-C8 acyl, C2-C8 heterocacyl, C6~-C10 arvl,

C5-C10 hetercarvl, C7-C12 arvialkyl, or C6-C12 heteroarvialkyl, and wherein two R on the same
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atom or on adjacent atoms can be linked to form a 3-8 membered ring, optionally containing one or
more N, O or §;

and each R group, and each ring formed by hinking two R groups together, is optionally substituted
with one or more substituenis selected from halo, =0, =N-CN, =N-OR’, =NR’, OR’, NR’;, SR’,
SOR7, SONR’ 2, NRPSGR™, NR'CONR 2, NR7USNR 2, NROC(=NRINR 2, NR'COOR’,
NR'COR’, CN, COOR’, CONR2, QOCR’, COR’, and NGz,

wherein each R’ is independently H, C1-C6 alkyl, {2-C6 hetercalkyl, C1-C6 acyl, C2-C6 heteroacyl,
C6-C10 arvl, U5-C10 heteroarvi, C7-12 arylalkyl, or €6-12 hetercarylalkyl, each of which is
optionally substituted with one or more groups selected from halo, C1-C4 alkyl, C1-C4 heteroalkyl,
C1-C6 acyl, C1-C6 heteroacyl, hydroxy, arnine, and =0;

and wherein two R’ on the same atom or on adjacent atoms can be linked to form a 3-7 membered
ring optionally containing up to three heteroatoms selected from N, ¢ and §;

and R! can be =0, or two R! groups on the same atom or on adjacent connected atoms, can
optionally be hinked together to forro a 3-8 membered cveloalkyl ot heterocyeloalkyl, which is
optionally substituted; and R* and R, when on the same atom or on adjacent connected atoms, can
optionally be linked together to form a 3-8 membered cveloalky] or heterocveloalkyl, which is
optionally substituted;

W is alkyl heteroalkyl, arvl, hetercarvl, cvcloalkyl, heterocyelyl, arvialkyl or heteroaryialkyl, each
of which can be optionally substituted;

X is a polar substituent; and each m is independently 0-3;

or a pharmaceutically acceptable salt or ester thereof,

{8009} In one embodiment of the invention, the compound is the compound of Formula (1)
1 N'/ W
oy
Z
e 1 /
(Rm by

o<
(R%m an
wherein:
A 15 a saturated or partially saturated optionally substituted 5, 6 or 7 membered ring;

~~~~~ represenis a single bond or a double bond,;

Z'and 27 are independently N or C when ~--m- reprasents a single bond, provided Z'and

Z?are not both N; and
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Z!' and 7% are C when --—- represents a double bond; each of R! and R? is independently H. or an
optionally substituted member selected from the group consisting of C1-C8 alkvl, C2-C8 heteroalkyl,
C2-C8 alkenyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8 heteroalkynyl, C1-C¥ acvl, C2-C8
heteroacyl, C6-C10 aryl, C5-C12 heteroarvl, C7-C12 arvlalkyl, and C6-C12 heteroaryialkyl group.
or halo, OR, NR2, NROR, NRNRz, SR, SOR, SO:R, SO:NR2, NRSO:R, NRCONR,, NRUSNR,,
NRCENRINR2, NRCOOR, NRCOR, CN, COOR, CONR:, OOCR, COR, or N(», whergin each R
is independently H or C1-C8 alkyl, {2-C8 heteroalkyl, C2-C8 alkenvl, C2-C8 heteroalkenyl, C2-C8
alkynyl, C2-C8 heteroatkynyl, C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl, C5-C1¢ hetervaryl, C7-
C12 arylatkyl, or Co-C12 heteroarylalkyl, and wherein two R on the same atom or on adjacent
atoms can be linked to form a 3-8 roembered ring, optionally containing one or more N, O or S; and
each R group. and each ring formed by linking two R groups together, is optionally substituted with
one or more substituents selected from halo, =0, =N-UN, =N-OR’, =NR’, OR’, NR", SR’, SO:R’,
SONR 2, NR'SO:R™, NR'CONR 2, NR™CENR 2, NR’C(=NR")NRz, NR'COOR’, NR'COR’, CN,
COOR’, CONR’,, QOCR’, COR’, and NG», wherein each R is independently H, C1-C6 alkyi, C2-
€6 heteroalkyl, C1-C6 acyl, C2-C6 hetercacyl, C6-C10 aryl, 5-C10 hetercaryl, £7-12 arylaltkyl, or
{6-12 heteroarviaikyl, each of which is optionally substituted with one or more groups selected from
halo, C1-C4 alkyl, C1-C4 heteroalkyl, C1-C6 acyl, C1-C6 heteroacyl, hydroxy, anuno, and =0, and
wherein two R’ on the same atom or on adjacent atoms can be linked to form a 3-7 membered ring
optionally containing up to three heteroatoms selected from N, O and S;

and R! can be =0, or two R! groups on the same atom or on adiacent connected atoms, can
optionally be hinked together to form a 3-8 membered cvcloalkyl ot heterocyeloalkyl, which is
optionally substituted;

W is alkvl, heteroalkyl, arvl, heteroaryl, cycloalkyl, heterocyclyl, arvlalkyl or heteroarylalkvl, each
of which can be optionally substituted;

X is a polar substituent; and each m 15 independently (-3;

or a pharmaceutically acceptable salt or ester thereof.

6019 In some embodiments of Formula (), the compound has the stracture of Fornuda (I-4)

or (I-B):
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or a pharmaceutically acceptable salt or ester thereof, wherein A, Z', 2% L, W, X, R!, R*and m are
defined as in Formuda ().
[8611] In some erobodiments of the invention, the compound of Formula (1), the compound hags

the structure of Formula (I-A) or (1I-B) below:
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wherein A, 2% 22, W, X, RY, R? and 1o are defined as in Fornula (D).
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je012] In the preferred embodiments of the compounds. the compound is one selected from the
group consisting of the following compounds:
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e ‘N}‘::\\
Compound C.
HIERY In other aspects, the invention provides an anti-RMNA viral pharmaceutical composition in

a human or an aniroal, comprising the compounds as mentioned above.

8014} In the invention, the pharmaceutical composition of the invention comprises a compound
described herein and at least one pharmaceutically acceptable carrier or excipient, or one or more
pharmaceutically acceptable carriers and/or excipients.

18015] In one further aspect, the invention provides a use of one or more of these compounds for

manufacturing a medicament for treating an RNA viral infection, particularly COVID-19.

HEU L In one embodiment of the invention, the virus is SARS-CoV-2.

{6017} In another embodiment of the invention, the virus 1s SARS.

{06018} In one particular embodiment of the mvention, the virus infection is COVID-19 caused
by SARS-CoV-2.

[0619] Also provided are the coropositions corprising the above described molecules in

combination with other agents, and methods for using such molecules in combination with one or
more of pther anti-virus agenis.
6020 It is 1o be understood that both the foregoing general description and the following

detailed description are exemplary and explanatory only and are not restrictive of the invention,

BRIEF DESCRIPTION OF THE DRAWINGS
[0621] The foregoing sumwnary, as well as the following detailed description of the invention,
will be better understood when read in conjunction with the appended drawings. For the purpose of
iustrating the invention, there are shown in the drawings embodiment which is presently preferred.

1t should be understood, however, that the invention 1s not imited {o this embodiment.

6
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[8622] Figure 1 shows that Vero E6 cells with different concentrations of the Compounds A, B,
C, and E were prepared for overnight, and then the cells were mmfected with SARS-CoV-2 (MOI =
0.01) for 2 days. The viral infection was quantified by SARS-CoV-2 N protein expression. SARS-
CoV-2 N protein expression and cyvtotoxicity of the compound was deternuned by CCK-# assay.
00231 Figure 2 shows that Compound A provided anti-SARS-CoV-2 activity, with IC50 at
2.743 pM and CCSO > S uM.

80241 Figure 3 shows that Compound B provided anti-SARS-CoV-2 activity, with ICS0 at
126.3 nM and CCSO at 5.897 uM.

[0625] Figure 4 shows that Compound C provided anti-SARS-CoV-2 activity, with ICS0 at 97
M and CC50 at 4.215 uM.

{8026} Figure S shows that Compound C provided anti-S ARS-CoV-2 activity, with I(C50 at
0.8304 uM and CCS50> 35 pM.

{8027} Figure 6 shows the diagram of clinical scoring for lung histopathology.

[0628] Figure 7 shows the histopathology of the lungs in transgenic mice infected with SARS-
CoV-2.

[0629] Figure & shows the clinical scoring of AAV/hACEZ mice treated with solvent control and

Compound A at day 5 post-SARS-LCoV-2 infections.

DETAILED DESCRIPTION OF THE INVENTION
{8036} Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by a person skilled in the art to which this invention belongs.
[8631] These and other embodiments of the invention are described in the description that
follows.
j0B32] Modes of Carryving Out the Invention
[B8033] For convenience, and without regard {0 standard nomenclature, when the position of
groups on the bicyelic core portion of Formula (I} and Formula (1) need to be described, the ring

positions will be identifiad by number using the following numbering scheme:

€ an
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{8634] In this scheme, positions i-4 are in the lower {phenyl} ring, and positions 5 (Nitrogen}
through 8 are in the second ring.  So, for example, the position of the polar substituent X on the
phenyl ring may be described as position 4 if that group 18 attached 1o the unsubstituted carbon
adjacent to the phenyi ring carbon attached to N in the second ring.  Also for convenience, the phenyi
ring is labeled as the C-ring in this structure and thronghowt the application, while the second ring
containing M s referred to as the B-ring. The same relative numbering scheme will be used for other
compounds that share the B and C ring bicyclic structure. while the additional ring containing 2'-2*
fused to this bicvelic group will be referred to as the A-ring herein.

{8035] The term “opiionally substituted” as used herein refers to the particalar group or groups
having no non-hydrogen substituents, or the group or groups having one or more non~hydrogen
substituents. I not otherwise specified, the total number of such substituents that may be present is
equal to the number of H atoms present on the unsubstituted form of the group being described.
Where an optional substituent is attached via a double bond, such as a carbonyvl oxygen (=0}, the
group fakes up two available valences, 50 the tofal number of substituents that may be included 15
reduced according to the number of available valences.

[8036] The compounds of the invention often have ionizable groups o as to be capable of
preparation as salts. Iu that case, wherever reference 1s made to the compound, 1t 1s understood 1n
the art that a pharmaceutically acceptable salt may also be used. These salts may be acid addition
salts involving inorganic or organic acids or the salts may, in the case of acidic forms of the
compounds of the invention be prepared from inorganic or organic bases. Frequently, the
compounds are prepared or used as pharmaceutically acceplable salts prepared as addition products
of pharmaceutically acceptable acids or bases. Suitable pharmaceutically acceptable acids and bases
are well-known in the art, such as hyvdrochloric, sulphwric, hvdrobromic, acetic, lactic, citric, or
tartaric acids for formung acid addition salis, and potassium hydroxide, sodium hydroxide,
ammonum hydroxide, caffeine, various anuines, and the like for forming basic salts. Methaods for
preparaiion of the appropriate salts are well-established in the art. In some cases, the compounds
way contain both an acidic and a basic functional group, in which case they may have two tonized
groups and yet have no net charge.

(8037} In some cases, the compounds of the invention contain one or more chiral centers. The
mvention includes each of the isolated sterecisomeric forms as well as mixtures of sterecisomers in
varving degrees of chiral purity, including raceric nuxtures. It also encompasses the various
diastereomers and tautomers that can be formed. The compounds of the invention may also exist in
more than one tautomeric form; the depiction herein of one tautomer is for convenience only, and is

also understood to encompass other tautomers of the form shown.
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{8638] As used herein, the terms “alkvL” “alkenvl” and “alkyny!” include straight-chain,
branched-chain and cyclic monovalent hydrocarbyl radicals, and combinations of these, which
contain ondy C and H when they are unsubstituted. Examples include methvl, ethyl, isobutyl,
cyciohexyl, cyclopentylethyl, Z-propenyl, 3-butvayl, and the like. The total nurnber of carbon atoms
i each such group is sometimes described herein, e g, when the group can contain up to ten carbon
aloms it can be represented as 1-10C or as C1-C10 or C1-10. When hetercatoms (N, Q and §
typically) are allowed to replace carbon atoms as in hetercalkyl groups, for example, the numbers
describing the group, though still written as e.g C1-C6, represent the sum of the number of carbon
atoms in the group plus the number of such heteroatoms that are inchuded as replacements for carbon
atoms n the backbone of the ring or chaiun being described.

[6039] Typically, the alkyl, alkenyl and alkynyl substituents of the invention contain 1-10C
{atkyl} or 2-10C {alkenyl or alkvnyl}. Preferably they contain 1-8C {alkyl} or 2-8C {atkenyi or
alkvnvl). Sometimes they contain 1-4C (alky} or 2-4C (alkenyl or alkynvl). A single group can
include more than one type of multiple bond, or wore than one roultiple boud; such groups are
included within the definition of the term “alkenyl” when they contain at {east one carboncarbon
double bond, and are included within the term “alkvnyl” when they contain at least one carbon-
carbon triple bond.

16040] Alyl, alkeny! and alkynyl groups are often optionally substituted to the extent that such

substitution makes sense chemically. Typical substituents include, but are not limited to, halo, =0,

NRCENRINR,, NRCOOR, NRCOR, CN, C CR, COOR, CONR:, OOCK, COR, and NO2, wheremn
each R 15 independently H, C1-C8 alkyl, C2-C8 heteroalkyl, C1-C& acyi, C2-C¥ heteroacyl, C2-C8
alkenyl, {2-C8 heteroalkenyl, C2-C8 alkynyl, £2-C8 heteroalkynyl, C6-C10 aryl, or €5-C10
heteroaryl, and each R is optionally substituted with halo, =0, =N-CN, =N-OR’, =NR’, OR’, NR’2,
SR’ SOuR’, SONR’», NR'SOaR’, NR'CONR ,, NR'CSNR 2, NR'C(=NRINR'2, NR'COOR’,
NR'COR’, CN, C CR’, COOR’, CONR >, OOCR’, COR’, and NQO», wherein each R’ is
independently H, C1-C8 alkyl, C2-C8 heteroalkyl, C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl or
C5-C10 heteroaryl. Alkyl. alkenyl and alkynvl groups can also be substituted by C1-C8 acyl, C2-C8
heteroacyl, C6-C10 aryl or C5-C10 hetercaryl, each of which can be substituted by the substituents
that are appropriate for the particular group. Where two R or R’ are present on the same atom {e.g.,
NR2), or ou adjacent atoms that are bonded together {e.g., ~-NR-C(O)R)}, the two R or R groups can
be taken together with the atoms they are connected to form a 5-8 membered ring, which can be
substituted with C1-C4 alkyl, C1-€4 acyl, halo, C1-C4 alkoxy, and the like, and can contain an

additional heteroatom selected from N, O and § as a ring member.

9
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{8041} “Acetviene” substituents are {2-10C alkvnyl groups that are optionally substituted, and
are of the formula -C C-R¥ wherein R* is H or C1-C8 alkyl, C2-C8 heteroalkyl, C2-C8 alkenyl, C2-
{8 heteroalkenyl, C2-C8 alkyunvl, C2-C8 heteroatkynyl, C1-C8 acyl, C2-CR8 heteroacyl, C6-C10 arvl,
C5-C10 heteroaryl, C7-C12 arylalkyl, or C6-C12 heteroarvialkyl, and each R” group is optionally
substituted with one or more substituents selected from halo, =0, =N-CN, =N-QR’, =NR’, OR’,
NRz, SR, SOoR’°, SO2NR’2, NR'SO:R’, NR'CONR’ >, NR’CSNR 2, NR'C(=NRINR 2,
NR'COOR, NRCOR’, CN, COOR™, CONR’z, OOCR’, COR’, and NO2, wherein each R’ is
mdependently H, C1-C6 alkyl, C2-C6 heteroalkyl, C1-C6 acyl, U2-C6 heteroacyl, C6-C10 aryl, C5-
C10 heteroarvl, C7-12 arylalkyl, or C6-C12 heteroarylalkyi, each of which is optionally substituted
with one or more groups selected from halo, C1-C4 alkyl, C1-C4 heteroalkyl, C1-C6 acyl, C1-C6
heteroacyl, hydroxy, amino, and =0; and wherein two R’ can be linked to form a 3-7 membered ring
optionally containing up to three hetercatoms selected from N, O and §. In some embodiments, R?
of -C C-R*is H or Me. Where two R or R’ are present on the same atom {e.g., NR2), or on adjacent
atoms that are bonded together {(e.g., ~-NR-C{O}R)}, the two R or R’ groups can be taken together with
the atoms they are connected to form a 5-8 membered ring, which can be substituted with C1-C4
alkyvl, C1-C4 acvl, halo, C1-C4 alkoxy, and the like, and can contain an additional heteroatom
selected from N, O and S as a ring member,

10642 “Heteroalkyl”, “heteroalkenyl”, and “hetercalkyny!l” and the like are defined similarly to
the corresponding hydrocarbyl {alkyl, alkenvl and alkynyl) groups, but the “hetero” terms refer to
groups that contain 1-3 G, S or N heteroatoms or combinations thereof within the backbone residue;
thus at least one carbon atom of a corresponding atkyl, alkenyl, or alkvoyl group is replaced by one
of the specified heteroatoms to form a heteroalkyl, hetercalkenyl, or heteroalkyny! group. The
tyvpical and preferred sizes for heteroforms of alkyl, alkenyl and alkvnyl groups are generally the
same as for the corresponding hydrocarby! groups, and the substituents that may be present on the
heteroforms are the same as those described above for the hydrocarbyl groups. For reasons of
chemical stability, it is also understood that, unless otherwise specified, such groups do not include
wore than two contiguous heteroatoms except where an Oxo group is present on N or S as in a nitro
ot sulfonyl group.

(8043] While “alky!l” as used herein includes cvcloalkyl and cvcloalkylalkyvl groups, the term
“cycloalkvi” may be used herein to describe a carbocyclic non-aromatic group that is connected via a
ring carbon atorn, and “cycloalkyvialkyl” may be used to describe a carbocyclic non-aromatic group
that 15 connected to the molecule through an alkyl linker. Similarly, “heterocycly!l” may be used to
describe a non-aromatic cyclic group that contains at least one heteroatom as a ring member and that

1s connected to the molecule via a ring atom, which may be C or N; and “heterocyclylalkyl” may be

10
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used to describe such a group that is connected to ancther molecule through a linker. The sizes and
substituents that are suitable for the cycloalkyl, cycloalkylalkyl, heterocyclyl, and heterocyclylalkyl
groups are the same as those described above for alkvl groups. As used herem, these terms also
innclude rings that contain a double bond or two, as long as the ring 15 not aromatic.
00441 As used herein, “acyl” encompasses groups comprising an alkvl, alkenvi, alkvnyl, arvl or
arvialkyl radical attached at one of the two available valence positions of a carbonyt carbon atom,
and heteroacyl refers to the corresponding groups wherein at least one carbon other than the carbonyl
carbon has been replaced by a heteroatom chosen from N, 8 and 5. Thus hetercacy! mnchudes, for
example, -C(=0)0R and —~CE=OINR2 as well as —C(=0)-heteroarvl.
[8045] Acyl and heteroacyl groups are bonded to any group or molecule to which they are
attached through the open valence of the carbony! carbon atorn. Typically, they are C1-C8 acyl
groups, which include formvl, acetyl, pivaloyl, and benzoyl, and C2-C8 heteroacy! groups, which
mclude methoxyacetvl, ethoxycarbonyl, and 4-pyridinovl. The hvdrocarbyl groups, aryl groups, and
eteroforms of such groups that comprise an acyl or heteroacyl group can be substituted with the
substituents described herein as generally suitable substituents for each of the corresponding
component of the acyl or hetercacyl group.
[8046] “Aromatic” mooiety or “arvl” moiety refers to a monocychic or fused bicyelic motety
having the well-known characteristics of aromaticity; examples include pheny! and naphthyl.
Similarly, “heteroaromatic” and “heteroaryl” refer to such monocyclic or fused bicyclic ring systems
which contain as ring members one or more heteroatoms selected from O, S and N. The inclusion of
a heteroatom pernuts aromaticily in S-membered rings as well as 6-membered rings. Typical
heteroaromatic systems include monocyclic C5-C6 aromatic groups such as pyridyl, pyrimidyl,
pyrazinyi, thienyl, furanyl, pyrrolyl, pyrazolyl, thiazolvl, oxazolvl, and imidazolyl and the fused
bicychic moieties formed by fusing one of these monocychic groups with a phenvl ring or with any of
the heteroaromatic monocyclic groups to form a U810 bicyclic group such as indolyl,
benzimidarolyl, indazolyl, benrotriazolyl, isoquinolyl, quinolvl, benzothiarolvl, benzofuranyi,
pyrazolopysidyl, quinazolinyl, quinoxalinyl, cinpolinyl, and the like. Any monocyclic or fused ring
bieyclic system which has the characteristics of aromaticity i terms of electron distribution
throughout the ring system is included in this definition. It also includes bicyclic groups where at
least the ring which is directly aitached to the remainder of the molecule has the characteristics of
aromaticity. Typically, the ving systems contain 5~12 ring member atoms. Preferably the
menocyclic heteroaryls contain 5-6 ring mernbers, and the bicyclic heteroarvis contain 8-10 ring

members.

11
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{8047} Aryl and heteroary] moigties may be substituted with a variety of substituents including
C1-C8 alkyl, C2-C8 alkenyl, C2-C8 alkvoyl, C5-C12 arvl, C1-CR acvl, and heteroforms of these,
each of which can iiself be further substituted; other substituents for arvl and heteroaryl moieties
include halo, OR, NRo, SR, 8GR, SO:NR2, NRSO:R, NRCONR,, NRCSNERz, NRC(=NR)NR.,
NRCOOR, NRCOR, ON, C CR, COOR, CONR2, OOCR, COR, and NO:, wherein each R is
mndependently H, C1-C8 alkyl, C2-C8 heteroalkyl, C2-C8 alkenyl, C2-C8 heteroalkeny], C2-C8
alkynvl, C2-C8 hetercatkynyl, C6-C10 aryl, U5-C10 heteroarvl, C7-C12 arvlalkyl, or C6-C12
heteroarylaliyl, and each R is optionally substituted as described above for alkyl groups. Where two
R or R are present on the same atom {e.g., NR2), or on adjacent atoms that are bonded together (e.g.,
~NR-C{OR), the two R or R™ groups can be taken together with the atoms they are connecied {o
form a 5-8 membered ring, which can be substituted with C1-C4 alkyl, C1-C4 acyl, halo, C1-C4
alkoxy, and the like, and can contain an additional heteroatom selected from N, O and § as aring
member,

{0048] The substituent groups on an aryl ot heteroarvl group may of course be further
substituted with the groups described herein as suitable for each tvpe of such substituents or for each
component of the substituent. Thus, for example, an arylalky] substituent may be substituted on the
arvi portion with substituents described herein as typical for arvl groups, and it may be further
substituted on the alkyl portion with substituents described herein as typical or suitable for alkyl
SIOUpS.

[0i349] Similarly, “arylaliyl” and “heteroarvialkyl” refer to aromatic and heteroaromatic ring
systems which are bonded to their attachment point through a linking group such as an alkylene,
including substituted or unsubstituted, saturated or unsaturated, cychic or acyelic hinkers. Typically,
the linker is C1-C8 atkyl or a hetero form thereof These linkers may also include a carbonvi group,
thus maling them able to provide substituents as an acyl or hetercacyl moiety.

8050 An arvl or heteroaryi 1ing in an arvlalkyl or heteroarvialkyvl group may be substituted
with the same substituents described above for aryl groups. Preferably, an aryialkyl group includes a
pheny! ring optionally substituted with the groups defined above for arvl groups and a C1-C4
alkviene that is unsubstituted or is substituted with one or two C1-C4 alkyl groups or heteroaiky]
groups, where the alkyi or heteroalkyl groups can optionally cychize to form a ring such as
cyclopropane, dioxolane, or oxacyclopentane. Similarly, a heteroaryialkyl group preferably
includes a C3-C6 monocychic heteroaryl group that is optionally substituted with the groups
described above as substituents typical on arvl groups and a C1-C4 alkylene that is unsubstituted or
is substitited with one or two C1-C4 alkyl groups or heteroalkyl groups, or it inchudes an optionally

substituted pheny! ring or C3-C6 monocyclic heteroarvl and a C1-C4 heterocalkylene that is
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unsubstituted or is substituted with one or two {1-C4 atkyl or heteroalkyl groups, where the alkyl or
heteroalkyl groups can optionally cyclize to form a ring such as cvclopropane, dioxolane, or
oxacvciopentane.

18051} Where an arvlalkyl or heteroarvialkyl group is described as optionally substituted, the
substituents may be on either the atkyl or heteroalkyl portion or on the arvl or heteroaryl portion of
the group. The substituents optionally present on the alkvl or heteroalkyl portion are the same as
those described above for alkyl groups generally; the substituents optionally present on the arvl or
heteroaryl portion are the same as those described above for aryl groups generally.

{8052} “Arviallyl” groups as used herein are hydrocarbyl groups if they are unsubstituted, and
are described by the total number of carbon atoms n the ring and alkvlene or sirnilar inker. Thus, a
benzyl group is a C7-arvialkyl group, and phenviethyl is a C8-arylalkyl

jB053) “Heteroarvialkyl™ as described above refers to a moiety comprising an aryl group that is
altached through a linking group, and differs from “arvlalkyl” in that at least one ring atom of the
arvl moiety or one atom in the linking group 1s a heteroatom selected from N, O and S. The
heteroarylalkyl groups are described herein according to the total number of atoms in the ring and
linker combined, and they include arvl groups linked through a heteroalkyl linker; heteroaryi groups
hinked through a hvdrocarbyl linker such as an alkvlene; and hetercaryl groups linked through a
heteroalkyl linker. Thus, for example, C7-hetercarvlalkyl would include pyridylmethyl, phenoxy.,
and N-pyrrolylmethoxy.

{80541 “Alkylene” as used herein refers {0 a divalent hydrocarbyl group: because it is divalent, it
can link two other groups together. Typically it refers to «(CHan- where nis 1-8 and preferably nis
1-4, though where specified, an alkylene can also be substituted by other groups, and can be of other
tengths, and the open valences need not be at oppostie ends of a chain. Thus ~-CH{Me}- and -
C{Mek- may also be referred {o as alkylenes, as can a cvelic group such as cyclopropan-1,1-divi
Where an alkylene group is substituted, the substituents include those typically present on alkyl
groups as described herein.

[BUSS] o general, any alkyl, alkenyl, alkynyl, acvl, or arvl or arvlalkyl group or any heteroform
of one of these groups that 1s contained in a substituent may itself optionally be substituted by
additional substituents. The nature of these substituents is similar to those recited with regard o the
primary substituents themselves if the substituents are not otherwise described. Thus, where an
ernbodirent of, for example, R’ is alkyl, this alkyl may optionally be substituted by the remaining
substituents listed as embodiments for R” where this makes chemical sense, and where this does not
undermine the size limit provided for the alkyl per se; e.g., alkvl substituted by alky! or by alkenvl

would simply extend the upper linit of carbon atoms for these embodiments, and is not mncluded.
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However, atky! substituted by arvl, amino, alkoxy, =0, and the like would be included within the
scope of the mvention, and the atoms of these substituent groups are not counted in the number used
to describe the alkyl, alkenvl, ete. group that 1s being described. Where no number of substituents s
specified, each such alkyl, alkenyl, alkynyl, acyl, or arvl group may be substituted with a number of
substituents according to iis available valences; in particular, any of these groups may be substituted
with fluorine atoms at any or all of its available valences, for example.
[8056] “Heteroform’™ as used herein refers to a derivative of a group such as an alkyl, arvl, or
acyi, wherein at least one carbon atom of the designated carbocyclic group has been replaced by a
heteroatom selected from N, O and S. Thus, the heteroforms of alkyl, alkenyl, alkvayl, acvl, aryl,
and arvialkyl are heteroalkyl, heteroalkenyl, beteroalkynyl, heteroacyl, heteroaryl, and
heateroarylalkvl, respectively. ¥t is understood that no more than two N, O or 8§ atoms are ordinanly
connecied sequentially, except where an oxo group is attached to N or S to form a nitro or sulfonyl
LSroup.
{8087} “Halo”, as used herein includes fluoro, chloro, bromo and iodo. Fluoro and chloro are
often preferred.
[8058] “Amino” as used herein refers to NHz, but where an amino is described as “substituted”
or “optionally substituted”, the term includes NR'R” wherein each R” and R” 1s independently H, or
is an atkyl, alkenyl, alkynyl, acyl, aryl, or arylalkyl group or a heteroform of one of these groups, and
each of the alkyl, alkenyl, alkynyl, acvl, arvl, or arylalkyl groups or heteroforms of one of these
groups is optionally substituted with the substituenis described herein as suitable for the
corresponding group. The terro also includes forms wherein R and R” are linked together to forma
3-8 membered ring which may be saturated, unsaturated or aromatic and which contains 1-3
heteroatoms independently selected from N, O and S as 1ing members, and which is optionally
substituted with the substituents described as suttable for altkyl groups or, iIf NR’R” 15 an aromatic
group, it is optionally substituted with the substituents described as typical for heteroaryl groups.
HEERSH As used herein, the term “carbocycle” refers {0 a cyclic compound containing only
carbon atoms in the ring, whereas a “heterocyele” refers to a eyclic compound comprising a
gteroatom. The carbocyclic and heterocyclic structures encompass compounds having monocychc,
bicyclic or multiple ring systems. As used herein, these terms also include rings that contain a
double bond or two, as long as the ring is not aromatic.
[8066] As used herein, the term “hetercatom” refers to any atom that is not carbon or hyvdrogen,
such as nitrogen, oxygen or sulfur,
jonet] Hlustrative examples of heterocycles include but are not limited to tetrahydrofuran, 1,3~

dioxolane, 2 3-dilvdrofuran, pyran, tetrahydropyran, benzofuran, isobenzofuran, 1,3dihydro-
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isobenzofuran, isoxazole, 4,5-dihydroisoxazole, piperiding, pyrrolidine, pyrrolidin-Zone, pyrrole,
pyridine, pvrimidine, octahydro-pyrrolof3,4 bipyndine, piperazine, pyrazine, morpholine,
thiomorpholine, imidazole, imdazolidine 2,4-dione, 1,3-dihydrobenzimidazol-Zone, indole, thiazole,
benzothiazole, thiadiazole, thiophene, tetrahvdro thiophene 1,1-dioxide, diazepine. triazole,
guanidine, diarabicyclo{2.2. Theptane, 2,5- diazabicyclo]2.2.1theptane, 2,3,4,4a,9, 9a-hexahydro-1H-
-carboline, oxirane, oxetane, tetrabyvdropyran, dioxane, laciones, astridine, azetiding, piperidine,
lactams, and may also encompass hetercaryls. Other illustrative examples of hetercarvls include but
are not limited to furan, pyirole, pyridine, pyrimidine, imidazole, benzimidazole and triazole.

{8062} As used herein, the term “inorganic substituent” refers to substituenis that do not contain
carbon or contain carbon bound to elements other than hydrogen {e.g., elemental carbon, carbon
monoxide, carbon dioxide, and carbonate). Examples of inorganic substituents include but are not
limited to nitro, halogen, arido, cvano, sulfonyls, sulfinyls, sulfonates, phosphates, etc.

{063 The term “polar substituent”™ as used herein refers to any substituent having an electric
dipole, and optionally a dipole moment (e.g., an asyrometrical polar substituent has a dipole moment
and a symmeirical polar substituent does not have a dipole moment). Polar substituents include
substituents that accept or donate a hvdrogen bond, and groups that would carry at least a partial
posifive or negative charge in aqueous solution at physiological pH levels, In certain embodiments,
a polar substituent is one that can accept or donate electrons in a noncovalent hydrogen bond with
another chemical moiaty.

80641 In certain embodiments, a polar substituent is selected {rom a carboxy, a carboxy
bioisostere or other acid-derived moiety that exists predorinately as an anion at a pH of about 70 §
or higher. Other polar substituents include, but are not limited to, groups containing an OH or NH,
an ether oxygen, an amine nitrogen, an oxidized sulfur or nitrogen, a carbonyli, a nitrile, and a
nitrogen-containing or oxygen-containung heterocyclic ring whether aromatic or nonaromatic. fo
some embodiments, the polar substituent {represented by X)) 15 a carboxylate or a carboxylate
bioisostere.

[oi68] “Carboxvlate bioisostere” or “carboxy bioisostere” as used herein refers to a moiety that
is expected to be negatively charged to a substaniial degree at physiological pH. In certain

embodiments, the carboxylate bioisostere is a moiety selected from the group consisting of’

i3



WO 2021/202114 PCT/US2021/022976

5 N . p
. X A X S
e OH N NN N N
T N e g S—NH sty
§ Y & ¥ I 5-8 & ~ i i
"\\ fN“R-( e SR e P Q 5-R N 0,/\‘\*0
S 00 &
5 - . L
Py }f o ya . 47/ .&_/
N\ OH Sond NN AN % N
P 3 K = b 5 N !
EN SR \S"'N‘R? BN R Ot :,NH
Y S S, SR ¢
00O o0 30 TR u] & o Ot i\i\\‘;f\f
o - 4 e ’
/ L o i
A-OH Pk P & 8RN ng
g ; raf o s ~ BN
e 3 /'}” R a3 .
g
- P Vs e
AN > >y Xy > > =
L OM T, TR - \ 3
5(). d 5 N is bN~ s \_,‘3\ =4 \ s/OH \\ W J. R
i & >~ A 3 * i1 0{,{:\ g Mooy
(SRS o0 OO 004 o1y N, o N N\M_:;.L\ o7
N ¥

and salts of the foregoing, wherein each R’ is independently H or an optionally substituted member
selected from the group consisting of C1-10 alkyl, C2-10 alkenvl, C2-10 heteroalkyl, C3-3
carbocyelic ning, and 3-8 heterocyclic ring optionally fused to an additional optionally substituted
carbocyclic or heterocyclic ring; or R7 is a C1-10 alkyl, €2-10 atkenyi, or £2-10 heteroalkyl
substituted with an optionally substituted C3-8 carbocvelic ring or C3-8 heterocychic ring.

[B8066] In certain embodiments, the polar substituent is selected from the group consisting of
carboxylic acid, carboxvlic ester, carboxamtide, tetrazole, triazole, oxadiazole, oxothiadiazole,
thiarole, aminothiazole, hydroxythiazole, and carboxymethanesulfonamide. In some embodiments
of the compounds described herein, at least one polar substituent present is a carboxylicacid or a
salt, or ester or a bioisostere thereof. To certain embodiments, at feast one polar substituent present is
a carboxylic acid-containing substituent or a salt, ester or bioisostere thereof. In the latter
embodiments, the polar substituent may be a C1-C10 alkyl or C1-C10 alkenyl linked to a carboxylic
acid {or salt, ester or bioisostere thereof}, for example.

(8067} The term “solgroup”™ or “solubility-enhancing group” as used herein refers to a molecular
fragment selected for its ability to enhance physiological solubility of a compound that has otherwise
relatively low solubility. Any substituent that can facilitate the dissolution of any particular
molecule in water or any biological media can serve as a solubility-enhancing group. Exaroples of
solubilizing groups are, but are not limited to: any substituent contaming a group succeptible to
being tonized in water at a pH range from ¢ to 14; any 1onizable group succeptible to form a salt; or
any highly polar substituent, with a high dipolar mowent and capable of forming strong inferaction

with molecules of water. Examples of solubilizing groups are, but are not limited to: substitued
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alkyl amines, substituied alkyl alcohols, alkyl ethers, aryl amines, pyridines, phenols, carboxylic
acids, tetrazojes, sulfonamides, amides, sulfonviamides, sulfonic acids, sulfinic acids, phosphates,
sulfonylureas.

[08068] Suitable groups for this purpose include, for example, groups of the formula ~A{CH2)0.4~
G, where A 15 absent, O, or NR, where R is H or Me; and G can be a carboxy group, a carboxy
biotsosters, hydroxy, phosphonate, sulfonate, or a group of the formula -NRY2 or PO} ORY)z, where
each RY 15 independently H or a C1-C4 alkyl that can be substituted with one or more {typically up to
three} of these groups: NHz, OH, NHMe, NMe:, OMe, halo, or =0 {(carbony! oxvgen); and two Ry in
one such group can be linked together o form a 5-7 membered ring, optionally containing an
additional heteroatom (N, O or 8) as a ring member, and optionally substituied with a C1-C4 alkyl,
which can itself be substituted with one or more {(typically up to three) of these groups: NHz, OH,
NHMe, NMez, OMe, halo, or =0 (carbonyl oxygen).

joBes) o some embodiments of the invention, the compound is one of the compounds of

Formula (I};

(Rm @
wherein:
A is a saturated or partially saturated optionally substifiged S, 6 or 7 membered ring;
----- vepresents a single bond or a double bond;
Z'and Z° are independently N or C when ---—- represents a single bond, provided Z'and Z° are not
both N; and
L is a linker selected from a bond, NR?, O, 8. CRUR®, CR*R-NR?, CRR’-0-, and CRR-S; each R/,
R? RY R* and R’ is independently H, or an optionally substituted member selected from the group
consisting of C1-C8 alkyl, C2-C8 heteroalkyl, C2-C8 alkenyl, C2-C8 heteroalkenvi, C2-C8 alkynyl,
C2-C§ heteroalkynyl, C1-C8 acyl, C2-C8 heteroacyl, C6-C10 arvl, C5-C12 heteroaryl, C7-C12
arvialkyl, and C6-C12 heteroarvialkyl group. or halo, OR, NR», NROR, NRNRy, SR, SOR, SOxR,
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SONR2, NRSOXR, NRUONR:z, NRCSNR2, NRC(=NR)NR:, NRCOOR, NRCOR, ON, COOR,
CONRo, OOCR, COR, or NO»,

wheremn each R is independently H or C1-C8 alkyl, C2-C8 heteroalkyl, C2-C¥ alkenyl, C2-C8
heteroalkenyl, C2-C8 alkynvl, C2-C8 heteroalkynyl, C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl,
C5-C10 hetercaryl, C7-C12 arylalkyl, or C6-C12 heteroarylalkyl,

and wherein two R on the same atom or on adjacent atoms can be linked to form a 3-8 membered
ring, optionally containing one or more N, & or §; and each R group. and each ring formed by
linking two R groups together, is optionally substituted with one or more substituents selected from
halo, =0, =N-CN, =N-OR’, =NR’, OR’, NR", SR’, SG:R’, 8C:NR"2, NR’SGR™, NR'CONR "2,
NRVCSNR 2, NRTC(E=NRNR 2, NRPCOOR, NR'COR’, ON, COOR’, CONR’2, OOCR’, COR’,
and NO», wherein each R’ 15 independently H, C1-C6 atkyvl, C2-C6 heteroalkyl, C1-C6 acyl, €2-Co
hateroacvl, C6-C10 arvl, C5-C10 heteroaryl, C7-12 arvialkvl, or €6-12 hetercarylatkvl, each of
which is optionally substituted with one or more groups selected from halo, C1-C4 alkyl, C1-C4
heteroalkyl, C1-C6 acyl, C1-C6 heteroacyl, hydroxy, amino, and =0;

and wherein two R on the same atom or on adjacent atoms can be linked to form a 3-7 membered
ring optionally contaiming up 1o three heteroatoms selected from N, O and §;

and R! can be =0, or two R! groups on the same atom or on adjacent connected atoms, can
optionally be linked together to form a 3-8 membered cycloalkyl or heterocycloalkyl, which is
optionally substited: and R* and R°, when on the same atom or on adjacent connected atoms, can
optionally be hinked together to form a 3-8 membered cycloalkyl or heterocycloalkyl, which is
optionally substituted;

W is atkyl, hetercalkyl, aryl, heteroaryl, cycloalkyl, heterocyclyl, arvlalkyl or hetercarylalkyi, each
of which can be optionally substituted;

X 1s a polar substituent;

and each m 15 independently 0-3;

or a pharmaceutically acceptable salt or ester thereof.

[80678] In some embodiments, the compound is the compound of Formula (I) having the

structure of Fornwta (1-A) or (3-B), or a pharmaceutically acceptable salt or ester thereof:
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wherein A, 2%, 72, L, W, X, R, R? and m are defined as in Formula (I).
{8671} In other embodiments, the compound is the compound of Formula (1) having the

structure of Formula (I-C), (I-D) or (I-E}, or a pharmaceutically acceptable salt or ester thereof:
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wherein &, L. W, X, R}, R? and m are defined as in Formuda (1),

[08072] In another aspect, the invention provides compounds of Formula (i)
- N M'W

VAN

R
{H - ¢

wherein:
A is a saturated or partially saturated optionally substituted 5, 6 or 7 membered ring;
~--- vepresents a single bond or a double bond;

7' and 27 are independently N or € when ~--n- represents a single bond, provided 7’ and

7% are not both N; and

Z' and 27 are C when =m-=- represents a double bond;
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each of R' and R? is independently H, or an optionally substituted member selected from the group

consisting of C1-C8 alkyl, C2-C8 hetercalkvi, C2-C8 alkenyl, C2-C8 hetercalkenyl, C2-C8 alkynyl,

C2-C8 hetercaltkynyl, Ci-C8 acyl, C2-C8 heteroacyl, Co6-C10 aryl, C5-C12 heteroaryl, C7-C12

arvialkyl, and Co-C12 heteroarvialkyl group, or halo, OR, NRy, NROR, NRNR2, SR, SOR, SR,

SO2NR2, NRSO:R, NRCONR2, NRCSNRz, NRC(=NRINR:, NRCOOR, NRCOR, CN, COOR,

CONRz, OOCR, COR, or NGz,

wherein each R is independently H or C1-C8 alkyl, (2-C8 heteroalkyl, C2-C8 alkenvl, C2-C8

heteroalkenvl, C2-C8 alkynyl, C2-C8 heteroalkynyl, C1-C8 acvl, €2-C8 heteroacyl, C6-C10 aryi,

C5-C10 heteroaryl, C7-C12 arvialkyl, or C6-C12 heteroarvialkyl,

and wherein two R on the same ators or on adjacent atoros can be linked to form a 3-8 membered

ring, optionally containing one or more N, O or §;

and each R group, and each ring formed by linking two R groups together, is optionally substituted

with one or more substituents selected from halo, =0, =N-CN, =N-QR’, =NR’, OR’, NR"», SR’,

SO2R’, SONR™2, NR'SO:R’, NRTCONR 2, NR'CSNR 2, NR'C(=NRINR 2, NR'COOR”,

NR'COR’, ON, COOR’, CONR 2, OOCR’, COR’, and NO», wherein each R’ is independently H,

C1-Co alkyl, C2-Cs heteroalkyl, C1-C6 acyl, C2-C6 heteroacyl, C6-C10 arvl, C5-C10 heteroaryl,
17-12 arylalkyl, or C6-12 heteroarylalkyl, each of which 1s optionally substituted with one or more

groups selected from halo, C1-C4 alkyl, C1-C4 heteroalkyl. C1-C6 acyl, C1-C6 heteroacyl, hydroxy,

amino, and =0;

and wherein two R on the same atom or on adjacent atoms can be linked to form a 3-7 membered

ring optionally containing up to three heteroatoms selected from N, O and §;

and R! can be =0, or two R' groups on the same atom or on adjacent connected atoms, can

optionally be linked together to form a 3-8 membered cvcloalkyl or heterocveloalkyl, which is

optionally substituted;

W is alkyl heteroalkyl, arvl, hetercaryl, cvcloalkyl, heterocyelyl, arvlalkyl or heteroarylalkyl, each

of which can be optionally substituted;

X 15 a polar substituent;

and each m is independently 0-3;

or a pharmaceutically acceptable salt or ester thereof.

[8073] In some embodiments, the compound of Formula I has the structure of Formwula 1-A or

B
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or a pharmaceutically acceptable salt or ester t

defined as in Formula (8).
[0074]
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It is understood that as described h

can inchude the compounds of Formulae {I-A),

erein, compounds and embodiments of Formula (1)

{I-B), (I-C}, (1-D) and {I-E}, and compounds and

embodiments of Formuda I include compounds of Formulae (11-A), (II-B), (11-C), (II-D} and (II-E).
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[80676] In compounds of Formulae (1) and (11}, A is a saturated or pastially saturated optionally
substituted 5-, 6- or 7-membered ring. The A-ring may be carbocyclic or heterocyclic ring that i3
saturated or partially saturated. and may be substituted by groups R! to the extent such groups make
chemical sense.

[8677] in some embodiments of Formulae (1) and (i1), Z! and Z? are independently N or  and --

--- represents a single bond, provided both of Z! and 7% are not N,

[8078] In other embodiments of Fornlae (1) and (I1), 7’ and #? are € and ~nme- represents a
double bond.
{8079} In compounds of Formudae (I3 and (I}, the A-ring comprises an optionally substituted 5-

7 merbered ring. In some embodiments, the A-ring 15 an optionally substituted 5-7 membered ring
carbocyelic ning. For example, ring A is an optionally substituted cyclopentane, cyclopentene,
cyclohexane, cyclohexene, cycloheptane or cyclohepiene ring.

6088 In other embodiments, the A-ring comprises an optionally substituted 5-7 membered
heterocyclic ring, containing at least ove heteroatom selecied from N, O, and 8. To some such
embodiments, one of Z' and Z% is N, and there are no additional heteroatoms in the A-ring. In other
such embodiments, one of Z! and 77 is N, and there is an additional heteroatom selected from O, N
and S 1o the A-rmng. In certain emboduments, ring A 1s an optionally substituted dihydrofuran,
tetrahy droturan, dihvdrothiophene, tetrahydrothiophene, dihvdropyrrole, pyrrolidine, dihvdropyran,
tetrahy dropyran, pyran, dihydrothiopyran, tetrahvdrothiopvran, thiopyran, piperidine,
dihydropyridine, tetrahydropyriding, imidazoline, thiazolidine, oxarolidine, dihydrothiazole,
dihvdrooxazole, morpholine, thiomorpholine, piperazine, dihydropyrimidine, azepine,
dihydroazepine, tetrahydroazepine, hexahydroazepine ring, homomorpholine, homothiomorpholine,

dizaepine, dihydrodiarepine, tetrahydrodiazepine, hexahydrodiazepine ring, oxepane, or thiooxepane

Fing.
[8081] Sometimes, the A-ring containing is selected from the group consisting of:
¢
(R m P
e
z: 3
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wherein Z° is CRY:, NRY 8(=0)p, or O; nis 1-3; and pis (2.

[6682] In compounds of Formula (1), L is a linker selected from a bond, NR®, O, §, CR'R?,
CRARINRY, CRAR*-O-, and CRRP-S. Where L is a two-atom linker, it can be attached to the
ring system through either end, i e, either the carbon atom or the heteroatom of CRIR*-NR®,
CRIR:-0-, and CRPR*-S can be attached to the ring, and the other alom is attached to L. In
some embodiments, L is a bond, or a 1-2 atorn linker, including -MN(RY)-, -0O-, -8, -CH»-
N(R?), - N(RY-CHo-, -0-CHo-, -CH2-O-, -CH2-8-, -S-CHz-, -CMer N(RY)-, - Me2-O-, - N(RY-
{Me:, -0-CMez-, and the like. In certain embodiments, L is selected from a bond, NH, NMe,
and CHo- N(R®S- or - N(R¥3-CHz-, where R is H or Me.

16083} In some embodiments of Formula (1), L 1s NH or NMe. In other embodiments, L
can be NAc, where Ac represents a C1-C10 acyl group. 1.e., L is a group of the formula N-
C=0R%, where R* is H or a C1-C9 optionally substituted alkvl group. These can serve as
pro~drugs for cornpounds where L 1s NH. In still other erabodiments, L is a bond; in these
embodiments, W is often an arvl or heteroaryl, which is optionally substituted.

{6084} In some embodiments of Formulae (1) and (11}, W is selected from optionally
substituted arvl, optionally substituted heteroaryl, optionally substituted cycloalkyi, optionally
substituted heterocvclyl, optionally substituted arvialkyl, and optionally substituted
hetercarylalkyl. For example, W can be an optionally substituted phenyl, pyridyl, pyrimidinyl,
or pyrazinvl group; or a napthyl, indole; benzofuran, benropvrazole, benzothiazole, quinoline,
isoquinoline, quinazoline or quinoxaline group. Suitable substituents for these groups include,
but are not hmited {0, halo, C1-C4 alkyl, C2-Cdalkenyl or alkynyl, CN, OMe, COOMe,
COOEL, CONHz, CF3, and the like, and typically the aryl group is substituted by upto 2 of
these groups. In certain preferred embodiments, when W is arvi or heteroaryl, it is
unsubstituled, or it 1s substituted by 1 or 2 substituents.

[B085] In some embodiments of Formudae (I3 and (1), W is optionally substituted phenyl,
optionally substituted heterocyclyl, or C1-C4 alkyl substituted with at least one member
selected from the group consisting of optionally substituted phenyl, optionally substituied

heteroalkyl, optionally substituted heteroaryl, halo, hydroxy and -NR™2, where each R7 1
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independently H or optionally substituted €1-C6 alkvl; and two R” taken together with the N
1o which they are attached can be linked together to form an optionally substituted 3-8
membered ring, which can contain another heteroatom selected from N, O and S as a ring
member, and can be saturated, unsaturated or aromatic,

3086} In some such compounds, W comprises at least one group of the formula —(CHa)p-
WR*:, where pis 1-4, R*is mdependently at each occurrence H or optionally substituted alkvi;
and two R* taken together with the N to which they are attached can be linked together to form
an optionally substituted 3-8 membered ring, which can contain another heteroatom selected
from N, O and 8 as a ring member, and can be saturated, unsaturated or aromatic.

16087} In some embodiments, W can be arvl {e.g.. phenyl), heterocvclic {e.g., pyrrolidine,
piperidine, morpholine, piperarine, thiomorpholine), or heteroarvl (2.2, pyrrole, pyridine,
pyrazine, pvrimidine, furan, thiophene, thiazole, isothiarole, thiadiazole, oxarole, isoxazole,
unidazole, pyrazole, triazole, triazine, tetrazole and the like, each of which can be substituted.
Tu some such embodiments, i is selected {rom pheoyl, pyrrolidive, pipenidine, piperazine,
morpholing, and the like. In other embodiments, W can be arvialkyl or hetercarylalkyl, where
the aryl and heteroaryl moieties of these groups are selected from the groups described above,
attached 1o a C1-6 and preferably a Cl-4 alkylene or hetevoalkylene roolety. W can be
substituted by a variety of substituents. In certain embodiments, W is an aryl ring substituted
bv a group of the formula ~{CH2)0.4-NR*:, where each R* can be H or C1-C4 alkyl, and can be
substituted, and where two Rx can optionally cyclize into aring. In some embodiments, this
group 1s of the formula {CH2)e4~Ax, where Az represents an azacyclic group such as
pyrrolidine, pipenidine, morpholine, piperazine, thiomorpholine, pyirole, and the like. In some
embodiments, this group is «{CH2)13-Az, where Az is 4-morpholinyl, 1-piperazinyl,
Tpyrrolidinyd, or I-piperidinyl; -CH2-CH»>-Az, where Az is 4-morpholiny] is one exermplary
substituent for W, when W is substituted.

[B08E] In some embodiments of Fornudae (13 and (I}, X is selected from the group
consisting of COOR®, C(OINR-OR’, triazole, tetrazole {preferably linked to the pheny! ring
via the carbon atom of the tetrazole ring), CN, imidazole, carboxylate, a carboxylate

bioisostere,
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wherein each R’ is independently H or an optionally substituted member selected from the
group consisting of atkyvl, cvcloalkyl, heterocyclyl, aryl, hetercaryl, arylatkyi, cycloalkylalkyl,
heterocycloalkylalkyl, and heteroarvialkyl,

and two R’ on the same or adjacent atoms can optionally be linked together to form an
optionally substituted ring that can also contain an additional hetercatom selected from N, O
and S as a ring member,

R is halo, CF3, CN, SR, OR. NR2, or R, where each R is independently H or optionally
substituted C1-C6 alkyl, and two R on the same or adjacent atoms can optionally be linked
together to form an optionally substifuted ring that can also contain an additional hetercatom
selected from N, O and S as a ring member; and B is M or CRI,

G089} In compounds of Formulae (1) and (I}, at least one polar substituent X may be at
any position on the phenyl ring (C-ring), and the ring may include one, two, three or four polar
substituents. In compounds of Formudae (I-4), (I-B), (1I-A)}, and (11-B), the molecule contains
at least one polar group, X, at the position indicated by the structure, and the ting may mclude
one, two, three or four polar substituents. In certain embodiments, there is one polar group, X,
and sach R? is H, or up 1o two R? are substituents described herein other than H, such as, for
example only, Me, Et, halo (especially F or Cl), MeQ, CFs, CONHz, or CN. A polar group can
be at any position on the phenyl ring. In some embodiments, the phenyl ring is selected from
the following options, which are oriented to match the orientation of Formula (1) herein, and

depict the position of the polar substituent X

[ ]
(4]
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where X s a polar substituent and each R? is independently is selected from R” substituents, as
defined above with respect to compounds of Formulae (I} and (i),

3090} In some embodiments of the above-described compounds, the polar substituent X ig
tocated at position 4 on the phenyl ring. In alternative embodiments, the polar substituent X is
located at position 3 on the phenyl ring. In certain embodiments, the polar substituent is a
carboxylic acid or a tetrazole, and is at position 3 or 4 on the phenyl ring.

6091} In some embodiments of these compounds, the pheny! ring (e, C-ring)is
substituted by up to three additional substituents, m addition to the polar substituent X
Suitable substituents for the phenyl are described above. In some embodiments, these
substituents are selected from halo, C1-C4 alkyl, C1-C4 haloalkyl, €1-C4 alkoxy, aming, 1~
C4 alkylthio, and CN. In some embodiments, there is only one such substituent (e, mis 1),
ot there i3 no additional substituent besides the polar substituent X, 1., mis ¢

(6092} In some embodiments of Formula (I}, —L-W is selected fronu
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gach RP is independently Me, F, or Cl:
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each R is independently selected from H, halo, C1-C4 alkyl, C1-C4 alkoxy, and C1-C4

haloalkvl, and two R groups on the same or adjacent connected atoms can optionally be linked

together to form a 3-8 membered ring;

each Bis N or CR;

and each Solgroup is a solubility-enhancing group.

[0093]

The most preferred compounds are Silmitasertib also known as Compound A

{disclosed in US Patent No. 9,062,043}, Compound B (disclosed in US Patent No. 8,575,177},

and Compound C (disclosed in US Patent No. 8,575,177), or a pharmaceutically acceptable salt

or ester thereof’

O Na+

T

O

Coropound A;

30
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Compound B; and

Compound C.
(0084} In one aspect, the invention provides a method for treating RNA virus infection in a
hurnan, which comprises administering to said human a therapeutically effective amount of one
or combination thereof of these compounds.
[0095] In another aspect, the invention provides a pharmaceutical composition for treating
RNA virus infection. The pharmaceutical compositions can comprise a compound of any of
the formulae described herein, adnuxed with at least one pharmacewtically acceptable excipient
or carrier. Frequently, the composition comprises at least two pharmaceutically acceptable
excipients or carriers.
6096} Tu a further aspect, the mvention provides a use of one of these compounds for
manufacturing a medicament for treating an RNA virus infection in a human or an ammal.
3097} In the invention, it is ascertained that some virus infections can be treated using
these cormpounds described herem.

{0098} Particularly for RNA viruses, the virus infections are caused by Coronaviridae.
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6099} In the invention, the term “Coronaviridae virus™ or “Coronavirus” refers to a famuly
of enveloped, positive-sense, single-stranded RNA viruses, which includes but not timited to
Middie East respiratory syndrome-related coronavirus (MERS-CoV), severe acute respiratory
syndrome-related coronavirus (SARS-CoV), SARS-COV-2 {associated with COVID-19),
229F, NL63, human coronavirus OC43 (HCoV-0{43), and CoV-HKUL In one particular
embodiment of the invention, the compounds of the invention are effective in treating a
COVID-19 infection.

[6810¢] The terms “treat” and “treating” as used herein refer to ameliorating, alleviating,
lessening, and removing symptoms of a disease or condition caused by a Coronavirus
infection. A candidate molecule or compound described herein may be n a therapeutically
effective amount in a formulation or medicament, which 15 an amount that can lead to a
biological effect, such as anti-virus effect, or lead to ameliorating, alleviating, lessening, or
removing svuptoms of a disease or condition, for example.

(60101} Fermulations and routes of administration

(80102} Anv switable fornudation of a compound described above can be prepared for
administration. Any suitable route of administration may be used, including, but not Hmited to,
oral, parenteral, ntravenous, intrarouscular, fransdermal, topical and subcutaneous routes.
Depending on the subject to be treated, the mode of administration, and the type of treatment
desired -~ e.g., prevention, prophvlaxis, therapy; the compounds are formulated in ways
consonant with these parameters. Preparation of suttable formulations for each route of
adnunistration are known in the art. A summary of such formulation methods and techoiques
is found m Remingfon's Pharmaceutical Sciences, latest edition, Mack Publishing Co., Easton,
PA, which is incorporated herein by reference. The formulation of each substance or of the
combination of two substances will generally include a dituent as well as, in some cases,
adjuvants, buffers, preservatives and the like. The substances to be adnunistered can be
administered also in liposomal compositions or as microennisions.

{38103} Formjection, formulations can be prepared in conventional forms as liquid
solutions or suspensions or as solid forms suitable for solution or suspension in hiquid prior to
injection or as emulsions. Switable excipients include, for example, water, saline, dexirose,
glycerol and the like. Such compositions may also contain amounts of nontoxic auxiliary
substances such as wetting or emulsifying agents, pH buffering agents and the like, such as, for

example, sodium acetate, sorbitan monolaurate, and so forth,
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[80104] Various sustained release systems for drugs have also been devised, and can be
applied to compounds of the invention. See, for example, U.S. patent No. 5,624,677, the
methods of which are incorporated heremn by reference.

[60105F  Systemic adnunistration may also include relatively noninvasive methods such as
the use of suppositories, transdermal patches, transmucosal delivery and intranasal
admunistration. Oral administration is also suitable for compounds of the invention. Suitable
forms include syrups, capsules, tablets, as is understood in the art.

{60186} For adnunistration to animal or human subjects, the appropriate dosage of a
compound described above often 15 6.01-15 mg/kg, and sometimes 8.1-10 mg/kg. Dosage
levels are dependent on the nature of the condition, drug efficacy, the condition of the patient,
the judgment of the practitioner, and the frequency and mode of administration; however,
optimization of such parameters is within the ordinary level of skill in the art.

(601871 The amount of each of these materials {0 be administered will vary with the route of
adnunisiration, the condition of the subject, other treatments being admanistered to the subject,
and other parameters. The therapeutic agents of the invention may, of course, cause multiple
desired effects; and the amount of modulator 1o be used in combination with the therapeutic
agent should be an amount that mcreases one or more of these destred effects. An amount is
“effective to enhance a desired effect of the therapeutic agent”, as used herein, if it increases by
at least about 25% at least one of the desired effects of the therapeutic agent alone. Preferably,
it is an amount that increases a desired effect of the therapeutic agent by at least 50% or by at
least 100% (1.2, it doubles the effective activity of the therapeutic agent.) In some
embodiments. it is an amwount that increases a desired effect of the therapeutic agent by at least
200%.

[66168]  When a compound or composition of the invention is used in combination with
another agent or therapeutic agent, the present invention provides, for example, sinultanecus,
staggered, or alternating treatment. Thus, the compound of the invention may be administered
at the same time as an anti-virus agent or additional therapeutic agent, in the same
pharmaceutical composition; the compound of the jnvention rmay be admanistered at the same
time as the other agent, in separate pharmaceutical compositions; the compound of the
invention may be administered before the other agent, or the other agent mav be administered
before the compound of the invention, for example, with a time difference of seconds, minutes,
hours, days, or weeks.

[6018%9]  The compound of the invention and the additional therapeutic agent may be

administered in the same dosage form, e.g., both administered as intravenous solutions, or they
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may be administered in different dosage forms, e.g., one compound may be administered
topically and the other orally. A person of ordinary skill in the art would be able to discemn
which combinations of ageuts would be useful based on the particular characteristics of the
drugs and the cancer involved.

[80118]  Additional therapeutic agents useful for therapy in combination with the
compounds of the mvention include the following types of agents and inhibitors:

(60111} Compounds of the invention can be prepared using available methods and reagents,
based on the ordinary level of skill in the art and methods. The preparation of the compounds
as previously described in WO2009061131, US7,956,064, US9,062,043 and 188,575,177,
[60112] Experiments on Antiviral Activity

[36113] Materials and Methods

60114} Compounds

The compounds below were tested:

Compound A

Compound B

Compound €

Compound £: Remdesivir (Positive Conirol Compound)

The compounds were dissolved in DMSO as stock solutions.

[33115] Experiment 1, SARS-CoV-2 infection and immunefluorescent assay (JFA)
[B8116]  Vero E6 cells were pretreated with the indicated compound at various
concentrations for 20 hr at 37°C and then infected with SARS-CoV-2 {TCDC#4 from Taiwan
CDC) at MOL= (.01 for 2 days. The cells were fixed with 10% {ormalin and permeabilized
with 0.5% Trniton X-100 m PBS. The cells were stamned with a human anti-SARS-CoV-2Z N
protein monoclional antibody {provided by Dr. An-Suei Yang in Genomics Research Center,
Academia Sinica, Taipei, Taiwan) and goat anti-human {gG-Alexa Fluor 488 (A11013,
Invitrogen). Cell nucleus was stained with DAPT (B1306, Invitrogen). The signals were
observed and photograpbed under an immunoefluorescent microscope. To quantify viral
infection, images were acquired and analyzed using an ImageXpress Micro XL8 Widefield
High-Content Analysis System {Molecular Devices). For cell viability test, Vero E6 cells were
treated with the indicated compound at different dilutions for 1 day at 37°C. The cell viability
was determined by Cell Counting Kit-8 {CCK-8}. 50% inhibition concentration (IC50}) and
309 cytotoxic concentration (CCS0) were caleulated by Prism software,

{60117} Experiment 2. SARS-CoV-2 plague reduction neutralization test (PRNT).
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[80118] Vero E6 cells were pretreated with the indicated compound at various
concentrations for 20 hr at 37°C. The cells were infected with SARS-CoV-2 at MOI = 0.01
TCHDso for 2 days at 37 °C. The cells were fixed with 10% formalin and penetrated with 0.5%
Triton X-100. The cells were siained with anti-5ARS-CoV-2 N protein antibody and anti-
human IgG-488 {green}. The nuclet were stained with DAPI (blue). The N protein expression
was measured using a high-content image analysis system. The 1C50 and CC50 were
calculated by Prism software.

[G8119]  For cell viability test, the Vero E6 cells were treated with each compound with
ndicated didution for 2 dav at 37 °C. The cell viability was deternuined by Cell Counting Kit-8
{CCK-8).

[66120] Results:

(66121} To assess the antiviral potential of the corapounds, Vero E6 cells with different
concentrations of the compounds A, B, C. and E were prepared for overnight, and then the
cells were infected with SARS-CoV-2 {MOI = 0.01) for 2 days. The viral infection was
guantified by SARS-CoV-2 N protem expression (see Figare 13 and cvtotoxicity of the
compound was deternmuned by CCK-8 assay. Among the four compounds, C (3C50 at 97 aM
and CC50 at 4. 215 uM, see Figure 4) and B (€50 at 126.3 nM and CCS0 at 5 897 uM, see
Figure 3) showed good anti-SARS-CoV-2 activity, while A (JC50 at 2.743 yM and CCS50 > 5
uM, see Figure 2) and Control E (C50 at 0.8304 uM and CC50 > 5 uM, see Figure S) had a
fesser effect . It was concluded that Compound A, Compounds B and C reduced 75% of plagque
formation at [ 25 pM.

{68122}  As shown in Figares 2-58 providing the results of the compounds, the anti-SARS-
CoV-2 activity data of each compound are histed below:

Table 1: Compounds used in SARS-CoV-2 plague reduction neutralization test

Compound 1CS0 CC50
Compound A 2.743 uM >5 uM
Compound B 0.1263 uM 5897 uM
Compound C 0.097 uM 4215 uM
Compound E (18304 pM > 5 uM (21, 7TuM)

[60123] Experiment 3. Mouse challenge experiments.
[08124] AAVO/CB-hACEZ and AAVY/CB-hACEZ were generated by AAV Core facility of

Academia Sinica. 8-10 weeks old C37BL/6 mice were anesthetized by intraperitoneal injection
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of a mixture of Atropine (0.4 mg/mi)/Ketamine {20 mg/mly Xvlazine {0.4%). Mice were then
intratracheaily injected with 3 x 10! viral genomes {vg) of AAVS/hACEZ in 30 ul saline. To
transduce extrapulmonary organs, 1 x 1012 vg of AAVIRACEZ in 100 ub saline were
intraperitoneally injected into nuce. After AAVSG/CB-hACEZ and AAVY/CB-hACE2
transduction for 10-14 days, mice were ready for viral infection. The experimental design is
listed below:

Table 2: Experimental design

Group Atticle Dosage Routes |  No. Anumals Sarople Naroe
{mg/ke
i Solvent NA LP. 2 ACH296-297
2 Compound A S0 LP. 5 ACH298-302
[60125] Mouse challenged with SARS-CoV-2
[08126] AAV/HACE2 mice were anesthetized by intraperitoneal anesthesia with Zoletil 30

and intranasally chalienged with 8x10* PFU of SARS-CoV-2 TCDC#4 (hCoV-

19 Taiwan/4/2020 obtained from Taiwan Centers of Disease Control} (ot TBMS20200819,
R OE+05 PFU/mb) m a volume of 100 uL. Mouse challenge experiments were evaluated and
approved by the IACUC of Academia Sinica. Surviving mice from the experiments were
euthanized using carbon dioxide.

[00127)
[00128]

Histopathology

Alfter roouse blood samples were taken from heart, the left lung of oouse was
isolated and fixed in 4% paraformaldehyde. After {ixation with 4% paraformaldehyde for one
weel, the lung was trimmed, processed, embedded, sectioned, and stained with Hermatoxyvlin
and Eosin (H&E), followed by microscopic examination. The lung section was evaluated with
a lung histopathological scoring svstem. The section was divided into 9 areas and mumbered as
shown in Figure 6. Lung tissue of each area was scored using the scoring system in the table as
shown below. The average scores of these 9 areas are used to represent the score of the animal.

Table 3: The scoring system of lung histopathology

Score Description
0 Normal, no significant finding
1 Minor inflanunation with a slight thickening of alveolar septa and sparse monocyie
mnfiltration
2 Apparent inflammation, alveolus septa thickening with more interstitial mononuclear
nflarmmatory mfiltration
3 DAD™, with alveolus septa thickening, and increased filtration of inflammatory cells
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4 DAD*, with extensive exudation and septa thickening, shrinking of alveoli, the resincted
fusion of the thick septa, obvious septa hemorrhage, and more cell infiltration in alveolar
cavifies

3 DAY, with massive cell filiration in alveolar cavities and alveoli shrinking, sheets of septa
fusion, and hvaline membranes lining the alveolar walls

* DAD=Diffuse alveolar damage

[#6129]  Statistical Analysis

[00130] Results of body weight changes, lung viral RNA titers, tissue culture infectious
dose (TCIDs=) from lung homogenates, and lung histopathology are presented as the bar plots
with median values. For hematology CBC analvsis and plasma cytokine multiplex assay,

esults are presented as the mean. Differances between experimental groups of animals were
analyzed by one~way ANOVA, * p<0.05, **p<0.01, #**p<0.001.

[06131] RESULTS

[66132] The clinical score is shown in Figure 7 and Figure 8. The results showed that 50
meg/kg of Compound A-treated mice exhibited a significant difference reduced clinical score of

tung histopathology 1o less than 2 (2 out of 5}

180133} It is expressly predicted from the results that by inhibiting viras through a multiple
mode of actions, the compounds should be able to develop a broad spectrum antiviral drug to
treat other RNA viruses, such as HCV and HDV.

[66134]  In conclusion, each of Compound A, Compound B or Compound { had good anti-
viral performance. It iz also suggesied that these compounds are potent fo develop broad
spectrum anpi-viral drugs.

[68135]  All publications, patents, and patent documents cited herein above are mcorporated
by reference herein, as though mdividually incorporated by reference.

{08136} The mvention has been described with reference to various specific and preferred
embodiments and technigues. However, one skilled in the art will understand that many
variations and modifications may be made while remaining within the spirit and scope of the

nvention.
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