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NUCLEQTIDE PRODRUG COMPOUNDS

FIELD
[0061] The present disclosure relates to the field of chemistry and medicine
More specifically, the present disciosure relates to nucleotide prodrug compounds, their
preparation and their uses. In some embodiments, such compounds are useful to selectively

deliver certain pharmaceutical agents to the target organs.

BACKGROUND

(8002} The followmng description of the background is provided to aid in
understanding the invention, but ts not admitted 1o be, or to describe, prior art.

[8003] Synthetic nucleotide analogs are widely used as antiviral or anticancer
agents. Prodrug technologies have been used to improve the nucleotide molecular properties
to enable the nucleotides to be more bioavailable to target organs and/or target cells,
meluding improving oral bioavailability, Thus, new compounds with wimproved prodrug
activation profile i addition to oral bicavadability enhancement may significantly improve
the therapeutic benefits of nucleostide analog based therapies.

SUMMARY

[0004] Novel nucleotide prodrog compounds, their preparation and their uses are
described. Some embodiments are novel nucleotide prodrug compounds that are delivered
orally to the target organs where the compounds provide a therapentic benefit. Additional
embodiments include novel nucleotide prodrug compounds that treat a disease, disorder or
condition mcluding: hepatitis, malarta, viral infection, parasitic infection, and coronavirus
mfection.  Anocther aspect includes the use of the nuclestide prodrug compounds to treat
diseases that benefit from enhanced drug distribution to the target organs and like tissues and
cells. In another aspect, the nuclestide prodrug compounds are used to increase the
pharmacological or clinical activity of certain classes of pharmaceutical compounds such as
nucleotide derived analog compounds. In some embodiments, the nucleotide prodrug

compounds are useful in the more efficient oral and/or inhalation delivery of the nucleotide
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compounds to the target organs and cells. Some additional embodiments relate to a method

of making the nucleotide prodrug compounds.

[6085] Some embodiments provided herein include a compound of Formula It
3
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or a stereoisomer or a pharmaceutically acceptable salt thereof,
wherein RU R? R’ RY, and n have any of the values described herein.

[8086] Some embodiments relate to a pharmaceutical composition comprising
one or more of the above compounds and a pharmaceutically acceptable excipient(s}.

(60071 Some embodiments relate to a pharmaceutical composition comprising
one of the above compounds and a pharmaceutically acceptable excipieni(s).

[600&] Some embodiments relate to a method of treating a disease, disorder or
condition comprising administering an effective amount of one of the above compounds.

{6009} In some embodiments, the disease, disorder or condition is a disease,
disorder or condition of viral infection.

(0016} Some embodiments relate to a method of treating a wviral infection
comprising administering an effective amount of one of the above compounds to a subject in
need thereof

(0011} Some embodiments further comprise administering an effective amount of

at least one additional therapeutic agent to the subject in need thereof

[0012] In some embodiments, the subject 1s a mammal.
[06013] In some emboduments, the subject 15 human.
[0014] In some embodiments, the cell 15 10 vivo.
[06015] In some emboduments, the cell 15 ex vivo.
[06016] In some embodiments, the cell 15 a hepatocyie.
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(6017} in some embodiments, the cell is a mammalian cell.

{001 8] in some embodiments, the cell is a human cell.

[6019] Some embodiments of the compounds, compositions, and methods
provided heremn mclude a pharmaceutical composition comprising one of the compounds
provided herein and a pharmaceutically acceptable excipient(s).

[0028] Some embodiments of the compounds, compositions, and methods
provided herein include a method of treating a disease or condition of the viral infection ina
subject comprising administering an effective amount of one of the compounds provided
herein to a subject in need thereof.

[0021] Some embodiments of the compounds, compositions, and methods
provided herein include a method of treating a disease or condition in a subject comprising
adnnistering an effective amount of one of the compounds provided herein to a subject in
need thereof

[0022] Some embodiments also include administering an effective amount of one

or more additional therapeutic agents to the subject in need thereof

[06023] In some embodiments, the subject 1s a mammal.
[6024] In some emboduments, the subject 15 a human,
[0025] Some embodiments also include the use of one of the compounds

provided herein in combination with an additional therapeutic agent.
[8026] Some embodiments of the compounds, compositions, and methods
provided herein include one of the compositions provided herein for use in the preparation of

a medicament for treating a disease or condition in the viral infection.

BRIEF DESCRIPTION OF THE DRAWINGS
(080271 Figure 1 15 a graph showing the blood concentrations m rats of the
corresponding nucleoside at selected time ponts after admimistration of TV Remdesivir, oral
Remdesivir, or oral Compound 105,
[6028&] Figure 2 is a graph showing the blood concentrations in rats of the
corresponding nucleoside at selected time points after administration of IV Remdesivir, oral

Remdesivir, or oral Compound 165
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[6029] Figure 3 is a graph showing the liver concentrations m rats of the
corresponding triphosphate at selected time points after administration of IV Remdesivir, oral
Remdesivir, or oral Compound 165

[0038] Figure 4 15 a graph showing the ratio of {(concentration of corresponding
nucleoside in the liver)/(concentration of corresponding nucleoside in the blood) i rats at
selected time points after adnunistration of IV Remdesivir, oral Remdesivir, or oral
Compound 105

[0031] Figure 5 1s a graph showing the blood concentrations in rats of the
corresponding nucleoside at selected time points after administration of inhaled Remdesivir
or intratracheal Compound 10S.

(0032} Figure 6 1s a graph showing the lung concentrations in rats of the
corresponding nucleoside at selected time points after administration of inhaled Remdesivir
or intratracheal Compound 105

[0033] Figure 7 15 a graph showing the lung concentrations in rats of the
corresponding triphosphate at selected time pomts afier admmistration of inhaled Remdesivir

or intratracheal Compound 10S.

DETATLED DESCRIPTION

[6034] The present embodiments are directed to compositions and methods
related to novel nuclestide prodrug compounds, their preparation and their uses. In some
embodiments, the novel nuclestide prodrug compounds faciitate delivery mto cells of
nucleotide derived agents, such as nbonucleotides and deoxyribonucleotides that contam
nucleobase derivatives/analogs and prodrugs.

[8035] These nucleotide prodrug compounds and their sterecisomers and
pharmaceutically acceptable salts are represented by Formula T

H?}j"RJ

N

R
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(),
or a sterecisomer or a pharmaceutically acceptable salt thereof]

wherein R!, K2, R*, RY, and n have any of the values described herein.

[8036] In some embodiments, R' 15 selected from a group of H, an optionally
substituted Ci-Cis alkyl, an optionally substitited 5-Cis cycloalkyl, and an optionaily
substituted C2-Chs alkenyl

6037} in some embodiments, R! is an optionally substituted C1-Cis alkyl.

[0038] In some embodiments, R is an unsubstituted C1-Cs alkyl.

[6039] in some embodiments, R is ethyl.

[040] In some embodiments, R' is n-propyl.

{0841 in some embodiments, R is i-propyl.

[0042] In some embodiments, R' is methyl.

(60431 in some embodiments, R® is selected from a group of halogen, an
optionally substituted alkyl, and an optionally substituted alkyloxy.

{60441 in some embodiments, R’ is selected from a group of H, an opticnally
substituted acyl, and C-carboxy.

6045} in some embodiments, R* is H.

[0046] In some embodiments, R* is selected from a group of H, an optionally
substituted acyl, C-amido, and C-carboxy.

(6047} In some embodiments, nis §, 1, 2, ot 3.

(048] In some emboduments, n 15 0.
[0049] In some embodiments, nis 1.
[6056] In sorne embodiments, RY is C-carboxy. In some embodiments, R is acyl.
0051} In some embodiments, the corapound 15 selected from the group consisting

of:
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, and O ,
(6052} In some embodiments, the nucleotide prodrug compounds of Formula |

are substrates of enzymes such as cvtochrome p430 1sozymes (YP3As {a fanuly of
monooxygenase), dehydrogenases, esterases, and amdases.

[0053] In some embodiments, the compound s activated within a cell upon
cleavage of the prodrug moieties, releasing an active form of the compound.

[0054] In some embodiments, the disclosed compounds are used to improve
pharmacokinetic properties such as prolonging half-life or enhancing absorption of a
nucleotide. In addition, the disclosed methodology can be used to achieve sustained delivery
of a biclogically relevant nuclectide. Due to the pharmacokinetic property enhancement of

the nuclestide prodrug compounds of Formula §, the compounds are used to treat diseases or
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conditions of a viral infection. In some embodiments, a method of making these compounds
is described.

[8055] The compounds of Formula I have asymmetric centers where the
stereochemistry may be unspecified, and the diastereomeric mixtures of these compounds are
included, as well as the individual steresisomers when referring to a compound of Formula |
generally.

[6056] in some embodiments, an effective amount of a disclosed compound 1s
used to treat a disease, disorder, or condition in a subject in need thereof

00571 in some embodiments, the compounds described herein are used to treat a
viral infection.

[0058] In some embodiments, the compounds described herein are used m
combination with one or more additional therapeutic agents.

0059 In some embodiments, the compounds described herein are used in the
preparation of a medicament for treating a viral infection.

[0060] In some embodiments, the compounds described herein are used 10 a
method of treating a viral infection comprising administering an effective amount of the
compounds to a subject i need thereof

[0061] Some emboduments of the compounds, compositions and methods
provided herein include a pharmaceutical composition comprising a compound provided
herem and a pharmaceutically acceptable carner.

[8062] Some embodiments also mclude administering an effective amount of a
second or multiple therapeutic agents i combination with a compound provided herein to the

subject in need thereof

[8063] In some embodiments, the subject 1s mammahan,
[8064] In some embodiments, the subject 15 human,
[8065] Some embodiments of the compounds, compositions and methods

provided herein include a method of testing a compound 1n a cell comprising contacting the
cell with the disclosed compounds.

[0066] Where the compounds disclosed herein have at least one chiral center,
they may exist as individual enantiomers and diastereomers or as muxtures of such isomers,

including racemates. Separation of the individual isomers or selective synthesis of the
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indrvidual 1somers 1s accomplished by application of various methods which are well known
o practitioners in the art. Unless otherwise indicated, all such 1somers and mixtures thereof
are included 1n the scope of the compounds disclosed herein. Furthermore, compounds
disclosed herein may exist in one or more crystalline or amorphous forms. Unless otherwise
indicated, all such forms are included in the scope of the compounds disclosed herein
including any polymorphic forms. In addition, some of the compounds disclosed herein may
form solvates with water {1.e., hydrates} or common organic solvents. Unless otherwise
mdicated, such solvates are included in the scope of the compounds disclosed herein.

0067} The skilled artisan will recognize that some structures described herein
may be resonance forms or tautomers of compounds that may be fairly represented by other
chemical structures, even when kinetically; the artisan recognizes that such structures may
only represent a very small portion of a sample of such compound(s}. Such compounds are
considered within the scope of the structures depicted, though such resonance forms or
tautomers are not represented herein.

[6068] {sotopes may be present in the compounds described. Fach chemical
eleroent as represented 1n a compound structure may include any sotope of said element. For
example, i a compound structure a hydrogen atom may be explicitly disclosed or understood
to be present in the compound. At any position of the compound that a hydrogen atom may
be present, the hydrogen atom can be any isotope of hydrogen, 1ncluding but not imited to
hydrogen-1 {protium} and hydrogen-2 (deuterium). Thus, reference herein to a compound
encompasses all potential 1sotopic forms unless the context clearly dictates otherwise.
Defimtions

[5069] In accordance with the present disclosure and as used heren, the folowing
terms are defined with the following meanings, unless explicitly stated otherwise. It 1s to be
understood that both the foregoing general description and the following detaded description
are exemplary and explanatory only and are not restrictive of the subject matter claimed. In
this apphication, the use of the singular includes the plural unless specifically stated
otherwise. In this application, the use of “or” means “and/or” unless stated otherwise.
Furthermore, use of the term “including” as well as other forms, such as “includes,” and

“included” 1s not limiting,



WO 2021/216427 PCT/US2021/027924

6078} As used herem, ranges and amounts can be expressed as “about” a
particuelar value or range. “Abowt” also includes the exact amount Hence “about 10%”

>

means “about 10%” and also “10%.”

[0071] As used heremn, “optional” or “optionally” means that the subsequently
described event or circumstance does or does not occur, and that the description includes
instances where the event or circumstance occurs and instances where 1t does not. For
example, an optionally substituted group means that the group 15 unsubstituted or 1s
substituted.

10072} As used herein, the singular forms “a,” “an” and “the” include plural
referents unless the context clearly dictates otherwise. Thus, for example, reference to a
composition comprising “a therapeutic agent” includes compositions with one or a plurality
of therapeutic agents.

(60731 As used herein, “Cato C7 or “Can” in which “a” and “b” are integers refer
to the number of carbon atoms in the specified group. That 15, the group can contain from
“a” to “b”, mclusive, carbon atoms. Thus, for example, a “Ci to Cq alkyl” or “Cra alky?l”
group refers to all alkyl groups having from 1 to 4 carbons, that 15, CHs-, CH:CHz-,
CH3CHoCHz-, (CHspCH-, CHCHCHCHa-, CHsCH2CH(CHs)- and (CHapC-

[0074] As used herein, “alkyl” refers 1o a straight or branched hydrocarbon cham
that 15 fully saturated (i.e., contains no double or triple bonds). The alkyl group may have 1
to 20 carbon atoms {whenever it appears herein, a numerical range such as “1 to 207 refers to
each integer 1 the given range; .2, “1 to 20 carbon atoms”™ means that the alkyl group may
consist of 1 carbon atom, 2 carbon atoms, 3 carbon atoms, etc., up to and mcluding 20 carbon
atoms, although the present definition also covers the occurrence of the term “alky!” where
no numerical range is designated’. The alkyl group may also be a medium size alkyl having
1 to 9 carbon atoms. The alky! group could also be a lower alkyl having 1 to 4 carbon atoms.
The alkyl group may be designated as “Ci-Cyq alkyl” or sinular designations. By way of
example only, “Ci-Cs alkyl” indicates that there are one to four carbon atoms in the alkyl
chain, i.e., the alkyl chain is selected from the group consisting of methyl, ethyvl, propvi, iso-
propyl, n-butyl, iso-butyl, sec-butyl, and t-butyl. Typical alkyl groups include, but are in no
way himited to, methyl, ethvl, propyl, isopropyl, butyl, isobutyl, tertiary butyl, pentyvl, hexyl,
and the like.

0.
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[6075] As used herein, a substituted group is derived from the unsubstituted
parent group in which there has been an exchange of one or more hydrogen atoms for another
atom or group. Unless otherwise indicated, when a group 1s deemed to be “substituted,” 1t 1
meant that the group s substituted with one or more substituents independently selected from
Ci-Co alkyl, C2-Cs alkenyl, C:-Cs alkynyl, Cs-Cr carbocyclyl {optionally substituted with
halo, Ci-Us alkyl, C1-Ce alkoxy, Ci-Cs haloalkyl, and Ci-Co haloalkoxy), C5-Cr-carboeyclyi-
Ci-Ce-alkyl {(optionally substituted with halo, Ci-Ce alkyl, Ci-Cs alkoxy, Ci-Ce haloalkyl,
and 1-Cs haloalkoxy), 3-10 membered heterocycle {optionally substituted with halo, Ci-Cs
alkyi, Ci-Ce alkoxy, Ci-Cs haloalkyl, and Ci-Cs haloalkoxy), 3-10 membered heterocyceyl-
Ch-Co-alkyl {optionally substituted with halo, C1-Cs alkyl, Ci-Cs alkoxy, C-Cs haloalkyl,
and Ci-Co haloalkoxy), aryl (optionally substituted with halo, Ci-Cs alkyl, Ci-Ce alkoxy, Csi-
Cs haloalkyl, and Ci-Cs haloalkoxy), aryl{Ci-Celalky! {optionally substituted with halo, Ci-
Co alkyl, C1-Cs alkoxy, Ci-Cs haloalkyl, and Ci-Ce haloalkoxy), 5-10 membered hetercaryl
{optionally substituted with halo, Ci-Ce alkyl, Ci-Cs alkoxy, Ci-Cs haloalkyl, and C-Cs
haloalkoxy), 5-10 membered hetercaryl{Ci-Cealkyl (optionally substituted with halo, Ci-Cs
alkvl, Ci-Cs alkoxy, Ci-Cs haloalkyl, and Ci-Cs haloalkoxy), balo, cyano, hydroxy, Ci-Cs
altkoxy, Ci-Ce alkoxy{Ci-Cslalkyl (1e,, ether), aryloxy {optionally substituted with halo, Ci-
Co alkyl, Ci-Cs alkoxy, C1-Cs haloalkyl, and Ci-Cs haloalkoxy), Ci-Cr carbocyclyloxy
{optionally substituted with halo, Ci-Ce alkyl, C1-Cs alkoxy, Ci-Ce haloalkyl, and Ci-Cs
haloalkoxy}, 3-10 membered heterocyelyi-oxy {optionally suebstituted with halo, C1-Cs alkyl,
C1-Ce alkoxy, Ci-Ce haloalkyl, and Ci-Cs haloalkoxy), 5-10 membered hetercaryl-oxy
{optionally substituted with halo, Ci-Ce alkyl, Ci-Cs alkoxy, (1-Cs haloalkyl, and Ci-Cs
haloatkoxy), Ca-Cr-carbocyelyl-Ci-Ce-alkoxy {optionally substituted with halo, Ci-Cs alkyl
Ci1-Co alkoxy, {1-Cs haloalkyl, and Ci-Cs haloalkoxy}, 3-10 membered heterocyelyl-Ci-Ce-
atkoxy (optionally substituted with halo, (i-Cs alkyl, Ci-Co alkoxy, Ci-Cs haloalkyl, and Ci-
Ces halpalkoxy}, aryH{Ci-Celalkoxy (optionally substituted wiath halo, (1-Cs alkyl, €i-Ce
atkoxy, Ci-Us haloalkyl, and C:-Ce haloalkoxy), 5-10 membered hetercaryi{Ci-Colalkoxy
(optionally substituted with hale, Ci-Ce alkyl, C1-Cs alkoxy, i-Cs haloalkyl, and Ci-Cs
haloalkoxy), sulfhydryl (mercapto), halo{Ci-Celalkyl {e.g., —CF3), hale(Cr-Colalkoxy {e.g., —
OCFs), Ci-Ce alkylthio, aryithio {optionally substituted with halo, Ci-Cs alkyl, Ci-Co alkoxy,

C1-Ce haloalkyl, and (1-Cs haloalkoxy), Us-Cr carboceyclvithio (optionally substituted with

-10-
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halo, C-Cs alkyl, C-Cs alkoxy, C1-Cs haloalkyl, and Ci-Cs haloalkoxy)}, 3-1¢ membered
heterccyclvi-thio (optionally substituted with halo, Ci-Ce abkyl, Ci-Ce alkoxy, Ci-Cs
haloalkyl, and Ci-Ce haloalkoxy}, 5-10 membered hetercaryl-thio (optionally substituted
with halg, C-Cs alkyl, C1-Cs alkoxy, Ci-Ce haloalkyl, and Ci-Us haloalkoxy), Cs-Cs-
carboeyclyl-Ci-Ce-alkylthio {optionally substituted with halo, Ci-Cs alkyl, Ci-Cs alkoxy, Ci-
s haloalkyl, and (:-Cs haloalkoxy}, 3-10 membered heterccyclyl-Ci-Ce-alkylthio
(optionally substituted with hale, Ci-Ce alkyl, C1-Cs alkoxy, i-Cs haloalkyl, and Ci-Cs
haloalkoxy), aryl{Ci-Cealkylthio (optionally substituted with halo, Ci-Cs alkyl, Ci-Cs
alkoxy, Ci-Cs haloalkyl, and Ci-Cs haloalkoxy), 5-10 membered hetercary{Ci-Celalkylthio
{optionally substituted with halo, Ci-Ce alkyl, Ci-Cs alkoxy, Ci-Cs haloalkyl, and C-Cs
haloalkoxy}, amino, amino{Ci-Cslalkyl, nitro, O-carbamyl, N-carbamyl, O-thiocarbamyl,
N-thiocarbamyl, C-amido, N-amido, S-sulfonamido, N-sulfonamido, C-carboxy, O-carboxy,
acyl, cyanato, isocyanato, thiocyanato, tsothiocyanate, sulfinyl, sulfonyl, and oxo (=0).
Wherever a group is described as “optionally substituted” that group can be substituted with
the ahove substituents.

[06076] As used herein, “acyl” refers to —C{=0)R, wherein R is hydrogen, Cis
altkyl, Cuos alkenyl, Cos alkyvnyl, Cs7 carboeyelyl, Caio aryl, 5-10 membered heteroarvl, and
3-10 membered heterocyeyl, as defined herein.  Non-limiting examples mclude formyl,
acetyl, propanoyl, benzoyl, and acryl

(8077} An “heteroacyl” refers to ~C{=0}R, wherein R 15 a Ci¢ heteroalkyl.

ot

{60738} An “alkyloxymethylene” refers to ~CH2OR, wherein R 15 3 (i alkyl, or
heteroalkyl, all optionally substituted.

[8079] An “O-carboxy” group refers to a “-OCEEOR” group i which R 13
selected from hydrogen, Cie alkyl, Cas alkenyl, Cos alkynyl, Csr carboeyelvl, Ceao aryl, 5-
10 membered heteroaryl, and 3-10 membered heterocycyl, as defined herein.

{6086} A “C-carboxy” group refers o a “~C(=0}OR” group m which R 15
selected from hydrogen, Cis alkyl, Cae alkenyl, Crs alkynyl, Ci carbocyciyl, Ceao aryl, 5-
10 membered hetercaryl, and 3-1C membered heterocyclyl, as defined herein. A non-
limiting example includes carboxyl (1.e, -C{=0)yCH).

(6081} A “cyang” group refers to a “-CN” group.

[6082] A “cyanato” group refers to an “-OUN” group.

-11-
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{6083} An “isocyanato” group refers to 3 “-NCO” group.

{6084 A “thiocyanato” group refers to a “-SCN” group.

{0085 An “isothiocyanato” group refers to an ™ ~NCS” group.

[0086] A “sulfinyl” group refers to an “-S8{=0}R" group in which R 15 selected
from hydrogen, Cis alkyl, Cis alkenyl, Cis alkynyl, Ts carboeyclyvl, Ceao aryl, 5-10
membered heteroaryl, and 3-10 membered heterocycyl, as defined herein.

[6087] A “sulfonyl” group refers to an “-SCR” group in which R is selected
from hydrogen, Cis alkyl, Cas alkenyl, Crs alkynyl, Csv carbocyelyl, Ceao aryl, 3-10
mermbered heteroaryl, and 3-10 membered heterocycyl, as defined herein.

[0088] An “S-sulfonamido” group refers to a “-SO:NRaRe” group in which Ra
and Rp are each independently selected from hydrogen, Cie alkyl, Cog alkenyl, Cos alkynyl,
(s carboeyelyl, Coo aryl, 5-10 membered hetercaryl, and 3-10 membered heterocycyl, as
defined herein.

[B089] An “N-sulfonamido” group refers to a “-N{RA)SO:Rg” group in which Ra
and Ry are each independently selected from hvdrogen, Cis alkyl, Cus alkenyl, Cos alkynyl,
Ca7 carboeyelyl, Cero arvl, 5-10 membered heteroarvl, and 3-10 membered heterocyeyl, as
defined herein.

[609¢] An “O-carbaroyl” group refers 1o a “-OC{(=0NRARg" group in which Ra
and Ry are each independently selected from hydrogen, Cis alkyl, T alkenyl, Cos alkynyl,
Ca7 carbocoyelyl, Cero arvl, 5-10 membered heteroarvl, and 3-10 membered heterocyeyl, as
defined heren.

[6091] An “N-carbamyl” group refers to an “~N{ROCEGOR” group in which
Ra and By are each imndependently selected from hydrogen, Cie alkyl, Cas alkenyl, Cis
atkynyl, Cs7 carboeyelyl, Csio arvl, 3-10 membered hetercaryl, and 3-10 membered
heterocyceyl, as defined herem,

[6092] An “O-thiocarbamyl” group refers to a “~OC{=SNRARy” group in which
R and Ry are each independently selected from hydrogen, Cie alkyl, Cie alkenyl, Cis
alkynyl, s carbocyclyl, Coe aryl, 5-10¢ membered hetercarvl, and 3-10 membered
heterocyeyl, as defined heremn.

[6093] An “N-thiocarbamyl” group refers to an “-N{RaJC(=S}ORg” group in

which Ra and Rg are each independently selected from hydrogen, Cie alkyl, Cas alkenyl, Ca-

1.
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o alkynvl, (37 carbocyclyl, Cero aryl, 5-10 membered heteroaryl, and 3-10 membered
heterocyeyl, as defined heremn.

[6094] A “C-amido” group refers to a “~C(=0)}NRaRg” group m which Ra and
Rp are each independently selected from hydrogen, Cis alkyl, (o alkenyl, (a6 alkynyl, Caa
carboeyclyl, Ceao aryl, 5-10 membered hetercaryl, and 3-10 membered heterocyevi, as
defined herein each optionally sebstituted with one or more substituents selected from the
group consisting of ~OH, Cis alkyl, Cs7 carboeyclyl, Co-10 aryl, 5-10 membered hetercaryl,
3-10 membered heterocyeyl, Cis alkyl optionally substituted with Cis alkoxy or —OH and
Ci.s alkoxy optionally substituted with Cr.¢ alkoxy or —OH.

[0095] An “N-amudo” group refers to a “-N{Ra)C(=0)Rs” group 1o which Ra
and Rp are each independently selected from hydrogen, Cie alkyl, Cog alkenyl, Cos alkynyl,
(s carboeyelyl, Coo aryl, 5-10 membered hetercaryl, and 3-10 membered heterocycyl, as
defined herein each optionally substituted with one or more substituents selected from the
group consisting of —OH, (i alkyl, (7 carbocyelyl, Cs.po aryl, 5-10 membered heteroaryl,
3-10 membered heterocyeyl, Cis alkyl optionally substituted with Crs alkoxy or -OH and
Cis alkoxy optionally substituted with Ci6 alkoxy or —OH.

[0096] An “aroino” group refers to a “-NRaRg” group 1 which Ra and Rp are
each independently selected from hydrogen, Cie alkyl, Cos alkenyl, Cas alkyuyl, Cso
carbocyelyl, Ceao aryl, 3-10 membered hetercaryl, and 3-10 membered heterocyceyl, as
defined herein. A non-limtting example mcludes free amino (e, -NHz).

{6097} An “ammoalkyl” group refers to an amino group comnected via an
atkviene group.

{60938} An “alkoxyalkyl” group refers to an alkoxy group comnected via an
alkvlene group, such as a “Cogalkoxyalkyl” and the like.

[6099] The term “acyloxy” refers to ~OC(G)R where R 15 alkyl

[0160] The term “alkoxy” or “alkvioxy” refers to OR where R 13 alkyl, or
heteroalkyl, all optionally substituted.

0181} The term “carboxyl” refers to a C{O)OH.

(6102} The term “oxo” refers to an =0 group.

(6183} The term “halogen” or “halo” refers to F (fluore)}, Cl {chloro), Br (bromo)

and I (iodo}.
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[6184] The term “haloalky!l” refer to alkyl groups containing at least one halogen,
in a further aspect are 1 to 3 haloatoms. Suitable haloatoms include F, Cl, and Br.

[0185] The term “haloacyt” refer to ~C(QO)-haloalkyl groups.

[0166] The term “alkeny!” refers to unsaturated groups which have 2 to 12 atoms
and contain at least one carbon carbon double bond and includes straight chain, branched
chain and cyclic groups. Alkenyl groups may be optionally substituted. Suitable alkenyl
groups include aliyl

(0167} The term “alkynyl” refers to unsaturated groups which have 2 to 12 atoms
and contain at least one carbon carbon triple bond and includes straight chain, branched chain
and cyclic groups. Alkynyl groups may be optionally substituted. Suitable alkynyl groups
mclude ethynyl

[0108] As used herem, “aryl” refers to an aromatic ring or ring system {i1.e., two
or more fused rings that share two adjacent carbon atoms) containing only carbon in the ring
backbone. When the aryl is a ring system, every ring in the system 15 aromatic. The aryl
group may have 6 to 18 carbon atoms, although the present defirution also covers the
oecurrence of the term “aryl” where no numerical range 15 desigoated.  In some
embodiments, the aryl group has 6 to 10 carbon atoms. The aryl group may be designated as
“Ceao arvl,” “Cs or Cio aryl,” or simiar designations. Examples of aryl groups include, but
are not linited to, phenyl, naphthyl, azulenyl, and anthracenyl

[0109] As used herein, “hetercaryl” refers to an aromatic ring or ring system {i.e.,
two or more fused rings that share two adjacent atoms) that contain{s} one or more
heteroatoms, that 15, an element other than carbon, including buot not lumited to, mitrogen,
oxygen and sulfur, m the ring backbone. When the hetercaryl 1s a ring system, every ring n
the system 1s aromatic. The heteroary] group may have 5-18 ring members {1.¢., the number
of atoms making up the ring backbone, inchiding carbon atoms and heterocatoms), although
the present definition also covers the occurrence of the term “hetercaryl” where no numerical
range is designated. In some embodiments, the hetercaryl group has 5 to 10 ring members or
5 to 7 ring members. The hetercaryl group may be designated as “5-7 membered
hetercaryl,” “5-10 membered hetercarvl” or similar designations. Heteroaryl groups may be
optionally substituted. Examples of hetercarvi groups include, but are not himited to,

aromatic 3-8 heterocyclic groups comprising one oxygen or sulfur atom or up to four
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nitrogen atoms, of a combination of one oxygen or sulfur atom and up to two nitrogen atoms,
and their substituted as well as benzo- and pyrido-fused derivatives, for example, connected
via one of the ring-forming carbon atoms. In some embodiments, hetercaryl groups are
optionally substituted with one or more substituents, independently selected from halo,
hydroxy, amino, cyano, mitro, alkviamido, acyl, Cis-alkoxy, Cis-alkyl, Cre-hydroxyalkyl,
Cl-6-aminoalkyl, Cl-6-alkylamino, alkylsulfenyl, alkylselfinvl, alkvisulfonyl, suifamoyl, or
trifluoromethyl. Examples of hetercaryl groups include, but are not limited to, unsubstituted
and mono- or di-substituted derivatives of furan, benzofuran, thiophene, benzothuophene,
pyrrole, pyridine, indole, oxazole, benzoxazole, isoxazole, benzisoxazole, thiazole,
benzothiazole, isothiazole, 1midazole, benzimidazole, pyrazole, indazole, tetrazole, quinoline,
isoquinoline, pyridazine, pyrinudine, purine and pyrazine, furazan, 1,2,3-oxadiazole, 1,2.3-
thiadiazole, 1,2 4-thiadiazole, triazole, benzotriazole, pteridine, phenoxazole, oxadiazole,
benzopyrazole, quinolizine, cinnoline, phthalazine, quinazoline, and guinoxaline. In some
embodiments, the substituents are halo, hydroxy, cyano, O-Cie-alkyl, Cis-alkyl hydroxy-Ci.
s-alkyl, and amino-Cis-alkyl

[0110] As wused herein, “cycloalkyl” means a fully saturated carbocycelyl ring or
ring system. Examples include cyclopropyl, cvclobutyl, cyclopentyl, and cyclohexyl. The
cycloalkyl group may have 3 to 10 carbon atoms {(whenever i appears herein, a numerical
range such as “3 to 107 refers to each integer n the given range. The cycloalkyl group may
be designated as “C2.Cs cycloalkyl” or simular designations. By way of example only, “Cs.Cs
cycloalkyl” indicates that there are three to eight carbon atoms 1 the carbocyelyl ring or ring
system.

(0111} As used herein, “heterocyclyl” means a non-aromatic cychic ring or ring
structure that 15 fully saturated or partially saturated and includes at least one heteroatom
selected from nitrogen, oxygen, and sulfur i the ring backbone. Heterocyclyls may have
any degree of saturation provided that at least one ring in the ring system 1s not aromatic.
The heteroatom(s) may be present in either a non-aromatic or aromatic ring in the ring
system. The heterocyclyl group may have 3 to 20 ring members {1e., the number of atoms
making up the ring backbone, inchuding carbon atoms and heteroatoms), although the present
definition also covers the occurrence of the term “heterocyelyl” where no numerical range 1s

designated. The heterocyclyl group may alse be a medium size heterocyclyl having 3 to 10
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ring members. The heterocyclyl group could also be a heterocyclyl having 3 to 6 ring

members. The heterooycloalkyl SIoup may be designated as
“3-15-membered heterocvcloalkyl” “4-10-membered heterocycloalkyl” “3-15-membered
Comsheterocyeloalkyl” “5-9-membered “s-gheterocycloalkyl” “S-10-membered
Ca~sheterocycloalkyl,” “S-membered {s-sheterocycloalkyl,” “6-membered

Ca-sheterocycloalkyl,”  “7-membered  Cs-sheterocycloalkyl,”  “bicyclic  or  tricyclic
9-15-membered  Us.isheterocycloalkyvl”  “monocyelic or  bicyche  3-10-membered
(Croheterocycloalkyl”  “bicychic  8-10-membered  Cisheterocycloalkyl”  “bicyclic
8-10-membered Csoheterocycloalkyl” “monocychic 4-7-membered Cs.s-heterocycloalkyl,”

“monocyclic  5-6-membered Cssheterocycloalkyl

23

or simuar designations. The
heterocyclyl group could also be a C2.Cs heterocyclyl having 3 to 10 ring members with from
one up to three of O {oxygen), N (nitrogen} or S (sulfur}. The heterocyclyl group may be
designated as “3-10 membered 2.0 heterocyclyl” or similar designations. In preferred six
membered monocyclic heterocyclyls, the heteroatom(s) are selected from one up to three of
O {oxygen), N {mirogen) or S {sulfur), and in preferred five membered monocychic
heterocyclyls, the heteroatom(s} are selected from one or two heteroatoms selected from O
{oxygen), N (mitrogen} or S (sulfur). Examples of heterocyelyl rings include, but are not
futed  to,  azepinyl, acridinyl, carbazolyl, cinnolinyl,  dioxolanyl, wnidazolinyd,
mdazolidinyl, morpholinyl, oxiranyl, oxepanyl, thiepanyl, piperidinyl, piperazinyl,
dioxopiperazinyl, pyrrohidinyl, pyrrolidonyl, pyrrolidionyl, 4-piperidonyl, pyrazohnyl,
pyrazohdinyl, 13-dioxinyl, 1,3-dioxanyl, 1 4d-dioxmyl, 1 4-dioxanyl, 13-oxathianyl, 14-
oxathiimyl, 1 4-oxathianyl, 2/H-1,2-oxazmyl, trioxanyl, hexahydre-1,3,5-tnaznoyl, 13-
dioxolyl, 1,3-dioxolanyl, 1,3-dithiolyl, 1 3-dithiolanyl, isoxazohinyl, wsoxazohdmmyl,
oxazolinyl, oxazolidinyl, oxazolidinonyl, thuazolinyl, thiazohdinyl, 1,3-oxathiolanyl,
mndolinyl, somdolinyl, tetrahydrofuranyl, tetrahydropyranyl, tetrahydrothiophenyl,
tetrabydrothiopyranyl,  tetrahydro-1,4-thiazinyl,  thiamorpholinyl,  dihydrobenzofuranyl,
benzimidazolidinyl, and tetrahydroguinoline.

(6112} Similarly, when two “adjacent” R groups are said to form a ring “together
with the atom to which they are attached,” 1t is meant that the coliective unit of the atoms,
intervening bonds, and the two R groups are the recited ring.  For example, when the

following substructure 1s present:
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o

Rz‘_
and R! and R? are defined as selected from the group consisting of hydrogen and alkyl, or R!
and R? together with the atoms to which they are attached form an aryl or carbocyelyl, it is
meant that R' and R? can be selected from hydrogen or alkyl, or alternatively, the

substructure has structure:

where A 15 an aryl ring or a carbocyclyl containing the depicted double bond.
(6113} Wherever a substituent is depicted as a di-radical (7.e., has two points of
attachment to the rest of the molecule), it 15 to be understood that the substituent can be

attached in any directional configuration unless otherwise indicated. Thus, for example, a

‘ .y : ‘{A\ % | . o
substituent depicted as —AE— or = includes the substituent being oriented such
that the A is attached at the leftmost attachment point of the molecule as well as the case in
which A is attached at the rightmost attachment point of the molecule.

(0114} The phrase “therapeutically effective amount” means an amount of a
compound or a combination of compounds that partially or fully ameliorates, attenuates or
eliminates one or more of the symptoms of a particular disease or condition or prevents,
modifies, or delays the onset of one or more of the symptoms of a particular disease or
condifion.  Such amount can be adnunistered as a single dosage or can be admunustered
according to a regimen, whereby it is effective. Repeated adnumstration may be needed to
achieve a desired result (e g., treatment of the disease and/or condition).

[0115] The term “pharmaceutically acceptable salt” includes salts of compounds
of Formula I dertved from the combination of a compound of the present embodiments and
an organic or morgani¢ acid or base. Pharmaceuticaily acceptable acid addition salts can be

formed with norganic acids and organic acids.  Inorganic actds from which salts can be
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derived include, for example, hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid, and the like. Organic acids from which salts can be derived include, for
example, acetic acid, adipic acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid,
maleic acid, malonic acid, succinic acid, fumaric acid, tartaric acid, citric acid, benzoic acid,
cinnamic acid, mandelic acid, benzenesulfonic acid, methanesulfonic acid, ethanesulfonic
acid, p-toluenesulfonic acid, {(+)-7,7-dimethyl-2-oxobicyclo{2 2.1 theptane-1-methanesulfonic
acid, 1,2-ethanedisulfonic acid, dodecyl sulfonic acid, sabicylic acid, glucoheptonic acid,
gluconic acid, glucuronic acid, hippuric acid, hydrochloride hemiethanolic acid, 2-
hydroxyethanesulfonic acid, lactic acid, lactobionic acid, methylbromide acid, methyl
suifuric acid, 2-naphthalenesulfonic acid, oleic acid, 4,4'-methylenebis-{3-hydroxy-2-
naphthalenecarboxylic acid], polygalacturonic acid, stearic acid, sulfosalicylic acid, tannic
acid, terphthalic acid and the like. Inorganic bases from which salts can be derived include,
for exaraple, bases that contain sodium, potassium, hthium, ammonium, calcium,
magnesium, 1ron, Zing, copper, manganese, aluminum, and the like; particularly preferred are
the ammonium, potassium, sodium, calcium and magnesium salts. In some embodiments,
treatment of the compounds disclosed heremn with an morganic base results in loss of a labile
hydrogen from the compound to afford the salt forrn 1ncluding an worganic cation such as
Li", Na*, K, Mg®" and Ca®" and the like. Organic bases from which salts can be derived
melude, for example, primary, secondary, and tertiary amines, substituted amines including
naturally ocourning substituted amines, cyclic amines, baste 1on exchange resins, and the hike,
specifically  such  as  isopropylamme, trimethylamine, diethylamune, triethylamine,
tripropylamne, and ethanolamine.

[0116] Where the number of any given substituent is not specified (eg,
“haloaikyl”}, there may be one or more substituents present. For example, “haloalky!” can
mclude one or more of the same or different halogens. For example, “haloalkyl” ncludes
each of the substituents CFz, CHF» and CH:F.

(0187} The term “patient” refers to an ammal being treated including a mammal,
such as a dog, a cat, a cow, a horse, a sheep, and a human. In some embodiments, the patient
is a mammal, either male or female. In some embodiments, the patient 15 a male or female

human.
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[011§&] The term “prodrug” as used herein refers to any compound that when
admnistered to a biological system generates a hiologically active compound as a result of
spontanecus chemical reaction(s), enzyme catalvzed chemical reaction(s), and/or metabolic
chemical reaction{s), or a combination of each. Standerd prodrugs are formed using groups
attached to functionality, e g. HO-, HS-, HOOC-, HOOPR2-, associated with the drug, that
cleave in vivo. Standard prodrugs nclude but are not limited to carboxylate esters where the
group 15 alkyl, aryl, aralkvl, acvioxvalkyl, alkoxvcarbonvioxyalkyl as well as esters of
hydroxyl, thiol and amines where the group attached is an acyl group, an alkoxycarbonyl,
aminocarbonyl, phosphate or sulfate. The groups tlustrated are examples, not exhaustive,
and one skilled in the art could prepare other known varieties of prodrugs. Prodrugs must
undergo some form of a chemical transformation to produce the compound that is
hiologically active or 1s a precursor of the hiologically active compound. In some cases, the
prodrug is hiologically active, usually less than the drug stself, and serves to improve drug
efficacy or safety through improved oral bicavailability, pharmacodynamic half-life, etc.
Prodrug forms of compounds may be utilized, for example, to wnprove bioavailability,
mmprove subject acceptability such as by masking or reducing vopleasant characteristics such
as bitter taste or gastromntestinal umitability, alter solubiity such as for mntravenous use,
provide for prolonged or sustained release or delivery, improve ease of formulation, or
provide site specific delivery of the compound.

[0119] The term “stereossomer” refers to the relative or absolute spatial
relationship of the R group({s) attached to the stereogenic centers etther carbon or phosphorus
atoms, and refers to mdividual or any combination of the individual 1somers such as a
racemic nmuxture and a diastercomeric mixture. When a compound has two stereogenic
centers, there are 4 potential siereoisomers,

[0820] The term “enhanced oral bicavatdability” refers to an imcrease of at least
about 30% of the absorption of the dose of the reference drug. In an additional aspect, the
increase in oral biocavailability of the compound {compared to the reference drug) is at least
about 100%, or a doubling of the absorption. Measurement of oral bicavatlability usually
refers to measurements of the prodrug, drug, or drug metabolite in blood, plasma, tissues, or
arine following oral administration compared to measurements following parenteral

administration.
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(0121} The term “therapeutic index” refers to the ratio of the dose of a drug or
prodrug that produces a therapeutically beneficial response relative to the dose that produces
an undesired response such as death, an elevation of markers that are indicative of toxicity,
and/or pharmacological side effects.

(6122} The term “sustamned delivery” refers to an increase in the period in which
there is a prolongation of therapeutically-effective drug levels due to the presence of the
prodrug.

[0123] The terms “treating” or “treatment” of a disease includes inhubiting the
disease {slowing or arresting or partially arresting its development), preventing the disease,
providing relief from the symptoms or side effects of the disease (including palliative
treatment), and/or relieving the disease {causing regression of the disease}.

[0124] The terms “biological agent” refers to a compound that has biological
activity or that has molecular properties that can be used for therapeutic or diagnosis
purposes, such as a compound carrying a radioactive isotope or a heavy atom.

[0125] The terms “molecular pathway” refers to a series of molecular events in
fissues such as a receptor modulating sequence, an enzyme modulating sequence, or a
biosynthesis sequence that 1s 1wvolved i physiological or pathophysiological functions of a
hiving animal.

Admanistration and Pharmaceutical Compositions

[0126] The disclosed compounds may be used alone or in combination with other
reatments.  These compounds, when used in combination with other agents, may be
adminstered as a daidy dose or an appropriate fraction of the daily dose {e.g., bid) The
compounds may be admnistered after a course of treatment by another agent, during a
covrse of therapy with another agent, admumstered as part of a therapeutic regimen, or may
be administered prior to therapy with another agent in a treatment program.

(6127} Examples of pharmaceutically acceptable salts mnclude acetate, adipate,
besylate, bromide, camsylate, chloride, ciirate, edisylate, estolate, fumarate, gluceptate,
gluconate, glucuronate, hippurate, hyclate, hydrobromide, hydrochloride, iodide, 1sethionate,
lactate, lactobionate, maleate, mesylate, methyibromide, methyvisulfate, napsylate, nitrate,
oleate, palmoate, phosphate, polygalacturonate, stearate, succinate, sulfate, sulfosalicylate,

tannate, tarirate, terphthalate, tosylate, and trigthiodide.
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(6128} Compositions containing the active ingredient may be n any form suitable
for the intended method of administration. In some embodiments, the compounds of a
method and/or compostiion described herein can be provided via oral administration, rectal
administration, transmucosal administration, intestinal administration, enteral administration,
topical admunistration, transdermal administration, intrathecal administration, itraventricular
admuinistration, intraperitoneal admimistration, ntranasal administration, intraocular
administration and/or parenteral administration.

[0129] When the compounds are administered via oral admunstration, for
example, tablets, troches, lozenges, aqueous or oil suspensions, dispersible powders or
granules, emulsions, hard or soft capsules, syrups or elixirs may be prepared. Compositions
intended for oral use may be prepared according to any method known to the art for the
manufacture of pharmaceutical compositions and such compositions may comntain one or
more agents including sweetening agents, flavoring agents, coloring agents and preserving
agents, in order to provide a palatable preparation. Tablets containing the active ingredient in
admuxture with non-toxic pharmaceutically acceptable excipient which are suitable for
ranufacture of tablets are acceptable. These excipients may be, for example, mert diluents,
such as calcium or sodium carbonate, lactose, calcium or sodium phosphate; granulating and
disintegrating agents, such as maize starch, or alginic acid; binding agents, such as starch,
gelatin or acacia; and lubricating agents, such as magnesiuro stearate, stearic acid or tale
Tablets may be uncoated or may be coated by known techniques ncluding
microencapsulation to delay disintegration and adsorption in the gastrointestinal tract and
thereby provide a sustained action over a longer period. For example, a time delay matenal
such as glyceryi monostearate or glyceryl distearate alone or with a wax may be employed.

[013¢] Formutdations for oral use may be also presented as hard gelatin capsules
where the active ingredient can be mixed with an nert solid diluent, for example calcium
phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient can be mixed
with water or an il medium, such as peanut oil, liguid parattin or olive ¢l

(0131} Formuddations suitable for parenteral administration include aqueous and
non-aqueous isotonic sterile injection solutions which may contain, for example,
antioxidants, buffers, bacteriostats and solutes which render the formulation isotonic with the

blood of the intended recipient; and aqueous and non-agueous sterile suspensions which may
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include suspending agents and thickening agents. The formulations may be presented in
unit-dose or multi-dose sealed containers, for example, ampoules and vials, and may be
stored n a freeze-dried (lyophilized} condition requiring only the addition of the sterile liquid
carrier, for example water for imjections, immediately prior to use. Injection solutions and
suspensions may be prepared from sterile powders, granules and tablets of the kind
previously described.

(6132} In some embodiments unit dosage formulations contain a daily dose or
unit, datly sub-dose, or an appropriate fraction thereof, of a drug. It will be understood,
however, that the specific dose level for any particular patient will depend on a variety of
factors including the activity of the specific compound employed; the age, body weight,
general health, sex and diet of the individual being treated; the time and route of
administration; the rate of excretion; other drugs which have previcusly been administered;
and the severity of the particular disease undergoing therapy, as 15 well understood by those
skilled in the art.

[0133] The actual dose of the compounds described heremn depends on the
specific compound, and on the condition to be treated; the selection of the appropriate dose 1s
well within the knowledge of the skilled artisan. In some embodiments, a daily dose may be
from about 0.1 mg/kg to about 100 mg/kg or more of body weight, from about 0.25 mg/kg or
less to about 50 mg/kg from about 0.5 mg/kg or less to about 25 mg/kg, from about 1.0
mg/kg to about 10 mg/kg of body weight. Thus, for adminstration to a 70 kg person, the
dosage range would be from about 7 mg per day to about 7000 mg per day, from about 35
mg per day or less to about 2000 mg per day or more, from about 70 mg per day to about
1000 mg per day.

Methods of Treatment

[0134] Some embodiments of the present invention include methods of treating a
disease, disorder or condition is selected from the group consisting of hepatitis, liver cancer,
tiver fibrosis, fatty hiver, malaria, viral infection, parasitic mfection, diabetes, hyperlipidenia,
atherosclerosis, obesity, dyslipidemia, hyperglycemia, a hormonal condition, HIV, and
various types of cancer with the compounds, and compositions comprising compounds
described herein. Some methods include administering a compound, composition,

pharmaceutical composition described herein to a subject in need thereof In some
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embodiments, a subject can be an amimal, ¢ g, a mammal, a human. In some embodiments,
the subject is a human.

(0135} Some embodiments provide a method of treating an mfection caused by an
infectious agent with an effective amount of one or more compounds as disclosed herein,
wherein the infectious agent 13 a virus. In some embodiments, the virus s a single-stranded
RINA virus. In other embodiments, the virus is a double-stranded RNA vires. In vet other
embodiments, the virus is a postiive-sense ssRNA virus. In some embodiments, the virus is a
negative-sense ssRNA virus. In some embodiments, the virus is a double-stranded DNA
virus. In other embodiments, the virus is a single-stranded DNA virus.

[0136] In some embodiments, the virus may be a coronavirus. In some
embodiments, the virus may be pox virus. In some embodiments, the virus may be smallpox
virus. In some embodiments, the virus may be Marburg virus. In some embodiments, the
virus may be Ebola virus. In some embodiments, the virus may be flaviviruses. In some
embodiments, the virus may be influenza virus. In some embodiments, the virus may be
parainfluenza virus. In some embodiments, the virus may be respiratory syneytial virus. In
some embodiments, the virus may be rubeola virus. In some embodiments, the virus may be
human womunodeficiency virus. In some embodiments, the vius may be human
papiilomavirus.  In some embodiments, the virus may be varicella-zoster virus. In some
embodiments, the virus may be herpes siroplex virus. In some embodiments, the virus may
be cytomegalovirus. In some embodiments, the virus may be an Epstein-Barr viras. In some
embodiments, the virus may be JC virus.  In some embodiments, the virus may be
rhabdovirus. In some embodiments, the viras may be rotavirus. In some embodiments, the
viras may be rhinovirus. In some embodiments, the virus may be adenovirus. In some
embodiments, the virus may be papiomavirus. In some embodiments, the virus may be
parvovirus. In some embodiments, the viras may be picomaviras. In some embodiments, the
virus may be poliovirus. In some embodiments, the viras may be hantavirus. In some
embodiments, the virus may be filovirus. In some embodiments, the virus may be
coxsackievirus. In some embodiments, the virus may be equine encephalitis virus. In some
embodiments, the virus may be a Rift Valley fever virus. In some embodiments, the virus
may be an alphavirus. In some embodiments, the virus may be hepatitis A virus, hepatitis B

vires, hepatitis C virus, hepatitis £ virus, or hepatitis E virus.
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(8137} in some embodiments, the virus may be a coronavirgs. In some
embodiments, the coronavirus may be MERS-CoV. In other embodiments, the coronavirus
may be SARS-CoV. Insome embodiments, the coronavirus may be SARS-CoV-2.

[0138] Further embodiments include administering a combination of compounds
to a subject in need thereof A combination can include a compound, composition,
pharmaceutical composition described herein with an additional medicament.

(6139 Some embodiments include co-admuinistering a compound, composition,
and/or pharmaceutical composition described herein, with an additional medicament or
additional therapeutic agent{s). By “co-administration,” it is meant that the two or more
agents may be found in the patient’s bloodstream at the same time, regardless of when or
how they are actually administered In one embodiment, the agents are administered
simultaneously. In one such embodiment, administration in combination is accomplished by
combining the agents in a single dosage form. In another embodiment, the agents are
administered sequentially. In one embodiment, the agents are adnunustered through the same
route, such as orally. In another embodiment, the agents are adminstered through different
routes, such as one being administered orally and another being admunstered 1.v.

[01440] To further illustrate this mvention, the following examples are ncluded.
The examples should not, of course, be construed as specifically hinuting the mvention.
Variations of these examples within the scope of the claims are within the purview of oune
skilled in the art and are considered to fall within the scope of the invention as described, and
claimed herein. The reader will recognize that the skilled artisan, armed with the present
disclosure, and skill in the art 1s able to prepare and use the wmvention without exhaustive
examples.

Svnthesis of compounds

[0141] The following procedures for the preparation of the new compounds
ithustrate the general procedures used to prepare the nucleotide prodrug compounds.

[0142] Ncheme I describes general synthesis of the compounds of Formula L
Nucleoside (1} reacts with the phosphanediamine (2) in the presence of 4,5-dicyanoimidazole
to give the cychic product of structure 3 and the crude reaction mixture is then treated with an
oxidation agent such as tert-butyl hydroperoxide to afford the final product 4 of Formula L

Ncheme |
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R 3 \Q\;\‘ 2 o C 3
HO Oy —
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4
R has the definition as R! described above.
EXAMPLES
[0143] Some compounds of Formula I were prepared as outlined below.

Example 1
{0144 Ethyl 2-({({{4aR,6R 7R, 738 }-6-(4-aminopyrrolo] 2, 1-f}{1,2 4jtriazin-7-y1}-
6-cvano-7-hydroxy-2-oxidotetrahyvdro-4H-furof 3,2-d}i 1,3, 2 {dioxaphosphinin-2-

yiyoxyymethyibenzoate {Compound 101}

o Qf“
A G
J DaSe

[6145] Compound 101 was prepared according to the method described m
Scheme i from NN N N'-tetraisopropy -1 -(2-( 2-
ethyloxycarbonylbenzyloxy)phosphanediamine and (2R 3R 48 5R)-2-{4-aminopyrrolof{2,1-

11,2, 4|tnazin-7-yi)-3 4-dihydroxy-3-(hydroxymethyhietrahydrofuran-2-carbonitrile. {M-1]
caleulated for CoxHaaNsGsP: 514,11, Found: 514.1.

238,



WO 2021/216427 PCT/US2021/027924

Example 2
{0146} Propyl 2-({{{4aR,6R, 7R, 738 }-6-(4d-aminopyrrolof 2, 1-f}{1,2 4jtriazin-7-y1}-
6-cvano-7-hydroxy-2-oxidotetrahyvdro-4H-furof 3,2-d}i 1,3, 2 {dioxaphosphinin-2-

yi}oxymethyhbenzoate {Compound 102}

[

N-0

l/ /gﬁf\‘ q o - : \\\N
ool

/
N O'éf’“o o

[8147] Compound 102 was prepared according to the method described m
Ncheme i from NN, N N'-tetraisopropy -1 -(2-( 2-
propyloxyjcarbonylbenzyloxyyphosphanediamine and (2R,3R,45,5R}-2-{4~

aminopyrrolo{2,1-f]{ 1,2, 4jtriazin-7-y1}-3,4-dihvdroxy-5-(hydroxymethyiitetrahy drofuran-2-
carbonitrile. [M-171" calculated for CasHoaNsOeP: 528.13. Found: 258.1.
Example 3
{0148} Isopropyl 2-({{{4aR,0R, 7R, 7a%)-6-{d-aminopyrrolof2,1-fi{1,2 4}triazin-7-
yi}6-cyvano-7-hydroxy-2-oxidotetrahydro-4H-furo]3,2-d]{ 1,3, 2}dioxaphosphinin-2-
viyoxyymethyl}benzoate {(Compound 103}
-

[0149] Compound 103 was prepared according to the method described
Ncheme i from NN, N N'-tetraisopropy -1 -(2-( 2-
isopropyloxyjcarbonylbenzyloxyphosphanediamine and (2R, 3R, 45 5R}-2-(4-
aminopyrrolo{ 2 1-f][1,2 4triazin-7-y1}-3 4-dihydroxy-5-(thydroxymethyiitetrahy drofuran-2-
carbonitrile. [M-17" calculated for CosHpaNsGeP: 528.13. Found: 258.1.

S36-



WO 2021/216427 PCT/US2021/027924

Example 4
[0150] Isopropyl 2-({({(4aR 6R, 7R, 7aR)-7-acetony-0-{4-aminopyrrolo{2,1-
11,2, 4tnazin-7-yi)-6-cyano-2-oxidotetrahy dro-4H-furc{3,2-d 1 1,3,2 idioxaphosphinin-2-

yioxyymethyibenzoate {Compound 104}

Wy
}/O

AL L
./ o-p

(0151} Compound 104 was prepared by standard acylation of Compound 103
with acetic anhydride in the presence of triethylamine [M-1]7 calculated for CasHasNsQoP:
570.14. Found: 570.1.

Example 5

(6152} Ethyl 2-{{{{4aR 6R,7R,7aR}-7-acetoxy-6-(4-aminopyrrolo2,1-
fli1,2, 4}tnazin-7-y1}-6-cyano-2-oxidotetrahydro-4H-furo[3,2-d}[1,3,21dioxaphosphinin-2-
yiyoxyimethyl}benzoate (Compound 105)

[0153] Compound 105 was prepared by standard acylation of (ompound 101
with acetic anhydride in the presence of triethylamine. [M-1]" calculated for CoaHuNsOoP:
556.12 Found: 556.1.

Example 6

[0154] Ethyl 2-({{{4aR 6R 7R, 7aR}-6-(4-aminopyrrolo{2,1-f][1,2 4 jtriazin-7-v1)-

6-cvano-2-oxido-7-{propionyloxy ftetrahy dro-4H-furof3 2-d]{1,3,2]dioxaphosphinin-2-

viyoxyymethyl}benzoate {(Compound 106}
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[0155] Compound 106 was prepared by standard acyiation of Compound 101
with propionic anhydride in the presence of tricthylanune [M-1]" calculated for
C2sH2sNsQGoP: 570,14 Found: 3701,

Example 7

[0156] Methyl  2-{{{{4aR,6R, 7R, 7a8}-6-(4-amunopyrrolof 2, 1-f1{ 1,2, 4 {triazin-7-
yi}-6-cyano-7-hydroxy-2-oxidotetrahydro-dH-furo{3,2-d}} 1,3,2 |dioxaphosphinin-2-
yhyoxyimethyl}benzoate (Compound 107)

[8157] Compound 107 was prepared according to the method described m
Scheme i from NN N N'-tetraisopropy -1 -(2-( 2-
methyloxycarbonylbenzyloxy iphosphanediaming and (2R,3R,45,5R}-2-{4-
aminopyrrolo{2,1-1{1,2,4tnazin-7-y1}-3,4-dihydroxy-S-(hydroxymethyietrahy drofuran-2-
carbonitrile. [M-1]" calculated for CoiFHeNsOeP: 500.09. Found: 500.0.

Example 8

{0158} Methyl 2-(({{4aR,6R, 7R, 7aR)-T-acetoxy-O-(4-aminopyrrolo]2,1-

11,2, 4tnazin-7-yi)-6-cyano-2-oxidotetrahy dro-4H-furc{3,2-d 1 1,3,2 idioxaphosphinin-2-

yi}oxyymethyhbenzoate {Compound 108}

238



WO 2021/216427 PCT/US2021/027924

/
N0

y
6/\ O/M\/m A

A

AN
OFL-O ; N

\r/
O

/

[0159] Compound 108 was prepared by standard acyviation of Compound 107
with acetic anhydride in the presence of triethylamine. [M-1]1" calculated for CoaH2NsQGeP:

542.11. Found: 342.1.

Bioloeical Examples

[0168] Examples the methods described herein include the following, It wili be
understood that the following are examples and that the method 15 not limited solely to these

examples.

Example 9. Tissue Distribution Following Oral Administration of reference compound and
the disclosed compounds

(0161 IV Remdesivir {2 mg/kg), oral Remdesevir (5 mg/kg) and oral test
compound (5 myg/kg) were administered to rats. Oral adminstration was to fasted rats by
oral gavage. Plasma concentrations of the metabolite nucleoside in circulation were
determined by HPLC-UV, and the liver concentrations of the active iriphosphate were
measured by LO-MS using standard chromatography methods.

(0162} Figure | shows the results of a first study 1o which the up to 8-hour blood
concentrations of the metabolite nucleoside were measured after admumustration of
Compound 103 and reference compounds.  Figure 2 shows the results of a second study n
which blood concentrations were measured after 1 and S hours. The results indicate that oral
admunistration of Compound 105 resulied 10 greater than two times the exposure than oral
adminustration of Remdesivir and greater exposure the IV administration of Remdesivy,
particularly at longer times. Figure 3 shows additional results from the second study i whach
the liver concentrations of the vucleoside triphosphate were measured after 1 and 5 hours.
Compound 105 exhubited significantly greater liver exposure than etther IV or oral

Remdesivir although the ratio of liver vs. blood generated by Compound 105 remained the
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same as the ratio generated by Remdesivir Figure 4 15 a graph showing the ratio of
{concentration of corresponding nucleoside in the hiver)/{concentration of corresponding
nucleoside in the blood) after 1 and 5 hours from the second study.

[0163] Table 1 contains the blood and liver levels after 1 and 5 hours for a
number of test compounds compared to oral Remdesivir. The resolts demonstrate that the

test compounds provided much higher liver exposure than Remdesivir.

Table 1. Blood nucleoside (Nuc) and liver nucleoside triphosphate (NTP) levels at 1 and 5
hours after oral dosing of the compound.

) Blood Nuc level Liver NTP level
Compound
at 1 hour at § hours at 1 hour at 3 hours
Remdestvir Ix 1% Ix ix
101 <ix <ix >2X >
105 =2k 2% >2x >2X
106 >2X >2x 2% >2X

* 22x means a concentration that 1s at least two-fold higher than the concentration generated
by the reference compound.

Example 10: Tissue distribution following inhalation administration of reference compound
and the disclosed compounds.

[0164] Remdesivir or the indicated test compound was adnunistered at 2 mg/kg to
rats by an inhalation route. The lung concentrations of the metabolite nucleoside and its
triphosphate were measured by LOC-MS using standard chromatography methods.

[0165] Figure 5 shows the blood levels of the metabolite nucleoside at 1 and §
hours after admunistration of Compound 105 and reference compound.  Compound 105
provided greater exposure than Remdesivir. Figure & shows the lung levels of the metabolite
nucleoside. Compound 105 provided more than 4 times greater exposure than Remdesivir.
Figure 7 shows the nucleoside triphosphate levels in the fung. Remdesivir was below the
level of guantitation, whereas Compound 105 provide significant lung exposure of the
triphosphate.

[0166] Al numbers expressing quantities of ingredients, reaction conditions, and

so forth used o the specification are to be understood as being modified n all instances by
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the term “about” Accordingly, unless indicated to the contrary, the numerical parameters set
forth herein are approximations that may vary depending upon the desired properties sought
to be obtained. At the very least, and not as an attempt to limit the application of the doctrine
of equivalents to the scope of any claims in any application claiming priority to the present
application, each numerical parameter should be construed in light of the number of
significant digits and ordinary rounding approaches.

(0167} Language of degree used herein, such as the terms “approximately,”
“about,” “generally,” and “substantially” as used herein represent a value, amount, or
characteristic close to the stated value, amount, or characteristic that still performs a desired
function or achieves a desired resuit. For example, the terms “approximately”, “about”,
“generally,” and “substantially” may refer to an amount that is within less than 10% of,
within fess than 5% of, within less than 1% of, within less than 0.1% of, and within less than
0.01% of the stated amount. As another example, in certain embodiments, the terms
“generally parailel” and “substantially parallel” refer to a value, amount, or characteristic that
departs from exactly parallel by less than or equal to 15%, 10%, 5%, 3%, 1%, 0.1%, or
otherwise. Sumilarly, m certain embodiments, the terms “generally perpendicular” and
“substantially perpendicular” refer to a value, amount, or charactenistic that departs from
exactly perpendicular by less than or equal 1o 15%, 10%, 5%, 3%, 1%, 0.1%, or otherwise.

[0168] The above description discloses several methods and materials,  This
mvention 1s susceptible to modifications n the methods and matenals, as well as alterations
in the fabrication methods and equipment. Such modifications will become apparent to those
skilled n the art from a consideration of this disclosure or practice of the mnvention disclosed
herein.  Consequently, it 15 not intended that this mvention be hmited to the specific
embodiments disclosed herein, but that 1t cover all modifications and alternatives coming
within the troe scope and spirit of the mnvention,

[8169] All references cuted herein, including but not himuted to published and
unpublished applications, patents, and literature references, are incorporated herein by
reference in their entirety and are hereby made a part of this specification. To the extent
publications and patents or patent applications incorporated by reference contradict the
disclosure contained in the specification, the specification 1s intended to supersede and/or

take precedence over any such contradictory material.

231-
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(6170} Although some embodiments and examples have been described, 1t should
be understood that numerous and various modifications can be made without departing from

the spirit of the invention.
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WHAT IS CLAIMED IS:

I A compound of Formula I

{1}
wherein:

R’ is selected from the group consisting of H, an optionally substituted Ci-Cis
alkyl, an optionally substituted C3-Cis cycloalkyl, and an optionally substituted (2-
Cis alkenyl;

R? 15 selected from the group cousisting of halogen, an optionally substituted
alkyl, and an optionally substituted alkyioxy;

R 15 sefected from the group consisting of H, an optionally substituted acyl,
and C-carboxy;

R* 15 selected from the group consisting of H, an optionally substituted acyl,
C-anido, and C-carboxy; and

nisG, 1,2, 0r3;

or g stereoisomer or pharmaceutically acceptable salt thergof

2. The compound of Claim 1, wheremn s 1.

98}

The compound of Clamm 1, whereinn s 0.
4. The compound of any one of Claims 1-3, wherein R* is FL
S The compound of any one of Claims 1-4, wherein R is an optionally substituted

Ci-Chrs alkyl

6. The compound of Claim 5, wherein R’ is an unsubstituted C1-Cs allkyl
7. The compound of Claim 6, wherein R 13 ethyl.

8. The compound of Claim 6, wherein R is n-propyl.

9. The compound of Claim 6, wherein R' is i-propyl.

10.  The compound of Claim 6, wherein R' is methyl.

11, The compound of any one of Claims 1-10, wherein R* is C-carboxy.

-33-
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12.  The compound of any one of Claims 1-10, wherein R* is acyl.

-

13.  The compound of Claim 1, wherein the compound is selected from the group

consisting  of ,

{
© O

T ?

U
-
G

, and

14, A compound of any one of Claims 1-13 for use in treating a viral infection.

15.  The compound of Claim 14, in combination with one or more additional
therapeutic agents.

16, Use of a compound of any one of (laims 1-13 in the preparation of 3
medicament for treating a viral infection.

17. A method of treating a viral infection comprising admunistering an effective

amount of a compound of any one of Claims 1-13 to a subject in need thereof.
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18, The method of Claim 17, wherein the subject is a mammal

19, The method of Claim 18, wherein the mammal is a2 human.

-35.
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