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METHODS FOR TREATING FILOVIRIDAE VIRUS INFECTIONS

FIELD OF THE INVENTION

{0001] The invention refates generally to methods and compounds for treating IMiloviridae
virus infections, particularly methods and nucleosides for treating Ebola virus, Marburg virus

and Cueva virus.

BACKGROUND OF THE INVENTION

[0002] Filoviruses (e.g., Ebola virus (EBOV) and Marburg virus (MARV)) are among the
most lethal and destructive viruses. They cause severe, often fatal viral hemorrhagic fevers in
humans and nonhuman primates (e.g., monkeys, gorillas, and chimpanzees). Filoviruses are of
particular concern as possible biological weapons since they have the potential for aerosol

dissemination and weaponization.

[0003] The incubation period for Filovirus infection ranges from 2 to 21 days. The onset of
illness is abrupt and is characterized by high fever, headaches, joint and muscle aches, sore
throat, fatigue, diarrhea, vomiting, and stomach pain. A rash, red eyes, hiccups and internal and
external bleeding may be seen in some patients. Within one week of becoming infected with the
virus, most patients experience chest pains and multiple organ failure, go into shock, and die.

Some patients also experience blindness and extensive bleeding before dying.

{0004] Filoviridae are a family of RNA viruses. Two members of the Filoviridae family have
been identified: EBOV and MARYV. Two key pathogenic types of the Filoviridae family have
been identified: Ebolavirus and MARYV. There is one identified variant of MARYV and five
identified species of ebolavirus: Zaire (i.e. Ebola virus, EBOV), Sudan, Tai Forest,
Bundibugyo, and Reston. The exact origin, locations, and natural habitat of Filoviridae are
unknown. However, on the basis of available evidence and the nature of similar viruses, it is
postulated that Filoviridae are zoonotic (i.e., animal-borne) and are normally maintained in an

ammal host that is native to the African continent.
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{0005] For more than 30 years, ebolaviruses have been associated with periodic episodes of
hemorrhagic fever in Central Africa that produce severe disease in infected patients. Mortality
rates in outbreaks have ranged from 50% for the Sudan species ot ebolavirus (SEBOV) to up to
90% for the Zaire species of ebolavirus (EBOV, ZEBOV) (Sanchez ¢ al., Filoviridae: Marburg
and Ebola Viruses, in Fields Virology (eds. Knipe, D.M. & Howley, P.M.) 1409-1448
(Lippincott Williams & Wilkins, Philadelphia)). An outbreak late in 2007 caused by an
apparently new species of ebolavirus in Uganda resulted in a fatality rate of about 25% (Towner
et al., PLoS Pathog., 4:¢1000212 (2008)). ZEBOV has also decimated populations of wild apes
in this same region of Africa (Walsh et al., Nature, 422:611-614 (2003)).

[0006] Prevention and treatment of filovirus infections, including ebolaviruses (i.e. EBOV)
presents many challenges. In fact, there are no vaccines or post exposure treatment modalities
available for preventing or managing EBOV infections. Patients instead receive supportive
therapy, i.e., electrolyte and fluid balancing, oxygen, blood pressure maintenance, and treatment

for any secondary infections.

[0007] Thus, there is a need for compositions and methods for treating EBOV infections. The

present invention addresses these and other needs.

SUMMARY OF THE INVENTION
[0008] Provided, is a method for treating a Filoviridae infection in a human in need thereof

comprising administering a therapeutically effective amount of a compound of Formula IV:

Formula IV

or a pharmaceutically acceptable salt, hydrate or ester, thereof;
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wherein,
R7 is selected from the group consisting of
a) H, -C(=0)RY, -C(=0)OR!!, -C(=O)NR!"R'?, -C(=0)SR!!, -S(O)R",
-S(0)2RM, -S(O)(OR!), -S(0)2(ORM), or —SO:NR''R!%;

b)
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wherein:

R¢ is selected from the group of phenyl, 1-naphthyl, 2-naphthyl,

Xy XN

E\N\gl

N e

)

and

RY is selected from the group of H or CHs3;

R® and R*? are each independently selected from the group of H,
(Ci—Cg)alkyl or benzyl,

Rfis selected from the group of from H, (C1—Cs)alkyl, benzyl, (Cs-
Cs)eycloalkyl, and -CHz~(Cs-Ce)cycloalkyl;

R#1s selected from selected from the group of (C—Cs)alkyl, -
O—(C:1-Cg)alkyl, benzyl, -O—benzyl, -
CH2—(Cs3—Cs)cycloalkyl, -O—CH,~(C3-Cs)cycloalkyl, and
CF3; and

(78}
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n' is an integer selected from the group of 1, 2, 3, and 4; and

d) a group of the formula:
ﬁ
pP—
777/ %
z2 :
wherein:

Q is selected from the group of O, S, NR, "N(O)(R), N(OR),
"N(O)(OR), or N-NR3;
Z' and Z?, when taken together, are -Q'(C(RY)2);Q’-;
wherein
each Q! is independently selected from the group of O, S,
or NR; and
each RY 1s independently selected from the group of H, F,
Cl, Br, I, OH, R, -C(=Q%)R, -C(=Q*OR, -
C(=QHN(R)2, -N(R)2, -'N(R)3, -SR, -S(O)R, -
S(O)R, -S(O)(OR), -S(0)2(OR), -OC(=QHR, -
OC(=Q?)OR, -OC(=Q*)(N(R)), -SC(=Q)R, -
SC(=Q%)OR, -SC(=Q*)(N(R)2), -N(R)C(=Q*)R, -
N(R)C(=Q?*OR, -N(R)C(=Q*)N(R),, -SO;NRz,
-CN, -N3, -NO3, -OR, or Z3; or when taken
together, two RY on the same carbon atom form a
carbocyclic ring of 3 to 7 carbon atoms;
each Q? is independently, O, S, NR, "N(O)(R), N(OR),
"N(O)(OR), or N-NR3; or

Z' and Z? are each, independently, a group of the Formula Ia:

02

RX Q3 ——p 03

Q3

R)(
M2
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Formula Ia
wherein:
each Q’ is independently selected from the group of a
bond, O, CRz, NR, “N(O)(R), N(OR), “N(O)(OR),
N-NRg, S, S-S, S(0), or S(O)3;
M2 is an integer selected from the group of 0, 1 or 2;

each R* is independently RY or the formula:

Q RY, RY Q2

y
% Q3 Q? T
M1a M12c M1c M1d

wherein:
each Mla, Mlc, and M1d is an integer
independently selected from the group of 0
orl,
MI12c is an integer selected from the group of O, I,
2,3,4,56,7,8,9,10, 11 or 12;
Z3isZ%0rZ°;
Z*is R, -C(QHRY, -C(QH)Z°, -SO,R?, or -SO,Z°;
and
7’ is a carbocycle or a heterocycle wherein Z° is
independently substituted with 0 to 3 RY
groups;
each R!! or R'? is independently H, (Ci1—Cs)alkyl, (C2—Cs)alkenyl, (C2—Cs)alkynyl,
(Ca—Cs)carbocyclylalkyl, (Cs—Cao)optionally substituted aryl, optionally
substituted heteroaryl, -C(=0)(Ci—Cs)alkyl, -S{O).(C1—Cg)alkyl or
(Ce—Cz0)aryl(C1~Cs)alkyl; or R'' and R!* taken together with a nitrogen to which
they are both attached form a 3 to 7 membered heterocyclic ring wherein any one

carbon atom of said heterocyclic ring can optionally be replaced with -O-, -S- or

-NR*-;
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each R* is independently selected from the group of H, (C1—Cg)alkyl, (C2—Cs)alkenyl,
(C2-Cy)alkynyl, (Cs—Cao)aryl(C1—Cg)alkyl, (Cs~Cs)carbocyclylalkyl, -C(=O)R, -
C(=0)OR, -C(=0)NR3, -C(=0)SR, -S(O)R, -S(O):R, -S(O)(OR), -S(0)2(OR), or
-SO;NR;;, wherein

each R is independently selected from the group of H, (C1—Cs) alkyl, (C1—Cs)
substituted alkyl, (C2—Cg)alkenyl, (C2—Cg) substituted alkenyl, (C2~Cs) alkynyl,
(C2—Cs) substituted alkynyl, (Cs—Cao)aryl, (Cs—Cao)substituted aryl,
(C2—Cao)heterocyclyl, (C2—Cao)substituted heterocyclyl,
(Ce—Cao)aryl(C1—Cg)alkyl or substituted (Cs—Cz0)aryl(C1—Cs)alkyl;

each n is an integer independently selected from the group of 0, I, or 2; and

wherein each (C1—Cg)alkyl, (C2—Cs)alkenyl, (C2—Csg)alkyny! or (Cs—Czo)aryl(C1—Cs)alkyl
of each R'! or R'? is, independently, optionally substituted with one or more
substituents selected from the group of halo, hydroxy, CN, N3, N(R*). or OR?
and wherein one or more of the non-terminal carbon atoms of each said (Ci-

Cs)alkyl may be optionally replaced with -O-, -S- or -NR"-.

[0009] In another embodiment, the present invention provides a compound that is







-
or

or a pharmaceutically acceptable salt, hydrate, or ester thereof.
DETAILED DESCRIPTION OF THE INVENTION
I DEFINITIONS

[0010] Unless stated otherwise, the following terms and phrases as used herein are intended to .

have the following meanings:

[0011] When trade names are used herein, applicants intend to independently include the trade

name product and the active pharmaceutical ingredient(s) of the trade name product.

[0012] As used herein, "a compound of the invention” or "a compound of Formula IV" means
a compound of Formula IV or a pharmaceutically acceptable salt, thereof. Similarly, with
respect to 1solatable intermediates, the phrase "a compound of Formula (number)” means a

compound of that formula and pharmaceutically acceptable salts, thereof.

[0013] “Alkyl” is hydrocarbon containing normal, secondary, tertiary or cyclic carbon atoms.
For example, an alkyl group can have 1 to 20 carbon atoms (i.e, C1-Czo alkyl), 1 to 8 carbon
atoms (i.e., C1-Cs alkyl), or 1to 6 carbon atoms (Z.e., C1-Cs alkyl). Examples of suitable alkyl
groups include, but are not limited to, methyl (Me, -CH3), ethyl (Et, -CH2CH3), 1-propyl (n-Pr,
n-propyl, -CH2CH2CH3), 2-propyl (i-Pr, i-propyl, -CH(CHz)2), 1-butyl (n-Bu, n-butyl, -
CH;CH2CH2CH3), 2-methyl-1-propyl (i-Bu, i-butyl, -CH2CH(CHa)z), 2-butyl (s-Bu, s-butyl,
-CH(CH;3)CH2CH3), 2-methyl-2-propyl (t-Bu, t-butyl, -C(CHz3)3), 1-pentyl (n-pentyl,
-CH,CH2CH>CH>CH3), 2-pentyl (-CH(CHs)CH2CH2CHs), 3-pentyl (-CH(CH2CHs;)z2), 2-methyl-
2-butyl (-C(CH3),CH2CH3), 3-methyl-2-butyl (-CH(CH3)CH(CHz3),), 3-methyl-1-butyl
(-CH2CH2CH(CHs)2), 2-methyl-1-butyl (-CH2CH(CH3)CH,CH3s), 1-hexyl
(-CH.CH2CH2CH2CH2CHas), 2-hexyl (-CH(CH3)CH>CH>CH2CHa), 3-hexyl (-
CH(CH2CH3)(CH2CH2CHa»)), 2-methyl-2-pentyl (-C(CH3).CH2CH,CH3), 3-methyl-2-pentyl
(-CH(CH3)CH(CH3)CH2CH3), 4-methyl-2-pentyl (-CH(CH3)CH2CH(CHaz)z2), 3-methyl-3-pentyl
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(~-C(CH3)(CH2CHz)?), 2-methyl-3-pentyl (-CH(CH2CH3)CH(CHz),), 2,3-dimethyl-2-butyl
(-C(CH3)2CH(CH3),), 3,3-dimethyl-2-butyl (-CH(CH3)C(CHs)s, and octyl (-(CH2),CHs),

[0014] “Alkoxy” means a group having the formula —O-alkyl, in which an alkyl group, as
defined above, is attached to the parent molecule via an oxygen atom. The alkyl portion of an
alkoxy group can have 1 to 20 carbon atoms (i.e., C;1-Cao alkoxy), I to 12 carbon atoms(i.e., C)-
C12 alkoxy), or 1 to 6 carbon atoms(i.e., C1-Ce alkoxy). Examples of suitable alkoxy groups
include, but are not limited to, methoxy (-O-CHs or -OMe), ethoxy (-OCH2CHj3 or -OEt), t-
butoxy (-O-C(CHz); or —OtBu) and the like.

[0015] “Haloalkyl” is an alkyl group, as defined above, in which one or more hydrogen atoms
of the alkyl group is replaced with a halogen atom. The alkyl portion of a haloalkyl group can
have 1 to 20 carbon atoms (i.e., Ci1-Cz0 haloalkyl), 1 to 12 carbon atoms(i.e., C1-Ci2 haloalkyl),
or 1 to 6 carbon atoms(i.e., C1-Cs alkyl). Examples of suitable haloalkyl groups include, but are
not limited to, -CF3, -CHF2, -CFHa, -CH2CF3, and the like.

[0016] “Alkenyl” is a hydrocarbon containing normal, secondary, tertiary or cyclic carbon
atoms with at least one site of unsaturation, i.e. a carbon-carbon, sp? double bond. For example,
an alkenyl group can have 2 to 20 carbon atoms (i.e., C2-Ca alkenyl), 2 to 8 carbon atoms (i.e.,
C1-Cs alkenyl), or 2 to 6 carbon atoms (i.e., C2-Cs alkenyl). Examples of suitable alkenyl groups
include, but are not limited to, ethylene or vinyl (-CH=CHy), allyl (-CH.CH=CHz),
cyclopentenyl (-CsHy7), and 5-hexenyl (-CH2CH2CH2CH2CH=CHb).

[0017] “Alkynyl” is a hydrocarbon containing normal, secondary, tertiary or cyclic carbon
atoms with at least one site of unsaturation, i.e. a carbon-carbon, sp triple bond. For example, an
alkynyl group can have 2 to 20 carbon atoms (i.e., C2-C2o alkynyl), 2 to 8 carbon atoms (i.e., Cz-
Cs alkyne,), or 2 to 6 carbon atoms (i.e., C2-Cs alkynyl). Examples of suitable alkynyl groups
include, but are not limited to, acetylenic (-C=CH), propargyl (-CH,C=CH), and the like.

[0018] “Alkylene” refers to a saturated, branched or straight chain or cyclic hydrocarbon
radical having two monovalent radical centers derived by the removal of two hydrogen atoms
from the same or two different carbon atoms of a parent alkane. For example, an alkylene group
can have | to 20 carbon atoms, 1 to 10 carbon atoms, or 1 to 6 carbon atoms. Typical alkylene

radicals include, but are not limited to, methylene (-CHz-), 1, 1-ethyl (-CH(CHz)-), 1,2-ethyl
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(-CH2CHy-), 1,1-propyl (-CH(CH2CHz3)-), 1,2-propy! (-CH>CH(CHs)-), 1,3-propy!
(-CH2CH2CH3-), 1,4-butyl (-CH2CH2CH2CHz-), and the like.

[0019] “Alkenylene” refers to an unsaturated, branched or straight chain or cyclic hydrocarbon
radical having two monovalent radical centers derived by the removal of two hydrogen atoms
from the same or two different carbon atoms of a parent alkene. For example, and alkenylene
group can have 1 to 20 carbon atoms, 1 to 10 carbon atoms, or 1 to 6 carbon atoms. Typical

alkenylene radicals inctude, but are not limited to, 1,2-ethylene (-CH=CH-).

[0020] “Alkynylene” refers to an unsaturated, branched or straight chain or cyclic
hydrocarbon radical having two monovalent radical centers derived by the removal of two
hydrogen atoms from the same or two different carbon atoms of a parent alkyne. For example,
an alkynylene group can have 1 to 20 carbon atoms, 1 to 10 carbon atoms, or 1 to 6 carbon
atoms. Typical alkynylene radicals include, but are not limited to, acetylene (-C=C-), propargyl

(-CH2C=C-), and 4-pentyny! (-CH,CH2CH,C=C-).

[0021] “Amino” refers generally to a nitrogen radical which can be considered a derivative of
ammonia, having the formula -N(X)2, where each “X” is independently H, substituted or
unsubstituted alkyi, substituted or unsubstituted carbocyclyl, substituted or unsubstituted
heterocyclyl, etc. The hybridization of the nitrogen is approximately sp®. Nonlimiting types of
amino include ~NH;, -N(alkyl), -NH(alkyl), -N(carbocyclyl),, -NH(carbocyclyl), -
N(heterocyclyl)a, -NH(heterocyclyl), -N(aryl)2, -NH(aryl), -N(alkyl)(ary}), -
N(alkyl)(heterocyclyl), -N(carbocyclyl)(heterocyclyl), -N(aryl)(heteroaryl), -
N(alkyl)(heteroaryl), etc. The term “alkylamino” refers to an amino group substituted with at
least one alkyl group. Nonlimiting examples of amino groups include —NHa, -NH(CH3), -
N(CHa)2, -NH(CH>CH3), - N(CH2CHa3)2, -NH(phenyl), -N(phenyl)z, -NH(benzyl), -N(benzyl)z,
etc. Substituted alkylamino refers generally to alkylamino groups, as defined above, in which at
least one substituted alkyl, as defined herein, ts attached to the amino nitrogen atom. Non-
limiting examples of substituted alkylamino includes -NH({alkylene-C(O)-OH), -NH(alkylene-
C(0)-0-alkyl), -N(alkylene-C(0)-OH), -N(alkylene-C(O)-O-alkyl)a, etc.

[0022] “Aryl” means an aromatic hydrocarbon radical derived by the removal of one hydrogen
atom from a single carbon atom of a parent aromatic ring system. For example, an aryl group

can have 6 to 20 carbon atoms, 6 to 14 carbon atoms, or 6 to 10 carbon atoms. Typical aryl

10
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groups include, but are not limited to, radicals derived from benzene (e.g., phenyl), substituted

benzene, naphthalene, anthracene, biphenyl, and the like.

[0023] “Arylalkyl” refers to an acyclic alkyl radical in which one of the hydrogen atoms
bonded to a carbon atom, typically a terminal or sp® carbon atom, is replaced with an aryl
radical. Typical arylalkyl groups include, but are not limited to, benzyl, 2-phenylethan-1-yl,
naphthylmethyl, 2-naphthylethan-1-yl, naphthobenzyl, 2-naphthophenylethan-1-yl and the like.
The arylalkyl group can comprise 7 to 20 carbon atoms, e.g., the alkyl moiety is 1 to 6 carbon

atoms and the aryl moiety is 6 to 14 carbon atoms.

[0024] “Arylalkenyl” refers to an acyclic alkenyl radical in which one of the hydrogen atoms
bonded to a carbon atom, typically a terminal or sp* carbon atom, but also an sp? carbon atom, is
replaced with an aryl radical. The ary] portion of the arylaikenyl can include, for example, any
of the aryl groups disclosed herein, and the alkenyl portion of the arylalkenyl can include, for
example, any of the alkenyl groups disclosed herein. The arylalkenyl group can comprise 8 to
20 carbon atoms, e.g., the alkenyl moiety is 2 to 6 carbon atoms and the aryl moiety is 6 to 14

carbon atoms.

[0025] “Arylalkynyl” refers to an acyclic alkynyl radical in which one of the hydrogen atoms
bonded to a carbon atom, typically a terminal or sp® carbon atom, but also an sp carbon atom, is
replaced with an aryl radical. The aryl portion of the arylalkynyl can include, for example, any
of the aryl groups disclosed herein, and the alkynyl portion of the arylalkyny! can include, for
example, any of the alkynyl groups disclosed herein. The arylalkynyl group can comprise 8 to
20 carbon atoms, e.g., the alkynyl moiety is 2 to 6 carbon atoms and the aryl moiety 1s 6 to 14

carbon atoms.

[0026] The term “substituted” in reference to alkyl, alkylene, aryl, arylalkyl, alkoxy,
heterocyclyl, heteroaryl, carbocyclyl, etc. , for example, “substituted alkyl”, “substituted
alkylene”, “substituted aryl”, “substituted arylalkyl”, “substituted heterocyclyl”, and
“substituted carbocyclyl” means alkyl, alkylene, aryl, arylalkyl, heterocyclyl, carbocyclyl
respectively, in which one or more hydrogen atoms are each independently replaced with a non-
hydrogen substituent. Typical substituents include, but are not limited to, -X, -R®, -O", =0,
-OR", -SR?, -§°, -NR%, -N*RP;, =NR®, -CX3, -CN, -OCN, -SCN, -N=C=0, -NCS, -NO, -NO,
=N, -N3, -NHC(=O)R®, -OC(=0)R®, -NHC(=0)NR®, -S(=0)2-, -S(=0)20H, -S(=0)%R",
-OS(=0),0R?, -§(=0);NR",, -S(=0)R?, -OP(=0)(OR>),, -P(=0)(ORP), -P(=0)(O')z,

11
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-P(=0)(OH),, -P(O)(OR®)(0"), -C(=0)R?, -C(=0)X, -C(S)R", -C(O)OR®, -C(0)O", -C(S)OR®,
-C(O)SRP, -C(S)SRP, -C(O)NR";, -C(S)NRP,, -C(=NR")NR",, where each X is independently a
halogen: F, Cl, Br, or I; and each R is independently H, alkyl, aryl, arylalky], a heterocycle, or a
protecting group or prodrug moiety. Alkylene, alkenylene, and alkynylene groups may also be
similarly substituted. Unless otherwise indicated, when the term "substituted" ts used in
conjunction with groups such as arylalkyl, which have two or more moieties capable of

substitution, the substituents can be attached to the aryl moiety, the alkyl moiety, or both.

{0027] The term “prodrug” as used herein refers to any compound that when administered to a
biological system generates the drug substance, 1.e., active ingredient, as a result of spontaneous
chemical reaction(s), enzyme catalyzed chemical reaction(s), photolysis, and/or metabolic
chemical reaction(s). A prodrug is thus a covalently modified analog or latent form of a

therapeutically active compound.

[0028] One skilled in the art will recognize that substituents and other moieties of the
compounds of Formula IV should be selected in order to provide a compound which is
sufficiently stable to provide a pharmaceutically useful compound which can be formulated into
an acceptably stable pharmaceutical composition. Compounds of Formula I'V which have such

stability are contemplated as falling within the scope of the present invention.

[0029] “Heteroalkyl” refers to an alkyl group where one or more carbon atoms have been
replaced with a heteroatom, such as, O, N, or S. For example, if the carbon atom of the alky!
group which is attached to the parent molecule is replaced with a heteroatom (e.g., O, N, or S)
the resulting heteroalkyl groups are, respectively, an alkoxy group (e.g., -OCHa, etc.), an amine
(e g., -NHCH3, -N(CHz),, etc.), or a thioalky! group (e.g., -SCHs). If a non-terminal carbon
atom of the alkyl group which is not attached to the parent molecule is replaced with a
heteroatom (e.g., O, N, or S) the resuiting heteroalkyl groups are, respectively, an alkyl ether
(e.g., -CH2CH;-O-CH3, etc.), an alkyl amine (e.g., -CH2NHCH3, -CH2N(CHa)z, etc.), or a
thioalky! ether (e.g.,-CH2-S-CHs). If a terminal carbon atom of the alkyl group is replaced with
a heteroatom (e g., O, N, or S), the resulting heteroalkyl groups are, respectively, a hydroxyalkyl
group (e.g., -CH2CH2-OH), an aminoalkyl group (e.g., ~CH2NHb), or an alky] thiol group (e.g.,
-CH2CH,-SH). A heteroalkyl group can have, for example, 1 to 20 carbon atoms, 1 to 10 carbon
atoms, or 1 to 6 carbon atoms. A C;-Cs heteroalkyl group means a heteroalkyl group having 1 to

6 carbon atoms.

12
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[0030] “Heterocycle” or “heterocyclyl” as used herein includes by way of example and not

limitation those heterocycles described in Paquette, Leo A_; Principles of Modern Heterocyclic

Chemistry (W.A. Benjamin, New York, 1968), particularly Chapters 1, 3, 4, 6, 7, and 9; The

Chemistry of Heterocyclic Compounds, A Series of Monographs” (John Wiley & Sons, New

York, 1950 to present), in particular Volumes 13, 14, 16, 19, and 28; and J. Am. Chem. Soc.
(1960) 82:5566. In one specific embodiment of the invention “heterocycle” includes a
“carbocycle” as defined herein, wherein one or more (e.g. 1, 2, 3, or 4) carbon atoms have been
replaced with a heteroatom (e.g. O, N, or S). The terms “heterocycle” or “heterocyclyl” includes
saturated rings, partially unsaturated rings, and aromatic rings (/.e., heteroaromatic rings).
Substituted heterocyclyls include, for example, heterocyclic rings substituted with any of the
substituents disclosed herein including carbonyl groups. A non-limiting example of a carbonyl

substituted heterocyclyl is:

N NH

=
O

|0031] Examples of heterocycles include by way of example and not limitation pyridyl,
dihydroypyridyl, tetrahydropyridyl (piperidyl), thiazolyl, tetrahydrothiophenyl, sulfur oxidized
tetrahydrothiophenyl, pyrimidinyl, furanyl, thienyl, pyrrolyl, pyrazolyl, imidazolyl, tetrazolyl,
benzofuranyl, thianaphthalenyl, indolyl, indolenyl, quinolinyl, 1soquinolinyl, benzimidazolyl,
piperidinyl, 4-piperidonyl, pyrrolidinyl, 2-pyrrolidonyl, pyrrolinyl, tetrahydrofuranyl,
tetrahydroquinolinyl, tetrahydroisoquinolinyl, decahydroquinolinyl, octahydroisoquinolinyl,
azocinyl, triazinyl, 6H-1,2 5-thiadiazinyl, 2H,6H-1,5,2-dithiazinyl, thienyl, thianthreny},
pyranyl, isobenzofuranyl, chromenyl, xanthenyl, phenoxathinyl, 2H-pyrrolyl, isothiazolyl,
isoxazolyl, pyrazinyl, pyridazinyl, indolizinyl, isoindolyl, 3H-indolyl, 1H~indazoly, purinyl, 4H-
quinolizinyl, phthalazinyl, naphthyridinyl, quinoxalinyl, quinazolinyl, cinnolinyl, pteridinyl,
4aH-carbazolyl, carbazolyl, B-carbolinyl, phenanthrtdinyl, acridinyl, pyrimidinyl,
phenanthrolinyl, phenazinyl, phenothiazinyl, furazanyl, phenoxazinyl, isochromanyl, chromanyl,
imidazolidinyl, imidazolinyl, pyrazolidinyl, pyrazolinyl, piperazinyl, indolinyi, isoindolinyl,
quinuclidinyl, morpholinyl, oxazolidinyl, benzotriazolyl, benzisoxazolyl, oxindolyl,

benzoxazolinyl, isatinoyl, and bis-tetrahydrofuranyl:
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L]

[0032] By way of example and not limitation, carbon bonded heterocycles are bonded at

W

O“l'l;

position 2, 3, 4, 5, or 6 of a pyridine, position 3, 4, 5, or 6 of a pyridazine, position 2, 4, 5, or 6
of a pyrimidine, position 2, 3, 5, or 6 of a pyrazine, position 2, 3, 4, or 5 of a furan,
tetrahydrofuran, thiofuran, thiophene, pyrrole or tetrahydropyrrole, position 2, 4, or 5 of an
oxazole, imidazole or thiazole, position 3, 4, or 5 of an isoxazole, pyrazole, or 1sothiazole,
position 2 or 3 of an aziridine, position 2, 3, or 4 of an azetidine, position 2, 3,4, 5, 6, 7, or 8 of
a quinoline or posttion 1, 3, 4, S5, 6, 7, or 8 of an isoquinoline. Still more typically, carbon
bonded heterocycles include 2-pyridyi, 3-pyridyl, 4-pyridyl, 5-pyridyl, 6-pyridyl, 3-pyridazinyl,
4-pyridazinyl, 5-pyridazinyl, 6-pyridazinyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl, 6-
pyrimidiny}, 2-pyrazinyl, 3-pyrazinyl, S-pyrazinyl, 6-pyrazinyl, 2-thiazolyi, 4-thiazolyl, or 5-
thiazolyl.

[0033] By way of example and not limitation, nitrogen bonded heterocycles are bonded at
position 1 of an aziridine, azetidine, pyrrole, pyrrolidine, 2-pyrroline, 3-pyrroline, imidazole,
imidazolidine, 2-imidazoline, 3-imidazoline, pyrazole, pyrazoline, 2-pyrazoline, 3-pyrazoline,
piperidine, piperazine, indole, indoline, 1H-indazole, position 2 of a isoindole, or isoindoline,
position 4 of a morpholine, and position 9 of a carbazole, or B-carboline. Still more typtcally,
nitrogen bonded heterocycles include 1-aziridyl, 1-azetedyl, 1-pyrrolyl, 1-imidazolyl, 1-

pyrazolyl, and 1-piperidinyl.

[0034] “Heterocyclylalkyl” refers to an acyclic alkyl radical in which one of the hydrogen
atoms bonded to a carbon atom, typically a terminal or sp® carbon atom, is replaced with a
heterocyclyl radical (i.e., a heterocyclyl-alkylene- motety). Typical heterocyclyl alkyl groups
include, but are not limited to heterocyclyl-CHz-, 2-(heterocyclyl)ethan-1-yl, and the like,
wherein the “heterocyclyl” portion includes any of the heterocyclyl groups described above,

including those described in Principles of Modern Heterocyclic Chemistry. One skilled in the

art will also understand that the heterocyclyl group can be attached to the alkyl portion of the
heterocyclyl alkyl by means of a carbon-carbon bond or a carbon-heteroatom bond, with the
proviso that the resulting group is chemically stable. The heterocyclyl alkyl group comprises 3
to 20 carbon atoms, e.g., the alkyl portion of the arylalkyl group is 1 to 6 carbon atoms and the

heterocyclyl moiety is 2 to 14 carbon atoms. Examples of heterocyclylalkyls include by way of
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example and not limitation 5-membered sulfur, oxygen, and/or nitrogen containing heterocycles
such as thiazolylmethyl, 2-thiazolylethan-1-yl, imidazolylmethyl, oxazolylmethyl,
thiadiazolylmethyl, etc., 6-membered sulfur, oxygen, and/or nitrogen containing heterocycles
such as piperidinylmethyl, piperazinylmethy!, morpholinylmethyl, pyridinylmethyl,
pyridizylmethyl, pyrimidylmethyl, pyrazinylmethyl, etc.

[0035] “Heterocyclylalkenyl” refers to an acyclic alkenyl radical in which one of the hydrogen
atoms bonded to a carbon atom, typically a terminal or sp® carbon atom, but also a sp* carbon
atom, is replaced with a heterocyclyl radical (i.e., a heterocyclyl-alkenylene- moiety). The
heterocyclyl portion of the heterocyclyl alkenyl group includes any of the heterocyclyl groups

described herein, including those described in_Principles of Modern Heterocyclic Chemistry, and

the alkenyl portion of the heterocyclyl alkenyl group includes any of the alkenyl groups
disclosed herein. One skilled in the art will also understand that the heterocyclyl group can be
attached to the alkenyl portion of the heterocyclyl alkenyl by means of a carbon-carbon bond or
a carbon-heteroatom bond, with the proviso that the resulting group is chemically stable. The
heterocyclyl alkenyl group comprises 4 to 20 carbon atoms, e.g., the alkenyl portion of the
heterocyclyl alkenyl group is 2 to 6 carbon atoms and the heterocyclyl moiety 1s 2 to 14 carbon

atoms.

[0036] “Heterocyclylaikynyl” refers to an acyclic alkynyl radical in which one of the
hydrogen atoms bonded to a carbon atom, typically a terminal or sp* carbon atom, but also an sp
carbon atom, is replaced with a heterocyclyl radical (i.e., a heterocyclyl-alkynylene- moiety).

The heterocyclyl portion of the heterocyclyl alkynyl group includes any of the heterocyclyl

groups described herein, including those described in Principles of Modern Heterocyclic
Chemistry, and the alkynyl portion of the heterocyclyl alkynyl group includes any of the alkynyl
groups disciosed herein. One skilled in the art will also understand that the heterocyclyl group
can be attached to the alkynyl portion of the heterocyclyl alkynyl by means of a carbon-carbon
bond or a carbon-heteroatom bond, with the proviso that the resulting group 1s chemically stable.
The heterocyclyl alkynyl group comprises 4 to 20 carbon atoms, e.g., the alkyny] portion of the
heterocyclyl alkynyl group is 2 to 6 carbon atoms and the heterocyclyl moiety is 2 to 14 carbon

atoms.

[0037] “Heteroaryl” refers to an aromatic heterocyclyl having at least one heteroatom in the
ring. Non-limiting examples of suitable heteroatoms which can be included in the aromatic ring

include oxygen, sulfur, and nitrogen. Non-limiting examples of heteroaryl rings include all of
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those aromatic rings listed in the definition of “heterocyclyl”, including pyridinyl, pysrolyl,
oxazolyl, indolyl, isoindolyl, purinyl, furanyl, thienyl, benzofuranyl, benzothiophenyl,
carbazolyl, imidazolyl, thiazolyl, isoxazolyl, pyrazolyl, isothiazolyl, quinelyl, isoquinolyl,

pyridazyl, pyrimidyl, pyrazyl, etc.

[0038] “Carbocycle” or “carbocyclyl” refers to a saturated (i.e., cycloalkyl), partially
unsaturated (e.g., cycloalkenyl, cycloalkadienyl, etc.) or aromatic ring having 3 to 7 carbon
atoms as a monocycle, 7 to 12 carbon atoms as a bicycle, and up to about 20 carbon atoms as a
polycycle. Monocyclic carbocycles have 3 to 7 ring atoms, still more typically 5 or 6 ring
atoms. Bicyclic carbocycles have 7 to 12 ring atoms, e.g., arranged as a bicyclo [4,5], [5,5],
[5,6] or [6,6] system, or 9 or 10 ring atoms arranged as a bicyclo [5,6] or [6,6] system, or spiro-
fused rings. Non-limiting examples of monocyclic carbocycles include cyclopropyl, cyclobutyl,
cyclopentyl, t-cyclopent-1-enyl, 1-cyclopent-2-enyl, 1-cyclopent-3-enyl, cyclohexyl, 1-
cyclohex-1-enyl, 1-cyclohex-2-enyl, 1-cyclohex-3-enyl, and phenyl. Non-limiting examples of

bicyclo carbocycles includes naphthyl, tetrahydronaphthalene, and decaline.

[0039} “Carbocyclylalkyl” refers to an acyclic alkyl radical in which one of the hydrogen
atoms bonded to a carbon atom is replaced with a carbocyclyl radical as described herein.
Typical, but non-limiting, examples of carbocyclylalkyl groups include cyclopropylmethyl,

cyclopropylethyl, cyclobutylmethyl, cyclopentylmethyl and cyclohexylmethyl.

[0040] “Arylheteroalkyl” refers to a heteroalkyl as defined herein, in which a hydrogen atom
(which may be attached either to a carbon atom or a heteroatom) has been replaced with an aryl
group as defined herein. The aryl groups may be bonded to a carbon atom of the heteroalkyl
group, or to a heteroatom of the heteroalkyl group, provided that the resulting arytheteroalkyl
group provides a chemically stable moiety. For example, an arylheteroalkyl group can have the
general formulae -alkylene-O-aryl, -alkylene-O-alkylene-aryl, -atkylene-NH-aryl,
-alkylene-NH-alkylene-aryl, -alkylene-S-aryl, -alkylene-S-alkylene-aryl, etc. In addition, any of
the alkylene moieties in the general formulae above can be further substituted with any of the

substituents defined or exemplified herein.

{0041] “Heteroarylalkyl” refers to an alkyl group, as defined herein, in which a hydrogen atom
has been replaced with a heteroaryl group as defined herein. Non-limiting examples of
heteroary! alkyl include -CHz-pyridinyl, -CHa-pyrrolyl, -CHz-oxazolyl, -CHz-indolyl,
-CH;-isoindolyl, -CHz-purinyl, -CHz-furanyl, ~-CH»-thienyl, -CHz-benzotfuranyl,
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-CHz-benzothiophenyl, -CHa-carbazolyl, -CHz-imidazolyl, -CH,-thiazolyl, -CHz-isoxazolyl,
-CHa-pyrazolyl, -CHz-isothiazolyl, -CHa-quinolyl, -CHz-isoquinolyl, -CH:-pyridazyl,
-CH»-pyrimidyl, -CHa-pyrazyl, -CH(CHs)-pyridinyl, -CH(CH3)-pyrrolyl, -CH(CH3)-oxazolyl,
-CH(CHz3)-indolyl, ~CH(CHj3)-isoindolyl, -CH(CHs)-purinyl, -CH(CHa)-furanyl,
-CH(CH3)-thienyl, -CH(CHz)-benzofuranyl, -CH(CH3)-benzothiophenyl, -CH(CHs)-carbazolyl,
-CH(CHs)-imidazolyl, -CH(CHzs)-thiazolyl, -CH(CH3)-1soxazolyl, -CH(CHz3)-pyrazolyl,
-CH(CHjs)-isothiazolyt, ~CH(CHs)-quinolyl, -CH(CHa)-isoquinolyl, -CH(CH3)-pyridazyi,
-CH(CHa)-pyrimidyl, -CH(CHas)-pyrazyl, etc.

[0042] The term “optionally substituted” in reference to a particular moiety of the compound
of Formula IV (e.g., an optionally substituted aryl group) refers to a moiety wherein all
substituents are hydrogen or wherein one or more of the hydrogens of the moiety may be

replaced by substituents such as those listed under the definition of “substituted”.

[0043] The term “optionally replaced” in reference to a particular moiety of the compound of
Formula IV (e.g, the carbon atoms of said (C,-Cs)alkyl may be optionally replaced by -O-, -S-,
or —NR*-) means that one or more of the methylene groups of the (C:-Csg)alkyl may be replaced

by 0, 1, 2, or more of the groups specified (e.g., —O-, -S-, or -NR®-).

[0044]) The term “non-terminal carbon atom(s)” in reference to an alkyl, alkenyl, alkynyl,
alkylene, alkenylene, or alkynylene moiety refers to the carbon atoms in the moiety that
intervene between the first carbon atom of the moiety and the last carbon atom in the motety.
Therefore, by way of example and not limitation, in the alkyl moiety ~-CHa(C")H2(C")H2CHs or
alkylene moiety -CHx(C")H2(C"YH2CHz- the C* atoms would be considered to be the non-

terminal carbon atoms.

[0045] Certain Q and Q! alternatives are nitrogen oxides such as “N(O)(R) or "N(O)(OR).
These nitrogen oxides, as shown here attached to a carbon atom, can also be represented by

charge separated groups such as

@ 0]

| |

N* N
= \Ror/ \OR,

respectively, and are intended to be equivalent to the aforementioned representations for the

purposes of describing this invention.
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[0046] "Linker" or “link” means a chemical moiety comprising a covalent bond or a chain of
atoms. Linkers include repeating units of alkyloxy (e.g. polyethyleneoxy, PEG,
polymethyleneoxy) and alkylamino (e.g. polyethyleneamino, Jeffamine™); and diacid ester and

amides including succinate, succinamide, diglycolate, malonate, and caproamide.

[0047] The terms such as “oxygen-linked”, “nitrogen-linked”, “carbon-linked”, “sulfur-
linked”, or “phosphorous-linked” mean that if a bond between two moieties can be formed by
using more than one type of atom in a moiety, then the bond formed between the moieties is
through the atom specified. For example, a nitrogen-linked amino acid would be bonded
through a nitrogen atom of the amino acid rather than through an oxygen or carbon atom of the

amino acid.

[0048] In some embodiments of the compounds of Formula IV, one or more of Z! or Z? are
independently a radical of a nitrogen-linked naturally occurring a-amino acid ester. Examples
of naturally occurring amino acids include isoleucine, leucine, lysine, methionine,
phenylalanine, threonine, tryptophan, valine, alanine, asparagine, aspartic acid, cysteine,
glutamic acid, glutamine, glycine, proline, selenocysteine, serine, tyrosine, arginine, histidine,
ornithine and taurine. The esters of these amino acids comprise any of those described for the

substituent R, particularly those in which R is optionally substituted (Ci-Cg)alkyl.

[0049] The term “purine” or “pyrimidine” base comprises, but is not limited to, adenine, N°-
alkylpurines, N®-acylpurines (wherein acyl is C(O)(alkyl, aryl, alkylaryl, or arylalkyl), N°-
benzylpurine, N°-halopurine, N®-vinylpurine, N®-acetylenic purine, N°-acyl purine, N°-
hydroxyalkyl purine, N°-allylaminopurine, N°-thioallyl purine, N?-alkylpurines, N*-alkyl-6-
thiopurines, thymine, cytosine, 5-fluorocytosine, S-methylcytosine, 6-azapyrimidine, including
6-azacytosine, 2- and/or 4-mercaptopyrmidine, uracil, S-halouracil, including 5-fluorouracil, C*-
alkylpyrimidines, C’-benzylpyrimidines, C*-halopyrimidines, C-vinylpyrimidine, C-acetylenic
pyrimidine, C*-acyl pyrimidine, C’-hydroxyalkyl purine, C*-amidopyrimidine, C>-
cyanopyrimidine, C3-5-iodopyrimidine, Cé-iodo-pyrimidine, C>-Br-vinyl pyrimidine, C®-Br-
vinyl pyrimidine, C*-nitropyrimidine, C’-amino-pyrimidine, N2-alkylpurines, N*-alky!-6-
thiopurines, S-azacytidinyl, S-azauracilyl, triazolopyridinyl, imidazolopyridinyl,
pyrrolopyrimidinyl, and pyrazolopyrimidinyl. Purine bases include, but are not limited to,
guanine, adenine, hypoxanthine, 2,6-diaminopurine, and 6-chloropurine. The purine and
pyrimidine bases are linked to the ribose sugar, or analog thereof, through a nitrogen atom of the

base. Functional oxygen and nitrogen groups on the base can be protected as necessary or
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desired. Suitable protecting groups are well known to those skilled in the art, and include
trimethylsilyl, dimethylhexylsilyl, t-butyldimethylsilyl, and t-butyldiphenylsilyl, trityl, alkyl

groups, and acyl groups such as acetyl and propionyl, methanesulfonyl, and p-toluenesulfonyl.

[0050] Unless otherwise specified, the carbon atoms of the compounds of Formula IV are
intended to have a valence of four. In some chemical structure representations where carbon
atoms do not have a sufficient number of variables attached to produce a valence of four, the
remaining carbon substituents needed to provide a valence of four should be assumed to be

hydrogen. For example,

has the same meaning as

[0051] “Protecting group” refers to a moiety of a compound that masks or alters the properties
of a functional group or the properties of the compound as a whole. The chemical substructure
of a protecting group varies widely. One function of a protecting group is to serve as an
intermediate in the synthesis of the parental drug substance. Chemical protecting groups and
strategies for protection/deprotection are well known in the art. See: "Protective Groups in
Organic Chemistry”, Theodora W. Greene (John Wiley & Sons, Inc., New York, 1991. See also
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Protective Groups in Organic Chemistry, Peter G. M. Wuts and Theodora W. Greene, 4th Ed,,
2006. Protecting groups are often utilized to mask the reactivity of certain functional groups, to
assist in the efficiency of desired chemical reactions, e.g. making and breaking chemical bonds
in an ordered and planned fashion Protection of functional groups of a compound alters other
physical properties besides the reactivity of the protected functional group, such as the polarity,
lipophilicity (hydrophobicity), and other properties which can be measured by common
analytical tools. Chemically protected intermediates may themselves be biologically active or
inactive. “Hydroxy protecting groups” refers to those protecting groups useful for protecting

hydroxy groups (-OH).

[0052] Protected compounds may also exhibit altered, and in some cases, optimized properties
in vitro and in vivo, such as passage through cellular membranes and resistance to enzymatic
degradation or sequestration. In this role, protected compounds with intended therapeutic effects
may be referred to as prodrugs. Another function of a protecting group is to convert the parental
drug into a prodrug, whereby the parental drug is released upon conversion of the prodrug in
vivo. Because active prodrugs may be absorbed more effectively than the parental drug,
prodrugs may possess greater potency /i# vivo than the parental drug. Protecting groups are
removed either in vifro, in the instance of chemical intermediates, or i vivo, in the case of
prodrugs With chemical intermediates, it is not particularly important that the resulting
products after deprotection, e.g. alcohols, be physiologically acceptable, although in general it 1s

more desirable if the products are pharmacologically innocuous.

[0053] The term "chiral” refers to molecules which have the property of non-
superimposability of the mirror image partner, while the term "achiral” refers to molecules

which are superimposable on their mirror image partner.

[0054] The term "sterecisomers" refers to compounds which have identical chemical

constitution, but differ with regard to the arrangement of the atoms or groups in space.

[0055) "Diastereomer” refers to a stereoisomer with two or more centers of chirality and
whose molecules are not mirror images of one another. Diastereomers have different physical
properties, e g. melting points, boiling points, spectral properties, reactivities and biological
properties. For example, the compounds of Formula IV may have a chiral phosphorus atom

when R is
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and Z! and Z? are different. When at least one of either Z! or Z? also has a chiral center, for
example with Z! or Z? is a nitrogen-linked, chiral, naturally occurring a-amino acid ester, then
the compound of Formula IV will exists as diastereomers because there are two centers of
chirality in the molecule. All such diastereomers and their uses described herein are
encompassed by the instant invention. Mixtures of diastereomers may be separate under high
resolution analytical procedures such as electrophoresis, crystallization and/or chromatography.
Diastereomers may have different physical attributes such as, but not limited to, solubility,
chemical stabilities and crystallinity and may also have different biological properties such as,

but not limited to, enzymatic stability, absorption and metabolic stabulity.

[0056] “Enantiomers" refer to two stereoisomers of a compound which are non-

superimposable mirror images of one another.

[0057] The modifier "about” used in connection with a quantity is inclusive of the stated value
and has the meaning dictated by the context (e.g., includes the degree of error associated with

measurement of the particular quantity).

[0058] The term “treating”, as used herein, unless otherwise indicated, means reversing,
alleviating, inhibiting the progress of, or preventing the disorder or condition to which such term
applies, or one or more symptoms of such disorder or condition. The term “treatment”, as used

herein, refers to the act of treating, as “treating” is defined immediately above.

{0059] The term “therapeutically effective amount”, as used herein, is the amount of
compound of Formula IV present in a composition described herein that is needed to provide a
desired level of drug in the secretions and tissues of the airways and lungs, or alternatively, in
the bloodstream of a subject to be treated to give an anticipated physiological response or
desired biological effect when such a composition is administered by the chosen route of
admintistration. The precise amount will depend upon numerous factors, for example the
particular compound of Formula IV, the specific activity of the composition, the delivery device

employed, the physical characteristics of the composition, its intended use, as well as patient
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considerations such as severity of the disease state, patient cooperation, etc., and can readily be

determined by one skilled in the art based upon the information provided herein.
[0060] The term “normal saline” means a water solution containing 0.9% (w/v) NaCl.

[0061) The term “hypertonic saline” means a water solution containing greater than 0.9%

(w/v) NaCl. For example, 3% hypertonic saline would contain 3% (w/v) NaCl.

{0062] “Forming a reaction mixture” refers to the process of bringing into contact at least two
distinct species such that they mix together and can react. It should be appreciated, however, the
resulting reaction product can be produced directly from a reaction between the added reagents
or from an intermediate from one or more of the added reagents which can be produced in the

reaction mixture.

[0063] “Coupling agent” refers to an agent capabie of coupling two disparate compounds.
Coupling agents can be catalytic or stoichiometric. For example, the coupling agents can be a
lithium based coupling agent or a magnesium based coupling agent such as a Grignard reagent.
Exemplary coupling agents include, but are not limited to, n-BuLi, MgCls, iPrMgCl, tBuMgCl,
PhMgCl or combinations thereof.

[0064] “Silane” refers to a silicon containing group having the formula SiR4, where each R
group can be alkyl, atkenyl, cycloalkyl, phenyl, or other silicon containing groups. When the
sifane is linked to another compound, the silane is referred to as a “silyl” and has the formula

-SiRs.

[0065] “Halo-silane” refers to a silane having at least one halogen group linked to the silicon
atom. Representative halo-silanes have the formula Halo-SiR3, where each R group can be
alkyl, alkenyl, cycloalkyl, phenyl, or other silicon containing groups. Specific halo-silanes
include Cl-Si(CHz)3, and CI-Si(CH3)2CH2CH:Si(CHs)2-Cl.

[0066] “Non-nucleophilic base” refers to an electron donor, a Lewis base, such as nitrogen
bases including triethylamine, diisopropylethyl amine, N,N-diethylaniline, pyridine, 2,6-lutidine,

2,4,6-collidine, 4-dimethylaminopyridine, and quinuciidine.

[0067] “Leaving group” refers to groups that maintain the bonding electron pair during
heterolytic bond cleavage. For example, a leaving group is readily displaced during a

nucleophilic displacement reaction. Suitable leaving groups include, but are not limited to,
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chloride, bromide, mesylate, tosylate, triflate, 4-nitrobenzenesulfonate,
4-chlorobenzenesulfonate, 4-nitrophenoxy, pentafluorophenoxy, etc. One of skill in the art will

recognize other leaving groups useful in the present invention.

[0068] “Deprotection agent” refers to any agent capable of removing a protecting group. The
deprotection agent will depend on the type of protecting group used. Representative
deprotection agents are known in the art and can be found in Profective Groups in Organic

Chemistry, Peter G. M. Wuts and Theodora W. Greene, 4th Ed., 2006.
II. COMPOUNDS OF THE PRESENT INVENTION

[0069] Reference will now be made in detail to certain embodiments of the invention,
examples of which are illustrated in the accompanying description, structures and formulas.
While the invention will be described in conjunction with the enumerated embodiments, it will
be understood that they are not intended to limit the invention to those embodiments. On the
contrary, the invention is intended to cover all alternatives, modifications, and equivalents,

which may be included within the scope of the present invention.

[0070] Provided, is a method for treating a Filoviridae infection in a human in need thereof

comprising administering a therapeutically effective amount of a compound of Formula I

R3 ‘;2

Formula I
or a pharmaceutically acceptable salt, hydrate or ester, thereof;
wherein:

each R' is H or halogen;
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each R2, R3, R* or R? is independently H, OR? N(R%)2, N3, CN, NOz, S(O).R?, halogen,
(C1—Cs)alkyl, (C4—Cs)carbocyclylalkyl, (C1—-Cg)substituted alkyl, (Co—Cs)alkenyl,
(C2~Cs)substituted alkenyl, (C2—Cg)alkynyl or (C2-Cs)substituted alkynyl;
wherein
each R is independently H, (C1-Cs)alkyl, (C2-Cs)alkenyl, (C»-Cs)alkynyl,
aryl(C;-Cg)alkyl, (Cs—Cs)carbocyclylalkyl, -C(=O)R, -C(=0)OR, -
C(=0)NR3, -C(=0)SR, -S(O)R, -S(O):R, -S(O)OR), -S(0)2(OR), or
—SO:NRz;

each R is independently H, (C1-Cs) alkyl, (C;-Cs) substituted alkyl, (C»-
Cs)alkenyl, (C2-Cg) substituted atkenyl, (C2-Cs) alkynyl, (C2-Cs)
substituted alkynyl, C¢—Cao aryl, Cs—Cao substituted aryl, C2—Czo
heterocyclyl, C2—Cao substituted heterocyclyl, arylalkyl or substituted
arylalkyl;

or any two R%, R®, R* or R’ on adjacent carbon atoms when taken together are -O(CO)O-
or when taken together with the ring carbon atoms to which they are attached
form a double bond,

R® is OR?, N(R%)q, N3, CN, NO,, S(O)R?, -C(=0)R"!, -C(=0)OR'!, -C(=0)NR''R*?, -
C(=0)SR'!, -S(O)R!!, -S(O)R'!, -S(O)(OR™M), -S(0)(OR'), —-SONR''R'?,
halogen, (C1—Cs)alkyl, (C4—Cs)carbocyclylalkyl, (Ci—Cs)substituted alkyl,
(C2—Cs)alkenyl, (C,—Cs)substituted alkenyl, (C2—Csg)alkynyl, (C2—Cs)substituted
alkynyl, or aryl(C,-Cs)alkyl;

wherein
each R!! or R!? is independently H, (C1-Cs)alkyl, (C2-Cs)alkenyi, (C2-Cs)alkynyl,

(Ca—Cg)carbocyclylalkyl, optionally substituted aryl, optionally
substituted heteroaryl, -C(=0)(C,-Cs)alkyl, -S(0)a(C1-Cg)alkyl or aryl(Ci-
Cg)alkyl; or R'! and R'? taken together with a nitrogen to which they are
both attached form a 3 to 7 membered heterocyclic ring wherein any one
carbon atom of said heterocyclic ring can optionally be replaced with -O-,
-S- or -NR*-;

each n is independently 0, 1, or 2;

R’ is selected from a group consisting of

a) H, -C(=0)R, -C(=0)OR !}, -C(=0)NR!'R'?, -C(=0)SR!!, -S(O)R!!, -S(ORR'", -
S(OXOR!), -S(0)(OR™'), or —~SONR''R"%,
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wherein each (C1-Cg)alkyl, (C2-Cs)alkenyl, (C2-Cg)alkynyl or aryl(C1-Cs)alkyl of
each R!! or R'? is, independently, optionally substituted with one or more
halo, hydroxy, CN, N3, N(R*); or OR? and wherein one or more of the
non-terminal carbon atoms of each said (C;-Cg)alkyl may be optionally
replaced with -O-, -S- or -NR?-, and

b)
O O
o} O
Il i o Il i o
HO—P——9— Ho—b Il - Il
/ /\ AP~ HOT o//\ e
HO o™ | HO o™ |
’ HO  Ho ’ HO  ho ,
c) a group selected from:
R, O ¢ s
_p RN .,
et | 0 b O
. ,.N\ Re‘l 'L ’,f\o
R Rd Rez \Rd and o) T
yd !
Y 0 (CHy)y (CHo)y
/ 4 S
f S
RS RS
wherein:
R¢ is selected from phenyl, 1-naphthyl, 2-naphthyl,
N
g I X X g k X Y
aC N .
and ;
R%is H or CHzs;
R?! and R*2 are each independently H, Ci-Ce alky! or benzyl;
R'is selected from H, C1-Cs alkyl, benzyl, C3-Cs cycloalkyl, and -CH,-C3-Cs
cycloalkyl,
R2 is selected from C-Cg alkyl, -O-Ci-Cs alkyl, benzyl, -O-benzyl, -CHz-C3-Cs
cycloalkyl, -O-CHz-C3-Cs cycloalkyl, and CFs; and
n’ is selected from 1, 2, 3, and 4; and
d) a group of the formula:
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wherein
Qis O, S, NR, "N(O)R), N(OR), "N(O)YOR), or N-NRy;
Z' and Z2, when taken together, are —Q'(C(RY)2):Q'-;
wherein
each Q! is independently O, S, or NR; and
each RY is independently H, F, Cl, Br, I, OH, R, -C(=Q%R, -C(=Q*)OR, -
C(=Q*)N(R)z, -N(R)2, -"N(R)s, -SR, -S(O)R, -S(O):R, -S(O)OR), -
S{0)(0R), -OC(=Q"R, -OC(=Q})OR, -OC(=Q*)}(N(R)2), -SC(=Q*)R, -
SC(=Q")OR, -SC(=Q})(N(R)2), -N(R)C(=Q*)R, -N(R)C(=Q*)OR, -
N(R)C(=Q*N(R)z, ~SO:NR3z, ~CN, —N3, —-NO,, —~OR, or Z*; or when
taken together, two RY on the same carbon atom form a carbocyclic ring
of 3 to 7 carbon atoms;
each Q? is independently, O, S, NR, "N(O)(R), N(OR), "N(O)(OR), or N-NRy;or

Z! and Z? are each, independently, a group of the Formula Ia:

- . -
R*——Q3—P Q®
i T
RX )
M2
Formula la

wherein:
each Q* is independently a bond, O, CRz, NR, "N(O)(R), N(OR), 'N(O)(OR),
N-NRgy, S, S-S, S(0O), or S(O)z;
M2is0, 1 or2;

each R* is independently R or the formula:

26



20831

5 RY, RY 5
3 RY
Q3 Q3 Q
M12¢c
MAc M1d

M1a

wherein:
each M1a, Mlc, and M1d 1s independently O or I,
Ml2cis0,1,2,3,4,5,6,7,8,9,10, 11 or 12;
Z3is Z% or Z7;
Z*is R, -C(Q)R?, -C(QPZS, -SO,R?, or -50,Z7; and
Z’ is a carbocycle or a heterocycle wherein Z° is independently

substituted with O to 3 RY groups;

each R® is halogen, NR!'"R!2 N(R!HOR!!, NR'NR!'R'2 N3, NO, NO2, CHO, CN, -
CH(=NR!), -CH=NNHR!!, -CH=N(OR!), -CH(OR!!),, -C(=0)NR!'R!?,
-C(=S)NR''R'?, -C(=0)OR", (C1-Cs)alkyl, (C2-Cg)alkenyl, (C2-Cs)alkynyl,
(C4~Cs)carbocyclylalkyl, optionally substituted aryl, optionally substituted
heteroaryl, -C(=0)(Ci1-Cs)alkyl, -S(0)s(C1-Cs)alkyl, aryl(C:-Cg)alkyl, OR'! or
SR

each R? or R' is independently H, halogen, NR"'R'?, N(R')OR'!, NR'NR!'R'?, N3,
NO, NOz, CHO, CN, -CH(=NR!'"), -CH=NHNR'!, -<CH=N(OR!"), -CH(OR'"),,
_C(=0)NRVR 2, .C(=S)NR''R2 -C(=0)OR!!, R'}, OR" or SR'!; and

wherein each (C1-Cs)alkyl, (C2-Cg)alkenyl, (C2-Cg)alkynyl or aryl(C;-Csg)alkyl of each
R2, R* R’ or R® is, independently, optionally substituted with one or more halo,
hydroxy, CN, N3, N(R*)2 or OR?; and wherein one or more of the non-terminal

carbon atoms of each said (C)-Cg)alky]l may be optionally replaced with -O-, -S-
or —NR?*-.

[0071] In another embodiment, provided is a compound of Formula IV:
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Formula IV
or a pharmaceutically acceptable salt, hydrate or ester, thereof,

wherein R7 is as defined above for Formula I.

[0072] Provided, is a method for treating a Filoviridae infection in a human in need thereof

comprising administering a therapeutically effective amount of a compound of Formula IV:

Formula IV

or a pharmaceutically acceptable salt or ester, thereof;
wherein:

R’ is selected from the group of

a) H, -C(=O)R!, -C(=0)OR!, -C(=0)NR!''R!2 .C(=0)SR!!, -S(O)R'!, -S(O),R!! -
S(O)OR'), -S(O)(OR'"), or ~SO.NR'R'?,

wherein

each R'!' or R' is independently H, (Ci-Cs)alkyl, (C2-Cs)alkenyl, (C2-Cglalkynyl,
(C4—Cs)carbocyclylalkyl, optionally substituted aryl, optionally substituted
heteroaryl, -C(=0)(C1-Cs)alkyl, -S(O)(C;-Cs)alkyl or aryl(C;-Cs)alkyl; or R!!
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and R'? taken together with a nitrogen to which they are both attached form a 3 to
7 membered heterocyclic ring wherein any one carbon atom of said heterocyclic
ring can optionally be replaced with -O-, -S- or -NR?-;

each R* is independently H, (C1-Cg)alkyl, (C2-Cs)alkenyl, (Ca2-Cs)alkynyl, aryl(Ci-
Cg)alkyl, (Cs—Cs)carbocyclylalkyl, -C(=O)R, -C(=0)OR, -C(=O)NR;, -C(=O)SR,
-S(O)R, -S(0O)2R, -S(O)(OR), -S(0)2(OR), or —SO2NR3;

wherein each R is independently H, (C;-Cs) alkyl, (C:-Cs) substituted alkyl, (C»-
Cs)alkenyl, (C2-Cg) substituted alkenyl, (C2-Cs) alkynyl, (C2-Csg) substituted
alkynyl, C¢—C20 aryl, Ce—Cao substituted aryl, C2—Czo heterocyclyl, C2—Cao
substituted heterocyclyl, arylalkyl or substituted arylalkyl; and

wherein each (C1-Cs)alkyl, (C2-Cg)alkenyl, (C2-Cs)alkynyl or aryl(C;-Cs)alkyl of each
R!! or R'? is, independently, optionally substituted with one or more halo,
hydroxy, CN, N3, N(R*); or OR?; and wherein one or more of the non-terminal

carbon atoms of each said (Ci-Cg)alkyl may be optionally replaced with -O-, -S-

or —NR?-, and
b)
O O
o o © o)
od— o d B AT
| i R i
He ’ HO  Ho ’ O O o
c) a group selected from:
RS 0O c S
\ il E R | m%‘l
OF'_'P—’—g_ \O___ _% O\\ // -

‘pd < an 0O ?
R Rd /

wherein:

R¢ is selected from phenyl, 1-naphthyl, 2-naphthyl,
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R¢is H or CH;3;

R®is H or C,-Cs alkyl;

R'is selected from H, C1-Cs alkyl, benzyl, C3-Cs cycloalkyl, and -CH2-C3-Cs
cycloalkyl;

R is selected from C1-Cg alkyl, -0O-C;-Cs alkyl, benzyl, -O-benzyl, ~-CH2-C3-Ce
cycloalkyl, -O-CH3-C3-Cs cycloalkyl, and CF3; and

n’ is selected from 1, 2, 3, and 4; and

d) a group of the formula:

wherein
Qis O, S, NR, "N(O)R), N(OR), "N(OXOR), or N-NR3;
Z' and Z?, when taken together, are ~Q!(C(RY),):Q"-;
wherein
each Q! is independently O, S, or NR; and
each RY is independently H, F, CI, Br, I, OH, R, -C(=Q?*R, -C(=Q?OR, -
C(=Q)N(R)z, -N(R)z, -'N(R)s3, -8R, -S(O)R, -S(O):R, -S(O)OR), -
$(0)2(OR), -OC(=Q"R, -OC(=Q*)OR, -OC(=Q*)(N(R)2), -SC(=Q*)R, -
SC(=Q%OR, -SC(=Q*)(N(R)2), -N(R)C(=Q*)R, -N(R)C(=Q*)OR, -
N(R)C(=Q*N(R)2, —~SO:NR2, —-CN, ~N3, -NO;, ~OR, or Z3; or when
taken together, two RY on the same carbon atom form a carbocyclic ring
of 3 to 7 carbon atoms;
each Q% is independently, O, S, NR, *N(O)(R), N(OR), *N(O)OR), or N-NRz;or

Z' and Z? are each, independently, a group of the Formula Ia:

30



20831

-
Q? \
R Q3—!|=! Q*
L
||-\’x
M2
Formula la

wherein:
each Q° is independently a bond, O, CR,, NR, *"N(O)(R), N(OR), "N(O)(OR),
N-NRj3, S, S-§, S(0), or S(O)q;
M2is0, 1or2;

each R* is independently R” or the formuia:

Q® R\ R Q*
RV
%QIB Q3 QB
\ Mi2e\ . M1d
M1a

wherein:
each M1la, Mlc¢, and M1d is independently O or 1;
Ml2c¢is0,1,2,3,4,5,6,7,8,9,10, 11 or 12;
73 is Z% or Z;
Z*is R, -C(Q?)RY, -C(QH)Z?, -SO,RY, or -SO,Z°; and
Z° is a carbocycle or a heterocycle wherein Z° is independently

substituted with O to 3 RY groups.

[0073] Provided, is a method for treating a Filoviridae infection in a human in need thereof

comprising administering a therapeutically effective amount of a compound of Formula IV:
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Formula IV

or a pharmaceutically acceptable salt, hydrate or ester, thereof;
wherein,
R’ is selected from the group consisting of
a) H, -C(=0)R!, -C(=0)OR!!, -C(=O)NR''R'?, -C(=0)SR!!, -S(O)R"",
-S(0)R!", -S(O)OR!), -S(0)(OR!), or ~SONR!MR!?;

b)
O o Q o) o
Ho—i—- I Lo
HO , o ° [ > HO ph O
HO HO :
c) a group selected from:
R< 0 g S
[ R s "y
S e
Rl ’ el : P
N R / \O
Re2- \Rd ReZ%N\Rd and /O ;
\ , CH,
RY R9

wherein:

R¢ is selected from the group of phenyl, 1-naphthyl, 2-naphthyl,
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RY is selected from the group of H or CHs;

R®! and R*? are each independently selected from the group of H,
(C1—Ce)alkyl or benzyl,

R'is selected from the group of from H, (C1-Cs)alkyl, benzyl, (Cs-
Ce)cycloalkyl, and -CH,—(C3-Ce)cycloalkyl,

R& is selected from selected from the group of (C1—Cs)alkyl, -
0O—(C;—Cs)alkyl, benzyl, -O-benzyl, -
CH,—(C3—Cs)cycloalkyl, -O—CH2—(C3-Cs)cycloalkyl, and
CF3; and

n' is an integer selected from the group of 1, 2, 3, and 4; and

d) a group of the formula:

wherein:
Q is selected from the group of O, S, NR, "N(O)(R), N(OR),
“N(O)(OR), or N-NR;
Z' and Z?, when taken together, are -Q'(C(R¥)2):Q'-;
wherein
each Q! is independently selected from the group of O, S,
or NR; and
each RY is independently selected from the group of H, F,
Cl, Br, I, OH, R, -C(=Q?R, -C(=Q*OR, -
C(=Q’)N(R)z, -N(R)2, -'N(R)s, -SR, -S(O)R, -
S(O)R, -S(O)(OR), -S(0)(OR), -OC(=Q")R, -
OC(=Q"OR, -OC(=Q*)(N(R)), -SC(=Q*)R, -
SC(=QMOR, -SC(=QH(N(R)2), -N(R)C(=Q™)R, -
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N(R)C(=Q?)OR, -N(R)C(=Q*)N(R)2, -SO2NRz2,
-CN, -N3, -NO,, -OR, or Z3; or when taken
together, two RY on the same carbon atom form a
carbocyclic ring of 3 to 7 carbon atoms;

each Q? is independently, O, S, NR, 'N(O)R), N(OR),
"N(O)(OR), or N-NR;; or

7' and Z? are each, independently, a group of the Formula Ja:

— Q2 -
R QB T Q3
Q3
L
M2
Formula Ia

wherein:
each Q° is independently selected from the group of a
bond, O, CR2, NR, "N(O)(R), N(OR), "N(O)(OR),
N-NRy, S, S-S, S(O), or S(O)2;
M2 is an integer selected from the group of 0, 1 or 2;

each R* is independently RY or the formula:

Q RY, RY Q*
Yy
g Q3 Q® TR
M12c Ve M1d

M1a

wherein:

each Mla, Mlc, and M1d is an integer
independently selected from the group of 0

or 1;

>

M12c is an integer selected from the group of 0, 1,
2,3,4,56,7,8,9,10, 11 or 12;
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Z}isZ% or Z°;
7% is R, -C(QHRY, -C(QHZ3, -SO,RY, or -SO,Z°,
and
7% is a carbocycle or a heterocycle wherein Z° is
independently substituted with 0 to 3 R¥
groups;
each R or R is independently H, (C1—Cs)alkyl, (C—Csg)alkenyl, (C2—Cs)alkynyl,
(C4—Cs)carbocyclylalkyl, (Cs—Czo)optionally substituted aryl, optionally
substituted heteroaryl, ~-C(=0)(C;~Csg)alkyl, -S(O}(C1—Cs)alkyl or
(Ce—Ca0)aryl(C1-Cs)alkyl; or R" and R taken together with a nitrogen to which
they are both attached form a 3 to 7 membered heterocyclic ring wherein any one
carbon atom of said heterocyclic ring can optionally be replaced with -O-, -S- or
-NR®-;
each R? is independently selected from the group of H, (C1—Cs)alkyl, (Co—Cs)alkenyl,
(C2—Cs)alkynyl, (Cs—Cao)aryl(Ci1—Cs)alkyl, (Cs—~Cs)carbocyclylalkyl, -C(=O)R, -
C(=0)OR, -C(=0)NR2, -C(=0)SR, -S(O)R, -S(O):R, -S(O)(OR), -S(0)(OR), or
-SO:NR;; wherein
each R is independently selected from the group of H, (Ci1-Cs) alkyl, (C1-Cs)
substituted alkyl, (C2—Cs)alkenyl, (C2—Cs) substituted alkenyl, (C2—Cs) alkynyl,
(C2-Cs) substituted alkynyl, (Cs—Cau)aryl, (Cs—Cao)substituted aryl,
(C2—Cao)heterocyclyl, (C2—Cao)substituted heterocyclyl,
(Cs—C20)aryl(C1—Cy)alkyl or substituted (Cs—Cao)aryl(C1—Cs)alkyl;
each n is an integer independently selected from the group of 0, 1, or 2; and
wherein each (C:—Cg)alkyl, (C2—Cs)alkenyl, (C2—Cg)alkynyl or (Cs—Czo)aryl(C1-Cs)alkyi
of each R!" or R'? is, independently, optionally substituted with one or more
substituents selected from the group of halo, hydroxy, CN, Na, N(R*), or OR?,

and wherein one or more of the non-terminal carbon atoms of each said (C;-

Cs)alkyl may be optionally replaced with -O-, -S- or —-NR?-.

[0074] In another embodiment of a compound of Formula IV, R” can be H. In another
embodiment of a compound of Formula IV, R” is selected from the group of a), b), or ¢) as

defined for FormulaIV.
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[0075] In some embodiments, R®' and R*? can each independently be selected from the group
of H, Ci-Cs alkyl or benzyl. In some embodiments, R®! can be H, C1-Cs alkyl or benzyt, and
R can be H or Ci-Cs alkyl. In some embodiments, R®! and R*? can each independently be H or
C)-Ce alky). In some embodiments, R*! and R*> can each independently be H or benzyl. In
some embodiments, R¢! can be H, methyl or benzyl, and R*? can be H or methyl. In some
embodiments, R®! can be H or methyl, and R*? can be H or methyl. In some embodiments, R’
can be methyl, and R¥ can be H or methyl In some embodiments, R can be H or benzyl, and

R®? can be H or methyl.

[0076] In another embodiment of a compound of Formula IV, R is

O CH; o\\ _O CHs
%E// \N f ?{//P\N CH3 f
H OR H OR
O or 0O

wherein Rl is selected from the group of H, C1-Cg alkyl, benzyl, C3-Cs cycloalkyl, and -CHz-Cs-

Cs cycloalkyl. In another embodiment of a compound of Formula IV, Rf is C1~Cg alkyl.

[0077] In another embodiment of a compound of Formula IV, R7 is

O O
O @]
Il I Q i I Q
/ /\O/P“" - HO I\O//\O/p_ -
HO : o [ . HO  d /
HO HO ,
Q
R S\/\O—I? % 9 o
O ~0 OO_"?—E OO—P—E
S Rf f l
,& \O)KrNH R\O)J><NH
R o , or
wherein

Rfis selected from the group of H, C,-Cs alky!, benzyl, C3-Cs cycloalkyl, and —CH;-Ca-
Cs cycloalkyl; and
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RE is selected from the group of Ci-Cs alkyi, -O-Ci-Cs alkyl, benzyl, ~-O-benzyl, -CHz-
C3-Cs cycloalkyl, -O-CH»-Cs-Cs cycloalkyl, and CFs.

[0078] In another embodiment of a compound of Formula IV, R7 is

wherein Rf is selected from the group of H, C1-Cs alkyl, benzyl, C3-Cs cycloalkyl, and ~CH2-Cs-
Cs cycloalkyl. In another embodiment of a compound of Formula IV, Rfis C;-Cs alkyl. TIn

another embodiment of a compound of Formula IV, Rf is C;-Cs alkyl.
[(0079] In another embodiment of a compound of Formula IV, R7is:

o
RI. _S B
NS0k s

o @)
S/\/

R |
wherein R8 is selected from the group of Ci-Cs alkyl, -O-C1-Cs alkyl, benzyl, -O-benzyl, -CHa-
C3-Cs cycloalkyl, -O-CH2-C3-Cg cycloalkyl, and CF3 In another embodiment of a compound of
Formula IV, Rf is C)-Cs alkyl. In another embodiment of a compound of Formula IV, Rf is Ci-

Cs alkyl.

{0080] In another embodiment of a compound of Formula IV, R’ is selected from the group of:

0 9 o o
HO—P HO g / g g I
—_P—— -_— _ ~ O
] and MO [ 07| No )
HO > HO ho ’ O HO o
[0081] In another embodiment of a compound of Formula IV, R7 is
O
] A 7
HO—P —2— _ 4 Il P if
/ RO~ NP5 HO//\ N AP
HO [ S0y wo O o7
’ HO  Ho ’ HO  Ho
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-F -P—
O><i/o\/o ﬁ/\oj\ljm /jﬂojoerH

O
0O
NH
oM o
or

{0082] In another embodiment, provided is a compound of Formula IV that is:
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or a pharmaceutically acceptable salt or ester thereof.

{0083] In another embodiments, provided is a compound of Formula IV that is:

or a pharmaceutically acceptable salt or ester thereof.

{0084] In another embodiments, provided is a compound of Formula IV that 1s:

39



or a pharmaceutically acceptable salt, hydrate, or ester thereof

[008S] In another embodiment, provided is a compound of Formula IV that is

40
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or a pharmaceutically acceptable salt or ester thereof.

[0086] In another embodiment, the present invention provides a compound that is

42



or a pharmaceutically acceptable salt or ester thereof.

[0087] In another embodiment, the present invention provides a compound that is

43



44




or a pharmaceutically acceptable salt, hydrate, or ester thereof.

[0088] In another embodiment, the present invention provides a compound that is

or 5

or a pharmaceutically acceptable salt or ester thereof.

[0089] In another embodiment, the present invention provides a compound that 1s

or

or a pharmaceutically acceptable salt or ester thereof.

[009G} In another embodiment, the present invention provides a compound that 1s
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or a pharmaceutically acceptable salt or ester thereof.

[0091] Names of compounds of the present disclosure are provided using ACD/Name
software for naming chemical compounds (Advanced Chemistry Development, Inc., Toronto,
Canada). Other compounds or radicals may be named with common names or systematic or
non-systematic names. The naming and numbering of the compounds of the disclosure is

illustrated with a representative compound of Formula IV:

which is named (2S)-2-ethylbutyl 2-((((2R,3S,4R,5R)-5-(4-aminopyrrolo[ 1,2-f][ 1,2,4]triazin-7-
yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphorylamino)

propanoate. Other compounds of the present invention include:

which is named (S)-2-ethylbutyl 2-(((S)-(((2R,38,4R,5R)-5-(4-aminopyrrolo[2,1-f][1,2,4}
triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-ylymethoxy)(phenoxy)phosphoryl)

amino)propanoate, and
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which is named (8)-2-ethylbutyl 2-(((R)-(((2R,3S,4R,5R)-5-(4-aminopyrrolo{2,1-f][ 1,2,4]
triazin-7-yl)-5-cyano-3,4-dihydroxytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)

amino)propanoate.

(S)-2-ethylbutyl 2-(((R)-(((2R,38,4R,5R)-5-(4-aminopyrrolo[2,1-f]f1,2,4]triazin-7-y])-5-cyano-
3,4-dihydroxytetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino)propanoate may also

be illustrated as

[0092] Any reference to the compounds of the invention described herein also includes a
reference to a physiologically acceptable salt thereof. Examples of physiologically acceptable

salts of the compounds of the invention include salts derived from an appropriate base, such as

an alkali metal or an alkaline earth (for example, Na™, Lit, K. Ca*2 and Mg™2), ammonium
and NR4~ (wherein R is defined herein). Physiologically acceptable salts of a nitrogen atom or
an amino group include (a) acid addition salts formed with inorganic acids, for example,
hydrochloric acid, hydrobromic acid, sulfuric acid, sulfamic acids, phosphoric acid, nitric acid
and the like; (b) salts formed with organic acids such as, for example, acetic acid, oxalic acid,
tartaric acid, succinic acid, maleic acid, fumaric acid, gluconic acid, citric acid, malic acid,
ascorbic acid, benzoic acid, isethionic acid, lactobionic acid, tannic acid, palmitic acid, alginic
acid, polyglutamic acid, naphthalenesulfonic acid, methanesulfonic acid, p-toluenesulfonic acid,
benzenesulfonic acid, naphthalenedisulfonic acid, polygalacturonic acid, malonic acid,
sulfosalicylic acid, glycolic acid, 2-hydroxy-3-naphthoate, pamoate, salicylic acid, stearic acid,
phthalic acid, mandelic acid, lactic acid, ethanesulfonic acid, lysine, arginine, glutamic acid,
glycine, serine, threonine, alanine, isoleucine, leucine and the like; and (c) salts formed from
elemental anions for example, chlorine, bromine, and iodine. Physiologically acceptable salts of
a compound of a hydroxy group include the anion of said compound in combination with a

suitable cation such as Na* and NR4".

[0093] A compound of Formula IV and its pharmaceutically acceptable salts may exist as

different polymorphs or pseudopolymorphs. As used herein, crystalline polymorphism means
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the ability of a crystalline compound to exist in different crystal structures. The crystalline
polymorphism may result from differences in crystal packing (packing polymorphism) or
differences in packing between different conformers of the same molecule (conformationat
polymorphism). As used herein, crystalline pseudopolymorphism means the ability of a hydrate
or solvate of a compound to exist in different crystal structures. The pseudopolymorphs of the
instant invention may exist due to differences in crystal packing (packing pseudopolymorphism)
or due to differences in packing between different conformers of the same molecule
(conformational pseudopolymorphism). The instant invention comprises all polymorphs and

pseudopolymorphs of the compounds of Formula I'V and their pharmaceutically acceptable salts.

[0094] A compound of Formula IV and its pharmaceutically acceptable salts may also exist as
an amorphous solid. As used herein, an amorphous solid is a solid in which there is no long-
range order of the positions of the atoms in the solid. This definition applies as well when the
crystal size is two nanometers or less. Additives, including solvents, may be used to create the
amorphous forms of the instant invention. The instant invention comprises all amorphous forms

of the compounds of Formula IV and their pharmaceutically acceptable salts.

[0095] For therapeutic use, salts of active ingredients of the compounds of the invention will
be physiologically acceptable, i.e. they will be salts derived from a physiologically acceptable
acid or base. However, salts of acids or bases which are not physiologically acceptable may also
find use, for example, in the preparation or purification of a physiologically acceptable
compound. All salts, whether or not derived form a physiologically acceptable acid or base, are

within the scope of the present invention.

[0096] Finally, it is to be understood that the compositions herein comprise compounds of the
invention in their un-ionized, as well as zwitterionic form, and combinations with stoichiometric

amounts of water as in hydrates.

[0097] It is to be noted that all enantiomers, diastereomers, and racemic mixtures, tautomers,
polymorphs, pseudopolymorphs of compounds within the scope of Formula IV and
pharmaceutically acceptable salts thereof are embraced by the present invention. All mixtures of

such enantiomers and diastereomers are within the scope of the present invention.

[0098] The compounds of the invention, exemplified by Formula IV may have chiral centers,
e.g. chiral carbon or phosphorus atoms. The compounds of the invention thus include racemic

mixtures of all stereoisomers, including enantiomers, diastereomers, and atropisomers. In
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addition, the compounds of the invention include enriched or resolved optical isomers at any or
all asymmetric, chiral atoms. In other words, the chiral centers apparent from the depictions are
provided as the chiral isomers or racemic mixtures. Both racemic and diastereomeric mixtures,
as well as the individual optical isomers isolated or synthesized, substantially free of their
enantiomeric or diastereomeric partners, are all within the scope of the invention. The racemic
mixtures are separated into their individual, substantially optically pure isomers through well-
known techniques such as, for example, the separation of diastereomeric salts formed with
optically active adjuncts, e.g., acids or bases followed by conversion back to the optically active
substances. In most instances, the desired optical isomer is synthesized by means of
stereospecific reactions, beginning with the appropriate stereoisomer of the desired starting

material.

[0099] Stereochemical definitions and conventions used herein generally follow S. P. Parker,
Ed., McGraw-Hill Dictionary of Chemical Terms (1984) McGraw-Hill Book Company, New
York; and Eliel, E. and Wilen, S., Stereochemistry of Organic Compounds (1994) John Wiley &

Sons, Inc., New York. Many organic compounds exist in optically active forms, i.e., they have
the ability to rotate the plane of plane-polarized light. In describing an optically active
compound, the prefixes D and L or R and S are used to denote the absolute configuration of the
molecule about its chiral center(s). The prefixes d and §, D and L, or (+) and (-) are employed to
designate the sign of rotation of plane-polarized light by the compound, with S, (-), or 1 meaning
that the compound is levorotatory while a compound prefixed with R, (+), or d is dextrorotatory.
For a given chemical structure, these stereoisomers are identical except that they are mirror
images of one another. A specific stereoisomer may also be referred to as an enantiomer, and a
mixture of such isomers is often called an enantiomeric mixture. A 50:50 mixture of
enantiomers is referred to as a racemic mixture or a racemate, which may occur where there has
been no stereoselection or stereospecificity in a chemical reaction or process. The terms
"racemic mixture" and "racemate" refer to an equimolar mixture of two enantiomeric species,

devoid of optical activity.

{0100] The compounds of the invention can also exist as tautomeric isomers in certain cases.
Although only one delocalized resonance structure may be depicted, all such forms are
contemplated within the scope of the invention. For example, ene-amine tautomers can exist for
purine, pyrimidine, imidazole, guanidine, amidine, and tetrazole systems and all their possible

tautomeric forms are within the scope of the invention.
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|0101]) Any formula or structure given herein, including Formula IV compounds, 1s also
intended to represent unlabeled forms as well as isotopically labeled forms of the compounds.
Isotopically labeled compounds have structures depicted by the formulas given herein except
that one or more atoms are replaced by an atom having a selected atomic mass or mass number.
Examples of isotopes that can be incorporated into compounds of the disclosure include isotopes
of hydrogen, carbon, nitrogen, oxygen, phosphorous, fluorine and chlorine, such as, but not
limited to 2H (deuterium, D), *H (tritium), !'C, 13C, 1*C, 1°N, '2F, 31p, *?p, *°S, 3C] and '*°I.
Various isotopically labeled compounds of the present disclosure, for example those into which
radioactive isotopes such as *H, *C and '*C are incorporated. Such isotopically labeled
compounds may be useful in metabolic studies, reaction kinetic studies, detection or imaging
techniques, such as positron emission tomography (PET) or single-photon emission computed
tomography (SPECT) including drug or substrate tissue distribution assays or in radioactive

treatment of patients.

[0102] The disclosure also included compounds of Formula IV in which from 1 to n
hydrogens attached to a carbon atom is/are replaced by deuterium, in which n is the number of
hydrogens in the molecule. Such compounds exhibit increased resistance to metabolism and are
thus useful for increasing the half-life of any compound of Formula IV when administered to a
mammal, particularly a human. See, for example, Foster, “Deuterium Isotope Effects in Studies
of Drug Metabolism”, Trends Pharmacol. Sci. 5(12):524-527 (1984). Such compounds are
synthesized by means well known in the art, for example by employing starting materials in

which one or more hydrogens have been replaced by deuterium.

[0103] Deuterium labeled or substituted therapeutic compounds of the disclosure may have
improved DMPK (drug metabolism and pharmacokinetics) properties, relating to distribution,
metabolism and excretion (ADME). Substitution with heavier isotopes such as deuterium may
afford certain therapeutic advantages resulting from greater metabolic stability, for example
increased in vivo half-life, reduced dosage requirements and/or an improvement in therapeutic
index. An '®F labeled compound may be useful for PET or SPECT studies. Isotopically labeled
compounds of this disclosure and prodrugs thereof can generally be prepared by carrying out the
procedures disclosed in the schemes or in the examples and preparations described below by
substituting a readily available isotopically labeled reagent for a non-isotopically labeled
reagent. It is understood that deuterium in this context is regarded as a substituent in the

compound of Formula IV.
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[0104] The concentration of such a heavier isotope, specifically deuterium, may be defined by
an isotopic enrichment factor. In the compounds of this disclosure any atom not specifically
designated as a particular isotope is meant to represent any stable isotope of that atom. Unless
otherwise stated, when a position is designated specifically as "H" or "hydrogen", the position is
understood to have hydrogen at its natural abundance isotopic composition. Accordingly, in the
compounds of this disclosure any atom specifically designated as a deuterium (D) is meant to

represent deuterium.

[0105] Whenever a compound described herein is substituted with more than one of the same

designated group, e.g., "R" or "R!", then it will be understood that the groups may be the same

or different, i.e., each group is independently selected. Wavy lines, , indicate the site of

covalent bond attachments to the adjoining substructures, groups, moteties, or atoms.

[0106} Selected substituents comprising the compounds of Formula I'V are present to a
recursive degree. In this context, “recursive substituent” means that a substituent may recite
another instance of itself. Because of the recursive nature of such substituents, theoretically, a
large number of compounds may be present in any given embodiment. For example, R*
comprises a RY substituent. RY can be R. R can be Z*. Z* can be Z* and Z* can be R or
comprise substituents comprising RY. Alternatively, Z* can be Z° which can comprise
substituents comprising RY. One of ordinary skill in the art of medicinal chemistry understands
that the total number of such substituents is reasonably limited by the desired properties of the
compound intended. Such properties include, by way of example and not limitation, physical
properties such as molecular weight, solubility or log P, application properties such as activity

against the intended target, and practical properties such as ease of synthesis.

[0107] By way of example and not limitation, Z> and RY are recursive substituents in certain
embodiments. Typically, each recursive substituent can independently occur 20, 19, 18, 17, 16,
15,14, 13,12, 11, 10,9, 8,7, 6, 5, 4, 3, 2, 1, or O, times in a given embodiment. More typically,
each recursive substituent can independently occur 12 or fewer times in a given embodiment.
Even more typically, each recursive substituent can independently occur 3 or fewer times in a
given embodiment. For example, Z* will occur 0 to 8 times, RY will occur 0 to 6 times in a
given embodiment. Even more typically, Z* will occur 0 to 6 times and RY will occur 0 to 4

times in a given embodiment.
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[0108] Recursive substituents are an intended aspect of the invention. One of ordinary skill in
the art of medicinal chemistry understands the versatility of such substituents. To the degree
that recursive substituents are present in an embodiment of the invention, the total number will

be determined as set forth above.

[0109] The compounds of the present invention can be prepared by methods known to one of
skill in the art. For example, the compounds of the present invention can be prepared according
to the methods described in U.S. Patent No. 8,008,264 and U.S. Application Publication No.
US 2012/0027752.

A. Metabolites of the Compounds of the Invention

[0110] Also falling within the scope of this invention are the in vivo metabolic products of the
compounds described herein, to the extent such products are novel and unobvious over the prior
art. Such products may result for example from the oxidation, reduction, hydrolysis, amidation,
esterification and the like of the administered compound, primarily due to enzymatic processes.
Accordingly, the invention includes novel and unobvious compounds produced by a process
comprising contacting a compound of this invention with a mammal for a period of time

sufficient to yield a metabolic product thereof. Such products typically are identified by

preparing a radiolabelled (e.g. 14¢ or 3H) compound of the invention, administering it
parenterally in a detectable dose (e.g. greater than about 0.5 mg/kg) to an amimal such as rat,
mouse, guinea pig, monkey, or to man, allowing sufficient time for metabolism to occur
(typically about 30 seconds to 30 hours) and isolating its conversion products from the urine,
blood or other biological samples. These products are easily isolated since they are labeled
(others are isolated by the use of antibodies capable of binding epitopes surviving in the
metabolite). The metabolite structures are determined in conventional fashion, e.g. by MS or
NMR analysis. In general, analysis of metabolites is done in the same way as conventional drug
metabolism studies well-known to those skilled in the art. The conversion products, so long as
they are not otherwise found in vivo, are useful in diagnostic assays for therapeutic dosing of the

compounds of the invention even if they possess no anti Filoviridae activity of their own.

[0111] Recipes and methods for determining stability of compounds in surrogate
gastrointestinal secretions are known. Compounds are defined herein as stable in the
gastrointestinal tract where less than about 50 mole percent of the protected groups are

deprotected in surrogate intestinal or gastric juice upon incubation for 1 hour at 37 °C. Simply
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because the compounds are stable to the gastrointestinal tract does not mean that they cannot be
hydrolyzed in vivo. The prodrugs of the invention typically will be stable in the digestive
system but may be substantially hydrolyzed to the parental drug in the digestive lumen, liver or

other metabolic organ, or within cells in general.
III. PHARMACEUTICAL FORMULATIONS

{0112} The compounds of this invention are formulated with conventional carriers and
excipients, which will be selected in accord with ordinary practice. Tablets will contain
excipients, glidants, fillers, binders and the like. Aqueous formulations are prepared in sterile
form, and when intended for delivery by other than oral administration generally will be
isotonic. All formulations will optionally contain excipients such as those set forth in the
"Handbook of Pharmaceutical Excipients" (1986). Excipients include ascorbic acid and other
antioxidants, chelating agents such as EDTA, carbohydrates such as dextran,
hydroxyalkylcellulose, hydroxyalkylmethylcellulose, stearic acid and the like. The pH of the
formulations ranges from about 3 to about 11, but is ordinarily about 7 to 10. In some
embodiments, the pH of the formulations ranges from about 2 to about 5, but is ordinarily about
3 to about 4. In some embodiments, the pH of the formulations ranges from about 2 to about 10,

but is ordinarily about 3.5 to about 8.5.

[0113] While it is possible for the active ingredients to be administered alone it may be
preferable to present them as pharmaceutical formulations. The formulations, both for
veterinary and for human use, of the invention comprise at least one active ingredient, as above
defined, together with one or more acceptable carriers therefor and optionally other therapeutic
ingredients, particularly those additional therapeutic ingredients as discussed herein. The
carrier(s) must be "acceptable” in the sense of being compatible with the other ingredients of the

formulation and physiologically innocuous to the recipient thereof

[0114) The formulations include those suitable for the foregoing administration routes. The
formulations may conveniently be presented in unit dosage form and may be prepared by any of
the methods well known in the art of pharmacy. Techmques and formulations generally are
found in Remington's Pharmaceutical Sciences (Mack Publishing Co., Easton, PA). Such
methods include the step of bringing into association the active ingredient with the carrier which

constitutes one or more accessory ingredients. In general the formulations are prepared by
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uniformly and intimately bringing into association the active ingredient with liquid carriers or

finely divided solid carriers or both, and then, if necessary, shaping the product.

[0115] Formulations of the present invention suitable for oral administration may be presented
as discrete units such as capsules, cachets or tablets each containing a predetermined amount of
the active ingredient; as a powder or granules; as a solution or a suspension in an aqueous or

non-aqueous liquid; or as an oil-in-water liquid emulsion or a water-in-oil liquid emulsion. The

active ingredient may also be administered as a bolus, electuary or paste.

[0116] A tablet is made by compression or molding, optionally with one or more accessory
ingredients. Compressed tablets may be prepared by compressing in a suitable machine the
active ingredient in a free-flowing form such as a powder or granules, optionally mixed with a
binder, lubricant, inert diluent, preservative, surface active or dispersing agent. Molded tablets
may be made by molding in a suitable machine a mixture of the powdered active ingredient
moistened with an inert liquid diluent. The tablets may optionally be coated or scored and
optionally are formulated so as to provide slow or controlled release of the active ingredient

therefrom.

[0117] For infections of the eye or other external tissues e.g. mouth and skin, the formulations
are preferably applied as a topical ointment or cream containing the active ingredient(s) in an
amount of, for example, 0.075 to 20% w/w (including active ingredient(s) in a range between
0.1% and 20% in increments of 0.1% w/w such as 0.6% w/w, 0.7% w/w, etc.), preferably 0.2 to
15% w/w and most preferably 0.5 to 10% w/w. When formulated in an ointment, the active
ingredients may be employed with either a paraffinic or a water-miscible ointment base.
Alternatively, the active ingredients may be formulated tn a cream with an oil-in-water cream

base.

[0118] If desired, the aqueous phase of the cream base may include, for example, at least 30%
w/w of a polyhydric alcohol, i.e. an alcohol having two or more hydroxyl groups such as
propylene glycol, butane 1,3-diol, mannitol, sorbitol, glycerol and polyethylene glycol
(including PEG 400) and mixtures thereof. The topical formulations may desirably include a
compound which enhances absorption or penetration of the active ingredient through the skin or
other affected areas. Examples of such dermal penetration enhancers include dimethyl

sulphoxide and related analogs.
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[0119] The oily phase of the emulsions of this invention may be constituted from known
ingredients in a known manner. While the phase may comprise merely an emulsifier (otherwise
known as an emulgent), it desirably comprises a mixture of at least one emulsifier with a fat or
an oil or with both a fat and an oil. Preferably, a hydrophilic emulsifier is included together with
a lipophilic emulsifier which acts as a stabilizer. It is also preferred to include both an o1l and a
fat. Together, the emulsifier(s) with or without stabilizer(s) make up the so-called emulsifying
wax, and the wax together with the oil and fat make up the so-called emulsifying ointment base

which forms the oily dispersed phase of the cream formulations.

[0120) Emulgents and emulsion stabilizers suitable for use in the formulation of the invention

include Tween® 60, Span® 80, cetostearyl alcohol, benzyl aicohol, myristyl alcohol, glyceryl

mono-stearate and sodium lauryl sulfate. Further emulgents and emulsion stabilizers suitable for

use in the formulation of the invention include Tween® 80.

[0121] The choice of suitable oils or fats for the formulation is based on achieving the desired
cosmetic properties. The cream should preferably be a non-greasy, non-staining and washable
product with suitable consistency to avoid leakage from tubes or other containers. Straight or
branched chain, mono- or dibasic alkyl esters such as di-isoadipate, isocetyl stearate, propylene
glycol diester of coconut fatty acids, isopropy! myristate, decyl oleate, isopropyl palmitate, butyl
stearate, 2-ethylhexyl palmitate or a blend of branched chain esters known as Crodamol CAP
may be used, the last three being preferred esters. These may be used alone or in combination
depending on the properties required. Alternatively, high melting point lipids such as white soft

paraffin and/or liquid paraffin or other mineral oils are used.

[0122] Pharmaceutical formulations according to the present invention comprise a
combination according to the invention together with one or more pharmaceutically acceptable
carriers or excipients and optionally other therapeutic agents. Pharmaceutical formulations
containing the active ingredient may be in any form suitable for the intended method of
administration. When used for oral use 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 contain 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 admixture with non-toxic pharmaceutically acceptable excipient which are suitable
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for manufacture of tablets are acceptable. These excipients may be, for example, inert 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 magnesium stearate, stearic acid or talc.
Tablets may be uncoated or may be coated by known techniques including 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 material such as glyceryl

monostearate or glyceryl distearate alone or with a wax may be employed.

[0123] Formulations for oral use may be also presented as hard gelatin capsules where the
active ingredient is mixed with an inert solid diluent, for example calcium phosphate or kaolin,
or as soft gelatin capsules wherein the active ingredient is mixed with water or an oil medium,

such as peanut oil, liquid paraffin or olive oil.

[0124] Aqueous suspensions of the invention contain the active materials in admixture with
excipients suitable for the manufacture of aqueous suspensions. Such excipients include a
suspending agent, such as sodium carboxymethylcellulose, methylcellulose, hydroxypropy!
methylcelluose, sodium aiginate, polyvinylpyrrolidone, gum tragacanth and gum acacia, and
dispersing or wetting agents such as a naturally-occurning phosphatide (e.g., lecithin), a
condensation product of an alkylene oxide with a fatty acid (e.g., polyoxyethylene stearate), a
condensation product of ethylene oxide with a long chain aliphatic alcohol (e.g,,
heptadecaethyleneoxycetanol), a condensation product of ethylene oxide with a partial ester
derived from a fatty acid and a hexitol anhydride (e.g., polyoxyethylene sorbitan monooleate).
Further non-limiting examples of suspending agents include Captisol® (sulfobutyl ether beta-
cyclodextrin, SBE-B-CD). The aqueous suspension may also contain one or more preservatives
such as ethyl or n-propy!l p-hydroxy-benzoate, one or more coloring agents, one or more

flavoring agents and one or more sweetening agents, such as sucrose or saccharin.

{0125] Oil suspensions may be formulated by suspending the active ingredient in a vegetable
oil, such as arachis oil, olive oll, sesame oil or coconut oil, or in a mineral oil such as liquid
paraffin. The oral suspensions may contain a thickening agent, such as beeswax, hard paraffin
or cetyl alcohol. Sweetening agents, such as those set forth above, and flavoring agents may be
added to provide a palatable oral preparation. These compositions may be preserved by the

addition of an antioxidant such as ascorbic acid.
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[0126] Dispersible powders and granules of the invention suitable for preparation of an
aqueous suspension by the addition of water provide the active ingredient in admixture with a
dispersing or wetting agent, a suspending agent, and one or more preservatives. Suitable
dispersing or wetting agents and suspending agents are exemplified by those disclosed above.
Additional excipients, for example sweetening, flavoring and coloring agents, may also be

present.

[0127] The pbarmaceutical compositions of the invention may also be in the form of oil-in-
water emulsions. The oily phase may be a vegetable oil, such as olive oil or arachis oil, a
mineral oil, such as liquid paraffin, or a mixture of these. Suitable emulsifying agents include
naturally-occurring gums, such as gum acacia and gum tragacanth, naturally-occurring
phosphatides, such as soybean lecithin, esters or partial esters derived from fatty acids and
hexitol anhydrides, such as sorbitan monooleate, and condensation products of these partial
esters with ethylene oxide, such as polyoxyethylene sorbitan monooleate. The emulsion may
also contain sweetening and flavoring agents. Syrups and elixirs may be formulated with
sweetening agents, such as glycerol, sorbitol or sucrose. Such formulations may also contain a

demulcent, a preservative, a flavoring or a coloring agent.

{0128] The pharmaceutical compositions of the invention may be in the form of a sterile
injectable preparation, such as a sterile injectable aqueous or oleaginous suspension. This
suspension may be formulated according to the known art using those suitable dispersing or
wetting agents and suspending agents which have been mentioned above. The sterile injectable
preparation may also be a sterile injectable solution or suspension in a non-toxic parenterally
acceptable diluent or solvent, such as a solution in 1,3-butane-diol or prepared as a lyophilized
powder. The sterile injectable preparation may also be a sterile injectable solution or suspension
in a parenterally acceptable diluent or solvent. Among the acceptable vehicles and solvents that
may be employed are water, Ringer's solution and isotonic sodium chioride solution. In
addition, sterile fixed oils may conventionally be employed as a solvent or suspending medium.
For this purpose any bland fixed oil may be employed including synthetic mono- or
diglycerides. In addition, fatty acids such as oleic acid may likewise be used in the preparation
of injectables. Among the acceptable vehicles and solvents that may be employed are water,
Ringer's solution isotonic sodium chloride solution, hypertonic sodium chloride solution, and

hypotonic sodium chioride solution.
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[0129] The amount of active ingredient that may be combined with the carrier material to
produce a single dosage form wilt vary depending upon the host treated and the particular mode
of administration. For example, a time-release formulation intended for oral administration to
humans may contain approximately 1 to 1000 mg of active material compounded with an
appropriate and convenient amount of carrier material which may vary from about 5 to about
95% of the total compositions (weight:weight). The pharmaceutical composition can be
prepared to provide easily measurable amounts for administration. For example, an aqueous
solution intended for intravenous infusion may contain from about 3 to 500 ug of the active
ingredient per milliliter of solution in order that infusion of a suitable volume at a rate of about

30 mL/hr can occur.

[0130] Formulations suitable for topical administration to the eye also include eye drops
wherein the active ingredient is dissolved or suspended in a suitable carrier, especially an
aqueous solvent for the active ingredient. The active ingredient is preferably present in such
formulations in a concentration of 0.5 to 20%, advantageously 0.5 to 10%, and particularly

about 1.5% w/w.

[0131] Formulations suitable for topical administration in the mouth include lozenges
comprising the active ingredient in a flavored basis, usually sucrose and acacia or tragacanth;
pastilles comprising the active ingredient in an inert basis such as gelatin and glycerin, or
sucrose and acacia; and mouthwashes comprising the active ingredient in a suitable liquid

carrier.

[0132] Formulations for rectal administration may be presented as a suppository with a

suitable base comprising for example cocoa butter or a salicylate.

[0133] Formulations suitable for intrapulmonary or nasal administration have a particle size
for example in the range of 0.1 to 500 microns, such as 0.5, 1, 30, 35 etc., which is administered
by rapid inhalation through the nasal passage or by inhalation through the mouth so as to reach
the alveolar sacs. Suitable formulations include aqueous or oily solutions of the active
ingredient. Formulations suitable for aerosol or dry powder administration may be prepared
according to conventional methods and may be delivered with other therapeutic agents such as
compounds heretofore used in the treatment or prophylaxis of Filoviridae infections as

described below.
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[0134] Formulations suitable for vaginal administration may be presented as pessaries,
tampons, creams, gels, pastes, foams or spray formulations containing in addition to the active

ingredient such carriers as are known in the art to be appropriate.

[0135] Formulations suitable for parenteral administration include aqueous and non-aqueous
sterile injection solutions which may contain anti-oxidants, buffers, bacteriostats and solutes
which render the formulation isotonic with the blood of the intended recipient; and aqueous and

non-aqueous sterile suspensions which may include suspending agents and thickening agents.

[0136] The formulations are presented in unit-dose or muiti-dose containers, for example
sealed ampoules and vials, and may be stored in a freeze-dried (lyophilized) condition requiring
only the addition of the sterile liquid carrier, for example water for injection, immediately prior
to use. Extemporaneous injection solutions and suspensions are prepared from sterile powders,
granules and tablets of the kind previously described. Preferred unit dosage formulations are
those containing a daily dose or unit daily sub-dose, as herein above recited, or an appropriate

fraction thereof, of the active ingredient.

[0137] It should be understood that in addition to the ingredients particularly mentioned above
the formulations of this invention may include other agents conventional in the art having regard
to the type of formulation in question, for example those suitable for oral administration may

include flavoring agents.

[0138] The invention further provides veterinary compositions comprising at least one active

ingredient as above defined together with a veterinary carrier therefor.

[0139] Veterinary carriers are materials useful for the purpose of administering the
composition and may be solid, liquid or gaseous materials which are otherwise inert or
acceptable in the veterinary art and are compatible with the active ingredient. These veterinary

compositions may be administered orally, parenterally or by any other desired route.

[0140] Compounds of the invention are used to provide controlled release pharmaceutical
formulations containing as active ingredient one or more compounds of the invention
(“controlled release formulations") in which the release of the active ingredient are controlled
and regulated to allow less frequency dosing or to improve the pharmacokinetic or toxicity

profile of a given active ingredient.
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IV.  ROUTES OF ADMINISTRATION

[0141] One or more compounds of the invention (herein referred to as the active ingredients)

are administered by any route appropriate to the condition to be treated. Suitable routes include
oral, rectal, nasal, pulmonary, topical (including buccal and sublingual), vaginal and parenteral

(including subcutaneous, intramuscular, intravenous, intradermal, intrathecal and epidural), and
the like. It will be appreciated that the preferred route may vary with for example the condition
of the recipient. An advantage of the compounds of this invention is that they are orally

bioavailable and can be dosed orally.

[0142] Inthe methods of the present invention for the treatment of Filoviridae infection, the
compounds of the present invention can be administered at any time to a human who may come
into contact with humans suffering from Filoviridae infection or is already suffering from
Filoviridae infection. In some embodiments, the compounds of the present inventton can be
administered prophylactically to bumans coming into contact with humans suffering from
Filoviridae infection. In some embodiments, administration of the compounds of the present
invention can be to humans testing posttive for Filoviridae infection but not yet showing
symptoms of Filoviridae infection. In some embodiments, administration of the compounds of
the present invention can be to humans upon commencement of symptoms of Filoviridae

infection.

[0143] Effective dose of active ingredient depends at least on the nature of the condition being
treated, toxicity, whether the compound is being used prophylactically (lower doses) or against
an active viral infection, the method of delivery, and the pharmaceutical formulation, and will be
determined by the clinician using conventional dose escalation studies. It can be expected to be
from about 0.0001 to about 100 mg/kg body weight per day; typically, from about 0.01 to about
10 mg/kg body weight per day; more typically, from about .01 to about S mg/kg body weight per
day; most typically, from about .05 to about 0.5 mg/kg body weight per day. For example, the
daily candidate dose for an adult human of approximately 70 kg body weight will range from 1
mg to 1000 mg, preferably between 5 mg and 500 mg, and may take the form of single or

multiple doses.

[0144] The effective dose of a compound of the present invention for treating the Filoviridae
infection can depend on whether the dose is to be used prophylactically or to treat a human

already suffering from Filoviridae infection. Moreover, the dose can depend on whether the
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human suffering from Filoviridae infection does not yet show symptoms or is already showing
symptoms of Filoviridae infection. Larger doses may be necessary for treating humans testing
positive for Filoviridae infection and for humans showing symptoms of Filoviridae infection as

compared to humans receiving prophylactic treatment.

[0145] Any suitable period of time for administration of the compounds of the present
invention is contemplated. For example, administration can be for from 1 day to 100 days,
including 2, 3,4, 5,6, 7, 8,9, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, or 90 days. The
administration can also be for from 1 week to 15 weeks, including 2, 3,4, 5,6, 7, 8,9, 10, 11,
12, 13, or 14 weeks. Longer periods of administration are also contemplated. The time for
administration can depend on whether the compound is being administered prophylactically or
to treat a human suffering from a Filoviridae infection. For example, a prophylactic
administration can be for a period of time while the human is in regular contact with other
humans sutfering from a Filoviridae infection, and for a suitable period of time following the
last contact with a human suffering from a /iloviridae infection. For humans already suffering
from a Filoviridae infection, the period of administration can be for any length of time necessary
to treat the patient and a suitable period of time following a negative test for Filoviridae

infection to ensure the Filoviridae infection does not return.
V. COMBINATION THERAPY

f[0146] Compositions of the invention are also used in combination with other active
ingredients. For the treatment of Filoviridae virus infections, preferably, the other active
therapeutic agent is active against Filoviridae virus infections, particularly Marburg virus, Ebola
virus and Cueva virus infections. Non-limiting examples of these other active therapeutic agents
are ribavirin, palivizumab, motavizumab, RSV-IGIV (RespiGam®), MEDI-557, A-60444,
MDT-637, BMS-433771, amiodarone, dronedarone, verapamil, Ebola Convalescent Plasma
(ECP), TKM-100201, BCX4430 ((28,3S,4R,5R)-2-(4-amino-SH-pyrrolo[3,2-d]pyrimidin-7-yl)-
5-(hydroxymethyl)pyrrolidine-3,4-diol), favipiravir (also known as T-705 or Avigan),T-705
monophosphate, T-705 diphosphate, T-705 tniphosphate, FGI-106 (1-N,7-N-bis[3-
(dimethylamino)propyl]-3,9-dimethylquinolino[8,7-h]quinolone-1,7-diamine), JK-05, TKM-
Ebola, ZMapp, iNAPc2, VRC-EBOADC076-00-VP, 0S-2966, MVA-BN filo, brincidofovir,
Vaxart adenovirus vector 5-based ebola vaccine, Ad26-ZEBOV, FiloVax vaccine, GOVX-E301,
GOVX-E302, ebola virus entry inhibitors (NPC1 inhibitors), and r'VSV-EBOV, and mixtures

thereof. The compounds and compositions of the present invention may also be used in
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combination with phosphoramidate morpholino oligomers (PMOs), which are synthetic
antisense oligonucleotide analogs designed to interfere with translational processes by forming
base-pair duplexes with specific RNA sequences. Examples of PMOs include AVI-7287, AVI-
7288, AVI-7537, AVI-7539, AVI-6002, and AVI-6003. The compounds and compositions of
the present invention are also intended for use with general care provided patients with
Filoviridae viral infections, including parenteral fluids (including dextrose saline and Ringer’s
lactate) and nutrition, antibiotic (including metronidazole and cephalosporin antibiotics, such as
ceftriaxone and cefuroxime) and/or antifungal prophylaxis, fever and pain medication,
antiemetic (such as metoclopramide) and/or antidiarrheal agents, vitamin and mineral
suppiements (including Vitamin K and zinc sulfate), anti-inflammatory agents ( such as
ibuprofen), pain medications, and medications for other common diseases in the patient
population, such anti-malarial agents (including artemether and artesunate-lumefantrine
combination therapy), typhoid (including quinolone antibiotics, such as ciprofloxacin, macrolide
antibiotics, such as azithromycin, cephalosporin antibiotics, such as ceftriaxone, or

aminopenicillins, such as ampicillin), or shigellosis.

{0147] Itis also possible to combine any compound of the invention with one or more
additional active therapeutic agents in a unitary dosage form for simuitaneous or sequential
administration to a patient. The combination therapy may be administered as a simultaneous or
sequential regimen. When administered sequentially, the combination may be administered in

two or more administrations.

[0148] Co-administration of a compound of the invention with one or more other active
therapeutic agents generally refers to simultaneous or sequential administration of 2 compound
of the invention and one or more other active therapeutic agents, such that therapeutically
effective amounts of the compound of the invention and one or more other active therapeutic

agents are both present in the body of the patient.

[0149] Co-administration includes administration of unit dosages of the compounds of the
invention before or after administration of unit dosages of one or more other active therapeutic
agents, for example, administration of the compounds of the invention within seconds, minutes,
or hours of the administration of one or more other active therapeutic agents. For example, a
unit dose of a compound of the invention can be administered first, followed within seconds or
minutes by administration of a unit dose of one or more other active therapeutic agents.

Alternatively, a unit dose of one or more other therapeutic agents can be administered first,
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followed by administration of a unit dose of a compound of the invention within seconds or
minutes. In some cases, it may be desirable to administer a unit dose of a compound of the
invention first, followed, after a period of hours (e.g., 1-12 hours), by administration of a unit
dose of one or more other active therapeutic agents. In other cases, it may be desirable to
administer a unit dose of one or more other active therapeutic agents first, followed, after a
period of hours (e.g., 1-12 hours), by administration of a unit dose of a compound of the

invention.

[0150] The combination therapy may provide “synergy” and “synergistic”, i.e. the effect
achieved when the active ingredients used together is greater than the sum of the effects that
results from using the compounds separately. A synergistic effect may be attained when the
active ingredients are: (1) co-formulated and administered or delivered simultaneously in a
combined formulation; (2) delivered by alternation or in parallel as separate formulations; or (3)
by some other regimen. When delivered in alternation therapy, a synergistic effect may be
attained when the compounds are administered or delivered sequentially, e.g. in separate tablets,
pills or capsules, or by different injections in separate syringes. In general, during alternation
therapy, an effective dosage of each active ingredient is administered sequentially, i.e. serially,
whereas in combination therapy, effective dosages of two or more active ingredients are
administered together. A synergistic anti-viral effect denotes an antiviral effect which is greater

than the predicted purely additive effects of the individual compounds of the combination.

[0151] In still yet another embodiment, the present application provides for methods of
inhibiting Filoviridae polymerase in a cell, comprising: contacting a cell infected with a
Filovirus with an effective amount of a compound of Formula IV, or a pharmaceutically

acceptable salt, solvate, and/or ester thereof, whereby Filoviridae polymerase is inhibited.

[0152] In still yet another embodiment, the present application provides for methods of
inhibiting Filoviridae polymerase in a cell, comprising: contacting a cell infected with Filovirus
with an effective amount of a compound of Formula 1V, or a pharmaceutically acceptable salt,
solvate, and/or ester thereof, and at least one additional active therapeutic agent, whereby

Filoviridae polymerase is inhibited.

[0153] In still yet another embodiment, the present application proVides for methods of
inhibiting Filoviridae polymerase in a cell, comprising: contacting a cell infected with

Filoviridae virus with an effective amount of a compound of Formula IV, or a pharmaceutically
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acceptable salt, solvate, and/or ester thereof, and at least one additional active therapeutic agent

selected

[0154] 1n still yet another embodiment, the present application provides for methods of
treating Filoviridae virus infection in a human, comprising: administering to the patient a
therapeutically effective amount of a compound of Formuia [V, or a pharmaceutically

acceptable salt, solvate, and/or ester thereof.

[0155] In still yet another embodiment, the present application provides for methods of
treating Filoviridae virus infection in a human, comprising: administering to the patient a
therapeutically effective amount of a compound of Formula IV, or a pharmaceutically
acceptable salt, solvate, and/or ester thereof, and at Jeast one additional active therapeutic agent,

whereby Filoviridae polymerase is inhibited.

[0156] 1In still yet another embodiment, the present application provides for methods of
treating Filoviridae virus infection in a human, comprising: administering to the patient a
therapeutically effective amount of a compound of Formula IV, or a pharmaceutically

acceptable salt, solvate, and/or ester thereof, and at Jeast one additional active therapeutic agent.

[0157} Also provided is a kit that includes a compound of Formula IV, or a pharmaceutically
acceptable salt, pharmaceutically acceptable ester, stereoisomer, mixture of stereoisomers or
tautomer thereof. In separate embodiments individual kits are provided includes a compound
selected from Formula IV herein, as well as each subgroup and embodiment thereof] including
individual Compounds 1, 8,9, 10, 12, 15, 17, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, and 32
(Compounds 1-32), or a pharmaceutically acceptable salt, pharmaceutically acceptable ester,
stereoisomer, mixture of sterecisomers or tautomer thereof. In one aspect, the kit comprises a
compound of Formula IV, or a pharmaceutically acceptable salt thereof. Each of the individual
kits described herein may comprise a label and/or instructions for use of the compound in the
treatment of a disease or condition in a subject (e.g., human) in need thereof. In some
embodiments, the disease or condition i1s a human Filoviridae viral infection, including an Ebola
viral infection or a Marburg viral infection. In other embodiments, each separate kit may also
contain instructions for use of additional medical agents in combination with the compound of
Formula IV in the treatment of a disease or condition in a subject (e.g., human) in need thereof.
In certain of these embodiments, the disease or condition is a human Filoviridae viral infection,

including an Ebola viral infection or a Marburg viral infection. In each of the kits herein there is
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a further embodiment in which the kit comprises individual dose units of a compound as
described herein, or a pharmaceutically acceptable salt, racemate, enantiomer, diastereomer,
tautomer, polymorph, pseudopolymorph, amorphous form, hydrate or solvate thereof. Examples
of individual dosage units may inciude piils, tablets, capsules, prefilled syringes or syringe
cartridges, IV bags, etc., each comprising a therapeutically effective amount of the compound in
question, or a pharmaceutically acceptable salt, racemate, enantiomer, diastereomer, tautomer,
polymorph, pseudopolymorph, amorphous form, hydrate or solvate thereof. In some
embodiments, the kit may contain a single dosage unit and in others multiple dosage units are

present, such as the number of dosage units required for a specified regimen or period.

[0158] Also provided are articles of manufacture that include a compound of Formula IV, or a
pharmaceutically acceptable salt, pharmaceutically acceptable ester, stereotsomer, mixture ot
stereoisomers or tautomer thereof] and a container. In one aspect, the article of manufacture
comprises a compound of Formula IV and individual Compounds 1, 8, 9, 10, 12, 15, 17, 21, 22,
23, 24, 25, 26, 27, 28, 29, 30, 31, and 32 (Compounds 1-32), or a pharmaceutically acceptable
salt thereof, and a container. In separate embodiments, the container of the article of
manufacture may be a vial, jar, ampoule, preloaded syringe, blister package, tin, can, bottle, box,

or an intravenous bag.
VI. METHODS OF INHIBITION OF A FILOVIRIDAE POLYMERASE

[0159] Another aspect of the invention relates to methods of inhibiting the activity of
Filoviridae polymerase comprising the step of treating a sample suspected of containing

Filoviridae with a compound or composition of the invention.

|0160]) Filoviridae that can be treated using the methods of the present invention are single-
stranded negative sense RNA viruses that typically infect primates. Filoviruses are able to
muliiply in virtually all cell types. The Filovirus antigens and virions are found primarily in
fibroblasts and interstitium of an infected individual. There are three identified genera of
Filoviruses: the Ebola virus (EBOV; five species), the Marburg virus (MARV), and the
Cuevavirus, also known as the Lloviu virus (LLOV). The virions (viral particles) are
characteristically shaped as long, cylindrical, filamentous particles which may be straight,
curved, coiled, or found in a “6” or “U” shaped configuration. They are occasionally branched
and the particles vary greatly in length, but the diameter (about 80 nm) is consistent. The

filovirus genome comprises seven genes that encode 4 virion structural proteins (VP30, VP35,
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nucieoprotein (NP), and a polymerase protein (L-pol)) and 3 membrane-associated proteins

(VP40, glycoprotein (GP), and VP24).

[0161] The Ebola virus genus includes five known species: (1) Bundibugyo ebolavirus, also
known as Bundibugyo virus (BDBV, previously BEBOV), (2) Reston ebolavirus, also known as
Reston virus or Ebola-Reston (RESTV, previously REBOV); (3) Sudan ebolavirus, also known
as Sudan virus or Ebola-Sudan (SUDV, previously SEBOVY); (4) Tai Forest ebolavirus, also
known as Tai Forest virus or Ebola-Tai (TAFV, previously CIEBOV), and (5) Zaire ebolavirus,
also known as Ebola virus or Ebola-Zaire (EBOV, previously ZEBOV).

[0162] The Marburg virus genus includes the species Marburg marburgvirus, also known as
Marburg virus (MARV) or Ravn virus (RAVYV). The Cuevavirus genus includes the species

Lloviu cuevavirus, also known as the Lloviu virus (LLOV).

[0163] Compositions of the invention may act as inhibitors of Filoviridae polymerase , as
intermediates for such inhibitors or have other utilities as described below. The inhibitors will
bind to locations on the surface or in a cavity of Filoviridae polymerase having a geometry
unique to filoviridae polymerase . Compositions binding Filoviridae polymerase may bind
with varying degrees of reversibility. Those compounds binding substantially irreversibly are
ideal candidates for use in this method of the invention. Once labeled, the substantially
irreversibly binding compositions are useful as probes for the detection of Filoviridae
polymerase. Accordingly, the invention relates to methods of detecting Filoviridae polymerase
in a sample suspected of containing Filoviridae polymerase comprising the steps of: treating a
sample suspected of containing Filoviridae polymerase with a composition comprising a
compound of the invention bound to a label; and observing the effect of the sample on the
activity of the label. Suitable labels are well known in the diagnostics field and include stable
free radicals, fluorophores, radioisotopes, enzymes, chemiluminescent groups and chromogens.
The compounds herein are labeled in conventional fashion using functional groups such as

hydroxyl, carboxyl, sulthydryl or amino.

[0164] Within the context of the invention, samples suspected of containing Filoviridae
polymerase include natural or man-made materials such as living organisms; tissue or cell
cultures; biological samples such as biological material samples (blood, serum, urine,
cerebrospinal fluid, tears, sputum, saliva, tissue samples, and the like); laboratory samples; food,
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