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QUINOLONE-BASED COMPOUNDS,
FORMULATIONS, AND USES THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of and priority to U.S.
Provisional Patent Application No. 62/281,833, filed on Jan.
22,2016, entitled ““7-Piperazine Substituted 4(1H)-quinolo-
nes,” the contents of which is incorporated by reference
herein in its entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This invention was made with government support under
grant number RO1 GM097118 awarded by the National
Institutes of Health. The government has certain rights in the
invention.

BACKGROUND

Malaria is considered endemic in 97 countries and is one
of the largest worldwide public health problem. Although
therapeutics to treat malaria have been developed and have
been successful in reducing deaths from the disease, parasite
resistance to current antimalarial agents is a problem limit-
ing the effectiveness of current treatments. As such, there
exists an urgent need for the development of new anti-
malarial compounds.

SUMMARY

Provided herein are compounds that can have a structure
according to Formula A

Formula A

Ro R

R N ,
1 N Ry

wherein R, can be selected from the group of: H, Cl, F, Ph,
O(CH,),OPh, O(CH,);Ph, OCH,Ph, Ph, O(CH,),Ph, and,

‘1,{\ AN
N ON—Rs
A

wherein s can be 1-4 and t can be 1-4, wherein R, can be
selected from the group of: CH,, OCH,, OCH,Ph, O(CH,),,
Ph wherein m can be 1-4, Ph, CH,CHj;, (CH,),CHj;, (CH,);
CH,, (CH,),CH;, OPh, O(p-F)Ph, CH(CH,),, Br, Cl,
OCH,CH;, O(CH,);Ph, and

2
wherein s can be 1-4 and t can be 1-4, wherein R; can be
selected from the group of H, Cl, Br, I, CO,H, CH,,
CO,CH,CH,, CO,CH;, CH,CH,, CN, CONHCH,, CON
(CH,),, CONHCH,CH,;, CONH(CH,),0OH, CONHCH
5 (CH,),, and COCH,, wherein R, can be selected from the
group of H and CHj;, wherein Ry can be selected from the
group consisting of: H, F, Bn, para-methoxybenzyl, a pip-
eronyl, 4-OCH,Ph, 4-F-Ph, 4-CF;-Ph, OCH,,

> o7
Y o
X X

>

10

15

20

25

an alkyl, an alkylene, an alkenyl, a heterocycle, a heteroaryl,
a heteroalkyl, an alkoxyl, an alkoxy, an amine, an amido, an
aryl, an aralkyl, an aralkyloxy, an carbocycle, an carbonyl,
a nitro, a halogen, a sulthydryl, a hydroxyl, and a sulfonyl,
wherein Rs can be further optionally substituted, wherein
35 Rg, R,y Rg, Ry, and R can each be independently selected
from the group of F, OCH;, CF;, H, an alkyl, an alkylene,
an alkenyl, a heterocycle, a heteroaryl, a heteroalkyl, an
alkoxyl, an alkoxy, an amine, an amido, an aryl, an aralkyl,
an aralkyloxy, an carbocycle, an carbonyl, a nitro, a halogen,
40 a sulfhydryl, a hydroxyl, a sulfonyl, wherein R, R, Rq, R,
and R, can each be further optionally substituted, wherein
n can be 0, 1, or 2, and wherein the compound is not
according to Formula B
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In some embodiments, R, can be

" %N@N—Rs,

65 wherein R can be selected from the group consisting of: H,
F, Bn, para-methoxybenzyl, a piperonyl, 4-OCH,Ph, 4-F-Ph,
4-CF,-Ph, OCHj;, CF;,
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an alkyl, an alkylene, an alkenyl, a heterocycle, a heteroaryl,
a heteroalkyl, an alkoxyl, an alkoxy, an amine, an amido, an
aryl, an aralkyl, an aralkyloxy, an carbocycle, an carbonyl,
a nitro, a halogen, a sulthydryl, a hydroxyl, and a sulfonyl,
wherein R; can be further optionally substituted, wherein
Rg, R, Rg, Ry, and R, can each be independently selected
from the group of F, OCH;, CF;, H, an alkyl, an alkylene,
an alkenyl, a heterocycle, a heteroaryl, a heteroalkyl, an
alkoxyl, an alkoxy, an amine, an amido, an aryl, an aralkyl,
an aralkyloxy, an carbocycle, an carbonyl, a nitro, a halogen,
a sulthydryl, a hydroxyl, a sulfonyl, wherein R¢, R, Rg, Ry,
and R, can each be further optionally substituted, and
wherein n can be 0, 1, or 2.

In some embodiments, the compound can have a structure
according to Formula C

Ry

R

T
7
o8

Formula C

o

In some embodiments, the compound can have a structure
according to Formula D

Formula D

Tz

In embodiments, the compound can have an EC,, against
the malarial strain W2, wherein the EC,, against malarial
strain W2 of the compound can range from 0 to about 1 uM.
In embodiments, the EC;,, against malarial strain W2 of the
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compound can range from 0 to about 100 nM. In embodi-
ments, the compound can have an EC,, against the malarial
strain TM90-C2B, wherein the EC, against malarial strain
TM90-C2B of the compound can range from O to about 1
uM. In embodiments, the resistive index (RI) of the com-
pound can range from about 0 to 200, wherein the resistive
index is (EC5, for TM90C2B)/(ECs,, for W2).

Also provided herein are pharmaceutical compositions
that can contain a

compound according to Formula

Formula A

Ry R;

Rj

jasp4
b

wherein R, can be selected from the group of: H, Cl, F, Ph,
O(CH,),OPh, O(CH,);Ph, OCH,Ph, Ph, O(CH,),Ph, and

ﬁ%{\ N
N ON—Rs
hV1

wherein s can be 1-4 and t can be 1-4, wherein R, can be
selected from the group of: CH,, OCH,, OCH,Ph, O(CH,),,
Ph wherein m can be 1-4, Ph, CH,CHj;, (CH,),CHj;, (CH,);
CH,, (CH,),CH;, OPh, O(p-F)Ph, CH(CH,),, Br, Cl,
OCH,CH,, O(CH,);Ph, and

‘771{\ N
N ON—Rs
hv4

wherein s can be 1-4 and t can be 1-4, wherein R; can be
selected from the group of H, Cl, Br, I, CO,H, CHj,
CO,CH,CH,, CO,CH,;, CH,CH,, CN, CONHCH,, CON
(CH,),, CONHCH,CH,;, CONH(CH,),0OH, CONHCH
(CH,;),, and COCHj;, wherein R, can be selected from the
group of H and CHj;, wherein R can be selected from the
group consisting of: H, F, Bn, para-methoxybenzyl, a pip-
eronyl, 4-OCH,Ph, 4-F-Ph, 4-CF;-Ph, OCHj,, CF;,

salond
oo
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an alkyl, an alkylene, an alkenyl, a heterocycle, a heteroaryl,
a heteroalkyl, an alkoxyl, an alkoxy, an amine, an amido, an
aryl, an aralkyl, an aralkyloxy, an carbocycle, an carbonyl,
a nitro, a halogen, a sulthydryl, a hydroxyl, and a sulfonyl,
wherein R; can be further optionally substituted, wherein
R, R-, Rg, Ry, and R, can each be independently selected
from the group of F, OCH;, CF;, H, an alkyl, an alkylene,
an alkenyl, a heterocycle, a heteroaryl, a heteroalkyl, an
alkoxyl, an alkoxy, an amine, an amido, an aryl, an aralkyl,
an aralkyloxy, an carbocycle, an carbonyl, a nitro, a halogen,
a sulthydryl, a hydroxyl, a sulfonyl, wherein R¢, R, Rg, Ry,
and R, can each be further optionally substituted, wherein
n can be 0, 1, or 2, and wherein the compound is not
according to Formula B

Formula B

O\/\O

Tz

and a pharmaceutically acceptable carrier.

In some embodiments, R, can be

HL{NN N—R.
/T

wherein Ry can be selected from the group consisting of: H,
F, Bn, para-methoxybenzyl, a piperonyl, 4-OCH,Ph, 4-F-Ph,
4-CF,-Ph, OCHj;, CF;,
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-continued
Rio Rio
Ro Ry
Rg R¢ R¢ R¢
Ry 5 Ry 5

an alkyl, an alkylene, an alkenyl, a heterocycle, a heteroaryl,
a heteroalkyl, an alkoxyl, an alkoxy, an amine, an amido, an
aryl, an aralkyl, an aralkyloxy, an carbocycle, an carbonyl,
a nitro, a halogen, a sulthydryl, a hydroxyl, and a sulfonyl,
wherein Ry can be further optionally substituted, wherein
Rg, Ry, Rg, Ry, and R can each be independently selected
from the group of F, OCH;, CF;, H, an alkyl, an alkylene,
an alkenyl, a heterocycle, a heteroaryl, a heteroalkyl, an
alkoxyl, an alkoxy, an amine, an amido, an aryl, an aralkyl,
an aralkyloxy, an carbocycle, an carbonyl, a nitro, a halogen,
a sulthydryl, a hydroxyl, a sulfonyl, wherein R¢, R, Rg, Ry,
and R, can each be further optionally substituted, and
wherein n can be 0, 1, or 2.

In some embodiments, the compound can have a structure
according to Formula C

Formula C

(€] (€]

=z

@

o

In some embodiments, the compound can have a structure
according to Formula D

Formula D

Q .

N

Tz

In embodiments, the pharmaceutical formulation can have
an EC,, against the malarial strain W2, wherein the EC,,
against malarial strain W2 of the pharmaceutical formula-
tion can range from 0 to about 1 uM. In embodiments, the
EC,, against malarial strain W2 of the pharmaceutical
formulation can range from 0 to about 100 nM. In embodi-
ments, the pharmaceutical formulation can have an ECs,
against the malarial strain TM90-C2B, wherein the EC,,
against malarial strain TM90-C2B of the pharmaceutical
formulation can range from O to about 1 pM. In embodi-
ments, the resistive index (RI) of the pharmaceutical for-
mulation can range. from about 0 to 200, wherein the
resistive index is (ECs, for TM90C2B)/(EC,, for W2).
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Also provided herein are methods of treating and/or
preventing malaria and/or plasmodium infection in a subject
that can include the step of administering a compound or
pharmaceutical formulation as provided herein to a subject
in need thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

Further aspects of the present disclosure will be readily
appreciated upon review of the detailed description of its
various embodiments, described below, when taken in con-
junction with the accompanying drawings.

FIG. 1 shows the formulas for Compounds 1 and 2, which
are ICI 56,780 (Compound 1) and an analogue there of
(Compound 2).

FIG. 2 shows an embodiment of a strategy for the design
of piperazinyl-substituted scaffolds based on Compound 1
(ICT 56,780).

FIGS. 3A-3B show images demonstrating the results
from: Whole-animal bioluminescence imaging of mice
infected with luciferase-transfected P. berghei sporozoites.
Mice were treated with different doses of §j (FIG. 3A), 81
(Panel FIG. 3B), and primaquine (50 mg/kg, oral). Animals
(n=5 per group) received a single dose by gavage 1 hour
after inoculation with sporozoites. Representative images
taken at 44 h, day 6, day 9, and day 13 after infection are
shown. At 44 h, bioluminescent signal was detected in
control untreated animals, with the highest intensity noted in
the area overlaying the liver, consistent with the presence of
liver-stage parasites.

FIGS. 4A-4B show survival Curves for 4(1H)-quinolones
8j (FIG. 4A) and 81 (FIG. 4B) that demonstrate antimalarial
activity against liver stages of the parasite. Compounds have
been tested oral at 25 mg/kg (25), 50 mg/kg (50), and 100
mg/kg (100) and subcutaneous at S0 mg/kg (50-SC) doses.

FIG. 5 shows structures of antimalarial compounds that
are primed for recycling.

FIG. 6 shows a table demonstrating sequential removal of
original hit compound substituents®.

FIG. 7 shows a synthesis scheme of 4(1H)-Quinolones
6a-v from Example 2.

FIG. 8 shows a synthesis scheme of decarboxylated
4(1H)-Quinolones 8a-c of Example 2.

FIG. 9 shows a table demonstrating the structure-activity
relationship of the 7-position®.

FIG. 10 shows a table demonstrating the structure-activity
relationship of the 6-position®.

FIG. 11 shows a synthesis scheme for 4(1H)-Quinolones
6w-y with Varying Alkyl Group in 6-Position® of Example
2.

FIG. 12 shows a synthesis scheme for 4(1H)-Quinolones
6z-ac Probing 6-position electronics of Example 2.

FIG. 13 shows a synthesis scheme for 3-Amide Substi-
tuted 4(1H)-Quinolones 13a-e of Example 2.

FIG. 14 shows a synthesis scheme for 3-Cyano Substi-
tuted 4(1H)-Quinolone 6ad of Example 2.

FIG. 15 shows a synthesis scheme for 3-Ethyl Substituted
4(1H)-Quinolone 6af of Example 2.

FIG. 16 shows a synthesis scheme for 3-Keto 4(1H)-
Quinolone 6ag of Example 2.

FIG. 17 shows a synthesis scheme for 3-Halide Substi-
tuted 4(1H)-Quinolones 16a-e of Example 2.

FIG. 18 shows a table demonstrating the effect of aliphatic
chain length in 6-Position®.

FIG. 19 shows a table demonstrating the structure-activity
relationship of 6-position using electron withdrawing and
donating groups®.

10

15

20

25

30

35

40

45

50

55

60

65

8

FIG. 20 shows a table demonstrating the structure-activity
relationship of the 3-position using ester isosteres.

FIG. 21 shows a table demonstrating the
3-haloOsubstitued (4(1H)-Quinolones with and without
2-Methyl Groups®.

FIG. 22 shows a table demonstrating the solubility and
Log d for select 4(1H)-quinolones.

FIG. 23 shows a table demonstrating results of an in vivo
efficacy scout screening”.

FIG. 24 shows a table demonstrating results of a Thomp-
son Test.

DETAILED DESCRIPTION

Before the present disclosure is described in greater detail,
it is to be understood that this disclosure is not limited to
particular embodiments described, and as such may, of
course, vary. It is also to be understood that the terminology
used herein is for the purpose of describing particular
embodiments only, and is not intended to be limiting.

Where a range of values is provided, it is understood that
each intervening value, to the tenth of the unit of the lower
limit unless the context clearly dictates otherwise, between
the upper and lower limit of that range and any other stated
or intervening value or range in that stated range, is encom-
passed within the disclosure. The upper and lower limits of
these smaller ranges may independently be included in the
smaller ranges and are also encompassed within the disclo-
sure, subject to any specifically excluded limit in the stated
range. Where the stated range includes one or both of the
limits, ranges excluding either or both of those included
limits are also included in the disclosure.

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
disclosure belongs. Although any methods and materials
similar or equivalent to those described herein can also be
used in the practice or testing of the present disclosure, the
preferred methods and materials are now described.

All publications and patents cited in this specification are
herein incorporated by reference as if each individual pub-
lication or patent were specifically and individually indi-
cated to be incorporated by reference and are incorporated
herein by reference to disclose and describe the methods
and/or materials in connection with which the publications
are cited. The citation of any publication is for its disclosure
prior to the filing date and should not be construed as an
admission that the present disclosure is not entitled to
antedate such publication by virtue of prior disclosure.
Further, the dates of publication provided could be different
from the actual publication dates that may need to be
independently confirmed.

As will be apparent to those of skill in the art upon reading
this disclosure, each of the individual embodiments
described and illustrated herein has discrete components and
features which may be readily separated from or combined
with the features of any of the other several embodiments
without departing from the scope or spirit of the present
disclosure. Any recited method can be carried out in the
order of events recited or in any other order that is logically
possible.

Embodiments of the present disclosure will employ,
unless otherwise indicated, techniques of biology, physiol-
ogy, microbiology, parasitology, chemistry organic chemis-
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try, biochemistry, and the like, which are within the skill of
the art. Such techniques are explained fully in the literature.

Definitions
As used herein, “about,” “approximately,” and the like,
when used in connection with a numerical variable, can refer
to the value of the variable and to all values of the variable
that are within the experimental error (e.g., within the 95%
confidence interval for the mean) or within +/-10% of the
indicated value, whichever is greater.

As used herein, “additive effect” can refer to an effect
arising between two or more molecules, compounds, sub-
stances, factors, or compositions that is equal to or the same
as the sum of their individual effects.

As used herein, “active derivative” and the like can refer
to a modified compound containing a quinolone-based com-
pound as provided herein. The term “active derivative” and
the like can also refer to an analogue provided herein that
can be effective at killing a parasite of the genus Plasmo-
dium (including killing any life-cycle stage of the parasite),
reducing parasite load, parasite infection ability, parasite
transmission ability, and the ability to kill the parasite when
it is in the liver stage and/or blood stage. Assays for testing
the ability of an active derivative to perform in this fashion
are known to those of ordinary skill in the art and provided
herein. The assays can include, but are not limited to, in vitro
and in vivo assays.

As used herein, “administering” can refer to any admin-
istration route, including but not limited to, administration
that is oral, topical, intravenous, subcutaneous, transcutane-
ous, transdermal, intramuscular, intra-articular, parenteral,
intra-arterial, intradermal, intraventricular, intracranial,
intraperitoneal, intralesional, intranasal, rectal, vaginal, by
inhalation, or via an implanted reservoir. The term “paren-
teral” includes subcutaneous, intravenous, intramuscular,
intra-articular, intra-synovial, intrasternal, internasal,
intrathecal, intrahepatic, intralesional, and intracranial injec-
tions or infusion techniques.

As used interchangeably herein, “biocompatible,” “bio-
compatibility,” and “biologically compatible” can refer to
materials that are, with any metabolites or degradation
products thereof, generally non-toxic to the recipient, and
cause no significant adverse effects to the recipient. Gener-
ally speaking, biocompatible materials are materials which
do not elicit a significant inflammatory or immune response
when administered to a patient. In some embodiments, a
biocompatible material elicits no detectable change in one or
more biomarkers indicative of an immune response. In some
embodiments, a biocompatible material elicits no greater
than a 10% change, no greater than a 20% change, or no
greater than a 40% change in one or more biomarkers
indicative of an immune response.

As used herein, “a compound of formula (1), (2), (3), (4),
(5), (6), (6a), (6b) (7), (8), (9), (10), (11), (12), (13), (14),
(A), (B), (O), (D), and so forth and so on,” or “a compound
having a structure according to formula (1), (2), 3), (4), (5),
(6), (6a), (6b) (7), (8), (9), (10), (11), (12), (13), (14), (A),
B), (©), (D), etc.,” compound (1), (2), (3) (4), (5), (6), (6a),
(6b) (7), (8), (9), (10), (11), (12), (13), (14), (A), (B), (O),
(D), and so forth and so on,” or a “compound” can include
all or any sub-group of solvates, complexes, polymorphs,
derivatives thereof (including but not limited to, radiola-
beled derivatives (including deuterated derivatives where
one or more H are replaced by D)), tautomers, stereoiso-
mers, and optical isomers of the compound of the formulas
listed above and salts thereof.
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As used herein, “control” can refer to an alternative
subject or sample used in an experiment for comparison
purposes and included to minimize or distinguish the effect
of variables other than an independent variable. A control
can be positive or negative.

As used herein, “concentrated” can refer to an amount of
a molecule, compound, or composition, including, but not
limited to, a chemical compound, polynucleotide, peptide,
polypeptide, protein, antibody, or fragments thereof, that
indicates that the sample is distinguishable from its naturally
occurring counterpart in that the concentration or number of
molecules per volume is greater than that of its naturally
occurring counterpart.

As used herein, “derivative” can refer to substituting,
deleting, and/or adding one or more atoms or functional
groups. The term “derivative” does not mean that the
derivative is synthesized from the parent compound either as
a starting material or intermediate, although this may be the
case. The term “derivative” can include salts, prodrugs, or
metabolites of the parent compound. Derivatives include
compounds in which free amino groups in the parent com-
pound have been derivatized to form amine hydrochlorides,
p-toluene sulfonamides, benzoxycarboamides, t-butyloxy-
carboamides, thiourethane-type derivatives, trifluoroacetyl-
amides, chloroacetylamides, or formamides. Derivatives
include compounds in which carboxyl groups in the parent
compound have been derivatized to form salts, methyl and
ethyl esters, or other types of esters or hydrazides. Deriva-
tives include compounds in which hydroxyl groups in the
parent compound have been derivatized to form O-acyl or
O-alkyl derivatives. Derivatives include compounds in
which a hydrogen bond donating group in the parent com-
pound is replaced with another hydrogen bond donating
group such as OH, NH, or SH. Derivatives include replacing
a hydrogen bond acceptor group in the parent compound
with another hydrogen bond acceptor group such as esters,
ethers, ketones, carbonates, tertiary amines, imines, thiones,
sulfones, tertiary amides, and sulfides. “Derivatives” also
includes extensions of the replacement of the cyclopentane
ring with saturated or unsaturated cyclohexane or other more
complex, e.g., nitrogen-containing rings, and extensions of
these rings with various side groups.

As used herein, “diluted” can refer to an amount of a
molecule, compound, or composition including but not
limited to, a chemical compound, polynucleotide, peptide,
polypeptide, protein, antibody, or fragments thereof, that
indicates that the sample is distinguishable from its naturally
occurring counterpart in that the concentration or number of
molecules per volume is less than that of its naturally
occurring counterpart.

As used herein, “dose,” “unit dose,” or “dosage” can refer
to physically discrete units suitable for use in a subject, each
unit containing a predetermined quantity of a compound as
provided herein and/or a pharmaceutical formulation thereof
calculated to produce the desired response or responses in
association with its administration.

As used herein, “effective amount” can refer to an amount
sufficient to effect beneficial or desired results. An effective
amount can be administered in one or more administrations,
applications, or dosages. “Effective amount™ can refer to an
amount of a compound, derivative, and/or formulation
thereof provided herein that can treat or prevent malaria,
infection with and/or transmission of a parasite of the genus
Plasmodium, or a symptom thereof. The term “effective
amount” can refer to the amount effective to kill and or
reduce a parasite of the genus Plasmodium in the liver stage
and/or blood stage of the parasite infection. The term
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“effective amount” can refer to the amount effective to
reduce or kill the amount of any stage of a parasite of the
genus Plasmodium when in a host or vector.

As used herein, “hydrate” can refer to a compound formed
by the addition of water. Typically, but not always, this will
be crystalline lattice structures that incorporate water mol-
ecules. Hydrates include stoichiometric hydrates, as well as
compositions containing variable amounts of water.

As used herein, “mitigate” can refer to reducing a par-
ticular characteristic, symptom, or other biological or physi-
ological parameter associated with a disease or disorder.

The term “molecular weight”, as used herein, can gener-
ally refers to the mass or average mass of a material. If a
polymer or oligomer, the molecular weight can refer to the
relative average chain length or relative chain mass of the
bulk polymer. In practice, the molecular weight of polymers
and oligomers can be estimated or characterized in various
ways including gel permeation chromatography (GPC) or
capillary viscometry. GPC molecular weights are reported as
the weight-average molecular weight (M, ) as opposed to the
number-average molecular weight (M,,). Capillary viscom-
etry provides estimates of molecular weight as the inherent
viscosity determined from a dilute polymer solution using a
particular set of concentration, temperature, and solvent
conditions.

As used herein, “negative control” can refer to a “control”
that is designed to produce no effect or result, provided that
all reagents are functioning properly and that the experiment
is properly conducted. Other terms that are interchangeable
with “negative control” include “sham,” “placebo,” and
“mock.”

As used herein, “pharmaceutical formulation” can refer to
the combination of an active agent, compound, or ingredient
with a pharmaceutically acceptable carrier or excipient,
making the composition suitable for diagnostic, therapeutic,
or preventive use in vitro, in vivo, or ex vivo.

As used herein “pharmaceutically effective amount”,
“effective amount” and the like can refer to an amount of a
compound or formulation thereof provided herein that can
treat or prevent malaria or symptom thereof malaria or
symptom thereof and/or infection (at any stage (e.g. liver or
blood stages) and/or transmission of a parasite of the genus
Plasmodium in a subject. In embodiments, the “pharmaceu-
tically effective amount” can be the least amount of a
compound or formulation thereof provided herein needed to
treat, prevent, or elicit the desired biological and/or medical
effect in the response of a cell, tissue, organ, system, or
subject that is being sought by the researcher, veterinarian,
medical doctor or other clinician. In some embodiments, the
“pharmaceutically effective amount” can be the least amount
that can treat or prevent malaria or symptom thereof and/or
infection (at any stage (e.g. liver or blood stages) and/or
transmission of a parasite of the genus Plasmodium. “Phar-
maceutically effective amount” or “pharmaceutically effec-
tive dose,” can refer to the amount of a compound or
formulation thereof provided herein that will elicit the
biological and/or medical response of a cell, tissue, organ,
system, or subject that is being sought by the researcher,
veterinarian, medical doctor or other clinician. The pharma-
ceutically effective amount can vary depending on the
compound, formulation the disorder or condition (normal or
abnormal) and its severity, the route of administration, time
of administration, rate of excretion, drug or compound,
judgment of the researcher, veterinarian, medical doctor or
other clinician, dosage form, and the age, weight, general
health, sex and/or diet of the subject to be treated.
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As used herein, “pharmaceutically acceptable” can refer
to compounds, materials, compositions, and/or dosage forms
which are, within the scope of sound medical judgment,
suitable for use in contact with the tissues of human beings
and animals without excessive toxicity, irritation, allergic
response, or other problems or complications commensurate
with a reasonable benefit/risk ratio, in accordance with the
guidelines of agencies such as the Food and Drug Admin-
istration.

As used herein, “pharmaceutically acceptable carrier or
excipient” can refer to a carrier or excipient that is useful in
preparing a pharmaceutical composition that is generally
safe, non-toxic and neither biologically nor otherwise unde-
sirable, and includes a carrier or excipient that is acceptable
for veterinary use as well as human pharmaceutical use. A
“pharmaceutically acceptable carrier or excipient” as used
herein also includes both one and more than one such carrier
or excipient. Pharmaceutically acceptable carriers include,
but are not limited to, diluents, preservatives, binders, lubri-
cants, disintegrators, swelling agents, fillers, stabilizers, and
combinations thereof.

As used herein, “pharmaceutically acceptable salt” can
refer to any salt derived from organic and inorganic acids of
a compound described herein. Pharmaceutically acceptable
salt also refers to a salt of a compound described having an
acidic functional group, such as a carboxylic acid functional
group, and a base. Pharmaceutically acceptable salt also
includes hydrates of a salt of a compound described herein.

As used herein, “positive control” can refer to a “control”
that is designed to produce the desired result, provided that
all reagents are functioning properly and that the experiment
is properly conducted.

As used herein, “preventative,” “preventing,” “prevent”
and the like can refer to partially or completely delaying
and/or precluding the onset or recurrence of a disorder or
conditions and/or one or more of its attendant symptoms or
barring a subject from acquiring or reacquiring a disorder or
condition or reducing a subject’s risk of acquiring or reac-
quiring a disorder or condition or one or more of its
attendant symptoms including, but not limited to, malaria,
infection and/or transmission of a parasite of the genus
Plasmodium or a symptom thereof.

As used herein, “purified” or “purify” can be used in
reference to a nucleic acid sequence, peptide, or polypeptide
that has increased purity relative to the natural environment.

As used herein, “separated” can refer to the state of being
physically divided from the original source or population
such that the separated compound, agent, particle, chemical
compound, or molecule can no longer be considered part of
the original source or population.

As used herein, “solvate” refers to a complex of variable
stoichiometry formed by a solute (e.g. formulas (1)-(1) (A),
(B), (C), (D), or any other compound herein or a salt thereof)
and a solvent. Pharmaceutically acceptable solvates may be
formed for crystalline compounds wherein solvent mol-
ecules are incorporated into the crystalline lattice during
crystallization. The incorporated solvent molecules can be
water molecules or non-aqueous molecules, such as but not
limited to, ethanol, isopropanol, dimethyl sulfoxide, acetic
acid, ethanolamine, and ethyl acetate molecules.

As used interchangeably herein, “subject,” “individual,”
or “patient,” can refer to a vertebrate, preferably a mammal,
more preferably a human. Mammals include, but are not
limited to, murines, simians, humans, farm animals, sport
animals, and pets. The term “pet” includes a dog, cat, guinea
pig, mouse, rat, rabbit, ferret, and the like. The term farm
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animal includes a horse, sheep, goat, chicken, pig, cow,
donkey, llama, alpaca, turkey, and the like.

As used herein, “substantially pure” can mean an object
species is the predominant species present (i.e., on a molar
basis it is more abundant than any other individual species
in the composition), and preferably a substantially purified
fraction is a composition wherein the object species com-
prises about 50 percent of all species present. Generally, a
substantially pure composition will comprise more than
about 80 percent of all species present in the composition,
more preferably more than about 85%, 90%, 95%, and 99%.
Most preferably, the object species is purified to essential
homogeneity (contaminant species cannot be detected in the
composition by conventional detection methods) wherein
the composition consists essentially of a single species.

The terms “sufficient” and “effective,” as used inter-
changeably herein, can refer to an amount (e.g. mass,
volume, dosage, concentration, and/or time period) needed
to achieve one or more desired result(s). For example, a
therapeutically effective amount refers to an amount needed
to achieve one or more therapeutic effects.

As used herein, “synergistic effect,” “synergism,” or
“synergy” can refer to an effect arising between two or more
molecules, compounds, substances, factors, or compositions
that that is greater than or different from the sum of their
individual effects.

As used herein, “tangible medium of expression” can
refer to a medium that is physically tangible and is not a
mere abstract thought or an unrecorded spoken word. Tan-
gible medium of expression includes, but is not limited to,
words on a cellulosic or plastic material or data stored on a
suitable device such as a flash memory or CD-ROM.

As used herein, “therapeutic”, “treating”, “treat,” and the
like can refer to include partially or completely delaying,
alleviating, mitigating or reducing the intensity of one or
more attendant symptoms of a disease or condition includ-
ing, but not limited to, malaria, infection and/or transmission
of a parasite of the genus Plasmodium or a symptom thereof.

As used herein, “alkyl” and “alkylene” refer to a saturated
hydrocarbon chain having the specified number of member
atoms.

The term “alkyl” can also refer to the radical of saturated
aliphatic groups (i.e., an alkane with one hydrogen atom
removed), including straight-chain alkyl groups, branched-
chain alkyl groups, cycloalkyl (alicyclic) groups, alkyl-
substituted cycloalkyl groups, and cycloalkyl-substituted
alkyl groups. “Alkyl” also refers to a saturated hydrocarbon
chain having the specified number of atoms.

The term “alkyl” (or “lower alkyl”) as used herein can
include both “unsubstituted alkyls” and “substituted alkyls,”
the latter of which refers to alkyl moieties having one or
more substituents replacing a hydrogen on one or more
carbons of the hydrocarbon backbone. Such substituents
include, but are not limited to, halogen, hydroxyl, carbonyl
(such as a carboxyl, alkoxycarbonyl, formyl, or an acyl),
thiocarbonyl (such as a thioester, a thioacetate, or a thiofor-
mate), alkoxyl, phosphoryl, phosphate, phosphonate, phos-
phinate, amino, amido, amidine, imine, cyano, nitro, azido,
sulthydryl, alkylthio, sulfate, sulfonate, sulfamoyl, sulfona-
mido, sulfonyl, heterocyclyl, aralkyl, or an aromatic or
heteroaromatic moiety.

Unless the number of carbons is otherwise specified,
“lower alkyl” as used herein can refer to an alkyl group, as
defined above, but having from one to ten carbons in its
backbone structure. Likewise, “lower alkenyl” and “lower
alkynyl” have similar chain lengths.
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It will be understood by those skilled in the art that the
moieties substituted on the hydrocarbon chain can them-
selves be substituted, if appropriate. For instance, the sub-
stituents of a substituted alkyl may include halogen,
hydroxy, nitro, thiols, amino, azido, imino, amido, phospho-
ryl (including phosphonate and phosphinate), sulfonyl (in-
cluding sulfate, sulfonamido, sulfamoyl and sulfonate), and
silyl groups, as well as ethers, alkylthios, carbonyls (includ-
ing ketones, aldehydes, carboxylates, and esters), —CFj,
—CN and the like. Cycloalkyls can be substituted in the
same manner.

As used herein, “C, _galkyl” can refer to an alkyl group
having any number of member atoms from 1 to 6 member
atoms, such as for example 1 to 4 atoms. Other alkyl groups
may have any number of member atoms as indicated by the
numbers given in the formula, which, like the previous
example, can refer to an alkyl group having any number of
member atoms within the specified range of member atoms.
Alkyl groups may be straight or branched. Representative
branched alkyl groups have one, two, or three branches.
Alkyl includes methyl, ethyl, propyl (n-propyl and isopro-
pyl), butyl (n-butyl, isobutyl, and t-butyl), pentyl (n-pentyl,
isopentyl, and neopentyl), and hexyl.

As used herein, “heterocyclic group” can refer to a
non-aromatic ring and having the specified number of mem-
ber atoms being saturated or having one or more degrees of
unsaturation and, unless otherwise specified, containing one
or more heteroatoms.

As used herein, “heteroaryl” can refer to an aromatic ring
having the specified number of member atoms and, unless
otherwise specified, containing one or more heteroatoms.
Bicyclic and other polycyclic ring systems having a het-
eroaryl ring are described as fused systems.

The term “heteroalkyl,” as used herein, can refer to
straight or branched chain, or cyclic carbon-containing radi-
cals, or combinations thereof, containing at least one het-
eroatom. Suitable heteroatoms include, but are not limited
to, O, N, Si, P, Se, B, and S, wherein the phosphorous and
sulfur atoms are optionally oxidized, and the nitrogen het-
eroatom is optionally quaternized. Heteroalkyls can be sub-
stituted as defined above for alkyl groups.

The term “heteroalkyl,” as used herein, can refer to
straight or branched chain, or cyclic carbon-containing radi-
cals, or combinations thereof, containing at least one het-
eroatom. Suitable heteroatoms include, but are not limited
to, O, N, Si, P, Se, B, and S, wherein the phosphorous and
sulfur atoms are optionally oxidized, and the nitrogen het-
eroatom is optionally quaternized. Heteroalkyls can be sub-
stituted as defined above for alkyl groups.

As used herein, “alkoxyl” or “alkoxy,” as used herein, can
refer to an alkyl group, as defined above, having an oxygen
radical attached thereto. Representative alkoxyl groups
include methoxy, ethoxy, propyloxy, tert-butoxy and the
like. An “ether” is two hydrocarbons covalently linked by an
oxygen. Accordingly, the substituent of an alkyl that renders
that alkyl is an ether or resembles an alkoxyl, such as can be
represented by one of —O-alkyl, —O-alkenyl, and —O-
alkynyl. The terms “aroxy” and “aryloxy”, as used inter-
changeably herein, can be represented by —O-aryl or O-het-
eroaryl, wherein aryl and heteroaryl are as defined below.
The alkoxy and aroxy groups can be substituted as described
above for alkyl.

As used herein, “amine” and “amino” (and its protonated
form) are art-recognized and refer to both unsubstituted and
substituted amines, e.g., a moiety that can be represented by
the general formula:
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N —N'—R'
\ |
R or R

wherein R, R', and R" each independently represent a
hydrogen, an alkyl, an alkenyl, —(CH2),,—R_ or R and R’
taken together with the N atom to which they are attached
complete a heterocycle having from 4 to 8 atoms in the ring
structure; R .. represents an aryl, a cycloalkyl, a cycloalkenyl,
a heterocycle or a polycycle; and m is zero or an integer in
the range of 1 to 8. In some embodiments, only one of R or
R' can be a carbonyl, e.g., R, R' and the nitrogen together do
not form an imide. In other embodiments, the term “amine”
does not encompass amides, e.g., wherein one of R and R'
represents a carbonyl. In further embodiments, R and R' (and
optionally R") each independently represent a hydrogen, an
alkyl or cycloakly, an alkenyl or cycloalkenyl, or alkynyl.
Thus, the term “alkylamine” as used herein means an amine
group, as defined above, having a substituted (as described
above for alkyl) or unsubstituted alkyl attached thereto, i.e.,
at least one of R and R' is an alkyl group.

As used herein, “amido” is art-recognized as an amino-
substituted carbonyl and includes a moiety that can be
represented by the general formula:

wherein R and R' are as defined above.

As used herein, “Aryl” can refer to C5-C,,-membered
aromatic, heterocyclic, fused aromatic, fused heterocyclic,
biaromatic, or bihetereocyclic ring systems. Broadly
defined, “aryl”, as used herein, includes 5-, 6-, 7-, 8-, 9-, and
10-membered single-ring aromatic groups that may include
from zero to four heteroatoms, for example, benzene, pyr-
role, furan, thiophene, imidazole, oxazole, thiazole, triazole,
pyrazole, pyridine, pyrazine, pyridazine, pyrimidine, and the
like. Those aryl groups having heteroatoms in the ring
structure may also be referred to as “aryl heterocycles™ or
“heteroaromatics.” The aromatic ring can be substituted at
one or more ring positions with one or more substituents
including, but not limited to, halogen, azide, alkyl, aralkyl,
alkenyl, alkynyl, cycloalkyl, hydroxyl, alkoxyl, amino (or
quaternized amino), nitro, sulthydryl, imino, amido, phos-
phonate, phosphinate, carbonyl, carboxyl, silyl, ether, alky-
Ithio, sulfonyl, sulfonamido, ketone, aldehyde, ester, hetero-
cyclyl, aromatic or heteroaromatic moieties, —CF;, —CN,
and combinations thereof.

The term “aryl” can also include polycyclic ring systems
having two or more cyclic rings in which two or more
carbons are common to two adjoining rings (i.e., “fused
rings”) wherein at least one of the rings is aromatic, e.g., the
other cyclic ring or rings can be cycloalkyls, cycloalkenyls,
cycloalkynyls, aryls and/or heterocycles. Examples of het-
erocyclic rings include, but are not limited to, benzimida-
zolyl, benzofuranyl, benzothiofuranyl, benzothiophenyl,
benzoxazolyl, benzoxazolinyl, benzthiazolyl, benztriazolyl,
benztetrazolyl, benzisoxazolyl, benzisothiazolyl, benzimi-
dazolinyl, carbazolyl, 4aH carbazolyl, carbolinyl, chroma-
nyl, chromenyl, cinnolinyl, decahydroquinolinyl, 2H,6H-1,

10

15

20

25

30

35

40

45

50

55

60

65

16

5,2-dithiazinyl, dihydrofuro[2,3 b]|tetrahydrofuran, furanyl,
furazanyl, imidazolidinyl, imidazolinyl, imidazolyl, 1H-in-
dazolyl, indolenyl, indolinyl, indolizinyl, indolyl, 3H-indo-
lyl, isatinoyl, isobenzofuranyl, isochromanyl, isoindazolyl,
isoindolinyl, isoindolyl, isoquinolinyl, isothiazolyl, isox-
azolyl, methylenedioxyphenyl, morpholinyl, naphthyridi-
nyl, octahydroisoquinolinyl, oxadiazolyl, 1,2,3-oxadiazolyl,
1,2,4-oxadiazolyl, 1,2,5-oxadiazolyl, 1,3,4-oxadiazolyl,
oxazolidinyl, oxazolyl, oxindolyl, pyrimidinyl, phenan-
thridinyl, phenanthrolinyl, phenazinyl, phenothiazinyl, phe-
noxathinyl, phenoxazinyl, phthalazinyl, piperazinyl, piper-
idinyl, piperidonyl, 4-piperidonyl, piperonyl, pteridinyl,
purinyl, pyranyl, pyrazinyl, pyrazolidinyl, pyrazolinyl, pyra-
zolyl, pyridazinyl, pyridooxazole, pyridoimidazole, pyri-
dothiazole, pyridinyl, pyridyl, pyrimidinyl, pyrrolidinyl,
pyrrolinyl, 2H-pyrrolyl, pyrrolyl, quinazolinyl, quinolinyl,
4H-quinolizinyl, quinoxalinyl, quinuclidinyl, tetrahydro-
furanyl, tetrahydroisoquinolinyl, tetrahydroquinolinyl, tetra-
zolyl, 6H-1,2,5-thiadiazinyl, 1,2,3-thiadiazolyl, 1,2,4-thiadi-
azolyl, 1,2,5-thiadiazolyl, 1,3,4-thiadiazolyl, thianthrenyl,
thiazolyl,  thienyl, thienothiazolyl, thienooxazolyl,
thienoimidazolyl, thiophenyl, and xanthenyl. One or more of
the rings can be substituted as defined above for “aryl.”

As used herein, “aralkyl,” can refer to an alkyl group
substituted with an aryl group (e.g., an aromatic or het-
eroaromatic group).

As used herein, “aralkyloxy” can be represented by —O-
aralkyl, wherein aralkyl is as defined above.

As used herein, “carbocycle,” can refer to an aromatic or
non-aromatic ring(s) in which each atom of the ring(s) is
carbon.

As used herein, “heterocycle” or “heterocyclic” can refer
to a monocyclic or bicyclic structure containing 3-10 ring
atoms, and in some embodiments, containing from 5-6 ring
atoms, wherein the ring atoms are carbon and one to four
heteroatoms each selected from the following group of
non-peroxide oxygen, sulfur, and N(Y) wherein Y is absent
oris H, O, (C,-C,,) alkyl, phenyl or benzyl, and optionally
containing 1-3 double bonds and optionally substituted with
one or more substituents. Examples of heterocyclic rings
include, but are not limited to, benzimidazolyl, benzofura-
nyl, benzothiofuranyl, benzothiophenyl, benzoxazolyl, ben-
zoxazolinyl, benzthiazolyl, benztriazolyl, benztetrazolyl,
benzisoxazolyl, benzisothiazolyl, benzimidazolinyl, carba-
zolyl, 4aH carbazolyl, carbolinyl, chromanyl, chromenyl,
cinnolinyl, decahydroquinolinyl, 2H,6H-1,5,2-dithiazinyl,
dihydrofuro[2,3 b]tetrahydrofuran, furanyl, furazanyl, imi-
dazolidinyl, imidazolinyl, imidazolyl, 1H-indazolyl, indole-
nyl, indolinyl, indolizinyl, indolyl, 3H-indolyl, isatinoyl,
isobenzofuranyl, isochromanyl, isoindazolyl, isoindolinyl,
isoindolyl, isoquinolinyl, isothiazolyl, isoxazolyl, methyl-
enedioxyphenyl, morpholinyl, naphthyridinyl, octahy-
droisoquinolinyl, oxadiazolyl, 1,2,3-oxadiazolyl, 1,2,4-0x-
adiazolyl, 1,2,5-oxadiazolyl, 1,3,4-oxadiazolyl,
oxazolidinyl, oxazolyl, oxepanyl, oxetanyl, oxindolyl,
pyrimidinyl, phenanthridinyl, phenanthrolinyl, phenazinyl,
phenothiazinyl, phenoxathinyl, phenoxazinyl, phthalazinyl,
piperazinyl, piperidinyl, piperidonyl, 4-piperidonyl, pipero-
nyl, pteridinyl, purinyl, pyranyl, pyrazinyl, pyrazolidinyl,
pyrazolinyl, pyrazolyl, pyridazinyl, pyridooxazole, pyri-
doimidazole, pyridothiazole, pyridinyl, pyridyl, pyrimidi-
nyl, pyrrolidinyl, pyrrolinyl, 2H-pyrrolyl, pyrrolyl, qui-
nazolinyl, quinolinyl, 4H-quinolizinyl, quinoxalinyl,
quinuclidinyl, tetrahydrofuranyl, tetrahydroisoquinolinyl,
tetrahydropyranyl, tetrahydroquinolinyl, tetrazolyl, 6H-1,2,
S-thiadiazinyl, 1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl, 1,2,5-
thiadiazolyl, 1,3,4-thiadiazolyl, thianthrenyl, thiazolyl, thie-
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nyl, thienothiazolyl, thienooxazolyl, thienoimidazolyl,
thiophenyl, and xanthenyl. Heterocyclic groups can option-
ally be substituted with one or more substituents at one or
more positions as defined above for alkyl and aryl, for
example, halogen, alkyl, aralkyl, alkenyl, alkynyl,
cycloalkyl, hydroxyl, amino, nitro, sulthydryl, imino,
amido, phosphate, phosphonate, phosphinate, carbonyl, car-
boxyl, silyl, ether, alkylthio, sulfonyl, ketone, aldehyde,
ester, a heterocyclyl, an aromatic or heteroaromatic moiety,
—CF,, —CN, or the like.

The term “carbonyl” is art-recognized and includes such
moieties as can be represented by the general formula:

0 O

—”—X—R or —XJJ—R'

wherein X is a bond or represents an oxygen or a sulfur,
and R and R’ are as defined above. Where X is an oxygen and
R or R' is not hydrogen, the formula represents an “ester”.
Where X is an oxygen and R is as defined above, the moiety
is referred to herein as a carboxyl group, and particularly
when R is a hydrogen, the formula represents a “carboxylic
acid.” Where X is an oxygen and R' is hydrogen, the formula
represents a “formate.” In general, where the oxygen atom
of the above formula is replaced by sulfur, the formula
represents a “thiocarbonyl” group. Where X is a sulfur and
R or R' is not hydrogen, the formula represents a “thioester.”
Where X is a sulfur and R is hydrogen, the formula
represents a “thiocarboxylic acid.” Where X is a sulfur and
R' is hydrogen, the formula represents a “thioformate.” On
the other hand, where X is a bond, and R is not hydrogen,
the above formula represents a “ketone” group. Where X is
a bond, and R is hydrogen, the above formula represents an
“aldehyde” group.

As used herein, “heteroatom” as used herein can refer to
an atom of any element other than carbon or hydrogen.
Exemplary heteroatoms include, but are not limited to,
boron, nitrogen, oxygen, phosphorus, sulfur, silicon, arsenic,
and selenium.

As used herein, “nitro” can refer to —NO,; the term
“halogen” designates —F, —Cl, —Br, or —I; the term
“sulthydryl” refers to —SH; the term “hydroxyl” refers to
—OH; and the term “sulfonyl” refers to —SO,—.

The term “substituted” as used herein, can refer to all
permissible substituents of the compounds described herein.
In the broadest sense, the permissible substituents include
acyclic and cyclic, branched and unbranched, carbocyclic
and heterocyclic, aromatic and nonaromatic substituents of
organic compounds. [llustrative substituents include, but are
not limited to, halogens, hydroxyl groups, or any other
organic groupings containing any number of carbon atoms,
e.g. 1-14 carbon atoms, and optionally include one or more
heteroatoms such as oxygen, sulfur, or nitrogen grouping in
linear, branched, or cyclic structural formats. Representative
substituents include alkyl, substituted alkyl, alkenyl, substi-
tuted alkenyl, alkynyl, substituted alkynyl, phenyl, substi-
tuted phenyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, halo, hydroxyl, alkoxy, substituted alkoxy, phe-
noxy, substituted phenoxy, aroxy, substituted aroxy, alkyl-
thio, substituted alkylthio, phenylthio, substituted phenyl-
thio, arylthio, substituted arylthio, cyano, isocyano,
substituted isocyano, carbonyl, substituted carbonyl, car-
boxyl, substituted carboxyl, amino, substituted amino,
amido, substituted amido, sulfonyl, substituted sulfonyl,
sulfonic acid, phosphoryl, substituted phosphoryl, phospho-
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nyl, substituted phosphonyl, polyaryl, substituted polyaryl,
C,-C,, cyclic, substituted C,-C,, cyclic, heterocyclic, sub-
stituted heterocyclic, amino acid, peptide, and polypeptide
groups.

Heteroatoms, such as nitrogen, can have hydrogen sub-
stituents and/or any permissible substituents of organic
compounds described herein which satisfy the valences of
the heteroatoms. It is understood that “substitution” or
“substituted” includes the implicit proviso that such substi-
tution is in accordance with permitted valence of the sub-
stituted atom and the substituent, and that the substitution
results in a stable compound, i.e., a compound that does not
spontaneously undergo transformation such as by rearrange-
ment, cyclization, elimination, etc.

As used herein, “suitable substituent” can refer to a
chemically and pharmaceutically acceptable group, i.e., a
moiety that does not significantly interfere with the prepa-
ration of or negate the efficacy of the inventive compounds.
Such suitable substituents may be routinely chosen by those
skilled in the art. Suitable substituents include but are not
limited to the following: a halo, C,-C; alkyl, C,-C alkenyl,
C,-C¢ haloalkyl, C,-C, alkoxy, C,-C, haloalkoxy, C,-Cq
alkynyl, C;-Cq cycloalkenyl, (C5-Cy cycloalkyl)C,-Cg alkyl,
(C5-Cg cycloalkyl)C,-Cy alkenyl, (C;-C, cycloalkyl) C,-Cg
alkoxy, C;-C, heterocycloalkyl, (C5-C, heterocycloalkyl)
C,-Cq alkyl, (C3-C, heterocycloalkyl)C,-C, alkenyl, (C,-C,
heterocycloalkyl)C,-C, alkoxyl, hydroxy, carboxy, oxo, sul-
fanyl, C,-C, alkylsulfanyl, aryl, heteroaryl, aryloxy, het-
eroaryloxy, arylalkyl, heteroaralkyl, arylalkoxy, het-
eroaralkoxy, nitro, cyano, amino, C,-C alkylamino, di-(C, -
C, alkyl)amino, carbamoyl, (C,-C, alkyl)carbonyl, (C,-Cq
alkoxy)carbonyl, (C,-C alkyl)aminocarbonyl, di-(C,-Cq
alkyl)aminocarbonyl, arylcarbonyl, aryloxycarbonyl, (C,-
C, alkyl)sulfonyl, and arylsulfonyl. The groups listed above
as suitable substituents are as defined hereinafter except that
a suitable substituent may not be further optionally substi-
tuted.

As used herein, “optionally substituted” can indicate that
a group may be unsubstituted or substituted with one or
more substituents as defined herein.

Unless otherwise defined herein, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art.

DISCUSSION

Malaria is one of the deadliest diseases worldwides and
accounts for about half a million deaths annually. A proto-
zoan parasitic species, Plasmodium is responsible for trans-
mitting the disease to humans through a mosquito vector.
There are significant challenges plaguing the development
of antimalarial agents. The various developmental stages of
the parasite with in the host makes the design makes the
design and development of antimalarial agents difficult. The
development of resistance to antiamalarial compounds by
the parasites further complicates the design makes the
design and development of antimalarial agents. Widespread
resistance to almost all current antiamalarial agents in use
today underscores the immediate need for new antimalarial
agents against the parasites that have developed resistance to
current therapeutics.

With that said, described herein are antimalarial com-
pounds and formulations thereof that can be used to treat
and/or prevent malaria at one or more life stages and/or
transmission of the parasite from host to mosquito. Also
provided herein are methods of treating and/or preventing
malaria and/or the transmission of a Plasmodium parasite
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that can include the step of administering a compound or
formulation thereof provided herein to a subject. Other
compositions, compounds, methods, features, and advan-
tages of the present disclosure will be or become apparent to
one having ordinary skill in the art upon examination of the
following drawings, detailed description, and examples. It is
intended that all such additional compositions, compounds,
methods, features, and advantages be included within this
description, and be within the scope of the present disclo-
sure.

Compounds and Formulations Thereof

Quinolone-Based Compounds

Malaria can be caused by many parasites of the genus
Plasmodium, of which P, faliciparum is the most common
cause for infections in humans. Malaria begins its life cycle
in a host when an infected femal Aropheles mosquito takes
a blood meal from a host. Sporozoites are injected from the
salivary gland of the mosquito into the host and first infect
the liver cells, where they mature into schizonts. This can
also be referred to as the liver stage of the life cycle of the
infecting parasite and is one point at which therapeutic
intervention can be effective at treating and/or preventing
malaria infection and disease. The schizonts then rupture
and release merozoites, which rapidly infect red blood cells
causing the clinical symptoms of the disease. When the red
blood cells are infected this can be referred to as the blood
stage of the disease. The time between the liver stage and the
blood stage can vary based on the species of Plasmodium
infecting the host. Some species can remain dormant in liver
cells and cause disease weeks, months or even years later.
Other species can move from liver stage to blood stage in
only a couple of days or less. The life cycle completes and
repeats when transmission from the blood of the infected
host is injested by a mosquito and the parasite is transmitted
from the blood the mosquito. This can be referred to as the
transmission phase. While compounds that are effective at
one or two of the stages, it is desirable to have a compound
that is effective against the parasite when in the liver stage,
blood stange, and at preventing transmission. Further, given
the prevalent resistance that has developed against one or
more current antimalarial agents, it is desirable to have
compounds that are effective against resistant strains.

Provided herein are compounds and formulations thereof
that can be effective at killing a parasite of the genus
Plasmodium and/or can be effective to reduce Plasmodium
parasite load in a host and/or eliminate Plasmodium para-
sites from an infected subject. The compounds and formu-
lations thereof can be effective against a Plasmodium para-
site when the parasite is in the liver stage, blood stage,
and/or can be effective at preventing or reducing transmis-
sion of the parasite to the mosquito.

The compound can have a structure according to Formula
A

Formula A

Ry R;

R N ,
i N Ry

wherein R, can be selected from the group of: H, Cl, F, Ph,
O(CH,),0OPh, O(CH,);Ph, OCH,Ph, Ph, O(CH,),Ph, and,
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’1.{\ X
N ON—Rs
AV 4

wherein s can be 1-4 and t can be 1-4, wherein R, can be
selected from the group of: CH,, OCH,, OCH,Ph, O(CH,),,
Ph wherein m can be 1-4, Ph, CH,CH,, (CH,),CH;, (CH,),
CH,, (CH,),CH;, OPh, O(p-F)Ph, CH(CH,),, Br, Cl,
OCH,CH,, O(CH,);Ph, and

7’1{\ 2N
N N—Rs
hv4

wherein s can be 1-4 and t can be 1-4, wherein R; can be
selected from the group of H, Cl, Br, I, CO,H, CH,,
CO,CH,CH,, CO,CH;, CH,CH,, CN, CONHCH,, CON
(CH,),, CONHCH,CH,;, CONH(CH,),0OH, CONHCH
(CH;),, and COCHj;, wherein R, can be selected from the
group of H and CHj;, wherein Ry can be selected from the
group consisting of: H, F, Bn, para-methoxybenzyl, a pip-
eronyl, 4-OCH,Ph, 4-F-Ph, 4-CF,-Ph, OCH,, CF;, O

salond
OV oo

Re Re

R, 5 R, 5

an alkyl, an alkylene, an alkenyl, a heterocycle, a heteroaryl,
a heteroalkyl, an alkoxyl, an alkoxy, an amine, an amido, an
aryl, an aralkyl, an aralkyloxy, an carbocycle, an carbonyl,
a nitro, a halogen, a sulthydryl, a hydroxyl, and a sulfonyl,
wherein Ry can be further optionally substituted, wherein
Rg, Ry, Rg, Ry, and R can each be independently selected
from the group of F, OCH;, CF;, H, an alkyl, an alkylene,
an alkenyl, a heterocycle, a heteroaryl, a heteroalkyl, an
alkoxyl, an alkoxy, an amine, an amido, an aryl, an aralkyl,
an aralkyloxy, an carbocycle, an carbonyl, a nitro, a halogen,
a sulthydryl, a hydroxyl, a sulfonyl, wherein R¢, R, Rg, Ry,
and R, can each be further optionally substituted, wherein
n can be 0, 1, or 2, and wherein the compound is not
according to Formula B
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Formula B

O\/\O

N

H
In some embodiments, R, can be
q 7/ \

N N—Rs,

wherein Ry can be selected from the group consisting of: H,
F, Bn, para-methoxybenzyl, a piperonyl, 4-OCH,Ph, 4-F-Ph,
4-CF,-Ph, OCHj;, CF;,

salogd
YoREe O

Ry

R¢

Ry ) Ry ,

an alkyl, an alkylene, an alkenyl, a heterocycle, a heteroaryl,
a heteroalkyl, an alkoxyl, an alkoxy, an amine, an amido, an
aryl, an aralkyl, an aralkyloxy, an carbocycle, an carbonyl,
a nitro, a halogen, a sulthydryl, a hydroxyl, and a sulfonyl,
wherein R can be further optionally substituted, wherein
R, R-, Rg, Ry, and R, can each be independently selected
from the group of F, OCH;, CF;, H, an alkyl, an alkylene,
an alkenyl, a heterocycle, a heteroaryl, a heteroalkyl, an
alkoxyl, an alkoxy, an amine, an amido, an aryl, an aralkyl,
an aralkyloxy, an carbocycle, an carbonyl, a nitro, a halogen,
a sulthydryl, a hydroxyl, a sulfonyl, wherein R¢, R, Rg, Ry,
and R, can each be further optionally substituted, and
wherein n can be 0, 1, or 2.

In some embodiments, the compound can have a structure
according to Formula C
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Formula C

(€] (€]

Tz

¢

o

In some embodiments, the compound can have a structure
according to Formula D

Formula D

N
H

The effective concentration where about 50% of the
population is reduced (ECs,) against malarial strain W2 of
the compound can range from 0 to about 1 uM. The ECj,
against malarial strain W2 of the compound can range from
0 to about 100 nM. The effective concentration where about
50% of the population is reduced (ECs,) against malarial
strain TM90-C2B of the compound can range from 0 to
about 1 pM. The EC,, against malarial strain TM90-C2B of
the compound can range from 0 to about 100 nM.

Due to the emergence and rapid acquisition of cross-
resistance of the parasites, the compounds can be evaluated
on its resistive index (RI), which is the ratio of the effective
concentrations needed to kill 50% of a parasite population
for TN90-C2B and W2 strains and is a measure of the
effectiveness of a compound against resistant strains. In
some embodiments, the RI can from about 0 to 500, 0-200,
0-100, 0-50, 0-40, 0-30, 0-20, 0-10, 0-5, 0-3, or less than 1,
where the resistive index is (ECs, for TM90C2B)/(EC,, for
W2).

The compound can be effective against the liver stage of
the parasite. The effectiveness of a compound against the
liver stage of the parasite can be determined in vitro using
hepatocytes infected P. berghei sporozoites expressing
luciferase (Nilsen et al. 2013. Transl. Med. 5: 177ra37.).
Liver blood indices (LBI) can be used to relate activity
against P. berghei with activity against resistant strains (e.g.
W2 and TM90-C2B). For example, when using W2 or
TM90-C2B the LBI=(EC,, W2)/(E5, P. berghei) and (Es,
TM90-C2B)Y/(Es, P. berghei), respectively. If strains other
than W2 or TM90-C2B are used, the LBI for those strains
can be determined in the same way. In embodiments, the
LBI can range from 0 to 200.

Pharmaceutical Formulations

The compounds (e.g. compounds having a structure
according to any one of formulas A, B, C, and D or any other
compound provided herein and derivatives thereof)
described herein can be provided to a subject in need thereof
as an ingredient, such as an active ingredient, in a pharma-
ceutical formulation. As such, also described are pharma-
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ceutical formulations containing one or more of the com-
pounds and salts thereof, or pharmaceutically acceptable
salts thereof described herein. Suitable salts include, but are
not limited to, sulfate, citrate, acetate, oxalate, chloride,
hydrochloride, bromide, hydrobromide, iodide, nitrate,
bisulfate, phosphate, isonicotinate, lactate, salicylate, acid
citrate, tartrate, oleate, tannate, pantothenate, bitartrate,
ascorbate, succinate, maleate, gentisinate, fumarate, glucon-
ate, glucaronate, saccharate, formate, benzoate, glutamate,
methanesulfonate,  ethanesulfonate,  benzenesulfonate,
p-toluenesulfonate, camphorsulfonate, napthalenesulfonate,
propionate, malonate, mandelate, malate, phthalate, and
pamoate.

The pharmaceutical formulations or salts thereof can be
administered to a subject in need thereof. In some embodi-
ments, the subject is infected with a parasite of the genus
Plasmodium. In some embodiments, the subject suffers from
liver stage infection of a parasite of the genus Plasmodium.
In some embodiments, the subject suffers from blood stage
infection of a parasite of the genus Plasmodium. In some
embodiments, the subject suffers from malaria or a symptom
thereof.

Pharmaceutically Acceptable Carriers and Auxiliary
Ingredients and Agents

The pharmaceutical formulations containing an effective
amount of a compound described herein (e.g. compounds
having a structure according to any one of Formulas A, B,
C, or D, or other formula provided herein) or a derivative
thereof can further include a pharmaceutically acceptable
carrier. Suitable pharmaceutically acceptable carriers
include, but are not limited to water, salt solutions, alcohols,
gum arabic, vegetable oils, benzyl alcohols, polyethylene
glycols, gelatin, carbohydrates such as lactose, amylose or
starch, magnesium stearate, talc, silicic acid, viscous paraf-
fin, perfume oil, fatty acid esters, hydroxy methylcellulose,
and polyvinyl pyrrolidone, which do not deleteriously react
with the active composition.

The pharmaceutical formulations can be sterilized, and if
desired, mixed with auxiliary agents, such as lubricants,
preservatives, stabilizers, wetting agents, emulsifiers, salts
for influencing osmotic pressure, buffers, coloring, flavoring
and/or aromatic substances, and the like which do not
deleteriously react with the active compound.

In addition to the effective amount of a compound and/or
derivative thereof, the pharmaceutical formulations can also
include an effective amount of auxiliary active agents,
including but not limited to, antisense or RNA interference
molecules, chemotherapeutics, or antineoplastic agents, hor-
mones, antibiotics, antivirals, immunomodulating agents,
antinausea, pain modifying compounds (such as opiates),
anti-inflammatory agents, antipyretics, antibiotics, and/or
antibodies or fragments thereof.

Effective Amounts of the Compounds, Derivatives
Thereof, and Auxiliary Active Agents

The effective amount of the compound (e.g. compounds
having a structure according to any one of Formulas A, B,
C, or D, or other formula provided herein), or derivative
thereof contained in the pharmaceutical formulation can
range from about 0.001 micrograms to about 1000 grams. In
some embodiments, the effective amount of the compound
and/or derivative thereof can range from about 0.001 micro-
grams to about 0.01 micrograms. In other embodiments, the
effective amount of compound and/or derivative thereof can
range from about 0.01 micrograms to about 0.1 micrograms.
In further embodiments, the effective amount of the com-
pound and/or derivative thereof can range from about 0.1
micrograms to about 1.0 grams. In yet further embodiments,

20

40

45

55

24

the effective amount of the compound and/or derivative
thereof can range from about 1.0 grams to about 10 grams.
In other embodiments, the effective amount of the com-
pound and/or derivative thereof can range from about 10
grams to about 100 grams. In still other embodiments, the
effective amount of the compound and/or derivative thereof
can range from about 100 grams to about 1000 grams.

In embodiments where there is an auxiliary active agent
contained in the compound or derivative thereof pharma-
ceutical formulation, the effective amount of the auxiliary
active agent will vary depending on the auxiliary active
agent. In some embodiments, the effective amount of the
auxiliary active agent can range from 0.001 micrograms to
about 1000 grams. In other embodiments, the effective
amount of the auxiliary active agent can range from about
0.01 IU to about 1000 IU. In further embodiments, the
effective amount of the auxiliary active agent can range from
0.001 mL to about 1000 mL. In yet other embodiments, the
effective amount of the auxiliary active agent can range from
about 1% w/w to about 50% w/w of the total pharmaceutical
formulation. In additional embodiments, the -effective
amount of the auxiliary active agent can range from about
1% v/v to about 50% v/v of the total pharmaceutical
formulation. In still other embodiments, the -effective
amount of the auxiliary active agent can range from about
1% w/v to about 50% w/v of the total pharmaceutical
formulation.

The auxiliary active agent can be included in the phar-
maceutical formulation or can exist as a stand-alone com-
pound or pharmaceutical formulation that can be adminis-
tered contemporaneously or sequentially with the
compound, derivative thereof, or pharmaceutical formula-
tion thereof. In embodiments where the auxiliary active
agent is a stand-alone compound or pharmaceutical formu-
lation, the effective amount of the auxiliary active agent can
vary depending on the auxiliary active agent used. In some
of these embodiments, the effective amount of the auxiliary
active agent can range from 0.001 micrograms to about 1000
grams. In other embodiments, the effective amount of the
auxiliary active agent can range from about 0.01 IU to about
1000 IU. In further embodiments, the effective amount of the
auxiliary active agent can range from 0.001 mL to about
1000 mL. In yet other embodiments, the effective amount of
the auxiliary active agent can range from about 1% w/w to
about 50% w/w of the total auxiliary active agent pharma-
ceutical formulation. In additional embodiments, the effec-
tive amount of the auxiliary active agent can range from
about 1% v/v to about 50% v/v of the total pharmaceutical
formulation. In still other embodiments, the -effective
amount of the auxiliary active agent can range from about
1% wi/v to about 50% w/v of the total auxiliary agent
pharmaceutical formulation.

Dosage Forms

In some embodiments, the pharmaceutical formulations
described herein can be in a dosage form. The dosage form
can be administered to a subject in need thereof. In some
embodiments, the subject can be infected with a parasite of
the genus Plasmodium. In some embodiments, the subject
can suffer from liver stage infection of a parasite of the
genus Plasmodium. In some embodiments, the subject can
suffer from blood stage infection of a parasite of the genus
Plasmodium. In some embodiments, the subject suffers from
malaria or a symptom thereof.

The dosage forms can be adapted for administration by
any appropriate route. Appropriate routes include, but are
not limited to, oral (including buccal or sublingual), rectal,
intraocular, inhaled, intranasal, topical (including buccal,
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sublingual, or transdermal), vaginal, parenteral, subcutane-
ous, intramuscular, intravenous, internasal, and intradermal.
Such formulations can be prepared by any method known in
the art.

Dosage forms adapted for oral administration can discrete
dosage units such as capsules, pellets or tablets, powders or
granules, solutions, or suspensions in aqueous or non-
aqueous liquids; edible foams or whips, or in oil-in-water
liquid emulsions or water-in-oil liquid emulsions. In some
embodiments, the pharmaceutical formulations adapted for
oral administration also include one or more agents which
flavor, preserve, color, or help disperse the pharmaceutical
formulation. Dosage forms prepared for oral administration
can also be in the form of a liquid solution that can be
delivered as a foam, spray, or liquid solution. The oral
dosage form can be administered to a subject in need
thereof. In some embodiments, the subject can be infected
with a parasite of the genus Plasmodium. In some embodi-
ments, the subject can suffer from liver stage infection of a
parasite of the genus Plasmodium. In some embodiments,
the subject can suffer from blood stage infection of a parasite
of'the genus Plasmodium. In some embodiments, the subject
suffers from malaria or a symptom thereof.

Where appropriate, the dosage forms described herein can
be microencapsulated. The dosage form can also be prepared
to prolong or sustain the release of any ingredient. In some
embodiments, the compound or derivative thereof is the
ingredient whose release is delayed. In other embodiments,
the release of an auxiliary ingredient is delayed. Suitable
methods for delaying the release of an ingredient include,
but are not limited to, coating or embedding the ingredients
in material in polymers, wax, gels, and the like. Delayed
release dosage formulations can be prepared as described in
standard references such as “Pharmaceutical dosage form
tablets,” eds. Liberman et. al. (New York, Marcel Dekker,
Inc., 1989), “Remington—The science and practice of phar-
macy”, 20th ed., Lippincott Williams & Wilkins, Baltimore,
Md., 2000, and “Pharmaceutical dosage forms and drug
delivery systems”, 6th Edition, Ansel et al., (Media, Pa.:
Williams and Wilkins, 1995). These references provide
information on excipients, materials, equipment, and pro-
cesses for preparing tablets and capsules and delayed release
dosage forms of tablets and pellets, capsules, and granules.
The delayed release can be anywhere from about an hour to
about 3 months or more.

Examples of suitable coating materials include, but are
not limited to, cellulose polymers such as cellulose acetate
phthalate, hydroxypropyl cellulose, hydroxypropyl methyl-
cellulose, hydroxypropyl methylcellulose phthalate, and
hydroxypropyl methylcellulose acetate succinate; polyvinyl
acetate phthalate, acrylic acid polymers and copolymers, and
methacrylic resins that are commercially available under the
trade name EUDRAGIT® (Roth Pharma, Westerstadt, Ger-
many), zein, shellac, and polysaccharides.

Coatings may be formed with a different ratio of water
soluble polymer, water insoluble polymers, and/or pH
dependent polymers, with or without water insoluble/water
soluble non polymeric excipient, to produce the desired
release profile. The coating is either performed on the
dosage form (matrix or simple) which includes, but is not
limited to, tablets (compressed with or without coated
beads), capsules (with or without coated beads), beads,
particle compositions, “ingredient as is” formulated as, but
not limited to, suspension form or as a sprinkle dosage form.

Where appropriate, the dosage forms described herein can
be a liposome. In these embodiments, compound, derivative
thereof, auxiliary active ingredient, and/or pharmaceutically
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acceptable salt thereof are incorporated into a liposome. In
some embodiments, a compound, derivative thereof, auxil-
iary active ingredient, and/or pharmaceutically acceptable
salts thereof is integrated into the lipid membrane of the
liposome. In other embodiments, a compound, derivative
thereof, auxiliary active ingredient, and/or pharmaceutically
acceptable salt thereof are contained in the aqueous phase of
the liposome. In embodiments where the dosage form is a
liposome, the pharmaceutical formulation is thus a lipo-
somal formulation. The liposomal formulation can be
administered to a subject in need thereof. In some embodi-
ments, the subject can be infected with a parasite of the
genus Plasmodium. In some embodiments, the subject can
suffer from liver stage infection of a parasite of the genus
Plasmodium. In some embodiments, the subject can suffer
from blood stage infection of a parasite of the genus Plas-
modium. In some embodiments, the subject suffers from
malaria or a symptom thereof.

Dosage forms adapted for topical administration can be
formulated as ointments, creams, suspensions, lotions, pow-
ders, solutions, pastes, gels, sprays, aerosols, or oils. In some
embodiments for treatments of the eye or other external
tissues, for example the mouth or the skin, the pharmaceu-
tical formulations are applied as a topical ointment or cream.
When formulated in an ointment, the compound, derivative
thereof, auxiliary active ingredient, and/or pharmaceutically
acceptable salt thereof can be formulated with a paraffinic or
water-miscible ointment base. In other embodiments, the
active ingredient can be formulated in a cream with an
oil-in-water cream base or a water-in-oil base. Dosage forms
adapted for topical administration in the mouth include
lozenges, pastilles, and mouth washes.

Dosage forms adapted for nasal or inhalation administra-
tion include aerosols, solutions, suspension drops, gels, or
dry powders. In some embodiments, the compound, deriva-
tive thereof, auxiliary active ingredient, and/or pharmaceu-
tically acceptable salt thereof in a dosage form adapted for
inhalation is in a particle-size-reduced form that is obtained
or obtainable by micronization. In some embodiments, the
particle size of the size reduced (e.g. micronized) compound
or salt or solvate thereof, is defined by a D5, value of about
0.5 to about 10 microns as measured by an appropriate
method known in the art. Dosage forms adapted for admin-
istration by inhalation also include particle dusts or mists.
Suitable dosage forms wherein the carrier or excipient is a
liquid for administration as a nasal spray or drops include
aqueous or oil solutions/suspensions of an active ingredient,
which may be generated by various types of metered dose
pressurized aerosols, nebulizers, or insufflators. The nasal/
inhalation formulations can be administered to a subject in
need thereof. In some embodiments, the subject can be
infected with a parasite of the genus Plasmodium. In some
embodiments, the subject can suffer from liver stage infec-
tion of a parasite of the genus Plasmodium. In some embodi-
ments, the subject can suffer from blood stage infection of
a parasite of the genus Plasmodium. In some embodiments,
the subject suffers from malaria or a symptom thereof.

In some embodiments, the dosage forms are aerosol
formulations suitable for administration by inhalation. In
some of these embodiments, the aerosol formulation con-
tains a solution or fine suspension of a compound, derivative
thereof, auxiliary active ingredient, and/or pharmaceutically
acceptable salt thereof a pharmaceutically acceptable aque-
ous or non-aqueous solvent. Aerosol formulations can be
presented in single or multi-dose quantities in sterile form in
a sealed container. For some of these embodiments, the
sealed container is a single dose or multi-dose nasal or an
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aerosol dispenser fitted with a metering valve (e.g. metered
dose inhaler), which is intended for disposal once the
contents of the container have been exhausted.

Where the acrosol dosage form is contained in an aerosol
dispenser, the dispenser contains a suitable propellant under
pressure, such as compressed air, carbon dioxide, or an
organic propellant, including but not limited to a hydrofluo-
rocarbon. The aerosol formulation dosage forms in other
embodiments are contained in a pump-atomizer. The pres-
surized aerosol formulation can also contain a solution or a
suspension of a compound, derivative thereof, auxiliary
active ingredient, and/or pharmaceutically acceptable salt
thereof. In further embodiments, the aerosol formulation
also contains co-solvents and/or modifiers incorporated to
improve, for example, the stability and/or taste and/or fine
particle mass characteristics (amount and/or profile) of the
formulation. Administration of the aerosol formulation can
be once daily or several times daily, for example 2, 3, 4, or
8 times daily, in which 1, 2, or 3 doses are delivered each
time. The aerosol formulations can be administered to a
subject in need thereof. In some embodiments, the subject
can be infected with a parasite of the genus Plasmodium. In
some embodiments, the subject can suffer from liver stage
infection of a parasite of the genus Plasmodium. In some
embodiments, the subject can suffer from blood stage infec-
tion of a parasite of the genus Plasmodium. In some embodi-
ments, the subject suffers from malaria or a symptom
thereof.

For some dosage forms suitable and/or adapted for
inhaled administration, the pharmaceutical formulation is a
dry powder inhalable formulations. In addition to the com-
pound, derivative thereof, auxiliary active ingredient, and/or
pharmaceutically acceptable salt thereof, such a dosage form
can contain a powder base such as lactose, glucose, treha-
lose, manitol, and/or starch. In some of these embodiments,
the compound, derivative thereof, auxiliary active ingredi-
ent, and/or pharmaceutically acceptable salt thereof is in a
particle-size reduced form. In further embodiments, a per-
formance modifier, such as L-leucine or another amino acid,
cellobiose octaacetate, and/or metals salts of stearic acid,
such as magnesium or calcium stearate.

In some embodiments, the aerosol formulations are
arranged so that each metered dose of aerosol contains a
predetermined amount of an active ingredient, such as the
one or more of the compounds described herein.

Dosage forms adapted for vaginal administration can be
presented as pessaries, tampons, creams, gels, pastes, foams,
or spray formulations. Dosage forms adapted for rectal
administration include suppositories or enemas. The vaginal
formulations can be administered to a subject in need
thereof. In some embodiments, the subject can be infected
with a parasite of the genus Plasmodium. In some embodi-
ments, the subject can suffer from liver stage infection of a
parasite of the genus Plasmodium. In some embodiments,
the subject can suffer from blood stage infection of a parasite
of'the genus Plasmodium. In some embodiments, the subject
suffers from malaria or a symptom thereof.

Dosage forms adapted for parenteral administration and/
or adapted for injection can include aqueous and/or non-
aqueous sterile injection solutions, which can contain anti-
oxidants, buffers, bacteriostats, solutes that render the
composition isotonic with the blood of the subject, and
aqueous and non-aqueous sterile suspensions, which can
include suspending agents and thickening agents. The dos-
age forms adapted for parenteral administration can be
presented in a single-unit dose or multi-unit dose containers,
including but not limited to sealed ampoules or vials. The
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doses can be lyophilized and re-suspended in a sterile carrier
to reconstitute the dose prior to administration. Extempora-
neous injection solutions and suspensions can be prepared in
some embodiments, from sterile powders, granules, and
tablets. The parenteral formulations can be administered to
a subject in need thereof. In some embodiments, the subject
can be infected with a parasite of the genus Plasmodium. In
some embodiments, the subject can suffer from liver stage
infection of a parasite of the genus Plasmodium. In some
embodiments, the subject can suffer from blood stage infec-
tion of a parasite of the genus Plasmodium. In some embodi-
ments, the subject suffers from malaria or a symptom
thereof.

For some embodiments, the dosage form contains a
predetermined amount of a compound and/or derivative
thereof per unit dose. In an embodiment, the predetermined
amount of the compound or derivative thereof is an effective
amount of the compound and/or derivative thereof to treat,
prevent, or mitigate one or more symptoms of infection with
a species of the genus Plasmodium and/or malaria. In other
embodiments, the predetermined amount of the compound
and/or derivative thereof can be an appropriate fraction of
the effective amount of the active ingredient. Such unit doses
may therefore be administered once or more than once a day
(e.g. 1,2,3, 4,5, 6, or more times per day). Such pharma-
ceutical formulations may be prepared by any of the meth-
ods well known in the art.

Methods of Making the Compounds and Derivatives
Thereof

The compounds (e.g. compounds having a structure
according to any one of formulas A, B, C, or D or any other
compound provided herein) and derivatives thereof can be
synthesized via many methods generally known to those of
ordinary skill in the art. The present disclosure is not
intended to be limited by the particular methods of synthe-
sizing the compounds described herein. The skilled artisan
will recognize additional methods of synthesizing the com-
pounds described herein.

Methods of Using the Compounds and Formulations
Thereof

Any amount of the compounds (e.g. compounds having a
structure according to any one of formulas A, B, C, or D or
any other compound provided herein) or derivatives thereof,
pharmaceutical formulations, and/or salts thereof described
herein can be administered to a subject in need thereof one
or more times per day, week, month, or year. In some
embodiments, the amount administered is the effective
amount of the compound, derivative thereof, pharmaceutical
formulation, and/or salt thereof. For example, the com-
pounds, formulations, or salts thereof, can be administered
in a daily dose. This amount may be given in a single dose
per day. In other embodiments, the daily dose may be
administered over multiple doses per day, in which each
containing a fraction of the total daily dose to be adminis-
tered (sub-doses). In some embodiments, the amount of
doses delivered per day is 2, 3, 4, 5, or 6. In further
embodiments, the compounds, formulations, or salts thereof
are administered one or more times per week, such as 1, 2,
3, 4, 5, or 6 times per week. In other embodiments, the
compounds, formulations, or salts thereof are administered
one or more times per month, such as 1 to 5 times per month.
In still further embodiments, the compounds, formulations,
or salts thereof are administered one or more times per year,
such as 1 to 11 times per year.

In some embodiments, the subject can be infected with a
parasite of the genus Plasmodium. In some embodiments,
the subject can suffer from liver stage infection of a parasite
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of'the genus Plasmodium. In some embodiments, the subject
can suffer from blood stage infection of a parasite of the
genus Plasmodium. In some embodiments, the subject suf-
fers from malaria or a symptom thereof.

In embodiments where more than one of compounds,
formulations, additional therapeutic agents, salts thereof, or
pharmaceutically acceptable salts thereof are administered
to a subject in need thereof sequentially; the sequential
administration may be close in time or remote in time. For
example, administration of the second compound, formula-
tion, or other therapeutic agent can occur within seconds or
minutes (up to about 1 hour) after administration of the first
agent (close in time). In other embodiments, administration
of the second compound, formulation, or other therapeutic
agent occurs at some other time that is more than an hour
after administration of the first agent.

The amount of compounds, formulations, salts thereof
(including pharmaceutically acceptable formulations and
salts thereof) described herein can be administered in an
amount ranging from about 0.001 mg to about 1000 mg per
day, as calculated as the free or unsalted compound. In some
embodiments the amount of the compound, formulation, or
salt thereof (including pharmaceutically acceptable formu-
lations and salts thereof) can range from 0.001 mg/kg
bodyweight to 1000 mg/kg bodyweight. In some embodi-
ments the amount is about 25, 50, or 100 mg/kg bodyweight.
In some embodiments, the effective amount of the com-
pound can range from 0.001 mg to about 1000 mg per day.
In some embodiments, the effective amount of the com-
pound can range from 5, 50, or 100 mg/kg bodyweight.

The compounds and formulations described herein can be
administered in combinations with or include one or more
other auxiliary agents. Suitable auxiliary agents include, but
are not limited to antisense or RNA interference molecules,
chemotherapeutics, anti-neoplastic agents, hormones, anti-
biotics, antivirals, immunomodulating agents, anti-nausea,
pain modifying compounds (such as opiates), anti-inflam-
matory agents, antipyretics, antibiotics, and/or antibodies or
fragments thereof. The compound(s), and/or formulation(s),
and/or additional therapeutic agent(s) can be administered
simultaneously or sequentially by any convenient route in
separate or combined pharmaceutical formulations. The
additional therapeutic agents can be provided in their opti-
cally pure form or a pharmaceutically acceptable salt
thereof.

Kits

The compounds (e.g. compounds having a structure
according to any one of formulas A, B, C, D, or any of the
compound provided herein), including derivatives thereof)
and pharmaceutical formulations described herein can be
presented as a combination kit. As used herein, the terms
“combination kit” or “kit of parts” refers to the compounds,
or pharmaceutical formulations and additional components
that are used to package, sell, market, deliver, and/or admin-
ister the combination of elements or a single element, such
as the active ingredient, contained therein. Such additional
components include but are not limited to, packaging,
syringes, blister packages, bottles, and the like. When one or
more of the components (e.g. active agents) contained in the
kit are administered simultaneously, the combination kit can
contain the active agents in a single pharmaceutical formu-
lation (e.g. a tablet) or in separate pharmaceutical formula-
tions.

When the agents are not administered simultaneously, the
combination kit can contain each agent in separate pharma-
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ceutical formulations. The separate pharmaceutical formu-
lations can be contained in a single package or in separate
packages within the kit.

In some embodiments, the combination kit also includes
instructions printed on or otherwise contained in a tangible
medium of expression. The instructions can provide infor-
mation regarding the content of the compound or pharma-
ceutical formulations contained therein, safety information
regarding the content of the compound(s) or pharmaceutical
formulation(s) contained therein, information regarding the
dosages, indications for use, and/or recommended treatment
regimen(s) for the compound(s) and/or pharmaceutical for-
mulations contained therein. In some embodiments, the
instructions provide directions for administering the com-
pounds, pharmaceutical formulations, or salts thereof to a
subject that can be infected with a parasite of the genus
Plasmodium, a subject that can be suffering from liver stage
infection of a parasite of the genus Plasmodium, a subject
that can be suffering from blood stage infection of a parasite
of the genus Plasmodium, a subject that can be suffering
from malaria or a symptom thereof, and/or a subject that is
expecting to be exposed to a parasite of the genus Plasmo-
dium. In some embodiments, the instructions provide direc-
tions for administering the compounds, pharmaceutical for-
mulations, or salts thereof to reduce, mitigate, eliminate
and/or prevent transmission of a parasite of the genus
Plasmodium.

EXAMPLES

Now having described the embodiments of the present
disclosure, in general, the following Examples describe
some additional embodiments of the present disclosure.
While embodiments of the present disclosure are described
in connection with the following examples and the corre-
sponding text and figures, there is no intent to limit embodi-
ments of the present disclosure to this description. On the
contrary, the intent is to cover all alternatives, modifications,
and equivalents included within the spirit and scope of
embodiments of the present disclosure.

Example 1
Introduction

Malaria is one of the deadliest public health problems in
the world, accounting for nearly half a million casualties
annually." A protozoan parasitic species, Plasmodium is
responsible for transmitting the disease to humans through a
mosquito vector. The various developmental stages of the
parasite within the host makes the design and development
of curative antimalarial agen