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Compositions and Methods for the Treatment of Giardiasis

CROSS-REFERENCE TO PRIORITY APPLICATIONS

This application claims priority to U.S. Provisional Application No.
61/266,660, filed December 4, 2009, which is incorporated herein by reference in its
entirety.

STATEMENT REGARDING FEDERALLY FUNDED RESEARCH

This invention was made with government support under Grant No. A1062934
awarded by the National Institutes of Health. The government has certain rights in the
invention.

BACKGROUND

Giardia, the most prevalent intestinal parasitic pathogen in humans and
animals, is transmitted via contaminated food and water and is endemic in much of
the world, resulting in estimates of 1 billion cases annually. In developed regions of
the world, Giardia is primarily transmitted by a direct fecal-oral route, in freshwater
supplies, and by occasional outbreaks from municipal water supplies, with estimates
of from 500,000 to 2 million cases in the U.S. annually.

Infection results from ingestion of Giardia cysts that develop into trophozoites
in response to the pH and enzyme environmental stresses present within the stomach.
Within the small intestine, the trophozoites must attach to the intestinal wall to
prevent expulsion by peristalsis and to initiate infection. This attachment is primarily
mediated by a novel mechanical force, in contrast to the more typical receptor-ligand
mechanism used by many pathogens. Despite research by several groups over the
past four decades, remarkably little is understood about the processes by which
Giardia parasites attach.

Infection can start with as few as 10 cysts, and an infected individual can
release millions of cysts. Most infections are either asymptomatic or self-limiting, but
a subset of individuals become chronically infected with weight loss and fail to thrive
as a consequence. Symptoms include malabsorptive diarrhea, cramps, and flatulence.
Both symptomatic and asymptomatic individuals transmit the parasite.

No vaccine is currently available for use, and disease control relies solely on a
limited set of chemotherapeutic agents. In the U.S., clinically recognized cases are

often treated with metronidazole, although this agent is not indicated for the treatment
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of giardiasis. Certain other nitroimidazoles, nitrofurans, and benzimidazoles can be
used as secondary treatments.

While metronidazole is often effective, recurrence rates as high as 90% have
been reported. Adverse reactions, including nausea, diarrhea, and/or metallic taste in
the mouth, are also commonly reported. Some less common, but equally unpleasant,
side effects are also associated with metronidazole administration. Most compounds,
including metronidazole, require a relatively long period of administration (5-10
days), resulting in a low compliance rate. While shorter treatments are possible with
certain agents, the incidence and severity of side effects typically then increases
sharply. Furthermore, resistance to each of these drugs (up to 20% for
metronidazole), and multi-drug resistance has been documented, and different parasite
genotypes appear to have different drug sensitivities.

With limited treatment options, the unwanted side effects of currently used
chemotherapeutic agents, parasite drug resistance, the number of incidences, and the
high potential for transmission, giardiasis is a public health concern here and abroad.
AIDS patients and pregnant women present particularly challenging treatment
situations. Accordingly, there is a need to expand the limited repertoire of treatments
for Giardia exposure and infection.

SUMMARY

Disclosed herein are compounds and methods for treating subjects infected
with Giardia lamblia and/or suffering from giardiasis. Also disclosed herein are
methods for antagonizing Giardia lamblia attachment to the intestinal wall of a
subject. Such inhibition can occur, for example, by disrupting the parasite’s
morphology. The methods described herein include the use of compounds having one
of at least seven general chemical formulas.

Compounds for treating or preventing giardiasis in a subject comprise

compounds of the following formula:
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and include pharmaceutically acceptable salts or prodrugs thereof. In this class of

molecules, R' and R’ are each independently selected from hydrogen, cyano, and

halogen; R? and R* are each independently selected from hydrogen, substituted or

unsubstituted C,-Cs alkyl, and substituted or unsubstituted carbonyl; and R’ is

5 hydrogen, substituted or unsubstituted C;-Cs alkyl, or substituted or unsubstituted

cycloalkyl. In this class of compounds, if R', R% R*, and R are simultaneously

hydrogen, then R” is not hydrogen, methyl, n-butyl, cyclohexyl, phenyl, or benzyl. R’

can be, for example, n-propyl, i-propyl, n-butyl, n-hexyl, or cyclohexyl. In some

examples, R* and R* are each independently selected from hydrogen, methyl, and

10 acetyl. Optionally, R' and R are each independently selected hydrogen, cyano, and

bromo.

Examples of these compounds include:
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N

and pharmaceutically acceptable salts or prodrugs thereof.

.
oo,
N
S o

Also described herein are compositions including a compound as described
above and a pharmaceutically acceptable carrier.

Further provided herein are methods of treating or preventing giardiasis in a
subject and/or antagonizing Giardia lamblia attachment to the intestinal wall of a
subject. The methods optionally include administering to a subject a compound or
composition as described above. Methods for treating or preventing giardiasis in a
subject and/or antagonizing Giardia lamblia attachment to the intestinal wall of a
subject include administering to the subject an effective amount of a compound of the

following structure:

RS Ri0 §
RS'N R R12

R%0 R™
SO
RE R’
and pharmaceutically acceptable salts or prodrugs thereof, or a composition
comprising the compound and a pharmaceutically acceptable carrier. In these
methods, R is hydrogen, cyano, or halogen; R* is hydrogen, substituted or
unsubstituted C,-Cs alkyl, or substituted or unsubstituted carbonyl; R* and R® are each
independently selected from hydrogen, substituted or unsubstituted C;-Cs alkyl, or
substituted or unsubstituted cycloalkyl; and R, R R%, R'" R R', and R" are each
independently selected from hydrogen, halogen, hydroxyl, cyano, nitro, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted amino, substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, substituted or unsubstituted alkoxyl, substituted or unsubstituted aryloxyl,
or substituted or unsubstituted carboxyl. R® can be, for example, t-butyl, substituted
methyl (e.g., methyl substituted with a substituted or unsubstituted naphthyl), or the
following structure

o

, wherein R” is hydrogen, substituted or unsubstituted

4-
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C,-Cs alkyl, or substituted or unsubstituted carbonyl; and R” is hydrogen, cyano, or

halogen. Examples of compounds useful for these methods include

o2 e ol
P Qe Qe

N
g P AL

Methods for treating or preventing giardiasis in a subject and/or antagonizing
Giardia lamblia attachment to the intestinal wall of a subject optionally include
administering to the subject an effective amount of a compound of the following

structure: o RZ
RO R

R
Y
R® R® R’

RE R’

and pharmaceutically acceptable salts or prodrugs thereof, or a composition
comprising the compound and a pharmaceutically acceptable carrier. In these
methods, R is hydrogen, cyano, or halogen; R* is hydrogen, substituted or
unsubstituted C;-Cs alkyl, or substituted or unsubstituted carbonyl; R? and R® are each
independently selected from hydrogen, substituted or unsubstituted C;-Cs alkyl, or
substituted or unsubstituted cycloalkyl; and R, R R%, R'" R R', and R" are each
independently selected from hydrogen, halogen, hydroxyl, cyano, nitro, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted amino, substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, substituted or unsubstituted alkoxyl, substituted or unsubstituted aryloxyl,
or substituted or unsubstituted carboxyl. In some examples, R* and R® combine to
form a substituted or unsubstituted heterocycloalkyl. Examples of compounds useful

for these methods include
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O OH O OH
SACORE NS CAC®
Methods for treating or preventing giardiasis in a subject and/or antagonizing

Giardia lamblia attachment to the intestinal wall of a subject include administering to

the subject an effective amount of a compound of the following structure:

" @Q‘

and pharmaceutically acceptable salts or prodrugs thereof, or a composition
comprising the compound and a pharmaceutically acceptable carrier. In these
methods, R' is halogen; and R” is substituted or unsubstituted carbonyl. An example
of a compound useful for these methods includes
0
Br. O
Br
Methods for treating or preventing giardiasis in a subject and/or antagonizing
Giardia lamblia attachment to the intestinal wall of a subject include
administering to the subject an effective amount of a compound of the following
structure: OR" O
OU N
OR? O ()\1 | Ny
&
and pharmaceutically acceptable salts or prodrugs thereof, or a composition
comprising the compound and a pharmaceutically acceptable carrier. In these
methods, R' and R? are each independently selected from hydrogen, substituted or
unsubstituted C;-Cg alkyl, or substituted or unsubstituted carbonyl. An example of a

compound useful for these methods includes

OH O

N/\
on o L n | Ng
|®
Methods for treating or preventing giardiasis in a subject and/or antagonizing

Giardia lamblia attachment to the intestinal wall of a subject include
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administering to the subject an effective amount of a compound of the following

structure:

R 3
RZ R*
R! R5
SRS

and pharmaceutically acceptable salts or prodrugs thereof, or a composition
comprising the compound and a pharmaceutically acceptable carrier. In these
methods, R', R?, R?, R?, and R” are cach independently selected from hydrogen,
halogen, hydroxyl, cyano, nitro, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted amino, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
alkoxyl, substituted or unsubstituted aryloxyl, or substituted or unsubstituted
carboxyl; and R® is a substituted or unsubstituted heterocycle. In some examples, R°

is a purine. Examples of compounds useful for these methods include

O,N O,N
H

. | H> and W | N>

/ v/,

HZNAN N KN N

Methods for treating or preventing giardiasis in a subject and/or antagonizing
Giardia lamblia attachment to the intestinal wall of a subject include
administering to the subject an effective amount of a compound of the following

structure:

and pharmaceutically acceptable salts or prodrug thereof, or a composition
comprising the compound and a pharmaceutically acceptable carrier. In these
methods, R' and R? are each independently a substituted or unsubstituted C,-Cs alkyl;

and R”is halogen. An example of a compound useful for these methods includes
of

) i
Hd &)

HO
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Methods of treating or preventing giardiasis in a subject and/or antagonizing
Giardia lamblia attachment to the intestinal wall of a subject further include
administering to the subject an effective amount of a compound of the following

structure:

and pharmaceutically acceptable salts or prodrugs thereof, or a composition
comprising the compound and a pharmaceutically acceptable carrier. In these
methods, R' is hydrogen, substituted or unsubstituted C,-C¢ alkyl, or substituted or
unsubstituted alkoxyl; and R% R% RY, and R’ are cach independently selected from
hydrogen and substituted or unsubstituted C;-C¢ alkyl. An example of a compound

useful for these methods includes

OH O OH
Methods of treating or preventing giardiasis in a subject and/or antagonizing

Giardia lamblia attachment to the intestinal wall of a subject include
administering to the subject an effective amount of a compound of the following
structure: RS RS

OR!

and pharmaceutically acceptable salts or prodrugs thereof, or a composition
comprising the compound and a pharmaceutically acceptable carrier. In these
methods, R' is hydrogen or substituted or unsubstituted C,-C; alkyl; and

R% R?, R, R’, and R® are cach independently selected from hydrogen, substituted or
unsubstituted C;-Cg alkyl, or substituted or unsubstituted alkoxyl. Examples of

compounds useful for these methods include

HO
N and N .
OH OH

-8-
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The details of one or more embodiments are set forth in the description below.
Other features, objects, and advantages are apparent from the drawings, from the
description, and from the claims.

DESCRIPTION OF THE DRAWINGS

Figure 1 shows the dose-dependent effect of Compound I11-1, Compound
IV-1, Compound V-1, Compound VI-1, Compound VII-1, Compound I-16, and
Compound VIII-2A on the attachment of Giardia to polystyrene microplates.
Mercury was used as the control.

DETAILED DESCRIPTION

The compounds and methods disclosed herein are useful for treating and
preventing giardiasis in a subject. For example, the compounds and methods
described herein are useful for treating, ameliorating, and preventing symptoms
associated with exposure to Giardia lamblia and giardiasis. Such symptoms are
known in the art to include malabsorptive diarrhea, cramps, flatulence, anorexia,
malaise, and fatigue. Such use entails delivering one or more of the compounds to the
affected or at-risk cells of a subject afflicted with, suspected of being afflicted with, or
at risk for developing giardiasis. Such delivery can be achieved by any of a variety of
routes, such as oral administration of a solid or liquid composition including the
compound, by injection of a composition including the compound, or by local
implantation of a sustained-release composition including the compound.
I. Definitions

Unless otherwise defined, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art.
Although methods and materials similar or equivalent to those described herein can be
used in the practice or testing of the described embodiments, suitable methods and
materials are described below. All publications, patent applications, patents, and
other references mentioned herein are incorporated by reference in their entirety. In
case of conflict, the present specification, including definitions, will control. As used

(13 2% ¢
a”

herein, the singular forms an,” and “the” include plural referents unless the
context clearly dictates otherwise.
As used herein, “administering” or “administration” refers to delivery of a

compound described herein by any external route, including, without limitation,
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intravenous, intramuscular, subcutaneous, intranasal, inhalation, transdermal, oral,
rectal, sublingual, and parenteral administration.

The term “contacting” refers to bringing at least two moieties together,
whether in an in vitro system or an in vivo system.

The expression “effective amount,” when used to describe an amount of
compound applied in a method, refers to the amount of a compound that achieves the
desired pharmacological effect or other effect, for example an amount that slows
attachment to Giardia lamblia, resulting in a useful effect.

ERINTS

As used herein the terms “treatment,” “treat,” or “treating” refer to a method of
reducing the effects of a disease or condition or symptom of the disease or condition.
Thus in the disclosed method, treatment can refer to a 10%, 20%, 30%, 40%, 50%,
60%, 70%, 80%, 90%, or 100% reduction in the severity of an established disease or
condition or one or more symptoms of the disease or condition. For example, a
method for treating a disease is considered to be a treatment if there is a 10%
reduction in one or more symptoms or signs (¢.g., size of the tumor or rate of tumor
growth) of the disease in a subject as compared to a control. Thus the reduction can
be a 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, or any percent
reduction in between 10% and 100% as compared to native or control levels. It is
understood that treatment does not necessarily refer to a cure or complete ablation of
the disease, condition, or symptoms of the disease or condition.

2% ¢

As used herein, the terms “prevent,” “preventing,” and “prevention” of a
disease or disorder refer to an action, for example, administration of a composition or
therapeutic agent, that occurs before or at about the same time a subject begins to
show one or more symptoms of the disease or disorder, which inhibits or delays onset
or severity of one or more symptoms of the disease or disorder. As used herein,

references to “decreasing,

30%, 40%, 50%, 60%, 70%, 80%, 90% or greater as compared to a control level.

reducing,” or “inhibiting” include a change of 10%, 20%,

Such terms can include but do not necessarily include complete elimination.

As used herein, “subject” means both mammals and non-mammals. Mammals
include, for example, humans; non-human primates, ¢.g. apes and monkeys; cattle;
horses; sheep; rats; mice; pigs; and goats. Non-mammals include, for example, fish

and birds.

-10-
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The term “alkyl,” by itself or as part of another substituent, means, unless
otherwise stated, a straight or branched chain, which may be fully saturated, mono- or
polyunsaturated, can include di- and multivalent radicals, and can have a number of
carbon atoms optionally designated (i.e., C;-Cs means one to six carbons). Examples
of saturated hydrocarbon groups include, but are not limited to, groups such as
methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, isobutyl, sec-butyl, n-pentyl,
isopentyl, homologs and isomers of, for example, n-pentyl, n-hexyl, n-heptyl, n-octyl,
and the like. An unsaturated alkyl group is one having one or more double bonds or
triple bonds. Examples of unsaturated alkyl groups include, but are not limited to,
vinyl, 2-propenyl, crotonyl, 2-isopentenyl, 2-(butadienyl), 2,4-pentadienyl, 3-(1,4-
pentadienyl), ethynyl, 1- and 3-propynyl, 3-butynyl, and higher homologs and
1somers.

The term “alkoxy” refers to those alkyl groups attached to the remainder of the
molecule via an oxygen atom. Alkoxy groups include, but are not limited to,
methoxy, ethoxy, isopropoxy, trifluoromethoxy, and difluoromethoxy.

The term “cycloalkyl”, by itself or in combination with other terms,
represents, unless otherwise stated, cyclic versions of substituted or unsubstituted
“alkyl”. Examples of cycloalkyl groups include, but are not limited to, cyclopentyl,
cyclohexyl, 1-cyclohexenyl, 3-cyclohexenyl, cycloheptyl, and the like. The carbon
atoms of the cyclic structures are optionally oxidized.

The term “heterocycloalkyl” as used herein refers to a cycloalkyl having a
heteroatom. The heteroatom can occupy any position, including the position at which
the heterocycle is attached to the remainder of the molecule. Examples of
heterocycloalkyl groups include, but are not limited to, pyrrolidinyl, 1-piperidinyl, 2-
piperidinyl, 3-piperidinyl, 4-morpholinyl, 3-morpholinyl, tetrahydrofuran-2-yl,
tetrahydrofuran-3-yl, tetrahydrothien-2-yl, tetrahydrothien-3-yl, 1 —piperazinyl, 2-
piperazinyl, dihydroimidazolyl, benzoimidazolyl, dihydrooxazolyl, and the like. The
heteroatoms and carbon atoms of the cyclic structures are optionally oxidized or, in
the case of N, quaternized.

The terms “halo” or “halogen,” by themselves or as part of another substituent,
refer to, unless otherwise stated, a fluorine, chlorine, bromine, or iodine atom.

The term “aryl” refers to, unless otherwise stated, a polyunsaturated, aromatic,

hydrocarbon moiety which can be a single ring or multiple rings (e.g., from 1 to 3

-11-
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rings) which are fused together or linked covalently. The term “heteroaryl” refers to
aryl groups (or rings) that contain from one to four heteroatoms selected from N, O,
and S, wherein the nitrogen, carbon, and sulfur atoms are optionally oxidized, and the
nitrogen atom(s) are optionally quaternized. A heteroaryl group can be attached to the
remainder of the molecule through a heteroatom. Non-limiting examples of aryl and
heteroaryl groups include phenyl, 1-naphthyl, 2-naphthyl, 4-biphenyl, 1-pyrrolyl, 2-
pyrrolyl, 3-pyrrolyl, 3-pyrazolyl, 2-imidazolyl, 4-imidazolyl, pyrazinyl, 2-oxazolyl, 4-
oxazolyl, 2-phenyl-4-oxazolyl, 5-oxazolyl, 3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, 2-
thiazolyl, 4-thiazolyl, 5-thiazolyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-
pyridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 5-benzothiazolyl, purinyl, 2-
benzimidazolyl, 5-indolyl, 1-isoquinolyl, 5-isoquinolyl, 2-quinoxalinyl, 5-
quinoxalinyl, 3-quinolyl, and 6-quinolyl. “Aryl” and “heteroaryl” also encompass
ring systems in which one or more non-aromatic ring systems are fused, or otherwise
bound, to an aryl or heteroaryl system. Aryl-containing groups include, but are not
limited to, phenyl, phenoxycarbonyl, benzoyl, benzyl, phenylpiperidinyl,
phenylmorpholinyl, and dihydrobenzodioxyl (e.g., N,N-dihydrobenzodioxyl).

As used herein, “substituted” or “optionally substituted” refers to substitution
by one or more substituents (e.g., one, two, three, or four substituents). In some
embodiments, two substituents may join to form a cyclic or heterocyclic ring
containing 3 — 7 atoms. Non-limiting examples of substituents include C,_1¢ alkyl;
OR': halo; NR'R?%; NO,; CN; SR'; SO,; COOR'; Cs_;, cycloalkyl; Cs.12
heterocycloalkyl; Cs.i; aryl; and Cs.j, heteroaryl; wherein the alkyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl may be substituted or unsubstituted, wherein each
R' and R? is independently H or C;_1¢ substituted or unsubstituted alkyl. In some
embodiments, a substituent is selected from C, alkyl, halo, and OR'.

As used herein, the term “heteroatom” includes oxygen (O), nitrogen (N), or
sulfur (S).

II. Compounds

The compounds described herein and pharmaceutically acceptable salts and
prodrugs thereof are useful for treating and preventing giardiasis in a subject.
Specifically, the compounds are useful for the chemotherapeutic antagonization of

Giardia lamblia infection. For example, the compounds are useful for antagonizing

-12-
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Giardia lamblia attachment to the intestinal wall of a subject. Such antagonization or
inhibition can occur, for example, by disrupting the parasite’s morphology.

A first group of inhibitors includes compounds represented by Formula I:

R12 (I)

and pharmaceutically acceptable salts and prodrugs thereof.

In Formula I, R is hydrogen, cyano, or halogen.

Also in Formula I, R* is hydrogen, substituted or unsubstituted C,-Cs alkyl,
or substituted or unsubstituted carbonyl.

Additionally in Formula I, R* and R® are each independently selected from
hydrogen, substituted or unsubstituted C;-Cs alkyl, or substituted or unsubstituted
cycloalkyl. In some examples, R® is t-butyl or substituted methyl. For example, R

can be a methyl group substituted with a substituted or unsubstituted naphthyl group

o

R" is hydrogen, substituted or unsubstituted C;-Cy alkyl, or substituted or

as shown below:

unsubstituted carbonyl and R’ is hydrogen, cyano, or halogen.

Further in Formula I, R”, R®, R®, R'%, R'"!, R'2, and R" are cach independently
selected from hydrogen, halogen, hydroxyl, cyano, nitro, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted amino,
substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or
unsubstituted alkoxyl, substituted or unsubstituted aryloxyl, or substituted or
unsubstituted carboxyl.

Examples of Formula I include compounds represented by Formula I-A:

(I-A)

and pharmaceutically acceptable salts and prodrugs thereof.

-13-
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In Formula I-A, R' and R” are each independently selected from hydrogen,
cyano, and halogen. In some examples, R' and R’ are each independently selected
from hydrogen, cyano, and bromo.

Also in Formula I-A, R? and R* are each independently selected from
hydrogen, substituted or unsubstituted C;-Cs alkyl, and substituted or unsubstituted
carbonyl. In some examples, R* and R* are each independently selected from
hydrogen, methyl, and acetyl.

Additionally in Formula I-A, R? is hydrogen, substituted or unsubstituted C)-
Cs alkyl, or substituted or unsubstituted cycloalkyl. In some examples, R’ is methyl,
n-propyl, i-propyl, n-butyl, n-hexyl, cyclohexyl, or phenyl.

In some examples of Formula I-A, if R, R% R* and R° are simultaneously
hydrogen, then R” is not hydrogen, methyl, n-butyl, cyclohexyl, phenyl, or benzyl.

Particular examples of Formula I include the following compounds:

(e LI

NN NN NN
I o
Compound I-1 Compound I-2 Compound I-3
NC Br OO
OH OH OH
NN NI VN N
NC OO on Br CO oH OH
Compound 1-4 Compound I-5 Compound I-6
NC Br
OH OO OH NC QO o
NN NN N
=y SR e, S e us
Compound I-7 Compound I-8 Compound 1-9
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Compound I-10

e
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2

Compound I-13

OH

SN
O 2

Compound I-16
(NSC47949)

$
x

Compound I-19
(NSC48858)

N

Compound I-11

i

Compound 1-14

oL

N\
“ o

Compound I-17
(NSC47941)

oL
N

St

Compound 1-20
(NSC48869)

R,

it

Compound 1-22

PCT/US2010/058757

N

Compound I-12

Ro®
OH

N
"L o

Compound I-15

4
Sie

Compound I-18
(NSC47947)

4
-

Compound I-21
(NSC47950)

In some examples of Formula I, the compound is not Compound I-16,

Compound I-17, Compound I-18, Compound I-19, Compound I-20, Compound

I-21, or Compound I-22. Optionally, the compounds can be an acid salt of the
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compound (e.g., the HCI salt of the compound). Optionally, the compound can be in
a free base form.
A second group of inhibitors includes compounds represented by Formula 11I:

2
R11 O’R R12

R10
racod
R® R® R’

R® R’
and pharmaceutically acceptable salts and prodrugs thereof.

In Formula II, R' is hydrogen, cyano, or halogen.

Also in Formula IT, R? is hydrogen, substituted or unsubstituted C;-Cs alkyl,
or substituted or unsubstituted carbonyl.

Additionally in Formula IL, R* and R° are cach independently sclected from
hydrogen, substituted or unsubstituted C;-Cs alkyl, or substituted or unsubstituted
cycloalkyl. Optionally, R* and R® can combine to form a substituted or unsubstituted
heterocycloalkyl.

Further in Formula IT, R’, R®, R®, R'%, R"", R"?, and R" are cach
independently selected from hydrogen, halogen, hydroxyl, cyano, nitro, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted amino, substituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, substituted or unsubstituted alkoxyl, substituted or unsubstituted aryloxyl,
or substituted or unsubstituted carboxyl.

Particular examples of Formula II include the compounds shown below:

O OH C OH
SACOINSCACS
Compound II-1 Compound I1-2
(NSC150235) (NSC147991)
In some examples of Formula II, the compound is not Compound II-1 or
Compound I1-2.
A third group of inhibitors includes halophenanthrenyl propanone compounds
and derivatives. The halophenanthrenyl propanone compounds described herein can

include compounds represented by Formula I11:

(1)
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and pharmaceutically acceptable salts and prodrugs thereof.

In Formula IIL, R’ is a halogen. In some examples, R' is bromo.

Also in Formula ITI, R?is substituted or unsubstituted carbonyl.

In some examples, the halophenanthrenyl propanone compounds can be
bromophenanthrenyl propanone compounds. A particular example of Formula 111

includes the compound shown below:

Br
L
Compound ITI-1
(NSC44480)

Suitable derivatives of the halophenanthrenyl propanone compounds can
include compounds of Formula III where one or more hydrogen atoms are
independently substituted by one or more halo, alkyl, cycloalkyl, alkoxyl, aryl,
aryloxyl, alkenyl, and alkynyl groups. In some examples, the compound of Formula
11 is not Compound III-1.

A fourth group of inhibitors includes pyridinyl-piperazinyl naphthalenedione
compounds and derivatives. The pyridinyl-piperazinyl naphthalenedione compounds

described herein can include compounds represented by Formula IV:
OR' O

e "

and pharmaceutically acceptable salts and prodrugs thereof.

In Formula IV, R' and R? are each independently selected from hydrogen,
substituted or unsubstituted C;-Cs alkyl, or substituted or unsubstituted carbonyl. In
some examples, the pyridinyl-piperazinyl naphthalenedione compounds can be
hydroxy-pyridinyl-piperazinyl naphthalenedione compounds. A particular example of

Formula IV includes the compound shown below:
OH O

Co,
OH O Q\J Ny
I
Compound 1V-1 U

(NSC658142)
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Suitable derivatives of the pyridinyl-piperazinyl naphthalenedione
derivatives can include compounds of Formula IV where one or more hydrogen
atoms are independently substituted by one or more halo, alkyl, cycloalkyl, alkoxyl,
aryl, aryloxyl, alkenyl, and alkynyl groups. In some examples, the compound of
Formula IV is not Compound IV-1.

A fifth group of inhibitors includes phenyl methylsulfanyl amine compounds
and derivatives. The phenyl methylsulfanyl amine compounds described herein can

include compounds represented by Formula V:

R3
RZ R
o " V)
SRS

and pharmaceutically acceptable salts and prodrugs thereof.

In Formula V, R', R?, R?, R?, and R° are cach independently selected from
hydrogen, halogen, hydroxyl, cyano, nitro, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted amino,
substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or
unsubstituted alkoxyl, substituted or unsubstituted aryloxyl, or substituted or
unsubstituted carboxyl.

Also in Formula V, R® is a substituted or unsubstituted heterocycle. In some
examples, R® is a purine. In some examples, the phenyl methylsulfanyl amine
compounds can be nitrophenyl methylsulfanyl purine amine compounds. Particular

examples of Formula V include the compounds shown below:

S

S

§ N
N/ N/

[ » < L2
HZNAN N kN N
Compound V-1 Compound V-2
(NSC38737) (NSC39334)

Suitable derivatives of the phenyl methylsulfanyl amine compounds can
include compounds of Formula V where one or more hydrogen atoms are
independently substituted by one or more halo, alkyl, cycloalkyl, alkoxyl, aryl,
aryloxyl, alkenyl, and alkynyl groups. In some examples, the compound of Formula

V is not Compound V-1 or Compound V-2.
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A sixth group of inhibitors includes bis-phenol compounds and derivatives as

represented by Formula VI: R?

R O R g
HO O R? (VI)
HO

R3
In Formula VI, R' and R” are each independently a substituted or

unsubstituted C;-Cs alkyl.
Also in Formula VI, R”is halogen. In some examples, R? is chloro.
Particular examples of Formula VI include methane-bis-methyl-t-
butylchlorophenol compounds and derivatives, such as the compound shown below:

Cl

S0\
YA
HO

Compound VI-1
(NSC5857)

Suitable derivatives of the methane-bis-methyl-t-butylchlorophenol
compounds can include derivatives of Compound VI-1 where one or more chlorine
atoms are substituted by an alternative halogen (e.g., bromo or fluoro). Further
examples of suitable derivatives of Compound VI-1 can include those where one or
more hydrogen atoms are independently substituted by one or more halo, alkyl,
cycloalkyl, alkoxyl, aryl, aryloxyl, alkenyl, and alkynyl groups. In some examples,
the compound of Formula VI is not Compound VI-1.

A seventh group of inhibitors includes Nogalamycin and related compounds as

represented by Formula VII:

(V1)

In Formula VII, R' is hydrogen, substituted or unsubstituted C;-Cy alkyl, or
substituted or unsubstituted alkoxyl.

Also in Formula VII, R?, R%, R, and R® are each independently selected from
hydrogen and substituted or unsubstituted C;-Cs alkyl.
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A particular example of Formula VII includes Nogalamycin (Compound

VII-1) as shown below.

OH O OH
Compound VII-1

(NSC82892)

Suitable derivatives of Formula VII can include those where one or more
hydrogen atoms are independently substituted by one or more halo, alkyl, cycloalkyl,
alkoxyl, aryl, aryloxyl, alkenyl, and alkynyl groups. In some examples, the
compound of Formula VII is not Nogalamycin (Compound VII-1).

An eighth group of inhibitors includes Rubigervine and related compounds as

represented by Formula VIII:

\ (VIID)

R6 OR!

In Formula VIII, R' is hydrogen or substituted or unsubstituted C,-Cg alkyl.
Also in Formula VIIIL, R?, R*, R?, R®, and R® are cach independently selected
from hydrogen, substituted or unsubstituted C,-C¢ alkyl, or substituted or

unsubstituted alkoxyl.

Particular examples of Formula VIII include the compounds shown below.

HO
N N
OH OH

Compound VIII-1 Compound VIII-2
In some examples, Compound VIII-1 can be Compound VIII-1A. In some

examples, Compound VIII-2 can be Compound VIII-2A.

Compound VIII-1A Compound VIII-2A
(NSC76026) (NSC76025)
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Suitable derivatives of Formula VIII can include those where one or more
hydrogen atoms are independently substituted by one or more halo, alkyl, cycloalkyl,
alkoxyl, aryl, aryloxyl, alkenyl, and alkynyl groups. In some examples, the
compound of Formula VIII is not Compound VIII-1A or Compound VIII-2A.

I11. Pharmaceutical Formulations

The compounds described herein or derivatives thereof can be formulated as
pharmaceutically acceptable salts. Pharmaceutically acceptable salts are well known
in the art and refer to derivatives of the disclosed compounds that include acid or base
cations or salts.

Pharmaceutically acceptable salts can include sulfate, pyrosulfate, bisulfate,
sulfite, bisulfite, phosphate, ammonium, monohydrogen phosphate, dihydrogen
phosphate, metaphosphate, pyrophosphate, chloride, bromide, iodide, acetate,
propionate, decanoate, caprylate, acrylate, formate, isobutyrate, caprate, heptanoate,
propiolate, oxalate, malonate, succinate, suberate, sebacate, furmarate, hippurate,
maleate, butyne-1,4-dioate, hexyne-1,6-dioate, benzoate, chlorobenzoate,
methylbenzoate, dinitrobenzoate, hydroxylbenzoate, methoxybenzoate, phthalate,
sulfonate, xylenesulfonate, phenylacetate, phenylpropionate, phenylbutyrate, citrate,
lactate, a-hydroxybutyrate, glycolate, maleate, tartrate, methanesulfonate,
propanesulfonate, naphthalene-1-sulfonate, napthalene-2-sulfonate, mandelate,
magnesium, tetramethylammonium, potassium, trimethylammonium, sodium,
methylammonium, calcium, and like salts. Lists of suitable salts are found in, for
example, Remington, 2006, The Science and Practice of Pharmacy, 21st Edition,
Lippincott Williams & Wilkins.

Optionally, the compounds described herein can be formulated as
pharmaceutically acceptable hydrates or solvates.

The compounds disclosed herein can be formulated as a pharmaceutical
composition comprising one or more of the compounds described herein together with
a pharmaceutically acceptable carrier. Suitable pharmaceutical carriers are described,
for example, in Remington : The Science and Practice of Pharmacy, 21st Edition
(Lippincott Williams & Wilkins, 2006). Pharmaceutically acceptable carriers can be
sterile liquids, such as water and oils, including those of petroleum, animal, vegetable
or synthetic origin, such as peanut oil, soybean oil, mineral oil, and sesame oil. In

particular embodiments, water-based solutions are advantageous carriers, such as
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when the pharmaceutical composition is administered intravenously. For example,
saline solutions, aqueous dextrose, and glycerol solutions are advantageous in certain
embodiments, particularly for injectable solutions. If a particular antagonist exhibits
relatively low solubility in aqueous systems, any of a wide variety of alternative
pharmaceutically acceptable solvents and additives are known that can improve the
solubility of the antagonist in the vehicle desired for delivery. By way of example,
the antagonist can be dissolved and/or suspended in an alcohol (e.g., ethanol) solution
or in a composition including DMSO or a detergent.

In addition to the pharmacologically active agent, the pharmaceutical
compositions described herein can include suitable pharmaceutically acceptable
carriers, such as those comprising excipients and auxiliaries to facilitate processing of
the active compounds into formulations for delivery to the site of action. Suitable
formulations for parenteral administration include aqueous solutions of the active
compounds in water-soluble form; for example, water-soluble salts. Oily injection
suspensions of the active compounds may also be administered. Suitable lipophilic
solvents or vehicles include fatty oils, such as sesame oil or synthetic fatty acid esters
(e.g., ethyl oleate or triglycerides). Aqueous injection suspensions can contain
substances that increase the viscosity of the suspension. These include, for example,
sodium carboxymethyl cellulose, sorbitol, and dextran. Optionally, the suspension
can also contain stabilizers. The compositions can also include solubilizing agents
(e.g., cyclodextrins) for improving the amount of the antagonist(s) dissolved (i.e.,
rather than suspended) in a liquid component of the composition.

The pharmaceutical formulation for systemic administration as disclosed
herein can be formulated for enteral, parenteral, or topical administration. Indeed, all
three types of formulations can be used simultancously to achieve systemic
administration of the active ingredient.

Suitable formulations for oral administration include hard or soft gelatin
capsules, pills, tablets, including coated tablets, elixirs, suspensions, syrups or
inhalations and controlled release forms thereof.

The compounds described herein can also be incorporated into pharmaceutical
compositions which allow for sustained delivery of those compounds to a mammal for
a period of several days, several weeks, or a month or more. Such formulations are

described, for example, in U.S. Patent Nos. 5,968,895 and 6,180,608 and are
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otherwise known in the art. Any pharmaceutically-acceptable, sustained-release
formulation known in the art is contemplated.

For topical administration, any common topical formulation such as a solution,
suspension, gel, ointment, salve, or similar composition can be employed.
Preparations of such topical formulations are described in the art of pharmaceutical
formulations as exemplified, for example, by Remington, 2006, The Science and
Practice of Pharmacy, 21st Edition, Lippincott Williams & Wilkins. For topical
application, the antagonists as disclosed herein can be administered as a powder or
spray, particularly in acrosol form, for example.

The active ingredient can also be administered in pharmaceutical compositions
adapted for systemic administration. If a drug is to be administered systemically, it
can be confected as a powder, pill, tablet, or other solid composition or as a syrup,
elixir, or other liquid composition for oral administration. For intravenous,
intraperitoneal, or intra-lesional administration, the active ingredient is prepared as a
solution or suspension capable of being administered by injection. In certain cases, it
can be useful to formulate the active ingredient in suppository form or as an extended
release formulation for deposit under the skin or intramuscular injection.

The compounds described herein can be administered by inhalation. For
inhalation therapy, the compound can be in a solution useful for administration by
metered dose inhalers or in a form suitable for a dry powder inhaler, for example.

Pharmaceutical compositions expressly include both those formulated and
intended for administration to humans and veterinary compositions formulated and
intended for administration to non-human animals.

The compounds disclosed herein (as well as their pharmaceutically acceptable
salts and compositions including the same) can be administered to a wide variety of
subjects.

Expressly contemplated approaches for administering the compounds and
compositions described herein include delivery by either the parenteral or oral route,
intramuscular injection, subcutancous/intradermal injection, intravenous injection,
buccal administration, transdermal delivery and administration by the rectal, colonic,
vaginal, intranasal or respiratory tract route (e.g., by inhalation).

It is contemplated that the compounds disclosed herein are administered in a

therapeutically effective amount. The effective amount of the compounds and

3



10

15

20

25

30

WO 2011/068987 PCT/US2010/058757

compositions described herein or pharmaceutically acceptable salts thereof as
described herein may be determined by one of ordinary skill in the art and includes
exemplary dosage amounts for a mammal of from about 0.5 to about 200mg/kg of
body weight of active compound per day, which may be administered in a single dose
or in the form of individual divided doses, such as from 1 to 4 times per day.
Alternatively, the dosage amount can be from about 0.5 to about 150mg/kg of body
weight of active compound per day, about 0.5 to 100mg/kg of body weight of active
compound per day, about 0.5 to about 75mg/kg of body weight of active compound
per day, about 0.5 to about 50mg/kg of body weight of active compound per day,
about 0.5 to about 25mg/kg of body weight of active compound per day, about 1 to
about 20mg/kg of body weight of active compound per day, about 1 to about 10mg/kg
of body weight of active compound per day, about 20mg/kg of body weight of active
compound per day, about 10mg/kg of body weight of active compound per day, or
about Smg/kg of body weight of active compound per day.

Those of skill in the art will understand that the specific dose level and
frequency of dosage for any particular subject may be varied and will depend upon a
variety of factors, including the activity of the specific compound employed, the
metabolic stability and length of action of that compound, the species, age, body
weight, general health, sex and diet of the subject, the mode and time of
administration, rate of excretion, drug combination, and severity of the particular
condition.

IV. Methods of Making the Compounds

The compounds described herein can be prepared in a variety of ways known
to one skilled in the art of organic synthesis or variations thercon as appreciated by
those skilled in the art. The compounds described herein can be prepared from
readily available starting materials. Optimum reaction conditions may vary with the
particular reactants or solvents used, but such conditions can be determined by one
skilled in the art.

Variations on Formula I, Formula II, Formula III, Formula IV, Formula
V, Formula VI, Formula VII, and Formula VIII include the addition, subtraction,
or movement of the various constituents as described for each compound. Similarly,
when one or more chiral centers are present in a molecule, the chirality of the

molecule can be changed. Additionally, compound synthesis can involve the
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protection and deprotection of various chemical groups. The use of protection and
deprotection, and the selection of appropriate protecting groups can be determined by
one skilled in the art. The chemistry of protecting groups can be found, for example,
in Wuts and Greene, Protective Groups in Organic Synthesis, 4th Ed., Wiley & Sons,
2006, which is incorporated herein by reference in its entirety.

Reactions to produce the compounds described herein can be carried out in
solvents, which can be selected by one of skill in the art of organic synthesis.
Solvents can be substantially nonreactive with the starting materials (reactants), the
intermediates, or products under the conditions at which the reactions are carried out,
1.e., temperature and pressure. Reactions can be carried out in one solvent or a
mixture of more than one solvent. Product or intermediate formation can be
monitored according to any suitable method known in the art. For example, product
formation can be monitored by spectroscopic means, such as nuclear magnetic
resonance spectroscopy (e.g., 'H or 1*C) infrared spectroscopy, spectrophotometry
(e.g., UV-visible), or mass spectrometry, or by chromatography such as high
performance liquid chromatograpy (HPLC) or thin layer chromatography.

The compounds described by Formula I can be made, for example, by
treating a mixture of 2-naphthol and formaldehyde aqueous solution with an amine.
In some examples, the molar ratio of 2-naphthol to the amine can be 2:1. Further
examples of Formula I can be prepared, for example, through the acetylation or
methylation of hydroxyl groups on the compounds. Detailed experimental procedures
for synthesizing the compounds described herein can be found in Example 3.

V. Methods of Use

Provided herein are methods to treat, prevent, or ameliorate giardiasis in a
subject. The methods include administering to a subject an effective amount of one or
more of the compounds or compositions described herein, or a pharmaceutically
acceptable salt or prodrug thereof. The compounds and compositions described
herein or pharmaceutically acceptable salts thereof are useful for treating giardiasis in
humans, e.g., pediatric and geriatric populations, and in animals, e.g., veterinary
applications. Also provided herein are methods of inhibiting or antagonizing Giardia
lamblia attachment to the intestinal wall of a subject. The methods comprise

administering to a subject an effective amount of one or more of the compounds or
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compositions described herein, or a pharmaceutically acceptable salt or prodrug
thereof.

The effectiveness of the compounds and compositions described herein in
treating, preventing, or ameliorating giardiasis and for antagonizing Giardia lamblia
attachment to the intestinal wall of a subject can be measured according to one of
several standard measures as known to persons of skill in the art. For example,
parasite burden can be measured directly in animal models of infection by counting
parasites at the trophozoite stage within the lumen of the small intestine. A method of
measuring parasite burden indirectly in both animal and human infections can be
performed by determining cyst output in feces, which is also a measure of
transmission. In addition, the physiological effects of reduced parasite burden can be
measured in animals through weight gain or diarrhea. Further, the physiological
effects of reduced parasite burden can be measured in humans through alleviation of
reported symptoms, reduction in duration and intensity of diarrhea, and weight gain.
Such amounts are sufficient to achieve a therapeutically effective concentration of the
compound or active component of the composition in vivo or in vitro.

These methods can further include treatment with one or more additional
agents (e.g., an antibiotic, an antiparasitic, or an antiprotozoal). The one or more
additional agents and the compounds and compositions or pharmaceutically
acceptable salts thereof as described herein can be administered in any order,
including simultaneous administration, as well as temporally spaced order of up to
several days apart. The methods may also include more than a single administration
of the one or more additional agents and/or the compounds and compositions or
pharmaceutically acceptable salts thercof as described herein. The administration of
the one or more additional agents and the compounds and compositions or
pharmaceutically acceptable salts thercof as described herein may be by the same or
different routes. When treating with one or more additional agents, the compounds
and compositions or pharmaceutically acceptable salts thereof as described herein can
be combined into a pharmaceutical composition that includes the one or more
additional agents. For example, the compounds and compositions or
pharmaceutically acceptable salts thereof as described herein can be combined into a
pharmaceutical composition with an antibiotic, for example, metronidazole,

furazolidone, or paramomycin. In other examples, the compounds and compositions
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or pharmaceutically acceptable salts thereof as described herein can be combined into
a pharmaceutical composition with an antiparasitic, for example, tinidazole or
mebendazole. Further, the compounds and compositions or pharmaceutically
acceptable salts thereof as described herein can be combined into a pharmaceutical
composition with an antiprotozoal agent, for example, nitazoxanide or quinacrine.

The methods and compounds as described herein are useful for both
prophylactic and therapeutic treatment. For prophylactic use, a therapeutically
effective amount of the compounds and compositions or pharmaceutically acceptable
salts thereof as described herein are administered to a subject prior to onset (e.g.,
before obvious signs of giardiasis), during early onset (e.g., upon initial signs and
symptoms of giardiasis), or after an established microbial infection or development of
giardiasis. Prophylactic administration can occur for several days to years prior to the
manifestation of symptoms of an infection. Prophylactic administration can be used,
for example, in the preventative treatment of subjects exposed to Giardia lamblia.
Therapeutic treatment involves administering to a subject a therapeutically effective
amount of the compounds and compositions or pharmaceutically acceptable salts
thereof as described herein after giardiasis is diagnosed.
VI. Kits

Also provided herein are kits for treating or preventing giardiasis in a subject.
A kit can include any of the compounds or compositions described herein. For
example, a kit can include a compound of Formula I, Formula II, Formula I1I,
Formula IV, Formula V, Formula VI, Formula VII, Formula VIII, or
combinations thereof. A kit can further include one or more additional agents, such as
an antibiotic agent (e.g., metronidazole, furazolidone, or paromomycin), an
antiparasitic agent (e.g., tinidazole or mebendazole), and/or an antiprotozoal agent
(e.g., nitazoxanide or quinacrine). A kit can include an oral formulation of any of the
compounds or compositions described herein. A kit can additionally include
directions for use of the kit (e.g., instructions for treating a subject), a container, a
means for administering the compounds or compositions, and/or a carrier.

Examples

Example 1: Lead Compound Identification

The NCI Diversity Set:
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The NCI Diversity Set (now known as NCI Diversity Set I) is comprised of
~1990 molecules pre-plated in groups of 80 in 96-well plates at 10 mM. An initial
catalog of ~140,000 “open repository” compounds was narrowed to ~72,000 based on
compound availability. Chem-X was used to select the ~1990 compounds
representing the greatest pharmocophore diversity.

Giardia Attachment:

A phenotype-based screen, using polystyrene microplates, of the ~1990
compounds in the NCI Diversity Set was developed to identify compounds that block
the ability of the parasites to attach to an inert substrate. About 100,000 late-log stage
parasites were added to each well and allowed to attach at 37°C for 2 hours. Plates
were washed twice with warm PBS to remove detached cells, fixed in 1:1
methanol:acetone for 3-5 minutes, and incubated with 8uM Syto16 nucleic acid stain
for 30 minutes. Automated fluorescent images (4/well for ~20% well surface area)
were captured at 10X using a GFP filter with the Nikon Eclipse TE-300 inverted
microscope and analyzed using METAMORPH “count nuclei” software (Molecular
Devices, Inc.; Sunnyvale, California). The compounds were tested in triplicate at 50
uM. The effect of each compound on attachment was quantified using median values
of the percentage of parasites attached in treated-wells relative to the untreated-well in
that row in the 96-well plate; DMSO alone exhibited no significant effect on
attachment. A total of 85 compounds reduced attachment by >80%, and an additional
142 compounds reduced attachment between 50-80%. These 227 compounds (~11%)
were selected for further analysis.

IEC-6 Viability and Attachment:

Adherent monolayers of IEC-6 cells, a rat small intestinal cell line, were
treated with 50 uM of the 227 compounds identified as “primary hits” in the Giardia
attachment screen as done for the Giardia cultures. Cells were then stained for 20
min at 37°C with a 1:500 dilution of DEAD Red, a membrane-impermeant nucleic
acid stain, fixed in 4% gluteraldehyde, and labeled for 20 min at 20 °C with 8 uM
SYTO 16, a membrane-permeant nucleic acid stain. This dual stain approach
demonstrated the IEC-6 cell death that results either in detachment or changes to
membrane permeability. Of the 227 compounds analyzed, 134 had a significant
negative effect on the IEC-6 cells (attachment < 50% and viability < 75%) and were

therefore eliminated from further study. Ninety-three compounds had only a weak or
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moderate effect on IEC-6 cells (attachment > 50% and viability > 75%) and were
retained for further study.
Dose-Dependent Determination of Efficacy of Compounds to Define Top Candidates:

A single concentration of 50 M of the compounds that would be particularly
stringent in assaying for IEC-6 viability was used for the remainder of the screening
process. To define compounds most effective at the lowest concentrations, ICsg
assays were conducted as described above against the 93 compounds that passed the
IEC-6 screen. Parametric and non-parametric statistical analyses were performed as
appropriate to determine the statistical significance of the data, and statistical
significance was reported when P < 0.05. By choosing only those compounds that
had a statistically significant reduction of parasite attachment at SpuM, the list of lead
candidates was narrowed to seven compounds. Each compound retained > 85% IEC-
6 attachment and viability.

Example 2: Effect of Compounds I-16, I11-1, IV-1, V-1, VI-1, VII-1, and VIII-2A
on Giardia lamblia attachment
Giardia Attachment:

Approximately 100,000 late-log stage Giardia lamblia parasites were added to
individual wells of polystyrene microplates and allowed to attach to the microplates at
37°C for 2 hours. The microplates were washed twice with warm PBS to remove
detached cells, fixed in 1:1 methanol:acetone for 3-5 minutes, and incubated with
8uM Syto16 nucleic acid stain for 30 minutes. Automated fluorescent images (4/well
for ~20% well surface arca) were captured at 10X using a GFP filter with the Nikon
ECLIPSE TE-300 inverted microscope (Nikon Inc.; Melville, NY) and analyzed using
Metamorph™ “count nuclei” software.

Compounds I-16, IT1-1, IV-1, V-1, VI-1, VII-1, and VIII-2A were applied to
wells in triplicate at a concentration of 50 uM. The effect of each compound on the
attachment of Giardia lamblia parasites was evaluated using median values of the
percentage of parasites attached in treated-wells relative to an adjacent untreated-well.
DMSO was used as a control, and exhibited no significant effect on attachment. Each
of Compounds I-16, I11-1, IV-1, V-1, VI-1, VII-1, and VIII-2A reduced the
attachment of Giardia lamblia parasites by at least 80%.

Short-Term Effect of Compounds I-16, I11-1, IV-1, V-1, VI-1, VII-1, and VIII-2A on
1E-6 viability and attachment:
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Adherent monolayers of IEC-6 cells, a rat small intestinal cell line, were
treated for two hours with 50 uM of Compounds I-16, I11-1, IV-1, V-1, VI-1, VII-1,
and VIII-2A in phosphate buffered saline (PBS). Cells were then stained for 20 min
at 37°C with a 1:500 dilution of DEAD Red, a membrane-impermeant nucleic acid
stain, fixed in 4% gluteraldehyde, and labeled for 20 min at 20°C with § uM SYTO
16, a membrane-permeant nucleic acid stain. This dual stain approach permitted the
visualization of IEC-6 cell death leading to either detachment or changes to
membrane permeability. Each of Compounds I-16, I1I-1, IV-1, V-1, VI-1, VII-1,
and VIII-2A had a only a weak or moderate effect on IEC-6 cells, as in every case at
least 50% of cells remained attached and at least 75% of cells remained viable after
exposure to each compound.

Long-term Effect of Compounds I-16, I11-1, IV-1, V-1, VI-1, VII-1, and VIII-2A on
IEC-6 viability and attachment:

Adherent monolayers of IEC-6 cells, a rat small intestinal cell line, were
treated for 2-48 hours with 50 uM of Compounds I-16, I11-1, IV-1, V-1, VI-1, VII-
1, and VIII-2A in culture media. Viability was measured by the ability of living cells
to exclude 0.4% Trypan Blue dye. All comparisons were made to cultures of
untreated IEC-6 cells. Each of Compounds I-16, I11-1, IV-1, V-1, VI-1, VII-1, and
VIII-2A had only a weak effect on IEC-6 cells, as in every case at least 75% of cells
remained attached and at least 75% of cells remained viable after exposure to each
compound.

Dose-Dependent Efficacy of Compounds 1-16, I11-1, IV-1, V-1, VI-1, VII-1, and
VIII-2A:

As shown in Figure 1, the dose-dependency of each of Compounds I-16, I11-
1, IV-1, V-1, VI-1, VII-1, and VIII-2A was evaluated by examining the effect of
each compound at 50, 15, 10, 5 and 1 uM. Mercury was used as a control. In the case
of each compound, amounts as low as 5 uM reduced Giardia attachment by at least
50%, while at least 85% of IEC-6 cells remained attached and viable. This indicates
that each of Compounds I-16, I11-1, IV-1, V-1, VI-1, VII-1, and VIII-2A are
effective in antagonizing Giardia attachment to the intestinal wall without impacting
the viability of the intestinal wall. Accordingly, Compounds I-16, ITI-1, IV-1, V-1,
VI-1, VII-1, and VIII-2A are suitable for use in therapeutic compositions and

methods such as those described herein.
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Examination of Parasite Morphology and Dynamics in the Presence of Compounds I-
16, HI-1, IV-1, V-1, VI-1, VII-1, and VIII-2A:

A series of video microscopy studies were undertaken to examine the effect of
the compounds on parasite morphology and dynamics. Short 1 minute videos of
parasite behavior were recorded using DIC optics on a Zeiss AXIOPLAN microscope
(Carl Zeiss Microimaging GmbH, Germany) using a Photometrics CCD camera
(Photometrics, Inc.; Tucson, AZ). Recordings were made on at least three separate
occasions at compound concentrations of 50 uM, 15 uM, 10 uM, 5 uM, and 1 pM to
allow comparison to the dose-response curves in the attachment assay. Four broad

categories of compound action were found (see Table I).

Table 1

Observed Parasite Morphology and Dynamics Compound ID

Parasites display a profoundly disrupted morphology and/or are -1, Iv-1
simply destroyed.

Parasites display disrupted peripheral morphology, resulting in loss | VI-1, VII-1
of shape or localized membrane blebbing.

Parasites appear normal in morphology, but are paralyzed (i.e.no | V-1
flagellar beating).

Parasites appear normal in morphology and activity, but exhibit I-16, VIII-2A
reduced attachment.

Each of Compounds I-16, I11-1, IV-1, V-1, VI-1, VII-1, and VIII-2A
affected Giardia attachment at concentrations of SuM without impacting viability of
an intestinal epithelial cell line in one of four ways. Compounds III-1 and IV-1
profoundly disrupted parasite morphology or simply destroyed the parasites.
Compounds V-1 and VI-1 caused the parasites to display a disrupted peripheral
morphology, resulting either in loss of overall shape or localized membrane blebbing.
Compound VII-1 caused no observable effect on Giardia morphology, but did cause
flagellar paralysis, and Compounds I-16 and VIII-2A produced no observable effect
on parasite morphology and activity, but did significantly reduce attachment.
Reversibility of Compounds 1-16, I11-1, IV-1, V-1, VI-1, VII-1, and VIII-2A on
Giardia viability and attachment:

Parasite cultures were treated for 30 minutes - 2 hours with 15 uM of
Compounds I-16, I1I-1, IV-1, V-1, VI-1, VII-1, and VIII-2A in PBS at 37 °C.

Parasites were then washed with warm PBS to remove compounds, and were placed
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in normal Giardia growth media for an additional 48 hours. Parasite cultures were
observed at regular intervals to determine attachment, and viability was measured by
the ability of the parasites to exclude 0.4% Trypan Blue dye. All comparisons were
made to cultures of untreated Giardia. Compounds I-16, I11-1, IV-1, V-1, VI-1,
VII-1, and VIII-2A differed in their reversibility: Compounds III-1 and I'V-1
appeared to be irreversible in their effect on parasite attachment and viability, while

Compounds I-16, V-1, VI-1, VII-1, and VIII-2A were largely reversible.

Example 3: Synthesis and NMR characterization

All commercially available reagents and solvents were used without further
purification. NMR spectra were obtained at 400 MHz ('"H NMR). Chemical shifts are
reported in ppm relative to TMS. Reaction products were purified by column

chromatography on silica gel (particle size 32-63 um) or recrystallization.

N

To a solution of Compound I-18 (140 mg, 0.36 mmol) in 2 mL of DMF were

Compound I-1:

added 54.6 mg of potassium carbonate (1.1 equivalents) and 102 mg of methyl iodide
(2 equivalents). The reaction mixture was stirred for 8 h at room temperature and
extracted with ethyl acetate and water. Column chromatography with
EtOAc:hexanes=1:4 as mobile phase provided 54 mg (0.13 mmol) of a yellow solid in
36% yield. 'H NMR (400 MHz, CDCl3) 8 =0.71 (t,J = 7.4 Hz, 3H), 1.10 (m, 2H),
1.62 (m, 2H), 2.52 (t, J = 7.3 Hz, 2H), 3.91 (s, 6H), 4.05 (s, 4H), 7.01 (dd, / =7.5 Hz,
7.8 Hz, 2H), 7.20-7.23 (m, 4H), 7.69 (d, J = 8.2 Hz, 2H), 7.73 (d, /= 8.0 Hz, 2H),
7.78 (d, J= 8.6 Hz, 2H).

Compound 1-2:
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To a solution of Compound I-18 (114 mg, 0.30 mmol) in 2 mL of DMF were
added 45 mg of potassium carbonate (1.1 equivalents) and 46 mg of methyl iodide
(1.1 equivalents). The reaction mixture was stirred overnight at room temperature and
extracted with ethyl acetate and water. Column chromatography with
EtOAc:hexanes=1:9 as mobile phase provided 39 mg (0.1 mmol) of a white solid in
33% yield. 'H NMR (400 MHz, CDCls) & = 0.84 (t,J = 7.3 Hz, 3H), 1.24 (m, 2H),
1.74 (m, 2H), 2.65 (t, J = 7.31 Hz, 2H), 3.99 (s, 3H), 4.17 (s, 2H), 4.25 (s, 2H), 6.96
(d, J=8.9 Hz, 1H), 7.20-7.28 (m, 2H), 7.33-7.42 (m, 2H), 7.54-7.58 (m, 2H), 7.68 (d,
J=79Hz, 1H), 7.77 (d,J=9.1 Hz, 1H), 7.80 (d, /= 9.1 Hz, 1H), 7.85 (d, /= 8.6 Hz,

1H), 8.12 (d, /= 8.8 Hz, 1H).
4
O
AN

oy

To a solution of Compound I-18 (123 mg, 0.32 mmol) in 4 mL of anhydrous

Compound I-3:

chloroform were added 76 mg of acetic acid (4 equivalents), 243 mg of EDC (4
equivalents), 20 mmol% of DMAP and 163 mg of DIEA (4 equivalents). The
reaction mixture was stirred at room temperature for 72 hours and extracted with
dichloromethane and water. Column chromatography with EtOAc:hexanes=1:5 as
mobile phase provided 120 mg (0.26 mmol) of a white solid in 81% yield. 'H NMR
(400 MHz, CDCl3) 6 =0.72 (t, J= 7.3 Hz, 3H), 1.13 (m, 2H), 1.58 (m, 2H), 2.44 (t,J
= 8.3 Hz, 2H), 3.36 (s, 6H), 3.88 (s, 4H), 7.10 (ddd, /=1.1 Hz, 8.5 Hz, 8.5 Hz, 2H),
7.16 (d, J=8.9 Hz, 2H), 7.38 (ddd, J=1.1 Hz, 8.5 Hz, 8.5 Hz, 2H), 7.76 (d, J = 8.9
Hz, 2H), 7.77 (d, J = 8.0 Hz, 2H), 7.87 (d, J = 8.6 Hz, 2H).

General Procedure for the synthesis of Compounds I-4 to 1-16, I-18, and I-21:

A solution of the 2-naphthol, formaldehyde aqueous solution (37%) and the
amine (molar ratio=2:2:1) in methanol was stirred at room temperature. The reaction
was followed by TLC and was generally complete between 2 and 24 hours. Upon
completion, the product was isolated by filtration, washed with methanol, and purified
by recrystallization as needed.

Compound 1-4:
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The general procedure gave 210 mg (0.48 mmol) of a white solid in 28%
yield. "H NMR (400 MHz, DMSO-ds) 8 = 0.67 (t, J = 7.3 Hz, 3H), 1.09 (m, 2H), 1.56
(m, 2H), 2.53 (t, /="7.3 Hz, 2H), 4.10 (s, 4H), 7.18 (d, J =8.9 Hz, 2H), 7.52 (d, J =
8.9 Hz, 2H), 7.81 (d, /= 9.0 Hz, 2H), 7.95 (d, J = 8.8 Hz, 2H), 8.35 (s, 2H).
Compound I-5:

The general procedure gave 574 mg (1.06 mmol) of a yellow solid in 62%
yield. "H NMR (400 MHz, DMSO-ds) & = 0.68 (t, J = 7.4 Hz, 3H), 1.10 (m, 2H), 1.56
(m, 2H), 2.51 (t, J="7.5 Hz, 2H), 4.05 (s, 4H), 7.09 (d, J = 8.9 Hz, 2H), 7.37 (dd, J =
2.1 Hz, 9.1 Hz, 2H), 7.66 (d, /= 8.1 Hz, 2H), 7.78 (d, /=9.2 Hz, 2H), 8.00 (d, /= 2.0

Hz, 2H), 10.8 (bs, 2H).
ol
NS

N

ovd

The general procedure gave 397 mg (1.07 mmol) of a white solid in 59%
yield. "H NMR (400 MHz, DMSO-ds) 3 = 0.70 (t, J = 7.2 Hz, 3H), 1.64 (m, 2H), 2.50
(t,J=7.6 Hz, 2H), 4.12 (s, 4H), 7.02 (d, /= 8.9 Hz, 2H), 7.22 (dd, /= 7.2 Hz, 7.5 Hz,
2H), 7.33 (dd, /= 7.4 Hz, 7.5 Hz, 2H), 7.65 (d, J = 8.9 Hz, 2H), 7.72 (d, J = 8.0 Hz,
2H), 7.89 (d, J= 8.5 Hz, 2H), 10.8 (bs, 2H).

Compound I-6:

Compound 1-7:
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The general procedure gave 315 mg (1.34 mmol) of a yellow solid in 43%
yield. "H NMR (400 MHz, DMSO-ds) 3 = 0.68 (t, J = 7.2 Hz, 3H), 1.60 (m, 2H), 2.50
(t,J=10.3 Hz, 2H), 4.11 (s, 4H), 7.18 (d, /= 8.9 Hz, 2H), 7.51 (dd, /= 1.6 Hz, 8.8
Hz, 2H), 7.81 (d, /= 9.0 Hz, 2H), 7.96 (d, J = 8.8 Hz, 2H), 8.36 (d, /= 1.5 Hz, 2H).

The general procedure gave 429 mg (0.81 mmol) of a light yellow solid in
47% yield. "H NMR (400 MHz, DMSO-ds) 8 = 0.68 (t, ./ = 7.2 Hz, 3H), 1.60 (m, 2H),
2.47 (m, 2H), 4.07 (s, 4H), 7.09 (d, J =8.9 Hz, 2H), 7.38 (dd, /=2.1 Hz, 9.1 Hz, 2H),
7.66 (d,J=8.9 Hz, 2H), 7.78 (d, J= 9.7 Hz, 2H), 7.99 (d, /= 2.0 Hz, 2H), 10.80 (bs,

2H).
. OH
5T

The general procedure gave 370 mg (0.80 mmol) of a white solid in 49%
yield. "H NMR (400 MHz, DMSO-ds) & = 0.95-1.15 (m, 3H), 1.44-1.66 (m, 3H), 1.74
(d,/=10.9 Hz, 2H), 2.02 (d, /=10.9 Hz, 2H), 2.53 (t,/ = 11.8 Hz, 1H), 4.16 (s,
4H), 7.09 (d, J=8.9 Hz, 2H), 7.50 (d, J = 8.8 Hz, 2H), 7.75 (d, /= 9.0 Hz, 2H), 7.96
(d, /=8.9 Hz, 2H), 8.29 (s, 2H), 11.55 (bs, 2H).
Compound I-10:

Compound I-8:

Compound 1-9:
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ol

N

ovd

The general procedure gave 52 mg (0.13 mmol) of a white solid in 47% yield.
'H NMR (400 MHz, DMSO-ds) 8 =0.71 (t,J= 7.2 Hz, 3H), 1.00-1.12 (m, 6H), 1.60
(m, 2H), 2.54 (t, /= 6.8 Hz, 2H), 4.12 (s, 4H), 7.04 (d, J =8.8 Hz, 2H), 7.21-7.26 (m,
5 2H),7.31-7.36 (m, 2H), 7.66 (d, J = 8.8 Hz, 2H), 7.73 (d, /= 7.4 Hz, 2H), 7.90 (d, J =

8.5 HZ, 2H), 10. ; 5 (bS, 2H).
/\/\/\

The general procedure gave 117 mg (0.25 mmol) of a yellow solid in 44%
10 yield. '"H NMR (400 MHz, DMSO-ds) 3 = 0.68 (t,J = 7.1 Hz, 3H), 0.92-1.08 (m, 6H),
1.54 (m, 2H), 2.50 (t, J = 7.4 Hz, 2H), 4.09 (s, 4H), 7.19 (d, J/=8.9 Hz, 2H), 7.49 (d, J
=8.8 Hz, 2H), 7.81 (d, J = 8.8 Hz, 2H), 7.95 (d, J = 8.8 Hz, 2H), 8.35 (s, 2H), 11.25
(bs, 2H).
Compound I-12:

Compound I-11:

15

The general procedure gave 396 mg (0.69 mmol) of a white solid in 39%
yield. "H NMR (400 MHz, DMSO-ds) 3 = 0.69 (t, J = 7.2 Hz, 3H), 0.95-1.10 (m, 6H),
1.54 (m, 2H), 2.49 (t,J = 9.2 Hz, 2H), 4.06 (s, 4H), 7.08 (d, J =8.8 Hz, 2H), 7.35 (dd,
J=2.1Hz,9.1 Hz, 2H), 7.65 (d, /= 8.9 Hz, 2H), 7.78 (d, /= 9.2 Hz, 2H), 8.00 (d, J
20 =2.1Hz, 2H), 11.76 (bs, 2H).
Compound I-13:
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Q2
e

N

-

The general procedure gave 287 mg (0.77 mmol) of a white solid in 45%
yield. "H NMR (400 MHz, DMSO-ds) & = 1.24 (d, J = 6.6 Hz, 6H), 2.96 (m, 1H),
4.11 (s, 4H), 6.99 (d, J= 8.1 Hz, 2H), 7.22 (dd, /= 7.2 Hz, 7.6 Hz, 2H), 7.36 (dd, J =
7.2 Hz, 8.0 Hz, 2H), 7.63 (d, /= 8.8 Hz, 2H), 7.71 (d, /= 7.9 Hz, 2H), 7.94 (d, J = 8.5

Hz, 2H), 10.96 (bs, 2H).
NC
Q.
NS
NCOH

The general procedure gave 23 mg (0.05 mmol) of a yellow solid in 28%
yield. "H NMR (400 MHz, DMSO-ds) & = 1.24 (d, J = 6.1 Hz, 6H), 2.96 (m, 1H),
4.12 (s, 4H), 7.12 (d, J = 6.8 Hz, 2H), 7.53 (d, J = 8.8 Hz, 2H), 7.77 (d, J = 8.9 Hz,
2H), 8.02 (d, J=7.1 Hz, 2H), 8.31 (s, 2H), 11.60 (bs, 2H).

Compound I-15:
Br
TR,
/v

The general procedure gave 24 mg (0.05 mmol) of a yellow solid in 33%
yield. "H NMR (400 MHz, DMSO-ds) & = 1.22 (d, J = 6.6 Hz, 6H), 2.94 (m, 1H),
4.07 (s, 4H), 7.04 (d, /= 8.9 Hz, 2H), 7.40 (dd, /= 1.8 Hz, 9.1 Hz, 2H), 7.64 (d, J =
9.0 Hz, 2H), 7.84 (d, /= 9.1 Hz, 2H), 7.98 (d, /= 1.8 Hz, 2H), 11.02 (bs, 2H).

Compound I-14:

Compound I-16:
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The general procedure gave 23 mg (0.06 mmol) of a yellow solid in 33%
yield. "H NMR (400 MHz, DMSO-ds) & = 0.95-1.12 (m, 3H), 1.52 (d, /= 11.3 Hz,
1H), 1.65 (m, 2H), 1.77 (d, J=12.2 Hz, 2H), 2.14 (d, /= 11.3 Hz, 1H), 2.57 (t,J =
11.8 Hz, 1H), 4.18 (s, 4H), 6.99 (d, J = 8.9 Hz, 2H), 7.23 (dd, /= 6.7 Hz, 7.1 Hz,
2H), 7.35 (dd, /= 7.2 Hz, 8.1 Hz, 2H), 7.65 (d, J = 8.6 Hz, 2H), 7.73 (d, / = 8.2 Hz,
2H), 7.91 (d, J= 8.5 Hz, 2H), 11.96 (bs, 2H).

Compound I-18:
R,
N

N

o

The general procedure gave 311 mg (0.81 mmol) of a white solid in 81%
yield. "H NMR (400 MHz, CDCl;) & = 0.85 (t, J= 7.4 Hz, 3H), 1.28 (m, 2H), 1.79
(m, 2H), 2.75 (t,J = 7.7 Hz, 2H), 4.12 (s, 4H), 7.02 (d, J =8.9 Hz, 2H), 7.30 (dd, J =
7.3 Hz, 7.3 Hz, 2H), 7.50 (dd, /= 7.5 Hz, 7.5 Hz, 2H), 7.59 (d, /= 7.8 Hz, 2H), 7.73
(d,J=8.1 Hz, 2H), 7.98 (d, J = 8.5 Hz, 2H).

5
s

The general procedure gave 95 mg (0.23 mmol) of a yellow solid in 45%
yield. "H NMR (400 MHz, DMSO-ds) 3 = 3.63 (s, 2H), 4.01 (s, 4H), 7.05 (d,J=8.8
Hz, 2H), 7.13-7.21 (m, 4H), 7.26-7.36 (m, 5H), 7.56 (d, /= 8.2 Hz, 2H), 7.65 (d, J =
8.8 Hz, 2H), 7.70 (d, J= 7.6 Hz, 2H), 10.4 (bs, 2H).

Compound I-22:
Q.
NN

N
H

Ph

To a solution of 2-naphthol (144 mg, 1 mmol) in 0.7 mL of methanol were
added 81 mg of aqueous formaldehyde (37%) and 146 mg (2 mmol) of butyl amine
and stirred at room temperature overnight. Column chromatography with

EtOAc:hexanes=3:2 as mobile phase provided 18.3 mg (0.08 mmol) of a yellow oil in
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8% yield. "H NMR (400 MHz, CDCl3) 8 = 0.93 (t, J = 7.3 Hz, 3H), 1.39 (m, 2H),
1.58 (m, 2H), 2.76 (t,J = 7.1 Hz, 3H), 4.45 (s, 2H), 7.09 (d, J=7.8 Hz, 1H), 7.27
(ddd, J=0.9 Hz, 7.9 Hz, 7.9 Hz, 1H), 7.42 (ddd, /= 1.3 Hz, 6.8 Hz, 6.9 Hz, 1H), 7.66
(d,/=8.8Hz, 1H), 7.74 (d, /= 8.0 Hz, 1H), 7.78 (d, /= 8.0 Hz, 1H).

The compounds and methods of the appended claims are not limited in scope
by the specific compounds and methods described herein, which are intended as
illustrations of a few aspects of the claims and any compounds and methods that are
functionally equivalent are within the scope of this disclosure. Various modifications
of the compounds and methods in addition to those shown and described herein are
intended to fall within the scope of the appended claims. Further, while only certain
representative compounds, methods, and aspects of these compounds and methods are
specifically described, other compounds and methods and combinations of various
features of the compounds and methods are intended to fall within the scope of the
appended claims, even if not specifically recited. Thus, a combination of steps,
elements, components, or constituents may be explicitly mentioned herein; however,
all other combinations of steps, elements, components, and constituents are included,

even though not explicitly stated.
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WHAT IS CLAIMED IS:
1. A compound of the following formula:

R5
‘ ‘ oRrR*

3
-R
N

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

R' and R’ are each independently selected from hydrogen, cyano, and
halogen;

R” and R* are each independently selected from hydrogen, substituted or
unsubstituted C;-Cg alkyl, and substituted or unsubstituted carbonyl; and

R’ is hydrogen, substituted or unsubstituted C,-C alkyl, or substituted or
unsubstituted cycloalkyl,

wherein if R', R?, R?, and R’ are simultancously hydrogen, then R” is not

hydrogen, methyl, n-butyl, cyclohexyl, phenyl, or benzyl.

2. The compound of claim 1, wherein R? is n-propyl, i-propyl, n-butyl, n-hexyl,

or cyclohexyl.

3. The compound of claim 1 or 2, wherein R” and R* are each independently

selected from hydrogen, methyl, and acetyl.

4. The compound of any one of claims 1-3, wherein R and R’ are each

independently selected hydrogen, cyano, and bromo.

5. A compound of the following formula:

/\/\

N

or a pharmaceutically acceptable salt or prodrug thereof.

7

6. A compound of the following formula:

N

o
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or a pharmaceutically acceptable salt or prodrug thereof.

7. A compound of the following formula:

S

?{{8

o
or a pharmaceutically acceptable salt or prodrug thereof.

8. A compound of the following formula:

s

g

OH

g

or a pharmaceutically acceptable salt or prodrug thereof.

9. A compound of the following formula:

j
Y
gl

OH

X

or a pharmaceutically acceptable salt or prodrug thereof.

10. A compound of the following formula:

{28

pd

OH

X

or a pharmaceutically acceptable salt or prodrug thereof.

11. A compound of the following formula:

=z

S

or a pharmaceutically acceptable salt or prodrug thereof.
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12. A compound of the following formula:

N

or a pharmaceutically acceptable salt or prodrug thereof.

13. A compound of the following formula:

or a pharmaceutically acceptable salt or prodrug thereof.

14. A compound of the following formula:

SOW

NN

-

or a pharmaceutically acceptable salt or prodrug thereof.

15. A compound of the following formula:

N

or a pharmaceutically acceptable salt or prodrug thereof.

16. A compound of the following formula:

OH

N/\/\/\

or a pharmaceutically acceptable salt or prodrug thereof.

17. A compound of the following formula:
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L,
N
*O OH
or a pharmaceutically acceptable salt or prodrug thereof.
18. A compound of the following formula:
NC
TR
NS
NC C
* oH
or a pharmaceutically acceptable salt or prodrug thereof.
19. A compound of the following formula:
CC
TR,
N
B C
r w oH
or a pharmaceutically acceptable salt or prodrug thereof.
20. A composition comprising a compound of any one of claims 1-19 and a
pharmaceutically acceptable carrier.
21. A method of treating or preventing giardiasis in a subject, comprising

administering to the subject an effective amount of a compound or composition of any

of claims 1-20 and a pharmaceutically acceptable carrier.

22. A method of treating or preventing giardiasis in a subject, comprising:

administering to the subject an effective amount of a compound of the

following structure:

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

R' is hydrogen, cyano, or halogen;
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R’ is hydrogen, substituted or unsubstituted C;-Cs alkyl, or substituted or
unsubstituted carbonyl;

R’ and R® are each independently selected from hydrogen, substituted or
unsubstituted C;-Cg alkyl, or substituted or unsubstituted cycloalkyl; and

R’,R*, R’ R, R, R", and R" are cach independently selected from
hydrogen, halogen, hydroxyl, cyano, nitro, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted amino,
substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or
unsubstituted alkoxyl, substituted or unsubstituted aryloxyl, or substituted or
unsubstituted carboxyl,

or a composition comprising the compound and a pharmaceutically acceptable carrier.
23.  The method of claim 22, wherein R® is t-butyl or substituted methyl.

24, The method of claim 22, wherein R® is methyl substituted with a substituted or

unsubstituted naphthyl.

25. The method of claim 22, wherein R® is

O R4
R® , wherein

R" is hydrogen, substituted or unsubstituted C;-Cy alkyl, or substituted or
unsubstituted carbonyl; and

R’ is hydrogen, cyano, or halogen.

26.  The method of claim 22, wherein the compound is
Q N\O Q NS Q N~
OH , OH , OH ,
OH OH OH
N J

P R o

27. A method of treating or preventing giardiasis in a subject, comprising:
administering to the subject an effective amount of a compound of the

following structure:
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R
O,
R® RY R!

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

R' is hydrogen, cyano, or halogen;

R’ is hydrogen, substituted or unsubstituted C;-Cs alkyl, or substituted or
unsubstituted carbonyl;

R’ and R® are each independently selected from hydrogen, substituted or
unsubstituted C;-Cg alkyl, or substituted or unsubstituted cycloalkyl; and

R’,R*, R’ R, R, R", and R" are cach independently selected from
hydrogen, halogen, hydroxyl, cyano, nitro, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted amino,
substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or
unsubstituted alkoxyl, substituted or unsubstituted aryloxyl, or substituted or
unsubstituted carboxyl,

or a composition comprising the compound and a pharmaceutically acceptable

carrier.

28. The method of claim 27, wherein R® and R® combine to form a substituted or

unsubstituted heterocycloalkyl.

29.  The method of claim 27, wherein the compound is
P .
. or OH
At N chee

30. A method of treating or preventing giardiasis in a subject, comprising:

administering to the subject an effective amount of a compound of the

following structure:

R1
or a pharmaceutically acceptable salt or prodrug thereof, wherein:
R' is a halogen; and

R”is substituted or unsubstituted carbonyl;
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or a composition comprising the compound and a pharmaceutically acceptable

carrier.
31.  The method of claim 30, wherein the compound is
0
Br O
Br
32. A method of treating or preventing giardiasis in a subject, comprising:

administering to the subject an effective amount of a compound of the

following structure: OR' O

O,
OR? O ()\1 | Ny
|®
or a pharmaceutically acceptable salt or prodrug thereof, wherein:
R' and R” are each independently selected from hydrogen, substituted or

unsubstituted C;-Cg alkyl, or substituted or unsubstituted carbonyl,

or a composition comprising the compound and a pharmaceutically acceptable

carrier.
33.  The method of claim 32, wherein the compound is
OH O
O,
&
34. A method of treating or preventing giardiasis in a subject, comprising:

administering to the subject an effective amount of a compound of the

following structure: R®
RZ R4

R’ R
SR®
or a pharmaceutically acceptable salt or prodrug thereof, wherein:

R', R% RY, R, and R are cach independently selected from hydrogen,
halogen, hydroxyl, cyano, nitro, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted amino, substituted or

unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
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alkoxyl, substituted or unsubstituted aryloxyl, or substituted or unsubstituted
carboxyl; and
R® is a substituted or unsubstituted heterocycle,

or a composition comprising the compound and a pharmaceutically acceptable

carrier.
35.  The method of claim 34, wherein R® is a purine.
36.  The method of claim 34, wherein the compound is
O,N ON
DS Ji
HZN)%N | N/> or KN | N/> .
37. A method of treating or preventing giardiasis in a subject, comprising:

administering to the subject an effective amount of a compound of the

following structure:

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

R' and R? are each independently a substituted or unsubstituted C;-Cg alkyl;

and

R”is halogen;

or a composition comprising the compound and a pharmaceutically acceptable
carrier.
38.  The method of claim 37, wherein the compound is

of
()= _p
HO O
HO

39. A method of treating or preventing giardiasis in a subject, comprising:

administering to the subject an effective amount of a compound of the

following structure:
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or a pharmaceutically acceptable salt or prodrug thereof, wherein:

R' is hydrogen, substituted or unsubstituted C;-Cy alkyl, or substituted or
unsubstituted alkoxyl; and

R%, R% RY, and R’ are cach independently selected from hydrogen and
substituted or unsubstituted C;-Cs alkyl,

or a composition comprising the compound and a pharmaceutically acceptable

carrier.
40.  The method of claim 39, wherein the compound is
41. A method of treating or preventing giardiasis in a subject, comprising:

administering to the subject an effective amount of a compound of the
following structure:
RS R?
R4
RZ

RO OR!

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

R' is hydrogen or substituted or unsubstituted C;-Cs alkyl; and

R% R?, R, R’, and R® are cach independently selected from hydrogen,
substituted or unsubstituted C,-Cg alkyl, or substituted or unsubstituted alkoxyl,

or a composition comprising the compound and a pharmaceutically acceptable

carrier.

The method of claim 41, wherein the compound is

»@%@ ozeelN

A method of antagonizing Giardia lamblia attachment to the intestinal wall of

a subject, comprising;:
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administering to the subject an effective amount of a compound of the
following structure:

RE R0 .
RN R

R?0 R™
SICL
RE R’

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

R' is hydrogen, cyano, or halogen;

R’ is hydrogen, substituted or unsubstituted C;-Cs alkyl, or substituted or
unsubstituted carbonyl;

R’ and R® are each independently selected from hydrogen, substituted or
unsubstituted C;-Cs alkyl, or substituted or unsubstituted cycloalkyl; and

R’,R*, R’ R, R, R", and R" are cach independently selected from
hydrogen, halogen, hydroxyl, cyano, nitro, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted amino,
substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or
unsubstituted alkoxyl, substituted or unsubstituted aryloxyl, or substituted or
unsubstituted carboxyl,

or a composition comprising the compound and a pharmaceutically acceptable carrier.
44.  The method of claim 43, wherein R® is t-butyl or substituted methyl.

45.  The method of claim 43, wherein R® is methyl substituted with a substituted or

unsubstituted naphthyl.

46. The method of claim 43, wherein R® is

OR*
RS OO , wherein

R" is hydrogen, substituted or unsubstituted C;-Cy alkyl, or substituted or
unsubstituted carbonyl; and

R’ is hydrogen, cyano, or halogen.

47.  The method of claim 43, wherein the compound is
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o d D

48. A method of antagonizing Giardia lamblia attachment to the intestinal wall of
a subject, comprising;:
administering to the subject an effective amount of a compound of the

. . JR?
following structure: o RO R

R
R13
3
" X
R® R® R’

R® R’
or a pharmaceutically acceptable salt or prodrug thereof, wherein:

R' is hydrogen, cyano, or halogen;

R’ is hydrogen, substituted or unsubstituted C;-Cs alkyl, or substituted or
unsubstituted carbonyl;

R’ and R® are each independently selected from hydrogen, substituted or
unsubstituted C;-Cs alkyl, or substituted or unsubstituted cycloalkyl; and

R’,R*, R’ R, R, R", and R" are cach independently selected from
hydrogen, halogen, hydroxyl, cyano, nitro, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted amino,
substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or
unsubstituted alkoxyl, substituted or unsubstituted aryloxyl, or substituted or
unsubstituted carboxyl,

or a composition comprising the compound and a pharmaceutically acceptable carrier.

49, The method of claim 48, wherein R and R® combine to form a substituted or

unsubstituted heterocycloalkyl.

50.  The method of claim 48, wherein the compound is
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SACCILAFCREE

51. A method of antagonizing Giardia lamblia attachment to the intestinal wall of

a subject, comprising;:

administering to the subject an effective amount of a compound of the

0 R1

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

following structure:

R' is a halogen; and
R”is substituted or unsubstituted carbonyl;

or a composition comprising the compound and a pharmaceutically acceptable

carrier.
52.  The method of claim 51, wherein the compound is
o
RACe
Br
53. A method of antagonizing Giardia lamblia attachment to the intestinal wall of

a subject, comprising;:
administering to the subject an effective amount of a compound of the

following structure: OR' O

o,
OR? O ()\1 | Ny
&
or a pharmaceutically acceptable salt or prodrug thereof, wherein:

R' and R” are each independently selected from hydrogen, substituted or
unsubstituted C;-Cg alkyl, or substituted or unsubstituted carbonyl,

or a composition comprising the compound and a pharmaceutically acceptable
carrier.

54.  The method of claim 53, wherein the compound is
OH ©O
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55. A method of antagonizing Giardia lamblia attachment to the intestinal wall of
a subject, comprising;:
administering to the subject an effective amount of a compound of the

following structure:

R R®
SRé
or a pharmaceutically acceptable salt or prodrug thereof, wherein:

R', R% R’ RY, and R’ are each independently selected from hydrogen,
halogen, hydroxyl, cyano, nitro, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted amino, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
alkoxyl, substituted or unsubstituted aryloxyl, or substituted or unsubstituted
carboxyl; and

R® is a substituted or unsubstituted heterocycle,

or a composition comprising the compound and a pharmaceutically acceptable

carrier.
56.  The method of claim 55, wherein R® is a purine.
57.  The method of claim 55, wherein the compound is
1
H
NZ N
% NZ
HN AP or Sy | N’>
58. A method of antagonizing Giardia lamblia attachment to the intestinal wall of

a subject, comprising;:
administering to the subject an effective amount of a compound of the

following structure:

or a pharmaceutically acceptable salt or prodrug thereof, wherein:
R' and R? are each independently a substituted or unsubstituted C;-Cg alkyl;

and
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R”is halogen;

or a composition comprising the compound and a pharmaceutically acceptable

carrier.
59.  The method of claim 58, wherein the compound is
Cl
()
HO O
HO
60. A method of antagonizing Giardia lamblia attachment to the intestinal wall of

a subject, comprising;:
administering to the subject an effective amount of a compound of the

following structure:

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

R' is hydrogen, substituted or unsubstituted C;-Cy alkyl, or substituted or
unsubstituted alkoxyl; and

R% R% RY, and R’ are each independently selected from hydrogen and
substituted or unsubstituted C;-Cs alkyl,

or a composition comprising the compound and a pharmaceutically acceptable

carrier.
61.  The method of claim 60, wherein the compound is
OH O OH
62. A method of antagonizing Giardia lamblia attachment to the intestinal wall of

a subject, comprising;:
administering to the subject an effective amount of a compound of the

following structure: RS RO
R4
RZ

OR!
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or a pharmaceutically acceptable salt or prodrug thereof, wherein:

R' is hydrogen or substituted or unsubstituted C;-Cs alkyl; and

R% R?, R, R’, and R® are cach independently selected from hydrogen,
substituted or unsubstituted C;-Cs alkyl, or substituted or unsubstituted alkoxyl,

or a composition comprising the compound and a pharmaceutically acceptable

carrier.

63.  The method of claim 62, wherein the compound is

HO
N or \ ‘
OH OH
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