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ANTE-PARASITIC COMPOUNDS
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority from U.S. Provisional Patent Application No.:
62/381,087 filed on August 30, 2016, the entire contents of which are incorporated herein by
reference.
BACKGROUND

10002} Leishmaniasis is a spectrum of disease that ranges from cutaneous lesions to life-
threatening visceral mfections caused by sandfly-carried pathogenic Leishmania species, of
which at least twenty are known. The number of cases of visceral leishmaniasis (VL) was
recently estimated as 200,000 to 400,000 per vear, with about three times as many cases of
cutaneous feishmaniasis (CL). VL may include enlargement of the spleen and liver, anemia, and
weight loss, and is usually fatal without effective drug treatment. A vast majority of CL cases
occur in Brazil and Peru along with several countries of the Middle East, including Afghanistan,
Iran, fraq, and Syria. In CL, the sandfly bite tvpically progresses from a papule to a nodule to an
ulcerative lesion. Such lesions may self-cure over a period of 2-15 months but may resuli in a
persistent and potentially disfiguring scar. Other manifestations may oceur, including ditfuse CL
(disseminated nodules), leishmaniasis recidivans (recurring infection near a healed lesion), and
mucosal leishmaniasis (disfiguring lesions in the mucous membranes of the nose and mowth}.
{0003] Despite progress, there are still significant unmet needs mn leishmaniasis therapy.
Auntimonial drugs display serious side effects and high failure rates have prompted their removal
as first line treatments against VL on the Indian subcontinent. Liposomal AmB is relatively
expensive, limiting its widespread use in developing countries, and is also less effective aganst
Brazilian and Fast African strains compared to Indian strains. Paromomycin is inexpensive and
effective against Indian VL but is less useful against East African VL. Miliefosine is orally
available and useful against Indian VL, but 1s teratogenic in lab animals. A high relapse rate was
recently reported for treating VL with miltefosine n Nepal. Injectable antimonials form the
basis of most treatment regimens for VL in the New World and are also typically used in the
therapy of cutaneous leishmaniasis (CL), either by parenteral or intralesional injection.
Miltefosine is recommended for treating CL infeclions caused by only L. guyanensis, L.
panamensis, and L. mexicana, while parenteral pentamudine 15 a drug of choice for CL caused by
L. guyanensis. Topical paromomycin 1s less costly and displays fewer side effects than anti-
monials but is mnferior to these drugs against CL in both the (Old World and the New World. The
azole antifungal drugs ketoconazole, fluconazole, and itraconazole have all been evaluated in

chinical trials against leishmaruasis. While these azoles are orally available and have shown
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clinical activity against VL and CL, they lack consistent efficacy.  Arviimudamides (ATAs)
possess in vitro anti-leishmanial activity and in vivo efficacy in rodent VL models, but higher
activity and efficacy is desirable. Studies have shown efficacy for combined application of the
ATA DB766 and the azole antifungal posaconazole in vitro. Some anti-leishmanial combinations
have been explored in chinical trials, and miltefosine and AmB may be svnergistic in mice when
given together. However, miltefosine has significant weaknesses, and no oral anti-leishmanual
drug combinations exist.
[0004] The present application appreciates that developing treatments for parasite
mofections such as leishmaniasis may be g challenging endeavor.
SUMMARY

[0005] In one embodiment, a compound is provided, represented by Structural Formula
{Ea):

(a) Ar—CENRDNR A X Vo Het?
and pharmaceutically acceptable salts thereof Ar may be an optionally substituted aryl or
nitrogen-containing heteroaryl. R' and R* may independently be H, optionally substituted C;-Ce
alkvl, or optionally substituted C5-Cy cycloalkyl. A may be a bond or an optionally substitited
linking motety comprising 1, 2, or 3 rings. Fach ring in the optionally substituted linking moiety
may independently be one oft aryl, ¢ycioalkyl, heterocycloalkyl, and hetercaryl. X may be 3, §,
amide, or a bond. 'Y may be optionally substituted C-Cyy alkyl or optionally substituted C,-Cyy
alkenvl, e.g.. optionally substituted C;-Cyp alkyl or optionally substituted (,-Cyp alkenyl, or
optionally substituted C1-Cy alkyl or optionally substituted C,-Cs alkenyl. Het® may be an
optionally substituted five-membered mitrogen-contaiming heteroaromatic ring compnsing 1, 2,
or 3 ring heteroatoms. The compound represented by Structural Forouila (!a) may exclude free-

base Compounds 1a-f’
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{0006} In another embodiment, a compound is provided, represented by Structural

Formula (1)

L  Het'—CENRHYNR—A—X—Y—Het
and pharmaceutically acceptable salts thereof Het' may be an optionally substituted, nitrogen-
containing heteroaryl. R’ and R* may independently be H, optionafly substituted C-Ce alkyl, or
optionally substituted C;-Cs cycloalkyl. A may be a bond or an optionally substituted hnking
maoiety comprising 1, 2, or 3 rings. Each ring in the optionally substituted linking moiety may
independently be one of arvi, cvcloalkyl, heterocveloalkyl, and hetercaryl. X may be O, S,
amide, or a bond. 'Y may be optionally substituted C-Cyp alkyl or optionally substituted C-Cyg
alkenvl,  Het’ may be an optionally substituted five-membered nitrogen-containing
heteroaromatic ring comprising 1, 2, or 3 ring heteroatoms. The compound representad by

Structural Formula (f) may exclude free-base Compounds 1a-f:
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[0007] In one embodiment, a method of anti-parasitic treatment in a subject in need

thereof 1s provided. The method may include providing the subject, the subject being infected by
a parasite or at risk of infection by the parasite. The method may include administering a
compound to the subject in an amount effective to mitigate infection by the parasite in the
subject. The compound may be represented by Structural Formula (fa).

(Ia) Ar—C(ENRYNR—A—X—Y—Het?
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and pharmaceutically acceptable salts thereof Ar may be an optionally substituted aryl or
nitrogen-containing heteroaryl. R’ and R? may independently be H, opticnally substituted C1-Cs
alkvl, or optionally substitited C5-Cg cycloalkyl. A may be a bond or an optionally substitined
limking moiety comprising 1, 2, or 3 rings. Each ring in the optionally substituted hinking moiety
may independently be one of: aryl, cycloalkyl, heterocycloalkvl, and heteroarvl, X may be O, S,
amide, or a bond. Y may be ophionally substituted C,-Cy4 alkyl or optionally substitited C»-C 4
alkenvil, eg., optionally substituted C,-Cyy alkvl or optionally substitited C;-Cyp alkenvl, or
optionally substituted C;-Cs alkyl or optionally substituted C,-Cs alkenyl. Het® may be an
optionally substituted five-membered mitrogen-contaiming heteroaromatic ring comprnising 1, 2,
or 3 ring heteroatoms.
{0008] In another embodiment, a method of anti-parasitic treatment in a subject in need
thereof is provided. The method may mclude providing the subject, the subject being infected by
a parasite or at risk of infection by the parasite. The method may include administering a
compound to the subject in an amount effective to mitigate infection by the parasite in the
subject. The compound may be represented by Structural Formula (f):

(I}  Het'—CENRHNR—A—X—Y—Het’
and pharmaceutically acceptable salts thereof Het! may be an optionally substituted, nitrogen-
containing hetercaryl. R’ and R? may independently be H, optionally substituted C-Cg alkyl, or
optionally substituted C;-Cs cycloalkyl. A may be a bond or an optionally substituted hnking
moiety comprising 1, 2, or 3 rings. Each ring in the optionally substituted linking moiety may
independently be one of arvi, cvcloalkyl, heterocveloalkyl, and hetercaryl. X may be O, S,
amide, or a bond. ¥ may be optionally substituted C,-Cyp alkyl or optionally substituted C;-Cyg
alkenvl,  Het’ may be an optionally substituted five-membered nitrogen-containing
heteroaromatic ring compiising 1, 2, or 3 ring heteroatoms.
{0009] In one embodiment, a pharmaceutical composition is provided The
pharmaceulical composition may nclude a pharmaceutically acceptable excipient and a
compound represented by Structural Formula (fa):

(Ia) Ar—C(E=NRHNR —A—X—V—Het’
and pharmaceutically acceptable salts thereof Ar may be an optionally substituted aryl or
nitrogen-containing heteroaryl. R' and R* rmay independently be H, optionally substituted C,-Cy
alkvl, or optionally substitited C5-Cg cycloalkyl. A may be a bond or an optionally substitined
linking motety comprising 1, 2, or 3 rings. Each ring in the optionally substituted linking moiety
may independently be one of: aryl, cycloalkyl, heterocycloalkvl, and heteroarvl, X may be O, S,

amide, or a bond. Y may be ophionally substituted C,-Cy4 alkyl or optionally substitited C»-C 4
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alkenvl, eg., optionally substituted C;-Cyp alkyl or optionally substitited C;-Cio alkenyl, or
optionally substituted C;-Cs alkyl or optionally substituted C,-Cy alkenyl. Het® may be an
optionally substituted five-membered nitrogen-containing heteroaromatic ring comprising 1, 2,
or 3 ring heteroatoms.
[0010] In another embodiment, a pharmaceutical composition s provided. The
pharmaceutical composition may include a pharmaceutically acceptable excipient and a
compound represenied by Structural Formula Structural Formula (¥):

(i}  Het'—CENRDNRA—A—X—YV—Het
and pharmaceutically acceptable salts thereof Het' may be an optionally substituted, nitrogen-
containing hetercarvl. R’ and R? may independently be H. optionally substituted C-Cg alkyl, or
optionally substituted C3-Cs cycloalkyl. A may be a bond or an optionally substituted hnking
maoiety comprising 1, 2, or 3 rings. Each ring in the optionally substituted linking moiety may
mdependently be one of:  arvi, cvcloalkyl, heterocycloalkyl, and hetercarvl. X may be O, §,
amide, or a bond. Y may be optionally substituted C,-Cyo alkvi or optionally substituted C5-Cyp
alkenvl Het” may be an optionally substituted five-membered nitrogen-containing
heteroaromatic ring comprising 1, 2, or 3 ring heteroatoms.
[0011] In one embodiment, a kit for anti-parasite treatment of a subject in need thereof is
provided. The kit may include a compound represented by Structural Formula ()

(fa)  Ar—CENRYNRA—A—X—YV—Het?
{0012} and pharmacewtically acceptable salts thereof  Ar may be an opfionally
substituted aryl or nitrogen-containing hetercaryl. R' and R? may independently be H, optionally
substituted C;-Cq alkyl, or optionally substituted C5-Cy cvcloalkyl, A may be a bond or an
optionally substituted linking moiety comprising 1, 2, or 3 rings. Each ring in the optionally
substituted linking motety may independently be one of. aryl, cvcloalkyl, heterocycloalkyl, and
heteroarvi. X may be O, 8, amide, or a bond. Y may be optionally substituted C-Cys alkyi or
optionally substituted C-Cyy alkenvl, e.g., optionally substituted C;-Cyo alkvl or optionally
substituted C,-Cyy alkenyl, or optionally substituied C-Cy alkyl or optionally substituted -Cy
alkenvl. Het’ may be an optionally substituted five-membered nitrogen-containing
heteroaromatic ring comprising 1, 2, or 3 ring heteroatoms.
[0013] In another embodiment, a kit for anti-parasite treatment of a subject in need
thereof'is provided. The kit may include a compound represented by Structural Formula (¥}

@O  Het'—CENRHNRA—A—X—YV—Het?

and pharmaceutically acceptable salis thereof, and mixtures thereof with a pharmaceutically

acceptable carrier or excipient. Het' may be an optionally substituted, nitrogen-containing
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heteroaryl. R' and R” may independently be H, optionally substituted C1-Cq alkyl, or optionally
substituted C3-Cq cycloalkyl. A may be a bond or an optionally substituted linking moiety
comprising 1, 2, or 3 rings. Each ring in the optionally substituted linking moiety may
mdependently be one of  arvl, cycloalkyl, heterocycloalkyl, and hetercarvl X may be O, §,
amide, or a bond. Y may be optionally substituted C,-Cy¢ alkyl or optionally substituted C,-Cyy
alkenyl.  Het’® may be an optionally substituted five-membered nitrogen-containing
heteroaromatic ring comprising 1, 2, or 3 ring heteroatoms. The kit may include mstructions.
The nstructions may direct a user {o provide the subject, the subject being infected by a parasite
or at risk of infection by the parasite. The mstructions may direct a user to adnunister the
compound or the pharmaceutical composition to the subject in an amount effective to mitigate
infection by the parasite in the subject.
BRIEF DESCRIPTION OF THE DRAWINGS

{0014] The accompanying figures, which are incorporated in and constitute a part of the
specification, illustrate example methods and compositions, and are used merely to illustrate

example embodiments.

[0015] FiG., 1 (PRIOR ART) depicts structures of various known compounds.

[0016] FiG. 2A is a synthetic scheme for vanous phenoxvalkyl linker anti-parasitic
compounds.

{0017] FIG. 2B 19 a synthetic scheme for vartous phenoxvalkyl hybrid target compounds

substituted meta to the arvlimidamide group.

{0018} FIG. 2C is a synthetic scheme for various phenoxyalkyl hybrid target compounds
substituted ortho (o the arvlimidamide group.

[0019] F1G. 2D 15 a synthetic scheme for various phenoxyalkyl hybrid target corapounds
substituted with pyrrole.

{0020] FIG. 3A is a synthetic scheme for various phenyl-unsubsiituted diphenvifuran
alkvioxy linker hybnd compounds.

[0021] FiG. 3B 15 a synthetic scheme for various phenyl substituted diphenvifuran
alkyloxy linker hybrid compounds.

10022} FiG. 3C is a synthetic scheme for vanous phenyl substituted diphenyifuran
alkvloxy linker hybrid compounds.

[0023] FiG. 3D 1s a prophetic synthetic scheme for various diphenylfuran alkyioxy
linker hybrid compounds.

[0024] FIG. 4 is a prophetic synthetic scheme for various alkylamude linker hybnid

compounds.
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[0025] FIG. 8A 15 a prophetic synthetic scheme for various phenylalkyt linker hybrnid
compounds 8a and 8b.

[0026] FiG. 5B is a svnthetic scheme for various phenvlalkyl linker hvbrid compounds.
[0027] FIG. 6A is a synthetic scheme for various unsubstituted and substituied biphenyl
linker anti-parasitic compounds.

{0028] FiGz., 68 is a synthetic scheme for various substitited biphenyl linker anti-
parasitic compounds.

[0029] FIG. 6C 15 a synthetic scheme for various substituted biphenyl linker anti-
parasitic compounds.

{0030} FIG. 6D 15 a synthetic scheme for various substituted biphenyl linker anti-
parasitic compounds.

[0031] FIG. 7A 15 a synthetic scheme for various phenyi-piperazinyl-pheny! linker anti-

parasitic compounds.

10032} FIG. 7B 15 a synthetic scheme for various phenyl-piperaziny] hnker anti-parasitic
compounds.
[0033] FiG. 8A is atable reciting 1Csp values of vanous phenoxvalkyl tinker compounds

against L. donovani, CCse values against J774 macrophages, and CCs values against HepG2.
[0034] FIG. 88 s a table reciting ICso values of various diphenyiuran alkyloxy linker
compounds against L. donovani, CCsg values against J774 macrophages, and CCso values against
HepG2.
[0035] FitG. 8C is a table reciting ICso values of various biphenyl alkyloxy linker
compounds against 1. donovani, CCsg values against 774 macrophages, and CCsp values against
HepG2.
[0036] FiG. 8D 15 a table reciting ICse values of various piperazinvl linker compounds
against L. donovani and CCsp values against J774 macrophages.

DETAILED DESCRIPTION
{0037] In various embodiments, a compound is provided, represented by Structural
Formula (1a):

(fa) Ar—C(E=NRONREA—A—X—V—Het?

and pharmaceutically acceptable salts thereof Ar mav be an optionally substituted aryl or
nitrogen-containing heteroarvl. R’ and R may independently be H, opticnally substituted C,-Cs
alkvl, or optionally substituted {5-Ce cvcloalkyl. A may be a bond or an optionally substituied
linking moiety comprising |, 2, or 3 nings. Each ring in the optionally substituted linking maotety

may independently be one of: arvl, cycloalkyl, heterocycloalkyl, and heteroaryl. X may be 3, 8,

3
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amide, or a bond. ¥ may be optionally substituted C,-Cyy alkyl or optionally substituted C;-Cyy
alkenvl, e.g., optionally substituted C;-Cjy alkyl or optionally substituted C,-Cio alkenyl, or
optionally substituted €-Cy alkyl or optionally substituted C,-Cy alkenvi. Het® may be an
optionally substituted five-membered nitrogen-containing heteroaromatic ring comprising 1, 2,
or 3 ning heteroatoms.

{0038] In some embodiments, a compound 1s provided, represented by Structural
Formula (1)

(i}  Het'—CENRDNRA—A—X—YV—Het

and pharmaceutically acceptable salts thereof Het' may be an optionally substituted, nitrogen-
containing hetercarvl. R’ and R? may independently be H. optionally substituted C-Cg alkyl, or
optionally substituted C3-Cs cycloalkyl. A may be a bond or an optionally substituted hnking
maoiety comprising 1, 2, or 3 rings. Each ring in the optionally substituted linking moiety may
mdependently be one of:  arvi, cvcloalkyl, heterocycloalkyl, and hetercarvl. X may be O, §,
amide, or a bond. Y may be optionally substituted C,-Cy4 alkvi or optionally substituted Cp-Cyy
alkenvl, e.g., optionally substituted C;-Cyp alkyl or optionally substituted C:-Cyo alkenyl , or
optionally substituted C;-Cs alkyl or optionally substituted C»-Cy alkenyl. Het® may be an
optionally substituted five-membered nitrogen-containing heteroaromatic ring comprising 1, 2,
or 3 ring heteroatoms.

{0039] In several embodiments, the compound represented by Structural Formula (Ia} or
(I) may exclude certain compounds. For example, the compound represented by Structural
Formula {Ia} or (E) may exclude free-base {(neuiral or non-salt) forms of Compounds 1a-f
wherein:  Het' is unsubstituted pyrid-2-yl; R' and R? are each H; X is O; Y is unbranched,
unsubstituted C,-Cy alkyl: and Het® is unsubstituted imidazole-1-vl or unsubstituted 1, 2, 4

tfriazol-2-yi:
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ie
{0040} In several embodiments, the compound represented by Structural Formula (¥a) or
{f) may include pharmaceutically acceptable salis of Compounds ¥a-f The compound
represenied by Structural Formula (Ea) or (I} may exclude free-base forms of Compounds 1a-f
and pharmaceutically acceptable salts of Compounds ia-f The compound represented by
Structural Formula (Ea) or (£} may exclude protonated forms of Compounds ia-f
[0041] In some embodiments, the compound represented by Structural Formula (Ea) or
(f) may exclude compounds wherein Het' is one of unsubstituted pyridyl and pyrid-2-yl
substituted with methyl or ethyvl, for example, when: R! and R® are each H; X is O; Y is
unbranched, unsubstituted C-Cy alkyl; and Het? is unsubstituted imidazole-1-vy] or unsubstituted
1,2.4-triazol-2-vl. In some erbodiments, the corapound represented by Structural Formula (Fa)
or (1) may exclude compounds wherein one of R' and R? is H and the other is methy! or ethyl,
for example, when: Het' is unsubstituted pyrid-2-y1; X is O; Y is unbranched, unsubstituted Cp-
C, alkvl; and Het® is unsubstituted imidazole-1-v1 or unsubstituted 1.2,4-triazol-2-y]. In some
embodiments, the compound represented by Structural Formula ({a) or (I} may exclude
compounds wherein X is S, for example, when: Het' is unsubstituted pyrid-2-v1; R! and R? are
ecach H; Y 15 unbranched, unsubstituted C,-Cy alkyl; and Het® is unsubstituted imidazole~1-y1 or
unsubstituted 1,2 4-trigzol-2-v1. In some embodiments, the compound represented by Structural
Formula (Ia) or {§) may exclude compounds wherein Y is C;-Cy alkyl substituted with methy! or
ethvl, unsubstituted or methyi substituied Ci-Cs alkyl, or unsubstituted C,-Cq alkyl, for example,
when: Het' is unsubstituted pyrid-2-y1; R! and R® are each H: X is O: and Het® is unsubstituted
inidazole-1-vl or unsubstituted 1,2,4-triazol-2-yl.  In some embodiments, the compound
represented by Structural Formula (fa) or (§) mav exclude compounds wherein Het” is one of’
methyl or ethy] substituted imidazole-t-vl; unsubstituted 1midazolvl, methyl or ethyl substituted
imidazolyl; methvl or ethyl substituted 1.2, 4-trazol-2-y1; unsubstituted 1,2, 4-triazolvl; methyl or
ethyl substituted 1.2 4-triazolvl; unsubstituted triazolyl; and methyl or ethyl substitied triazolyl;
for example, when: Het' is unsubstituted pyrid-2-vl; R' and R? are each H; X is O; and Y is
unbranched, unsubstitated C-Cy alkyl
{0042} In several embodiments, Het' may be optionally substituted pyridyl, pyrazinyl,
pyrimidinyl, or pyridizinyl. For example, Het! may be optionally substituted pyridvl. The

compound may be represented by Structural Formula ()

-9.
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@C(=NR1 INRZ—A—X—Y—Het?
—N |

(it
{0043} In several embodiments, the compound may be represented by Structural Formula
(1D
N
Het!” TN—A—X—Y—Hei?
(11 H ,
{0044] In various embodiments, each ring in the optionally substituted linking moiety

represenied by A may be mdependently and optionally substituted by one or more of hydroxy,
halo, and Ci-Cs alkoxy. A may include an optionally substitited heteroaryl or optionally
substituted heterocycloalkyl ring. A may include an optionally substituted, oxygen-containing,
hetercaryl or heterocycloaikyl ring. A may inciude an oplionally substituted furanyi or
optionally substituted tetrahydrofuranyl ring. A may include optionally substituted 2,5-furanyl.
A may mclude one or two optionally substituted phenyvl rings. A may include optionally
substituted 1,4-phenyl. A may be optionally substituted 1.4-phenyl. A may be optionally
substituted phenyl-heteroaryl-phenyl.

[0045] For examople, the compound of Structural Formula 1 may be represented by one

of Structural Formulas (Ha)}-(1EE):

H
(i) ~F (fTIB) NF

N=\
! N
N

A\
Z
NH /Q/O‘H’n NH QOM\’/
N N
Sl e S
(Iic) ~F , (kg N7
0 r\ﬁ\"‘ 0 D
i i Y
N
SAa SAat
(fife) 7 and (1)

wherein Z, Z', and Z° are each independentlty CH or N, n may be 1-14, e g, 1-10, and R’ may

B

represent H, halogen, optionally halogenated Ci-Ce alkyl, or optionally halogenated C;-Cq

alkoxy.
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[0046] In some embodiments, the compound may be represented by one of Compounds

lg-iv,eg., fg-In:

JORNANN o)
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i S~ N N

T B
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NH /©/ SN N

T N
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|y A
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Yol Y
YN -
=N H
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0 N\/ 0 N\/
NH /@: ™, NH /@i ™,
N N
z N OCH3 z | N OCH,CHs
],@\ ],p\ ,
'
NH /@i ‘H’ \H'
N
” | OCH(CH3), Lj/“\
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N
NH O‘H’SN\) NH ‘H’

N 3e a8 o ac

Cy o

TR ,u\

OCH,CHj; OCH(CHa3),

OAO“ OAO

00471 The compound may be, for example, represenied by Structural Formula (Jii)

above, e.g., compound i4a;

9
Oy y N/
NH /O/ ™,

N

H
{0048} In some embodiments, the compound mayv be represented by Structural Formula
vy

R3

RS 1N
NH O o X—Y—Het?

Het'
{av) ,

Iz

wherein each R® may independently represent H, halogen, optionally halogenated C;-Cs alkyl, or
optionally halogenated C-Ce alkoxy. For example, the compound may be represented by
Structural Formula (V)

R3

S Do
NH g o O-Y—Het
N

Het'
V) H

[0049] In several embodiments, Y may include at least 4 linking atoms between X and
Het’ X may be O or a bond and Y may be C1-Cyy, e.g.. C1-Ci alkyl optionally substituted with

one of more of. optionally halogenated C-Cs alkyl and optionally halogenated aryl.

-12 -
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{0050} For example, the compound may be represented by one of Structural Formulas

(Va)-(Ve), wherein each Z, Z', and 27 are independently CH or N

Z2
B N
NH o O o "=z
Q R3
N

Z']
= 3
H R
(Va) NF , {(Vhb)
Z2
(-l
NH Q o
N R3
| ] B R3
pZ
3
-G
"y
N\ N . RS
57 = R ,
(Ve (V)

, and {Ve)

N\

B N

NH Q o) O o M=
N\ N R3

| H R3
P4

wherein 7. 7', and Z* are cach independently CH or N, n may be 1-14. e.g.. 1-10, and R’ may
represent H, halogen, optionally halogenated Ci-Cy alkyl, or optionally halogenated C1-Cq
alkoxy.

[0051] For example, i some embodiments, the compound may be represented by

Structural Formula (Vi)

R3 7
S DO

- 13-
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wherein: Z may be CH or N; each R’ may independently be H, halogen, optionally halogenated
C-Cyy atkyl, or optionally halogenated C~-Cyp alkoxy; and » may be an integer from 1 to 10.
For example, the compound may be one of Compounds 2a-2h:

@N

Oﬁ/’Na
po. Sl

NH O IC’\ O O/_/_\;N/\:Li

2a
NH

TN

NH

TN
_N H

e

N N
NH o O N
S &
B ~ N~
NHO N/\;lxl

T N
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@N

NH/_/—\_\_/
28 N "
M
N
X
N

.and

Me

\O
e/ko

H / \
O

@)Lﬁ ~ ?H;Ns

2h \=n .
[0052] The compound may be, for example, one of Compounds 3a-3g:
7 N

Nl
N
B —
NHO
XN

3a

~

N
N
\=N
el
WO
e
H
3b =N .
PN
N\N/JN
I\ /—/_/
NH o
o0
H
3€ /N ,

/N\
NH 0/—/_\iN\;N

34
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NHO/—/_\—\-N
CHLN Q\N»
| _n H
B ~ e
@){\TNO Ni\;jN
N H

3e

3f , and
NN
.
NH O o ©
o
3g | NN &
[0033] The compound may be, for example, one of Compounds 4a-dm_e.g | 4a-4i:
7 "N
Me N—U
B O —
NH O O ©
= N
4a N H
GN
N
Me /_/—/
L)
NH O o ©
A N
4b N

>

4¢ N
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7 "N
OMe/_/@
\
Io O

4d 2N
de =N .

4h

4 N
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ne ORe 7\
WAL T ()
0
H /=N
A @LN\)
4§ 6 :
OCH(CHa),

= N ®) o
4k o H fy_N\)N ,

4

N_J
OMe/—/—/
I N\ O
NH O
X N
| =N H

43 , and
OMe
D~
NH o o N
&Y
[T N "
gm ~N
{0054] The compound may be, for example, represented by Structural Formula (Vd)

above, e.g, one of compounds 13a-13¢:

NH / \
Cj)‘\N O © O
H
G
13a 4
OCH(CH,),

/
[Nj)ﬁuo
F
13k

I

4 , and
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OCH(CH3),

NH /
oo OX%O

13¢ 6
[0035] In various embodiments, the compound may be represented by Structural Formula
{Via}.
NH 0O R4
HeﬂJ\N—A)]\N’L“/ Het
(Via) H H )

wherein R* may be H, optionally halogenated C;-Cj, alkyl, or optionally halogenated aryl. The
compound may be represented by Structural Formula (Vib})
NH 0O R4

et»]Jl\ )J\N)"/,/Het2

N—A
(Vib) H H

[0036] In some embodiments, Het’ may include an optionally substituted one of:
pvrrole, diazole, thiadiazole, oxadiazole, and triazole. For example. Het’ may be optionally
substituted 1midazole or optionally substituted 1, 2, 4 triazole.

[0057] In several embodiments, the compound may be represented by Structural Formula

(VIIT):

R5
R6
Sy Sl
S
o N
" O o \=N
A N
N H
(VII[) =
wherein: each R® may independently be H, halogen, C,-Cy alkyl, or C;-Cy alkoxy: and R® may
be H, optionally halogenated C;-C, alkyl, optionally halogenated phenyl, or optionally

halogenated biphenyl. For example, the compound may be one of Compounds 5a-8f

Cl
Cl
N\ HN—/

NH Io SN

SEATatae
B
H

Sa /N ,
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Cl
OMe
HN—
NH © > W\
TN
H
h =N

PG

—N
\—

z

8¢ >

£

| \ HN
o oo
54

£

04
o

-
b

, and
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F

()

e Q
P P =
XY~ °N

[0058] In various embodiments, the compound may be represented by Structural Formuila

1).45

R5 \ HNi

{IX) G)J\

wherein: each R may independently be H, halogen, C;-Cy alkyl, or C-Cy alkoxy: and R® may
be H. optionally halogenated C;-C¢ alkyl, optionally halogenated phenyl, or optionally

halogenated biphenvl For example, the compound mav be one of Compounds 6a-6f.

Cl cl
Cl Cl
I \ HN OMe I I\ HN
NH 0 ‘N/ﬁ NH o Y
TN TN
Mo cl
MeT0 R HN= P
NH © o \=N
N
6(’, /N
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F

| S
@* @M e
F

()

F
OMe I \ HN

O o \=N

NH
e ~zN cand

F

Q

§ \m

G*

{0059] In some embodiments, the compound may be represented by Structural Formula

| ;i
Gwi)*

wherein: each R® may mdcpmdemw be H, halogen, C;-Cy alkvl, or C1-Cy alkoxy; and R® may
be H. optionally halogenated C;-C¢ alkyl, optionally halogenated phenyl, or optionally
halogenaied biphenyl. For example, the compound may be one of Compounds 7a-7f

272
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F\N F\N
~
I Cl

OMe O
NH N NH N
J@)LH J@)LH
X Cl Cl | A H C
=N

7a ~zN b

F\N
N 2
N 7
Me” O O ~7 o
N
NH N
N O)L @
XN Cl cl | F
| H
/N ,7d F7

NH
NN
N
NN
b

OMe O

T N
~N H
Te F,and

Ma —
)\ NI://\N
Me” O O
NH N
@A )
vy I
g PN F

[0060] In several embodiments, the compound may be representad by Structural Formula

(X
RS 5
NH 1\ B
N [ o \ N R
, N\= 7 TO—(CH)T Y
=N :\N

i

XD N
wherein: each R may independently be H, halogen, €;-Cs allyl, or C-Cy alkoxy: and R may
be H, optionally halogenated C;-C¢ alkyvl, optionally halogenated phenyl, or optionally
halogenated biphenyl.
[0061] In several embodiments, the compound may be representad by Structural Formula

(XID):
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(X110
wherein: R® may independently be H, hatogen, C,-Cy alkyl, or C,-C, alkoxy; and R® may be H.
optionally halogenated C;-Cs alkyl, optionally halogenated phenyl, or optionally halogenated
biphenyl.
[0062] in several embodiments of the compound represented by Structural Formula (a)

or {§}, A may be phenv!l and X may be a bond. For example. the compound may be represented

cwm

wherein Z may be CH or N; and n may be an integer from 1 to 10, For example, the compound

NH/©/W\'\\I:\\/N
@)kN S
- H

and 86 XN

by Structural Formula (XE):

(XTI

may be one of Compounds 3a-8b:

{0063] In several embodiments of the compound represented by Structural Formula (fa)
or {f), A may be a bond. For example, the compound may be represented by Structural Formmula

(XIV):

(XIV)
wherein £ may be CH or N; and n may be an integer from 1 to 10. For example, the compound

may be one of Compounds 9a-9d, e.g., 9a-9¢

N
NH lé\N NH ,/:/)

N N/\/N\// N N/\/\/N
| & H oy A
9g ~F 9B N\F ¢
NH
NH =N N
X '\Il/\) ~ NHE?N/E
N | H
| NI F \§
Z . and 94 N
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[0064] In several embodiments of the compound represented by Structural Formula (fa)
or (I). A may be optionally substituted biphenyl For example, the compound may be

represented by Structural Formula (XV):

22\
O N~
Q 7
NH
Z! Q R
| N R3
(Xv)y 7
e.g., one of (XVa-{XV¢)
722\
Nz
Q O~
n
NH Q =3 /‘/‘/
Ny N
| H R3
(XVa) NF (X‘Vb) i

" o
and (‘{V@)O)‘\

wherein Z, 7', and Z° are each independently CH or N, n may be 1-14, e.g.,

represent H, halogen, optionally halogenated (-Us alkyl, or optionally halogenated (;-Us

1-10, and R’ may

alkoxy.
[0065] For example, the compound may be one of Compounds 10a-10n:

N
Oy yN_ /
Spx
NH ‘
H
182 N

2
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=N

Oy YN/
S
NH
N\

N
H
P OCH3;

~
G
SR
NH ‘
NGy

H
N OCH(CHa),

i6h

-
OCH; ‘ O\H’N\)
NH
N\

N
H
18d 7

[—_:N
(CH3),HCO O O‘HN\)
4
NH O
Ne Sy
| H
e \F i
=
O N
O v
NH O
Ny OCHj
H
16f \F

>

-26 -



WO 2018/045104 PCT/US2017/049491

OCHj =N

O oﬁ:l\/

B

/aN
0] N/
O \H{S\)
NH O
H
oh N ,

N/

NH
Na N

| H
10g NF

OCHj

OCH(CHs3), iﬁkd i

lﬁnﬁ cand 10m

OCH, =N

< W
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[0066] In several embodiments of the compound represented by Structural Formula (fa)
or (I3, A may be optionally substituted phenyl-piperazinyl-phenvl. For example, the compound

may be represented by one of Structural Formulas (XV1) and (XVIE):

Z' NH
Gl o
—/ HN N N o, 72
—/ N ]
R3 R3 n =2 and

(XIV)
Z' NH
</;>_§N N N-O Z2
N ]
(XVID) R3 )

For example, the compounds may be represented by one of {XVia}-{XVib})

N NH
@_SN N/_\N (@]
@ hd @ KN
R R 7 NN nd (Xvib)
N NH
7 KN
I RN

wherein Z, Z', and Z° are each independently CH or N, n may be 1-14, e.g,
represent H, halogen, optionally halogenated (C;-Cs alkyl, or optionally halogenated C;-Cs

(XVia)

1-10, and R” may

alkoxy. For example, the compound may be one of Compounds 1ia-11d:

CO-O-On

iia

N NH

/\
— HNON NOO
~— KN N
1ib 4\~ ,
N  NH

O OO
— KN N

iic and
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N NH
/N
e W e
\ / @*N/\N
6 =
iid N

Further, for example, the compounds may be represenied by one of (X¥VHa-{XViih):

N NH
/_\ HN N N—-O
G
(XVila) R and {(XViih)
N NH
/_\ HNON N—-O N
N ]
— N

wherein Z, Z°, and Z” are each independently CH or N, n may be 1-14, e.g.. 1-10, and R’ may
represent H, halogen, optionally halogenated C-Cy alkyl, or optionally halogenated C,-Cq

alkoxy. For exampie, the compound may be Compound 12a

(S

v =
O aYe
— HN N N

12a / (

00671 In various embodiments, a method of anti-parasitic treatment is provided. The
method may include providing a subject that is mfected by or at risk of infection by a parasite.
The method may include administering a compound to the subject i an amount effective o
mitigate infection by the parasite in the subject.

[0068] The compound of the method may be represented by Structural Fornmula (a):

(a) Ar—CENRDNR A XV Het?

and pharmaceutically acceptable salts thereof Ar may be an optionally substituted aryl or
nitrogen-containing heteroaryl. R' and R* may independently be H, optionally substituted C,-Cy
alkvl, or optionally substitited (5-C cycloalkyl. A may be a bond or an optionally substitined
linking motety comprising 1, 2, or 3 rings. Each ring in the optionally substituted linking moiety
may independently be one of: aryl, cycloalkyl, heterocyeloalkyl, and heteroarvl, X may be O, §,
anude, or a bond. 'Y may be optionally substituted C-Cy4 alkyl or optionally substituted Cr-C iy
alkenvil, eg., optionally substituted C,-Cyy alkvl or optionally substitited C;-Cyp alkenvl, or

optionally substituted C;-Cs alkyl or optionally substituted C,-Cs alkenyl. Het® may be an
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optionally substituted five-membered mitrogen-contaiming heteroaromatic ring compnsing 1, 2,
or 3 ring heteroatorms.
[0069] The compound of the method may be represented by Structural Formula (1)

@  Het' CENRHNR—A—X—Y—Het?
and pharmaceutically acceptable salts thereof Het' may be an optionally substituted, nitrogen-
containing heteroaryl. R’ and R’ may independently be H, optionally substituted C,-Cs alkyl, or
optionally substituted C3-Cg cycloalkyl. A may be a bond or an optionally substituied linking
molety comprising 1, 2, or 3 rings. Each ring in the optionally substituied linking molety may
imndependently be one of: aryl, cvcloalkyl, heterocycloalkyl, and heteroaryl. X may be O, S,
amide, or a bond. ¥ may be optionally substituted C,-C ;4 alkvl or optionally substituted C,-Cyy
alkenyl, e.g.. optionally substituted C;-Cio alkyl or optionally substituted Cr-Cio alkenyl, or
optionally substituted C;-Cs alkyl or optionally substituted C,-Cs alkenyl. Het® may be an
optionally substitited five-membered nifrogen-containing heteroaromatic ring comprising 1, 2,
or 3 ring heteroatoms.
{0070] In some embodiments, the method may include administening the compound
represenied by Structural Formula ($a) or {§) in the form of any pharmaceutical composition
described herein.
[0071] in several embodiments of the method, when the parasite is /.. amazonensis, the
compound represented by Structural Formulda (Ia) or () may exclude free-base forms of
Compounds 1a~-f The compound represented by Structural Formula ({a) or (1) may exclude
protonated forms of Compounds a-f
{0072] In some embodiments, the subject may be infecled by the parasite, and the
method may include administering the compound to the subject in an amount effective to
mitigate one or more symptoms of infection by the parasite in the subject. Alternatively or in
addition, the subject may be at risk of mfection bv the parasite. The method may include
admanistering the compound to the subject i an amount effective to mitigale infection or re-
mnfection of the subject by the parasite.
{0073} In several embodiments, the parasite may be a kinetoplastid  In various
embodiments, the parasiie may belong to the genus Leishmania. The Leishmania parasite may
be, for example, one of. 1. gethiopica, I.. amazonensis, L. arabica, L. archibaldi, L. aristedesi,
L. Viannia, L. braziliensis, 1. chagasi, L. colombiensis, L. deanei, L. donovani, L. enriettii, 1.
equatorensis, L. forattinii, L. garpnhami, L. gerbill, L. guvanensis, L. herreri, L. hertigi, L.
infantum, L. killicki, L. lainsoni, L. major, L. mexicana, L. naiffi, L. panamensis, L. peruviana, L.

pifanoi, 1. shawi, L. tarentolae, L. tropica, 1. turanica, and 1. venezuelensis. The subject may
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suffer {from or may be at risk of one or more of cutaneous leishmaniasis, mucocuianaous
leishmaniasis, and visceral leishmaniasis. The subject may be a human, dog, cat, cow, horse,
sheep, pig, bird, amphibian, or fish, e.g., a mammal such as a human.

[0074] in some embodiments, the parasite may belong to the genus Trypanosoma. The
Trvpanosoma parasite may be, for example, one oft 7. ambystomae, T, avium, T. boissoni, T.
brucei, T. cruzi, 1. congolense, T\ equinum, T equiperdum. T. evansi, T. everetti, T. hosei, T.
irwini, T. lewisi, T. melophagium, 1. paddae, T. parroii, T. percae, T. rangeli, T. rotatorium, T.
rugosae, 1. sergenti, T. simiae, T sinipercae, T. suis, T. theileri, T. triglae, and T. vivax. The
subject may suffer from or mayv be at risk of one or more oft African trypanosomiasis, sleeping
sickness, Chagas disease, nagana, and surra. The subject may be a human, dog, cat, cow, horse,
sheep, pig, bird, amphibian, or fish, e.g., a mammal such as a human.

{0075] In several embodiments of the method, when the parasite is 7. amazonensis, the
compound represented by Structural Formula (a) or (I) may exclude free-base forms of
Compounds 1a-f The compound represented by Structural Formmida ({a) or (I} mav exclude
protonated forms of Compounds 1a-f  Further, for example, the compound represenied by
Structural Formula ($a) or (¥) in the method may exclude each of free-base Compounds la~f
when the parasite is one of L. donovani, L. amazonensis, and L. major. For example, the method
may exclude each of free-base Compounds 1a-f when the parasite is of the genus Leishmania,
for example, one of. L. aqethiopica, L. amazonensis, I. arabica, 1. archibaldi, 1. aristedesi, 1.
Viannia, 1. braziliensis, L. chagasi, 1. colombiensis, L. deanei, L. donovani, L. enriettii, L.
equatorensis, L. foratfinii, L. garnhami, L. gerbili, L. guvanensis, L. herreri, L. hertigi, L.
infantum, L. killicki, 1. lainsoni, L. major, L. mexicana, L. naiffi, L. panamensis, L. peruwviana, L.
pifanoi, L. shawi, L. tarentolae, L. tropica, L. turanica, and L. venezuelensis. The method may
exclude each of tree-base Compounds 1a-f when the subject suffers from visceral leishmanuasis.
[0076] In several embodimenis of the method, the compound represenied by Structural
Forroula ({a) or (f) may exclude each of free-base Compounds 1a-f when the parasite 15 7

.

brucei or 1. cruzi. For example, the method may exclude each of free-base Compounds ia-f
when the parasite is of the genus Trypancsoma, for example, one of! 7. ambystomae, T. avium,
T boissoni, T. brucei, T. cruzi, T congolense, T. equinum, T, equiperdum, T. evansi, T. everetti,

leal leal

Tohosei, T irwini, T lewisi, T, melophagivm, T. paddae, T. parroti, T. percae, T. rangeli, T.
rotatorium, T rugosae, T. sergenti, T simiae, 1. sinipercae, 1. suis, T. theileri, T. wiglae, and T
vivax. In various embodiments of the method, each of the preceding parasite-based exclusions
may be independently applied wn combination with any of the various embodiments described

herem as excluding cerfain compounds represented by Structural Formula (ia) or (1)
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{0077} In some embodiments of the method, the method may mcorporate any of the
various embodiments described herein for excluding certain compounds represented by
Structural Formula (Ea) or (I). For example, the compound represented by Structural Formmila
{a) or (£} may exclude free-base (neutral or non-salt} forms of Compounds 1a-f The compound
represented by Structural Formuda (Ia) or (B} may include pharmaceutically acceptable salts of
Compounds ia-f The compound represented by Structural Formmla (a) or (1) may exclude
free-base forms of Compounds ia-f and pharmaceutically acceptable salts of Compounds 1a-f.
The compound represented by Structural Formula (Ia) or (I} may exclude protonated forms of
Compounds 1a-f.

[0078] In several embodiments of the method, the compound may include any aspect of
the compounds represented by Structural Formulas (Ia} or (£} as described herein For example,
the compounds of the method may be represenied by, as described herein, any one of, or any
group of, Structwral Formulas: (1), (¥a), (i), (1), ({Ha), (1iih), (Ilic), (Biid), (lile), (REED,
(AV), V), (Va), {(Vh), (Vo), (Vd), (Ve), (Via), (Vib), (VII), (VHD), (X}, (X), (X1}, (XII},
(XHD, (XIV), (XV), (XVa), (XVb), (XVe), (XVD). (XVIa), (XVIb). (XVID), (XVIa). and
(XViib). Further, for example, the compound may be any one of, or any group of, as described
herein, Compounds: 1a-iv; 2a-2h; 3a-3g; 4a-dm; 5a-5f. 6a-6f, 7a-7f, Ba-8b; 92-9d; 10a-10n;
11a-11d; 12a; 132-13¢; and 14a.

[0079] For example, in some embodiments of the method, the compounds represented by
Structural Formulas (¥a) or (§) may exclude compounds wherein Het' is one of unsubstituted
pyridyl and pyrid-2-y1 substituted with methyl or ethyl, for example, when: R’ and R” are each
H; X is O; Y 13 unbranched, unsubstituied C,-Cyp alkyl; and Het’ is unsubstituted tmidarole-1-vl
or unsubstituted 1, 2, 4 tmazol-2-vl.  In some embodiments, the compound represenied by
Structural Formula (fa) or (I} may exclude compounds wherein one of R! and R” is H and the
other is methyl or ethvl, for example, when: Het' is unsubstituted pyrid-2-vl: X is O; Y is
unbranched, unsubstituted C»-Cio alkyl: and Het® is unsubstituted imidazole-1-yl or
unsubstituted 1, 2, 4 tnazol-2-yl. In some embodiments, the compound represented by Structural
Formula {Ia} or (I} may exclude compounds wherein X is S, for example, when: Het' is
unsubstituted pyrid-2-y1; R' and R? are each H: Y is unbranched, unsubstituted Co-C o alkyl; and
Het® is unsubstituted imidazole-1-v1 or unsubstituted 1, 2, 4 tnazol-2-yl. In some embodiments,
the compound represented by Structural Formula (fa) or (I) may exclude compounds wherein Y
is {5-Cy alkyl substitnted with methyl or ethyl, unsubstitited or methyl substituted C-Cs alkyvl,
or unsubstituted C;-Cs alkyl, for example, when: Het' is unsubstituted pyrid-2-vl: R' and R” are

each H: X is O; and Het® is unsubstituted imidazole-1-v1 or unsubstituted 1, 2, 4 triazol-2-v1 In
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some embodiments, the compound represented by Structural Formula (a) or (J) may exclude
compounds wherein Het? is one of. methyl or ethy] substituted imidazole-1-vi; unsubstituted
imidazolyl; methyl or ethyl substituted imidazolvi; methvl or ethyl substituted 1,-2,-4-triazol-2-
vl unsubstituted 1,-2,-4-triazolvl, methyvl or ethyl substituted 1,-2,-4-tnazolyl; unsubstituted
triazolyl; and methyl or ethyl substituted triazolyl; for example, when: Het' is unsubstituted
pyrid-2-v R’ and R” are each H: X is O; and Y is unbranched, unsubstituted C»-Cs alkvl

{0080} In several embodiments of the method, Het' may be optionally substituted
pyridyl, pyrazinyl, pyrimidinyl, or pyridizingl. For example, Het' may be optionaily substituted
pyridyl. The compound of the method may be represented by Structural Formulda (). The
compound of the method may be represenied by Structural Formula (§1§). In several
embodiments of the method, Y may include at least 4 linking atoms betwean X and Het'. X may
be O or a bond and Y may be C;-Cyy, eg., C-Cyo alkyl optionally substituted with one or more
oft optionally halogenated C-Cg alkyl and optionally halogenated aryl. For example, the
compound may be one of Compounds 1a-n. The compound of the method may be represented
by any of Structural Formulas (1ifa), (11Ib), (ili¢), (FEId), ({le), and (TTID), wherein Z, 7', and
7 may be each independently CH or N, n may be 1-14, and R’ may be H, halogen, optionally
halogenated C;-C, alkyl, or optionally halogenated C;-C; alkoxy. The compound of the method
may be any one of Compounds 1a-1v. The compound of the method may be anv one of
Compounds Ia-in

[0081] in various embodiments of the method, each ring in the optionally substituted
linking motety represented by A may be independently and optionally substituted by one or more
of. hydroxy, halo, and C-Cy , eg., C1-Cs alkoxy. A may include an optionally substituted
heteroaryl or optionally substituted heterocycloalkyl ring. A may include an optionally
substituted, oxvgen-containing, heteroarvl or heterocycloalkyl ring. A may include an optionally
substituted furanvl or optionally substituted tetrahydrofuranyl ring. A may include optionally
substituted 2,5-furanyl. A may include one or two optionally substituted phenvl rings. A may
mclude optionally substituted 1. 4-phenvl. A may be optionally substituted 1,4-phenyl. A may
be optionally substituted phenyl-heteroaryl-phenyl

{0082} In some embodiments of the method, the compound may be represented by
Structural Formula (IV), wherein each R may independently represent H, halogen, optionally
halogenated C,-C, alkvl, or optionally halogenated Cy-Cq alkoxy. The compound may be
represented by Structural Formula (V). The compound of the method may be represented by any

of Structural Formulas (V). (Va), (Vb), (V¢), (Vd), and (Ve). wherein Z. 2, and Z° may be each
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independently CH or N, n may be 1-14, and R’ may be H, halogen, optionaily halogenated C;-Cq
alkvl, or optionally halogenated C;-Cs alkoxy.

[0083] In vartous embodiments of the method, the compound may be represented by
Structural Formula (VIa) wherein R* may be H, optionally halogenaied C1-Cs alkyl, or
optionally halogenated arvi. The compound may be represented by Structural Formula (Vib).
{0084] in some embodiments of the method, Het® may include an optionally substituted
one of pvirole, diazole, thiadiazole, oxadiazole, and triazole. For example, Het” may be
optionally substituted imidazole or optionally subsiituted 1, 2, 4 triazole. For example, the
compound mav be represented by Structural Formula (VIE), wherein: Z may be CH or N; each
R’ may independently be H. halogen, optionally halogenated C,-C, alkyl, or optionally
halogenated Ci-Cs alkoxy: and n may be an integer from 1 to 10. For example, the compound
may be one of Compounds 2a-2g  The compound may be, for example, one of Compounds 3a-
32 The compound may be, for example, one of Compounds 4a-dm. e g, 4a-4i The compound
may be, for example, one of Compounds 13a-13¢.

{0085] In several embodiments of the method, the compound may be represented by
Structural Formula (VIIE), wherein each R® may independently be H. halogen, C;-Cy alkyl, or
;-4 alkoxy. and R® may be H. optionally halogenated C,-C, alkyl. optionally halogenated
phenyl, or optionally halogenated biphenyl. For example, the compound may be one of
Compounds 8Sa-8f The compound may be represented by Structural Formula (X)), wherein:
each R’ may independently be H, halogen, C;-Cy alkyvl, or C;-Cy alkoxy; and R® may be H.
optionally halogenated C;-Cs alkyl, optionally halogenated phenyl, or optionally halogenated
biphenyl. For example, the compound may be one of Compounds 6a-8f. The compound may be
represented by Structural Formula (X) wherein: each R may independently be H. halogen, C)-
C, alkyl, or C-Cy alkoxv; and R® may be H. optionally halogenated C,-C, alkvl. optionally
halogenated phenvl, or optionally halogenated biphenyl. For example, the compound may be
one of Compounds 7a-7f

{0086] In several embodiments of the method, the compound may be represented by
Structural Formula (XI), wherein each R may independently be H, halogen, C;-Cy alkyl, or C;-
C; alkoxy: and R® mav be H., optionally halogenated C-Cy alkyl, optionally halogenated phenyl,
or optionally halogenated biphenyl.

[0087] In several embodiments of the method, the compound may be represented by
Structural Formula (XII), wherein each R may independently be H, halogen, C;-Cy alkvl, or C-
C4 atkoxy; and R® may be H. optionally halogenated C1-Cs alkyl, optionally halogenated phenvl,

or optionally halogenated biphenyl.
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{0083} In several embodiments of the method, the compound may be represented by
Structural Formula (§a) or (), wherein A mav be phenvl and X may be a bond. For example, the
compound may be represented by Structwral Formula (X1}, wherein Z may be CHor N, and n
may be an integer from 1 10 10. For example, the compound may be one of Compounds 8a-8b.
{0089] In several embodiments of the method, the compound may be representied by
Structural Formula (Ia) or (I}, wherein A may be a bond. For example, the compound may be
represented by Structural Formula (X1V}, wherein £ mayv be CH or N; and n may be an integer
from 1 1o 10, For example, the compound may be one of Compounds 8a-94d, for example, 9a-%¢.
[0090] In several embodiments of the method, the compound may be represented by
Structural Formula (XV). wherein 7, Z', and Z° may be each independently CH or N, n may be
i-14, and R* may be H. halogen. optionally halogenated C1-Cs alkyl, or optionally halogenated
C-Cs alkoxy. For example, the compound may be represented by one of Structural Formulas
(XVa)-{XV¥¢). For example, the compound may be one of Compounds 18a-1in.

{0091} In several embodiments of the method, the compound may be represenied by one
of Structural Formulas (XVI) and (XVIT), wherein Z, Z°, and Z7 may be each independently CH
or N, n may be 1-14, and R’ may be H, halogen, optionally halogenated C1-Cq alkyl, or
optionally halogenated C,-C; alkoxy. For example, the compound may be represented by one of

Structural Formulas (XVia-(XVib), e g

pdid

the compound may be one of Compounds fla-1id.
{0092] In various embodiments, a pharmaceutical composition is provided. The
pharmaceutical composition may include a pharmaceutically acceptable carrier or excipient.
{0093} The pharmaceutical composition may include a compound represented by
Structural Formda (Ba):

Y¥—Het’

(fa)  Ar—CENRDNRA—A—X

and pharmacewtically acceptable salts thereof Ar may be an optionally substituted ary! or
nitrogen-containing heteroarvl. R' and R? may independently be H, optionally substituted C;-Cs
alkvl, or optionally substituted C+-Ce cvcloalkyl. A may be a bond or an optionally substituted
linking moiety comprising 1, 2, or 3 rings. Each ring in the optionally substituted linking moiety
may independently be one of: arvl, cycloalkyl, heterocycloalkyl, and hetercarvl. X may be O, S,
amide, or a bond. ¥ may be optionally substituted C,-Cyy alkyl or optionally substituted C;-Cyy
alkenvl, e.g., optionally substituted C;-Cjy alkyl or optionally substituted C,-Cio alkenyl, or
optionally substituted €-Cy alkyl or optionally substituted C,-Cy alkenvi. Het® may be an
optionally substituted five-membered nitrogen-containing heteroaromatic ring comprising 1, 2,

or 3 ning heteroatoms.
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[0094] The pharmaceutical compostiion may include a compound represented by
Structural Formula (8):

@  Het'—CENRHNRY—A—XY—Het’
and pharmaceutically acceptable salts thereof Het! may be an optionally substituted, nitrogen-
containing heteroaryl. R’ and R” may independently be H, optionally substituted C,-Cs alkyl, or
optionally substituted C;-C¢ cvcloalkvl. A may be a bond or an optionally substituted hinking
molety comprising 1, 2, or 3 rings. Each ring in the optionally substituted linking moiety may
imdependently be one of: arvl, cvcloalkyl, heterocycloalkyl, and heteroaryl. X may be O, S,
amide, or a bond. Y may be optionally substituted C,-Cyy. eg, C;-Cyp alkyl or optionally
substituted C,-Cyy, e.¢.. C2-Cyo alkenvl. Het® may be an optionally substituted five-membered
nitrogen-containing heteroaromatic ring comprising 1, 2, or 3 ring heteroatoms.
[0095] In several embodiments of the pharmaceutical composition, the compound
represented by Structural Formula (1a) or {}) may include one of Compounds fa-f In some
embodiments, each of Compounds 1a-f may be in the form of a solid Additionally or
alternatively, each of Compounds 1a-f may be in the form of a pharmaceutically acceptable salt.
Additionally or alternatively, at least a portion of the pharmaceutically acceptable carrier or
excipient may be in the form of a solid or gel. Additionally or altematively, the pharmaceutical
composition may be configuwred for admunistration in umit dosage form.  Additionally or
alternatively, the pharmaceutical composiiton may be configured for admimstration in the form
of one of g tablet; a capsule; a lozenge; a cream, a spray, a transdermal paich, an aerosol, a
suppository, a depot preparation; a suture that is coated or impragnated with one of Compounds
1a-f, a bandage that is coated or impregnated with one of Compounds 1a-f, a medical device that
is coated or impregnated with one of Compounds 1a-f, and the hike.
[0096] In some embodiments of the pharmaceutical composition, pharmaceutically
acceptable salts of Compounds 1a-1f are included. In some embodiments of the pharmaceutical
compostiion, free-base (neutral} Compounds 1a-f may be excluded. Tn some embodiments of the
pharmaceutical composition, protonated forms of Compounds l1a-if may be excluded
Alternatively or in addition, the pharmaceutical composition may incorporate anv of the various
embodiments described herein for excluding certain compounds represented by Structural
Formula (da) or (I). For example, the compound represented by Structural Formula (Ia) or (i)
may exclude free-base (neutral or non-salt) forms of Compounds ia-f The compound
represenied by Structural Formula (Ia} or {f} may include pharmaceutically acceptable salis of
Compounds 1a~-f The compound represented by Structural Formula ($a) or (1) may exclude

free-base forms of Compounds {a-f and pharmaceutically acceptable salts of Compounds 1a-f
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The compound represented by Structural Formula (a) or (I} may exclude protonated forms of
Compounds 1a-f.

[0097] In several embodiments of the pharmaceutical composition, the compound may
include any aspect of the compounds represented by Structural Formulas {(¥a) or (¥} as described
herein. For example, the compounds of the pharmaceutical composition may be represented by,
as described herein, anv one of, or anv group of, Structural Formulas: (1), (Ea), (¥1), (111), (1ika},
(i1h), (1), (1Ld), (Hle), (IEID, (IV). (V), (Va), (Vh), (Vo). (Vd), (Ve), (Via), (Vib), (VID,
(VHD, (1X), (X), (XD). (XI1), (XU, (XIV), (XV). (XVa), (XVb), (XV¢), (XVI), (XVia),
(X¥Vib), (XVID), (3Vila), and (XVIIb). Further, for example, the compound mav be anv one
of, or any group of, as described herein, Compounds: 1a-1v; 2a-2h; 3a-3g; 4a-4m; 5a-5f, 6a-6f,
Ta-7f 82-8b; 92-9d; 10a-10n; 11a-11d; 12a; 13a-13¢; and 14a.

[0098] For example, in some embodiments of the pharmaceutical composition, the
compounds represented by Structural Formulas (¥a) or (I} may exclude compounds wherein Het'
is one of unsubsiituted pvridyl and pyrid-2-vl substituted with methyl or ethyl, for example,
when: R! and R? are each H; X is O, Y 1s unbranched, wsubstituted C,-Cyp alkyl, and Het® is
unsubstituted 1oudazole-1-y1 or unsubstituted 1, 2, 4 triazol-2-yl. In some embodiments, the
compound represented by Structural Formula {(§a) or (1) may exclude compounds wherein one of
R' and R? is H and the other is methyl or ethyl, for example, when: Het' is unsubstituted pyrid-
2-y1; X is (0, Y ts unbranched, unsubstituted C,-C g alkyl and Het® is unsubstituted imidazole-1-
vi or unsubstitited 1, 2, 4 triazol-2-vl. In some embodiments, the compound represented by
Structural Formula (Ea) or (1) may exclude compounds wherein X is §, for example, when: Het'
is unsubstituted pyrid-2-v1; B! and R? are each H; Y is unbranched. unsabstituted Co-Cyp alkyl;
and Het® is unsubstituted imidazole-1 -yl or unsubstituted 1, 2, 4 trazol-2-yl.  In some
embodiments, the compound represented by Structwral Formula (Ia) or (I} may exclude
compounds wherein Y is Cr-Cy alkyvi substituted with methyl or ethyl, unsubstituted or methyl
substituted C;-Cs alkyl, or unsubstituted C1-Cs alkyl, for example, when: Het' is unsubstituted
pyrid-2-vl; R' and R® are each H: X is O; and Het® is unsubstituted imidazole-1-y1 or
unsubstituted 1, 2, 4 tnazol-2-y1. In some embodiments, the compound represented by Structural
Formula (Ea) or (I} may exclude compounds wherein Het® is one of: methyl or ethyl substituted
imidazole~-1-yl; unsubstituted imidazolyl; methyl or ethyl substituted inudazolyl; methvl or ethyl
substituted 1,-2,-4-triazol-2-yl; unsubstituted 1,-2,-4-triazolvl; methyl or ethyvl substituted 1,-2,-
4-iriazolvi; unsubstituted triazolvl; and methvl or ethyl substituted triazolyl; for example, when:
Het' is unsubstituted pyrid-2-vl; R' and R® are each H; X is O and Y is unbranched,

unsubstituted C,-Cy alkyl.
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{0099] In several embodiments of the pharmaceuatical composition, Het' may be
optionally substituted pyridyl, pvrazinyl, pyrimidinyl, or pyridizinyl, For example, Het' may be
optionally substituted pyridyl. The compound of the pharmaceutical composition may be
represented by Stroctural Formula (]}, The compound of the pharmaceutical composition may
be represented by Structural Formula (1ii). In several embodiments of the pharmaceutical
composition, Y may include at least 4 linking atoms between X and Het’. X may be O or a bond
and Y may be C1-Cyy, e.g.. C1-Cyp alkyl optionally substituied with one or more of. optionally
halogenated C1-Cg alkyl and optionally halogenated arvl. For example, the compound may be
one of Compounds ia-n. The compound of the pharmaceutical composition may be represented
by any of Structural Formulas (¥ifa), (1Eib). (Ei¥c). (1¥1d). ({1fe), and (11ff), wherein Z, Z', and
77 may be each independently CH or N, n may be 1-14, and R* may be H, halogen, optionally
halogenated C;-Cs alkyl, or optionally halogenated C,-Cs alkoxy. The compound of the
pharmaceutical composition may be any one of Compounds ia-Iv. The compound of the
pharmaceutical composition may be any one of Compounds 1a-in.

100100} In various embodiments of the pharmaceutical composition, each ring in the
optionally substituted linking moiety represented bv A may be independently and optionally
substituted by one or more of hydroxy, halo, and C)-Cyy . 2.z, Ci-C; alkoxy. A may include an
optionally substituted heteroaryl or optionally substituted heterocycloalkyl ring. A mayv include
an optionally substituted, oxvgen-containing, heteroarvl or heterocyvcloalkyl ring. A may include
an optionally substituted furanvl or optionally substituted tetrahyvdrofuranyl ring. A may include
optionally substituted 2,5-furanyl. A may include one or two optionally substituted phenyl rings.
A may include optionally substituted 1.4-phenyl. A may be optionally substituted 1,4-phenyl. A
may be optionally substituted phenyl-heteroaryl-phenyl.

(00101} In some embodiments of the pharmaceutical composition, the compound may be
represented by Structural Formula (IV), wherein each R® may independently represent H,
halogen, optionally halogenated Ci-Ce alkyl, or optionally halogenated C:-Cs alkoxy. The
compound may be represented by Structural Formwla (V). The compound of the pharmaceutical
composition may be represented by any of Structural Formulas {(V}, (Va}, (Vb), (V¢ (Vd), and
{Ve), wherein Z, Z', and Z° may be each independently CH or N, n may be 1-14, and R’ may be
H, halogen, optionally halogenated C-Cs alkvl, or optionally halogenated C,-Cq, alkoxy.

(00102} In various embodiments of the pharmaceutical composition, the compound may
be represented by Structural Formula (VIa) wherein R* may be H, optionally halogenated C;-Cs
alkvl, or optionally halogenated arvl. The compound may be represented by Structural Formula

(Vib).
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[00103] In some embodiments of the pharmaceutical composition, Het® may include an
optionally substituted one oft  pyrrole, diazole, thiadiazole, oxadiazole, and trnazole. For
exanple, Het® may be optionally substituted imidazole or optionally substituted 1, 2, 4 triazole.
For gxample, the compound may be represenied by Structural Formula (VIE}, wherein: Z may
be CH or N: each R’ may independently be H, halogen, optionally halogenated C-Cs alkyl. or
optionally halogenated (,-Cs alkoxy; and 1 may be an integer from 1 to 10. For example, the
compound may be one of Compounds 2a-2g. The compound mav be, for example, one of
Compounds 3a-3g. The compound may be, for example, one of Compounds da-dm, e.g., 4a-44.
The compound may be, for example, one of Compounds 13a-13¢.

[00104] In several embodiments of the pharmaceutical composition, the compound may
be represented by Structural Formula (VIEL), wherein each R’ may independently be H. halogen,
C-Cy alkyl, or €1-Cy alkoxy, and R® may be H. optionally halogenated C;-Cs alkyl, optionally
halogenated phenvl, or optionally halogenated biphenvl. For example, the compound may be
one of Compounds 3a-3f The compound may be represenied by Structural Formua (IX),
wherein: each R® may independently be H, halogen, C1-Cy alkyl, or C-Cy alkoxy: and R® may
be H, optionally halogenated C-Cq alkvl, optionally halogenated phenyl, or optionally
halogenated biphenyl. For example, the compound may be one of Compounds 6a-5f The
compound may be represented by Structural Formula (X) wherein: each R® may independently
be H. halogen, C1-Cy alkyl, or C-Cy alkoxy; and R® may be H, optionally halogenated C;-Cs
alkvl, optionally halogenated phenyl, or optionally halogenated biphenyl. For example, the
compound may be one of Compounds 7a-71.

[00105] In several embodiments of the pharmaceutical composition, the compound may
be represented by Structural Formula (XE), wherein each R® may independently be H, halogen,
(-4 alkyl, or C1-Cy alkoxy: and R® may be H, optionally halogenated C1-C, alkyl, optionally
halogenated phenyl, or optionally halogenated biphenyl

[00106] in several embodiments of the pharmaceutical composition, the compound may
be represented by Structural Formula (XE), wherein each R may independently be H, halogen.
C-Cy alkvl, or C-Cy alkoxy; and R® may be H, optionally halogenated C;-Cy alkyl, optionally
halogenated phenvl, or optionally halogenated biphenyl.

[00107] In several embodiments of the pharmaceutical composition, the compound may
be represented by Structural Formula (fa) or (I}, wherein A may be phenyl and X may be a bond.
For example, the compound may be represented by Structural Formula (XEif}, wherein Z may be
CH or N, and 1 may be an mteger from 1 to 10. For exaraple, the compound may be one of

Compounds 8a-8b.
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[00103] In several embodiments of the pharmaceutical composition, the compound may
be represented by Structural Formula (Ra) or (1), wherein A may be a bond. For exarmple, the
compound may be represented by Structural Formula (X1V), wherein Z may be CH or N; and n
may be an integer from 1 to 10. For example, the compound may be one of Compounds 9a-94,
for example, 9a-9¢.
[00109] In several embodiments of the pharmacewtical composition, the compound may
be represented by Structural Formula (XV), wherein Z, Z', and Z” may be each independently
CH or N, u may be 1-14, and R* may be H. halogen, optionally halogenated C1-Ce alkyl. or
optionally halogenated C~Cq alkoxy. For example, the compound may be represented bv one of
Structural Formulas (XVa)-(XV¢). For example, the compound may be one of Compounds 10a-
16n.
{00110} In several embodiments of the pharmaceutical composition, the compound may
be represented by one of Structural Formulas (XVI) and (XVH), wherein 7, 7' and 7° may be
each independently CH or N, n may be 1-14, and R’ may be H, halogen, optionally halogenated
Ci-Cs alkyl, or optionally halogenated C-Cq alkoxy. For example, the compound may be
represented by one of Structural Formulas (XVia)-(XVEb). For exarople, the compound may be
one of Compounds 1ia-11d. Further, for example. the compound may be represented by one of
Structural Formulas (XViia}-(X¥Vikb)}, e g.. the compound may be Compound 12a.
{00111} In various embodiments, a kit for anti-parasite treatment of a subject in need
thereof 1s provided. The kit may mclude any anti-parasitic compound described herein, for
example, the compound represented by Structural Formula (Ia);

(fa) Ar—C(E=NRONREA—A—X—V—Het?
(00112} and pharmaceutically acceptable salts thereof  Ar may be an optionally
substituted aryl or nitrogen-containing heteroaryl. R' and R* may independently be H. optionally
substituted C;-C¢ alkyl, or optionally substituted U3-Cg cycloalkyvl, A mayv be a bond or an
optionally substituted hinking motetv comprising 1, 2, or 3 rings. Fach ring in the optionally
substituted linking moiety may independently be one of: aryl, cycloalkyl, heterocycloalkyl, and
hetercaryl. X may be O, §, amide, or a bond. Y may be optionally substituted C,-Cy4 alkyvi or
optionally substituted C:-Cyy alkenvl, ez, optionally substituted C;-Cyp alky! or optionally
substituted C,-C iy alkenyl, or optionally substituted C;-Cy alky] or optionally substituted C,-Cy
alkenvl. Het’ may be an optionally substituted five-membered nitrogen-containing
heteroaromatic ring comprising 1, 2, or 3 ring heteroatoms.
[00113] The kit mav include any anti-parasitic compound described herein, for example,

the compound represented by Structural Formula (1)
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(i}  Het'—CENRDNRA—A—X—YV—Het
pharmaceutically acceptable salts thereof, and wnuxtures thereof with a pharmaceutically
acceptable carrier or excipient to form a pharmaceutical composition. Het® may be an optionally
substituted, nitrogen-containing heteroaryl. R and R® may independently be H, optionally
substituted C,-Cs alkyl, or optionally substituted Cs~Cq cveloalkvl, A mayv be a bond or an
optionally substituted linking moiety comprising 1. 2, or 3 nings. FEach ring in the optionally
substituted inking moiety may independently be one of. arvi, cycloalkyl, heterocycloalkyl, and
hetercaryl, X may be G, S, amide, or a bond. 'Y may be optionally substituted C-Cyy, e.g., C1-
(i alkyl or optionally substituted C>-Cu, e.g.. Co-Cio alkenyl Het® may be an optionally
substituted five-membered nitrogen-containing heteroaromatic ring comprising 1, 2, or 3 ring
heteroatoms. The kit may mclude instructions. The mstructions may direct a user to provide the
subject, the subject being mnfected by a parasite or at risk of infection by the parasite. The
mstructions may direct a user to administer the compound or the pharmaceutical composition to
the subject in an amount effective to mitigate infection by the parasite in the subject.
[00114] In some embodiments of the kit, the compound represented by Structural Formula
({a) or (1) may include anv aspect of the anti~parasitic compounds described herein, either alone
or as encompassed by any of the methods or pharmaceutical compositions described herein.
[00115] in several embodiments of the kit, the instructions may direct a user to conduct
any step or combination of sieps described herein for the method.

EXAMPLES

Example 1: Design Considerations and Molecular Modeling
[00116] AlAs and antifungal azole drugs each include a mitrogen-containing heterocyele
bound to a hnear or curved linker. A kvown target of azole antifungal drugs is the CYPS5!
enzyme, which participates in sterol biosynthesis. The crystal structure of CYP31 from 4.
infantum has been reported m the form of a bound fluconazole molecule interacting with the
heme portion of CYP31 through coordination of a triazole mitrogen with the heme tron atom.
Such a structure is consistent with known cryvstal structures of other CYPS1-azole cornplexes,
which also show a complex between the heme iron atom and the azole nitrogen. Although some
azoles have been attempted in clinical treatment of leishmaniasis, azoles are less potent against
Leishmania compared to 7. cruzi in vitro,
(00117} Recent studies have uncovered inhibitors of kinetoplastid CYP51. The compound
/NI (FEG. 1) binds with a Kg of 70 nM to 7 cruzi CYP31 and inhibits the growth of
intracellular 7 cruzi amastigotes by 50% at a concentration of 1.3 nM. (See Villalta, et al. VNI

cures acufe and chronic experimental Chagas disease.” .J. fnfect Dis. 2013, 208, 504-511, the
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entire contents of which are incorporated herein by reference} VNI also treats 7. cruzi infections
in muringe models of Chagas disease. VNI has been crystallized with 77 cruzi CYPS1 and also
coordinates via its imidazole nitrogen with CYP51 heme iron. A molecule simnlar to VNI,
termed VNI/VNF (FIG. 1), 15 also a known inhubitor of L. infonrum CYPS1, although no studies
agamst Leishmaria parasites were reported.

{00118} Preliminary modeling calculations supported the binding of 3a and 6a to CYPSL
Accordingly, , the anti-parasitic compounds disclosed herein were designed by combining
carefully selected AIA fragments and azole fragments. The disclosed anti-parastiic compounds
were then syuthesized and tested as detailed i the following Exanmples.

Example 2A: Synthesis of Phenoxyalkyl Linker Anti-Parasitic Compeunds

[00119] FIG. 2A is a synthetic scheme various phenoxvalkvl linker anti-parasitic
Compounds fa-In and v, Compounds la, 1b, ¢, fe, 1f g, 1% Im, and Iv were made
according to FI1G. 2A. Generally, reagents and conditions for synthesis of compounds according
to FEG. 2A included. a) a,o-dibromoalkane, K.COs, acetong; b) umdarole or 1,2 4-triazole,
K:CO;, CH:ON, ¢ SaCh.2H,0, EtOAc, &) S-(Z-naphthyvimethy!)-2-pyridyithiourdate
hydrobromide, CH;CN/EIOH (1:3), 1.

[00120] Details of the representative synthesis of Compound le are as follows.

i-(4-bromobutoxy)-4-nifrobenzene

o
/©/ g
O;N

{00121} Reaction of 4-nitrophenol (2.00 g, 14.4 mmol}, 1,4-dibromobutane (3.5 mb, 6.33
g, 29.3 ramol), and potassium carbonate (5.96 g, 43.2 mamol) in acetone at reflux afforded 1-(4-
bromobutoxy }-4-nitrobenzene as white crystals, vield 1.69 g, 6.15 mmol, 43%,; mp. 3942 °C.
The 'H NMR spectrum of this material was consistent with that reported in Narlawar et al.,
Jowrnal of Medicinal Chemistry, 2000, 53, 3028-3037.

4-(4-{1H-imidazol-1-yl}buioxyaniline

O
\/\/\N \
HENO \;?\?

{00122] Reaction of imidarole (0.44 g, 6.43 mmol), 1-{4-bromobutoxy }-4-nitrobenzene
{(1.20 g, 428 mmol), and potassivm carbonate {0.89 g, 6.4 mmol) i acetonitrile atl reflux
afforded 1-[4-(4-vitrophenoxyibutvl}-1H-imidazole as a dark brown sohd, yield: 0.67 g 2.6
mmol, 60%; mp. 71-74 °C, lit mp. 67-69 °C. The 'H NMR spectrum of this material was

consistent with that reported in Salemo et al, Bivorganic and Medicinal Chemistry, 2813, 21,
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5145-5153.  Reaction of 1-[4-(d-nitrophenoxy pbutyl]-1H-midazole (010 g 0.38 mmol} and
stannous chloride dibydrate (0.43 g, 1.9 mmol) in ethyl acetate at reflux afforded 4-(4-(1H-
imidazol-1-yl)butoxy)aniline as a bright orange powder, vield: 0.046 g. 0.20 mmol, 52%. H
NMR (300 MHz, DMSO-ds): § 1.57 (quant, J= 7.0, 2H), 1.82 (quint, J= 7.3, 2H), 381 {1, J= 6.4,
2H), 4.00 (1. J= 7.0, 2H), 4.60 (br, 2H) 6.48 {m. ZH), 6.62 (m, 2H), 6.9 (s, 1H), 7.2 (s, I1H), 7.6
(s, 1H).

N-{4-{4-(1 H-imidazol-1-yDbutoxy)phenylpicelinimidamide

O
NH[j\/\/\
N Q
N
|\ H
=

[00123] Reaction of 4-{(4-(1H-~imidazol-1-vybutoxy)aniline (0,15 g, 0.64 mmol} and S~(2-
naphthylmethyl}-2-pyvridyl thioinmudate hydrobromude (0.34 g, 0.95 mmol}) in anhydrous
acetonitrile (6 mL) and ethanol (20 wl) at room temperature afforded N-(4-(4-(1 H-imidazol-1-
yvhbutoxy yphenvhpicolinimidamide (1e) as a white cryvstal, yvield: 0.0178 g, 0.053 mymol, 9%;
m.p. 99-101 °C. "H NMR (300 MHz, DMSO-dg): § 1.65 (m, 2H), 1.88 (m, 2H), 3.95 (1, J= 6.3,
2H), 4.04 (t, J- 7.0, 2H), 6.40 (br, 2HD), 6.88 (m, 5H), 7.19 (s, 1H). 7.54 (m, 1H), 7.64 (s, 1H),

MHz, CDCLy) 8 26.4, 281, 46.8, 67.4, 1155, 1187, 121.5, 122.6, 1251, 1295, 136.8, 1371,
1432 1478, 1517, 153.0, 15348 ppm.

Ezxample 2B: Synthesis of mefa-Substituted Phenoxyalkyl Linker Anti-Parasiiic
Compounds

[00124] FiG. 2B is a synthetic scheme for various phenoxvalkyl hybrid iarget
compounds substituted mefa to the arvlimidanude group, e.g., Compounds 1e-1g.  Generally,
reagents and conditions for synthesis of compounds according to FIG. 2B included: a) MOMC,
KoCOs, acetone, 30°C; by RI, KyC0s, sealed tube, 80°C; ¢y HCI, MeOH/CH,CL, 1t d) 1.8-
Dibromooctane, KLU0, CH3UN, reflux; e imidazole, KoCOs, CH;CN, refhux; £ SnChZH,(O,
EtQAc, reflux; g} S-(Z-naphthyimethyl)-2-pyridyithioinudate hydrobromide, CH;CN/E1OH
(1:3), rt.

Example 2C: Synthesis of ortho-Substituted Phepoxyalkyl Linker Anti-Parasitic
Compounds

[00125] FIG. 2C 15 a svnthetic scheme for various phenoxyalkyl hvbrid target
compounds substituted ortho to the arviimudamide group, e.g., Compounds Ir-1t.  Generally,
reagents and conditions for synthesis of compounds according to FIG, 2¢€ included: a) RL

K05, sealed tube, 80°C; by NaOH, DMSO, reflux; ¢y 1,8-Dibromooctane, KoC0Os, CHCN,
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reflux; 4} imudazole, KOs, CH:ON, reflux; e} SnChL2H,0, EtOAc, reflux; ) §42-
naphthylmethyvlythicimidate hy drobromide, CH:CN/EIOH, 1t

Example 2D: Synthesis of Pyrrole-Substituted Phenoxyalkyl Linker Anti-Parasitic
Compounds

{00126} FIG. 2D 1s a synthetic scheme for various phenoxyalkyl hybrid target
compounds substituted with pyrrole, e.g., Compound Tu. Generally, reagents and conditions for
synthesis of Compound 1w according to FiG. ID included: a) 1.8-dibromooctane, K,CO;,
acetone; by pyrrole, K,C0O;, CHCN; ¢ SnChL2HL0, EiOAc, d) S-(Z-naphthylmethyl)-2-
pyridvithicimidate hyvdrobromide, CH;CN/EIOH (1:3), 1L

Example 3A: Synthesis of Diphenylfuran Alkyloxy Linker Anti-Parasitic Compounds
{00127} FIG. 3A is a synthetic scheme for various phenyl-unsubsiituted diphenvifuran
alkvioxy linker hybrid Compounds 2a-2g and 3a~g. Compounds 2a-e, 2g, 3a-e, and 3g were
made according to FIG. 3A. Compound 2k was made according to ¥FIG. 34, but starting with 1-
bromo-2-oxy{prop-2-vi}-4-nitrobenzene. Generally, reagents and conditions for synthesis of
compounds according to FIG. 3A included: a) PA(PPh;s)y, dioxane, 90°C; by NBS, DMF, 1, ¢)
KoCOs, acetone, reflux; d) PA{PPhs ), KoCOs, MeOH, toluene, 80°C; e) azole, NaH, DME, 1t; D)
H,, PA(C), EtOH-EtCAc; g) (i) S+(Z-naphthylmethyi-2-pyridyithioimidate hyvdrobromide, EtOH;
(it NaOH; (i11) ethanolic HCL

[00128] The synthesis of Compound 2¢ is representative, as follows.

2-(4-pitrophenyl)furan

1N
0O
O,N
{00129} Tetrakistriphenylphosphine palladium (0.5 mmol) was added to a stirred mixture

of the 2-(iributvistannyvly furan (11 mmol} and 1-bromo-4-nitrobenzene (10 mmol) in deaerated
dioxane {25 ml) under a nitrogen atmosphere. The vigorously stirred mixture was heated at 90-
100 °C for 24 h. The solvent was evaporated under reduced pressure, the resulting solid was
partitioned between ethyl acetate {200 mL) and 5 ml of concentrated ammonia io remove the
palladium complex, washed with water, passed through cehite o remove the catalyst, dried over
sodium sulfate and evaporated. Purification by column chromatography oun silica gel, using
hexanes/ethyi acetate (93/7, v/v) followed by recrystallization from hexanes/ethyl acetate io
afford a vellow solid, vield (68 %), mp. 134-135 °C, (Lit Molander et al. “Scope of the
Svzuki—Mivaura Cross-Coupling Reactions of Potassium Heteroarvlinifluoroborates,” /. Org.

Chem. 2009, 74(3), 973-980, the entire teachings of which are incorporated herein by reference),
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m.p. 131-132 °C; "H NMR (DMSO-dg) 8 6.71 (d, J = 3.6 Hz, 1H), 7.02 {brs, 1H), 7.23 (4, J =
3.6Hz, 1H), 790 (d, J= 8.8 Hz, 2H), 7.98 {d, J = 8.8 Hz, 2H).

2-bromo-S-(4-nitrophenyiffuran

I N 8r
O
O,N
{00130} N-bromosuccinimide (2,13 gm, 12 mmol) was added portion-wise to a stirred

solution of the previous nitro compound (10 mmol} in dimethyliformamide (20 mbL). The
reaction nuxture was stirred at room temperature for 12 b then poured onto cold water, the
precipitate was collected and dried. Purification was conducted by colunmn chromatography on
silica gel, using hexanes/ethyl acetate (95/3, v/v). Yellow solid, vield 96 %:; mp. 141-143 °C
(see Tsmail et al, “An efficient synthesis of §,5 -diaryl-2,2 -bichalcophenes,” Ter Let/ 2006,
47¢5), 795-797, the entire teachings of which are incorporated herein by reference); 'H NMR
(DMSO-do) § 6.83 (4. J = 3.6 Hz, 1H), 7.35 (d, J = 3.6 Hz, 1H), 7.90 (d, J = 8.8 Hz, 2H). 8.26
{d, J= 8.8 Hz, 2H); HRMS: m/z calculated for CioHBINOs: 2679609, found: 267.9602 (M'

+13.
2-{4-{4-(bromobutoxy)phenyi}-4. 4 5 5-tetramethyi-1 3 2-dicxaberolane
MeMe
Me#—%Me
0. .0
B
O(CH,)4Br
{00131} 1.4-dibromobutane (36 mmol} was added to a solution of the p-

hydroxyphenylboronic acid ester (1.32 gmy, 6 mmol), dry KpCO5(1.65 gm, 12 mmol) and Cs,C0;
(0.39 gm, 1.2 mamol} in anhvdrous dimethylacetamide (1S mL) under a nmitrogen almosphere.
Stirring was continued tor 12 h and i1ce water was added and the reaction mixture was filtered
and air dried. Purification was performed by column chromatography on silica gel, using
hexanes/ethyl acetate (93/7, v/v). White solid (73%) m.p. 112-113 °C, 'H NMR (DMSO-ds) &
1.27 (s, 12 H). 1.82-1.85 (m, 2 H), 1.94-1.98 (m, 2 H), 3.61 (¢, J=5.2 Hz, 2 H), 401 (1, J =52
Hz, 2 H). 6.93 (d, J= 8.4 Hz, 2 H), 7.68 (d..J =8.4 Hz, 2 H).
2-{4-{4-{bromobutoxyphenyl}-5-(4-nitrophenyifuran
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1\

100132} 23 mb deaerated 2 M aqueous solution of Koy(CO; and 2-(4-
{bromobutoxy yphenyi)-4,4.5,5-tetramethyi-1,3,2-dioxaborolane (2.73 mmol) in 5 mL deaerated
methanol were added {o a stirred solution of 2-bromo-3-(4-nitrophenyDfuran (2.28 muwnol), and
tetrakistriphenylphosphine palladium (0114 numol) in deaerated toluene (25 mb) under a
nitrogen atmosphere. The vigorously stirred nuxture was warmed to 80 °C for 24 h. The solvent
was evaporated under reduced pressure. Purification was carried out by column chromatography
on silica gel, using hexanes/ethyl acetate (90/10, v/v). Orange sohid, vield (71 %); mp. §1-83
°C: 'THNMR (DMSO-dg) 6 1.84-1.88 (m. 2 H), 1.97-2.00 (m, 2 H), 3.62 (1, /= 6.4 Hz, 2 H), 4.06
(t,J=64Hz 2 H). 7.03-7.05 (m. 3 H), 7.40 (d. J= 3.6 Hz, 1 H), 7.80 (d, J =8.4 Hz, 2H), §.02
(d. J=8.8 Hz, 2H), 8.29 (d. J = 8.8 Hz, 2H).
1-{4-{4-(E-(4-nitrophenylifuran-2-yhphenoxyibutyl)- 1 H-imidazole

SRV

\=N

[00133] 2-{4-{4-(bromobutoxy )phenyi}-5-(4-nitropheny}furan (2 mmol} was added to
a solution of the azole {2 mmol) and NaH (2.5 mmol) in dry DMF (10 mbl) under a nitrogen
atmosphere. The reaction mixture was stirred at room temperature for 12 h, then poured on ice-
water (50 ml), filtered and dried. Puwrification was conducted by recrystatlization from ethyl
acetate/hexanes. Yellow solid, vield (71 %); m.p. 75-78 °C; '"HNMR (DMSO-dq) 6 1.66 (br s,
2H), 1.85 (brs, 2H), 4.02-4.05 (m, 4 H), 6.90 (br s, 1H), 7.01-7.04 (m, 3 H), 7.20 (br s, 1H), 7.41
(d,J=3.6Hz 1 H), 7.66(brs, 1H), 7.79(d. J=84 Hz, 2 H), .02 (d, J=8.8 Hz, 2H), 827 (d. J
= 8.4 Hz, 2H), HRMS: mvz calculated for T:H N304 4041610, found: 404.1595 (M" +1}).
4-(5-{4-{4-(1 H-azol-1-yDibutexy)phenyDfuran-2-yhaniline

UV

\=x
[00134] Pd/C {10 %) (0.2 gm) was added to a de-aerated solution of 1-{4-(4-(5-(4~
nitrophenyfuran-2-ylphenoxy jbuty -1 H-imidazole (5 nunol) 1o ethvl acetate/ethanol (60 mkL:
20 mL) mixtore. Stirring in a Parr hydrogenator under 50 atmosphere wntil the uptake of
hydrogen ceased, the consumption of hvdrogen gave a clear solution. The solution was filtrated
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through celile, and the filtrate was removed under reduced pressure, the residue formed was used
directly in the next step without further purnification (the anune 1s easily oxidized and
decomposes on standing). White solid, vield (94 %), m.p. 62-63 °C; 'HNMR (CDCl3) § 1.80 (br
s, 2 H), 202-204 (m. 2 H), 3.77 (s, 2 H), 4.00-4.06 (m, 4 H), 652 (d, J=3.6 Hz, 1 H), 6.57 (d, J
=36Hz 1H), 674(d, /=84 Hz 2H), 691 (d,./J=84Hz 2H), 69 (brs, 1 H}, 7.09 (br s,
1H), 7.53 (brs, 1H), 7.56 (4, J= 8.8 Hz, 2 H). 7.66 (d. J = 8.8 Hz, 2 H): HRMS: mvz calculated
for CosHpgN:0,: 374.1869, found: 374.1857 (M +1).

N-{4-(5-(4-{4-(1 H-imidazol-1-yhbutoxyphenyuran-2-yl)phenylpicolinimidamide

hydrochloride
NH ]\
AT
oy 3,
*HCI 4
\=N
[00135] S-{Z-NaphthylmethyD-2-pynidyl thiourdate hydrobromude (1.87 mmol) was

added to a cooled solution of 4~(5-(4-(4-(1 H-azol-1-yvDbutoxyyphenyfuran-2-vhaniline (1.7
mmol) in dry ethanol (30 mbL) in an ice bath. The reaction muixture was stirred ai room
temperature for overnight. Afler the disappearance of the siarting maternial, the organic solvent
was evaporated under reduced pressure to vield a crude o1l product. Dry ether (100 mL) was
added to the crude material and the mixture was stirred at room temperature for 1 h. The
precipitate was filtered and washed with drv ether. The solid was dissolved in ethanol (2 mL);
the solution was cooled to 0 °C in an ice bath and 10% NaOH was added untd pH reached
approximately 10. The free base was extracted with ethvl acetate (3 « 50 mL). The organic
faver was washed with distilled water, dnied over anhydrous sodium suifate, filtered and
concentrated under reduced pressure. The resulting suspension was crystallized by adding dry
hexanes and then filtered. The free base was suspended in dry ethanol (20 b} and cooled to O
°C in an ice bath. Freshly prepared ethanolic HC! solution (2 mL) was added to the suspension
and the mixture was stirred at room temperature for overnight. The resulting red solution was
concentrated under reduced pressure. The red crude solid was recrystallized twice from drv
ethanol and dry ether and filtered.  Yellow solid. yield (57 %) m.p. 83-85 °C Dec.; 'HNMR
(DMSO-d) § 1.71 (1, /=6 Hz, 2H), 1.97-2 (m, 2 H), 4.06 (. J=6Hz, 2 H), 4.30 (L /=6 Hz, 2
H),698(d J=32Hz 1H),702(d, J=48Hz 2H,719(,J=32Hz 1H),756(d. J=84
Hz, 2H), 7.72 (brs, 2H), 7.78 (d, J= 8.4 Hz, 2 H), 7.86 (4. /= 8.8 Hz, 2 1), 7.98(d, /= § Hz, 1
H), 5.21-8.25 (m. 1 H), 851(d. J = 7.6 Hz 1 H), 8.91 (brs, 1H), 9.26 (br s, 1H), 9.37 (s, 1H),
10.15 (s, 1H), 11.91 (s, 1 H): PCNMR (DMSO-dy) § 24.9, 259, 477, 66.4, 106.2, 108.8, 1144,
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1193, 121.5. 1224, 1229, 123.6, 124.6, 1248, 125.9. 128, 129.7. 132.6, 1347, 137.8, 144,
150.5, 157.8, 138.9; HRMS: nvz calculated for CroHosNsOy: 4782238, found: 478.2216 (base
M" +1); Anal. Caled. For CooHpyNsO,. 2 HCL 175 HoO: €. 59.85; H. 5.63: N, 12.03; Found:
C,53935, H,5.77; N, 11.83.

Example 3B: Synthesis of Phenvi-Substituied Diphenyvifuran Alkyloxy Linker Anti-
Parasitic Compounds

{00136] Fitz. 3B is a synthetic scheme for various phenyl subsiituted diphenyifuran
alkyloxy hinker hybrid compounds, each of which may be prepared, for example, from a suitably
substituted aryl boronate according to FiG. 3A.  Altematively, compounds may be prepared
from the corresponding phenol and bromoalkyl imidazole, as shown in F1G, 3B, The phenol
may be prepared from a phenol protected aryl boronate according to FiG. 34, followed by
subsequent deprotection.

{00137} Compound 4§ was made according to FIG. 3B, Generally, reagents and
conditions for svnthesis of compounds according to FiG. 3B included: a) Pd{PPh;)y, dioxane,
907, by NBS, DMF, rt; ¢ KoCOs, (00, DMA, 1t d) PA(PPhs), KCO5, MeOH, toluene,
R0O°C; ey imudazole, NaH, DMF, tt; ) H,, PA(C), FtOH-EtQAc; g) (3) S-(Z-naphthyimethyl)-2-
pyridyithicimidate hvdrobromide, BtOH; (1) NaOH.

Example 3C: Synthesis of Phenyi-Substituied Diphenylfuran Alkyloxy Linker Anti-
Parasitic Compounds

[00138] FIG, 3C is a synthetic scheme for vanous phenyl substituted diphenvifuran
alkyloxy linker hybrid compounds. For example, Compounds 2h, 4k, 13b, and 13¢ were made
according to FIG. 3C. Generally, reagents and conditions for synthesis of compounds according
to FiG. 3C included: aa) Pd{PPhs),. dioxane, 90°C; b) NBS, DMF, 1t; ¢) KoCOs, CsoC0s,
DMA, rt; d) PA(PPhs). KuCOs, MeOH, toluene, 80°C; ey imudazole, NaH, DMF, rt; §) H,, PA(C),
EtOH-Et0OAc; g) (i) S-(2-naphthyimethyl-2-pyridylthioimidate hydrobromide, BtOH; (11) NaOH.
Example 3D (Prophetic): Synthesis of Diphenylfuran Alkyloxy Linker Antii-Parasitic

Compounds

[00139] FIG. 3D 15 a prophetic synthetic scheme for various diphenyifuran alkvlosy
linker hybrid Compounds 4a-i. each of which may be prepared, for example, from a suitably
substituted aryl boronate according to FEG. 3A.  Altematively, Compounds 4a-i may be
prepared from the corresponding phenol and bromoalky! tmidazole, as shown in FEG. 3B, The
phenol may be prepared from a phenol protected arvi boronate according to FIG. 3A, followed

by subsequent deprotection.

- 48 -



WO 2018/045104 PCT/US2017/049491

Example 4 : Synthesis of Alkylamide Linker Anti-Parasitic Compounds

[00140] FiG. 4 15 a synthetic scheme for various alkylamide hinker hybrid Compounds
3a-f, 6a-f and Ta-f For example, precursor carboxvlic acids were prepared similarly to FiG,
3A by a cross-coupling of a benzylalcohol boronate ester with 2-{4-nitrophenyl)furan, nitro
reduction, and imidamide formation. Oxidation of the benzyl alcohol provided the carboxylic
acid compound shown in FiG. 4, and subsequent peptide coupling with the illustrated 1midazoy!
amine is proposed to afford Compounds Sa and Se.

100141} Similady, for example, Compound 6a may be prepared from 2-(4-
nitrophenyl)furan, followed by mitro reduction and imidanude formation. Bromination of the
resulting furanvi compound followed by a metal-mediated carboxylation may provide the
carboxylic acid shown in FEG. 4. Subsequent peptide coupling with the illustrated imidazoyl
amine may afford Compound 6a. Similarly, for example, Compound 7a may be prepared {rom a
suitable 4-aminobenzoic acid derivative. Inudamide formation may provide the carboxvlic acid
compound shown in Fi{. 4, and subsequent peptide coupling with the iHustrated imidazovi
amine may provide Compound 6a.

Example 5A (Prophetic): Synthesis of Phenylalicyl Linker Anti-Parasitic Compounds
(00142} Fi1G. SA is a prophetic synthetic scheme for various phenylalkyl linker hybrid
Compounds 8a and 8b.  For example, Compound 8a and 8b may be prepared from
phenyllithiom and the corresponding dibromoalkane, as shown in FIG. SA. Nitration of the
resulting alkylary! bromude followed by displacement of the bromide with imidazole can provide
the nitrophenv! alkylimidazole. Subsequent reduction of the nitro group to the amine, followed
by amudine synthesis with naphthalene-2-vimethylpyridine-2-carbimidothicate mav provide
Compounds 8a and 8b.

Example SB: Synthesis of Allyl Linker Anti-Parasitic Compounds

[00143] FiG. 8B is a synthetic scheme for various phenylalkyl linker hybrid
Compounds 9a-8d. The svuthesis of Compound 94 is representative, as follows.

Benzyl (8-aminooctyljcarbamate

)

©/\OJ\H/\/\/\/\/NH2

[00144] Benzyl chloroformate {1 g, 5.86 mwmol} was added o 10 equivalents of 1,8~
dianunooctane (.45 g, 58.6 mmol) dissolved in 60 mL dry DCM/EOH (1:1) in anice bath. The
mixture was allowed to stir for 3 hours at 0 °C and left to stir overnight at room temperature.

The mixture was then filtered and partitioned between BCM (100 mL} and water {50 mL) and
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brine (80 mL) then dried over sodium sulfate. The solution was evaporated under reduced
pressure  and  the crude product was purified by  columm  chromatography  using
DCM/MeOH/TEA (100:6:0.7) as eluent to obtain benzyl (8-aminooctyljcarbamate as a vellow
oil, .95 g, vield 58%. 'H NMR (300 MHz, CDCL) 6 1.31-1.50 (m, 12 H), 268 (¢, J=68 Hz,
2H), 3.16-3.22 (m, 2H), 4.78 (br s, 1H), 5.10 (s, 2H), 7.31-7.37 (m, 5H).
8-(1 H-imidazol-1-yhoctan-1-amine

HoNT NS DN
[00145] Aqueous glvoxal (40%, 0.88 mb, 6.19 mmol), ammonium acetate (0.48 g,
6.19 mmol), and aqueocus formaldehvde solution (37% w/v, 0.51 mbL, 6.19 mmol) were added 1o
benzyl {8-aminoocivlcarbamate (0 87 g, 3.12 mmol} in methanol (8 mL) The reaction was
heaied to reflux overnight then the solution was evaporated under reduced pressure. The pH was
rendered alkaline by the addition of 2N NaOH and the nuxture was extracied with DCM (100
mkL). The organic phase was dried over sodium sulfate and the hquid was evaporated under
reduced pressure. The product was obtained after column chromatography purification over
neutralized sidica gel with DCM/MeOH (100:1) as a brown oil of the protected aminoalkyl
inudazole, 0.48 g A dry 25 mL two-necked flask was charged with Pd/C (10%, 0.15 g) and the
protected amine {0.48 g, 1.45 numol) in 20 mL absolute ethano! under nitrogen. The mixture was
stirred under 1 aimosphere of hydrogen for 24 hours. The mixture was filiered and ethanol was
removed under reduced pressure to obtain the crude product which was punified by column
chromatography over silica gel with DCM/MeOH/TEA (100:15:0.1) to obtain 8-(1H-1midazol-1-
vioctan-1-amine as a vellow oil, 015 g, overall vield 25% from benzyl (8-
aminoociyijcarbamate. 'H NMR (300 MHz, CDCly3 8 1.31 (brs, 8H), 1.42-1.46 (m, 2H3, 1.76-
P85 (m 4D, 269 (4, J=6THz, 2H), 393, J=7Hz, ZH}, 691 (1, J= 1.1 Hz, 1H), 7.06 (br t,
J=09Hz IH), 747 (s, 1H).
N-{(8-(1H-imidazol-1-yvhioctypicolinimid amide
X NHN/\/\/\/\/ N':/\N
N H

|
[00146] S-(2-Naphthvimoethy}-2-pynidyl  thioinudate hydrobronude (040 g, 1.11
mmol) was added to a cooled solution of 8-(1H-imidazol-1-vl)octan-1-amine (0.1 g, 0.51 mmol}
in dry ethanoi:acetonitrile (7:3) (10 mL) in an ice bath. The reaction mixture was stirred at room
temperature for 48 hours. After the disappearance of the starting maierial, the organic solvent

was evaporated under reduced pressure to yield a crude oil. Dry ether (80 ml) was added to the
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crude material and the mixture was stirred at room temperature overnight. The precipitate was
filtered and washed with dry ether. The solid was dissolved in ethanol (2 mL); the solution was
cooled to 0 °C in an ice bath and 10% NaOH was added until the pH reached approximately 10.
The free base was extracted with ethyl acetate (3 x 25 mL). The organic layer was dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure.  The resulting
suspension was purified by column chromatography over silica gel using DCM/MeOH/TEA
{9.5:1.2:0.6) as eluent then further purified by 5 mL hexanes/diethyl ether (1:1) to yield a buff
powder, 0.085 g, 55%. 'H NMR (400 MHz, CDCly) § 1.28-1.45 (m, 8H), 1.67-1.82 (m. 4H),
320, =69 Hz 2H), 393, J=THxz 2H), 6.04 (brs, 2ZH), 691 (1, J=12Hz 1H), 706 {1, J
=1 Hz, 1H), 7.36(ddd, J; = 7.6 Hz, , =48 Hz, J;= 1.2 Hz, 1H). 7.48 (brs, 1H). 7.79 (td, J; =
T8Hz =17 1H),823(d, J=78, 1H)855{ddd, ./, =48 Hz J,=17Hz J: =095 Hz, 1H)}.
B NMR (100 MHz, CDCly) 6 2648, 27.19, 28.97, 2917, 2944, 31.04 42 55, 4700, 118.74,
120.83, 124.85, 12940, 136.89, 137.06, 147 .82, 151.49. HRMS: 300.21707 [M+ H’FE,

Example 6A: Synthesis of Unsubstituted and Certain Substituted Biphenyl Linker Anti-
Parasitic Compounds

{00147} FiG. 6A is a synthetic scheme for varnous unsubstituted and substituted
biphenyl hnker anti-parasitic compounds, which was used to produce Compounds 18a, 104, 10e,
16h, 10k, and 106 Biphenvl hinkers in these compounds were either unsubstituted or were
substituted mefa to the amidine group. Generallv, reagenis and conditions for synthesis of
compounds according to FIG. 6A included:  dibromoalkane, KoTOs, CH3CN, reflux; b)
imadarole, KoCO5, CHRON, reflux; ¢ 2-alkoxy-d-nitroiodobenzene, Pd{dppfiCl, K.CO,
DMSO, 100°C; d) SnCh.2H,0, EtOAc, reflux; e) S-(2-naphthyvimethy-2-pyridvithicimidate
hydrobronide, CH;ON/EWOH (1:3), 1t

Svnthesis of 2-{4-{4-bromobuioxy)phenyl}-4,4,5 5-tetramethyl-1, 3, 2-dioxaborofane.

{0148] Reaction of 4-(4,4,5 5-tetramethyl-1.3,2-dioxaborolan-2-yiphenol (2.00 g, 9.1
mmol), 1,4-dibromobutane (5.42 mi, 9.80 g, 45 4 mmol}, and potassium carbonate (2.5 g 182
mmoly was performed in diy acetonitrile under reflux  overnight followed by filiration and
evaporation of the filivate under reduced pressure.  Purification of the crude product was
performed by coluron chromatography on silica gel using hexane to hexane/ethyl acetate (10:1)
to afford a white solid which was further crystallized from methanol 1o vield the product as a
white crystalline sohid. Yield 2.42 g {(75%), mp = 62-64 °C, lit mp 64-66 °C.! The 'H NMR

spectrum of this material was consistent with the literature report.
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Svnthesis of 1-(4-(4-(4,4,3, 5-tetramethyi-1,3, 2-dioxaborolan-2-yijphenoxy)buiyli- 1 H-imidazole.
{00149] Reaction of 2~{4-{4-bromobuioxy phenyl}-4.4,3, S-tetramethyl-1,3,2-
dioxaborolane (1.38 g, 3.9 mamol), imidarzole (0.52 g, 7.8 mmol), and potassium carbonate (1.07
g, 7.8 mmol) was performed in dry acetonitrile under reflux overnight followed by filiration and
evaporation of the filirate under reduced pressure. Puification of the crude product was
performied by column chromatography on silica gel using DCM: MeOH (25:1) to afford a white
solid which was further crystallized from the ethyl acetate’hexane to vield the product as whate
crystalline solid. Yield 0.75 g (56%), mp=113-115 °C. 'H NMR (400 MHz, CDCL) 51.35 (s,
12H), 1.78-1.83 (m, 2H). 1.97-2.04 (m. 2H), 4.00-4.06 (m, 4H), 6.88 (d, J=6.8 Hz, 2H). 6.95 (s,
HH), 7.09 €s, 1), 7.51 (s, 1H), 7.76 (d, J= 6.8 Hz, 2H).

Yy W
N\//',"

Svmthesis of I-(4-({4"-nitro-/ i, 1 -hiphenyvl j-4-yi)oxyibutvl)- 1 H-imidazole.

{00150} 1-{4-{4-{4,4 5 5-tetramethyi-1,3,2-dioxaborolan-2-vDphenoxy Yoy 1)-1H-
imadarele (035 g, 1.02 mmol}, 4-iodonitrobenzene (035 g 1.4 wmmol), and
tetrakis(triphenviphosphinejpalladium{0) (39 mg, 0.03 mmol) were added to a three necked
flask. Degassed dry DMF (10 ml}) was addead and the flask was purged with nitrogen. Degassed
potassium carbonate {1 mL of a 2ZM agueous solution) was added and the flask was heated to
reflux overnight. The reaction mixture was filtered over celiie, then the filirate was evaporated
under reduced pressure and purified by column chromatography on silica gel using hexanes/ethyl
acetate (1:3) as the eluent fo afford the pure product as a yvellow powder, viald 0.25 ¢ (73%),
mp=113-115 °C. 'H NMR {400 MHz, CDCl3) 61 .82-1 88 (m, 2H), 2.01-2.08 (m, 2H), 4.03-4.09
(m. 4H), 6.97-7.01 (m, 3H), 7.10 (s, 1H}, 7.53-7.60 (m. 3H), 7.70 (d, J= & 8 Hz, 2H), 5.28 (4,

J=R.8 Hz, 2H).
e U Wt
\—/
Svnthesis of 4~(4-(1 H-imidazol-1-vijbutoxy)-{ 1, I'-bipheny! [-4-amine.
{00151} A wmuxture of  1-{4-((d"-mtro-[ 1,1 -biphenyl}-4d-vDoxybuty - 1H-imidazole

{0.23 ¢, 0.68 mmol) and tin chlonde dihydrate (0.77 g, 3.40 mmol) in ethvl acetate was heated at
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reflux overnight. The reaction mixture was cooled, then agueous sodium hydroxide (2N} was
added until the pH reached 1. The product was then extracted with ethvl acetate (25 mol. =« 3),
dried over anhydrous sodium sulfate, filtered over celite, and evaporated under reduced pressure
to yield the product as a buff powder which was taken directly to the next step without further
purification, vield 0.19 g (91%). 'H NMR (300 MHz, CDCL) § 1.76-1.85 (m, 2H), 1.97-2.07
(. 2H), 3.68 (brs, 21, 3.99-4.07 (m, 4H). 6.74-6.77 (m. 2H), 6.91-6.95 {1, 3H), 7.09 (s, 1H),
7.35-7.38 {m. 2H), 7.45-7.47 (m, 2H), 7.52 (s, 1H).

N/;,N/\/VO v

Svuthesis of N-(4-{4-(1 H-imidazol-1-ylibutoxyj-[ 1, I"-hiphenyl[-4-ylipicolinimidamide.

100152} S-(2-Naphthylmethyi}-2-pvidyl thioimidate hyvdrobromide (0.40 g, 1.1 mmol)
was added 1o a cooled solution of 4'-{4-(1H-imidazol-1-vDbutoxy)-{ 1, 1'-biphenyl]-4-amine {0.15
g, 0.48 mumol) i dry ethanol: acetonitrile (7:3, 10 ml) in an ice bath. The reaction nuxture was
stirred at room temperature for 48 hours. After the disappearance of the starting material, the
organic solvent was evaporated under reduced pressure fo vield the product as an ol Dy
diethyl ether (100 mL) was added to the crude matenial and the muxiure was stirred at room
temperature overnight. The precipitate was filtered and washed with dry diethyi ether. The solid
was dissolved in ethanol {2 mL), then the solution was cooled 10 0 °C in an ice bath and 10%
NaOH was added until pH reached approximately 10, The free base was exiracted with ethyl
acetate (3 x 25 mL). The organic laver was dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure.  The resulting suspension was purified by column
chromatography over silica gel (neutralized bv washing with tnmethylanmine) using
DCM:MeOH (200:1 to 50:1) as eluent then further purified by crystallization from hexanes/ethyl
acetate to vield yellow crystals, 0.135 g (68%). 'H NMR (300 MHz, CDCL) § 1.80-1.87 (m,
2H), 1.99-2.06 (m, 2H), 4.02-4.09 (m, 4H), 5.91 (brs, 2H). 6.95-6.98 (m, 3H), 7.08-7.10 (m, 3H),
7.42 (ddd, J=1.1 Hz, J=4.9 Hz, J7=6.8 Hz, 1H), 7.53-7.60 (m, SH), 7.84 (td, J;=1.7 Hz, J-=7.7
Hz, 1H), §.46 (d, J=7.7 Hz. 1H), 8.59-8.61 (m, 1H).

Example 6B: Synthesis of Certain Substituted Biphenyl Linker Anti-Parasitic Compounds
{00153} FiG. 6B is a svnthetic scheme for various substituted biphenyl linker anti-
parasitic compounds, which was used to produce Compounds 18k, 10¢, 131, and 18§, Biphenyl
linkers in these compounds were substituted orfhio to the anidine group. Generally, reagents and
conditions for synthesis of compounds according to FiG., 6B included: a) dibromoalkane,

KoCO;, CH;CON, reflux; by imudazole, K COs, CHCON, reflux; ¢ 23ab, PAIP(Ph): |y, K.COs,
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DMF, 100°C; &) SnCh.2H0, EiCAc, reflux; ¢} S-(Z-naphthyvimethyly-2-pyridyithicimudate
hydrobromide, CH;CN/EIOH (1:3), 1.

Example 6C: Synthesis of Certain Substituted Biphenyl Linker Anti-Parasitic Compounds
[00154] FiG. 6C 1s a synthetic scheme for various substifited biphenyl linker anti-
parasitic compounds, which was used to produce Compounds 16f and 18m. Biphenyl linkers in
these compounds were substitited mera to the alkoxy linking group. Generally, reagents and
conditions for synthesis of compounds according to FiG. 6C included: a) TsCl, K,COs, acetone,
reflux; b} Mel, K;C0;, sealed tube, CH;CN, reflux; ¢} bis(pinocolatoydiboron, Pd{dppH(Cl,,
AcOK: d} 4-nitro-iodobenzene, Pd{dppHCl,, dimethoxyethane/DMF/water (7:3:1), reflux; e) ag
WNaOH, EtOH/DMSO; ) 1 4-dibromobutane or 1,6-dibromohexane, K,C0;, CH3CN, reflux; g)
imadarole, KoCOs, CHsCN, reflux; h) SnChL.2HL0, EtQAc, reflux; 1) 5-(2-naphthylmethyl}-2-
pyndylthioinudate hvdrobromude, CHCN/EtOH (1:3), 1t

Example 6D Synthesis of Certain Substituted Biphenyl Linker Anti-Parasitic Compounds
[00155] FiIG. 6D 15 a synthetic scheme for various substituted biphenyl linker anti-
parasitic compounds, which was used to produce Compounds 18g and 18n. Biphenyl linkers in
these compounds were substituted orfio to the alkoxy linking group. Generally, reagents and
conditions for synthesis of compounds according to FiG. 6B included: a) Ts(l, acetonitrile,
KoCGs, reflux ; b) Bis{pinacolatoydiboron, Pd{dppHiCl,, AcOK, dioxane, 100°C; ¢} 1-lodo-4-
nitrobenzene, PA[P(Ph): ]y or Pd{dppHiCl, K CO;5, DME DMFEH,O (7:3:131,100°C; d) ag NaOH,
EtOH/DMSO; ) dibromoalkane. acetonitrile, K,COs, reflux; £} Imidazole, KyCO;. reflux; g)
SnCh.2H,0, ethyl acetate, reflux; h} S-(Z-naphthyimethyl)-2-pyridylthioimidate hydrobromide,
CHON/EIOH (1:3), 1t

Example 7A: Synthesis of Phenyl-Piperazinyl-Phenyl Linker Anti-Parasitic Compounds
[00156] FiG. 7A 15 a synthetic scheme for various phenvi-piperazinyl-phenyl linker
anti-parasitic compounds, which was used to produce Compounds i1a-11d. Generally, reagents
and conditions for synthesis of compounds according to FIG. 7A mcluded: a) NMP, DIPEA, 4-
chloronitrobenzene; b) a.w-dihaloalkane, KoCOs:, acetone or Cs,C0;, DMF; ¢y inudazole or
1.2 4-triazole, Cs,CO;, DMF:. d) PA/C, H, EiDAcMeOH: ey S-(Z-naphthylmethvi-2-
pyridyvithioimidate hydrobromide, CH;CN/EIOH.

Example 7B: Synthesis of Phenyi-Piperazinyi Linker Anti-Parasitic Compounds

(00157} FiG. 7B is a synthetic scheme for various phenvi-piperazinyl linker anti-
parasitic compounds, e.g., corresponding to Structural Formula (XVEE). Generally, reagents and
conditions for synthesis of compounds according to FIG. 7B included:  a) KoCO/DMSO; b)

a,0-dithaloalkane, eg, 1.6-dibromohexane, (s;C(O;, DMF, ¢) inmdazole, Cs,C0;, DMF; d)
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PA/C, Ha:, MeOH; e) 5-(2-naphthylmethyvi-2-pyridylthioimidate hydrobromide, CHRON/EWOH.
The synthesis of Compound 12a, N-{(4-(4-(6-(1H~inudazol-1-yYhexyDpiperazin-1-
viphenypicolinimidanude, is representative, as follows.

Step I: Synthesis of 1-(4-nitropheny))piperazine

02N4< >—N N—H
_/

{00158] 4-Chioro nitrobenvene (1.57 g, 10 mmol, 1 eq), miperazine {(1.12 g, 13 mmol,
1.3 eq), potassium carbonate (2.07 g, 15 mmol, 1.5 eq) and tetra-N-buty] ammonium iodide (37
mg, 0.1 mmol, 0.01 eq) were added to a reaction vessel, then dimethy! sulfoxide (25 mL) was
added under an inert atmosphere. The resulting suspension was heated at 120 °C overnight. The
reaction mixture was cooled, diluted with ice water {40 mL), nevtralized with 2N hydrochioric
acid and then extracted with ethyl acetate (30 mL x 3). The combined organic layers were
washed with water and brine, dried over Na;SOy, and concentrated under reduced pressure to
yield 1-(d-nitrophenyl)piperazine as a vellow solid. Yield = 1.65 g, 80%:; 'H NMR (CDCl;. 500
MHz) § 3.01-3.03 (1, 4H, J = 5.15 Hz), 3.37-3.39 (1, 4H, 4.9 Hz), 6.81-6.82 (d, 2T, J = 9.3 Hz),
§.11-8.13(d, 2H. /=935 Hz}.

Step 2: Synthesis of 1-{6-bromohexyl)-4-(4-nitrophenyl)piperaziy
Step 2: Synthesis of 1-{6-bromohexyl)-4-{4-nitrophenyl)piperazine

Br
J_/_f
02N4< >—N N
\__/

{00159 i -{4-nitrophenylpiperazine {1.03 g, S mmol, 1 eq), cesium carbonate (25
mmol, 8.14 g, 5 eq) were added to dry dimethylformamide (25 ml) under an inert atmosphere.
To the resulting suspension was added 1,6-dibromohexane (1.02 ml., 6.6 mmol, 1.3 eq) and the
mixture was stirred at room temperature for 24 hours. On completion, the reaction mixture was
extracted with ethyl acetate (25 mbL x 2). The combined organic layers were evaporated under
reduced pressure and the resulting liquid was purified by column chromatography using ethyl
acetate’hexane (1:1}) as an eluent. Fractions containing the main product were combined and
evaporated to dryness to give I-(6-bromochexyl}-4-{(4d-nitrophenylipiperazine as a vellow sohd.
Yield = 550 mg, 30%: 'H NMR (CDClL, 500 MHz) & 1.37-1.42 (m, 2H). 1.47-1.59 (. 4H),
1.87-1.93 (m, 2H), 2.40-2.43 (1, 2H, J= 7.45 Hz), 2.59-2.61 (1, 4H, J = 5.2 Hz), 3.43-3.46 (m,
6H), 6.83-6.86 (d, ZH, J =94 Hx), 8.13-8.15(d, 2H. /=94 Hz).

Step 30 Syathesis of 1-(6-(1H-imidazol-1-yhhexyl)-4-(4-nitrophenvi)piperazine
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N ~
\=N
OZN—< >—N N
—/
{00160} 1-{6-bromohexyl-4-{(4-nitropheny piperazine (518 mg, 1.4 mmol, 1 eqg), /H-

imadazole (143 mg, 2.1 mmol, 1.5 eq) and cesnmmn carbonate (2.28 g, 7 mmol, 5 eg) were added
to a reaction vessel, then dry dimethyiformamide (10 ml) was added. The reaction was stured
at 50 °C for 6 hours, then the reaction mixture was cooled to rt, diluted with water and extracted
with ethyl acetate. The combined organic layers were concentrated under reduced pressure and
purified by column chromatography using dichloromethane/methanol (95:3) as an eluent.
Fractions containing the product were combined and evaporated to drvness fo give 1-(6-(1H-
imidazol-1-yDhexyl}-4-(4-nitrophenypiperazine as a brown solid.  Yield = 365 mg, 73%: 'H
NMR (CDCls, 500 MHZ) 6 1.31-1 37 (m, 4H), 148-1.54 (m, 2H), 1.76-1.82 (m, 2H)}, 2.34-2 37
(4, 2H, J=7.4 Hz), 2.55-2.57 (1. 4H, J = 5.0 Hz), 3.41-3.43 (4, 40, J = 4.9 Hz), 3.92-3.95(¢, 2H, J
= 7.0 Hz), 6.80-6.82 (d, 2H, J= 9.3 Hz), 6.9 (s, 1H), 7.05 (s, 1H), 7.46 (s, 1H), 8.10-8.12 (d, 2H,
J =925 Haz).

Step 40 4-(4-(6-(1 H-imidazol-1-ylhhexypiperazin-1-yl)aniline

'S
\=N
4/_/_/7
H2N—< >—N N
\_/

[00161] 1-{(6-(1H~-imudazol-1-yDhexyl}-d-(4-nitrophenyDpiperazine (322 mg, 0.9
mmol} was dissolved in methanol (30 mbL) This mixture was hydrogenated at 40-45 psi using
10% Pd/C as catalyst for 30 mumutes in a Parr hvdrogenator. The reaction mixture was filtered
through a bed of celite and the filtrate was concentraled to give 4-(4-(6-(1H-imidazol-1-
yhexyDpiperazin-1-yDaniline as a brown solid.  Yield = 275 mg, 93%; 'H NMR (DMSO-ds,
500 MHz) § 1.18-1.24 (m, 2H), 1.26-1.32 (m, 2H), 1.39-1.43 (m, 2H), 1.67-1.73 (m, 2H), 2.25-
227 (¢, 2H, J =72 Hz), 2.44 (s, 4H), 2.88 (5, 4H), 3.92-3.95 (¢, 2H, J = 7.0 Hz)}, 4.53 (s, 2H),
6.47-6.49 (d, 2H, J= 855 Hz), 6.66-6.68 {d, 2H, J = 8.65 Hz), 6.87 (5, 1H), 7.15 (s, 1H), 7.6 (5,
IH).

Step 5: Synthesis of N-{4-{4-(6-(1 H-imidazol- I-yl}hexyl)piperazin-1-vijphenyl} picolinimidamide

N

JNNH \=N
CH@ﬁ
=/ HN N N
\__/
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[00162] S-(Z-Naphthylmethyl}-2-pynidyi thicimidate hydrobromde (216 mg, 6 mmol,
1.2 eq) was added to an ice cooled solution of 4-(4-(6-(1H-imudazol-1-yhhexypiperazin-1-
vianiline (164 mg, 0.5 mmol, 1 eq) in a mixture of absolute ethanol/acetonitrile {2:1, 15mL).
The resulting mixture was stirred at room temperature for 24 hours. Upon completion of the
reaction indicated by TLC, the solvent was evaporated under reduced pressure. To the crude
residue was then added dry diethy! ether {30 mlL} and the resulting suspension was stirred at
room temperature for 6 hows. The separated solid was filtered and washed with dry diethyl
ether. The solid was suspended in cold ethanol (5 mL); the mixture was placed in an ice bath
and 10% NaOH was added until a pH of approximately 10 was reached. The free base was
extracted with ethyl acetate {3 » 20 mL} The organic laver was washed with distilled water,
dried over anhvdrous KoCOs, filtered and concentrated under reduced pressure. Diry hexane was
added to the resulting suspension, which was then filtered to provide the product as the free base
{light vellow solid). Yield = 108 mg, 50%; 'H NMR (DMSO-d,, 500 MHZ) & 1.20-1.26 (m,
2H), 1.28-1.34 (m, 2H), 1.41-1.46 (m, 2H), 1.68-1.74 (m, 2H), 2.27-2.30 (1, 2H, J = 7.2 Hz), 2.49
(s, 4H). 3.07 (s, 4H), 3.93-3.96 (1, 2H, J = 7.1 Hz), 6.36-6.66 (br, 2H), 6.83-6.84 (d, 2H, J = 8.7
Hz), 6.88 (s, 1H), 6.92-6.94 (d, 2H, J= 8.8 Hz). 7.16 (s, 1H), 7.52-7.54 (dd. 1H, /=535, 7.1 H2),
7.61 (s, 1H), 791-794 (td, 1H, /= 1.6, 7.8 Hz), 8.29-830(d, 1H, /=79 Hz}, 8.61-8.62 (d, 1H,
J = 4.5 Hz), BC NMR (DMSO-d,, 125 MHz) § 26.32, 26.63, 26.87, 31.01, 46.35, 49.49, 53.40,
58.25, 11710, 119.70, 121.57, 122.60, 125.66, 128.74, 137.48, 137.66, 142.34, 14715, 148.41,
151.94, 152.23; HRMS exact mass of (M+H)', 432.2876 amu; observed mass of (M+H)',
4322878 amu

Esxample 8: Biological Evaluation of Anti-Parasitic Compounds

[00163] Selected compounds were tested to determune 1Cs values in an intracellular
amastigote assay (L. donovani) as follows. Peritoneal macrophages were obtained from CD-1
mice, plated at a density of 107 cells/well in 96-well plates in macrophage medium (RPMI 1640
with Glutarax (Life Technologies, pH=7.4 containing 100 pg/ml streptonmyein, 100 U/mkL
penicitlin, and 10% heat-inactivated fetal bovine serum), and permitted to adhere overnight.
Macrophages were then infected with /. donovani LVE2 strain promastigotes at a ratio of five
parasites per macrophage.  Afler overnight incubation at 37°C in a humidified atmosphere
containing 5% CQ,, samples were washed with Hank’s Balanced Salt Solution (HBSS), then
compounds or the standard drug amphotericin B were added in two-fold senal dilutions in
macrophage medium at a final volume of 200 pL/well. Plates were then incubated for three days
under the conditions described previously.  After incubation, mednmm was removed and cells

were washed with HBSS. Fixation of the cells was then performed using 10% formalin for 30
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min. Cells were then permeabilized with 0.1% Triton in PBS, washed with PBS, and stained
with 1 pg/mol. DAPI for 10 min. Plates were then read using an Array Scan XTI High Content
Platform imaging system {Life Technologies) to quantitate macrophage nuclei and parasite
nuclet. The data obtained was used to determine the number of parasites per macrophage in each
well. A four-parameter curve function available in KaleidaGraph software was then emploved {o

calculate ICsy values.

[00164] Selected compounds were tested to determine 15 values in an intracellular
amastigote assay (L. donovaniy and CCsy values against J774 macrophages, and selectivity was
calculated as CCse/ICs as follows. The cytotoxicity of the compounds on J774 macrophages
was evaluated as cutlined by Zhu et al. See Zhuy, et al., Bivorg. Med. Chem. {2015} 23. 5182-
5189, the entirety of which is mcorporated herein by reference.  J774 macrophages were
maintained in RPMI + GlutaMAX medium (Gibeo) supplemented with 100 U/mL penicillin, 100
ug/mL strepiomycin, and 10% fetal bovine serum at 37°C in a humidified 5% €0, atmosphere.
Macrophages were plated at a density of § » 107 cells/well in the presence or absence of serial
dilutions of test compounds, vehicle, or podophyllotoxin standard drug in a final volure of 100
ubl. After 72 hour incubation under the same conditions described above, 25 pl of 2 5 mg/mL
solution of 3-{4 5-dimethvithiazol-2-y1}-2,5-diphenyltetrazolium bromide (MTT) in water was
added (o each well, and the plaie was retumed 1o the mcubator for 2 hr. A solution of 10% 5DS
{(w/v} 1n 50% aqueous dimethyvlformamide was then added to each well, then the plate was
incubated for an additional 3-5 h at 37°C. Optical densities for each well were then read at 570
nm using a SpectraMax Plus macroplate reader and CCse values were determined as mentioned in

the protocol for the intracellular L. amazonensis assay.

[00165] The above procedures for J774 macrophages were used with slight modification
for HepG2 hepatocellular carcinoma cells. HepG2 cells (5x10° in 100 gLy were incubated for 72
b with serial difutions of compounds i DMEM medium supplemented with 10% fetal bovine
serum and antibiotics. MTT was added and absorbance at 370 nm provided an assessment of
cell proliferation versus compound concentration, from which CCsy against HepG2Z was
determined in uM. See Werbovetr, K., et al. fnz. J. Toxicol 2614, 33, 282-287, the entirety of

which is incorporated herein by reference.

Example 8A: Biological Evaluation of Phenoxyalkyl Linker Compounds Against L.

Bonovani, CCsy values against J774 macrophages, and CCs values against HepG2
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[00166] FIG. 84 is a table demonstrating ICs values i uM against intracelludar L.
donovari, CCsq values against J774 macrophages, and CCsy values against HepG2 for various
phenoxyaltkyl linker compounds compared to amphotericin B, podophyllotoxin, and doxorubicin,
Example 8B: Biological Evaluation of Diphenylfuran Alkyloxy Linker Compounds

[00167] FIG. 8B 1s a table demonstrating ICs values in pM against intracellular 7.
donovani, and CCsy values against J774 macrophages, and Hep(G2 for various diphenvituran
linker compounds compared to amphotericin B, podophyllotoxin, and doxorubicin.

Example 8C: Biological Evaluation of Biphenyl Alkyloxy Linker Compounds Against L.
Donovani, CCs values against J774 macrophages, and CCs values against HepG2

[00168] FIG. BC is a table demonsirating 1Cs values in M against intracellular 7.
donovani, CCsy values against 774 macrophages, and CCse values agamnst HepG2 for various
bipheny! linker compounds compared to amphotericin B, podophyllotosin, and doxorubicin.
Example 8F: Biological Evaluation of Phenyl-Piperazinyl-Phenyl Alkyloxy Linker
{Compounds Against L. donovani, and CCs values against J774 macrephages

[00169] FIG. 8D is a table demonstrating 1Cs values in M against mtraceliular L.
donovari and CCso values against J774 macrophages for various phenvi-piperazinyi-phenyl

linker compounds compared to amphotericin B and podophyilotoxin,

DEFINITIONS
{00170} As used herein, an “alkyl” group includes straight chaim and branched chain

alkyl groups having a number of carbon atoms, for example, from 1 t0 12, 110 10, 1 t0 8, 1 10 6,
or 1 t0 4. Examples of siraight chain alkyl groups include groups such as methyl, ethvl, #-
propvl, #-butvl, n-pentyl, n-hexyl, rn-heptyl, and n-octyl groups. Exaraples of branched alkyl
groups include, eg., isopropyl, 1so-butyl, sec-butyl, terf-butyl, neopentyvl, isopentyl, and 2,2-
dimethyvipropyl groups. Representative substituted alky!l groups may be substituted one or more
times with substituents such as those listed above and include, without limitation, halcalkyl (e g.,
trifluoromethyl), hydroxyalkyl, thicalkyl, amuncalkyl, alkvlaminocalkyl, dialkylaminocalkyl,
alkoxvalkvl, or carboxvalkvl

100171} As used herein, an “alkoxy™ group means a hydroxyl group (-OH) i which
the bond to the hydrogen atom is replaced by a bond to a carbon atom of a substituted or
unsubstitited alkyl group. Examples of linear alkoxy groups include, e g.. methoxy, ethoxy,
propoxy, butoxy, pentoxy, or hexoxy. HFxamples of branched alkoxy groups include, eg,
1sopropoxy, sec-butoxy, ferf-butoxy, isopentoxy, or isohexoxy. Examples of cycloalkoxy groups
mclude, ez, cyclopropyloxy, cyclobuivlioxy, cyclopentyloxy, or cyclohexyloxy. Representative

substituted alkoxy groups may be substituted one or more times.
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{00172} As used herein, a “cycloalkyl” group includes mono-, bi- or tricychc alkyl
groups having from 3 to 12 carbon atoms in each ring, for example, 310 10,3 t0 8, or 3t0 4. 5,
or 6 carbon atoms. Exemplary monocyclic cycloalky! groups include, for example, cvclopropyl,
cyclobutvi, cvclopentyi, cvelohexyl, cycloheptvl, cyclooctyl, and the like. A cycloalkyl group
may have a number of ring carbons of from 3108, 3t0 7,3 106, or 3t0 5. Bi- and tricyclic ring
systems may include both bridged cycloalkyl groups and fused rings, e g.. bicvcio{2.1.1]hexane,
adamantyl, decalinyl, and the like. Substituted cycloatkvl groups may be subsiituted one or more
times with non-hydrogen and non-carbon groups as defined above. Substitited cycloalkyl
groups may include rings that may be substituted with straight or branched chain alkyvl groups.
Representative substituted cycloalky!l groups mav be mono-substituted or substitited more than
once, for example, 2.2-, 2.3-, 2,4~ 2.5- or 2 6-disubstituted cyclohexyl groups.

{00173] As used herein, a “heterocycloalkyl” ring means an aromatic carboeychic ring
having one or more ring carbon atoms replaced by a heteroatom {e.g.. N, §, or O). Non-aromatic
heterocyclic rings may have 4, 5, 6, 7, or 8 ring atoms. Examples include oxazolinyl, thiazolinyi,
oxazohdinyl, thiazohidinyl, tetrahvdrofuranyl, tetrahyrothiophenyl, morpholino, thiomorpholino,
pyirolidinyl, piperazinyl, piperidinyl, thiazolidinyl, and the like.

[00174] As used herein, an “ary!” group means a carbocyclic aromatic hydrocarbon
Arvi groups herein include monocyelic, bicyclic and tnicyclic ring systems. Aryl groups include,
e.g., phenyl, azulenvl, heptalenyl, biphenvl fluorenvl, phenanthrenyl, anthracenvl, indenvl,
indanyl, pentalenvl, naphthvl, and the like, for example, phenyl, biphenyl, and naphthvl  Arvl
groups may contain, for example, 6 to 14, 6 to 12, or 6 to 10 nng carbons. In some
embodiments, the aryl groups may be phenyvl or naphthyl.  Although the phrase “ary] groups”
may include groups contairing fused rings, such as fused aromatic-aliphatic ring systems (e.g.,
indany!l or tetrahydronaphthyl}, an “arvl” group, unless stated to be substituted or optionally
substituted, does not include aryl groups that have other groups, such as alkyl or halo groups,
bonded to one of the ring members. Rather, groups such as iolyl may be referred o as
substituted arvl groups. Representative substituted ary] groups mav be mono-substituted or
substituted more than once. For example, monosubstituted aryl groups include, but are not
himited to, 2-, 3~, 4~, 5-, or G-substituled phenyl or naphthyl, which may be substituted with
substituents such as those above.

[00175] As used herein, an “aralkyl” group means an alky! group in which a hydrogen
or carbon bond of an alkyl group is replaced with a bond to an aryi group. In some
embodiments, aralkyl groups contain 7 to 16 carbon atoms, 7 to 14 carbon atoms, or 7 to 10

carbon atoms. Substituted aralkyl groups may be substituted at the alkyl, the arvl or both the
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alkyl and arvl portions of the group. Representative aralky! groups mclude, e.g., bensvl and
phenethyl groups and fused (cvcloalkvlarvhalkyl groups such as 4-mdanylethvl  Substituted
aralkyls may be substituted one or more times.

[00176] As used herein, a “heteroaryl” group means a carbocyclic aromatic ring
having one or more ring carbon atoms replaced by a heteroatom {(e.g, N, S, or ). Heterpcaryl
groups may include, for example, imidazolyl, isoimidazolyl, thienvi, furanvl, pyridyl, pyrimidyl,
pyranyl, pyrazolyl, pyrrolvl, pyrazinyl, thiazovl, isothiazolyl, oxazolvl, isooxazolyl, 1,2,3-
trizaolyl, 1,2 4-tnazolyl, and tetrazolyl.  Heteroaryl groups also include fused pobveyclic
aromatic ring systems in which a carbocyclic aromatic ring or heteroaryvl ring 15 fused to one or
more other hetercaryl rings. Examples of heteroarvl groups may include benzothienvi,
benzofuranyl, indolvl, quinolinyl, benzothiazolyl, benzoisothiazolyl, benzooxazolyi,
benzotsooxazolyl, benzimidazolyl, quinolinyl, isoquinolinyl and isomdolvl.

{00177} Groups described herein having two or more points of attachment {eg.,
divalent, irivaleni, or polyvalent) within the compound of the technology may be designated by
use of the suffix, “ene.” For example, divalent alkyl groups may be alkylene groups, divalent
aryl groups may be arylene groups, divalent heteroarvl groups may be heteroarviene groups, and
so forth. In particular, certain polvmers may be described by use of the suffix “ene” in
conjunction with a term describing the poly mer repeat unit.

[00178] As used herein, “optionally substituted” means a cornpound or group that may
be substituted or unsubstituted. The term “substituted” refers to an organic group {(e.g., an alkyl
group) in which one or more bonds to a hydrogen atom contained therein may be replaced by a
bond 1o non-hydrogen or non-carbon atoms. Substituted groups also include groups in which
one or more bonds to a carbon or hvdrogen atom may be replaced by one or more bonds,
mcluding double or triple bonds, to a hetercatom. A substituted group may be substituted with
one or more substituents, unless otherwise specified. In some embodiments, a subsiituted group
may be substituted with 1, 2, 3, 4, 5, or 6 substituents.

[060179] Exaroples of substituent groups include: halogens (F, Cl, Br, and 1) hydroxyl;
alkoxy, alkenoxy, aryloxy, aralkyloxy, heterocyclooxy, and heterocycloatkoxy groups; carbonyls
{oxo}, carboxyls; esters; urethanes; oximes: hydroxylamines; alkoxyamines; aralkoxyamines;
thiols; sulfides; sulfoxides; sulfones; sulfonvls; sulfonamides; amines; N-oxides; hydrazines;
hydrazides; hvdrazones; arzides, amudes; wreas, amidines, guanidings, enanunes; imides;
isocyanates; isothiocyanates; cvanates; thiocvanates, imines; nitro groups: or nitriles. A “per’-
substituted compound or group 13 a compound or group having all or substantially all

substitutable positions substituted with the indicated substituent.  For example, 1.6-duodo
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perfluoro hexane indicates a compound of formuda CeF ok, where all the substitutable hvdrogens
have been replaced with fluorine atoros.

(00180} In particular, suitable substituents for an alkvl group, cycloalkyl group,
heterocycloalkyl group, or an arvl group ring carbon are those which do not substantially
interfere with the activity of the disclosed compounds. Examples include ~-OH, halogen (-Br, -, -
I and -F). -OR®, -O(COR™, (COIR®, -CN. -NO,. -COH. -SO3H, -NH,, -NHR®, -NR*RF), -
(COYOR", (COMH, -CONH,, -CONHR”, -CON(R"R®), -NHCOR”, -NRCOR”, -NHCONH,, -

NH,, -CENH-NHRY, -CENH-NRMRD), -CENRO-NH,, -CENRY-NHRS, -CENRY-
NERRPY, -NH-C(=NH)}-NH,, -NH-CENH-NHRY, -NH-CENHRNERART), -NH-CENRY-
NH,, -NH-C(=NR-NHR", -NH-CE=NRO-NRR®), NRPH-C(=NH)}-NH,, -NR"-C(=NH)-
NHR®, -NRP-CENHRNER'RD),  -NRP-CENRONH,,  -NRP-CENRO-NHR,  -NRP-
CENRO-NERMRP), -NHNH,, -NHNHR”®, -NHR*R®. -SO,NH,, -SO,NHR", -SO,NR*R", -
CH=CHR"”, -CH=CR*R", -CR"=CRR®, -CR“=CHR", -CR“=CR® -CCR", -SH, -SOR" (K is
0, 1 or 2) and -NH-C(=NH)}-NH,. Each of R™RY may independently be an aliphatic,
substituted aliphatic, benzvl, substituted benzyl, aryl or substituted arvl group, for example, an
alkyl, benzylic or arvl group. Further, -NR*RP, taken together, may form a substituted or
wnsubstituted non-aromatic heterocyclic group. A non-aromatic heterocyclic group, benzylic
group or aryl group may also have an aliphatic or substituled aliphatic group as a substituent. A
substituted aliphatic group may also have a non-aromatic heterocyclic ning, a substituted a non-
aromatic heterocyclic ring, benzyl, substituted benzyl, aryl or substituted arvl group as a
substituent. A substituted ahphatic, non-aromatic heterocyclic group, substituted arvi, or
substituted benzyl group mav have more than one substituent.

(00181} Suitable substituents for heteroaryl ring nitrogen atoms having three covalent
bonds to other heteroarvi ring atoms may include ~OH and C; to Cyo alkoxy.  Substituted
heteroarvl ring nitrogen atoms that have three covalent bonds to other heteroary] ring atoms are
positively charged, which may be balanced by counteranions such as chlonde, bromide, formate,
acetate and the like. Examples of other suitable counteranions may inchide counteranions found
i the described pharmacologically acceptable salts.

[00182] Suitable substituents for heteroarvl ring nitrogen atoms having two covalent
bonds to other heteroarvi ring atoms mclude alkyl, substituted alkyl (ncluding haloalkyl),
phenyl, substituted phenvl, -S(Oh-(alkyl), -S{(O)p-NH{alkyl), —~S(QG)-NH{alkvi),, and the like.
[00183] Also included are pharmaceutically acceptable salts of the compounds

described herein. Compounds disclosed herein that possess a sufficiently basic functional group
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may react with any of a number of organic or inorganic acids to form a salt.  Likewise,
compounds disclosed herein that possess a sufficiently acidic functional group may react with
any of a number of organic or inorganic bases to form a salt. Acids commonly emploved to form
acid addition salts from compounds with basic groups may include inorganic actds such as
hydrochloric acid, hvdrobromic acid, hvdrotodic acid, sulfuric acid, phosphoric acid, and the
like, and organic acids such as p-toluenesulfonic acid, methanesulfonic acid, oxalic acid, p-
bromophenvi-sulfonic acid, carbonic acid, succinic acid, cifric acid, benzoic acid, acetic acid,
and the ke, Examples of such salts may include the sulfate, pyrosuifate, bisulfate, sulfite,
bisulfite, phosphate, monohydrogenphosphate,  dihvdrogenphosphate,  metaphosphate,
pyrophosphate, chloride, bromide, i1odide, acetate, propionate, decanoate, caprvlate, acrvlate,
formate, isobutyrate, caproate, heptanoate, propiolate, oxalate, malonate, succinate, suberate,
sehacate, fumarate, maleate, buiyne-1,4-dioate, hexyne-1,6-dioate, benzoate, chliorobenroate,
methvibenzoate, dinitrobenzoate, hydroxybenzoate, methoxybenzoate, phthalate, sulfonate,
xylenesulfonate, phenylacetate, phenylpropionate, phenylbutyrate, citrate, lactate, gamma-
hydroxybutyrate, glyeolate, tartrate, methanesulfonate, propanesulfonate, naphthalene-1-
sulfonate, naphthalene-2-sulfonate, mandelate, and the like. Base addition salts include those
derived from inorganic bases, such as ammonium or alkali or alkaline earth metal hydroxides,
carbonates, bicarbonates, and the like. Such bases useful in preparing the salts of the described
compounds may include sodium hydroxide, potassium hydroxide, ammonium hydroxide,
potassium carbonate, and the hike

{00184} An “effective amount” 1s the quantity of compound in which a beneficial
clinical outcome may be achieved when the compound is administered to a subject suffening
froma the described parasite. A “beneficial clinical outcome™ may include one or more of a
reduction in number of parasites in a subject; a reduction in the rate of parasite growth in a
subject; a reduction in parasite consumption of a subject’s bodily resources; a reduction in
biomarkers, toxings, proteins, peptides, and other biomolecules associated with infection of the
subject by the parasite; a reduction in inflaramatory, allergic, toxic, disfigurement, or other
effects on the subject by the parasite; a reduction i the severity of the symptoms associated with
the parasite and/or an increase i the longevity or health of the subject compared with the
absence of the treatment.

[00185] The precise amount of compound admunistered to a subject may depend on
the species, lifecycle, of the parasitical imfection. The precise amount of compound administered
to a subject may also depend on the characteristics of the subject, such as general health, age,

sex, bodv weight and tolerance to drugs. A skilled artisan may determine appropriate dosages
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depending on these and other factors. Effective amounts of the disclosed compounds typically
range between about 1 mg/nun’ per day and about 10 grams/mmt® per day, and preferably
between 10 mg/mm’” per day and about 5 grams/mm’.

{00186} The disclosed compounds and pharmaceutical compositions may be
admanistered by any suitable route, mcluding, for example, orally 1o tablets, pills, gelcaps,
lozenges, or suspensions; by parenteral administration. Parenteral adminisiration can include,
for example, systemic adminisiration, such as by intramuscular, iniravenous, subcutaneous, or
miraperitoneal injection. The compounds may also be administered, for example, orally {e.g.,
dietary); topically, in the form of creams, sprays, patches, and the hike; by inhalation {e.g.,
intrabronchial, intranasal, or oral inhalation of an aerosol formulation, by intranasal drops, and
the like); via absorption through mucus membranes (e.g., tissues such as oral, nasal, recial,
vaginal, and the like) via, for example, creams, lozenges, sprays, drops, supposiiories, and the
like}); depot preparations; coatings on sutures, handages, medical devices, and the like. In some
embodiments, oral or parenteral administration are exemplary modes of administration. The
disclosed compounds may be admuinistered to the subject in conjunction with an accepiable
pharmaceutical carrier as part of a pharmaceutical composition for freatment of mnfection by the
described parasite. Formulation of the compound to be administered may vary according to the

route and vehicle of administration selected (e.g.,

solution for injection, capsuie or tablet for
mgestion, and the like). Suitable pharmaceutical carriers may contain inert ingredients that do
not interact with the described compound. Standard pharmaceutical formulation techniques may
be emploved, such as those described in Remingion's Pharmaceutical Sciences, 22" ed., Mack
Publishing Comwpany, Easton, PA, 2012, Suitable pharmaceutical carriers for parenteral
administration may include, for example, sterile water, physiological saline, bacteriostatic saline
{e.g.. saline containing about 0.9% mg/ml benzyl alcohol, and the like), phosphate-buffered
saling, Hank's solution, Ringer's-lactate and the like. Methods for encapsulating compositions
(such as n a coating of hard gelatin or cyclodextring or tableting compositions are known in the
art (Baker, et al., “Controlled Release of Biclogical Active Agents,” John Wiley and Sons, New
York, 1986},

100187} A “subject” may be any arumal subject to infection by the described parasiies,
e.g., the subject may be a mammal, bird, marsupial, fish, or amphibian. For example, the subject
may be a mammal, such as a human. The subject may also be a domestic or wild animal in need
of veterinary treatment, e.g., companion animals {e.g., dogs, cats, and the like), farm animals
{e.g., cows, sheep, pigs, horses, and the like), laboratory animals {(e.g., rals, mice, guinea pigs,

and the like), birds, fish, marsupials, and the like.
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100183} To the extent that the term “includes” or “including” is used in the
specification or the claims, it is intended 1o be inclusive in a mamner sinular to the term
“comprising” as that term is interpreted when emploved as a transitional word in a claim,
Furthermore, 1o the exient that the term “or” 1s employed {e.g., A or B} it is infended to mean “A
or B or both.” When the applicants intend to indicate “only A or B but not both™ then the term
“only A or B but not both” will be employved. Thus, use of the term “or” herein is the inclusive,
and not the exclusive use. See Bryan A. Garner, A Dictionary of Modern Legal Usage 624 (2d.
Ed. 19935). Also, to the extent that the terms “in” or “into” are used in the specification or the
claims, 1t is mtended 1o additionally mean “on” or “onto.” To the extent that the term
“selectively™ is used in the specification or the claims, it is intended to refer to a condition of a
component wherein a user of the apparatus may activaie or deactivate the feature or function of
the component as 15 necessary or desired in use of the apparatus. To the extent that the term
“operatively conmected” is used in the specification or the claims, 1t is infended to mean that the
identified components are connected in a way 1o perform a designated function. To the extent
that the term “substantially”™ 15 used in the specification or the claims, it is nlended to mean that
the identified components have the relation or qualities indicated with degree of error as would
be acceptable in the subject industry.

[00189] As used in the specification and the claims, the singular forms “a,” “an,” and
“the” include the plural unless the singular 1s expressly specified. For example, refevence to “a
compound” may inclhude a mixture of two or more cornpounds, as well as a single compound.
{00190} As used herein, the term “about” in conjunction with a number 1s intended to
include + 10% of the mursber. In other words, “about 107 may mean from 9 to 11, Where the
term “about” is used with respect to a number that is an unteger, the term “about” may mean +
10% of the number, or = 5, £ 4, £ 3, £ 2, or+ 1 of the number.

{00191} As used hersin, the terms “optional” and “optionally”™ mean that the
subsequently described circumstance may or mav not occur, so that the description includes
instances where the circurnstance occurs and instances where it does not.

{00192} In addition, where features or aspects of the disclosure are described in terms
of Markush groups, those skilled mn the art will recognize that the disclosure is also thereby
described in terms of any individual mernber or subgroup of members of the Markush group. As
will be understood by one skilled in the art, for any and all purposes, such as in terms of
providing a written description, all ranges disclosed herein also encompass anv and all possible
sub-ranges and combinations of sub-ranges thereof Any lisied range can be easily recognized as

sufficiently describing and enabling the same range being broken down into at least equal halves,
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thirds, quarters, fifths, tenths, and the hike. As a non-limating example, each range discussed
herein can be readily broken down into a lower third, nuddle third and upper third, and the like.

3% 4C

As will also be understood by one skilled in the art all language such as “up to0,” “at least,”
“oreater than,” “less than,” include the number recited and refer to ranges which can be
subsequently broken down into sub-ranges as discussed above. Finally, as will be understood by
one skilled in the art, a range includes each individual member. For example, a group having 1-3
members refers to groups having 1, 2, or 3 members. Similarly, a group having 1-5 members
refers to groups having 1, 2, 3, 4, or 5 members, and so forth. While vanous aspects and
embodiments have been disclosed herein, other aspects and embodiments will be apparent to
those skilled in the art.

[00193] As stated above, while the present applicaiion has been illustrated by the
description of embodimenis thereof, and while the embodiments have been described
considerable detail, it is not the intention of the applicants to restrict or in anv way limit the
scope of the appended claims to such detal. Additional advantages and modifications will
readily appear to those skilled in the art, having the benefit of the present application. Therefore,
the application, in its broader aspects, 15 not lirnited to the specific details, illusirative examples
shown, or any apparatus referred to. Departures may be made from such details, examples, and

apparatuses without departing from the spirit or scope of the general inventive concept.
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CLAIMS
I A compound, represented by Structural Forrula (Ra):
(fa) Ar—CENRUNR —A—X Y Het?
and pharmaceutically acceptable salis thereof, wherein:

Ar 15 an optionally substituted arvi or nitrogen-containing heteroarvl;

R' and R® are independently H. optionally substituted C,-Cy alkyl, or optionally
substituted C;5-Cs cvcloalkyl;

A is a bond or an optionally substituted linking moilety compnsing 1, 2, or 3 rings, each
ring 10 the optionally substituied linking motety independently being one of. arvl, cveloalkyl,
heterocvcloalkyl, and heteroaryl;

X 1s O, 8, amide, or a bond;

Y is optionally substituted C,-C 4 alkyl or optionally substituted C,-Cyy alkenvl; and

Het’ is an optionally substituted five-membered nitrogen-containing heteroaromatic ring
comprising 1, 2, or 3 ring heteroatoms,

provided that the compound representied by Structural Fornuida (¥a) is not one of free-

hase Compounds 1a-f,

2. The compound of claim 1, represented by Structural Formula ()

()  Het'—CENRHYNRA-A—X—Y-—Het’

and pharmaceutically acceptable salis thereof, wherein:
Het' is an optionally substituted, nitrogen-containing heteroaryl;
R' and R” are independently H. optionally substituted C,-Cy alkyl, or optionally

substituted C;5-Cs cvcloalkyl;
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A is a bond or an optionally substituted linking molety comprising 1, 2, or 3 rings, each
ring 10 the optionally substituied linking motety independently being one of. arvl, cveloalkyl,
heterocvcloalkyl, and heteroaryl;

X 1s O, 8, amide, or a bond;

Y is optionally substituted C,-Cyo alkyl or optionally substituted C,-Cyp alkenvl; and

Het’ is an optionally substituted five-membered nitrogen-containing heteroaromatic ring
comprising 1, 2, or 3 ring heteroatoms,

provided that the compound represenied by Stractural Formuida (F) 1s not one of free-base

Compounds 1a-f;

3. The compound of claim 2, wherein Het' is optionally substituted pyridyl, pyrazinyl,

pyrimidinyi, or pyridizinyl

4, The compound of claim 2, wherein Het' is optionally substituted pyridyl.
5. The compound of claim 1, represented by Structural Formula (81
@C(=NR1)NRZ—A—X—Y—Het2
(ID) —N :
6. The compound of claim 1, represented by Structural Formula (111):
i
Het'” TN—A—X—Y—Het?
(1D H
7. The compound of claim 2, wherein each ring in the optionally substituted linking moiety

represented by A 1s independently and optionally substituted by one or more oft hyvdroxy, halo,

and ;-Cy alkoxy.
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8. The compound of claim 2, wherein A comprises an optionally substituled hetercaryl or
optionally substituted heterocycloalkyl ring.

9. The compound of claim 8, wherein A comprises an optionally substituted, oxvgen-
containing hetercaryl or heterocvcloalkyl ring.

10, The compound of claim 9, wherein A comprises an optionally substituted turany! or

optionally substituted tetrahy drofuranvi ring,

It The compound of claim 9, wherein A comprises optionally substituted 2,5-furanvl.

12. The compound of claim 2, wherein A comprises one or two optionally substituted phenyl
rings.

13. The compound of claim 12, wherein A comprises optionally substituted 1,4-phenvl.

14. The compound of claim 12, wherein A is optionally substituted 1,4-phenyl.

Is. The compound of claim 12, wherein A is optionally substituted phenyl-heteroaryl-
phenyl.

16. The compound of claim 1, represented by one of Structural Formulas (1Ha)-(R1H):

7= 7=\
NH /Q/O\H’r:\lw NH /Q/O\H':j\&
]
VAR \ Ny \
| H R3 I H RS
(IHa) NF (i) NF .
N=

=\
! N
Nz

A\
zZ
WAL I QY
N N
Sl e Saa
(i1c) ~F () ~F >
0 r\ﬁ\"‘ 0 @
QY WO
N
Sa Sa
(Iife) F and (JIIf)

wherein Z, le and Z° are each independently CH or N, n is 1-14, and RY g H, halogen,

optionally halogenated C;-Cs alkyl, or optionally halogenated C,-Cs alkoxy.

17. The compound of claim 16, wherein the compound 1s one of Compounds ig-1v:
N N\
~N TN ~N TN
o) Ny NH /©/o Ny

Y
CHLH of
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1i ~zN
0 NI//\N
NH /@/ N e NP N DN
B
N\
NH /@/O\/\/\/\/N\//
TN
1 ~N
o)
NH
Iy oy
N "
o)
I
-
7N
1ﬁ /N

1vyN\v>’ 1vyN\«>

[saaaleanay
HNJ W
d‘\ /©:0CH(CH3)2 O/L /Q/

OCH,4
NH /Q/ H’ /Q/ H
N
= N
H
s N OCH,CHjs ud OCH(CHs),
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14N
0N
10
N
“ N
| H
,and 1v A
I8, The compound of claim 16, wherein the compound is (“ompc)und t4a
o) N
NH /O/ HS
d“
H
14a
19. The corapound of claim |, represented by Structural Formula (V)

R3

sy S
NH O o X—Y—Het
N

Het'

T

{Iv) ,
wherein each R’ is independently H, halogen, optionally halogenated C-Cs alkyl, or optionally
halogenated C,-Cs alkoxy.

20. The compound of claim 1, represented by Structural Formmuila (V)

R3

S Do
NH O o O-Y—Het
N

Het'
V3 H ;
wherein each R” is independently H, halogen, optionally halogenated C,-Cs alkyvl, or optionally
halogenated C;-C¢ alkoxy.

21 The compound of claim 1, represented by one of Stractural Formuldas (Va)-(Ve):

=71 -



WO 2018/045104 PCT/US2017/049491

Zz
-
0
L

NH
1
(Va) NF ,{(Vb)
Z2
-
NH Q 0
N R3
SA A

AT

(Ve (V)
(-
NH Q 0 ©
N 3
| N R3
= ,and {Ve)
N
N\ N ]
o O
N\ R3
P b R®

wherein Z, 7', and Z° are each independently CH or N, n is 1-14, and RY is H, halogen,

optionally halogenated C1-Cq alkyl, or optionally halogenated Ci-Co alkoxy.

22. The corapound of claim |, wherein Y comprises at least 4 hinking atoms between X and
Het"
23 The compound of claim 1, wherein X 15 O or abond and Y 15 C1-Cy; alkyl optionally

substituted with one or more of: optionally halogenated C;-C; alkvi and optionally halogenated

aryl.
24, The compound of claim 1, represented by Structural Formula (Via):
NH /L%/ ,
Het
VIz) Het1 H ’

wherein R* is H, optionally halogenated C,-Cs alkyl, or optionally halogenated aryl.

25. The compound of claim 1, represenied by Structural Formmila (Vib):
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.., Het?
{(Vib) t J\H )J\H) - ,
wherein R* is H, optionally halogenated C,-Cs alkyl, or optionally halogenated aryl.
26. The compound of claim 2, wherein Het® comprises an optionally substituted one of:
pyrrole, diazole, thiadiazole, oxadiazole, and inazole.
27. The compound of claim 26, wherein Het” is optionally substituted imidazole or
optionally substituted 1, 2, 4 triazole.

28. The compound of claim 1, represented by Structural Formula (VH):

(ViD)
wherein:
Z=CHorN;
each R’ is independently H. halogen, optionally halogenated C~Cy alkyl, or optionally
halogenated C;-C¢ alkoxy:; and
B is an integer from 1 fo 10.

29 The compound of claim 28, wherein the compound 1s one of Compounds 2a-2h:

(:/JN
/_/N
NH O Io\ O ©

N N
H

2a 2N ,
/=

I\/—FN\;N

o)

-73 -



WO 2018/045104 PCT/US2017/049491

ZQ /N

24 N .
A

bW oﬁ/_\_\_/@N
NH (@)
ﬁm U

2 2N :and
Me

f

3]

Me

/ko
NH I\
G)‘\NO
b ey
h

=y

30 The compound of claim 28, wheremn the compound 1s one of Compounds 3a-3g:
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Né\/N
N—

GﬁNLHH OH
OJNN\;N
e L

3a

Né\/N
N—

NH
N
3b 2N
NH WO
N
3¢ N .
N
)
Io\ O o/_/—\;N\fN

NH
X N

|/N H

NHO/_/_\_\‘N
A 7
|y H

\ ﬁ <
CHTNO Ni\l//jN
N N

34

2

3¢

3f , and
Né\/N
> -
T ’
T N
3g N .
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31 The compound of claim 28, wherein the compound 1s one of Compounds 4a-4m:
7 "N
Me N‘U
B O —~
NH O 0 ©
A N
4a N

2

@N

Me/_/—/
@),}TNO
UL

4b s
Me
\ /_/—\—\
NH O Io O 0 Nl
TN S
4€ /N ,
OMe N—J
I N —
NH O o) O o
X N
H
4& /N ,
N—-J
OMe
B /—/_/
NH O o) O o
(7N
H
4e N )
OMe
\ /_/—\_\
NH O Io O O NB
AN H <\N
4f N
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7N
Br/_/@
1N
NH o o
4g N )
@N
Br
[N\
NH o) o

N N
H

NH
X

N
|/N H
nH 0K / \
Cj)‘\N O ° O
0O
H /=N
P N
) o)

OCH(CHs3),

[\
(Nj)NC uo
P
4k

N
~ AN
@) O © gf\}

4i

e

4

(:UN
N
OMe/_/—/
N\
NH O
o
| ~N H

2

43 . and
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OMe
(S oﬁ/_\j(

@Jl\HN O NN1

32, The compound of claim 1, wherein the compound 1s one of Compounds 13a-13¢
A AT
(s e
7 —
13a 4 ,
OCH(CH3),
AT
O)ku Yo~
/ N
13 4 ,and
OCH(CH3),»

Wantao!
o8 >0 o
13¢ 6 .

33 The compound of claim 1, represented by Structural Formula (VHIE):
R® R6
RS \ HN
g e LTS
9 L -
X N
N H
(VHE) & ;
wherein:
ecach R is independently H, halogen, C,-Cy alkyl, or C-C, alkoxy; and
R® is H, optionally halogenated C;-Cq alkyl, optionatly halogenated phenyl, or optionally
halogenated biphenyl.
34, The compound of claim 33, wherein the compound 15 one of Compounds Sa-5F

-78 -



WO 2018/045104 PCT/US2017/049491

Cl

O o
e
H
g =N ,
Cl
Cl
OMe
HN
NH Io\ N SN
4 b
e
H
5b 2N ,
Cl
Me Cl
B¢
Ad >
F
"~ )
OMe
HN—
NH Io\ O =N
<aAvatae
X N
H
Se N , and
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F

()

"~ )
Me O
HN—
NH Io\ O SN
O O =/
X N

Me

35. The compound of claim 1, represented by Structural Formula (IX):
R6
RS R HNi ~
NH © 0 Nen
= N
| H
axy 9

wherein:
each R” is mdependently H, halogen, C;-C, alkyl, or C-Cy alkoxy; and
R® is H. optionally halogenated C;-C; alkyl, optionally halogenated phenyl, or optionally

halogenated biphenyl

36. The compound of claim 35, wherein the compound 1s one of Compounds 6a-6f
Cl Cl
Cl Cl
HN OMe HN
I\ LA [ L AN
N N
NH o % \=N NH O o \=N
| X N | X N
Cl
Me Cl
Me 0O HN
B N
NH O © \=N
o
6(: g N H
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F
—~( )
HN
I\ & /%,
—N
NH O 0 \=N
B
68 ~=N
F
~ )
OMe I \ HN 4 /\[
< 3
~—N
NH g % =N
X N
| \H
He N\F and
F

F

Me Q
Me)\o \_HN—~, ~

NH /@Q\\% \N\;N
6f ~=N

37 The compound of claim 1, represented by Structural Formmuila (X):

N

o
R
NH /@J\N RS
H
G)L”

cach R® is mdependently H, halogen, C;-C, alkyl, or C-Cy alkoxy; and

2

wherein:

R’ is H. optionally halogenated C;-C; alkyl, optionally halogenated phenyl, or optionally
halogenated biphenyl.
33, The corapound of claim 37, wheremn the compound is one of Compounds 7a-7f:
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F\N F\N
~
I Cl

OMe O
NH N NH N
J@)LH J@)LH
X Cl Cl | A H C
=N

7a ~zN b

F\N
N 2
N 7
Me” O O ~7 o
N
NH N
N O)L @
XN Cl cl | F
| H
/N ,7d F7

N

NH
NN
_N H
Ny
b

OMe O
" Q)LH
T N
~N H
Te F,and

Ma —
)\ NI://\N
Me” O O
NH N
@A )
vy I
g PN F

39 The compound of claim 1, represented by Structural Formula (XB):

R® 5
NH B
X [ o \ N
; N"N= 7 TO—(CH)T Y
=N 2

R®
N
(XD) \;}
wherein:
each R’ is independently H, halogen, C;-Cy alkyl, or C-Cy alkoxy; and
R® is H, optionally halogenated C;~Cs alkyl, optionally halogenated phenyl, or optionally
halogenated biphenyl.

40, The compound of claim 1, represented by Structural Formula (X))
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(X110
wherein:
each R” is independently H, halogen, C-Cy atkvl, or C1-Cy alkoxy; and
R® is H, optionally halogenated C;-Cs alkyl, optionally halogenated phenyl, or optionally

halogenated biphenyl.

41 The compound of claim 2, whergin A is phenvl and X is a bond.
42. The compound of claim 1, represented by Structural Formula (XIH):
NH n N’Z
@H‘\N@/H\ E,\?
xrn N " :
wherein:

Z=CH or N; and

B is an integer from | o 10.

43, The compound of claim 42, wherein the compound 1s one of Compounds a-8b:
NH /@/\/\N«N NH /©/\/\/\N/§N
\/ S
= N = N
I H I H
8a XN and 8b XN .

44, The compound of claim 2, wherein A is a bond.
45, The compound of claim 44, represented by Structural Formula (XEV):

NH

Y4
@\I)LH Y
(XIv) 7 N,

n is an integer from 1 to 10

wherein:

Z = CH or N; and

46. The compound of claim 45, wherein the compound 1s one of Compounds 9a-9d:
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N _and 9d N
47. The compound of claim 1, represented by Structural Formmila (XY}

72\

Oy v Ny
Q ™n
NH
Z! Q R
N N

H R®
(Xvy F ,

wherein Z, Z', and Z* are each independently CH or N, n is 1-14, and R’ is H, halogen,
optionally halogenated C1-Ce alkyl, or optionally halogenated C;-Cs alkoxy.

48. The compound of claim 47, 1"epresented by one of Structural Formulas (XVa)-(XV¢):

o “W d ’,W

. (XVb) ;

o*"

49, The compound of claim 48, wherein the compound 15 one of Compounds 10a-10m:

0 N/i:>
NH\%

108 N7 ,

(XVa)

and (XV¢)
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=N

Oy YN/
S
NH
N\

N
H
P OCH3;

~
G
SR
NH ‘
NGy

H
N OCH(CHa),

i6h

-
OCH; ‘ O\H’N\)
NH
N\

N
H
18d 7

[—_:N
(CH3),HCO O O‘HN\)
4
NH O
Ne Sy
| H
e \F i
=
O N
O v
NH O
Ny OCHj
H
16f \F

>

-85 -



WO 2018/045104 PCT/US2017/049491

OCHj =N

Oy yN 7
NH
Ny NO

| H
10g NF

/aN
0] N/
O \H{S\)
NH O
H
oh N ,

N/

OCHj

OCH(CHs3), iﬁkd i

H}m cand 10m

OCH, =N

< W

3¢, The compound of claim 1, represented by Structural Formula (X¥V1) and (XYL}
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zZ' NH
O A
=/ HN N N o, Zi
—/ KN ]
) R3 R3 7 =

z
(XIV L and
Z' NH
7 N
<;)_|i|<N4<:>—N N-O )9_ ,22\7
—/ N
S 3 H \=Z
(XVID R .

wherein Z, le and Z° are each independently CH or N, n is 1-14, and RY g H, halogen,

optionally halogenated C;-Cs alkyl, or optionally halogenated C,-Cs alkoxy.

51 The compound of claim 50, represented by one of Structural Formulas (XVia)-(XVib}

N NH
72
@_SN N N 0]
— X7’-N/§’|\l
RS R® "N . and

N NH
@_SN N N o N

—/ N ]

R3 R3 7 =N

The compound of claim 51, wherein the compound 15 one of Compounds 11a-114d:
N NH
/N
e We WaNew
__/ @‘N/\ N
2 \%’

N NH

A OO
__/ %7/* /SN

N
11b 4 \)

SO
__/ 2<7/_ /SN

N
e 6 \—

(XVia)

(XVib)

o
I

ila

, and
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/ N\ NH
e W e
/ \ 7/ K SN
6 \=
11d N
33. The compound of claim 50, represented by one of Structural Formulas (XViia)-(XViEb):

N  NH
7\

— HN N/_\N—O

N
(XVila) R and {(XViih)

54, The compound of claim 53, wherein the compound s Compound 12a:

¢S

s =
O are
— HN N N

\_/ )

55. A method of anti-parasitic treatment for a subject in need thereof, comprising:

1Za

providing the subject, the subject being infected by a parasile or at risk of infection by the
parasite;
administering a compound to the subject in an amount effective to mitigate infection by
the parasiie in the subject, the compound being represented by Structural Formula (fa):
(fa)  Ar—CENRYNRA—A—X—YV—Het?
and pharmaceutically accepiable salis thereof, wherein:

Ar is an optionally substituted aryi or nitrogen-containing heteroarvi;

R' and R® are independently H, optionally substituted C-Cq alkyl, or optionally
substituted C3-Cs cycloalkyl;

A is a bond or an optionally substituted linking moiety comprising 1, 2, or 3 rings, each
ring in the optionally substituted linking motety independently being one of. arvl, cvcloalkyl,
heterocycloalkyl, and heteroaryl;

X180, 5, anude, or a bond;

Y is optionally substitited C-Cyy alky] or optionally substituted C,-Cyq alkenyl: and

Het® is an optionally substituted five-membered nitrogen-containing heteroaromatic ring

comprising 1, 2, or 3 ring heteroatoms.
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56. The method of claim 55, comprising:
providing the subject, the subject being infected by the parasite or at risk of infection by
the parasite;
admimistering the compound to the subject in an amount effective to mitigate infection by
the parastie in the subject, the compound being represented by Structural Formula (B):
(I}  Het' —CENRINR - A-—Xom Yo Het?
and pharmaceutically accepiable salts thereof, wherein:

Het' is an optionally substituted, nitrogen-containing heteroaryl;

R'and R” are independently H, optionally substituted € ~Cq alkyl, or optionally
substituted C3-C¢ cvcloalkyl;

A is a bond or an optionally substituted hinking moiety comprising 1, 2, or 3 rings, each
ring in the optionally substituted linking moiety independently being one of arvl, cycloalkyi,
heterocvcloalkyl, and heteroaryl;

X150, §, amide, or a bond;

Y 15 optionally substituted C;-Cyp alky] or optionally substitided C»-Cyp alkenyl; and

Het® is an optionally substituted five-membered nitrogen-containing heteroaromatic ring
comprising 1, 2, or 3 ring heteroatoms.

57. The method of claim 55, provided that when the parasite is L. amazonensis, the

compound represented by Structural Formula (Ta) is not one of free-base Compounds 1a-f

fa
. T
NN
ic >
oy R T N e N
\fﬁ ! YOO T N WM § RN
b
. S - g I Mg
S o N TN )
S':\-\‘ ,::_'Z.-N o E‘:-\,‘ ,.j‘;\.a § .
ie ) ,and 3 ™
58. The roethod of claim 33, the subject being infected by the parasite, the method

comprising administering the compound to the subject in an amount effective to mitigate one or

more sympioms of infection by the parasite in the subject.
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59, The method of claim 535, the subject being at risk of infection by the parastie, the method
comprising administering the compound to the subject in an amount effective to rotigate
infection or re-infection of the subject by the parasite.

60 The method of claim 55, the parasiie being a kinetoplastid.

61. The method of claim 60, the parasite comprising at least two distinct cytochrome P450
mediated biosterol synthesis pathways.

62, The method of claim 61, the parasite comprising CYPS122A.

63. The method of ¢laim 61, the parasite comprising CYPS1 and CYPS122A.

64, The method of claim 53, the parasite belonging to the genus Leishmania.
63. The method of claim 63, the Leisfmania parasite being one of: L. aethiopica, 1.

amazonensis, L. arabica, 1. archibaldi, 1. aristedesi, L. Viannia, L. braziliensis, L. chagasi, L.
colombiensis, 1. deanel, 1. donovani, 1. enriettii, L. equatorensis, L. forattinii, L. garnhami, 1.
gerbili, 1. guyonensis, L. herreri, L. hertigi, L. infantum, L. killicki, L. lainsoni, L. major, L.
mexicana, L. naiffi, L. panamensis, L. peruviana, 1. pifanoi, L. shawi, L. larentolae, L. tropica,
1. turanica, and L. venezuelensis.

66, The method of claim 63, wheremn the subject suffers from or is at risk of suffering from

one or more of: cutaneous leishmaniasis. mucocutaneous leishmaniasis, and visceral

leishmaniasis.
67. The method of claim S5, the parasite being of the genus Trypanosoma.
68. The moethod of claim 67, wherein the Trypanosoma parasite is one of: 7. ambystomae, T

avium, 7. boissoni, T brucei, T. cruzi, T. congolense, T. equinum, T. equiperdum, T. evansi, 7.
everetti, T. hosei, T. irwini, T. fewisi, T. melophagivm, T. paddae, T. parvoti, T. percae, T.
rangeli, T rotatorium, T. rugosae, T. sergenti, T. simiae, T. sinipercae, T. suis, T, theileri, T,
friglae, and 7. vivax.

69. The method of claim 67, wherein the subject suffers from or is at risk of suffering from:
African trypanosomosis, sleeping sickness, Chagas disease, nagana, and surra.

70. The rmoethod of claim 55, wherein the subject 1s a human, dog, cat, cow, horse, sheep, pig,
bird, amphibian, or fish.

71 The method of claim 56, wherein Het' is optionally substituted pyridyl, pyrazinyl,

pyrimidinyl, or pyridizinyl

72. The method of claim 56, wherein Het' is optionally substituted pyridyl.
73. The method of claim 55, wherein the compound is represenied by Structural Formuila
(Ei):
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@C(=NR1 INRZ—A—X—Y—Het?
—N |

(it
74 The method of claim 55, wherein the compound is represented by Structural Formula
(1D
N
Het!”” TN—A—X—Y—Het?
(i H
75. The method of claim 55, wherein each ring in the optionally substitited linking moiety

represenied by A 1s independently and optionally substituted by one or more oft hydroxy, halo,
and C,-Cy alkoxy.

76 The method of claim 33, wherein A comprises an optionally substituted heteroaryl or
optionally substituted heterocycloalkvl ring.

77. The method of claim 55, wherein A comprises an optionally substituted, oxygen-
containing, heteroary! or heterocycloalkyl ring.

78, The method of claim 55, wherein A comprises an optionally substituted furanyl or

optionally substituted tetrahydrofuranyl ring.

79. The oethod of claim 55, wherein A comprises optionally substituted 2, S-furanyl.

80 The method of claim 33, wherein A comprises one or two optionally substitited phenyl
rings.

81 The method of claim 55, wherein A comprises optionally substituted 1,4-phenyl.

82. The method of claim 55, wherein A is optionally substituted 1,4~-phenyl,

83. The method of claim 55, wherein A is optionally substituted phenvli-heteroarvi-phenvl.
g4, The method of claim 55, wherein the compound is represented by one of Structural

Forroulas (T¥a)-(1Ef):

72 7=\
NH QC’\%Nw NH /Q/O“v’nﬂ“\//
]
2N N AN N
| H R3 | H R3
(Ifa) ~F L (HIb) ~F i

=\

N
NN

o 0 NCZ
NH /Q/ ™ NH Q/ ™
N N
A N X N
EJ)LH R3 @)‘\H R3
(Ilic) NF (B F
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0 r\ﬁ\"‘ 0 r@
NHQ/ Y~ NH/Q/ ™
N
SA Saas
(Iiie) NF and (J1E6)

wherein Z, Z', and Z° are each independently CH or N, n is 1-14, and R is H, halogen,
optionally halogenated C;-Cs alkyl, or optionally halogenated C,-Cs alkoxy.

85, The method of claim 84, wherein the compound 1s one of Compounds fa-1v:
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im N , in
O N
NH N
r LY
N "
~N H
O -N
NH N
I LY
Of: "
~N H
I4N I4N
@) N\J> ) N\J>
NH /@i ™, NH /@i ™,
N N
Z ” OCH,4 Z | N OCH,CH3
10\\ ,lp\\
14N
/@ NH ™,
N
OCH(CH3), Z N
h'\ OCH3, ‘
NH ( ]/ ‘H’S NH ( ]/ ™,
N N
Z N Z N
H H
is . 1t ,
I¢N
Jes S Se g
O/U\ , and iwd
86. The method of claim 84, wherein the compound 1s Compound 14a
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D

NHO

N
H
i4a
87. The method of claim 55, wherein the compound is represenied by Structural Formuila
(Ivy
R3
i O
NH O o X=Y—Het
Het'™ °N
(Iv) H .

wherein each R is independently H, halogen, optionally halogenated C;-Cg alkyl, or optionally
halogenated C-Cs alkoxy.

84, The method of claim 55, wherein the compound 1s represented by Structural Formula
(V)

R3

i OO
NH O o O—-Y—Het
N

Het'
(V) H

wherein each R’ is independently H, halogen, optionally halogenated C;-C, alkyl, or optionally
halogenated C-Cs alkoxy.
89. The method of claim 535, wherein the compound s represented by one of Structural

Formulas {(Va)-{Ve):

Z°

B AN

NH o O gL
R3

1
D N R®
(Va) NF , {(Vhb)
ZZ
-
Ly
N R3
| ] B R3
P4
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wherein Z. 7', and Z° are each mdependently CH or N, n is 1-14, and R’ is H, halogen,

optionally halogenated C1-Ce alkyl, or optionally halogenated C,-Cq alkoxy.

90, The compound of claim 1, wherein Y comprises at least 4 hinking atoms between X and
Het',
91, The method of claim 55, wherein X is O or a bond and Y 1s C1-Cy, alkyl optionally

substituted with one or more oft optionally halogenated Ci-Cy alky! and optionally halogenated
aryl

92. The method of claim 55, wherein the compound 1s represented by Structural Formula
{Via}.

NH o R
et1J\N—A)J\N/L"‘/ Het
(Via) H H .
wherein R* is H, optionally halogenated C-Cy alkyl, or optionally halogenated aryl.
93. The method of claim 55, wherein the compound is represenied by Structural Formuila
(Vib)
NH o R
Het' N—A)J\N) et

{(Vib) H H
wherein R* is H, optionally halogenated C;-Cs alkyl, or optionally halogenated aryl.
94, The method of claim 56, wherein Het® comprises an optionally substituted one of:

pvrrole, diazole, thiadiazole, oxadiazole, and triazole.
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as. The method of claim 56, wherein Het’ is optionally substituted imidazole or optionally
substituted 1, 2, 4 inazole.
96, The method of claim 55, wherein the compound 1s represented by Structural Formula
(Vi)

R3

3 =
-

vip 2N :
wherein:
Z=CHorN;
each R’ is independently H. halogen, optionally halogenated C~Cy alkyl, or optionally
halogenated C;-C¢ alkoxy:; and
B is an integer from 1 fo 10.

97. The method of claim 96, wherein the compound 1s one of Compounds 2a-2h:

GN
/_/N
NH O Io\ O o

TN
za /N
N\
B /_/’\9N
NH o O
TN
b 2N
N~
I\ /_/—/
NH o) O
X N
2@ /N H
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2d

2e

2f

@
/
> oﬁ/_\_\JN'J
NH o

X N

CﬁH
28 —

PCT/US2017/049491

NHIO\ Q
N
H

N\ /_/—\_\
\NHNOO g{\}

|/N H

N

cand
Me
Me o
NH / \
e’
o8 3
ZN (H\N/\
F =
2h N.
98. The method of claim 96, wherein the compound is one of Compounds 3a-3g:
7 N
N‘N_-I/
L)
NH O o
~ N
3a N
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~I

,N
N
\=N
I\ /—/’
(T N
3b NN
I~
N\N/JN
B /—/_/
NH o
(TN
3¢ =N ; .
N\
B ﬂ“i
NH O o O O =N
TN
3d zN ,
i ° g
3e N

I \ /—/_\—\; N
~ N
| =N H

3f , and
Né\/N
NG WallhaNDs
WO
(T N
3g NN .
99, The method of claim 96, wherein the compound is one of Compounds 4a-4m:
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7 "N
Me/_/@
\
Io O o

4a N

D
4b Z .
Me
R O/—/_\—\
NH o) N
\
T N QNj
4€ /N
OMe N—j
[P~ )~
X N
H

4@ /N

4f 2N
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Br @N
\ /—/
Io Qi» o

(i}

N

Br
W
NH i'n o O
N

Br
A T\
l\\ ML i]n o) «i» o &;&
H

~-N
np O<Hs / \
WA AT ()
N o)
H /=N
P @LN\)
4 6 :
OCH(CHa),

[\
(Nj)NC uo
P
4k

AN

4i

e

4

(i}
N
OMe/_/—/
N\
M1Jil{lg;kﬂ‘i§‘o
o
| ~N H

2

43 . and
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OMe
>~ O/_/_\_\
o N
| . NHH O 4\,\}
~-N

100.  The method of claim 53, wherein the compound is one of Compounds 13a-13¢:

NH / \
C;)‘\” O)<7LN _
i3a

O*

4 ,and

O»

101, The method of claim 33, wherein the compound is represented by Structural Formula

(VIIT):

R5 R6
1 -4
o N
NH O O \=N
| ~

N
vy ~eN

wherein:

each B is independently H, halogen, C,-C,4 alkyl, or C-C4 alkoxy: and

R® is H, optionally halogenated C;-Cy alkyl, optionally halogenated phenyl, or optionally
halogenated biphenyl.

102, The method of claim 101, wherein the compound is one of Compounds Sa-Sf

- 101 -



WO 2018/045104 PCT/US2017/049491

Cl

O o
e
H
g =N ,
Cl
Cl
OMe
HN
NH | o\ N SN
4 b
e
H
5b 2N ,
Cl
Me Cl
B¢
Ad >
F
"~ )
OMe
HN—
NH Io\ O =N
<aAvatae
X N
H
Se N , and
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F

e Q
B

103.  The method of claim 55, wherein the compound is represented by Structural Formula

1).45
R6
RS \ HN
| 5 ‘é_N/ﬁ
O \=N

NH
XN
| \H

(IX) Z

each R’ is mdependently H, halogen, C;-C, alkyl, or C-Cy alkoxy; and

wherein:

R is H, optionally halogenated C;-Cs alkyl, optionally halogenated phenyl, or opticnally
halogenaied biphenyl.

104, The method of claim 103, wherein the compound is one of Compounds 6a-6f

Cl cl
Cl cl
HN— OMe HN—
| \ | \ Y
G)L ° CHL ° =
Mo cl
Me” N0 HN
I N 3
NH o N
@] \=N
ha
6c =N
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"~

I\ HN { /\’
< =
—N

O 0 \=N

NH
N
6g ~=N

< 3
NH o % Mo
(TN
6e ~=N , and
F
MeTN0  \ HN—/ ~
NH o B Mo
e
6f =N

105 The method of claim 55, wherein the compound is represented by Structural Formula
{X):
N\

< 1L
NH /@AN RS
H

each R’ is mdependently H, halogen, C;-C, alkyl, or C-Cy alkoxy; and

wherein:

R® is H, optionally halogenated C~Cs alkyl, optionally halogenated phenyl, or optionally
halogenated biphenyl.
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106.  The method of claym 105, wherein the compound is one of Compounds 7a-7f
/

N

N

N

OMe O ~

Nesndl e, Rl 0,
Me = /
)\ I\Il//\N N\//N
Me” 0 O ~7 0
NH N
O dH C
XN cl cl |\ N F
| N H _N H
¢ N ,7d F.
G)L F,aﬂd
Me F\N
/)
Me)\(:) o N\/
Jegpe
H
sasdiiene
I
mg NF F

107.  The method of claim 55, wherein the compound is represented by Structural Formula

(X1}
5
NH 3 / \ \ES
N [ o \ N
[T = 7 O—(CH,)T

(X N,
wherein:
each R is independently H, halogen. C,-Cy alkyl, or C,-Cy alkoxy; and
R® is H, optionally halogenated C;-Cq alkyl, optionatly halogenated phenyl, or optionally
halogenated biphenyl.
108, The method of claim 55, wherein the compound is represented by Stractural Formula
(X11):
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(X110
wherein:
each R” is independently H, halogen, C-Cy atkvl, or C1-Cy alkoxy; and
R® is H, optionally halogenated C;-Cs alkyl, optionally halogenated phenyl, or optionally
halogenated biphenyl.
109,  The method of claim 55, wherein 4 is phenyl and X is a bond.
110, The method of claim 55, wherein the compound is represented by Stractural Formula

(XIFD):

NH NS
= | ” N
o N ,
wherein:
Z=CHorN; and
i is an integer from | o 10.
111, The method of claim 110, wherein the compound is one of Compounds §a-8b:
A A
NH N NH /©/va N
== N = N
I I
Sa X and 8b X

112, The method of claim 55, wherein A 13 a bond.
§13.
(X1V):

43

The method of claim 112, wherein the compound is represenied by Structural Formula

wherein:
Z=CH or N; and
B is an integer from 1 fo 10.

114, The method of claim 113, wherein the compound is one of Compounds 9a-9d:
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N N/\/N\// SN N/\/\/N
| & H |y A
Og .9h N\F , 8¢
NH
NH =N N
’\Il/\) N NHS\N
N | A\
| N H V4 : \§
- . and 9d N

115,  The method of claim 35, wherein the compound is represented by Structural Formula
XV}
72\

Z
O N
\%\/

H
(XV) F ;
wherein Z, Z', and Z” are each independently CH or N, u is 1-14, and R’ is H. halogen,
optionally halogenated C,-C, alkyl, or optionally halogenated C-C¢ alkoxy.

116,  The method of claim 115, wherein the compound is represented by one of Structural

Fornulas (XVa-(XVe)
O O ,/\
!‘ - (‘ .
S Wean

0 N\//
Q \H'n
NH O =3
DA
J H

117, The method of claim 116, wherein the compound is one of Compounds 10a-10m:

(X¥a)

and (X¥¢)
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H

z
/
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T
y4

N
104 N7 :
=N
(CH3),HCO O O*HN 7
Y
10e NF
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N
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‘ v}
NH ‘
N N OCHj
H
of A 7

O N~
YN
v )
Ny \

| H
10g N7
'
ol
O v
NH O

N N

H
oh N\ ,

N/

OCH,

N / OCH, OHN VY
O 6
NH i]n
ENj)LN
| H
1k N i

OCH(CH3),
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F:N F:N
(CH3),HCO O Oﬁ:\) HyCO O OWSN\/

1 I
\NGZN ANGZN
| J H | J H
168 , 10m .and 10n

O N2
Y
. NHN O

I/H

118 The method of claim 55, wherein the compound is represented by one of Structural

Formulas (XVD and (XY
Z' NH
Gl o
—/ HN N N o, ZA
— KN
R3 R3 n =2
Z' NH
Q_SN N N—-O 72
KN ]
R3 7

\=7

(XIV) and

(XVH)
wherein 7, 7', and 77 are each independently CH or N, n is 1-14, and R’ is H. halogen,
optionally halogenated C1-Cy alkvi, or optionally halogenated C;-Cq alkoxy.

119, The method of ¢laim 118, wherein the compound is represented by one of Structural

Formulas (X¥Via}-(XVib):

N NH
O s

~—/ KN )

R3 R3 7 \F

N
and (XVIb)

JNNH
@_ﬁr\l N N o N
— KN, ]

R3 R3 7 =N

(XVia)

\=

120.  The method of claim 119, wherein the compound is one of Compounds 1ia-11d:
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W@“@W
W@“@W

11b
N NH
/ N\
— HN—< >—N N—< >—
~—/ KN
iic 6 == and
N NH
/\
— HN4< >—N/ \N -
./ \ / MN/\N
11d 6 =

121, The method of claim 55, wherein the compound is represented by one of Structural

Formulas (XVila-{XViih):

(XVila) R® and (XVIIh)

122, The method of claim 123, wherein the compound is Compound 12a:

S
Oy
— HN N N
2a \_/
123, A kit for anti-parasite treatment of a subject in need thereof, comprising:

a compound represented by Structural Formula (1)

(fa) Ar—CENRDNR —A—X - Ye-Het?
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pharmaceutically acceptable salts thereof, and mixtures thereof with a pharmaceutically
acceptable carrier or excipient, wherein:

Aris an optionally substituted aryl or nifrogen-containing hetercarvl;

R and R” are independently H, optionally substituted C;-Ce alkyl, or optionally
substituted C;-Cy cvcloalkyl;

A is a bond or an optionally substituted linking moigty comprising 1, 2, or 3 rings,
gach ring in the optionally substituted linking moiety independently being one of: aryl,
cycloalkyl, heterocvcloalkyi, and heteroaryl;

X 15 O, 8, anude, or a bond;

Y is optionally substituted Cy-Cy4 alky! or optionally substituted Cy-Cy4 alkenvl;
and

Het’ is an optionally substituted five-membered nitrogen-containing
heteroaromatic ring comprising 1, 2, or 3 ring hetercatons: and

instructions, the instructions directing a user to:

provide the subject, the subject being infected by a parasite or at risk of mfection
by the parasite; and

administer the compound or the pharmaceutical composition to the subject in an
amount effective to mitigaie infection by the parasite in the subject.

124, The kit for anti-parasite treatment of claim 123, the compound being the compound of
any of claims 1-54.
125, The kit for anti-parasite treatment of claim 123, the instructions directing the user to

conduct the method of anv of claims 55-122.
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ICsp against

CCso against J774

CCsp against

Compound L. donovani macrophages .
(UM (UMY HepG2 (uM)

ia >50 >100 >50
ib >100 >50 >100
ic >25 >100 >50
ie 1845 >50 32+6
if =100 >100 >100
ig 13 +£ 10 =50 42 +7
1i 12 46 >40 2046
im 1.0+0.1 143 12+ 4
in 13 & 2 36+ 1° NT
io 2.2+06 17+ 2 23+ 4
ip 19+£05 92+272 1340
1g 0.97 +0.12 8.0+07 18+ 2
ir 1.1+05 102 16 + 4
is 078 £0.29 7.4+ 11 12 % 3
it 058 +0.06 6.7+04 12 4+ 3
1u 1.7+05 1142 13+ 4
iv 1.5+086 48+186 6.9+1.7
14a 1.3%0.2 0.51 +0.03° NT
Gd >25 NT NT

Amphotenicin B 10.048 x 0.020 NT NT

Podophyllotoxin | Not tested 0.025 + 0.004 NT

Doxorubicin Not tested NT
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4t 24+0.9 33+16° 6620
4 0.60+0.14| 2.2+0.3 6.5+ 0.8
4k 0.22+£008] 38z%1.4 7.0+0.1
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comprising 3 ring heteroatoms, provided that the compound represented by Structural Formula (la) is not one of freebase Compounds
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Sondhi et al. (hereinafter 'Sondhi'). Sondhi teaches a compound, represented by Structural Formula (la): wherein: Ar is nitrogen-
containing heteroaryl; R1 and R2 are H; A is a bond; X is a bond; Y is C1 alkyl; and Het2 is a five-membered nitrogen-containing
heteroaromatic ring comprising 1 ring heteroatom, provided that the compound represented by Structural Formula (ia) is not one of
freebase Compounds 1a-f (p903, Scheme 1. "Compound 3'a"), but does not teach pharmaceutically acceptable salts thereof. However,
it would have been obvious to one of ordinary skill in the art to be motivated to formulate the pharmaceutically acceptable salts by
routine experimentation, in order to prepare various forms of anti-inflammatory drugs (p904, right col 1st para "Compounds 3a, 3d, 4d
and 4e exhibited good anti-inflammatory activity").

As said compound and compositions were known in the art at the time of the invention, these cannot be considered special technical
features that would otherwise unify the inventions of Groups |+ and II. The inventions of Group I+ and Il thus lack unity under PCT Rule
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Form PCT/ISA/210 (extra sheet) (January 2015)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - claims
	Page 70 - claims
	Page 71 - claims
	Page 72 - claims
	Page 73 - claims
	Page 74 - claims
	Page 75 - claims
	Page 76 - claims
	Page 77 - claims
	Page 78 - claims
	Page 79 - claims
	Page 80 - claims
	Page 81 - claims
	Page 82 - claims
	Page 83 - claims
	Page 84 - claims
	Page 85 - claims
	Page 86 - claims
	Page 87 - claims
	Page 88 - claims
	Page 89 - claims
	Page 90 - claims
	Page 91 - claims
	Page 92 - claims
	Page 93 - claims
	Page 94 - claims
	Page 95 - claims
	Page 96 - claims
	Page 97 - claims
	Page 98 - claims
	Page 99 - claims
	Page 100 - claims
	Page 101 - claims
	Page 102 - claims
	Page 103 - claims
	Page 104 - claims
	Page 105 - claims
	Page 106 - claims
	Page 107 - claims
	Page 108 - claims
	Page 109 - claims
	Page 110 - claims
	Page 111 - claims
	Page 112 - claims
	Page 113 - claims
	Page 114 - claims
	Page 115 - drawings
	Page 116 - drawings
	Page 117 - drawings
	Page 118 - drawings
	Page 119 - drawings
	Page 120 - drawings
	Page 121 - drawings
	Page 122 - drawings
	Page 123 - drawings
	Page 124 - drawings
	Page 125 - drawings
	Page 126 - drawings
	Page 127 - drawings
	Page 128 - drawings
	Page 129 - drawings
	Page 130 - drawings
	Page 131 - drawings
	Page 132 - drawings
	Page 133 - drawings
	Page 134 - drawings
	Page 135 - drawings
	Page 136 - drawings
	Page 137 - wo-search-report
	Page 138 - wo-search-report
	Page 139 - wo-search-report

