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TITLE OF THE INVENTION
COMPOUNDS FOR THE TREATMENT OF MALARIA

FIELD OF THE INVENTION
The present invention relates to methods of use of compounds of Formula (I) or a

pharmaceutically acceptable salt thereof for the treatment of Plasmodium infections, more

particularly to the treatment of malaria.

BACKGROUND OF THE INVENTION
Malaria is caused by the protozoan parasite Plasmodium, which is transmitted to

humans via the bite of an infected Anopheles mosquito. Four species of malaria parasites can
infect humans under natural conditions: Plasmodium (P.) falciparum, P. vivax, P. ovale, and P.
malariae. While the first two species are responsible for the largest portion of the malaria
burden, P. falciparum is often associated with severe, life-threatening symptoms (Richie and
Saul, Nature 415:694-701 (2002)).

People suffering from malaria can exhibit a range of symptoms from fever,
vomiting, headache and fatigue to more severe symptoms including seizures, coma, or even
death if left untreated. Despite the availability of anti-malarial drugs, malaria is still one of the
world’s most devastating diseases, causing approximately 438,000 deaths in 2015 alone. See
World Health Organization, WHO Global Malaria Programme, World Malaria Report 2015.
Geneva, Switzerland: WHO Press 2015. Those at highest risk for disease include children,
pregnant women, and non-immune travelers from malaria-free areas. The burden of disease is
disproportionately high in Sub-Saharan Africa, with 88% of new malaria cases and about 90% of
malaria deaths, mostly children <5 years of age in 2015. World Malaria Report, supra.

Although there are drugs available for the treatment of malaria, the emergence of
drug resistant strains of Plasmodium has caused many antimalarial drugs to lose their
effectiveness in many areas of the world. Therefore, there is a continued need to discover and
develop antimalarial agents that are effective against new and old strains of Plasmodium.

Aspartyl proteases are viewed as prime antimalarial targets, but the design of
therapeutics to target them has been complicated by a lack of understanding on their essential
roles in parasite survival. Of the 11 malaria aspartyl proteases only 3 are known to be essential
for survival of the blood stage form of the malaria parasite, plasmepsin V (PMV), plasmepsin IX
(PMIX) and signal peptide peptidase (SPP). While inhibitors of PMV and PMIX, which have

distant homology to human aspartyl proteases, may be useful as malaria therapeutics, SPP is not
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a reasonable drug target due to its close similarity and function to the human
orthologue.

PMYV is an aspartyl protease located within the parasite’s endoplasmic reticulum
(ER) that cleaves several hundred parasite proteins destined for export into human erythrocytes.
PMYV is a promising antimalarial drug target since it is essential for parasite survival in
erythrocytes (Sleebs ef al., PloS Biology 12, e1001897 (2014); Hodder et al., Nat. Struct. Mol.
Biol. 22: 590-96 (2015)), including gametocytes.

PMYV plays an essential role in the export of several hundred virulence proteins
from the malaria parasite to the host erythrocyte in asexual and sexual blood stages, many of
which are essential for parasite survival and development (Marti et al., Science 306(5703):1930-
3 (2004); Sargeant et al., Genome Biol. 7:R12 (2006); Russo ef al., Nature 463: 632-636 (2010);
Boddey et al Nature 2010; Silvestrini et al Mol. Cell. Proteomics 9(7):1437-48 (2010). Over 450
proteins are predicted to be exported via PMV, as they each contain an N-terminal export motif
termed the Plasmodium export element (PEXEL) (Marti ef al. 2004, supra) that is a cleavage site
for PMV. The protein export mechanism involves processing of the PEXEL motif (RxL-
*xQ/E/D) in the parasite’s ER by PMV and mutations of the PEXEL sequence that block
processing by PMV inhibit export to the erythrocyte (Russo et a/ Nature 2010; Boddey er a/
Nature 2010). The PEXEL motif and PMV are functionally conserved in all Plasmodium spp.,
including the two most virulent parasites of humans, P. falciparum and P. vivax (Sleebs et al
PloS Biology 2014).

Given the development of drug-resistance by Plasmodium parasites, new
therapies to combat malaria are urgently needed. The present invention provides compounds
that are potent inhibitors of P. faiciparum growth in vitro and may be useful for the treatment of

malaria.

SUMMARY OF THE INVENTION
The present invention is directed to methods of treatment of Plasmodium

infections comprising administering to a subject in need thereof certain plasmepsin V inhibitor
compounds, or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable
carrier. More specifically, the methods of the invention comprise administration of a compound
of Formula (I), or a pharmaceutically acceptable salt thereof, wherein the compound has the

general structure:
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R\ X (RO (R%m
uno N L a
R3 R4 O

4]

wherein:

X is a bond or CH(R?);

R? is selected from the group consisting of hydrogen, halo, -C1-Cy alkyl, and
phenyl, wherein said -C;-Cg alkyl and said phenyl are optionally substituted with one to three
halo;

ring A is AryB, or a 5- or 6-membered heterocycloalkyl;

AryB is:

(1) a 5- or 6-membered monocyclic aromatic ring with 0, 1, 2, or 3,
heteroatoms independently selected from N, O and S, or

(i1) a 9-to 11-membered bicyclic aromatic ring with 0, 1, 2, or 3
heteroatoms independently selected from N, O and S

each occurrence of R! is independently selected from halo, -CN, -OH, -C;-
Csalkyl, -O-C,-Cq alkyl, -C-Cghaloalkyl and Ary A;

AryA is a 5- or 6-membered monocyclic aromatic ring with 0, 1, or 2,
heteroatoms independently selected from N, O and S;

-L-is selected from the group consisting of : -C(O)-, -C(0)-N(R")-(CH(R"))-,

O . O *yr‘“
y‘f ~ N y,y\ N ~ N . " e
N™ L4
>z | R
L3 L3 RL3 )|\ g : )\

RL4 RL4 and

pd

PAVAVAY)
*k

wherein:
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* indicates the point of attachment to ring A and ** indicates the point of
attachment to ring B,
R™! and R" (when present) are each independently selected from the group
consisting of H and methyl;
R™ is selected from the group consisting of H, -C;-Cgalkyl, -C;-Ceheteroalkyl,
and -C;-Csalkyl-N(R*)C(O)R"’;
R™ is selected from the group consisting of H and -C,-Csalkyl, wherein said -C-
Csalkyl is optionally substituted with one to three halo; and
R" is selected from the group consisting of H, -C,-Csalkyl and -OC,-Csalkyl,
wherein said -C;-C;alkyl and said -OC,-C;alkyl are optionally substituted with one to three
halo;
ring B is a C3-Cscycloalkyl, a C;-Csheterocycloalkyl, or AryB;
each occurrence of R is independently halo, -OH, =0, —-CN, -5§(0) C-C, alkyl,
—C(0)(C-Csalkyl), —C(0)O(C,-Cealkyl), C(O)NH)(C-Csalkyl), —C(O)N(C;-Cealkyl),, —C;-
Cealkyl, —C3-Cscycloalkyl, -NH-C(O)O—-C;-Cgalkyl, or —OC;-Csalkyl, wherein said —S(0),C;-Cy4
alkyl, said —C(O)(C;-Csalkyl), — said C(O)O(C;-Csalkyl), said C(O)N(H)(C,-Cealkyl), said —
C(O)N(C,-Cealkyl),, said —C;-Cealkyl, — said Cs;-Cescycloalkyl, said -NH-C(O)O-C;-Cealkyl,
and said —OC,-Cealkyl are optionally substituted with one to three substituents, independently
selected from halo, —OH, —-CN, and —-OC,-Csalkyl;
R’ is selected from the group consisting of:
(1) hydrogen,
(2) -C1-Cs alkyl,
(3) —C4-C¢ cycloalkyl,
(4) —(CH;),-C4-C¢ heterocycloalkyl,
(5) —0-C;-Cealkyl,
(6) —(CH;),-O-C;-Csalkyl, optionally substituted with one or two
substituents, independently selected from halo and cyclopropyl,
(7) AryA,
(8) —(CHay)n-cyclopropyl,
wherein each of said -C;-C¢ alkyl, said —C4-Cg cycloalkyl, said —(CH;),-C4-C¢ heterocycloalkyl,
said —~0-C;-Cealkyl, and said —(CHaz)y-cyclopropyl are optionally substituted with one or two
substituents, independently selected from halo, -OH, and —O-C,-Cealkyl, and wherein said AryA
is optionally substituted with one to three substituents, independently selected from -OH, halo, —
0-C;-Cealkyl, C-Cefluoroalkyl, —-CN, —OCF;, —OCF», and —S(=0),—C;-Csalkyl;
-4 -
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R* is selected from the group consisting of hydrogen, -C,-Cgalkyl, and AryA,
wherein said -C;-Cgalkyl and said Ary A are optionally substituted with one to three
substitutents, independently selected from halo, -OH, —O-C;-Csalkyl, -C;-Csalkyl and
cyclopropyl;

alternatively, R* and R*, together with the carbon to which they are attached, join
to form a 5- or 6-membered spirocyclic cycloalkyl, optionally substituted with one or two
substitutents, independently selected from halo, -OH, —O-C;-Csalkyl, and -C;-Csalkyl;

nis 0, 1,2, or3;

mis0,1,2 3, 4,5, or6;

kisOor1; and

zis 1 or 2.

The compounds, and their pharmaceutically acceptable salts, can be useful, for
example, for the treatment of malaria. The compounds of Formula (I) are able to impair the
proteolytic function of plasmepsin V, which is lethal for parasite growth.

The present invention further provides the use of compositions, including
pharmaceutical compositions, comprising one or more compounds of the invention (e.g., one
compound of the invention), or a tautomer thereof, or a pharmaceutically acceptable salt or
solvate of said compound(s) and/or said tautomer(s), optionally together with one or more
additional therapeutic agents, optionally in an acceptable (e.g., pharmaceutically acceptable)
carrier or diluent, for the treatment of malaria.

Moreover, the present invention provides methods for the use of the compounds
of the invention, as well as pharmaceutical compositions comprising one or more of said
compounds in the free form or in pharmaceutically acceptable salt form, together with one or
more customary pharmaceutical excipient(s), for the treatment of Plasmodium infections, the
treatment of malaria, or the inhibition of plasmepsin V. Methods for the use of combinations of
the compounds or salts of the invention together with one or more additional pharmaceutically
active agents are also provided.

The present invention further provides methods for the inhibition of plasmepsin V
activity and of treatment, prevention, amelioration and/or delaying onset of diseases or disorders
in which the inhibition of plasmepsinV has or may have a therapeutic effect, e.g. malaria.

These and other embodiments of the invention, which are described in detail
below or will become readily apparent to those of ordinary skill in the art, are included within

the scope of the invention.
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DETAILED DESCRIPTION OF THE INVENTION
The present invention is directed to methods of treatment of Plasmodium

infections comprising administering to a subject in need thereof certain compounds described
herein, or a pharmaceutically acceptable salt thereof. More specifically, the methods of the
invention comprise administration of a compound of Formula (I), or a pharmaceutically

acceptable salt thereof, wherein the compound has the general structure:

HEK X (RMn (R,
o A
R3 R4 O

@

wherein X, R', R*, R, R’, A, L, B, m and n are defined in the Summary of the Invention, and
further defined herein. In certain embodiments, the compounds of Formula (I) or a
pharmaceutically acceptable salt thereof are administered in the form of a pharmaceutical
composition, further comprising a pharmaceutically acceptable carrier or excipient.

In each of the various embodiments of the invention, in the compounds used in
the methods herein, each variable (including those in each of Formula (I), (IA), (IB), and (IC),
and the various embodiments thereof) it shall be understood that each variable is to be selected
independently of the others unless otherwise indicated.

In each of the various embodiments of the invention, the compounds described
herein, including those in each of Formula (I), (IA), (IB), and (IC) and the various embodiments
thereof, may exist in different forms of the compounds such as, for example, any solvates,
hydrates, stereoisomers, and tautomers of said compounds and of any pharmaceutically
acceptable salts thereof.

In one embodiment, the compounds used in the methods of the invention have the

general structure shown in Formula (I):

HN (R1)n (R5)m
Iy
e eONG
R3 R4 O
D

or a pharmaceutically acceptable salt thereof, wherein :

-6 -
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X is a bond or CH(R?);
R? is selected from the group consisting of hydrogen, halo, -C1-Cy alkyl, and

phenyl, wherein said -C;-Cg alkyl and said phenyl are optionally substituted with one to three
halo;

ring A is AryB, or a 5- or 6-membered heterocycloalkyl;
AryB is:
(1) a 5- or 6-membered monocyclic aromatic ring with 0, 1, 2, or 3,
heteroatoms independently selected from N, O and S, or
(i1) a 9-to 11-membered bicyclic aromatic ring with 0, 1, 2, or 3
heteroatoms independently selected from N, O and S
each occurrence of R! is independently selected from halo, -CN, -OH, -C;-
Csalkyl, -O-C1-Cs alkyl, -C-Cghaloalkyl, -O-C;-Cghaloalkyl, and AryA;
AryA is a 5- or 6-membered monocyclic aromatic ring with 0, 1, or 2,
heteroatoms independently selected from N, O and S;
-L-is selected from the group consisting of : -C(O)-, -C(0)-N(R")-(CH(R"))-,

*

o . o
J‘r‘d\N f\N ,JJJ\N RL4 0
N|/0>L§* )N|\ j<R'-4
L3 *
I RL3 HO RL3 o R *E)\N\ :_LLL l}l .J"{;F
L4 RL4

** ’ ** ’ ** ’ ’ and
O
,;\N
O
RL3

wherein:

* indicates the point of attachment to ring A and ** indicates the point of

attachment to ring B,

R"! and R"™ (when present) are each independently selected from the group
consisting of H and methyl;

R™ is selected from the group consisting of H, -C;-Cgalkyl, -C;-Ceheteroalkyl,
and -C;-Csalkyl-N(R*)C(O)R"’;

R™ is selected from the group consisting of H and -C,-Csalkyl, wherein said -C-

Csalkyl is optionally substituted with one to three halo; and

-7-
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R™ is selected from the group consisting of H, -C;-Csalkyl and -OC;-Csalkyl,
wherein said -C;-C;alkyl and said -OC,-C;alkyl are optionally substituted with one to three
halo;

ring B is a C;-Cscycloalkyl, a C;-Csheterocycloalkyl, or AryB;

each occurrence of R is independently halo, -OH, =0, —-CN, -5§(0) C-C, alkyl,
—C(0)(C-Cealkyl), —C(0)O(C;-Cealkyl), C(O)N(H)(C;-Cgalkyl), —C(O)N(C,-Csalkyl),, —C;-
Cealkyl, —C3-Cscycloalkyl, -NH-C(O)O—-C;-Cgalkyl, or —OC;-Csalkyl, wherein said —S(0),C;-Cy4
alkyl, said —C(O)(C;-Csalkyl), — said C(O)O(C,-Cealkyl), said C(O)N(H)(C,-Csalkyl), said —
C(O)N(C,-Cealkyl),, said —C;-Cealkyl, — said Cs;-Cescycloalkyl, said -NH-C(O)O-C;-Cealkyl,
and said —OC,-Cealkyl are optionally substituted with one to three substituents, independently
selected from halo, -OH, —CN, or —OC,-Csalkyl;

R’ is selected from the group consisting of:

(1) hydrogen,

(2) -C1-Cq alkyl,

(3) —C4-C¢ cycloalkyl,

(4) —(CH;),-C4-C¢ heterocycloalkyl,

(5) —0-C-Cealkyl,

(6) —(CH;),-O-C;-Csalkyl, optionally substituted with one or two

substituents, independently selected from halo and cyclopropyl,

(7) AryA,

(8) —(CHa)q-cyclopropyl,
wherein each of said -C;-C¢ alkyl, said —C4-Cg cycloalkyl, said —(CH;),-C4-C¢ heterocycloalkyl,
said —~0-C;-Cealkyl, and said —(CHaz),-cyclopropyl are optionally substituted with one or two
substituents, independently selected from halo, -OH, and —O-C,-Cealkyl, and wherein said AryA
is optionally substituted with one to three substituents, independently selected from -OH, halo, —
0-C;-Cealkyl, C-Cefluoroalkyl, —-CN, —OCF;, —OCF», and —S(=0),—C;-Csalkyl;

R* is selected from the group consisting of hydrogen, -C,-Csalkyl, and AryA,
wherein said -C;-Cgalkyl and said Ary A are optionally substituted with one to three
substitutents, independently selected from halo, -OH, —O-C;-Csalkyl, -C;-Csalkyl and
cyclopropyl;

alternatively, R’ and R*, together with the carbon to which they are attached, join
to form a 5- or 6-membered spirocyclic cycloalkyl, optionally substituted with one or two

substitutents, independently selected from halo, -OH, —O-C,-Csalkyl, and -C;-Csalkyl;

-8-
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nis 0, 1,2, or3;

mis0,1,2 3, 4,5, or6;

kisOor1; and

zis 1 or 2.

The present invention provides a method for treating a Plamodium infection, or
for treating malaria, or for inhibiting plasmepsin V, which comprises administering to a subject
in need of such treatment a therapeutically effective amount of a compound, or a
pharmaceutically acceptable salt thereof, said compound having the structural Formula ()
described in the Summary of the Invention. In some embodiments, the compounds of Formula
(D), or pharmaceutically acceptable salts thereof, are administered with a pharmaceutically
acceptable carrier, as a pharmaceutical composition. Also provided herein are various
embodiments of these methods, as described, infra.

The invention also relates to the use of a compound of Formula (1), (IA), (IB), or
(IC) or a pharmaceutically acceptable salt thereof for inhibiting plasmepsin V activity, for
treating a Plasmodium infection, or for treating malaria. The invention further relates to the use
of a compound of Formula (I), (TA), (IB), or (IC) or a pharmaceutically acceptable salt thereof in
the manufacture of a medicament for inhibiting plasmepsin V activity, for treating a Plasmodium
infection, or for treating malaria. The compounds of Formula (I), (IA), (IB), or (IC) or
pharmaceutically acceptable salts thereof described in any of the embodiments of the invention
herein are useful for any of the uses above.

The methods of the present invention are useful for treating malaria in that they
inhibit the onset, growth, or progression of the condition, ameliorate the symptoms of the
condition, cause regression of the condition, cure the condition, or otherwise improve the general
well-being of a subject afflicted with, or at risk of, contracting the condition. Thus, in accordance
with the presently disclosed subject matter, the terms “treat”, “treating”, and grammatical
variations thereof, as well as the phrase “method of treating”, are meant to encompass any
desired therapeutic intervention, including but not limited to a method for treating an existing
infection in a subject, such as in a subject that has been exposed to a parasite as disclosed herein.

Embodiments of the invention also include one or more of the compounds of
Formula (I), (IA), (IB), or (IC) or a pharmaceutically acceptable salt thereof (i) for use in, (ii) for
use as a medicament or composition for, or (ii1) for use in the preparation of a medicament for:
(a) therapy (e.g., of the human body); (b) medicine; (¢) inhibition of parasite/Plasmodium
growth, (d) treatment or prophylaxis of infection by Plasmodium species; (e) reduction of the

progression, onset or severity of pathological symptoms associated with Plasmodium infection

-9.
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and/or reduction of the likelihood of severe Plasmodium infection or, (f) treatment, or delay in
the onset, severity, or progression of Plasmodium -associated disease(s), including, but not
limited to malaria.

A first embodiment of the methods of the invention (Embodiment E1) comprises
administration of a compound of Formula (I), or a pharmaceutically acceptable salt thereof,
wherein X, R', R*, R, R, A, B, L, m and n are as originally defined (i.e. as defined in Formula
(D in the Summary of the Invention).

A second embodiment of the methods of the invention (Embodiment E2)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X is a bond, and all other variables are as defined in Embodiment E1.

A third embodiment of the methods of the invention (Embodiment E3) comprises
administration of a compound of Formula (I), or a pharmaceutically acceptable salt thereof,
wherein X is CH(R?), R” is hydrogen, and all other variables are as defined in Embodiment E1.

A fourth embodiment of the methods of the invention (Embodiment E4)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X is CH(R?), R? is halo, and all other variables are as defined in Embodiment
El.

A fifth embodiment of the methods of the invention (Embodiment ES) comprises
administration of a compound of Formula (I), or a pharmaceutically acceptable salt thereof,
wherein X is CH(R?), R? is -C;-Cs alkyl, optionally substituted with one to three halo, and all
other variables are as defined in Embodiment E1.

In a sub-embodiment of Embodiment E5, R” is methyl.

A sixth embodiment of the methods of the invention (Embodiment E6) comprises
administration of a compound of Formula (I), or a pharmaceutically acceptable salt thereof,
wherein X is CH(R?), R” is phenyl, which is unsubstituted, and all other variables are as defined
in Embodiment E1.

A seventh embodiment of the methods of the invention (Embodiment E7)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X is CH(R?), R? is phenyl, substituted with one to three halo, and all other
variables are as defined in Embodiment E1.

An eighth embodiment of the methods of the invention (Embodiment ES)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is AryB, wherein
AryB is:

-10 -
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(i) a 5- or 6-membered monocyclic aromatic ring with 0, 1, 2, or 3, heteroatoms
independently selected from N, O and S, or

(i) a 9-to 11-membered bicyclic aromatic ring with 0, 1, 2, or 3 heteroatoms
independently selected from N, O and S,
and all other variables are as defined in Embodiment E1.

In a sub-embodiment of Embodiment E8, AryB is a 5-membered aryl. In another
sub-embodiment of Embodiment E8, AryB is a 6-membered aryl. In yet another sub-
embodiment of Embodiment E8, AryB is a 5-membered heteroaryl. In a further sub-
embodiment of Embodiment E8, AryB is a 6-membered heteroaryl. In a further sub-
embodiment of Embodiment E8, Ary B is a 9- to 11-membered bicyclic aryl. In a still further
sub-embodiment of Embodiment E8, AryB is a 9- to 11-membered bicyclic heteroaryl.

A ninth embodiment of the methods of the invention (Embodiment E9) comprises
administration of a compound of Formula (I), or a pharmaceutically acceptable salt thereof,
wherein X and R” are as defined in any of Embodiments E1-E7, ring A is a 5- or 6-membered
heterocycloalkyl, and all other variables are as defined in Embodiment E1.

A tenth embodiment of the methods of the invention (Embodiment E10)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is phenyl, and all
other variables are as defined in Embodiment E1.

An eleventh embodiment of the methods of the invention (Embodiment E11)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt

thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is:

§

95’ , and all other variables are as defined in Embodiment E1.

In sub-embodiments of Embodiments E8-E11, ring A is unsubstituted.

In further sub-embodiments of Embodiments E8-E11, ring A is substituted with
one to three occurrences of R', which are independently selected from halo, -CN, -OH, -C;-
Cealkyl, -O-C,-Cq alkyl, -C-Cghaloalkyl, O-C-C haloalkyl, and AryA.

In some sub-embodiments of Embodiments E8-E11, ring A is substituted with
one to three halo. In a sub-sub-embodiment, the substituent is F or CI.

In some sub-embodiments of Embodiments E8-E11, ring A is substituted with

one to three -CN.
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In further sub-embodiments of Embodiments E8-E11, ring A is substituted with
one to three -OH.

In other sub-embodiments of Embodiments E8-E11, ring A is substituted with
one to three -C,-Cgalkyl.

In still other sub-embodiments of Embodiments E8-E11, ring A is substituted
with one to three -O-C,-C¢ alkyl.

In further sub-embodiments of Embodiments E8-E11, ring A is substituted with
one to three -C,-C¢haloalkyl. In a sub-sub-embodiment, the substituent is CFj;.

In further sub-embodiments of Embodiments E8-E11, ring A is substituted with
one to three —O-C;-Cghaloalkyl. In a sub-sub-embodiment, the substituent is O-CFj.

In additional sub-embodiments of Embodiments E8-E11, ring A is substituted
with one to three AryA. In a sub-sub-embodiment, the substituent is phenyl.

It is to be understood that the substituents on ring A in the above sub-
embodiments can be combined with any other sub-embodiment, e.g., ring A can be substituted
with halo and methyl.

A twelfth embodiment of the methods of the invention (Embodiment E12)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any
of Embodiments E8-E11, -L- is -C(O)- and all other variables are as defined in Embodiment E1.

A thirteenth embodiment of the methods of the invention (Embodiment E13)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any
of Embodiments E8-E11, -L- is -C(0)-N(R"))-(CH(R"))-, and all other variables are as defined
in Embodiment E1.

A fourteenth embodiment of the methods of the invention (Embodiment E14)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any

of Embodiments E8-E11, -L- is selected from the group consisting of:
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wherein:
* indicates the point of attachment to ring A and ** indicates the point of
5 attachment to ring B, R™ (when present) is independently selected from the group conisisting of
H and methyl, and R™ (when present) is selected from the group consisting of H and -C-
Csalkyl, wherein said -C;-Csalkyl is optionally substituted with one to three halo; and all other
variables are as defined in Embodiment E1.
A fifteenth embodiment of the methods of the invention (Embodiment E15)
10  comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any
O

"

N

of Embodiments E8-E11, -L- is , wherein * indicates the point of attachment to ring
A and ** indicates the point of attachment to ring B, and all other variables are as defined in
Embodiment E1.

15 A sixteenth embodiment of the methods of the invention (Embodiment E16)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any
of Embodiments E8-E11, -L- is -C(O)-N(H)-(CH(CHj3))-, and all other variables are as defined
in Embodiment E1.

20 A seventeenth embodiment of the methods of the invention (Embodiment E17)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt

thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any
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of Embodiments E8-E11, -L- is -C(O)-N(H)-, and all other variables are as defined in
Embodiment E1.

An eighteenth embodiment of the methods of the invention (Embodiment E18)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any
of Embodiments E8-E11, -L- is -C(O)-N(H)-(CH(-C,-Cgsheteroalkyl))-, and all other variables
are as defined in Embodiment E1.

A nineteenth embodiment of the methods of the invention (Embodiment E19)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any
of Embodiments E8-E11, -L- is -C(O)-N(CHj3)-CHs-, and all other variables are as defined in
Embodiment E1.

A twentieth embodiment of the methods of the invention (Embodiment E20)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any
of Embodiments E8-E11, -L- is as defined in any of Embodiments E12- E19, ring B is a Cs-
Crcycloalkyl, and all other variables are as defined in Embodiment E1.

A twenty-first embodiment of the methods of the invention (Embodiment E21)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any
of Embodiments E8-E11, -L- is as defined in any of Embodiments E12- E19, ring B is a Cs-
C-heterocycloalkyl, and all other variables are as defined in Embodiment E1.

A twenty-second embodiment of the methods of the invention (Embodiment E22)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any
of Embodiments E8-E11, -L- is as defined in any of Embodiments E12- E19, ring B is AryA,
and all other variables are as defined in Embodiment E1.

In a sub-embodiment of Embodiment E22, AryA is a 5S-membered aryl. In
another sub-embodiment of Embodiment E22, AryA is a 6-membered aryl. In yet another sub-
embodiment of Embodiment E22, AryA is a 5-membered heteroaryl. In a further sub-
embodiment of Embodiment E22, AryA is a 6-membered heteroaryl.

A twenty-third embodiment of the methods of the invention (Embodiment E23)

comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
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thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any
of Embodiments E8-E11, -L- is as defined in any of Embodiments E12- E19, ring Bisa 9-to 11-
membered bicyclic aryl, and all other variables are as defined in Embodiment E1.

A twenty-fourth embodiment of the methods of the invention (Embodiment E24)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any
of embodiments E8-E11, -L- is as defined in any of Embodiments E12- E19, ring Bis a9-to 11-
membered bicyclic heteroaryl; and all other variables are as defined in Embodiment E1.

A twenty-fifth embodiment of the methods of the invention (Embodiment E25)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any
of Embodiments E8-E11, -L- is as defined in any of Embodiments E12- E19, ring B is phenyl
and all other variables are as defined in Embodiment E1.

In sub-embodiments of Embodiments E20-E25, ring B is unsubstituted.

In further sub-embodiments of Embodiments E20-E25, ring B is substituted with
one to six occurrences of R’ independently selected from halo, —OH, —CN, -S(0),C1-Cq alkyl, -
C(0)(C-Cealkyl), —C(0)O(C;-Cealkyl), C(O)N(H)(C;-Cealkyl), —C(O)N(C;-Cealkyl),, —C;-
Csalkyl, —Cs-Cscycloalkyl or -OC;-Csalkyl, wherein said —S(0),C;-Cy alkyl, said -C(O)(C;-
Cealkyl), — said C(O)O(C;-Csalkyl), said C(O)N(H)(C;-Csalkyl), said —C(O)N(C;-Cealkyl),, said
—C-Cealkyl, — said C;-Cecycloalkyl and said —OC;-Cgalkyl are optionally substituted with one to
three substituents, independently selected from halo, —OH, —CN, or —OC,-Csalkyl.

In some sub-embodiments of Embodiments E20-E25, ring B is substituted with
one to three halo.

In some sub-embodiments of Embodiments E20-E25, ring B is substituted with
—C1-Csalkyl optionally substituted with one to three halo.

A twenty-sixth embodiment of the methods of the invention (Embodiment E26)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any
of Embodiments E8-E11, -L- is as defined in any of Embodiments E12- E19, ring B is selected

from the group consisting of:
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and R R , wherein each occurrence of R’ is independently selected from H, halo,

and C;-Cealkyl; and each occurrence of R™ is independently selected from H, halo, and CF3, and
all other variables are as defined in Embodiment E1.

A twenty-seventh embodiment of the methods of the invention (Embodiment
E27) comprises administration of a compound of Formula (I), or a pharmaceutically acceptable
salt thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in

any of Embodiments E8-E11, -L- is as defined in any of Embodiments E12- E19, ring B is:

(R)n
L

F , and all other variables are as defined in Embodiment E1.

A twenty-eighth embodiment of the methods of the invention (Embodiment E28)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any

of Embodiments E8-E11, -L- is as defined in any of Embodiments E12- E19, ring B is:

;\N\jb

A twenty-ninth embodiment of the methods of the invention (Embodiment E29)

, and all other variables are as defined in Embodiment E1.

comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any

of Embodiments E8-E11, -L- is as defined in any of Embodiments E12- E19, ring B is:

T, , and all other variables are as defined in Embodiment E1.
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A thirtieth embodiment of the methods of the invention (Embodiment E30)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any

of Embodiments E8-E11, -L- is as defined in any of Embodiments E12- E19, ring B is:

O

i , and all other variables are as defined in Embodiment E1.

A thirty-first embodiment of the methods of the invention (Embodiment E31)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any

of embodiments E8-E11, -L- is as defined in any of Embodiments E12- E19, ring B is:

O

comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt

, and all other variables are as defined in Embodiment E1.

A thirty-second embodiment of the methods of the invention (Embodiment E32)

thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any

of Embodiments E8-E11, -L- is as defined in any of Embodiments E12- E19, ring B is:

K/ N , and all other variables are as defined in Embodiment E1.

A thirty-third embodiment of the methods of the invention (Embodiment E33)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any
of Embodiments E8-E11, -L- is as defined in any of Embodiments E12- E19, ring B is as defined
in any of Embodiments E20-E32, R’ is hydrogen, and all other variables are as defined in
Embodiment E1.

A thirty-fourth embodiment of the methods of the invention (Embodiment E34)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any
of Embodiments E8-E11, -L- is as defined in any of Embodiments E12- E19, ring B is as defined
in any of Embodiments E20-E32, R* is -C,-C; alkyl, optionally substituted with one or two
substituents, independently selected from halogen, -OH, and —O-C,-Cealkyl, and all other

variables are as defined in Embodiment E1.
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A thirty-fifth embodiment of the methods of the invention (Embodiment E35)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any
of Embodiments E8-E11, -L- is as defined in any of Embodiments E12- E19, ring B is as defined
in any of Embodiments E20-E32, R® is —C4-Cy cycloalkyl or —(CHa),- C4-Cgheterocycloalkyl,
optionally substituted with one or two substituents, independently selected from halogen, -OH,
and —0-C,-Cgalkyl, and all other variables are as defined in Embodiment E1.

A thirty-sixth embodiment of the methods of the invention (Embodiment E36)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any
of Embodiments E8-E11, -L- is as defined in any of Embodiments E12- E19, ring B is as defined
in any of Embodiments E20-E32, R’ is —0-C;-Csalkyl, optionally substituted with one or two
substituents, independently selected from halogen, -OH, and —O-C,-Cealkyl, and all other
variables are as defined in Embodiment E1.

A thirty-seventh embodiment of the methods of the invention (Embodiment E37)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any
of Embodiments E8-E11, -L- is as defined in any of Embodiments E12- E19, ring B is as defined
in any of Embodiments E20-E32, R? is —(CH,),-0O-C,-Csalkyl, optionally substituted with one or
two substituents, independently selected from halo and cyclopropyl, and all other variables are as
defined in Embodiment E1.

A thirty-eighth embodiment of the methods of the invention (Embodiment E38)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any
of Embodiments E8-E11, -L- is as defined in any of Embodiments E12- E19, ring B is as defined
in any of Embodiments E20-E32, R’ is AryA, optionally substituted with one to three
substituents, independently selected from -OH, halo, —O-C-Csalkyl, C,-C¢fluoroalkyl, —CN, —
OCF;, —~OCF», and —S(=0)—C;-Csalkyl, and all other variables are as defined in Embodiment
El.

A thirty-ninth embodiment of the methods of the invention (Embodiment E39)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any

of Embodiments E8-E11, -L- is as defined in any of Embodiments E12- E19, ring B is as defined
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in any of Embodiments E20-E32, R’ is —(CH,),-cyclopropyl, optionally substituted with one or
two substituents, independently selected from halogen, -OH, and —O-C,-Cgalkyl, and all other
variables are as defined in Embodiment E1.

A fortieth embodiment of the methods of the invention (Embodiment E40)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any
of Embodiments E8-E11, -L- is as defined in any of Embodiments E12- E19, ring B is as defined
in any of Embodiments E20-E32, R? is phenyl optionally substituted with one to three halo, and
all other variables are as defined in Embodiment E1.

A forty-first embodiment of the methods of the invention (Embodiment E41)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any
of Embodiments E8-E11, -L- is as defined in any of Embodiments E12- E19, ring B is as defined
in any of Embodiments E20-E32, R* is methyl, and all other variables are as defined in
Embodiment E1.

A forty-second embodiment of the methods of the invention (Embodiment E42)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any
of Embodiments E8-E11, -L- is as defined in any of Embodiments E12- E19, ring B is as defined
in any of Embodiments E20-E32, R* is isopropyl, and all other variables are as defined in
Embodiment E1.

A forty-third embodiment of the methods of the invention (Embodiment E43)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any
of Embodiments E8-E11, -L- is as defined in any of Embodiments E12- E19, ring B is as defined
in any of Embodiments E20-E32, R%is as defined in any of Embodiments E33-E42, R* is
hydrogen, and all other variables are as defined in Embodiment E1.

A forty-fourth embodiment of the methods of the invention (Embodiment E44)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any
of Embodiments E8-E11, -L- is as defined in any of Embodiments E12- E19, ring B is as defined
in any of Embodiments E20-E32, R’ is as defined in any of Embodiments E33-E42, R* is -C)-

Csalkyl, optionally substituted with one to three substitutents, independently selected from halo,
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-OH, —O-C,;-Csalkyl, -C;-Csalkyl and cyclopropyl, and all other variables are as defined in
Embodiment E1.

A forty-fifth embodiment of the methods of the invention (Embodiment E45)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any
of Embodiments E8-E11, -L- is as defined in any of Embodiments E12- E19, ring B is as defined
in any of Embodiments E20-E32, R’is as defined in any of Embodiments E33-E42, R* is AryA,
optionally substituted with one to three substitutents, independently selected from halo, -OH, —
0-C;-Csalkyl, -C-Csalkyl and cyclopropyl, and all other variables are as defined in Embodiment
El.

A forty-sixth embodiment of the methods of the invention (Embodiment E46)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any
of Embodiments E8-E11, -L- is as defined in any of Embodiments E12- E19, ring B is as defined
in any of Embodiments E20-E32, R*is as defined in any of Embodiments E33-E42, R* is methyl,
and all other variables are as defined in Embodiment E1.

A forty-seventh embodiment of the methods of the invention (Embodiment E47)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any
of Embodiments E8-E11, -L- is as defined in any of Embodiments E12- E19, ring B is as defined
in any of Embodiments E20-E32, R*is as defined in any of Embodiments E33-E42, R* is phenyl
optionally substituted with one to three halo, and all other variables are as defined in
Embodiment E1.

A forty-eighth embodiment of the methods of the invention (Embodiment E48)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any
of Embodiments E8-E11, -L- is as defined in any of Embodiments E12- E19, ring B is as defined
in any of Embodiments E20-E32, R*is as defined in any of Embodiments E33-E42, R is —
(CHy)y-cyclopropyl, and all other variables are as defined in Embodiment E1.

A forty-ninth embodiment of the methods of the invention (Embodiment E49)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any

of Embodiments E8-E11, -L- is as defined in any of Embodiments E12- E19, ring B is as defined
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in any of Embodiments E20-E32, and R* and R*, together with the carbon to which they are
attached, join to form a 5- or 6-membered spirocyclic cycloalkyl, optionally substituted with one
or two substitutents, independently selected from halo, -OH, —O-C,-C;alkyl, and -C,-C;alkyl,
and all other variables are as defined in Embodiment E1.

A fiftieth embodiment of the methods of the invention (Embodiment E50)
comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt
thereof, wherein X and R” are as defined in any of Embodiments E1-E7, ring A is defined in any
of Embodiments E8-E11, -L- is as defined in any of Embodiments E12- E19, ring B is as defined
in any of Embodiments E20-E32, and R* and R*, together with the carbon to which they are
attached, join to form a 5- membered spirocyclic cycloalkyl, and all other variables are as
defined in Embodiment E1.

A fifty-first embodiment of the methods of the invention (Embodiment E51)

comprises administration of a compound of Formula (I), having the structure:
NH

F NH
2 2 2
o
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or a pharmaceutically acceptable salt thereof.
A fifty-second embodiment of the methods of the invention (Embodiment E52)
5 comprises administration of a compound of Formula (I), having the structure:

NH NS

Déﬂo*% wdﬂoﬂgw §
Y@A_p@wi} Y@&W*G Qj*«@A

o 0

CFs,
ZOON N/YN
N
HN—QNH N\O>\q’
10  or a pharmaceutically acceptable salt thereof.
A fifty-third embodiment of the methods of the invention (Embodiment E53)

comprises administration of a compound of Formula (I), or a pharmaceutically acceptable salt

thereof, wherein:
(R%)m

=0
is selected from the group consisting of:
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wherein, R'! is I;ydrogen, halo, -OH, -C,-Cgalkyl, optionally substituted with one to three halo,
C;-Cecycloalkyl, optionally substituted with one to three halo, or -NH-C(0O)O-C;-Cgalkyl, and
all other variables are as defined in Embodiment E1.

A fifty-fourth embodiment of the methods of the invention (Embodiment E54)

comprises administration of a compound of Formula (I), having the structural Formula (IA):
HN

O
y M Ry
WHN® N (RN
LT ()
_ o)

\(\R/7> w

wherein each occurrence of R* is independently selected from halo ;tnd CF3; each occurrence of
R’ is halo, and all other variables are defined in Embodiment E1.

A fifty-fifth embodiment of the methods of the invention (Embodiment E55)
comprises administration of a compound of Formula (I), having the structural Formula (IB):

NH Ro o R (R
N )J\N)\Q)LN
RL']

(1B)

>

wherein R’ is selected from H, -(C1-Ce)alkyl and -(C,-C¢)heteroalkyl, and all other variables are

defined in Embodiment E1.
A fifty-sixth embodiment of the methods of the invention (Embodiment E56)

comprises administration of a compound of Formula (I), having the structural Formula (IC):
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(Rn
(IC)

>

wherein each occurrence of R is halo, , and all other variables are defined in Embodiment E1.

Definitions and Abbreviations:

The terms used herein have their ordinary meaning and the meaning of such terms
is independent at each occurrence thereof. That notwithstanding and except where stated
otherwise, the following definitions apply throughout the specification and claims. Chemical
names, common names and chemical structures may be used interchangeably to describe that
same structure. These definitions apply regardless of whether a term is used by itself or in
combination with other terms, unless otherwise indicated. Hence the definition of “alkyl”
applies to “alkyl” as well as the “alkyl” portion of “hydroxyalkyl”, “haloalkyl”, arylalkyl-,
alkylaryl-, “alkoxy” etc.

It shall be understood that, in the various embodiments of the invention described
herein, any variable not explicitly defined in the context of the embodiment is as defined in
Formula (I).

In the various embodiments described herein, each variable is selected
independently of the others unless otherwise indicated.

“Drug resistant” means, in connection with a Plasmodium parasite strain, a
Plasmodium species which is no longer susceptible to at least one previously effective drug;
which has developed the ability to withstand attack by at least one previously effective drug. A
drug resistant strain may relay that ability to withstand to its progeny. Said resistance may be
due to random genetic mutations in the bacterial cell that alters its sensitivity to a single drug or
to different drugs.

"Patient" includes both human and non-human animals. Non-human animals
include those research animals and companion animals such as mice, rats, primates, monkeys,
chimpanzees, great apes, dogs, and house cats.

"Pharmaceutical composition" (or “pharmaceutically acceptable composition™)
means a composition suitable for administration to a patient. Such compositions may contain the
neat compound (or compounds) of the invention or mixtures thereof, or salts, solvates, prodrugs,

isomers, or tautomers thereof, and one or more pharmaceutically acceptable carriers or diluents
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The term “pharmaceutical composition™ is also intended to encompass both the bulk
composition and individual dosage units comprised of one or more (e.g., two) pharmaceutically
active agents such as, for example, a compound of the present invention and an additional agent
selected from the lists of the additional agents described herein, along with any pharmaceutically
inactive excipients. The bulk composition and each individual dosage unit can contain fixed
amounts of the afore-said "more than one pharmaceutically active agents". The bulk
composition is material that has not yet been formed into individual dosage units. An illustrative
dosage unit is an oral dosage unit such as tablets, pills and the like. Similarly, the herein-
described method of treating a patient by administering a pharmaceutical composition of the
present invention is also intended to encompass the administration of the afore-said bulk
composition and individual dosage units.

“Halogen™ and "halo" mean fluorine, chlorine, bromine, or iodine. Preferred are
fluorine, chlorine and bromine.

"Alkyl" means an aliphatic hydrocarbon group which may be straight or branched
and comprising about 1 to about 20 carbon atoms in the chain. Preferred alkyl groups contain
about 1 to about 12 carbon atoms in the chain. More preferred alkyl groups contain about 1 to
about 6 carbon atoms in the chain. Branched means that one or more lower alkyl groups such as
methyl, ethyl or propyl, are attached to a linear alkyl chain. "Lower alkyl" means a group having
about 1 to about 6 carbon atoms in the chain which may be straight or branched. "Alkyl" may be
unsubstituted or optionally substituted by one or more substituents which may be the same or
different, each substituent being as described herein or independently selected from the group
consisting of halo, alkyl, haloalkyl, spirocycloalkyl, aryl, cycloalkyl, cyano, hydroxy, alkoxy,
alkylthio, amino, -NH(alkyl), -NH(cycloalkyl), -N(alkyl),, -O-C(O)-alkyl, -O-C(O)-aryl, -O-
C(0)-cycloalkyl, carboxy and —C(O)O-alkyl. Non-limiting examples of suitable alkyl groups
include methyl, ethyl, n-propyl, isopropyl and t-butyl.

“Haloalkyl” means an alkyl as defined above wherein one or more hydrogen
atoms on the alkyl is replaced by a halo group defined above.

"Heteroalkyl" means an alkyl moiety as defined above, having one or more
carbon atoms, for example one, two or three carbon atoms, replaced with one or more
heteroatoms, which may be the same or different, where the point of attachment to the remainder
of the molecule is through a carbon atom of the heteroalkyl radical. Suitable such heteroatoms
include O, S, S(0), S(0O)., -NH-, and -N(alkyl)-. Non-limiting examples include ethers,

thioethers, amines, and the like.
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"Alkenyl" means an aliphatic hydrocarbon group containing at least one carbon-
carbon double bond and which may be straight or branched and comprising about 2 to about 15
carbon atoms in the chain. Preferred alkenyl groups have about 2 to about 12 carbon atoms in
the chain; and more preferably about 2 to about 6 carbon atoms in the chain. Branched means
that one or more lower alkyl groups such as methyl, ethyl or propyl, are attached to a linear
alkenyl chain. "Lower alkenyl" means about 2 to about 6 carbon atoms in the chain which may
be straight or branched. “Alkenyl" may be unsubstituted or optionally substituted by one or
more substituents which may be the same or different, each substituent being independently
selected from the group consisting of halo, alkyl, aryl, cycloalkyl, cyano, alkoxy and —S(alkyl).
Non-limiting examples of suitable alkenyl groups include ethenyl, propenyl, n-butenyl, 3-
methylbut-2-enyl, n-pentenyl, octenyl and decenyl.

“Alkylene” means a difunctional group obtained by removal of a hydrogen atom
from an alkyl group that is defined above. Non-limiting examples of alkylene include

methylene, ethylene and propylene. More generally, the suffix “ene” on alkyl, aryl,

hetercycloalkyl, etc. indicates a divalent moiety, e.g., -CH,CH;- is ethylene, and é_O_é is
para-phenylene.

"Alkynyl" means an aliphatic hydrocarbon group containing at least one carbon-
carbon triple bond and which may be straight or branched and comprising about 2 to about 15
carbon atoms in the chain. Preferred alkynyl groups have about 2 to about 12 carbon atoms in
the chain; and more preferably about 2 to about 4 carbon atoms in the chain. Branched means
that one or more lower alkyl groups such as methyl, ethyl or propyl, are attached to a linear
alkynyl chain. "Lower alkynyl" means about 2 to about 6 carbon atoms in the chain which may
be straight or branched. Non-limiting examples of suitable alkynyl groups include ethynyl,
propynyl, 2-butynyl and 3-methylbutynyl. “Alkynyl" may be unsubstituted or optionally
substituted by one or more substituents which may be the same or different, each substituent
being independently selected from the group consisting of alkyl, aryl and cycloalkyl.

“Alkenylene” means a difunctional group obtained by removal of a hydrogen
atom from an alkenyl group that is defined above. Non-limiting examples of alkenylene include
—CH=CH-, -C(CH;)=CH-, and -CH=CHCH,-.

"Aryl" means an aromatic monocyclic or multicyclic ring system comprising
about 6 to about 14 carbon atoms, preferably about 6 to about 10 carbon atoms. The aryl group
can be optionally substituted with one or more "ring system substituents" which may be the same
or different, and are as defined herein. Non-limiting examples of suitable aryl groups include

phenyl and naphthyl. "Monocyclic aryl" means phenyl.
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"Heteroaryl" means an aromatic monocyclic or multicyclic ring system
comprising about 5 to about 14 ring atoms, preferably about 5 to about 10 ring atoms, in which
one or more of the ring atoms is an element other than carbon, for example nitrogen, oxygen or
sulfur, alone or in combination. Preferred heteroaryls contain about 5 to about 6 ring atoms.
The "heteroaryl" can be optionally substituted by one or more substituents, which may be the
same or different, as defined herein. The prefix aza, oxa or thia before the heteroaryl root name
means that at least a nitrogen, oxygen or sulfur atom respectively, is present as a ring atom. A
nitrogen atom of a heteroaryl can be optionally oxidized to the corresponding N-oxide.
“Heteroaryl” may also include a heteroaryl as defined above fused to an aryl as defined above.
Non-limiting examples of suitable heteroaryls include pyridyl, pyrazinyl, furanyl, thienyl (which
alternatively may be referred to as thiophenyl), pyrimidinyl, pyridone (including N-substituted
pyridones), isoxazolyl, isothiazolyl, oxazolyl, oxadiazolyl, thiazolyl, thiadiazolyl, pyrazolyl,
furazanyl, pyrrolyl, pyrazolyl, triazolyl, 1,2,4-thiadiazolyl, pyrazinyl, pyridazinyl, quinoxalinyl,
phthalazinyl, oxindolyl, imidazo[1,2-a]pyridinyl, imidazo[2,1-b]thiazolyl, benzofurazanyl,
indolyl, azaindolyl, benzimidazolyl, benzothienyl, quinolinyl, imidazolyl, thienopyridyl,
quinazolinyl, thienopyrimidyl, pyrrolopyridyl, imidazopyridyl, isoquinolinyl, benzoazaindolyl,
1,2.4-triazinyl, benzothiazolyl and the like. The term “heteroaryl™ also refers to partially
saturated heteroaryl moieties such as, for example, tetrahydroisoquinolyl, tetrahydroquinolyl and
the like. The term “monocyclic heteroaryl” refers to monocyclic versions of heteroaryl as
described above and includes 4- to 7-membered monocyclic heteroaryl groups comprising from
1 to 4 ring heteroatoms, said ring heteroatoms being independently selected from the group
consisting of N, O, and S, and oxides thereof. The point of attachment to the parent moiety is to
any available ring carbon or ring heteroatom. Non-limiting examples of monocyclic heteroaryl
moities include pyridyl, pyrazinyl, furanyl, thienyl, pyrimidinyl, pyridazinyl, pyridoneyl,
thiazolyl, isothiazolyl, oxazolyl, oxadiazolyl, isoxazolyl, pyrazolyl, furazanyl, pyrrolyl,
pyrazolyl, triazolyl, thiadiazolyl (e.g., 1,2.4-thiadiazolyl), imidazolyl, and triazinyl (e.g., 1,2,4-
triazinyl), and oxides thereof.

"Cycloalkyl" means a non-aromatic mono- or multicyclic ring system comprising
about 3 to about 10 carbon atoms, preferably about 5 to about 10 carbon atoms. Preferred
cycloalkyl rings contain about 5 to about 7 ring atoms. The cycloalkyl can be optionally
substituted with one or more substituents, which may be the same or different, as described
herein. Monocyclic cycloalkyl refers to monocyclic versions of the cycloalkyl moieties
described herein. Non-limiting examples of suitable monocyclic cycloalkyls include
cyclopropyl,
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cyclopentyl, cyclohexyl, cycloheptyl and the like. Non-limiting examples of suitable multicyclic
cycloalkyls include 1-decalinyl, norbornyl, adamantyl and the like. Further non-limiting

examples of cycloalkyl include the following'

LA doda Lk
LAyehehy ok -k

"Cycloalkenyl" means a non-aromatic mono or multicyclic ring system

i

comprising about 3 to about 10 carbon atoms, preferably about 5 to about 10 carbon atoms
which contain at least one carbon-carbon double bond. Preferred cycloalkenyl rings contain
about 5 to about 7 ring atoms. The cycloalkenyl can be optionally substituted with one or more
substituents, which may be the same or different, as described herein. The term “monocyclic
cycloalkenyl” refers to monocyclic versions of cycloalkenyl groups described herein and
includes non-aromatic 3- to 7-membered monocyclic cycloalkyl groups which contains one or
more carbon-carbon double bonds. Non-limiting examples include cyclopropenyl, cyclobutenyl,
cyclopentenyl, cyclohexenyl, cyclohetpenyl, cyclohepta-1,3-dienyl, and the like. Non-limiting
example of a suitable multicyclic cycloalkenyl is norbornylenyl.

“Heterocycloalkyl” (or "heterocyclyl") means a non-aromatic saturated
monocyclic or multicyclic ring system comprising about 3 to about 10 ring atoms, preferably
about 5 to about 10 ring atoms, in which one or more of the atoms in the ring system is an
element other than carbon, for example nitrogen, oxygen or sulfur, alone or in combination.
There are no adjacent oxygen and/or sulfur atoms present in the ring system. Preferred
heterocyclyls contain about 5 to about 6 ring atoms. The prefix aza, oxa or thia before the
heterocyclyl root name means that at least a nitrogen, oxygen or sulfur atom respectively is
present as a ring atom. Any —NH in a heterocyclyl ring may exist protected such as, for
example, as an -N(Boc), -N(CBz), -N(Tos) group and the like; such protections are also
considered part of this invention. The heterocyclyl can be optionally substituted by one or more
substituents, which may be the same or different, as described herein. The nitrogen or sulfur
atom of the heterocyclyl can be optionally oxidized to the corresponding N-oxide, S-oxide or
S.S-dioxide. Thus, the term “oxide,” when it appears in a definition of a variable in a general
structure described herein, refers to the corresponding N-oxide, S-oxide, or S,S-dioxide.

“Heterocyclyl”
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also includes rings wherein =0 replaces two available hydrogens on the same carbon atom (i.e.,
heterocyclyl includes rings having a carbonyl group in the ring). Such =0 groups may be

referred to herein as “oxo0.” An example of such a moiety is pyrrolidinone (or

HI\E>:

0]

pyrrolidone): . As used herein, the term “monocyclic heterocycloalkyl” refers
monocyclic versions of the heterocycloalkyl moities decribed herein and include a 4- to 7-
membered monocyclic heterocycloalkyl groups comprising from 1 to 4 ring heteroatoms, said
ring heteroatoms being independently selected from the group consisting of N, N-oxide, O, S, S-
oxide, S(0O), and S(O),. The point of attachment to the parent moiety is to any available ring
carbon or ring heteroatom. Non-limiting examples of monocyclic heterocycloalkyl groups
include piperidyl, oxetanyl, pyrrolyl, piperazinyl, morpholinyl, thiomorpholinyl, thiazolidinyl,
1,4-dioxanyl, tetrahydrofuranyl, tetrahydrothiophenyl, beta lactam, gamma lactam, delta lactam,

beta lactone, gamma lactone, delta lactone, and pyrrolidinone, and oxides thereof. Non-limiting

examples of lower alkyl-substituted oxetanyl include the moiety: —o0.

“Heterocycloalkenyl” (or "heterocyclenyl") means a non-aromatic monocyclic or
multicyclic ring system comprising about 3 to about 10 ring atoms, preferably about 5 to about
10 ring atoms, in which one or more of the atoms in the ring system is an element other than
carbon, for example nitrogen, oxygen or sulfur atom, alone or in combination, and which
contains at least one carbon-carbon double bond or carbon-nitrogen double bond. There are no
adjacent oxygen and/or sulfur atoms present in the ring system. Preferred heterocyclenyl rings
contain about 5 to about 6 ring atoms. The prefix aza, oxa or thia before the heterocyclenyl root
name means that at least a nitrogen, oxygen or sulfur atom respectively is present as a ring atom.
The heterocyclenyl can be optionally substituted by one or more substituents, which may be the
same or different, as described herein. The nitrogen or sulfur atom of the heterocyclenyl can be
optionally oxidized to the corresponding N-oxide, S-oxide or S,S-dioxide. Non-limiting
examples of suitable heterocyclenyl groups include 1,2,3.4- tetrahydropyridinyl, 1,2-
dihydropyridinyl, 1,4-dihydropyridinyl, 1,2,3,6-tetrahydropyridinyl, 1,4,5,6-
tetrahydropyrimidinyl, 2-pyrrolinyl, 3-pyrrolinyl, 2-imidazolinyl, 2-pyrazolinyl,
dihydroimidazolyl, dihydrooxazolyl, dihydrooxadiazolyl, dihydrothiazolyl, 3,4-dihydro-2H-
pyranyl, dihydrofuranyl, fluorodihydrofuranyl, 7-oxabicyclo[2.2.1]heptenyl, dihydrothiophenyl,

dihydrothiopyranyl, and the like. “Heterocyclenyl™ also includes rings wherein =O replaces two
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available hydrogens on the same carbon atom (i.e., heterocyclyl includes rings having a carbonyl

HN
0]
group in the ring). Example of such moiety is pyrrolidenone (or pyrrolone): X . As

used herein, the term “monocyclic heterocycloalkenyl” refers to monocyclic versions of the
heterocycloalkenyl moities described herein and include 4- to 7-membered monocyclic
heterocycloalkenyl groups comprising from 1 to 4 ring heteroatoms, said ring heteroatoms being
independently selected from the group consisting of N, N-oxide, O, S, S-oxide, S(O), and S(O).
The point of attachment to the parent moiety is to any available ring carbon or ring heteroatom.
Non-limiting examples of monocyclic heterocyloalkenyl groups include 1,2,3,4-
tetrahydropyridinyl, 1,2-dihydropyridinyl, 1,4-dihydropyridinyl, 1,2,3,6-tetrahydropyridinyl,
1,4,5,6-tetrahydropyrimidinyl, 2-pyrrolinyl, 3-pyrrolinyl, 2-imidazolinyl, 2-pyrazolinyl,
dihydroimidazolyl, dihydrooxazolyl, dihydrooxadiazolyl, dihydrothiazolyl, 3,4-dihydro-2H-
pyranyl, dihydrofuranyl, fluorodihydrofuranyl, dihydrothiophenyl, and dihydrothiopyranyl, and
oxides thereof.

It should be noted that in heteroatom-containing ring systems of this invention,

there are no hydroxyl groups on carbon atoms adjacent to a N, O or S, as well as there are no N

or S groups on carbon adjacent to another heteroatom. For example, in H , there is
no -OH attached directly to carbons marked 2 and 5.

"Alkoxy" means an alkyl-O- group in which the alkyl group is as previously
described. Non-limiting examples of suitable alkoxy groups include methoxy, ethoxy, n-
propoxy, isopropoxy and n-butoxy. The bond to the parent moiety is through the ether oxygen.

The term “substituted” means that one or more hydrogens on the designated atom
is replaced with a selection from the indicated group, provided that the designated atom’s normal
valency under the existing circumstances is not exceeded, and that the substitution results in a
stable compound. Combinations of substituents and/or variables are permissible only if such
combinations result in stable compounds. By “stable compound” or “stable structure” is meant a
compound that is sufficiently robust to survive isolation to a useful degree of purity from a
reaction mixture, and formulation into an efficacious therapeutic agent.

The term “optionally substituted” means optional substitution with the specified

groups, radicals or moieties.
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When a variable appears more than once in a group, e.g., R* in -N(R®),, or a
variable appears more than once in a structure presented herein, the variables can be the same or
different.

A solid line

, as a bond generally indicates a mixture of, or either of, the

possible isomers, e.g., containing (R)- and (S)-stereochemistry. For example:

OH OH WOH
means containing either one of or both (Nj’ and (Nj
H H .

The wavy line YWYV | as used herein shown crossing a line representing a
chemical bond, indicates a point of attachment to the rest of the compound. Lines drawn into the
| =

ring systems, such as, for example 7

indicates that the indicated line (bond) may be
attached to any of the substitutable ring atoms.
“Ox0” is defined as a oxygen atom that is double bonded to a ring carbon in a

cycloalkyl, cycloalkenyl, heterocycloalkyl, heterocycloalkenyl, or other ring described herein,
-
H .

In this specification, where there are multiple oxygen and/or sulfur atoms in a ring

eg.,

system, there cannot be any adjacent oxygen and/or sulfur present in said ring system.
As well known in the art, a bond drawn from a particular atom wherein no moiety
is depicted at the terminal end of the bond indicates a methyl group bound through that bond to

the atom, unless stated otherwise. For example:

CH3
N N
% % CH,

In another embodiment, the compounds useful in the methods of the invention,
and/or compositions comprising them useful in said methods, are present in isolated and/or
purified form. The term "purified", "in purified form" or “in isolated and purified form™ for a
compound refers to the physical state of said compound after being isolated from a synthetic
process (e.g. from a reaction mixture), or natural source or combination thereof. Thus, the term
"purified", "in purified form" or “in isolated and purified form™ for a compound refers to the

physical state of said compound (or a tautomer or stereoisomer thereof, or pharmaceutically
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acceptable salt or solvate of said compound, said stereoisomer, or said tautomer) after being
obtained from a purification process or processes described herein or well known to the skilled
artisan (e.g., chromatography, recrystallization and the like), in sufficient purity to be suitable for
in vivo or medicinal use and/or characterizable by standard analytical techniques described
herein or well known to the skilled artisan.

It shall be understood that any carbon as well as heteroatom with unsatisfied
valences in the text, schemes, examples and tables herein is assumed to have the sufficient
number of hydrogen atom(s) to satisfy the valences.

When a functional group in a compound is termed “protected”, this means that the
group is in modified form to preclude undesired side reactions at the protected site when the
compound is subjected to a reaction. Suitable protecting groups will be recognized by those
with ordinary skill in the art as well as by reference to standard textbooks such as, for example,
T. W. Greene et al, Protective Groups in Organic Synthesis (1991), Wiley, New York.

Another embodiment provides prodrugs and/or solvates of the compounds of the
invention. A discussion of prodrugs is provided in T. Higuchi and V. Stella, Pro-drugs as Novel
Delivery Systems (1987) 14 of the A.C.S. Symposium Series, and in Bioreversible Carriers in
Drug Design, (1987) Edward B. Roche, ed., American Pharmaceutical Association and
Pergamon Press. The term “prodrug” means a compound (e.g, a drug precursor) that is
transformed in vivo to yield a compound of the invention or a pharmaceutically acceptable salt,
hydrate or solvate of the compound. The transformation may occur by various mechanisms
(e.g., by metabolic or chemical processes), such as, for example, through hydrolysis in blood. A
discussion of the use of prodrugs is provided by T. Higuchi and W. Stella, “Pro-drugs as Novel
Delivery Systems,” Vol. 14 of the A.C.S. Symposium Series, and in Bioreversible Carriers in
Drug Design, ed. Edward B. Roche, American Pharmaceutical Association and Pergamon Press,
1987.

For example, if a compound useful in the methods of the invention or a
pharmaceutically acceptable salt thereof, contains a carboxylic acid functional group, a prodrug
can comprise an ester formed by the replacement of the hydrogen atom of the acid group with a
group such as, for example, (C,—Cg)alkyl, (C,-Cjp)alkanoyloxymethyl, 1-(alkanoyloxy)ethyl
having from 4 to 9 carbon atoms, 1-methyl-1-(alkanoyloxy)-ethyl having from 5 to 10 carbon
atoms, alkoxycarbonyloxymethyl having from 3 to 6 carbon atoms, 1-(alkoxycarbonyloxy)ethyl
having from 4 to 7 carbon atoms, 1-methyl-1-(alkoxycarbonyloxy)ethyl having from 5 to 8

carbon atoms, N-(alkoxycarbonyl)aminomethyl having from 3 to 9 carbon atoms, 1-(N-
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(alkoxycarbonyl)amino)ethyl having from 4 to 10 carbon atoms, 3-phthalidyl, 4-crotonolactonyl,
gamma-butyrolacton-4-yl, di-N,N-(C;-C;)alkylamino(C,-Cs)alkyl (such as [-
dimethylaminoethyl), carbamoyl-(C;-C,)alkyl, N.N-di (C;-C;)alkylcarbamoyl-(C1-C2)alkyl and
piperidino-, pyrrolidino- or morpholino(C,-Cs)alkyl, and the like.

Similarly, if a compound used in the methods of the invention contains an alcohol
functional group, a prodrug can be formed by the replacement of the hydrogen atom of the
alcohol group with a group such as, for example, (C;-Ce)alkanoyloxymethyl, 1-((C;-
Ce)alkanoyloxy)ethyl, 1-methyl-1-((C,-Ce)alkanoyloxy)ethyl, (C;-C¢)alkoxycarbonyloxymethyl,
N-(C,;-Ce)alkoxycarbonylaminomethyl, succinoyl, (C,-Ce)alkanoyl, a-amino(C,-C4)alkanyl,
arylacyl and g-aminoacyl, or a-aminoacyl-g-aminoacyl, where each a-aminoacyl group is
independently selected from the naturally occurring L-amino acids, P(O)(OH),, -P(O)(O(C;-
Co)alkyl), or glycosyl (the radical resulting from the removal of a hydroxyl group of the
hemiacetal form of a carbohydrate), and the like.

If a compound used in the methods of the invention incorporates an amine
functional group, a prodrug can be formed by the replacement of a hydrogen atom in the amine
group with a group such as, for example, R-carbonyl, RO-carbonyl, NRR’-carbonyl where R and
R’ are each independently (C;-Cjg)alkyl, (C;-C5) cycloalkyl, benzyl, or R-carbonyl is a natural
a-aminoacyl or natural g-aminoacyl, -C(OH)C(0)OY" wherein Y'is H, (C1-Cg)alkyl or benzyl,
-C(0Y?)Y? wherein Y? is (C,-C4) alkyl and Y? is (C;-Ce)alkyl, carboxy (C;-Ce)alkyl, amino(C;-
Cy)alkyl or mono-N- or di-N,N-(C,-C¢)alkylaminoalkyl, -C(Y*)Y’ wherein Y* is H or methyl
and Y is mono-N- or di-N,N-(C-C¢)alkylamino morpholino, piperidin-1-yl or pyrrolidin-1-yl,
and the like.

One or more compounds used in the methods of the invention may exist in
unsolvated as well as solvated forms with pharmaceutically acceptable solvents such as water,
ethanol, and the like, and it is intended that the invention embrace both solvated and unsolvated
forms. "Solvate" means a physical association of a compound of the invention with one or more
solvent molecules. This physical association involves varying degrees of ionic and covalent
bonding, including hydrogen bonding. In certain instances the solvate will be capable of
isolation, for example when one or more solvent molecules are incorporated in the crystal lattice
of the crystalline solid. "Solvate" encompasses both solution-phase and isolatable solvates.
Non-limiting examples of suitable solvates include ethanolates, methanolates, and the like.
"Hydrate" is a solvate wherein the solvent molecule is H,O.

One or more compounds used in the methods of the invention may optionally be
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converted to a solvate. Preparation of solvates is generally known. Thus, for example M. Caira
et al, J. Pharmaceutical Sci., 1993, 3, 601-611, describe the preparation of the solvates of the
antifungal fluconazole in ethyl acetate as well as from water. Similar preparations of solvates,
hemisolvate, hydrates and the like are described by E. C. van Tonder et al, AAPS
PharmSciTech., 5(1), article 12 (2004); and A. L. Bingham et al, Chem. Commun., 603-604
(2001). A typical, non-limiting, process involves dissolving the inventive compound in desired
amounts of the desired solvent (organic or water or mixtures thereof) at a higher than ambient
temperature, and cooling the solution at a rate sufficient to form crystals which are then isolated
by standard methods. Analytical techniques such as, for example I. R. spectroscopy, show the
presence of the solvent (or water) in the crystals as a solvate (or hydrate).

"Effective amount" or "therapeutically effective amount" is meant to describe an
amount of compound or a composition used in the methods of the present invention effective in
inhibiting the above-noted diseases or enzyme activity and thus producing the desired
therapeutic, ameliorative, inhibitory or preventative effect.

Another embodiment provides pharmaceutically acceptable salts of the
compounds to be used in the methods of the invention. Thus, reference to a compound used in
the methods of the invention herein is understood to include reference to salts thereof, unless
otherwise indicated. The term "salt(s)", as employed herein, denotes acidic salts formed with
inorganic and/or organic acids, as well as basic salts formed with inorganic and/or organic bases.
In addition, when a compound of the invention contains both a basic moiety, such as, but not
limited to a pyridine or imidazole, and an acidic moiety, such as, but not limited to a carboxylic
acid, zwitterions ("inner salts") may be formed and are included within the term "salt(s)" as used
herein. Pharmaceutically acceptable (i.e., non-toxic, physiologically acceptable) salts are
preferred, although other salts are also useful. Salts of the compounds used in the methods of the
invention may be formed, for example, by reacting a compound of the invention with an amount
of acid or base, such as an equivalent amount, in a medium such as one in which the salt
precipitates or in an aqueous medium followed by lyophilization.

Exemplary acid addition salts include acetates, ascorbates, benzoates,
benzenesulfonates, bisulfates, borates, butyrates, citrates, camphorates, camphorsulfonates,
fumarates, hydrochlorides, hydrobromides, hydroiodides, lactates, maleates, methanesulfonates,
naphthalenesulfonates, nitrates, oxalates, phosphates, propionates, salicylates, succinates,
sulfates, tartarates, thiocyanates, toluenesulfonates (also known as tosylates,) and the like.

Additionally, acids which are generally considered suitable for the formation of
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pharmaceutically useful salts from basic pharmaceutical compounds are discussed, for example,
by P. Stahl ef al, Camille G. (eds.) Handbook of Pharmaceutical Salts. Properties, Selection and
Use. (2002) Zurich: Wiley-VCH; S. Berge et al, Journal of Pharmaceutical Sciences (1977)
66(1) 1-19; P. Gould, /nternational J. of Pharmaceutics (1986) 33 201-217; Anderson et al, The
Practice of Medicinal Chemistry (1996), Academic Press, New York; and in 7he Orange Book
(Food & Drug Administration, Washington, D.C. on their website). These disclosures are
incorporated herein by reference thereto.

Exemplary basic salts include ammonium salts, alkali metal salts such as sodium,
lithium, and potassium salts, alkaline earth metal salts such as calcium and magnesium salts,
salts with organic bases (for example, organic amines) such as dicyclohexylamines, t-butyl
amines, and salts with amino acids such as arginine, lysine and the like. Basic nitrogen-
containing groups may be quarternized with agents such as lower alkyl halides (e.g. methyl,
ethyl, and butyl chlorides, bromides and iodides), dialkyl sulfates (e.g. dimethyl, diethyl, and
dibutyl sulfates), long chain halides (e.g. decyl, lauryl, and stearyl chlorides, bromides and
iodides), aralkyl halides (e.g. benzyl and phenethyl bromides), and others.

All such acid salts and base salts are intended to be pharmaceutically acceptable
salts within the scope of the invention and all acid and base salts are considered equivalent to the
free forms of the corresponding compounds for purposes of the invention.

Another embodiment provides pharmaceutically acceptable esters of the
compounds used in the methods of the invention. Such esters include the following groups: (1)
carboxylic acid esters obtained by esterification of the hydroxy groups, in which the non-
carbonyl moiety of the carboxylic acid portion of the ester grouping is selected from straight or
branched chain alkyl (for example, acetyl, n-propyl, t-butyl, or n-butyl), alkoxyalkyl (for
example, methoxymethyl), aralkyl (for example, benzyl), aryloxyalkyl (for example,
phenoxymethyl), aryl (for example, phenyl optionally substituted with, for example, halogen, C;.
salkyl, or Cj4alkoxy or amino); (2) sulfonate esters, such as alkyl- or aralkylsulfonyl (for
example, methanesulfonyl); (3) amino acid esters (for example, L-valyl or L-isoleucyl); (4)
phosphonate esters and (5) mono-, di- or triphosphate esters. The phosphate esters may be
further esterified by, for example, a C;. alcohol or reactive derivative thereof, or by a 2,3-di
(Ce-24)acyl glycerol.

As mentioned herein, another embodiment provides tautomers of the compounds

of the invention to be used in the methods herein, and salts, solvates, esters and prodrugs of said
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tautomers. It shall be understood that all tautomeric forms of such compounds are within the
scope of the compounds used in the methods of the invention. For example, all keto-enol and
imine-enamine forms of the compounds, when present, are included in the invention.

The compounds used in the methods of the invention may contain asymmetric or
chiral centers, and, therefore, exist in different stereoisomeric forms. It is intended that all
stereoisomeric forms of the compounds used in the methods of the invention as well as mixtures
thereof, including racemic mixtures, form part of the present invention. In addition, the present
invention embraces use of all geometric and positional isomers. For example, if a compound
used in the methods of the invention incorporates a double bond or a fused ring, both the cis- and
trans-forms, as well as mixtures, are embraced within the scope of the invention.

Another embodiment provides for diastereomeric mixtures and individual
enantiomers of the compounds used in the methods of the invention. Diastereomeric mixtures
can be separated into their individual diastereomers on the basis of their physical chemical
differences by methods well known to those skilled in the art, such as, for example, by
chromatography and/or fractional crystallization. Enantiomers can be separated by converting
the enantiomeric mixture into a diastereomeric mixture by reaction with an appropriate optically
active compound (e.g., chiral auxiliary such as a chiral alcohol or Mosher’s acid chloride),
separating the diastereomers and converting (e.g., hydrolyzing) the individual diastereomers to
the corresponding pure enantiomers. Also, some of the compounds used in the methods of the
invention may be atropisomers (e.g., substituted biaryls) and are considered as part of this
invention. Enantiomers can also be separated by use of chiral HPLC column.

All stereoisomers (for example, geometric isomers, optical isomers and the like)
of the compounds used in the methods of the invention (including those of the salts, solvates,
esters and prodrugs of the compounds as well as the salts, solvates and esters of the prodrugs),
such as those which may exist due to asymmetric carbons on various substituents, including
enantiomeric forms (which may exist even in the absence of asymmetric carbons), rotameric
forms, atropisomers, and diastereomeric forms, are contemplated as embodiments within the
scope of this invention, as are positional isomers (such as, for example, 4-pyridyl and 3-pyridyl).
(For example, if a compound of the invention incorporates a double bond or a fused ring, both
the cis- and trans-forms, as well as mixtures, are embraced within the scope of the invention.
Also, for example, all keto-enol and imine-enamine forms of the compounds are included in the
methods of the invention).

Individual stereoisomers of the compounds of the invention may, for example, be
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substantially free of other isomers, or may be admixed, for example, as racemates or with all
other, or other selected, stereoisomers. The chiral centers of the present invention can have the S
or R configuration as defined by the /UPAC 1974 Recommendations. The use of the terms

L1 Y 22 n

"salt", "solvate", “ester”, "prodrug" and the like, is intended to equally apply to the salt, solvate,
ester and prodrug of enantiomers, stereoisomers, rotamers, tautomers, positional isomers,
racemates or prodrugs of the inventive compounds.

Another embodiment provides isotopically-labelled compounds to be used in the
methods the invention. Such compounds are identical to those recited herein, but for the fact
that one or more atoms are replaced by an atom having an atomic mass or mass number different
from the atomic mass or mass number usually found in nature. Examples of isotopes that can be
incorporated into compounds of the invention include isotopes of hydrogen, carbon, nitrogen,
oxygen, phosphorus, fluorine and chlorine, such as ’H, *H, B¢, “c, PN, ®0, 0, *'p, ¥p, S,
F and *°Cl, respectively.

Certain isotopically-labelled compounds of the invention (e.g., those labeled with
*H and C) are useful in compound and/or substrate tissue distribution assays. Tritiated (i.e.,
*H) and carbon-14 (i.e., "*C) isotopes are particularly preferred for their ease of preparation and
detectability. Further, substitution with heavier isotopes such as deuterium (i.e., “H) may afford
certain therapeutic advantages resulting from greater metabolic stability (e.g., increased in vivo
half-life or reduced dosage requirements) and hence may be preferred in some circumstances.
Isotopically labelled compounds of the invention can generally be prepared by following
procedures analogous to those disclosed in the Schemes and/or in the Examples hereinbelow, by
substituting an appropriate isotopically labelled reagent for a non-isotopically labelled reagent.

In the compounds used in the methods of the invention, the atoms may exhibit
their natural isotopic abundances, or one or more of the atoms may be artificially enriched in a
particular isotope having the same atomic number, but an atomic mass or mass number different
from the atomic mass or mass number predominantly found in nature. The present invention is
meant to include all suitable isotopic variations of the compounds of the invention. For example,
different isotopic forms of hydrogen (H) include protium (*H) and deuterium (*H). The presence
of deuterium in the compounds of the invention is indicated by "D". Protium is the predominant
hydrogen isotope found in nature. Enriching for deuterium may afford certain therapeutic
advantages, such as increasing iz vivo half-life or reducing dosage requirements, or may provide
a compound useful as a standard for characterization of biological samples. Isotopically-

enriched compounds of the invention can be prepared without undue experimentation by
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conventional techniques well known to those skilled in the art or by processes analogous to those
described in the schemes and examples herein using appropriate isotopically-enriched reagents
and/or intermediates.

Polymorphic forms of the compounds used in the methods of the invention, and
of the salts, solvates, esters and prodrugs of the compounds of the invention, are intended to be
included in the present invention.

Another embodiment provides suitable dosages and dosage forms of the
compounds used in the methods of the invention. Suitable doses for administering compounds
used in the methods of the invention to patients may readily be determined by those skilled in the
art, e.g., by an attending physician, pharmacist, or other skilled worker, and may vary according
to patient health, age, weight, frequency of administration, use with other active ingredients,
and/or indication for which the compounds are administered. Doses may range from about 0.001
to 500 mg/kg of body weight/day of the compound of the invention. In one embodiment, the
dosage is from about 0.01 to about 25 mg/kg of body weight/day of a compound of the
invention, or a pharmaceutically acceptable salt or solvate of said compound. In another
embodiment, the quantity of active compound in a unit dose of preparation may be varied or
adjusted from about 1 mg to about 100 mg, in specific embodiments from about 1 mg to about
50 mg, in specific embodiments from about 1 mg to about 25 mg, according to the particular
application. In another embodiment, a typical recommended daily dosage regimen for oral
administration can range from about 1 mg/day to about 500 mg/day, in specific embodiments 1
mg/day to 200 mg/day, in two to four divided doses.

As discussed above, the amount and frequency of administration of the
compounds of the invention and/or the pharmaceutically acceptable salts thereof will be
regulated according to the judgment of the attending clinician considering such factors as age,
condition and size of the patient as well as severity of the symptoms being treated.

When used in combination with one or more additional therapeutic agents
("combination therapy"), the compounds used in the methods of this invention, i.e. the
compounds of Formula (I), (A), (IB) or (IC), may be administered together or sequentially.
When administered sequentially, compounds of the invention may be administered before or
after the one or more additional therapeutic agents, as determined by those skilled in the art or
patient preference.

If formulated as a fixed dose, such combination products employ the compounds
of Formula (I), (A), (IB) or (IC) within the dosage range described herein and the other

pharmaceutically active agent or treatment within its dosage range.
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Accordingly, another embodiment provides methods for the treatment of malaria
or for the treatment of Plasmodium infection, comprising administration of combinations
comprising an amount of at least one compound of Formula (I), (A), (IB) or (IC), or a
pharmaceutically acceptable salt, solvate, ester or prodrug thereof, and an effective amount of
one or more additional agents described below. The pharmacological properties of the
compounds of Formula (I), (A), (IB) or (IC) may be confirmed by a number of pharmacological
assays. Certain assays are exemplified herein.

Another embodiment provides for methods of treatment using pharmaceutically
acceptable compositions comprising a compound of the invention, either as the neat chemical or
optionally further comprising additional ingredients. Such compositions are contemplated for
preparation and use alone or in combination therapy. For preparing pharmaceutical
compositions from the compounds of the invention, inert, pharmaceutically acceptable carriers
can be either solid or liquid. Solid form preparations include powders, tablets, dispersible
granules, capsules, cachets and suppositories. The powders and tablets may be comprised of
from about 5 to about 95 percent active ingredient. Suitable solid carriers are known in the art,
e.g., magnesium carbonate, magnesium stearate, talc, sugar or lactose. Tablets, powders, cachets
and capsules can be used as solid dosage forms suitable for oral administration. Examples of
pharmaceutically acceptable carriers and methods of manufacture for various compositions may
be found in A. Gennaro (ed.), Remington’s Pharmaceutical Sciences, 18" Edition, (1990), Mack
Publishing Co., Easton, Pennsylvania.

Non-limiting examples of additional drugs and active agents useful in
combination therapies for the treatment of malaria, include the following: Coartem® (Novartis
International AG, Basel, Switzerland; artemether + lumefantrine), Eurartesim® (Sigma-Tau
Pharmaceuticals, Inc., Rome, Italy; dihydroartemisinin-piperaquine), Pyramax® (Shin Poong
Pharmaceutical Co., Ltd., Seoul, Korea; pyronaridine-artesunate), ASAQ Winthrop® (Sanofi SA
(Gentilly, France)/DNDi (Geneva, Switzerland); artesunate + amodiaquine), ASMQ (Cipla
Limited (Mumbai, India)/DNDi, artesunate + mefloquine), SPAQ-CO™ (Guilin Pharmaceutical
Co., Ltd. (Shanghai), amodiaquine + sulfadoxine, pyrimethamine), Artesun® (Guilin
Pharmaceutical, artesunate), artemether, artesunate, dihydroartemisinin, lumefantrine,
amodiaquine, mefloquine, piperaquine, quinine, chloroquine, atovaquone and proguanil and
sulfadoxine-pyrimethamine, Tafenoquine (Glaxosmithkline), OZ439/PQP (Sanofi), 0Z439/FQ
(Sanofi), KAE609 (Novartis), KAF156 (Novartis), DSM265 (NIH/Takeda), and MK-4815
(Merck & Co., Inc., Powles et al., Antimicrobial Agents and Chemotherapy 56(5): 2414—

2419(2012)). Selection of such additional active ingredients will be according to the diseases or
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disorders present for which treatment is desired, as determined by the attending physician or
other health care provider.

Thus, the invention also provides methods of using the compounds of Formula
(D, (IA), (IB), or (IC) to inhibit plasmepsin V, to treat Plasmodium infection or treat malaria
wherein the method further comprises administering to a subject in need thereof, one or more
additionl anti-malarial agents. In some embodiments, the one or more additional anti-malarial
agents are selected from the group consisting of: artemether, lumefantrine, dihydroartemisinin,
piperaquine, pyronaridine, artesunate, amodiaquine, mefloquine, sulfadoxine, pyrimethamine,
lumefantrine, quinine, chloroquine, atovaquone, and proguanil.

Liquid form preparations include solutions, suspensions and emulsions. As an
example may be mentioned water or water-propylene glycol solutions for parenteral injection or
addition of sweeteners and opacifiers for oral solutions, suspensions and emulsions. Liquid form
preparations may also include solutions for intranasal administration.

Aerosol preparations suitable for inhalation may include solutions and solids in
powder form, which may be in combination with a pharmaceutically acceptable carrier, such as
an inert compressed gas, e.g. nitrogen.

Also included are solid form preparations that are intended to be converted,
shortly before use, to liquid form preparations for either oral or parenteral administration. Such
liquid forms include solutions, suspensions and emulsions.

Another embodiment provides for use of compositions comprising a compound of
Formula (I), (A), (IB) or (IC) formulated for transdermal delivery. The transdermal
compositions can take the form of creams, lotions, aerosols and/or emulsions and can be
included in a transdermal patch of the matrix or reservoir type as are conventional in the art for
this purpose.

Another embodiment provides for use of compositions comprising a compound of
Formula (I), (A), (IB) or (IC) formulated for subcutaneous delivery. Another embodiment
provides for use of compositions suitable for oral delivery. In some embodiments, it may be
advantageous for the pharmaceutical preparation comprising one or more compounds of Formula
(D, (A), (IB) or (IC) to be prepared in a unit dosage form. In such forms, the preparation is
subdivided into suitably sized unit doses containing appropriate quantities of the active
component, e.g., an effective amount to achieve the desired purpose. Each of the foregoing

alternatives, is considered as included in the various embodiments of the invention.
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Abbreviations employed herein include the following:

1-(3-Dimethylaminopropyl)-3- 1-Hydroxybenzotriazole: HOBt or HOBT
ethylcarbodiimide hydrochloride: EDCI Lithium diisopropylamide: LDA
Chlorotitanium triisopropoxide: CITi(JOPr), Methanol: MeOH

Diisopropyl azodicarboxylate: DIAD Minutes: min

Dichloromethane: DCM 20 N-f-Butoxycarbonylamide: BocNH,
Diisopropylethylamine: DIPEA Palladium(II) hydroxide: Pd(OH),
4-(Dimethylamino)pyridine: DMAP Room temperature (ambient, ~25°C): rt or RT
Dimethylformamide: DMF tert-Butoxycarbonyl: t-Boc or Boc

Ether or diethyl ether: Et,O tert-Butoxycarbonyl anhydride Boc,O
Ethyl: Et 25 Tetrahydrofuran: THF

Ethyl acetate: EtOAc Triethylamine: Et;N

Ethyl alcohol: EtOH Trifluoroacetic acid: TFA

Example: Ex.

Howurs: hrs or h

EXAMPLES

In general, the compounds used in the methods of the invention, i.e. compounds
of Formula (I), (IA), (IB) or (IC), may be produced by a variety of processes known to those
skilled in the art and by known processes analogous thereto. The invention disclosed herein is
exemplified by the following preparations which should not be construed to limit the scope of
the disclosure. Alternative mechanistic pathways and analogous structures will be apparent to
those skilled in the art. The practitioner is not limited to these methods.

One skilled in the art will recognize that one route will be optimized depending
on the choice of appendage substituents. Additionally, one skilled in the art will recognize that
in some cases the order of steps has to be controlled to avoid functional group incompatibility.

The prepared compounds may be analyzed for their composition and purity as
well as characterized by standard analytical techniques such as, for example, elemental analysis,
NMR, mass spectroscopy and IR spectra.

One skilled in the art will recognize that reagents and solvents actually used may
be selected from several reagents and solvents well known in the art to be effective equivalents.
Hence, when a specific solvent or reagent is mentioned, it is meant to be an illustrative example
of the conditions desirable for that particular reaction scheme and in the preparations and

examples described below.
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The invention disclosed herein is exemplified by the following illustrative
processes which should not be construed to limit the scope of the disclosure. Alternative

mechanistic pathways and analogous structures will be apparent to those skilled in the art.

5 Method A:
Method A is a general method for compounds of Formula (I) that relies on the

formation of intermediate A8. In this method, a ketone represented by structure A1 is condensed
with a sulfoxamine such as A2 to provide an imine A3. This imine A3 is subsequently reacted
with an appropriate ester A4 under basic conditions to give intermediate AS according to the

10 procedures of Ellman ef al. (Acc. Chem. Res. 35 (11): 984-995 (2002)). Deprotection under
acidic conditions to give amino ester A6 and coupling with a protected isothiocyanate (shown
here for example using 2,4 dimethoxybenzyl isothiocyanate I-3) affords an iminoimidazolidone
A’7. Removal of the protecting group under hydrogenolysis conditions gives intermediate AS.
Condensation of A8 with alcohols such as A9 provides compounds of type A10 which can be

15 further reacted under acidic conditions to provide the compound of Formula (I).

0
4 ’I/ 4, D
Q HoN AZK N“tBu COOMe N~ “tBu 4N HCI in dioxane
et N | M . R
4 -2
R R oy, R R4 LDA, CITi(OiPr); Ri COOMe MeOH
A1 A3 A5
NBoc
NBoc o/ JL
N —H
R3j‘\HZ-HC' 13 N Pd(OH), ) SN
0 —_— —— =
>3 COOMe EDCI, DIPEA H Hp, MeOH R %
R : ~ ~ 2, Me R* O
= (o}
A6 A7 A8

2
R R! ) RS ) NBoc R2 R ) RS )
n m n m

HO ) & HNJ\N . e /DT o R1)n Rs)m
A9 R %N R L_

> 4N HCI in dioxane
—> R
PBugs, DIAD or TFA in DCM
A10

3z

R* O
()]

Method A'
A modification of this route provided a convergent synthesis as shown here:
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BocHN NH

NBoc
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NH, HCI R° 14 X ),
Rl NN
< - L
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Ab6
A10
NH R
4N HCl in dioxane 2 R ) RS
— > N n
or TFA in DCM N
J;% L
R* O

n

Compound A6 is condensed with the Boc-protected thioureas [-4 using a reagent
such as a carbodiimide to provide the compounds A10 which are elaborated into compounds of
Formula I as in method A.

Method B:
Method B is a general alternate method for compounds of Formula (I) that relies

on using compounds such as B9 (in place of A9) wherein the ring A contains a functional group
(such as Cl, Br, I or CN) to provide compounds B10. The functional group ("FG") is then
10 converted into the —L-phenyl-(R),, (or alternative —L-ring B-(R?),) substitutent and then

subsequently deprotected to provide compounds of formula I.

Boc FG
BOC i) FG-—>R1
N™ °NH R B9 (1)
—>
H PBuj3, DIAD )\Q ||) 4N HCl in dioxane
R® R4 o) R3 DCM
A8

Specific compounds useful in the methods of the invention were synthesized
using generally the same procedures as described in Khan ef a/., WO 2013/142396, substituting
15  the appropriate reactants and reagents.
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Biological Assays

Assay 1

Summary: A modified version of the assay described in Gamo, F.J., Sanz, L. M.,
Vidal, J., de Cozar, C., Alvarez, E., Lavandera, J.L., Vanderwall, D.E., Green, D.V., Kumar, V.,
Hasan, S., Brown, J.R., Peishoff, C.E., Cardon, L.R., Garcia-Bustos, J.F., Nature, 465 (2010)
305-310 (Gamo ef al.) was used to assess the activity of compounds against asexual P.
falciparum 3D7 parasites. Compounds were pre-dispensed in 384-well plates, RPMI/AIbuMAX
growth media was added and P. falciparum inoculated. Plates were incubated for 72 h and then
frozen at -80°C overnight. LDH activity was quantified with the modified cofactor 3-
acetylpyridine adenine dinucleotide (APAD) (Sigma Aldrich) by measuring absorbance of the
tetrazolium indicator nitro blue tetrazolium (NBT) (Sigma Aldrich) at 650 nm.

Parasite conditions: An inoculum of synchronous P. falciparum (3D7 strain)
parasitized red blood cells (PRBC) at 0.7% parasitaemia and 2% haematocrit in RPMI-1640, 5%
AlbuMAX, 2% D-sucrose, 0.3% glutamine and 150 uM hypoxanthine was used for the assay.

Growth inhibition assay: Compound master plates (384-well) were prepared by a
10 pt serial dilution of compounds, from 1 mM to 50.8 nM, in columns 3-12 and 13-22. DMSO

was dispensed into columns 1 and 23 of the compound master plate to be used as the positive
growth control (100% viability). Columns 2 and 24 of the compound master plate had a stock
concentration of 200 uM chloroquine solution (0% viability) as negative growth control (final
assay concentration of 200 nM). Intermediate compound dilution plates were prepared by
dispensing 1 pl from each well of the compound master plate into 11.5 pl of RPMI/AIbuMAX
growth media. Duplicate assay plates (384-well) were then prepared by dispensing 0.5 pL of
compound from the intermediate dilution plates into 9.5 ul of RPMI/AlbuMAX growth media.
The parasite inoculum (30 puL) was dispensed into the assay plates containing compounds using
a Multidrop dispenser (Thermo Scientific) such that the final assay volume was 40 pL and final
compound concentration was 1 uM - 0.05 nM (the volume of compound addition can be adjusted
to the preferred and agreed screening concentration). The final DMSO concentration was 0.1%
(ideally 0.2% to limit toxicity to parasites), but this is dependent on volume of compound DMSO
stock solution that can be supplied. Plates were incubated at 37°C for 72 h in an atmosphere of
5% COz, 5%0,, 95% N,.

Evaluation of parasite growth measuring LDH activity: After 72 h of incubation,

plates were frozen at -80°C overnight and then thawed at room temperature for at least 4 h. To
evaluate LDH activity, 45 uL of freshly made reaction mix (174 mM sodium L-lactate (Sigma
Aldrich), 214 uM 3-acetyl pyridine adenine dinucleotide (APAD) (Sigma Aldrich), 270 uM

nitro blue tetrazolium chloride (NBT) (Sigma Aldrich), 4.35 U/mL diaphorase (from Clostridium
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kluyveri) (Sigma Aldrich), 0.7% Tween 20, 100 mM Tris-HCI pH 7.5) was dispensed using a
Multidrop dispenser (Thermo Scientific). Plates were shaken to ensure mixing and absorbance at
650 nm was monitored using a Perkin Elmer Envision plate reader after 30 min of incubation at
room temperature. Data were normalized to percent growth inhibition using positive and
negative controls, and analysed using TIBCO Spotfire software.

Counterscreen: A buffered solution of 30 uL. Bovine LDH (12.5U/ml) (Sigma
Aldrich) was dispensed into compound ready plates. The same protocol then was undertaken for

measuring the LDH activity using parasites.

Assay 2

The assay described in Gamo et al. is as follows:

P. falciparum strains 3D7 and Dd2 used in this study were obtained from the
Malaria Research and Reference Reagent Resource Center (MR4). Parasite strains were cultured
using standard procedures as described (Trager, W. & Jensen, J. B. Science 193, 673675
(1976)). An inoculum of parasitized red blood cells (PRBC) at 0.25% parasitaemia and 2%
haematocrit in RPMI-1640, 5% AlbuMAX, 2% D-sucrose, 0.3% glutamine and 150 pM
hypoxanthine was used for the assay.

Assay plates were prepared by dispensing 0.05 ul of compound from master
plates at 1 mM in each well. Final assay volume was 25 ul and final compound concentration
was 2 uM. The sixth column was the positive growth control and had 0.05 pl of DMSO. The
eighteenth column had 0.05 ul of a mixture of 50 uM chloroquine and 50 uM artemisinin stock
solutions as negative growth control. The parasite inoculum (25 ul) was dispensed into plates
containing compounds using a Multidrop Combi dispenser (Thermo Scientific). Plates were
shaken for 10 s to ensure mixing and then incubated at 37 °C for 72 hours in an atmosphere of
5% CO», 5% O3, 95% No.

Evaluation of parasite growth using lactate dehydrogenase (LDH) activity

After 72 hours of incubation, plates were frozen at -70 °C ovemight and then
thawed at room temperature for at least 4 hours. To evaluate LDH activity, 70 ul of freshly made
reaction mix (143 mM sodium l-lactate, 143 uM 3-acetyl pyridine adenine dinucleotide (APAD),
178.75 uM Nitro Blue tetrazolium chloride (NBT), 286 pg ml™ diaphorase (2.83 Uml™), 0.7%
Tween 20, 100 mM Tris-HCI pH 8.0) was dispensed using a Multidrop Combi dispenser. Plates
were shaken to ensure mixing, and absorbance at 650 nm was monitored in a plate reader after
10 min of incubation at room temperature. Data were normalized to percent growth inhibition
using positive and negative controls and the equation:
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Porcentage hbabitinm grow)

where A 15 the absorbance measured in the well, and 4,5 and A4, are the average absorbances
measured for the positive and negative controls, respectively. This method is a modification of
existing ones (Makler et al., Measurement of the lactate dehydrogenase activity of Plasmodium
falciparum as an assessment of parasitemia. Am. J. Trop. Med. Hyg. 48: 205-210 (1993)) that
requires only a single pipetting step after compound incubation and gave a signal to noise ratio
of 10 under the conditions chosen. The approach allowed kinetic and end-point readouts and
produced a Z' quality factor (Zhang ef al., J. Biomol. Screen. 4. 67-73 (1999)) higher than 0.7 in
validation assays (Supplementary Fig. 2, Gamo et al., Nature 465:305-312 (2010)). Potencies of
standard antimalarial agents in this assay were comparable to those determined by the current
gold-standard, 96-well, hypoxanthine incorporation assay (Desjardins ef a/. Quantitative
assessment of antimalarial activity in vitro by a semiautomated microdilution technique.
Antimicrob. Agents Chemother. 16: 710-718 (1979)) (Supplementary Table 3, Gamo ef al.,
2010, supra).

At this level of miniaturization, integrity of erythrocytes and LDH activity can be
inspected visually, allowing for rapid detection of dispensing errors, interference by colored
compounds, or haemolysis, making the method very useful for low technology settings
(Supplementary Fig. 3, Gamo et a/., 2010, supra). Proliferation of asynchronous parasites was
measured after 72 h of incubation in the presence of 2 uM compound. We chose a 72 hour
incubation time to ensure all parasites traversed at least once through each stage of the cell cycle
and to increase the chances of identifying slow acting and ‘delayed death phenotype’ inhibitors
(Goodman ef al., The effects of anti-bacterials on the malaria parasite Plasmodium falciparum .
Mol. Biochem. Parasitol. 152, 181-191 (2007); Ramya ef al., A. Inhibitors of nonhousekeeping
functions of the apicoplast defy delayed death in Plasmodium falciparum. Antimicrob. Agents
Chemother. 51, 307-316 (2007)).

Given the large number of positives, it was necessary to estimate the
concentrations producing 50% inhibition using the LDH assay above and generating dose—
response curves with fivefold dilution steps down to 3 nM compound in an interplate design,
instead of using the hypoxanthine incorporation assay with two-fold dilution intraplate series
generally considered the standard method to calculate ICso for antimalarials (Fidock et al.,
Antimalarial drug discovery: Efficacy models for compound screening. Nature Rev. Drug
Discov. 3, 509-520 (2004)). The lowest concentration tested was 3 nM. Agreement between the
two methods was found to be within the expected limits with standard antimalarials
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(Supplementary Table 3, Gamo et al., 2010, supra). To eliminate the possibility of retaining
inhibitors of the biochemical readout system, one set of the primary hits was assayed against

parasite LDH activity under identical screening conditions.

Preparation of extracts to evaluate direct LDH inhibition by hit compounds

P. falciparum 3D7 strain was grown as described in Assay 1, at 37 °C for
72 hours. The culture was frozen at -80 °C overnight. Cultures were thawed at room temperature
for at least 4 hours and the reaction mixture described in Assay 1 was made in order to measure

the possible direct inhibition of LDH by the following compounds, assayed as above in Assay 1.

Compound Structure P. falciparum LDH

No. 1Cs0 Value (UM)

) IR N 0.0045
|

2 | Lo 0.0058

AR

3 0.0096
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Compound Structure P. falciparum LDH
No. 1Cso Value (UM)
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Compound Structure P. falciparum LDH
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Compound Structure P. falciparum LDH
No. 1Cso Value (UM)
14 0.2248

15 0.2394
16 0.2396
17 0.3100
18 0.3128
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Compound Structure P. falciparum LDH
No. 1Cso Value (UM)
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WHAT IS CLAIMED:

L. A method for treating a Plamodium infection, or for treating malaria,
which comprises administering to a subject in need of such treatment a therapeutically effective
amount of a compound, or a pharmaceutically acceptable salt thereof, and a pharmaceutically

acceptable carrier, said compound having the structural Formula (I):

HN (R1)n (R5)m
I
LR
R3 R4 O
(Y

wherein:
X is a bond or CH(R?):

R” is selected from the group consisting of hydrogen, halo, -C,-Cy alkyl, and phenyl, wherein
said -C;-Cq alkyl and said phenyl are optionally substituted with one to three halo;

ring A is AryB, or a 5- or 6-membered heterocycloalkyl;

AryB is:

(1) a 5- or 6-membered monocyclic aromatic ring with 0, 1, 2, or 3,
heteroatoms independently selected from N, O and S, or

(i) a 9-to 11-membered bicyclic aromatic ring with 0, 1, 2, or 3 heteroatoms

independently selected from N, O and S;

each occurrence of R! is independently selected from halo, -CN, -OH, -C;-Csalkyl, -O-C;-Cq
alkyl, -C;-Cghaloalkyl, O-C;-C¢ haloalkyl, and AryA;

AryA is a 5- or 6-membered monocyclic aromatic ring with 0, 1, or 2, heteroatoms

independently selected from N, O and S;
-L- is selected from the group consisting of : -C(O)-, -C(0)-NR")-(CHR"?))-,
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o) * O ‘o
~
RL4
RL3 HO RL3 3?2 )\ )\ j<
*k ’ *k ’ *k ’ and
O

wherein:
* indicates the point of attachment to ring A and ** indicates the point of attachment to ring B,

R"! and R (when present) are each independently selected from the group consisting of H and

methyl;

L2 is selected from the group consisting of H, -C;-Cealkyl, -C;-Cgheteroalkyl, and -C;-Csalkyl—
NR"HC(0)R";

R is selected from the group consisting of H and -C,-C;alkyl, wherein said -C;-Csalkyl is
optionally substituted with one to three halo; and

R"“is selected from the group consisting of H, -C,-Csalkyl and -OC-C;alkyl, wherein said -C;-
Csalkyl and said -OC,-Csalkyl are optionally substituted with one to three halo;

ring B is a C;-Cscycloalkyl, a C5-C;heterocycloalkyl, or AryB;

each occurrence of R’ is independently halo, —-OH, =0, -CN, -S(0),C;-C; alkyl, —-C(O)(C;-
Cealkyl), —C(0)O(C;-Csalkyl), C(O)N(H)(C;-Csalkyl), —C(O)N(C;-Csalkyl),, —C1-Csalkyl, —Cs-
Cscycloalkyl, -NH-C(0)O-C;-Csalkyl, or —OC;-Cgalkyl, wherein said —S(0),C;-Cq alkyl, said -
C(0O)(C;-Cealkyl), — said C(O)O(C;-Cealkyl), said C(O)N(H)(C;-Cealkyl), said —C(O)N(C;-
Csalkyl),, said —C;-Csalkyl, — said C;-Cecycloalkyl, said -NH-C(O)O-C;-Csalkyl, and said —
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0C,-Cealkyl are optionally substituted with one to three substituents, independently selected
from halo, -OH, —CN, and —OC;-Cgalky];

R’ is selected from the group consisting of:
(1) hydrogen,
(2) -C1-Cq alkyl,
(3) —C4-C¢ cycloalkyl,
(4) —(CH;),-C4-C¢ heterocycloalkyl,
(5) —0-C,-Cealkyl,
(6) —(CH;),-O-C;-Csalkyl, optionally substituted with one or two
substituents, independently selected from halo and cyclopropyl,
(7) AryA,
(8) —(CHy),-cyclopropyl,

wherein each of said -C;-C¢ alkyl, said —C4-Cg cycloalkyl, said —(CH;),-C4-C¢ heterocycloalkyl,
said —~0-C;-Cealkyl, and said —(CHaz)y-cyclopropyl are optionally substituted with one or two
substituents, independently selected from halo, -OH, and —O-C,-Cealkyl, and wherein said AryA
is optionally substituted with one to three substituents, independently selected from -OH, halo, —
0-C;-Cealkyl, C-Cefluoroalkyl, —-CN, —OCF;, —OCF», and —S(=0),—C;-Csalkyl;

R* is selected from the group consisting of hydrogen, -C;-Cealkyl, and AryA, wherein said -C,-
Csalkyl and said Ary A are optionally substituted with one to three substitutents, independently
selected from halo, -OH, —O-C;-C;alkyl, -C,-C;alkyl and cyclopropyl;

alternatively, R* and R*, together with the carbon to which they are attached, join to form a 5- or
6-membered spirocyclic cycloalkyl, optionally substituted with one or two substitutents,
independently selected from halo, -OH, —-O-C;-Csalkyl, and -C;-Csalkyl;

nis0, 1,2, or3;
mis0,1,2, 3,4, 5, or 6;
kisOor1; and

z1s 1 or 2.
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2. The method of claim 1, wherein in the compound of structural Formula
(I), or the pharmaceutically acceptable salt thereof, R* and R* are independently selected from
hydrogen, methyl, isopropyl, -C;-Csalkyl, —C4-Cs cycloalkyl, —(CH;),-C4-C¢ heterocycloalkyl,
-CHy-cyclopropyl and phenyl, wherein said phenyl is optionally substituted with one to three
halo.

3. The method of claim 1 or 2, wherein in the compound of structural
Formula (I), or the pharmaceutically acceptable salt thereof, X is CH(R?), and R” is selected
from hydrogen and -C;-C4 alkyl, wherein said C;-C4 alkyl is optionally substituted with one to
three halo.

4, The method of claim 1 or 2, wherein in the compound of structural

Formula (I), or the pharmaceutically acceptable salt thereof, X is CH(R?) and R? is phenyl.

5. The method of any of claims 1-4, wherein in the compound of structural

Formula (I), or the pharmaceutically acceptable salt thereof, ring A in structural Formula (I) is:

feiiatel
ol s

)n or

wherein R' is selected from halo and CF;.

6. The method of any of claims 1-5, wherein in the compound of structural
Formula (I), or the pharmaceutically acceptable salt thereof,—L— is:
-C(0)-, or -C(0)-N(R"")-(CH(R"?)),-.

7. The method of any of claims 1-5, wherein in the compound of structural

Formula (I), or the pharmaceutically acceptable salt thereof:

(R%)m

=0
is selected from the group consisting of:
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; o A

/lL N \f’\ ‘% N R I\
O AT S O>/‘”
Y n o 2 ’ o ’

=N SN A

>’NH \q%‘i N N\__R )LN
d \ /’ 5 ’ l/\(OfR "5 QRﬂ o
(0]
)

wherein, R'! is hydrogen, halo, -OH, -C;-Cgalkyl, optionally substituted with one to three halo,
C;-Cecycloalkyl, optionally substituted with one to three halo, or -NH-C(0)O-C,-Cgalkyl.

8. The method of claim 1, wherein the compound, or the pharmaceutically

acceptable salt thereof, has the structural Formula (IA):
HN

(@]
y P Ry
WHN® N RN
o(R7) e | °
—— O

\(\R/7> "

wherein each occurrence of R® is independently selected from halo and CF3;
and each occurrence of R is halo.

9. The method of claim 1, wherein the compound, or the pharmaceutically
acceptable salt thereof, has the structural Formula (IB):

NH Ro 0O RS (R%)m
N )J\N)\Q)LN
RL']

(1B)

R® is selected from H, -(C;-Cg)alkyl and -(C,-C¢)heteroalkyl.
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10.  The method of claim 1, wherein the compound, or the pharmaceutically

acceptable salt thereof, has the structural Formula (IC):

HN o (R%)m
(R
< HN)*NAQ)k
=/3
(IC)
wherein each occurrence of R is halo.
11.  The method of any of claims 1-6 or 8-10, wherein in the compound of

structural Formula (I), or the pharmaceutically acceptable salt thereof, ring B is selected from:

(RQ)n (R In R0 0
o R,
<R h 5\ IR“’ /\
R10 /O

wherein each occurrence of R is independently selected from H, =0, halo, and C;-Cgalkyl; and

each occurrence of R' independently selected from H, halo, and CF;.

12.  The method according to claim 1, wherein the compound has the

structure

CF;0
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NH
HNJ\N 7 HN
Reae!
(¢] (o]
‘i» F N’K .
H , or a pharmaceutically
acceptable salt thereof.
13.  The method according to claim 1, wherein the compound has the
structure:
NH NH
HNJ\N 7 Y\HNJ\N/\Q/Z 27 J
gt Py TE W §
74 \ CFs
FsC N§) , F

O

M ©©w5Q = Bues Qﬂ«“@*

>
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or , or a pharmaceutically acceptable salt thereof.

14. A method according to any of claims 1-13, wherein the subject is human.
5
15.  The method of claim 14, wherein the compound or the pharmaceutically
acceptable salt thereof is administered orally or via subcutaneous, intramuscular, or intravenous
administration.
10 16. The method of any of claims 1-15, further comprising administration of

one or more additional anti-malarial agents to the subject.

17. The method of claim 16, wherein the one or more additional anti-malarial
agents is selected from the group consisting of: artemether, lumefantrine, dihydroartemisinin,
15 piperaquine, pyronaridine, artesunate, amodiaquine, mefloquine, sulfadoxine, pyrimethamine,

lumefantrine, quinine, chloroquine, atovaquone, and proguanil.

18. The method of any of claims 1-17, wherein the Plasmodium strain is drug
resistant.
20
19. Use of a compound, or a pharmaceutically acceptable salt thereof, for
inhibiting plasmepsin V activity, for treating a Plasmodium infection, or for treating malaria,
wherein said compound has the structural Formula (I):
HN (R1 )n (Rs)m
)LN/X e
HN A L
3 O
R R4
25 ey

wherein:
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X is a bond or CH(R?):

R” is selected from the group consisting of hydrogen, halo, -C,-Cy alkyl, and phenyl, wherein
5  said -C;-C¢ alkyl and said phenyl are optionally substituted with one to three halo;

ring A is AryB, or a 5- or 6-membered heterocycloalkyl;

AryB is:
10 (1) a 5- or 6-membered monocyclic aromatic ring with 0, 1, 2, or 3,
heteroatoms independently selected from N, O and S, or
(i) a 9-to 11-membered bicyclic aromatic ring with 0, 1, 2, or 3 heteroatoms

independently selected from N, O and S;

15  each occurrence of R! is independently selected from halo, -CN, -OH, -C;-Csalkyl, -O-C;-Cq
alkyl, -C;-Cghaloalkyl, O-C;-C¢ haloalkyl, and AryA;

AryA is a 5- or 6-membered monocyclic aromatic ring with 0, 1, or 2, heteroatoms

independently selected from N, O and S;

20
-L- is selected from the group consisting of : -C(O)-, -C(0)-NR")-(CHR"?))\-,
0O " O .
3
jJJ‘\N JJS“\N N RL4 pe;
N -0 N RL4
RL3 HO RL3 RS )l\ ant )l\
NN VNN wnn, *'1‘2 N\ ';LLL ’}l ,_yri*
i ) ’ RL4 ) RL4 and
O
e
O
\\'éRLS
wherein:
25

* indicates the point of attachment to ring A and ** indicates the point of attachment to ring B,
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R"! and R (when present) are each independently selected from the group consisting of H and

methyl;

R™ is selected from the group consisting of H, -C-Csalkyl, -C;-Ceheteroalkyl, and -C;-Csalkyl—
NR")COR"™

R is selected from the group consisting of H and -C,-C;alkyl, wherein said -C;-Csalkyl is
optionally substituted with one to three halo; and

R"“is selected from the group consisting of H, -C,-Csalkyl and -OC-C;alkyl, wherein said -C;-
Csalkyl and said -OC,-Csalkyl are optionally substituted with one to three halo;

ring B is a C;-Cscycloalkyl, a C5-C;heterocycloalkyl, or AryB;

each occurrence of R’ is independently halo, -OH, =0, —-CN, -5(0),C;-Cy alkyl, -C(O)(Ci-
Cealkyl), —C(0)O(C;-Csalkyl), C(O)N(H)(C;-Csalkyl), —C(O)N(C;-Csalkyl),, —C1-Csalkyl, —Cs-
Cscycloalkyl, -NH-C(0)O-C1-Cealkyl, or —OC;-Cealkyl, wherein said —S(0),C1-C, alkyl, said —
C(0O)(C;-Cealkyl), — said C(O)O(C;-Cealkyl), said C(O)N(H)(C;-Cealkyl), said —C(O)N(C;-
Csalkyl),, said —C;-Csalkyl, — said C;-Cecycloalkyl, said -NH-C(O)O-C;-Csalkyl, and said —
0C,-Cealkyl are optionally substituted with one to three substituents, independently selected
from halo, -OH, —CN, and —OC;-Cgalky];

R’ is selected from the group consisting of:
(1) hydrogen,
(2) -C1-Cq alkyl,
(3) —C4-C¢ cycloalkyl,
(4) —(CH;),-C4-C¢ heterocycloalkyl,
(5) —0-C,-Cealkyl,
(6) —(CH;),-O-C;-Csalkyl, optionally substituted with one or two
substituents, independently selected from halo and cyclopropyl,
(7) AryA,
(8) —(CHy),-cyclopropyl,
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wherein each of said -C;-C¢ alkyl, said —C4-Cg cycloalkyl, said —(CH;),-C4-C¢ heterocycloalkyl,
said —~0-C,-Cgalkyl, and said —(CH),-cyclopropyl are optionally substituted with one or two
substituents, independently selected from halo, -OH, and —O-C,-Cealkyl, and wherein said AryA
is optionally substituted with one to three substituents, independently selected from -OH, halo, —
0-C;-Cealkyl, C-Cefluoroalkyl, —-CN, —OCF;, —OCF», and —S(=0),—C;-Csalkyl;

R* is selected from the group consisting of hydrogen, -C;-Cealkyl, and AryA, wherein said -C,-
Csalkyl and said Ary A are optionally substituted with one to three substitutents, independently
selected from halo, -OH, —O-C;-C;alkyl, -C,-C;alkyl and cyclopropyl;

alternatively, R* and R*, together with the carbon to which they are attached, join to form a 5- or
6-membered spirocyclic cycloalkyl, optionally substituted with one or two substitutents,
independently selected from halo, -OH, —-O-C;-Csalkyl, and -C;-Csalkyl;

nis0, 1,2, or3;
mis0,1,2, 3,4, 5, or 6;
kisOor1; and
zis 1or2.
20. The use of claim 19, wherein the compound has the structure:
NH o NH NH
HN N ) HN)LN o aN” N o
O o O Qﬁ%b& Yé_% Q
N ! N OH
F W/ Q\\ CF3
o FoC Na)

F NH
2 2 2
O
NH /(j
NH
cFs PN N
o o
o HN® N HN” N
N T | A o] N F
: Rege%
N F
HN—Q Z CF3 CF3
NH
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HN{ o CF3
NH 2 F 2 2
Cl
CF
Ly Q%
N N /N/H/N
HN—\{ o N ) 1
N
NH R _QNH o R
F
O CFs
_ CF, HN o]
Q o o} HN/lkN CF3 0o
HN_ _N 0 HN_ _N \
N 5 N
NH S;L /N NH =
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N =N N
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J\ o] HN N
O/p/l(@u/lzo/\’ or O F E/NH

acceptable salt thereof.

, or a pharmaceutically

21. The use of claim 19, wherein the compound has the structure:

NH NS

N

j‘ﬂ* o HNJTN 0 HN)kN 2\7

: HN N " . N )\/""' /D\(N_)
APy E - A gy

) w0

RO M O Tt

>
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or , or a pharmaceutically acceptable salt thereof.
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thereof.

The first invention of Group I+ is restricted to a method for treating a Plasmodium infection, or for treating malaria, which comprises
administering to a subject in need of such treatment a therapeutically effective amount of a compound, or a pharmaceutically acceptable
salt thereof, and a pharmaceutically acceptable carrier, said compound having the structural Formula (1): wherein: X is a bond; Ring A is
AryB; AryB is a 5-membered monocyclic aromatic ring with 0 heteroatoms; R1 is absent; -L- is ~C(O)-; ring B is a C3 cycloalkyl; RS is
absent; R3 is hydrogen; R4 is hydrogen; nis 0; and m is 0; and uses thereof. It is believed that claims 1, 2, and 19 read on this first
named invention and thus these claims will be searched without fee to the extent that they read on the above embodiment.

Applicant is invited to elect additional formula(e) for each additional compound to be searched in a specific combination by paying an
additional fee for each set of election. Each additional elected formula(e) requires the selection of a single definition for each compound
variable. An exemplary election would be a method for treating a Plasmodium infection, or for treating malaria, which comprises
administering to a subject in need of such treatment a therapeutically effective amount of a compound, or a pharmaceutically acceptable
salt thereof, and a pharmaceutically acceptable carrier, said compound having the structural Formula (I): wherein: X is a CH(R2); R2 is
hydrogen; Ring A is AryB; AryB is a 5-membered monocyclic aromatic ring with 0 heteroatoms; R1 is absent; -L- is —C(O)-; ringBis a
C3 cycloalkyl; RS is absent; R3 is hydrogen; R4 is hydrogen; n is 0; and m is 0. Additional formula(e) will be searched upon the payment
of additional fees. Applicants must specify the claims that read on any additional elected inventions. Applicants must further indicate, if
applicable, the claims which read on the first named invention if different than what was indicated above for this group. Failure to clearly
identify how any paid additional invention fees are to be applied to the “+" group(s) will result in only the first claimed invention to be
searched/examined.

The inventions listed in Groups |+ do not relate to a single general inventive concept under PCT Rule 13.1, because under PCT Rule
13.2 they lack the same or corresponding special technical features for the following reasons:

The Groups I+ formulae do not share a significant structural element requiring the selection of alternatives for the compound variables
R1, R3, R4, R5, X, L, ring A, ring B, n, and m.

The Groups 1+ share the technical features of a method for treating a Plasmodium infection, or for treating malaria, which comprises
administering to a subject in need of such treatment a therapeutically effective amount of a compound, or a pharmaceutically acceptable
salt thereof, and a pharmaceutically acceptable carrier, said compound having the core structural Formula (I); and use of a compound,
or a pharmaceutically acceptable salt thereof, for inhibiting plasmepsin V activity, for treating a Plasmodium infection, or for treating
malaria, wherein said compound has the core structural Formula (I). However, these shared technical features do not represent a
contribution over the prior art.

Specifically, US 2014/0296532 A1 to Guangzhou Institutes of Biomedicine and Health teaches a method for treating a Plasmodium
infection, or for treating malaria (Abstract; Para. [0198]), which comprises administering to a subject in need of such treatment a
therapeutically effective amount of a compound, or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier
(Para. [0187]), said compound having the core structural Formula (1) (Paras. [0191) and [0198]; Pg. 30, Table. 3, Ex. 102;...see shown
structure...); and use of a compound, or a pharmaceutically acceptable salt thereof, for inhibiting plasmepsin V activity, for treating a
Plasmodium infection, or for treating malaria (Paras. [0191} and [0198]; Pg. 30, Table. 3, Ex. 102;...see shown structure...), wherein said
compound has the core structural Formula (1) (Paras. [0191] and [0198]; Pg. 30, Table. 3, Ex. 102;...see shown structure...)

The inventions listed in Groups |+ therefore lack unity under Rule 13 because they do not share a same or corresponding special
technical feature.
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