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ANTIVIRAL COMPOUNDS FOR THE TREATMENT OF HCV INFECTION

STATEMENT OF GOVERNMENT SUPPORT

[0001] The present invention was made with government support under the
following grants: RO1 AI072012 awarded by the National Institute of Health. The
government has certain rights in the invention.

RELATED APPLICATIONS

[0002] This application is a non-provisional of U.S. Provisional Application No.
61/025264, filed on January 31, 2008, the disclosure of which is incorporated herein by
reference in its entirety.

BACKGROUND OF THE INVENTION

The Field

[0003] The present application relates to certain compounds and to methods for

the preparation and the use of certain compounds in the fields of chemistry and medicine.

Description of the Related Art

[0004] Hepatitis C virus (HCV), a positive-strand RNA virus, is a leading cause
of chronic liver disease, with over 170 million people infected worldwide. According to the
Centers for Disease Control (CDC), chronic HCV infection currently affects more than 3
million Americans and causes 10,000 to 12,000 deaths a year in the United States. The CDC
estimates that the annual mortality rate will increase to 38,000 by the year 2010, surpassing
the number of deaths attributed annually to HIV/AIDS. HCV infection is also the leading
indication for liver transplantation.

[0005] There is neither a vaccine nor a direct antiviral drug available to treat or
prevent the spread of HCV. The current standard of care for chronic HCV consists of a
combination of injected interferon-alpha and the nucleoside analogue ribavirin. The
significant side effects associated with both drugs render it difficult to sustain therapy over
prolonged periods of time. Many patients require additional drugs to treat adverse effects of
interferon, further increasing the cost and the risk of additional side effects. As a result, poor

compliance with the course of HCV therapy decreases the patient response rate. Importantly,
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current HCV therapies are directed at stimulating the immune system but do not directly
target the virus. Consequently, sustained virus elimination is not achieved in more than half
of the treated patients even after six months of therapy. Therefore, novel drugs are required
to treat HCV infection by directly acting on viral targets.

[0006] A majority of drug discovery research for HCV has focused on the viral
proteins which include structural and nonstructural (NS) targets. Among the latter, the NS3-
4A protease and the NS5B RNA-dependent RNA polymerase are in the focus of many
antiviral discovery programs, paralleling past efforts in the somewhat corresponding protease
and reverse transcriptase targets of human immunodeficiency virus (HIV). As with HIV, the
high genetic variability of HCV poses a significant challenge for the development of antiviral
mono-therapies. The low fidelity of the HCV NS5B polymerase facilitates the emergence of
viral variants, including six major genotypes and a large number of subtypes. Rapid selection
of resistant virus populations is expected under mono-therapy treatment regimes. Thus,
combination of several drugs to attack distinct viral targets will be mandatory for successful
HCYV therapy.

[0007] Since the HCV genome contains several highly conserved cis-acting RNA
elements, the repertoire of protein targets for antiviral intervention may be expanded by RNA
targets. Structured functional elements of the HCV genome that are candidate drug targets
have been identified in the 5° and 3’ nontranslated regions (NTR) and in the coding region of
the NS5B polymerase.

[0008] The 5° NTR stretches over 341 nt of which the first 40 are essential for
RNA replication. The 330 nt region immediately flanking the reading frame for the viral
genes contains an internal ribosome entry site (IRES) which mediates translation initiation of
the viral message via a 5’ cap-independent mechanism. The IRES RNA binds directly to the
host cell 40S ribosomal subunit and initiates protein translation in the absence of most
initiation factors. Recruitment of the small ribosomal subunit to the HCV message is driven
entirely through the high affinity of the IRES RNA-40S interaction. The IRES RNA
sequence is one of the most conserved regions of the entire viral genome and adopts a highly
ordered secondary structure.

[0009] Most of the IRES subdomains are critical for translation initiation,

including the stem-loops, a helix between subdomains II and IIl, a proposed pseudoknot
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involving loop IlIf and the single-stranded regions that flank subdomain IIb, and a stem-loop
containing the start AUG codon. The three-dimensional architecture of the IRES RNA is
dominated by the independently-folding subdomains that adopt specific folds in the presence
of physiological concentrations of metal ions. Since the single-stranded stretches between
the subdomains are flexible, the IRES element becomes three-dimensionally ordered only
after binding to the 40S ribosomal subunit. Three-dimensional structures of individual
subdomains have been determined by crystallography and NMR, including the subdomains 11
and Illa-e which revealed unique RNA architectures that might be exploited for small-
molecule recognition. Based on its importance for viral replication and its high conservation
the HCV IRES element has been discussed as a potential target for therapeutic intervention.
For example, it has been observed that mutational stabilization of stem-loop IV, which
contains the initiator AUG codon of the HCV polyprotein, prevented translation of the viral
mRNA, suggesting an approach for the development of IRES RNA-stabilizing ligands as
antivirals. Validation studies on the IRES target have been performed using antisense,
aptamer, ribozyme and siRNA approaches. At least one peptide and three classes of small-
molecules have been described as inhibitors of in virro IRES activity, including biaryl
guanidines, phenazine derivatives, and vitamin B12.

[0010] The 3° NTR is comprised of three distinct domains including a 40-nt
variable region, a downstream poly(U/C) tract of heterogeneous length, and a highly
conserved 98-nt segment termed X-region. Both the poly(U/C) tract and the X-region are
essential for RNA replication but not for translation. Secondary structure prediction,
phylogenetic analyses, as well as nuclease probing suggest that the X-region folds into three
stem-loops which are the most conserved RNA sequences in the HCV 3’-NTR. It has been
suggested that specifically stem-loop 1 is involved in replication by providing binding sites
for the viral NS3 protease/helicase and NSS5B polymerase. Cellular factors, including
polypyrimidine tract-binding protein (PTB) and ribosomal proteins, have been shown to
interact with the X-region RNA, thereby interfering with the binding of viral proteins and
participating in the regulation of viral translation. The stem-loops 2 and 3 were mapped as
essential parts of the PTB binding site. The highly conserved secondary structure of the X-

region as well as its importance for RNA replication and as binding site for viral and host
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proteins have led to suggestions to exploit the 3° NTR as a target for antiviral agents
including antisense oligonucleotides.

[0011] Evidence has emerged that stem-loop 2 in the X-region might participate
in a pseudoknot interaction with a conserved RNA element within the coding region of the
viral NS5B polymerase. Earlier phylogenetic and RNA folding analyses suggested the
presence of several stem-loop structures within the NS5B coding region. Four of the
predicted stem-loops that are located within a highly conserved region of the HCV genome
were confirmed by mutational and biochemical analyses. The secondary structure of stem-
loop V (5BSL3.2) was also confirmed by NMR spectroscopy. The stem-loops V and VI are
essential for viral RNA replication and thus constitute cis-acting replication elements (CRE)
which are similar to cis-acting RNA structures found in the genomes of other RNA viruses.
The HCV NS5B polymerase, which has been shown to interact with 3’ viral genomic RNA,
binds specifically to SL-V. While the precise function of the SL-V RNA element has yet to
be determined, the role it plays in viral replication is dependent on its location within the
HCV genome. This context dependence of SL-V function is likely to be related to a kissing
interaction between the apical hairpin loops of SL-V and SL-2 in the HCV X-region which
gives rise to a pseudoknot structure involving coding region and 3° NTR of the viral genome.
It has been speculated that formation of a replication-essential pseudoknot might include
interactions with NS5B polymerase. Despite the current lack of extensive functional insight
into the role of conserved RNA elements in the NS5B coding region, the essentiality of these

CRE for viral replication renders them promising targets for RNA-directed antiviral drugs.

Summary of the Application

[0012] In some embodiments, compounds for treating HCV are provided. Certain
embodiments relate to methods of treating HCV in animals. The method can include, for
example, administering an effective amount of a compound to a patient in need thereof.
Other embodiments relate to the use of compounds in the manufacture of a pharmaceutical or
medicament for the treatment of HCV.

[0013] In some embodiments, the present application discloses a compound of

Formula (I):



WO 2009/099897 PCT/US2009/032476

NH,
Ba_N
A j: NH,
RZ’U\X R?
(1)

[0014] wherein:

[0015] X isNH, O, S, or (CH,),,;, wherein n; is 1 to 6;

[0016] AisOorS;

[0017] BisOorsS;

[0018] each R' and R’ independently, is —CONH,, or a substituted or
unsubstituted C,¢ alkyl, a substituted or unsubstituted aryl, a substituted or unsubstituted
heteroaryl, a substituted or unsubstituted -(CH,), aryl, a substituted or unsubstituted -(CH>),
heteroaryl, a substituted or unsubstituted -(CH), heterocycloalkyl, a substituted or
unsubstituted -(CH=CH), aryl, a substituted or unsubstituted -(CH=CH), heteroaryl, a
substituted or unsubstituted -C;-¢ alkenyl-aryl, a substituted or unsubstituted -C,-¢ alkenyl-
heteroaryl, a substituted or unsubstituted -(C=C), aryl, a substituted or unsubstituted -(C=C),
heteroaryl, a substituted or unsubstituted -NR*-C,-¢ alkyl, a substituted or unsubstituted -
NR?-aryl, a substituted or unsubstituted -NR>-heteroaryl, a substituted or unsubstituted -NR>-
cycloalkyl, a substituted or unsubstituted —NRé-heterocycloalkyl, a substituted or
unsubstituted -NHNH-C,-¢ alkyl, a substituted or unsubstituted -NHNH-aryl, a substituted or
unsubstituted -NHNH-heteroaryl, a substituted or unsubstituted -NHNH-cycloalkyl, a
substituted or unsubstituted -NHNH-heterocycloalkyl,a substituted or unsubstituted -O-C-¢
alkyl, a substituted or unsubstituted -O-aryl, a substituted or unsubstituted -O-heteroaryl, a
substituted or unsubstituted -O-cycloalkyl, a substituted or unsubstituted -O-heterocycloalkyl,
-S(C-6) alkyl, a substituted or unsubstituted -S-aryl, a substituted or unsubstituted -S-
heteroaryl, a substituted or unsubstituted -S-cycloalkyl, a substituted or unsubstituted -S-
heterocycloalkyl, a substituted or unsubstituted -(C=0)(C;-¢) alkyl, a substituted or
unsubstituted -(C=0) aryl, a substituted or unsubstituted -(C=0) heterocycloalkyl, n being an

integer from 1 to 4; and
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[0019] R’ is —H or a substituted or unsubstituted alkyl, aryl, heteroaryl,
cycloalkyl, or heterocycloalkyl.
[0020] In other embodiments, the present application discloses a compound of

Formula (II):

[0021] wherein:

[0022] AisOorS;

[0023] BisOorS;

[0024] Y is N or CH, or -(CH;),,,CH-, wherein n; is from 1 to 6;

[0025] Z is a lower alkylene group or a lower heteroalkylene group such that Z
and Y together with the C atom between them form a 4-, 5-, or 6-membered substituted or
unsubstituted cycloalkyl or heterocycloalkyl.

[0026] each R? is —CONH,, or a substituted or unsubsituted -C;.¢ alkyl, a
substituted or unsubstituted aryl, a substituted or unsubstituted heteroaryl, a substituted or
unsubstituted -(CH,), aryl,a substituted or unsubstituted -(CH,), heteroaryl, a substituted or
unsubstituted -(CH;), heterocycloalkyl, a substituted or unsubstituted -(CH=CH), aryl, a
substituted or unsubstituted -(CH=CH), heteroaryl, a substituted or unsubstituted -C;-¢
alkenyl-aryl, a substituted or unsubstituted -C,-¢ alkenyl-heteroaryl, a substituted or
unsubstituted -(C=C), aryl, a substituted or unsubstituted -(C=C), heteroaryl, a substituted or
unsubstituted -NR3-C1—6 alkyl, a substituted or unsubstituted -NR3-ary1, a substituted or
unsubstituted -NR>-heteroaryl,a substituted or unsubstituted -NR*-cycloalkyl, a substituted or
unsubstituted -NR’-heterocycloalkyl, a substituted or unsubstituted -NHNH-C,-4 alkyl, a
substituted or unsubstituted -NHNH-aryl, a substituted or unsubstituted -NHNH-heteroaryl,a
substituted or unsubstituted -NHNH-cycloalkyl, a substituted or unsubstituted -NHNH-
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heterocycloalkyl, a substituted or unsubstituted -O-C,-¢ alkyl, a substituted or unsubstituted -
O-aryl, a substituted or unsubstituted -O-heteroaryl, a substituted or unsubstituted -O-
cycloalkyl, a substituted or unsubstituted -O-heterocycloalkyl, a substituted or unsubstituted -
S(C;-¢) alkyl, a substituted or unsubstituted -S-aryl, a substituted or unsubstituted -S-
heteroaryl, a substituted or unsubstituted -S-cycloalkyl, a substituted or unsubstituted -S-
heterocycloalkyl, a substituted or unsubstituted -(C=0)(C;-s) alkyl, a substituted or
unsubstituted -(C=0) aryl, a substituted or unsubstituted -(C=0) heterocycloalkyl, n being an
integer from 1 to 4; and

[0027] R® is —H or a substituted or unsubstituted alkyl, aryl, heteroaryl,
cycloalkyl, or heterocycloalkyl.

[0028] [0025]  Further embodiments relate to a compound of Formula (III),

where the compound is:

o]
HsC 0]
n\)k ks
7 N
5 2
NH,
NH,

[0029] In another preferred embodiment, a pharmaceutical composition
comprising a pharmaceutically acceptable carrier and an effective amount of a compound of
Formula (I) or a pharmaceutically acceptable salt thereof is disclosed.

[0030] In another preferred embodiment, pharmaceutical composition comprising
a pharmaceutically acceptable carrier and an effective amount of a compound of Formula (II)
or a pharmaceutically acceptable salt thereof is disclosed.

[0031] In other embodiments, a method of inhibiting an HCV infection
comprising administering a therapeutically effective amount of a compound of Formula (I) to
an individual having an HCV infection is disclosed

[0032] In further embodiments, a method of inhibiting an HCV infection
comprising administering a therapeutically effective amount of a compound of Formula (II)

to an individual having an HCV infection is disclosed.
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[0033] In additional embodiments, a method of synthesis of a compound
comprising: obtaining an amino acid; protecting the amino acid to obtain amino-protected o.-

amino carboxylic acids; reacting the amino-protected a-amino carboxylic acids with

Boc Boc

HN NH

Iz

to form
NHBoc

[¢) N
i NHBoc
PHN R’ , wherein P is a protecting group;
deprotecting

NHBoc

o} N
j\: NHBoc
1

PHN R and reacting with

R? OH to form;
NHBoc

o] N

O j\:
RZ/H\N R

N ; and

NHBoc

deprotecting

NHBoc

o N
o) j\: NHBoc
Rz)J\ N R

to form the compound.
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Brief Description of the Drawings

[0034] The accompanying drawings, which are incorporated in and form part of
the specification, merely illustrate certain preferred embodiments of the present application.
Together with the remainder of the specification, they are meant to serve to explain preferred
modes of making certain compounds of the application to those of skilled in the art. In the
drawings:

[0035] FIG. 1A is a diagram showing a binding curve of Formula I-A. Compound
binding is measured in vitro as decrease in fluorescence of a fluorescently labeled HCV IRES
RNA fragment upon titration with increasing amounts of compound.

[0036] FIG. 1B is a diagram showing inhibition of HCV by Formula III in a
subgenomic replicon.

[0037] FIG. 1C is a diagram showing inhibition of HCV by Formula III in a
cytotoxicity assay.

[0038] FIG. 2A is an elution profile of MC069A on C18 HPLC column. The
compound peak at 10.88 min is marked by a peak.

[0039] FIG. 2B is a Mass-spectrometric analysis of MCO69A purified by reverse
phase HPLC.

[0040] FIG. 3 is a Mass-spectrometric analysis of compound K2 purified by
reverse phase HPLC.

[0041] FIG. 4A is a Mass-spectrometric analysis of compound R1 purified by
reverse phase HPLC.

[0042] FIG. 4B is a Mass-spectrometric analysis of compound R2 purified by
reverse phase HPLC.

[0043] FIG. 5 is a Mass-spectrometric analysis of compound S3 purified by
reverse phase HPLC.

[0044] FIG. 6 is a Mass-spectrometric analysis of compound T3 purified by
reverse phase HPLC.

[0045] FIG. 7A is a diagram showing inhibition of HCV by compound S3 in a
subgenomic replicon.

[0046] FIG. 7B is a diagram showing inhibition of HCV by compound S3 in a

cytotoxicity assay.
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[0047] FIG. 8A is a diagram showing inhibition of HCV by compound K3 in a
subgenomic replicon.

[0048] FIG. 8B is a diagram showing inhibition of HCV by compound K3 in a
cytotoxicity.

[0049] FIG. 9A is a diagram showing inhibition of HCV by compound T3 in a
subgenomic replicon.

[0050] FIG. 9B is a diagram showing inhibition of HCV by compound T3 in a

cytotoxicity assay.

Detailed Description of the Preferred Embodiment

[0051] It has been shown that the chemical compounds described herein have
antiviral activity as inhibitors of hepatitis C virus (HCV) protein synthesis. The compounds
described herein target a structured ribonucleic acid (RNA) target that is unique to the HCV
genome and that is essential for the initiation of viral protein synthesis. In one embodiment,
the RNA target may be the internal ribosome entry site (IRES) of HCV. The compounds
described herein can bind to a subdomain of the HCV IRES RNA, the structure of which can
be determined by X-ray crystallography. Binding of selected examples of the compounds
described herein to HCV IRES RNA has been demonstrated. HCV inhibitory activity of at
least one of the compounds described herein that bind to the HCV IRES RNA has been
demonstrated in a cellular assay (subgenomic HCV replicon). It has been shown that the
compounds described herein have no or low cytotoxicity at concentrations that are sufficient
to inhibit viral replication.

[0052] The compounds described herein target a structured viral RNA that is
highly conserved among clinical HCV isolates. In some embodiments, the compounds
described herein may target viral proteins. In other embodiments, the compounds may be
used as inhibitors of HCV infection. The compounds described herein can penetrate HCV-
infected cells, bind to HCV IRES RNA and interfere with the function of the IRES during
HCV protein translation.

Definitions
[0053] Unless defined otherwise, all technical and scientific terms used herein

have the same meaning as is commonly understood by one of ordinary skill in the art to
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which this application belongs. All patents, applications, published applications and other
publications referenced herein are incorporated by reference in their entirety. In the event that
there are plurality of definitions for a term herein, those in this section prevail unless stated
otherwise

[0054] As used herein, any “R” group(s) represent substituents that can be
attached to the indicated atom.

[0055] Whenever a group of this application is described as being “optionally
substituted” that group may be unsubstituted or substituted with one or more of the indicated
substituents. Likewise, when a group is described as being “unsubstituted or substituted” if
substituted, the substituent may be selected from one of more the indicated substituents.

[0056] Unless otherwise indicated, when a substituent is deemed to be “optionally
subsituted,” or “substituted” it is meant that the specified moiety has one or more substituents
independently selected from the following group: halogens, =0, =S, -C=N, -NO,, =NH, -
NHOH, -OH, -C(=0)H, -C(=NH)NH,, -C(=NH)NHR’, -NH,, -NHR*, -NHC(=NH)NH,, -
NHC(E=NH)NHRY,  -NHC(=0)NH,, -NHC(=0)NHR*, -C(=O)NH,, -C(=O)NHR!, -
OC(=0)NH,, -OC(=0)NHR?, -C(=S)NH,, -C(=S)NHR?, -NHC(=S)NH,, -NHC(=S)NHR?, -
S(O2)H, -S(=0)H, -OS(02)H, -OS(=0)H, -C(=0)OH, -C(=S)OH, -S(O2)NH,, -S(0,)NHR?, -
S(=0)NH,, -S(=0)NHR*, wherein R* is a substituted or unsubstituted alkyl, aryl, heteroaryl,
cycloalkyl, or heterocycloalkyl.

[0057] As used herein, “alkyl” refers to a straight or branched hydrocarbon chain
fully saturated (no double or triple bonds) hydrocarbon group. The alkyl group may have 1 to
20 carbon atoms (whenever it appears herein, a numerical range such as “1 to 20” refers to
each integer in the given range; e.g., “1 to 20 carbon atoms” means that the alkyl group may
consist of 1 carbon atom, 2 carbon atoms, 3 carbon atoms,-etc., up to and including 20 carbon
atoms, although the present definition also covers the occurrence of the term “alkyl” where
no numerical range is designated). The alkyl group may also be a medium size alkyl having 1
to 10 carbon atoms. The alkyl group could also be a lower alkyl having 1 to 5 carbon atoms.
The alkyl group of the compounds may be designated as “C;-C; alkyl” or similar
designations. By way of example only, “C;-C4 alkyl” indicates that there are one to four
carbon atoms in the alkyl chain, i.e., the alkyl chain is selected from the group consisting of

methyl, ethyl, propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, and t-butyl.
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[0058] As used herein, “alkenyl” refers to an alkyl group that contains in the
straight or branched hydrocarbon chain one or more double bonds. An alkenyl group of this
application may be unsubstituted or substituted. When substituted, the substituent(s) may be
selected from the same groups disclosed above with regard to alkyl group substitution.

[0059] As used herein, “aryl” refers to a carbocyclic (all carbon) ring or two or
more fused rings (rings that share two adjacent carbon atoms) that have a fully delocalized pi-
electron system. Examples of aryl groups include, but are not limited to, benzene,
naphthalene and azulene. An aryl group of this application may be substituted or
unsubstituted. When substituted, hydrogen atoms are replaced by substituent group(s) that
is(are) one or more group(s) independently selected from alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkenyl, cycloalkynyl, aryl, heteroaryl, heteroalicyclyl, aralkyl, heteroaralkyl,
(heteroalicyclyl)alkyl, hydroxy, protected hydroxyl, alkoxy, aryloxy, acyl, ester, mercapto,
alkylthio, arylthio, cyano, halogen, carbonyl, thiocarbonyl, O-carbamyl, N-carbamyl,
O-thiocarbamyl, N-thiocarbamyl, C-amido, N-amido, S-sulfonamido, N-sulfonamido,
C-carboxy, protected C-carboxy, O-carboxy, isocyanato, thiocyanato, isothiocyanato, nitro,
silyl, sulfenyl, sulfinyl, sulfonyl, haloalkyl, haloalkoxy, trihalomethanesulfonyl,
trihalomethanesulfonamido, and amino, including mono- and di-substituted amino groups,
and the protected derivatives thereof.

[0060] As used herein, “heteroaryl” refers to a monocyclic or multicyclic aromatic
ring system (a ring system with fully delocalized pi-electron system), one or two or more
fused rings that contain(s) one or more heteroatoms, that is, an element other than carbon,
including but not limited to, nitrogen, oxygen and sulfur. Examples of heteroaryl rings
include, but are not limited to, furan, thiophene, phthalazinone, pyrrole, oxazole, thiazole,
imidazole, pyrazole, isoxazole, isothiazole, triazole, thiadiazole, pyran, pyridine, pyridazine,
pyrimidine, pyrazine and triazine. A heteroaryl group of this application may be substituted
or unsubstituted. When substituted, hydrogen atoms are replaced by substituent group(s) that
is(are) one or more group(s) independently selected from alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkenyl, cycloalkynyl, aryl, heteroaryl, heteroalicyclyl, aralkyl, heteroaralkyl,
(heteroalicyclylalkyl, hydroxy, protected hydroxyl, alkoxy, aryloxy, acyl, ester, mercapto,
alkylthio, arylthio, cyano, halogen, carbonyl, thiocarbonyl, O-carbamyl, N-carbamyl,

O-thiocarbamyl, N-thiocarbamyl, C-amido, N-amido, S-sulfonamido, N-sulfonamido,
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C-carboxy, protected C-carboxy, O-carboxy, isocyanato, thiocyanato, isothiocyanato, nitro,
silyl, sulfenyl, sulfinyl, sulfonyl, haloalkyl, haloalkoxy, trihalomethanesulfonyl,
trihalomethanesulfonamido, and amino, including mono- and di-substituted amino groups,
and the protected derivatives thereof.

[0061] As used herein, “cycloalkyl” refers to a completely saturated (no double
bonds) mono- or multi- cyclic hydrocarbon ring system. When composed of two or more
rings, the rings may be joined together in a fused, bridged or spiro-connected fashion.
Cycloalkyl groups of this application may range from C; to Cyy, in other embodiments it may
range from C; to Cs. A cycloalkyl group may be unsubstituted or substituted. Typical
cycloalkyl groups include, but are in no way limited to, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, and the like. If substituted, the substituent(s) may be an alkyl or selected from
those indicated above with regard to substitution of an alkyl group unless otherwise
indicated.

[0062] As used herein, “heterocycloalkyl” refers to a completely saturated (no
double bonds) mono- or multi- cyclic hydrocarbon ring system. Heterocycloalkyls contain(s)
one or more heteroatoms, that is, an element other than carbon, including but not limited to,
nitrogen, oxygen and sulfur, which can replace CH; in the ring system.

[0063] The term “lower alkylene group” refers to a straight-chained saturated
hydrocarbon tethering group, forming bonds to connect molecular fragments via their
terminal carbon atoms. Examples include but are not limited to methylene (-CH,-), ethylene
(-CH,CH,-), propylene (-CH,CH,CH,-), and butylene (-(CHz)4-) groups. A lower alkylene
group may be substituted or unsubstituted.

[0064] The term “lower heteroalkylene group” refers to a straight-chained
tethering group, forming bonds to connect molecular fragments via their terminal atoms.
Lower heteroalkylene groups are saturated hydrocarbons that contain(s) one or more
heteroatoms, that is, an element other than carbon, including but not limited to, nitrogen,
oxygen and sulfur, in place of a methylene group. Examples include, but are not limited to, -
(CHy)4-O-CH,, -O-(CHz)4-, and -O-(CH,),-S-CHa-.

[0065] As used herein, “halo” or “halogen” refers to F (fluoro), CI (chloro), Br

(bromo) or I (iodo).
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[0066] As used herein, the abbreviations for any protective groups, amino acids
and other compounds, are, unless indicated otherwise, in accord with their common usage,
recognized abbreviations, or the IUPAC-IUB Commission on Biochemical Nomenclature
(See, Biochem. 11:942-944 (1972)).

[0067] It is understood that, in any compound of this application having one or
more chiral centers, if an absolute stereochemistry is not expressly indicated, then each center
may independently be of R-configuration or S-configuration or a mixture thereof. Thus, the
compounds provided herein may be enatiomerically pure or be stereoisomeric mixtures. In
addition it is understood that, in any compound of this application having one or more double
bond(s) generating geometrical isomers that can be defined as E or Z each double bond may
independently be E or Z a mixture thereof. Likewise, all tautomeric forms are also intended
to be included.

[0068] As used herein, “pharmaceutically acceptable salt” refers to a salt of a
compound that does not cause significant irritation to a patient to which it is administered and
does not abrogate the biological activity and properties of the compound. Pharmaceutical
salts can be obtained by reaction of a compound disclosed herein with an acid or base. Base-
formed salts include, without limitation, ammonium salt (NH,"); alkali metal, such as,
without limitation, sodium or potassium, salts; alkaline earth, such as, without limitation,
calcium or magnesium, salts; salts of organic bases such as, without limitation,
dicyclohexylamine, N-methyl-D-glucamine, tris(hydroxymethyl)methylamine; and salts with
the amino group of amino acids such as, without limitation, arginine and lysine. Useful acid-
based salts include, without limitation, hydrochlorides, hydrobromides, sulfates, nitrates,
phosphates, methanesulfonates, ethanesulfonates, p-toluenesulfonates and salicylates.

[0069] Pharmaceutically acceptable solvates and hydrates are complexes of a
compound with one or more solvent of water molecules, or 1 to about 100, or 1 to about 10,

or one to about 2, 3 or 4, solvent or water molecules.

Compounds of Formula 1

[0070] According to one embodiment, the present application provides

compounds of Formula (I):
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NH,
BN
A I NH,
RzJLx R’
)

[0071] wherein:

[0072] X isNH, O, S, or (CH5),;, wherein n; is 1 to 6;

[0073] AisOorS;

[0074] BisOorS;

[0075]  [0092] each R' and R? independently, is <CONH, or a substituted or
unsubstituted -C;. alkyl, a substituted or unsubstituted aryl, a substituted or unsubstituted
heteroaryl, a substituted or unsubstituted -(CH,), aryl, a substituted or unsubstituted -(CH2),
heteroaryl, a substituted or unsubstituted -(CH;), heterocycloalkyl, a substituted or
unsubstituted -(CH=CH), aryl, a substituted or unsubstituted -(CH=CH), heteroaryl, a
substituted or unsubstituted -C,-¢ alkenyl-aryl, a substituted or unsubstituted -C,-¢ alkenyl-
heteroaryl, a substituted or unsubstituted -(C=C), aryl, a substituted or unsubstituted -(C=C),
heteroaryl, a substituted or unsubstituted NR3-C}-6 alkyl, a substituted or unsubstituted -
NR>-aryl, a substituted or unsubstituted -NR’-heteroaryl, a substituted or unsubstituted -NR*-
cycloalkyl, a substituted or unsubstituted -NR*-heterocycloalkyl, a substituted or
unsubstituted -NHNH-C,-¢ alkyl, a substituted or unsubstituted -NHNH-aryl, a substituted or
unsubstituted -NHNH-heteroaryl, a substituted or unsubstituted -NHNH-cycloalkyl, a
substituted or unsubstituted -NHNH-heterocycloalkyl,a substituted or unsubstituted -O-C;-¢
alkyl, a substituted or unsubstituted -O-aryl, a substituted or unsubstituted -O-heteroaryl, a
substituted or unsubstituted -O-cycloalkyl, a substituted or unsubstituted -O-heterocycloalkyl,
-S(Cy-¢) alkyl, a substituted or unsubstituted -S-aryl, a substituted or unsubstituted -S-
heteroaryl, a substituted or unsubstituted -S-cycloalkyl, a substituted or unsubstituted -S-
heterocycloalkyl, a substituted or unsubstituted -(C=0)(C;-s) alkyl, a substituted or
unsubstituted -(C=0) aryl, a substituted or unsubstituted -(C=0) heterocycloalkyl, n being an

integer from 1 to 4; and
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[0076] R®is—H or a substituted or unsubstituted alkyl, aryl, heteroaryl, cycloalkyl,
or heterocycloalkyl.

[0077]  According to a preferred series of embodiments, X is NH.

[0078]  According to another preferred series of embodiments, X is CH,.

[0079]  According to preferred embodiments, R!is:
—(CHj)n3-NH,, where n3 is 110 6

'—(C\Hz)m NH - Wherengis Tto 5
HN
NH,

B
D
H , Of

——(CHy)ns , where ng is 1 to3

OH .
[0080]  According to preferred embodiments, R is:

O,

(o)
A

, wherein R’ is an alkyl, aryl, heteroaryl, heterycycloalkyl, alkenyl-aryl, cycloalkyl, or
alkenyl-heteroaryl
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[0081]  According to other preferred embodiments, R'is:

ana

N2
3

i

HN NH2

|

HO

, or

HO
[0082]  According to other preferred embodiments, R? is:

QO

HO

-

,or H.
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[0083] According to another embodiment, the present application provides

compounds of Formula (II):

[0084] [0020]  wherein:

[0085] AisOorS;

[0086] BisOorS;

[0087] Y is N or CH, or —(CH,),,CH-, wherein n; is from 1 to 6;

[0088] [0089] Z is a lower alkylene group or a lower heteroalkylene group
such that Z and Y together with the C atom between them form a 4-, 5-, or 6-membered
substituted or unsubstituted cycloalkyl or heterocycloalkyl.

[0090] each R? is —CONH,, or a substituted or unsubsituted -C,¢ alkyl, a
substituted or unsubstituted aryl,a substituted or unsubstituted heteroaryl, a substituted or
unsubstituted -(CH,), aryl,a substituted or unsubstituted -(CH,), heteroaryl, a substituted or
unsubstituted -(CH,), heterocycloalkyl, a substituted or unsubstituted -(CH=CH), aryl, a
substituted or unsubstituted -(CH=CH), heteroaryl, a substituted or unsubstituted -C,-¢
alkenyl-aryl, a substituted or unsubstituted -C,-¢ alkenyl-heteroaryl, a substituted or
unsubstituted -(C=C), aryl, a substituted or unsubstituted -(C=C), heteroaryl, a substituted or
unsubstituted -NR*-C- alkyl, a substituted or unsubstituted -NR3-aryl, a substituted or
unsubstituted -NR>-heteroaryl,a substituted or unsubstituted -NR3-cycloalkyl, a substituted or
unsubstituted -NR>-heterocycloalkyl, a substituted or unsubstituted -NHNH-C;-¢ alkyl, a
substituted or unsubstituted -NHNH-aryl, a substituted or unsubstituted -NHNH-heteroaryl,a
substituted or unsubstituted -NHNH-cycloalkyl, a substituted or unsubstituted -NHNH-

heterocycloalkyl, a substituted or unsubstituted -O-C,-¢ alkyl, a substituted or unsubstituted -
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O-aryl, a substituted or unsubstituted -O-heteroaryl, a substituted or unsubstituted -O-
cycloalkyl, a substituted or unsubstituted -O-heterocycloalkyl, a substituted or unsubstituted -
S(Ci-6) alkyl, a substituted or unsubstituted -S-aryl, a substituted or unsubstituted -S-
heteroaryl, a substituted or unsubstituted -S-cycloalkyl, a substituted or unsubstituted -S-
heterocycloalkyl, a substituted or unsubstituted -(C=0)(C,;-s) alkyl, a substituted or
unsubstituted -(C=0) aryl, a substituted or unsubstituted -(C=0) heterocycloalkyl, n being an
integer from 1 to 4; and

[0091] R’ is—H or a substituted or unsubstituted alkyl, aryl, heteroaryl, cycloalkyl,
or heterocycloalkyl.

[0092] In preferred embodiments, the compounds of the present application can

be represented in Formula (I1I):

o]
HsC )
n\/“\ ke
7 N
0 z

NH,

NH,
Formula II1
[0093] In another preferred embodiment, the compound of Formula (1) is present,

wherein R! is

i

we and R is
0
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[0094] In preferred embodiments, the compound of Formula (I) is present,
wherein R' is
we and R? is
[0095] In other preferred embodiments, the compound of Formula (I) is present,
wherein R' is
we and R? is
OH
[0096] In other preferred embodiments, the compound of Formula (I) is present,
wherein R' is

we and R? is

>Hll“”9
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[0097] In other preferred embodiments, the compound of Formula (I) is present,

wherein R! is

HLL

we and R? is

)

[0098] In other preferred embodiments, the compound of Formula (1) is present,

wherein R! is

e}

2.
w2 and R°1s H.

In another preferred embodiment, the compound of Formula (I) is present,

¢

HN

[0099]

wherein R! is

]

2.
HN m: and R° s
o]
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[0100]

wherein R is

[0101]

wherein R! is

[0102]

wherein R is

PCT/US2009/032476

In preferred embodiments, the compound of Formula (I) is present,

{133}

S
1

e and R? is

(.

In other preferred embodiments, the compound of Formula (1) is present,

H

2.
HN moand R° s
OH

In other preferred embodiments, the compound of Formula (I) is present,

BN e and R% s
OH

N

2.
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[0103] In other preferred embodiments, the compound of Formula (I) is present,

wherein R! is

watt

HN

HNT e gnd R? is

=

In other preferred embodiments, the compound of Formula (I) is present,

¢

HN

[0104]

wherein R is

ast

BN e and R%is H.
In another preferred embodiment, the compound of Formula (I) is present,

[0105]
wherein R' is
HO/
and R? is
o]
[0106] In preferred embodiments, the compound of Formula (I) is present,

. 1.
wherein R’ is

T

HO
2.
and R is

By

23



WO 2009/099897 PCT/US2009/032476

[0107] In other preferred embodiments, the compound of Formula () is present,

wherein R is

gt

HO
2.
and R“ is
OH

[0108] In other preferred embodiments, the compound of Formula (1) is present,

wherein R! is

gl 1§

HO
2.
and R“ is

>nu(lll||g

[0109] In other preferred embodiments, the compound of Formula (I) is present,

wherein R is

|

-

HO'
2.
and R is

HO. :

[0110] In other preferred embodiments, the compound of Formula (I) is present,

wherein R is

antilf

HO

and R? is H.
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[0111] In another preferred embodiment, the compound of Formula (I) is present,

wherein R! is

sy

”O/\ and R® is

o]

[0112] In preferred embodiments, the compound of Formula (I) is present,

. 1.
wherein R is

RETTTHI]

”0/\ and R? is

(.

[0113] In other preferred embodiments, the compound of Formula (I) is present,

wherein R! is

uHlf

HO/\ and R? is
OH

[0114] In other preferred embodiments, the compound of Formula () is present,

wherein R is

HItY

7.
HO/\ and R” is
OH

et il

5.
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[0115] In other preferred embodiments, the compound of Formula (I) is present,

wherein R is

iy

”O/\ and R? is

HO. :

[0116] In other preferred embodiments, the compound of Formula () is present,

wherein R! is

aHlf

”0/\ and R? is H.

Synthesis of Compounds

[0117] In one embodiment, the synthesis of the compounds described herein may
be carried out through the following process:
Oj:OH
RN R

protect J i?oc ?OC NHBoc NHBoc NH;,
HN NH a deprotect
o]
Ox_OH \O/s Os N b )k s O N Os N
H NHBoc g2 OH o] NHBoc deprotect NH3
1 e st )j\ 1 R 1
PHN R PHN R? R? ﬁ R
2 4 1

2 N R
R H

6

[0118] In one embodiment, the starting materials can be amino-protected o.-amino
carboxylic acids that are commercially available or can be prepared from commercially
available o-amino acids. During the synthesis, any carboxylic acid may be used as a building
block. A list of synthesized compounds can be found in Table 1. Synthesized compounds in
Table 1 are identified by the letter of the amino acid building block, wherein K is Lys, R is
Arg, S is Ser and T is Thr, and the number of the building blocks, wherein 1 is 4-
acetylbenzoic acid, 2 is benzoic acid, 3 is mandelic acid, 4 is lactic acid, 6 is 4-

hydroxylbenzoic acid and 6 is H. Furthermore, compounds that may be synthesized

following the same established procedures are enclosed in parenthesis.
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Table 1
amino acid HQN\i/!kOH H?'N\E/U\OH HaN i/&“ow HuN \i)J\oH
g J/: HO'/: HO‘/:\
I I,
5 o * NHz Lys  Hn™ ne,  Arg Ser Thr
)k(/«\\ MCO69A
1 3\/) on R1 51 T1
T =)
o | LA e k2 R2 $2 T2
; EYTOH K3 (R3) 53 T3
4 A Ka (R4) (S4) (T4)
: Uﬁroﬂ K5 (R5)  (S5)  (T5)
6 H K6 (R6) (S6) (T6)

[0119] The three principal HCV RNA targets (IRES, NS5B-SLS, and X-region)

can be dissected into potentially autonomous fragments for further prioritization based on

secondary structure, phylogenetic data, sequence conservation, biological importance,

presence of potential ligand binding sites, and suitability for assay development as well as

crystallization. The chosen target fragments can be experimentally validated as autonomously

folding, stable RNA domains which can further be used for structure determination by X-ray

crystallography and affinity assay development.
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[0120] In parallel, small molecules can be selected from among commercially
available known RNA binders (“tool compounds”). New RNA-“friendly” ligands can be
designed and synthesized. Validated RNA target fragments can be used for affinity assay
development and crystallization. Functional assays can be developed to test ligands for their
potential to block HCV-specific processes. Biological assays can be established that use
mammalian cell-based systems to measure permeability, general cytotoxicity and antiviral
potency of compounds. ‘

[0121] Tool compounds and newly synthesized molecules can be screened for
binding at the validated RNA target fragments. The identified small-molecule ligands can be
further tested in HCV functional and biological assays and submitted to co-crystallization
with their respective RNA targets. RNA-ligand complexes can be characterized in solution.
Their three-dimensional structure can be determined by X-ray crystallography. Structural
information along with binding affinities, inhibitory potencies from functional and antiviral
testing, mammalian cytotoxicity as well as permeability data can be used to establish
structure-activity relationships for the RNA binders. This data can allow the design of
improved ligands for the RNA targets. The suggested ligand discovery process targets is
iterative and can ultimately result in lead structures as a basis for the future development of

drugs to treat HCV infection.

Assays To Measure Compound Binding

[0122] Fluorescence affinity assays were used to measure compound binding to
sub-domain Ila of the HVC IRES. Guided by the crystal structure, a key adenine residue
(A54) has previously been identified in the internal loop region of subdomain Ila of the HCV
internal ribosome entry site (IRES) for replacement by the fluorescent nucleobase analog 2-
aminopurine (2AP) to monitor ligand binding as well as RNA folding. (ref.: Dibrov, S. M.,
Johnston-Cox, H., Weng, Y. H. & Hermann, T. Functional architecture of HCV IRES
domain II stabilized by divalent metal ions in the crystal and in solution. Angew Chem Int Ed
Engl 46, 226-9 (2007).). RNA constructs containing the subdomain Ila of the HCV IRES,
with A54 replaced by 2AP, were used in titrations with the RNA-binding ligands. In a typical
titration ligand was added starting at 1nM concentration, going to 1mM concentration in 20

to 30 addition steps, and 2AP fluorescence recorded after each addition. Fluorescence
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measurements were performed on a thermostatted RF-5301PC spectrofluorometer
(Shimadzu, Columbia, MD) at 25°C. Emission spectra of 2AP-labelled RNA were recorded
in 10 mM sodium cacodylate buffer, pH 6.5, at 0.5 uM RNA concentration and while
irradiating at 310 nm. Apparent dissociation constants (ECso) of ligands were calculated with
the Sigmaplot software (Systat Software, Point Richmont, CA) by fitting dose-response
binding curves to the relative fluorescence intensity plotted vs. the logarithm(10) of the titrant
concentration (see Figure 1 in [0157]). Raw fluorescence data were normalized by division
by the total fluorescence change over the titrations. Figure 1A shows the results of the
fluorescence affinity assays on MCO060A

[0123] HCV replicon assays were used to measure compound activity in cells.
The impact of compounds on HCV replicon replication was assessed, using a method that
was previously described (ref.: Wyles, D. L., Kaihara, K. A., Vaida, F. & Schooley, R. T.
Synergy of small molecular inhibitors of hepatitis C virus replication directed at. multiple
viral targets. J Virol 81, 3005-8 (2007).) in cells stably expressing the BM4-5 FEO replicon
in 96-well plates (10,000 cells/well). Generation of the BM4-5 FEO RNA (genotype 1b
HCV) replicon from the corresponding DNA plasmid using T7 RNA polymerase (Mega-
script, Ambion) was previously described (ref.: Wyles et al., see citation above). For testing
the effect of compounds on the HCV replicon cells were incubated with compound for 48
hours and the results expressed as the mean (£ SEM) of the relative light units for each
condition. A sigmoidal dose response curve was then fitted to the data using Prism4.0
(GraphPad Software). Figures 1B, 7A, 8A, and 9A show the results of the replicon assays for
MCO069A, compound S3, compound K3 and compound T3, respectively.

[0124] Cytotoxicity assays were used to measure compound toxicity in cells.
Cytotoxicity was assessed using a standard colorimetric cell viability assay at concentrations
of compound 2 up to 50uM (CellTiter 96 AQ, Promega). Figures 1C, 7B, 8B, and 9B show
the results of the cytotoxicity assays for MCO069A, compound S3, compound K3 and

compound T3, respectively.

Pharmaceutical Compositions

[0125] In another aspect, the present application relates to a pharmaceutical

composition comprising a compound of Formula I or Formula II as described above or

29.



WO 2009/099897 PCT/US2009/032476

pharmaceutically acceptable salts thereof, and a physiologically acceptable carrier, diluent, or
excipient, or a combination thereof.

[0126] The term “pharmaceutical composition” refers to a mixture of a compound
disclosed herein with other chemical components, such as diluents or carriers. The
pharmaceutical composition facilitates administration of the compound to an organism.
Multiple techniques of administering a compound exist in the art including, but not limited
to, oral, intramuscular, intraocular, intranasal, intravenous, injection, aerosol, parenteral, and
topical administration. Pharmaceutical compositions can also be obtained by reacting
compounds with inorganic or organic acids such as hydrochloric acid, hydrobromic acid,
sulfuric acid, nitric acid, phosphoric acid, methanesulfonic acid, ethanesulfonic acid, p-
toluenesulfonic acid, salicylic acid and the like. Pharmaceutical compositions can generally
be tailored to the specific intended route of administration.

[0127] The term “physiologically acceptable” or “pharmaceutically acceptable”
defines a carrier or diluent that does not abrogate the biological activity and properties of the
compound.

[0128] The pharmaceutical compositions described herein can be administered to
a human patient per se, or in pharmaceutical compositions where they are mixed with other
active ingredients, as in combination therapy, or suitable carriers or excipient(s). Techniques
for formulation and administration of the compounds of the instant application may be found
in “Remington’s Pharmaceutical Sciences,” Mack Publishing Co., Easton, PA, 18th edition,
1990, which is hereby incorporated by reference in its entirety.

[0129] Suitable routes of administration may, for example, include oral, rectal,
transmucosal, or intestinal administration; parenteral delivery, including intramuscular,
subcutaneous, intravenous, intramedullary injections, as well as intrathecal, direct
intraventricular, intraperitoneal, intranasal, intraocular injections or as an aerosol inhalant.

[0130] Alternately, one may administer the compound in a local rather than
systemic manner, for example, via injection of the compound directly into the desired area,
often in a depot or sustained release formulation. Furthermore, one may administer the drug
in a targeted drug delivery system, for example, in a liposome coated with a tissue-specific

antibody. The liposomes can be targeted to and taken up selectively by the organ.
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[0131] The pharmaceutical compositions disclosed herein may be manufactured
in a manner that is itself known, e.g.,, by means of conventional mixing, dissolving,
granulating, dragee-making, levigating, emulsifying, encapsulating, entrapping or tableting
processes.

[0132] Pharmaceutical compositions for use in accordance with the present
disclosure thus may be formulated in conventional manner using one or more physiologically
acceptable carriers comprising excipients and auxiliaries, which facilitate processing of the
active compounds into preparations, which can be used pharmaceutically. Proper formulation
is dependent upon the route of administration chosen. Any of the well-known techniques,
carriers, and excipients may be used as suitable and as understood in the art; e.g., as disclosed
in Remington’s Pharmaceutical Sciences, cited above.

[0133] For injection, the agents disclosed herein may be formulated in aqueous
solutions, preferably in physiologically compatible buffers such as Hank’s solution, Ringer’s
solution, or physiological saline buffer. For transmucosal administration, penetrants
appropriate to the barrier to be permeated are used in the formulation. Such penetrants are
generally known in the art.

[0134] For oral administration, the compounds can be formulated readily by
combining the active compounds with pharmaceutically acceptable carriers well known in the
art. Such carriers enable the compounds disclosed herein to be formulated as tablets, pills,
dragees, capsules, liquids, gels, syrups, slurries, suspensions and the like, for oral ingestion
by a patient to be treated. Pharmaceutical preparations for oral use can be obtained by mixing
one or more solid excipient with pharmaceutical combination disclosed herein, optionally
grinding the resulting mixture, and processing the mixture of granules, after adding suitable
auxiliaries, if desired, to obtain tablets or dragee cores. Suitable excipients are, in particular,
fillers such as sugars, including lactose, sucrose, mannitol, or sorbitol; cellulose preparations
such as, for example, maize starch, wheat starch, rice starch, potato starch, gelatin, gum
tragacanth, methyl cellulose, hydroxypropylmethyl-cellulose, sodium
carboxymethylcellulose, and/or polyvinylpyrrolidone (PVP). If desired, disintegrating agents
may be added, such as the cross-linked polyvinyl pyrrolidone, agar, or alginic acid or a salt

thereof such as sodium alginate.
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[0135] Dragee cores are provided with suitable coatings. For this purpose,
concentrated sugar solutions may be used, which may optionally contain gum arabic, talc,
polyvinyl pyrrolidone, carbopol gel, polyethylene glycol, and/or titanium dioxide, lacquer
solutions, and suitable organic solvents or solvent mixtures. Dyestuffs or pigments may be
added to the tablets or dragee coatings for identification or to characterize different
combinations of active compound doses.

[0136] Pharmaceutical preparations, which can be used orally, include push-fit
capsules made of gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer,
such as glycerol or sorbitol. The push-fit capsules can contain the active ingredients in
admixture with filler such as lactose, binders such as starches, and/or lubricants such as talc
or magnesium stearate and, optionally, stabilizers. In soft capsules, the active compounds
may be dissolved or suspended in suitable liquids, such as fatty oils, liquid paraffin, or liquid
polyethylene glycols. In addition, stabilizers may be added. All formulations for oral
administration should be in dosages suitable for such administration.

[0137] For buccal administration, the compositions may take the form of tablets
or lozenges formulated in conventional manner.

[0138] For administration by inhalation, the compounds for use according to the
present disclosure are conveniently delivered in the form of an aerosol spray presentation
from pressurized packs or a nebulizer, with the use of a suitable propellant, e.g,
dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide
or other suitable gas. In the case of a pressurized aerosol the dosage unit may be determined
by providing a valve to deliver a metered amount. Capsules and cartridges of, e.g., gelatin
for use in an inhaler or insufflator may be formulated containing a powder mix of the
compound and a suitable powder base such as lactose or starch.

[0139] The compounds may be formulated for parenteral administration by
injection, e.g., by bolus injection or continuous infusion. Formulations for injection may be
presented in unit dosage form, e.g., in ampoules or in multi-dose containers, with an added
preservative. The compositions may take such forms as suspensions, solutions or emulsions
in oily or aqueous vehicles, and may contain formulatory agents such as suspending,

stabilizing and/or dispersing agents.
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[0140] Pharmaceutical formulations for parenteral administration include aqueous
solutions of the active compounds in water-soluble form. Additionally, suspensions of the
active compounds may be prepared as appropriate oily injection suspensions. Suitable
lipophilic solvents or vehicles include fatty oils such as sesame oil, or synthetic fatty acid
esters, such as ethyl oleate or triglycerides, or liposomes. Aqueous injection suspensions may
contain substances, which increase the viscosity of the suspension, such as sodium
carboxymethyl cellulose, sorbitol, or dextran. Optionally, the suspension may also contain
suitable stabilizers or agents, which increase the solubility of the compounds to allow for the
preparation of highly, concentrated solutions.

[0141] Alternatively, the active ingredient may be in powder form for constitution
with a suitable vehicle, e.g., sterile pyrogen-free water, before use.

[0142] The compounds may also be formulated in rectal compositions such as
suppositories or retention enemas, e.g., containing conventional suppository bases such as
cocoa butter or other glycerides.

[0143] In addition to the formulations described previously, the compounds may
also be formulated as a depot preparation. Such long acting formulations may be
administered by implantation (for example subcutaneously or intramuscularly) or by
intramuscular injection. Thus, for example, the compounds may be formulated with suitable
polymeric or hydrophobic materials (for example as an emulsion in an acceptable oil) or ion
exchange resins, or as sparingly soluble derivatives, for example, as a sparingly soluble salt.

[0144] In some embodiments, a co-solvent system may be used to prepare the
pharmaceutical compositions. Naturally, the proportions of a co-solvent system may be
varied considerably without destroying its solubility and toxicity characteristics.
Furthermore, the identity of the co-solvent components may be varied: for example, other
low-toxicity nonpolar surfactants may be used instead of Polysorbate 80™; the fraction size
of polyethylene glycol may be varied; and other biocompatible polymers may replace
polyethylene glycol, e.g., polyvinyl pyrrolidone. Alternatively, other delivery systems for
hydrophobic pharmaceutical compounds may be employed. Liposomes and emulsions are
well known examples of delivery vehicles or carriers for hydrophobic drugs. Certain organic
solvents such as dimethylsulfoxide also may be employed, although usually at the cost of

greater toxicity. Additionally, the compounds may be delivered using a sustained-release
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system, such as semipermeable matrices of solid hydrophobic polymers containing the
therapeutic agent. Various sustained-release materials have been established and are well
known by those skilled in the art. Sustained-release capsules may, depending on their
chemical nature, release the compounds for a few weeks up to over 100 days. Depending on
the chemical nature and the biological stability of the therapeutic reagent, additional
strategies for protein stabilization may be employed.

[0145] Many of the compounds used in the pharmaceutical combinations
disclosed herein may be provided as salts with pharmaceutically compatible counterions.
Pharmaceutically compatible salts may be formed with many acids, including but not limited
to hydrochloric, sulfuric, acetic, lactic, tartaric, malic, succinic, efc. Salts tend to be more.
soluble in aqueous or other protonic solvents than are the corresponding free acids or base
forms.

[0146] Pharmaceutical compositions suitable for use in the methods disclosed
herein include compositions where the active ingredients are contained in an amount
effective to achieve its intended purpose. More specifically, a therapeutically effective
amount means an amount of compound effective to prevent, alleviate or ameliorate
symptoms of disease or prolong the survival of the subject being treated. Determination of a
therapeutically effective amount is well within the capability of those skilled in the art,
especially in light of the detailed disclosure provided herein.

[0147] The exact formulation, route of administration and dosage for the
pharmaceutical compositions disclosed herein can be chosen by the individual physician in
view of the patient’s condition. (See e.g., Fingl et al. 1975, in “The Pharmacological Basis of
Therapeutics”, Chapter 1, which is hereby incorporated by reference in its entirety).
Typically, the dose range of the composition administered to the patient can be from about
0.5 to 1000 mg/kg of the patient’s body weight, or 1 to 500 mg/kg, or 10 to 500 mg/kg, or 50
to 100 mg/kg of the patient’s body weight. The dosage may be a single one or a series of two
or more given in the course of one or more days, as is needed by the patient. Where no
human dosage is established, a suitable human dosage can be inferred from EDso or IDso
values, or other appropriate values derived from in vitro or in vivo studies, as qualified by

toxicity studies and efficacy studies in animals.
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[0148] Although the exact dosage can be determined on a drug-by-drug basis, in
most cases, some generalizations regarding the dosage can be made. The daily dosage
regimen for an adult human patient may be, for example, an oral dose of between 0.1 mg and
500 mg of each ingredient, preferably between 1 mg and 250 mg, e.g. 5 to 200 mg or an
intravenous, subcutaneous, or intramuscular dose of each ingredient between 0.01 mg and
100 mg, preferably between 0.1 mg and 60 mg, e.g. 1 to 40 mg of each ingredient of the
pharmaceutical compositions disclosed herein or a pharmaceutically acceptable salt thereof
calculated as the free base, the composition being administered 1 to 4 times per day.
Alternatively the compositions disclosed herein may be administered by continuous
intravenous infusion, preferably at a dose of each ingredient up to 400 mg per day. Thus, the
total daily dosage by oral administration of each ingredient will typically be in the range 1 to
2000 mg and the total daily dosage by parenteral administration will typically be in the range
0.1 to 400 mg. In some embodiments, the compounds can be administered for a period of
continuous therapy, for example for a week or more, or for months or years.

[0149] Dosage amount and interval may be adjusted individually to provide
plasma levels of the active moiety, which are sufficient to maintain the modulating effects, or
minimal effective concentration (MEC). The MEC will vary for each compound but can be
estimated from in vitro data. Dosages necessary to achieve the MEC will depend on
individual characteristics and route of administration. However, HPLC assays or bioassays
can be used to determine plasma concentrations.

[0150] Dosage intervals can also be determined using MEC value. Compositions
should be administered using a regimen, which maintains plasma levels above the MEC for
10-90% of the time, preferably between 30-90% and most preferably between 50-90%.

[0151] In cases of local administration or selective uptake, the effective local
concentration of the drug may not be related to plasma concentration.

[0152] The amount of composition administered will, of course, be dependent on
the subject being treated, on the subject’s weight, the severity of the affliction, the manner of
administration and the judgment of the prescribing physician.

[0153] The compositions may, if desired, be presented in a pack or dispenser
device, which may contain one or more unit dosage forms containing the active ingredient.

The pack may for example comprise metal or plastic foil, such as a blister pack. The pack or
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dispenser device may be accompanied by instructions for administration. The pack or
dispenser may also be accompanied with a notice associated with the container in form
prescribed by a governmental agency regulating the manufacture, use, or sale of
pharmaceuticals, which notice is reflective of approval by the agency of the form of the drug
for human or veterinary administration. Such notice, for example, may be the labeling
approved by the U.S. Food and Drug Administration for prescription drugs, or the approved
product insert. Compositions comprising a compound disclosed herein formulated in a
compatible pharmaceutical carrier may also be prepared, placed in an appropriate container,

and labeled for treatment of an indicated condition.

EXAMPLES
EXAMPLE 1
SYNTHESIS OF COMPOUND MCO069A
Elioc ?oc
HN NH
r °
N HCl/Dioxane
(0] H 1. H,, PdIC, MeOH, H3C (o]
/ﬁ\)k +3 /H\j\ NHBoc MeOzH, RT. 0 oec toR.T. H\)]\ NH,
e2m Y O TUmoaT coem N S Y
d EtsN, CH,Cly, 3 2.+ 10 RP HPLC o g
0°CtoR.T. o (50%)
(86%) NriBoe HATUHOAT Nra
Et3N, CH,Cly,
Boc” Boc 0CWRT. N2
7 8 (71%, overall) MCO69A
(HATU = 2-(7-Aza-1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium  salt, HOAt =  1-Hydroxy-7-

azabenzotriazole)

[0154] To a solution of N-Cbz-Lys(Boc) (7) (leq) and 3,5-
diaminopiperidine(Boc), (3) (1 eq.) in dichloromethane (0.1M), triethylamine (7 eq.) was
added, followed by HATU (1.1 eq.) and HOAT (1.2 eq.), while stirring under argon at 0 °C.
The reaction mixture was stirred for 5 hours and the temperature was let equilibrate to room
temperature. The reaction progress was monitored by TLC. Upon complete consumption of
starting material, the reaction mixture was diluted with dichloromethane and washed once
with 0.1 M HCI, once with saturated NaHCO; and once with saturated NaCl. The combined
organic layers were dried over Na,SO, and the solvent was removed under reduced pressure.
The crude product 8 was purified by silica gel chromatography, using 2% (v/v) methanol
(MeOH)/dichloromethane (DCM).
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[0155] The pure compound (8) was dissolved in anhydrous methanol (0.1M) and
the solution was flushed with argon. Following slow addition of Pd on carbon catalyst (Pd/C,
10% by weight), the solution was purged twice with hydrogen gas, using a hydrogen balloon.
The third balloon was left for the reaction to stir at room temperature for 16-24 hrs. The
reaction mixture was filtered over a pad of celite and the solvent was removed under reduced
pressure. The crude product was purified by silica gel column chromatography starting at 2%
(v/v) MeOH/ DCM and ending at 6% MeOH/DCM, with increments of 1%.

[0156] To a solution of H-Lys(Boc)-DAP(Boc), (leq.) and 4-acetylbenzoic acid
(10) (1 eq.) in dichloromethane (0.05M), triethylamine (7 eq.) was added, followed by HATU
(1.1 eq.) and HOAT (1.2 eq.), while stirring under argon at 0 °C. The reaction mixture was
stirred for 3.5 hours and the temperature was let equilibrate to room temperature. The
reaction progress was monitored by TLC. Upon complete consumption of starting material,
the reaction mixture was diluted with dichloromethane and washed once with 0.1 M HCI,
once with saturated NaHCO; and once with saturated NaCl. The combined organic layers
were dried over Na;SOy4 and the solvent was removed under reduced pressure. The crude
product was purified by silica gel chromatography, starting at 2% (v/v) MeOH/DCM and
continuing at 3% MeOH/DCM.

[0157] The product of the previous coupling reaction was dissolved (0.02M) in a
mixture of anhydrous methanol (2 parts) and 4M HCl/dioxane (1 part), while stirring under
argon at 0 °C. The reaction mixture was stirred for 3-5 hours and the temperature was let
equilibrate to room temperature. The reaction mixture was diluted threefold with toluene and
the solvent was removed under reduced pressure. The process of adding toluene and
evaporating was repeated twice.

[0158] The crude compound (50mg) was dissolved in deionized water (1mL) and
sonicated for ten minutes. The solution was filtered and centrifuged. The solution was
injected multiple times (99 pL maximum) into a C18 semi preparative HPLC column. The
elution was monitored by UV Vis, at A= 205nm, A=220nm and A=257 nm (elution gradient:
5-30% H,0/ACN, 0.1% TFA, in 25 minutes). The peaks containing the product from the
several injections were combined and the solvent was removed by lyophilization, yielding a
white flaky solid. The compound was characterized by NMR and mass-spectrometry (FIG.
2B).
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EXAMPLE 2
SYNTHESIS OF COMPOUNDS K2-5

[0159] The synthetic procedures to produce compound K2 generally follow the
procedures outlined in Example 1. In the synthesis of compound K2, 4-acetylbenzoic acid is
replaced by benzoic acid. The compound was characterized by NMR and mass-spectrometry
(FIG. 3A). In the synthesis of compound K3, 4-acetylbenzoic acid is replaced by mandelic
acid. In the synthesis of compound K4, 4-acetylbenzoic acid is replaced by lactic acid. In the
synthesis of compound K35, 4-acetylbenzoic acid is replaced by 4-hydroxylbenzoic acid.

EXAMPLE 3
SYNTHESIS OF COMPOUND K6

Boc Boc
l |
HNUNH
9 H 0 1. Hy, PdIC, 9
H H MeOH, R.T. HZN\/U\ NH,
1y +3 N\)k NHBoc
o \;)j\OH —_— e w” Y N P i |
H HATU/HOAT H 2. HCl/Dioxane z
EtsN, CH,Cl,, MeOH,
0°CtoR.T. 0°CtoR.T. NH,
(96%) NHBoc
RP HPLC NHy
/NH /NH
K6

Boc
7 8 (70%, overall)

[0160] To a solution of N-Cbz-Lys(Boc) (7) (leq) and 3,5-
diaminopiperidine(Boc), (3) (1 eq.) in dichloromethane (0.1M), triethylamine (7 eq.) was
added, followed by HATU (1.1 eq.) and HOAT (1.2 eq.), while stirring under argon at 0 °C.
The reaction mixture was stirred for 5 hours and the temperature was let equilibrate to room
temperature. The reaction progress was monitored by TLC. Upon complete consumption of
starting material, the reaction mixture was diluted with dichloromethane and washed once
with 0.1 M HCI, once with saturated NaHCO; and once with saturated NaCl. The combined
organic layers were dried over Na;SO, and the solvent was removed under reduced pressure.
The crude product 8 was purified by silica gel chromatography, using 2% (v/v) methanol
(MeOH)/dichloromethane (DCM).

[0161] The intermediate H-Lys(Boc)-DAP(Boc), (8) was dissolved in anhydrous

methanol (0.1M) and the solution was flushed with argon. Following slow addition of Pd on carbon
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catalyst (Pd/C 10% by weight), the solution was purged twice with hydrogen gas, using a hydrogen
balloon. The third balloon was left for the reaction to stir at room temperature for 24 hrs. The
reaction mixture was then filtered over a pad of celite to remove the catalyst. To the methanol
solution 4M HCl/dioxane were added (1 eq.), while stirring under argon at 0 °C. The reaction mixture
was stirred for 4 hours and the temperature was let equilibrate to room temperature. The reaction
mixture was then diluted threefold with toluene and the solvent was removed under reduced pressure.
The process of adding toluene and evaporating was repeated twice. Finally, the crude compound was
dissolved in deionized water.

[0162] The crude compound (50mg) was dissolved in deionized water (ImL) and
sonicated for ten minutes. The solution was filtered and centrifuged. The solution was
injected multiple times (99 pL maximum) into a C18 semi preparative HPLC column. The
elution was monitored by UV Vis, at A= 205nm, A=220nm and A=257 nm (elution gradient:
5-30% H,0/ACN, 0.1% TFA, in 25 minutes). The peaks containing the product from the
several injections were combined and the solvent was removed by lyophilization, yielding a

white flaky solid. The compound was characterized by NMR and mass-spectrometry.
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EXAMPLE 4
SYNTHESIS OF COMPOUNDS R1 and R2
?oc ?oc
HN NH
BocHN NBoc U
H @ \( o N
/N\/u\ 12 5\ ﬁ\)]\ H
Cbz Y OH_ ek Y Tod *3 NHBoc
g H e
N Eme
Dioxane: Water (1:1) g i
NH 40 °C, 3 days, 60% 0°CtoRT.
2 NH (96%) NHBOC
" BocHN N8oc BocHN NBoc
13 14
1. Hy, Pd/C,
MeOH, R.T.
Q
OH OH
10 7 15 1
HATU/HOAT HATU/HOAT
EtsN, CH,Cly, Et3N, CH,Cly,
0°CtoRT. 0°CtoRT.
(70%, overall, 1.82.) (70%, overall, 1.82.)
HCl/Dioxane
MeOH,

(50%) | 0°CtoRT.

RP HPLC

HoN
Compound R1 (R=CH3-C(=0)- )
Compound R2 (R=H)
{HATU = 2-(7-Aza-1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium salt, HOAt = 1-Hydroxy-7-azabenzotriazole)

[0163] To a solution of NaHCO; (1.18 eq.) in dioxane:water, N-Cbz-ornithine(Boc)-OH
(11) (1 eq., Concentration= 0.16M) was added, then N,N’-Boc,-S-methylisothiourea (12) (0.75 eq.),
while stirring under argon. The reaction was stirred at 40 °C for 3 days, after which the solvent was
removed under reduced pressure. The crude was diluted with ethyl acetate and washed twice with
0.3M HCI and once with saturated NaCl. The combined organic layers were dried over Na,SO, and
the solvent was removed under reduced pressure. The crude product was purified by silica gel

chromatography, using 2% (v/v) methanol (MeOH)/dichloromethane (DCM).
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[0164] To a solution of Cbz/Boc protected (S)-arginine) (12) (leq) and 3,5-
diaminopiperidine(Boc); (3) (1 eq.) in dichloromethane (0.1M), triethylamine (7 eq.) was
added, followed by HATU (1.1 eq.) and HOAT (1.2 eq.), while stirring under argon at 0 °C.
The reaction mixture was stirred for S hours and the temperature was let equilibrate to room
temperature. The reaction progress was monitored by TLC. Upon complete consumption of
starting material, the reaction mixture was diluted with dichloromethane and washed once
with 0.1 M HCI, once with saturated NaHCOs and once with saturated NaCl. The combined
organic layers were dried over Na;SOy and the solvent was removed under reduced pressure.
The crude product 14 was purified by silica gel chromatography, using 2% (v/v) methanol
(MeOH)/dichloromethane (DCM).

[0165] The pure compound (14) was dissolved in anhydrous methanol (0.1M) and
the solution was flushed with argon. Following slow addition of Pd on carbon catalyst (Pd/C,
10% by weight), the solution was purged twice with hydrogen gas, using a hydrogen balloon.
The third balloon was left for the reaction to stir at room temperature for 16-24 hrs. The
reaction mixture was filtered over a pad of celite and the solvent was removed under reduced
pressure. The crude product was purified by silica gel column chromatography starting at 2%
(v/v) MeOH/ DCM and ending at 6% MeOH/DCM, with increments of 1%.

[0166] To a solution of H-Lys(Boc)-DAP(Boc), (leq.) and 4-acetylbenzoic acid
(10) (1 eq.) in dichloromethane (0.05M), triethylamine (7 eq.) was added, followed by HATU
(1.1 eq.) and HOAT (1.2 eq.), while stirring under argon at 0 °C for the synthesis of R1. To a
solution of H-Lys(Boc)-DAP(Boc), (leq.) and benzoic acid (15) (1 eq.) in dichloromethane
(0.05M), triethylamine (7 eq.) was added, followed by HATU (1.1 eq.) and HOAT (1.2 eq.),
while stirring under argon at 0 °C for the synthesis of compound R2. In each case, the
reaction mixture was stirred for 3.5 hours and the temperature was let equilibrate to room
mmmmWaTmmm%nm@mmmmmmmwbfﬂCUmnme&wmmmMnd
starting material, the reaction mixture was diluted with dichloromethane and washed once
with 0.1 M HCI, once with saturated NaHCO; and once with saturated NaClL The combined
organic layers were dried over Na;SO; and the solvent was removed under reduced pressure.
The crude product was purified by silica gel chromatography, starting at 2% (v/v)
MeOH/DCM and continuing at 3% MeOH/DCM.
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[0167] The product of the previous coupling reaction was dissolved (0.02M) in a
mixture of anhydrous methanol (2 parts) and 4M HCl/dioxane (1 part), while stirring under
argon at 0 °C. The reaction mixture was stirred for 3-5 hours and the temperature was let
equilibrate to room temperature. The reaction mixture was diluted threefold with toluene and
the solvent was removed under reduced pressure. The process of adding toluene and
evaporating was repeated twice.

[0168] The crude compound (50mg) was dissolved in deionized water (1mL) and
sonicated for ten minutes. The solution was filtered and centrifuged. The solution was
injected multiple times (99 pL. maximum) into a C18 semi preparative HPLC column. The
elution was monitored by UV Vis, at A= 205nm, A=220nm and A=257 nm (elution gradient:
5-30% H,0/ACN, 0.1% TFA, in 25 minutes). The peaks containing the product from the
several injections were combined and the solvent was removed by lyophilization, yielding a
white flaky solid. The compounds were characterized by NMR and mass-spectrometry (FIG.
4A and 4B).

EXAMPLE 5
SYNTHESIS OF COMPOUNDS R3-R5

[0169] The synthetic procedures to produce compounds R3, R4, and R5 generally
follow the procedures outlined in Example 7. In the synthesis of compound K3, 4-
acetylbenzoic acid (10) is replaced by mandelic acid. In the synthesis of compound K4, 4-
acetylbenzoic acid (10) is replaced by lactic acid. In the synthesis of compound K5, 4-

acetylbenzoic acid (10) is replaced by 4-hydroxylbenzoic acid.

EXAMPLE 6
SYNTHESIS OF COMPOUND R6

[0170] To a solution of NaHCO;(1.18 eq.) in dioxane:water, N-Cbz-ornithine(Boc)-OH
(11) (1 eq., Concentration= 0.16M) is added, then N,N’-Boc,-S-methylisothiourea (12) (0.75 eq.),
while stirring under argon. The reaction is stirred at 40 °C for 3 days, after which the solvent is
removed under reduced pressure. The crude is diluted with ethyl acetate and ished twice with 0.3M
HC! and once with saturated NaCl. The combined organic layers were dried over Na,SO, and the
solvent is removed under reduced pressure. The crude product is purified by silica gel

chromatography, using 2% (v/v) methanol (MeOH)/dichloromethane (DCM).
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[0171] To a solution of Cbz/Boc protected (S)-arginine) (12) (leq) and 3,5-
diaminopiperidine(Boc), (3) (I eq.) in dichloromethane (0.1M), triethylamine (7 eq.) is
added, followed by HATU (1.1 eq.) and HOAT (1.2 eq.), while stirring under argon at 0 °C.
The reaction mixture is stirred for 5 hours and the temperature is let equilibrate to room
temperature. The reaction progress is monitored by TLC. Upon complete consumption of
starting material, the reaction mixture is diluted with dichloromethane and ished once with
0.1 M HCl, once with saturated NaHCO; and once with saturated NaCl. The combined
organic layers were dried over Na,SO,4 and the solvent is removed under reduced pressure.
The crude product 14 is purified by silica gel chromatography, using 2% (v/v) methanol
(MeOH)/dichloromethane (DCM).

[0172] The pure compound (14) is dissolved in anhydrous methanol (0.1M) and the
solution is flushed with argon. Following slow addition of Pd on carbon catalyst (Pd/C 10% by
weight), the solution is purged twice with hydrogen gas, using a hydrogen balloon. The third balloon
is left for the reaction to stir at room temperature for 24 hrs. The reaction mixture is then filtered over
a pad of celite to remove the catalyst. To the methanol solution 4M HCl/dioxane were added (1 eq.),
while stirring under argon at 0 °C. The reaction mixture is stirred for 4 hours and the temperature is
let equilibrate to room temperature. The reaction mixture is then diluted threefold with toluene and
the solvent is removed under reduced pressure. The process of adding toluene and evaporating is
repeated twice. Finally, the crude compound is dissolved in deionized water.

[0173] The crude compound (50mg) is dissolved in deionized water (ImL) and
sonicated for ten minutes. The solution is filtered and centrifuged. The solution is injected
multiple times (99 uL maximum) into a C18 semi preparative HPLC column. The elution is
monitored by UV Vis, at A= 205nm, A=220nm and A=257 nm (elution gradient: 5-30%
H,0/ACN, 0.1% TFA, in 25 minutes). The peaks containing the product from the several
injections were combined and the solvent is removed by lyophilization, yielding a white flaky

solid. The compound is characterized by NMR and mass-spectrometry.
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EXAMPLE 7
SYNTHESIS OF COMPOUND S1, S2, S3
fISOC ?oc
HNUNH
o o) N o
" TBSOTY, H H H
2,6 Lutidine, N, +3 N NHBoc
oz H —————— Cbz” H ————— Cbz”~ ™ N
CH,Cl, 0°C to R.T. HATU/HOAT
1y, 60-75% R1 "”///OTB Et3N, CH2C|2, R1 "’a,/
RT TOH S 0°CwRT oTBS
16 17 (80-90%) ;g \HBoc
1. Hy, PA/C,
MeOH, R.T. 60-90%
2. RyCOOH
EtsN,
HATU/MOAT
CH,Cly,

0°C to R.T. 80-98%

1. TBAF, THF o

0
H 0°C to R.T. 60-70% H
RA__Ny, N NH, R&__N,, N NHBoc
T 2. HCl/Dioxane,
0
R1
NH;

o MeOH, 0°C to R.T. o) oy,
“OH Reverse Phase HPLC R “0TBS
30-40% NHBoc
Compound §1 (R'=H, R?=4-CH;C(=0)-Ph-) 19

oo 53 (o Ko CHOHY

[0174] To a solution of N-CBZ-Ser-OH (R;=H) in CH)Cl
(Concentration=0.3M), 2,6-Lutidine was added (1.3 eq.), then tert-Butyldimethylsilyl
trifluoromethanesulfonate (TBDMSOTY) (3eq.), while stirring under argon at 0 °C. The
reaction was stirred for 4 hours and the temperature was let spontaneously rise to room
temperature. The crude was washed twice with 5% agq. citric acid, and once with saturated
NaCl. The combined organic layers were dried with Na,SOs, and the solvent evaporated
under reduced pressure. The crude was purified by silica gel column chromatography using
5% Methanol/Dichloromethane.

[0175] To a solution of intermediate (17) and 3,5-diaminopiperidine(Boc), (3) (1
eq.) in dichloromethane (0.1M), triethylamine (7 eq.) was added, followed by HATU (1.1
eq.) and HOAT (1.2 eq.), while stirring under argon at 0 °C. The reaction mixture was stirred
for 5 hours and the temperature was let equilibrate to room temperature. The reaction
progress was monitored by TLC. Upon complete consumption of starting material, the

reaction mixture was diluted with dichloromethane and washed once with 0.1 M HCl, once
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with saturated NaHCO; and once with saturated NaCl. The combined organic layers were
dried over Na,;SO, and the solvent was removed under reduced pressure. The crude product
18 was purified by silica gel chromatography, using 2% (v/v) methanol
(MeOH)/dichloromethane (DCM).

[0176] The pure compound (18) was dissolved in anhydrous methanol (0.1M) and
the solution was flushed with argon. Following slow addition of Pd on carbon catalyst (Pd/C,
10% by weight), the solution was purged twice with hydrogen gas, using a hydrogen balloon.
The third balloon was left for the reaction to stir at room temperature for 16-24 hrs. The
reaction mixture was filtered over a pad of celite and the solvent was removed under reduced
pressure. The crude product was purified by silica gel column chromatography starting at 2%
(v/v) MeOH/ DCM and ending at 6% MeOH/DCM, with increments of 1%.

[0177] To a solution of intermediate 18 and 4-acetylbenzoic acid (1 eq.) in
dichloromethane (0.05M), triethylamine (7 eq.) was added, followed by HATU (1.1 eq.) and
HOAT (1.2 eq.), while stirring under argon at 0 °C for the synthesis of compound S1. To a
solution of intermediate 18 and benzoic acid (1 eq.) in dichloromethane (0.05M),
triethylamine (7 eq.) was added, followed by HATU (1.1 eq.) and HOAT (1.2 eq.), while
stirring under argon at 0 °C for the synthesis of compound S2. To a solution of intermediate
18 and lactic acid (1 eq.) in dichloromethane (0.05M), triethylamine (7 eq.) was added,
followed by HATU (1.1 eq.) and HOAT (1.2 eq.), while stirring under argon at 0 °C for the
synthesis of compound S3. For each compound, the reaction mixture was stirred for 3.5 hours
and the temperature was let equilibrate to room temperature. The reaction progress was
monitored by TLC. Upon complete consumption of starting material, the reaction mixture
was diluted with dichloromethane and washed once with 0.1 M HCI, once with saturated
NaHCO; and once with saturated NaCl. The combined organic layers were dried over
Na,SO, and the solvent was removed under reduced pressure. The crude product was purified
by silica gel chromatography, starting at 2% (v/v) MeOH/DCM and continuing at 3%
MeOH/DCM.

[0178] To a solution of intermediate 19 in THF ( Concentration=0.05M), a
solution of tert-butylammonium fluoride (TBAF) was added (3eq. of TBAF), while stirring
under argon at 0 °C. The reaction was stirred for 4 hours and the temperature was let

equilibrate to room temperature. The reaction mixture was diluted with ethyl acetate, washed
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twice with H,O and once with saturated NaCl. The combined organic layers were dried with
Na,S0y, and the solvent evaporated under reduced pressure. The crude was purified by silica
gel column chromatography using 7.5% Methanol/Dichloromethane.

[0179] The product of the previous coupling reaction was dissolved (0.02M) in a
mixture of anhydrous methanol (2 parts) and 4M HCl/dioxane (1 part), while stirring under
argon at 0 °C. The reaction mixture was stirred for 3-5 hours and the temperature was let
equilibrate to room temperature. The reaction mixture was diluted threefold with toluene and
the solvent was removed under reduced pressure. The process of adding toluene and
evaporating was repeated twice.

[0180] The crude compound (50mg) was dissolved in deionized water (1mL) and
sonicated for ten minutes. The solution was filtered and centrifuged. The solution was
injected multiple times (99 pL maximum) into a C18 semi preparative HPLC column. The
elution was monitored by UV Vis, at A= 205nm, A=220nm and A=257 nm (elution gradient:
5-30% H,0/ACN, 0.1% TFA, in 25 minutes). The peaks containing the product from the
several injections were combined and the solvent was removed by lyophilization, yielding a

white flaky solid. The compound was characterized by NMR and mass-spectrometry.

EXAMPLE 8
SYNTHESIS OF COMPOUND S§4 AND S5
[0181] The synthetic procedures to produce compounds S4 and S5 generally

follow the procedures outlined in Example 7. In the synthesis of compound S4, 4-
acetylbenzoic acid is replaced by lactic acid. In the synthesis of compound S35, 4-

acetylbenzoic acid is replaced by 4-hydroxylbenzoic acid.
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EXAMPLE 9
SYNTHESIS OF COMPOUND T1, T2, T3
i|3oc ?oc
HNUNH
W o TBSOTY, H Q ﬁ H 9
2,6 Lutidine, N, +3 N NHBoc
Coz” H —————= Cbz” H —————— Cbz” ™ N
CH,Cly,, 0°C to R.T. HATU/HOAT
1+ 60-75% 1y EtsN, CHoCl, R
R' “0OH R ™0TBS ST RT 0TBS
16 17 (80-90%) 18 NHBoc
1. Hy, PAIC,
MeOH, R.T. 60-90%
2. R,COOH
EN,
HATU/HOAT
CHaCla,
0°C to R.T. 90-98%
1. TBAF, THF o
0°C to R.T. 60-70% H
N,, R2 N, N NHBoc
2. HCI/Dioxane g
"y MeOH, 0°C to R.T. ",
IIOH Reverse Phase HPLC R! ‘0TBS
30-40% NHBoc
Compound T1 (R'=CHj, R2-4 Cch( 0)-Ph-) 19

Compound T2 (R'=CHj, R?=Ph-)
Compound T3 (R'=CH;, RZ=Ph-CH(-OH)-)

[0182] To a solution of N-CBZ-Thr-OH (R'=CH;) in CH,Cl
(Concentration=0.3M), 2,6-Lutidine was added (1.3 eq.), then tert-Butyldimethylsilyl
trifluoromethanesulfonate (TBDMSOTTY) (3eq.), while stirring under argon at 0 °C. The
reaction was stirred for 4 hours and the temperature was let spontaneously rise to room
temperature. The crude was washed twice with 5% aq. citric acid, and once with saturated
NaCl. The combined organic layers were dried with Na,SO,, and the solvent evaporated
under reduced pressure. The crude was purified by silica gel column chromatography using
5% Methanol/Dichloromethane.

[0183] To a solution of intermediate (17) and 3,5-diaminopiperidine(Boc), (3) (1
eq.) in dichloromethane (0.1M), triethylamine (7 eq.) was added, followed by HATU (1.1
eq.) and HOAT (1.2 eq.), while stirring under argon at 0 °C. The reaction mixture was stirred
for 5 hours and the temperature was let equilibrate to room temperature. The reaction
progress was monitored by TLC. Upon complete consumption of starting material, the

reaction mixture was diluted with dichloromethane and washed once with 0.1 M HCI, once
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with saturated NaHCO; and once with saturated NaCl. The combined organic layers were
dried over Na,SO, and the solvent was removed under reduced pressure. The crude product
18 was purified by silica gel chromatography, using 2% (v/v) methanol
(MeOH)/dichloromethane (DCM).

[0184] The pure compound (18) was dissolved in anhydrous methanol (0.1M) and
the solution was flushed with argon. Following slow addition of Pd on carbon catalyst (Pd/C,
10% by weight), the solution was purged twice with hydrogen gas, using a hydrogen balloon.
The third balloon was left for the reaction to stir at room temperature for 16-24 hrs. The
reaction mixture was filtered over a pad of celite and the solvent was removed under reduced
pressure. The crude product was purified by silica gel column chromatography starting at 2%
(v/v) MeOH/ DCM and ending at 6% MeOH/DCM, with increments of 1%.

[0185] To a solution of intermediate 18 and 4-acetylbenzoic acid (1 eq.) in
dichloromethane (0.05M), triethylamine (7 eq.) was added, followed by HATU (1.1 eq.) and
HOAT (1.2 eq.), while stirring under argon at 0 °C for the synthesis of compound T1. To a
solution of intermediate 18 and benzoic acid (1 eq.) in dichloromethane (0.05M),
triethylamine (7 eq.) was added, followed by HATU (1.1 eq.) and HOAT (1.2 eq.), while
stirring under argon at 0 °C for the synthesis of compound T2. To a solution of intermediate
18 and lactic acid (1 eq.) in dichloromethane (0.05M), triethylamine (7 eq.) was added,
followed by HATU (1.1 eq.) and HOAT (1.2 eq.), while stirring under argon at 0 °C for the
synthesis of compound T3. For each compound, the reaction mixture was stirred for 3.5 hours
and the temperature was let equilibrate to room temperature. The reaction progress was
monitored by TLC. Upon complete consumption of starting material, the reaction mixture
was diluted with dichloromethane and washed once with 0.1 M HCIl, once with saturated
NaHCO; and once with saturated NaCl. The combined organic layers were dried over
Na,;SO4 and the solvent was removed under reduced pressure. The crude product was purified
by silica gel chromatography, starting at 2% (v/v) MeOH/DCM and continuing at 3%
MeOH/DCM.

[0186] To a solution of intermediate 19 in THF ( Concentration=0.05M), a
solution of tert-butylammonium fluoride (TBAF) was added (3eq. of TBAF), while stirring
under argon at 0 °C. The reaction was stirred for 4 hours and the temperature was let

equilibrate to room temperature. The reaction mixture was diluted with ethyl acetate, washed
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twice with H,O and once with saturated NaCl. The combined organic layers were dried with
Na,SOq, and the solvent evaporated under reduced pressure. The crude was purified by silica
gel column chromatography using 7.5% Methanol/Dichloromethane.

[0187] The product of the previous coupling reaction was dissolved (0.02M) in a
mixture of anhydrous methanol (2 parts) and 4M HCl/dioxane (1 part), while stirring under
argon at 0 °C. The reaction mixture was stirred for 3-5 hours and the temperature was let
equilibrate to room temperature. The reaction mixture was diluted threefold with toluene and
the solvent was removed under reduced pressure. The process of adding toluene and
evaporating was repeated twice.

[0188] The crude compound (50mg) was dissolved in deionized water (ImL) and
sonicated for ten minutes. The solution was filtered and centrifuged. The solution was
injected multiple times (99 pL maximum) into a C18 semi preparative HPLC column. The
elution was monitored by UV Vis, at A= 205nm, A=220nm and A=257 nm (elution gradient:
5-30% H,0/ACN, 0.1% TFA, in 25 minutes). The peaks containing the product from the
several injections were combined and the solvent was removed by lyophilization, yielding a

white flaky solid. The compound was characterized by NMR and mass-spectrometry.

EXAMPLE 10
SYNTHESIS OF COMPOUND T4 AND T35
[0189] The synthetic procedures to produce compounds T4 and TS5 generally

follow the procedures outlined in Example 7. In the synthesis of compound T4, 4-
acetylbenzoic acid is replaced by lactic acid. In the synthesis of compound T5, 4-

acetylbenzoic acid is replaced by 4-hydroxylbenzoic acid.

EXAMPLE 11
SYNTHESIS OF COMPOUND S6
[0190] To a solution of N-CBZ-Ser-OH (R;=H) in CHyCl,

(Concentration=0.3M), 2,6-Lutidine was added (1.3 eq.), then tert-Butyldimethylsilyl
trifluoromethanesulfonate (TBDMSOTY) (3eq.), while stirring under argon at 0 °C. The
reaction was stirred for 4 hours and the temperature was let spontaneously rise to room
temperature. The crude was washed twice with 5% aq. citric acid, and once with saturated

NaCl. The combined organic layers were dried with Na,SOs, and the solvent evaporated

-49.



WO 2009/099897 PCT/US2009/032476

under reduced pressure. The crude was purified by silica gel column chromatography using
5% Methanol/Dichloromethane.

[0191] To a solution of intermediate (17) and 3,5-diaminopiperidine(Boc); (3) (1
eq.) in dichloromethane (0.1M), triethylamine (7 eq.) was added, followed by HATU (1.1
eq.) and HOAT (1.2 eq.), while stirring under argon at 0 °C. The reaction mixture was stirred
for 5 hours and the temperature was let equilibrate to room temperature. The reaction
progress was monitored by TLC. Upon complete consumption of starting material, the
reaction mixture was diluted with dichloromethane and washed once with 0.1 M HCI, once
with saturated NaHCO; and once with saturated NaCl. The combined organic layers were
dried over Na,SO4 and the solvent was removed under reduced pressure. The crude product
18 was purified by silica gel chromatography, using 2% (v/v) methanol
(MeOH)/dichloromethane (DCM).

[0192] The pure compound (18) is dissolved in anhydrous methanol (0.1M) and the
solution is flushed with argon. Following slow addition of Pd on carbon catalyst (Pd/C 10% by
weight), the solution is purged twice with hydrogen gas, using a hydrogen balloon. The third balloon
is left for the reaction to stir at room temperature for 24 hrs. The reaction mixture is then filtered over
a pad of celite to remove the catalyst. To the methanol solution 4M HCl/dioxane were added (1 eq.),
while stirring under argon at 0 °C. The reaction mixture is stirred for 4 hours and the temperature is
let equilibrate to room temperature. The reaction mixture is then diluted threefold with toluene and
the solvent is removed under reduced pressure. The process of adding toluene and evaporating is
repeated twice. Finally, the crude compound is dissolved in deionized water.

[0193] The crude compound (50mg) is dissolved in deionized water (ImL) and
sonicated for ten minutes. The solution is filtered and centrifuged. The solution is injected
multiple times (99 pL maximum) into a C18 semi preparative HPLC column. The elution is
monitored by UV Vis, at A= 205nm, A=220nm and A=257 nm (elution gradient: 5-30%
H,0/ACN, 0.1% TFA, in 25 minutes). The peaks containing the product from the several
injections were combined and the solvent is removed by lyophilization, yielding a white flaky

solid. The compound is characterized by NMR and mass-spectrometry.
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EXAMPLE 12
SYNTHESIS OF COMPOUND Té6

[0194] To a solution of N-CBZ-Thr-OH (R'=CH;) in CH,Cl,
(Concentration=0.3M), 2,6-Lutidine was added (1.3 eq.), then tert-Butyldimethylsilyl
trifluoromethanesulfonate (TBDMSOTTY) (3eq.), while stirring under argon at 0 °C. The
reaction was stirred for 4 hours and the temperature was let spontaneously rise to room
temperature. The crude was washed twice with 5% aq. citric acid, and once with saturated
NaCl. The combined organic layers were dried with Na;SOs, and the solvent evaporated
under reduced pressure. The crude was purified by silica gel column chromatography using
5% Methanol/Dichloromethane.

[0195] To a solution of intermediate (17) and 3,5-diaminopiperidine(Boc), (3) (1
eq.) in dichloromethane (0.1M), triethylamine (7 eq.) was added, followed by HATU (1.1
eq.) and HOAT (1.2 eq.), while stirring under argon at 0 °C. The reaction mixture was stirred
for 5 hours and the temperature was let equilibrate to room temperature. The reaction
progress was monitored by TLC. Upon complete consumption of starting material, the
reaction mixture was diluted with dichloromethane and washed once with 0.1 M HCI, once
with saturated NaHCO; and once with saturated NaCl. The combined organic layers were
dried over Na,SQO4 and the solvent was removed under reduced pressure. The crude product
18 was purified by silica gel chromatography, using 2% (v/v) methanol
(MeOH)/dichloromethane (DCM).

[0196] The pure compound (18) is dissolved in anhydrous methanol (0.1M) and the
solution is flushed with argon. Following slow addition of Pd on carbon catalyst (Pd/C 10% by
weight), the solution is purged twice with hydrogen gas, using a hydrogen balloon. The third balloon
is left for the reaction to stir at room temperature for 24 hrs. The reaction mixture is then filtered over
a pad of celite to remove the catalyst. To the methanol solution 4M HCl/dioxane were added (1 eq.),
while stirring under argon at 0 °C. The reaction mixture is stirred for 4 hours and the temperature is
let equilibrate to room temperature. The reaction mixture is then diluted threefold with toluene and

the solvent is removed under reduced pressure. The process of adding toluene and evaporating is

repeated twice. Finally, the crude compound is dissolved in deionized water.
[0197] The crude compound (50mg) is dissolved in deionized water (1ImL) and

sonicated for ten minutes. The solution is filtered and centrifuged. The solution is injected
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multiple times (99 pL maximum) into a C18 semi preparative HPLC column. The elution is
monitored by UV Vis, at A= 205nm, A=220nm and A=257 nm (elution gradient: 5-30%
H,0/ACN, 0.1% TFA, in 25 minutes). The peaks containing the product from the several
injections were combined and the solvent is removed by lyophilization, yielding a white flaky

solid. The compound is characterized by NMR and mass-spectrometry.
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WHAT IS CLAIMED IS:

1. A compound of Formula (I) or a pharmaceutically acceptable salt thereof:

NH,

)

wherein:

X is NH, O, S, or (CH,),;, wherein n; is 1 to 6,

AisOorS;

BisOorS;

each R! and R%, independently, is -CONH,, or a substituted or unsubstituted -
C1.6 alkyl, a substituted or unsubstituted aryl, a substituted or unsubstituted heteroaryl,
a substituted or unsubstituted -(CH), aryl, a substituted or unsubstituted -(CHz)n
heteroaryl, a substituted or unsubstituted -(CHz)n heterocycloalkyl, a substituted or
unsubstituted -(CH=CH), aryl, a substituted or unsubstituted -(CH=CH), heteroaryl, a
substituted or unsubstituted -Cs-¢ alkenyl-aryl, a substituted or unsubstituted -Cy-¢
alkenyl-heteroaryl, a substituted or unsubstituted -(C=C)s aryl, a substituted or
unsubstituted -(C=C), heteroaryl, a substituted or unsubstituted -NR?-C,-¢ alkyl, a
substituted or unsubstituted -NR>-aryl, a substituted or unsubstituted -NR*-heteroaryl,
a substituted or unsubstituted -NR>-cycloalkyl, a substituted or unsubstituted -NR’-
heterocycloalkyl, a substituted or unsubstituted -NHNH-C,-¢ alkyl, a substituted or
unsubstituted -NHNH-aryl, a substituted or unsubstituted -NHNH-heteroaryl, a
substituted or unsubstituted -NHNH-cycloalkyl, a substituted or unsubstituted -
NHNH-heterocycloalkyl,a substituted or unsubstituted -O-C-¢ alkyl, a substituted or
unsubstituted -O-aryl, a substituted or unsubstituted -O-heteroaryl, a substituted or
unsubstituted -O-cycloalkyl, a substituted or unsubstituted -O-heterocycloalkyl, -
S(C-¢) alkyl, a substituted or unsubstituted -S-aryl, a substituted or unsubstituted -S-

heteroaryl, a substituted or unsubstituted -S-cycloalkyl, a substituted or unsubstituted
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-S-heterocycloalkyl, a substituted or unsubstituted -(C=0)(Ci-¢) alkyl, a substituted or
unsubstituted -(C=0) aryl, a substituted or unsubstituted -(C=0) heterocycloalkyl, n
being an integer from I to 4; and

R* is —H or a substituted or unsubstituted alkyl, aryl, heteroaryl, cycloalkyl, or
heterocycloalkyl.
2. The compound of Claim 1, wherein X is NH.
3. The compound of Claim 1, wherein X is CHy.

4. A compound of Formula (II) or a pharmaceutically acceptable salt thereof:
NH,

wherein:

AisOorsS;

BisOorS;

Y is N or CH, or -(CH,);,,CH-, wherein n, is from 1 to 6;

Z is a lower alkylene group or a lower heteroalkylene group such that Z and Y
together with the C atom between them form a 4-, 5-, or 6-membered substituted or
unsubstituted cycloalkyl or heterocycloalkyl.

[0198] each R? is —CONH,, or a substituted or unsubsituted -C;¢ alkyl, a
substituted or unsubstituted aryl,a substituted or unsubstituted heteroaryl, a substituted or
unsubstituted -(CH,), aryl,a substituted or unsubstituted -(CH,), heteroaryl, a substituted or
unsubstituted -(CH,), heterocycloalkyl, a substituted or unsubstituted -(CH=CH), aryl, a
substituted or unsubstituted -(CH=CH), heteroaryl, a substituted or unsubstituted -Cj-¢
alkenyl-aryl, a substituted or unsubstituted -C,-¢ alkenyl-heteroaryl, a substituted or
unsubstituted -(C=C), aryl, a substituted or unsubstituted -(C=C), heteroaryl, a substituted or
unsubstituted -NR*-C;- alkyl, a substituted or unsubstituted -NR3-aryl, a substituted or
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unsubstituted -NR>-heteroaryl,a substituted or unsubstituted -NR? -cycloalkyl, a substituted or
unsubstituted -NR3-heterocycloalky1, a substituted or unsubstituted -NHNH-C,-¢ alkyl, a
substituted or unsubstituted -NHNH-aryl, a substituted or unsubstituted -NHNH-heteroaryl,a
substituted or unsubstituted -NHNH-cycloalkyl, a substituted or unsubstituted -NHNH-
heterocycloalkyl, a substituted or unsubstituted -O-C,-¢ alkyl, a substituted or unsubstituted -
O-aryl, a substituted or unsubstituted -O-heteroaryl, a substituted or unsubstituted -O-
cycloalkyl, a substituted or unsubstituted -O-heterocycloalkyl, a substituted or unsubstituted -
S(Ci-¢) alkyl, a substituted or unsubstituted -S-aryl, a substituted or unsubstituted -S-
heteroaryl, a substituted or unsubstituted -S-cycloalkyl, a substituted or unsubstituted -S-
heterocycloalkyl, a substituted or unsubstituted -(C=0)(C;-) alkyl, a substituted or
unsubstituted -(C=0) aryl, a substituted or unsubstituted -(C=0) heterocycloalkyl, n being an
integer from 1 to 4; and

R’ is —H or a substituted or unsubstituted alkyl, aryl, heteroaryl, cycloalkyl, or

heterocycloalkyl.

5. A compound of Claim 1, where the compound is:
o
HaC o)
H NH
N\%)J\N 2
X %
NH,
NH,
6. A compound of Claim 1, wherein R' is:

“—'—(CHz)ns-NHz, where N3 is 1t0 6

"“‘“(C\Hz)m NH - Where ngis 1to 5
HN
NH,

, or
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—(CHy)ns , where ngis 1103

OH , and

_C\?[kr?’ |
S EANN

o]
A

wherein R’ is an alkyl, aryl, heteroaryl, heterycycloalkyl, alkenyl-aryl,

3

cycloalkyl, or alkenyl-heteroaryl.

7. A;ompound of Claim 1, wherein R’ is:
we and R? is
o]

8. A;ompound of Claim 1, wherein R' is:
we and R? is

BN
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9. A compound of Claim 1, wherein R' is:

seonaibf

we and R? is

OH

10. A compound of Claim 1, wherein R’ is:

stiil]

we and R? is

H

Al |O

N

11. A compound of Claim 1, wherein R' is:

sttt

we and R? is

12. A compound of Claim 1, wherein R'is:

il

we and R?is H.
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13. A compound of Claim 1, wherein R is:

HN we and R is

14. A compound of Claim 1, wherein R' is:

¢

HN

|

HN wz and R? is

By

15. A compound of Claim 1, wherein R' is:

HN we and R? is

OH
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16. A compound of Claim 1, wherein R!is:

)

HN

HN" e and R? is

>n|l|l||”%

17. A compound of Claim 1, wherein R is:

§

HN

animi

we and R? is

HN
HO. :

18.
f
HN" e and R? is H.
19. A compound of Claim 1, wherein R' is:

\-mulm

and R? is
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20.

21.

22.

23.

A compound of Claim 1, wherein R is:

ssaet ]

-

HO

and R? is

By

A compound of Claim 1, wherein R is:

\-'"HHI(

and R? is

OH

A compound of Claim 1, wherein R' is:

\...uuul

HO

and R? is

>u:|l!|l“g

A compound of Claim 1, wherein R' is:

|

e

HO

and R? is
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24. A compound of Claim 1, wherein R is:

g

~

HO

and R?is H.

25. A compound of Claim 1, wherein R' is:

i

”O/\ and R? is

[0}

26. A compound of Claim 1, wherein R'is:

)

”0/\ and R? is

B

27. A compound of Claim 1, wherein R'is:

HO/\ and R? is

OH

28. A compound of Claim 1, wherein R' is:

QN

HO/\ and R? is
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29. A compound of Claim 1, wherein R’ is:

]

”O/\ and R?is

30. A compound of Claim 1, wherein R' is:

HL

1™ and R? is H.

31. A pharmaceutical composition comprising a pharmaceutically acceptable
carrier and an effective amount of a compound of Formula (I) or a pharmaceutically

acceptable salt thereof:

NH,

)

wherein:

X is NH, O, S, or (CHj),1, wherein n; is 1 to 6;

AisOorS;

BisOorS;

each R' and Rz, independently, is “CONH,, or a substituted or unsubstituted -
C,.6 alkyl, a substituted or unsubstituted aryl, a substituted or unsubstituted heteroaryl,
a substituted or unsubstituted -(CH,), aryl, a substituted or unsubstituted -(CHy),
heteroaryl, a substituted or unsubstituted -(CH,), heterocycloalkyl, a substituted or
unsubstituted -(CH=CH), aryl, a substituted or unsubstituted -(CH=CH), heteroaryl, a
substituted or unsubstituted -C,-¢ alkenyl-aryl, a substituted or unsubstituted -C,-¢
alkenyl-heteroaryl, a substituted or unsubstituted -(C=C), aryl, a substituted or
unsubstituted -(C=C), heteroaryl, a substituted or unsubstituted NR>-C;- alkyl, a
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substituted or unsubstituted -NR? -aryl, a substituted or unsubstituted NR? -heteroaryl,
a substituted or unsubstituted -NR?-cycloalkyl, a substituted or unsubstituted -NR*-
heterocycloalkyl, a substituted or unsubstituted -NHNH-C,-¢ alkyl, a substituted or
unsubstituted -NHNH-aryl, a substituted or unsubstituted -NHNH-heteroaryl, a
substituted or unsubstituted -NHNH-cycloalkyl, a substituted or unsubstituted -
NHNH-heterocycloalkyl,a substituted or unsubstituted -O-C,-¢ alkyl, a substituted or
unsubstituted -O-aryl, a substituted or unsubstituted -O-heteroaryl, a substituted or
unsubstituted -O-cycloalkyl, a substituted or unsubstituted -O-heterocycloalkyl, -
S(C-¢) alkyl, a substituted or unsubstituted -S-aryl, a substituted or unsubstituted -S-
heteroaryl, a substituted or unsubstituted -S-cycloalkyl, a substituted or unsubstituted
-S-heterocycloalkyl, a substituted or unsubstituted -(C=0)(C;-¢) alkyl, a substituted or
unsubstituted -(C=0) aryl, a substituted or unsubstituted -(C=0) heterocycloalkyl, n
being an integer from 1 to 4; and

R® is —H or a substituted or unsubstituted alkyl, aryl, heteroaryl, cycloalkyl, or
heterocycloalkyl.
32.  The pharmaceutical composition of Claim 31, wherein said pharmaceutical

composition is a pill comprising an effective amount of said compound of Formula (I).

33.  Aninjection device comprising a compound of Formula (I).
34,  The injection device of Claim 33, wherein said injection device is a syringe.
35. A pharmaceutical composition comprising a pharmaceutically acceptable

carrier and an effective amount of a compound of Formula (II) or a pharmaceutically

acceptable salt thereof:

NH,
S et
R Y Z

i
wherein:
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AisOorS;

BisOorS;

Y is N or CH, or —(CH>),,CH-, wherein n; is from 1 to 6;

Z is a lower alkylene group or a lower heteroalkylene group such that Z and Y
together with the C atom between them form a 4-, 5-, or 6-membered substituted or
unsubstituted cycloalkyl or heterocycloalkyl.

each R? is —CONH,, or a substituted or unsubsituted -C;_¢ alkyl, a substituted
or unsubstituted aryla substituted or unsubstituted heteroaryl, a substituted or
unsubstituted -(CH,), aryla substituted or unsubstituted -(CH,), heteroaryl, a
substituted or unsubstituted -(CH,), heterocycloalkyl, a substituted or unsubstituted -
(CH=CH), aryl, a substituted or unsubstituted -(CH=CH), heteroaryl, a substituted or
unsubstituted -C,-¢ alkenyl-aryl, a substituted or unsubstituted -C;-s alkenyl-
heteroaryl, a substituted or unsubstituted -(C=C), aryl, a substituted or unsubstituted -
(C=C), heteroaryl, a substituted or unsubstituted -NR’-C;-6 alkyl, a substituted or
unsubstituted -NR*-aryl, a substituted or unsubstituted -NR*-heteroaryl,a substituted
or unsubstituted -NR’-cycloalkyl, a substituted or unsubstituted -NR*-
heterocycloalkyl, a substituted or unsubstituted -NHNH-C,-¢ alkyl, a substituted or
unsubstituted -NHNH-aryl, a substituted or unsubstituted -NHNH-heteroaryl,a
substituted or unsubstituted -NHNH-cycloalkyl, a substituted or unsubstituted -
NHNH-heterocycloalkyl, a substituted or unsubstituted -O-C;-¢ alkyl, a substituted or
unsubstituted -O-aryl, a substituted or unsubstituted -O-heteroaryl, a substituted or
unsubstituted -O-cycloalkyl, a substituted or unsubstituted -O-heterocycloalkyl, a
substituted or unsubstituted -S(C;-¢) alkyl, a substituted or unsubstituted -S-aryl, a
substituted or unsubstituted -S-heteroaryl, a substituted or unsubstituted -S-
cycloalkyl, a substituted or unsubstituted -S-heterocycloalkyl, a substituted or
unsubstituted -(C=0)(C;-¢) alkyl, a substituted or unsubstituted -(C=0O) aryl, a
substituted or unsubstituted -(C=0) heterocycloalkyl, n being an integer from 1 to 4;
and

R® is —H or a substituted or unsubstituted alkyl, aryl, heteroaryl, cycloalkyl, or

heterocycloalkyl.
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36.  The pharmaceutical composition of Claim 31, wherein said pharmaceutical
composition is a pill comprising an effective amount of said compound of Formula (II).

37.  Aninjection device comprising a compound of Formula (II).

38.  The injection device of Claim 33, wherein said injection device is a syringe.

39. A method of inhibiting an HCV infection comprising administering a
therapeutically effective amount of a compound of Formula (I) to an individual having an
HCYV infection:

NH,

wherein:

X is NH, O, S, or (CHy),1, wherein n; is 1 to 6;

AisOorS;

BisOorS;

each R! and Rz, independently, is -CONH,, or a substituted or unsubstituted -
Ci.¢ alkyl, a substituted or unsubstituted aryl, a substituted or unsubstituted heteroaryl,
a substituted or unsubstituted -(CH,), aryl, a substituted or unsubstituted -(CHj),
heteroaryl, a substituted or unsubstituted -(CH,), heterocycloalkyl, a substituted or
unsubstituted -(CH=CH), aryl, a substituted or unsubstituted -(CH=CH), heteroaryl, a
substituted or unsubstituted -C,-¢ alkenyl-aryl, a substituted or unsubstituted -Cj-g
alkenyl-heteroaryl, a substituted or unsubstituted -(C=C), aryl, a substituted or
unsubstituted -(C=C), heteroaryl, a substituted or unsubstituted -NR>-C,-¢ alkyl, a
substituted or unsubstituted -NR>-aryl, a substituted or unsubstituted -NR? -heteroaryl,
a substituted or unsubstituted -NR’-cycloalkyl, a substituted or unsubstituted -NR>-
heterocycloalkyl, a substituted or unsubstituted -NHNH-C;-¢ alkyl, a substituted or
unsubstituted -NHNH-aryl, a substituted or unsubstituted -NHNH-heteroaryl, a
substituted or unsubstituted -NHNH-cycloalkyl, a substituted or unsubstituted -
NHNH-heterocycloalkyl,a substituted or unsubstituted -O-C;-¢ alkyl, a substituted or
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unsubstituted -O-aryl, a substituted or unsubstituted -O-heteroaryl, a substituted or

unsubstituted -O-cycloalkyl, a substituted or unsubstituted -O-heterocycloalkyl, -

S(Ci-¢) alkyl, a substituted or unsubstituted -S-aryl, a substituted or unsubstituted -S-

heteroaryl, a substituted or unsubstituted -S-cycloalkyl, a substituted or unsubstituted

-S-heterocycloalkyl, a substituted or unsubstituted -(C=0)(C,-¢) alkyl, a substituted or

unsubstituted -(C=0) aryl, a substituted or unsubstituted -(C=0) heterocycloalkyl, n

being an integer from 1 to 4; and

R® is —H or a substituted or unsubstituted alkyl, aryl, heteroaryl, cycloalkyl, or
heterocycloalkyl.

40.  The method of inhibiting an HCV infection of Claim 39, wherein said
therapeutically effective amount of a compound of Formula (I) is administered to an
individual having an HCV infection in pill form.

41.  The method of inhibiting an HCV infection of Claim 39, wherein said
therapeutically effective amount of a compound of Formula (I) is administered to an
individual having an HCV infection through an injection.

42.  The method of inhibiting an HCV infection of Claim 41, wherein said
injection device is a syringe.

43. A method of inhibiting an HCV infection comprising administering a
therapeutically effective amount of a compound of Formula (II) to an individual having an

HCV infection:

wherein:
AisQorS;
BisOorS;
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Y is N or CH, or -(CH;),,»CH-, wherein n; is from 1 to 6;

Z is a lower alkylene group or a lower heteroalkylene group such that Z and Y
together with the C atom between them form a 4-, 5-, or 6-membered substituted or
unsubstituted cycloalkyl or heterocycloalkyl.

each R? is -CONH,, or a substituted or unsubsituted -C;.¢ alkyl, a substituted
or unsubstituted aryla substituted or unsubstituted heteroaryl, a substituted or
unsubstituted -(CH,), aryl,a substituted or unsubstituted -(CH), heteroaryl, a
substituted or unsubstituted -(CH,), heterocycloalkyl, a substituted or unsubstituted -
(CH=CH), aryl, a substituted or unsubstituted -(CH=CH), heteroaryl, a substituted or
unsubstituted -Cj-s alkenyl-aryl, a substituted or unsubstituted -C;-¢ alkenyl-
heteroaryl, a substituted or unsubstituted -(C=C), aryl, a substituted or unsubstituted -
(C=C), heteroaryl, a substituted or unsubstituted NR3-Ci-¢ alkyl, a substituted or
unsubstituted -NR*-aryl, a substituted or unsubstituted -NR*-heteroaryl,a substituted
or unsubstituted -NR’-cycloalkyl, a substituted or unsubstituted -NR*-
heterocycloalkyl, a substituted or unsubstituted -NHNH-C,-¢ alkyl, a substituted or
unsubstituted -NHNH-aryl, a substituted or unsubstituted -NHNH-heteroaryl,a
substituted or unsubstituted -NHNH-cycloalkyl, a substituted or unsubstituted -
NHNH-heterocycloalkyl, a substituted or unsubstituted -O-C;-¢ alkyl, a substituted or
unsubstituted -O-aryl, a substituted or unsubstituted -O-heteroaryl, a substituted or
unsubstituted -O-cycloalkyl, a substituted or unsubstituted -O-heterocycloalkyl, a
substituted or unsubstituted -S(C;-¢) alkyl, a substituted or unsubstituted -S-aryl, a
substituted or unsubstituted -S-heteroaryl, a substituted or unsubstituted -S-
cycloalkyl, a substituted or unsubstituted -S-heterocycloalkyl, a substituted or
unsubstituted -(C=0)(C;-¢) alkyl, a substituted or unsubstituted -(C=O) aryl, a
substituted or unsubstituted -(C=0) heterocycloalkyl, n being an integer from 1 to 4;
and

R? is —H or a substituted or unsubstituted alkyl, aryl, heteroaryl, cycloalkyl, or

heterocycloalkyl.
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The method of inhibiting an HCV infection of Claim 39, wherein said

therapeutically effective amount of a compound of Formula (II) is administered to an

individual having an HCV infection in pill form.

45.

The method of inhibiting an HCV infection of Claim 39, wherein said

therapeutically effective amount of a compound of Formula (II) is administered to an

individual having an HCV infection through an injection.

46.

The method of inhibiting an HCV infection of Claim 41, wherein said

injection device is a syringe.

47.

A method of synthesis of a compound comprising:

obtaining an amino acid,;

protecting the amino acid to obtain amino-protected c-amino carboxylic acids;

reacting the amino-protected a-amino carboxylic acids with

Boc Boc

to form

NHBoc

o) N
i NHBoc
1

PHN R , Wherein P is a protecting group;
deprotecting
NHBoc
[0) N
NHBoc
PHN R and reacting with
o}
R? OH to form;
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NHBoc

o N
o I NHBoc
Rz)]\ N R!
H

deprotecting

; and

NHBoc

o N
o I NHBoc
Rz)l\ b R!

to form the compound.
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