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CYCLIC DINUCLEOTIDES AS STING AGONISTS

CROSS-REFERENCE TO RELATED APPLICATIONS
This Application claims priority to United States Provisional Patent Application No.
62/451,301 filed January 27, 2017; United States Provisional Patent Application No. 62/454,135,
filed February 3, 2017; and United States Provisional Patent Application No. 62/451,351, filed

January 27, 2017, which are hereby incorporated by reference in their entireties.

FIELD OF THE INVENTION

The present invention relates to novel compounds which are STING (Stimulator of
Interferon Genes) agonists and are useful for the treatment of disorders that are affected by the
modulation of the STING protein. The invention also relates to pharmaceutical compositions
comprising one or more of such compounds, processes to prepare such compounds and
compositions, and use of such compounds or pharmaceutical compositions for the treatment of
various diseases, syndromes and disorders. The invention may be involved in the activation of
the downstream signaling pathway, further resulting in the activation of second messengers and
growth factors, and the production of interferon involved in the innate and adaptive immunity.
More particularly, the present invention relates to the use of such compounds or pharmaceutical
compositions for the treatment of various infections, diseases, syndromes and disorders
including, but not limited to, melanoma, colon cancer, breast cancer, prostate cancer, lung

cancer, fibrosarcoma, and antiviral therapy.

BACKGROUND OF THE INVENTION

STING (stimulator of interferon genes), also known as TMEM173, MITA, MPYS, and
ERIS, 1s a transmembrane receptor located inside the cell and a key sensor of cytosolic nucleic

acids (Zhong B, et al. “The Adaptor Protein MITA Links Virus-Sensing Receptors to IRF3
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Transcription Factor Activation”. Immunity. 2008. vol. 29: 538-550). Recent studies have
revealed the biology of STING and its role in mobilizing an innate immune response resulting in
robust antitumor activity in mouse models. Activation of the STING pathway results in
production of Type I interferons (mainly IFN-a and IFN-f) induced through the IRF3 (interferon
regulatory factor 3) pathway. Activation of IRF3 is thought to be mediated by TBK1 that
recruits and phosphorylates IRF3 thus forming an IRF3 homodimer capable of entering the
nucleus to transcribe type I interferon and other genes (Liu S, et al. “Phosphorylation of innate
immune adaptor proteins MAVS, STING, and TRIF induces IRF3 activation” Science. 2015:
2630-2637). TBKI1 also activates the nuclear factor kappa-light-chain-enhancer of activated B
cells pathway which leads to production of pro-inflammatory cytokines (IL-1a, IL-1f, IL-2, IL-
6, TNF-q, etc.), via the oncogenic transcription factor NF-kB. In addition, STING activates
STAT® (signal transducer and activator of transcription 6) to induce (Th2-type), increase (IL-12)
or decrease (IL-10) production of various cytokines, including the chemokines CCL2, CCL20,
and CCL26 (Chen H, et al. “Activation of STAT6 by STING Is Critical for Antiviral Innate
Immunity” Cell. 2011, vol.14: 433-446). Direct phosphorylation of STING on Ser366 upon
activation has also been reported to occur through TBK1 or ULK1 (Corrales, L. et al “Direct
activation of STING in the tumor microenvironment leads to potent and systemic tumor
regression and immunity” Cell Reports, 2015, vol.11: 1-13; Konno, H. et al. “Cyclic
dinucleotides trigger ULK1 (ATG1) phosphorylation of STING to prevent sustained innate
immune signaling” Cell, 2013, vol. 155: 688-698).

The natural ligand that binds to and activates STING (2',3")cyclic guanosine
monophosphate-adenosine monophosphate (2',3'-cGAMP) and the enzyme responsible for its
synthesis (cGAS, also known as C6orf150 or MB21D1) have been elucidated providing an
opportunity to modulate this pathway. ¢cGAMP is a high affinity ligand for STING produced in
mammalian cells that serves as an endogenous second messenger to activate the STING
pathway. It s a cyclic dinucleotide with a unique 2°,3” linkage produced by cGAS in the
presence of exogenous double-stranded DNA (e.g. that released by invading bacteria, viruses or
protozoa) or of self-DNA in mammals (Wu et al., 2013; Sun, L. et al. “Cyclic GMP-AMP
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Synthase Is a Cytosolic DNA Sensor That Activates the Type I Interferon Pathway” Science,
2013, vol. 339: 786-791; Bhat N and Fitzgerald KA. “Recognition of Cytosolic DNA by cGAS
and other STING-dependent sensors”. Fur J Immunol. 2014 Mar; 44(3):634-40). STING
activation can also occur through binding of exogenous (3',3) cyclic dinucleotides (c-di-GMP, c-
di-AMP and 3°3’-cGAMP) that are released by invading bacteria (Zhang X, et al. “Cyclic GMP-
AMP Containing Mixed Phosphodiester Linkages Is An Endogenous High-Affinity Ligand for
STING” Molecular Cell, 2013, vol. 51: 226-235; Danilchanka, O and Mekalanos, JJ. “Cyclic
Dinucleotides and the Innate Immune Response” Cell. 2013. vol. 154: 962-970).

Activation of the STING pathway triggers an immune response that results in generation
of specific killer T-cells that can shrink tumors and provide long lasting immunity so they do not
recur. The striking antitumor activity obtained with STING agonists in preclinical models has
generated a high level of excitement for this target and small molecule compounds that can
modulate the STING pathway have potential to treat both cancer and reduce autoimmune

diseases.

Activation of the STING pathway also contributes to an antiviral response. Loss-of-
functional response, either at the cellular or organism level, demonstrates an inability to control
viral load in the absence of STING. Activation of the STING pathway triggers an immune
response that results in antiviral and proinflammatory cytokines that combat the virus and
mobilize the innate and adaptive arms of the immune system. Ultimately, long-lasting immunity
1s developed against the pathogenic virus. The striking antiviral activity obtained with STING
agonists in preclinical models has generated a high level of excitement for this target and small
molecule compounds that can modulate the STING pathway have potential to treat chronic viral

infections, such as hepatitis B.

Chronic hepatitis B virus (HBV) infection is a significant global health problem,
affecting over 5% of the world population (over 350 million people worldwide and 1.25 million
individuals in the U.S.). Despite the availability of certain HBV vaccines and therapies, the
burden of chronic HBV infection continues to be a significant unmet worldwide medical

problem due to suboptimal treatment options and sustained rates of new infections in most parts
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of the developing world. Current treatments are limited to only two classes of agents: interferon
alpha and nucleoside analogues acting as inhibitors of the viral polymerase. Yet none of these
therapies offer a cure to the disease, and drug resistance, low efficacy, and tolerability issues
limit their impact. The low cure rates of HBV are attributed at least in part to the fact that
complete suppression of virus production is difficult to achieve with a single antiviral agent.
However, persistent suppression of HBV DNA slows liver disease progression and helps to
prevent hepatocellular carcinoma. Current therapy goals for HBV-infected patients are directed
to reducing serum HBV DNA to low or undetectable levels, and to ultimately reducing or
preventing the development of cirrhosis and hepatocellular carcinoma. There is, therefore, a
need in the art for therapeutic agents that can increase the suppression of virus production and
that can treat, ameliorate, or prevent HBV infection. Administration of such therapeutic agents
to an HBV infected patient, either as monotherapy or in combination with other HBV treatments
or ancillary treatments, may lead to significantly reduced virus burden, improved prognosis,
diminished progression of the disease and enhanced seroconversion rates.

The potential therapeutic benefits of enhancing both innate and adaptive immunity make
STING an attractive therapeutic target that demonstrates impressive activity by itself and can

also be combined with other immunotherapies.

SUMMARY OF THE INVENTION

The present invention is directed to compounds of Formula (I)

N
e <1ﬁ
O=1|’—Y NN NH,
Rig X 0
R Ry W
Bl Z\P

~
[l "Ryc
(0]

Formula (I)



10

15

20

WO 2018/138685 PCT/IB2018/050498

wherein

Ris CHz or O;

Ris 1s hydrogen, hydroxy, or fluoro;

Ricis selected from the group consisting of hydroxy, thiol, and BHs™ ;

R2B 1s hydrogen, hydroxy, methoxy, or fluoro;

Rac s selected from the group consisting of hydroxy, thiol, and BHs" ;

B1 1s selected from the group consisting of rings b1, b2, b3, b4, b5, b6, b7 and b8

)N\Hz NH, NH, NH, NH,
N Ty (TS 6T
%&K J %\/N\ > %\/N\/‘ \_n~. A Y N/)
1 b1, 7 b2, ™ b3, ™ b4, 7 bS,

NH2 O HN,CH3

N

¢ P $
N N/) }‘I N NH, = N/)
T b6, b7, and "™ b8,

W 1s -O- or -NH-;

X 1s -O- or -NH-;

Y 1s -CH>-, -O- or -NH-;

Z 1s -CHz-, -O- or -NH-;
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such that only one of X and Y i1s NH, and only one of W and Z is NH, in any
instance;

and, such that when R is CHz and B1 is selected from b6 or b7, then R2g is other
than fluoro or hydroxy;

furthermore, provided that a compound of Formula (I) is other than a compound
wherein R, W, X Y, and Z, are each O; Ris and Rus are each hydroxy; B1 1s b1; and Ris
and Rzp are each hydroxy;

or an enantiomer, diastereomer, or pharmaceutically acceptable salt form thereof.

The present invention also provides a pharmaceutical composition comprising, consisting
of and/or consisting essentially of a pharmaceutically acceptable carrier, a pharmaceutically
acceptable excipient, and/or a pharmaceutically acceptable diluent and a compound of Formula
(I), or a pharmaceutically acceptable salt form thereof.

Also provided are processes for making a pharmaceutical composition comprising,
consisting of, and/or consisting essentially of admixing a compound of Formula (I), and a
pharmaceutically acceptable carrier, a pharmaceutically acceptable excipient, and/or a

pharmaceutically acceptable diluent.

The present invention further provides methods for treating or ameliorating a viral
infection, disease, syndrome, or condition in a subject, including a mammal and/or human in
which the viral infection, disease, syndrome, or condition is affected by the agonism of STING,

using a compound of Formula (I).

The present invention further provides methods for treating or ameliorating a viral
infection, disease, syndrome, or condition in a subject, including a mammal and/or human, using

a compound of Formula ().

The present invention further provides methods for treating or ameliorating a viral

infection, disease, syndrome, or condition in a subject, including a mammal and/or human in
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which the viral infection, disease, syndrome, or condition is affected by the agonism of STING,
selected from the group consisting of melanoma, colon cancer, breast cancer, prostate cancer,

lung cancer, fibrosarcoma, and hepatitis B, using a compound of Formula (I).

The present invention further provides methods for treating or ameliorating a viral
infection, disease, syndrome, or condition in a subject, including a mammal and/or human,
selected from the group consisting of melanoma, colon cancer, breast cancer, prostate cancer,

lung cancer, fibrosarcoma, and hepatitis B, using a compound of Formula (I).

The present invention is also directed to the use of any of the compounds described
herein in the preparation of a medicament wherein the medicament is prepared for treating a viral
infection, disease, syndrome, or condition that is affected by the agonism of STING, selected
from the group consisting of melanoma, colon cancer, breast cancer, prostate cancer, lung

cancer, fibrosarcoma, and hepatitis B, in a subject in need thereof.

The present invention 1s also directed to the use of any of the compounds described
herein in the preparation of a medicament wherein the medicament is prepared for treating a viral
infection, disease, syndrome, or condition selected from the group consisting of melanoma, colon
cancer, breast cancer, prostate cancer, lung cancer, fibrosarcoma, and hepatitis B, in a subject in

need thereof.

The present invention is also directed to the preparation of substituted cyclic dinucleotide

derivatives that act as selective agonists of STING.

Exemplifying the invention are methods of treating a viral infection, disease, syndrome,
or condition modulated by STING selected from the group consisting of melanoma, colon
cancer, breast cancer, prostate cancer, lung cancer, fibrosarcoma, and hepatitis B, comprising
administering to a subject in need thereof a therapeutically effective amount of any of the

compounds or pharmaceutical compositions described above.

Exemplifying the invention are methods of treating a viral infection, disease, syndrome,
or condition selected from the group consisting of melanoma, colon cancer, breast cancer,

prostate cancer, lung cancer, fibrosarcoma, and hepatitis B, comprising administering to a subject
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in need thereof a therapeutically effective amount of any of the compounds or pharmaceutical

compositions described above.

In another embodiment, the present invention is directed to a compound of Formula (I)
for use in the treatment of a viral infection, disease, syndrome, or condition affected by the
agonism of STING selected from the group consisting of melanoma, colon cancer, breast cancer,

prostate cancer, lung cancer, fibrosarcoma, and hepatitis B.

In another embodiment, the present invention is directed to a composition
comprising a compound of Formula (I) for the treatment of a viral infection, disease,
syndrome, or condition selected from the group consisting of melanoma, colon cancer,

breast cancer, prostate cancer, lung cancer, fibrosarcoma, and hepatitis B.

DETAILED DESCRIPTION OF THE INVENTION

With reference to substituents, the term “independently” refers to the situation
where when more than one substituent 1s possible, the substituents may be the same or
different from each other.

The term “alkyl” whether used alone or as part of a substituent group, refers to
straight and branched carbon chains having 1 to 8 carbon atoms. Therefore, designated
numbers of carbon atoms (e.g., C1-s) refer independently to the number of carbon atoms in
an alkyl moiety or to the alkyl portion of a larger alkyl-containing substituent. In
substituent groups with multiple alkyl groups such as, (Ci-salkyl)2amino-, the Ci-calkyl
groups of the dialkylamino may be the same or different.

The term “alkoxy” refers to an -O-alkyl group, wherein the term “alkyl” is as
defined above.

The terms “alkenyl” and “alkynyl” refer to straight and branched carbon chains
having 2 to 8 carbon atoms, wherein an alkenyl chain contains at least one double bond
and an alkynyl chain contains at least one triple bond.

The term “cycloalkyl” refers to saturated or partially saturated, monocyclic or



10

15

20

25

WO 2018/138685 PCT/IB2018/050498

polycyclic hydrocarbon rings of 3 to 14 carbon atoms. Examples of such rings include
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and adamantyl.

The term “heterocyclyl” refers to a nonaromatic monocyclic or bicyclic ring system
having 3 to 10 ring members that include at least 1 carbon atom and from 1 to 4
heteroatoms independently selected from N, O, and S. Included within the term
heterocyclyl is a nonaromatic cyclic ring of 5 to 7 members in which 1 to 2 members are
N, or a nonaromatic cyclic ring of 5 to 7 members in which 0, 1 or 2 members are N and
up to 2 members are O or S and at least one member must be either N, O, or S; wherein,
optionally, the ring contains O to 1 unsaturated bonds, and, optionally, when the ring is of 6
or 7 members, it contains up to 2 unsaturated bonds. The carbon atom ring members that
form a heterocycle ring may be fully saturated or partially saturated. The term
“heterocyclyl” also includes two 5 membered monocyclic heterocycloalkyl groups bridged
to form a bicyclic ring. Such groups are not considered to be fully aromatic and are not
referred to as heteroaryl groups. When a heterocycle is bicyclic, both rings of the
heterocycle are non-aromatic and at least one of the rings contains a heteroatom ring
member. Examples of heterocycle groups include, and are not limited to, pyrrolinyl
(including 2H-pyrrole, 2-pyrrolinyl or 3-pyrrolinyl), pyrrolidinyl, imidazolinyl,
imidazolidinyl, pyrazolinyl, pyrazolidinyl, piperidinyl, morpholinyl, thiomorpholinyl, and
piperazinyl. Unless otherwise noted, the heterocycle is attached to its pendant group at any
heteroatom or carbon atom that results in a stable structure.

The term “aryl” refers to an unsaturated, aromatic monocyclic or bicyclic ring of 6
to 10 carbon members. Examples of aryl rings include phenyl and naphthalenyl. The
term “heteroaryl” refers to an aromatic monocyclic or bicyclic aromatic ring system having
5 to 10 ring members and which contains carbon atoms and from 1 to 4 heteroatoms
independently selected from the group consisting of N, O, and S. Included within the term
heteroaryl are aromatic rings of 5 or 6 members wherein the ring consists of carbon atoms
and has at least one heteroatom member. Suitable heteroatoms include nitrogen, oxygen,
and sulfur. In the case of S membered rings, the heteroaryl ring preferably contains one

member of nitrogen, oxygen or sulfur and, in addition, up to 3 additional nitrogens. In the
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case of 6 membered rings, the heteroaryl ring preferably contains from 1 to 3 nitrogen
atoms. For the case wherein the 6 membered ring has 3 nitrogens, at most 2 nitrogen
atoms are adjacent. Examples of heteroaryl groups include furyl, thienyl, pyrrolyl,
oxazolyl, thiazolyl, imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl, oxadiazolyl, triazolyl,
thiadiazolyl, pyridinyl, pyridazinyl, pyrimidinyl, pyrazinyl, indolyl, isoindolyl, benzofuryl,
benzothienyl, indazolyl, benzimidazolyl, benzothiazolyl, benzoxazolyl, benzisoxazolyl,
benzothiadiazolyl, benzotriazolyl, quinolinyl, isoquinolinyl and quinazolinyl. Unless
otherwise noted, the heteroaryl is attached to its pendant group at any heteroatom or carbon
atom that results in a stable structure.

The term “halogen” or “halo” refers to fluorine, chlorine, bromine and 1odine
atoms.

Whenever the term “alkyl” or “aryl” or either of their prefix roots appear in a name
of a substituent (e.g., arylalkyl, alkylamino) the name is to be interpreted as including
those limitations given above for “alkyl” and “aryl.” Designated numbers of carbon atoms
(e.g., C1-Co) refer independently to the number of carbon atoms in an alkyl moiety, an aryl
moiety, or in the alkyl portion of a larger substituent in which alkyl appears as its prefix
root. For alkyl and alkoxy substituents, the designated number of carbon atoms includes
all of the independent members included within a given range specified. For example Ci-6
alkyl would include methyl, ethyl, propyl, butyl, pentyl and hexyl individually as well as
sub-combinations thereof (e.g., Ci-2, Ci-3, C14, Ci-5, C2-6, C3-6, Ca-6, Cs-6, C2-5, etc.).

In general, under standard nomenclature rules used throughout this disclosure, the
terminal portion of the designated side chain is described first followed by the adjacent
functionality toward the point of attachment. Thus, for example, a “C1-Cs alkylcarbonyl”

substituent refers to a group of the formula:

T
%c—cl-cé alkyl

The term “R” at a stereocenter designates that the stereocenter is purely of the R-

configuration as defined in the art; likewise, the term “S” means that the stereocenter is

10
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purely of the S-configuration. As used herein, the terms “*R” or “*S” at a stereocenter are
used to designate that the stereocenter is of pure but unknown configuration. As used
herein, the term “RS” refers to a stereocenter that exists as a mixture of the R- and S-
configurations. Similarly, the terms “*RS” or “*SR” refer to a stereocenter that exists as a
mixture of the R- and S-configurations and is of unknown configuration relative to another
stereocenter within the molecule.

Compounds containing one stereocenter drawn without a stereo bond designation
are a mixture of two enantiomers. Compounds containing two stereocenters both drawn
without stereo bond designations are a mixture of four diastereomers. Compounds with
two stereocenters both labeled “RS” and drawn with stereo bond designations are a two-
component mixture with relative stereochemistry as drawn. Compounds with two
stereocenters both labeled “*RS” and drawn with stereo bond designations are a two-
component mixture with relative stereochemistry unknown. Unlabeled stereocenters
drawn without stereo bond designations are a mixture of the R- and S-configurations. For
unlabeled stereocenters drawn with stereo bond designations, the absolute stereochemistry
1s as depicted.

Unless otherwise noted, it is intended that the definition of any substituent or
variable at a particular location in a molecule be independent of its definitions elsewhere in
that molecule. It is understood that substituents and substitution patterns on the
compounds of the present invention can be selected by one of ordinary skill in the art to
provide compounds that are chemically stable and that can be readily synthesized by
techniques known in the art as well as those methods set forth herein.

The term “subject” refers to an animal, preferably a mammal, most preferably a
human, who has been the object of treatment, observation or experiment.

The term “therapeutically effective amount” refers to an amount of an active
compound or pharmaceutical agent, including a compound of the present invention, which
elicits the biological or medicinal response in a tissue system, animal or human that 1s
being sought by a researcher, veterinarian, medical doctor or other clinician, which

includes alleviation or partial alleviation of the symptoms of the disease, syndrome,

11



10

15

20

25

WO 2018/138685 PCT/IB2018/050498

condition, or disorder being treated.

The term “composition” refers to a product that includes the specified ingredients
in therapeutically effective amounts, as well as any product that results, directly, or
indirectly, from combinations of the specified ingredients in the specified amounts.

The term “STING agonist” is intended to encompass a compound that interacts with
STING by binding to it and inducing downstream signal transduction characterized by activation
of the molecules associated with STING function. This includes direct phosphorylation of
STING, IRF3 and/or NF-xB and could also include STAT6. STING pathway activation results
in increased production of type I interferons (mainly IFN-o and IFN-f) and expression of
interferon-stimulated genes (Chen H, et al. “Activation of STAT6 by STING Is Critical for
Antiviral Innate Immunity”. Cell. 2011, vol.14: 433-446; and Liu S-Y, et al. “Systematic
identification of type I and type II interferon-induced antiviral factors ”. Proc. Natl. Acad. Sci.
2012:vol.109 4239-4244).

The term “STING-modulated” is used to refer to a condition affected by STING directly
or via the STING pathway, including but not limited to, viral infections, diseases or conditions
such as melanoma, colon cancer, breast cancer, prostate cancer, lung cancer, fibrosarcoma, and
hepatitis B infection.

As used herein, unless otherwise noted, the term “disorder modulated by STING” shall
mean any viral infection, disease, disorder or condition characterized in that at least one of its
characteristic symptoms 1s alleviated or eliminated upon treatment with a STING agonist.
Suitable examples include, but are not limited to melanoma, colon cancer, breast cancer, prostate
cancer, lung cancer, fibrosarcoma, and hepatitis B.

As used herein, unless otherwise noted, the term “affect” or “affected” (when referring to
a viral infection, disease, syndrome, condition or disorder that is affected by agonism of STING)
includes a reduction in the frequency and / or severity of one or more symptoms or
manifestations of said viral infection, disease, syndrome, condition or disorder; and / or include
the prevention of the development of one or more symptoms or manifestations of said viral
infection, disease, syndrome, condition or disorder or the development of the viral infection,

disease, condition, syndrome or disorder.

12
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The compounds of the instant invention are useful in methods for treating or ameliorating
a viral infection, disease, a syndrome, a condition or a disorder that is affected by the agonism of
STING. Such methods comprise, consist of and/or consist essentially of administering to a
subject, including an animal, a mammal, and a human in need of such treatment, amelioration
and / or prevention, a therapeutically effective amount of a compound of Formula (I), or an
enantiomer, diastereomer, solvate or pharmaceutically acceptable salt thereof.

In particular, the compounds of Formula (I), or an enantiomer, diastereomer, solvate or
pharmaceutically acceptable salt form thereof are useful for treating or ameliorating diseases,
syndromes, conditions, or disorders such as melanoma, colon cancer, breast cancer, prostate
cancer, lung cancer, fibrosarcoma, and hepatitis B.

More particularly, the compounds of Formula (I), or an enantiomer, diastereomer, solvate
or pharmaceutically acceptable salt form thereof are useful for treating or ameliorating
melanoma, colon cancer, breast cancer, prostate cancer, lung cancer, fibrosarcoma, and hepatitis
B, comprising administering to a subject in need thereof a therapeutically effective amount of a
compound of Formula (I), or an enantiomer, diastereomer, solvate or pharmaceutically

acceptable salt form thereof as herein defined.

Some embodiments disclosed herein relate to methods of ameliorating and/or treating a
viral infection including infections caused by Hepadnaviridae such as hepatitis B virus or HBV.
The methods can include administering to a subject identified as suffering from a viral infection
an effective amount of one or more compounds of Formula (I), or a pharmaceutically acceptable
salt form thereof, or a pharmaceutical composition that includes one or more compounds of
Formula (I), or a pharmaceutically acceptable salt form thereof.

Other embodiments disclosed herein relate to a method of ameliorating and/or treating a
viral infection that can include contacting a cell infected with the virus with an effective amount
of one or more compounds described herein (for example, a compound of Formula (I), or a
pharmaceutically acceptable salt form thereof), or a pharmaceutical composition that includes
one or more compounds described herein, or a pharmaceutically acceptable salt thereof. Still

other embodiments described herein relate to using one or more compounds of Formula (I), or a

13
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pharmaceutically acceptable salt form thereof, in the manufacture of a medicament for
ameliorating and/or treating a viral infection.

Yet still other embodiments described herein relate to one or more compounds of
Formula (I), or a pharmaceutically acceptable salt form thereof, or a pharmaceutical composition
that includes one or more compounds of Formula (I), or a pharmaceutically acceptable salt form
thereof, that can be used for ameliorating and/or treating a viral infection. Some embodiments
disclosed herein relate to a method of inhibiting replication of a virus that can include contacting
a cell infected with the virus with an effective amount of one or more compounds of Formula (I),
or a pharmaceutically acceptable salt form thereof, or a pharmaceutical composition that includes
one or more compounds described herein, or a pharmaceutically acceptable salt form thereof.

Other embodiments described herein relate to using one or more compounds of Formula
(I), or a pharmaceutically acceptable salt form thereof) in the manufacture of a medicament for
inhibiting replication of a virus. Still other embodiments described herein relate to one or more
compounds described herein (for example, a compound of Formula (I), or a pharmaceutically
acceptable salt form thereof), or a pharmaceutical composition that includes one or more
compounds described herein, or a pharmaceutically acceptable salt form thereof, that can be used
for inhibiting replication of a virus.

In some embodiments, the viral infection can be a hepatitis B viral infection. The
methods can include administering to a subject identified as suffering from HBV an effective
amount of one or more compounds of Formula (I), or a pharmaceutically acceptable salt form
thereof, or a pharmaceutical composition that includes one or more compounds of Formula (I), or
a pharmaceutically acceptable salt form thereof.

Other embodiments disclosed herein relate to a method of ameliorating and/or treating a
viral infection that can include contacting a cell infected with HBV with an effective amount of
one or more compounds of Formula (I), or a pharmaceutically acceptable salt form thereof, or a
pharmaceutical composition that includes one or more compounds of Formula (I), or a
pharmaceutically acceptable salt form thereof. Still other embodiments described herein relate to
using one or more compounds of Formula (I), or a pharmaceutically acceptable salt form thereof,

in the manufacture of a medicament for ameliorating and/or treating HBV.

14
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Yet still other embodiments described herein relate to one or more compounds of
Formula (I), or a pharmaceutically acceptable salt form thereof, or a pharmaceutical composition
that includes one or more compounds of Formula (I), or a pharmaceutically acceptable salt form
thereof, that can be used for ameliorating and/or treating HBV. Some embodiments disclosed

S herein relate to a method of inhibiting replication of HBV that can include contacting a cell

infected with the virus with an effective amount of one or more compounds of Formula (I), or a
pharmaceutically acceptable salt form thereof, or a pharmaceutical composition that includes one
or more compounds of Formula (I), or a pharmaceutically acceptable salt thereof.

Other embodiments described herein relate to using one or more compounds of Formula

10  (I), or a pharmaceutically acceptable salt thereof) in the manufacture of a medicament for

inhibiting replication of HBV. Still other embodiments described herein relate to one or more
compounds of Formula (I), or a pharmaceutically acceptable salt thereof, or a pharmaceutical
composition that includes one or more compounds of Formula (I), or a pharmaceutically

acceptable salt form thereof, that can be used for inhibiting replication of HBV.

15
An embodiment of the present invention is directed to a compound of Formula (I)
O
N
Ri¢ ¢ ] NH
| P
O=1|’—Y N™ "N “NH,
Rjg X 0
R Rop w
Bl Z‘P
Il Ryc
o
Formula (I)
20
wherein
R 1s CHz or O;

15
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Ris 1s hydrogen, hydroxy, or fluoro;

Ricis selected from the group consisting of hydroxy, thiol, and BHs" ;

5 RoB 1s hydrogen, hydroxy, methoxy, or fluoro;

Rac s selected from the group consisting of hydroxy, thiol, and BHs" ;

B1 1s selected from the group consisting of rings b1, b2, b3, b4, bS, b6, and b8

NH, NH, NH, NH, NH,
%&KN/) \ N7 %\/N _ \ N\N/) . N//l
10 ™ b1, "™ b2, ™ b3, ™ b4, "™ bS,
N SN N~ )§
</ 7 N N
N N/) ~ N/)
i b6, and ™ b8;
W 1s -O- or -NH-;
15 X 1s -O- or -NH-;

Y 1s -CH3-, -O-, or -NH-;

Z 1s -CHz-, -O-, or -NH-;
20
such that only one of X and Y i1s NH, and only one of W and Z is NH, in any

instance;
and, such that when R 1s CH2and B1 is b6, then Rus is other than fluoro or hydroxy;

16
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furthermore, provided that a compound of Formula (I) i1s other than a compound
wherein R, W, X, Y, and Z, are each O; Ris and Rus are each hydroxy; B1 1s b1; and Ris
and Rop are each hydroxy;

S oran enantiomer, diastereomer, or pharmaceutically acceptable salt form thereof.

An embodiment of the present invention is directed to a compound of Formula (I)

(@)
R,c <,N N
| P
O=pP—Y N N7 TNH,
Rip X ©
R Rog W
Bl Z‘P\
[l "Ryc
O
10 Formula (I)
wherein
R 1s CHz or O;

Ris 1s hydrogen, hydroxy, or fluoro;

15
Ricis selected from the group consisting of hydroxy, thiol, and BHs" ;
R2B 1s hydrogen, hydroxy, methoxy, or fluoro;

20 Rac s selected from the group consisting of hydroxy, thiol, and BHs" ;

B1 1s selected from the group consisting of rings b1, b2, b3, b4, b6, and b8

17
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)N\H2 NH, NH, NH, NH;
NNTSN N\jAN N SN SN <,N SN
LA Snd S S (A
s b1, " b2, " b3, ™ b4, " b6,

.CH,

HN

~ N
and ™ b8 ;
W is -O-;
5
X 1s -O- or -NH-;
Y 1s -CH3-, -O-, or -NH-;
10 Z 1s -CHz-, -O-, or -NH-;

such that only one of X and Y is NH in any instance;
and, such that when R 1s CH2and B. is b6, then Rus is other than fluoro or hydroxy;
furthermore, provided that a compound of Formula (I) i1s other than a compound

15 whereinR, X, Y, and Z, are each O; Ris and Rug are each hydroxy; Bi1 1s bl; and Ris and

Rap are each hydroxy;
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or an enantiomer, diastereomer, or pharmaceutically acceptable salt form thereof.

An embodiment of the present invention is directed to a compound of Formula (I)

N
Ric NH
| ST
O—ll’—Y N™ "N “NH,
Rjp X 0
R Rop w
B Z—p!
1 11 Ryc
S 0
Formula (I)
wherein
Ri1s CHz or O;
10
Ris 1s hydrogen, hydroxy, or fluoro;
Ricis selected from the group consisting of hydroxy, thiol, and BHs" ;
15 R2g 1s hydrogen, hydroxy, methoxy, or fluoro;
Rac s selected from the group consisting of hydroxy, thiol, and BHs" ;
Bi1 1s b6
NH,
N SN
e
}\J N
20 i b6 ;

19
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W is -O-;
X 1s -O- or -NH-;
5 Y 1s -CH;-, -O-, or -NH-;

Z 1s -CHz-, -O-, or -NH-;

such that only one of X and Y is NH in any instance;
10 and, such that when R 1s CH2and B) is b6, then Rus is other than fluoro or hydroxy;

or an enantiomer, diastereomer, or pharmaceutically acceptable salt form thereof.

15 An embodiment of the present invention is directed to a compound of Formula (I)

R Rog w

Bl Z‘P
IRy
O

Formula (I)
wherein
R1s CHz or O;
20
Ris 1s hydrogen, hydroxy, or fluoro;

Ricis selected from the group consisting of hydroxy, thiol, and BHs" ;

20



WO 2018/138685 PCT/IB2018/050498

R2B 1s hydrogen, hydroxy, methoxy, or fluoro;

Rac s selected from the group consisting of hydroxy, thiol, and BHs" ;

5
B1 1s selected from the group consisting of rings b1, b2, b3, b4, b6, and b8
NH, NH, NH, NH, NH,
%%\N/) \ N\N/) g/N\/ \_n~. A N N/)
s b1, " b2, " b3, ™ b4, ™ b6,
_.CH,
P
N-NTSN
_ N/)
and ™ bS8 ;
10 W is -NH-;
X 1s -O- or -NH-;
Y 1s -CH3-, -O-, or -NH-;
15

Z 1s -CHz-, -O-, or -NH-;
such that only one of X and Y is NH in any instance;

and, such that when R 1s CH2and B1 is b6, then Rus is other than fluoro or hydroxy;

20  or an enantiomer, diastereomer, or pharmaceutically acceptable salt form thereof.
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An embodiment of the present invention is directed to a compound of Formula (I)

0
R,c <,N N
| P
O=1|’—Y N™ °N” “NH,
Rig X 0
R Rop W
B, z—p{
[l "Ryc

Formula (I)
wherein

S R 1s CHz or O;
Ris 1s hydrogen, hydroxy, or fluoro;
Ricis selected from the group consisting of hydroxy, thiol, and BHs" ;
10
R2g 1s hydrogen, hydroxy, methoxy, or fluoro;

Rac s selected from the group consisting of hydroxy, thiol, and BHs" ;

15 Bi 1s b6
NH,
N SN
¢ 1 )
}\1 N
i b6

W is -NH-;

20 X 1s -O- or -NH-;
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Y 1s -CH3-, -O-, or -NH-;

Z 1s -CHz-, -O-, or -NH-;

such that only one of X and Y is NH in any instance;

and, such that when R 1s CH2and B1 is b6, then Rus is other than fluoro or hydroxy;

10 or an enantiomer, diastereomer, or pharmaceutically acceptable salt form thereof.

An embodiment of the present invention is directed to a compound of Formula (I)

O
N
Ric NH
| N f:\
O=p—Y N™ °N” "NH,
Rig X 0
R Rog W
B Z—p
| (|)|\R2c
15 Formula (I)
wherein
R i1s CHy;
20 Ris 1s hydrogen, hydroxy, or fluoro;

Ricis selected from the group consisting of hydroxy, thiol, and BHs" ;
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R2B 1s hydrogen, hydroxy, methoxy, or fluoro;

Rac s selected from the group consisting of hydroxy, thiol, and BHs" ;

B1 1s selected from the group consisting of rings b1, b2, b3, b4, bS, b6, and b8
)N\Hz NH, NH, NH, NH,
%&KN//' S\/N\N/) %\/N\/ \ N\N//l Y N/)
™ b1, "™ b2, ™ b3, ™ b4, “ bs,
NH, n-
N AN N‘N*N

“‘/I"‘:I N b6, and ™ N b8;

W is -O- or -NH-;

X 1s -O- or -NH-;

Y 1s -CH;-, -O-, or -NH-;

Z 1s -CH;z-, -O-, or -NH-;

such that only one of X and Y is NH, and only one of W and Z is NH, in any
instance;

and, such that when B 1s b6, then R2g 1s other than fluoro or hydroxy;

or an enantiomer, diastereomer, or pharmaceutically acceptable salt form thereof.
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An embodiment of the present invention is directed to a compound of Formula (I)

0
R,c <,N N
| P
O=1|’—Y N™ °N” “NH,
Rig X 0
R Rop W
B, z—pl.
[l "Ryc
Formula (I)

wherein

R i1s CHy;

Ris 1s hydrogen, hydroxy, or fluoro;

Ricis selected from the group consisting of hydroxy, thiol, and BHs" ;

R2B 1s hydrogen, hydroxy, methoxy, or fluoro;

Rac s selected from the group consisting of hydroxy, thiol, and BHs" ;

B1 1s selected from the group consisting of rings b1, b2, b3, b4, bS, b6, and b8

25



WO 2018/138685 PCT/IB2018/050498
)N\Hz NH, NH, NH, NH,
Ll §ad &S S/ e
i b1, "™ b2, "™ b3, "™ b4, ™ bS,
NI, in-CH
ST &S
N N/) =~ N/)
i b6, and "™ bS;
Wis -O-;
5
X1s-0-;
Y 1s -CH>- or -O- ;
10 Z 1s -CHz- or -O-;
such that when B1 is or b6, then Rup is other than fluoro or hydroxy;
or an enantiomer, diastereomer, or pharmaceutically acceptable salt form thereof.
15
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An embodiment of the present invention is directed to a compound of Formula (I)

(@)
R,c <,N e
| P
O=P—Y N "N °NH,
Rjp X 0
R Rop w
Bl ZsP\
[l Ryc
Formula (I)
wherein
Ris O;

Ris 1s hydrogen, hydroxy, or fluoro;

Ricis selected from the group consisting of hydroxy, thiol, and BHs" ;

R2g 1s hydrogen, hydroxy, methoxy, or fluoro;

Rac s selected from the group consisting of hydroxy, thiol, and BHs" ;

B1 1s selected from the group consisting of rings b1, b2, b3, b4, bS5, b6, and b8
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N TN &S
L S S
i b1, "™ b2, ™ b3,
NI, - CHs
<,N SN /N‘N)§N
N N/) = N/)
i b6, and "™ b8,
W 1s -O- or -NH-;
5
X 1s -O- or -NH-;
Y 1s -CH3-, -O-, or -NH-;
10 Z 1s -CHz-, -O-, or -NH-;

PCT/IB2018/050498

such that only one of X and Y i1s NH, and only one of W and Z is NH, in any

instance;

furthermore, provided that a compound of Formula (I) i1s other than a compound

15  wherein R, W, X, Y, and Z, are each O; Ris and Rus are each hydroxy; B1 1s b1; and Ris

and Rop are each hydroxy;

or an enantiomer, diastereomer, or pharmaceutically acceptable salt form thereof.

20

Embodiments of the present invention further include a compound of Formula (Ia),

wherein W, X, Y and Z are each O, as herein defined, or an enantiomer, diastereomer,

solvate, or a pharmaceutically acceptable salt form thereof, wherein the substituents

28
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selected from one or more of the variables defined herein (e.g. R, Ris, Ric,, Rz, Rac, and
B1) are independently selected to be any individual substituent or any subset of substituents

from those exemplified in the listing in Table 1, below.

Table 1.
(@]
N
R NH
€ < ]'\)L/)\
O=I|’—O N™ °N” "NH,
Rz O o
R Ryp 0
B O—rp
! (|)|\R2c
Formula (Ia)
P4 R | R | Ric | Ric | R Bi
0.
NH,
1 O- |OH | OH | OH | OH N\TAN
\ N
™ b3
BA
2 | -0- |oH|oH | OH | OH ) NTSN
L J
4 N
b8
NH,
SN
3 -CH- | OH | OH | OH OH 7 )
y/
i b5
NH,
N\ SN
4 .O- |OH | OH | OH | OH
\_n~.
i N
b2
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O
N
Ric ¢ ]l\)LNH
O=I:‘—O N N/)\NHz
Rz O O
R Ryp 0
Bl ONP\
R,
(|)| 2c
Formula (Ia)
P4 R | Ris | Ric | Ric | R B
NH,
(*R) (*R) N Sy
5 -CHz- | OH SH SH OCHs3 </N /)
! N
s b6
NH,
] ] (*S) | (*R) N SN
6 CH» OH SH SH OCHs3 </N /)
T b6
NH,
(*S) (*S) N Sy
7 -CHz- | OH SH SH OCHs3 </N /)
! N
i b6
NH,
(*R) (*S) N AN
8 -CHz- | OH SH SH OCHs3 </ //l
s b6
NH,
SN
9 |-CH-| OH | OH | OH | OCH; / J
N7 N
ks b5
NH,
(*S) | (*S) (/f\l
10 -CHz- | OH SH SH OCHs3 g N/)
T b5
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0
N
R NH
e «f:\
0=p—0 N™ °N” °NH,
Rz O O
R R O
B O—p
] (|)|\R2c
Formula (Ia)
P4l R | R | Ric | Ric | R By
0.
NH,
T (*S) | (*R) /1 SN
11 CHz OH SH SH OCH3 $ N/)
i b5
NH,
U (*R) | (*S) /1 SN
12 CHz OH SH SH OCH3 ¢ N/)
i bs
NH,
T (*R) | (*R) /SN
13 CHz OH SH SH OCH3 ¢ N/)
s bs

Embodiments of the present invention further include a compound of Formula (Ib),
wherein R is O, as herein defined, or an enantiomer, diastereomer, solvate, or a
pharmaceutically acceptable salt form thereof, wherein the substituents selected from one
or more of the variables defined herein (e.g. Ris,Ric, R2B, Rac, W, X, Y, Z, and B1) are
independently selected to be any individual substituent or any subset of substituents from

those exemplified in the listing in Table 2, below.
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Table 2.
0
N
R,c ¢ jl\/lLNH
O=I:’—Y N N/)\NHZ
Rig X Y
o R w
B Z2—p
| g\ch
Formula (Ib)

P4 R Ric Wl X | Y| Z | Re | Re | B
14 F OH -O- -O- -O- CH: OH OH b6
15 OH OH -O- -O- -O- CHz F OH b6
16 OH -O- -O- -O- CH, | CHz OH OH b6
17 H OH -O- NH -O- -O- OH OH b6
18 F OH -O- NH -O- -O- OH OH b6
19 F OH -O- -O- NH -O- OH OH b6
20 OH OH -O- NH -O- -O- OH OH b6
21 OH OH -O- -O- -O- NH F OH b6
22 OH OH -O- -O- NH NH OH OH b6
23 F OH -O- -O- -O- NH F OH b6
24 OH OH -O- -O- NH -O- F OH b6
25 F OH -O- -O- -O- NH OCHs OH b6
26 F OH 0- | NH | -0- | -0- | ocHs [(*R)-SH| b6
27 F OH 0- | NH | -0- | -0- | OCHs | (*S)-SH | b6
28 F | *R-SH | -0- | NH | -0- | -0- | ocH; | (*R)-SH| b6
29 F | *R-SH | -0- | NH | -0- | -0- | oCHs | (*5)-SH | b6
30 F *S)-SH | -0- | NH | -0- | -0- | ocH: | (*s)-sH | b6
31 F *$)SH | -0- | NH | -0- | -0- | ocHs | (*R)-SH]| b6
32 F | (*RS)SH | -O0- | -0- | -0- |-cH>-| oCcH: | OH b6
33 F OH -NH- -O- -O- -O- OCHs OH b6
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A further embodiment of the present invention is directed to a compound of

Formula (I), selected from compounds 1 to 33,

0
N
OH «fNH
! /)\
0=pP-0 N N7 NH,
OHO o
o, O
/\N N\ O 11 ~OH
Na \N
5 NH,
1,
0
N
! /)\
O=P-0 N™ “N™ “NH,
OH O o
L
(/ = O //\OH
_NH
2,
10

33
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o)
N
OH <,:EU\NH
! /)\
O=P-0 N™ N7 "NH,
OHO &
OHO

N
r/ | N (@] /I/D\OH
Na Y 0

NH,

3,
o)
N
OH <,fJ\NH
! /)\
O0=p-0 N™ “N" "NH;,
OHO &

N © o—(-);/o
NN i “OH
Nﬁ)\\N
HN\CH3
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0
N
N
SH </ |
O=|;—O N N//kNH
| 2
o6 Lo
H,CO O
(/N N AL
NH,
7,
0
N
N
SH </ |
0=P-0 N N/)\NH2
|
ond Lo
N H,cO O
NN —P
e v
N( ) 4sH
XN
NH,
8,
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‘CLH3CO 0
NN o—p{
] g "oH
NS Y
NH,
9,
0
N
N
v SALA
O=Il°-O N N NH,
ot Lo
H,CO O
N —
7 | y ALY
N Y
NH,

10,
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) H,CO O
NQ-N o—F,,
9 g
NS Y
NH,
11,
o)
N
N
SH %
_- ¢ AL
O—I?-O N N NH,
o6 Lo
H,CO O
N _
7 | y ¥sH
N Y
NH,
12,
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/
@ 1 SH
v s o
NH,
13
o)
N
NH
r X
O=P-0O N N NH
| 2
F O o
o OHO
r/Nl N> CHz—g\OH
Na N/
NH,
14,
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’&O% F O
r/N N CHa~P~qy
v ) o
NN
NH,
15,
0
N
OH NH
O=pR- «f:\
OH>)CH2 ON NN
o) OH/O
N\ N/
NH,
16,
0
N
o </j|\/lLNH
O‘IlD-O N N/)\NH
NH O 2
0O OH/O
A O o
N\ N
NH,
17,
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0
N
NH
v LK
O=P-0 N N NH
| 2
F NH o
o OHO
NN 0—P<
7
N( | /> (/)/ OH
NN
NH,
18,
o}
N
NH
My (¢ fj\/)\
O=P—N N N NH
| 2
s
z N 11 ~OH
1
NN

19,
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o)
N
NH
o T
O=I|3—O N N” “NH,
OH NH o
y o OHO
z N O—P\
Nr | /> (/)/ OH
XN
NH,
20,
o)
N
NH
p X
O=p-0 N™ “N” "NH,
OHO o
o F 0
N
< | N/> N éllD\OH
Na N
NH;
21,
o)
N
NH
OH, «]fm/)\
O=P-N N™ N7 “NH;,
OHO &
W O g oo
C Ly g
N ? o
XN
NH,

22,
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N
OH /fNH
O=I:°-O <N N/)\NHz
F O o
N7 ¢
NH,
23,
@)
OH N
L0 < ﬁH
O=P-N N N NH,
HO O 9
) F /O
N__N O—P
O e
Na N
NH,
24,
O
N
OH /:EU\NH
O=P-0 <N N/)\NHz
F O o
e} H\O O
r/N | N> N—// \OH
NH,

25,
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N
O=|I9-O N N/)\NH
| o 2
F NH
%ELEQCO 0
N —F
Ty & st
N N
NH,
26,
0
N
0=P-0 NP
| 0 2
F NH
%o_ﬁl\mco 0
N _
C Ny s
N N
NH,

27
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(@]
N
NH
O=P-0 N N NH
| 2
Nty
@ ) (I)/"’SH
N\ N
NH,
28,
0]
N
~
O‘IID—O N N~ “NH,
F NH o
NG N ° Hé(E?P/O
(/ 11 YSH
v 2 s
X N
NH,
29,

45



WO 2018/138685 PCT/IB2018/050498

o)
N
NH
b ST
O0=p-0 N™ “N" "NH;,
F NH &
T
@ ) (I)/‘SH
N\ N
NH,
30,
0
N
NH
o T
O‘IID—O N N~ “NH,
F NH o
NG N ° Hé(E?P/O
@ n"SH
v 2 S
XN
NH,
31,
o)
N NH
v L
O=P-0 N N NH,
|
F O o

32, and
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o]
N
NH
o T
O=P-0 N N NH,
|
%’O_%\mco NH
N _
(/ N O /IP\OH
vl o
XN
NH,
33;

or a pharmaceutically acceptable salt form thereof.

For use in medicine, salts of compounds of Formula (I) refer to non-toxic
“pharmaceutically acceptable salts.” Other salts may, however, be useful in the
preparation of compounds of Formula (I) or of their pharmaceutically acceptable salt forms
thereof. Suitable pharmaceutically acceptable salts of compounds of Formula (I) include
acid addition salts that can, for example, be formed by mixing a solution of the compound
with a solution of a pharmaceutically acceptable acid such as, hydrochloric acid, sulfuric
acid, fumaric acid, maleic acid, succinic acid, acetic acid, benzoic acid, citric acid, tartaric
acid, carbonic acid or phosphoric acid. Furthermore, where the compounds of Formula (I)
carry an acidic moiety, suitable pharmaceutically acceptable salts thereof may include
alkali metal salts such as, sodium or potassium salts; alkaline earth metal salts such as,
calcium or magnesium salts; and salts formed with suitable organic ligands such as,

quaternary ammonium salts. Thus, representative pharmaceutically acceptable salts
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include acetate, benzenesulfonate, benzoate, bicarbonate, bisulfate, bitartrate, borate,
bromide, calcium edetate, camsylate, carbonate, chloride, clavulanate, citrate,
dihydrochloride, edetate, edisylate, estolate, esylate, fumarate, gluceptate, gluconate,
glutamate, glycollylarsanilate, hexylresorcinate, hydrabamine, hydrobromide,
hydrochloride, hydroxynaphthoate, 1odide, isothionate, lactate, lactobionate, laurate,
malate, maleate, mandelate, mesylate, methylbromide, methylnitrate, methylsulfate,
mucate, napsylate, nitrate, N-methylglucamine ammonium salt, oleate, pamoate
(embonate), palmitate, pantothenate, phosphate/diphosphate, polygalacturonate, salicylate,
stearate, sulfate, subacetate, succinate, tannate, tartrate, teoclate, tosylate, triethiodide, and
valerate.

Representative acids and bases that may be used in the preparation of
pharmaceutically acceptable salts include acids including acetic acid, 2,2-dichloroacetic
acid, acylated amino acids, adipic acid, alginic acid, ascorbic acid, L-aspartic acid,
benzenesulfonic acid, benzoic acid, 4-acetamidobenzoic acid, (+)-camphoric acid,
camphorsulfonic acid, (+)-(1S)-camphor-10-sulfonic acid, capric acid, caproic acid,
caprylic acid, cinnamic acid, citric acid, cyclamic acid, dodecylsulfuric acid, ethane-1,2-
disulfonic acid, ethanesulfonic acid, 2-hydroxy-ethanesulfonic acid, formic acid, fumaric
acid, galactaric acid, gentisic acid, glucoheptonic acid, D-gluconic acid, D-glucoronic acid,
L-glutamic acid, ot-oxo-glutaric acid, glycolic acid, hippuric acid, hydrobromic acid,
hydrochloric acid, (+)-L-lactic acid, (£)-DL-lactic acid, lactobionic acid, maleic acid, (-)-
L-malic acid, malonic acid, (+)-DL-mandelic acid, methanesulfonic acid, naphthalene-2-
sulfonic acid, naphthalene-1,5-disulfonic acid, 1-hydroxy-2-naphthoic acid, nicotinic acid,
nitric acid, oleic acid, orotic acid, oxalic acid, palmitic acid, pamoic acid, phosphoric acid,
L-pyroglutamic acid, salicylic acid, 4-amino-salicylic acid, sebaic acid, stearic acid,
succinic acid, sulfuric acid, tannic acid, (+)-L-tartaric acid, thiocyanic acid, p-
toluenesulfonic acid and undecylenic acid; and bases including ammonia, L-arginine,
benethamine, benzathine, calcium hydroxide, choline, deanol, diethanolamine,
diethylamine, 2-(diethylamino)-ethanol, ethanolamine, ethylenediamine, N-methyl-

glucamine, hydrabamine, 1H-imidazole, L-lysine, magnesium hydroxide, 4-(2-
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hydroxyethyl)-morpholine, piperazine, potassium hydroxide, 1-(2-hydroxyethyl)-
pyrrolidine, sodium hydroxide, triethanolamine, tromethamine, and zinc hydroxide.

Embodiments of the present invention include prodrugs of compounds of Formula
(I). In general, such prodrugs will be functional derivatives of the compounds that are
readily convertible in vivo into the required compound. Thus, in the methods of treating or
preventing embodiments of the present invention, the term “administering” encompasses
the treatment or prevention of the various diseases, conditions, syndromes and disorders
described with the compound specifically disclosed or with a compound that may not be
specifically disclosed, but which converts to the specified compound in vivo after
administration to a patient. Conventional procedures for the selection and preparation of
suitable prodrug derivatives are described, for example, in “Design of Prodrugs”, ed. H.
Bundgaard, Elsevier, 1985.

Where the compounds according to embodiments of this invention have at least one
chiral center, they may accordingly exist as enantiomers. Where the compounds possess
two or more chiral centers, they may additionally exist as diastereomers. It is to be
understood that all such 1somers and mixtures thereof are encompassed within the scope of
the present invention. Furthermore, some of the crystalline forms for the compounds may
exist as polymorphs and as such are intended to be included in the present invention. In
addition, some of the compounds may form solvates with water (i.e., hydrates) or common
organic solvents, and such solvates are also intended to be encompassed within the scope
of this invention. The skilled artisan will understand that the term compound as used
herein, i1s meant to include solvated compounds of Formula (I).

Where the processes for the preparation of the compounds according to certain
embodiments of the invention give rise to mixture of stereoisomers, these isomers may be
separated by conventional techniques such as, preparative chromatography. The
compounds may be prepared in racemic form, or individual enantiomers may be prepared
either by enantiospecific synthesis or by resolution. The compounds may, for example, be
resolved into their component enantiomers by standard techniques such as, the formation

of diastereomeric pairs by salt formation with an optically active acid such as,
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(-)-di-p-toluoyl-d-tartaric acid and/or (+)-di-p-toluoyl-I-tartaric acid followed by fractional
crystallization and regeneration of the free base. The compounds may also be resolved by
formation of diastereomeric esters or amides, followed by chromatographic separation and
removal of the chiral auxiliary. Alternatively, the compounds may be resolved using a
chiral HPLC column.

One embodiment of the present invention is directed to a composition, including a
pharmaceutical composition, comprising, consisting of, and/or consisting essentially of the
(+)-enantiomer of a compound of Formula (I) wherein said composition is substantially
free from the (-)-1somer of said compound. In the present context, substantially free means
less than about 25 %, preferably less than about 10 %, more preferably less than about 5
%, even more preferably less than about 2 % and even more preferably less than about 1 %

of the (-)-1somer calculated as

(mass (+) - enantiomer)

% (+) - enantiomer = x100

(mass (+) - enantiomer) + (mass(—) - enantiomer)

Another embodiment of the present invention is a composition, including a
pharmaceutical composition, comprising, consisting of, and consisting essentially of the (-
)-enantiomer of a compound of Formula (I) wherein said composition is substantially free
from the (+)-isomer of said compound. In the present context, substantially free from
means less than about 25 %, preferably less than about 10 %, more preferably less than
about 5 %, even more preferably less than about 2 % and even more preferably less than

about 1 % of the (+)-1somer calculated as

(mass () - enantiomer)

% (—) - enantiomer = x100

(mass (+) - enantiomer) + (mass(—) - enantiomer)

During any of the processes for preparation of the compounds of the various

embodiments of the present invention, it may be necessary and/or desirable to protect
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sensitive or reactive groups on any of the molecules concerned. This may be achieved by
means of conventional protecting groups such as those described in Protective Groups in
Organic Chemistry, Second Edition, ] F.W. McOmie, Plenum Press, 1973; T.W. Greene &
P.G.M. Wuts, Protective Groups in Organic Synthesis, John Wiley & Sons, 1991; and
T.W. Greene & P.G.M. Wuts, Protective Groups in Organic Synthesis, Third Edition, John
Wiley & Sons, 1999. The protecting groups may be removed at a convenient subsequent
stage using methods known from the art.

Even though the compounds of embodiments of the present invention (including
their pharmaceutically acceptable salts and pharmaceutically acceptable solvates) can be
administered alone, they will generally be administered in admixture with a
pharmaceutically acceptable carrier, a pharmaceutically acceptable excipient and/or a
pharmaceutically acceptable diluent selected with regard to the intended route of
administration and standard pharmaceutical or veterinary practice. Thus, particular
embodiments of the present invention are directed to pharmaceutical and veterinary
compositions comprising compounds of Formula (I) and at least one pharmaceutically
acceptable carrier, pharmaceutically acceptable excipient, and/or pharmaceutically
acceptable diluent.

By way of example, in the pharmaceutical compositions of embodiments of the
present invention, the compounds of Formula (I) may be admixed with any suitable
binder(s), lubricant(s), suspending agent(s), coating agent(s), solubilizing agent(s), and
combinations thereof.

Solid oral dosage forms such as, tablets or capsules, containing the compounds of
the present invention may be administered in at least one dosage form at a time, as
appropriate. It is also possible to administer the compounds in sustained release
formulations.

Additional oral forms in which the present inventive compounds may be
administered include elixirs, solutions, syrups, and suspensions; each optionally containing
flavoring agents and coloring agents.

Alternatively, compounds of Formula (I) can be administered by inhalation
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(intratracheal or intranasal) or in the form of a suppository or pessary, or they may be
applied topically in the form of a lotion, solution, cream, ointment or dusting powder. For
example, they can be incorporated into a cream comprising, consisting of, and/or
consisting essentially of an aqueous emulsion of polyethylene glycols or liquid paraffin.
They can also be incorporated, at a concentration of between about 1 % and about 10 % by
weight of the cream, into an ointment comprising, consisting of, and/or consisting
essentially of a wax or soft paraffin base together with any stabilizers and preservatives as
may be required. An alternative means of administration includes transdermal
administration by using a skin or transdermal patch.

The pharmaceutical compositions of the present invention (as well as the
compounds of the present invention alone) can also be injected parenterally, for example,
intracavernosally, intravenously, intramuscularly, subcutaneously, intradermally, or
intrathecally. In this case, the compositions will also include at least one of a suitable
carrier, a suitable excipient, and a suitable diluent.

For parenteral administration, the pharmaceutical compositions of the present
invention are best used in the form of a sterile aqueous solution that may contain other
substances, for example, enough salts and monosaccharides to make the solution isotonic
with blood.

In addition to the above described routes of administration for the treatment of
cancer, the pharmaceutical compositions may be adapted for administration by
intratumoral or peritumoral injection. The activation of the immune system in this manner
to kill tumors at a remote site is commonly known as the abscopal effect and has been
demonstrated in animals with multiple therapueutic modalities, (van der Jeught, et al.,
Oncotarget, 2015, 6(3), 1359-1381). A further advantage of local or intratumoral or
peritumoral administration is the ability to achieve equivalent efficacy at much lower
doses, thus minimizing or eliminating adverse events that may be observed at much higher
doses (Marabelle, A., et al., Clinical Cancer Research, 2014, 20(7), 1747-1756).

For buccal or sublingual administration, the pharmaceutical compositions of the

present invention may be administered in the form of tablets or lozenges, which can be
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formulated in a conventional manner.

By way of further example, pharmaceutical compositions containing at least one of
the compounds of Formula (I) as the active ingredient can be prepared by mixing the
compound(s) with a pharmaceutically acceptable carrier, a pharmaceutically acceptable
diluent, and/or a pharmaceutically acceptable excipient according to conventional
pharmaceutical compounding techniques. The carrier, excipient, and diluent may take a
wide variety of forms depending upon the desired route of administration (e.g., oral,
parenteral, etc.). Thus, for liquid oral preparations such as, suspensions, syrups, elixirs and
solutions, suitable carriers, excipients and diluents include water, glycols, oils, alcohols,
flavoring agents, preservatives, stabilizers, coloring agents and the like; for solid oral
preparations such as, powders, capsules, and tablets, suitable carriers, excipients and
diluents include starches, sugars, diluents, granulating agents, lubricants, binders,
disintegrating agents and the like. Solid oral preparations also may be optionally coated
with substances such as, sugars, or be enterically coated so as to modulate the major site of
absorption and disintegration. For parenteral administration, the carrier, excipient and
diluent will usually include sterile water, and other ingredients may be added to increase
solubility and preservation of the composition. Injectable suspensions or solutions may
also be prepared utilizing aqueous carriers along with appropriate additives such as,
solubilizers and preservatives.

A therapeutically effective amount of a compound of Formula (I) or a
pharmaceutical composition thereof includes a dose range from about 0.01 mg to about
3000 mg, or any particular amount or range therein, in particular from about 0.05 mg to
about 1000 mg, or any particular amount or range therein, or, more particularly, from about
0.05 mg to about 250 mg, or any particular amount or range therein, of active ingredient in
a regimen of about 1 to about 4 times per day for an average (70 kg) human; although, it 1s
apparent to one skilled in the art that the therapeutically effective amount for a compound
of Formula (I) will vary as will the diseases, syndromes, conditions, and disorders being

treated.
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For oral administration, a pharmaceutical composition is preferably provided in the form
of tablets containing about 1.0, about 10, about 50, about 100, about 150, about 200, about 250,
and about 500 milligrams of a compound of Formula (I).

Advantageously, a compound of Formula (I) may be administered in a single daily dose,
or the total daily dosage may be administered in divided doses of two, three and four times daily.
Optimal dosages of a compound of Formula (I) to be administered may be readily

determined and will vary with the particular compound used, the mode of administration, the
strength of the preparation and the advancement of the disease, syndrome, condition or disorder.
In addition, factors associated with the particular subject being treated, including subject gender,
age, weight, diet and time of administration, will result in the need to adjust the dose to achieve
an appropriate therapeutic level and desired therapeutic effect. The above dosages are thus
exemplary of the average case. There can be, of course, individual instances wherein higher or
lower dosage ranges are merited, and such are within the scope of this invention.

Compounds of Formula (I) may be administered in any of the foregoing compositions
and dosage regimens or by means of those compositions and dosage regimens established in the
art whenever use of a compound of Formula (I) is required for a subject in need thereof.

As STING protein agonists, the compounds of Formula (I) are useful in methods for
treating or preventing a viral infection, disease, a syndrome, a condition or a disorder in a
subject, including an animal, a mammal and a human in which the viral infection, disease, the
syndrome, the condition or the disorder is affected by the modulation, including agonism, of the
STING protein. Such methods comprise, consist of and/or consist essentially of administering to
a subject, including an animal, a mammal, and a human, in need of such treatment or prevention,
a therapeutically effective amount of a compound, salt or solvate of Formula (I).

In one embodiment, the present invention is directed to a compound of Formula (I), or a
pharmaceutically acceptable salt form thereof, for the use in the treatment of cancer, and cancer
diseases and conditions, or a viral infection.

Examples of cancer diseases and conditions for which compounds of Formula (I), or
pharmaceutically acceptable salts or solvates thereof, may have potentially beneficial antitumor

effects include, but are not limited to, cancers of the lung, bone, pancreas, skin, head, neck,
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uterus, ovaries, stomach, colon, breast, esophagus, small intestine, bowel, endocrine system,
thyroid gland, parathyroid gland, adrenal gland, urethra, prostate, penis, testes, ureter, bladder,
kidney or liver; rectal cancer; cancer of the anal region; carcinomas of the fallopian tubes,
endometrium, cervix, vagina, vulva, renal pelvis, renal cell; sarcoma of soft tissue; myxoma;,
rhabdomyoma; fibroma; lipoma; teratoma; cholangiocarcinoma; hepatoblastoma; angiosarcoma;
hemagioma; hepatoma; fibrosarcoma; chondrosarcoma; myeloma; chronic or acute leukemia;
lymphocytic lymphomas; primary CNS lymphoma; neoplasms of the CNS; spinal axis tumors;
squamous cell carcinomas; synovial sarcoma; malignant pleural mesotheliomas; brain stem
glioma; pituitary adenoma; bronchial adenoma; chondromatous hanlartoma; inesothelioma;
Hodgkin's Disease or a combination of one or more of the foregoing cancers. Suitably the
present invention relates to a method for treating or lessening the severity of cancers selected
from the group consisting of brain (gliomas), glioblastomas, astrocytomas, glioblastoma
multiforme, Bannayan-Zonana syndrome, Cowden disease, Lhermitte-Duclos disease, Wilm's
tumor, Ewing's sarcoma, Rhabdomyosarcoma, ependymoma, medulloblastoma, head and neck,
kidney, liver, melanoma, ovarian, pancreatic, adenocarcinoma, ductal madenocarcinoma,
adenosquamous carcinoma, acinar cell carcinoma, glucagonoma, insulinoma, prostate, sarcoma,
osteosarcoma, giant cell tumor of bone, thyroid, lymphoblastic T cell leukemia, chronic
myelogenous leukemia, chronic lymphocytic leukemia, hairy-cell leukemia, acute lymphoblastic
leukemia, acute myelogenous leukemia, chronic neutrophilic leukemia, acute lymphoblastic T
cell leukemia, plasmacytoma, Immunoblastic large cell leukemia, mantle cell leukemia, multiple
myeloma, megakaryoblastic leukemia, multiple myeloma, acute megakaryocytic leukemia, pro
myelocytic leukemia, erythroleukemia, malignant lymphoma, hodgkins lymphoma, non-
hodgkins lymphoma, lymphoblastic T cell lymphoma, Burkitt's lymphoma, follicular lymphoma,
neuroblastoma, bladder cancer, urothelial cancer, vulval cancer, cervical cancer, endometrial
cancer, renal cancer, mesothelioma, esophageal cancer, salivary gland cancer, hepatocellular
cancer, gastric cancer, nasopharangeal cancer, buccal cancer, cancer of the mouth, GIST
(gastrointestinal stromal tumor) and testicular cancer.

In another embodiment, the present invention is directed to a compound of Formula (I),

or a pharmaceutically acceptable salt form thereof, for use in the treatment of a disorder affected
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by the agonism of STING selected from the group consisting of melanoma, colon cancer, breast
cancer, prostate cancer, lung cancer, fibrosarcoma, and hepatitis B.

The disclosed compounds of Formula (I) may be useful in combination with one or more
additional compounds useful for treating HBV infection. These additional compounds may
comprise other disclosed compounds and/or compounds known to treat, prevent, or reduce the
symptoms or effects of HBV infection. Such compounds include, but are not limited to, HBV
polymerase inhibitors, interferons, viral entry inhibitors, viral maturation inhibitors, literature-
described capsid assembly modulators, reverse transcriptase inhibitors, immunomodulatory
agents, TLR-agonists, and other agents with distinct or unknown mechanisms that affect the
HBYV life cycle or that affect the consequences of HBV infection.

In non-limiting examples, the disclosed compounds may be used in combination with one
or more drugs (or a salt thereof) selected from the group comprising:

HBYV reverse transcriptase inhibitors, and DNA and RNA polymerase inhibitors
including, but not limited to, lamivudine (3TC, Zeffix, Heptovir, Epivir, and Epivir-HBV),
entecavir (Baraclude, Entavir), adefovir dipivoxil (Hepsara, Preveon, bis-POM PMEA),
tenofovir disoproxil fumarate (Viread, TDF or PMPA);

interferons including, but not limited to, interferon alpha (IFN-a), interferon beta (IFN-f),
interferon lambda (IFN-A), and interferon gamma (IFN-y);

viral entry inhibitors;

viral maturation inhibitors;

capsid assembly modulators, such as, but not limited to, BAY 41-4109;

reverse transcriptase inhibitors;

immunomodulatory agents such as TLR-agonists; and

agents of distinct or unknown mechanisms, such as, but not limited to, AT-61 ((E)-N-(1-
chloro-3-oxo-1-phenyl-3-(piperidin-1-yl)prop-1-en-2-yl)benzamide), AT-130 ((E)-N-(1-bromo-
1-(2-methoxyphenyl)-3-oxo0-3-(piperidin-1-yl)prop-1-en-2-yl)-4-nitrobenzamide), and analogs
thereof.

In one embodiment, the additional therapeutic agent is an interferon. The term

“interferon” or “IFN” refers to any member of the family of highly homologous species-specific
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proteins that inhibit viral replication and cellular proliferation and modulate immune response.
For example, human interferons are grouped into three classes: Type I, which includes
interferon-alpha (IFN-a), interferon-beta (IFN-f), and interferon-omega (IFN-w), Type II, which
includes interferon-gamma (IFN-y), and Type III, which includes interferon-lambda (IFN-A).
Recombinant forms of interferons that have been developed and are commercially available are
encompassed by the term “interferon” as used herein. Subtypes of interferons, such as
chemically modified or mutated interferons, are also encompassed by the term “interferon” as
used herein. Chemically modified interferons may include pegylated interferons and
glycosylated interferons. Examples of interferons also include, but are not limited to, interferon-
alpha-2a, interferon-alpha-2b, interferon-alpha-nl, interferon-beta-1a, interferon-beta-1b,
interferon-lamda-1, interferon-lamda-2, and interferon-lamda-3. Examples of pegylated
interferons include pegylated interferon-alpha-2a and pegylated interferon alpha-2b.

Accordingly, in one embodiment, the compounds of Formula (I) can be administered in
combination with an interferon selected from the group consisting of interferon alpha (IFN-a.),
interferon beta (IFN-f), interferon lambda (IFN-A), and interferon gamma (IFN-y). In one
specific embodiment, the interferon is interferon-alpha-2a, interferon-alpha-2b, or interferon-
alpha-nl. In another specific embodiment, the interferon-alpha-2a or interferon-alpha-2b is
pegylated. In a preferred embodiment, the interferon-alpha-2a is pegylated interferon-alpha-2a
(PEGASYS). In another embodiment, the additional therapeutic agent is selected from immune
modulator or immune stimulator therapies, which includes biological agents belonging to the
interferon class.

Further, the additional therapeutic agent may be an agent that disrupts the function of
other essential viral protein(s) or host proteins required for HBV replication or persistence.

In another embodiment, the additional therapeutic agent is an antiviral agent that blocks
viral entry or maturation or targets the HBV polymerase such as nucleoside or nucleotide or non-
nucleos(t)ide polymerase inhibitors. In a further embodiment of the combination therapy, the
reverse transcriptase inhibitor or DNA or RNA polymerase inhibitor 1s Zidovudine, Didanosine,

Zalcitabine, ddA, Stavudine, Lamivudine, Abacavir, Emtricitabine, Entecavir, Apricitabine,
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Atevirapine, ribavirin, acyclovir, famciclovir, valacyclovir, ganciclovir, valganciclovir,
Tenofovir, Adefovir, PMPA, cidofovir, Efavirenz, Nevirapine, Delavirdine, or Etravirine.

In an embodiment, the additional therapeutic agent is an immunomodulatory agent that
induces a natural, limited immune response leading to induction of immune responses against
unrelated viruses. In other words, the immunomodulatory agent can effect maturation of antigen
presenting cells, proliferation of T-cells and cytokine release (e.g., IL-12, IL-18, IFN-alpha, -
beta, and -gamma and TNF-alpha among others),

In a further embodiment, the additional therapeutic agent is a TLR modulator or a TLR
agonist, such as a TLR-7 agonist or TLR-9 agonist. In further embodiment of the combination
therapy, the TLR-7 agonist 1s selected from the group consisting of SM360320 (9-benzyl-8-
hydroxy-2-(2-methoxy-ethoxy)adenine) and AZD 8848 (methyl [3-({[3-(6-amino-2-butoxy-8-
ox0-7,8-dihydro-9H-purin-9-yl)propyl][3-(4-morpholinyl)propylJamino } methyl)phenyl]acetate).

In any of the methods provided herein, the method may further comprise administering to
the individual at least one HBV vaccine, a nucleoside HBV inhibitor, an interferon or any
combination thereof. In an embodiment, the HBV vaccine is at least one of RECOMBIVAX
HB, ENGERIX-B, ELOVAC B, GENEVAC-B, or SHANVAC B.

In one embodiment, the methods described herein further comprise administering at least
one additional therapeutic agent selected from the group consisting of nucleotide/nucleoside
analogs, entry inhibitors, fusion inhibitors, and any combination of these or other antiviral
mechanisms.

In another aspect, provided herein 1s method of treating an HBV infection in an
individual in need thereof, comprising reducing the HBV viral load by administering to the
individual a therapeutically effective amount of a disclosed compound alone or in combination
with a reverse transcriptase inhibitor; and further administering to the individual a therapeutically
effective amount of HBV vaccine. The reverse transcriptase inhibitor may be at least one of
Zidovudine, Didanosine, Zalcitabine, ddA, Stavudine, Lamivudine, Abacavir, Emtricitabine,
Entecavir, Apricitabine, Atevirapine, ribavirin, acyclovir, famciclovir, valacyclovir, ganciclovir,
valganciclovir, Tenofovir, Adefovir, PMPA, cidofovir, Efavirenz, Nevirapine, Delavirdine, or

Etravirine.
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In another aspect, provided herein is a method of treating an HBV infection in an
individual in need thereof, comprising reducing the HBV viral load by administering to the
individual a therapeutically effective amount of a disclosed compound alone or in combination
with an antisense oligonucleotide or RNA interference agent that targets HBV nucleic acids; and
further administering to the individual a therapeutically effective amount of HBV vaccine. The
antisense oligonucleotide or RNA interference agent possesses sufficient complementarity to the
target HBV nucleic acids to inhibit replication of the viral genome, transcription of viral RNAs,
or translation of viral proteins.

In another embodiment, the disclosed compound and the at least one additional
therapeutic agent are co-formulated. In yet another embodiment, the disclosed compound and
the at least one additional therapeutic agent are co-administered. For any combination therapy
described herein, synergistic effect may be calculated, for example, using suitable methods such
as the Sigmoid-Emax equation (Holford & Scheiner, 19981, Clin. Pharmacokinet. 6: 429-453), the
equation of Loewe additivity (Loewe & Muischnek, 1926, Arch. Exp. Pathol Pharmacol. 114:
313-326) and the median-effect equation (Chou & Talalay, 1984, Adv. Enzyme Regul. 22: 27-
S5). Each equation referred to above may be applied to experimental data to generate a
corresponding graph to aid in assessing the effects of the drug combination. The corresponding
graphs associated with the equations referred to above are the concentration-effect curve,
1sobologram curve and combination index curve, respectively.

In an embodiment of any of the methods of administering combination therapies provided
herein, the method can further comprise monitoring or detecting the HBV viral load of the
subject, wherein the method is carried out for a period of time including until such time that the

HBYV virus is undetectable.

Abbreviations used in the instant specification, particularly the schemes and

examples, are as follows:

ACN acetonitrile
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AcOH
ADDP
aq.

Bn or Bzl
BINAP
Boc
conc.

dba

DBU
DCC
DCE
DCM
DEAD
DIBAL
DIPEA or DIEA
DMA
DMAP
DME
DMF
DMSO
DMT
DPPA
dppf

EA
EDCI
ESI
EtOAc or EA
EtOH
GCMS

PCT/IB2018/050498

glacial acetic acid

azodicarboxylic dipiperidide

aqueous

benzyl
2,2'-bis(diphenylphosphino)-1,1'-binaphthyl
tert-butyloxycarbonyl

concentrated

dibenzylideneacetone
1,8-diazabicyclo[5.4.0Jundec-7-ene
N,N'-dicyclohexyl-carbodiimide
1,2-dichloroethane

dichloromethane

diethyl azodicarboxylate
diisobutylaluminum hydride
diisopropyl-ethyl amine
dimethylaniline
4-dimethylaminopyridine
dimethoxyethane
N,N-dimethylformamide
dimethylsulfoxide
4,4'-dimethoxytrityl
diphenylphosphoryl azide
1,1’-bis(diphenylphosphino)ferrocene
ethyl acetate
1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
electrospray 10nization

ethyl acetate

ethanol

gas chromatography-mass spectrometry
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h or hr(s)

HPLC
LAH
LDA
LHMDS
MEK
MeOH
MHz

min

PCC

PE

RP

rt or RT
R:

Sec
SEM-CI
TBAF
TBDMS
TBP
TEA or EtsN
TFA

PCT/IB2018/050498

hour or hours

human embryonic kidney

high performance liquid chromatography
lithium aluminum hydride
lithium diisopropylamide
lithium bis(trimethylsilyl)amide
methyl ethyl ketone

methanol

megahertz

minute or minutes

mass spectrometry
methanesulfonyl
N-bromosuccinimide
N-1odosuccinimide
N-methylmorpholine
N-methylpyrrolidone

nuclear magnetic resonance
pyridinium chlorochromate
petrolum ether

reverse-phase

room temperature

retention time

second or seconds
2-(trimethylsilyl)ethoxymethyl chloride
tetrabutylammonium fluoride
t-butyldimethylsilyl

tributyl phosphate
triethylamine

trifluoroacetic acid
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THF tetrahydrofuran
TIPS triisopropylsilyl
TLC thin layer chromatography
TMS tetramethylsilane
S Ts 4-toluenesulfonyl

Specific Examples

The reaction scheme illustrated in Example 1 describes one possible route to the

10  preparation of compound 1, and pharmaceutically acceptable salt forms thereof, of the

present invention.

Example 1
0
N
oH (fNH
! ék
0=p-0 N™ N7 “NH,
OHO o
L
7NN 1 ~OH
N A= o
XN
NH,
15 Compound 1
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BnO
cl cl
Lowo
N Cl NS Nar XN
EtSiH, BF3 E,0
£\> \( BnO OBn \_N 3Si 3B0 \ N\/
57 NN -PrMgCl THF BnO DCM, -78-25°C, 12h  BNO
= 0-25°C, 12 O o -—
BnO OBn BnO OBn
1a 1b 1c
NH, HCl  NH,
NH (1), i-PrOH H, (15 psi), HCI ,
5() . A N\% , (15 psi) " QN TMSCI, BzCl
120°C, 12 h BnO MeOH, 25°C, 12h  HO Py, 0-25 °C, 2
o o h
BnO OBn OH OH
1d 1e
NHBz %OTf NHBz NHBz
N\j/gN Tf0-Si Ne XN N@(‘*N
o) N /i\ o o NNA T80, imidazole o \ NS
—_— —
o DM, 0°C, 1 h %_s'i DMF, 60 °C, 4 h %—Sli
OH OH 4\ 0 OH

HF Py, THF
—_—
0°C -rt, 5 min

0
/*\\o oTBS
1h

19
NHBz NHBz NHBz
N=r"SN NN NQ'/I§N
\_N. 2 DMTCI NN \ N A
o Pyt 2h DMTIO— o | MO~ o
OH OTBS OH OTBS TBSO  OH
1i 1j 1k
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NHBz NHBz NHBz
Ne SN cl CcN Na N Q'AN
N\ ) Py J/ N\_N_. 1) TFA-Py, water \ N\/
DMTIO— N\/ (i-Pr2N" "0 DMTO— o \) ACN, t, 2 min OMTO— o
DIPEA, CH;CN 2) t-BuNH; , rt, 10 min
OH OTBS (PN O OTBS 0y,-0  OTBS
1 1 —
o 0 _: >
\/\CN OH N\® /
1j 11 o 1m
«NfNH o o
DMTrO N N//l\N)H/ h-Ne _
NHBz —%i?‘ o A / <,N | )r\i-a o)
H ~
NN TBSO o\P,o\) Os,-OFHo SN H)H/
|
\ N\/ N TBsO ©
DCA (6% in CHoCly), CH,Cl HO o 10 2 880" §
25 min, quenched with py. IMP = Imidazole perchlorate o
—p
Os,-0  OTBS 4AMS, CHyCN Z NN 0P\ CN
! — NS \N
OeH-N@ )
\ NHBz
in 1p

o]
o, Cl
NH O _PS
H </ | /)\ (o] (o]
O°|ID’OHHO N N N %
| o) H
TBHP ™ ¢ —%—?l i)
o TBSO O (DMOCP)
4A MS, CH;CN pyridine, 4A MS
(\N A o——“P\O/\/CN
=~ o
N N
NHBz
19
o
N
OH </ ]l\/ILNH o
: A
O=||3—O N N N)J\(
o b o TBSO ©O o H
) |2, Ha o )
—_ o TBSO 0 33%MeNH; in EtOH
(\N A O—C,;I’\O/\/CN
NYQN
NHBz

1s

64

TBSO O
(o]
Z N N O——"’D\o/\/CN
NS SN
NHBz
1r
(o]
N
NH
OH 4
PO
0=P-0 N N NH,
TBSO O 0
0-) TBSO /O
NN O on
~ o
Nﬁ)\N
NH,

1t



WO 2018/138685 PCT/IB2018/050498

o
N
NH
D
O—I|°—O N N NH,
. HO O O
Et;N-3HF, Py - 'PrOTMS - OH O
PrOTMS i, 1h L o—
Z "N 0>
S
N NS N
NH,
Compound 1 triethylamine salt
0 0
~ EtNH N NH - Na N NH
? ¢ I Q ¢ L
O=I|3-O o N N NH, O=I|°—O o N N g\jH
HO © Dowex - Na HO O
/o) HO O o HO /O
(\N N\ O—(-SII’\O- E‘;3NH (\N N\ O—('SII’\O- N
Nﬁ)\\N NN
5 NH, NH,
Compound 1 triethylamine salt Compound 1 Sodium salt

Step 1: Preparation of compound 1f
To a solution of compound 1e (Journal of Heterocyclic Chemistry 1993, 30: 1213-
10 1220) (5 g, 14.7 mmol) in pyridine (80.0 mL) was added TMSCI (9.61 g, 88.4 mmol) at O
°C. The reaction mixture was stirred at 0 °C for 0.5 h. Benzoyl chloride (2.49 g, 17.7
mmol) was added dropwise at 0 °C. After 5 min, the mixture was warmed up to rt and
stirred at 25 °C for 1.5 h. The mixture was diluted with water (5 mL) at 0 °C and NH3.H>0
(25%, 7.5 mL) was added dropwise. The reaction mixture was then concentrated under
15  reduced pressure to give a residue. The residue was purified by flash column
chromatography on silica gel (DCM: MeOH = 50:1 to 5:1) to afford compound 1f (1.05 g,

1.08 mmol) as a white solid.

65



10

15

20

25

WO 2018/138685 PCT/IB2018/050498

'H NMR (400 MHz, DMSO d6) & 10.86 (s, 1H), 8.59 (d, J = 4.8 Hz, 1H), 8.04 (d, J= 7.6
Hz, 2H), 7.76-7.37 (m, 2H), 7.65-7.61 (m, 1H), 7.56-7.53 (m, 2H), 5.28 (d, /= 6.8 Hz,
1H), 5.12 (d, J = 4.8 Hz, 1H), 5.07-5.02 (m, 2H), 4.30-4.25 (m, 1H), 4.06-4.05 (m, 1H),
3.94-3.93 (m, 1H), 3.39 (bar, 2H); *C NMR (400 MHz, DMSO d6) § 165.7, 144.0, 136.4,
133.7,132.9, 132.1, 128.5, 128.0, 126.9, 125.8, 117.6, 86.0, 74.8, 73.2, 71.2, 61.6; ESI-
MS m/z 371 (M+1)".

Step 2: preparation of compound 1g

To a solution of compound 1f (550 mg, 1.485 mmol) in DMF (10.0 mL) was added
di-tert-butylsilanediyl bis(trifluoromethanesulfonate) (1.31 g, 2.97 mmol) at 0 °C. The
reaction mixture was stirred at 0 °C for 1 h. 1H-Imidazole (505.49 mg, 7.42 mmol) was
added in one portion at 0 °C. After S min, the mixture was stirred at 25 °C for 30 min.
The mixture was diluted with DCM (30 mL) and washed with water/brine = 1/1 (20 mL x
2) and brine (20 mL). The organic layer was dried over anhydrous Na2SOq, filtered, and
the filtrate concentrated under reduced pressure to give a residue. The residue was purified
by flash column chromatography on silica gel (Petroleum ether /EtOAc = 10/1 to 1/1) to
afford compound 1g (670 mg, 1.281 mmol) as a white foam.
"H NMR (400 MHz, CDCl3) 9.49 (s, 1H), 8.09-7.96 (m, 2H), 7.90-7.84 (m, 1H), 7.84 -
7.78 (m, 1H), 7.67-7.47 (m, 4H), 5.34-5.23 (m, 1H), 4.57 (d, J =5.2 Hz, 1H), 4.49 (dd, J
=5.2,9.2 Hz, 1H), 4.16-4.06<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>