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AZEPANE DERIVATIVES AND METHODS OF TREATING HEPATITIS B
INFECTIONS

RELATED APPLICATIONS

This application claims priority to U.S. Provisional Application No. 61/904,042, filed

November 14, 2013, the entire content of which is incorporated herein by reference.
BACKGROUND

Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of common
general knowledge in the field.

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 a prophylactic HBV vaccine, 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 of the developing world.
Current treatments do not provide a cure and are limited to only two classes of agents
(interferon and nucleoside analogues/inhibitors of the viral polymerase); drug resistance, low
efficacy, and tolerability issues limit their impact. The low cure rates of HBV are attributed
at least in part to the presence and persistence of covalently closed circular DNA (cccDNA)
in the nucleus of infected hepatocytes. 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 a need in the art for novel therapeutic agents that treat, ameliorate or prevent
HBV infection. Administration of these therapeutic agents to an HBV infected patient, either
as monotherapy or in combination with other HBV treatments or ancillary treatments, will
lead to significantly improved prognosis, diminished progression of the disease, and
enhanced seroconversion rates.

SUMMARY OF THE INVENTION
Provided herein are compounds useful for the treatment of HBV infection in a subject

in need thereof.
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In a first aspect of the invention, there is provided a compound of Formula II:

(R"n

X / on
@7,\] \/\x\L (Ri—

N\ /

(R%p

11

or a pharmaceutically acceptable salt thereof,

wherein:

X isCorN;

one of Y or Z is N, and the other is C;

L!is -C(O)NR'- orSO,NR';

R* is independently, at each occurrence, halo, -CN, -NO3, -C-¢ haloalkyl,
-C\1-6 dihaloalkyl, -C-¢ trihaloalkyl, -(L?)q-C(=O)R?, -(L?)qCO2R?, or -(L?)q-C(=O)N(R?)»;

RY is independently, at each occurrence, Ci-¢ alkyl, halo, -CN, -NO,, -(L*),-OR?,
-(L*)q-SR?, «(L?)q-S(=O)R?, ~(L*)g-S(=0)2R?, -(L*)q-NHS(=0)2R?, -(L*)¢-C(=O)R?,
-(LH)4-0OC(=0)R?, -(L?)4CO2R?, -(L?)q-OCO2R?, -(L?)g-N(R?)2, ~(LH)¢-C(=0)N(R?)2,
-(L?)¢-OC(=0)N(R?),, -(L?)-NHC(=0)NH(R?), -(L?)¢-NHC(=0)R?, -(L*)¢-NHC(=0O)OR?,
-(L?)q-C(OH)(R?)2, -(L?)qC(NH2)(R?),, -C)-6 haloalkyl, -C-¢ dihaloalkyl, -C)- trihaloalkyl,
Cs-7 cycloalkyl, a C3-10 heterocycloalkyl, aryl, heteroaryl, -C;-4 alkylene-(Cs-7 cycloalkyl),
-C1-4 alkylene-(Cs-10 heterocycloalkyl), -Ci-4 alkylene-(aryl), or -Ci-4 alkylene-(heteroaryl);

or:

two RY groups on adjacent carbon atoms are taken together to form a fused ring; or

two RY groups on non-adjacent carbon atoms are taken together to form a bridge of a
bridged bicyclic group; or

two R groups on the same carbon atom, together with that carbon atom, form C(O);

R? is independently, at each occurrence, Ci-6 alkyl, halo, -CN, -NO», -(L?)q-OR?,
-(L)q-SR?, -(L?)¢-S(=0)R?, -(L?)¢-S(=0)2R?, -(L*)¢-NHS(=0)2R?, -(L*)¢-C(=O)R?,
-(L»)4-OC(=0)R?, -(L?)4CO2R?, -(L?)q-OCO2R?, -(L?)g-N(R?)2, -(L})¢-C(=0)N(R?)2,
-(L?)¢-OC(=0)N(R?),, -(L?)-NHC(=0)NH(R?), -(L?)¢-NHC(=0)R?, -(L?)¢-NHC(=0)OR?,
-(L?)q-C(OH)(R?)2, -(L?)qC(NH2)(R%),, -C)-6 haloalkyl, -C-¢ dihaloalkyl, -C)- trihaloalkyl,
Cs-7 cycloalkyl, a C3-10 heterocycloalkyl, aryl, heteroaryl, -C;-4 alkylene-(Cs-7 cycloalkyl),
-C1-4 alkylene-(Cs-10 heterocycloalkyl), -Ci-4 alkylene-(aryl), or -Ci-4 alkylene-(heteroaryl);
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L? is independently, at each occurrence, a bivalent radical selected from
-(C1-3 alkylene)-, -(C3-7 cycloalkylene)-, -(Ci-3 alkylene)q-O-(C-3 alkylene)g-, or
-(C1-3 alkylene)q-NH-(C-3 alkylene)q-;

R'is H or Cj¢-alkyl.

R? is Cy-6 alkyl, -Ci-6 haloalkyl, -Ci-¢ dihaloalkyl, -C}-6 trihaloalkyl, C3-7 cycloalkyl,
C3-10 heterocycloalkyl, aryl, heteroaryl, -Ci-4 alkylene-(C3-7 cycloalkyl),

-C1-4 alkylene-(Cs-10 heterocycloalkyl), -Ci-4 alkylene-(aryl), or -Ci-4 alkylene-(heteroaryl);
each R? is independently, at each occurrence, H, Ci-6 alkyl, -Ci-¢ haloalkyl,

-C1-6 dihaloalkyl, -C-¢ trihaloalkyl, C3-7 cycloalkyl, Cs-10 heterocycloalkyl, aryl, heteroaryl,

-C1-4 alkylene-(C3-7 cycloalkyl), -Ci-4 alkylene-(Cs-10 heterocycloalkyl),

-Ci-4 alkylene-(aryl), or -Ci-4 alkylene-(heteroaryl);

mis 1, 2, or3;

nis0, 1,2, or3;

pis 1,2, or3;and

qisOor 1.

In a second aspect of the invention, there is provided a pharmaceutical composition
comprising a compound of the invention, or a pharmaceutically acceptable salt thereof,
together with a pharmaceutically acceptable carrier.

In a third aspect of the invention, there is provided a method of treating an HBV
infection in an individual in need thereof, comprising administering to the individual a
therapeutically effective amount of a compound of the invention or a pharmaceutical
composition of the invention.

In a fourth aspect of the invention, there is provided a method of eradicating an HBV
infection in an individual in need thereof, comprising administering to the individual a
therapeutically effective amount of a compound of the invention or a pharmaceutical
composition of the invention.

In a fifth aspect of the invention, there is provided a method of reducing the viral load
associated with an HBV infection in an individual in need thereof, comprising administering
to the individual a therapeutically effective amount of a compound of the invention or a
pharmaceutical composition of the invention.

In a sixth aspect of the invention, there is provided a method of reducing reoccurrence
of an HBV infection in an individual in need thereof, comprising administering to the
individual a therapeutically effective amount of a compound of the invention or a

pharmaceutical composition of the invention.In a seventh aspect of the invention, there is

2a
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provided a method of reducing an adverse physiological impact of an HBV infection in an
individual in need thereof, comprising administering to the individual a therapeutically
effective amount of a compound of the invention or a pharmaceutical composition of the
invention.In an eighth aspect of the invention, there is provided a method of inducing
remission of hepatic injury from an HBV infection in an individual in need thereof,
comprising administering to the individual a therapeutically effective amount of a compound
of the invention or a pharmaceutical composition of the invention.

In a ninth aspect of the invention, there is provided a method of reducing the
physiological impact of long-term antiviral therapy for HBV infection in an individual in
need thereof, comprising administering to the individual a therapeutically effective amount of
a compound of the invention or a pharmaceutical composition of the invention.

In a tenth aspect of the invention, there is provided a method of prophylactically
treating an HBV infection in an individual in need thereof, wherein the individual is afflicted
with a latent HBV infection, comprising administering to the individual a therapeutically
effective amount of a compound of the invention or a pharmaceutical composition of the
invention.In an eleventh aspect of the invention, there is provided 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 compound of the
invention.or a pharmaceutical composition of the invention alone or in combination with a
reverse transcriptase inhibitor; and further administering to the individual a therapeutically
effective amount of HBV vaccine.

In a twelfth aspect of the invention, there is provided use of a compound according to
to the invention in the manufacture of a medicament for:

treating an HBV infection;

eradicating an HBV infection;

reducing the viral load associated with an HBV infection;

reducing reoccurrence of an HBV infection;

reducing reducing an adverse physiological impact of an HBV infection;

inducing remission of hepatic injury from an HBV infection;

reducing the physiological impact of long-term antiviral therapy for HBV infection;
or

prophylactically treating an HBV infection in an individual, wherein the individual is
afflicted with a latent HBV infection.

Unless the context clearly requires otherwise, throughout the description and the

2b
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claims, the words “comprise”, “comprising”, and the like are to be construed in an inclusive
sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense of
“including, but not limited to”.Accordingly, in an aspect, provided herein are compounds of
Formula I:

(Ry)

o(RD) \
\\/X
I

or a pharmaceutically acceptable salt thereof.

In another aspect, provided herein are compounds of Formula Ia:

n(Ry)
p(R) ===
\

\

Z 1_A

Ia
or a pharmaceutically acceptable salt thereof.

In another aspect, provided herein are compounds of Formula II:
(R

\ \ RX>m

“@

or a pharmaceutically acceptable salt thereof.

(R%)p

In another aspect, provided herein are compounds of Formula Ila:
(R

\ \ (RX>m
L )

ITa

(R%)p

or a pharmaceutically acceptable salt thereof.

2¢
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In an embodiment, compounds of Formula II, or a pharmaceutically acceptable salt

thereof, have the Formula III:

RY),,

" (

11,

(R)m

5 wherein mis 0, 1, or 2.
In a further embodiment, compounds of Formula II, or a pharmaceutically acceptable

salt thereof, have the Formula IV:

10 wherein mis 0, 1, or 2.

In another aspect, provided herein are compounds of Formula V:
n(RY)
'\[ \/\ (R)m
7N k/X\L1 \_|_/
Ry V=

& V==
\%
or a pharmaceutically acceptable salt thereof.

15 In another aspect, provided herein are pharmaceutical compositions comprising a
compound of the invention, or a pharmaceutically acceptable salt thereof, together with a
pharmaceutically acceptable carrier.

In one aspect, provided herein is a method of treating an HBV infection in an
individual in need thereof, comprising administering to the individual a therapeutically

20  effective amount of the compound of the invention.

In another aspect, provided herein is a method of eradicating an HBV infection in an
individual in need thereof, comprising administering to the individual a therapeutically

effective amount of a compound of the invention.
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In another aspect, provided herein is a method of reducing viral load associated with
an HBV infection in an individual in need thereof, comprising administering to the individual
a therapeutically effective amount of a compound of the invention.

In still another aspect, provided herein is a method of reducing reoccurrence of an
HBYV infection in an individual in need thereof, comprising administering to the individual a
therapeutically effective amount of a compound of the invention.

In yet another aspect, provided herein is a method of reducing an adverse
physiological impact of an HBV infection in an individual in need thereof, comprising
administering to the individual a therapeutically effective amount of a compound of the
invention.

Also provided herein are methods of inducing remission of hepatic injury from an
HBYV infection in an individual in need thereof, comprising administering to the individual a
therapeutically effective amount of a compound of the invention.

In another aspect, provided herein is a method of reducing the physiological impact of
long-term antiviral therapy for HBV infection in an individual in need thereof, comprising
administering to the individual a therapeutically effective amount of a compound of the
invention.

In another aspect, provided herein is a method of prophylactically treating an HBV
infection in an individual in need thereof, wherein the individual is afflicted with a latent
HBYV infection, comprising administering to the individual a therapeutically effective amount
of a compound of the invention.

Any of the above methods may further comprise administration to the individual at
least one additional therapeutic agent. In an embodiment, the additional therapeutic agent
may be selected from, but not limited to, the group consisting of a HBV polymerase inhibitor,
immunomodulatory agents, pegylated interferon, viral entry inhibitor, viral maturation
inhibitor, capsid assembly modulator, reverse transcriptase inhibitor, a cyclophilin/TNF
inhibitor, a TLR-agonist, an HBV vaccine, and agents of distinct or unknown mechanism,
and a combination thereof.

Any of the above methods may further comprise administration to the individual at
least one additional therapeutic agent. In an embodiment, the additional therapeutic agent is
selected from the group consisting of a HBV polymerase inhibitor, interferon, viral entry
inhibitor, viral maturation inhibitor, literature-described capsid assembly modulator, reverse
transcriptase inhibitor, a TLR-agonist, and agents of distinct or unknown mechanism, and a

combination thereof.
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In another embodiment, the additional therapeutic agent is a reverse transcriptase
inhibitor and is 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.

In another embodiment of the combination therapy, the additional therapeutic agent is
a TLR agonist. In a preferred embodiment, the TLR agonist is a TLR-7 agonist 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 a further embodiment of the combination therapy, the additional therapeutic agent
1s an interferon, wherein the interferon is any interferon, which may be optionally pegylated.
In yet a further embodiment, the interferon is interferon alpha (IFN-a), interferon beta (IFN-
f), interferon lambda (IFN-L), or interferon gamma (IFN-y). In a preferred embodiment, the
interferon is interferon-alpha-2a, interferon-alpha-2b, interferon-alpha-nl, pegylated
interferon-alpha-2a, or pegylated interferon-alpha-2b.

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, 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 another embodiment of the methods provided herein, administering the compound
of the invention allows for administering of the at least one additional therapeutic agent at a
lower dose or frequency as compared to the administering of the at least one additional
therapeutic agent alone that is required to achieve similar results in prophylactically treating
an HBV infection in an individual in need thereof.

In another embodiment of the methods provided herein, administering of the
compound of the invention reduces the viral load in the individual to a greater extent
compared to the administering of a compound selected from the group consisting of a HBV
polymerase inhibitor, interferon, viral entry inhibitor, viral maturation inhibitor, distinct
capsid assembly modulator, antiviral compounds of distinct or unknown mechanism, and any
combination thereof.

In another embodiment of the methods provided herein, administering of the
compound of the invention reduces the viral load in the individual to a greater extent or at a

faster rate compared to the administering of a compound selected from the group consisting
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of a HBV polymerase inhibitor, interferon, viral entry inhibitor, viral maturation inhibitor,
distinct capsid assembly modulator, antiviral compounds of distinct or unknown mechanism,
and any combination thereof.

In another embodiment of the methods provided herein, the administering of the
compound of the invention causes a lower incidence of viral mutation and/or viral resistance
than the administering of a compound selected from the group consisting of a HBV
polymerase inhibitor, interferon, viral entry inhibitor, viral maturation inhibitor, distinct
capsid assembly modulator, antiviral compounds of distinct or unknown mechanism, and
combination thereof.

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 compound of the invention alone or in
combination with a reverse transcriptase inhibitor; and further administering to the individual
a therapeutically effective amount of HBV vaccine. In an embodiment, the reverse
transcriptase inhibitor is 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

In another embodiment of the methods provided herein, the method further comprises
monitoring the HBV viral load, and wherein the method is carried out for a period of time

such that the HBV virus is undetectable.

DETAILED DESCRIPTION OF THE INVENTION

Provided herein are compounds that are useful in the treatment and prevention of
HBYV infection in man. In a non-limiting aspect, these compounds can modulate and/or
disrupt HBV assembly and other HBV core protein functions necessary for the generation of
infectious particles by interacting with HBV capsid to afford defective viral particles with
greatly reduced virulence. The compounds of the invention have potent antiviral activity,
exhibit favorable metabolic, tissue distribution, safety and pharmaceutical profiles, and are
suitable for use in man.

The HBV capsid protein plays essential functions during the viral life cycle. HBV
capsid/core proteins form metastable viral particles or protein shells that protect the viral
genome during intercellular passage, and also play a central role in viral replication

processes, including genome encapsidation, genome replication, and virion morphogenesis
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and egress. Capsid structures also respond to environmental cues to allow un-coating after
viral entry. Consistently, proper capsid assembly and function of core protein have been
found to be critical for viral infectivity.

The crucial function of HBV capsid proteins imposes stringent evolutionary
constraints on the viral capsid protein sequence, leading to the observed low sequence
variability and high conservation. Consistently, mutations in HBV capsid that disrupt its
assembly are lethal, and mutations that perturb capsid stability severely attenuate viral
replication. The more conserved a drug target is, the fewer replication-competent resistance
mutations are acquired by patients. Indeed, natural mutations in HBV capsid for chronically
infected patients accumulate in only four out of 183 residues in the full length protein. Thus,
HBYV capsid assembly inhibitors may elicit lower drug resistance emergence rates relative to
existing HBV antivirals. Further, drug therapy that targets HBV capsid could be less prone to
drug-resistant mutations when compared to drugs that target traditional NA enzyme active
sites. Reports describing compounds that bind viral capsids and inhibit replication of HIV,
rhinovirus and HBV provide strong pharmacological proof of concept for viral capsid
proteins as antiviral drug targets.

In one aspect, the compounds of the invention are useful in HBV treatment by
disrupting, accelerating, reducing, delaying and/or inhibiting normal viral capsid assembly
and/or disassembly of immature or mature particles, thereby inducing aberrant capsid
morphology and leading to antiviral effects such as disruption of virion assembly and/or
disassembly, virion maturation, and/or virus egress. In one embodiment, a disruptor of
capsid assembly interacts with mature or immature viral capsid to perturb the stability of the
capsid, thus affecting assembly and/or disassembly. In another embodiment, a disruptor of
capsid assembly perturbs protein folding and/or salt bridges required for stability, function
and /or normal morphology of the viral capsid, thereby disrupting and/or accelerating capsid
assembly and/or disassembly. In yet another embodiment, the compounds of the invention
bind capsid and alter metabolism of cellular polyproteins and precursors, leading to abnormal
accumulation of protein monomers and/or oligomers and/or abnormal particles, which causes
cellular toxicity and death of infected cells. In another embodiment, the compounds of the
invention cause failure of the formation of capsid of optimal stability, affecting efficient
uncoating and/or disassembly of viruses (e.g., during infectivity).

In one embodiment, the compounds of the invention disrupt and/or accelerate capsid
assembly and/or disassembly when the capsid protein is immature. In another embodiment,

the compounds of the invention disrupt and/or accelerate capsid assembly and/or disassembly
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when the capsid protein is mature. In yet another embodiment, the compounds of the
invention disrupt and/or accelerate capsid assembly and/or disassembly during vial
infectivity. In yet another embodiment, the disruption and/or acceleration of capsid assembly
and/or disassembly attenuates HBV viral infectivity and/or reduces viral load. In yet another
embodiment, disruption, acceleration, inhibition, delay and/or reduction of capsid assembly
and/or disassembly eradicates the virus from the host organism. In yet another embodiment,
eradication of the HBV from a host advantageously obviates the need for chronic long-term
therapy and/or reduces the duration of long-term therapy.

In one embodiment, the compounds described herein are suitable for monotherapy
and are effective against natural or native HBV strains and against HBV strains resistant to
currently known drugs. In another embodiment, the compounds described herein are suitable
for use in combination therapy.

In another embodiment, the compounds of the invention can be used in methods of
modulating (e.g., inhibit or disrupt) the activity, stability, function, and viral replication
properties of HBV cccDNA. In yet another embodiment, the compounds of the invention can
be used in methods of diminishing or preventing the formation of HBV cccDNA.

In another embodiment, the compounds of the invention can be used in methods of
modulating (e.g., inhibit, disrupt or accelerate) the activity of HBV cccDNA. In yet another
embodiment, the compounds of the invention can be used in methods of diminishing or

preventing the formation of HBV cccDNA.

Definitions

Listed below are definitions of various terms used to describe this invention. These
definitions apply to the terms as they are used throughout this specification and claims, unless
otherwise limited in specific instances, either individually or as part of a larger group.

Unless defined otherwise, all technical and scientific terms used herein generally have
the same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Generally, the nomenclature used herein and the laboratory procedures in
cell culture, molecular genetics, organic chemistry, and peptide chemistry are those well-
known and commonly employed in the art.

As used herein, the articles “a” and “an” refer to one or to more than one (i.¢. to at
least one) of the grammatical object of the article. By way of example, “an element” means
one element or more than one element. Furthermore, use of the term “including” as well as

3 ¢

other forms, such as “include”, “includes,” and “included,” is not limiting.



10

15

20

25

30

WO 2015/073774 PCT/US2014/065614

As used herein, the term “about” will be understood by persons of ordinary skill in the
art and will vary to some extent on the context in which it is used. As used herein when
referring to a measurable value such as an amount, a temporal duration, and the like, the term
“about” is meant to encompass variations of £20% or £10%, more preferably £5%, even
more preferably +1%, and still more preferably +0.1% from the specified value, as such
variations are appropriate to perform the disclosed methods.

As used herein, the term “capsid assembly modulator” refers to a compound that
disrupts and/or accelerates and/or inhibits and/or hinders and/or delays and or reduces and/or
modifies normal capsid assembly (e.g., during maturation) and/or normal capsid disassembly
(e.g., during infectivity) and/or perturbs capsid stability, thereby inducing aberrant capsid
morphology and function. In one embodiment, a capsid assembly modulator accelerates
capsid assembly and/or disassembly, thereby inducing aberrant capsid morphology. In
another embodiment, a capsid assembly modulator interacts (e.g. binds at an active site, binds
at an allosteric site, modifies and/or hinders folding and the like) with the major capsid
assembly protein (CA), thereby disrupting capsid assembly and/or disassembly. In yet
another embodiment, a capsid assembly modulator causes a perturbation in structure and/or
function of CA (e.g., ability of CA to assemble, disassemble, bind to a substrate, fold into a
suitable conformation, or the like), which attenuates viral infectivity and/or is lethal to the
virus.

As used herein, the term “literature-described capsid assembly modulator” refers a
capsid assembly modulator that is not a compound of the present invention.

As used herein, the term “treatment” or “treating,” is defined as the application or
administration of a therapeutic agent, i.e., a compound of the invention (alone or in
combination with another pharmaceutical agent), to a patient, or application or administration
of a therapeutic agent to an isolated tissue or cell line from a patient (e.g., for diagnosis or ex
vivo applications), who has HBV infection, a symptom of HBV infection or the potential to
develop HBV infection, with the purpose to cure, heal, alleviate, relieve, alter, remedy,
ameliorate, improve or affect HBV infection, the symptoms of HBV infection or the potential
to develop HBV infection. Such treatments may be specifically tailored or modified, based
on knowledge obtained from the field of pharmacogenomics.

As used herein, the term “prevent” or “prevention” means no disorder or disease
development if none had occurred, or no further disorder or disease development if there had
already been development of the disorder or disecase. Also considered is the ability of one to

prevent some or all of the symptoms associated with the disorder or disease.
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As used herein, the term “patient,” “individual” or “subject” refers to a human or a
non-human mammal. Non-human mammals include, for example, livestock and pets, such as
ovine, bovine, porcine, canine, feline and murine mammals. Preferably, the patient, subject
or individual is human.

bR TS

As used herein, the terms “effective amount,” “pharmaceutically effective amount”
and “therapeutically effective amount” refer to a nontoxic but sufficient amount of an agent
to provide the desired biological result. That result may be reduction and/or alleviation of the
signs, symptoms, or causes of a disease, or any other desired alteration of a biological system.
An appropriate therapeutic amount in any individual case may be determined by one of
ordinary skill in the art using routine experimentation.

As used herein, the term “pharmaceutically acceptable” refers to a material, such as a
carrier or diluent, which does not abrogate the biological activity or properties of the
compound, and is relatively non-toxic, i.e., the material may be administered to an individual
without causing undesirable biological effects or interacting in a deleterious manner with any
of the components of the composition in which it is contained.

As used herein, the term “pharmaceutically acceptable salts” refers to derivatives of
the disclosed compounds wherein the parent compound is modified by converting an existing
acid or base moiety to its salt form. Examples of pharmaceutically acceptable salts include,
but are not limited to, mineral or organic acid salts of basic residues such as amines; alkali or
organic salts of acidic residues such as carboxylic acids; and the like. The pharmaceutically
acceptable salts of the present invention include the conventional non-toxic salts of the parent
compound formed, for example, from non-toxic inorganic or organic acids. The
pharmaceutically acceptable salts of the present invention can be synthesized from the parent
compound which contains a basic or acidic moiety by conventional chemical
methods. Generally, such salts can be prepared by reacting the free acid or base forms of
these compounds with a stoichiometric amount of the appropriate base or acid in water or in
an organic solvent, or in a mixture of the two; generally, nonaqueous media like ether, ethyl
acetate, ethanol, isopropanol, or acetonitrile are preferred. Lists of suitable salts are found in
Remington's Pharmaceutical Sciences, 17.sup.th ed., Mack Publishing Company, Easton, Pa.,
1985, p. 1418 and Journal of Pharmaceutical Science, 66, 2 (1977), each of which is
incorporated herein by reference in its entirety.

As used herein, the term “composition” or “pharmaceutical composition” refers to a
mixture of at least one compound useful within the invention with a pharmaceutically

acceptable carrier. The pharmaceutical composition facilitates administration of the
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compound to a patient or subject. Multiple techniques of administering a compound exist in
the art including, but not limited to, intravenous, oral, acrosol, parenteral, ophthalmic,
pulmonary and topical administration.

As used herein, the term “pharmaceutically acceptable carrier” means a
pharmaceutically acceptable material, composition or carrier, such as a liquid or solid filler,
stabilizer, dispersing agent, suspending agent, diluent, excipient, thickening agent, solvent or
encapsulating material, involved in carrying or transporting a compound useful within the
invention within or to the patient such that it may perform its intended function. Typically,
such constructs are carried or transported from one organ, or portion of the body, to another
organ, or portion of the body. Each carrier must be “acceptable” in the sense of being
compatible with the other ingredients of the formulation, including the compound useful
within the invention, and not injurious to the patient. Some examples of materials that may
serve as pharmaceutically acceptable carriers include: sugars, such as lactose, glucose and
sucrose; starches, such as corn starch and potato starch; cellulose, and its derivatives, such as
sodium carboxymethyl cellulose, ethyl cellulose and cellulose acetate; powdered tragacanth;
malt; gelatin; talc; excipients, such as cocoa butter and suppository waxes; oils, such as
peanut oil, cottonseed oil, safflower oil, sesame oil, olive oil, corn oil and soybean oil;
glycols, such as propylene glycol; polyols, such as glycerin, sorbitol, mannitol and
polyethylene glycol; esters, such as ethyl oleate and ethyl laurate; agar; buffering agents, such
as magnesium hydroxide and aluminum hydroxide; surface active agents; alginic acid;
pyrogen-free water; isotonic saline; Ringer’s solution; ethyl alcohol; phosphate buffer
solutions; and other non-toxic compatible substances employed in pharmaceutical
formulations. As used herein, “pharmaceutically acceptable carrier” also includes any and all
coatings, antibacterial and antifungal agents, and absorption delaying agents, and the like that
are compatible with the activity of the compound useful within the invention, and are
physiologically acceptable to the patient. Supplementary active compounds may also be
incorporated into the compositions. The “pharmaceutically acceptable carrier” may further
include a pharmaceutically acceptable salt of the compound useful within the invention.
Other additional ingredients that may be included in the pharmaceutical compositions used in
the practice of the invention are known in the art and described, for example in Remington's
Pharmaceutical Sciences (Genaro, Ed., Mack Publishing Co., 1985, Easton, PA), which is
incorporated herein by reference.

As used herein, the term “alkyl,” by itself or as part of another substituent means,

unless otherwise stated, a straight or branched chain hydrocarbon having the number of carbon
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atoms designated (i.e., C;-¢ means one to six carbon atoms) and includes straight, branched
chain, or cyclic substituent groups. Examples include methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, tert-butyl, pentyl, neopentyl, hexyl, and cyclopropylmethyl. Most preferred is
(Ci-¢)alkyl, particularly ethyl, methyl, isopropyl, isobutyl, n-pentyl, n-hexyl and
cyclopropylmethyl.

As used herein, the term “halo” or “halogen” alone or as part of another substituent
means, unless otherwise stated, a fluorine, chlorine, bromine, or iodine atom, preferably,
fluorine, chlorine, or bromine, more preferably, fluorine or chlorine.

As used herein, the term “cycloalkyl” refers to a mono cyclic or polycyclic non-
aromatic radical, wherein each of the atoms forming the ring (i.e., skeletal atoms) is a carbon
atom. In one embodiment, the cycloalkyl group is saturated or partially unsaturated. In
another embodiment, the cycloalkyl group is fused with an aromatic ring. Cycloalkyl groups
include groups having 3 to 10 ring atoms (Cs_jo cycloalkyl), or groups having 3 to 7 ring atoms
(Cs.7 cycloalkyl). Illustrative examples of cycloalkyl groups include, but are not limited to, the

following moieties:

z’l{b’ D> ‘LE‘J IO Lj} Vo~ ;&
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Monocyclic cycloalkyls include, but are not limited to, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, and cyclooctyl. Dicyclic cycloalkyls include, but are not
limited to, tetrahydronaphthyl, indanyl, and tetrahydropentalene. Polycyclic cycloalkyls
include adamantine and norbornane. The term cycloalkyl includes “unsaturated nonaromatic
carbocyclyl” or “nonaromatic unsaturated carbocyclyl” groups, both of which refer to a
nonaromatic carbocycle as defined herein, which contains at least one carbon carbon double
bond or one carbon carbon triple bond.

As used herein, the term “heterocycloalkyl” or “heterocyclyl” refers to a
heteroalicyclic group containing one to four ring heteroatoms each selected from O, Sand N.
In one embodiment, each heterocycloalkyl group has from 4 to 10 atoms in its ring system,
with the proviso that the ring of said group does not contain two adjacent O or S atoms. In

another embodiment, the heterocycloalkyl group is fused with an aromatic ring. In one
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embodiment, the nitrogen and sulfur heteroatoms may be optionally oxidized, and the nitrogen
atom may be optionally quaternized. The heterocyclic system may be attached, unless
otherwise stated, at any heteroatom or carbon atom that affords a stable structure. A
heterocycle may be aromatic or non-aromatic in nature. In one embodiment, the heterocycle is
a heteroaryl.

An example of a 3-membered heterocycloalkyl group includes, and is not limited to,
aziridine. Examples of 4-membered heterocycloalkyl groups include, and are not limited to,
azetidine and a beta lactam. Examples of 5S-membered heterocycloalkyl groups include, and
are not limited to, pyrrolidine, oxazolidine and thiazolidinedione. Examples of 6-membered
heterocycloalkyl groups include, and are not limited to, piperidine, morpholine and piperazine.

Other non-limiting examples of heterocycloalkyl groups are:
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Examples of non-aromatic heterocycles include monocyclic groups such as aziridine,
oxirane, thiirane, azetidine, oxetane, thietane, pyrrolidine, pyrroline, pyrazolidine, imidazoline,
dioxolane, sulfolane, 2,3-dihydrofuran, 2,5-dihydrofuran, tetrahydrofuran, thiophane,
piperidine, 1,2,3,6-tetrahydropyridine, 1,4-dihydropyridine, piperazine, morpholine,
thiomorpholine, pyran, 2,3-dihydropyran, tetrahydropyran, 1,4-dioxane, 1,3-dioxane,
homopiperazine, homopiperidine, 1,3-dioxepane, 4,7-dihydro-1,3-dioxepin, and
hexamethylencoxide.

As used herein, the term “aromatic” refers to a carbocycle or heterocycle with one or
more polyunsaturated rings and having aromatic character, i.e., having (4n + 2) delocalized =

(p1) electrons, where n is an integer.
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As used herein, the term “aryl,” employed alone or in combination with other terms,
means, unless otherwise stated, a carbocyclic aromatic system containing one or more rings
(typically one, two or three rings), wherein such rings may be attached together in a pendent
manner, such as a biphenyl, or may be fused, such as naphthalene. Examples of aryl groups
include phenyl, anthracyl, and naphthyl. Preferred examples are phenyl and naphthyl, most
preferred is phenyl.

As used herein, the term “heteroaryl” or “heteroaromatic” refers to a heterocycle
having aromatic character. A polycyclic heteroaryl may include one or more rings that are

partially saturated. Examples include the following moieties:
t
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Examples of heteroaryl groups also include pyridyl, pyrazinyl, pyrimidinyl
(particularly 2- and 4-pyrimidinyl), pyridazinyl, thienyl, furyl, pyrrolyl (particularly
2-pyrrolyl), imidazolyl, thiazolyl, oxazolyl, pyrazolyl (particularly 3- and 5-pyrazolyl),
isothiazolyl, 1,2,3-triazolyl, 1,2,4-triazolyl, 1,3,4-triazolyl, tetrazolyl, 1,2,3-thiadiazolyl,
1,2,3-oxadiazolyl, 1,3,4-thiadiazolyl and 1,3,4-oxadiazolyl.

Examples of polycyclic heterocycles and heteroaryls include indolyl (particularly 3-,
4-, 5-, 6- and 7-indolyl), indolinyl, quinolyl, tetrahydroquinolyl, isoquinolyl (particularly
1- and 5-isoquinolyl), 1,2,3,4-tetrahydroisoquinolyl, cinnolinyl, quinoxalinyl (particularly
2- and 5-quinoxalinyl), quinazolinyl, phthalazinyl, 1,8-naphthyridinyl, 1,4-benzodioxanyl,
coumarin, dihydrocoumarin, 1,5-naphthyridinyl, benzofuryl (particularly 3-, 4-, 5-, 6- and
7-benzofuryl), 2,3-dihydrobenzofuryl, 1,2-benzisoxazolyl, benzothienyl (particularly 3-, 4-, 5-,
6-, and 7-benzothienyl), benzoxazolyl, benzothiazolyl (particularly 2-benzothiazolyl and
5-benzothiazolyl), purinyl, benzimidazolyl (particularly 2-benzimidazolyl), benzotriazolyl,
thioxanthinyl, carbazolyl, carbolinyl, acridinyl, pyrrolizidinyl, and quinolizidinyl.

As used herein, the term “substituted” means that an atom or group of atoms has
replaced hydrogen as the substituent attached to another group. The term “substituted” further

refers to any level of substitution, namely mono-, di-, tri-, tetra-, or penta-substitution, where
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such substitution is permitted. The substituents are independently selected, and substitution
may be at any chemically accessible position. In one embodiment, the substituents vary in
number between one and four. In another embodiment, the substituents vary in number
between one and three. In yet another embodiment, the substituents vary in number between

one and two.

Compounds of the Invention

The present invention relates to the discovery of compounds that are useful in the
treatment and prevention of HBV infection in man. In one aspect, the compounds of the
invention are useful in HBV treatment by disrupting, accelerating, reducing delaying and/or
inhibiting normal viral capsid assembly and/or disassembly of immature or mature particles,
thereby inducing aberrant capsid morphology and leading to antiviral effects such as
disruption of virion assembly and/or disassembly and/or virion maturation, and/or virus
egress.

In another aspect, compounds of the invention bind to core protein thereby inducing
aberrant virion and leading to antiviral effects such as disruption of virion assembly,
disassembly, maturation, or virus egress.

The capsid assembly disruptors disclosed herein may be used as monotherapy and/or
in cross-class combination regimens for treating HBV infection in man. Combination
therapy with drugs exhibiting different mechanism of action (MOA) that act at different steps
in the virus life cycle may deliver greater efficacy due to additive or synergistic antiviral
effects. Clinically evaluated HIV treatment regimens have shown that combination therapy
improves the efficacy of viral load reduction, and dramatically reduces emergence of antiviral
resistance. Combination therapy for the treatment of Hepatitis C (HCV) virus infection has
also resulted in significant improvement in sustained antiviral response and eradication rates.
Thus, use of the HBV capsid assembly inhibitors of the present invention in combination
with, for example, NA drugs, is likely to deliver a more profound antiviral effect and greater
disease eradication rates than current standards of care.

Capsid assembly plays a central role in HBV genome replication. HBV polymerase
binds pre-genomic HBV RNA (pgRNA), and pgRNA encapsidation must occur prior to HBV
DNA synthesis. Moreover, it is well established that nuclear accumulation of the cccDNA
replication intermediate, which is responsible for maintenance of chronic HBV replication in
the presence of nucleoside suppressive therapy, requires the capsid for shuttling HBV DNA

to the nuclei. Therefore, the HBV capsid assembly disruptors of the invention have the
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potential to increase HBV eradication rates through synergistic or additive suppression of
viral genome replication and to further reduce accumulation of cccDNA when used alone or
in combination with existing nucleoside drugs. The capsid assembly disruptors of the present
invention may also alter normal core protein function or degradation, potentially leading to
altered MHC-1 antigen presentation, which may in turn increase seroconversion/eradication
rates through immuno-stimulatory activity, more effectively clearing infected cells.

In one aspect, drug resistance poses a major threat to current therapies for chronic
HBYV infection, and cross-class combination therapy is a proven strategy for delaying
emergence of drug resistance strains. The capsid assembly disruptors of the present invention
can, when administered alone or in combination with other HBV therapy, offer enhanced
drug resistant profiles and improved management of chronic HBV.

The compounds useful within the invention can be synthesized using techniques well-
known in the art of organic synthesis. The starting materials and intermediates required for
the synthesis may be obtained from commercial sources or synthesized according to methods
known to those skilled in the art.

In one aspect, the compound of the invention is a compound of Formula I:

R
(R e \
-0
\\Z / k/ X ~ L1_A
I

or a pharmaceutically acceptable salt thereof,

wherein

a ---- line denotes an optionally double bond;

Xis CorN;

one of Y or Z is N, and the other is C;

L' is -C(O)NR'-, -SO,NR'-, -C(0O)-, -C(0)O-, or -SO,-;

A is Cy- alkyl, -(Lz)q-OR3, Cs-10 cycloalkyl, C;-1o heterocycloalkyl, aryl, heteroaryl, -
Ci-4 alkylene-(Cs-9 cycloalkyl), -C;-4 alkylene-(Cs-o heterocycloalkyl), -C,-4 alkylene-
(aryl), or -C,-4 alkylene-(heteroaryl), wherein A is optionally substituted with one or more
occurrences of R*;

R* is independently, at each occurrence, halo, -CN, -NO,, -C;-¢ haloalkyl, -C;-¢
dihaloalkyl, -C;- trihaloalkyl, -(L?),;~-C(=0)R?, (L?);CO2R?, or -(L?),-C(=0)N(R?),;

R” is independently, at each occurrence, C;-¢ alkyl, halo, -CN, -NO,, -(Lz)q-OR3,
~(L})g-SR?, «(L%)q-S(=0)R?, -(L?)¢-S(=0)2R?, (L*),-NHS(=0),R?, -(L*)g-C(=O)R?, -(L*);-
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OC(=O)R?, -(L*)3COR?, «(L?)-OCOR?, -(L?)g-N(R?),, (L?)g-C(=0)N(RY), -(L*)g-
OC(=O)N(RY),, -(L?);-NHC(=0)NH(R?), -(L*),-NHC(=O)R?, -(L?),-NHC(=0)OR?, «(L%),-
C(OH)(RY),, (L}){C(NH,)(R?),, -C)-¢ haloalkyl, -C)-¢ dihaloalkyl, -C)- trihaloalkyl, C3-7
cycloalkyl, a C3-j¢ heterocycloalkyl, aryl, heteroaryl, -C;-4 alkylene-(Cs-7 cycloalkyl), -Ci-4
alkylene-(Cs-1o heterocycloalkyl), -C;-4 alkylene-(aryl), or -C;-4 alkylene-(heteroaryl);

or:

two RY groups on adjacent carbon atoms are taken together to form a fused ring; or

two RY groups on non-adjacent carbon atoms are taken together to form a bridge of a
bridged bicyclic group; or

two R groups on the same carbon atom, together with that carbon atom, form C(O);

R” is independently, at each occurrence, C;-¢ alkyl, halo, -CN, -NO,, -(Lz)q-OR3, -
(L?)q-SR?, -(L*)g-S(=0)R?, «(L?)q-S(=0)R?, -(L*)¢-NHS(=0),R?, -(L*)y-C(=0)R?, (L?),-
OC(=O)R?, -(L*)3COR?, «(L?)g-OCOR?, -(L?)g-N(R?),, (L?)g-C(=0)N(RY), -(L*)g-
OC(=O)N(RY),, -(L?);-NHC(=0)NH(R?), -(L*),-NHC(=O)R?, -(L?),-NHC(=0)OR?, «(L%),-
C(OH)(RY),, (L}){C(NH,)(R?),, -C)-¢ haloalkyl, -C)-¢ dihaloalkyl, -C)-¢ trihaloalkyl, C3-7
cycloalkyl, a C3-j¢ heterocycloalkyl, aryl, heteroaryl, -C;-4 alkylene-(Cs-7 cycloalkyl), -Ci-4
alkylene-(Cs-1o heterocycloalkyl), -C;-4 alkylene-(aryl), or -C;-4 alkylene-(heteroaryl);

L’ is independently, at each occurrence, a bivalent radical selected from -(C;-3
alkylene)-, -(Cs-7 cycloalkylene)-, -(Ci-3 alkylene)y-O-(C;-3 alkylene)q-, or -(Ci-3 alkylene)q-
NH-(C;-3 alkylene)q-;

R'isHor C 1.6-alkyl;

R%is C,-¢ alkyl, -C,-¢ haloalkyl, -C;-¢ dihaloalkyl, -C,-¢ trihaloalkyl, Cs-;¢ cycloalkyl,
Cs-10 heterocycloalkyl, aryl, heteroaryl, -C;-4 alkylene-(Csz-o cycloalkyl), -C-4 alkylene-(Cs-
10 heterocycloalkyl), -C;-4 alkylene-(aryl), or -C,-4 alkylene-(heteroaryl);

cach R’ is independently, at each occurrence, H, C,-¢ alkyl, -C,-¢ haloalkyl, -C;-¢
dihaloalkyl, -C,-¢ trihaloalkyl, Cs-j¢ cycloalkyl, C3-j¢ heterocycloalkyl, aryl, heteroaryl, -C;-4
alkylene-(Cs-jo cycloalkyl), -C-4 alkylene-(Cs-1o heterocycloalkyl), -C;-4 alkylene-(aryl), or -
Ci-4 alkylene-(heteroaryl);

nis0, 1,2, or3;

pis 1,2, or 3; and

qisOor 1.

In an embodiment of Formula I, ---- denotes a double bond.
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In another aspect, the compound of the invention is a compound of Formula Ia:

(Ry)n

(R )p‘__
Y \/ LA

Ia

or a pharmaceutically acceptable salt thereof,

wherein

a ---- line denotes an optionally double bond;

Xis CorN;

each Y and Z are independently selected from N and C;

L' is -C(O)NR'-, -SO,NR'-, -C(0)-, -C(0)0O-, C,-4 alkyl, or -SO;-;

A is Cy- alkyl, -(Lz)q-OR3, Cs-10 cycloalkyl, Cs-1o heterocycloalkyl, aryl, heteroaryl, -
C,-4 alkylene-(Cs-9 cycloalkyl), -C;-4 alkylene-(Cs-¢ heterocycloalkyl), -C,-4 alkylene-
(aryl), or -C,-4 alkylene-(heteroaryl), wherein A is optionally substituted with one or more
occurrences of R*;

R” is independently, at each occurrence, halo, -CN, -NO,, -C;-¢ haloalkyl, -C;-¢
dihaloalkyl, -C;- trihaloalkyl, -(L?),-C(=0)R?, -(L*);CO2R?, or -(L*),-C(=0)N(R?),;

R” is independently, at each occurrence, C;-¢ alkyl, halo, -CN, -NO,, -(Lz)q-OR3,
~(L?)g-SR?, «(L*)q-S(=0)R?, -(L?)¢-S(=0)2R?, (L*),-NHS(=0),R?, -(L*)g-C(=O)R?, -(L*);-
OC(=O)R?, (L’)qCOR?, «(L?)g-OCOR?, «(L?)g-N(R?)s, (L)g-C(=O)N(R ™)z, -(L*)g-
OC(=0)N(R?),, -(L?){-NHC(=0)NH(R?), -(L*),-NHC(=0)R?, ~(L*)-NHC(=0)OR?, -(L?),-
C(OH)(R?),, -(L*){C(NH,)(R?),, -C)-¢ haloalkyl, -C - dihaloalkyl, -C -4 trihaloalkyl, C3-;
cycloalkyl, a Cs-j¢ heterocycloalkyl, aryl, heteroaryl, -C;-4 alkylene-(Cs-7 cycloalkyl), -C;-4
alkylene-(Cs-jo heterocycloalkyl), -C;-4 alkylene-(aryl), or -C-4 alkylene-(heteroaryl);

or:

two RY groups on adjacent carbon atoms are taken together to form a fused ring; or

two RY groups on non-adjacent carbon atoms are taken together to form a bridge of a
bridged bicyclic group; or

two R groups on the same carbon atom, together with that carbon atom, form C(O);

R” is independently, at each occurrence, C;-¢ alkyl, halo, -CN, -NO,, -(Lz)q-OR3, -
(L%)q=SR?, «(L?)4-S(=0)R?, «(L?)4-S(=0):R?, ~(L*)g-NHS(=0),R?, (L?)-C(=0)R?, -(L%),-
OC(=O)R?, (L*)qCOR?, «(L?)g-0COR?, «(L?)g-N(R?)s, (L)g-C(=O)N(R ™), -(L7)g-
OC(=0)N(R?),, -(L?){-NHC(=0)NH(R?), -(L*),-NHC(=0)R?, -(L*){-NHC(=0)OR?, -(L?),-
C(OH)(R?),, -(L*){C(NH,)(R?),, -C)-¢ haloalkyl, -C - dihaloalkyl, -C -4 trihaloalkyl, C3-;
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cycloalkyl, a Cs-1¢ heterocycloalkyl, aryl, heteroaryl, -C-4 alkylene-(Cs-; cycloalkyl), -C-4
alkylene-(Cs-j¢ heterocycloalkyl), -C;-4 alkylene-(aryl), or -C;-4 alkylene-(heteroaryl);

L2is independently, at each occurrence, a bivalent radical selected from -(C;-3
alkylene)-, -(Cs-7 cycloalkylene)-, -(Ci-3 alkylene),-O-(C;-3 alkylene)q-, or -(Ci-3 alkylene)q-
NH-(C,-3 alkylene),-;

R'isHor C 1.6-alkyl;

R? is C-6 alkyl, -C -5 haloalkyl, -C}-6 dihaloalkyl, -C|-6 trihaloalkyl, Cs-1o cycloalkyl,
Cs-10 heterocycloalkyl, aryl, heteroaryl, -C;-4 alkylene-(Cs-o cycloalkyl), -C-4 alkylene-(Cs-
10 heterocycloalkyl), -C;-4 alkylene-(aryl), or -C,-4 alkylene-(heteroaryl);

each R%is independently, at each occurrence, H, C,~¢ alkyl, -C,-¢ haloalkyl, -C;-¢
dihaloalkyl, -C;-¢ trihaloalkyl, Cs-19 cycloalkyl, Cs-1o heterocycloalkyl, aryl, heteroaryl, -C;-4
alkylene-(Cs-jo cycloalkyl), -C-4 alkylene-(Cs-1o heterocycloalkyl), -C;-4 alkylene-(aryl), or -
C,-4 alkylene-(heteroaryl);

nis0, 1,2, or 3;

pis 1,2, or3; and

qisOor 1.

In an embodiment of Formula Ia, ---- denotes a double bond.

In another aspect, provided herein is a compound of Formula II:

(R
‘RZ"’@( ™ e
k / \\/X\L1 ! —/
11
or a pharmaceutically acceptable salt thereof,
wherein:
Xis CorN;

one of Y or Z is N, and the other is C;

L' is -C(O)NR'-, -SO,NR'-, -C(0)-, -C(0)O-, or -SO»-;

R” is independently, at each occurrence, halo, -CN, -NO,, -C;-¢ haloalkyl, -C;-¢
dihaloalkyl, -C)- trihaloalkyl, -(L?),-C(=0)R?, -(L*),CO,R?, or -(L*){-C(=O)N(R*),;

R” is independently, at each occurrence, C;-¢ alkyl, halo, -CN, -NO,, -(Lz)q-OR3,
~(L?)g-SR?, «(L%)q-S(=0)R?, -(L?)4-S(=0):R?, (L*)-NHS(=0),R?, -(L*)i-C(=O)R?, -(L*),-
OC(=O)R?, -(L*);COR?, «(L?)i-OCOR?, ~(L?)g-N(R?),, ~(L*)g-C(=0)N(RY), -(L*)g-
OC(=O)N(RY),, -(L?);-NHC(=0)NH(R?), -(L*),-NHC(=O)R?, -(L?),-NHC(=0)OR?, «(L%),-
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C(OH)(R?),, -(L*){C(NH,)(R?),, -C)-4 haloalkyl, -C - dihaloalkyl, -C -4 trihaloalkyl, C3-;
cycloalkyl, a C3-j¢ heterocycloalkyl, aryl, heteroaryl, -C;-4 alkylene-(Cs-7 cycloalkyl), -C;-4
alkylene-(Cs-jo heterocycloalkyl), -C;-4 alkylene-(aryl), or -C;-4 alkylene-(heteroaryl);

or:

two RY groups on adjacent carbon atoms are taken together to form a fused ring; or

two RY groups on non-adjacent carbon atoms are taken together to form a bridge of a
bridged bicyclic group; or

two R groups on the same carbon atom, together with that carbon atom, form C(O),

R” is independently, at each occurrence, C;-¢ alkyl, halo, -CN, -NO,, -(Lz)q-OR3, -
(L*)q-SR?, -(L*)g-S(=0)R?, «(L?)q-S(=0)R?, «(L*)y-NHS(=0),R?, -(L*)y-C(=0)R?, -(L?),-
OC(=0)R?, -(L}){CO,R?, -(L?)-OCOR?, -(L?)-N(R?),, -(L?)¢-C(=0IN(R*), (L)
OC(=0)N(R?),, -(L?){-NHC(=O)NH(R?), -(L?),-NHC(=0)R?, -(L*){-NHC(=0)OR?, -(L?),-
C(OH)(R?),, -(L*){C(NH,)(R?),, -C)-¢ haloalkyl, -C - dihaloalkyl, -C -4 trihaloalkyl, C3-;
cycloalkyl, a Cs-j¢ heterocycloalkyl, aryl, heteroaryl, -C;-4 alkylene-(Cs-7 cycloalkyl), -C;-4
alkylene-(Cs-jo heterocycloalkyl), -C;-4 alkylene-(aryl), or -C;-4 alkylene-(heteroaryl);

L’ is independently, at each occurrence, a bivalent radical selected from -(C;-3
alkylene)-, -(Cs-7 cycloalkylene)-, -(C,-3 alkylene)-O-(C,-3 alkylene),-, or -(C,-3 alkylene),-
NH-(C,-3 alkylene),-;

R'is H or C ¢-alkyl.

R%is Ci-¢ alkyl, -C;-¢ haloalkyl, -C;-¢ dihaloalkyl, -C,-¢ trihaloalkyl, C3-;¢ cycloalkyl,
Cs-10 heterocycloalkyl, aryl, heteroaryl, -C;-4 alkylene-(Cs-yo cycloalkyl), -C;-4 alkylene-(Cs-
10 heterocycloalkyl), -C;-4 alkylene-(aryl), or -C,-4 alkylene-(heteroaryl);

each R%is independently, at each occurrence, H, C;-¢ alkyl, -C;-¢ haloalkyl, -C;-¢
dihaloalkyl, -C;-¢ trihaloalkyl, Cs-19 cycloalkyl, Cs-1o heterocycloalkyl, aryl, heteroaryl, -C;-4
alkylene-(Cs-j¢ cycloalkyl), -C-4 alkylene-(Cs-1¢ heterocycloalkyl), -C;-4 alkylene-(aryl), or -
C,-4 alkylene-(heteroaryl);

mis 1,2, or3;

nis0, 1,2, or3;

pis 1,2, or3; and

qisOor 1.

In an embodiment of Formula II, ---- denotes a double bond.
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In another aspect, provided herein is a compound of Formula Ila:

(R¥)n
R o= \ R
@—Q\U 1
\ 7/
ITa

or a pharmaceutically acceptable salt thereof,

wherein:

Xis CorN;

one of Y or Z is N, and the other is C;

L' is -C(O)NR'-, -SO,NR'-, -C(0)-, -C(0)0O-, C,-4 alkyl, or -SO,-;

R” is independently, at each occurrence, halo, -CN, -NO,, -C;-¢ haloalkyl, -C;-¢
dihaloalkyl, -C)- trihaloalkyl, -(L*),-C(=0)R?, -(L*);CO,R?, or -(L*);-C(=0)N(R*),;

R” is independently, at each occurrence, C;-¢ alkyl, halo, -CN, -NO,, -(Lz)q-OR3,
~(L?)g-SR?, «(L*)q-S(=0)R?, -(L?)¢-S(=0):R?, (L*)-NHS(=0),R?, -(L*)g-C(=O)R?, -(L*),-
OC(=O)R?, (L’)qCOR?, «(L?)g-0COR?, -(L?)g-N(R?)s, (L)g-C(=O)N(R ™), -(L*)g-
OC(=O)N(RY),, -(L*);-NHC(=0)NH(R?), -(L*),-NHC(=O)R?, -(L?),-NHC(=0)OR?, «(L%),-
C(OH)(R?),, -(L*){C(NH,)(R?),, -C)-¢ haloalkyl, -C - dihaloalkyl, -C -4 trihaloalkyl, C3-;
cycloalkyl, a C3-j¢ heterocycloalkyl, aryl, heteroaryl, -C;-4 alkylene-(Cs-7 cycloalkyl), -Ci-4
alkylene-(Cs-jo heterocycloalkyl), -C;-4 alkylene-(aryl), or -C-4 alkylene-(heteroaryl);

or:

two RY groups on adjacent carbon atoms are taken together to form a fused ring; or

two RY groups on non-adjacent carbon atoms are taken together to form a bridge of a
bridged bicyclic group; or

two R groups on the same carbon atom, together with that carbon atom, form C(O);

R” is independently, at each occurrence, C;-¢ alkyl, halo, -CN, -NO,, -(Lz)q-OR3, -
(L?)q-SR?, -(L)g-S(=0)R?, «(L*)q-S(=0)R?, -(L*)¢-NHS(=0),R?, -(L*)y-C(=0)R?, -(L?),-
OC(=0)R?, -(L?){CO,R?, -(L?);-OCOR?, -(L?)-N(R?),, -(L?)-C(=0)N(R?),, (L)
OC(=O)N(RY),, -(L?);-NHC(=0)NH(R?), -(L*),-NHC(=O)R?, -(L?),-NHC(=0)OR?, «(L%),-
C(OH)(R?),, -(L*){C(NH,)(R?),, -C)-¢ haloalkyl, -C - dihaloalkyl, -C -4 trihaloalkyl, C3-;
cycloalkyl, a C3-1¢ heterocycloalkyl, aryl, heteroaryl, -C;-4 alkylene-(Cs-7 cycloalkyl), -Ci-4
alkylene-(Cs-jo heterocycloalkyl), -C;-4 alkylene-(aryl), or -C;-4 alkylene-(heteroaryl);

L’ is independently, at each occurrence, a bivalent radical selected from -(C;-3

alkylene)-, -(Cs-7 cycloalkylene)-, -(C,-3 alkylene)q-O-(C,-3 alkylene),-, or -(C,-3 alkylene),-
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NH-(C,-3 alkylene),-;

R'isHorC 16-alkyl.

R? is C-6 alkyl, -C -5 haloalkyl, -C)-¢ dihaloalkyl, -C -6 trihaloalkyl, Cs-1o cycloalkyl,
Cs-10 heterocycloalkyl, aryl, heteroaryl, -C;-4 alkylene-(Cs-jo cycloalkyl), -C;-4 alkylene-(Cs-
10 heterocycloalkyl), -C;-4 alkylene-(aryl), or -C,-4 alkylene-(heteroaryl);

each R%is independently, at each occurrence, H, C,- alkyl, -C,-¢ haloalkyl, -C;-¢
dihaloalkyl, -C;-¢ trihaloalkyl, Cs-19 cycloalkyl, Cs-1o heterocycloalkyl, aryl, heteroaryl, -C;-4
alkylene-(Cs-jo cycloalkyl), -C-4 alkylene-(Cs-1o heterocycloalkyl), -C;-4 alkylene-(aryl), or -
C,-4 alkylene-(heteroaryl);

mis 1,2, or3;

nis0, 1,2, or 3;

pis 1,2, or 3; and

qisOor 1.

In one embodiment of the compounds of Formulae I, Ia, IT and Ila provided herein,

Xis CorN;

one of Y or Z is N, and the other is C;

L' is -C(O)NR'-, or -SO,NR'-;

R* is independently, at each occurrence, halo;

R” is independently, at each occurrence, C;-¢ alkyl, halo, -(Lz)q-OR3, -(Lz)qC02R3, -
Ci-4 alkylene-(aryl); or

two RY groups on adjacent carbon atoms are taken together to form a fused ring; or

two RY groups on non-adjacent carbon atoms are taken together to form a bridge of a
bridged bicyclic group; or

two RY groups on the same carbon atom, together with that carbon atom, form C(O);

R” is independently, at each occurrence, C;-4 alkyl, halo, -(Lz)q-OR3, Cs-7 cycloalkyl;

L2is independently, at each occurrence, a bivalent radical selected from -(C;-3
alkylene)-;

each R? is independently, at each occurrence, H, C-s alkyl, or -C)-4 alkylene-(aryl);

mis 1,2, or3;

nis0, 1,2, or 3;

pis 1,2, or3; and

qisOor 1.

In an embodiment of Formula Ila, ---- denotes a double bond.
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In another embodiment of the compounds of Formula I and Formula II provided
herein, X is N. In another embodiment of the compounds of Formula I and Formula II
provided herein, X is C.

In one embodiment of the compounds of Formula I and Formula II provided herein, Y
isN, and Z is C.

In another embodiment of the compounds of Formula I and Formula II provided
herein, L' is -C(O)NR'- or -SO,NR'-. In a preferred embodiment, L' is —C(O)NR', or in a
more preferred embodiment, -C(O)NH-.

In one embodiment of the compounds of Formula I and Formula II provided herein,
R* is independently, at each occurrence, halo, -CN, -NO,, -C;-¢ haloalkyl, -C,-¢ dihaloalkyl,
or -Cj-¢ trihaloalkyl. In another embodiment, R* is independently, at each occurrence, halo.
In a further embodiment, R* is independently, at each occurrence -F or -Cl.

In one embodiment of the compounds of Formula I and Formula II provided herein,
R” is C;-¢ alkyl, halo, -(Lz)q-OR3, -(Lz)qCOzR3 or -C;-4 alkylene-(aryl). In another
embodiment of the compounds of Formula I and Formula II provided herein, two R groups
on the same carbon atom, together with that carbon atom, form C(O). In yet another
embodiment of the compounds of Formula I and Formula II provided herein, two R groups
on adjacent carbon atoms are taken together to form a fused ring, and wherein the ring is C;_
10-cycloalkyl or phenyl. In a further embodiment of the compounds of Formula I and
Formula II provided herein, two R” groups on non-adjacent carbon atoms are taken together
to form a bridge of a bridged bicyclic group, and wherein the bridge is a C;_3-alkyl chain.

In one embodiment of the compounds of Formula I and Formula II provided herein,
R” is independently, at each occurrence, C-¢ alkyl, halo, -(Lz)q-OR3, Cs-7 cycloalkyl, -C;-4
alkylene-(Cs-7 cycloalkyl), -C-4 alkylene-(aryl), or -C;-4 alkylene-(heteroaryl). In a further
embodiment, R* is independently, at each occurrence, C;-¢ alkyl, halo, -(Lz)q-OR3, or C3—
cycloalkyl. In yet a further embodiment, R* is independently, at each occurrence, C;-¢ alkyl
or halo. In yet another embodiment, R” is independently, at each occurrence, -Cl, -F, -CHs, -
OCHzs, or cyclopropyl.

In another embodiment of the compounds of Formula I and Formula II provided
herein, Lis -(C;-3 alkylene)-.

In another embodiment of the compounds of Formula I and Formula II provided
herein, R%is H, C;-¢ alkyl, or -C;-4 alkylene-(aryl).

In yet a further embodiment, -(Lz)q-OR3 1s -OH, -OCH,, -CH,OH, -CH,CH,OH, -
CH,0CH3;, or -CH,; CH,OCHjs.
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In an embodiment of the compounds of Formula I and Formula II provided herein, X
is N; RY is -C-¢ alkyl, halo, -(Lz)q-OR3, -(Lz)qCOzR3 or -C;-4 alkylene-(aryl); R* is
independently, at each occurrence, Ci-¢ alkyl, halo, or Cs-7 cycloalkyl; R is independently, at
each occurrence, halo; andnisOor 1.

In an embodiment, compounds of Formula II have the Formula III:
(R

X N N
F
I

111,
wherein mis 0, 1, or 2, and wherein all other variables, e.g., X, R*, R, R% n, and p,

or a pharmaceutically acceptable salt thereof,

have the definitions as provided for Formula II.

In an embodiment of the compounds of Formula III provided herein, X is N. In
another embodiment of the compounds of Formula III provided herein, X is C.

In one embodiment of the compounds of Formula III, provided herein, R* is
independently, at each occurrence, halo, -CN, -NO,, -C;-¢ haloalkyl, -C,-¢ dihaloalkyl, or -
C,-¢ trihaloalkyl. In another embodiment, R* is independently, at each occurrence, halo. In a
further embodiment, R* is independently, at each occurrence -F or -Cl.

In one embodiment of the compounds of Formula III provided herein, RY is C;-¢ alkyl,
halo, -(Lz)q-OR3, -(L2)qC02R3 or -C;-4 alkylene-(aryl). In another embodiment of the
compounds of Formula III provided herein, two R” groups on the same carbon atom, together
with that carbon atom, form C(O). In yet another embodiment of the compounds of Formula
I1I provided herein, two R” groups on adjacent carbon atoms are taken together to form a
fused ring, and wherein the ring is Cs_jo-cycloalkyl or phenyl. In a further embodiment of the
compounds of Formula I1I provided herein, two R” groups on non-adjacent carbon atoms are
taken together to form a bridge of a bridged bicyclic group, and wherein the bridge is a C, ;-
alkyl chain.

In one embodiment of the compounds of Formula IIT provided herein, R* is
independently, at each occurrence, C;-¢ alkyl, halo, -(Lz)q-OR3, Cs-7 cycloalkyl, -Ci-4
alkylene-(Cs-7 cycloalkyl), -C;-4 alkylene-(aryl), or -C,-4 alkylene-(heteroaryl). In a further
embodiment, R” is independently, at each occurrence, C-¢ alkyl, halo, -(Lz)q-OR3, or Cz-7

cycloalkyl. In yet a further embodiment, R* is independently, at each occurrence, C-¢ alkyl
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or halo. In yet another embodiment, R” is independently, at each occurrence, -Cl, -F, -CHj, -
OCHjs, or cyclopropyl.

In another embodiment of the compounds of Formula I1I provided herein, L? is -(C)-3
alkylene)-.

In another embodiment of the compounds of Formula III provided herein, RYis H, C;-
6 alkyl, or -C-4 alkylene-(aryl).

In yet a further embodiment, -(Lz)q-OR3 i1s -OH, -OCH3;, -CH,OH, -CH,CH,OH, -
CH,0CH3, or -CH, CH,OCH.

In an embodiment of the compounds of Formula III provided herein, X is N; RY is -
C,-¢ alkyl, halo, -(Lz)q-OR3, -(Lz)qCOzR3 or -C;-4 alkylene-(aryl); R” is independently, at
each occurrence, C;-¢ alkyl, halo, or C3-7 cycloalkyl; R™ is independently, at each occurrence,
halo; and nis O or 1.

In a further embodiment, compounds of Formula II have the Formula IV:
RY (R

\ { \/X\ﬂ/n R
z (R )m

IV,

or a pharmaceutically acceptable salt thereof,

wherein m is 0, 1, or 2, and wherein all other variables, e.g., X, R*, R?, R* and n, have
the definitions as provided for Formula II.

In an embodiment of the compounds of Formula IV provided herein, X is N. In
another embodiment of the compounds of Formula IV provided herein, X is C.

In one embodiment of the compounds of Formula IV, provided herein, R* is
independently, at each occurrence, halo, -CN, -NO, -C;-¢ haloalkyl, -C,-¢ dihaloalkyl, or -
C-¢ trihaloalkyl. In another embodiment, R* is independently, at each occurrence, halo. In a
further embodiment, R* is independently, at each occurrence -F or -Cl.

In one embodiment of the compounds of Formula IV provided herein, R¥ is H, C-¢
alkyl, halo, -(Lz)q-OR3, '(Lz)qC02R3 or -Cj-4 alkylene-(aryl). In another embodiment of the
compounds of Formula IV provided herein, two R groups on the same carbon atom, together
with that carbon atom, form C(O). In yet another embodiment of the compounds of Formula
IV provided herein, two R¥ groups on adjacent carbon atoms are taken together to form a

fused ring, and wherein the ring is Cs_jo-cycloalkyl or phenyl. In a further embodiment of the
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compounds of Formula I'V provided herein, two R groups on non-adjacent carbon atoms are
taken together to form a bridge of a bridged bicyclic group, and wherein the bridge is a C, ;-
alkyl chain.

In one embodiment of the compounds of Formula IV provided herein, R* is
independently, at each occurrence, C;-¢ alkyl, halo, -(Lz)q-OR3, Cs-7 cycloalkyl, -Ci-4
alkylene-(Cs-7 cycloalkyl), -C,-4 alkylene-(aryl), or -C;-4 alkylene-(heteroaryl). In a further
embodiment, R* is independently, at each occurrence, C-¢ alkyl, halo, -(Lz)q-OR3, or Ci—
cycloalkyl. In yet a further embodiment, R* is independently, at each occurrence, C;-¢ alkyl
or halo. In yet another embodiment, R” is independently, at each occurrence, -Cl, -F, -CHj, -
OCHjs, or cyclopropyl.

In another embodiment of the compounds of Formula IV provided herein, L? is -(C;-3
alkylene)-.

In another embodiment of the compounds of Formula IV provided herein, RYis H, C;-
6 alkyl, or -C-4 alkylene-(aryl).

In yet a further embodiment, -(Lz)q-OR3 1s -OH, -OCH3;, -CH,OH, -CH,CH,OH, -
CH,0CH3, or -CH, CH,OCH3.

In a preferred embodiment of the compounds of Formula IV provided herein, X is N;
R” is -C-¢ alkyl, halo, -(Lz)q-OR3, -(Lz)qCOzR3 or -C;-4 alkylene-(aryl); R” is independently,
at each occurrence, Ci-¢ alkyl, halo, or C3-7 cycloalkyl; R* is independently, at each
occurrence, halo; and nis 0 or 1.

In yet a further embodiment of Formula IV, or a pharmaceutically acceptable salt
thereof,

Xis CorN;

R* is independently, at each occurrence, halo;

R” is independently, at each occurrence, C;-¢ alkyl, halo, -(Lz)q-OR3, -(Lz)qC02R3, -
C,-4 alkylene-(aryl); or

two RY groups on adjacent carbon atoms are taken together to form a fused ring; or

two RY groups on non-adjacent carbon atoms are taken together to form a bridge of a
bridged bicyclic group; or

two R groups on the same carbon atom, together with that carbon atom, form C(O);

R” is independently, at each occurrence, C-¢ alkyl, halo, -(Lz)q-OR3, Cs-7 cycloalkyl;

L’ is independently, at each occurrence, a bivalent radical selected from -(C;-3

alkylene)-;
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and

ecach R® is independently, at each occurrence, H, C-¢ alkyl, or -C;-4 alkylene-(aryl);

qisOorI.

In one aspect, the compound of the invention is a compound of Formula V:

n(RY)
N \\I (R
X \/X\L‘—@
N

(R VY=
\%
or a pharmaceutically acceptable salt thereof,
wherein
Xis CorN;

each Y and Z are independently selected from N and C;
L' is -C(O)NR'-, or -SO,NR'-;
R” is independently, at each occurrence, halo;

R” is independently, at each occurrence, C;-¢ alkyl, halo, -(Lz)q-OR3, -(Lz)qC02R3, -

Ci-4 alkylene-(aryl); or

two RY groups on adjacent carbon atoms are taken together to form a fused ring; or

two RY groups on non-adjacent carbon atoms are taken together to form a bridge of a

bridged bicyclic group; or

two RY groups on the same carbon atom, together with that carbon atom, form C(O);
R” is independently, at each occurrence, C-¢ alkyl, halo, -(Lz)q-OR3, Cs-7 cycloalkyl;

L’ is independently, at each occurrence, a bivalent radical selected from -(C;-3

alkylene)-;

each R? is independently, at each occurrence, H, C ;- alkyl, or -C -4 alkylene-(aryl);
mis 1,2, or3;

nis0, 1,2, or 3;

pis 1,2, or3; and

qisOor 1.

In an embodiment of Formula V, ---- denotes a double bond, Y is N and Z is C.

Preferred embodiments of Formulas I-V, including pharmaceutically acceptable salts

thereof, are shown below in Table 1. All compounds of Formulas I, Ia, II, I1a, III, IV, and V

as well as pharmaceutically acceptable salts thereof, and the compounds of Table 1, as well
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as pharmaceutically acceptable salts thereof, are considered to be “compounds of the
invention.”

Synthetic method codes refer to the synthesis methodologies provided in the
experimental section. For example, “A01B01C01DO01” refers the use of intermediate AQ1 for
region A, intermediate BO1 for region B, intermediate CO1 for region C, and intermediate

DO1 for region D.

Table 1.
Structure
Cmp. ID .
MS (M+ H)
Synthetic Method ;
H NMR
General procedure A 365/367

A0IBOI1COIDOI | 'H NMR (400MHz, CD;0D) 88.44 (s, 2H), 7.40-7.42 (m, 2H), 7.07-7.31 (m,
2H), 7.05-7.07 (m, 1H), 3.77-3.83 (m, 4H), 3.43-3.47 (m, 4H), 2.00-2.06 (m,

HN{]

2H).
002
General procedure A ,\@i
A01B01C01D02
329/331

HN
Cl
003 SO RS
General procedure A N ol

P

General procedure A 401/403

AOIBOICOIDO4 1y VR (400MHzZ, CD;0D) 58.45 (s, 2H), 7.47-7.50 (m, 1H), 7.15-7.18 (m,
2H), 3.75-3.81 (m, 4H), 3.42-3.46 (m, 4H), 1.99-2.05 (m, 2H).
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005 o N
SN O_% :
General procedure A N o
A01B01C01DO0O5 417/419
HAN—CH,
Cl
006 L O‘&
General procedure A N al
A01B01C01DO07 303/305
—N
a N/
&
007 7ol

General procedure A

366/368

A01B01CO1DO0S8 'H NMR (400MHz, CD;0D)  8.66 (d, J = 2.4 Hz, 1H), 8.45 (s, 2H),8.21
(dd, J=1.2 Hz, 4.8 Hz,1H), 7.97-7.99 (m, 1H), 7.30 (dd, J=4.8 Hz, 8.4 Hz,
1H), 3.78-3.84 (m, 4H), 3.45-3.48 (m, 4H), 2.00-2.06 (m, 2H).
008 M\ N
General procedure A ’\f\:[N\J _§3
A01B01CO01D09 Z el
333/335
dCH3
009 in—/
Cl m_&
General procedure A ,f\:[N\/
F
A01B01CO1D10 ¢
347/349
HN.
Cl
@[O& .
010 A ¢l
399/401

General procedure A

'H NMR (400MHz, CD;0D) & 8.4 (s, 2H), 7.58 (t, J = 2.0 Hz,1H), 7.32-

AO01BO1COIDI1
7.35 (m, 1H), 7.26 (t,J = 8.0 Hz, 1H), 7.02-7.05 (m, 1H), 3.76-3.82 (m, 4H),
3.42-3.47 (m, 4H), 1.99-2.05 (m, 2H).
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