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AMIDO-SUBSTITUTED PYRIDYL COMPOUNDS AND METHODS OF USE THEREOF
FOR THE TREATMENT OF HERPESVIRUSES

FIELD OF THE INVENTION

The present invention relates to novel Amido-Substituted Pyridyl Compounds,
compositions comprising at least one Amido-Substituted Pyridyl Compound, and methods of
using the Amido-Substituted Pyridyl Compounds for treating or preventing herpesvirus infection

in a patient.

BACKGROUND OF THE INVENTION

Human herpes viruses (Herpesviridae) are responsible for causing a wide variety of
diseases in humans. Infection with herpes viruses can occur early in life and by adulthood over
95% of the population is infected by at least one herpes virus. These viruses establish a persistent
life-long infection through viral latency in neuronal, lymphoid, or myeloid cells. Recurrent
episodes of herpes virus disease can be triggered by numerous stimuli, including concurrent viral
infections, stress, fatigue, allergies, pregnancy, sunlight or fever. Herpes virus infection in
immune competent individuals generally causes mild self-limiting disease, such as: oral (HSV-
1), and genital (HSV-2) ulcers, chicken pox (VZV), flu-like syndrome (CMV), and
mononucleosis (EBV). In immunocompromised individuals however, primary infection with, or
reactivation of an existing herpes virus infection is a major cause of disease and death. Key at-
risk immunocompromised populations include patients undergoing solid organ or stem cell
transplants, individuals with HIV/AIDS, and ICU patients.

Herpesviridae comprise a diverse family of double-stranded DNA viruses that are
classified into three subfamilies (i.e., o, B, and y) based upon biological characteristics such as
cell tropism, diseases caused, viral life-cycle, and site of viral persistence and latency. The
family consists of eight members: Herpes Simplex Virus type 1 and 2 (HSV-1, HSV-2),
Varicella Zoster Virus (VZV), Epstein-Barr virus (EBV), Cytomegalovirus (CMV), and human
herpes viruses 6—8 (HHV6-8).

a-herpes viruses include herpes simplex virus types 1 and 2 (HSV1 and HSV2), and
varicella-zoster virus (VZV). HSV1 causes orofacial lesions, commonly known as fever blisters
or cold sores. Approximately 30% of the United States population suffers from recurrent
episodes of HSV1. HSV2, which is less common than HSV1, causes genital lesions. Primary

infection with VZV causes varicella, commonly known as chicken pox. Reactivation of latent
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VZV manifests as herpes zoster or shingles. Cytomegalovirus (CMV) is a prototypical B herpes
virus. Seroprevalance to CMV in the adult population is ~60%, but certain endemic areas of the
world have rates closer to 100%. CMYV represents the leading viral cause of morbidity and
mortality in at-risk immunocompromised patients. EBV, ay herpes virus, causes infectious
mononucleosis and is responsible for lymphoid cancers such as Burkitt’s and Hodgkin’s
lymphoma.

Presently, there is no cure for herpes. Medicines have been developed that can prevent or
shorten outbreaks, but there is a need for improved therapies for treating herpes virus infection
and inhibiting viral replication. The current standard of care for immunocompromised patients at
risk for herpes virus disease is pre-emptive treatment with high-dose nucleoside/nucleotide
analog drugs such as acyclovir, (val)ganciclovir, and cidofovir, all of which target the viral DNA
polymerase. In general, current treatments are virus specific (not broad spectrum), and in the
case of (val)ganciclovir and cidofovir cannot be administered prophylactically due to dose-
related toxicities including bone marrow suppression and renal toxicity. Although efficacious in
many settings, the current nucleos(t)ide drugs are also limited by drug-resistant viral variants and
existing cross-resistant variants which may lead to treatment failure. Therefore, there is an

urgent medical need for improved, well-tolerated anti-herpes agents.

SUMMARY OF THE INVENTION

In one aspect, the present invention provides Compounds of Formula (I)

O R4
R'I
H
=
R2 N R3

D
or a pharmaceutically acceptable salt thereof,
wherein:

R!is -O-(5 or 6-membered monocyclic heterocycloalkyl), or -O-(9 or 10-membered
bicyclic heterocycloalkyl), wherein said 5 or 6-membered monocyclic heterocycloalkyl group,
and said 9 or 10-membered bicyclic heterocycloalkyl group, may each be optionally substituted
with one or more R* groups, which can be the same or different;

R? is selected from H, C1-Cs alkyl, C1-Cs hydroxyalkyl, -(C1-Cs alkylene)m-N(R*)2, C3-Cs
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monocyclic cycloalkyl, 6 to 10-membered bicyclic cycloalkyl, 3 to 7-membered monocyclic
heterocycloalkyl, 6 to 10-membered bicyclic heterocycloalkyl, -(C1-Cs alkylene)m-(5 or 6-
membered monocyclic heteroaryl), and 9 or 10-membered bicyclic heteroaryl, wherein said Cs-
Cs monocyclic cycloalkyl group, said 6 to 10-membered bicyclic cycloalkyl group, said 3 to 7-
membered monocyclic heterocycloalkyl group, said 6 to 10-membered bicyclic heterocycloalkyl
group, said 5 or 6-membered monocyclic heteroaryl group, and said 9 or 10-membered bicyclic
heteroaryl group may each be optionally substituted with one or more R® groups, which can be
the same or different;

R? is -O-(C1-Cs alkyl), -(C1-Cs alkylene)-O-(C1-Cs alkyl), -O-(C1-Cs hydroxyalkyl), -O-
(C1-Cs cyanoalkyl), -O-(C1-Cs alkylene)-(C3-C7 cycloalkyl), -O-(C1-Cs alkylene)-N(R*), -O-
(C1-Cs alkylene)-C(O)N(R*), -O-(C1-Cs haloalkyl), -O-(C1-Cs alkylene)-(3 to 7-membered
monocyclic heterocycloalkyl), -O-(C1-Cs alkylene)-(5 or 6-membered monocyclic heteroaryl),
wherein said 3 to 7-membered monocyclic heterocycloalkyl group, said 5 or 6-membered
monocyclic heteroaryl group, and said 3 to 7 membered cycloalkyl group may each be optionally
substituted with one or more RP groups, which can be the same or different;

each occurrence of R* is independently H or C1-Cs alkyl;

R’ is phenyl, which may be optionally substituted with one or more R® groups, which can
be the same or different

each occurrence of R# is independently selected from Ci-Cs alkyl, oxo, and -C(0)-Ci1-Cs
alkyl;

each occurrence of RE is independently selected from C1-Cs alkyl, -O-(C1-Cs alkyl), -OH,
oxo, halo, -C(O)H, C1-Cs haloalkyl, C1-Cs hydroxyalkyl, C3-Cs monocyclic cycloalkyl, -(C1-Cs
alkylene)m-(5 or 6-membered monocyclic heteroaryl), -(C1-Cs alkylene)m-N(R*)2, -(C1-Cs
alkylene)m-C(O)N(R*), and -(C1-Cs alkylene)-O-(C1-Cs alkyl):

R represents up to 3 optional phenyl group substituents, which can be the same or
different, and are each independently selected from C1-Cs alkyl, halo, -C1-Cs haloalkyl, and -CN;

each occurrence of RP is independently selected from Ci-Cs alkyl, oxo, halo, -C1-Cs
haloalkyl, and -CN; and

each occurrence of m is independently O or 1.

The Compounds of Formula (I) (also referred to herein as the “Amido-Substituted
Pyridyl Compounds™), and pharmaceutically acceptable salts thereof can be useful, for example,

for inhibiting herpesvirus viral replication or activity, and for treating or preventing herpesvirus
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infection in a patient. Without being bound by any specific theory, it is believed that the Amido-
Substituted Pyridyl Compounds inhibit herpesvirus viral replication by inhibiting herpesvirus
polymerase.

Accordingly, the present invention provides methods for treating or preventing
herpesvirus infection in a patient, comprising administering to the patient an effective amount of
at least one Amido-Substituted Pyridyl Compound.

The details of the invention are set forth in the accompanying detailed description below.

Although any methods and materials similar to those described herein can be used in the
practice or testing of the present invention, illustrative methods and materials are now described.
Other embodiments, aspects and features of the present invention are either further described in

or will be apparent from the ensuing description, examples and appended claims.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to novel Amido-Substituted Pyridyl Compounds,
compositions comprising at least one Amido-Substituted Pyridyl Compound, and methods of
using the Amido-Substituted Pyridyl Compounds for treating or preventing herpesvirus infection

in a patient.

Definitions and Abbreviations

The terms used herein have their ordinary meaning and the meaning of such terms is
independent at each occurrence thereof. That notwithstanding and except where stated
otherwise, the following definitions apply throughout the specification and claims. Chemical
names, common names, and chemical structures may be used interchangeably to describe the
same structure. If a chemical compound is referred to using both a chemical structure and a
chemical name and an ambiguity exists between the structure and the name, the structure
predominates. These definitions apply regardless of whether a term is used by itself or in
combination with other terms, unless otherwise indicated. Hence, the definition of "alkyl"
applies to "alkyl" as well as the "alkyl" portions of "hydroxyalkyl," "haloalkyl," "-O-alkyl," etc...

As used herein, and throughout this disclosure, the following terms, unless otherwise
indicated, shall be understood to have the following meanings:

A “patient” is a human or non-human mammal. In one embodiment, a patient is a
human.

The term "effective amount" as used herein, refers to an amount of Amido-Substituted
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Pyridyl Compound and/or an additional therapeutic agent, or a composition thereof that is
effective in producing the desired therapeutic, ameliorative, inhibitory or preventative effect
when administered to a patient suffering from a viral infection or virus-related disorder. In the
combination therapies of the present invention, an effective amount can refer to each individual
agent or to the combination as a whole, wherein the amounts of all agents administered are
together effective, but wherein the component agent of the combination may not be present
individually in an effective amount.

The term “preventing,” as used herein with respect to a herpesvirus viral infection or
herpesvirus-virus related disorder, refers to reducing the likelihood of herpesvirus infection.

The term "alkyl,” as used herein, refers to an aliphatic hydrocarbon group having one of
its hydrogen atoms replaced with a bond. An alkyl group may be straight or branched and
contain from about 1 to about 20 carbon atoms. In one embodiment, an alkyl group contains
from about 1 to about 12 carbon atoms. In different embodiments, an alkyl group contains from
1 to 6 carbon atoms (C1-Cs alkyl) or from about 1 to about 4 carbon atoms (C1-Cs alkyl). Non-
limiting examples of alkyl groups include methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl,
isobutyl, tert-butyl, n-pentyl, neopentyl, isopentyl, n-hexyl, isohexyl and neohexyl. An alkyl
group may be unsubstituted or substituted by one or more substituents which may be the same or
different, each substituent being independently selected from the group consisting of halo,
alkenyl, alkynyl, aryl, cycloalkyl, cyano, hydroxy, -O-alkyl, -O-aryl, -alkylene-O-alkyl,
alkylthio, -NHa, -NH(alkyl), -N(alkyl)2, NH(cycloalkyl), -O-C(O)-alkyl, -O-C(O)-aryl, -O-C(O)-
cycloalkyl, -C(O)OH and —C(0)O-alkyl. In one embodiment, an alkyl group is linear. In
another embodiment, an alkyl group is branched. Unless otherwise indicated, an alkyl group is
unsubstituted.

The term "alkenyl,” as used herein, refers to an aliphatic hydrocarbon group containing at
least one carbon-carbon double bond and having one of its hydrogen atoms replaced with a bond.
An alkenyl group may be straight or branched and contain from about 2 to about 15 carbon
atoms. In one embodiment, an alkenyl group contains from about 2 to about 12 carbon atoms.

In another embodiment, an alkenyl group contains from about 2 to about 6 carbon atoms. Non-
limiting examples of alkenyl groups include ethenyl, propenyl, n-butenyl, 3-methylbut-2-enyl, n-
pentenyl, octenyl and decenyl. An alkenyl group may be unsubstituted or substituted by one or
more substituents which may be the same or different, each substituent being independently
selected from the group consisting of halo, alkenyl, alkynyl, aryl, cycloalkyl, cyano, hydroxy, -
O-alkyl, -O-aryl, -alkylene-O-alkyl, alkylthio, -NH2, -NH(alkyl), -N(alkyl)2, -NH(cycloalkyl), -
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0-C(0)-alkyl, -O-C(0O)-aryl, -O-C(O)-cycloalkyl, -C(O)OH and —C(0)O-alkyl. The term “C2-
Cs alkenyl” refers to an alkenyl group having from 2 to 6 carbon atoms. Unless otherwise
indicated, an alkenyl group is unsubstituted.

The term "alkynyl,” as used herein, refers to an aliphatic hydrocarbon group containing at
least one carbon-carbon triple bond and having one of its hydrogen atoms replaced with a bond.
An alkynyl group may be straight or branched and contain from about 2 to about 15 carbon
atoms. In one embodiment, an alkynyl group contains from about 2 to about 12 carbon atoms.
In another embodiment, an alkynyl group contains from about 2 to about 6 carbon atoms. Non-
limiting examples of alkynyl groups include ethynyl, propynyl, 2-butynyl and 3-methylbutynyl.
An alkynyl group may be unsubstituted or substituted by one or more substituents which may be
the same or different, each substituent being independently selected from the group consisting of
halo, alkenyl, alkynyl, aryl, cycloalkyl, cyano, hydroxy, -O-alkyl, -O-aryl, -alkylene-O-alkyl,
alkylthio, -NHa, -NH(alkyl), -N(alkyl)2, -NH(cycloalkyl), -O-C(O)-alkyl, -O-C(O)-aryl, -O-
C(0)-cycloalkyl, -C(O)OH and —C(0)O-alkyl. The term “C2-Cs alkynyl” refers to an alkynyl
group having from 2 to 6 carbon atoms. Unless otherwise indicated, an alkynyl group is
unsubstituted.

The term "alkylene,” as used herein, refers to an alkyl group, as defined above, wherein
one of the alkyl group’s hydrogen atoms has been replaced with a bond. Non-limiting examples
of alkylene groups include —CHz-, -CH2CHz-, -CH2CH2CHz-, -CH2CH2CH2CHz2-, -
CH(CH3)CH2CHz-, -CH(CH35)- and -CH2CH(CH3)CH2-. In one embodiment, an alkylene group
has from 1 to about 6 carbon atoms. In another embodiment, an alkylene group is branched. In
another embodiment, an alkylene group is linear. In one embodiment, an alkylene group is -
CHz-. The term “C1-Cs alkylene™ refers to an alkylene group having from 1 to 6 carbon atoms.

The term "aryl," as used herein, refers to an aromatic monocyclic or multicyclic ring
system comprising from about 6 to about 14 carbon atoms. In one embodiment, an aryl group
contains from about 6 to about 10 carbon atoms. An aryl group may be optionally substituted
with one or more "ring system substituents" which may be the same or different and are as
defined herein below. In one embodiment, an aryl group may be optionally fused to a cycloalkyl
or cycloalkanoyl group. Non-limiting examples of aryl groups include phenyl and naphthyl. In
one embodiment, an aryl group is phenyl. In another embodiment, an aryl group is napthalene.
Unless otherwise indicated, an aryl group is unsubstituted.

The term "cycloalkyl," as used herein, refers to a non-aromatic mono- or multicyclic ring

system comprising from about 3 to about 10 ring carbon atoms. In one embodiment, a
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cycloalkyl contains from about 5 to about 10 ring carbon atoms. In another embodiment, a
cycloalkyl contains from about 3 to about 7 ring atoms. In another embodiment, a cycloalkyl
contains from about 5 to about 6 ring atoms. Non-limiting examples of monocyclic cycloalkyls
include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl. Non-
limiting examples of multicyclic cycloalkyls include 1-decalinyl, norbornyl and adamantyl. A
cycloalkyl group may be optionally substituted with one or more "ring system substituents"
which may be the same or different and are as defined herein below. Unless otherwise indicated,
a cycloalkyl group is unsubstituted. In one embodiment, a cycloalkyl group is unsubstituted. The
term “3 to 6-membered cycloalkyl” refers to a cycloalkyl group having from 3 to 6 ring carbon
atoms. A ring carbon atom of a cycloalkyl group may be functionalized as a carbonyl group. An
illustrative example of such a cycloalkyl group (also referred to herein as a “cycloalkanoyl”

group) includes, but is not limited to, cyclobutanoyl:

/O

The term "cycloalkenyl," as used herein, refers to a non-aromatic mono- or multicyclic
ring system comprising from about 4 to about 10 ring carbon atoms and containing at least one
endocyclic double bond. In one embodiment, a cycloalkenyl contains from about 4 to about 7
ring carbon atoms. In another embodiment, a cycloalkenyl contains 5 or 6 ring atoms. Non-
limiting examples of monocyclic cycloalkenyls include cyclopentenyl, cyclohexenyl,
cyclohepta-1,3-dienyl, and the like. A cycloalkenyl group may be optionally substituted with
one or more "ring system substituents" which may be the same or different and are as defined
herein below. A ring carbon atom of a cycloalkyl group may be functionalized as a carbonyl
group. Unless otherwise indicated, a cycloalkenyl group is unsubstituted. In one embodiment, a
cycloalkenyl group is cyclopentenyl. In another embodiment, a cycloalkenyl group is
cyclohexenyl. The term “4 to 6-membered cycloalkenyl” refers to a cycloalkenyl group having
from 4 to 6 ring carbon atoms.

The term “halo,” as used herein, means —F, -Cl, -Br or -1.

The term "haloalkyl," as used herein, refers to an alkyl group as defined above, wherein
one or more of the alkyl group’s hydrogen atoms has been replaced with a halogen. In one

embodiment, a haloalkyl group has from 1 to 6 carbon atoms. In another embodiment, a
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haloalkyl group is substituted with from 1 to 3 F atoms. Non-limiting examples of haloalkyl
groups include —CH2F, -CHF2, -CF3, -CH2Cl and -CCls.

The term “C1-Cs haloalkyl” refers to a haloalkyl group having from 1 to 6 carbon atoms.

The term "hydroxyalkyl," as used herein, refers to an alkyl group as defined above,
wherein one or more of the alkyl group’s hydrogen atoms has been replaced with an —OH group.
In one embodiment, a hydroxyalkyl group has from 1 to 6 carbon atoms. Non-limiting examples
of hydroxyalkyl groups include -CH20H, -CH2CH20H, -CH2CH2CH20H and -
CH2CH(OH)CH3. The term “C1-Cs hydroxyalkyl™ refers to a hydroxyalkyl group having from 1
to 6 carbon atoms.

The term "heteroaryl,” as used herein, refers to an aromatic monocyclic or multicyclic
ring system comprising about 5 to about 14 ring atoms, wherein from 1 to 4 of the ring atoms is
independently O, N or S and the remaining ring atoms are carbon atoms. In one embodiment, a
heteroaryl group has 5 to 10 ring atoms. In another embodiment, a heteroaryl group is
monocyclic and has 5 or 6 ring atoms. In another embodiment, a heteroaryl group is bicyclic and
had 9 or 10 ring atoms. A heteroaryl group may be optionally substituted by one or more "ring
system substituents" which may be the same or different and are as defined herein below. A
heteroaryl group is joined via a ring carbon atom, and any nitrogen atom of a heteroaryl may be
optionally oxidized to the corresponding N-oxide. The term “heteroaryl” also encompasses a
heteroaryl group, as defined above, which is fused to a benzene ring. Non-limiting examples of
heteroaryls include pyridyl, pyrazinyl, furanyl, thienyl, pyrimidinyl, pyridone (including N-
substituted pyridones), isoxazolyl, isothiazolyl, oxazolyl, oxadiazolyl, thiazolyl, pyrazolyl,
furazanyl, pyrrolyl, triazolyl, 1,2,4-thiadiazolyl, pyrazinyl, pyridazinyl, quinoxalinyl,
phthalazinyl, oxindolyl, imidazo[1,2-a]pyridinyl, imidazo[2,1-b]thiazolyl, benzofurazanyl,
indolyl, azaindolyl, benzimidazolyl, benzothienyl, quinolinyl, imidazolyl, benzimidazolyl,
thienopyridyl, quinazolinyl, thienopyrimidyl, pyrrolopyridyl, imidazopyridyl, isoquinolinyl,
benzoazaindolyl, 1,2.4-triazinyl, benzothiazolyl and the like, and all isomeric forms thereof. The
term “heteroaryl” also refers to partially saturated heteroaryl moieties such as, for example,
tetrahy droisoquinolyl, tetrahydroquinolyl and the like. Unless otherwise indicated, a heteroaryl
group is unsubstituted. In one embodiment, a heteroaryl group is a S-membered heteroaryl. In
another embodiment, a heteroaryl group is a 6-membered heteroaryl. In another embodiment, a
“9- or 10-membered bicyclic heteroaryl” group comprises a 5- to 6-membered heterocycloalkyl

group fused to a benzene ring, such as:
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NY
In still another embodiment, a “9- or 10-membered bicyclic heteroaryl” group comprises

a 5- to 6-membered heteroaryl group fused to a cycloalkyl ring or a heterocycloalkyl ring, such

N s AN

The term "heteroarylene,” as used herein, refers to a bivalent group derived from an

as:

heteroaryl group, as defined above, by removal of a hydrogen atom from a ring carbon or ring
heteroatom of a heteroaryl group. A heteroarylene group can be derived from a monocyclic or
multicyclic ring system comprising about 5 to about 14 ring atoms, wherein from 1 to 4 of the
ring atoms are each independently O, N or S and the remaining ring atoms are carbon atoms. A
heteroarylene group may be optionally substituted by one or more "ring system substituents"
which may be the same or different and are as defined herein below. A heteroarylene group is
joined via a ring carbon atom or by a nitrogen atom with an open valence, and any nitrogen atom
of a heteroarylene may be optionally oxidized to the corresponding N-oxide. The term
“heteroarylene™ also encompasses a heteroarylene group, as defined above, which is fused to a
benzene ring. Non-limiting examples of heteroarylenes include pyridylene, pyrazinylene,
furanylene, thienylene, pyrimidinylene, pyridonylene (including those derived from N-
substituted pyridonyls), isoxazolylene, isothiazolylene, oxazolylene, oxadiazolylene,
thiazolylene, pyrazolylene, thiophenylene, furazanylene, pyrrolylene, triazolylene, 1,2,4-
thiadiazolylene, pyrazinylene, pyridazinylene, quinoxalinylene, phthalazinylene, oxindolylene,
imidazo[1,2-a]pyridinylene, imidazo[2,1-b]thiazolylene, benzofurazanylene, indolylene,
azaindolylene, benzimidazolylene, benzothienylene, quinolinylene, imidazolylene,
benzimidazolylene, thienopyridylene, quinazolinylene, thienopyrimidylene, pyrrolopyridylene,
imidazopyridylene, isoquinolinylene, benzoazaindolylene, 1,2,4-triazinylene, benzothiazolylene
and the like, and all isomeric forms thereof. The term “heteroarylene™ also refers to partially
saturated heteroarylene moieties such as, for example, tetrahydroisoquinolylene,
tetrahydroquinolylene, and the like. Unless otherwise indicated, a heteroarylene group is

unsubstituted. A heteroarylene group is divalent and unless specified otherwise, either available

9
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bond on a heteroarylene ring can connect to either group flanking the heteroarylene group. For

example, the group “A-heteroarylene-B,” wherein the heteroarylene group is:
N
@7((_3\
ara

is understood to represent both:

A/&_}\B e A/[_ §\B

In one embodiment, a heteroarylene group is a monocyclic heteroarylene group or a
bicyclic heteroarylene group. In another embodiment, a heteroarylene group is a monocyclic
heteroarylene group. In another embodiment, a heteroarylene group is a bicyclic heteroarylene
group. In still another embodiment, a heteroarylene group has from about 5 to about 10 ring
atoms. In another embodiment, a heteroarylene group is monocyclic and has 5 or 6 ring atoms.
In another embodiment, a heteroarylene group is bicyclic and has 9 or 10 ring atoms. In another
embodiment, a heteroarylene group is a S-membered monocyclic heteroarylene. In another
embodiment, a heteroarylene group is a 6-membered monocyclic heteroarylene. In another
embodiment, a bicyclic heteroarylene group comprises a 5 or 6-membered monocyclic
heteroarylene group fused to a benzene ring. In still another embodiment, a heteroaryl group
comprises a 5- to 6-membered monocyclic heteroarylene group fused to a cycloalkyl ring or a
heterocycloalkyl ring.

The term "heterocycloalkyl," as used herein, refers to a non-aromatic saturated
monocyclic or multicyclic ring system comprising 3 to about 11 ring atoms, wherein from 1 to 4
of the ring atoms are independently O, S, N or Si, and the remainder of the ring atoms are carbon
atoms. A heterocycloalkyl group can be joined via a ring carbon, ring silicon atom or ring
nitrogen atom. In one embodiment, a heterocycloalkyl group is monocyclic and has from about
3 to about 7 ring atoms. In another embodiment, a heterocycloalkyl group is monocyclic has
from about 4 to about 7 ring atoms. In another embodiment, a heterocycloalkyl group is bicyclic
and has from about 7 to about 11 ring atoms. In still another embodiment, a heterocycloalkyl
group is monocyclic and has 5 or 6 ring atoms. In one embodiment, a heterocycloalkyl group is
monocyclic. In another embodiment, a heterocycloalkyl group is bicyclic. There are no adjacent
oxygen and/or sulfur atoms present in the ring system. Any —NH group in a heterocycloalkyl

ring may exist protected such as, for example, as an -N(BOC), -N(CBz), -N(Tos) group and the
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like; such protected heterocycloalkyl groups are considered part of this invention. A
heterocycloalkyl group may be optionally substituted by one or more "ring system substituents"
which may be the same or different and are as defined herein below. The nitrogen or sulfur atom
of the heterocycloalkyl may be optionally oxidized to the corresponding N-oxide, S-oxide or
S.S-dioxide. Unless otherwise indicated, a heterocycloalkyl group is unsubstituted. Non-
limiting examples of monocyclic heterocycloalkyl rings include oxetanyl, piperidyl, pyrrolidinyl,
piperazinyl, morpholinyl, thiomorpholinyl, thiazolidinyl, 1,4-dioxanyl, tetrahydrofuranyl,
tetrahydrothiophenyl, delta-lactam, delta-lactone, silacyclopentane, silapyrrolidine and the like,
and all isomers thereof. Non-limiting illustrative examples of a silyl-containing heterocycloalkyl

group include:

Si Si—0 e :
HyC” \ HyC” \ >s|< £
CHs CHs  He” o F

A ring carbon atom of a heterocycloalkyl group may be functionalized as a carbonyl

group. Illustrative examples of such a heterocycloalkyl group include, but are not limited to:

Crt L O

O

A ring sulfur atom of a heterocycloalkyl group may also be functionalized as a sulfonyl

group. An example of such a heterocycloalkyl group is:

o
\

0=S

K//N_g
In one embodiment, a heterocycloalkyl group is a S-membered monocyclic

heterocycloalkyl. In another embodiment, a heterocycloalkyl group is a 6-membered
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monocyclic heterocycloalkyl. The term “5- to 7-membered monocyclic cycloalkyl™ refers to a
monocyclic heterocycloalkyl group having from 5 to 5 ring atoms. The term “4 to 6-membered
monocyclic cycloalkyl” refers to a monocyclic heterocycloalkyl group having from 4 to 6 ring
atoms. The term “9 to 10-membered bicyclic heterocycloalkyl™ refers to a bicyclic
heterocycloalkyl group having from 9 to 10 ring atoms.

The term "heterocycloalkenyl," as used herein, refers to a heterocycloalkyl group, as
defined above, wherein the heterocycloalkyl group contains from 4 to 10 ring atoms, and at least
one endocyclic carbon-carbon or carbon-nitrogen double bond. A heterocycloalkenyl group can
be joined via a ring carbon or ring nitrogen atom. In one embodiment, a heterocycloalkenyl
group has from 4 to 6 ring atoms. In another embodiment, a heterocycloalkenyl group is
monocyclic and has 5 or 6 ring atoms. In another embodiment, a heterocycloalkenyl group is
bicyclic. A heterocycloalkenyl group can optionally substituted by one or more ring system
substituents, wherein "ring system substituent" is as defined above. The nitrogen or sulfur atom
of the heterocycloalkenyl may be optionally oxidized to the corresponding N-oxide, S-oxide or
S.S-dioxide. A ring carbon atom of a heterocycloalkenyl group may be functionalized as a
carbonyl group. Non-limiting examples of heterocycloalkenyl groups include 1,2,3,4-
tetrahydropyridinyl, 1,2-dihydropyridinyl, 1,4-dihydropyridinyl, 1,2,3,6-tetrahydropyridinyl,
1,4,5,6-tetrahydropyrimidinyl, 2-pyrrolinyl, 3-pyrrolinyl, 2-imidazolinyl, 2-pyrazolinyl,
dihydroimidazolyl, dihydrooxazolyl, dihydrooxadiazolyl, dihydrothiazolyl, 3,4-dihydro-2H-
pyranyl, dihydrofuranyl, fluoro-substituted dihydrofuranyl, 7-oxabicyclo[2.2.1]heptenyl,
dihydrothiophenyl, dihydrothiopyranyl, and the like and the like. In one embodiment, a
heterocycloalkenyl group is a 5S-membered heterocycloalkenyl. In another embodiment, a
heterocycloalkenyl group is a 6-membered heterocycloalkenyl. The term “4 to 6-membered
heterocycloalkenyl™ refers to a heterocycloalkenyl group having from 4 to 6 ring atoms. Unless
otherwise indicated, a heterocycloalkenyl group is unsubstituted.

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

The term "in substantially purified form,” as used herein, refers to the physical state of a
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compound after the compound is isolated from a synthetic process (e.g., from a reaction
mixture), a natural source, or a combination thereof. The term "in substantially purified form,”
also refers to the physical state of a compound after the compound is obtained from a
purification process or processes described herein or well-known to the skilled artisan (e.g.,
chromatography, recrystallization and the like), in sufficient purity to be characterizable by
standard analytical techniques described herein or well-known to the skilled artisan.

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

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

Examples of "ring system substituents" include, but are not limited to, alkyl, alkenyl,
alkynyl, aryl, heteroaryl, -alkylene-aryl, -arylene-alkyl,-alkylene-heteroaryl,-alkenylene-
heteroaryl, -alkynylene-heteroaryl, -OH, hydroxyalkyl, haloalkyl, -O-alkyl, -O-haloalkyl, -
alkylene-O-alkyl, -O-aryl, -O-alkylene-aryl, acyl, - C(O)-aryl, halo, -NO2, -CN, -SFs, -C(O)OH,
-C(0)0-alkyl, -C(0)0O-aryl, -C(0O)0O-alkylene-aryl, -S(O)-alkyl, -S(O)2-alkyl, -S(O)-aryl, -S(0)2-
aryl, -S(O)-heteroaryl, -S(0O)z-heteroaryl, -S-alkyl, -S-aryl, -S-heteroaryl, -S-alkylene-aryl, -S-
alkyleneheteroaryl, -S(O)2-alkylene-aryl, -S(O)z-alkylene-heteroaryl, -Si(alkyl)z, -Si(aryl)z,
Si(heteroaryl)z -Si(alkyl)( aryl), -Si(alkyl)(cycloalkyl), -Si(alkyl)(heteroaryl), cycloalkyl,
heterocycloalkyl, -O-C(O)-alkyl, -O-C(O)-aryl, -O-C(O)-cycloalkyl, -C(=N-CN)-NHo, -
C(=NH)-NHa, -C(=NH)-NH(alkyl), -N(Y1)(Y?), -alkylene-N(Y')(Y?), -C(O)N(Y')(Y?), and -
S(0):2N(YH)(Y?), wherein Y! and Y? can be the same or different and are independently selected
from the group consisting of hydrogen, alkyl, aryl, cycloalkyl, and -alkylene-aryl. "Ring system
substituent" may also mean a single moiety which simultaneously replaces two available
hydrogens on two adjacent carbon atoms (one H on each carbon) on a ring system. Examples of
such moieties are methylenedioxy, ethylenedioxy, -C(CHj3)2- and the like which form moieties

such as, for example:
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CHj
O
@)
O

When any substituent or variable (e.g., R}, m, etc.) occurs more than one tirﬁe in any constituent
or in Formula (1), its definition on each occurrence is independent of its definition at every other
occurrence, unless otherwise indicated.

As used herein, the term “composition” is intended to encompass a product comprising
the specified ingredients in the specified amounts, as well as any product which results from
combination of the specified ingredients in the specified amounts.

Prodrugs and solvates of the compounds of the invention are also contemplated herein. A
discussion of prodrugs is provided in T. Higuchi and V. Stella, Pro-drugs as Novel Delivery
Systems (1987) 14 of the A.C.S. Symposium Series, and in Bioreversible Carriers in Drug
Design, (1987) Edward B. Roche, ed., American Pharmaceutical Association and Pergamon
Press. The term “prodrug”™ means a compound (e.g., a drug precursor) that is transformed in vivo
to provide an Amido-Substituted Pyridyl Compound or a pharmaceutically acceptable salt or
solvate of the compound. The transformation may occur by various mechanisms (e.g., by
metabolic or chemical processes), such as, for example, through hydrolysis in blood.

For example, if an Amido-Substituted Pyridyl Compound or a pharmaceutically
acceptable salt, hydrate or solvate of the compound contains a carboxylic acid functional group,
a prodrug can comprise an ester formed by the replacement of the hydrogen atom of the acid
group with a group such as, for example, (C1—Cs)alkyl, (C2-Ciz)alkanoyloxymethyl, 1-
(alkanoyloxy)ethyl having from 4 to 9 carbon atoms, 1-methyl-1-(alkanoyloxy)-ethyl having
from 5 to 10 carbon atoms, alkoxycarbonyloxymethyl having from 3 to 6 carbon atoms, 1-
(alkoxycarbonyloxy)ethyl having from 4 to 6 carbon atoms, 1-methyl-1-(alkoxycarbonyloxy)
ethyl having from 5 to 8 carbon atoms, N-(alkoxycarbonyl)aminomethyl having from 3 to 9
carbon atoms, 1-(N-(alkoxycarbonyl)amino)ethyl having from 4 to 10 carbon atoms, 3-
phthalidyl, 4-crotonolactonyl, gamma-butyrolacton-4-yl, di-N,N-(C1-Cz)alkylamino(Cz-Cs)alkyl
(such as p-dimethylaminoethyl), carbamoyl-(Ci-C2)alkyl, N,N-di (C1-C2)alkylcarbamoyl-(Ci-
Cy)alkyl and piperidino-, pyrrolidino- or morpholino(C2-Cs)alkyl, and the like.

Similarly, if an Amido-Substituted Pyridyl Compound contains an alcohol functional
group, a prodrug can be formed by the replacement of the hydrogen atom of the alcohol group

with a group such as, for example, (C1-Ce)alkanoyloxymethyl, 1-((C1-Ce)alkanoyloxy)ethyl, 1-
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methyl-1-((C1-Ce)alkanoyloxy)ethyl, (Ci1-Ce)alkoxycarbonyloxymethyl, N-(Ci-
Ce)alkoxycarbonylaminomethyl, succinoyl, (Ci-Ce)alkanoyl, a-amino(C1-C4)alkyl, a-amino(Ci-
Cq)alkylene-aryl, arylacyl and a-aminoacyl, or a-aminoacyl-a-aminoacyl, where each a-
aminoacyl group is independently selected from the naturally occurring L-amino acids, -
P(O)(OH)z, -P(O)(O(C1-Co)alkyl)2 or glycosyl (the radical resulting from the removal of a
hydroxyl group of the hemiacetal form of a carbohydrate), and the like.

If an Amido-Substituted Pyridyl Compound incorporates an amine functional group, a
prodrug can be formed by the replacement of a hydrogen atom in the amine group with a group
such as, for example, R-carbonyl-, RO-carbonyl-, NRR’-carbonyl- wherein R and R’ are each
independently (C1-Cio)alkyl, (C3-C7) cycloalkyl, benzyl, a natural a-aminoacyl, -
C(OH)C(0)OY! wherein Y! is H, (Ci-Ce)alkyl or benzyl, -C(OY?)Y? wherein Y2 is (C1-C4) alkyl
and Y? is (C1-Ce)alkyl; carboxy (C1-Ce)alkyl; amino(C1-Cs)alkyl or mono-N- or di-N,N-(Ci-
Ce)alkylaminoalkyl; -C(Y*)Y® wherein Y* is H or methyl and Y? is mono-N- or di-N,N-(Ci-
Ce)alkylamino morpholino; piperidin-1-yl or pyrrolidin-1-yl, and the like.

Pharmaceutically acceptable esters of the present compounds include the following
groups: (1) carboxylic acid esters obtained by esterification of the hydroxy group of a hydroxyl
compound, in which the non-carbonyl moiety of the carboxylic acid portion of the ester grouping
is selected from straight or branched chain alkyl (e.g., methyl, ethyl, n-propyl, isopropyl, t-butyl,
sec-butyl or n-butyl), alkoxyalkyl (e.g., methoxymethyl), aralkyl (e.g., benzyl), aryloxyalkyl (for
example, phenoxymethyl), aryl (e.g., phenyl optionally substituted with, for example, halogen,
Ciaalkyl, -O-(Ci4alkyl) or amino); (2) sulfonate esters, such as alkyl- or aralkylsulfonyl (for
example, methanesulfonyl); (3) amino acid esters (e.g., L-valyl or L-isoleucyl); (4) phosphonate
esters and (5) mono-, di- or triphosphate esters. The phosphate esters may be further esterified
by, for example, a C1-20 alcohol or reactive derivative thereof, or by a 2,3-di (Cs-24)acyl glycerol.

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

include ethanolates, methanolates, and the like. A "hydrate" is a solvate wherein the solvent
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molecule is water.

One or more compounds of the invention may optionally be converted to a solvate.
Preparation of solvates is generally known. Thus, for example, M. Caira et al, J. Pharmaceutical
Sci., 93(3), 601-611 (2004) describe the preparation of the solvates of the antifungal fluconazole
in ethyl acetate as well as from water. Similar preparations of solvates, hemisolvate, hydrates and
the like are described by E. C. van Tonder ef al, AAPS PharmSciTechours. , 5(1), article 12
(2004); and A. L. Bingham ef al, Chem. Commun., 603-604 (2001). A typical, non-limiting,
process involves dissolving the inventive compound in desired amounts of the desired solvent
(organic or water or mixtures thereof) at a higher than room temperature and cooling the solution
at a rate sufficient to form crystals which are then isolated by standard methods. Analytical
techniques such as, for example IR spectroscopy, show the presence of the solvent (or water) in
the crystals as a solvate (or hydrate).

The Amido-Substituted Pyridyl Compounds can form salts which are also within the
scope of this invention. The term "salt(s)", as employed herein, denotes acidic salts formed with
inorganic and/or organic acids, as well as basic salts formed with inorganic and/or organic bases.
In addition, when an Amido-Substituted Pyridyl Compound contains both a basic moiety, such
as, but not limited to a pyridine or imidazole, and an acidic moiety, such as, but not limited to a
carboxylic acid, zwitterions ("inner salts") may be formed and are included within the term
"salt(s)" as used herein. In one embodiment, the salt is a pharmaceutically acceptable (i.e., non-
toxic, physiologically acceptable) salt. In another embodiment, the salt is other than a
pharmaceutically acceptable salt. Salts of the Compounds of Formula (I) may be formed, for
example, by reacting an Amido-Substituted Pyridyl Compound with an amount of acid or base,
such as an equivalent amount, in a medium such as one in which the salt precipitates or in an
aqueous medium followed by lyophilization.

Exemplary acid addition salts include acetates, ascorbates, benzoates, benzenesulfonates,
bisulfates, borates, butyrates, citrates, camphorates, camphorsulfonates, fumarates,
hydrochlorides, hydrobromides, hydroiodides, lactates, maleates, methanesulfonates,
naphthalenesulfonates, nitrates, oxalates, phosphates, propionates, salicylates, succinates,
sulfates, tartarates, thiocyanates, toluenesulfonates (also known as tosylates), and the like.
Additionally, acids which are generally considered suitable for the formation of
pharmaceutically useful salts from basic pharmaceutical compounds are discussed, for example,
by P. Stahl ef a/, Camille G. (eds.) Handbook of Pharmaceutical Salts. Properties, Selection and
Use. (2002) Zurich: Wiley-VCH; S. Berge et al, Journal of Pharmaceutical Sciences (1977)
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66(1) 1-19; P. Gould, International J. of Pharmaceutics (1986) 33 201-217; Anderson et al, The
Practice of Medicinal Chemistry (1996), Academic Press, New York; and in The Orange Book
(Food & Drug Administration, Washington, D.C. on their website). These disclosures are
incorporated herein by reference thereto.

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

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

Diastereomeric mixtures can be separated into their individual diastereomers on the basis
of their physical chemical differences by methods well-known to those skilled in the art, such as,
for example, by chromatography and/or fractional crystallization. Enantiomers can be separated
by converting the enantiomeric mixture into a diastereomeric mixture by reaction with an
appropriate optically active compound (e.g., chiral auxiliary such as a chiral alcohol or Mosher’s
acid chloride), separating the diastereomers and converting (e.g., hydrolyzing) the individual
diastereomers to the corresponding pure enantiomers. Stereochemically pure compounds may
also be prepared by using chiral starting materials or by employing salt resolution techniques.
Also, some of the Amido-Substituted Pyridyl Compounds may be atropisomers (e.g., substituted
biaryls), and are considered as part of this invention. Enantiomers can also be directly separated
using chiral chromatographic techniques.

It is also possible that the Amido-Substituted Pyridyl Compounds may exist in different
tautomeric forms, and all such forms are embraced within the scope of the invention. For
example, all keto-enol and imine-enamine forms of the compounds are included in the invention.

All stereoisomers (for example, geometric isomers, optical isomers and the like) of the
present compounds (including those of the salts, solvates, hydrates, esters and prodrugs of the
compounds as well as the salts, solvates and esters of the prodrugs), such as those which may

exist due to asymmetric carbons on various substituents, including enantiomeric forms (which
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may exist even in the absence of asymmetric carbons), rotameric forms, atropisomers, and
diastereomeric forms, are contemplated within the scope of this invention. If an Amido-
Substituted Pyridyl Compound incorporates a double bond or a fused ring, both the cis- and
trans-forms, as well as mixtures, are embraced within the scope of the invention.

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

"< 2 "

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

In the Compounds of Formula (I), the atoms may exhibit their natural isotopic
abundances, or one or more of the atoms may be artificially enriched in a particular isotope
having the same atomic number, but an atomic mass or mass number different from the atomic
mass or mass number predominantly found in nature. The present invention is meant to include
all suitable isotopic variations of the compounds of generic Formula I. For example, different
isotopic forms of hydrogen (H) include protium (*H), and deuterium (?H). Protium is the
predominant hydrogen isotope found in nature. Enriching for deuterium may afford certain
therapeutic advantages, such as increasing in vivo half-life or reducing dosage requirements, or
may provide a compound useful as a standard for characterization of biological samples.
Isotopically-enriched Compounds of Formula (I) can be prepared without undue experimentation
by conventional techniques well known to those skilled in the art or by processes analogous to
those described in the Schemes and Examples herein using appropriate isotopically-enriched
reagents and/or intermediates. In one embodiment, a Compound of Formula (I) has one or more
of its hydrogen atoms replaced with deuterium.

Polymorphic forms of the Amido-Substituted Pyridyl Compounds, and of the salts,
solvates, hydrates, esters and prodrugs of the Amido-Substituted Pyridyl Compounds, are
intended to be included in the present invention.

The following abbreviations are used below and have the following meanings: AcOH is
acetic acid; n-Ad2(n-Bu)P palladacycle G2 is Chloro|(di(1-adamantyl)-N-butylphosphine)-2-(2-
aminobiphenyl)]palladium(Il); ATCC is American Type Culture Collection; n-BuLi is n-
butyllithium, sec-BuLi is secondary butyllithium; DBAD is di-fert-butyl azodicarboxylate; DIEA
is diisopropylethylamine; DMF is N, N-dimethylformamide; DMSO is dimethylsulfoxide; EDTA
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is ethylenediaminetetraacetic acid; ESI is electrospray ionization; EtOAc is ethyl acetate; EtOH
is ethanol; EtsN is triethylamine; HATU is 1-|Bis(dimethylamino)methylene]|-1H-1,2,3-
triazolo[4,5-b|pyridinium 3-oxid hexafluorophosphate; HEPES is 2-{4-(2-
hydroxyethyipiperazin-1-vijethanesuffonic acid; HPLC is high performance liquid
chromatography; iPrOH is isopropanol; (If{DF(CF3)PPY |2(DTBPY))PFs is [4,4'-Bis(1,1-
dimethylethyl)-2,2'-bipyridine-N1,N1']bis|3,5-difluoro-2-[ 5-(trifluoromethyl)-2-pyridinyl-
N]phenyl-C]Iridium(IIT) hexafluorophosphate; LCMS is liquid chromatography/mass
spectrometry; LED is light-emitting diode; Me is methyl; MeCN is acetonitrile; MeOH is
methanol; MS is mass spectrometry; PdCl2(dppf) is [1,1’-Bis(diphenylphosphino)
ferrocene]dichloropalladium(II); PSI is pounds/square inch; SFC is supercritical fluid
chromatography; t-butyl is tertiary butyl; TFA is trifluoroacetic acid; THF is tetrahydrofuran;
TLC is thin-layer chromatography; and TMEDA is N,N, N’,N -tetramethylethylenediamine.

The Compounds of Formula (I)
The present invention provides Amido-Substituted Pyridyl Compounds of Formula (I):

O R4
R1
H
=
R2 N R3

(Y
and pharmaceutically acceptable salts thereof, wherein R}, R?, R?>, R*, and R’ are as defined

above for the Compounds of Formula (I)

In one embodiment, R!is selected from:

o) o) ) o)
§—o }—os }/ \\/,,
N R‘Nj (Ng/cm @.\CHQ,
oy , o\f , o\ﬁ and :\f

In another embodiment, R!is

19



10

15

20

WO 2022/132679 PCT/US2021/063183

e) o o
e
Ezj"\CHS @‘\\B LNg
oy S O

In another embodiment, R!is

In another embodiment, R!is

In one embodiment, R? is selected from C1-Ce hydroxyalkyl, -(C1-Cs alkylene)m-N(R*)2, C3-Cs
monocyclic cycloalkyl, 6 to 10-membered bicyclic cycloalkyl, 3 to 7-membered monocyclic
heterocycloalkyl, 6 to 10-membered bicyclic heterocycloalkyl, -(C1-Cs alkylene)m-(5 or 6-
membered monocyclic heteroaryl), and 9 or 10-membered bicyclic heteroaryl, wherein said Cs-
Cs monocyclic cycloalkyl group, said 6 to 10-membered bicyclic cycloalkyl group, said 3 to 7-
membered monocyclic heterocycloalkyl group, said 6 to 10-membered bicyclic heterocycloalkyl
group, said 5 or 6-membered monocyclic heteroaryl group, and said 9 or 10-membered bicyclic
heteroaryl group may each be optionally substituted with one or more R® groups, which can be
the same or different;

In another embodiment, R? is selected from H, methyl, -CH>C(CH3)NH2,
CH2C(CHs)20H, pyrazolyl, furanyl, benzofuranyl, indolyl, pyridyl, azetidinyl, pyrrolidinyl,
isoxazolyl, thiphenyl, thiazolyl, pyridizanyl, pyrimidinyl, cyclopropyl, cyclobutyl, oxazolyl,
spiro[3.3]heptane, 1,2,4-oxadiazolyl, 1,3,4-thiadiazolyl,
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N N and N N
wherein said pyrazolyl, furanyl, benzofuranyl, indolyl, pyridyl, azetidinyl, pyrrolidinyl,
isoxazolyl, thiphenyl, thiazolyl, pyridizanyl, pyrimidinyl, cyclopropyl, cyclobutyl, oxazolyl,
spiro[3.3]heptane, 1,2,4-oxadiazolyl, 1,3,4-thiadiazolyl,

SPUEYN
¢ (O ) (O

may be optionally substituted with up to three groups, which can be the same or different, and

are selected from -CHF2, methyl, ethyl, cyclopropyl, -OH, C(O)H, pyrazolyl, -CHz-pyridyl, -
NHa, F, -CF3, -CH20H, -CH2CH20H, -CH2CH20CH3, , methoxy, and -C(OH)(CH3)2.

10 In still another embodiment, R? is selected from:

H3C H,C HsC

’7% ~I Lﬁ? X3 ~
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In one embodiment, R? is selected from methoxy, ethoxy, -OCH2CH20OH, -
OCH2CH20CH3, -OCH2CH2N(CHs)2, -OCH2C(OH)(CH3)2, -OCH2CH2F, -OCH2C(CN)(CH3)2, -
OCH2CH(CH3)OH, -OCH2CH2CH2N(CH3)2, -OCH2C(CN)(CH3)2, -OCH2CH(OH)(CH3), -
OCH2CH2N(CH2CH3)2, -OCH2CH2C(O)NHz,

S
FF \? CHs
\/@O o
~ o O\/A [ 0
‘?% CH 3 ’ zl/ ’ N% >
H
£

i N//N ;‘f\o/\/\Nﬁ KEH):
‘15/ ~ \<CH3 ’ K/N\CHz’a“d O_

In another embodiment, R? is -O-(C1-Cs alkyl).
In still another embodiment, R? is methoxy.

In one embodiment, R* is H, methyl, or ethyl.
In another embodiment, R* is H.

In another embodiment, R* is methy].

In one embodiment, R’ is selected from:

In another embodiment, R? is:

L -

In another embodiment, R? is:

CN.
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Q.

The compound of claim 1, or a pharmaceutically acceptable salt thereof wherein:
In one embodiment, the invention provides compounds of formula(l), and
5  pharmaceutically acceptable salts thereof, wherein:

Rlis:

L
R? is selected from H, methyl, -CH>C(CH3):NH», CH>C(CH3)20H, pyrazolyl, furanyl,
benzofuranyl, indolyl, pyridyl, azetidinyl, pyrrolidinyl, isoxazolyl, thiphenyl, thiazolyl,
10 pyridizanyl, pyrimidinyl, cyclopropyl, cyclobutyl, oxazolyl, spiro[3,3]heptane, 1,2,4-

oxadiazolyl, 1,3,4-thiadiazolyl,

o,

—N

OO S O

l 1and >

wherein said pyrazolyl, furanyl, benzofuranyl, indolyl, pyridyl, azetidinyl, pyrrolidinyl,
15 isoxazolyl, thiphenyl, thiazolyl, pyridizanyl, pyrimidinyl, cyclopropyl, cyclobutyl, oxazolyl,
spiro[3.3]heptane, 1,2,4-oxadiazolyl, 1,3,4-thiadiazolyl,

>

may be optionally substituted with up to three groups, which can be the same or different, and
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are selected from -CHF2, methyl, ethyl, cyclopropyl, -OH, C(O)H, pyrazolyl, -CHz-pyridyl, -
NHb>, F, -CF3, -CH20H, -CH2CH20H, -CH2CH20CH3, , methoxy, and -C(OH)(CHs)2; and R? is -
0-(C1-Ce alkyl).

It is understood that the present invention includes any combination of two or more of the
above embodiments.
It is understood that the present invention encompasses compounds of formula (I) in

isolated and purified form.

Other embodiments of the present invention include the following:

(a) A pharmaceutical composition comprising an effective amount of a Compound of
Formula (I) or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable
carrier.

(b) The pharmaceutical composition of (a), further comprising a second therapeutic
agent selected from the group consisting of anti-herpes agents and immunomodulators.

© The pharmaceutical composition of (b), wherein the anti-herpes agent is selected
from the group consisting of herpesvirus polymerase inhibitors, and CMV terminase inhibitors.

(d A pharmaceutical combination that is (i) a Compound of Formula (I), and (ii) a
second therapeutic agent selected from the group consisting of anti-herpes agents and
immunomodulators; wherein the Compound of Formula (I), and the second therapeutic agent are
each employed in an amount that renders the combination effective for inhibiting herpesvirus
replication, or for treating herpesvirus infection and/or reducing the likelihood or severity of
symptoms of herpesvirus infection.

(e The combination of (d), wherein the anti-herpes agent is selected from the group
consisting of herpesvirus polymerase inhibitors, and CMV terminase inhibitors.

® A method of inhibiting herpesvirus replication in a subject in need thereof which
comprises administering to the subject an effective amount of a Compound of Formula (I).

(2 A method of treating herpesvirus infection and/or reducing the likelihood or
severity of symptoms of herpesvirus infection in a subject in need thereof which comprises
administering to the subject an effective amount of a Compound of Formula (I).

(h) The method of (g), wherein the Compound of Formula (I) is administered in
combination with an effective amount of at least one second therapeutic agent selected from the

group consisting of anti-herpes agents and immunomodulators.
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® The method of (h), wherein the anti-herpes agent is selected from the group
consisting of herpesvirus polymerase inhibitors, and CMV terminase inhibitors.

o A method of inhibiting herpesvirus replication in a subject in need thereof which
comprises administering to the subject the pharmaceutical composition of (a), (b) or (¢) or the
combination of (d) or (e).

&) A method of treating herpesvirus infection and/or reducing the likelihood or
severity of symptoms of herpesvirus infection in a subject in need thereof which comprises
administering to the subject the pharmaceutical composition of (a), (b) or (c) or the combination
of (d) or (e).

The present invention also includes a compound of the present invention for use (i) in,
(i1) as a medicament for, or (iii) in the preparation of a medicament for: (a) medicine; (b)
inhibiting herpesvirus replication or (c¢) treating herpesvirus infection and/or reducing the
likelihood or severity of symptoms of herpesvirus infection. In these uses, the compounds of the
present invention can optionally be employed in combination with one or more second
therapeutic agents selected from anti-herpes agents, anti-infective agents, and
immunomodulators.

Additional embodiments of the invention include the pharmaceutical compositions,
combinations and methods set forth in (a)-(k) above and the uses set forth in the preceding
paragraph, wherein the compound of the present invention employed therein is a compound of
one of the embodiments, aspects, classes, sub-classes, or features of the compounds described
above. In all of these embodiments, the compound may optionally be used in the form of a
pharmaceutically acceptable salt or hydrate as appropriate.

It is further to be understood that the embodiments of compositions and methods
provided as (a) through (k) above are understood to include all embodiments of the compounds,
including such embodiments as result from combinations of embodiments.

Non-limiting examples of the Compounds of Formula (I) include compounds 4-103, as

set forth in the Examples below, and pharmaceutically acceptable salts thereof.

Methods For Making the Compounds of Formula (I)

The Compounds of Formula (I) may be prepared from known or readily prepared starting
materials, following methods known to one skilled in the art of organic synthesis. Methods
useful for making the Compounds of Formula (I) are set forth in the Examples below Alternative
synthetic pathways and analogous structures will be apparent to those skilled in the art of organic

synthesis.
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One skilled in the art of organic synthesis will recognize that the synthesis of multicyclic
heterocycle cores contained in Compounds of Formula (I) may require protection of certain
functional groups (i.e., derivatization for the purpose of chemical compatibility with a particular
reaction condition). Suitable protecting groups for the various functional groups of these
Compounds and methods for their installation and removal are well known in the art of organic
chemistry. A summary of many of these methods can be found in Greene et al., Protective
Groups in Organic Synthesis, Wiley-Interscience, New York, (1999).

One skilled in the art of organic synthesis will also recognize that one route for the
synthesis of the multicyclic heterocycle cores of the Compounds of Formula (I) may be more
desirable depending on the choice of appendage substituents.

Additionally, one skilled in the art will recognize that in some cases the order of reactions
may differ from that presented herein to avoid functional group incompatibilities and thus adjust
the synthetic route accordingly.

The preparation of multicyclic intermediates useful for making the multicyclic
heterocycle cores of the Compounds of Formula (I) have been described in the literature and in
compendia such as "Comprehensive Heterocyclic Chemistry" editions I, IT and III, published by
Elsevier and edited by A.R. Katritzky & R. JK Taylor. Manipulation of the required substitution
patterns have also been described in the available chemical literature as summarized in
compendia such as "Comprehensive Organic Chemistry" published by Elsevier and edited by
DH R. Barton and W. D. Ollis; "Comprehensive Organic Functional Group Transformations"
edited by edited by A .R. Katritzky & R. JK Taylor and "Comprehensive Organic
Transformation" published by Wiley-CVH and edited by R. C. Larock.

The starting materials used, and the intermediates prepared using the methods set forth in
the Examples below may be isolated and purified if desired using conventional techniques,
including but not limited to filtration, distillation, crystallization, chromatography and alike.
Such materials can be characterized using conventional means, including physical constants and
spectral data.

One skilled in the art will be aware of standard formulation techniques as set forth in the
open literature as well as in textbooks such as Zheng, "Formulation and Analytical Development

for Low-dose Oral Drug Products," Wiley, 2009, ISBN.

EXAMPLES
General Methods
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Solvents, reagents, and intermediates that are commercially available were used as
received. Reagents and intermediates that are not commercially available were prepared in the
manner as described below. 'H NMR spectra are reported as ppm downfield from Me4Si with
number of protons, multiplicities, and coupling constants in Hertz indicated parenthetically.
Where LCMS data are presented, the observed parent ion is given. Flash column
chromatography was performed using pre-packed normal phase silica or bulk silica, and using a

gradient elution of hexanes/ethyl acetate, typically from 100% hexanes to 100% ethyl acetate.

Example 1

Preparation of Intermediate Compound Int-1

o o o o
Br\(\jfko/_> Brﬁo/ _»BnO\(\fLOH . BnO\(\j\)kCI .
N Nod N ol NN

1a 1b 1c 1d

o o 0
N o7 N o7 Br” N2 o7
1e 1f

Int-1
Step A — synthesis of compound 1b
A 20-L, 3-necked round-bottom flask was charged with 1a (2.5 kg, 9.981 mmol), and
MeOH (15 L), and the resulting solution was cooled to 0° C. Sodium methoxide in MeOH (5 N,
2.1 L) was added, and the resulting reaction was allowed to stir for 18 hours at 0°C. The
reaction mixture was filtered, and the collected solids were dried in vacuo to provide compound

1b as a solid, which was used without further purification.

Step B — synthesis of compound 1c¢

A 50-L round-bottom flask (purged and maintained with an inert atmosphere of nitrogen)
was charged with a mixture of compound 1b (2.2 kg, 8.9 mol) in toluene (32 L), phenyl
methanol (4.8 kg, 44 mol), 1,10-phenanthroline (324 g, 1.80 mol), Cul (180 g, 0.945 mol), and
Cs2C0s5 (4.31 kg, 13.2 mol). The resulting reaction was heated to 110° C and allowed to stir at
this temperature for 18 hours. The reaction was then quenched with water (40 L), and the
resulting solution was adjusted to pH 5 using HCI (IN). The acidified solution was extracted
with ethyl acetate, and the organic extract was washed with water then brine, dried over NaxSOx,
filtered, and concentrated in vacuo to provide 1c as a solid, which was used without further
purification.
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Step C — synthesis of compound 1d

A 20-L round-bottom flask, was charged with a mixture of 1¢ (2.2 kg, 8.5 mol) in CH2Cl2
(12 L), and the resulting solution was cooled to 0° C. Oxalyl chloride (3.2 kg, 2.5 mol) was
added dropwise and the resulting reaction was allowed to stir for 4 hours at 0° C, then
concentrated iz vacuo to provide compound 1d as an oil, which was used without further

purification.

Step D — synthesis of compound le

A 10-L round-bottom flask was charged with MeOH (8 L), and 1d (2.0 kg, 7.2 mol), and
the resulting solution was allowed to stir for 2 hours at 20° C. The reaction mixture was then
concentrated in vacuo, and the resulting residue was purified using silica gel chromatography,

eluting with 10% EtOAc in hexanes, to provide compound 1le as an oil.

Step E — synthesis of compound 1f

A 3-L round-bottom flask was charged with a mixture of 1e (500 g, 1.83 mol) in MeOH
(3 L). Palladium on carbon (10 wt %, 100 g) was added, and the resulting solution was allowed
to stir for 5 hours at 25°C. The reaction mixture was filtered through a pad of Celite
(diatomaceous earth) and the resulting filtrate was concentrated in vacuo. The resulting residue

was recrystallized from PE/EA (1:1) to provide compound 1f as a solid.

Step F — synthesis of Int-1

A 3-L round-bottom flask was charged with a mixture of 1£ (185 g, 1.01 mol) in DMF (2
L), and the resulting solution was cooled to 0° C. N-bromosuccinimide (187 g, 1.05 mol) was
added, and the resulting solution was stirred at 0° C for 2 hours. The reaction mixture was
diluted with water (10 L), and the resulting solution was filtered. The filtrate was concentrated i»
vacuo to provide Int-1 as a solid, which was used without further purification. MS: m/z
262.1/264.1 = [M+H, ”Br and *'Br]. 'H NMR (400 MHz, DMSO-ds, ppm) § 10.46 (s, 1H), 7.71
(s, 1H), 3.85 (s, 3H), 3.80 (s, 3H).

Example 2

Preparation of Intermediate Compound Int-2
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29 Int-2

Step A — synthesis of compound 2b

A 5-L, 3-necked round-bottom flask (purged and maintained with an inert atmosphere of
nitrogen) was charged with 2a (120 g, 596 mmol), imidazole (81.2 g, 1.19 mmol), and CH2Cl2
(2.5 L). To the resulting solution was added fert-butyldimethylsilyl chloride (116.7 g, 774.3
mmol)in portions, and the resulting reaction was allowed to stir for 3 hours at room temperature,
then was cooled to 10°C. The reaction was then quenched by the addition of saturated, aqueous
NaHCOs (3 L), and the resulting solution was extracted with CH2Clz. The organic extract was
dried over Na2SOs, filtered, and concentrated in vacuo. The resulting residue was purified using
silica gel chromatography, eluting with 10% EtOAc in petroleum ether, to provide compound 2b

as an oil.

Step B — synthesis of compounds 2¢-1 and 2¢-2

A 10-L, 4-necked round-bottom flask (purged and maintained with an inert atmosphere
of nitrogen) was charged 2b (170 g, 539 mmol), and TMEDA (138 g, 1188 mmol) in methyl
tert-butyl ether (4.2 L). The resulting solution was cooled to -78° C, and sec-BuLi (1.3M in
cyclohexane, 748 mL, 970 mmol) was added dropwise with stirring. The resulting solution was
allowed to stir for 1 hour at -40° C in a liquid nitrogen bath. After cooling to -78°C, DMF (395
g, 1872 mmol) was added dropwise with stirring. The resulting reaction was allowed to stir at -
40°C for 1.5 hours, then quenched by the addition of saturated, aqueous NH4Cl (2 L). The
resulting solution was extracted with methyl rert-butyl ether, dried over Na2SQOs, and
concentrated in vacuo to provide 2¢c-1 and 2¢-2 as an oil which was used without further

purification.
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Step C — synthesis of compounds 2d-1 and 2d-2

A 5-L, 4-necked round-bottom flask (purged and maintained with an inert atmosphere of
nitrogen) was charged with 2¢-1 and 2¢-2 (100 g, 291 mmol) in methanol (2 L). Sodium
borohydride (22 g, 582 mmol) was added in portions at 0° C, and the resulting solution was
allowed to stir for 2 hours at 0° C. The reaction was quenched by the addition of water (5 L), and
the resulting solution was extracted with ethyl acetate, dried over NaxSQs4, and concentrated in

vacuo to provide 2d-1 and 2d-2 as an oil, which was used without further purification.

Step D — synthesis of compounds 2e-1 and 2e-2

A 5-L, 3-necked round-bottom flask (purged and maintained with an inert atmosphere of
nitrogen) was charged with 2d-1 and 2d-2 (100 g, 289 mmol), and THF (2 L), and the solution
was added tetra-n-butylammonium fluoride (1 M in THF, 268 mL). The resulting solution was
allowed to stir for 3 hours at room temperature. The resulting mixture was concentrated in vacuo

to provide a mixture of compounds 2e-1 and 2e-2, which were separated in the following step.

Step E — resolution of compound 2f
A mixture of 2e-1 and 2e-2 was purified using silica gel chromatography, eluting with

90% EtOAc in petroleum ether, to provide compound 2f as an oil.

Step F — synthesis of compound 2g

A 3-L, 3-necked round-bottom flask (purged and maintained with an inert atmosphere of
nitrogen) was charged with 2f (100 g, 432 mmol), and potassium 2-methylpropan-2-olate (29.1
g, 260 mol) in isopropanol (2 L). The resulting solution was allowed to stir for 3 hours at 70° C,
then cooled to 0° C with an ice/salt bath. HCI in MeOH (4 N) was used to adjust the pH to 6 and
the resulting mixture was concentrated in vacuo. The resulting residue was diluted with CH2Cl2
(1 L), filtered, and concentrated in vacuo, and the residue obtained was purified using silica gel
chromatography, eluting with 90% EtOAc in petroleum ether, to provide compound 2g as a

solid.

Step G — chiral resolution of Int-2

Compound 2g was resolved using prep-SFC (Chiral Pak IG 5x25 ¢m, 5 um S90IGOSCY -
VKO00187455 mobile phase, 70% CO2in MeOH, 30 min, 42 bar, 160 mL/min) to provide Int-2
as asolid. MS: m/z 158 = [M+H]. 'H NMR (400 MHz, CDCls, ppm) & 4.47 (t, 1H), 4.00-3.89
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(m, 2H), 3.83-3.72 (m, 2H), 2.97-2.85 (m, 1H), 2.17-2.10 (m, 1H), 2.02-1.95 (m, 1H), 1.51-1.31
(m, 2H).

Example 3
Preparation of Intermediate Compound Int-3

= OH
Br N~ O G 0] /| O/
Int-1 Int-2
B N7 o
3a
O 0]
YO\ YO\
N N ™

Int-3

Step A — synthesis of compound 3a
To a mixture of Int-1 (4.50 g, 17.2 mmol), and Int-2 (3.51 g, 22.3 mmol) in THF (114
10 mL) was added triphenylphosphine (6.31 g, 24.0 mmol), and DBAD (5.54 g, 24.0 mmol), and
the resulting reaction was allowed to stir at room temperature for about 15 hours. Additional Int-
1 (0.68 g), triphenylphosphine (0.90 g), and DBAD (0.83 g) were added, and the reaction was
stirred another 48 hours, then diluted with water, and extracted with ethyl acetate. The organics
were washed with brine, dried over MgSOs, filtered, and concentrated iz vacuo, and the residue
15  obtained was purified using silica gel chromatography, eluting with 0-95% EtOAc in hexanes, to
provide compound 3a as a solid. MS: m/z 401.3 and 403.3 = [M+H, °Br and ®Br].

Step B — synthesis of compound 3b
To a mixture of 3a (8.63 g, 21.5 mmol) in dioxane (111 mL) was added sodium
20  hydroxide (1 M, 22.2 mL), and water (32.7 mL). After being allowed to s