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POLYCYCLIC-CARBAMOYLPYRIDONE COMPOUNDS AND THEIR
PHARMACEUTICAL USE

BACKGROUND

Field

Compounds, compositions, and methods which may be used for the treatment
of human immunodeficiency virus (HIV) infection are disclosed. In particular, novel
polycyclic carbamoylpyridone compounds and methods for their preparation and use as

therapeutic or prophylactic agents are disclosed.

Description of Related Art

Human immunodeficiency virus infection and related diseases are a major
public health problem worldwide. Human immunodeficiency virus type 1 (HIV-1) encodes
three enzymes which are required for viral replication: reverse transcriptase, protease, and
integrase. Although drugs targeting reverse transcriptase and protease are in wide use and
have shown effectiveness, particularly when employed in combination, toxicity and
development of resistant strains have limited their usefulness (Palella, et al. N. Engl. J Med.
(1998) 338:853-860; Richman, D. D. Nature (2001) 410:995-1001). Accordingly, there is a

need for new agents that inhibit the replication of HIV.

A goal of antiretroviral therapy is to achieve viral suppression in the HIV
infected patient. Current treatment guidelines published by the United States Department of
Health and Human Services provide that achievement of viral suppression requires the use of
combination therapies, i.e., several drugs from at least two or more drug classes. (Panel on
Antiretroviral Guidelines for Adults and Adolescents. Guidelines for the use of antiretroviral
agents in HIV-1-infected adults and adolescents. Department of Health and Human Services.
Available at  http://aidsinfo.nih. gov/ContentFiles/AdultandAdolescentGL.pdf.  Section
accessed March 14, 2013.) In addition, decisions regarding the treatment of HIV infected

patients are complicated when the patient requires treatment for other medical conditions (Id.


http://aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf
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at E-12). Because the standard of care requires the use of multiple different drugs to suppress
HIV, as well as to treat other conditions the patient may be experiencing, the potential for
drug interaction is a criterion for selection of a drug regimen. As such, there is a need for

antiretroviral therapies having a decreased potential for drug interactions.

In addition, the HIV virus is known to mutate in infected subjects (Tang et al.,
Drugs (2012) 72 (9) el-e25). Because of the proclivity of the HIV virus to mutate, there is a
need for anti-HIV drugs to be effective against a range of known HIV variants (Hurt et al.,

HIV/AIDS CID (2014) 58, 423-431).

BRIEF SUMMARY

The present invention is directed to novel polycyclic carbamoylpyridone
compounds, having antiviral activity, including stereoisomers and pharmaceutically
acceptable salts thereof. The compounds of the invention may be used in the treatment of
HIV infections, to inhibit the activity of HIV integrase and/or to reduce HIV replication. In
some embodiments, compounds disclosed herein may be resistant against a range of known
HIV mutants. In some embodiments, compounds disclosed herein may minimize the

potential for drug-drug interactions when co-administered with other drugs.

In one embodiment, compounds having the following Formula (Ia) are

provided:

O OH (Ia)

or a pharmaceutically acceptable salt thereof, wherein:
A’ is selected from the group consisting of Cs.; monocyclic cycloalkyl and 4 to 7
membered monocyclic heterocyclyl; wherein each C;7 monocyclic cycloalkyl and 4 to 7

membered monocyclic heterocyclyl is optionally substituted with 1 to 5 R* groups;
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each R? is independently selected from the group consisting of oxo, methyl, and ethyl; or
two R* connected to the same or adjacent carbon atoms form a spiro or fused C;.¢cycloalkyl
or 4 to 6 membered heterocyclyl ring;
R!is selected from the group consisting of H, C;4alkyl, C;haloalkyl and C;¢cycloalkyl;
5 R” is selected from the group consisting of hydrogen, C; shaloalkyl and C;_3alkyl;
R’ is selected from the group consisting of phenyl substituted with at least 3 R’ groups;
each R’ is independently selected from the group consisting of C;_salkyl and halogen.

In another embodiment, compounds having the following Formula (Ib) are provided:

X2~xs 0
X1 ZNQ3
) N“XY” N7 R
R N H
R"” X0
O OH (Ib)
10 or a pharmaceutically acceptable salt thereof, wherein:
X!, X% and X° are each independently selected from the group consisting of CHR?, O,
C=0 and CH2CHR4; provided that no more than one of Xl, Xz, and X°is O or C=0;
each R* is independently selected from the group consisting of H and CHg;
R!is selected from the group consisting of H, C;4alkyl, C;haloalkyl and C;¢cycloalkyl;
15 R” is selected from the group consisting of hydrogen, C;_shaloalkyl and Cy_alkyl;
R’ is selected from the group consisting of phenyl substituted with three R groups;

each R’ is independently selected from the group consisting of C;_salkyl and halogen.

In another embodiment, compounds having the following Formula (Ic) are

provided:

20 O OH (Ic)

or a pharmaceutically acceptable salt thereof, wherein:
R' is selected from the group consisting of H, C,_alkyl, C;_4haloalkyl and Cs4cycloalkyl.
In another embodiment, compounds having the following Formula (Id) are

provided:
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(Id)

or a pharmaceutically acceptable salt thereof, wherein:
R!is selected from the group consisting of H, C;4alkyl, C; shaloalkyl and C;¢cycloalkyl.
In another embodiment, compounds having the following Formula (Ie) are

5 provided:

O OH (Ie)
or a pharmaceutically acceptable salt thereof, wherein:
R!is selected from the group consisting of H, C;4alkyl, C; shaloalkyl and C;¢cycloalkyl.

In another embodiment, compounds having the following Formula (If) are

10 provided:

(In

or a pharmaceutically acceptable salt thereof, wherein:

R' is selected from the group consisting of H, C,_alkyl, C;_4haloalkyl and Cs4cycloalkyl.

In another embodiment, a pharmaceutical composition is provided comprising
15 a compound having the Formula (Ia), (Ib), (Ic), (Id), (Ie) or (If), or pharmaceutically

acceptable salt thereof, and a pharmaceutically acceptable excipient.

In another embodiment, a method of treating an HIV infection in a human
having or at risk of having the infection by administering to the human a therapeutically
effective amount of a compound of Formula (Ia), (Ib), (Ic), (Id), (Ie) or (If), or a

20 pharmaceutically acceptable salt thereof, or a pharmaceutical composition of a compound of
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Formula (Ia), (Ib), (Ic), (Id), (Ie) or (If), or a pharmaceutically acceptable salt thereof, is
provided.

In another embodiment, a use of a compound of Formula (Ia), (Ib), (Ic), (Id),
(Ie) or (If), or a pharmaceutically acceptable salt thereof, or a pharmaceutical composition of
a compound of Formula (Ia), (Ib), (Ic), (Id), (Ie) or (If), or a pharmaceutically acceptable salt
thereof, for the treatment of an HIV infection in a human having or at risk of having the

infection is provided.

In another embodiment, a compound of Formula (Ia), (Ib), (Ic), (Id), (Ie) or
(If), or a pharmaceutically acceptable salt thereof, or a pharmaceutical composition of a
compound of Formula (Ia), (Ib), (Ic), (Id), (Ie) or (If), or a pharmaceutically acceptable salt

thereof, for use in medical therapy is provided.

In another embodiment, a compound of Formula (Ia), (Ib), (Ic), (Id), (Ie) or
(If), or a pharmaceutically acceptable salt thereof, or a pharmaceutical composition of a
compound of Formula (Ia), (Ib), (Ic), (Id), (Ie) or (If), or a pharmaceutically acceptable salt

thereof, for use in the prophylactic or therapeutic treatment of an HIV infection is provided.

In another embodiment, a method of using a compound having the Formula
(Ia), (Ib), (Ic), (Id), (Ie) or (If) in therapy is provided. In particular, a method of treating the
proliferation of the HIV virus, treating AIDS, or delaying the onset of AIDS or ARC
symptoms in a mammal (e.g., a human) is provided, comprising administering to the mammal
a compound having the Formula (I1a), (Ib), (Ic), (Id), (Ie) or (If), or a stereoisomer or a

pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable excipient.

In another embodiment, the use of a compound of Formula (Ia), (Ib), (Ic), (Id),
(Ie) or (If) as described herein, or a pharmaceutically acceptable salt thereof, for the
manufacture of a medicament for the treatment of an HIV infection in a human being having

or at risk of having the infection is disclosed.

In another embodiment, an article of manufacture comprising a composition
effective to treat an HIV infection; and packaging material comprising a label which indicates

that the composition can be used to treat infection by HIV is disclosed. Exemplary
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compositions comprise a compound of Formula (Ia), (Ib), (Ic), (Id), (Ie) or (If) as disclosed

herein or a pharmaceutically acceptable salt thereof.

In still another embodiment, a method of inhibiting the replication of HIV is
disclosed. The method comprises exposing the virus to an effective amount of the compound
of Formula (Ia), (Ib), (Ic), (Id), (Ie) or (If) or a salt thereof, under conditions where

replication of HIV is inhibited.

In another embodiment, the use of a compound of Formula (Ia), (Ib), (Ic), (Id),

(Ie) or (If) to inhibit the activity of the HIV integrase enzyme is disclosed.

In another embodiment, the use of a compound of Formula (Ia), (Ib), (Ic), (Id),
(Ie) or (If) or a pharmaceutically acceptable salt thereof, to inhibit the activity of the HIV

integrase enzyme is disclosed.

In another embodiment, the use of a compound of Formula (Ia), (Ib), (Ic), (Id),

(Ie) or (If), or a salt thereof, to inhibit the replication of HIV is disclosed.

In another embodiment, the use of a compound of Formula (Ia), (Ib), (Ic), (Id),

(Ie) or (If), or a pharmaceutically acceptable salt thereof, as a research tool, is provided.

The present invention also provides compounds of each of the Formulae
herein, as well as each subgroup and embodiment thereof, including a compound selected
from the group of Formula (Ia), (Ib), (Ic), (Id), (Ie) and (If), or a pharmaceutically acceptable
salt thereof, or a pharmaceutical composition of a compound of Formula (Ia), (Ib), (Ic), (Id),
(Ie) or (If), or a pharmaceutically acceptable salt thereof, or one of the specific compounds of
the examples herein, or a pharmaceutically acceptable salt thereof for use in any of the

methods of the invention as defined herein.

Other embodiments, objects, features and advantages may be set forth in the
detailed description of the embodiments that follows, and in part may be apparent from the
description, or may be learned by practice, of the claimed embodiments. These objects and
advantages may be realized and attained by the processes and compositions particularly
pointed out in the written description and claims thereof. The foregoing Summary has been

made with the understanding that it is to be considered as a brief and general synopsis of
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some of the embodiments disclosed herein, is provided solely for the benefit and convenience
of the reader, and is not intended to limit in any manner the scope, or range of equivalents, to

which the appended claims are lawfully entitled.

DETAILED DESCRIPTION

In the following description, certain specific details are set forth in order to
provide a thorough understanding of various embodiments disclosed herein. However, one
skilled in the art will understand that the embodiments disclosed herein may be practiced
without these details. The description below of several embodiments is made with the
understanding that the present disclosure is to be considered as an exemplification of the
claimed subject matter, and is not intended to limit the appended claims to the specific
embodiments illustrated. The headings used throughout this disclosure are provided for
convenience only and are not to be construed to limit the claims in any way. Embodiments
illustrated under any heading may be combined with embodiments illustrated under any other

heading.

Definitions

Unless the context requires otherwise, throughout the present disclosure and
claims, the word “comprise” and variations thereof, such as, “comprises” and “comprising”

are to be construed in an open, inclusive sense, that is as “including, but not limited to”.

13

Reference throughout this specification to ‘“one embodiment” or “an
embodiment” means that a particular feature, structure or characteristic described in
connection with the embodiment is included in at least one embodiment disclosed herein.
Thus, the appearances of the phrases “in one embodiment” or “in an embodiment” in various
places throughout this specification are not necessarily all referring to the same embodiment.
Furthermore, the particular features, structures, or characteristics may be combined in any

suitable manner in one or more embodiments.

“Amino” refers to the -NH> radical.

“Hydroxy” or “hydroxyl” refers to the -OH radical.
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“Ox0” refers to the =0 substituent.

A prefix such as “C,.,” or (C,-C,) indicates that the following group has from
u to v carbon atoms. For example, “C;salkyl” indicates that the alkyl group has from 1 to 6

carbon atoms.

“Alkyl” refers to a straight or branched hydrocarbon chain radical consisting
solely of carbon and hydrogen atoms, which is saturated, having from one to twelve carbon
atoms (C;-C; alkyl), in certain embodiments one to eight carbon atoms (C;-Cg alkyl) or one
to six carbon atoms (C;-Cg alkyl), and which is attached to the rest of the molecule by a
single bond, e.g., methyl, ethyl, n-propyl, 1-methylethyl (iso-propyl), n-butyl, n-pentyl,
1,1-dimethylethyl (#-butyl), 3-methylhexyl, 2-methylhexyl, and the like.

“Cycloalky]l” or “carbocyclic ring” refers to a stable non-aromatic monocyclic
hydrocarbon consisting solely of carbon and hydrogen atoms, having from three to fifteen
carbon atoms, in certain embodiments having from three to ten carbon atoms, and which is
saturated and attached to the rest of the molecule by a single bond, or in the case of A’
attached to the rest of the molecule by two single bonds. Cycloalkyls include, for example,

cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and cyclooctyl.

“Fused” refers to any ring structure described herein which is fused to an

existing ring structure in the compounds disclosed herein.

“Halo” or “halogen” refers to bromo, chloro, fluoro or iodo.

“Haloalkyl” refers to an alkyl group, as defined above, that is substituted by
one or more halo radicals, as defined above, e.g., trifluoromethyl, difluoromethyl,
trichloromethyl, 2,2, 2-trifluoroethyl, 1,2-difluoroethyl, 3-bromo-2-fluoropropyl,
1,2-dibromoethyl, and the like.

“Heterocyclyl” or “heterocyclic ring” refers to a stable saturated monocyclic
3- to 18-membered non-aromatic ring which consists of two to twelve carbon atoms and from
one to six heteroatoms selected from the group consisting of nitrogen, oxygen and sulfur and
attached to the rest of the molecule by a single bond, or in the case of A’ attached to the rest

of the molecule by two single bonds. The nitrogen, carbon or sulfur atoms in the heterocyclyl
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may be optionally oxidized; the nitrogen atom may be optionally quaternized. Examples of
such heterocyclyl include, but are not limited to, dioxolanyl, imidazolidinyl, isothiazolidinyl,
isoxazolidinyl, morpholinyl, 2-oxopiperazinyl, 2-oxopiperidinyl, 2-oxopyrrolidinyl,
oxazolidinyl, piperidinyl, piperazinyl, 4-piperidonyl, pyrrolidinyl, pyrazolidinyl,
thiazolidinyl, tetrahydrofuranyl, trithianyl, tetrahydropyranyl, thiomorpholinyl,
thiamorpholinyl, 1-oxo-thiomorpholinyl, and 1,1-dioxo-thiomorpholinyl.

The embodiments disclosed herein are also meant to encompass all
pharmaceutically acceptable compounds of Formulas (Ia), (Ib), (Ic), (Id), (Ie), (If), (ID), (I1a),
(IID), (IlIa), (25-M), (25b), (39-M) and (39) being isotopically-labeled by having one or more
atoms replaced by an atom having a different atomic mass or mass number. Examples of
isotopes that can be incorporated into the disclosed compounds include isotopes of hydrogen,
carbon, nitrogen, oxygen, phosphorous, fluorine, chlorine, and iodine, such as 2H, 3H, 11C,
13C, 14C, 13N, 15N, 15O, 17O, 18O, 31P, 32P, 358, 18F, 36Cl, 1231, and 1251, respectively. These
radiolabeled compounds could be useful to help determine or measure the effectiveness of the
compounds, by characterizing, for example, the site or mode of action, or binding affinity to
pharmacologically important site of action. Certain isotopically-labeled compounds of
Formulas (Ia), (Ib), (Ic), (Id), (Ie), (1), (ID), (Ila), (II), (Illa), (25-M), (25b), (39-M) and (39)
for example, those incorporating a radioactive isotope, may be useful in drug and/or substrate
tissue distribution studies. The radioactive isotopes tritium, i.e. 3H, and carbon-14, i.e. 14C,
may particularly be useful for this purpose in view of their ease of incorporation and ready

means of detection.

Substitution with heavier isotopes such as deuterium, i.e. 2H, may afford
certain therapeutic advantages resulting from greater metabolic stability. For example, in vivo
half-life may increase or dosage requirements may be reduced. Thus, heavier isotopes may be

preferred in some circumstances.

Substitution with positron emitting isotopes, such as 11C, 18F, B0 and 13N, can
be useful in Positron Emission Topography (PET) studies for examining substrate receptor
occupancy. Isotopically-labeled compounds of Formulas (Ia), (Ib), (Ic), (Id), (Ie), (If), (ID),
(I1a), (I1I), (Il1a), (25-M), (25b), (39-M) and (39), can generally be prepared by conventional

techniques known to those skilled in the art or by processes analogous to those described in
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the Examples as set out below using an appropriate isotopically-labeled reagent in place of

the non-labeled reagent previously employed.

The methods, compositions, kits and articles of manufacture provided herein
use or include compounds (e.g., (Ia), (Ib), (Ic), (Id), (Ie), (If), (ID), (Ila), (III), (Illa), (25-M),
(25b), (39-M) and (39)) or pharmaceutically acceptable salts, prodrugs, or solvates thereof, in
which from 1 to n hydrogen atoms attached to a carbon atom may be replaced by a deuterium
atom or D, in which n is the number of hydrogen atoms in the molecule. As known in the art,
the deuterium atom is a non-radioactive isotope of the hydrogen atom. Such compounds may
increase resistance to metabolism, and thus may be useful for increasing the half-life of
compounds or pharmaceutically acceptable salts, prodrugs, or solvates thereof, when
administered to a mammal. See, e.g., Foster, “Deuterium Isotope Effects in Studies of Drug
Metabolism™, Trends Pharmacol. Sci., 5(12):524-527 (1984). Such compounds are
synthesized by means well known in the art, for example by employing starting materials in

which one or more hydrogen atoms have been replaced by deuterium.

The embodiments disclosed herein are also meant to encompass the in vivo
metabolic products of the disclosed compounds. Such products may result from, for example,
the oxidation, reduction, hydrolysis, amidation, esterification, and the like of the administered
compound, primarily due to enzymatic processes. Accordingly, the embodiments disclosed
herein include compounds produced by a process comprising administering a compound
according to the embodiments disclosed herein to a mammal for a period of time sufficient to
yield a metabolic product thereof. Such products are typically identified by administering a
radiolabeled compound according to the embodiments disclosed herein in a detectable dose to
an animal, such as rat, mouse, guinea pig, monkey, or to human, allowing sufficient time for
metabolism to occur, and isolating its conversion products from the urine, blood or other

biological samples.

“Stable compound” and “stable structure” are meant to indicate 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.

10
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“Mammal” includes humans and both domestic animals such as laboratory
animals and household pets (e.g., cats, dogs, swine, cattle, sheep, goats, horses, rabbits), and

non-domestic animals such as wildlife and the like.

“Optional” or “optionally” means that the subsequently described event of
circumstances may or may not occur, and that the description includes instances where said
event or circumstance occurs and instances in which it does not. For example, “optionally
substituted heterocyclyl” means that the heterocyclyl radical may or may not be substituted
and that the description includes both substituted heterocyclyl radicals and heterocyclyl

radicals having no substitution.

“Pharmaceutically acceptable excipient” includes without limitation any
adjuvant, carrier, excipient, glidant, sweetening agent, diluent, preservative, dye/colorant,
flavor enhancer, surfactant, wetting agent, dispersing agent, suspending agent, stabilizer,
isotonic agent, solvent, or emulsifier which has been approved by the United States Food and

Drug Administration as being acceptable for use in humans or domestic animals.

Examples of “pharmaceutically acceptable salts” of the compounds disclosed
herein include salts derived from an appropriate base, such as an alkali metal (for example,
sodium), an alkaline earth metal (for example, magnesium), ammonium and NX," (wherein
X is C;—C4 alkyl). Pharmaceutically acceptable salts of a nitrogen atom or an amino group
include for example salts of organic carboxylic acids such as acetic, benzoic, lactic, fumaric,
tartaric, maleic, malonic, malic, isethionic, lactobionic and succinic acids; organic sulfonic
acids, such as methanesulfonic, ethanesulfonic, benzenesulfonic and p-toluenesulfonic acids;
and inorganic acids, such as hydrochloric, hydrobromic, sulfuric, phosphoric and sulfamic
acids. Pharmaceutically acceptable salts of a compound of a hydroxy group include the anion
of said compound in combination with a suitable cation such as Na® and NX," (wherein X is

independently selected from H or a C;—C,4 alkyl group).

For therapeutic use, salts of active ingredients of the compounds disclosed
herein will typically be pharmaceutically acceptable, ie. they will be salts derived from a
physiologically acceptable acid or base. However, salts of acids or bases which are not
pharmaceutically acceptable may also find use, for example, in the preparation or purification

of a compound of Formula (Ia), (Ib), (Ic), (Id), (Ie), (If), (I), (Ila), (IID), (IIla), (25-M), (25b),

11
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(39-M) and (39) or another compound of the embodiments disclosed herein. All salts,
whether or not derived from a physiologically acceptable acid or base, are within the scope of

the embodiments disclosed herein.

Metal salts typically are prepared by reacting the metal hydroxide with a

compound according to the embodiments disclosed herein. Examples of metal salts which are

prepared in this way are salts containing Lit, Nat, and K+. A less soluble metal salt can be
precipitated from the solution of a more soluble salt by addition of the suitable metal

compound.

In addition, salts may be formed from acid addition of certain organic and

inorganic acids, e.g., HCl, HBr, HpSO4 H3PO4 or organic sulfonic acids, to basic centers,

typically amines. Finally, it is to be understood that the compositions herein comprise
compounds disclosed herein in their un-ionized, as well as zwitterionic form, and

combinations with stoichiometric amounts of water as in hydrates.

Often crystallizations produce a solvate of a compound of the embodiments
disclosed herein. As used herein, the term “solvate” refers to an aggregate that comprises one
or more molecules of a compound of the embodiments disclosed herein with one or more
molecules of solvent. The solvent may be water, in which case the solvate may be a hydrate.
Alternatively, the solvent may be an organic solvent. Thus, the compounds of the
embodiments disclosed herein may exist as a hydrate, including a monohydrate, dihydrate,
hemihydrate, sesquihydrate, trihydrate, tetrahydrate and the like, as well as the corresponding
solvated forms. The compounds of the embodiments disclosed herein may be true solvates,
while in other cases, a compound of the embodiments disclosed herein may merely retain

adventitious water or be a mixture of water plus some adventitious solvent.

A “pharmaceutical composition” refers to a formulation of a compound of the
embodiments disclosed herein and a medium generally accepted in the art for the delivery of
the biologically active compound to mammals, e.g., humans. Such a medium includes all

pharmaceutically acceptable excipients.

“Effective amount” or “therapeutically effective amount” refers to an amount

of a compound according to the embodiments disclosed herein, which when administered to a

12
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patient in need thereof, is sufficient to effect treatment for disease-states, conditions, or
disorders for which the compounds have utility. Such an amount would be sufficient to elicit
the biological or medical response of a tissue system, or patient that is sought by a researcher
or clinician. The amount of a compound according to the embodiments disclosed herein
which constitutes a therapeutically effective amount will vary depending on such factors as
the compound and its biological activity, the composition used for administration, the time of
administration, the route of administration, the rate of excretion of the compound, the
duration of the treatment, the type of disease-state or disorder being treated and its severity,
drugs used in combination with or coincidentally with the compounds of the embodiments
disclosed herein, and the age, body weight, general health, sex and diet of the patient. Such a
therapeutically effective amount can be determined routinely by one of ordinary skill in the

art having regard to their own knowledge, the state of the art, and this disclosure.

The term "treatment” as used herein is intended to mean the administration of
a compound or composition according to the present embodiments disclosed hereinto
alleviate or eliminate symptoms of HIV infection and/or to reduce viral load in a patient. The
term "treatment" also encompasses the administration of a compound or composition
according to the present embodiments disclosed herein post-exposure of the individual to the
virus but before the appearance of symptoms of the disease, and/or prior to the detection of
the virus in the blood, to prevent the appearance of symptoms of the disease and/or to prevent
the virus from reaching detectable levels in the blood, and the administration of a compound
or composition according to the present embodiments disclosed hereinto prevent perinatal
transmission of HIV from mother to baby, by administration to the mother before giving birth

and to the child within the first days of life.

The term "antiviral agent" as used herein is intended to mean an agent
(compound or biological) that is effective to inhibit the formation and/or replication of a virus
in a human being, including but not limited to agents that interfere with either host or viral

mechanisms necessary for the formation and/or replication of a virus in a human being.

The term "inhibitor of HIV replication” as used herein is intended to mean an
agent capable of reducing or eliminating the ability of HIV to replicate in a host cell, whether

in vitro, ex vivo or in vivo.

13
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The compounds of the embodiments disclosed herein, or their
pharmaceutically acceptable salts may contain one or more asymmetric centers and may thus
give rise to enantiomers, diastereomers, and other stereoisomeric forms that may be defined,
in terms of absolute stereochemistry, as (R)- or (S)- or, as (D)- or (L)- for amino acids. The
present disclosure is meant to include all such possible isomers, as well as their racemic and
optically pure forms. Optically active (+) and (-), (R)- and (S)-, or (D)- and (L)- isomers may
be prepared using chiral synthons or chiral reagents, or resolved using conventional
techniques, for example, chromatography and fractional crystallization. Conventional
techniques for the preparation/isolation of individual enantiomers include chiral synthesis
from a suitable optically pure precursor or resolution of the racemate (or the racemate of a
salt or derivative) using, for example, chiral high pressure liquid chromatography (HPLC).
When the compounds described herein contain olefinic double bonds or other centres of
geometric asymmetry, and unless specified otherwise, it is intended that the compounds
include both E and Z geometric isomers. Likewise, all tautomeric forms are also intended to

be included.

A “stereoisomer” refers to a compound made up of the same atoms bonded by
the same bonds but having different three-dimensional structures, which are not
interchangeable. The present disclosure contemplates various stereoisomers and mixtures
thereof and includes “enantiomers”, which refers to two stereoisomers whose molecules are

non-superimposable mirror images of one another.

A “tautomer” refers to a proton shift from one atom of a molecule to another
atom of the same molecule. The present disclosure includes tautomers of any said

compounds.

“Dolutegravir” or DTG is:

14
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Compounds
As noted above, in one embodiment, compounds are provided having the

following Formula (Ia):

O OH (Ia)

or a pharmaceutically acceptable salt thereof, wherein:

A’ is selected from the group consisting of Cs.; monocyclic cycloalkyl and 4 to 7
membered monocyclic heterocyclyl; wherein each C;7 monocyclic cycloalkyl and 4 to 7
membered monocyclic heterocyclyl is optionally substituted with 1 to 5 R* groups;

each R? is independently selected from the group consisting of oxo, methyl, and ethyl; or
two R* connected to the same or adjacent carbon atoms form a spiro or fused Cs¢cycloalkyl
or 4 to 6 membered heterocyclyl ring;

R! is selected from the group consisting of H, C;_alkyl, C;_4haloalkyl and Cs.ccycloalkyl;

R” is selected from the group consisting of hydrogen, C;_shaloalkyl and Cy_alkyl;

R’ is selected from the group consisting of phenyl substituted with at least 3 R’ groups;
and

each R’ is independently selected from the group consisting of C;_salkyl and halogen.

In another embodiment, A’ is selected from the group consisting of Cs_g
monocyclic cycloalkyl and 5 to 6 membered monocyclic heterocyclyl; wherein each Cs
monocyclic cycloalkyl and 5 to 6 membered monocyclic heterocyclyl is optionally substituted
with 1to 5 R* groups; wherein each R'is independently selected from the group consisting of
oxo, methyl, and ethyl; or two R* connected to the same or adjacent carbon atoms form a

spiro or fused Cs¢cycloalkyl or 4 to 6 membered heterocyclyl ring.

In another embodiment, A’ is selected from the group consisting of
cyclohexyl, cyclopentyl, tetrahydrofuranyl and tetrahydropyranyl; each of which is optionally

substituted with one or two R* groups, wherein each R* is independently selected from the

15
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group consisting of oxo and methyl; or two R* connected to the same or adjacent carbon

atoms form a spiro dioxolane or a fused cyclopropyl ring.

In another embodiment, A’ is substituted with two R* groups, wherein the two

4 . . .
R” connected to the same or adjacent carbon atoms form a spiro dioxolane or a fused

R2§

In another embodiment, A’ is tetrahydrofuranyl (e.g. .  «w is

5 cyclopropyl ring.

o
,
s

Rz,:“

In another embodiment, A’ is tetrahydropyranyl (e.g.:  «~w is
[z
o, ~
= (\;
),
10 In another embodiment, R” is selected from the group consisting of hydrogen,

Ci»haloalkyl, ethyl and methyl.

In another embodiment, R? is selected from the group consisting of hydrogen,

CHF, and methyl.
In another embodiment, R? is hydrogen.
15 In another embodiment, R? is C;3haloalkyl.
In another embodiment, R’ is CHF-.

In another embodiment, A’ is selected from the group consisting of

tetrahydrofuranyl and tetrahydropyranyl and R? is hydrogen.
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o™
,
/,’(\g

In another embodiment, A’ is selected from the group consisting of ~w

d :
,(\;

and .
sz
In another embodiment,  ww is selected from the group consisting of
o o
o
3 § H H
3 SR
@)
Qf ; ;
)
; ¥ ?\g ?\5
)
d
; an 5
sze
In another embodiment,  w~ is selected from the group consisting of
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e) @)
O
§ H §
O
(@]
; %L; @5
Y - and o .

sz

In another embodiment,  ww is selected from the group consisting of

v G =Ty

RZ;“

In another embodiment,  «w~ is selected from the group consisting of

(\o
e
0
sz N FFV%WJ\;.
RZf N F\;Vf\g

RZ;“

In another embodiment,  «w~ is selected from the group consisting of

In another embodiment,

In another embodiment,
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2 2,

9
Ng\s Wﬁﬁ

™y
o, &

In another embodiment, o

PCT/US2015/067155

SIS

T3 T i
) o)

SRS NS

NN

0N

y 0 OY\:
l, Y

d s
N Ty
9\5 /P\é; H wwr\é;

RZ;’

is selected from the group consisting of

19



WO 2016/106237 PCT/US2015/067155

In another embodiment,  ww is selected from the group consisting of
Qu 2y 4 Dy 4N

o) 40\:__ Q\ g /o
;o Y %; and %f

RZ;*

In another embodiment,  ww is selected from the group consisting of

9 1 H, A
O H ; and ,/A:

/’"(\; H\\- /,,’('\5
In another embodiment, R! is selected from the group consisting of C;_salkyl,

5 v
C,shaloalkyl and C; 4cycloalkyl.
In another embodiment, R' is selected from the group consisting of hydrogen,

methyl, ethyl, propyl, isopropyl, CH,CF;, CH,CHF; and cyclopropyl.

20
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In another embodiment, R is selected from the group consisting of C;.

shaloalkyl and C; ¢cycloalkyl.

In another embodiment, R! is selected from the group consisting of CH,CFs,

CH,CHF; and cyclopropyl.
In another embodiment R' is ethyl.

In another embodiment, R? is phenyl substituted with three R’ groups, wherein

each R’ is independently selected from the group consisting of methyl, ethyl, and halogen.

In another embodiment, R is selected from the group consisting of:
F F i
o, B
F
F F F Cl
F F
F
T, A -
F and .
F F .

In another embodiment, R’ is selected from the group consisting of:

F F F i
SaF
SALC & £ SALC
A, G, U
F FTF F
Cl

F

F F E K F £ T
ol PEELC R o o
F F F "
F .

In another embodiment, R is phenyl substituted with three R’ groups, wherein

each R’ is independently selected from the group consisting of fluoro and chloro.
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In another embodiment, R? is phenyl substituted with two fluoro groups and

one chloro group.

In another embodiment, R is:

In another embodiment, A’ is selected from the group consisting of
tetrahydrofuranyl and tetrahydropyranyl, R? is hydrogen, R' is ethyl and R® is phenyl
substituted with three halogens independently selected from the group consisting of fluoro

and chloro.

In another embodiment, A’ is selected from the group consisting of
tetrahydrofuranyl and tetrahydropyranyl, R? is hydrogen, R' is ethyl and R’ is phenyl

substituted with two fluoro groups and one chloro group.

In another embodiment, A’ is tetrahydrofuranyl, R? is hydrogen, R' is ethyl

and R is:

In another embodiment, A’ is tetrahydropyranyl, R? is hydrogen, R'is ethyl

In one embodiment, compounds of Formula (Ia), or a pharmaceutically

acceptable salt thereof, are disclosed wherein:

22



WO 2016/106237 PCT/US2015/067155

A’ is selected from the group consisting of Cs; monocyclic cycloalkyl and 4 to 7
membered monocyclic heterocyclyl; wherein each C;; monocyclic cycloalkyl
and 4 to 7 membered monocyclic heterocyclyl is substituted with two R*
groups, wherein the two R* are connected to the same or adjacent carbon
5 atoms form a spiro or fused Csgcycloalkyl or 4 to 6 membered heterocyclyl
ring;
R! is selected from the group consisting of H, Cjalkyl, C;4haloalkyl and Cj.
scycloalkyl;
R? is selected from the group consisting of hydrogen, Cshaloalkyl and C,_salkyl;
10 R’ is selected from the group consisting of phenyl substituted with one to three R’
groups;
and

each R’ is independently selected from the group consisting of C;_alkyl and halogen.

In one embodiment, compounds of Formula (Ia), or a pharmaceutically

15 acceptable salt thereof, are disclosed wherein:

A’ is selected from the group consisting of C;; monocyclic cycloalkyl and 4 to 7
membered monocyclic heterocyclyl; wherein each Cs7 monocyclic cycloalkyl
and 4 to 7 membered monocyclic heterocyclyl is optionally substituted with 1
to 5 R* groups;

20 each R* is independently selected from the group consisting of oxo, methyl, and ethy];
or two R* connected to the same or adjacent carbon atoms form a spiro or
fused Cs.gcycloalkyl or 4 to 6 membered heterocyclyl ring;

Rlis C;.6cycloalkyl;
R? is selected from the group consisting of hydrogen, C;_shaloalkyl and C;_salkyl;

25 R’ is selected from the group consisting of phenyl substituted with one to three R’
groups;

and

each R’ is independently selected from the group consisting of C;_alkyl and halogen.

In one embodiment, compounds of Formula (Ia), or a pharmaceutically

30 acceptable salt thereof, are disclosed wherein:
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A’ is selected from the group consisting of Cs; monocyclic cycloalkyl and 4 to 7
membered monocyclic heterocyclyl; wherein each C;; monocyclic cycloalkyl
and 4 to 7 membered monocyclic heterocyclyl is optionally substituted with 1
to 5 R* groups;

5 each R* is independently selected from the group consisting of oxo, methyl, and ethy];
or two R* connected to the same or adjacent carbon atoms form a spiro or
fused Cs.gcycloalkyl or 4 to 6 membered heterocyclyl ring;

R'is C 4 haloalkyl;
R? is selected from the group consisting of hydrogen, Cshaloalkyl and C;_salkyl;
10 R’ is selected from the group consisting of phenyl substituted with one to three R’
groups;
and

each R’ is independently selected from the group consisting of C;_alkyl and halogen.

In one embodiment, compounds of Formula (Ia), or a pharmaceutically

15 acceptable salt thereof, are disclosed wherein:

A’ is selected from the group consisting of C;; monocyclic cycloalkyl and 4 to 7
membered monocyclic heterocyclyl; wherein each Cs7 monocyclic cycloalkyl
and 4 to 7 membered monocyclic heterocyclyl is optionally substituted with 1
to 5 R* groups;

20 each R* is independently selected from the group consisting of oxo, methyl, and ethy];
or two R* connected to the same or adjacent carbon atoms form a spiro or
fused Cs.gcycloalkyl or 4 to 6 membered heterocyclyl ring;

R! is selected from the group consisting of H, Cjalkyl, C;4haloalkyl and Cj.
scycloalkyl;

25 R?is C3haloalkyl;

R’ is selected from the group consisting of phenyl substituted with 1 to 3 R’ groups;
and

each R’ is independently selected from the group consisting of C;_alkyl and halogen.

In one embodiment, compounds of Formula (Ia), or a pharmaceutically

30 acceptable salt thereof, are disclosed wherein:
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A’ is selected from the group consisting of Cs; monocyclic cycloalkyl and 4 to 7
membered monocyclic heterocyclyl; wherein each C;; monocyclic cycloalkyl
and 4 to 7 membered monocyclic heterocyclyl is substituted with two R*
groups, wherein the two R* are connected to the same or adjacent carbon
5 atoms form a spiro or fused Csgcycloalkyl or 4 to 6 membered heterocyclyl
ring;
R! is selected from the group consisting of H, Cjalkyl, C;4haloalkyl and Cj.
scycloalkyl;
R? is selected from the group consisting of hydrogen, Cshaloalkyl and C,_salkyl;
10 R’ is selected from the group consisting of phenyl substituted with one to three R’
groups;
and

each R’ is independently selected from the group consisting of C;_alkyl and halogen.

In one embodiment, compounds of Formula (Ia), or a pharmaceutically

15 acceptable salt thereof, are disclosed wherein:

A’ is selected from the group consisting of C;; monocyclic cycloalkyl and 4 to 7
membered monocyclic heterocyclyl; wherein each Cs7 monocyclic cycloalkyl
and 4 to 7 membered monocyclic heterocyclyl is substituted with two R*
groups, wherein the two R* are connected to the same or adjacent carbon
20 atoms form a spiro or fused Csgcycloalkyl or 4 to 6 membered heterocyclyl
ring;
R! is selected from the group consisting of H, Cjalkyl, C;4haloalkyl and Cj.
scycloalkyl;
R? is selected from the group consisting of hydrogen, C;_shaloalkyl and C;_salkyl;
25 R’ is selected from the group consisting of phenyl substituted with three R> groups;
and

each R’ is independently selected from the group consisting of C;_salkyl and halogen.

In one embodiment, compounds of Formula (Ia), or a pharmaceutically

acceptable salt thereof, are disclosed wherein:
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A’ is selected from the group consisting of Cs; monocyclic cycloalkyl and 4 to 7
membered monocyclic heterocyclyl; wherein each C;; monocyclic cycloalkyl
and 4 to 7 membered monocyclic heterocyclyl is optionally substituted with 1
to 5 R* groups;

5 each R* is independently selected from the group consisting of oxo, methyl, and ethy];
or two R* connected to the same or adjacent carbon atoms form a spiro or
fused Cs.gcycloalkyl or 4 to 6 membered heterocyclyl ring;

R'is C;.6cycloalkyl;

R? is selected from the group consisting of hydrogen, Cshaloalkyl and C;_salkyl;
10 R’ is selected from the group consisting of phenyl substituted with three R’ groups;

and

each R’ is independently selected from the group consisting of C;_salkyl and halogen.

In one embodiment, compounds of Formula (Ia), or a pharmaceutically

acceptable salt thereof, are disclosed wherein:

15 A’ is selected from the group consisting of Cs; monocyclic cycloalkyl and 4 to 7
membered monocyclic heterocyclyl; wherein each C;; monocyclic cycloalkyl
and 4 to 7 membered monocyclic heterocyclyl is optionally substituted with 1
to 5 R* groups;
each R*is independently selected from the group consisting of oxo, methyl, and ethyl;
20 or two R* connected to the same or adjacent carbon atoms form a spiro or
fused Cs.gcycloalkyl or 4 to 6 membered heterocyclyl ring;
R'is C 4 haloalkyl;
R? is selected from the group consisting of hydrogen, Cshaloalkyl and C,_salkyl;
R’ is selected from the group consisting of phenyl substituted with three R’ groups;
25 and

each R’ is independently selected from the group consisting of C;_alkyl and halogen.

In one embodiment, compounds of Formula (Ia), or a pharmaceutically

acceptable salt thereof, are disclosed wherein:

A’ is selected from the group consisting of Cs; monocyclic cycloalkyl and 4 to 7

30 membered monocyclic heterocyclyl; wherein each Cs7 monocyclic cycloalkyl
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and 4 to 7 membered monocyclic heterocyclyl is optionally substituted with 1
to 5 R* groups;
each R*is independently selected from the group consisting of oxo, methyl, and ethyl;

4 . .
or two R" connected to the same or adjacent carbon atoms form a spiro or

5 fused Cs.gcycloalkyl or 4 to 6 membered heterocyclyl ring;
R! is selected from the group consisting of H, Cjalkyl, C;4haloalkyl and Cj.
scycloalkyl;
R’ is Cyshaloalkyl;

R’ is selected from the group consisting of phenyl substituted with 3 R> groups;
10 and

each R’ is independently selected from the group consisting of C;_salkyl and halogen.

In one embodiment, compounds of Formula (Ia), or a pharmaceutically

acceptable salt thereof, are disclosed wherein:

A’ is selected from the group consisting of Cs; monocyclic cycloalkyl and 4 to 7
15 membered monocyclic heterocyclyl; wherein each Cs7 monocyclic cycloalkyl
and 4 to 7 membered monocyclic heterocyclyl is substituted with two R*
groups, wherein the two R* are connected to the same or adjacent carbon
atoms form a spiro or fused Csgcycloalkyl or 4 to 6 membered heterocyclyl
ring;
20 R' is selected from the group consisting of H, Cjalkyl, C;4haloalkyl and Cj.
scycloalkyl;
R? is selected from the group consisting of hydrogen, C;_shaloalkyl and C;_salkyl;
R’ is selected from the group consisting of phenyl substituted with three R groups;
and

25 each R’ is independently selected from the group consisting of C;_alkyl and halogen.

In some embodiments, the compounds of Formula (Ia) is not
0 o) F 0 0 F
Y L '0S O
/S NS S0 F >/N "0 F
O OH or O OH .
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In another embodiment, compounds having the following Formula (Ib) are

provided:
XE~x3 0
X1
2>H\ N 3 N N R3
R N H
R X0
(0] OH (Ib)

or a pharmaceutically acceptable salt thereof, wherein:
5 X!, X%, and X are each independently selected from the group consisting of CHR?, O,
C=0 and CHZCHR4; provided that no more than one of Xl, Xz, and X?is O or C=0;
each R* is independently selected from the group consisting of H and CHg;
R!is selected from the group consisting of H, C;4alkyl, C;haloalkyl and C;¢cycloalkyl;
R” is selected from the group consisting of hydrogen, C; shaloalkyl and C;_alkyl;
10 R’ is selected from the group consisting of phenyl substituted with three R’ groups;

each R’ is independently selected from the group consisting of C;_salkyl and halogen.

In another embodiment, X is CHR4; and X' and X? are each independently O,
CHR" or C=0.

In another embodiment, X is CHR4; and X' and X? are each independently O
15 or CHR".

In another embodiment, R*is H.

In another embodiment, —X'-X*-X’— is selected from the group consisting of

—CHz—CHz—CHz—, —CHz—O—CHz—, and —O—CHz—CHz—.
In another embodiment, XXX 1s—O—-CH,—CH»—

20 In another embodiment, one of X! and X is CHzCHR4 and the other one of X'
and X° is CHR4; and X2 is O, CHR*or C=0.

In another embodiment, xtis CH2CHR4, X is CHR4; and X7 is O, CHR" or
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In another embodiment, X is CH2CHR4, X! is CHR4; and X7 is O, CHR" or

In another embodiment, R*is H.

In another embodiment —X'-X?-X’— is selected from the group consisting of —
5 CH,-CH,—-CH,-CH,, -CH,—O-CH,-CH,—, -CH(CH3)-O-CH,—CH,, -CH,—~CH,—O—-CH,,
and —CH,—C(O)-CH>—CHs..

In another embodiment —X'—X*-X°—is —CH>,-O-CH,—CH»—.

In another embodiment, R? is selected from the group consisting of hydrogen,

Ci»haloalkyl, methyl and ethyl.

10 In another embodiment, R” is selected from the group consisting of hydrogen,

methyl and CHF,.
In another embodiment, R? is hydrogen.
In another embodiment, R? is C;3haloalkyl.

In another embodiment, R’ is CHF-.

X2 \XS

/
X1
oY
15 In another embodiment: — ww is selected from the group consisting of:
O
0, O
0 ;)J\ )O;)\

O = D
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(0]
%(2\X3
X1
R? § F 5
v is F ™ .

%(2 \X3
X1
Rﬂ)\;

In another embodiment, = is selected from the group consisting of:

0 0
o)
; %ﬁ %9\5 L
0] 0 0
. ; ;g\fand);j\g
o W an

X2 \X3
/

X1
R2 ;

In another embodiment, is selected from the group consisting of:

Gy G

In another embodiment:

In another embodiment,

s is selected from the group consisting of:
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&

<

F\//r\f
F-’WV

Q,

2
Ng\f

&

I,I ;
JWV

Wf

X, Qe

Y ;\Af 95 Q\f
O (@]

o9 s (L 5

o o™ °

oYy

o) 40

S}\g 09\5 and ME\E

XZ\X3
/

N

R . oy
In another embodiment, — ww is selected from the group consisting of:

(";Ls ;\As Q\f ?ls
(\; ?\5 %5 (\5

/hf hf @; m
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X2 \X3

SN

X2 \X3

X! @J

R2

X2 \X3

X! rés

R2

X1
R? ¢
In another embodiment, v is selected from the group consisting of:

o S B
2}; N e 5}5

O
X2~x3 ( H
X1 e,
. & FW H
In another embodiment,  w~w is F .

In another embodiment:

Pt

In another embodiment:

o)
o

In another embodiment:

is

Y 4
is ;nf\goru;g\g.

In another embodiment:
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e 0
X‘1 /,, :
ST
wans 1S W .
In another embodiment, R!is selected from the group consisting of H, C;.

salkyl, C;»haloalkyl, and Cs scycloalkyl.
In another embodiment, R' is selected from the group consisting of hydrogen,

5 methyl, ethyl, propyl, isopropyl, CH,CF; and CH,CHF, and cyclopropyl.
In another embodiment, Rlis ethyl.
In another embodiment, R’ is selected from the group consisting of C,.

shaloalkyl and Cs ecycloalkyl.

In another embodiment, R’ is selected from the group consisting of CH,CFj,

10 CH,CHF; and cyclopropyl.

In another embodiment:

X2 \X3

!
X 1
R2>H\é§

each R’ is independently selected from the group consisting of methyl, ethyl, and halogen.

0 [
L, (\ ; 0, h ;
1S ww or s~ , and R!is ethyl.

In another embodiment, R” is phenyl substituted with three R’ groups, wherein

In another embodiment, R? is phenyl substituted with three R> groups, wherein

15
each R’ is independently selected from the group consisting of methyl, fluoro and chloro.

In another embodiment, R’ is selected from the group consisting of:
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In another embodiment, R’ is selected from the group consisting of:
F F F i
& i cl & l & : ;\©/CI Jé\C[F
F
F F F F
cl
F F
‘G, O, Y -
F F F F
F

In another embodiment, R” is phenyl substituted with 3 halogens.

In another embodiment, R” is phenyl substituted with 2 fluoro groups and one

chloro group.

In another embodiment, R’ is

In another embodiment:

2 N

Y ¢ a & i
X‘1 éé ‘,, %,
R? (\5 (\f 1 3

e is o or , R is ethyl, and R’ is F.

In another embodiment, compounds having the following Formula (Ib), or a

pharmaceutically acceptable salt thereof, are disclosed wherein:
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X!, X? and X° are each independently selected from the group consisting of CHRY, O,
C=0 and CHZCHR4; provided that no more than one of Xl, Xz, and X2is O or
C=0;
each R*is independently selected from the group consisting of H and CHs;
5 R’ is Cs6cycloalkyl;
R? is selected from the group consisting of hydrogen, C;_shaloalkyl and C;_salkyl;
R’ is selected from the group consisting of phenyl substituted with 1 to 3 R’ groups;

each R’ is independently selected from the group consisting of C;_salkyl and halogen.

In another embodiment, compounds having the following Formula (Ib), or a

10 pharmaceutically acceptable salt thereof, are disclosed wherein:

X!, X? and X° are each independently selected from the group consisting of CHRY, O,
C=0 and CH2CHR4; provided that no more than one of Xl, Xz, and X2is O or
C=0;
each R* is independently selected from the group consisting of H and CHg;
15 R'is C14 haloalkyl;
R? is selected from the group consisting of hydrogen, C;_shaloalkyl and C;_salkyl;
R’ is selected from the group consisting of phenyl substituted with 1 to 3 R’ groups;

each R’ is independently selected from the group consisting of C;_salkyl and halogen.

In another embodiment, compounds having the following Formula (Ib), or a

20 pharmaceutically acceptable salt thereof, are disclosed wherein:

X!, X? and X° are each independently selected from the group consisting of CHRY, O,
C=0 and CHZCHR4; provided that no more than one of Xl, Xz, and X2is O or
C=0;

each R*is independently selected from the group consisting of H and CHs;

25 R! is selected from the group consisting of H, Cjalkyl, C;4haloalkyl and Cj.

scycloalkyl;

R’ is Cyshaloalkyl;

R’ is selected from the group consisting of phenyl substituted with 1 to 3 R’ groups;

each R’ is independently selected from the group consisting of C;_3alkyl and halogen.
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In another embodiment, compounds having the following Formula (Ib), or a

pharmaceutically acceptable salt thereof, are disclosed wherein:

X!, X? and X° are each independently selected from the group consisting of CHRY, O,
C=0 and CH2CHR4; provided that no more than one of Xl, Xz, and X is O or
5 C=0;
each R*is independently selected from the group consisting of H and CHs;
R'is C;.6cycloalkyl;
R? is selected from the group consisting of hydrogen, C;_shaloalkyl and C;_salkyl;
R’ is selected from the group consisting of phenyl substituted with 3 R> groups;

10 each R’ is independently selected from the group consisting of C;_salkyl and halogen.

In another embodiment, compounds having the following Formula (Ib), or a

pharmaceutically acceptable salt thereof, are disclosed wherein:

X!, X? and X° are each independently selected from the group consisting of CHRY, O,
C=0 and CH2CHR4; provided that no more than one of Xl, Xz, and X is O or
15 C=0;
each R*is independently selected from the group consisting of H and CHs;
R'is C14 haloalkyl;
R? is selected from the group consisting of hydrogen, C;_shaloalkyl and C;_salkyl;
R’ is selected from the group consisting of phenyl substituted with 3 R> groups;

20 each R’ is independently selected from the group consisting of C;salkyl and halogen.

In another embodiment, compounds having the following Formula (Ib), or a

pharmaceutically acceptable salt thereof, are disclosed wherein:

X!, X?, and X° are each independently selected from the group consisting of CHR?, O,
C=0 and CH2CHR4; provided that no more than one of Xl, Xz, and X is O or
25 C=0;
each R* is independently selected from the group consisting of H and CHg;
R! is selected from the group consisting of H, Cjalkyl, C;4haloalkyl and Cj.
scycloalkyl;
R’ is Cyshaloalkyl;
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R’ is selected from the group consisting of phenyl substituted with 3 R’ groups;

each R’ is independently selected from the group consisting of C;_alkyl and halogen.

In some embodiments, the compounds of Formula (Ib) are not

O o] F (6] (0] F
Q\N x H/\©\ QN x H/\©\
/N N0 F >/N "0 F
5 O OH or O OH X

In another embodiment, compounds having the following Formula (Ic) are

O O F
N7 N Cl
1-N X H
R™ 0 F
O OH

or a pharmaceutically acceptable salt thereof, wherein:

provided:

(Ic)

10 R' is selected from the group consisting of H, C,_alkyl, C,_4haloalkyl and Csscycloalkyl.
In another embodiment, compounds having the following Formula (Id) are

provided:

(Id)

or a pharmaceutically acceptable salt thereof, wherein:
15 R' is selected from the group consisting of H, C;_4alkyl, C;_shaloalkyl and C;scycloalkyl.

In another embodiment, compounds having the following Formula (Ie) are

0O F
@)
Q\N SN N Cl
1-N N H
R 0 F

O OH (Ie)

provided:
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or a pharmaceutically acceptable salt thereof, wherein:

R' is selected from the group consisting of H, C,_alkyl, C;_4haloalkyl and Cs4cycloalkyl.

In another embodiment, compounds having the following Formula (If) are

provided:

(In

or a pharmaceutically acceptable salt thereof, wherein:

R!is selected from the group consisting of H, C;4alkyl, C; shaloalkyl and C;¢cycloalkyl.

In another embodiment, R! is selected from the group consisting of H, C;.

salkyl, C;»haloalkyl, and Cs scycloalkyl.

10 In another embodiment, R' is selected from the group consisting of hydrogen,

methyl, ethyl, propyl, isopropyl, CH,CF;, CH,CHF; and cyclopropyl.
In another embodiment, Rlis ethyl.

In another embodiment, R' is selected from the group consisting of C;.

shaloalkyl and Cs ecycloalkyl.

15 In another embodiment, R!is selected from the group consisting of CH,CFs3,

CH,CHF; and cyclopropyl.

In another embodiment, compounds having the following Formula (II) are

provided:

O

O
N ONTR®
H
SE N0
0O OH In
20 or a pharmaceutically acceptable salt thereof, wherein:

R! is selected from the group consisting of H, C;4alkyl, C;haloalkyl and C;¢cycloalkyl;
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R’ is selected from the group consisting of phenyl substituted with one to three R’ groups;
and

each R’ is independently selected from the group consisting of C;_salkyl and halogen.

In another embodiment, compounds having the following Formula (II), or a

5 pharmaceutically acceptable salt thereof, are disclosed wherein:

R!is selected from the group consisting of H, C;4alkyl, C;haloalkyl and C;¢cycloalkyl;
R’ is selected from the group consisting of phenyl substituted with three R’ groups; and

each R’ is independently selected from the group consisting of C;_salkyl and halogen.

In another embodiment, the compound of Formula (II) is a compound of the

10 Formula (Ila):

(ITa)

In another embodiment, compounds having the following Formula (III) are

provided:
O o]
N HAR3
RN N0
O OH (I10)
15 or a pharmaceutically acceptable salt thereof, wherein:

R! is selected from the group consisting of H, C;4alkyl, C;haloalkyl and C;¢cycloalkyl;
R’ is selected from the group consisting of phenyl substituted with one to three R’ groups;
and

each R’ is independently selected from the group consisting of C;_salkyl and halogen.

20 In another embodiment, compounds having the following Formula (III), or a

pharmaceutically acceptable salt thereof, are disclosed wherein:
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R!is selected from the group consisting of H, C;4alkyl, C;haloalkyl and C;¢cycloalkyl;
R’ is selected from the group consisting of phenyl substituted with three R’ groups; and

each R’ is independently selected from the group consisting of C;_salkyl and halogen.

In another embodiment, the compounds of Formula III are compounds of

5 Formula (Illa):

(Illa)

In another embodiment, compounds are provided having the following

structures:

F F
N
H
F F F
F F
Cl
N
H
F F
F F
F F
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F
Cl
F
F
F
F
F
F
N
H
F
F F
Cl Cl
N
H and
F F

or a pharmaceutically acceptable salt thereof.

In another embodiment, compounds are provided having the following

structures:
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F
F F
F
Cl
F
or a pharmaceutically acceptable salt thereof.
5 In another embodiment, compounds are provided having the following

structures:
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or a pharmaceutically acceptable salt thereof.

In another embodiment, compounds are provided having the following

5 structures:

O OH
0 0 F
|//
F "™ "N"YY °N
F N H
F "o F
O OH

Iz
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and
or a pharmaceutically acceptable salt thereof.

In another embodiment, compounds are provided having the following

structures:

Cl

Iz
Iz

Iz

F

Iz

or a pharmaceutically acceptable salt thereof.

In another embodiment, compounds are provided having the following

structures:
O F (@) F
1/
HN N
NN  F F - NN f F
O OH O OH
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or a pharmaceutically acceptable salt thereof.

In another embodiment, a compound of Formula (25-M) or a pharmaceutically

acceptable salt thereof, is provided:

In another embodiment, a compound of Formula (25b) or a pharmaceutically

acceptable salt thereof, is provided:

(25b).

In another embodiment, a compound of the Formula (39-M) or a

10 pharmaceutically acceptable salt thereof, is provided:
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O O F
N N Cl
N x™ H
~ o F
© OH

In another embodiment, a compound of Formula (39) or a pharmaceutically

(39-M).

acceptable salt thereof, is provided:

(39).

In another embodiment, a pharmaceutical composition is provided comprising
a compound having the Formula (Ia), (Ib), (Ic), (Id), (Ie), (If), (ID), (Ila), (IID), (Illa), (25-M),
(25b), (39-M) or (39) or a pharmaceutically acceptable salt thereof, and a pharmaceutically

acceptable excipient.

In another embodiment, the pharmaceutical composition further comprises one

or more additional therapeutic agents.

In another embodiment, the pharmaceutical composition further comprises one

or more anti-HIV agent.

In another embodiment, the pharmaceutical composition further comprises one
or more additional therapeutic agents selected from the group consisting of HIV protease
inhibitors, HIV non-nucleoside inhibitors of reverse transcriptase, HIV nucleoside or

nucleotide inhibitors of reverse transcriptase, and combinations thereof.

In another embodiment, the pharmaceutical composition further comprises a
first additional therapeutic agent selected from the group consisting of: abacavir sulfate,
tenofovir, tenofovir disoproxil, tenofovir disoproxil fumarate, tenofovir alafenamide, and
tenofovir alafenamide hemifumarate and a second additional therapeutic agent selected from

the group consisting of emtricitabine and lamivudine.
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In another embodiment, the pharmaceutical composition further comprises

tenofovir disoproxil fumarate and emtricitabine.

In another embodiment, the pharmaceutical composition further comprises

tenofovir alafenamide hemifumarate and emtricitabine.

In another embodiment, a method of treating an HIV infection in a human
having or at risk of having the infection by administering to the human a therapeutically
effective amount of a compound of Formula (Ia), (Ib), (Ic), (Id), (Ie), (If), (II), (I1a), (III),
(IlTa), (25-M), (25b), (39-M) or (39), or a pharmaceutically acceptable salt thereof, or a
pharmaceutical composition of a compound of Formula (1a), (Ib), (Ic), (Id), (Ie), (If), (ID),
(I1a), (IIL), (I11a), (25-M), (25b), (39-M) or (39) or a pharmaceutically acceptable salt thereof,

is provided.

In another embodiment, the method of treating an HIV infection in a human
having or at risk of having the infection, further comprises administering to the human a

therapeutically effective amount of one or more additional therapeutic agents.

In another embodiment, the method of treating an HIV infection in a human
having or at risk of having the infection, further comprises administering to the human a

therapeutically effective amount of one or more additional anti-HIV agents.

In another embodiment, the method of treating an HIV infection in a human
having or at risk of having the infection, further comprises administering to the human a
therapeutically effective amount of one or more additional therapeutic agents selected from
the group consisting of HIV protease inhibitors, HIV non-nucleoside inhibitors of reverse
transcriptase, HIV nucleoside or nucleotide inhibitors of reverse transcriptase, and
combinations thereof. In a specific embodiment, the method of treating an HIV infection in a
human having or at risk of having the infection, further comprises administering to the human

a therapeutically effective amount of HIV non-nucleoside inhibitors of reverse transcriptase.

In another embodiment, the method of treating an HIV infection in a human
having or at risk of having the infection, further comprises administering to the human a
therapeutically effective amount of a first additional therapeutic agent selected from the

group consisting of: abacavir sulfate, tenofovir, tenofovir disoproxil, tenofovir disoproxil
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fumarate, tenofovir alafenamide, and tenofovir alafenamide hemifumarate and a second
additional therapeutic agent selected from the group consisting of emtricitabine and

lamivudine.

In another embodiment, the method of treating an HIV infection in a human
having or at risk of having the infection, further comprises administering to the human a

therapeutically effective amount of tenofovir disoproxil and emtricitabine.

In another embodiment, the method of treating an HIV infection in a human
having or at risk of having the infection, further comprises administering to the human a

therapeutically effective amount of tenofovir disoproxil fumarate and emtricitabine.

In another embodiment, the method of treating an HIV infection in a human
having or at risk of having the infection, further comprises administering to the human a

therapeutically effective amount of tenofovir alafenamide and emtricitabine.

In another embodiment, the method of treating an HIV infection in a human
having or at risk of having the infection, further comprises administering to the human a

therapeutically effective amount of tenofovir alafenamide hemifumarate and emtricitabine.

In another embodiment, a use of a compound of Formula (Ia), (Ib), (Ic), (Id),
(Ie), (If), (ID), (I1a), (III), (IIa), (25-M), (25b), (39-M) or (39) or pharmaceutically acceptable
salt thereof, or a pharmaceutical composition of a compound of (Ia), (Ib), (Ic), (Id), (Ie), (If),
1D, (Ila), (IID), (IlIa), (25-M), (25b), (39-M) or (39) or a pharmaceutically acceptable salt
thereof, for the treatment of an HIV infection in a human having or at risk of having the

infection is provided.

In another embodiment, a compound of Formula (I1a), (Ib), (Ic), (Id), (Ie), (If),
D), (Ia), (IID), (IlIa), (25-M), (25b), (39-M) or (39), or a pharmaceutically acceptable salt
thereof, or a pharmaceutical composition of a compound of Formula(la), (Ib), (Ic), (Id), (Ie),
1D, (1), (IIa), (III), (IlIa), (25-M), (25b), (39-M) or (39), or pharmaceutically acceptable salt

thereof, for use in medical therapy is provided.

In another embodiment, a compound of Formula (I1a), (Ib), (Ic), (Id), (Ie), (If),
D), (Ia), (IID), (IlIa), (25-M), (25b), (39-M) or (39), or a pharmaceutically acceptable salt
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thereof, or a pharmaceutical composition of a compound of Formula (Ia), (Ib), (Ic), (Id), (Ie),
1D, (1), (IIa), (III), (IlIa), (25-M), (25b), (39-M) or (39), or pharmaceutically acceptable salt

thereof, for use in the prophylactic or therapeutic treatment of an HIV infection is provided.

In another embodiment, a method of using a compound having the Formula
(Ia), (Ib), (Ic), (I1d), (Ie), (If), (II), (I1a), (IID), (I1la), (25-M), (25b), (39-M) or (39) in therapy
is provided. In particular, a method of treating the proliferation of the HIV virus, treating
AIDS, or delaying the onset of AIDS or ARC symptoms in a mammal (e.g., a human) is
provided, comprising administering to the mammal a compound having the Formula (Ia),
(Ib), (Ic), (Id), (Ie), (ID), (1D, (IIa), (1D, (IlTa), (25-M), (25b), (39-M) or (39), or a
stereoisomer or pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable

excipient.

In another embodiment, the use of a compound of Formula (Ia), (Ib), (Ic), (Id),
(Ie), (I), (ID), (I1a), (I1I), (IlIa), (25-M), (25b), (39-M) or (39) as described herein, or a
pharmaceutically acceptable salt thereof, for the manufacture of a medicament for the
treatment of an HIV infection in a human being having or at risk of having the infection is

disclosed.

In another embodiment, the use of a compound of Formula (Ia), (Ib), (Ic), (Id),
(Ie) or (If), (D), (IIa), (III), (IlIa), (25-M), (25b), (39-M) or (39) as described herein or a

pharmaceutically acceptable salt thereof, as a research tool, is provided.

In another embodiment, an article of manufacture comprising a composition
effective to treat an HIV infection; and packaging material comprising a label which indicates
that the composition can be used to treat infection by HIV is disclosed. Exemplary
compositions comprise a compound of Formula (Ia), (Ib), (Ic), (Id), (Ie), (If), (II), (ITa), (ILD),
(IlTa), (25-M), (25b), (39-M) or (39) according to this embodiments disclosed herein or a

pharmaceutically acceptable salt thereof.

In still another embodiment, a method of inhibiting the replication of HIV is
disclosed. The method comprises exposing the virus to an effective amount of the compound
of Formula (la), (Ib), (Ic), (Id), (Ie), (If), (ID), (Ila), (IID), (Il1a), (25-M), (25b), (39-M) or (39)

or a salt thereof, under conditions where replication of HIV is inhibited.
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In another embodiment, the use of a compound of Formula (Ia), (Ib), (Ic), (Id),
(Ie), (If), (ID), (I1a), (I1I), (IlIa), (25-M), (25b), (39-M) or (39) to inhibit the activity of the

HIV integrase enzyme is disclosed.

In another embodiment, the use of a compound of Formula (Ia), (Ib), (Ic), (Id),
(Ie), (If), (I), (I1a), (III), (I11a), (25-M), (25b), (39-M) or (39), or a salt thereof, to inhibit the

replication of HIV is disclosed.

The present invention also provides compounds of each of the Formulae
herein, as well as each subgroup and embodiment thereof, including a compound selected
from the group of Formula (Ia), (Ib), (Ic), (Id), (Ie), (If), (I), (ITa), (III), (Il1a), (25-M), (25b),
(39-M) and (39), or a pharmaceutically acceptable salt thereof, or a pharmaceutical
composition of a compound of Formula (1a), (Ib), (Ic), (Id), (Ie), (If), (ID), (Ila), (IID), (Illa),
(25-M), (25b), (39-M) or (39), or a pharmaceutically acceptable salt thereof, or one of the
specific compounds of the examples herein, or a salt thereof for use in any of the methods of

the invention as defined herein.

It is understood that any embodiment of the compounds of any one of
Formulas (Ia), (Ib), (Ic), (Id), (Ie), (If), (D), (I1a), (I11), (IlTa), (25-M), (25b), (39-M) and (39),
as set forth above, and any specific substituent set forth herein A’, Rl, Rz, R3, R4, R’ Xl, X2
or X° group in the compounds of Formulas (Ia), (Ib), (Ic), (Id), (Ie), (If), (1D, (1la), (IID),
(Ila), (25-M), (25b), (39-M) or (39) as set forth above, may be independently combined
with other embodiments and/or substituents of compounds of any one of Formulas (Ia), (Ib),
(Ic), (Id), de), (1), D), (Ia), (1), (Ila), (25-M), (25b), (39-M) and (39) to form
embodiments not specifically set forth above. In addition, in the event that a list of
substituents is listed for any particular A’, Rl, Rz, R3, R4, R’ , Xl, X?orX’ina particular
embodiment and/or claim, it is understood that each individual substituent may be deleted
from the particular embodiment and/or claim and that the remaining list of substituents will

be considered to be within the scope of the embodiments disclosed herein.

Pharmaceutical Compositions

For the purposes of administration, in certain embodiments, the compounds

described herein are administered as a raw chemical or are formulated as pharmaceutical
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compositions. Pharmaceutical compositions within the scope of the embodiments disclosed
herein comprise a compound of Formula (Ia), (Ib), (Ic), (Id), (Ie), (If), (1), (Ila), (IID), (I11a),
(25-M), (25b), (39-M) or (39), and a pharmaceutically acceptable excipient. The compound
of Formula (Ia), (Ib), (Ic), (Id), (Ie), (I), (ID), (Ila), (IID), (Illa), (25-M), (25b), (39-M) or (39),
is present in the composition in an amount which is effective to treat a particular disease or
condition of interest. The activity of compounds of Formulas (Ia), (Ib), (Ic), (Id), (Ie), (If),
1D, (I1a), (IID), (Illa), (25-M), (25b), (39-M) or (39), can be determined by one skilled in the
art, for example, as described in the Examples below. Appropriate concentrations and

dosages can be readily determined by one skilled in the art.

Administration of the compounds of the embodiments disclosed herein, or
their pharmaceutically acceptable salts, in pure form or in an appropriate pharmaceutical
composition, can be carried out via any of the accepted modes of administration of agents for
serving similar utilities. The pharmaceutical compositions of the embodiments disclosed
herein can be prepared by combining a compound of the embodiments disclosed herein with
an appropriate pharmaceutically acceptable excipient, and may be formulated into
preparations in solid, semi-solid, liquid or gaseous forms, such as tablets, capsules, powders,
granules, ointments, solutions, suppositories, injections, inhalants, gels, microspheres, and
aerosols. Typical routes of administering such pharmaceutical compositions include, without
limitation, oral, topical, transdermal, inhalation, parenteral, sublingual, buccal, rectal, vaginal,
and intranasal. Pharmaceutical compositions of the embodiments disclosed herein may be
formulated so as to allow the active ingredients contained therein to be bioavailable upon
administration of the composition to a patient. Compositions that will be administered to a
subject or patient take the form of one or more dosage units, where for example, a tablet may
be a single dosage unit, and a container of a compound of the embodiments disclosed herein
in aerosol form may hold a plurality of dosage units. Actual methods of preparing such
dosage forms are known, or will be apparent, to those skilled in this art; for example, see
Remington: The Science and Practice of Pharmacy, 20th Edition (Philadelphia College of
Pharmacy and Science, 2000). The composition to be administered will, in any event, contain
a therapeutically effective amount of a compound of the embodiments disclosed herein, or a
pharmaceutically acceptable salt thereof, for treatment of a disease or condition of interest in

accordance with the teachings of this disclosure.
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The pharmaceutical compositions disclosed herein may be prepared by
methodology well known in the pharmaceutical art. For example, a pharmaceutical
composition intended to be administered by injection can be prepared by combining a
compound of the embodiments disclosed herein with sterile, distilled water so as to form a
solution. A surfactant may be added to facilitate the formation of a homogeneous solution or
suspension. Surfactants are compounds that non-covalently interact with the compound of the
embodiments disclosed herein so as to facilitate dissolution or homogeneous suspension of

the compound in the aqueous delivery system.

The compounds of the embodiments disclosed herein, or their
pharmaceutically acceptable salts, are administered in a therapeutically effective amount,
which will vary depending upon a variety of factors including the activity of the specific
compound employed; the metabolic stability and length of action of the compound; the age,
body weight, general health, sex, and diet of the patient; the mode and time of administration;
the rate of excretion; the drug combination; the severity of the particular disorder or

condition; and the subject undergoing therapy.

Combination therapy

In certain embodiments, a method for treating or preventing an HIV infection
in a human having or at risk of having the infection is provided, comprising administering to
the human a therapeutically effective amount of a compound disclosed herein, or a
pharmaceutically acceptable salt thereof, in combination with a therapeutically effective
amount of one or more (e.g., one, two, three, one or two, or one to three) additional
therapeutic agents. In one embodiment, a method for treating an HIV infection in a human
having or at risk of having the infection is provided, comprising administering to the human a
therapeutically effective amount of a compound disclosed herein, or a pharmaceutically
acceptable salt thereof, in combination with a therapeutically effective amount of one or more

(e.g., one, two, three, one or two, or one to three) additional therapeutic agents.

In certain embodiments, the present disclosure provides a method for treating
an HIV infection, comprising administering to a patient in need thereof a therapeutically

effective amount of a compound disclosed herein, or a pharmaceutically acceptable salt,
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thereof, in combination with a therapeutically effective amount of one or more additional

therapeutic agents which are suitable for treating an HIV infection.

A compound as disclosed herein (e.g., any compound of Formula (Ia), (Ib),
(Ic), (Id), (Ie), D), (ID, (Ila), (1D, (Illa), (25-M), (25b), (39-M) or (39)) may be combined
with one or more additional therapeutic agents in any dosage amount of the compound of
Formula (Ia), (Ib), (Ic), (Id), (Ie), (I), D), (Ila), (IID), (Illa), (25-M), (25b), (39-M) or (39)
(e.g., from 50 mg to 1000 mg of compound).

In one embodiment, pharmaceutical compositions comprising a compound
disclosed herein, or a pharmaceutically acceptable salt thereof, in combination with one or
more (e.g., one, two, three, one or two, or one to three) additional therapeutic agents, and a

pharmaceutically acceptable excipient are provided.

In one embodiment, kits comprising a compound disclosed herein, or a
pharmaceutically acceptable salt thereof, in combination with one or more (e.g., one, two,

three, one or two, or one to three) additional therapeutic agents are provided.

In the above embodiments, the additional therapeutic agent may be an anti-
HIV agent. For example, in some embodiments, the additional therapeutic agent is selected
from the group consisting of HIV protease inhibitors, HIV non-nucleoside or non-nucleotide
inhibitors of reverse transcriptase, HIV nucleoside or nucleotide inhibitors of reverse
transcriptase, HIV integrase inhibitors, HIV non-catalytic site (or allosteric) integrase
inhibitors, HIV entry inhibitors (e.g., CCRS inhibitors, gp41 inhibitors (i.e., fusion inhibitors)
and CD4 attachment inhibitors), CXCR4 inhibitors, gp120 inhibitors, G6PD and NADH-
oxidase inhibitors, HIV vaccines, HIV maturation inhibitors, latency reversing agents (e.g.,
histone deacetylase inhibitors, proteasome inhibitors, protein kinase C (PKC) activators, and
BRD4 inhibitors), compounds that target the HIV capsid (“capsid inhibitors™; e.g., capsid
polymerization inhibitors or capsid disrupting compounds, HIV nucleocapsid p7 (NCp7)
inhibitors, HIV p24 capsid protein inhibitors), pharmacokinetic enhancers, immune-based
therapies (e.g., Pd-1 modulators, Pd-L.L1 modulators, toll like receptors modulators,, IL-15
agonists, ), HIV antibodies, bispecific antibodies and “antibody-like” therapeutic proteins
(e.g., DARTs®, Duobodies®, Bites®, XmAbs®, TandAbs ®, Fab derivatives) including
those targeting HIV gp120 or gp41, combination drugs for HIV, HIV p17 matrix protein
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inhibitors, IL-13 antagonists, Peptidyl-prolyl cis-trans isomerase A modulators, Protein
disulfide isomerase inhibitors, Complement C5a receptor antagonists, DNA
methyltransferase inhibitor, HIV vif gene modulators, HIV-1 viral infectivity factor
inhibitors, TAT protein inhibitors, HIV-1 Nef modulators, Hck tyrosine kinase modulators,
mixed lineage kinase-3 (MLK-3) inhibitors, HIV-1 splicing inhibitors, Rev protein inhibitors,
Integrin antagonists, Nucleoprotein inhibitors, Splicing factor modulators, COMM domain
containing protein 1 modulators, HIV Ribonuclease H inhibitors, Retrocyclin modulators,
CDK-9 inhibitors, Dendritic [CAM-3 grabbing nonintegrin 1 inhibitors, HIV GAG protein
inhibitors, HIV POL protein inhibitors, Complement Factor H modulators, Ubiquitin ligase
inhibitors, Deoxycytidine kinase inhibitors, Cyclin dependent kinase inhibitors Proprotein
convertase PC9 stimulators, ATP dependent RNA helicase DDX3X inhibitors, reverse
transcriptase priming complex inhibitors, PI3K inhibitors, compounds such as those disclosed
in WO 2013/006738 (Gilead Sciences), US 2013/0165489 (University of Pennsylvania), WO
2013/091096A1 (Boehringer Ingelheim), WO 2009/062285 (Boehringer Ingelheim),
US20140221380 (Japan Tobacco), US20140221378 (Japan Tobacco), WO 2010/130034
(Boehringer Ingelheim), WO 2013/159064 (Gilead Sciences), WO 2012/145728 (Gilead
Sciences), W02012/003497 (Gilead Sciences), W02014/100323 (Gilead Sciences),
WO02012/145728 (Gilead Sciences), WQ02013/159064 (Gilead Sciences) and WO
2012/003498 (Gilead Sciences) and WO 2013/006792 (Pharma Resources), and other drugs

for treating HIV, and combinations thereof.

In certain embodiments, the additional therapeutic is selected from the group
consisting of HIV protease inhibitors, HIV non-nucleoside or non-nucleotide inhibitors of
reverse transcriptase, HIV nucleoside or nucleotide inhibitors of reverse transcriptase, HIV
integrase inhibitors, HIV non-catalytic site (or allosteric) integrase inhibitors,

pharmacokinetic enhancers, and combinations thereof.

In certain embodiments a compound of Formula (Ia), (Ib), (Ic), (Id), (Ie), (If),
{D, (ITa), (IID), (IMa), (25-M), (25b), (39-M) or (39) is formulated as a tablet, which may
optionally contain one or more other compounds useful for treating HIV. In certain
embodiments, the tablet can contain another active ingredient for treating HIV, such as HIV
protease inhibitors, HIV non-nucleoside or non-nucleotide inhibitors of reverse transcriptase,

HIV nucleoside or nucleotide inhibitors of reverse transcriptase, HIV integrase inhibitors,
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HIV non-catalytic site (or allosteric) integrase inhibitors, pharmacokinetic enhancers, and

combinations thereof.

In certain embodiments, such tablets are suitable for once daily dosing. In

certain embodiments, the additional therapeutic agent is selected from one or more of:

(1) Combination drugs selected from the group consisting of ATRIPLA®
(efavirenz+tenofovir disoproxil fumarate +emtricitabine), COMPLERA® (EVIPLERA®,
rilpivirine+tenofovir disoproxil fumarate +emtricitabine), STRIBILD®
(elvitegravir+cobicistat+tenofovir disoproxil fumarate +emtricitabine), dolutegravir +
abacavir sulfate +lamivudine, TRIUMEQ® (dolutegravir + abacavir + lamivudine) ,
lamivudine + nevirapine + zidovudine, dolutegravir+rilpivirine, atazanavir sulfate +
cobicistat, darunavir + cobicistat, efavirenz + lamivudine + tenofovir disoproxil fumarate,
tenofovir alafenamide hemifumarate + emtricitabine + cobicistat + elvitegravir, Vacc-4x +
romidepsin, darunavir + tenofovir alafenamide hemifumarate+ emtricitabine + cobicistat,
APH-0812, raltegravir + lamivudine, KALETRA® (ALUVIA®, lopinavir+ritonavir),
atazanavir sulfate + ritonavir, COMBIVIR® (zidovudine+lamivudine, AZT+3TC),
EPZICOM® (Livexa®, abacavir sulfate +lamivudine, ABC+3TC), TRIZIVIR® (abacavir
sulfate+zidovudine+lamivudine, ABC+AZT+3TC), TRUVADA® (tenofovir disoproxil
fumarate +emtricitabine, TDF+FTC), tenofovir + lamivudine and lamivudine + tenofovir

disoproxil fumarate;

(2) HIV protease inhibitors selected from the group consisting of amprenavir, atazanavir,
fosamprenavir, fosamprenavir calcium, indinavir, indinavir sulfate, lopinavir, ritonavir,
nelfinavir, nelfinavir mesylate, saquinavir, saquinavir mesylate, tipranavir, brecanavir,

darunavir, DG-17, TMB-657 (PPL-100) and TMC-310911,;

(3) HIV non-nucleoside or non-nucleotide inhibitors of reverse transcriptase selected from
the group consisting of delavirdine, delavirdine mesylate, nevirapine, etravirine, dapivirine,

doravirine, rilpivirine, efavirenz, KM-023, VM-1500, lentinan and AIC-292;

(4) HIV nucleoside or nucleotide inhibitors of reverse transcriptase selected from the group
consisting of VIDEX® and VIDEX® EC (didanosine, ddl), zidovudine, emtricitabine,

didanosine, stavudine, zalcitabine, lamivudine, censavudine, abacavir, abacavir sulfate,
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amdoxovir, elvucitabine, alovudine, phosphazid, fozivudine tidoxil, apricitabine, amdoxovir ,
KP-1461, fosalvudine tidoxil, tenofovir, tenofovir disoproxil, tenofovir disoproxil fumarate,
tenofovir disoproxil hemifumarate, tenofovir alafenamide, tenofovir alafenamide

hemifumarate, tenofovir alafenamide fumarate, adefovir, adefovir dipivoxil, and festinavir;

(5) HIV integrase inhibitors selected from the group consisting of curcumin, derivatives of
curcumin, chicoric acid, derivatives of chicoric acid, 3,5-dicaffeoylquinic acid, derivatives of
3,5-dicaffeoylquinic acid, aurintricarboxylic acid, derivatives of aurintricarboxylic acid,
caffeic acid phenethyl ester, derivatives of caffeic acid phenethyl ester, tyrphostin, derivatives
of tyrphostin, quercetin, derivatives of quercetin, raltegravir, elvitegravir, dolutegravir and

cabotegravir;

(6) HIV non-catalytic site, or allosteric, integrase inhibitors (NCINI) selected from the group
consisting of CX-05168, CX-05045 and CX-14442;

(7) HIV gp41 inhibitors selected from the group consisting of enfuvirtide, sifuvirtide and

albuvirtide;

(8) HIV entry inhibitors selected from the group consisting of cenicriviroc;

(9) HIV gp120 inhibitors selected from the group consisting of Radha-108 (Receptol) and
BMS-663068;

(10) CCRS inhibitors selected from the group consisting of aplaviroc, vicriviroc, maraviroc,
cenicriviroc, PRO-140, Adaptavir (RAP-101), TBR-220 (TAK-220), nifeviroc (TD-0232),
TD-0680, and vMIP (Haimipu);

(11) CD4 attachment inhibitors selected from the group consisting of ibalizumab;

(12) CXCR4 inhibitors selected from the group consisting of plerixafor, ALT-1188, vMIP

and Haimipu;

(13) Pharmacokinetic enhancers selected from the group consisting of cobicistat and

ritonavir;
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(14) Immune-based therapies selected from the group consisting of dermaVir, interleukin-7,
plaquenil (hydroxychloroquine), proleukin (aldesleukin, IL.-2), interferon alfa, interferon alfa-
2b, interferon alfa-n3, pegylated interferon alfa, interferon gamma, hydroxyurea,
mycophenolate mofetil (MPA) and its ester derivative mycophenolate mofetil (MMF), WF-
10, ribavirin, IL-2, IL-12, polymer polyethyleneimine (PEI), Gepon, VGV-1, MOR-22,
BMS-936559, toll-like receptors modulators (tlrl, tlr2, tir3, tir4, tlrS, tlr6, tir7, tir8, tir9, tirl0,
tlr11, tlr12 and tlr13), rintatolimod and IR-103;

(15) HIV vaccines selected from the group consisting of peptide vaccines, recombinant
subunit protein vaccines, live vector vaccines, DNA vaccines, virus-like particle vaccines
(pseudovirion vaccine), CD4-derived peptide vaccines, vaccine combinations, rgp120
(AIDSVAX), ALVAC HIV (vCP1521)/AIDSVAX B/E (gp120) (RV144), Remune, ITV-1,
Contre Vir, Ad5-ENVA-48, DCVax-001 (CDX-2401), PEP-6409,Vacc-4x, Vacc-C5, VAC-
35, multiclade DNA recombinant adenovirus-5 (rAd5), Pennvax-G, VRC-HIV MAB060-00-
AB, AVX-101, Tat Oyi vaccine, AVX-201, HIV-LAMP-vax, Ad35, Ad35-GRIN,
NAcGM3/VSSP ISA-51, poly-ICLC adjuvanted vaccines, Tatlmmune, GTU-multiHIV (FIT-
06), AGS-004, gpl40[delta]V2.TV1+ MF-59, rVSVIN HIV-1 gag vaccine, SeV-Gag
vaccine, AT-20, DNK-4, Ad35-GRIN/ENV, TBC-M4, HIVAX , HIVAX-2, NYVAC-HIV-
PT1, NYVAC-HIV-PT4, DNA-HIV-PT123, rAAV1-PG9DP, GOVX-B1l, GOVX-B21,
ThV-01, TUTI-16, VGX-3300, TVI-HIV-1, Ad-4 (Ad4-env Clade C + Ad4-mGag), EN41-
UGR7C, EN41-FPA2, PreVaxTat, TL-01, SAV-001, AE-H, MYM-V101, CombiHIVvac,
ADVAX, MYM-V201, MVA-CMDR, ETV-01 and DNA-AdS5 gag/pol/nef/nev (HVTNS505);

(16) HIV antibodies, bispecific antibodies and “antibody-like” therapeutic proteins (such as
DARTs®, Duobodies®, Bites®, XmAbs®, TandAbs ®, Fab derivatives) including BMS-
936559, TMB-360 and those targeting HIV gp120 or gp41 selected from the group consisting
of bavituximab, UB-421, C2F5, C2G12, C4E10, C2F5+C2G12+C4E10, 3-BNC-117 ,
PGT145, PGT121, MDX010 (ipilimumab), VRCO01, A32, 7B2, 10E8 and VRCO07;

(17) latency reversing agents selected from the group consisting of Histone deacetylase
inhibitors such as Romidepsin, vorinostat, panobinostat; Proteasome inhibitors such as

Velcade; protein kinase C (PKC) activators such as Indolactam, Prostratin, Ingenol B and
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DAG-lactones, lonomycin, GSK-343, PMA, SAHA, BRD4 inhibitors, IL-15, JQ1, disulfram,

and amphotericin B;

(18) HIV nucleocapsid p7 (NCp7) inhibitors selected from the group consisting of

azodicarbonamide;

(19) HIV maturation inhibitors selected from the group consisting of BMS-955176 and GSK-
2838232;

(20) PI3K inhibitors selected from the group consisting of idelalisib, AZD-8186, buparlisib,
CLR-457, pictilisib, neratinib, rigosertib, rigosertib sodium, EN-3342, TGR-1202, alpelisib,
duvelisib, UCB-5857, taselisib, XL-765, gedatolisib, VS-5584, copanlisib, CAI orotate,
perifosine, RG-7666, GSK-2636771, DS-7423, panulisib, GSK-2269557, GSK-2126458,
CUDC-907, PQR-309, INCB-040093, pilaralisib, BAY-1082439, puquitinib mesylate, SAR-
245409, AMG-319, RP-6530, ZSTK-474, MLN-1117, SF-1126, RV-1729, sonolisib, LY-
3023414, SAR-260301 and CLR-1401;

(21) the compounds disclosed in WO 2004/096286 (Gilead Sciences), WO 2006/110157
(Gilead Sciences), WO 2006/015261 (Gilead Sciences), WO 2013/006738 (Gilead Sciences),
US 2013/0165489 (University of Pennsylvania), US20140221380 (Japan Tobacco),
US20140221378 (Japan Tobacco), WO 2013/006792 (Pharma Resources), WO 2009/062285
(Boehringer Ingelheim), WO 2010/130034 (Boehringer Ingelheim), WO 2013/091096A1
(Boehringer Ingelheim), WO 2013/159064 (Gilead Sciences), WO 2012/145728 (Gilead
Sciences), W02012/003497 (Gilead Sciences), W02014/100323 (Gilead Sciences),
WO02012/145728 (Gilead Sciences), WQ02013/159064 (Gilead Sciences) and WO
2012/003498 (Gilead Sciences);

and

(22) other drugs for treating HIV selected from the group consisting of BanLec, MK-8507,
AG-1105, TR-452, MK-8591, REP 9, CYT-107, alisporivir, NOV-205, IND-02,
metenkefalin, PGN-007, Acemannan, Gamimune, Prolastin, 1,5-dicaffeoylquinic acid, BIT-

225, RPI-MN, VSSP, Hlviral, IMO-3100, SB-728-T, RPI-MN, VIR-576, HGTV-43, MK-
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1376, rHIV7-shl-TAR-CCRS5RZ, MazF gene therapy, BlockAide, ABX-464, SCY-635,
naltrexone and PA-1050040 (PA-040).

In certain embodiments, a compound disclosed herein, or a pharmaceutically
acceptable salt thereof, is combined with one, two, three, four or more additional therapeutic
agents. In certain embodiments, a compound disclosed herein, or a pharmaceutically
acceptable salt thereof, is combined with two additional therapeutic agents. In other
embodiments, a compound disclosed herein, or a pharmaceutically acceptable salt thereof, is
combined with three additional therapeutic agents. In further embodiments, a compound
disclosed herein, or a pharmaceutically acceptable salt thereof, is combined with four
additional therapeutic agents. The one, two, three, four or more additional therapeutic agents
can be different therapeutic agents selected from the same class of therapeutic agents, and/or
they can be selected from different classes of therapeutic agents. In a specific embodiment, a
compound disclosed herein, or a pharmaceutically acceptable salt thereof, is combined with
an HIV non-nucleoside inhibitor of reverse transcriptase. In a specific embodiment, a
compound disclosed herein, or a pharmaceutically acceptable salt thereof, is combined with
an HIV nucleoside or nucleotide inhibitor of reverse transcriptase and an HIV non-nucleoside
inhibitor of reverse transcriptase. In another specific embodiment, a compound disclosed
herein, or a pharmaceutically acceptable salt thereof, is combined with an HIV nucleoside or
nucleotide inhibitor of reverse transcriptase, and an HIV protease inhibiting compound. In a
further embodiment, a compound disclosed herein, or a pharmaceutically acceptable salt
thereof, is combined with an HIV nucleoside or nucleotide inhibitor of reverse transcriptase,
an HIV non-nucleoside inhibitor of reverse transcriptase, and an HIV protease inhibiting
compound. In an additional embodiment, a compound disclosed herein, or a pharmaceutically
acceptable salt thereof, is combined with an HIV nucleoside or nucleotide inhibitor of reverse
transcriptase, an HIV non-nucleoside inhibitor of reverse transcriptase, and a
pharmacokinetic enhancer. In certain embodiments, a compound disclosed herein, or a
pharmaceutically acceptable salt thereof, is combined with at least one HIV nucleoside
inhibitor of reverse transcriptase, an integrase inhibitor, and a pharmacokinetic enhancer. In
another embodiment, a compound disclosed herein, or a pharmaceutically acceptable salt
thereof, is combined with two HIV nucleoside or nucleotide inhibitors of reverse

transcriptase.
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In a particular embodiment, a compound disclosed herein, or a
pharmaceutically acceptable salt thereof, is combined with one, two, three, four or more
additional therapeutic agents selected from Triumeq® (dolutegravir+abacavir +lamivudine),
dolutegravir + abacavir sulfate + lamivudine, raltegravir, Truvada® (tenofovir disoproxil
fumarate +emtricitabine, TDF+FTC), maraviroc, enfuvirtide , Epzicom® (Livexa®, abacavir
sulfate +lamivudine, ABC+3TC), Trizivir® (abacavir sulfate+zidovudine+lamivudine,
ABC+AZT+3TC), adefovir, adefovir dipivoxil, Stribild ® (elvitegravir+cobicistat+tenofovir
disoproxil fumarate +emtricitabine), rilpivirine, rilpivirine hydrochloride, Complera®
(Eviplera®, rilpivirine+tenofovir disoproxil fumarate +emtricitabine), Cobicistat, Atripla®
(efavirenz+tenofovir disoproxil fumarate +emtricitabine), atazanavir, atazanavir sulfate,
dolutegravir, elvitegravir, Aluvia® (Kaletra®, lopinavir+ritonavir), ritonavir , emtricitabine ,
atazanavir sulfate + ritonavir, darunavir, lamivudine, Prolastin, fosamprenavir, fosamprenavir
calcium, efavirenz, Combivir® (zidovudine+lamivudine, AZT+3TC), etravirine, nelfinavir,
nelfinavir mesylate, interferon, didanosine, stavudine, indinavir, indinavir sulfate, tenofovir +
lamivudine, zidovudine, nevirapine, saquinavir, saquinavir mesylate, aldesleukin,
zalcitabine, tipranavir, amprenavir, delavirdine, delavirdine mesylate, Radha-108 (Receptol),
Hlviral, lamivudine + tenofovir disoproxil fumarate, efavirenz + lamivudine + tenofovir
disoproxil fumarate , phosphazid, lamivudine + nevirapine + zidovudine, abacavir, abacavir
sulfate, tenofovir, tenofovir disoproxil, tenofovir disoproxil fumarate, tenofovir alafenamide

and tenofovir alafenamide hemifumarate.

In a particular embodiment, a compound disclosed herein, or a
pharmaceutically acceptable salt thereof, is combined with abacavir sulfate, tenofovir,
tenofovir disoproxil, tenofovir disoproxil fumarate, tenofovir disoproxil hemifumarate,

tenofovir alafenamide or tenofovir alafenamide hemifumarate.

In a particular embodiment, a compound disclosed herein, or a
pharmaceutically acceptable salt thereof, is combined with tenofovir, tenofovir disoproxil,

tenofovir disoproxil fumarate, tenofovir alafenamide, or tenofovir alafenamide hemifumarate.

In a particular embodiment, a compound disclosed herein, or a
pharmaceutically acceptable salt thereof, is combined with a first additional therapeutic agent

selected from the group consisting of: abacavir sulfate, tenofovir, tenofovir disoproxil,
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tenofovir disoproxil fumarate, tenofovir alafenamide, and tenofovir alafenamide
hemifumarate and a second additional therapeutic agent selected from the group consisting of

emtricitabine and lamivudine.

In a particular embodiment, a compound disclosed herein, or a
pharmaceutically acceptable salt thereof, is combined with a first additional therapeutic agent
selected from the group consisting of: tenofovir, tenofovir disoproxil, tenofovir disoproxil
fumarate, tenofovir alafenamide, and tenofovir alafenamide hemifumarate and a second

additional therapeutic agent, wherein the second additional therapeutic agent is emtricitabine.

In certain embodiments, a compound disclosed herein, or a pharmaceutically
acceptable salt thereof, is combined with 5-30 mg tenofovir alafenamide fumarate, tenofovir
alafenamide hemifumarate, or tenofovir alafenamide and 200 mg emtricitabine. In certain
embodiments, a compound disclosed herein, or a pharmaceutically acceptable salt thereof, is
combined with 5-10; 5-15; 5-20; 5-25; 25-30; 20-30; 15-30; or 10-30 mg tenofovir
alafenamide fumarate, tenofovir alafenamide hemifumarate, or tenofovir alafenamide and
200 mg emtricitabine. In certain embodiments, a compound disclosed herein, or a
pharmaceutically acceptable salt thereof, is combined with 10 mg tenofovir alafenamide
fumarate, tenofovir alafenamide hemifumarate, or tenofovir alafenamide and 200 mg
emtricitabine. In certain embodiments, a compound disclosed herein, or a pharmaceutically
acceptable salt thereof, is combined with 25 mg tenofovir alafenamide fumarate, tenofovir
alafenamide hemifumarate, or tenofovir alafenamide and 200 mg emtricitabine. A compound
as disclosed herein (e.g., a compound of formula (Ia), (Ib), (Ic), (Id), (Ie), (If), (ID), (I1a), (IIL),
(Ila), (25-M), (25b), (39-M) or (39)) may be combined with the agents provided herein in
any dosage amount of the compound (e.g., from 50 mg to 500 mg of compound) the same as

if each combination of dosages were specifically and individually listed.

In certain embodiments, a compound disclosed herein, or a pharmaceutically
acceptable salt thereof, is combined with 200-400 mg tenofovir disoproxil fumarate,
tenofovir disoproxil hemifumarate, or tenofovir disoproxil and 200 mg emtricitabine. In
certain embodiments, a compound disclosed herein, or a pharmaceutically acceptable salt
thereof, is combined with 200-250; 200-300; 200-350; 250-350; 250-400; 350-400; 300-400;

or 250-400 mg tenofovir disoproxil fumarate, tenofovir disoproxil hemifumarate, or tenofovir
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disoproxil and 200 mg emtricitabine. In certain embodiments, a compound disclosed herein,
or a pharmaceutically acceptable salt thereof, is combined with 300 mg tenofovir disoproxil
fumarate, tenofovir disoproxil hemifumarate, or tenofovir disoproxil and 200 mg
emtricitabine. A compound as disclosed herein (e.g., a compound of formula (Ia), (Ib), (Ic),
1d), de), (1), (D), (I1a), (1I), (Ia), (25-M), (25b), (39-M) or (39)) may be combined with
the agents provided herein in any dosage amount of the compound (e.g., from 50 mg to 500
mg of compound) the same as if each combination of dosages were specifically and

individually listed.

In certain embodiments, when a compound disclosed herein is combined with
one or more additional therapeutic agents as described above, the components of the
composition are administered as a simultaneous or sequential regimen. When administered

sequentially, the combination may be administered in two or more administrations.

In certain embodiments, a compound disclosed herein is combined with one or more
additional therapeutic agents in a unitary dosage form for simultaneous administration to a

patient, for example as a solid dosage form for oral administration.

In certain embodiments, a compound disclosed herein is administered with
one or more additional therapeutic agents. Co-administration of a compound disclosed herein
with one or more additional therapeutic agents generally refers to simultaneous or sequential
administration of a compound disclosed herein and one or more additional therapeutic agents,
such that therapeutically effective amounts of the compound disclosed herein and one or

more additional therapeutic agents are both present in the body of the patient.

Co-administration includes administration of unit dosages of the compounds
disclosed herein before or after administration of unit dosages of one or more additional
therapeutic agents, for example, administration of the compound disclosed herein within
seconds, minutes, or hours of the administration of one or more additional therapeutic agents.
For example, in some embodiments, a unit dose of a compound disclosed herein is
administered first, followed within seconds or minutes by administration of a unit dose of one
or more additional therapeutic agents. Alternatively, in other embodiments, a unit dose of
one or more additional therapeutic agents is administered first, followed by administration of

a unit dose of a compound disclosed herein within seconds or minutes. In some
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embodiments, a unit dose of a compound disclosed herein is administered first, followed,
after a period of hours (e.g., 1-12 hours), by administration of a unit dose of one or more
additional therapeutic agents. In other embodiments, a unit dose of one or more additional
therapeutic agents is administered first, followed, after a period of hours (e.g., 1-12 hours), by

administration of a unit dose of a compound disclosed herein.

General Synthetic Procedures

Some embodiments are also directed to processes and intermediates useful for

preparing the subject compounds or pharmaceutically acceptable salts thereof.

Exemplary chemical entities useful in methods of the embodiments will now
be described by reference to illustrative synthetic schemes for their general preparation herein
and the specific examples that follow. Artisans will recognize that, to obtain the various
compounds herein, starting materials may be suitably selected so that the ultimately desired
substituents will be carried through the reaction scheme with or without protection as
appropriate to yield the desired product. Alternatively, it may be necessary or desirable to
employ, in the place of the ultimately desired substituent, a suitable group that may be carried
through the reaction scheme and replaced as appropriate with the desired substituent.
Furthermore, one of skill in the art will recognize that the transformations shown in the
schemes below may be performed in any order that is compatible with the functionality of the

particular pendant groups.

Representative syntheses of compounds of the present disclosure are described
in schemes below, and the particular examples that follow. Schemes 1 and 2 are provided as
further embodiments of the invention and illustrate general methods which were used to
prepare compounds having the Formula (Ia), (Ib), (ID), (Ila), (III), and (Illa), and which can
be used to prepare additional compounds having the Formula (Ia), (Ib), (II), (Ila), (III), and

(IlIa). The methodology is compatible with a wide variety of functionalities.

Scheme 1
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et 1
Protected diamine al can be combined with a substituted pyrone bl in the presence of a weak
base such as sodium bicarbonate in mixtures of water and alcoholic solvents. After removal
of the protecting group R® with strong acid or hydrogenation followed by heating with a
stronger base such as DBU, the tricycle ¢l is formed. ¢l can be treated with an alkylating
agent (such as Mel or Etl) in the presence of a base followed by hydrolysis of the ester to
generate compound d1. d1 can be treated with an amine such as a substituted benzyl amine
in the presence of a coupling reagent such as HATU or EDCI to generate el. el can be
deprotected with an appropriate reagent such as magnesium bromide or lithium bromide or

Pd on C in the presence of a hydrogen atmosphere to give f1.

Scheme 2
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Protected amino-lactol a2 can be combined with a substituted pyrone b2 in the
presence of a weak base such as sodium bicarbonate in mixtures of water and alcoholic
solvents to give intermediate c¢2. Hydrolysis of the ester denoted by —O-R" can be
accomplished with 1 equivalent of an appropriate hydroxide reagent such as lithium or
sodium hydroxide. At this point, transesterification of ester denoted by —O-R° may be

achieved using an appropriate alkoxide reagent such as lithium isopropoxide, after which an
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amide coupling with a reagent such as HATU or EDCI and an appropriate benzyl amine
generates intermediate d2. Lactol deprotection using a strong acid such as methanesulfonic
acid followed by heating with a primary amine (R'NH,) such as ethylamine or methylamine
results in tricycle e2. e2 can be deprotected with an appropriate reagent such as magnesium

bromide or lithium bromide or Pd on C in the presence of a hydrogen atmosphere to give f2.

The following Examples illustrate various methods of making compounds of

this disclosure, i.e., compound of Formula (Ia):

Q I
R2 N H/\RS

1-N
R S 0
O OH

(Ia)

Wherein A’, Rl, R? and R® are as defined above. It is understood that one skilled in the art
may be able to make these compounds by similar methods or by combining other methods
known to one skilled in the art. It is also understood that one skilled in the art would be able
to make, in a similar manner as described below, other compounds of Formula (Ia), (Ib), (II),
(I1a), (III), and (Illa), not specifically illustrated below by using the appropriate starting
components and modifying the parameters of the synthesis as needed. In general, starting
components may be obtained from sources such as Sigma Aldrich, Lancaster Synthesis, Inc.,
Maybridge, Matrix Scientific, TCI, and Fluorochem USA, etc. or synthesized according to
sources known to those skilled in the art (see, for example, Advanced Organic Chemistry:
Reactions, Mechanisms, and Structure, 5th edition (Wiley, December 2000)) or prepared as

described herein.

The following examples are provided for purposes of illustration, not

limitation.
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EXAMPLES

Example 1

Preparation of Compound 1

o
0 XY 0
O\ . o I NaHCO;
- N~
; NH 0 EtOH/H,0
NH, O OBn
1-A 1-B 1C

Mel/NaH/DMF

Step 1

A 50-mL 1-neck round bottom flask was charged with reactant 1-A (0.165 g, 1.45 mmol), 1-
B (0.50 g, 1.45 mmol) and NaHCO; (0.25 g, 2.9 mmol) in ethanol (10 ml) and water (10 ml).
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The reaction mixture was stirred at room temperature overnight. The reaction mixture was
concentrated down, re-dissolved in EtOAc (50 mL), washed with water twice and dried over
Na,S0Os. After concentration, the crude was purified by column chromatography on silica gel

with hexane-EtOAc to obtain 1-C. LCMS-ESI" (m/7): [M+H]"; found: 397.

Step 2

A 50-mL 1-neck round bottom flask was charged with reactant 1-C (0.11 g, 0.27 mmol) in
THF (5 mL). NaH (0.033 g, 60% in mineral oil, 0.81 mmol) was added to the reaction
mixture. The reaction mixture was stirred at room temperature for 5 minutes. Mel (0.04 g,
0.27 mmol) was added to the reaction mixture. The reaction mixture was stirred at room
temperature for 5 minutes. Water (0.5 ml) was added dropwise to the reaction mixture. The
reaction mixture was stirred for 10 minutes at room temperature to hydrolyze the ester and
form the acid. After acidification with 1 N HCI, the solution was concentrated to remove the
solvent completely and the crude 1-D was used for the next step without further purification.

LCMS-ESI* (m/%): IM+H]" found: 383.

Step 3

A 50-mL 1-neck round bottom flask was charged with reactant 1-D (crude from step 2, 0.27
mmol), 2,4,6-trifluorophenyl methanamine (0.084 g, 0.52 mmol), DIPEA (0.169 g, 1.3
mmol) and HATU (0.20 g, 0.52 mmol) in DCM (10 ml). The reaction mixture was stirred at
room temperature for 1 hour. The reaction mixture was concentrated down, re-dissolved in
EtOAc (50 mL), washed with saturated NaHCOj3 twice, saturated NH4Cl and dried over
Na,S0Os. After concentration, the crude was purified by column chromatography on silica gel

with hexane-EtOAc to obtain 1-E. LCMS-ESI" (m/z): [M+H]"; found: 526.

Steps 4
A 50-mL 1-neck round bottom flask was charged with reactant 1-E (0.03 g, 0.06 mmol) in

TFA (2 mL). The reaction mixture was stirred at room temperature for 30 minutes. The
solution was concentrated and the residue was purified by CombiFlash (12 g column, used
cartridge) using O to 20% MeOH in EtOAc as eluents to afford compound 1. "H NMR (400
MHz, Chloroform-d) 6 10.40 (d, J = 6.1 Hz, 1H), 8.47 (s, 1H), 6.58 (dd, J = 8.7, 7.5 Hz, 2H),
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4.58 (d,J=5.7Hz, 2H), 3.73 (td, ] = 10.6, 4.0 Hz, 1H), 3.54 - 3.25 (m, 1H), 3.03 (s, 3H),
2.83 - 2.56 (m, 1H), 2.56 - 2.30 (m, 1H), 2.23 - 1.78 (m, 4 H), 1.76 - 1.21 (m, 3H). YF NMR
(377 MHz, Chloroform-d) ¢ -109.17 (t, J = 8.3 Hz, 1F), -112.03 (t, J = 7.0 Hz, 2F). LCMS-
ESI" (m/7): IM+H]" found: 436.

5 Example 2

Preparation of Compound 2

F
H
F F

2
o
oYy 0
o . NaHC03
ey N
NH, 0 EtOH/H,0
NH, (o] OBn
2-A 1B
0
Mel/NaH/DMF NN~ —OH HATU
B ——— B —
N

H o F
TFA NN N/j@\
- . H
NN F F
O OH
2

Step 1

10 A 50-mL 1-neck round bottom flask was charged with reactant 2-A (0.33 g, 2.9 mmol), 1-B
(1.0 g, 2.9 mmol) and NaHCO; (0.5 g, 5.8 mmol) in ethanol (10 ml) and water (10 ml). The

reaction mixture was stirred at room temperature overnight. The reaction mixture was
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concentrated down, re-dissolved in EtOAc (50 mL), washed with water twice and dried over
Na,S0O,. After concentration, the crude was purified by column chromatography on silica gel

with hexane-EtOAc to obtain 2-C. LCMS-ESI" (m/7): [M+H]"; found: 397.

Step 2

A 50-mL 1-neck round bottom flask was charged with reactant 2-C (0.22 g, 0.54 mmol) in
DMF (5 mL). NaH (0.066 g, 60% in mineral oil, 1.62 mmol) was added to the reaction
mixture. The reaction mixture was stirred at room temperature for 5 minutes. Mel (0.08 g,
0.54 mmol) was added to the reaction mixture. The reaction mixture was stirred at room
temperature for another 5 minutes. Water (0.5 ml) was added dropwise to the reaction
mixture. The reaction mixture was stirred for 10 minutes at room temperature to hydrolyze
the ester and form the acid. After acidification with 1 N HCI, the solution was concentrated to
remove the solvent completely and the crude 2-D was used for next step without further

purification. LCMS-ESI" (m/z): [M+H]" found: 383.

Step 3

A 50-mL 1-neck round bottom flask was charged with reactant 2-D (crude from step 2, 0.54
mmol), 2,4,6-trifluorophenyl methanamine (0.168 g, 1.04 mmol), DIPEA (0.34 g, 2.6 mmol)
and HATU (0.40 g, 1.04 mmol) in DCM (20 ml). The reaction mixture was stirred at room
temperature for 1 hour. The reaction mixture was concentrated down, re-dissolved in EtOAc
(50 mL), washed with saturated NaHCO; twice, saturated NH4Cl and dried over Na,SO,.
After concentration, the crude was purified by column chromatography on silica gel with

hexane-EtOAc to obtain 2-E. LCMS-ESI” (m/7): [M+H]"; found: 526.

Steps 4
A 50-mL 1-neck round bottom flask was charged with reactant 2-E (0.03 g, 0.06 mmol) in

TFA (2 mL). The reaction mixture was stirred at room temperature for 30 minutes. The
solution was concentrated and the residue was purified by CombiFlash (12 g column, used
cartridge) using EtOAc-20% MeOH in EtOAc as eluents to afford compound 2. "H NMR
(400 MHz, Chloroform-d) & 10.48 (t, J = 5.1 Hz, 1H), 8.55 (s, 1H), 7.26 (s, 1H), 6.65 (dd, J =
8.8,7.5 Hz, 2H), 4.66 (d, ] = 5.7 Hz, 2H), 3.83 (td, ] = 10.9, 4.1 Hz, 1H), 3.65 - 3.42 (m, 1H),
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3.13 (s, 3H), 2.90 - 2.61 (m, 1H), 2.57 - 2.40 (m, 1H), 2.07 (dd, ] =43.2, 12.6 Hz, 2H), 1.85 -
1.26 (m, 4H). PF NMR (376 MHz, Chloroform-d) 6 -109.35 (m, 1F), -112.49 (m, 2F).
LCMS-ESI* (m/z): [IM+H]" found: 436.

NH,
NH,

Mel/NaH/DMF

fo} F
TFA N N/j©\
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O OH
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Preparation of Compound 3

Example 3
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Step 1

A 50-mL 1-neck round bottom flask was charged with reactant 3-A (0.66 g, 5.8 mmol), 1-B
(2.0 g, 5.8 mmol) and NaHCO; (0.97 g, 11.6 mmol) in ethanol (30 ml) and water (30 ml).
The reaction mixture was stirred at room temperature overnight. The reaction mixture was
concentrated down, re-dissolved in EtOAc (100 mL), washed with water twice and dried over
Na,S0Os. After concentration, the crude was purified by column chromatography on silica gel

with hexane-EtOAc to obtain 3-C. LCMS-ESI" (m/7): [M+H]"; found: 397.

Step 2

A 50-mL 1-neck round bottom flask was charged with reactant 3-C (0.11 g, 0.27 mmol) in
DMF (5 mL). NaH (0.033 g, 60% in mineral oil, 0.81 mmol) was added to the reaction
mixture. The reaction mixture was stirred at room temperature for 5 minutes. Mel (0.04 g,
0.27 mmol) was added to the reaction mixture. The reaction mixture was stirred at room
temperature for another 5 minutes. Water (0.5 ml) was added dropwise to the reaction
mixture. The reaction mixture was stirred for 10 minutes at room temperature to hydrolyze
the ester and form the acid. After acidification with 1 N HCI, the solution was concentrated to
remove the solvent completely and the crude 3-D was used for the next step without further

purification. LCMS-ESI" (m/z): [M+H]" found: 383.

Step 3

A 50-mL 1-neck round bottom flask was charged with reactant 3-D (crude from step 2, 0.27
mmol), 2,4,6-trifluorophenyl methanamine (0.084 g, 0.52 mmol), DIPEA (0.169 g, 1.3
mmol) and HATU (0.20 g, 0.52 mmol) in DCM (10 ml). The reaction mixture was stirred at
room temperature for 1 hour. The reaction mixture was concentrated down, re-dissolved in
EtOAc (50 mL), washed with sat NaHCO; twice, sat NH4Cl and dried over Na,SQ,. After
concentration, the crude was purified by column chromatography on silica gel with hexane-

EtOAc to obtain 3-E. LCMS-ESI" (in/7): [IM+H]"; found: 526.

Step 4
A 50-mL 1-neck round bottom flask was charged with reactant 3-E (0.10 g, 0.19 mmol) in

TFA (2 mL). The reaction mixture was stirred at room temperature for 30 minutes. The
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solution was concentrated and the residue was purified by CombiFlash (12 g column, used
cartridge) using EtOAc-20% MeOH in EtOAc as eluents to afford compound 3 as a mixture
of cis enantiomers. "H NMR (400 MHz, DMSO-d6) 6 12.82 (s, 1H), 10.42 (t, ] = 5.8 Hz,
1H), 8.37 (s, 1H), 7.19 (t, J = 8.6 Hz, 2H), 4.80 - 4.31 (m, 3H), 3.99 (d, J = 5.6 Hz, 1H), 3.13
(s, 3 H), 1.97 (s, 1H), 1.87 - 1.62 (m, 3H), 1.43 (d, J = 37.9 Hz, 4H). F NMR (376 MHz,
DMSO-d6) § -74.89 , -108.61 - -110.08 (m, 1 F), -112.47 (t, J = 7.2 Hz, 2F). LCMS-ESI"
(m/7): IM+H]" found: 436.

Example 4

Preparation of Compound 4

4
(o]
o o N
NH, * ~_O . 1)NaHCO,/EtOH/H,0
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4-A 1-B

Mel/NaH/DMF
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Step 1

A 50-mL 1-neck round bottom flask was charged with reactant 4-A (1.86 g, 8.7 mmol), 1-B
(3.0 g, 8.7 mmol) and NaHCO; (1.45 g, 17.3 mmol) in ethanol (30 ml) and water (30 ml).
The reaction mixture was stirred at room temperature overnight. The reaction mixture was
concentrated down, re-dissolved in EtOAc (100 mL), washed with water twice and dried over
Na,S0O,4. After concentration, the crude was dissolved in 4N HCl/Dioxane (40 ml) and stirred
at room temperature for 3 hours to remove the Boc protecting group. The reaction mixture
was concentrated down again. The residue and DBU (6.5 g, 43.5 mmol) were dissolved in
EtOH and heated to 50 °C for 20 minutes. After concentration, the crude was purified by
column chromatography on silica gel with hexane-EtOAc to obtain 4-C. LCMS-ESI" (m/7):
[M+H]"; found: 397.

Step 2

A 50-mL 1-neck round bottom flask was charged with reactant 4-C (0.4 g, 1.0 mmol) in THF
(10 mL). NaH (0.08 g, 60% in mineral oil, 2.0 mmol) was added to the reaction mixture.
The reaction mixture was stirred at room temperature for 5 minutes. Mel (0.142 g, 1.0 mmol)
was added to the reaction mixture. The reaction mixture was stirred at room temperature for
another 5 minutes. Water (1 ml) was added dropwise to the reaction mixture. The reaction
mixture was stirred for 10 minutes at room temperature to hydrolyze the ester and form the
acid. After acidification with 1 N HCI, the solution was concentrated to remove the solvent
completely and the crude 4-D was used for the next step without further purification. LCMS-
ESI" (m/7): IM+H]" found: 383.

Step 3

A 50-mL 1-neck round bottom flask was charged with reactant 4-D (crude from step 2, 1.0
mmol), 2,4,6-trifluorophenyl methanamine (0.34 g, 2.1 mmol), DIPEA (0.68 g, 5.2 mmol)
and HATU (0.80 g, 2.1 mmol) in DCM (10 ml). The reaction mixture was stirred at room
temperature for 1 hour. The reaction mixture was concentrated down, re-dissolved in EtOAc
(50 mL), washed with saturated NaHCO; twice, saturated NH4Cl and dried over Na,SO,.
After concentration, the crude was purified by column chromatography on silica gel with

hexane-EtOAc to obtain 4-E. LCMS-ESI" (m/z): [M+H]"; found: 526.
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Step 4
A 50-mL 1-neck round bottom flask was charged with reactant 4-E (0.10 g, 0.19 mmol) in

TFA (2 mL). The reaction mixture was stirred at room temperature for 30 minutes. The
solution was concentrated and the residue was purified by CombiFlash (12 g column, used
cartridge) using EtOAc-20% MeOH in EtOAc as eluents to afford compound 4. '"H NMR
(400 MHz, DMSO-d6) & 12.82 (s, 1H), 10.42 (t, J = 5.8 Hz, 1H), 8.37 (s, 1H), 7.19 (t, ] = 8.6
Hz, 2H), 4.80 - 4.31 (m, 3H), 3.99 (d, ] = 5.6 Hz, 1H), 3.11 (s, 3 H), 1.97 (s, 1H), 1.87 - 1.62
(m, 3H), 1.43 (d, J = 37.9 Hz, 4H). ”F NMR (376 MHz, DMSO-d6) § -108.61 - -110.08 (m,
1F), -112.47 (t,J = 7.2 Hz, 2F). LCMS-ESI" (m/z): [M+H]" found: 436.

Example 5

Preparation of Compound 5
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A 50-mL 1-neck round bottom flask was charged with reactant 4-C (0.4 g, 1.0 mmol) in THF
(10 mL). NaH (0.2 g, 60% in mineral oil, 5.0 mmol) was added to the reaction mixture. The
reaction mixture was stirred at room temperature for 5 minutes. Ethyl iodide (0.32 g, 2.0
mmol) was added to the reaction mixture. The reaction mixture was stirred at room
temperature for another 5 minutes. Water (1 ml) was added dropwise to the reaction mixture.
The reaction mixture was stirred for 10 minutes at room temperature to hydrolyze the ester
and form the acid. After acidification with 1 N HCI, the solution was concentrated to remove
the solvent completely and the crude 5-B was used for next step without further purification.

LCMS-ESI* (m/%): IM+H]" found: 397.

Step 2

A 50-mL 1-neck round bottom flask was charged with reactant 5-B (crude from step 2, 1.0
mmol), 2,4,6-trifluorophenyl methanamine (0.33 g, 2.0 mmol), DIPEA (0.65 g, 5.0 mmol)
and HATU (0.77 g, 2.0 mmol) in DCM (10 ml). The reaction mixture was stirred at room
temperature for 1 hour. The reaction mixture was concentrated down, re-dissolved in EtOAc
(50 mL), washed with saturated NaHCO; twice, saturated NH4Cl and dried over Na,SO,.
After concentration, the crude was purified by column chromatography on silica gel with

hexane-EtOAc to obtain 5-C. LCMS-ESI" (m/z): [M+H]"; found: 540.

Step 3
A 50-mL 1-neck round bottom flask was charged with reactant 5-C (0.10 g, 0.19 mmol) in

TFA (2 mL). The reaction mixture was stirred at room temperature for 30 minutes. The
solution was concentrated and the residue was purified by CombiFlash (12 g column, used
cartridge) using EtOAc-20% MeOH in EtOAc as eluents to afford compound 5. "H NMR
(400 MHz, DMSO-d6) 6 12.88 (s, 1H), 10.42 (t, J = 5.8 Hz, 1H), 8.35 (s, 1H), 7.18 (dd, J =
9.3,7.9 Hz, 2H), 4.69 - 4.43 (m, 2H), 4.29 (m, 1H), 4.06 - 3.79 (m, 2H), 3.31 - 3.01 (m, 1H),
2.18 (s, 1H), 1.98 - 1.58 (m, 3H), 1.61 - 1.34 (m, 4H), 1.14 (t, J = 7.1 Hz, 3H). YF NMR (376
MHz, DMSO-d6) & -109.37 (m, 1F), -111.01 - -114.55 (m, 2F).LCMS-ESI" (m/z): [IM+H]"
found: 450.
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Example 6

Preparation of Compound 6
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5 Step 1

A 50-mL 1-neck round bottom flask was charged with reactant 6-A (0.70 g, 4.1 mmol), 6-B
(1.0 g, 4.1 mmol) and NaHCO; (0.69 g, 8.3 mmol) in methanol (10 ml) and water (10 ml).
The reaction mixture was stirred at room temperature overnight. The reaction mixture was
concentrated down, re-dissolved in EtOAc (100 mL), washed with water twice and dried over
10 NaySO,. After concentration, the crude was purified by column chromatography on silica gel

with hexane-EtOAc to obtain 6-C. LCMS-ESI" (m/7): [IM+H]"; found: 293.

Step 2
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A 50-mL 1-neck round bottom flask was charged with reactant 6-C (0.1 g, 0.34 mmol) in
DMF (10 mL). NaH (0.041 g, 60% in mineral oil, 1.0 mmol) was added to the reaction
mixture. The reaction mixture was stirred at room temperature for 5 minutes. Mel (0.1 g,
0.68 mmol) was added to the reaction mixture. The reaction mixture was stirred at room
temperature for another 5 minutes. Water (0.5 ml) was added dropwise to the reaction
mixture. The reaction mixture was stirred for 10 minutes at room temperature to hydrolyze
the ester and form the acid. After acidification with 1 N HCI, the solution was concentrated to
remove the solvent completely and the crude 6-D was used for next step without further

urification. LCMS-ESI* (m/z): IM+H]" found: 293.
p

Step 3

A 50-mL 1-neck round bottom flask was charged with reactant 6-D (crude from step 2, 0.27
mmol), 2,4,6-trifluorophenyl methanamine (0.088 g, 0.55 mmol), DIPEA (0.177 g, 14
mmol) and HATU (0.21 g, 0.55 mmol) in DCM (10 ml). The reaction mixture was stirred at
room temperature for 1 hour. The reaction mixture was concentrated down, re-dissolved in
EtOAc (50 mL), washed with saturated NaHCOj3 twice, saturated NH4Cl and dried over
Na,S0Os. After concentration, the crude was purified by column chromatography on silica gel

with hexane-EtOAc to obtain 6-E. LCMS-ESI™ (m/z): [M+H]"; found: 436.

Step 4
A 50-mL 1-neck round bottom flask was charged with reactant 6-E (0.05 g, 0.11 mmol) and

magnesium bromide (0.05 g, 0.3 mmol) in acetonitrile (5 mL). The reaction mixture was
heated to 50°C. After 10 minutes, the reaction mixture was cooled down to 0°C and 1 N
hydrochloric acid (4 mL) was added. Some water (~ 5 mL) was added and the solid formed
was filtered and washed with water. The solid was transferred to a vial and lyophilized
overnight to afford compound 6. '"H NMR (400 MHz, Chloroform-d) ¢ 10.47 (s, 1H), 8.26 (s,
1H), 6.79 - 6.54 (m, 2H), 4.66 (d, J = 5.7 Hz, 2H), 4.01 (td, J = 10.5, 7.0 Hz, 1H), 3.72 (td, J
=11.4,7.0 Hz, 1H), 3.12 (s, 3H), 2.68 - 2.41 (m, 1H), 2.31 (d, J = 10.3 Hz, 1H), 2.22 - 1.95
(m, 3H), 2.02 - 1.73 (m, 1H)."”F NMR (376 MHz, Chloroform-d) & -109.17(m, 1F) , -112.02
(t, 1= 7.0 Hz, 2F). LCMS-ESI" (m/7): [M+H]" found: 422.
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Example 7

Preparation of Compound 7

F
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Step 1

A 50-mL 1-neck round bottom flask was charged with reactant 7-A (0.1 g, 0.33 mmol; 7-A
was prepared in a manner similar to 1-C using 6-B in place of 1-B) in DMF (5 mL). NaH
(0.06 g, 60% in mineral oil, 1.5 mmol) was added to the reaction mixture. The reaction
mixture was stirred at room temperature for 5 minutes. 2,2,2-trifluoroethyl
trifluoromethanesulfonate (0.23 g, 1.0 mmol) was added to the reaction mixture. The
reaction mixture was stirred at room temperature for another 5 minutes. Water (1 ml) was
added dropwise. The reaction mixture was stirred for 10 minutes at room temperature to

hydrolyze the ester and form the acid. After acidification with 1 N HCI, the solution was
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concentrated to remove the solvent completely and the crude 7-B was used for next step

without further purification. LCMS-ESI" (m/z): [M+H]" found: 375.

Step 2

A 50-mL 1-neck round bottom flask was charged with reactant 7-B (crude from step 1, 0.33
mmol), 2,4,6-trifluorophenyl methanamine (0.13 g, 0.82 mmol), DIPEA (0.53 g, 4.0 mmol)
and HATU (0.37 g, 0.98 mmol) in DCM (5 ml). The reaction mixture was stirred at room
temperature for 1 hour. The reaction mixture was concentrated down, re-dissolved in EtOAc
(50 mL), washed with saturated NaHCO; twice, saturated NH4Cl and dried over Na,SO,.
After concentration, the crude was purified by column chromatography on silica gel with

hexane-EtOAc to obtain 7-C. LCMS-ESI" (m/7): [M+H]"; found: 518.

Steps 3
A 50-mL 1-neck round bottom flask was charged with reactant 7-C (0.02 g, 0.04 mmol) and

magnesium bromide (0.02 g, 0.1 mmol) in acetonitrile (5 mL). The reaction mixture was
heated up to 50°C. After 10 minutes, the reaction mixture was cooled down to 0°C and 1 N
hydrochloric acid (4 mL) was added. Additionnal water was added (~ 5 mL) and the solid
formed was filtered and washed with water. The solid was transferred to a vial and
lyophilised overnight to afford compound 7. "H NMR (400 MHz, Chloroform-d) & 10.32 (s,
1H), 8.52 (s, 1H), 6.58 (dd, J = 8.7, 7.5 Hz, 2H), 4.79 (dd, J = 15.9, 8.8 Hz, 1H), 4.58 (d, ] =
5.6 Hz, 2H), 3.78 (ddd, J = 15.0, 11.7, 6.1 Hz, 2H), 3.59 (td, J = 10.5, 4.4 Hz, 1H), 2.69 (d, J
=12.2 Hz, 1H), 2.41 (s, 1H), 2.03 (dd, J = 37.1, 9.3 Hz, 2H), 1.64 (q, ] = 10.4, 8.3 Hz, 1H),
1.39 (q, 1 =9.9, 7.5 Hz, 3H)."’F NMR (377 MHz, Chloroform-d) § -69.01 (t, J = 8.5 Hz, 3F),
-109.05 (t, J = 7.7 Hz, 1F), -112.05 (t, J = 7.0 Hz, 2F). LCMS-ESI* (m/z): [M+H]" found:
504.

Example 8

Preparation of Compound 8
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Step 1

A 250-mL 1-neck round bottom flask was charged with reactant 8-A (2.0 g, 17.1 mmol) and

triethylamine (2.1 g, 20.7 mmol) in THF (40 ml). The reaction mixture was cooled down to
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0°C. Benzyl chloroformate (3.2 g, 19.0 mmol) was added to the reaction mixture dropwise.
The reaction mixture was stirred at room temperature for 2 h. The reaction mixture was
concentrated down, re-dissolved in EtOAc (100 mL), washed with water twice and dried over
Na,S0Os. After concentration, the crude was purified by column chromatography on silica gel

with hexane-EtOAc to obtain 8-B. LCMS-ESI" (m/7): [M+H]"; found: 252.

Step 2

A 250-mL 1-neck round bottom flask was charged with reactant 8-B (1.6 g, 6.4 mmol),
benzoic acid (1.24 g, 10.2 mmol) and triphenylphosphine (3.67 g, 14.0 mmol) in THF (40
ml). The reaction mixture was cooled down to 0°C. DIAD (3.0 g, 14.6 mmol) was added to
the reaction mixture. The reaction mixture was stirred at room temperature overnight. The
reaction mixture was concentrated down; the crude was purified by column chromatography

on silica gel with hexane-EtOAc to obtain 8-C. LCMS-ESI' (m/7): [M+H]"; found: 356.

Steps 3

A 50-mL 1-neck round bottom flask was charged with reactant 8-C (0.36 g, 1.0 mmol) in
THF (10 mL) and MeOH (5 mL). 1IN KOH (2 mL) was added to the reaction mixture. The
reaction mixture was stirred at room temperature for 30 minutes. After acidification with 1 N
HCI, the solution was concentrated to remove the solvent completely and the crude was
purified by column chromatography on silica gel with hexane-EtOAc to obtain 8-D. LCMS-
ESI" (m/7): IM+H]" found: 252.

Step 4

A 250-mL 1-neck round bottom flask was charged with reactant 8-D (1.0 g, 4.0 mmol),
phthalimide (0.94 g, 6.0 mmol) and triphenylphosphine (2.3 g, 9.0 mmol) in THF (30 ml).
The reaction mixture was cooled down to 0°C. DIAD (1.77 g, 9.0 mmol) was added to the
reaction mixture. The reaction mixture was stirred at room temperature overnight. The
reaction mixture was concentrated down, the crude was purified by column chromatography

on silica gel with hexane-EtOAc to obtain 8-E. LCMS-ESI* (m/z): [M+H]"; found: 381.

Step 5
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A 100-mL 1-neck round bottom flask was charged with reactant 8-E (1.2 g, 3.0 mmol) in
Ethanol (20 mL). Hydrazine hydrate (0.79 g, 16.0 mmol) was added to the reaction mixture.

The reaction mixture was stirred at 709C for 3 hours. The reaction mixture was cooled down
to room temperature. After filtration to remove the solid, the filtrate was concentrated down
and under high vacuum for 1 hour. The crude 8-F was used for the next step without further

purification and characterization. LCMS-ESI" (m/z): IM+H]" found: 251.

Step 6

A 250-mL 1-neck round bottom flask was charged with reactant 8-F (0.7 g, 2.8 mmol),
DIPEA (1.3 g, 10 mmol) and di-tert-butyl dicarbonate (1.2 g, 5.6 mmol) in DCM (20 ml).
The reaction mixture was stirred at room temperature for 1 hour. The reaction mixture was
concentrated down, re-dissolved in EtOAc (100 mL), washed with water twice and dried over
Na,S0Os. After concentration, the crude was purified by column chromatography on silica gel

with hexane-EtOAc to obtain 8-G. LCMS-ESI" (m/z): [M+H]"; found: 351.

Step 7

A 100-mL 1-neck round bottom flask was charged with reactant 8-G (0.23 g, 0.65 mmol) in
Ethanol (20 mL) Pd(OH),/C (0.05 g) was added to the reaction mixture. The reaction

mixture was stirred under H, for 1 hour. After filtration to remove the solid, the filtrate was
concentrated down and under high vacuum for 1 hour. The crude 8-H was used for next step

without further purification and characterization. LCMS-ESI* (m/z): [M+H]* found: 217.

Step 8

A 50-mL 1-neck round bottom flask was charged with reactant 8-H (0.13 g, 0.6 mmol), 6-B
(0.14 g, 0.6 mmol) and NaHCO;5 (0.11 g, 1.3 mmol) in ethanol (10 ml) and water (10 ml).
The reaction mixture was stirred at room temperature overnight. The reaction mixture was
concentrated down, re-dissolved in EtOAc (100 mL), washed with watertwice and dried over
Na,SQO,4. After concentration, the crude was dissolved in 4N HCl/Dioxane (3.3 ml) and stirred
at room temperature for 3 hours to remove the Boc protecting group. The reaction mixture
was concentrated down again. The residue and DBU (0.49 g, 3.0 mmol) were dissolved in

MeOH (10 mL) and heated up to 50°C for 20 minutes. After concentration, the crude was
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purified by column chromatography on silica gel with hexane-EtOAc to obtain 8-J. LCMS-
ESI' (m/7): [IM+H]"; found: 309.

Step 9

A 50-mL 1-neck round bottom flask was charged with reactant 8-J (0.01 g, 0.16 mmol) in
DMF (5 mL). NaH (0.032 g, 60% in mineral oil, 0.8 mmol) was added to the reaction
mixture. The reaction mixture was stirred at room temperature for 5 minutes. 2,2,2-
trifluoroethyl trifluoromethanesulfonate (0.075 g, 0.32 mmol) was added. The reaction
mixture was stirred at room temperature for another 5 minutes. Water (1 ml) was added
dropwise to the reaction mixture. The reaction mixture was stirred for 10 minutes at room
temperature to hydrolyze the ester and form the acid. After acidification with 1 N HCI, the
solution was concentrated to remove the solvent completely and the crude 8-K was used for

next step without further purification. LCMS-ESI* (m/z): [M+H]" found: 377.

Step 10

A 50-mL 1-neck round bottom flask was charged with reactant 8-K (crude from step 1, 0.16
mmol), 2,4,6-trifluorophenyl methanamine (0.064 g, 0.4 mmol), DIPEA (0.26 g, 2.0 mmol)
and HATU (0.18 g, 0.48 mmol) in DCM (5 ml). The reaction mixture was stirred at room
temperature for 1 hour. The reaction mixture was concentrated down, re-dissolved in EtOAc
(50 mL), washed with saturated NaHCO; (twice), washed with saturated NH4Cl and dried
over NaySO,4. After concentration, the crude was purified by column chromatography on

silica gel with hexane-EtOAc to obtain 8-L. LCMS-ESI" (m/z): [M+H]"; found: 520.

Step 11
A 50-mL 1-neck round bottom flask was charged with reactant 8-L (0.02 g, 0.04 mmol) and

magnesium bromide (0.02 g, 0.1 mmol) in acetonitrile (5 mL). The reaction mixture was
heated up to 50°C. After 10 minutes, the reaction mixture was cooled down to 0°C and 1 N
hydrochloric acid (4 mL) was added. Additionnal water was added (~ 5 mL) and the solid
formed was filtered and washed with water. The solid was transferred to a vial and
lyophilized overnight to afford compound 8. "H NMR (400 MHz, Chloroform-d) & 10.25 (s,
1H), 8.19 (s, 1H), 6.66 (t, J = 8.2 Hz, 2H), 4.82 (d, J = 10.7 Hz, 2H), 4.65 (d, J = 5.6 Hz, 2H),
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441 -4.12 (m, 1H), 3.90 (d, J = 63.1 Hz, 1H), 3.77 - 3.48 (m, 2H), 2.53 - 2.20 (m, 2H), 1.94
(d, J = 52.4 Hz, 1H), 1.63 (s, 1H). YF NMR (376 MHz, Chloroform-d) § -69.01 (t, J = 8.3
Hz, 3F), -109.04 (d, J = 8.7 Hz, 1F), -112.07 (d, J = 7.1 Hz, 2F). LCMS-ESI" (m/z): [M+H]"
found: 506.

Example 9

Preparation of Compound 9
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Step 1

A 250-mL 1-neck round bottom flask was charged with reactant 9-A (2.0 g, 17.1 mmol) and
triethylamine (2.1 g, 20.7 mmol) in THF (40 ml). The reaction mixture was cooled down to
5 0°C. Benzyl chloroformate (3.2 g, 19.0 mmol) was added to the reaction mixture dropwise.
The reaction mixture was stirred at room temperature for 2 h. The reaction mixture was

concentrated down, re-dissolved in EtOAc (100 mL), washed with water twice and dried over
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Na,S0Os. After concentration, the crude was purified by column chromatography on silica gel

with hexane-EtOAc to obtain 9-B. LCMS-ESI" (m/7): [M+H]"; found: 252.

Step 2

A 250-mL I-neck round bottom flask was charged with reactant 9-B (2.0 g, 8.0 mmol) in
DCM (34 ml). Dess Martin periodinane (4.1g, 9.6 mmol) was added to the reaction mixture.
The reaction mixture was stirred at room temperature for 2 hours. The reaction mixture was
concentrated down; the crude was purified by column chromatography on silica gel with

hexane-EtOAc to obtain 9-C. LCMS-ESI" (m/z): [M+H]"; found: 250.

Step 3

A 100-mL 1-neck round bottom flask was charged with reactant 9-C (1.0 g, 4.0 mmol) and t-
butyl sulfinimide (0.58 g, 4.8 mmol) in THF (20 mL). Titanium ethoxide (1.8 g, 8.0 mmol)
was added to the reaction mixture. The reaction mixture was stirred at room temperature
overnight and then diluted with EtOAc (100 mL). A saturated NaHCQ; aqueous solution (2
mlL) was added to the reaction mixture. The mixture was filtered through celite pad. The
filtrate was concentrated to remove the solvent completely and the crude was purified by
column chromatography on silica gel with hexane-EtOAc to obtain 9-D. LCMS-ESI* (m/z):
[M+H]" found: 353.

Step 4
A 250-mL 1-neck round bottom flask was charged with reactant 9-D (0.5 g, 1.4 mmol) and

difluomethyl phenyl sulfonate (0.28 g, 0.14 mmol) in THF (10 ml). The reaction mixture was
cooled down to -78°C. LIHMDS (3 mL, IN in THF, 3 mmol) was added to the reaction
mixture. The reaction mixture was stirred at -78°C for 30 minutes. The reaction mixture was
diluted with EtOAc (50 mL) and quenched with water (5 mL). After layers separation, the
organic layer was dried over Na,SO, and concentrated down, the crude was purified by
column chromatography on silica gel with hexane-EtOAc to obtain 9-E. LCMS-ESI" (m/z):
[M+H]"; found: 545.

Step 5
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A 100-mL 1-neck round bottom flask was charged with reactant 9-E (1.7 g, 3.1 mmol) and
Na,HPO; (4.4g, 31.0 mmol) in methanol (20 mL). The reaction mixture was cooled down to -
20°C. Na/Hg (4.2 g, 19.0 mmol) was added to the reaction mixture. The reaction mixture was
stirred at -20°C for 2 hours. The reaction solution was poured to another flask. After
concentration, the crude was purified by column chromatography on silica gel with hexane-

EtOAc to obtain 9-F. LCMS-ESI* (m/z): [M+H]"; found: 405.

Step 6
A 100-mL 1-neck round bottom flask was charged with reactant 9-F (0.62 g, 1.5 mmol) in

Ethanol (20 mL). Pd(OH),/C (0.12 g) was added to the reaction mixture. The reaction
mixture was stirred under H, for 1 hour. After filtration to remove the solid, the filtrate was
concentrated down and under high vacuum for 1 hour. The crude 9-G was used for next step

without further purification and characterization. LCMS-ESI* (m/z): [M+H]" found: 271.

Step 7

A 50-mL 1-neck round bottom flask was charged with reactant 9-G (0.39 g, 1.44 mmol), 1-B
(0.5 g, 1.44 mmol) and NaHCO;5 (0.24 g, 2.8 mmol) in ethanol (10 ml) and water (10 ml).
The reaction mixture was stirred at room temperature overnight. The reaction mixture was
concentrated down, re-dissolved in EtOAc (100 mL), washed with water twice and dried over
Na,SQO,4. After concentration, the crude was dissolved in 4N HCl/Dioxane (2 ml) and stirred
at room temperature for 3 hours to remove the Boc protecting group. The reaction mixture
was concentrated down again. The residue and DBU (1.1 g, 7.0 mmol) were dissolved in
MeOH (10 mL) and heated up to 50°C for 20 minutes. After concentration, the crude was
purified by column chromatography on silica gel with hexane-EtOAc to obtain 9-1. LCMS-
ESI' (m/7): [IM+H]"; found: 449.

Step 8

A 50-mL 1-neck round bottom flask was charged with reactant 9-1 (0.08 g, 0.18 mmol) in
DMF (10 mL). NaH (0.022 g, 60% in mineral oil, 0.54 mmol) was added to the reaction
mixture. The reaction mixture was stirred at room temperature for 5 minutes. Mel (0.05 g,

0.36 mmol) was added and the reaction mixture was stirred at room temperature for another 5
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minutes. Water (0.5 ml) was added dropwise and the reaction mixture was stirred for 10
minutes at room temperature to hydrolyze the ester and fom the acid. After acidification with
1 N HCI, the solution was concentrated to remove the solvent completely and the crude 9-J

was used for next step without further purification. LCMS-ESI' (m/z): [M+H]" found: 435.

Step 9

A 50-mL 1-neck round bottom flask was charged with reactant 9-J (crude from step 1, 0.18
mmol), 2,4,6-trifluorophenyl methanamine (0.033 g, 0.2 mmol), DIPEA (0.25 g, 1.9 mmol)
and HATU (0.18 g, 0.48 mmol) in DCM (3 ml). The reaction mixture was stirred at room
temperature for 1 hour. The reaction mixture was concentrated down, re-dissolved in EtOAc
(50 mL), washed with saturated NaHCOQO3 twice, washed with saturated NH4Cl and dried over
Na,S0Os. After concentration, the crude was purified by column chromatography on silica gel

with hexane-EtOAc to obtain 9-K. LCMS-ESI" (m/z): IM+H]"; found: 578.

Step 10
A 50-mL 1-neck round bottom flask was charged with reactant 9-K (0.02 g, 0.04 mmol) in

TFA (2 mL). The reaction mixture was stirred at room temperature for 30 minutes. The
solution was concentrated and the residue was purified by CombiFlash (12 g column, used
cartridge) using EtOAc-20% MeOH in EtOAc as eluents to afford compound 9. '"H NMR
(400 MHz, Methanol-d4) 6 8.48 (s, 1H), 6.98 - 6.82 (m, 2H), 6.13 (t, ] = 54.3 Hz, 1H), 5.05 -
4.85 (m, 1H), 4.72 - 4.55 (m, 2H), 4.15 - 3.86 (m, 2H), 3.74 - 3.47 (m, 2H), 3.25 (s, 3H), 2.51
(d, T = 15.8 Hz, 1H), 2.19 - 1.97 (m, 1H). YF NMR (376 MHz, Methanol-d4) & -110.68 (m,
1F), -114.27 (t, J = 7.3 Hz, 2F), -128.99 (dd, J = 288.0, 54.2 Hz, 1F), -132.26 (dd, J = 288.0,
54.5 Hz, 1F). LCMS-ESI* (m/z): [M+H]" found: 488.

Example 10

Preparation of Compound 10
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Step 1

A 50-mL 1-neck round bottom flask was charged with reactant 10-A (0.15 g, 0.49 mmol, the
synthesis of 10-A is illustrated in example 35) in DMF (3 mL). NaH (0.082 g, 60% in
mineral oil, 2.0 mmol) was added to the reaction mixture. The reaction mixture was stirred at
room temperature for 5 minutes. Mel (0.1 g, 0.68 mmol) was added and the reaction mixture
was stirred at room temperature for another 5 minutes. Water (0.5 ml) was added dropwise
and the reaction mixture was stirred for 10 minutes at room temperature to hydrolyze the
ester and form the acid. After acidification with 1 N HCI, the solution was concentrated to
remove the solvent completely and the crude 10-B was used for next step without further

purification. LCMS-ESI" (m/z): [M+H]" found: 309.
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Step 2

A 50-mL 1-neck round bottom flask was charged with reactant 10-B (crude from step 1, 0.27
mmol), 2,4,6-trifluorophenyl methanamine (0.043 g, 0.27 mmol), DIPEA (0.33 g, 2.5 mmol)
and HATU (0.18 g, 0.49 mmol) in DCM (3 ml). The reaction mixture was stirred at room
temperature for 1 hour. The reaction mixture was concentrated down, re-dissolved in EtOAc
(50 mL), washed with saturated NaHCOQOj3 twice, washed with saturated NH4ClI and dried over
Na,S0Os. After concentration, the crude was purified by column chromatography on silica gel

with hexane-EtOAc to obtain 10-C. LCMS-ESI* (in/2): [M+H]"; found: 452.

Step 3
A 50-mL 1-neck round bottom flask was charged with reactant 10-C (0.01 g, 0.022 mmol)

and magnesium bromide (0.01 g, 0.058 mmol) in acetonitrile (5 mL). The reaction mixture
was heated to 50°C. After 10 minutes, the reaction mixture was cooled down to 0°C and 1 N
hydrochloric acid (4 mL) was added. Additionnal water (~ 5 mL) was added and the solid
formed was filtered and washed with water. The solid was transferred to a vial and
lyophilized overnight to afford compound 10. "H NMR (400 MHz, Methanol-d4) & 8.43 (s,
1H), 7.05 - 6.79 (m, 2H), 4.66 (s, 2H), 4.63 - 4.42 (m, 1H), 4.25 (td, J = 12.1, 5.8 Hz, 2H),
4.10(q,J=7.1 Hz, 1H), 3.76 (td, J = 10.6, 4.6 Hz, 1H), 3.67 - 3.53 (m, 1H), 3.51 (t, J = 10.8
Hz, 1H), 3.07 (s, 3H), 2.59 (d, J = 12.4 Hz, 1H). ’F NMR (376 MHz, Methanol-d4) § -
110.71 (ddd, J = 8.9, 6.2, 2.7 Hz, 1F), -114.26 (t, ] = 7.1 Hz, 2F). LCMS-ESI" (m/z): [M+H]"
found: 438.

Example 11

Preparation of Compound 11
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Step 1

A 50-mL 1-neck round bottom flask was charged with reactant 10-B (0.075 g, 0.24 mmol),
(3-chloro-2.,4-difluorophenyl)methanamine (0.047 g, 0.27 mmol), DIPEA (0.33 g, 2.5 mmol)
and HATU (0.18 g, 0.49 mmol) in DCM (3 ml). The reaction mixture was stirred at room
temperature for 1 hour. The reaction mixture was concentrated down, re-dissolved in EtOAc
(50 mL), washed with saturated NaHCO; twice, saturated NH4Cl and dried over Na,SO,.
After concentration, the crude was purified by column chromatography on silica gel with

hexane-EtOAc to obtain 11-B. LCMS-ESI" (m/z): [M+H]"; found: 468.

Step 2
A 50-mL 1-neck round bottom flask was charged with 11-B (0.03 g, 0.064 mmol) and

magnesium bromide (0.03 g, 0.167 mmol) in acetonitrile (5 mL). The reaction mixture was

heated up to 50°C. After 10 minutes, the reaction mixture was cooled down to 0°C and 1 N
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hydrochloric acid (4 mL) was added. Additionnal water (~ 5 mL) was added and the solid
formed was filtered and washed with water. The solid was transferred to a vial and
lyophilised overnight to afford compound 11. "H NMR (400 MHz, Methanol-d4) & 8.43 (s,
1H), 7.38 (td, J = 8.4, 6.0 Hz, 1H), 7.09 (td, J = 8.7, 1.8 Hz, 1H), 4.65 (s, 2H), 4.51 (dd, J =
10.9, 4.6 Hz, 1H), 4.35 - 4.07 (m, 2H), 3.78 (td, J = 10.7, 4.6 Hz, 1H), 3.60 (td, J = 12.1, 2.2
Hz, 1H), 3.50 (d, J = 10.8 Hz, 1H), 3.08 (s, 3 H), 2.58 (ddt, J = 14.4, 4.2, 2.0 Hz, 1H), 2.03
(qd, T = 12.0, 5.0 Hz, 1H)."”’F NMR (376 MHz, Methanol-d4) & -117.31(s, 1F) , -119.84 (d, J
=7.8 Hz,1F). LCMS-ESI" (m/z): [M+H]" found: 454.

Example 12

Preparation of Compound 12

Step 1
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A 50-mL 1-neck round bottom flask was charged with reactant 10-A (0.1 g, 0.32 mmol) in
DMF (3 mL). NaH (0.064 g, 60% in mineral oil, 1.6 mmol) was added to the reaction
mixture. The reaction mixture was stirred at room temperature for 5 minutes. EtI (0.1 g, 0.64
mmol) was added to the reaction mixture. The reaction mixture was stirred at room
temperature for another 5 minutes. Water (0.5 ml) was added dropwise to the reaction
mixture. The reaction mixture was stirred for 10 minutes at room temperature to hydrolyze
the ester and form the acid. After acidification with 1 N HCI, the solution was concentrated to
remove the solvent completely and the crude 12-B was used for next step without further

urification. LCMS-ESI* (m/z): IM+H]" found: 323.
p

Step 2

A 50-mL 1-neck round bottom flask was charged with reactant 12-B (0.075 g, 0.23 mmol),
2,4,6-trifluorophenyl methanamine (0.041 g, 0.26 mmol), DIPEA (0.33 g, 2.5 mmol) and
HATU (0.18 g, 0.49 mmol) in DCM (3 ml). The reaction mixture was stirred at room
temperature for 1 hour. The reaction mixture was concentrated down, re-dissolved in EtOAc
(50 mL), washed with saturated NaHCO; twice, saturated NH4Cl and dried over Na,SO,.
After concentration, the crude was purified by column chromatography on silica gel with

hexane-EtOAc to obtain 12-C. LCMS-ESI" (m/z): [M+H]; found: 466.

Step 3
A 50-mL 1-neck round bottom flask was charged with reactant 12-C (0.03 g, 0.066 mmol)

and magnesium bromide (0.03 g, 0.174 mmol) in acetonitrile (5 mL). The reaction mixture
was heated up to 50°C. After 10 minutes, the reaction mixture was cooled down to 0°C and 1
N hydrochloric acid (4 mL) was added. Additionnal water (~ 5 mL) was added and the solid
formed was filtered and washed with water. Then the solid was transferred to a vial and
lyophilized overnight to afford compound 12. "H NMR (400 MHz, Methanol-d4) & 8.42 (s,
1H), 6.89 (dd, J = 9.0, 7.9 Hz, 2H), 4.66 (s, 2H), 4.49 (dd, J = 11.1, 4.5 Hz, 1H), 4.29 - 4.17
(m, 2H), 4.09 (q, J = 7.1 Hz, 1H), 3.97 - 3.80 (m, 2H), 3.67 - 3.43 (m, 2H), 2.69 - 2.53 (m,
1H), 2.18 - 1.99 (m, 2H), 1.21 (dt, J = 17.1, 7.2 Hz, 3H). ’F NMR (377 MHz, Methanol-d4)
8 -109.27 - -111.99 (m, 1F), -114.23 (t, J = 7.1 Hz, 2F). LCMS-ESI" (m/7): [M+H]" found:
452.
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Example 13

Preparation of Compound 13

13

Q Q ({ i FCl
O iy

MgBr, 2\(&

5 Step 1

A 50-mL 1-neck round bottom flask was charged with reactant 12-B (0.04 g, 0.12 mmol), (3-
chloro-2,4-difluorophenyl)methanamine (0.024 g, 0.14 mmol), DIPEA (0.17 g, 1.28 mmol)
and HATU (0.094 g, 0.25 mmol) in DCM (3 ml). The reaction mixture was stirred at room
temperature for 1 hour. The reaction mixture was concentrated down, re-dissolved in EtOAc
10 (50 mL), washed with saturated NaHCO; twice, saturated NH4Cl and dried over Na,SO,.
After concentration, the crude was purified by column chromatography on silica gel with

hexane-EtOAc to obtain 13-B. LCMS-ESI" (m/z): [M+H]"; found: 483.
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Step 2
A 50-mL 1-neck round bottom flask was charged with reactant 13-B (0.015 g, 0.031 mmol)

and magnesium bromide (0.015 g, 0.081 mmol) in acetonitrile (3 mL). The reaction mixture
was heated up to 50°C. After 10 minutes, the reaction mixture was cooled down to 0°C and 1
N hydrochloric acid (4 mL) was added. Additionnal water (~ 5 mL) was added and the solid
formed was filtered and washed with water. Then the solid was transferred to a vial and
lyophilized overnight to afford compound 13. "H NMR (400 MHz, Methanol-d4) & 8.44 (s,
1H), 7.38 (td, J = 8.4, 6.1 Hz, 1H), 7.08 (td, J = 8.7, 1.8 Hz, 1H), 4.66 (s, 2H), 4.50 (dd, J =
11.0, 4.8 Hz, 1H), 4.27 (qd, J = 11.5, 4.6 Hz, 2H), 4.08 (d, J =7.1 Hz, 1H), 4.02 - 3.79 (m,
3H), 3.65 - 3.48 (m, 2H), 2.60 (d, J = 14.0 Hz, 1H), 1.21 (q, J = 7.0 Hz, 3H). ”F NMR (376
MHz, Methanol-d4) & -117.31(s, 1F) , -119.84 (d, J = 7.8 Hz,1F).LCMS-ESI" (m/z): [M+H]"
found: 469.

Example 14

Preparation of Compound 14
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14
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Step 1
A 250-mL 1-neck round bottom flask was charged with reactant 9-D (0.6 g, 1.7 mmol) in

THF (10 ml). The reaction mixture was cooled down to -78 °C. Methyl lithium (3.86 mL,
5 1.14 M in diethyl ether, 4.4 mmol) was added to the reaction mixture. The reaction mixture
was stirred at -78 °C for 2 hours. The reaction mixture was diluted with EtOAc (50 mL) and
quenched with water (5 mL). After layers separation, the organic layer was dried over
Na,S0, and concentrated down, the crude was purified by column chromatography on silica

gel with hexane-EtOAc to obtain 14-B. LCMS-ESI" (in/z): [M+H]"; found: 369.
10 Step 2
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A 100-mL 1-neck round bottom flask was charged with reactant 14-B (0.13 g, 0.35 mmol) in
Ethanol (10 mL). Pd(OH),/C (0.03 g) was added to the reaction mixture. The reaction
mixture was stirred under H, for 1 hour. After filtration to remove the solid, the filtrate was
concentrated down and under high vacuum for 1 hour. The crude 14-C was used for next step

without further purification and characterization. LCMS-ESI" (m/z): [IM+H]" found: 235.

Step 3

A 50-mL 1-neck round bottom flask was charged with reactant 14-C (0.08 g, 0.38 mmol), 14-
D (0.13 g, 0.38 mmol) and NaHCO3 (0.064 g, 0.75 mmol) in ethanol (5 ml) and water (5 ml).
The reaction mixture was stirred at room temperature overnight. The reaction mixture was
concentrated down, re-dissolved in EtOAc (50 mL), washed with water twice and dried over
Na>SO,. After concentration, the crude was dissolved in 4N HCl/Dioxane and stirred for 2
hours. The reaction mixture was concentrated down again. The residue and DBU (0.15 g, 1.0
mmol) were dissolved in EtOH (5 mL) and heated up to 50°C for 20 minutes. After
concentration, the crude was purified by column chromatography on silica gel with hexane-

EtOAc to obtain 14-E. LCMS-ESI" (m/z): [M+H]; found: 413.

Step 4

A 50-mL 1-neck round bottom flask was charged with reactant 14-E (0.05 g, 0.12 mmol) in
DMF (5 mL). NaH (0.014 g, 60% in mineral oil, 0.36 mmol) was added to the reaction
mixture. The reaction mixture was stirred at room temperature for 5 minutes. Mel (0.034 g,
0.24 mmol) was added to the reaction mixture. The reaction mixture was stirred at room
temperature for another 5 minutes. Water (0.5 ml) was added dropwise to the reaction
mixture. The reaction mixture was stirred for 10 minutes at room temperature to hydrolyze
the ester and form the acid. After acidification with 1 N HCI, the solution was concentrated to
remove the solvent completely and the crude 14-F was used for next step without further

purification. LCMS-ESI" (m/z): [M+H]" found: 399.

Step 5

A 50-mL 1-neck round bottom flask was charged with reactant 14-F (0.048, 0.12 mmol),
2,4,6-trifluorophenyl methanamine (0.033 g, 0.2 mmol), DIPEA (0.25 g, 1.9 mmol) and

98



10

15

WO 2016/106237 PCT/US2015/067155

HATU (0.18 g, 0.48 mmol) in DCM (3 ml). The reaction mixture was stirred at room
temperature for 1 hour. The reaction mixture was concentrated down, re-dissolved in EtOAc
(50 mL), washed with saturated NaHCOQO3 twice, washed with saturated NH4Cl and dried over
Na,S0Os. After concentration, the crude was purified by column chromatography on silica gel

with hexane-EtOAc to obtain 14-G. LCMS-ESI" (m/7): [M+H]"; found: 542.

Step 6
A 50-mL 1-neck round bottom flask was charged with reactant 14-G (0.07 g, 0.13 mmol) in

TFA (2 mL). The reaction mixture was stirred at room temperature for 30 minutes. The
solution was concentrated and the residue was purified by CombiFlash (12 g column, used
cartridge) using EtOAc-20% MeOH in EtOAc as eluents to afford compound 14. '"H NMR
(400 MHz, Methanol-d4) & 8.47 (s, 1H), 6.89 (dd, J = 9.0, 7.9 Hz, 2H), 4.66 (s, 2H), 4.55 (dd,
J=11.1,5.1 Hz, 1H), 3.86 (dd, J = 11.4, 5.4 Hz, 2H), 3.51 (dt, } = 29.8, 11.8 Hz, 2H), 3.11
(s, 3H), 2.40 (d, J = 15.7 Hz, 1H), 2.05 - 1.79 (m, 1H), 1.33 (s, 3H). ’F NMR (376 MHz,
Methanol-d4) & -109.24 - -112.06 (m, 1F), -114.26 (t, J = 7.2 Hz, 2F).LCMS-ESI" (m/):
[M+H]" found: 452.

Example 15

Preparation of Compound 15
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Step 1

A 50-mL 1-neck round bottom flask was charged with reactant 15-A (0.015 g, 0.047 mmol,
the synthesis of 15-A is described in example 41), (5-chloro-2,4-difluorophenyl)methanamine
(0.009 g, 0.05 mmol), DIPEA (0.06 g, 0.47 mmol) and HATU (0.035 g, 0.09 mmol) in DCM
(3 ml). The reaction mixture was stirred at room temperature for 1 hour. The reaction mixture
was concentrated down, re-dissolved in EtOAc (50 mL), washed with saturated NaHCO;
twice, washed with saturated NH4CI and dried over Na,SQy4. After concentration, the crude
was purified by column chromatography on silica gel with hexane-EtOAc to obtain 15-B.

LCMS-ESI" (m/z): [IM+H]"; found: 483.

Step 2
A 50-mL 1-neck round bottom flask was charged with reactant 15-B (0.015 g, 0.031 mmol)

and magnesium bromide (0.015 g, 0.081 mmol) in acetonitrile (3 mL). The reaction mixture
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was heated up to 50°C. After 10 minutes, the reaction mixture was cooled down to 0°C and 1
N hydrochloric acid (4 mL) was added. Additionnal water (~ 5 mL) was added and the solid
formed was filtered and washed with water. Then the solid was transferred to a vial and
lyophilized overnight to afford compound 15. "H NMR (400 MHz, Methanol-d4) & 8.48 (s,
1H), 7.50 (t, ] = 7.9 Hz, 1H), 7.15 (t, ] = 9.4 Hz, 1H), 4.61 (s, 2H), 4.34 (d, ] = 13.6 Hz, 1H),
4.07 (dd, J = 14.4, 7.4 Hz, 2H), 3.94 (d, J = 4.0 Hz, 1H), 3.83 - 3.63 (m, 2H), 3.50 (dt, J =
14.2,7.0 Hz, 1H), 2.35 - 2.04 (m, 1H), 2.00 - 1.84 (m, 1H), 1.25 (t, J = 7.2 Hz, 3H)."’F NMR
(376 MHz, Methanol-d4) & -115.23 (q, J = 8.2 Hz, 1F), -117.95 (d, ] = 8.6 Hz, 1F).

. LCMS-ESI" (m/z): IM+H]" found: 469.

Example 16

Preparation of Compound 16
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Step 1

A 50-mL 1-neck round bottom flask was charged with reactant 15-A (0.015 g, 0.047 mmol),
(3-chloro-2-fluorophenyl) methanamine (0.008 g, 0.05 mmol), DIPEA (0.06 g, 0.47 mmol)
and HATU (0.035 g, 0.09 mmol) in DCM (3 ml). The reaction mixture was stirred at room
temperature for 1 hour. The reaction mixture was concentrated down, re-dissolved in EtOAc
(50 mL), washed with saturated NaHCOQO3 twice, washed with saturated NH4Cl and dried over
Na,S0Os. After concentration, the crude was purified by column chromatography on silica gel

with hexane-EtOAc to obtain 16-B. LCMS-ESI" (m/7): [M+H]"; found: 465.

Step 2
A 50-mL 1-neck round bottom flask was charged with reactant 16-B (0.015 g, 0.032 mmol)

and magnesium bromide (0.015 g, 0.081 mmol) in acetonitrile (3 mL). The reaction mixture
was heated up to 50°C. After 10 minutes, the reaction mixture was cooled down to 0°C and 1
N hydrochloric acid (4 mL) was added. Additionnal water (~ 5 mL) was added and the solid
formed was filtered and washed with water. Then the solid was transferred to a vial and
lyophilized overnight to afford compound 16. "H NMR (400 MHz, Methanol-d4) & 8.49 (s,
1H), 7.46 - 7.27 (m, 2H), 7.19 - 7.05 (m, 1H), 4.78 (dt, ] = 11.1, 4.2 Hz, 1H), 4.68 (s, 2H),
4.34(d, J =13.7 Hz, 1H), 4.15 - 3.98 (m, 2H), 4.00 - 3.86 (m, 1H), 3.78 - 3.59 (m, 2H), 3.58 -
3.41 (m, 1H), 2.31 - 2.05 (m, 1H), 2.00 - 1.80 (m, 1H), 1.25 (t, ] = 7.2 Hz, 3H). ”’F NMR
(376 MHz, Methanol-d4) § -123.45 (s, 1F) . LCMS-ESI" (m/z): [M+H]" found: 451.

Example 17

Preparation of Compound 17
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Step 1

A 50-mL 1-neck round bottom flask was charged with reactant 15-A (0.015 g, 0.047 mmol),
(2,4,5-trifluorophenyl) methanamine (0.008 g, 0.05 mmol), DIPEA (0.06 g, 0.47 mmol) and
5 HATU (0.035 g, 0.09 mmol) in DCM (3 ml). The reaction mixture was stirred at room
temperature for 1 hour. The reaction mixture was concentrated down, re-dissolved in EtOAc
(50 mL), washed with saturated NaHCOQO3 twice, washed with saturated NH4Cl and dried over
Na,S0Os. After concentration, the crude was purified by column chromatography on silica gel

with hexane-EtOAc to obtain 17-B. LCMS-ESI" (in/7): [M+H]"; found: 466.

10 Step 2
A 50-mL 1-neck round bottom flask was charged with reactant 17-B (0.015 g, 0.032 mmol)

and magnesium bromide (0.015 g, 0.081 mmol) in acetonitrile (3 mL). The reaction mixture
was heated up to 50°C. After 10 minutes, the reaction mixture was cooled down to 0°C and 1

N hydrochloric acid (4 mL) was added. Additionnal water (~ 5 mL) was added and the solid
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formed was filtered and washed with water. Then the solid was transferred to a vial and
lyophilized overnight to afford compound 17. "H NMR (400 MHz, Chloroform-d) § 10.58 (s,
1H), 8.47 (s, 1H), 7.25 - 7.09 (m, 1H), 6.92 (td, ] = 9.6, 6.4 Hz, 1H), 4.68 - 4.52 (m, 2H),
4.49 - 433 (m, 1H), 4.24 (t,J = 14.9 Hz, 1H), 4.15 (dt, ] = 14.6, 7.3 Hz, 1H), 4.11 - 3.89 (m,

5 2H), 3.77 - 3.58 (m, 2H), 3.42 (dq, J = 14.2, 6.9 Hz, 1H), 2.29 (d, J = 10.7 Hz, 1H), 2.11 -
1.85 (m, 1H), 1.27 (t, J = 7.2 Hz, 3H). ’F NMR (376 MHz, Chloroform-d) § -120.46 (dd, J
=10.1, 6.3 Hz, 1F), -134.38 - -136.34 (m, 1F), -140.61 - -145.04 (m, 1F). LCMS-ESI" (m/z):
[M+H]" found: 452.

Example 18
10 Preparation of Compound 18

Step 1
A 50-mL 1-neck round bottom flask was charged with reactant 15-A (0.015 g, 0.047 mmol),

15 (2,3-difluorophenyl)methanamine (0.007 g, 0.05 mmol), DIPEA (0.06 g, 0.47 mmol) and
HATU (0.035 g, 0.09 mmol) in DCM (3 ml). The reaction mixture was stirred at room
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temperature for 1 hour. The reaction mixture was concentrated down, re-dissolved in EtOAc
(50 mL), washed with saturated NaHCOQO3 twice, washed with saturated NH,4Cl and dried over
Na,S0Os. After concentration, the crude was purified by column chromatography on silica gel

with hexane-EtOAc to obtain 18-B. LCMS-ESI" (in/7): [M+H]"; found: 448.

Step 2
A 50-mL 1-neck round bottom flask was charged with reactant 18-B (0.02 g, 0.045 mmol)

and magnesium bromide (0.015 g, 0.081 mmol) in acetonitrile (3 mL). The reaction mixture
was heated up to 50°C. After 10 minutes, the reaction mixture was cooled down to 0°C and 1
N hydrochloric acid (4 mL) was added. Additionnal water (~ 5 mL) was added and the solid
formed was filtered and washed with water. Then the solid was transferred to a vial and
lyophilized overnight to afford compound 18. "H NMR (400 MHz, Chloroform-d) & 10.62
(d,J=6.5Hz, 1H), 8.52 (s, 1H), 7.20 - 6.97 (m, 3H), 4.86 - 4.59 (m, 2H), 4.43 (dt, J = 10.8,
4.0 Hz, 1H), 4.34 - 4.06 (m, 2H), 4.00 (d, J = 17.8 Hz, 2H), 3.78 - 3.53 (m, 2H), 3.43 (dq, J =
14.2, 6.8 Hz, 1H), 2.39 - 2.16 (m, 1H), 1.95 (d, ] = 13.8 Hz, 1H), 1.26 (t, J = 7.2 Hz, 3H).”F
NMR (377 MHz, Chloroform-d) 6 -138.97 (ddd, J =20.8, 9.7, 5.1 Hz, 1F), -143.93 (dt, J =
20.7, 6.5 Hz, 1F). LCMS-ESI" (m/z): [IM+H]" found: 434.

Example 19

Preparation of Compound 19
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Step 1
A 50-mL 1-neck round bottom flask was charged with reactant 15-A (0.015 g, 0.047 mmol),

(2,3,4-trifluorophenyl)methanamine (0.008 g, 0.05 mmol), DIPEA (0.06 g, 0.47 mmol) and
5 HATU (0.035 g, 0.09 mmol) in DCM (3 ml). The reaction mixture was stirred at room
temperature for 1 hour. The reaction mixture was concentrated down, re-dissolved in EtOAc
(50 mL), washed with saturated NaHCOQO3 twice, washed with saturated NH4Cl and dried over
Na,S0Os. After concentration, the crude was purified by column chromatography on silica gel

with hexane-EtOAc to obtain 19-B. LCMS-ESI" (m/7): [M+H]"; found: 466.

10 Step 2
A 50-mL 1-neck round bottom flask was charged with reactant 19-B (0.015 g, 0.032 mmol)

and magnesium bromide (0.015 g, 0.081 mmol) in acetonitrile (3 mL). The reaction mixture
was heated up to 50°C. After 10 minutes, the reaction mixture was cooled down to 0°C and 1
N hydrochloric acid (4 mL) was added. Additionnal water (~ 5 mL) was added and the solid

15 formed was filtered and washed with water. Then the solid was transferred to a vial and
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lyophilized overnight to afford compound 19. "H NMR (400 MHz, Chloroform-d) § 10.59
(t, J=5.9 Hz, 1H), 8.48 (s, 1H), 7.08 (t, ] = 6.8 Hz, 1H), 6.91 (tdd, J = 9.1, 6.9, 2.1 Hz, 1H),
4.81 - 4.53 (m, 2H), 4.43 (dt, J = 10.7, 4.1 Hz, 1H), 4.36 - 4.22 (m, 1H), 4.15 (dq, J = 14.6,
7.3 Hz, 1H), 4.00 (d, J = 12.3 Hz, 2H), 3.77 - 3.59 (m, 2H), 3.43 (dq, J = 14.1, 6.8 Hz, 1H),

5 2.40-2.13 (m, 1H), 1.95 (d, ] = 13.9 Hz, 1H), 1.27 (t, ] = 7.1 Hz, 3H). ’F NMR (376 MHz,
Chloroform-d) & -134.81 - -137.16 (m, 1F), -139.27 (dt, J = 20.1, 7.0 Hz, 1F), -158.56 - -
162.98 (m, 1F). LCMS-ESI" (m/z): [M+H]" found: 452.

Example 20

Preparation of Compound 20

Step 1
A 50-mL 1-neck round bottom flask was charged with reactant 15-A (0.015 g, 0.047 mmol),

(3.4-difluorophenyl)methanamine (0.007 g, 0.05 mmol), DIPEA (0.06 g, 0.47 mmol) and
15 HATU (0.035 g, 0.09 mmol) in DCM (3 ml). The reaction mixture was stirred at room

temperature for 1 hour. The reaction mixture was concentrated down, re-dissolved in EtOAc
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(50 mL), washed with saturated NaHCOQO3 twice, washed with saturated NH4Cl and dried over
Na,S0O,. After concentration, the crude was purified by column chromatography on silica gel

with hexane-EtOAc to obtain 20-B. LCMS-ESI* (in/7): [M+H]"; found: 448.

Step 2
A 50-mL 1-neck round bottom flask was charged with reactant 20-B (0.02 g, 0.045 mmol)

and magnesium bromide (0.015 g, 0.081 mmol) in acetonitrile (3 mL). The reaction mixture
was heated up to 50°C. After 10 minutes, the reaction mixture was cooled down to 0°C and 1
N hydrochloric acid (4 mL) was added. Additionnal water (~ 5 mL) was added and the solid
formed was filtered and washed with water. Then the solid was transferred to a vial and
lyophilized overnight to afford compound 20. "H NMR (400 MHz, Chloroform-d) & 10.79 -
10.57 (m, 1H), 8.57 (s, 1H), 7.22 - 6.96 (m, 3H), 4.58 (qd, J = 15.2, 5.9 Hz, 2H), 4.46 (dt, J =
10.8, 4.1 Hz, 1H), 4.28 (d, J = 13.8 Hz, 1H), 4.15 (dt, ] = 14.6, 7.3 Hz, 1H), 4.07 - 3.91 (m,
2H), 3.80 - 3.58 (m, 2H), 3.43 (dq, J = 14.1, 7.0 Hz, 1H), 2.26 (dd, J = 12.6, 8.4 Hz, 1H), 1.97
(t, 1= 13.6 Hz, 1H), 1.27 (t, ] = 7.2 Hz, 3H)."’F NMR (376 MHz, Chloroform-d) § -137.90
(ddd, J=21.2,11.0, 7.5 Hz, 1F), -139.18 - -141.35 (m, 1F). LCMS-ESI" (m/z7): [M+H]"
found: 434.

Example 21

Preparation of Compound 21

21

108



10

15

20

WO 2016/106237 PCT/US2015/067155

O,

0, o} /
E):o Step 1 E}MOH Step 2 E}MO Step 3 EO)- /

RiH o > KH 3
o S
< o o R,
OBn OBn OBn
21-A 21-B ne
o
0, . w9 w0 F
O/ oy 0o Step 4 y > step 5 o )
+ ol I N“Sy™ 0 N"x” N Step 6
</ —_— —_— —_—
% - e] O N —0 I H —_—
NH, o © o 0 F F
0 oL Vs /
0 oG 4 O
21-C 6-B ~
21E HN
21F
F F

Il _\H Q g Step 7 d .\H o F
Ny N » N ONTY N
HO x H H N g H
el 0 F F v/ 0 F F
® O O OH
21

21-G

Step 1
(R)-benzyl (2-oxotetrahydrofuran-3-yl)carbamate (3.29 g, 14.0 mmol) was azeotropically

dried by evaporation from toluene and dissolved in dichloromethane (25 mL). The solution
was cooled down in a -78°C bath resulting in precipitation. The mixture was allowed to
warm until mostly homogenous and DIBAL-H (29.4 mL, 1.0 M in toluene, 29.4 mmol) was
added while the reaction mixture was re-cooled down to -78°C. Additional dichloromethane
(10 mL) was added to maintain homogeneity. The reaction mixture was stirred at -78°C for
2h and then quenched by addition of ethyl acetate (2-3 mL’s). Subsequently, Rochelle’s Salt
(20 mL, saturated aq solution) was added and the mixture was allowed to warm to room
temperature. After partitioning between ethyl acetate and water, additional Rochelle’s salt
solution was added to afford homogenous biphasic layers. The layers were separated and the
aqueous was extracted again with ethyl acetate. The combined organic layers were dried
over sodium sulfate (anhyd), filtered and concentrated to afford crude lactol 21-A as a
mixture of diastereomers.

Step 2

Lactol 21-A (3.18 g, 13.4 mmol) was disolved in methanol (65 mL) and treated with
methanesulfonic acid (0.044 mL, 0.67 mmol). The reaction mixture was capped and stirred
at room temperature. After 16h, approximately half the solvent was removed in vacuo and
the remaining solution was partitioned between ethyl acetate and sodium bicarbonate
(saturated aq). The layers were separated and the organic layer was washed with water and

brine and dried over sodium sulfate. After filtration, the solvent was removed in vacuo and
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the residue was purified by flash chromatography on silica gel (20-60% ethyl
acetate:hexanes) to afford desired ketal 21-B.

Step 3

Ketal 21-B (2.14 g, 8.52 mmol) and 10% palladium on carbon were combined in a round
bottom flask, purged with nitrogen and suspended in ethanol (35 mL). The reaction mixture
was vacuum purged with hydrogen gas (via balloon) three times and stirred at room
temperature for 1 3% h. After vacuum purging with nitrogen several times, the mixture was
filtered through celite. The filter cake was washed several times with methanol and the
resulting solution was carefully concentrated to a volume of approximately 20 mL. This
solution of crude amino-ketal 21-C was carried on crude to the next step.

Step 4

Amino-ketal 21-C (8.5 mmol) in ethanol (~20 mL) was diluted with water (20 mL) and
treated with dimethyl 3-methoxy-4-oxo-4H-pyran-2,5-dicarboxylate 6-B (2.06 g, 8.5 mmol)
and sodium bicarbonate (1.43 g, 17.0 mmol). The mixture was stirred at room temperature
for 2h and concentrated to an orange solid. The residue was resuspended in methanol and
stirred 16h at 50°C. After cooling, most of the solvent was removed in vacuo and the
remainder was partitioned between ethyl acetate and water. The organic was separated and
the aqueous was extract again with ethyl acetate. The aqueous was treated with sodium
chloride (solid) and extract again with ethyl acetate and 2-butanol. The combined organic
layers were dried over sodium sulfate, filtered and concentrated to afford crude diester 21-E.
Step 5

Crude diester 21-E (2.15 g, 6.30 mmol) was dissolved in THF (8 mL) and methanol (4 mL)
and treated with lithium hydroxide (2.36 mL, 2 M aq solution, 4.72 mmol) over about 2 min.
After stirring for 20 min, the reaction mixture was diluted with ethyl acetate (40 mL) and
carefully quenched with HCI1 (12.6 mL, 0.5 M aqueous solution). After separating the layers,
the aqueous layer was treated with brine and extracted again with ethyl acetate. The
combined organic layers were dried over sodium sulfate, filtered and concentrated to afford
crude carboxylic acid: LCMS-ESI" (m/z): [M+H]" calculated for C;oH;sFsN3Os: 328.10;
found: 328.0.

The crude carboxylic acid intermediate (2.1 g, 6.41 mmol) and 2,4,6-trifluorobenzylamine
(1.14 g, 7.06 mmol) were dissolved in acetonitrile (15 mL) and treated with N-ethyl-N-
isopropylpropan-2-amine (1.24 g, 9.6 mmol) and HATU (2.68 g, 7.05 mmol). After stirring

for 1h at room temperature, the reaction mixture was diluted with ethyl acetate (100 mL) and
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washed with 0.5 M HCI and water. After drying over sodium sulfate, the solution was
filtered and concentrated. Flash chromatography (0-40% ethyl acetate:dichloromethane)
afforded the desired amide 21-F: LCMS-ESI* (m/z): [M+H]" calculated for C»Hx»FsN,O7:
471.14; found: 471.1.

Step 6

Amide 21-F (0.476 g, 1.01 mmol) in a mixture of acetonitrile (3.6 mL) and acetic acid (0.4
mL) was treated with methanesulfonic acid (0.020 mL, 0.30 mmol). The reaction mixture
was capped, and stirred in a 75°C bath. After 18h, water (0.040 mL) was added and the
mixture was stirred at 75°C for an additional 16h to afford crude lactol 21-G: LCMS-EST*
(m/z): [IM+H]" calculated for CoH0F3N»O7: 457.12; found: 457.1.

Step 7

A portion of the crude lactol solution from Step 6 (1 mL solution, 0.25 mmol) was diluted
with acetonitrile (1 mL), treated with cyclopropylamine (0.069 mL, 1.00 mmol), capped and
stirred at 75°C. After 30 min, the reaction mixture was cooled down, diluted with acetonitrile
(1 mL) and treated with magnesium bromide (0.129 g, 0.7 mmol). The mixture was capped
and stirred at 50°C for 15 min, cooled down and partitioned between dichloromethane and 0.5
M HCI. The organic layer was separated and dried over sodium sulfate. After filtering and
concentrating under vacuum, the residue was purified by prep HPLC (acetonitrile/water
gradient containing 0.1 % TFA) to afford the desired compound 21 as a mixture of
enantiomers. "H NMR (400 MHz, DMSO-de) & 12.59 (s, 1H), 10.34 (t, J = 5.9 Hz, 1H), 8.50
(s, 1H), 7.35 — 7.04 (m, 2H), 5.45 (d, J = 5.2 Hz, 1H), 5.09 (dt, ] = 7.6, 5.6 Hz, 1H), 4.64 —
4.54 (m, 1H), 4.49 (dd, J = 14.6, 5.7 Hz, 1H), 3.95 — 3.83 (m, 2H), 2.78 — 2.70 (m, 1H), 2.64
—2.55 (m, 1H), 2.28 —2.16 (m, 1H), 1.01 - 0.88 (m, 1H), 0.87 — 0.73 (m, 3H). LCMS-ESI"
(m/z): [IM+H]" calculated for C»H;oF3N3Os: 450.13; found: 450.2.

Example 22

Preparation of Compound 22

111



WO 2016/106237 PCT/US2015/067155

0
O OH
22
0 0 0
Ve > O/
0 . 0" Y""0" 1)NaHCO,/EtOHH,0 . N
N\
NH, O g 2) HCl/dioxane 0
NHBoc 5  OBn 3)DBU/MeOH O OBn
22.A 6-B 22-C
F Q 7 1
1) KOH 0 Q TFA N N
N N H
)byatu F H HN xg F F
HN X 0 F F
H,N O OH
O OBn
¥ ¥ 22
22.D
Step 1

A 50-mL 1-neck round bottom flask was charged with reactant 22-A (0.50 g, 2.31 mmol), 6-
B (0.80 g, 2.31 mmol) and NaHCO; (0.39 g, 4.6 mmol) in ethanol (10 ml) and water (10 ml).
5 The reaction mixture was stirred at room temperature overnight. The reaction mixture was
concentrated down, re-dissolved in EtOAc (100 mL), washed with water (2x) and dried over
Na,S0O,4. After concentration, the crude was dissolved in 4N HCl/Dioxane (11 ml) and stirred
at room temperature for 3 hours to de-Boc. The reaction mixture was concentrated down
again. The residue and DBU (1.58 g, 10.4 mmol) were dissolved in EtOH (10 mL). Heated to
10 50°C for 20 minutes. After concentration, the crude was purified by column chromatography
on silica gel with hexane-EtOAc to obtain 22-C. LCMS-ESI* (in/z7): [M+H]"; found: 399.
Step 2
A 50-mL 1-neck round bottom flask was charged with reactant 22-C (0.10 g, 0.25 mmol) in
THF (5 mL) and MeOH (5 mL). 1 N KOH in water (1.0 mL) was added to the reaction
15 solution. The reaction mixture was stirred at room temperature for 1 hour. After acidification
with 1 N HCI, the solution was concentrated to remove the solvent completely and the crude
aicd was used for next step without further purification. The crude acid (0.25 mmol), 2,4,6-
trifluorophenyl methanamine (0.08 g, 0.5 mmol), DIPEA (0.169 g, 1.3 mmol) and HATU
(0.20 g, 0.52 mmol) in DCM (10 ml) were stirred at room temperature for 1 hour. The

20 reaction mixture was concentrated down, re-dissolved in EtOAc (50 mL), washed with
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saturated NaHCO; (2x), saturated NH4Cl and dried over Na,SQ4. After concentration, the
crude was purified by column chromatography on silica gel with hexane-EtOAc to obtain 22-
D. LCMS-ESI" (m/7): IM+H]"; found: 514.

Step 3

A 50-mL 1-neck round bottom flask was charged with reactant 22-D (0.10 g, 0.19 mmol) in
TFA (2 mL). The reaction mixture was stirred at room temperature for 30 minutes. The
solution was concentrated and the residue was purified by CombiFlash (12 g column, used
cartridge) using EtOAc-20% MeOH in EtOAc as eluents to afford compound 22. '"H NMR
(400 MHz, Chloroform-d) & 11.70 (s, 1H), 10.65 - 10.18 (m, 1H), 8.27 (s, 1H), 7.26 (m, 1H),
6.90 (td, ] = 9.7, 6.4 Hz, 1H), 4.89 (s, 1H), 4.60 (d, J = 6.0 Hz, 2H), 4.09 (dd, J = 11.4, 2.6
Hz, 1H), 3.96 - 3.66 (m, 2H), 2.68 (s, 1H), 2.15 - 1.43 (m, 6H). ’F NMR (376 MHz,
Chloroform-d) & 120.53 - -120.85 (m, 1F), -134.68 - -136.79 (m,1F), -142.26 - -144.11 (m,
1F). LCMS-ESI" (m/z): [M+H]" found: 424.

Example 23

Preparation of Compound 23

23
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Step 1
Amide 21-F (0.102 g, 0.217 mmol) in 2-methyl-THF (1 mL) was treated with a solution of

lithium isopropoxide in THF (0.119 mL, 2 M solution, 0.239 mmol), capped and stirred at
5 room temperature. After a few minutes, additional lithium isopropoxide in THF (0.109 mL, 2
M solution, 0.217 mmol) was added. After 3h the reaction mixture was partitioned between
dichloromethane and 0.5 M HCI. The layers were separated and the aqueous layer was
extracted again with dichloromethane. The combined organic layers were dried over sodium
sulfate, filtered and concentrated to afford isopropyl ester 23-A which was taken on crude to
10 the next step: LCMS-ESI' (m/z): [M+H]" calculated for Cy3HysFsN>O7: 499.17; found:
499.1.
Step 2
Isopropyl ester 23-A (0.102 g, 0.205 mmol) was dissolved in acetonitrile (1 mL), treated with
methanesulfonic acid (0.004 mL, 0.06 mmol), acetic acid (0.1 mL) and water (0.009 mL, 0.51
15 mmol). The reaction mixture was capped and stirred at 75°C for 16h to afford a crude
solution of lactol 23-B: LCMS-ESI" (m/7): [M+H]" calculated for CyH4F3N>O7: 485.15;
found: 485.1.
Step 3
A portion of the crude lactol solution from Step 2 (0.5 mL solution, 0.1 mmol) was diluted
20 with acetonitrile (0.3 mL), treated with methylamine (0.200 mL, 2M in THF, 0.40 mmol),
capped and stirred at 50°C. After 2 h, the reaction mixture was cooled down, and treated with

magnesium bromide (0.074 g, 0.4 mmol). The mixture was capped and stirred at 50°C for 15

114



10

15

WO 2016/106237 PCT/US2015/067155

min, cooled down and partitioned between dichloromethane and 0.5 M HCIL. The organic
layer was separated and dried over sodium sulfate. After filtering and concentrating in vacuo,
the residue was purified by prep HPLC (acetonitrile/water gradient containing 0.1 % TFA) to
afford the desired compound 23 as a mixture of enantiomers: 'H NMR (400 MHz,
Chloroform-d) & 10.34 (s, 1H), 8.40 (s, 1H), 6.66 (t, J = 8.3 Hz, 2H), 5.39 (d, ] = 5.4 Hz, 1H),
4.80 —4.58 (m, 3H), 4.22 — 3.97 (m, 2H), 3.13 (s, 3H), 2.74 — 2.57 (m, 1H), 2.22 — 2.04 (m,
1H). LCMS-ESI" (m/7): [IM+H]" calculated for C19H;7F3N30s: 424.11; found: 424.1.

Example 24

Preparation of Compound 24

Compound 24 was prepared in a manner similar to Compound 23 using propyl amine at 75°C
in place of methylamine in the final step, affording 24 as a mixture of enantiomers:."H NMR
(400 MHz, Chloroform-d) 6 10.41 (s, 1H), 8.44 (s, 1H), 6.66 (t, ] = 8.2 hz, 2H), 5.44 (d, J =
5.2 Hz, 1H), 4.82 — 4.52 (m, 3H), 4.23 — 3.99 (m, 2H), 3.76 — 3.58 (m, 1H), 3.58 — 3.40 (m,
1H), 2.77 = 2.57 (m, 1H), 2.31 —2.12 (m, 1H), 1.87 — 1.56 (m, 2H), 1.49 — 1.35 (m, 1H), 0.98
(t, J = 7.4 Hz, 3H). LCMS-ESI" (m/z): [M+H]" calculated for CooH;9F3N30s: 452.14; found:
452.1.
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Example 25

Preparation of Compounds 25a and 25b
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Diester 21-E (3.80 g, 11.1 mmol) was stirred in THF (14 mL) and methanol (11 mL) until
nearly dissolved. Lithium hydroxide (6.97 mL, 2 M aqueous solution, 13.9 mmol) was added
in portions over approximately 2 h. After stirring an additional 1 h, the reaction mixture was
treated with 0.5 M HCIl (35 mL) and ethyl acetate (200 mL). The organic layer was
separated. The aqueous was treated with brine and extracted again with ethyl acetate. The
combined organic layers were dried over sodium sulfate, filtered and concentrated to afford
crude acid which was carried on:

LCMS-ESI* (m/7): [M+H]" calculated for C14H;sNOg: 328.10; found: 328.1.

Crude acid (0.500 g, 1.53 mmol) in methyl-THF (6 mL) was added to a solution of lithium
isopropoxide (prepared by treating isopropanol (0.351 mL) in methyl-THF with n-BuLi
(1.528 mL, 2.5M in hexanes) at 0°C. The reaction mixture was allowed to warm to room
temperature. After 16 h the mixture was partitioned between 0.5 M HCI and ethyl acetate.
The layers were separated and the aqueous layer was extracted again with ethyl acetate. The
combined organics were dried over sodium sulfate, filtered and concentrated to desired
isopropyl ester 25-J:

LCMS-ESI* (m/7): [M+H] calculated for C;sH»NOg: 356.13; found: 356.1.

Step 3
Isopropyl ester 25-J (0.543 g, 1.53 mmol) and (3-chloro-2,4-difluorophenyl)methanamine

(0.326 g, 1.83 mmol) were suspended in acetonitrile and treated with DIEA (0.546 mL, 3.06
mmol) and HATU (0.697 g, 1.834 mmol). The reaction mixture was capped and stirred at
room temperature. After 16h, the mixture was concentrated and partitioned between ethyl
acetate and 0.5 M HCI. The layers were separated and the aqueous layer was extracted again
with ethyl acetate. The combined organics were dried over sodium sulfate, filtered and
concentrated. The residue was purified by flash chromatography on silica gel (10-60% ethyl
acetate:hexanes) to afford desired amide 25-K: LCMS-ESI* (m/z): [M+H]" calculated for
CasHa6CIF>N2O7: 515.14; found: 515.2.

Steps 4 and 5

Steps 4 and 5 were done in a similar manner to Steps 2 and 3 for Compound 23 using ethyl
amine in place of methylamine in the final step, affording a mixture of enantiomers which
was separated by chiral HPLC on a ChiralPak AD-H column (EtOH) to afford single

enantiomers 25a and 25b.

117



10

15

20

25

WO 2016/106237 PCT/US2015/067155

For 25a: "H NMR (400 MHz, DMSO-d6) 6 12.81 (s, 1H), 10.40 {t, J = 6.2 Hz, 1H), 8.54 (s,
1H), 7.38 (td, T = 8.3, 6.2 Hz, 1H), 7.29 («d, J = 8.7, 1.3 Hz, 1H), 5.57 (d, J = 5.5 Hz, 1H),
5.26 — 5.14 (m, 1H), 4.68 — 4.48 (m, 2H), 4.01 — 3.90 (m, 2H), 3.64 — 3.42 (m, 2H), 2.65 —
2.53 (m, 1H), 2.21 — 2.05 (m, 1H), 1.16 (t, ] = 7.1 Hz, 3H).

LCMS-ESI" (m/7): [IM+H]" calculated for C»oH;9C1F>N3Os: 454.2; found: 454.1.

For 25b: '"H NMR (400 MHz, DMSO-d6) 6 12.81 (s, 1H), 10.40 (t, ] = 6.4 Hz, 1H), 8.54 (s,
1H), 7.44 — 7.33 (m, 1H), 7.29 (td, T = 8.7, 1.3 Hz, 1H), 5.57 (d, T = 5.6 Hz, 1H), 5.20 (id, J =
9.8,9.3, 5.7 Hz, 1H), 4.68 — 4.49 (m, 2H), 3.95 (m, 2H), 3.63 — 3.44 (m, 2H), 2.65 — 2.53 (m,
1H), 2.20 — 2.07 (m, 1H), 1.17 (t, T = 7.1 Hz, 4H).

LCMS-ESI" (m/7): [IM+H]" calculated for C»oH;9C1F>N3Os: 454.2; found: 454.1.

Example 26
Preparation of Compounds 26a and 26b

26a 26b

Compounds 26a and 26b were prepared in a manner similar to Compound 23 using ethyl
amine in place of methylamine in the final step, affording a mixture of enantiomers which
was separated by chiral HPLC on a ChiralPak AD-H column (EtOH) to afford single
enantiomers 26a and 26b.

For 26a: '"H NMR (400 MHz, DMSO-d6) § 12.79 (s, 1H), 10.44 — 10.25 (m, 1H), 8.52 (s,
1H), 7.33 — 7.07 (m, 2H), 5.56 (d, J = 5.4 Hz, 1H), 5.29 — 5.09 (m, 1H), 4.59 (dd, J = 14.6,
5.2 Hz, 1H), 4.50 (dd, J = 14.2, 5.7 Hz, 1H), 4.01 — 3.89 (m, 2H), 3.61 — 3.42 (m, 2H), 2.56
(s, 1H), 2.09 (s, 1H), 1.16 (t, J = 7.1 Hz, 3H).

LCMS-ESI* (m/7): [M+H]" calculated for CooH;3F3N3Os: 438.13; found: 438.2.

For 26b: "H NMR (400 MHz, DMSO0-d6) & 12.79 (s, 1H), 10.35 (t, ] = 6.0 Hz, 1H), 8.52 (s,
1H), 7.20 (t, ] = 8.7 Hz, 2H), 5.56 (d, J = 5.4 Hz, 1H), 5.19 (td, J = 8.5, 5.5 Hz, 1H), 4.59 (dd,
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T=1458, 6.0 Hz, 1H), 450 (dd, J = 14.6, 5.7 Hz, 1H), 4.01 — 3.87 (m, 2H), 3.63 — 3.42 (m,
2H), 2.64 — 2.52 (m, 1H), 2.20 — 2.04 (m, 1H), 1.16 (t, J = 7.1 Hz, 3H).
LCMS-ESI* (m/7): [IM+H]" calculated for CooH;3F3N3Os: 438.13; found: 438.2.

Example 27
Preparation of Compound 27
27
O 0O
o, |aH Step 1 o JWH Step 2

N7y ~0oH N 0oH

—0 N HO . >
0 0 o) 0

\( \ 5 \< \ o

25-J 27N

0O
9 H Step 3 H 0 F
&~ N7 SoH N cl
H _— NS N
/N X o) H“
| AN N0 F
0 0L ci
HzN'\@: O OH
270 F 27
Step 1
Isopropyl ester 25-J (0.232 g, 0.65 mmol) was dissolved in acetonitrile (1.8 mL) and acetic

acid (0.2 mL) containing methane sulfonic acid (0.013 mL) and water (0.002 mL). The
mixture was capped and stirred at 75°C. After 16 h, the reaction mixture was cooled down to
afford the desired lactol 27-N and carried on crude to the next step: LCMS-ESI" (m/7):
[M+H]" calculated for C;5H>oNOs: 342.12; found: 342.1.

Step 2
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Crude lactol 27-N (0.119 g, 0.35 mmol) solution from the previous step (~1 mL) was treated
with potassium carbonate (0.097 g, 0.70 mmol) and methylamine (0.467 mL, 2 M solution in
THF, 0.70 mmol), capped and stirred at 50°C. After 50 min, the reaction mixture was cooled
down and treated with TFA (0.134 mL, 1.7 mmol). The mixture was concentrated onto silica
gel and purified by flash chromatography (5% EtOH:dichloromethane) to afford acid 27-O:
LCMS-ESI* (m/7): [IM+H]" calculated for C13H;5N>Og: 295.09; found: 295.1.

Step 3
Acid 27-0 (0.044 g, 0.150 mmol) and (3-chloro-2,4-difluorophenyl)methanamine (0.053 g,

0.30 mmol) were suspended in acetonitrile and treated with DIEA (0.053 mL, 0.30 mmol)
and HATU (0.068 g, 0.179 mmol). The reaction mixture was stirred for a few minutes at
room temperature and stored at 10°C. After 3 days, the crude amide was treated with
magnesium bromide (0.083 g, 0.45 mmol) and stirred at 50°C for 10 min. An additional
portion of acetonitrile (1 mL) and magnesium bromide (0.041 mg) were added and the
mixture was stirred at 50°C for a few minutes. After cooling, the reaction mixture was
partitioned between dichloromethane and 0.5 M HCl. The layers were separated and the
organic layer was dried over sodium sulfate, filtered and concentrated. Flash
chromatography on silica gel (0-10% ethanol:dichloromethane) afforded the desired product
27 as a mixture of enantiomers: LCMS-ESI" (m/z): [M+H]" calculated for C;3H;5sN>Os:
440.08; found: 440.2.

Example 28

Preparation of compound 28

o 0
Q—NHz + 07N O ETSHCF%O‘ ;}BE'U HN\H/@O/\

~© o ’ o

© O‘Bn

N
NHBoc o O‘Bn
28-A 1-B 28-C

0 F 0 F
2)2,4,6-F3BnBr NG N0 F F NG N0 F F
HATU, DIPEA o o S5  OH

28-D 28
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Step 1
A mixture of compound 28-A (501 mg, 2.502 mmol), the pyrone 1-B (865mg, 2.498 mmol),

and NaHCOj; (424 mg, 5.047 mmol) in water (5 mL) and ethanol (5 mL) was stirred at room
temperature. After 1.25 h, the reaction mixture was diluted with water and extracted with
ethyl acetate (x 2). After the extracts were washed with water, the organic fractions were
combined, dried (Na,SQ,4), and concentrated. The residue was dried in vacuo for 30 min,
dissolved in dichloromethane (2 mL), and treated with 4 N HCI in dioxane (6 mL) for 1 h.
The solution was concentrated, coevaporated with toluene (x 1), and dried in vacuum for 30
min. A mixture of the residue and DBU (1.5 mL, 10.03 mmol) in toluene (15 mL) was stirred
at 100°C bath. After the mixture was cooled down to room temperature and dissolved with
dichloromethane, the solution was concentrated. The residue was purified by column
chromatograpy on silica gel (80 g column) using ethyl acetate - 20% methanol in ethyl
acetate as eluents to obtain compound 28-C. "H NMR (400 MHz, Chloroform-d) & 8.41 (s,
1H), 7.66 - 7.53 (m, 2H), 7.37 - 7.27 (m, 3H), 6.69 (s, 1H), 5.41 (d, J = 10.0 Hz, 1H), 5.20 (d,
J1=10.0 Hz, 1H), 4.43 (q, I =7.2 Hz, 3H), 4.14 (m, 1H), 2.45 - 2.20 (m, 2H), 2.11 - 1.80 (m,
4H), 1.42 (t, J = 7.1 Hz, 3H). LCMS-ESI" (m/z): [M+H]" calculated for C, H»N,Os:
383.16; found: 383.24.

Step 2
A mixture of the reactant 28-C (50 mg, 0.131 mmol) in THF (1 mL) and ethanol (1 mL) was

stirred at room temperature and 1 N KOH (0.26 mL) was added. After 30 min, the reaction
mixture was diluted with water and washed with ether (x 1). After the aqueous fraction was
acidified with 1 N HCI (0.3-0.4 mL), the product was extracted with dichloromethane (x 3).
The combined extracts were dried (Na,SOy), and concentrated and dried in vacuum to get the
crude acid. A mixture of the crude acid, 2,4,6-trifluorobenzylamine (28 mg, 0.174 mmol),
and HATU (76 mg, 0.200 mmol) in dichloromethane (5 mL) was stirred at room temperature
as DIPEA (0.2 mL, 1.148 mmol) was added. After 30 min, the reaction mixture was diluted
with ethyl acetate, washed with saturated NH4C1 (x 2), water (x 1), saturated NaHCO; (x 2),
and brine (x 1). After the aqueous fractions were extracted with ethyl acetate (x 1), two
organic fractions were combined, dried (Na;SQy4) and concentrated. The residue was purified
by column chromatograpy on silica gel (12 g column) using ethyl acetate as eluent to get
compound 28-D. '"H NMR (400 MHz, Chloroform-d) & 10.40 (s, 1H), 8.48 (s, 1H), 7.59 -
7.53 (m, 2H), 7.32 (dddd, J = 12.2, 7.0, 4.5, 2.3 Hz, 3H), 6.74 - 6.60 (m, 2H), 6.43 (s, 1H),
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5.37(d, T = 10.2 Hz, 1H), 5.20 (d, J = 10.1 Hz, 1H), 4.75 - 4.58 (m, 2H), 4.35 (s, 1H), 4.07 (t,
J=4.1Hz, 1H), 2.31 (s, 1H), 2.11 - 1.77 (m, SH). °F NMR (376 MHz, Chloroform-d) & -
109.05 (s, 1F), -111.85 (s, 2F). LCMS-ESI* (m/z): [M+H]" calculated for CagHasF3N3O4:
498.16; found: 498.10.

Step 3
Compound 28-D (35 mg, 0.070 mmol) was dissolved in trifluoroacetic acid (1 mL) at room

temperature and stirred at room temperature. After 30 min, the solution was concentrated and
the residue was dissolved in dichloromethane. After the solution was washed with 0.1 N HCI
(x 1), the aqueous fraction was extracted with dichloromethane (x 2). The organic fractions
were combined, dried (Na,SQ,), and concentrated.

The residue was purified by column chromatograpy on silica gel (12 g column) using
dichloromethane-20% methanol in dichloromethane as eluents to give compound 28. 'H
NMR (400 MHz, Chloroform-d) 6 12.35 (s, 1H), 10.47 (t, J = 5.7 Hz, 1H), 8.55 (s, 1H), 7.40
(s, 1H), 6.74 - 6.52 (m, 2H), 4.70 (dd, J = 14.5, 5.8 Hz, 1H), 4.61 (dd, J = 14.5, 5.6 Hz, 1H),
4.52 (td, J = 8.7, 4.5 Hz, 1H), 4.35 - 4.18 (m, 1H), 2.32 (dq, J = 11.8, 7.6, 6.3 Hz, 1H), 2.22 -
1.97 (m, 3H), 1.90 (dg, J = 17.2, 10.0, 8.1 Hz, 2H). F NMR (376 MHz, Chloroform-d) & -
108.93 (ddd, J = 15.1, 8.6, 6.0 Hz, 1F), -112.07 (t, J = 6.9 Hz, 2F). LCMS-ESI" (n/7):
[M+H]" calculated for CioH17F3N304: 408.12; found: 408.12.

Example 29

Preparation of compound 29
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29-C 29
Step 1

To a mixture of compound 28-C (129 mg, 0.337 mmol) in THF (3 mL) was added 60% NaH
(30 mg, 0.75 mmol) at room temperature. After 5 min, Mel (0.03 mL, 0.482 mmol) was
added. After stirring at room temperature for 1 h, water was added (~3 mL) to the mixture.
After ~15 min, 1 N KOH (0.5 mL) was added to complete the hydrolysis. After 10 min, the
reaction mixture was diluted with water, and washed with ether (x 1). The aqueous fraction
was acidified with 1 N HCI (~1 mL), and the product was extracted with dichloromethane (x
3). After the extracts were washed with water (x 1), the extracts were combined, dried
(Na»SQy), and concentrated to get the crude acids 29-B. A mixture of the crude acid 29-B, the
2,4,6-trifluorobenzylamine (75 mg, 0.465 mmol), and HATU (195 mg, 0.513 mmol) in
dichloromethane (5 mL) was stirred at room temperature as DIPEA (0.55mL, 3.158 mmol)
was added. After 30 min, the reaction mixture was diluted with ethyl acetate, washed with
saturated NH4Cl (x 2), water (x 1), saturated NaHCOQOs (x 2), and brine (x 1). After the
aqueous fractions were extracted with ethyl acetate (x 1), two organic fractions were
combined, dried (Na;SO,), and concentrated. The residue was purified by column
chromatograpy on silica gel (12 g column) using ethyl acetate as eluent to get 126 mg of the
partially purified compound 29-C. LCMS-ESI" (m/z): [M+H]" calculated for Co7HasF3N304:
512.18; found: 512.16.

Step 2
The partially purified compound 29-C (126 mg) was dissolved in TFA (1.5 mL) at room

temperature and stirred at room temperature. After 30 min, the solution was concentrated and
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the residue was dissolved in DMF before filtered (~2.8 mL). The solution was injected on
preparative HPLC. The combined fraction of the desired product was concentrated to remove
most of acetonitrile, and the product was extracted with dichloromethane (x 2), the extracts
were washed with water (x 1), dried (Na»SQOy), and concentrated to give compound 29. 'H
NMR (400 MHz, Chloroform-d) 6 12.79 (s, 1H), 10.42 (t, ] = 5.7 Hz, 1H), 8.38 (s, 1H), 6.78
- 6.45 (m, 2H), 4.69 (dd, J = 14.5, 5.8 Hz, 1H), 4.64 - 4.55 (m, 1H), 4.50 (g, = 6.9 Hz, 1H),
4.10(q, J =4.6 Hz, 1H), 3.11 (s, 3H), 2.31 (dq, J = 14.0, 7.3 Hz, 1H), 2.10 (dt, } = 7.3, 4.4
Hz, 2H), 1.99 (m, 1H), 1.91 - 1.76 (m, 2H). "’F NMR (376 MHz, Chloroform-d) & -109.22
(p,J=7.7Hz, 1F), -111.83 - -112.22 (m, 2F). LCMS-ESI" (m/7): [M+H]" calculated for
CooH19F3N304: 422.13; found: 422.19.

Example 30

Preparation of compound 30

o 0 0
0] SN e
e o NaHCO; _  1)Hcl _ N 0

NH, + EtOH, H,O 2) DBU HN ™

NN 0
NHBoc - 0
5 o 0 0O
30-A ~ ]
6B 30-C
1) Mel, NaH
4B~ XTI, = ST
3)24,6FBnBr NNy £ NNy F F
HATU, DIPEA
0 0O O OH
30-D 30
Step 1

A mixture of compound 30-A (553 mg, 2.556 mmol), the pyrone 6-B (619 mg, 2.556 mmol),
and NaHCOj; (435 mg, 5.178 mmol) in water (5 mL) and ethanol (5 mL) was stirred at room
temperature. After 30 min, the reaction mixture was concentrated to remove most of the
solvent and the residue was mixed with dichloromethane (about 40 mL) and stirred
vigorously before drying (MgSOy4). The dried solution was concentrated. The residue was
dissolved in Dichloromethane (2 mL) and treated with 4 N HCI in dioxane (6 mL). After 40
min, the mixture was concentrated and dried in vacuum overnight. A mixture of the residue

and DBU (1.9 mL, 12.71 mmol) in toluene (19 mL) was stirred at 100°C. After 30 min, the
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reaction mixture was cooled down to room temperature, dissolved in dichloromethane, and
concentrated. The residue was purified by column chromatograpy on silica gel (40 g column)
using ethyl acetate - 20% methanol in ethyl acetate as eluents to obtain impure compound 30-
C. The impure compound 30-C was dissolved in DMF and purified by preparative HPLC to
get compound 30-C as 1:1 mixture with trifluoroacetic acid. 'H NMR (400 MHz,
Chloroform-d) & 9.92 (s, 1H), 8.33 (s, 1H), 7.67 (s, 1H), 4.51 (dt, J = 12.2, 4.1 Hz, 1H), 4.21 -
4.04 (m, 3H), 3.95 (s, 3H), 3.84 (s, 3H), 3.73 (d, J = 12.8 Hz, 1H), 3.54 (td, J = 12.3, 2.2 Hz,
1H), 2.24 (qd, J = 12.6, 4.8 Hz, 1H), 1.94 (dd, J = 13.1, 4.9 Hz, 1H). LCMS-ESI" (m/):
[M+H]" calculated for C14H;7N»>O¢: 309.11; found: 309.17.

Step 2
To a mixture of compound 30-C, TFA (85 mg, 0.201 mmol) and 60% NaH (40 mg, 1 mmol)

was added THF (3 mL) at room temperature. After 5 min, Mel (0.04 mL, 0.643 mmol) was
added. After stirring at room temperature for about 40 min, DMF (1 mL) was added. After
the mixture was stirred at room temperature overnight, 1 N HCI (~1.5 mL) was added to the
reaction mixture and the resulting mixture was concentrated to almost dryness to get the
crude acid.

A mixture of the crude acid, 2,4,6-trifluorobenzylamine (96 mg, 0.596 mmol), and HATU
(204 mg, 0.537 mmol) in dichloromethane (3 mL) was stirred at room temperature as DIPEA
(0.5 mL, 2.871 mmol) was added. After 30 min, the reaction mixture was diluted with ethyl
acetate, washed with saturated NH4CI (x 2), water (x 1), saturated NaHCO; (x 2), and brine
(x 1). After the aqueous fractions were extracted with ethyl acetate (x 1), two organic
fractions were combined, dried (Na,SO,4) and concentrated. The residue was purified by
column chromatograpy on silica gel (12 g column) using ethyl acetate -20% methanol in
ethyl acetate as eluent to get compound 30-D "H NMR (400 MHz, Chloroform-d) § 10.37 (d,
J=7.3 Hz, 1H), 8.46 (s, 1H), 6.81 - 6.54 (m, 2H), 4.63 (d, J = 5.6 Hz, 2H), 4.34 (d,J = 11.1
Hz, 1H), 4.31 - 4.22 (m, 1H), 4.02 (s, 3H), 4.01 - 3.92 (m, 1H), 3.86 (d, J = 3.2 Hz, 1H), 3.65
(dd, J = 13.4, 1.9 Hz, 1H), 3.62 - 3.55 (m, 1H), 3.22 (s, 3H), 2.23 (qd, J = 10.8, 4.5 Hz, 1H),
2.01 - 1.90 (m, 1H). "F NMR (377 MHz, Chloroform-d) & -108.92 (s, 1F), -112.01 (s, 2F).
LCMS-ESI" (m/7): [M+H]" calculated for C»H»;FsN3Os: 452.14; found: 452.11.

Step 3
To a solution of compound 30-D (48 mg, 0.106 mmol) in MeCN (3 mL) was added MgBr»
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(60 mg, 0.326 mmol) at room temperature and the resulting mixture was stirred at 50°C. After
30 min, the reaction mixture was stirred at 0°C and 1 N HCI (~1 mL) was added to make the
mixture a solution and diluted with water before the product was extracted with
dichloromethane (x 3). The combined extracts were dried (Na,SO,) and concentrated. The
residue was purified by column chromatograpy on silica gel (12 g column) using
dichloromethane and 20% methanol in dichloromethane as eluents to obtain compound 30.
'H NMR (400 MHz, Chloroform-d) & 10.37 (d, J = 7.3 Hz, 1H), 8.46 (s, 1H), 6.81 - 6.54 (m,
2H), 4.63 (d, J = 5.6 Hz, 2H), 4.34 (d, ] = 11.1 Hz, 1H), 4.31 - 4.22 (m, 1H), 4.02 (s, 3H),
4.01 - 3.92 (m, 1H), 3.86 (d, J = 3.2 Hz, 1H), 3.65 (dd, J = 13.4, 1.9 Hz, 1H), 3.62 - 3.55 (m,
1H), 3.22 (s, 3H), 2.23 (qd, I = 10.8, 4.5 Hz, 1H), 2.01 - 1.90 (m, 1H). "F NMR (377 MHz,
Chloroform-d) & -108.92 (s, 1F), -112.01 (s, 2F). LCMS-ESI" (m/z): [M+H]" calculated for
CaoH19F3N305: 438.13; found: 438.29.

Example 31
Preparation of compound 31
O O 0 O F
N7 o~ 1) CF3CH,OTf, NaH E N N/j©\
2) KOH . F H
AN AN 3) 2,4,6-F,BnBr F*/N N0 F E
O O HATU, DIPEA O O
30-C 31-B
O O F
F
T e e - F
O OH
31
Step 1

To a mixture of compound 30-C (97 mg, 0.230 mmol) and 60% NaH (46 mg, 1.15 mmol)
was added THF (2 mL) and DMF (0.5 mL) at room temperature. After 5 min, CF;CH,OTf
(0.1 mL, 0.694 mmol) was added. After stirring at room temperature for ~40 min, additional
DMEF (1 mL) was added. After 2 h, water (~2 mL) was added to the reaction mixture and
after about 15 min at room temperature, the mixture was stirred in an ice bath while 1 N
KOH (0.5 mL) was added. After about 30 min, the resulting mixture was acidified with 1 N
HCI (2 mL) and concentrated to almost dryness to get the crude acid.

A mixture of the crude acid, 2,4,6-trifluorobenzylamine (96 mg, 0.596 mmol), and HATU
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(272 mg, 0.715 mmol) in dichloromethane (3 mL) was stirred at room temperature as DIPEA
(0.5 mL, 2.871 mmol) was added. After 30 min, the reaction mixture was diluted with ethyl
acetate, washed with saturated NH4CI (x 2), water (x 1), saturated NaHCO; (x 2), and brine
(x 1). After the aqueous fractions were extracted with ethyl acetate (x 1), two organic
fractions were combined, dried (Na,SO,4) and concentrated. The residue was purified by
column chromatograpy on silica gel (12 g column) using ethyl acetate -20% methanol in
ethyl acetate as eluent to get compound 31-B, which contained 10~15% of impurities. 'H
NMR (400 MHz, Chloroform-d) & 10.30 (s, 1H), 8.49 (s, 1H), 6.64 (t, ] = 8.1 Hz, 2H), 5.16
(dg, J = 18.5, 9.5 Hz, 1H), 4.71 - 4.50 (m, 2H), 4.43 (dt, ] = 11.8, 3.6 Hz, 1H), 4.34 (d, J =
14.7 Hz, 1H), 4.06 (s, 1H), 4.02 (s, 4H), 3.79 (dq, J = 16.3, 8.2 Hz, 1H), 3.69 (d, J = 14.3 Hz,
1H), 3.62 (dd, J = 11.9, 2.6 Hz, 1H), 2.23 - 2.07 (m, 1H), 1.97 (dd, J = 12.4, 4.0 Hz, 1H). “F
NMR (377 MHz, Chloroform-d) 6 -69.91 (t, J = 8.8 Hz, 3F), -71.39, -73.29 , -108.51 (s, 1F),
-112.21 (t, J = 7.0 Hz, 2F). LCMS-ESI" (m/7): [M+H]" calculated for CyHyFsN;Os:
520.13; found: 520.22.

Step 2
To a solution of the reactant 31-B (32 mg, 0.062 mmol) in MeCN (3 mL) was added MgBr»

(34 mg, 0.185 mmol) at room temperature and the resulting mixture was stirred at 50°C. After
30 min, the reaction mixture was stirred at 0°C and 1 N HCI was added to make the mixture a
solution (~1 mL). The resulting solution was further diluted with water before the product
was extracted with dichloromethane (x 3). The combined extracts were dried (Na,SO,) and
concentrated. The residue was purified by preparative HPLC and freeze-dried to get
compound 31 as 1:1 mixture with CF;COOH. 'H NMR (400 MHz, Chloroform-d) 6 10.50 (t,
J =5.8 Hz, 1H), 8.59 (s, 1H), 6.67 (t, J = 8.1 Hz, 2H), 5.09 (dq, J = 18.3, 9.2 Hz, 1H), 4.72
(dd, J =14.5,5.4 Hz, 1H), 4.63 (dd, J = 14.5, 5.2 Hz, 1H), 4.43 (t, J = 13.0 Hz, 2H), 4.13 (s,
1H), 4.06 (d, J = 11.8 Hz, 1H), 3.80 (dq, J = 17.1, 9.1, 8.6 Hz, 1H), 3.75 - 3.58 (m, 2H), 2.16
(s, 1H), 1.94 (d, J = 13.9 Hz, 1H). ""F NMR (377 MHz, Chloroform-d) & -69.07 (t, J = 8.6
Hz, 3F), -76.38 (s, 3F), -108.45 (m, 1F), -112.06 (m, 2F). LCMS-ESI" (m/7): [M+H]"
calculated for C;;Hi3F¢N3Os: 506.12; found: 506.33.

Example 32

Preparation of compound 32
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0 0 0 0
(Boc),0, NEt; _ MsCl, NaN;, NaOAc ,
OH MeOH v~ YOH  NEt; <~ “OMs “Nj

Y Y DMF, 95 °C Y
H, NHBoc NHBoc NHBoc

32-A 32-B 32-C 32-D

Zie

_ 1) CF4CH,OTf, NaH
0 2) KOH .
3) 2,4,6-F4BnBr

o HATU, DIPEA

H, _ 6-B,NaHCOs_ 1)Hcl _ NI
PO, ~ EtOH, H,0 = 2 pBU- HNL_

Step 1
A solution of compound 32-A (2010 mg, 17.160 mmol) and Boc,O (4128 mg, 18.910 mmol)

5 in methanol (40 mL) was stirred at 0°C as NEt; (2.9 mL, 20.81 mmol) was added. The
resulting mixture was stirred at 0°C for 2 h and then stirred at room temperature for 17 h. The
solution was concentrated and the residue was dissolved in ethyl acetate before washing with
water (x 2). After the aqueous fractions were extracted with ethyl acetate (x 1), the organic
fractions were combined, dried (Na;SQy), and concentrated. The residue was purified by

10 column chromatograpy on silica gel (120 g column) using hexanes - ethyl acetate as eluents
to get compound 32-B. 'H NMR (400 MHz, Chloroform-d) & 4.67 (s, 1H), 4.01 (dd, ] = 11.3,
4.2 Hz, 1H), 3.91 (dt, ] = 11.7, 4.5 Hz, 1H), 3.65 (q, J = 7.1, 6.6 Hz, 1H), 3.47 (br, 1H), 3.44
(ddd, J = 12.0, 9.4, 3.1 Hz, 1H), 3.24 - 3.08 (m, 1H), 2.01 (dtd, J = 13.7, 4.7, 3.1 Hz, 1H),
1.64 (dud, J = 13.4, 9.1, 4.3 Hz, 1H), 1.45 (s, 9H). LCMS-ESI" (m/): [M+H-C4Hs]"

15 calculated for C¢Hi12NO4: 162.08; found: 161.93.

Step 2
A solution of compound 32-B (2493 mg, 11.47 mmol) and triethylamine (1.95 mL, 13.99

mmol) in dichloromethane (40 mL) was stirred at 0°C as Mesyl chloride (1 mL, 12.92 mmol)

20 was added dropwise. After 20 min at 0°C, the mixture was stirred at room temperature for 30
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min. The reaction mixture was diluted with ethyl acetate and washed with water. After the
aqueous fractions were extracted with ethyl acetate (x 1), the organic fractions were
combined, dried (Na,SO,), and concentrated to obtain compound 32-C after drying in
vacuum. 'H NMR (400 MHz, Chloroform-d) 6 4.96 (s, 1H), 4.74 (td, J = 6.7, 4.0 Hz, 1H),
4.00(dd, J=11.9, 3.6 Hz, 1H), 3.86 (ddd, J = 11.5, 7.7, 3.5 Hz, 1H), 3.66 (s, 1H), 3.60 (ddd,
J=114,6.6,3.9 Hz, 1H), 3.45 (dd, /=119, 5.9 Hz, 1H), 3.09 (s, 3H), 2.19 (ddd, J = 12.2,
8.0, 4.0 Hz, 1H), 1.93 (d, J = 13.3 Hz, 1H), 1.45 (s, 9H). LCMS-ESI" (m/2): [M+H-C4Hg]"
calculated for C7H;4NO¢S: 240.05; found: 239.73.

Step 3
A mixture of compound 32-C (3389 mg, 11.47 mmol), sodium acetate (1890 mg, 23.04

mmol), and sodium azide (1496 mg, 23.01 mmol) in DMF (20 mL) was stirred at 95°C bath
for 6.5 h. The mixture was diluted with water and the product was extracted with ethyl
acetate (x 2). After the extracts were washed with water (x 1), they were combined, dried
(NaSQy), and concentrated. The residue was purified by column chromatograpy on silica gel
(120 g column) using hexanes - ethyl acetate as eluents to get compound 32-D. 'H NMR (400
MHz, Chloroform-d) 6 4.82 (s, 1H), 3.89 (m, 2H), 3.74 m, 1H), 3.62 (dt, J = 9.6, 4.9 Hz, 2H),
3.51(dd,J=11.4,7.5 Hz, 1H), 2.01 - 1.82 (m, 2H), 1.46 (s, 9H).

Step 4
A mixture of compound 32-D (2.066 g, 8.528 mmol) and PtO, (201 mg, 0.885 mmol) in

ethanol (30 mL) was stirred under H; atmosphere.After 2.5 h, the mixture was filtered
through celite. After the celite pad was washed with ethanol (~10 mL), the filtrate and
washing were concentrated to obtain the crude amine.

The mixture of the crude amine, compound 6-B (2070 mg, 8.547 mmol), and sodium
bicarbonate (1432 mg, 17.05 mmol) in water (~15 mL) and ethanol (~20 mL) was stirred at
room temperature. After 30 min, the reaction mixture was concentrated to remove most of the
solvent and the residue was dissolved in dichloromethane (~100 mL). After the resulting
mixture was dried (MgSQy,), and concentrated, the residue was dissolved in dichloromethane
(8 mL) and treated with 4 N HCI in dioxane (24 mL). After stirring at room temperature for
2.5 h, the mixture was concentrated and dried in vacuum.

The residue and DBU (6.4 mL, 42.64 mmol) were dissolved in MeOH (50 mL) and stirred at

room temperature for 20 min. After dilution with toluene (~20 mL), the solution was
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concentrated and purified by column chromatograpy on silica gel (120 g column) using ethyl
acetate - 20% MeOH in ethyl acetate as eluents to get compound 32-E. '"H NMR (400 MHz,
Chloroform-d) 6 8.27 (d, J = 1.3 Hz, 1H), 6.98 (s, 1H), 4.43 - 4.29 (m, 1H), 4.17 - 4.08 (m,
2H), 4.08 - 4.05 (m, 2H), 4.03 (s, 3H), 3.90 (s, 3H), 3.72 (dd, J = 13.1, 1.6 Hz, 1H), 3.53 (td,
J =124, 22 Hz, 1H), 2.26 (qd, J = 12.7, 49 Hz, 1H), 1.93 (dd, J = 13.3, 4.8 Hz, 1H).
LCMS-ESI" (m/7): [M+H]" calculated for C14H;7N>Os: 309.11; found: 309.06.

Step 5
To a mixture of compound 32-E (251 mg, 814 mmol) and 60% NaH (132 mg, 3.300 mmol)

was added THF (4 mL) and DMF (2 mL) at room temperature. After 5 min, CFzCH,OTf
(0.35 mL, 2.429 mmol) was added. After stirring at room temperature for ~30 min, the
reaction mixture was stirred at 0°C while 1 N KOH (2 mL) was added. After 10 min, the
resulting mixture was acidified with concentrated HCI (~0.45 mL) and concentrated to almost
dryness to get the crude acid.

A mixture of the crude acid, 2,4,6-trifluorobenzylamine (153 mg, 0.950 mmol), and HATU
(626 mg, 1.647 mmol) in dichloromethane (7 mL) was stirred at room temperature as DIPEA
(1 mL, 5.741 mmol) was added. After 30 min, the reaction mixture was diluted with ethyl
acetate, washed with saturated NH4Cl (x 2), water (x 1), saturated NaHCO; (x 2), water (x 1),
and brine (x 1). After the aqueous fractions were extracted with ethyl acetate (x 1), two
organic fractions were combined, dried (Na;SQy4), and concentrated. The residue was
purified by column chromatograpy on silica gel (40 g column) using Hexane - ethyl acetate -
20% MeOH in ethyl acetate as eluents to get compound 32-F. 'H NMR (400 MHz,
Chloroform-d) & 10.29 (t, J = 5.3 Hz, 1H), 8.44 (s, 1H), 6.77 - 6.50 (m, 2H), 5.15 (dq, J =
18.4,9.5 Hz, 1H), 4.72 - 4.56 (m, 2H), 4.33 (d, J = 14.4 Hz, 2H), 4.09 - 3.98 (m, 2H), 4.02 (s,
3H), 3.79 (dq, J = 16.3, 8.3 Hz, 1H), 3.72 - 3.65 (m, 1H), 3.65 - 3.59 (m, 1H), 2.28 - 2.09 (m,
1H), 2.02 - 1.92 (m, 1H). "F NMR (376 MHz, Chloroform-d) & -69.87 (t, J = 8.8 Hz, 3F), -
108.85 (p, ] = 7.5 Hz, 1F), -112.05 (t, J = 6.9 Hz, 2F). LCMS-ESI" (m/7): [M+H]" calculated
for CHagFsN30s: 520.13; found: 520.34.

Step 6
To a solution of compound 32-F (139 mg, 0.268 mmol) in MeCN (3 mL) was added MgBr»

(129 mg, 0.701 mmol) at room temperature and the resulting mixture was stirred at 50°C bath

for 30 min. The reaction mixture was stirred at 0°C and as 1 N HCl (~1 mL) was added to
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make the mixture a solution. The resulting solution was further diluted with water before the
product was extracted with dichloromethane (x 3). The combined extracts were dried
(NaSOy) and concentrated. The residue was purified by column chromatograpy on silica gel
(24 g column) using dichloromethane - 20% MeOH in dichloromethane as eluents to get
compound 32. '"H NMR (400 MHz, Chloroform-d) 6 11.84 (s, 1H), 10.27 (t, ] = 5.9 Hz, 1H),
8.41 (s, 1H), 6.83 - 6.49 (m, 2H), 5.08 (dq, J = 15.6, 9.2 Hz, 1H), 4.76 - 4.54 (m, 2H), 4.45 (s,
1H), 4.39 (d, J = 14.0 Hz, 1H), 4.21 - 4.12 (m, 1H), 4.08 - 4.00 (m, 1H), 3.80 (dt, J = 15.9,
8.0 Hz, 1H), 3.75 - 3.60 (m, 2H), 2.17 (d, ] = 12.8 Hz, 1H), 1.93 (d, J = 13.0 Hz, 1H). “F
NMR (376 MHz, Chloroform-d) 6 -69.10 (t, J = 8.5 Hz, 3F), -108.95 (s, 1F), -111.36 - -

112.46 (m, 2F). LCMS-ESI" (m/7): [M+H]" calculated for C»;H;3FsN3Os: 506.12; found:
506.31.
Example 33
Preparation of compound 33

1) EtOTf, NaH

2) KOH .

3) 2,4,6-F3BnBr

HATU, DIPEA

Step 1

To a mixture of compound 32-E (132 mg, 428 mmol) and 60% NaH (75 mg, 1.875 mmol)
was added THF (2 mL) and DMF (1 mL) at room temperature. After 5 min, EtOTf (0.17 mL,
1.311 mmol) was added. After 1 h, additional 60% NaH (35 mg, 0.875 mmol) and EtOTf
(0.08 mL, 0.617 mmol) were added. After 30 min, water (0.5 mL) was added to the reaction
mixture. After 30 min, the reaction mixture was concentrated and the residual residue was
coevaporated with toluene (x 1) to get the crude acid.

A mixture of the crude acid, 2,4,6-trifluorobenzylamine (833 mg, 0.515 mmol), and HATU

(327 mg, 0.860 mmol) in dichloromethane (4 mL) was stirred at room temperature as DIPEA
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(0.55 mL, 3.158 mmol) was added. After 30 min, the reaction mixture was diluted with ethyl
acetate, washed with saturated NH4Cl (x 2), water (x 1), saturated NaHCO; (x 2), and brine
(x 1). After the aqueous fractions were extracted with ethyl acetate (x 1), two organic
fractions were combined, dried (Na,SO,4) and concentrated. The residue was purified by
preparative HPLC and the product containing fractions were pooled and concentrated to
remove MeCN. The remained aqueous mixture was neutralized with sodium bicarbonate,
diluted with brine, and the product was extracted with dichloromethane (x 3). After the
extracts were washed with water (x 1), the organic fractions were combined, dried (Na;SO,),
and concentrated to get compound 33-B.

'H NMR (400 MHz, Chloroform-d) § 10.51 - 10.17 (m, 1H), 8.44 (s, 1H), 6.66 (t, ] = 8.1 Hz,
2H), 4.74 - 4.54 (m, 2H), 4.33 (dt, J = 8.2, 3.6 Hz, 1H), 4.11 (dt, J = 15.3, 7.6 Hz, 1H), 4.03
(s, 3H), 4.01 (m, 1H), 3.84 (dq, J = 8.2, 5.0, 3.8 Hz, 2H), 3.67 (dtd, J = 11.9, 8.9, 7.7, 4.1 Hz,
2H), 3.37 (dq, J = 14.2, 7.1 Hz, 1H), 2.37 (dtd, J = 13.3, 9.0, 4.0 Hz, 1H), 2.05 (dd, J = 8.0,
3.9 Hz, 1H), 1.23 (t, ] = 7.1 Hz, 3H). °F 19F NMR (376 MHz, Chloroform-d) & -108.99 (p,
J =7.5 Hz, 1F), -111.82 - -112.20 (m, 2F). LCMS-ESI" (m/7): [M+H]" calculated for
CooHysF3N305: 466.16; found: 466.24.

Step 2
To a solution of compound 33-B (32 mg, 0.062 mmol) in MeCN (3 mL) was added MgBr,

(34 mg, 0.185 mmol) at room temperature and the resulting mixture was stirred at 50°C bath.
After 30 min, the reaction mixture was stirred at 0°C and added 1 N HCI (~1 mL) to make the
mixture a solution. The resulting solution was further diluted with water before the product
was extracted with dichloromethane (x 3). The combined extracts were dried (Na;SO,4) and
concentrated. The residue was purified by preparative HPLC and freeze-dried to get
compound 33 as 1:1 mixture with CFsCOOH. 'H NMR (400 MHz, Chloroform-d) & 10.57
(d,J=6.5Hz, 1H), 8.56 (s, 1H), 6.67 (dd, ] = 8.8, 7.5 Hz, 2H), 4.76 - 4.57 (m, 2H), 4.43 (dt,
1=10.7,4.0 Hz, 1H), 4.26 (d, J = 13.6 Hz, 1H), 4.15 (dq, J = 14.6, 7.3 Hz, 1H), 4.05 - 3.92
(m, 2H), 3.76 - 3.61 (m, 2H), 3.42 (dq, ] = 14.2, 7.0 Hz, 1H), 2.40 - 2.16 (m, 1H), 1.99 - 1.88
(m, 1H), 1.26 (t, J = 7.2 Hz, 3H). “’F NMR (376 MHz, Chloroform-d) & -76.38 (s, 3F), -
108.50 (ddd, J = 15.2, 8.8, 6.5 Hz, 1F), -112.04 (t, J = 7.1 Hz, 2F). LCMS-ESI" (m/7):
[M+H]" calculated for C»;Hs F5sN3Os: 452.14; found: 452.43.

Example 34
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Preparation of compound 34

o o) F

1) CHF,CH,OTf, NaH l"'-(\N SN

2) KOH . N

3) 2,4,6-F4BnBr F X
HATU, DIPEA o

Step 1
5 To a mixture of compound 32-E (162mg, 0.525 mmol) and 60% NaH (90 mg, 2.25 mmol)

was added DMF (4 mL) at 0°C. After 20 min, CHF,CH,OTT (~0.22 mL, 360 mg, 1.681
mmol) was added. After stirring at room temperature for ~15 min, the reaction mixture was
stirred at 0°C and added 1 N KOH (1 mL). After 10 min, the mixture was acidified with
concentrated HCI (0.35 mL), and concentrated to almost drynessto get the crude acid.

10 A mixture of the crude acid, 2,4,6-trifluorobenzylamine (95 mg, 0.590 mmol), and HATU
(400 mg, 1.052 mmol) in dichloromethane (5 mL) was stirred at room temperature as DIPEA
(0.65 mL, 3.732 mmol) was added. After 20 min, the reaction mixture was diluted with ethyl
acetate, washed with saturated NH4Cl (x 2), water (x 1, + some brine), saturated NaHCO3 (x
2), and brine (x 1). After the aqueous fractions were extracted with ethyl acetate (x 1), two

15 organic fractions were combined, dried (Na;SQy,), and concentrated. The residue was
purified by column chromatograpy on silica gel (40 g column) using hexane - ethyl acetate -
20% MeOH in ethyl acetate as eluents to get compound 34-B. "H NMR (400 MHz,
Chloroform-d) & 10.30 (t, ] = 5.9 Hz, 1H), 8.44 (s, 1H), 6.73 - 6.56 (m, 2H), 6.03 (dddd, J =
57.1,54.5,6.4,2.2 Hz, 1H), 4.73 - 4.50 (m, 3H), 4.42 - 4.23 (m, 2H), 4.03 (s, 3H), 3.98 (m,

20 2H), 3.65 (ddt, ] =21.7, 14.4, 4.9 Hz, 3H), 2.31 - 2.15 (m, 1H), 1.99 (dd, J = 14.0, 3.8 Hz,
1H). ""F NMR (376 MHz, Chloroform-d) & -108.79 (dq, J = 14.7, 7.2, 6.5 Hz, 1F), -112.08
(t,J=7.0Hz, 2F), -120.33 (ddt, ] = 291.1, 54.4, 8.1 Hz, 1F), -123.23 (dddd, J = 290.8, 57.2,
26.6, 13.6 Hz, 1F). LCMS-ESI" (m/7): [IM+H]" calculated for C»,H,FsN3Os: 502.14; found:
502.19.
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Step 2
To a solution of compound 34-B (86 mg, 0.172 mmol) in MeCN (3 mL) was added MgBr,

(84mg, 0.456 mmol) at room temperature and the resulting mixture was stirred at 50°C bath.
After 30 min, the reaction mixture was stirred at 0°C and 1 N HC1 was added to make the
mixture a solution. The resulting solution was further diluted with water before the product
was extracted with dichloromethane (x 3). The combined extracts were dried (Na;SO,4) and
concentrated. The residue was purified by column chromatograpy on silica gel (12 g column)
using dichloromethane - 20% MeOH in dichloromethane and the product containing fractions
were pooled and freeze-dried to get compound 34."H NMR (400 MHz, Chloroform-d) &
12.02 (s, 1H), 10.27 (t, J = 5.8 Hz, 1H), 8.39 (s, 1H), 6.78 - 6.49 (m, 2H), 6.07 (dddd, J =
56.8, 54.3, 6.3, 2.2 Hz, 1H), 4.69 (dd, J = 14.5, 5.9 Hz, 1H), 4.59 (dd, J = 14.5, 5.6 Hz, 1H),
4.52 (ddd, J = 15.3,9.9, 2.3 Hz, 1H), 4.47 - 4.34 (m, 2H), 4.02 (dt, ] = 12.0, 3.7 Hz, 1H), 3.75
-3.59 (m, 3H), 2.21 (tq, J = 11.0, 4.7 Hz, 1H), 1.97 - 1.86 (m, 1H). "’F NMR (376 MHz,
Chloroform-d) & -108.99 (ddd, J = 15.0, 8.9, 6.4 Hz, 1F), -112.11 (t, J = 7.0 Hz, 2F), -119.30
--120.56 (ddt, J =293.0, 52.7, 9.4 Hz, 1F), -122.96 (dddd, J = 293.0, 57.3, 25.9, 13.9 Hz,
1F). LCMS-ESI" (m/7): [M+H]" calculated for C»;H19F5sN30s5: 488.12; found: 488.34.

Example 35

Preparation of compound 35

(o) @) 0]
1) BzOH, PPh3, DIAD _ . 1) phthalimide, PPhs, DIAD _
: OH  2) KOH - ‘OH  2) (NH,), : NH,

NHBoc NHBoc NHBoc

32-B 35-B 35-C
D
1) CF4CH,OTf, NaH
‘,, ~
6-B,NaHCO;_ 1) Hcl N " "0 _2)KkoH _
EIOH. H,0 ~ 2 pey~ HNA 3) 2,4,6-F4BnBr
2 ) DBU 0 HATU, DIPEA
0 O
10-A
5 W A B P
2, 7
o SN N/\/©\ MgBr, F O ONT N/j@\
F H F N H
F>K/N\,(Q;foL F F F>K/ NS0 F
0 O O OH
35.E 35
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Step 1
A mixture of compound 32-B (2086 mg, 9.601 mmol), benzoic acid (2006 mg, 16.43 mmol),

and triphenylphosphine (5560 mg, 21.2 mmol) in THF (40 mL) was stirred at 0°C bath as
DIAD (4.35 mL, 22.09 mmol) was added After 5 min at 0°C, the mixture was stirred at room
temperature for 22 h. The solution was concentrated and the residual syrup was partially
purified by Column chromatograpy on silica gel (120 g column) using ethyl acetate - hexanes
as eluents to get a major fraction (5.324 g).

The major fraction was dissolved in THF (20 mL) and MeOH (20 mL) and stirred at 0°C as 1
N KOH (10 mL) was added. After 1.25 h stirring at 0°C, the solution was stirred at room
temperature for 1 h. The solution was concentrated to ~1/2 volume and diluted with water (to
~ 100 mL) before extraction with dichloromethane (2 x ~100 mL). After the extracts were
washed with water (x 1), the combined organic fractions were dried (Na,SO,4) and
concentrated. The residue was purified by column chromatograpy on silica gel (120 g
column) using hexanes — ethyl acetate as eluents to get compound 35-B. 'H NMR (400 MHz,
Chloroform-d) & 5.12 (s, 1H), 3.96 (dt, J = 8.1, 3.8 Hz, 1H), 3.84 (dt, J = 10.6, 5.0 Hz, 2H),
3.70(dd,J=11.9,5.2 Hz, 1H), 3.57 (dd, ] = 11.5, 3.1 Hz, 1H), 3.47 (ddd, J = 11.8, 8.3, 3.6
Hz, 1H), 2.71 (s, 1H), 1.94 - 1.78 (m, 1H), 1.72 (dtd, J = 13.7, 8.4, 4.1 Hz, 1H), 1.44 (s, 9H).
LCMS-ESI" (m/z): [IM+H-C4H;g]" calculated for CsH1oNO4: 162.08; found: 161.90

Step 2
A mixture of compound 35-B (1824 mg, 8.395 mmol), phthalimide (2017 mg, 13.71 mmol),

and PPh; (4872 mg, 18.58 mmol) in THF (50 mL) was stirred at 0°C bath as DIAD (3.75 mL,
19.05 mmol) was added dropwise. After addition, the mixture was stirred at 0°C for 30 min
and then at room temperature overnight. The mixture was concentrated to syrup, dissolved in
ether (~200 mL) and the insoluble material was filtered. The filtrate was concentrated and
the filtrate was concentrated. The residue was purified by column chromatograpy on silica
gel (120 g column) using hexanes-ethyl acetate as eluents to get impure phthalimide product.
LCMS-ESI* (m/7): [IM+H-C4Hg]" calculated for C14H;sN>Os: 291.10; found: 291.08

To a solution of impure phthalimide product (3.309 g) in ethanol (50 mL) was added
hydrazine hydrate (1.65 mL, 33.92 mmol) at room temperature and the resulting solution was
stirred at 70°C bath for 3 h. The mixture was diluted with ether, stirred at room temperature,
and filtered off the insoluble material. The filtrate was concentrated. The residue was

dissolved in water with some 1 N HCI and washed with ethyl acetate (x 1). The aqueous
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fraction was neutralized with aqueous NaHCOj solution, and then extracted with
dichloromethane (x 3) and discarded. The aqueous fraction was saturated with NaCl and
extracted again with dichloromethane (x 6), combined, dried (Na,SOy4), and concentrated to
get compound 35-C. LCMS-ESI" (m/7): [M+H-C4H;]" calculated for CeHi3N,Os: 161.09;
found: 161.00.

Step 3
The mixture of compound 6-B (810 mg, 3.345 mmol), compound 35-C (724 mg, 3.348

mmol), and NaHCO5 (566 mg, 6.738 mmol) in water (6 mL) and EtOH (8 mL) was stirred at
room temperature. After 30 min, the reaction mixture was concentrated to remove most of
solvent and the residue was dissolved in dichloromethane (100 mL).The resulting mixture
was dried (MgSQy), and concentrated.

The concentrated residue was dissolved in dichloromethane (3 mL) and treated with 4 N HCl
in dioxane (10 mL). After 2h, the mixture was concentrated and dried in vacuum.

The concentrated residue and DBU (2.5 mL, 42.64 mmol) were dissolved in MeOH (20 mL)
and stirred at 50°C bath. After 15 min, the solution was concentrated and the residue was
triturated with dichloromethane (20 mL) with heating. The mixture was filtered and the
insoluble compound 10-A was collected. The filtrate was purified by column chromatograpy
on silica gel (80 g column) using ethyl acetate - 20% MeOH in ethyl acetate as eluentsto get
compound 10-A. Two crops of compound 10-A were combined and triturated with methanol
(25 mL) at room temperature for 1.5 h and then at 0 °C for 30 min before filtration. The
solids were washed with methanol and dried in vacuum overnight to get compound 10-A. 'H
NMR (400 MHz, Chloroform-d) 6 8.23 (s, 1H), 6.01 (d, J = 4.5 Hz, 1H), 4.38 - 4.27 (m, 1H),
4.21-4.13 (m, 1H), 4.10(d, J = 1.2 Hz, 3H), 3.97 - 3.90 (m, 1H), 3.92 (s, 3H), 3.69 - 3.57
(m, 2H), 3.36 (t, ] = 10.7 Hz, 1H), 2.48 (d, J = 12.7 Hz, 1H), 2.04 (dd, J = 11.5, 5.2 Hz, 1H).
LCMS-ESI* (m/7): [M+H]" calculated for C14H;7N>Og: 309.11; found: 309.06

Step 4
To a mixture of compound 10-A (133 mg, 0.431 mmol) and 60% NaH (92 mg, 2.300 mmol)

was added DMF (3 mL) at 0°C. After 15 min, CF;CH,OTTf (0.25 mL, 1.735 mmol) was
added. After stirring 2 h at room temperature, the reaction mixture was stirred at 0°C and 1 N
KOH (0.9 mL) was added. After 30 min, the resulting mixture was acidified with

concentrated HCI (0.35 mL) and the mixture was concentrated to almost dryness.
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A mixture of the above residue, 2,4,6-trifluorobenzylamine (182 mg, 0.509 mmol), and
HATU (343 mg, 0.902 mmol) in dichloromethane (4 mL) was stirred at room temperature as
DIPEA (0.55 mL, 3.158 mmol) was added. After 20 min, the reaction mixture was diluted
with ethyl acetate, washed with saturated NH4ClI (x 2), water (x 1), saturated NaHCQO; (x 2),
and brine (x 1). After the aqueous fractions were extracted with ethyl acetate (x 1), two
organic fractions were combined, dried (Na;SQ,), and concentrated. The residue was purified
by preparative HPLC. The product containing fractions were pooled and concentrated to
remove acetonitrile, neutralized with saturated NaHCO3, and the organic product was
extracted with dichloromethane (x 3), combined, dried (Na,SO4) and concentrated to get
compound 35-E. "H NMR (400 MHz, Chloroform-d) § 10.29 (d, I = 6.8 Hz, 1H), 8.66 - 8.42
(m, 1H), 6.78 - 6.53 (m, 2H), 4.85 (dq, J = 17.8, 9.1 Hz, 1H), 4.64 (qd, J = 14.5, 5.4 Hz, 2H),
4.51-4.41 (m, 1H), 4.35 - 4.24 (m, 1H), 4.06 (td, J = 11.0, 4.7 Hz, 1H), 4.01 (s, 3H), 3.77
(td, J =10.3, 4.6 Hz, 1H), 3.63 - 3.45 (m, 2H), 3.38 (t, ] = 10.7 Hz, 1H), 2.57 (d, ] = 12.2 Hz,
1H), 2.06 (qd, J = 12.3, 5.3 Hz, 1H). ’FNMR (376 MHz, Chloroform-d) & -69.94 (t, ] = 8.6
Hz, 3F), -109.00 (t, ] = 8.2 Hz, 1F), -111.70 - -112.47 (m, 2F). LCMS-ESI" (m/7): [M+H]"
calculated for Cy,H,FsIN3O5: 520.13; found: 520.18

Step 5
To a solution of compound 35-E (42 mg, 0.081 mmol) in MeCN (3 mL) was added MgBr»

(42 mg, 0.228 mmol) at room temperature and the resulting mixture was stirred at 50°C bath.
After 15 min, the reaction mixture was stirred at 0°C and 1 N HCI (~0.6 mL) was added to
make the mixture a solution. The resulting solution was further diluted with water before the
product was extracted with dichloromethane (x 3). The combined extracts were dried
(NaSOy) and concentrated. The residue was purified by column chromatograpy on silica gel
(12 g column) using dichloromethane - 20% MeOH in dichloromethane to obtain compound
35."H NMR (400 MHz, Chloroform-d) & 10.32 (s, 1H), 8.54 (s, 1H), 6.77 - 6.49 (m, 2H),
4.72 - 4.55 (m, 3H), 4.48 (dd, J = 10.9, 4.3 Hz, 1H), 4.32 (dt, ] = 12.1, 3.0 Hz, 1H), 4.14 (td, J
=11.5,11.0, 4.1 Hz, 1H), 3.83 (td, ] = 10.3, 4.3 Hz, 1H), 3.72 (dq, J = 16.8, 8.9, 8.5 Hz, 1H),
3.66 - 3.54 (m, 1H), 3.43 (t, ] = 10.7 Hz, 1H), 2.65 (d, J = 12.5 Hz, 1H), 2.09 (qd, J = 12.§,
12.4,5.5 Hz, 1H). ’FNMR (376 MHz, Chloroform-d) § -69.17 (t, ] = 8.4 Hz, 3F), -108.90
(h,1=7.9,6.9Hz, 1F), -111.77 - -112.55 (m, 2F). LCMS-ESI" (m/z): [M+H]" calculated for
Co1Hi3FsN30Os: 506.12; found: 506.25

137



WO 2016/106237 PCT/US2015/067155

Example 36

Preparation of compound 36

?/\: o E
1) CHF,CH,OTf, NaH ¢ (\N N
2) KOH . \
3) 3-Cl-2,4-F,BnBr F N
HATU, DIPEA
O O

5 Step 1
To a mixture of compound 32-E (148 mg, 0.480 mmol) and 60% NaH (77 mg, 1.92 mmol)

was added DMF(3 mL) at 0 °C. After 20 min, CHF,CH,OTf (360 mg, 1.681 mmol) was
added. After stirring at room temperature for ~30 min, the reaction mixture was stirred at 0°C
and 1 N KOH (0.5 mL) was added to the mixture. After 10 min, the reaction mixture was

10 acidified with of concentrated HCI (0.35 mL) and concentrated to almost dryness.
A mixture of the above residue, 3-chloro-2,4-difluorobenzylamine (103 mg, 0.580 mmol),
and HATU (385 mg, 1.013 mmol) in dichloromethane (5 mL) was stirred at room
temperature as DIPEA (0.7mL, 4.019 mmol) was added. After 30 min, the reaction mixture
was diluted with ethyl acetate, washed with saturated NH4CI (x 2), water (x 1, + some brine),

15 saturated NaHCO; (x 2), and brine (x 1). After the aqueous fractions were extracted with
ethyl acetate (x 1), two organic fractions were combined, dried (Na,SOy), and concentrated.
The residue was purified by column chromatograpy on silica gel (40 g column) using Hexane
- ethyl acetate - 20% MeOH in ethyl acetate as eluents to obtain compound 36-B. 'H NMR
(400 MHz, Chloroform-d) & 10.42 (t, ] = 6.1 Hz, 1H), 8.49 (s, 1H), 7.36 - 7.18 (m, 1H), 6.92

20 (td,J=28.5,1.9 Hz, 1H), 6.04 (dddd, J =57.1, 54.4, 6.4, 2.2 Hz, 1H), 4.78 - 4.50 (m, 3H),
4.43 - 4.20 (m, 2H), 4.05 (s, 3H), 4.04 - 3.91 (m, 2H), 3.65 (dddd, J = 15.1, 13.8, 7.3, 4.4 Hz,
3H), 2.35 - 2.13 (m, 1H), 2.13 - 1.93 (m, 1H). ’FNMR (377 MHz, Chloroform-d) & -114.75
(q,J=5.3,3.8Hz, 1F), -117.28 (d, ] = 7.7 Hz, 1F), -120.31 (ddt, ] = 291.4, 54.6, 8.1 Hz, 1F),
-123.21 (dddd, J = 290.8, 57.4, 26.5, 13.9 Hz, 1F). LCMS-ESI" (m/7): [M+H]" calculated for
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C22H21C1F4N305Z 51811, found: 518.30

Step 2
To a solution of compound 36-B (85 mg, 0.164 mmol) in MeCN (3 mL) was added MgBr,

(83mg, 0.451 mmol) at room temperature and the resulting mixture was stirred at 50 °C bath.
After 30 min, the reaction mixture was stirred at 0 °C and 1 N HCI (~1 mL) was added to
make the mixture a solution. The resulting solution was further diluted with water before the
product was extracted with dichloromethane (x 3). The combined extracts were dried
(NaSOy) and concentrated. The residue was purified by preparative HPLC and the product
containing fractions were pooled and freeze-dried to get compound 36. 'H NMR (400 MHz,
Chloroform-d) & 10.59 (t, J = 6.1 Hz, 1H), 11 - 9 (br, 1H), 8.70 (s, 1H), 7.42 - 7.15 (m, 1H),
6.94 (td, J = 8.5, 1.8 Hz, 1H), 6.30 - 5.82 (m, 1H), 4.77 - 4.41 (m, 6H), 4.15 (d, ] = 3.5 Hz,
1H), 4.06 (dd, J = 11.3, 4.3 Hz, 1H), 3.70 (td, J = 12.5, 6.0 Hz, 3H), 2.31 - 2.08 (m, 1H), 1.96
(dd, T = 13.3, 3.8 Hz, 1H). ’FNMR (376 MHz, Chloroform-d) § -76.41 (s, 3F), -114.13 (d, J
=7.7Hz, 1F), -117.04 (s, 1F), -119.86 (ddt, ] =293.4, 54.4, 8.6 Hz, 1F), -122.96 (dddd, J =
293.0,56.7, 24.7, 14.3 Hz, 1F). LCMS-ESI" (m/z): [M+H]" calculated for C,;H;gCIF4N3Os:
504.09; found: 504.30

Example 37

Preparation of compound 37

1) Tf,O, pyridine
2) 32-E. NaH .
" oH 3) KOH
4) 3-Cl-2,4-F,BnBr
HATU, DIPEA

Step 1
A solution of #-PrOH (0.667 mL, 8.964 mmol) and pyridine (0.72 mL, 8.918 mmol) in

dichloromethane (12 mL) was stirred at -40°C bath as triflic anhydride (1.5 mL, 8.918 mmol)

was added dropwise. The bath temperature was warmed to 0°C over 30 min. After then, the
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resulting mixture was stirred at room temperature for 30 min. The mixture was cooled down
to 0°C and the mixture was diluted with anhydrous pentane (12 mL). After 20 min, the
mixture was fltered through celite pad. The filtrate was stored in freezer until used.
(Assuming 100% yield, concentration of the solution was 0.3716 mM.)

To a mixture of compound 32-E (103 mg, 0.334 mmol) and 60% NaH (58 mg, 1.45 mmol)
was added DMF (2 mL) at 0°C. After 15 min, the above solution of n-PrOTT (2.7 mL, ~1.003
mmol) was added. After stirring at 0°C for 30 min, 1 N KOH (0.5 mL) was added to the
mixture. After 1 h, the reaction mixture was acidified with of concentrated HCI (0.35 mL)
and concentrated to almost dryness.

A mixture of the above residue, 2,4,6-trifluorobenzylamine (64 mg, 0.397 mmol), and HATU
(280 mg, 0.736 mmol) in dichloromethane (3 mL) was stirred at room temperature as DIPEA
(0.6 mL, 3.445 mmol) was added. After 20 min, the reaction mixture was diluted with ethyl
acetate, washed with saturated NH4Cl (x 2), saturated NaHCO; (x 2), and brine (x 1). After
the aqueous fractions were extracted with ethyl acetate (x 1), two organic fractions were
combined, dried (Na,SO,), and concentrated. The residue was purified by preparative HPLC.
The product containing fractions were pooled and concentrated to remove acetonitrile,
neutralized with saturated NaHCO; (~2 mL), diluted with brine (20 mL), and the organic
product was extracted with dichloromethane (x 3), combined, dried (Na,SO,) and
concentrated to get compound 37-A. 'H NMR (400 MHz, Chloroform-d) ¢ 10.39 (s, 1H),
8.48 (s, 1H), 6.78 - 6.54 (m, 2H), 4.77 - 4.51 (m, 2H), 4.37 (d, ] = 8.8 Hz, 1H), 4.02 (s, 5H),
3.84 (s,2H), 3.75 - 3.60 (m, 2H), 3.22 (ddd, J = 14.5, 9.5, 5.5 Hz, 1H), 2.36 (d, ] = 12.0 Hz,
1H), 2.03 (dd, J = 11.6, 7.6 Hz, 1H), 1.75 - 1.51 (m, 2H), 0.95 (t, J = 7.4 Hz, 3H). "’FNMR
(376 MHz, Chloroform-d) 6 -108.95 (s, 1F), -111.96 (d, J = 10.7 Hz, 2F). LCMS-ESI"
(m/7): IM+H]" calculated for C»3H,5F3N3Os5: 480.17; found: 480.45

Step 2
To a solution of compound 37-A (26 mg, 0.054 mmol) in MeCN (2 mL) was added MgBr,

(28 mg, 0.152 mmol) at room temperature and the resulting mixture was stirred at 50°C bath.
After 30 min, the reaction mixture was stirred at 0°C and 1 N HC1 (~1 mL) was added to
make the mixture a solution. The resulting solution was further diluted with water before the
product was extracted with dichloromethane (x 3). The combined extracts were dried
(NaSOy) and concentrated. The residue was purified by preparative HPLC and the product
containing fractions were pooled and freeze-dried to get compound 37. 'H NMR (400 MHz,
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Chloroform-d) & 10.52 (t, J = 5.5 Hz, 1H), 8.55 (s, 1H), 6.66 (t, I = 8.2 Hz, 2H), 4.79 - 4.65
(m, 1H), 4.65 - 4.55 (m, 1H), 4.48 (s, 1H), 4.20 (d, T = 12.0 Hz, 1H), 4.05 (dt, ] = 15.5, 8.2
Hz, 1H), 3.97 (d, T = 11.1 Hz, 2H), 3.80 - 3.55 (m, 2H), 3.36 - 3.19 (m, 1H), 2.27 (s, 1H),
1.94 (d, J = 13.0 Hz, 1H), 1.66 (q, J = 7.7 Hz, 2H), 0.98 (¢, ] = 7.2 Hz, 3H). °F NMR (376
MHz, Chloroform-d) § -76.43 (s, 3F), -108.54 (p, ] =7.2 Hz, 1F), -111.64 - -112.56 (m, 2F).
LCMS-ESI" (m/7): [M+H]" calculated for C»H»3F3N30s: 466.16; found: 466.19

Example 38

Preparation of compound 38

1) Tf,0, pyridine
)\ 2) 32-E. NaH
OH

3) KOH
4) 3-CI-2,4-F,BnBr
HATU, DIPEA

Step 1
A solution of i-PrOH (0.685 mL, 8.948 mmol) and pyridine (0.72 mL, 8.929 mmol) in

dichloromethane (12 mL) was stirred at -40 °C as triflic anhydride (1.5 mL, 8.918 mmol) was
added dropwise. The bath temp was warmed to 0°C over 30 min. After then the resulting
mixture was stirred at room temperature for 30 min. The mixture was cooled down to 0°C and
the mixture was diluted with anhydrous pentane (12 mL). After 20 min, the mixture was
fltered through celite pad. The filtrate was stored in freezer until used. (Assuming 100%
yield, concentration of the solution was (.3716 mM.)

To a mixture of compound 32-E (101 mg, 0.328 mmol) and 60% NaH (58 mg, 1.45 mmol)
was added DMF (2 mL) at 0°C. After 10 min, the above solution of -PrOTf (2.7 mL, ~1.003
mmol) was added. After stirring at 0°C for 1.75 h, 1 N KOH (0.5 mL) was added to the
mixture. After 1.25 h, the reaction mixture was acidified with of concentrated HCI (0.35 mL)

and concentrated to almost dryness.
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A mixture of the above residue, 2,4,6-trifluorobenzylamine (64 mg, 0.397 mmol), and HATU
(280 mg, 0.736 mmol) in dichloromethane (3 mL) was stirred at room temperature as DIPEA
(0.6 mL, 3.445 mmol) was added. After 30 min, the reaction mixture was diluted with ethyl
acetate, washed with saturated NH4Cl (x 2), saturated NaHCO;3 (x 2), and brine (x 1). After
the aqueous fractions were extracted with ethyl acetate (x 1), two organic fractions were
combined, dried (Na;SOy,), and concentrated. The residue was purified by preparative HPLC
to get compound 38-A. 'H NMR (400 MHz, Chloroform-d) 6 10.67 (s, 1H), 8.65 (s, 1H),
6.80 - 6.56 (m, 2H), 4.94 - 4.80 (m, 1H), 4.79 - 4.69 (m, 1H), 4.62 (dd, J = 15.0, 4.6 Hz, 1H),
4.47(d, ] =3.6 Hz, 1H), 4.04 (s, 3H), 3.92 - 3.65 (m, 3H), 3.26 (td, ] = 11.5, 10.9, 6.0 Hz,
2H), 2.77 (d, J = 15.6 Hz, 1H), 2.37 (1, = 14.1 Hz, 1H), 1.27 (d, J = 6.7 Hz, 6H). ’FNMR
(376 MHz, Chloroform-d) & -76.30 (s, 3F), -108.39 (ddd, J = 15.1, 8.6, 6.1 Hz, 1F), -112.00
(t, ] = 6.9 Hz, 2F). LCMS-ESI" (im/7): [IM+H]" calculated for C»3H,5F3N305: 480.17; found:
480.23

Step 2
To a solution of compound 38-A (3 mg~0.006 mmol) in MeCN (1 mL) was added MgBr,

(5mg, 0.027 mmol) at room temperature and the resulting mixture was stirred at 50°C bath.
After 30 min, the reaction mixture was stirred at 0°C and 1 N HCI (~0.1 mL) was added to
make the mixture a solution. The resulting solution was further diluted with water (0.3 mL)
and DMF (1 mL), filtered, and purified by preparative HPLC and the product containing
fraction was freeze-dried to get compound 38. 'H NMR (400 MHz, Chloroform-d) & 10.57
(d,J=6.1 Hz, 1H), 8.58 (s, 1H), 6.80 - 6.54 (m, 2H), 4.79 - 4.56 (m, 3H), 4.48 (s, 1H), 3.87
(q,J=8.6,7.0Hz, 3H),3.49 (t,J = 11.9 Hz, 1H), 3.44 - 3.31 (m, 1H), 2.79 (d, ] = 15.9 Hz,
1H), 2.34 (t, I = 14.0 Hz, 1H), 1.35 (d, J = 6.8 Hz, 3H), 1.34 (d, ] = 6.8 Hz, 3H). "FNMR
(376 MHz, Chloroform-d) & -76.38 (s, 3F), -108.68 (d, J = 10.1 Hz, 1F), -112.01 (s, 2F).
LCMS-ESI* (m/7): [IM+H]" calculated for C»,H»F3N3Os: 466.16; found: 466.21
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Example 39

Preparation of compound 39

1) EtOTf, NaH

2) NaOH -

3) 3-Cl-2,4-F,BnBr
HATU, DIPEA

Step 1
To a mixture of compound 32-E (120 mg, 0.389 mmol) and 60% NaH (69 mg, 1.725 mmol)

was added DMF (2 mL) at 0 °C. After 5 min, EtOTf (0.17 mL, 1.311 mmol) was added. After
20 min, 2 N NaOH (0.8 mL) was added to the mixture. After 20 min, the reaction mixture
was acidified with 2 N HCI (~2 mL) and the acidified reaction mixture was concentrated to
almost dryness.

A mixture of the above residue, 3-chloro-2,4-difluorobenzylamine (79 mg, 0.445 mmol), and
HATU (315 mg, 0.829 mmol) in dichloromethane (4 mL) was stirred at room temperature as
DIPEA (0.7mL, 4.019 mmol) was added. After 1 h, the reaction mixture was diluted with
ethyl acetate, washed with saturated NH,4ClI (x 2), saturated NaHCO; (x 2), and brine (x 1).
After the aqueous fractions were extracted with ethyl acetate (x 1), two organic fractions
were combined, dried (Na;SQy), and concentrated. The residue was purified by column
chromatograpy on silica gel (12 g column) using hexane - ethyl acetate - 20% MeOH in ethyl
acetate as eluents to get impure compound 39-A. LCMS-ESI" (m/z): [M+H]" calculated for
Co2Hx3CIF>N3Os: 482.13; found: 482.41

Step 2
To a solution of compound 39-A (43 mg~0.089 mmol) in MeCN (3 mL) was added MgBr,

(44mg, 0.239 mmol) at room temperature and the resulting mixture was stirred at 50°C

bath.After 30 min, the reaction mixture was stirred at 0 °C and 1 N HCI (~0.2 mL) was added
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to make the mixture a solution. The resulting solution was further diluted with water before
the product was extracted with dichloromethane (x 3). The combined extracts were dried
(NaSOy) and concentrated. The residue was purified by preparative HPLC and the product
containing fractions were pooled and freeze-dried to get compound 39. 'H NMR (400 MHz,
5 Chloroform-d) 6 10.68 - 10.40 (m, 1H), 8.52 (s, 1H), 7.36 - 7.20 (m, 1H), 6.93 (td, J = 8.6,
1.9 Hz, 1H), 4.65 (qd, 1 = 15.2, 5.4 Hz, 2H), 4.48 (s, 1H), 4.36 - 4.21 (m, 1H), 4.13 (dq, J =
14.5,7.3 Hz, 1H), 4.05 (s, 1H), 4.00 (d, J = 12.2 Hz, 1H), 3.86 - 3.55 (m, 2H), 3.43 (dq, J =
14.0, 6.9 Hz, 1H), 2.38 - 2.14 (m, 1H), 2.03 - 1.82 (m, 1H), 1.27 (t, ] = 7.1 Hz, 3H). F
NMR (376 MHz, Chloroform-d) 6 -76.43 (s, 3F), -114.60 (s, 1F), -117.24 (d, J = 7.7 Hz, 1F).
10 LCMS-ESI" (m/z): [M+H]" calculated for C»H»;CIF,N3Os: 468.11; found: 468.20

Example 40

Preparation of compound 40a and 40b

0] 0 <\O
<\ H oH 1) NaHCO;, o
° A o D RdC O)O\ _MsCl_
OH Ph 3) CbzCl, Na,CO4 . OH NEt; v OMs

Y COO0 v H
~NH, NHCbz NHCbz
Bn”® 40-C
40-A 40-B
0
<\ 1) PPhy
NaN;, NaOAc @) 2) H,0 _
—_— .
DMF 95 °C v N, 3) 6B, NaHCO;
NHCbz 4) H,, Pd/C
40-D

1) EtOTF, NaH

2) KOH .

3) 2,4,6-F3BnBr
HATU, DIPEA

0O ﬁ/\
’/.,(—\N
~ N ~N
15 Step 1
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Compound 40-A (9.999 g, 24.07 mmol) was dissolved in dichloromethane (100 mL) and
saturated NaHCO; solution (200 mL). After two layers were separated, the aqueous fraction
was extracted with dichloromethane (100 mL). Two organic fractions were washed with
water (x 1), combined, dried (MgSQ,), concentrated, and dried in vaccum.

The dried residue was dissolved in ethanol with 10% Pd/C (2.11 g) and the resulting mixture
was shaken for 20 h under 40~50 psi H, atmosphere. The mixture was filtered through celite
pad, and the filtrate was concentrated to almost dryness.

The residue and Na,CO; (3830 mg, 36.14 mmol) in water (200 mL) was stirred at 0°C as
benzyl chloroformate (4.35 mL, 95% purity, 28.95 mmol) was added. The resulting mixture
was stirred at room temperature for 67 h and the product was extracted with dichloromethane
(100 mL x 3). The extracts were washed with water (x 1) before combining, drying (Na;SO,)
and concentration.

The residue was purified by column chromatograpy on silica gel (120 g column) using
hexanes — ethyl acetate as eluents to get compound 40-B. 'H NMR (400 MHz, Chloroform-
d) 8 7.44 - 7.28 (m, SH), 5.45 (d, J = 8.2 Hz, 1H), 5.10 (d, J = 4.3 Hz, 2H), 3.94 (m, 4H), 3.87
-3.74 (m, 1H), 3.65 (m, 1H), 2.14 (ddd, J = 13.2, 4.6, 1.8 Hz, 1H), 1.93 (dq, J = 12.5, 4.0 Hz,
1H), 1.87 - 1.75 (m, 1H), 1.68 (ddd, J = 12.4, 10.1, 5.7 Hz, 1H), 1.62 - 1.47 (m, 2H). LCMS-
ESI" (m/7): [IM+H]" calculated for C;4H»NOs: 308.15; found: 307.89

Step 2
A solution of compound 40-B (1066 mg, 3.468 mmol) and triethylamine (0.59mL, 4.233

mmol) in dichloromethane (12 mL) was stirred at 0°C as methanesulfonyl chloride (0.3 mL,
3.876 mmol) was added dropwise. After 20 min at 0°C, the mixture was stirred at room
temperature for 30 min and the reaction mixture was diluted with ethyl acetate and washed
with water (x 2). After the aqueous fractions were extracted with ethyl acetate (x 1), the
organic fractions were combined, dried (Na;SQ,), and concentrated. The residue was
purified by column chromatograpy on silica gel (40 g column) using hexanes - ethyl acetate
as eluents to get compound 40-C. "H NMR (400 MHz, Chloroform-d) § 7.46 - 7.29 (m, 5H),
5.86 (s, 1H), 5.10 (q, J = 12.2 Hz, 2H), 4.68 (s, 1H), 4.06 (s, 1H), 4.00 - 3.85 (m, 4H), 3.07 (s,
3H), 2.24 - 2.10 (m, 1H), 2.06 (q, J = 6.5, 4.3 Hz, 2H), 1.86 (d, J = 11.9 Hz, 1H), 1.75 - 1.57
(m, 2H). LCMS-ESI" (m/z): [IM+H]" calculated for C;7H24sNO-S: 386.13; found: 386.04

Step 3
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A mixture of compound 40-C (1282 mg, 3.326 mmol), NaOAc (547 mg, 6.668 mmol), and
sodium azide (441 mg, 6.784 mmol) in DMF (6 mL) was stirred at 95°C bath for 9 h. The
mixture was diluted with water and the product was extracted with ethyl acetate (x 2). After
the extracts were washed with water (x 1), combined, dried (Na,SQ,), and concentrated, the
residue was purified by column chromatograpy on silica gel (80 g column) using hexanes -
ethyl acetate as eluents to get 40-D. '"H NMR (400 MHz, Chloroform-d) 6 7.43 - 7.28 (m,
S5H), 522 (d,J =9.2 Hz, 1H), 5.11 (s, 2H), 4.08 (t, J = 7.0 Hz, 1H), 3.93 (dd, J = 4.6, 2.7 Hz,
4H), 3.83 (s, 1H), 2.01 - 1.83 (m, 2H), 1.83 - 1.67 (m, 3H), 1.64 - 1.56 (m, 1H). LCMS-ESI"
(m/z): IM+H]" calculated for C14H»1N4O4: 333.16; found: 332.83

Step 4
A solution of compound 40-D (680 mg, 2.046 mmol) and triphenylphosphine (600 mg, 2.288

mmol) in THF (10 mL) was stirred at room temperature for 18 h and water (2 mL) was
added. The mixture was refluxed at 70°C bath for 4 h and concentrated and dried in vaccum
for 30 min. After the residue was dissolved in dichloromethane (~50 mL) and dried (MgSO,),
insoluble material was filtered off and the filtrate was concentrated.

The mixture of the concentrated residue, compound 6-B (496mg, 2.048 mmol), and NaHCO5
(345 mg, 4.107 mmol) in water (3 mL) and MeOH (6 mL) was stirred at room temperature
for 5 h. The mixture was concentrated and dried in vacuum for 30 min. The residue was
triturated with methanol (~20 mL) and stirred in 50°C bath for 5.5 h. The resulting mixture
was concentrated and the residue was dissolved in dichloromethane and dried (MgSQy).
After the insoluble material was filtered off, the filtrate was concentrated.

The concentrated residue and 10% Pd/C (140 mg) in ethanol (30 mL) was stirred under H,
atmosphere. After 2 h, more Pd/C (400 mg) was added. After another hour, more Pd/C
(700mg) was added. After additional 1.25 h, more Pd/C (580 mg) was added. The mixture
was stirred overnight under H, atmosphere. The mixture was filtered and concentrated. The
residue was purified by column chromatograpy on silica gel (40 g column) using ethyl acetate
- 20%MeOH in ethyl acetate as eluents to get compound 40-E. 'H NMR (400 MHz,
Methanol-d4) 6 8.56 (s, 1H), 4.54 - 4.42 (m, 1H), 4.22 (m, 1H), 4.12 - 4.02 (m, 1H), 4.00 -
3.88 (m,3H), 3.92 (s, 3H), 3.86 (s, 3H), 2.15 (td, I = 12.7, 4.1 Hz, 1H), 2.05 (m, 2H), 2.03 -
1.94 (m, 1H), 1.86 (d, J = 13.9 Hz, 1H), 1.78 (td, J = 13.4, 4.0 Hz, 1H). LCMS-ESI" (m/z):
[M+H]" calculated for C17H»;N>O7: 365.13; found: 365.17
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Step 5
To a mixture of compound 40-E (49 mg, 0.134 mmol) and 60% NaH (25 mg, 0.625 mmol)

was added DMF (2 mL) at 0°C. After 15 min, EtOTf (0.06 mL, 0.463 mmol) was added.
After 20 min, 1 N KOH (0.2 mL) was added to the reaction mixture. After 20 min, the
reaction mixture was acidified with 2 N HCI (~2 mL) and the acidified reaction mixture was
concentrated to remove all the solvents. The residue was purified by preparative HPLC to get
28 mg (55%) of the acid.

A mixture of the acid, 2,4,6-trifluorobenzylamine (25 mg, 0.155 mmol), and HATU (90 mg,
0.237 mmol) in dichloromethane (3 mL) was stirred at room temperature as DIPEA (0.3 mL,
1.722 mmol) was added. After 30 min, the reaction mixture was diluted with ethyl acetate,
washed with saturated NH4Cl (x 2), saturated NaHCOj; (x 2), and brine (x 1). After the
aqueous fractions were extracted with ethyl acetate (x 1), two organic fractions were
combined, dried (Na,SO,) and concentrated.

The residue was purified by prep HPLC to get compound 40-F."H NMR (400 MHz,
Chloroform-d) & 10.75 - 10.48 (m, 1H), 8.58 (s, 1H), 6.80 - 6.45 (m, 2H), 5.25 (s, 1H), 4.73
(dd, J =14.5,5.7 Hz, 1H), 4.60 (dd, J = 14.7, 5.3 Hz, 1H), 4.36 (d, J = 3.3 Hz, 1H), 4.02 (s,
3H), 3.95 (ddd, J =7.0, 5.4, 3.9 Hz, 3H), 3.86 (dq, J = 14.2, 7.2 Hz, 1H), 3.75 (dt, J = 12.5,
3.8 Hz, 1H), 3.29 (dq, J = 14.2,7.1 Hz, 1H), 2.72 (dd, ] = 16.2, 3.5 Hz, 1H), 2.30 - 2.14 (m,
1H), 1.92 (dt, J = 13.4, 3.1 Hz, 1H), 1.76 - 1.64 (m, 1H), 1.55 (t, J = 12.9 Hz, 1H), 1.45 (td, J
= 14.3,3.5 Hz, 1H), 1.27 (t, ] = 7.1 Hz, 3H). "’F NMR (376 MHz, Chloroform-d) § -76.37
(s, 3F), -108.71 (ddd, ] = 15.0, 8.8, 6.3 Hz, 1F), -111.97 (t, ] = 6.9 Hz, 2F). LCMS-ESI"
(m/z): [IM+H]" calculated for CosH»7F3N3Og: 522.19; found: 522.25

Step 6
To a solution of compound 40-F (10 mg, 0.01574 mmol) in MeCN (1 mL) was added MgBr,

(10mg, 0.054 mmol) at room temperature and the resulting mixture was stirred at 50°C. After
~25 min, the reaction mixture was stirred at 0°C and 0.1 N HCI (~3-4 drops) was added to the
mixture to make the mixture a solution. The resulting solution was diluted with DMF,
filtered, and the filtrate was purified by preparative HPLC and two fractions containing
product, respectively, were freeze-dried to get compound 40a and compound 40b,
respectively.

Compound 40a: 'H NMR (400 MHz, Chloroform-d) & 10.50 (s, 1H), 8.68 (s, 1H), 6.67 (t, ] =
8.1 Hz, 2H), 4.67 (q, J = 15.6, 15.1 Hz, 3H), 4.32 (s, 2H), 4.11 (s, 1H), 3.39 - 3.07 (m, 1H),
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2.97 - 2.40 (m, 4H), 2.30 (s, 1H), 1.25 (dd, ] = 8.7, 6.8 Hz, 3H). YFNMR (376 MHz,
Chloroform-d) § -76.36 (s, 3F), -108.47 (s, 1F), -112.01 (s, 2F). LCMS-ESI" (m/z): IM+H]"
calculated for C»yH»3F3N3Os5: 464.14; found: 464.17

Compound 40b: "H NMR (400 MHz, Chloroform-d) & 10.56 (s, 1H), 8.57 (s, 1H), 6.66 (dd, J
=8.7,7.5 Hz, 2H), 4.67 (d, ] = 5.2 Hz, 2H), 4.37 (s, 1H), 4.07 - 3.90 (m, 5H), 3.86 (d, J =
11.7 Hz, 1H), 3.21 (dd, J = 13.9, 7.0 Hz, 1H), 2.76 (d, ] = 15.7 Hz, 1H), 2.20 (t, ] = 14.4 Hz,
1H), 1.98 (d,J = 13.1 Hz, 1H), 1.75 (d, J = 14.3 Hz, 1H), 1.64 (q, ] = 12.2 Hz, 2H), 1.29 (¢, J
=7.2 Hz, 3H). "’F NMR (376 MHz, Chloroform-d) & -76.36 (s, 3F), -108.92 (s, 1F), -111.96
(s, 2F). LCMS-ESI* (m/z): [IM+H]" calculated for Co4H»5F3N30g: 508.17; found: 508.19

Example 41

Preparation of compound 41

1) EtOTf, NaH

2) KOH .

3) 2,4-F,BnBr
HATU, DIPEA

Step 1

Intermediate 41-B was prepared in a manner similar to 39-A substituting 2,4-
difluorobenzylamine for 3-chloro-2,4-difluorobenzylamine: '"H NMR (400 MHz,
Chloroform-d) & 10.46 (s, 1H), 8.48 (s, 1H), 7.44 - 7.29 (m, 1H), 6.90 - 6.68 (m, 2H), 4.62
(dt,J =4.9, 1.9 Hz, 2H), 4.36 (s, 1H), 4.28 (q, J =7.1 Hz, 1H), 4.13 (dq, 1 = 9.9, 7.1 Hz, 1H),
4.05 (s, 3H), 3.85 (t, ] = 6.4 Hz, 2H), 3.76 - 3.59 (m, 2H), 3.38 (dqd, ] = 14.1, 7.0, 2.7 Hz,
1H), 2.39 (dd, J = 14.6, 7.9 Hz, 1H), 2.04 (s, 1H), 1.25 (td, ] = 7.3, 3.2 Hz, 3H). "FNMR
(376 MHz, Chloroform-d) & -112.03 (s, 1F), -114.69 (s, 1F). LCMS-ESI" (m/z): [M+H]"
calculated for CyH4F2N3Os: 448.17; found: 448.18
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Step 2
To a solution of compound 41-B (16 mg, 0.036 mmol) in MeCN (1 mL) was added MgBr,

(17 mg, 0.093 mmol) at room temperature and the resulting mixture was stirred at 50°C bath.
After 30 min, the reaction mixture was stirred at 0°C and 1 N HC1 (~0.1 mL) was added to
make the mixture a solution. The resulting solution was further diluted with water (~0.3 mL)
and DMF (1 mL), filtered, and purified by preparative HPLC. The product containing
fraction was freeze-dried to get compound 41. "H NMR (400 MHz, Chloroform-d) & 10.60
(s, 1H), 8.64 (s, 1H), 7.35(q, J = 7.9 Hz, 1H), 6.83 (q,J = 9.2, 8.7 Hz, 2H), 4.65 (qd, ] = 15.3,
5.3 Hz, 2H), 4.50 (s, 1H), 4.29 (d, J = 13.5 Hz, 1H), 4.16 (dq, ] = 14.6, 7.3 Hz, 1H), 4.02(d, J
=10.0 Hz, 2H), 3.79 - 3.61 (m, 2H), 3.44 (dq, J = 14.1, 7.0 Hz, 1H), 2.26 (q, J = 11.8, 10.7
Hz, 1H), 1.95 (d, J = 13.8 Hz, 1H), 1.27 (t, ] = 7.1 Hz, 3H). ’FNMR (376 MHz,
Chloroform-d) § -76.40 (s, 3F), -111.08 - -111.68 (m, 1F)), -114.43 (q, J = 8.6, 8.0 Hz, 1F).
LCMS-ESI* (m/7): [IM+H] calculated for C»;H,;C1F,N;0s5: 434.15; found: 434.19

Example 42

Preparation of Compound 42

42
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P HoN
L, M 2 O— 0] F
NS woae F E L
NN
5 o HATU, DIEA, DCM P N0 F F
42.C
Steps 7-9 42
Step 1

A solution of (3S,4R)-4-aminotetrahydrofuran-3-ol (1.99 g, 19.3 mmol) in dichloromethane
(100 mL) wunder nitrogen was cooled down to 0°C and treated with N,N-
Diisopropylethylamine (5 ml, 29 mmol) followed by benzyl chloroformate (3 ml, 21 mmol).
The reaction mixture was allowed to gradually warm to room temperature and stirred for 18
hours. The reaction mixture was then washed sequentially with water, saturated NaHCO;3(,q),
and brine, dried over Na,SQ,, filtered, and concentrated to afford benzyl ((3R,45)-4-
hydroxytetrahydrofuran-3-yl)carbamate which was carried forward without further

purification.

Steps 2-3
To a solution of benzyl ((3R,45)-4-hydroxytetrahydrofuran-3-yl)carbamate (1.00 g, 4.2

mmol) and triphenylphosphine (1.32 g, 5.2 mmol) in tetrahydrofuran (20 ml) was added N,N-
diisopropylethylamine (0.75 ml, 4.3 mmol). The mixture was then cooled down to 0°C and
diisopropyl azodicarboxylate (1 ml, 5.1 mmol) was added dropwise. The reaction mixture
was allowed to stir for 10 minutes, at which point diphenyl phosphoryl azide (1.1 ml, 5.1
mmol) was added dropwise and the reaction mixture was allowed to gradually warm to and

stirred for 3 hours.
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The reaction mixture was then recooled down to 0°C and a solution of triphenylphosphine
(1.44 g, 5.5 mmol) in tetrahydrofuran (2 mL) was added dropwise. The reaction solution was
warmed to room temperature and stirred for 2 hours, at which point water (1 mL) was added
and the reaction stirred at 50°C for 18 hours. An additional 1 mL water was added, reaction
temperature raised to 70°C, and stirring continued for 6 hours to drive the reaction to
completion, at which point the reaction solution was cooled down, washed with basified
brine, dried over NaySQy4, filtered, and concentrated. Purification by silica gel
chromatography (0-10% MeOH/DCM) afforded benzyl ((3S,4R)-4-aminotetrahydrofuran-3-

yl)carbamate.

Step 4
A solution of intermediate 42-A (356 mg, 1.47 mmol), benzyl ((3S,4R)-4-

aminotetrahydrofuran-3-yl)carbamate (346 mg, 1.46 mmol), and sodium bicarbonate (260
mg, 3.09 mmol) in 1:1 water:ethanol (10 mL) was stirred at room temperature for 18 hours.
The reaction mixture was concentrated, taken up in methanol (10 mL) and stirred at 50°C for
3 hours to afford complete conversion. The reaction mixture was concentrated, partitioned
between brine and ethyl acetate, and the aqueous phase was extracted three times with ethyl
acetate. The combined organic phases were dried over Na;SQy, filtered, and concentrated to
afford intermediate 42-B which was carried forward without further purification.

Steps 5-6

A solution of intermediate 42-B (151 mg, 0.33 mmol) in N,N-diemethylformamide (1 mL)
was cooled down to 0°C and treated dropwise with a 1M solution of KHMDS in
tetrahydrofuran (0.5 mL, 0.5 mmol). The reaction solution was then warmed to room
temperature, stirred for 15 minutes, treated dropwise with a solution of iodomethane (60 pL,
0.96 mmol) in N,N-dimethylformamide (1 mL), and stirred for an additional 18 hours. The
reaction solution was then partitioned between saturated NH4Clq) and ethyl acetate. The
aqueous phase was extracted three times with ethyl acetate, the combined organic phases
washed with brine, dried over Na>SQy, filtered, and concentrated.

To this crude residue was added 10wt% palladium on carbon (84 mg, 0.08 mmol) and ethanol
(5 mL). The reaction was stirred under 1 atmosphere hydrogen for 18 hours, at which point
LCMS showed complete conversion to intermediate 42-C. The reaction solution was filtered
thru celite and concentrated to afford crude intermediate 42-C which was carried forward

without further purification.
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Steps 7-9

To a solution of intermediate 42-C (0.33 mmol maximum) in 1:1 tetrahydrofuran:ethanol (6
mL) was added a 1M solution of KOH g (0.65 mL). The reaction solution was stirred for 2
hours, diluted with ethyl acetate, acidified with 10% HClq and partitioned between ethyl
acetate and brine. The aqueous phase was extracted three times with ethyl acetate and further
extracted to 2-butanol. The combined organic phases were dried over Na,SQ,, filtered,
concentrated, and carried to the next step as crude.
The residue from the previous step was taken up in dichloromethane (5 mL) and treated
sequentially with (dimethylamino)-N,N-dimethyl(3H-[1,2,3]triazolo[4,5-b]pyridin-3-
yloxy)methaniminium hexafluorophosphate (HATU, 0.16 g, 0.41 mmol), (24.,6-
trifluorophenyl)methanamine (50 pL, 0.41 mmol), and N,N-diisopropylethylamine (240 uL,
1.34 mmol). The reaction mixture was stirred for 30 minutes and then partitioned between
NH4Cl(,q and ethyl acetate. The aqueous phase was extracted three times with ethyl acetate
and the combined organics dried over Na,SO,, concentrated and carried to the next step as
crude.
The residue from the previous step was taken up in acetonitrile (2 mlL), treated with
magnesium bromide (133 mg, 0.72 mmol), and heated up at 50°C for 1 hour. The reaction
was quenched by addition of 0.5M HCl,g), was extracted three times with dichloromethane,
dried over Na,SOy, filtered, concentrated, and purified by silica gel chromatography (0-10%
MeOH/DCM) to afford compound 42. "H NMR (400 MHz, CDCl3) § 12.78 (br s, 1H), 10.28
(t, /=5.6 Hz, 1H), 8.34 (s, 1H), 6.64 (t, J = 8.1 Hz, 2H), 4.96 (q, /= 7.1 Hz, 1H), 4.67 (dd, J
=14.4, 5.9 Hz, 1H), 4.56 (dd, J = 14.4, 5.5 Hz, 1H), 4.42 — 4.36 (m, 1H), 4.32 (dd, J = 9.3,
7.8 Hz, 1H), 4.20 (dd, J=10.4, 2.7 Hz, 1), 4.13 (dd, J = 10.4, 4.3 Hz, 1H), 3.84 (dd, /=94,
7.2 Hz, 1H), 3.16 (s, 3H). LCMS-ESI" (m/z): [M+H]" calculated for CoH;7F3N305: 424.11;
found: 424.2.

Example 43

Preparation of Compound 43
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Steps 7-9 43

Step 1

5 A solution of (3R,4S)-4-aminotetrahydrofuran-3-ol (2.02 g, 19.5 mmol) in dichloromethane
(100 mL) wunder nitrogen was cooled down to 0°C and treated with N,N-
Diisopropylethylamine (5 ml, 29 mmol) followed by benzyl chloroformate (3 ml, 21 mmol).
The reaction mixture was allowed to gradually warm to room temperature and stirred for 18
hours. The reaction mixture was then washed sequentially with water, saturated NaHCO;3(,q),

10 and brine, dried over Na,SQO,, filtered, and concentrated to afford benzyl ((3S,4R)-4-
hydroxytetrahydrofuran-3-yl)carbamate which was carried forward without further

purification.

Steps 2-3
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To a solution of benzyl ((35,4R)-4-hydroxytetrahydrofuran-3-yl)carbamate (1.0 g, 4.2 mmol)
and triphenylphosphine (1.31 g, 5.0 mmol) in tetrahydrofuran (20 ml) was added N,N-
diisopropylethylamine (0.75 ml, 4.3 mmol). The mixture was then cooled down to 0°C and
diisopropyl azodicarboxylate (1 ml, 5.1 mmol) was added dropwise. The reaction mixture
was allowed to stir for 10 minutes, at which point diphenyl phosphoryl azide (1.1 ml, 5.1
mmol) was added dropwise and the reaction mixture was allowed to gradually warm to and
stirred for 3 hours.

The reaction mixture was then recooled down to 0°C and a solution of triphenylphosphine
(1.43 g, 5.4 mmol) in tetrahydrofuran (2 mL) was added dropwise. The reaction solution was
warmed to room temperature and stirred for 2 hours, at which point water (1 mL) was added
and the reaction stirred at 50°C for 18 hours. An additional 1 mL water was added, reaction
temperature raised to 70°C, and stirring continued for 6 hours to drive the reaction to
completion, at which point the reaction solution was cooled down, washed with basified
brine, dried over NaySQy4, filtered, and concentrated. Purification by silica gel
chromatography (0-10% MeOH/DCM) afforded benzyl ((3R,4S)-4-aminotetrahydrofuran-3-

yl)carbamate.

Step 4
A solution of intermediate 42-A (325 mg, 1.34 mmol), benzyl ((3R,4S)-4-

aminotetrahydrofuran-3-yl)carbamate (316 mg, 1.34 mmol), and sodium bicarbonate (226
mg, 2.69 mmol) in 1:1 water:ethanol (10 mL) was stirred at room temperature for 18 hours.
The reaction mixture was concentrated, taken up in methanol (10 mL) and stirred at 50°C for
3 hours to afford complete conversion. The reaction mixture was concentrated, partitioned
between brine and ethyl acetate, and the aqueous phase was extracted three times with ethyl
acetate. The combined organic phases were dried over Na;SQy, filtered, and concentrated to
afford intermediate 43-B which was carried forward without further purification.

Steps 5-6

A solution of intermediate 43-B (149 mg, 0.32 mmol) in N,N-diemethylformamide (1 mL)
was cooled down to 0°C and treated dropwise with a 1M solution of KHMDS in
tetrahydrofuran (0.5 mL, 0.5 mmol). The reaction solution was then warmed to room
temperature, stirred for 15 minutes, treated dropwise with a solution of iodomethane (60 pL,
0.96 mmol) in N,N-dimethylformamide (1 mL), and stirred for an additional 18 hours. The

reaction solution was then partitioned between saturated NH4Clq) and ethyl acetate. The
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aqueous phase was extracted three times with ethyl acetate, the combined organic phases
washed with brine, dried over Na,SQy,, filtered, and concentrated.

To this crude residue was added 10wt% palladium on carbon (72 mg, 0.07 mmol) and ethanol
(5 mL). The reaction was stirred under 1 atmosphere hydrogen for 18 hours, at which point
LCMS showed complete conversion to intermediate 43-C. The reaction solution was filtered
thru celite and concentrated to afford the intermediate 43-C which was carried forward
without further purification.

Steps 7-9

To a solution of intermediate 43-C (0.32 mmol maximum) in 1:1 tetrahydrofuran:ethanol (6
mL) was added a 1M solution of KOH g (0.65 mL). The reaction solution was stirred for 2
hours, neutralized with HCl,q) and concentrated to near dryness under vacuum. The resultant
residue was carried on to the next step as crude.

The residue from the previous step was taken up in dichloromethane (5 mL) and treated
sequentially with (dimethylamino)-N,N-dimethyl(3H-[1,2,3]triazolo[4,5-b]pyridin-3-
yloxy)methaniminium hexafluorophosphate (HATU, 0.16 g, 0.42 mmol), (24.,6-
trifluorophenyl)methanamine (50 pL, 0.41 mmol), and N,N-diisopropylethylamine (240 uL,
1.34 mmol). The reaction mixture was stirred for 45 minutes and then partitioned between
NH4Clq) and ethyl acetate. The aqueous phase was extracted three times with ethyl acetate
and the combined organics dried over Nay,SQy, concentrated, and carried to the next step as
crude.

The residue from the previous step was taken up in acetonitrile (2 mlL), treated with
magnesium bromide (119 mg, 0.65 mmol), and heated up at 50°C for 1 hour. The reaction
was quenched by addition of 0.5M HCl,g), was extracted three times with dichloromethane,
dried over Na,SOy, filtered, concentrated, and purified by silica gel chromatography (0-10%
MeOH/DCM) to afford compound 43: 'H NMR (400 MHz, CDCl3) 6 12.73 (br s, 1H), 10.28
(t, /=5.6 Hz, 1H), 8.34 (s, 1H), 6.64 (t, J = 8.1 Hz, 2H), 4.99 (q, /= 7.1 Hz, 1H), 4.67 (dd, J
=14.5, 5.9 Hz, 1H), 4.55 (dd, J = 14.5, 5.4 Hz, 1H), 4.43 — 4.37 (m, 1H), 4.32 (dd, / = 9.4,
7.8 Hz, 1H), 4.20 (dd, J = 10.4, 2.7 Hz, 1H), 4.13 (dd, J = 10.4, 4.3 Hz, 1H), 3.83 (dd, J =
9.4, 7.1 Hz, 1H), 3.16 (s, 3H). LCMS-ESI" (m/z): [M+H]" calculated for C;oH;7F3N30s:
424.11; found: 424.2.

Example 44

Preparation of Compound 44
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44
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Steps 3-5 44
Steps 1-2

5 A solution of intermediate 42-B (236 mg, 0.51 mmol) in N,N-diemethylformamide (2 mL)
was cooled down to 0°C and treated dropwise with a 1M solution of KHMDS in
tetrahydrofuran (0.8 mL, 0.8 mmol). The reaction solution was then warmed to room
temperature, stirred for 15 minutes, treated dropwise with a solution of iodoethane (130 pL,
1.62 mmol) in N,N-dimethylformamide (1 mL), and stirred for an additional 18 hours. The

10 reaction solution was then partitioned between saturated NH4Clq) and ethyl acetate. The
aqueous phase was extracted three times with ethyl acetate, the combined organic phases
washed with brine, dried over Na>SQy, filtered, and concentrated.

To this crude residue was added 10wt% palladium on carbon (160 mg, 0.15 mmol) and
ethanol (4 mL). The reaction was stirred under 1 atmosphere hydrogen for 18 hours, at which

15 point LCMS showed complete conversion. The reaction solution was filtered thru celite and
concentrated to afford the crude intermediate 44-B which was carried forward without further
purification.

Steps 3-5
To a solution of intermediate 44-B (0.64 mmol maximum) in 1:1 tetrahydrofuran:ethanol (6

20 mL) was added a 1M solution of KOH(,q (1.3 mL). The reaction solution was stirred for 1

hour, neutralized with HCl,q) and concentrated to near dryness under vacuum. The resultant

residue was carried on to the next step as crude.

156



10

15

20

WO 2016/106237 PCT/US2015/067155

The residue from the previous step was taken up in dichloromethane (10 mL) and treated
sequentially with (dimethylamino)-N,N-dimethyl(3H-[1,2,3]triazolo[4,5-b]pyridin-3-
yloxy)methaniminium hexafluorophosphate (HATU, 300 mg, 0.79 mmol), (2,4,6-
trifluorophenyl)methanamine (100 pL, 0.82 mmol), and N,N-diisopropylethylamine (470 pL,
2.63 mmol). The reaction mixture was stirred for 30 minutes and then partitioned between
NH4Clq) and ethyl acetate. The aqueous phase was extracted three times with ethyl acetate
and the combined organics dried over Nay,SQy, concentrated, and carried to the next step as
crude.

The residue from the previous step was taken up in acetonitrile (3 mL), treated with
magnesium bromide (225 mg, 1.2 mmol), and heated up at 50°C for 3 hours. The reaction
was quenched by addition of 0.5M HCl,), extracted three times with dichloromethane, dried
over Na;SQO,, filtered, concentrated, and purified by silica gel chromatography (0-10%
MeOH/DCM) to afford compound 44: 'H NMR (400 MHz, CDCl3) 6 12.99 (br s, 1H), 10.28
(t, /=5.6 Hz, 1H), 8.34 (s, 1H), 6.65 (t, J = 8.4 Hz, 2H), 4.94 (q, / = 6.4 Hz, 1H), 4.67 (dd, J
= 14.3, 6.0 Hz, 1H), 4.57 (dd, J = 14.5, 5.5 Hz, 1H), 4.48 — 4.40 (m, 1H), 4.33 (dd, / = 9.8,
7.0 Hz, 1H), 4.19 (dd, J = 10.1, 4.9 Hz, 1H), 4.07 (dd, J = 10.1, 3.9 Hz, 1H), 3.99 (dd, J =
9.8, 6.1 Hz, 1H), 3.78 — 3.66 (m, 3H), 1.29 (t, J = 7.2 Hz, 3H). LCMS-ESI" (m/7): [M+H]"
calculated for CooH;9F3N30s5: 438.13; found: 438.1.

Example 45

Preparation of Compound 45
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A solution of intermediate 43-B (240 mg, 0.52 mmol) in N,N-diemethylformamide (2 mL)
was cooled down to 0°C and treated dropwise with a 1M solution of KHMDS in
tetrahydrofuran (0.8 mL, 0.8 mmol). The reaction solution was then warmed to room
temperature, stirred for 15 minutes, treated dropwise with a solution of iodoethane (130 pL,
1.62 mmol) in N,N-dimethylformamide (1 mL), and stirred for an additional 18 hours. The
reaction solution was then partitioned between saturated NH4Clq) and ethyl acetate. The
aqueous phase was extracted three times with ethyl acetate, the combined organic phases
washed with brine, dried over Na>SQy, filtered, and concentrated.

To this crude residue was added 10wt% palladium on carbon (145 mg, 0.13 mmol) and
ethanol (4 mL). The reaction was stirred under 1 atmosphere hydrogen for 18 hours, at which
point LCMS showed complete conversion. The reaction solution was filtered thru celite and
concentrated to afford the crude intermediate 45-B which was carried forward without further
purification.

Steps 3-5

To a solution of intermediate 45-B (0.52 mmol maximum) in 1:1 tetrahydrofuran:ethanol (6
mL) was added a 1M solution of KOH,q) (0.75 mL). The reaction solution was stirred for 1
hour, neutralized with HCl,q, and concentrated to near dryness under vacuum. The resultant
residue was carried on to the next step as crude.

The residue from the previous step was taken up in dichloromethane (5 mL) and treated
sequentially with (dimethylamino)-N,N-dimethyl(3H-[1,2,3]triazolo[4,5-b]pyridin-3-
yloxy)methaniminium hexafluorophosphate (HATU, 160 mg, 0.42 mmol), (2,4,6-
trifluorophenyl)methanamine (100 pL, 0.45 mmol), and N,N-diisopropylethylamine (260 pL,
1.46 mmol). The reaction mixture was stirred for 45 minutes and then partitioned between
NH4Clq) and ethyl acetate. The aqueous phase was extracted 3 times with ethyl acetate and

the combined organics dried over Na,SQy, concentrated, and carried to the next step as crude.
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The residue from the previous step was taken up in acetonitrile (2 mlL), treated with
magnesium bromide (145 mg, 0.8 mmol), and heated up at 50°C for 2 hours. The reaction
was quenched by addition of 0.5M HCl,g), was extracted three times with dichloromethane,
dried over Na,SOy, filtered, concentrated, and purified by silica gel chromatography (0-10%
5 MeOH/DCM) to afford compound 45: '"H NMR (400 MHz, CDCls) 6 13.04 (br s, 1H), 10.28
(t, /=5.5Hz, 1H), 8.34 (s, 1H), 6.65 (t, J=7.2 Hz, 2H), 4.95 (q, / = 6.4 Hz, 1H), 4.67 (dd, J
=14.4,5.9 Hz, 1H), 4.61 — 4.53 (m, 1H), 4.45 (ddd, J = 6.2, 4.8, 3.7 Hz, 1H), 4.33 (dd, J =
9.8,7.0 Hz, 1H), 4.18 (dd, J = 10.2, 4.9 Hz, 1H), 4.07 (dd, J = 10.2, 3.9 Hz, 1H), 3.99 (dd, J
=9.8, 6.0 Hz, 1H), 3.77 — 3.66 (m, 2H), 1.29 (t, J = 7.2 Hz, 3H). LCMS-ESI" (m/z): [M+H]"
10 calculated for CooH9F5N3O5: 438.13; found: 438.2.

Example 46

Preparation of Compound 46

0O 0O F
/
N™~ N
N H
- N"So  F F
O OH
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To a solution of tert-butyl ((3R,4R)-4-hydroxytetrahydrofuran-3-yl)carbamate (0.52 g, 2.55
mmol) and triphenylphosphine (0.8 g, 3.1 mmol) in tetrahydrofuran (12 ml) was added N,N-
diisopropylethylamine (0.45 ml, 2.6 mmol). The mixture was then cooled down to 0°C and
diisopropyl azodicarboxylate (0.6 ml, 3.1 mmol) was added dropwise. The reaction mixture
was allowed to stir for 10 minutes, at which point diphenyl phosphoryl azide (0.65 ml, 3.0
mmol) was added dropwise and the reaction mixture was allowed to gradually warm to and
stirred for 2 hours.

The reaction mixture was then recooled down to 0°C and a solution of triphenylphosphine
(0.88 g, 3.35 mmol) in tetrahydrofuran (3 mL) was added dropwise. The reaction solution
was warmed to room temperature and stirred for 2 hours, at which point water (2 mL) was
added and the reaction stirred at 60°C for 18 hours. The reaction solution was then cooled
down, washed with basified brine, dried over Na,SQ,, filtered, and concentrated. Purification
by silica gel chromatography (0-10% MeOH/DCM) afforded tert-butyl ((3S,45)-4-
aminotetrahydrofuran-3-yl)carbamate.

Step 3

A solution of intermediate 42-A (537 mg, 2.22 mmol), tert-butyl ((3S,4S)-4-
aminotetrahydrofuran-3-yl)carbamate (444 mg, 2.2 mmol), and sodium bicarbonate (386 mg,
4.59 mmol) in 1:1 water:methanol (15 mL) was stirred at room temperature for 2 hours. The
reaction mixture was concentrated, taken up in methanol (10 mL) and stirred at 50°C for 1.5
hours to afford complete conversion. The reaction mixture was concentrated, partitioned
between brine and ethyl acetate, and the aqueous phase was extracted three times with ethyl
acetate. The combined organic phases were dried over Na;SQy, filtered, and concentrated to
afford 577 mg (62% yield) intermediate 46-B which was carried forward without further
purification.

Steps 4-5

A solution of intermediate 46-B (95 mg, 0.22 mmol) in N,N-diemethylformamide (1 mL) was
cooled down to 0°C and treated dropwise with a 1M solution of KHMDS in tetrahydrofuran
(0.4 mL, 0.4 mmol). The reaction solution was then warmed to room temperature, stirred for
15 minutes, treated dropwise with a solution of iodomethane (45 pL, (.72 mmol) in N,N-
dimethylformamide (0.5 mL), and stirred for an additional 18 hours. The reaction solution
was then partitioned between saturated NH4Cl(,q) and ethyl acetate. The aqueous phase was

extracted 3 times with ethyl acetate, the combined organic phases washed with brine, dried
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over Na;SQO,, filtered, concentrated, and purified by silica gel chromatography (0-10%
MeOH/DCM) to afford the methylated product.

This material (38.2 mg, 0.09 mmol) was dissolved in 2:1 THF:MeOH (1.5 mL) and 0.5M
LiOHq (162 pL) was carefully titrated in to afford mono ester hydrolysis product 46-C.
After completion of reaction the solution was quenched by addition of 0.5M HCl,q) (180 pL).
The aqueous phase was extracted 3 times with ethyl acetate, the combined organic phases

dried over Na,SQy, filtered, concentrated, and carried on to the next step as crude.

Step 6
To a solution of crude intermediate 46-C (0.09 mmol) in dichloromethane (2 mL) was added
sequentially (dimethylamino)-N,N-dimethyl(3H-[1,2,3]triazolo[4,5-b]pyridin-3-

yloxy)methaniminium hexafluorophosphate (HATU, 0.40 g, 0.11 mmol), (2,4,6-
trifluorophenyl)methanamine (40 pL, 0.32 mmol), and N,N-diisopropylethylamine (60 pL,
0.34 mmol). The reaction mixture was stirred for 45 minutes, concentrated onto silica gel,
and purified by silica gel chromatorgraphy (0-100% EtOAc/hexanes) to afford intermediate
46-D.

Steps 7-9

A solution of intermediate 46-D (36.4 mg, 0.06 mmol) in 4M HCl/dioxane (0.8 mL) was
stirred at room temperature for one hour. After complete Boc deprotection the reaction
mixture was concentrated, azeotroped three times from toluene, and carried on as crude.

The residue from the previous step was dissolved in 2:1 THF:MeOH (1.5 mL), treated with
0.5M LiOH,q) (0.5 mL) and stirred for 2 hours until completion. The reaction was neutralized
with 0.5M HCl,q), extracted to dichloromethane, dried over Na,SO,, filtered, concentrated,
and carried on as crude.

The residue from the previous step was taken up in acetonitrile (1 mL), treated with
magnesium bromide (29 mg, 0.16 mmol), and heated up at 50°C for 30 minutes. The reaction
was quenched by addition of 0.5M HCl,g), was extracted 3 times with dichloromethane, dried
over Na;SQO,, filtered, concentrated, and purified by silica gel chromatography (0-10%
MeOH/DCM) to afford compound 46: "H NMR (400 MHz, CDCl3) § 12.22 (s, 1H), 10.33 —
10.18 (m, 1H), 7.95 (s, 1H), 6.65 (t, J = 8 Hz, 2H), 4.64 (d, J = 5.7 Hz, 2H), 4.59 (t, 1 = 7.4
Hz, 1H), 4.49 — 4.35 (m, 2H), 4.24 — 4.13 (m, 2H), 4.00 (dd, J = 10.5, 7.6 Hz, 1H), 3.08 (s,
3H). LCMS-ESI" (m/z): [M+H]" calculated for Ci9H;7F3N3Os: 424.11; found: 424.2.
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Example 47

Preparation of Compound 47
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Step 1
Intermediate 15-A (20.7 mg, 0.06 mmol) in dichloromethane (1.5 ml) was treated

sequentially with (dimethylamino)-N,N-dimethyl(3H-[1,2,3]triazolo[4,5-b]pyridin-3-
yloxy)methaniminium hexafluorophosphate (HATU, 32 mg, 0.08 mmol), (2,4-difluoro-3-

10 methylphenyl)methanamine (20 pL, 0.15 mmol), and N,N-diisopropylethylamine (45 pL,
0.25 mmol). The reaction mixture was stirred for 45 minutes and then partitioned between
NH4Clq) and ethyl acetate. The aqueous phase was extracted 3 times with ethyl acetate and
the combined organic layers washed with 5% NaHCOj3(,g), dried over Na,SOy, filtered to
afford intermediate 47-B which was carried to the next step as crude.

15 Step 2
Crude intermediate 47-B (0.06 mmol maximum) was taken up in acetonitrile (1 mL), treated
with magnesium bromide (26 mg, 0.14 mmol), and heated up at 50°C for 1 hour. The reaction
was quenched by addition of 0.5M HCl,g), was extracted 3 times with dichloromethane, dried
over Na,SQO,, filtered, concentrated, and purified by silica gel chromatography (0-10%

20 MeOH/DCM) to afford compound 47: "H NMR (400 MHz, CDCls) & 12.71 (s, 1H), 10.40 (t,
J=5.4Hz, 1H), 8.36 (s, 1H), 7.15 (q, / = 8.2 Hz, 1H), 6.76 (t, / = 8.8 Hz, 1H), 4.58 (qd, J =
15.3, 5.8 Hz, 2H), 4.46 — 4.38 (m, 1H), 4.23 (d, /= 15.5 Hz, 1H), 4.12 (dt, / = 14.4, 7.2 Hz,
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1H), 4.01 - 3.92 (m, 2H), 3.73 — 3.62 (m, 2H), 3.41 (dd, J = 14.2, 7.1 Hz, 1H), 2.31 - 2.19
(m, 1H), 2.17 (s, 3H), 1.96 — 1.87 (m, 1H), 1.26 (t, J = 7.2 Hz, 3H). LCMS-ESI" (m/7):
[M+H]" calculated for CoH»4F>N3Os: 448.17; found: 448.2.

Example 48

5 Preparation of Compound 48

Step 1
10 Intermediate 32-E (0.10 g, 0.32 mmol) was dissolved in a 1:1 mixture of DMF:THF (2 mL)

and sodium hydride (60%, 0.026 g, 0.65 mmol) was added. The solution was stirred at room
temperature for 5 min and then iodomethane (0.05 mL, 0.8 mmol) was added. After stirring

for 1.5 hours, aqueous potassium hydroxide (1M, 0.5 mL, 0.5 mmol) was added. The
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solution was stirred for an additional 45 min before aqueous hydrochloric acid (6M, 0.22 mL
1.3 mmol) was added and the solution was concentrated to dryness. The resulting crude
material was used in the subsequent step.

LCMS-ESI* (m/7): [M+H]" calculated for C14H16N>Og: 309.11; found: 309.09.

Step 2

To a slurry of Intermediate 48-B (0.1 g, 0.32 mmol) on CH,Cl, (4 mL) was added (2,4,6-
trifluorophenyl)methanamine (0.078 g, 0.48 mmol), HATU (0.15 g, 0.41 mmol), and N,N-
diisopropylethylamine (0.2 mL, 1.15 mmol). The resulting solution was stirred at room
temperature for 1 h and then diluted with CH,Cl,. The solution was then washed with HCI
(aqueous, 1M). The aqueous layer was back-extracted with CH»Cl, (2 times) and the
combined organic layers were dried over magnesium sulfate and concentrated to dryness.
The crude material was then purified by column chromatography (Si0,, 2—10% MeOH in
CH,Cl,) to provide Intermediate 48-C.

LCMS-ESI" (m/7): [M+H]" calculated for C»Hx0F3N3Os: 452.14; found: 452.23.

Step 3
To a solution of Intermediate 48-C (0.15 g, 0.34 mmol) in acetonitrile (5 mL) was added

MgBr; (0.12 g, 0.68 mmol). The reaction mixture was stirred at 45°C for 1.5 hours and
diluted with CH,Cl,. The solution was washed with aqueous hydrochloric acid (IN) and
aqueous NaCl (saturated). The combined aqueous layers were back-extracted with CH,CI, (2
times). The combined organic layers were concentrated and the resulting crude material was
purified by preparative HPLC (10—60% ACN/H,O with 0.1% TFA modifier) to afford
compound 48:

"H NMR (400 MHz, DMSO-d6) & 12.67 (s, 1H), 10.39 (t, 1H), 8.44 (s, 1H), 7.19 (t, 2H),
4.85 (dt, 1H), 4.53 (qd 2H), 4.38 - 4.26 (m, 1H), 4.08 - 4.00 (m, 1H), 3.90 - 3.82 (m, 1H),
3.50 (ddd, 2H), 3.09 (s, 3H), 1.98 - 1.76 (m, 2H). LCMS-ESI" (m/z): [M+H]" calculated for
CooH13F3N305: 438.13; found: 438.74.
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Example 49

Preparation of Compound 49

Step 1
To a slurry of Intermediate 48-B (0.1 g, 0.32 mmol) on CH,Cl, (4 mL) was added (3-chloro-

2,4-difluorophenyl)methanamine (0.075 g, 0.42 mmol), HATU (0.15 g, 0.41 mmol), and
N,N-diisopropylethylamine (0.2 mL, 1.15 mmol). The resulting solution was stirred at room
temperature for 1 h and then diluted with CH,Cl,. The solution was then washed with HCI
(aqueous, 1M). The aqueous layer was back-extracted with CH»Cl, (2 times) and the
combined organic layers were dried over magnesium sulfate and concentrated to dryness.
The crude material was then purified by column chromatography (Si0,, 2—10% MeOH in
CH,Cl,) to provide Intermediate 49-B.
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LCMS-ESI" (m/7): [M+H]" calculated for C»;H20CI1F;N30s: 468.11; found: 468.44.

Step 3

To a solution of Intermediate 49-B (0.11 g, 0.23 mmol) in acetonitrile (4 mL) was added
MgBr; (0.1 g, 0.54 mmol). The reaction mixture was stirred at 45 °C for 45 min and diluted
with CH»Cl,. The solution was washed with aqueous hydrochloric acid (1N) and aqueous
NaCl (saturated). The combined aqueous layers were back-extracted with CH,Cl, (2 times).
The combined organic layers were concentrated and the resulting crude material was purified
by preparative HPLC (10—65% ACN/H,0 with 0.1% TFA modifier) to afford compound
49:

"H NMR (400 MHz, DMSO-d6) & 12.70 (s, 1H), 10.44 (t, 1H), 8.46 (s, 1H), 7.37 (td, 1H),
7.28 (td, 1H), 4.87 (dt, 1H), 4.62 - 4.52 (m, 2H), 4.34 (dd, 1H), 4.04 (d, 1H), 3.94 - 3.79 (m,
1H), 3.50 (ddd, 2H), 3.10 (s, 3H), 1.99 - 1.73 (m, 2H). LCMS-ESI" (m/): [M+H]"
calculated for C,oH;3CIF;N5Os: 454.10; found: 455.17.

Example 50

Preparation of Compound 50
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Step 1
Intermediate 32-E (0.25 g, 0.81 mmol) was dissolved in a 1:1 mixture of DMF:THF (2 mL)

and sodium hydride (60%, 0.065 g, 1.63 mmol) was added. The solution was stirred at room
5 temperature for 5 min and then 2,2.2-trifluoroethyl trifluoromethanesulfonate (0.25 ml, 1.74
mmol) was added. After stirring for 1.5 hours, and quenched with the addition of MeOH.
The solution was diluted with EtOAc and washed with aqueous NH4CI (50%) The aqueous
layer was back-extracted with EtOAc (2 times) and the combined organic layers were dried
over sodium sulfate and conctrated to dryness. The crude material was purified by column

10 chromatography (Si03, 2—10% MeOH in CH»Cl,) to provide Intermediate 50-A.

Step 2
To a solution of Intermediate 50-A (0.22 g, 0.56 mmol) in a 3:1:1 mixture of

THF:MeOH:H,O (5 mL) was added lithium hydroxide (0.05 g, 1.19 mmol). The solution
15 was stirred for an additional 2 h before aqueous hydrochloric acid (6M, 0.25 mL 2 mmol)
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was added and the solution was concentrated to dryness. The resulting crude material 50-B

was used in the subsequent step.

Step 3
To a slurry of Intermediate 50-B (0.21 g, 0.56 mmol) on CH»Cl, (4 mL) was added (3-chloro-

2,4-difluorophenyl)methanamine (0.12 g, 0.69 mmol), HATU (0.25 g, 0.67 mmol), and N,N-
diisopropylethylamine (0.3 mL, 1.67 mmol). The resulting solution was stirred at room
temperature for 1 h and additional HATU (0.25 g, 0.67 mmol) and N,N-
diisopropylethylamine (0.3 mL, 1.67 mmol) were added. After stirring at room temperature
for 18 hours, then solution was diluted with CH-Cl,. The solution was then washed with HC1
(aqueous, 1M). The aqueous layer was back-extracted with CH»Cl, (2 times) and the
combined organic layers were dried over magnesium sulfate and concentrated to dryness.
The crude material was then purified by column chromatography (Si0,, 2—10% MeOH in
CH,Cl,) to provide Intermediate 50-C.

Step 4
To a solution of Intermediate 50-C (0.06 g, 0.12 mmol) in acetonitrile (5 mL) was added

MgBr; (0.05 g, 0.26 mmol). The reaction mixture was stirred at 45°C for 1.5 hours and
diluted with CH,Cl,. The solution was washed with aqueous hydrochloric acid (IN) and
aqueous NaCl (saturated). The combined aqueous layers were back-extracted with CH,CI, (2
times). The combined organic layers were concentrated and the resulting crude material was
purified by preparative HPLC (10—75% ACN/H,O with 0.1% TFA modifier) to afford
compound 50: "H NMR (400 MHz, DMSO-d6) & 11.80 (s, 1H), 10.35 (t, 1H), 8.50 (s, 1H),
7.32 (dt, 2H), 4.89 (dt, 2H), 4.67 - 4.51 (m, 2H), 4.32 - 4.02 (m, 3H), 3.84 (d, 1H), 3.64 (d,
1H), 2.09 - 1.81 (m, 2H). LCMS-ESI" (m/z): [M+H]" calculated for C,;H;7CIFsN;Os:
522.09; found: 522.64.

Example 51

Preparation of Compound 51
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Step 1

Reactant 51-A (185,25,3S,55)-2-((tert-butyldimethylsilyl)oxy)bicyclo[3.1.0] hexan-3-amine
(2.06 g, 9.06 mmol) in dichloromethane (100 ml) was stirred at room temperature as N,N-
Diisopropylethylamine (6.31 ml, 36.23 mmol) and Di-tert-butyl dicarbonate 97% (3.95 g,
18.12 mmol) were added. After 16 h, the reaction mixture was concentrated. The residue was
purified by flash chromatography using 0-50% of ethyl acetate/Hexane as eluent to give
(1S,285,35,55)-2-((tert-butyldimethylsilyl)oxy)bicyclo[3.1.0] hexan-3-amine 51-B: '"H NMR
(400 MHz, Chloroform-d) 6 4.23 (s, 1H), 4.11 (dd, J = 7.7, 4.8 Hz, 1H), 3.32 (s, 1H), 2.05
(dd, J =12.6,7.6 Hz, 1H), 1.68 - 1.47 (m, 1H), 1.46 (s, 9H), 1.35 (s, 9H), 1.31 - 1.20 (m, 1H),
1.20 - 1.10 (m, 1H), 0.83 (s, 9H), 0.56 (q, J =4.3 Hz, 1H), 0.30 (td, J = 8.0, 5.5 Hz, 1H), 0.01
(d, J = 7.0 Hz, 6H). LCMS-ESI" (m/z): [M+H]" calculated for Chemical Formula:
C2H41NOsSi, Molecular Weight: 427.65; found: 327.73 (M+1-100).
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Step 2
To a cold (0 °C) solution of the silyl ether 51-B (6.93 mmol) in dry tetrahydrofuran (70 mL),

was added tetra-n-butylammonium fluoride (TBAF) (13.9 mL of a 1 M solution in
tetrahydrofuran, 13.9 mmol) and the resulting solution was stirred and warmed to 60°C for 3
h. The reaction mixture was cooled down down to room temperature, diluted with EtOAc
(100 mL) and washed with saturated NaHCO; and brine (50 mL) then dried over magnesium
sulfate, followed by solvent reduction in vacuo. The crude product was purified by flash
chromatography (0-100% ethyl acetate/Hexane) to give tert-butyl ((15,2S,35,55)-2-
hydroxybicyclo[3.1.0]hexan-3-yl)carbamate 51-C. 'H NMR (400 MHz, Chloroform-d) &
4.54 (s, 1H), 4.28 - 4.20 (m, 1H), 3.35(q, J = 7.9 Hz, 1H), 2.55 (br, 1H), 2.19 (dd, J = 12.4,
7.7 Hz, 1H), 1.71 - 1.51 (m, 2H), 1.43 (s, 9H), 1.37 - 1.23 (m, 1H), 0.65 (q, J = 4.0 Hz, 1H),
0.47 (td, J = 7.8, 5.5 Hz, 1H).

Step 3

To tert-butyl ((1S,25,35,55)-2-hydroxybicyclo[3.1.0]hexan-3-yl) carbamate 51-C (1.63 g,
7.64 mmol) and triphenylphosphine (2.6 g, 9.9 mmol) in 76 ml THF was added N,N-
diisopropylethylamine (1.5 ml, 8.6 mmol) then cooled down in an ice bath. Diisopropyl
azodicarboxylate, 95% (1.8 ml, 9.17 mmol) was slowly added and the mixture stirred for 10
minutes. Diphenyl phosphoryl azide (2.0 ml, 9.28 mmol) was added dropwise and the
reaction gradually warmed to room temperature over 2 h and held at room temperature for
another 3 h. It was diluted with ether and a white solid was filtered off. The organic was
washed with saturated NH4Cl, saturated NaHCQ; and brine. After drying over sodium sulfate
and concentrating, the residue was purified by flash chromatography (0-50% ethyl
acetate/Hexane) to give of tert-butyl ((15,2R,3S,55)-2-azidobicyclo[3.1.0]hexan-3-
ylhcarbamate 51-D: TH NMR (400 MHz, Chloroform-d) & 4.30 (s, 1H), 3.56 (d, ] = 5.3
Hz,1H), 3.40 (t, ] = 8.4 Hz, 1H), 1.68 (dd, J = 12.4, 7.3 Hz, 1H), 1.28 - 1.07 (m, 3H), 1.06 (s,
9H), 0.19 (td, J = 8.2, 6.0 Hz, 1H), 0.02 (q, J = 4.1 Hz, 1H).

Step 4
1 g of tert-butyl ((1S,2R,35,55)-2-azidobicyclo[3.1.0]hexan-3-yl)carbamate 51-D  was

dissolved in dichloromethane (10 mL) at room temperature. 4 N HCI in dioxane (4 mL) was
added. The mixture was stirred at room temperature for 60 min, concentrated and

azeotropically dried twice by evaporation from toluene to give (1S,2R,35,55)-2-
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azidobicyclo[3.1.0]hexan-3-amine hydrochloride 51-E: LCMS-ESI" (m/): [M+H]"
calculated for Chemical Formula: C¢H;oNy4, Molecular Weight: 138.17; found: 138.98.

Step 5. 6,7
A mixture of the pyrone 42-A (1017 mg, 4.2 mmol), (1S,2R,3S,55)-2-

azidobicyclo[3.1.0]hexan-3-amine hydrochloride 51-E (733 mg, 4.2 mmol) with sodium
bicarbonate (2.12 g, 25.19 mmol) in water (50 mL) and methanol (20 mL) was stirred at
ambient temperature for 4h. The mixture was concentrated, co-evaporated with acetonitrile to
remove water. Ethanol (150 mL) was added and the insoluble was filtered off through Celite.
The filtrate was treated with 4mL of 4N HCl/Dioxane, stirred for 1h, and used for the next
reaction as is.

To the crude mixture was added 0.5g of 10% Pd/C catalyst. It was purged with hydrogen
three times and stirred under hydrogen atmosphere for 18 h. After filtering off the catalyst,
the mixture was concentrated to dryness. After purification, it gave (6aR,6bS,7aS,8aS)-
methyl 4-methoxy-3,5-dioxo-5,6,6a,6b,7,7a,8,8a-octahydro-3H-
cyclopropal4,5]cyclopenta[1,2-e]pyrido[1,2-a]pyrazine-2-carboxylate 51-G: LCMS-ESI*
(m/z): [IM+H]" calculated for Chemical Formula: C;5H;sN>Os, Molecular Weight: 304.30;
found: LCMS[m+1] = 305.16.

Step 8, 9

To  (6aR,6bS,7aS,8aS)-methyl  4-methoxy-3,5-dioxo-5,6,6a,6b,7,7a,8,8a-octahydro-3H-
cyclopropal4,5]cyclopental 1,2-e]pyrido[ 1,2-a]pyrazine-2-carboxylate 51-G (422 mg, 1.387
mmol) in THF (20 mL) and DMF (8 mL) was added sodium hydride (60%, 222 mg, 5.55
mmol) at room temperature. After 5 min, iodomethane (345 pl, 5.55 mmol) was added. After
stirring at room temperature for 120 min, IN NaOH (5 mL) was added. It was stirred at room
temperature for ~5 min. The resulting mixture was acidified with 3 N HCI and concentrated
to afford (6aR,6bS,7aS,8aS)-4-methoxy-6-methyl-3,5-dioxo-5,6,6a,6b,7,7a,8,8a-octahydro-
3H-cyclopropal4,5]cyclopenta[1,2-e]pyrido[ 1,2-a]pyrazine-2-carboxylic acid 51-H which
was used for the next step: LCMS-ESI" (m/z): [M+H]" Chemical Formula: C15H16N205,
Molecular Weight: 304.30; found: 305.18.

Step 10, 11
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Steps 10 and 11 were performed in a manner similar to Steps 2 and 3 for Compound 48 to
give 51 (6aR,6bS,7aS,8aS)-4-hydroxy-6-methyl-3,5-dioxo-N-(2,4,6-trifluorobenzyl)-
5,6,6a,6b,7,7a,8,8a-octahydro-3H-cyclopropal4,5]cyclopental 1,2-e]pyrido[ 1,2-a]pyrazine-2-
carboxamide: "H NMR (400 MHz, Chloroform-d) 6 12.75 (s, 1H), 10.36 (t, ] = 5.6 Hz, 1H),
8.23 (s, 1H), 6.82 - 6.51 (m, 2H), 5.29 (s, 1H), 4.76 - 4.47 (m, 2H), 4.31 - 4.00 (m, 2H), 3.23
(s, 3H), 2.32 (dd, J = 12.7, 7.4 Hz, 1H), 2.14 - 1.95 (m, 1H), 1.90 (ddd, J = 9.1, 6.0, 3.6 Hz,
1H), 1.59 (ddd, J = 10.2, 8.2, 4.2 Hz, 1H), 1.34 - 1.19 (m, 1H), 0.78 (q, J = 7.7 Hz, 1H), 0.56
(dt, T = 7.0, 3.8 Hz, 1H). ’F NMR (377 MHz, Chloroform-d) & -109.19 (p, J = 7.4 Hz), -
111.98 (t, J = 6.9 Hz). LCMS-ESI" (m/): [M+H]" Chemical Formula: C, H;isF3N30y,
Molecular Weight: 433.38; found: 434.61.

Example 52

Preparation of Compound 52

Compound 52 was prepared in a manner similar to compound 51 using (3-chloro-2,4-
difluorophenyl)methanamine in place of 2,4,6-trifluorobenzylamine to give 52
(6aR,6bS,7aS,8aS)-N-(3-chloro-2,4-difluorobenzyl)-4-hydroxy-6-methyl-3,5-dioxo-
5,6,6a,6b,7,7a,8,8a-octahydro-3H-cyclopropal4,5]cyclopental 1,2-e]pyrido[ 1,2-a]pyrazine-2-
carboxamide: "H NMR (400 MHz, Chloroform-d) & 12.82 (s, 1H), 10.49 (t, J = 5.9 Hz, 1H),
8.24 (s, 1H), 7.41 - 7.11 (m, 1H), 6.90 (td, J = 8.5, 1.8 Hz, 1H), 4.74 - 4.46 (m, 2H), 4.25 -
4.15 (m, 2H), 3.23 (s, 3H), 2.44 - 2.27 (m, 1H), 2.10 - 2.04 (m, 1H), 1.91 (ddd, J = 8.6, 6.0,
3.6 Hz, 1H), 1.60 (ddd, J = 8.0, 4.3, 1.3 Hz, 1H), 0.77 (q, J = 7.9 Hz, 1H), 0.57 (dt, J = 6.4,
3.8 Hz, 1H). F NMR (376 MHz, Chloroform-d) & -72.01, -73.90 , -113.53 - -116.27 (m), -
11743 (dd, J = 8.6, 3.0 Hz). LCMS-ESI" (m/z): [M+H]" Chemical Formula:
C»1H3CIF;:N304, Molecular Weight: 449.84; found: 450.47.
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Example 53

Preparation of Compound 53

53
H H H N
] 3) DPPA
@‘ ) Boc,O Boc  2)TBAF Boc PHsP, DIAD Boc
: I H :, H : H
B5© TBS’O or! N
53-A 53-C 53-D
o~ 5) NaHCO; aq
4 PPh3/THF _ MeOH |
4N HCI
dioxane
y DBU
53-E 42-A 53- G
H../\.\H
H’ . . —.\ F
8) " /A, H 0O 10) HATU D
el/NaH /3 N N
—_— ""‘/\N ™ OH _— (\ N
9) N2OH N S 11) MgBr2 /N N 0O F F
-~
0]
O OH
O 0O
5 53H 5

Step 1
53-A (1R,2R,3R,5R)-2-((tert-butyldimethylsilyl)oxy)bicycle [3.1.0]hexan-3-amine (2.3 g,
10.11mmol) in dichloromethane (100 ml) was stirred at roomtemperature as N,N-
Diisopropylethylamine (3.5 ml, 20.22mmol) and Di-tert-butyl dicarbonate 97% (2.65 g,
10 12.14mmol) were added. After 16 h, the reaction mixture was concentrated. The residue was
purified by flash using 0-50% of ethyl acetate/Hexane as eluent to give (1R,2R,3R,5R)-2-
((tert-butyldimethylsilyl)oxy)bicycle [3.1.0]hexan-3-amine 53-B: "H (400 MHz, Chloroform-
d) 6 4.34 - 4.01 (m, 2H), 3.33 (d, ] = 11.0 Hz, 1H), 2.05 (dd, J = 12.6, 7.6 Hz, 1H), 1.53 (d, J
= 11.9 Hz, 1H), 1.46 (s, 2H), 1.35 (s, 9H), 1.31 - 1.22 (m, 1H), 1.21 - 1.09 (m, 1H), 0.83 (s,
15 9H), 0.61 - 0.52 (m, 1H), 0.30 (td, ] = 7.7, 5.3 Hz, 1H), 0.01 (d, J = 7.1 Hz, 6H). LCMS-ESI"
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(m/z): [M+H]" calculated for Chemical Formula: C;7H33NO;Si, Molecular Weight: 327.53;
found: 227.73 (M+1-100).

Step 2
To a cold (0 °C) solution of the silyl ether 53-B (3.23g, 9.86 mmol) in dry tetrahydrofuran (70

ml), was added tetra-n-butylammonium fluoride (TBAF) (23 mL of a 1 M solution in
tetrahydrofuran, 23mmol) and the resulting solution was stirred warmed to 60 °C for 2 h. The
reaction mixture was cooled down to room temperature, diluted with EtOAc (100 mL) and
washed with saturated NaHCO; and brine (50 mL) then dried over magnesium sulfate,
followed by solvent reduction in vacuo. The crude product was purified by flash column
chromatography (0-100% ethyl acetate/Hexane) to give tert-butyl ((1R,2R,3R,5R)-2-
hydroxybicyclo[3.1.0]hexan-3-yl)carbamate 53-C: '"H NMR (400 MHz, Chloroform-d) &
4.53 (s, 1H), 4.24 (dd, 1 =6.7,5.0 Hz, 1H), 3.35 (dt,J = 11.4, 5.9 Hz, 1H), 2.19(dd, J = 12.4,
7.6 Hz, 1H), 1.73 - 1.51 (m, 2H), 1.43 (s, 9H), 1.37 - 1.27 (m, 1H), 0.65 (q, J = 4.3 Hz, 1H),
0.47 (td, J = 7.8, 5.4 Hz, 1H).

Step 3

To tert-butyl ((1R,2R,3R,5R)-2-hydroxybicyclo[3.1.0]hexan-3-yl)carbamate 53-C (1.7 g,
7.97mmol) and triphenylphosphine (2.7 g, 10.36mmol) in 80 ml THF was added N,N-
diisopropylethylamine (1.67 ml, 9.57mmol) then cooled down in an ice bath. Diisopropyl
azodicarboxylate, 95% (1.88 ml, 9.57 mmol) was slowly added and the mixture stirred for
~10 minutes. Diphenyl phosphoryl azide (2.06 ml, 9.57 mmol) was then added dropwise and
the reaction gradually warmed to room temperature over 2 h and held at room temperature for
another 3 h. It was diluted with ether and a white solid was filtered off. The organic was
washed with saturated NH4Cl, saturated NaHCOs; and brine. After drying over sodium
sulfate, and concentrating, the residue was purified by flash chromatography (0-50% ethyl
acetate/Hexane) to give tert-butyl ((1R,2S,3R,5R)-2-azidobicyclo[3.1.0]hexan-3-
ylcarbamate 53-D: LCMS-ESI" (m/z): [M+H]" calculated for Chemical Formula:
C11H13N4O,, Molecular Weight: 238.29; found: 238.98.

Step 4
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To solution of tert-butyl ((1R,2S,3R,5R)-2-azidobicyclo[3.1.0] hexan-3-yl)carbamate 53-D
(1.2 g, 5.036mmol) in THF at 0°C was added triphenylphosphine (3 g, 11.44mmol). The
reaction solution was stirred at 0°C for 20min, then room temperature for 20 h. To this
mixture was added 20 mL H»O and it was stirred at room temperature for 1 h then warmed to
80°C and stirred for 30 h. After cooling to room temperature, the reaction mixture was diluted
with EtOAc and washed with saturated NaHCO; and brine. After drying (Na,SO,) and
concentrating, the residue was purified by flash column chromatography (0-20%
methanol/dichloromethane) to give tert-butyl ((1R,25,3R,5R)-2-aminobicyclo[3.1.0]hexan-3-
ylcarbamate 53-E: "TH NMR (400 MHz, Methanol-d4) § 3.22 (dt, J = 12.0, 6.4 Hz, 1H), 3.05
-2.92 (m, 2H), 2.85(d, ] =5.5 Hz, 1H), 1.57 (dd, J = 12.4, 7.5 Hz, 1H), 1.36 (td, ] = 11.7, 4.2
Hz, 1H), 1.11 (s, 9H), 1.00 (dt, J = 8.6, 4.1 Hz, 2H), 0.15 (td, J = 8.2, 5.7 Hz, 1H), 0.01 (¢, J =
4.3 Hz, 1H). LCMS-ESI" (m/7): [M+H]" calculated for Chemical Formula: C;;HN>O,,
Molecular Weight: 212.29; found: 212.83.

Step 5-11

Steps 5-11 were conducted in a manner similar to steps 5-11 for Compound 51 to give
compound 53 (6aR,7aR,8aR,8bS)-4-hydroxy-6-methyl-3,5-dioxo-N-(2,4,6-trifluorobenzyl)-
5,6,6a,7,7a,8,8a,8b-octahydro-3H-cyclopropal3,4]cyclopental 1,2-e]pyrido[ 1,2-a]pyrazine-2-
carboxamide: "H NMR (400 MHz, DMSO-d6) & 13.22 (d, J = 19.1 Hz, 1H), 10.42 (t, J = 5.8
Hz, 1H), 8.59 (s, 1H), 7.28 - 6.97 (m, 2H), 4.64 (d, J = 5.7 Hz, 1H), 4.54 (dd, J = 5.9, 2.8 Hz,
2H), 3.95 - 3.87 (m, 1H), 3.03 (s, 3H), 2.29 (dd, ] = 12.3, 6.9 Hz, 1H), 2.07 (ddd, J = 9.0, 5.8,
3.4 Hz, 1H), 1.68 (td, J = 11.6, 4.4 Hz, 1H), 1.47 (dt, J = 5.8, 3.7 Hz, 1H), 0.79 - 0.58 (m,
2H). 19F NMR (377 MHz, DMSO-d6) 6 -75.52, -108.85 - -110.57 (m), -112.47 (t, ] = 7.2
Hz). LCMS-ESI" (m/7): [M+H]" Chemical Formula: C21H18F3N304, Molecular Weight:
433.38; found: 434.51.

Example 54

Preparation of Compound 54
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54
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oH H 2 OH H
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N; 0O O
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54-D 42-A
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[ O W ~ ‘N N
54
Step 1

Tert-butyl ((2S,3R,45)-3,6-dihydroxy-2-methyltetrahydro-2H-pyran-4-yl)carbamate 54-A (3

5 g, 12.13 mmol) was dissolved in 50 mL of 30% TFA in dichloromethane. Triethylsilane (2.91
ml, 0.02mol) in dichloromethane (35 ml) was added. It was stirred at room temperature for
lh. The solution was diluted with10 mL of toluene and concentrated. Trituration with
hexanes gave the TFA salt of (2S,3R,4S)-4-amino-2-methyltetrahydro-2H-pyran-3-ol. This
was used as is in the next step.

10

Step 2
TFA salt of (2S,3R,45)-4-amino-2-methyltetrahydro-2H-pyran-3-ol was dissolved in ethyl
acetate (50 mL) and saturated NaHCQO3 (50mL) (to pH >7) at room temperature. Di-tert-butyl

dicarbonate 97% (13 g, 60 mmol) was added. It was stirred at room temperature overnight.
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Brine was added and the layers separated. The organic layer was dried (Na,SO,) and
concentrated. The residue was purified by flash column chromatography using 0-100% ethyl
acetate/hexanes as eluent to give tert-butyl ((2S,3R,4S)-3-hydroxy-2-methyltetrahydro-2H-
pyran-4-yl)carbamate 54-B. '"H NMR (400 MHz, Chloroform-d) 6 4.60 (s, 1H), 3.92 (ddd, ]
=11.9,4.9, 1.6 Hz, 1H), 3.55 (d, J = 12.7 Hz, 1H), 3.50 - 3.39 (m, 1H), 3.22 (dq,J =9.1, 6.2
Hz, 1H), 3.00 (t, J = 9.1 Hz, 1H), 1.95 - 1.84 (m, 1H), 1.64 - 1.49 (m, 1H), 1.45 (s, 8H), 1.30
(d, I =6.1 Hz, 3H). No mass by LCMS.

Step 3

To tert-butyl ((25,3R,45)-3-hydroxy-2-methyltetrahydro-2H-pyran-4-yl)carbamate 54-B
(1.09 g, 4.713mmol) and triphenylphosphine (1.358 g, 5.184mmol) in 100 ml THF was added
N,N-diisopropylethylamine (0.985 ml, 5.655mmol) then cooled down in an ice bath.
Diisopropyl azodicarboxylate, 95% (1.113 ml, 5.655mmol) was slowly added and the
mixture stirred for ~10 minutes. Diphenyl phosphoryl azide (1.22 ml, 5.655mmol) was then
added dropwise and the reaction gradually warmed to room temperature over 2 h and
maintained at room temperature for another 3 h. It was diluted with ether and filtered. The
filtrate was washed with saturated NH4Cl, saturated NaHCOs,brine and dried over Na>SOj,.
After filtration, the filtrate was concentrated and purified by flash column chromatography
(0-100% ethyl acetate/hexanes) to give tert-butyl ((2S,35,4S)-3-azido-2-methyltetrahydro-
2H-pyran-4-yl)carbamate 54-C. "H NMR (400 MHz, Chloroform-d) & 4.78 (d, J = 8.0 Hz,
2H), 3.97 (ddd, J = 11.8, 4.9, 1.6 Hz, 3H), 3.90 - 3.69 (m, 5H), 3.66 (d, J = 3.3 Hz, 2H), 3.58
(qd, J = 6.4, 1.4 Hz, 3H), 3.46 (td, J = 12.1, 2.5 Hz, 3H), 3.26 (ddd, J = 11.8, 10.9, 4.7 Hz,
1H), 2.84 (td, J = 6.6, 1.3 Hz, 1H), 2.46 (dd, J] = 6.5, 2.1 Hz, 1H), 2.07 - 1.91 (m, 1H), 1.87 -
1.74 (m, 2H), 1.70 (td, J = 12.5, 4.9 Hz, 2H), 1.63 - 1.51 (m, 4H), 1.45 (d, J = 7.0 Hz, 34H),
1.33(dd, J = 16.2, 6.4 Hz, 11H).

Step 4
Tert-butyl ((25,3R,45)-3-hydroxy-2-methyltetrahydro-2H-pyran-4-yl)carbamate 54-C

(830mg, 3.24mmol) was dissolved in dichloromethane at room temperature and treated with

4N HCI in dioxane. It was evaporated to dryness, then azeotroped with toluene twice to give

the HCI salt of (25,3S,45)-3-azido-2-methyltetrahydro-2H-pyran-4-amine 54-D.

Step 5-11
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Steps 5-11 were conducted in a manner similar to steps 5-11 for Compound 51 to give
compound 54 (4S,4aS,11aS)-7-hydroxy-4,5-dimethyl-6,8-dioxo-N-(2,4,6-trifluorobenzyl)-
1,2,4,4a,5,6,8,11a-octahydropyrano[3,4-e]pyrido[1,2-a]pyrazine-9-carboxamide: 'H NMR
(400 MHz, Methanol-d4) 6 8.45 (s, 1H), 6.97 - 6.74 (m, 2H), 4.74 - 4.53 (m, 3H), 4.13 - 3.86
(m, 3H), 3.71 (ddd, J = 12.3, 9.0, 3.5 Hz, 1H), 3.26 (s, 3H), 2.28 (ddt, J = 13.7, 9.0, 4.5 Hz,
1H), 2.00 (dt, J] = 14.4, 4.5 Hz, 1H), 1.36 (d, J = 7.0 Hz, 3H). 19F NMR (377 MHz,
Methanol-d4) & -78.26 , -110.66 (ddd, J = 15.3, 9.0, 6.1 Hz), -114.22 (t, ] = 7.1 Hz). LCMS-
ESI" (m/z): [M+H]" Chemical Formula: C21H20F3N305, Molecular Weight: 451.40; found:
452.17.

Example 55

Preparation of Compound 55

55

Compound 55 was prepared in a manner similar to compound 54 substituting (3-chloro-2,4,-
difluorophenyl)methanamine for 2,4,6-trifluorobenzyl amine to give (4S,4aS,11aS)-N-(3-
chloro-2,4-difluorobenzyl)-7-hydroxy-4,5-dimethyl-6,8-dioxo-1,2,4,4a,5,6,8,11a-
octahydropyrano[3,4-e]pyrido[ 1,2-a]pyrazine-9-carboxamide: 'H NMR (400 MHz,
Methanol-d4) 6 8.47 (s, 1H), 7.37 (td, J = 8.1, 5.8 Hz, 1H), 7.20 - 6.93 (m, 1H), 4.68 (d, ] =
31.9 Hz, 3H), 4.14 - 3.87 (m, 3H), 3.71 (ddd, J = 12.2, 9.1, 3.4 Hz, 1H), 3.27 (s, 3H), 2.39 -
2.18 (m, 1H), 2.05 - 1.88 (m, 1H), 1.38 (d, ] = 7.0 Hz, 3H).19F NMR (377 MHz, Methanol-
d4) & -78.25 , -116.52 - -118.01 (m), -119.84 (d, J = 7.7 Hz). LCMS-ESI" (m/7): [M+H]"
Chemical Formula: Cy;HoCIF2N3Os, Molecular Weight: 467.85; found: 448.15.
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Example 56

Preparation of Compound 56

O F

(o
< HA/©\

o) 1) DPPA o) 2) 4N HCl
PHsP, DIAD Q dioxane
1ny-B0C - . ' ',N,Boc -
OH
56-A 56-B

O 3) NaHCO; aq
O O™X""07 ' MeoOH
. . + /O A —_—

‘NH, O 4) H2, 10% Pd/C
N O O
3 ~ 5 DBU
56-C 42-A
6
) Etl/NaH 8) HATU
—_—
D ——
7) NaOH 9) MgBr,
56-F 56
Step 1

To tert-butyl ((3S,45)-4-hydroxytetrahydro-2H-pyran-3-yl)carbamate 56-A (3.0 g,
13.81mmol) and triphenylphosphine (4.0 g, 15.25mmol) in 100 ml THF was added N,N-
diisopropylethylamine (3.0 ml, 17.20mmol) then the mixture cooled down in an ice bath.
Diisopropyl azodicarboxylate, 95% (3.3 ml, 16.76mmol) was slowly added and the mixture
was stirred for ~10 minutes. Diphenyl phosphoryl azide (3.6 ml, 16.76mmol) was then added
dropwise and the reaction gradually warmed to room temperature over 2h and maintained at

room temperature for another 3h.The mixture was diluted with ether, filtered, and the filtrate
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was washed with saturated NH4Cl, saturated NaHCO; and brine; then dried (Na,SO4) and
concentrated. The residue was purified by flash column chromatography (0-100% ethyl
acetate/ hexanes) to give tert-butyl ((3R,4R)-4-azidotetrahydro-2H-pyran-3-yl)carbamate 56-
B. 'H NMR (400 MHz, Chloroform-d) & 4.87 (d, ] = 8.9 Hz, 1H), 3.87 (dg, J = 9.8, 4.4, 4.0
Hz, 2H), 3.71 (ddd, J = 11.8, 7.8, 3.9 Hz, 1H), 3.59 (dd, J = 11.7, 4.3 Hz, 2H), 3.48 (dd, ] =
11.4,7.5 Hz, 1H), 1.87 (dtd, J = 8.7, 5.5, 3.7 Hz, 2H), 1.42 (s, 9H).

Step 2
Tert-butyl ((3R,4R)-4-azidotetrahydro-2H-pyran-3-yl)carbamate 56-B ( 1.72 g, 7.1mmol)

was dissolved in DCM at room temperature and treated with 4N HCI in dioxane. It was
evaporated to dryness, then azeotroped with toluene twice to give the HCI salt of (3R,4R)-4-

azidotetrahydro-2H-pyran-3-amine 56-C.

Steps 3-9

Steps 3-9 were performed in a manner similar to steps 5-11 for compound 51 substituting
ethyl iodide for methyl iodide to give compound 56 (4aR,11aR)-5-ethyl-7-hydroxy-6,8-
dioxo-N-(2,4,6-trifluorobenzyl)-1,3,4,4a,5,6,8,1 1a-octahydropyrano[4,3-e]pyrido[ 1,2-
a]pyrazine-9-carboxamide: 'H NMR (400 MHz, Methanol-d4) & 8.60 (s, 1H), 6.88 (t, ] = 8.4
Hz, 2H), 4.74 (dt, J = 15.2, 2.0 Hz, 1H), 4.65 (s, 2H), 4.44 (d,J = 2.8 Hz, 1H), 4.14 (dt, ] =
11.3, 3.9 Hz, 1H), 4.03 - 3.80 (m, 3H), 3.64 (td, J = 11.5, 2.5 Hz, 1H), 3.39 - 3.32 (m, 1H),
1.99 (dd, J = 14.0, 3.6 Hz, 1H), 1.71 (ddt, J = 14.1, 11.0, 5.7 Hz, 1H), 1.28 (t, J = 7.1 Hz, 3H).
F NMR 19F NMR (377 MHz, Methanol-d4) -78.20 , -110.71 (ddd, J = 15.3, 9.0, 6.2 Hz), -
114.19 (t, J = 7.1 Hz). LCMS-ESI" (m/7): [M+H]" Chemical Formula: C,H,F3N30s,
Molecular Weight: 451.40; found: 452.19.

Example 57

Preparation of Compound 57
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57

Compound 57 was prepared in a manner similar to compound 56 substituting (2,4,6-
trifluorophenyl)methanamine by  (3-chloro-2,4-difluorophenyl)methanamine to  give
compound 57 (4aR,11aR)-N-(3-chloro-2,4-difluorobenzyl)-5-ethyl-7-hydroxy-6,8-dioxo-
1,3,4,4a,5,6,8,11a-octahydropyrano[4,3-e]pyrido[1,2-a]pyrazine-9-carboxamide: 'H NMR
(400 MHz, Methanol-d4) 6 8.62 (s, 1H), 7.38 (td, J = 8.4, 6.0 Hz, 1H), 7.08 (td, J = 8.7, 1.9
Hz, 1H), 4.79 - 4.68 (m, 1H), 4.66 (s, 2H), 4.44 (d, ] =3.4 Hz, 1H), 4.14 (dt,J = 11.6, 4.1 Hz,
1H), 4.03 - 3.81 (m, 3H), 3.64 (td, ] = 11.5, 2.5 Hz, 1H), 3.40 - 3.32 (m, 1H), 2.10 - 1.91 (m,
1H), 1.81 - 1.59 (m, 1H), 1.29 (t, J = 7.2 Hz, 3H). ’F NMR 19F NMR (377 MHz, Methanol-
d4) & -115.45 - -118.97 (m), -119.92 (d, J = 7.9 Hz). LCMS-ESI" (m/z): [M+H Chemical
Formula: C,;HyoCIF2N3Os, Molecular Weight: 467.85; found: 468.15.

Example 58

Preparation of Compound 58

Iz

58

Compound 58 was prepared in a synthetic sequence similar to that previously described for
compound 29, using N-Boc protected (1R,25)-cyclopentane-1,2-diamine as a reaction partner
with the previously described common pyrone 1-B. Following the referenced steps (vide
supra), final purification was performed on a 4g silica gel column eluting from 100% EtOAc
to 9:1 EtOAc/MeOH to provide the final product 58.

'H NMR (400 MHz, CD30D) & 8.43 (s, 1H), 6.88 (m, 2H), 4.67 (m, 1H), 4.64 - 4.55 (m,
1H), 4.44 (s, 1H), 4.11 (m, 1H), 3.12 (s, 3H), 2.34 (dq, J = 14.0, 7.3 Hz, 1H), 2.14 (dt, ] = 7.3,
4.4 Hz, 2H), 1.96 (m, 1H), 1.91 - 1.76 (m, 2H).

LCMS-ESI+ (m/z): [M+H]+ calculated for CyoH;9F3N304: 422.13; found: 422.2.
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Example 59

Preparation of Compound 59

Compound 59 was prepared in a synthetic sequence similar to that previously described for
compound 4 using tert-butyl ((1R,2S)-2-aminocyclohexyl) carbamate as a reaction partner
with the previously described pyrone 1-B. Following a sequence similar to that described
previously (vide supra), final purification was performed on a 4g silica gel column eluting
10 from 100% EtOAc to 9:1 EtOAc/MeOH to provide the final product 59.

'H NMR (400 MHz, Chloroform-d) & 12.62 (s, 1H), 10.44 (s, 1H), 8.41 (s, 1H), 6.66 - 6.61
(m, 2H), 4.65-4.60 (dd, m, 1H), 4.59 (m, 1H), 4.24 (m, 1H), 4.10 (m, 1H), 3.76 (s, 3H), 2.27
(s, 1H), 2.10 (m, 2H), 1.99 (m, 1H), 1.85 (m,2H), 1.60 - 1.76 (bm, 4H), 1.22 (m,1H).
LCMS-ESI+ (m/z): [M+H]+ calculated for CyoH9F3N304: 436.2; found: 436.1.

15 Example 60

Preparation of Compound 60

20

182



WO 2016/106237 PCT/US2015/067155

* O
O Q 1) NaHCO3 aq (\'

Oy O EtOH /\N 0" 4) NaOH aq
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Step 1,2.3
The mixture of the pyrone 1-B (500 mg, 1.44 mmol) and tert-butyl ((IR,2S)-2-

aminocyclohexyl)carbamate (60-A) (310 mg, 1.44 mmol) with sodium bicarbonate (242 mg,
5 2.88 mmol) in water (10mL) and ethanol (10mL) was stirred at room temperature for 16h. It

was concentrated and co-evaporated with acetonitrile to remove water. The crude residue was

used for the next reaction as is.

The crude residue was dissolved in dichloromethane (10 mL) and treated with 4 N HCI in

dioxane (6 mL). It was stirred at room temperature for 2h and concentrated to dryness.

10 To the above residue was added 20 mL of anhydrous ethanol and 1,8-
Diazabicyclo[5.4.0Jundec-7-ene (2.0 ml, 13.5 mmol). The mixture was warmed to 60 °C for
120 min. The mixture was concentrated. The residue was purified by flash chromatography
on silica gel to afford (4aR,11aS)-methyl 7-methoxy-6,8-dioxo-2,3,4,4a,5,6,8,11a-octahydro-
1H-pyrido[ 1,2-a]quinoxaline-9-carboxylat 60-C. LCMS-ESI+ (m/z): [M+H]+ calculated for

15 Chemical Formula: C»H»4N>Os, Molecular Weight: 396.44; found: 397.34.

Step 4
To a mixture of the Reactant 60-C (528 mg, 1.33 mmol) in THF (10mL) and methanol (2

mL) was added 1N NaOH (5 mL). The mixture was stirred at room temperature for about 60

20 min and then acidified with 2 mL of 3 N HCI and concentrated to dryness. The crude acid
60-D was used for the next reaction as is. LCMS-ESI+ (m/z): [M+H]+ calculated for
Chemical Formula: C»yH>0N,Os, Molecular Weight: 368.38; found: 369.23.
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Step 5. 6
Intermediate 60-D (1.33mmol) and (2,4,6-trifluorophenyl)methanamine (429 mg, 2.66 mmol)

were suspended in dichloromethane (70 mL) and treated with diisopropylethylamine (1 ml,
6.2 mmol) at room temperature. To this suspension was added (dimethylamino)-N,N-
dimethyl(3H-[1,2,3]triazolo[4,5-b]pyridin-3-yloxy)methaniminium hexafluorophosphate
(HATU, 0.76 g, 2.0 mmol). After 0.5 h, the reaction mixture was diluted with
dichloromethane, washed with 3% LiCl aq, saturated NH4Cl and 0.5N HCIl. The organic
layer was dried (Na>SOg), concentrated. Purification by flash chromatography gave the
desired amide.

The residue from the previous step was dissolved in TFA (2 mL) at room temperature and
stirred for 30 min. The mixture was concentrated and the residue was purified by flash
chromatography to give 60. '"H NMR (400 MHz, DMSO-d6) & 12.64 (s, 1H), 10.41 (t, ] = 5.8
Hz, 1H), 9.18 (s, 1H), 8.44 (s, 1H), 7.31 - 6.94 (m, 2H), 4.71 - 4.28 (m, 3H), 4.22 - 3.88 (m,
1H), 2.15 - 1.81 (m, 1H), 1.78 - 1.48 (m, 4H), 1.38 (dt, J = 27.0, 8.4 Hz, 3H). ’F NMR (376
MHz, DMSO-d6) 6 -109.35 (tt, J = 9.1, 6.3 Hz), -112.48 (p, J = 7.5 Hz). LCMS-ESI+ (m/z):
[M+H]+ Chemical Formula: CyH13F3N30,, Molecular Weight: 421.32; found: 422.31.

Example 61

Preparation of Compound 61
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61
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Step 1

A 50-mL 1-neck round bottom flask was charged with reactant 2-A (0.165 g, 1.45 mmol), 1-
B (0.50 g, 1.45 mmol) and NaHCO; (0.25 g, 2.9 mmol) in ethanol (10 ml) and water (10 ml).
The reaction mixture was stirred at room temperature overnight. The reaction mixture was
concentrated down, re-dissolved in EtOAc (50 mL), washed with water (2x) and dried over
Na,S0Os. After concentration, the crude was purified by column chromatography on silica gel
with hexane-EtOAc to obtain 2-C. LCMS-ESI+ (m/z): [M+H]+; found: 397.

Step 2

A 50-mL 1-neck round bottom flask was charged with reactant 2-C (0.17 g, 0.43 mmol) in
THF (5 mL) and MeOH (5 mL). 1 N KOH in water (1.3 mL) was added to the reaction
solution. The reaction mixture was stirred at room temperature for 1 hour. After acidification
with 1 N HCI, the solution was concentrated to remove the solvent completely and the crude
acid was used for the next step without further purification. The crude acid (0.27 mmol),
2,4,6-trifluorophenyl methanamine (0.084 g, 0.52 mmol), DIPEA (0.169 g, 1.3 mmol) and
HATU (0.20 g, 0.52 mmol) were stirred in DCM (10 ml) at room temperature for 1 hour. The
reaction mixture was concentrated down, re-dissolved in EtOAc (50 mL), washed with

saturated NaHCO; (2x), sat NH4ClI and dried over Na,SQ,. After concentration, the crude
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was purified by column chromatography on silica gel with hexane-EtOAc to obtain 61-A.
LCMS-ESI+ (m/z): [M+H]+; found: 512.

Step 3

A 50-mL 1-neck round bottom flask was charged with reactant 61-A (0.03 g, 0.06 mmol) in
TFA (2 mL). The reaction mixture was stirred at room temperature for 30 minutes. The
solution was concentrated and the residue was purified by flash chromatography using 0-20%
MeOH in EtOAc to afford compound 61. '"H NMR (400 MHz, DMSO-d6) 6 12.84 (s, 1H),
10.42 (t, J = 5.6 Hz, 1H), 9.37 (s, 1H), 8.28 (s, 1H), 7.18 (t, ] = 8.7 Hz, 2H), 4.53 (d, ] = 5.7
Hz,2H), 3.88 (d, ] = 11.3 Hz, 1H), 3.51 (d, J = 10.9 Hz, 1H), 2.10 - 1.78 (m, 2H), 1.71 (d, J =
11.4 Hz, 1H), 1.64 - 1.08 (m, 4H). '°’F NMR (376 MHz, DMSO-d6) & -109.41(m, 1F) , -
112.48 (d, J = 7.8 Hz, 2 F). LCMS-ESI+ (m/z): [M+H]+ found: 422.

Example 62

Preparation of Compound 62

1) KOH
2)HATU ¢

H,N

F F 62
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Step 1
A 50-mL 1-neck round bottom flask was charged with reactant 1-A (0.165 g, 1.45 mmol), 1-

B (0.50 g, 1.45 mmol) and NaHCO; (0.25 g, 2.9 mmol) in ethanol (10 ml) and water (10 ml).
The reaction mixture was stirred at room temperature overnight. The reaction mixture was
concentrated down, re-dissolved in EtOAc (50 mL), washed with water (2x) and dried over
Na,S0Os. After concentration, the crude was purified by column chromatography on silica gel
with hexane-EtOAc to obtain 1-C. LCMS-ESI" (m/7): [M+H]"; found: 397.

Step 2

A 50-mL 1-neck round bottom flask was charged with reactant 1-C (0.17 g, 0.43 mmol) in
THF (5 mL) and MeOH (5 mL). 1 N KOH in water (1.3 mL) was added to the reaction
solution. The reaction mixture was stirred at room temperature for 1 hour. After acidification
with 1 N HCI, the solution was concentrated to remove the solvent completely and the crude
acid was used for next step without further purification. The crude acid (0.27 mmol), 2,4,6-
trifluorophenyl methanamine (0.084 g, 0.52 mmol), DIPEA (0.169 g, 1.3 mmol) and HATU
(0.20 g, 0.52 mmol) in DCM (10 ml) were stirred at room temperature for 1 hour. The
reaction mixture was concentrated down, re-dissolved in EtOAc (50 mL), washed with
saturated NaHCO; (2x), saturated NH4Cl and dried over Na,SQ4. After concentration, the
crude was purified by column chromatography on silica gel with hexane-EtOAc to obtain 62-
A. LCMS-ESI" (m/z): [M+H]"; found: 512.

Step 3

A 50-mL 1-neck round bottom flask was charged with reactant 62-A (0.03 g, 0.06 mmol) in
TFA (2 mL). The reaction mixture was stirred at room temperature for 30 minutes. The
solution was concentrated and the residue was purified by flash chromatography using 0-20%
MeOH in EtOAc afford compound 62. '"H NMR (400 MHz, DMSO-d6) 6 10.41 (t,J =59
Hz, 1H), 9.38 (s, 1H), 8.28 (s, 1H), 7.18 (t, ] = 8.6 Hz, 2H), 4.53 (d, J = 5.7 Hz, 2H), 3.88 (d,
J=10.4 Hz, 1H), 3.48 (d, ] = 11.1 Hz, 1H), 1.95 (dd, J =33.6, 17.4 Hz, 2H), 1.70 (d,J = 11.9
Hz, 1H), 1.60 - 1.14 (m, 5H)."F NMR (376 MHz, DMSO-d6) & -109.41 (m, 1F) , -112.48 (d,
J=7.8Hz 2F).

LCMS-ESI" (m/z): [M+H]" found: 422.
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Example 63

Preparation of Compound 63

63
o
0"
NH, SO 1)NaHCO,/EtOH/H,0
§oden”  Bpcuaoa
4-A 1-B

F
1) KOH TEA
N
2)HATU F H =
N F F
F
F
63-A 63
5

Step 1

A 50-mL 1-neck round bottom flask was charged with reactant 4-A (0.165 g, 1.45 mmol), 1-
B (0.50 g, 1.45 mmol) and NaHCO; (0.25 g, 2.9 mmol) in ethanol (10 ml) and water (10 ml).
The reaction mixture was stirred at room temperature overnight. The reaction mixture was
10 concentrated down, re-dissolved in EtOAc (50 mL), washed with water (2x) and dried over
Na,S0Os. After concentration, the crude was purified by column chromatography on silica gel
with hexane-EtOAc to obtain 4-C. LCMS-ESI" (m/7): [M+H]"; found: 397.
Step 2
A 50-mL 1-neck round bottom flask was charged with reactant 4-C (0.17 g, 0.43 mmol) in
15 THF (5 mL) and MeOH (5 mL). 1 N KOH in water (1.3 mL) was added to the reaction
solution. The reaction mixture was stirred at room temperature for 1 hour. After acidification
with 1 N HCI, the solution was concentrated to remove the solvent completely and the crude
acid was used for the next step without further purification. The crude acid (0.27 mmol),

2,4,6-trifluorophenyl methanamine (0.084 g, 0.52 mmol), DIPEA (0.169 g, 1.3 mmol) and
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HATU (0.20 g, 0.52 mmol) in DCM (10 ml) were stirred at room temperature for 1 hour. The
reaction mixture was concentrated down, re-dissolved in EtOAc (50 mL), washed with
saturated NaHCO; (2x), saturated NH4Cl and dried over Na,SQ4. After concentration, the
crude was purified by column chromatography on silica gel with hexane-EtOAc to obtain 63-
A. LCMS-ESI" (m/z): [M+H]"; found: 512.

Step 3

A 50-mL 1-neck round bottom flask was charged with reactant 63-A (0.03 g, 0.06 mmol) in
TFA (2 mL). The reaction mixture was stirred at room temperature for 30 minutes. The
solution was concentrated and the residue was purified by flash chromatography using 0-20%
MeOH in EtOAc to afford compound 63. '"H NMR (400 MHz, Chloroform-d) & 11.70 (s,
1H), 10.65 - 10.18 (m, 1H), 8.27 (s, 1H), 7.26 (m, 1H), 6.90 (td, J = 9.7, 6.4 Hz, 1H), 4.89 (s,
1H), 4.60 (d, J = 6.0 Hz, 2H), 4.09 (dd, J = 11.4, 2.6 Hz, 1H), 3.96 - 3.66 (m, 2H), 2.68 (s,
1H), 2.15 - 1.43 (m, 6H). ’F NMR (376 MHz, Chloroform-d) § 120.53 - -120.85 (m, 1F), -
134.68 - -136.79 (m,1F), -142.26 - -144.11 (m, 1F). LCMS-ESI* (m/z): [M+H]" found: 422.

Example 64
Antiviral Assays in MT4 Cells

For the antiviral assay utilizing MT4 cells, 0.4 pL of 189X test concentration of 3-fold
serially diluted compound in DMSO was added to 40 pL of cell growth medium (RPMI
1640, 10% FBS, 1% penicillin/streptomycin, 1% L-Glutamine, 1% HEPES) in each well of

384-well assay plates (10 concentrations) in quadruplicate.

1 mL aliquots of 2 x 10° MT4 cells are pre-infected for 1 and 3 hours respectively at 37 °C
with 25 pLL (MT4) or of either cell growth medium (mock-infected) or a fresh 1:250 dilution
of an HIV-IIIb concentrated ABI stock (0.004 m.o.i. for MT4 cells). Infected and uninfected
cells are diluted in cell growth medium and 35 puL of 2000 (for MT4) cells is added to each

well of the assay plates.

Assay plates were then incubated in a 37 °C incubator. After 5 days of incubation, 25 pL of
2X concentrated CellTiter-Glo™ Reagent (catalog # G7573, Promega Biosciences, Inc.,

Madison, WI) was added to each well of the assay plate. Cell lysis was carried out by
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incubating at room temperature for 2-3 minutes, and then chemiluminescence was read using

the Envision reader (PerkinElmer).

Compounds of the present disclosure demonstrate antiviral activity in this assay as depicted
in Table 1 below. Accordingly, the compounds of the embodiments disclosed herein may be
useful for treating the proliferation of the HIV virus, treating AIDS, or delaying the onset of
AIDS or ARC symptoms.

Example 65
Human PXR Activation Assay

Luciferase Reporter Gene Assay. A stably transformed tumor cell line (DPX2) was plated on

96-well microtiter plates. DPX2 cells harbor the human PXR gene (NR112) and a luciferase
reporter gene linked to two promoters identified in the human CYP3A4 gene, namely XREM
and PXRE. The cells were treated with six concentrations of each compound (0.15 ~ 50 uM)
and incubated for 24 hours. The number of viable cells was determined and the reporter gene
activity was assessed. Positive control: Rifampicin at 6 concentrations (0.1 ~ 20 pM). %E .«
relative to the maximum fold induction by 10 or 20 pM RIF was calculated for test
compounds according to the following equation which adjusts for the DMSO background:

90Emax = (Fold induction — 1)/(Maximum fold induction by RIF — 1) x 100%.

Example 66
OCT?2 Inhibition Assay

The dose dependent inhibition of OCT2 mediated uptake of a model substrate “C-
Tetraethylammonium (TEA) by test compounds was studied in wild-type and OCT2-
transfected MDCKII cells at 7 concentrations from 0.014 uM to 10 uM.

MDCKII cells were maintained in minimal essential medium (MEM) with 1% Pen/Strep,
10% fetal bovine serum, and 0.25 mg/mL hygromycin B in an incubator set at 37 °C, 90%
humidity and 5% CO,. 24 hours prior to assay, media containing 5 mM sodium butyrate
were added to MDCKII cells in flasks, and cells were grown to 80-90% confluence. On
assay day, cells were trypsinized and resuspended in Krebs-Henseleit Buffer (KHB), pH 7.4
at 5 x 10° million cells/mL. Cells were preincubated for 15 min in assay plate before addition

of test compound or substrate.
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Test compounds were serially diluted in DMSO and then spiked (2 pL) into in 0.4 mL KHB
buffer containing wild-type or OCT2-transfected cells and incubated for 10 minutes. Assay
was initiated with the addition of 0.1 mL of 100 uM "*C-TEA in KHB buffer (20 uM final
concentration after mixing). The concentration of TEA is based on the K,,. After 10 minutes
of incubation, the assay mixture was quenched with addition of 0.5 mL of ice-cold 1X PBS
buffer. Samples were then centrifuged at 1000 rpm for 5 min and supernatants were
removed. Wash steps were repeated four times with ice-cold PBS. Finally, the cell pellets
were lysed with 0.2N NaOH and let sit at room temperature for at least 30 min to ensure
complete lysis. Samples were then counted on liquid scintillation counter and dpm counts
were used to perform the following calculations. The % inhibition was calculated as follows:
% inhibition = [1- { [OCT2]; - [WT]y } / {IOCT2]i-[WTlyi }1#100 where, [OCT?2]; represents
the dpm count in the presence of test compound for either OCT?2 cells, [OCT2],; represents
the dpm count in the absence of test compound for OCT2 cells and [WT],; represents the dpm

count in the absence of test compound for wild type cells, respectively.

Table 1
Compound | EC0 | CCa 2 | PXR %inh at 15
(nM) (nM) (M) uM (adjusted)

1 6.429 27344 32

o) 3.904 11217 46

3 2.957 11030

4 2.527 10536 65

5 4.739 16989 66
29 2.148 16714 | 216 49
30 3.25 10389 9
58 3.32 10893 | 2493 25
59 3.424 11398 | 2511 44
31 2.623 52456 | 10000 1

6 5.019 21974
32 3.799 57143 | 10000 19

7 14.853 | 19849 36
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43 4303 | 32281 1
49 3317 | 11994 1
3 2.838 [ 31116 12
34 2226 | 32326 3
50 2.682 | 48439 1
35 3.804 | 16456 6
g 1653 | 57143 24
21 3452 | 31068 6
36 1.576 | 19678 5
37 4269 | 33946 35
18 2.827 | 16566 67
42 5.667 | 31872 3
43 2.884 | 11301 13
2 3.768 | 17969 8
24 7293 | 37521 29
44 5.68 38020 32
45 7.261 | 36670 33
39 2578 | 12846 | 10000 |5
9 1401 | 11311 27
10 7.649 | 34916
1 3.685 | 8324 4
40a 1278 | 29014 4
40b 1.31 23140 22
12 6.261 | 36464 | 6400 18
13 10716 | 7320.2 5
252 4584 | 25926 20
25b 437 26702 | 10000 |13
264 5266 | 24336 15
26b 4935 | 30874 24
51 5278 | 6711.2 33
46 2926 | 28230 8
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50 4953 | 2825 24
14 2.804 | 11622 26
15 7.923 | 14919 6
16 2.13 11527 7
53 6.044 | 13293 46
7 1169 | 57143
55 1.907 | 9660.9 2
54 2924 {23928 8
41 2.876 | 27440 21
17 4.805 | 23913 7
13 3334 | 26931 2
47 5704 | 27246 9
56 3.068 | 4486.6 10
57 2285 | 6454.4 3
11
19 4278 | 27825
20 9.598 | 34090 1
60 1.9 | 13773 2
” 122 | 38349 4
23 44 | 10811 | 10000 |4
63 22 | 10331 5
62 7.3 | 24246 0
61 6.3 | 31410 0

The data in Table 1 represents an average over time of each assay for each compound. For

certain compounds, multiple assays have been conducted over the life of the project.

Example 67

Pharmacokinetic Analysis Following Oral or Intravenous Administration to male SD

rats

Pharmacokinetic analysis was performed on compounds 25b and 39 following intravenous or

oral administration to rats.
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The test compounds were formulated in 5% Ethanol, 55% PEG 300, and 40% water at 0.1
mg/mL for IV infusion and for oral dosing.

Each dosing group consisted of 3 male, Sprague-Dawley rats. At dosing, the animals
weighed an average of 0.25 kg. The animals were fasted overnight prior to dose
administration and up to 4 hr after dosing.

For the IV infusion group, the test article was administered by intravenous infusion over 30
min. The rate of infusion was adjusted according to the body weight of each animal to
deliver a dose of 0.5 mg/kg. For the oral dosing group, the test article was administered by
oral gavage at 5 mL/kg for a dose of 0.5 mg/kg.

For pharmacokinetic analysis of intravenously administered compounds, serial venous blood
samples (approximately 0.3 mL each) were taken from each animal at 0, 0.250, 0.483, 0.583,
0.750, 1.50, 3.00, 6.00, 8.00, 12.0, 24.0, 48 and 72 hours after dosing. The blood samples
were collected into VacutainerTM tubes containing EDTA-K2 as the anti-coagulant and were
immediately placed on wet ice pending centrifugation for plasma. An LC/MS/MS method
was used to measure the concentration of the test compound in plasma. An aliquot of 50 uL
of each plasma sample was added to a clean 96 well plate, and 200 pL of cold
acetonitrile/internal standard solution (ACN)/(ISTD) was added. After protein precipitation,
an aliquot of 110 pL of the supernatant was transferred to a clean 96-well plate and diluted
with 300 pL of water. An aliquot of 10 pL of the above solution was injected into a ABSciex
API-4000 triple quadrupole LC/MS/MS system utilizing a HyPurity C18 HPLC column (30
X 2.1 mm, 3p), from Thermo-Hypersil (Part # 22103-032130). An Agilent 1200 series binary
pump (P/N G1312A Bin Pump) was used for elution and separation, and an HTS Pal
autosampler (LEAP Technologies, Carrboro, NC) was used for sample injection. A API-4000
triple quadrupole mass spectrometer was utilized in multiple reaction monitoring mode
(Applied Biosystems, Foster City, CA). Liquid chromatography was performed using two
mobile phases: mobile phase A contained 0.1% formic acid and 1% isopropylamine in
aqueous solution, and mobile phase B contained 0.1% formic acid and 1% isopropylamine in
aqueous solution. Non-compartmental pharmacokinetic analysis was performed on the
plasma concentration-time data. The resulting data are shown in the first three columns of
Table 2. In Table 2, Cl refers to clearance, which characterizes the rate at which drug is

removed from plasma. The lower the clearance of a drug is, the longer the elimination half-
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life is in the body. Vss refers to the steady state volume of distribution and indicates how
well a drug is distributed into the tissues. The larger the Vss is, the longer the elimination
half-life is in the body. MRT refers to mean residence time, which is a measure of the
average time molecules exist in the body.

For pharmacokinetic analysis of orally administered compounds, serial venous blood samples
(approximately 0.3 mL each) were taken from each animal at time points of 0, 0.25, (.50, 1.0,
2.0, 4.0, 6.0, 8.0, 12.0 24.0, 48.0 and 72 hours after dosing. Blood samples were collected,
prepared and analyzed in a similar way to the intravenous studies described above. Non-

compartmental pharmacokinetic analysis was performed on the plasma concentration-time

data. The resulting data is shown in Table 2. In Table 2, F (%) refers to oral bioavailability.

Table 2 — Rat Pharmacokinetics

Compound Cl (L/h/kg) | Vss (L/kg) MRT (h) %F
(solution)

25b 0.0013 0.141 119 39

39 0.0023 0.212 105 15

Dolutegravir 0.01 0.17 12.4 84

Some reference compounds were also tested in dog pharmacokinetic analysis.

Example 68

Resistance Assay

For the antiviral assay utilizing MT-2 cells, 50 pL of 2X test concentration of 3-fold serially
diluted compound in culture medium with 10% FBS was added to each well of a 96-well
plate (9 concentrations) in triplicate. MT-2 cells were infected with wild-type or mutant
variants of HIV-1 for 3 hours using a volume of viral inoculum determined to produce 90%
cell killing. Fifty microliters of infected cell suspension in culture medium with 10% FBS
(~1.5 x 10* cells) was then added to each well containing 50 pL of serially diluted

compound. The plates with HIV-infected cultures were then incubated at 37°C for 5 days in
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the presence of the tested compounds. After 5 days of incubation, 100 pL of CellTiter-Glo™
Reagent (catalog # G7571, Promega Biosciences, Inc., Madison, WI) was added to each well.
Cell lysis was carried out by incubating at room temperature for 10 min followed by a

chemiluminescence read-out.

Data Analysis

The chemiluminescence readout from the 10-point antiviral dose response was analyzed

directly by curve fitting with equation (I) to determine the ECsy.

- _[ M anCSO” j_{(M +I{n)><CC50m j "
ECy" +[I1" cCy" +[11"

where y = Cell Survival, M = maximum cell survival enabled by drug protection, H =
baseline cell survival without drug protection, n = Hill coefficient of the antiviral dose
response, m = Hill coefficient of the cytotoxicity dose response, and [/] = inhibitor
concentration.

ECsy values (mean # standard deviation) were calculated from at least three independent
experiments performed in triplicate. The fold-change in antiviral activity of tested compounds
was calculated as a ratio of the mean ECs, for each mutant virus divided by the mean ECsy of
the control WT virus. A lower fold-shift means the mutant virus shows less resistance to that

compound.

Example 69
Plasma protein binding

Instrument and reagents for dialysis

Plasma protein binding was determined using a HTD96b equilibrium dialyzer with a plate
base, stainless steel pressure plate and Teflon bock. 9 Teflon bars, labeled sequentially from
A through I, were assembled with two stainless steel connecting rods. Membranes were
placed between two Teflon bars, with the membrane placed approximately 2mm below the
top edge of the bar and the lower membrane edge overlaped the bottom of all wells. The
membrane was soaked for about 20 minutes in water, about 20 minutes in ethanol (30/70 v/v)

and rinsed with water three times to remove the ethanol. It was soaked in PBS for at least 30
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minutes. Plasma in sodium EDTA (Bioreclamation or equivalent) was used. The Plasma (not
pH-adjusted) was stored at -80°C and thawed at room temperature before use.

Stock solutions and Quench

The stock solution of the compounds tested was at 200 UM in DMSO. The quench solution
used was 50 nM of an internal standard in 100% ACN.

Test article solutions in plasma and CCM

To prepare a 2 uM solution of the compound tested in plasma, 5 pL of a 200 uM stock
solution was added to 495 pL of blank plasma.

Equilibrium dialysis procedure- HTD 96b dialyzer

100 pL plasma was added with 2 uM of test compound into one side of the well. 100 pL of
buffer (for plasma vs. buffer) was added into another side of the well.

The 96-well plate was covered using an adhesive sealing film and incubated for 24 hours at
37°C under slow rotation.

This procedure was replicated for each compound.

Sample Preparation for analysis

50 pL of plasma sample was put into a 96 well plate, 50 uL of buffer was added.

50 pL of buffer was put into a 96 well plate. 50 UL of plasma was added.

300 UL of quench solution was added and the plate sealed and shaken for 15 minutes.

The material was centrifuged for 30 minutes at 3000 RPM and ~250 pL was transferred into
a short plate. The samples were analyzed by LC/MS.

The resulting data is shown in the last row of Table 3 as “% Free” which corresponds to the

percentage of compound not protein bound.

Table 3 - Resistance (fold shift, mutant vs. wild type (wt) in MT2 cells) and % Free

compound in plasma protein binding
Compound | E138K/ G1408/ E92Q/ N155H/ | wt (nM) | %Free
Q148K Q148R N155H Q148R HP/Buffer
25b 2.3 1.9 2.2 2.2 14 <0.1%
39 1.5 1.8 2.3 2.8 0.9 0.67
41 3.5 2.9 2.1 1.8 2.0 5.7
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33 5.9 25 0.9 2.2 2.5 5.6
44 23.8 59 2.3 17.7 7.8 6.8
Dolutegravir | 8.2 3.7 1.9 2.5 1.7 1.0

All of the U.S. patents, U.S. patent application publications, U.S. patent applications, foreign
patents, foreign patent applications and non-patent publications referred to in this
specification are incorporated herein by reference, in their entirety to the extent not

inconsistent with the present description.

From the foregoing it will be appreciated that, although specific embodiments have been
described herein for purposes of illustration, various modifications may be made without
deviating from the spirit and scope of the disclosure. Accordingly, the disclosure is not

limited except as by the appended claims.
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CLAIMS

We claim:

1. A compound of Formula (Ia)

(X i
R2 N HARS

1-N
R S 0
0] OH (Ia)

or a pharmaceutically acceptable salt thereof, wherein:

A’ is selected from the group consisting of Cs.; monocyclic cycloalkyl and 4 to 7
membered monocyclic heterocyclyl; wherein each Cs.; monocyclic cycloalkyl and 4 to
7 membered monocyclic heterocyclyl is optionally substituted with 1 to 5 R* groups;

each R* is independently selected from the group consisting of oxo, methyl, and
ethyl; or two R* connected to the same or adjacent carbon atoms form a spiro or fused
Cs.cycloalkyl or 4 to 6 membered heterocyclyl ring;

R! is selected from the group consisting of H, Cj4alkyl, C;4haloalkyl and Cs
scycloalkyl;

R? is selected from the group consisting of hydrogen, C;_shaloalkyl and C,_salkyl;

R? is selected from the group consisting of phenyl substituted with at least 3 R’

groups;
and

each R’ is independently selected from the group consisting of C;salkyl and

halogen.

2. The compound of claim 1, or a pharmaceutically acceptable salt thereof,
wherein A’ is selected from the group consisting of cyclohexyl, cyclopentyl,
tetrahydrofuranyl and tetrahydropyranyl; each of which is optionally substituted with
one or two R* groups, wherein each R*is independently selected from the group
consisting of oxo and methyl; or two R* connected to the same or adjacent carbon

atoms form a spiro dioxolane or a fused cyclopropyl ring.
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3. The compound of claim 1, or a pharmaceutically acceptable salt thereof,
wherein A’ is substituted with two R* groups, wherein the two R* connected to the same

or adjacent carbon atoms form a spiro dioxolane or a fused cyclopropyl ring.

4. The compound of any of the preceding claims, or a pharmaceutically acceptable
salt thereof, wherein A’ is selected from the group consisting of tetrahydrofuranyl and

tetrahydropyranyl.

5. The compound of any of the preceding claims, or a pharmaceutically acceptable
salt thereof, wherein R’ is selected from the group consisting of hydrogen, methyl,

ethyl, propyl, isopropyl, CH,CF;, CH,CHF; and cyclopropyl.

6. The compound of any of claims 1 to 4, or a pharmaceutically acceptable salt
thereof, wherein R! is selected from the group consisting of C; 4haloalkyl and Cs.

scycloalkyl.

7. The compound of any of the preceding claims, or a pharmaceutically acceptable
salt thereof, wherein R! is selected from the group consisting of CH,CF;, CH,CHF, and

cyclopropyl.

8. The compound of any one of claims 1 to 5, or a pharmaceutically acceptable salt

thereof, wherein R!is ethyl.

9. The compound of any of the preceding claims, or a pharmaceutically acceptable
salt thereof, wherein R? is selected from the group consisting of hydrogen, CHF; and

methyl.

10. The compound of any of the preceding claims, or a pharmaceutically acceptable

salt thereof, wherein R? is hydrogen.

11. The compound of any of claims 1 to 8, or a pharmaceutically acceptable salt

thereof, wherein R?is C;3haloalkyl.

12. The compound of claim 11, or a pharmaceutically acceptable salt thereof,

wherein R? is CHF..
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13. The compound of any one of claims 1-10, or a pharmaceutically acceptable salt
thereof, wherein A’ is selected from the group consisting of tetrahydrofuranyl and

tetrahydropyranyl and R is hydrogen.

14. The compound of any of the preceding claims, or a pharmaceutically acceptable
0™

I

salt thereof, wherein A’ is is selected from the group consisting of =« and

d :
.

15. The compound of any of the preceding claims, or a pharmaceutically acceptable
salt thereof, wherein R® is phenyl substituted with three R’ groups, wherein each R’ is

independently selected from the group consisting of methyl, ethyl, and halogen.

16. The compound of any of the preceding claims, or a pharmaceutically acceptable
salt thereof, wherein R® is phenyl substituted with three R’ groups, wherein each R’ is

independently selected from the group consisting of fluoro and chloro.

17. A compound of Formula (Ib)

;<2\x3 o)
X1
2*\ N B N N R3
R N H
R NS0
O OH (Ib)

or a pharmaceutically acceptable salt thereof, wherein:

X!, X%, and X° are each independently selected from the group consisting of CHR?,
O, C=0 and CHzCHR4; provided that no more than one of Xl, Xz, and X?is O or C=0;

each R* is independently selected from the group consisting of H and CH;

R! is selected from the group consisting of H, Cj4alkyl, C;4haloalkyl and Cs
scycloalkyl;

R? is selected from the group consisting of hydrogen, C;_shaloalkyl and Csalkyl;
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R’ is selected from the group consisting of phenyl substituted with three R’ groups;
each R’ is independently selected from the group consisting of C;salkyl and

halogen.

18. The compound of claim 17, or a pharmaceutically acceptable salt thereof,

wherein X° is CHR*; and X' and X” are each independently O, CHR"or C=0.

19. The compound of claim 17 or 18, or a pharmaceutically acceptable salt thereof,

. 4.
wherein R™ is H.

20. The compound of claims 17 or 18, or a pharmaceutically acceptable salt thereof,
wherein —X'=X?>-X°— is selected from the group consisting of -CH,~CH>—CH»—, —CH,—
O—CHz—, and —O—CHz—CHz—.

21. The compound of claim 17, or a pharmaceutically acceptable salt thereof,
wherein one of X! and X° is CHzCHR4 and the other one of X' and X° is CHR4; and X?
is O, CHR" or C=0.

22. The compound of claim 17 or 21, or a pharmaceutically acceptable salt thereof,

. 4.
wherein R™ is H.

23. The compound of claim 17 or 21, or a pharmaceutically acceptable salt thereof,
wherein —X'=X?>-X°— is selected from the group consisting of -CH,~CH»—CH»—CH,—, —
CH,-O-CH,—CH,—, -CH(CH3)-O-CH»—CH»—, -CH,—CH>—-O-CH,—, and -CH>—C(O)—
CH,—CH»—

24. The compound of any one of claims 17-23, or a pharmaceutically acceptable salt
thereof, wherein R” is selected from the group consisting of hydrogen, methyl and

CHEF,.

25. The compound of any one of claims 17-24, or a pharmaceutically acceptable salt

thereof, wherein R” is hydrogen.

26. The compound of any of claims 17 to 23, or a pharmaceutically acceptable salt

thereof, wherein R?is C;3haloalkyl.
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27. The compound of claim 26, or a pharmaceutically acceptable salt thereof,
wherein R? is CHF..
28. The compound of any one of claims 17-27, or a pharmaceutically acceptable salt

thereof, wherein

X2 \X3

Sy

wons is selected from the group consisting of:

O
O
@s kaf %}f
; %if LY
¢ O?\

and

Qy Oy = Oy

29. The compound of any one of claims 17-27, or a pharmaceutically acceptable salt

thereof, wherein

O
%(2\)(3
1
S e
ooy is F .

30. The compound of any one of claims 17-27, or a pharmaceutically acceptable salt

thereof, wherein

e is selected from the group consisting of:
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S AN eV e B <

SURSUROUNSURS
hf '/,,.('\5 ";W; i Wﬁi

o) o)

9\5 :f\f O%éf %ﬁ 0:(\5
/}5 %}5 09\ ;o 4?\5

31. The compound of any one of claims 17-27, or a pharmaceutically acceptable salt

thereof, wherein

)
?(2 \X3 r \;
X1 /,,
g F\/f ]
s is F .
32. The compound of any one of claims 17-27, or a pharmaceutically acceptable salt

thereof, wherein

X2~x3 O
S ;AN

is selected from the group consisting of ~~ and waw .
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33. The compound of any one of claims 17-27, or a pharmaceutically acceptable salt

thereof, wherein

2 N
Xﬁ A T d =
o 0Ly
e is selected from the group consisting of «ww and waw .
34. The compound of any one of claims 17-33, or a pharmaceutically acceptable salt

thereof, wherein R! is selected from the group consisting of H, C;salkyl, C;,haloalkyl,

and Cj.scycloalkyl.

35. The compound of any one of claims 17-34, or a pharmaceutically acceptable salt
thereof, wherein R’ is selected from the group consisting of hydrogen, methyl, ethyl,

propyl, isopropyl, CH,CFs, CH,CHF, and cyclopropyl.

36. The compound of any one of claims 17-35, or a pharmaceutically acceptable salt

thereof, wherein R!is ethyl.

37. The compound of any of claims 17 to 34, or a pharmaceutically acceptable salt
thereof, wherein R! is selected from the group consisting of C; 4haloalkyl and Cs.

scycloalkyl.

38. The compound of any of claims 17 to 33, 35 or 37, or a pharmaceutically
acceptable salt thereof, wherein R!is selected from the group consisting of CH,CF;3,

CH,CHF, and cyclopropyl.

39. The compound of any one of claims 17-38, or a pharmaceutically acceptable salt
thereof, wherein R? is phenyl substituted with three R’ groups, wherein each R’ is

independently selected from the group consisting of methyl, ethyl, and halogen.

40. The compound of any one of claims 17-39, or a pharmaceutically acceptable salt
thereof, wherein R’ is phenyl substituted with three R’ groups, wherein each R’ is

independently selected from the group consisting of methyl, fluoro and chloro.
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41. The compound of any one of claims 17-40, or a pharmaceutically acceptable salt

thereof, wherein R’ is selected from the group consisting of:
F F F
F F F F
cl
F F E
& 8 l 3 & i :F
and
F F E
F

42. The compound of any one of claims 17-41, or a pharmaceutically acceptable salt

thereof, wherein R’ is

43, A compound of Formula (Ic)
0] O F
NES N Cl
1-N ™ H
R 0 F
© OH

or a pharmaceutically acceptable salt thereof, wherein:

(Ic)

R! is selected from the group consisting of H, Cj4alkyl, C;4haloalkyl and Cs
scycloalkyl.
44, The compound of claim 43 having the Formula (Id)

(1d).
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45. A compound of Formula (Ie)

O OH (Ie)

or a pharmaceutically acceptable salt thereof, wherein:

R! is selected from the group consisting of H, Cj4alkyl, C;4haloalkyl and Cs
scycloalkyl.
46. The compound of claim 45 having the Formula (If)

an.

47. The compound of any one of claims 43-46, or a pharmaceutically acceptable salt
thereof, wherein R! is selected from the group consisting of H, C;salkyl, C;,haloalkyl,

and Cj.scycloalkyl.

48. The compound of any one of claims 43-47, or a pharmaceutically acceptable salt
thereof, wherein R’ is selected from the group consisting of hydrogen, methyl, ethyl,

propyl, isopropyl, CH,CFs, CH,CHF, and cyclopropyl.

49. The compound of any one of claims 43-48, or a pharmaceutically acceptable salt

thereof, wherein R!is ethyl.

50. The compound of any of claims 43 to 46, or a pharmaceutically acceptable salt
thereof, wherein R'is selected from the group consisting of C;_shaloalkyl and Cs.

scycloalkyl.

51. The compound of claim 50, or a pharmaceutically acceptable salt thereof,
wherein R! is selected from the group consisting of CH,CF;, CH,CHF, and
cyclopropyl.
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52. A compound selected from the group consisting of

F F
N
H
F F F F
F F
N cl
N i
F F
A F
N
H
F F F
N F
Cl
N
H
F F
Cl
F F
N
H
F F F
F
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F F
Cl F
N
H
F F
F
F F
F

Iz

F F
Cl Cl
F N
H and N
F F ~~ F
or a pharmaceutically acceptable salt thereof.
53. A compound selected from the group consisting of
F F
N
N k
F F F F
F F
Cl O, Cl
i N
H
F < F
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and

or a pharmaceutically acceptable salt thereof.

54. A compound selected from the group consisting of
0 0 F H 0 F
O 2
N7 N O N N
HN " P "
N O F F v/ F F
0] OH O OH

0 0 F o 0 F
N7 N F N7 N
y H F \ H
- NN F F F NN F F
O OH O OH
0 b 0 F
0
et Yoy
H H
~ N NN F F NN N0 F
O OH O OH
0 o F o 0 F
N : N :
- NN F F N~ NN F F
© OH O OH
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o) F 0 K
0o 0]
NN NN
N
/N A ) F F s N (0] F F
o) OH and 0 OH

or a pharmaceutically acceptable salt thereof.

55. A compound selected from the group consisting of

F
cl
N
H
F
o)
F /1, N H/j@\ i F W, N N H
Fﬂ\/N >K/N N
F "N FF o F F
O OH O OH
H
AW o F F
N
i i
F F F F

Iz

and

or a pharmaceutically acceptable salt thereof.
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56. A compound selected from the group consisting of

F F
Cl
N N
H H
F
F
N
H
F
F
F
N
H
and
or a pharmaceutically acceptable salt thereof.
57. A compound selected from the group consisting of
O F O F
NI N & N N
HN N
NN F F s NN F F
@] OH o) OH
0 F 0 F
N7 N ; TN N
H H
N HN
s NN F F NN F F
0O OH O OH
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o o E
I Cl
n, N AN H
(0] OH
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F

(0] F

N

HN

F F N (0] F F
and (@] OH

or a pharmaceutically acceptable salt thereof.

58. A compound of Formula (25b):

(25b)
or a pharmaceutically acceptable salt thereof.

59. A compound of Formula (39):

F
(39

or a pharmaceutically acceptable salt thereof.

60. A pharmaceutical composition comprising a compound of any one of claims 1-
59, or pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable

excipient.
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61. The pharmaceutical composition of claim 60 further comprising one or more

additional therapeutic agents.

62. The pharmaceutical composition of claim 61 wherein the one or more additional

therapeutic agents is an anti-HIV agent.

63. The pharmaceutical composition of claim 61 or 62 wherein the one or more
additional therapeutic agents is selected from the group consisting of HIV protease
inhibitors, HIV non-nucleoside inhibitors of reverse transcriptase, HI'V nucleoside or

nucleotide inhibitors of reverse transcriptase, and combinations thereof.

64. The pharmaceutical composition of claim 60, further comprising a first
additional therapeutic agent selected from the group consisting of: abacavir sulfate,
tenofovir, tenofovir disoproxil fumarate, tenofovir alafenamide, and tenofovir
alafenamide hemifumarate and a second additional therapeutic agent selected from the

group consisting of emtricitabine and lamivudine.

65. A method of treating an HIV infection in a human having or at risk of having
the infection by administering to the human a therapeutically effective amount of a
compound of any one of claims 1-59 or a pharmaceutical composition of any one of

claims 60-64.

66. The method of claim 65 further comprising administering to the human a

therapeutically effective amount of one or more additional therapeutic agents.

67. The method of claim 66 wherein the one or more additional therapeutic agents is

an anti-HIV agent.

68. The method of claim 66 or 67 wherein the one or more additional therapeutic
agents is selected from the group consisting of HIV protease inhibitors, HIV non-
nucleoside inhibitors of reverse transcriptase, HIV nucleoside or nucleotide inhibitors

of reverse transcriptase, and combinations thereof.
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69. The method of claim 65, further comprising administering to the human a first
additional therapeutic agent selected from the group consisting of: abacavir sulfate,
tenofovir, tenofovir disoproxil fumarate, tenofovir alafenamide, and tenofovir
alafenamide hemifumarate; and a second additional therapeutic agent selected from the

group consisting of emtricitabine and lamivudine.

70. Use of a compound of any one of claims 1-59 or a pharmaceutical composition
of any one of claims 60-64 for the treatment of an HIV infection in a human having or

at risk of having the infection.

71. A compound as described in any one of claims 1-59, or a pharmaceutically
acceptable salt thereof, or a pharmaceutical composition of any one of claims 60-64 for

use in medical therapy.

72. A compound as described in any one of claims 1-59, or a pharmaceutically
acceptable salt thereof, or a pharmaceutical composition of any one of claims 60-64 for

use in the prophylactic or therapeutic treatment of an HIV infection.
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