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TRICYCLIC COMPOUNDS

INCORPORATION BY REFERENCE TO ANY PRIORITY APPLICATIONS

{80811 Any and all applications for which a foreign or domestic priority claim is
identified, for exarople, in the Application Data Sheet or Request as filed with the present
application, are hereby incorporated by reference under 37 CFR 1.57, and Rules 4.18 and

20.6, including U.S. Provisional Application No. 62/854.,597, filed May 30, 2019.

BACKGROUND
Field
{6602] The present application relates to the fields of chemistry, biochemistry and
medicine. Disclosed herein are compounds of Formula (I), or pharmaceutically acceptable
salt thereof, pharmacentical compositions that include a compound described herein
(including pharmaceutically acceptable salts of a compound described herein) and methods of
synthesizing the same. Also disclosed herein are methods of treating diseases and/or

conditions with a compound of Formula (1), or a pharmaceutically acceptable salt thereof.

[6683] The hepatitis B virus (HBV) i3 a DNA virus and a member of the
Hepadnaviridae family. HBV infects more than 300 million worldwide, and is a causative
agent of hiver cancer and Hiver disease such as chronic hepatitis, cirthosis, and hepatocellular
carcinoma. Although there are approved drugs for treating HBV, by either boosting the
imimune systern or slowing down the replication of the HBV virus, HBV continues to be a

problem due to the drawbacks associated with each of the approved drugs.

REFERENCE TO SEQUENCE LISTING
[0604] The present apphication is filed with a Sequence Listing in Electronic
format. The Sequence Listing is provided as a file entiled ALIGO26.1xt, created May 27,
2020, which is approximately 1 kb in size. The information in the electronic format of the

sequence listing is incorporated herein by reference in its entirety.
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SUMMARY

[6665] Some embodiments disclosed herein relate to a compound of Formula (I),
or a pharmaceutically acceptable salt thereof.

[0806] Some embodiments disclosed herein relate to a pharmaceutical
composition that can contain an effective amoont of a compound of Formula (1), or a
pharmaceutically acceptable salt thereof.

[6807] Some embodiments described herein relate to a method of treating a HBV
and/or HDV infection that can include administering to a subject identified as suffering from
the HBV and/or HDV infection an effective amount of a compound, or a pharmaceutically
acceptable salt thereof, as described herein, or a pharmaceutical composition that includes an
effective amount of a compound, or a pharmaceutically acceptable salt thereof, as described
herein. Other embodiments described herein relate to a compound, or a pharmaceutically
acceptable salt thereof, as described herein, or a pharmacentical composition that includes an
effective amount of a compound, or a pharmaceutically acceptable salt thereof, as described
herein for the use of treating a HBV and/or HDV infection.

[6888] Some embodiments disclosed herein relate to a method of inhibiting
replication of HBY and/or HDV that can include contacting a cell infected with the HBV
and/or HDV with an effective amount of a compound, or a pharmaceutically acceptable salt
thereof, as described herein, or a pharmaceutical composition that inclides an effective
amount of a compound, or a pharmaceutically acceptable salt thereof, as described herein.
Other embodiments described herein relate to a compound, or a pharmaceutically acceptable
salt thereof, as described herein, or a pharmaceutical corposition that includes an effective
amount of a compound, or a pharmaceutically acceptable salt thereof, as described herein for
the use of inhibiting the replication HBV and/or HDV.

[6689] These are other embodirents are described in greater detail below.

DETAILED DESCRIPTION
1606161 HBYV is a partially double-stranded circular DNA of about 3.2 kilobase

(kb) pairs, and is classified into eight genotypes, A to H. The HBV replication pathway has
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been studied in great detail. T.J. Liang, Hepatology (2009) 45(5 Sappl):513-S21. On part of
replication includes the formation of the covalently closed circular {(cccDNA) form.  The
presence of the cccDNA gives rise to the risk of viral reemergence throughout the life of the
host organism. HBYVY carriers can transmit the disease for many vears. An estimated 300
rmillion people are living with hepatitis B virus infection, and 1t is estimated that over 750,000
people worldwide die of hepatitis B each year. In addition, immunosuppressed individuals or
individuals undergoing chemotherapy are especially at risk {or reactivation of a HBV
infection. HBY can be acute and/or chromic. Acute HBV infection can be either
asymptomatic or present with symptornatic acute hepatitis.

166111 HBY can be transmitted by blood, semen, and/or another body fluid. This
can occur through direct blood-to-blood contact, unprotected sex, sharing of needles, and
from an infected mother to her baby during the delivery process. The HBV surface antigen
(HBsAg) is most frequently used to screen for the presence of this infection. Currently
available medications do not cure a HBVY and/or HDV infection. Rather, the medications
suppress replication of the virus.

[6812] The hepatitis D viras (HDV) is 2 DNA virus, also in the Hepadnaviridae
family of viruses. HDV can propagate only in the presence of HBV. The routes of
transmission of HDV are similar to those for HBV. Transmission of HDV can occur either
via simultaneous infection with HBV (coinfection) or in addition to chronic hepatitis B or
hepatitis B carrier state (superinfection). Both superinfection and coinfection with HDV
results in more severe complications compared to infection with HBV alone. These
complications include a greater likelihood of experiencing hiver failure in acute infections and
a rapid progression to liver cirrhosis, with an increased risk of developing liver cancer in
chronic infections. o combination with hepatitis B, hepatitis D has the highest fatality rate of
all the hepatitis infections, at 20%. There is currently no cure or vaccine for hepatitis D.
Definitions

[6813] Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as is commonly understood by one of ordinary skill in the art. All

patents, applications, published applications and other publications referenced herein are
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incorporated by reference in their entirety unless stated otherwise. In the event that there are a
plurality of definitions for a term herein, those in this section prevail unless stated otherwise.

{0614] Whenever a group is described as being “optionally substituted” that group
may be unsubstituted or substituted with one or more of the indicated substituents. Likewise,
when a group is described as being “unsubstituted or sobstituted” if substituted, the
substituent{s} may be selected from one or more of the indicated substituents. If no
substituents are indicated, it is meant that the indicated “optionally sabstituted” or
“substituted” group may be substituted with one or more group(s) individually and
independently selected from deuterium, alkyl, alkenvl, alkynvl, cycloalkyl, cycloalkenyl, aryl,
heteroaryi, heterocyclyl, aryl(alkyl), hetercaryl{alkyl), (heterocyclyvlyalkyl, hydroxy, alkoxy,
acyl, cyano, halogen, thiocarbonyl, O-carbamyl, N-carbamyl, O-thiocarbamyl,
N-thiocarbamyl, C-aniido, N-amido, S-sulfonamido, N-sulfonamido, C-catboxy, G-carboxy,
isocyanato, thiocvanato, nitro, azido, silyl, sulfenyl, sulfinyl, sulfonyl, haloalkyl, haloalkoxy,
tribalomethanesuifonyl, trihalomethanesulfonamido, an amino, a mono-substituted amino
group and a di-substituted amino group.

[8815] As used herein, “C, to Gy 1o which “a” and “b” are integers refer to the
number of carbon atoms in an alkyl, alkenyl or alkynyl group, or the number of carbon atoms
in the ring of a cycloalkyl, cycloalkenyl, aryl, heteroaryl or heterocyclyl group. That 1s, the
alkyl, alkenyl, alkynyl, ring of the cycloalkyl, ring of the cycloalkenvl, ring of the aryl, ring of
the heteroaryl or ring of the heterocyclyl can contain from “a” to “b”, mclusive, carbon
atoms. Thus, for example, a “Ci to Cs alkyl” group refers to all alkyl groups having from 1 to
4 carbons, that is, CHa-, CHzCH»-, CH:CHoCHz-, (CHznCH-, CH:CHCH2CHo-,
CH3CHCH(CH:)-, (CHapCHCH»- and (CH33C-. I no “3” and “b” are designated with
regard to an alkyl, alkenyl, alkynyl, cycloalkyl cycloalkenyl, aryl, heteroaryl or heterocyelyl
group, the broadest range described in these definitions is to be assumed.

[G816] As used herein, “alkyl” refers to a straight or branched hydrocarbon chain
that comprises a fully saturated (no double or triple bonds) hydrocarbon group. The alkyl
group may have 1 to 20 carbon atoms (whenever it appears herein, a numerical range such as
“1 to 207 refers to each integer in the given range: e.g., “l to 20 carbon atomns” means that the

alkyl group may consist of 1 carbon atom, 2 carbon atoms, 3 carbon atoms, efc., up to and
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including 20 carbon atoms, although the present definifion also covers the occurrence of the
term “alkyl” where no numerical range is designated). The alkyl group may also be a
medium size alkyl having 1 to 10 carbon atoms. The alkyl group could also be a lower alkyl
having 1 to 6 carbon atoms. The alkyl group of the compounds may be designated as “Ci-Cy
alkyl” or simnilar designations. By way of example only, “Cy-Cs alkyl” indicates that there are
one to four carbon atoms in the alkyl chain, i.e., the alkyl chain is selected from methyl, ethyl,
propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl and t-butyl. Typical alkyl groups include, but
are in no way limited to, methyl, ethyl, propyl, isopropyl, butyl, iscbutyl, tertiary butyl, pentyl
and hexyl. The alkyl group may be substituted or unsubstituted.

{6617] As used herein, “alkenyl” refers to an alkyl group that contains in the
straight or branched hydrocarbon chain ove or more double bonds. The length of an alkenyl
can vary. For example, the alkenyl can be a Cs4 alkenyl, Cog alkenyl or Czs alkenyl.
Examples of alkenyl groups include allenyl, vinylmethyl and ethenyl. Awn alkenyl group may
be unsubstituted or substituted.

{0818] As used herein, “alkynyl” refers to an alkyl group that contains in the
straight or branched hydrocarbon chain one or more triple bonds. The length of an alkynyl
can vary. For example, the alkynyl can be a Cous alkynyl, Cos alkynyl or Caog alkynyl
Examples of alkynyis include ethynyl and propynyl. An alkynyl group may be unsubstituted
or substituted.

[0619] As used herein, “cycloalkyl” refers to a completely saturated (no double or
triple bonds) mono- or multi- cyclic hydrocarbon ring system. When composed of two or
more rings, the rings may be joined together in a fused fashion. Cycloalkyl groups can
contain 3 to 10 atoms 1o the ring{(s). 3 to 8§ atoms in the ring(s) or 3 to 6 atoms in the ring(s).
A cycloalkyl group may be unsubstituted or substituted. Typical cycloalkyl groups include,
but are in no way limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl
and cyclooctyl.

[0626] As used herein, “cycloalkenyl” refers to a mono- or multi- cyclic
hydrocarbon ring system that contains one or more double bonds in at least one ring;
although, if there is more than one, the double bonds cannot form a fully delocalized pi-

electron system throughout all the rings (otherwise the group would be “aryl,” as defined
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herein). When composed of two or more rings, the rings may be connected together in a
fused fashion. A cycloalkenyl! can contain 3 to 10 atoms in the ring(s) or 3 to § atoms in the
ring(s). A cycloalkenyl group may be unsubstituted or substituted.

{80211 As used herein, “arvl” refers to a carbocyclic {all carbon) monocychic or
multicyclic aromatic ring system {including fused ring systerns where two carbocyclic rings
share a chemical bond) that has a fully delocalized pi-electron system throughout all the
rings. The number of carbon atoms in an aryl group can vary. For example, the aryl group
can be a Cs-Cig aryl group, a Ce-Cip aryl group, or a Ce aryl group.  Examples of aryl groups
include, but are not limited to, benzene, naphthalene and azulene. An aryl group may be
substituted or unsubstituted.

{0822] As used herein, “heteroaryl” refers to a monocyclic, bicyclic and tricyclic
aromatic ring systern (a ring system with fully delocalized pi-electron system) that containds)
one or more heteroatoms {for example, 1 to 5 heteroatoms), that is, an element other than
carbon, including but not limited to, nitrogen, oxygen and sulfur. The number of atoms in the
ring(s) of a heteroaryl group can vary. For example, the hetercaryl group can contain 4 to 14
atorns i the ring(s), 5 to 10 atoms in the ring(s) or 3 to 6 atoms in the ring{s). Furthermore,
the term “heterocary!” includes fused ring systems where two rings, such as at least one aryl
ring and at least one heteroaryl ring, or at least two heteroaryl rings, share at least one
chemical bond. Examples of heteroaryl rings include, but are not limited to, furan, furazan,
thiophene, benzothiophene, phthalazine, pyrrole, oxazole, benzoxazole, 1,23-oxadiazole,
1,2, 4-oxadiazole, thiazole, 1,2,3-thiadiazole, 1,2,4-thiadiazole, benzothiazole, imidazole,
benzimidazole, indole, indazole, pyrazole, benzopyrazole, isoxazole, benzoisoxazole,
isothiazole, triazole, benzotriazole, thiadiazole, tetrazole, pyridine, pyridazine, pyrimidine,
pyrazine, purine, pteridine, quinoline, isoguinoline, guinazoline, quinoxaline, cinnoline and
triazine. A heteroaryl group may be substituted or unsubstituted.

[0623] As used herein, “heterocyclyl” refers to a monocyclic, bicyclic and
tricyclic ring system wherein carbon atoms together with from 1 to 5 heteroatoms constitute
said ring system. A heterocycle may optionally contain one or more unsaturated bonds
situated in such a way, however, that a fully delocalized pi-electron system does not ocear

throughout all the rings. The number of atoms in the ring(s) of a heterocyclyl group can vary.
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For example, the heterocyclyl group can contain 4 to 14 atoms 1n the ring(s), 3 to 10 atoms in
the ring(s) or 5 to 6 atoms in the ring(s). The hetercatom(s) is an element other than carbon
including, but not limited to, oxygen, sulfur and nitrogen. A heterocycle may further contain
one or more carbonyl or thiocarbonyl functionalities, so as to make the definition include
oxo-systems and thio-systerns such as lactams, lactones, cyclic imides, cyclic thioimides and
cyclic carbamates. When composed of two or more rings, the rings may be joined together in
a fused fashion. Additonally, any wvitrogens in a heterocyclyl may be quaternized.
Heterocyclyl groups may be unsubstituted or substituted. Examples of such “heterocyclyl
groups include buat are not Lmited to, 1,3-dioxin, 1,3-dioxane, |, 4-dioxane, 1,2-dioxolane,
1,3-dioxolane, 1,4-dioxolane, 1,3-oxathiane, 1,4-oxathiin, 1,3-coxathiolane, 1,3-dithiole, 1,3-
dithiolane, 1,4-oxathiane, tetrahydro-14-thiazine, 2H-1,2-oxazine, maleimide, succinimide,
barbituric acid, thiobarbituric acid, dioxopiperazine, hydantoin, dihydrouracil, trioxane,
hexahydro-1,3,5-triazine, imidazoline, imidazolidine, isoxazoline, isoxazolidine, oxazoline,
oxazolidine, oxazolidinone, thiazoline, thiazolidine, morpholine, oxirane, piperidine N-
(Oxide, piperiding, piperazine, pyrrolidine, pyrrolidone, pyrrolidione, 4d-piperidone,
pyrazoline, pyrazolidine, 2-oxopyrrolidine, tetrahydropyran, 4H-pyran, tetrahvdrothiopyran,
thiamorpholine, thiamorpholine sulfoxide, thiamorpholine sulfone and their benzo-fused
analogs (e.g., benzimidazolidinone, tetrahydroguinoline and 3,4-methylenedioxyphenyl).

{0624] As used herein, “arylalkyl)” refer to an aryl group connected, as a
substituent, via a lower alkylene group. The lower alkylene and aryl group of an aryl{alkyl)
may be substituted or unsubstituted. Examples include but are not limited to benzyl, 2-
phenyl{alkyl), 3-phenyl{alkyl), and naphthyl{alkyl).

{6625] As used herein, “heteroaryl{alkyl)” refer to a heteroaryl group
connected, as a substituent, via a lower alkylene group. The lower alkylene and heteroaryl
group of heteroaryl{alkyl) may be substituted or unsubstituted. Examples include but are not
hmited to Z-thienvi(alkyl}, 3-thienyl(alkyl), furyl{alkyl), thienyl{alkyl), pyrrolyl{alkyl),
pyridyl{(alkyl), isoxazolyl(alkyl}, imidazolyi(alkyl), and their benzo-fused analogs.

{0826] A ““theterocyclyljalkyl” refer to a heterocyclic group connected, as a
substituent, via a lower alkylene group. The lower alkylene and heterocyclyl of a

heterocyclyl{alkyl) may be substituted or unsubstituted. Hxamples include but are not limited
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tetrahydro-2H-pyran-d-yl{methyl), piperidin-4-yiethyl), pipendin-4-yvl{propyl}, tetrahydro-
2H-thiopyran-4-yl{methyl) and 1,3-thiazinan-4-yl(methyl).

{0627] “Lower alkylene groups” are straight-chained -CHj- tethering groups,
forming bonds to connect molecular fragments via their terminal carbon atoms. Examples
include but are not lmited to methylene (-CHz-), ethylene (-CH-CHz-), propylene (-
CHoCH:CHo-) and butylene (-CH>CHCHCH3-). A lower alkylene group can be substituted
by replacing one or more hydrogen of the lower alkylene group with a substituent(s) listed

under the definition of “optionally substituted” and/or by substituting both hydrogens on the

N/

same carbon with a cycloalkyl growp (e.g., -C-  and -C- ) or a monocychc

O
O

LE
heterocyclyl (such as and ).

(68281 As used herein, “alkoxy” vefers to the formula —OR wherein R i3 an alkyl,
an alkenvl, an alkynyl, a cycloalkyi, a cycloalkenyl, arvl, hetercaryl, heterocyciyl, arvi{alkyl),
heteroarvl{alkyl) or heterocyclyl{alkyl}) is defined herein. A non-limiting hist of alkoxys are
methoxy, ethoxy, n-propoxy, 1-methylethoxy {(isopropoxy), n-butoxy, iso-butoxy, sec-butoxy,
tert-butoxy, phenoxy and benzoxy. An alkoxy may be substitated or unsubstituted.

[6629] As uwsed herein, “acyl” refers to a hydrogen an alkyl, an alkenyl, an
allkynvl, a  cycloalkyl, a cycloalkenyl, aryl, heteroaryl, heterocyclyl, aryi{alkyl),
heteroarvi{alkyl} or heterocyclvi{alkyl) connected, as substituents, via a carbonyl group.
Hxamples include formyl, acetyl, propanovl, benzoyl, and acryl. An acyl may be substituted
or unsubstituted.

{6636] As used herein, “hydroxyalkyl” refers to an alkyl group in which one or
more of the hydrogen atoms are replaced by a hydroxy group. Exemplary hydroxyalkyl
groups include but are not limited to, 2-hydroxyethyl, 3-hydroxypropyl, 2-hydroxypropyl and
2,2-dihydroxyethyl. A hydroxyalkyl may be substituted or unsubstituted.

[6631] As used herein, “alkoxyalky!” refers to an alkyl group in which one or

more of the hydrogen atoms are replaced by a alkoxy group. Exemplary alkoxyalkyl groups
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inchide but are not limited to, methoxymethyl, ethoxymethyl, methoxyethyl and ethoxyethyl.
An alkoxyalkyl may be substituted or unsubstituted.

{0632] As used herein, “haloalkyl” refers to an alkyl group in which one or more
of the hydrogen atoms are replaced by a halogen {e.g., mono-haloalkyl, di-halealkyl and tri-
haloalkyl). Such groups include but are not limited to, chloromethyl, fluoromethyl,
difluoromethyl, trifluoromethyl, 1-chlore-2-fluoromethyl and 2-fluoroisobutyl. A haloalkyl
may he substituted or unsubstituted.

[6833] As used herein, “haloalkoxy” refers to a O-alkyl group in which one or
more of the hydrogen atoms are replaced by a halogen (e.g., mono-haloalkoxy, di- haloalkoxy
and tri- haloalkoxy). Such groups include but are wot lunited to, chloromethoxy,
fluoromethoxy, difluoromethoxy, trifluoromethoxy, 1-chloro-2-fluoromethoxy and 2-
fluoroisobutoxy. A haloalkoxy may be substituted or unsubstituted.

{6834] A “sulfenyl” group refers to an “-SR” group in which R can be hydrogen,
alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, heteroarvl, heterocyelyl, aryl{alkyl),
heteroaryi(alkyl) or heterocyclyl(alkyl). A suifenyl may be substituted or unsubstituted.

{0835] A “sulfinyl” group refers to an “-S(=0)-R” group in which R can be the
same as defined with respect to salfenyl. A solfinyl may be substituted or unsubstitated.

{0836] A “sulfonyl” group refers to an “SGHR” group in which R can be the same
as defined with respect to sulfenyl. A sulfonyl may be substituted or unsubstituted.

[6637] An “O-carboxy” group refers to a “RC(=0)YD-" group in which R can be
hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, hetercaryl, heterocyclyl,
aryl{alkyl}, heteroaryl{alkyl) or heterocyclyl{alkyl), as defined berein. An O-carboxy may be
substituted or unsubstituted.

{0638] The terms “ester” and “C-carboxy” refer to a “-C(=0)OR” group in which
R can be the same as defined with respect to O-carboxy. An ester and C-carboxy may be
substituted or unsubstituted.

[063%9] A “thiocarbonyl” group refers to a “~C{=8)R” group in which R can be the
same as defined with respect to O-carboxy. A thiocarbonyl may be substituted or

unsubstituted.
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[0646] A “grihalomethanesulfonyl” group refers to an “X3CS80:-" group wherein
each X is a halogen.

(8041} A “trihalomethanesulfonamido” group refers to an “XaCS(OpRN(RA)-
group wherein each X is a halogen, and Ra 18 hydrogen, alkyl, alkenvl, alkynyl, cycloalkyl,
cycloalkenyl,  aryl,  heteroaryl, heterocyclyl, aryl(alkyl), heteroaryi{alkyly or
heterocyelyl(alkyl).

166421 The term “amino”™ as used herein refers to a ~NH» group.

{0843] As used herein, the term “hydroxy” refers to a —OH group.

{0844] A “cyano” group refers to a “~-CN” group.

{3845] The term “azido” as used herein refers to a —Na group.

{3846] An “isocyanato” group refers to a “-NCO” group.

108471 A “thiocyanato” group refers to a “-CNS” group.

[0048] An “isothiocyanato” group refers to an © -NCS” group.

[6649] A “mercapto” group refers to an “-SH” group.

{6656] A “carbonyl” group refers to a =0 group.

1668511 An “S-sulfonamido” group refers to a “-SON(RaRgY" group in which Ra
and Rg can be independently hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, arvl,
hetercarvl, heterocyclyl, aryi(alkyl), heteroaryl{alkyl) or heterocyclyl{alkyl). An
S-sulfonamido may be substituted or unsubstitited.

{0852] An “N-sulfonamido” group refers to a “RSO:2N(RA)-" group in which R
and Ra can be independently hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, arvl,
hetercaryl, heterocyclvl, arvi{alkyl), heteroaryi(alkyl) or heterocyclyvi{alkyl). An
N-sulfonamido may be substituted or unsubstituted.

[0653] An “O-carbamyl” group refers to a “-OC(=0)N(RARg)” group in which Ra
and Rg can be independently hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, cycloaltkenyl, arvl,
heteroaryl, heterocyclyl, aryl{alkyl), heteroaryl{alkyly or heterocyclyl(alkyl). An O-carbamyl
may be substituted or unsubstituted.

(60541 An “N-carbaroyl” group refers to an “ROC(=0)N(RA)-" group in which R

and Ra can be independently hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl,

-10-
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heteroaryl, heterocyelyl, aryi{alkyl), heteroarvi{alkyl} or heterocyclylalkyl). An N-carbamyl
may be substituted or unsubstituted.

[8035] An “O-thiocarbamy!” group refers to a “-OC(=5)-N(RaRg)” group in
which Ra and Rp can be independently hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkenyl,  aryl, heteroarvl,  heterocyclyl,  aryl(alkyly,  heteroaryl(alkyl} or
heterocyclyl{alkyl). An O-thiocarbamyl may be substituted or unsubstituted.

{0856] An “N-thiocarbamyl” group refers to an “ROC(=S)N(RA)-" group in
which R and Ra can be independently hydrogen, alkyl, alkeunyl, alkynyl, cycloalkyl,
cycloalkenyl,  aryl, heteroaryl, heterocyclyl, aryl(alkyl), heteroaryi{alkyly or
heterocyelylalkyl). An N-thiocarbamyl may be substitited or ansubstituted.

186571 A “C-amido” group refers to a “-C(=0N({RsRg)" group in which Ra and
Rp can he independently hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, arvl,
heteroaryl, heterocyclyl, aryl{alkyl}, hetercaryvl{alkyl) or heterocyclyl{alkyl). A C-amido may
be substituted or vnsubstituted.

(80581 An “N-amido” group refers to a “RC(=0)N{Rs)-" group in which R and
Ra can be independently hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl,
heteroarvl, heterocyclyl, arylalkyly, hetercaryl{alkyl) or heterocyelylalkyly, An N-amido
may be substituted or unsubstituted.

[6859] The term “halogen atom”™ or “halogen” as used herein, means any one of
the radio-stable atoms of column 7 of the Periodic Table of the Elements, such as, fluorine,
chlorine, bromine and iodine.

[G868] Where the mumbers of substituents is not specified {e.g. haloalkyl), there
may be one or more substituents present. For example “haloalkyl” may include one or more
of the sarne or different halogens. As another example, “Ci-Ca alkoxyphenyl” may include
one or more of the same or different alkoxy groups containing one, two or three atoms.

{0861 As used herein, the abbreviations for any protective groups, amino acids
and other compounds, are, unless indicated otherwise, 1n accord with their comron usage,
recognized abbreviations, or the IUPAC-IUB Commission on Biochemical Nomenclature

{See, Biochem. 11:942-944 {1972)).
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[0662] The term “pharmaceutically acceptable salt” refers to a salt of a compound
that does not cause significant irritation to an organism to which it is administered and does
not abrogate the hiological activity and properties of the compound. In some embodiments,
the salt is an acid addition salt of the compound. Pharmaceutical salts can be obtained by
reacting a compound with inorganic acids such as hydrohalic acid (e.g., hydrochloric acid or
hydrobromic acid), sulfuric acid, nitric acid and phosphoric acid. Pharmaceutical salts can
also be obtained by reacting a compound with an organic acid such as aliphatic or aromatic
carboxylic or sulfonic acids, for example formic, acetic, succinic, lactic, malic, tartaric, citric,
ascorbic, wnicotinic, methanesulfonic, ecthanesulfonic, p-toluenesulfonic, salicylic or
naphthalenesulfonic acid. Pharmaceutical salts can also be obtained by reacting a compound
with a base to form a salt such as an ammonium salt, an alkali metal saly, such as a sodhim or
a potassium salt, an alkaline earth metal salt, such as a calcium or a magnesium salt, a salt of
organic bases such as dicyclohexylaraine, N-methyl-D-glucamine,
tristhydroxymethyhmethylamine, C;-C; alkylamine, cyclohexylamine, triethanolamine,
ethylenediamine, and salts with arnino acids such as arginine and lysine.

[6863] Terms and phrases used in this application, and variations thereof,
especially in the appended claims, unless otherwise expressly stated, should be construed as
open ended as opposed to limiting. As examuples of the foregoing, the term ‘including’
should be read to mean ‘including, without limitation,” ‘including but not limited to,” or the
like; the term ‘comprising’ as used herein is synonymous with ‘including,” ‘containing,” or
‘characterized by,” and 1s inclusive or open-ended and does not exclude additional, unrecited
elernents or method steps; the terrn ‘having’ should be interpreted as ‘having at least;” the
terim ‘inchudes’ should be interpreted as ‘includes but is not limited to;” the term ‘example’ is
used to provide exemplary instances of the item in discussion, not an exhaustive or himiting
list thereof. In addition, the term “comprising” is to be interpreted synonymously with the
phrases "having at least” or "including at least”. When used in the context of a compound or

]

composition, the term "comprising” means that the compound or composition includes at
least the recited features or components, but may also include additional features or

componenis.
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[0064] With respect to the use of substantially any plural and/or singular terms
herein, those having skill in the art can translate from the plural to the singular and/or from
the singular to the plural as is appropriate to the countext and/or apphication. The various
singular/plural permutations may be expressly set forth herein for sake of clarity. The
indefinite article “a” or “an” does not exclude a plurality.

[6865] It 1s understood that, in any compound described herein having one or
more chiral centers, if an absolute stereochemistry is not expressly indicated, then each center
may independently be of (R)-configuration or (8)-configuration or a mixture thereof. Thus,
the compounds provided herein may be enantiomerically pure, enantiomerically enriched,
racernic mixture, diasterecmerically pure, diastereomerically enriched, or a steresisomeric
mixture. In addition it is understood that, in any compound described herein having one or
more double bond(s) generating geometrical isomers that can be defined as B or Z, each
double bond may independently he E or Z a mixture thereof. Likewise, it is understood that,
in any compound described, all tautomeric forms are also intended to be included.

[6666] it s to be understood that where compounds disciosed herein have unfilled
valencies, then the valencies are to be filled with hydrogens or isotopes thereof, e.g.,
hydrogen-1 (protium) and hydrogen-2 (deuterium).

(68671 It is understood that the compounds described herein can be labeled
isotopically.  Sabstitution with isotopes such as deuterium may afford certain therapeutic
advantages resulting from greater metabolic stability, such as, for example, increased in vivo
half-life or reduced dosage requirements. Hach chemical element as represented in a
compound structure may inchude any isotope of said element. For example, in a compound
structure a hydrogen atom may be explicidy disclosed or understood to be present in the
compound. At any position of the compound that a hydrogen atom may be present, the
hydrogen atom can be any isotope of hydrogen, including but not limited to hydrogen-1
{protium) and hydrogen-2 (deuterium). Thus, reference herein to a compound encompasses
all potential isotopic forms unless the context clearly dictates otherwise.

[0668] Where a range of values is provided, it 1s understood that the upper and
lower limit, and each intervening value between the upper and lower limit of the range is

encompassed within the emnbodiments.
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Compounds

[80659] Some embodiments disclosed herein relate to a compound of Formula (I),

or a pharmaceutically acceptable salt thereof:

R R® O

R? N a
R']
e e
RS RT == g

wherein: n can be 0 or 1; Z! can be —-C(=0)—, -NH-C(=0)- or -O-C(=0)—; R' can be
selected from an optionally substituted aryl, an optionally substituted heteroaryl, an
optionally substituted heterocyelyl, an optionally substitated aryH{Ci4 alkyl), an optionally
substituted heteroaryli{C14 alkyl) and an optionally substituted heterocyclylCi4 alkyl): R2
and R’ can be independently selected from hydrogen, an unsubstitated Cis alkyl, an
unsubstituted Cyp4 haloalkyl, an optionally substituted aryl, an optionally substituted
heteroarvl, an optionally substituted heterocyelyl, an optionally substituted aryi(Ci.4 alkyl), an
optionally substituted heteroaryl{Ci.4 alkyl) and an optionally substituted heterocyclyl{Cia
alkyl); R* and R® can be independently selected from hydrogen, an unsubstituted Ci4 alkyl,
an unsubstituted Cir4 haloalkyl, an optionally substituted aryl, an optionally substituted
heteroarvl, an optionally substituted heterocyelyl, an optionally substituted aryi(Ci.4 alkyl), an
optionally substituted heteroaryl{Ci.4 alkyl) and an optionally substituted heterocyclyl{Cia
atkyl); R® and R7 can be independently selected from hydrogen, an unsubstituted Cy4 alkyl
and an unsubstituted Cy.4 haloalkyl; R® can be selected from hydrogen, an unsubstituted C .«
alkyl, an upsubstituted Co4 alkenyl, an uwnsubstituted Cos alkynyl, an vosubstitated Cia
haloalkyl, an optionally substituted cycloalkyl, an optionally substituted cycloalkenyl, an
optionally substituted aryl, an optionally substituted heteroaryl, an optionally substitated
heterocyclyl, an optionally substituted cycloalkvl{Ci4 alkyl), an optionally substituted
cycloatkenyl{Ci4 alkyl), an optionally substituted aryi(Ci4 alkyl), an optionally substituted
heteroaryl{(Cir4 alkyl), an optionally substituted heterocyclyli{Cia alkyl), an optionally

substituted N-amido, an optiosally substituted N-sulfonamido, -NRRY and -

-14-
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(=0)NRRM; RY can be selected from hydrogen, an unsubstituted Cy4 alkyl, an optionally
substituted monocyclic Css cycloalkyl, an optionally substituted arvl, an optionally
substituted  hetercaryl, an optionally sobstituted heterocyelyl, an optionally substituted
arvi{Cr.4 alkyl), an optionally substituted heteroarvl(Ci4 alkyl) and an optionally substituted
heterocyelyl(Cig alkyl); R'C and R' can be independently hydrogen or an unsubstituted Cja
alkyl; RM and R'® can be independently selected from hydrogen, an unsubstituted Cj.4 alkyl,
an unsubstituted Ci.4 haloalkyl, an optionally substitated cycloalkyl, an optionally sghstituted
cycloalkenyl, an optionally substituted arvl, an optionally substituted heteroaryl, an optionally
substituted heterocyclyl, an optionally substiteted cycloalkyl{Cis alkyl), an optionally
substituted cycloalkenvl{Ci4 alkyl), an optionally substituted aryl(Ci4 alkyl), an optionally
substituted heteroaryl(Ci4 alkyl) and an optionally substituted heterocyclyl{(Cya alkyl); or RY
and R'' can be taken together along with the nitrogen to which R' and R'! are attached to
form an optionally sohstituted 4- to B-membered monocyclic heterocyelyl, an optionally
substituted 8- to 13-membered fused-bicyclic heterocyclyl or an optionally substituted 7- to
13-membered spiro-bicyclic heterocyclyl; R? and R' can be taken together along with the
nitrogen to which R and R' are attached to form an optionally substituted 4- to 8-
membered monocyclic heterocyclyl, an optionally substituted 8- to {3-membered fused-
bicyclic heterocyclyl or an optionally substituted 7- to 13-membered spiro-bicyclic
heterocyclyl; R? and R? can be taken together along with the carbon to which R? and R are
attached to form an optionally substituted monocyclic Cse cycloalkyl or an optionally
substituted 3 to & member monocyclic heterocyclyl; or R* and R® can be taken together along
with the carbon to which R* and R’ are attached to form an optionally substituted monocyclic
Cas cycloalkyl or an optionally substituted 3 to 6 merber monocyclic heterocyelyl; or R? and
R* can be taken together along with the carbons to which R? and R* are each attached to form
an optionally monocyclic Csy cycloalkyl or an optionally substituted 3 to 7 member
monocyclic heterocyelyl; or RY and R® can be taken together along with the carbons to which
R? and R® are each attached to form an optionally monocyclic Cs.7 cycloalkyl or an optionally
substituted 5 to 7 member monocyclic heterocyclyl; or R® and R’ can be taken together along
with the carbon to which R® and R’ are attached to form an optionally substituted monocyclic

Ca.4 cycloalkyl, an optionally substituted oxetane or an optionally substituted thietane; and X!
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can be N or CRY, wherein R' can be hydrogen, cyano, an unsubstituted Ci4 alkyl, a
substituted Ci4 alkyl or an optionally substituted arvi{Ci.4 alkyl), wherein the substituted Ciu
alkyl is substituted one or more times with a substituents selected from cyano, halogen,
hydroxy and an unsubstituted Ci.s alkoxy.

(80701 Some embodiments disclosed herein relate to a compound of Formula (1),

NH-C(=0)- or -0-C(=0)— R! can be selected from an optionally substituted aryl, an
optionally substituted hetercaryl, an optionaily substituted heterocyclyl, an optionally
substituted aryli(C14 alkyl), an optionally substituted heteroaryl(Ci4 alkyl) and an optionally
substituted heterocyclyl{C .4 alkyl); R? and R” can be independently selected from hydrogen,
an unsubstituted 4 alkyl, an vosubstituted Ci.4 haloalkyl, an optionally sabstituted aryl, an
optionally substituted hetercaryl, an optionally substituted heterocyclyl, an optionally
substituted aryli(C14 alkyl), an optionally substituted heteroaryl(Ci4 alkyl) and an optionally
substituted heterocyclyl{(C .4 alkyl); R* and R® can be independently selected from hydrogen,
an unsubstituted 4 alkyl, an vosubstituted Ci.4 haloalkyl, an optionally sabstituted aryl, an
optionally substituted hetercaryl, an optionally substituted heterocyclyl, an optionally
substituted aryli(C14 alkyl), an optionally substituted heteroaryl(Ci4 alkyl) and an optionally
substituted heterocyclyl{C .4 alkyl); R® and R7 can be independently selected from hydrogen,
an unsubstituted Cia alkyl and an vnsubstitated Ciq haloalkyl; R® can be selected from
hydrogen, an unsubstituted Cis alkyl, an unsubstituted €4 haloalkyl, an optionally
substituted cycloalkyl, an optionally substituted cycloalkenyl, an optionally substituted aryl,
an optionally substituted hetercaryl, an optionally sobstituted heterocyelyl, an optionally
substituted cycloalkyKCis alkyl), an optionally substituted cycloalkenyl(Ci4 alkyl), an
optionally substituted aryl{Ci4 alkyl), an optionally sobstituted heteroaryl(Cia alkyl), an
optionally substituted heterocyclyl(Cra alkyl), -NRR'" and -C(=O)NRZRY; R® can be
selected fromn hydrogen, an unsubstituted Cig alkyl, an optiopally substituted aryl, an
optionally substituted hetercaryl, an optionally substituted heterocyclyl, an optionally
substituted aryl{Ci4 alkyl), an optionally substitated heteroaryl{Ci4 alkyl} and an optionally
substituted heterocyclyl(Cra alkyl); R and R™ can be independently hvdrogen or an

unsubstituted Cia alkyl; RY and RY™ can be independently selected from hydrogen, an
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unsubstituted Cy.4 alkyl, an ensubstituted Ci4 haloalkyl, an optionally substituted cycloalkyl,
an optionally substituted cycloalkenyl, an optionally substituted aryl, an optionally substituted
heteroarvl, an optionally substituted heterocyclyl, an optionally substituted cycloalkyl{Cia
alkyh), an optionally substituted cycloalkenvl(Ci4 alkyl), an optionally substituted aryl{Ci4
alkyl), an optionally substituted heteroaryl{Cis alkyl) and an optionally substituted
heterocyelyl(Ciq atkyl); or R'® and R can be taken together along with the nitrogen to
which R' and R are attached to form an optionally substituted 4- to 8-membered
monocyclic heterocyelyl, an optionally substituted 8- to 13-membered fused-bicyclic
heterocyclyl or an optionally substituted 7- to 13-membered spiro-bicyclic heterocyclyl; R
and RY can be taken together along with the nitrogen to which R'? and R’ are attached to
form an optiopally substituted 4- to 8-membered monocyclic heterocyclyl, an optionally
substituted 8- to 13-membered fused-bicyclic heterocyclyl or an optionally substituted 7- to
13-membered spiro-bicyclic heterocyclyl; R? and R? can be taken together along with the
carbon to which R? and R* are attached to form an optionally substituted monocyclic Cs.g
cycloalkyl or an optionally substituted 3 to 6 member monocyclic heterocyelyl; or R* and R®
can be taken together along with the carbon to which R* and R® are attached to form an
optionally substitated monocyclic Cas cycloalkyl or an optionally substitated 3 to 6 moember
monocyclic heterocyelyl; or R® and R* can be taken together along with the carbons to which
R? and R* are each attached to form an optionally monocyclic Cs.7 cycloalkyl or an optionally
substituted 5 to 7 member monocyclic heterocyclyl; or R® and R® can be taken together along
with the carbons to which R? and R® are each attached to form an optionally monocyclic Cs7
cycloalkyl or an optionally substituted 5 to 7 member monocyclic heterocyclyl; or R® and R’
can be taken together along with the carbon to which R® and R7 are attached to form an
optionally substituted monocyclic Ci. cycloalkyl, an optionally substituted oxetane or an
optionally substituted thietane; and X' can be N or CRY, wherein R can be hydrogen,
cyano, an unsubstituted Ci.4 alkyl, a substituted Ci.4 alkyl or an optionally substituted aryl{Cy.
4 alkyly, wherein the substituted Cis alkyl can be substituted one or more times with a
substituents selected from cyano, halogen, hydroxy and an unsubstituted ;.4 alkoxy.

(68711 A variety of moieties can be present for Z' and R'. In some embodiments,

n can be 0; and R! can be selected from an optionally substituted arvl, an optionally
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substituted heteroaryl, an optionally substituted heterocyelyl, an optionally substituted
aryl(Cy.4 alkyl), an optionally substituted heteroarvl{Ci4 alkyl) and an optionally substituted
heterocyelyl{Ci4 alkyl) such that Formula (I}, and pharmaceutically acceptable salts thereof
can be Formula (I1a), or a pharmaceutically acceptable salt thereof. In other embodiments, n
can be 1; Z! can be —C(=0)—, -NH-C{=0}- or -O-C{=0)—; and R' can be selected from an
optionally substituted aryl, an optionally substituted hetercaryl, an optionally substituted
heterocyclyl, an optionally substituted aryl{(Cis alkyl), an optionally substituted
hetercarvl{Cr.4 alkyl) and an optionally substituted heterocyclvl{Ci.4 alkyl). As shown below,
when Z' is —C(=0)—, -NH-C(=0)- or -0-C(=0)—, Forrmula (I} can be Formula (Ib), (Jc) or
(Id), or a pharmaceutically acceptable salt thereof, respectively. As described herein, n can
be O and R' can be an optionally substituted hetercaryl or an optionally substituted

heterocyclyl. An example of n being 0; and R’ being an optionally substituted heteroaryl or

@E/
an optionally substituted heterocyclyl is , wherein Ring A' can be an optionally

substituted bicyclic heteroaryl or an optionally substinuted hicychic heterocyclyl such that
Formulda (1), and pharmaceutically acceptable salts thereof can be Formula (Je), or a

pharmaceutically acceptable salt thereof.
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[6672] In some embodiments, X' can be N {(nitrogen). In other embodiments, X!

can be CH. In still other erbodiments, X' can be CR'Y, wherein R™ can be cyano, an
unsubstituted .4 alkyl or a substituted Ciy alkyl, wherein the substituted Ci4 alkyl is
substituted one or more times with a substituents selected from cyano, halogen, hydroxy and
an unsubstituted Cy4 alkoxy. In still other embodiments, X' can be CR', wherein R' can be
an optionally substituted aryl{(Cy 4 alkyl).

[6673] Various cyclic moieties can be present for R'. In some embodiments, R!
can be an optionally substituted aromatic carbocyclic moiety, for example an optionally
substituted aryl. For example, R! can be an optionally substituted phenyl. In some
embodiments, R! can be an unsubstituted phenyl. In other embodiments, R' can be a
substituted phenyl. When R' is a substituted phenvl, the phenyl can be mono-substituted.
The mono-substituted phenyl can be a para-suhstituted phenyl, a meta-substituted phenyl or

an ortho-substituted phenyl. The substituted phenyl can be substituted by muitiple moieties,
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such as 2, 3 or 4 or more times. In some embodiments, R' can be a di-substituted phenyl.
When more than one moiety is present, the moieties can be the same or different moieties can
be different. In some embodiments, R' can be an unsubstituted or substituted naphthyl.

(60741 As described herein, R' can be a monocyclic or multicyclic (for example, a
bicyclic) moiety that inchudes one or more heteroatoms in the ring(s). In some embodiments,
R' can be an optionally substituted heteroaryl. In some embodiments, R' can be an
unsubstituted or a substituted monocyclic heteroaryl. For example, R! can be a 5-membered
or 6-membered monocyclic heteroaryl, wherein the heteroaryl ring can be unsubstituted or
substituted.  In other embodiments, R! can be an unsubstituted or a substituted bicyclic
heteroaryl. The bicyclic hetercaryl can be an unsubstituted or a substituted 9-membered or an
unsubstituted or a substituted 10-membered heteroaryl. The heteroaryl can include one or
more hetercatoms, such as N {nitrogen), O {oxygen) and/or S (sulfur}).

[0875] In some embodiments, R' can be an optionally substituted heterocyclyl.
The heterocyelyl can be a monocyclic heterocyelyl or a bicyclic heterocyelyl. In some
embodiments, R' can be an unsubstituted or a substituted monocyclic heterocyelyl, such as an
unsubstituted or a substituted 5-membered or an unsubstituted or a substituted 6-membered
monocyclic heterocyclyl. In other embodiments, R! can be an unsubstituted or a substituted
bicyclic heterocyclyl, including an uansubstituted or a substituted 9-mewbered or an
unsubstituted or a substituted 10-membered heterocyclyl. The number and types of
heteroatorns that can be present in a heterocyclyl for RY can vary. For exarple, 1, 2, 3 or

more than 3 heteroatoms, such as N {(nitrogen), O (oxygen) and/or S {sulfur), can be present

A Wx

[6676] I some embodiments, o can be 0; and R can be . wherein

in a heterocycivl of R*.

Ring A’ can be an optionally substituted bicyclic heteroaryl. In other embodiments, R! can

£1
A W
be , wherein Ring A' can be an optionally substituted bicyclic heterocyclyl. In

some embodiments, Ring A' can be an optionally substituted nitrogen-containing, 9-

membered bicyclic heteroaryl.  In other embodiments, Ring A’ can be an optionally
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substituted nitrogen-containing, 10-membered bicyclic heteroaryl. In stilf  other
embodiments, Ring A' can be an optionally substituted nitrogen-containing, 9-membered
bicyclic heterocyclyl.  In yet still other embodiments, Ring A' can be an optionally
substituted nitrogen-containing, 10-membered bicyclic heterocyclyl.

[0677] In some embodiments, R can be a nitrogen-containing, bicyclic heteroaryl
or a nitrogen-containing, bicyclic heterocyclyl. In some embodiments, R' can be selected
from an unsubstituted or a substituted [5,5] bicyclic heteroaryl, an unsubstituted or a
substituted {5,6] bicyclic heteroaryl, an unsubstituted or a substituted [6,5] bicyclic
heteroaryl, an unsubstituted or a substituted [6,6] bicyclic heteroaryl, an unsubstituted or a
substituted {5,5] bicyclic heterocyclyl, an unsubstituted or a substituted {5,6] bicyclic
heterocyelyl, an unsubstiteted or a substituted [6,5] bicyclic heterocyclyl and an unsubstituted

or a substituted [6,6] bicyclic heterocyclyl. In some embodiments, R! can have the general

structure , wherein Ring Y indicates the point of attachment to the
remaining portion of Formula (I); and wherein Ring Y' and Ring Y~ can be independently
selected from phenyl, furan, furazan, thiophene, phthalazine, pyrrole, oxazole, 1,2,3-
oxadiazole, 1,2.4-oxadiazole, thiarzole, 1,2,3-thiadiazole, 1,2, 4-thiadiazole, imidazole,
pyrazole, isoxazole, isothiazole, triazole, thiadiazole, tetrazole, pyridine, pyridazine,
pyrirnidine, pyrazine, 1,2 3-triazine, 1,2 4-triazine, 1,2,34-tetrazine, 2H-1,2-oxazine,
hexahydro-1,3,5-triazine, imidazoline, imidazolidine, isoxazoline, isoxazolidine, oxazoline,
oxazolidine, thiazoline, thiazolidine, morpholine, piperidine, piperazine, pyrrolidine,
pyrazoline, pyrazolidine and thiamorpholine, wherein Ring Y! and Ring Y® can be each
optionally substituted. In some embodiments, Ring Y' can be selected from an optionally
substituted phenyl, an optionally substituted pyridine, an optionally substituted pyridazine, an
optionally substituted pyrimidine, an optionally substituted pyrazine, an optonally
substituted 1,2,3-triazine, an optionally substituted 1,2, 4-triazine and an optionally
substituted 1,2,3,4-tetrazine. To some embodiments, Ring Y> can be selected from an
optionally substituted phenyl, an optionally substituted pyridine, an optionally substituted
pyridazine, an optionally substituted pyrimidine, an optionally substituted pyrazine, an

optionally substituted 1,2,3-triazine, an optionally substituted 1,2 4-triazine and an optionally
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substituted 1,2,3,4-tetrazine.  In other embodiments, Ring Y¥? can be selected from an
optionally substituted furan, an optionally substituted thiophene, an optionally substituted
pyrrole, an optionally substituted oxazole, an optionally substituted thiazole, an optionally
substituted imidazole, an optionally substituted pyrazole, an optionally substituted isoxazole
and an optionally substituted isothiazole.

{6678] A variety of cyclic groups described herein for R’ can be attached viaa Oy
4 allyl linker. In some embodiments, R' can be an optionally substituted aryHCi atkyD), for
example, an optionally substituted benzyl. In other embodiments, R! can be an optionally
substituted heteroaryl{(Ci4 alkyl). Tuo still other embodiments, R! can be an optionally
substituted heterocyclyl{Ci4 atkyl). Exampies of heteroarvls and heterocyclyls are described
herein, and include those of the previous paragraph. As described herein, the hinker can
include 1 to 4 carbons. The aryl, heteroaryl, heterocyclyl and Ci.4 alkyl of aryl(Cy.1 alkyl),
heteroaryl(Ci.4 alkyl} and heterocyclyl(Cis alkyl) can be each unsubstituted or unsubstituted.
When the Ci.4 alkyl linker is substituted, one or more hydrogens can be replaced with a
moiety, such as those provided in the definition of “optionally substituted,” and/or two or
more hydrogens can be taken together along with the carbon to which the hydrogens are
attached to form an optionally substituted Cz4 cycloalkyl or an optionally substituted 3-, 4- or
S-membered heterocyclyl. In some embodiments, the Ci4 alkyl linker of aryl(C.2 alkyl),
heteroaryl(Cra alkyl) and heterocyclyl{Cia alkyl) can be substituted with one or more
moieties selected from halogen (such as F), cyano, Ci2 haloalkyl (for example, CF3), OH, an
unsubstituted Ciu alkoxy and an unsubstituited C-amido (such as ~C{(=0)NH-,
(=ONH{Ci 4 alkyl) and —C(=0)N{C1.4 alkyl)2). In some embodiments, the Ci.4 alkyl linker
for R' can be —~CHy-, ~CH:CHy~, ~CH(CH3)CHy~, ~CHCH2CHy—, ~CH2CH2CHCHo-,

R F

, or *
16679 As described herein, the R! groups can be unsubstituted or substituted.
When R' is substituted, a variety of substituents can be present on a R! group described

herein. In some embodiments, R' can be substituted with one or more substituents selected
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frorn deuteriur, halogen (such as F, Cl and/or Br), cyano, an unsubstituted Cie alkyl (for
example, methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-butyl, sec-butyl, tert-butyl, pentyl
(straight-changed or branched) and hexyl (straight-chained or branched)), an unsubstituted
(.4 alkenyl, an unsubstituted Cou alkynyl, an unsubstituted monocyclic Cas cycloalkyl, a
halo-substituted monocyclic Cas cycloalkyl, an unsubstituted Ci6 haloalkyl (such as —CHF,,
~CHoF, ~(Fs, -CHCIF, -CH-Cl, -CHCbH and —CClz), an unsubstituted Crs alkoxy (for
exarple, methoxy, ethoxy, isopropoxy, n-batoxy, sec-butoxy, isobutoxy and tert-butoxy), an
unsubstituted Ci.s haloalkoxy (for example, {such as ~OCHF,, ~OCH-F and ~QOCF;), an
unsehstituted acyl (for example, —C(=0)-Cia alkyl}, an unsebstituted C-amido {(such as —
C(=0)NH,, ~C(=0)NH(C14 alkyl) and ~C(=0)N(Ci4 alkyl):), an unsubstituted sulfonyl
{such as —-S{(=0)»-Ciu alkyl), an unsubstituted amino, a mono-substituted amine {(for
example, an mono-alkyl substituted amine) and a di-substituted amine (such as a di-alkyl

substitiited amine).

{6686] Exemplary R' groups include, but are not limited to, the following:

N

R! groups include
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{6681 As provided herein, R® can be selected from hydrogen, an unsubstituted
Cia alkyl, an unsubstituted o4 alkenyl, an unsubstitited Co.4 alkynyi, an unsubstituted Cra
haloalkyl, an optionally substituted cycloalkyl, an optionally substituted cycloalkenyl, an
optionally substituted aryl, an optionally substituted hetercaryl, an optionally substituted
heterocvyelyl, an optonally substituted cycloalkyl{Ciq alkyl), an optionally suobstituted
cycloalkenyl{Ci4 alkyl), an optionally substituted aryHCi.4 alkyl), an optionally substituted

hetercarvl{Ci4 alkyl), an optionally substituted heterocyclvl(Ci alkyl), an optionally
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substituted N-amido, an optionally substituted N-sulfosamido, -NRYRY and -
C(=0)NR'"’RP. In some embodiments, R® can be hydrogen. In other embodiments, R can
be an wnsubstituted Ciq alkyl, such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
sec-butyl and tert-butyl. In still other embodiments, R® can be an unsubstituted Ci4
haloalkyl. Exemplary unsubstituted Cy.4 haloalkyls inclode —CF3, -CHF, -CHCIF, -C(Cl3
and ~CHCh.

{0682] As provided herein, R® can be an unsaturated hydrocarbon. In sorne
embodiments, R® can be an unsubstituted C>4 alkenyl. For example, R® can be ~CH=CH;, -
CHCH=CH,, -CHCH,CH=CH> or -CH>CH{CH:)CH=CH,. In other embodiments, R® can
be an unsubstituted Co.s alkenyl, such as ethynyl and propynyl.

{0083] Several cyclic moieties can be present at R®.  For example, in some
embodiments, R® can be an optionally substituted cycloalkyl or an optionally substituted
cycloalkenyl.  The optionally substituted cycloalkyl and the optionally substituted
cycloalkenyl can be monocyclic, such as an optionally substituted Cs cycloalkyl or an
optionally substituted Cs¢ cycloalkenyl. Alternatively, the optionally substituted cycloalkyl
and/or the optionally substituted cycloalkenyl can be multicyclic, for example, an optionally
substituted fused-hicyclic cycloalkyl, an optionally substituted fused-bicyclic cycloalkenyl, an
optionally sebstituted spiro-bicyclic cycloalkyl and an optionally substituted spiro-bicyclic
cycloalkenyl. In other embodiments, R® can be an optionally substituted aryl, an optionally
substituted heteroaryl or an optionally substituted heterocyclyl.  Exemplary R® aryls,
heteroaryls and heterocyclyls include, but are not limited to, phenyl, 5-membered monocyclic
heteroaryls, 6-membered monocyclic heteroaryls, S-membered monocyclic heterocyclyls and
6-membered monocyclic heterocyclyls, wherein each of the aforementioned moieties can be
unsubstituted or substituted.  The heteroatom(s) that can be present in an optionally
substituted heteroaryl and an optionally substituted heterocyelyl for R® include N (nitrogen),
O (oxygen) and/or S (sulfur).

[0684] The cyclic moieties described herein for R® can be attached via a Cy4 alkyl
linker, such as those described herein. In some embodiments, R® can be an optionally
substituted cycloalkyl{Ci4 alkyl). In other embodiruents, R® can be an optionally substituted

cycloalkenyi{(Ci4 alkyl). In still other embodiments, R® can be an optionally substituted
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aryl{Cia alkyD. In vet still other embodiments, R® can be an optionally substituted
heteroaryl(Ci14 alkyl). In some embodiments, R® can be an optionally substituted
heterocyelyl{Cia alkyl). The cycloalkyls, cycloalkenyls, aryls, heteroaryls and heterocyclyls
can be monocyclic or bicyclic (for example, fused bicyclic). For example, R® can be an
optionally substituted monocyclic Cas cycloalkyl{Cia alkyl), an optiopally substituted
monocyclic Cse cycloalkenyl{Ciy alkyl), an optionally substituted benzyl, an optionally
substituted monocyclic  heteroaryi(Cy4  alkyl) (such as a S-membered monocyche
heteroaryl{Ci4 alkyl) or 6-membered monocyclic heteroaryl{Ci.4 alkyl)) or an optionally
substituted monocyclic  heterocyclyl{Cis  alkyl) (such as a S-membered wonocyclic
heterocyelyl{Cy.4 alkyl) or 6-membered monocyclic heterocyclyl{Ci4 alkyh).

{0685] The Cia alkyls of cycloalkyl{Ci_4 alkyl), cycloalkenyl{Ciq alkyl), arvi{Ci4
atkyh), heteroaryl(Cy.1 alkyl} and heterocyclyl{Ci.4 alkyl) can be unsubstituted or substituted.
When the Crq alkyl 18 substituted, one or more hydrogens can be replaced with a moiety,
such as those provided in the definition of “optionally substituted,” and/or two or more
hydrogens can be taken together along with the carbon to which the hydrogens are attached to
form an optionally substituted Cau cycloalkyl or an optionally substituted 3-, 4- or 3-
membered heterocyelyl. In some embodiments, the Ci.s alkyl Hinker of cycloalkyl{Ci alkyl),
cycloatkenyl{Ci4 alkyl}, aryi{Ci4 alkyl), heteroaryl{Ci4 alkyl) and heterocyclyl(Cia alkyl)
can be substituted with one or more moieties selected from halogen (such as F), cyano, Ci»
haloalkyl (for example, CFs), OH, an unsubstituted Ci.4 alkoxy and an gnsubstituted C-amido
{such as ~C(=0)NH;, ~C(=0)NH{C14 alkyly and ~C{=0)N(C1.4 alkyl)2). Exemplary linkers
that can attached the cyclic moieties for R include, but are not limited to, ~CHa—, ~CHoCH—

R F

, “CH{CH:)CHy—, -CH:CHCHy—, -CHCHCH-CH— , , ,

O
O

and
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[0686] In some embodiments, R® can be an optionally substituted N-amido. In
other embodiments, R® can be an optionally substituted N-sulfonamido. An N-amido can
have the structure RC(=0)N(R)- in which R and Ra can be independently hydrogen, alkyl,
atkenvi, alkynyl, cycloalkyl, cycloalkenyl, aryl, hetercaryl, heterocyclyl, aryl{alkyl),

heteroaryl(alkyl) or heterocyclyl{alkyl). In some ersbodiments, R® can be an unsubstituted or

cycloalkyl, Cag cycloalkenyl, aryl, heteroaryl, heterocyelyl, arvi{alkyl), heteroaryl(alkyl) or
heterocyclyl(alkyl). An N-sulfonamido can have the structure RSGoN(RA)- in which R and
Ra can be independently hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl,
heteroaryl, heterocyclyl, aryl(Ci4 alkyl), heteroarvl{Ci.4 alkyl) or heterocyelyl{Ci4 alkyl). In
some embodiments, R¥ can be an unsabstituted or a substituted -NHS(=0)R?!, wherein R®!
can be Cia alkyl, Coy4 alkenyl, Cos alkynyl, Csg cycloalkvl, Cig cycloalkenyl, aryl,
heteroaryl, heterocyclyl, arvl{Ci.4 alkyl), heteroaryl{(Ci4 alkyl) or heterocyclyl(Cis alkyl).
(6887 ] For R and RP! the Ci4 alkyl can be an unsubstituted or a substitated Cy.
4 alkyl, the (24 alkenyl can be an unsubstituted or a substituted Co.s alkenyl, the Cs.y alkynyl
can be an unsubstituted or a substituted Co.q alkynyl, the Cag cycloalkyl can be a monocychic
or a bicyclic cycloalkyl that can be unsubstituted or substituted, the Css cycloalkenyl canbe a
monocyclic or a bicyclic cycloalkenyl that can be unsubstituted or substituted, the aryl can be
a monocyclic or a bicyelic aryl that can be unsubstituted or substituted, the heteroaryl can be
a monocyclic or a bicyclic heteroaryl that can be unssbstituted or substituted, the heterocyclyl
can be a monocyclic or a bicyclic heterocyclyl that can be unsubstituted or substituted, the
aryl{Cy4 alkyl) can he a monocyclic or a bicyclic aryl(Ci_4 alkyl}) that can he unsubstituted or
substituted, the heteroarvl{Ci.4 alkyl} can be a monocyclic or a bicyclic heteroaryi{C 4 alkyl)
that can be unsubstituted or substituted, and the heterocyclyl{Ci4 alkyl) can be a monocychic
or a bicyclic heterocyclhyl (Ci4 alkyl) that can be unsubstituted or substituted. Examples of
suitable RA! and RP! ring moieties include, but are not limited to, an unsubstituted or a
substituted phenyl, an unsubstituted or a substituted naphthyl, an unsubstituted or a
substituted heteroaryl (such as a 5- or 6-membered monocyclic heteroaryl or a 9- or 10-
membered bicyclic heteroaryl that includes 1, 2 or 3 heteroatoms independently selected from

0, 5 and N), an unsubstituted or a substituted heterocyelyl (for exarople, a 3- or 6-membered
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monocyclic heterocyelyl or a 9- or 10-membered bicyclic heterocyclyl that inchudes 1, 2 or 3
heteroatoms independently selected from O, 5 and N}, an unsubstituted or a substituted
benzyl, an unsubstituted or a substituted monocycelic or bicyelic heteroaryl{Ci.4 alkyl) and an
unsubstituted or a substituted monocyclic or bicyclic heterocyelyl(Cry alkyl). In some
embodiments, the unsubstituted or a substituted monocyclic heteroaryi{Cia alkyl) for R
and/or R®! can be a 3- or 6-membered monocyclic heteroaryl or a 9- or 10-membered bicyclic
heteroaryl that inclodes 1, 2 or 3 heteroatoms independently selected from O, § and N; and
the Ci.q alkyl linker can be ~CHo— or ~CH(CH3)-. In some embodiments, the unsubstituted
or a substituted monocyclic heterocyelyl (Cras alkyl) for RA! and/or R®! can be a 5- or 6-
membered monocyclic heterocyclyl or a 9- or 10-membered bicyclic heterocyciyl that
includes 1, 2 or 3 heteroatorns independently selected from O, S and N; and the Ci4 alkyl
finker can be ~CHo- or ~CH(CH:)-. In some embodiments, R® and/or R can be
independently methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-hutyl or tert-butyl.

[0088] In some embodiments, R® can be ~-NR'’R''. In other embodiments, R® can
be ~C(=0)NRRY. In some embodiments, R'® can be hydrogen. In other ernbodiments, RY
can be optionally substituted Ci4 alkyl. In some embodiments, R'?> can be hydrogen. In
other embodiments, R!? can be optionally substituted Cy alkyl. For example, R'® and/or R'2
can be methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butvl, sec-butyl or tert-butyl.

[6889] In some embodiments, R'' can be hydrogen. In other embodiments, RY
can be an unsubstituted Cy alkyl. In still other ernbodiments, R'! can be an unsubstituted
Cis haloalkyl.  As described herein, R' can be various carbocyclic, heteroaryl or
heterocyclic groups. In some embodiments, R can be an optionally substituted cycloalkyl,
for example, an optionally substituted (55 cycloalkyl. In other embodiments, R can be an
optionally substituted cycloaltkenyl, such as an optionally substituted Csz cycloalkenyl. In
some embodiments, R'! can be an optionally substituted aryl. For example, R'' can be an
unsubstituted or a substituted phenyl. In still other embodiments, R!! can be an optionally
substituted heteroaryl. The heteroaryl for R'! can be an optionally substituted monocyclic
heteroaryl (such as an optionally substituted 5- or 6-membered monocyclic heteroaryl) or an

optionally substituted bicyclic heteroaryl (for example, an optionally substituted 9- or 10-
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membered bicyclic heteroaryl). Tn some embodiments, R can be an optionally substituted
heterocyclyl.

[0696] A variety cyclic groups can be attached via a Ciq alkyl linker for R'L

Examples of Ci4 alkyl linkers are described herein and include ~CHy—, ~CH;CHoy-, -

R F

CH(CH;CHy—, —CHCHCH—, -CHCHCHCH—, S , ,

O
O

and . As shown and described herein, the Cy.4 alkyi linkers for R can
be unsubstituted or substituted. When the Cia alkyls for R are substituted, one or more
hydrogens can be replaced with a moiety, such as those provided in the definition of
“optionally substituted,” and/or two or more hydrogens can be taken together along with the
carbon to which the hydrogens are attached to form an optionally substituted Cs4 cycloalkyl
or an optionally substituted 3-, 4- or 3-membered heterocyclyl. In some embodiments, the
Ci4 alkyl linker for the R'! groups can be substituted with one or more moieties selected
from halogen (such as F), cyano, Ci haloalkyl (for example, CFz), OH, an unsabstituted Ci4
alkoxy and an unsubstitated C-amudo (such as ~C(=0O)NH2, —C(=0)NH(C14 alkyl) and —
C(=0)N(C14 alkyl)). In some embodiments, R'! can be an optionally substituted
cycloalkyl{Cis alkyl), such as an optionally substituted monocyclic Cas cycloalkyl{Cia
alkyl). In other embodiments, R'! can be an optionally substituted cycloalkenyl(Ci1.4 alkyl),
such as an optionally substituted monocychic Cag cycloalkenyl{Cia alkyl). In stll other
embodiments, R'! can be an optionally substituted aryl(Ci4 alkyl). As an example, R! can
be an optionally substituted benzyl. In vet still other embodiments, R can be an optionally
substituted heteroaryl(C14 alkyl). In some embodiments, R can be an optionally substituted
heterocyelyl{Ci.q alkyl). The heteroaryl of the optionally substituted heteroaryi{({Ci4 alkyl)
can be an optionally substituted monocyclic heteroaryl (such as a 5- or 6-membered
monocyclic heteroaryl) or an optionally substituted bicyclic heteroaryl (such as a 9- or 10-

membered bicyclic heteroaryl).
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(68911 In some embodirents, R and R can be taken together along with the
nitrogen to which R' and R" are attached to form an optionally substituted 4 to 8 member
monocyclic heterocyelyl. In other embodiments, R and RY can be taken together along
with the nitrogen to which R' and R' are attached to form an optionally substituted 8 to 13
membered fused-bicyclic heterocyelyl. In still other embodiments, R® and R!! can be taken
together along with the nitrogen to which R and R'' are attached to form an optionally
substituted 7 to 13 membered spiro-bicyclic heterocyelyl. The 4 to 8 member monocyelic
heterocyclyl, 8 to 13 membered fused-bicyclic heterocyclyl and/or 7 to 13 membered spiro-
bicyclic heterocyelyl can include one or more ring nitrogens.

(66921 As described herein, R'? can be cyclic and non-cyclic moieties. In some
embodiments, R can be hydrogen. In other embodiments, R can be an unsubstituted Ca
alkyl. In still other embodiments, R can be an unsubstituted Ci4 haloalkyl. Various
carbocyclic, heteroaryl or heterocyclic groups are suitable for RY. In some embodiments, R"
can be an optionally substituted cycloalkyl, for example, an optionally substituted Csg
cycloalkyl. In other embodiments, R" can be an optionally substituted cycloalkenyl, such as
an optionally substituted Cs.3 cycloalkenyl. In some embodiments, R' can be an optionally
substituted aryl. For example, RY can be an unsubstituted or a substituted phenyl. In still
other embodiments, R can be an optionally substituted heteroaryl. The heteroaryl for R
can be an optionally substituted monocyclic heteroaryl (such as an optionally substituted 5- or
6-membered monocyclic hetercaryl} or an optionally substituted bhicyclic hetercaryl (for
example, an optionally substituted 9- or [0-membered bicyclic hetercaryl). In some
embodiments, R'® can be an optionally substituted heterocycelyl.

[0693] As described herein, R'? can be an optionally substituted cycloalkyl{(C 4
alkyl), an optionally substituted cycloalkenyl{Ci.4 alkyl), an optionally substituted aryl{Ci4
alkyl), an optionally substituted heteroaryl(Cis alkyl) or an optionally substituted
heterocyclyl{Cig alkyl). Various Cig4 alkyls are described herein for an optionally substituted
cycloalkyl{Cis alkyl), an optionally substintted cycloalkenylCis alkyl), an optionally
substituted aryl{Ci.a alkyl), an optionally substituted heteroaryl{Ciy alkyl) and/or an
optionally substituted heterocyclvl{(Cis alkyl) are described herein.  For example, the Ciu

alkyl of an optionally substituted cycloalkyl{Cia alkyl), an optionally substituted
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cycloalkenyl{Ci4 alkyl), an optionally substituted aryi(Ci4 alkyl), an optionally substituted

heteroarvl(C .4 alkyl) and/or an optionally substituted heterocyclyl{Ci.4 alkyl) can be selected

from ~CHy—, ~CHCHz—, ~CH{CH)}CHo~, ~CHCHCHo~, ~CHCH>CHCHo—, ,

z : ; ; \S%( and 7-% As shown and described herein, the Cus

alkyl finkers for R" can be unsubstituted or substituted. When the Ci4 alkyls for R" are
substituted, one or more hydrogens can be replaced with a moiety, such as those provided in
the definition of “optionally substituted,” and/or two or more hydrogens can be taken together
along with the carbon to which the hydrogens are attached to form an optionally substituted
3. cycloalkyl or an optionally substituted 3-, 4- or S-membered heterocyclyl. In some
embodiments, the Cy4 alkyl linker for the R'® groups can be substituted with one or more
moieties selected from halogen (such as F}, cyano, Ci.; haloalkyl (for example, CF3), OH, an
unsubstituted Ci alkoxy and an unsubstituted C-amido (such as —C(=0)NH,,
C{=0O)NH{C1.4 alkyl} and ~C(=03N(Cy.4 alkyl)o).

[0694] In some embodiments, R'? can be an optionally substituted cycloalkyl(Ci4
alkyD), such as an optionally substituted monocyclic Cas cycloalkyl{Cig alkyl). In other
embodiments, R’ can be an optionally substituted cycloalkenyl(Ci4 alkyD), such as an
optionally substituted monocyclic Cas cycloalkenyl(Cya alkyl). In some embodiments, RY
can be an optionally substituted aryl{Ci4 alkyl). As an example, R" can be an optionally
substituted benzyl. In other embodiments, R'? can be an optionally substituted heteroaryl{Cy.
4 alkyl). In still other embodiments, R'? can be an optionally substituted heterocyclyl(Ci4
altkyl). The heteroaryl of the optionally substituted heteroarylCi4 alkyl} can be an optionally
substituted monocyclic heteroaryl (such as a 5- or 6-membered monocyclic heteroaryl) or an
optionally substituted bicyclic heteroaryl (such as a 9- or 10-membered bicyclic heteroaryl).

[6695] In some embodiments, R'* and R*® can be taken together along with the
nitrogen to which R!? and R™ are attached to form an optionally substituted 4 to § merber

monocyclic heterocyclyl. In other embodiments, R'? and R" can be taken together along
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with the nitrogen to which R!” and R'? are attached to form an optionally substituted & to 13
membered fused-bicyclic heterocyclyl. In still other embodiments, R'? and R'® can be taken
together along with the nitrogen to which R!¥ and R'! are attached to form an optionally
substituted 7 to 13 membered spiro-bicyclic heterocycivl. The 4 to 8 member monocyclic
heterocyelyl, 8 to 13 membered fused-bicyelic heterocyelyl and/or 7 to 13 membered spiro-
bicyclic heterocyclyl can include one or more ring nitrogens.

[8696] In some embodiments, R'" can be hydrogen; and R! can be a non-
hydrogen moiety described herein. For example, R® can be —~NH(an unsubstituted Ci.4 alkyl)
or —NH(an optionally substituted phenyl). In some embodiments, when X! is CR', then R®
can be ~NR''R''. In other embodiments, when X' is CR', then R® can be ~C(=0)NRVRM™.
As an example, X! can be CR™, wherein R? can be ~C(=(O)NHR" and R" can be a group
described herein. In still other embodiments, when X! is N, then R® can be an unsubstituted
Ci4 alkyl or an ansubstituted Ciq haloalkyl. In vet still other embodiments, when X! is N,
then R® can be an optionally substituted cycloalkyl, an optionally substituted cycloalkenyl, an
optionally substituted arvl, an optionally substituted heteroaryl, an optionally suhstituted
heterocyclyl, an optionally substituted cycloalkyl{(Ci.4 alkyl), an optionally substituted
cycloalkenyl{(Ci 4 alkyl), an optionally substituted aryl(Ci4 alkyD), an optionally substituted
heteroaryl{({";.« alkyl) or an optionally substituted heterocyclyl(Cy.4 alkyl).

{00%7] Non-limiting examples of R5, R and R'? groups include the following:

oo 1T N,
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" Each of the rings shown above (for example,
phenyl, pyidinyl and cyclopropyl) can be unsubstituted or substituted. In some embodiments,
when substituted, one or more of the following groups can be present: halogen, cyano, an
unsubstituted .4 alkyl, an unsubstituted Cou alkenvl, an unsubstituted Cou alkynyl, an
unsubstituted Ci4 alkoxy, an unsubstituted Ci4 haloalkyl, an unsubstituted .4 haloalkoxy,
an optionally substituted Cs.5 cycloalkyl, an optionally substituted hetercaryl (for example, an
optionally substituted monocyclic heteroaryl including 3- and 6-mersbered wmonocyclic
heteroaryls that have one or more heteroatoms independently selected from O, S and N}, an
optionally substitated heterocyclyl (sach as an optionally substituted monocyclic heterocyelyl
including 5- and 6-membered monocyclic heterocyclyls that have one or more heteroatoms
independently selected from O, S and N), ~O-CHo-C(=0O)NH,, ~O-CHo-C{=0O)NH{an
unsubstituted Ci.4 alkyl) and —O-CHo-C(=0)N(an unsubstituted C1.4 alkyi).
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[0698] Various groups can be present for R°, including hydrogen, an
unsubstituted C;.4 alkyl, an optionally substituted monocyclic Cag cycloalkyl, an optionally
substituted aryl, an optionally substituted heteroaryl, an optionally substitated heterocyclyl,
an optionally substituted aryl{C .4 alkyl), an optionally substituted heteroaryl{Cy.4 alkyl) and
an optionally substituted heterocyelyl(Ci4 alkyl). In some embodirnent, R? can be hydrogen.
In other embodiments, R” can be an unsubstituted Crg alkyl, including methyl, ethyl, n-
propyl, isopropyl, n-butyl, isobutyl, sec-butyl and tert-butyl. In still other embodiments, R’
can be an optionally substituted monocyclic Ca.s cycloalkyl, for example, an unsubstituted or
a substituted cyclobutyl, an unsubstituted or a substituted cyclopentyl or an unsubstituted or a
substituted cyclohexyl.

{06949] A variety of cyclic groups can be directly attached to the nitrogen to which
R is attached or the cyclic groups can be attached via a .« linker. In some embodiment, R’
can be an optionally substituted aryl, for example, an optionally substituted phenyl or an
optionally substituted naphthyl. In some embodiment, R can be an optionally substituted
heteroaryl. In other embodiments, R’ can be an optionally substituted heterocyclyl. The
heteroaryl can be a monocyclic or bicyclic heteroaryl (such as a fused bicychic heteroarvl).
For example, R’ can be an unsubstituted or a substituted monocyclic 5-membered heteroaryl,
an unsubstituted or a substituted monocyclic 6-membered heteroaryl, an unsubstituted or a
substituted bicyclic 9-membered hetercaryl or an unsubstituted or a substituted bicyclic 10-
mernbered heteroaryl. As additional examples, R” can be an unsubstitated or a substituted
monocyclic 5-membered heterocyclyl, an unsubstituted or a substituted monocyclic 6-
membered heterocyelyl, an unsubstituted or a substituted bicyclic 9-membered heterocyclyl
or an unsubstituted or a substituted bicyclic 10-membered heterocyclyl.

{0108] In some embodiments, R? can be an optionally substituted aryi{Ci4 alkyl).
In other embodiments, R’ can be an optionally substituted heteroaryl(Cyy alkyD). In still other
embodiments, R® can be an optionally substituted heterocyclyl(Ci4 alkyl). The Ci. alkyl
linkers for RY can be unsubstituted or substituted. When the C; 4 alkyl linkers are substituted,
one or more hydrogens can be replaced with a moiety, such as those provided in the
definition of “optionally substituted,” and/or two or more hydrogens can be taken together

along with the carbon to which the hydrogens are attached to form an optionally substituted
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Csa cycloalkyl or an optionally substiteted 3-, 4- or 3-membered heterocyclyl.  In some
embodiments, the Ci.4 alkyl linker for the R” groups can be substituted with one or more
moieties selected from halogen (such as F), cyano, Ci2 haloalkyl (for example, CF3), OH, an
unsubstituted Cr.4 alkoxy (for example, methoxy, ethoxy, n-propoxy, iso-propoxy, n-butoxy,
iso-butoxy, sec-butoxy and tert-butoxy) and an unsubstitated C-amido (such as —C{=0)NH,,
~C{=(MNH(C 14 alkyl) and ~C{=0)N(C1.4 alkyl)y). Exemplary Ciy4 alkyl linkers include, but
are not hmited to, -CHa-, -CH2CHy-, -CHxCHCH:-, -CHCHCHRCHy-, —CH(CH)YCH;-,

FE F
o
O
2
, , , and . In some embodiments, R can be

an unsubstituted benzyl. To other embodiments, R’ can be a substituted benzyl. The
heteroaryls and heterocyclyls that can be present for R” and attached via a Cia alkyl linker
include monocyelic and bicyclic heteroaryls and beterocyclyls. In some embodiments, R” can
be an unsubstituted or a substituted monocyclic S-membered heteroaryl or an unsubstituted or
a substituted monocyclic 6-membered hetercaryl. In other embodiments, R” can be an
unsubstituted or a substituted bicyclic 9-membered heteroaryl or an unsubstituted or a
substituted bicyclic 10-mernbered heteroaryl. In still other embodiments, R can be an
unsubstituted or a substituted monocyclic 5-membered heterocyelyl or an unsubstituted or a
substituted monocyclic 6-membered heterocyclyl. In yet still other embodiments, R” can be
an unsubstituted or a substituted bicyclic 9-membered heterocyclyl or an unsubstituted or a
substituted bicyclic [$-membered heterocyelyl, for example, an unsubstituted or a substitated
fused-bicyclic 9-membered heterocyclyl or an unsubstituted or a substituted fused-bicyclic
{0~-membered heterocyclyl.

{9181} A variety of groups can substitute a R® group described herein. For
example, R” can be substituted one or more times with a group selected from deuteriom,
halogen (such as F, Cl and/or Br), cyano, an unsubstituted Cie alkyl (for example, methyl,
ethyl, n-propyl, isopropyl, n-butyl, iso-butyl, sec-butyl, tert-butyl, pentyl (straight-changed or
branched) and hexyl {straight-chained or branched)), an unsubstituted Ci.s haloalkyl (such as

~CHE,, ~CHoF, —~CFi, ~CHCIF, ~CHx(Cl, —~CHCl; and —(C(Cl3), an unsubstituted (s alkoxy
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{for example, methoxy, ethoxy, isopropoxy, n-butoxy, sec-butoxy, iscbutoxy and tert-
butoxy}, an unsubstituted acyl (such as —~C(=0)-Ci4 alkyl), an unsubstituted C-amido (such
as —C{=0)NH,, -C{=0)NH{C.4 alkyl} and C(=0ON{C14 alkyl)y), an ansubstitated sulfonyl
{such as —S{(=0)-Ci4 alkyl}, an unsubstituted S-sulfonamido (such as —S{=0)NH; -
S{=0pNH(Ci4 alkyl) and —S{=OpN({Cis alkyip), an unsubstituted amino, a mono-
substituted amine (for example, an mono-alkyl substituted amine), a di-substituted amine (for
example, a di-alkyl substituted amine) and an unsubstituted or a sebstituted monocyclic
heteroaryl (such as an unsubstituted or a substituted monocyclic 53- or 6-membered hetercaryl,
including an unsubstituted or a substituted monocyclic 5- or 6-membered heteroaryl
containing | or 2 heteroatoms independently selected from O, S and N).

{0102] Examples of R groups include the following:

%CHg = ) C(=0)NH, A - CEOINH(CHS)
F E Cl i
------ -F =
CN OCH;
\\ / -CN -OCHz

£ C(‘:O)NHQ %@cwam&&gcm
3 /

C(=0INH(CH,) C{=OiNH{CH ,CHg)

¢ %—@mC(EO)NH(C}HECHa)

C(::Q)NH(GH(CH 3}2)

O
§ ...... \ / CEONHCHCH),) S %@fﬁ\a—ﬂ
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[0103] As provided herein, both hvdrogen and non-hydrogen moieties can be
present on the piperazine ring of a compound of Formula (}), or a pharmaceutically
acceptable salt thereof. In some embodiments, R? can be hydrogen. In other embodiments,
R* can be an unsubstituted 4 alkyl. In still other embodiments, R? can be an unsubstituted
Ci4 haloalkyl. For example, R® can be methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl,
sec-butyl, tert-butyl, ~CHE,, ~CHoF, ~CF3,~CHCl, ~CHCl and —~CCls.  In yet still other
embodiments, R% can be an optionally substituted aryl, an optionally substituted heteroaryl or
an optionally substituted heterocyclyl. In some embodiments, R® can be an optionally
substituted arvl(Ci4 alkyl), an optionally substituted heteroaryl(Ci4 alkyl} or an optionally
substituted heterocyclyl{(C 14 alkyl). Exemplary R? groups include, but are not limited to, an
optionally substituted phenyl, an optionally substituted benzyl, an optionally substituted
monocyclic hetercaryl {(an optionally substituted 5- or 6-membered monocyclic heteroaryl) or
an optionally substituited monocyclic heterocyelyl (an optionally substituted 5- or 6-
membered monocyclic heterocyclvl).

[0104] As with R?, R® can be hydrogen or non-hydrogen moieties as described
herein. In some embodiments, R® can be hydrogen. In other embodiments, R? can be an
unsubstituted C; 4 alkyl, such as those described herein. In still other embodiments, R? can
be an unsubstituted Ci4 haloalkyl, for example, -CHE,, -CHoF, —-CF3—CHCl —CHCL and -
CCla. In vet still other embodiments, R? can be an optionally substituted aryl, an optionally
substitated heteroaryl or an optionally substituted heterocyclyl. In some embodiments, R

can be an optionally substituted aryl(Ci14 alkyl), an optionally substituted heteroaryl{(Ci.4

-3R8-



WO 2020/243199 PCT/US2020/034746

alkyl) or an optionally substitated heterocyclyl{Ci4 alkyl). In other embodiments, R® can be
an optionally substituted phenyl, an optionally substituted monocyclic heteroaryl or an
optionally substituted monocyclic heterocyelyl. In other erbodiments, R? and R® can be
taken together along with the carbon to which R* and R are attached to form an optionally
substituted monocychic Cas cycloalkyl or an optionally substituted 3 to 6 member monocyclic
heterocyclyl. For example, R? and R® can be taken together along with the carbon to which
R® and R’ are attached to form an optionally substituted cyclopropyl, an optionally
substituted cyclobutyl, an optionally substituted cyclopentyl, an optionally substituted
cyclohexyl, an optionally substituted oxetane, an optionally sabstituted thietane, an optionally
substituted thietane oxide or an optionally substituted thietane dioxide.

{0105] Each of R* and R® can be independently hydrogen or selected from the
non-hydrogen moieties described herein. In some embodiments, R* can be hydrogen. In
other embodiments, R* can be an unsubstituted Ciu alkyl, such as methyl, ethyl, n-propyl,
iso-propyl, n-butyl, iso-butyl, sec-butyl and tert-butyl. In still other embodiments, R* can be
an unsubstituted Cy4 haloalkyl. Exemplary unsubstituted Cra haloalkyls are described
herein, and include —~CHF,, ~CHoF, —CF;3,~CHxl, ~CHCl: and —CCla.  In vet still other
embodiments, R* can be an optionally substituted aryl, an optionally substituted heteroaryl or
an optionally substituted heterocyclyl. In some embodiments, R* can be an optionally
substituted aryl{Ci4 alkyl), an optionally substituted heteroaryl(Ci.4 alkyl)y or an optionally
substituted heterocyclyl(Cia alkvl). For example, R? can be an optionally substituted phenyl,
an optionally substituted benzyl, an optionally substituted monocyclic heteroaryl (an
optionally substituted 5- or 6-membered monocyclic hetercaryl) or an optionally substituted
monocyclic heterocyclyl (an  optionally substituted 5- or 6-membered monocyclic
heterocyclyl).

[8106] In some embodiments, R’ can be hydrogen. In other embodiments, R’ can
be an unsabstituted Cis alkyl. In stll other embodiments, R® can be an unsubstituted Cia
haloalkyl. Hxempilary unsubstituted Cyi alkyls and unsubstituted €14 haloalkyls are
described herein and inchude those described with respect to RY.  In yet still other
embodiments, R can be an optionally substituted aryl (such as an optionally phenyl), an

optionally substituted heteroaryl (such as an optionally substituted monocyclic heteroaryl) or
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an optionally sobstituted heterocyclyl (for exaruple, an optionally substituted monocyclic
heterocyclyl). The heteroaryl and heterocyclyl can include 3, 4, 5 or 6 ring(s) atoms and
include 1, 2 or 3 heteroatoms such as N {(nitrogen), O {oxygen) and S (sulfur). In some
embodiments, R® can be an optionally substituted aryl{(Ci4 alkyl}, an optionally substituted
heteroaryl{Cy 4 alkyl) or an optionally substituted heterocyclyl(Ci4 alkyl). For exarmple, R
can be an unsubstituted or a substituted benzyl, an unsubstituted or a substituted 5-membered
monocyclic heteroaryl, an unsubstituted or a substituted 6-memberd monocyclic heteroaryl,
an unsubstituted or a substituted S-membered monocyclic heterocyclyl or an unsubstituted or
a substituted 6-membered monocyclic heterocyclyl. In some embodiments, R* and R® can be
taken together along with the carbon to which R* and R® are attached to form an optionally
substituted monocyclic Cae cycloalkyl or an optionally substitated 3 to 6 member monocyclic
heterocyclyl.  Exemplary monocyclic Cae cycloalkyls and 3 to 6 member monocyclic
heterocyelyls inchude, but are limited to, the following: cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, oxetane, thietane, thictane oxide and thietane dioxide, each of the aforementioned
can be optionally substituted.

(61671 In some embodiments, R and R® can be taken together along with the
carbons to which R® and R’ are each attached to form an optionally substituted monocyclic
Cs.7 cycloalkyl. In other embodiments, R® and R® can be taken together along with the
carbons to which R® and R® are each attached to form an optionally substituted S to 7 meraber
monocyclic heterocyclyl. In some embodiments, R” and R can be taken together along with
the carbons to which R* and R* are each attached to form an optionally monocyclic Csr
cycloalkyl. In other embodiments, R” and R* can be taken together along with the carbons to
which R? and R* are each attached to form an optionally substituted 5 to 7 member
monocyclic heterocyelyl. Exemplary § to 7 member monocyclic heterocyelyls include, but
are not limited to, tetrahydrofuran, pyrrolidine, piperidine and tetrahydro-2H-pyran.

(6831081 In some embodiments, R can be hydrogen. In other embodiments, RO can
be an unsubstituted €4 alkyl. In still other embodiments, R® can be an unsubstituted 4
haloalkyl.  Suitable unsubstituted Cis alkyls and unsubstituted Cia haloalkyls include
methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, tert-butyl, ~CHF:, ~CHoF, —
CFi,~CH-CL, —=CHCL and —CCla.
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[63189] In some embodiments, R’ can be hydrogen. In other embodiments, R’ can
be an unsubstituted Ci.4 alkyl, such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl,
sec-butyl or tert-butyl. Tn still other ersbodiments, R’ can be an unsubstituted Cy4 haloalkyl,
for example, ~CHF:, ~CH:F, ~CFs,~CHo(Cl, ~CHCly and ~CCh. In some embodiments, RO
and R’ are taken together along with the carbon to which R® and R7 are attached to form an
unsubstituted monocyclic Cs4 cycloalkyl. In other embodiments, R® and R’ are taken
together along with the carbon to which R® and R are attached to form a substituted
monocyclic Caa cycloalkyl. In still other embodiments, R® and R’ are taken together along
with the carbon to which R® and R7 are attached to form an unsubstituted oxetane or an
unsubstituted thietane. In vet still other embodiments, R® and R” are taken together along
with the carbon to which R® and R are attached to form a substituted oxetane or a substituted
thietane.

[6119] In some embodiments, R?, R®, R*, R°, R® and R can be each hydrogen. In
other embodiments, at least one of R, R®, R* R, R and R7 can be a non-hydrogen group,
such as those described herein in the previous paragraphs. In some embodiments, R can be a
non-hvdrogen moiety; and R*, R* and R> can be each hvdrogen. For example, R? can be an
unsubstituted C14 alkyl; and R, R* and R’ can be each hydrogen. In other embodiments, R,
R3, R* and R can be each hydrogen, and R® and R” are taken together along with the carbon
to which R® and R are attached to form an optionally substituted monocyclic Cs.4 cycloalkyl.
In still other embodiments, R*, B3, R* and R® can be each hydrogen, and R® and R7 are taken
together along with the carbon to which R® and R’ are attached to form an unsubstituted or a
substituted oxetane or an unsubstituted or a substituted thietane. In some embodiments, a
compounds of Formula (1}, or a pharmaceutically acceptable salt thereof, can be a compound
of Formula (Ib), wherein R can be hydrogen or an unsubstituted Ci.4 alkyl; R* RY and R’ can

be each hydrogen: and R’ can be a substituted phenyl; X' can be CH.
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(0111 Exaroples of compounds of Formula (1) inclade the following:

OCH,
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(0112} Additional examples of compounds of Formula (1) include the following:

the foregoing.

Br
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16113 Compounds of Formula (1) along with those described herein may be

prepared in various ways. General synthetic routes for preparing compounds of Formula (1)
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are shown and described herein along with some examples of starting materials ased to
synthesize compounds described herein. The routes shown and described herein are
ustrative only and are not intended, nor are they to be construed, to himit the scope of the
claims in any manner whatsoever. Those skilled in the art will be able to recognize
modifications of the disclosed syntheses and to devise alternate routes based on the
disclosures herein; all such modifications and alternate routes are within the scope of the

claims.

Scheme |

R4R5 O

RN RS
2 N7
R | e ()

HN : g
\/(R";rg N—R
(=8 Ny

D)

{0114] Compounds of Formula (1} can be prepared from a Boc intermediate of
Formula (1. The Boc group can be cleaved using acidic conditions, for example, in presence
of HCl in a suitable solvent (such as .,4-dioxane) or in presence of cupper triflate. The
coupling of the intermediate of Formula (I} with a suitable agent can afford a compound of
Formula (I}, or a pharmaceutically acceptable salt thereof. As an example, compounds of
Formula (1) along with pharmaceutically acceptable salts thereof, wherein Z' represents —
NH-C(=0)- and n = 1, can be obtained by reacting a compound of Formula (III) with a
phenyl carbamate of formula RI-NH-C(=0)-O-phenyl or with an isocyanate of general
formula R'-N=C=0, in presence of a suitable base in a suitable solvent. An example of a
sutitable base 1s triethylamine and an example of suitable solvent is acetonitrile.

{0115] Other compounds of Formula (I} along with pharmaceutically acceptable
salts thereof, wherein Z! represents —C(=0)- and n = I, can be obtained by reacting a
compound of Formula (III} with an acyl chloride of general formula R'-C{=0)-Cl in presence
of a base in a suitable solvent. Other compounds of Formula (I) and pharmaceutically
acceptable salts thereof, wherein Z! represents ~C(=0)- and n = 1, can be obtained by
reacting corapound of Formula (III) with an carboxylic acid of formula R'-C(=0)-OH in

presence of an amide coupling agent (such as HATU) in a suitable solvent. Other
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compounds of Formula (I) together with pharmaceutically acceptable salts thereof can be

prepared from a compound of Formula (1ll) using methods known in the art.

Scheme 2
RS
x*\::g R
L NH
HN-, 7
N vl
[0116] Compounds of Fornuila (I can be prepared by varions methods known in

the art. As an example, a general synthesis of compounds of Formula (1) is depicted in
Scheme 2. The benzyl derivative of Formula (V) can be debenzylated by methods known in
the art, for example, using chloroethylchloroformate in a suitable solvent (such as
dichloroethane) followed by treatment with methanol to give a compound of Formula (V1.
A Boc group can be introduced on the nitrogen of a compound of Formula (VI) using
{Bock( m the presence of a suitable base (such as trimethylamine) in a suttable solvent (such
as dichloromethane) to afford a compound of Formula (VH). If desired, protecting groups
can be introduced and cleaved appropriately during the synthetic steps of Schewe 2. The
coupling of the ester of Formula (VI) with a heterocycle of Formula (V) can be achieved
in presence of a base, for example, lithium hexamethyldisilazide in a suitable solvent (such as
tetrahydrofurane) to obtain a compound of Formula (JX). In some embodiments, a compound
of Formula (VI (wherein X! can be CR') can be an optionally substituted arnino pyrazole.
Cyclisation of a compound of Formula (IX) can be achieved by using methods known in the
art. For example, 2 compound of Formudla (IX) can be reacted with a base (such as potassium
carbonate) in presence of cupper in a suitable solvent (such as DMF) to afford a compound of

Formula (1),
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Scheme 3
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{0117} A compound of Formula (1i) in which R* R* and R® each represents H
can be prepared from a pyridine-4-carboxylic acid derivative of Formula (X} as shown in
Scheme 3. An amine of general formula R’-NHz, can be introduced on the acid of a
compound of Formula (X) using amide coupling reactions known to those skilled in the art.
For example, EDC/HOB, in presence of a base (such as diisopropylethylamine) in a suitable
solvent (for example, DMF) to afford a compound of Formula (XI). The coupling of a
compound of Formula (X1} with a compound of Formula {XI) can be achieved by methods
known in the art. As an example, a compound of Formoula (XII) can be reacted with a
compound of Formula (XI) to yield a compound of Formula (XHI) utilizing the following
conditions; 1,10-phenanthroline, Cul and a base (such as sodium ethoxide) in a suitable
solvent (such as DMF) in the presence of oxygen. A compound of Formula (X}, wherein
X! can be CR', can be an optionally substituted pyrazole. The reduction of the pyridyl cycle
in a compound of Formula (XIII) can be achieved by hydrogenation in presence of a suitable
catalyst, such as platinurn dioxide, in a suitable solvent, such as methanol, to afford a
compound of Formula (1II) in which R* R* and R® each represent H.

{0118] Alternatively, the reduction of the pyridyl moiety of a compound of
Formula (X1H) can be achieved in several steps. For example, a cormmpound of Formuala (XTI
can be alkvlated with 3,4-dimethoxy benzylbromide in a suitable solvent (such as
acetonitrile) to afford a pyndinium intermediate that can be isolated, and then reduced with
sodium triacetoxyborohydride in a suitable solvent (such as [,2-dichloroethane). The
dimethoxybenzyl group can be cleaved using procedures known to those skilled n the art.
Exemplary procedures include using chloroethylchloroformate in a suitable solvent (such as
t,2-dichloroethane) followed by a treatment with methanol to obtain a compound of Formula

(111} in which R?, R* and R® each represent H.
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Scheme 4
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(8119} A compound of Formula (), wherein R* R’ and R each represent H, can
be prepared from a compound of Formula (XIV) as shown in Scheme 4 using methods

known to those skilled 1n the art.
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[6126] Alternatively a compound of Formula (Jb) in which R® can be an

unsubstituted Ci4 alkyl, an unsubstituted o alkenyl, an unsubstituted ;.4 haloalkyl, an
optionally sehstituted aryl, an optionally substiteted hetercaryl, an optionally substituted
cycloalkyl{C4 alkyl), an optionally substituted cycloalkenyl(Ci4 alkyl), an optionally
substituted aryHCi alkyl), an optionally substituted heteroaryl{C 14 alkyl), and an optionally
substituted heterocyelyvl(Cry alkyl), can be prepared as described in Scheme 5, from
intermediate (Ila). Intermediate (Ha} can be synthetized as provided in Scheme 3, using 4-
methoxybenzylamine as R'NH: in step 1, and 4-bromo-1H-pyrazole as the compound of
Formula (X1) in the second step. Subsequent introduction of the Boc protecting group using
conditions known in the art (such as reaction with Boc() in presence of TEA in DCM), can
provide a compound of Formula (Ha). Reaction of intermediate (Ila) with a compound of
Fornula R*B(OH),, or the corresponding boronic ester, in presence of a palladium catalyst

{such as Pd{dppHiCly or Pd{PPhs)s or PA(OAc) with XPhos) and a base {for example, cesium
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carbonate or sodium carbonate) in a suitable solvent (such as dioxane) under heating
conditions, can provide a compound of Formula (XVIL.

{0121} Alternatively a compound of Formula R®BF:K can also be used to
introduce R® on intermediate (I1a), in the presence of a catalyst, such as Pd(dtbpf)Ch, and a
base (for example, potassium phosphate) in a solvent, such as dioxane/water. A compound
of Formula R*ZnBr can be also be used, in the presence of PA(OAc) and XPhos in THF to
provide a compound of Formula (XVH). After removal of the Boc and PMB protecting
groups under acidic conditions {such as TFA) the compound of Formula (XVII} can be
coupled to a compound of Formula RICOOH, using coupling conditions known in the art (for
example, EDCI, HOBt, DIEA in a suitable solvent such as DMF) to give a compound of
Formula (XVIID. Reaction of a compound of Formula (XVIHIH) with a compound of
Fornula R7B(OH); in presence of a copper-based agent like Cu(OTfy or Cu(OAc), and a
base (such as pyridine or trimethylamine) in a solvent (for example, DMF or DCM) can
provide a compound of Formula (Ib). Other conditions to substitute a lactam known in the

art may also be used to introduce a R” moiety.

Scheme 6

{(XXB {Ib}

(63221 A compound of Formuda (Ib) in which R is an amide of general formula -

- Ty TR P ~ P - \ < -
CONRR'® can be prepared from a compound of Formula (Ilfa) as shown in Scheme 6.
Synthesis of a compound of Formula (Hla) can be carried out as depicted in scheme 3, using

ethyl 1H-pyrazole-d-carboxylate as the compound of formula (XII) in the second step.
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Acylation of a compound of Formula (Illa) to give a compound of Formula (XX) can be
achieved with an acyl chloride of general formula R'-C(=0)-C! in presence of a base in a
suitable solvent, or with a carboxylic acid of formula R-C(=0)-OH in presence of an amide
coupling agent (such as HATU, or EDCI/HOBt) and a suitable base (such as DPIEA) in a
suitable solvent {(such as DMF). Other compounds of Formula (XX} can be prepared from a
compound of Formula (Ila) using methods known in the art. Subsequently a carboxylic acid
derivative of Formutla (XX1) can be obtained from (XX by reaction with BBrs in DCM.
Compounds of Formula (Ib) can then be obtained by reacting a compound of Formula (XX1)
with an amine of general formula NHRPR¥, under acylation conditions known in the art,
such as EDCI/HOR! in the presence of a suitable base (such as DIEA) in a suitable solvent

{such as DMF.

Scheme 7
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{0123] A compound of Fornmla (Ib) in which R® is an optionally substituted N-
amido can be prepared from a compound of Formuda (JIIb) as shown in Scheme 7. Synthesis
of a compound of Formula (Illb) can be carried out as depicted in Scheme 3, using 4-nitro-
[H-pyrazole as the compound of formula (XII) in the second step. Acylation of a compound
of Formula (Illb) to give a compound of Formula (XX} can be achieved with an acyl

chloride of general formula RI-CY =0}-Cl in presence of a base in a suitable solvent, or with a

carboxylic acid of formula R'-C(=0)-OH in presence of an amide coupling agent (such as
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HATU, or EDCIHOBGO and a switable base (such as DIEA) in a suitable solvent {such as
DMF). Other compounds of Formula (XX11) can be prepared from a compound of Formula
(HIb) using methods known in the art. Subsequently the nitro group of the derivative of
Formula (XX} can be reduced to obtain a compound of Formula (XX} using, for example,
iron in presence of ammonium chlonide, in a suitable solvent (such as ethanol). Compounds
of Formula (Ib) can be obtained by reacting a compound of Formula (XX} with an acyl
chloride of general formula R-C(=0)-1 in presence of a base in a suitable solvent, or with a
carboxylic acid of formula R-C(=0}-OH in presence of an amide coupling agent {such as
HATU, or EDCIHOBGO and a switable base (such as DIEA) in a suitable solvent {such as
DMF). Other compounds of Fornmula (Ib) can be prepared from a compound of Formula

{XXIH) using methods known in the art.

Scheme 8

R 1 N i _____.......: .............. . 1 ;
RN ” RT Ny, - NHSO,R
6 RORT N== O RORT N=

OO (1)

{0124] A compound of Forroula (Ib) in which R® is an optionally substituted
suifonamido can be prepared from a compound of Formula (XXIII) and a sulfonyl chloride
derivative of general formula RSOxCY, in the presence of a base (such as TEA) in a suitable

solvent (such as DCM), as shown in Scheme 8.

Scheme 9
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[6125] A compound of Formula (Ib) i which R*® is a roono-substituted amine of

general formula -NHR'' (in which R can be an unsubstituted Cy4 alkyl, an unsubstituted
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Ci4 haloalkyl, an optionally substituted cycloalkyl, an optionally substituted cycloalkenyl, an
optionally substituted cycloalkyl(Ci.4 alkyl), an optionally substituted cycloalkenvi{Ci4
atkyl), an optionally substituted arvl{Cis alkyl), an optionally substituted heteroaryl{Cru
alkyh) and an optionally substituted heterocyclylCis alkyl)) can be prepared from a
compound of Formula (XX using reductive amination conditions by reacting an aldehvde
or ketone with a compound of Formula (XXHI), followed by the addition of a reducing agent

{such as STAB) 1n a suitable solvent {such as DCE), as shown in Scheme 9.

Scheme 10

OOKHT (ib)

[8126] A compound of Formula (Ib) in which R® is a mono-substituted amine of
general formula ~-NHR'! (in which R can be an optionally substituted aryl or an optionally
substituted heteroaryl) can be prepared from a compound of Formula (XX1) and a horonic
acid derivative of general formula RV B(OH),, in presence of a copper-based reagent (such as

Cu{OAc)) and pynidine, jo a suitable solvent {sach as DCM) as shown in Scheme 10.

Scheme 1
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(831271 A compound of Formula (11a), in which R, R* and R® are hydrogen, can
be alternatively be prepared according to Scheme 11. Coupling of a carboxylic acid
derivative of Formula (XXIV) with [H-pyrazol-5-amine, using coupling procedures known in
the art for the formation of amide bond, such as activation of the carboxylic acid to the
corresponding acyl chloride using oxalyl chloride in presence of DMF in DCM, followed by
the addition of 1H-pyrazol-5-amine in presence of a base {such as cesium carbonate) in a
suitable solvent (such as DMA), can provide an amide derivative which can be directly
cyclized in sitw under heating conditions to give a compound of Formula (XXV).
Subsequently, alkylation of a compound of Formula (XXV) can be performed using a base
(such as cesium carbonate) and an alkylating agent (such as PMB-(C1) in a suitable solvent
{such as DMA) o give a compound of Formula (XX VI

[6128] A compound of Formula (XXVIII) in which R?, R* and R® are hydrogen,
can be obtained by reduction of a compound of Formula (XX V1) using, for example, catalytic
hydrogenation with PA(OH) v AcOH, followed by the introduction of a Boc protecting
group, using conditions known in the art, such as reaction with BocO in presence of TEA in
DCM. Bromination of a compound of Forrmula (XX VI using, for example, NBS in DMF,

can provide a compound of Formula (IIa) in which R?, R* and R® are hydrogen.

Scheme 12
:
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[6129] An intermediate of Formula (XIID), in which R? is methyl, and R® and R’

are each hydrogen, can alternatively be synthetized as depicted in Scheme 12. An amine of
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general Formula RY-NHy, can be introduced on the acid of a compound of Formula (XXIX)
using amide coupling reactions known to those skilled in the art. For example, EDC/HOB¢,
in presence of a base (such as diisopropylethyvlamine} in a sgitable solvent (for example,
DMF) to afford a compound of Formula (XXX}, This latter compound can then be reacted
with 2,4,6-trimnethyl-1,3,5,2 4, 6-trioxatriborinane, in presence of a palladium catalyst (such as
Pd{dpphH)Cls) and a base (such as potassium carbonate) in a suitable solvent (such as dioxane)
to give a compound of Formula (XXXI). Further, reaction of a compound of Formula
{XXXD with an optionally substituted pyrazole (X1}, in presence of a suitable base (such as
potassiwm carbonate) in a solvent (for example, DMSQO) can provide a compound of Formula
(XX X1, which can be cyclized to afford a compound of Formula (X11I) in presence of 1,10-
phenanthroline, Cal and a base {(such as sodium ethoxide) in a suitable solvent (such as

DMF) in the presence of oxygen.

Pharmaceutical Compositions

[6138] Some embodiments described herein relate to a  pharmaceutical
composition, that can include an effective amount of a compound described herein (e.g., a
compound, or a pharmaceutically acceptable salt thereof, as described herein) and a
pharmaceutically acceptable carrier, excipient or combination thereof. A pharmaceutical
composition described herein is suitable for hurnan and/or veterinary applications.

(6831} As used herein, a “carrier” refers to a compound that facilitates the
incorporation of a compound into cells or tissues. For example, without limitation, dimethyl
sulfoxide (DMSO) is a comrnounly utilized carrier that facilitates the uptake of many organic
compounds into cells or tissues of a subject.

16132} As used herein, a “diluent” refers to an ingredient in a pharmaceutical
composition that lacks pharmacological activity but may be pharmacentically necessary or
desirable. For example, a diluent may be used to increase the bulk of a potent drug whose
mass is too small for manufacture andfor administration. | may alse be a liquid for the
dissolution of a drug to be administered by injection, ingestion or inhalation. A common
form of diluent in the art is a buffered agueous solation such as, without limitation, phosphate

buffered saline that mimics the composition of human blood.
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[683133] As used herein, an “excipient” refers to an ivert substance that is added to
a pharmaceutical composition to provide, without limitation, bulk, consistency, stability,
binding ability, lubrication, disintegrating ability etc., to the composition. A “diluent” is a
type of excipient.

[0134] Proper formulation is dependent upon the route of administration chosen.
Technigues for formulation and administration of the compounds described herein are known
to those skilled in the art. Multiple technigues of administering a compound exist in the art
including, but not limited to, oral, rectal, topical, aerosol, injection and parenteral delivery,
including intramuscular, subcutanecus, intravenous, intramedullary injections, intrathecal,
direct intraventricular, intraperitoneal, intranasal and intraocular igjections. Pharmaceuntical
compositions will generally be tailored to the specific intended route of administration.

{0135] One may also administer the compound in a local rather than systemic
manner, for example, via injection of the compound directly into the infected area, oftenin a
depot or sustained release formulation. Furthermore, one may administer the compound in a
targeted drug delivery system, for example, in a liposome coated with a tissue-specific
antibody. The liposornes may be targeted to and taken ap selectively by the organ.

[0136] The pharmaceuntical compositions disclosed herein may be manufactured
in a manner that is itself known, e.g.,, by means of conventional mixing, dissolving,
granulating, dragee-making, levigating, ernulsifying, encapsulating, entrapping or tableting
processes.  As described herein, compounds used in a pharmaceutical composition may be

provided as salts with pharmaceutically compatible counterions.

Methods of Use

(63137} Some embodiments described herein relate to a method of treating a HBV
and/or HDV infection that can include administering to a subject identified as suffering from
the HBVY and/or HDYV infection an effective amount of a compound, or a pharmaceutically
acceptable salt thereof, as described herein, or a pharmaceutical composition that includes an
effective amount of a compound, or a pharmaceutically acceptable salt thereof, as described
herein.  Other embodiments described herein relate to using a compound, or a

pharmaceutically acceptable salt thereof, as described herein in the manufacture of 2
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medicament for treating a HBV and/or HDV infection. Still other embodiments described
herein relate to the use of a compound, or a pharmaceutically acceptable salt thereof, as
described herein or a pharmaceutical composition that includes a compound, or 2
pharmaceutically acceptable salt thereof, as described herein for treating a HBV and/or HDV
infection.

[6138] Some embodiments disclosed herein relate to a method of treating a HBV
and/or HDV infection that can include contacting a cell infected with the HBV and/or HDV
with an effective amount of a compound, or a pharmaceutically acceptable salt thereof, as
described herein, or a pharmaceutical composition that includes an effective amount of a
compound, or a pharmaceutically acceptable salt thereof, as described hergin. Other
embodiments described herein relate to using a compound, or a pharmaceutically acceptable
salt thereof, as described herein in the manufacture of a medicament for treating a HBVY
and/or HDV infection. Stll other embodiments described herein relate to the use of a
compound, or a pharmaceutically acceptable salt thereof, as described herein described
herein, or a pharmaceutical composition that includes an effective amount of a compound, or
a pharmaceutically acceptable salt thereof, as described herein for treating a HBVY and/or
HDV infection.

[6139] Some embodiments disclosed herein relate to a method of inhibiting
replication of HBY and/or HDV that can include contacting a cell infected with the HBV
and/or HDV with an effective amount of a compound, or a pharmaceutically acceptable salt
thereof, as described herein, or a pharmaceutical composition that includes an effective
amount of a compound, or a pharmaceuntically acceptable salt thereof, as described herein.
Other embodiments described herein relate to using a compound, or a pharmaceutically
acceptable salt thereof, as described herein in the manufacture of a medicament for inhibiting
replication of HBV and/or HDV. Stll other embodiments described herein relate to the use
of a compound, or a pharmaceutically acceptable salt thereof, as described herein, or a
pharmaceutical composition that includes an effective amount of a compound, or a
pharmaceutically acceptable salt thereof, as described herein, for inhibiting replication of

HBV and/or HDV.
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(6831447 In some embodiments, the HBY infection can be an acute HBV mnfection.
In some embodiments, the HBY infection can be a chronic HBV infection.

16141} Some embodiments disclosed herein relate to a method of treating liver
cirrhosis that i3 developed because of a HBV and/or HDV infection that can include
administering to a subject suffering from Hver cirrhosis and/or contacting a cell infected with
the HBV and/or HDV in a subject suffering from hiver cirrhosis with an effective amount of a
compound, or a pharmaceutically acceptable salt thereof, as described herein, or a
pharmaceutical composition that inchides an effective amount of a compound, or 2
pharmaceutically acceptable salt thereof, as described herein. Other embodiments described
herein relate to using a compound, or a pharmaceutically acceptable salt thereof, as described
herein in the manufacture of a medicament for treating liver cirrhosis with an effective
amount of the compound, or a pharmaceutically acceptable salt thereof. StH other
embodiments described herein relate to the use of a compound, or a pharmaceutically
acceptable salt thereof, as described herein, or a pharmacentical composition that includes an
effective amount of a compound, or a pharmaceutically acceptable salt thereof, as described
herein for treating liver cirrhosis.

[8142] Some embodiments disclosed herein relate to a method of treating liver
cancer (such as hepatocellular carcinorna) that is developed because of a HBV and/or HDV
infection that can include administering to a subject suffering from the liver cancer and/or
contacting a cell infected with the HBV and/or HDV in a subject suffering from the hiver
cancer with an effective amount of a compound, or a pharmaceutically acceptable salt
thereof, as described herein, or a pharmaceutical compeosition that includes an effective
amoent of a compound, or a pharmaceutically acceptable salt thereof, as described herein.
Other embodiments described herein relate to using a compound, or a pharmaceutically
acceptable salt thereof, as described herein in the manufacture of a medicament for treating
liver cancer (such as hepatocellular carcinoma). Still other embodiments described herein
refate to the use of a compound, or a pharmaceutically acceptable salt thereof, as described
herein, or a pharmaceutical composition that includes an effective amount of a compound, or
a pharmaceutically acceptable salt thereof, as described herein for treating liver cancer (such

as hepatocellular carcinoma).
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(683437 Some embodiments disclosed herein relate to a method of treating hiver
failure that is developed because of a HBY and/or HDV infection that can include
administering to a subject suffering from liver failure and/or contacting a cell infected with
the HBV and/or HDV in a subject suffering from liver failure with an effective amount of a
compound, or a pharmaceutically acceptable salt thereof, as described herein, or a
pharmaceutical composition that includes an effective amount of a compound, or a
pharmaceutically acceptable salt thereof, as described herein. Other embodiments described
herein relate to using a compound, or a pharmaceutically acceptable salt thereof, as described
herein in the manufacture of a medicarnent for treating liver failure. Still other embodiments
described herein relate to the use of a compound, or a pharmaceutically acceptable salt
thereof, as described herein, or a pharmaceutical composition that inclodes an effective
amount of a compound, or a pharmaceutically acceptable salt thereof, as described herein for
treating liver failure.

(63144 Vartous indicators for determining the effectiveness of a method for
treating an HBV and/or HDV infection are also known to those skilled in the art. Examples
of suitable indicators include, but are not limited to, a reduction 1o viral Joad indicated by
reduction in HBV DNA (or load) (e.g., reduction <10° copies/mL in serum), HBV surface
antigen (HBsAg) and HBV e-antigen (HBeAg), a reduction in plasma viral load, a reduction
in viral replication, a reduction in time to sercconversion (virus undetectable in patient
serum), an increase in the rate of sustained viral response to therapy, an improvement in
hepatic function, and/or a reduction of morbidity or mortality in clinical outcomes.

25 &s

[8145] As used herein, the terms “treat,” “treating,” “treatment,” “therapeutic,”
and “therapy” do not necessarily mwean total cure or abolition of the disease or condition. Any
alleviation of any undesired signs or symptoms of a disease or condition, to any extent can be
considered treatment and/or therapy. Furthermore, treatment may inchude acts that may

worsen the subject’s overall feeling of well-being or appearance.

[6346] As used herein, a “subject” refers to an animal that is the object of
treatment, observation or experiment. “Animal” includes cold- and warm-blooded

vertebrates and invertebrates such as fish, shellfish, reptiles and, in particular, mammals.

“Mammal” includes, without limitation, mice, rats, rabbits, guinea pigs, dogs, cats, sheep,
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goats, cows, horses, primnates, such as monkeys, chimpanzees, and apes, and, in particular,
humans. In some embodiments, the subject is human.

{68471 The term “effective amount” is wsed to indicate an amoant of an active
compound, or pharmaceutical agent, that elicits the biological or medicinal response
indicated. For example, an effective amount of compound can be the amount needed to
alleviate or ameliorate symptoms of disease or prolong the survival of the subject being
treated.  This response may occur in a tissue, system, animal or human and inclades
alleviation of the signs or symptoms of the disease being treated. Determination of an
effective amount is well within the capability of those skilled in the art, in view of the
disclosure provided herein. The effective amount of the compounds disclosed herein required
as a dose will depend on the route of administration, the type of animal, including humang,
being treated, and the physical characteristics of the specific animal under consideration. The
dose can be tailored to achieve a desired effect, but will depend on such factors as weight,
diet, concurrent medication and other factors which those skilled in the medical arts will
recognize.

[6148] In some embodiments, an effective amount of a compound, or 2
pharmaceutically acceptable salt thereof, as described herein is an amount that is effective to
achieve a sustained virologic response, for example, a sustained viral response 12 month after
completion of treatment.

{014%9] Subjects who are clinically diagnosed with a HBV and/or HDV infection
include “naive” subjects {e.g., subjects not previously treated for HBV and/or HDV} and
subjects who have failed prior treatment for HBV and/or HDV (“treatment failure” subjects).
Treatment failure subjects include “non-responders” {subjects who did not achieve sufficient
reduction in ALT (alanine aminotransferase) levels, for example, subject who failed to
achieve more than | logl0 decrease from base-line within 6 months of starting an anti-HBV
and/or anti-HDV therapy) and “relapsers” (subjects who were previously treated for HBV
and/or HDV whose ALT levels have increased, for example, ALT > twice the upper normal
limit and detectable serum HBY DNA by hybridization assays). Further examples of subjects

include subjects with a HBY and/or HDV infection who are asymptomatic.
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[0156] In some embodiments, a compound, or a pharmaceutically acceptable salt
thereof, as described herein can be provided to a treatment failure subject suffering from
HBYV and/or HDV. In some embodiments, a compound, or a pharmaceutically acceptable salt
thergof, as described herein can be provided to a non-responder subject suffering from HBV
and/or HDV. In some embodiments, a compound, or a pharmaceutically acceptable salt
thereof, as described herein can be provided to a relapser subject suffering from HBV and/or
HDV. In some embodiments, the subject can have HBeAg positive chronic hepatitis B. In
some embodiments, the subject can have HBeAg negative chronic hepatitis B. In some
embodiments, the subject can have liver cirrhosis. In some embodiroents, the subject can be
asymptomatic, for example, the subject can be infected with HBV and/or HDV but does not
exhibit any syroptoms of the viral infection. In some embodiments, the subject can be
immunocompromised. In some embodiments, the subject can be undergoing chemotherapy.

(81511 Examples of agents that have been used to treat HBY and/or HDV include
mmmunomodulating agents, and nucleosides/nucleotides.  Examples of immunomodulating
agents inclode interferons (such as IFN-o and pegylated interferons that include PEG-IFN-o-
2a}; and examples of nucleosides/nucleotides include lamivudine, telbivudine, adefovir
dipivoxil, clevudine, entecavir, tenofovir alafenamide and tenofovir disoproxil. However,
some of the drawbacks associated with interferon treatment are the adverse side effects, the
need for subcutancous administration and high cost. Potential advantages of a compound of
Formula (I), or a pharmaceutically acceptable salt of any of the foregoing, can be less adverse
side effects, delay in the onset of an adverse side effect and/or reduction in the severity of an
adverse side effect. A drawback with nucleoside/nucleotide treatment can be the
development of resistance, including cross-resistance.

[8152] Resistance can be a cause for treatment failure. The term “resistance” as
used hergin refers to a viral strain displaying a delayed, lessened and/or mull response to an
anti-viral agent. In some embodiments, a compound, or a pharmaceutically acceptable salt
thereof, as described herein can be provided to a subject infected with an HBV and/or HDV
strain that is resistant to one or more anti-HBY and/or anti-HDV agents. Examples of anti-
viral agents wherein resistance can develop include lamivudine, telbivudine, adefovir

dipivexil, clevudine, entecavir, tencfovir alafenamide and tenofovir disoproxil. In some
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embodiments, developruent of resistant HBY and/or HDV strains is delayed when a subject is
treated with a compound, or a pharmaceutically acceptable salt thereof, as described herein
compared to the developmeunt of HBV and/or HDV strains resistant to other HBV and/or
HDV anti-viral agents, such as those described.

[0153] Previously known compounds, such as those provided in WO
2017/156255, were shown to form adducts with glutathione in in vitro assays. Formation of
glutathione adducts can be a signal that a compound has the potential to induce liver injury.
Thus, the formation of glutathione adducts can be used as a signal to predict safety.
Unexpectedly, compounds described herein, such as many compounds of Formula (I), and
pharmaceutically acceptable salts thereof, have been shown not to form adducts with
glutathione in in virro assays. Further, known compounds (for example, those described in
WO 2017/156255), have demonstrated potency in a Hep(G2.2.15 cell based assay with an
ECsp of >1000 pM. Many compounds described herein, such as compounds of Formula (1),
and pharmaceutically acceptable salts thereof, unexpectedly show improved potency in a
Hep(G2.2.15 cell based assay with an ECsy <1000 pM range. Thus, compounds described
herein, including compounds of Formula (1), and pharmaceutically acceptable salts thereof,
can he at least 16 times more potent than previously known compounds. In some
embodiments, improved potency can lead to a significantly lower dose requirement and

therefore improve daily dose burden as well as lead to improved safety margins.

Combination Therapies

[0154] In some embodiments, a compound, or a pharmaceutically acceptable salt
thereof, as described hergin can be used in combination with one or more additional agent(s}
for wreating and/or inhibiting replication HBVY and/or HDV. Additional agents include, but
are not limited to, an interferon, nucleoside/nucleotide analogs, a sequence specific
oligonucleotide (such as anti-sense oligonucleotide and siRNA), nucleic acid polymers
(NAPs, such as nucleic acid polymers that reduce HBsAg levels) an entry inhibitor and/or a
small molecule immunomoduelator.  Examoples of additional agents ijnclude recombinant
interferon alpha 2b, IFN-¢, PEG-IFN-¢-2a, lamivudine, telhivudine, adefovir dipivoxil,

clevudine, entecavir, tenofovir alafenamide and tenofovir disoproxil. Hxaroples of NAPs
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include, but are not himited to, REP 2139, REP 2165 and those described in U.S. Application
No. 62/757632, filed November 8, 2018, which is hereby incorporated by reference for the
purpose of the NAPs described therein.

{8155] In some embodiments, a compound, or a pharmaceutically acceptable salt
thereof, as described herein can be administered with one or more additional agent{(s) together
in a single pharmaceutical composition. In some embodiments, a compound, or a
pharmaceutically acceptable salt thereof, can he administered with one or more additional
agent(s) as two or more separate pharmaceutical compositions. Further, the order of
administration of a compound, or a pharmaceutically acceptable salt thereof, as described

herein with one or more additional agent(s) can vary.

EXAMPLES
[8156] Additional embodiments are disclosed in fusrther detail in the following

examples, which are not in any way intended to limit the scope of the claims.

~J
[
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Example |
N-(3-chloro-4-fluorophenvh-4-methvl-5-0x0-5,6,7 9-tetrabvdropyvrazolol 1L 5-alpvridol4.3-
elpvrimidine-8(4H)-carboxamide (1)
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[8157] A solution of [H-pyrazel-3-amine (500 mg, 6.02 mmol, 1.00 eq.) in
formic acid (3 ml) was stirred for 2 h at 110 °C and then concentrated under reduced
pressure. The solution was triturated in cyclohexane (50 mL). The solids were collected by
filtration to afford N-(1H-pyrazol-3-yhformamide (700 mg, crude) as a white solid. LCMS
(BSL, m/z): 112 IM+H], RT: 0.384 min.

[0158] To a stirred solution of N-(1H-pyrazol-3-ylDiformamide (140 g, 12.6
romol, 1.00 eq.) in THF (50 wl) was added hithium alumsinom hydride (1.43 g, 37.8 mmol,
3.00 eq.) in batches with stirring at 0 °C. The solution was stirred for 16 h at room
termperature (rt). The reaction was then quenched with sodium sulfate decahydrate and
stirred for 30 min. The mixture was diluted with ethyl acetate (50 mL), and the solids were

filtered off. The filtrate was concentrated under reduced pressure. The residue was purified

by silica gel column chromatography with CH:Cl:CH30H (1(:1) to afford N-methyl-1H-
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pyrazol-3-amine (700 mg, 57% vyield) as a Hght vellow oil. LCMS (ESI, w/z): 98 [M+H]",
RT: 0.167 min.

{015%9] To a stirred solution of methyl 3-bromopyridine-d-carboxylate (10.0 g,
46.3 mmol, 1.00 eq.) in N, N-dimethyiformamide (100 ml) was added benzyl bromide (8.71
g, 50.9 munol, .10 eq.). The solution was stirred for 2 days at rt. The solution was triturated
in acetone (300 mb) and stirred at § °C for 0.5 h. The solids were coliected by filtration to
afford product 1-benzyl-3-bromo-4-(methoxycarbonyl) pyridin-1-ium bromide (12.0 g, 67%
vield) as a white solid. LCMS (ES], m/z): 306 [M-Br]*, RT: 0.618 min.

[0168] To a stirred solution of  1-henzyl-3-bromo-4-(methoxycarbonybhpyridin-1-
wm bromide (5.00 g, 12.9 mmol, 1.00 eq.) in CH3OH (50 ml) was added sodium
borohydride (2.44 g, 64.6 mmol, 5.00 eq.} in batches with stirring at § °C. The solution was
stirred for 2 h at rt, and the reaction was quenched with water (30 mL). The mixture was
extracted with ethyl acetate (2 x 50 mL). The combined organic layers were washed with
brine (2 x 50 mL)}, dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure. The residue was purified by silica gel column chromatography with ethyl
acetate (EA)petroleum ether (PE)} (1:50) to afford methyl {-benzyl-3-bromo-5,6-dihydro-2H-
pyridine-4-carboxylate 2.50 g (62% yield) as a light yellow oil. LCMS (ES], m/z): 310
[M+HJ, RT: 0.754 min.

{0161] To a stirred solution of methyl {-benzyl-3-bromo-5,6-dihydro-2H-
pyridine-4-carboxylate (2.40 g, 7.74 mwmol, 1.00 eq.) in 1,2-dichloroethane (50 ml) was
added chloroethyl chloroformate (1.22 g, 8.533 mimol, 1.10 eq.) dropwise with stirring at § °C.
The solution was stirred for 1 h at 84 °C and then concentrated. Methanol (50 mL) was
added to the mixture at rt. The solution was stirring for an additional | h at 65 °C and then
concentrated.  The residue was purified by silica gel column chromatography with
CHoCl:CHSOH (10:1) to afford methyl 3-bromo-1,2,5,6-tetrahydropyridine-4-carboxylate
(1.20 g, 70% yield) as a yellow oil. LCMS (ESI, m/z): 220 [M+H]", RT: 0.613 min.

(831621 To a strred solution of  methyl  3-bromo-1,2,3 6-tetrabydropyridine-4-
carboxylate (2.90 g, 13.2 mmol, 1.00 eq.) in CH:Cl (20 mL) was added triethylamine {4.00
g, 39.5 mmol, 3.00 eq.). A solution of di-tert-butyl dicarbonate (3.16 g, 14.5 mmol, 1.10 eq.)

in dichloromethane (1 mbL) was then added dropwise with stirring at O °C. The solution was
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stivred for 2 h at vt and then concentrated. The residue was purified by silica gel coluron
chromatography with EAPE (1:9) to afford l-tert-butyl 4-methyl 3-bromo-35.6-dihydro-2H-
pyridine-1,4-dicarboxylate 3.00 g (71% yield) as a light yellow oil. LCMS (ESY, m/z): 320
{MA+H], RT: 1.228 min.

[0163] To a stitred solution of  I-tert-butyl 4-methyl 3-bromo-5,6-dihydro-2H-
pyridine- 1, 4-dicarboxylate (500 mg, 1.56 mmol, 1.00 eq.) in tetrahydrofuran {10 mL) was
added lithium hexarsethyldisilazide (4.7 mL, 4.70 wmol, 3.00 eq., 1 mol/L. in THF) and N-
methyl-1H-pyrazol-3-amine (167 mg, 1.72 mmol, 1.10 eq.}. The solution was stirred for 2 h
at t.  The reaction was quenched with CHsOH (153 mb), and then the mixtare was
concentrated under reduced pressure. The crude product was purified by reverse flash
chromatography with the following gradient conditions: columm  Cig; mobile phase,
ACNHO = (40%:60%); detector, 254 nm to afford tert-butyl 3-bromo-4-{methyl{1H-
pyrazol-3-ylhcarbamoyl]-5,6-dihydro-2H-pyridine- l-carboxylate (240 mg, 40% yield) as a
light vellow oil. LCMS (ESI, m/z): 385[M+HJ", RT: 1.063 min.

{0164] To a solution of tert-butyl  3-bromo-4-{methyl(1H-pyrazol-3-
vhcarbamoyl}-3,6-dibydro-2H-pyridine-1-carboxylate (380 mg, 0.986 mmol, 1.00 eq.) in
N,N-dimethylformamide (5.00 ml) was added potassium carbonate (273 mg, 1.97 mmol,
2.00 eq.) and copper (125 mg, 1.97 mmol, 2.00 eq.). The solution was stirred for 4 h at 110
°(C. The solids were filtered off, and the filtration was concentrated under reduced pressure.
The crude product was purified by reverse flash chromatography with the following gradient
conditions: column Cig ; mobile phase, ACN:H20 = (40%:60%); detector, 254 nm to afford
tert-butyl  T-methyl-8-0x0-2.3,7 1 2-tetraazatricyclo] 7.4.0.00 2, 6] lindeca- 1(9),3,5-triene- 1 2-
carboxylate (130 mg, 43% yield) as a light yellow oil. LCMS (ESE nv/z): 305 [M+H]", RT:
2 min.

[6165] The mixture of tert-butyl T-methyl-8-0x0-2,3,7,12-
tetraazatricyclo{7.4.0.0M2 6} jtrideca-1(9),3,5-triene-12-carboxylate {130 mg, 0.427 mmol,
100 eq.y in HCL in 1, 4-dioxane (2.00 mL, 4 mol/L) was stivred for 30 mwin at 1t and then
concentrated under reduced pressure to afford 7-methyl-2.3,7,12-
tetraazatricyclo] 7.4.0.07 2,6} jirideca- 1{9),3,5-trien-8-one hydrochloride salt (120 mg, crude)

as a light vellow solid. LCMS (ESL, m/z): 205 [M+H-HCI]", RT: 0.648 min.
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[8166] To a stirred solution of T-methyl-2,3,7,12-
tetraazatricyclo]7.4.0.0MN 2,6} jirideca-1(9),3,5-trien-8-one hydrochloride salt (150 mg, 0.623
mmol, 1.00 eq) in acetonitrile (8 ml) was added phenyl N-(3-chloro-4-
fluorophenyljcarbamate (215 mg, 0.808 nunol, 1.30 eq.) and triethylamine (743 mg, 7.345
mmol, 11.8 eq.). The solution was stirred for 30 min at 1t and then concentrated under
reduced pressure. The crude product was purified by Prep-HPLC with the following
conditions: Column; XBridge Prep OBD Cig Colurnn, 30 x 150 am 5 m; Mobile Phase A
Water (10 mmol/L NH4HCO4), Mobile Phase B: ACN; Flow rate: 60 mbL/min; Gradient: 28%
B to 45% B in 10 win; 254&220 vm to atford N-{3-chloro-4-fluorophenyl)-7-roethyl-8-0x0-
2,37, 1 2-tetraazatricyclo} 7.4 .0.07 2,6] trideca-1(9),3,5-triene- 1 2-carboxamide {compound 1,
28.0 mg, 10% yield) as a white solid. LCMS (ESY, m/z): 376 [M+H]*, RT: 1.608 min. 'H
NMR (400 MHz, DMSO-ds) 6 9.04 (s, 1H), 7.87 (4, J = 2.0 Hz, 1H), 7.75 (dd, J = 6.8, 2.6
Hz, 1H), 7.48-7.40 (m, 1H), 7.31 (t, /= 9.1 Hz, iH), 6.23 (d, J = 2.1 Hz, 1H), 4.83 (s, ZH),
375, J=5.7 Hz, 2H), 3.47 (s, 3H), 2.53-2.50 (s, 2H).

Example 2
4-benzvl-N-(3-chloro-4-flugrophenvD-5-0x0-3,6.7 9-tetrahvdropyrazolol 1. 3-alpvridol4,3-
elpvrimidine-8(4H-carboxamide (2)

o . ~ N N
Hgi:\?ﬁNHg 1) benzaldehyde, CHCly Boc” Br
2) NaBH,, EtOH Q/:> LIHMDS, THF
o 2 h

o

i K;CO3, Cu, DIVF OE\J‘LNA\T\‘ HCI, 1,4-dioxans
© { P Né RN 1, 30 min
Ne==

TR !
i A

. . s N X

hi)\N cl N“ o Sl H PCE:\ |

HN\/\N/‘} TEA, ACN B ‘

= F

O 3 o ] N==
HC M i, 30 min
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[0167] To a stirred solution of 1H-pyrazol-3-amine (1.50 g, 18.1 mmol, 1.00 eq.)
in CHoCh (20 mL) was added benzaldehyde (2.11 g, 19.9 mmol, 1.10 eq.), tricthylamine
(2.01 g, 19.9 mmol, 1.10 eq.). The solution was stirred overnight at rt and then concentrated
under reduced pressure. The residue was dissolved in EtOH (30 mbL), and sodium
borohydride (1.02 g, 27.1 muwol, 1.530 eq.) was then added in batches at O °C. The solution
was allowed to react for 2 h at rt. The reaction was then quenched with water (30 mL), and
the mixture was extracted with EA (2 x 50 mL). The combined organic layers were washed
with brine (2 x 50 mL), dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure.  The residue was purified by silica gel column chromatography with
CHoCl:CHAROH (40:1) to afford N-benzyl-1H-pyrazol-3-amine {1.70 g, 54% vield) as a white
solid. LCMS (ESL nv/z): 174 [M+H], RT: 0.649 min.

[6168] 4-benzyi-N-(3-chloro-4-fluorophenyl)-5-ox0-3,6,7,9-
tetrahydropyrazolo[1,5-a}pyrido{4,3-e}pyrimidine-8(4H)-carboxamide, compound 2, was
prepared as a white solid according to the procedures of Example 1 g) (o }) by substituting N-
benzyl-1H-pyrazol-3-amine for N-methyl-iH-pyrazol-3-amine. LCMS (ESL w/z): 452
[M+H]", RT: 1.630 min. 'H NMR (300 MHz, DMSO-ds) & 9.04 (s, 1H), 7.87-7.72 (m, 2H),
7.45 (s, 1H), 7.38-7.25 (m, 6H), 6.22 (d. /= 2.2 Hz, 1H), 5.24 (5, 2H), 4.85 (5, 2H), 3.77 (4, J
= 5.9 Hz, 2H), 2.59 (s, 2H).

~
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Example 3
8-{4-bromobenzovh-4-phenvi-6.7 8 O-tetrahvdropvrazolol L.5-alpvnidol4, 3-elpvrinudin-

5{4H})-one (3}

i,

®
! QRS
NOH EDCH, HOBE, DIEA N\

N\}:/\Br DMFE, i overni th N\/’/\{B Cul, NaCFEt, DMF, 02

120°C, 48 h
i e ©ﬁr
F a
?@/t ! PtOngJieOE" /:\HL 0 tD!EA
g;ﬁin__\ '--./ DMF, rt, overmight

{016%9] A solution of 3-bromopyridine-4-carboxylic acid (20.0 g, 99.0 munol, 1.00
eq.), aniline (10.1 g, 108 mmol, 1.10 eq.), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (22.7 g, 118 romol, 1.20 eq.), 1-hydroxybenzotriazole (16.0 g, 118 mmol, 1.20
eq.) and N,N-diisopropylethylamine (38.3 g, 297 mmol, 3.00 eg.) in N,N-dimethylformamide
(200 wl) was stitred overnight at 1, and then the reaction was quenched with water (200
mb). The mixture was extracted with EA (3 x 530 mL). The combined organic layers were
washed with brine (100 mlL), dried over anhydrous sodiur sulfate, filiered and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography with
BHA:PE {45:53) to afford 3-bromo-N-phenylpyridine-4-carhoxamide (21.7 g, 79% vield) as an
off-white solid. LCMS (ESL m/z): 277 [M+H][", RT: 0.824 min.

(0178] To a stirred mixture of 3-bromo-N-phenylpyridine-4-carboxamide (2.00 g,
7.21 mmol, 1.00 eq.), pyrazole (0.490 g, 7.217 munol, 1.00 eq.), 1,10-phenanthroline {0.5320
g, 2.88 mmol, 0.40 eq.) and sodium ethoxide (0.980 g, 14.4 mmol, 2.00 eq.) in N,N-
dimethylformamide (20 mi.) was added cuprous iodide (0.270 g, 1.44 mmol, 0.20 eq.). The

mixture was stirred for 48 h at 120 °C under an oxygen atmosphere. The reaction was



WO 2020/243199 PCT/US2020/034746

gquenched with water (180 mL). The mixture was extracted with CHCl (3 x 100 mL). The
combined organic lavers were washed with brine (2 x 100 mL), dried over anhydrous sodium
sulfate, filtered and councentrated under redaced pressure. The residue was purified by silica
gel column chromatography with EAPE (6:4) o afford 7-phenyl-2,3,7,12-
tetraazatricyclo{7.4.0.0M 2, 6 Hurideca-1(9),3,5,10,12-pentaen-&-one (1.10 g, 58% vyield) as a
yellow solid. LCMS (ESI, m/z): 263 [M+H]", RT: 0.845 min.

{0171} To a stirred mixture of 4-phenylpyrazolof1,5-ajpyrido[4,3-elpyrimidin-
S¢4H)-one (340 mg, .915 mmol, 1.00 eq.) in MeOH (60 mL) was added platinum dioxide
(34.0 mg) under H» atmosphere (3 atm). The mixture was stitred overnight at rt. The solid
was filtered off, and the filtrate was concentrated under reduced pressure to afford 4-phenyl-
6,7,8.9-tetrahydropyrazolo{ 1, 5-alpyrido{4,3-ejpyrimidin-5(4H)-one (330 mg, 96% vyield) as a
vellow solid. LCMS (ES], my/z): 267 [M+H]", RT: 0.647 min.

[6172] To a stirred mixture of 7-phenyl-2,3,7,12-
tetraazatricyclo{7.4.0.0M 2,6} rideca-1(9),3,5-trien-8-one (165 mg, 0.620 mmol, 1.00 eq.), 4-
bromobenzoic  acid (137 mg,  0.682  mmol, IO eq., I-ethyl-3-(3-
dimethylaminopropyljcarbodiimide hydrochloride (142 mg, 0.744 muool, 1.20 eq.) and 1-
hydroxybenzotriazole (100 mg, 0.744 mmol, 1.20 eq.) in N,N-dimethylformamide (5.0 mL)
was added N N-diisopropylethylamine (240 myg, 1.86 mmol, 3.00 eq.). The mixture was
stirred overnight at rt, and then diluted with water (15 mL). The mixture was extracted with
CHoCly (3 % 20 mb). The combined organic layers were washed with brine (2 x 20 mL),
dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The
crude product was purified by Prep-HPLC: Coluron: XBridge Prep Ciz OBD Column, 19 x
150 mm 5 um; Mobile Phase A; Water (10 mmeol/L NHsHCO:), Mobile Phase B: ACN;
Flow rate: 25 mb/min; Gradient: 35% B 10 65% B 1o 7 min; 220 nm to afford the final
compound. The final compound was repurified by Prep A Chiral_SFC: Column: DAICEL
DCpak P4VP, 20 mm x 230 mum, 5 ym; Mobile Phase A: €02, Mobile Phase B: IPA (8
mmol/L NHx.MeQOH)--HPLC: Flow rate: 40 mL/min; Gradient: 30% B; 254 nm to afford 8-
{(4-bromobenzoyl-4-phenvl-6,7,8,9-tetrahydropyrazolof |, S-alpyridoi4,3-ejpyrimidin-S(4H)-
one {compound 3, 72.5 mg, 26% yield} as a white solid. LCMS (ES], mv/z): 449 [M+H]}",
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RT: 1.591 min. 'H NMR (400 MHz, DMSO-ds) § 7.87-7.58 (m, 5H), 7.57-7.38 (m, 5H),
5.52-5.32 (m, 1H), 5.09-4.73(m, 2H), 4.02-3.52 (m, 2H), 2.51 (s, 2H).

Example 4
8-(4-bromo-3-fluorobenzoyi}-4-phenyl-0,7.8 9-tetrahydropyrazolol 1 . 5-alpyrido{4.3-
elpyrimidin-3(4H)-one (4}

NH,
o

“ I O EDRCH HOBE, DIEA

Nao™ar DMF fL overnight

e

. POy, Hp, MeOH 0 ] oo toal
I 2 72 HIN. A EDCI, HOBt, DIEA
Naw ey r, 20 h TR
&"" N/ OMIF, 11, overnight
N
\//\N/B
N/
{0173] Compound 4 was prepared as a white solid according to the procedures of

Example 3 a) to d) by substituting 4-bromo-3-fluorobenzoic acid for 4-bromobenzoic acid.
LCMS (BSE m/z): 467 [M+H", RT: 1.632 min. 'H NMR (400 MHz, DMSO-ds) § 7.97-7.83
(m, 1H), 7.82 -7.52 (m, SH), 7.51-7.41 (m, 2H), 7.40-7.19 (m, 1H), 5.53-53.37 {m, 1H), 5.15-
4.70 (m, 2H), 4.01-3.52 (m, 2H), 2.62-2.54 (m, 2H).
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Example 5
1 2-(4-bromo-3-chlorobenzovi-7-phenvl-2.3.7 1 2-tetraazatricvelo] 7.4.0.0M 2 611tndeca-
1{9).3.5-trien-&-one {(5)

I ‘ D \
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N

DMF, 11, h (‘ui NaOEt DMF
overnight 120 °C. overni ight

-
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V/\ \ G
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™~ @] Ci
! Q.
i 1 . /L &
/O% '/\rLN Cl U/l\ N
i i i BCE, i1, 2h
SN N/&§ . HR |
; 2. MeOH, 70°C, 1 n NN
pd ;‘:}:"-
O

N
ol W N/%

EDCH, HoBT, DIEA O N
rt, 2 h

[0174] A solution of 3-bromopyridine-4-carboxylic acid (20.0 g, 99.0 mmol, 1.00
eq.), aniline (10.1 g, 108 momol, 1.10 eq.), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (22.7 g, 118 mumol, 1.20 eq.}, 1 -hydroxybenzotriazole (16.0 g, 118 mumol, 1.20
eq.) and N,N-ditsopropylethylamine (38.3 g, 297 mmol, 3.00 eq.) in N, N-dirnethylformamide
(200 mL) was stirred overnight at tt, and the reaction was then quenched with water (500
rol.). The mixture was extracted with EA (3 x 500 wl.). The combined organic layers were
washed with brine (100 mL), dried over anhydrous sodium sulifate, filtered and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography with
EAPE (45:55) to afford 3-bromo-N-phenylpyridine-4-carboxamide (21.7 g, 79% yield) as an
off-white solid. LCMS (ESI, mv/z): 277 [M+H]J*, RT: 0.824 min.
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[0175] To a stirred mixture of 3-bromo-N-phenylpyridine-4-carboxamide (2.00 g,
7.21 mmol, 1.00 eq.), pyrazole (0.49 g, 7.217 mmol, 1.00 eq.), 1,10-phenanthroline (8.520 g,
2.88 mumol, 0.400 eq.) and sodium ethoxide (0.980 g, 14.4 mmol, 2.00 eq.) in NN-
dimethylformamide (20 mL) was added cuprous iodide (0.270 g, 1.44 mmol, 0.200 eq.).
The mixture was stirred for 48 h at 120 °C under an oxygen atmosphere. The reaction was
guenched with water (100 mbL), and the mixture was extracted with CHoCl (3 x 100 mb).
The combined organic layers were washed with brine (2 x 100 mL), dried over anhydrous
sodium sulfate, filtered and concentrated under reduced pressure. The residue was purified
by silica gel colomn chromatography with EAPE (6:4) to afford 7-phenyi-2,3,7,12-
tetraazatricyclo{7.4.0.0MN 2,6} jirideca- 1(9),3,5,10,12-pentaen-§-one (1.10 g, 58% yield) as a
vellow sobid. LOMS (EST, m/z): 263 [M+H]T, RT; 0.845 min.

[68176] Into  a round-bottorn  flask  were added  7-phenyi-2,3,7,12-
tetraazatricyclo{7.4.0.0M 2,6} trideca-1(9),3,5,10,1 2-pentaen-8-one {500 mg, 1.90 mmol, 1.00
eq.), 4-(bromomethyl)-1,2-dimethoxybenzene (616 myg, 2.66 mmol, 1.40 eq.) and acetonitrile
{5 mL) at rt. The mixture was stirred for 3 h at 80 °C and then concentrated under reduced
pressure. The residue was purified by trituration with diethyl ether (10 wl.). The precipitated
solids were collected by filtration, washed with diethyl ether (3 x 5 mL) and dried to afford
12-1(3,4-dimethoxyphenylruethyl]-8-ox0-7-phenyl-2,3,7,12-
tetraazatricyclo]7.4.0.00 2,6} jtrideca-1(9),3,5,10,12-pentaen- 1 2-ium bromide 900 mg (crude)
as a vellow solid. LCMS (EST, m/z): 413 [M-Br]™, RT: 0.796 min.

[0177] Into a round-bottorn flask were added 12-{(3,4-dirvethoxyphenylmethyl}-
&-oxo-7-phenyl-2,3,7 1 2-tetraazatricyelol 7.4.0.0M 2,61 jtrideca- 1(9),3,5,10, 1 2-pentaen- 1 2-ium
bromide (900 g, 1.82 mmol, 1.00 eq.), sodium tracetoxyborohydride (2.76 g, 13.1 mmol,
7.20 eq.) and 1,2-dichloroethane (10 mi) at rt. The mixture was stirred for 1 h at 80 °C, and
the reaction was quenched with water (10 mL). The mixture was extracted with CHoCl (3 x
20 mbl). The combined organic layers were washed with brine (2 x 10 mL), dried over
anhydrous sodium sulfate, {iltered and concentrated under reduced pressure. The residue was
purified by Prep-TLC (silica, PE:EA (1:1)) to afford 12-[(3,4-dimethoxyphenylmethyl}-7-
phenyl-2.3,7 12-tetraazatricyclo] 7.4.0.00 2 6] jtrideca- 1(9),3,5-trien-8-one (300 mg, 40%

vield) as a white solid. LCMS (EST, m/z): 417 [M+H]}", RT: 0.773 min.
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(83781 Into  a  round-bottom  flaskk  were added  7-benzyl-12-[(3,4-
dimethoxyphenviymethvl}-2,3,7,12-tetraazatricyclo} 7.4 .0.07{ 2,6} jtrideca- 1{9),3,5-trien-8-one
(300 mg, 0.697 mamol, 1.00 eq.), chloroethyl chloroformate(119 mg, 0.836 mmol, 1.20 eq.)
and 1,2-dichloroethane (4 mbl) at rt. The mixture was stirred for 2 h at 1t and then
concentrated under veduced pressure.  The mixture was dissolved in MeQOH (4 b)) and
stirred for 1 h at 70 °C. The mixture was concentrated under reduced pressure to afford 7-
benzyl-2,3,7,12-tetraazatricyclo]7.4.0.0M 2,6 ltrideca-1(9),3,5-trien-8-one 440 mg (crude) as
a brown oil. LOMS (ESI, m/z): 267 [M+HIY, RT: 0.647 min.

[6179] Into a round-bottom  flask were added 7-phenyl-2,3,7,12-
tetraazatricyclo{7.4.0.0M 2,6} rideca-1(9),3,5-trien-8-one (440 wg, 1.65 mmol, 1.00 eq.), 4-
bromo-3-chlorobenzoic acid (466 mg, 1.98 mmol, 1.20 eq.), 1-(3-dimethylaminopropyl}-3-
ethylcarbodiimide hydrochloride (475 mg, 2.47 mmol, 1.50 eq.), -hydroxybenzotriazole
(335 mg, 2.47 mmol, 1.50 eq.), N,N-diisopropylethylamine (641 mg, 4.95 mmol, 3.00 eq.)
and N \N-dimethylformamide (5 ml) at rt. The mixture was stivved for 2 h at 1. The reaction
was quenched with water (20 mL), and the mixture was extracted with EA (3 x 30 mL). The
combined organic layers were washed with brine (3 x 30 ml.), dried over anhvdrous sodium
suifate, filtered and concentrated under reduced pressure. The crude product was purified by
Prep-HPLC with the following conditions: Column: XBridge Prep OBD Cig Columm, 30 x
150 ram § pmy Mobile Phase A: Water (10 momol/L NHsHCO3+0.1%NH2.H2(0), Mobile
Phase B: ACN: Flow rate: 60 mL/man; Gradient: 20% B to 35% B in 7 mun; 254 nm to afford
12-(4-bromo-3-chlorobenzoyly-7-phenyl-2,3,7 1 2-tetraazatricyclof 7.4.0.0M 2 61 jtrideca-
1(9),3,5-trien-8-one (compound 3, 125.8 mg, 5% yield) as a white solid. LCMS (ES], mvz):
483 [M+HJ", RT: 1.724 min. 'H NMR (400 MHz, Chioroform-d) § 7.74 (4, J = 8.4 Hz, 1H),
7.66-7.49 (10, SH), 7.39 (4, J = 7.6 Hz, 2H), 7.26-7.25 (o, 1H), 5.51 (br, 1H), 5.15 (br, 2H),
3.73 (br, 2H), 2.76 (br, 2H).
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Example 6
7-benzvl-12-{4-bromo-3-chlorohenzovl-2.3.7. 1 2-tetraazatricvelol 7.4.0.0M 2 61tnideca-
1{9).3.5-trien-&-one (&)
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[0188] Into a 100-mL round-bottom flask, was placed benzylamine (1.00 g, 9.33
mmol, 1.00 eq.), 3-bromopyridine-4-carboxylic acid (2.07 g 103 mmol, 1.10 eq.), 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (2.15 g, 11.2 mmol, 1.20 eq.), 1-
hydroxybenzotriazole (1.51 g, 11.2 mmol, 1.20 eq.), N,N-dimethylformamide (20 mL), N.N-
diisopropylethylamine (3.62 g, 28.0 mmol, 3.00 eq.). The solution was stirred overnight at 11,
and the reaction was then quenched with water (100 mbL). The mixture was extracted with
EA (3 x 500 ml). The combined organic layers were washed with brine (100 ml.), dried
over anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography with EAPE (45:55) to afford N-
benzyl-3-bromopyridine-4-carboxamide (1.00 g, 37% yield) as a white solid. LCMS (ES],
m/z): 291 [M+H]", RT: 0.666 min.
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(0181} To a stirred solution of N-benzyl-3-bromopyridine-4-carboxamide (1.00 g,
3.44 mmol, 1.00 eq.), 1,10-phenanthroline (0.120 g, 8.666 mmol, 0.19 eq.), pyrazole {0.280
g, 4.12 mmol, 1.20 eq.) and sodium ethoxide (0.470 g, 6.86 mmol, 2.00 eq.) in N,N-
dimethylformamide (15 mL} was added cuprous iodide {(0.130 g, 0.687 mmol, 0.200 eq.).
The mixture was stirred for 48 h at 120 °C under an oxygen atmosphere. The reaction was
guenched with water (100 ml), and the mixture was extracted with EA (3 x 40 mbL). The
combined organic layers were washed with brine (3 x 20 k), dried over anhydrous sodium
sulfate, filtered and concentrated under reduced pressure. The residue was purified by silica
gel  column  chromatography  with  EAPE  (2:1)  to  afford  7-benzyl-2,3,7,12-
tetraazatricyclo]7.4.0.0MN 2,6} jrideca-1(9),3,5,10,12-pentaen-§-one (410 mg, 43% vyield) as a
yellow green solid. LCMS (EST, mv/z): 277 [M+H}", RT: 0.937 min.

(81821 A solation of 7-benzyl-2,3,7,12-tetraazatricyclof 7.4.0.00 2 6] Jirideca-
1(9),3.5,10,12-pentaen-8-one (230 mg, 0.832 mmol, 1.00 eq.} and 4-(bromomethyl)-1,2-
dimethoxybenzene (269 myg, 1.16 muuol, 1.40 eq.) in acetomitrile (6 ml.) was stirred for 3 h at
80 °C. The mixture was concentrated under reduced pressure. The residue was washed with
diethyl ether (3 x 10 ml) and then dissolved in 1,2-dichloroethane (6 mbl). Sodium
triacetoxyborohydride (1.06 g, 4.99 mmol, 6.00 eg.) was added. The mixture was stirred for
P h oat 60 °C, and the reaction was then quenched with water {10 wmb). The mixture was
extracted with CH-Cl: (3 x 20 mL). The combined organic layers were washed with brine (2
x 10 ml), dried over anhydrons sodium sulfate, filtered and concentrated under reduced
pressure. The residue was purified by Prep-TLC (silica, PE:EA (1:1)) to afford 7-benzyl-12-
[(3,4-dimethoxyphenyDmethyl]-2,3,7 12-tetraazatricyelo] 7.4.0.0M 2,6 Hitrideca-1(9),3, 5-trien-
8-one (240 mg, 67% yield) as a white solid. LCMS (ESI, nvz): 431 [M+H]", RT: 0.640 min.

[0183] Into  a round-bottom  flask  were added  7-benzyl-12-{(3,4-
dimethoxyphenylDmethyl}-2,3,7, 1 2-tetraazatricyclof 7.4.0.0M 2,61 Jtrideca- 1{9},3,5-trien-8-one
(100 mg. 0.232 mmol, 1.00 eq.), chloroethyl chloroformate (39.8 mg, 0.27% mmol, 1.20 eq.)
and 1,2-dichloroethane (3 mL) at rt. The mixture was stitvred overnight at rt and then
concentrated under reduced pressure. The residue was dissolved in methanol (3 mbL) and

stirred for 2 h at 70 °C. The mixture was concentrated under redaced pressure to afford 7-

-85-



WO 2020/243199 PCT/US2020/034746

benzyl-2,3,7, 1 2-tetraazatricyclo] 7.4.0.0M 2,6] jtrideca- 1(9),3,5-trien-8-one 70 mg (crude) as a
brown oil. LCMS (ESI, m/z): 281 [M+H]", RT: 0.573 min.

[6184] Into  a  round-bottorn  flask  were added  7-benzvl-2,3,7,12-
tetraazatricyclo{7.4.0.0M2 6} jtrideca-1(9),3,5-trien-8-one (70.0 mg, 0.250 mmol, 1.00 eq.), 4-
bromo-3-chlorobenzoic acid (70.5 mg, 0.300 ramol, 1.20 eq.), 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (71.8 mg, 0.375 mmol, 1.50 eq.), [-hydroxybenzotriazole
(50.6 mg, 0.375 muool, 1.50 eq.), N,N-diisopropylethylamine (96.8 mg, 0.749 mmol, 3.00
eqg.} and N N-dimethylformamide {2 mb) at rt. The mixture was stirred for 2 h at 1t, and the
reaction was quenched with water (10 mL). The mixture was extracted with FA (3 x 30 L),
The combined organic layers were washed with brine (3 x 30 ml), dried over anhydrous
sodivm sulfate, filtered and concentrated under reduced pressure. The crude product was
purified by Prep-HPLC with the following conditions: Column: XBridge Prep OBD Cys
Column, 30 x 150 wmm § wn; Mobile Phase A: Water (10 mmol/L NHHCO3), Mohile Phase
B: ACN; Flow rate: 60 mL/min; Gradient: 46% B to 76% B in 7 min; 220 nm to afford 7-
benzyl-12-{4-bromo-3-chlorobenzovl}-2,3,7 1 2-tetraazatricyclo] 7 .4.0.0M 2,6} trideca-
1(9},3,5-trien-&-one {compound 6, 39.9 mg, 32% yield) as an off-white solid. LCMS (ES],
o7y 497 [M+HT, RT: 1.605 min. 'H NMR (300 MHz, Chloroformo-d) & 7.75-7.61 (m, 3H),
7.36-7.30 (m, 5H), 7.25 (4, /= 1.8 Hz, 1H) 5.91 (d, /= 1.8 Hz, 1H), 5.25 (5, 2H), 5.10-4.76
{ma, 2H), 4.04-3.72(m, 2H), 2.79 (br, ZH).
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Example 7
12-(4-bromo-3-flucrobenzovh-4-methvl-7-phenvi- 2 3.7.12-
tetraazatricvclol 7.4.0.0M 2,61 irideca-1(9),3.5-trien-8-one {7)

o
- BF
1.0

Y CHLCN, 80 °C, overnight

I . i i i
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o i
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Gfi\/ /\E\)\N DIEA, DCE
S N\/I\r\‘s EN > MaOH P\SQ EDCI, HOBT, DIEA, DMF
NES 70 °C, ovemight NS M2h

[0185] A solution of 3-bromo-N-phenylpyridine-4-carboxamide (1.00 g, 3.61
mmol, 1.00 eq.}, 3-methyl-1H-pyrazole (0.300 g, 3.61 mmol, 1.00 eq.}, 1,10-phenanthroline
(0.260 g, 1.44 muuol, .40 eq.), sodium ethoxide {0.490 g, 7.22 mmol, 2.00 eq.) and cuprous
iodide (0.140 g, 0.722 mmol, 0.20 eq.) in N, N-dimethylformamide (15 mL) was stirred
overnight at 120 “C under an oxygen atmosphere. The reaction was guenched with water (50
mb}, and the mixture was extracted with EA (3 x 50 mL). The combined organic layers were
washed with brine (3 x 50 wmb), dried over anhvdrous sodium sulfate, filtered and
concentrated under reduced pressure. The residue was purified by Prep-TLC (silica, EA) to
afford S-muethyl-7-phenyl-2,3,7, 1 2-tetraazatricyclo| 7.4.0.0M 2, 6} trideca-1(9),3,5,18,12-
pentaen-8-one (440 mg, 44% yield) as a light yellow solid. LCMS (EST, m/z): 277 [M+H]",
RT: 8.639 min.

[6186] A mixture of 4-methyl-7-phenyi-2,3,7,12-
tetraazatricyclol7.4.0.07 2,6} trideca- 1(9),3,5,10,1 2-pentaen-8-one (0.440 g, 1.59 nunol, 1.00

eq.) and 4-(bromomethyl)-1,2-dimethoxybenzene (0478 g, 2.07 mmol, 1.30 eq) in



WO 2020/243199 PCT/US2020/034746

acetonttrile (3 mL) was stirred overnight at 80 °C and concentrated under reduced pressure.
The residue was triturated in diethyl ether (50 mL). The solid was collected by filtration and
then dissolved in 1,2-dichloroethane (5 ml). Sodium triacetoxyborohydride (2.03 g, 9.55
mmol, 6.00 eq.) was added, and the mixture was stirred for 1 h at 60 °C. The reaction was
gquenched with water {10 mL). The combined organic layers were washed with brine (3 x 20
mb), dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure.
The residoe was puarified by Prep-TLC {(silica, EA 100%) to afford 12-[(34-
dimethoxyphenylymethyl}-4-methyl-7-phenyi-2,3,7,12-tetraazatricyclo{7.4.0.0 2,6} jtrideca-
1{9),3,5-trien-8-one (170 myg, 24% yield) as an off-white sohid. LCMS (ES], m/z): 431
IM+HJ, RT: 0.631 min.

{0187] A sohlution  of  12-[(3.4-dimethoxyphenyDmethyl]-4-methyl-7-phenyl-
2,3,7,12-tetraazatricyclo{ 7.4.0.0MN 2 6] jirideca-1(9),3,5-trien-8-one (170 mg, 0.395 mmol,
1.00 eq.), chloroethyl chloroformate (67.7 wmg, 0.474 muvol, 1.20 eq.) and NN-
diisopropylethylamine (5.10 mg, 0.0390 nunol, (.10 eq.) in 1,2-dichlorcethane (3 mL) was
stirred for 2 h at 1t and then concentrated under reduced pressure. The residue was dissolved
in methanol (3 mL). The mixture was stirred for overnight at 70 °C and then concentrated
under reduced pressure to afford 4-roethyl-7-phenyl-2,3,7,12-
tetraazatricyclo{7.4.0.0MN 2,6} jirideca- 1(9),3,5-trien-8-one 250 mg (crude) as a brown oil.
LCMS (ESI, m/z); 281 [M+H]", RT: ¢.706 min.

[9588] A solution of 4-methyi-7-phenyl-2,3,7,12-
tetraazatricyclo{7.4.0.0M2 6} trideca-1(9),3,5-trien-8-one (250 mg, (.892 mmol, 1.00 eq.}, 4-
bromo-3-fluorobenzoic acid (234 mg, 1.07 momol, 1.20 eq.), 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (205 myg, 1.07 mmel, 1.20 eq.), [-hydroxybenzotriazole
(144 mg, 1.07 mmol, 1.20 eq.) and N,N-tisopropylethylamine (3453 mg, 2.67 mynol, 3.00 eq.)
in N,N-dimethylformamide (5 mL) was stirred for 2 h at rt. The reaction was quenched with
water (30 mlL), and the mixture was extracted with EA (3 x 25 ml.). The combined organic
layers were washed with brine (3 x 20 mbL), dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure. The crude product was purified by Prep-HPLC with
the following conditions: Column: XBridge Shield RPis OBD Column, 19 mm x 250 mm,

10 pm; Mobile Phase A: Water (10 mmol/L NH4HC(3), Mobile Phase B: ACN; Flow rate:

-8R~
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25 mb/min; Gradient: 39% B to 539% B o 12 min; 220 nm to afford 12-(4d-bromo-3-
fluorobenzovl)-4-methyl-7-phenyl-2.3,7, 1 2-tetraazatricyclol7.4.0.0M 2,6 jtrideca-1(9),3,5-
trien-8-one {compound 7, 59.9 mg, 13% yield) as a white solid. LCMS (ES, w/z): 481
{M+H]", RT: 1.515 min. 'H NMR (400 MHz, DMSO-ds) § 7.85 (d, J = 6.8 Hz, 1H), 7.61-
7.51 (m, 4H), 7.45-7.30 (m, 3H), 5.30-5.25 (m, 1H), 4.98-4.94 (m, 2H), 3.91-3.60 (m, 2H),
2.56 (s, 2H), 2.15 (s, 3H).

Example 8
12-(4-bromo-3-fluorcbenzovly-S-methvl-7-phenvl-2.3.7.12-
tetraazatricvelol 7.4.0.0M 2. 61 rideca- 1) 3. 5-trien-&-one {(8)

""" A0 Br
HNTR &
o ;{;:)/’/ == w} o~y 170
=N N P 3~ GHyCN. 80 °C, overnight
2 N

|- Cul, NaOEt, DMF N B 2. STAB, DCE
N g, 120 °C, overnight ?{:ﬁ €0°C 1n
E
o o Br
4_Cr,&\0,i\\ 0 /‘iln OH
DIEA, DCE , Lﬁ
. 2h H& | Q
N i e T BIEA DME
\/”\m ” S eon %/%?,, EDCI, HOBT, DIEA, DMF
70 °C, overnight N== 2

[0189] Compound 8 was prepared as a white solid according to the procedures of
Hxample 11 a) to d) by substituting 4-methyl-1H-pyrazole for 3-methyl-1H-pyrazole. LOMS
(BSI, m/z); 481 [M+HJ", RT: 1.509 min. 'H NMR (400 MHz, DMSO-ds) § 7.86 (t, J = 6.6
Hz, 1H), 7.67-7.56 {m, 5H), 7.43-7.30 (m, 3H}, 4.96-4.74 (m, 2H), 3.92-3.60 (m, 2H), 2.56
(s, 2H), 1.20 (s, 3H).

-89-
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Example 9
S-benzvl-12-{4-bromo-3-fluorcbenzovh-7-phenvl- 2 3.7.12-
tetraazatricvclol 7.4.0.0M 2,61 irideca-1{(9),3.5-trien-8-one (%)

% H“Y\Qm

Y CH CN, 80 °C, overnight
o N H Cul, NaOEt, DMF
Mg, 120 °C, overnight 2. STAE, DCE
) 80°C,1h
O Ci
A 1. ca)\o)\ o
DIEA, DCE
i,2h i N
g \ B 2. MeOH HN N
N,_:/ 7 RN 70 °C, ovarnighi ;‘\5-:/ 7 Ny
Br
" 3D
B' 1
© 7 I r N
EDCI, HOBT, DIEA, DMF N N N
i 2h h -
O Ne= 7 5
[0194] Compound 9 was prepared as an off-white solid according to the

procedures of BExample 11 a) to d) by substituting 4—benzvl—iH--pvrazoie for 3-methyl-1H-
pyrazole. LCMS (ES], miz): 5357 [M+H]", RT: 1.646 mun. ‘H NMR (300 MHz, DMSO-ds) 6
7.87 (t, J=T7.6Hz, 1H), 7.61 (s, 2H), 7.49-7 42 (m, 3H), 7.40-7.33 (m, 3H), 7.14 (d, / = 8.6
Hez, 3H), 6.75 (br, 2H), 4.89 (1, 2H), 3.78 (m, 2H), 2.94 (s, 2H), 2.57 (s, 2H).
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Example 10
12-(4-bromo-3-chlorobenzov)-3-methyl-7-phenvi-2,3.7.12-

tetraazatricvclo] 7.4.0.0M 2,61 irideca-1(9).3,5-trien-&-one (1)

/OD//\BT
R O 3 10

=
o) N/ N i /@ N .
//’;\/lI\N N N o i N X CH3CN, 80 °C, overnight
Fol Cul, NaOEt, DMF N 2. STAB, DCE
Na H e - 4iy N7 Ny '
B g, 120 °C, overnight . 80°C. 1h
O o
S WL S ’
O DCE, 1t, 2h
N /k\/ T A
\/\N&f 2 MeOH. 70°C. 1 n EDCH, HOBT, DIEA, DMF
-y N;—/ t2h
N
(0191} Compound 10 was prepared as an off-white solid according to the

procedures of Example 5 b) to f) by substituting 4-methyl-1H-pyrazole for pyrazole. LCMS
(ESY, m/z): 497 [M+H[", RT: 2.473 min. 'H NMR (400 MHz, DMSO-ds) § 7.92 (d, J = 8.2
Hz, 1H), 7.81 (m, 1H), 7.67 (br, 1H), 7.56 (t, J = 9.2 Hz, 3H), 7.42 (5, 3H), 4.956-4.74 (m,
2H), 3.91-3.61 (m, ZH), 2.55 (s, ZH), 1.21 (s, 3H).

-01-
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Example 11
4-benzvl-12-(4-bromo-3-chlorobenzov-7-phenvl-2.3.7.12-

tetraazatricvclo] 7.4.0.0M 2,61 irideca-1(9).3,5-trien-&-one (11

o , HO -
; SIS a P

Et;SiH, TFA  N=

. NaH, SEMCI ™% R
(D= e L o
SNOTHE it 1h N THF,-78°C,th N - OVernig
H SEM SEM
NS O
AN - .
5 N 4 A\ o o~
= N S|
N H Cul, NaQEt, DMF N%/E‘\N \ CH3CON, 80 °C, overnight
B Br 120 °C, overnight ;
N _—
N

je 3 2 ) A
@/ (\:ﬁj\ STAB, DCE, WF O M”W 1%“[‘{; 25
N ERES Nv}“‘"p@’% 2. MeOH, 70 °C. 1 h
S e

i
Br.
~d
/‘\)?\ \ I on
L o "
HE\\’/\E\. N EDCI, HORT, DIEA, DMF

{0192] Sodium hydride (3.14 g, 78.5 mmol, 1.89 eq., 60% in mineral oil) was
added to a solution of 1H-pyrazole-3-carbaldehyde (4.00 g, 41.6 mumol, 1.00 eq.) in
tetrahydrofuran (50 ml) at O °C. The mixture was stired for 10 min at § °C. 2-
{Trimethylsilybethoxymethy! chloride (7.63 g, 45.8 wmol, 1.10 eq.) was added dropwise.
The mixture was stirred for 1 h at rt. The reaction was quenched with water (100 mL). The
mixture was extracted with EA (2 x 30 mL). The combined organic layers were washed with
brine (2 x 50 ml), dried over anhvdrous sodium sulfate, filtered and concentrated under

reduced pressure to afford 1-[[2-(rimethylsityDethoxylmethyllpyrazole-3-carbaldehyde (7.60

g, 81% yield) as a white solid. LCMS (ESI, m/z): 227 [M+H]", RT: 1.406 min.

R
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(8183} Inte a 100 ml round-bottom flask were added 1-{[2-
(trimethyisilylethoxylmethyljpyrazole-3-carbaldehyde (4.00 g, 17.6 mmol, 1.00 eq.) and
tetrahydrofuran (40 b)) at rt. To the above mixture was added phenyHithiom{21.2 mi., 21.2
mmol, 1.20 eq., 1M in THF) dropwise over 10 min at -78 °C. The mixture was stirred for 3 h
at rt, and the reaction was quenched with water (30 mL). The mixtare was extracted with EA
(3 x 100 mL). The combined organic layers were washed with brine (2 x 50 mL), dried over
anhydrous sodium sulfate, filtrated and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography with PE:EA (1:1) to afford phenyl(1-{[2-
(trimethylsilybethoxylmethylipyrazol-3-yDmethanol (2.64 g, 49% yield) as a light vellow
solid. LOCMS (ES], m/z): 305 [M+H], RT: 1.267 min.

[8194] Into a 100 mbL round-bottom flask was added phenvi(1-{{2-
(trimnethyisityDethoxylmethyl]pyrazol-3-vDimethanol  (2.60 g, 854 mmol, 100 eq.),
triethylsilane (2.98 g, 25.6 mmol, 3.00 eq.) and trifluoroacetic acid (25 mL) at rt. The
mixture was stirred overnight at rt and then concentrated under reduced pressure. The
reaction was guenched with water (10 mL), and the mixture was extracted with EA (3 x 50
mL). The combined organic layers were washed with brine (2 x 10 wl), dried over
anhydrous sodium sulfate, filtrated and concentrated under reduced pressure. The residue
was purified by Prep-TLC (silica, EA) to afford 3-beunzyl-1H-pyrazole 1.25 g (crude) as a
yellow solid. LCMS (ESI, m/z): 159 [M+H]*, RT: 0.588 min.

{0195] 4-benzyl-12-(4-bromo-3-chlorobenzoy))-7-phenyl-2,3,7,12-
tetraazatricyclo|7.4.0.00 2,6} jtrideca- 1{9},3,3-trien-8-one, compound 11, was prepared as an
off-white solid according to the procedures of Example 35 b) to ) by substituting 3-benzyl-
{H-pyrazole for pyrazole. LOMS (ESI, w/z): 573 IM+H]*, RT: 2.737 min. 'H NMR (400
MHz, Chloroform-d) § 7.74 (d, /= 8.0 Hz, 1H), 7.61 (s, 1H), 7.57-744 (m, 3H), 741 (4, J =
6.8 Hz, 2H), 7.33 (d, 7 = 7.2 Hz, 2H), 7.28-7.17 (m, 4H), 5.26 (s, I1H), 5.12 (by, 2ZH) 3.94-
3.60 (m, 4H3, 2.73 (s, ZH).

030
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Example 12
S-benzvl-12-{4-bromo-3-chlorobenzovl-7-phenvi-2.3.7. 12~

tetraazatricvclo] 7.4.0.0M 2,61 irideca-1(9).3,5-trien-&-one {(12)
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[0196] Compound 12 was prepared as a white solid according to the procedures
of Example 5 b) to ) by substituting 4-benzyl-iH-pyrazole for pyrazole. LCMS (ESI, w/z):
573 [M+H]", RT: 1.734 min. 'H NMR (400 MHz, DMSO-ds) 8 7.92 (d, J = 8.2 Hz, 1H),
7.8 (d, J = 19.2 Hz, 1H), 7.60-7.40 (m, 5H), 7.33 -7.29 (m, 2H), 7.18-7.10 (m, 3H), 6.79-
6.72 (m, 2H), 4.98-4.76 (m, ZH), 3.91-3.61 (m, 2H), 2.93(d, J = 14.8 Hz, 2H), 2.56 (s, 2H).

04
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Example 13
12-(4-bromo-3-chlorobenzovD-S-1sopropyl-7-phenvl-2,3,7.12-

tetraazatricvclol 7.4.0.0M 2,61 irideca-1(9).3,5-trien-&-one (13)

_____ 7\ -0 Br
N . & -
NN~ L0 1,0 S
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Ny Br 120 °C, overnight N ™ !
N
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Ci
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2. MeQOH, 70 °C, th

DIEA, HORT, EDCH, Di\lir
it 2h

N\/\v

[0197] Compound 13 was prepared as a white solid according to the procedures
of Bxample 5 b) to f) by substituting 4-isopropyl-1H-pyrazole for pyrazole. LCMS (ESI,
w/z): 525 [M+HJ, RT: 1.659 min. 'H NMR (400 MHz, DMSO-ds) 8 7.92 (d, J = 8.0 Hz,
IH), 7.85-7.77 (m, 2H), 7.57 (d, J = 4.4 Hz, 3H), 745 (s, 3H), 4.95-4.73 (m, 2H), 3.90-3.60
(m, 2H), 2.54 (s, 2ZH), 1.42 (br, 1H), 0.83(d, J=7.2 Hz, 6H).

-05-
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Example 14
12-(3.4-dichlorobenzovh-N-isopropvl-8-0x0-7-phenvl-2,.3,7.12-
tetraazatricvelo]7.4.0.0M 2 61k rideca-1{9),3,5-triene-5-carboxamide (16)
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[6198] 3-bromo-N-phenyipyridine-d-carboxamide; A solution of  3-
bromopyridine-4-carboxylic acid (20.0 g, 99.0 mmol, 1.00 eq.), apiline (10.1 g, 108 mmol,
110 eq.), N-(3-dimethylaminopropyl)-IN"-ethylcarbodiimnide hydrochloride (22,8 g, 118

mmol, 1.20 eq.), I-hydroxybenzotriazole (16.1 g, 118 mmol, 1.20 eq.) and NN-

06-
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ditsopropylethylamine (38.4 g, 297 mmol, 3.00 eq.) i N, N-dimethylformamide (200 ml)
was stirred for overnight at rt. The reaction was quenched with water (200 mL). The mixture
was extracted with ethyl acetate (3 x 500 ml). The organic layers were combined, washed
with water (3 x 200 mlL), dried over anhydrous sodium sulfate, filtered and concentrated
under redaced pressure. The residue was purified by silica gel colamn chromatography,
eluted with petroleum etheriethyl acetate (1:1} to afford 3-bromo-N-phenylpyridine-4-
carboxamide (21.7 g, 79% vield) as an off-white solid. LCMS (ES], m/2): 277 [M+H]".

[6199] Ethyl  8-oxo-7-phenyi-2,3,7,12-tetraazatricycio[7.4.4.0°2,6]]trideca-
1(93,3,5,10,1 2-pentaene-S-carboxylate: A mixtwre of  3-bromo-N-phenyipyridine-4-
carboxamide (3.00 g, 10.8 mmol, 1.00 eq.), ethyl 1H-pyrazole-4-carboxylate (1.59 g, 11.4
mumol, 1.05 eq.), cuprous iodide (0.412 g, 2.16 mmol, 0.20 eq.), 1,10-phenanthroline (0.390
g, 2.165 mmol, 8.20 eq.), sodium ethoxide (2.21 g, 32.5 mmol, 3.00 eq.) and NN-
dimethylformarmide (30 ml) was stirred for overnight at 120 °C under oxygen atmosphere.
The mixture was diluted with ethyl acetate (500 mlL), washed with water (4 x 50 mL) and sat.
sodium chloride (1 x 50 ml), dried over anhydrous sodium sulfate, filtered and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography,
eluted with petroleam etheriethyl acetate (2:1) to afford ethyl §-oxo-7-phenyl-2,3,7,12-
tetraazatricyclo{7.4.0.0MN 2,6} jtrideca-1(9),3,5,10,12-pentaene-S-carboxylate (620 mg, 17%
vield) as a white solid. LCMS (ES], m/z): 335 [M+H]J".

[6268] 12-[(3,4-dimethoxyphenylimethyi]-S-(ethoxycarbonyl}-8-0x0-7-
phenyl-2,3,7 1 2-tetraazatricyclo] 7 4.6.07 2.6 ltrideca-1(9},3,5,14,1 2-pentaen-12-ium
bromide: A mixture of ethyl 8-oxo-7-phenyl-2,3,7, 1 2-tetraazatricyclof 7.4.0.04 2, 6] Jtrideca-
1€9},3,5,10,12-pentaene-5-carboxylate (620 mg, 1.85 mmol, 1.00 eq.}, acetonitrile (10 mL)
and 4-(bromorethyl)-1,2-dimethoxybenzene (514 mg, 2.22 mmol, 1.20 eq.) was stirred for 4
h at 80 °C and concentrated under reduced vpressure to afford 12-[{(3.4-
dimethoxyphenyhmethyl]-5-{ethoxycarbonyl)-§-oxo-7-phenyl-2,3,7,12-
tetraazatricyclo{7.4.0.0MN 2,6} jtrideca-1(9),3,5,10,12-pentaen-12-jum bromide (1.04 g, crude)
as a vellow solid. LCMS (ESI, m/z): 485 [M-Br]™.

[0201] Ethyl 12-[(3,4-dimethoxyphenylmethyl]-8-0x6-7-phenyl-2,3,7,12-

tetraazatricyclo{7.4.0.8°2,6] ltrideca-1(9),3,5-triene-5-carboxylate:. A mixture of 12-
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{(3,4-dimethoxyphenyDmethyl]-3-(ethoxycarbonyl)-8-oxo-7-phenvl-2,3,7,12-
tetraazatricyclo}7.4.0.00 2,6} trideca-1(9),3,5,10,12-pentaen-12-ium bromide (1.04 g [.84
mmol, 1.00 eq.), I,2-dichloroethane (20 ml.) and sodium triacetoxyborohydride (1.95 g, 9.20
mmol, 5.00 eq.) was stirred for 1 h at 60 “C. The reaction was quenched with water (50 mL).
The mixture was extracted with dichloromethane (3 x 100 mLl). The orgasic layers were
combined, washed with water (3 x 200 ml), dried over anhydrous sodium sulfate, filtered
and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography, eluted with petroleum ether:ethyl acetate (1:1) to afford ethyl 12-[(3,4-
dimethoxyphenyhmethyl}-8-0x0-7-phenyl-2,3,7,1 2-tetraazatricyclo[7.4.0.0M 2,6} Jirideca-
1(9),3,5-triene-5-carboxylate (0.730 g, 81% yield) as an off-white solid. LCMS (ESI, m/2):
489 [M+H]".

(62621 Ethyl  8-oxo-7-phenyi-2,3,7,12-tetraazatricycio[7.4.4.0°2,6]]trideca-
1(93,3.5-triene-5-carboxylate: A mixture of ethyl 12-{(3,4-dimethoxyphenyhmethyl]-8-oxo-
7-phenvyi-2,3,7,12-tetraazatricyclof 7.4.0.0° 2,6} jtrideca- 1{9),3,5-triene-5-carboxylate (730
mg, 1.49 ramol, 1.00 eq.), |,2-dichloroethane (10 mlL), N,N-diisopropylethylamine (386 mg,
2.99 mmol, 2.00 eq.) and chloroethyl chloroformate (256 mg, 1.793 mmol, 1.20 eq.) was
stitred for | h at rt. The mixture was concentrated under reduced pressure, and then methanol
{10 mL) was added. The mixture was stirred for 1 h at 70 °C and concentrated under reduced
pressure.  The residue was purified by silica gel column chromatography, and eluted with
dichloromethane:methanol (131 to afford ethyl 8-0x0-7-phenyl-2,3,7,12-
tetraazatricyclo{7.4.0.0M2 6} trideca-1(9),3.5-triene-S-carboxylate (630 mg, crude) as a
brown yellow solid. LCMS (ES], m/z): 339 [M+H]".

[6203] Kihyi 12-(3,4-dichlorobenzoyl)-8-0x0-7-phenyl-2,3,7,12-
tetraazatricyclo[7.4.0.0°2,6]ltrideca-1(9),3,5-triene-5-carboxylate: A mixture of 34-
dichlorobenzoic acid (508 mg, 2.66 mmol, 1.50 eq.), N-(3-dimethylaminopropyl)-N’-
ethylcarbodiimide hydrochloride (510 mg, 2.66 mmol, 1.530 eq.), |-hydroxybenzotrizole (359
mg, 2.66 mmol, 1.50 eq.), N,N-dimethylformamide (10 mL}, N,N-diisopropylethylamine
(688 mg, 532 mwmol, 300 eq) and ethyl  B-oxo-7-phenyl-2,3,7,12-
tetraazatricyclo{7.4.0.0M2 6} jtrideca-1(9),3,5-triene-5-carboxylate (600 mg, 1.77 mmol, 1.00

eq.y was stitred for 2 h at rt. The mixture was guenched with water (80 mL), and then
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extracted with ethyl acetate (3 x 50 mol)). The organic layers were combined, washed with
water (3 x 50 mbl), dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure.  The residue was purified by silica gel coluron chromatography, eluted
with petroleum ether:ethyl acetate (1:1) to afford ethyl 12-(3,4-dichlorobenzoyl)-§-0x0-7-
phenyl-2,3,7,1 2-tetraazatricyclof 7.4.0.04 2,6] Jtrideca-1(9),3,5-triene-S-carboxylate (650 mg,
2% vield) as an off-white solid. LCMS (ESE m/z): 511 [M+H}"

(6204} 12-3,4-dichlorobenzoyl)-&-oxo0-7-phenyl-2,3,7,12-
tetraazatricyclo{7.4.0.8[2,6]ltrideca-1(9),3,5-triene-5-carboxylic acid: A mixture of
ethyl 12-(3,4-dichlorobenzoyl)-8-oxo0-7-phenyl-2,3,7,12-
tetraazatricyclo{7.4.0.0MN 2,6} jtrideca-1(9),3,5-triene-5-carboxylate (400 mg, 0.704 mmol,
1.00 eq.), dichloromethane (3.0 L) and boron tribromide (3.0 ml) was stirred overnight at
rt. The mixture was quenched with ice water (30 mL) at 0 °C, and then extracted with ethyl
acetate (3 x 30 mwl). The organic layers were combined, washed with water (3 x 30 b)),
dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure to
afford 12-(3,4-dichlorobenzoyl)-8-ox0-7-phenyl-2,3,7,12-
tetraazatricyclo{7.4.0.0M 2 6} jtrideca-1(9),3,5-triene-S-carboxylic acid (190 mg, crude) as a
white solid. LCMS (ESL m/z): 483 [M+H]".

[0205] 12-(3.4-dichlorobenzoyl)-N-isopropyl-8-ox0-7-phenyi-2,3,7,12-
tetraazatricyclo{7.4.0.8°[2,6]ltrideca-1(9),3,5-triene-S-carboxamide: A mixture of 12-
(3,4-dichlorobenzoyl}-8-oxo-7-phenyl-2,3,7, 1 2-tetraazatricyclo| 7.4.0.0M 2,6 ltrideca-
1(9),3,5-triene-5-carboxylic  acid (190 wmg, 0393 mmol, 1.00 eq), N-(3-
dimethylaminopropyl}-N’-ethyicarbodiimide hydrochloride (30.2 mg, 0.511 mrool, 1.30 eq.),
I-hydroxybenzotrizole (69.0 mg, 0.511 mmol, 1.30 eq.), N, N-dimethylformamide (5.00 mL),
N, N-diisopropylethylamine (254 mg, 1.96 mmol, 5.00 eq.} and isopropylamine (69.7 mg,
1.18 mmel, 3.00 eq.) was stirred overnight at rt. The reaction was quenched with water {50
k) and then extracted with ethyl acetate (3 x 50 ml). The organic layers were combined,
washed with water (3 x 50 mbl), dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure. The residue was purified by Prep-TLC (petroleum
ether:ethyl acetate = [:10} to afford the crude product. The crude product was purified by

Prep-HPLC with the following conditions: Colurnn: XBridge Prep Cis OBD Column, 19 x

-99.
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150 mm 5 pm; Mobile Phase A: Water (10 mmol/L. NHsHCG:+0.1%NH3.H20), Mobile
Phase B: ACN; Flow rate: 25 mL/min; Gradient: 35% B to 55% B in 7 min to afford 12-(3,4-
dichlorobenzoyl)-N-isopropyl-8-oxo-7-phenyl-2,3,7, 1 2-tetraazatricyclo] 7.4.0.0M 2,6 urideca-
1(9),3,5-triene-53-carboxamide (28.4 mg, 14% yield) as a white solid. LCMS (ESI, m/z): 524
[M+HJ". 'H NMR (400 MHz, Chloroform-d) § 7.87 (s, 1H), 7.62 (s, 1H), 7.60-7.47 (m, 4H),
7.42-7.30 (m, 3H), 5.33-4.61 (m, 3H), 4.21-3.52 (m, 3H), 3.08-2.45 (m, 2H), 0.88(d. /=64
Hz, 6H).
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Example 15
N-[12-(3 4-dichlorobenzovh-8-0x0-7-phenvi-2.3.7 1 2-tetraazatricvelol 7.4.0.0M 2 611irideca-
1(9},3.5-trien-5-vii-3-methvibutanamide (17)

) L
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[6206] 3-bromo-N-phenylpyridine-4-carboxamide: A solution of 3-

bromopyridine-4-carboxylic acid (20.0 g, 99.0 mmol, 1.00 eq.), apiline (10.1 g, 108 mmol,

£

.10 eq.), N-(3-dimethvlaminopropyl)-N-ethylcarbodiinmide hydrochloride (22,8 g, 118
mmol, 1.20 eq.), 1-hydroxybenzotriazole (16.1 g, 118 mmol, 1.20 eq.) and NN-
ditsopropylethylamine (38.4 g, 297 mmol, 3.00 eq.) i N, N-dimethylformamide (200 ml)
was stirred for overnight at rt. The reaction was quenched with water (200 mL). The mixture

was extracted with ethyl acetate (3 x 500 ml). The organic layers were combined, washed
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with water (3 x 200 mL), dned over ashydrous sodium sulfate, filtered and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography,
eluted with petroleumn etheriethyl acetate (1:1) to afford 3-bromo-N-phenylpyridine-4-
carboxamide (21.7 g, 79% yield) as an off-white solid. LCMS (ESY, my/z): 277 [M+H]".

[0207] 3-(d-nitropyrazol-1-yD-N-phenyipyridine-d-carboxamide: A 500 mL
3-necked round-bottom flask was charged with 3-bromo-N-phenylpyridine-4-carboxamide
(10.0 g, 36.1 mamol, 1.00 eq.), 4-nitropyrazole (4.90 g, 43.3 muool, 1.20 eq.), cuprous iodide
(1.37 g, 7.22 mmol, 0.200 eq.), 1,10-phenanthroline (1.30 g, 7.22 mmol, 8.200 eq.), N,N-
dimethylformamide (150 wl.) and sodiurn ethoxide (7.37 g, 108 mmol, 3.00 eq.). The
mixture was stirred for overnight at 120 °C under oxygen atmosphere, and then concentrated
under reduced pressure. The mixture was diluted with ethyl acetate (800 ml), washed with
water {3 x 100 mL), dried over anhydrous sodium suifate, filtered and concentrated under
reduced pressure. The residoe was purified by silica gel column chromatography, eluted with
petroleum ether:ethyl acetate (1:4) to afford 3-(d-nitropyrazol-1-yi}-N-phenylpyridine-4-
carboxamide (7.00 g, 63% vield) as an off-white solid. LCMS (ES], m/2): 310 [M+HT".

{8288] Senitro-7-phenyl-2,3,7,1 2-tetraazatricyclo 7.4.0.8 [ 2,6  trideca-
1(93,3,5,10,12-pentaen-8-one:. A 40 ml vial was charged with 3-(4-nitropyrazol-1-yb-N-
phenylpyridine-4-carboxamide (3.00 g, 16.2 womol, 1.00 eq.), water (100 ml) and potassium
persulfate (8.74 g, 32.3 mmol, 2.00 eq.). The mixture was stirred for 2 h at 105 °C and
cooled down to rt. The pH value of the mixture was basified to 9 with sat. sodium
bicarbonate solution. The mixture was extracted with ethyl acetate (3 x 300 ml). The
organic layers were combined, washed with water (3 x 200 ml), dried over ashydrous
sodium sulfate, filtered and concentrated under reduced pressure. The residue was purified
by silica gel column chromatography, eluted with petroleum ether;ethyl acetate (1:1) to afford
S-nitro-7-phenyl-2,3,7,1 2-tetraazatricyclo[ 7.4 0.0 2,6 1 jtrideca-1(9),3,5,10,12-pentaen-8-one
{1.55 g, 31% vyield) as a light yellow solid. LCMS (ESI, mv/z): 308 [M+H]™

[6289] 12-{(3.4-dimethoxyphenylmethyl}-S-nitro-8-0x0-7-phenyl-2,3,7,12-
tetraazatricyclo{7.4.0.0°[2,6]}trideca-1(9),3,5,10,12-pentaen-12-ium bromide: A 40 mL
vial were added S-mitro-7-phenyi-2,3,7,1 2-tetraazatricyclo[ 7.4 0.0/ 2 6] ltrideca-

1(9),3.5,10,12-pentaen-8-one (1.55 g, 5.05 mmol, 1.00 eq.), acetonitrile (20 mL} and 4-
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{(bromomethyl)-1,2-dimethoxybenzene(1.61 g, 6.96 mmol, 1.38 eq.). The mixture was stirred
for overnight at 60 °C and then concentrated reduced pressure to afford 12-{(3.4-
dimethoxyphenyhmethyl}-5-nitro-8-oxo-7-phenyl-2,3,7,12-
tetraazatricyclo{7.4.0.0M 2 6} jtrideca-1(9),3.5,10,12-pentaen-12-ium bromide (2.25 g, crude)
as a Hght vellow solid, which used for next step directly. LCMS (ESI, m/2): 458 [M-Br]™.

{6216] 12-{(3,4-dimethoxyphenyl}methyl]-S-nitro-7-phenyi-2,3,7,1 2-
tetraazatricyclo[7.4.0.0°2,6]itrideca-1(9),3,5-trien-8-one: A 100 mbL vial was charged
with 12-{(3,4-dimethoxyphenylymethyl}-5-nitro-8-0x0-7-phenyi-2,3,7,12-
tetraazatricyclof7.4.0.0M 2,61 1trideca~-1(9),3,5,10,1 2-pentaen-12-ium bronude (2.25 g, 4.18
mmel, 1.00 eq.), 1,2-dichloroethane (20 mL) and sodium triacetoxyborohydride (5.31 g, 25.1
mmol, 5.99 eq.). The mixture was stitred for 1.5 h at 60 °C. The reaction was quenched with
water (40 mbL). The mixture was extracted with dichloromethane (3 x 100 mL). The organic
lavers were combined, washed with water (3 x 50 mlL), dried over anhydrous sodium sulfate,
filtered and concentrated under reduced pressure. The residue was purified by silica gel
colurmn chromatography, eluted with petroleum etheriethyl acetate (1:1) to afford 12-{(3.4-
dimethoxyphenyhmethyl|-5-nitro-7-phenyl-2,3,7, 1 2-tetraazatricyclof[ 7.4 0.0} 2,6 ] Jtrideca-
1(9),3,5-trien-8-one (1.50 g, 78% vield) as a yellow solid. LCMS (ESL, n/z7): 484 [M+Na]™.

162311 S-nitro-7-phenyl-2,3,7,12-tetrageatricyclof 7.4.0.0 2,6 { lirideca-
1(9),3,5-trien-8-one: A 40 mL vial was charged with 12-[(3,4-dimethoxyphenylymethyl]-5-
nitro-7-phenyl-2,3,7,1 2-tetraazatricyclof 7.4.0.0° 2,6} jtrideca-1(9),3,5-trien-8-ome (1.50 g,
3.25 mumol, 1.00 eq.), 1,2-dichloroethane (15 mL)}, N,N-diisopropylethylamine (0.630 g, 4.88
mmol, 1.50 eq.} and chloroethyl chloroformate (0.510 g, 3.538 munol, 1.10 eq.). The mixture
was stirred for 1 h at rt and then concentrated under reduced pressure. Methanol (15 mL} was
added. The mixture was stirred for | h at 70 °C and concentrated under reduced pressure to
afford 5-pitro-7-phenyl-2,3,7,1 2-tetraazatricyclo] 7.4.0.07 2,6} jtrideca- 1 (9),3,5-trien-8-one
{1.70 g, crude) as a brown solid. LCMS (ES], m/z): 312 [M+H]J".

(82121 12-(3 4-dichlorobenzoyl)-S-nitro-7-phenyl-2,3,7,12-
tetraazatricyclo[7.4.0.8/2,6]ltrideca-1(9),3,5-trien-8-one: A 40 mL vial was charged with
3,4-dichlorobenzoic acid (704 mg, 3.68 mmol, 1.50 eq.), N,N-dirvethylformamide (12 mL),

N-(3-dimethylaminopropyl}-N'-ethylcarbodiimide hydrochloride (706 mg, 3.69 mmol, 1.50
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eq.), I-hydroxybenzotriazole (498 wg, 3.69 wmol, 1.50 eq.), N ,N-diisopropylethylamine
(952 mg, 7.37 mmaol, 3.00 eq.) and S-nitro-7-phenyl-2,3,7,12-
tetraazatricyclo]7.4.0.00 2,6} jtrideca-1{9),3,5-trien-8-one {765 wg, 2.46 mmol, 1.00 eq.).
The mixture was stirred for overnight at rt, and the reaction was quenched with water (50
rol.). The mixture was extracted with ethyl acetate (3 x 100 wl.). The organic layers were
combined, washed with water (3 x 50 mL), dried over anhydrous sodium suifate, filtered and
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography, eluted with petroleum etheriethyl acetate (1:1) to afford 12-(3,4-
dichlorobenzoyl)-5-nitro-7-phenyl-2,3,7, 1 2-tetraazatricyclo] 7.4.0.0M 2,6} itrideca- 1(9),3,5-
trien-8-one (600 mg, 50% yield) as an off-white solid. LCMS (ES], m/7): 484 {M+H]".

{6213} S-gmino-12-(3,4-dichlorobenzoyl)-7-phenyl-2,3,7,12-
tetraazatricyclo[7.4.9.8[2,6]ltrideca-1(9),3,5-trien-8-one: A 40 mL vial was charged with
12-(3,4-dichlorobenzoyh)-5-nitro-7-phenvl-2,3,7 1 2-tetraazatricyclo] 7.4.0.00M 2,61 trideca-
1(9},3,5-trien-8-one (600 mg, 1.24 mmol, 1.00 eq.), iron (692 mg, 12.4 mmol, 18.0 eq.),
amrmoniem chloride (663 mg, 12.4 mmol, 10.0 eq.), ethanol (10 mL) and water (2 mL). The
mixture was stirred for 2 h at 80 °C. The solids were filtered off, and the filtrate was
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography, eluted with dichloromethane:methanol (10:1) to afford 5-amino-12-(3,4-
dichlorobenzovl)-7-phenyl-2,3,7, 1 2-tetraazatricyclo{7.4.0.0M 2 6 lltrideca-1(9),3,5-trien-8-one
(290 mg, 52% vield) as a light yellow solid. LCMS (ES], n/z): 454 [M+H]™

18214} M-[12-(3,4-dichlorobenzoyl)-8-ox0-7-phenyi-2,3,7,12-
tetraazatricyclo]7.4.0.6° 2,61 irideca-1(9),3,5-trien-5-yl}-3-methyibutanamide: To a
stirred solution of 5-amino-12-(3,4-dichlorobenzoyl)-7-phenyl-2.3,7,12-
tetraazatricyclol7.4.0.07 2,6} trideca- 1(9),3,5-trien-8-one (120 mg, 0.264 mmol, 1.00 eq.)
and triethylamine (80.2 mg, .792 mmol, 3.00 eq.) in dichloromethane (5.00 mL) was added
3-methylbutanoyl chloride (38.22 mg, 0.317 munol, 1.20 eq.) dropwise at 0 °C. The mixture
was stirred for 2 h at rt, and then concentrated under reduced pressure. The crude product
was purified by Prep-HPLC with the following conditions: Column: XBridge Prep OBD Cig
Column, 92 x 250 mm, 5 um; Mobile Phase A: Water (10 mmol/LL

NHHCG:+0.1%BNH-.HO), Mobile Phase B: ACN,; Flow rate: 60 mL/min; Gradient: 45% B
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to 65% B m 7 min to afford N-{12-(3,4-dichlorohenzoy-8-oxo-7-phenyl-2,3,7,12-
tetraazatricyclo}7.4.0.002,6}jtrideca- [(9).3,5-trien-5-yl}- 3-methylbutanamide (90.9 mg, 64%
vield) as an off-white solid. LCMS (ESL, m/z): 538 [M+H]". 'H NMR (400 MHz, DMSO-
dey 6 8.19 (m, 1H), 7.86-7.72 (m, 3H), 7.57-7.47 (m, 4H), 7.25 (m, 2H), 4.99-4.77 (m, 2H),
3.92-3.61 (m, ZH), 2.536 (m, 2H), 1.68 (m, 1H), 1.38 (m, 2H), 0.74 (4, J = 5.6 Hz, 6H).

Example 16
S-{benzvlamming)-12-(3.4-dichlorobenzovh-7-phenvl-2.3.7 . 12-

tetraazatricvelol 7.4.0.00M 2,61 tndeca~- 1 (). 3.5 -trien-8-one (18)
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[6215] A 40 ml, round-bottom flask was charged with S-amino-12-(3 4-
dichlorobenzoyl}-7-phenyl-2,3,7, 1 2-tetraazatricyclo] 7.4.0.0" 2,6 | lirideca- 1(9),3,5-trien-&-one
(150 mg, 0.330 muool, 1.00 eq.), benzaldehyde (42.1 mg, 0.396 mmol, 1.20 eq.) and 1,2-
dichloroethane (5 mL} at rt. The mixwure was stired for overnight at rt.  Sodium
triacetoxyborohydride (420 mg, 1.98 mmol, 6.00 eq.) was then added. The mixture was
stirred for 2 h at 60 °C, and the reaction was quenched with water (10 mi). The mixture was
extracted with dichloromethane (3 x 40 mb). The organic layers were combined, washed
with water (3 x 50 mL), dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure. The crude product was purified by Prep-HPLC with the following
conditions: Column: XBridge Shield RP1s OBD Column, 19 x 250 mm, 5 pum; Mobile Phase
A Water (10 mmol/L NHHCO3), Mobile Phase B: ACN; Flow rate: 25 mb/min; Gradient:
36% B to 36% B in 7 min to afford 3-(benzylamino)-12-(3,4-dichlorobenzoyl)-7-phenyl-
2,3,7,12-tetraazatricyclo{ 7.4.0.0° 2, 6] jtrideca- 1(9),3,5-trien-8-one (31.5 mg, 18% vield) as a
light yellow solid. LCMS (ESI, mvz): 544 [M+HJY. 'H NMR (400 MHz, DMSO-de) § 7.78
(d, /= 8.4 Hz, 2H), 7.64-7.44 (m, TH), 7.22-7.17 (m, 3H), 6.96 (m, 2H), 4.93-4.55 (m, 2H),
3.76-3.39 (m, 4H), 2.54 (s, 2H), 2.30 (m, 1H).
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Example 17
5-benzvl-12-(3 4-dichlorobenzovD-7-{(4-methoxvphenvi)-2.3.7.12-

tetraazatricvclo] 7.4.0.0M 2,61 irideca-1(9).3,5-trien-&-one 24)
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[0216] 3-bromo-N-(4-methoxyphenyl)pyridine-4-carboxamide: To a stirred
solution of 3-bromopyridine-4-carboxvlic acid (24.6 g, 122 mmol, 1.50 eq.) and I-
hydroxybenzotriazole (16.5 g, 122 mmol, 1.50 eq.) in N, N-dimethylformamide (120 mL)
were added N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide hydrochloride (234 g, 122
mmol, 1.50 eq.) and diisopropylethylamine (31.5 g, 244 mmol, 3.00 eq.). The mixture was
stivred for 30 munutes at rt. 4-methoxyaniline (10.0 g, 81.2 mmol, 1.00 eq.) was then added.
The mixture was stirred for 16 h at 11, and the reaction was quenched with water (600 mbL).

The solids were collected by filration and dried o afford  3-bromo-N-{(4-
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rmethoxyphenybpyridine-4-carboxamide (15.0 g, 60% vield) as a hight blue solid. LCMS
(ESI, m/z): 307 [M+H]J"

{0217] S-benzyl-7-(4-methoxyphenyD-2,3,7,12-
tetraazatricyclo{7.4.0.8[2,6]ltrideca-1(9),3,5,10,12-pentaen-8-one: To a stirred solution
of 3-bromo-N-(4-methoxyphenyhpyridine-4-carboxamude (1.50 g, 4.89 munol, 1.00 eq.) and
4-benzyl-1H-pyrazole (0.850 g, 5.37 mmol, 1.10 eq.) in N,N-dimethylformamide (20 mL}
were added 1,10-phenanthroline (0.350 g, 1.94 mmol, 0.40 eq.}, cuprous jodide (0.280 g,
1.47 mmol, 0.30 eq.) and sodium ethoxide (1.00 g, 14.6 mmol, 3.00 eq.) at rt under oxygen
atmosphere. The mixture was stirred for overnight at 120 °C, and the reaction was quenched
with water (100 mL). The solids were collected by filtration. The residue was purified by
stlica gel column chromatography, eluted with petroleum ether:ethyl acetate (3:2) to afford 5-
benzyl-7-(4-methoxyphenyi)-2,3,7, 1 2-tetraazatricyclo]7.4.0.0" 2,6} jtrideca-1(9),3,5,10,12-
pentaen-8-one (340 myg, 18% vield) as a light yellow solid. LCMS (ESY, m/z): 383 [M+H]".

[0218] 3-benzyl-8-(3,4-dimethoxybenzyl)-4-(4-methoxyphenyl}-5-0x0-4,5-
dihydropyrazelo[1,5-alpyrido{d,3-e jpyrimidin-8-ium bromide: To a stirred solution of 5-
benzyl-7-(4-methoxyphenyl)-2,3,7, 1 2-tetraazatricyclo] 7.4.0.0M 2,61 trideca- 1(9),3,5,10,12-
pentaen-8-one (340 mg, 0.890 mmol, 1.00 eq.) in acetonitrile (10 ml) was added 4-
{(bromomethyl)-1,2-dimethoxybenzene (308 mg, 1.33 mmol, 1.50 eq.) at 1t under nitrogen
atmosphere. The mixture was stirred for 4 h at 80 "C and concentrated under reduced
pressure  to  afford  3-benzyl-§-(3,4-dimethoxybenzyl)-4-(4-methoxyphenyl)-5-ox0-4,53-
dihydropyrazolo[1,5-ajpyrido{4,3-elpyrimidin-8-tum bromide (420 mg, crude) as a dark
vellow solid. LCMS (ES], m/z): 333 [M-Brl™.

[6219] 5-benzyl-12-[(3.4-dimethoxyphenylimethyl]-7-(4d-methoxyphenyl)-
2,37 12-tetraazatricycio] 7.4.0.8 2,61 ltrideca-1(9),3,5-irien-8-one:  To a stirred solution
of 3-benzyl-8-(3,4-dimethoxybenzyl)-4-(4-methoxyphenyl)-5-ox0-4,5-dihydropyrazolo[ 1,5-
ajpyridof4,3-ejpyrimidin-8-tum bromide (420 mg, 0.684 mmol, 1.00 eq.) in dichloroethane
(10 ml.) was added sodium triacetoxyborohydride (500 mg, 2.36 mmol, 3.45 eq.) in portions
at rt under nitrogen atmosphere. The mixture was stirred for 2 h at 60 °C, and the reaction
was quenched with water (20 wL). The mixture was extracted with dichloromethane (3 x 20

mb). The organic layers were combined, washed with water (3 x 20 mbl), dried over
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anhydrous sodium sulfate, {iltered and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography, eluted with petroleum ether:ethyl acetate (2:3)
to afford S-benzyl-12-{(3 4-dimnethoxyphenyDmethyl}-7-(4-methoxypheny!)-2,3,7,12-
tetraazatricyclo{7.4.0.0M2 6} trideca-1(9),3,5-trien-8-one (320 mg, 87% yield) as a brown
vellow solid. LCMS (ES], m/z): 5337 [M+H]".

182261 S-benzyi-7-(4-methoxyphenyi)-2,3,7,12-
tetraazatricyclo[7.4.0.0°2,6]itrideca-1(9),3,5-trien-8-one:  To a stirred solution of 5-
benzyl-12-{(3,4-dimethoxyphenylymethyl}-7-(4-methoxyphenyl)-2,3,7,12-
tetraazatricyclo[7.4.0.0M 2 6] trideca-1(9),3,5-trien-8-one (320 myg, 0.596 mmol, 1.00 eq)
and N,N-ditsopropylethylamine (154 mg, 1.19 mmol, 2.00 eq.) in dichioroethane (10 mL)
was added chloroethy] chloroformate (170 rog, 1.19 mumol, 2.00 eq.) dropwise at O °C. The
mixture was stirred for 3 h at rt and concentrated under reduced pressure. The residue was
dissolve i methano!l (10 mbL). The mixture was stivred for additional 2 h at 78 °C and then
concentrated under reduced pressure to afford 5-benzyl-7-(4-methoxyphenyi)-2,3,7,12-
tetraazatricyclol7.4.0.07 2,6} ltrideca- 1{(9),3,5-trien-8-one (170 mg, crude) as a light brown
solid. LCMS (ESL, m/z): 387 [M+H]}".

(62211 S-benzyi-12-(3.4-dichlorobenzoyl)-7-(4-methoxyphenyl}-2,3,7,12-
tetraazatricyclo]7.4.0.8° 2,61 lirideca-1(9),3,5-trien-&-one:  To a stirred solution of 3,4-
dichlorobenzoic acid (126 mg, 0.670 mmol, 1.52 eq.} and N, N-diisopropylethylamine (142

mg,

1.1 mmol, 2.50 eq.) in N N-dimethylformamide (10 mL} was added N-(3-
dimethylaminopropyl}-N’-ethylcarbodiimide hydrochloride (92.8 mg, 0.484 mmol, 1.10 eq.)
and 1-hydroxybenzotriazole (65.4 mg, 0.484 romol, 1.10 eq.). The mixture was stirred for 30
minutes at rt. 5-benzyl-7-(4-methoxyphenyl)-2,3,7,12-tetraazatricyclo] 7.4.0.0M 2 6] jtrideca-
1(9),3,5-trien-8-one (170 mg, 0.440 mwomol, 1.00 eq.) was then added. The mixture was
stirred for 16 h at rt, and the reaction was quenched with water (50 mL). The mixture was
extracted with ethyl acetate (3 x 50 mlL). The organic layers were combined, washed with
water {3 x 50 ml), dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure.  The crude product was purified by Prep-HPLC with the following
conditions (Column: XBridge Prep OBD Ciz Column, 19 x 250mm, 5 um: Mobile Phase A:
Water (10 mmol/L. NHiHCG:+0.19%NH:.. H,O), Mobile Phase B: ACN, Flow rate: 25
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ol /rain; Gradient: 61% B to 71% B in 12 min to afford 5-benzyl-12-(3,4-dichlorobenzovl)-
7-(4d-methoxyphenyh)-2,3,7,12-tetraazatricyclo{7.4.0.0M 2 6] ltrideca-1(9),3,5-trien-8-one

(74.0 mg, 30% yield) as an off-white solid. LCMS (ESL, m/z): 559 [M+H]". "H NMR (300
MHz, Chloroform-d) & 7.64 (s, 1H), 7.58 (d, J = 8.4 Hz, 1H), 7.44-7.35 (m, 2H), 7.22-7.10
{ra, 5H), 6.93-6.88 (m, 2H), 6.80 (d, J = 6.0 Hz, 2H), 5.14 (m, 2H), 4.01 (m, 1H), 3.81 (5,
3H), 3.76 (m, 1H), 3.11 (s, 2H), 2.76 (m, ZH).

Example 18
S-{benzviamino)-12-(3.4-dichlorobenzov)-7-{4-methoxvphenvl)-2.3,7.12-
tetraazatricvelol7.4.0.0M 2,6 irdeca-1{9),3.5-trien-8-one (25)

(\f Ly - \Ifj\r )YM e OfNHCi

N AL EOH

Os
‘)YNQ’ EDCI, HOBT, D!EA omr ¢! N NGz 2 h
N== rt, overnight

OMQ 5 l OMe
l "STAB. DCE G N N I\ ﬁ -
' N

\ \iH,

80 °C, overnight O N

18222} 12-(3,4-dichlorobenzoyl)-7-{4-methoxyphenyl}-S-nitro-2,3,7,12~
tetraazatricyclo{7.4.0.0° 2,61 ltrideca-1(9),3,5-trien-8-one: A 100 mL round-bottom flask
was charged with 7-{4-mwethoxyphenyl)-3-nitro-2,3,7,12-
tetraazatricyclo}7.4.0.00 2,6} jtrideca- [ (9).3,5-trien-8-one  (2.90 g, 8.50 mmol, 1.00 eq.,
prepared according to the procedures of PH-ALO-BS3E-044), 3,4-dichlorobenzoic acid (1.95
g, 10.2 mmol, 1.20 eq.), N-(3-dimethylaminopropyl}-N-ethylcarbodiimide hydrochloride
(1.95 g, 10.2 myool, 1.20 eq.), I-hydroxybenzotriazole (1.38 g, 10.2 mmol, 1.20 eq.), N)N-
diisopropylethylamine (3.29 g, 25.5 mmol, 3.00 eq.) and N, N-dimethylformamide (30 mL).
The mixtare was stirred for overnight at rt, and the reaction was quenched with water (100
mb). The mixture was extracted with ethyl acetate (3 x 100 mL). The organic layers were
combined, washed with water (2 x 50 mL), dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure. The residue was purified by silica gel column

chromatography, eluted with petroleum etheriethyl acetate (1:1) to afford 12-(3,4-
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dichlorobenzoyl)-7-(4-methoxyphenyl}-5-nitro-2,3,7,12-
tetraazatricyclo}7.4.0.002,6}jtrideca- 1(9).3,5-trien-8-one (1.90 g, 43% yield) as an off-white
solid. LCMS (ESY, m/z): 514 [M+HJ"

18223} 12-(34-dichlorobenzoyl)-7-(4-methoxyphenyl}-S-nitro-2,3,7,12-
tetraazatricyclo]7.4.0.80 2,61 lirideca-1(9),3,5-trien-8-0ne: A 100 mL round-bottom flask
Was charged with 12-(3,4-dichlorobenzoyi)-7-(4-methoxyphenyi)-5-nitro-2,3,7 12-
tetraazatricyclo]7.4.0.00 2,6 lirideca-1(9),3,5-trien-B-one (1.90 g, 3.70 mmol, 1.00 eq.), ron
(2.06 g, 36.9 mmol, 13.0 eq.), ammonium chloride (1.98 g, 36.9 mmol, 10.0 eq.), ethanol (20
ml) and water (4 mi) at rt. The nmuxture was stitred for 2 h at 80 °C. The solids were
filtrated off, and the filtrate was concentrated under reduced pressure. The residue was
purified by silica gel column chromatography, eluted with dichloromethane:methanol (10:1)
o afford S-amino-12-(3,4-dichlorobenzoyl)-7-(d-methoxyphenyl}-2,3,7,12-
tetraazatricyclo[7.4.0.0M 2, 6} trideca-1(9),3,5-trien-8-one  (1.50 g 84% vyield) as a lLight
brown solid. LCMS (ESI, m/z): 484 [M+H]".

18224} S-(benzylamino)-12-(34-dichlorobenzoyl)-7-(4-methoxyphenyl}-

2,3,7 1 2-tetraazatricyclo] 7.4.8.8 [ 2 6]ltrideca-1($),3,5-trien-8-one:. A 40 ml roand-
bottom flask was charged with 5-amino-12-(3,4-dichlorobenzoyl)-7-(4-methoxyphenyl)-
2,37, 2-tetraazatricyclo] 7.4.0.00 2, 6] ltrideca-1(9),3,5-trien-8-one {130 wmyg, 0.310 mmol,
1.00 eq.), benzaldehyde (39.4 mg, 0.372 mmol, 1.20 eq.) and 1,2-dichloroethane (4.00 mL) at
rt. The mixtare was stirred for 2 h at rt. Sodium triacetoxyborohydride (394 mg, 1.86 mmol,
6.00 eq.) was added. The mixture was stirred for overnight at 60 °C, and the reaction was
quenched with water (10 mL). The mixture was extracted with dichloromethane (3 x 40 L),
The organic layers were combined, washed with water (2 x 20 mL), dried over anhydrous
sodivm sulfate, filtered and concentrated under reduced pressure. The crude product was
purified by Prep-HPLC with the following conditions, Column: XBridge Prep Ciz OBD
Column, 19 x 250 wmm, 5 ym; Mohile Phase A: Water (10 mmol/L
NHHCO:+0.1%NH3.H20), Mobile Phase B: ACN; Flow rate: 25 mbL/min; Gradient: 46% B
to 66% B in 7 min to afford 5-(benzylamino)-12-(3,4-dichlorobenzoyl}-7-(4-methox yphenyi)-
2,37, 12-tetraazatricyclo] 7.4.0.0M 2, 6] jtrideca-1(9),3,5-trien-8-one (48.4 mg, 27% yield) as a

light yellow solid. LCMS (ESL, mv/z): 574 [M+H]". H NMR (300 MHz, DMSO-ds) 8 7.79 (d,
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J = 81 Hz, 2H), 7.64-7.54 {m, 2, 736 (4, J = 7.5 Hz, 2H), 7.24 (m, 3H), 7.09-7.00 (m,
4H), 4.93-4.71 (m, 2H), 4.00-3.50 (m, 7H), 2.54 (m, ZH), 2.30 (br s, 1H).

Example 19
4-15-benzvi-12-(4-bromo-3-chlorobenzov)-8-0x0-2.3.7. 12~
tetraazatricvelol 7.4.0.0M 2 61 itndeca-1(9) .3 S-trien-7-vi-N-methvibenzamide (28

e
& o Rl
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[8225] tert-butyl S-benzyl-7-{{(4-methoxyphenylmethyi}-8-0x0-2,3,7,12-
tetraazatricyclo{7.4.0.6°[2,6]ltrideca-1(9),3,5-triene-12-carboxylate: A 230 mL round-
bottom flask was charged with tert-butyl 5-bromo-7-[{4-methoxyphenyhimethyl}-8-oxo-
2,3,7, 1 2-tetraazatricyclof 7.4.0.0M 2 61 {trideca-1(9),3,5-triene- 1 2-carboxylate (15.0 g, 306
mmol, 1.00 eq.), 2-benzyl-4,4,5,5-tetramethyl-1,3,2-dioxaborolane(10.7 g, 49.0 mmol, 1.60
eq.), 2-(dicyclohexylphosphino)-2',4' 6" -triisopropylbiphenyl {1.46 g, 3.07 mmol, 0.10 eq.)},
methanesulfonato(2-dicyclobexylphosphino-2'.4',6'-tri-i-propyl-1, 1 -bipheny)(2-amino-1,1'-
biphenyl-2-yhpalladiom(il) (2.59 g, 3.07 mmol, 8.10 eq.}, potassium phosphate (19.5 g, 91.9
mmol, 3.00 eq.), 1,4-dioxane (120 mL) and water (15 ml) at vt. The mixture was stirred for

overnight at 40 °C under nitrogen atmosphere, and the reaction was quenched with water
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(200 mL). The mixture was extracted with ethyl acetate (3 x 200 mL). The organic layers
were combined, washed with water (2 x 100 ml), dried over anhydrous sodium sulfate,
filtered and coucentrated under reduced pressure. The residue was purified by silica gel
column chromatography, eluted with petroleum etheriethyl acetate (9:1) to afford tert-butyl 5-
benzyl-7-[{4-methoxyphenylmethyli-8-ox0-2,3,7,1 2-tetraazatricyclo|7.4.0.00 2,6} jtrideca-
1(9),3,5-triene-1 2-carboxvlate (10.8 g, 70% vield) as an off-white solid. LCMS (ESY, m/2):
501 [M+H]".

[6226] S-benzyl-2,3,7,12-tetraazatricyclo][7.4.6.0" 2,61 ltrideca-1{(9),3,5-trien-
8-one trifluorcacetic acid salt: A 250 ok round-bottom flask was charged with tert-butyl 5-
benzyi-7-{{4-methoxyphenyhmethyl}-8-ox0-2,3,7,12-tetraazatricyclo{7.4.0.0MN 2,6} frideca-
1(9),3,5-triene- 1 2-carboxylate (10.8 g, 15.6 munol, 1.00 eq.) and trifluoroacetic acid (100
mb} at rt. The mixture was stirred for overnight at 80 °C and concentrated under reduced
pressure to afford 3-benzyl-2,3,712-tetraazatricyclo7.4.0.00 2 61 jtrideca-1(9),3,5-trien-8-
one trifluoroacetic acid salt (9.10 g, crude) as a red oil. LCMS (ESI, m/z): 281 [M-
CEFCOOH+H}"

192271 S-benzyl-12-(4-bromo-3-chiorobenzoyi)-2,3,7,12-
tetraazatricyclo{7.4.0.0°[ 2,61 trideca-1(9),3,5-trien-8-one: A 250 mL round-bottom flask
was charged with 35-bennyl-2,3,7,12-tetraazatricyclo{7.4.0.0M 2,6} jtrideca-1(9),3,5-trien-8-
one trifluoroacetic acid salt (9.10 g, 23.1 mumnol, 1.00 eq.), 4-bromo-3-chlorobenzoic acid
(9.17 g, 389 mmol, 1.68 eq.), N-(3-dimethylaminopropyl)-N -ethylcarbodiimide
hydrochloride (9.33 g, 48.7 mmol, 2.11 eq.), 1-hydroxybenzotriazole (6.58 g, 48.7 mmol,
241 eq.), N)N-diisopropylethylamine (126 g, 974 mwmol, 422 eq) and NN-
dimethylformamide (10 mL) at rt. The mixture was stirred for 2 h at rt, and the reaction was
quenched with water (100 mL) . The mixture was extracted with ethyl acetate (3 x 100 mlL).
The organic layers were combined, washed with water (2 x 100 mL), dried over anhydrous
sodium sulfate, filtered and concentrated under reduced pressure. The residue was purified
by silica gel column chromatography, eluted with ethyl acetate to afford 5-benzyl-12-(4-
bromo-3-chlorobenzoyl)-2,3,7 1 2-tetraazatricyclo] 7.4.0.0M 2, 6] 1trideca- 1(9),3,5-trien-8-one

(6.70 g, 58% yield) as an off-white solid. LCMS (ESI, m/7): 497 [M+H]"
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[68228] S-benzyl-12-(4-bromo-3-chlorobenzoyi}-2,3,7,12-
tetraazatricyclo{7.4.0.82,6]ltrideca-1{9),3,5-trien-8-one: A 250 mL round-botiom flask
was charged with S-benzyl-12-(4-bromo-3-chlorobenzoyl)-2,3,7,12-
tetraazatricyclo{7.4.0.0M2 6} jtrideca-1(9),3,5-trien-8-one (6.70 g, 13.5 mmol, 1.00 eq.), 4-
(roethylcarbamoyl)phenylboronic acid (265 g, 148  mmol, IO eq.,
cupper{ Htrifluoromethansulfonate (4.87 ¢, 13.5 mmol, 1.00 eq.), pyndine (3.19 g, 404
mmol, 3.00 eq.) and N N-dimethytformaride (50 mL) at rt. The mixture was stitred for two
days at 60 °C under oxygen atmosphere, and the reaction was guenched with water (100 mL).
The mixture was extracted with ethyl acetate (3 x 200 ml). The organic layers were
combined, washed with water (2 x 1060 mL), dried over anhvdrous sodium sulfate, filtered
and concentrated under reduced pressure. The crude prodact was purified by Prep-HPLC
with the following conditions, Column: YMC-Actus Triart Cis, 30 x 250, 5 pm: Mobile
Phase A Water (10 mmol/L. NH4HCG:), Mobile Phase B: ACN; Flow rate: 30 mL/min;
Gradient: 60% B to 85% B in 7 min; 220 nm to afford 4-[5-benzyvi-12-(4-bromo-3-
chlorobenzoyh)-8-0x0-23,7, 1 2tetraazatricyclo] 7.4.0.00M 2,6 irideca- 1(9),3, 5-trien-7-y1}-N-
methylbenzamide (1.9466 g, 23% yield) as an off-white solid. LCMS (ESI, m/z): 630
IM+HJ". 'H NMR (300 MHz, Chloroform-d) & ppm 7.82-7.70 (m, 3H), 7.63 (m, 1H), 7.48
(s, 1H), 7.27-7.21 (m, 2H), 7.18-7.10 (m, 3H), 6.70 (m, 2H), 6.18 {d, /= 5.1 Hz, 1H), 5.05
{ma, 2H), 3.89 (m, ZH), 3.18-2.89 (m, SH), 2.75 {(br s, 2H).
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Example 20
1 2-(4-bromo-3-chlorobenzovD-7-(4-methoxvphenvh-3-(phenviaming)-2.3.7.12-

tetraazatricvclo] 7.4.0.0M 2,61 irideca-1(9).3,5-trien-&-one {32)
e
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[10229] 3-bromo-N-(4-methoxyphenyDpyridine-4-carboxamide: A mixture of
p-amsidine (30.0 g, 244 mmol, .00 eq.), 3-bromopyridine-4-carboxylic acid (59.1 g, 293

mmol, 1.20 eq.), N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide hydrochloride (53.7 g,
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280 wmol, 115 eq.), l-hydroxybenzotrizole (37.9 g, 280 mmol, .15 eq.), NN-
diisopropylethylamine (94.5 g, 731 mmol, 3.00 eq.) and N, N-dimethyiformamide (300 mL)}
was stirred for overnight at rt, and the reaction was quenched with ice water (800 mL). The
solids were collected by filtration and dried to afford 3-bromo-N-{(4-methoxvphenyhpyridine-
4-carboxamide (48.0 g, 64% vyield) as a grey solid. LCMS (ESL m/z): 307 [M+H]".

182361 7-{4-methoxyphenyi)-5-nitro-2,3,7,12-
tetraazatricyclo[7.4.0.0°2,6]itrideca-1(9),3,5,18,1 2-pentaen-8-one: A mixture of 3-
bromo-N-(4-methoxyphenyl}pyridine-4-carboxamide (10.0 g, 32.6 mmol, 1.00 eq.}, 4-
nitropyrazole (7.36 g, 65.1 mmol, 2.00 eq.), sodium ethoxide (4.43 g, 65.1 mmol, 2.00 eq.),
I,10-phenanthroline (1.76 g, 9.77 mmol, 0.30 eq.), cuprous iodide (0.931 g, 4.89 mmo}, .15
eq.) and N ,N-dimethylformamide (100 mL) was stirred for overnight at 120 °C under oxygen
atmosphere. The mixture was allowed to cool to rt. The reaction was quenched with water
{100 mL). The precipitated solids were collected by filtration and washed with water (3 x 50
mb).  The residue was purified by silica gel column chromatography with ethyl
acetate:petroleurn ether  (1:2)  to  afford  7-(4-methoxyphenyl)-5-nitro-2,3,7,12-
tetraazatricycle|7.4.0.0M 2 6} trideca-1(9),3,5,10,1 2-pentaen-8-one (1.80 g, 16% yield) as a
vellow sohd. LCMS (ES], m/z): 338 [M+H]"

(6231} 12-{(3.4-dimethoxyphenylmethyl]-7-(4-methoxyphenyl)-S-nitro-8-0x0-
2,37, 12-tetraazatricycio] 7.4.0.8 2,61 ltrideca-1(9),3,5,14,1 2-pentaen-12-ium  bromide;
A mixture of 7-{(4d-methoxyphenyli-5-nitro-2,3,7,1 2-tetraazatricyclo] 7.4.0.0/ 2 6] trideca-
1(9),3,5,10,12-pentaen-8-one  (1.00 g 297 mmol, 1.00 eq.), 4-(bromomethyl)-1,2-
dimethoxybenzene (1.37 g, 5.93 munol, 2.00 eq.) and acetonitrile (50 ml) was stirred for
overnight at 45 °C. The mixture was concentrated under reduced pressure. The residue was
dissolved 1n diethyl ether (580 mL) and stirred for 30 mins. The solids were collected by
filtration to afford 12-[(3,4-dimethoxyphenylymethyl}-7-(4-methoxyphenyl)-5-nitro-8-0xo-
2,37, 1 2tetraazatricyclo] 7.4.0.00 2, 6] ltrideca- 1(9),3,5,10,1 2-pentaen- 1 2-ium  bromide (1.50
g, crude) as a yellow solid. LCMS (ESL, m/7): 488 [M-Br}".

{0232} 12-{(3,4-dimethoxyphenylimethyl}-7-(4-methoxyphenyl)-S-nitro-

2,3,7 1 2-tetraazatricyclo[ 7.4.8.8 [ 2,6] ltrideca-1 (¥},3,5-trien-8-one: A mixture of 12-{(3.4-

s ]

dimethoxyphenylmethyl}-7-(4-methoxyphenyl}-5-nitro-8-0x0-2,3,7,12-
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tetraazatricyclo[7.4.0.0M 2,6} trideca-1(9),3,5,10,1 2-pentaen-12-ium bromide (1.50 g, 2.64
mmol, 1.00 eq.), sodium triacetoxyborohydride (3.36 g, 15.8 mmol, 6.00 eq.) and 1,2-
dichloroethane {50 ml.) was stirred for 1.5 h at 60 °C. The reaction was quenched with water
(50 mL) and extracted with dichloromethane (3 x 50 mL). The combined organic layers were
washed with water (3 x 50 mbL), dried over anhydrous sodiwm sulfate, filtered and
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography, eluted with ethyl acetatepetroleum ether (2:1) to afford 12-[(34-
dimethoxyphenylmethyi}-7-(4-methoxyphenyl)-5-nitro-2,3,7,12-
tetraazatricyclo[7.4.0.0M 2,6} rideca-1(9),3,5-trien-8-one (1.00 g, 76% vield) as a vellow
solid. LCMS (EST, m/z) 492 [M+-HJ .

[6233] 7-(4-methoxyphenyi)-5-nitro-2,3,7,12-
tetraazatricyclo{7.4.0.8[2,6]ltrideca-1(9),3,5-trien-8-one; A mixture of 12-{(34-
dimethoxyphenylmethvl}-7-{4-methoxyphenyl)-3-nitro-2,3,7,12-
tetraazatricyclo{7.4.0.0MN 2,6} jirideca- 1(9),3,5-trien-8-one (1.00 g, 2.03 mmol, 1L.00 eq.),
chloroethyl chloroformate (0.436 g, 3.05 mmol, 1.50 eq.), N N-diisopropylethylamine (0.131
g, 1.02 mmol, .50 eq.) and 1,2-dichloroethane (50 ml} was stirred for 2 h at 1t and
concentrated under reduced pressure. The residue was dissolved in methanol (50 mL) and
stirred for additional 1 h at 70 °C. The mixture was concentrated under reduced pressure o
afford  7-(4-methoxyphenvl)-S-nitro-2,3,7, 1 2-tetraazatricyclof 7.4.0.0M 2,61 itrideca-1(9)},3,5-
trien-8-one (1.20 g, crude) as a yellow solid. LOMS (ESL, m/z): 342 [M+H]™.

182341 12-{4-bromo-3-chlorobenzoyl)-7-(4-methoxyphenyl)-5-nitro-2,3,7,1 2-
tetraazatricyclo]7.4.0.80 2,61 trideca-1(9),3,5-trien-8-one: A mxture of  7-(4-
methoxyphenyl)-5-nitro-2,3,7.1 2-tetraazatricyclof 7.4.0.0M 2,6 jtrideca- 1(9),3,5-trien-8-one
(1.20 g, 3.52 muool, 1.00 eq.), 4-bromo-3-chlorobenzoic acid (1.24 g, 5.27 munol, 1.50 eq.),
N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide hydrochloride (1.01 g, 5.27 mmol, 1.50
eq.), I-hydroxybenzotrizole (0.712 g, 5.27 romol, 1.50 eq.), N, N-diisopropylethylamine (1.36
g, 18.5 mmol, 3.00 eq.) and N,N-dimethylformamide (50 mL} was stirred overnight at rt.
The mixture was added ethyl acetate (100 mlL) and washed with water (3 x 50 mL). The
organic layer was dried over anhydrous sodium sulfate, filtered and concentrated under

reduced pressure. The residue was purified by silica gel column chromatography, eluted with
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ethyl acetatepetroleurn  ether (3:1) to  afford  12-(4-bromo-3-chlorobenzoyl)-7-(4-
methoxyphenyh)-5-nitro-2,3,7,1 2-tetraazatricyclof 7.4.0.0M 2 61 jtrideca-1(9),3,5-trien-§-one
(900 mg, 45% vield) as a yellow solid. LCMS (ESL, m/z2): 558 [M+H]".

{82351 S-amino-12-(4-brome-3-chlorobenzoyl)-7-(4-methoxyphenyt}-2,3,7,12-
tetraazatricyclo]7.4.0.6° 2,61 ltrideca-1(9),3,5-trien-8-one: A mixture of 12-(4-bromo-3-
chlorobenzoyl)-7-{(4-methoxyphenvi)-5-nitro-2,3,7,1 2-tetraazatricyclo{ 7.4.0.0MN 2,6} trideca-
1(9),3,5-trien-8-one (600 mg, 1.07 mmol, 1.00 eq.), iron (300 mg, 5.37 mmol, 5.00 eq.),
ammonivm chloride (287 mg, 5.37 munol, 5.00 eq.), ethanol (50 mL} and water (10 mbL) was
stirred for 2 h at 80 °C. The solids were filtered off, and the filter cake was washed with
ethanol (3 x 30 mbL). The filtrate was concentrated under reduced pressure. The residue was
added water (50 ml.) and extracted with dichloromethane (3 x 50 ml). The combined
organic layers were washed with water (3 x 50 mL), dried over anhydrous sodium sulfate,
filtered and concentrated wvnder reduced pressure to afford 5-amino-12-(4-bromo-3-
chlorobenzoyl-7-{(4-methoxyphenvl)-2,3,7,12-tetraazatricyclo] 7.4.0.0% 2,6} itrideca- 1(9).3,5-
trien-8-one (570 mg, crude) as a brown yellow solid. LCMS (ESY, m/z): 528 [M+H]J".

[6236] 1 2-{4-bromo-3-chlorobenzoyi}-7-(4-methoxyphenyl)-5-(phenylamino)-
2,3,7,12-tetraazatricyclof7.4.0.0 2,61 iirideca-1(9),3,5-trien-8-one: A mixture of 5-
amino-12-{4-bromo-3-chlorobenzoy!)-7-(4-methoxypheny-2,3,7,1 2-
tetraazatricyclo] 7.4.0.0M 2,6] lirideca- 1(9),3,5-trien-&-one (130 mg, 0.246 mmol, 1.00 eq.),
phenyl boronic acid {(45.0 mg, (.369 mmol, 1.50 eq.), pyridine (38.9 mg, .492 mmol, 2.00
eq.), cupric acetate {(67.0 mg, 0.369 mmol, 1.50 eq.) and dichloromethane (10 mbL) was
stitred for 4 h at vt under oxygen atroosphere. The reaction was quenched with water (30 mL)
The mixture was extracted with ethyl acetate (3 x 30 mL}. The organic layers were
combined, washed with water (3 x 30 mL), dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography with ethyl acetate:petroleurn ether (3:1) to afford the crude product. The
crude product was purified by Pre-HPLC with the following conditions: Column: Xselect
CSH Cis Colurn, 30 x 150 mm, 5 pm; Mohile Phase A: Water (10 mmo¥l/L NHAHCO: +
0.1% NH:.H2(O), Mobile Phase B: ACN; Flow rate: 60 mi/min; Gradient: 530% B o 70% B

in 7 mun to afford 12-(4-bromo-3-chlorobenzoyl)-7-(4-methoxypheny-5-(phenylamino)-
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2,37, 12-tetraazatricyclo] 7.4.0.00 2,61 Jtrideca- 1(9),3,5-trien-8-one (60.8 mg, 41% vield) as a
white solid. LCMS (ESL m/): 604 (M+H)Y". 'H NMR (400 MHz, Chloroform-d) § 7.79-
7.53 (m, 3H), 7.21 (s, 1H), 7.07-6.93 (m, 4H), 6.80-6.63 (m, 3H), 6.17 (4, J = 7.9 Hz, 2H),
5.02 (m, 2H), 4.12-3.63 (m, 6H), 2.74 (br 5, 2H).
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Example 21
4-112-(4-bromo-3-chlorobenzovh-8-ox0-3-114-(trifluorommethox viphenvlimethyil-2.3.7 1 2-
tetraazatricvelol7.4.0.07 2,61 trideca-1(9),3 . 5-trien-7-vl|-N-methvibenzamide (3%
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[68237] tert-butyl 7-[{4-methoxyphenylmethyl}-8-0x0-58-[{4-

{triffuoromethoxy)phenylimethyl]-2,3,7, 12-tetraazatricyclof7.4.0.6[ 2,61 trideca~
1(9},3,S-triene-12-carboxylate: A mixture  of  tert-butyl S5-bromo-7-{(4-

methoxyphenyhmethyl|-8-ox0-2,3,7, 1 2-tetraazatricyclo] 7.4.0.0M 2 6] lirideca- 1(9),3,5-triene-
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[2-carsboxylate (100 g 204 wmol, 100 eq.), 44,5 5-tetramethyl-2-[[4-
(trifluoromethoxy)phenylimethyli-1,3,2-dioxaborolane (1.23 g, 4.09 mmol, 2.00 eq.),
tetrakis(triphenylphosphine)patladium (0.236 g, 0.204 mmol, 0.10 eq.), triphenylphosphine
(0.107 g, 0.409 mmol, 0.20 eq.), potassium carbonate (0.650 g, 3.06 mmol, 1.50 eq.), 1,2-
dimethoxyethane (20 ml) and silver oxide (0.737 g, 3.27 wmmol, 1.60 eq.) was stirred
overnight at 80 °C under nitrogen atmosphere. The solids were filtered off, and the filter
cake was washed with ethyl acetate (3 x 20 mb). The mixture was washed with water {3 x 50
mb). The combined organic layers were dried over anhydrous sodium sulfate, filtered and
concenirated under reduced pressure. The residue was purified by silica gel column
chromatography, eluted with petroleum ether:ethyl acetate (2:1) to afford the crude product.
The crude product was purified by Prep-TLC (petroleum ether:ethyl acetate = 2:1) to afford
tert-hutyl 7-[{(4-methoxyphenyhmethvl|-8-oxo-5-{{4-(frifluoromethoxyiphenyl jmethvi |-
2,37, 12-tetraazatricyclo] 7.4.0.00 2,6 ] Jmideca- 1(9),3,5-triene-12-carboxylate (310 mg, 26%
yield) as a white solid. LCMS (ESL, »m/z): 585 [M+H]".

[6238] S-{{4-(trifluoromethoxy)phenylimethyi]-2,3,7,12-
tetraazatricyclo{7.4.0.8[ 2,61 trideca-1(9),3,5-trien-8-one triflucrsacetic acid salt: A
mixire of tert-butyl 7-[{4-methoxyphenyDmethyl}-8-oxo-5-{{4-
{trifluoromethoxy)phenyljmethyl]-2,3,7, 1 2-tetraazatricyclo] 7.4.0.0° 2,6 } jirideca-1(9),3,5-
triene-12-carboxylate (310 mg, 0.530 mamol, 1.00 eq.) and trifluorcacetic acid (6 mlb) was
stirred for overnight at 80 °C and concentrated under reduced pressure to afford crude 5-[[4-
{trifluoromethoxyiphenyl{methyl]-2,3,7,1 2-tetraazatricyclo] 7.4.0.0M 2,6 {[trideca-1(9),3,5-
trien-8-one trifluoroacetic acid salt (190 mg crude) as brown oil. LCMS (ESI, m/z): 365 [M-
CE;COOH+H]™

[6239] teri-butyl 8-oxo-5-{{d-{triffuoromethoxyiphenylimethyl}-2,3,7,12-
tetraazatricyclo{7.4.0.8[2,6]ltrideca-1(9),3,5-triene-12-carboxylate: A mixture of 5-[[4-
{trifluoromethoxy)phenylimethyl]-2,3,7,1 2-tetraazamricyelo] 7.4.0.0MN 2 6} jirideca-1(9),3,5-
trien-8-one trifluoroacetic acid salt (426 mg, 8.892 mmol, 1.00 eq.), dichloromethane (5 mL),
triethylamune (361 g, 3.57 mmol, 4.00 eq.) and ditertbuty] dicarbonate (292 mg, 1.34 mmol,
1.50 eq.) was stirred for 1 h at rt.  The residue was purified by silica gel column

chromatography, eluted with petroleum ether:ethyl acetate (1:1) to afford tert-butyl §-ox0-3-
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[ 4-{trifluoromethoxy)phenylimethyl]-2,3,7 1 2-tetraazatricyclo| 7.4.0.07 2,6} ltrideca-1{9},3,5-
triene-12-carboxylate (350 mg, 84% vield) as a white solid. LCMS (ESL, m/7): 465 [M+H]".

(62461 teri-butyl 7-[4-(methylcarbamoyphenyl}-8-0x0-5-{{4-
{triflucromethoxy jphenylimethyil-2,3,7,1 2-tetraazatricycio]7.4.0.8 2,61 lirideca-
1{8),3,5-triene-12-carboxylate: A mixiure of tert-butyl 8-0x0-3-{[4-
{trifluoromethoxy)phenyljmethyl]-2,3,7, 1 2-tetraazatricyclo] 7.4.0.0° 2,6 } jirideca-1(9),3,5-
triene-12-carboxylate (350 mg, 0.754 muool, 1.00 eq.), 4-(methylcarbamoyl)phenylboronic
acid (202 mg, 1.13 mmol, 1.50 eq.), copper(ll) trifluoromethanesulfonate (272 mg, 0.754
mmol, 1.00 eq.), N,N-dimethylformamide (10 mL) and pyridine (298 mg, 3.77 munol, 5.00
eq.) was stirred overnight at 60 °C under oxygen atmosphere and diluted with ethyl acetate
(200 mi). The mixture was washed with water (4 x 20 mL), sat. sodiwmn chloride (1 x 20
mL}, dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure.
The residue was purified by Prep-TLC (petroleum ether/ethyl acetate 1:4) to afford tert-butyl
7-14-(methylcarbamoylyphenyl]-8-0x0-5-[{4-(trifluoromethox y)phenyl jmethyl}-2,3,7,12-
tetraazatricyclol7.4.0.07 2,6} trideca- 1{(9),3,5-triene- | 2-carboxylate (200 mg, 44% vield) as a
white solid. LCMS (ESLE m/2): 598 [M+H]".

[6241] N-methyl-d4-(8-0x0-5-[[4-({rifluoromethoxy)phenylimethyi}-2,3,7,12-
tetraazatricyclo{7.4.0.8/[2,6]lirideca-1(9),3,5-trien-7-ylibenzamide {rifluoroacetic acid
salt: A mixtere  of  tert-butyl  7-[4-(methylcarbamoylphenyl}-&-oxo-5-{[4-
{trifluoromethoxyiphenylimethyl]-2,3,7 1 2-tetraazatricyelo] 7.4.0.0M 2,6 { Jtrideca- 1(9),3,5-
triene-12-carboxylate (195 mg, 0.294 mmol, 1.00 eq.), dichloromethane (10 mL} and
trifluoroacetic acid (1 ml). The mixtre was stitred for 1.5 h at rt. The mixture was
concentrated wunder reduced pressure to afford crude N-methyl-4-(8-oxo-5-{[4-
{trifluoromethoxy)phenylimethyl]-2,3,7 1 2-tetraazatricyelo] 7.4.0.0M 2 61 laideca-1(9),3,5-
trien-7-yhbenzamide trifluoroacetic acid salt (170 mg, crude) as light brown oil. LCMS
(ESL, mi/z): 498 [M+H]".

162421 4-[12-(4-bromo-3-chlorobenzoyl}-8-0x0-5-[[4-
(trifluoromethoxy)phenyijmethyi}-2,3,7,12-tetraazatricyclo[7.4.0.0°[2,6]trideca-
1(9),3,5-trien-7-vi]-N-methylbenzamide: A mixture of 4-bromo-3-chlorobenzoic acid (51.1

mg, 0.217 mmol, 1.30 eq.), N,N-dimethylformamide (3 mL), N-(3-dimethylaminopropyl)-N'-
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ethylcarbodiimide hydrochloride (41.6 wmg, 0.217 mool, 1.30 eq.), I-hydroxybenzotrizole
(29.3 mg, 0.217 mmol, 1.30 eq.), N,N-diisopropylethylamine (6.2 mg, 0.667 mmol, 4.00
eq.} and N-methyl-4-(8-oxo-5-[[4-(trifluoromethox y)phenyljmethyl]-2,3,7,12-
tetraazatricyclo[7.4.0.0M 2 61 rideca-1(9),3,5-trien-7-yhbenzamide trifluoroacetic acid salt
(102 mg, 0.167 mmol, 1.00 eq.) was stirred overnight at rt and dituted with ethy! acetate (150
mb). The mixture was washed with hydrochloric acid (2 x 20 mL, ag. 1 mol/L}, sat. sodium
bicarbonate (2 x 20 mL), sat. sodium chlioride (1 x 20 b)), dried over anhydrous sodium
suifate, filtered and concentrated under reduced pressure. The crude product was purified by
Prep-HPLC with the following conditions: Column: XBridge Prep OBD Cis Column, 30 x
150 ram § pmy Mobile Phase A: Water (10 momol/L NHsHCO3+0.1%NH2.H2(0), Mobile
Phase B: ACN; Flow rate: 60 mL/min; Gradient: 30% B to 70% B in 7 mun to afford 4-{12-
{4-bromo-3-chlorobenzoyh)-8-oxo-5-{{4-(trifluoromethox y)phenylimethyl}-2,3,7,12-
tetraazatricyclo]7.4.0.07 2,6} Jtvideca-1(9),3,3-trien-7-yi}-N-methylbenzamide (73.8 mg, 62%
vield) as a white solid. LCMS (ESI, m/z): 714 [M+H]*. 'H NMR (300 MHz, Chloroform-d)
6 7.79-7.67 (m, 3H), 7.61 (s, 1H), 749 (br s, 1H), 7.24 (m, 1H), 7.16 {4, J = §4 Hz, 2H),
6.96 (4, J = 8.1 Hz, 2H), 6.65 (d, J = 87 Hz, 2H), 6.20 (d, J = 4.8 Hz, 1H), 5.35-4.55 (m,
2H), 4.32-3.41 (m, 2H), 3.14 (s, 2H), 3.02 (d, /= 4.8 Hz, 3H), 2.72 (br s, 2H).
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Example 22
4-{R-{4-bromo-3-chiorobenzovl-3-(4-cvanobenzvD-5-0x0-6,7.8. 9-tetrahvdronyrazolol 13-

alpyridoi4,3-elpynmidin-4(5H)-v)-N-methvibenzamide (43)

Br
/}fi
AN 0 O
PhGMe, AICH;

O §
| Z0, BCHCHB: ms—‘ THISC, N\N ) , AT
. Y avernight i "1, overnight
N Boc”N\/L\h\g AS
Boo” NXy-Br 2. Pd(OAc)é XPHOS, THF Na== bz Boc,O, EtaN, MeOH
= o it,1h

: ri, overnigh
N g
CN

o) -
i o I A 0 v
| '\!H B N\ H

t . ; B

Boc N OH Hoo

R/ &\7 Cu(OTH), Pyridine, DMF Boc” \"/J\N[y .
—»\

1
80 °C, overnight N==/ 7N

O

9 B
L "~
0 N M o
" H CW Br
| o ‘
HN A HATU, DIEA, DMF ¢ N
- e rt, overnight i
TFA = u

CN
[0243] tert-butyl 3-(4-cyanobenzyl)-4-(4-methoxybenzyl)-5-0x0-5,6,7,9-
tetrahydropyrazolo[1,5-ajpyrido{4,3-efpyrimidine-8(4H)-carboxylate: A 40-mbL vial was
charged with zine powder (468 mg, 7.15 mmol, 5.00 eq.), tetrahydrofuran (20 ml),
dibromoethane (26.9 mg, 0.143 mmol, 0.10 eq.) under nitrogen atmosphere. The mixture
was heated to 60 °C. Chlorotrimethylsilane (15.5 mg, 0.143 nmuvol, 0.10 eq.) was added. The
solution was stirred for 1 h at 60 °C. The reaction was cooled to O °C. 4
(BromomethyDbenzonitrile (280 mg, 1.43 munol, 1.00 eq.) was added. The temperature was
increased to 1t npaturally and stirred for overnight at rt.  Tert-butyl 3-bromo-4-(4-
methoxvhenzyl)-5-0x0-5,6,7,9-tetrahydropyrazolof 1,5-a]pyridol4,3-ejpyrimidine-8(4 H}-
carboxylate (700 mg, 1.43 mmol, 1.00 eq.), palladium acetate (32.1 mg, .143 mmol, 0.10
eq.) and 2-(dicyclohexylphosphino)-2',4' .6 -triisopropylbiphenyl (68.2 mg, 0.143 momol, 0.10

~123-
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eq.) were added. The mixture was stirred for overnight at rt under nitrogen atmosphere, and
the reaction was quenched with water (50 mbL). The mixture was extracted with ethy! acetate
{3 x 50 ml). The organic layers were combined, washed with water (3 x 50 mL), dried over
anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The residue was
purified by silica gel coluron chromatography, eluted with ethy! acetate:hexane (1:1) to afford
tert-butyl 3-{4-cyanobenzyl}-4-(4-methoxybenzyl)-5-0x0-5,6,7,%-tetrahydropyrazolo{ 1,5-
alpyridof4,3-elpyrimidine-8(4H)-carboxylate (400 mg, 33% yield) as a yellow solid. LCMS
(ES], m/z): 526 [M+H]".

[0244] tert-butyl 3-{d-cyanobenzyl)-5-0x0-5,6,7 9-tetraghydropyrazolo[1,5-
ajpyrido{4,3-ejpyrimidine-8(4H}-carboxylate: A 40-mL round-bottom flask was charged
with tert-butyl 3-(4-cyanobenzyl)-4-(4-methoxybenzyl)-5-0x0-5,6,7,9-
tetrahydropyrazolo[1,5-ajpyrido{4,3-e}pyrimidine-§(4H)-carboxylate (400 mg, 0.761 mmol,
1.00 eq.), anisole (10 mL) and aluminiwm chloride (304 myg, 2.28 romol, 3.00 eq.). The
solution was stirred overnight at rt. The mixture was added to a mixture of di-tert-butyl
dicarbounate (249 mg, .14 mumol, 1.50 eq.), trimethylamine (230 mg, 2.28 mumol, 3.00 eq.)
and methanol (20 ml) at § °C. The solution was stirred for 1 h at rt, and the reaction was
quenched with water (50 mi). The mixture was extracted with ethyl acetate (3 x 50 ml).
The organic layers were combined, washed with water (3 x 50 mL), dried over anhydrous
sodium sulfate, filtered and concentrated under reduced pressure. The residue was purified
by silica gel column chromatography, eluted with ethyl acetate:hexane (1:1) to afford tert-
butyl 3-(d-cyancbenzyl}-5-0x0-5,6,7 9-tetrahydropyrazolof 1,5-alpyrido{ 4,3 -ejpyrimidine-
B{4H)-carboxylate (200 mg, 65% vield) as a yvellow solid. LCMS (ESI, mv/z): 406 [M+H]™

[6245] tert-butyl  3-{4-cyancbenzyl)-4-(4-(methyicarbamoyliphenyl}-5-0x0-
5,6,7,.9-tetrahydropyrazolo[1,5-alpyridof4.3-e]pyrimidine-8(dH)-carboxylate: A 40-mL
vial was charged with tert-butyl 3-{(4-cyanobenzyl)-5-0x0-5,6,7,9-tetrahydropyrazolo{1,5-
alpyridof4,3-elpyrimidine-8(4H)-carboxylate (200 mg, 0493 mmol, 1.00 eq), 4-
(methylcarbamoyl)phenylboronic acid (132 mg, 0.740 mmol, 1.50 eq.), pyridine (195 mg,
2.47 mool, 5.00 eq.), copper(ll) rifluoromethanesulfonate (178 myg, 0.493 mmol, 1.00 eq.)
and N, N-dimethylformamide (10 mL). The solution was stirred for overnight at 60° C under

O atmosphere. The mixture was diluted with ethyl acetate (50 ml.) and washed with water
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(3 x 50 ml). The organic layer was dried over anhvdrons sodium sulfate, filtered and
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography, eluted with ethyl acetate to afford tert-butyl 3-(4-cyanobenzyl)-4-(4-
{methylcarbamoyljphenyl)-5-0x0-5,6,7, 9-tetrahydropyrazolof 1, 5-ajpyridof4,3-e|pyrimidine-
B{4H)-carboxylate (120 mg, 45% vield) as a yvellow solid. LCMS (ESI, mv/z): 539 [M+H]"

[6246] 4-(3-(4-cyanobenzyl}-5-0x0-6,7,8,9-tetrahydropyrazolo[1,5-
alpyridol4,3-elpyrimidin-4(SH)-y1)-N-methylbenzamide trifluorcacetic acid salt: A 50-
mb.  round-bottom  flask was charged with tert-butyl 3-(4-cyanobenzyl)-4-(4-
(roethylcarbamoylphenyl)-5-0x0-3,6,7,9-tetrahydropyrazolof1,5-alpyrido[4,3-¢]pyrimidine-
8(4H)-carboxylate (120 mg, 0.223 mmol, 1.00 eqg.), dichloromethane (20 mbL)
and trifluorcacetic acid (I mi). The resulting solution was stitred for 2 h at rt and
concentrated under reduced pressure to afford 4-(3-(4-cyanobenzyh)-5-0x0-6,7,8,9-
tetrahydropyrazolof 1,3-alpyridof4,3-ejpyrimidin-4(SH)-yl}-N-methylbenzamide
trifluoroacetic acid salt {(98.0 mg, crude ) as a yellow solid. LCMS (ESI m/z): 439 [M-
CHECOOH+H]

(82471 4-{B-{4-bromo-3-chlorobenzoyl)-3-(4-cyanobenzyl}-5-0%0-6,7,8,9-
tetrahydropyrazolof1,5-alpyrido[4.3-elpyrimidin-4(SH)-yl}-N-methylbenzamide: A 40-
b, vial was charged with 4-(3-(4-cyancbenzyl)-5-0x0-6,7,8,9-tetrahydropyrazolo{ 1,5-
ajpyridof4,3-elpyrimidin-4(SH)-yl)-N-methylbenzamide wrifluoroacetic acid salt (63.2 mg,
{.114 mmol, 1.00 eq.), 4-bromo-3-chlorobenzoic acid (32.2 mg, 8.137 muool, 1.20 eq.), O-(7-
azabenzotriazol-1-y1)-N,N N, N'-tetramethyluronium hexafluorophosphate (65.0 myg, 0.171
mmol, 1.50 eq.), N,N-diisopropylethylamine (44.2 wg, 0.342 mmol, 3.00 eq.) and N,N-
dimethylformamide (5 mL). The solution was stirred overnight at rt, and the reaction was
quenched with water (30 ml). The mixture was extracted with ethy! acetate (3 x 50 mlL).
The organic layers were combined, washed with water (3 x 50 mL), dried over anhydrous
sodium sulfate, filtered and concentrated ander reduced pressure. The crude product was
purified by preparative HPLC using the following gradient conditions: Column: Xselect CSH
OBD Colwmn 30 x  150mm 5 wm; Mobile Phase A: Water (10 mmol/L
NHHCO:+0.19%NH3.Hy(O), Mobile Phase B: ACN: Flow rate: 60 mL/min; Gradient: 42% B

to 62% B in 7 min to afford 4-(B-(4-bromo-3-chlorobenzovl)-3-(4-cyanobenzyl)-5-oxo0-
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6,7,8 9-tetrahydropyrazolo{ 1,5-ajpyrido{4,3-ejpyrimidin-4(5H)-yh)-N-methylbenzamide (20.0
mg, 27% yield) as a white solid. LCMS (ESL m/z): 655 [M+H}". 'H NMR (300 MHz,
Chloroform-d) 6 7.76 (m, 3H), 7.63 (s, 1H), 7.51-7.45 (m, 3H), 7.27 (m, 1H), 7.20 (4, /=83
Hz, 2H), 6.79 (4, J = 7.9 Hz, 2H), 6.17 (d, J = 5.2 Hz, 1H), 5.15 {m, 2ZH), 3.78 {(m, 2H), 3.21
(s, 2H), 3.07 (d, J=4.7 Hz, 3H), 2.75 (br s, 2H).
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Example 23
4-T{1IR*)-5-benzvi-12-{4-bromo-3-chlorobenzovh-1 | -methvl-8-0x0-2.3.7.12-

tetraazatricvclo| 7.4.0.0M 2. 6l lirideca-1(9).3,5-trien-7-vll-N-methvibenzamide (71} and 4-
H11IS™)-5-bengzvl-12-(4-bromo-3-chlorobenzov-1 L-methvi-8-0x50-2.3.7 12-
tetraazatricvelol7.4.0.07 2 .61trideca-1(9),3,5-trien-7-vil-N-methvibenzamide (72
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[0248] 2-bromo-S-fluore-MN-[(4-methoxyphenyhmethylipyridine-4-
carboxamide: A 100 mL round-bottom flask was charged with 2-bromo-5-fluoropyridine-4-
carboxylic acid (10.0 g, 45.5 munol, 1.00 eq.), (4-methoxyphenyDmethanarine (3.43 g, 25.0
mmol, 1.10 eq.}, N-(3-dimethylaminopropyl}-N’-ethyicarbodiimide hydrochloride (13.1 g,
68.2 mmol, 1.50 eq.), l-Hydroxybenzotriazole (9.21 g, 68.2 mmol, 1.50 eq.), NN-
diisopropylethylamine (17.6 g, 136 mmol, 3.00 eq.} and N,N-dimethylformamide (100 ml).
The mixtare was stirred for 4 h at 11, and the reaction was guenched with water (100 mlL).
The mixture was extracted with ethyl acetate (3 x 200 ml). The combined organic layers
were washed with water (3 x 30 ml), dried over anhydrous sodiwm sulfate, filtered and
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography, eluted with petroleurn ether:ethyl acetate (1:1) to afford 2-bromo-5-fluoro-
N-{(4-methoxyphenymethyljpyridine-4-carboxamide (9.60 g, 62% yield} as an off-white oil.
LOMS (ESL m/z): 339 [M+H]™

[6249] S-fluore-N-{{(4d-methoxyphenyDmethyl]-2-methylipyridine-4-
carboxamide: A 250 mL round-bottom flask was charged with 2-bromo-5-fluoro-N-[(4-
methoxyphenyhethylpyridine-4-carboxamide (9.60 g, 283 mmol, L.00 eq.), 2,4,6-
trimethyl-1,3.5,2,4,6-trioxatriborinane (8.53 g, 33.8 mmol, 1.20 eq., 50% in tetrahydrofuran),
{1, 1-bis(diphenviphosphino)ferrocene Jdichloropalladium(ll) (4.14 g, 5.66 mmol, 0.200 eq.),
potassium carbonate (11.7 g, 84.9 mmol, 3.00 eq.) and 1 4-dioxane (100 mbL) at rt. The
mixture was stirred for overnight at 110 °C under nitrogen atmosphere, and the reaction was
guenched with water {100 mL). The muxture was extracted with ethyl acetate (3 x 300 mL).
The organic layers were combined, washed with water (3 x 200 mL), dried over anhydrous
sodium sulfate, filtered and concentrated under reduced pressure. The residue was purified
by silica gel coluron chromatography, elated with ethyl acetate to S5-fluoro-N-[{4-
methoxyphenylymethyl]-2-methylpyridine-4-carboxamide (6.90 g, 9% yield) as a hight
brown solid. LCMS (ESLE m/z): 275 [M+H]™

[6256] 5-{(4-bromo-1H-pyrazol-1-y1)-N-{4-methoxybenzyl)-2~
methylisonicotinamide: A 230 mL round-bottom flask was charged with 5-fluoro-N-[(4-
methoxyphenyhroethyl]-2-methylpyridine-4-carboxamide (6.00 g, 21.9 mmol, 1.00 eq.),

dimethyl sulphoxide (60.0 ml), 4-bromopyrazole (3.54 g, 24.1 mmol, 110 eq.) and
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potassivmn carbonate (9.07 g, 65.6 mmol, 3.00 eq.) at rt. The mixture was stirred for
overnight at 80°C and diluted with water (100 mL). The mixture was extracted with ethyl
acetate (3 x 100 mL). The organic layers were combined, washed with water (3 x100 mL),
dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography, eluted with petroleum ether:ethyl
acetate {1:1) to afford 5-(4-bromo- L H-pyrazol-1-y1}-N-(4-methoxybenzyl}-2-
methylisonicotinamide (3.64 g, 41% yield) as a brown solid. LCMS (ESL, m/7): 401 [M+H]™

{0251} 3-bromo-4-{4-methoxyhenzyl)-7-methylpyrazolo{1,5-alpyride{4,3-
elpyrimidin-3(4H)}-one: A 100 mL round-bottom flask was charged with 5-(4-bromo-1H-
pyrazol-1-yi}-N-(4-methoxybenzyl)-2-methylisonicotinamide (3.64 g, 9.07 mmol, 1.00 eq.),
phen (1.31 g, 7.26 mmol, .80 eq.), sodium ethoxide (3.09 g, 45.4 mumol, 5.00 eq.), cuprous
iodide (0.690 g, 3.63 mmol, 0.40 eq.) and N N-dimethylformamide (40 mi) at rt. The
mixture was stirred for overnight at 110 °C under oxygen atmosphere, and the reaction was
guenched with water (50 mL). The muxture was extracted with ethyl acetate {3 x 50 mb).
The organic layers were corobined, washed with water (3 x 50 mL), dried over anhydrous
sodium sulfate, filtered and concentrated under reduced pressure. The residue was purified
by silica gel column chromatography, eluted with ethyl acetate to afford 3-bromo-4-(4-
methoxybenzyl}-7-methylpyrazolof 1,5-afpyrido{4,3-ejpyrimidin-5(4H)-one  (1.50 g, 4i%
vield) as an off-white solid. LCMS (ES], m/z): 399 [M+H}"

[0252] S-benzyl-7-[{(4-methoxyphenyDmethyl]-11-methy}-2,3,7,12-
tetraazatricyclo{7.4.0.8[2,6]ltrideca-1(13),3,5,9, 11 -pentaen-8-one:. A 100 mL round-
bottom flask was charged with 5-bromo-7-[{4-mmethoxyphenybmethyl}-11-methyl-2,3,7,12-
tetraazatricyclo{7.4.0.0MN 2,6} jtrideca-1(13),3,5,9,1 1 -pentaen-&-one (1.50 g, 3.76 mmol, 1.00
eq.), 2-benzyl-4,4.5 S-tetrarnethyl-1,3,2-dioxaborolane (0.980 g, 4.49 mwmol, 1.20 eq),
methanesulfonato{2-dicyclohexylphosphino-2°.4,6'-tri-i-propyl-1,1 -biphenyl}2"-amino-1,1 -
biphenyi-2-yhpalladium(IDy (0.320 g, 0.376 mmol, 0.10 eq.), 2-(dicyclohexylphosphino)-
214" 6 -triisopropylbiphenyl (0.180 g, 0.376 mmol, 0.10 eg.), potassium phosphate (2.39 g,
0.0110 mmol, 3.00 eq.), 1,4-dioxane (15 mL) and water (20 oL). The mixture was stirred for
overnight at 40 °C under nitrogen atmosphere, and the reaction was guenched with water (30

). The mixture was extracted with ethyl acetate (3 x 100 mL). The combined organic
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lavers were washed with brine {2 x 40 ml}, dried over anhvdrous sodium sulfate, filtered and
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography, ehited with petroleum etheriethyl acetate (1:1) to afford S-benzyl-7-[(4-
methoxyphenybmethyl]-11-methyi-2,3,7, 1 2-tetraazatricyclo|7.4.0.0M 2.6] Jtrideca-
1{13),3,5,9,11-pentaen-8-one (950 mg, 61% vield) as a light yellow solid. LCMS (ESI, m/z2):
411 (M+H}"

{0253] 5-benzyl-7-[(4-methoxyphenyDmethyl]-11-methyl-2,3,7,12-
tetraazatricyclo{7.4.0.8[2,6]ltrideca-1(13),3,5,9, 11 -pentaen-8-one:. A 100 mL round-
bottom flask was charged with 3-benzyl-7-[{4-methoxyphenyDmethyl}-11-methyl-2,3,7,12-
tetraazatricyclo]7.4.0.0MN 2,6} jtrideca-1(13),3,5,9,1 I-pentaen-§-one (350 mg, 0.853 mmol,
1.00 eq.), methanol {10.0 mL), 10% Pd/C (45 ¢) and acetic acid (2.5 mL) at rt. The muxture
was stirred for overnight at 70 °C under 3 atm hydrogen atmosphere. The solids were filtered
off, and the filtrate was concentrated under reduced pressure. The mixture was diluted with
water {10 mL} and acidified to pH to 8 with sat. sodium carbonate. The mixture was
extracted with ethyl acetate (3 x 50 ml.). The combined organic layers were washed with
water {3 x 50 ml), dried over anhydrous sodium sulfate, filtered and concentrated under
reduced pressure to  afford S-benzyl-7-[(4-methoxyphenyDmethyl}-11-methyl-2,3,7,12-
tetraazatricyclo{7.4.0.0MN 2,6} jtrideca-1(9),3,5-trien-&-one (250 mg, crude} as an off-white
solid. LOMS (ESY, m/z): 415 [M+H]".

{0254} S-benzyl-12-(4-bromo-3-chlorebenzoyl)-7-[{4-methoxyphenyhmethyi}-
11-methyl-2,3,7 12-tetraazatricycio[7.4.0.8" 2,6 ltrideca-1(9),3,5-trien-8-one: A 40 mbL
round-bottom flask was charged with 5-benzyl-7-{(4-methoxyphenyDmethyl}-1-methyl-
2,37, 12-tetraazatricyclo] 7.4.0.0M 2 6] ftrideca-1(9),3,5-trien-§-one (250 mg, 0.603 mmol,
100 eq.), 4-bromo-3-chlorobenzoic acid (170 mg, 0.724 wmol, 120 eq), N-(G-
dimethylaminopropyl}-N’-ethylcarbodiimide hydrochloride (173 mg, (.905 mmol, 1.50 eq.},
I-hydroxybenzotriazole (122 mg, 0.905 nunol, 1.50 eq.), N,N-diisopropylethylamine (234
mg, 1.81 mmol, 3.00 eq.) and N,N-dimethylformamide (5 mL). The mixture was stirred for
overnight at 11, and the reaction was quenched with water (10 mbl). The mixture was
extracted with ethyl acetate (3 x 40 mbL). The organic layers were combined were washed

with water (3 x 50 mlL), dried over anhydrous sodium sulfate, filtered and concentrated under
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reduced pressure. The residue was purified by Prep-TLC (petroleumn ether:ethyl acetate =
I:1y to afford S5-benzyl-12-(4-bromo-3-chlorobenzoyl)-7-[(4-methoxyphenylymethyl]-11-
methyl-2,3,7, 1 2-tetraazatricyclo[ 7.4.0.00 2,6} jtrideca- 1{9),3,5-trien-8-one (200 mg, 52%
yield) as a light brown solid. LCMS (ESY, m/z): 631 [M+H]"

[0255] S-benzyl-12-(4-bromo-3-chlorobenzoyl)-7-[ {(4-methoxyphenyDmethyl}-
11-methyi-2,3,7,1 2-tetraazatricyclo[7.4.0.6 *[2,6] ltrideca-1(9),3,5-trien-8-one: A 40 mL
round-bottom flask  was  charged with  5-benzyl-12-(4-bromo-3-chlorobenzoyl)-7-[(4-
methoxyphenyhmethyl}-11-methyl-2,3,7, 1 2-tetraazatricyclo]7.4.0.0M 2,6} jirideca-1(9),3,5-
trien-8-one (200 mg, 0.316 nuool, 1.00 eq.) and trifluoroacetaldehyde (5 ml) at vt. The
mixture was stirred for overnight at 80 °C and concentrated under reduced pressure. The
residue was purified by Prep-TLC (petroleum ether:ethyl acetate = 1:1) to afford 5-benzyl-12-
{4-bromo-3-chlorobenzoyl-11-methyl-2,3,7,12-tetraazatricyclo] 7.4.0.07{ 2,6 jtrideca-
1{9),3,5-trien-8-one (135 mg, 83% vield) as a light brown solid. LCMS (ESE m/z): 511
IM+H]

{0256] 5-benzyl-12-(4-bromo-3-chlorcbenzoyl)-7-[(4-methoxyphenylimethyl]-
1l-methyl-2,3,7,12-tetraazatricycio[7.4.0.8 2,61 lirideca-1(9),3,5-trien-B-one: A 100 mlL
round-bottom flask was charged with 5-benzyl-12-(4-bromo-3-chlorobenzoyl)-11-methyl-
2,37, 2-tetraazatricyclo] 7.4.0.00 2, 6] ltrideca-1(9),3,5-trien-8-one (135 mg, 0.264 mmol,
1.00 eq.), 4-(methylcarbamoyl)phenylboronic acid (51.9 mg, 0.290 mmol, 1.10 eq.),
copper(ll) trifluoromethanesulfonate (95.4 mg, 0.264 munol, 1.00 eq.), pyridine (62.6 mg,
(.791 mmol, 3.00 eq.) and N ,N-dimethylformamide (10 mL) at rt. The mixture was stirred
for overnight at 60 °C under oxygen atmosphere, and the reaction was quenched with water
(20 mL). The mixture was extracted with ethyl acetate (3 x 50 mL). The organic layers were
combined were washed with water (3 x 50 mlL), dried over anhydrous sodium sulfate, filtered
and concentrated under reduced pressure. The residue was purified by Prep-TLC (petroleum
ether:ethyl acetate = 1:1) to afford the crude product. The crade product was purified by pre-
Chiral-HPLC with the following conditions: Column: CHIRALPAK 1A, 2 x 25 om, 5 pmyg
Mobile Phase A: Hex:DCM = 3:1 (0.5% 2M NH;3-MeOH)--HPLC, Mobile Phase B: EtOH--
HPLC; Flow rate: 15 mbL/min; Gradient: 50% B to 50% B in 14 min to afford the two

enantiomers.
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(82571 First enantiomer:  4-[(1 IR*)-S-benzyi-12-(4-bromo-3-chlorobenzovl)-11-
methyl-8-0x0-2,3,7,12-tetraazatricyclol 7.4 0.0 2,6 jtrideca-1(9),3,5-trien-7-y1}-N-
methylbenzamide (71) (16.2 mg, 10% vield, the first peak) as a white solid. LCMS (ES],
w7y 644 [M+HT, 100% ee. 'H NMR (300 MHz, Chloroform-d) 8 7.85-7.70 (m, 3H), 7.62-
7.42 (m, 2H), 7.32-7.29 (m, 1H), 7.25-7.11 (m, 5H), 6.80-6.66 (m, 2H), 6.20 (d, / = 5.1 Hz,
tH), 5.85 (br, 1H), 4.62-4.32 (m, 2H), 3.15-3.02 (w, SH), 2.89-2.60 (m, 2H), 1.41-1.27 (m,
3H).

{6258} Second enantiomer: 4-[{1158%)-5-benzyl- 12-(4-bromo-3-chlorobenzoyl)-
1t-methvi-8-0x0-2,3,7,1 2-tetraazatricyclo] 7.4.0.0M 2 6] trideca-1(9),3,5-trien-7-y1}-N-
methylbenzamide {72) (24.2 mg, 14% vield, the second peak) as a white solid. LCMS (ES],
m/7): 644 [M+H]T, 100% ee. 'H NMR (300 MHz, Chloroform-d) § 7.85-7.70 (m, 3H), 7.62-
742 {(m, ZH), 7.32-7.29 (m, 1H), 7.25-7.11 {m, 5H), 6.80-6.66 (m, 2H), 6.20 (d, /= 5.1 Hz,
1HD, 5.85 {(br, 1M, 4.62-4.32 (m, 2H), 3.15-3.02 (m, 5H), 2.89-2.60 (m, 2H), 1.41-1.27 (m,
3H).

Example 24
Alternative svathesis of the intermediate tert-butvl 3-bromo-4-(4-methoxybenzyvii- 3-0x0-
5.6,7.9-tetrahvdropvrazolol 1. S-alpvridol 4. 3-e lpvamidine-R{(4H)-carboxviate

N
ANCNH
O !\{ ) 2 O
. i, PMB
S OH ] NN
| 1) CICOCOC!, DMF, DCM, 1, 2h IDMA,C3,C05, 40 °C, 11/ 80-60°C, 1h I 1 i
i Ny
F 2) BMA, Cs,G0s, 100-105°C, 8h :
3) PMB-C, 80 °C, 0.5h; i, 2h, N
o)
SPMRB i
| N N PMB
Mo, PA(OH); ASOR -y (800),0, TEA, DCM
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[0259] 4-(4-methoxy benezylhpyrazolol1,5-alpyrido{4,3-ejpyrimidin-5(4H)-
one:  3-Fluoropyridine-4-carboxylic acid (100 g, 0.708 mol, 1.00 eg) and NN-
dimethylformamide (2.00 ml, 0.0238 mol, 0.04 eq.) was added to dichloromethane (1.00
L), oxalyl chloride (135 g, 1.06 mol, 1.50 eq.} was dropped into slowly at rt. The solution
was stitred for 2 h at rt, and then concentrated under reduced pressure to afford the acyl
chloride. 2H-pyrazol-3-amine (76.6 g, 0.921 mol, 1.30 eq.) and cesium carbonate (462 g,
1.41 mol, 2.00 eq.) were added to N,N-dimethylacetamide (1.00 L). The acyl chloride which
was suspended in N N-dimethylacetamide (1.00 L) was added in portions at below 40 °C.
The solotion was stirred for | b at rt, and for additional 1 b at 80-90 “C. Cesium carbonate
(231 g, 0.708 mol, 1.00 eq.} was added to mixture, and the mixture was stirred for 1 h at 100-
105 °C. Another batch of cesium carbonate (231 g, 708 mol, 1.00 eq.) was added, and the
mixture was stirred for an additional 5 h at 100-105 °C. The mixture was then cooled to 60
“C and used in the next step directly. 4-Methoxybenzyl chloride (66.1 g, 0.422 mol, 0.60
eq.), cesium carbonate (115 g, 0.352 mmol, 8.50 eq.) were added to the mixture. The
solution was stirred for 0.3 h at 60 °C, and for an additional 2 b at 1. The solids were
filtered off, and the filtrate was concentrated under reduced pressure. The residue was
dissolved in ethyl acetate (3L), washed with water (2 x 2L). The organic layer was dried by
NazSOu, filtered and concentrated under reduced pressure. The solids were washed with
ethyl acetate and dried to afford product 4-(4-methoxy benzylpyrazolo{},5-ajpyrido{4,3-
elpyrimidin-5{(4H)-one (40 g, 19% vield) as a white solid. LCMS (ES], mv/z): 307 [M+H]"

{0268] 4-{4-methoxybenzyl)-6,7,8,9- tetrahydropyrazolo{1,5-alpyrido{4,3-
elpyrimidin-3(4H)-one acetate: A 2-L 3-necked round-bottorn flask, was charged with 4-
(4-methoxybenzyl)pyrazolof 1,5-a]pyridof4,3-elpyrimidin-5{(4H)-one (104 g, (.340 mmol,
£.00 eq.), acetic acid (1.20 L), PAOH)/C (23.8 g). The solation was stirred under 3 atm of
Hoy at 1t for 16 h. The solids were filtered off, and the filtrate was concentrated under reduced
pressure  to  afford  4-(d-methoxybenzyl)-6,7,8,9-  tetrahydropyrazolo{l,5-ajpyrido{4,3-
elpyrimidin-5{(4H}-one acetate (130 g, crude)as a brown oil. LCMS (ESI, m/z): 311 [M+H]"

[0261] tert-butyl 4-(d-methoxybenzyl)-5-0x0- 5,6,7,9-tetrahydropyrazolof1,5-
alpyrido{4.3-ejpyrimidine-8(4H)-carboxylate: A 2-L round-bottom flask were charged

with 4-{4-methoxybenzyl}-6,7,8,9-tetrahydropyrazolof 1, 53-alpyrido  [4,3-elpyrimidin-5(4H)-
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one acetate (130 g, 0.419 wmol, 1.00 eq.), dichloromethane (1.30 L), triethylamine (126 g, 1.24
mol, 2.97 eq.), di-tert-butyl dicarbonate (100 g, 0.458 mol, 1.09 eq.) was added at 0 °C. The
mixture was stitred for 1 h at vt. The solution was washed with water (1L), and sat. agq.
NaHCO; (0.21), dried over anhydrous sodium sulfate and concentrated under reduced
pressure.  The resulting o1l was washed with PE:ERO (300 mL, 1:1). The solids were
collected by filtration to afford tert-butyl 4-(4-methoxybenzyl)-5-0xo0- 5,6,7.9-
tetrahydropyrazolof1,5-alpyridof4,3-ejpyrnimidine-8(4H)-carboxylate (116 g, 67% vyield) as a
brown solid. LCMS (ESE m/z): 411 [M+H]*.

[8262] tert-butyl 3-bromo-4-{(4-methoxybenzyl)- 5-0%0-5,6,7,9-
tetrahydropyrazolo|1,5-alpyride[4,3-elpyrimidine-8{(4H}-carboxylate: A 2-L round-
bottorn  flask  was  charged with  tert-butyl  4-(4-methoxybenzyl)-5-0x0-5,6,7.9-
tetrahydropyrazolo [1,5-afpyridof4,3-efpyrimidine-8(4H)-carboxylate (116 g, 283 mmol, 1.00
eq.), N\ N-dimethylformanide (1.20 L) and N-bromosuccinimide (30.3 g, 283 mmol, 1 eq.) at
{3 ° C. The solution was stirred for 1 h at rt, and the reaction was guenched with water (6 L)
with strring. The solids were collected by filtration and dried to afford tert-butyl 3-hbromo-
4-{4-methoxybenzyl}- S5-0x0-5,6,7,9-tetrahydropyrazolof 1,5-ajpyridof4,3-ejpyrimidine-
8(4H)-carboxylate (120 g, 87%)of) as a white solid. LOMS: (BSI, m/z): 489 [M+H]*. H
NMR (300 MHz, DMSO-de) 0 7.96 (s, 1H), 7.15 (4, / = 8.7 Hz, 2H), 6.88 (d, / = 8.7 Hz,
2H), 5.47 (s, 2H), 4.67 (s, 2H), 3.71 (s, 3H), 3.61 (, J = 5.7 Hz, 2H), 2.47 (s, ZH), 1.44 (s,
gH).

Example 25
Synthesis of compounds 14, 15, 18-23, 26-28, 30, 31, 33, 34, 36-42, 44-70, 73-91

[68263] Compounds 14, 15, 19-23, 26-28, 30, 31, 33, 34, 36-42, 44-70, 73-91

provided in Table A were synthetized using the intermediates and/or protocols of Examples

t-24, using methods and conditions known to those skilled in the art.
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Example 26

[6264]
{0265]

PCT/US2020/034746

Synthests of compounds 92-112

Compounds 92-112 provided in Table B can be obtained using the

intermediates and/or protocols of Examples 1-24, using methods and conditions known to

those skilled in the art.

Table B.
Strocture Cmpd # Name
o K\IKCQNHME 4;3_(4_bmm?_:z g
i i chlorobenzoyl-3-isobutyl-5-
R
e A N tetrahydropyrazolo{1,5-
N
Ci/\/j = /\/ alpyridol4,3-elpyrimidin-4{SH)-
/ yvh-N-methylbenzamide
o WCONHM@ 4;8-(}~/gbmm(;—3§
| ' chlorobenzoyl)-3-
o
BrY/\!i i N/\/ 93 (cyclopropylmethyl)-5-oxo-
CE/WN a N 6,7,8,9-tetrahydropyrazolof 1,5-
5 N \y alpyrido[4,3-elpyrimidin-4(5H)-
vi)-N-methylbenzamide
o WCONHME 4._(8..(4..br@m0..3..
[ /‘i\\/‘j chlorobenzoyh)-5-oxo-3-(prop-
BrY\P | N 94 2oyn-1-y15-6,7,8,9-
A/L\WN R tetrahydropyrazolo{ 1,5~
¢ 8 N \ alpyridol4,3-elpyrimidin-4(SH}-
N yh-N-methylbenzamide
CONHMe
O (/\( 4-{&-(4-bromo-3-
\ p
Br._z N/\\/) chlorobenzoyh-3-(3-
\{\1‘ \ ; 05 fluorobenzyl}-5-0x0-6,7,8,9-
Ci = N 3 tetrahydropyrazolof1,5-
o) N== / ’\\?/F alpyridof4,3-epyrimidin-4(5H)-
N == yi-N-methylbenzamide
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Structure Cmpd # Name
NH.
o P2 1 Ny 4-(3-aminobenzoldlisoxazol-6-
| ‘ yi)-3-benzyl-8-(4-bromo-3-
B # | q}\ NMO 94 chlorobenzoyly-6,7,8,9-
ol S N NN tetrahydropyrazolof1,5-
& - ) A ajpyridol4,3-elpyrimidin-S5{(4H)-
» one
A
NH 3-benzyl-8-(4-bromo-3-
) M chlorobenzoyh)-4-(3-
Bre_z CI,U\N )\/H\O’N o7 (’mefhyiamino}benza{d}isoxazol--
b | : 6-y1)-6,7,8.9-
l /V\rf N N §, tetrahydropyrazolo{1,5-
O N / R alpyrido}4,3-elpyrimidin-5(4H}-
- one
NH,
o F d 4-(3-amino-1H-indazol-6-y1)-3-
Br - ‘ NIN benzyl-&-(4-bromo-3-
" ) (})\ N H 08 chlorobenzoyl)-6,7,8,9-
cl T N N/§ tetrahydropyrazolo{1,5-
) - \® alpvridof4,3-e]pyrimidin-5(4H)-
. one
~
NH 3-benzyl-8-(4-bromo-3-
O MN chlorobenzoyl)-4-(3-
Bre_# N /I‘%/L‘Nf o {methylamino)-1H-indazol-6-
iy rh H 99 y6,7,8,9-
Ci/\\)\{fN N tetrahydropyrazolof1,5-
o N== l/’\>, ajpyridof4,3-e|pyrimidin-5(4H)-
\;,: one
O
o ~ x 3-benzyl-8-(4-bromo-3-
Br O NH chlorobenzoyh-4-(1-
= | @J\ N 100 oxoisoindolin-3-v)-6,7,8 9-
ol S M ' N tetrahydropyrazolo{1,5-
& N j RN ajpyridof4,3-elpyrimidin-5(4H)-
» one
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Cmpd #

Name

Struciure
{30 NHMe

/ (J\)L§©

101

4-(&-(4-bromo-3-
chlorobenzoyh)-5-0x0-3-
(pyridin-4-ylmethyl)-6,7,8,9-
tetrahydropyrazolof1,5-
alpyrido[4,3-elpyrimidin-4(5H)-
vi)-N-methylbenzamide

o NCONHME
Bre_z . N/‘v
T [
Ci//\\,/H,( N

4-(8-(4-bromo-3-
chlorobenzoyl)-5-oxo0-3-
{pyridin-3-ylmethy})-6,7,8,9-
tetrahydropyrazolo{1,5-
alpyridol4,3-elpyrimidin-4(SH}-
yvh-N-methylbenzamide

103

3-benzyl-8-(4-bromo-3-
chlorobenzoyl-4-(4-(1 -methyl-
1 H-1imidazol-2-yliphenyl)-
6,7,8,9-tetrahydropyrazolof 1,5-
alpyridol4,3-elpyrimidin-5(4H}-
one

0L,

104

3-benzyl-8-{(4-bromo-3-
chlorobenzoyl-4-{4-(3-methyl-
{H-pyrazol-1-yhphenyl)-
6,7,8,9-tetrahydropyrazolof 1,5-
alpyrido[4,3-elpyrimidin-S(4H)-
one

105

3-benzyl-8-(4-bromo-3-
chlorobenzoyh)-4-(4-(2-methyvi-
{H-imidazol-5-ylphenyl)-
6,7,8,9-tetrahydropyrazolof 1,5-
alpyridof4,3-epyrimidin-3(4H)-
one
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Struciure

Cmpd #

Name

CQNHMP

3{3@\@

106

5-(3-benzyl-8-(4-bromo-3-
chlorobenzoyly-5-0x0-6,7,8,9-
tetrahydropyrazolo[1,5-
ajpyridof4,3-e]pyrimidin-4(5H)-
yh-N-methylpicolinamide

ﬁki@b

107

4-(3-benzyl-8-{(4-bromo-3-
chlorobenzoyl)-5-0x0-6,7,8,9-
tetrahydropyrazolo[1,5-
alpyridol4,3-elpyrimidin-4(SH}-
yh-N-methylcyclohexane-1 -
carboxamide

CONHMe
\/\/I\ /C/

N\/’/\Nﬁxl\i \/{‘\

108

($)-4-(3-(benzylamino)-8-(4-
bromo-3-chlorobenzoyl)-7-
mwethyl-5-0x0-6,7,8,9-
tetrahydropyrazolof1,5-
alpyrido[4,3-elpyrimidin-4(5H)-
yh)-N-methylbenzamide

—
DO o

109

(R)-4-(3-(benzylamino)-8-(4-
bromo-3-chlorobenzoyl)-7-
methyl-5-0x0-6,7,8,9-
tetrahydropyrazolof1,5-
alpyrido[4,3-elpyrimidin-4(5H)-
vi)-N-methylbenzamide

-
t@;@g, O

P10

($)-4-(3-(benzylamino)-8-(4-
bromo-3-cyanobenzoyl)-7-
mwethyl-5-0x0-6,7,8,9-
tetrahydropyrazolof1,5-
alpyrido[4,3-elpyrimidin-4(5H)-
yh)-N-methylbenzamide

ol

/

It}

{(R)-4-(3-(benzylamino)-8-(4-
bromo-3-cyanobenzoyi)-7-
methyl-5-0x0-6,7,8,9-
tetrahydropyrazolo{1,5-
alpyridof4,3-elpyrimidin-4(5H)-
yh-N-methylbenzamide
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Structure Cmpd # Name

CONHMe

4-(8-{4-bromo-3-
chlorobenzoyl)-5-0x0-3-

12 {pyridin-2-vlmethy!}-6,7.8,9-
tetrahydropyrazolof1,5-
ajpyridof4,3-e]pyrimidin-4(5H)-
yh)-N-methylbenzamide

EXAMPLE A
HBV-DNA Antiviral Assay using Hep(GZ2.117 cells

[0266] The following assay procedure describes the HBY antiviral assay, using
Hep(G2.117 cells, which carry a stably integrated genotype D HBV genome under the control
of a Tet-off promoter, and intracellular HBY DNA quantification as endpoint. Cell viability
is assessed in parallel by measuring the intracellular ATP content using ATPlite (Perkin
Elmer).

(682671 On day 0, HepG2.117 cells (which are maintained 1o routine cell culture
with doxycycline present in the medium at a final concentration of 1 pg/ml) were seeded in
96-well plates (white with clear bottom) at a density of 2.0 x 10% cells/well (0.1 mL/well) in
medium without doxycycline to induce pgRNA transcription and subsequent formation of
HBYV particles. The cells were incubated at 37 °C and 5% CO».

[68268] On day 1, medium was removed from each well, the test articles were
diluted in culture medivm without doxcycyline and 100 yL was added to cell culture wells (9
concentrations, 4-fold dilution). For each plate, 6 untreated (merely DMS(O) wells were
included. The final concentration of DMSO in the culture medium was 2%. Each plate was
prepared 1o duplicate (one for HBV DNA extraction, one for ATPlite measurement). The
cells were incubated at 37 °C and 5% CO; for 3 days.

[0269] On day 4, cell viability was assessed using ATPlite and cell lysates were
prepared for HBY DNA extraction and subsequent guantification by gPCR.

HBV DNA guantification by gPCR
[8278] Medium was removed from each well and 100 pL of 0.33% NP-40 in H,0

was added to each well. Plates were sealed, incubated at 4 °C for 5 mins, vortexed

extensively and centrifuged briefly. Next, 35 gL of lysate was added to 65 pL QuickExtract
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DNA Extraction Solution {(Epicentre) in a PCR plate for each well. PCR plate was incubated
at 65 °C for 6 mins, 98 °C for 2 mins and finally cooled to 4 °C. HBVY DNA was then
quantified by gPCR with HBV-specific priroers and probes as specified in Table 1 using the
Bio-Rad SSOAdvanced Universal Probes Supermix on a CFX96 machine (Bio-Rad). The
PCR cycle program consisted of 95 °C for 3 mins, followed by 40 cycles at 935 °C for 10 sec

and 60 °C for 30 sec.

Table 1: HBY DNA Primers and Probe for Hep(G2.117 assay

Items Name Sequence (5->3")
HBV- ‘
X GTOGTCTGCGGLCGTTTTATCA (SEQ. ID.NO. 1)
o forward
HBYV Primer TEY
_ GACAAACGGGCAACATACCTT (SEQ. ID. NO. 2)
reverse

FAM/CCTCTRCAT/ZEN/CCTGCTGCTATGCCTCATC/31ABK

HBY Probe | HBV probe .
FQ/ (SEQ. D NG 3)

[0271] A DNA standard was prepared by dilution of an IDT gBlock
corresponding to the amplicon with concentrations ranging from 102 to 1078 copies/input
(i.e. per 4 ul) and used to geverate a standard curve by plotting Cq values vs. HBV DNA
standard concentration. The quantity of HBY DNA in each sample was determined by
interpolating froro the standard curve.

Cell viability

(6272} Using the other plates, the cell viability was quantified by ATPlite
according to the manufacturer’s manual. In brief, 50 ul of cell lysis solution was added to
the culture plates and shaken for 57, followed by addition of 50 yL substrate into each well
and further shaking. The plates were incubated at room temperature for 10 mins and
luminescence signal was subsequently measured on a VarioSkan Lux (ThermoFisher) plate
reader.

Data analysis

{0273] Cell viability was calculated as follows: % Cell viability = (huminescence

value of test sample} / (average luminescence value of 2% DMSO controly x 100%. HBYV

DNA inhibition was calculated as follows: 100 - (HBY DNA copy nurber of test saraple)/
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{average HBYV DNA copy wmumber of 2% DMSO control) x 100%. No gormalization to
entecavir was required due to the excellent dynamic window of this assay. The CCsp, ECsp
and ECq values were determined by dose-respounse curves fitted by GraphPad Prism osing
"log (agonist) vs. response -- Yariable slope ".

(6274} As shown in Table 2, coropounds of Formula (I) are active against HBV,
where ‘A’ indicates an ECso < 100 oM, ‘B’ indicates an ECsp > 100 oM and < 500 oM, ‘O
indicates an ECsp > 500 oM and < SG00 oM, and ‘D indicates an BECsp > 3000 nM. Cell
viability assessments indicated a large window between effective antiviral concentrations and

cytotoxic compound concentrations.

Table 2
Compound | EC50 ~ Hep(2.117 Compound | EC50 ~ HepG2.117

{ C 28 B
2 C 29 A
3 D 30 B
4 D 31 A
5 C 32 A
6 b 33 C
7 D 34 A
8 C 35 A
9 B 36 B
10 B 37 A
11 D 38 A
12 B 39 A
13 C 46 A
14 C 41 C
15 D 42 A
16 D 43 A
17 D 44 B
18 b 45 A
19 D 46 A
28 D 47 A
2 D 48 A
22 D 49 A
23 C S0 A
24 B 51 C
25 £ 52 B
26 C 53 C
7 A 54 A
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Compound | EC50 - Hep(:2.117 Compound | EC50 - Hep(G2.117
55 B 73 C
36 C 74 A
57 A 75 C
58 A 76 D
39 A 77 D
60 A 78 D
61 C 7 B
62 C 80 B
63 B g1 A
64 C 82 D
65 C 83 B
66 A 84 C
67 A &S A
68 D 86 B
69 B 87 A
70 B 88 A
71 A 89 A
72 A 90 C

[6275] Although the foregoing has been described in some detail by way of
illustrations and exarmples for purposes of clarity and understanding, it will be understood by
those of skill in the art that numerous and various modifications can be made without
departing from the spirit of the present disclosure. Therefore, it should be clearly understood
that the forms disclosed herein are illastrative only and are not intended to hmit the scope of
the present disclosure, but rather to also cover all modification and alternatives coming with

the true scope and spirit of the invention.
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WHAT IS CLAIMED 1S:

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

having the structure:

R* R® O

wherein:

nisOorl;

Z! is —C(=0)—, -NH-C(=0)- or ~0-C(=0)—

R! is selected from the group consisting of an optionally substituted aryl, an
optionally substituted heteroaryl, an optionally substituted heterocyclyl, an optionally
substituted aryl{(Ci.4 alkyl), an optionally substituted heteroaryl{((Ci.4 alkyl} and an optionally
substituted heterocyelyl(Ci alkyl);

R? and R? are independently selected from the group consisting of hydrogen, an
unsubstituted Cis alkyl, an onsubstituted Ci.4 haloalkyl, an optionally substituted aryl, an
optionally substituted heteroaryl, an optionally substituted heterocyclyl, an optionally
substituted aryl{C1.4 alkyl), an optionally substituted heteroaryl{Ci.4 alkyl} and an optionally
substituted heterocyclyi{(Ci.4 alkyl):

R* and R> are independently selected from the group consisting of hydrogen, an
unsubstituted Cy4 alkyl, an unsubstituted ;.2 haloalkyl, an optionally substituted aryl, an
optionally substitted hetercaryl, an optionally substituted heterocyclyl, an optionally
substituted aryi{Ci4 alkyl), an optionally substituted heteroaryl(Ci.4 alkyl) and an optionally
substituted heterocyelyl({Ci.4 alkyl);

R® and R7 are independently selected from the group consisting of hydrogen, an
unsubstituted Ci-4 alkyl and an unsubstituted Ci4 haloalkyl;

R is selected from the group consisting of hydrogen, an unsubstitated Cia alkyl, an
unsubstituted Cz.4 alkenyl, an unsubstituted Cr4 alkynyl, an unsubstituted Ci4 haloalkyl, an
optionally substituted cycloalkyl, an optionally substituted cycloalkenyl, an optionally
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sebstituted aryl, an optionally substituted heteroaryl, an optionally substituted heterocyelyl,
an optionally substituted cycloalkvl{Ci.4 alkyl), an optionally substituted cycloalkenyl{(Ci4
atkyl), an optionally substituted arvl{Cis alkyl), an optionally substituted heteroaryl{Cru
alkyh), an optionally substituted heterocyclyl{Ci.4 alkyl), an optionally substituted N-amido,
an optionally substituted N-sulfonamido, ~NR"R'" and —-C(=O)NR"R";

R’ is selected from the group consisting of hydrogen, an unsubstituted Ci4 atkyl, an
optionally substitated monocyclic Cae cycloalkyl, an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted heterocyclyl, an optionally substituted
aryl{Cy4 alkyl), an optionally substituted heteroaryl{Ci4 alkyl) and an optionally substituted
heterocyelyi{(Ciq alkyl);

R'% and R'? are independently hydrogen or an unsubstituted Cy4 alkyl;

R'' and RY are independently selected from the group consisting of hydrogen, an
unsubstituted Cy.4 alkyl, an ensubstituted Ci4 haloalkyl, an optionally substituted cycloalkyl,
an optionally substituted cycloalkenyl, an optionally substituted aryl, an optionally substituted
heteroarvl, an optionally substituted heterocyclyl, an optionally substituted cycloalkyl{Cia
alkyh), an optionally substituted cycloalkenvl(Ci4 alkyl), an optionally substituted aryl{Ci4
alkyl), an optionally substituted heteroaryl{Cis alkyl) and an optionally substituted
heterocyelyi{(Ci.q alkyl); or

R and R!! are taken together along with the nitrogen to which R'® and R are
attached to form an optionally substituted 4- to 8-membered monocyclic heterocyclyl, an
optionally substituted 8- to 13-membered {fused-bicyclic heterocyclyl or an optionally
substituted 7- to 13-membered spiro-bicyclic heterocyclyl;

R'? and RY are taken together along with the nitrogen to which R'2 and R are
attached to form an optionally substituted 4- to 8-membered monocyclic heterocyclyl, an
optionally substituted 8- to 13-membered {fused-bicyclic heterocyclyl or an optionally
substituted 7- to 13-membered spiro-bicyclic heterocyclyl;

R? and R are taken together along with the carbon to which R? and R are attached to
form an optionally substituted monocyclic 5.5 cycloalkyl or an optionally substituted 3 to 6

member monocyclic heterocyelyl; or
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R* and R® are taken together along with the carbon to which R* and R® are attached to
form an optionally substituted monocyclic Cas cycloalkyl or an optionally substituted 3 to 6
member monocychic heterocyclyl; or

R* and R* are taken together along with the carbons to which R? and R* are each
attached to form an optionally monocyclic Cs.r cycloalkyl or an optionally substituted 510 7
member monocyclic heterocyelyl; or

R? and R® are taken together along with the carbons to which R® and R’ are each
attached to form an optionally monocyclic Cs.7 cycloalkyl or an optionally substituted 3 to 7
member monocyclic heterocyelyl; or

R% and R are taken together along with the carbon to which R® and R” are attached to
form an optionally substituted monocyclic Cs4 cycloalkyl, an optionally substituted oxetane
or an optionally substituted thietane; and

X' is N or CR", wherein R" is hydrogen, cyano, an unsubstituted 4 alkyl, a
substituted Ci4 alkyl or an optionally substituted arvi{Ci.4 alkyl), wherein the substituted Ciu
alkyl is substituted one or more times with a substituents selected from the group consisting

of cyano, halogen, hydroxy and an unsubstituted (.4 alkoxy.

2. The compound of Claim |, wherein o is 1.

3. The compound of Claim 2, wherein Z' is ~C{(=0)-.

4. The compound of Claim 2, wherein 7 is -NH-C(=0)-.

5. The compound of Claim 2, wherein Z' is ~O-C{=0)-.

&, The compound of Claim |, wherein n i3 0.

7. The compound of any one of Claims 1-6, wherein R' is an optionally

substituted aryl.

8. The compound of Claim 7, wherein R' is an optionally substituted phenyl.
9. The compound of any one of Claims 1-6, wherein R' is an optionally

substituted heteroarvl.

10. The compound of Claim 9, wherein R is an optionally substituted monocyclic
hetercaryl.

It The compound of Claim 9, wherein R! is an optionally substituted bicyclic
heteroaryl.
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12. The compound of any one of Claims 1-6, wherein R' is an optionally
substituted heterocyelyl.
I3. The compound of Claim 12, wherein R' is an optionally substituted

monocyclic heterocyclyl.

14, The compound of Claim 12, wherein R' is an optionally substituted bicyclic
heterocyclyl.
I5. The compound of any one of Claims 1-6, wherein R’ is an optionally

substituted aryl{Ci.4 alkyl).

ta. The compound of any one of Claims 1-6, wherein R! is an optionally
substituted heteroaryl{Ci4 alkvl).

17. The compound of any ome of Claims 1-6, wherein R' is an optionally

substituted heterocyclyi(Ci4 alkyl).

3
A |(

18. The compound of Claim 1, wherein n is (; and R is , Wherein
Ring A' is an optionally substituted bicyclic heteroaryl or an optionally substituted bicyclic
heterocyclyl

19. The compound of any one of Claims 1-18, wherein R! is substituted with one
or more substituents independently selected from the group consisting of deuterium, halogen,
cyano, an unsohstituted Cie alkyl, an unsubstituted Cie haloalkyl, an unsubstituted Cie
alkoxy, an unsubstituted acyl, an unsubstituted C-amido, an unsubstituted sulfonyl, an
unsubstituted amino, a mono-substituted amine and a di-substituted amune.

20. The compound of Claim 19, wherein Ring A! is an optionally substituted
hicyclic heteroaryl.

21 The compound of Claim 20, wherein Ring A' is an optionally substituted
nitrogen-containing bicyclic heteroaryl.

22. The compound of Claim 21, wherein Ring A! is an optionally substituted
nitrogen-containing, 9-membered bicyclic heteroaryl.

23. The compound of Claim 21, wherein Ring A' is an optionally substituted

nitrogen-containing, 10-membered bicyclic heteroaryl.
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24. The compound of Clairn 19, wherein Ring A' is an optionally substituted

bicyclic heterocyclyl.

25. The compound of Claim 24, wherein Ring A' is an optionally substituted
nitrogen-containing bicyclic heterocyclyl.

26. The compound of Clairmn 25, wherein Ring A' is an optionally substituted
nitrogen-containing, 9-membered bicyclic heterocyclyl.

27. The compound of Claim 25, wherein Ring A' is an optionally substituted

nitrogen-containing, 10-membered bicyclic heterocyclyl

28. The compound of any one of Claims 1-27, wherein R? is hydrogen.

29, The compound of any one of Claims 1-27, wherein R” is an unsubstituted C .«
atkyl.

30. The compound of any one of Claims 1-27, wherein R? is an unsubstituted Cy.4
haloalkyl.

31 The compound of any one of Claims 1-27, wherein R”? is an optionally

substituted aryl, an optionally substituted heteroaryl or an optionally substitated heterocyclyl.
32. The compound of Claim 31, wherein R” is an optionally substituted phenyl, an
optionally substituted monocyclic heteroaryl or an optionally substituted monocyclic
heterocyclyl.
33. The compound of any one of Claims 1-27, wherein R® is an optionally
substituted aryl{{C1.4 alkyl), an optionally substituted heteroaryl{Ci4 alkyl) or an optionally

substituted heterocyelyi(Ci4 alkyh.

34. The compound of any one of Claims 1-33, wherein R” is hydrogen.

35. The compound of any one of Claims 1-33, wherein R’ is an unsubstituted Ci4
atkyl.

36. The compound of any one of Claims 1-33, wherein R” is an unsubstituted Ci4
haloalkyl.

37. The compound of any ome of Claims [-33, wherein R? is an optionally

substituted aryl, an optionally substituted hetersaryl or an optionally substituted heterocyclyl.
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38. The compound of Claim 37, wherein R® is an optionally substituted phenyl, an
optionally substituted monocyclic heteroaryl or an optionally substituted monocyclic
heterocyclyl.

39. The compound of any one of Claims 1-33, wherein R’ is an optionally
substituted aryl{Ci4 alkyl), an optionally substituted heteroaryl{Ci4 alkyl) or an optionally
substituted heterocyelyl{Ciq alkyl).

490. The compound of any one of Claims 1-27, wherein R? and R® are taken
together along with the carbon to which R? and R’ are attached to form an optionally

substituted monocychic Cas cycloalkyl or an optionally substituted 3 to 6 member monocyclic

heterocyclyl.

41. The compound of any one of Claims 1-40, wherein R? is hydrogen.

472. The compound of any one of Claims 1-40, wherein R” is an unsubstituted Ci.4
atkyl.

43. The compound of any one of Claims 1-40, wherein R* is an unsubstituted C .4
haloaltkyl.

44. The compound of any one of Claims 1-40, wherein R* is an optionally

substituted aryl, an optionally substituted heteroaryl or an optionally substituted heterocyelyl.
45. The compound of Claim 44, wherein R* is an optionaily substituted phenyl, an
optionally substiteted monocyclic heteroaryl or an optionally substitated monocyclic
heterocyclyl
46. The compound of any one of Claims 1-40, wherein R* is an optionally
substituted aryl(Ci.4 alkyl), an optionally substituted heteroaryl(Ci4 alkyl) or an optionally

substituted heterocyelyl(Ci alkyl).

47. The compound of any one of Claims 1-46, wherein R® is hydrogen.

48. The compound of any one of Claims 1-46, wherein R® is an unsubstituted Cj4
alloyl.

49, The compound of any one of Claims 1-46, wherein R is an unsubstituted Ci4
haloalkyl.

50. The compound of any one of Claims 1-46, wherein R® is an optionally

substituted aryl, an optionally substituted heteroaryl or an optionally substituted heterocyclyl.
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S1. The compound of Claim 50, wherein R® is an optionally substituted phenyl, an
optionally substituted monocyclic heteroaryl or an optionally substituted monocyclic
heterocyclyl.

52. The compound of any one of Claims 1-46, wherein R® is an optionally
substituted aryl{Ci4 alkyl), an optionally substituted heteroaryl{Ci4 alkyl) or an optionally
substituted heterocyelyl{Ciq alkyl).

53. The compound of any one of Claims 1-40, wherein R* and R’ are taken
together along with the carbon to which R* and R’ are attached to form an optionally
substituted monocychic Cas cycloalkyl or an optionally substituted 3 to 6 member monocyclic
heterocyclyl.

54, The compound of any one of Claims 1-27, 34-39 or 47-52, wherein R? and R*
are taken together along with the carbons to which R” and R? are each attached to form an
optionally monocychc Csor cycloalkyl or an optionally substituted 5 to 7 member monocyclic
heterocyclyl.

55. The compound of any one of Claims 1-33 or 41-46, wherein R* and R® are
taken together along with the carbons to which R? and R® are each attached to form an

optionally monocychc Csor cycloalkyl or an optionally substituted 5 to 7 member monocyclic

heterocyclyl.

36. The compound of any one of Claims 1-55, wherein R® is hydrogen.

57. The compound of any one of Claims 1-35, wherein R® is an unsubstituted Ci.4
alkyl.

5&. The compound of any one of Claims 1-35, wherein R® is an unsubstitated Cy4
haloalkyl.

39. The compound of any one of Claims 1-58, wherein R’ is hydrogen.

60, The compound of any one of Claims 1-58, wherein R’ is an unsubstituted Cj4
alloyl.

61. The compound of any one of Claims 1-38, wherein R’ is an unsubstituted Ci4
haloalkyl.
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62. The compound of any one of Claims [-55, wherein R® and R’ are taken
together along with the carbon to which R® and R’ are attached to form an optionally
substituted monocyclic Caa cycloalkyl.

63. The compound of any one of Claims [-55, wherein R® and R’ are taken
together along with the carbon to which R® and R’ are attached to form an optionally

substituted oxetane or an optionally substituted thictane.

64. The compound of any one of Claims 1-63, wherein X' is N.

63. The compound of any one of Claims 1-63, wherein X' is CR',

60. The compound of Claim 63, wherein R is hydrogen.

67. The compound of Claim 65, wherein R* is cyano.

68. The compound of Claim 65, wherein R is an unsubstituted Ci.4 alkyl.

69. The compound of Claim 63, wherein R'* is a substituted C1.4 alkyl

70. The compound of Claim 65, wherein R is an optionally substituted aryl{C 4
alloyl).

71. The compound of any one of Claims 1-70, wherein R® is hydrogen.

72. The compound of any one of Claims 1-70, wherein R is an unsubstituted Cy.4
atkyl.

73. The compound of any one of Claims 1-70, wherein R® is an unsubstituted Co.

alkenyl or an unsubstituted Co alkynyl.

74. The compound of any one of Claims 1-70, wherein R® is an unsubstituted Ci.4
haloalkyl.
75. The compound of any one of Claims [-70, wherein R® is an optionally

substituted cycloalkyl or an optionally substituted cycloatkenyl.

76. The compound of any one of Claims 1-70, wherein R? is an optionally
substituted aryl.

77. The compound of any one of Claims [-70, wherein R® is an optionally
substituted heteroaryl.

78. The compound of any one of Claims 1-70, wherein R? is an optionally

substituted heterocyelyl,
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79. The compound of any one of Claims [-70, wherein R® is an optionally
substituted cycloalkvi{Cr.4 alkyl) or an optionally substituted cycloalkenyl(Cy.4 alkyl).

80. The compound of any one of Claims 1-70, wherein R? is an optionally
substituted aryl{Ci.4 alkyl).

81. The compound of any one of Claims [-70, wherein R® is an optionally
substituted heteroaryl{Ci4 alkvl).

82. The compound of any one of Claims 1-70, wherein R? is an optionally
substituted heterocyclyi(Ci4 alkyl),

]3. The compound of any one of Claims [-70, wherein R® is an optionally
substituted N-amido.

84. The compound of any one of Claims 1-70, wherein R® is an optionally
substituted N-sulfonamido.

85. The compound of any one of Claims 1-70, wherein R® is -NR'R!,

§6. The compound of Claim &5, wherein R is hydrogen.

87. The compound of Claim 85, wherein R is an unsubstituted Ci.4 alkyl.
88. The compound of any one of Claims 85-87, wherein R’ is hydrogen.
]9. The compound of any one of Claims 85-87, wherein R!! is an unsubstituted

Cr.4 alkyl or an unsubstituted C .4 haloalkyl.

90. The compound of any one of Claims 85-87, wherein R'! is an optionally
substituted cycloalkyl, an optionally substituted cycloalkenyl, an optionally substituted aryl,
an optionally substituted heteroaryl or an optionally substituted heterocyclyl.

G1. The compound of any one of Claims 85-87, wherein R'! is an optionally
substitated cycloalkyl{Ci4 alkyl), an optionally substituted cycloalkenyl{Ci4 alkyl), an
optionally substituted aryl{{.« alkyl), an optionally substituted heteroaryi(Ci.4 alkyl) or an
optionally substituted heterocyclylCi alkyl).

92. The compound of Claim 85, wherein R' and R'' are taken together along
with the nitrogen to which R and R are attached to form an optionally substituted 4- to 8-
membered monocyclic heterocyclyl, an optionally substituted 8- to 13-membered fused-
bicyclic heterocyclyl or an optionally substituted 7- to 13-membered spiro-bicyclic

heterocyclyl.
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93. The compound of any one of Claims 1-70, wherein R® is —C(=0)NRR Y.

94. The compound of Claim 93, wherein R' is hydrogen.

95. The compound of Claim 93, wherein R™ is an unsubstituted Cy4 alkyl.

96. The compound of any one of Claims 93-95, wherein R is hydrogen.

97. The compound of any one of Claims 93-95, wherein R is an unsubstituted

Cr.4 alkyl or an unsubstituted C .4 haloalkyl.

98. The compound of any one of Claims 93-95, wherein R is an optionally
substituted cycloalkyl, an optionally substituted cycloalkenyl, an optionally substituted aryl,
an optionally substituted heteroaryl or an optionally substituted heterocyclyl.

94, The compound of any one of Claims 93-95, wherein R' is an optionally
substituted cycloalkyl(Ci4 alkyl), an optionally substituted cycloalkenyl{Cys alkyl), an
optionally substituted arvi(Ci4 alkyl}, an optionally substituted heteroaryl{Ci.4 alkyly or an
optionally substituted heterocyclyl({Cy4 alkyl).

100. The compound of Claim 93, wherein R'” and R" are taken together along
with the nitrogen to which R and R are attached to form an optionally substituted 4- to 8-
membered monocyclic heterocyclyl, an optionally substituted 8- to 13-membered fused-
bicyclic heterocyelyl or an optionally substituted 7- to 13-membered spivo-bicychc
heterocyelyl;

101.  The compound of any one of Claims 1-100, wherein R is hydrogen.

102.  The compound of any one of Claims 1-100, wherein R’ is an unsubstituted C.
4 akkyl

103. The compound of any one of Claims 1-100, wherein R’ is an optionally
substituted monocyclic Cas cycloalkyl.

104. The compound of any one of Claims 1-100, wherein R® is an optionally
substituted aryl.

105. The compound of Claim 104, wherein R’ is an unsubstituted phenyl or a
substituted phenyl.

106. The compound of Claim 105, wherein R’ is a substituted phenyl, wherein the

phenyl is substituted with one or more substituents selected from the group consisting of
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halogen, cvano, an unsubstituted Cy4 alkoxy, an unsubstituted acyl, an unsubstituted C-

amido, an unsubstituted sulfonyl and an unsubstituted S-sulfonamido.

187, The compound of any one of Claims
substituted heteroaryl.
108  The compound of any one of Claims

substituted heterocyelyl.

1-100, wherein R” is an optionally

1-100, wherein R” is an optionally

. -y . ks . . .
109.  The compound of Claim 108, wherein R’ is an unsubstituted monocyclic

heterocyclyl or a substituted monocyclic heterocyelyh.

110.  The compound of any one of Claims
substituted aryl{Ci4 alkyl}).

111, The compound of any one of Claims
substituted heteroaryl{Ci4 alkyl).

112.  The compound of any one of Claims
substituted heterocyelyl((Cy.4 alkyh)

13, The compound of Claim 1, wherein the

consisting of:

1-100, wherein R is an optionally

1-100, wherein R® is an optionally

1-100, wherein R is an optionally

compound is selected from the group
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= , or a pharmaceutically acceptable salt of any of

114, The compound of Claim 1, wherein the compound is selected from the group

/,i CONHMe
e
i

the foregoing.

consisting of:

Br.

B,
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N \ , or a pharmaceutically acceptable salt of

any of the foregoing.

and

115. A pharmaceutical composition comprising an effective amount of a compound
of any one of Claims 1-114, or a pharmaceutically acceptable salt thereof, and excipient.
116,  Use of the compound of any one of Claims 1-114, or a pharmaceutically

acceptable salt thereof, in the preparation of a medicament for the treatment of hepatitis B.
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117, Use of the compound of any one of Claims 1-114, or a pharmaceutically
acceptable salt thereof, in the preparation of a medicament for the treatment of hepatitis D.

[18.  The vse of any one of Claims 116-117, wherein the use further comprises the
use of an additional agent selected from the group consisting of an interferon, a nucleoside
analog, a nucleotide analog, a sequence specific oligonucleotide, a nucleic acid polymer, an
entry inhibitor and a small molecule immunomodulator.

P19, The use of Claim 118, wherein the additional agent selected from the group
consisting of recombinant interferon alpha 2b, IFN-¢, PEG-IFN-0-2a, lamivudine,
telbivadine, adefovir dipivoxil, clevadine, entecavir, tenofovir alafenamide and tenofovir
disoproxil.

120. A compound of any oue of Claims 1-114, or a pharmaceutically acceptable
salt thereof, for use in the treatment of hepatitis B.

[21. A compound of any one of Claims 1-114, or a pharmaceutically acceptable
salt thereof, for use in the treatment of hepatitis D.

122.  The compound of any one of Claims 120-121, wherein the compound can be
used in combination with an additional agent selected from the group consisting of an
interferon, a nucleoside analog, a nucleotide analog, a sequence specific oligonucleotide, a
nucleic acid polymer, an entry inhibitor and a small molecule immunomodulator.

123.  The compound of Clain 122, wherein the additional agent selected from the
group counsisting of recombinant interferon alpha 2b, IFN-o, PEG-IFN-0-2a, lamivudine,
telbivudine, adefovir dipivonil, clevudine, entecavir, tenofovir alafenamide and tenofovir
disoproxil.

[24. A method for treating hepatitis B in a subject coruprising administering to the
subject in need thereof an effective amount of a compound of any one of Claims 1-114, or a
pharmaceutically acceptable salt thereof, suffering from hepatitis B.

125, A method for treating hepatitis D in a subject comprising administering to the
subject in need thereof an effective amount of a compound of any one of Claims 1-114, or a
pharmaceutically acceptable salt thereof, suffering from hepatitis D.

126.  The method of any one of Clairos 124-125, further cornprising administering

an additional agent selected from the group consisting of an interferon, a nucleoside analog, a
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nucleotide analog, a sequence specific oligonucieotide, a nucleic acid polymer, an entry
inhibitor and a small molecule immunomodulator.

[27.  The method of Claimn 126, wherein the additional agent selected {rom the
group consisting of recombinant interferon alpha 2b, IFN-0, PEG-IFN-¢-2a, lamivudine,
telbivadine, adefovir dipivoxil, clevadine, entecavir, tenofovir alafenamide and tenofovir

disoproxil.
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