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HETERCARYL AMIDE INHIBITORS OF CB38

RELATED APPLICATION

{6001} This application claims the benefit of U S Provisional Application No.

63/089,818 filed October 9, 2020, which 18 incorporated herein by reference in its entirety,

FIELD OF THE INVENTION

{0002} The present disclosure relates to biochemistry, and medicine. More specifically,
this disclosure relates to novel compounds, processes for their preparation, and pharmaceutical
formulations and methods of treating diseases by modulating the level of cellular NAD+ and

related metabolites thereof through the inlubition of the CD38 enzyme.

BACKGROURND
{00683} Nicotinamide Adenine Dhinucleotide (NADM) 15 a biochemical that is found in ali

cells performing its critical role in oxidoreductase reactions. NAD+ and its related pyridine
nucleotides NADH, nicotinamide adenine dinucleotide phosphate (NADP+}, and NADPH are
recognized as major redox carriers in all organisms. These pyridine dinucleotides regulate the
cytosolic and mitochondrial redox state and are key participants roontoring the metabolic status
of the cell (Houtkooper e o/ (2010} Endo. Rev. 31(2):194-223}); Koch-Nolte ef af. (2009) Sci.
Stgnal, 2{57), Houtkooper ef ol (2012) 1. Cell Biol.) 199(23.205-209).

{6004} In addition o its role as a cofactor for oxidoreductases, NAD 1s also a substrate
for various enzymes, where it is consumed in the process of donating its adencsine diphosphate
{ADP) ribose to acceptor molecules or in the process of hydrolysis or cychization. The enzymes
that are the major consumers of NAD+ are the ADP ribosyl transferases (7.e., poly{ADP-ribose)

polymerase (PARP) and ADP-nibosyliransferase (ART) family of enzymes}), the sirtuins (Sirtl-
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7}, and the ADP nibosyl cyclases/hydrolases (CDB38/CD 57} These enzymes are involved in
pathways that regulate Ca2+ signalling, gene transcription, DNA repair, cell survival, energy
metabolism, and oxidative stress. Thus, NAD+ and its phosphorylated relatives NADP and
nicotine acid adenine dinucleotide phosphate (NAADP), both of which are derived from NAD+,
also act as signalling molecules. NAD+ 15 alsc a component of the circadian cycle with daily
oscillations that tie cellular metabolism to chromatin remodelling and gene travscription. s
known that exercise and caloric restriction elevate NAD+ levels while aging and obesity decrease

cellular NADH levels,

10005} Cellular NAD+ 18 produced by either the de novo synthesis pathway from
iryptophan or by the Preiss-Handler and/or the salvage synthesis pathways from precursors such
as nicotinic acid {nacin}, nicotinamide (NAM}, nicotinamide riboside (NR}, and nicotinamide
mononuscleotide (NMN), which are imported 1nto the cells. The modulation of cellular NAD+
levels can be achieved by blocking the consumption of NAD+ by inhibiting enzymes that
consume NAD+. CD38 is one of such NAD+ consuming enzymes and reported to be the main
cellular NAD consumer. Also known as ADP ribosyl cyclase, CI238 is a type 1 membrane-
anchored enzyme. It efficiently catalyzes the breakdown of NADH to nicotinamide (NAM) and
ADP ribose (ADPR) and hydrolyzes NAADP to ADPR phosphate {ADPRP). D38 acts as a
cyelase converting NADH to cyclic ADPR (cADPR). Finally, ADPR is also a breakdown
product of cADPR hydrolysis mediated by CB38&.

{0006} ADP ribose (ADPR) and cyclic ADPR {cADPR) are metabolites of NADH+
generated by CD38-mediated hydrolysis or eyclization and they play a key role as intracetlular
CaZ+ mobilizing second messengers. cADPR is mainly involved stimulating Ca2+ release from
the endoplasmic reticulum via ryanodine receptors, whereas ADPR activates the plasma
membrane cation channel TRPM2 (Transient receptor potential melastatin 2} facilitating calcium
entry into the cells. Aberrant TRPM2 activation has been shown to induce abnormal intraceliular
Ca2+ accumulation and cell death in a variety of cell types, including neurons, and is implicated
in several neurological disorders. In particular, the activation of TRPM2 has been linked to
diseases such as ischemia-reperfusion injury, bipolar disorder, Alzheimer’s disease, neuropathic

pain, and Parkinson's disease.
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18007} Nicotinamide (NAM) is a precursor for NAD™ and is a key molecule involved in
energy metabolism. NAM is converted into nicotinamide moononucieotide (NMN) by the
enryme nicotinamide phosphoribosyltransferase (NAMPT). Alternatively, NAM can be
irreversibly methylated by Nicotinamide N-methyltransferase (NNMT) enzyme and excreted
from the body. The methylated form of NAM (i.e., Nl-methylnicotinamide (MNAM)) has been
shown 1o be associate with coronary artery disease (CAD), obesity, type-2 diabetes,

hepatotoxicity, Parkinson’s disease, and cancers.

{0008} Although NAM supplementation has shown posttive effects, high levels of NAM
can exert negative effects through multiple routes, including inhibition of PARPs and sirtuins and
alteration of methyl metabolism. NAM supplementation has shown to cause a significant

decrease of insulin sensitivity in human subjects, neurctoxicity and hepatotoxicity.

{00069 Certain heteroary! amides are known such as N-(3-chloro-2-methylpyridin-4-yi}-
6-imidazol-1-ylpyridine-2-carboxamide, pubchem. nchinlm nih.gov/compound/ 99607495,
however, no biclogical data for the compound is reported. Int. Patent Pub. WO 2015/187499
refers to certain unrelated reverse amides as ASK] inhibitors. Int. Patent Pub. WO 2009/014637
refers to certain benzimidazolylpyridines as protein kinase inhibitors. U.S. 7,919,487 refers to

certain heteroaryl hydrazones.

{6010} Accordingly, there 13 still a need for novel mhibitors of CD38 and treatments of
diseases or disorders that benefit from the modulaiion of the level of celliular NAD+ and related

metabolites thereof.

SUMMARY

{0011 The present disclosure provides novel compounds, processes for their preparation,
and pharmaceutical formulations and methods of treating diseases by modulating the level of

cellular NAD+ and related metabolites thereot through the inhibition of the CD38 enzyme

18012} This disclosure pertains to a compound of Formula 1 or a pharmaceutically

acceptable salt, ester, or prodrug thereof
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Y“YH”

\ / /
t (1), or
a compound of Formula I* or a pharmaceutically acceptable salt, ester, or prodrug thereof,
Het
HN

W N

X Z

Y N (1),

wherein:

-X-Y-Z-is =CRLCRZ=CR3-) =N-CR*=CR-, =CR-N=CR*- or =CR'CR*=N- if the
compound is of Formula [

X-¥-Z-is CRI-CR*=C, N-CR*=C, or CR'-N=C if the compound is of Formula I*;

R'is selected from the group consisting of H, halo, -CN, (Ci-Celalkyl, (Ci-Cslalkoxy, and
perfluorof C1-Celalkoxy-; wherein (Ci-Csalkyl 1s optionally substituted with 1-3 substituents
independently selected from the group consisting of H, halp, ~-UN, (C-Csjalkyl, -NH»
{C1-Caalkyl-(NH -, ((C1-CaalkylpN-, -CF;, -OCH; and -OCF;;

R?is H, halo, -CN, (C1-Co)alkyl, (Ci1-Colatkoxy, perfluoro(Ci-Celalkyl, perfluoro{C-
Cslalkoxy-, cycloalkyl, cycloatkyl-0O-, heterocycloalkyl, heterocycloalkyl-0O-, arvl, aryl-O-,
RIACRM)e-0- or (RON- wherein {C1-Codalkyl, cycloalkyl, heterocycloalkyl, and aryl are
each optionally substituted with 1-3 substituents independently selected from the group
counsisting of H, halo, -CN, (Ci-Csalkyl, -NHa, (C-Chlalkyl-(NH -, ({(Ci-CsjalkyipN-, -CF;, -
OCH; and -OCF5;

R? is H, hale, {(Ci-Csjalkyl, -CFs, (Ci-Csatkoxy, -OCF; or (R71:N-; wherein R’ is Hor
{Ci-Cyjalkyl:

each R* is independently H or (C;-Ca)alkyl; wherein {(C-Csjalkyl is optionally substituted
with 1-3 substituents independently selected from the group consisting of H, halo, -CN,

(Cp&)aikyi, wl\ﬂz, (C1~C3)alkyin(i\&i)~, ((CrCa)ﬁlk}’l}sz “CE% -OCH;3 and ~0€E3;
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R" is selected from the group consisting of {C;-Cs)alkyl, perfluoro(Ci-Calalkyl, HO-(C»-
Cayalkyl-, eycloalkyl, heterocycloalkyl, and aryl; wherein (C-Cslalkyl, cycloaliyl,
heterocycloalkyl, and aryl are each optionally substituted with 1-3 substituents independently
selected from the group consisting of H, halo, ~-CN, {(C-Cslalkyl, -NHy, (C-Cslalkyl-(NH)-,
{(Ci-CslalkylpN-, -CF3, -OCH; and -OCF;;

R is independently H or (Ci-Cs)atkyl, wherein (C1-Cs)alkyl is optionally substituted
with 1-3 substituents independently selected from the group consisting of H, halo, -CN,
{C1-Cajalkyl, -NH:z, (C1-Cslalkyl-(NH)-, ((Ci-Csjalkyl2N-, -CF3, ~-OCH; and -OCF3;

n i3 an integer from one to threg;

W is
L, A °
ot Lo [ % |
L=t Lo~ B
(@ {© e

R¥is H, -CH; or -CFy;

Het is a heterocycle of the formula
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each R is independently selected from H, halo, {(C1-Celalkyl,-CF3, (C1-Celalkoxy, -OCF3,
-CN, (R'HN-, REHOXC=0)-, REG(Ci-CaalkyD-(NR Y-, RPA(C=0)-(NRMY- and (RMLN-
(C=0}-;

each R is independently selected from H, (C1-Cslalkyl, -CF3, -QCH;, -OCF;, -CN,
(RUINN- RYOKC=0)-, RPO-((C1-CalkyD-(NR -, RPAC=0)-(NR'Y- and (RPN AC=0);

R is independently H or {C-Cy)alkyl,
RYis Hor (Ci-Cayalkyl; and

R s (C1-Calaliyl.

{0013} In some embodiments of the compounds of Formula T and I*, Het 1s aring of the
Formula 1:

RQ
R \ R?
i i
P
N R
Formula it:
RQ
R° \ R°
|
‘?%?ﬁ "
RQ

Formula it

111
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Formula iv:

v

Formula v:
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Formula ix:
Re N RS
Ry
§ iz
5N
N RE
{0014} in particular embodiments of the compounds of Formula | and I*) including any of
the compounds recited supra, R® is -CH;s or -CF3; and W is a compound of

Formula (a):

RB
= ng (a)
N\\\\//

Formula (b}

RB
/
) (B}
[ )
N 9
Formula {¢}:
R
/
M

@_g (&)

Formwula (d}:
Rﬁ
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Formula {e):

RB

/

Ei}*—% @

, OF
Formula (f):
Ra
>4 °
S
{6015} In some embodiments of the compounds of Formulda T and I*, including any of the

compounds recited supra, R’ is selected from the group consisting of H, halo, -CN, {C1-C3)alkyl,

~OCH;s, and ~-OCFs.

{6016} In certain embodiments, in the compounds of Formula T and T*, including any of
the compounds recited supra:

R? is selected from the group consisting of H, (C1-Cedalkyl, (C1-Cealkoxy-, perfluoro{C:-
Cealkyl, perfluoro{Ci-Celalkoxy-, cycloalkyl, cycloalkyl-O-, heterocycloalkyl, aryl, R°-
(C{R"2)a-O- or (R%1N-; wherein (C1-Cealkyl, cycloalkyl, heterocycioalkyl and aryl is optionally
substituted with 1-3 substituenis independently selected from the group consisting of H, halo, -
CN, {C1-Cyjalkyl, -NH», (Ci-Calalkyl-{(NH}-, ((C1-CialkylpN-, -CF3, -OCH; and ~-OQCF3;

each R* is independently H or {C:-Cs)alkyl optionally substituted with 1-3 substituents
independently selected from the group consisting of H, halo, -CN, (C1-Cilalkyl, -NH,,
{C-Caalkyl-(NH)-, ((Ci-CaalkylpN-, -CFs, -OCH; and -0CF3;

R is selected from the group consisting of (C-C)alkyl, cycloalkyl, heterocycloalkyl, and
aryl; wherein {C1-Cealkyl, cyeloalkyl, heterocycloalkyl and aryl 1s optionally substituted with 1-
3 substituents independently selected from the group consisting of H, halo, -CN, {Ci-Uslalkyl, -

NH,, (C1-Ca)alkyl-(NH)-, ((C1-Ca)alkylaN-, -CF3, -OCH;, and -OCFs; and
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R® is independently H or (C:-Csjalkyl optionally substituted with 1-3 substituents
independently selected from the group consisting of H, halo, -CN, (C-Csjalkyl, ~NH,,

{(C1-Calatkyl-(NH}-, ((C1-CayalkypN-, -CFs, -OCH;, and -OCF:.

{6017} In some embodiments of the compound of Formuda 1, including any of the
compounds recited supra, R’ is selected from the group consisting of H, halo, (C1-Csjalkyl, -CF3,

—-QOCH;, -OCFs, and (R7)N-; and wherein R s H or {C:-Cs)alkyl.

{6018} In particular embodiments, R'is selected from the group consisting of H, F, -CHs,

and -QCH-s

{0019 In some embodiments of the compounds of Formuda T and I, including any of the

compounds recited above, R'is H.

{0020] In certain embodiments of the compounds of Formula T and T¥, including any of the
compounds recited above, R?is selected from the group consisting of H, (C:-Caalkyl, (C-
Csjalkoxy-, perfluore(C1-Csjalkyl, perfluoro{C:-Cslalkoxy-, 3- to 10-membered cycloalkyl, 3- to
10-membered cycloalkyl-O-, 5- to 10-membered heterocycloalkyl, 6- to 10-membered aryi, R°-
{CR*)2)a-0- or {(R*1N-; wherein {(C1-Cs)alkyl, 3- to 10-membered cycloalkyl, 3- to 10-
membered cycloalkyl-0O-, 5-to 10-membered heterocycloalkyl, 6- to 10-merbered aryl is
optionally substituted with 1-3 substituents independently selected from the group consisting of
H, halo, -CN, (Ci-Caalkyl, -NHz, (Ci-Csyalkyl-(NH)-, ({(Ci-Csjalkyl ke N-, -CF;, -OCH; and -
(CFs5; each RY is independently H or (C1-Ca)alky! optionally substimited with 1-3 substituents
independently selected from the group consisting of H, halo, -CN, (C-Cslalkyl, -NH,,
(Cr-Calkyl-(NH)-, ({C1-Cs)alkylpN-, -CFs, -OCH; and -OCF;; R° is selected from (-
Cayalkyl, 3- to 10-membered cycloalkyl, 3- to 10-membered heterocycloalkyl, and 6- to 10-
membered aryl; wherein (C1-Csjalkyl, 3~ to 10-membered cycloalkyl, 3- to 10-membered
heterocycloalkyl, and 6- to 10-membered aryl is optionally substituted with 1-3 substituents
independently selected from the group consisting of H, halo, ~-CN, {(C-Cslalkyl, -Ni,,
(Ci-Cslalkyl-(NH)-, ({C1-C3)alkylzN-, -CFs, -OCH;: and -OCF5; and R® is independently H or
(Ci-Csalkyl optionally substituted with 1-3 substituents independently selected from the group
consisting of H, halo, ~-CN, {(C1-Csjalkyl, -NHz, (Ci-Csjallyl-{INH)-, ((Ci-CsjatkyipN-, -CF3, -
OCH; and ~OCF3.

10
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{00211 fn specific embodiments of the compounds of Formula T and I*, including any of
the compounds recited above, R” is selected from the group consisting of methoxy-,
gyclopropoxy- or R*-(C{R*)2)-O-; and each R* is H; wherein R° is selected from the group

consisting of Cy-alkyl and tetrahydropyran, and wherein saitd Ci-alkyl 1s substituted with -OCHs.

16022} In some embodiments of the compounds of Formula { and 1*, including any of the
compounds recited above, R is selected from the group consisting of H, F, -CHs, -OCH;, or

HoN-. In certain embodiments, R is H.

{0023} In some embodiments of the compounds of Formula { and 1¥, including any of the
compounds recited above, R’ is selected from the group consisting of H, halo, (C1-C3alkyl, -CF5,
-OCH;, -0OCF;, -CN, RPZO(C-CHalkyD-(NR Y-, -CORY, and (R NA(C=0)-; and each R is
independently selected from H, (Ci-Csalkyl; R is H or (C1-Csjalkyl.

{0024} In certain embodiments, at least one R”is selected from the group consisting of F,

(Ci-Caalkyl, -CFs, ~OCH;, -OCF;, -CN, and in a specific embodirnent, at least one R is -CF.

{80251 In some embaodiments of the compounds of Formula T and I, including any of the
compounds of Formula (iit) and Formulae (a) - (1), at least one R'%is H, and in certain

embodiments, R is H.

{8026} i certain embodiments of the compounds of Formula [ and ¥, including any of

the compounds recited above, Het 1s a ring of the Formula i1t

RQ
Rm
g
i

WY

R'.O

wherein: one R’ is H, and the other R% is -CFa, and R is H.

16627} In some embodiments of the compounds of Formula T and T*, including any of the

compounds recited above, R® is H.

11
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{0028} In some embodiments of the compounds of Formula { and 1¥, including any of the
compounds recited above, -X-Y-Z-is =CR-CR*=CR’- or =N-CR*=CR’- and in a particular
embodiment, ~X-Y-Z-is =CRL-CR*=CR’-.

{60291 In some embodiments of the compounds of Formula 1, including any of the
compounds recited in any of the compounds of Formula (111 and Formula (g}, the compound is a

compound of Formula 1A or a pharmaceutially acceptable salt, ester, or prodrug thereof:

(1A} and

the compound of Formula P* 15 a compound of Formula I*A or a pharmaceutically acceptable

salt, ester, or prodrug thereof

@A),

wherein:
~X-Y-Z- of the Formula A is =CR-CRZ=CR3- or =N-CR*=(CR3-;
-X-Y-Z- of the Formula I*A is CR-CR?*=C or =N-CR’=(;

~

R} is selected from the group consisting of H, halo, -CN, (Ci-Cajalkyl, -OCHs,
and -OCFj3;
R?is H, (Ci-Cadalkyl, (Ci-Celatkoxy-, perfluora{C1-Colalkyl, perfluoro(Ci-
Ceyalkoxy-, cycloalkyl, cycloalkyl-O, heterocycloalkyl, aryl, RO-{C(R)2)u-0- or (RO pN-;,

12



WO 2022/077034 PCT/US2021/071805

wherein {C1-Colalkyl, cycloalkyl, cycloalkyl-O, heterocycloalkyl and aryl are optionally
substituted with 1-3 substituents independently selected from the group cousisting of H,
halp, -CN, (Ci-Csjatkyl, -NHp, (C1-Calalkyl-(NH}-, ((C1-CalalkylpN-, -CF;3, -OCH; and -
OCFs,

11 is an integer from one to three;

each R* is independently H or (C-Csjalkyl;

R’ is selected from the group consisting of {C1-Cs)alkyl, cycloalkyl,
heterocycloalkyl, and aryl, wherein (Ci-Cs)alkyl, cycloalkyl, heterocycloalkyl and aryl
are optionally substituted with 1-3 substituents independently selected from the group
consisting of H, halo, -CN, (C1-Csjalkyl, -NH;, {Ci-Ca)alkyl-(NH}-, ({(C1-C3)alkyl pN-, -
CFs, -OCH: and -OCF3,

R’ is independently H or (C1-Cs)alkyl; wherein {C1-C3)alky! is optionally

substituted with 1-3 substituents independently selected from the group consisting
of H, halo, -CN, (C1-Csalkyl, -NH;, {Ci-Caalkyl-(NH -, ((C1-CayalkylpN-, -CF;, -OCH;
and ~OCFs;

R* is H, halo, (Ci-Csjalkyl, -CFs, -OCH;, -OCF; or (R'pN-;

R’ is H or (C1-Coalkyl;

R¥is H, -CHs or -CFy;

R”1s selected from H, halo, (C1-Cajalkyl, -CFs, -OCHs, -OCF3, -CN,
RUQUC-CaialkyD-(NR'H-, -CORY and (RUNAC=0)-;

each R'! is independently selected from the group consisting of H and (C1-
Cajalkyl; and

RY is H or (Ci-Csjalkyl.

{6030} in some embodiments of the compound of Formula 1 including any of the

compounds of Formula (11) and Formula (a), the compound is a compound of Formuda 18, or a

pharmaceutically acceptable sait, ester, or prodrug thereof:

13
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the compound of Formula I* is a compound of Formula B, or a pharmaceutically acceptable

salt, ester, or prodrug thereof

8 \ N

<0 b
N

\/N N N

’J\ Z\N//’"’l

Y

/

2\

(B),
wherein:

-X-Y-Z- of the Formula I*B is CH-CR*=C or N-CR*=C;R” is H, (Ci-Cajalkyl,
(C1-Cryalkoxy-, perfluoro(Ci-Cs)atkyl, pertluoro{Ci-Cslalkoxy-, cycloalkyl,
heterocycloalkyl, aryl, RP-(C{R 1)s-0-, or (RpN-; wherein (C1-Cs)alkyl is optionally
substituted with 1-3 substituents independently selected from the group consisting of H,
halo, ~-CN, {(Ci-Cslalkyl, -NH;, (Ci-Cajalkyl-{(NH}-~, {({(C1-CslaltkylpN-, -CF3, -OCH; and -
OCFs,

1 is an integer from one to three;

each R* is independently H or {C-Cxjalkyl, wherein (Ci-Cajalkyl is optionally
substituted with 1-3 substituents independently selected from the group consisting of H,
halo, ~-CN, {(Ci-Cslalkyl, -NH;, (Ci-Cajalkyl-{(NH}-~, {({(C1-CslaltkylpN-, -CF3, -OCH; and -
OCF3;
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R’ is selected from the group consisting of (C1-Cs)alkyl, cycloalkyl, heterocycloalkyl, and
aryl;, wherein (C1~Csyalkyl, eycloalkyl, beterocycloalkyl and aryl is optionally substituted with 1-
3 substituents independently selected from the group consisting of H, halo, -CN, {(Ci-Csjalkyl, -
NH,, (Ci-Cspalkyl-(NH)-, ((Ci-CalalkylpN-, -CF3, -OCH;, and -OCF3;

R® is independently H or (C:-Csjalkyl; wherein (C1-Ca)alkyl is optionally substituted with
1-3 substituents independently selected from the group cousisting of H, halo, -CON, {(C1-Csjalkyl, -
NHy, (C-Calalkyl-(NH)-, ({(Ci-ChjalkylpN-, ~CFs, ~OCH; and -OCF;;

R’ is H, halo, (C1-Cyalkyl, -CF, -QCH;, -OCF; or (R"1:N-, wherein R7 is H or {Cs-
Cslalkyl,

R*is H, ~-CH; or -CF3; and

R”1s selected from the group cousisting of H, halo, (Ci-Caalkyl, -CFs, -OCHs, -OCF;, -
ON, -(NR'OD-{(C;-C)alky-ORM | -COR'Y and «{C=0)-N(R'%), ; wherein R'% is H or (-
Calkyi; and RM is (C-Cayalkyl.

{0031} fn certain embodiments, the corapound of s selected from the group consisting of
o-{1H-imidazol-1-v1}-4-((tetrahydro-ZH-pyran-4-ymethoxy -N-{2-(triflucromethylpyridin-4-
yhipicolinamide, 6-{ 1H~imidazol-1-y}-4-methoxy-N~(2-(trifluoromethy Dpyridin-4-
yipicolinamide, 2-(1 H-imidazol-1-y}-6-2-methoxyethoxy }-N-( 2-(triflucromethyl) pyridin-4-
yhpyrimidine-4-carboxamide, 6-(1H-imidazol-1-y1}-4-(2-methoxyethoxy }-N-(2-
{triftuoromethybipyridin-d-y]ipicolinamide, 4-cyclopropoxy-0-(1 H-imidazol-1-v1}-N-(2-
{trifluoromethyl jpyridin-4-ylpicolinamide, o-(1H-midazol-1-yH-N-{pyridin-3-yhpyridof3,2-
dipyrimidin-4-amine , 6-(1Hamidazol-1-y-N-{pyridin-4d-yDpyrimido{ S, 4-djpyrimidin-4-amine
6-cyclopropyl-2-( 1 H-imidazol-1-y1}-N-2-(trifluoromethyhpyridin-4-yhpyrimidine-4-
carboxamide , 6~(1H-imidazol-1-y1}-4-{{3-methyloxetan-3-yyoxy }-N-{2~

{trifluoromethy! jpyridin-4-ylipicolinamide |, 2-(3-methyl-4H-314-imidazol-4-y1}-6-((3-
methyloxetan-3-yhoxy)-N-2-(trifluoromethyDpyridin-4-yDpyrimidive-4-carboxamide |, 2-(1-
methyl-1H-imidazol-2-y1}-6-{{3-methyloxetan-3-yljoxy}-N-(2-{trifluoromethyl jpyridin-4-
yhpyrimidine-4-carboxamide |, 2-{1-methyl-1H-imidazol-5-y1}-6-({tetrahy dro-2H-pyran-4-
yhmethoxy }-N-(2-{trifluoromethyDpyridin-d-yjpyrimidine-4-carboxamide |, 2-(1-methyi-1H-
imidazol-2-yh-6-{(tetrahy dro-2H-pyran-4-yhmethoxy }-N-(2-(trifluoromethyDpyndin-4-
yhipyrimidine-4-carboxamide , 6-(2Z-methoxyethoxy 3-2-(1-methyi-1H-imidazol-5-y)-N~(2~
(triflucromethylpyridin-4-ylpyrimidine-4-carboxanude | 6-(2-methoxyethoxy}-2-(1-methyl-1H-

imidazol-2-yD-N-2-{trifluoromethyhpyridin-d-yhpyrimidine-4-carboxamide , 6-(2-hydroxy-2-
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methylpropoxy}-2-(1 H-imidazol-1-y1)-N-{ 2-(triftuoromethylpyndin-4-yipyrimidine-4-

carboxamide, and a pharmaceutically acceptable salt, ester, or prodrug thereof.

{0032} In another aspect, the disclosure provides a pharmaceutical composition
comprising a therapeutically effective amount of a compound of Formula 1 or I*, including any
compound recited supra, and a pharmaceutically acceptable carrier.  In some embodirnents, the
pharmaceutical formulation comprises therapeutically effective amount of at least one additional
medicinal or pharmaceutical agent. In one embodiment, this additional agent 15 a therapeutically
effect amount of an anti-aging agent. In another embodiment, this additional agentisa

therapeutically etfect amount of an anti- theumatoid arthritis agent.

{6033} in yet another aspect, the disclosure provides a method of treating a disease or
medical disorder 1n a subject suffering therefrorn and which beuefits from mwodulation of NADH
level or related metabolites thereof level | comprising administering to the subject a
pharmaceutical formulation in an amount effective to modulate the level of NAD+ or related
metabolites thereof, the formulation comprising a therapeutically effective amount of a
compound of Formula 1 or 1%, 1ncluding any compound recited supra, and a pharmaceutically
acceptable carrier, and optionally comprising another agent which modulate the level of NAD+

or related metabolites thereof

{0034} In some embodiments, the disease or disorder 15 or 1s related to nonalcoholic
stetohepatits, aging, aging chronical condition, senescence, immunometabolism, sepsis,
inflammation, infection, arthritis, rheumatoid arthritis, psortatic arthritis, osteoarthritis, lupus,
hupus erythematosus, Crohn disease, ulcerative colitis, plague psoriasis, ankylosing spondylitis,
juvenile idiopathic arthritis, hidradenitis suppurativa, fibrosts, hepatic fibrosis, renal fibrosis,
pulmonary fibrosis, cardiac fibrosis, cancer, multiple myeloma, cardiovascular disorder,
neurclogical disorder, infertility, loss of ovarian foilicles, decreased oocyte quality and quantity,
ovarian senescence, transient receptor potential melastatin 2 (TRPM2) regulation, calcium flux
regulation, ischemia-reperfusion-injury, bipolar disoreder, Alzheimer, neuropathic pain,
Parkinson, coronary arteries, obesity, type-2 diabetes, hepatotoxicity, pulmonary disorder,
metabolic disorder, acute lung injury (AL}, acute respiratory distress syndrome (ARDS),
hyperphosphatemia, alcohol intolerance, ataxia-telangiectasia, irritable bowel syndrome, colitis,

gout, end stage renal disease, hearing loss, liver disorders, postmenopausal osteoporosis, Hartnup
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disease, tuberculosis, leishmaniasis, muscular dystrophy, organ reperfusion injury, peliagra,
diseases of the skin, damage caused by exposure to radiation, periodontal disease, Leber's
hereditary amaurosis, sleep disorder, exercise intolerance, chronic disease associated with celi
death, and neurodegeneration, peripheral neuropathy associated with chemotherapy, and the hike.
in particular embodiments, the disease or disorder is or is related to nonalcoholic steatohepatitis
or the like. In other embodiments, the disease or disorder is or is related to an age-related disease
or disorder or the like. In still other embodiments, the disease or disorder is or is related to a
fibrotic disease of the digestive system, lung, heart, kiduey, liver, or lung or the hike. In certain
embodiments, the disease or disorder is or is related to Multiple Myeloma or the like, and the

method further comprises administering an immuno-oncology drug to the subject in need thergof

{0035} in ancther aspect, the disclosure provides the use of a pharmaceutical formulation
comprising a compound of Formula 1, including any compound recited above, to treat a disease
or disorder in a subject that benefits from modultation of the level of NAD+ or related
metabolites thereof  In some embodiments, the pharmaceutical formulation comprising a
compound of Formula 1, including any compound recited above, is used to treat a disease or
disorder 1o a subject that benefus from the subject benefiting from inhibition of CD38. In certain

embodiments, the disease or disorder is or is related to agin or the like.

{0036} In particufar embodiments, the pharmaceutical formulation ts used to treat a
disease or disorder selected from small lung cell carcinoma, renal clear cell carcinoma, chronic
tymphocytic leukemiahas, rouitiple myeloma, hypertension, hypoxic pulmonary vasocoustriction,
cardiac hypertrophy, congestive heart failure, stroke, Alzheimer's disease, bipolar disorder,
schizophrenia, Huntington's disease, amyotrophic lateral sclerosis, Parkinsoun's disease, multiple
sclerosis, optic neuropathy, epilepsy, idiopathic pulmonary fibrosts, viral-induced fibrosis of the
fung, ifection-induced fibrosis of the lung, cystic fibrosis, asthima, chronic obstructive
pulmonary disease (COPD}, metabolic syndrome, obesity, sarcopenic obesity, dyslipidemia,
digbetes (such as type I diabetes), diabetic neuropathy, insulin resistance, pancreatitis, acute lung
injury {ALI) acute respiratory distress syndrome (ARDS), hyperphosphatemia, alcohol
intolerance, lupus, rheumatod arthritis, ataxia-telangiectasia, irritable bowel syndrome, colitis,
gout, end stage renal disease, hearing loss, steatosis, non-alcoholic steatohepatitis (NASH]},
postmenopausal osteoporosis, Hartnup disease, tuberculosis, leishmaniasis, muscular dystrophy,

organ reperfusion injury, pellagra, skin hyperptgmentation, UV skin damage, psoriasis, X-ray-
g Jury, > 3 ; 322 , 3
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induced DNA damage, pericdontal disease, Leber's hereditary amaurosis, sleep disorders,
exercise intolerance, and neurodegeneration and peripheral neuropathies associated with

chemotherapy.

100374 in other particular embodiments, the pharmaceutical formulation 1s used to treat a
disease or disorder selected from aging, age-related chronic disease, inflammation, cancer,
cardiovascular disorder, neurclogical disorder, pulmonary disorder, fibrotic diseases, SARS,
COVID-19, metabolic disorder, acute lung injury {ALT), acute respiratory distress syndrome
{ARDS), hyperphosphatemia, alcohol tntolerance, tupus, arthritis, ataxia-telangiectasia, irritable
bowel syndrome, colitis, gout, end stage renal disease, hearing loss, liver disorders,
postmenopausal osteoporosis, Hartnup disease, tuberculosis, leishmaniasis, muscular dystrophy,
organ reperfusion injury, pellagra, diseases of the skin, damage caused by exposure to radiation,
pertodontal disease, Leber's hereditary amaurosis, sleep disorder, exercise intolerance, chronic

disease associated with cell death.

{6038} in a particular embodiment, the use is treatment 1s of Multiple Myeloma, and the
treatroent further comprises treatment of the subject with an immuno-oncology drug. In another
specific embodiment, the use is treatment of nonalcoholic steatohepatitis (NASH), and i certain
embodiment, the treatment of NASH 1s with the use of 2-(1H-imidazol-1-yi}-6-methoxy-N-(2-

{triftuoromethybpyridin-d-yhpyrimidine-4-carboxamide.

{0039} These aspects and embodiments, as well as others, are disclosed in further detail

herein

BRIEF DESCRIPTION OF THE DRAWINGS

{00401 The accompanying drawings illustrate embodiments of the present disclosure, and
together with the general description given above and the detailed description given below, serve

to explain the principles of the present disclosure.
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100411 Figure 1A depicts the in vifro functional potency for Compound 35 in human
CD38+ cells as rueasured by NAD hydrolase activity assay o primaary human activated CD4+ T
cells. The concentration response plot represents the average + standard deviation for the %
inhibition values at each concentration tested where u = 3 biological replicates over one

experiment.

{0042} Figure 1B depicts the i visro functional potency for Compound 35 in human
D38+ cells as measured by NAD hydrolase activity assay in primary human M1 macrophages.
The concentration response plot represents the average {+/-) standard deviation for the %
inhihition values at each concentration tested where n = 3 biological replicates over one

experiment.

{3043} Figure 2A depicts the in vitro efficacy of Compound 35 inthe Human 3D NASH
model as measured by release of inflammatory marker IP-10/CXCL10. The response plot
represents the average (+/-) standard deviation for the measurement of each cytokine/chemokine
released in the supernatant at each condition tested where n = 0 biological replicates over one

experiment. *, p <005, ** p < 0.01;, ¥ p < 0.001, ¥ p < 0.0001 compared with NASH
p > | P P p I

sample, unpatred t-test.

{0044} Figure 2B depicts the in vitro efficacy of Compound 35 in the Human 3D NASH
model as measured by release of inflammatory marker IL-10. The response plot represents the
average {+/-) standard deviation for the measurement of each cytokine/chemokine released in the
supernatant at each condition tested where n = 6 biological replicates over one experiment. * p <
0.05; *¥* p < 001, *¥* p < 0.001; #%%% p <0.0001 compared with NASH sample, unpatred t-

test.

{0045 Figure 2C depicts the i vifro efficacy of Compound 35 in the Human 3D NASH
model as measured by release of inflammatory marker MIP-10/CCL3. The response plot
represents the average {+/-) standard deviation for the measurement of each cytokine/chemokine
released in the supernatant at each condition tested where n = 6 biological replicates over one
experiment. *, p <OQ.05, ** p < .01, ¥ p < 0,001, ¥FEF 5 <0.0001 compared with NASH

sample, unpatred t-test.
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10046} Figure 2D depicts the in vitro efficacy of Compound 35 in the Human 3D NASH
model as measured by release of inflammatory marker TNFo. The respounse plot represents the
average {(+/-} standard deviation for the measurement of each cytokine/chemokine released in the
supernatant at each condition tested where n = 6 biological replicates over oue experiment. *, p <
0.05, ¥ p< 001, %% p < 0.001; ¥¥* 5 <0.0001 compared with NASH sample, unpaired t-

test.

{0047} Figures 3A - 3D depict in vive efticacy of oral administration of Compound 35 (3
mg/kg) against CD38 in aged mouse model as measured by liver NAD+ (Figure 3A), NMN
{(Figure 3B), NAM (Figure 3C), and ADPR (Figure 3D}) levels. The response plot represents the
average {+/-) standard deviation for the measurement of NAD+ metabolites at each condition
tested where n = 3 gver one experiment. ¥, p <0.05; #% p < 001, #¥% p < 0001, #¥FF o <

0.0001 compared with Vehicle sample, one-way ANOVA.

10048} Figures 4A — 4D depict in vivo efficacy of oral admimstration of Compound 35
{10 mg/kg) against CD38 in aged mouse model as measured by liver NAD+ (Figure 4A), NMN
{(Figure 4B}, NAM (Figure 4C), and ADPR (Figure 413} levels. The response plot represents the
average (+/-) standard deviation for the measurement of NAD+ metabolites at each condition
tested where n = 3 over | experiment. *, p <0.0S5; ** p < 001, *¥¥¥ p < 0001, *¥¥*% n <

0.0001 compared with Vehicle sample, one-way ANOVA.

10049} Figure 5 depicts in vifro efficacy of Compound 32 in human CD38+ cells as
measured by NAD hydrolase activity assay in primary human M1 macrophages. The response
plot represents the average (+/-) standard deviation for the % inhibition values at each

concentration tested where n = 3 biological replicates over one experiment.

10050 Figures 6 A-0D depict in vive efficacy of acute oral administration of Compound
32 (3 and 10 mg/kg) against CD38 in obese mouse model as measured by liver NAD+ (Figure
0A), NMN (Figure 6B), NAM (Figure 6C), and ADPR (Figure 6D) levels. The response plot
represents the average (+/-) standard deviation for the measurement of NAD+ metabolites at each

Kk -
E

condition tested where n = 3 over 1 experiment {example 32} *, p <0.05; ** p < 0.01, p<

0.001; **#* p < 0.0001 compared with Vehicle sample, one-way ANOVA.
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{0051} Figures 7TA-7D depict i vive efficacy of chronic oral administration of Compound
32 (10 mg/kg) against CD38 in obese mouse model as measured by liver NADH (Figure 7A),
NMN (Figure 78}, NAM (Figure 7C), and ADPR (Figure 7D} levels. The response plot
represents the average (+/-) standard deviation for the measurement of NAD+ metabolites at each
condition tested where n = 8-10 over 1 experiment (example 33} *, p <0.05; ** p < 0.01; *¥¥

p < 0.001; ¥4%* 5 <0.0001 compared with Vehicle sample, one-way ANOVA.

{0052} Figures 8A-8D depict in vivo efficacy of chronic oral administration of Compound
32 (3 and 10 mg/kg) against CD38 in aged mouse model as measured by hiver NAD+ (Figure
8A), NMN (Figure 8B), NAM (Figure 8C), and ADPR (Figure 8D) levels. The response plot
represents the average (+/-) standard deviation for the measurement of NAD metabolites at each

condition tested where n = 4 over 1 experiment {(example 34}, ¥ p <0.08; ** p < 0.01; ¥*¥* p <

0.001, *¥#*% 5 <0.0001 compared with Vehicle sample, one~-way ANOVA,

10053} Figure 9 depicts in vitro efficacy of Compound 39 in human CD38+ cells as
measured by NAD hydrolase activity assay in primary human M1 macrophages. The response
plot represents the average (+/~) standard deviation for the % inhibition values at each

concentration tested where nn = 3 biological replicates over one experiment.

{0054} Figures 10A-10D depict i vive efficacy of acute oral administration of
Compound 39 (3 and 10 mg/kg) against CD38 in obese mouse model as measured by liver
NAD+ (Figure 10A), NMN (Figure 108), NAM (Figure 10C), and ADPR (Figure 10D} levels.
The response plot represents the average (+/-) standard deviation for the measurement of NAD+
metabolites at each condition tested where n= 3 over 1 experiment. *, p <0.05;, %% < 0.01;
EE p < 0.001; FFEE p < 0.0001 compared with Vehicle sample, one-way ANOVA.

{0055} Figures 11A-11D depict in vivo efficacy of chronic oral admunistration of
Compound 39 (10 mg/kg) against CD38 in obese mouse model as measured by liver NAD+
{Figure 11A}, NMN (Figure 118}, NAM (Figure 11}, and ADPR (Figure 1113} levels. The
response plot represents the average (+/-) standard deviation for the measurement of NAD+
metabolites at each condition tested where n = 8-10 over 1 experiment. *, p <0.05;, ** p < 0.01;

B p < 0001 ¥R 5 < 0.0001 compared with Vehicle sample, one-way ANOVA.

2
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{0056} Figures 12A-12D depict in vivo efficacy of chronic oral admunistration of
Compound 39 (3 and 10 mg/kg) against CD38 10 aged mouse model as measured by liver NAD+
{Figure 12A}, NMN {(Figure 12B), NAM (Figure 12C), and ADPR (Figure 12D} levels. The
response plot represents the average (+/-) standard deviation for the measurement of NAD+
metabolites at each condition tested where n = 3-4 over | experiment. *, p <0.05; ** p < 0.01;

FEE p < 0001, FEEE p <0.0001 compared with Vebicle sample, one~way ANOVA.

100571 Figures 13A-13C depict cytokines quantification in plasma for IL-6 (Figure 13A),
TNFo (Figure 13B) and IP-10 (Figure 13C). The response plot represents the average (+/-)
standard deviation for the measurement of cytokines evels at each condition tested where n =4
over 1 experiment *, p < 0.05; %% p < 0.01; %% p < 0001, **** 1 <0.0001 compared with

LPS samples at each time point, one-way ANOVA.

{6038 Figures 14A-14C depict MS analysis of NADH+ (Figure 14A), NAM (Figure 14B},
and ADPR (Figure 14C) levels in spleen tissue. The response plot represents the average (+/-)
standard deviation for the measurement of NAD+ metabolites levels at each condition tested
where n =4 over 1 expeniment. *, p <0.05; *% p < 0.01; **% p < 0.001; ¥*%% p <0.0001

compared with Vehicle sample, one-way ANOVA.

{0059 Figures 15A-15C depict MN analysis of NADH (Figure 15A), NAM (Figure 15B),
and ADPR (Figure 15C) levels in live tissue. The response plot represents the average (+/-)
standard deviation for the measurement of NAD+ metabolites levels at each condition tested
where n =4 over | experiment ¥, p <0.05; ** p < 0.01; ¥*% p < 0001, ¥*%% p <0.0001

compared with LPS samples at each timae point, one~-way ANOVAL

10060} Figure 10 depicts CID3B expression in spleen tissue. The response pliot represents
the average (+/-) standard deviation for the measurement of CD38 gene expression at each
condition tested where n = 4 over 1 experiment. *, p <0.05; ** p < 0.01; *#* p < 0.007,; #*%%

p < 0.0001 compared with LPS samples at each time point, one-way ANOVA.
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{06061} Figures 17A-~171 depict the expression in spleen of MIP 1o (Figure 17A), MIPZ
(Figure 178B), TNFa (Figure 17C), RANTES (Figure 17D), MCP1 (Figure 17E), IL-10 (Figure
178}, IL-6 (Figure 17G), IP-10 (Figure 17H), and IFNy (Figure 171). The response plot
represents the average (+/-) standard deviation for the measurement of gene expression at each
condition tested where n = 4 over 1 experiment. *, p <0.05, ** p < 0.01;, ***% p < 0.001, %%

p < 0.0001 compared with LPS samples at each time point, onc-way ANOVA.

{8062} Figure 18 depicts CD38 expression in Hver. The response plot represents the
average {+/-} standard deviation for the measurement of CD38& gene expression at each condition
tested where n = 4 over 1 experiment. *, p <0.05; % p< 0.0, **¥ p < 0,001, ¥*#** p<

0.0001 compared with LPS samples at each time point, one~-way ANOVA.

{06063} Figures 19A-19] depict the expression in liver of MiPla (Figure 19A), MIP2
{(Figure 19B), TNFo (Figure 19C), RANTES (Figure 19D}, MCP1 (Figure 19E}, IL-1 B (Figure
19F}, IL-6 (Figure 19Gy, IP-10 (Figure 19H), and IFNy (Figure 191). The response plot
represents the average (+/-) standard deviation for the measurement of gene expression at each
condition tested where n = 4 over 1 experiment. *, p <0.05; % p < 0.01; **% p < 0001, *#%*,

p < 0.0001 compared with Vehicle sample, one-way ANCOVA.

{0064} Figure 20A-20B depicts in vifro efficacy of Compound 32 in human CD38+ T cell
fine as measured by total calciure flux analysis. Data in Figure 20B are represented as AUC

3

mean * s.d. of n=3 independent experiments. *, p <0.05; ** p < 0.01
2 2

0.0001 compared with untreated WT sample, unpaired t-test.

10065} Figure 21A-21B depicts i vitro efficacy of Compound 39 in human CD38+ T cell
fine as measured by total calcium flux analysts. Data in Figure 21B are represented as AUC mean
+s.d. of n=3 independent experiments. *, p <0.05; *¥ p < 0.01; *¥* p < 0001, ¥E¥E p <

0.0001 compared with untreated WT sample, unpaired t-test.
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DETAILED DESCRIPTION

{0066} The disclosures of patents, patent applications, and publications referred to herein
are hereby incorporated by reference in their entireties into this application in order to more fully
describe the state of the art as known to those skilled therein as of the date of the tnvention

described and claimed herein. The instant disclosure will govern in the instance that there 13 any

inconsistency between the patents, patent applications, and publications and this disclosure.

{8067} Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
disclosure belongs. The initial definttion provided for a group or term herein applies to that
group or term throughout the present specification individually or as part of another group, unless
otherwise indicated.

{00681 As used herein, the singular forms "a", "an,” and "the" include both singular and
plural referents unless the context clearly dictates otherwise. Thus, for example, reference to "a

compound" includes a plurality of such compound.

8069} As used herein, the term "optional” or "optionally” means that the subsequent
described event, circurustance or substituent may or may not occur, and that the description

includes instances where the event or circumstance occurs and instances where it does not.

3070 The recitation of numerical ranges by endpoints includes all numbers and
] i £ Y

fractions subsumed within the respective ranges, as well as the recited endpoints.

{0071} As used herein, the term "about" or "approximately” refers to a measurable value
such as a parameter, an amount, a temporal duration, and the like, are meant to encompass
variations of and from the specified value, such as variations of +/-10% or less, +/-5% or less, +/-

9% or less, +/-0.5% or less, and +/-0.1% or less of and from the specified value, tnsofar such

variations are appropriate to perform in the disciosed invention. It s to be understood that the
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value to which the modifier "about” or "approximately” refers is itself also specifically, and

preferably, disclosed.

{0072} Whenever a nuraerical range 1s used in this application, for example when 1to 618
used in the definition of “alkyl” means that the alky! group may contain 1 carbon atom, 2 carbon

atoms, 3 carbon atoms, 4 carbon atoms, S carbon atoms, and 6 carbon atoms.

{0073} As used herein, the term "alkyl" encompasses saturated aliphatic hydrocarbons
including straight chatns and branched chains and 1, 3, 4, 5, and 6 carbon atoms. For example, as
used herein, the term "{C1-Colalkyl” as well as the alkyl moteties of other groups referred to

herein {e.g., (C1~-Colalkoxy), refers to linear or branched radicals of 1, 2, 3, 4, 5, and 6 catbon
atoms {e.g., methyl, ethyl, n-propvi, isopropyl, n-butyl, iso-butyl, secondary-butyl, tertiary-butyl},
optionally substituted by 1, 2, 3, 4, or S suitable substituents. As used herein, "alkyl"” also
encompasses aliphatic hydrocarbons having at least one carbon-carbon double bond, including
straight chains and branched chains having at least one carbon-carbon double bond and 2, 3, 4, 3,
and 6 carbon atoms. For example, as used herein, the term "{(C7-Celalkyl" means straight or
branched chain unsaturated radicals of 2 to 6 carbon atoms, including, but not timited to ethenyl,
t-propenyl, 2-propeny! {aliyl}, iso-propenyl, 2-methyl-1-propenyl, I-butenyl, 2Z-butenyl, and the
like; optionally substituted by 1 to S suitable substituents. When the compounds of Formula I-1*
contatn an alkenyl group, the alkenyl group may exist as the pure E {entgegen} form, the pure 2

{zusarnmen) form, or any mixture thereof

{00741 As used herein, the term "cycloalkyl” encompasses saturated or unsaturated {(non-
aromatic) monocychic or bicyclic hydrocarbon rings {e. g, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, cyclooctyl, eyclononyl), optionally substituted by 1, 2, 3, 4, and 5 suitable
substituents, such as, but not limited to, H, halo, -CN, (C:-Csjalkyl, -NH;, {(C1-Cayalkyl-(NH}-,
{({(C1-CayalkylpN-, ~-CF3, ~-OCH; and ~-OCF3. The cycloalkyl group may have 3 to 12 carbou
atoms in the ring(s), such as 3 to 10 carbon atoms, 3 to § carbon atoms, 3 to 6 carbon atoms, or 3,
4,6,7,8,9, 10, 11, or 12 carbon atoms. For example, a monocyclic cycloaliyl group may have
3 1o 6 carbon atoms, 3 carbon atoms, 4 carbon atoms, 5 carbon atoms, or 6 carbon atoms in the
ring, e.2., cyclopropyl, cyclobutyl, cyclopentyl, cyvclohexyl, cycloheptyl, cyclooctyl, eyclononyl.

In another embodiment the cycloatkyl may optionally contain one, two or more non~cumulative

non-aromatic double or triple bonds.
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{0875] As used herein, the term “heterocycloalkyl” includes a monocyclic, bridged,
polyeyclic or fused polycyclic saturated or unsaturated non-aromatic 3~ 10 13- membered ring
including | or more heteroatoms selected from O, 8§ and N, such as a 3 to 10 membered ring, or a
3 to 6 membered ring, a 3-, 4~, 5+, 6, 7-, 8-, 8-, 10~, 11+, 12~, or 13-membered ring. Examples of
such heterocycloalkyl rings include, but are not limited to, azetidinyl, tetrahydrofuranyl,
imidazolidinyl, pyrrolidioyl, pipenidinyl, piperazinyl, oxazolidinyl, thiazolidinyl, pyrazolidinyl,
thiomorpholinyl, tetrahydrothiazinyl, tetrahydro-thiadiazinyl, morpholinyl, oxetanyl,
tetrahydrodiazinyl, oxazinyl, oxathiazinyl, indolinyl, 1soindolinyl, quinuchidinyl, chromanyl,
isochromanyl, benzoxazinyl, and the like. Further nonlimiting examples of heterocycloalkyl
rings are tetrahydrofuran-2-yl, tetrabydrofuran-3-yi, imidazolidin-1-vl, inudazolidin-2-y1,
imidazolidin-4-yl, pyrrolidin-1-yl, pyrrolidin-2-yl, pyrrolidin-3-yi, piperidin-1-vi, piperidin-2-vyl,
piperidin-3-yl, piperazin-1-vl, piperazin-2-yl, piperazin-3-yi, 1,3-oxazolidin-3-yl,
isothiazolidine, 1,3-thiazolidin-3-yl, 1,2-pyrazolidin-2-y}, 1,3-pyrazolidin-1-yl, 1,2~
tetrahydrothiazin-2-vl, 1, 3-tetrahydrothiazin-3-vl, 1, 2-tetrahydrodiazin-2-vl,
1,3~tetrahydrodiazin-1-v1, 1 4-oxazin-2-yi, 1,2,5-oxathiazin-4-yl, and the like. The
heterocycloalkyl ring is optionally substituted by 1 to 5 suitable substituents, or 1 to 3, or 1, 2, 3, 4,
or 5 substituents such as, but not muted to, H, halo, -CN, (C~-Csjalkyl, -NH, (C-Cslalkyl-(NH)-,
{(Ci-CslalkyipN-, -CF3, -OCH;3, and -OCF;5.

10076] As used herein, the term "aryl” is defined to include all-carbon monocyclic or
fused-ring polycyehic (e, rings which share adjacent pairs of carbon atoms) groups having a
completely conjugated pi-electron system. The aryl group has 610 12, 6to 10, or 6, 8, 9, 10, or
12 carbon atorns in the ring(s). One vonlimiting, exemplary aryl group is a 6~carbon atom phenyl
ring. As used herein, the term aryl means aromatic radicals containing from 6 to 10 or 6 to 12
carbon atoms such as, but not limited to, phenyl, naphthyl, tetrahydronaphthyl, anthracenyl,
indanyl and the like. The aryl group is optionally substituted by 1 to 5 suitable substituents, more
preferably 1 o 3 substituents such as, but not limited to, H, halo, -CN, {(C;-Cs)alkyl, -NH:,
(C1-Cslatkyl-(NH)-, ({C1-CalalkylpN-, -CFs, ~OCH;3 and -OCF;.

{0677 As used herein, the term “hetercaryl” is defined to include monocyclic or fused-

ring polycyclic aromatic heterocyclic groups with one or more hetercatoms selected from O, §
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and N in the ring. The hetercaryl group has 5- to 12-ring atoms including one to § heteroatoms
selected from O, S, and N, such a5 5- to 10-ring atoms, 5- to &-ring atoms, or 6-, 7-, §-, 8- 10-,
11-, or 12-ring atoms. For example, as used herein, the term heteroary! encompasses aromatic
radicals containing at least one ring heteroatom selected from O, § and N and from 1o 11
carbon atoms, such as from 2 to 9 carbon atoms, from 3 to 8 carbon atoms, or from 3, 4, 5, 6, 7,
&, 9,10, or 11 carbon atoms, such as, but not limited to, pyridyl, pyrazinyl, pyrimidinyl,
pyridazinyl, thienvl, furyl, tmidazolyl, pyrrolyl, oxazolyl (e.g, 1,3-oxazolyl, 1,2-oxazolyvl},
thiazolyl (e.g., 1. 2-thiazolyl, 1,3-thuazolyl}, pyrazelyl, tetrazolyl, triazolyl {e.g., 1,2,3-triazolyl,
1,2 4-triazolyl), oxadiazolyl {e.g., 1,2,3-oxadiazolyl), thiadiazolyl {e.g., 1,3,4-thiadiazolyl),
quinolyl, 1soquinolyl, benzothienyl, benzoturyl, indolyl, and the like. The hetercaryl group 1s
optionally substituted by 1 to S suitable substituents] to 3 substituents such as, but not imited fo,
H, halg, -CN, (C1-Csjalkyl, -NHy, {Ci-Caalkyl-(NH}-, ((C1-CiyalkylpN-, -CF;, -OCH; and -
OCFs;.

{0078} An "alkoxy" group refers to an alkyl-0- and alkyl is as defined herein.

{0079} Axn "atkylaminoallyl” group refers to an ~alkyl-NR-alkyl group.

{0080} An "amuno" group refers to an -NHz or an -NRR'group.

{6081} An "aminoalkyvl" group refers to an —alky-NRR' group.

10082} An "amunocarbonyl” refers to a -C{O)NRR'.

{6083} An "arvlalkyl" group refers to -alkylaryl, where alkyl and ary! are defined herein.
10084} An "aryloxy" group refers to both an ~O-aryl and an ~O-heteroaryl group, as

defined herein.

{0085} A "carbonyl" group refers to a «{(C=0)R.

0086} A "C-carboxyl" group refers to a —(C=0)OR or RO(C=0) group.
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{0087} A "carboxylic acid" group refers to a C-carboxyl group in which R is hydrogen.
{6088} A "cyano" group refers to a -CN group.

{0089 A "dialkviaming” group refers to an —~N{alkyl); or NR; group.

{6098} A "halo" or "halogen” group refers to fluorine, chlorine, bromine or iodine.
{0091} A "hydroxy" group refers to an ~OH group.

100921 An "N-amido" group refers to a -R{C=0)NR group.

{3093} A "perfluoroalkyl group” refers to an alkyl group wheretn one or more of the

hydrogen atoms have been replaced with flucrine atoms.

{6094} As used herein, the terms “a compound of Formula [ or “compounds of Formula
17, including compounds of Formula TA- IH, or pharmaceutically acceptable salts, esters, or
prodrugs thereof” encompass all forms of the compound of Formula §, including compounds of
Formulae TA- TH, as well as including all hydrates, solvates, isomers, crystaliine and non-

crystaliine forms, isomorphs, polymorphs, metabolites, and prodrugs thereof

{3095} As used herein, the term “prodrug” means a derivative of a known direct acting
drug, which derivative has enhanced delivery characteristics and therapeutic value as compared

to the drug, and 1s transformed into the active drug by an enzymatic or chemical process.

{0096} As used herein, the phrase “pharmaceutically acceptable” means those
compounds, materials, compositions, and/or dosage forms which are, within the scope of sound
medical judgment, suitable for use in contact with tissues of humans and amimals. In some
embodiments, “pharmaceutically acceptable” means approved by a regulatory agency of the
Federal or a state government or listed in the U.S. Pharmacopeia or other generally recognized

pharmacopeia for use in animals, and more particularly in humans,
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100971 The present disclosure relates to novel heterocyclic amides of Formula I and ¥,

to pharmaceutical formulations compnising these heterocyclic amides, and to uses and syntheses

thereof.

{0098} The compounds of Formula T have the tollowing structure:

or a pharmaceutically acceptable salt, ester, or prodrug thereof, and the compounds of Formula I¥*

have the following structure:

(),

or a pharmaceutically acceptable salt, ester, or prodrug thereof,

wherein:

-X-Y-Z-is =CRMCR*=CR’- =N-CR*=CR’-, =CR'-N=CR*- or =CR'-CR*=N- if the

compound ts of Formula [

-X-Y-Z-is =CRMCR*=C- =N-CR*=C-, or =CR.N=C- if the compound is of Formula I*;
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R'is selected from the group consisting of H, halo, -CN, (Ci-Cslalkyl, {C;-Celalkoxy, and
perfluorof C-Celalkoxy-, wherein (T1-Cejalkyl 1s optiovally substituted with 1-3 substituents
independently selected from the group consisting of H, halo, -CN, (Ci-Cijalkyl, -NHa,
{C1~-Csalky-(NH)-, ((C-Caalkyl pN-, -CFs, ~-OCH; and -OCF;;

R?is H, halo, -CN, (C1-Colalkyl, (Ci-Colalkoxy, perfluoro{Ci-Celalkyl, perfluoro{C1-
Cslalkoxy-, cycloalkyl, cycloatkyl-0O-, heterocycloalkyl, heterocycloalkyl-0O-, arvl, aryl-O-,
ROA{CR Y -0- or (RO)N-, wherein (Ci-Cslalkyl, cycloalkyl, heterocycloalkyl, and aryl are
each optionally substituted with 1-3 substituents independently selected from the group
consisting of H, halo, -CN, (C1-Cajalkyl, -NH:, (C1-Calalkyl-{(NH)-, ((Ci-CslalkylpN-, -CF;, -
OCH; and -OCF;;

R? is H, halo, (C1-Calkyl, -CFs, (Ci-Caatkoxy, -OCFs, or (R")1:N-, wherein R is Hor
(C1-Csatkyl:

n is an integer from one to three;

each R* is independently H or (C:-Cs)alkyl, wherein (C1-Cslalkyl is optionally substituted
with 1-3 substituents independently selected from the group consisting of H, halo, -CN,

{C1-Calatkyl, -NH;z, (C1-Caalkyl-(NH)-, ((Ci-CsjalkyleN-, -CF3, -OCH; and -OCF;;

R’ is selected from the group consisting of (C-Ca)alkyl, perfluoro(C-Calkyl, HO«C,-
Cayalkyl, eveloalkyl, heterocycloalkyl, and aryl, wherein (C1-Csjalkyl, cycloalkyl,
heterocycloalkyl, and aryl are each optionally substituted with 1-3 substituents independently
selected from the group consisting of H, halo, -CN, (C-Cilalkyl, -NH,, {Ci-Csjalkyl-{NH)-,
((Cy-CsyalkylpN-, -CF3, ~-OCH; and -OCF3;

R is independently H or (Ci-Cs)aikyl, wherein (C1-Cslatky! is optionally substituted
with 1-3 substituents independently selected from the group consisting of H, halo, -CN|

(C;—Cg)a}ky}, —NH;},, (C,{-C;}&ikﬂ-(f‘ﬂ’i}—, ((C;aCs)alkyi)gN—, -CF;, ~(OCH;3 and -OCFs;

Wis
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each R’ is independently selected from H, halo, (C-Celalkyl, -CF1, (C1-Colalkoxy, -
OCF;, -CN, (R pN-, R¥OWC=0}-, RPO((C-CslalkyD-(NR Y-, RYA(C=0)-(NRY)- and
(RUNNAC=0)-,

each R is independently selected from H, {(C1-Colalkyl, -CFy, -OCH;, -OCFs, -CN,
(RIpN- RPONC=0)-, RPO-((Ci-Calky-(NR')-, REPAC=0)-(NR')-, and (R pN «(C=0);
and

each R is independently H or (C1-C3)alkyl;

RYis H or (C1-Cslalkyl; and

R is (Ci-Chalkyl.
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{00991 The compounds of Formula I-I* may exist in the form of pharmaceutically
acceptable salts such as, e.g., acid addition salts and base addition salts of the compounds of
Formula I The phrase “pharmaceutically acceptable salt(s)”, as used herein, unless otherwise
indicated, includes salts of acidic or basic groups which may be present in the compounds of

Formuia L

{0160} Suitable acid addition salts are formed from acids which form non-toxic salts.
Examples include the acelate, adipate, aspartate, benzoate, besylate, bicarbonate/carbonate,
bisulphate/sulphate, borate, camsylate, citrate, cyclamate, edisviate, esylate, formate, fumarate,
gluceptate, gluconate, glucuronate, hexatluorophosphate, hibenzate, hydrochloride/chloride,
hydrobromide/bromide, hydroiodide/iodide, isethionate, lactate, malate, maleate, malonate,
mesylate, methylsuiphate, naphthylate, 2-napsylate, nicotinate, nitrate, orotate, oxalate, palmitate,
pamoate, phosphate/hydrogen phosphate/dihvdrogen phosphate, pyroglutamate, saccharate,

stearate, succinate, tannate, tartrate, tosylate, irifluoroacetate and xanofoate salts.

{3161} Suitable base salts are formed from bases which form non~toxic salts. Examples
include the aluminum, arginine, benzathine, calcium, choline, diethylamine, diolamine, glvcine,
lysing, magnesium, meglumine, olamine, potassium, sodium, tromethamine and zine salts.
Hemisalts of acids and bases may also be formed, for example, hemisulphate and hemicalcium

salts. For a review on suitable salts, see Stahl and Wermut (201 1) Pharmaceutical Salts

Properties, Selection, and Use, (2nd Revised Edition) pp. 1-388 (Wiley-VUH), the entire contents

of which {(and specifically the passages relating to suitable salts) 1s fully incorporated herein by

reference.

{0102} The compounds according to the disclosure may exist in a continuum of solid
states ranging from fully amorphous to fully crystalline. The term ‘amorphous’ refers to a state
in which the material lacks long range order at the molecular level and, depending upon
temperature, may exhibit the physical properties of a solid or a liquid. Such materials may not
give distinctive X-ray diffraction patterns, and while exhibiting the properties of a solid, are more
formally described as a quid. Upon heating, a change from solid to liquid properties occurs
which is characterized by a change of state, typically second order (“glass transition’}. The term

‘crystalline’ refers to a solid phase in which the material has a regular ordered internal structure
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at the molecular level and gives a distinctive X-ray diffraction pattern with defined peaks. Such
materials when heated sufficiently will also exhibit the properties of a Hiquid, but the change from

solid o liguid is characterized by a phase change, typically first order (“meiting point’).

10103} The compounds according to the disclosure may also exist in unsolvated and
solvated forms. The term “solvate’ 1s used herein to describe a molecular complex comprising
the compound according to the disclosure and one or more pharmaceutically acceptable solvent

molecules, for example, ethanol. The term “hydrate’ is employed when said solvent is water.

{01041 A currently accepted classification system for orgamc hydrates is one that defines

isolated site, channel, or metal-ion coordinated hydrates (see, Polymorphism in Pharmaceutical

Solids, (1995 Morris (ed. H. . Brittain, Marcel Dekker), the entire contents of which {and
specifically the passages relating to 1solated site, channel, or metal-ton coordinated hydrates) 18
fully incorporated herein by reference. Isolated site hydrates are ones in which the water
molecules are isolated from direct contact with each other by intervening organic molecules. In
channel hydrates, the water molecules lie in lattice channels where they are next to other water

molecules. In metal-ion coordinated hydrates, the water roolecules are bonded to the metal 1on.

10105} When the solvent or water 1s tightly bound, the complex will have a well-defined
stoichiometry independent of humidity. When, however, the solvent or water is weakly bound,
as 1in channel solvates and hygroscopic compounds, the water/solvent content will be dependent

on humidity and drying conditions. In such cases, non-stoichiometry will be the norm.

10106} Also included within the scope of the disclosure are multi-component complexes
{other than salts and solvates) wherein the compound of Formula | or I* and at least one other
component 15 present in stoichiometric or non-stoichiometric amounts. Complexes of this type
include clathrates {drug-host inclusion complexes) and co-crystals. The latier are typically
defined as crystalline complexes of neutral molecular constituents which are bound together
through non-covalent interactions, but could also be a coraplex of a neutral molecule with a salt.
Co-crystals may be prepared by melt crystallization, by recrystallisation from solvents, or by

physically grinding the components together (see, Almarsson ef. &f. (2004) Chem. Commun.

I889-1896}, the entire contents of which (and specifically the passages relating to preparation of

co-crystals by melt crystallization, recrystallisation from solvents, or grinding) 1s fully
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incorporated herein by reference. For a general review of multi-component complexes, see

herein by reference.

18167} The compounds according to the disclosure may also exist in a mesomorphic state
{mesophase or liquid crystaly when subjected to suttable conditions. The mesomorphic state is
intermediate between the true crystalline state and the true liquid state (either melt or sclution).
Mesomorphism arising as the result of a change in temperature is described as “thermotropic’ and
that resulting from the addition of a second component, such as, but not limited to, water or
another solvent, 1s described as “lyotropic’. Compounds that have the potential to form lyotropic
mesophases are described as ‘amphiphilic” and consist of molecules which possess an ionic (such
as, but not limited to, -COQNa", -COOK™, or -SO:Na™) or non-ionic (such as, but not limited
to, -NN(CH;)3) polar head group. For more information, see Hartshorne and Stuart (1970)

Crystals and the Polarizing Microscope (1970) 4" Edition (Edward Arnold), the entire contents

of which {and specifically the passages relating to compounds 10 a mesomorphic state) 1s fully

incorporated herein by reference.

10108} Herein all references to compounds of Formula [-1* include references to saits,
solvates, multi-component complexes and hiquid crystals thereof and to solvates, multi-

component complexes and liquid crystals of salts thereof.

{6109} The compounds according to the disclosure include compounds of Formula -1 as
heremnbefore defined, including all polymorphs and crystal habits thereof, prodrugs and isomers
thereof (including optical, geometric and tautomeric 1somers) as hereinafter defined and

isotopically-labelled compounds of Formula L

{0110} The disclosure also relates to prodrugs of the compounds of Formula L Thus,
certain derivatives of compounds of Formula I-I*which may have little or no pharmacological
activity, themselves may, when admunistered into or onto the body, be converted into compounds
of Formula I-F*can have the desired activity, for example, by hydrolytic cleavage. Such
dertvatives are referred to as “prodrugs” (see, e.g. Higuchi ef ol (1987) “Pro-drugs as Novel

~

Delivery Svstems, Vol 14, ACS Symposium Series; Bioreversible Carriers in Dirug Design
J J 3 E o k

Pergamon Press Ee E. B. Roche, American Pharmaceutical Association), the entire contents of
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which documents {and specifically the passages relating to prodrugs) are fully incorporated

herein by reference.

{0111} Prodrugs in accordance with the disclosure be produced, for example, by
replacing appropriate functionalities present in the compounds of Formula [-I*with certain
moieties known to those skilled 1 the art as ‘pro-moieties’ (see, Bundgaard (1983) Design of
Prodrugs (Flsevier, 1985}, the entire contents of which {and specifically the passages relating to

pro-moteties) 1s fully incorporated herein by reference.

18112 Some non-limiting examples of prodrugs in accordance with the disclosure
include:

() where the compound of Formula I or I* contains a carboxylic acid functionality
which 1s functionalized into a suitably metabolically labile group (esters,
carbamates, etc.);

(1} where the compound of Formula I or I* contains an alcobol functionality which is
functionalized into a suitably metabolically iabile group (ethers, esters,

carbamates, acetals, ketals, etc ), and

111} where the compound of Formula T or T* contains a primary or secondary amino
7 ~ o
functionality, or an amide which are functionalized into a suitably
metabolically labile group, e.g., a hydrolysable group {amides, carbamates, ureas,

phosphonates, sulfonates, etc ).

{0113} Further exarmples of replacement groups wn accordance with the foregoing

examples and examples of other prodrug types may be found in the aforementioned references.

{0114} The compounds of Formula I-[* may have asymmetric carbon atoms and may
exist as two or more sterecisomers. The carbon-carbon bonds of the compounds of Formula -1*
may be depicted herein using a solid ling (e ) {1} a solid wedge {(—=} (~==2} or a dotted
wedge (=} (=1} The use of a solid line to depict bonds to asymmetric carbon atoms is
meant to indicate that all possible sterecisomers {e.g., specific enantiomers, racemic mixuires,
etc.} at that carbon ators are included. The use of either a solid or dotted wedge to depict bonds

to asymmetric carbon atoms is meant to indicate that only the sterecisomer shown is meant to be
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included. It is possible that compounds of Fornula -I¥ may contain more than one asymmetric
carbon atom. In those compounds, the use of a solid line to depict bonds to asymmetric catbon
atoms is meant to indicate that all possible sterecisomers are meant to be included. For example,
unless stated otherwise, it is intended that the compounds of Formula I-1* may exist as
enantiomers and diastereomers or as racemates and mixtures thereof. The use of a solid line to
depict bonds to one or more asymmetric carbon atoms in a compound of Formulda I or I* and the
use of a solid or dotted wedge to depict bonds to other asymmetric carbon atoms in the same

compound s meant to indicate that a muxture of diastereomers 1s present.

10115} Sterecisomers of Formula I-1* include ¢is and trans isomers, optical 1somers such
as R and S enantiomers, diastercomers, geometric isomers, rotational isomers, conformational
isomers, and tautomers of the compounds of Formula [, including compounds exhibiting more
than one type of isoruerism, and mixtures thereot (such as racemates and diasterecmeric paurs).
Also included are acid addition or base addition salts wherein the counterion is optically active,

for example, d-lactate or I-lysine, or racemic, for example, di-tartrate or di-arginine.

{3116} When any racemate crystallizes, erystals of two different types are possible. The
first type is the racemic compound (true racemate) referred to above wheretn one homogeneous
form of crystal is produced containing both enantiomers in equimolar amounts. The second type
is the racemic mixture or conglomerate wherein two forms of crystal are produced n equimolar

amounts each comprising a single enantiomer.

{0117} The compounds of the Formula I-I* may exhibit the phenomena of tautomerism
and structural isomerism. For example, the compounds of Formula I-1* may exist in several
tautomeric forms, including the enol and imine form, and the keto and enamine form and
geometric isomers and mixtures thereof. All such tautomeric forms are included within the scope
of compounds of Formula I Tautomers exist as mixtures of a tautomeric set in solution. In solid
form, usually one tautomer predominates. Even though one tautomer may be described, the

present disclosure includes all tautomers of the compounds of Formula L

{0118} The present disclosure includes all pharmaceutically acceptable isotopically-

labelled compounds of Formula I-I* wherein one or more atoms are replaced by atoms having
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the same atomic number, but an atomic mass or mass number different from the atomic mass or

mass number which predominates in nature.

{3119} Examples of isotopes suitable for inclusion in the compounds according to the
disclosure include, but are not limited to, isotopes of hydrogen, such as “H and *H, carbon, such
as HC, PO and ¥C, chlorine, such as *°Cl fluorine, such as F, iodine, such as 121 and %71,
nitrogen, such as PN and YN, oxygen, such as "0, VO and **0, phosphorus, such as *’P, and

S
sulphur, such as 8.

10120} Certain 1sotopically-labelled compounds of Formula L for example, those
incorporating a radioactive 1sotope, are usetul in drug and/or substrate tissue distribution studies.
The radioactive isotopes tritium, i.e., “H, and carbon-14, i.e., "*C, are particularly useful for this

purpose in view of their ease of incorporation and ready means of detection.

{01211 Substitution with heavier isotopes such as, but not limited to, deuterium, i.e., ’H,
afford certain therapeutic advantages resulting from greater metabolic stability, for example,

increased in vivo half-life or reduced dosage requirements.

[0122] Substitution with positron emitting isctopes, such as HC, '*F, 1’0 and PN, are
useful in Positron Emission Topography (PET) studies for examining substrate receptor

123y 1247 12
L

occupancy. Substitution with isctopes such as °1, or P"T¢ are useful in Single Photon

Computed Tomography (SPECT).

{01231 Isotopically-labeled compounds of Formula I-I* may generally be prepared by
conventional techniques known to those skilled in the art or by processes analogous to those
described in the accompanying Examples and Preparations using an appropriate isotopically-

labeled reagent in place of the non-labeled reagent previously employed.

{0124} Moreover, certain compounds of Formula I-I* may, themselves, act as prodrugs of

other compounds of Formula L

18125% Also included within the scope of the disclosure are metabolites of compounds of

Formula I, that is, compounds formed i vivo upon administration of the compounds of Formula |
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10126} Compounds of the Formula I, and TA-TH, may be prepared according to the
following reaction schemes and accompanying discussion. Unless otherwise indicated, R’
through RY, W, X, Y, Z, Het, and n, and structural Forroula I-I* are as defined above in the
reaction schemes and discussion that follow. In general, the compounds of this disclosure may be
made by processes which include processes analogous to those known in the chemical arts, in
fight of the description contained herein. Certain processes for the manufacture of the
compounds of this disclosure are provided as further teatures of the disclosure and are Hustrated
by the following reaction schemes. Other processes may be deseribed in the experimental

section.

{0127} in the preparation of the Formula [-1* compounds it 1s noted that some of the
preparation methods useful for the preparation of the compounds described herein may require
protection of remote functionality (e.g,, primary amine, secondary amine, carboxyl! in Formula I-
I* precursors). The need for such protection varies depending on the nature of the remote
functionality and the conditions of the preparation methods. The need for such protection is
readily determined by one skilled 1u the art. The use of such protection/deprotection methods is

also within the skill in the art see Greene {1991} Protective Groups in Qrganic Synthesis {John

Wiley & Sons, New York), the entire contents of which 1s fully incorporated herein by

reference.

{6128} For example, certain compounds contain primary amines or cathoxylic acid
functionalities which may interfere with reactions at other sites of the molecule if left
unprotected. Accordingly, such functionalities may be protected by an appropriate protecting
group which may be removed in a subsequent step. Suitable protecting groups for amine and
carboxylic acid protection include those protecting groups commonly used in peptide synthesis
{such as, but not limited to, N-t-butoxycarbonyl, benzyloxycarbonyl, and 9-
fluorenylmethylenoxycarbonyi for amines and fower alkyl or benzy! esters for carboxylic acids)
which are generally not chemically reactive under the reaction conditions described and can
typically be removed without chemically altering other functionality in the Formula [-1*

compounds.
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101294 Scheme 1 refers to the preparation of compounds of Formula { from bromo or
chloro heteroaryl acids or esters of Formula IV (bromo 13 depicied but may be replaced with
chloro). Referring to Scheme 1, compounds of Formula [V are commercially available or may
be made by methods well known to those skilied in the art. To a stirred solution of au activated
carboxylate, such as, but not limited to, wherein P is an ethyl ester, in a polar solvent such as, but
not limited to, DMSO was added copper 1odide (0.2 equivalents), L-proline (0.4 equivalents),
potassium carbonate (2 equivalents) and W-H, an imidazole, pyrazole, triazole or thiazole (1.5
equivalents). The reaction mixture may be heated to between about 80°C to about 110°C, or
about 100 °C for about 4 hr to about 24 hr, or for about 10 hr. The reaction mixture may then be
cooled to RT, diluted with ice-cold water and exiracted with a solvent such as, but not limited to,
ethy! acetate which may be dried and evaporated under reduced pressure to afford the compound

of Formula UL

10130} The compound of Formula Il may be saponified to yield a compound of Formula
It by treatment with an excess of lithiuro hydroxide mono hydrate in a solvent mixiure such as,
but not limited to, THF, methanol and water. The reaction mixture may be allowed to stir at RT
for about 8 hr to about 24 hr or for about 16 hr. The agueous layer may be acidified using IV
H{ to adjust the pH to around 2 followed by complete evaporation under reduced pressure to

obtain the compound of Formula L

{0131} The compound of Formula I may be converted to the title compound of Formula |
by dissolution in DMF followed by the addition of excess N, N-diisopropylethylaruioe, te.
Hiinig's base or DIPEA, and excess HATU, i.e. 1-[Bis(dimethylamino)methylene]-1H-1,2 3~
iriazolof4,S-blpynidinium 3-oxid hexafluorophosphate, followed by the addition of the desired
amino-Het. The reaction mixture may be stirred at RT for about 8 hr to about 24 hr, or for about
16 hr. The reaction may be quenched by the addition of water followed by extraction with an

organic solvent such as, but not limited to, ethyl acetate to yield the title compound of Formula L

{0132} Alternatively, a compound of Formula I may be prepared from a compound of
Formula V by a so-called Stille reaction with a tributylstannyl-W, wherein W is an imidazolyl,
pyrazolyl, triazolyl or thiazolyl. A solution of the bromo or chioro intermediate of Formula V is
dissolved in a polar solvent such as, but not limited to, DMF followed by addition of

tetrakis(triphenylphosphinejpaliadium(0) (catalytic). The reaction mixture may be purged with
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Nitrogen gas for 5 minutes then sealed and heated to between about 80°C to about 110°C or
about 100 °C, for about 4 o about 24 hours or for about 16 hours.  After complete reaction, the
mixfure may be cooled to RT and quenched with water followed by extraction with a solvent
such as, but vot himued to, ethyl acetate which after diving and evaporation yields the compound

of Formula L

{0133} The compound of Formula V may be prepared from a compound of Formula IV
by reaction with Het-NHo in a solvent such as, but not limited to, toluene and trimethylaluminum
solution in toluene. The reaction mixture may be stirred in a CEM ® microwave at about 100 °C
for about | hour. The completed reaction mixture may then be cooled to RT, quenched with

water then extracted with ethyl acetate to yield the compound of Formula V.

{0134} Compounds of Formula I-1* that have chiral centers may exist as stereoisomers,
such as racemates, enantiomers, or diastereomers. Conventional techniques for the
preparation/isolation of individual enantiomers include chiral syuthesis from a suitable optically
pure precursor or resolution of the racemate using, for example, chiral high pressure liqgud
chromatography (HPLC). Aliernatively, the racemate (ot a racemic precursor) may be reacied
with a suitable optically active compound, for example, an alcohol, or, in the case where the
compound contains an acidic or basic and one or both of the diasterecisomers converted to the
corresponding pure enantiomer(s} by means well known to one skilled 1o the art. Chiral
compounds of Formula [-I* {and chiral precursors thereof) may be obtained in enantiomerically-
enriched form using chromwatography, typically HPLC, on an asymmetric resin with a mobile
phase consisting of a hydrocarbon, typically heptane or hexane, containing trom 0 to 50%
isopropanol, typically from 2% to 20%, and from %0 to 5% of an alkylamine, or 0.1%
diethylamine. Concentration of the eluate affords the enriched mixture. Sterecisomeric
conglomerates may be moiety, an acid or base such as, but not imited to, tartaric acid or 1-
phenylethylamine. The resulting diastereomeric mixture may be separated by chromatography
and/or fractional crystallization separated by conventional technigues known to those skilled in

the art (see, e.g., Elie (19%4) Stereochemistry of Organic Compounds (Wiley, New York), the

entire disclosure of which {and specifically the passages relating to the separation of

sterepisomerte conglomerates) is incorporated herein by reference.
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{0135} Where a compound of Formula f or I* contains an alkenyl or alkenylene group,
geometric cis/frans (or Z/E) isomers are possible. Cis/trans 1somers may be separated by
conventional techniques well known to those skilled in the art, for example, chromatography and
fractional crystallization. Salts of the present disclosure can be prepared according to methods

known to those of skill in the art.

{0136} The compounds of Formula T or I* that are basic in nature can form a wide variety
of salts with various inorganic and organic acids. Although such salts must be pharmaceutically
acceptable for administration to antmals, it is useful to initially isolate the compound of the
present disclosure from the reaction mixture as a pharmaceutically unacceptable salt and then
sumply convert the latter back to the free base compound by treatment with an alkaline reagent
and subseguently convert the latter free base to a pharmaceutically acceptable acid addition salt.
The acid addition salts of the base compounds of this disclosure can be prepared by treating the
base compound with a substantially equivalent amount of the selected mineral or organic acid in
an aqueous solvent medium or in a suitable organic solvent, such as, but not limited to, methanol
or ethanol. Upon evaporation of the solvent, the desired solid salt is obtained. The desired acid
salt may also be precipitated from a solution of the free base in an organic solvent by adding an

appropriate mineral or organic acid to the solution,

{0137} Those compounds of Formula [-1* that are acidic in nature can form base salts
with various pharmacologically acceptable cations. Exampies of such salts include, but are not
fimited to, the alkali metal or alkaline-earth metal salts and particularly, the sodium and
potassium salts. These salts are all prepared by conventional technigues. The chemical bases
which are used as reagents to prepare the pharmaceutically acceptable base salts of this
disclosure are those which form non-toxic base salts with the acidic compounds of Formula L
These salts may be preparved by any suitable method, for example, treatment of the free acid with
an inorganic or organic base, such as, but not limited to, an amine (primary, secondary or
tertiary), an alkali metal hydroxide or alkaline earth metal hydroxide, or the like. These salis
may also be prepared by treating the corresponding acidic compounds with an agueous sclution
containing the desired pharmacologically acceptable cations, and then evaporating the resulting
solution to dryness, for example, under reduced pressure. Alternatively, they may also be
prepared by mixing lower alkanolic solutions of the acidic compounds and the desired alkals

metal alkoxide together, and then evaporating the resulting solution to dryness in the same
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manner as before. In either case, stoichiometric quantities of reagents can be employed in order

to ensure completeness of reaction and maximum yields of the desired final product.

{3138} if the compound of Formula 11s a base, the desired pharmaceutically acceptable
salt may be prepared by any suitable method available in the art, for example, treatment of the
free base with an inorganic acid, such as, but not lirsited to, hydrochloric acid, hydrobromic acid,
sutfuric acid, nitric acid, phosphoric acid and the like, or with an organic acid, such as, but not
himited to, acetic acid, maleic acid, succinic acid, mandelic acid, fumaric acid, malonic acid,
pyruvic acid, oxalic acid, glycolic acid, salicylic acid, a pyranosidy! acid, such as, but not limited
to, glucuronic acid or galacturonic acid, an alpha-hydroxy acid, such as, but not limited to, citric
acid or tartaric acid, an amivno acid, such as, but not himtied to, aspartic acid or glutamic acid, an
aromatic acid, such as, but not limited to, benzoic acid or cinnamic acid, a sulfonic acid, such as,

but not limited to, p-toluenesulfonic acid or ethanesuifonic acid, or the like.

10139 Pharmaceutically acceptable salts of compounds of Formula I-I* may be prepared

e.g, by:
{1} reacting the compound of Formuia [ or I* with the desired acid or base;

(ity  removing an acid- or base-labile protecting group from a suitable precursor of the
compound of Formula I or I* or by ring-opening a suitable cyclic precursor, for

exampie, a lactone or lactam, using the desired acid or base; or

(iti}  converting one salt of the compound of Formula 1 or I* to another by reaction

with an appropriate acid or base or by means of a suitable ion exchange column.

{0140} These reactions are typically carried out in solution. The resulting salt may
precipitate out and be collected by filtration or may be recovered by evaporation of the solvent.
The degree of ionization in the resulting salt may vary from completely ionized to almost non-

ionized.

{0141} Certain compounds of Formula 1 according to the disclosure may exist in more
than one crystal form ("polymorphs"). Polymorphs may be prepared by erystallization under

various conditions, for example, using different solvents or different solvent mixtures for
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recrystallization; crystallization at different temperatures; and/or various modes of cooling,

ranging from very fast to very slow cooling during crystallization.

{0142} Polymorphs may also be obtained by heating or eelting the compound according
to the disclosure followed by gradual or fast cooling. The presence of polymorphs may be
determined by solid probe NMR spectroscopy, IR spectroscopy, differential scanning
calorimetry, powder X-ray diffraction or such other techniques. Polymorphs may be prepared

according to techniques well-known to those skilled in the art.

10143} Clis/frans isomers may be separated by conventional techniques well known to

those skilled in the art, for example, chromatography and fractional crystallization.

{0144} Conventional technigues for the preparation/isolation of individual enantiomers
include chiral synthesis from a suitable optically pure precursor or resolution of the racemate (or
the racemate of a salt or detivative) using, for example, chiral high pressure hquid

chromatography (HPLC).

{1145 Alternatively, the racemate {or a racemic precursor) may be reacted with a
suitable optically active compound, for example, an alcohol, or, in the case where the compound
of Formula T or I* contains an acidic or basic moiety, a base or acid such as, but not limited to, 1-
phenylethylamine or tartaric acid. The resulting diastereomeric mixture may be separated by
chromatography and/or fractional crystalitzation and one or both of the diastereoisomers

converted to the corresponding pure enantiomer(s) by means wel known to a skilled person.

{0146} Chiral compounds according to the disclosure {and chiral precursors thereof) may
be obtained in enantiomernically-entiched form using chromatography, typically HPLC, on an
asymmetric resin with a mobile phase consisting of a hydrocarbon, typically heptane or hexane,
containing from about 0 to about 50% by volume of 1sopropanol, from about 2% to about 20%,
and from about 0 to about 5% by volume of an alkylamine, or about 0.1% diethylamine.

Concentration of the eluate affords the enriched mixture.

101471 When any racemate crystallizes, crystals of two different types are possible. The

first type 1s the racemic compound (tfrue racemate) referred to above wherein one homogeneous
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form of crystal is produced containing both enantiomers in equimolar amounts. The second type
is the racemic mixture ot conglomerate wherein two forms of erystal are produced in equimwolar

amounts each comprising a single enantiomer.

10148} While both of the crystal forms present in a racemic mixture have identical
physical properties, they may have ditferent physical properties compared to the true racemate.
Racemic mixtures may be separated by conventional techniques known to those skilled in the art

{see, for example, Elie ¢f o/, (1994) Stereochemistry of Organic Compounds (Wiley)), the entire

contents of which, as mentioned previously (and specifically the passages relating to the
separation of racemic mixtures) 1s fully incorporated herein by reference. It will be understood
that the compounds of Formula I-1¥ are not lunited to the particular enantiomer shown, but also

include all sterevisomers and mixtures theresf,

18145 The disclosure also includes isotopically-labeled compounds of Formula L
wherein one or more atoms 18 replaced by an atom having the same atomic nurmber, but an
atomic mass or mass number different from the atomic mass or mass number usually found in
nature. Isotopically-labeled compounds of Formula [-1* roay generally be prepared by
conventional technigues known to those skilled in the art or by processes analogous to those
described herein, using an appropriate 1sotopically-labeled reagent tn place of the non-labeled

reagent otherwise employed.

{0156} The compounds of Formula I-1* are assessed for their biopharmaceutical
properties, such as, but not limited to, solubility and solution stability {across pH), permeability,
ete., in order to select the appropriate dosage form and route of administration for treatment of

the proposed indication.

{0151} The compounds of Formula I-1* are useful for modulating or inhibiting NAD+
hydrolase activity of CD38 protein. Accordingly, these compounds are usetul for the prevention
and/or treatment of disease states associated with NAD+ depletion and NADH releated
metabolites disregulations such as, but not limited to, aging, obesity, diabetes, cancer, heart

disease, asthma, and inflammation.
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101521 The disclosure is also directed to pharmaceutical compositions comprising a
compound of Formula I or I*, or a pharmaceutically accepiable salt, ester, or prodrug thereof,

and a pharmaceutically acceptable carrier.

{0153 Compounds of Formula 1 according to the disclosure intended for pharmaceutical
use may be compnsed in pharmaceutical formulations. They may be incorporated into these
formulations 1n the form of crystalline or amorphous products. The compounds may be, for
example, as solid plugs, powders, or films obtained by methods such as, but not limited to,
precipitation, crystallization, freeze drying, spray drying, or evaporative drying. Microwave of

radio trequency drying may be used for this purpose.

{0154} These compounds may be administered alone, in combination, and/or in
cotormulation with one or wore other compounds according to the disclosure, or in combination
and/or coformulation with one or more other drugs (or as any combination or coformuation
thereof}). Generally, they are administered as a corobivation, formulation, or cotformulation in
association with one or more pharmaceutically acceptable excipients. For example and without
any Hmitation, the compounds disclosed herein can be coformulated with ove or more

suplements and/or inhibttors, such as NAD supplement and JAK ishibitor.

{0155] The term “excipient’ is used herein to describe any ingredient other than the
compound(s) according to the disclosure. The choice of excipient depends to a large extent
depend on factors such as, but not limited to, the particular mode of administration, the effect of

the excipient on solubtlity and stability, and the nature of the dosage form.

{0156} For example, in such pharmaceutical formulations, compounds according to the
disclosure may be combined with soluble macromolecular entities, such as, but not limited to,
cyclodextrin and suitable derivatives thereof or polyethylene glycol-containing polymers, in
order to improve their solubility, dissolution rate, taste-masking, bicavailability and/or stability

for use in any of the aforementioned modes of administration.
{01587} Drrug-cyclodextrin complexes, for example, may be useful for most dosage forms
and administration routes. Both inclusion and non-inclusion complexes may be used. Asan

alternative to divect complexation with the drug, the cyclodextnio may be used a3 an auxiliary
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additive, .e. as a carrier, diluent, or solubilizer. For example, commonly used for these purposes
are alpha-, beta- and gamma-cyclodextring, examples of which may be found in International
Patent Applications Nos. WO 91/11172, WO 94/02518 and W 98/55148 (specifically page 3,
fine 25 to page 6, line § mclusive). The entire contents of WO S1/11172, WO 94/02518 and WO
98/55148 (and specifically the cyclodextrins of page 3, line 25 to page 6, line & inclusive} are

fully incorporated herein by reference.

{0158} Pharmaceutical compositions suitable for the delivery of compounds of the
present disclosure and methods for their preparation will be readily apparent to those skilled in
the art. Such compositions and methods for their preparation may be found, for example, in

Remington’s Pharmaceutical Sciences, 19th Eduion (Mack Publishing Company, 1995), the

entire contents of which {and specifically the passages relating to pharmaceutical compositions

and their methods of preparation) is fully incorporated herein by reference.

16159 The pharmaceutical formulation according to the disclosure may be administered
orally. Oral administration may involve swaliowing, so that the compound in the formulation
enters the gastrointestinal tract, and/or buccal, Hingual, or sublingual administration by which the

compound enters the blood stream directly from the mouth.

{0160} Formulations suitable for oral administration include solid, semi-solid and hiquid
systems such as, but not limited to, tablets; soft or hard capsules containing multi- or nano-
particulates, liquids, or powders, lozenges (inchuding hiquid-filled), chews; gels; fast dispersing

dosage forms; films; ovules; sprays; and buccal/mucoadhesive patches.

{0161} Liquid formulations include suspensions, solutions, syrups and elixirs, Such
formulations may be employed as fillers in soft or hard capsules (made, for example, from
gelatin or hydroxypropylmethyicelivlose) and typically comprise a carrier, for example, water,
more emulsifying agents and/ot suspending agents. Liguid formulations may also be prepared by

the reconstitution of a solid, for example, from a sachet.
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10162} The compounds according to the disclosure may also be used in fast-dissolving,

fast-disintegrating dosage forms such as, but not limuted to, those described in Liang ef of. (2001)

Expert Opinion in Therapeutic Patents, 11 {6} 981-986, the entire contents of which (and
specifically the passages relating to tast-dissolving, fast-disintegrating dosage forrus) is fully

incorporated herein by reference.

{4163} For tablet dosage forms, depending on dose, the compound of Formula I or I* may
make up from about 1 weight % to about 80 weight % of the dosage form, or from about 5
weight % 1o about 60 weight % of the dosage form. In addition to the compound of Formula |
tablets generally contain a disintegrant. Nonlimiting examples of disintegrants include sodium
starch glycolate, sodium carboxymethyl cellulose, calciur carboxymethy! cellulose,
croscarmetlose sodium, crospovidone, polyvinvipyrrolidone, methyl cellulose, microcrystalline
cellulose, lower alkyl-substituted hydroxypropyl cellulose, starch, pregelatinised starch and
sodium alginate. Generally, the disintegrant comprises from about 1 weight % to about 25

weight Yo, or from about 5 weight % to about 20 weight % of the dosage form.

{0164} Binders are generally used to impart cohesive qualities to a tablet formulation.
Suitable binders include, but not are not limited to, microcrystalline cellulose, gelatin, sugars,
polyethylene glycol, natural and synthetic gums, polyvinylpyrrolidone, pregelatinised starch,
hydroxypropyl cellulose and hydroxypropyl methylcellulose. Tablets may also contain diluents,
such as, but not timited to, lactose (monohydrate, spray-dried monohydrate, anhydrous and the
likey, mannitol, xviitol, dextrose, sucrose, sorbitel, microcrystaliine cellulose, starch and dibasic

calcium phosphate dihydrate.

{0165} Tablets may also optionally comprise surface active agents, such as, but not
himited to, sodium laurvl sulfate and polysorbate 80, and glidants such as, but not limuted to,
stlicon dioxide and talc. When present, surface active agents may comprise from about 0.2
weight %6 to about 5 weight % of the tablet, and glidants may comprise from about 0.2 weight %

to about 1 weight % of the tablet,

6166} Tablets also generally contain lubricants such as, but not limited to, magnesium

stearate, calcium stearate, zinc stearate, sodium steary! fumarate, and mixtures of magnesium
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stearate with sodium laury! sulphate. Lubricants generally comprise from about 0.25 weight % to

about 10 weight %, or from about 0.5 weight % to about 3 weight % of the tablet.

{0167} Other useful wngredients include, but are not himited to, anti-oxidants, colorants,
flavoring agents, preservatives, taste-masking agents, flavorings and flavor enhancers, salivary
stimulating agents, cooling agents, co~solvents (including oils}), emollients, bulking agents, anti-

foaming agents, and surfactants.

10168} Exemplary tablets contain up to about 80% of a compound of Formula I, from
about 10 weight % to about 90 weight % binder, from about O weight % to about 85 weight %
diluent, from about 2 weight % to about 10 weight % disintegraot, and from about 0.25 weight %

to about 10 weight % lubricant.

10169} Tablet blends may be compressed directly or by roller to form tablets. Tablet
blends or portions of blends may alternatively be wet-, dry-, or melt-gramulated, melt congealed,
or extruded before tableting. The final formulation may comprise one or more layers and may be

coated or uncoated; it may be encapsulated.

{31761 The formutdation of tablets is discussed in Lieberman er &/ (1980) Pharmaceutical

Dosage Forms: Tablets, Vol 1, (Marcel Deldeer, New York,), the entire contents of which {and

specifically the passages relating to the formulation of tablets) is fully incorporated berein by

reference.

18171} Consumable oral films for human or veterinary use are typically pliable water-
soluble or water-swellable thin film dosage forms which may be rapidly dissolving or
mucoadhesive and typically comprise a compound of Formula { a film-forming polymer, a
binder, a solvent, a humectant, a plasticizer, a stabilizer or emulsifier, a viscosity-moditying

agent and a solvent. Some components of the formulation may perform more than one function.

{01721 The compound of Formula I or I* may be water-soluble or insoluble. A water-
soluble compound comprises from about 1 weight % to about 80 weight %, or from about 20

weight %6 to about 50 weight %, of the solutes. Less soluble compounds may comprise a greater
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proportion of the composition, typically up to about 88 weight % of the solutes. Alternatively,

the compound of Formula [ or I* may be o the form of moultiparticulate beads.

{0173} The film-forming polymer may be selected from natural polysaccharides, proteins,
or synthetic hydrocollowds and is typically present 1o the range 0.01 to 99 weight %%, more

typically in the range of about 30 weight % to about 80 weight %.

10174} Films in accordance with the disclosure may be prepared by evaporative drying of
thin aqueous films coated onto a peelable backing support or paper. This may be donein a
drying oven or tunnel, for example, by a combined coater dryer, or by freeze-drying or

Vacuuming,

101754 Solid formulations for oral administration may be formulated to be immediate
and/or modified release. Modified release formulations include delayed-, sustained-, pulsed-,

controtied-, targeted and programmed release.

{0176} Suitable modified release formulations for the purposes according to the
disclosure are described in US Patent No. 6,106,864, the entire contents of which {and
specifically the modified release formulations from column 2, line 34 to column 4, line 26, in
which references to “darifenacin” should be read as referring to the compound of formula 1 of the
disclosure} is fully incorporated herein by reference. Details of cther suitable release
technologies such as high energy dispersions and osmotic and coated particles are to be found wn

Verma ef of. (2001} Pharm. Technol. On-line, 25(2):1-14, the entire contents of which (and

specifically the passages relating to suitable release technologies including high energy
dispersions and osmotic and coated particles) is fully incorporated herein by reference. The use
of chewing gum to achieve controlled release is described in International Patent Publication WO

00/3529¢, the entire contents of which is fully incorporated hergin by reference.

3177 The pharmaceutical formulations including a compound of Formula 1 or [¥
] ) { g p

according to the disclosure may also be adminsstered directly into the blood stream, into muscle,

51



WO 2022/077034 PCT/US2021/071805

or into an internal organ. Exemplary suitable means for parenteral administration include
intravenous, intraarterial, tntraperitoneal, intrathecal, intraventricular, intraurethral, infrasternal,
intracranial, intramuscular, intrasynovial and subcutaneous. Suitable devices for parenteral
administration include needle (including microneedle) injectors, needle-free injectors and

infusion techniques.

{0178} Parenteral formulations are typically aqueous solutions which may contain
excipients such as, but not limited to, salts, carbohydrates and buffering agents {e.g,, toa pH of
from about 3 to about 9), but, for some applications, they may be formulated as a stertle non-
acuecus solution or as a dried form to be used in conjunciion with a suitable vehicle such as, but

not limited to, sterile, pyrogen-free water,

{0179} The preparation of parenteral formulations under sterile conditions, for example,
by lyophilisation, may readily be accomplished using standard pharmaceutical techniques well

known to those skilled 1n the art.

{31180 The solubility of compounds of Formula I-1* used in the preparation of parenteral
pharmaceutical formulations may be increased by the use of appropriate formulation technigues,
such as, but not timited to, the incorporation of solubility-enhancing agents. Formulations for
parenteral administration may be formulated to be immediate and/or modified release. Modified
release formulations include delayed-, sustained-, pulsed-, controlied-, targeted and programmed
release. Thus, compounds according to the disclosure may be formulated as a suspension or as a
solid, semi~solid, or thixotropic liquid tor administration as an iroplanted depot providing
modified release of the active compound. Nonlimiting examples of such formulations inchude
drug-coated stents and semi-solids and suspensions comprising drug-loaded poly{df-lactic-

coglycolic) acid (PGLA) microspheres.

{0181} The pharmaceutical formulations according to the disclosure may also be
admunistered topically, (intra)dermally, or transdermally to the skin or roucosa. Typical

formulations for this purpose include, but are not limited to, gels, hydrogels, lotions, selutions,
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creams, ointments, dusting powders, dressings, foams, films, skin patches, wafers, implants,
sponges, fibers, bandages and microemulsions. Liposomes may also be used. Typical cartiers
include, but are not limited to, alcohol, water, mineral oil, liquid petrolatum, white petrolatum,
glycerin, polyethylene glycol and propylene glycol. Penetration enhancers may be incorporated
(see, Finnin ef al. (1999} §. Pharm. Sci. 88 (10):955-958), the entire contents of which (and
specifically the passages relating to penetration enhancers) is fully incorporated herein by

reference.

{0182} Other nonlitotting roeans of topical administration include delivery by
electroporation, iontophoresis, phonophoresis, sonophoresis and microneedle or needle-free {e.g,,

Powderject™, Bioject™ efc.) injection.

{6183} Formulations for topical administration may be formulated to be immediate and/or
modified release. Exemplary modified release formulations include delayed-, sustained-, pulsed-

. controlled-, targeted and programmed release.

{0184} The pharmaceutical formulations including a compound of Formula I-1#
according to the disclosure may also be administered intranasally or by inhalation, e.g., inthe
form of a dry powder {(etther alone, as a mixture, for example, 10 a dry blend with lactose, oras a
mixed component particle, for example, mixed with phospholipids, such as, but not limited to,
phosphatidyicholine) from a dry powder inhaler, as an aerosol spray from a pressurized
container, pump, spray, atomizer (or an atomizer using electrohydrodynamics to produce a fine
mist), or nebulizer, with or without the use of a suitable propellant, such as, but not himited to,
1,1,1,2-tetratluoroethane or 1,1,1,2.3 3 3-heptatluoropropane, or as nasal drops. For intranasal

use, the powder may comprise a bioadhesive agent such as, but not limited to, chitosan or

cyciodextrin.

{0185} The pressurized container, pump, spray, atomizer, or nebulizer contains a solution
or suspension of the compound according to the disclosure coruprising, for example, ethanol,
aqueocus ethanol, or a suitable alternative agent for dispersing, solubilizing, or extending release
of the active, a propellant(s) as solvent and an optional surfactant such as, but not himited to,

sorbitan tricleate, oleic acid, or an oligolactic acid.
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{0186} Prior to use in a dry powder or suspension formulation, the pharmaceutical
formulation is micronized to a size suitable for delivery by inhalation (e.g., less than about S
microns). This may be achieved by any appropriate cominuting method, such as, but not
fimited to, spiral jet milling, fluid bed jet milling, supercritical fhuid processing to form

nanoparticles, high pressure homogenization, or spray drying.

{0187} Capsules {made, for example, fror gelatin or hydroxypropylmethyiceliulose),
blisters and cartridges for use in an inhaler or insufflator may be formulated to contain a powder
mix of the compound according to the disclosure, a suitable powder base such as, but not limited
to, lactose or starch and a performance modifier such as, but not limited to, Hleucine, mannitol,
or magnesiur stearate. The lactose may be anhydrous or in the form of the monchydrate. Other
exemplary excipients include dextran, glucose, maltose, sorbitol, xylitol, fructose, sucrose and

trehalose.

{3188} An exemplary pharmaceutical formulation for use 1o an atomizer using
electrohydrodynamics to produce a fine mist may contain from about 1 ug to about 20 mg of the
compound according to the disclosure per actuation, and the actuation volume may vary from
about 1 ul to about 100 ul. An exemplary formulation comprises a compound of Formula
propyvlene glycol, sterile water, ethanol and sodiurn chloride. Alternative exeraplary solvents

which may be used instead of propylene glycol include glycerol and polyethylene glycol.

10189} Suitable flavors, such as, but not limited to, menthol and levomenthol, or
sweeteners, such as, but not limited to, saccharin or saccharin sodium, may be added to those

formulations according to the disclosure intended for inhaled/intranasal administration.
{31190} Formulations for inhaled/intranasal administration may be formulated to be

immediate and/or modified release using, for exarmple, PGLA. Modified release formulations

include delayed-, sustained-, pulsed-, controlied-, targeted and programmed release.
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10191} in the case of dry powder inhalers and aerosols, the dosage unit may be
determined by means of a valve which delivers a metered amount. Units in accordance with the
disclosure are provided, e.g., in a metered dose or “puft” containing from about 0.01 ug to about
100 mg of the compound of Formula I The overall daily dose is in the range of about 1 pg to
about 200 mg, which may be administered in a single dose or, as divided doses throughout the

day and possibly during multiple days.

{0192} The pharmaceutical formulations according to the disclosure may be administered
rectally or vaginally, for example, in the form of a suppository, pessary, or enema. Cocoa butter
18 a traditional suppository base, but various alternatives may be used as appropriate,
Formulations for rectal/vaginal administration may be formulated to be immediate and/or
modified release. Modified release formulations include delayed, sustained, pulsed, controlied,

targeted, and programmed release.

{0193} The pharmaceutical formulations according to the disclosure may also be
administered directly to the eye or ear, for example, in the form of drops of a micronized
suspension or solution in isotonic, pH-adjusted, sterile saline. Other formulations suitable for
ocular and aural administration nclude ointments, gels, biodegradable {e.g., absorbable gel
sponges, collagen) and non-biodegradable {e.g. silicone) implants, wafers, lenses and particulate
or vesicular systems, such as, but not himited to, niosomes or iposomes. A polymer such as, but
not limited to, crossed-linked polyacrylic acid, polyvinylalcohol, hyalurenic acid, a cellulosic
polymer, for example, hydroxypropylmethyicetlulose, hydroxyethylcellulose, or methyl
cellulose, or a heteropolysaccharide polymer, for example, gelan gum, may be incorporated
together with a preservative, such as, but not limited to, benzalkonium chioride. Such
formulations may alsc be delivered by itontophoresis. Formulations for pcular/aural
administration may be formulated to be immediate and/or moditfied release. Modified release

formulations include delayed-, sustained-, pulsed-, controlled-, targeted, or programmed release.

{0194} Since the present disclosure has an aspect that relates to the treatment of the
disease/conditions described hevein with a combination of active ingredients which may be

administered separately, the disclosure also relates to combining separate pharmaceutical
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compositions in kit form. Such a kit comprises two separate pharmaceutical compositions: a
compound of Formulda I or I¥, or a salt thereof and a second compound as described above. The
kit comprises means for containing the separate compositions such as, but not limited to, a
container, a divided bottle or a divided foil packet. The kit comprises directions for the
administration of the separate components. The kit form is particularly advantageous when the
separate components are preferably administered in ditfferent dosage torms {e.g., oral and
parenteral}, are administered at different dosage intervals, or when titration of the individual

components of the combination is desired by the prescribing physician.

{01951 A non-hmiting example of such a kit 15 a so-called bhister pack. Blister packs are
well known in the packaging industry and are being widely used for the packaging of
pharmaceutical unit dosage forms {(tablets, capsules, and the like). Blister packs generally
counsist of a sheet of relatively stiff material covered with a foil of a transparent plastic material.
During the packaging process recesses are formed in the plastic foil. The recesses have the size
and shape of the tablets or capsules to be packed. Next, the tablets or capsules are placed in the
recesses and the sheet of relatively stiff material is sealed against the plastic foil at the face of
the foil which 13 oppostte from the direction in which the recesses were formed. As a result, the
tablets or capsules are sealed in the recesses between the plastic foil and the sheet. The strength
of the sheet may be such that the tablets or capsules can be removed from the blister pack by
manually applying pressure on the recesses whereby an opening is formed in the sheet at the

place of the recess. The tablet or capsule can then be removed via said opening.

{3196} A memory aid may be provided on the kit, e.g., in the form of numbers next to
the tablets or capsules whereby the numbers correspond with the days of the regimen which the
tablets or capsules so specified should be ingested. Another example of such a memory aidis a
calendar printed on the card, e.g., as tollows "First Week, Mounday, Tuesday” eic. “Second
Week, Monday, Tuesday” etc. Other variations of memory aids will be readily apparent. A
"daily dose" can be a single tablet or capsule or several pills or capsules to be taken on a given
day. Also, a daily dose of Formula [ or I* compound can consist of one tabiet or capsule while a
daily dose of the second compound can consist of several tablets or capsules and vice versa. The

memory aid can reflect this.
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101974 in another specitic embodiment according to the disclosure, a dispenser designed
to dispense the daily doses one at a time in the order of thewr intended use 13 provided. The
dispenser may be equipped with a memory-aid, so as to further facilitate compliance with the
regimen. A nonlimiting example of such a memory-aid 1s a mechanical counter which indicates
the number of daily doses that has been dispensed. Another nonlimiting example of such a
memory-aid is a battery-powered micro-chip memory coupled with a liquid crystal readout, or
audible reminder signal which, for example, reads out the date that the fast daily dose has been

taken and/or reminds one when the next dose is to be taken.

{01981 The disclosure includes a method for treating, retarding, or preventing a disease in
a subject, e.g,, a mammal such as, but not limited to, a human, comprising adrinistering to a
subject in need thereot a therapeutically effective amount of a compound of FormulaTor {* ora

2

pharmaceutically acceptable salt, ester, or prodrug thereot.

{0199} The corapounds of Formula [ or I* are also useful for modulating or inhibiting
NAD hydrolase activity of CII38 protein. Accordingly, the disclosure further includes the use of
compounds of Formula I-I* for the prevention, retardation, and/or treatment of disease states
associated with NADA+ depletion or NAD+ metabolites dysregulation such as aging (e.g, age-
related chronic diseases), cancer, cardiovascular disorders, neurological disorders, pulmonary
disorders, fibrotic diseases, metabolic disorders, inflammation, liver disorders, and diseases of

the skin,, as well as its identification as a cell-surface marker in hematologic cancers such as

multiple myeloma (see, Chin ef o, (2018) Trends Pharmacol Sci. 39(4):424-436). The methods
comprise administering to a subject in need thereof a therapeutically effective amount of a

compound of Formula I or T¥, or a pharmaceutically acceptable salt, ester, or prodrug thereof.

{02060} Additionally, the disclosure includes the use of compounds of Formula I-1* for the
prevention and/or treatment of cancer, such as small lung cell carcinoma, renal clear cell

carcinoma, chronic lymphocytic leukemiahas and roultiple myeloma.

{6201} The role of CD38 dystunction in cancers has been demonstrated such as in small
fung cell carcinoma (see, e.g., Blanco et al. (2010} Can. Res 70(10}):3896-3904) and in renal clear
cell carcinoma (see, Sartini et al. (2006) J. Urcl 176(5):2248-2254). The role of CD38 in

Chronic lymphocytic leukemiahas been described (see, Beaglio et al. (2010) Can. Biol.
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20(6):416-423}. The role of CD38 in PD-1/PD-L1 resistant cancers has been decribed (see,
Verma et al, (2019) Nature Iromunology 20: 1231-1243; Chen et al., (2018) Cancer Discov.

8(91:1156-1175).

10202} The disclosure inchides the use of compounds of Formula I-1* for the prevention
and/or treatment of cardiovascular disorders, such as hypertension, hypoxic pulmonary

vasgconstriction, cardiac hypertrophy, congestive heast fatlure and stroke.

{31283} The role of CD38 inhibition 1n cardiovascular disorders has been documented,

such as for hypertension {(see, e.g., Thai ef o/ {2009} Am_ 1 Renal Physiol 297(1}F169-76.

Hypoxic pulmonary vasoconstriction, has been described in Wilson et al. (20013 1. Biol, Chem.

276{14). 11180-8). Cardiac hypertrophy/CHF has been described in Pillai. ef ol , (2010} ],

6(5):e19046.

{6204} The disclosure includes the use of compounds of Formula I-I* for the prevention
and/or treatment of neurological disorders, such as Alzheimer's disease, bipolar disorder/
schizophrenia, Huntington's disease, amyotrophic lateral sclerosis, Parkinson's disease, multiple
sclerosis, optic neuropathy and epilepsy. Thus, the agents described herein may be used as
neuroprotective agents. The compounds of Fornnda I-1* may also be administered in the tissue

or organ hikely to encounter cell death.

{02051 Neurological disorders have also been demonstrated to be mediated by CD38

dysfunction such as with Alzheimer's disease in Gong Bing, ef of. {2013) Neurobiol, Aging
3’ ) fand)

34{6):1581-8. Neurccognitive disorders and CD38 are described in, e.g., Banerjee ef af {2008)
J. Neuroim, Pharmacol 3(3):154-64. Bipolar disorder/ schizophrenia CDI38 disfunction is

described in, e.g., Christoforou (2007) Mol Psych 12{1131011-1025. The role in Huntington's

disease has been described, Weydt (2009) Mol. Neurodeg 4:3. Dysfunction in Amyotrophic

fateral sclerosts has been described in Lawton er of. (2012} Amyotrophic Lateral Sclerosis

13(1y:110-118, and in Parkinson's disease (see, e.g., Aovama ¢f af. (2001} Neurosct, Lett.
298(1):78-80. Multiple sclerosis has been described in Penberthy ef o/ (2009} Curr, Pharm,

Design15(11:64-99. Optic neuropathy has been described in Kitacka ef af., (2009} 1
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Neuropathol. Exp. Neurol. 68(8):915-927. Epilepsy has been described as a CD38 disorder, for

{0206} The disclosure includes the use of compounds of Formula I-1* for the prevention
and/or treatment of pulmonary disorders, such as idiopathic pulmonary fibrosis, cystic fibrosis,
CIVD-19, SARS, asthma, and chronic obstructive pulmonary disease (COPD). The disclosure
inchides the use of compounds of Formula I-1* for the prevention and/or treatment of fibrotic

diseases, such as idiopathic pulmonary fibrosis and cystic fibrosis.

102067} Pulmonary disorders have a CD38 dysfunction such as described tor idiopathic
pulmonary fibrosis, O Nell ef /. (1994) BExpt. Luong Res. 20(1):41-56. The role 1n cystic fibrosis
has been described in Wetmoreet ef o/, (2010) J_Biolog. Chem. 285(40}1:30516-30522. Asthma
18 described 1o Kang ef af (2006) Curr, Res, Med, Rev. 2(2):143-156. COPD is described in
Hageman ef ¢/ {2003} Free Radical Biol. Med. 35(2):140-148.

{6208} The disclosure includes the use of compounds of Formula I-I* for the prevention
and/or treatment of metabolic disorders, such as metabolic syndrome, obesity, sarcopenic
obesity, dyslipidemia, diabetes {such as type [ diabetes), diabetic neuropathy, insulin resistance,

infection-induced and viral-induced lung fibrosis, and pancreatitis.

{0209} Use of compounds of Formula I-I* for the prevention and/or treatrment of obesity
may include wherein the subject has or is likely to develop obesity (e.g. mammals having an
elevated nisk of developing diet-induced obesity). A mammal may be wdentified as having or
being likely to develop obesity using standard clinucal techrugues. For exaruple, analysis of a
human's family history or eating habits may be used to determine whether the human s likely to
develop an obesity condition. As described herein, a mammal identified as having or being
susceptible to developing an obesity condition may be treated by administering a compound of

Formuia L

{0210} CD38 dystunction in metabolic disorders have been described such as in
Metabolic Syndrome, Hscande Carlos et al. (2013} Biabetes 62(4):1084-93. Obesity/sarcopenic
obesity have been described in Maria ef oof. (2007) FASEB J 21{13}3:3629-39. Dyslipidemia is
described tn Surakka Ida ef af (2011} PLoS Gen. 7(10).1002333. Dysfunction in Dabetes has
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been described in Arvaef af (2004 Am.J. Hum. Gen. 742):272-282 and dysfunction in diabetic

neuropathy has been described in Geeta ef &, {20103 Neuropharmacol, 58(3):585-92. CD¥381n

Insulin resistance is described in Yoshino ef af. (2011) Cell Metab 14(4):528-536. D38 1n Type
I diabetes is described 1o Elliott. ef o (1993) Aunals NY Acad. S¢i, 696. 333-41. Pancreatitis
has been described in Chan ef of. (2011) Antiox. Redox Sig. 15(10):2743-2755.

{02113} The disclosure includes the use of compounds of Formula I-I* for the prevention
and/or treatment of acute lung injury {ALT) and acute respiratory distress syndrome (ARDS).
CD38 dysfunction in acute lung injury/ARDS, bas been described, e.g. Su ef al (2007) Eur. Res.
3. 30(23:199-204.

{0212} The disclosure includes the use of compounds of Formula I-I* for the prevention
and/or treatment of hyperphosphatemia. For hyperphosphatemia, see Takahashi ef o/, (2004)

Kidney Int. 65(3):1099-1104.

{0213} The disclosure includes the use of compounds of Formula I-I* for the prevention
and/or treatment of alcohol intolerance. For alcohol 1ntolerance, see, e.g., Larson ef of. (2003} ],

Biol, Chen 28(0343:30550-30556.

{0214} The disclosure includes the use of compounds of Formula [-1* for the prevention

and/or treatment of lupus. For lupus, see, e.g., Gonzalez-Escribano er af. (2004} Hum, Tnmunol

{0215} The disclosure includes the use of cormpounds of Formula [-1* for the prevention
and/or treatment of arthritis, such as rheumatoid arthritis. The role of CD38 in rheumatoid

arthritis 1s described 10 Jorge Postigo ef ¢f. (2012) PLoS One 7(3):¢33534.
{8216} The disclosure includes the use of compounds of Formula I-I* for the prevention
and/or treatment of ataxia-telangiectasia. The role of CD38 in ataxia-telangiectasia is described

in Stern e of, (2012) §. Biol, Chem. 277(11:602-608.

182174 The disclosure inchides the use of compounds of Formula I-1* for the prevention

and/or treatment of trritable bowel syndrome and colitis. Irritable Bowel Syndrome and colitis
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involves CD38 dysfunction, for example, Durnin ef af (20123 1. Physiol. (Oxford, UK}
390(8):1921-1941.

{6218} The disclosure includes the use of compounds of Formula I-1* for the prevention
and/or treatment of gout. See, Nik Cummings ef o/, European Journal of Human Genetics

(2010, 18(11), 1243-7.

{6219} The disclosure includes the use of compounds of Formula I for the prevention
and/or treatment of end stage renal disease. The role of CI338 in end stage renal disease ts

described in Freedman e7 ¢/, (2005) Nephrol, Bialysis, Transpl 20(4).712-718.

{0220} The disclosure includes the use of compounds of Formula I-I* for the prevention

43(5):802-812.

{02213 The disclosure includes the use of compounds of Formula I-I* for the prevention
and/or treatment of liver disorders, such as sieatosis and non-alcoholic steatohepatitis (NASH).
Liver disorders such as steatosis and NASH are mediated by CD38&, for example Chot ef ol

(2013) Aging Cell 2(6):1062-72.

{0222} The disclosure includes the use of compounds of Formula I-1* for the prevention

and/or treatment of postmenopausal osteoporosis. Postmenopausal osteoporosis disease

progression 1s described in Drommond ef of. (2006) J, Bone Mineral Met. 24(1)28-35.

{0223} The disclosure includes the use of compounds of Formula I-I* for the prevention
and/or treatment of fertility disorders or disease. Restoration of oocyte guality and enhancement

of ovulation rate and fertility is decribed in Bertoldo ef af. | (2020) Cell Rep 30(6): 1670-1681.

10224} The disclosure includes the use of compounds of Formula I-I* for the prevention
and/or treatment of Hartnup disease. Hartnup disease and CD38 are described in Jepson ef af.
(1960) Met, Basis Inherited Dis._1338-64. Hansen's disease is described in Dhople ef ol (1985)
Microbio. Letts. 28(109):17-20.
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102254 The disclosure inchides the use of compounds of Formula I-1* for the prevention
and/or treatment of tuberculosis. The role of CD38 in tuberculosis 1s described in Vilchere ef of.

{2010} Mol Microbiol. 76(2¥:365-377.

18226 The disclosure inchides the use of compounds of Formula I-1* for the prevention
and/or treatment of leishmaniasis. The role of CI¥38 in Letshmaniasis is described in Michels ef

cf. {2011 Mol. Microbiol, 82(1}):4-8.

{82274 The disclosure inchides the use of compounds of Formula -1* for the prevention

and/or treatment of muscular dystrophy. Muscular dystrophy and CD38 is described 1n Goody ¢f

{0228} The disclosure includes the use of compounds of Formula I-1* for the prevention
and/or treatment of organ reperfusion injury. Organ reperfusion injury mediated through CD38

is described in Yan Ge ef o/ (2010} Biochem, Biophys. Res. Comm. 399(2):167-172.

{6229} The disclosure includes the use of compounds of Formula I-1* for the prevention
and/or treatment of pellagra. Pellagra is also a CD38 mediated disease, see, for example,

Williarns er g (2007) Med, Hypoth 69(3):618-628.

{0236} The disclosure includes the use of compounds of Formula I-1* for the prevention
and/or treatment of diseases of the skin, such as skin byperpigmentation, UV skin damage and

psoriasis.

{02313 Diseases of the skin are linked to NAD and CD38 dysfunction. Skin
hyperpigmentation, for example, has been reported (Van Woert (1967) Life S¢i.6(24):2605-12).

UV skin damage has been reported (see Benavente ¢f af. (2009) Curr. Pharm. Design 15(1),29-

38. Likewise, NAD dysfunction is involved in psoriasis (see, Wozniacka ef af. (2007) Skin

Pharmacol. Physiol. 26{1}:37-42}.

{0232 The disclosure inchides the use of compounds of Formula -1* for the prevention
and/or treatment of damage caused by exposure to radiation, such as X-ray-induced DNA

damage., e.g. by promoting NAD+ modulated DNA repatr and/or cell survival. The disclosure
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includes a method of promoting DNA repair in cells. Cells exposed to conditions that may
irigger DNA damage, e.g., radiation, may be protected by contacting them before, during and/or

LS

after exposure to the DNA damaging agent, with a compound of Formula [ or I*,

102334 Protection from exposure to radiation has been described, for example, in Caibin

ef . (2012) Internat. J. Phyvsiol, Pathophysiol, Pharmacol. 4(1)1-9.

{0234} The disclosure includes the use of compounds of Formula I-1* for the prevention
and/or treatment of periodontal disease. The role of (D38 in periodontal disease has also been

reported in, e.g., Fujita ef of. (2005) ] Periodontol. 76(11):1960-S.

{0235} The disclosure includes the use of compounds of Formula I-I* for the prevention
and/or treatment of Leber's hereditary amaurosis. Leber's hereditary amaurosis has also been

reported see, for example, in Koenekoop er af. (2012} Nat._Gen 44(9}:1035-1039.

{0236} The disclosure includes the use of compounds of Formula I-I* for the prevention
and/or treatment of sleep disorders. NAD+ wovolvement tn sleep disorders has also been reported

{(see, Robinson ef af (1977) Biol. Psych 12{11:139-43)

{0237} The disclosure includes the use of compounds of Formula I-I* for the prevention
and/or treatment of exercise intolerance. Exercise intolerance has also been reported (see, e.g.,
Glick (19663 Am, . Physiol. 210(6):1215-21

{0238} The coropounds of Formula I-I* extend the life span of cells and protects them
from stress. Accordingly, the disclosure includes the use of compounds of Formula I-1* for the
prevention and/or treatment of diseases, e.g., chronic diseases, associated with cell death, such as,
but not limited to, e.g., diseases associated with neural cell death or muscular cell death. In
addition, the methods may be used to prevent or alleviate neurodegeneration and peripheral
neuropathies associated with chemotherapy, such as, but not limited to, cancer chemotherapy

{e.g., taxol or cisplatin treatment).

102391 The compounds of Formula I-1* described herein may be adninistered to subjects

in which caloric restriction or the effects thereof is beneficial. Subjects may be subjects suffering
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from an aging disease, e.g., stroke, heart disease, arthritis, high blood pressure. They may also be
administered for treating a retabolic disease, such as, but not limited to, insulin-resistance or
other precursor symptom of type 1 diabetes, type {I diabetes or complications thereof. Methods
may crease insulin sensitivity or decrease msulin levels in a subject. A method may comprise
administering to a subject, such as a subject in need thereof, a pharmaceutically effective amount
of an agent that increases the activity or protein level of a protein involved 1o the NAD+ salvage
pathway, i.e., in the syothesis of NAD+ and the degradation of nicotinamide. A subject in need
of such a treatment may be a subject who has insulin resistance or other precursor symptom of
type H diabetes, who has type II diabetes, or who is likely to develop any of these conditions.
For example, the subject may be a subject having insulin resistance, e.g,, having high circulating
fevels of insulin and/or associated conditions, such as impaired ghucose tolerance, high blood

glucose sugar level and hypertension.

{0249} Compounds of Formula I-I* may also be used for stimulating fat mobilization,

e.g., for treating obesity and any condition resulting therefrors ot for reducing weight gain.

{0241} The disclosure provides a method for treating any of the conditions recited above
in a mammal, comprises administering a therapeutically effective amount of a compound of
Formula T or a pharmaceutically acceptable salt, ester, or prodrug thereof to the mammal. The

mammal may be i a human in need of such treatment or prevention.

{0242} The term "therapeutically effective amount” as used herein refers to that amount
of the compound being administered which will relieve to some extent one or more of the
symptoms of the disorder being treated. In reference to the treatment of Nonalcoholic
steatohepatitis (NASH), a therapeutically effective amount refers to that amount which has the
etfect of reducing or ameliorating the fat and scar tissue present in the liver as well as improving

any of the biomarker measures indicative of inflammation.

{0243} The term "treating”, as used herein, unless otherwise indicated, means reversing,
alleviating, inhibiting the progress of, or preventing the disorder or condition to which such term
applies, or one or more symptoms of such disorder or condition. The term "treatment”, as used

herein, unless otherwise indicated, refers to the act of treating as "treating” 1s defined
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immediately above. The term “treating” also includes, but not limited to, adjuvant and neo-

adjuvant ireatment of a subject.

{0244} Administration of the compounds of Formula I-1* may be affected by any method
that enables delivery of the compounds to the site of action. These methods include oral routes,
intraduodenal routes, parenteral injection (including wtravenous, transdermal, subcutaneous,
intramuscular, intravascular or infusion), intra~-articular administration, intraviireal

administration, topical, ocular, vaginal rectal administration, and the hike.

10245} Dosage regimens may be adjusted to provide the optimum desired response. For
exarople, a single bolus may be administered, several divided doses may be administered over
time or the dose may be proportionally reduced or increased as indicated by the exigencies of the
therapeutic situation. It 1s advantageous to formulate parenteral compositions in dosage unit
form for ease of administration and uniformity of dosage. Dosage unit form, as used herein,
refers to physically discrete units suited as unitary dosages for the maromwalian subjects to be
treated; each unit containing a predetermined quantity of active compound calculated to produce

the desired therapeutic effect (n association with the pharmaceutical cartier.

10246} Thus, the skilled artisan would appreciate, based upon the disclosure provided
herein, that the dose and dosing regimen is adjusted in accordance with methods well-known 1n
the therapeutic arts. That 15, the maximurm tolerable dose may be readily established, and the
effective amount providing a detectable therapeutic benefit to a patient may also be determined,
as may the temporal requirements for administering each agent to provide a detectable
therapeutic benefit to the patient. Accordingly, while certain dose and administration regiroens
are exemplified herein, these examples in no way limit the dose and administration regimen that

may be provided to a patient in practicing the present disclosure.

10247} Dosage values may vary with the type and severity of the condition to be
alleviated, and may include single or multiple doses. For any subject, specific dosage regimens
may be adjusted over time according to the individual need and the professional judgment of the
person administering or supervising the administration of the compositions, and that dosage
ranges set forth herein are exemplary only and are not intended to limit the scope or practice of

the claimed composition. For example, doses may be adjusied based on pharmacokinetic or
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pharmacodynamic parameters, which may include clinical effects such as toxic effects and/or
laboratory values. Thus, the present disclosure encompasses intra-patient dose-escalation as
determined by the skilled artisan. Determining appropriate dosages and regimens for
administration of the active agent are well-known in the relevant art and would be understood to

be encompassed by the skilled artisan once provided the teachings disclosed herein.

{0248} The amount of the compound of Formula 1 or I* administered 1s dependent on the
subject being treated, the severity of the disorder or condition, the rate of administration, the
disposttion of the compound and the discretion of the prescribing physician. An effective dosage
is in the range of about 0.001 mg/kg body weight/day, to about 100 mg/kg body weight/day, or
about 1| mg/kg body weight/day to about 35 mg/kg body weight/day 1o single or divided doses.
For a 70 kg human, this amounts to about 0.05 g/day to about 7 g/day or about 0.1 ¢/day to about
2.5 g/day. In some instances, dosage levels below the lower limit of the aforesaid range may be
more than adequate depending on, e.g, the severity of the disorder treated and the age and weight
of the subject being treated, while in other cases still larger doses may be employed without
causing any harmful side effect, provided that such larger doses are first divided into several

small doses for admimstration throughout the day.

102491 As used herein, the term “corbination therapy” retfers to the administration of a
compound of Formula I or I* together with an at least one additional pharmaceutical or medicinal

agent, either sequentially or simultanecusly.

102501 The present disclosure includes the use of a combination of a compound of
Formula [ or I* and one or more additional pharmaceuntically active agent(s). If a corabination of
active agents is administered, then they may be administered sequentially or simultanecusly, in
separate dosage forms or combined 1o a single dosage form. Accordingly, the present disclosure
also includes pharmaceutical compositions comprising an amount of: () a first agent comprising
a compound of Formula I or ¥, or a pharmaceutically acceptable salt, ester, or prodrug thereof of
the compound; (b} a second pharmaceutically active agent; and (¢} a pharmaceuticaily acceptabie

carrier, vehicle or diluent.

10251} VYarious pharmaceutically-active agents may be selected for use in conjunction

with the compounds of Formula I-1¥, depending on the disease, disorder, or condition to be
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treated. Pharmaceutically active agents that may be used in combination with the compositions

of the present disclosure include, without limitation, the following combination therapies.

{32521 For treating non-alcoholic steatohepatitis (NASH) and/or non-alcoholic faity liver
disease (NAFLD), combination therapy includes combinations with agents including, but not
Hmited to, an acetyl-CoA carboxylase (ACC) inhibitor, a ketohexokinase (KHK) inhibitor, a
GLP-1 recepior agonist, an FXR agonist, a CB1 antagonist, an ASK1 inhibitor, an inhibitor of
CCR2 and/or CCRS, a PNPLA3Z mhibitor, a hydroxysteroid 17-0 dehydrogenase (HSD17B13)
inhibitor, a DGATT inhibitor, an FGF21 analog, an FGF19 analog, an SGLT2 inhibitor, a PPAR
agonist, an AMPK activator, an SCD1 inhibitor or an MPO inhubitor; Ordistat, TZDs and other
insulin~sensitizing agents, FGF21 analogs, Metformin, Orvega-3-acid ethyl esters {e.g. Lovaza),
Fibrates, HMG CoA-reductase Inhibitors, Ezetimibe, Probucol, Ursedeoxvycholic acid, TGRS
agonists, FXR agonists, Vitamin E, Betaine, Pentoxifyliine, CB1 antagonists, Carmitine, N-
acetylcysteine, Reduced glutathione, lorcaserin, the combination of naltrexone with buproprion,
SGLT2 inhibitors (including dapagliflozin, canagiiflozin, emopaglifiozin, tofoghtlozin,
ertugliflozin), Phentermine, Topiramate, GLP-1 receptor agonists, GIP receptor agonists, dual
GLP-1 receptor/glucagon receptor agonists, dual GLP-1 receptor/GIP receptor agonists
{Tirzepatide), Angiotensin-receptor blockers an acetyl-CoA carboxylase (ACC) mhibitor, a
BCKDK inhibitor, a ketohexokinase (KHK) inhibitor, ASK1 inhibitors, branched-chain alpha
keto acid dehydrogenase kinase inhibitors (BCBK inhibitors), inhibitors of CCR2 and/or CCRS,
PNPLASZ mbubitors, DGAT! inhibitors, an FGF21 analog, FGF19 analogs, PPAR agonists, FXR
agonists, AMPK activators, SCD1 inhibitors or MPO inhibitors.

10253} For treatment of other disorders, combination therapy also includes combinations
with, for example, anti-obesity agents includingl18-hydroxy steroid dehydrogenase-1 (115.-
HSD type 1) inhibitors, stearoyl-CoA desaturase-1 (SCD-1) intubitor, MCR-4 agonists,
cholecystokinin-A (CCK-A) agonists, moncamine reuptake inhibitors (such as, but not limited to,
stbutramine), sympathomimetic agents, 3 adrenergic agonists, dopamine agonists {such as, but
not limited to, bromocriptine), melanocyte-stimulating hormone analogs, SHTZ2¢ agonists,
melanin concentrating hormone antagonists, leptin (the OB protein), leptin analogs, leptin
agonists, galanin antagonists, lipase inhibitors {such as, but not limited to, tetrahydrolipstatin, ie,
orlistat), anorectic agents (such as, but not limited to, a bombesin agonist), neuropeptide-Y

antagonists (e.g., NPY Y5 antagonisis), PYYs.36 (including analogs thereof), thyromimetic
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agents, dehydroepiandrosterone or an analog thereof, glucocorticoid agonists or antagonists,
orexin antagonists, glhucagon-like peptide-1 agorusts, ciliary neurotrophic factors (such as, but not
fimited to, Axckine®. available from Regeneron Pharmaceuticals, Inc., Tarrytown, N.Y. and
Procter & Gamble Company, Cincinnati, Ohio), human agouti-related protein (AGRP) inhibuiors,
ghrelin antagonists, histamine 3 antagonists or inverse agonists, neuromedin U agonists,
MTP/ApoB inhibitors {e.g., gut-selective MTP inhibitors, such as, but not Himited to, dirlotapide),

opioid antagonist, orexin antagonist, the combination of naltrexone with buproprion and the hike.

10254 This discipsure also includes combination therapy for the treatment of cancers,
such as, but not limited to, Multiple Myeloma. Such treatments include, but are not linuted to,
combinations of a compound of Forrmula [ or I* with one or more immuno-oncology drugs
including, but not limited to, Ipilimumab (Yervoy), Nivolumab (Opdivo), Pembrolizumab
{Keytruda}, Atezolizamab (Tecentriq), Avelumab (Bavencio), Durvalumab (Imfinzi), and PD-

I/PD-L1 agonist antibodies.

{0255} Combination therapy also includes combination with neurodegenerative disorder
therapeutics including, e.g., acetylcholinesterase inhibitors, such as, but not Hnuted to, donepezil
hydrochloride, physostigmine salicylate, physostigmine sulfate, metrifonate, neostigmine,
ganstigmine, pyridostignune, ambenounium, demarcarium, rivastignune, ladostigil, galantamine
hydrobromide, tacrine, tolserine, velnacring maleate, memoquin, huperzine A, phenserine, and
edrophonium; amyloid-B or fragments thereof, such as, but not imited to, ABi.s conjugated to
pan HLA DR-binding epitope; antibodies to amyloid-f3, such as, but not Hvuted to,
bapineuzummab; amyloid-lowering or -inhibiting agents (including those that reduce amyloid
production, accurnulation and fibrillization) such as, but not limited to, colostrinin,
bisnorcymserine, ptoglitazone, clioquinol, flurbiprofen, tarenflurbil, nitroflurbiprofen,
fenoprofen, ibuprofen, meclofenamic acid, meclofenamate sodium, indomethacin, diclofenac,
sulindac, diflunisal, naproxen, gingko biloba extract, tramiprosate, eprodisate, and neprilysin; and
dopamine receptor agonists, such as, but not limited to, apomorphine, bromocriptine,
cabergoling, dihydrexidine, dihydroergocryptine, fencldopam, lisuride, pergolide, piribedi,
pramipexole, quinpirole, ropinirole, rotigotine, and sarizotan; levodopa (or its methyl or ethyl
ester), alone or in combination with a DOPA decarboxvlase tnhibitor {e.g., carbidopa,
benserazide, a-methyldopa, monofluromethyldopa, ditluoromethyldopa, brocresine, or mr-

hydroxybenzylbydrazine; monoamine oxidase (MAQO) inhibitors, such as, but not limited to,
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selegiline, dimethylselegilene, brofaromine, phenelzine, tranylcypromine, moclobemide,
befloxatone, safinamide, isocarboxazid, nialamide, rasagiline, iproniazide, iproclozide,
toloxatone, bifemelane, desoxypeganine, harmine, harmaline, linezolid, and pargyline; and
muscarinic receptor (particularly M1 subtype) agouists, such as, but not limited to, bethanechol
chloride, itameline, ptlocarpine, arecoline, furtrethonium iodide, oxotremorine, sabcomeline and

carbachol.

{0256} Combination therapy also includes combinations with cardiovascular agents
including, but not limited to, beta-adrenergic receptor biocking agents (beta blockers), such as,
but not limited to, carteclol, esmolol, labetalol, oxprenolol, pindolol, propanclol, sotalol, timolol,
acebutolol, nadolol, metoprolol tartrate, metoprolol succinate, atenolol and butoxamine; calcium
channel blockers such as, but not limited to, nilvadipine, diperdipine, amlodipine, felodipine,
nicardipine, nifedipine, nimodipine, nisoldipine, nitrendipine, lacidipine, lercanudipine, lifanzine,

diltiazem, verapamil, and enecadin.

{0257} Combination therapy also includes combinations with anti-rheumatoid arthritis
drugs including both symptomatic therapies, including but not linuted to NSAIDs and
acetaminophen/paracetamol, and oral and parenterally administered disease-modifying
antirheumatic drugs (DMARDs), including but not limited to, steroids, methotrexate, anti-1L-6,

fi-1and anti-TNFa antibodies, and JAK inhibitors.

{0258} In addition, combination therapy includes corabinations with catechol O-
methyitransferase (COMT) inhibitors, such as, but not limited to, tolcapone (TASMAR),
entacapone (COMTAN}), and tropolone.

{0259} Combination therapy also includes combinations with immunomodudators such as,
but not limited to, glatiramer acetate, dimethyl fumarate, fingolimod, roquinimex, laquinimeod,

rituximab, alemtuzomab, daclizumab, and natalizumab.

{0260} In addition, combination therapy includes combinations with mterferons,

including, but not limited to, tnterferon beta-1a and interferon beta-1b.
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10261} Combination therapy also includes combinations with neuroprotective drugs such
as, but not limited to, 2,3,4,9-tetrahydro-1 H-carbazol-3-one oxime, desmoteplase, anatibant,
astaxanthin, neuropeptide NAP, neurostrol, perampenel, ispronicline, bis{(4-3-D-
glucopyranosyloxybenzyl}-2-B-D-glucopyranosyl-2-isobutyltartrate {(also known as dactylorhin B
or DHRB), formobactin, xaliproden, lactacystin, dimeboline hydrochloride, disufenton, arundic
acid, citicoline, edaravone, granulocyte~colony stimulating factor, ancrod, 17-8-
hydroxyepiandrosierone, oligotropin, pyridoxal 5'-phosphate, microplasmin, piclozotan,
tacrolimus, L-seryl-L-methionyl-L-alanyl-L-lysyl-L-glutamyl-giveyl-L-valine, stilbazulenyl

nitrong and zonampanel,

{02621 Combination therapy also includes combinations with trophic factors, such as, but
not Himited to, nerve growth factor (NGF), basic fibroblast growth factor (bFGF), neurotrophin-3,
cardiotrophin-1, brain-derived neurotrophic factor (BDNF), neublastin, meteorin, and ghal-

dertved neurotrophic factor (GDNF}, and agents that stimulate production of trophic factors, such

as, but not limited to, propentofylhine and idebenone.

{02631 This disclosure also relates to combination therapy for the treatruent of aging with
a nutraceutical product, i.e., a substance which has physiclogical benefit or provides protection
against chronie disease, including vitamins, e.g., Prenatal Vitaming, Vitamin D3, or Vitamin B12,

(Garcinia Cambogia, Raspberry Ketones, Green Tea Supplements, Echinacea, Probiotics, Omega

3 Fatty Acids, Alpha-lipoic Acid, and NAD+ and NAD+ precursors, e.g, NMN, NR, and NA.

10264} As used herein, the term “another active agent” refers to any therapeutic agent,
other than the compound of Formula I, or salt thereof, that is useful for the treatment of a subject
suffering from a disease or disorder. Active agents include for example, without limitation, anti-
rheumatis arthritis drugs such as NSAIDs, acetaminophen/paracetamol, disease~modifying
antirheumatic drugs (DMARDs), steroids, methotrexate, anti-1L-6, I1-1 and anti-TNFa antibodies,

JAK inhibitors, and the like.

{0265] The disclosure may be according to the follow clauses
10266 Clause 1. A compound of the Formula or a pharmaceutically acceptable salt,

ester, or prodrug thereof
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(1), or

a compound of Formula or a pharmaceutically acceptable salt, ester, or prodrug thereof

Mt

wherein:
“X-Y-Z-is =CRMCR*“=CR- =N-CR*=CR’., =CR'.N=CR’- or =CR’-CR*=N- if the
compound 1s of Formula I

“X-Y-Z-is =CRWCR=C-) =N-CR*=C-, or =CRMN=C- if the compound is of Formula [¥;

R! is selected from the group consisting of H, halo, -CN, {C1-Ce)alkyl, {C:-Cs)alkoxy, and

pertfluoro{Ci~Cejalkoxy~-; wherein (Ci-Uslalkyl is optionally substituted with 1-3 substituents
independently selected from the group consisting of H, halo, -CN, {(C-Csjalkyl, -NH;,
(Ci-Calalkyl-(NH)-, ({(Ci-CyjalkylpN-, -CF;, ~OCH; and -OCF3;

R?is H, halo, -CN, (C1-Calalkyl, (C1-Colalkoxy, perfluora{C-Celalkyl, perfluoro(C:-
Ciyatkoxy-, eycloalkyl, cycloalkyl-0O-, heterocycloalkyl, heterocycloalkyl-O-, aryl, aryl-O-,
R7-{CR Y n-0- or (ROpN-; wherein (C1-Cedalkyl, cycloalkyl, heterocycloalkyl, and aryl are
each optionally substituted with 1-3 substituents independently selected from the group
consisting of H, halo, -CN, {C;-Calalkyl, -NH;, (C1-Caalkyl-(NH)-, ((Ci-CslaltkylpN-, -CF3, -
OCH; and -OCF3;

1 is an integer from one to three;

each R* is independently H or {C:-Cs)alkyl; wherein (C1-Ca)alkyl is optionally substituted

with 1-3 substituents independently selected from the group consisting of H, halg, -CN,

{C1-Calatkyl, -NH;z, (C1-Caalkyl-(NH)-, ((Ci-CsjalkyleN-, -CF3, -OCH; and -OCF;;
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R" is selected from the group consisting of {C;-Cs)alkyl, perfluoro(Ci-Calalkyl, HO-(C»-
Cayalkyl-, eycloalkyl, heterocycloalkyl, and aryl; wherein (C-Cslalkyl, cycloaliyl,
heterocycloalkyl, and aryl are each optionally substituted with 1-3 substituents independently
selected from the group consisting of H, halo, ~-CN, {(C-Cslalkyl, -NHy, (C-Cslalkyl-(NH)-,
{(Ci-CslalkylpN-, -CF3, -OCH; and -OCF;;

R is independently H or (Ci-Cs)atkyl, wherein (C1-Cs)alkyl is optionally substituted
with 1-3 substituents independently selected from the group consisting of H, halo, -CN,
{C1-Cajalkyl, -NH:z, (C1-Cslalkyl-(NH)-, ((Ci-Csjalkyl2N-, -CF3, ~-OCH; and -OCF3;

R? is H, halo, (C1-Csalkyl, -CFs, (Ci-Catkoxy, -OCF; or (R71N-; wherein R7 is Hoor
(Ci-Csjatkyl;

W is

o e

N’j o
Qms, ()t [

(2) { (&}
r / i
N e, | N~ N N/"\
)= L L
Van N Wan ¥ Vany
)

(@ (e
R¥is H, -CH; or -CF3;

Het 15 a heterocycle of the formula
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each R”is independently selected from H, halo, {(C1-Cslalkyl, -CFs, (Ci-Celalkoxy, -OCFs, -CN,
(RYpN-, RIHONC=0)-, RPO{Ci-CalalkyD-(NRMY-, RPA(C=0}-(NRW- and RMENAC=0)-;

each R'%1s independently selected from H, (Ci-Csatkyl, -CFs, -OCH;s, -OCF;, -CN, (R1pN-,
RIHONC=0)-, RPO-((Ci-Ca)alkyl)-(NR -, RPA(C=0)-(NR -, and (RY 2N -(C=0); and

each R'! is independently H or (C1-C)alkyl;

RY i H or {C:i-Csjalkyl; and

R g (C-Coialkyl.

{02671 Clause 2. A compound according to Clause 1, wherein Het is a ring of the Formula i
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RQ
RS ™ R®
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N R®
{02681 Clause 3. A compound according to Clause 1, wherein Het is a ring of the Formula
RQ
RY SN R®
t ii
%A =
RQ
{0269] Clause 4. A compound according to Clause 1, wherein Het 15 a ring of the Formula
it
RQ
R‘EG
\ N
E i
E Z R®
Rﬂ)
{62701 Clause S. A compound according to Clause 1, wherein Het is a ring of the Formula
13y
Rg
RQ
Ny
E iv
e
N Rr?
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{0271} Clause 6. A compound according to Clause 1, wherein Het is a ring of the Formula v

{02721 Clause 7. A compound according to Clause 1, Het is a ring of the Formula vi

T
E vi

Rg
{02731 Clause §. A cormpound according to Clause 1, wherein Het 15 a ring of the Formula
Vit

RQ

Rr2 e
E vii
e

N
{02741 Clause 9. A compound according to Clause 1, wherein Het is a ring of the Formula
viii
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viii

182751 Clause 10. A compound according to Clause 1, wheretn Het 15 a ring of the Formula

ix

R® N RY

{62761 Clause 11, A compound according to any of Clauses 1-10, wherein W is a group of

the compound of Formula (a)

N_____% (a)

{02771 Clause 12. A compound according to any of Clauses 1-10, wherein in W is a group of
the compound of Formula (b)

[
E N}_% (b}

{0278} Clause 13, A compound according to any of Clauses 1-10, wherein W is g group of

the compound of Formula {¢)
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{02791 Clause 14. A coropound according to any of Clauses 1-10, whereitn W is a group of

the compound of Formula {d}

=" %)

{02881 Clause 15. A compound according to any of Clauses 1-10, wheretn W is a group of
the compound of Formula {¢)

RS

/

" ©

W

{0281 Clause 16. A compound according to any of Clauses 1-10, wherein W is a group of

the compound of Formula (f)

102821 Clause 17. A compound according to any of Clauses 1-16, wherein R is selected
from the group consisting of H, halo, -CN, (C:-Csjabkyl, (C1-Cajalkoxy, and perfluoro{Ci-
Csyalkoxy-.
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10283} Clause 18. A compound according to any of Clauses 1-17, wherein R’ is selected

from the group consisting of H, ¥, ~CH;, and -OCH;.

[0284] Clause 19. A compound according to any of Clauses 1-18, wherein R is H.

102851 Clause 200 A compound according to any of Clauses 1-19 wheren

R*is selected from the group consisting of H, (Ci-Celatkyl, (Ci-Coalkoxy-, perfluoro{C;-
Celalkyl, perfluora{Ci-Celalkoxy-, cycloalkyl, cycloalkyl-O-, heterocycloalkyl, aryl, R°-
(CRNIn-0- or (R%)N-; wherein (C1-Celalkyl, cycloalkyl, cycloalkyi-O-, heterocycloalkyl and
aryl 1s optionally substituted with 1-3 substituents independently selected from the group
consisting of H, halo, ~CN, (C-Cs)alkyl, -NHa, (Ci-Cajalkyl-(NH)-, ((Ci-CslalkylpN-, -CF3, -
OCH; and -OCF;;

each R* is independently H or (C1-Csjalkyl optionally substituted with 1-3 substituents
independently selected from the group consisting of H, halo, -CN, {(C-Cslalkyl, -NH;,
(Ci-Calalkyl-(NH)-, ({(Ci-CyjalkylpN-, -CF;, ~OCH; and -OCF3;

R is selected from {C,-Cslalkyl, cycloalkyl, heterocycloalkyl, and aryl; wherein (Ci-Cs)alkyl,
cycloalkyl, heterocycloalkyl and aryl 15 optionally substituted with 1-3 substituents
independently selected from the group consisting of H, halo, ~-CN, (C1-Cslalkyl, -NH;,
(Ci-Cslalkyl-(NH)-, ({C1-CsjalkyliN-, -CF;, -OCH: and -OCF;; and

R%is independently H or {C1-Cs)alkyl optionally substituted with 1-3 substituents independently
selected from the group consisting of H, halo, -CN, (C-Cilalkyl, -NH,, {Ci-Csjalkyl-{NH)-,
{(Ci~CayalkylpN-, -CF3, ~-OCH; and ~OCF3,

10286] Clause 21. A compound according to any of Clauses 1-20, wherein R?is selected from
H, (Ci-Caalkyl, {(C1-Calalkoxy-, perfluoro{C1-Csatkyl, perfluoro(Ci-Cialkoxy-, 3- to 10-
membered cycloalkyl, 3- to 10-membered cycloalkyl-0-, 5-to 10-membered heterocycloalkyl, 6-
to 10-membered aryl, R*-{C(R*)2):-0- or (R"1N-; wherein (C1-C3)alkyl, 3- to 10-membered
cycloalkyl, 3- to 10-membered cycloalkyl-O-, 5- to 10-membered heterocycloalkyl, 6- to 10-
membered aryl is optionally substituted with 1-3 substituents independently selected from the
group consisting of H, halo, -CN, {Ci-Ca)alkyl, -NH;, (C1-Caalkyl-(NH}-, ((Ci-Cs)alkylpN-, -
CFs;, -OCH; and ~OCFs5;
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each R* is independently H or (C1-Cs)alky! optionally substituted with 1-3 substituents
independently selected from the group consisting of H, halo, -CN, (C-Csjalkyl, ~NH.,
{(C-Cayalkyl-(NH-, ((C1-Calkyl)pN-, -CF3, -OCH; and -0CF3;

R’ is selected from (C1-Ca)alkyl, 3- to 10-membered cycloatkyl, 3- to 10-membered
heterocycloalkyl, and 6- to 10-membered aryl; wherein {C1-Calalkyl, 3- to 10-membered
cycloalkyl, 3- to 10-roembered heterocycloalkyl, and 6~ to 10-membered aryl 15 optioually
substituted with 1-3 substituents independently selected from the group consisting of H, halo, -
CN, (C1-Cayalkyl, -NHa, (Ci-Cslalkyl-(NH)-, {{C1-CajalkyliN-, -CFs, ~-OCH: and -OCF3; and
R” is independently H or (Ci-Cs)alky! optionally substituted with 1-3 substituents independently
selected from the group consisting of H, halo, -ON, {C1-Csjalkyl, -NH;, (C1-Calalkyl-{NH}-,
{Ci-CalalkyipN-, -CFs, -O0CH: and -OCF;,

[0287] Clause 22. A compound according to any of Clauses 1-21, wherein R is selected
from the group consisting of methoxy-, cyclopropoxy- or R2-{C(R*)2)-0-; wherein each R*is H;
wherein R” is selected from Ci-alkyl and tetrahydropyran; and wherein said Ci-alkyl is

substituted with -OCH;.

102881 Clause 23. A compound according to any of Clauses 1-22 wherein R? is selected from
the group consisting of H, halo, (C1-Cx)atkyl, -CFs, -OCH:, -OCF; or (R"pN-; wherein R7is H or
{C1-Cyjalleyl.

[0289] Clause 24. A compound according to any of Clauses 1-23, wherein R* is H, F, -CHs, -

OCH:, or HolN-.

{0290} Clause 25. A compound according to any Clauses 1-24, wherein R’ is HL

10291} Clause 26. A compound according to any Clauses 1-25, wherein R’ is selected from
the group consisting of H, halo, (C-Cs)alkyl, -CF;, -OCH;, -OCF;, -CON,
R¥UO(C1-CalatkyD-(NR Y-, -CORY and (R pN-(C=0)-; -each R is independently selected

from H, (C1-Cx)atkyl; and RY is H or (C1-Calalkyl.

102927 Clause 27. A compound according to any Clauses 1-26, wherein at least one R’ is

selected from the group consisting of F, (C1-Csjatkyl, -CFs, -OCH;, -OCF;, -CN.
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{0293] Clause 28 A compound according to any of Clauses 1-27, wherein at least one R’ is -

CHs.

182941 Clause 29, A compound according to any of Clauses |, 4 or 11 to 28, wherein at least

one R¥Yis H.

{0295} Clause 30. A compound according to Clauses 29, wherein R'%is H.

102967 Clause 31, A compound according to any of Clauses 1-30, wherein Het 15 a ring of the

formula
Rg
R‘i o]
\ N
E i
(75;67 / RO
R1 0

wherein one R” is H and the other R” is -CF3, and wherein R'% is H.

10297} Clause 32. A compound according to any of Clauses 1-31, wherein R® is H.

10298} Clause 33. A compound according to any of Clauses 1-32, wherein -X-Y-Z-is =CR -

CRZ*=(CR’- or =sN-CR*=CR*-,

{0299] Clause 34. A compound according to any of Clauses 1-33, wherein -X-Y-Z-is =CR'-
CR*=CR-.

{03001 Clause 35, A compound according to any of Clauses 1, 4 or 11, wherein the

compound of Formula 1 is a compound of Formula 1A, or a pharmaceutically acceptable salt,

ester, or prodrug thereof
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the compound of Formula I* is a compound of Formula I*A, or a pharmaceutically

acceptable salt, ester, or prodrug thereof

wherein;
-X-Y-Z- of the Formula 1A is =CRMCR?*=CR’- or =N-CR?=CR’-;
~X-Y-Z~ of the Formula [*A is CRWCR*=C or =N-CR*=(;

R!is selected from the group consisting of H, halo, -CN, (C1-C3)alkyl, -OCH;, and -
OCHs;

R*is H, (Ci-Csalkyl, (T1-Celalkoxy-, perfluoro{C-Celalkyl, perfluoro(C:-Ce)alkoxy-,
cycloalkyl, cycloalkyl-O, heterocycloalkyl, aryl, RI-(CR2)e-0- or (R°)N-; ,wherein
{C1-Ceratkyl, cycloalkyl, cycloalkyl-O, heterocycloalkyl and ary! are optionally substituted with
-3 substituents independently selected from the group consisting of H, halo, -CN, (C-Cs)alkyl, -
NH;, (C1-Caalkyl-{NH)-, ({(Ci-CsjalkylN-, -CFs, -OCH; and -OCF;;

i an integer from one to three,

each R* is independently H or {C:-Cyalkyl;

R’ is selected from (C1-Cslalkyl, cycloalkyl, heterocycloalkyl, and aryl; wherein
(Ci-Canalkyl, cycloalkyl, heterocycloalkyl and aryl are optionally substituted with 1-3
substituents independently selected from the group consisting of H, halo, -CN, (Ci-Cslalkyl, -

NH},, (C\-C;}&ik}ﬂ-{Ni’i}-, ((CpCs)a,EkyE)zN—’ -CF;, ~(OCH;3 and -OCFs;
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R® is independently H or (C:-Csjalkyl; wherein (C1-Ca)alkyl is optionally substituted
with 1-3 substituents independently selected from the group consisting of H, halo, -CN,
{Ci-Calalkyl, -NH;z, (C1-Cajalkyl-(NH)-, ((Ci-CsjalkyleN-, -CF3, -OCH; and -OCF;;

R? is H, halo, (C1-Coalkyl, -CF3, --OCH;, -OCF; or (R )aN-;

R’ is H or (Ci-Cajalkyl;

R¥is H, -CH; or -CFy;

R’is selected from H, halo, (Ci-Csjalkyl, -CFs, --OCH;, -OCF;, -CN,
RUEQU(C1-CalalkyD)-(NR M- -CORY and (RY)NAC=0)-;

-each R'! is independently selected from H, (C;-Cxalkyl; and

R is H or (C1-Csalkyl.

{0301} Clause 36. A compound according to any of Clauses 1, 3 or 11, wherein the
compound of Formula 1 is a compound of Formula 1B, or a pharmaceutically acceptable salt,

ester, or prodrug thereof

(IB) and

the compound of Formula I* is a compound of Formula I*B, or a pharmaceutically

acceptable salt, ester, or prodrug thereof

N (I*B),
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wherein:

-X-Y-Z- of the Formula I*B is CH-CR*=C or =N-CR*=C;

R? is H, (C1-Csatkyl, (Ci-Cajalkoxy-, perfluoro{C;-Csatkyl, perfluoro(Ci-Cs)alkoxy-,
cycloalkyl, heterocycloalkyl, aryl, R*(CR 1 1n-0-, or (RO pN-;wherein (Ci-Cslalkyl is
optionally substituted with 1-3 substituents independently selected from the group consisting of
H, halg, -CN, {Ci-Caalkyl, -NHo, {Ci-Csalkyl-(NH -, (Ci-CajalkylhN-, -CF;, ~OCH; and -
OCF5;

n i3 an integer from one to threg;

each R* is independently H or {C:-Cs)alkyl;

wherein {C-Cs)alkyl is optionally substituted with 1-3 substituents independently
selected from the group consisting of H, halo, -CN, (C1-Cijalkyl, -NHz, (Ci-Csjalkyl-(NH)-,
{(Ci~CayalkylpN-, ~CF3, ~-OCH; and -OCF3;

R° is sefected from (C1-Cayalkyl, cycloalkyl, heterocycloalkyl, and aryl; wherein
{C1-Cayalkyl, cycloalkyl, heterocycloalkyl and aryl is optionally substituted with 1-3 substituents
independently selected from the group consisting of H, halo, -CN, {(C-Cslalkyl, -Ni,,
(Cr-Caalkyl-(NH)-, ({C1-CaalkylpN-, -CFs, -OCH; and -OCFs;

R® is independently H or {C:-Cs)alkyl; wherein (C1-Ca)alkyl is optionally substituted with
1-3 substituents independently selected from the group consisting of H, halo, -CN, (C1-Csjalkyl, -

NHy, (C1-Cayalkyi-(NH)}-, ((C-Ca)alkyipN-, -CF3, -OCH; and -OCF3;

R? is H, hale, {(Ci-Csjalkyl, -CFs, --0CH3, -OCF; or (R7hN-; wherein R is H or (Cy-
Cayalkyl;

R¥is H, -CH; or -CF3;

R%1s selected from H, halo, (Ci-Cyalkyl, -CFs, -OCH;, -OCF;, -CN, -
(NR-((Ci-CalalkyD)-ORY ) -COR and (C=0)-N(R'");; and

R¥is Hor (C1-Cslalkyl; and R is {C-Csjalkyl.

{0362} Clause 37. A compound according to Clause 1, wherein the compound 1s selected
from
&-(1H-imidazol-1-yl}-4-((tetrahydro-2H-pyran-4-ylmethoxy }-N-{2-

{triftuoromethybipyridin-4-yipicolinamide;
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6-(1H-imidazol-1-yl -4-methoxy-N-{2-(triflucromethyDpyridin-4-yl)picolinamide;

2-( 1H-imidazol-1-y1}-6-(2-methoxyethoxy -N-(2-(trifluoromethylpyridin-4-yDpyrimidine-4-

carboxamide;
o-{ 1H-imidazol-1-yi}-4-(2-methoxyethoxy -N-(2-(trifluoromethyDpyridin-4-yl)picolinamide; or

4-cyclopropoxy-6-(1H-imidazol-1-yl i-N-{ 2-(triflucromethyDpyridin-4-ylpicolinamide;

or a pharmaceutically acceptable salt, ester, or prodrug thereof.

10303] Clause 38, A pharmaceutical composition comprising a compound, salt, ester, or

prodrug of any of Clauses 1-37, and a pharmaceutically acceptable carrier.

{0304] Clause 39, A method of treating a disease or condition in a subject, that benefits from
modulation of NADH level or related metabolites thereot' level, comprising administering to the
subject an amount of a compound according to any of Clauses 1 to 37 or a compositon according

to Clause 38 effective to modulate NAD+ level or related metabolites thereof level.

103051 Clause 40, The method of Clause 39, wherein said disease or condition is

nonalcoholic steatohepatitis.

{0366} Clause 41. A compound or composition according to any of Clauses 1 to 38 for use in

the treatment of a disease or medical condition in a subject.

1030671 Clause 42 A compound or composttion for use according to Clause 41, wherein the

disease or condition benefits from modulation in NAD+Hevel or related metabolites thereof level.

10308] Clause 43, A compound or composition for use according to Clause 41 or 42, wherein

the disease or condition benefits from inhibition of CD38.

{03069} Clause 44. A compound or composition for use according to any of Clauses 41 to 43,
wherein the disease or condition is selected from ageing {(e.g., age-related chronic disease),
inflammation, cancer, such as PD-1/PD-L1 resistant cancers, cardiovascular disorder,
neurclogical disorder, pulmonary disorder, fibrotic diseases, metabolic disorder, acute hung injury

{ALL), acute respiratory distress syndrome (ARDS), hyperphosphatemia, alcohol intolerance,
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lupus, arthritis, ataxia-telangiectasia, irritable bowel syndrome, colitis, gout, end stage renal
disease, hearing loss, liver disorders, postruenopausal osteoporosis, Hartnup disease,
tuberculosis, leishmaniasis, muscular dystrophy, organ reperfusion injury, pellagra, diseases of
the skin, damage caused by exposure to radiation, periodontal disease, Leber's hereditary
amaurosis, sleep disorder, exercise intolerance, chronic disease associated with cell death, and

neurodegeneration and peripheral neuropathy associated with chemotherapy.

{0310 Clause 45, A compound or composition for use according to any of Clauses 41 to 44,

wherein the disease or condition is an age-related disease or condition.

{0311} Clause 46, A compound or composition for use according to any of Clauses 41 to 45,
wherein the disease or condition is selected from small lung cell carcinoma, renal clear cell
carcinoma, chronic lymphoeytic leukemiahas, multiple myeloma, hypertension, hypoxic
pulmonary vasoconstriction, cardiac hypertrophy, congestive heart fatlure, stroke, Alzheimer's
disease, bipolar disorder, schizophrenia, Huntington's disease, amyotrophic lateral sclerosis,
Parkinson's disease, multiple sclerosis, optic neuropathy, epilepsy, idiopathic pulmonary fibrosis,
cystic fibrosis, asthma, chrouie obstructive pulmonary disease (COPD), metabolic syndrome,
obesity, sarcopenic obesity, dyslipidemia, diabetes (such as type I diabetes), diabetic neuropathy,
insulin resistance, pancreatitis, acute lung injury (ALT) acute respiratory distress syndrome
{ARDS}, hyperphosphatemia, alcohol intolerance, hupus, rheumatoid arthritis, ataxia-
telangiectasia, irritable bowel syndrome, colitis, gout, end stage renal disease, hearing loss,
steatosis, non-alcoholic steatohepatitis (NASH), postmenopausal osteoporosis, Hartnup disease,
tuberculosis, leishmaniasis, muscular dystrophy, organ reperfusion injury, peliagra, skin
hyperpigmentation, UV skin damage, psoriasis, X-ray-induced DNA damage, periodontal
disease, Leber's hereditary amaurosis, sleep disorders, exercise intolerance, and

neurodegeneration and peripheral neuropathies associated with chemotherapy.
10312} Clause 47 A compound or composition for use according to any of Clauses 41 to 46,
wherein the treatment is of multiple myeloma and is a combination treatment with an immuno-

oncology drug,

183131 Clause 48, A compound or composition for use according to any of Clauses 41 to 49,

wherein the disease or condition is nonalcoholic steatohepatitis (NASH).
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{0314] Clause 49 A compound or compostiion for use according to Clause 48, wherein the
compound is 2-(1H-imidazol-1-y1}-6-methoxy-N-(2-(trifluoromethyDpyridin-4-yijpyrimidine-4-

carboxamide.

103151 Clause 500 A compound according to any one of claims 1 to 37 for use in a method of
treating a disease or disorder in a subject that benefits from modulation the fevel of NAD+ or
related metabolite thereof, comprising administering to the subject a therapeutically effective

amount of the compound.

{0316] Clause S1. The compound for use of claim 50, wherein the disease or disorder is or ig
related to nonalcoholic steatohepatitis, aging, senescence, immunometabolism, inflammation,
infection, sepsis, arthritis, theumatoid arthritis, psoriatic arthritis, osteoarthritis, lupus
erythematosus, Crohn disease, ulcerative colitis, plaque psoriasis, ankylosing spondylitis,
juveniie idiopathic arthritis, hidradenitis suppurativa, fibrosis, hepatic fibrosis, renal fibrosis,
pulmonary fibrosis, cardiac fibrosts, cancer, multiple myeloma, neurodegeneration, infertility,
foss of ovarian follicles, decreased ococyte guality and quantity, ovanian senescence, transient
receptor potential melastatin 2 {TRPM2) regulation, calcium flux regulation, tschemia-
reperfusion-injury, bipolar disoreder, Alzheimer, neuropathic pain, Parkinson, coronary arteries,

obestty, type-2 diabetes, hepatotoxicity, digestive system, hung, heart, kidney, or the like.

{33177 Clause 52, The compound for use of claim S0, wherein the disease or disorder is

related to aging.

{0318] Clause 53,  The compound for use of claim 52, wherein the age-related disease or

disorder i1s or is related to a chronic age -related disease or disorder.
10319 Clause 54 The compound for use of claim 52, wherein the disease or disorder 15 or is
related to Senescence, ImmuncoMetabolism, fibrotic, neurodegenerative, Multiple Myeloma, or

Sepsis.

103201 Clause 55, The compound for use of claim 54, wherein the disease or disorder is or is

related to a fibrotic disease or disorder of the lung, heart, or kidney.
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{0321] Clause 56, The compound for use of claim 55, wherein the fibrotic disease is

infection-induced fibrosis of the lung or virus-induced infection of the lung.

103221 Clause 57.  The compound for use of claim 54, wherein the disease or disorder s or is
related to Multiple Myeloma, and the method further comprising administering an immuno-

oncology drug to the subject.

{03231 Clause 58, The compound for use of claim 50, wherein the modulation is an increase

in the level of NAD+ or related metabolite thereof,

{0324} Clause 59 The compound for use of claim 50, wherein the modulation is a decrease

in the level of NAD or related metabolite thereof,

{03251 Clause 60, The compound for use of claim 50, wherein the NAD+ or related
metabolite thereof is selected from the group consisting of NADH NMN, ADPR, cADPR, NAM,
NAAD, NAADP, NR, MNAM.

10326} Reference will now be made to specific examples illustrating the disclosure. His
to be understood that the examples are provided to iilustrate exemplary embodiments and that no

fimitation to the scope of the disclosure is intended thereby.

EXAMPLES

{6327} While several experimental Examples are contemplated, these Examples are

intended non-limiting.

{63281 In the following nonlimiting Examples, “BOC”, “Boe” or “bo¢” means N-feri-
butoxycarbonyl, “DCM” (CHzClz) rmueans methylene chloride, “DIPEA” or “DIEA” means
ditsopropyl ethyl amine, “DMA” means N, N-dimethylacetamide, "DMF" means N-N-dimethyl
formamide, “DMSO" means dimethylsulfoxide, “DPPP” means 1,3-bis(diphenylphosphine)

;"H

propane, “HOAC” means acetic acid, “IPA” means isopropyl alcohol. "MTBE" means methy} t-
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butyl ether, “NMP” means |-methyl 2-pyrrolidinone, “TEA” means triethyl amine, “TFA” means
trifluoroacetic acid, “DCM” means dichloromethane, “EtOAc” means ethyl acetate, “MgS8QG4”
means magnesium sulphate, “NaSQOy” means sodium sulphate, “MeOH” means methanol,
“EtOH” means ethanol, “HhO” means water, “HCU” means hydrochloric acid, “POCH” means
phosphorus oxychioride, “DMSO” means dimethyl sulfoxide, “KoC03” means potassium
carbonate, “WN” means Normal, “M” means molar, “mL” means mitliliter, “mmol” meangs
millimoles, “umol” means micromoles, “eq.” means equivalent, “°C” means degrees Celsius,

“Pa” means pascals.

EXAMPLE §

Svynthesis of Methyl S-[6-{1 H-imidazol-1-vhpyridine-2-amidolpvridine-2- carboxviate

{Compound 1)

7=
N N8
o 2 r= e
. . /o= 0 _ f=
Brn. M~ Cul L-Proling, KGOy, /77 LIOH. 1,0, THEMeOH: N |
1%/ @7 DMso.100°G. e n “’N\.rNj/ko’J H,0, 0 °C -1, 16 1 AN gN\ =
- e
Step-1 S Stap-2 &
5 3 4
a
i
pg SN =) g /L/ E o
5 N\\\/E\L M N Xy N
HATU, DIPEA,DME K o A
i, 16 b
Step-3

Step-1: ethyl 6-(1H-imidazol-1-vDipicolinate
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{03294 To a stirred solution of ethyl 6-bromopyridine-2-carboxylate {1 g, 4.35 mmol} in
DMSO (10 wL) was added copper iodide (0.276 g, 0.869 mmol}, L-proline (0.20 g, 1.74 mmol},
potassium carbonate (1.20 g, 8.6%9 mmol} and imidazole (0.444 g, 6.52 mmol). The reaction
mixture was heated to 100 °C for 16 h. The reaction mixture was cooled to room temperature
(RT}, and 1ce~-cold water was added and extracted with ethy! acetate. The organic layer was dried
over sodium sulfate and evaporated under reduced pressure to afford ethyl 6-(1H-imidazol-1-yh)
picolinate (1 g crude) as a brown solid. LOMS (ES) mv/z = 2181 {M+H]"

Step-2: 6-{1 H-imidazol-1-viipicolinic acid

%N i N “om
-
16330} To a stirred solution of ethyl 6-(1H-imidazol-1-yhipyridine-2-carboxylate {1 g,

4.60 mmol} in THF (10 mbL), MeOH (10 mL) and water {10 mL} was added hithium hydroxide
monoe hydrate (0.29 ¢, 6.91 mmel). The reaction mixture was allowed to stir at RT for 16 b
Progress of the reaction was monitored by TLC. The solvenis were completely evaporated under
reduced pressure and extracted with ethyl acetate. The aqueous layer was acidified using 1N HCI
to adjust the pH to about 2. The aqueous layer was completely evaporated under reduced
pressure to obtain crude material which was triturated with acetonitrile and diethyl ether to afford
6-(1H-imidazol-1-ylpyridine-2-carboxylic acid (1.2 ¢, crude) as a brown solid. LCMS (ES)m/z
= 1902 [M+H]"

Step-3: methvl 5-(6-(1 H-imidazol-1-vDipicolinamidoipicolinaie

O
. 3 -
e o ﬁ 0
N N N N
| H
-

{0331} To a solution of 6-(1H-imidazol-1-yhpyridine-2-carboxylic acid (1 g, 529 mmol)
in DMF (5 mL) was added DIPEA (3.42 mL, 18.5 mmol}, HATU (3.01 g, 9.73 mmol) and
methyl S-aminopyridine-2-carboxylate (.96 g, 6.34 mmol). The reaction mixture was stirred at

RT for 16 h. Water (10 mL} was added to the reaction mixture and extracted with ethyl acetate
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(30 mL). The organic layer was dried over sodium sulfate and evaporated under reduced
pressure to obtatn crude which was puritied by Combifiash column chromatography using
MeQOH-DCM gradient. The compound eluted out in 4% MeOH: DCM. The pure fractions were
cotlected and evaporated to atford pure methyl 5-[6-(1H-imudazol-1-yDpyndine-2-

amido]pyridine-2-carboxylate (0.5 g, 29 % vield} as an off-white solid.

{0332} Provided in Table 1 below are characterization data for selected compounds of

Formula I prepared by the method shown in Example 1 above.

Table 1 (Compounds1-28)

Structure LCMS | HPLC 1H NMR

, ity (%
Compound (MHH) putity (%)

1 3243 | 9928 'H NMR (400
MHz, DMSO-ck) &
Ao 10.86 (s, 1H), 9.17
*‘«*NYN\ N - 916 (m, 1H)

N 9.00 (s, 1H), 8.52 -
8.49 (m, 1H), 8.32
(s, TH), 825 (1, J =
8 Hz, iH), 8.08 -
8.13 (m, 3H), 7.17
(s, 1H), 386 (s,
3H).

(98]

[

99.69 TH NMR (400
MHz, DMSO-d) §

\/ N 10.80 (s, 1H), 9.16
J"\ j\ (s, 1), 9.11 (s,
{H), 871 - 870
{m, IH), 847 -
8.45 (m, 1H), 833
(s, 1H), 826 (t, J =

b
42
]
G2
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80 Hz, 1H), §.11 -
8.06 (m, 3H), 7.18
(s, 1H), 2.82 - 2.81
(d,.J=4.4 Hz, 3H).

3 3003 9917 T ONMR {400
o MHz, DMSO-de)
. o MNHZ THNMR (400

. SN MHz, DMSO-do):
L 5 1080 (s, 1H),
9.11 (s, 1H), 8.99
(s, 1H), 8.46 - 8.43
{m, 1H), &31 (s,
1H), 826 (t, J = 8
Hz, 1H), 811 -
8 05 (m, 4H), 7.53
s, 1H), 7.18 (s,
1H).

4 3053 | 9951 "H  NMR (400
MHz, DMSO-ds} §
10.83 (5, 1H), 8.99
(s, 1H), 832 (s,
o 1), 827 (1, /=80
Hz, 2H), 8.14 s,
1H), 8.10(t, /=64
Hz, 2H), 7.18 (s
1H), 2.53 (s, 3H).

3

5 3023 9900 G NMR (400
. MHz, DMSO-ds) &
P 11.06 (s, TH), 8.98
g (s, TH), 8 30 - 8.25

(m, 2H), 8.15 -
8.09 (m, 2H), 7.68
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(s, 2H), 7.19 (.
1H).

99.08

TH NMR (400
MHz, DM8O-ds) §
10.87 (s, 1H), 9.00
(s, 1H), 8.66 - 8.32
{m, 2H}, 828 (s,
1H), 8.24 (1, /=80
Hz, 1H), 820 -
8.19 (m, 1H), 8.12
- 8.09 (s, 2H), 7.18
(s, TH), 4.39 - 433
(q, /= 6.8 Hz, 2H),
135 - 132 (1, J =
7.6 Hz, 3H)

-3

]
el
=

Pe)

98.44

H ONMR (400
MHz, DMSO-ds) &
1047 (s, 1H), 898
{s, 1H), 830 (s,
TH), 8 23¢t, /=80
Hz 1H), 809 -
8.0S (1,./= 8.0 He,
2H}, 7.59 (s, 2H),
7.16 (s, 1H}, 2.40
(s, 6H}.

]
20
N2
3

(M-H)

995

TH NMR (400
MHz, DMSO-ds) §
10.87 (s, 1H), 8.98
(s, 1H), 830 (s,
2H), 8.25 (1, /=80
Fz, 14), 819 (d. J
=5 6 He, 1H), 8.09
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(t, J= 8.0 Hz, 1H),
785 (d,J=56Hz,
1), 7.72 (s, 11D,
718 (s, 1H).

9

N

9

_<z
r

3344

93.3

' NMR (400
MHz, DMSO-ds) &
1088 (s, 1H), 9.22
{s, 1H), 899 (s,
tH), 857 (d, J =
3.4 Hz, 1H), 831
(s, 1H), 8.27 - 8123
{m, 1H) 811 -
8.09 {m, 2H), 7.96
(d,./=38.4 Hz, 1H},
718 {5, 1H}

10

3393

396

'H ONMR (400
MHz, DMSO-ds) &
10.35 (s, 1H), 896
{s, 1H), 829 (s,
TH), 823 (1, /=8
Hz, 1H), 8.06 {1, ./
= § Hz, 2H), 791
{d,/=52Hz 1H),
7.16 (s, ZH), 6.96 -
6.94 (m, 1H), 6.58
(t,./=52Hz IH),
348 - 337 (m,
4H}, 3.25 (5, 3H).
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1§

2803

99.06

H NMR (400
MHz, DMSO-ds) §
10.58 (s, 1H), 8.98
(s, 1H), 8.38(d, /=
60 Hz, 1H), 830
(s, IH), 8.24 (1, /=
8.0 Hz, 1H), 8.08
(t,J = 6.4 Hz, 2H),
777 - 774 (m,
2H), 717 (s, 1H),
2.46 (s, 3H).

2963

99.87

" ONMR (400
MHz, DMSO-ds) 8
10.61 (5, 1H), 8.98
(s, 1H), 830 (s,
1H), 8.24(1,J=80
Hz, 1H) 812 -
3.06 (m, 3H), 7.52
(d, /=56Hz 1H),
743 (s, 1H), 717
(s, TH), 384 (s,
H).

.

5]

2662

99 88

"HONMR (400
MHz, DMSO-ds) 8
10.66 (s, 1H), 8.97
(s, 1H),852(d, /=
6 Hz, 2H), 8.30 (s,
1H}, 824, /=80
Hz, 1H), 8.10 -
8.07 (m, 2H), 7.91
(d, J = 0 Hz, 2H),
747 (s, 1H).
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14 =S

280.4

99.45

H NMR (400
MHz, DMSO-ds) §
9.59 (s, 1H), 8.72
(d,.J=2.4 Hz, 1H),
39 (s, 1H), 8.26
(d,J=7.6 Hz, 1H),
8.19 (t, /= 8.0 Hz,
1H), 810 (d, J =
76 Hz, 1H), 7.68
(s, 1H), 7.50(d, J =
8.4 Hz, 1H), 729 -
721 (m, 2H), 2.57

(s, 3H)

89,45

H ONMR (400
MHz, DMSO-ds) &
10.69 (s, 1H), 90
{s, 1H), 850 - 8 89
{ma, 1H), 832 -
826 {(m, 2H), 8.24
(t, /=80 Hz, 1H)
g09 -~ BO6 (m,
ZH), 754 (d, J =
3.8 Hz, 1H), 7.17
(s, 1H), 325 (s,
3H), 1.99 (s, 3H}

| §¢

AROS)
]
G2
(o8]

99.08

'H NMR (400
MHz, DMSQ-d) &
1058 (s, 1H),
10.52 (5, 1H), 9.04
(s, 1H), 8.74 (s,
1H), 834 (s, 1H),
823 (t,./=8.0Hz
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1H), B.17(t, =64
Hz, [H) 8.11 —
3.05 (m, 3H), 7.19
(s, 1H)
3H).

. 207 (s,

(98]

[

T ONMR (400
MHz, DMSO-k) &
10.84 (s, 1H), 9.01
(s, 1HD), .60~ 8.57
(m, 2H), 834 (s,
1H), 825 (1, J=8.0
Hz, 1H), 8.17 (d, J
=52 Hz, 1H), §.12
- 810 (m, 3H),
765 (s, 1H), 7.17
(s, THD)

13

'H NMR (400
MHz, DMSO-de)
10.53 (s, 1H), 9.00
(s, 1H), 8.57 (d, /=
2.4 Hz, 1H), 832
{s, 1H),822(d, J=
7.6 Hz, 1H), 8.10 -
8.04 (m, 3H), 7.17
(s, 1), 6.88 (d, /=
8.8 Hz, 1H), 3.85
{m, 3H).

19

'H NMR (400
MHz, DMSO-do} §
10.71 (s, 1H), 9.0
(s, 1H), 8.93 (s,
1H), 834 — 8727
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(m, 2H), 825 (t, J
=8.0Hz 1H) 811
— 8.08 (m, ZH),
750(d, J=84Hz
TH), 718 (s, 1H),
3.78{g, /=068 Hz,
2H), 1.92 (s, 3H),
105 ¢, J= 6.8 Hz,
3H)

20

2004

897

'H  NMR {400
MHz, DMSG-ds) 5
10.62 (s, TH}, 9.00
(s, 2FD), 8.36 - 8.31
(m, 21, 829 -
820 (m, 2H), 8.07
(d, J= 6.4 Hz, 2H),
748 - 740 (m,
1H), 7.17 (s, 1H);

b

2,

3103

993

TH NMR (400
MHz, BDMS0O-ds} 6
10.93 (5, 1H), 9.91
(bs, 1H). 9.14 (s.
1H), 2.68 (s, 1H),
849 - 848 (m,
IH), 847 - 846
(m, 1H), 838 (1, J
=8 0 Hz ZH), 812
(d, J= 8.4 Hz, 2H),
772 (bs, 1HD).
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284.0

99.6

1 NMR (400
MHz, DMSQO-ds) 8
10.70 (s, 1H), 9.0
(s, 1H), 8.66 (s,
1H), 839(, /=80
Hz, 1H), 832 (s,
1H}, 8241, /=80
Hz, 1H), 8.10 -
808 (m, 2H), 7.25
{d, /=88 Hz, 1H)},
717 (s, 1H}.

[
(98]

3233

99.69

H  NMR (400
MHz, DMSO-ds) §
10.94 (s, 1H), 9.98
(s, 1), 8.79(d, /=
48 Hz, 1H), 870
(s, 1H), 8.60 (d, /=
6.0 Hz, 1H), 8.54
(s, 1H), 839 (1, J =
8.0 Hz, 1H), 8.28 -
822 (m, 3H), 7.74
(s, 1H), 2.82(d, /=
4.4 Hz, 3H).

9975

'H NMR (400
Mz, DMSC-ds) &
11.0 (s, 1), 9.00
(s, 1H), 8.90 (s,
1H), 8.77 (4, J =
5.6 Hz, 1F), 8.27 -
823 (m, 3H), 8.10
- 808 (m, 2H)
715 (s, 1H).

98




WO 2022/077034

PCT/US2021/071805

2661

99.9

1 NMR (400
MHz, DMSQO-ds) 8
10.69 (s, 1H), 8.88
(s, 1H), 843 - 8.41
{m, 2H), 830 -
820 (m, 2H), 8.09
{t, /=88 Hz, 2H),
791 {t, /=80 Hz,
1H), 7.23(,/=60
Hz, 1H), 7.16 (s,
1H}

2803

99.5

" ONMR (400
MHz, DMSO-ds) 8
10.57 (5, 1H), 8.99
(s, 1H), 837 - 833
{m, 2H), B82S -
823 (m, 2H), .13
(d,./=76Hz 1H)},
789(d, J=80Hz
iH), 742 — 740
{m, 1H), 689 -
6.87 {m, 1H), 2.42
(s, 3H)}.

27

3243

9928

'H  NMR {400
MHz, DMS0-ds} &
10.86 (s, 1H), 9.17
~ 916 {m, 1H}
9.00 (s, 1H), 852 -
3.49 (m, 1H), 8.32
(s, 1H), 825 (¢, /=
& He, 1H), 813 -
808 (m, 3H), 717
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(s, LH), 386 (s,
3H).
28 CFq 3341 9874 "H ONMR {400
P ~d Y A AR
L o N MHz, DMSO-ds) §
3N b [

10.95 (s, 1H), 8.99
(s, 1H), 8.71(d,.J =
56 Hez, 1H), 844
(s, 1H), 831 -8.24
(m, 3H), 8.11 {1, J
=72 Hz, 2F), 7.18

(s, 1H).
EXAMPLE 2
Svanthesis of Compound 29
HO
e
2 L\/ | 0 e
. H
O Nahl THE B | Nj/LQH Oxalyl chioride ar\{ii\j/u“c;
art, s . DM, DMF
Br I/N\\’/KQH 0°C-RT, 20 7 Q°C-rt, 1.5 o
27 Step-1 o Step-2 G s
NG, 1 3 F l
P =\\\>/
CFy
i N:,’L\
E l Rt o] / N
s )
8 | i H Cul. Cs. ANy N/\\/
o U, SQCO@, QMF, l i £ 3
130 °C, 18 h e
TEA, DCM, 168 h 0. §
L NV TRREEIEVSVTVRERRE
i O
Step-3 / Step-4 \
| /fj
S |
S

Compound 29
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Step-1: 4-(benzyioxv)-6-bromopicolinic acid

10333} To a stirred suspension of sodium hydride (66.6 mg, 2.77 mmol} in THF was
added beunzyl alcobol (150 g, 1.39 mmol) at 0 °C. The reaction wixture was stirred at the sare
temperature for 15 minutes. 6-Bromo-4-nitropyridine-2-carboxylic acid (343 mg, 1.39 mmol) in
THF was added to it in a drop-wise manner. The reaction mixture was warmed to RT and stirred
for 2 hr. TLC indicated the consumption of starting material. The reaction mixture was acidified
with 1V HCI and extracted into ethyl acetate. The organic laver was dried over sodium sulfate
and evaporated to obtain 4-{benzyloxy)-6-bromopyridine-2~carboxylic acid (350 mg, crude) as
an oily compound. The crude material was taken for the next step without purification. 'H NMR
(400 MHz, DMSO-ds) § 13.6 — 13.4 (bs, 1H), 7.59 (s, 1H), 7.53 (s, 1H), 7.45 — 7.28 {m, 5H),
528 (s, 2H). LCMS (ES) m/z = 310.2 [M+H]"

Step-2: 4-(henzyioxy)-6-bromopicolinovl chlonide

{0334} To a stirred solution of 4-(benzyloxy)-6-bromopyridine-2-carboxylic acid (350
mg, .14 mmol} in DCM (10 mL} was added 0.1 mL DMF and oxalyl chloride (292 uL, 3.41

mmol} at 0 °C. The reaction mixture was stirred for 1.5 hat RT. The reaction was monitored by
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TLC. The reaction mixture was completely concentrated to get yvellow crude material which was

taken into the next step without purification.

Step 3:-{benzvioxy}-6-bromo-N-2-(triflucromethyvDovridin-4-vDimcolinamide

=
“ |
R
18335§ To a stirred solution of crude 4-(benzyloxy -6-bromopyridine-2-carbonyl chloride

{350 mg, 1.07 mmol} in BCM was added triethylamine (3.01 pL, 2.14 mmol) at 0° C. 2~
{trifluoromethy! jpyridin-4-amine (174 mg, 1.07 mmol) in DCM was added to this solution in a
dropwise manner. The reaction mixture was gradually aliowed to warm to RT and stirred for 16
hr at which time the reaction mixture was treated with water and extracted in DCM. The organic
layver was dried over sodium sulfate and evaporated to obtain crude material that was punfied
Combiflash column chromatography using ethyl acetate-hexane gradient. The required product
eluted at about30% ethyl acetate-hexane. Pure fractions were collected and evaporated to obtain
pure 4-{benzyloxy }-6-bromo-N-[3-{irifluoromethyijphenyilpyridine-2-carboxamide (170 mg,
35.2 %) as an off-white solid. 'H NMR (400 MHz, CDCl3) 8 9.98 (s, 1H), 8.68 — 8.67 {m, 1H),
810 (s, 1H), 7.89 — 7.84 (m, 3H), 7.42 (s, SH), 5.21 (s, 2H). LOMS (ES) m/z = 452.0 [M+H]",

Step-4:4-{benzvionyi-6-{ 1 H-imidazol-1-vD-N-2-(triflucromethv]) pyridin-4d-v1) picolinamide

N;‘m ol
Mo R ﬁ (’;g::3

O

<

S

-~
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18336} To a stirred solution of 4-(benzyloxy}-6-bromo-N-{ 2-(trifluoromethy!pyridin-4-
yiipyridine-2-carboxamide {170 mg, 0.38 mmol) in DMF (2 mL) was added 1H-imidazole (384
g, 0.57 mmol}, copper todide {15 mg, 0.075 mmol} and cestum carbonate (245 mg, 0.75
mmol}). The reaction mixture was heated to 100 °C for 16 hr. The reaction muxture was cooled to
RT and the crude was washed with water and extracted into ethyl acetate. The organic laver was
dried over sodium sulfate and evaporated to obtain crude which was purified by Combifiash
column chromatography using MeOH-DCM gradient. The target compound eluted out at around
5% MeQOH-DCM. The pure fractions were collected and evaporaied to obtain 4-(benzyloxy)}-6-
(1H-imidazol-1-yD)-N-[2-(triffuoromethyl ypyridin-4-yl]pyridine-2-carboxamide {55.0 mg, 33%)

as an off-white solid.

{8337} Table 2 below shows characterization data for additional compounds of Formula 1

prepared as described above.

Table 2 (Compounds 29- 34)

Compound Structure LCMS | HPLC THNMR

(M+H} | purtty (%)

29 Ny o 7N 4403 1 99.09 'H NMR (400
A A e YR

\l;/ y CF, MHz, DMSO-ds) §

” 10.91 (s, 1F), 8.99
(s, 13}, 8.72 ~ 8.7
& | (m, 1H) 844 (s,
1H), 831 - 824
(m, 2H), 7.76 (s,
1H), 7.69 (s, 1F),
752 ~ 7.50 {m,
2H), 7.44 — 737
. 3H), 7.16 (s,
1H), 5.40 (s, 2H).

{m
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448 4

99.81

T NMR (400
MHz, DMSO-de} &
10.90 (s, 1H), 8.98
(s, 1H}, 871(d, J=
56 He, 1H), 843
{s, TH) 832 (s,
IH), 825 (d, J =
48 Hz, IH), 7.65
(s, 1H), 7.60 (s,
1H}, 7.15 (s, 1H]),
414 (d, J=068Hz,
2H), 3.89 - 3387
(m, 2H), 336 -
334 (m, 2H), 2.11
- 207 {(m, 1H),
169 (m, J = 1238
Hz, 2H3, 141
1.32 {m, 2H).

4083

99 .89

'H ONMR (400
MHz, DMSO-ds) 6
10.90 (s, 1H), 8.98
{5, 1H}, 871 {d, J=
39 Hz, 1H), 843
(s, 1H), 832 (s,
1H), 825 (d, J =
4.0 Hz, 1H), 7.68
(s, 1H), 761 (s,
IH), 7.15 (s, 1H),
444 — 440 (m,
ZH}, 3.74 - 3.70
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(m, 2H), 331 (s,
3H)

153

3

= o /(’“:N 3901 19927 THONMR (400
\Erj iﬁ e, MHz, DMSO-de) 3
10.92 (s, 1H), 8.98
7 (s, TH), 8.71(d, J=
56 Hz, 1H), 844
{s, TH) 830 (s,
1H), 825 (4, J =
44 Hz, 1H), 7.77
(s, 1TH). 7.72 (s,
1H), 7.15 (s, 1H),
425 — 420 (m,
[H), 0.93 -~ 091
_2H), 084 -
0.78 (m, 2H).

{m

Lod

G2

P4
L
<

E KA}\[E\ 4213 | 98.17 TH  NMR (400
\“;J NS, MHz, DMSO-ds)
10.89 (5, 1H), 8.97
1 ’ (s, 1H), 871 (s,
v 1H), 843 (s, 1H),
831 (s, 1H), 8.24
{s, TH), 7065 (s,
1H), 7.59 (s, 1H),
7.14 (s, 1H), 4.35 -
430 (m, 2H), 2.74
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P

ﬁ/@

O

";\:E 0 s i
NaoN .NjAN/\\J
H

4201 99.0

GF3
//’j\N

H NMR (400
MHz, DMSQO-ds) 8
1 NMR (400
MHz, DMSO-ds) &
10.92 (s, 1H}, 8 98
(s, I1H), 871(d,J
= 5.6 He, 1H),
8.45 (s, 1H), 832
(s, 1H), 823 (d, J
=4 8 Hz, 1H},
735 (s, 1H), 7.23
{5, 1H}, 7.15 (5,
IH), 481 (d, J=
6.8 Hz, 2H), 4.73
{d, /=72 Hz,
2D, 1.77 (s, 3H).

GF3
)¢
. U

Ho N
2

AlMe3, (2 M in Toluane)
Toluene,
100 °C, MW, 1h

O
Cl ’NR ~o
| P

0

-~

1

EXAMPLE 3

Svnthesis of Compound 35

PN .
0 J\/ it\. 4 N A
C;VN\}\N .
{7 N7 _owEocsh

P

3

106

Compound 35
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Step-1: 6-chloro-4-methoxy-N-{2-{trifluoromethvDovridin-4-vDinicolinamide

CF,

L

7N
o

; N
i H
~
ae,
{0338} To a solution of methy] 6-chloro-4-methoxypyridine-2-carboxylate (1.40 g, 6.94

romol) dissolved in toluene was added 2-(trifluoromethylpyridin-4-amive (901 mg, 5.56 mmol)
and frimethylaluminum (10.4 mL, 20 8 mmol). The resulting mixture was stirred on CEM®
microwave ({CEM Corporation, 3100 Smith Farm Road, Matthews, NC 28106} at 106 °C for 1 hr.
The reaction mixture was then cooled to ambient temperature and quenched with water and
extracted with ethyl acetate. The organic layer was dried over sodium sulfate and evaporated to
obtain crude which was purified by Combiflash column chromatography using ethyl acetate-
hexane gradient. The required product eluted at around 30% ethyl acetate-hexanes. The pure
fractions were coligcted and evaporated 1o obtain &-chloro-4-methoxy-N-[2-
{trifluoromethyhpyridin-4-yljpyridine-2-carboxamide (1.2 g, 52% vield) as an otf-white solid.
U NMR (400 MHz, DMSO-de) 6 11.11 (5, 1H), 8.68 - 8.67 (m, TH), 8.45 (s, 1F), 8.21 - 8.20 (m,
1H), 7.63 (s, 1H), 7.43 (s, 1H), 3.96 (s, 3H). LCMS (ES) m/z = 332.2 PM+H]",

Step-2; 6-{1 H-imidazol-1-y-4-methoxy-N-{2-{triflucromethvl} pvndin-4-yDpicolinamide

= O y
N |
NIPHY : N\ JJ\N/G\\\/I
18
e,
10339 To a solution of o-chloro-4-methoxy-N-{2-(trifluoromethyhpyridin-4-ylpyridine-

Z-carboxamide {1.20 g, 3.62 mmol) in DMF (10.0 mL) was added copper icdide (230 mg, 0.724
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mmol}, cesium carbonate (1.41 g, 434 mmol} and 1H-imidazole (369 mg, 543 mmol}. The
reaction raixture was heated to 100 °C for 6 h. The reaction mixture was cooled to RT, ice-cold
water was added and extracted with ethyl acetate. The organic layer was dried over sodium
sulfate and evaporated under reduced pressure to obtain crude material which was purified by
Combiflash column chromatography using MeQH-DCM gradient. The required product eluted
at about3% MeOH: DCM. The pure fractions were evaporated to afford 6-(1H-imidazol-1-y1)}-4-

methoxy-N-[2-(trifluoromethyDpyridin-4-yljpyridine-2~-carboxamide {0.95 g, 72% vield) as an

aff-white solid.

83401 Table 3 below shows characterization data tor additional compounds of Formula [

prepared by the method shown above.

Table 3 {Compounds 35-36)

PCT/US2021/071805

S

\ ‘!

N\‘ETN\ N/\ CF,
L

O

Compound | Structure LOCMS [ HPLC TH NMR
, rity {%%)
(M) purity (o)
35 364.3 99.87 H NMR (400

MHz, DMSO-
dsy & 1090 (s,
TH), 899 (s,
IHy, 871 (t, J=
56Hz, 1H), 844
{s, 1H}, 833 (5,
TH), 825 ¢, J=
4.4 Hz TH), 7064
- 7.60 {(m, 2H),
716 (s, 1H)
4.01 (s, 3H).

2
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36 == o =3 2963 99 .98 H NMR (400
NN e L N
N N X MHz, DMSO-
H
& dey & 10.58 (s,
-0 1H), 899 (s,
2H), 836 - 832
{m, 2H}, 8.23 (4,
J =284 Hz, IH),
7.59{d, J= &8
Hz, 2H), 744 -
741 (m, 1H),
714 (s, 1H},
4.01 (s, 3H).
EXAMPLE 4
Synthesis of Compound 37
CF:,
s,
HaN" \/'3
o 2 AlMes, (2 M in Toluens), Toluans
i 1l FING 4y ]
SN one MeOH, 1,05 i sNﬁ)\OMe 100G My 1
N~ Nz
Step-1 \‘/ Step-2
Gy O ,
/7=
Mo NH Ny o AN
5 QNN ;
CEYN‘T)\N . Ej\CFg Cul, 08,005, DMF, 100°C, 8 h N A
H H h
N~
Y Sten-3 O..
s Sompound 37

4
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Step-1: methyl 2-chioro-6-methoxvovnmidine-4-carboxvlate

10341} To a solution of methyl 2,6-dichloropyrimidine-4-carboxylate {600 mg, 2.90
mmol} in methanol (12.0 mL) was added potassium carbonate (401 mg, 2. 90 mmol} and the
reaction mixture was stirred at RT for 16 hr. The solvent was completely evaporated under
reduced pressure and water was added to it. The crude was extracted with ethyl acetate. The
organic layer was dried over sodium suifate and evaporated under reduced pressure to obtain
crude maternial which was purified by Combiflash column chromatography using an ethyl acetate-
hexane gradient. The target compound eluted at about25% ethyl acetate-hexane. The pure
fractions were coliected and evaporated to afford methy! 2-chloro-6-methoxypyrimidine-4-
carboxylate (0.5 g, 85% yield) as an off-white solid. 'H NMR (400 MHz, DMSO-de) 5 7.42 (s,

1H), 3.92 (s, 3H), 3.88 (s, 3H). LCMS (ES)m/z = 203.0 [M+H]".

Step-2:2-chloro-6-methoxy-N-{2-(iriflucromethvhoyndin-4-vDpyvrimidine-4-carboxamide

i M
H
Nz
O\

{63421 To a solution of methyl 2-chioro-6~-methoxypyrimidine-4-carboxylate (450 mg,
2.22 mmol) in toluene was added 2-(trifluoromethypynidin-4-anmine (288 mg, 1.78 mmol). The
stirred solution was treated with a ZM solution of trimethy! aluminum in toluene (2.22 mi., 444
mmol}. The resulting mixture was stirred in CEM microwave at 100 °C for 1 hr. The reaction

mixaire was cooled to RT, quenched with water and extracted with ethyl acetate. The organic
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layer was dried over sodium sulfate and evaporated under reduced pressure to obtain crude which
was purified by Corobiflash column chromatography using ethyl acetate-hexave gradient. The
target compound eluted out at about20% ethyl acetate-hexane. The pure fractions were collected
and evaporated to atford 2-chloro-6-raethoxy-N-[2-(trifluoromethyDpyridin-4-yHpyrimidine-4-
carboxamide (0.035 g, 47% vield) as an off-white solid. *H NMR (400 MHz, DMSO-de) § 11.28
(s, 1H), B.70 - 8.68 (m, 1H), 843 (5, 1H), 8.20 - §.19 (m, 1H), 7.50 (s, 1H), 4.02 (s, 3H). LCMS
(ES) m/z = 333.0 [M+H]".

Step-3:2-(1 H-imidazol-1 -yl -6-methoxy-N-(2-(trifluoromethvhipvridin-4-yi) pyrimidine-4-

carboxamide

10343} To a stirred solution of 2-chloro-6-methoxy-N-[2-{irntflucromethylpyridin-4-
yiipyrimidine-4-carboxamide (300 mg, 0.902 mmol) in DMF {5 mL) was added copper 1odide
{572 mg, 0.180 mmol), cesium carbonate (353 mg, 1.08 mmol}, 1 H-imidazole (92.1 mg, 1.35
mmol) and heated the reaction muxture to 100 °C for 6 h. The reaction mixture was cooled to
RT, added ice cold water and extracted with ethyl acetate. The organic layer was dried over
sodium sulfate and evaporated under reduced pressure to obtain crude material which was
purified by Combifiash column chromatography using MeOH-DCM gradient. The product
eluted at about3% MeOH-DCM. The pure fractions were collected and evaporated to afford 2-
(1 H-imidazol-1-yl-6-methoxy-N-[2-(tritluoromethyl ) pyridin-4-ylpyrimidine-4-carboxamide

(0.11 g, 35% vield) as an oft-white solid.

10344} Table 4 hists charactenization data for cormpounds of Formulda I prepared by the

method of Example 4.
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Table 4 Compounds 37-41)

Structure LCMS | HPLC TH NMR
Compoun purity (5%}

d

(V)

t

[FS]

k

o8}
~1
o
ff

99 37 'H NMR (400

!
N

Z
G
a
L
b

10.99 (s, 1H), 8§99
(s, 1H), 8.74 - 873
(m, 1H}, 842 (s,
1H), 827 - 823
{m, 2H), 739 (s
tH), 7.18 (5, 1H),
4.11 (s, 3H).

38 Nesy a  FON 3793 | 9937 'H NMR (400
é\\/N\T«N\ N/L\/’L\CF MHz, DMSO-ds) §
o

10.98 (s, 1H), 8.97
QT (s, 1), 874 - 8.73
(m, 1H), 842 (s
TH), 827 - 825
(m, 2H), 735 (s,
T, 7.17 (s, 18D,
4.58 (q,J=7.6Hz,
2H), 139 J=72
Hz, 3H).

o

5 Ny o PN 4092|9884 "H NMR (400
Q/NYN\ X - MHz, DMSO-ds) 5
N~ 10.99 (s, 1H), 8.98

0 (s, 1H), 8.74 - 8.73

T\ (m, 1H), 842 (s

IH), 827 - &13

(m, 7H), 7.39 (s,
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TH), 7.18 (s, 1H),
468 — 466 (m,
2H), 374 - 370
{m, 2H), 330 (s

IH),
40 N:qi O 27N 3913 981 "H NMR (400
Nz 11.02 (s, 1H), 8.97
0 (s, 1H), 8.75 - 8.74

{m, 1H), 8.43 (s,
1H), 8.25 (s, 2H),
747 (3, TH), 718
(s, 1H), 4.56 - 4.5¢
(m, 1H), 0.92
0.84 (m, 4H).

41

. o A 213 9975 HNMR {400
NN N /L e i -
YN ﬁ”\ CFy MHz, DMSG-de) 8
N 110 (s, 1H), 889
O
P}/ (s, 1H), 8.74 (d, J =
Q\!

52 He, 1), 842
(s, IH), 823(d, /=
44 Hz, 1H), 816
(s, 1H), 740 (s,
TH), 7.18 (s, 1H),
486(d, /=068 Hz,
ZH), 470 (d, J =
7.2 Hz, 2H), 1.34
(s, 3H).
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EXAMPLES

Svnthesis of Compound 42

N/';\E‘ff &
O e \’/:;\SnBus N’{;\N ¢ = {
Bre_ N N - SN
X N ) E ]
| H PA(PPhy)e, DME P
= 100°C, 16 h
% Step -1 Compound 42
Step-1: 6-( L-methvi-1H-1imidazol-S-v-N-{(pyridin-3-vhipicolinamide
7N e
o N\ . N,/\\/,N
L H
{0345 To a solution of &6-bromo-N-{pyridin-3-yipicolinanude (0.15 g, 0.53% mmol} in

DMF (5 mb) was added 1-methyl-S-(tnbutylstanoyl-1H-imidazole (0.2 mL, 0.647 mmol)
followed by tetrakis(triphenylphosphinejpalladium(0} (0.031 g, 0.027 mmol}. The reaction
mixture was purged with Nitrogen gas for S minutes. The reaction vial was sealed and heated to
100 °C for 16 h. The progress of the reaction was monitored by TLC. The reaction nuxture was
cooled to RT and water was added. The reaction mixture was extracted in ethyl acetate, dried
over sodium sulfate and evaporated off to obtain crude which was purtfied over silica gel flash
column chromatography. The compound eluted out in 4% MeOH: DCM. The pure fractions
were collected and evaporated to afford 6-(1-methyl-1 H-imidazol-S-y1}-N-{pyridin-3-yiipyridine-

2-carboxamide (0.075 g, 50% vield) as an off-white solid.
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103461 H NMR_ (400 MHz, DMSO-ds) § 10.48 (s, TH), 8.99 (s, 1H), 8.33 - 8.26 (m, 2H)
8 09 -B.05 (m, 1H), 7.99 -7.97 {m, 2H), 7.83 (s, 11}, 7.66 (s, 111}, 7.42 - 7.39 (1, 1FD), 4.06 (s,
3H).

3

103471 Provided in Table S are charactenization data for compounds of Formula |

prepared by the method shown 1o Example 5.

Table 5 {Compounds 42 — 48}

Structure LCMS | HPLC {H NMR

Compound purity (%)

(MHHD

42 ’,/NN/ o e 2803 | 9965 "H NMR (400

i
N y ‘
Q\ENTJkﬁ N MHz, DMSO-ds)
o 51048 (s, 1H),

899 (s, 1H), 833
~8.26 {m, 2H),
§.09 -8.05 {m,
1H), 7.99-7.97
(m, 2H), 783 (s,
1H), 7.66 (s, 1H),
7.42 =739 (m,

1H), 4.06 (s, 3H).

43 > CF 5011 TH NMR (400
N o L A n MHz, DMSO-d)
P 51084 (s, 1H),
9.18 (s, 1H), 8.58
(d,J=68Hz,
1H), 8.11 - 8.07
(o, 1H), 8.02 —
8.0 (m, 2H), 7.94
(d,J= 8.8 Hz,

43
=
L
43
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1H), 7.85 (m,
1H), 7.66 (m,
1H), 4.05 (s, 3H).

44

2943

99.58

H NMR (400
MHz, DMSO-ds)
5 10.58 (s, 1H)},
8.49 - B8.48 (m,
2H), 7.86-7.82
{m, 5H), 7.63 (s,
1H}, 4.04 (s, 3H},
2.46 (s, 3H).

45

2943

899.60

TH NMR (400
MHz, DMSO-ds)
$10.55 (s, 1H),
849 - 8 48 (m,
2H), 7.85 - 7.81
(m, 5H), 7.62 (s,
1H), 4.04 (s, 3H)
2.46 (s, 3H).

>

46

99 42

TH NMR (400
MHz, DMSO-ds)
5 10.86 (s, 1H),
9.25 (s, 1H), 9.20
(s, 1H), 8.87 (s,
1H), 8.58(d, J =
8.4 Hz 1H), 8.21
(d,J=172Hz,
1H), 8.15 (¢, /=
7.6 Hz, 1H), 8.07
(d,J=72Hz,
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1}{53 796 (d, Jr ==
8.4 Hz, 1),

e
=

3483

98.66

H NMR (400
MHz, DMSO-ds)
5 10.82 (s, 1H),
9.18 (s, 1H), 8.58
(d,./= 88 Hz,
1H), 8.09 (1, J =
8.0 Hz, 1H), 8.02
2.0 (m, 2H), 7.93
(/=88 Hz
1H), 7.84 (s, 1H),
7.66 (s, 1H), 4.05
(s, 3H).

48

b2
Lol
-]
G2

99.78

H NMR (400
MHz, DMSO-ds)
S 10.45 (s, 1H),
8.99 - 8.98 {m,
1H), 833 -832
{m, 1H}, 827 (d,
J=706Hz 1H),
8.08 - 8.04 {(m,
1H), 7.98(d, J=
7.6 Hz, 2H), 7.82
{s, 1H}, 7.65 (s,
1H), 742-738
{m, 1H), 4.05 (5,
3H).
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EXAMPLE 6

Svnthesis of Compound 49

SN,

¢
H N R

g § 2 o ,/’\]
Ci\rN\ »J\O/ AlMes, (2 M in Toluene), Toluene, Tl ,J-!\N/\ N

~N
100 °C, MW, 1 h YO

Z
\\
4

Step~1 f

1 3

=
N\\,,?\JH
N g |
Cul, Ca, GO, DMF, 100 °C, 8 h SN E’N\ 0
Nz

Step-2

Compound 49

Step-1: 2-chloro-6-methvi-AN-(pyridin-3-vDpyrimidine-4-carboxamide

: Q)
ca\Y,:j)-LN N
Nz

{03481 To a solution of methyl 2-chloro-6-methylpyrinmidine-4-carboxylate (250 mg, 1.34

mmol) 1o toluene was added pyridin-3~-amine (126 mg, 1.34 romol) and 2M tnmethylaluminam
solution in toluene (1.34 mL, 2.68 mmol). The reaction mixture was stirred in a CEM
microwave at 100 °C for 1 hr. The reaction mixture was cooled to RT, quenched with water then
extracted with ethyl acetate. The organic layer was dried over sodium sulfate and evaporated
under reduced pressure to obtain crude material which was purified by Combiflash column
chromatography using ethyl acetate-hexane gradient. The target compound eluted at about 50%
ethyl acetate-hexane. The pure fractions were collected and evaporated to afford 2-chloro-6-

methyl-N-(pyridin-3-yDpyrimidine-d-carboxamide (0.20 g, 60% vield) as a pale yellow solid. 'H
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NMR (400 MHz, DMSO-dg) § 10.90 (s, 1H), 9.0 (s, 1H), 8.36 - 8.35 (m, 1H), 8.25 - 8.23 (m,
1H), 8.04 (s, 1H), 7.43 - 7.36 (m, 1H), 2.61 (s, 3H)). LCMS(ES) m/z = 249 0 [M+HT",

Step-2.2-{1H-imidazol- 1 -vD-6-methvi-N-{pynidin-3-viipvrimidine-4-carboxamide

S 3O

NN Axg N
27N
lirf :

{0349} To a stirred solution of 2-chloro-6-methyl-N-(pyridin-3-yljpyrimidine-4-
carboxamide (200 mg, 0.804 mmol} in DMF (5.0 mL} was added copper iodide (51.0 mg, 0.161
mmol}, cesium carbonate (314 mg, 0.965 mmol) and 1H-imidazole (82.1 mg, 1.21 mmol}. The
reaction mixture was heated to 100 °C tor 6 h. The reaction mixture was cooled to RT and
quenched with ice-cold water, then exiracted with ethyl acetate. The organic layer was dried
over sodiurm sulfate and evaporated under reduced pressure to obtain crude material which was
purified by Combiflash column chiromatography using MeOH-DCM gradient. The target
compound eluted at about 5% MeOH-DCM. The pure fractions were evaporated to obtain 6-

(1 H-immdazol-1-y1)-2-methyl-3~(pyridin-4-y1}-3H 45 -pyndo| 3,2-dlpyrimidin~-4-one (0.06 g, 27%

vield} as an off-white solid.

{0350} Provided in Table 6 are characterization data for compounds of Formuia |

prepared by the method shown in Example 6.
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Table 6 (Compounds 40 - 51}

PCT/US2021/071805

Compound

Structure

LCMS

(M+H)

HPLC
purity (%)

TH NMR

49

2813

99.93

TH NMR (400 Mz,
DMSO-di) § 10.79
(s, 1H), 9.00 (d, J =
11.6 Hz, 2H), 8.40 -
§.39 (m, 1H), 8.25 -
824 (m, 2H), 7.95
(s, 1H), 7.48 - 7.45
. 1H), 718 (s,
1H), 2.67 (5, 3H).

(m

281.3

5978

'H NMR (400 Mz,
DMSO-ds) 8 10.81
(s, 1H), .97 (s, 1H),
8.56 - 8.55 (m, 2H),
8.23 (s, 1H), 7.95 -
791 (m, 3H), 7.17
(s, 1H), 2.67 (s, 3H).

L
-
(V4]
L

98.37

'H NMR (400 MHz,
DMSO-dsy & 11.04
(s, 1H), 8.94 (s, 1H),
8.75 - 8.73 (m, 1H),
8.42 (s, 1H), 8.26 -
§21 (m, 2H), 8.02
(s, 1H), 7.16 (s, 1H),
330 — 3.1 {m, 1H),
1.25 — 1.22 (m, 4H),
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EXAMPLE 7

Svnthesis of Compound 52

Y
A
HaoiN 3 .
o e a HATU, DIPEA, DMF Sy
THE, MeOH s : . Cho Ny A A
Ol Ny Ay 18 h Ci E»Nj/‘!\OH i, 18 e 5
I L7 Step-1 N Step-2 o
L g 2 4
N
[E“N\> 8 N N
= o FN
# i U
Cul, L-Prafing, KaCOs, &'N\,f“\ /JJ\N Sy
DMF, 100 °C, 18 1 L)oo
Step-3 ﬁ
Compound §2
Step-1: 6-chloro-4-methylpicolinic acid
O
ol E,N\j}k on
i
18351} To a stirred solution of methy] 6-chioro-4-methyipyridine-2Z-carboxylate (2 g, 10.8

mmol} in THF (15 mbL}, MeOH (15 mL) and water (15 mL ) was added lithium bydroxide mono

hydrate {0.96 g, 21.6 mmol} and the reaction mixture was aliowed to stir at RT for 16 h. Progress

of the reaction was monttored by TLL . The solvents were evaporated under reduced pressure to
obtain crude material which was treated with water and extracted with ethyl acetate. The
aqueous laver was acidified using 1A HCl to pH about 2 and exiracted with ethyl acetate. The
organic layer was dried over sodium suifate, filtered then evaporated under reduced pressure 1o
attord 6-chloro-4-methylpyridine-2-carboxylic acid (1.8 g, 97% vield) as an off-white solid. 1H
NMR {400 MHz, DMSO-ds) § 13.45 (bs, 1H), 7.86 (5, 1H), 7.59 (5, 1H), 2.38 (s, 3H). LCMS
(ES)m/z =172.1 [M+HT".
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Step-2 o-chlorg-4-methvi-N-{(pyridin-4-yvhipicolinanude
s A N
L
18352} To a stirred solution of 6-chloro-4-methylpyndine-2-carboxylic acid (300 mg,

1.75 mmol) in DMF was added DIPEA (0.968 mL, 5.25 mmol), HATU (0.79 g, 2.10 mmol} and
pyridin-4-amnine (0.16 g, 1.75 mmol). The reaction mixture was stirred at RT for 16 h. Water
was added to the reaction mixture and material was extracted with ethyl acetate. The organic
layer was dried over sodium sulfate and evaporated under reduced pressure to obtain crude
material which was purified by Combiflash column chromatography using ethyl acetate-hexane
gradient. The target compound eluted at about 30% ethyl acetate-hexane. Pure fractions were
evaporated to afford 6-chloro-4~-methyl-¥-(pyridin-4-yDpyndine~-2-carboxamude (0.35 g, 80%
yield) as an off-white solid. 'H NMR (400 MHz, DMSO-ds) d 10.64 (s, 1H), 8.48 - 8.47 (m,
2H), 7.96 (s, 1H), 7.88 - 7.87 (m, 2FD), 7.67 (s, 1FD), 2.43 (s, 3H). LCMS (ES) m/z =248 1
VT

Step-3: 6-(1 H-imidazol-1-vl}-4-methvi-N-{pyridin-4-vlipicolinamide

<\\\/N N\ N ™y
l H
s
{6383} To a stirred solution of 6-chloro-4-methyl-N-(pyrndin-4-yDpyridine-2-

carboxamide {100 mg, 0.41 mmol) in DMF (1.5 ml) was added copper iodide {(25.6 mg, 0.08
mmol}, L-proline (18.6 mg, 0.16 mmol), potassium carbonate (112 mg, 0.81 mmol) and 14-

imidazole (41.2 mg, 0.61 mmol). The reaction mixture was heated to 100 °C for 16 h. The
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reaction mixture was cooled to RT and quenched with water. The crude product was extracted
with ethyl acetate, and the organic layer dried over sodium sulfate then evaporated under reduced
pressure to obtain crude material which was purified by Combiflash column chromatography
using MeOH-DCM gradient. The target compound eluted at about 4% MeOH-DCM. The pure
fractions were evaporated to afford 6-(1H-imidazol-1-y1)}-4-methyl-N-(pyridin-4-yh)pyridine-2-

carboxamide (0.014 g, 12% vyield) as an off-white solid.

{6354} Provided in Table 7 are characterization data for compounds of Formuia |

prepared by the method shown in Example 7.

Table 7 (Compounds 52-53)

Structure LCMS | HPLC TH NMR
Compound (M) purity (%)
52 Nl:l O 2N 2863 | 9992 "H NMR (400 MHz,

o er\\E/H\ A DMSG-ds) & 10.64 (s,
I«” 1H), 8.96 (s, 1F1). 852
(d, 7 = 6.0 Hz, 2H),
827 (s, 1H), 798 -
7.90 (m, 4H), 7.16 (s,
1H), 2.51 (s, 3H).

= 280.3 | 9836 "H NMR (400 MHz,
N DMSO-ds) § 10.58 (s,
" 1H), 9.01 ~ 896 (m,
2H), 835 (d, J = 3.6
Hz, TH), 8.28 — 823
(m, 2ZH), 795 {d, I =
8.4 Hz, 2H), 744 -
741 {m, 1H}, 7.16 (s,
1H), 2.51 (s, 3H),

7z

\/<Z
FO
4
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EXAMPLE S

Svnthesis of Compound 54

L
N ; -
7R N
i HaN 2 \N 4
Ci N ]

Aon , - o
j HATU, DIPEA, DMF, 0°C-RT, 18R g Cul, L-Prafine KpC0,, DMSO,
100 °C, 18 1

. N\ g iy o i , >
[ ,
; Step-1 3 Btep-2

Q
,;N i\ > ag. Ammonia N o N“?E’/IL"NHZ

o £ “
% 85 °C, 16 h : i
&,‘N ] \\/N\ENQ_TJ\N/L\/’

N /’\.//
U H Step~3
A

Siept: methyl 5-(6-chloro-4-methyvipicohnamido)picolinaie

O
N
o o~
Ci N\ N R
E H
P
{63585} To a stirred solution of 6-chloro-4-methylpynidine-2-carboxylic acid (0.6 g, 3.5

mmol) 1o DMFE (15 mL) was added methy] 5-aminopyridine-2-carboxylate (0.585 g, 3.85 mumol},
HATU (1.6 g, 420 mmol), and DIPFEA (1.83 mL, 10.5 mmol). The reaction mixture was stirred
at RT for 16 hr. The reaction mixture was diluted with ethyl acetate and washed with water. The
organic layer was dried over sodium suifate and evaporated under vacuum to obtain crude
material which was purified by Combiflash column chromatography using ethyl acetate-hexane
gradient. The target compound eluted at about 60% ethy! acetate-hexanes. The solvent was
evaporated to obtain methyl 5-(6-chloro-4-methylpicolinarnido)picolinate (600 mg, 56 %) asa

yellow solid. 'H NMR (400 MHz, DMSO-ds) § 9.94 (5, 1H}), 8.92 ~ 8 91 (m, 1H), 8.58 - 8.55
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(m, 1H), 8.19 (d, /= 8.8 Hz, 1H), 8.05 (s, 1H), 7.38 (s, 1H), 4.01 (s, 3H), 2.39 (s, 3H). LC-MS
(ES) m/z=306.1 [M+H]".

Step 2 methyl 3-{6-(1H-imidazol-1-vii-4-methvipicolinamido)picolinate

O
N
Nl T O o~
NN AN A
l H
L
18356 To a stirred solution of methy! 3-(6-chloro-4-methylpyridine-2-amidopyridine-2-

carboxvlate (0.6 g, 1.96 mmol} in DMSO (10 mL) was added 1H-imidazole (0.2 g, 2.94 mmal),
copper iodide (0.075 g, 0.393 mmol), L-proline (0.0904 g, 0.785 mmol)} and potassiur carbonate
{0.550 g, 3.93 mmol}. The reaction mixture was heated to 100 °C for 16 h. The reaction mixture
was cooled to RT, diluted with water and extracted with ethyl acetate. The organic layer was
dried over sodium sulfate and evaporated under vacuum to obtain crude material which was
purified by Combifiash column chromatography using MeOH-DCM gradient. The target
compound eluted at about 5% MeOH-DCM. The fractions were evaporaied to obtain methyi 5-
(6-(1H-imidazol-1-y1}-4-methylpicolinamidojpicolinate { 0.15 g, 23%}) as an off-white solid. 'H
NMR (400 MHz, DMSO-de) 6 10.84 (s, 1H), 9.16 (s, 2H), 8533 -850 (im, 2H), 8 14 - 8.12 (i,
ZH), 7.99 - 7.96 (m, 2H), 3.86 (s, 3H), 2.52 (s, 3H). LC-MS (ES) m/z=338.1 [M+H]".
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Step3: N-{6-carbamovipyndin-3-y1-6-(1 H-imidazol-1-y1}-4-methy! picolinamide

O
N/r":‘::‘l O /N l NHQ
N ; N \}g/U\N N
| H
{8387} A stirred solution of ethyl 4-[6-(1H-midazol-1-y-4-methylpyndine-2-

amidolpyridine-2-carboxylate {(0.15 g, 0.445 mmol) in 37% aqueous ammonium hydroxide (8
ml.} was heated to 65 °C for 16 h. The reaction mixiure was cooled to RT and evaporated under
vacuum to obtain crude material which was purified by reverse phase HPLC {Column: X-Bridge-
C-18(250 mum x 4.6 mm x 5 mic);, Mobile phase (A} 1 0.1% Ammonia in water; Mobile phase (B)
- Acetonitrile; Flow rate 1 2.0 mL/min). The pure fractions were evaporated off to obtain N-(6-
carbamovylpyridin-3-y1)-6-(1 H-imidazol-1-yl}-4-methylpicolinamide (17 mg, 12 %) as an off

white solid.

{0358} Provided in Table 8 are characterization data for compounds of Formula |

prepared by the method shown in Example 8.

Table 8 {Compounds 54-37)

Compound Structure LCMS | HPLC TH NMR
e g
(M purity (5%}
54 3231 99 48 H NMR (400

MHz, DMSO-
ds} & 10.77 (s,
1H), 2.09 (s,
1H), 8.96 (s,
1H), 8.44 (d, J
= 6.4 Hz, 1H),
828 (s, 1H)

3
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3.08 - 804 (m,
2HY, 796 (4, J
= 6.8 Hz, 2H),
7.52 (m, 1H),
716 (s, 1H),
2.51 (s, 3H).

55

3233

98.05

TH NMR (400
MHz, DMSO-
ds) & 10.80 (s,
1H), 8.95 (s,
1H), 8.55 (s,
2H), 828 (s,
1H), 8.13 -
807 (m, 2H)
7

5 (s, 2H),
(s, 1H),
(s, 1H),
2.51 (s, 3H)

~d
[ N
D

-1
[Rm—
(V4]

(W41
[

Z
&
/Z
O
a
=

3373

98.12

H NMR (400
MHz, BMSO-
s} & 1082 (s,
1H), 899 (s,
1Hy, 877 (4, J
= 4.0 Hz, 1H),
&858 (s, ZH),
830 (s, IH)
318817 (m,
IHy, 797 (4, J

104 Hz,
ZH), 7.16 (s,
TH), 281 (4, J
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= 4.4 Hz, 3H),
2.51 (s, 3H)

A
NS

3373

98.04 'H NMR (400
MHz, DMSO-
dey 6 1077 (s,
1H), 9.09 (s,
1), 90 (s
1H), 8.69 (s,
1H), 8.46 (d, J
= 8.0 Hz, 1H),
830 (s, H),
8.07(d, /=84
Hz, 1H), 7.97
{d, J=9.2 Hz,
2H)Y, 719 (s,
1H), 2.81(d, J
= 4.0 Hz, 3H),
2.52 (s, 3H)

o
Br\ri, Ny Ao o
N
1

EXAMPLE S

Synthesis of Compound 538

N
TR
2

HATU, DIPEA
DMF, 1, 16 h

B e

Step~1

128

7=
No-RH

4
S ol
Cul, L-Proling N’Pj i /E:\]
KGO, DMSD \\«fN\fix-Njf NN
100°C. 3h i H
i PN

Step-2
Compound 58
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Step-1: 6-bromo-3-methvl-N-(pyridin-3-vDpicolinamide

O =
Bro N \}\:)J\N, S
| H
=
{6359} To a stirred solution of 6-bromo-S-methyipynding-2-carboxyiic acid (.25 g, 1.16

mmol} in DMF (5 mL} was added DIPEA (064 mL, 3 47 mmol), HATU (0528 g, 1.39 mmol}
and pyridin-3-amine (0.120 g, 1 27 mmol). The reaction mixture was stured at RT for 16 h
Water was added to the reaction mixture and the aqueous layer was extracted with ethyl acetate.
The organic layer was dried over sodium sulfate and evaporated under reduced pressure to obtain
crude material which was purified by Combiftlash column chromatography using MeOH-DCM
gradient. The target compound eluted at about 4% MeOH-DBCM. The pure fractions were
evaporated to afford 6-bromo-S-methyl-N-{pyridin-3-ylipyridine-2-carboxamide {0.23 g, 68%
vield) as an off-white solid. 'H NMR (400 MHz, DMSO-de) 5 10.58 (s, 1H), 8.99 (s, 1H), 8.32 -
831 (m, 1H), 823 (d, J= 7.6 Hz, 1H), 8.06 ~ 7.99 (m, 2H), 7.40 ~ 7.37 (m, 1H), 2.42 (s, 3H).
LCMS (BS) m/z = 293.9 [M+2H]".

Siep-2: 6-{ | H-imidazol-1-vD-5-methvli-N-(ovndin-3-vDipicolinamide

N o
N N A AN
[ H
s
10369} To a stirred solution of 6-bromo-5-methyl-N-(pynidin-3-yljpyridine-2-

carboxamide (0.15 g, 0.513 mmol) in DMSO (3 mL) was added copperiodide (0.032 g, 0.103
mmol}, L-proline {0.023 g, 0.205 mmol}, potassium carbonate {0,142 g, 1.03 mmol) and
imidazole (0.052 g, 0.770 mmol). The stirred reaction muxture was heated to 100 °C for 3 b then
cooled t0 RT and quenched with water. The crude mixture was extracted with ethyl acetate,
dried over sodium sulfate and evaporated under reduced pressure to obtain crude matenial which

was purified by Combiflash column chromatography using MeOH-DOM gradient. The target
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compound eluted at about 4 % MeOH-DCM. The pure fractions were evaporated to afford 6-
{1 H-immdazol-1-y1}-5-methyl-N-(pyridin-3~yDpyridine-2Z~carboxamide {0.08 g, 56% yield) as an

off-white sclid.

18361} Provided in Table 9 are characterization data for compounds of Formula 1

prepared by the method shown in Example S,

Table 9 (Compound 58)

Compound Structure LCMS HPLC 1H NMR
(MH) purity (Yo}
58 N.,Q:q O = ) 280.3 89 47 ‘H NMR (400
RN /L\N M MHz, DMSO-
i H ‘ '
= dsy & 10.54 (s,
1H), 8.98 (s,
iH), 837 -

832 {m, 2H),
8.22{d, /=76
Hz, 1H), 815
-8.09 {m, ZH),
7.86 (s, IH),
7.40 - 7.39 (d,
J = 4% Hz
IH), 7.14 (s,
1H), 244 (s,
3H).
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EXAMPLE 10

Svnthesis of Compound 59¢

7=
I”\ NoRH
g™ SN o 4 2N
o 2 S KW Cul, L-Profine N’"*ﬂ A
B N\)<\ HATUY, DIPEA  Bro N AN SN KO, DMSO M NN I A N
\L:i OH DME R 18R L H _100°C, 38 \L ¥
FN Step-1 & Step-2 =
% 3 Compound 58
Step-1: 6-bromo-3-methvi-N-{pvridin-3-vipicolinamide
:
! ! H
\\,;;’/'\\
103621 To a solution of 6-brome-3-methyipyridine-2-carboxylic acid (0.5 g, 2.31 mmol)}

in DMF (2 ml) was added DIPEA (1.28 mL, 6.94 mmol)}, HATU (1.06 g, 2.78 mmol) and
pyridin-3-amine (0.26 g, 2.78 mmol). The reaction mixture was stirred at RT for 16 h. The
crude reaction was quenched with water and exiracted with ethyl acetate. The organic layer was
dried over sodium sulfate and evaporated to obtain crude material which was purified by
Combiflash column chromatography using MeQH-DCM gradient. The target compound eluted
at about 2 % MeOH-DUM. The pure fractions were evaporated to afford 6-bromo-3-methyl-N-
{pyridin-3-yhpyridine-2-carboxamide (1.3 g, 96% vield) as an off-white solid. LCMS (ES) m/z=

204.0 [MH+2ZHT

Step-2: 6-{1 H-imidazol-1-yD-3-methvl-N-{pyridin-3-vDinicolinamide
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10363} To a stirred solution of 6-bromo-3-methyl-N-{(pyridin-3-ylpyridine-2-
carboxamide (0.1 g, 0.342 mmol) in BMSO (2 ml) was added copper iodide {0.021 g, 0.0685
ramol}, L-proline (0.015 g, 0.137 mmol), potassium carbonate (0.094 g, 0.685 mmol} and
imidazole (0.035 g, 0.513 mmol). The stirred reaction mixture was heated to 100 °C for 3 h. The
reaction mixture was cooled to RT, treated with water and extracted with ethyl acetate. The
organic layer was dried over sodium sulfate and evaporated under reduced pressure to obtain
crude material which was purified by Combiftlash column chromatography using MeOH-DCM
gradient. The target compound eluted at about 4% MeOH-DBCM. The pure fractions were
evaporated to afford 6-(1 F-imidazol-1-y1}-3~-methyl-N-(pyridin-3-yljpyridine-2-carboxamide

{0.080 ¢, 84 % vield) as an off-white solid.

{0364} Provided in Table 10 are characterization data for compounds of Formula 1

prepared by the method shown in Example 10

Table 10 (Compounds 59-63)

Compound Structure LCMS | HPLC TH NMR
(M) purity (%)
59 & ) 2803 98.40 "M ONMR (400
N MHz, DMSO-do)

6 1062 (s, TH),
894 (s, 1H), 878
(s, 1), 8.33-8.32
{m, 1H), 820(d, J

$4 Hz 1),
8.16 (s, 1H), 8.02
(d, J=$.4Hz, 1T,
793 (d, /= 8 He,
1H), 7.39 (4, J =
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44 Hz, TH), 7.13
(s, 1H), 2.58 (s,
3H).

2863

99.00

'H NMR (400
MHz, DMSO-de)
§ 1043 (s, 1HY,
§.97 (5, 1H), 8.70
(s, 1H), 833-8.32
{m, 1H), 822 -
8.20 (m, 2H), 8.13
(d, / = 88 Hz
1H), 7.91 (d, J =
8.8 Hz, 1H), 742 -
7.39 {m, 1H), 7.11
(s, IH), 4.03 (s,
3H).

'"H NMR (400
MHz, DMSO-ds)
§ 10.6 (bs, 1H),
898 (d, J = 12
Hz, 1H), 8.74 (s,
1H), 836 (d, J =
3.6 He, 1H), 827 -
8.16 (m, 4H), 745
- 742 {(m, 1H}
721 (s, 1H).

02 /\_\M\

2843

99 88

'H NMR (400
MHz, DMSO-ds)
§ 1069 (s, 1H),
894 - 893 (m,
1H), 8.78 (s, 1H),
$36 - 235 (m.
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1H), 8§21 - 812
{m, 4H), 744 -
741 {m, 1H), 7.15
(s, 1H).

03 =y

2963

99.0

'H NMR (400
MHz, DMSO-d)
§ 1062 (s, 1H),
889 (d, J = 1.6
Hz, 1H), 853 (s,
1H), 8.31 (4, J =
3.6 Hz, 1H), 8.18
(d, J = 8.4 Hz,
1H), 798 -7.89
(m, 3H), 7.41-7.38
(m, 1H), 7.11 (s,
1H), 3.91 (5, 3H).

o~
e

HZN’L\/B

o
M AMes, (2 M in Tolusne), Tolusne,
S0 100 °C, MW, 1 h

EXAMPLE 11

Svuthesis of Compound 64

X

1

N, Step-1

/7= O Ol
N I i
\}—"N\{‘N\/" \N,/ \J/
ii\\;\ H
= NS

Compound 84

BrYNTLL

i H
L\“” RN

134

/~‘~:\‘
Ne-NH

4

Cul, L-Froline, KoU0,, DMF

100 °C, 16 h

Step-2
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Step-1: 3-amino-6-bromo-N-{pvridin-4-vl) picolinamide

0 = IN
Br ' N\ N N
H
FNH,
18365} To a stirred solution of methyl 3-amino-6-bromopyridine-2-carboxylate {500 mg,

2.16 mmol} in toluene was added pyridin-4-anune (204 mg, 2.16 mmol} and 20
irimethylaluminum solution tn toluene (5.41 mi, 10.8 rumol). The reaction mixture was stirred
in a CEM microwave at 100 °C for 1 hr. The reaction mixture was cooled to RT, quenched with
water and extracted with ethyl acetate. The organic layer was dried over sodium sulfate and
evaporated under reduced pressure to obtain crude material which was purified by Combiflash
columin chromatography using MeOH-DCM gradient. The target compound eluted at about 3%
MeOH-DCM. Pure fractions were evaporated to afford 3-amino-6-bromo-N-{pyridin-4-
yl)pyridine-2-carboxamide (0.5 g, 79% yield) as a yellow solid. 'H NMR (400 MHz, DMSO-de)
61033 (s, 1H), 844 (d, /=506Hz 2H)}, 781 (4, /=56 Hz, 2H), 748 (d, J =8 8 Hz, 1H), 7.22
(d, ] =8.8 Hz, 1H), 7.08 (5, 2H). LCMS (ES) m/z = 295.2 [M+2H}"

Step-2- 3-amino-6-{ 1 H-imidazol-1-vD-N-{pvridin-4-vDipicolinamide

AN
e 0 N
NaNN /\\/l
\/’ \E\:" N.‘
H
N
10366} To a stirred solution of 3-amino-6-bromo-N-(pyridin-4-yhpyridine-2-carboxamide

{220 mg, 0.751 rarmol) in BMF (3 ml.) was added copper 1odide (47.6 rug, 0.150 mmol), (25)-
pyrrolidine-2-carboxylic acid (34.6 mg, 0.300 mmol), potassium carbonate (207 mg, 1.50 mmol)
and 1 H-1midazole (76 .6 mg, 1.13 mmol). The reaction mixture was heated to 100 °C for 16 h

then cooled to RT and treated with ice-cold water. The crude mixture was extracted with ethyl
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acetate, the organic layer dried over sodium sulfate and evaporated under reduced pressure to
obtain crude material which was purified by Combiflash columu chromatography using MeOH-
DCM gradient. The target compound eluted at about 4% MeOH-DUM. The pure fractions were
evaporated to afford 3-amino-6-(1 H-imidazol-1-y1-N-{pyridin-4-yDpyridine-2-carboxamide
(0.060 g, 28% vield) as a yellow solid. 'H NMR (400 MHz, DMSO-de) 5 10.36 (s, 1H), 8.68 (s,
1H), 8.48 - 8.46 (m, 2H), 8.08 (s, 1H), 7.86 - 7.85 (m, 2H), 7.78 (d, ./ = 8 8 Hz, 1H), 7.46 (d, J =
&8 Hz, TH), 7.08 - 7.04 {m, 3H). LOMS (ES)m/z = 2813 [M+H]",

{8367 Provided in Table 11 are characterization data for compounds of Formula 1

prepared by the method shown in Example 11

Table 11 (Compounds 64-68)

Compound Structure LCMS HPLC 1H NMR

(VLT purity (%)

64 2813 99.18 " NMR (400
MHz, DMSO-d) 5
1036 (s, 1H), 8.68
(s, 1H), 847(d, J=
6.0 Hz 2H), 8.08
(s, 1H), 7.86 (d, /=
56 Hz, 2H), 7.78
(d, /=88 Hz, 1H),
746 (d, = 8.8 Haz,
1H), 708 - 7.03

(m, 3H}.

65 F 2993 G8.89 ‘H NMR (400

N/;:l 0 @\: MHz, DMSO-de) &
“\“”Nﬁﬁﬁ S 10.57 (s, 1H), 8.70
Y (s, 1FD), 8.15(d, /=

6 Hz, 1H), 8.10 (s,
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1H), 782 - 780
(m, 2H}), 769 (s,
1H), 747 (4, J =
8.8 Hz, 1H), 7.09
{5, 3H).

60

3492

9915

H NMR (400
Mz, DMSO-ds) &
10.65 (s, 1H), 8.72
(s, 1H), 866 (d, J=
52 Hz, 1H), 8.43
(s, 1H), 8.18(d, /=
4.8 Hz 1H), 8.11
(s, 1H), 781 (d,J=
8.8 Hz, 1H), 7.48
(d,/=92Hz, 1H),
7.10 (s, 3H).

67

2813

996

"H NMR {400
MHz, DMS0O-ds) 6
10.42 (s, 1H), 899
{s, 1H), 878 (s,
i1H), 834 - 833
(o, 1H), 824 (d, J
=84 Hz, 1H) 802
{s, 1H), 743 740
{m, 1H), 7.29 (5,
1Hy, 7.10 (s, 1H),
6.87 (s, 1H}, 6.74
(s, 2ZH).
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68 /=) 0 3 29573 S RY
N |
N N,\\)-LN N
POH
e
HN._

'H NMR {400
MHz, DMSGO-ds) &
10,46 (s, 1H), 9.00
{s, 1H), 890 (s,
1H), 835 - 833
(m, 1H}, 8.26 -8.21
{(m, 2H), 743 -
7.40 {m, 1H), 7.32
- 728 {m, 2ZH),
731 (s, 1H), 6.89
(s, 1H), 3.15 (s,
3H).

EXAMPLE 12

Synthesis of Compound 79

Xy [N>
o I o & o
i g N o
ar\EN\j)\O/ HaN 2 BN /EL\N N N4
............................. e
Vi AlMe,, Toluens, ENJ H Cui, L-Profing KoCO0;,

100°C, 1 b, MW DMS0, 106 °C, 16 h

1 Step-1 Step-2

[0368]

prepared by the method shown in Example 12

Table 12 (Compounds 69 - 70)

sy o
N

N \[Nj/“\h, Xy N
N’; H

Compound T8

Provided 1o Table 12 are characterization data for compounds of Formula 1

5 o
TN T SNURPTRVA | vy et

U amannna Qv e dnera
AT OTTHCTQRES

'H NMR
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‘s

N 400 Mz, DMSO-
/:.:;‘1 0 B [ { z, SO

N N - dsy & 1085 (5, 1H),
NPZNY ; ,

_ 913 (d, J = 48 Ha,

1H), 9.01 (s, 2H),
839 (d, J = 4.4 He,
1H). 829 (s, IH)
824 (d, J = 8.8 Hz,
1H), 803 (d, I = 4.4
Hz, 1H), 7.48 — 7.45
{m, 1H), 7.20 (s, 1H).

N;ﬁi 0 = E 2663 1 BReY 'H NMR (400 MHz,

\,N\]EN\]/LLN Y DMSO-de) 8 10.73 (s,
P 1H), 945 (s, 1H),

9.19 (s, 1H), 9.03 -
899 (m, 2H), 8.39 -
8.38 (m, 2H), 8.23 (d,
J =84 Hz iH) 747
- 744 (m, 1H), 7.23
(s, 1H}.

EXAMPLE 13

Svuthesis of Compound 71

Nynthesis of Intermediate-1A
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1036%} To a solution of oxetan-3-one (1.0 g, 13.9 mmol}in el

was added brow

stirred for 1 hour at room temperature. The progress of reaction was monitored by TLC. The
reaction mixture was guenched with saturated ammomum chlonde solution (10 mL), exiracted
with Dichloromethane (50 mL}. to afford 3-methyloxetan-3-0l (0.7 g, 57.25% yield) as a light

yellow colour hquid.

Synthesis of Compound 71

9 Siep-1

HY &h

REgp-g

-~

18376} To a solution of methy] 6-chloro-4-methoxypyridine-2-carboxylate (0.4 g, 1.93
mmol} in toluene (5§ mL} was added 2-(tritluoromethyljpyridin-4-amine (313 mg, 1.93 mmol)
and Trimethyl alumioum (1.45 mL, 2.90 mmol} at 0°C. The resulting mixture was stirred i

CEM microwave at 100 °C for 1 hour. The progress of reaction was monitored by TLC. The
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reaction mixture was cooled to ambient temperature was quenched with ice water (10 mL},
extracted with ethyl acetate (530 mL). The crude residue was purnified by gradient column
chromatography using 0-30% ethy! acetate in hexane to afford 2 6-dichlore-N-(2-

{triflluoromethyDpyridin-4-yDpyrmidine-4-carboxamide (0.5 g, 76.7% vield) as a offwhite solid.

Step-2: 6-chlore-2-((3-methvioxetan-3-vhoxy -N-(2-{triflucromethvhpyrdin-4-vyDpyrimidine-4-

carboxamide

{83711 To a solution of Sodium hydride (60% in mineral oil} (6,136 g, 3 40 rumol) in
Y { 3 8 ,

an (5 mb) was added 3-methyvioxetan-3-0l {200 mg, 2.27 mmol} at 0°C.| the
reaction mixture was stirred for 10 minutes at room temperature and added 2,6-dichloro-N-(2-

{(trifluoromethyDpyridin-4-yDipyrimidine-4-carboxamide dissolved in 1

{0.612 g, 1.82 mmol) The resulting mixture was stirred in room temperature for 16 hour. The
progress of reaction was monitored by TLC. The reaction mixture was quenched with saturated
ammonium chloride solution (10 mL), extracted with ethyl acetate {50 mL}. The crude residue
was purified by gradient column chromatography using 0-30% ethyl acetate 10 hexane to afford
o-chioro-2-{(3-methyloxetan-3-yhoxy }-N-{2-(triflucromethyhpyridin-4-ylpyrimidine-4-
carboxamide (0.15 g, 17% yield} and 2-chloro-6-{(3-methyloxetan-3-yhoxy }-N-[2-

(triflucromethylpyridin-4-ylipyrimidine-4-carboxamide (0.2 g, 22.6% vield} as a offwhite solid.

Step-3: 6-{1H-imidazol-1-y13-2-{(3-methvloxetan-3-vDoxy -N-{2 {rifluoromethvDovridin-4-v])

pyrimidine-4-carboxamide
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18372} To a solution of Sodium hydride (60% in mineral oil} (0.023 g, 0386 mmol) in
Tetrahydrofuran (5 mL) was added 1H-imidazole (39.4 myg, 0.579 mmol) at 0°C ., the reaction

muxture was stirred for 10 minutes at room temperature and added 6~chloro-2-((3-methyloxetan-

3-yhoxy -N-(2-(triflucromethyDpyridin-4-yDpyrimidine-4-carboxamide dissolved in

%

%
el
%

yarofuran (S ml) (0,15 g, 0.386 mmol) at 0°C. The resulting mixture was stirred in room
temperature for 2 hour. The progress of reaction was monitored by TLC. The reaction mixture
was quenched with saturated ammonium chloride solution (10 mL}, extracted with ethyl acetate
{50 mL). The crude residue was purified by gradient column chromatography using 0-5%
Methano in Dichloromethane to afford 6-(1H-imidazol-1-y1}-2-((3-methyloxetan-3-yljoxy }-N-(2
(rifluoromethylpyridin-4-yDpyrimidine-4-carboxamide (0.03 g, 18.5% yield} as a off white

solid.

{0373} Provided in Table 13 are characterization data for the compound of Formuia |

prepared by the method shown in Example 13,

Table 13 {Compound 71}

H NMR

fouey

THNMR (400
S £ MHz, DMSQ-

142



WO 2022/077034 PCT/US2021/071805

EXAMPLE 14

Synthesis of Compound 72

T-153

18374} To a solution of methy] 6-chloro-4-methoxypyridine-2-carboxylate (1.0 g, 4.83
mmol} in toluene (S mL} was added 2-(tnifluoromethylypynidin-4-amine (783 mg, 4.83 mmol)

and Trimethy] alumioum {3.62 mL, 7.25 mmol} at 0°C. The resulting mixture was stirred in

143



WO 2022/077034 PCT/US2021/071805

CEM microwave at 100 °C for | hour. The progress of reaction was monitored by TLC. The
reaction roxture was cooled to ambient teraperature was quenched with ice water {10 mL),
extracted with ethyl acetate {50 mL}. The crude residue was purified by gradient column
chromatography using 0-30% ethyl acetate in hexane to afford 2,6-dichloro-N-(2-
(trifluoromethylpyridin-4-ylpyrimidine-4-carboxanude (1.15 g, 70.62% yield) as an off white

solid,

Step-2; 2-chloro-6-{{tetrahvdro-2 H-pyran-4-vDimethoxy 3-N-(2-{irifluoromethylipyridin-4-vl)

pyrimidine-4-carboxamide

To a solution of Sodium hydride (60% in mineral 0il} (0.059 g, 0.89 mawol) in

s
adin
1SN

uran (5 mb) was added {ielrah anol (69 mg, 0.59 mmol)
at 0°C., the reaction mixture was stirred for 10 minutes at room temperature and added 2,6~

dichloro-N-(2-(triftuoromethyDpyrdin-4-yhpyrimidine-4-carboxamide dissolved in

uran (S mly (0.2 g, 6.59 mmol) The resulting mixture was stirred in room
temperature for 16 hour. The progress of reaction was monitored by TLC. The reaction mixture
was quenched with saturated ammonium chloride solution (10 mL}, extracted with ethyl acetate
{50 mL}. The crude residue was purified by gradient column chromatography using 0-30% ethyl
acetate in hexane to afford 2-chloro-6-({tetrahydro-ZH-pyran-4-viymethoxy 3-N-{2-
{trifluoromethypyridin-4-yDpyrimidi ne ~4-carboxarmide (0.13 g, 52.5% yield) and 6~-chloro-2-
[{oxan-4-yDmethoxy I-N-[2-{trittuoromethyhpyridin-4-ylipyrinudine-4-carboxamide {0.13 g,

52.5% vield) as a off white solids.

Step-3: 2-(1H-imidazol-1-vD-6-{{tetrshvdro-2H-pyvran-4-vDmethoxy -N-(2-(trifluoromethvl)

pyridin- 4-v) pvrimidine-d-carboxamide
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10376} To a solution of 2-chloro-6-{(tetrabydro-2H-pyran-4-yhmethoxy }-N-{ 2~
{(trifluoromethyDpyridin-4-yDipyrimidi ne ~4-carboxamide {0.13 g, 0.312 mmol) in N N-

amide (2 mL) was added caesium carbonate {0.15 g, 0.468 mmal), diledocopper

{29.7 mg, 0.094 mmor ) and TH-imidazole (31.9 mg, 0.468 mmol). The resulting mixture was
stirred at 100°C for S hour. The progress of reaction was monitored by TLC. The reaction
mixture was cooled to room temperature dilute with water (20 mL), extracted with ethyl acetate
{20 mL). The crude residue was purified by gradient column chromatography using 0-10%
Methano in Dichloromethane to afford 6-(1H-imidazol-1-y1}-2-((3-methyloxetan-3-yljoxy }-N-(2
(rifluoromethylpyridin-4-ylpyrimidine-4-carboxamide (0.044 g, 31.46 % vield}) as a off white

solid.

{0377} Provided in Table 14 are characterization data for the compound of Formuia |

prepared by the method shown in Example 14,
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ompound 72}

C

{

Table 14

R

NM

1+

z, DMSO-d6)

MH

froee

.\\..
el
ieied

e
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EXAMPLE 15

Svnthesis of Compound 73

{8378} To a solution of methy] 6-chloro-4-methoxypyridine-2-carboxylate (1.0 g, 4 83
mmol} in toluene (5§ mL} was added 2-(tritluoromethy!jpyridin-4-amine (783 mg, 4.83 mmol)
and Trimethy! aluminum (3.62 ml., 7.25 mmol) at 0°C. The resulting mixture was stirred in
CEM microwave at 100 °C for 1 hour. The progress of reaction was monitored by TLC. The
reaction mixture was cooled to ambient temperature was quenched with ice water {10 mL),
extracted with ethyl acetate (50 mbL). The crude residue was purified by gradient column
chromatography using 0-30% ethyl acetate in hexane to afford 2,6-dichloro-N-(2-
{triftuoromethybpyridin-d-yhpyrimidine-4-carboxamide (1.15 g, 70.62% yield) as an off white

solid.
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Step-2: 2-chloro-6-{{tetrahvdro-2H-pyran-4-vDmethoxy -N-2-(rifluoromethyvDovridin-4-

vhpvrimidine-4-carboxamide

. © et ©am ey e Fi R R . MY - ¢ v ans e N TN peon o AL - o §
mbviseirends irar e o Fiavtbrasbuwratra o O R mrrasm A ou D s st
SANYaroturan (E §] E’DLB was added (otrahvdro-dH-pyran-d-viimeathanad

{
mmol} at 0°C,, the reaction mixture was stirred for 10 minutes and added 2,6-dichioro-N-(2-

iy

{(trifluoromethyDpyridin-4-yDpyrimidine~-4-carboxamide dissolved in Tetraihy

{0.8 g, 2.37 mmol} The resulting mixture was stirred in room temperature for 16 hour. The
progress of reaction was monitored by TLC. The reaction mixture was quenched with saturated
ammonium chioride solution (10 mL)}, extracted with ethyl acetate (50 mL). The crude residue
was puritied by gradient column chromatography using 0-30% ethyl acetate in hexane to attord
2-chioro~-6-((tetrahydro-2 H-pyran-4-yhmethoxy }-N-(2-(trifluoromethyljpyridin-4-yDpyrimidi ne

-4-carboxamide {(0.25 g, 25.27% vield as a off white solid.

Step-3: 2-(1-methvi-1H-inmidazol-5-vI}-0-{(tetrahvdro-2H-pyran-4-vlimethoxy}-N-(2-

{irifluoromethvDovridin-4-yDovrimidine-4-carboxamide

KO
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{6380} To a solution of 2-chloro-6-{{tetrahydro-2H-pyran-4-ylymethoxy }-N-(2-

{trifluoromethyhpyridin-4-yDpyrimidi ne -4-carboxamide (0.1 g, 0.24 mmol)in 1.4

ml.} was added T-methyl-5-(tributvistannyi}-1H-inmdazole (134 mg, 0.36 mmom} and
tetrakis(triphenylphosphinejpalladium{0) (84 mg, 0.072 mmol}. The resulting mixture was stirred
at 100°C for 2 hour in CEM microwave. The progress of reaction was monitored by TLC. The
reaction mixture was cooled to room temperature dilute with water {20 mL), extracted with ethyl
acetate {20 mL) washed with brain solution. The crude residue was purified by gradient coluron
chromatography using 0-10% Methano in Dichloromethane then purified through prep TLC, 1o
afford 2-(1~-methyl-1H-imidazol-5-y1-6-((tetrahydro-2H-pyran-4-y imethoxy }-N-{2-
{trifluoromethy! jpyridin-4-ylpyrimidine-4-carboxamide (0.017 g, 1532 % vield) as a off white

solid.

10381} Provided in Table 15 are characterization data for the compound of Formula I

prepared by the method shown in Example 15

Table 15 {Compound 73)

"H NMR.

sy

THNMR {400

MHz, DMSO-d6):
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EXAMPLE 16

ompound 74

Al

Svnthesis of €

E

P

74
;

X

Hteged

K|

Step-1: 2.6-dichloro-N-{2-{trifluoromethvlipyvridin-4-vhipyrimidine-4-carboxamide
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{0382} To a solution of methyl 6-chloro-4-methoxypyridine-2-carboxylate (1.0 g, 4 83
mmumol} i toluene (S mL) was added 2-(trifluoromethylpyridin-4~-amine (783 mg, 4.83 ramol)
and Trimethy! aluminum (3.62 mL, 7.25 mmol} at 0°C. The resulting mixture was stirred in
CEM rotcrowave at 100 °C for 1 hour. The progress of reaction was monitored by TLC. The
reaction mixture was cooled to ambient temperature was quenched with ice water (10 mL},
extracted with ethyl acetate (530 mL). The crude residue was purnified by gradient column
chromatography using 0-30% ethy!l acetate in hexane to afford 2,6-dichloro-N-{2-
{trifluoromethyl jpyridin-4-yDpyrimidine-4-carboxarmide (1.15 g, 70.62% yield) as an off white

solid.

Step-2: 2-chloro-6-{{(tetrahvdro-2H-pyran-4-vDmethoxv 3-N-{2-(trifluoromethvDovridin-4-

vDpvrimidine-d-carboxamide

-

{%&3} To a solution of Sodiun hydride (60% in mineral 0il} (0.237 g, 3.56 mmol} in

rofuran (10 mL) was added (fetrahydro-Z2H-pyran-d-yhimeathanol (0.26 mL, 2.37

mmol) at 6°C., the reaction mixture was stirred for 10 minutes and added 2,6-dichioro-N-(2-

(triflucromethyDpyridin-4-ylpyrimidine-4-carboxamide dissolved in Telrahydy

{0.8 g, 2.37 mmol} The resulting mixture was sturred in room temperature for 16 hour. The
progress of reaction was monitored by TLC. The reaction mixture was quenched with saturated
ammonium chloride solution (10 mL), extracted with ethyl acetate (50 mL). The crude residue
was purified by gradient column chromatography using 0-30% ethyl acetate in hexane to afford
2-chioro~-6-{{(tetrahydro-2 H-pyran-4-y D methoxy}-N-(2-(trifluoromethylpyridin-4-yDpyrimidi ne

-

~d-carboxamide {0.25 g, 25 27% vield as a off whiie solid.
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Step-3: 2-(1-methvi-1H-inidarol-2-v1}-0-({tetrahvdro-2H-pyran-4-vi imethoxy }-N-(2-

{irifluoromethvDovridin-4-yDovrimidine-4-carboxamide

{0384} To a solution of Z-chlore-6-((tetrahvdro-2H-pyran-4-yhmethoxy }-N-{ 2-
(riflucromethyDpyridin-4-yDpyrimidi ne -4-carboxamide (0.13 g, 0.312 mmol} in 1,4-dioxane
(10 mL) was added 1-methyl-2-(tributylstanoyb)-1H-imidazole (174 mg, 0.468 mmom) and
tetrakis(triphenylphosphine)palladium(0) (108 mg, 0.094 mmol). The resulting mixture was
stitred at 100°C for 2 hour in CEM microwave. The progress of reaction was mounttored by TLC.
The reaction mixture was cooled to room temperature dilute with water (20 ml.), extracted with
ethyl acetate {20 mL) washed with brain solution. The crude residue was puritied by gradient
column chromatography using 0-10% Methano in Dichloromethane then purified through prep
TLC, to afford 2-{1-methyl-1H-inudazol-2-y1)-6-{{tetrahydro-2H-pyran-4-yymethoxy 3-N-(2-
{(trifluoromethyDpyridin-4-yDpyrmidine-4-carboxamide (0.052 g, 36.05 % yield) as a off white

solid.

{0385 Provided in Table 16 are characterization data for the compound of Formuia |

prepared by the method shown in Example 16.
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ompound 74}

i’x

{

Table 16
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EXAMPLE V7

Svnthesis of Compound 75

{6386} To a solution of methy] 6-chloro-4-methoxypyridine-2-carboxylate (1.0 g, 4 83
mmol} in toluene {5 mL} was added 2-(trifluoromethy! jpyridin-4d-amine (783 mg, 4.83 mmol}
and Trimethy! aluminum (3.62 L, 7.25 mmol) at 0°C. The resulting mixture was stirred in
CEM microwave at 100 °C for 1 hour. The progress of reaction was mounttored by TLC. The
reaction mixture was cooled to ambient temperature was quenched with ice water (10 mL),
extracted with ethyl acetate (S0 mL). The crude residue was purified by gradient column
chromatography using 0-30% ethyl acetate in hexane to afford 2,6-dichloro-N-{2-
(trifluoromethyhpyridin-4-yhpyrirdine~4-carboxamude (1.2 g, 73 7% vield) as an off white

solid.
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Step-2: 2-chloro-6-(2-methoxvethoxy -N-[2 -(trifluoromethvDpvridin-4-vilpvrnmidine-4-

™
0
|
{6387} To a solution of Sodium hydride (60% in mineral 0il} (0.208 g, 3.11 rowol) in
Tatrahydrofuran (10 mL) was added Z-me ~1-0i(0.237 g, 3.11 mmol} at 0°C | the

reaction ropxture was stirred for 10 minutes and added 2,6-dichioro-N-~(2-

{trifluoromethylipyridin-4-ylipyrimidine-4-carboxamide dissolved in Tetral an (5 mb)
{1.05 g, 3.11 mamol) The resulting rotxture was stirred in room temperature for 1 hour. The
progress of reaction was monitored by TLC. The reaction mixture was quenched with saturated
ammoniumm chloride solution (30 mL), extracted with ethyl acetate (S0 mL}. The crude residue
was purified by gradient column chromatography using 0-30% ethyl acetate 10 hexane to afford

2-chloro-6-2-methoxyethoxy 3-N-{ 2-(trifluoromethyDpyridin-4-vlpyrimidine-4-carboxamide

{0.4 g, 34.09% vyield) as an off white solid.

Step-3: 6-(2-methoxvethoxy -2- L-methyl-1H-imidazol-S-yD-N-1 2-(riflucromethyvDpvadin-4-

vilovrimidine-4-carboxamide
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{03881 To a solution of Z-chlore-6-(2-methoxyethoxy }-N-{ 2-{trifluoromethyDpyridin-4-

4

yllpyrimidine-4-carboxamide (0.1 g, 0.265 mmolyin 1,4

H

& (5 ml) was added l-methyl-5-
{tributylstannyl}-1H-imidazole (148 mg, 0.398 mmom) and
tetrakis{iriphenylphosphine)palladium{0) (92 mg, (.08 mmol}. The resulting mixture was stirred
at 100°C for 2 hour in CEM microwave. The progress of reaction was monitored by TLC. The
reaction mixture was cooled to room temperature dilute with water (20 mL), extracted with ethyl
acetate {20 mL ) washed with brain solution. The crude residue was purified by gradient column
chromatography using 0-100% Ethyl acetate in hexane and 0-10% Methanol in Dichloromethane
then purified through prep TLC, to afford 6-(2Z-methoxyethoxy}-2-(1-methyi-1H-imidazol-3-yi)-
N-{2-(trifluoromethyDpyndin-4-yipyrimidine-4-carboxamide (0.031 g, 36.05 % yield) as a off

white solid.

{3389} Provided in Table 17 are characterization data for the compound of Formula |

prepared by the method shown in Example 17.

Table 17 {Compound 75}

) Yoo 4O TYTRY ¢t 1
LOMPOLIN i 1P H NMR
Lompound LUMY | HPLU £ N
[R e,
Funty
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R AEI N S 08 [ IRTR A ra
3 4339 RN THNMR 400

MHz, DMSO-d6):

TYIN OO AD & RAY
3o 4 P Y ¥ e
iy 842 {8, iy
Sy A AYT Y
A fa LNy 3
BDLG {8, L} Y
P 1T ~
{ o HE
H 4%
Uy, AXR
P A
v
i
Vi,
NE TN
L 8- N
ATy N
RENSN
P
251

156



WO 2022/077034 PCT/US2021/071805

EXAMPLE 18

Svnthesis of Compound 76

1301

Step-1: 2.6-dichloro-N-(2-(trifluoromethyDpyridin-4-vhpyrimidine-4-carboxamide

CF4

<
™, =
e

{3390} To a solution of methyl 6-chloro-4-methoxypyridine-2-carboxvlate (1.0 g, 4 83
mmol) 1n toluene (5 mL) was added 2-(trifluoromethyDipyridin-4-amine (783 rug, 4.83 mmol)
and Trimethyl aluminum (3.62 mL, 7.25 mmol) at 0°C. The resulting mixture was stirred in
CEM microwave at 100 °C for 1 hour. The progress of reaction was monttored by TLC. The
reaction mixture was cooled to ambient temperature was quenched with ice water (10 mL),
extracted with ethyl acetate (50 mL}. The crude residue was purified by gradient column
chromatography using 0-30% ethyl acetate in hexane to afford 2,6-dichloro-N-(2-
(triffuoromethyhpyridin-4-yDpyrimidine-4-carboxanide (1.2 g, 73.7% vield) as an off white

solid,

Step-2; 2-chloro-6-{2-methoxvethoxy }-N-I2 -(irifluoromethyvDpyridin-4-vilovrimidine-4-

carboxamide
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reaction mixture was stirred for 10 minutes and added 2,6-dichioro-N-(2-

(triflucromethyDpyridin-4-yDpyrimidine-4-carboxamide dissolved in Tetrahydrofu

{1.05 g, 3.11 mmol) The resulting mixture was stirred in room temperature for 1 hour. The
progress of reaction was monitored by TLC. The reaction mixture was quenched with saturated
ammonium chioride solution (30 mL)}, extracted with ethyl acetate (50 mL}. The crude residue
was purified by gradient column chromatography using 0-30% ethyl acetate 1o hexane to attord
2-chioro~-6-(2-roethoxyethoxy 3-N-{ 2-(tniflucromethyDpyridin-4~-ytpyrnimidine-4-carboxamide

{0.4 g, 34.09% vyield) as an off white solid.

Step-3: 6-{2-methoxvethoxy-2-(1-methvl-1H-imidazol-2-yD-N-[ 2-{irifluoromethyDipynidin-4-

vilpyrimidine-4-carboxamide
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{03921 To a solution of Z-chlore-6-(2-methoxyethoxy }-N-{ 2-{trifluoromethyDpyridin-4-

ang (5 ol was added -methyl-

2-{tributylstannyl}- 1H-imidazole (192 mg, 0.518 mmomn} and

tetrakis(triphenylphosphine)palladium(G) (120 mg, 0.104 mmol). The resulting mixture was
stirred at 100°C for 2 hour in CEM microwave. The progress of reaction was monttored by TLC.
The reaction mixture was cooled to room temperature dilute with water (20 mL), extracted with
ethyl acetate {20 mL} washed with brain solution. The crude residue was purified by gradient
column chromatography using 0-100% Ethyl acetate in hexane and 0-10% Methanol in
Dichloromethane then purified through prep HPLC, to afford 6-(2Z-methoxyethoxy 3-2-(1-methyi-
H-imidazol-2-y1-N-{ 2-(tritftuoromethyDpyridin-4 -yl pyrimidine-4-carboxamide (0.042 ¢, 28 82

% vield) as a oft white sohd.

{0393} Provided in Table 18 are characterization data for the compound of Formula |

prepared by the method shown in Example 18,

Table 18 (Compound 76)

N Y & TEEIY N 1 T
Compoun: s H NMR
Lompoung AL SR LAL . Vi
SR LN i s
{RURHY | Puniiy
FALEARY
{7a)
N s
42 6 A O TN 0
I 433,84 | W NM 00

MHz, DMSO-do):
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EXAMPLE 1%

Svnthesis of Compound 77

i ..

1341

Step-1: 2 o-dichlore-N-{2-(trifluoromethyvDpyridin-d-yDpyvrimidine-4-carboxamide

{03941 To a solution of methyl 6-chioro-4-methoxypyridine-2-carboxylate (1.0 g, 4.83
mmumol} i toluene (S mL) was added 2-(trifluoromethylpyridin-4~-amine (783 mg, 4.83 ramol)
and Trimethy! aluminum {3.62 mL, 7.25 mmol} at 0°C. The resulting mixture was stirred in
CEM rotcrowave at 100 °C for 1 hour. The progress of reaction was monitored by TLC. The
reaction mixture was cooled to ambient temperature was quenched with ice water (10 mL},
extracted with ethyl acetate (50 mL). The crude residue was purified by gradient column
chromatography using 0-30% ethyl acetate in hexane to aftord 2,6-dichlore-N-{(2-

~
/
i

{trifluoromethyl jpyridin-4-yDpyrimidine-4-carboxamide (1.2 g, 73.7% vield) as an off white

solid.
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Step-2: 2-chloro-6-(2-methoxvethoxy -N-[2 -(trifluoromethvDpvridin-4-vilpvrnmidine-4-

|
{8395} To a solution of Sodium hydride (60% in mineral 0il} (0.208 g, 3.11 rowol) in
Tatrahydrofuran (10 mL) was added Z-me ~1-0i(0.237 g, 3.11 mmol} at 0°C | the

reaction ropxture was stirred for 10 minutes and added 2,6-dichloro-N-(2-

{trifluoromethylipyridin-d-ylipyrimidine-4-carboxamide dissolved in Tetral an (5 mb)
{1.05 g, 3.11 mamol) The resulting rotxture was stirred in room temperature for 1 hour. The
progress of reaction was monitored by TLC. The reaction mixture was quenched with saturated
ammoniumm chloride solution (30 mL), extracted with ethyl acetate (50 mL). The crude residue
was purified by gradient column chromatography using 0-30% ethyl acetate 10 hexane to afford

2-chloro-6-2-methoxyethoxy 3-N-{ 2-(trifluoromethyDpyridin-4-vlpyrimidine-4-carboxamide

{0.4 g, 34.09% vyield) as an off white solid.

Step-3: 6-(2-methoxvethoxy -2- L-methyl-1H-imidazol-2-yD-N-1 2-(riflucromethyvDovadin-4-

vilovrimidine-4-carboxamide
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{03961 To a solution of Z-chlore-6-(2-methoxyethoxy }-N-{ 2-{trifluoromethyDpyridin-4-

ang (5 ol was added -methyl-

2-{tributylstannyl}- 1H-imidazole (192 mg, 0.518 mmomn} and

tetrakis(triphenylphosphine)palladium(G) (120 mg, 0.104 mmol). The resulting mixture was
stirred at 100°C for 2 hour in CEM microwave. The progress of reaction was monttored by TLC.
The reaction mixture was cooled to room temperature dilute with water (20 L), extracted with
ethyl acetate {20 mL} washed with brain solution. The crude residue was purified by gradient
column chromatography using 0-100% Ethyl acetate in hexane and 0-10% Methanol in
Dichloromethane then purified through prep HPLC, to afford 6-(2Z-methoxyethoxy 3-2-(1-methyi-
H-midazol-2-y1-N-[ 2-(tritftucromethyDpyridin-4 -yl pyrimidine-4-carboxamide (0.048 ¢, 32.93

% vield) as an oft white solid.

{31397} Provided in Table 19 are characterization data for the compound of Formula |

prepared by the method shown in Example 19.

Table 19 (Compound 773

£ NV TN AN T T Dy O 1H NMR
Lompoung AL IV LA - VR
QA R i s
{RURHY | Puniiy
FALEARY
78
=g o 492 6 Dy & T A ~
Sy 238 | WSS h 00

MHz, DMSO-do):

AN A N Y NPV,
YA A 3 -3
= £ 3 Q ]
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EXAMPLE 20

Svnthesis of Compound 78

18398} To a solution of methy] 6-chloro-4-methoxypyridine-2-carboxylate (0.5 g, 2.42

mmol} in toluene (S mL} was added 2-(tnifluoromethylypynidin-4-amine (392 mg, 2.42 mmol)

and Trimethyl alumioum (1.8 mL, 3.62 mmol} at 0°C. The resulting mixture was stirred in CEM
microwave at 100 °C for 1 hour. The progress of reaction was monitored by TLC. The reaction
mixture was cooled to ambient terperature was quenched with ice water (10 mL), extracted with
ethyl acetate (S0 mL). The crude residue was puritied by gradient column chromatography using
0-30% ethyl acetate in hexane to afford 2,6-dichioro-N-(2-(triflucromethyDpynidin-4-

yhpyrimidine-4-carboxamide (0.6 g, 73.7% vield) as an oft white solid.
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Step-2: 2-chlorg-6-(2-hvdroxy-2-methvipropoxv)-N-(2-(trifluoromethvlipyridin-4-yDpvrimidine-

4-carboxamide 90016

f PN
i TR N
I
0.
.-»"‘%"'«
O
1039491 To a solution of Sodium hydride (60% 1n mineral oil} (0.1 g, 1.48 mmol) in

i {0.134 g, 1 .48 mmol) at 0°C.,

Tetrahydrofuran (10 mL) was added Z-meathyiprapana-1,2-d
the reaction mixiure was stirred for 10 minutes and added 2,6-dichloro-N-(2-

(trifluoromethyl pyridin-4-yDpyrimidine-4-carboxamide dissolved in Telrahydro!

(0.5 g, 1.48 mmol} The resulting mixture was stirred in room temperature for | hour. The
progress of reaction was mounitored by TLC. The reaction mixture was quenched with saturated
ammonium chleride solution (30 mL}, extracted with ethyl acetate (20 mL). The crude residue
was purified by gradient coluron chromatography using 0-30% ethyl acetate in hexane to afford
2-chioro-6-(2-hydroxy-2Z-methylpropoxy }-N-{ 2-(triflucromethylpyridin-4-yDpyrimidine-4-

carboxamide (0.25 g, 43.13% yield} as Thick sohid.

Step-3:  6-{2-hvdroxv-2-methvlpropoxy -2-{ 1 H-imidazol- | -vD-N-{2-{trifluoromethyvDinyridin-4-

vDpyrimidine-4-carboxamide
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{04601 To a solution of Z-chlors-6-(2-hydroxy-2-methyipropoxy }-N-{2-
{(trifluoromethyDpyridin-4-yDipyrimidine~-4-carboxamide (0.2 g, 0.512 mmol) in N N-
dimethyiformamide (5 mL) was added caesium carbonate (0.25 g, 0.768 mmol), diiodocopper
{49.0 mg, 0.154 o) and TH-imidazole (52.3 mg, 0.768 mmol). The resulting mixture was
stitred at 100°C for B hour. The progress of reaction was mounitored by TLC. The reaction
mixture was cooled to room temperature dilute with water (20 mL), extracted with ethyl acetate
{20 mL). The crude residue was purified by gradient column chromatography using 0-10%
Methanol in Dichloromethane then purified through Prep-HPLC to atford 6-(2-hydroxy-2-
methylpropoxy }-2-(1 H-imidazol-1-y1)-N-(2-{trithuoromethyDpyrdin-4-y1 ipyrimidine-4-
carboxamide (0.03 g, % yield) as an off white solid.
{04011 Prep Conditions:

e Column : Inertsti C18, (20 mm X 250mm X Smic)

¢ Mobile phase{A): 0.1% Ammoni in Water

s Mobile phase(B) : Acetonitrile

¢ Flow rate © 19 mL/min

»  Gradient B: 0/ 8%, 9-14/ 55%, 15-20/90%, 22-25/ 10%.
{6402} Provided in Table 20 are characterization data for the compound of Formula [

prepared by the method shown in Example 20.

Table 20 {Compound 78)

P DR A PR Y OORAY IXNDY O i 7T
Compound cture LUMN | HPLO HNMR
\
SR TN
VTR
= -
X M o 123.8 8R.27 THNMR {400
8 = <3 SR 4I3.4 98,27 h {40
o " N

MHz, DMSO-do):
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EXAMPLE 21

Synthesis of Compound 79

16403} To a stirred solution of 8-chloro-2-(methylsulfanyiy-[1 3ldiazinol3 4-djpyrimidine

{300 mg. 141 mmol}in DMFE was added pyridin-4-amine (119 me, 0.9 eq., 127 mmol) and

cesiumié 1+) carbonate {689 mg 1.5 eq.. 2.12 mmol}. The reaction mixture was heated to 160° C

for 3 hours. The reaction mixture was cooled 1o room terperature and completely evaporated off
to obtain crude compound which was purified over silica gel flash column chromatography. The
compound eluted out 1n 5 % MeOH | DCM. The fractions were evaporated off to obtain crude N-
[o-(methvisulfanyi}-[ 1. 31diazinol 5. 4-dlpyrimidin-4-vljpvridin-4-amine {200 me. 740 ymol} as a

yellow solid. . LCMS (ES) m/z = 2711 [M+H+

Step~2: N-{6~-methapesuifinvi-I1 3ldizzineif 4-dlpvrimidin~-d~-vil pyridin-4-gmine
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10404} To a stirred solution of N-[6-(methyisulfanvl}-[1.31diazinol5 4-dlpyrimidin-4-

vilpvridin-4-amine (200 me. 740 umol) in DCM was added 3-chlorobenzene-1-carboperoxoig

acid {255 mg. 2 eq., 1.48 mmoly. The reaction mixture was stirred at room temperature for 16

hours. The reaction mixture was quenched with sat NaHCO3 solution and extracted in DCM. The
organic layer was dried over sodium suifate and evaporated off to obtain crude N-{6-

methanesulfinvi-{ 1.31diazinol S 4-dipvrimidin-4-vi pvridin-4d-amine {180 me. 629 umol) as an

oily compound.

LCMS (BS) m/z = 287.1 [M+H}+

Sten-4: 6-{1 H-imidarol-1-vil-N-{pyridin~-d-vDpvrimidoi3 4-dlovrimidin-4-amine

10405} To a stirred solution of N-{6-methanesulfinyi-[1.3{diazine[5 4-dipyrimidin-4-

vl tpyridin-4-amine (200 mg. 699 wmol) in NMP was added cthvibis{propan-2-vhamine {579 ul,

5 eq..3.49 mmol) followed by 6-(1H-midazol-1-vy1-N-phenvi-[ 1,3 ]diazinolS.4-dlpyrimidin-4-

amine (10.0 mg, 34 6 ymol} The reaction mixture was heated to 60° C for 16 hours. The reaction

mixture was cooled to room femperature and exiracted o ethyl acetate. The organic layer was
dried over sodium sulfate and evaporated off to obtain crude which was purified over silica gel
flash column chromatography. The compound eluted out as a roixture 10 5 % MeOH . DCM. The
fractions were evaporated off to obtain crude which was re-purified by prep TLC. The silica gel
band was taken and passed through 4g silica gel colurn. The fractions were evaporated off to

obtain the final compound as an off white solid.

167



WO 2022/077034 PCT/US2021/071805

18406 Provided in Table 21 are characterization data for the compound of Formuia [

prepared by the method shown 1o Exarople 21

Table 21 {Compound 79

Y e WA 13 el Dty e srec T OORAR DT & 1y 3
SO ROUNRG Structure LOUNMY | RyYLU HMNMR
CROALEAY N SO
{MHHY urtty (Yo}
) i g A00 T
2911 THNMR (400 MHz,

DMSO-d6): § 1036
(s, 1TH), 9.60 (s, 1H),
902 (s, 1H), 8.85 (s,
1H), 8.57 (d, J = 5.6
Hz, 2H), 8.38 (s, 1FD),
811 (d, J = 5.6 Hz,
2H), 7.22 (5, 1H)
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EXAMPLE 22

Heteroaryl Amide Derivatives

164071 Provided in Table 22 are characterization data for compounds of Formula L

Table 22 (Compounds 80-83)

‘ o N0 TEENY &N LY WNTR AT
; . - z VDY ¢ i T
{omx Struciure UMS HELO NNV

80 ot 4353 1993 T NMR (400
t N MHz, DMSO-ds)

S 5 10.92 (s, TH),
‘ 871 (d, J = 5
domy Hz, 1H), 841 (s,
1H), 818 (d, J =
4.4 Hz, 1H), 8.04
(s, TH), 789 (s,
1H), 725 (s, 1H),
484 (& J = 72
Hz, 2H), 4.66 (d,
J =72 Haz, 2H),
4.04 (s, 3H), 183
(s, 3H)

7 CFy 14353 078 'H O ONMR (400
: Mz, DMSO-ds)
5 10.82 (s, 1H),

' 871 (d, J = 5.2
!

- Hz, 1H), 838 (s,
%

1H), 8.14 (s, 1H),

8.04 (s, 1H), 7.92
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(s, 1H), 7.26 (s.
1H), 4.84 (d, J =
7.2 Hz, 2H), 4.66
(d, J = 72 Hz,
2F), 4.04 (s, 3H),
1.85 (s, 3H).

82 CFz 4353 9943 | 'H NMR (400
JI\ MHz, DMSO-ds)
§ 1104 (s, 1H),
8.72 (d, J = 4.8
"3\;1 Hz, 1H), 8.43 (s,
3

1H), 8.20 (s, 1H),
7.57 (s, 1H), 7.39
(s, 1H), 7.25 (s,
1H), 4.86 (d, J =
6.4 Hz, 2H), 4.66
(d, J =72 Hz,
2H), 4.26 (s, 3H),
1.84 (s, 3H).

EXAMPLE 23

Fluorescence-based NA D+ Hvdrolase Activity Assay with Human T Cell Line NH7-dCas%

Cells- Jurkat Clone (Assav 13

{0408} The following protocol was modified from the following references: de Oliveira et
al. {2018}, Bio. Protoc. 8(14). doi:10.21769/BioProtoc.2938; Matalonga er al. (2017} Cell Rep.
18(5), 1241-1255;. do1: 10,1016/ celrep.2017.01.007; Muller e ol (1983) Biochem J. 272(2),
459-464. doi:10.1042/bj2120459, Schultzet et of. (2018). Meth. Mol Big, 1813, 77-90.
doi:10.1007/978-1-4939-8588-3 6.
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18409} For the modified assay, the performance validation criteria of the assay as a High
Throughput Screening (HTS): Z-factor within the plate was greater than 0.89 (optimal HTS z-

factor > 0.5) and the Intra-plate, inter-plate and day to day variability {CV) was less than 20%.

10410 WNAD+ hydrolase activity of a human T cell line treated with test compounds was
measured using a fluorescence-based assay. NH7-dCas9 cells (Jurkat clone) were provided by
the Weissman Lab (UCSF 1700 4th St., Byers Hall, Room 403B, San Francisco, CA 94158
2330). Briefly, cells were centrifuged, resuspended in 44 ul PBS/10° cells and plated in a 96 well
black plate {CORNING) at a density of 1 x 10° per well.

{0411 Each test cornpound was received 1n a powder state and dissolved in DMSQO as a
25mM stock solution. Each test compound was serially diluted in order to generate a dose-
response curve. The dilution series of each test compound in DMSO was prepared at 30 times
the concentrations to be assayed. Each test compound was diluted to generate a S-fold dilution
series of B concentrations from 20 uM to 0.256 oM in order to assay 8 final concentrations
ranging from 400 nM to 25.6 pM. One yl of the 50X concentration compound series was added

to each well of the plate containing 1 x 10° cells in PBS.

10412} Each plate had the following intra plate controls: 3 wells containing cells treated
with vehicle only (DMSQO), 3 wells of cells treated with the reference compound 78¢ at 3 final

concentration of 50 nM and 2 wells containing only PBS (used as a background value).

{0413} The reaction was started by adding nicotinamide 1, N°-etheno-adenine
dinucleotide (Sigma Aldrich) to reach a final concentration of 80uM. The samples were exciied
at 321-15 nm, and the emission of fluorescence was reasured at 410-20 nro at 37°C every
minute for 1 hr in a Clariostar® microplate reader (BMG LABTECH). NAD+ hydrolase activity
was calculated as the slope of the linear portion of the fluorescence-time curve using the MARS
data analysis software (BMG LABTECH). The data were uploaded in the Collaborative Drug
Design (CDD) Software and for each compound the ICS0 was calculated by the software. Hach
compound was tested in 3 independent experiments on 3 separate days to establish the
reproducibility of the results. For each plate, the z-factor was also calculated as a plate quality

using the CDID» software.
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EXAMPLE 24

Fluorescence-based NAD+ Cyelase Activity Assav with Human Recombinant CD38 Protein

{Assay 2}
{6414 This protocol was modified from the de Oliveira et al., 2018 reference, supra.
10415% NAD+ cyclase activity of the human recombinant CD38 protein treated with test

compounds was measured using a fluorescence-based assay. Briefly, recombinant human CD38
Protein (R&D System) was resuspended in 44 ul/well of Sucrose-Tris Buffer {Sucrose 0.25 M,

Tris pH 7.4 40 mM) and plated in a 96-well black plate (CORNING) at a density of 125ng/ well.

{8416} Each test cornpound was received 1n a powder state and dissolved in DMSQO as a
25 mM stock solution. Each test compound was serially diluted in order to generate a dose-
response curve. The ditution series of each test compound tn DMSO was prepared at 50 times
the concentrations to be assayed. Each test compound was diluted to generate a S-fold dilution
series of 8 concentrations from 100 gM to 32 oM 10 order to assay 8 final concentrations ranging
from 2 uM 10 0.64 oM. One ul of the 50X concentration compound series was added to each well

of the plate containing 125 ng of protein in Sucrose-Tris buffer.

10417} Each plate had the following intra plate controls: 3 wells containing cells treated
with vehicle only (DMSQO), 3 wells of cells treated with the reference compounds 78c at a final
concentration of 500 nM and 2 wells containing only Sucrose-Tris butfer (used as a background

value).

{0418} The reaction was started adding nicotinamide guanine dinucleotide (NGD+)
(Sigma Aldrich) to reach a final concentration of 150uM.. The samples were excited at 337-15
am, and the emission of fluorescence was measured at 442-20 nm at 37°C every minute for | hr
in a Clariostar microplate reader (BMG LABTECH). NAD+ cyclase activity was calculated as
the slope of the linear portion of the flucrescence-time curve using the MARS data analysis

software (BMG LABTECH). The data were uploaded in the Collaborative Drug Design (CDD)
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Software, and for each compound the IC50 was calculated by the software.  For each plate, the

z-factor was also calculated as a plate quality using the CDD software,

EXAMPLE 25

Fluorescence-based NAD+ Hydrolase Activity Assav with Human Becombinant D38

Protein {Assav 1)

104194 This protocel was modified from the following references (Muller e ¢/ {1983},

{Schultz ef ol (2018); (Matalonga ef of. (2017}, and de Gliveira ef ol. (2018), supra.

{0420} For the modified assay, the performance validation criteria of the assay as a High
Throughput Screening (HTS): Z-factor within the plate was greater than 0.9 {optimal HTS z-

factor > 0.5) and the Intra-plate, inter-plate and day to day varability (CV) was less than 20%.

{0421} NAD+ hydrolase activity of the human recombinant CD38 protein treated with
test comnpounds was measured using a fluorescence-based assay. Briefly, recombinant human
CD38 Protein (R&D System) was resuspended in 44 ul/well of Sucrose-Tris Buffer (Sucrose
0.25 M, Tris pH 7 4 40 mM) and plated 10 a 96-well black plate (CORNING) at a deuosity of 10

ng/ well.

{0422 Fach test compound was received in a powder state and dissolved in DMSC as a
25 mM stock solution. Each test compound was serially diluted in order to generate a dose-
response curve. The difution series of each test compound in DMS(O was prepared at S0X the
concentrations to be assayed. Each test compound was diluted to generate a 5-fold dilution series
of 8 concentrations from 20 uM to 0.256 nM in order to assay 8 final concentrations ranging
from ranging trom 400 nM t0 25.6 pM. One yl of the 50X concentration compound series was

added to each well of the plate containing 10 ng protein in Sucrose-Tris buffer,

{0423} Each plate had the following intra plate controls: 3 wells containing cells treated
with vehicle only (DMSO)}, 3 wells of celis treated with the reference compounds 78¢ at a final
concentration of 50 nM and 2 wells containing only Sucrose-Tris buffer (used as a background

value).
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{04241 The reaction was started adding nicotinarnide I, N%etheno-adenine dinucieotide
{Sigma Aldrich) to reach a final concentration of 80uM.. The samples were excited at 321-15
nm and the emission of fluorescence was measured at 410-20 nm at 37°C every minute for Thrin
a Clariostar® microplate reader (BMG LABTECH). NAD+ hydrolase activity was calculated as
the slope of the linear portion of the flucrescence-time curve using the MARS data analysis
software (BMG LABTECH). The data were uploaded in the Collaborative Drug Design (CDD)
Software and for each compound the IC50 was calenlated by the software. Each compound was
tested 1in 3 independent experiments on 3 separate days to establish the reproducibility of the
results. For each plate, the z-factor was also calculated as a plate quality using the CDD

software.

EXAMPLE 26

Fluorescence-based NAD Cyvelase Activity Assav with Mouse BRecombinant CD38 Protein

{Assay 4}
0425} This protocol was modified from de Oliveira ef af (2018} supra.
{0426} NAD+ cyclase activity of the human recombinant CD38 protein treated with test

compounds was measured using a fluorescence-based assay. Briefly, recombinant mouse CD38
Protein (R&D System)} was resuspended in 44 pl/well of Sucrose-Tris Buffer (Sucrose 0.25 M,

Tris pH 7.4 40 mM) and plated in a 96-well black plate (CORNING) at a density of 32 ng/ well.

{3427} Fach test compound was received in a powder state and dissolved in DMSQ as a
25mM stock solution. Fach test compound was serially diluted in order to generate a dose-
response curve. The dilution series of each test compound in DMSO was prepared at 50 times
the concentrations fo be assayed. Fach test compound was diluted to generate a 5-fold dilution
series of 8 concentrations from 100 pM to 32 nM in order to assay 8 final concentrations ranging
from 2 g M to 0.64 oM. One i of the 50X concentration compound series was added to each

well of the plate containing 125 ng of protein in Sucrose-Tris buffer.
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10428} Each plate had the following inira plate controls: 3 wells containing cells treated
with vehicle only (DMSO), 3 wells of cells treated with the reference compounds 78c¢ at a final
concentration of 500 oM and 2 wells containing only Sucrose-Tris butfer (used as a background

value).

{0429} The reaction was started adding nicotinamide guanine dinucleotide (NGD+)
{Sigma Aldrich) to reach a final concentration of 130uM. The samples were excited at 337-15
am and the emission of flucrescence was measured at 442-20 nm at 37°C every minute for 1 hr
in a Clariostar® microplate reader (BMG LABTECH). NAD+ cyclase activity was calculated as
the slope of the linear portion of the flucrescence-time curve using the MARS data analysis
software (BMG LABTECH). The data were uploaded in the Collaborative Drug Design (CDD)
Software and for each compound the IC50 was calculated by the software. Each compound was
tested 1in 3 independent experiments on 3 separate days to establish the reproducibility of the
results. For each plate, the z-factor was also calculated as a plate quality using the CDD

software.

EXAMPLE 27

Fluorescence-Based NAD+ Hyvdrolase Activity Assay with Mouse Recombinant D38

Protein {Assay 5)

{04301 This protocol was modified from the following references: Muller ef af (1983},

Schultz ef af (2018); Matalonga ef /. (2017} and de Oliveira ef al. (2018), supra.

{0431} NAD+ hydrolase activity of the roouse recombinant CD38§ protein treated with
test compounds was measured using a fluorescence-based assay. Briefly, recombinant mouse
CID38 Protein (R&D Systern) was resuspended in 44 ul/well of Sucrose-Tris Buffer (Sucrose
0.25 M, Tris pH 7.4 40 mM) and plated 1n a 96 well black plate (CORNING) at a density of 2.5

ng/ well.

104321 Each test compound was received in a powder state and dissolved in DMSO as a

25 mM stock solution. Each test compound was serially diluted in order to generate a dose-
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response curve. The dilution series of each test compound in DMSO was prepared at 50 times
the concenirations o be assayed. Hach test compound was diluted to generate a 5-fold dilution
series of 8 concentrations from 20 uM to 0.256 oM in order to assay 8 final concentrations
ranging from 400 nM o 25.6 pM. One yl of the 50X concentration compound series was added

to each well of the plate containing 2.5 ng of protein in Sucrose-Tris buffer.

{0433} Each plate had the following intra plate controls: 3 wells containing cells treated
with vehicle only (DMSO), 3 wells of cells treated with the reference compounds 78¢ at a final
concentration of 50 nM and 2 wells containing only Sucrose-Tris buffer (used as a background

value).

{0434} The reaction was started adding nicotinamide |, N°-etheno-adenine dinucieotide
{Sigma Aldrich) to reach a final concentration of 80uM. The samples were excited at 321-15 nm
and the emission of flucrescence was measured at 410-20 nm at 37°C every minute for 1 hrina
Clariostar microplate® reader (BMG LABTECH). NAD+ hydrolase activity was calculated as
the slope of the linear portion of the fluorescence-time curve using the MARS data analysis
software (BMG LABTECH). The data were uploaded in the Collaborative Drug Design (CDD)
Software and for each compound the IC50 was calculated by the software. Hach compound was
tested in 3 independent experiments on 3 separate days to establish the reproducibility of the
results. For each plate, the z-factor was also calculated as a plate quality using the CDD

software.

EXAMPLE 28

Flaorescence-Based NA D+ Hyvdrolase Activily Assay with Bail Recombinant CD38 Protein

{Assay 6}

{6435} This protocol was modified from the following references: Muller ef of. (1983);

Schultz ef of. (2018); Matalonga ef o/ (2017}, and de Oliveira ef ol (2018}, supra.

{0436} NAD+ hydrolase activity of the rat recombinant CD38 protewn treated with test

compounds was measured using a fluorescence-based assay. Briefly, recombinant rat D38
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Protein (Sino Biological} was resuspended in 44 ul/well of Sucrose-Tris Buffer {Sucrose 0.25 M,

Tris pH 7.4 40 mM) and plated in a 96 well black plate (CORNING) at a density of 2.5 ng/ well.

{8437} Fach test compound was received in a powder state and dissolved in DMSQ as a
25 mM stock solution. Each test compound was sertally diluted in order to generate a dose-
response curve. The dilution series of each test compound in DMSO was prepared at 50 times
the concentrations fo be assayed. Fach test compound was diluted to generate a 5-fold dilution
series of 8 concentrations from 20 uM to 0.256 nM in order to assay 8 final concentrations
ranging from 400 nM to 25.6 pM. One ul of the 50X concentration compound series was added

to each well of the plate contairung 2.5 ng of protein in Sucrose-Tris buffer.

{0438} Bach piate had the following intra plate controls: 3 wells containing cells treated
with vehicle only (DMS(0), 3 wells of cells treated with the reference compounds 78¢ at a final
concentration of 50 nM and 2 wells containing only Sucrose-Tris buffer (used as a background

value).

{3439} The reaction was started adding nicotinamide 1, N°®-etheno-adenine dinucleotide
{Stgma Aldrich} to reach a final concentration of 80uM. The samples were excited at 321-15 nm
and the emission of flucrescence was measured at 410-20 nm at 37°C every minute for T hrina
Clariostar microplate® reader (BMG LABTECH). NAD+ hydrolase activity was calculated as
the slope of the linear portion of the fluorescence-time curve using the MARS data analysis
software (BMG LABTECH). The data were uploaded in the Collaborative Drug Design (CDD)
Software and for each compound the IC50 was calculated by the software. Hach compound was
tested in 3 independent experiments on 3 separate days to establish the reproducibility of the
results. For each plate, the z-factor was also calculated as a plate quality using the CDD

software.

{0440} The compounds according to the disclosure are potent inhibitors of CD38 and as
such possess activity in the treatment of numerous disorders. The compounds according to the
disclosure that were tested had the following activity in the aforesaid assays (Assay 1-0).

The results are shown in Table 23
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Assay 1-5 Activity reported as Arithmetic mean [C50 (pM)

(KEY: #%%% < fhg, wux
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EXAMPLE 29

in Vitro Tanctional Potencey of Compound 35 Acainst CD38 Hyvdrolase Activity in Primary

Human Cells {Immune cells and Liver cells) {Assav 7}

{04411 The 71 vitro potency of Compound 35 against the human CD38 enzyme was
determined by a fluorescence-based NAD+ hydrolase activity assay using the NAD+ analog
nicotinamide 1, N°-etheno-adenine dinuclectide (eNAD) as substrate. The assay utilized: I)
whole primary human CD4+ T cells (from healthy donors) activated with anti-CD3/CD28
antibodies and expressing human CD338; or I} whole primary human macrophages (from healthy
donors) stimulated with LPS to polarize in a pro-inflammmatory M1 state expressing human

for 10 minutes and the reaction was started adding the substrate eNAD+. The emission of
fluorescence was measured at 410-20 nm at 37°C every minute for 1 hr. The NAD+ hydrolase
activity was calculated as the slope of the linear portion of the fluorescence-time curve and used
to calculate the IC50 value. The ICSO value for Compound 35 was 0.1.8 nM {(0.065 ng/mL}in
primary human CD4+ T ceils (see Figure 1A) and 2.25 nM (0.817 ng/mL) in primary human M1

macrophages (see Figure 18).

{0442} The efficacy of Compound 35 was also determined in a NASH model {see
InSphero Human 3D InSight™ Brunswick, ME) to investigate the effect of the molecule on the
pathophysiological phenotype of NASH such as release of inflammatory markers. The
microtissue model used is a co-culture of 4 different cell types of human liver cells (hepatocyies,
Kuptter cells, endothelial and stellate cells) cultured for 10 days in a NASH induction media
containing FFA, LPS and high levels of sugars. In the LEAN group the microtissues were
cultured for 10 days in physiciogical-like medium. The reference compound, Selonsertib, a
selective ASK1 inhibitor, was used as a dowu regulator of inflammatory markers. Cytokive and
chemokine release in the supernatant were measured at day 5 using Magnetic Luminex® Assay
{(R&D Systems). CD38 pharmacological inhibition with Compound 35 results demoustrate
effectiveness in downregulating the release of NASH-induced inflammatory markers, such as IP-

O/CXCL-10 (Figure 2A), IL-8 (Figure 2B), MIP-1o/CCL3 (Figure 2C) and TNFu (Figure 2D).
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EXAMPLE 30

in Vive Efficacy of Compound 35 Against CD38 in Aved Mice

{8443] The i vivo efficacy of Compound 35 agatnst the human CD38 enzyme was tested
in aged mice after oral administration and determined by mass spec analysis of NAD+
metabolites levels in liver tissue. The two main CD38 substrates, NAD+ and NMN, and the 2

main byproducts of the CD38 enzymatic reaction, NAM and ADPR, were measured.

{0444} Briefly, aged mice (male CS7BL6/J, 22 months old} were fasted for 4 hr and
compound 35 was administered via oral gavage at a concentration of 3 mg/kg and 10 mg/kg.
Mice were humanely euthanized for liver tissue harvesting at 1-, 3-, and 6-br post-dosing. A
vehicle control (DMSO:Solutol: SBE-CD, 2:5:93, v/v) was included to assess baseline NAD+

metabolites levels.

{0445} The procedure for tissue sample preparation and UPLC-MS/MS methods were

adapted from Trammell ef af (2013) Compu. Struct Biotechnol, § 20:4

{(https://www.nebinlm nib.gov/pme/articles/PMC3962138/). Briefly, frozen liver tissue was
pulverized and resuspended in the extraction buffer (3:1 ethanol: 10 mM aq. HEPES, pH 7.1).
The samples were vortexed, sonicated briefly in a bath sonicator, and shaken at S5 °C for 3 min
at 1,200 rpm. Samples were then centrifuged at 16,000 x g for 10 min at 4 °C, and the
supernatant was dried by speedvac. The dried peliet was resuspended in 97% 10 mM ammonium
acetate/3% acetonttrile, centrituged at 16,000 x g for 10 mun at 4 °C and 2 pyL was injected for

LCMS analysis.

{446} The UPLC-MS/MS analysis to measure NAD+ metabolites was performed using
a Vanquish UHPLC system and a (@ Exactive Orbitrap mass spectrometer with H-EST ion source
both from Thermo Scientific. UPLC separation was performed on a Hypercarb (2.1 x 100 mm, §
um particle size, Thermo} column following the method described in Trammell ef af. (2013},

Acguisition was carried out in positive ion, Paraliel Reaction Monitoring (PRM) mode and
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targeted Single Reaction Monitoring (t-5IM}. The Thermo Xcalibur QualBrowser system
software {version 4 2.47) and Freestyle (version 1.8.51 .0} softwares was used for the data
processing. For relative fold change, peak areas were normalized with respective internal
standards, normalized to weight of the tissue sample used, and calculated as fold change relative

at 0 h imepoint/vehicie group.

{0447} A single 3 mg/kg dose oral administration of Compound 35 was able to increase
NAD+ and NMN levels and to decrease NAM and ADPR levels in liver (Figures 3A-3B). A
single 10 mg/kg dose oral administration of Compound 35 was able to increase NAD+ and NMN

levels and to decrease NAM and ADPR levels in liver (Figures 4A — 4B).

EXAMPLE 31

in Vitre Eiticaey of Compound 32 Acainst CDA8

{6448} The in vitro potency of Compound 32 against the human CD38 enzyme was
determined by a fluorescence-based NAD+ hydrolase activity assay using the NAD+ analog
nicotinamide T No-etheno-adening dinaclectide (eNAD) as substrate. The assay utilized whole
primary humnan macrophages (from healthy donors) stimulated with LPS to polarize in a pro-
inflammatory M1 state expressing human CD38. The cells were incubated in the presence of 8
different concentrations of Compound 32 for 10 minutes and the reaction was started adding the
substrate eNAD+. The erission of fluorescence was measured at 410-20 nm at 37 °C every
minute for 1 hr. The NAD+ hydrolase activity was calculated as the slope of the linear portion of
the fluorescence-time curve and used to calculate the IC50 value. The ICS0 value tor Compound

32 was 3.5 oM (1.36 ng/mL) in primary human M1 macrophages (see Figure 5).

EXAMPLE 32

In Vive Efficacy of Compound 32 Acainst CD38 in Obese Mice

{04491 The i vivo efficacy of Compound 32 against the human CD38 enzyme was tested

in obese mice after oral administration and determined by mass spec {(MS) analysis of NAD+
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metabolites levels in liver tissue. The two main CD38 substrates, NAD+ and NMN, and the 2

main byproducts of the CD38 enzyruatic reaction, NAM and ADPR, were measured.
{04501 Obese mice {male DIO CSTBL6/], 7.5 months old) were fasted for 4 hr and

compound 32 was administered via oral gavage at a concentration of 3 mg/kg and 10 mg/kg.
Mice were humanely euthanized for liver tissue harvesting at 1-, 3-, and 6-hr posi-dosing. A
vehicle control {(IDMSO: Solutol HS 15: 80% Captisol (20% in water}(5:15:80 v/v)} was included

to assess baseline NADH metabolites levels.

10451} The procedure for tissue sample preparation and UPLC-MS/MS methods were
adapted from Trammell e/ ol (2013} Compu. Struct. Biotechnol. J. 20:4
{(https://'www nchi nlm nih gov/pmc/articles/PMC3962138/). Frozen liver tissue was pulverized
and resuspended o the extraction buffer (3.1 ethanol: 10 mM agq. HEPES, pH 7.1} The samples
were vortexed, sonicated briefly in a bath sonicator, and shaken at 55 °C for 3 min at 1,200 rpm.
Samples were then centrifuged at 16,000 x g for 10 min at 4 °C, and the supernatant was dried by
speedvac. The dried pellet was resuspended in 97% 10 mM ammonium acetate/3% acetonitrile,

centrifuged at 16,000 x g for 10 min at 4 °C and 2 gl was injected for LCMS analysis

104521 The UPLC-MS/MS analysis to measure NAD+ metabolites was performed using
a Vanquish UHPLC system and a Q Exactive Orbitrap mass spectrometer with H-EST ion source
both from Thermo Scientific. UPLC separation was performed on a Hypercarb (2.1 x 100 mm, 5
wm particle size, Thermo) colurnn following the method described 1n Trammell er of (2013},
Acquisition was carried out in positive ion, Parallel Reaction Monitoring (PRM) mode and
targeted Single Reaction Monitoring (1-SIM). The Thermo Xcalibur QualBrowser system
{version 4.2.47} and Freestyle {version 1.8.51.0) softwares was used for the data processing. For
relative fold change, peak areas were normalized with respective internal standards, vormalized
to weight of the tissue sample used, and calculated as fold change relative at 0 h

timepoint/vehicle group.
104583} A single 3 mg/kg dose oral administration of Compound 32 was able to increase

NAD+ and NMN levels and to decrease NAM and ADPR levels in liver (Figures 6B-6E} A

single 10 mg/kg dose oral administration of Compound 32 was able to remarkably increase
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NAD+ and NMN levels and to decrease NAM and ADPR levels in liver 1 hour post

administration (Figures 6B-6E).

EXAMPLE 33

In Vive Efficacy of Compound 32 Asainst CD38 in Obese Mice

{0454} The in vivo efficacy of Compound 32 against the human CD38 enzyme was tested
in obese mice after oral administration and determined by mass spec {MS} analysis of NADH
metabolites levels in hiver tissue. The two main CD38 substrates, NAD+ and NMN, and the 2

main byproducts of the CD38 enzymatic reaction, NAM and ADPR, were measured.

{31455 (Obese mice {male DI} C57BL6/], 65 weeks old) treated for 49 days with
compound 32 via oral gavage at a concentration of 10 mg/kg BID. On day 49, mice were
humanely euthanized for ftver tissue harvesting at 4hr post-dosing. A vehicle control (1%

Methylceltulose) was included to assess baseline NAD+ metabolites levels,

10456 The procedure for tissue sample preparation and UPLC-MS/MS methods were
adapted from Trammell e/ ol (2013} Compu. Struct. Biotechnol J. 20:4
{(hittps://'www nchi nlm nih gov/pmc/articles/PMC3962138/). Frozen liver tissue was pulverized
and resuspended in the extraction buffer (3:1 ethanol 10 mM ag. HEPES, pH 7.1} The samples
were vortexed, sonicated briefly in a bath sonicator, and shaken at 55 °C for 3 min at 1,200 rpm.
Samples were then centrifuged at 16,000 x g for 10 min at 4 °C, and the supernatant was dried by
speedvac. The dried pellet was resuspended in 97% 10 mM ammonium acetate/3% acetonitrile,

centrifuged at 16,000 x g for 10 min at 4 °C and 2 ul. was injected for LCMS analysis.

{04571 The UPLC-MS/MS analysis to measure NAD+ metabolites was performed using
a Vanguish UHPLC system and a Q Exactive Orbitrap mass spectrometer with H-ESTion source
wm particle size, Thermo) colurnn following the method described in Trammell er of (2013},
Acquisition was carried out in positive ion, Parallel Reaction Monitoring (PRM} mode and
targeted Single Reaction Monitoring (t-SIM}. The Thermo Xcalibur QualBrowser system

{version 4.2.47} and Freestyle (version 1.8.51.0} softwares was used for the data processing. For
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relative fold change, peak areas were normalized with respective internal standards, normalized
to weight of the tissue sample used, and calculated as fold change relative at 0 h

timepoint/vehicle group.

0458} Chronic administration of Compound 32 10mg/kg BID in obese mice was able to

significantly decrease NAM and ADPR levels in liver (Figures 7TA-7D).

EXAMPLE 34

In Vivo Efficacy of Compound 32 Asainst CD38 in Aged Mice

{0459 The i vive efficacy of Compound 32 against the human CD38 enzyme was tested
in aged mice after oral administration and determined by mass spec (MS) avalysis of NAD+
metabolites levels in liver tissue. The two main CD38 substrates, NAD+ and NMN, and the 2

main byproducts of the CD38§ enzymatic reaction, NAM and ADPR, were measured.

{0460} Compound 32 was admimstered to aged mice (male DIO CS7TBLO/, 19-2
moths old) via oral gavage at a concentration of 3 mg/kg and 10 mg/kg BID for 5 days. At day
S, mice were humanely euthanized for liver tissue harvesting 3hr post-dosing. A vehicle control
(DMSO: Solutol HS 15: 80% Captisol (20% in water{5:15:80 v/v)} was included to assess

baseline NAD+ metabolites levels,

{0461} The procedure for tissue sample preparation and UPLC-MS/MS methods were

adapted from Trammell ef ol (2013) Compu. Struct. Biotechnol. J. 20:4

(https://www nebt nlm.nth gov/pme/articles/PMC3962138/). Frozen liver tissue was pulvernized

and resuspended in the extraction buffer (3:1 ethanol: 10 mM agq. HEPES, pH 7.1} The samples

were vortexed, sonicated briefly in a bath sonicator, and shaken at 55 °C for 3 min at 1,200 rpm.

Samples were then centrifuged at 16,000 x g for 10 min at 4 °C, and the supernatant was dried by
0,

speedvac. The dried pellet was resuspended in 97% 10 mM ammonium acetate/3% acetonitrile,

centrifuged at 16,000 x g for 10 min at 4 °C and 2 ul. was injected for LCMS analysis,
323 g L } 3
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18462 The UPLC-MS/MS analysis to measure NAD+ metabolites was performed using
a Vanguish UHPLC system and a Q Exactive Orbitrap mass spectrometer with H-ESTion source
both from Thermo Scientific. UPLC separation was performed on a Hypercarb (2.1 x 100 mm, 5
wm particle size, Thermo) colurnn following the method described in Trammell er of (2013},
Acquisition was carried out in positive ion, Parallel Reaction Monitoring (PRM} mode and
targeted Single Reaction Monitoring (1-SIM). The Thermo Xcalibur QualBrowser system
{version 4.2.47} and Freestyle {version 1.8.51.0} softwares was used for the data processing. For
relative fold change, peak areas were normalized with respective internal standards, normalized
to weight of the tissue sample used, and calculated as fold change relative at O h

timepoint/vehicle group.

{0463} Chronic administration of compound 32 at 3 mg/kg and 10mg/kg was able to
significantly increase NADH and NMN levels and to decrease NAM and ADPR levels in liver

{Figures 8A-8D).

EXAMPLE 3§

in Vitre Uiticaey of Compound 39 Acainst CDA8

10464} The 1n vitro poteoncy of Compound 39 against the human CD338 enzyme was
determined by a tluorescence-based NAD hydrolase activity assay using the NAD+ analog
nicotinamide T, Ng-etheno-adenine dinucleotide (eNAD+) as substrate. The assay utilized whole
primary human macrophages (from healthy donors) stimulated with LPS to polarize in a pro-
inflammatory M1 state expressing human CD38. The cells were incubated in the presence of 8
different concentrations of Compound 39 for 10 minutes and the reaction was started adding the
substrate eNAD+. The emission of fluorescence was measured at 410-20 nm at 37°C every
minute for 1 hr. The NAD+ hydrolase activity was calculated as the slope of the linear portion of
the Huorescence-time curve and used to calculate the IC30 value. The ICS0 value for Compound

3% was 3.9 oM (1.6 ng/ml) 1o primary human M1 macrophages (Figure 9}.
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EXAMPLE 36

in Vive Efficacy of Compound 3% Acainst CD38 in Obese Mice

[0465] The in vivo efficacy of Corapound 39 against the human CD38 enzyre was tested
in obese mice after oral administration and determined by mass spec analysis of NAD+
metabolites levels in liver tissue. The two main CD38 substrates, NAD+ and NMN, and the 2

main byproducts of the CI38 enzymatic reaction, NAM and ADPR, were measured.

{0466} Obese mice (male DIO CSTBLG/], 7.5 months old) were fasted for 4 hr and
compound 39 was administered via oral gavage at a concentration of 1 mg/kg and 10 mg/kg.
Mice were humanely euthanized for liver tissue harvesting at 1-, 3-, and 6-hr post-dosing. A
vehicle control (DMSO: Solutol HS 1S 80% Captisol (20% o water}{(5:15:80 v/v}) was included

to assess baseline NAD+ metabolites levels.

104671 The procedure for tissue sample preparation and UPLC-MS/MS methods were
adapted from Trammell e/ ol (2013} Compu. Struct. Biotechnol. J. 20:4

{hitps/Awww achi nlnih gov/pmc/anticles/PMO39621387). Frozen liver tissue was pulverized
and resuspended in the extraction buffer (3:1 ethanol 10 mM ag. HEPES, pH 7.1}, The samples
were vortexed, sonicated briefly in a bath sonicator, and shaken at 55 °C for 3 min at 1,200 rpm,
Samples were then centrifuged at 16,000 x g for 10 min at 4 °C, and the supernatant was dried by
speedvac. The dried pellet was resuspended in 97% 10 mM ammonium acetate/3% acetonitrile,

centrifuged at 16,000 x g for 10 min at 4 °C and 2 gl was injected for LCMS analysis.

104681 The UPLC-MS/MS analysis to measure NAD+ metabolites was performed using
a Vanguish UHPLC system and a Q Exactive Orbitrap mass spectrometer with H-ESTion source
umt particle size, Thermo) coluran following the method described in Trammell et al. (2013}
Acquisition was carried out in positive jon, Parallel Reaction Monitoring (PRM} mode and
targeted Single Reaction Monitoring (1-SIM). The Thermeo Xcalibur QualBrowser system
{version 4.2.47} and Freestyle {version 1.8.51.0} softwares was used for the data processing. For

relative fold change, peak areas were normalized with respective internal standards, normalized
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to weight of the tissue sample used, and calculated as fold change relative at O h

timepoint/vehicle group.

104691 A single 1 mg/kg and 10mg/kg dose oral admirusiration of Compound 39 was able
to increase NAD+ and NMN levels and to decrease NAM and ADPR levels in liver (Figures

10A-10D).

EXAMPLE 37

In Vivo Efficacy of Compound 39 Asainst CD38 in Obese Mice

{0470} The in vivo efficacy of Compound 39 against the human CD38 enzyme was tested
in obese mice after oral administration and determined by mass spec analysis of NAD+
metabolites levels in liver tissue. The two main CD38 subsirates, NAD+ and NMN, and the 2

main byproducts of the CD38 enzyroatic reaction, NAM and ADPR, were measured.

{0471} Obese mice {male DIO CS57BLG/J, 65 weeks old} treated for 49 days with
compound 39 via oral gavage at a concentration of 10 mg/kg BID. On day 49, mice were
humanely euthanized for liver tissue harvesting at 4hr posi~-dosing. A vehicle control (1%

Methyleellulose) was included to assess baseline NAD+ metabolites levels.

{0472} The procedure for tissue sample preparation and UPLC-MS/MS methods were
adapted from Trammell ef ol (2013) Compu. Struct. Biotechnol. 1. 20:4

{(https://'www ncbi.nlm nih gov/pmc/articles/PMC3962138/). Frozen liver tissue was pulverized
and resuspended in the extraction buffer (3:1 ethanol: 10 mM aq. HEPES, pH 7.1). The samples
were vortexed, sonicated briefly in a bath sonicator, and shaken at 55 °C for 3 min at 1,200 rpmy.
Samples were then centrifuged at 16,000 x g for 10 min at 4 °C, and the supernatant was dried by
speedvac. The dried pellet was resuspended in 97% 10 mM ammonium acetate/3% acetonitrile,

centrifuged at 16,000 x ¢ for 10 min at 4 °C and 2 yl. was injected for LCMS analysis.
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184734 The UPLC-MS/MS analysis to measure NAD+ metabolites was performed using
a Vanquish UHPLC system and a Q Exactive Orbitrap mass spectrometer with H-EST jon source
wm particle size, Thermo) colurnn following the method described in Trammell et al. {2013},
Acquisition was carried out in positive ion, Parallel Reaction Monitoring (PRM) mode and
targeted Single Reaction Monitoring (1-SIM). The Thermo Xcalibur QualBrowser system
{version 4.2.47} and Freestyle {version 1.8.51.0} softwares was used for the data processing. For
relative fold change, peak areas were normalized with respective internal standards, normalized
to weight of the tissue sample used, and calculated as fold change relative at O h

timepoint/vehicle group.

{0474} Chronic administration of Compound 39 10mg/kg BID in cbese mice was able to
significantly increase NADH and NMN levels and to decrease NAM and ADPR levels in liver

{(Figures 11A-11D).

EXAMPLE 338

In Vivo Efficacy of Compound 39 Asainst CD38 in Aged Mice

{04751 The i1 vive efficacy of Compound 39 against the human CD38 enzyme was tested
in aged mice after oral adnunistration and determined by mass spec analysis of NAD+
metabolites levels in liver tissue. The two main CD38 substrates, NAD+ and NMN, and the 2

main byproducts of the CD38 enzymatic reaction, NAM and ADPR, were measured.

{8476} Compound 39 was administered to aged mice {(male DIO CS7TBLG/, 19-2
moths old) via oral gavage at a concentration of 10 mg/kg BID for § days. Atday 5, mice were
humanely euthanized tor liver tissue harvesting 3hr post-dosing. A vehicle control (BMSO:
Solutel HS 15: 80% Captisol (20% in water){(5:15:80 v/v)) was included to assess baseline

NAD+ metabolites levels.

{0477} The procedure for tissue sample preparation and UPLC-MS/MS methods were

adapted from Trammell ef ol (2013) Compu. Struct. Biotechnol. J. 20:4
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(https://www ncbi.nlm. nih gov/pme/articles/PMC3962138/3. Frozen liver tissue was pulverized

and resuspended in the extraction buffer (3:1 ethanol 10 mM ag. HEPES, pH 7.1). The samples

were vortexed, sonicated briefly in a bath sonicator, and shaken at 55 °C for 3 min at 1,200 rpm.

Samples were then centrifuged at 16,000 x g for 10 min at 4 °C, and the supernatant was dried by
6,

speedvac. The dried pellet was resuspended in 97% 10 mM ammonium acetate/3% acetoniirile,

centrifuged at 16,000 x g for 10 mun at 4 °C and 2 pLl. was injected for LCMS analysis,

{0478} The UPLC-MS/MS analysis to measure NAD+ metabolites was performed using
a Vanquish UHPLC system and a (§ Exactive Orbitrap mass spectrometer with H-ESI ton source
both from Thermo Scientific. UPLC separation was pertormed on a Hypercarb (2.1 x 100 nmum, §
pm particle size, Therro) column following the wethod described in Trammell ef ol (2013).
Acquisition was carried out in positive 1on, Paraliel Reaction Monttoring (PRM) mode and
targeted Single Reaction Monttoring (t-3IM). The Thermo Xcalibur QualBrowser systern
{version 4.2.47) and Freestyle (version 1.8.51.0) softwares was used for the data processing. For
relative fold change, peak areas were normalized with respective internal standards, normalized
to weight of the tissue sample used, and calculated as fold change relative at O h

timepoint/vehicle group.

10479] Chronic administration of compound 39 10mg/kg was able to increase NAD+

fevels and to decrease NAM and ADPR levels in liver (Figures 12A-12D).

EXAMPLE 39

in Vive Efficacy of Compound 39 Acainst CD38 in Mice After LPS-induced Inflammation

{0480} The 1 vivo efficacy of Compound 39 against the human CD38 enzyme after LPS
challenge was assessed. The effects of Compound 39 (10mg/kg and 30mg/kg) on inflammato
cytokines, inflarnmation markers and NAD+ levels at 4h and 8h points after LPS-induced

inflammation in 12 weeks old male C57BL/8J mice were evaluated.
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{0481} in this study: {1} the animals displayed normal behavior (appearance, behavior,
posture, respiratory rate and pattern), normal urination and defecation, and no signs of disiress
throughout the study; {2} no changes in fecal material and/or in urine were obhserved; and (3}
there were normal signs of distress observed by gentle handhing duning oral gavage procedure.
Animals were euthanized by terminal cardiac blood puncture immediately after terminal CGOa, 4h
and Bh after LPS administration. At necropsy, the tissues (Liver, Plasma, Spleen, Kidney, Lungs,
Heart, Visceral Adipose Tissue, Muscle — Gastrocnemius) were collected and quick frozen in
hiquid nitrogen. The blood was collected in a BD Microtainer® KZEDTA Additive Tube,

centrifuge at 1000 g for 10min at 4°C and plasma was store at ~-80°C).

Cytokines quantification in plasma

{0482} Cytokines were guantified o plasma: (1) statistically significant decrease of
plasma IL-6, TNFo and [P-10 8h post LPS chalienge in the two compound 39 treatment arms
{(10mg/kg and 30mg/kg); (2) statistically significant decrease of plasma IP-10 4hour post LPS
challenge in the two compound 39 treatment arms (10mg/kg and 30mg/kg) and in the control arm
{Dexamethasone Tmg/kg); (3) 43% and 75% decrease of plasma H.~6 4hour post LPS challenge
with compound 39 10mg/kg and 30mg/kg, respectively; {4) 22% and 58% decrease of plasma
TNFa 4hour post LPS challenge with compound 39 10mg/kg and 30mg/kg, respectively; and (5}
statistically significant decrease of plasma {1L.-6, TNFa and IP-10 4hour post LPS challenge in

control arm (Dexamethasone Img/kg) (Figures 13A-13C)

MS analysis of NAD+ metabolism

104831 NAD+ metabolism 1n spleen was assessed using Mass Spectrometry {MS): an
increase of NAD+ levels (2.3-fold} in the compound 39 30mg/kg treatment arm at 8 hours post
LPS challenge and a statistically significant decrease in ADPR levels (40% decrease) after 8 b

treatment with 30 mg/kg compound 39 were observed (Figures 14A-14C).

{0484} NAD+ metabolism in liver was assessed using Mass Spectrometry (MS): a
statistically significant increase of NAD levels (2-fold) with compound 39 10mg/kg treatment

arnt at 8 hours post LPS challenge, a significant decrease of NAM levels (38% decrease) in the
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compound 39 30mg/kg treatment arm at 8 hours post LPS challenge, and a decrease of ADPR
levels in the Compound 39 treatment arms at 4 hours post LPS challenge were observed (Figures

15A-15C),

Gene expression analysis

{0485} Upon compound 39 treatment, in spleen no significant changes in CD38
expression {Figure 16} and a statistically significant decrease of MiP1o (Figure 17A), MIP2
{Figure 178}, TNFa (Figure 17C), RANTES (Figure 17D}, MCP1 (Figure 17E), IL-1p (Figure
178}, 1IL-6 (Figure 17G), IP-10 (Figure 17H), and IFNy (Figure 171) fevels were observed.

{0486} Upon compound 39 treatment, in liver a statistically significant decrease of CID38
expression in the two treatment arms (10mg/kg and 30mg/kg) Bhour post LPS challenge (Figure
18} and a statistically significant decrease of MiPla (Figure 19A), MIP2 (Figure 198}, TNFa
{(Figure 19C), RANTES (Figure 19D}, MCP1 (Figure 19E), HL.-1p (Figure 19F), IL-6 (Figure

19G), IP-10 (Figure 19H), and IFNy (Figure 191) levels were observed.

EXAMPLE 40

fn Vifro Efficacy of Compound 32 Acainst D38 in modulating Caleiom Flux in T cell line

{04871 The in virro efficacy of compound 32 agawnst the human CD38 enzyme 1o
modulating cellular CaZ+ flux was determined by a fluorescence-based assay using Flow
Citometry. The assay utilized CD38 expressing NH7-dCas9 cells (Jurkat clone) provided by the
Weissman Lab (UCSF1700 4th St., Byers Hall, Room 403B, San Francisco, CA 94158-2330),

{0488} The cells were seeded in complete RPMI medium in the presence of absence of
50nM of Compound 32 at a density of 1 X 10° cells/m] and then incubated at 37°C for 24 h. In
prepatation for flow cytometry, equal numbers of cells were washed and incubated with the
membrane-permeable calcium sensor dyve eFluor 514 (eBioscience, catalogue no. 65-0859)in PBS

for 15 min at room teroperature.  Changes i calcium intracellular free concentration were

194



WO 2022/077034 PCT/US2021/071805

measured over 200 s by flow cytometric analysis on a BD LSRII flow cytometer (BD Biosciences).
{onomycin {1 pg mi—-1, Thermo Fisher Scientific) was added after 30-s related fluorescence was
measured on a BD FACSCalibur system (BD Biosciences) in an uncompensated setting. Data were

analysed using Flowlo v 10.1 software (Tree Star).

{0489} A representative plot of mtracellular calcium-flux kineties 1 NH7-dCas9 cells 1o
the presence of compound 32 (50 nM) is shown in figure 20A. The parameter area under the curve
{AUC) relative to the calcium flux was calculated and shown 1n figure 20B. Compound 32 at a
final concentration of 50nM was able to significantly decrease the total Ca2+ cellular flux of about

33% (Figure 20A and 20B). Data are represented as mean £ s.d. of n =73 independent experiments.

EXAMPLE 41

in Vitre Lfficacy of Compound 39 Acainst CDAS in modulatine Caleiom Flux in T cell line

10490} The i vitro efficacy of compound 39 against the human CD38 enzyme in
modulating cellular CaZ+ flux was determuned by a fluorescence-based assay using Flow
Citometry. The assay utilized CD38 expressing NH7-dCas? cells (Jurkat clone) provided by the

Weissman Lab (UCSF1700 4th St., Byers Hall, Room 4038, San Fraucisco, CA 94158-2330).

{84911 The cells were seeded tn complete RPMI medium in the presence of absence of
500M of Compound 39 at a density of 1 X 10° cells/ml and then incubated at 37°C for 24 h. In
preparation for flow cytometry, equal mumbers of cells were washed and incubated with the
membrane-permeable calcium sensor dyve eFluor 514 (eBioscience, catalogue no. 65-0859})in PBS
for 15 min at room temperature. Changes in calcium intraceliular free concentration were measured
over 200 s by flow cytometric analysis on a BD LSRIT flow cytometer (BD Biosciences).
{fonomyein {1 pg mi—1, Thermo Fisher Scientific) was added after 30-s related flucrescence was
measured on a BD FACSCalibur system (BD Biosciences) in an uncompensated setiing. Data were

analysed using Flowlo v.10.1 software {Tree Star).

{0492} A representative plot of intraceliular calcium-flux kinetics tn NH7-dCas9 cells in
the presence of compound 39 (50 nM) 1s shown in figure 21 A. The parameter area under the curve

{AUC) relative to the calcium flux was calculated and shown in figure 21B. Compound 32 at a
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final concentration of 50nM was able to significantly decrease the total Ca2+ cellular flux of about

21% (Figure 21 A and 218} Data are represented as mean - s.d. of n = 3 independent experiments,
o

EQUIVALENTS

10493 Those skilted in the art will recognize, or be able to ascertain, using no more than
routine experimentation, numerous equivalents to the specific embodiments described specifically

herein. Such equivalents are intended to be encompassed in the scope of the following claims.

{0494 Those skilied in the art will appreciate further features and advantages of the
invention based on the above-described disclosures, aspects and embodiments. Accordingly, the
invention 1s not to be hmited by what has been particularly shown and described, except as
indicated by the appended claims. Al publications and references cited herein are expressly

incorporated herein by reference n their entirety.
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Claims:
1. A compound of Formula I or a pharmaceutically acceptable salt, ester, or prodrug thereof
O
W. N Het
AN N/
‘ H
X\ 42
Y (D), or

a compound of Formula I* or a pharmaceutically acceptable salt, ester, or prodrug thereof

% GIIIIIIIIIIIR,
- R

wherein:

-X-Y-Z-is =CR!-CR?=CR?-, =N-CR?=CR3-, =CR!-N=CR>- or =CR!-CR?=N if the

compound is of Formula I;

-X-Y-Z-is CR!-CR?=C, N-CR?=C, or CR!-N=C if the compound is of Formula I*;

R! is selected from the group consisting of H, halo, -CN, (C1-Cs)alkyl, (Ci-
Cs)alkoxy, and perfluoro(Ci-Cs)alkoxy-; wherein (C1-Cs)alkyl is optionally substituted
with 1-3 substituents independently selected from the group consisting of H, halo, -CN,
(C1-Cs)alkyl, -NHz, (C1-Cs)alkyl-(NH)-, ((C1-Cs)alkyl)2N-, -CF3, -OCH;s and -OCFj3;
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R? is H, halo, -CN, (C1-Cs)alkyl, (C1-Cs)alkoxy, perfluoro(Ci-Cs)alkyl,
perfluoro(Ci-Cs)alkoxy-, cycloalkyl, cycloalkyl-O-, heterocycloalkyl, heterocycloalkyl-
O-, aryl, aryl-O-, R’-(C(R*)2)s-O- or (R®),N-; wherein (C1-Ce)alkyl, cycloalkyl,
heterocycloalkyl, and aryl are each optionally substituted with 1-3 substituents
independently selected from the group consisting of H, halo, -CN, (C1-Cs)alkyl, -NH>,
(C1-Cs)alkyl-(NH)-, ((C1-Cs)alkyl)2N-, -CF3, -OCH3 and -OCFs;

R* is H, halo, (Ci-Cs)alkyl, -CF3, (C1-Cs)alkoxy, -OCF3 or (R");N-; wherein R’ is
H or (Ci-Cs)alkyl;

n is an integer from one to three;

each R* is independently H or (C1-Cs)alkyl; wherein (C1-Cs)alkyl is optionally
substituted with 1-3 substituents independently selected from the group consisting of H,
halo, -CN, (C1-Cs)alkyl, -NH;, (C1-Cs)alkyl-(NH)-, ((C1-Cs)alkyl),N-, -CF3, -OCH3 and -
OCF3;

R’ is selected from the group consisting of (C1-Cs)alkyl, perfluoro(Ci-Cs)alkyl,
HO-(C,-Cy)alkyl-, cycloalkyl, heterocycloalkyl, and aryl; wherein (C1-Cs)alkyl,
cycloalkyl, heterocycloalkyl, and aryl are each optionally substituted with 1-3 substituents
independently selected from the group consisting of H, halo, -CN, (C1-Cs)alkyl, -NH>,
(C1-Cs)alkyl-(NH)-, ((C1-Cs)alkyl)2N-, -CF3, -OCH3 and -OCFs;

R® is independently H or (C;-Cs)alkyl; wherein (C;1-C3)alkyl is optionally
substituted with 1-3 substituents independently selected from the group consisting of H,
halo, -CN, (C1-Cs)alkyl, -NH;, (C1-Cs)alkyl-(NH)-, ((C1-Cs)alkyl),N-, -CF3, -OCH3 and -
OCF3;

W is
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RS R® 8
/ R
— N N/
— L) [
N \/ s N , N / 5
() (b) ©
R8 R8 R®

/
N N—N N N \
D N W B e |
(d (e) ®

R® is H, -CH; or -CF3;

Het is a heterocycle of the formulae

199
SUBSTITUTE SHEET (RULE 26)



WO 2022/077034 PCT/US2021/071805

RY R®
R® R?
R9 R9 R10
| o o N
’771 N/ RO N G
RQ
. ’ R9 R1 0 ,
1 .e H]
n iii
RY N \( R®
R? ’
iv v .
V1
R® R?
9 9 9
/ = =
is_ N iﬁ N R®
2 Rg ’ ;
vii
viii ix

each R is independently selected from H, halo, (C1-Cs)alkyl, -CF3, C1-Cs)alkoxy,
-OCF3, -CN, (R!");N-, R*(0)(C=0)-, R'*O((C1-C3)alkyl)-(NR')- RP*-(C=0)-(NR')-
and (R!1),N-(C=0)-;
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each R'is independently selected from H, (Ci-Cs)alkyl, -CFs, -OCH3, -OCFs3,-
CN, (R'");N-, R%(0)(C=0)-, R20-((C1-Cs)alkyl)-(NR!)-, RE~(C=0)-(NR'))-, and
(RN ~(C=0);
R!! is independently H or (C;-Cs)alkyl,
R!%is H or (C1-Cs)alkyl; and

RY is (C1-Cs)alkyl.

2. A compound according to claim 1, wherein Het is a ring of the Formula 1

A compound according to claim 1, wherein Het is a ring of the Formula i1

R9
R9 R9
ii
R9

A compound according to claim 1, wherein Het is a ring of the Formula iii
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6. A compound according to claim 1, wherein Het is a ring of the Formula v
R9
RQ
N
| v
/
N R®
7 A compound according to claim 1, wherein Het is a ring of the Formula vi
R® N R®
\(
| N vi
/
R9
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8. A compound according to claim 1, wherein Het is a ring of the Formula vii
R9
R® R®
vii
N
N/
9. A compound according to claim 1, wherein Het is a ring of the Formula viii
R9
R9
\ N
‘ | viii
FZ N
R9
10. A compound according to claim 1, wherein Het is a ring of the Formula ix
R? N R®
X
| ix
/
N R®
11. A compound according to any of the previous claims, wherein in the compound of

Formula I or I*, R® is -CHj3 or -CF3; and W is the compound of Formula (a)
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R8
e
a
N % (@)
N\/
12. A compound according to any one of claims 1 to 10, wherein in the compound of

Formula I or I*, R® is -CHj3 or -CF3; and W is the compound of Formula (b)

[
| :/>7§ (b)

13. A compound according to any one of claims 1 to 10, wherein in the compound of

Formula I or I*, R® is -CHj3 or -CF3; and W is the compound of Formula (c)
N
f ©

14. A compound according to any one of claims 1 to 10, wherein in the compound of

Formula I or I*, R® is -CHj3 or -CF3; and W is the compound of Formula (d)

NN @
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15. A compound according to any one of claims 1 to 10, wherein in the compound of
Formula I or I*:
R®is -CH; or -CF3; and

W is the compound of Formula (e)

R8
/
N ©
Ve
L/ |
16. A compound according to any one of claims 1 to 10, wherein in the compound of

Formula I or I*;
R®is -CH; or -CF3; and
W is the compound of Formula (f)

R8
Tl\ AN ®
S
17. A compound according to any preceding claim, wherein R! is selected from the group

consisting of H, halo, -CN, (C:-Cs)alkyl, -OCH3, and -OCFs.

18. A compound according to any preceding claim, wherein:

R? is selected from the group consisting of H, (C1-Cs)alkyl, (C1-Cs)alkoxy-,
perfluoro(C1-Cs)alkyl, perfluoro(Ci-Ce)alkoxy-, cycloalkyl, cycloalkyl-O-,
heterocycloalkyl, aryl, R>-(C(R*),)n-O- or (R®),N-; wherein (C1-Cs)alkyl, cycloalkyl,
heterocycloalkyl and aryl is optionally substituted with 1-3 substituents independently
selected from the group consisting of H, halo, -CN, (C1-Cs)alkyl, -NH, (C1-Cs)alkyl-
(NH)-, ((C1-Cs)alkyl)>N-, -CF3, -OCH3 and -OCFj3;
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each R* is independently H or (Ci-Cs)alkyl optionally substituted with 1-3
substituents independently selected from the group consisting of H, halo, -CN,
(Ci-Cs)alkyl, -NHa», (C1-Cs)alkyl-(NH)-, ((C1-Cs)alkyl),N-, -CF3, -OCHj3 and -OCFs;

R’ is selected from the group consisting of (C1-Cs)alkyl, cycloalkyl,
heterocycloalkyl, and aryl; wherein (C1-C¢)alkyl, cycloalkyl, heterocycloalkyl and aryl is
optionally substituted with 1-3 substituents independently selected from the group
consisting of H, halo, -CN, (C-Cs)alkyl, -NH», (C1-Cs)alkyl-(NH)-, ((C1-Cs)alkyl)2N-, -
CF3, -OCHj3, and -OCF3; and

R is independently H or (Ci-Cs)alkyl optionally substituted with 1-3 substituents
independently selected from the group consisting of H, halo, -CN, (C1-Cs)alkyl, -NH>,
(C1-Cs)alkyl-(NH)-, ((C1-Cs)alkyl)2N-, -CF3, -OCHj3 and -OCF3.

19. A compound according to any preceding claim, wherein R? is selected from the group
consisting of H, halo, (Ci-Cs)alkyl, -CF3, --OCH3, -OCF3, and (R7);N-; and wherein R’ is H or
(C1-C3)alky1.

20. A compound according to any preceding claim, wherein R'is selected from the group

consisting of H, F, -CHj3, and -OCHs.

21. A compound according to any of the previous claims, wherein R'is H.

22. A compound according to any preceding claim, wherein:

R?is selected from the group consisting of H, (C1-Cs)alkyl, (C1-Cs)alkoxy-,
perfluoro(C1-Cs)alkyl, perfluoro(Ci-Cs)alkoxy-, 3-to 10-membered cycloalkyl, 3-to 10-
membered cycloalkyl-O-, 5- to 10-membered heterocycloalkyl, 6- to 10-membered aryl,
R’-(C(R%)2)n-O- or (R),N-; wherein (C;-Cs)alkyl, 3- to 10-membered cycloalkyl, 3- to
10-membered cycloalkyl-O-, 5- to 10-membered heterocycloalkyl, 6- to 10-membered
aryl is optionally substituted with 1-3 substituents independently selected from the group
consisting of H, halo, -CN, (C-Cs)alkyl, -NH», (C1-Cs)alkyl-(NH)-, ((C1-Cs)alkyl)2N-, -
CF3, -OCH3, and -OCFs3;
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each R* is independently H or (C1-Cs)alkyl optionally substituted with 1-3
substituents independently selected from the group consisting of H, halo, -CN,

(Ci-Cs)alkyl, -NH>, (C1-Cs)alkyl-(NH)-, ((Ci-Cs)alkyl)N-, -CF3, -OCH, 3, and -OCFj3;

R’ is selected from (C1-Cs)alkyl, 3- to 10-membered cycloalkyl, 3- to 10-
membered heterocycloalkyl, and 6- to 10-membered aryl; wherein (C1-Cs)alkyl, 3- to 10-
membered cycloalkyl, 3- to 10-membered heterocycloalkyl, and 6- to 10-membered aryl
is optionally substituted with 1-3 substituents independently selected from the group
consisting of H, halo, -CN, (C-Cs)alkyl, -NH», (C1-Cs)alkyl-(NH)-, ((C1-Cs)alkyl)2N-, -
CF3, -OCHj3, and -OCF3; and

R is independently H or (Ci-Cs)alkyl optionally substituted with 1-3 substituents
independently selected from the group consisting of H, halo, -CN, (C1-Cs)alkyl, -NH>,
(C1-Cs)alkyl-(NH)-, ((C1-Cs)alkyl)2N-, -CF3, -OCHj3, and -OCF3.

23. A compound according to any preceding claim, wherein:

R? is selected from the group consisting of methoxy-, cyclopropoxy- or R>-

(C(R*))-O-; and

each R* is H; wherein R” is selected from Ci-alkyl and tetrahydropyran, and
wherein said Ci-alkyl is substituted with -OCHjs.

24, A compound according to any preceding claim, wherein R? is selected from the group

consisting of H, F, -CHs, -OCH3, and HaoN-.

25. A compound according to any preceding claim, wherein R* is H.

26. A compound according to any preceding claim, wherein:

R’is selected from the group consisting of H, halo, (C1-Cs)alkyl, -CF3, -OCHj, -
OCF3, -CN, R?0((C1-Cs)alkyl)-(NR!)-, -CO,R!2, and (R!1),N-(C=0)-; and
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each R!! is independently selected from the group consisting of H, (C1-Cs)alkyl;
and R is H or (C1-Cs)alkyl.

27. A compound according to any preceding claim, wherein at least one R’ is selected from

the group consisting of F, (C1-C3)alkyl, -CF3, -OCH3, -OCF3, and -CN.

28. A compound according to any preceding claim, wherein at least one R’ is -CF3.

29. A compound according to any preceding claim, wherein at least one R'% is H.

30. A compound according to claim 29, wherein in the compound of Formula I, R!? is H.
31 A compound according to claim 1, wherein Het is a ring of the formula

i

R10
wherein:
one R’ is H, and the other R’ is -CF3,, and
R!%is H.
32. A compound according to any preceding claim, wherein R® is H.

33. A compound according to any preceding claim, wherein -X-Y-Z-is =CR1-CR2=CR3- or
=N-CR2=CR3-.

34. A compound according to claim 33, wherein -X-Y-Z-is =CR1-CR2=CR3-.
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35. A compound according to claim 1, wherein the compound of Formula I is a compound of

Formula IA or a pharmaceutically acceptable salt, ester, or prodrug thereof

Y, eoceacce
IIIIIIIIII

£
s,
3,
‘/ d
Es
e

o

¥ (IA) and

the compound of Formula I* is a compound of Formula [*A or a pharmaceutically acceptable

salt, ester, or prodrug thereof

(I*A),
wherein:
-X-Y-Z- of the Formula IA is =CR!-CR?=CR?- or =N-CR?>=CR’-;
-X-Y-Z- of the Formula I*A is CR!-CR?=C or =N-CR’=C;
R! is selected from the group consisting of H, halo, -CN, (C;-Cs)alkyl, -OCHj3,
and -OCFs;
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R? is H, (C1-Ce)alkyl, (C1-Cs)alkoxy-, perfluoro(Ci-Ce)alkyl, perfluoro(C;-
Ce)alkoxy-, cycloalkyl, cycloalkyl-O-, heterocycloalkyl, aryl, R3-(C(R*)2)a-O-, or
(R®)2N-; ,wherein (Ci-Ce)alkyl, cycloalkyl, cycloalkyl-O-, heterocycloalkyl and aryl are
optionally substituted with 1-3 substituents independently selected from the group
consisting of H, halo, -CN, (C1-Cs)alkyl, -NHa, (C1-Cs)alkyl-(NH)-, ((C1-Cs)alkyl)2N-,
-CF3;, -OCH3, and -OCFj3;

n is an integer from one to three;

each R* is independently H or (C1-Cs)alkyl;

R’ is selected from the group consisting of (C1-Cs)alkyl, cycloalkyl,
heterocycloalkyl, and aryl, wherein (C1-Cs)alkyl, cycloalkyl, heterocycloalkyl and aryl
are optionally substituted with 1-3 substituents independently selected from the group
consisting of H, halo, -CN, (C-Cs)alkyl, -NH3, (C1-Cs)alkyl-(NH)-, ((C1-Cs)alkyl)2N-,
-CF3;, -OCH3, and -OCFj3;

R® is independently H or (C;-Cs)alkyl, wherein (C1-Cs)alkyl is optionally
substituted with 1-3 substituents independently selected from the group consisting of H,
halo, -CN, (C:-Cs)alkyl, -NH;, (C1-Cs)alkyl-(NH)-, ((C1-Cs)alkyl),N-, -CF3, -OCH3, and
-OCF;;

R? is H, halo, (C1-Cs)alkyl, -CF3, -OCH3, -OCF3, or (R7),N-;

R’ is H or (C1-Cs)alkyl;

R® is H, -CH3, or -CF3;

R’is selected from H, halo, (C1-Cs)alkyl, -CF3, -OCH3, -OCF3, -CN,
R20((C1-C3)alkyl)-(NR!)-, -COsR™ and (R);N-(C=0)-:

each R!! is independently selected from the group consisting of H and (C;-

Cs)alkyl; and
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R'?is H or (Ci-Cs)alkyl.

36. A compound according to claim 1, wherein the compound of Formula I is a compound of

Formula IB, or a pharmaceutically acceptable salt, ester, or prodrug thereof

R9
v 7
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NN N\ N N
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N _~ ”
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the compound of Formula I* is a compound of Formula I*B, or a pharmaceutically acceptable
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-X-Y-Z- of the Formula I*B is CH-CR?>=C or =N-CR?=C;

R? is H, (C1-Cs)alkyl, (C1-Cs)alkoxy-, perfluoro(Ci-Cs)alkyl, perfluoro(C;-
Cs)alkoxy-, cycloalkyl, heterocycloalkyl, aryl, R°-(C(R*)2)s-O-, or (R®),N-, wherein
(Ci-Cs)alkyl is optionally substituted with 1-3 substituents independently selected from
the group consisting of H, halo, -CN, (C1-Cs)alkyl, -NHa, (C:1-Cs)alkyl-(NH)-,
((C1-Cs)alkyl):N-, -CF3, -OCH3, and -OCF3;

n is an integer from one to three;

each R* is independently H or (C1-Cs)alkyl, wherein (Ci-C3)alkyl is optionally
substituted with 1-3 substituents independently selected from the group consisting of H,
halo, -CN, (C1-Cs)alkyl, -NH,, (C1-Cs)alkyl-(NH)-, ((C1-Cs)alkyl).N-, -CF3, -OCH3, and -
OCF3;

R’ is selected from the group consisting of (C1-Cs)alkyl, cycloalkyl,
heterocycloalkyl, and aryl; wherein (C1-Cs)alkyl, cycloalkyl, heterocycloalkyl and aryl is
optionally substituted with 1-3 substituents independently selected from the group
consisting of H, halo, -CN, (C-Cs)alkyl, -NH», (C1-Cs)alkyl-(NH)-, ((C1-Cs)alkyl)2N-, -
CF3, -OCH3, and -OCFs3;

R® is independently H or (C;-Cs)alkyl; wherein (C1-Cs)alkyl is optionally
substituted with 1-3 substituents independently selected from the group consisting of H,
halo, -CN, (C1-Cs)alkyl, -NH;, (C1-Cs)alkyl-(NH)-, ((C1-Cs)alkyl),N-, -CF3, -OCH3 and -
OCF3;

R? is H, halo, (C1-Cs)alkyl, -CF3, --OCHj3, -OCF; or (R);N-, wherein R is H or
(C1-Gs)alkyl;

R®is H, -CH; or -CF3; and
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R’is selected from the group consisting of H, halo, (C;-Cs)alkyl, -CF3, -OCHj3, -
OCF3, -CN, -(NR1%)-((C;-C3)alkyl)-OR!!, -CO;R!'"" and —(C=0)-N(R'®), ; wherein R!® is
H or (C1-C3)alkyl; and R is (C-Cs)alkyl.

37. A compound according to claim 1, selected from the group consisting of 6-(1H-imidazol-
1-yl)-4-((tetrahydro-2H-pyran-4-yl)methoxy)-N-(2-(trifluoromethyl)pyridin-4-yl)picolinamide,
6-(1H-imidazol-1-yl)-4-methoxy-N-(2-(trifluoromethyl)pyridin-4-yl)picolinamide, 2-(1H-
imidazol-1-yl)-6-(2-methoxyethoxy)-N-(2-(trifluoromethyl) pyridin-4-yl)pyrimidine-4-
carboxamide, 6-(1H-imidazol-1-yl)-4-(2-methoxyethoxy)-N-(2-(trifluoromethyl)pyridin-4-
yl)picolinamide, 4-cyclopropoxy-6-(1H-imidazol-1-yl)-N-(2-(trifluoromethyl)pyridin-4-
yl)picolinamide, 6-(1H-imidazol-1-yl)-N-(pyridin-3-yl)pyrido[3,2-d]pyrimidin-4-amine, 6-(1H-
imidazol-1-yl)-N-(pyridin-4-yl)pyrimido[ 5,4-d]pyrimidin-4-amine, 6-cyclopropyl-2-(1H-
imidazol-1-yl)-N-(2-(trifluoromethyl)pyridin-4-yl)pyrimidine-4-carboxamide, 6-(1H-imidazol-1-
y1)-4-((3-methyloxetan-3-yl)oxy)-N-(2-(trifluoromethyl)pyridin-4-yl)picolinamide, 2-(3-methyl-
4H-314-1imidazol-4-yl)-6-((3-methyloxetan-3-yl)oxy)-N-(2-(trifluoromethyl)pyridin-4-
yl)pyrimidine-4-carboxamide, 2-(1-methyl-1H-imidazol-2-y1)-6-((3-methyloxetan-3-yl)oxy)-N-
(2-(trifluoromethyl)pyridin-4-yl)pyrimidine-4-carboxamide, 2-(1-methyl-1H-imidazol-5-yl)-6-
((tetrahydro-2H-pyran-4-yl)methoxy)-N-(2-(trifluoromethyl)pyridin-4-yl)pyrimidine-4-
carboxamide, 2-(1-methyl-1H-imidazol-2-yl)-6-((tetrahydro-2H-pyran-4-yl)methoxy)-N-(2-
(trifluoromethyl)pyridin-4-yl)pyrimidine-4-carboxamide, 6-(2-methoxyethoxy)-2-(1-methyl-1H-
imidazol-5-yl)-N-(2-(trifluoromethyl)pyridin-4-yl)pyrimidine-4-carboxamide, 6-(2-
methoxyethoxy)-2-(1-methyl-1H-imidazol-2-yl)-N-(2-(trifluoromethyl)pyridin-4-yl)pyrimidine-
4-carboxamide, 6-(2-hydroxy-2-methylpropoxy)-2-(1H-imidazol-1-yl)-N-(2-
(trifluoromethyl)pyridin-4-yl)pyrimidine-4-carboxamide, and a pharmaceutically acceptable salt,

ester, and prodrug thereof.

38. A pharmaceutical formulation comprising:
a compound of Formula I or I* according to any preceding claim; and

a pharmaceutically acceptable carrier.

39. A method of treating a disease or disorder in a subject that benefits from modulation of
the level of NAD+ or related metabolite thereof, comprising administering to the subject a

therapeutically effective amount of the pharmaceutical formulation of claim 38.
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40. The method of claim 39, wherein the disease or disorder is or is related to nonalcoholic
steatohepatitis, aging, senescence, immunometabolism, inflammation, infection, sepsis, arthritis,
rheumatoid arthritis, psoriatic arthritis, osteoarthritis, lupus erythematosus, Crohn disease,
ulcerative colitis, plaque psoriasis, ankylosing spondylitis, juvenile idiopathic arthritis,
hidradenitis suppurativa, fibrosis, hepatic fibrosis, renal fibrosis, pulmonary fibrosis, cardiac
fibrosis, cancer, multiple myeloma, neurodegeneration, infertility, loss of ovarian follicles,
decreased oocyte quality and quantity, ovarian senescence, transient receptor potential
melastatin 2 (TRPM2) regulation, calcium flux regulation, ischemia-reperfusion-injury, bipolar
disoreder, Alzheimer, neuropathic pain, Parkinson, coronary arteries, obesity, type-2 diabetes,

hepatotoxicity, digestive system, lung, heart, kidney, or the like.

41. The method of claim 39, wherein the disease or disorder is related to aging.

42. The method of claim 41, wherein the age-related disease or disorder is or is related to a

chronic age -related disease or disorder.

43. The method of claim 39, wherein the disease or disorder is or is related to Senescence,

ImmunoMetabolism, fibrotic, neurodegenerative, Multiple Myeloma, or Sepsis.

44. The method of claim 43, wherein the disease or disorder is or is related to a fibrotic

disease or disorder of the lung, heart, or kidney.

45. The method of claim 44, wherein the fibrotic disease is infection-induced fibrosis of the

lung or virus-induced infection of the lung.

46. The method of claim 43, wherein the disease or disorder is or is related to Multiple
Myeloma, and the method further comprising administering an immuno-oncology drug to the

subject.
47. The method of claim 39, wherein the modulation is an increase in the level of NAD+ or

related metabolite thereof,
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48. The method of claim 39, wherein the modulation is a decrease in the level of NAD+ or

related metabolite thereof.

49. The method of claim 39, wherein the NAD+ or related metabolite thereof is selected from

the group consisting of NAD+, NMN, ADPR, cADPR, NAM, NAAD, NAADP, NR, MNAM.

50. A compound according to any one of claims 1 to 37 for use in a method of treating a
disease or disorder in a subject that benefits from modulation the level of NAD+ or related
metabolite thereof, comprising administering to the subject a therapeutically effective amount of

the compound.

51.  The compound for use of claim 50, wherein the disease or disorder is or is related to
nonalcoholic steatohepatitis, aging, senescence, immunometabolism, inflammation, infection,
sepsis, arthritis, rheumatoid arthritis, psoriatic arthritis, osteoarthritis, lupus erythematosus,
Crohn disease, ulcerative colitis, plaque psoriasis, ankylosing spondylitis, juvenile idiopathic
arthritis, hidradenitis suppurativa, fibrosis, hepatic fibrosis, renal fibrosis, pulmonary fibrosis,
cardiac fibrosis, cancer, multiple myeloma, neurodegeneration, infertility, loss of ovarian
follicles, decreased oocyte quality and quantity, ovarian senescence, transient receptor potential
melastatin 2 (TRPM2) regulation, calcium flux regulation, ischemia-reperfusion-injury, bipolar
disoreder, Alzheimer, neuropathic pain, Parkinson, coronary arteries, obesity, type-2 diabetes,

hepatotoxicity, digestive system, lung, heart, kidney, or the like.

52. The compound for use of claim 50, wherein the disease or disorder is related to aging.

53.  The compound for use of claim 52, wherein the age-related disease or disorder is or is

related to a chronic age -related disease or disorder.

54.  The compound for use of claim 52, wherein the disease or disorder is or is related to

Senescence, ImmunoMetabolism, fibrotic, neurodegenerative, Multiple Myeloma, or Sepsis.
55.  The compound for use of claim 54, wherein the disease or disorder is or is related to a

fibrotic disease or disorder of the lung, heart, or kidney.
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56.  The compound for use of claim 55, wherein the fibrotic disease is infection-induced

fibrosis of the lung or virus-induced infection of the lung.

57.  The compound for use of claim 54, wherein the disease or disorder is or is related to
Multiple Myeloma, and the method further comprising administering an immuno-oncology drug

to the subject.

58.  The compound for use of claim 50, wherein the modulation is an increase in the level of

NAD-+ or related metabolite thereof,

59.  The compound for use of claim 50, wherein the modulation is a decrease in the level of

NAD-+ or related metabolite thereof.

60.  The compound for use of claim 50, wherein the NAD+ or related metabolite thereof is
selected from the group consisting of NAD+, NMN, ADPR, cADPR, NAM, NAAD, NAADP,
NR, MNAM.
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INTERNATIONAL SEARCH REPORT International application No.

PCT/US21/71805

Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. I:I Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful intermational search can be carried out, specifically:

3. K‘ Claims Nos.: 17-30, 32-34, 38-60
because they are dependent claims and are not drafied in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
-***-Please See Supplemental Page-***-

1. I:] As all required additional search fees were timely paid by the applicant, this intemational search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. K{ No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claime; it is covered by claims Nas -
Group I+: Claims 1-16, 31, 35-37 compound of Formula | (first compound structure), wherein: -X-Y-Z is =CR1-CR2=CR3-, R1 is
H, R2is H, R3is H, W is a moiety a, R8 is H, Het is a moiety i, R9 is H (first exemplary structure)

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D< No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US21/71805

-***.Continued From Box No. lil: Observations where unity of invention is lacking-***-

The International Searching Authority therefore considers that the international application does not comply with the requirement of unity
invention (Rules 13.1, 13.2, and 13.3) for the reasons indicated below:

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.
Groups I+, Claims 1-16, 31, 35-37 are directed toward the compound of Formula | (compound structure), wherein: -X-Y-Z is
=CR1-CR2=CR3-, R1is H, R2 is H, R3 is H, W is a moiety a, R8 is H, Het is a moisty i, R9 is H (first exemplary structure); Exemplary
elections: compound of Formula | (first compound structure), wherein: -X-Y-Z is =CR1-CR2=CR3-, R1 is Halo (second exemplary R1
moiety), R2 is H, R3 is H, W is a moiety a, R8 is H, Het is a moiety i, R9 is H (first exemplary structure),

Groups I+, Claims 1-16, 31, 35-37 will be searched to the extent they encompass the compound of Formula | (compound structure),
wherein: -X-Y-Z is =CR1-CR2=CR3-, R1 is H, R2 is H, R3 is H, W is a moiety a, R8 is H, Het is a moiety i, R9 is H (first exemplary
structure).

The compounds of claims 1-2 are believed to encompass the first named invention of Group I+ and are the claims that will be searched
without fee to the extent that they encompass the compound of Formula | (compound structure), wherein: -X-Y-Z is =CR1-CR2=CR3-,
R1is H, R2is H, R3is H, W is a moiety a, R8 is H, Het is a moiety i, R9 is H (first exemplary structure).

Applicant is invited to elect additional specific drug(s), compound(s), molecule(s) or methods to be searched. Additional specific drug(s),
compound(s), molecule(s) or methods will be searched upon the payment of additional fees. Applicants must specify the searchable
claims that encompass any additionally elected compounds. Applicants must further indicate, if applicable, the claims which encompass
the first named invention, if different than what was indicated above for this group. Failure to clearly identify how any paid additional
invention fees are to be applied to the "+" group(s) will result in only the first claimed invention to be searched/examined. Exemplary
elections would be the compound of Formula | (first compound structure), wherein: -X-Y-Z is =CR1-CR2=CR3-, R1 is Halo (second
exemplary R1 moiety), R2 is H, R3is H, W is a moiety a, R8is H, Het is a moiety i, R9 is H (first exemplary structure).

Groups I+ share the technical feature including: a compound having a nitrogen comparing heteroaromatic core with linked hetero aryls W
and Het. '

Howaever, these shared technical features are previously disclosed by US 2007/0149547 A1 to Bonnefous, et al. (Hereinafter
“Bonnefous”).

Bonnefous discloses the compound having a nitrogen comparing heteroaromatic core (the pyridinyl core is in the
6-phenyl-N-pyridin-2-ylpyridine-2-carboxamide in example 12; paragraphs [0392}-[0393]) with linked heteroaryl Het (the terminal
pyridine-2-yl ring is attached to the pyridinyl core through the carboxamide bridge; paragraphs [0392)-[0393]), and in a separate
embodiment Bonnefous further discloses hetercaryl W (the terminal imidazol-1-yl ring is attached to the C6 carbon atom of the pyridinyl
core of the 3-amino-6-chloro-N-6-(1H-imidazol-1-yl)pyridine-2-ylpyrazine-2-carboxamide in example 30; paragraphs [0430]-[0431]). It
would have been obvious to a person of ordinary skill in the art, at the time of the invention, to have modified the compound, as
previously disclosed by Bonnefous, in order to have provided for heteroaryl W, as previously disclosed by Bonnefous in a separate
embodiment (paragraphs [0430]-{0431}), for replacing the phenyl ring attached to the C6 carbon atom of the pyridinyl core, with the
imidazolyl ring, to improve the effectiveness of the compound as mGIuRS5 modulator (abstract). Further, provided that in both
embodiments Bonnefous discloses the compounds comprising pyridinyl core with aromatic ring attached to the C6 carbon atom of the
pyridinyl core (paragraphs [0392]-[0393], [0430]-[0431]), where the compounds are designed as mGIuRS modulators (abstract), the
modification to Bonnefous’ compound, of providing for wherein W is a moiety a, R8 is H, would provide the benefit of replacing the
phenyl ring attached to the C6 carbon atom of the pyridinyl core, with the imidazolyl ring, to improve the effectiveness of the compound
as mGIuRS modulator (abstract).

Since none of the special technical features of the Groups I+ inventions is found in more than one of the inventions, and since all of the
shared technical features are previously disclosed by the Bonnefous reference, unity of invention is lacking.

Forim PCT/ISA/210 (extra sheet) (July 2019)
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