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INHIBITORS OF FIBROBLAST ACTIVATION PROTEIN

CROSS REFERENCE TO RELATED APPLICATIONS

{0001} This application claims priority to U.S. Provisional Application Serial No. 62/788,722,
filed January 4, 2019, and U.S. Provisional Application Serial No. 62/863.853, filed June 19,

2019, both of which are hereby incorporated herein by reference in their entirety.

FIELD OF THE INVENTION

{0002} The present disclosure relates generally to therapeutic agents that may be useful in

modulating fibroblast activation protein.

BACKGROUND

{0003} Fibroblast activation protein (FAP), also referred to as FAP«x, Seprase or
a2-antiplasmin converting enzyme, is a type I integral membrane serine protease that belongs to
the prolyl oligopeptidase family S9, which also includes DPPIL, DPPIV, DPPE, DPPY, and
PREP enzymes. This family is characterized for having an exo-dipeptidyl peptidase (BPP)
activity. FAP is the only member that also has an endopeptidase activity {(Acrigoerts, K, ctal. J
Biol Chem, 2005, 280(20): p. 19441-4). FAP has a high degree of homology with DPPIV. Ttis
mainly found as a cell surface homodimer but it has also been reported to form heterodimers
with DPPIV iz vive (O'Brien, P, et al. Biochim Biophys Acta, 2008, 1784(9): p. 1130-45).
Purported physiological substrates of FAP endopeptidase activity mclude a2-antiplasmin, type [
collagen, gelatin, and Fibroblast growth factor 21 (FGF21) (Lee, KN, et al., Biochemistry,
2009, 48(23): p. 5149-38), and for the exopeptidase activity include Newropeptide Y, B-type
natriuretic peptide, substance P and peptide YY (Brokopp. CE., et al., Eur Heart J, 2011,
32{21): p. 2713-22; Coppage, AL, et al, PLoS One, 2016. 11(3}: p. ¢0151269; Dunshee, DR,
et al., J Biol Chem, 2016. 201(11}: p. 5986-96; Lee, KN, et al., } Thromb Haemost, 2011, 9(5):
p. 987-96).

>

{0004] FAP has been implicated in diseases involving proliferation, tissue remodeling, chropic

wflammation and/or fibrosis, including but not limited to fibrotic disease, wound healing, keloid
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formation, osteoarthritis, rhewmnatoid arthritis and related disorders involving cartilage

degradation, atherosclerotic discase, and Crobu's disease.

{8003} FAP expression is related to poor prognosis in several types of cancer mcluding gastric
cancer, pancreatic adenocarcinoma and hepatocellular carcinoma, (Wen, X, et al., Oncol Res,
2016; Cohen, 8.J., et al., Pancreas, 2008. 37(2): p. 154-8; Ju, M., et al., Am J Clin Pathol,
2000, 131{4): p. 498-510) and in colon cancer, increased FAP expression has been associated
with a more aggressive disease (Henry, LR, ¢t al., Clin Cancer Res, 2007, 13(6): p. 1736-41).
Purportedly, FAPa on CAFs has critical roles in regulating antibumor immune response by
mducing tumor-promoting inflammation (Chen, L., et al., Biochem Biophys Res Conunun,

2017, Wen, X, et al., Oncol Res, 2016; Hugo, W, et al,, Cell, 2016, 165(1): p. 35-44).

{80806} Val-boroPro (Talabostat, PT-100) is the only FAP inhibitor that reached clinical stages.
This compound was originally developed as a DPPIV mhibitor and subsequently cvaluated as a
FAP inhibitor regardless of its lack of selectivity {Cunningham, C.C., Expert Opmn Tnvestig
Dirugs, 2007, 16(9): p. 1459-65). This agent was tested in Phase 1 in a variety of cancers in
combination with standard cvtotoxic chemotherapy, however endpoints for efficacy were not
met (Eager, RM., etal., BMC Cancer, 2009, 9: p. 263, Narra, K., et al., Cancer Biol Ther, 2007,
6{11): p. 1691-9; Hager, R M., et al., Clin Oncol R Coll Radiol, 2009, 21(6): p. 464-72). Two
Phase I trials were early terminated, apparently because of both safety and efficacy concerns
(Jansen, K., ¢t al., ¥ Med Chem, 2014, 37(7): p. 3053-74). Since Val-boroPro rapidly loses
protease mwhibitory activity due to cyclization upon standing in pH 7.8, effective concentrations
were difficult to achieve in patients given the clinteal toxicities seen with this agent at higher

doses (Narra, K, et al,, Cancer Biol Ther, 2007, 6(11): p. 1691-9}.

{8607} There 1s scope to improve FAP inhibitor sclectivity and the propertics of the mhibitors

to improve safety and efficacy in vivo.

BRIEF SUMMARY

{0008} Provided herein are compounds, salts thereof, pharmaceutical compositions of the
foregoing and methods of making and using the same. In one aspect, provided a compound of

formula (I):
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a phamaceutically acceptable salt, stercoisomer or tautomer thereof, wherein R, m, n, X, Y and

L are as detailed herein.

{6609} In one aspect, provided is a compound of formuda (I):

Q
YJX\L/J\N m F

ey

NC (I)

a pharmaceutically acceptable salt, stercoisomer or tautomer thereof, wherein:

R is hydrogen, Ci-Cs alkyl, Cs-Cs eycloalkyl, 3- to 12-membered heterocyclyl, 5-to
10-membered heteroaryl, or Co-Cua aryl, wherein the Ci-Co alkyl, C:-Cs evcloalkyl, 3-t0 12-
membered heterocyelvl, S-to 10-membered heteroaryl, and Ce-Cia aryl of R are independently

optionally substituted by RY;

m is0,1, 2.3, 0rd,
n i80,1,2,3, 0r4,
whereinm +nis i, 2, 3, or 4,
X is ~C(=0)-, -0-, -CH{(OH)-, -8-, -8(=0}-, or -8(=0)2-;
L is
Ra
N
N T N T2y~ ™ .
{a) {CRRT: (CRIR%G . wherein
* represents the point of attachment to the Y-X- moiety,
** represents the pont of attachment to the remaimnder of the molecule,
R?is hydrogen, C1-Cs alkyl, C5-Cs cyeloalkyl, 3- to 12-membered beterocyelyl, 5-1t0 10-
membered heteroarvi, or Ce-Cis aryl, wherein the C1-Cs alkyl, C5-Cs cycloalkyl, 3-10 12-
membered heterocyelvl, 5+ to 10-membered heteroaryl, and Ce-Cua aryl of R? are independently

optionally substituted by R®,
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R! and R?, independently of each other and independently at each occurrence, are
hydrogen, Ci-Ca alkyl, C3-Cs cycloalkyl, 3- to 12-membered heterocyelyl, 5- to 10-membered
heteroaryl, or Co-Cra arvl, wherein the C5-Cs cycloatkyl, 3~ to 12-membered heterocyelyl, 5- to
10-membered heteroaryl, and Ce-Ciq arvl of R and R? are independently optionally substituted

by R,

or R! and R? are taken together with the carbon atom or atoms to which they are attached

to form a 3- to 8-membered cycloalkylene optionally substituted by R,
gis i, 2, or3,

R? and RY, independently of each other and independently at each occurrence, are
hydrogen, Cs-Cs evcloalkyl, 3- to 12-membered heterocvclvl, 5- to 10-membered heteroaryl, or
Co-Cia aryl, wherein the Cs-Cs cycloalkyl, 3-to 12-membered heterocycelyl, 5-to 10-membered

heteroaryl, and Cs-Cia aryl of B3 and R* are independently optionally substituted by Re,
3 3 P 3

or B and R are taken together with the carbon atom to which they are attached to form a

3-to 8-membered cycloalkylenc optionally substituted by RS, and

pisO, 1, or2;

. /(CRSRG)F\I/;**
{b} RinRG, wherein

* represents the point of attachment to the Y-X- moiety,
** represents the point of attachment to the remainder of the molecule,

R® and R, independently of each other and independently at each occurrence, are H, C)-
Co alkyl, C5-Cs cycloalkyl, 3- to 12-membered heterocyclyl, 5- to 10-membered heteroaryl, or
Co-Cia aryl, wherein the Ci-Cs alkyl, C3~-Cs cycloalkyl, 3-to 12-membered heterocyclyl, 5-to
10-membered heteroaryl, and Co-Cra aryl of R® and R® are independently optionally substituted
by RY,

R® and RC are independently H, C1-Ce alkyl, C2-Co alkenyl, C2-Cs alkynyl, C5-Cs
cyveloatkyl, 3-to 12-membered heterocyclyl, 3- to 10-membered heteroarvl, Co-Crs arvl, or -
C(=0)YORY wherein the C1-Cs alkyi, C3-Cs cycloalkyl, 3- to 12-membered heterocyelyl, 5- to

10-membered heteroarvl, and Co-Cia aryl of R” and R are independently optionally substituted

by R, and
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ris |, 2, or3; 01

ke (CR7R3)H—N$—(CR9R1Q)V_
} i

(c) , wheremn

* represents the point of attachment to the Y-X- moiety,

** represents the pomnt of attachment to the remainder of the molecule,

R’ and R?, independently of each other and independently at each occurrence, are
hydrogen, Cs~Cs cycloalkyl, 3-to 12-membered heterocyelyl, 5~ to 10-membered heteroaryl, or
Co-Cra arvl, wherein the C3-Cs cycloalkyl, 3- {0 12-membered heterocyelyl, 5-to 10-membered
heteroaryl, and Cs-Crs aryl of R7 and R® are independently optionally substituted by BJ,

or R7 and R® are taken together with the carbon atom to which they are attached to form a
3-to 8-membered cycloalkylene optionally substituted by RY,

R? and R’?, independently of each other and independently at each cccurrence, are H, (1~
Co alkyl, C5-Cs cycloalkyl, 3- to 12-membered heterocycelyl, 5- to 10-membered heteroaryl, or
Co-Cia aryl, wherein the Ci-Cs atkyl, C3-Cs cycloalkyl, 3- to 12-membered heterocyclyl, 5- to
10~-membered heteroarvl, and Co-Cis aryl of R? and R'® arc independently optionally substituted
by R¥,

sis 1,2, 0r3,

tis 1,2, 0r3,

wherein s +1is 2, 3, or 4,

wisOor i, and

visQorl;

Y is Cs~Co aryl substituted by R, 6- to 10-membered heteroaryl substituted by R12,
or 3- 1o 12-membered heterocyclyl substituted by RY, wherein

each RM, R*?, and RV, are independently C1-Cs alkyl, C2-Cs alkenyl, Cr-Cs alkynyl, Cs-
Cs cycloalkyl, Cs-Ca cycloalkenyl, 3- to 12-membered heterocyclyl. 5-to 10-membered
heteroaryl, Ce-Cia aryl, -ORM, -NRPPRI® -SRY, -NOa, -C=NH(OR'Y), -C(OIRY, -OC(O)RY,
-C(OYORYM, -CAOINR PRI NRUC(ORY, -NRBUC(ORY, -NRUC(OINRPRY, -5(O)R,
-S(O)RY, -NRES(OIRE, -NRUS(O)HRY, -S(OINRIBRI, -S(O)NRIRIS, or -P(OYORINORIS),

W
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wherein the Ci-Cs alkyl, C2-Cs alkenyl, C2-Co alkynyl, C3-Cs cycloalkyl, Ca-Cs cycloalkenyl, 3~
to 12-membered heterocyelvl, 5-to 10-membered heteroaryl, and Co-Cre aryl of R R1?, and R

are substituted by RY;

R™ R¥?and R', independently of each other and independently at each occurrence, are
hydrogen, Ci-Csalkyl, Co-Co alkenyl, Co-Cs alkynyl, C5-Ca cyeloalkyl, Co-Crs aryl, 3-to 10-
membered heteroarvl, or 3- to 12-membered heterocyelyl, wherein the Ci1-Ce alkyl, C2-Co
afkenyl, C2-Ce alkynyl, C5-Cs cvcloalkvl, Co-Cia aryl, 5- to 10-membered heteroaryl, and 3-to
12-membered heterocyelyl of R, R and R'° are independently substituted by Ci-Cs
pethaloalkyl, Ci-Coalkoxy, Ci-Cs pethaloatkoxy, Co-Cus aryl or Ce-Crs aryloxy wherein the Co-
Cia aryl or Co-Cug arvioxy 1s further optionally substituted by halogen, -OH, cvano, C1-Ce alkyl,
(1-Ce perhaloalkyl, C1-Cs alkoxy, or C1-Ce perhaloatkoxy; and, wherein at least one of RM, RV

and R'°_ when present, is not hydrogen;

R is Ci-Coalkyl, C2-Cs alkenyl, C2-Cs alkynyl, Cs-Cg cycloalkyl, Ce-Cus aryl, 5~ to 10-
membered heteroaryl, or 3- to 12-membered heterocyclyl, wherein the C1-Cs alkyl, Co-Cs
alkenyl, C2-Ce alkynyl, C3-Cs cycloalkyl, Co-Cia aryl, 5- to 10-membered heteroaryl, or 3-to 12-
membered heterocyelyl of R is substituted by halogen, -OH, cyano, oxe, -NHz, -NH-(3- to 12-
membered heterocyelyl}, -0-(3- to 12-membered heterocyelyl), Ci-Coalkyl, C1-Cs perhaloalkyl,

Ci-Coalkoxy, C1-Us perhaloalkoxy or Ce-Ca aryl, wherein

the C1-Ce alkyl 1s further optionally substituted by 3- to 12-membered
heterocvelyl, wherein the 3- to 12-membered heteroeyclyl is farther optionally substituted by Ci-
Co alkyl,

the 3- 1o 12-membered heterocyelyl of the -NH-(3~ to [2-membered beterocyelyl)
and the -0-(3- to 12-membered heterocyclyl) 1s further optionally substituted by C1-Co alkyl, and

the Cs-Cia aryl is further optionally substituted by halogen, -OH, cvano, C1-Cs
atkyl, C1-Cs perhaloalkyl, €1-Ce alkoxy, or €1-Cs perhaloalkoxy; and
R4, Re R R2 RE RYRI and RY independently of cach other and independently at each
occurrence, are halogen, C1-Ce alkyl, C2-Cs alkenyl, C2-Co alkynyl, Cs-Cs cycloalkyl], Co-Cua
arvl, 5- to 10-membered heteroaryl, 3- to 12-membered heterocyclyl, -ORM -NRISRS, cvano, or

Bitro.

[#018]  In onc aspect, provided is a compound of formula (I):
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a phammaceutically acceptable salt, stereoisomer or tautomer thereof, wherein:

R 1s hydrogen, Ci1~Cs alkyl, Cs-Cs evcloalkyl, 3-to 12-membered heterocyelyl, 5-to 10-
membered heteroarvi, or Ce-Cis aryl, wherein the C1-Cs alkyl, C5-Cs eycloalkyl, 3-10 12-
membered heterocyelyl, 5-to 10-membered heteroaryl, and Co-Cua aryl of R are independently
optionally substituted by R

m is0, 1, 2.3, 0rd;

n 180,1,2,3, 0r4,

whereinm+nis 1,2, 3, or 4,

X s -C(=0)-, -0-~, -CH{OH)-, -S-, -S(=0)-, ot -8{=0)2~;

L is

Ra
N -
(a) TCRPRYT T (CRIRYY

* represents the point of attachment to the Y-X- moiety,

. wherein

** represents the pomnt of attachment to the remainder of the molecule,

R?1s hydrogen, C1-Cs alkyl, C5-Cs cyeloalkyl, 3~ to 12-membered heterocyclyl, 5- 1o 10-
membered heteroaryl, or Ce-Cis arvi, wherein the C1~Co alkyl, C5-Cs cycloalkyl, 3- to 12-
membered heterocyelyl, 5- to 10-membered heteroaryl, and Ce-Ciq ary] of R? are independently
optionally substituted by R®,

R! and R independently of each other and independently at each oecurrence, are
hydrogen, Ci-Ca alkyl, C3-Cs cycloalkyl, 3- to 12-membered heterocyelyl, 5-to 10-membered
hetercarvl, or Ce-Cra aryl, wherein the Cs5-Ce cycloalkyl, 3- to 12-membered heterocyclyl, 5- to
10-membered heteroarvl, and Cs-Cia arvl of R! and R? are independently optionally substituted
by R, or R! and R? are taken together with the carbon aton or atoms to which they are attached
to form a 3~ to §-membered cycloalkylene optionally substituted by R,

gis i, 2, 0or3,

R and R?, independently of each other and independently at each occurrence, are
bydrogen, Cs-Cs cycloalkyl, 3- to 12-membered heterocyelyl, 5-t0 10-membered heteroaryl. or

Co~Cra aryl, wherein the Cs-Cs cveloalkyl, 3- to 12-membered heterocyclyl, 5~ to 10-membered

7
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hetercaryl, and Cs-Ci14 aryl of R? and R* are independently optionally substituted by R or R?
and Rtare taken together with the carbon atom to which they are attached to form a 3- to 8-
membered cycloalkylene optionally substituted bv R2, and

pisO, L, or2;

*/(CRﬁRG\)rv,**

{b} NRYR® , wherein

* represents the point of attachment to the Y-X- moiety,

** ropresents the point of attachment to the remainder of the molecule,

R’ and R®, independently of cach other and independently at each occurrence, are H, C1-
Cs alkyl, C3-Cs cycloalkyl, 3-to 12-membered heterocyelyl, 5- to 10-membered heteroaryl, or
Ce-LCra aryl, wherein the C1-Cs alkyl, C3-Cs cyeloalkyl, 3-to 12-membered heterocyclyl, 5-to
10-membered heteroaryl, and Co-Ci4 arvl of R® and R® are independently optionally substituted
by RY,

R® and R® are independently H, Ci-Cs alkyl, C2-Cs alkenvl, C2-Cs alkvnyl, C3-Cs
cyeloatkyl, 3~ to 12-membered heterocyclyl, 3- to 10-membered heteroaryl, Co-Cis arvl, or -
C{=0)YORY, wherein the C1-Cs alkyl, C5-Ce cycloalkyl, 3- to 12-membered heterocyelyl, 5~ to
10-membered heteroaryl, and Cs-Ci4 aryl of R® and RC are independently optionally substituted
by RL and

risl, 2, or3;or

S
*— (CR?RS)J_NS;}_(CRQWG);‘
) o

{c) , wherein

* yepresents the point of attachment to the Y-X- maoiety,

** represents the pomt of attachment to the remander of the molecule,

R” and RS, independently of cach other and independently at each occurrence, are
hydrogen, C3-Cs cycloalkyl, 3-to 12-membered heterocvelvl, 5~ to 10-membered heteroaryl, or
Ce-Cia aryl, wheren the Cs3-Cs cycloalkyl, 3-to [2-membered heterocycelyl, 3-to 10-membered
heteroaryt, and Ce-Cls aryl of R7 and R® are independently optionally substituted by R, or R7
and R®are taken together with the carbon atom to which they are attached to form a 3- to 8-
membered cycloalkylene opticnally substituted by RJ,

R” and R!®, independently of cach other and independently at each occurrence, are H, Ci-

Cs alkyl, Ca-Cs cycloalkyl, 3-to 12-membered heterocyelyl, 5- to 10-membered heteroaryl, or

8
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Ce~Cra aryl, wherein the C1-Cs alkyl, C3-Ce cyeloalkyl, 3- to 12-membered heterocyclyl, 53- 1o
10-membered heteroarvl, and Cs-Cia arvl of R¥ and R are independently optionally substituted
by R,

sis i, 2, 0r3,

tis 1,2, 0r3,

wherein s +tis 2, 3, or 4,

uisQorl, and

visQor i

Y is Ce-Co aryl substituted by R, 6- to 10-membered heteroary! substituted by R,
or 3- to }2-membered heterocyclyl substituted by R, wherein

cach RM, R¥, and RY, are independently C1-Co alkyl, Co-Co alkenyl, C2-Cs alkynyl, Ca-

Cg cycloalkyl, Ca-Cs cycloalkenyl, 3- to 12-membered heterocyclyl, 5- to 10-membered
heteroaryl, Ce-Cig aryl, -ORM, -NRDPRI -SRY Ny, -C=NH(OR"), -C(O)RY™, -OCOIRY,

-C{OYORY, -C{OINRPR -NRUC(OR Y, -NREC(O)ORY, -NRMC(OINRPRE, -S(OR,
-S{ORRY, NRMSOIR, -NRUS(ORRY, -S(OINR PRI -§(0RNRPR®, or -PONORPNOR),
wherein the Ci-Cs alkyl, C2-Cs alkenyl, C2-Co alkynyl, C3-Cs cveloalkyl, Ci-Cs eycloalkenyl, 3-
to 12-membered heterocyelyl, 5- to 10-membered heteroaryl, and Co-Cia aryl of R R, and RY
are substituted by RY;

R R and R, independently of cach other and independently at each occurrence, are
hydrogen, Ci-Csalkyl, C2-Cs alkenyl, Co-Cs alkyvayl, C3-Ce cveloalkyl, Co-Crs aryl, 5- to 10-
membered heteroaryl, or 3- to 12-membered heterocyclyl, wheremn the C1-Ce atkyl, Ca-Co
alkenyl, C2-Co alkynyl, C3-Cs cycloalkyl, Co-Cia aryl, 5- to 10-membered heteroaryl, and 3- to
12-membered heterocyelyl of RM RY and R are independently substitated by C1-Cs
perhaloalkyl, Ci-Cealkoxy, Ci-Cs perhaloatkoxy, Ce-Cra aryl or Cs-Crsaryloxy wherein the Ce-
Cis aryl or Co-Caa arvioxy is further optionally substituted by halogen, ~-OH, cvano, C1-Ces alkyl,
(1-Cs pethaloalkyl, C1-Cs alkoxy, or C1-Cs pethaloatkoxy; and, wherein at least one of R’ RY
and R'®, when present, is not hydrogen;

Rbis Ci-Coalkyl, Ca-Cs alkenyt, C2-Co alkynyl, Ci-Cs cycloalkyl, Co-Cua aryl, 5-to 10-
membered heteroaryl, or 3- to 12-membered heterocycelyl,wherein the Ci-Co alkyl, C2-Ce
alkenyl, C2-Ce alkynyl, C3-Cs cycloalkyl, Co-Cia arvl, 5-to 10-membered hetercaryl, or 3« to 12-
membered heteroeyvelyl of RY is substituted by halogen, -OH, cvano, Ci-Us atkyl, C1-Cs

pethaloalkyl, Ci-Coalkoxy, Ci-Ce pethaloatkoxy or Co~Cha arvl, wherein the Ce-Cis arvl is
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further optionally substituted by halogen, -OH, cvano, C1-Cs alkvl, Ci-Cs perhaloalkyl, Ci-Co
atkoxy, or C1-Cs perhaloalkoxy; and
R¢ Re, RE R2 RE RI Ri and R independently of each other and independently at each
occurrence, are halogen, C1-Ce alkyl, C2-Cs alkenyl, Co-Co alkynyl, Cs-Cs cveloalkyl, Co-Cua
arvl, 5-to 10-membered heteroaryl, 3- to 12-membered heterocyclyl, -ORM -NRIR® ¢yano, or
1tro.
[B811]  In one aspect, provided is a compound of formula (I} or a pharmaceutically acceptable
salt thereof, wherein the compound has any one or more of the following features:
(i} X 15 -C(=0)-, -0- or -CH{OH)~,
(i) L is
{(a) -NH-CR'R?-, such as -NH-CHz- or -NH-CH{CHz)- or wherein R} and R are taken
together with the carbon atom to which they are attached to form a 3- to 8-membered
cycloalkylene such as a cyclopropylene;
(b} -CRRO-CH(NR R}~ | including but not limited to, when R®, R®, and R® are each H,
and R® is H or C1-Cs alkyl; or

e {CR7R8 ¢WN<>—/CR9R’:OI R . . . o
{c} ) )8 ¢ \‘ , wherein * represents the point of attachment to

the Y-X~ moiety, ** represents the point of attachment to the remainder of the molecule, such as
v
(i) Y is:
(a) Co-Co arvl substituted by RYL, such as 2,3~dihydro-1H-inden-2-v1, phenyl and
naphthyl, which are substituted by at least one R'Y;

(b} 6-to 10-membered heteroary] substituted by R'?, such as a pyndinyl, pyrimidinyl,

pyridin-2{1H)-onyl, and quinolin-6-vi, which are substituted by at least onec R'%; or

{c) 3~ to 12-membered heterocyelyl substituted by R13, such as 2H-pyran-2-only,

isoindolinyl, piperidin-2-only and piperidinyl, which are substituted by at least one R,

{8612} In another aspect is provided a compound of formula (I}, a pharmaceutically acceptable

salt, stereoisomer or tautomer thereof, wherein the -X-L- moiety is selected from the group

10
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consisting of O , CHa O . O . O NH
CHs CHs H
* i Fk g P P EX *x *\ s e *\[(N
o \ﬂ/\T/ W o T/ i t&\
OH NH, NH; O NH, OH NH, NH, - * ond
H
*Y N NP
O . wherein * represents the point of attachment to the Y moiety, and **

represents the point of attachment to the remainder of the molecule.

{6613} Also provided is a pharmaceutical composition comprising a compound of any formula
herein, ncluding formula (1), or a pharmaceutically aceeptable salt thercof, and a

pharmaceutically acceptable carrier.

{8014} Also provided is a method of treating a disease or disorder mediated by fibroblast
activation protein (FAP) in an individual in need thereof comprising administering to the
mdividual a therapeutically effective amount of a compound as detailed herein, including but not
hinuted to a compound of formula (), or a pharmaceutically acceptable salt thereof, ora
pharmaceutical composition comprising such compound or salt. Such disease or disorder in one
aspect is characterized by proliferation, tissue remodeling, chronie nflamumation, obesity,
glucose intolerance, or insulin insensitivity. In one aspect, the disease or disorder is breast
cancer, colorectal cancer, ovarian cancer, prostate cancer, pancreatic cancer, kidney cancer, hung
cancer, melanoma, fibrosarcoma, bone sarcoma, connective tissue sarcoma, renal cell
carcinoma, giant cell carcinoma, squamous cell carcinoma, leukemia, skin cancer, soft tissue
cancer, liver cancer, gastrointestinal carcinoma, or adenocarcinoma. In a particular aspect, the
disease or disorder is metastatic kidney cancer, chronic lvmphocytary leukemia, pancreatic
adenocarcinoma, or non-small cell fung cancer. In a further aspect, the discase or disorder is a
fibrotic disease, wound healing, keloid formation, osteoarthritis, rheumatoid arthritis and related
disorders mvolving cartiage degradation, atherosclerotic disease, Crohn’s disease, or Type l
diabetes. In another particular aspect is provided a method of reducing tumor growth, tumor
proliferation, or tumorigenicity in an individual in need thereof, comprising administering to the
individual a compound as detailed herein, such as a compound of formula (I}, ora

pharmaceutically acceptable salt thereof, or a pharmaceustical composition of the foregoing.

i1
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BRIEF DESCRIPTION OF THE DRAWINGS
[8015] FIG. 1A shows PRXS-AMC degradation over time by thFAP. FIG. 1B shows Z-Gly-
Pro-AMC degradation over tiume by thFAP.
[o0is]  FIG. 2A shows PRXS-AMC degradation over time by thPREP. FIG. 2B shows Z£-Gly-
Pro-AMC degradation over time by thPREP.
{8017] FIG. 3A shows PRXS-AMC degradation over time by thDPPIV. FIG. 3B shows
PRXS-AMC degradation over time by thDPPO.

DETAILED DESCRIPTION

[6618] Described herein are compounds according to formula (I):

O
Y e X -~ L/LL\ N m F
F
R
NC (1)
and pharmaceutically acceptable salts, stereoisomers or tautomers thereof. The compounds can
be uscful for inhibiting fibroblast activation protein {FAPa}. In certain embodiments, the
compound is used to treat a disease or a disorder mediated by FAPo in an individual. Such
diseases or disorders can include or be characterized by proliferation, tissue remodeling, chronic
inflanunation, obesity, glucose intolerance, and/or insulin insensitivity. Tn some embodiments,
the compound is used to treat cancer.
Definitions
{80619} For use herein, unless clearly indicated otherwise, use of the terms “a”, “an” and the
like refers to one or more.
{8028} Reference to “about” a value or parameter herein includes {(and describes)
embodiments that are directed to that value or parameter per se. For example, description

referring to “about X7 includes description of “X”
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8021} “Alkyl” as used herein refers to and includes, unless otherwise stated, a saturated hinear
(i.e., unbranched} or branched univalent hvdrocarbon chain or combination thereof, having the
number of carbon atoms designated (7.e., C1-Cio means one to ten carbon atoms). Particular alkyl
groups are those having 1 to 20 carbon atoms {a “Ci1-Cao alkyl™), having 1 to 10 carbon atoms (a
“Ci-Cie alkyl™), having 6 to 10 carbon atoms (a “Ce-Cio alkyl™), having 1 to 6 carbon atoms (a
“Ci~LCs alkyl™}, baving 2 to 6 carbon atoms (a “Co-Ce alkyl™), or having | to 4 carbon atoms {(a
“Ci~Cy alky!”). Examples of alkyl groups mchude, but are not limited to, groups such as methyl,
ethyl, n-propyl, 1sopropyl, n-butvl, t-butvl, isobutyl, sec-butyl, n-pentvl, n-hexyl, n-heptyl, n-

cetyl, n-nonyl, n-decyi, and the tike.

{8622} “Alkylene” as used herein refers to the same residues as alkyl, but having bivalency.
Particular alkylene groups are those having 1 to 20 carbon atoms (a “C1-Cao alkylene™), having 1
to 10 carbon atoms {a “Ci-Cie alkylene™), having 6 to 10 carbon atoms (3 “Ce-C10 alkylene™),
having 1 to 6 carbon ators {a “C1~Ce alkylene™), 1 to 5 carbon atoms (a “C1-Cs alkylene™), 1 to
4 carbon atoms (a “C1-Cs alkvlene”) or 1 to 3 carbon atoms {a “C1-Cs alkylene™). Examples of
alkylene include, but are not hmited to, groups such as methylene (-CHo-), ethvlene (-CHaCHz-),
propylene (-CH:CHaCH:-), sopropylene (-CHCH(CHs)-), butylene (~CH{CH2)CH2-),
isobutylene (-CH2CH{CH:)YCH:z-), pentylene (-CHo{CH2):CH2-), hexylene (~CHo(CH2)4CHz-),
heptylene (-CH{CH2)sCHz-), octyvlene (~CHo(CHz)eCHn-), and the hike.

{0023} “Alkenvl” as used herein refers to and includes, unless otherwise stated, an unsaturated
linear {(i.e., unbranched) or branched univalent hydrocarbon chain or combination thereof,
having at least one site of olefinic unsaturation {(7.e., having at least one moiety of the fornuda
C=C) and having the number of carbon atoms designated (i.e., C2-Cio means two to ten carbon
atoms). An alkenyl group may have “cis” or “trans” configurations, or altcraatively have “E” or
“Z7 configurations. Particular alkenyl groups are those having 2 to 20 carbon atoms (a “Co-Cao
atkenyl™), having 6 to 10 carbon atoms (2 “Ce-Cio alkenyl”), having 2 to 8 carbon atoms (a “Ca-
Cy alkenyl”), having 2 to 6 carbon atoms (a “C2-Cs alkenyl”), or having 2 to 4 carbon atoms {a
“C2-Cy alkenyl”). Examples of alkeny! group include, but are not limited to, groups such as
etheny! {or vinyly, prop-I-enyl, prop-2Z-enyl (or allyl}, 2-methylprop-1-enyl, but-1-envl, but-2-
enyl, but-3-enyi, buta-1,3-dienyl, 2-methylbuta-1,3-dienyl, pent-1-enyl, pent-2-envl, hex-1-enyl,

hex-2-enyl, hex-3-enyl, and the like.

[
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[0024]  “Alkvny!l” as used herein refers to and mcludes, unless otherwise stated, an unsaturated
linear (i.e., unbranched) or branched univalent hydrocarbon chain or combination thereof,
having at least one stte of acetylenic unsaturation {(7.¢., having at least one moiety of the formula
C=C) and having the number of carbon atoms designated (7.e., C2-Cio means two to ten carbon
atoms). Particufar alkynyl groups are those having 2 to 20 carbon atoms {a “C2-Cao alkynyi™),
having 6 to 10 carbon atoms (a2 “Ce-Cro alkynyl™), having 2 to 8 carbon atoms (a “Ca-Cs
alkyvoyl™), having 2 1o 6 carbon atoms (a “C2-Ce alkynvl™), or having 2 to 4 carbon atoms {a “Cs-
Ca alkynvl”). Examples of alkynyl group include, but are not imited to, groups such as ethynyl
{or acetylenyl), prop-1-ynyl, prop-2-yayl {or propargyvl), but-1-ynyl, but-2-ynvl, but-3-ynyl, and
the like.

{0025] “Alkoxy" refers to the group R-0O-, where R 1s alkyl: and mchudes, by way of example,
methoxy, ethoxy, n-propoxy, iso-propoxy, n-butoxy, tert-butoxy, sec-butoxy, n-perdoxy, n-
hexyloxy, 1,2-dimethylbutoxy, and the like. Similardy, “cycloalkoxy” refers to the group
“cycloalkyl-0-" and “arvioxy” refers to the group “aryl-0-7. “Substituted alkoxy” refers to the
group “substituted alkyl-0-". “Substituted cycloalkoxy™ refers to the group “substituted

cycloalkyl-0-". “Substitated aryioxy™ refers to the group “substituted arvl-0-"

[8826] “Arvl” or “Ar” as used herein refers to an unsaturated aromatic carbocychc group
having a single ring {(e.g., phenyl) or multiple condensed rings {(e.g., naphthyl or anthryl) which
condensed rings ray or may not be aromatic. Particular arvl groups arc those having from 6 to
14 annular carbon atoms (a “Ce-Cus aryl”}. An aryl group having more than one ring where at
feast one ring is non-aromatic may be connected to the parent structure at either an aromatic ring
position or af a non-aromatic ring position. In one variation, an aryl group having more than one
ring where at least one ring is non-aromatic is connested to the parent structure at an aromatic
ring position.

{8627} “Arvlene” as used herein refers to the same residues as aryl, but having bivalency.
Particular arylene groups are those having from 6 to 14 annular carbon atoms {a “Ce-Cra

arylene™).

[0028] “Cycloalkyl” as used herein refers to and mcludes, unless otherwise stated, saturated
cychic univalent hydrocarbon structures, having the number of carbon atoms designated (i.e., Cs-
o means three to ten carbon atoms}. Cycloalkyl can consist of one ring, such as cyclohexyl, or

multiple rings, such as adamantyl. A cycloalkyl comprising more than one ring may be fused,
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spiro or bridged, or combinations thereof. Particular cycloalkyl groups are those having from 3
to 12 annular carbon atoms. A preferred cycloalkyl is a cyclic hydrocarbon having from 3 o 8
annular carbon atoms {a "Cs-Cz cycloalkyl"), baving 3 to 6 carbon atoms {a “Cs~-Cs cycloalkyl™),
or having from 3 to 4 annular carbon atoms (a "C3-Cs cycloalkyl"). Examples of cycloalkyl
mchude, but are not limited to, cvclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,

norbornyl, and the like.

[8029]  “Cycloalkvlene” as used herein refers to the same residues as cyveloalkyl, but having
bivalency. Cyeloalkylene can consist of one ning or multiple rings which may be fused, spiro or
bridged, or combinations thercof. Particular cycloalkylene groups are those baving from 3 to 12
annular carbon atoms. A preferred cveloalkylene is a cyclic hvdrocarbon having from 3t0 8
annular carbon atoms {a “C3-Cs cycloalkyvlene™), having 3 to 6 carbon atoms (3 “Ca-Cs
cyvcloalkvlene™), or having from 3 to 4 annular carbon atoms (a “Cs-Cs cyeloalkviene™).
Examples of cycloalkviene include, but are not limited 1o, cyclopropylene, cvclobutylene,
cyclopentylene, cyvelohexylene, cvcloheptyiene, norbomvlene, and the like. A cycloalkyiene
may attach to the remamning structures via the same ring carbon atom or different ring carbon
atoms. When a cycloalkvlene attaches to the remaining structures via two different ring carbon
atoms, the connecting bonds mav be cis- or trans- to cach other. For example, cvclopropylene
may include 1,1-cyclopropviene and 1,2-cyclopropylene {(e.g., cis-1,2-cvclopropylene or trans-

1,2-cyclopropylene), or a mixture thereof.

{60838} “Cycloalkenvl” refers to and includes, unless otherwise stated, an unsaturated cychic
non-aromatic univalent hydrocarbon structure, having at least one site of olefinic unsaturation
{i.e., having at least one moiety of the formula C=C}) and having the number of carbon atoms
designated (i.e., C3-Cio means three to ton carbon atoms). Cycloalkenyl can consist of one ring,
such as cyclohexenyl, or multiple rings, such as norbornenyl. A preferred cycloalkenyl is an
pnsaturated cyelic hydrocarbon having from 3 to 8 annular carbon atoms {a “C3-Ce
cvcloalkenyl™). Examples of cycloalkenyl groups mclude, but are not imited to, cyclopropenyl,
cyclobutenyl, cyclopentenyl, cyclohexenyl, norbornenyl, and the like.

{0031} “Cycloalkenylene™ as used herein refers to the same residues as cyeloalkenyl, but
having bivalency.

{8632} ‘“Heteroaryl” as used herein refers to an unsaturated aromatic cyclic group having from

1 to 14 annular carbon atoms and at least one annular heteroatom, including but not limited to

[
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hetercatoms such as nitrogen, oxygen and sulfur. A heteroaryl group may have a single ring
{e.g.. pvridyl, furyl) or multiple condensed rings {e.g., indolizinyl, benzothienyl) which
condensed rings may or may not be aromatic. Particular heteroaryl groups are 5 to 14-membered
rings having | to 12 annular carbon atoms and 1 to 6 annular heteroatoms independently selected
from nitrogen, oxvgen and sulfar, 5 to 10-membered rings having 1 to 8 annular carbon atoms
and 1 1o 4 annular heteroatoms independently selected from nitrogen, oxygen and sulfur, or 5, 6
or 7-membered rings having | to 5 annular carbon atoms and 1 to 4 annular heteroatoms
mdependently selected from nitrogen, oxygen and sulfur. In one varation, particular heteroaryl
groups arc monocyelic aromatic 5+, 6- or 7-membered rings having from | to 6 annular carbon
ators and 1 to 4 annular heteroatoms independently selected from nitrogen, oxygen and sulfur.
In another variation, particular heteroarvl groups are polycvelic aromatic rings having from 1 to
2 annudar carbon atoms and 1 fo 6 annular heteroatoms independently selected from nitrogen,
oxygen and sulfur. A heteroarvl group having more than one ring where at least one ring is non-
aromatic may be connected to the parent structure at cither an aromatic ring position or at a non-
aromatic ring position. In one vanation, a heteroary! group having more than one ring where at
least one ring is non-aromatic 18 connected to the parent structure at an aromatic ring position. A
heteroaryl group may be connected to the parent structure at a ring carbon atom or a ring

heteroatom.

{6633} Where applicable. a heteroaryl group may be depicied in a tautomeric form. Such

compounds would be considered to be heteroaryl even if certaim tautomeric forms are, for

example, heterocvelyl. For example, the heteroaryl group  OH may be depicted in the

heterocyclic tavtomeric form O . Regardiess of which tautomer is shown, the group is

considered to be heteroaryl.

{8034] “Heterocycle”, “heterocyelic”, or “heterocyelyl™ as used herein refers to a saturated or
an unsaturated non-aromatic cvclic group having a single ring or multiple condensed rings, and
having from 1 to 14 annular carbon atoms and from | to 6 annular heteroatoms, such as nitrogen,

sutfur or oxygen, and the like. A heterocycele comprising more than one ring may be fused,
16
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bridged or spiro, or any combination thereof, but excludes heteroaryl groups. Thus, itisto be
understood that, in fused-ring “heterocycles”, one or more of the fused rings may be cycloalkyi,
cycloalkenyl, or aryl, but not heteroaryl. The heterocyelyl group may be optionally substituted
mdependently with one or more substituents described herein. Particular heterocyclyl groups are
3 to 14-memberad rings having 1 to 13 annular carbon atoms and 1 to 6 anmudar heteroatoms
mdependently selected from nitrogen, oxygen and sulfur, 3 to 12-membered rings having 1 to 11
annular carbon atoms and 1 to 6 annular heteroatoms independently selected from nitrogen,
oxyvgen and subfur, 3 to 10-membered rings having 1 to 9 annular carbon atoms and 1 1o 4
annular hetercatoms independently selected from mitrogen, oxygen and sulfur, 3 to 8-membered
rings having 1 to 7 annular carbon atoms and 1 to 4 annular heteroatoms independently selected
from nitrogen, oxygen and sulfur, or 3 to 6-membered rings having 1 to 5 annular carbon atoms
and 1 to 4 annular heteroatoms independently selected from nitrogen, oxygen and sulfur. In one
variation, heterooyclyl includes monooyclic 3-, 4-, 5+ 6- or 7-membered rings having from 1 to
2103, 14, 1105, or 1 to 6 annular carbon atoms and 1 t0 2, 1 t0 3, or 1 1o 4 annular
hetercatoms independently selected from nitrogen, oxygen and sulfur. In another variation,
heterocyelyl inchudes polyeyelic non-aromatic rings having from 1 to 12 anmular carbon atoms

and 1 to 6 annular heteroatoms independently selected from nitrogen, oxygen and sulfur.

[8635] “Halo” or “halogen” refers to elements of the Group 17 series having atomic number 9
to 85, Preferred halo groups include the radicals of fluorine, chlorine, bromine and iodine.
Where a residue is substituted with more than one halogen, it may be referred to by using a
prefix corresponding to the number of halogen moieties attached, e.g., dihaloaryl, dihaloalkyl,
trihaloaryl ete. refer to aryl and atkyl substituted with two (“di”™}) or three (“tr1”) halo groups,
which may be but are not necessarily the same halogen; thus 4-chloro-3-flusrophenyl is within
the scope of dibaloaryl. An alkyl group in which cach hydrogen is replaced with a halo group is
referred to as a “perhaloalkyl.” A preferred perhaloalkyl group s trifluoromethyl (-CFs).
Similarly, “perhaloalkoxy™ refers to an alkoxy group in which a halogen takes the place of each
H in the hydrocarbon making up the alkyl moiety of the alkoxy group. An example of a

perhaloalkoxy group 1s trifluoromethoxy (-OCEs).
{0036]  “Carbony!” refers to the group C=0.

10637}  “Oxo” refers to the moiety =0,
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[60838] “Optionally substituted” unless otherwise specified means that a group may be
unsubstituted or substituted by one or more {e.g., 1, 2, 3, 4 or 5) of the substituents listed for that
group in which the substituents may be the same of different. In one embodiment, an optionally
substituted group has one substituent. In another embodiment, an optionally substituted group
has two substitaents. In another embodiment, an optionally substituted group has three
substituents. In another embodiment, an optionally substituted group has four substituents. In
some embodiments, an optionally substituted group has 102, 1103, 1104, 1105,2103, 210

4, or 2 to 5 substituents. In one embodiment, an optionally substituted group is unsubstituted.

{0603%9]  Unless clearly mdicated otherwise, “an individual™ as used herein intends a mammal,
including but not imited to a primate, human, bovine, horse, feline, canine, or rodent. In one

variation, the mndividual is a human.

[0048]  As used berem, “treatment” or “treating” is an approach for obtaining beneficial or
desired results including clinical results. Beneficial or desired results include, but are not limited
to, one or more of the following: decreasing one more symptoms resulting from the disease,
diminishing the extent of the disease, stabilizing the disease (e.g., preventing or delaying the
worsening of the disease), preventing or delaying the spread of the disease, delaving the
occurrence or recurrence of the disease, delay or sfowing the progression of the disease,
ameliorating the disease state, providing a remission (whether partial or total) of the disease,
decreasing the dose of one or more other medications required to treat the disease, enhancing
effect of another medication, delaying the progression of the disease, increasing the gquality of
fife, and/or prolonging survival. The methods described herein contemplate any one or more of

these aspects of treatment.

{6041} As used herein, the term “effective amount” ntends such amount of a compound of the
invention which should be effective in a given therapeutic form. As is understood in the art, an
effective amount may be in one or more doses, 7.¢., a single dose or multiple doses may be
required to achieve the desired treatment. An effective amount may be considered in the context
of admunistering one or more therapeuiic agents, and a single agent may be considered to be
given in an effective amount if, in conjunction with one or more other agents, a desirable or
beneficial result may be or is achieved. Suitable doses of any of the co-adnunistered compounds
may optionally be lowered due to the combined action {e.g., additive or synergistic effects) of

the compounds.
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[6042] A “therapeutically effective amount” refers to an amount of a compound or salt thereof

sufficient to produce a desired therapeutic outcome.

{8043} As used herein, “umt dosage form” refers to phyvsically diserete units, suitable as unit
dosages, cach umt containing a predetermined quantity of active ingredient calculated to produce
the desired therapeutic effect in association with the required pharmaceutical carrier. Unit

dosage forms may contain a single or a combination therapy.

{80644} As used herein, by “phammaceutically acceptable” or “pharmacologically acceptable” is
meant a material that is not biologically or otherwise undesirable, e. g, the material may be
imcorporated into a pharmaceutical composition administered to a patient without cansing any
sigmficant undesirable biclogical effects or interacting in a deleterious manner with any of the
other components of the composition in which it is contained. Pharmaceutically acceptable
carricrs or excipients have preferably met the required standards of toxicological and
manufacturing testing and/or are included on the Inactive Ingredient Guide prepared by the US,

Food and Drug administration.

{0043} “Pharmaceutically acceptable salts™ are those salts which retain at least some of the
biological activity of the free {(non-salt) compound and which can be admiustered as drugs or
pharmaceuticals to an individual. Such salts, for example, include: (1) acid addition salts, formed
with inorganic acids such as hydrochioric acid, bydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid, and the hike; or formed with organic acids such as acetic acid, oxalic acid,
propionic acid, succinic acid, maleic acid, tartaric acid and the like; (2} salts formed when an
acidic proton present in the parent compound either is replaced by a metal ion, e. g, an alkali
metal ion, an alkaline carth 1on, or an aluminum ion; or coordinates with an organic base.
Acceptable organic bases include ethanolamine, dicthanolamine, tricthanolamine and the like.
Acceptable inorganic bases inchude aluminam hydroxide, calcium hydroxide, potassium
hydroxide, sodum carbonate, sodium hvdroxide, and the like. Pharmaceutically acceptable salts
can be prepared iz sifu in the manufacturing process, or by separately reacting a purified
compound of the invention in its free acid or base form with a suitable organic or inorganic base

or acid, respectively, and isolating the salt thus formed dunng subsequent purification.

[8046] The term “exciptent” as used herein means an inert or imactive substance that may be
psed in the production of a drug or pharmaceutical, such as a tablet containing a compound of

the invention as an active ingredient. Various substances may be embraced by the torm
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excipient, including without imitation any substance used as a binder, disintegrant, coating,
compression/encapsulation aid, cream or lotion, lubricant, solutions for parenteral
adnunistration, materials for chewable tablets, sweetener or flavoring, suspending/gelling agent,
or wet granulation agent. Binders include, e.g., carbomers, povidone, xanthan gum, etc.; coatings
imchude, e.g., cellolose acetate phthalate, ethylcellulose, gellan gum, maltodextrin, enteric
coatings, eic.; compression/encapsulation aids mclude, e.g., calcium carbonate, dextrose,
fractose de {dc = “directly compressible™), honey de, lactose (anhydrate or monohydrate;
optionally in combination with aspartame, cellulose, or microcrystalline cellulose}, starch de,
sucrose, etc.; disintegrants include, e.g., croscarmellose sodium, gellan gum, sodium starch
glyeolate, etc.; creams or lotions include, e.g., maltodextrin, carrageenans, etc.; lubricants
include, e. g, magnesium stearate, stearnic acid, sodium stearyl fumarate, etc.; materials for
chewable tablets include, e.g., dextrose, fructose de, lactose (monohydrate, optionally in
combination with aspartame or cellufose), etc.; suspending/gelling agents include, e.g.,
carrageenan, sodium starch glvcolate, xanthan gum, ete.; sweeteners mclude, e.g., aspartane,
dextrose, fructose de, sorbitol, sucrose de, ete.; and wet granulation agents include, e.g., calcium
carbonate, maltodextrin, microcrvstalline cellulose, ete.

{6647} Tt 1s understood that aspects and embodiments described herein as “comprising”

melude “consisting of” and “consisting essentially of” embodiments.

{0048] When a composition is described as “consisting essentially of” the listed components,
the composition contains the components expressly listed, and mayv contain other components
which do not substantially affect the disease or condition being treated such as trace

impurities. However, the composition cither does not contain any other components which do
substantially affect the disease or condition being treated other than those components exprossly
listed; or, if the composition does contain extra components other than those listed which
substantially affect the discase or condition being treated, the composition does not contain a
sufficient concentration or amount of those extra components to substantially affect the disease
or condition being treated. When a method is descenibed as “consisting essentially of” the histed
steps, the method contains the steps listed, and may contain other steps that do not substantially
affect the discase or condition being treated, but the method does not contain any other steps
which substantially affect the disease or condition being treated other than those steps expressly

fisted.
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[6049] When a moiety 1s indicated as substituted by “at Ieast one” substituent, this also

encompasses the disclosure of exactly one substituent.

Compounds

[B0650]  In some embodiments, provided iz a compound of formula (I):

O

XL
& F
NC ¥ O

a pharmaceutically acceptable salt, sterecisomer or tautomer thereof, wherein:

R is hydrogen, C1-Ce alkyl, C5-Cs cycloalkyl, 3-to 12-membered heterocyelyl, 5-to 10-
membered hetercaryl, or Cs-Cha arvl, wherein the C1-Ce alkyl, Cs-Cs cycloalkyl, 3- to 12-
membered heterocyclyl, 3- to 10-membered heteroarvl, and {s-Cia aryl of R are independently

optionally substituted by RY,
m 50, 1,2, 3, or4;
n is0,1,2,3, 0r4,
whereinm +nis 1, 2,3 ord;
X 1s ~-C(=0}-, -0-, -CH(OH)-, -5-, -5(=0}-, or -S(=0)-;
L is

RS
{

*. N e
™~ Imdy N A T2y
(a) {CR"R o {CR'R )q

. wherein
* represents the point of attachment to the Y-X- moiety,

** represents the point of attachment to the remainder of the molecule,

R¥1s hydrogen, Ci-Ce alkyl, C5-Cs cycloalkyl, 3- to 12-membered heterocyelyl, 5-to 10-

membered heteroaryl, or Cs-Cis aryvl, wherein the C1-Ce alkyl, C3-Cs cycloalkyl, 3-to 12~
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membered heterocyclyl, 3- to 10-membered hetercaryl, and Cs-Cia aryl of R? are independently

optionally substituted by R®,

R} and R?, independently of cach other and independently at each occurrence, are hydrogen, Ci-
Ca alkyl, C3-Cs cycloalkyl, 3-to 12-membered heterocyclyl, 53- to 10-membered hetercaryl, or
Co-Cra aryl, wherein the Cs-Cs cycloalkyl, 3-to 12-membered heterocycelyl, 5-to 10-membered

heteroaryl, and Cs-C1s aryl of R! and R? are independently optionally substituted by RY,

or R! and R? are taken together with the carbon atom or atoms to which they are attached

to form a 3- to 8-membered cycloalkylene optionally substituted by R,

R and R*, independently of each other and independently at cach occurrence, are hydrogen, Ca-
Ca cycloatkyl, 3- to 12-membered heterocyclyl, 5- to 10-membered hetercaryl, or Ce-Cua aryi,
wherein the C3-Cs cyeloalkyl, 3- to 12-membered heterocyelyl, 5- to 16-membered heteroaryl,

and Cs-C14 aryl of B® and R* are independently optionally substituted by R,

or R and R* are taken together with the carbon atom to which they are attached to form a

3-to 8-membered cycloalkylenc optionally substituted by RS, and

pis 0, 1,0t 2,

X /(CRBRﬁ}rY

by NRPR® , wherein

*%

* represents the point of attachment to the Y-X- moiety,
** represents the pomt of attachment to the remainder of the molecule,

R% and R®, independently of cach other and independently at each occurrence, are H, C1-Cs

alkyvl, Cs-Cs cycloalkyl, 3- to 12-membered heterocyelyl, 5- to [0~mmembered bheteroaryl, or Ce-
Cra aryl, wherein the Ci-Ce alkyl, Cs-Cs cycloalkyl, 3-to 12-membered heterocyelyl, 3- 1o 10-
membered heteroaryl, and Cs-Cra aryl of R” and R® are independenily optionally substituted by

RE
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R" and R are independently H, Ci-Cs alkyl, C2-Cs alkenyl, C2-Cs alkynyl, C3-Cs cycloalkyl, 3-

to 12-membered heterocyelyl, 5-to 10-membered heteroaryl, Ce-Cia arvl, or ~C(=0)0RY,

wherein the C1~Ce alkyl, Cs5-Cs eycloalkvl, 3- to 12-membered heterocyelyl, 5~ to 10~membered

heteroaryl, and Ce-Cla aryl of R and R° are independently optionally substituted by R}, and

ris 1,2, 0r3;0r

S
. (GR7R8)U_-_N:§>—(CR9R1O}V_ s
t

&
®

, wheremn

(¢}
represents the point of attachment to the Y-X- moicty,
** represents the pomnt of attachment to the remainder of the molecule,

R7 and RS, independently of each other and independently at cach occurrence, are hydrogen, Cs-
Cs cycloalkyl, 3- to 12-membered heterocycelyl, 5- to 10-membered heteroaryl, or Ce-Cig arvl,
wherein the Cs-Cs cycloalkyl, 3-to 12-membered heterocyelyl, 5- to 10-membered heteroaryl,

and Ce-Crs aryl of R7 and R are independently optionally substituted by RY,

or R7 and R®are taken together with the carbon atom to which they are attached to form a

3-to 8-membered cycloalkylene optionally substituted by RY,

RY and R'?, independently of each other and independently at each occurrence, are H, Ci-Cs
alkyl, $5-Ca cycloalkyl, 3- to 12-membered heterocyclyl, 3- to 10-membered hetercaryl, or Co-
Cis arvl, wherein the Ci-Co alkyl, Cs-Cs cycloalkyl, 3-to 12-membered heterocyelyl, 5- to 10~
membered heteroary!, and Ce-Cis aryl of R%and R are independently optionally substituted by

RkD
sis 1, 2, 0r3,
tigl, 2,013,
whereins +tis 2, 3, or 4,

uis Qor i, and

visQorl;

S}
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Y is Ce-Co aryl substituted by R, 6- to 10-membered heteroary! substituted by R*?, or 3-to

12-membered heterocyelyl substituted by R, wherein

cach RY, R and R, are independently C1-Cs alkyl, Co-Cs alkenyl, C2-Cs alkynyl, Ca-
Ca cycloatkyl, Cs-Cs cycloalkenyl, 3~ to 12-membered heterocyclyl, 5- to 10-membered
beternaryl, Ce-Cra aryl, -ORM, -NRPRI® -GRM NQ,, -C=NH(OR', -C(OR, -OCOIRY,
COORY -CONRPRY WNRBC(IORY, NRUC(OORY, -NRMC(OINRPRIS -S(O)RY,
-S(O)RH, -NRMS(OIR3, -NRUS(O)RS, -S(OINRIRIS, -§(0):NRIRS, or -P(ONORPHOR),
wherein the C1~-Ce alkyl, C2-Ce alkenvl, C2-Co alkyuyl, C5-Cs cycloalkyl, Ca-Cs cycloatkenyl, 3-
to 12-membered heterocycelyl, 5- to 10-membered heteroaryl, and Co-Cra aryl of R R, and R

are substituted by RY;

R R¥ and R'¢, independently of each other and independently at each occurrence, are
hydrogen, C1-Cealkyl, Co-Cs alkenyl, C2-Ce alkynyl, C3-Cs cycloalkyl, Cs-Cis aryl, 5- 1o 10~
membered heteroaryl, or 3- to 12-membered heterocyclyl, wherein the C1-Ces alkyl, Co-Ce
alkenyl, C2-Co alkynyl, C3-Cs cvcloalkyl, Co-Cis aryl, 5-to 10~-membered heteroaryl, and 3~ to
12-membered heterceyelyl of R, R¥ and R' are independently substituted by C1-Cs
perhaloalkyl, Ci-Csalkoxy, C1-Ce perhaloalkoxy, Ce-Cia arvl or Ce-Cra aryloxy wherein the Ce-
Cis arvl or Ce-Craaryloxy 1s further optionally substituted by halogen, -OH, cyano, C1-Ce alkyl,
C1-Cs perhaloalkyl, C1-Cs alkoxy, or Ci1-Cs perbaloalkoxy: and, wherein at least one of R, R!?

and R, when present, is not hydrogen;

RN is Ci-Coalkyl, C2-Cs alkenyl, C2-Cs alkynyl, C:-Cs cycloalkyl, Cs-Cua aryl, 5-to 10-
membered heteroarvl, or 3« to 12-membered heterocyclylwherein the Ci-Co alkyl, C2-Cs
alkenyl, Cs-Ce alkynyl, Cs-Cs cycloalkyl, Ce~Cia aryl, 5- to 10-membered heteroaryl, or 3~ to 12-
membered heterooyelyl of RY is substituted by halogen, ~-OH, cyano, Ci-Cs atkyl, Ci-Ce
perhaloalkyl, Ci-Cealkoxy, Ci-Cs perhaloalkoxy or Ce-Cua aryl, wherein the Cs-Cra arvl is
further optionally substituted by halogen, -OH, cyano, Ci-Ce alkyl, Ci-Cs perhaloalkyvl, Ci-Cs

atkoxy, or Ci-Cs perhaloalkoxy: and

RY Re, RY R2 RE R R, and R¥, independently of each other and independently at each
occurrence, are halogen, C1-Co alkyl, C2-Cs alkenyl, C2-Co alkynyl, C3-Cs cycloalkyl, Co-Cia
aryl, 5~ to 10-membered heteroaryl, 3- to 12-membered heterocyelyl, -ORM, -NRPR', ¢vano, or

nitro.
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{6051}  In the descriptions herein, 1t is understood that every description, vanation,
embodiment o1 aspect of a moiety may be combined with every description, variation,
embodiment or aspect of other moietics the same as if cach and every combination of
descriptions 1s specifically and individually Tisted. For example, every description, variation,
embodiment or aspect provided herein with respect to R of formula (I} may be combined with
every description, vanation, embodiment or aspect of Y, X, L, m, and/or i the same as if each
and every combination were specifically and individually listed. It is also understood that all
descriptions, variations, embodiments or aspects of formula (1), where applicable, apply equally
to other formulae detailed herein, and are equally described, the same as if each and every
description, variation, embodiment or aspect were separately and individually listed for all
formulac. For example, all descriptions, variations, embodiments or aspects of formula (T},
where applicable, apply equally to any of formulae tailed herein, and are equally described, the
same as if each and every description, varnation, embodiment or aspect were separately and

mndividually histed for all fornwlac. The same applies to any other formula provided herein.

{B652]  In some embodiments, the compound of formula (I} is of the formula (fa}:

()

a phammaceutically acceptable salt, stereoisomer or tautomer thereof, wherein Y, X, L, R, m, and

n are as defined for formula (I).

[80653] In some embodiments, the compound of formula (I} 1s of the formula (Ib):

(Ib)

a pharmaceutically acceptable salt, stercotsomer or tautomer thereof, wherein Y, X, L, R, m, and

n are as defined for formuda (I},

b
4
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[6034]  In some embodiments of the compound of formula (I}, where mis 1 and nis 1, the

compound is of the formula (F):

NC an

a phammaceutically acceptable salt, stereoisomer or tautomer thereof, wherein Y, X, L, and R are

as defined for formula (1)

{6035}  In some embodiments, the compound of formula (I} is of the formula (Ila):

o)
Y’X‘L)LN F

RY F
NC (lla)

a pharmaceutically acceptable salt, stereoisomer or tautomer thereof, wherein Y, X, L, and R are

as defined for fornuda (I).

{0656] Tn some embodiments, the compound of formula (I1) is of the formula (fib):

0

Y,X\L,J\j};:
R*% F
N

a pharmaceutically acceptable salt, stereotsomer or tautomer thereof, wherein Y, X, L, and R are

O3,

(1ib)

as defined for formula (1)

{8057} In some embodiments of the compound of formula (I1), where L is -NH-CHa-, the

compound is of the formula (Hi):

NC (IIh)
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a pharmaceutically acceptable salt, stercoisomer or tautomer thereof, wherein Y, X, and R are as

defined for formula (1}.

{8058} In some embodiments, the compound of formula (T} 1s of the formula (Ifa):

Ho§
Y\X,N\/L'\N F

R, F

NC (Ita)
a pharmaceutically acceptable salt, stereoisomer or tautomer thereof, wherein Y, X, and R are as
defined for formula (). In some such embodiments, X 1s ~C(=0}-. In some such embodiments,

X 15 —C(=0}-~ and R s hydrogen. In some such embodiments, X is -C(=0)- and Y is

{0659]  In some embodiments, the compound of formula (IH) is of the formula (Hib}:

HoT
Y\X,Nvu\
N
NC {Iiib)

t:-)
T

a phamacentically acceptable salt, stercoisomer or tautomer thercof, wherein Y, X, and R are as
defined for formula (I). In some such embodiments, X 1s —C{=0)-. In some such embodiments,

X 1 ~C(=0}- and R is hydrogen. In some such embodiments, X is ~-C(=0})- and Y is

R12 12
o es
o i i
N o MN A

[00608]  In some embodiments, the compound of formula (ITT) 1 of the formula (IH-1}:

oo
Y\fo\/b\E\E F
HiC F
NG (It-1)

a phamnaceutically acceptable salt, stereoisomer or tautomer thereof, wherein Y and X are as
defined for formula (1),

27



WO 2020/142742 PCT/US2020/012260

[B061]  In some embodiments of the compound of formula (I1), where L 1s -NH-CH{CH2)-, the

compound is of the formula (fV}:

ﬁ R CN
o ML

CHs
F
Fooaw

a pharmaceutically acceptable salt, stereoisomer or tautomer thereof, wherein Y, X, and R are as
defined for formula (I}. In one aspect of a compound of formula (1Y), the carbon bearing the
methyl group of L is in the S configuration. In one aspect of a compound of formula (IV}), the

carbon bearing the methvl group of L 15 in the R configuration.
{8062} Insome embodiments, the compound of formula (IV} is of the formula (IVa):

W § RN
Y\X,N N A
CHa
Fr (IVa)
a pharmaceutically acceptable salt, stereoisomer or tantomer thereof, wheremn Y, X, and R are as
defined for formula (I}, In one aspect of a compound of formula (IVa), the carbon bearing the
methyl group of L is in the § configuration. In one aspect of a compound of formula (Va), the

carbon bearing the methyl group of L 15 in the R configuration.

{8663}  In some embodiments, the compound of formula (IV) is of the formula (IVb):

i1 R
CHs
{

F P oave
a pharmaccutically acceptable salt, stercoisomer or tautomer thereof, wherein Y, X, and R are ag
defined for formula (I}. In one aspect of a compound of formula (IVb), the carbon bearing the
methvl group of L 15 in the S configuration. In one aspect of a compound of formula (IVb), the

carbon bearing the methyl group of L is in the R configuration.

[0064] In some embodiments of the compound of formula (I1), the compound is of the formula

V)
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Fo )

a pharmaceutically acceptable salt, stercotsomer or tautomer thereof, wherein Y, X, and R arce as

defined for formula (I},
{0665}  Tn some embodiments, the compound of formula (V) is of the formula (Va):

O

ﬁ Fi CN
Y\X/ ; ;/H\N

LF va)

a pharmaceutically acceptable salt, stercoisomer or tautomer thereof, wherein Y, X, and R are as

defined for formula ().
[08066]  In some embodiments, the compound of formula (V) is of the formula (Vb):
§ O“ R CN
Y\ X - N
Foo
F (Vb)

a phamaceutically acceptable salt, stereoisomer or tautomer thereof, wherein Y, X, and R are as

defined for formula (1}.

{8067] [In some embodiments of the compound of formula (11}, the compound 1s of the formula
(VI

0
D/LN}J
Y\X,N Rr%\ F
NC (VD

a pharmacentically acceptable salt, stereoisomer or tautomer thereof, wherein Y, X, and R are as

defined for formuia (1},

{0068] In some embodiments, the compound of formula (V1) is of the formula (Via):
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o

Yo, N }}ﬂ:

X R
NC (Via)

a phamaceutically accepiable salt, stereoisomer or tautomer thereof, wherein Y, X, and R are as

defined for formula (1),

{86697 Insome embodiments, the compound of formula (V1) is of the formula (Vib}:

o
[\/L\’j\i><}:
Y, - N= |
“ - F
NG (Vib)
a pharmaceutically acceptable salt, sterecisomer or tautomer thereof, wherein Y, X, and R are as

defined for formula ().

{80676} In some embodiments of the compound of formula (I1), where L 1s -CH:-CH(NH:)-,

the compound is of the formula (Vi)

9 RN
Y\X/\HJ\N
NH, G
¢

F P ovm

a pharmaceutically acceptable salt, stereoisomer or tautomer thereof, wherein Y, X, and R are as
defined for formula (I}, In one aspect of a compound of formula (VH), the carbon bearning the -
NHy group of L is in the S configuration. In one aspect of a compound of formula (VIE), the

carbon bearing the -NHz group of L is 1n the R configuration.
{0071  In some embodiments, the compound of formulda (VII} is of the formula (VIa):
@ R cN
Y X /\YJ\ N
NH, e

LF

F {Vila)
a pharmmaceutically acceptable salt, sterecisomer or tautomer thereof, wherein Y, X, and R are ag

defined for formula (I}, In one aspect of a compound of formula (VIa), the carbon bearing the -
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NHz group of L is in the S configuration. In one aspect of a compound of formula (Vila), the

carbon bearing the -NH:z group of L is in the R configuration.

{8072} In some embodiments, the compound of formula (VIT) 1s of the formula (Vib):

S R con
NH,
e
F T (Vb

a pharmaceutically acceptable salt, stereoisomer or tautomer thereof, wherein Y, X, and R are as
defined for formula (1), In one aspect of a compound of formula (VHb), the carbon bearing the -
NH: group of L is in the S configuration. In onc aspect of a compound of formula (VIIb), the

carbon bearing the -NHz group of L 15 in the R configuration.
{6673} To some embodiments of the compound of formula (1), where L is ~CH(CH:)-
CH{NH:}-, the compound 1s of the formula (VI

CHS Q R CN
Yo N

X N
NH, -
F 5 ovm

a pharmaceutically acceptable salt, stereoisomer or tautomer thereof, wherein Y, X, and R are as
defined for formula (I}, In one aspect of a compound of formula (VHI), the carbon bearing the -
NHa group of L is in the S configuration. In one aspect of a compound of formula (VIHI), the
carbon bearing the -NHz group of L is in the R configuration. In one aspect of a compound of
formula (VIII}, the carbon bearing the methyl group of L is in the 5 configuration. In one aspect
of a compound of formula (VII}, the carbon bearing the methy! group of L isinthe R

configuration.

{8674} In some embodiments, the compound of formula (Vi) is of the formula (Vilia):

FF v

a pharmaceutically acceptable salt, stercoisomer or tautoraer thereof, wherein Y, X, and R are as

defined for formula (I). In one aspect of a compound of formula (VHIa), the carbon beanng the -

1
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NHz group of L is in the S configuration. In one aspect of a compound of formula (VIiia), the
carbon bearing the -NH: group of L is in the R configuration. In one aspect of a compound of
formula (Vila), the carbon bearing the methyl group of L is in the 8§ configuration. In one aspect
of a compound of formula (Villa), the carbon bearing the methyl group of Lisinthe R

configuration.
{0075}  In some cmbodiments, the compound of formula (VI is of the formula (VIHb}):

CH3 O R \CN

X 7N
NH»

Y.

FTovim)

a pharmaceutically acceptable salt, stercoisomer or tautomer thereof, wherein Y, X, and R are as
defined for formula (1}. In one aspect of a compound of formula (VHIb), the carbon bearing the -
NHa group of L is in the S configuration. In one aspect of a compound of formula (VIlib), the
carbon bearing the -NH2 group of L is in the R configuration. In one aspect of a compound of
formala (ViIIb), the carbon bearing the methyl group of L is in the § configuration. In one
aspect of a compound of formula {(VIIb), the carbon bearing the methy! group of L is in the R

configuration.In some cmbodiments of the compound of formula (H), the compound is of the

formuta (IX):
O
= N
Y,X‘N/‘I\J o F
H NC Iy

a phamaceutically acceptable salt, stereoisomer or tautomer thereof, wherein Y, X, and R are as
defined for formula (1}. In one aspect of a compound of formula (IX), the 1,3-cyclobutylene is
the cis isomer. o one aspect of a compound of formula (IX), the 1,3-cyclobutylene is the fran

180mer.

[B076]  In some embodiments, the compound of formula (IX) 15 of the formula (IXa):

0
N/><F
i
Y,X\N/[j R"‘j'" F
H NC

{(IXa)

23
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a pharmaceutically acceptable salt, stercoisomer or tautomer thereof, wherein Y, X, and R are as

defined for formula (1}. In one aspect of a compound of formula (IXa), the 1.3-cyvclobutylens is

-~

the cis 1somer. Tn one aspect of a compound of formmula (IXa), the 1,3-cyclobutylene is the rran

1somer.

{0877} In some cmbodiments, the compound of formula (1X) is of the formula (IXb):

0

D/k ‘\T’/><F

X et F
H NC

a pharmaceutically acceptable salt, stercotsomer or tautomer thereof, wherein Y, X, and R are as

(IXb)

defined for formula (I}, In one aspect of a compound of formula (IXb), the 1,3-cyclobutvlene is
the cis isomer. In one aspect of a compound of formula (IXb}, the 1 3-cyclobutylene is the #ran
1Somer.
{8678} In some embodiments of the compound of formula (11}, where L 13 -NH-CHa-, the
compound is of the formula (X):
H G
Y\x"" N\//\/JJ\N F
|

<

N )
a pharmaceutically acceptable salt, stereoisomer or tautomer thereof, wherein Y, X, and R are as

defined for formula ().

{06791 In some embodiments, the compound of formula (X) is of the formula (Xa):

¢
H
Y\X/N\/\\)LN F
NC {Xa}

a pharmaceutically acceptable salt, sterecisomer or tautomer thereof, wherein Y, X, and R are as

>

defined for formula (I},

{0080]  In some embodiments, the compound of formula (X} is of the formula (Xb):

a3
3
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G
H i
R*7= F
NC (Xb)
a pharmaceutically acceptable salt, stercotsomer or tautomer thereof, wherein Y, X, and R arce as
defined for formula (I).

{0081} In one vanation a compound of formula (1}, a pharmaccutically acceptable salt,
stereoisomer or tatomer thereof, 18 provided wherein X is -C(=0}-, -0~ or -CH(OH}-. In
another variation a compound of formaula (I}, a pharmaceutically acceptable salt, stereotsomer or
tautomer thereof, is provided wherein X is -8-, -S(=0}-, or -8(=0}z~. In some embodiments of
the compound of formula (1}, a pharmaceutically acceptable salt, stereoisomer or tautomer
thereof, X is -C(=0)-. In other embodiments of the compound of formula (I}, a pharmaceuntically
acceptable salt, sterecisomer or tautomer thereof, X is -O-. All variations of X apply equally to
any apphicable formulae herein, such as formulac Ia, Ih, I, Tla, fib, HI, Hia, b, IV, IVa, IVb,
V, Va, Vb, VI, Via, VIb, VII, Vila, VIib, VIH, Villa and VIiib.

{6082} Insome embodiments of the compound of formula (1), a pharmaceutically acceptable
Ra
|

*. N ok
aEdnd <N e
(CRR); {CRIRY . In a particular such

salt, sterecisomer or tautomer thereof, L is
embodiment, R? is H, and R!, R2, R% and R*, if present, are each H. In one embodiment, L is
R-a
i

*. ~ N - K
Nirpind N i
(CRR; (CRR%Y and X 15 ~C=0. In another embodiment, L 1s

Ra
!

*. N %
~NieRdnd N irRipy”
(CRR) (CRRY, . Xis-C=0and pis 0.

RB
I

* N w%
~eRIph SN e TR
[8083] In some embodiments, L is (CRRg (CRR; . In one particular variation, R

and R? are attached to the same carbon atom. In another particular variation, R! and R*are

attached to different carbon atoms.

{0084] In some embodiments, L is ~-N{R)-CRIR?- (i e., p is 0). In one particular variation, L

is -NH-CRR?- In another particular variation, L is -NH-CHo- . In another particular variation, L

4
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is -NH-CH{CH:)-. In another particular variation, L is -NH-CR'R?- wherein R! and R? are taken
together with the carbon atom or atoms to which they are attached to form a 3- to 8-membered

cycloalkylene {e.g., cyclopropylence).

{0085} In some embodiments, L is ~-N{RHJ-{(CRIR*is- (7. e., p is 0). In one particular variation,
L is -NH-(CR!R?)3-. In anocther particular variation, L is -NH~(CHa)3-. In another particular
variation, L is -NH-{CR!R?}s-, wherein R! and R? from two non-adjacent carbons are taken
together with the carbon atoms to which they are attached and interstitial carbon to form a 3-to

S-membered cveloalkyiene {e.g., 1.3-cyclobutylene).

[8086] In other embodiments of the compound of formula (I), a pharmaceutically acceptable
ACRRE),

salt, stergoisomer or tautomer thereof, L is NRPR® 1y one such embodiment, X is

-C=0. In another such embodiment, X 1s -0-. In a further such embodiment, X 1s -CH{(OH)-. In

yet another such embodiment, X is -5~ In still another such embodiment, X 1s ~8{=0}-. In still

another such embodiment, X is ~5(=0). In one aspect of such embodiments, ris 1. In another

aspect of such embodiments, 1 is 2. In still another aspect of such embodiments, ris 3. In any

*/(CRSRB),\T/ o

cmbodiment provided where L 1s NRPRC in one variation, RY and R® are both H. In
*/(CF«?C“RG), o

any embodiment provided where L is NRPR® i another variation, R® and R° are both

H, ris 1, R’ is Hand R® is a C1-Cs alkyl such as methyl.

{6387] In some of these embodiments, L is -CRPR*-CH{NR"R®)- {i e, ris 1}. In one particular
variation, L is -CH{R®}-CH(NH2)-, including but not limited to aspects whercin R? is hydrogen
or C1-Ce alkyl. In one particular variation, L is ~-CHz-CH{NH:z)-. In another particular variation,
L is ~-CH(CHz)-CH(NHz)-.

{0088] In some cmbodiments of the compound of formula (I), a pharmaceutically acceptable

salt, stereoisomer or tautomer thereof, L is . In one such
embodiment, X is —C=0. In another such embodiment, X is -0-. In a further such embodiment,

X 15 8-, In still another such embodiment, X 15 —S(=0}-. In still another such embodiment, X is

(%]
[
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~8(=0}2. In a particular variation, L is and uis 0. In

s (C R7R8)U+N&{CR9R10}VW o
t

group consisting of ~C=0, -0~ ~8-, ~8{(=0}- and -5(=0}2. In any cmbodiment or variation

R (CR-”RS)U—N&{CRQR1 O)V_.... o

where L s t ,inone aspect, sis tandtis 1.

another variation, L is ,uis 0 and X is selected from the

S
~-~Ni>—** <>_‘
o : . - . =N o
{6683} Inone vanation, Lis i . In another particular variation, L 1s .

In one vaniation, L is and X 1s selected from the group consisting of -C=0, -O-,
-, ~8{(=0)~ and ~S{=0).

{0090] In one variation, provided herein is a compound of formula (I), a pharmaceutically

acceptable salt, stereoisomer or tantomer thereof, wheren the -X-L- moiety is selected from the

group consisting of:

H . v H H
\[fN\/ ;\.} "\\F/N\/ %:j \S,’\E\/ *\S,N\l/
* * * wE i 2750
o St~ OH s~ 0 _do
{ § § { §
x B x'\ e ~ Exd *, Kk *,.\ P ka3 *\ P Ea *\ . *%
Y S DO (A -
O CHs CHy OH  CHg CHy O CHs C O CH,
H H H H
* N wk H * M L Il fa N = a N Eos
. /N EXY 2. ,N *k 4 -~
K ot K s S .
O . . OH A ., O , 00 &
W >0 * ! ’ c;/\\;// \§ "\/j\\\
O NH, NH;  OH NH, NH, G nNH, OO0 NH
CHa 043 CHj CHa
* LN i e i o
W )\W/ W ﬁ)\( /,S\\
G NHy Hy  OH NHp G NHp OO NH,

T T **\Nf ’T”’
\E ‘]/\l/u 7*4‘ . . .
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YO, AL, LA, T, 7T
O Kk xk OH EXS L/)\\"k* D ‘\‘r"k\\*“c
H
*\ﬂ"N * H * * H *k
Ci}}\}ﬁ \{j\ '\H/NW ii\} - N~
x 5 ’ SN~ . OH ,
H " H N
H o N~ sarNe~s ™
® UN x4 0 75
\S N ¢ ,and O”O

wherein * represents the point of attachment to the Y moiety and ** represents the point of
attachment to the remainder of the molecule.

[B091]  In another variation is provided a compound of formula (I), a pharmaceutically
acceptable salt, sterecisomer or tautomer thereof, wherein the -X-L- moiety i3 selected from the

group consisting of

A A .S G A e
Gt . N
NN Y e YO
NH; O NHp  OH NHp NH; _and
H
+\IN\//\\/H

wherein * represents the point of attachment to the Y moiety and ** represents the point of

attachment to the remainder of the molecule.

{8892} In one aspect, provided is a compound of formula (I} or a pharmaceutically acceptable

salt thereof, wherein the compound has any one or more of the following features:
(1) X is ~C(=0)~, -0~ or -CH(OH}-;
(i) Lois:
{a) -NH-(CR'R%)¢-, wherein R! and R?, independently of each other and independently at each

occurrence, are hydrogen or C1-Ca alkyl, or R! and R? groups attached to the sarne carbon atom

(8]
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are taken together with the carbon atom to which they are attached to form a 3~ to S-membered
cycloalkylene, or R! and R? groups attached to two different carbon atoms are taken together
with the carbon atoms to which they are attached to form a 3- 1o 5~-membered cycloalkylene

H H
AN N

b

{examples of such -NH-(CR!R?)q- moicties include ~

(b -CRIRS-CH(NH:)-, wherein R? and R, independently of cach other and independently at

cach occurrence, are hydrogen or Ci-Cz alkyl, {examples of such -CRR&-CH(NH:2)- moicties

/CKH?/
mlucde NHy  and NHz - or
T

wherein * represents the point of attachment to the Y -X- moicty and ** represeots the point of

attachment to the remainder of the molecule; and

(i) Y is:
(@) Cs-Co aryl substituted by R, such as 2,3-dihydro-1H~inden-2-v1, pheny! and naphthyl,
which are substituted by at least one R,
(b} 6- to 10-membered heteroaryl substituted by R'?, such as a pyridinyl, pyrimidinyl, pyridin-
2(1Hy-onyl, and quinolin-6-vl, which are substituted by at least one R'%; or

{c} 3~ to 12-membered heterocyelyl substituted by R, such as 2H-pyran-2-only, isoindolinyl,

piperidin-2-only and piperidinyl, which are substituted by at least one R,

[8693] Tn one aspect of this vanation, (1), (11}{a}, and (111}{a} apply. In another vanation, (1),
{ii}{a}, and (it1)(b) apply apply. In another variation, (1), (it)a), and (1ii}{c) apply. In ancther
variation, (1), (it(h), and (1i)(a} apply. In another variation, (1}, (113(b}, and {(uii)(b) apply. In

another variation, (1), (u)(b), and (11)}{c) apply. In another varation, (1), (11){c), and (111}(a) apply.

€23
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o another vanation, (i), (11}{¢), and Gu}b) apply. In another variation, (i), {11){c), and (i1}{c}

apply.

{8094} Al variations of L, or combinations of X and L, apply equally to any applicable
formulac herein, such as formulae fa, Ib, 11, Ha, 1Ib, 11, ia, Hib, IV, IVa, IVb, V, Va, Vb, VI,
Via, Vib, VI, Viia, Viib, VIIL Villa and Villb.

{6093]  In some embodiments, Y is Ce-Co ary] substituted by one or more R, 6-to0 10-
membered heteroaryl substituted by one or more R, or 3~ to 12-membered heterocyclyl
substituted by one or more RY. In one variation, Y is substitated with 1 t0 3 R', R12 or RP

maieties which may be the same or different.

[0096]  In some embodiments, Y is Us-Co aryl substituted by R In one aspect, Y is phenyl
substituted by R'!. In one variation, Y is substituted with 1 1o 3 R'! moicties which may be the

same or different.

{08097} In some embodiments, Y is 6~ to 10-membered heteroaryl substituted by R'2. In one
variation, when Y is a 6-membered heteroaryl substituted by RY?. In some embodiments, Y is
pyridine substituted by R?. In some embodiments, Y is pyridin-4-v1 substituted by R'?. In
some embodiments, Y is pyridin-4-yl substituted by R’? in the 3-position. In some
embodiments, Y is quinolinyl substituted by R'?. In some embodiments, Y is quinolin-4-y1

substituted by R'2. In some embodiments, Y is quinolin-4-vl substituted by R'? in the 7-

position. In some embodiments, Y is

{6098} In one variation, R'? is C1-Cs atkyl substituted by RY. In another variation, R'? is {2-Cs
alkeny! substituted by RE. Tn another variation, R12 is C2-Cs afkyoyi substituted by R*. In vet

another variation, R is 3~ to 1 2-membered heterocyclyl substituted by RY.

{6699]  In some embodiments, R is Cs-Cis ary] substituted by halogen, -OH, cyano, Ci-Ce
atkyl, C1~-Cs perhaloalkyl, Ci-Cs alkoxy, C1-Ce perhaloalkoxy or Cs-Cia arvl. In some
embodiments, R is 3- to 10-membered heteroaryl substituted by halogen, -OH, cyano, oxo, -
NHy, C1-Coalkyl, Ci-Us perhaloalkyl, C1-Cs alkoxy. or C1-Cs perhaloalkoxy. In some
embodiments, RY is 3- to 12-membered heterocvelyl substituted by halogen, -OH, cyano, oxo, -
NHz, Ci-Cs alkyl, Ci-Cs pethaloalkyl, Ci-Co alkoxy, or C1-Co perhaloalkoxy.

9
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{0100} In one variation, R* is -NRUC(OIR'®. In some embodiments, at least one of R™ and
RY is C1-Csalkyl, or Ce-Cra aryl, wherein the C1-Cealkyl, or Ce-Cia aryl of R and RS are
independently substituted by Ci-Cs pethaloalkyl, Ci-Ces alkoxv, Ci-Cs perhaloalkoxy, Co-Cia aryl
or Ce-Cra aryloxy, wherein the Ce-Cia arvl or Cs-Cra aryloxy 1s further optionally substituted by
halogen, -OH, cyvano, Ci-Us alkyl, {1-Cs perhaloalkyl, C1-Ce alkoxy, or T1-Cs perhaloalkoxy. In
some embodiments, at least one of R* and R is Ci-Cs alkyl, or Cs-Ci4 aryl, wherein the C1-Cs
alkyl, or Ce-Cise arvl of R and R’ are independently substituted by Ci-Cs alkoxy, C1-Co
perhaloalkoxy, Cs-Cis arvi or Cs-Crs arvioxy, wherein the Ce-Cis arvi or Cs-Cs aryloxy is
further optionally substitated by halogen, -OH, cyano, Ci-Ce alkyl, Ci-Cs perhaloalkyl, Ci-Co

alkoxy, or Ci-Cs perhaloalkoxy.

{0101}  In one variation, R is -NR™RY. In some embodiments, one of R' and RV is
hydrogen and the other is Ci-Cs alkyl, wheremn the C1-Ce alkyl is substituted by Ci-Cs
perhaloalkyl, Ci-Ce alkoxy, Ci-Cs perhaloalkoxy, Ce-Cis arvil or Co-Cra arvioxy, wherein the Ce-
Cis arvl or Co-Cia aryloxy 1s further optionally substituted by halogen, ~-OH, cvano, C1-Ce alkyl,
C1-Cs perhaloalkyvl, C1-Co alkoxy, or Ci-Cs perhaloalkoxy.

{6102} Tn some embodiments, Y is B or a tautomer thereof. Thus, it is understood that in

H

N
12y

OH

13
(R7);

some embodiments, Y is A B ,wherem z1s 0, I,

2,34, 0r5; - indicates tautomerism between A” and B™; and R and R are identical for

any pair of tautomers. In some embodiments, Y is D or a tautomer thercof. Thus, itis

o
%, Xy,

R,y (R”);Cq
o OH
[0 D

understood that in some embodiments, Y is , wherem z1s
0,1, 2,34, or 5; === indicates tautomerism between € and D°; and R'? and R are identical

for anv pair of tautomers.
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{0103} In some embodiments, Y is 3- to 12-membered heterocyclyl substituted by R, In
some embodiments, Y is substituted isoindolin-2-yl In some embodiments, Y is piperidin-2-on-

5-yl substituted by R'*

{6104}  Also provided are salts of compounds referred to herein, such as pharmaceutically
acceptable salts. The mmvention also includes any or all of the stercochemical forms, including
any enantiomeric or diastercomeric forms, and any tautomers or other forms of the compounds

described.

{8105} Some of the compoands described herein exist in equilibrium with a tantomeric form.
For example, amide A is a tautomeric form of B and inmudic acid B is a tauntomeric form of A
Sinularly, amide C 1s a tautomeric form of D and imidic acid D is a tavtomeric form of C.
Amide A exists i equilibrium with a tautomenc form of inudic acid B, and amide € exists in
equilibrium with a tautomeric form of imidic acid B. Regardless of which tantomeric form is
depicted, the compounds are understood by one of ordinary skill in the art to comprise both the

anide and the mmdic acid tautomers.

|

=N
OH

[0106] A compound as detailed herein may 1o one aspect be in a punified form and
compositions comprising a compound in purified forms are detailed herein. Compositions
comprising a compound as detailed herein, or a pharmaceutically acceptable salt, stereoisomer
or tautomer thereof are provided, such as compositions of substantially pure compounds. In
some embodiments, a composition containing a compound as detailed herein, or a
pharmaceutically acceptable salt, stercoisomer or tautomer thereof is in substantially pure form.
Unless otherwise stated, “substantially pure” intends a composition that contains no more than
35% wmpurity, wherein the impurity denotes a compound other than the compound comprising
the majority of the composition or a pharmaceutically acceptable salt, sterecisomer or tautomer
thereof. In some embodiments, a composition of substantially pure compound, ora
pharmaceutically acceptable salt, stercoisomer or tautomer thercof is provided wherein the

composition contains no more than 25%, 20%, 15%, 10%, or 5% wnpurity. In some
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embodiments, a composition of substantially pure compound, or a pharmaceutically acceptable
salt, stereoisomer or tautomer thereof is provided wherein the composition contains or no more

than 3%, 2%, 1% or 0.5% impurity.
{8107} Representative compounds are hsted in Table 1.

Table 1

Compound

Neo.

Structure
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[8108] Certain compounds depicted in Table 1 exist as tautomers. Regardless of which

tautomer is shown, all tautomeric forms are intended.

[0109]  In some embodiments, provided herein 1s a compound described in Table |, ora
tautomer thereof, or a salt of any of the foregoing, and uses thereof. In some embodiments,
provided herein is a compound described in Table 1, or a phamaceutically acceptable salt
thercof. In some emboduuents, provided herein is a compound described in Table |, ora
tautomer thereof, or a salt of any of the foregoing, and uses thercof. In some embodiments,
provided herein is a compound described in Table 1, or a pharmaceutically acceptable salt

thereof.

{8118} In some embodiments, provided is a compound selected from Compouand Nos. 1-208 or
a stereoisomer thereof (including a mixture of two or more stercoisomers thereof), or a salt
thereof. In some embodiments, the compound is a salt of a compound selected from Compound
Nos. 1-208, or a stereoisomer thereof,

{6111} In one variation, the compound detailed herein is selected from the group counsisting of:

7
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N-(2-(2-cvano-4 4-diftuoropyrrohidin-§ ~v1-2-oxoethyl)-3-(2-phenyvlacctamidoYisonicotinamide;

N-(2-(2-cyano-4.4-difluoropyrrolidin-1-y1}-2 -oxoethvi)-3-((4-

fluorobenzyl)aminoyisonicotinamide;

N-(2-(2-cyano-4 4-difluoropyrrolidin--y)-2-oxoethyl}-3-(4-

methoxybenzamido)isonicotinamide;

NeA2-(2-cyvano-4,4-difluoropvrrolidin- L -y1)-2-oxoethyl}-3-((1-(4~

flucrophenyl)ethyaminojisomcotinamide;

3-(2-(4-chloro-3-flucrophenoxyjacetamide}-N-{2-(2-cyano-4 4-diflucropyrrolidin- 1-y1)-2-

oxoethybisonicotinamide;

2-{4~(bis(d-fhuorophenvimethyDpiperazin-1-v1}-N-(2-(2-cvano-4 4-difluoropyrrohidin- I -yi)-2-

oxoethyllisonicotinamide;

N-(2-(2~cyano-4 4-difluoropyrrolidin-1-y1)-2-oxoethyl)-3-(2-fluorobenzyisomcotinande;
N-(2~(2-cyano-4,4-difluoropyrrolidin- E-y-2-oxoethyl)-3~(4-fluorobenzyhisonicotinamide;
3-(4-chlorostyrvD-N-(2-(Z-cvano-4,4-diftuoropyrrolidin- 1 -vl)-2-oxoethyisonicotinamide;
3-{4-chlorophencthyD-N-(2-(2-cvano-4 4-difluoropyrrolidin-1-vi)-2-oxoethyl isonicotinamide;
N-(2-(2~cyano-4 4-difluoropyrrolidin-1-y1)-2-oxoethyly-3-(4-fluorophencthyl)isonicotinamide,;
N-{2-{Z-cvano-4,4-difluoropyrrolidin- I -vi}-2-oxocthyl}-3-(4-fluorostyryi Hisonicotinamide;

Nef2-(2-cyano-4 4-diflucropvrrolidin- 1 -y1}-2-oxoethy1}-3-2-(4-fluorophenyprop-1-en-1-

yhisonicotinamide;

N-(2-(2~cyano-4 4-difluoropyrrolidin-1-y1)-2-oxoethyl)-3-(2-(4-

fluorophenyljallvijisonicotinamide;
N-2-(2-cyano-4 4-difluoropvrrohdin- i -vD)-2-oxoethyl)-3-{(4-methoxvstyrylYisonicotinamide;

N-{2-{2-cyano-4,4-difluoropyrrolidin-1-y1}-2-oxoethyl)-3-(4-

(trifluoromethoxy )phenethyl}isonicotinamide;

N-(2-(2-cyano-4.4-difluoropyrrolidin-1-v1}-2-oxoethyl}-3-(4-

{trifluoromethyl)phencthyDisonicotinamide;
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N-{2-(2-cvano-4 4-diftuoropyrrohidin-§ ~v1)-2-oxoethyl}-3-(2-(4~
fluorophenvi)propvilisonicotinamide;

N-(2-(2~cvano-4 4-diftuoropyrrolidin- -y1)-2-oxoethy -3 -(2-(4-(trifluoromethoxy)phenvlprop-~
1-en-1-yl}isonicotinamide;

N-(2~(2-cvano-4,4-difluoropvrrolidin- I -y1-2-oxoethy)-3~(2-(4-(trifluoromethvlphenylprop-1-
en-i-yhisonicotinamide;

N-(2-(2-cyano-4.4-difluoropyrrolidin- 1 -y1}-2-oxoethyl}-3-(2-(4-
methoxyphenylhallyhisonicotinamide;

N-(2-(2-cyvano-4 4-difluoropyrrolidin-1-vi)-2-oxoethyl}-3-(2-(4-
{trifluoromethoxyiphenylipropyiisonicotinamide;

N-{2-(2-cyano-4 4-diftaoropyrrolidin-1-v1}-2-oxoethyl)-3-(2-(4~
(triffuoromethylphenylypropyljisonicotinamide;

N-{2-(2-cyano-4 4-difluoropyrrolidin-t-y1}-2-oxoethyl)-3-(4-
N-{2-(2-cyano-4,4-difluoropvrrohdin- [-v1)-2-oxoethyl)-3-(4-
methoxyphenethylisonicotinanude;

3-(2-(4~-chlorophenylprop-1-en- 1-vl)-N-(2~(2-cyano-4,4-difluoropyrrolidin- 1-v1}-2-
oxoethylisonicotinamide;

3-(2~(4-chlorophenylallvl)-N-(2~(2-cyano-4. 4-difluoropyrrolidin- 1 -vi)-2-
oxoethylisonicotinamide;

3-(2-{4-chlorophenylipropyl}-N-(2-(2-cyano-4 4-difluoropyrrolidin-1-y1)-2-
oxocthyhisonicotinamide;

N-{2-(2-cyano-4 4-difluoropyrrolidin-1-y1}-2-oxoethyl)-3-(2-(4-methoxyphenyiprop-1-en-1-
vljisonicotinamide;

N-{2-(2-cyano-4, 4-difluoropyrrohidin--y1}-2-oxoethyl)-3-(2-(4-
(trifluoromethoxy)phenyvilallyl}isonicotimamide,

N-(2-(2~cyano-4 4-difluoropyrrolidin-1-y1)-2-oxoethyl)-3-(2-(4-

{trifluoromethylyphenyDallyisonicotinamide;
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N-{2-(2-cvano-4 4-diftuoropyrrohidin-§ ~v1)-2-oxoethyl}-3-(2-(4~
methoxyphenyipropyliisonicotinamide;
N-(2-(2~-cyvano-4.4-difluoropyrrolidin-1-v1}-2-oxocthyl)-3-(4-
(trifluoromethoxy)styrvliisonicotinamide;

6-{4-chlorostyryD}-N-(2-(2-cyano-4 4-diftuoropyrrolidin-1-y -2 -oxocthylquinoline-4-
carboxamide;

N-(2~(2-cvano-4,4~-difluoropvrrolidin- [ -yi-2~oxocthyl}-6~{4-(trifluoromethy)phenyiquinoline~
4-carboxanude;

NeA2-(2-cyano-4, 4-diflaoropyrrolidin-1-y1}-2-oxoethyi)-3-((4-
methoxyphenyijethynylisonicotinamide;
3-{{4-chlorophenyhethvavl)-N-(2-(2-cyvano-4, 4-difluoropyrrolidin- {-y1)}-2-
oxoethyisonicotinamide;

N-(2~{2-cvano-4 4-diftuoropyrrolidin- L -vD-2-oxoethyl}-6~(6-{trifluoromethypyridin-3-
vhquinoline-4-carboxanide;

6-(2-(4-chlorophenylyprop-1-en-1-yD)-N-(2-(2-cyano-4. 4-difluoropyrrolidin-1-yi}-2-
oxocthvhquinohne-4-carboxamide;
3-(2-{6-chloronaphthalen-2-yDvinv)-N-(2-(2-cvano-4 4-diftuoropyrrolidin- I -vi}-2-
oxocthyljisonicotinamide;

N-(2-(2-cyano-4 4-difluoropyrrolidin- [ -y1}-2-oxoethyl)y-6-({4-methoxypheny DethyanyDguinoline-
4-carboxamide;

6-{2-(6-chloronaphthalen-2-vviny}-N~(2-(2~-cvano-4. 4-difluoropyrrolidin-1-vi)-2-
oxocthyhquinoline~4-carboxamide;

N-{2-{2-cyano-4 4-difluoropyrrolidin- 1 -y1}-2-oxoethy)-6-(2-(6-methoxypyridin-3-
viyvinyhguinoling-4-carboxamide;

N-(2-(2-cyano-4.4-difluoropyrrolidin- 1 -y1}-2-oxoethyD}-6-(4-flucrostyrvhguinoline-4-
carboxamide;

N-(2-(2-cyano-4.4-difluoropyrrolidin- 1 -v1)-2-oxoethyl}-6-(2-(6-methylpyridin-3-
vhvinyhquinoline-4-carboxamide:

N-2-{2-cyano-4,4-difluoropvrrohdin- [ -v1)-2-oxoethyl)-6-(2-(6-(trfluoromethyhpyridin-3-
vlvinyhquinoline-4-carboxamide;

N-{2-(2-cyano-4,4-difluoropvrrolidin- 1 -y1}-2-oxoethy})-6-(4-methoxvstyryljguinoline-4-

carboxamide;
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N-(2-(2-cvano-~4 4-diftuoropyrrohidin-§ ~v1)-2-oxoethyl}-6-(4-(trifluoromethoxy)styryguinoline-
4-carboxamide;
N-(2-(2~-cyvano-4.4-difluoropyrrolidin-1-v1)-2-oxocthvD-6-(2-(S-methylpyridin-2-
vhvinyhguinohne-4-carboxamide;
6-{4-(tert-butystyry)-N-(2-(Z-cyano-4,4-difluoropyrrolidin- 1 -y1)-2-oxoethylquinoline-4-
carboxamide;

N-(2~{2-cvano-4 4~-difluoropvrrolidin- I -y1)-2~oxocthyl}-6-{4-(trifluoromethystyrviquinoline-4-~
carboxamide;

N-{2-(2-cyano-4 4-diflooropyrrohidin-{-y1)-2-oxoethyvi}-6-(6-(4-methylpiperazin- 1-y Dpyridin-3-
vhquinoline-4-carboxamide;

N-(2-(2~cyano-4 4-difluoropyrrolidin- F-y1)-2-oxoethy -3 -(2-(1-methyi- I H-indol-3-
yhvinyhisonicotinamde;

N-(2-{2-cvano-4 4-diftuoropyrrolidia- -yi)-2-oxoethyly-3-{2-(5~-Hluorsbenzofuran-2-
vlyvinylisonicotinamide;

N-(2-(2-cvano-4,4-difluoropvrrohidin- [-y1)-2-oxoethyl}-3-(2-( f-methyl-1H-indazol-3-
yvhvinyhisonicotinamide;

N-{2-(2-cyvano-4,4-difluoropyrrolidin- E-y1}-2-oxoethy)-3-(2-(6-fluorobenzoturan-2-
vivinybhisonicotinamide;

N-(2-(2-cyano-4.4-difluoropyrrolidin- F-y1}-2-oxoethyl)-3-(2-(1-methylpiperidin-4-
yhvinyljisonicotinamide;

N-{2-(2-cyano-4,4-difluoropvrrolidin- 1 -vl)-2-oxoethy1)-3-(2-(5-methoxybenzofuran-2-
vhvinyhisonicotinamide;

N-(2-{Z-cyano-4, 4-difluoropyrrohidin--y1}-2-oxoethyl)-3-(2-(4-
fluorocyclohexylivinyiisonicotinamide;

N-(2-(2~cyvano-4 4-difluoropyrrolidin-§-v1}-2-oxoethy D) -3-(2~(5-methvi-2,3-
dibvdrobenzo{djthiazol-2-vvinvihisonicotinamide,;

N-(2-(2-cyano-4 4-difluoropyrrolidin-1-y1}-2 -oxoethyl}-3-¢2-(4,4-
difluorocyclohexyljvinyhisonicotinamide;

N-{2-{2-cyano-4 4-difluoropvrrohdin- [ -v1}-2-oxoethy1}-3-(2-(6-methyl-2 3-
dihydrobenzofdjthiazol-2-yDvinviisonicotinamide;

N-{2-(2-cyano-4,4-difluoropvrolidin- 1 -y1}-2-oxoethyl)-3-(2-(4-methvl-3 4-dihydro-2H-

benzolb]1,4{oxazin-2-yDvinvi}isonicotinamide;
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3-(2-{5-{tert-butyi)-2,3-dihvdrobenzo[dthiazol-2-vDviny )-N-(2-(2~cvano-4 4~
difluoropyrrolidin-1-vl}-2-oxocthylisonicotinamide;

3-(2-(6~chloro-3 4-dihvdro-2H-benzo[b|[ L 4Joxazin-2-vlvinvD)-N-(2-(2-cyano-4,4-
difluoropyrrolidin-1-v1}-2-oxoethyhisomceotinamide;

3-(2-(7-chloroimidazof 1,2 -alpyridin-2-yDvinyD3-N-(2-{2-cyano-4 4-diftuoropyrrobidin-1-yi)-2-
oxoethyhisonicotinamide;

N-(2~{2-cvano-4 4~-diflunropvrrolidin- [-y1)-2~oxocthyl}~-3~2-(6~-fluoro-3 4-dibydro-2H-
benzoibl[1,4]oxazin-2-yljvinvl}isonicotinamide;

N-{2-(2-cyano-4 4-diflaoropyrrohidin-1-y-2-oxoethyl)-3-(2-(7-cthoxyimidazof 1, 2-alpyridin-2-
vhvinylhisonicotinamide;

N-(2-(2~cyano-4 4-difluoropyrrolidin- T -y1)-2-oxoethy 1y-3-(2~(4-methyl]-3 4-dihydro-2H-
benzoibi{1,4]oxazin-7-vijvinyljisonicotinamide;

N-(2~{2-cvano-4 4-diftuoropyrrolidin- 1 -vD-2-oxoethyl}-3~(2-(6-fluorcimidazof | 2-a]pyridin-2-
vlyvinylisonicotinamide;

N-(2-(2-cvano-4,4-difluoropyrrolidin- I -v1)-2-oxoethyl}-3-(2-(I-methyl- 1H-benzo[dhimidazol-5-
yvhvinyhisonicotinamide;

N-{2-(2-cyvano-4, 4-difluoropyrrolidin- F-y1}-2-oxoethy)-6-(2-( 1 -methvipiperidin-4-
viyvinyhgquinoling-4-carboxanude;

3-(2-(6-chloro-1H-benzo{dlimidazol-2-ylvinyl 3-N-(2-(2-cyano-4, 4-difluoropyrrolidin- 1 -y1}-2-
oxoethyhisonicotinamide;

N-{2-(2-cvano-4,4-difluoropvrrolidin- -v1)-2-oxocthyl)-6-(2-(4-methvipiperazin-1-
vhvinyhquinoline-4-carboxamide;

3-(2-{S-chloro-1H-benzold imidazol-2-yDviny)-N-(2-(2-cvano-4 4 -difluoropy rrolidin- I-yi}-2-
oxocthylisonicotinamide;

3-{4-chlorostyry}-N-(2-(2-cyano-5, 5-difluoropiperidin- I-y)-2-oxocthylisonicotinanide;
N-(2-(2-cyano-4 4-diftuoropyrrolidin-1-y1}-2-oxoethyl}-3-(2-(1-methyl- iH-benzo[dimidazol-2-
yhvinyhisonicotinamide;

N-{2-(2-cyano~5,5-difluoropiperidin-1-v1}-2-oxocthyl}-3-(4~
(triftluoromethoxy)styryhisonicotinamide;

Nef2-(2-cyano-4 4-difluoropyrrolidin- 1 -y1}-2-oxoethvi}-3-2-(2-methyi-1,2,3 4~

tetrahydroisoguinolin-6-vi}vinyljisonicotinamide;
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6-(4-chlorostyrvD-N-(2-(2-cvano-5,5-diftuoropiperidin-1-y1}-2-oxcethylguinoline-4-~
carboxamide;
N-(2-(2-cyvano-4.4-difluoropyrrolidin-1-v1)-2-oxocthvD-3-(2-(}-methyl-1,2.3.4-
tetrahvdroquinolin-6~vivinyl Jisonicotinamide;
3-(2-(6-chloronaphthalen-2-yDviny-N-(2-(Z-cyano-5, 3-difluoropiperidin-1-y)-2-
oxoethyhisonicotinamide;

N-(2~{2-cvano-4,4~-difluoropvrrolidin- I~y )-2~oxoethyl}-3~(2-(4~
hydroxyevelohexylvinyljisonicotinamide;
N-2-(2-cyano-3,3-diflaorcazetidin-1-yv1}-2-oxoethyl)}-3-{4-

(tritfuoromethoxy jstyryljisonicotinamide;

N-(2-(2~cyano-4 4-difluoropyrrolidin- F-y1)-2-oxoethy -3 -(2-(6-methyipiperidin-3-
yhvinyhisonicotinamde;

N-(2-(2-cyvano-4 4-difluoropyrrolidin-1-vi)-2-oxoethyl}-6-(2-(4-
methyleyelohexylvinyquinoline-4-carboxamide;
3-(2-(6-chloronaphthalen-2-vDviny}-N-(2-(2-cvano-3 3-difluoroazetidin- 1 -y )-2-
oxocthyliisonicotinamide;
N-{2-{2-cyano-4,4-difluoropvrrolidin-1-y1}-2-oxoethyl)-6-(2-(4-
hydroxyeyclobexylvinyliquinoline-4~carboxamide;
3-{d-chlorostyrvl}-N-(2-(2-cyano-2-ethyl-4 4-difluoropyrrolidin-1-v1)-2-
oxoethyhisonicotinamide;
3-{4-chlorostyrvD}-N-(2~(2-cvano-4,4~difluoropiperidin-1-yi}-2-oxocthyl}isonicotinamide;
N-(2-(2-cyano-2-cthyl-4 4-difluoropyrrolidin- 1-y1)-2-oxoethy}-3-(4-
{(trifluoromethoxy jstyryisonicotinamide;
N-2-(2-cyano-4,4-diflucropiperidin-1-yi)-2-oxoethyl}-3-(4-
(trifluoromethoxystyryljisonicotinamide;
6-{(4-chlorostyrv}-N-(2-(2~¢cvano-4,4-difluoropiperidin- 1 -v1)-2-oxocthyDguinoline-4-
carboxamude;

3-(4-chlorostyryH)-N-(2~(2-cvano-2-cyclopropyl-4,4-diftuoropymolidin- 1 -v1)-2-
oxoethylyisonicotinamide;

3(2-{6-chloronaphthalen-2-vDviny}-N-(2-(2-cvano-4 4-difluoropiperidin-1-y1}-2-

oxoethylisonicotinamide;
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N-(2-(2-cvano-2-cyclopropyl-4,4-diftuoropyrrohdin- 1 -v1)-2-oxoethyl}-3-(4-
(triffucromethoxy jstyrylisonicotinamide;
3-(2-(6~chloronaphthalen-2-yhvinv-N-(2~(2-cvano-2-cthyl-4,4-difluoropyrrolidin- | -y 1)-2-
oxoethyisonicotinamde;

N-(2-(2-cyano-4 4-diftuoropyrrolidin-1-v1)-2-oxoethyl}-6-(4-{4-methylpiperazin-1-
vhphenyl}quinoline-4-carboxamide;
3-(2~{4-chlorophenylycyclopropv)-N-(2~(2-cyano-4.4-diflucropyrrolidin-1-v1)-2-
oxoethvlisonicotinamide;
3-(2-{6-chloronaphthalen-2-yDviny)-N-(2-(2-cvano-2-cyclopropyl-4 4-difluoropy rrolidin- 1-v1}-
2-oxoethyisonicotinamide;

3-(2-(4~chlorophenylieyclobut-1-en~1-y1)-N-(2-(2-cyvano-4 4-difluoropyrrolidin- T -y1}-2-
oxoethyisonicotinamide;

3-{4-chlorostyry)-N-(2~(2-cvano-4, 4-diftuoro-2-(piperidin-1-yDpyrrolidin-1-y1}-2-
oxoethyhisonicotinamide;
3-(2-{4-chlorophenylicyclopent-1-en-1-yl}-N-(2-(2-cvano-4.4-difluoropyrrolidin- 1 -vi}-2-
oxocthyliisonicotinamide;

N-{2-(2-cyvano-4,4-difluoro-2~(piperidin- {-vDpyrrolidin- 1-y1}-2-oxoethy)-3-(4~
(trifluoromethoxy)styrvljisonicotivamide;

N-{4-((2-(2-cyano-4 4-difluoropyrrolidin- 1 -yl)-2-oxoethyljcarbamoy Dpyridin-3-vi}-5-
{trifluoromethoxy)-2,3-dihydrobenzo|djthiazole-2-carboxamide;
3-(2~(6-chloronaphthalen-2-yhvinyl}-N-(2-(2~cvano-4,4-difluoro-2-(piperidin- 1 -yl)pyvrrolidin-1-
vl)-2-oxocthyisonicotinamide;

N-{4-{(2-(2-cyano-4 4-difhucropyrrolidin- F-y1}-2-oxoethyDicarbamoypyridin-3-y1)-7-
ethoxyimidazof 1,2-afpyridine-2-carboxamide;

3-{4-chlorostyryl}-N-(2-(2-cyano-4 4-difluoro-2-phenyipyrrolidin-1-y1}-2-
oxoethyisomcotinamide;

6-(2-(4-chlorophenyleyclopropy )-N-(2-(2-cyano-4,4-difluoropyrrolidin- 1 -91}-2-
oxocthyhquinoline-4-carboxamide;

N-{2-(2-cyano-4,4-difluoro-2-phenylpyrrolidin- I -yi}-2-oxocthyl}-3-(4-

(trifluoromethoxy Jstyrylisonicotinamide;
N-{2-(2-cyano-5,5-difluoropiperidin-1-yi}-2-oxoethyl}-3-(4-

methoxybenzamidoisonicotinamide;
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N-{2-(2-cvano-4 4-difluoropipernidin-1-y1)-2-oxoethyl}-3-((4~
fluorobenzyljamino}isonicotinamide;
3-(2-(6~chloronaphthalen-2-yhvinyv-N-(2~(2-cvano-4,4-difluoro-2-phenylpyreolidin-1-y1)-2-
oxoethybyisomeotinamde;

N-(2-(2-cyano-4 4-diftuoropiperidin-1-y1)-2-oxoethyl)-3-{4-
methoxybenzamido)isonicotinamide;
3-{(4~(tert-butyphenvhethyny)-N-(2-(2-cvano-4,4-difluoropyrrolidin- | -v1)-2-
oxoethvlisonicotinamide;

N-{2-(2-cyano-3,3-difloorcazetidin- 1-vi}-2-oxocthyl}-3-{((4-
fluorobenzyljamino}isonicotinamide;
N-(2-(2-cyano-4,4-difluoropyrrolidin-1-v1}-2-oxoethyl}-3-(( 1 -methyl- IH-pyrrol-3-
yhethynyljisonicotinamide;
N-(2-(2-cyano-3,3-difluoroazetidin-1-y1)-2-oxoethvi}-3-(4-methoxybenzamidoisonicotinamide;
N-{2-(2-cyano-4,4-difluoropyrrolidin-1-v-2-oxocthyl}-3-{((1-methyl- 1H-pyrazol-4-
yhethynylisonicotinanide;

N-{2-{2-cyano-2-¢thyl-4 4-difluoropyrrolidin-1-vi}-2-oxoethyl}-3-{{4-
fluorobenzyljamino)isonicotinamide;

N-(2-(2-cyano-2-cthyi-4,4-difluoropyrrolidin-~ 1 ~y1)-2-oxoethy)-3-(4~
methoxybenzamido)isonicotinamide;

6-{ 1 -(4-chlorophenyl)prop-1-en-2-v1}-N-{2-{2-cyano-4,4-difluoropyrrolidin-1-yi}-2-
oxoethyhquinoline-4-carboxamide:
N-2-(2-cyano-2-cyclopropyi-4,4-difluoropyrrohidin- f-vi}-2-oxoethyl)-3-(4-
methoxybenzamidojisonicotinamide;

N-{2-(2-cyano-4,4-diflucro-2-(piperidin- [-v}pyrrolidin-1-y1}-2-oxocthy1)-3-({4-
fluorobenzyljamino)isonicotinamide;

N-{2-(2~cyano-4 4-difluoro-2-(piperidin- | -vDpyrrolidin-1-y1}-2-oxoethy13-3-(4-~
methoxybenzamido)isonicotinamide;
N-(2~(2-cyano-4,4-difluoro-2-phenylpyrrolidin- 1-y1)-2-oxoethy-3~((4-
fluorobenzyllamino}isonicotinamide,

N-{2-{2-cyano-4 4-difluocro-2-phenyipyrrolidin- 1 -yi}-2-oxocthyl}-3-{4-

methoxybenzamidoisonicotinamide;

o
3
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N-{2-(2-cvano-4 4-difluoropyrrohidin-§ ~v1)-2-oxoethyl}-6-(2-(4-fluorophenyhprop-t-en-1-
yvhquinoline-4-carboxarmide;

3-({1-(4~-chloro-3-fluorophenylethyamino)-N-(2-(2-cyano-4, 4~diflucropvrrolidin-1-y1}-2-
oxoethyisonicotinamde;

N-(2-(2-cyano-4 4-diftuoropyrrolidin-1-vi)-2-oxoethyl-3-(2-{(4-
{(triftuoromethyl}phenoxyjacetamido}isonicotinamide;

N-(2~(2-cvano-4,4~-difluoropvrrolidin- I~y )-2~oxoethyl}-3~(2-(4~
methoxyphenoxylacetamidofisonicotinamide;

N-{2-(2-cyano-4 4-diflooropyrrohidin-1-y1}-2-oxoethyl)-6-(2-(4-(trifluoromethyiphenyDprop-1-
en-i-vijquinoline-4-carboxamide;

3-{1-(4-chlorophenyDprop-l-en-2-v}-N-(2-(2 ~cvano-4,4-difluoropyrrolidin- 1 -y 1)-2-
oxoethyisonicotinamide;

3-{1-{4-chloro-2-methylphenyliprop-1-en-2-y}-N-{2-(Z~cyano-4 4-diflucropyrrolidin-1-y1)-2-
oxoethyhisonicotinamide;

N-{2-(2-cvano-4 4-difluoropyrrohidin-§ ~v1)-2-oxoethyi}-6-(2-(4-(tnfluoromethoxyphenylprop-
1-en-1-yvhguinoline-4-carboxamide;

N-A2-(2-cyvano-4, 4-difluoropyrrolidin-1-y1}-2-oxoethyl)-3-(2-( L -methvl-1 H-pyrazol-4-
vivinybhisonicotinamide;

N-{2-(2-cyano-4 4-difluoropyrrolidin- T -y1)-2 -oxoethyl)-3-(2-( F-methyl-1H-pyrrol-3-yDprop-1-
en-1-yljisonicotinamide;

N-(2~(2-cvano-4,4-difluoropvrrolidin- I -v1)-2-oxoethyi}-3~((4-
fluorophenylethynyljisonicotinamide;

N-(2-{Z-cyano-4, 4-difluoropyrrohidin--y1}-2-oxoethy-6-(2-(6-hydroxypy ridin-3-
viyvinyhguinoling-4-carboxamide;
N-A2-(2-cyano-4.4-difluoropyrrolidin--y1}-2-oxoethy}-3-(5-methoxybenzofuran-2-
carboxamido}isonicotinamide;

N-{2-(2-cyano-4 4-difluoropyrrolidin-1-v1}-2 -oxoethyl}-6-(2-(4-methoxyphenyDprop-1-en-1-
vhqumolme-4~carboxamide;

N-(2~(2-cvano-4,4-difluoropvrrohidin- f-y1)-2-oxoethyl}-3-(2-(5-(tnfluoromethoxyv)-2,3-
dihydrobenzofdjthiazol-2-yDvinviisonicotinamide;

N-(2-(2~cyano-4, 4-difluoropyrrolidin-1-y1}-2-oxoethy)-3-(2-(4-

methyleyelohexylvinylisonicotinamide;
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N-{2-(2-cvano-4 4-diftuoropyrrohidin-§ ~v1)-2-oxoethyl}-6-(2-(6-methoxypynidin-3-ylprop-1-en-
1-yhguinoline-4-carboxamide;

6-(2-(4~-(tert-butyDphenylprop-1-en~1-y1)-N-2-(2-cyano-4, 4-difluoropyrrolidin- 1 -y1}-2-
oxoethyhquinoline-4-carboxamide;
N-(2-(2-cyano-5,5-diftuoropiperidin-1-y1}-2-oxoethyi}-3-{{4-
fluorobenzyhaminojisonicotinamide,

N-(2~(2-cvano-4 4~-difluoropvrrolidin- I -v1)-2~oxoethyl}-6-(2-(6~-methvlpyridin-3-vi)prop-I-cn-1-
vhgquinoline-4-carboxamide;

3-(4-chlorostyryl}-N-(2-(2-cyano-3,3-difluorcazetidin-1-v1)-2-oxoethy Disonicotinamde;
N-(2-(Z-cyano-4,4-difluoropyrrolidin-1-y1}-2-oxoethyi)-6-(2-{6-{trifluoromethyviypyridin-3-
vhprop-t-en-t-yhquinoline-4-carboxanude;
N-(2-(Z-cyano-2-cyclopropyl-4,4-difluoropyrrolidin-1-v1}-2-oxoethyl)-3-¢(4-
fluorobenzyDamincjisonicotinamide,

N-(2~(2-cvano-4,4-difluoropvrrolidin- 1 -y1)-2-oxoethy)-6~(2-(6-hvdroxypyridm-3-yhprop-1-cn-
-yhgumnoline-4-carboxamde;

N-A2-{2-cyano-4 4-difluoropyrrohdin-1-v1}-2-oxoethyl)-3-(2-( L-methyl- 1 H-pyrrol-3-
vhvinyljisonicotinamide;

N-(2-(2-cyano-4.4-difluoropyrrolidin-1-y1)-2-oxoethy -6-(2-(S-methylpyrndin-2-yprop-i-en-1-
yhgquinoline-4-carboxamide;

N-(2~(Z-cyano-4, 4-diflucropyreolidin-E-yi-2-oxoethyl-3~(2-( T -methyl-1H-pyrazol-4-yhprop-1-
en-1-yl)isonicotinamide;
6-{2-{6-chloronaphthalen-2-ylprop-1-en-1-v)-N-(2~(2-cvano-4,4-difluoropyrrolidin- 1 -y )2~
oxoethyvhquinchine-4-carboxamide;
N-A2-(2-cyano-4,4-difluoropyrrolidin-1-y1}-2-oxocthyl)-3-(2-( 1 -methyi-1 H-pyrazol-4-
vhcyelopropylisonicotinamide;

N-{2-(2~cvano-4 4-difluoropyrrolidin-t-vi)-2-oxoethy -6~ 1 -(4-fluorophenyprop-f~en-2~
yhguinoline-4-carboxamide;
3-((3-chlorophenyethyny}-N-(2-(2~cyano-4.4-difluoropyrrolidin-1-v1}-2-
oxoethylyisonicotinamide;

N-{2-(2-cyano-4 4-diflucropyrrolidin-1-y1}-2-oxoethy}-6-{ 1 -(4-(trfluoromethviphenyYprop-1 -

en-2-vlquinoline-4-carboxamide;

ezl
4



WO 2020/142742 PCT/US2020/012260

N-{2-(2-cvano-4 4-diftuoropyrrohidin-§ ~v1)-2-oxoethyi)-3-(1-{ F-methyl- 1 H-pyrrol-3-yDprop-1-
en-2-vhisonicotinamide;

N-(2-(2-cyvano-4 4-difluoropyrrolidin-1-v1}-2-oxoethyD-6-( | -{(4-(trifluoromethoxyiphenvlprop-
{-en-2-yhquinoline-4-carboxamide;

N-(2-(2-cyano-4 4-diftuoropyrrolidin-1-vi)-2-oxoethyl3-3-¢1-(1 -methyl- 1 H-pyrazol-4-yDprop-1-
en-2-yljisonicotinamide;

N-{2-(2-cvano-4 4~-difluoropvrrohidin- | ~v)-2-oxocthyl}-6-( 1-(6-methoxypynidin-3-yhprop-1-cn-
2-ylyguinoline-4-carboxamde;

N-A2-(2-cyano-4,4-difleoropyrrolidin- 1 -y1}-2-oxoethvi}-3-(2-( I -methyl-1H-pyrrol-3-
vhcvelopropylisonicotinamide:;

N-(2-(2-cyano-4 4-diftuoropyrrolidin-1-v1}-2-oxoethyl}-6-( 1 -(4-methoxyphenylprop-1-en-2-
yhguinoline-4-carboxamide;

3-{(3-(tert-butylphenyhethyny)-N-(2-(2-cvanc-4 4-difluoropyrrolidin- 1 -v1}-2-
oxoethyhisonicotinamide;

6-( 1 -(4-{ert-butylpheny Hprop- -en-2-y }-N-(2-(2-cvano-4,4-difluoropyrrolidin- 1-y1)-2-
oxoethybquinoline-4-carboxamide;
N-{2-{2-cyano-4,4-difluoropvrrolidin-1-y1}-2-oxoethyl)-3-(2-(3,5-dimethylisoxazol-4-
vivinybhisonicotinamide;

N-(2-(2-cyano-4.4-difluoropyrrolidin- 1 -y1}-2-oxoethyl}-6-(1-(6-methylpyridin-3-vDprop-1-en-2-
vhguinoline-4-carboxamide;

N-{2-(2-cvano-4,4-difluoropvrrolidin- [ -vl)-2-oxoethyl)-3-(2-(3,5-dimethylisoxazol-4-yjprop-~1-
en-1-yhisonicotinanide;

N-2-{Z-cyano-4, 4-difluoropyrrolidin--y1}-2-oxoethy}-6-(1-(6-(trifluoromethyvpyndin-3-
vi}prop-1-en-2-yljquinolne-4-carboxamide;
NA2-(2-cyano-4.4-difluoropyrrolidin--y1}-2-oxoethyl}-3-(1-(3,5-dimethylisoxazol-4-yIiprop-1-
en-2~vijisonicotinamide;

N-{2-(2-cyano-4 4-difluoropyrrolidin-T-y1}-2 -oxoethyi}-6-( 1-{6-hvdroxypyridin-3-yDprop-1-en-
2-yhguinoline-4-carboxamide;
3-{{4-chloro-2-methylphenyhethynyl)-N-(2-(Z-cyano-4,4-difluoropyrrolidin-1-y1)-2-
oxoethylyisonicotinamide;
N-A2-(2~cyano-4,4-difluoropyrrolidin-1-y1}-2-oxoethy1)-6-(1-(3-methvipyndin-2-yljprop-1-en-2-

vhquinoline~4-carboxamide;
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N-{2-(2-cvano-4 4-difluoropyrrohidin-§ ~v1)-2-oxoethyl)-3-((4-
(tritfuoromethyl)phenyliethynyDisonicotinamide;

N-(2-(2-cvano-4. 4-difluoropyrrolidin-1-v1)-2-oxocthyD-6-(2-(3-methylbenzofuran-6-
vhvinyhguinohne-4-carboxamide;

N-(2-(2-cyano-4 4-diftuoropyrrolidin-1-vi)-2-oxoethyl3-3-¢(2,4-
dimethoxyphenyljethynyl)isonicotinamide;

N-(2~{2-cvano-4,4~-difluoropy reolidin- -y )-2~oxocthy1}~6-2-(3~-methyl-2 3~
dihydrobenzofdithiazol-6-ylvinyljquinoling-4-carboxamide;

N-{2-(2-cyano-4 4-diflaoropyrrohidin-1-y1}-2-oxoethyl)-3-((6-methoxypyridin-3-
vhethynylisonicotinamide;

N-(2-(2~cyano-4 4-difluoropyrrolidin-1-y1)-2-oxoethy [y-6-(2~( T -methyl-2,3-dihydro- 1H-
benzoldjimidazol-3-ylvinyquinoline-4-carboxamide;

N-(2-(2-cyvano-4 4-difluoropyrrolidin-f-y1)-2-oxoethyl}-3-((4-
{trifluoromethoxy)phenylicthynyljisonicotinamide;
N-A2-(2-cvano-4,4-difluoropvrrohidin- f-y1)-2-oxoethy1}-6-(2-( f-methyl-1,8a-
dihydroimidazo] 1,2-ajpyridin-6-ylvinyhquinoline-4-carboxamide;
N-{2-(2-cyano-4,4-difluoropvrrolidin-1-y1}-2-oxoethy)-6-(2-( 1 -methvl-2 3-dihydro-1H-
benzo{dfimidazol-3-ylprop-1-en-1-yhquinoline-4~carboxamide;
N-(2-(2-cyano-4.4-difluoropyrrolidin- F-y1}-2-oxoethyl)-6-(2-(4-methyl-3 4-dihy dro-2H-
benzoibi{ 1,4]oxazin-7-vl)vinylguinoline-4-carboxamide;
N-{2-{2-cvano-4,4-difluoropvrrolidin- L -v1)-2-oxocthy1)-6-2-( I -methvl-1 8a-
dihydroimidazof I, 2-ajpyridin-6-yljprop-1-en- 1 -vl)quinoline-4-carboxamide;
N-(2-{Z-cyano-4, 4-difluoropyrrolidin- E-y1}-2-oxoethy1}-6-(2-(3-methvibenzofuran-6-v1prop-1-
en-i-vlquinoline-4-carboxamide;

N-(2-(2~cyano-4 4-difluoropyrrolidin- 1 -y1}-2 -oxoethvl}-6-(2~(4-methyl-3.4-dihydro-2H-
benzolbl 1, 4loxazin-7-vlprop-1-en~1-yjquinoline-4-carboxamide;

N-{2-(2-cyano-4 4-difluoropyrrolidin-1-y1}-2 -oxoethyi)-6-(2-(3-methyl-2 3~
dihydrobenzoldithiazol-6-yljprop-1-en-1-yquinoline-4-carboxamide;
N-(2~(2-cvano-4,4-difluoropvrrohidin- f-v1-2-oxoethy}-6-(2-(2-methvipyndin-4-
vlvinyhquinoline-4-carboxamide;

N-{2-(2-cyano-4,4-difluoropvrrolidin- 1 -y1}-2-oxoethy)-6-(2-(2-methoxypyridin-4-

vhvinylquinchne-4-carboxamide;
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N-{2-(2-cvano-4 4-diftuoropyrrohidin-§ ~v1)-2-oxoethyl}-6-(2-(2-(trifluoromethylpyridin-4-
vhvinyhguinoline-4-carboxamide;

N-(2-(2-cyvano-4 4-difluoropyrrolidin-1-v1}-2-oxocthyl}-6-(4~(2-hvdroxypropan-2-
vhphenyvhquinohne-4-carboxanude;

N-(2-(2-cyano-4 4-diftuoropyrrolidin-1-v)-2-oxoethyl3-3-¢2-(1 -ox0-1,2,3 4-
tetrahydroisoquinolin-6-ylvinyl}isonicotinamide;
6-(2~(2-amnopynidin-4d-vhvinyB-N-(2-(2-cyano-4 4-difluoropyrrolidin-1 -y1}-2-
oxoethvhquinoline-4-carboxamide;

6-(2-{6-amnopyndin-3-yvinyh-N-(2-(2-cvano-4 4-difluoropy rrotidin-1-y1)-2-
oxoethyhquinoline-4-carboxamide;

N-(2-(2~cyano-4 4-difluoropyrrolidin-1-yi)-2-oxoethyl}-6-(2-(6-0ox0-3 6-dihvdropyndin-3-
yhvinylguinohne-4-carboxamide;

N-(2~{2-cvano-4 4-diftuoropyrrolidin- -y1}-2-oxoethylj-6-(2-(6-{{(4-methvipiperazin-1-
vhmethyhpyridin-3-ylvinyguinohine-4-carboxanide;
N-{2-(2-cvano-~4,4-difluoropyrolidin-§-v1)-2-oxoethyl}-6-(2-(6-(piperazin-1 -y ImethyDpyridin-3-
yhvinyhguinoline-4-carboxamide;

N-{2-(2-cyvano-4, 4-difluoropyrrolidin--y1}-2-oxoethy)-6-(2-{6-{morpholinomethy Dpyridin-3-
viyvinyhgquinoling-4-carboxanude;

N-(2-(2-cyano-4.4-difluoropy rrolidin- L -y1}-2-oxoethy1}-6-(2-(6-((1 -methvipiperidin-4-
yhmethyhpyridin-3-yhvinyljquinoline-4-carboxamide;

N-(2~(2-cvano-4,4-difluoropvrrolidin- I -vD-2-oxoethyl)-6-(2-(6-(pipendin-4-ylmethyhpyridin-3-
vhvinyhquinoline-4-carboxamide;

N-(2-{Z-cyano-4, 4-difluoropyrrolidin- E-y1}-2-oxoethy1}-6-(2-(6-({ I -methylpiperidin-4-
vijamino}pyridin-3-ylvinyliguinoline-4-carboxamide; and
N-(2-(2-cyano-4.4-difluoropyrrolidin- 1 -y1}-2-oxoethy D} -6-(2-(6-((1-methvipiperidin-4-
vhoxypyndin-3-yhvinyhguinolme-4-carboxanuide,
N-{2-(2-cyano-4,4-difluoropyrrolidin-1-y1}-2-oxoethyl}-6-2-(2-hydroxypyndin-4-
vhvinyhquinoline-4-carboxamide,

N-(2-(2-cyano-4 4-diftuoropyrrolidin- L -yvl}-2-oxoethyD)-3-(2-(1-oxoisomdolin-5-
vlvinylisonicotinamide,

or a pharmaceutically acceptable salt thereof. Also provided herein are, where applicable, any

and all stercotsomers of the compounds depicted herein, including geometric isomers {c.g.,
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cis/trans isomers or B/Z isomers), enantiomers, diastercomers, or mixtures thereof m any ratio,

including racemic mixtures.

[8112] The compounds depicted herein may be present as salts even if salts are not depicted
and it is understood that the present disclosure embraces all salts and solvates of the compounds
depicted here, as well as the non-salt and non-solvate form of the compound, as is well
understood by the skilled artisan. In some embodiments, the salts of the compounds provided
herein are pharmaceutically acceptable salts. Where one or more tertiary amine moiety is present

in the compound, the N-oxides are also provided and described.

[6113] Where tautomeric forms may be present for any of the compounds described herein,
each and every tautomeric form is intended even though only one or some of the tautomeric
forms may be explicitly depicted. The tautomeric forms specifically depicted may or may not be

the predominant forms m solution or when used according to the methods described herein.

{#114] The present disclosare also includes any or all of the stereochemical forms, inclading
any enantiomeric or diastercomeric forms of the compounds described, such as the compounds
of Table 1. The structure or name is intended to embrace all possible stercoisomers of a
compound depicted. All forms of the compounds are also embraced by the invention, such as
crystalline or non-crystalline forms of the compounds. Compositions comprising a compound of
the invention are also intended, such as a composition of substantially pure compound, including
a specific stereochenucal form thereof, or a composition comprising mixtures of compounds of
the invention in any ratio, including two or more stereochemical forms, such as in a racemic or

non-racemic mixture.

[8115] The invention also ntends sotopically-labeled and/or isotopically-enriched forms of
compounds described herein. The compounds herein may contain unnatural proportions of
atontic 1sotopes at one or more of the atoros that constitute such compounds. In some
embodiments, the compound is isotopically-labeled, such as an isotopicallv-labeled compound
of the formula (1) or variations thercof described herein, where a fraction of one or more atoms
are replaced by an isotope of the same element. Exemplary isotopes that can be incorporated
into compounds of the invention include isotopes of hydrogen, carbon, nitrogen, oxveen,
phosphorus, sulfur, chlorine, such as 2H, *H, U C, BC, ¥C BN, B0, 170, 32p, 358, BF 36(C1,
Certain isotope labeled compounds (e.g. *H and *C) is useful in compound or substrate tissue

distribution studies. Incorporation of heavier isotopes such as deuterium (CH) can afford certain
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therapeutic advantages resulting from greater metabolic stability, for example, increased in vivo

half-life, or reduced dosage requirements and, hence may be preferred in some instances.

{8116} Isotopically-labeled compounds of the present nvention can generally be prepared by
standard methods and technigues known to those skilled in the art or by procedures similar to
those described in the accompanying Examples substituting appropriate isotopically-labeled

reagents in place of the corresponding non-labeled reagent.

{9117} Articles of manufacture comprising a compound described herein, or a salt or solvate
thercof, in a suitable container are provided. The contamer may be a vial, jar, ampoule,

preloaded svringe, 1.v. bag, and the like.

{0118] Preferably, the compounds detailed herein are orally bioavailable. However, the

compounds may also be formulated for parenteral {e. g, intravenous) administration.

{8119]  One or several compounds described herein can be used in the preparation of a
medicament by combining the compound or compounds as an active ingredient with a
phammacologically acceptable carrier, which are known in the art. Depending on the therapeutic
form of the medication, the carrier may be in various forms. In one variation, the manufacture
of a medicament is for use in any of the methods disclosed herein, e.g., for the treatment of

cancer.
General synthetic methods

[01206] The compounds of the invention may be prepared by a number of processes as
generally described below and more specifically in the Examples hereinafier (such as the
schemes provided 1 the Examples below). In the following process descriptions, the symbols
when used in the formulae depicted are to be understood to represent those groups described

above m relation o the formulae heremn.

{0121}  Where 1t is desired to obtain a particular enantiomer of a compound, this may be
accomplished from a corresponding mixture of ¢nantiomers using any suitable conventional
procedure for separating or resolving enantiomers. Thus, for example, diastereomeric
derivatives may be produced by reaction of a mixture of enantiomers, e.g., a racemate, and an
appropriate chiral compound. The diastercomers may then be separated by any convenient
means, for example by erystallization and the desired enantiomer recovered. In another

resobution process, a racemate may be separated using chiral High Performance Liquid
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Chromatography. Alternatively, if desired a particular enantiomer may be obtained by using an

appropriate chiral intermediate in one of the processes described.

{8122} Chromatography, recrystallization and other conventional separation procedures may
also be used with intermediates or final products where it is desired to obtain a particular isomer

of a compound or to otherwise purify a product of a reaction.

[6123] Solvates of a compound provided herein, a pharmaceutically acceptable salt,
stereoisomer or tautomer thereof are aiso contemplated. Solvates contain either stoichiometric
or non-stoichiometric amounts of a solvent, and are often formed during the process of
cryvstallization. Hydrates are formed when the solvent is water, or alcoholates are formed when
the solvent is alcohol.

{0124] Compounds of the formula (I-1) can be prepared according to Scheme 1, wherein R,
RIR2 Y, m, nand q are as detailed herein for formula (I}, or any variation thereof detailed

herein; Z and Z1 are leaving groups; and PG is an amine protecting group.

Scheme 1
H Q
N
. PG \(CR1R2)q/LL OH H i
ZHNTOAS i1b pa’ \(CR1R2)q)L‘N o F o HZL
R4 I F  deprotect
NG N
ba e

1

8]
H
Y OH C N ’
ﬁ.x \(CR’Rz)q')k
v "

NC

-1

{0125} Coupling of a compound of formula (I-1a) with a compound of formula (I-1b) in the
presenee of a coupling agent (¢.g., HATU, HOBt, or PvBOP) vields a compound of formula (-
1¢). Deprotection of the amine of the compound of formula (I-1¢) under acidic conditions {e.g.,
HCl or pTsOH) provides the compound of formula (I-1d) as a salt, which is coupled with a
carboxvlic acid in the presence of a coupling agent (e.g.. HATU, HOBt, or PyBOP)to vicld a

compound of formula (1-1).
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[0126]  An exemplary embodiment of the preparative method in Scheme 1 13 shown n Scheme

la.
Scheme Ia
o] o o
H oo S ;
CIH.HN F N | ; ;
/><F m s Ay F e CHHN N
/})\ HATU, DIPEA F F
N DMF 7 7

Y7 oM O\\( \/l\N F

R % N F
HATU, DIPEA //
i

DMF

{0127} In some embodiments, Y is 6- to 10-membered heteroaryl substituted by R Ina
O

further embodiment, Y is pyridin-4-y1 substituted by R'? in the 3-position, wherein ¥ OH ig

represented by the compound of formula (H-1).

Scheme 2

OOz ) Ox-Onpz Oy, OH
R B(OH) 12 12 ]
\[ B Suzuki coupling L /:/ deprotect f P
N~ N N
fi-ta Btk Hi-1

{0128} Itis understood that the schemes above may be modificd to arrive at various
compounds of the invention by selection of appropriate reagents and starting materials. Fora
general description of protecting groups and their use, see P.G.M. Wuts and T.W. Greene,
Greene's Protective Groups in Organic Synthesis 4™ edition, Wiley-Interscience, New York,

2006.
Pharmaceutical Compositions and Formulations

{6129} Pharmaceutical compositions of any of the compounds detailed herein are embraced by
this disclosare. Thas, the present disclosure includes pharmaceutical compositions comprising a
compound as detailed herein, or a pharmaceutically acceptable salt, stereoisomer or tautomer
thercof and a pharmaceutically acceptable carrier or excipient. In one aspect, the
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pharmmaceutically acceptable salt is an acid addition salt, such as a salt formed with an inorganic
or organic acid. Pharmaceutical compositions may take a form suitable for oral, buccal,
parenteral, nasal, topical or rectal administration or a form suitable for adonunistration by

inhalation.

{0136} A compound as detailed herein may in one aspect be in a purified form and
compositions comprising a compound in purified forms are detailed hercin. Compositions
comprising a compound as detailed herein, or a pharmaceutically acceptable salt, stereoisomer
or tautomer thereof are provided, such as compositions of substantially pure compounds. In
some embodiments, a composition containing a compound as detailed herem, a pharmaceutically

acceptable salt, sterecisomer or tautomer thereof 1s 1n substantially pure form.

{8131} In one variation, the compounds hercin are synthetic compounds prepared for
admuustration to an individual. In another vanation, compositions are provided containing a
compound in substantially pure form. In another variation, the present disclosure embraces
pharmaceutical compositions comprising a compound detailed herein and a pharmaceutically
acceptable carrier. In another variation, methods of administering a compound are provided.
The purified forms, phammaceutical compositions and methods of adounistering the compounds

are suttable for any compound or form thereof detailed herein.

{6132} A compound detailed herein or salt thereof may be formulated for any available
delivery route, including an oral, mucosal {e.g., nasal, sublingual, vaginal, buccal or rectal),
parenteral {e.g., intramuscular, subcutaneous or mtravenous), topical or transdermal dehvery
form. A compound or salt thereof may be formulated with suitable carriers to provide delivery
forms that include, but are not limited to, tablets, caplets, capsules (such as hard gelatin capsules
or soft elastic gelatin capsules), cachets, troches, lozenges, gums, dispersions, suppositories,
ointments, cataplasms {poultices}, pastes, powders, dressings, creams, solutions, patches,
aerosols {e.g., nasal spray or inhalers), gels, suspensions {e.g., aqueous or non-aqueous liguid

suspensions, oil-in~water emulsions or water-in-oil liquid emulsions), solutions and elixirs.

{0133} One or several compounds descrbed herein a pharmaceutically acceptable salt,
stereoisomer or tautomer thereof can be used in the preparation of a formulation, such as a
phammaceutical formulation, by combining the compound or compounds, a pharmaceutically
acceptable salt, stereoisomer or tautomer thereof, as an active ingredient with a pharmaceutically

acceptable carrier, such as those mentioned above. Depending on the therapeutic form of the
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system {e.g., transdermal patch vs. oral tablet}, the carrier may be 1n various forms. In addition,
pharmaceutical formulations may contain preservatives, solubilizers, stabilizers, re-wetting
agents, emulgators, sweeteners, dyes, adjusters, and salts for the adjustment of osmotic pressure,
buffers, coating agents or antioxidants. Formulations comprising the compound may also
contain other substances which have valuable therapeutic propertics. Pharmaceutical
formulations may be prepared by known pharmaceutical methods. Suitable formmlations can be
found, e.g., in Remington’s Pharmaceutical Sciences, Mack Publishing Company, Philadelphia,

PA, 200 ed. (2000), which is incorporated herein by reference.

{0134] Compounds as described herein may be adnunistered to individuals in a form of
generally accepted oral compositions, such as tablets, coated tablets, and gel capsules in a hard
or in soft shell, ermulsions or suspensions. Examples of carriers, which may be used for the
preparation of such compositions, are lactose, corn starch or its derivatives, talc, stearate or s
salts, efc. Acceptable carriers for gel capsules with sott shell are, for instance, plant otls, wax,
fats, semisolid and Hgumd poly-ols, and so on. In addition, pharmaceutical formulations may
contain preservatives, solubilizers, stabilizers, re-wetting agents, emulgators, sweeteners, dyes,
adjusters, and salts for the adjustment of osmotic pressure, buffers, coating agents or

antioxidants.

{8135} Compositions comprising a compound provided herein are also described. In one
variation, the composition comprises a compound or salt thercof and a pharmaccutically
acceptable carrier or excipient. In another vanation, a composition of substantially pure
compound is provided. In some embodiments, the composition s for use as a human or
veterinary medicament. In some embodiments, the composition is for use in a method described
herein. I some embodiments, the composition is for use tn the treatioent of a discase or
disorder described herein.

Methods of Use and Uses

{0136] Compounds and compositions detailed herein, such as a pharmaccutical composition
comprnising a compound of any formula provided herein a pharmaceutically acceptable salt,
stereoisomer or tautomer thereof and a pharmaceutically acceptable carrier or excipient, may be
used in methods of administration and treatment as provided herein. The compounds and

compositions may also be used in i vifro methods, such as in vitro methods of administering a
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compound or composition to cells for screening purposes and/or for conducting quality control

assays.

{8137} Provided herein is a method of treating a disease or disorder in an individual m need
thereof comprising administering a compound described herein or any embodiment, variation, or
aspect thereof, or a pharmaceutically acceptable salt thereof. In some embodiments, the
compound, pharmaceutically acceptable salt thercof, or composition is administered to the

mdividual according to a dosage and/or method of administration described herein.

[6138] The compounds or salis thereof described herein and compositions described herein are
believed to be effective for treating a vaniety of diseases and disorders. In some embodiments, a
compound or salt thereof described herein or a composition described herein may be used in a
method of treating a disease or disorder mediated by fibroblast activation protemn (FAP). In
some embodiments, the disease or disorder is characterized by proliferation, tissue remodeling,

fibrosis, chronic inflammation, excess alcohol consumption, or abnormal metabolism.

{0139]  In some embodiments, a compound or salt thereof described herein or a composition
described herein may be used in a method of treating a disease or disorder mediated by a
physiological substrate of FAP peptidase activity. In some embodiments the FAP peptidase
activity is endopeptidase activity. In some embodiments, the physiological substrate of FAP
endopeptidase activity is a2-antiplasmin, type 1 collagen, gelatin, and Fibroblast growth factor
21 (FGF21). In some embodiments the FAP peptidase activity is exopeptidase activity. In some
embodiments, the physiological substrate of FAP exopeptidase activity 1s Neuropeptide Y, B-
type natniuretic peptide, substance P and peptide YY. In some embodiments, a compound or salt
thercof described herein or a composition described herein may be used 1n a method of treating a

disease or disorder mediated by FGF2 1

[0140] In some cmbodiments, a compound or salt thereof descrbed herein or a composition
described heremn may be used in a method of treating a FGF2 l-associated disorder, such as
chesity, tvpe -and type H diabetes, pancreatitis, dyshipidemia, hyperlipidemia conditions, non-
alcoholic fatty liver disease (NAFLDY), non-alcoholic steatohepatitis (NASH), insulin resistance,
hyperinsulinemia, glucose intolerance, hyperglveemia, metabolic syndrome, acute myocardial
mfarction, hypertension, cardiovascular diseases, atherosclerosis, peripheral arterial disease,
apoplexy, heart failure, coronary artery heart disease, renal discase, diabetic complications,

neuropathy, gastroparesis, disorder associated with a serious mactivation mutation in insulin
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receptor, and other metabolic disorders. In some embodiments, the FGF2 L-associated disorder
is diabetes, obesity, dyslipidemia, metabolic svadrome, non-alcoholic fatty liver disease, non-

alcobolic steatohepatitis or cardiovascular diseases.

{8141} Insome embodiments, a compound or salt thereof described herein or a composition
described herein may be used in a method of treating a disease or disorder characterized by
proliferation, tissuc remodeling, fibrosis, chronic inflammation, excess aleohol consumption, or

abnormal metabolism.

{6142} Tn some embodiments, a compound or salt thereof described herein or a composition
described herein may be used in a method of treating cancer, such as breast cancer, colorectal
cancer, ovarian cancer, prostate cancer, pancreatic cancer, kidney cancer, hung cancer,
melanoma, fibrosarcoma, bone sarcoma, connective tissue sarcoma, renal cell carcinoma, giant
cell carcinoma, squanwous cell carcinoma, leukemia, skin cancer, soft tissue cancer, liver cancer,
gastrointestinal carcinoma, or adenocarcinoma. In some embodiments, the compound, salt, or
composition may be used in a method of treating metastatic kidney cancer, chronic

lymphocytary leukemia, pancreatic adenocarcinoma, or non-small cell lung cancer.

{8143] [In some embodiments, the admimstration of the compound, salt, or composition
reduces tumor growth, tumor proliferation, or tumorigenicity in the individual. In some
embodiments, the compound, salt. or composition may be used in a method of reducing tumor
growth, tamor proliferation, or tumorigenicity n an mdividual in need thereof. In some
embodiments, tumor growth is slowed or arrested. In some embodiments, tamor growth 1s
reduced at feast about 10%, 20%, 30%. 409, 50%, 60%. 70%, 80%, 90% or more. In some
embodiments, the tumor 1s reduced in size. In some embodiments, tumor metastasis is prevented
or slowed. In some embodiments, the tumor growth, tumor proliferation, or tumorigenicity is
compared to the tumor growth, tumor proliferation, or tumorigenicity in the individual prior to
the administration of the compound, salt, or composition. In some embodiments, the tumor
growth, tumor proliferation, or tumorigenicity is compared to the tumor growth, tumor
proliferation, or tumorigenicity in a similar individual or group of mdividuals. Methods of
measuring tumor growth, tumor proliferation, and tumorigenicity are known in the art, for

example by repeated imaging of the mdividual.

{0144] In some embodiments, a compound or salt thereof described herein or a composition

described herein may be used in in a method of treating fibrotic disease, thrombaosis, wound
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healing, keloid formation, osteoarthritis, rheumatoid arthritis and related disorders involving
cartilage degradation, atherosclerotic disease, Crohn’s disease, hepatic cirrhosis, idiopathic
pulmonary fibrosis, myocardial hypertrophy, diastolic dysfunction, obesity, glucose intolerance,
msubin msensitivity, or diabetes mellitus. In some embodiments, the hepatic cirrhosis 1s viral
hepatitis-induced, aleohol-induced, or biliary cirrhosis. In some embodiments, the diabetes
mellitus is type H diabetes. In some embodiments, the disease or disorder is fibrotic liver

degeneration.

{0145]  In some embodiments, provided herein 1s a method of inhibiting FAP. The compounds
or salts thereot described herein and compositions described berein are believed to be effective

for mhibiting FAP.

{8146] In some embodiments, the method of inhibiting FAP comprises inhibiting FAP in a cell
by administering or delivering to the cell a compound described herein, or a pharmaceutically
acceptable salt thereof, or a pharmaceutical composition described herein. In some
embodiments, the cell is a fibroblast, such as a myofibroblast, a keloid fibroblast, a cancer
associated fibroblast (CAF). or a reactive stromal fibroblast, among others cells with FAP

expression.

{6147} In some embodiments, the method of inlubiting FAP comprises mhibiting FAP ina
tumor or in plasma by administering or delivering to the tumor or plasma a compound described
herein, or a pharmaceutically acceptable salt thereof, or a pharmaceutical composition described
herein.

{0148} Tn some embodiments, the inhibition of FAP comprises inhibiting an endopeptidase
and/or exopeptidase activity of FAP. In some embodiments, FAP is inhibited by at least about
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 98% or mor¢. Inhibition of FAP can

be determined by methods known i the art.

{#149]  In some embodiments, the compound, salt thereof, or composition inhibits FAP with an
1Cs0 of less than about 1 M. such as less than about 750 oM, 600 aM, 500 nM, 300 nM, 200
nM, 100 nM, 80 nM, 60 nM, 40 oM, 25 oM, or less. In some embodiments, the compound, salt
thercof, or composition inhibits FAP with an IC:o between about 7 ndM and 1 uM, such between
about 10 nM and 600 nM, 15 nM and 200 oM, or 20 nM and 180 nM. In some aspects, the half
maximal inhibitory concentration {ICso) 15 a measure of the effectivencss of a substance in

mhubiting a specific biological or biochenucal function. In some aspects, the ICs0is a
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quantitative measure that indicates how much of an inhibitor is needed to inhibit a given
biological process or component of a process such as an enzyme, cell, cell receptor or

microorganism by half. Methods of deternining ICse i vifro and in vivo are known in the art.

{8150} Insome embodiments, the compounds or salts thereof described herein and
compositions described herein are administered in an amount wherein DPPIL, DPPIV, DPPR,
DPPY, and/or PREP activity is not inhibited or is inhibited to a lesser extent. In some
embodiments, inhibition of FAP is at least or at least about 2 fold greater than inhibition of
DPPIL DPPIV, DPPS, DPPY, and/or PREP activity, for example at least or at least about 3 fold,
4 fold, 5 fold, 8 fold, 10 fold, 15 fold, 30 fold, 50 fold, 60 fold, 75 fold, or 100 fold greater.

[8151] By way of example and not wishing to be bound by theory, DPP9 is belicved to be a
cvtoplasmic DPP and belongs to S9B sub-family of proline-selective soluble proteases too.
Inhibition of DPPY activity in macrophages activates the Nirpib inflanunasome. Activation of
this pathway leads to pyroptosis, a proinflaramatory form of cell death (Okondo MC et al. 2017;
Okondo MC et al. 2018) concomitant with the activation of caspase-1 and subsequent activation
of pro-{L-1P and pro-IL-18. In MC38 syngeneic mouse model, Val-boroPro a non-selective
DPP inhibitor, has shown to inhibit cancer growth with concomitant up-regulation of imumune-
stimulatory cytokines and tumor nfiltration of anti-cancer cell types including CD8+ T cells,
M1-macrophages and NK cells when combined with the immune checkpoint anti-PD1. The
cvtoplasmic RU134-42 tumor antigen 1s a natural substrate of DPPY and endogenous DPPO
limits the presentation of the RU134-42 peptide. These findings suggest a role for DPP9
antigen presentation {Geiss-Friedlander R et al, 2009). In human myeloid cells, CARDS
mediates DPPR/9 inhibitor-induced procaspase-153 ~dependent pyroptosis. DPPR/Y inhibitors
mnduce pyroptosis in the majority of human acute myeloid levkemia (AML}) cell lines and
primary AML samples, but not in cells from many other incages, and that these inbibitors
mhibit human AML progression in mouse models. Val-boroPro afforded a 97% reduction in
tamor burden relative to the vehicle control in a model of disseminated MV4:11 lcukemia cells
in NSG mice (Johnson et al., 2018).

{8152} Provided herein is a method of enhancing an tmmune response in an individual
comprsing administering to the individual a compound described herein, or a pharmaceutically
acceptable salt thereof, or a pharmaceutical composition described herein. In some

embodiments, the mdividual has cancer. Tn some embodiments, the enbanced immune response
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1s directed to a tumor or cancerous cell. By way of example and not wishing to be bound by
theory, FAP is believed to suppress immune responses, especially in the context of cancer,
therefore mnhibiting FAP may enhancing the immune response of an individual. Accordingly,
provided herein are methods of treating cancer in an individual in need thereof comprising
administering to the individual a compound described herein, or a pharmaceuntically acceptable
salt thereof, or a pharmaceutical composition described herein, wherein an tmmune response of

the individual 1s increased.

{0153] Provided herein is a method of increasing the level of FGF21 expression in an
mdividual comprising admunistering to the individual a compound described berein, or a
phammaceutically acceptable salt thereof, or a pharmaceutical composition described herein.
Also provided herein is a method of increasing the level of FGF21 or an FGF21 analog in an
individual comprising administering to the individual a compound described herein, or a
pharmaceutically acceptable salt thereof, or a pharmaceutical composition described herein. In
some embodiments, the method further comprises administering FGF2 1 or an FGF21 analog,

such as a mutated FGF21, pegylated FGF21, PF-05231023, or LY 2405319,

[0154] FGFZ1 1s a peptidic endocrine hormone secreted primarily by the liver (Markan, K R.
et al. Semin Cell Dev Biol, 2016, 53: §5-93). Upon entering circulation, FGF21 functions by
signaling to specific tissues regulating carbohydrate and lipid metabolism (Kharitonenkov, A, et
al., ¥ Chin Invest, 2005, 115(6): 1627-35). FGF21 stimulates glucose uptake in adipocytes and is
believed to protective against obesity and mnsulin insensitivity. Pharmacological admunistration
of FGF21 to diabetic and obese animal models markedly ameliorates obesity, msulin resistance,
dyshipidemia, fatty liver, and hyperglveemia in rodents (Markan, K.R. et al. Semin Cell Dev
Biol, 2016, 53: 85-93). Small clinical trials have demonstrated that FGF21 analogs are
efficacious i inducing weight loss and correcting hypermsulinemia, dyshipiderma, and
hypoadiponectinemia in obese individuals with type 2 diabetes (Gaich, G, et al., Cell Metab,
2013, 18(3): p. 333-40; Dong, 1.Q., et al,, Br J Clin Pharmacol, 2015, 80(5): 1051-63.

{#135] By way of example and not wishing to be bound by theory, FAP 13 believed to be the
enzvme responsible for cleavage and inactivation of FGF21; therefore inhibiting FAP may
mcrease levels of FGF21 expression and may angment endogenous and/or exogenous FGEFZ1
action. FOF21 mteracts with FGFR1 through its N-terminus and with B-Klotho through its C-

ternunus. This Cterminal region of FGF21 1s essential to activate the receptor complex to
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mitiate signaling (Micanovic, R, et al, J Cell Physiol, 2009, 219(2): 227-34; Yie, I, et al,
FEBS Lett, 2009, 583(1): 19-24}. Recently, FAPo has been identified as the protease responsible
for the mactivation of circulating FGF21 through the C-terminal cleavage at Prol171 (Dunshee,
DR, etal, ] Biol Chem, 2016, 291(11): 5986-96; Coppage, A L., et al,, PLoS One, 2016, 113}
e0151269; Zhen, EY ., et al., Biochem [, 2016, 473(5): 605-14). In rodents and primates, the
half-life of exogenousty administrated human FGFZ1 is short {~ 0.5-2 h) as result of FAP-
mediated enzymatic degradation and susceptibility to renal clearance (Hager, T., et al., Anal
Chem, 2013, 85(5): 2731-8; Xu, I, et al., Am J Physiol Endocrinol Metab, 2609, 297(5). E1105-
14; Kharntonenkov, A, et al., Endocrinology, 2007, 148(2): 774-81). Common haif-life
extension strategies have improved significantly the PK properties of these FGF21 analogs in
vivo; however, proteolyviic processing still persists in these analogs (Hecht, R, et al., PLoS One,
2012, 7€11): 49345, Mu, I, et al,, Diabetes, 2012, 61(2): 505-12; Camacho, R.C., et al, Ear ]
Pharmacol, 2013, 715(1-3): 41-3).

{8156}  Accordingly, provided herein are methods of treating diabetes mellitus, insulin
msensitivity, and/or obesity in an individual in need thereof comprising administering to the
individual a compound described herein, or a pharmaceutically acceptable salt thereof, ora
phammaceutical composition described herein. In some embodiments, the method further
comprises administering FGF21 or an FGF21 analog. In some embodiments, the FGF21 analog
is pegylated FGF21, PF-05231023, or LY 2405319, Also provided herein are methods of
treating diabetes melittus, msulin insensitivity, and/or obesity in an individual in need thercof
comprising administering to the individual a compound described herein, or a pharmaceutically
acceptable salt thereof, or a pharmaceutical composition described herein, wherein FGF21

expression is increased. In some embodiments, the diabetes melhitus is type I diabetes.

{6157} In some embodiments, the individual 1s a mammal. In some embodiments, the
individeal is a primate, bovine, ovine, porcing, equine, caning, feline, lapine, or rodent. In some
embodiments, the mdividual 15 a human. In some embodiments, the individual has any of the
diseases or disorders disclosed herein. In some embodiments, the individual is a nisk for

developing any of the diseases or disorders disclosed herein.

{0158} In some embodiments, the individual is human.  In some embodiments, the buman is at
least about or s about any of 21, 25, 30, 35, 40, 45, 50, 53, 60, 63, 70, 75, 80, or 83 years old. In
some embodiments, the human is a child.  In some emboediments, the human s less than about or
about any of 21, 18, 15,12, 10,8.6, 3,4, 3,2, or 1 vears old.
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[6139]  Also provided herein are uses of a compound described berein or a pharmaceutically

acceptable salt thereof, or a pharmaceutical composition described herein, in the manufacture of
amedicament. In some embodiments, the manufacture of a medicament is for the treatment of a
disorder or disease described herem. In some embodiments, the manufacture of g medicament 1s

for the prevention and/or treatment of a disorder or disease mediated by FAP.

Combination Therapy

{6160}  As provided herein, compounds or salts thereof described heremn and compositions
described herein may be adminmistered with an additional agent to treat any of the diseases and

disorders disclosed herein.

{6161} In some cmbodiments, {(a) a compound described herein, or a pharmaceutically
acceptable salt thereof, or a pharmaceutical composition described herein and (b} an additional
agent are sequentially administered, concorrently administered or simultaneously adnunistered.
In certain embodiments, (a) a compound described herein, or a pharmaceutically acceptable salt
thereof, or a pharmaceutical composition described herein and (b) an additional agent are
adounistered with a time separation of about 15 nmunutes or less, such as about any of 10, 5, or |
minutes or less. In certain embodiments, (a} a compound described herein, ora
pharmaceutically acceptable salt thereof, or a pharmaceutical composition described herein and
(b) an additional agent are administered with a time separation of about |3 minutes or more,
such as about any of 20, 30, 40, 50, 60, or more minutes. Either (a) a compound described
herein, or a pharmaceutically acceptable salt thereof, or a pharmaceutical composition described
herein and (b) an additional agent may be administered first. In cerfain embodiments, {a) a
compound described herein, or a pharmaceutically acceptable salt thereof, or a pharmaceutical
composition described herein and (b} an additional agent are administered simultaneously.
[#162] In some embodiments, the additional agent targets an immune checkpomt protein. In
some embodiments, the additional agent is an antibody that targets an immune checkpoint
protein. In some embodiments, the additional agent targets PD-1, PD-L1, PD-L2, CTLA4,
TIM3, LAG3, CCR4, OX40, OX40L, IDO, and AZAR. In some embodiments, the additional
agent is an anti-PD-1 antibody, an anti-PD-L1 antibody, or an anti-CTLA-4 antibody.

{0163] In some cmbodiments, the additional agent is an inducer of FGF21 expression, such as

a PPARq agonist. In some embodiment, the PPARa agonist is fibrate or fenofibrate. In some
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embodiments, the additional agent 1s FGF-21 or an FGF-21 analog. Tn some embodiments, the
FGF-21 analog is a mutated FGF21 and/or pegylated FGF21. In some embodiments, the FGF-

21 analog is PF-03231023 or LY 2405319,

{8164} In some embodiments, the additional agent is a KLB/FGFR complex agomst, a DDPIV

antagonist, 3 GLP-1 receptor agonist, or a glucagon receptor agonist.

[0165] Provided herein 1s a method of enhancing an immune response in an individual
comprising administering to the individual {a} a compound described herein, or a
phammaceutically acceptable salt thercof, or a pharmaceutical composition described herein and
(b) an agent that targets an tramune checkpoint protein. In some embodiments, the individual
has cancer. In some embodiments, the enhanced immune response is directed to a tamor or

cancerous cell.

[#166] Also provided herein are methods of treating cancer in an individual m need thereof
comprising administering to the individoal {a) a compound described herein, or a
pharmaceutically acceptable salt thereof, or a pharmaceutical composition described herein and
(b) an agent that targets an tmnune checkpoint protein, wherein an immune response of the

mdividual 1s increased.

{0167} Provided herein is a method of increasing the level of FGF21 expression in an
mdividual comprising admmmstering to the individual (a) a compound described herein, or a
pharmaceutically acceptable salt thereof, or a pharmaceutical composition described herein and

(b) an agent that induces FGF21 expression.

{6168} Also provided herein are methods of treating diabetes mellitus, insulin insensitivity,
and/or obesity in an individual in need thereof comprising administering to the individual {a} a
compound described herein, or a pharmaceutically acceptable salt thercof, or a pharmaceutical
composition described herein and (b) an agent that induces FGF21 expression, wherein FGF21

expression 1s increased. In some embodiments, the diabetes mellitus is type I diabetes.

{0169}  As provided herein, compounds or salts thereof described herein and compositions
described herein are administered as part of a treatment regimen that includes an exercise
regimen, such as strength-training or cardiovascular exercise. In some embodinents, the
compounds or salts thereof described herein and compositions described herein are administered
with an additional agent and as part of a treatment regimen that includes an exercise regimen,
such as strength-training or cardiovascular exercise. In some embodiments, the exercise

102



WO 2020/142742 PCT/US2020/012260

regimen comprises exercising at least once per week, such as twice per week, 3x per week, 4x
per week, 3x per week, 6x per week, or 7x per week. In some embodiments, the exercise
regimen comprises exercising at least one day per week, such as two days per week, 3 days per
week, 4 days per week, 5 days per week, 6 days per week, or 7 davs per week. In some
embodiments, the exercise regimen comprises exercising once per day, twice per day, or 3x per
day. In some embodiments, the exercise regimen comprises exercising for at least 10 minutes
per session, such as for at least 15 oun, 20 min, 25 mun, 30 min, 35 min, 40 min, 45 min, 30 min,

535 min, | hour, 1.25 hours, or 1.5 hours.
Dosing and Method of Administration

{8178} The dose of a compound administered to an individual {such as a human) may vary
with the particular compound or salt thereof, the method of administration, and the particular
disease, such as type and stage of cancer, being treated. In some embodiments, the amount of the

compound or salt thereof is a therapeutically effective amount.

{0171} The effective amount of the compound may in one aspect be a dose of between about
0.01 and about 100 mg/kg. Effective amounts or doses of the compounds of the invention may
be ascertained by routine methods, such as modeling, dose escalation, or chinical trials, taking
into account routine factors, ¢.g., the mode or route of administration or drug delivery, the
pharmacokinetics of the agent, the severity and course of the disease to be treated, the subject’s
health status, condition, and weight. An exemplary dose 1s in the range of about from about 0.7
mg to 7 g daily, or about 7 mg to 350 mg daily, or about 350 mg to 1.75 g daily, or about 1.75 to

7 g daily.

{8172} Any of the methods provided herein may in one aspect comprise administering to an
individual a pharmaceutical composition that contains an effective amount of a compound
provided herein a pharmaceutically acceptable salt, stercoisomer or tautomer thercof and a

pharmaceutically acceptable excipient.

{8173} A compound or composition of the invention may be administered to an individual in
accordance with an effective dosing regimen for a desired period of time or duration, such as at
least about one month, at least about 2 months, at least about 3 months, at least about 6 months,
or at least about 12 months or longer, which in some variations may be for the daration of the
mdividual’s life. In one variation, the compound is administercd on a daily or mtcrmittent

schedule. The compound can be administered to an individual continuously {(for example, at
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least once daily} over a period of time. The dosing frequency can also be less than once daily,
e.g., about a once weekly dosing. The dosing frequency can be more than once daily, e.g., twice
or three times datly. The dosing frequency can also be intermittent, including a “drug holiday’
{e.g., once daily dosing for 7 days followed by no doses for 7 davs, repeated for any 14 day time
period, such as about 2 months, abouot 4 months, about 6 months or more). Any of the dosing
frequencies can employ any of the compounds described herein together with any of the dosages

described herein.
Articles of Marufacture and Kits

{6174} The present disclosure further provides articles of manufacture comprising a compound
described herein a pharmaceutically acceptable salt, stereotsomer or tautomer thereof, a
corposition described herein, or one or more unit dosages described herein in suitable
packaging. In certain embodiments, the article of manufacture is for use in any of the methods
described herein. Suitable packaging is known 1 the art and includes, for example, vials,
vessels, ampules, bottles, jars, flexible packaging and the like. An article of mamufactare may

turther be sterilized and/or sealed.

{8175] The present disclosure further provides kits for carrving out the methods of the
mvention, which comprises one or more compounds described herein or a composition
comprising a compound described herein. The kits may employ any of the compounds disclosed
herein. fn one variation, the kit employs a compound described herein a pharmaceutically
acceptable salt, stereoisomer or tautomer thereof. The kits may be used for any one or more of
the uses described herein, and, accordingly, may contain instructions for the treatment any

discase or described herein, for example for the treatment of cancer.

[8176] Kits generally comprise suitable packaging. The kits may comprise one or more
containers comprising any compound described herein. Each component (if there is more than
one component) can be packaged in separate contamers or some components can be combined in

one container where cross-reactivity and shelf life permit.

{6177} The kits may be m unit dosage forms. bulk packages (e.g.. multi-dose packages) or
sub-unit doses. For example, kits mayv be provided that contain sufficient dosages of a
compound as disclosed herein and/or an additional pharmaceutically active compound usefid for
a disease detailed herein to provide effective treatment of an individual for an extended period,

such as any of a week, 2 weeks, 3 weeks, 4 weeks, 6 weeks, 8 weeks, 3 months, 4 months, §
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months, 7 months, 8 months, 9 months, or more. Kits may also include multiple unit doses of
the compounds and instructions for use and be packaged in quantities sufficient for storage and

use in pharmacies {(e.g., hospital pharmacies and compounding pharmacies).

{8178] The kits may optionally include a set of instructions, generally written instructions,
although electronic storage media (e.g., magnetic diskette or optical disk) containing mstructions
are also acceptable, relating to the use of component(s) of the methods of the present invention.
The mstructions included with the kit generally include wmformation as to the components and

their administration to an individual.

{6175} The mvention can be further undersiood by reference to the following examples, which

are provided by way of illustration and are not meant to be limiting.

{6180} Al references throughout, such as publications, patents, patent applications and

published patent applications, are incorporated herem by reference in their entireties.

EXAMPLES
Synthetic Fxamples

{8181} The chemical reactions in the Synthetic Examples described can be readily adapted to
prepare a number of other compounds of the invention, and altemative methods for preparing the
compounds of this invention are deemed to be within the scope of this mvention. For example,
the synthesis of non-exemplified compounds according to the invention can be successfully
performed by modifications apparent to those skilled in the art, e.g., by appropriately protecting
mterfering groups, by uttlizing other suitable reagents known in the art other than those
descrbed, or by making routine modifications of reaction conditions. Alternatively, other
reactions disclosed heren or known 1n the art will be recognized as having applicability for

preparing other compounds of the mvention.
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Example 81

Synthesis of ($)-N-{2-(2-cyano-4, 4-difluoropyrrolidin-1-yl)-2-oxoethylj-3-(2-

phenylacetamidoisonicotinamide

0s_ 0. . Oy O
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ST Y e
-yl A OH _DMERT e o8 '
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EDCHCL HOBE, TEA, CEH.HzN\/"LNAyF
DMF, RT ON F
NC/L
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Compound 1

10182] Compound fa. To a stirred solution of 2-phenylacetic acid (0.500 g, 3.67 mmol, 1.0
equivy in DMF (10 mL) was added methyl 3-aminoisonicotinate (0.558 g, 3.67 mmol, 1.0 eqaiv)
and HATU (2.8 g, 7.35 mmol, 2.0 equiv) at RT. The resulting reaction mixture was stir for 10
nunutes at RT and DIPEA (2.0 mL, 11.50 mamol, 3.0 equiv) was added. The reaction mixture
was allowed to stir at RT for overnight. Product formation was confirmed by LCMS. The
reaction mixture was diluted with water {50 mL} and extracted with ethyl acetate (100 mbL = 2},
Combined organic extracts were washed with water (20 mL x 4), dried over anhydrous Na2S04
and concentrated. Crude product was purified by flash chromatography (0-40 % ethyl acetate m
hexane as an eluent} to obtain methyl 3-(2-phenvlacetamido)isonicotinate {0.460 g, 46 %

Yield ) as an yellow semisolid.
[0183] LCMS 271.2 [M+H]"

[6184] Compound Ib. To a stirred solution of methyl 3-(2-phenvlacetamido)isonicotinate
{0.290 g, 1.07 mumol, 1 equiv) in THF and water (6 mL: 3 mL) was added TAOH (0.051 ¢, 2.14
mmol, 2.0 equiv}. The mixture was allowed to stir at ambient temperature for 16 h. Product
formation was confirmed by LCMS. The reaction mixture was diluted with water (20 mL}.
Aqueous layer was washed with cthyl acctate (10 ml), aqueous layer was separated and freeze
dried over lyophilizer to obtain 3-(2-phenylacetamidonsonicotinic acid (0.420 g. Quant. Yield)

as an off-white solid
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[0185] LCMS 257.2 [M+H]

{6186] Compound I. To a stirred solution of 3-(2-phenylacetamido}isonicotinic acid (0.200 g,
0.713 mumol, 1 equiv) in DMF (5 mL), was added (8)-4 4-difluoro~-1-glveyipyrroliding-2-
carbomitrile hydrochloride (0.161 g, 0.713 mmol, 1.0 eqaiv), HOBt (0.115 g, 0.856 mamol,
1.2equivy and EDC HC1{0.164 g, 0.856 mmol, 1.2 equiv). The mixture was allowed to stir at RT
for 10 min. Tricthyl amine (0.145 g, 1.427 mmol, 2.0 cquiv} was added and the nuxiure was
allowed to stir at ambient temperature for 16 h. Product formation was confirmed by LCMS. The
reaction mixture was diluted with water (10mL} and extracted with ethyl acetate (40 mL x 2},
Combined organic extracts were washed with water (25 mL x 3). Organic layer was dried over
anhydrous NazS04, filtered and concentrated under reduced pressure to obtain crude product.
The crude product obtained was purified by reversed phase HPLC to obtain (§)-N-(2-(2-cvano-
4 4-difluoropyrrolidin-1-y1}-2-oxoethyl)-3-(Z-phenviacctamidojisonicotinamide (0.070 g, 21 %
Yield) as an yellow solid.

[0187] LCMS 4283 [M+H]

[0188] 'H NMR (400MHz, DMSO-~c) 5 10.44 (br. 5, 1 H), 941 (s, 1 H). 9.21 (br. 5., 1 H),
842(d,J=48Hz, T H), 756 (d,J=48Hz, 1 H), 743 -7 15(m, 4 H),5.16(d, J=88 Hz, |
H),431(d,J=127Hz 2H), 422 -408 (m, 3 H), 3.76 (s, 2 H), 2.93 (br. 5., 1 H). 2.84 (d. J =
158 Hz, 2 H).
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Example 82

Synthesis of (S)-N-(2-(2-cyaro-4, 4-difluoropyrrolidin- 1 -y)-2-oxoethyl)-3-((4-

Suorobenzyljaminolisonicotinamide
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Compound 2

{0189] Compound 2a. To a stirred solution of methy! 3-bromoisonicotinate {0.500 gm, 2.3148
mmol, 1 equiv) & (4-fluorophenylmethanamine (0.289 gm, 2.3148 mmol, 1 equiv} and
CS2C05(1 .5 gm |, 4.6296 mmol, 2 equiv) in dioxane {15 0 mL). The resuliing mixture was
purged with nitrogen for 10 mun followed by addition of Pda{dba)s (0.106 gm, 0.1157 mmol,
0.05 equiv) and xantphos (0.134 gm, 0.2314 mmol, 0.1 equiv), again purged with nitrogen for 10
min. The reaction mixture was heated at 120 °C for overnight. The progress of reaction was
monitored by LCMS. The reaction mixture was diluted with water (30 mL), extracted with
EtOAc (2 » 50 mL). The combined organic layvers were washed with water (30 mL), with brine
(30 mL}, dried over NaxSQOa, concentrated to afford crude product. Crude was purified by
column chromatography (0-30 % ethvl acetate in hexane as an cluent) to obtain the desired

methy! 3-{{(4-fluorobenzyl) aminojisonicotinate (200 mg, 33.00%;) as an off white solid.

[0198] LCMS: 262.1 [M+H]J
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[0191] 'H NMR: (400MHz, DMSO-ds) 58.18 (s, 1 H), 7.83 (s, 2 H), 7.43 (d, 2H), 7.34(d, 2H).
717 (s, 1 H), 4.57 (d,./= 5.7 Hz, 2 H), 3.86 (s, 3 H)

8192} Compound 2b. To a stirred solution of compound methy! 3-((4-fluorobenzyl)
aminoisonicotinate (0.200 gm, 0.7692 mmol, 1 equiv} in THF (8 mL) and water (4 mL), was
added LiOH (0.040 gm, 1.5384 mmol, 2 equiv). The mixture was allowed to stir at 80°C for
overnight. Product formation was confirmed by LCMS. The reaction mixture was concentrated
and diluted with water (10 mL) and washed with ethyl acetate (2 x 10 ml). Aqueous layer was
separated and freeze dried on lvophilyzer to obtain compound 3-((4-fluorobenzyt)

aminoisonicotinic acid (170 mg, 89.94%) as a white solid.
[0193] LCMS: 247.2 [M+H]

[0194] 'HNMR; (400MHz, DMSO-de) 811.70 (s, 1H), 8.18 (s, 1 H), 7.83 (5. 2 H), 7.43 (4,
2HD, 7.34(d, 2H), 7.17 (s, 1 H), 4.57 (4. J= 5.7 Hz, 2 H).

{0195]  Compound 2. To a stirred solution of 3-{({4-fluorobenzyvl) amino)isonicotinic acid
(0.170gm, 0.8130 mmol, lequiv), HATU(0.464gm, 1.2195 mmol, 1.5 equiv) in DMF (10 ml)
after 10 min was added a (8})-4 4-difluoro-1-glyeylpyrrolidine-2-carbomitnie hydrochloride
{0.219 gm, 0.9736 mmol, 1.2 equiv} and stirred the reaction mixture forl0 min, followed by
drop wise addition of DIPEA (0.3 ml, 1.2195 munol, 1.5equiv) allowed the reaction for 16h
stirring at 11. reaction progress was monitored by LCMS and TLC, workup done by addition of
chilled water(50 mL) to the reaction mass and extracted by ethyl acetate (3 x 50 mL} and
collected all the organic layers, washed by water by three times and once by sodium bicarbonate
and once by brine solution. Organic layer was dried over anhydrous Na:SO4, concentrated on
reduced pressure crude was purified by reverse phase chromatography to afford the desired
product (§)-N-(2-(2-cvano-4, 4-diflecropvrrohidin-1-yh-2-oxoethyl)-3-((4-flucrobenzyl)

aminojisonicotinamide (30 mg, 11%) as white solid.
0196] LCMS: 4182 [M+H]"

[0197] 'H NMR (400MHz, DMSO-ds) 5 8.99 (br.s., L H), 8.10 (s, | H). 788 (d,/=4.8 Hz. 2
H), 749 (d, J=53Hz, | H), 744735 (m. 2 H), 7.17 (. J=9.0Hz, 2 H). 5.10 (d. J= 7.5 Hz,
1H). 447 (d.J=53Hz 4 H), 4.12(d.J = 6.6 Hz, 2 H), 2.82 (d, J = 16.7 Hz, 2 H).
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Example 83
Synthesis of ($)-N-{2-(2-cyano-4, 4-difluoropyrrolidin-1-ylj-2-oxoethylj-3-(4-
methoxybenzamido)isonicotinamide
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{6198} Compound 3a. To a solution of 3-aminocisonicotinic acid (0.5 g, 3.628 nuvol, 1.0
equiv) in Dioxan (10 mL) was added 4-methoxybenzoy! chlonde (1.0 mL, 7.246 mmol, 2.0
equiv). The resulting reaction mixtare was stir at RT for 10 min. TEA (1.5 mL, 10.87 mmol. 3.0
equiv,) was added dropwise at RT. The resulting reaction mixture was stirred overnight at RT,
Product formation was confirmed by LEMS. Afier the completion of reaction, reaction nuxture
was concentrated up to dry and diluted with water (50 mL}. Aqueous layer was washed with
EtOAc (2 x 20 mL). Aqueous laver was separated and freeze dried on lyophilyzer to obtain 3-

{4-methoxybenzamidojisonicotinic acid (Quant. Yield) as an vellow solid.
[©#199] LCMS 273.1 [M+H}

{0200} Compound 3. To a stirred solution of 3~(4-methoxybenzamidoisonicotinic acid (0.10
g, 0.367 mmol, 1.0 equiv) in DMFE (5 mL), was added (5)-4,4-difluoro-1-glyeylpyrrolidine-2-
carbonitrile hydrochloride (0.082 g, 0.367 mmol, 1.0 equuv), EDCLHCI (0.141 g, 0.734 mmol,
2.0 equivy & HOBt (0.099 g, 0.737 munol, 2.0 equiv).. The mixture was allowed to stir at RT for
10 min. TEA (0.4 mL) was added and the nuxture was allowed to stiv at RT for overnight.
Product formation was confirmed by LCMS and TLC. After completion of reaction, the mixture
was diluted with water (20 mL} and extracted with ethyl acetate (50 mL x 3}, Combined organic
extracts were washed with water (50 mL « 5}, dried over anhydrous NaxSOq and concentrated.
The crude product obtained was purified by flash chromatography (5 % MeOH in DCM as an
cluent) to obtain {§)-N-(2-(2-cyano-4,4-diftlusropvrrobidin-1-y1)-2-oxoethyl}-3-(4-

methoxybenzamidojisonicotinamide {0.015g, 9.2 % Yield) as an off white solid.

[0201] LCMS 4442 [M+HT
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[0202] ‘HINMR (400MHz DMSO-ds) 8 11.539 (s, 1 I}, 9.75 (s, 1 HI}, 9.44 (br. s, 1 F), 8.49
(d,/J=48Hz, 1 H),799-783 (m, J=8.8Hz, 2 H), 7.77(d, J=53 Hz, L H), 7.25 - 6.97 {m, J
=88Hz, 2H).5.12(d, J=061Hz, 1 H), 433 (br.s, 1 H),4.29-4.07 (m, 2 H), 291 (br. s,
H).
Fixample 54
Synthesis of N-(2-((S)-2-cvano-4, 4-difluoropyrrolidin-1-yi)-2-oxoethyl)-3-((1-(4-

fliorophenyllethyllaminojisonicotinamide
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Compound 4

{02063} Compound 4a. To a stirred solution of methy! 3-bromoisonicotinate (0.500 gm, 2.3148
mmol, 1.0 equiv) & [-(4-fluorophenvyliethan-1-amme {0.350 gm, 2.540 mmol, 1.0 equiv) and
C52C0:(1.5 gm , 4.6296 mmol, 2 equiv) i Bioxan (20 mL). The resulting mixtore was purged
with nitrogen for 10 min followed by addition of Pda{dba)s (0.110 gm. 0.115 mumol, 0.05 equiv)
and xantphos {0.135 gm, 0.231 mmol, 0.1 equiv}. again purged with nitrogen for 10 min. The
reaction mixture was heated at 120 °C for overmight. The progress of reaction was monitored by
LCMS. The reaction mixture was diluted with water (30 mL), extracted with EtQAc (2 x 50
mL}. The combined organic layer was washed with water (30 mL), with brine (30 mL), doed
over NaxSQOu, concentrated. Crude was purified by flash chromatography (0-50 % ethvl acetate
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m hexane as an eluent} to obtain methyl 3-((1-(4-fluorophenyliethyamino)isonicotinate (200

mg, 31.0%}) as an off white solid.
[8264] LCMS: 2751 [M+H}"

[0205] 'H NMR (400MHz .CHLOROFORM-d) & 798 (s, | H), 7.87 (d, /= 5.3 Hz, | H),
762(d,J=53Hz, 1 H), 738 -7.29 (m, 1 H), 7.00 (¢, J= 8.6 Hz, 2 H), 4.67 (t. J= 6.4 Hz, 1 H),
3.93 (s, 3 H), 1.63 - 149 (m, 3 H).

[8206] Compound 4b. To a stirred solution of methyi 3-((1-(4-
fluorophenvyljethviamino}isonicotinate (0.200 gm, 0.727 mmol, 1.0 equiv} in THF (16 mL) and
water {4 mL}, was added LiOH (0.035 gm, 1.45 nunol, 2 equiv). The mixture was allowed to stir
at 80°C for overnight. Product formation was confirmed by LCMS. The reaction mixture was
concentrated and diluted with water {10 mL} and washed with ethyl acetate (2 » 10 mL).
Aqueous layer was separated and freeze dried on lyophilyzer to obtain 3-((1-(4-

fluorophenvylethyvljanuno}isomcotinic acid, lithium salt (0.250 gm, Quant. Yield) as a white

sohid.
{82077 LCMS: 261.2 [M+H}"

[0208] 'HNMR (400MHz, DMSO-~ds) § 9.56 (d, /= 7.5 Hz, 1 H), 7.65 - 7.57 (m, 2 H), 7.52
(d.J=48Hz 1 H). 738 (dd, J=35.7,8.8 Hz, 2 H), 7.11 (£, J = 9.0 Hz, 2 H), 4.64 (t, /= 6.8 Hz,
1H), 1.42¢d,J=70Hz 3 H).

{8209] Compound 4. To a stirred solotion of 3-{¢1-(4-fluorophenylicthyamine Yisonicotinic
acid, lithiom salt (6.250 gm, 0.936 nunol, 1.0 equiv) in DMF (3 mL} was added EDC H(Y
{0.269 gm, 1.404 mmol, 1.5 equiv), HOBt (0.152 gm. 1.123, 1.2 equiv), (5)-4,4-difluoro-1-
glveylpyrrolidine-2-carbonitrile hydrochlonide (6.219 gm, 0.9756 mmol, 1.2 equiv), DMAP
(0.002 gm, 0.009 mmols, 0.01 equiv) followed by the addition of triethy] amine (0.4 mL, 2.808
mmols, 3.0 equivy. The resulting reaction mixture was allowed stir at RT for 16h. The reaction
progress was monitored by LCMS and TLC, reaction mixture was diluted with water extracted
by ethyl acetate (2 x 50 mL). Combined organic layer was washed with water {20 mL x 4},
Organic laver was dried over anhydrous NanSQOu, concentrated under reduced pressure. Crude
product was purified by reversed phase chromatography to obtain N-(2-({5}-2-cvano-4.4-
diftuoropyrrohidin- f-v1)-2-oxoethyl)-3-({1-(4-fluorophenyhethvlanuno}isonicotinamide (0.012

am, 3%} as white solid.
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{0216} LCMS: 432.2 [M+H}"

[0211]  'H NMR (400MHz ,DMSO-de) 5 9.02 (br. s, 1 H), 7.96 - 7.89 (m. 1 H), 7.83 (d, /=
48Hz 1 H), 752 -7.33 (m. 2H), 7.19-7.05 (m, 1 H), 5.12 (d. J= 8.3 Hz, 1 H), 4.88 - 4.72 (m.
1H), 431 (br.s, 1 H), 4.22-4.02 (m, 2 H), 2.92 (br. s, 1 H), 2.83 (d,.J= 189 Hz, 1 H), 1 45
(d,J= 6.6 Hz, 3 H).

Example 83

Synthesis of (8)-3-{2-{(4-chloro-3-fluorophenoxviacetamidoj-N-( 2-{ 2-cyano-4,4-

difluoropyrrolidin-1-vlj-2-oxoethyljisonicotinamide

o
Cha mHHQNvﬁ\N,\K/F
F’/“\)\Q/YOH N'/ ‘F
P
(o] N o]

EDCLHCLHOBLTEA, ©f

O-IQH EDCE.HCLHQEt,TEA,Ciﬁ. O -OH i Ij y 0\\/ ~ \h\]/><
DME,RT,ON | H KT, i e
HoN o 51 SN N o -~
2 ™ F/N\g\’ F oY S ////
& i
W
5a

\\[ \\1 £
N‘f‘

Compound §

8212} Compound 3a. To a stirred solution of 3-aminoisonicotinic acid (0.2 g, 1.45 mmol, 1.0
equivy in DMF (5 mL}, was added 2-(4-chloro-3-tfluorophenoxyjacetic acid {0.59 g, 2.898 mmol,
2.0 equiv), EDCLHCL(0.556 g, 2.898 munol, 2.0 equiv) & HOBt (0.391 g. 2.898 mumol, 2.0
equivy.. The mixture was allowed to stir at RT for 10 muin. TEA (0.4 mL) was added and the
mixture was allowed to stir at RT for overmight. Product formation was confirmed by LCMS and
TLC. After completion of reaction, the mixture was diluted with water (20 mL) and extracted
with ethyl acctate (50 ml x 3). Agueous layer was separated and frecze dried on lyophilyzer to
obtain 3-(2~{4~chloro-3-fluorophenoxylacetamidojisonicotinie acid (Quant. Yield) as an off
white solid.

{8213} LCMS 3251 [M+HY}

10214} Compound 5. To a stirred solution of 3-(2-(d-chlore-3-
fluorophenoxyjacetamidojisonicotinic acid (0.20 g, 0.617 nunol, 1.0 equivy in DMF (15 mL),
was added (S)-4,4-difluoro-1-glycvipyrrolidine~-2-carbonitrile hvdrochlonde (0.138 g, 8.617
mmol, 1.0 equiv), EDCLHCI (0.141 ¢, 1.234 mmol, 2.0 equivy & HOBt (0.166 ¢, 1.234 mumol,
2.0 equiv).. The mixture was allowed to stir at RT for 10 min. TEA (2.0 mL) was added and the

mixture was atlowed to stir at RT for overnight. Product formation was confirmed by LCMS and
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TLC. After completion of reaction, the mixture was diluted with water (20 mL) and extracted
with ethyl acetate (530 mL x 3). Combined organic extracts were washed with water (50 mb = §),
dried over anhvdrous NaxSO4 and concentrated. The crude product obtained was purified by
flash chromatography (5 % MeGH in DCM as an eluent) to obtam (8)-3-(2-(4-chloro-3-
fluorophenoxylacetamido)-N-{2-(2-cyano-4, 4-diflusropyrrolidin-1-y)-2-
oxoethyl)isonicotmamide {0.025g, 8.1 % Yield) as an off white solid.
[0215] LCMS 4442 [M+HY
{6216} H NMR HNMR (400MBz ,DMSG-d6) 6 1137 (s, 1 H), 9.63 (5, 1 H). 935 (br. s, 1
H),850(d,/=48Hz 1 H),7.73(d,J=53Hz, 1 H), 752, J=88Hz, 1 H),7.19(d, =110
Hz, 1H),696(d, J=61Hz, 1 H),511{d,J=66Hz, 1 H},481¢{(s,2H),432(br.s.. 1 H),
427-399(m, 2H}, 292{br s, 2H), 284 (d, J=114Hz 1 H)
Example §6
Synthesis of (8)-2-(4-(bis(4-fluorophenylimethyl)piperazin-1-vlj-N-{2-{2-cyano-4,4-

difluoropyrrolidin-1-yl)-2-oxoethyljisonicotinamide

Oxp O~ (}YOH
e E\ = P
/L/\ [ /! DWIF, 116°C )‘\ A 11;(;:1H£_?Q;‘]TSF . /‘;\ ’J
N ] L . o . . >
o+ /’f\ ST N 18 RLHC T’“ﬂ\ (NN
F7NT L/j/ f\ﬁ \/"\r”\/} N \(N\,/ [:13
A N ! i
F F

<
\:{;/ 8a 1) CEH'HzN\/ﬁ\Ny;
s

~.

7N

EDC.HCL, HOBT
TEA, DMAP, DWF

RYT, 16 h

O
L
SN N
a I

o]

F
F

0217} Compound 6a. To a stirred solution of methyl 2-fluorcisonicotinate (0.050 g, 0.32
mmol, 1.0 equiv) in DMF (3 ml) was added 1-(bis(4-fluorophenvlmethypiperazine (0.093 g,

0.32 vuwol, 1.0 equiv). The reaction mixture was allowed to heat at 100°C for 16 h. Product
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formation was confirmed by TLC and LCMS. The reaction mixture was dituted with water (15
mb} and extracted with ethvl acetate (20 mL x 3). Combined organic layer was washed with
water (12 mL < 6. Organic layer was dried over anhydrous sodium sulphate, filicred and
concentrated under reduced pressure. Crude compound was purified by nommal phase combi-
flash chromatography to obtain methyl 2-(4-(bis(4-fluorophenylmethyDpiperazin-1-

vhisonicotinate {0.015 g, 11 % yield ) as an off-white solid.
[0218] LCMS 4242 [M+HI"

{6219} Compound 6b. To a stirred solution of methyl 2-(4-(bis(4-
fluorophenvlymethylpiperazin-1-yhisonicotinate (0.120 g, 0.28 mmol, I equiv) in THF and
water {(1:1)(6 mL}), was added LIOH H20 {(0.018 g, 0.42 mmol, 2.0 equiv). The mixture was
allowed to stir at RT for 16 h. Product formation was confirmed by LCMS. The reaction mixture
was diluted with water {20mL), washed with ethyl acetate (15 mL x 2}, Aqueous laver was
separated and freeze dried on lvophilizer to obtain 2-(4-(bis{d-fluorophenvlmethyvpiperazin-1-

vhisonicotinic acid {0.100 g ) as an off-white schid.
[62206] LCMS 4102 [M+H["

{6221} Compound 6. To a stirring solution of 2-(4-(bis(4-flucrophenyiimethybypiperazin-1-
viyisonicotinic acid (0.100 g, 0.24 nunol, 1.0 equiv) in DMF (3 ml) were added (8)-4,4-difluoro-
L-glycvipyrrohidine-2-carbonitrile hydrochionde (0.068 g, 0.3 mmol, 1.2 equiv), EDCHCL
(0.057 g, 0.3 mumol, 1.2 equiv), HOBT (0.041 g, 0.3 mmol, 1.2 equiv), DMAP {0.001 g2} and
stirred the reaction mixture at RT for 10 min followed by addition of TEA (0.073 g, 0.72 mmol,
3.0 equiv). The reaction muxture was allowed to stir at RT for 16 h. Product formation was
confirmed by LCMS. After completion of reaction, reaction mixture was diluted with water
which results into precipitate. The resolting solid was filtered off and washed with ice-cold
water, dried under vacuum. Crude product was purified by flash chromatography to obtain (8)-2-
(4-(bis(4-fluorophenylmethyDpiperazin-1-yh-N-(2-(2-cyano-4,4-difluoropyrrolidin- {-y1)-2-
oxocthyBisonicotinamide (0.006 g, 4.26% Yield) as off-white solid.

[0222] LCMS 5814 [M+HJ"

[0223] 'H NMR (400 MHz, DMSO-ds) 5 8.91 (t.J = 6.0 Hz, 1H), 821 (d, J= 5.2 Hz, 1H),
748 (dd, /= 8.5, 5.5 Hz, 4H), 7.19 - 7.10 (m, SH), 7.01 (d,J = 5.3 Hz. 1H), 5.08 (dd, /= 9.4,
28 Hz, 1), 443 (5, 1H), 428 (¢d, J= 113, 104, 5.9 Hz, 1), 4.11 (gd..J=14.2, 11.8, 4 4 Hz,
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3H). 3.55 (1, J=4.8 Hz, 4H), 331 (s, 2H), 2.98 — 272 (mn, 2H), 2.40 (1,7 = 4.9 Hz, 5H), 1.54 (s,
1H), 1.38 — 1.16 (m. 9H), 0.85 (t, ./ = 6.5 Hz, 1H).

Example §7

Synthesis of (S}-N-(2-{2-cyano-4,4-diflucropvrrolidin-1-ylj-2-oxcethylj-3-(2-

[fluorobenzyljisonicotinamide
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Compound 7

10224} Compound 7a. To a stirred solution of methyl 3-bromotsonicotinate (0.100 g, 0.46
mmol, 1.0 equiv) in Dioxan (4 mL) and water(l mL) were added KzCO3 (0.032 g, 0.23 mmol,
0.5 equiv), 2-(2-fluorcbenzyi}-4.4,5,5-tetramethyl-1,3, 2-dioxaborolane (0.163 g, .69 mamol, 1.5
equivy and PA(PPhaiCh (0.016 g, 0.023 mmol, 0.05 equiv}. The reaction mixture was allowed to
heat at 160°C for 1 b in microwave. Product formation was confirmed by TLC and LCMS. The
reaction mixture was diluted with water (10 mL.} and extracted with ethyl acetate (15 mL x 3}
Combined organic laver was washed with brine (30 mL}. Grganic layer was dried over
anhydrous sodium sulphate, filtered and concentrated under reduced pressure. Crude product
was purified by normal phase combi~tlash chromatography to obtain methyt 3-(2~

fluorobenzyl)isonicotinate {0.025 g, 22 % Yield) as a vellow semisolid.
{0225] LCMS 246.0 {M+H]"

[8226] Compound 7b. To a stirred solution of methyl 3-(2-fluorobenzyHisomcotinate (0.130 g,
0.53 mumol, 1 equiv) in THF and water (3:1)(4 mL}, was added LiOH . HzO (0.045 g, 1.06 mmol,

2.0 equivy. The mixture was allowed to stir at RT for 16 h. Product formation was confirmed by
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LCMS. The reaction muxture was diluted with water (25mL), washed with ethyl acetate (20 mL}).
Agqueous laver was separated and freeze dried on lyophilizer to obtain 3-(2-

fluorohenzylYisonicotinic acid (0.120 g, Quant. Yield).
{6227} LCMS 231.9 [M+H}™

{0228] Compound 7. To a stirring solution of 3-(2-fluorobenzvijisonicotinic acid (0.130 g,
0.56 mmol, 1.0 equiv) in DMF (4 ml) were added (83-4 4-difluoro-1-glveylpyrrolidine-2-~
carbonitrile hydrochloride (0.153 g, 0.68 mmol, 1.2 equiv), EDCHCI(0.129 g, 0.68 mmol, 1.2
equiv), HOBT (0.092 g, 0.68 mmol, 1.2 equiv), DMAP (0.001 2} and stirred the reaction mixture
at RT for 10 min followed by addition of TEA (0.170 g, 1.68 mmol, 3.0 equiv). The reaction
maxture was allowed to stir at RT for 16 h. Product formation was confirmed by LCMS. The
reaction mixture was diluted with water (20 mL) and extracted with cthyl acetate (30 mL x 2},
Combined organic laver was washed with water (20 mL x6) and brine (40 mL). Organic layer
was diied over anhydrous sodium sulphate, filtered and concentrated under reduced pressure.
Crude product was purified by reversed phase HPLC to obtain (83-N-(2-(2-cyano-4 4~
diftuoropyrrolidin- 1-vi}-2-oxocthyl)-3-(2-fluorobenzyijisonicotinamide {0.602 g, } as an off

white solid.
{6229} LCMS 4033 [M+H]}™
[6230] ‘H NMR (400 MHz, DMSO-ds) 3895 (1, /=358 Hz, 1H), 834 (d, /J=5.0Hz, 1H),

841 (s, 1H), 7.38(d, J = 4.9 Hz. 1H), 7.19 (ddt, J=39.1, 20.6, 7.2 Hz, 4H), 5.21 - 5.03 (m. 1H),
4.43 - 3.99 (m, 6H), 3.02 - 2.73 (m, 2H).
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Example 8&

Synthesis of ($)-N-{2-(2-cyano-4, 4-difluoropyrrolidin-1-ylj-2-oxoethylj-3-(4-

fluorobenzyljisonicotinamide
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Compound 8

{8231} Compound 8a. To a stirred solation of methy! 3-bromoisonicotinate {0.100 g, 0.46
mmol, 1.0 equiv) in Dioxane (4 ml) and water(l ml) were added K2COs (0.032 g, 0.23 mmol,
0.5 equiv), 2-(4-fluorobenzyi}-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (0.163 g, 8.69 mmol, 1.5
equivy and PAd(PPhs)(Ch (0.016 g, 0.023 mmol, 0.05 equiv}. The reaction mixture was allowed to
heat at 160°C for 1 h in microwave. Product formation was contirmed by TLC and LCMS. The
reaction mixture was diluted with water (10 mL) and extracted with ethvi acetate (15 mL x 3},
Combined organic layer was washed with brine (30 mL}). Organic layer was dried over
anhydrous sodium sulphate, filtered and concentrated under reduced pressure. Crude product
was purified by normal phase combi-flash chromatography to obtain to obtain methy! 3-(4-

fluorobenzyljisonicotinate (0.025 g, 22 % Yield) as a yellow semi solid.
10232} LCMS 246.0 {M+H]"

{62331 Compound 8b. To a stirred solution of methyl 3-(4-Huorchenzylhsonicotinate (0.200 g,
0.82 mmol, | equiv) in THF and water {(4:1){5 mL}, was added LiOH HaO (0.069 g, 1.64 mmol,
2.0 equiv). The mixture was allowed to stir at RT for 16 h. Product formation was confirmed by
LCMS. The reaction nuxture was diluted with water (25mL), washed with ethvl acetate (20 mL).
Agqueous layer was separated and freeze dried on lyophilizer to obtain 3-(4-
fluorobenzylisonicotinic acid (0.180 g} as an off-white solid.

118



WO 2020/142742 PCT/US2020/012260

[0234] LCMS 231.9 [M+H]"

{02335} Compound 8. To a stirring solution of 3-{4-fluorchenzyl}isonicotinic acid {0.250 g,
1.08 mmol, 1.0 equiv) in DMF (4 ml) were added (S)-4,4-difluoro-1-glycylpyrrohidine-2-
carbomitrile hydrochloride (0.293 g, 1.3 mmol, 1.2 equiv), EDC H{C1 (0.247 2, 1.3 mmol, 1.2
cquivy, HOBT (0.176 g, 1.3 mmol, 1.2 equiv), DMAP {(0.001 ¢) and stirred the reaction mixture
at RT for 10 min followed by addition of TEA (0.327 g. 3.24 mumol, 3.0 equiv}. The reaction
nuxture was allowed to stir at RT for 16 h. Product formation was confirmed by LCMS. The
reaction mixture was diluted with water {20 mL} and extracted with ethyl acetate (30 mL « 2},
Combined organic laver was washed with water (20 mL = 5) and brive (40 mb}. Organic layer
was dried over anhvdrous sodium sulphate, filtered and concentrated under reduced pressure.
Crude product was purified by reverse phase HPLC to obtain pure {(8§)-N-(2-(2-cyano-4 4-
difluorspyrrolidin-1-y1)-2-oxoethy)-3-(4-flucrobenzyljisonicotinamide (0.005 g} as an off white

solid.
[0236] LCMS 4033 [M+H]"

[0237]  'H NMR (400 MHz, DMSO-ds) § 8.96 (t.J = 5.8 Hz, 1H), 8.54 (s, IH), 851 (d.J=5.0
Hz, 1H). 7.39 - 7.27 (m, 3H), 7.07 (&, J= 8.8 Hz, 2H), $.13 (dd, J= 9.4, 2.7 Hz. 1H), 428 (td, J
=124, 6.4 Hz, 1H), 421~ 4.03 (m, SH), 2.99 ~ 2.74 (m, ZH).
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Example 89

Synthesis of (S E)-3-(4-chiorostyryl}-N-{2-( 2-cvano-4, 4-difluorapyrrolidin-1-yi)-2-

oxoethyljisonicotinamide
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Compound 8

{0238} Compound 9a. To a solution of ethyl 3-bromoisonicotinate (0.2 g, 0.925 mmol, 1.0
equiv} in Dioxan (8 mL) and water (2 mL) was added (E)-2-(4-chlorostyryly-4.4,5,5-tetramethyl-
1,3,2-dioxaborolane (0.366 g, 1.39 munol, 1.5 equivy, KoCO3 (0.384 g, 2.78 mumaol, 3.0 equiv)
and resuiting reaction mixture was purged with N2 gas for 10 minute, followed by the addition of
PA(PPh:)C12(0.033 g, 0.046 mmol. 0.05 equiv). The resulting reaction mixtore was heated at
120° C for overnight. Product formation was confirmed by LCMS. After the completion of
reaction, the mixture was filtered through celite bed, washed with ethyl acetate (100 ml}.
Filtrate was concentrated under reduced pressure. The crude product obtained was purified by
flash chromatography (020 % ethvl acetate in hexane as an eluent) to methyl (E)-3-(4-
chlorostyryliisonicotinate (0.120 g, 47 43% vield) as an vellow solid.
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[0239] LCMS 274.5 [M+H]

[0240] 'H NMR (400 MHz, DMSO-ds) 59.11 (s, 1 H). 8.64 (d.J=53Hz, 1 H), 7.78 - 7.67
(m, 2H), 7.63(d, /=83 Hz, 2 H), 748 (d, J= 8.3 Hz, 2 H), 7.36 (d, J = 16.7 Hz, 1 H), 3.91 (s,
3H).

{0241] Compound 9b. To a stirred solution of methyl (E)-3-(4-chlorostyryisonicotinate (0.1
g, 0.366 mmol, 1.0 equav) in THF (5 mL) and water {§ mL}, was added LaOH (0.023 g, 0.0.549
mmol, 1.5 equiv}. The mixture was allowed to stir at RT for overnight. Product formation was
confirmed by LCMS and 'H NMR Spectroscopy. The reaction mixture was concentrated and
diluted with water {10 mL) and washed with ethvl acetate (10 mL x 2). Aqueous layer was
separated and freeze dried on Ivophilyzer to obtain (E)-3-(4-chlorostyryiyisonicotinic acid

{Quant. Yicld) as an off white solid.
[#242] LCMS 260.0 [M+H]"

[0243] 'H NMR (400 MHz, DMSO-ds) 5 8.80 (s, 1 H). 8.30(d, /=48 Hz, 1 H). 7.87(d. J =
167 Hz, 1 H), 763 -749(m, /=83 Hz. 2 H), 747 - 735 (m, J= 8.8 Hz, 2 H), 7.28(d, J=4 8
Hz, 1 H), 7.19(d, = 16.7 Hz. 1 H).

{0244} Compound 9. To a stirred solution of (E)-3-(4-chlorostyrylisonicotinic acid (0.11 g,
0.424 amol, 1.0 equiv) m DMF (3 mL), was added (S)-4.4-difluore-1-glveylpyrrolidine-2-
carbonitrile hydrochloride (0.096 g, 0.424 mmol, 1.0 equiv), EDCLHI (0.122 ¢, 0.636 mmol,
1.5 equivy & HOBt {(0.086 g, 0.48 mmol. 1.5 equiv). The mixture was allowed to stir at RT for
10 nun. Tricthylamine (0.25 mL) was added and the mixture was allowed to stir at RT for
ovemight. Product formation was confirmed by LCMS and TLC. After completion of reaction,
the mixture was diluted with water {20 mL} and extracted with cthyl acetate (20 mL x 2},
Combined organic extracts were washed with water (20 mL < 4), dried over anhydrous NaxSOs
and concentrated. The crade product obtained was crystallized with ether to obtain Svnthesis of
{8,E)-3-{4-chlorostyryl}-N-(2-(2-cvano-4, 4-difiuoropyrrolidin- I -y1}-2-oxoethylisomicotinanude

(0.18 g, 98.36 % Yield) as an off white solid.
{0245 LCMS 431.2 [M+HJ"

[0246] 'HNMR (400 MHz DMSO-ds) 59.14 (5, 1 H), 9.06 - 8.94 (m, 1 H), 854 (d,./ = 4.8
Hz. 1 H). 783 -7.61 (o, 3 H), 7.60 - 741 (m, 3 H), 7.36 (d, /=48 Hz. 1 H), 5.25-5.10 (m, 1
Iy, 431(d,J=11.8 Hz, 1 FI). 4.24 - 3.96 (m, 3 H), 2.94 (br. s.. 1 H), 2.92 - 2.78 (m, 1 F).
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Fxample S10

Swnthesis of (S)-3-(4-chiorophenethyl)-N-{2-(2-cyano-4,4-difluoropyrrolidin-1-yij-2-

oxoetliyljisonicotinamide
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Compound 10

{0247} Compound 10a. To a solution of cthyl 3~-bromoisonicotinate (0.2 g, 0.925 mmol, 1.0
equiv) in dioxane (8 mL) and water {2 mL) was added (E}-2-(4-chlorostvrvl}-4.4,5,5-
tetramethyl-1,3,2-dioxaborolane (0.366 g, 1.39 mmol, 1.5 equiv), KaC03 (0.384 g, 2.78 mmol,
3.0 equiv) and resulting reaction mixture purged with N gas for 10 minute, followed by the
addition of Pd{PPh:)C12(0.033 g, 0.046 mumol. 0.05 equiv). The resulting reaction mixiure was
heated at 120° C for overnight. Product formation was confirmed by LCMS. After the

completion of reaction, the mixture was filtered through celite bed, washed with ethyl acetate

A%
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(100 mL). Filtrate was concentrated under reduced pressure. The crude product obtained was
purified by flash chromatography (0-20 % ethyl acetate in hexane as an eluent) to methyl (E}-3-

{4-chlorostyrylyisonicotinate (0.120 g, 47.43% yield) as an vellow solid.
[8248] LCMS 274.5 [M+H}™

[0249] 'H NMR (400 MHz, DMSO-ds) 59.11 (s, 1 H), 8.64 (d, /=53 Hz, 1 H), 7.78 - 7.67
(m, 2H), 7.63(d, J=83Hz, 2 H), 748 (d, J= 83 Hz, 2 H), 7.36 (d, J= 16.7 Hz. 1 H}, 3.91 s,
3 H).

[8254] Compound [0b. To a solution of methyl (E}-3-(4-chlorostyrylisonicotinate (0.12 g,
0.44 mmol, 1.0 equiv} in methanol (15 mL) was purged with Nz gas for 10 minute, followed by
the addition of PA/C (0.030 g}). Then resulting reaction mixture was purged with Ho gas for 10 h.
Product formation was confirmed by LCMS. After the completion of reaction, the mixture was
filtered through celite bed, washed with methanol (30 mL). Filtrate was concentrated under
reduced pressure to obtain methvl 3-(4-chlorophencthvlisomcotinate (0.105 g, 86.77 % yield) as

a white solid.
[8251] LCMS 2762 [M+H]T

[0252]  'H NMR (400MHz, DMSO-de) 5 8.63 -8.51 (m, 2 H). 767 (d. /=49 Hz, 1 H), 7.33
(d.J=83Hz, 2 H), 720 (d.J=83Hz, 2 H),3.96-3.78 (m, 3 H), 3.15(dd, J= 6.6, 9.0 Hz. 2
HY, 2.90 - 2.79 (m, 2 H).

{06253] Compound 10c. To a stirred solution of methyl 3-(4~-chlorophencthyl)isonicotinate
{0.105 g, 0.38 mumol, 1.0 equiv) m THF (3 mL) and water (5 mL), was added LAOH.H20 (0.024
g, 0.0.57 mmol, 1.5 equuv}. The mixture was allowed to stir at RT for overnight. Product
formation was confirmed by LCMS and 'H NMR Spectroscopy . The reaction mixture was
concentrated and diluted with water (10 mL) and washed with othv] accetate (10 mL x 2).
Agqueous layer was separated and freeze dried on lyophilyzer to obtain {(E)}-3-{4-

chlorostyryDisonicotinic acid {Quant. Yield) as a white solid.

[8234] LOMS 2621 [M+H]"

{6255} Compound 10. To a stirred solution of (E}-3-(4-chlorostyryl}isonicotinic acid {(0.07 g,
0.268 ramol, 1.0 equiv) in DMF (3 mL), was added (8)-4.4-difluoro-~1-glvevlpyrrolidine-2-
carbonitrile hvdrochloride (0.06 g, 0.268 manol, 1.0 equiv), HATU (0.152 g, 0.402 mamol, 1.5
equiv). The mixture was allowed to stir at RT for 10 min. BIPEA (0.2 mL} was added and the
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mixture was allowed to stir at RT for overmight. Product formation was confirmed by LCMS and
TLC. After completion of reaction, the mixture was diluted with water (20 mL) and extracted
with ethyl acetate (20 mL x 2). Combined organic extracts were washed with water (20 mb = 4),
dried over anhvdrous NazS504 and concentrated. The crude product obtained was purified by
flash chromatography (5 % MeOH in DCM as an eluent) to obtamn (8)-3-{(4-chlorophenethyl}-N-
(2-(Z-cyano-4.4-difluoropyrrolidin-1-yi}-2-oxoethyllisonicotinamide (0.015 g, 13% Yield) as an

off white solid.

{1256] LCMS 433.2 [M+HJ™

[0257] HNM (DMSO-ds 400MHz): § 901 (br. s, § H), 8.57(d, /=4 Y Hz, 1 H}, 8.53 (s, !
), 746 (d, /=4 9Hz 1 H),730(q. /83 Hz 4 F), 5.13(d, /=98 Hz, 1 H), 432 (br. s, 1 H),

4.12-422(m, 2 H), 4.10 (br. s, 1 H), 2.97 - 3.13 (m, 2 H), 2.84 - 2.95 (m, 2 H), 2.81 (br. 5., 2
H).

Fixample S11

Synthesis of (S}-N-(2-{2-cyano-4, 4-diflucropvrrolidin-1-ylj-2-oxcethylj-3-(4-

SAuoraphenethyljisonicotinamide
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Compound 11

{8258] Compound 1la. To a stirred solution 1-ethynyl-4-fluorobenzene (500 mg, 4.16 mmol,
1.0 equiv) m THF (10 mL), was added 4.4.5,5-tetramethyvi-1,3,2-dioxaborolane (800 mg
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6.25mmol, 1.5 equivy, BHz THF (2 ml, 2.08 mmol, 0.5 equiv) flushed with an nitrogen
atmosphere at RT. The mixture was allowed to heat for I hour at 60 degree. Product formation
was confirmed by TLC. Afier completion of reaction, the nuxture was diluted with NHi(l
solution (20 L) and exiracted with ethyl acetate (20 mL x 2}, Combined organic extracts were
washed with water (20 mL x 4}, dried over anhydrous Na:S04 and concentrated. The crude
product obtained was purified by flash chromatography (10% ethyl acetate) to obtain (E)}-2-{4-
fluorostyryl)-4.4,5,5-tetramethyl-1,3,2-dioxaborolane (350 m

g, 13% Yicld) as an yellow oil.

[0259] LCMS 2492 [M+H|

[0260] 'H NMR (DMSO-ds, 400 MHz) 8 7.65 (dd. J=8.3. 5.7 Hz. 2 H), 7.29 (d, =18 4 Hz. |
H), 7.20 (t, J=8.8 Hz, 2 H}, 6.09 (d, /=18.4 Hz, 1 H), 1.13 - 1.32 ppm (m, 12 H).

{09261} Compound 11b. To a solution of methyl 3-bromoisonicotinate (0.2 g, 0.921 mmol, 1.0
equivy in Dioxan (4 mb) was added (E)-2-(d-tlurostyryl)-4,4.5,5~tetramethyl-1,3,2-~
dioxaborolane (0.3 g, 1.38 mmol, 1.5 equivy, KoCOs (0.384 g, 2.78 mmol, 3.0 equiv) and
reselting reaction mixture purged with Nz gas for 10 minute, followed by the addition of
PAd(PPhsyC12(0.032 g, 0.046 mumol. 0.05 equiv). The resulting reaction mixture was heated at
1207 C for overnight. Product formation was confirmed by LCMS. After the completion of
reaction, the mixture was filtered through celite bed, washed with ethvl acetate (100 mL}.
Filtrate was concentrated under reduced pressure. The crude product obtained was purified by
flash chromatography (0-20 % cthyl acetate in hexane as an eluent) to methyl (£)-3-(4-

flurostyrylisonicotinate (0.05 g, 47.43% vield) as an vellow solid.
[6262] LCMS 258.0 [M+HJ"

[0263] 'H NMR (DMSO-ds, 400 MHz) 6 9.07 (s, 1 H), 8.59 (d, /=4.9 Hz, 1 H), 7.48 - 7.76 (m,
4H), 7.33(d, J=16.6 Hz, 1 H), 7.22 (&, J=8.6 Hz. 2 H), 3.87 ppm (s, 3 H).

{0264] Compound tlc. To asolution of methyl (E)}-3-{(4-flurostyrylhisonicotinate (0.10 g,
0.389 mmol, 1.0 equiv) in methanol {15 mL) was purged with Nz gas for 10 minute, followed by
the addition of Pd/C (6.030 g). Then resulting reaction mixture was purged with Hz gas for 10 h
Product formation was confirmed by LCMS. After the completion of reaction, the mixture was
filtered through celite bed, washed with methanol (30 mL}. Filtrate was concentrated under
reduced pressure to obtained methvi 3-{(4-flurophenethylyisonicotinate (0.1 g, 86.77 % vicld) as a

white solid.
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[0265] LCMS 260.2 [M+H]"

[0266] 'H NMR (DMSO-ds, 400MHz) 5 857 (br. 5., 2 H), 7.65 (d, /=4.9 Hz, 1 H), 7.16 - 7.29
(m, 2 H), 7.00 - 7.12 (m, 2 H), 3.88 (s, 3 H), 3.06 - 3.19 (m, 2 H), 2.77 - 2.88 ppm (m, 2 H).

{6267} Compound 11d. To a stirred solution of methyl 3-(4-flurophenethyl}isonicotinate
{0.100 g, 0.38 mmol, 1.0 equiv) m THF (§ mL) and water (5 mL}, was added LiOH.H20 (0.024
g, 0.583 mmol, 1.5 equav). The muxture was allowed to stir at RT for overnight. Product
formation was confirmed by LCMS and 'H NMR Spectroscopy. The reaction mixture was
concentrated and diluted with water {10 mL) and washed with cthyl acetate (10 mL x 2).
Agqueous layer was separated and freeze dried on tyophilvzer to obtam 3-(4-

fluorophenethylisonicotinic acid (Quant. Yield) as white solid.
[0268] LCMS 246.2 [M+HJ*

[0269] 'H NMR (DMSO-ds, 400MHz) § 821 (s, 1 H), 813 (s, 1 H), 7.13 - 7.29 {m, 3 H), 7.06
(t,J=8.8 Hz, 2 H), 2.90 - 3.03 (m, 2 H), 2.72 - 2.87 ppm (m, 2 H).

{8276} Compound 11. To a stirred solution of (E)-3-(4-thurostyryI Hsonicotinic acid (0.09 g,
0.367 mmol, 1.0 equiv}) in DMF (3 mL)}, was added {$)-4.4-difluorc-1-glyevlpyrrolidine-2-
carbonitrile hydrochloride (0.08 g, 0.367 mmol, 1.0 equiv), HATU (0.209 g, 0.550 mmol, 1.5
equiv)y. The nuxture was allowed to stir at RT for 10 vun. DIPEA (0.2 mL)} was added and the
mixture was allowed to stir at RT for overmight. Product formation was confirmed by LCMS and
TLC. After completion of reaction, the mixture was diluted with water (20 mL) and extracted
with ethyl acetate (20 mL x 2). Combined organic extracts were washed with water (20 ml < 4),
dried over anhvdrous NazS04 and concentrated. The crude product obtained was purified by
flash chromatography (5 % McOH in DCM as an ehuent) to obtamn  {(8§)-N-(2-(2-cyano-4 4-
difluoropyrrolidin-1-v1}-2-oxocthv)-3-(4-flucrophencthylisonicotinamide (0.060 g, 13% Yield)

as an oft white solid.
{0271] LCMS 4173 {M+H|™
[06272] 'HNMR (DMSO-de, 400MHz) 5 894 (br. s, 1 H), 8.35-855 (m, 2 H), 7.34 (d, =44

Hz, 1 H), 7.16 - 7.31 (m, 2 H). 7.07 (t, J=8.8 Hz, 2 H), 5.13 (d, /=7.8 Hz, 1 H), 431 (br. 5., 1 F),
3.95-420 (m, 3 H). 3.01 (d. J=9.3 Hz. 2 H), 2.87 (d, /=8.8 Hz, 2 H), 2.80 ppm (br. 5., 2 H).
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Fxample S12
Synthesis of (S.E)-N-(2-(2-cyano-4,4-difluoropyrrolidin- 1 -vi)-2-oxoethyi}-3-(4-
Suorostyryllisonicotinamide
Qg On_
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Compound 12

{8273} Compound 12a. To a stirred solution 1-ethynyi-4-flucrobenzene (500 mg, 4.16 mmol,
1.0 equiv) in THF (10 mL), was added 4.4,5,5~tctramethyl-1,3,2-dioxaborolanc (800 mg,
6.25mmol, 1.5 equiv), BH: THF (2 ml, 2.08 mmol, 0.5 equiv) flushed with an nitrogen
atmosphere at RT. The mixture was allowed to heat for 1 hour at 60 degree. Product formation
was confirmed by TLC. After completion of reaction, the mixture was diluted with NHsCl
solution (20 mL) and extracted with cthyl acetate (20 mL x 2). Combined organic extracts were
washed with water (20 mL x 4), dried over anhydrous NazSO4 and concentrated. The crude
product obtained was purified by flash chromatography (10% ethyl acetate) to obtain desired
(E)-2-(4-thuorostyryl}-4,4.5,5-tetramethyi-1,3,2~dioxaborolane (350 mg, 13% Yicld) as an
vellow ol

[0274] LCMS 2492 [M+H[

[0275] 'H NMR (DMSO-de, 400MHz) 3 7.65 (dd, J=8.3, 5.7 Hz, 2 H), 7.29 (d. /=184 Hz, 1
H), 720 (t, /=8 8 Hz, 2 H), 6.09(d, /=184 Hz, 1 H}, 1.13 - 1.32 ppm (m, 12 H).

{09276} Compound 12b. To a solution of methyl 3-bromoisonicotinate (0.2 g, 0.921 mmol, 1.0
equiv) in dioxane (4 mL) was added (E)}-2-(4-flurestyrvl}-4,4,5,5tetramethyl-1,3,2-
dioxaborolane (0.3 g, 1.38 mmol, 1.5 equivy, KoC03 (0.384 g, 2.78 mmol, 3.0 equiv) and

resulting reaction mixture purged with N2 gas for 10 nunute, followed by the addition of

~3
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PA(PPCL(0.032 g, 0.046 mmol. 0.05 equiv). The resulting reaction mixture was heated at
120° C for overnight. Product formation was confirmed by LCMS. After the completion of
reaction, the mixture was filiered through celite bed, washed with cthyl acetate (100 mL).
Filtrate was concentrated under reduced pressure. The crude product obtained was purified by
flash chromatography (0-20 9% ethyl acetate in hexane as an eluent) to methyl (E)-3-(4-

L)

flurostyryDisonicotinate (0.05 g, 47.43% yield) as an vellow solid.
{2777 LCMS 258.0 [M+HY

[0278] 'H NMR (DMSO-ds, 400MHz) 5 9.07 (s, 1 H), 8.59 (d, /=4.9 Hz, 1 H), 7.48 - 7.76 (m,
4H). 733 (d, J=16.6 Hz, 1 FI), 7.22 (t, J=8.6 Hz, 2 H), 3.87 ppm (s, 3 H).

{6279} Compound 12¢. Fo a stirred solution of methyl (F)-3-(4-flurostyryl}isonicotinate
{0.300 g, 1.167 mmol, 1.0 cquivy in THF (4 mL) and water (4 mL), was added LiOH H:0 (0.074
g, 1.751 mumol, 1.5 equiv). The muxture was allowed to stir at RT for overnight. Product
formation was confirmed by LCMS and '"H NMR Spectroscopy. The reaction mixfure was
concentrated and diluted with water {20 mL} and washed with cthyl acetate {10 mL x 2},
Aqueous layer was separated and freeze dried on lyophilyzer to obtain (E}-3-(4-

fluorostyrythisomicotinie acid {Quant. Yield) as a white sohd.
[6286] LOCMS 2440 [M+H}

[8281] Compound 12, To a stirred solution of (E}-3-(4-fluorostyryiyisonicotinic acid (0.1 g,
0.412 mumol, 1.0 equiv) in DMF (3 mL}, was added (5)-4,4-difluoro-1-glyevlpyrrolidine-2-
carbonitrile hydrochloride {0.093 g, 0.412 nunol, 1.0 equivy, EDCILHCL (0.119 ¢, 0618 mmol,
1.5 equiv) & HOBt (0.084 g, 0.618 mmol, 1.5 equiv). The mixture was allowed to stir at RT for
10 mun. TEA (0.3 mL) was added and the mixtere was allowed to stir at RT for overnight.
Product formation was confirmed by LCMS and TLC. After completion of reaction, the mixture
was diluted with water (20 mL) and extracted with ethyl acetate (20 mL x 2}. Combined organic
extracts were washed with water (20 mL x 4), dried over anhydrous Nax801 and concentrated.
The crude product obtained was purified by flash chromatography (5 % MeOH in BCM as an
chuent) to obtain (8, E)-N-(2-(2-cvano-4 4-ditluoropyrrolidin-1-y1)-2-oxocthyl}-3-(4-

fluorostyryisonicotinamide (0.1 g, 58.8 % Yield) as an white solid.

[0282] LCMS 4152 [M+H]"
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[0283] 'H NMR (DMSO-ds, 400MHz) § 9.13 (s, 1 FI). 899 (£, J=5.9 Hz, 1 H), 8.53 (d. /=4 .8
Hz, 1 H), 7.76 (dd, /=8.6, 5.5 Hz, 2 H), 7.64 (d,./=16.7 Hz, 1 H), 748 (d,./=16.7 Hz, 1 H), 7.36
(d, /=53 Hz, 1 H), 711 - 7.26 (m, 2 H). 5.19 (dd. J=9.4, 2.9 Hz, 1 H), 4.25 - 4.36 (m, | H), 4.00
-4.24 (m, 3 H),3.92 (d. J=5.7 Hz, 1 F), 2.75 - 2.97 ppm (m, 2 H).

Example 813

Synthesis of (8.F)-N-(2-(2-cyano-4.4-difluoropyrrolidin-1-vi)-2-oxcethyi)-3-{ 2-(4-
fluorophenyl)prop-1-en-1-yl)isonicotinamide and (S)-N-(2-(2-cvarnio-4, 4-difluoropyrrolidin-1-

Vi)-2-oxoethyl)-3-(2-(4-fluorophenvi)ailvi)isonicotinamide
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Compound 13 Compound 14

{0284] Compounds 13aand 14a. To a solution of methy] 3-bromoisonicotinate (1.0 g, 4.629

mmol, 1.0 equiv}) in THF (20 mL} was added 1-fluoro-4-{prop-1-en-2-vibenzene (1.0 g, 6.94
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mmol, 1.5 equiv}, TEA (1.4 mL, 10.18 mmol, 2.2 equiv), followed by the addition of PAd(GAch
(0.52 g, 0.23 mmol. 0.05 equiv) & Triphenyiphospine (0.12 g, 0.4629 mmol. 0.1 equiv} The
resulting reaction mixture was heated at 120° C for overnight. Product formation was confirmed
by LCMS and TLC. After the completion of reaction, the mixture was filtered through celite
bed, washed with ethyl acetate (100 mL}. Filtrate was concentrated onder reduced pressure. The
crude product obtained was purified by flash chromatography (0-20 % ethvl acetate in hexane as
an cluent) to obtain the mixture of methvl (E)-3-(2-(4-fluoropbeny)prop-1-en-1-yl}isonicotinate

and methyl 3-(2-(4-fluorophenyballyisonicotinate (0.05 g, 4 %) as an vellow oil.
{0285} LCMS 2721 [M+HJ™

{6286] Compounds 13b and 14b. To a stirred solution of mixture of methyl (E)-3-(2-(4-
fluorophenyljprop-1-en-1-yhisonicotinate and methyl 3-(2-{(4-fluorophenyliallylyisonicotinate
(0.067 g, 0.24 mmol, 1.0 equiv) m THF (§ mL) and water (5 mL), was added LiOH H20
(0.016g, 0.371 mumol, 1.5 equiv). The mixture was allowed to stir at RT for overmnight. Product
formation was confirmed by LCMS. The reaction mixture was concentrated and diluted with
water (10 mL) and washed with ethyl acetate {5 mL x 2). Aqueous layer was acidify with 6N
HCI (pH~5 to 6), solid precipitate was filtered off and dried under vacuum to obtain mixture of
(E}-3-(2-{(4-fhuorophenyhprop-1-en-1-yljisonicotinic acid and 3-(2-(4-

~y

fluorophenyljallyliisonicotinic acid (45 mg,73 %) as off white solid.
{6287 LCMS 238.0 [M+HY}

{0288} Compounds 13 and 4. To a stirred solution of (E}-3-(2-{4-fluorophenyhprop-1-cn-1-
vhisonicotinic acid and 3-(2-(4-fluorophenyDallylisonicotinic acid (0.045 g, 0.175 mmol, 1.0
equiv) in DMF (2 mL}, was added (8)-4,4-difluoro-1-glveylpyirolidine-2-carbonitrile
hydrochloride (0.040 g, 0.175 mmol, 1.0 equiv), EDCLHCI(0.05 g, 0.263 mmol, 1.5 equiv) &
HOBt (0.036 g, 0.263 mnol, 1.5 cquiv). The mixturc was allowed to stir at RT for 10 vun. TEA
(0.2 mL) was added and the mixture was allowed to stir at RT for overnight. Product formation
was confirmed by LCMS and TLC. After completion of reaction, the mixture was diluted with
water (10 mL} and extracted with ethyl acetate {10 mL = 2}, Combined organic extracts were
washed with water (10 mL x 4), dried over anhydrous NaxSO4 and concentrated. The crude
product obtained was purified by flash chromatography (5 % Me(OH in DCM as an eluent) to
obtain mixtare of compounds which is further purified by reversed HPLC to obtain (5,E)-N-(2-

(2-cyano-4 4-difluoropyrrolidin-1-yl}-2-oxoethyl)-3-(2-(4-flucrophenylyprop-1-en-1-
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yiysonicotinamide {0.022 g} as vellow solid and (8)-N-(2-(2-cyano-4, 4-difluoropyrrolidin- f-v1)-

Z2~oxoethyl}-3-(2~(4-flucrophenviallvi}isonicotinamide (0.008 g} as white solid.
{6289 LCMS 4292 [M+H]

10290] 'H NMR (Compound 13} (400MHz, DMSO-ds) 3 8.92 (br. s., 1 H), 8.73 (br. s, 1 H),
8.64 (br.s., 1 H)Y, 7.74-7.57 (m, 2 H), 7.55(d, J=4.8 Hz, 1 H), 7.23 (1, J= 8.8 Hz, 2 H), 7.07 -
6.97 (m, 1 1), 5.12(d.J=92Hz, 1 ). 430(d,J=11.0Hz, 1 H). 415 (d.J=4.4 Hz, 1 F),
408 (d. J= 9.6 Hz, 2 H), 3.01 - 2.73 (m, 3 H), 2.17 (s, 3 H).

{02911 ‘HINMR (Compound 14} (400MHz, DMSQO-de) 3889 (br.s., | H), 849(d, J=4 8 Hz,
TH), 843 (s, 1 H), 7354 (dd, J=5586Hz 2H), 735(d, J=53Hz, 1 H), 712 {1, /=88 Hz,
2H), 5.47(s, 1 H),513(d,/J=61Hz 1H),499(s, 1 H),427(d, J=118Hz 1H), 420-395
{0y, 3H), 3.17(d,J=57Hz, 1 H), 290 (br. s, 1 H),282(d,J=175Hz, 1 H), 267 (br. s, |
H).

FExample 814

Synthesis of (S,E)-N-{2-(2-cyano-4,4-difluoropyrrolidin-1 -yi)-2-oxoethyl}-3-{4-

methoxystyryl)isonicotinamide

Ou O
Do 0 \ Bra
E: )
0 0O N o o
CuClLXanthphose, /‘0\.//\.1 PA{(PPh3},ClyNa,C0; e \E’;\E
7R i Dioxane,H,0,186°C,ON i
— I\ o/ MNaDtBu, THF,RT,ON NA g0 o T /
—_ Step-1 &3 f\ Step-2

{

o
CHH H M. /ﬂ\m F
4
p b 9

"
Step-4 E
s
N N
Compound 18
{#292] Step 1: Synthesis of (E}-2-(4-mcthoxystvryl)-4.4,5 3-tetramethyi-1 3, 2-dioxaborolane.
To a stirred solution 4,4,4',4',5,5,5".5"~octamethyl-2,2"-bi{1,3,2~dioxaborolane} 1.0 g, 4.16 mumol,

1.1 equiv) n dried THF (20 mL), was added CaCl (3.7 mg, 0.038 mmol, 0.01 equiv),
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Xanthphos (22 mg, §.038 mmol, 0.01 equiv) and NaOtBu (0.435 g, 4.536 mmol, 1.2 equiv} at
RT. The mixture was allowed to stir at RT for 30 minute. I-ethynvi-4-methoxybenzene (0.5 g,
3.78 mumol, 1.0 equiv) dissolved in THF (5 mL) was added into above reaction nuxture and
stirred at RT overnight. Product formation was confirmed by TLC. After completion of reaction,
the mixtare was difuted with water {50 mL) and extracted with cthyl acetate (30 mL x 2}.
Combined organic extracts were washed with water (20 mL < 2}, dried over anhydrous NaxSQOs
and concentrated. The crude product was purified by flash chromatography (5 % EtOAc in
hexane as an eluent) to obtain (E)-2-(4-methoxystyryl}-4.4,5, 5-ctramethyl-1,3,2-dioxaborolane

(0.8 g, 86.5 % Yield) as a yellow o1l
[8293] LOCMS 2612 [M+H]"

(6294] 'H NMR (DMSO-ds, 400MHz) 3 7.46 - 7.60 (m, J=8.8 Hz, 2 H). 7.25 (d. J=18.4 Hz, 1
H), 6.84 -6.97 (m. J=8.8 Hz. 2 H), 5.96 (d, /=18.4 Hz, | H), 3.77 (s, 3 H). 1.23 (s, 12 H).

[#295] Step 2. Svnthesis of methyl (E3-3-(4-methoxystyryisonicotinate. To a solution of
methvl 3-bromoisonicotinate (0.2 g, 0,926 mmol, 1.0 equiv) in dioxane {20 mL} and water (1
mi.} was added (£}-2-(4-methoxvstyryi)-4,4.3, 5~tetramethyl-1,3,2~dioxaborolane (0.361 g, 1.39
mmol, 1.5 equiv), Na2C0O3 (0.2 g, 1.85 mmol, 2.0 equiv) and resulting reaction mixture purged
with N2 gas for 10 minute, followed by the addition of PA(PPhs)Ch{0.033 g, 0.0463 mmol. 0.05
equivy. The resulting reaction mixture was heated at 100° C for overnight. Product formation
was confirmed by LCMS. After the completion of reaction, the nuxture was filtered through
celite®, washed with ethyl acetate (100 mL). Filtrate was concentrated under reduced pressure.
The crude product was purified by flash chromatography (0-20 % ethyl acetate in hexane as an
cluent) to obtam methyl (E)-3-(4-methoxystyrvljisonicotinate {(0.25 g, 99 % yield) as a yellow
sohid.

[0296] LOMS 270.0 [M+H]|"

[0297] 'H NMR (DMSO-ds 400MHz) 6 9.10 (s, 1 FI), 8.59 (d. /=4 8 Hz, 1 F). 7.68 (d. J=4.8
Hz, 1 H), 7.45 - 7.60 (m, 3 H), 7.33 (d, J=16.2 Hz, 1 H), 6.99 (d, J=8.3 Hz, 2 H), 3.91 (s, 2 H),
3.67-3.83 (m, 3 H).

{8298} Step 3: Synthesis of (E}-3-(4-methoxystyryDisonicotimic acid. To a stirred sclation of

methyl (E}-3-(4-methoxystyrylisonicotinate (0.250 g, .929 mmol, 1.0 equiv) in THF (10 mL}

and water (10 mL), was added LiOH 0 (0.056 g, .39 mmol, §.5 equiv). The mixture was

allowed to stir at RT for overnight. Product formation was confirmed by LCMS and 'H NMR
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Spectroscopy. The reaction mixture was concentrated and diluted with water (20 mL) and
washed with ethyl acetate (10 mL x 2}. Aqueous layer acidify with 6N HCl {pH ~ 5 to 6), solid
precipitate formed was filtered off and dried under vacuum to obtane (E)}-3-(4-

methoxystyrylisonicotinic acid (0.15 g, 63.5 %) as an yellow solid.
{0299} LCMS 2359 M+HJ™

[B306] Step 4: Synthesis of (8§, E}-N-(2-(2-cyano-4 4-difluoropvrrolidin-1-yt)-2 -oxoethy1}-3-
(4-methoxystyrylisonicotinamide. To a stirred solution of (E)-3~(4-methoxystyrvijisonicotinic
acid (0.12 g, 0.47 nuool, 1.0 equiv) in DMF (5 mL), was added (S)-4.4-difluoro-1-
glveylpyrrolidine-2-carbonitrile hvdrochlonide (G158 g, 6.705 mamol, 1.5 equiv), HATU (0.268
2, 0.705 mmol, 1.5 equiv) The mixtare was allowed to stir at RT for 10 min. DIPEA (0.4 mL)
was added and the mixture was allowed to stir at RT for overmight. Product formation was
confirmed by LCMS and TLC. After completion of reaction, the mixture was dituted with water
(20 mL) and extracted with ethyvl acetate (20 mL x 2}, Combined organic extracts were washed
with water (20 mL x 4}, dried over anhydrous Na:SGs and concentrated. The crude product was
purified by flash chromatography (5 % MeOH in DCM as an eluent) followed by reverse phase
HPLC purification to obtain (8§, E)-N-(2-(2-cvano-4.4-diflucropyrrolidin-1-v1}-2-oxoethy}-3-(4-

methoxystyryhisonicotinamide {0.06 g, 30 % Yield) as a white solid.
{0301} LCMS 4273 IM+H}"

[0302] 'H NMR (DMSO-ds, 400MHz) 6 9.11 (s, 1 F). 8.97 (£, J=5.9 Hz, 1 H), 8.49 (d, /=48
Hz, 1 H), 7.57 - 7.68 (m, J=8.8 Hz, 2 H), 7.51 (d, J=16.2 Hz, 1 H), 7.41 (d. J=16.7 Hz, 1 H),
733 (d. J=5.3 Hz, 1 H), 6.85 - 7.03 (m, /=8 8 Hz, 2 H), 5.18 (dd, J=9.2. 22 Hz, 1 H),4.27 -
438 (m, 1 H), 3.99 - 4.21 (m, 3 H), 3.66 - 3.87 (m, 3 H), 2.75 - 2.98 (m, 2 H).
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Fxample 815

Synthesis of (S, E)-N-(2-(2-cvano-4, 4-difluaropyrrolidin-1-yi)- 2-oxoethyl)-3-(2-(4-

(triflucromethoxy)phenvl)prop-1-en-1-yl)isonicotinamide

\
0,0

A
-0, p\i/ Bre
BB i
-G -0__»( S
) CuCi, Xantphos, . E O LIOH.H,0
Fu Oy, KOtBu, Mel, THF F>/O N Pfﬂpi’ha)zﬁizﬂzf@: \ Oy O THE 1,0
F/;i: P RT/Overnight £ F ! Dioxan,H0,120 C.GN | RT,ON
e N — . AN PN o
\\\\\\\ Step-1 \// B f Step-2 r j Step-3
' fe} "

ClH HoN /L\N&F
/\/
EDCL Hf&i HOBYLTEA

[¢}
H
F. O O OH o -
T YT ey oy
FooSser ™ F P } l F
; j Step-4 ad T X y
' .N{ '\N/ N

Compound 18

{8303} Step 1. Synthesis of (E}-4,4,5,5-tetramethyl-2-(2-(4-(triflacromethoxy)phenyijprop-1-
en-1-y1}-1,3,2-dioxaborolane. To a stirred solution 1-ethynyl-4-(trifluoromethoxylbenzene (1.0
2. 5.37 mmol, 1.0 cquiv) in THF (10 mLl), was added 4,4,4'.4'5,5,5" . 5"-octamethyl-2,2"-bi(1,3,2-
dioxaborolane} (1.49 g, 5.90 mmol, 1.1 equiv), Cal (0.0035g, 0.050 mmol, 0.01 equiv),
Xanthphos { 0.030g ,0.050 mmol, 0.01 equiv), KOBuw(0.71g, 0.63 mmol, 1.2 equiv} followed by
the addition of methyl iodide (1.3 md, 21.2 mmol 4.0 equiv}y. The resulting reaction mixture was
allowed to stir at RT for overmight. Product formation was confirmed by TLC. After the
completion of reaction, the reaction mixture was diluted with water solution (50 mL) and
extracted with ethyl acetate {100 mL x 2). Combined organic extracts were washed with water
(20 mL x 4), dricd over anhydrous NaxSQs and concentrated. The crude product obtained was
purified by flash chromatography (0-10% ethyl acetate in hesane) to obtain (E)-4,4,5,5-
tetramethyl-2-(2-{4-(triflooromethoxy jphenvlprop-1-en-1-v1)-1,3.2-dioxaborolane (0.700 g,

39% Yield) as a vellow oil.

[0304] LCMS 328.1 [M+H[
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[0305] 'H NMR (400 MHz, CHLOROFORM-cf) 8 7.40 - 7.58 (m, 2 H) 7.16 (m, J=8.33 Hz, 2
H)5.73 (d, J=0.88 Hz, 1 H) 2.29 - 2.44 (m, 3 H) 1.14 - 1.42 (m, 12 H).

[8366] Step 2: Synthesis of methyl (E)}-3-(2-(4-(trifluoromethoxy)phenylprop-1-en-i-
yihsonicotinate. To a solution of methyl 3-bromoisonicotinate {0.220 g, 1.018 mmol, 1.0 equiv)
in dioxane:water (4:2 mL) was added (E}-4,4,5 5-tetramethyi-2-(2-(4-
{(trifluoromethoxy)phenylprop-1-en-1-vi)-1.3.2-dioxaborolane (0400 g, 1.22 mmol, 1.2 cquiv),
KaCO: (0.284 g, 2.037 mmol, 2.0 equiv) and the mixture was purged with N2 gas for 10 mun,
followed by the addition of PA(PPho)(1: (0.035 g, 0.050 mmol. 0.05 equiv}. The resulting
reaction mixture was heated at 120° € for overnight. Product formation was confirmed by
LCMS. After the completion of reaction, the reaction nuxture was diluted with water (20 mL)
and extracted with ethyl acetate (50 mL » 2). Combined organic extracts were washed with
water {10 mL x 2), dried over anhydrous NaZS8(04 and concentrated. The crude product was
purified by flash chromatography (0-20 % cthyl acctate in hexane as an cluent) to obtain methyl
(E)-3-(2-(4-(trifluoromethoxy yphenyprop-1-en- 1-yljisonicotinate (0.110 g, 35 % vicldj as a

yellow solid.
{6367} LCMS 338.1 [M+H]"

[0308] 'H NMR (400 MHz, DMSO-ds) 6 8.57 - 8.82 (m, 2 H) 7.64 - 7.78 (m, 2 H) 7.42 (d,
J=7.89 Hz, 2 H) 7.16 (s, 1 H) 3.75 - 3.99 (m, 3 H) 2.09 (d, /=1 .32 Hz. 3 H).

[#309]  Step 3: Synthesis of (E}-3-(2-(d-(triflucromethoxy)phenylyprop-1-en-1-yisonicotinic
acid. To a stirred solution of methyl {(E)-3-(2-{4-(triflucromethoxy)phenyliprop-1-en-1-
vhisonicotinate (0.100 g, 0.296 mmol, 1.0 equiv) in THF (4 mL) and water (4 mL), was added
LiOH Ha0 (0.024 g, 0.593 mmol, 2.0 equiv). The nmuxture was allowed to stir at RT for
overnight. Product formation was confirmed by LCMS and 'H NMR Spectroscopy. The reaction
mixture was diluted with water (20 mL) and washed with ethyl acetate (10 mL x 2). Aqueous
layer was separated and freeze dned on lyophilvzer to obtain (E)-3-(2-(4-
(trifluoromethoxy)phenyliprop-1-en-1-yljisonicotinic acid (0.100 g, Quant. Yield) as a white
sohid.

[6316] LCMS 324.0 [M+H]"
{6311} Step 4: Synthesis of (8. E)}-N~(2-(2-cyano-4,4-diftuoropyrrohidin-1-vi}-2-oxoethy)-3-
(2-(4-(trifluoromethoxy jphenyl)prop-1-en- I -vijisonicotinamide. To a stirred solution of (E)-3-

(2-{4-{triflucromethoxy yphenyprop-1-en-1-yiNsonicotinic acid (0.1 g, 0.308 mmol, 1.0 equiv)
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m DMF (3 mL), was added (8)-4,4-difluoro- 1 -glveylpyrrolidine-2-carbonitnile hyvdrochlonde
(0.069 g, 0.308 mmol, 1.0 equivy, EDCLHCI{0.070 g, 0.370 mumol, 1.2 equiv) and HOBt (0.049
g, 0.370 mmol, 1.2 equiv) followed by the addition of TEA (0.2 mL). The resulting reaction
mixture was allowed to stir at RT for ovemight. Product formation was confirmed by LCMS and
TLC. After completion of reaction, the nuxture was diluted with water (20 mL) and extracted
with ethyl acetate (25 mb = 2). Combined organic extracts were washed with water (10 mL x 4),
dried over anhydrous Na:SO4 and concentrated. The crude product was purified by flash
chromatography (5 % MeOH in DCM as an eluent) to obtain (8,E)-N-(2-(Z-cvano-4,4~
difluoropyrrolidin-1-v1}-2-oxocthyl}-3-(2-(4-(trifluoromethoxy)phenylprop-1-en-1-
vhisonicotinamide {0.030 g, 20.0 % Yicld) as a white solid.

[0312] LCMS 4953 [M+H["

[0313]  'H NMR (400 MHz, DMSO-de) 5 8.89 (¢, J=5.92 Hz, | H) 8.69 (5, | H) 8.60 (d, /=452
Hez, 1 H) 7.74 (m, J=8.77 Hz, 2 H) 7.47 (d, J=4.82 Hz, 1 H) 7.39 (m, J=8.33 Hz, 2 H) 7.01 - 7.13
(m, 1 H) 5.13(d, J=6.58 Hz, 1 H) 4.24 - 4.35 (m. 1 H} 3.92 - 4.20 (m, 3 H) 2.69 - 2.95 (m, 2 H)
2.18 (s, 3H).

Example SI16

Synthesis of (8, E)-N-(2-(2-cyano-4,4-diflucropyrrolidin-1-yij-2-oxoethyl}-3-(2-(4-

(trifluoromethyl) phenyliprop-1-en-1-vljisonicotinamide
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Compound 20
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[6314] Step 1. Synthesis of (E}-4,4.5,5-tetramethyl-2-(2-(4-{trifluoromethyphenyprop-1-en-
1-v13-1,3,2-dioxaborolane. To a stirred solution 4,4,4'.4°.5,5,5', 5"-octamethyl-2,2"-bi(1,3,2-
dioxaborolane) (0.818 g, 3.23 numol, 1.1 equivyindried THF (20 mL), was added Cul1 (3.0
mg, 0.0294 mmol, 6.01 equiv), Xanthphos (0.017 mg, 0.0294 mmol, 0.01 equiv) and NaQOtBu
(0.34 g, 3.53 mmol, 1.2 equuv) at RT. The mixture was allowed to stir at RT for 30 minute. I~
ethynyl-4-(triftuoromethyl}benzene (0.5 g, 2.94 mmol, 1.0 equiv ) dissolved in THF (5 mL}) and
Methyl rodide (0.8 mi, 11.764 mmel, 4.0 equiv) was added into above reaction mixture,
resultant reaction nuxture stir at RT overnight. Product formation was confirmed by TLC. After
completion of reaction, the mixtare was difuted with water {50 mL) and extracted with ethyl
acetate (50 mL » 2). Combined organic extracts were washed with water (20 mL x 2}, dried over
anhydrous Naa80s and concentrated. The crude product was punfied by flash chromatography
(5 % Et0OAc in Hexane as an ehuent) to obtain (E}-4.4,5 5-tetramethyl-2-(2-(4-
{triftuoromethyl}pheayl)prop-1-en-1-vi}-1,3.2-dioxaborolane (0.8 g, 7.2 % Yield) as a yellow

oil.

[0315] 'H NMR (DMSO-ds, 400 MHz) 8 7.81 (d, /=7.9 Hz, 2 H), 7.59 - 7.74 (m, 2 H}, 5.75 (s,
1H), 2.30-2.43 (m, 3 H), 1.18 - 1.31 (m, 12 H).

{8316} Step 2: Synthesis of methyl (E}-3-(2-(4-(trifluoromethyl}phenyljprop-1-en-1-
vl}isonicotinate. To a solution of methyl 3-bromoisonicotinate (0.1 g, 0.463 mmwol, 1.0 equiv} in
dioxane (5 mL) and water (1 mL) was added (E)-4,4,3,5tetramethvl-2-(2-(4-
(triftuoromethylyphenylprop-1-en-1-y1}-1,3,2-dioxaborolane (0.216 g, 0.694 mamol, 1.5 equiv),
NaxC0Os (0.1 g, 0.936 mmol, 2.0 equiv) and resulting reaction mixture purged with Nz gas for 10
minute, followed by the addition of PA(PPI:)CL (0.016 g, 6.0235 mamol. $.05 equiv). The
resulting reaction mixture was heated at 100 °C for overnight. Product formation was confirmed
by LCMS. After the completion of reaction, the mixture was filtered through celite bed, washed
with ethyl acetate (50 mL}. Filtrate was concentrated under reduced pressure. The crude product
was purified by flash chromatography (0-20 % ethyl acetate in hexane as an cluent) to obtained
methy! (E)}-3-(2-(4-(trifluoromethyvphenyDprop-1-en-1-yhisonicotinate (0.06 g, 40.26 % vield)

as a yellow oil.
{06317} LCMS 3222 [M+H}"

[0318] 'H NMR (DMSO-ds, 400MFHz) 5 8.63 - 8.73 (m, 2 H), 7.71 - 7.84 (m, 5 H). 7.25 (s, 1
H), 3.79 - 3.95(m, 3 H), 2.06 - 2.20 (m, 3 H)
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{8319}  Step 3. Synthesis of (E)}-3-(2-(4-(tnifluoromethyiphenvhprop-t-en-1-yijisonicotinic
acid. To a stirred solution of methyl (E)-3-(2-(4~(trifluoromethyDphenyhprop-1-en-1-
vhisonicotinate (0.06 g, 0.186 nunol, 1.0 equivy in THF (2 mL) and water (2 mL), was added
LiOH Hu0 (0.012 g, 0.28 mmol, 1.5 equiv). The mixture was allowed to stir at RT for overmight,
Product formation was confirmed by LCMS and 'H NMR Spectroscopy. The reaction mixture
was concentrated and diluted with water (20 mb) and washed with ethyl acetate {10 mbL x 2}
Aqueous layer acidify with 6N HCl (pH ~ 5 to 6}, solid precipitate was filtered off and dried
under vacuum to obtain (E)-3-(2-(4-(triflucromethyDphenyhprop-1-en-1-yljisomcotinic acid
(0.035 g, 61 .4 %) as an off white solid.

[83240] LOCMS 3081 [M+H]"

{8321} Step 4: Synthesis of (8,E)}-N~(2-(2-cvano-4,4-dittuoropyrrolidin-1-vi)-2-oxoethy)-3-
(2-(4-(trifluoromethyDphenylprop-1-en-1-ylisonicotinamide. To a stirred solution of (E)-3-(2-
(4-(trifluoromethyDphenyhprop-1-en-1-yhisonicotinic acid (0.035 g, 0.114 mmol, 1.0 equivin
DMF (3 mL), was added (83-4.4-diftuoro-1-glyeyvlpymrolidine-2-carbonitnie hydrochloride
(0.026 g, 0.114 mmol, 1.5 equiv), EDCLHCI(0.033 g, 0.171 nmunecl, 1.5 equiv) and HOBt (0.023
g, 0.171 mmeol, 1.5 equiv) The mixture was allowed to stir at RT for 10 min. TEA (0.1 mL) was
added and the mixture was allowed io stir at RT for overnight. Product formation was confirmed
by LCMS and TLC. After completion of reaction, the muxture was dituted with water (10 mL}
and extracted with ethyl acetate (10 ml x 2}, Combined organic extracts were washed with
water (10 mL x 4), dried over anhydrous Na:SGs and concentrated. The crude product was
purified by reversed phase HPLC to obtain (S, E}-N-{2-(2-cyano-4 4-difluoropyrrolidin-1-y1})-2-
oxoethyl}-3-(2-(4-(triflooromethyphenylprop-1-en-1-yisonicotinamide {0.007 g, 12.86 %
Yicld) as a white solid.

[0322] LCMS 479 2[M+H}"

[0323]  'H NMR (DMSO-ds, 400MHz) 5 8.91 (d,.J=57 Hz, 1 H), 8.72 (s. 1 FD, 8.63 (d. J=4.5
Hz, 1 H), 7.84 (d. /8.3 Hz, 2 H), 7.76 (d, J=8.3 Hz, 2 H), 7.50 (d, J=4.8 Hz, 1 ), 7.13 - 7.20
(m, 1 H), 5.14 (d, /=7.5 Hz, 1 H), 4.23 - 4.34 (m, 1 H), 4.03 - 423 (m, 2 H), 2.6% - 2.94 (m. 3
H), 2.21 (s, 3 H).
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Example S17

Synthesis of (S.E)-N-(2-(2-cyano-4,4-difluoropyrrolidin- 1 -vi)-2-oxoethyi}-3-(4-

(triflucromethyl)stvryllisonicotinamide
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Compound 24

{0324} Step 1. Svnthesis of (E)-4,4,5, 5-tctramethy-2~(4-{trifluoromethyDstyrvl)-1,3,2-
dioxaborolane. To a stirred solotion 4,4.4',4°,5.5.5°, 5" -octamethyl-2 2'-bi(1,3,2-dioxaborolane)
{0.818 g, 3.23 mmol, 1.1 equiv} in dried THF (20 mL}, was added Cu{l (3.0 mg, 0.0294 mmol,
0.01 equiv), Xanthphos (0.017 g, 0.0294 mamol, 0.01 equiv) and NaOtBu (034 g, 3.53 mmol, 1.2
equivy at RT. The mixture was allowed to stir at RT for 30 min. 1-ethynyi-4~

(triflucromethy Dbenzene (0.5 g, 2.94 mmol, 1.0 equiv } in THF (3 mL} was added into above
reaction mixture and resultant reaction mixture stir at RT ovemnight. Product formation was
confirmed by TLC. After completion of reaction, the mixture was diluted with water (50 mL)
and extracted with ethyl acetate (50 mi. x 2}, Combined organic extracts were washed with
water (20 mL x 2), dnied over anhydrous Na:SOs and concentrated. The crude product was
purified by flash chromatograpby (5 % EtOAc in Hexane as an eluent) to obtain (E)-4,4.5,5-
tetramethyvi-2-(4-(trifluoromethystyryl)-1,3,2-dioxaborolane {0.6 g, 68.5 % Yield) as a brown
solid.

10325]  'H NMR (DMSO-ds, 400MHz) 8 781 (4. J=92 Hz, 2 H). 7.66 - 7.79 (m, 2 H), 7.35 (s,
TH). 7.40 (s, L H), 632 (d, /=184 Hz 1 H), 1.22 - 135 (m, 10H), 1.13 - 1.22 (m, 2 H).
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[6326] Step 2. Synthesis of methyl (B)-3-(4-(trifluoromethyDstyryliisonicotinate. To a
solution of methyl 3-bromoisonicotinate (6.3 g, 1.39 mumol, 1.0 equiv) in dioxane {20 mL)} and
water (2 mL) was added (E)}-4.4.5, 5-tetramethyl-2-{4-(irifluoromethylstyryi}-1,3,2-
dioxaborolane (0.496 g, 1.67 mmol, 1.2 equiv), NaxCOs (0.3 g, 2.78 numol, 2.0 equiv) and
resubting reaction mixture purged with N2 gas for 10 nunute, followed by the addition of
Pd{PPh3)C11(0.049 g, 0.0694 mmol. 0.05 equiv). The resulting reaction mixture was heated at
100° C for overnight. Product formation was confirmed by LEMS. After the completion of
reaction, the mixture was filtered through celite bed, washed with ethyl acetate (100 mL.).
Filtrate was concentrated under reduced pressure. The crude product was parified by flash
chromatography (0-20 % ethyl acetate in hexane as an cluent) to obtain methyl (E}-3-(4-

(rifluoromethyDstyryiyisonicotinate (0.4 g, 93.9 % yield) as a vellow oil.
{0327] LCMS 308.1 [M+H["

[0328]  'HNMR (DMSO-ds, 400MHz) § 9.15 (s, 1 H). 8.68 (d. J=4.8 Hz, 1 H). 7.71 - 7.87 (m,
SH), 7.43 (s, 1 F), 7.48 (s, 1 FI), 3.83 - 3.96 (m. 3 FI).

{0329]  Step 3. Synthesis of (E)-3-(4-(irifluoromethylstyrvl}isonicotinic acid. To a stirred
solution of methyl (B)-3-(4-(rifluoromethystyryDisonicotinate (0.4 g, 1.303 mmol, 1.0 equiv)
in THF {5 mL} and water (5 mL}, was added LiOH H20 (6.092 ¢, 2.21 mmol, 1.5 equiv). The
mixture was allowed to stir at RT for overnight. Product formation was confirmed by LCMS and
IH NMR Spectroscopy. The reaction mixture was concentrated and diluted with water (20 mL)
and washed with ethyl acetate (10 mL x 2). Aqueous layer acidify with 6N HCI (pH ~ 510 6),
solid precipitate was filtered off and dried under vacoum to obtained (E)-3-(4-

20

(trifluoromethylstyrylyisonicotinic acid {0.355 g, 93 %) as a vellow solid.
{6336] LCMS 2941 [M+H["

{8331}  Step 4: Synthesis of (§,E)-N-(2-(2-cyano-4, 4-difluoropvrrolidin-1-yl)-2-oxoethyl}-3-
{(4-(tnflucromethylstyrylisonicotinamide. To a stirred solution of (E)-3-{4-

(triffucromethy Dstyryisonicotinic acid (6.07 g, 0.239 mmol, 1.0 equiv) in DMF (5 mb), was
added (S)-4,4~-difluoro- I -glvevlpyrrolidine-2-carbonitrile hvdrochloride {0.54 g, 0.239 mmol,
1.5 equiv), HOBt (0.05 g, 0.359 mmol, 1.5 equiv) and EDCLHCI (0.07 g, 0.359 mmol, 1.5
equivy The mixture was allowed to stir at RT for 10 min. TEA (0.2 mL} was added and the
mixture was atlowed to stir at RT for overnight. Product formation was confirmed by LCMS and

TLC. After completion of reaction, the mixture was diluted with water (20 mL) and extracted
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with ethvl acetate (20 mL x 2). Combined organic layer was washed with water (20 mL < 4},
dried over anhvdrous NapS0O4 and concentrated vader reduced pressure. The crude product was
puritied by flash chromatography (5 % MeOH in DCM as an eluent) to obtain (S E)-N-(2-(2-
cvano-4.4-difluoropyrrolidin-1-v1}-2-oxoethyly-3-(4-(trifluoromethystyvryhisonicotinamide
(0.05 g, 45 % Yield) as an off whate solid.

{8332 LCMS 4652 [M+HJ"

0333} H NMR (DMSO-ds, 400MHz) 6 (5. 1 H), 892 -9.05 (m, 1 H), 8.57(d, J=4.8 Hz, |
HL782-797(m,3H), 7.75(d, /=83 Hz, 2H), 759, =171 8z 1 H), 739(d, /=53 Hz 1
H),521(d,/=6.1Hz, 1 H),428-437(m, 1 H},4.03-427 (m, 2H), 2.73 - 3.02 (m, 3 H).

Fxample S18

Synthesis of (S, Ej-3-(2-{4-chiorophenyljprop-1-en-1-yl}-N-{ 2-( 2-cvanio-4, 4-difluoropyrrolidin-1 -

vij-2-oxoerhyifisonicoiinamide
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Compound 26

{0334} Step 1. Syunthesis of (E)-2-(2-(4-chlorovphenylprop-t-en-1-v1}-4,4,5 S-tetramethyl-
1,3,2-dioxaborolane. To a stirred solution 4,4,4'4°,5,5,5°, 5 -octamethyl-2,2"-bi(1,3,2~
dioxaborolane) (1.4 g, 5 514 mmol, 1.5 equiv) in dried THF (10 mL), was added CuCl (18 mg,
0.183 mmol, 0.05 equiv), Xanthphos (0.106 g, 0.183 mmol, 0.05 cquiv) £ KOBu (05¢, 44
mmol, 1.2 equiv) at RT. The reaction mixture was allowed to stir at RT for 30 min. I-chloro-4-
ethynylbenzene (0.5 g, 3.78 mmol, 1.0 equivy in THF (5 mL} was added followed by the
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addition of methyl iodide (1 mL, 15,12 mmol, 4.0 equiv). The resulting reaction mixture was
heated at 60°C overnight. Product formation was confirmed by TLC. After completion of
reaction, the mixture was diluted with water (50 mL) and extracted with ethyl acetate (50 mL >
2}. Combined organic extracts were washed with water (20 mL x 2}, dried over anhvdrous
NazS804 and concentrated. The crude product was purified by flash chromatography (2 % EtOAc
in hexane as an eluent) to obtain (E}-2-(2-{4-chloroyphenyliprop-1-en-1-y1)-4,4,5 5-tetramethyl-

1.3,2-dioxaborolane (0.57 g, 33.81 % Yield) as a white solid.
0335] LCMS 279.0 [M+H]™

[0336] 'H NMR (DMSO-ds, 400MHz) 5 7.46 - 7.60 (m, J=8.8 Hz, 2 H), 7.35 - 745 (m, J=8.8
Hz, 2 H), 5.67 (s, 1 ). 2.32 (s, 3 H), 1.06 - 1.32 ppm (m, 12 H).

{8337 Stop 2: Synthesis of methyl (E)-3-(2-(4-chlorophenyijprop-~1-en-1-yljisonicotinate, To
a solution of methyl 3-bromotsonicotinate (0.15 g, 8.694 mmol, 1.0 equiv) in dioxane (10 mL}
and water (0.5 mL) was added (E}-2-(2-(4-chloroyphenvhprop-1-en-1-y1}-4,4.5 S-tetramethyi-
1,3.2-dioxaborolane {0.29 ¢, 1.04 mmol, 1.5 equiv}), NaxUOs (0.15 g, 138 mmol, 2.0 equiv) and
resulting reaction mixture was purged with Nz gas for 10 minute, followed by the addition of
PA(PPhs)(C12(0.024 g, 0.035 mmol. 0.05 equivy. The resulting reaction nuxture was heated at
100° C for overnight. Product formation was confirmed by LCMS. After the completion of
reaction, the mixture was filtered through celite®, washed with ethyl acetate (30 mL). Filtrate
was concentrated under reduced pressure. The crade product was purnified by flash
chromatography (0-20 % ethyl acetate 1 hexane as an cluent) to obtain methyl (E)-3-(2-(4-

chlorophenylyprop-1-en-1-yl)isonicotinate {0.050 g, 25 % vield) as a yellow oil.
[6338] LCMS 288.2 [M+H|"

[0339] Stop 3. Synthesis of (E)-3~(2-(4~-chlorophenylprop-1-en-1-vljisonicotinic acid. To a
stirred solution of methyl (E)-3-(2-(4-chlorophenylyprop-1-en-1-vlisonicotinate (0.050 g, 0.174
mmol, 1.0 equuivy in THF (2 mL) and water (2 mL), was added LIOH H0 (0.011 g, 0.26 mmol,
1.5 equiv). The mixture was allowed to stir at RT for overnight. Product formation was
confirmed by LCMS and 'H NMR Spectroscopy. The reaction mixture was concentrated and
diluted with water (4 mL) and washed with ethyl acetate (2 mL x 2}. Agueous laver acidify with
6N HCI (pH ~ 5 to 6), solid precipitate formed was filtered off and dried under vacuum to obtain
(E}-3-{2-(4~chlorophenyljprop-1-en-i-vlisonicotinic acid {0.04 g, 8421 %) as a vellow solid.
[3346] LCMS 2742 [M+HJ
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[0341] 'H NMR (DMSO-ds, 400MHz) § 13.61 (br. s, 1 H), .57 - 8.70 (m, 2 H), 7.77 (d,
J=53 Hz, 1 H), 7.55 - 7.67 (m, J=8.3 Hz, 2 H), 7.41 - 752 (m, J=8.8 Hz, 2 H), 7.18 (s, 1 H),
2.08 (s, 3 H).

{8342} Step 4: {8, E)}-3-(2-(4-chlorophenyl)prop-1-en-1-yH-N-(2-(2-cvano-4,4-
difluoropyrrolidin-1-y1)-2-oxcethylisonicotinamide. To a stirred solution of (E}-3-(2-(4-
chlorophenyl)prop-1-en-1-yl}isonicotinic actd (0.04 g, 0.146 mmol, 1.0 equiv) in DMF (2 mL},
was added (8)-4,4-diflucro-1-glveyvipyrrolidine-2-carbonitrile hvdrochloride (0.05 g, 0.219
mmol, 1.5 equivy, HATU (0.09 g, 0.219 mmol, 1.5 equiv}. The mixture was allowed to stir at RT
for 10 min. DIPEA (0.1 mL) was added and the muxture was allowed to stir at RT for overnight.
Product formation was confirmed by LOMS and TLC. Afier completion of reaction, the mixture
was diluted with water (10 mL) and extracted with ethyl acetate (10 mL x 2}. Combined organic
extracts were washed with water {5 mbL x 4}, dried over anhydrous Na:SO4s and concentrated.
The crude product was purified by reverse phase HPLC to obtain (85, E)-3-(2~(4-
chlorophenvi)prop-{-en-1-y1)-N-(2-(Z-cyano-4,4-diftuoropyrrolidin- [ -v1)-2-~

oxoethyvhisonicotinamide (0.008 g, 13.84 % Yield) as a white solid.
{6343} LCMS 4452 [M+H]"

10344] 'H NMR (DMSO-ds, 400MHz) 3 8.8% (t, J=5.9 Hz, 1 H), 8.68 (5. 1 HJ. 8.60 (d, J=4.8
Hz, 1 H). 7.64 (d, /=83 Hz. 2 H). 7.32 - 7.55 (m, 3 H), 7.10 (s, 1 H), 5.06 - 5.19 (m, 1 H), 428
(br.s., 1 F), 3.95-4.17 (m, 2 H). 2.91 (br. s, 2 H), 2.82 (d, /=158 Hz, 2 1), 2.17 (5. 3 H).
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Fxample 819

Synthesis of (S, E)-N-(2-(2-cvano-4, 4-difluaropyrrolidin-1-yi)- 2-oxoethyl)-3-(2-(4-

methoxyphenyl)prop-1-en-1-yi)isonicotinamide
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Compound 29

{8343} Step 1. Svnthesis of (H)}-2-(2-(4-methoxyphenyliprop-t-en-1-v1}-4,4,5, 5-tetramethyl-
1,3,2-dioxaborolane. To a stirred solution 4,4,4'4'.5,5,3", S'-octamethyl-2,2"-bi(1,3,2-
dioxaborolane) (1.4 g, 4.16 mmol, 1.5 equiv) 1o dried THF (10 mL), was added Call1{0.019 g,
0.189 mamol, 0.05 equiv), Xanthphos (0.109 g, 0.189 mumol, 0.05 equiv) and KOtBu (0.50% g,
4.536 mmol, 1.2 equiv) at RT. The mixture was allowed to stir at RT for 30 mumn. I-ethynyi-4-
methoxybenzene (0.5 g, 3.78 mmol, 1.0 equiv} in THF (3 mL) was added followed by the
addition of methy! iodide (1 mL, 15.12 mmol, 4.0 equiv} was added into above reaction mixture,
resubtant reaction mixture was heated at 60°C overnight. Product formation was confirmed by
TLC. After completion of reaction, the muxture was dihuted with water (50 mL} and extracted
with ethyl acetate (50 mb = 2. Combined organic extracts were washed with water (20 mL x 2),
dricd over anhydrous NaxSO4 and concentrated. The crude product was purified by flash
chromatography (2 % EtOAc in Hexane as an eluent) to obtaim (E)}-2~{2-(4-
methoxyphenyiprop-1-en-1-vi)-4.4,35 5-tetramethyl-1,3,2-dioxaborolane (0.35 g, 33.81 % Yield)

as a white sohid.
[8346] LCMS 2612 [M+H]T

[0347] 'H NMR (DMSO-ds, 400MHz) 57.38 - 7.57 (m, J=8.8 Hz, 2 H), 6.76 - 6.94 (m, J=8.8
Hz, 2 H). 558 (s, L H), 3.67-3.80 (m. 3 H), 3.33 (5, 3H), 1.17 - 1.32 {m, 12 H).
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[6348] Step 2. Synthesis of methyl (E3-3-(2-{(4-methoxyphenybiprop- 1-en- -y }isonicotinate.
To a solution of methyl 3-bromoisonicotinate {0.15 g, 0.694 mmol, 1.0 equiv) in dioxane (10
mL} and water (0.5 mL} was added (E}-2-(2-(4d-methoxyphenylprop-1-en-1-yi)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (0.285 g, 1.04 mmol, 1.5 equiv), KoCG03 (0.2 g, 1.85 mmol, 2.0
equiv) and resulting reaction mixture purged with Na gas for 10 minute, followed by the addition
of Pd(PPh3)(lz (0.024 g, 0.035 mumol. 0.05 equav}. The resulting reaction mixture was heated at
100° C for overnight. Product formation was confirmed by LEMS. After the completion of
reaction, the mixture was filtered through celite®, washed with ethyl acetate (50 mL). Filtrate
was concentrated under reduced pressure. The crude product was purified by flash
chromatography {0-20 % ethyl acetate in hexane as an cluent) to obtain methyl (E}-3-{2-(4-

methoxyphenyhprop-1-en-1-yhisomcotinate (0.150 g, 76.53 % vield) as a vellow oil.
{0349} LCMS 2841 [M+HJ™

{0336] Step 3. Syathesis of (E)-3-(2-(4-methoxyphenvlprop-1-en-1-vhisonicotinic acid. To a
stirred solution of methyl (E}-3-(2-(4-methoxyphenyiiprop-1-en-1-yDisonicotinate {0.250 g,
0.929 munol, 1.0 equivy in THF (10 mL) and water (10 mL}, was added LiOH . H20 (0.056 g,
1.39 mmol, 1.5 equiv). The mixture was allowed to stir at RT for ovemight. Product formation
was confirmed by LCMS and 'H NMR Spectroscopy. The reaction mixture was concentrated
and diluted with water (20 mL} and washed with ethyl acetate (10 mL x 2). Aqueocus layer was
acidified with 6N HCI {(pH ~ 5 10 6), solid precipitate formed was filtered off and dried under
vacuum to obtain {E)-3-(2-(4-methoxyphenylprop-1-en-1-yhisomcotime acid (0.08 g, 38.27 %
as a yellow solid.

{6351} LCMS 270.1 {M+H]"

[0352] 'H NMR (DMSQO-ds, 400MHz) §13.59 (br. s, 1 H), 851 -8.67 (m, 2 H), 7.73 (d, J=4.8
Hz, 1H). 742 -757 (o, J=8.8 Hz, 2 H), 708 (s, 1 H), 687 - 704 {m, /=83 Hz, 2H), 3.78 (5.3
H). 207 (s, 3H).

{8353} Step 4 (8.E)-N-(2-(2-¢cvano-4, 4-difluoropvrrolidin- 1 -y1-2-oxoethyi)-3-(2-{4-
methoxyphenyl)prop-1-en-1-yhisomicotinanude. To a stirred solution of (E)-3-(2-(4-
methoxyphenylprop-1-en-1-yhisomcotinic acid (0.08 g, 0.297 mmol, 1.0 equiv) in DMF (5
mbL}, was added (8)-4,4-difluoro-1-glveylpyrrolidine-2-carbonitrile hydrochloride (0.1 g, 0.446
mmol, 1.5 equiv), EDCLHCL(0.09 g, 0.446 mmol, 1.5 equiv) and HOBt (0.06 g, 0.446 mmol,

1.5 equiv) . The mixture was allowed to stir at RT for 10 min. TEA (0.2 mL) was added and the
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mixture was allowed to stir at RT for overmight. Product formation was confirmed by LCMS and
TLC. After completion of reaction, the mixture was diluted with water (20 mL) and extracted
with ethyl acetate (20 mL x 2). Combined organic extracts were washed with water (20 mb = 4),
dried over anhvdrous NazS504 and concentraied. The crude product was purified by reversed
phase HPLC to obtain (8§, E}-N-{2-(2-cyano-4 4-difluoropyrrolidin-1-y1}-2-oxoethyl}-3-(2-(4-

methoxyphenyljprop-1-en-1-yhisonicotinamide (6.042 g, 32.3 % Yield) as a white solid.

[0354] LCMS 4413 [M+H]"

[0355] 'H NMR (DMSO-ds, 400MHz) 5 8.84 (br. 5., 1 H), 8.66 (s. 1 H). 8.57 (d, J=4.8 Hz. |
H), 7.55 (d, J=8.8 Hz, 2 H), 744 (d, /=53 Hz, 1 H), 6,51 - 7.08 (m, 3 H), 5.11 (d, J=9.6 Hz, 1
H), 427 (br. s, 1 Hy, 4.13(d, J=6.1 Hz, 2 H), 3.77 (s, 3 H). 2.83 (br. 5., 2 H), 2.67 (d, J=1.8 Hz,
2H), 2.15 (s, 3 H).

FExample 520

Synthesis of (S,E)-N-{2-(2-cyano-4,4-difluoropyrrolidin-1 -yi)-2-oxoethyl}-3-{4-

{trifluoromethoxy)styrylYisonicotinamide
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Compound 33

{8356} Step 1. Synthesis of (E}-4,4,5, 5-tetramethy I-2-{4-(trifluoromethoxy ystyryvi-1,3,2-

dioxaborolane. To a stirred solation 4,4,4' 4',5,5.5' 3'-octamethyl-2,2'-bi{1.3,2-dioxaborolane)

(0.750 g, 2.92 mmol, 1.1 equiv) m dried THF (10 mL), was added CuCl (0.002 g, 0.020 mmol,

0.01 equivy, Xanthphos (0.015 g, 0.020 mmol, 6.01 equiv) and KOtBu (0.361 g, 3.22 mmol, 1.2
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equivy at RT. The mixture was allowed to stir at RT for 30 min. l-ethynyl-4-
(triffucromethoxyybenzene (0.5 g, 2.368 mmol, 1.0 equiv} in THF (5 mL) was added into above
reaction mixture, resultant reaction mixture was heated at 60°C overnight. Product formation
was confirmed by TLC. After completion of reaction, the mixture was diluted with water (50
mL} and extracted with ethyl acetate (50 mL » 2}. Combined organic extracts were washed with
water {20 mb x 2), dried over anhydrous Na:S0s and concentrated. The crude product was
purified by flash chromatograpby (2 % EtQAc in Hexane as an cluent} to obtain (£)-4.4.5,5-
tetramethvl-2-(4-(trifluoromethoxy)stvryly-1,3,2-dioxaborolane {0.35 g, 41 % Yield) as an off-

white solid.
{83577 LOCMS 315.0 [M+H]"

{0358] 'H NMR (400 MHz DMSO-ck) 8 7.73 (d. J=8.77 Hz, 1 H) 7.27 - 7.43 {m. 2 H) 6.18
(d,J=18.86 Hz, 1 H) 1.24 (s, 9 H).

[#339]  Step 2. Synthesis of (E)-3-(4-(trifluoromethoxy dstyryihisonicotinic acid. To a solution
of methyl 3-bromotsonicotinate (0.200 g, 1.62 mmol, 1.0 equiv) in dioxane {5 mL) and water (2
mk} was added (£)-4,4,5 5-tetramethyl-2-(4-(trifluoromethoxv)styryiy-1,3,2~-dioxaborolane
{0.350 g, 1.94 mmol, 1.2 equv}, KzCO: {0.256 g, 3.24 mumol, 2.0 equiv) and resulting reaction
mixture purged with N» gas for 10 minute, followed by the addition of PA(PPhs )l (0.033 g,
0.081 mamol. 0.05 equiv). The resulting reaction mixture was heated at 120° C for overnight.
Product formation was confirmed by LCMS. After the completion of reaction, the reaction
mixture was dituted with water (10 mL). Aqueous layer was washed with ethyl acetate (5 mL
2). Aqueous layer was separated and freeze dried to obtain {(E}-3-(4-

(trifluoromethoxy)styrylisonicotinic acid {0.150 g, 50 % vicld) as an off-white solid.
{8360] LCMS 3101 [M+H|"

[8361]  Step 3: (5.E)-N-(2-(Z-cvano-4,4-difluoropyrrolidin- I -vD-2-oxoethyi}-3-(4-
(triftucromethoxy)styrylYisonicotinamide. To a stirred solution of (E)}-3-(4-
(triffucromethoxy)styryliisonicotinic acid (0.150 g, 0.483 mmol, 1.0 equiv) in DMF (5 mL), was
added (S)-4.4~-difluoro- I ~-glyvevlpyrrolidine-2-carbonitrile hvdrochloride (0.108 g, 0.483 mmol,
1.} equiv), EDCLHC] (0.185 g, 0.966 mmol, 2.0 equiv) and HOBt (0.136 g, 0.966 mmol, 2.0
equivy . The resulting reaction mixture was allowed to stir at RT for 10 min. TEA (0.3 mL) was
added and the mixture was allowed to stir at RT for overnight. Product formation was confirmed

by LCMS and TLC. Afier completion of reaction, the muxture was dituted with water (50 mL}
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and extracted with ethvl acetate (75 mL x 2). Combined organic extracts were washed with
water (25 mL x 4), dried over anhydrous NazSG4 and concentrated. The crode product was
puritied by reversed phase HPLC to obtain (8, E)-N-(2-(2-cyano-4 4-difluoropyrrolidin-1-y1)-2-

oxoethy)-3-(4-(tnflucromethoxy)styryhisonicotinamide {0.020 g, 8 9% Yield) as a white solid.

[0362] LCMS 4812 [M+H]"

[0363] 'H NMR (400 MHz DMSO-ds) 5 9.15 (s, 1 H) 9.02 (¢, J=5.70 Hz, | H) § 54 (d, .J=5.26
Hz, 1 H) 7.84 (d, J=8.33 Hz, 2 H) 7.75 (&, J=16.66 Hz, 1 H) 7.53 (d, J=16.66 Hz, 1 H) 7.30 -
746 (m, 3 H) 5.20 (dd. J=9.21, 2.63 Hz, 1 H) 4.27 - 4.38 (m. 1 H) 3.99 - 4.27 (m. 3 H) 2.78 -
3.07 (m, 2 H).

Fxample 821

Synthesis of (8, 1}-6-(4-chiorostyryl)-N-(2-(2-cyano-4, 4-difluoropyrrolidin-1-yi)-2

oxoethyl)quinoline-4-carboxamide
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Compound 34

{0364} Step 1. Synthesis of (E}-6-(4-chlorostvryliquinoline-4-carboxylic acid. To a solution of
6-bromoguinoline-4-carboxylic acid {(0.05 g, 6.199 munol, 1.0 equiv) in dioxane {4 mL) and
water {2 mb) was added (E)-2-(4-chlorostyryl)-4.4,5, 5-tetramethyl~1,3.2-dioxaborolane (0.079
g, 298 mmol, 1.5 equiv), KaCO3 (0.055 g, 6.397 mumol, 2.0 equiv) and the resulting reaction
mixture was purged with N2 gas for 10 min, followed by the addition of PAPPh)}(Ch (0.008 g,
(.01 mmol. 0.05 equiv). The resulting reaction mixture was heated at 100° C for overnight.
Product formation was confirmed by LOCMS. Aficr the completion of reaction, the reaction
mixture was quenched with water (10 mL) and agueous laver washed with ethyl acetate (10
mb}. Aqueous layer was separated and acidified with 6N HCl (pH ~ 5 to 6), solid precipitate
formed which was filtered off and dried under vacuum to obtain (E)-6-(4-chlorostyrvljquinoline-

4-carboxylic acid (0.06 g, 96 % Yield) as a vellow solid.

[0365] LCMS 310.1 [M+H]
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0366] 'H NMR (400 MHz, DMSO-ds) 5 8.98 (d, /=438 Hz, 1D, 8.75 (5, 11}, 8.24 (d, J =
833 Hz, 1H), 8.10(d, J= 8.77 Hz, 1H), 7.91 (d. J = 438 Hz, 1H), 7.75 (d, J = 8.33 Hz. 2H),
7.54 - 7.67 (m, 1H), 7.33 - 7.54 (m, 3H).

{8367} Step 2: Synthesis of (8,E}-6-{(4-chlorostyryl}-N-(2-(2-cvano-4, 4-difluoropyvrrohdin- i~
vl}-2-oxoethy hquinoline-4-carboxamide. To a stirred sclution of (E}-6-(4-
chlorostyryliquinoline-4-carboxylic acid (0.06 g, 0.194 mumol, 1.0 equiv) in DMF (3 mL), was
added {8)-4.4-difluoro-1-glvevipyrrolidine~2-carbonitnle hvdrochloride (0.065 g, 0.291 mmol,
1.5 equivy, EDCLHCIL (0.036 g, 0.291 mamol, 1.5 equiv) and HOB (0.040 g, 0.291 mmol, 1.5
equiv). The mixture was allowed to stir at RT for 10 min. Trethylamine (0.1 ml.) was added and
the nuxture was allowed to stir at RT for overmight. Product formation was confirmed by LCMS
and TLC. After completion of reaction, the reaction mixtore was diluted with water (10 mL) and
extracted with ethyl acetate (20 mL x 2}. Combined organic extracts were washed with water
(10 mL x 4), dricd over anhydrous NaxSQs and concentrated. The crude product was enriched by
flash chromatography (5 % Methano! in DCM as an eluent) followed by reversed phase HPLC
to obtain (S,E)}-6-(4-chiorostyryl}-N-(2-(2-cvano-4 4-difluoropyrrolidin- -y H-2-

oxocthylgquinoline-4-carboxamide (0.020 g, 21.5 % Yield) as a vellow solid.
{6368] LCMS 4812 [M+H[™

[0369] 'H NMR (400 MHz DMSO-do) 5 9.18 (br. 5., 1H), 8.94 (d.J = 3.95 Hz, 1H), 8.60 (s,
1H). 7.96 - 8.15 (o, 2H), 7.73 (d, J = 8.77 Hz, 2H), 7.51 - 7.61 (m. 2H), 7.30 - 7.49 (m, 3H),
523 (d,J=6.14 Hz, 1H), 4.11 - 4.40 (m. 3H), 2.87 (d, /= 17.10 Hz, 3H).

Example S22

Synthesis of (S)-N-(2-(2-cyano-4,4-diflucropyrroflidin-1 -ylj-2-oxcethylj-6-{4-

(trifivoromethyl)phenyllquinoline-4-carboxamide

CFs o
\‘\OS,OH CiH.HZM\/U\N,\ ;
i { ><F

OH ~

N// H\/)Q
O, -OH CF O N AN
CFs_z Oy, -OH F - F
. ) prr L G U G Bt
AN ioxane,Hy0, , i DMF RT,ON Ry
\C ; j ‘ NN Ny S T/ r ////l
- P Step-1 | I Ny N
>N Sy Step-2 i

Compound 38
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{6378} Step 1. Synthesis of 6-(4-(trifluoromethylyphenyDquinoline-4-carboxylic acid. Toa
solution of 6-bromoquinoline-4-carboxylic acid {0.05 g, 6.19% amol, 1.0 equiv} in dioxane (4
mL} and water (2 mL) was added (4-(trifluoromethyDphenvhboronic acid (0.057 g, 298 mmol,
1.5 equiv), KoCOs (0.055 g, 0.397 mmol, 2.0 equiv) and the resulting reaction mixture was
purged with N2 gas for 10 min, followed by the addition of PA(PPh)C1 (0.008 g, 0.009 mmol.
0.05 equiv). The resulting reaction mixture was heated at 100° C for overnight. Product
formation was confirmed by LCMS. After the completion of reaction, the mixture was quenched
with water (10 mL) and aqueous layer washed with ethvl acetate (10 mL). Aqueous laver was
separated and acidify with 6N HCI (pH ~ 5 to 6), solid precipitate formed was filtered off and
dried under vacuum to obtain 6-{4-(trifluoromethvljphenviquinoline-4-carboxylic acid (0.054 g,

82.53 9% Yield) as an off white solid.
{8371} LCMS 318 [M+H]"

0372]  'H NMR (DMSO-ds, 400MHz) § 8.98 - 9.19 (m, 2 H), 8.12 - 8.35 (m, 2 H), 7.97 - 5.09
(m, 3 H), 7.92 (d, /=83 Hz, 2 F).

{0373} Step 2: Svnthesis of (S)-N-(2-(2~cyano-4.4-difluoropyreolidin-1-y)-2-oxocthy 1)-6-(4-
{rifluoromethyDphenyhguinoline-4-carboxamide. To a stirred solution of 6-(4-
{trifluoromethyDphenylquinoline-4-carboxylic acid {0.05 g, 0.138mmol, 1.0 equiv) in DMF (3
mb}, was added (8)-4 4-difluoro-1-glvevipyrrolidine-2-~carbonitrile hydrochloride (0.053 g,
0.236 mmol, 1.5 equiv), EDCLHCI (0.045 g, 0.236 mmol, 1.5 equiv) and HOBt (0.032 ¢, 0.236
mmol, 1.5 equiv}. The mixture was allowed to stir at RT for 10 min. Triethylanune (0.1 mL}) was
added and the resulting reaction mixture was allowed to stir at RT for overnight. Product
formation was confurmed by LCMS and TLC. After completion of reaction, the reaction mixture
was diluted with water (10 mL) and extracted with ethyl acetate (20 mL x 2). Combined organic
extracts were washed with water (10 mL < 4), dned over anhydrous NanS0s and concentrated.
The crude product was enriched by flash chromatography (5 % Methanol in DCM as an eluent)
followed by reversed phase HPLC to obtain (S}-N-(2-(2-cvano-4 4-diflucropyrrohdin-1-vi)-2-
oxoethyl)-6-(4-{trifluoromethyljphenvlquinohine-4-carboxamide (0.016 g, 23.37 % Yield} as a

white solid.
{8374] LCMS 4893 [M+H]"

[0375] 'H NMR (400 MHz DMSO-ds) 5 9.18 - 9.31 (m, 1H). 9.02 (d. /= 3.95 Hz, 1H), 8.97
(d.J=1.75Hz, 1H), .27 - .36 (m, 2FH), 8.11 - §.27 (m, 3H), 7.90 (d, J= §.33 Hz, 1H). 7.62 (d.
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J=438 Hz, 1H), 5.15 - 3.30 (m, 1H), 4.24 - 4.40 (m, 2F). 4.05 - 4.24 (m, 1FD), 2.95 (br. 5., 17D},
287 (d. J = 16.66 Hz, 2H).

Fxample S23

Synthesis of (S)-N-(2-{2-cyano-4, 4-difluoropyrrolidin-1-yl)-2-oxoethylj-3-({4-

methoxyphenyljethynyljisonicotinamide
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I N{} step-1 step-2
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Compound 38

[B8376] Step L: Synthesis of methyl 3-((4-methoxyphenyijethvnyljisomcotinate. To a solution
of methyl 3-bromoisonicotinate (1000 mg, 4.6 mmol, 1.0 eqaiv) in DMF (10 mL) was added 1-
ethynyl-4d-methoxvbenzene (611 mg. 4.6 mamol, 1.0 equivy, Cul (87 mg, 0.46 mmol, 0.1 equiv),
DIPEA (1186 mg, 9.2 mmol, 2.0 equiv), followed by the addition of pd{pph3»Cl: (161 mg,
0.23 mmol. 0.05 equiv}. The resulting reaction mixture was heated at 80° C for overnmight.
Product formation was confirmed by LCMS. After completion of reaction, the mixture was
diluted with water {50 mL) and extracted with ethvl acetate (100 mL x 2}. Combined organic
extracts were washed with water (50 mL x 2), dried over anhydrous NaxS0s and concentrated.

The crude product obtained was purified by flash chromatography (0-30 % EtOAc in Hexane as
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an eluent) to obtain methy! 3-{((4-methoxyphenylethynylhisonicotinate (300 mg, 24 % Yield) as

avellow sohid.
{83777 LCMS 267.0 [M+H]"

{8378} Step 2: Synthesis of 3~{{4-methoxyphenyljethyayl}isonicotinic acid. To a stirred
solution of methy! 3-({4-methoxyphenyijethynyljisonicotinate (300 mg, 1.11 mmol, 1.0 equiv}
m THF {10 mL) and water (05 mL), was added LiOH (53 mg, 2.23 munol, 2.0 cquiv). The
mixture was allowed to stir at RT for overmight. Product formation was confirmed by LCMS and
"H NMR spectroscopy. The reaction mixture was diluted with water (15 mL) and washed with
cthvl acetate (15 mL). Aqueous layer was separated and freeze dried on Ivophilvzer to obtain 3-

{{4-methoxyphenyhethynyDisonicotinic acid (400 mg, Quant. Yield ) as a white solid.
{0379] LCMS 253.0 [M+H[*

[0386] Step 3: Synthesis of (§)-N-(2-(2-cyano-4,4-diflucropyrrolidin-1-yi)-2-oxoethyl}-3-{(4-
methoxyphenyijethyay Disonicotinamide. To a stirred solution of 3-((4-
ncthoxyphenyhethyoyisonicotinic acid (100 mg, 0.39 mmol, 1.0 equiv) in DMF (05 ml), was
added HATU (296 mg, .78 mmol, 2.0 equiv}, (S)-4,4-difluoro-1-glyeylpyrrohdine-2-
carbonitrile hydrochloride (89 mg, 0.39 mmol, 1.0 equiv) followed by the addition of DIPEA
(151 mg, 1.17 mmol, 3.0 equiv}. The resulting reaction mixture was allowed to stir for overnight
at RT. The product formation was confirmed by TLC and LCMS. Afler completion of the
reaction, the reaction mixture was dibuted with water (20 mL} and extracted with ethyl acetate
(40 mL x 2). Organic layer was washed with water (20 mL x 4}, dried over anhydrous sodiun
sulphate and concentrated under reduced pressure. The crude product was punified by reversed
phase HPLLC to obtain (S)-N«(2-(2-cyano-4,4-difluoropyrrolidin- 1 -vi}-2-oxoethvl}-3-({(4-
methoxyphenyliethynyiisonicotinamide (03 mg, 04% Yield) as a yellow solid.

[6381] LOCMS 4252 [IM+HJT

[0382] 'H NMR (400 MHz, DMSO-ds) 3 8.92 (br. s., 1H), 882 (s, 1H), 8.64 (d, J= 526 Hz,

1H), 7.45 - 7.65 (m, 3H), 6.99 (d, J=58.77 Hz, 2H). 5.13 (d, /= 7.89 Hz, 1H), 4.29 (4, J= 1535
Hz, 2H), 4.21 (br. 5., 2H), 3.80 (s, 3H), 2.79 - 2.98 (m, 2H).
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Example 524

Synthesis of (S)-3-({4-chlorophernyliethynyl)-N-{(2-( 2-cyano-4,4-difluorapyrrolidin-1-yi)-2-
oxoethyljisonicotinamide
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Compound 37

{83831 Step 1: Synthesis of methyl 3-((4-chlorophenyDethyvnylisonicotinate. To a solution of
methyl-3-bromoisonicotinate {1 g, 4.62 mmol, 1.0 equiv} in DMF (10 mL) was added 1-chloro-
4-ethynylbenzene (0.935 g, 6.88 mmol, 1.5 equiv) and TEA (138 g, 2.28 mmol, 3.0 equiv) at
RT. The resulting reaction mixture was purged with Nz gas for 5 min, followed by the addition
of BA(PPh2)CE (0.160 g, 0.229 mmol. 0.05 equiv). The reaction mixture was heated at 80° C for
ovemight. Product formation was confinned by LCMS and TLC. Afier completion of reaction,
the reaction nuxiure was diluted with water (3¢ mL) and extracted with ethy! acetate (100 ml. x
2}. Combined organic extracts were washed with water (50 mL x 4}, dried over anhydrous
Na:504 and concentrated. The crude product obtained was purified by flash chromatography (0-
30 % ethy! acetate in hexane as an eluent) to obtain methy! 3-((4-

chlorophenvl)ethvnvlyisonicotinate (0.408 g, 32 % Yield) as a vellow solid.
[0384] LCMS 272.1 [M+H]

[8385] Step 2: Syanthesis of 3-({4-chlorophenvhethynyhisonicotinic acid. To a stirred solution
of methy! 3-({4-chlorophenyljethynybisonicotinate {0.05 g, 0.183 mmol, 1.0 equiv) in THF (3
mil) was added LiOH H20 (0.009 g, 0.220 nunol, 1.2 equiv) and HzO (1 ml) at RT. The mixture
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was allowed to stir at RT for overmight. Product formation was confirmed by LCMS. After
completion of reaction, the reaction mixture was diluted with water {10 mL) and washed with
ethyvl acetate (10 mL). The aqueous layer was separated and frecze dried on lyophilyzer to obtain

3-{{4-chlorophenyllethvnyiisonicotinic acid (0.050g, Quant. Yield) as a yellow solid.
[0386] LCMS 2581 [M+H["

{6387} Step 3. Synthesis of (8)-3-((4-chlorophenyl) ethynvl}-N-(2-(2-cyano-4.4-
diftluoropyrrolidin- 1 -vi)-2-oxocthyljisonicotinamide. To a stirred solution of 3-{(4-
chlorophenyljethvnyDisonicotinic acid (0.150 g, 0.583 mumol, 1.0 equiv) i DMF (7 ml) was
added EDCLHCI(0.167 g, 0.875 mmol, 1.5 equiv) HOBt (0.118 g, 0.875 mmol, 1.5 equiv) and
{§)-4,4-difluors--glyveyipyrrolidine-2-carbonitrite hydrochloride (0.196 g, 0.875 mmol, 1.3
equiv) followed by the addition of TEA (0.176 g, 1.749 mmol, 3.0 equiv). The resulting reaction
nuxture was allowed to stir at RT for overnight. Product formation was confirmed by LCMS.
After completion of reaction, the reaction mixture was diluted with water (20 mL) and extracted
with ethyl acetate (50 mL x 2). Combined organic extracts were washed with water (20 mb < 4),
dried over anhydrous Na:S(04 and concentrated under reduced pressure. The crude product was
puritied by reversed phase HPLC to obtain (8)-3-((4-chlorophenyljethynvl)-N-(2-(2~cyano-4,4-

difluoropyrrolidin-1-y1}-2-oxoethyisonicotinamide (0.024 g, 9.6 % Yield) as a white sohd.
{0388] LCMS 4293 [M+HJ"

[0389] 'H NMR (400 MHz, DMSO-ds) 5 8.97 (br.s., 1 H) 886 (s, I H) 8.68 (d, J=4.82 Hz, 1
Hy764(d, /=877 Hz, 2H)743-7.60(m, 3 H)5.14{d, J=7.02Hz, 1 H} 4.06 -436 (m, 4 H)
2.76 -3.00 {m, 2 H).

Example S25

Synthesis of (S)-N-(2-(2-cyano-4,4-diflucropyrrolidin-1 -ylj-2-oxcethylj-6-{6-

(trifivoromethyl)pyridin-3-yliquinoline-4-carboxamide
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Compound 38
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[6398] Step 1. Synthesis of 6-(6-(trifluoromethyDpyridin-3-vhguinoline-4-carboxylic acid. To
the sohution of 5-(4,4,5 S+tetramethyl-1,3,2~dioxaborolan-2-y1}-2-(triflucromethyDpyridine (100
mg, 0.36 mmol, 1.0 equiv) in Dioxane:waier (05:02 mlL), was added 6-bromoquinoline-~4-
carboxylic acid (93 mg, 0.36 mmol, 1.0 equiv), NaxCOs (77 mg, 0.72 ramol, 2.0 equiv) followed
by the addition of PA{PPh3)2Ch (13 mg, 0.018 mmol, 0.05 equiv}. The resulting reaction
mixture was heated at 100° C for overnight. Product formation was confirmed by LCMS. After
corpletion of reaction the reaction mixture was diluted with water (30 mL). Aqueous layer was
washed with extracted with ethyl acetate (50 mL x 2} separated and freeze dried over lvophilizer
to obtain 6-(6-(triflaoromethylpyridin-3-vljquinoline-4-carboxylic acid (100 mg,) as an off

white solid.
{0391] LCMS 319.0 [M+H|™

{0392} Stop 2: Synthesis of (8)-N-(2-(2-cyano-4,4-difluoropyvrrolidin- 1 -y1)-2-oxoethyl)-6-(6-
(triftuoromethylypyridin-3-ylyquinohine-4-carboxamide. To a stirred solution of 6-(6-
{triftuoromethyDpyridin-3-ylyquinoline-4-carboxylic acid (100 mg, 0.31 mmol, 1.0 cquiv) in
DMF (05 mL), was added (8)-4,4-difluoro-1-glycylpyrrolidine-2-carbonitrile hvdrochloride (71
mg, 0.31 mmol, 1.0 equiv), HOBT (63 mg. 0.46 nunol, 1.5 equivy and EDC HCI (89 mg, 046
mmol, 1.5 equiv}). The mixtare was allowed to stir at RT for 10 min. Triethyl amine (0.10 mL}
was added and the mixture was allowed to stir at RT for overmight. Product formation was
confirmed by LCMS and TLC. Afier completion of reaction, the mixture was dituted with water
(50 mL} and extracted with ethvl acetate (530 mL x 2}, Combined organic extracts were washed
with water (20 mL x 4}, dried over anhydrous Na:SGOs and concentrated. The crude product
obtained was purfied reversed phase HPLC to obtain (8)-N-(2-(2~-cyvano-4,4-difluoropyrrolidin-
1-y1)-2-oxocthvl}-6-{6-(trifluoromethvhpyridin-3-yDquinoline~4-carboxamide (15 mg, 10 %
Yield) as an off-white sohid.

{0333] LCMS 490.3 [M+H|"

[0394] ‘H NMR (400 MHz, DM30-ds) 5 930 (s, 1H), 923 (br. s, 1H), 9.05 (d, J= 439 Hz,
1H), 8.99 (s, 1H), 8.65 (d, J= 10.96 Hz, 1H), 837 (br. s, 1H), 8.26 (d, /= 8.77 Hz, 1H}, 8.06

(d,J =833 Hz 2H). 7.65 (d, J=4.38 Hz, 1H), 521 (d,J=7.02 Hz, 1H), 427 - 4.39 (m, 2H),
4.12(d, J= 1140 Hz, 2H), 2.91 (d. J = 17.10 Hz, 7H).
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Example S26

Synthesis of (8 F)-6-(2-(4-chlorophenyljprop-1-en-1-yl)-N-(2-( 2-cyano-4, 4-difluoropyrrolidin- 1 -

yli-2-oxoethyliguinoline-4-carboxamide
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Compound 39

Step-1

[@#395]  Step 1: Synthesis of (E}-6-{2-(4-chlorophenyljprop-1-en-1-vhgquinoline-4-carboxylic
acid. To a solution of 6-bromoquinoline-4-carboxylic acid (0.3 g, 1.14 numol, 1.0 equiv) in
dioxane (4 mL) and water (2 mL} was added (E}-2-(2-(4-chlorophenyvi}prop-1-en-1-yi3-4.4,5 5~
tetramethyl-1.3,2-dioxaborolane (0.288 g, 0.91 mmol, 0.8 equiv), KoC03(0.241 g, 2.28 mmol,
2.0 equiv) and the mixture purged with N2 gas for 10 mn, followed by the addition of
PA(PPh)Cl2 (0.042 g, 0.057 mmol. 0.05 equiv). The resulting reaction mixture was heated at
100° C for overnight. Product formation was confirmed by LCMS. After the completion of
reaction the reaction mixture was difuted with water (30 mL) and washed with cthyl acetate (30
mk x 2). Aqucous layer was separated and dried over fyophilizer to obtain (E}-6-(2~(4-
chlorophenyljprop-I-en-l-yliguinoline-4-carboxylic acid {(0.350 g, Quant. Yield) as an off-white

sohid.
[8396] LCMS 324.1 [M+HJ"

{0397} Step 2: Synthesis of (S, E)-6-(2-(4-chlorophenyhprop-1-en-1-yi-N-(2-(2-cyano-4,4-
difluoropyrrolidin-1-yvi}-2-oxocthyliquinoline-4-carboxanude. To a stirred solution of (E)-6-(4-
chlorostyryDgquinoline-4-carboxylic acid (0.35 g, 1.08 mmol, 1.0 equiv) i DMF (5 mL) was
added EDCLHCI (0311 g, 1.62 mmol, 1.5 equiv) HOBt (0.218 g, 1.62 mmol, 1.5 equiv} and

{S)-4 4-difluoro-t-glvevipyrrolidine-2-carbonitrife hydrochloride (0364 g, 1.62 mmol, 1.5
equiv) followed by the addition of triethyvlanune (0.327 g, 3.24 wunol, 3.0 equiv). The resulting
reaction mixture was allowed to stir at RT for overnight. Product formation was confirmed by
LCMS. After completion of reaction, the reaction mixture was diluted with water {25 mL} and
extracted with ethyl acetate (50 mL < 2}. Combined organic extracts were washed with water
(20 mL ~ 4}, dried over anhydrous NaxSOs and concentrated under reduced pressure. The crude
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product was purified by flash chromatography (0-5 % MeOH in DCM as an eluent) followed by
reversed phase HPLC purification to obtain (8, E}-6-(2-(4-chlorophenyljprop-1-en-1-y1)-N-(2-(2-
cyano-4.4-difluoropyrrolidin-1-v1}-2-oxoethyhquinoline-4-carboxamide (0.02 g, 3.7 % Yield) as
a brown solid.

[0398] LCMS 495.4 [M+H["

[0399] 'H NMR (400 MHz DMSO-ds) 5 9.16 (t, J=5.92 Hz, 1 H) 897 (d. /=438 Hz, 1 H)
8.41 (s, 1 H) 8.09 (d, /=8.77 Hz, 1 H) 7.87 (d. /=8.33 Hz, 1 H) 7.67 (d, J=8.77 Hz. 2 H) 7.58 (d,
J=438 Hz, 1 H) 747 (d, J=8.77 Hz. 2 H) 7.11 (s, 1 H) 5.16 (d. /=7.02 Hz, 1 H) 4.08 - 438 (m. 4
H) 2.78 - 2.99 (m, 2 H) 2.32 (s, 3 H).

Example S27
Synthesis of {S.E)-3-(2-(6-chloronaphthaten- 2y vinyl}-N-(2-{ 2-cyano-4, 4-difluoropyrrolidin-i -
4 A fert 7 VEVIYL (e i D}
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Compound 40

{#468] Step 1. Synthesis of 2-bromo-6-chloronaphthalene. To a stirred solution of 6-

chloronaphthalen-2-amine (1.0 g, 4.504 mumol, 1.0 equiv) in 6N HCU(10 mL) was added NaNO:

[
(o
~3
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(0.372 g, 5405 mmol, 1.2 equiv) m water (10 mL) at 0°C and resulting reaction mixture was stir
at RT for one hour. A solution of Cull (2.2 g, 22.522 mmol, 5.0 equiv} in 6N HCE (10 mL) was
added and again stirred at RT for overnight. After the completion of reaction (monitored by
TLC), the reaction mixture was diluted with water (100 mL) and extracted with ethyl acetate
(150 mL = 3}. Combmed organic extracts were washed with water (50 mL x 2} & brine (50 mL},
dried over anhiydrous Na:504 and concentrated. The crude product was purified by flash
chromatography (hexane as an chuicnt) to obtain 2-bromo-6-chloronaphthalene (0.600 g, 555 %

Yield) as a white solid.

[0401]  'H NMR (400 MHz, DMSO-ds) 8 8.27 (s, 1 H) 8.10 (s, | H) 7.97 (d, J=8.77 Hz, 1 H)
790(d, /=877 Hz, 1 H) 7.70 {dd, J=8.77, 1.75 Hz, 1 H} 7.59 (dd, J=8.99. 1 97 Hz. | FI).

{8402} Step 2: Synthesis of 2-chloro-6-vinylnaphthalene. To a stirred solution of 2-bromo-6-
chloronaphthalene (0.250 g, 1.061 numol, 1.0 equiv) in Dioxane (9 mL} was added 4,4,5.5-
tetramethvl-2-vinvl-1,3,2-dioxaborolane (0.395 g, 1.562 mmol, 1.5 equiv) and a solution of
KeCO:(0.287 g, 2.083 mmol, 2.0 equiv) in water {3 mL), the mixture purged with Nz gas for 10
min, followed by the addition of PA{PPR}Ch(0.036 g, 0.0520 mamol. 0.05 equiv). The resulting
reaction mixture was heated at 1007 C for overnight. Product formation was confirmed by TLC.
After completion of reaction the reaction mixture was dituted with water (50 mL} extracted with
cthyl acetate (100 mL = 2}, Combined organic extracts were washed with water (530 mL x 2} and
brine (50 ml.), dried over anhvdrous Na:S04 and concentrated. The crude product was purified
by flash chromatography (hexane as an cluent) to obtain 2-chloro-6-vinyinaphthalene (0.150 g,
76.92% Yield) as a white solid.

[04063] 'H NMR (400 MHz, CHLOROFORM-d} 5 7.52 - 7.82 (m, 4 H) 7.40 (dd, J=8.77, 2.19
Hz, 1HY 726 (5, L H) 6.86 (dd, J=17.54, 1096 Hz, 1 ) 5.88 (d, J=17.54 Hz, | H} 536 (d,
J=10.96 Hz, 1 H).

[0404]  Step 3. Synthesis of methvl (E3-3-(2-(6-chloronaphthalen-2-yvinylisonicotinate. To a
stirred solution of 2-chloro-o-vinyinaphthalene (0.250 g, 1.32 mmol, 1.0 equiv) in DMF (10 mL)
was added methyl 3-bromoisonicotinate (0.574 g, 2.65 mumol, 2.0 ¢quiv) and tricthyl amine
(0.575 ml, 3.983 numnol, 3.0 equiv). The resulting reaction nuxture was purged with Nz gas for 5
min followed by addition of pd{(dppHYCl2{0.097 g, 0.132 mmol, 0.1 equiv). The reaction mixture
was heated at 160° C for overnight. Product formation was confirmed by TLC. After completion

of reaction the reaction mixture was diluted with water (50 mbL} extracted with ethyl acetate (100
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mL x 2}, Combined organic extracts were washed with water (50 mL » 2} & brine (530 mL),
dried over anhvdrous NaxS(04 and concentrated. The crude product was purified by flash
chromatography (0-13% EA/Hexane as an cluent) to obtain methyl (E)-3-(2-(6-

chloronaphthalen-2-ylyvmyhisonicotinate (0.120 g, 28 % Yield) as a white solid.
[0405] LCMS 3242 {M+H["

[0406] 'H NMR (400 MHz, CHLOROFORM-d) & 9.06 (5, | H) .63 (d, J=5.26 Hz. 1 H) 8.00
(d, /=16.22 Hz, 1 H) 7.89 (s, 1 H) 7.66 - 7.84 (m, 4 H) 7.44 (dd, J=8.77, 2.19 Hz, 1 H) 7.19 -
7.28 (m, 2 H) 3.99 (s, 3 H).

{8407} Step 4: Synthesis of (E}-3-(2-(6-chloronaphthalen-2-yIvinyDisonicotinic acid. To a
stirred solution of methyl (E}-3-(2-(6-chloronaphthalen-2-ylyvinyhisonicotinate (0.120 g, 0.370
mmol, 1.0 equiv) in THF (6 ml) was added a solution of LIOH H20 (0.031 g, 0.741 mmol, 2.0
equivy it water {6 ml}). The reaction mixture was stirred at RT for 5h. Product formation was
confirmed by TLC. Reaction mixture was diluted with water (20 ml) and washed with ethyl
acetate (25 mbL » 3}, Agueous laver was separated and freeze dried over Ivophilizer to obtain
compound (E}-3-(2-(6~chloronaphthalen-2-vhvinyl}isonicotinic acid (0.100 g, 87 % Yieldyas a

white solid,
[6408] LCMS 310.0 [M+H]"

[0409] 'H NMR (400 MHz, DMSO-de) 3 8.85 (s, 1 H) 8.31 (d, /=4.82 Hz, 1 H) 8.02 (s, 1 H)
798 (br.s., 1 H) 7.87 - 7.98 {m, 2 H) 7.79 (d, /=7 45 Hz, 1 H) 7.52 (dd, J=8.77, 1.75 Hz, 1 H)
735 (d, J=16.66 Hz, 1 H) 7.27 (d, /=4 .82 Hz. | H).

{0418] Step 3: Synthesis of (8,E}-3-(2~(6~chloronaphthalen-2-y Jvinyl}-N-(2-2-cyanc-4,4-
difluoropyrrolidin-1-v1)-2-oxoethyiyisonicotinamide. To a stirred solution of (E)-3-(2-(6-
chloronaphthalen-2-yvinylisonicotinie acid {0.100 g, 0.323 mumol, 1.0 equiv) in DMF (3 mL),
was added (8)-4,4-difluoro-t-glveylpyrrolidine-2-carbonitrile hydrochloride (0.109 g, 0.485
mmeol, 1.5 equiv), HOBt {0.065 g, 0.485 mmol, 1.5 equiv) and EDCLHCL (0.092 g, 0.485 mmol,
1.5 equiv) followed by the addition of THA (0.09 mL, 0.647 mumol, 2.0 equiv). The resuliing
reaction mixture was allowed to stir at RT for overnight. Product formation was confirmed by
LCMS and TLC. After completion of reaction, the reaction mixtare was diluted with water (20
mb} and extracted with ethyl acetate (50 mL » 2). Combined organic extracts were washed with
water (20 mL x 2) and brine (20 mL). Organic layer was separated and dried over anhydrous
NaxSO4 and concentrated vnder reduced pressure. The crude product was purified by flash
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chromatography (0-3 % MeOH 1o DCM as an eluent) to obtain (S, E}-3-{2-(6-chloronaphthalen-
2-yhvinyl)-N-(2-(2-cyano-4,4-difluoropyrrolidin-1-yl-2-oxoethyiisonicotinamide {0.030 g,

20 % Yield) as an oft white solid.
[8411] LOCMS 4811 [MH+H]T

{0412] 'HNMR (400 MHz, DMSO-de) 6920 (5, 1 H) 9.06 {t, /=53.70 Hz, 1 H) 8.55(d, J=4.82
Hz, TH)B.18(s, I H)7.97-807 (m, 2 H} 792(d, /=877 Hz, 1 H) 782 (d, /=16 66 Hz, | H)

765(d, J=16.66Hz, 1 H) 748 -761 (m, 1 H)738(d, /=482 Hz [ H)523{d, J=6.58Hz, 1 H)
434 =102 Hz, T HY 423 (br.s, LH4.03-423 (o0, 2H) 276 -3.05 im, 3 H).

Example S28

Synthesis of (S)-N-(2-(2-cyana-4, 4-difluoropyrrolidin-1-ylj-2-oxcethylj-6-({4-

methoxvphenyljethynvljquinoline-4-carboxamide
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Compound 41

{0413} Step 1: Synthesis of 6~((4-methoxyphenyljethynyquinoline~-4-carboxvlic acid. To a
solution of 6-bromoguinoline-4-carboxylic acid (250 mg, 1.0 mmol, 1.0 equiv) in DMF (067 mL)
was added 1-cthyayl-4-methoxybenzene (204 mg, 1.2 mmol, 1.5 equiv), Cs2C03 (487 mg, 1.5
mmol, 1.5 equiv}), Pd{dppfich: (35 mg, 0.05 mmol, 0.05 equiv}. The resulting reaction mixture
was stirred at 80°C for overnight. Product formation was confirmed by LCMS. After completion
of reaction the reaction mixture was diluted with water (30 mL) and washed with ethyl acetate
(10 mL x 2}. Agueous layer was separated and freeze dried over lvophilizer to obtain 6-((4-

methoxyphenyljethynyquinoline-4-carboxylic acid (100 mg, 33 % Yield) as an off white solid.
{6414] LCMS 304.0 [M+H["
[0415] Stop 2: Synthesis of (8)-N-(2-(2-cyano-~4,4-difluoropyvrrolidin-1-y1}-2-oxoethy )-6-((4-

methoxyphenyiiethynyquinoline-4-carboxamide. To a stirred solution of 6-((4-

methoxyphenylethynyDguinoline-d-carboxylic acid {100 mg, 0.33 mmol, 1.0 equiv} in DMF
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{05 mL), was added (8)-4.4-difluoro-1-glveylpyrrolidine-2-carbonitrile hydrochloride (75 mg,
0.33 mmol 1.0 equuiv}, EDC HCE(95 mg, 0.49 mmol, 1.5 equivy, HOBT (67 mg, 0.49 mmol, 1.5
equiv) and TEA (0.2 mL, 0.99 mmol, 3.0 equiv). The resulting reaction mixture was allowed to
stir at RT for overnight. Product formation was confirmed by TLC and LCMS. After completion
of the reaction, the reaction nuxture was diluted with water (20 mL) and extracted with ethyl
acetate (50 mL x 2. Organic layer was washed with water (20 mL x 4}, brine solution (20 ml),
dried over anhydrous sodium sulphate and concentrated under reduced pressure. The crude
product was purified by reversed phase HPLC to obtain (S)}-N-(2-(Z-cvano-4,4-
difluoropyrrolidin-1-vl)-2-oxoethyl)-6-{({4-methoxyphenyljethynylquinoline-4-carboxamide (05
mg, 4% as a vellow solid.

{0416} LCMS 4753 [M+H|™

{04177 'HNMR (400MHz, DMSO-de) 8920 (br. s, 1 HY. 901 {d. /=44 Hz, 1 H), 855 (s, 1
H), 810(d,J=88Hz, 1 H),789(d,J=105Hz, 1 H), 767 -751 (m, 3 H), 7.01 (4, /=88
Hz, 2H), 5.20(d, J=92Hz 1 H), 436-4.19(m, 3 H), 416 (br. s, 1 H), 3.81 (s, 3H), 2.86 (d,
J=171Hz, 2 H).

Example S29
Synthesis of (S, E)-6-12-(6-chioronaphthalen-2-v}vinvlj-N-(2-{ 2-cyano-4. 4-diflucropyrrolidin-1-
yi)-2-oxoethyliguinoline-4-carboxamide
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Compound 42

{0418} Step 1. Synthesis of (E)-6-(2~( 6~chloronaphthalen-2-vlvinylquinoline-4-carboxylic
acid. To a stirred solution of 2-chloro-6-vinyvlnaphthalene (0.100 g, 0.531 mmol, 1.0 equiv) in
DMF (5 mL) was added 6-bromoquinoline-4-carboxyhc acid (0.134 g, 0.531 mmol, 1.0 equiv}
and triethyl amine (0.230 mi, 1.595 mmol, 3.0 cquiv). The resulting reaction mixture was purged

with Na gas for 5 min followed by the addition of Pd{dppfH)Cl2(0.038 g, 0.0531 mmeol, 0.1
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equiv)y. The reaction maxture was heated at 100° C for overnight. Product formation was
confirmed by TLC. Reaction mixture was cool to RT, dituted with water {50 mL} and washed
with ethyl acetate (530 mL x 3). The aqueous laver was separated and freeze dried over
Ivophilizer to obtain (E)-6-(2-(6-chloronaphthalen-2-yhvinvhquinoline-4-carboxylic acid (0.100

2, 52 % Yield) as a vellow solid.
[8419] LCMS 360.0 [M+H]J"

[0420] 'H NMR (400 MHz, DMSO-ds) 5 8.94 (d, J=4.38 Hz, 1 H) 8.83 (br. s, 1 H) 8.24 (d,
J=8.33 Hz, 1 H) 8.17 (br. s.. 1 H) 8.09 (d,./=8.33 Hz, | H) 8.04 (d. /=7.89 Hz. 2 H) 7.76 - 8.00
(m, 2 H) 7.48 - 7.75 (m, 1 H) 6.90 (dd, J=17.32, 11.18 Hz, 1 H) 6.00 (d, J=17.54 Hz, 1 H) 5.39
(d, J=10.52 Hz, 1 H).

{0421} Step 2: Synthesis of (8,E)-6-(2-(6-chloronaphthalen-2-yDviny}-N-(2-(2-cvano-4,4-
difluoropyrrolidin-1-v1)-2-oxocthvhquinoline~-4-carboxamide. To a stirred solution of {E)-6-(2-
(6-chloronaphthalen-2-ylyvinyhiquinoline-4-carboxyiic acid (0.100 g, 0.278 mamol, 1.0 equiv} in
DMF (5 mL), was added (8})-4.4-difluoro-1-glycvipyrrolidine-2-carbonitrile hydrochloride
(0.094 g, 0.417 mmol, 1.5 equiv), HOBt (0.056 ¢, 0.417 mmol, 1.5 cquiv) and EDC HCI (0.079
g, 0.417 mmol, 1.5 equiv) followed by the addition of TEA (0.1 mL). The resulting reaction
mixture was allowed to stir at RT for overnight. Product formation was confirmed by LCMS and
TLC. After completion of reaction, the reaction mixture was diluted with water (50 mL) and
extracted with ethvl acetate (100 mL x 2}, Combined organic extracts were washed with water
(30 mL x 3} and brine (50 mL), dried over anhydrous NaxSO4 and concentrated. The crude
product was purified by flash chromatography (0-5 % MeOH in BCM as an eluent) followed by
the reversed phase HPLC purification to obtained (8,E)-6-(2~(6-chloronaphthalen-2-vhvinyl)-N-
(2-(2-cyano-4,4-difluoropyrrolidin- 1-y1}-2-oxocthvl)guinoline-4-carboxamide (0.015 g, 10 %
Yield) as a yellow solid.

{3422} LCMS 5314 [M+HJ"

{0423} 'H NMR (400 MHz, DMSO-ds) 8 920 (£, J=570 Hz, 1 H) 893 (d, /=438 Hz, 1 H)
870¢s, 1H)8 14 (br. s, 2H)805-812{(m, 1 H} 787-8.05(m, 4 H) 776 (d, =16 66 Hz, |
HYy743-767(m, 3H)S517-536(m, 1 H}4.12-441 (m, 4 H)2.96(br. s, 1 H} 2.89(d,
J=921Hz, 1 H).
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Fxample S30

Svnthesis of (S E)-N-(2-(2-cvano-4,4-diflucropyrrolidin-1-yl}-2-oxoethyl}-6-(2-{6-

methoxypyridin-3-yljvinyl)quinoline-4-carboxamide
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Compound 43

{8424} Step 1. Synthesis of S-ethenyl-2-methoxy-pyridine. To a stirred solution of S-bromo-2-
methoxy-pyridine (0.500 g, 2.659 mmol, 1.0 equiv) in Dioxane (8 mbL) was added 2-Vinyl-
4.4.5 S-tetramethyi-1.3,2-dioxaoborolane (0.614 g, 3.989 mmol, 1 Sequiv) and a schution of
KaCOs(0.734 g, 5319 mmol, 2.0 equiv) in water (4 mL), and resulting reaction mixture was
purged with N2 gas for 10 min, followed by the addition of Pd(PPhs)(C1,(0.093 g, 0.132 mmol.
0.05 equiv). The resulting reaction mixture was heated at 100° C for overnight. Product
formation was confirmed by TLC. Reaction mixture was cooled to RT, diluted with water (50
mbL} extracted with ethyl acetate {100 mL x 2). Combined organic extracts were washed with
water (50 mL x 2) & brine {50 mL), dricd over anhydrous NaxSOs and concentrated. The crude
product was purificd by flash chromatography (0-3% EA in hexane as an cluent) to obtain 5-
cthenyl-2-methoxy-pyridine (0.250 g, 89 % Yicld) as a yellow semi solid.

[0425] 'H NMR (400 MHz, CHLOROFORM-¢) 8 8.12 (d, /=263 Hz, 1 H) 7.69 (dd, /=8.77,
263 Hz, 1 H)6.72(d. J=8.77 Hz. 1 H} 6.55 - 6.68 (m, 1 H) 5.64 (d, J=17.54 Hz, L H) 521 (d,
J=10.96 Hz, 1 H) 3.87 -4.04 (m, 3 H).
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[6426]  Step 2. Synthesis of (E)}-6-(2-(6-methoxypyridin-3-ylvinvhquinobine-4-carboxylic
acid. To a stirred solution of 6~-bromogquinoline-4-carboxvlic acid (0.200 g, 6.793 mmol, 1.0
equiv) in DMF (5 mL) was added 5-cthenyi-2-methoxy-pyridine (0.125 g, 1.190 oumol, 1.5
equiv) and tricthy] anune (0.34 mi, 2.380 mmol, 3.0 equiv). The resulting reaction mixture was
purged with Nz gas for 5 min followed by addition of Pd{dppH)CL (0.058 g, 0.079 mmol, 0.1
equivy. The reaction mixture was heated at 100° C for overnight. Product formation was
confirmed by LCMS. Reaction mixture was cooled to RT, diluted with water (20 mL) washed
with ethvl acetate (10 mL x 2). The aqueous layer was separated and freeze dried over
Ivophilyzer to obtain (E}-6-2-(6-methoxypyndin-3-yhvinylquinoline-4-carboxylic acid (0.200

g, 82 % Yield) as a yellow solid.
{0427} LCMS 307.1 [M+HJ"

[0428] 'H NMR (400 MHz DMSO-do) 5 1028 (5. 1 H) 8.89 (d. J=4.38 Hz, 1 H) 8.73 (5. 1 H)
8.40 (d, /=2.19 Hz, | H) 8.09 - 822 (m, 2 H) 8.03 (d, /=9.21 Hz, 1 H) 7.76 (d, J=3.95 Hz, | H)
7.28 - 7.54 (m, 2 H) 6.87 (d, J=8.77 Hz. 1 H) 3.8% (s, 3 H).

{0429]  Step 3: Synthesis of (8, E)}-N-{2-(Z-cyanc-4,4-difluoropyrrolidin-1-yh-2-oxoethyl}-6-
(2-{6-methoxypyridin-3-vhvinyhiquinoline-4-carboxamide. To a stirred solution of (E}-6-{2-(6-
methoxypyridin-3-yhvinyhquinoline-4-carboxylic acid {0.200 g, 0.653 mmol, 1.0 equiv) in
DMF (5 mL), was added (5)-4,4-difluoro-1-glvevipyrrolidine-2-carbonitrile hydrochloride
(0.220 g, 0,980 mmol, 1.5 equiv), HOBt (0.132 g, 0.980 mmol, 1.5 equiv} and EDCHCI (0.187
g, 0.980 mmol, 1.5 equuv) followed by the addition of TEA (0.18 mL}. The resulting reaction
mixture was allowed to stir at RT for overmight. Product formation was confirmed by LCMS and
TLC. After complction of reaction, the reaction mixture was diluted with water (50 mL) and
extracted with ethyl acetate (100 mL x 2). Combined organic extracts were washed with water
(50 mL # 3} and brine (50 mL), dried over anhydrous Na:SGu and concentrated. The crude
product was purified by flash chromatography (0-3 % MeOH in BCM as an eluent) to obtain

{8, E)}-N-(2-(2-cyano-4,4-diflucropyrrohidin-1-v1}-2-oxoethyl}-6-{2~{(6-methoxypyridin-3-

yvhvinyhguinoline-4-carboxamide (0.070 g, 22.43 % Yield) as 3 vellow solid.
[0430] LCMS 478 4 [M+H]"

[0431] 'H NMR (400 MHz, DMSO-ds) 8 9.17 (t. J=5.92 Hz, 1 H) 8.93 (d, J=4.38 Hz, 1 H)
852 (s, 1 H) $.41 (d,/=2.19 Hz, 1 H) 8.03 - 8.20 (m, 3 H) 7.56 (d, /=4 38 Hz. 1 H) 7.53 (4,
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J=16.66 Hz, 1 H) 7.39 (d, J=16.66 Hz, | H) 6.85 (d../=8.77 Hz, 1 H) 523 (dd, J=9.21,3.07 Hz,
1H)Y4.11 - 4.40 (m, 4 H) 3.89 (s, 3 H) 2.97 (d. J=8.77 Hz, 1 H) 2.87 (d,./=14.03 Hz, 1 H).

Fxample 831
Svnthesis of (S, 1)-N-2-(2-cyano-4,4-difluoropyrrolidin-1-yi}-2-oxoethyl}-6-(4-
Auorostyrvijquinoline-4-carboxamide
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Compound 44

{0432] Step 1: Synthesis of (E}-6-(4-Flurostyryliquinoling-4~-carboxylic acid. To a solution of
6-bromoguinoline~-4-carboxyvlic acid {0.341 g, 1.36 munol, 0.8 equiv) and (E)-2-(4-flurostyryl)-
44,5 5-tetramethyl-1,3,2-dioxaborolane (0.5 g, 1.70 mmol, 1.0 equiv) in dioxane (10 ml} and
water (1 ml} was added in KoCOs (0357 g, 3.4 mmol, 2.0 equiv) and resulting reaction mixtiwe
was purged with N2 gas for 10 min, followed by the addition of PA(PPh2)}Cl2 (0.059 g, 0.085
mmol. 0.05 equiv). The resulting reaction mixture was heated at 100° € for overnight. Product
formation was confirmed by LCMS. After the completion of reaction, the reaction mixture was
quenched with water (10 mL) and aqueous layer was washed with cthyl acetate (10 mb < 2).
The aqueous laver was separated and freeze dred over lvophilizer obtain (E)-6-{4-flurostvrvl)

guinoline-4-carboxylic acid (0.250g, Quant. Yield) as a yellow sohd.
{6433} LCMS 2942 [M+H]"

{0434] Step 2: Synthesis of (8,E}-6-{4-flurostyryl}-N-{2-(2-cvano-4 4-difluoropyrrolidin-1-y1)-
2-oxocthyliquinoline-4-carboxamide. To a stirred solution of (E)-6-{4-chiorostyryljquinoline-4-~
carboxvlic acid (0.1 g, 0.34 mmol, 1.0 equuv) in DMF (3 mL), was added (5)-4,4-difluoro-1-
glycvlpyrrolidine-2-carbonitrile hvdrochloride (6.114 g, 0.51 mmol, 1.5 equiv}, EDCHCI (0.097
g, 051 mmol, 1.5 equiv) and HOBt {0.068 g, 0.51 mmol, 1.5 equiv) followed by the addition of
TEA (0.1 mL). The resulting reaction nuxture was allowed to stir at RT for overnight. Product

formation was confirmed by LCMS and TLC. Afier completion of reaction, the reaction mixture
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was diluted with water {50 mL} and extracted with ethy! acetate {100 mL x 2}, Combined
organic extracts were washed with water (50 mL x 3} and brine {50 mL)}, dried over anhydrous
MNaz804 and concentrated. The crude product was purified by flash chromatography (0-3 %
MeOH in DCM as an cluent) followed by reversed phase HPLC purification to obtain (§,E)-6-
{4-flurostyry}-N-(2-(2-cvano-4 4-diftuoropyrrolidin-1-y1}-2-oxocthylquinoline-4-carboxamide

{0.015 g, 10 % Yield} as an off-white solid.
[0435] LCMS 465 4 [M+H["

[0436] 'H NMR (400 MHz, DMSO-ds) § 9.18 (br. s.. 1 H) 8.94 (d,./=4.39 Hz, 1 H) 8.58 (s, |
H) .09 (1, J=9.43 Hz, 2 H) 7.67 - 7.82 (m, 2 H) 7.48 - 7.64 (m, 2 H) 7.42 (s, 1 H) 7.24 (t, /=8.77
Hz, 2 H)5.22 (br.s., 1 H) 4.29 (. J=5.92 Hz, 4 H) 3.17 (d, J=5.26 Hz, 1 F) 2.90 (br. 5., 2 H).

Fixample $32

Synthesis of (8, F)-N-(2-(2-cyano-4,4-difluoropyrrolidin- 1 -yl)- 2-oxoethyl)-6-(2-(6-methylpyridin-

3-vipvinyljguiroline-4-carboxamide
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Compound 45

{8437 Step 1: Synthesis of 2-(methyl}-S-vinylpyridine. To a stirred solution of 5-Bromo-2-
{methylipvridine (0.500 g, 2.906 mmol, 1.0 equiv} in Dioxane (8 mL} was added 2-Vinyl-
44,5, 5-tetramethyl-1,3,2-dioxachorolane (0.671 g, 4360 mmol, 1.5equiv) and a solution of

t=4)
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KaCO:(0.802 g, 5,813 mumol, 2.0 equivy n water (4 mL), and resulting reaction muxture was
purged with N2 gas for 10 min, followed by the addition of PA(PPhsy(Cl» (0.102 g, 0.145 mmol.
0.05 equivy. The resulting reaction mixture was heated at 100° C for overnight. Product
formation was confirmed by TLC. Reaction mixture was cooled to RT, diluted with water (50
mL} extracted with ethyl acetate (100 mL x 2). Combined organic extracts were washed with
water {50 mL x 2} & brine (30 mL), dried over anhvdrous Na:504 and concentrated. The crude
product was purified by flash chromatography (0-15% EA in hexane as an cluent) to obtain 2-

(methyhy-5-vinvipvridme (0.170 g, 49.27% Yield) as a vellow semi solid.

[0438] 'H NMR (400 MHz, DMSO-ds) 5 8.49 (d, /=2.19 Hz, | H) 7.82 (dd, J=7.89, 2.19 Hz,
1 H) 723 (d, =833 Hz, 1 H) 6.73 (dd.J=17.76, 1118 Hz, 1 H) 5.78 - 5.98 (o, | H) 532 (d,
J=10.96 Hz, 1 H) 2.37 - 2.48 (m, 3 H).

[0439]  Stop 2: Synthesis of (B)}-6-(2~(6-methylpyridin-3-yvinvlquinoline-4-carboxylic acid.
To a stirred solution of 6-bromoguinoline-4-carboxylic acid (0.150 g, 0.595 mmol, 1.0 equiv) in
Doxane (5 mL) was added 2-(methyl}-5-vinvipyridine (0.106 g, 0892 mmol, 1.5 equiv) and
triethvi amine {0.257 md, 1.785 mmol, 3.0 equiv). The resulting reaction mixture was purged
with Nz gas for 3 min followed by addition of Pd{dppf)Cl (0.043 g, 0.059 numol, 0.1 equiv). The
reaction mixture was heated at 100° € for overnight. Product formation was confirmed by
LCMS. Reaction mixture was cooled to RT, diluted with water (50 mL}) washed with ethyl
acctate (20 mkb x 2). The aqueous layer was separated and freeze dried over fyophilyzer to obtain
(E}-6-(2~(6-methyvipyridin-3-yhvinvhquinoline-4-carboxyiic acid (0.150 g, 87 % Yield) asa

vellow solid.
[6440F LCMS 291.1 {M+H]"

[0441] 'H NMR (400 MHz, DMSO-ds) § 9.56 (br. s, 1 H) 8.91 (d, J=3.95Hz, 1 H} 876 (5, 1
H) 870 (br.s, L H)8.18 (d.J=9.65 Hz, 2 H} 8.06 (d, /=833 Hz, L H} 7.79 (d. /=395 Hz, | H)
7.57{d, J=1666Hz, 1 H) 743 (d, =1622Hz 1 H)7.29(d, =789 Hz, 1 H) 233 (br. s, 3 H).

{#442] Step 3: Synthesis of (S, E)-N-{2-(2-cyano-4 4-diflucropyrrolidin-1-yh-2-oxoethyl}-6-
(2-(6-methylpvridin-3-vlvinyhquinoline-4-carboxamide. To a stirred solution of (E)-6-(2-(6-
methylpyndin-3-vhvinyljquinoline-4-carboxylic acid (0.200 g, 0.689 mmol, 1.0 equiv) in DMF
(5 mL), was added (8)-4,4-difluorc-1-glycvipyrrolidine-2-carbonitrile hyvdrochloride (0.232 g,
1.034 mmol, 1.5 equiv), HOBt (0.139 g, 1.034 nunol, 1.5 equiv) & EDCHCIH(0.197 g, 1.034

mmol, 1.5 equiv} followed by the addition of TEA (0.19 mL). The resulting reaction maxture
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was allowed to stir at RT for overmight. Product formation was confirmed by LCMS and TLC.
After completion of reaction, the reaction mixture was diluted with water (30 mL) and extracted
with ethyl acetate (100 mL x 2). Combined organic extracts were washed with water (50 mL x
3) and brine (50 mL), dried over anhydrous Na:SO: and concentrated. The crude product was
purified by flash chromatography (0-5 % MeOH in DCM as an cluent) to obtain {§,E}-N-(2-(2-
cyano-4 4-diftuoropyrrolidin-1-vi)-2-oxoethyl-6-(2-(6-methylpyridin-3-yhvinylquinoline-4-

carboxamide (0.070 g, 22.08 % Yiecld) as an off white solid.

b4l
[0443] LCMS 462.4 [M+H]

[0444] TH NMR (400 MHz, DMSO-ds) 5 9.18 (. J=5.92 Hz, | H) 8.94 (d, J=4.38 Hz, | H)
871 (d, /=175 Hz, 1 H) 8.58 (s, 1 FI) 7.94 - 8.23 (m, 3 H) 7.40 - 7.65 {m. 3 F) 7.29 (d, /=7.89
Hz. 1H)5.23(dd, /=9.21,3.07 Hz, 1 H) 4.11 - 4.41 (m, 4 H) 2.96 (br. s., 1 H) 2.87 (d, J=15.35
Hz, 1 H) 2.49(s. 3H).

Fxample S33

Synthesis of (S, E)-N-(2-(2-cyano-4, 4-difluaropyrrolidin-1-yi}-2-oxoe 6-(2-{6-

(trifluoromethyllpyridin-3-yilvinyliquinoline-4-carboxamide
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{0445] Step 1: Synthesis of 2-(triffuoromethyl}-S-vinvipyridine. To a stirred solution of 3-

Bromo-2-{triflucromethypyridine {0.500 g, 2.212 mmol, 1.0 equiv} in Dioxane (& mL) was
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added 2-Vinyl-4,4.5,5-tetramethyl-1,3,2-dioxaoborolane (0.511 g, 3.312 mmol, 1.5equiv) and a
solution of KoC(: (0.616 g, 4,424 mmol, 2.0 equiv) in water (4 mL), and resulting reaction
mixture was purged with N2 gas for 10 munute, followed by the addition of PA(PPh)CL (0.077
g, 0.110 mmol. 0.05 equiv). The resulting reaction mixture was heated at 100° C for overnight.
Product formation was confirmed by TLC. Reaction mixture was cooled to RT, diluted with
water {50 mL) extracted with ethyl acetate (100 mL x 2}, Combined organic extracts were
washed with water {30 mL x 2} & brine (50 mL), dried over anhydrous Na:2804 and
concentrated. The crude product was purified by flash chromatography (0-5% EA i hexane as
an eluent) to obtan 2-{trifluoromethyi}-3-vinylpyridine (0.200 g, 52 35% Yield) as a yellow

semi solid.

[0446] H NMR (400 MHz, DMSO-ds) 8 8.77 - 8.97 (m, 1 H) 8.14 - 8.26 (m, 1 H) 7.88 (d,
J=7.89 Hz, | H) 6.88 (dd, J=17.76, 11.18 Hz, 1 H) 6.17 (d. J=17.98 Hz, 1 H) 5.38 (d, J=11.40
Hz. 1 H).

{34471  Step 2. Synthesis of (E)}-6-(2-(6-(triflucromethyDpy ridin-3-vIvinyDgueinoline-4-
carboxylic acid. To a stirred sofution of 6-bromoquinoline-4-carboxylic acid {0.100 g, 0.396
mmal, 1.0 equiv) in Dioxane (10 mL) was added 2-(trifluoromethyl)-S-vinylpyridine (0.102 g,
0.595 mmol, 1.5 equiv} and triethyl amine (0.171 ml, 1.190 mmol, 3.0 equiv}). The resulting
reaction mixture was purged with Na gas for 5 min followed by addition of Pd(dppfiCl (0.029 ¢,
0.0396 mmol, 0.1 equiv). The reaction mixture was heated at 100° C for overnight. Product
formation was confirmed by LCMS. Reaction mixture was cooled to RT, diluted with water (50
mL} washed with cthyl acetate {20 mL x 2}, The agueous laver was acidified with IN HCl and
extracted with ethyl acetate (100 mL x 2}, Combined organic extracts were washed with water
(20 mL x 2} and brine (20 mL), dried over anhvdrous Nax80O4 and concentrated under reduced
pressure to obtain (E)-6-(2-(6-(trifluoromethyhpyndin-3-ylvinyl)quinoline-4-carboxvlic acid
{0.100 g, 73.52% Yield) as a yellow solid.

[0448] LCMS 345.1 [M+H]"

[0449]  'H NMR (400 MHz, DMSO-de) 5 13.91 (br. 5., 1 H) 9.06 (5. 1 H) 9.00 (d, =438 Hz, 1

Hy882(s, 1 H)841(d,. /=877 Hz, | H) 826 (d. /=921 Hz, 1 H} 8.13(d, /=877 Hz, 1 H) 7.81
-7.99(m,3H) 7.59¢(d, =16.66 Hz, 1 H).

{0450] Step 3; Synthesis of (8,E)-N~(2-(2-cyano-4,4-diflucropyvrrolidin-1 -yl}-2-oxoethyi)-6-
2~(6-(trifluoromethyhpyvridin-3-yhvinvlguinoline-4-carboxamide. To a stirred solution of (E)-
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6-(2-{6-{trifluoromethyDpyrdin-3-vlvinvhquinohne-4-carboxylic acid (0.100 g, 0.290 mmol,
1.0 equivy in DMF (5 mL), was added (5)-4,4-difluors-1-glyeylpyrrolidine-2-carbonitriie
hydrochloride (0.098 g, 0.436 mamol, 1.5 equiv), HOBt (0.058 g, 0.436 mumol, 1.5 equiv) and
EDC HCT (0.083 g, 0.436 mmol, 1.5 equiv) followed by the addition of TEA (0.08 mL). The
resubting reaction mixture was allowed to stir at RT for overnight. Product formation was
confirmed by LCMS and TLC. After completion of reaction, the reaction mixture was diluted
with water (50 mL) and extracted with ethyl acetate (100 mL x 2). Combined organic extracts
were washed with water (50 mL x 3) and brine (50 mL), dried over anhvdrous Na2504 and
concentrated. The crude product was purified by flash chromatography (0-5 % MeOH in BCM
as an eluent) to obtain (8,E)-N~(2-(2-cvano-4,4-diftuoropvrrohidin-1-vl}-2-oxoethy-6-(2-(6-
(tnfluoromethylpynidin-3-yvinyhquinoline-4-carboxanude (0.095 g, 63 % Yield) as a white
sohid.

[0451] LCMS 516.4 [M+HJ™

[3452] ‘H NMR (400 MHz, DMSO-ds) 8 920 (t, J=5.70 Hz, 1 H) 9.05 (s, | FI) 8.98 (d, J/=3.95
Hz, TH)8.68 (s, L H)8.40(d, /=745 Hz, 1 H)R03-827(m, 2H) 793 (d, J=R33 Hz, 1 H}
T8I (s, IH)766-774(m, 1 H)760(d, /=439Hz, 1 H)5.24(d, /=702 Hz 1 H)426-450
(m, 2H}4.00-426(m, 2H)2.76-3.03 (m, 2 H).

Fxample 534
Synthesis of (S.£)-N-(2-(2-cyano-4,4-difluoropyrrolidin- { -vij-2-oxcethylj-6-(4-
methoxystyrvljquinoline-4-carboxamide

O 2
O i HZN\)\N, .
NP O 4)} F
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i N

o
H
O OH  Pa(PPhy),ClK,C0 ~ O 04 OH EDCLHELHOBLTER O™ o\\,N\/ﬁ\N E
| Dioxane,H;0,100°C,0N | HGLHORE Co i D(\
B"\L/AL’\\ ) Ny N ///j Sy DMF,RT,ON N N A Y AN / F
e N"f" Step-1 = NG Step-2 S N/;/' N

Compound 47

{0453]  Stop L Synthesis of (E)}-6-(4-methoxystyrylyguinoline-4-carboxylic acid. To a solution
of 6-bromoquinoline-4-carboxylic acid {0.383 g, 1.52 mumol, 0.8 equiv) and (E)-2-(4-

methoxystyrvi)-4,4.5, 3-tetramethyl-1,3,2-dioxaborolane (0.5 g, 1.91 mmol, 1.0 equiv) in
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dioxane {10 mi) and water (1 ml) was added in KoCO5 (0.404 g, 3.82 mmol, 2.0 equiv) and the
resulting reaction mixture was purged with Ny gas for 10 min, followed by the addition of
Pd(PPh2)C12(0.067 g, 0.095 vunol. 0.05 equiv). The resulting reaction mixture was heated at
100° C for overnight. Product formation was confirmed by LCMS. After the completion of
reaction, the reaction mixture was guenched with water {20 mL}) and agueous layer was washed
with ethyl acetate (10 mb = 2). The aqueous layer was separated and frecze dried over
Ivophilizer to obtain (E)-6-(4-methoxystyryl) quinoline-4-carboxylic acid (0.200 g, 44 % Yield )

as an vellow solid.
[0454] L.CMS 306.0 [M+H]"

[8455] Step 2: Syathesis of (8, E)-6-{(4-methoxystyrv}-N-(2-(2-cvano-4.4-difluoropyrrolidin-
1-y1}-2-oxoethvlquinoline-4-carboxamide. To a stirred solution of (E)-6-(4-
chlorostyryhquinoline-4-carboxylic acid (0.2 g, 0.65 mmol, 1.0 equiv) in DMF (5 mL), was
added (5)-4.4-diflvoro-1-glyevlpyrrolidine-2-carbontinile hydrochloride (0.220 g, 0.98 mmol,
1.5 equivy, EDCHCL (0.188 g, 0.98 mmol, 1.5 equiv) and HOB{ (0.132 g, 0.98 mmol, 1.5 equiv)
followed by the addition of TEA (0.2 mL). The resulting reaction mixture was allowed to stir at
RT for overnight. Product formation was confirmed by LCMS and TLC. After completion of
reaction, the reaction mixture was difuted with water (50 mL} and extracted with ethyl acetate
{100 mbL = 2} Combined organic extracts were washed with water (50 mL x 3} and brine (50
mb.), dried over anhydrous NaxSO4 and concentrated. The crude product was purified by flash
chromatography (0-3 % MeOH in DCM as an eluent) followed by reversed phase HPLC
purification to obtain (S, E)-6-(4-methoxystyryl}-N-(2-{2-cyano-4 4-difluoropyrrolidin-1-yi}-2-
oxoethylquincline-4-carboxamide (0.045 g, 14 % Yield) as an off-white solid.

[84%6] LCMS 4774 [M+H|™

{04577 'H NMR (400 MHz, DMSO-d6) 5 9.17 (,./=5.92 Hz, 1 H) 891 (d, /=395 Hz, 1 H)
8§52 (s, 1H} 8.10(dd, J=8.99, 1 53 Hz, 1 H} 8.05(d, /=8.77 Hz, 1 H) 7.65 {m, /=833 Hz, 2 H)
TAT-75%(m, 2H) 728 (d, /=16.22 Hz, 1 H) 6.97 (m, J=8.77 Hz, 2 H} 5.23 (dd, /=921, 2.63
Hz, 1TH}411-441{m 4HY3.79 (s, 3 H}2.78 - 3.05 (m. 2 H}.
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Fxample 535

Synthesis of (S.E)-N-(2-(2-cyano-4,4-difluoropyrrolidin- 1 -vi)-2-oxoethyij-6-(4-

7y

(trifluoromethoxy)styryliquinoline-4-carboxamide

G o
O
CFy f\ RN PN
o |
W;\S.’O\K/ '/><F
af /\_,
‘7(\ N
[+
DMF,RT,ON

N

S ; s} Q. OH Q.o Q. s j
I Pa{PPhg)CLK00;  cr NP < EDCLHCLHOBLTEA CFy \ffj\ SN \N”\(\F
= ”\:;-"\. - o

Br\@\j Dioxane,M,0,100°C,ON PN '*% »Y\ '\ /\/ £
Ry, P Step-1 L/ }l\ P Step-2 - |N/ N

Compound 48

{#458] Step 1: Synthesis of (E}-6-{4-trifluromethoxystvryliguinoline-4-casboxvlic acid. To a
solution of 6-bromoquinoline-4-carboxylic acid {0.140 g, 0.56 mmol, 0.8 equiv} and {E}-2-(4~
triffuromethoxystyryl}-4,4.5. 5-tetramethyi-1,3,2-dioxaborolanc (0.220 g, 0.70 nunol, 1.0 equiv)
in dioxane (10 ml) and water (1 ml) was added in K2CO3 (0.147 g, 1.4 mumol, 2.0 equiv) and
resulting reaction mixture was purged with Nz gas for 10 min, followed by the addition of
PA{PPh)12(0.024 g, 0.035 mmol. 0.05 equiv}. The resulting reaction mixture was heated at
100° C for overnight. Product formation was confirmed by LCMS. After the completion of
reaction, the reaction mixture was quenched with water (20 mL) and agqueous Iayer was washed
with ethyl acetate (10 mL x 2). The aqueous laver was separated and freeze dried over
Iyophtlizer to obtain (E}-6-{(4-methoxystyrvl) quinoline-4-carboxylic acid {0.100 g, 50 % Yicld)

as a vellow solid.
[0459] LCMS 360.1 [M+H|"

[3466]  Step 2: Synthesis of (§,E)-6-(4-methoxystyryl}-N-(2-(2-cvano-4,4-difluoropyrrolidin-
1-yi3-Z-oxocthyllquinoline-4-carboxamide. To a stirred solution of (E)-6-(4-
chlorostyryhquinoline-4-carboxylic acid (0.1 g, 0.27 mmol, 1.0 equiv) in DMF (5 mb), was
added (S)-4.4-diftuoro- L -glyeylpyrrolidine-2-carbonitrile hvdrochloride (0.093 g, 0.41 mmol,
1.5 equiv), EDCLHCI (0.078 g, 0.41 muol, 1.5 equiv) and HOBt (0.055 g, 0.41 mmol, 1.5
equiv) followed by the addition of TEA (0.1 mL}. The resulting reaction mixture was allowed to
stir at RT for overnight. Product formation was contirmed by LCMS and TLC. After conpletion
of reaction, the reaction muxture was diluted with water (50 mL} and extracted with ethyl acetate
(100 mL x 2). Combined organic extracts were washed with water {50 mL = 3} and brine (50
mb}, dried over anlrydrous NaxS0O4 and concentrated. The crude product was purified by flash
chromatography {0-5 % MeOH in DCM as an eluent) followed by reversed phase HPLC
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purification to obtain (S.E)-6-(4-methoxystyrvh)-N-(2-(2-cvano-4 4-diflucropyrrohidin- I-y1)-2-~
oxoethyvlgquinoline-4-carboxamide (0.045 g, 32 % Yield) as an off white solid.
[B461] LOCMS 5314 [M+H"
{0462] 'H NMR (400 MHz, DMSO-ds) 6§ 9.19 (t, J=5.70 Hz, 1 H} 894 (d, /=4 38 Hz. 1 H)
862, I1H)BO04-817(m 2H) 783 (m, /=8 77Hz, 2H)7533-770 (m, 2 H) 745 -753 (m, 1
H)739(m, J=833Hz, 2 H} 523 (dd, /=921, 219 Hz 1 F} 411 - 441 (m, 4 H) 296 (br. 5,2
H).

Fxample S36
Synthesis of (8, E}-N-{2-(2-cvano-4, 4-difluoropyrrolidin-1-yi}-2-oxoethyi)-6-(2-( 5-methylpyridin-

2-vipvinvljquinoline-4-carboxamide
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Gompound 43
{0463} Step 1! Synthesis of 5-(methyl)-2-vinylpyridine. To a stirred solution of 2-Bromo-5-
methylpynidine (0.500 g, 2.906 mmol, 1.0 equiv} in Dioxane (8 mL) was added 2-Vinyl-4,4,5,5-
tetramethyi-1,3,2-dioxacborolane (0.671 g, 4.360 mmol, 1 5equiv} and a solution of KoCOs
{0.802 g, 5813 mmol, 2.0 equivy m water {4 mL), and resulting reaction mixture was purged
with N2 gas for 10 minute, followed by the addition of PA(PPh)CL (0,102 g, 0.145 mamol. 0.05
equiv). The resulting reaction mixtare was heated at 100° C for overnight. Product formation
was confirmed by TLC. Reaction mixture was cool to RT, diluted with water (50 mL} extracted

with ethyl acetate (100 mL x 2). Combined organic extracts were washed with water (50 mL x
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2} and brine (50 mL), dried over anhydrous NazS04 and concentrated. The crude product was
purified by flash chromatography (0-15% EA in hexane as an eluent) to obtain S-{methyl)-2-

vinylpyridine (0.300 g, 86.93% Yield) as a vellow semi~solid.

[0464] 'H NMR (400 MHz, CHLOROFORM-d) 5 8.40 ¢s, 1 H) 7.45 (d, J=7.02 Hz, 1 H) 7.17
-7.34 (m, 1 H) 6.79 (dd, J=17.54, 10.96 Hz, 1 H) 6.12 (d, /=17.54 Hz, 1 H) 5.42 (d, /=10.96
Hz. 1 H) 2.20 - 2.45 (m. 3 F).

{8465] Step 2. Synthesis of (E)}-6-(2-(5-methyipyridin-2-vIvinylquinoline-4-carboxylic acid.
To a stirred solution of 6-bromoquinoline-4-carboxylic acid (0.100 g, 0.396 mmol, 1.0 equiv) in
DMF (5 mL) was added S-(methyl}-2-vinylpyridine (0.070 g, 0.595 mmol, 1.5 equiv) and
tricthyl amine (0.171 ml, 1.190 mmol, 3.0 equiv). The resulting reaction mixture was purged
with Nz gas for 5 min followed by addition of Pd{dppHHCL(6.014 g, 0.019 mmol, 0.1 equiv}. The
reaction mixture was heated at 100° C for overnight. Product formation was confirmed by
LCMS. Reaction mixture was cooled to RT, diluted with water (60 mL) washed with ethyl
acetate (20 mL x 2). The agqueous layer was separated and freeze dried over lvophilyzer to obtain
(E}-6-(2-(5-methylpyridin-2-yDvinyDquinoline-4-carboxylic acid (0.100 g, 86 % Yicld)as a

vellow solid.
{0466] LCMS 291.0 {M+HJ™

[0467]  'H NMR (400 MHz DMSO-de) 3937 (br. s, 1 H) 8.90 - 9.03 (o, | H) $.82 (s, 1 H)
8.45 (s, 1 H) 820 (d, J=7.89 Hz, 1 H) 8.01 - 8.13 (m, 1 H) 7.75 - 7.90 (m, 2 H) 7.54 - 7.75 (m, 2
H) 7.45 (d, /<1622 Hz, 1 H) 2.33 (s, 3 H).

{8468} Step 3: Synthesis of (8,E)-N-(2-(2-cvano-4 4-difluoropyrrolidin-1-v1)-2-oxoethyi)-6-
(2-(5-methylpyridin-2-vivinyQquinoline-4-carboxamide. To a stirred sohution of {E}-6-(2-(5-
methylpyrdin-2-yvhvinyhquinoline-4-carboxvlic acid (0.100 g, 0.344 mmol, 1.0 cquiv) in DMF
(2 mL), was added (5)-4,4-difluoro-1-glyeylpyrrolidineg-2-carbonitrile hyvdrochloride (0.116 g,
0.517 mmol, 1.5 equiv), HOBt (06.06% g, 0.517 mmol, 1.5 equuiv} and EDC HCI(0.098 g, 0.517
mmaol, 1.5 equiv} followed by the addition of TEA (0.09 mL). The resulting reaction mixture
was allowed to stir at RT for ovemight. Product formation was confirmed by LCMS and TLC.
After comapletion of reaction, the reaction muxture was diluted with water (50 mL) and extracted
with ethyl acetate (100 mL x 2}. Combined organic extracts were washed with water (50 mL x
3} and brine (50 ml), dried over anhydrous Na:S04 and concentrated. The crude product was

purified by flash chromatography (0-5 % MeOH m DCM as an eluent) to obtam (5, E}-N-(2-(2-
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cvano-4,4-diftuoropyrrohdin-1-v)-2-oxoethyl}-6-(2-(5-methyvlpyndin-2-vhvinyguinoline-4-
carboxamide (0.070 g, 44.30 % Yield) as an off-white solid.

{8469 LOCMS 462 4 [M+H]"

{0470 'H NMR (400 MHz DMSO-ds) § 9.19 (1, /=592 Hz, 1 H) 8.95 (d, /=395 Hz, 1 H)
858 (s, TH) 847 (s, | H) R 17(d, S10.09Hz | H)8.08(d, /=877 Hz. 1 H} 7.79(d, J=16.22
He, 1H)744-765(n, 3H)525(d, ~745Hz, T H)4.11-440(m, 4 H) 277 -3.05(m, 2 H)
233(s,3H).

Example S37

Synthesis of (8, E}-6-(4-{tert-butyl)styryl}-N-{ 2-{ 2-cyamo-4, 4-difluoropyrrolidin-1-yi)-2-

oxoethyl)quinoline-4-carboxamide
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Compound 50

{8471} Step 1. Synthesis of 2-{2-{4-tert-butyiphenylethenyt}-4,4,5 S-tetramethyi-1.3,2-
dioxaborolane. To a stirred solution of 4,4,4' 4' 5,35 5-octamethyl-2,2'-bi{ 1,3, 2-dioxaborolane
(0.200 g, 1.265 mmol, 1.0 equiv) m THF (5 mL) was added CuCl{I) (0.001 g, 0.012 mamol, 0.01
equiv) and Xanthphos (0.007 g, 0.012 mmol, 8.01 equiv}. The resulting reaction mixture was
allowed to stir at RT for 15 min. After 15 min Potassium tert-butoxide (0.170 g, 1.518 mmol, 1.2

equiv) and 1-tert-butyi-4-ethvnyibenzene (0.200 g, 1.265 mmol, 1.0 equiv) was added. The
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resulting reaction mixture was stirved at RT for overmight. Product formation was confirmed by
TLC. After completion of reaction, the reaction mixture was difoted with water (50 mL) and
extracted with ethyl acetate (80 ml, < 3}. Combined organic extracts were washed with water
(20 mL ~ 3} and brine (20 mL), dried over anhydrous Na:504 and concentrated. The crude
product was purified by flash chromatography (5 % EA-Hexane as an eluent) to obtained 2-[2-
{4-tert-butylphenyljethenyii-4.4,5, 5-tetramethyl-1,3.2-dioxaborolane (0.100 g, 27.62 % Yield)

as a yellow solid.
[0472] LCMS 2870 [M+HJ"

[0473] 'H NMR (400 MHz, CHLOROFORM-) § 7.41 - 7.48 (m, 2 H) 7.31 - 7.41 (m, 2 H)
7.26 (s, 1 F) 6.12 (d. J=18.42 Hz, 1 H) 1.31 (s, 12 ).

{0474} Stop 2: Synthesis of (E)-6-(4-(tert-buty Dstyrylquinoline-4-carboxvlic acid. To a stirred
solution of 6-bromoguinoline-4-carboxyvhic acid (0.100 g, 6.396 mmol, 1.0 equiv) in Dioxane (3
mb} was added 2-[2-(4-tert-butviphenyljethenvl]-4,4,5 5-ictramethyl-1,3,2-dioxaborolane (0.136
g, 0.476 mmol, 1 2equiv) and a solution of KoCO: (0.109 g, 0.792 mmol, 2.0 equiv) in water (1
mL}, and resulting reaction mixture was purged with No gas for 10 minute, followed by the
addition of PA(PPh:)CL2(0.013 g, 0.019 mmol. 0.05 equiv). The resulting reaction mixture was
heated at 100° C for overnight. Product formation was confirmed by LCMS. Reaction mixture
was cooled to RT, diluted with water (50 mL) washed with ethyl acetate (20 mb = 3). The
agueous laver was separated and freeze dried over lvophilyzer to obtain (E}-6-(4-(tert-

butyl}styrylquinoline-4 carboxylic acid (0.100 g, 76 % Yield) as a yellow sohid.
{6475} LCMS 3321 {M+H}"

[6476] 'H NMR (400 MHz, DMSO-ds) 6 8.64 - 8.78 (m, 2 H) 8.55 {s, 1 H) 8.01 (d, J=7.89 Hz,
1 H) 789 (d. J=8.33 Hz, 1 H) 7.59 (d, J=8.33 Hz, 2 H)} 7.37 - 7.51 (m., 2 H) 7.33 (&, }=6.38 Hz, 2
H) 1.30 (s, 9 H).

{8477} Step 3: Synthesis of (8, E)-6-(4-(tert-buty sty ryl}-N-{2-{2-cyano-4,4-
difluoropyrralidin- 1 -vl)-2-oxocthylquinoline-4-carboxamide. To a stirred solution of (E)-6-(4-
(tert-butylstyryhguinoline-4 carboxvlic acid (0.100 g, 0.302 mmol, 1.0 equiv) in DMF (2 mL),
was added (8)-4,4-difluoro-1-glycvipyrrolidine-2-carbonitrile hvdrochloride {(0.101 g, 0.453
mmol, 1.5 equiv), HOBL (0.061 g, 0.453 mmol, 1.5 equav) and EDC HC1 (0.086 g, 0.453 mmol,
1.5 equiv) followed by the addition of TEA (0.09 mL). The resulting reaction mixture was
allowed to stir at RT for overnight. Product formation was confirmed by LCMS and TLC. After
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completion of reaction, the reaction mixture was diluted with water (50 mL} and extracted with
ethyl acetate (100 mL x 2}. Combined organic extracts were washed with water (50 mL x 3} and
brine (50 mL), dried over anhyvdrous Nax504 and concentrated. The crude product was purified
by flash chromatography (0-5 % MeOH i DCM as an eluent) to obtamn (S.E)-6-(4-(tert-
butylistyryl}-N-(2-(2-cvano-4 4-difluoropyrrolidin-1-vi}-2-oxocthylquinoline-4-carboxamide

{0.060 g, 39.73 % Yield) as an off-white solid.
[6478] LCMS 503 4 [M+H["

[0479] 'H NMR (400 MHz, DMSO-ds) § 9.18 (br. s.. 1 H) 8.92 (d,./=3.95 Hz, | H) 8.57 (s, |
H) 5.13 (d, J=8.77 Hz, | H) 8.06 (d, /=921 Hz, | H) 7.63 (d, /=833 Hz, 2 H) 7.49 - 7.60 (m, 2
H) 7.29 - 7.49 (m, 3 H) 523 (d, J=8.77 Hz, 1 H) 4.26 - 4.46 (m, 2 H) 4.05 - 4.26 (m, 2 H) 2.96
(br. s, 1 H) 2.88 (d, J=15.79 Hz, 1 H) 1.30 (s, 9 H).

Fxample 538

Synthesis of (S, E)-N-{2-(2-cyano-4,4-difluoropyrrolidin-1 -yi)-2-oxoethylj-6-{4-

(trifluoromethyljstyryl)quinoline-4-carboxamide
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Compound 51

{3480} Step 1. Synthesis of (E)}-6-{4-trifluromethyl)styryl)quinoline-4-carboxylic acid. Toa
solution of 6-bromoquinoline-4-carboxylic acid {0.140 g, 0.56 mmol, 0.8 equiv} and {E}-2-(4-
triffuromethyhstyryt}-4,4,3, S-tetramethyl-1.3, 2-dioxaborolane {0.220 g, 0.70 mmol, 1.0 equiv)
i dioxane (10 ml} and water (1 mi} was added 10 K2CGO3 (0.147 g, 1.4 mmol, 2.0 equiv) and
resulting reaction mixture was purged with Nz gas for 10 min, followed by the addition of
PA(PPYC1:(0.024 ¢, 0.035 mmol. 0.05 equiv). The resulting reaction mixture was heated at
100° C for overnight. Product formation was confirmed by LCMS. Afier the completion of
reaction, the mixture was quenched with water (20 mL} and aqueous laver washed with ethyl

acetate (10 mbL » 2}. The agueous layer was separated and freeze dried over lyophilyzer to obtain
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(E)}-6-(4-trifluromethyistyryl) quinoline~-4-carboxylic acid (0.250 g, Quant. Yield) as a yellow
sohid.

[0481] LCMS 360.1 [M+H]"

{6482] Step 2: Synthesis of (8, E)-6-(4-trifluromethyistyryl}-N-(2-(2-cvano-4 4~
difluoropyrrolidin-1-y1}-2-oxoethyhquinoline-4-carboxamide. To a stirred solution of (E}-6-(4-
triffuromethyhstyryhquinoline-4-carboxylic acid (0.250 g, 0.726 muvol, 1.0 equiv) in DMF (§
mk}, was added (8}-4,4-difluoro-i-glyevipyrrolidine-2-carbonitrile hydrochioride (0.245 g, 1.09
mmol, 1.5 equiv), EDCHCI (0.209 2, 1.09 mumol, 1.5 equiv) and HOBt (0.145 g, 1.09 numol, 1.5
equiv) followed by the addition of TEA (0.2 mL). The resulting reaction mixture was allowed 1o
stir at RT for overnight. Product formation was confirmed by LCMS and TLC. After completion
of reaction, the reaction mixture was diluted with water (50 mL} and extracted with cthyl acetate
(100 mL. = 2). Combined organic extracts were washed with water (50 mL x 3} and brine (50
mb), dried over anhvdrous Nax804 and concentrated. The crude product was purnified by flash
chromatography (-3 % MeOH in BCM as an eluent) followed by reversed phase HPLC
purification to obtain (5, E)}-6-(4-trifluromethylstyryl)-N-(2-(2-cyano-4,4-difluoropyrrolidin-1-
vi}-2~oxoethybquinoline- 4-carboxamide (0.008 g, 32 % Yield) as an off white solid.
{0483] LCMS 5153{M+H}*
[0484] 'HNMR (400 MHz, DMSO-de) 3921 (s, L H} 896 (d, /=438 Hz, 1 H}8.69 (s, 1 H)
8.16{(d, /=877 Hz, 1 H}8.10(d, =877 Hz, 1 H) 7.93 (i, /=833 Hz, 2H)} 772 - 780 (m, 2 H)
766{(d, J=1447Hz, 1H)7353-761{m, 1 H)324(d, /=8 77Hz, | H)4.18-436{br. s, 4 H)
296 (br.s., 2 H).

Example S39

Synithesis of (8)-N-(2-(2-cyano-4,4-difluoropyrrolidin- 1 -yi)-2-oxoethyi)-6-(6-{4-methylpiperazin-

1-yllpyridin-3-yljguineline-4-carboxamide
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[0485] Step 1t Synthesis of 6-(6-(4-methylpiperazin- |-y Dpyridin-3-vhquinoline-4-carboxylic
acid. To a stirred solution of 6~-bromogquinoline-4-carboxvlic acid (0.230 g, 6.992 mmol, 1.0
equiv) in Dioxane (5 mL) was added 2-(4-Mcthvlpiperazin-1-vhpyridine-5-boronic acid pinacol
ester (0.360 g, 1.190 mmol, 1.5 equiv), KoCO:(0.273 g, 1,984 mmol, 2.0 equiv) in water (2 mL)
was added and the mixture was purged with N2 gas for 10 min followed by the addition of
Pd{PPh3)(C12(0.034 g, 0.049 mmol. 0.05 equiv}. The resulting reaction mixture was heated at
100° C for overnight. Product formation was confirmed by LEMS. Reaction mixture was cooled
to RT, diluted with water (60 mL) washed with ethyl acetate (25 mL x 3). The aqueous laver
was separated and freeze dried over lyophilyzer to obtain 6-(6-{4-methylpiperazin-1-yhpyndin-

3-yhyunoling-4-carboxvlic acid (0.250 g, 72 % Yield) as a yellow solid.
{04867 LCMS 349.0 [M+H|™

[0487] 'H NMR (400 MHz DMSO-do) 5 8.94 (s, 1 H) 8.73 (d. /=438 Hz, 1 H) 8.53 (d,
J=2.19 Hz, F H) 7.96 (s, 2 H) 7.88 - 7.93 (m, | H) 7.47 (d, J=4.38 Hz, 1 H) 6.98 (d, J=8.77 Hz, |
FI 3.55 (d, /=526 Hz, 4 H) 2.39 - 2.4 (m, 4 H) 2.23 (s, 3 H).

{0488} Step 2: Svnthesis of (S)-N-(2-(2~cyano-4.4-difluoropyreolidin-1-y1)-2-oxocthy )-6-(6-
{4-methvipiperazin-T-yDpyndin-3-v)quinoline-4-carboxamide. To a stirred solution of 6-(6-(4-
methylpiperazin-1-yDpyridin-3-yhguinoline-4-carboxyvlic acid {0.100 g, $.287 mmol, 1.0 equiv)
in DMF (2 mL), was added (5)-4,4-difluoro-1-glycylpyrrolidine-2~carbontirile hydrochlornide
(0.082 g, 0431 mmol, 1.5 equiv), HOBt (0.038 g, 0.431 mmol, 1.5 equiv} and EDCHCI (0.082
g, 0.431 mmol, 1.5 equuv) followed by the addition of TEA (0.1 mL). The resulting reaction
mixture was allowed to stir at RT for overmight. Product formation was confirmed by LCMS and
TLC. After complction of reaction, the reaction mixture was diluted with water (50 mL) and
extracted with ethyl acetate (100 mL x 2). Combined organic extracts were washed with water
(50 mL # 3} and brine (50 mL), dried over anhydrous Na:SGu and concentrated. The crude
product was purified by flash chromatography (0-5 % MeOH in BDCM as an cluent) followed by
reversed phase HPLC punfication to obtain (8)-N-(2-(2~-cyano-4,4-difluoropyrrolidin- 1-y1}-2-
oxoethyly-6-(6-(4-methylpiperazin-1-ylpyridin-3-y)guinoline-4-carboxamide (0.115 g, 77 %

Yield) as an off-white solid.
[8489] LCMS 5205 [M+H]"

{0490 'HNMR (400 MHz DMSO-ds) 6 9.17 (1, =592 Hz, 1 H) 8 94 (d. J=4.38 Hz. | H)
8.65(dd, /=6.14,2.19Hz, 2H}8.16-823 (m, | H) 807 -8.16(m, 2H) 756 (d, /=438 Hz, |
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H) 6.98 (d,/=9.21 Hz, 1 H) 5.19 (dd. J=9.21, 2.63 Hz, 1 H) 4.22 - 442 (m. 3 H) 4.08 - 4.22 (m,
1H)3.50-3.65 (m, 4 H) 2.78 - 3.01 (m, 2 H) 2.36 - 2.46 (m, 4 H) 2.23 (s, 3 H).

Fxample 8§40

Synthesis of {(5.5)-N-(2-(2-cyano-4,4-diflucropyrrolidin-1-yij-2-oxcethyl)-6-{ 2-(6-
hydroxypyridin-3-vijvinvijguinoline-4-carboxamide

O\\‘?/OH

N /Oh $/\

LN
1 o
i '

PEPPh,), Na,C0y -~ PUCh{dpof), TEA G _OH
Br\T’\j\ THE:Water,75°0,0N % vl\ DWIF:Dloxane, 106°C,0N N
) . LA : P
SN e Step-1 NTTE swep2 ro
i

[¢]
CiH HaM- ~n F ECC!HCLHOBLTES
./>< DMERT,0N
— F
s
N

Step-4

H i
[o 2 }

[
YNN: \’)\l:i"\/,<F
S J\///\F,«\_ N é)\) F
:\'//:\‘N/ N

Compaund 139

HO.

#0491}  Step 1: Synthesis of 2-chloro-3-vinyipyridine. To a stirred sclution of 5-bromo-2-
chloropyridime (1.0 g, 5.19 mmol, 1.0 equiv) in THF (16 mL) was added 2-Vinyi-4,4.5 5-
tetramethyl-1,3,2-dioxacborolane (1.20 g, 7.79 mmol, 1 Sequiv) and a solution of NaxC33(2.75
g, 25.98 mmol, 5.0 equiv) in water (4 mL}. The resulting mixtare was purged with N gas for 10
on. followed by the addition of PA(PPh:}4(0.120 g, 0.103 mmol. 0.2 equiv}. The resulting
reaction mixture was heated at 75° C for overnight. Product formation was confirmed by TLC.
Reaction mixture was cooled to RT, diluted with water (50 mL) extracted with ethyl acetate (80
mi x 3}, Combined organic extracts were washed with water {80 mL x 2} & brine (86 mL),
dried over anhvdrous NaxS0O4 and concentrated. The crude product was purified by flash
chromatography {0-5% EA 1n hexane as an eluent) to obtain 2-chloro-3-vinvlpynidine (0.600 g,
83 % Yicld) as an oil.

{0492} 'H NMR (400 MHz, CHLOROFORM-d) § 8.37 (d. J=2.63 Hz. 1 H) 7.70 (dd, J=8 .33,
263Hz, L H)7.23-732 (m, L H)6.67(dd, /=17.54, 1096 Hz, L H} 381 {d, ~=1754Hz, | H)
541(d, J=11.40Hz 1 H).

180



WO 2020/142742 PCT/US2020/012260

[8493] Step 2: Synthesis of (E)}-6-(2-(6-chioropyridin-3-yvDvinyhguinohine-4-carboxylic acid.
To a stirred solution of 6-bromogquinoline-4-carboxylic acid (0.300 g, 1.190 mmol, 1.0 equiv} in
mixture of DMF (4 mL) and Dioxane (4 mL) was added 2-chioro-5-vinylpyridine (0.248 g,
1,785 mmol, 1.5 equiv) and triethylamine (0.5 ml, 3.57 mmol, 3.0 equiv}. The resulting reaction
mixture was purged with N2 gas for 5 min followed by addition of Pd(dpp£HCh {0.043 ¢, 0.059
mmol, 0.05 equiv) and the reaction mixture was heated at 120° C for overnight. Product
formation was confirmed by LCMS. Reaction mixture was cool to RT, diluted with cthy! acctate
(100 mL), filtered through celite® and filtrate was washed with water (100 mL x 2), Aguous
layer was separated and freeze dried over lyophilizer to obtain (E}-6-(2-(6-chloropyridin-3-

yvhvinyhguinoling-4-carboxylic acid (0.250 g, 67 % Yield) as a yellow solid.
{0494] LCMS 3110 [M+H]™

[0495]  Stop 3: Synthests of (B)-6-(2~(6-hvdroxypyrndm-3-vhvinyhquinoline-4-carboxylic
acid. To a stirred solution of (E)-6-(2-(6-chloropynidin-3-yhvinylgumnoline-4-carboxylic acid
(0.200 g, 0.643 mmol, 1.0 equiv) in Dioxane (2 mLY and water (2 mL) was added Con. HC1 (0.5
mbL}. The resulting reaction mixture was heated at 140° C for 48 hr. Product formation was
confirmed by LCMS. Reaction mixture was cooled to RT and concentrated under reduced
pressure to obtain which was freeze dried over lvophilizer to obtam (E)-6-(2-(6-hydroxypyridin-

3-yDvinyhquinoline-4-carboxylic acid (0.110 g, 58 % Yield) as a vellow solid.
[3496] LCMS 293.0 [M+H[*

{8497} Step 4: Synthesis of (8 E)-N-{2-(2-cyano-4 4-diflusropyreolidin-1-yB-2-oxoethy]}-6-
(2~(6-hydroxvpyridin-3-yhvinyhquinoline-4-carboxamide. To a stirred solution of (E}-6-(2-(6-
hydroxypyndin-3-vhivinyljquinoline-4-carboxvhic acid {0.1060 g, 0.342 mumol, 1.0 equiv) in
DMF (4 mL), was added (S)-4,4-difluorc-1-glveylpyrrolidine-2-carbonitrile hydrochloride
{0.092 g, 0.410 mamol, 1.2 cquiv), HOBt (0.069 g, 0.513 mumol, 1.5 equiv) & EDCLRCI (0.09%
g, 0.513 mmol, 1.5 equiv). The mixture was allowed to stiv at RT for 3 mun. triethviamine (0.09
mL,} was added and the mixture was allowed to stir at RT for overnight. Product formation was
confirmed by LCMS and TLC. After completion of reaction, the mixtare was diluted with water
(40 mL) and extracted with cthyl acetate (50 mL « 3). Combined organic cxtracts were washed
with water (60 mL x 3} and brine {60 mL}, dried over anhydrous NaxS0O:4 and concentrated. The

crude product was purified by reversed phase HPLC to obtain {8, E}-N-(2-(2-cyano-4.4-
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difluoropyrrolidin-1-v1}-2-oxoethyl}-6-(2-(6-hydroxypyridin-3-yhvinylguinoline-4-

carboxamide (0.040 g, 15 % Yield) as a yellow solid.

[6498] LCMS 4644 [M+H]"

{6499} H NMR (400 MHz DMSO-ds) 6 9.14 (1, /=592 Hz, 1 H) 8.90 (d, /=4 38 Hz, 1 H)
839, TH)8.04 (s, IH}796(d, =702 Hz 1 H) 762 (br. s, 1 H)7.54(d, /=395 Hz, I H)
733(d,J=1622Hz, 1 ) 7.12(d, S=16.22 Hz, 1 H) 6.41 (4, /=9.65 Hz, 1 H) 5.20 (d, /=6.58
Hz, 1H}423-440(m, 3 H)4.09-423{m, 1 H)2.95 (br.s.. 1 H) 2.87 (d, /=17.10 Hz, 2 H).

Example S41

Synthesis of N-{2-{(S}-2-cyano-4,4-difluoropyrrolidin-1-vl}-2-oxoethyl}-3-(({8)-1-(4-

fluorophenylethyllaminojisonicotinamide
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[6508] Step 1. Synthesis of methyl (S)-3-({1-(4-fluorophenyiethyDamino)isonicotinate. To a
stirred solution of methyl 3-bromoisonicotinate (0.500 g, 2.31 mmol, 1.0 equiv) and {8)-1-(4-
fluorophenviethan-1-amine (0.350 g, 2.54 mmol, 1.0 equiv) in Dioxan (10 mL) was added
C8:00:(1.5 g, 4.62 mmol, 2 equiv). The resulting mixture was purged with nitrogen for 10 min
followed by addition of Pda(dba}s (0.110 g, 0.115 mmol, 0.05 equiv) and xanthphos {(0.135 g,
0.231 mmol, 0.1 equiv}. The reaction mixture was heated at 120 °C for overnight. The progress
of reaction was monitored by TLC & LCMS. The reaction mixture was diluted with water (50
mb), extracted with EtOAc (3 x 80 mL). The combined organic laver was washed with water (2
% 60 mL), with brine (60 mL}, dried over NazS84, concentrated. Crude product was purified by
tflash chromatography (0-50 % cthyl acetate in hexane as an ¢luent) to obtain methyt (§)-3~((1-

(4-fluorophenylyethyhaminonsonicotinate (0.210 g, 34 9% Yield) as an o1l
{0501] LCMS: 2750 {M+H]}™"

[0562] 'H NMR: (400 MHz, CHLOROFORM-(} 5 7.97 (s, L H} 7.78 - 7.90 (m, 2 H} 7.61 (d.
J=526Hz, VH7.22-736(m, 2H}695-707(m, 2H)4.60-4.76 (m, 1 H) 3.87-4.00(,3
Hy 159 (d, /=702 Hz 3 H).

{0563]  Step 2: Synthesis of (8)-3-((1-{d-fluorophenylethylaminosonicotinic acid, hithiam
salt. To a stirred solution of methyl {5)-3-((1-{4-fluorophenyljethyljamino}isonicotinate (0.200
2. 0.727 munol, 1.0 equiv) in THF {10 mL) and water (4 mL), was added LiOH {0.035 ¢, 145
mmol, 2 equiv). The mixture was allowed to stir at 80°C for ovemight. Product formation was
confirmed by LCMS. The reaction mixture was concentrated and diluted with water {50 mL} and
washed with ethyl acetate (2 < 50 mb)}. Aqueous laver was separated and freeze dried over
Ivophilyzer to obtain (S)-3~({ 1-(4-fluorophenylethvljanuno)isonicotinic acid, lithium salt (0.200

g, Quant. Yield) as a vellow solid.
[0504] LCMS: 261.0 [M+H}"

{#50S]  Step 3. Synthesis of N-{2-((8}-2-cyano-4 4-difluoropyrrolidin-1-y1}-2-oxoethyl}-3-
{({(8)-1-{4-fluorophenyjethyljaminoYisonicotinamide. To a stirred solution of {(§)-3-((1-{4-
fluorophenviethvlyamino)isonicotinic acid, lithium salt (0.200 g, 0.769 mmeol, 1.0 equiv) in
DMF (5 mL) was added (8)-4,4-difluoro-1-glvevipyrrolidine-2-carbonitrile hydrochloride (0.259
g, 1.153 mmol, 1.5 equiv), HATU (0.438 g, 1.153 mmols, 1.5 equiv) and DHPEA (0.198 g, 1.538
mmeols, 2.0 equiv}). The resulting reaction mixture was allowed stir at RT for overnight. The

reaction progress was monitored by LOMS and TLC, reaction mixture was diluted with water
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(30 mL) extracted with ethyl acetate (3 x 40 mL}. Combined organic tayer was washed with
water (40 mL x 4), dried over anhydrous NazSGs and concentrated under reduced pressure.
Crude product was purified by reversed phase chromatography to obtain N-(2~((8)-2-cyano-4,4-
difluoropyrrolidin-1-v1}-2-oxoethyl}-3~(({S)-I-(4-fluorophenyljethyl amino)isonicotinamide

{0.050 g, 15%} as off white solid.
[6506] LOCMS: 4324 [M+H}™

[0507] 'H NMR: (400 MHz, DMSO-ds) 6 9.03 (1, J=5.70 Hz, 1 H) 7.89 - 7.95 (m, 2 H) 7.3
(d, J=5.26 Hz, | H) 7.48 (d. J=5.26 Hz, 1 H) 7.40 (dd, J=8.55, 5.48 Hz. 2 H) 7.15 (, /=8.77 Hz,
2H) 5.13(dd, J=9.21,2.63 Hz, | FD) 4.81 (1, J=6.58 Hz, 1 H) 4.25 - 439 (m, 1 H) 3.99 - 4.24
(m, 3 F) 2.89 - 3.02 (m. 1 H) 2.83 (d, J=18.42 Hz, | H) 1.45 (d, J=6.58 Hz. 3 D).
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Compound 191

{8508} Step 1. Synthesis of methyl (R)-3-((1-(4-flucrophenyvlethyDamino)isonicotinate. To a
stirred solution of methvl 3-bromoisonicotinate (0.500 g, 2.31 mmol, 1.0 equiv) and (S)-1-(4-
fluorophenyljethan-1-amine (0.350 g, 2.54 mmol, 1.0 equiv) m Dioxan {10 mL) was added
C82C03(1.5 g, 4.62 mmol, 2 equiv). The resulting mixture was purged with nitrogen for 10 min
followed by addition of Pda(dba}s {0.110 g, 0.115 mmol, 0.05 equiv) and xanthphos (0.135 g,
0.231 mmol, 0.1 equiv). The reaction mixture was heated at 120 °C for overnight. The progress
of reaction was monttored by TLC & LCMS. The reaction mixture was diluted with water (50
mb), extracted with EtOQAc (3 x 80 mL). The combined organic layer was washed with water (2
x 60 mbL}, with brine {60 mL), dried over Nax8Qs, concentrated. Crude product was purified by
flash chromatography (0-50 % cthy! acetate i hexane as an cluent) to obtain methyl (R)-3-((1-

{4-fluorophenyiethyhamino)isonicotinate (0.220 g, 35 % Yield) as an oil.
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[6569] LCMS: 2750 [M+H] "

[0518] 'H NMR (400 MHz, CHLOROFORM-) 5 7.97 (s, I H) 7.78 - 7.90 (m. 2 H) 7.6} (d,
J=526Hz, TH7.22-736(m, 2H)695-707(m, 2H)4.60-475(m, 1 H)3.87-4.00¢s,3
H) 1.59(d, /=7.02 Hz, 3 H).

{0511] Step 2: Synthesis of (R)-3-((1-{(4-fluorophenyljethyvhamino)isonicotinic acid lithwum
salt. To a stirred solution of methyl (R}-3-{({1-(4-fluorophenyiethyDanunoisonicotinate (0.200
g, 0.727 mmol, 1.0 equiv) in THF (10 mL) and water (4 mL), was added LiOH (0.035 g, 145
mmol, 2 equiv). The mixture was allowed to stir at 80°C for overnight. Product formation was
confirmed by LCMS. The reaction mixture was concentrated and diluted with water (50 mL) and
washed with ethyl acetate (2 x 30 mL). Aqueous layer was separated and frecze dried over
tvophilyzer to obtain (R}-3-((1-{4-tfluorophenyhethyliaminoisonicotinic acid, Hthium salt (0.200

g. Quant. Yield) as a yellow solid.
[©#512] LCMS: 261.0 [M+H}™

[0513] Step 3: Synthesis of N-{2-((S}-2-cyano-4,4-difluoropyrrolidin- -y1)-2-oxocthy 1}-3-
({{R)-1-{4-fluorophenyDethyvllaminoNsonicotinamide. To a stirred sohution of {(R)-3-¢(1-(4-
fluorophenvyljethviamino}isonicotinic acid, lithium salt (0.200 g, 0.769 mmol, 1.0 equiv}) in
DMEF (5 mL) was added (S)-4,4-difluoro-1-glyeyipyrrolidine-2-carbonitrile hydrochloride (0.259
g, L.15 mmol, 1.5 equivy, HATU (0,438 g, 1.15 mmol, 1.5 equiv) and DIPEA (0.198 g, 1.53
mmol, 2.0 equiv}. The resulting reaction mixture was allowed stir at RT for overnight. The
reaction progress was mounitored by LCMS and TLC, reaction mixture was diluted with water
(30 mL}) extracted by ethy! acetate (3 x 40 mL}. Combined organic layer was washed with water
{40 mL ~ 2}. Organic layer was dnied over anhydrous NaxSOu, concentrated under reduced
pressure. Crude product was purified by reversed phase chromatography to obtain N-{2-((8)-2-
cvano-~4,4~-difluoropyrrolidin-1-vi)-2-oxocthyi)-3-(({(R)-1-(4-

fluorophenyliethyDaminojisonicotinamide (0.050 g, 15% Yield) as an off white solid.
[6514] LCMS: 432.4 |M+H|™

[0515] 'H NMR (400 MHz, DMSO-ds) § 9.03 (t,./=5.70 Hz, 1 F) 7.89 - 7.95 (m, 2 F) 7.83 (d,
J=526Hz, 1 Hy 748 (d, J=5.26 Hz, 1 H) 7.40 (dd, /=8.55, 5.48 Hz, 2 H) 7.15 (¢, /=8.77 Hz, 2
H) 5.13 (dd. J=9.21, 2.63 Hz, 1 H) 4.81 (. J=6.58 Hz, 1 H) 4.25 - 4.39 (m, 1 H) 3.99 - 4.24 (m.
3H)2.89-3.02 (m, | H) 2.83 (d,J=18.42 Hz, 1 ) 1 .45 (d, /=6.58 Hz, 3 H).
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Fxample S43

Synthesis of (8, E}-N-{2-(2-cvano-4, 4-difluoropyrrolidin-1-yi)-2-oxoethyl)-6-(2-( 2-methylpyridin-

d-ylivinyljquinoline-4-carboxamide
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Compound 192

[8516] Step 1. Synthesis of 2-(methyl-4-vinyipyridine. To a stirred solution of 4-Bromo-2-
{methylipvridine (0.300 g, 2.90 mmol, 1.0 equiv} in Dioxane (8 mL) was added 2-Vinyl-4,4,5 5~
tetramethyl-1.3,2-dioxacborolane (0.671 g, 4.36 mmol, | Sequiv) and Ka03{(0.802 g, 581
mmol, 2.0 equiv) in water (4 mL}. The resulting reaction mixture was purged with Mo gas for 10
minute, followed by the addition of PA{PPhs}C12(0.102 g, 0.1435 numol. 0.05 equiv). The reaction
mixtare was heated at 120° € for overnight. Prodact formation was confirmed by TLC. Reaction
mixture was cood to RT, diluted with water (50 mL) extracted with ethyl acetate (100 mL < 3).
Combined organic extracts were washed with water (50 mL x 3}, brine (50 mLj}, dried over
anthydrous NaaS§0s and concentrated. The crude product obtained was purified by flash
chromatography {0-15% ethy! acetate in hexane as an eluent) to obtain 2-(methyi)-4-

vinylpyridine (0.170 g, 49 % Yicld) as a vellow semi-solid.
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[0517] ‘HNMR (400 MHz, CHLOROFORM-} 8 844 (d, J=3.26 Hz, 1 ) 7.05 - 7.19(m. 2
Hy6.63(dd, /=17.76,10.74 Hz, 1 Hy 594 (d, /=17 54 Hz, 1 H)5.45 (d, J=10.96 Hz, 1 H) 2.55
(s, 3H).

[8518] Step 2: Synthesis of (E}-6-(2-(6-methyipyridin-3-yDvinvlquinoline-4-carboxylic acid.
To a stirred solution of 6-bromoquinoline-4-carboxylic acid (0.200 g, 0.79 mmeol, 1.0 equiv) in
DMEF (5 mL) was added 2-(methyl)-4-vinylpyndine (0.141 g, 1.19 mmol, 1.5 equiv} and
Triethyl amine {0.34 mi, 2.38 numol, 3.0 equiv}. The resubting reaction mixture was purged with
Nz gas for 5 min followed by addition of Pd{dppf)C12{0.058 g, 0.079 mumol, {.1 equiv}. The
reaction mixture was heated at 100° C for overnight. Product formation was confirmed by
LCMS. Reaction muxture was cool to RT, diluted with water (40 mL) washed with ethyl acetate
{40 mL « 2}, Aqueous laver was separated and freeze dried over Ivophilyzer to obtain (E)}-6-(2-

{6-methylpyridin-3-yhvinvliquinoline-4-carboxvlic acid (0.200 g_ 86 % Yield) as a yellow solid.
[6519] LCMS 2911 [M+HJ*

{0520} Step 3. Synthesis of (S, E}-N-{2-(2-cvano-4 4-diflucropyrrohidin-1-yi)-2-oxoethyi-6-
(2-(6-methylpyridin-3-vlviny!yquinoline-4-carboxamide. To a stirred solution of (E}-6-(2-(6-
methylpyndin-3-vhvinygquinoline-4-carboxylic acid {0.200 g, 0.689 mmol, 1.0 equiv) in DMF
{4 mL), was added (8)-4,4-difluoro-1-glycylpvrrolidine-2-carbonitrile hvdrochloride (0.232 ¢,
1.034 mamol, 1.5 equiv), HOBt (0,139 g, 1.034 numol, 1.5 equiv) & EDCLHCI (0.197 ¢, 1.034
mmol, 1.5 equiv). The mixture was allowed to stir at RT for 10 mun. tricthyl amine (0.19 mL,)
was added and the mixture was alfowed to stir at RT for overnight. Product formation was
confirmed by LCMS and TLC. After completion of reaction, the mixtare was diluted with water
(50 mL) and extracted with ethyl acetate (60 m1L < 3}. Combined organic extracts were washed
with water (50 mL x 3} and brine (80 mL)}, dried over anhydrous NaxS0s and concentrated. The
crude product obtained was purified by flash chromatography (5 % MeQOH in DCM as an eluent)
followed by reversed phase purification to obtained (8,E}-N-(2-(2-cvano-4,4-difluoropyirolidin-
L-yi-2-oxocthvl}-6-(2-(6-methylpyridin-3-ylvinvl)quinoline-4-carboxamide (0.090 g, 28 %

Yield) as an off white sohd.
[0521] LCMS 462 4 [M+H]"

[0522] 'H NMR (400 MHz, DMSO-ds) 8 9.20 (t. J=6.14 Hz, 1 H) 8.96 (d, J=3.95 Hz, 1 H)
8.69 (s, 1 H) .44 (d, J=4 82 Hz, 1 H) 8.12 (q. J=8.62 Hz, 2 H} 7.71 (&, J=16.22 Hz, 1 H}7.58
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(d. /=439 Hz, 1 H) 7.51 - 7.36 (m, 2 H) 7.46 (d, /=4.82 Hz, 1 H) 5.25 (d, J=6.58 Hz, 1 H) 4.12 -
441 (m, 4 H) 2.81 -3.03 (m, 2 H).

Fxample $44

Svnthesis of (S.E)-N-(2-{2-cyvano-4, 4-diflucropyrrolidin-1-yi)- 2-oxcethvlj-6-(2-{2-

methoxypyridin-4-yijvinyl)quinoline-4-carboxamide

O OH
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s
l ‘ .
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Compound 193

{08523} Step b Synthesis of 4-cthenyl-2-methoxy-pyridine. To a stirred solution of 4-bromo-2~
methoxy-pyndine (0.500 g, 2.66 mmol, 1.0 equiv) m Dioxane (8 mL) was added 2-Vinyl-

44,5 5-tetramethyl-1,3, 2-dioxaoborelane (0.614 g, 3.99 mmol, 1. 5equiv) and KaC03(0.734 ¢,
5.32 munol, 2.0 equiv) in water {4 mL). and resulting reaction mixture purged with N2 gas for 10
munute, followed by the addition of PAPPL)Cl2 (0.093 g, 0.132 mmol. 0.05 equiv). The
resulting reaction mixture was heated at 120° C for overmight. Product formation was confirmed
by TLL. Reaction mixture was cooled to RT, diluted with water (50 mL} extracted with ethyl
acctate (50 mE x 3). Combined organic extracts were washed with water (50 mL x 2} and brine

(50 mL), dried over anhydrous NaxS04 and concentrated. The crude product obtained was
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purified by flash chromatography {0-10% ethyl acetate in hexane as an cluent) to obtain 4-

ethenyl-2-methoxy-pyridine (0.180 g, 50 % Yield) as an oil.

[0524] HLNMR (400 MHz, CHLOROFORM-d) § 8.11 (d, J=5.26 Hz, 1 H) 6.91 (dd. J=5.26,
132 Hz, 1 H) 6.69 (s, 1 F) 6.62 (dd, J=17.54. 10.96 Hz, 1 F) 5.91 (d, /=17.54 Hz, 1 H) 5.44 (d.
J=10.52 Hz, 1 H) 3.94 (s, 3 H).

[6525]  Step 2. Synthesis of (E)}-6-(2-(6-methoxypyridin-3-ylvinvhquinobine-4-carboxylic
acid. To a stirred solution of 6~-bromogquinoline-4-carboxvlic acid (0.200 g, 6.793 mmol, 1.0
equiv) in DMF (5 mL) was added 4-ethenyi-2-methoxy-pyridine (0.160 g, 1.190 oumol, 1.5
equiv) and tricthy] anune (0.34 mi, 2.380 mmol, 3.0 equiv). The resulting reaction mixture was
purged with Nz gas for 5 min followed by addition of Pd{dppf)Cl: (0.058 g, 8.079 mmol, 0.1
equivy. The reaction mixture was heated at 100° € for overnight. Product formation was
confirmed by LCMS. Reaction mixture was cooled to RT, diluted with water (40 mL) washed
with ethyl acetate (40 mL x 3), Agueons layer was separated and freeze dried over Iyophilyzer to
obtained (E}-6-(2-(6-methoxypyridin-3-ylvinylquinoline-4-carboxylic acid (0.200 g, 82 %

Yield) as a yellow solid.
[0526] LOCMS 3071 [M+H]"

{0527} Stop 3. Synthesis of (8, E)}-N~(2-(2-cvano-4,4-difluoropvrrolidin-1-yi)-2-oxoethy -6~
(2-(6-methoxypyridin-3-yhvinyhquinoline-4-carboxanude. To a stirred solution of (E}-6-(2-(6-
methoxypyridin-3-yDvinyhquinoline-4-carboxylic acid (3.200 g, 0.653 mmol, 1.0 equiv) in
DMF (3 mL), was added (S)-4.4-difluore-1-glycvipyrrolidine-2-carbonitrile hydrochloride
{0.220 g, 0.980 mumol, 1.5 equiv), HOBt (0.132 g, 0.980 mmol, 1.5 equiv) & EDCILHCI (0,187
g, 0.980 mmol, 1.5 equiv). The mixture was allowed to stir at RT for 10 min. tnethyl amine
{0.18 mL) was added and the muxture was allowed to stir at RT for overnight. Product formation
was confirmed by LCMS and TLC. Afier completion of reaction, the mixture was difuted with
water (50 mL) and extracted with ethyl acetate (100 mL x 3). Combined organic extracts were
washed with water (100 mL x 3) and brine (100 mL}, dried over anhvdrous NazSO4 and
concentrated. The crude product obtained was purified by flash chromatography (5 % MeOH in
DCM as an cluent) to obtamn S, E}-N-(2~(2-cyano~-4,4~-difluoropvrrohidin- 1-yi)-2~oxoethyl}~-6-(2-

(6-methoxypyridin-3-ylvinvhguinohne-4-carboxamide (0.110 g, 35 % Yield) as a yellow solid.

[0528] LCMS 478.4 [M+H]"
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[0529] 'H NMR (400 MHz DMSO-de) 5 9.20 (br. 5., 1 H) 8.97 (d. J=4.39 iz, | H) 8.60 (s, |
H) 8.16 (d, /=5.70 Hz, 2 H) 8.07 - .13 (m, | H) 7.70 (d. J=16.22 Hz, 1 H) 7.59 (d, /=4 39 Hz, |
H) 7.49 (d, J/=16.66 Hz, 1 H) 7.31 (4, J=5.70 Hz, 1 H) 7.04 (s, 1 H) 522 (d, J=6.38 Hz. 1 H)
424 -441 (m, 2 H) 4,10 - 424 (m, 1 H)3.87 (5, 3H) 2.96 (br. s, 1 I} 2.88 ¢d, J=12.28 Hz. |
H).

Fixample S45

Synthesis of (S, F)-N-(2-(2-cvano-4, 4-difluoropyrrolidin-1-y)-2-oxoethyl)-6-(2-(2-

(trifluoromethyl}pyridin-4-yilvinyljquinoline-4-carboxamide

OH
X(j‘}B/\\ Br Y
F\Hi;F e -"0 \}:, \O\ N Oy, OH
OO0 _Demmaeiareon [N _DMEISCON | B AN %
B Step-1 FE)\?’;I Step 2 i = E‘N"
CHEH N, ,JK

/Q(

EDCLHCLHOBLTEA
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Step-3

Compound 194

{8830} Step 1. Svnthesis of 2-(triflucromethyly-4-vinylpyridine. To a stirred solution of 4-
Bromo-2-{triflucromethypyridine (0.500 g, 2 21 mmol, 1.0 equiv) in dioxane (8 mL} was
added 2-Vinyl-4.4,5,5-tetramethvl-1,3,2-dioxaoborolane (0.511 g, 3.31 vuvol, 1.5¢quiv) and
KaCOs (0,610 g, 4.42 mmol, 2.0 equiv) m water (4 mL). The resulting reaction mixture purged
with N2 gas for 10 mimite, followed by the addition of PA(PPhs)(C12 (0.077 g, 0.110 mmol. 0.05
equiv). The resulting reaction mixture was heated at 120° C for overnight. Product formation

was confumed by TLC. Reaction mixture was cooled to RT, diluted with water (100 mL)
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extracted with ethyl acetate (100 mL x 3}, Combined organic extracts were washed with water
(100 mL x 2) and brine (100 mL), dried over anhvdrous Naz504 and concentrated. The crude
product obtained was purified by flash chromatography (0-10% cthyl acetate in hexane as an
eluent) to obtain 2-(rifluoromethyD-4-vinylpyrnidine (0.210 g, 535 % Yield) as a yellow semi
solid.

[6531] ‘H NMR (400 MHz, CHLOROFORM-} 38.68 (4, /=326 Hz, 1 H} 7.66 {s, 1 H) 745
(d, /=395 He, 1 H) 6,73 (dd, =17.76, 1074 Hz, 1 H) 6.07 (d, J=1754 Hz, | H) 562 (d,
J=10.96 Hz, 1 H).

{8532} Step 2: Synthesis of (H)}-6-(2-(6-(trifluoromethyDpyridin-3-yhvinyliguinoline-4-
carboxylic acid. To a stirred solution of 6-bromoquinoline-4-carboxylic acid (0.200 g, 0.793
mmol, 1.0 equiv}) in dioxane (4 mL) was added 2-(triflooromethyly-4-vinvipyridine (0.205 g,
1.190 mmol, 1.5 cquiv} and tricthyl amine (0.34 ml, 2.380 mmol, 3.0 equiv). The resulting
reaction mixture was purged with Nz gas for 5 min followed by addition of Pd{dpptH)Cl2(0.058 g,
0.0793 mmol, 0.1 equiv). The reaction muxture was heated at 120° C for overnight. Product
formation was confirmed by LCMS. Reaction mixture was cooled to RT, diluted with water (50
mL} washed with cthyl acetate (50 ml. x 2}, Aquous layer was separated and freeze dried over
Ivophilizer to obtain (E}-6-(2-(6-(trifluoromethylpyndin-3-yhvinyhquinoline-4-carboxylic acid
{0.200 g, 73 % Yield} as a vellow solid.

[0533]  LCMS 345.1 [M+H]"

{0534} Step 3: Synthesis of (8, E)-N-{2-(2-cyano-4 4-diflusropyreolidin-1-yB-2-oxoethyl}-6-
(2-(6-(trifluoromethy Dpyridim-3-yDvinyhguinoline-4-carboxamide. To a stirred solution of (E)-
6-(2-(6-(influoromethyDpyndin-3-yhvinvhquinohne-4-carboxylic acid (0.200 g, 0.581 mmol,
1.0 equiv) in DMF (4 mL}, was added (8)-4.4-difluoro-1-glyevipyrrolidine-2-carbonitnie
bydrochloride (0.196 g, 0.872 mumol, 1.5 equiv), HOBt (0.117 g, 0.872 mmol, 1.5 cquivi &
EDCLHCI(0.166 g, 0.872 mmol, 1.5 equiv). The mixture was allowed to stivr at RT for 10 nun.
tricthylamine (0.2 mL) was added and the mixture was allowed to stir at RT for overnight.
Product formation was confirmed by LCMS and TLC. After completion of reaction, the mixture
was diluted with water (40 mL) and extracted with ethyl acetate (50 mL x 2}, Combined organic
extracts were washed with water (30 mL » 2} and brine (50 mL), dried over anhvdrous NazSG4
and concentrated. The crude product obtained was purified by flash chromatography (5 %

MeOH in BCM as an eluent) followed by reversed phase purification to obtain (5,E}-N-(2-(2-
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cvano-4,4-diftuoropyrrohdin--v1)-2-oxoethyl}-6-2-(6-(influoromethvlpyndin-3-~

vhvinyhguinoline-4-carboxamide {(0.09 g, 3 % Yield) as an off white solid.
{0538} LCMS 5164 [M+H]"

[0536] 'H NMR (400 MHz, DMSO-ds) §9.22 (br. s, 1 H) 899 (d, J=4.38 Hz, 1 H) 875 (d,

J=438Hz, I H) 868 (s, L H) 810-824 (m, 2H) 7.90-8.02 (o0, 2H) 7.69 (5, 1 H} 7.59-7.65

(o, TH) 5323 (d, /=745Hz, | H)436(br. s, 1 H}430(br. s, 3 H}2.88(d, /~=12.28 Hz, 2 H).
Example 546

Synthesis of (S}-N-(2-(2-cvano-4, 4-difluoropyrrolidin-1-yl)-2-oxoethyl)-6-(4-( 2-hydroxypropan-

2-vi)phenyljguinoiine-4-carboxamide
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Compound 195

{8537} Step 1 Synthesis of 2-(4-(4,4,5, 5+tetramethvl-1,3,2-dioxaborolan-2-vphenvl}propan-

2-0l. To a solution of 2-(4-bromophenylipropan-2-ol (0.3 g, 1.401 mmel, 1.0 equiv) in Dioxane

{08 mL} was added 4,4,4' 45,55 5'-octamethyl-2,2"-bi{1,3,2-dioxaborolane) (0.42 g, 1.681

mmol, 1.0 equiv), potassium acctaic {0.41 g, 4.203 mmol, 3.0 equiv). The resulting mixture was

purged with Nz gas for 10 munute, followed by the addition of Pd{dppfHChDCM (0.057 g, 0.070
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mmol. 0.05 equiv). The resulting reaction muxture was heated at 120° C for overnight. Product
formation was confirmed by TLC. After the completion of reaction, the mixture was diluted with
water solution (20 mL » 2) and extracted with ethyl acetate (40 mL x 2). Combined organic
extracts were washed with water (10 mL x 2), dnied over anhydrous Na2804 and

concentrated . The crude product obtained was purified by flash chromatography to obtain 2-(4-
{4.4,5,5-tetramethyl- 1,3, 2-dioxaborolan-2-yphenylypropan-2-ol {0.230 ¢, 68 % vyield) as an

off-white solid.

[0538] 'H NMR (400 MHz, DMSO-ds) 3 7.61 (m, J=8.33 Hz, 2 H) 7.47 (m, J=8.33 Hz, 2 H)
504(s, 1H) 140 (5,6 H) 1.28 (5, 12 H).

[8539] Step 2: Synthesis of 6-(4-(2-hydroxypropan-2-ylphenylquinohine-4-carboxylic acid.
To a solution of 2-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yhphenvipropan-2-01 (0.2 g,
0.763 mmol, 1.0 equiv) in Dioxane (5 mL) was added 6-bromoquinoline-4-carboxvlic acid
(0.192 g, 0.763 mmol, 1.0 equiv), NazCO3(0.161 g, 1.526 mmol, 1.0 equivy in HoO (2 ml}. The
resulting reaction mixture was purged with N2 gas for 10 minute, followed by the addition of
Pd(dppHiCl, DCM (0.031 g, 0.038 mumol. 0.05 equiv) and heated at 120° C for overnight.
Product formation was confirmed by LCMS. After the completion of reaction, the mixture was
diloted with water solution {20 mL} and washed with ethyl acetate (20 mL x 2. The aqueous
layer was freeze dried over liophalizer to obtain 6-(4-(2-hydroxypropan-2-viiphenylgquinoline-

4-carboxylic acid (0.150 g, 64 % Yield) as an off white solid.
{0540] LCMS 308.2 [M+H]"

[0541]  TH NMR (400 MHz, DMSO-ds) 5 9.00 (s, 1 H) 8.75 (d, /=4 38 Hz, 1 H) 7.97 (d.
J=3.51 Hz, 2 H) 7.66 (m, J=8.33 Hz, 2 H) 7.58 (m. J=8.33 Hz, 2 H) 7.48 (d, J=4.38 Hz, 1 H)
508 (br.s.. 1 H) 1.46 (s, 6 H).

[0542]  Step 3: Synthesis of  (85)-N-(2-(2-cyano-4 4-difluoropyrrolidin-1-yi}-2-oxoethyl)-6-(4-
(2-hvdroxypropan-2-yphenyijquinoline-4-carboxanide. To a stirred solution of 6-{4-(2-
hydroxypropan-2-vhphenviquinoline-4-carboxylic acid (0.150 g, 0.488 mmol, 1.0 equiv) in
DMF (4 mL), was added (S)-4,4~-difluoro-I-glyevipyrrolidine-2-carbonitrile hydrochloride
(0.109 g, 0.488 mmol, 1.0 equiv), EDCLHCI(0.111 g, 0.585 mmol, 1.2 equiv) & HOBt (0.0738
2, 0.585 mmol, 1.2 equiv). The mixtare was allowed to stir at RT for 10 min. TEA (0.1 mL) was
added and the mixture was allowed to stir at RT for overnight. Product formation was confirmed

by LCMS and TLC. Afier completion of reaction, the muxture was dituted with water (20 mL}
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and extracted with ethvl acetate (40 mL x 2). Combined organic extracts were washed with

water (20 mL x 4), dried over anhydrous NazSG4 and concentrated. The crode product obtained
was purified by reversed phase HPLC to obtain (5)-N-(2-(2~cyvano-4 4-difluoropyrrolidin- 1-y1)-
2-oxoethyl}-6-(4-(2-hydroxypropan-2-yhphenyljquinoline-4-carboxamide (0.015 g, 6 % Yield)

as an off white solid.
[6543] LCMS 4795 [M+H]"

[0544] 'H NMR (400 MHz, DMSO-ds) §9.13 - 9.24 (m, 1 H) 8.97 (d. /=4.39 Hz, 1 H) 8.72 (s,
1 H) 8.06 - 825 (m, 2 H) 7.83 (d, J=8.33 Hz, 2 H) 7.52 - 7.68 (m, 3H) 5.13 - 5.22 (m, 1 H) 5.08
(br.s., 1 H)4.32 - 4.40 (. | FD 4.06 - 4.32 ¢m. 3 H) 2.79 - 3.06 (m. 2 H) 1.47 (br. 5., 6 H).

Fxample §47

Synthesis of (S Ej-N-(2-(2-cyano-4.4-difluoropyrrolidin-1-yl)-2-oxoethyl)-3-(2-{1-ox0-1,2,3.4-

tefrahydroisoquinolin-6-vi)vinyljisonicotinamide
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Gompound 196 N
{#545] Step 1: Synthesis of 6-vinvl-3.4-dihydroisoquinolin-1{2H)-one. To a solution of
4.4.5 5-tetramethyl-2-vinyl-1,3,2-dioxaborolanc (0.500 g, 3.24 mmol, 1.0 cquiv) and 6-bromo-
3. 4-dihydroisoguinolin-1(2H)-one (0.587 g, 2.59 mmol, 0.8 equiv) and, in dioxane (10 mL} and
water {2 mL) was added NaxCO3 (0.686 g, 6. 48 mmol, 2.0 equiv). The resulting reaction
mixture purged with N2 gas for 10 min. followed by the addition of PA(PPhy)Ch (0.114 g, 0.162
minol, 0.05 equiv). The resulting reaction muxture was heated at 80° C for overmight. Product
formation was confirmed by LCMS and TLC. After the completion of reaction, the mixture was

dituted with water (30 mL) and extracted with ethvl acetate (100 mL x 2). Combined organic
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layer was washed with water {50 mL x 2}, dried over anhydrous NaxS04 and concentrated. The
crude product was purified by flash chromatography (0-30 % ethyl acetate in hexane as an
chuent) to obtain 6-vinyl-3 4-dihvdroisoguinolin~-1{2H)-one (0.250 g, 64 % Yicld) as a vellow

semi solid.
{0546] LCMS 174.1 [M+HJ™

{08347} Step 2: Synthesis of methyl (E)}-3-(2-(1-ox0-1,2,3 4-tetrahydroisoguinolin-6-
vhvinylhisonicotinate). To a solation of 6-vinyl-3,4-dibydroisoquinolin-1{2H}-one (0.150 g,
0.867 mmol, 1.0 equiv) in dioxane (1 mL) and DMF (2 mL}) was added methyl 3-
bromoisonicotinate (0.280 g, 1.30 mmol, 1.5 equiv) was added in P(O-t0])3(0.052 g, 0.173
mmoi, 0.2 equiv}) and DIPEA (0.335 g, 2.601 mmol, 3.0 equiv). The resulting reaction mixture
purged with Nz gas for 10 min. followed by the addition of Pd{OAc) (0.019 g, 6.086 mmol, 0.1
equiv). The resulting reaction mixture was heated at 100° C for overnight. Product formation
was confirmed by LCMS. After the completion of reaction, the muxture was diluted with water
(50 mL} extracted with ethyl acetate {100 mL}. Combined organic extracts were washed with
water (10 mL x 4), dried over anhydrous Na:S0q and concentrated. The crude product obtained
was purified by flash chromatography (0-3 % MeOH in DCM as an eluent) to obtain methyl (E)-
3-(2-(1-0x0-1,2,3 4-tetrahydroisoquinolin-6-yhvinylisonicotinate (0.1 g, 37 % Yield} as an

vellow solid.
[6548] LCMS 309.1 [M+H]"

[0549]  Step 3: Synthesis of (E}-3-(2-(1-0x0-1.2 3 d-tetrahvdroisoquinciin-6-
vivinvinsonicotinic acid. To a stirred solution of methyl (F)-3-(2-(1-ox0-1,2,3 .4~
tetrahvdroisoguinolin~-6~viyvinyllisonicotinate (0.1 g, 0.323 mmol, 1.0 equiv) in THF (3 mL) and
water (4 mL), was added LiOH H0 {0.016 g, 0.388 mmol, 1.2 equiv). The mixtare was allowed
to stir at RT for overmight. Product formation was confirmed by LCMS. The reaction vuxture
was concentrated under reduced pressure and diluted with water 20 mL). The agueous layer was
washed with ethyl acetate {10 mL » 2} and freeze dried over lvophilizer to obtain E)-3-(2-(1-
oxo-1,2,.3 4-tetrahydroisoquinolin-6-vivinyljisonicotinic acid quantitatively vield (0.094 g,
Quant. Yicld) as a vellow solid.

{85507 LCMS 295.0 [M+H|™

[8351]  Step 4: Synthesis of (§,E)-N-(2-(2-cyano-4, 4-difluoropvrrolidin-1-y1)-2-oxoethy1}-3-

(2-{1-0x0-1,2.3 4-tetrahydroisoguinolin-6-yHviny Disonicotinamide. To a stirred solution of (E)-
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3-(2-{t-ox0-~1,2,3 4-tetrahy droisoqumolin-6-yHvinylisonicotinic acid (0.1 g, 8.340 nunol, 1.0
equiv) in DMF (5 mL), was added (8)-4,4-difluoro-1-glycylpyrrolidine-2-carbonitrile
hydrochloride (0.114 g, 0.510 mamol, 1.5 equiv), HOBt (0.068 g, 0.510 nunol, 1.5 equiv) &
EDCLHCI{0.097 g, 0.510 mmol, 1.5 equiv) The mixture was allowed to stir at RT for 10 mum.
tricthvlamine {(0.103 g, 1.02 mmol, 3.0 equiv} was added and the mixture was allowed to stir at
RT for overnight. Product formation was confirmed by LCMS and TLC. After completion of
reaction, the mixture was diluted with water (20 mL) and extracted with ethyl acetate (20 mL x
2}, Combined organic extracts were washed with water (20 mL # 4), dried over anhydrous
NaxS{4 and concentrated. The crude product was parified by flash chromatography (0-5 %
MeOH in DCM as an eluent) which was further purified by reversed phase HPLC to obtain

{8, E}-N~(2-(2-cyano-4 4-difluoropyrrolidin-1-y1)-2-oxoethyl}-3-(2-(1-ox0-1,2.3 4-

tetrahvdroisoquinolin-6-yhvinvhisontcotinamide {0.007 g, 4 % Yield) as an off white solid.
[0552] LCMS 466.5 [M+HJ"

[0553] 'H NMR (400 MHz, DMSO-de) 59.17 (s, 1 H) 9.04 (br. s, 1 F) 8.55 (d, J=4.82 Hz, 1
H) 7.90 (br. 5., 1 H) 7.86 (d, /=7.89 Hz, 2 H) 7.60 - 7.72 (m, 2 H) 7.52 (d, J=16.66 Hz, 2 H) 7.37
(d,J=526Hz, 1 H) 5.19(d. J=9.21 Hz, 1 H) 4.33 (br.s.. | H) 4.20 (d, J=6.14 Hz, 1 H) 4.12 (d,
J=11.40 Hz, 2 H) 3.38 (t, 2H) 2.96 (¢, 2 H) 2.83 (m, 2 H).

Biological Examples
Example Bl
Inhibition of FAPa by test compounds was assessed by in vilro enzymatic activity assays

[0554] FAPo enzymatic exopeptidase {dipeptidase} activity assay. To assay baseline FAPu
enzyvmatic exopeptidase activity, 40 ng of recontbinant human FAPa (thFAPa, R&S system,
#3715-8E) was incubated with 100 1M of Z-Gly-Pro-AMUC peptide (BACHEM, #L-1145)ina
FAPg assay buffer (50 mM Tris pH 7.4, 160 mM NaCl, 0.1 mg/ml bovine serum albunun) for 1
h at 37 °C protected from light in 96-well black plates (Nunc, #237108). To assay FAPu
enzymatic exopeptidase activity inhibition by test compounds, all test compounds were pre-
imcubated with the enzyme for 15 min at 37 °C before starting the reaction by substrate addition
in 96~well black plates (Nunc, #237108). 7-Amino-4-Mcthylcoumarin (AMC) release was

detected by measuring flucrescence at Ex/Em 380/460 nm using a Multifunction Microplate
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Reader (Synergy 4, Biotek). All measurements were carnied out m duplicate. Val-boroPro, a
non-specific prolyl peptidase inhibitor, was used as a positive controf. Percent inhibition of
mFAPo or thFAPo enzymatic exopeptidase activity at 1 uM was determined for certain
compounds, as shown in Table 2. For the calculations, the average measurements from reactions
containing only vehicle and substrate, without enzyme, were used as a blank and were subtracted
from the rest of the measurcments. Percent inhibition was calculated using the average
measurements from reactions containing vehicle, enzyme, and substrate as the maximum of
enzvmatic activity. Additionally, ICso for the rmFAPx or thFAPg enzymatic exopeptidase
activity of certain compounds are also shown 1 Table 2. Measurements were performed as a

single point.

{0555] FAPg enzymatic endopeptidase (collagenase) activity assay. To assay bascline FAPq
enzymatic exopeptidase activity, 50 ng of recombinant human FAPe (thFAPe) (R&S system,
#3715-8E) diluted in FAPa assay buffer (50 mM Tris pH 7.4, 100 mM Na(l, 0.1 mg/ml bovine
serum albumin) was incubated with 5 pg of substrate DQ collagen solution (Molecular Probes
#D-12060) with for Sh at 37 °C and protected from hight in 384-well optiplates (Perkin Elmer,
#384-F). To agsay FAPo enzymatic endopeptidase activity thibition by test compounds, all test
compounds were pre-mcubated with the enzyme for 30 min at 37 °C before starting the reaction
by substrate addition in 384-well OptiPlates (Perkin Elmer, #384-F). Collagen hydrolvsis was
determined by measuring fluorescence at Ex/Em 495/515 nm using a multifunction Microplate
Reader (Synergy 4, Biotek). All measurements were performed as a single point. Val-boroPro, a
non-specific prolyl peptidase inhibitor, was used as a positive control. ICso for the thFAPa
enzvmatic endopeptidase activity (as determined by the collagenase assay) of certain compounds

are also shown in Table 2.

Table 2: Exopeptidase or Endopeptidase inhibition of rmFAPa or rhFAPu by Test

Compounds
Compound No { %rifoiiz @ thFAPa (exo | thFAPa (endo
M) - ICs0, uMy 1Cso, M)
Val-boroPro - ++ 4+
Ref Comp. A+ et i+
1 o+ ++ -
2 bt A+ -
3 +++ +++ +++
4 +++ +++ -
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Compound No (%rgj i?; @ | MEAPa{oxo | thEAPatendo
o : el ICso, uM) 1Cs0, udM)
M)
3 4t -+ -
6 +++ +++ -
7 et A+ -
8 +++ +++ -
G it - -
10 +++ +++ -
il 4+ +++ -
12 Aebt A -
i3 +++ +++ -
14 +++ +4+ -

Ref. Comp.: Compound 60 as described in Jansen, K., er al., J Med Chem, 2014. 57(7): p. 3053-
74; for % of inhibition: +++ refers to >30% inhibition at 1 jbf test compound; ++ refers 1o
25% << % inhibition < 50% at | uM test compound, + refers to <23% inhibition at 1 (M, for

ICsa: +++ refers to Iso < I g, ++yefers to 1 (M < JCso < JO uM, + refers fo ICso > 10uM; -
represents compound not tested;; rhFAPea: recombinant human fibroblast activation prorein

alpha; endo: endopeptidase; exo: exopeptidase; inh: inhibition.

Example B2

Selectivity of the inhibition of FAPo by test compounds was assessed compared to other prolyl

oligopeptidase family S9 members: DPPIV, PREP, and DPPS
DPPIV enzymatic activity assay

{#556] To assay baseline dipeptidyl peptidase-4 (DPPIV) activity, 40 ng of recombinant
human DPPIV (thDPPIV) (R&S system, #1180-5E) was incobated with 400 uM of H-Gly-Pro-~
pNA substrate (BACHEM, #L-1880) in a DPPIV assay buffer (25 mM Tris, pH 8.3) for 30 min
at 37 °C protected from the hight in 96-well black plates (Nunc, #237108). To assay DPPIV
nthibition by test compounds, test compounds were pre-incubated with the enzyme for 15 min at
37 °C before starting the reaction by substrate addition in 96-well black plates {Nunc, #237108).
Para-nitroaniline (pNA) release was detected by measuring absorbance at 405 nm using a
Multifunction Microplate Reader (Synergy 4, Biotek). All measurements were carried out in

triplicate. Val-boroPro, a non-specific prolyl peptidase inhibitor, was used as a positive control.
PREF enzymatic activity assay

{8557} To assay baseline prolvi endopeptidase (PREP) activity, 20 ng of recombinant human
PREP (thPREP) (R&S system, #4308-8E) was incubated with 100 uM of Z-Gly-Pro-AMC
199



WO 2020/142742 PCT/US2020/012260

peptide (BACHEM, #L-1143) in a PREP assay buffer (25 mM Tris, 250 mM NaCl, {0 mM
DTT, pH 7.5) for 30 mun at 37 °C protected from light in 96-well black plates (Nune, #237108}.
To assay PREP activity inhibition by test compounds, test compounds were pre-incubated with
the enzyme for 15 min at 37 °C before starting the reaction by substrate addition in 96-well
black plates (Nunc, #237108). 7-Amino-4-Methylcoumarin (AMC) release was detected by
measuring fluorescence at Ex/Em 380/460nm vusing a Multifunction Microplate Reader {Synergy
4, Biotek). All measurements were carred out in toplicate. Val-boroPro, a non-specific prolvl

peptidase mhibitor, was used as a positive control.
DIPPY enzymatic activity assay

[8558] To assay bascline dipeptidyl peptidase @ (DPPY) activity, 40 ng of recombinant haman
DPPY (thDPP9) (R&S system, #5419-5E) was mcubated with 100 uM of H-Gly-Pro-AMC
peptide (BACHEM, #L-1215) in a DDP9 assay buffer (30 mM HEPES, pH 8) for 30 min at

37 °C in 96-well black plates (Nune, #237108). To assay thDPP9 activity inhibition by test
compounds, test compounds were pre-incubated with the enzyme for 15 min at 37 °C before
starting the reaction by substrate addition in 96-well black plates (Nunc, #237108). 7-Amino-4-
Methvicoumarin (AMC) release was detected by measuring fluorescence at Ex/Em 380/460 nm
psing a Multifunction Microplate Reader (Synergy 4, Biotek). All measurements were carred
out in triplicate. Val-boroPro, a non-specific prolyl peptidase inhibitor, was used as a positive
control.

{#559]  To deternune if new FAPo inhibitors were selective or if they also mbubited other
prolyl peptidases, the ICso of certain test compounds, a reference compound {(compound 60 as
described in Jansen, K., etal., Y Med Chem, 2014, 37(7): p. 3053-74), and Val-boroPro were

determuned, as shown in Table 3A.

Table 3JA: Selectivity of FAPa Inhibition by Test Compounds

Compound thFAPa hDPPIV | hPREP hPPY
No. {ex0 ICso, pM) | (1Cs0, ubM) | (Cso, pM) | (ICs0, MM}

Val-boroPro ot ot - -t
Ref. Comp. +++ + ++ ++

1 et + +

2 +++ + + +

3 +++ ++ + ++

4 i+t ++ + ;

5 44+ ++ + ++

6 At - - A
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Compound thFAPa rhDPPIV | rhPREP hDPPO

No. {exo ICs0, ub) | (ACs0, M) | GCs0, ) | dCso, uM)
7 +++ + ++ ++

8 4+ + +4

9 -t + + ot

10 -+ + ++ b

i1 it + o +t

i2 4+ ++ + ++

i3 +4++ + + ++

14 +++ + - ++

Ref Comp.. Compound 60 as described in Jansen, K., er al., J Med Chem, 2014. 57(7): p. 3053-
74; for ICs0: +++ refers fo ICso < 1 g, ++ reférs fo 1 ghd < ICs0< 10 gibdf; + refers to ICs
> 0uM: - represents compound not tested, yhlFAPa. recombinant humon fibroblast activation
protein alpha; rhDPPIV: recombinant human dipeptidyl peptidase-4; vhDPPQ: recombinant
Iaman dipepiidyl peptidase 9; exo: exopepftidase.

{0560}
of 10 pl of diluted exemplary compounds, reference compounds or vehicle were mixed in a 96-
well black plate with 40 L of DPPD assay buffor (25mM Tris-HCl pH 8.0 and 6.01% BSA)
containing 10 ng of recombinant human DPPY (thDPP9) (Cat. No. #5419-SE, R&D systems).

Furthermore, to assay the inhibition of dipeptidyl peptidase 9 (BPP9Y) activity, aliquots

Compounds were allowed to interact with the enzyme for 15 mun at 37 °C before the start of the
reaction by adding 50 uL of the synthetic dipeptide substrate, 200 uM H-Gly-ProAMC (Cat. No.
#L-1215, Bacheny) in DPPIV assay buffer. Reactions were carried out for 30 nun at 37 °C
protected from light. AMC release was detected by measuring fluorescence at Ex/Em 380/460
nm psing a Multifimetion Microplate Reader. Results for the inhibition of other proiyl

peptidases from 89 family for exemplary compounds are shown in Table 3B.

Table 3B: Inhibition of other prolyl peptidases from 59 family members by exemplary

compounds
APy O
Compound i};ﬁ; o | hEAPICso, | thDPPO ICso, | thDPPIV | thPREP ICso,
No. my = pv T ICs0, uM M
Val- ; 4+ + EE +
boroPro +' - o T -
Ref. ot At ot + ot
Comp.
1 +++ +++ ++ + +
2 " . + + +
3 it o i ot +
4 +4++ -+ ++ ++ +
5 ot et 4t . +
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Compound
No.

thFAPo %
exo inh @
TuM

thFAP ICso,
uM

thDPPY ICso,
M

rhDPPIY
ICso, uM

thPREP ICso,
pM

o

++

+++

++

+
+.
_|..

8 ot e ot +
9 4+ A+ 4+ +
10 ot - + e

+

+1T

et

Aot

A+

o

et

i iT

20 +++ 4+ ++
2 -+ et ++ ++

e

ot

e

-+

HlH T

35 -+ et 4 +
36 -+ A + +
37 +++ - + +

g 44 S At 1
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Neg

et

+++

4
1

Rl
b { DD

et

42

et

43
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et

46
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et

48
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49

IREs

50 +++ et ++ - -
51 et et e - -
52 it At + -
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191 A+ - - 1
192 +++ +++ +++ ++
193 +4-+ SR A4 +
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Ref Comp.: Compound 60 as described in Jansen, K., et al., J Med Chem, 2014. 57(7): p. 3053-
74: for % of inhibition: +++ refers fo >50% inhibition at 1 @b test compound, ++ refers fo
0% inhibition << 30% ar 1 puM fest compound; + refers to <25% inhibition at 1 yM; for
HCso: +++ refers to ICso < 1 b, ++ refers to 1 g < ICso < 10t + refers to ICso > 104,
rhIAPa: recombinant lntman fibroblast activation protein alpha; exo: exopeptidase; nh:
inhibition; rhIFAFP. recombinant human fibroblast activation protein; rhDPPIV: recombinant
human dipeptidyl peptidase-4, yhDPPY: recombinant human dipeptidvi peptidase 9, rhPREP:
recombinant human prolyvl endopeptidase.

Fxample B3

Validation of selective PRXS-AMC substrate for FAPo activity measurements

{6561} FAPu activity can be measured by a general fluorescence intensity assay for
dipeptidyl-peptidases using a peptide substrate attached to a chemically quenched dve, such as
Ala-Pro-7-amino-4-trifluoromethyl-coumarin {AFC) or a substrate containing the consensus
Gly~Pro dipeptide such as Z-Gly-Pro-AMC (Levy, MUT, et al., Hepatology, 1999, 29(6}): 1768-
78; Santos, A M., et al., § Chin Invest, 2009, 119(12}: 3613-25; Park, 1. E, et al., ] Biol Chem,
1999, 274(51): 36505-12; Niedermever, ., et al., Mol Cell Biol, 2000, 20(3): 1089-94; Narra,
K, etal, Cancer Biol Ther, 2007, 6(11): 1691-9; Lee, KN, et al,, § Thromb Haemost, 2011,
9(5): 987-96; 14, 1., et al., Bioconjug Chem, 2012, 23(R): 1704-11). These substrates are likely
targeted also by other circulating proline-specific endopeptidases such as PREP that could be
present in the reaction. By contrast, a proprictary substrate reagent, named PRXS-AMC, can
specifically monttor FAPq activity.

{0#562] To validate the high selectivity of this proprictary substrate, enzymatic activity assays
for FAP, DPPIV, PREP and DPP9Y were carried out using Z-Gly-Pro-AMC or PRX5-AMC as
descnbed i Examples Bl and B2,

[8563] To assay FAPq, DPPIV, DPP9 and PREP enzymatic activities, human recombinant
enzymes were used at 5, 2.5, 2.5 and 5 uM final concentrations, respectively. Z-Gly-Pro-AMC
or PRXS-AMC were used at 23, 50, 100 and 200 puM final concentrations. Reactions were
carried out for 60 min at 37 °C and were protected from light. AMC release was detected by
measuring fluorescence at Ex/Em 380/460 nm using a Multifunction Microplate Reader in
kinetic mode. Measurements were performed as a single point. Resulting fluorescence over time
for PRXS-AMC and Z-gly-pro-AMC in the presence of rthFAPw s shown in FIG. 1A and FIG.

1B, respectively; resulting floorescence over time for PRXS-AMC and Z-gly-pro-AMC in the
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presence of thPREP is shown in FIG. 2A and FIG. 2B, respectively; and resulting fluorescence
over time for PRXS-AMC in the presence of thDPPIV or thDPPY is shown in FIG. 3A and FIG.

3B, respectively.

{8564} PRXS-AMC is processed to a lesser extent than Z-Gly-Pro-AMUC by the closely related
prolyl oligopeptidase PREP at similar concentrations (see FIGs. 2A-2B). PRXS-AMC is not
processed by DPPIV or DPPY (FiGs. 3A-3B). In addition, PRXS-AMC showed an improved

solubility in agueous bufters.

Example B4

Ernzymatic activity in plasma

FAPa enzymatic aciivity in mouse plasma

[085365]  Approxamately 500 pl of whole blood from one C37BL/6 mouse was harvested into
BD Microtainer® tubes (K2) EDTA (#365974, Becton Dickinson and Co.) via terminal cardiac
puncture. The blood sample was immediately centrifuged at approximately 9000 g at 4°C for §
minutes. Plasma was separated and stored at ~-80 “C in aliquots of 300 pl.. To assay baseline
FAPo enzymatic exopeptidase activity, 5 ul of thawed, plasma was diluted (1:5) with cFAP
bufter (100 mM Tris-HCI, 400 mM Nall, 50 mM salicvlic acid, 1 mM EDTA, pH 7.5) and
nuxed with 35 pl of the same buffer before bemng pre-incubated with different concentrations of
10 ub of test compounds or DMSO vehicle for 135 minutes at 37 °C 1 96-well black plates
(Nunc, #237108). After pre-incubation, 50 gL of 200 pM PRXS-AMC were added to the
mixture. The assay was performed for 1 hour at 37 °C protected from light. 7-Amino-4-
Methylcoumarin (AMC) release was detected measuring fluorescence at an excitation
wavelength of 380 nm and an emission wavelength of 460 nm using a Multifunction Microplate
Reader (Synergy 4, Biotek). All measurements were carried out at least as a single point.
Results are shown in Table 4.

DPPIV enzymatic activity in mouse plasma

[0566] Approximately 500 pL of whole blood from one C57BL/6 mouse was harvested into
BD Microtainer® tubes (K2) EDTA (#365974, Becton Dickinson and Co.) via terminal cardiac
punciure. The blood sample was immediately centrifuged at approximately 9000 g at 4°C for 5
minutes. Plasma was separated and stored at -80 "C in aliquots of 300 pl.. To assay baseline

DPPIV enzymatic exopeptidase activity, 5 pl. of thawed, mouse plasma was diluted (1:5) in
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buffer (100 mM Tris-HCI, 400 mM Nall, 50 mM salicylic acid, | mM EDTA, pH 7.5) and
mixed with 35 gL of the same buffer before being pre-incubated with different concentrations of
10 ul of test compounds or DMSO vehicle for 15 minutes at 37 °C in 96-well black plates
(MNunc, #237108). After pre-incubation, 30 uk of 200 pM dipeptide substrate H-Gly-Pro-AMC
{Bachem, #1.-1225) was added to the maxture. The assay was performed for 1 hourat 37 °C. 7-
Amino-4-Methvicoumarin {AMC) release was detected measuring fluorescence at an excitation
wavelength of 360 nm and an enussion wavelength of 460 om using a Multifunction Microplate
Reader (Synergy 4, Biotek). All measurements were carried out at least in duplicate. Results

are shown in Table 4.

Table 4: Inhibition and Specificity of Test Compounds in Biological Samples

mouse plasma

‘- ) FAPa mouse plasma
Compound Nurmbe: (PRXS-AMC) | DPPIV (ICso, uM)
{exo ICso, M) '
Ref. Comp. - +
2 -+ +
3 +++ ++
5 A+ A
7 et +
8 4+ +
9 Hetef +

Ref. Comp.: Compound 60 as described in Jansen, K., er al., J Med Chem, 2014. 57(7): p. 3053-
74; ICs0: +++ refers to ICso < 1 g, ++ refers 1o 1 gdd < ICso < 10 g + refers fo s
> 1OuM; exo. exopeptidase.

Example B5
Fx vivo inhibition of circulating FAPa activity from plasma of different species
Human plasma

{8567} Human blood was obtained from healthy voung volunteers. Blood samples were
collected in tubes coated with EDTA-K2 by venipuncture method, mixed gently, then kept on
ice and centrifuged at 2,500 =g for 15 minutes at 4° C. After plasma scparation, samples were
stored at -80 "C in aliquots of 300 ul.

[0568] To determinate the inhibitory potency of exemplary test compounds over circulating

FAPo activity from human plasma, 20 pL of thawed plasma were mixed with 20 gL of ¢cFAP
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butter (100 mM Tris-HCI, 400 mM Na(l, 50 mM salicylic acid, | mM EDTA, pH 7.5) and 10

ul different concentrations of exemplary test compounds or vehicle (DMSQO}.

[6565] Exemplary compounds were allowed 1o nteract with the enzyme for 15 minutes at 37
“C. After pre-incubation, SO pl of 200 uM PRXES-AMC substrate were added to the all mixtures.
All reactions were carried out for 1 h at 37 “C protected from light. AMC release was detected
measuring fluorescence at an excitation/emission wavelength of 380/460 nm using a

Multifunction Microplate Reader. All measurements were carried out as single point.

{0576} Results of ICso of exemplary test compounds over circulating FAPa from buman are
shown in Table S.

Hamster plasma

{0871} Male Golden Syrian hamsters were provided by National Laboratory Animal Center
(NLAC) in Taiwan. The animals were maintained in a hygienic environment under controlled
temperature {20 — 24 °C) and humidity (50% - 80%;) with 12 hours light/dark cycles. Free access
to standard lab diet [MFG (Oriental Yeast Co , Lid. Japan)] and autoclaved tap water were
granted. All aspects of this work including housing, experimentation and disposal of animals
were performed in general accordance with the “Gude for the Care and Use of Laboratory
Animals: Eighth Edition” (National Academies Press, Washington, D.C., 2011). In addition, the
animal care and use protocol was reviewed and approved by the TACUC at Pharmacology

Discovery Services Taiwan, Lid.

{0572} Inunediately after the sacrifice of hamsters, blood samples were collected via terminal
cardiac puncture in tubes coated with EDTA-KZ, mixed gently, then kept on ice and centrifuged
at 2,500 xg for 15 minutes at 4°C. After plasma separation, samples were stored at -80 "C in
aliquots of 300 ul.

{85373} To assay exemplary compounds in hamster plasma, a similar protocol as described for
human plasma was performed dibuting thawed plasma 1:2 in ¢FAP buffer. In a 96-well black
plate, 5 Wl of dituted hamster plasma were mixed with 35 pl of the same buffer and 10 pl of
exemplary test compounds at different concentrations or vehicle (DMSG).

[8574] Exemplary test compounds were allowed to interact with the enzyme for 15 nunates at
37 °C. After pre-incubation, 50 pl of 200 uM PRXS-AMC substrate were added to the all

mixtures. All reactions were carried out for 1 b at 37 °C protected from hight. AMC release was
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detected measuring fluorescence at an excitation/emission wavelength of 380/460 nim using a

Multifunction Microplate Reader. All measurements were carried out as single point.

{86578} Results of ICs0 of exemplary test compounds over circulating FAPa from hamster
plasma are shown in Table §.
Table 5: Inhibition ex-vive by exemplary compounds of circulating FAPg activity {rom

human and hamster plasma.

FAPg activity in | FAPg activity in
Compound human plasma | hamster plasma
No. (PRXS-AMC) (PRXS-AMC)
ICs0, uM ICso, uM
3 +++ +++
9 et A

For ICso: +++ refers to ICso < 1 uM; ++ vefers to I g < ICso < 10 yMM; + refers to ICso > 10uM.

Example B6

Cytoxicity assays in fmman leukemia cell lines

{0576] Human acute myeloid leukemia (AML) and non-AML cell lines are purchased from
ATCC and cultwred following their indications. At the day of the expeniment, AML and non-
AML cell hines are seeded in white 96-well plate in 100 gL growing mediam contaiming either
vehicle (DMSO) or an exemplary compound of the invention at different concentrations. After
48 hours post-treatment, lnminescent-based cell viability is determined using Cell-Titer Glo
(CTG) assay according to the manufacturer’s instructions (Cat.No.: G7573, Promega)}. Percent
of cell viability 1s calculated by nommalizing himimescence signal to the average value from
vehicle-treated wells, assumed as the maximum of viability (100 %). In every experiment, all
treatments are performed in triplicate and reported as % inhibition of viability + standard
deviation (5D).

{85771  Val-boroPro, a non-specific prolyl peptidase inhibitor, was used as a positive control as
described Fohnson DC et al, Nature Medicme, 2018, ICse of certain compounds n the
cytotoxieity assays using the human AML cell line MV4-11 are shown in Table 6.

Table 6: Inhibition of viability of the human AML cell line MVY4-11 by certain compounds.

Compound | MV4-11 viabihity
No. IC50, pM
Val-boroPro -+
9 +

[\
o
~1
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i3 +
34 {4
40 |
41 +
44 +4+
45 4
46 4
47 ++
139 +
192 4
193 ++
194 ++

For ICso: +++ refers to ICso < 3 M, ++ refersfo 3 uhd < ICso<< 10 1M + refers to 1Cso > 1010,
EMBODIMENTS

{6578} Embodiment 1. A compound of formuda (I}
O

AT o U

T
NC

ey
or a pharmaceutically acceptable salt thercof, wherein:

R is hydrogen, C1-Co alkyl, C3-Cs cycloalkyl, 3-to 12-membered heterocyelyl, 5-t0 10~
membered heteroaryl, or Co~-Cia aryl, wherein the C1-Ce alkyl, C5-Cs eycloalkyl, 3-to 12-
membered heterocyelyl, 5~ to 10-membered heteroaryl, and Cs-Cig aryl of R are independently

optionally substituted by RY;
m 50,1, 2 3, oré;
n 1s0,1,2,3, 014,

whereinm+nis 1, 2,3, or4;

s

X is ~-C(=0)-, -0O-, -CH(OH)-, -§-, -5(=0}-, or ~-8(=0)-;
L 1S
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R
i

*. P N ¥k
~eRInd N a2y ,
() (CRTR)g CRIFDS wherein

* represents the point of attachment to the Y-X- moiety,
** represents the point of attachment to the remainder of the molecule,

R*1s hydrogen, 1-Cs alkyl, C5-Cs cycloalkyl, 3- to 12-membered heterocyclyl,
3-to 10-membered heteroaryl, or Co-Cra aryl, wherein the €1-Ce alkyl, C5-Cs
cycloalkyl, 3- to 12-membered heterocyclyl, 5-to 10-membered heteroarvl, and

Ce-Clrs aryl of R? are independently optionally substituted by Re,

R! and R?, independently of each other and independently at each occurrence, are
hvdrogen, C1-Cz alkyl, Ca-Cs cycloalkyl, 3~ to 12-membered heterocyelyvl, S-1o
10-membered heteroarvl, or Ce-Cua aryl, wherein the C5-Ce cycloalkyl, 3-to 12-
membered heterocyelyl, 3- to 10-membered heteroaryl, and Ce-Cig arvl of R! and

R? are independently optionally substituted by R,

or R! and R? are taken together with the carbon atom or atoms to which
they are attached to form a 3- to 8-membered cycloalkylene optionally substituted
by RY,

qis i, 2, 0r3,

R® and R*, independently of each other and independently at each occurrence, are
hydrogen, Cs-Cs cycloalkyl, 3- to 12-membered heterocyelyl, 5- to 10-membered
hetercaryl, or Co-Cu aryl, wherein the (3-Cs cyeloalkyl, 3~ to 12-membered
heterocyelyl, 5- to 10-membered heteroaryl, and Co-Cig arvi of R® and R are

independently optionally substituted by R,

or R* and R*are taken together with the carbon atom to which they are
attached to form a 3- to §-membered cycloalkylene optionally substituted by RS,

and

pis0, Lor2;
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BB -
~ACRR%), *
*

{b) NRR® wherein
* represents the point of attachment to the Y-X- moiety,
** represents the point of attachment to the remainder of the molecule,

R® and R®, independently of each other and independently at cach occurrence, are
H, C1-Ce alkyl, C5-Ca cycloalkyl, 3-to 12Z-membered heterocyclyl, 3- to 10-
membered heteroaryt, or Ce-Cua arvl, wherein the C1-Cs alkvl, C3-Cs cycloalkyl,
3-to 12-membered heterocyclyl, 5~ to 1G~membered heterocaryl, and Cs-Cra aryl

of R® and R® are independently optionally substituted by R,

R® and R° are independently H, C1-Cs alkyl, C2-Cs alkenyl, C2-Cs alkynyl, C3-Cs
eycloalkyl, 3- to 12-membered heterocyclyl, 5- to 10-membered heteroaryl, Co-
Cu aryl, or ~C(=0)ORY, wherein the C;3-Ce alkyl, C3-Cs cycloalkyl, 3-t0 12-
membered heterocyclyl, 5- to 10-membered heteroarvl, and Co-Cis aryl of R” and

R¢ are independently optionally substituted by R', and

risl, 2 or30or

{
e (CR7R5)UMN1>—(CR9F£"O)V“
{c) '

* represents the pownt of attachment to the Y-X- moety,

, wherein

** represents the point of attachment to the remainder of the molecule,

R’ and R®, independently of each other and independently at each occurrence, are
hydrogen, Cs-Cs cycloalkyl, 3~ to 12-membered heterocyelyl, 5- to 10-membered
heteroaryl, or Co-Cra aryl, wherein the C3-Ce cyeloaltkyl, 3-to 12-membered
heterocyelyl, 5-to 10-membered heteroaryl, and Cs-Cis arvl of R7 and RS are

independently optionally substituted by RI,

or R7 and R*are taken together with the carbon atom to which they are

attached to form a 3- to 8-membered cycloalkylene optionally substituted by R,
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R’ and R'®, independently of each other and independently at each oceurrence,

are H, £1-Cs alkyl, 5-Cs cveloalkyl, 3~ to 12-membered heterocyclyl, 3- to 10-
membered heteroaryl, or Co-Cua aryl, wherein the C1-Cs alkvl, C2-Cs cveloalkyl,
3-to 12-membered heterocyelyl, 5-to 10-membered heteroaryl, and Ce-Cis aryl

of R and R'? are independently optionally substituted by R¥,
sis t, 2, 0r3,

tis 1,2, 0r3,

wherein s +tis 2, 3, or 4,

uisforl, and

visQorl;

Y is Ce-Cs arvl substituted by RY, 6- to 10-membered heteroaryl substituted by R, or 3- 1o

12-membered heterocyelyl substituted by R, wherein

cach RM, R'2, and R', are independently C1-Cs alkyl, Co-Cs alkenyl, C2-Cs alkynyl, Cs-
Cs cycloatkyl, Cs-Cs cycloalkenyl, 3- to [2~membered heterocyclyl, 5- to 10-membered
beteroaryl, Co-Cia aryl, -ORM, -NRPR', SR NGy, -C=NH(OR"), -C{OR™, -OGC(O)RY,
SC(OYORY, -C(OINRIRS, NRUC(OIRY, -NRUC(O)ORS, -NRMC(OINRIPRI -§(O)RY,
S(O)RM, -NRHS(OIR'S, NRUS(ORR, -S(OINRIRIS, -§(0):NRPR, or -P(ONORSHOR),
wherein the C1-Cs alkyl, C2~-Cs alkenvl, C2-Co alkyayl, C3-Cs cycloalkyl, Cs-Cs cycloalkenyl, 3-
to 12-membered heterocyclyl, 3- to 10-membered heteroaryl, and Cs-Cra aryl of R R’ and R

are substitated by RY;

R RY and R'®, independently of each other and independently at each occurrence, are
hydrogen, Ci-Cealkyl, Cr-Cs alkenyl, C2-Co alkynyl, C3-Cs eycloalkyl, Cs-Cis aryl, 5-to 10-
membered heteroaryl, or 3- 1o 12-membered heterocyelyl, wherein the Ci-Ces alkyl, C2-Co
alkenyl, Ca-Co alkynyl, C3-Cs cveloalkyl, Ce-Cia arvl, 5-to 10-membered heteroaryl, and 3~ to
12-membered heterocycelyl of R, R and RY are independently substituted by C1-Ce
perhaloalkyl. Ci-Csalkoxy, C1-Cs perhaloalkoxy, Co-Cia aryl or Co-Cra aryloxy wherein the Co-

Cis aryl or Co-Cia aryloxy 1s further optionally substituted by halogen, -OH, cvano, C1-Ce alkyl,
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C:-Cs perhaloalkyl, C1-Cs alkoxy, or Ci-Cs perhaloalkoxy: and, wherein at least one of R R’?

and RI® when present, is not hydrogen;

Rl is Ci-Cealkyl, Co-Cs alkenyl, C2-Co alkynyl, C3-Cs eycloalkyl, Cs-Cus aryl, 5- to 10-
membered heteroaryl, or 3- to 12-membered heterocyclyl wherein the Ci-Co alkyl, Ca-Cs
alkenyl, C2-Cs alkynyl, Cs5-Cs eycloalkvi, Co~Cia aryl, 5- 10 10-membered heteroaryl, or 3~ to 12-
membered heterocyelyl of R* is substituted by halogen, -OH, cyano, Ci-Cs alkyl, Ci-Ce
perhaloalkyl, Ci-Cealkoxy, C1-Cs perhaloatkoxy or Ce-Cus aryl, wherein the Cs-Cis aryl is
further optionally substituted by halogen, -OH, cvano, Ci-Cealkyl, Ci-Cs perhaloalkyl, Ci-Ce

alkoxy, or Ci-Cs perhaloalkoxy; and

RY Re R Re RERL R, and RY, independently of each other and ndependently at cach
occurrence, are halogen, C1-Ce alkvl, Co-Cs alkenyl, C2-Co alkynyl, C3-Cs cycloalkyl, Ce-Cig

aryl, 5- to 10-membered heteroaryl, 3- to 12-membered heterocyelyl, -ORM, -NR¥R!, cvano, or

nitro.

{6579} Embodiment 2. The compound of embodiment 1, or a salt thereof, wherein X
is ~-C(=0)-.

j6580] Embodiment 3. The compound of embodiment 1, or a salt thereof, wherein X
is -0-.

[6581] FEmbodiment 4. The compound of embodiment 1, or a salt thercof, wherein X

is -CH(OH)-.

[6382] Embodiment 5. The compound of any one of embodiments 1 10 4, or a salt thereof,
wherein L is -NH-CRIR?-.

{0583] Embodiment 6. The compound of embodiment 5, or a salt thereof, whercin L is -
NH-CHa-,
{6584] Embodiment 7. The compound of embodiment 5, or a salt thereof, wherein L is -

NH-CH(CH3)-.

{0585] Embodiment 8. The compound of embodiment 3, or a salt thereof, wherein L is -
NH-CR'R?-, wherein R' and R? are taken together with the carbon atom to which they are

attached to form a 3- to 8-membered cycloalkylene.



WO 2020/142742 PCT/US2020/012260

[6586] Embodiment 9. The compound of embodiment 8, or a salt thereof, wherein R! and

R? are taken together with the carbon atom to which they are attached to form a cyclopropylene.

{6587} FEmbodiment 10, The compound of any one of embodiments 1 to 4, or a salt thercof,
wherein L is

~CRORO-CH{NRIRS)-,

[6588] Embodiment 11, The compound of embodiment 10, or a salt thereof, wherein L is -

CRORE-CH(NRPRS)-, wherein R®, RY, and R® are H, and R® is H or C1-Cs alkyl.
{6589} FEmbodiment 12, The compound of anv one of embodiments 1 fo 4, or a salt thercof,
. Lok — (OR 8__N1>“w G210y e wxe . ) .
wherein L is (CRRD: (CRRD: , wherem * represents the point of attachment
to the Y-X- moicty, ** represents the point of attachment to the remainder of the molecule.
{6598] Embodiment 13.  The compound of embodiment 12, or a salt thereof, wherein L 1s
, wherein * represents the point of attachment to the Y-X- moiety, and
represents the point of attachment to the remainder of the molecule.
{65911 FEmbodiment 14, The compound of embodiment 1, or a salt thereof, wherein the -X-

H H
Yy

L- moiety is selected from the group consisting of  C

CHs CH
g W SN N o
\i( Z{ Y o] - o;« NH, j /\;\g; ’ \I/\

% % P ﬁ e * H ex
YT O TR Yy
OH NH; NHy “and O : wherein * represents

the point of attachment to the Y motcty, and *¥ represents the pomnt of attachment to the

remainder of the molecule.

{0592] Emboduvent 15.  The compound of any one of embodunents 1 to 14, or a sait

thereof, wherein Y is Cs-Co ary] substituted by R

[0593] FEmbodiment 16, The compound of any one of embodiments 1 to 14, or a salt

thereof, wherein Y is 6- to 10-membered heteroary! substituted by R'2.
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[6594] Embodiment 17.  The compound of embodiment 16, or a sait thereof, wherein Y 15

pyridin-4-yi substituted by R’ in the 3-position.

{6595} FEHmbodiment 18 The compound of embodiment 16 or 17, or a salt thereof, wherein

R} is C1-Cs alkyl substituted by R-.

{0596] Embodiment 19.  The compound of embodiment 16 or 17, or a salt thercof, wherein

R is Ca-Cs alkeny! substituted by R-.

{0597} FEmbodiment 200 The compound of embodiment 16 or 17, or a salt thereof, wherein

R is 3~ to 12-membered heterocyclyl substituted by RY.

{6598} Embodiment21.  The compound of any one of embodiments 1% to 20, or a salt
thercof, wherein R is Cs~Cra aryl substituted by balogen, -OH, cvano, Ci-Cs alkyi, Ci-Cs
perhaloalkyl, Ci-Cealkoxy, Ci-Ce perhaloalkoxy or Ce-Cia aryl.

{6599 Embodiment 22,  The compound of embodiment 16 or 17, or a salt thereof, wherein
R is -NRMC(ORY.

{6600] Embodiment23.  The compound of embodiment 22, or a salt thereof, wherein at
teast one of R and R is Ci-Cealkyl, or Co-Cra aryl, wherein the C1-Cs atkyl, or Co-Cag aryl of
R and RY are independently substituted by C1-Cs perhaloalkyl, C1-Ce alkoxy, C1-Cs
perhaloalkoxy, Cs-Cia arvl or Cs-Cra aryloxny, wherein the (e-Cia arvl or Cs-Cis aryloxy is
further optionally substituted by halogen, -OH, cyano, Ci-Cealkyl, Ci-Cs perhaloalkyl, C1-Cs

alkoxy, or Ci-Cs perhaloalkoxy.

{6601} FEmbodiment24.  The compound of any one of embodiments 1 to 14, or a salt
thereof, wherein Y is 3~ to 12-membered heterocyclyl substituted by RY.

[0682] Embodiment 25.  The compound of any one of embodiments 1 to 24, or a salt
thereof, wherein m =n = 1.

{6603} Hmbodiment 26, The compound of any one of embodiments 1 to 25, or a salt
thereof, wherein R is hydrogen.

[6604] Embodiment 27. A compound of Table 1, or a salt thereof.

{8605] Embodiment 28. A pharmaceutical composition comprising a compound of any one
of embodiments 1-27, or a pharmaceutically acceptable salt thereof, and a pharmaceutically

acceptable carrier.
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[6606] Embodiment 29, A method of treating a discase or disorder mediated by fibroblast
activation protein (FAP) in an individual in need thereof comprising administering to the
individual a therapeutically effective amount of a compound of any one of embodiments 1-27, or

a pharmaceutically acceptable salt thereof, or a pharmaceutical composition of embodiment 28,

{0607 Embodiment 30. A method of treating a disease or disorder characterized by
proliferation, tissuc remodeling, chronie inflammation, obesity, glucose mtolerance, or insulin
msensitivity i an mdividual in need thereof, comprising administering to the mdividual a
therapeutically effective amount of a compound of any one of embodiments 1-27, ora

phammaceutically acceptable salt thercof, or a pharmaceutical composition of embodiment 28,

[6608] FEmbodiment 31, The method of embodiments 29 or 30, wherein the disease or
disorder is breast cancer, colorectal cancer, ovarian cancer, prostate cancer, pancreatic cancer,
kidney cancer, lung cancer, melanoma, fibrosarcoma, bone sarcoma, connective Tissue sarcoma,
renal cell carcinoma, giant cell carcinoma, squamous cell carcinoma, leukemia, skin cancer, soft

tissue cancer, liver cancer, gastrointestinal carcinoma, or adenocarcinoma.

{0609 Embodiment 32 The method of embodiment 31, wherein the disease or disorder is
metastatic kidney cancer, chronic lymphocyviary leukemia, pancreatic adenocarcinoma, or non-

small celf fung cancer.

[86108] Embodiment33.  The method of embodiment 29 or 30, wherein the discase or
disorder is fibrotic discase, wound healing, keloid formation, ostecarthritis, rheumatoid asthritis
and related disorders involving cartilage degradation, atherosclerotic discase, Crohn’s disease, or
Type 1T diabetes

{8611} Embodiment34. A method of reducing tumor growth, tumor proliferation, or
twmorigenicity m an individual in need thereof, comprising administering to the individual a
compound of any one of embodiments 1-27, or a pharmaceutically acceptable salt thereof, ora
pharmaceutical composition of embodiment 28.

[0612] Embodiment 35 A method of inhibiting FAP in an individual comprising
administering to the individual a compound of any one of embodiments 1-27, ora
pharmaceutically acceptable salt thereof, or a pharmaceustical composition of embodiment 28.
[8613] Embodiment 36. A mecthod of inlubiting FAP in a cell compuising administering or

delivering to the cell a compound of any one of embodiments 1-27, or a pharmaceutically

N2
e
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acceptable salt thereof, or a pharmaceutical composition of embodiment 28, or a metabolite of

the foregoing.
{6614} FEmbodiment 37, The method of embodiment 36, wherein the cell is a fibroblast.

{6615} FEmbodiment 38.  The method of embodiment 36 or 37, wherein the cell is a cancer

associated fibroblast (CAF) or a reactive stromal fibroblast.

{#616] Embodiment 39, A method of inhibiting FAP in a tumor comprising admmistering
or delivering to the tumor a compound of any one of cmbodiments 1-27, or a pharmaceutically
acceptable salt thercof, or a pharmaceutical composttion of embodiment 28, or a metabolite of

the foregoing.

{0617 Embodiment 40. A method of inhibiting FAP in plasma comprising administering
or delivening to the plasma a compound of any one of embodiments 1-27, or a pharmaceutically
acceptable salt thereof, or a pharmaceutical composition of embodiment 28, or a metabolite of

the foregoing.

{6618} HEmbodiment4l.  The method of any one of embodiments 35-40, wherein inhibiting
FAP comprises inhibiting an endopeptidase activity of FAP.

[08619] Embodiment 42.  The method of any one of embodiments 35-40, wherein inhibiting

FAP comprises inhibiting an exopeptidase activity of FAP.

[6620] Embodiment43. A method of enhancing an imunune response in an individual
comprising administering (a) an mmune checkpoint inlubitor and (b} a compound of any one of
embodiments 1-27. or a pharmaceutically acceptable salt thereof, or a pharmaceutical

composition of emnbodiment 28.

{#621] Embodiment 44, A method of increasing the level of FGF21 expression in an
individual comprising administering to the individual a compound of any one of embodiments 1-
27, or a pharmaceutically acceptable salt thereof, or a pharmaceutical composition of

embodiment 28,

{6622} Embodiment45.  The method of embodiment 44, further comprising administering
an inducer of FGF21 expressio

{0623} Embodiment46.  The method of embodiment 45, wherein the inducer of FGFZ1

expression is PPARa agonist.

N2
i
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[6624] Embodiment47.  The method of embodiment 46, wherein the PPARa agonist is
fibrate or fenofibrate.

{8625} FEmbodiment 48,  The composition of embodiment 28 for use as a human or
veterinary medicament.

{0626] Embodiment 49.  Use of a compound of any one of embodiments 1-27, ora
pharmaceutically acceptable salt thereof, or a pharmaceutical composition of embodiment 28, in
the manufacture of a medicament for the prevention and/or treatment of a disorder or discase
mediated by FAP.

{86277 Al references throughout, such as publications, patents, patent applications and

published patent applications, are incorporated herein by reference in their entireties.

N2
i
~J3



WO 2020/142742 PCT/US2020/012260

CLATMS
What 1s claimed 1s:

1. A compound of formula (I}

e

&
a pharmaceutically acceptable salt, stereoisomer or tautomer thereof, wherein:

R is hydrogen, C1-Cs alkyl, C3-Cs cycloalkyl, 3-to 12-membered heterocyvelyl, 5-1o 10-
membered heteroaryl, or Co~-Cra arvl, wherein the C1-Cs alkyl, C5-Cs eycloalkyl, 3- to 12-
membered heterocyelyl, 3- to [0-membered heteroaryl, and Co-Cia aryl of R are independently

optionally substituted by RY;

m 150, 1,2, 3, 0rd;

n 10, 1,2,3,0r4,
whercinm+nis 1, 2,3, or4;

X is -C(=0)-, -O-, -CH(OH)-, -S-. -8(=0)-, or -S(=0)-;

Ra

a4y N 2y
{(a) TERR % (CR'R ’q , wherein

* represcnts the point of attachment to the Y-X- moiety,
** represents the point of attachment to the remainder of the molecule,

R2 is hydrogen, Ci-Cs alkyl, C3-Cs cycloalkyl, 3- to 12-membered heterocyelyl, 5-to 10-
membered heteroaryi, or Cs~Cira arvl, wherein the C1-Ce alkyl, (5-Cs cycloalkyl, 3- 10 12~
membered heterocyclyl, 3- to 10-membered heteroarvl, and Cs-Cig aryl of R® are independently

optionally substituted by RE,
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R! and R?, independently of each other and independently at each occurrence, are hydrogen, Ci-
Ca alkyl, C3-Cs cycloalkyl, 3-to 12-membered heterocyelyl, 5-to 10-membered heteroaryl, or
Ce-Cia aryl, wherein the Cs5-Cs cycloalkyl, 3- to | 2~membered heterocyelyl, 5-to 10-membered

heteroaryl, and Ce-Cus aryt of R? and R? are independently optionally substituted by R/,

or R? and R? are taken together with the carbon atom or atoms to which they are attached

to form a 3- to 8-membered cycloalkylene optionally substituted by R,
gis 1,2, 0r3,

R’ and R*, independently of each other and independently at each accurrence, are hydrogen, Cs-
Cs cycloalkyl, 3- to 12-membered heterocvelyl, 3- to 10-membered heteroaryl, or Ce-Cia arvi,
wherein the Ci-Cs cycloalkyl, 3- to 12-membered heterocyelyl, 5-to 10-membered heteroarvl,

and Cs-Cis aryl of RY and R* are independently optionally substituted by RS,

or R? and R* are taken together with the carbon atom to which they are attached to form a

3-to 8-membered cvcloalkylene optionally substituted by R, and
pis 0, L or2;

- {C R5R6>r ek

by NR°R® wherein
* represcuts the point of attachment to the Y-X- moiety,
** represents the poiot of attachment to the remainder of the molecule,

R and R, independently of each other and independently at each occurrence, are H, C1-Cs

alkyl, C5-Cs eyeloalkyl, 3~ to 12-membered heterocyclyl, 3-to 10-membered heteroaryl, or Ce-
Cis arvl, wherein the Ci-Cs alkyl, C3-Cs cycloalkyl, 3- to 12~-membered heterocyelyl, 5-to 10~
membered hetercaryl, and Cs-Cra aryl of R and RS are independently optionally substituted by

Rh

>

RP and R® are independently H, Ci-Cs alkyl, C2-Cs alkenyl, C2-Cs alkynyl, C5-Ca cveloalkyl, 3-

to i2-membered beterocvelyl, 5-1o0 10-membered heteroaryl, Co-Cia arvi, or ~C(=OYORY,
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wherein the Ci-Cs alkyl, Ca-Cs cvcloalkyl, 3~ to 12-membered heterocyelyl, 3- 1o 10-membered

heteroaryl, and Cs-Cis aryl of RY and R* are independently optionally substituted by R}, and

ris 1,2, 0r3; or

3
e — (CR7RS)U ----- N > (CRSR"!O}V_. e
() it , wherein

* represents the point of attachment to the Y-X- moiety,
** represents the pomt of attachment to the remainder of the molecule,

R7 and R®, independently of each other and independently at each occurrence, are hydrogen, Ca-
Ca cycloatkyl, 3- to 12-membered heterocyelyl, 5- to 10-membered hetercarvl, or Ce-Cua aryl,
wherein the (3-Ca cyeloalkyl, 3- to 12-membered heterocyclyl, 3-to 10-membered heteroaryl,

and Cs-Cra aryl of R and RS are independently optionally substituted by R,

or B7 and R® are taken together with the carbon atom to which thev are attached to form a

3- to 8-membered cycloalkylene optionally substituted by RJ,

R? and R", independently of each other and independently at each occurrence, are H, Ci-Cs
alkyl, C3-Cs cycloalkyl, 3~ to 12-membered heterocyelyl, 3- 1o 10-membered heteroaryl, or Ce-
Cis aryl, wherein the Ci-Cs alkyl, C3-Cs eycloalkyl, 3- to 12-membered heterocyelyl, 5-to 10-
membered heteroaryi, and Co-Cia arvl of R” and R are independently optionally substituted by

Rl‘

5
sis 1,2, 013,
tis 1,2, 0r3,
wherein s +1is 2, 3, or 4,
wisOor i, and
visQori;

117

Y is Ce-Cs aryl substituted by R, 6- to 10-membered heteroary! substituted by R'?, or 3- to
12-membered heterocyelyl substituted by RY, wherein

220
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each R, R*? and RY, are independently C1-Ce alkyl, C2-Co alkenyl, C2-Cs alkynyl, Cs-
Cs cycloalkyl, Cs-Cs cycloalkenyl, 3- to 12-membered heterocycelyl, 5-to 10-membered
heteroaryl, Ce-Cia aryl, -ORM -NRIFRI® SR -NQO», -C=NH(OR!'%), -C(ORY -QCO)RHM,
-C{OIOR, -C{OINRIRI, NRUC(OIRY, NRHUC(OIORY, -NRUC(OINRIBR, -S(O)R,
-S{ORRM, NRUS(OIRY, -NRMS(ORRY, -S(ONRPRIC, -S(0)NRPR, or -PONORPYOR®),
wherein the C-Cs alkyl, Ca-Ce alkenyl, C2-Cs alkynyl, C3-Cs cycloalkyl, Ca-Ce cycloalkenyl, 3~
to 12-membered heterocvelvl, 5- to 10-membered heteroaryl, and Cs-Cus aryl of RM R2, and R

are substituted by R:;

RY R and R, independently of cach other and independently at cach occurrence, are
hydrogen, Ci-Us alkyl, C2-Ce alkenyl, Ca-Cs alkynyl, C5-Ce cyeloalkyl, Ce-Crg aryl, 5-to 10-
membered heteroarvl, or 3- to 12-membered heterocyclyl, wherein the C1-Us alkyl, C2-Co
alkenyl, C:-Co alkynyl, C5-Cs cycloalkyl, Co-Cig arvl, 5- to 10-membered heteroaryl, and 3- to
12-membered heterocyelyl of R, R and R® are independently substituted by Ci-Cs alkoxy,
C1-Cs perhaloalkoxy, Ce-Cia aryl or Ce-Craaryloxy wherein the Cs-Cra arvl or Ce-Cra arvioxy is
turther optionally substituted by halogen, -OH, cvano, Ci-Ce alkyl, Ci-Cs perhaloalkyl, Ci-Ce
alkoxy, or Ci-Cs perhaloalkoxy: and, wherein at least one of R4, R'® and R!®, when present, is

not hydrogen;

R is Ci-Coalkyl, C2-Cs alkenyl, C2-Cs alkynyl, Cs-Cg cycloalkyl, Co-Cus aryl, 5- to 10-
membered heteroaryl, or 3- to 12-membered heterocyclyl, wherein the C1-Cs alkyl, Co-Cs
alkenyl, {2-Ce alkynyl, C3-Cs cycloalkyl, Cs-Cia aryl, 5- to 10-membered hetercaryl, or 3-to 12-
membered heterocyclyl of R is substituted by halogen, -OH, cyano, oxo, -NHa, -NH-(3- to 12-
membered heterocyelvl), -0-(3- to 12-membered heterocvelvt), Ci-Csalkyl, C1-Ce perhaloalkyi,

Ci-Coalkoxy, C1-Cs perhaloalkoxy or Ce-Ca aryl, wherein

the C;-Ce alkyl is further optionally substituted by 3- to 12-membered heterocyelyl,

wherein the 3- to 12Z-membered heterocyclyl is further optionally substituted by Ci-Cealkyl,

the 3-to 12-membered heterocyelyl of the -NH-(3- to 12-membered heterocyelvl) and

the ~0-(3- to 12-membered heterocyclyl) is further optionally substituted by C1-Ce alkyl, and

the Ce-Cig arvl is further optionally substituted by halogen, -OH, eyano, C1-Cs alkyl, C1-
Ce perhaloalkyl, Ci~Cs alkoxy, or Ci-Ce perhaloalkoxy; and

N2
b2
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RY R° RS, RE R R RI and R¥, independently of each other and independently at each
gocurrenee, are halogen, C1-Ce alkyl, Co-C alkenyl, Ca-Co alkynyl, C3-Cs cycloalkyl, Co-Cia
arvl, 5-to 10-membered heteroaryl, 3- to [2-membered heterocyelyl, -ORM, -NRPRI® cyano, or

nitro.

2. The compound of claim 1, a pharmaceutically acceptable salt, stereoisomer or tautomer

thereof, wherem X is ~C{=0)-.

3. The compound of claim 1, a pharmaceutically acceptable salt, stereoisomer or tautomer

thereof, wherein X 15 -0~

4, The compound of claim 1, a pharmaceutically acceptable salt, stercoisomer or tautomer

thereof, wheremn X is ~-CH{OH)-.

5. The compound of any one of claims 1 to 4, a pharmaceutically acceptable salt,

stereoisomer or tantomer thereof, wherein L is -NH-CRIR?-.

6. The compound of claim 5, a pharmaceutically acceptable salt, stercoisomer or tautomer

thereof, wherein L is ~-NH-CHa-.

7. The compound of claim 5, a pharmaceutically acceptable salt, stereoisomer or tautomer

thereof, wherein L s -NH-CH{CH3)~.

3. The compound of claim 5, a pharmaceutically acceptable salt, stercoisomer or tautomer
thereof, wherein L is -NH-CR'R?-, wherein R} and R’ are taken together with the carbon atom to

which they are attached to form a 3~ to 8-membered cvcloalkyiene.

9. The compound of claum 8, a pharmaceutically acceptable salt, stercotsomer or tautomer
thereof, wherein R! and R? are taken together with the carbon atom to which they are attached to

form a cyclopropylene.

10, The compound of any one of claims 1 to 4, a pharmaceutically acceptable salt,
stereoisomer or tantomer thereof, wherein L is

-CRORE-CHNRPR®)-,
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1. The compound of claim 10, a pharmaceutically acceptable salt, stereoisomer or tautomer
thereof, wherein L is -CR RS-CH(NRPRS}-, wherein R®, R®, and R® are H, and R’ is H or C1-Cs
atkyl,

12, The compound of any one of claims 1 to 4, a pharmaceutically acceptable salt,

o .~ {CRTR® MNO- CROR10)—
sterecisomer or tautomer thereof, wherein L is ) ( , wherein *
represents the point of attachment to the Y-X- motety, ** represents the point of attachment to

the remainder of the molecule.

13, The compound of claim 12, a pharmaceutically acceptable salt, stercoisomer or tautomer

. . «---N&— wE . . N o N
thereof, wherein L i , wherein * represents the point of attachment to the Y-X-

moiety, and ** represents the point of attachment to the remainder of the molecule.

14, The compound of claim 1, a pharmaceutically acceptable salt, stereoisomer or tavtomer

H

\WN\V/H

thereof, wherein the ~X-L- moiety 1s selected from the group consisting of O

H H GHa
Sty b T Y‘Y o
T TX Y m L,

H
, * N H
N Y e L e
©  NH; o OH NH; \;‘g"; . © k\**,;md \g}r ; wherein

* represents the point of attachment to the Y motety, and ** represents the point of attachment to

the remainder of the molccule.

15, The compound of any one of claims 1 to 14, a pharmaceutically acceptable salt,

stereoisomer or tautomer thereof, wherein Y is Ce-Co aryl substituted by R

16.  The compound of any one of claims | to 14, a pharmaceutically acceptable salt,

stereoisomer or tautomer thereof, wherem Y is 6~ to 10-membered heteroaryl substituted by R

17, The compound of claim 16, a pharmaceutically acceptable salt, stercoisomer or tautomer

thereof, wherein Y is pyridin-4-y1 substituted by R'? in the 3-position.
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18, The compound of claim 16 or §7, a pharmaceutically acceptable salt, stereoisomer or

tautomer thereof, wherein R1? is C1-Cs alkyl substituted by RE.

19, The compound of claim 16 or 17, a pharmaceutically acceptable salt, stereoisomer or

tautomer thereof, wherein R'? is C2-Cs alkenyl substituted by RY.

20, The compound of claim 16 or 17, a pharmaceutically acceptable salt, stereoisomer or

tautoner thercof, wherein R is 3- to 12-membered heterocyelyl substituted by R

21, The compound of any one of claims 18 to 20, a pharmaceutically acceptabie salt,
stereoisomer or tautomer thereof, wherein RY is Co-Cis aryl substituted by halogen, ~OH, cyano,

Ci~Cosalkyl, C1-Cs perhaloalkyl, C1-Ce alkoxy, C1-Ce perhaloatkoxy or Ce-Cig arvl.

22, The compound of claim 16 or 17, a pharmaceutically acceptable salt, stereoisomer or

tautomer thereof, wherein R'? is -NRM*C(O)RY.

23, The compound of claim 22, a pharmaceutically acceptable salt, stercoisomer or tautomer
thereof, wherein at least one of R and RY is C1-Cs alkyl, or Cs-C14 aryl, wherein the C1-Ce
atkvl, or Ce-Cia aryl of R!* and R'® are independently substituted by Ci-Cs perhaloalkyl, C1-Cs
atkoxy, Ci-Ce perhaloalkoxy, Ce-Cis aryl or Co-Cua aryloxy, wherein the Ce-Cus aryl or Ce-Cia
arvloxy is further optionally substituted by halogen, -OH, cyano, Ci-Cs alkyl, Ci-Ce

perhaloalkyl, Ci-Cealkoxy, or C1-Cs perhaloalkoxy.

24, The compound of any one of claims | to 14, a pharmaceutically acceptable salt,
stereoisomer or tautomer thereof, wherem Y is 3- to 12-membered heterocyclyl substituted by

R,

25, The compound of any one of claims 1 to 24, a pharmaceutically acceptable salt,

stereoisomer or tautomer thereof, wheremm=n= 1.

26.  The compound of any one of claims | to 25, a pharmaceutically acceptable salt,

stereoisomer or tautomer thereof, wherein R 1s hydrogen.

27, A compound of Table 1, a pharmaceutically acceptable salt, stereoisomer or tautomer

thereof.
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28. A pharmaceutical composition comprising a compound of any one of claims {-27, ora

pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier.

28 A method of treating a disease or disorder mediated by fibroblast activation protein
{FAP} in an individual in need thercof comprising administering to the individual a
therapeutically effective amount of a compound of any one of claims 1-27, or a pharmaceutically

acceptable salt thereof, or a pharmaceutical composition of claim 28.

30. A method of treating a disease or disorder characterized by proliferation, tissue
remodeling, chronic nflammation, obesity, glacose intolerance, or msulin insensitivity in an
mdividual in need thereof, comprising administering to the individual a therapeutically effective
amount of a compound of any one of clairas 1-27, or a pharmaceutically acceptable salt thereof,

or a pharmaceutical composition of claim 28,

31. The method of claims 29 or 30, wheremn the disease or disorder is breast cancer,
colorectal cancer, ovarian cancer, prostate cancer, pancreatic cancer, kidney cancer, lung cancer,
melanoma, fibrosarcoma, bone sarcoma, connective tissue sarcoma, renal cell carcinoma, giant
cell carcimoma, squamous cell carcinoma, leukemia, skin cancer, soff tissue cancer, liver cancer,

gastrointestinal carcinoma, or adenocarcinoma.

32. The method of claim 31, whercin the disease or disorder is metastatic kidney cancer,

chronic lyvmphocytary leukenua, pancreatic adenocarcinoma, or non-small cell lung cancer.

33, The method of claim 29 or 30, wherein the discase or disorder 1s fibrotic disease, wound
healing, keloid formation, osteoarthritis, rtheumatoid arthritis and related disorders involving

cartilage degradation, atherosclerotic disease, Crohn’s disease, or Type H diabetes

34, A method of reducing tumor growth, tumor proliferation, or tumorigenicity in an
mdividual in need thereof, comprising administering to the individual a compound of any one of
claims 1-27, or a pharmaceutically acceptable salt thereof, or a pharmaceutical composition of

claim 28,

35, A method of mhibiting FAP in an individual comprising administering to the individual a
compound of any one of claims 1-27, or a pharmaceutically acceptable salt thereof, or a

pharmaceutical composition of claim 28.
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36. A method of inhibiting FAP n a cell comprising administering or delivering to the cell a
compound of any one of claims 1-27, or a pharmaceutically acceptable salt thereof, or a

phammaceutical composition of claim 28, or a metabolite of the foregoing.
37. The method of claim 36, wherein the cell is a fibroblast.

38. The method of claim 36 or 37, wherein the cell is a cancer associated fibroblast (CAF) or

areactive stromal fibroblast.

3% A method of inhibiting FAP in a tumor comprising administering or delivering to the
twmor a compound of any one of clamms 1-27, or a pharmaccutically acceptable salt thereof, ora

pharmaceutical composition of claim 28, or a metabolite of the foregoing.

40. A method of mhibiting FAP in plasma comprising adnunistering or delivering to the
plasma a compound of any one of claims 1-27, or a pharmaceutically acceptable salt thereof, or

a pharmaceutical composition of claim 28, or a metabolite of the foregoing.

41, The method of any one of claims 35-40, wherein inhibiting FAP comprises inhibiting an

endopeptidase activity of FAP.

42, The method of any one of claims 35-40, wherein inhibiting FAP comprises inhibiting an

exopeptidase activity of FAP.

43, A method of enhancing an immune response i an individual comprising administering
{a) an immune checkpoint inhibitor and (b) a compound of any one of claims 1-27, ora

phammaceutically acceptable salt thereof, or a pharmaceutical composition of claim 28,

44, A method of increasing the level of FGF21 expression in an individual comprising
administering to the individual a compound of any one of claims 1-27, or a phanmaceutically

acceptable salt thereof, or a pharmaceutical composition of claim 28,

45, The method of claim 44, further comprising administering an inducer of FGF21

CXPTeSSio
46. The method of claim 45, wherein the inducer of FGF21 expression is PPARw agonist.

47.  The method of claim 46, wherein the PPARa agonist is fibrate or fenofibrate.
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48.  The composition of claim 28 for use as a human or veterinary medicament.
49, Use of a compound of any one of claims 127, or a pharmaceutically acceptable salt

thercof, or 8 pharmaceutical composition of claim 28, in the manufacture of a medicament for

the prevention and/or treatment of a disorder or disease mediated by FAP.

-~
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