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INHIBITORS OF FIBROBLAST ACTIVATION PROTEIN

CROSS REFERENCE TO RELATED APPLICATIONS

{0001} This application claims priority to U.8. Provisional Application Serial No. 62/788,722,
filed January 4, 2019, and U.8. Provisional Application Serial No. 62/863,853, filed June 19,

2019, both of which are hereby incorporated heremn by reference in their entivety.

FIELD OF THE INVENTION

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

modulating fibroblast activation protem.

BACKGROUND

{0603} Fibroblast activation protein (FAP), also referred to as FAPw, Seprase or
g2-antiplasmin converting enzyme, is a type Il mtegral membrane serine protease that belongs to
the prolvi ohigopeptidase family $9, which also mcludes DPPH, BPPIV, DPPE, DPP9, and
PREP cnzyvmes. This family is characterized for having an exo-dipeptidyvl peptidase (PP}
activity. FAP 1s the only member that also has an endopeptidase activity (Acrtgeerts, K., ctal J
Biol Chem, 2005. 280(20): p. 19441-4). FAP has a high degree of homology with DPPIV. Itis
mainly found as a cell surface homodimer but it has also been reported to form heterodimers
with DPPIV in vive (O'Brien, P, ot al. Biochim Biophys Acta, 2008, 1784(9): p. 1130-45).
Purported physiological substrates of FAP endopeptidase activity mclude aZ-antiplasnun, 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
natrivretic peptide, substance P and peptide Y'Y {Brokopp, CE., etal,, Eur Heart J, 2011,
32021 p. 271322, Coppage, AL, et al,, PLoS One, 2016, 11{3}: p. ¢0151269; Dunshee, D.R,
ctal., I Biol Chem, 2016, 291(11}: p. 5986-96; Lee, K. N, ¢t al., ] Thromb Haemost, 2011, 9(5):
p. 987-96}.

[3004] FAP has been imphcated in diseases involving proliferation, tissue remodeling, chronic

mflammation and/or fibrosis, including but not limited to fibrotic discase, wound healing, keloid
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formation, osteoarthritis, rheumatoid arthritis and related disorders involving cartilage

degradation, atherosclerotic disease, and Croha's disease.

[0003] 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§, etal, Pancreas, 2008 37(2): p. 154-8; Ju, M.J et al., Am J Clin Pathol,
2009, 131{4): p. 498-510) and in colon cancer, increased FAP expression has been associated
with a more aggressive disease (Henry, L.R., et al., Clin Cancer Res, 2007, 13¢6}: p. 1736-41).
Purportedly, FAPo on CAFs has cntical roles in regulating antibimor imnnune response by
mducing tumor-promoting inflammation (Chen, L., et al., Biochem Biophys Res Commun,

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

{8606} Val-boroPro (Talabostat, PT-100) i the only FAP inhibitor that reached chinical stages.
This compound was originally developed as a DPPIY inhibitor and subsequently evaluated as a
FAP inhibitor regardiess of its lack of selectivity (Cunningham, C.C., Expert Opin Invesiig
Dirugs, 2007, 16(9): p. 1459-65}. This agent was tested in Phase 1 in a variety of cancers in
combination with standard cviotoxic chemotherapy, however endpoints for efficacy were not
met {Fager, RM, ctal,, BMC Cancer, 2009. 9: p. 263; Narra, K, ¢t al., Cancer Biol Ther, 2007,
6{11} p. 1691-9; Eager, R M., et al., Chin Oneol R Coll Radiol, 2009, 21(6): p. 464-72} Two
Phase Hi trials were carly terminated, apparently because of both safety and efficacy concerng
{Jansen, K, et al., J Med Chem, 2014, 57(7): p. 3033-74). Since Val-boroPro rapidly loses
protease imhibitory activity due to cyclization upon standing in pH 7.8, effective concentrations
were difficult to achieve in patients given the clinical toxicitics 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 inhibttor selectivity and the properties of the inhibttors

to improve safety and efficacy in vivo.

BRIEF SUMMARY

{8608} 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 (1)
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a pharmaceutically acceptable salt, stereoisomer or tautomer thercof, wherein R, my, n, X, Y and

L are as detailed herein.

{8609} In one aspect, provided is a compound of formula (1)

O
Y’X\L//L\N m F
F

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

R 1s hydrogen, Ci-Cs alkyl, Cs-Cs eycloalkyl 3- to 12-membered heterocyelyvl, 5-to
10-membered heteroarvl, or Ce-Cig aryl, wherein the Ci-Cs alkyl, Cs-Cs eycloalkyl, 3-to 12-
membered heterocyelyl, 5- 1o 10-membered heteroaryl, and Ce-Cia arvl of R are independently
optionally substituted by R%;

m is0, 1,2, 3, 0rd;

n i80,1,2,.3, 0r4,

whercinmy +nis 1, 2, 3, or 4,
X is ~C{=0)-, -0-, -CH(OH)-, -8, -8(=0}-, or -5(=0)2-;
L is
Ra
N
o - T N 12y~ ** .
{a} (CROR); (CRIR%)g . wherein
* represents the point of attachment to the Y-X- moiety,

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

Reis hydrogen, C1-Cs alkyl, C3-Cs cycloalkyl, 3- to 12-membered heterocvelvl, 5-10 10-
membered heteroarvl, or Ce-Cirs arvl, wherein the C1-Co alkvi, Cs-Cs cycloalkyl, 3- 10 12-
membered heterocvelvl, 5- to 10-membered heteroaryl, and Ce-Cuy 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-Cs alkyl, T3-Ce cycloalkyl, 3-to 12-membered heterocyelyl, 5- to 10-membered
heteroaryl, or Co-Cia arvl, wherein the (G5-Ce cycloalkvl, 3~ to 12-membered heterocvelyl, 5-to
10-membered hetercaryl, and Ce-Cis 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/,
gisl, 2. 0r3,

R and R*, independently of each other and independently at cach occurrence, are
hydrogen. Cs-CUs eycloalkyl, 3- to 12-membered heterooyclyl, 5- 10 10-membered heteroaryl, or
Co~Cia arvl, wherein the Cs-Cs cvcloalkyl, 3-to 12-membered heterocyelyl, 5-to 10-membered

heteroaryl, and Cs-Cua aryl of R? and R* are independently optionally substituted by RE,

or R 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 RE, and

pisQ, 1, or2;

. /(CRﬁRG)i\r// ke
(b) NRPR® wherein

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

R? and R®, mdependently of each other and independently at cach occurrence, are H, Ci-
Ce alkvl, $5-Cs cycloalkyl, 3- to 12-membered heterocvelyl, 53- to 10-membered heteroarvi, or
Co-Cia arvl, wheremn the Ci-Cs atkyl, Ci~Cs cvcloalkvl, 3- 1o 12-membered heterocyelyl, 5- to
10-membered heteroarvl, and Cs-Cra arvl of R® and R® are independently optionally substituted

by RY,

RY and RC are independently H, C1-Ce alkyl, C2-Ce alkenvl, C2-Cs alkyvnyl, C3-Cse
cyeloalkyl, 3- to 12-membered heterocyclyl, 5- to 10-membered heteroaryl, Cs-Cra arvl, or—
C(=0)YORY | wherein the C1-Co alkyl, C3-Cs cycloalkyl, 3- to 12-membered heterocyelvl, 5-to

10-membered heteroarvl, and Co-Cra arvl of RP and R¢ are independently optionally substituted

by R, and
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ris §, 2, or3; 01

Yo s (CRTRS)L‘:_N&(CRQR1O)V_“ e
) i

{c] , wherein

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

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

R7 and R?, mdependently of cach other and independently at cach occurrence, are
hydrogen, Cs-Cs cycloalkyl, 3- to 12-membered heterocyelvl, 3- to 10-membered heteroaryl, or
Ce-Cra arvl, wherein the Cs-Cs cycloalkyl, 3- to 12-membered heterocycelyl, 5-to 10-membered
heteroaryl, and Ce-Cis 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 cvoloalkylene optionally substituted by R,

R? and R, independently of cach other and independently at cach occurrence, are H, Ci1-
Cs alkyl, Cs5-Cs cycloalkyl, 3- to 12-membered heterocvelyl, 5- to 10-membered hetercaryl, or
Ce-Cis aryl, wherein the Ci-Cs alkyl, C3-Cs cyvcloalkyl, 3- to 12-membered heterocyclyl, 5-to
10-membered heteroarvl, and Co-Cra arvl of R” and R* arc independently optionally substituted
by R¥,

sis 1,2, 0r3,

tis 1,2, 0r3,

wherein s +118 2, 3, or 4,

wisQor 1, and

visQorl;

Y is Co~Co aryl substituted by R, 6- to 10-membered heteroarvl substituted by R12,
or 3-to 12-membered heterocyelyl substituted by RY, wherein

cach R, R?, and RY, are independently C1-Cs alkyl, C2-Cs alkenyl, C2-Cs alkyayl, Cs-
Cs cycloalkyl, Co-Ca cyeloalkenyl, 3-to 12-membered heterocyclyl, 5- to 10-membered
heteroaryl, Co-Cia aryl, -ORM, -NRPR -SRY NG, -C=NH(OR'"), -C(ORY, -OCO)RY,
~C{GIORM, -COINR RIS, NRUC(OR Y, -NRMC(MHORY, -NRMC(OINRPRY, -S(O)RY,
-S{ORRYM, -NRUS(OIRE, -NRUS(ORRY, -S(OINRPRIC -SIORNRPR! or -P(OYORPYORY,

W
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wherein the C1-Cs alkyl, C2-Co alkenyl, C2-Ce alkvnyl, Cs3-Cs cyvcloalkyl, Ca-Cs cycioalkenyl, 3~
to 12-membered heterocyelvl, 5- to 10-membered heteroaryl, and Ce-Cre aryl of R R, and RY
are substituted bv RY;

R R and R independently of cach other and independently at cach occurrence, are
hydrogen, Ci-Us alkyl, C2-Co alkenyl, Cr-Cs alkynyl, C5-Ce oyeloalkyl, Co-Cra aryl, 3-10 10-
membered heteroaryl, or 3- to 12-membered heterocyelyvl, wherem the Ci-Ce alkyl, Co-Co
alkenyl, C2-Ce alkynyl, C5-Cs cycloalkyl, Co-Cia arvl, 5- 1o 10-membered heteroaryl, and 3- to
12-membered heterocyelyl of R R and R!° are independently substitated by Ci-Cs
perhaloalkyl, Ci-Cealkoxvy, Ci-Cs perhaloatkoxy, Ce-Cia arvl or Co-Crs aryloxy wherein the Co-
Cia arvl or Co-Cra arvioxy 18 further optionally substituted by halogen, ~-OH, cvano, C1-Ce alkyl,
(C1-Cs perhaloalkyl, C1-Ce alkoxy, or C1-Cs perhaloatkoxy; and, wherein at least one of R¥*, R

and R'® when present, is not hydrogen;

RYis Ci-Csalkyl, C2-Cs alkenyl, C2-Cs alkynyl, Cs-Cs cyveloatkyl, Co-Cls aryl, 5- to 10-
membered heteroaryl, or 3- to 12-membered heterocvelyvl, wherein the Cr1-Cos alkvi, Co-Cs
atkenyl, C2-Cs alkynyl, C3-Cs cycloalkyl, Ce-Cis aryl, 5- to 10-membered hetersaryl, or 3-to 12-
membered heterocyelvl of RY is substituted by balogen, -OH, cvano, oxo, -NHz, -NH-(3- to 12-
membered heterocvelvl}, -0-(3- to 12-membered heterocyelyl), Ci-Cr alkyl, C1-Ce perhaloalkyl,

Ci-Coalkoxy, C1-Cs perhaloalkoxy or Ce-Cig arvl, whergin

the C1-Ce alkyl is further optionally substituted by 3- to 12-membered
heterocvelyl, wherein the 3- to 12-membered heterccyclyl is further optionally substituted by Cs-
Co alkyl,

the 3- 1o 12-membered heterocyely] of the -NH-(3- to 12-membered heterocyelyl)
and the -0-(3- to 12-membered heterocyclyl) is further optionally substituted by Ci-Ce alky], and

the Cs-Cra arvl 1s further optionally substituted by halogen, -OH, cvano, C1-Cs
atkyl, C1-Cs perhaloalkyl, C;-Ce alkoxy, or C1-Cs perhaloalkoxy; and

RY Re, R Re RE R R and RY independently of each other and independently at each
occurrence, are halogen, C1-Ce alkyl, C2-Co alkenyt, Co-Co alkynyl, Ca-Cs cyveloalkyl], Co-Cuy
arvl, 5-to 10-membered heteroaryl, 3- to 12-membered heterocyclyl, -ORM, -NRR'6 cvano, or

nitro.

{0018]  In one aspect, provided is a compound of formula (I):
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a pharmaceutically acceptable salt, stereoisomer or tavtomer thereof, whergin:

R is hydrogen, Ci-Cs alkyl, Cs-Cs eycloalkyl, 3- 1o 12-menmbered heterocyelvl, 5-10 10-
membered heteroarvi, or Co-Cis aryl, wherein the C1-Co alkyl, C5-Cs cycloalkyl, 3-to 12-
membered heterocvelvl, 5- 1o 10-membered heteroaryl, and Ce-Cug aryl of R are independently
optionally substituted by RY;

m is0, 1,2, 3, 0rd;

n 80,1, 2,3, 0r4,

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

X is -C(=0)-, -O~, ~-CH(OH}-, -5, -5(=0)-, or -8(=0)2-;

L is

Ra
§

*. - N He
~CRIEA 12y
@ ERRY; (CRIR?);

. wherein

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

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

R21s hydrogen, U-Cs alkyl, C5-Cs cycloatkyl, 3- to 12-membered heterocyclyl, 5- 10 10-
membered heteroaryl, or Ce-Cig aryl, wherein the C1-Co alkyi, C5~Ce cycloalkyl, 3- 10 12-
membered heterocyelyl, 5- 1o 10-membered heteroaryl, and Ce-Cua arvl of R? are independently
optionally substituted by R°,

R!and R independently of each other and independently at each occurrence. are
hydrogen, Ci-Cr alkyl, T5-Cs cycloalkyl, 3-to 12-membered heterocyvelyl, 5- to 10-membered
heteroaryl, or Ce-Cia aryl, wherein the C5-Cs cycloalkyl, 3- to 12-membered heterocyclyl, 5- to
10-membered heteroarvl, and Cs-Cia arvl of R and R? are independently optionally substituted
by RE, 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, 0r3,

R? and R*, independently of cach other and independently at cach occurrence, are
bydrogen, Cs-Cs ¢ycloalkyl, 3- to 12-membered heterocvelyl, 5- 10 10-membered heteroaryl, or

Co-Cia aryl, wherein the Cs-Cs cveloalkyl, 3- to 12-membered heterocyelyl, 5- 10 10-membered
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heteroaryl, and Cs-Cis aryl of RY and R* are independently optionally substituted by RE, or R’
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 Ré, and

pisO, I, or2;

*/(CRSRe}rV/ vk

{b} NROR® , wherein

* yepresents the point of attachment to the YV-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 alkyl, C3-Cs cycloalkyl, 3- to 12-membered heterocyelvl, 5- to 10-membered heteroaryl, or
Ce-Cia aryl, wherein the C1-Cs alkyl, (3-Ce cyeloalkyl, 3~ to 12-membered heterocyelyl, 5-to
10-membered heteroaryl, and Cs-Cis arvl 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
cveloatkyl, 3~ to 12-membered heterocyelyl, 5- to 16-membered heteroarvl, Ce-Cis arvl, or -
C(=0ORY, wherein the C1-Cs alkyl, C5-Ce cycloalkyl, 3- to 12-membered heterocyclyl, 5- to
10-membered heteroarvl, and Cs-C1a arvl of RP and R€ are independently optionally substituted
by Ri, and

risl, 2, 0or3;or

*— (CR7R8)L,"“N$—(CR9R1G)V—
) o

{c] , wherein

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

** rgpresents the point of attachment to the remamder of the molecule,

R” and R, independently of cach other and independently at each occurrence, are
hydrogen, Cs5-Cs cycloalkyl, 3- 1o 12-membered heterocyvelyl, 5- to 10-membered hetercaryl, or
Ce-Cig arvl, wherein the Cs3-Cs cyeloalkyl, 3~ to 12-membered heterocyelyi, 5-to 10-membered
heteroaryl, and Ce-Cla 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 optionally substituted by R,

R’ and R, independentlv of each other and independently at each occurrence, are H, Ci-

Cs alkyl, C3-Cs cycloalkyl, 3- to 12-membered heterocyelyl, 5- to 10-membered heteroaryl, or

g
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Co~Cra aryl, wherein the Ci-Cs alkyl, C3-Ce cveloalkyl, 3- to 12-membered heterocyclyi, 3- to
10-membered heteroarvl, and Cs-Cia arvl of R” and RV are independently optionally substituted
by R,

sis 1,2 0r3,

tis 1,2, 0r3,

wherein s +tis 2, 3, or 4,

uisOorl, and

visOorl;

Y is Ce-Co aryl substituted by R, 6- to 10-membered heterocaryl substituted by R,
or 3- to 12-membered heterocyclyl substituted by R, wherein

cach RM, RY, and RY, are mdependently C1-Cs alkyl, Co-Cs alkenyl, C2-Cs alkynyl, Ca-
Cs cycloalkyl, Ce-Cs cycloalkenyl, 3- to 12-membered heterocyclyl, 5- to 10-membered
heteroaryl, Ce-Cig aryl, ~ORM -NRPR!I® SR -NO», -C=NH{OR!Y), -C(OHRY, -OC(OIRY,
-COORYM -C(OINR PR, NRUC(OIRY, -NREC(OYORY, -NRMC(OINRIR -S(O)R,
SS(ORRY, -NRMS(GIRY, -NRUS(ORRY, -S(OINRPRC -§(ORNRPR!®, or -PIOHORPYORS),
wheretn the C1-Cs alkyl, Co-Cs alkenyl, Cr-Ce alkvayl, (5-Cs cveloalkyl, Ca-Cs oycloalkenyt, 3-
to 12-membered heterocvelvl, 5- to 10-membered heteroaryl, and Co-Cra aryl of RM R, and R
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 alkynyl, C3-Ce cyeloalkyl, Ce-Cus aryl, 5- to 10-
membered heteroaryl, or 3- to 12-membered heterocyelyvl, wherem the Ci-Ce alkyl, Co-Co
alkenyl, C2-Ce alkynyl, C5-Cs cycloalkyl, Co-Cia arvl, 5- 1o 10-membered heteroaryl, and 3- to
12-membered heterocvelyl of RM R and R'® are independently substituted by C1-Cs
perhaloalkyl, Ci-Coalkoxy, Ci-Cs perhaloatkoxy, Co-Cia arvl or Cs-Crs aryloxy wherein the Co-
Cia aryl or Co-Crg aryvloxy is further optionally substituted by halogen, ~OH, cvano, Ci-Ce alkyl,
C1-Cs perhaloalkyl, C1-Ce alkoxy, or C1-Ce perhaloatkoxy; and, wherein at least one of R, RV
and R when present, is not hydrogen;

RE is Ci-Coalkyl, C2-Cs alkenyl, C2-Co alkynvl, Cs-Cs cycloatkyl, Ce-Cua aryl, 5- to 10-
membered heteroarvl, or 3~ to 12-membered heterocyclylwherein the Ci-Cs alkyl, Co-Ce
alkenyl, C2-Co alkynyl, C3-Cs cycloalkyl, Co-Cra aryl, 5- to 10-membered heteroaryl, or 3-to 12-
membered heterocyclyl of RY is substituted by halogen, -OH, cvano, Ci-Cs alkyl, Ci-Cs

pethaloatkyl, Ci-Coalkoxy, Ci-Cs perhaloalkoxy or Cs~Cua arvl, wherein the Cs-Cis arvi is
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further optionally substituted by halogen, -OH, cvano, C1-Ce alkyl, Ci1-Cs perhaloalkvl, C1-Cs
atkoxy, or (1-Cs perhaloalkoxy; and

RY Re, RE R RE RI R/ and RY, independently of each other and independently at cach
occurrence, are halogen, C1-Ce alkyl, C2-Co alkenyt, Co-Co alkynyl, Ca-Cs cyveloalkyl], Co-Cuy
arvl, 5-to 10-membered heteroaryl, 3- to 12-membered heterocyclyl, -ORM, -NRR'6 cvano, or

nitro.

{8811}  In one aspect, provided is a compound of formula (1) or a pharmaceutically acceptable

salt thereof, wherein the compound has any one or more of the following features:

(i} X 15 ~-C(=0)-, -O- or ~-CH{OH)~;
(i) L is
(a) -NH-CR!R”-, such as ~-NH-CHz- or -NH-CH{CH3}- or wherein R! and R® are taken
together with the carbon atom to which they are attached to form a 3- to RB-membered
cycloalkylene such as a cyclopropviene;
(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

kd E3Y

. (CR7R® :"'N@'—’CRgR”O) : e y
{c) ) ) ' ! , wherein * represents the point of attachment to

the Y-X- moiety, ** represents the point of attachment to the remainder of the molecule, such as
O
(it} Y is:
(@) Co-Co aryl substituted by R!Y, such as 2,3-dihydro-1H-mden-2-y1, phenvl and
naphthyl, which are substituted by at least one R'Y;

(b} 6-to 10-membered heteroaryl substituted by R'Z, such as a pyridinyl, pyrimidiny!,

pyridin-2{1H)-onvl, and quinolin-6-y1. which are substituted by at least one R'*; or

(c) 3- to 12-membered heterocvelyl substituted by RY?, such as 2H-pyran-2-only,

isoindolinyl, piperidin-2-only and pipenidinyl, which arc substituted by at least one RY.

{8612} In another aspect 1s provided a compound of formula (I}, a pharmaceutically acceptable

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

10
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H ﬁ N g\} /:7/ CHy
* h \//, *% % * 'k N * *k
DA S D & G
consisting of O . @ CHy 0 e O NH
CHs CHa H
* i ik * /]\‘/x--x * *ER % *H w\ kad *\T]/N\\,:
o W W O/*Y/ T 3\ |
OH NH, NH, O NH, OH NH, NH, - " and
H
* N ™
O . wherein * represents the point of attachment to the Y moiety, and **

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

{8613} Also provided 1s a pharmaceutical composition comprising a compound of any formula
heremn, including formula (1), or a pharmaceutically acceptable salt thereof, and a

pharmaceutically acceptable carrier.

[0814] Also provided s 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 berein, including but not
himtted to a compound of formula (f), or a pharmaceutically acceptable salt thereof, ora
pharmaceutical composition comprising such compound or salt. Such diseasce or disorder in one
aspect is characterized by proliferation, tissue remodeling, chronic inflammation, 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, lung
cancer, melanoma, fibrosarcoma, bone sarcoma, connective fissuc sarcoma, renal cell
carcinoma, giant cell carcinoma, squamous cell carcinoma, feukemia, skin cancer, soft tissue
cancer, liver cancer, gastromntestinal carcinoma, or adenocarcinoma. In a particular aspect, the
disease or disorder is metastatic kidney cancer, chronie lymphocytary leukemia, pancreatic
adenocarcinoma, or non-small cell lung cancer. In a further aspect, the disease or disorder is a
fibrotic discase, wound healing, keloid formation, osteoarthritis, thewmatoid arthntis and related
disorders mvolving cartilage degradation, atherosclerotic discase, Crohn’s disease, or Type H
diabetes. In ancther particalar aspect is provided a method of reducing tumor growth, tumor
proliferation, or tumorigenicity i an individual in need thereof, comprising administering to the
mdividual a compound as detailed herein, such as a compound of formula (I}, ora

pharmaceutically acceptable salt thereof, or a pharmaceatical composition of the foregoing.
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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 time by thFAP.
[8016]  FIG. 2A shows PRXS-AMC degradation over time by thPREP. FIG. 2B shows Z-Gly-
Pro-AMC degradation over time by thPREP.

180171  FIG. 3A shows PRXS-AMC degradation over time by thDPPIV. FIG. 3B shows
PRXS-AMC degradation over time by thDPPO.

DETAILED DESCRIPTION

{8618} Described herein are compounds according to formula (I}

O
X
Y E_/U\N m F
n F
n
NG (1)

and pharmaceutically acceptable salts, stercoisomers 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 m an individual. Such
discases or disorders can include or be characterized by proliferation, tissue remodeling, chronic
mflammation, obesity, glucose intolerance, and/or insulin insensitivity. In some embodiments,

the compound is used to treat cancer.

Definitions

[APCERNTY

{0819} For use herein, unless clearly indicated otherwise, use of the terms *a”, “an™ and the
like refers to one or more.

{8628} 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”.

12



WO 2020/142742 PCT/US2020/012260

[B021] “Alkyl” as used heremn refers to and includes, unless otherwise stated, a saturated hinear
{i.e., unbranched)} or branched univalent hydrocarbon chain or combination thereof, having the
number of carbon atoms designated (7.e., C1-Cio means one to ton carbon atoms). Particular alkyl
groups are those having 1 to 20 carbon atoms (a “Ci-Coe alky1™), having 1 to 10 carbon atoms (a
“Ci-C1e alkyl™), having 6 to 10 carbon atoms (a “Ce-Cro alkyl™}, having 1 to 6 carbon atoms {a
“Ci-Ls alkyi™), having 2 to 6 carbon atoms (a “Cr-Coe alkyl™), or having 1 to 4 carbon atoms {a
“Ci-Cq alkyl”). Examples of alkyl groups include, but are not limited to, groups such as methyl,
ethyl, n-propvl, isopropvi, n-butyi, t-butvl, isobutyl, sec-butyl, n-pentvl, n-hexyl, n-hepiyi, n-

cotyvl, n-nonyl, n-decyl, and the hike.

{8622} “Alkvlene” 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-Cio alkylene™), having 6 to 10 carbon atoms {a “Ce-C 10 alkylene™),
having 1 to 6 carbon atoms {(a “Ci1-Cs alkviene™), 1 10 5 carbon atoms {a “C1-Cs alkylene™), 1 to
4 carbon atoms (a “C1-Cs alkyviene™} or 1 to 3 carbon atoms {a “C1~Cs alkyviene™}). Examples of
atkylene include, but are not hmuted to, groups such as methyvlene (-CHa-), ethyvlene (-(CHaCHg-),
propylene (-CH:CHCHs-), isopropylene ((CHCH(CH;)-), butvlene (-CH{CH pCHa-),
isobutylene (-CHxCH{CH:YCH:-), pentylene (~CH(CH2)CH2-), hexylene (~CHa(CH2)4CHo-),
heptylene (-<CHx(CH2)sCHz-), octviene (-CHCHz)eCHa-), and the hike.

{0023} “Alkenvl” as used herein refers to and includes, unless otherwise stated, an unsaturated
bingar {7.¢., unbranched) or branched univalent hydrocarbon chain or combination thereof,
having at least one site of olefinic unsaturation (i.e., having at least ong moiety of the formula
C=C} and having the number of carbon atoms designated (i.e., Co-Cio means two to ten carbon
atoms). An alkenyl group may have “cis” or “trans” configurations, or alteratively have “E” or
“Z7” configurations. Particalar alkenyl groups are those having 2 to 20 carbon atoms {a “Ca-Cao
atkenvl™), having 6 to 10 carbon atoms (a “Ce-Cro alkenyl”}, having 2 to 8 carbon atoms {(a “Ca-
Cg alkenyl”), having 2 to 6 carbon atoms (g “C2-Ce alkenyl”), or having 2 to 4 carbon atoms (a
*“{2-Cq alkenyl™). Examples of alkenvi group include, but are not limited to, groups such as
ethenyl {or vinyl}, prop-1-enyl, prop-2-enyl {or allyl}, 2-methylprop-1-enyl, bat-1-envl, but-2-
envl, but-3-enyl, buta-1 3-dienyl, 2-methylbuta-1 3-dienyl, pent-1-enyl, pent-Z-envl hex-1-enyl

hex-2-cuvl, bex-3-cnyl, and the like.

[
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{0024 “Alkvnvl” as used herein refers to and mcludes, unless otherwise stated, an unsaturated
tinear {i.e., unbranched} or branched univalent hydrocarbon chain or combination thereof,
having at least one site of acetylenic unsaturation (i.e., having at least one moiety of the formula
C=C) and having the number of carbon atoms designated (i.e., C2-Cio means two to ten carbon
atoms). Particular alkyayl groups are those having 2 to 20 carbon atoms {a “C2-Cao alkynyl™),
having 6 to 10 carbon atoms (2 “Cs-Cro alkynyl™), having 2 to 8 carbon atoms (2 “Ca-Cs
alkyvovl™), having 2 to 6 carbon atoms (a “(C2-Ce alkynvl”), or having 2 to 4 carbon atoms {a “Cs-
Ca alkynyl”). Examples of alkynvl group include, but are not imited to, groups such as ethynyl
{or acetylenyl), prop-1-ynyl, prop-2-voyl {or propargyl), but-1-ynvl, but-2-ynvl, but-3-ynvl, and
the like.

18623} “Alkoxy" refers to the group R-0O-, where R 1s alkyl; and meludes, by way of example,
methoxy, ethoxy, n-propoxy, iso-propoxy, n-butoxy, tert-butoxy, sec-butoxy, n-pentoxy, n-
hexyioxy, 1,2-dimcthylbutoxy, and the like. Smlardy, “cycloalkoxy”™ refers to the group
“cycloalkyl-0-" and “arvioxy™ refers to the group “aryl-0-". “Substituted alkoxy” reters to the

group “substituted alkyl-0-". “Substituted cvcloalkoxy” refers to the group “substituted

cycloalkyl-0-". “Substituted aryloxy™ refers to the group “sobstituted aryl-0-".

18626] “Arvl” or “Ar” as used herein refers to an unsaturated aromatic carbocyelic group
having a single ring {¢.g., pheayl) or multiple condensed rings {e.g., naphthyi or anthrvl) which
condensed rings may or may not be aromatic. Particular aryl groups are those having from 6 o
14 annular carbon atoms (8 “Ce-Cia arvl”). An aryl group having more than one ning where at
least one ring is non-aromatic may be connected to the parent structure at either an aromatic ring
position or at a non-aromatic ring posttion. In one variation, an aryl group having more than one
ring where at least one ring is non-aromatic is connected to the parent structure at an aromatic
ring position.

186277 “Arviene” as used herein refeors to the same residucs as arvl, but having bivalency.
Particular aryliene groups are those having tfrom 6 to 14 annular carbon atoms {a “Ce-Cra
arylene”}.

10028] “Cycloalkyl” as used herein refers to and includes, unless otherwise stated, saturated
cvehic univalent hydrocarbon structures, having the number of carbon atoms designated (e, Cs-
Cio means three to ten carbon atoms}. Cycloalkyl can consist of one ring, sach as cvelohexyl, or

multiple rings, such as adamantyl. A cyeloalkvl 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 tc &
annular carbon atoms (a "Cs-Cs cycloalkvl™), having 3 to 6 carbon atoms (a “Cs~Co cycloalkyl™),
or having from 3 to 4 annular carbon atoms (a "C3-Cq cycloalkvl™). Examples of cycloalkyi
mclude, but are not limited to, cvclopropyvl, cyclobutyl, cyvclopentyl, cyclohexyl, cycloheptyl,

norbornvi, and the like.

[8829]  “Cycloalkviene™ as used herein refers to the same residues as cycloalkyl, but having
bivalency. Cycloalkylene can consist of one ring or multiple rings which may be fused, spiro or
bridged, or combinations thercof. Particular cyeloalkylene groups are those having from 3 to 12
annular carbon atoms. A preferred cveloalkylene 1s a evelic hydrocarbon having from 3 to 8
annular carbon atoms (a “C3-Cs cyeloalkyvlene™), having 3 to 6 carbon atoms (a “Cs-Cs
cveloalkylene™), or having from 3 to 4 anmular carbon atoms {a “(Us-Cs cycloalkviene™).
Examples of cycloatkviene include, but are not limited to, cyclopropylene, cvclobutyiene,
cvelopentylene, cvelohexylene, cveloheptylene, norbormviene, and the like. A cycloalkviene
may attach to the remaining structures via the same ring carbon atom or different ring carbon
atoms. When a cycloalkylene attaches to the remaining structures via two different ring carbon
atoms, the connecting bonds may be cis- or trans- to cach other. For example, cvclopropylene
may include 1,T-cyvclopropviene and 1,2-cyeclopropylene {e.g., cis-1,2-cvelopropylene or trans-
1.2-cyclopropylene), or a mixture thereof.

[8830] “Cycloalkenyl” refers to and includes, unless otherwise stated, an unsaturated cvchic
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 (7.e., C3-Cio means three to ten carbon atoms). Cycloalkeny! can consist of one ring,
such as cvclohexenyl, or multiple rings, such as norbomenvi. A preferred cycioalkenyl is an
ansatarated cyclic hydrocarbon having from 3 to 8 annular carbon atoms {a “Cs-Ca
cveloatkenyl”™). Examples of cycloalkeny! groups include, but arc not limited to, cyelopropenyl,

cvelobutenyi, cyvclopentenyl, cyclohexenyl, norbornenyl, and the hike.

108631}  “Cycloalkenviene™ as used herein refers to the same residues as cyveloalkenyl, but
having bivalency.

18632} “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, inchuding but not himited to

[
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heteroatoms such as nitrogen, oxygen and sulfur. A heteroaryl group may have a single ring
{e.g.. pyriavl, furvl) or multiple condensed rings {e.g., indolizinyl, benzothienyl) which
condensed rings may or may not be aromatic. Particular heteroary! groups are 5 to 14-membered
rings having 1 to 12 annular carbon atoms and 1 to 6 annular heteroatoms independently selected
from nitrogen, oxygen and sulfur, 5 to 10-membered rings having 1 to 8 anmular carbon atoms
and 1 to 4 annular heteroatoms independently selected from nitrogen, oxygen and sulfur, or 5. 6
or T-membered rings having 1 to 5 annular carbon atoms and 1 to 4 annular heteroatoms
mdependently selected from nitrogen, oxvgen and sulfur. In one vanation, particular heteroary]
groups arc monocyelic aromatic 5-, 6- or 7-membered rings having from 1 to 6 annular carbon
ators and 1 to 4 annular heteroatoms independently selected from nitrogen, oxvgen and sulfur.
In another vanation, particular heteroarvl groups are polyevelic aromatic rings having from 1 to
2 annular carbon atoms and 1 to 6 annular hetercatoms independently selected from nitrogen,
oxygen and sulfur. A heteroaryl 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-
aromaiic ring position. In one vanation, a heteroary! group having more than one ring where at
least one ring is non-aromatic 1s connected to the parent structure at an aromatic ring posttion. A
heteroary! group may be connected to the parent structure at a ring carbon atom or a ring
heteroaton.
18633} Where applicable, a heteroaryl group may be depicted 1n a tautomeric form. Such

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

NS
=N

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

2
NH

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

considered to be heteroaryl.

{8634} “Heterocycele”, “heterocyelic”, or “heterocyelyl” as used herein refers to a saturated or
an unsaturated non-aromatic cvelic group having a single ring or multiple condensed rings, and
having from 1 to 14 annular carbon atoms and from 1 to 6 annular heteroatoms, such as nitrogen,

sulfor or oxvgen, and the like. A heterocyele comprising more than one ring may be fused,
16
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bridged or spiro, or any combination thereof, but excludes heteroaryi groups. Thus, itis to be
understood that, in fused-ring “heterocycles”, one or more of the fused rings may be ¢ycloalkyl,
cycloalkenyl, or arvl, but not heteroaryl. The heterocyelvl group may be optionally substituted
mdependently with one or more substituents described herein. Particular heterocyclyl groups are
3 to 14-membered rings having 1 to 13 annular carbon atoms and 1 to 6 amnular heteroatoms
imdependently selected from nitrogen, oxygen and sulfur, 3 to 12-membered nogs having 1 to 11
annular carbon atoms and 1 to 6 annular heteroatoms independently selected from nitrogen,
oxygen and sulfur, 3 to 10-membered nings having 1 to 9 annular carbon atoms and 1o 4
annular heteroatoms tndependently selected from mitrogen, oxvgen and sulfur, 3 to 8-membered
rings having 1 to 7 annular carbon atoms and 1 to 4 annular hetersatoms 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, oxyvegen and sulfur. In one
variation, heterooyelyl includes monocyclic 3-, 4-, 5-, 6- or 7-membered rings having from 1 to
21t 3, 1to4, 110 5, or 1 to 6 annular carbon atoms and 1 t0 2, 110 3, or 1 to 4 annular
heteroatoms independently sclected from nitrogen, oxygen and sulfur. In another variation,
heterocvelyl includes polycvelic non-aromatic rings having from 1 to 12 annular carbon atoms

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

{8635} “Halo” or “halogen” refers to elements of the Group 17 senies having atomic number 9
to 85. Preferred halo groups include the radicals of fluorine, chlorine, bromine and 1odine.
Where a residue is substituted with more than one halogen, 1t may be referred to by using a
prefix corresponding to the number of halogen moieties attached, e.g., dihaloaryl, dihaloalkyl,
trihalgaryl etc. refer to aryl and alkyl substituted with two (%dt”) or three (“trt”) halo groups,
which may be but arc not necessarily the same halogen; thus 4-chloro-3-fluorophenyl is within
the scope of dibaloaryl. An alkvl group 1 which cach hydrogen is replaced with a halo group is
referred to as a “perhaloalkyl.” A preferred perhaloalkyl group is 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 is triflucromethoxy (-OCFs).
10636)  “Carbony!” refers to the group C=0.

{86377 “Oxo” refers to the moiety =0,
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[6638] “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 substituents. 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 1102, 1103, 1104, 1105, 2103, 210
4, or 2 to § substituents. In one embodiment, an optionally substituted group s unsubstituted.
{0639} Unless clearly indicated otherwise, “an individual” as used herein intends a mammal,

meluding but not limited to a primate, human, bovine, horse, feline, canine, or rodent. In one

variation, the mdividual is a human,

{0048]  As used heroin, “treatment” or “treating” 1s 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,
dinunishing the extent of the discase, stabilizing the disease {(¢.g., preveniing or delaying the
worsening of the disecase), proventing or delaying the spread of the disease, delaving the
ocourrence or recurrence of the disease, delay or slowing the progression of the disease,
amelicrating the disease state, providing a renmuission (whether partial or total} of the disease,
decreasing the dose of one or more other medications required to treat the discase, enhancing
effect of another medication, delaving the progression of the discase, mncreasing the quality of
life, and/or prolonging survival. The methods described herein contemplate any one or more of

these aspects of treatment.

{8641} As used heremn, the term “effective amount” intends such amount of a compound of the
mvention which should be effective in a given therapeutic form. As is understood in the art, an
effective amount may be in ong or more doses, 7.e., a single dose or moltiple doses may be
required to achieve the desired treatment. An effective amount may be considered in the context
of adnunistering one or more therapeutic 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 ts 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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[B042] A “therapeutically effective amount” refers to an amount of a compound or salt thereof

sufficient to produce a desired therapeutic outcome.

{8643} As used herem, “unit dosage form” refers to physicallv discrete units, suitable as unit
dosages, cach unit 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.

100644]  As used herein, by “pharmaceutically acceptable” or “pharmacclogically acceptable” is
meant a material that is not biologically or otherwise undesirable, e. g , the material may be
meorporated into a pharmaceutical composition admmistered to a patient without cansing any
significant 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
carriers or excipients have preferably met the required standards of toxicological and
manufactunng testing and/or are included on the Inactive Ingredient Guide prepared by the U5,

Food and Dirug administration.

{0045]  “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 admimstered as drags or
pharmaceuticals to an individual. Such salts, for example, include: (1) acid addition salts, formed
with inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid, and the hike; or formed with organic acids such as acetic acid, oxalic acid,
propionic actd, 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 1on, an atkaline carth 1on, or an aluminum ion; or coordinates with an organic base.
Acceptable organic bases mclude ethanolamine, dicthanolamune, tricthanolamine and the like.
Acceptable morganic bases mnclude aluminom hydroxide, caleium hyvdroxide, potassium
hydroxide, sodium carbonate, sodiunt hydroxide, and the ike. Pharmaceutically acceptable salts
can be prepared in sifu i the manufacturing process, or by separately reacting a purified
compound of the invention in its free acid or base form with a snitable organic or inorganic base

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

[8646] The term “excipient” as used herein means an inert or inactive substance that may be
used in the production of a drug or pharmaceutical, such as a tablet containing a compound of

the 1nvention as an active ingredient. Various substances may be embraced by the torm
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excipient, including without limitation any substance used as a binder, disintegrant, coating,
compression/encapsulation aid, cream or lotion, fubricant, solutions for parenteral
adnunistration, materials for chewable tablets, swectener or flavoring, suspending/gclliing agent,
or wet granulation agent. Binders include, e.g., carbomers, povidone, xanthan gum, ¢tc.; coatings
mclude, e.g., cellulose acetate phthalate, ethvicellulose, gellan gum, maltodextnin, enteric
coatings, eic.; compression/encapsulation aids mchude, e.g., calonim carbonate, dextrose,
fructose de {de = “directly compressible™), honey de, lactose {(anhydrate or monohydrate;
optionally in combination with aspartame, cellulose, or nucrocrystalling cellulose)}, starch de,
sucrose, ete.; disintegrants include, e 2., croscarmellose sodium, gellan gum, sodium starch
glvcolate, etc.; creams or lotions include, e.g., maltodextrin, carrageenans, etc.; lubricants
melude, e.g, magnesium stearate, stearic acid, sodium stearyl fumarate, etc.; materials for
chewable tablets include, e. g, dextrose, fructose de, lactose {monchydrate, optionally in
combination with aspartame or ceflulose), etc.; suspending/gelling agents include, e.g.,
carrageenan, sodium starch glyveolate, xanthan gum, etc.. swecteners include, e.g., aspartame,
dextrose, fructose de, sorbitol, sucrose de, ote.; and wet granulation agents include, e.g., calcium

carbonate, maltodextrin, microcrystalline cellulose, ete.

{6647} It 15 understood that aspects and embodiments described herein as “comprising”

mehude “consisting of” and “consisting cssentially of” embodiments.

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

unpurities. However, the composition either does not contain any other components which do
substantially affect the disease or condition being treated other than those components expressly
listed; or, if the composition does contain extra components other than those histed which
substantially affect the disease 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 descnibed 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 discase or condition being {reated other than those steps expressly

fiste
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[B0349]  When a moiety is indicated as substituted by “at least one™ substituent, this also

encompasses the disclosure of exactly one substituent.

Compounds

[B830] In some embodiments, provided is a compound of formula (I):

O
—’X\
Y L/LLN m,F
“ F
NG

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

(D

R is hvdrogen, C1-Cs alkyl, Cs-Cg cycloalkyl, 3- to 12-membered heterocyelyl, 5~ to 10-
membered heteroaryl, or Co-Chra arvl, wherein the C1-Ce alkyl, (5-Cs cycloalkyl, 3-to 12-
membered heterocyclyl, 5- to 10-membered hetercaryl, and Cs-Cia arvl of R are mdependently

optionally substituted by RY;
m s, 1,2, 3, ord;
n 18, 1.2, 3, or4,
wheremm +nis 1,2, 3 or4;
X 1s -C(=0}-, -0-, -CH(OH)-, -5-, -5(=0)-, or -8(=0)-;
L 18

Ra
{

* N g
ey 3mdy 2 N A T2y
(@ TICRBRYT CRIRY

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

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

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

membered hetercaryl, or Cs-Cia arvl, wherein the C1-Ce alkyl, Cs-Cs cycloalkyl, 3-to 12-
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membered heterocyclyl, 5~ to 10-membered heteroaryi, and Cs~-Cra aryl of R? are independently

optionally substituted by R®,

R’ and R, independently of each other and independently at each occurrence, are hydrogen, Ci-
Ca alkyl, C5-Cs cycloalkyl, 3- to 12-membered hetercovelyl, 5- to 10-membered heteroaryl, or
Co-Cia aryl, wherein the Cs-Cs cvcloalkyl, 3-to 12-membered heterocycelyl, 5- 1o 10-membered

heteroaryl, and Cs-Cis 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 cyeloalkylene optionally substituted by RY,
gis 1,2, or3,

R* and R*, independently of each other and independently at each occurrence, are hydrogen, Ca-
Ce cycloalkyl, 3- to 12-membered heterceyelyl, 5- to 10-membered hetercarvl, or Ce-Cua aryl,
wherein the C3-Ce cyeloalkyl, 3-to 12-membered heterocyelyl, 3- to 10-membered heteroaryl,

and Co-C1a aryl of R? and R* are independently optionally substituted by Re,

or R 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 RE, and

pis O, or2;

. /(CRSR%Y

{b) NRPR® , wherein

*&

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

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

alkvl, Cs~-Cs cycloalkvl, 3- to 12-membered heterocyelvl, 3- to 10-membered heteroarvi, or Ce-
Cia arvl, wherein the C1-Ce alkyl, Ca-Cs cveloalkyl, 3- 1o [2-membered heterocyelyl, 5- to 10-
membered heteroaryl, and Cs-Crs arvl of R and R® are independently opticnally substituted by

22



WO 2020/142742 PCT/US2020/012260

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

to 12-membered heterocvelvl, 5- to 10-membered heteroaryl, Co-Cis arvl, or ~C(=00ORY,
wherein the C1-Cs alkyl, Cs-Cs cycloalkvl, 3- 10 12-membered heterocyelyl, 5- to 10-membered
heteroaryl, and Ce-C 14 aryl of R® and R° are independently optionally substituted by R}, and

ris i, 2, or3;0r

S
O (CR_']RS)UMN&—(CRQR"O)V_ e
t

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

, wherein

(¢}

** represents the point of attachiment to the remainder of the molecuie,

R7 and R5, 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-Cua aryl,
wherein the Cs-Cs cyeloalkyl, 3- to 12-membered heterocyelyl, 5- to 10-membered heteroaryl,

and Cs-Crs 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 cvoloalkylene optionally substituted by R,

R? and R, independently of each other and independently at cach occurrence, are H, Ci1-Cs

alkyl, C5-Ce cyeloalkvl, 3- to 12-membered beterocyclyl, 3- to 10-membered heteroarvl. or Co-

Cis arvil, wherein the Ci-Cs alkyl, C3-Cs cycloalkyl, 3- to 12-membered heterocyelvl, 5-to 10~
membered heteroary!, and Ce-Crs aryl of R% and R are independently optionally substituted by

R,
sis 1,2 or3,
tis 1,2, 0r3,
whergins 115 2, 3, or 4,
uisOorl, and

visOorl;

[ ]
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Y 1s Ce-Co arvl substituted by R, 6- to 10-membered heteroary! substituted by R*?, or 3- 1o

12-membered heterocyelyvl substituted by R, wherein

cach R}, R™ and RY, are independently C1-Cs alkyl, C2-Cs alkenyl, C2-Cs alkynyl, Ca-
Cz cycloalkyl, Cs-Cs cycloalkenyl, 3-to 12-membered heterocyelyl 5- o 10-membered
heteroaryl, Ce-Cug aryl, -ORM -NRIPR'® -SRYM NGy, -C=NH(ORM™), -C{ORY, -OC(O)RY,
C{OHORY, -COINRPRY NRMC(OIR D, -NRMC(OYORY, -NRMC{ONRPRY -S(O)RY,
S(01RM¥, -NRUS(OIR!, NRUS(ORRY, -§(OINRPRIS -S(O)NRPR, or -P(ONORSHOR),
wherein the C1-Cs alkyl, Co-Cs alkenvl, C3-Co alkyayl, C5-Cs cycloalkyl, Cs-Cs cycloalkenyl, 3-
to 12-membered heterocyelyl, 5- to 10-membered heteroaryl, and Cs-Cra arvl of R R, and R

are substituted by RY;

R RY and R, independently of each other and independently at cach occurrence, are
hvdrogen, Ci-Cealkyi, Co-Us alkenyi, T2-Ce alkynvl, C-Cs cycloalkyl, Cs-Cis arvi, 5-1o 10-
membered hetercaryl, or 3- to 12-membered heterocyclyl, wherein the Ci-Co alkyl, Co-Ce
alkenyl, C2-Cs alkynyl, Cs5-Cs cycloalkyl, Ce-Cia arvi, 5- to 10-membered heteroaryl, and 3- to
12-membered heterooyelyl of R¥, R and R'® are independently substituted by C1-Ce
perhaloalkyl, Ci-Csalkoxy, C1-Cs perhaloalkoxy, Co-Cia aryl or Ce-Craarvioxy wherein the Ce-
Cis arvl or Co-Crearvloxy 15 further optionally substituted by halogen, ~-OH, cvano, C1-Cealkyl,
C:1~Cs perhaloalkyl, C1-Cs alkoxy, or Ci-Cs perhaloalkoxy; and, wherein at least one of RY, R!?

and R'®, when present, is not hydrogen:

RF 15 Ci-Cealkyl, Co-Cs alkenyl, C2-Ce alkynyl, C-Cs eveloalkyl, Cs-Cua arvl, 5- 1o 10-
membered heteroarvl, or 3- to 12-membered heterocyclylLwherein the Ci-Ce alkyl, Co-Cs
alkenyl, C:-Co alkynyl, Cs-Cs eycloalkvl, Co-Cha arvl, 5-to 10-membered heteroarvl, or 3-to 12-
membered heterocyely! of R¥ is substituted by halogen, -OH, cyano, Ci-Cs atkyl, C1-Ce
perhaloalkyl, Ci1-Csalkoxy, Ci-Cs perhaloalkoxy or Ce-Ca aryl, wherein the Cs-Cia arylis
further optionally substituted by halogen, -OH, cvano, U-Cealkyl, Ci-Cs perhaloalkyl, C1-Cs

alkoxy, or Ci-Cs perhaloalkoxy; and

RY RS R RS RE R R and R¥, independently of each other and independently at cach
occurrence, are halogen, Ci-Cs alkyl, €-Cs alkenvl, C2-Co alkynyl, Cs-Cs cycloalkyl, Co-Cra
aryl, 5- to 0-membered heteroaryl, 3- to 12-membered heterocyclyl, ~-ORY™, -NRPR'® cvano, or

nHro.
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[B851]  In the descniptions herein, 1t 1s understood that every description, variation,
embodiment or aspect of a moiety may be combined with every description, variation,
embodiment or aspect of other moteties the same as if cach and every combination of
descriptions is specifically and mdividually histed. For example, every description, vanation,
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 n the same as if each
and every combination were specifically and individually histed. it is also understood that all
descriptions, variations, embodiments or aspects of formula (I}, where applicable, apply equally
to other formulag detailed herein, and are equally described, the same as if cach 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 (1),
where applicable, apply equally to any of formulac tailed herein, and are equally described, the
same as if each and every description, vanation, embodiment or aspect were separately and

mdividually listed for all formulac. The same applies to any other formula provided herein.

[8632]  In some embodiments, the compound of formula (I} 1s of the formula {(Ia}:

{la)

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

n are as defined for formula (1)

{8653} In some embodiments, the compound of formula (I} 1s of the formuda (Iby:

(Ib

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

n are as defined for formula ().

N
(4
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[8054]  In some embodiments of the compound of formula (I), where mis Tand nis |, the

compound is of the formula (1)

NC an

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

as defined for formula (1)

[B655]  In some embodiments, the compound of formula (1) 1s of the formula (Ila):

O
Y”X‘L)LN F

R F
NC (1la)

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

as defined for fornmda (1)

10656} In some embodiments, the compound of formula (1) 1s of the formula (Iib):

O
Y’X\L)J\jyir
R F

N

Oil

{(1b)
a pharmaceutically acceptable salt, sterecisomer or tastomer thereof, wherein Y, X, L and R are
as defined for formula (3}

{8637 In some embodiments of the compound of formula (11}, where L 1s -NH-CHz-, the

compound is of the formula (i)

O

H
Y\X/N\//H\N F
o F
NC (I

26
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a pharmaceutically acceptable salt, stereoisomer or tautomer thereof, wherein Y, X, and R are as

defined for formula (1)

{8658} In some embodiments, the compound of formula (IH) is of the formula (Eia):

uo0
N A
R F
NC (Iila)
a pharmaceutically acceptable salt, sterectsomer or tastomer thereof, wherein Y, X, and R are as
defined for formula (I). In some such embodiments, X 1s ~C(=0)-. In some such embodiments,

X 18 ~C(=0}- and R is hydrogen. In some such embodiments, X is —-C{(=0})~and Y 1s

10659] I some embodiments, the compound of formula (IH) is of the formula (Hib):

H
Yo N -
R
R*% ¢
NC {(Hib)
a pharmaceutically acceptable salt, stereoisomer or tautomer thercof, wherein Y, X, and R are as

defined for fornula (I}, In some such embodiments, X 1s —-C{(=0)-. In some such embodiments,

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

[B0866] In some embodiments, the compound of fornuula (IH) 1s of the formula (Fi-1):

o ©
Y\X/N\/L\E‘S/><F
H.C F
NC (H-1)

a pharmaceutically acceptable salt, stereoisomer or tautomer thereof, wherein Y and X are as
defined for formula (1)
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[B861] In some embodiments of the compound of formula (i1}, where L 1s -NH-CH{CH2)-, the
compound is of the formala (1V):

H o % R owN

Y. N
CHj
F
Fooav

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 (IV), the carbon bearing the
methyl group of L is in the S configuration. In one aspect of a compound of formula (1V), the

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

{8662} In some embodiments, the compound of formula (V) is of the formula (IVa):

E 0 R;:CN
e M
CH,
F
F 7 oava

a pharmaceutically acceptable salt, sterecisomer or tautomer thereof, wherein Y, X, and R are as
defined for formula (I}, In one aspect of a compoond of formula (IVa), the carbon bearing the
methy! group of L is in the § contfiguration. In one aspect of a compound of formula (IVa), the

carbon bearing the methy! group of L 15 in the R configuration.

10663} Io some embodiments, the compound of formula (IV) is of the formula (1Vb):

H OL R oN
N s
Yoy \{) "
{

F P v
a pharmaceutically acceptable salt, stercoisomer or tavwtomer thereof, wherein Y, X, and R are as
defined for formula (1). In one aspect of a compound of formula (IVb), the carbon bearing the
methyl group of L is n the S configuration. In one aspect of a compound of formula (IVh), the

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

[80664] In some embodiments of the compound of formula (I1}. the compound is of the formula

(V).
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FT )

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

defined for formula (1).
{0663}  In some embodiments, the compound of formula (V) 1s of the formula (Va):

G

g Fi__ CN
Y\x/ ; ;/H\N

£ (Va)

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

defined for formula (1).
10666} In some embodiments, the compound of formula (V) is of the formula (Vb):
H Q RN
Yoy - 25\“
Fo.
F (Vb)

a pharmaceutically acceptable salt, stercoisomer or tavtomer thereof, whergin Y, X, and R are as

defined for formula (1)

{8667} In some embodiments of the compound of formula (11}, the compound 15 of the formula
{(VIy

NC (VD

a pharmaceutically acceptable salt, stereoisomer or tavwtomer thereof, wherein Y, X, and R are as

defined for formula (1)

{8668} In some embodiments, the compound of formula (V1) is of the formula (Via):
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0O

Yo N }}ﬁ:

X R
NC (Via)

a pharmaceutically acceptable salt, stercoisomer or tavwtomer thereof, whergin Y, X, and R are as

defined for formula (1).

8669} In some embodiments, the compound of formula (V1) is of the formula (VIb):

[\,/?\

' F

! D<

Ned - F
N

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

defined for formula (0).

Ol .

(VIb)

{8670}  In some embodiments of the compound of formula (11}, where L 1s -CHz-CH(NH3)-,

the compound is of the formula (VI

9 R eN
NH, L

F v

a pharmaceutically acceptable salt, sterecisomer 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 bearing the -
NH; group of L is in the S configuration. In one aspect of a compound of formula (VI, the

carbon bearing the -WHaz group of L is 1n the R configuration.

{8671}  In some embodiments, the compound of formula (VI} is of the formula (Vila):

§ RBew
Y\X/\'/LN
NHy e
! F .
F (Vila)

a pharmaceutically acceptable salt, stereoisomer o tautomer thereof, wherein Y, X, and R are as

defined for formula (I). In one aspect of a compound of formula (Vifa), the carbon bearing the ~
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NH2 group of L 1s in the S configuration. In one aspect of a compound of formula (Vila), the

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

{8672} In some embodiments, the compound of formula (VII) 18 of the formula (Vilb):

8 R coN
NH;
F {(Viih)

a pharmaceutically acceptable salt, sterectsomer or tastomer thereof, wherein Y, X, and R are as
defined for formula (I}, In one aspect of a compound of formula (VHb), the carbon bearing the -
NH:z group of L 1s in the S configuration. In one aspect of a compound of formula (VIIb), the

carbon bearing the -NHz group of L 15 in the R configuration.

{6673}  TIn some embodiments of the compound of formula (11}, where L is -CH(CHz)-
CH{NH2}-, the compound 15 of the formula (V)

CHy; @ R ON
Yo i \

X N
ey
F v
a pharmaceutically acceptable salt, sterectsomer or tavtomer 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 -
NHz group of L 15 in the S configuration. In one aspect of a compound of formula (VI), the
carbon bearing the -WNH:z group of L is in the R configuration. In one aspect of a compound of
formula (VII}, the carbon bearing the methyi group of L 15 in the 5 configuration. In one aspect
of a compound of formula (VIH), the carbon bearing the methy! group of L isin the R

configuration.

{8674} In some embodiments, the compound of formula (Vi) 1s of the formuda {Villa):

F P (vt

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 formuia (VIia), the carbon bearng the -

(43
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NHz2 group of L 1s in the S configuration. In one aspect ot a compound of formula (Viia), the
carbon bearing the -NH: group of L is in the R configuration. In one aspect of a compound of
formula (Vilia), the carbon bearing the methvl group of L is m the § configuration. In one aspect
of a compound of formula (VIilia), the carbon bearing the methvl group of Lisinthe R

configuration.
{8675}  In some embodiments, the compound of formula (Vi) is of the formula (Villb):

CH3 O R \CN
Y. N

F T i)

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 (VIHIb), the carbon bearing the -
MNH> group of L is in the S configuration. In one aspect of a compound of formula (Viib), the
carbon bearing the -NH:z group of L is n the R configuration. In one aspect of a compound of
formula (VIb), the carbon bearing the methyl group of L is in the § configuration. In one
aspect of a compound of formula (Villb). the carbon bearing the methyi group of L is in the R

configuration.In some embodiments of the compound of formula (11, the compound is of the

e}

Jagio™

,X\N R% F
H NC

a pharmaceutically acceptable salt, stereoisomer or tautomer thereof, whergin Y, X, and R are as

formula (IX}:

Y

(IX)

defined for formula (1}, In one aspect of a compound of formula (IX), the 1,3-cyclobutyienc s
the ¢is isomer. In onc aspect of a compound of formula (IX), the 1,3-cyclobutviene 15 the fran

isomer.
{8676} In some embodiments, the compound of formula (1X) 1s of the formula (IXa):
O
Jagh B
vy R~ T
NC

H (1Xa)
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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 (IXa), the 1 3-cvclobutyiens ig
the ¢is isomer. In onc aspect of a compound of formula (IXa), the 1,3-cyclobutviene is the rran

isomer.

18677} In some embodiments, the compound of formula (1X) is of the formula (IXb):

O
Jema
Y,XNN Rert F
H NC

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

(IXb)

defined for formula (I). In one aspect of a compound of formuia (IXb), the 1,3-cyclobutylene is
the cis 1somer. In one aspect of a compound of formula {(IXb}, the 1,3-cyclobutylene is the fran

isomer.

{8678} In some embodiments of the compound of formula (11}, where L 18 -NH-CHp-, the

compound s of the formuda (X

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

defined for formula ().

1086791 I some embodiments, the compound of formula {X) 1s of the formula (Xa):
H 0
Y~ XfNMN F
NC (Xa)

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

defined for formuia (I).

[B080]  In some embodiments, the compound of formula (X is of the formula (Xb):

(a3
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¢

H i
Y\XXN\/\/IL:ED(F
R*Z F
NC (Xb)

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

defined for formula ().

{0081]  In one variation a compound of formula (1), a phammaceuticallv acceptable salt,
stereoisomer or tautomer thereof, 1s provided wherein X 1s -C(=0)~, -0~ or -CH(OH)-. In
another variation a compound of formula (1), a pharmaceutically acceptable salt, stereoisomer or
tautomer thereof, is provided wherein X is -8-, -5(=0}-, or -8(=0}2-. In some embodiments of
the compound of fornmula (1}, a pharmaceutically acceptable salt, sicreoisomer or tautomer
thereof, X is -C(=0)-. In other embodiments of the compound of formula (1), a pharmaceutically
acceptable salt, stereoisomer or tautomer thereof, X is -0-. All variations of X apply equally to
anv applicable formulae herein, such as formulac Ia, Ib, I, Ila, {ib, I, Ha, 1lib, IV, IVa, {Vb,
¥V, Va, Vb, VI, Via, Vib, VII, Vila, Viib, VIII, Viila and VIilb.

{8682} In some embodiments of the compound of formula (I}, a pharmaceutically acceptable
Ra
s

* N ¥
~epdnh N rpin” ‘
(CRRg (CRRY . In a particular such

salt, stereoisomer or tautomer thereof, L 15
embodiment, R?is H, and R, R%, R and R, if present, are each H. In one embodiment, L is
Ra
|

* ~ N - Rk
Sirpind N Ap e
(CRRg (CR'R%q and X 1s —C=0. In another embodiment, L s

Ra
N
TSCRRYT N CRRYY

Ra
l

% A . N " o
‘ iments. Lis (CRRYT (CRIRET cular variation. R!
{8883} In some embodiments, L is P 1 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{RH)-CRIR?- (i. e., p is (). In one particular variation, L

is -NH-CRIR?- In another particular variation, L is -NH-CHaz-. In another particular variation, L

(a3

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., cyclopropviene).

{0085] In some embodiments, L is ~N{R)J-(CRIR*s- (7. e., p is 0}. In one particular variation,
L is -NH-(CR R?)3-. In another particular variation, L is -NH~-(CHz)s3-. 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 mterstitial carbon to form a 3- 1o

S-membered cveloalkyvlene {e.g., 1.3-cyclobutyleng).

{8686} In other embodiments of the compound of formula (1), a pharmaceutically acceptable
. _~(CR?R®,
salt, stcrcoisomer or tautomer thereof, L is NRPR® Ty one such embodiment, X is
~{=0. In another such embodiment, X 15 -0-. In a further such embodiment, X 15 -CH{OH})-. In
yet another such embodiment, X is ~S-. In still another such embodiment, X i1 ~8(=0)-. In still
another such embodiment, X is -5{=0). In ong aspect of such embodiments, ris 1. In ancther
aspect of such embodiments, ris 2. In still another aspect of such embodiments, ris 3. Inany
*/(CRfiRﬁ)r\{/ o
embodiment provided where L is ?‘I\inR"’m one variation, R” and R° are both H. In
*/(CRC"RG), o
any embodiment provided where L is NRPR® i another variation, R® and R° are both

H, ris |, R%is H and R® is a C1-Cs alkyl such as methyl.

{0087} In some of these embodiments, L is -CRPRO-CH{NRPR®)- (j.e., ris 1). In one particular
variation, L is ~-CH{R*}-CH(NH:}-, including but not limited to aspects wherein R is hydrogen
or C1-Ce alkyl. In one particular variation, L is ~-CHz-CH{NHz)-. In another particular variation,

L is -CH(CH3)-CH(NH:z)-.

{0088}  In some embodiments of the compound of formula (I}, a pharmaceutically acceptable

Y $ -
*— (CRTR®);~ Ni> ------- (CROR10),—™
1

embodiment, X is —~C=0. In another such embodiment, X 1s -0-. In a further such embodiment,

salt, stercoisomer or tautomer thereof, L is  dn one such

X 1s —5-. In still another such embodiment, X 15 —5(=0}-. In still another such embodiment, X 15

(43
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~S(=0)z. In a particular variation, L ig anduis 0. In

e (C R7R8)U—N£>g((3 R9R1 O)v_____ wke
t

group consisting of ~C=0, -0 -5~ ~-5{=0})- and -5(=0}:. In any embodiment or vanation

(CR?RS)U—N&(CRQRW)VM -

s
= O
{8689} In one variation, L is ot . In another particolar vanation, L is )

In one variation, L is and X 1s selected tfrom the group consisting of -C=0, -0-,
=8, =5(=0)- and ~S{=0).

another variation, L 1s ,uis 0 and X 18 selected from the

x

where L is ,inoncaspect, sis tandtis 1.

{0098] In one vanation, provided herein is a compound of formula (1), a pharmaceutically
acceptable salt, stereoisomer or tautomer thereof, wherein the -X-L- moiety is selected from the

group consisting of:

H H v H H
\ﬂ/N\/ “ YN\/ %:j \S/N\// \S/N\V/
* P % wE 1 I7ANS
o C o~ OH - ¢
x E x\ e £ *. v/. *%k *\ P k) *\ A X *\ P sk
i A S Y% P
O CHs CHs OH  CH, CHy O CHy C O CH,
H H H H
* N % H * N Le) = * UN % % o
\H/ *e /N o *\ . o \S \\S/’N
K .G
o A OH A O 00 &
*. &k .,,\ wh s *\ /’”\\,«/H‘ *\ ok x\ Kk
W 0 5 i ?Si //\‘f\r/
NH; NH;  OH NH NH; O NH; OO0 nNH
CHa CHs CHs CHj CH4 CHa
W \O/|\’/‘ * ; \S ; \ﬁ)\( "\//\\
O NH NH,  OH NH, NH, O NH, OO nNH,

OH

f‘\f** . o . o * | s
.y i rj]/ | \]/NJ !r~7// | o, ,N\]/ ~ ,NU/ |
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* ﬁ # ﬁ * ﬂ * ﬁ ﬁ
R s s Ut v (A U thw
O e £ OH *x ‘\‘-/’\\\\')!* O \/’/3\'\**
H
s~ N H H
R ‘ N~ ’ N~ ™
72\ H
o ALY N . T
ok o) ’ \O/ W OH D
H o ‘ H
§ \SIF“W *\SfN\/"\// ”
*\ L % i 77N
g7 TN ¢ and ©

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

{3091} In another vanation is provided a compound of formula (1), a pharmaceutically
acceptable salt, stereotsomer or tautomer thereof, wherein the -X-L- motety s selected from the

group consisting of’
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wheretn * represents the point of attachment to the Y moiety and ** represents the point of

attachment to the remainder of the molecule.

18692} In one aspect, provided is a compound of formula (1) 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)-;
(i1} L s

{a) -NH-{CR!R%)¢-, wherein R! and R?, independently of cach other and ndependently at each

oceurrence, are hydrogen or Ci1-C2 alkyl, or R! and R? groups attached to the same carbon atom

(a3
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arc taken together with the carbon atom to which thev 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 thev are attached to form a 3-to 5-membered cyeloatkylene

H H

( . ‘ N o P N N N
{examples of such -NH-(CR'R?)¢- moieties include , \

kk /
*/N\r/ /QK o " .\:—}\\
CHy 7 , and ™.

(b -CRIRE-CH(NH:)-, wherein R® and RS, independently of cach other and independently at

cach occwrrence, are hydrogen or Ci-Cs alkyl, (examples of such -CRRE-CH(NHz}- moicties

mlucde NH;  and NHz - or

)

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

attachment to the remainder of the molecule; and

(1) Y 18
(@) Cs-Co aryl substituted by R, such as 2,3-dihydro-1H-inden-2-y1, phenyl 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(1H-onyl, and quinolin-6-v1, which are substituted by at least one R'%; or

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

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

{8693} In one aspect of this variation, (3), (1i){a), and (11}{(a} apply. In another vanation, (1),
{u){a}, and (1)(b) apply apply. In ancther vanation, (13, (it)(a}, and (1 }c) apply. In ancther
variation, (1), (ii}{b), and (i(a} apply. In another vanation, (1), (i}b}, and {u)b) apply. In

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

(a3
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In another variation, (i}, (11}{c), and (u}b) apply. In another variation, (1), {i1}(c), and (1u){c)

apply.

18694} Al vanations of L, or combinations of X and L, apply equally to any applicable
formulac herein, such as formulae fa, 1k, 1, Ha, IIb, 1L, HIa, Hib, IV, IVa, IVb, ¥V, Va, Vb, VL,
Via, Vib, VI, Viia, VIib, VIIL, VHla and Vb,

{00958}  In some embodiments, Y is Ce-Co aryl substituted by one or more R, 6- 10 10-
membered heteroaryi substituted by one or more R, or 3~ to 12-membered heterocyclvl
substituted by one or more RY. In one variation, Y is substituted with 1 to 3 R', RV or RV

moicties which may be the same or different.

{0096]  In some embodiments, Y is Cs-Co arvl substituted by R In one aspect, Y is phenyl
substituted by R'! In one variation, Y is substituted with 1 to 3 R moieties which may be the

same or different.

{0097} In some embodiments, Y is 6- to [0-membered heteroaryl substituted by R'2. In one
variation, when Y is a 6-membered beteroaryl substituted by R, In some embodiments, Y is
pyridine substituted by R!?. In some embodiments, Y is pyridin-4-yl substituted by R, In
some embodiments, Y is pyridin-4-y substituted by R'? in the 3-position. In some
embodiments, Y is quinolinyl substituted by R, In some embodiments, Y is quinolin-4-vl

substituted by R, In some embodiments, Y is quinolin-4-vi substituted by R!? in the 7-

position. In some embodiments, Y is

{0098} In one variation, R'? is C1-Cs alkyl substituted by RY. In another variation, R is (2-Cs
alkenyl substituted by RY. In another variation, R? is (2-Cs alkynyl substituted by R, In vet

another variation, R is 3~ to 12-membered heterocyelyl substituted by RY,

{0099} In some embodiments, RY is Cs-Cig aryl substituted by halogen, -OH, cyano, Ci-Cs
alkvl, C1-Ce perhaloalkyl, Ci1-Cs alkoxy, Ci-Co perhaloalkoxy or Cs-Cra aryl. In some
embodiments, R is 5- to 10-membered heteroaryl substituted by halogen, -OH, c¢vano, oxo, -
NHa, Ci-Coalkyl, Ci-Cs perhaloalkyl, C1-Ce alkoxy, or C1-Cs perhaloalkoxy. In some
embodiments, R is 3- to 12-membered heterocyelvi substituted by halogen, -OH, cyano, oxo, -
NHz, Ci-Cs alkyl, C1-Cs pethaloalkyl, C1-Cs alkoxy, or C1-Ce perhaloalkoxy.

9
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10100} In one variation, R** is -NRUC(O)R"® In some embodiments, at least one of R and
RY is C1-Csalkyl, or Ce-Cra aryl, wherein the C-Ce alkyl, or Cs-Cia aryl of R and R are
mdependently substituted by Ci-Cs perhaloalkyl, C1-Ce alkoxy, Ci-Cs perhaloaltkoxy, Co-Cia arvl
or Cs~Cra aryloxy, wherein the Ce-Cua arvl or Cs-Cra aryloxy is further optionally substituted by
halogen, -OH, cvano, Ci-Csalkyl, C1-Ce perhaloalkyl, C1-Ce alkoxy, or {1-Ce perhaloalkoxy. In
some embodiments, at least one of R and RY is Ci-Cs alkyl, or Cs-Cis arvl, wherein the Ci-Ce
alkvl, or Co-Cis arvi of R and R are independently substituted by Ci-Cs alkoxy, C1-Co
perhaloalkoxy, Cs~Cha aryi or Cs-Cra arvioxy, wherein the Ce-Cia arvl or Cs-Crs aryloxy is
further optionally substituted by halogen, -OH, cyano, C1-Ce alkyl, C1-Cs perhaloalkyl, C1-Cs

atkoxy, or {i-Co perhaloalkoxy.

{0101] In one variation, R is -NRRY. In some embodiments, one of R and RV is
hydrogen and the other is Ci-CUs alkyl, wherein the C1-Ce alkyl is substituted by C1-Cs
perhaloalkyl, Ci-Cealkoxy, Ci1-Cs perhaloalkoxy, Ce-Cia arvl or Co-Cra aryloxy, wherein the Co-
Cis arvl or Co-Crqaryloxy is further optionally substituted by halogen, ~OH, cvano, C1-Ce alkyl,

C1-Us perhaloalkyl, C1-Cs alkoxy, or C1-Cs perhaloalkoxy.

{0102} In some embodiments, Y is B’ or a tautomer thereof. Thus, it is understood that in

R,

somge cmbodiments, Y 1s A B ,wherem z1s 0, 1,

2,34, or5;

- indicates tautomerism between A’ and B and R and R'? are identical for

any pair of tautomers. In some embodiments, Y is D7 or a tautomer thereof. Thus, itis

understood that in some embodiments, Y 1s C D' wherein z is
0, 1,2, 3,4, or 35, === indicates tautomerism between € and D7; and R}? and RV are identical

for any pair of tautomers.

40
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10103} In some embodiments, Y is 3- to 12-membered heterocyclyl substituted by RP . In
some cmbodiments, Y is substituted iscindolin-Z-vl. In some embodiments, Y is piperidin-2-on-

5~y substituted by R,

10104} Also provided are salts of compounds referred to herein, such as pharmaceutically
acceptable salts. The invention also includes anv or all of the stercochemical forms, including
any enantiomeric or diastereomeric forms, and any tautomers or other forms of the compounds

described.

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

amide and the voidic acid tautomers.

() B
NH ‘ N
6 OH

A B D

[3186] A compound as detailed heremn mav in one aspect be in a purified torm and
compositions comprising a compound i purified forms are detailed herein. Compositions
comprising a compound as detailed herein, or a pharmaceutically acceptable salt, stereoisomer
or tantomer thereof are provided, such as compositions of substantially pure compounds. In
some embodiments, a composition containing a compound as detatled herem, or a
pharmaceutically acceptable salt, stercoisomer or tavtomer thereof is in substantially pure form.
Unless otherwise stated, “substantially pure” intends a composition that contains no more than
35% impurity, wherein the impurity denotes a compound other than the compound comprising
the majority of the composition or a pharmaceutically acceptable salt, sterecisomer or tavtomer
thereof In some embodiments, a composition of substantially pure compound, or a
pharmaceutically accepiable salt, stercoisomer or tatomer thercof is provided wherein the

composition contains no more than 25%, 20%, 15%, 10%, or 5% tmpurity. In some

41
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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

Meo.

Structure

L2

W
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{8108} Certain compounds depicted 1n Table 1 exist as tautomers. Regardless of which

tautomer 1s shown, all tautomeric forms are intended.

[0109]  In some embodiments, provided herein is a compound described in Table 1, ora
tavtomer thereof, or a salt of any of the foregoing, and uses thereof. In some embodiments,
provided herein is a compound described m Table 1, or a phamaceutically acceptable salt
thercof. In some embodiments, provided herem is a compound described in Fable 1, 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 pharmaceutically acceptable salt

thereof.

{0118 In some embodiments, provided 1s a compound selected from Compound Nos. 1-208 or
a stereoisomer thereof (including a mixture of two or more stergoisomers thereof), or a salt
thercof.  In some emboduments, the compound is a salt of a compound selected from Compound
MNos, 1-208, or a stereoisomer thereof,

{36111} In one varation, the compound detailed herein s selected from the group consisting of

7
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N-(2-(2-cvano-4, 4-difluoropyrrolidin- [ -vl)-2-oxoethyl)-3-(2-phenylacetamido)isonicotinanide;

N-(2-(2~cyano-4 4-diflucropyirolidin-1-y1}-2-oxoethy H-3-((4-

fluorcbenzyhaminohsonicotinamide;

N-(2-(Z-cvano-4, 4-diflucropyrrolidin- 1 -vi)-Z-oxoethyl)-3-(4-

methoxybenzamidoyisonicotinamide;

N-{2-(2-cvano-4, 4-diflooropvrrohidin-1-v1)-2-oxoethyl}-3-((1-(4-

fluorophenyljethvhanunojisonicotinamide;

3-(2-(4-chloro-3-flucrophenoxylacetamido }-N-(2-(2-cyano-4 4-diflusropyrrolidin-1-y1)-2-

oxoethyHisonicotinamide;

2-{(4-{bis(d-fluorophenyDmethyhpiperazin- L -yv13-N-(2-(2-cvano-4 4-difluoropyrrolidin- I -yi)-2~

oxoethyljisonicotinamide;
N-(2-(2-cyano-4,4-difluoropyrrolidin-1-y1}-2-oxoethvl}-3-(2-fluorobenzyl hisonicotinamide;;
N-(2-{2-cvano-4 4-difluoropyrrolidin- -y -2-oxoethyly-3-{4-fluorobenzylisonicotinamide;
3-(4-chlorostyryD)-N-(2-(2-cvano-4,4-difluoropyrrohidin- 1 -v1)-2-oxoethyisonicotinamide;
3-{4-chlorophencthy-N-(2-(2-cvano-4 4-diflucropyrrolidin-1-yh-2-oxoethyi isonicotinamide
N-(2-(2~cvano-4 4-diftuoropyrrolidin-1-yvi}-2-oxoethyi)-3~-(4-fluorophencthyisonicotinamide;
N-(2~(2-cvano-4,4~-difluoropvrrohidin-1~v-2~oxoethy-3-(4-fluorostyryl isonicotinamide;

N-2-(2-cvano-4, 4-diflooropyrrolidin- 1-vl)-2-oxoethyl}-3-(2<(4-fhuorophenyliprop-1-en-1-

vhisonicotinamide,

N-(2-(2-cyano-4,4-difluoropyrrolidin-T-y1)-2-oxoethvl}-3-(2-(4-

fluorophenyhallvinsonicotinamide;
N 2-(2-cvano-4, 4-difluoropyrrolidin- [ -vl)-2-oxoethyl}-3-(4d-methoxystyryl isonicotinamide;

N-{2-(2-cvano-4,.4-diffuoropvriolidin-1-v1)-2-oxoethyl)-3-(4-

{(trifluoromethoxy iphencthy isonicotinamide;

N2-(2-cyanc-4 4-difluoropyrrolidin-1-vi)-2-oxoethyly-3-(4-

{trifluoromethylipheocthyDisonicotinamide;
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N-(2-(2-cvano-4, 4-difluoropvrrohidin-1 ~y1-2~oxoethyi)-3-(2-(4-
fluorophenvijpropvilisonicotinamide;

N-(2-(2~cvano-4 4-diftuoropyrrotidin- 1 -vi}-2-oxoethv ) -3-(2-(4-{triftuoromethoxy)phenvijprop-
1-en-1-yljisonicotinamide;

N-(2~(2-cvano-4 4-difluoropvrrohidin-1~v-2~oxoethy-3-(2-(4-(trifluoromethy phenylyprop-1-
en~1-yiisonicotinamide;

N-{2-(2~cyano-4 4-difluoropyrrolidin-1-vl}-2-oxoethyh-3-(2-(4-
methoxyphenyvhallviyisonicotinamide;

N-(2-{2-cyvano-4 4-diflucropyorolidin-1-yh-2-oxoethyi-3-(2-{4-
{trifluoromethoxyiphenvipropyliisonicotinamide;

N-(2-2-cyano-4 4-difluoropyrrohidin-1-y1}-2-oxoethy-3-(2-(4-

(triflooromethy hphenyvpropvihsonicotinamide;

N-(2-(2-cyanc-4 4-difluoropyrrolidia~-1-y1}-2-oxocthyl -3-¢4-

N-(2-(2-cvano-4, 4-difluoropyvrrohidin- 1 ~v1)-2-oxoethyi)-3-(4-

methoxyphenethylisonicotinamide;

3-(2-{(4~chlorophenyiiprop-1-en-1-v)-N-(2-(2-cvano-4,4-difluoropyrrolidin-1-v1)-2-

oxoethyisonicotinamide;

3-(2~(4-chlorophenyDallvl)-N-(2-(Z-cvano-4 4-diflucropyreohidin-1-yi-2-

oxoethyihisonicotinamide;

3-{2-{4~-chlorophenylipropyl}-N-{2-(2-cyano-4 4-diftecropyrrolidin-1-y1)-2-
oxocthyBisonicotinamide;

NA2-(2-cyanc-4 4-difluoropyrrolidin- 1 -v1)-2-oxoethvli-3-(2-(4-methoxyphenyprop-1-en-1-
vljisonicotinamide;

N-(2-2-cyano-4 4-difluoropyrrohidin-1-y1}-2-oxoethy-3-(2-(4-

{triftucromethoxy jphenyallyisonicotinamide;

N-(2-(2-cyano-4,4-difluoropyrrolidin-T-y1)-2-oxoethvl}-3-(2-(4-

{trifluoromethyliphenyDallyisonicotinamide;
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N-(2-(2-cvano-4, 4-difluoropvrrohidin-1 ~y1-2~oxoethyi)-3-(2-(4-
methoxyphenyDpropyliiscnicotinamide;

N-(2-(2~cyano-4 4-difluoropyrrolidin-1-vl}-2-oxoethyi-3-(4-
{influoromethoxy}styrviyisonicotinamide;

6-{4-chlorostyryH-N-(2-(2-cvanc-4 4-diftuoropyrrolidin-1-v-2-oxoethylquinoline-4-
carboxamide;

N-(2-(2-cvano-4,4-difluoropyrrolidin- 1-vi)-2~oxocthyl}-6-(4-(trifluoromethyliphenyhquinoline-
4-carboxanude;

N-(2-2-cyano-4 4-difluoropyrrohidin-1-y1}-2-oxoethy H-3-((4-
methoxyphenvhethynyvhisonicotinamide:
3-{{4-chlorophenvhethynv)-N-(2-(2-cvano-4,4-difluoropyrrolidin-1-v1}-2-
oxoethyHisonicotinamide;

N-(2-(Z-cvano-4, 4-diflucropyrrolidin- 1 -vi)-2-oxocthyl}-6-(6-(trifluoromethylipvridin-3-
vhquinoling-4-carboxanude;

6-(2-{4-chlorophenyljprop-1-en-1-y}-N-(2-(2-cyano-4 4-difluoropyrrolidm-1-y1)-2-
oxocthvhquinchine-4-carboxamide;

3-{2-{6~-chloronaphthalen-2-yhviny}-N-(2-{2-cvano-4 4-difluoropyrrolidin-1-vi}-2-
oxocthyBisonicotinamide;

N-(2-(2-cyanc-4 4-difluoropyrrolidin- 1 -y-2-oxocthyl}-6-((4-methoxyphenylethyaylquinoline-
4-carboxamide;
6-(2~{6-chloronaphthalen-2-viviny)-N-(2-(2~cvano-4,4-difluoropyrrolidin-1-vi)-2-
oxoethvhquinoline-4-carboxamide;

N-(2-2-cyano-4 4-difluoropyrrohdin- 1 -y1)-2-oxoethy B-6-(2-(6-methoxypyridin-3-
vhvinyhquinoline-4-carboxamide;

N-{2-(2~cyano-4 4-difluoropyrrolidin- 1 -vl}-2-oxoethy h-6-(4-flucrostyrvlquinoline -4~
carbosamde;

N(2-(2-cyanc-4 4-difluoropyrrolidin- T -v1)-2-oxoethy B-6-(2-(6-methylpyridin-3-
vhvinvhquinoline-4-carboxamide;

N-(2-{2-cvano-4,4-difluoropvrrohidin- i ~v1)-2~oxoethy)-6-2-(6-(trifluoromethvipynidin-3-
vhvinyhguinoline-4-carboxamide;

N-{2-(2~cvano-4,4-difluorcpyrrohidin- -yl)-2-oxcethy B-6-(4-methoxystyryDguinoline -4~

carboxamide;
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N-(2-{2-cvano-4, 4-difluoropvrrohdin-1 ~v-2~oxoethy H-6-(4-(tntluoromethoxy)styrylquinoline-
4-carboxamide;

N-(2-(2~cyano-4 4-difluoropyrrolidin- L -vl}-2-oxoethy H-6-(2-(S-methyipyrdin-2 -
vhvinyhguinoline-4-carboxamide;

6-{(4-(tert-butvhistyryl-N-(2-(2-cyano-4 4-difluoropyrrohdin- -y 1)-2-oxoethyDquinoline-4-
carboxamide;
N-(2-(2-cvano-4,4-difluoropyrrolidin-1-vi)-2~oxocthyl}-6-(4-(trifluoromethylistyryliquinoline -4~
carboxamide;

N-(2-2-cyvano-4 4-difluoropyrrohidin-1-y1)-2-oxoethy B-6-(6-(4-methylpiperazin-1-y Dpyridin-3-
vhquinoline-4-carboxamide;

N-(2-(2-cyano-4,4-diflvoropyrrolidin- T -y}-2-oxoethvl)-3-(2-(1-methyl- 1 H-indol-3-
vhvinyhisonicotinamide;

N-(2-(Z-cvano-4, 4-diftucropyrrolidin- 1 -vi)-2-oxocthyl)-3-(2-(5-fluorobenzofuran-2-
vihvinyi)isonicotinamide;

N-(2-(2-cvano-4, 4-difluoropyrrolidin- [ -vi)-2-oxoethy}-3-(2-(1-methyl-1H-indazol-3-
vhvinyljisonicotinamide;

N-{2-{2~cvano-4 4-difluorcpyrrohidin- -yl)-2-oxcethy B-3-(2-(6-fluorobenzofuran-2-
vivinyljisonicotinamide;

N-(2-(2-cyanc-4 4-difluoropyrrolidin- 1 -y-2-oxoethy1}-3-( 2 -(T-methylpiperidin-4-
yvlvinvhisonicotinamide:
N-(2-(2-cvano-4,4-difluoropvrrohidin-1-vi)-2~oxoethy-3-(2-(5~methoxybenzofuran-2-
vhvinylisonicotinamide;

N-(2-2-cyano-4 4-difluoropyrrohidin-1-y1}-2-oxoethy-3-(2-(4-
fluorocyclohexyljvinylisonicotinamide;

N-(2-(2-cvano-4.,4-difluoropyrrolidin- 1 -v1}-2-oxoethvi}-3-(2~(5-methyl-2,3-
dihydrobenzoldjthiazol-2-vlvinvihsonicotinamide;

N-(2-(2-cyanc-4 4-difluoropyrrolidin-1-y-2-oxocthyly-3-¢2-(4 4-
difluorocvclohexvlivinyljisonicotinamide;

N-(2-(2-cvano-4 4-difluoropvrrohidin- 1 ~y1-2~oxoethy )-3-(2-(6-methvi-2,3-
dihydrobenzo[dlthiazol-2-ylvinviysonicotimamide;
N-{2-(2~cvano-4,4-difluoropyrrchidin-1-y1)-2-oxoethy B-3-(2-(4-methyl-3 4-dithydro-2H-

benzo{bl]1.4joxazimn-2-yhvinyl}isonicotinamide;

79
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3-(2-(S-{tert-butvi}-2, 3-dihvdrobenzofdithiazol-2-vviny}-N-(2-(2~-cvano-4,4-
difluoropyrrolidin-1-vi}-2-oxocthyljisonicotinamide;

3~(2-{6~chloro-3 4-dihydro-2H-benzo{bj[ 1.4 |oxazin-2-vlviny}-N-(2-(2-cyano-4,4-
difluoropyrrohidin-1-y1)-2-oxoethyDisonicotinamide;
3-(2-(7-chloroimidazol1,2-alpyridin-2-yBviny}-N-(2-(2-cvano-4,4-difluoropyrrohidin-1-vi)-2-
oxoethyHisonicotinamide;

N-(2~(2-cvano-4,4-difluoropyrrolidin- 1-vi)-2~oxocethyl}-3-(2-(6-fluoro-3,4-dihydro-2H-
benzolbl{ 1 .4joxazm-2-yhvinvi}isonicotinamide;

N-2-2-cyvano-4 4-difluoropyrrohdin-1-y1)-2-oxoethyD-3-(2-(7-cthoxyimidazof 1, 2-alpvridin-2-
vhvinybisonicotinamide;

N-(2-(2-cyano-4 4-diflvoropyrrolidin-T-y-2-oxoethvi)-3-(2-(4-methyl-3,4-dihydro-2H-
benzolbl{ 1, 4joxazin-7-vIyvinylisonicotinamide;

N-(2-(Z-cvano-4, 4-diftucropyrrolidin- 1 -vi)-2-oxocthyl)-3-(2-(6-fluorcimidazo| | . 2-a pyridin-2-
vihvinyi)isonicotinamide;

N 2-(2-cvano-4 4-difluoropvrrohidin- 1 -vi)-2-oxoethy}-3-(2-(1 -methvl- 1H-benzold imidazol-5-
vhvinyljisonicotinamide;

N-{2-{2~¢cvano-4 4-difluorcpyrrohidin- 1 -yl)-2-oxcethy B-6-(2-( L-methvipiperidin-4-
vhvinylyguinoline-4-carboxanude;
3-(2-(6~chloro-1H-benzo{djimidazol-2-yDvinyl}-N-(2-(2-cyano-4, 4-difluoropyrrolidin- T~y 1)-2-~
oxoethyHisonicotinamide;

N-(2~(2-cvano-4, 4-difluoropyrrolidin- 1 -vl)-2-oxocthyl}-6-(2-(4-methvipiperazin-1-
vhvinyhguinoline-4-carboxamide;

3+(2-{S~chloro-1H-benzoldjimidazol-2-yDvinyl}-N-(2-( 2-cvano-4 4-difluoropyrrolidin- T-y[}-2-
oxocthylisonicotinamide;
3-(4-chlorostyrvl}-N-(2-(2~cvano-3.5-difluoropipernidin-1-vh-2-oxocthyi isonicotinamide;
N-(2-(2~cvano-4 4-diftuoropyrrolidin-1-vi}-2-oxoethyl)-3-(2-(F -methyl- IH-benzo]dhmudazol-2-
vhvinyhisonicotinamide;

N-(2-(2-cvano-3, 5-difluoropiperidin-1-vi}-2-oxoethvi}-3-(4-
(trifluoromethoxy)styrviiisonicotinamide;

N-{2-(2-cvano-4, 4-diflooropvrrohidin-1-v1)-2-oxoethyl)y-3-(2-(2-methyvl-1,2,3 4-

tetrahvdroisoquinolin-6-vivinyhisonicotinamide;
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6-(4-chlorostyryD)-N-(2-(2-cyvano-35,3-difluoropipenidin-1-yi)-2-oxcethyhiguinolineg-4-
carboxamide;

N-(2-(2~cyano-4 4-difluoropyrrolidin- 1 -v1}-2-oxoethy -3-(2-( -methyi-1,2.3.4-
tetrahydroguinolin-6-yl jvinylisonicotinanude;
3-(2-{6-chloronaphthalen-2-yHhvinyl}-N-(2-(Z-cyano-5,5-difluoropiperidin- 1-y1)-2-
oxoethyHisonicotinamide;

N-(2-(2-cvano-4,4-difluoropyrrolidin- 1 -vl)-2-oxocthyl}-3-(2-(4-
hydroxyevclohexylyvinylYisonicotinanude;

N-{2-2-cyano-3 3-difluorcazendin-1-vi}-Z-oxoethyl}-3-{4-
{triftuoromethoxy)styryliisonicotinamide;

N-(2-(2-cyano-4 4-difluoropyrrolidin-1-yh-2-oxoethvi)-3-(2-(6-methylpipendin-3-
vhvinyhisonicotinamide;

N-(2-(Z-cvano-4, 4-diflucropyrrolidin- 1 -vi)-2-oxocthyl)-6-(2-{4-
methylevelohexyhvinyliquinoline-4-carboxamide;
3-(2-{6-chloronaphthalen-2-vhvinyD}-¥-(2-(2-cyano-3,3-difluorcazetidin-1-y1}-2-
oxoethyihsonicotinamide;

N-{2-(2-cvano-4,4-diffuoropyriolidin- 1 -v1)-2-oxoethyl)-6-(2-(4-
hyvdroxyeyclohexylvinvhguinoline-4-carboxamide;
3-{4-chlorostyryl}-N-(2-(2-cyano-2-ethyl-4 4-difluoropyrrolidin-1-y1)-2-
oxoethyHisonicotinamide;
3-{4-chlorostyryD-N-(2-(2-cvano-4,4~difluoropipenidin-1-vi)-2-oxocthyl }isonicotinamide;
N 2-(2-cvano-2-cthyl-4,4-difluoropyrrohidin- 1-vi)-2-oxoethy1)-3-(4-
{trifluoromethoxylstyryisonicotinamide;

N-{2-(2-cvano-4, 4-diffuoropiperidin-1-yi}-2-oxoethvi}-3-(4-
{(trifluoromethoxyistyrvijisonicotinamide;

6-(4-chlorostyryl}-N-(2-(2-cyano-4 4-difluoropipenidin- 1-vi}-2-oxocthy Dguinoline-4-
carboxamde;

3-{4-chlorostyryD-N-(2-(2-cvano-2-cyclopropyi-4 4~difluoropyrolidin--y1)-2-
oxoethyihisonicotinamide;

3+(2-{6-chloronaphthalen-2-vHvinyD}-N-(2-{ 2-cyano-4 4-difluoropipendin-1-vi3-2-

oxocthyijisonicotinamide;
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N-(2-(2-cvano-2-cyclopropyl-4, 4-difluoropvrrolidin- 1-vi)-2-oxoethyl}-3-(4-
{triftuoromethoxy)styryliisonicotinamide;
3~(2-{6~chloronaphthalen-2-vhviny-N~(2~(2-cyano-2-cthyi-4, 4-difluoropyrrolidin- 1 -y1)-2-
oxoethyisonicotinamide;

N(2-(2-cyanc-4 4-difluoropyrrolidin- -vl}-2-oxoethyl}-6-{4-(4d-methylpiperazin-1-
vhphenvilquinoline-4-carboxamide;
3-{2~(4-chlorophenylicyclopropvly-N-(2-(2-cyano-4.4-difluoropyrrolidin-1-vi}-2-
oxoethyihisonicotinamide;

3+(2-{6~chloronaphthalen-2-yhviny}-N-(2-( 2-cvano-2-cy clopropyl-4 d-difluoropyrrolidin-1-v1}-
Z2~oxoethyl}isonicotinamide;
3-(2-(4~chlorophenyl)eyclobut-1-en-1-y-N-(2-(2-cvano-4,4-difluoropyrrolidin- L -vi)-2-
oxoethyHisonicotinamide;

3-{4-chlorostyryD-N-(2-(2-cvano-4 4 -difluoro-2-{piperidin-1-yhpyrrolidin-1-yi)-2-
oxocthyfyisonicotinamide;
3-(2-{4-chlorophenylicyclopent-1-en-1-y1}-N-{2-(2~cvano-4,4-difluoropyrrolidin-1 -vi)-2-
oxocthyiisonicotinamide;

N-{2-(2-cvano-4,4-diffuore-2-(piperidin- 1 -vijpyrrolidin-1-vi}-2-oxocthyl}-3-(4~
{(trifluoromethoxyistyrvijisonicotinamide;

NA4-({2-(2-cvano-4 4-difluoropyrrolidin- 1-vl)-2-oxoethycarbamoy Dpyridin-3-y13-5-
{trifluoromethoxy}-2, 3-dihydrobenzo|d jthiazole-2-carboxamide;
3-(2~(6-chloronaphthalen-2-vlvinvh-N-(2-(2~cvano-4.4-diffuore-2-(piperidin- -y pyrrolidin-1-
vi)-2-oxoethvl)isonicotinamide;

N-{4-{(2-(2~cyano-4 4-diflucropyrrolidin--y1}-2-oxoethyljcarbamoypyridin-3-y1)-7-
ethoxyimidazol 1,2-alpyndine-2-carboxamide;
3-(4-chlorostyrvl}-N-(2-(2~cvano-4,4-difluore-2 -phenyipyrrohidin-1-yi3-2-
oxoethyisonicotinamide;
6-(2-{4-chlorophenylieyclopropyl}-N-{2-(2-cyano-4,4-difluoropyrrolidin-1-y1}-2-
oxocthyvhquinoline-4-carboxamide;

N-(2-(2-cvano-4,4-difluoro-2-phenyipyrrolidin- 1-vi)-2-oxocthy!)-3-(4-
{trifluoromethoxylstyryisonicotinamide;
N-A{2-(2~cvano-53,5-difluoropiperidin-1-y1}-2-oxoethyl}-3-(4-

methoxybenzanudohisonicotinamide;
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N-(2-{2-cvano-4 4-difluoropiperidin- 1 -y1)-2-oxoethvl}-3-({(4-
fluorobenzyljamino}isonicotinamide,
3~(2-{6~chloronaphthalen-2-vhvinv-N~(2-2-cyano-4, 4~-difluoro-2~phenyipyrrohidin-1-yi)-2-
oxoethylisonicotinamide;

N-(2-(2-cvanc-4 4-difluoropiperidin-1-v13-2-oxoethyl}-3-{4-
methoxybenzamido)isonicotinamide;

3-{(4-~(tert-butyphenvhethynvh-N-(2~(2 -cvano-4,4-difluoropymrolidin- 1 -yi)-2-
oxoethyihisonicotinamide;

N-A2-2-cyano-3 3-difluorcazetdin-1-v1}-2-oxocthy}-3-({4-
fluorobenzyljamino}isonicotinamide,

N-(2-(2-cyano-4 4-diflvoropyrrolidin-1-y)-2-oxoethvl}-3-(( 1 -methvi- 1H-pyrrol-3-
vhethynyljisonicotinamide;

N-{2-(Z-cvano-3, 3-diflucroazetidin-1-y1}-2-oxoethvi}-3-(4-methoxybenzamidojisonicotinamide;
N-(2-(2-cvano-4,4-difluoropvrrohidin-1-vi)-2~oxoethyl}-3-((1-methyl-1H-pyrazol-4-
vhethynyllisonicotinamide;

N-A2-{2-cyano-2-cthyl-4 4-difluoropyrrolidin-1-vI}-2-oxoethy1}-3-{(4-
fluorobenzyljamino}isonicotinamide,

N-(2-(2~cyano-2-ethyl-4 4-difluoropvrrolidin- 1-vi}-2-oxoethyl}-3-(4-
methoxybenzamidojisonicotinande;
6-(1-{4-chlorophenyl)prop-1-en-2-vI}-N-(2-(2~-cvano-4,4-difluoropyrrolidin-1-vi}-2-
oxocthyvhquinoline-4-carboxamide;

N-A2-(2-cvano-2-cyclopropyl-4, 4-difluoropvrrolidin- 1-vi)-2-oxoethyl}-3-(4-
methoxybenzamidoisonicotinamide;
N-A2-{2~¢cvano-4,4-diftuore-2-{piperidin-1-vlpyrrolidin-1-yi}-2-oxoethy -3 -{(4-
fluorohenzylJaminoisonicotinanude;

N-(2-(2-cvano-4 4-difluoro-2-(piperidin-1-yhpyrrolidm-1-v1)-2-oxcethyl}-3-(4-
methoxybenzamidojisonicotinande;
N-(2-(2-cvano-4,4-difluoro-2-phenylpyrrolidin-1-y1)-2-oxoethy!}-3-((4-
fluorobenzyhammoyisonicotinamide;
N-{2-(2-cvano-4,4-difluoro-2-phenyipyrrolidin- 1-v1)-2-oxocthyl)-3-(4-

methoxybenzamidoisonicotinamide;

e2]
3
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N-2-{2-cvano-4,4-difluoropvrrohdin- i ~vi)-2~oxoethyl}-6-2-(4-fluorophenvhprop-1-en-1-
vhquinoline-4-carboxamide;

3~({(1-{4-chloro-3-flucropheny lethyhamino}-N-(2-(2-cvano-4,4-difluoropyrrohidin-1 -y 1)-2-
oxoethyhisonicotinamide;

N-(2-(2-cyanc-4 4-difluoropyrrolidin-1-vi)-2-oxoethyly-3-(2-(4-

{trifluoromethyvilphenoxy jacetamidoisonicotinamide;

N-(2-(2-cvano-4,4-difluoropyrrolidin- 1 -vl)-2-oxocthyl}-3-(2-(4-
methoxyphenoxylacetamido iisonicotinamide;

N-A2-2-cyano-4 4-difluoropyrrohidin-1-y1)-2-oxoethy H-6-2-(4-(influoromethvphenylprop-1-
en-1-vhquinoline-4-carboxamide;
3-(1-(4~chlorophenylprop-1-en-2-y[}-N-(2-(2-cvano-4,4-difluoropyrrolidin- 1-v1)-2-
oxoethyHisonicotinamide;

3-{1~{4-chioro-2-methyilpbenyhiprop-1-en-2-y1}-N-(2~{Z~cvano-4 4-diflucsropyrrolidin-1-vi)-2-
oxocthylisonicotinamide;

N-A2-{2-cvano-4,4-difluoropyrrohdin- i ~vi)-2~oxoethy -6-2-(4-(trifluoromethoxy yphenyi}prop-
l-en-1-yhauinoline-4-carboxamide;

N-A2-(2~cvano-4,4-difluoropyrrohidin-1-y1}-2-oxoethy H-3-(2-( L -methyl-1 H-pyrazol-4-
vivinyljisonicotinamide;

N-(2-(2-cyano-4 4-difhuoropyrrolidin-1-v1)-2-oxoethy B-3-(2-(1 -methyl- IH-pyrrol-3-y Bprop-1-
en-I-yljisonicotinamide;

N-A2~(2-cvano-4,4-difluoropvrrohidin-1~vi-2~oxoethyi)-3-({4~
fluorophenyllethynylisonicotinamide;

N-A2-2-cyvano-4 4-difluoropyrrohidin-1-y1)-2-oxoethyD-6-(2-(6-hydroxypyridin-3-
vhvinyhquinoline-4-carboxamide;

N-(2-(2~cyano-4 4-difluoropyrrolidin-1-v1}-2-oxoethy D-3-(5-methoxvbenzofuran-2-
carboxamudo yisonicotimamide;

N-(2-(2-cyanc-4 4-difluoropyrrolidin- 1 -v1)-2-oxoethyli-6-(2-(4-methoxyphenyprop-1-en-1-
vhquinoling-4-carboxanude;

N-2-{2-cvano-4 4-difluoropvrrohidin-i ~v1)-2~oxoethy)-3-2-(5-(irfluoromethoxv}-2,3-
dihydrobenzo[dlthiazol-2-ylvinviysonicotimamide;
N-A2-(2~cyvano-4,4-difluoropyrrohidin-1-y1}-2-oxoethy H-3-(2-(4-

methvicyclohexylvinyiisonicotinamide;
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N-2-(2-cvano-4 4-difluoropvrrohdin- i ~v1)-2~oxoethy)-6-(2-(6-methoxypynidin-3~-yljprop-1-en-
1-viyquinoline-4-carboxamide;

6-(2-(4-(tert-butyliphenyUprop-1-en-1-v1}-N-(2-(2-cyano-4 4-ditluoropyrrolidin-1 -y 1}-2-
oxoethyhquinohine-4-carboxamide;

N-(2-(2-cvanc-5 . 5-difluoropiperidin- 1-y1}3-2-oxoethyl}-3-({4-
fluorobenzybaming)isonicotinamide;

N-A2~(2-cvano-4 4-difluoropvrrohidin-1~v-2~oxoethy ~6-2-(6-methyipynidin-3-vl)prop-1-en-~1-
vhquinoline-4-carboxamide;
3-(4-chlorostyry}-N-€2-(Z-cyano-3,3-diflucroazetidin-1-y1}-2-oxoethyiisonicotinamide;
N-A2-{2~cvano-4, 4-difluorcpyrrohidin-1-yl)-2-oxcethy B-6-(2-(6-{trifluoromethyDpyridin-3-
vhprop-1-en-1-ylqumnoline-4-carboxanide;

N-(2-(2-cyanc-2-cyclopropyl-4 4-difluoropyrrohidin-1-yh-2-oxoethyly-3-((4-
fluorobenzybaming)isonicotinamide;

N-A2~2-cvano-4 4-difluoropvrrohidin-1~v-2~oxoethy~6-(2-{6-hydroxypyridin-3-yprop-1-en-
I-vhguinoline-4-carboxamide;

N-{2-(2-cvano-4, 4-difleoropvrrolidin-1-v1)-2-oxoethyly-3-2-( T -methyvl- 1 H-pyrrol-3-
vhvinyljisonicotinamide;

N-(2-(2-cvano-4.4-difluoropyrrolidin- 1 -vi)-2-oxoethv ) -6-(2~(S-methylpyndin-2-vlprop-1-en-1-
vhquinoline-4-carboxamide;

N-(2-{2-cyvano-4 d-difluoropyrrolidin-1-vh-2-oxoethyly-3-(2-{ 1 -methyl-1H-pyrazol-4-yHprop- 1 -
en-1-yljisonicotinamide;
6-(2-{6-chloronaphthalen-2-vljprop-1-en-1-v1}-N-(2-(2-cyano-4,4-difluoropyrrohidin- 1-y1}-2-
oxocthvhquinchine-4-carboxamide;

N-A2-(2~cvano-4,4-difluoropyrrohidin-1-y1)-2-oxoethy H-3-(2-( L -methyi-1 H-pyrazol-4-
vhevelopropylisonicotinamide;

N-(2-(2~cvano-4 4-diftuoropyrrolidin-1-vi}-2-oxoethy D) -6-( 1 -{(4-fluorophenyl}prop-1 -en-2-~
vhquinoline-4-carboxamide;

3-{(3~chlorophenyhethynyl}-N-(2-(2~cyano-4 4-difluoropyrrolidin-1 -vi}-2-
oxoethyihisonicotinamide;

N-A2-2-cyano-4 4-difluoropyrrohidin-1-y1)-2-oxoethy B-6-(1-(4-(trifluoromethyipheny Dprop-1-

en-2-vhquinoline-4-carboxamide;

o
(v
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N-2-(2-cvano-4,4-difluoropvrrohidin-i ~v1)-2~oxoethy -3-(1-( L -methyi-1 H-pyrrol-3-y1prop-1-
en-2-vijisonicotinamide;

N-(2-(2-cvano-4.4-difluoropyrrolidin-1 -vl}-2-oxoethv}-6-( 1 -(4-{trifluoromethoxyphenvl)prop-
1-en-2-yhquinoline-4-carboxamide;

N-(2-(2-cyanc-4 4-difluoropyrrolidin-1 -y-2-oxoethyl -3¢ 1-(T-methyl-1H-pyrazol-4-yDprop- I -
en-2-yljisonicotinamide;

N-A2~(2-cvano-4, 4~-difluoropvrrohidin-1 ~v-2~oxoethyh~-6-(1-{6-methoxypyridin-3-yprop-1-en-
2-vhiguinoline-4-carboxamide;

N-{2-(2-cvano-4, 4-difleoropvrrolidin-1-v1)-2-oxoethyly-3-2-( T -methyvl- 1 H-pyrrol-3-
vhcvclopropybisonicotinamide;

N-(2-(2~cvano-4 4-difluoropyrrolidin-1-vi}-2-oxoethyi)-6-( 1 -{(4-methoxyphenyDprop-1-en-2-~
vhquinoline-4-carboxamide;

3-{(3-{tert-butyyphenyhethynyB-N-(2-(2-cvanc-4 4-difluoropyrrolidin-1-vi}-2-
oxocthyfyisonicotinamide;

6-( 1 -{4-{tert-butviiphenyprop- l-en-2-y[}-N-(2-(2-cvano-4 4-difluoropyrrohidin- i -vi)-2-
oxoethylquinoline-4-carboxamide;

N-{2-(2-cvano-4, 4-diffuoropyrrolidin-1-vl)-2-oxoethyi}-3-(2-(3,5-dimethvlisoxazol-4-
vivinyljisonicotinamide;

N-(2-(2-cyanc-4 4-difluoropyrrolidin-1-y-2-oxoethyl}-6-( 1 -(6-methylpyridin-3-yDprop-1-en-2-
vhgquinoline-4-carboxamide;

N-A2~(2-cvano-4 4~-difluoropvrrohidin-1~v-2~oxoethy-3-(2-(3,5-dimethylisoxazol-4-yprop-~1-
en~1-yiisonicotinamide;

N-A2-{2-cyano-4 4-difluoropyrrohidin-1-y1)-2-oxoethyD-6-(1-(6-{trifluoromethy}pynidin-3-
vhprop-1-en-2-vljquinoline-4-carboxamide;

N-(2-(2-cvano-4.4-difluoropyrrolidin- 1 -vi)-2-oxoethyi)-3-(1-(3,5~-dimethyhisoxazol-4-yprop-1-
en-2-vihisonicotinamide;

N-(2-(2-cyanc-4 4-difluoropyrrolidin-1-y-2-oxoethyl -6+ 1-{6-hyvdroxypyridin-3-yDprop-1-en-
2-yvhguinoline-4-carboxamide;
3-((4-chloro-2-methylphenvhethvoyl-V-(2-(2-cvano-4,4-diftuoropyrrohdin-1-y1)-2-
oxoethyihsonicotinamide;

N-A2-(2~cyvano-4,4-difluoropyrrohidin-1-y1)-2-oxcethy B-6-(1-( S-methylpyndin-2-ylprop-1-en-2-

vhquinoline-4-carboxamide;
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N-2-(2-cvano-4, 4-difluoropvrrohidin-1 ~v1-2~oxoethyi)-3-({4~
(triflocromethyhphenyiethynyilisonicotinamide;

N-(2-(2~cyano-4 4-diflucropyirolidin-1 -yl}-2-oxoethy H-6-(2-(3-methyvibenzofuran-6-
vhvinyhguinoline-4-carboxamide;

N-(2-(2-cyanc-4 4-difluoropyrrolidia~-1-y}-2-oxocthyl 3-3-¢(2 4~
dimethoxyphenviethynylisonicotinamide:

N-(2-(2-cvano-4,4-difluoropyrrolidin- 1 -vl)-2-oxocthyl}-6-(2-(3-methyi-2,3-
dihydrobenzoldthiazol-6-vDvinyhquinoline-4-carboxamide;

N-A2-2-cyano-4 4-difluoropyrrohidin-1-y1}-2-oxoethy -3-((6-methoxypyridin-3-
vhethynyhisonicotinamide;

N-(2-(2-cyano-4 4-difluoropyrrolidin-T-y-2-oxoethvi)-6-(2-( 1 -methyl-2,3-dihydro- 1 H-
benzo]djimidazol-5-yvinylguinoline-4-carboxamide;

N-(2-{2-cyvano-4 4-difluoropyrrolidin-1-yh-2-oxoethyi-3-{{4-
{trifluoromethoxyiphenviethyvnyyisonicotinamide;

N-2-(2-cvano-4, 4-difluoropyrrolidin- [ -vi)-2-oxoethy}-6-(2-(1-methyl-1,8a-
dihydroimidazo} 1. 2-alpyridin-6-vivinyhguinoline-4-carboxamide;
N-A2-(2~cvano-4,4-difluoropyrrchidin-1-y1-2-oxoethy B-6-(2-( 1 -methyl-2 3-dithydro-1H-
benzo{d limidazol-5-vhprop-1-en-1-yhquinoline-4-carboxamide;

N-(2-(2-cyanc-4 4-difluoropyrrolidin-1-vi}-2-oxoethy -6+ 2-(4-methyl-3 4-dihydro-2H-
benzolbl{ 1 4loxazin-7-yhivinyDhquinoline-4-carboxamide;
N-(2-(2-cvano-4,4-difluoropyrrolidin-1-vl)-2-oxocthyl}-6-(2-(1-methyi-1,8a-
dihydroimidazol 1, 2-ajpyridin-6-yhiprop-1-cn- | -vDqumoline-4-carboxamide;
N-A2-{2-cyano-4 4-difluoropyrrohdin-1-y1)-2-oxoethyB-6-(2-(3-methylbenzofuran-6-viprop-1-
en-1-vhquinoline-4-carboxamide;

N-A(2-(2~cyano-4 4-difluoropyrrolidin- 1 -v1}-2-oxoethy -6-(2-(4-methy!-3 4-dihydro-2H-
benzolbl] |,4joxazin-7-yhprop-1-en-1-yljguinohne-4-carboxamide;

N-(2-(2-cyanc-4 4-difluoropyrrolidin- 1 -v1)-2-oxoethyB-6-(2-(3-methyl-2,3-
dihydrobenzo|dthiazol-6-vprop-1-en-1-ylguinoline-4-carboxamide;

N-(2-(2-cvano-4, 4-difluoropyrrolidin- [ -vi)-2-oxoethy}-6-(2-(2-methylpyndin-4-
vhvinyhguinoline-4-carboxamide;

N-{2-{2~¢cvano-4 4-difluorcpyrrohidin- -y1)-2-oxcethy B-6-(2-( Z-methoxypyridin-4-

vhvinylguinoline-4-carboxanude;
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N-2-(2-cvano-4 4-difluoropyrrohidin- [ -vi)-2-oxoethyD)-6-(2-2-(tnfluoromethypyridin-4-
vhvinyhguinoline-4-carboxamide;

N-(2-(2-cvano-4,4-difluoropyrrolidin-1-v1}-2-oxoethy -6-(4~{ 2-hvdroxypropan-2-
vhphenyhaqunoline-4-carboxamide;

NA2-(2-cyanc-4 4-difluoropyrrolidin- 1 -v1)-2-oxoethyl-3-(2-(1-ox0-1,2,3 4-

tetraby droisoquinolin-6-ylvinyiisonicotinamide;
6~-(2~(2-aminopyridin-4-yhvinyl-N-(2-(2~cvano-4 4-difluoropyrrolidin-1-y1}-2-
oxoethvhquinoline-4-carboxamide;

6-(2-{6-apunopyridin-3-vhvinyl}-N-2-(2-cvanc-4 4-difluoropy rrolidin-1-y1)-2-
oxocthviquincling-4-carboxamide;

N-(2-(2-cyano-4 4-difluoropyrrolidin-1-yy-2-oxoethvi)-6-(2-(6-0ox0-5,6-dihvdropyndin-3-
vhvinyhguinobine-4-carboxamide;

N-(2-(Z-cvano-4, 4-diftucropyrrolidin- L -vi}-2-oxocthyl)-6-(2-(6-{{4-methvipiperazin-1-
vhmethyhpyodin-3-vvinyliquinoline-4-carboxanide;

N-(2-{2-cvano-4,4-difluoropyrrohidin- i ~v1)-2~oxoethy -6-(2-(6-(piperazm- 1 -yimethyDpyrdin-3-
vhvinyhguinoline-4-carboxamide;

N-{2-(2~¢cvano-4 4-diftuorcpyrrohidin-1-y1)-2-oxcethy B-6-(2-(6-{morpholinomethy Dpyridin-3-
vhvinylgquinoline-4-carboxanude;

N(2-(2-cyanc-4 4-difluoropy rrolidin- T-v1)-2-oxoethy B-6-(2-(6-((1 -methylpiperidin-4-
yhmethyhpyridin-3-ylvinylguinoline-4-carboxamide;
N-(2~(2-cvano-4,4-difluoropyrrolidin-1-vi)-2-oxocthyl}-6-(2-(6-(piperidin-4-yimethyHpyridin-3-
vhvinyhguinoline-4-carboxamide;

N-(2-2-cyano-4 4-difluoropyrrohidin-1-y1}-2-oxoethy H-6-2-(6-((1 -methylmperidin-4-
vhaminoypyadin-3-vijvinyquincline-4-carboxamide; and

N-{2-(2~cyano-4 4-difluoropyrrolidin- 1 -vl}-2-oxoethy H-6-(2-(6-{(1-methvipiperidin-4-
vhoxypyndin-3-vhvinyhquinoline-4-carboxamide,

N-{2-(Z-cyano-4, 4-diflucropyrrolidin-1-y1}-2-oxoethyi}-6-(2-( 2-hydroxypyndin-4-
vhvinvhquinoline-4-carboxamide,

N-(2-(2-cyano-4,4-difluoropyrrolidin- L-vl}-2-oxocthy )-3-(2-(1-oxoisoindolin-3-
vhvinylisonicotinamide,

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

and all stercotsomers of the compounds depicted herein, including geometric isomers (¢.g.,
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cisftrans 1somers or E/Z isomers), enantiomers, diastercomers, or mixtures thereot n any ratio,

mcluding racemic mixtures.

{8112} The compounds depicted herein may be present as salts even if salts are not depicted
and 1t 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 anune moiety is present

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

{8113} Where tautomenic forms may be present for any of the compounds described herein,
cach and every tantomeric form is intended even though only one or some of the tautomeric
formg may be explicitly depicted. The tavtomeric forms specifically depicted may or may ncot be

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

{3114} The present disclosure also includes any or all of the stereochemical forms, including
any enantiomeric or diastercomeric forms of the compounds described, such as the compounds
of Table 1. The structure or name is intended to crabrace all possible stercoisomers of a
compound depicted. All forms of the compounds are also embraced by the invention, such as
crvstalline or non-crystalline forms of the compounds. Compositions comprising a compound of
the invention arc also intended, such as a composition of substantially pure compound, inchiding
a specific stereochenucal form thereof, or a composition comprising mixtures of compounds of
the mvention i any ratio, including two or more stercochemical forms, such as in a racemic or

RON-racemic mixiure.

{8113} The mvention also intends isotopically-labeled and/or 1sotopically-enriched forms of
compounds deseribed herein. The compounds herein may contain annatural proportions of
atomic isotopes at one or more ot the atoms that constitute such compounds. In some
embodiments, the compound is isotopically-labeled, such as an isotopicallv-labeled compound
of the formula (1} or variations thereof described herein, where a fraction of one or more atoms
are replaced by an isctope of the same element. Exemplary isotopes that can be incorporated
mto compounds of the invention include isotopes of hydrogen, carbon, nitrogen, oxygen,
phosphorus, sulfur, chloring, such as 7H, *H, UC, BC, ¥C PN, 130, 70, 32p, 38, BF, %C1
Certain isotope labeled compounds {e.g. *H and () is useful in compound or substrate tissue

distribution studies. Incorporation of heavier isotopes such as deuterium (?H) 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} Isotomcally-labeled compounds of the present mvention can generally be prepared by
standard methods and techniques known to those skilled in the art or by procedurss similar to
those described in the accompanying Examples substituting appropriate isotopically-tabeled

reagents in place of the corresponding non-labeled reagent.

10117} Articles of manufacture comprising a compound described herein, or a salt or sclvate
thercof, in a suitable container are provided. The container may be a vial, jar, ampoule,

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

{0118} Preferably, the compounds detailed herein are orally bicavailable. However, the

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

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

Cancer.
General synthetic methods

10120} The compounds of the invention may be prepared by a number of processes as
generally desenbed below and more specifically in the Examples hereinafier (such as the
schemes provided in 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 heren.

10121} Where 1t i3 desired to obtam a particular enantiomer of a compound, this may be
accomplished from a corresponding mixture of cnantiomers using any suitable conventional
procedure for separating or resolving enantiomers. Thus, for example, diastereomeric
derivatives may be produced by reaction of a mixtare of cnantiomers, e. g, a racemate, and an
appropriate chiral compound. The diastereomers may then be separated by any convenient
means, for example by crvstallization and the desired enantiomer recovered. In another

resohution process, a racemate may be separated using chiral High Performance Liquad
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Chromatographv. Alternatively, if desired a particular enantiomer may be obtained by using an

appropriate chiral intermediate in one of the processes described.

18122} Chromatography, recrystailization and other conventional separation procedures mayv
also be used with mtermediates or final products where it is desired to obtain a particular 1somer

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

[3123] Solvates of a compound provided herein, a pharmaceutically acceptable salt,
stereoisomer or tautomer thereof are also contemplated. Solvates contain either stoichiometric
o1 non-stoichiometric amounts of a solvent, and are often formed during the process of
crvstailization. Hydrates are formed when the solvent is water, or alcoholates are formed when
the solvent ig alcohol.

0124] Compounds of the formula (1-1) can be prepared according to Scheme 1, wherein R,
RER2 Y, m, nand q are as detailed herein for formula (1), or any variation thereof detailed

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

Scheme 1
O
H
AN
PG \(CR‘RQ)Q/LLOH H o
i-1b PG{' \(CR1R2)q/LL\N m HZ1

i F  deprotect
i?\id;lvﬁ\ 4]

i-fc

M H 7
Y O+ OYN\(CR.xRZ)q,)J\
Y

N
R
N

i-1

10125} Coupling of a compound of formula (I-1a) with a compound of formula (I-1b} in the
presence of a coupling agent {e.g., HATU, HOBt, or PvBOP) vields a compound of formula (I-
1¢). Deprotection of the amine of the compound of formula (I~1¢) under acidic conditions {¢.g.,
HCl or pTs0OH) provides the compound of formula (I-1d} as a salt, which is coupled with a
carboxyvlic acid in the presence of a coupling agent (e.g., HATU, HOBt, or PyBOPY o vicld a

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

ia.
Scheme 1a

o O o
H TR )

CIH.HN F = ; ,
/f")\ HATU, DIPEA F ” .

N DMF Z Y.
N N7

X y
Y7 oM OY N \/J\N F
" v L/ F
HATU, DIPEA //
DMF 7

{6127} In some embodiments, Y is 6- to 10-membered heteroaryl substituted by R Ina

9

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

represented by the compound of formula (11-1).

Scheme 2

- OO pz Oy -OH
R=2'B(QH)2 Rli/”*\t\\ R12 \
Suzuki coupling | deprotect i
N R~
N N
-1a 1551 -1

{6128} Itis understood that the schemes above may be modified 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 TW. Greene,
Greene's Protective Groups in Organic Synthesis 41 edition, Wiley-Interscience, New York,

2006.
Pharmaceutical Compositions and Formulations

{6129} Pharmaceutical compositions of any of the compounds detailed herein are embraced by
this disclosure. Thus, the present disclosure meludes pharmaceutical compositions comprising a
compound as detailed herein, or a pharmaceutically acceptable salt, sterecisomer or tautomer
thereot and a pharmaceutically acceptable camier or excipient. In one aspect, the
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pharmaceutically accepiable salt is an acid addition salt, such as a salt formed with an inorganic
or organic acid. Pharmaceutical compositions may take a form surtable for oral, buccal,
parenteral, nasal, topical or rectal administration or a form suitable for administration by

shalation.

0138} A compound as detailed herein may in one aspect be in a purified form and
corapositions comprising a compound in purified forms are detailed herein. Compositions
comprising a compound as defailed herem, or a pharmaceutically acceptable salt, sterecisomer
or tautomer thereof are provided, such as compositions of substantially pore compounds. In
some embodiments, a composition containing a compound as detailed herein, a pharmaceutically

acceptable salt, stercoisomer or tautomer thereot 1s 1n substantially pure form.

{8131} In one variation, the compounds herein are synthetic compounds prepared for
administration to an individual. In another vanation, compositions arc provided containing a
compound in substantially pure form. In another vanation, 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 punified forms, pharmaceutical compositions and methods of administering the compounds

are suttable for any compound or form thereof detailed herein.

{3132} A compound detailed heremn or salt thercof 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 intravenous), topical or transdermal delivery
form. A compound or salt thereof may be formmulated with suitable carniers io provide delivery
forms that include, but are not limited to, tablets, caplets, capsules (such as hard gelatin capsules
or sott elastic gelatin capsules), cachets, troches, lozenges, gums, dispersions, suppositories,
ointments, cataplasms {poultices), pastes, powders, dressings, creams, sclutions, patches,
acrosols {e.g., nasal spray or inhalers), gels, suspensions {e.g., aqueous or non-aqueous hquid

suspensions, oil-m-~water emulsions or water-in-oi1l iquid emulsions), solutions and elixirs,

13133} Ooe or several compounds described herein a phammaceutically acceptable salt,
stereoisomer or tautomer thereof can be used in the preparation of a formulation, such as a
pharmaceutical formulation, by combining the compound or compounds, a pharmaceutically
acceptable salt, stercotsomer or tautomer thercof, as an active ingredient with a pharmaceutically

acceptable camier, such as those mentioned above. Depending on the therapeutic form of the

9
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system {e.g., transdermal patch vs. oral tablet}, the carrier may be m 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 formulations can be
found, e.g., in Remingion s Pharmaceutical Sciences, Mack Publishing Company, Philadelphia,

PA, 20M ed. {2000}, which is incorporated herein by reference.

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

antioxidants.

{0135] Compositions comprising a compound provided herein are also described. In one
variation, the composition comprises a compound or salt thereof and a pharmaceutically
acceptable carrier or excipient. In another varnation, a composition of substantially pure
compoand s provided. In some embodiments, the composition is for use as a human or
veterinary medicament. In some embodiments, the composition s for use in a method described
herein. In some embodiments, the composition is for use in the treatment of a discase or
disorder described herein.

T

Methods of Use and Uses

{0136} Compounds and compositions detailed herein, such as a pharmaceutical composition
comprising a compound of any formula provided herein a pharmaceutically acceptable salt,
sterecisomer or tautomer thereof and a pharmacentically acceptable carrier or excipient, may be
used in methods of administration and treatment as provided herein. The compounds and

corapositions may also be used in 7 vitro methods, such as i 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 1s a method of treating a disease or disorder in an individual 1n need
thercof comprising administering a compound described herein or any embodiment, variation, or
aspect thereof, or a pharmaceutically acceptable salt thereof. In some embodiments, the
corapound, pharmaceutically acceptable salt thereof, or comaposition 1s admimistered to the

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

{0138} The compounds or salts thercof descrbed hercin and compositions described herein are
belioved to be effective for treating a vaniety of diseases and disorders. In some embodiments, a
compound or salt thercof described herein or a composition described herein may beused m a
method of treating a disease or disorder mediated by fibroblast activation protein (FAP). In
some embodiments, the discase or disorder is characterized by proliferation, tissue remodeling,

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

10139} Io 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 physiclogical substrate of FAR
endopeptidase activity 15 g2-antiplasmin, type 1 collagen, gelatin, and Fibroblast growth factor
21 {FGF21}). In some embodiments the FAP peptidase activity 1s exopeptidase activity. In some
embodiments, the physiological substrate of FAP exopeptidase activity 1s Neuropeptide Y, B-
type natriuretic peptide, substance P and peptide YY. In some embodiments, a compound or salt
thereof described herein or a composition described herein may be used in a method of treating a

diseasc or disorder mediated by FGF21,

{0140} In some embodiments, a compound or salt thereof described herein or a composition
described herein may be used m a method of treating a FGF2 1-associated disorder, such as
obesity, tvpe T-and type Il diabetes, pancreatitis, dyshipidemia, hyperlipidemia conditions, non-
alcoholic fatty liver discase (NAFLD), non-alcoholic steatchepatitis (NASH), insubin resistance,
hyvpennsulinemia, glucose intolerance, hyperglveemia, metabolic syndrome, acute myocardial
mfarction, hypertension, cardiovascular discases, atherosclerosis, peripheral arterial disease,
apoplexy, heart failure, coronary artery heart disease, renal disease, diabetic complications,

neuropathy, gastroparesis, disorder associated with a sertous inactivation mutation in insulin

9

(94



WO 2020/142742 PCT/US2020/012260

receptor, and other metabohic disorders. In some embodiments, the FGF2 -associated disorder
is diabetes, obesity, dyslipidemia, metabolic syndrome, non-alccholic fatty liver disease, non-

alcoholic steatohepatitis or cardiovascular discases.

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

abnormal metabolism.

10142} In some embodiments, a compound or salt thercof 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, squamous 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 kidnev cancer, chronic

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

{8143} In some embodiments, the admimisiration of the compound, salt, or composition
reduces tumor growth, tumor proliferation. or tumorigenicity in the individual. In some
cmbodiments, the compound, salt, or composition may be used in a method of reducing tumor
growth, tamor proliferation, or tumorigenicity in an individual in need thereof. In some
embodiments, tumor growth is slowed or arrested. In some embodiments, tumor growth is
reduced at feast about 10%, 20%. 30%. 40%, 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, tamor proliferation, or morigenicity in the individual prior to
the admunistration of the compound, salt, or composition. In some embodiments, the tumor
growth, tumor proliferation, or tumorigenicity is compared to the fumor growth, tumor
proliferation, or morigenicity in a similar individual or group of individuals. Methods of
measuring tumor growth, tumor proliferation, and tumorigenicity are known in the art, for
example by repeated imaging of the individual.

{8144} Insome embodiments, a compound or salt thereof described herein or a composition

described herein may be used in in a method of treating fibrotic disease, thrombosis, wound
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healing, keloid formation, osteoarthritis, rheumatoid arthritis and related disorders involving
cartilage degradation, atherosclerctic disease, Crohn’s disease, hepatic cirthosis, idiopathic
pulmonary fibrosis, myocardial hypertrophy, diastolic dysfunction, obesity, glucose mtolerance,
msulin insensitivity, or diabetes mellitus. In some embodiments, the hepatic cirrhosis 18 viral
hepatitis-induced, aleohol-induced, or bifiary cirvhosis. In some embodiments, the diabetes
mellitus is type 1 diabetes. In some embodiments, the discase or disorder is fibrotic liver

degeneration.

[4145]  In some embodiments, provided herein s a method of mhibiting FAP. The compounds
or salts thereot described herein and compaosttions described berein are believed to be effective
for inhibiting FAP.

{0146} In some cmbodiments, 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

exXpression.

{8147}  In some embodiments, the method of inhibiting FAP comprises mhibiting FAP wnna
fumor 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.

10148} In 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%, 30%, 60%, 70%, 80%, 90%, 95%, 98% or more. Inhibition of FAP can

be determined by methods known i the art.

[4149]  In some embodiments, the compound, salt thereof, or composition mhibits FAP with an
1Cs0 of less than about 1 uM, such as less than about 750 oM, 600 oM, 500 nM, 300 nM, 200
nh, 100 nM, 80 nM, 60 nM, 40 oM, 25 oM, or less. In some embodiments, the compound, salt
thereot, or composition inhibits FAP with an ICso between about 7 nM and 1 uM, such between
about 10 nM and 600 oM, 15 nM and 200 nM, or 20 nM and 180 nM. In some aspects, the half
maximal inhibitory concentration (ICso) 15 a measure of the effectiveness of a substance in

mhibiting a specific biological or biochemical function. In some aspects, the ICs0 15 a
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quantitative measure that indicates how much of an mhibitor 1s needed to inhibit a given
biological process or component of a process such as an enzyme, cell, cell receptor or

microorganism by halt. Methods of determining 1Cso 7 virro and i vivo are known in the art.

{8150 In some embodiments, the compounds or salts thereof descenibed herein and
compositions described herein are adounistered 10 an amount wherein DPPIL DPPIV, DPPR,
D3PPY, and/or PREP activity is not inhibited or is inhibited to a lesser extent. In some
embodiments, inhibition of FAP 13 at least or at least about 2 fold greater than mhibition of
DPPH, DPPIV, DPPE, 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, DPPO is belicved to be a
cytoplasmic DPP and belongs to 598 sub-family of proline-selective sohible proteases too.
Inhibition of DPPY activity in macrophages activaies the Nlrplb inflammasome. Activation of
this pathway leads to pyroptosis, a proinflammatory 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-iL-15 and pro-1L-18. In MC38 syngencic mouse model, Val-boroPro a non-selective
DPP inhibitor, has shown to inhibit cancer growth with concomitant up-regulation of immune-
stimulatory cytokings and tumor infiltration of anti-cancer cell types including CD8+ T cells,
M1-macrophages and NK cells when combined with the immune checkpoint anti-PD1. The
cvtoplasmic RU134-47 tumor antigen 1s a natural substrate of DPPY and endogenous DPPY
bimits the presentation of the RUI34-42 peptide. These findings suggest a role for DPPY i
antigen presentation {Geiss-Friedlander R et al, 2009). I human myeloid cells, CARDS
mediates DPPE/9 inhibitor-induced procaspase-15 ~dependent pyroptosis. DPPR/Y inhibitors
induce pyroptosis in the majority of human acute myeloid leukemia (AML) cell lines and
primary AML samples, but not in cells from manv other lincages, and that these inhibitors
mhibit human AML progression in mouse models. Val-boroPro afforded a 97% reduction in
tumor burden relative to the vehicle control in a model of disseminated MV4,11 leukemia cells
i NSG mice {(Johnson et al, 20133

{8152} Provided herein is a2 method of enhancing an tmmune response in an individual
compnsing administering to the individual a compound descnbed herein, or a pharmaceutically
acceptable salt thereof, or a pharmaceutical composition described herein. In some

embodiments, the individual has cancer. In some embodiments, the enhanced immune response
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is 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,
thercfore mnhibiting FAP may cohancing the iramune response of ao individual. Accordingly,
provided herein are methods of treating cancer in an individual in need thereof comprising
administering to the individual a compound described hercin, or a pharmaceutically acceptable
salt thereof, or a pharmaceutical composition deseribed herein, wherein an immune response of

the individual is increased.

{3133} Provided herein 1s a method of increasing the level of FGF21 expression in an
mdividual comprising administering to the individual a compound described herein, or a
phammaceutically acceptable salt thercof, or a pharmaceutical composition deseribed herein.
Also provided herein is a method of increasing the level of FGF21 or an FGF21 analog in an
mdividual 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 admimistening FGF21 or an FGF21 analog,

such as a mutated FGF21, pegylated FGF21, PF-03231023, or LY2405319.

[0154] FGFZ1 is a peptidic endocrine hormone secreted primardy by the liver (Markan, K K.
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, ot
al., J Clin Invest, 2005, 115(6); 1627-35). FGF21 stimulates glucose uptake i adipocytes and 1s
beheved to protective agamst obegsity and insulin insensitivity. Pharmacological adnministration
of FGEF21 to diabetic and obese animal models markedly ameliorates obesity, msulin resistance,
dvslipidemia, 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 m inducing weight loss and correcting hypermsulmemia, dyshpidenia, and
hypoadiponectinemia in ohese mdividuals with type 2 diabetes (Gaich, G, et al., Cell Metab,

2013, 18(3): p. 333-40; Dong, 1.Q, ctal,, Br J Clin Pharmacol, 2015, 805} 1051-63.

[31535] By way of example and not wishing to be bound by theory, FAP 13 beligved to be the
enzvme responsible for cleavage and inactivation of FGF21; therefore inhibiting FAP may
merease levels of FGF21 expression and may augment endogenous and/or exogenous FGF21
action. FGF21 mteracts with FGFRI through its N-terminus and with B-Klotho through its C-

terminus. This C-terminal region of FGEF21 is 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, FAPg has been identified as the protease responsible
for the mactivation of circulating FGF21 through the C-terminal cleavage at Prol71 (Dunshee,
DR, etal, ] Biol Chem, 2016, 291{11); 5986-96; Coppage, AL, e¢tal, PLoS One, 2016, 113}
c0151269; Zhen, EY . et al, Biochem §, 2016, 473(5): 605-14). In rodents and primates, the
half-life of exogencusly administrated human FGF21 is short (~ 0.5-2 h) as result of FAP-
mediated cozymatic degradation and susceptibility to renal clearance (Hager, T, et al,, Anal
Chem, 2013, 85(53: 2731-8; Xu, 1., et al., Am J Physiol Endocrinol Metab, 2009, 297(5): E1105-
14; Kharitonenkov, A et al., Endocrinology, 2007, 148(2): 774-81). Common half-life
extension strategies have improved significantly the PK propertics of these FGF21 analogs in
vivo; however, proteolyiic processing still persists in these analogs (Hecht, R, et al., PLoS One,
2012, 7(11): e49345; Mu, I, et al, Diabetes, 2012, 612} 503-12; Camacho, R.C. etal., Eur }
Pharmacol, 2013, 715(1-3}: 41-3).

[3156] Accordingly, provided herein are methods of treating diabetes mellitus, msulin
msensitivity, and/or obesity in an mdividual in need thersof comprising administenng to the
mdividual a compound described herein, or a phamaceutically acceptable salt thereof, ora
phammaceutical composition descrbed herein. In some embodunents, the method further
comprises administering FGF21 or an FGF21 analog. In some embodiments, the FGF21 analog
is pegylated FGFZ1, PF-05231023, or LY 2405319, Also provided herein are methods of
treating diabetes meliitus, insulin insensitivity, and/or obesity in an individual in need thereof
comprising administering to the individual a compound described herein, or a pharmaceutically
acceptable salt thereof, or a pharmaceutical composition described herein, whergin FGF21

expression 18 increased. In some embodiments, the diabetes melhitus is type H diabetes.

{8157} In some embodiments, the individual 15 a mammal. In some embodiments, the
mdividual 1s a primate, bovine, oving, porcing, equing, caning, feline, lapine, or rodent. In some
crbodiments, the individual 1s a human. In some embodiments, the individual has any of the
discases or disorders disclosed herein. In some embodiments, the individual s a nisk for

developing any of the diseases or disorders disclosed herein.

{0158} In some embodiments, the individual is human.  In some embodiments, the human is at
least about or is about any of 21, 25, 30, 35, 40, 45, 50, 535, 60, 65, 70, 75, 80, or 85 years old. In
some embodiments, the human is a child.  In some embodiments, 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.

166



WO 2020/142742 PCT/US2020/012260

[3159]  Also provided herein are uses of a compound described herein 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 1s for the treatment of a
disorder or discase described herem. In some embodiments, the manufacture of a medicament 1s

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

Combination Therapy

{0160}  As provided herein, compounds or salts thercof described herein and compositions
described herein may be admimistered with an additional agent to treat any of the diseases and

disorders disclosed herein.

{0161} 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, concurrently adnvinistered or simultaneously administered.
In certain embodiments, (a) a compound described herein, or a pharmaceutically acceptable salt
thercof, or a pharmaceutical composition described herein and (b) an additional agent are
administered with a time separation of about 13 minutes or less, such as about any of 10, 5, or §
minugtes 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 13 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 certain embodiments, {(a} a
compound described herem, or a pharmaceutically acceptable salt thereof, or a pharmaceutical
composition described herein and (b) an additional agent are administered simultaneously.
{3162} In some embodiments, the additional agent targets an immune checkpoint 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 18 an anti-PD-1 antibody, an anti-PD-L1 antibody, or an anti-CTLA -4 antibody.

{3163} In some embodiments, the additional agent is an inducer of FGF21 expression, such as

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

21 analog is PF-05231023 or LY 2405319,

18164} In some embodiments, the additional agent is a KLB/FGFR complex agonist, a DDPIV

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

[3165] Provided herein 18 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 tmmune checkpont protemn. In some embodiments, the individual
has cancer. In some embodiments, the enhanced immune response is directed to a tamor or

cancerous cell.

[3166] Also provided herein are methods of treating cancer in an individual in need thereof
comprising administering to the individaal (a) a compound described herein, or a
phammaceutically acceptable salt thereof, or a pharmaceutical composition descnbed herein and
{(h) an agent that targets an tumune checkpoint protein, whercin an immune response ot the

ndividual 1s increase

{3167} Provided herein is a method of increasing the level of FGF21 expression in an
mdividual comprisimg admimstering to the individual (a) a compound described herein, ora
pharmaceutically aceeptable salt thereof, or a pharmaceutical composition descnbed herein and

{b) an agent that induces FGF21 expression.

{8168} Also provided herein are methods of treating diabetes mellitus, insulin msensitivity,
and/or obestty in an individual in need thereof comprising administering to the mdividual {a) a
compound described herein, or a pharmaceutically acceptable salt thereof, or a pharmaceutical
composition described herein and (b) an agent that mduces FGF21 expression, wherem FGF21

gxpression 1s increased. In some embodiments, the diabetes melhitus is type H diabetes.

{0169}  As provided herein, compounds or salts thercof 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 embodiments, the
compounds or salts thereof described herein and compositions described herein are adnunistered
with an additional agent and as part of a treatment regimen that mcludes an exercise regimen,
such as strength-training or cardiovascular exercise. In some embodiments, the exercise
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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 davs per week, 5 days per week, 6 davs per week, or 7 days per week. In some
embodiments, the exercise regimen comprises exercising once per day, twice per day, or 3x per
dav. Insome embodiments, the exercise regimen comprises exercising for at least 10 minutes
per session, such as for at least 13 min, 20 nun, 25 nun, 30 man, 35 min, 40 min, 45 min, 50 min,

35 min, § hour, 1.25 howrs, or |5 hours.
Dosing and Method of Administration

8178} The dose of a compound administered to an mdividual (such as a human) may vary
with the particular compound or salt thereof, the method of administration, and the particular
diseasc, such as type and stage of cancer, being treated. 1o some crabodiments, the amount of the

corapound or salt thercof 15 a therapeutically effective amount.

10171}  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 triais, taking
mto 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 1 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.

01721 Anv of the methods provided herein may in one aspect comprise administering to an
mdividual 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.

13173} A compound or composition of the mvention may be administered to an mdividual in
accordance with an etfective dosing regimen for a desired penod of time or duration, such as at
feast 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 doration of the
mdividual’s life. In one varation, the compound is administered on a daily or intermitient

schedule. The compound can be administered to an individual continuously {(for example, at
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least once dailv) 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 trequency can also be intermtttent, including a “drug holiday’
{e.g., once daily dosing for 7 days followed by no doses for 7 days, repeated for any 14 day time
period, such as about 2 months, about 4 months, about 6 months or more). Any of the dosing
frequencies can emplov any of the compounds deseribed herein together with any of the dosages

described herein,
Articles of Manufaciure and Kits

{8174} The present disclosure turther provides articles of manutacture comprising a compound
described herein a pharmaceutically acceptable salt, sterectsomer or tautomer thereof, a
composition described herein, or one or more unit dosages described herein in suitable
packaging. In certain embodiments, the article of manutacture is for use in any of the methods
described herein. Swuitable packaging ts known in the art and includes, for example, vials,
vessels, ampules, bottles, jars, flexable packaging and the like. An article of manufacture may

further be stenilized and/or sealed.

{8173} The present disclosure turther provides kits for carrving out the methods of the
mvention, which comprises one or more compounds described herein or a composition
corapnsing a compound described herein. The kits may eraploy any of the compounds disclosed
herein. fn one variation, the kit employs a compound described herein a pharmaceutically
acceptable salt, sterecisomer 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.

18176  Kits generally comprise suitable packaging. The kits may comprise one or more
containers comprsing any compound described hercin. Hach component (if there 1s more than
one component) can be packaged in separate containers or some components can be combined in

one container where cross-reactivity and shelf life permit.

10177} The kits may be in unit dosage forms, bulk packages (e.z., multi-dose packages) or
sub-unit doses. For example, kits mav be provided that contain sufficient dosages of a
compound as disclosed herein and/or an additional pharmaceutically active compound useful for
a disease detailed herein to provide cffective treatment of an ndividual for an extended period,

such as any of a week, 2 weeks, 3 weeks, 4 weeks, 6 weeks, 8 weeks, 3 months, 4 months, 5
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months, 7 months, 8 months, 9 months, or more. Kits may also include multiple umit doses of
the compounds and 1nstructions for use and be packaged in quantities sufficient for storage and

use i phammacies {e.g., hospital pharmacies and compounding pharmacies).

{8178} The kits may optionally include a set of mstructions, generally written instructions,
afthough clectronic storage media {e.g., magnetic diskette or optical disk) containing mstructions
arc also acceptable, relating to the use of component(s) of the methods of the present invention.
The mstructions mcluded with the kit generally include wformation as to the components and

thetr administration to an individual.

{0179} The invention can be further understood by reference to the following examples, which

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

{0180} Al references throughout, such as publications, patents, patent applications and

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

EXAMPLES
Synthetic Fxamples

{8181} The chemical reactions i the Synthetic Examples described can be readily adapted to
prepare a number of other compounds of the invention, and altemative methods for preparing the
corapounds of this mvention are deemed to be within the scope of this invention. For exanmple,
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
miterfering groups, by utilizing other suitable reagents known in the art other than those
described, or by making routine modifications of reaction conditions. Alternatively, other
reactions disclosed heremn or known in the art will be recognized as having applicability for

preparing other compoands of the wmvention.
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Example 81
Synthesis of (S)-N-(2-(2-cvano-4,4-difluoropyrrolidin- 1 -yli-2-oxoeifiyl)-3-(2-
¥ i ¥ =i
phenyviacetamidolisonicotinamide

Oy OH
Ho
0\\/0\ HATL, DIPES

, L:OH THF, Water N \
HoN OH __DMF,RT T F Y
\f/ /ﬁ’]/ ----------------------- o] : N,;.!
\ /

EDC.HCHL HOBt, TEA, |CHH N .
DWMF, RT ON ,,L><

A
et T

Compound 1

10182} Compound la. To a stirred solution of 2-phenylacetic acid (0.500 g, 3.67 mmol, 1.0
cquivy in DMF (10 mL} was added methyl 3-aminoisonicotimate (8.558 g, 3.67 mmol, 1.0 gquiv)
and HATU {2 8 g, 735 mmol, 2.0 equivy at RT. The resulting reaction mixture was stir for 10
minutes at RT and DIPEA (2.0 mb, 11.50 mmol, 3.0 equiv) was added. The reaction mixture
was allowed to stir at RT for overmight. Product tformation was confirmed by LCMS. The
reaction mixture was diluted with water {50 mL} and extracted with ethyl acetate (100 mb = 2},
Combined organic extracts were washed with water (20 mL x 4), dried over anhydrous Na2504
and concentrated. Crude product was purified by flash chromatography (0-40 %9 ethyl acetate
hexane as an slugnt} to obtain methyl 3-(2-phenviacetamido)isonicotinate {0.460 g, 46 %

Yield }as an yellow semisolid.
[183] LOCMS 271.2 [M+H]T

{0184} 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 LiOH (0.051 g, 2.14
mmol, 2.0 equiv). The mixtore 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).
Agucous laver was washed with cthyl acetate (10 ml), aquecous layer was separated and freeze
dried over lvophilizer to obtain 3-(Z-phenylacetamidohsonicotinic acid (0.420 g. Quant. Yicld)

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

{0186} Compound 1. To a stirred sclution of 3-(2-phenylacetamidoyisonicotinic acid (0.200 g,
0.713 mmol, 1 equiv) in BMF (5 mb), was added (8)-4.4-difluoro-~1-glyveylpyrrolidineg-2-~
carbonitrile hydrochloride (0.161 g, 0.713 mmol, 1.0 equiv), HOBt (0.115 g, 0.856 mmol,

1. Zequuvy and EDC HCL(0.164 g, 0.856 numol, 1.2 equiv). The mixture was allowed to stir at RT
for 10 mimn. Triethyl amine (0.1435 g, 1.427 mmol, 2.0 cquiv} was added and 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 (10mL) and extracted with ethyl acetate (40 mL x 2).
Combined organic extracts were washed with water (25 mL x 5). Organic laver was dried over
anhydrous Naz50;, filiered and concentrated under reduced pressure to obtain crude product.
The crude product obtaingd was punified by reversed phase HPLC to obtain (8)-N-(2-(2-cvano-
4 4-diftuoropyrrolidin-1-yl)-2-oxocthyl)-3-(2-phenviacctamids Yisonicotinamide (6.070 g, 21 %
Yield) as an vellow solid.

{4187 LOCMS 4283 [M+HJT

{0188] 'H NMR (400MHz, DMSO-d) 5 10.44 (br.s, 1 H), 941 (s, 1 H), 921 (br. s, 1 H},
842(d, /=48Hz 1 H), 756 (4, /J=48Hz 1 H), 743 -7 15(m, 4 H),5.16(d,.J=88Hz |
H),431d,/=12THz 2H),422-408{m, 3H), 376, 2H), 293 (br.s, 1H). 284{d. J=
158 Hz, 2 H).
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Example 52

Synthesis of (5)-N-(2-(2-cvano-4, 4-difluoropyrrolidin- 1 -yi)-2-oxoethyl}-3-((4-

fluorobenzyliaminolisonicotinamide

F.
\©\/NH2

oo NH O
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» Ny |
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SN A F
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Compound 2

10189} Compound 2a. To a stirred solution of methyl 3-bromoisonicotinate {0.300 gm, 2.3148
mmol, 1 equiv) & (4-fhiorophenylimethanamine (0.289 gm, 2.3148 mmol, 1 equiv} and
C5:C0:(1 .5 gm , 46296 mumol, 2 equiv) in dioxane {15.0 mL) The resulting mixture was
purged with nitrogen for 10 nun followed by addition of Pda{dba); (0.106 gm, 0.1157 mmol,
0.05 cquiv) and xantphos (0.134 gm, 0.2314 mumol, 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
monttored by LCMS. The reaction mixture was diluted with water (30 mL}, extracted with
EtOAc (2 « 30 mL). The combined organic layers were washed with water (30 mbL), with brine
(30 mL)}, dried over NaxS{h, concentrated to afford crude product. Crude was ponified by
colomn chromatography (0-30 % ethyl acetate in hexane as an cluent) to obtain the desired

methy! 3-{{(4-fluorcbenzyl} anunclisonicotinate {200 mg, 33.00%) as an off white solid.

[0196] LCMS: 262.1 [M+H]"
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[0191] 'H NMR: (400MHz, DMSO-ds) 38.18 (s, 1 H), 7.83 (s, 2 H), 7.43 (d, 2H), 7.34(d. 2H).
717(s, 1H), 457 (d, /= 5.7 Hz, 2 H), 3.86 (5. 3 H)

{8192} Compound 2b. To a stirred solution of compound methyl 3-({4-fluorobenzyl)
amingisonicotinate (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 mixtare was allowed to stir at 80°C for
overnight. Product formation was confirmed by LCMS. The reaction mixture was concentrated
and difuted with water (10 mL) and washed with ethyl acetate (2 x 10 ml). Aqueous laver was
separated and freeze dnied on lvophilyzer to obtain compound 3-((4-fluorobenzyl}

aminousonicotinic acid (170 mg, 89.94%) as a white solid.
{0193} LOCMS: 247 2 [M+H}T

[0194] 'HNMR; (400MHz, DMSO-ds) 811.70 (s, 1H). 8.18 (5, 1 H), 7.83 (5. 2 H), 7.43 (4,
DH). 7.34(d, 2H), 717 (s, 1 D). 457 (d. /=57 Hz, 2 H).

101935 Compound 2. To a stirred sclution of 3-{{4-flucrobenzyl} aminclisonicotinic acid
(0.170gm, 08130 mmol, lequiv) , HATU(0.464gm, 1.2195 mmol, 1.5 equiv) in DMF (10 ml)
after 10 min was added a (5)-4 4-difhuoro-1-glvevlpymrohidine-2-carbonitnie hydrochlornide
{0.219 gm, 0.9756 mmol, 1.2 equiv) and stirred the reaction mixture forl0 min, followed by
drop wise addition of DIPEA (0.3 ml, 1.2195 mumol, 1.5equiv) allowed the reaction for 16h
stirnng at 11 reaction progress was monitored by LCMS and TLC, workup done by addition of
chilled water(30 mL) to the reaction mass and extracted by ethyl acetate (3 x 50 mbL) and
collected all the organic layers, washed by water by three times and once by sodivum bicarbonate
and once by brine solution. Organic laver 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-difluoropyrrolidin-1-vl}-2-oxoethyl}-3-({4-flucrobenzvl)

aminoyisonicotinamide (30 myg, 11%:;) as white solid.
[#196] LOCMS: 4182 [M+H]"

[0197]  'H NMR (400MHz, DMSO-cfs) 58.99 (br. s, 1 H), 8.10(s, | H), 7.88 (d, /=48 Hz. 2
H), 749(d,J=53Hz, 1 H), 744 - 735 (m. 2 1), 7.17 (. J=9.0 Hz, 2 1), 5.10 (d.J = 7.5 Hz,
1H). 447 (. J=33Hz, 4 H), 412 (. J= 6.6 Hz, 2 H), 2.82 (d, /= 16.7 Hz, 2 H).
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Example 83

Synthesis of (8)-N-{2-( 2-cvano-4, 4-difluoropyrrofidin- 1 -vi)-2-oxoethylj-3-(4-
v ’ t o i) g A t

methoxybenzamido jisonicotinamide

]
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Compound 3

[0198] Compound 3a. To asolution of 3-aminoisonicotinic acid (0.5 g, 3.628 mumol, 1.0
equiv) in Dioxan (10 mL) was added 4-methoxybenzoyi chlonde (1.0 mb, 7.246 mmol, 2.0
gquiv). The resulting reaction mixture was stir at RT for 10 min, TEA (1.5 mL, 1087 mmol. 3.0
equiv,) was added dropwise at RT. The resulting reaction mixture was stirred overnight at RT.
Product formation was confirmed by LCMS. Aficr 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 mb). Aqueous laver was separated and freeze dried on lvophilyzer to obtain 3-

{4-methoxybenzamidoyisonicotinic acid (Quant. Yield) as an vellow solid.
[#199] LOCMS 2731 [M+H}T

{0200} Compound 3. To a stirred sclution of 3-{(4-methoxybenzamidousonicotinic acid (0.10
e, 0.367 mmol, 1.0 equiv) in DMF (5 mL), was added (8)-4,4-difluoro-1-glveylpyrrolidine-2-
carbonitrile hydrochloride (0.082 g, 0.367 mmol, 1.0 equv), EDCLHCI (0.141 g, 0.734 mmol,
2.0 equivy & HOBt (0.099 g, 6.737 mumol, 2.0 equiv).. The mixturc was allowed to stir at R for
10 min. TEA (0.4 mL) was added and the maxture 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 mb} and extracted with ethyl acetate (30 mL » 3}, Combined organic
extracts were washed with water (50 mL « 5}, dried over anhydrous Na:2$04 and concentrated.
The crude product obtained was punified by flash chromatography (5 % MeOH in DCM as an
cluent} to obtain {8)-N-{2-(2-cyano-4 4-difluoropyrrolidin-1-y1}-2-oxgethy1}-3-(4-

methoxybenzamidolisonicotinamide {0.015g, 9.2 % Yicld} as an off white solid.

[0201] LCMS 4442 IM+H]"
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[0202] 'HNMR (400MHz DMSO-ds) 8 11.59(s, T H), 9.75 (s, L H), 9.44 (br. s, 1 H), 849
(d,/=48Hz, 1 H),799-783(m, J=88Hz, 2H), 7.77{d, J=533Hz, 1 H}, 7.25-697 {m, J
=88Hz ZH). 512, J=061Hz 1 H), 433 (br s, 1 H),429-407(m, 2 H), 291 {br. s, 3
H).
Fxample 54
Synthesis of N-(2-({S)-2-cyano-4,4-difluoropyrrolidin-1-yi)-2-oxoethyl)-3-(({ -4~

fluorophenyllethyllaminolisonicotinamide

F
\©\(th
NH O
Ox-On.  Pd2dba)3,C8,C0, 797 "NH O LIOH ﬁ
! Xanthphose e 4 THF, Water F =T TOH

Br o = =
() Downenavc 0 Ne ) L
P Ny
M
43 4ab

0
NI F
v .
7

HATU,DMF
HPEA RT,ON

\C\r QWN\/H

Compound 4

10203] Compound 4a. To a stirred solution of methy! 3-bromoisonicotinate (0.500 gm, 2.3148
mmol, 1.0 equiv) & I-(4-fluorophenyi)ethan-1-amme {0.350 gm, 2.540 mmol, 1.0 equiv) and
C5:C0:(1.5 gm , 4.6296 mmol, 2 equiv) m Dioxan (20 mL). The resulting mixture was purged
with nitrogen for 10 min followed by addition of Pda{dba); (0.110 g, 0.115 mumol, 0.05 equiv)
and xantphos (0.135 gm, 0.231 mmol, 0.1 equiv), agan 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 x 50
mkL}. The combined organic layer was washed with water (30 mL}, with brine (30 mL), daed
over NaxSOu, concentrated. Crude was punfied by flash chromatography (0-50 % ethyl acetate
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m hexane as an cluent) to obtain methyl 3~((1 -{(4-fluorophenvijethyhamino)isonicotinate {200

mg, 31.0%} as an off whitc solid.
{02047 LCMS: 2751 [M+H]"

[0205]  'H NMR (400MHz ,CHLOROFORM-d) & 7.98 (s, | H), 7.87(d, /=53 Hz 1 H),
762(d.J=53Hz, 1 H), 7.38-7.29 (m, 1 H), 700 (. J= 8.6 Hz, 2H), 467 (. J= 6.4 Hz, 1 H),
393 (s, 3H), 1.63 - 1.49 (m. 3 H).

[8206] Compound 4b. To a stirred solution of methyl 3-({(1-(4-
fluorophenvyljethvijamino)isonicotinate (0.200 gm, 0.727 mmol, 1.0 equiv) n THF (10 mE) and
water (4 ml), was added LiOH (0.035 gm, 1.45 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 mbL).
Agueous layer was separated and freeze dried on lyophilyzer to obtain 3-({1-(4-
fluorophenviethvijanuno}isomcotimc acid, hthium salt (0.250 g, Quant. Yield) as a white

sohid.
{9207 LCMS: 2612 [MAH

[0208] ‘HNMR (400MHz DMSO-d6) § 956 (d, /= 7.5 Hz, 1 H), 7.65 - 7.57 (m, 2 H), 7.52
(d.J=48Hz 1 H). 738(dd, J= 57,88 Hz, 2 H), 7.1,/ = 9.0 Hz, 2 H), 4.64 (£, J = 6.8 Hz,
L H), 1.42(d,J=70Hz 3 H).

[0209] Compound 4. To a stirred solution of 3-{{1-(4-fluorophenvliethy Daming)isonicotinic
acid, thiom salt {6.250 gm, 0936 munol, 1.0 equiv) in DMF (3 mL) was added EBC H(
{0.269 gm, 1.404 mmol, 1.5 equiv), HOBt (0.152 gm, 1.123, 1.2 equiv}, (8)-4.4-difluoro-1-
glvevipyrrolidine-2-carbonitrile hydrochloride (0.219 gm, 0.9736 mmol, 1.2 equiv), DMAP
{0.002 gm, 0.009 mmols, 0.01 equiv) followed by the addition of triethyvl amine (0.4 mL, 2 808
mmols, 3.0 equiv). The resulting reaction muxture was allowed stir at RT for 16h. The reaction
progress was monitored by LOMS and TLC, reaction mixture was diluted with water extracted
by ethyl acetate (2 x 30 mL). Combined organic laver was washed with water (20 mL x 4},
Organic laver was dried over anhydrous NaxS04, concentrated under reduced pressure. Crude
product was purified by reversed phase chromatography to obtain N-(2-({(5)-2-cvano-4 4~
diftuoropyrrohidin- i -v)-2-oxoethyl}-3-((1-(4-fluorophenylethyDaminoyisonicotinamide (0.012

gm, 3%} as white solid.
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[02168] LOMS: 432.2 [M+H]"

[0211] 'HNMR (400MHz ,DMSO-ds) 3 9.02 (br. s, 1 H), 7.96 - 7.80 (m., | HD, 7.83 (d.J =
4.8 Hz, 1H), 7.52-7.33 (m, 2H), 7.19-7.05 (m, 1 H). 512 (d. J=83 Hz, 1 H), 4.88 - 4.72 (m.
1H), 431 (br.s., 1 FD. 422 -4.02 (m, 2 H), 2.92 (br.s.. 1 1), 2.83 (4, J= 185 Hz. 1 H), 1.45
(d,J=6.6Hz 3 H).

Example S5

Synthesis of (8)-3-(2-(4-chioro-3-fluorophenoxyiacetamido)-N-( 2-( 2-cyano-4,4-

difluoropyrrolidin-1-vij-2-oxoethyljisonicotinamide

o
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5a Gompound 5

10212} Compound 3a. To a stirred solution of 3-amingisonicotinic acid (0.2 g, 1 45 mmol, 1.0
equivy in DMF (5 mL}, was added 2-(4-chloro-3-fluorophenoxylacetic acid {0,539 g, 2. 898 mmol,
2.0 equiv), EDCIHCI(0.556 g, 2.898 mumol, 2.0 equiv) & HOBt (0.391 g, 2.898 mmol, 2.0
equiv).. The mixture was allowed to stir at RT for 10 min. 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 cthyl acetate (30 k. x 3). Aqueous laver was separated and freeze dried on lyophilvzer to
obtain 3-(2-(4~chioro-3-fluorophenoxyjacetamidojisomicotinic acid (Quant. Yield) as an off
white solid.
{8213 LOCMS 3251 [M+HY
10214} Compound 5. To a stirred sclution of 3-{2-{4-chloro-3-
fluorophenoxyacetamidojisonicotinic acid (0.20 g, 0.617 nuwnol, 1.0 equiv) in DMF (15 mL},
was added (8)-4,4-difluoro-1-glycvipyrrolidine-2-carbonitrile hvdrochlonde (0.138 g, 0.617
mmol, 1.0 equiv), EDCLHCEH{0.141 ¢, 1.234 mmol, 2.0 equiv) & HOBt {0,166 g, 1.234 mmol,
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. Atfter completion of reaction, the mixture was diluted with water (20 mb) and extracted
with ethyl acetate (530 mE x 3}, Combined organic extracts were washed with water {50 mb = 5},
dried over anhvdrous NaxS04 and concentrated. The crude product obtained was purified by
flash chromatography (5 % McOH in DCM as an eluent) to obtam (8)-3-(2-(4-chloro-3-
fluorophenoxy jacetamido)-N-(2-(2-cyano-4,4-difluoropyrrolidin-1-y -2~
oxoethyhisonicotmamide (0.025g, 8.1 % Yield) as an off white solid.
[8215] LOCMS 4442 [M+H]T
{6216] HNMR HNMR (400MHz DMSG-de) 5 1137 (s, 1 H), 963 (s, 1 H), 935 (br.s., 1
H), 850(d,/=48Hz 1 H),7.73(d,J=53Hz, 1 HL 752 J=88Hz, | H}, 719(d, /=110
Hz, 1H)},696(d, J=61Hz, 1 HLS511{d J=66Hz 1 H}, 481 (s, 2H), 432 (br. s, 1 H),
427-399(m 2H), 292{br s, 2H), 284l J=114Hz 1 H)

Example 56

Synthesis of (8)-2-(4-(bis(4-fluorophenylimethyi)piperazin-1-vlj-N-( 2-(2-cyano-4,4-

difluoropyrrolidin-1-yi)-2-oxoethyllisonicotinamide
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192171 Compound 6a. To a stirred sohition of methy] 2-fluoroisonicotinate {(0.050 g, .32
mmaol, 1.0 equiv) in DMF (3 ml) was added 1-{bis(4-fluorophenvliymethyDpiperazine (0.093 g,

0.32 mmol, 1.0 equiv). The reaction mixture was allowed to heat at [00°C for 16 h. Product

114



WO 2020/142742 PCT/US2020/012260

formation was confirmed by TLC and LCMS. The reaction mixture was dituted with water (15
mb} and extracted with ethyvl acetate (20 mL x 3). Combined organic layer was washed with
water (12 mL » 6}. Organic layer was dried over anhydrous sodium sulphate, filtered and
concentrated under reduced pressure. Crude compound was punified by normal phase combi-
flash chromatography to obtain methyl 2-(4-(bis{(4-fluorophenvmethylpiperazin-1-

viysonicotinate {0.015 g, 11 % yield ) as an off-white solid.
[8218] LOCMS 4242 [M+H]T

10219} Compound 6b. To a stirred solution of methyl 2~(4-(bis(4-
fluorophenvhmethypiperazin-1-vihsonicotmate (0.120 g, 0.28 mmol, 1 equiv) in THF and
water (1:1)(6 mL)}, was added LiOH H( {0.018 g, 0.42 mmol, 2.0 equivy. 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 mbL x 2}, Aqueous laver was
separated and freeze dried on lvophilizer to obtain 2-(d~(bis{4-fluorophenyvlymethvhipiperazin-1-

visomcotinic acid {0.100 g } as an off-white solid.
{02207 LCMS 4102 [M+HJT

10221} Compound 6. To a stirring solution of 2-{(4-(bis{4-flucrophenvlimethvlipiperazin-1-
viysonicotinic acid (0.100 g, 0.24 mmol, 1.0 equiv) in DMF (3 ml) were added (8)-4,4~difluoro-
I-glyvevipyrrohidine-2-carbonitrile hydrochlonde (0.068 g, 0.3 mmol, 1.2 equiv}, EDCHCI
(0.057 g, 0.3 mmol, 1.2 equiv), HOBT (0.041 g, 0.3 mmol, 1.2 equiv), DMAP (0.001 g} and
stirred the reaction mixture at RT for 10 min foliowed by addition of TEA (0.073 g, (.72 mmol,
3.0 equivy. The reaction puxture was allowed to stir at RT for 16 h. Product formation was
contirmed by LCMS. After completion of reaction, reaction mixture was dituted with water
which results into precipitate. The resalting 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{d-RuorophenyDmethyDipiperazin-1-y1)-N-{2-2-cvano-4, 4-difluoropyrrolidin- 1 -y1)-2-
oxocthvisonicotinamide (0.006 g, 4.26% Yield) as off-white solid.

192221 LCMS 5814 [M+HJ

[0223] 'H NMR (400 MHz, DMSO-ds} § 8.91 {t. /= 6.0 Hz, 1H), $.21 (d, J= 5.2 Hz, 1H).
748 (dd, /=85, 55 Hz 4H), 7.19 - 7.10 (m, 5H). 7.01 (d.J= 5.3 Hz, 1H), 5.08 (dd, /=9 4,
28Hz 1), 443 (s, 11), 428 (td, J= 113, 104, 5.9 Hz, 1. 4.11 (qd. J= 142, 11.8, 44 1z,
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SH). 3.55 (1, J=4.8 Hz, 411), 3.31 (s, 2H), 2.98 — 2.72 (m, 2H), 2.40 (¢, /= 4.9 Hz. 5H), 1.54 (s,
1H), 1.38 - 1.16 (., 9HD), 0.85 (¢, J = 6.5 Hz, 1H).

Fxample 87

Svnthesis of (S)-N-(2-{2-cyano-4, 4-diffuoropyrrofidin-1-vij-2-oxcethyl}-3-(2-

fluorobenzyljisonicotinamide
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Compound 7

10224] Compound 7a. To a stirred sohution of methyl 3-bromoiscnicotimate (0,100 g, 0.46
mmaol, 1.0 equiv) in Dioxan (4 mL} and water{1 mL) were added KxCO3 (6.032 g, 0.23 mmol,
0.5 equiv), 2-(2-fluorobenzyi}-4.4,3, S-tetramethyi~1,3, 2-dioxaborolane {0.163 g, 8.6% mmol, 1.3
equiv}y and Pd(PPhs)Cl: (0.016 g, 0.023 mmol, 0.05 equiv}. The reaction mixture was allowed to
heat at 160°C for 1 b m mucrowave. Product formation was confirmed by TLC and LCMS. The
reaction mixture was diluted with water (10 mL) and extracted with ethyl acetate (15 mL = 3).
Combined organic laver was washed with brine (30 mL}. Organic layer was dnied over
anhydrous sodium sulphate, filtered and concentrated under reduced pressure. Crude product
was purified by normal phase combi-flash chromatographv to obtain methyl 3-(2-

fluorobenzyisomcotinate (0.025 g, 22 % Yield) as a vellow semisolid.
{0225} LCMS 246.0 [M+H]"

[9226] Compound 7b. To a stirred solution of methyl 3-(2-fluorobenzyljisonicotinate (0.130 g,
0.53 mmol, 1 equiv) in THF and water (3:13(4 mL), was added LiOH Hz0 (0.045 ¢, 1.06 mmol,

2.0 equiv}. The muxture was allowed to stir at RT for 16 b, Product formation was confirmed by
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LCMS. The reaction maxture was diluted with water (25mL), washed with ethvi acetate (20 mL).
Agueous laver was s¢parated and freeze dried on lyophilizer to obtain 3-(2-

fluorobenzylyisonicotinic acid (0.120 g, Quant. Yield).
{0227} LCMS 231.9 [M+H]T

{0228} Compound 7. To a stirring solution of 3-(2-fluorobenzylyisonicotinic acid (0.130 g,
0.56 mmol, 1.0 equiv) in DMF (4 ml) were added (8)-4.4-difluoro-1-glvevtpyrrolidineg-2-
carbonitrile hydrochloride {0.153 g, 0.68 mmol, 1.2 equiv), EDC HC1(0.129 g, 0.68 mmol, 1.2
equiv), HOBT (0.092 g, 0.68 mmol, 1.2 equiv), DMAP (0.001 g} and stirred the reaction mixture
at RT for 10 min followed by addition of TEA (G170 g, 1.68 mmol, 3.0 equiv). The reaction
mixture was allowed to stir at RT for 16 h. Product formation was confirmed by LUMS. The
reaction muxture was diluted with water (20 mL) and extracied with ethyl acetate (30 mL x 2},
Combined organic laver was washed with water {20 bl x6) and brine (40 mL). Organic layer
was dried over anhydrous sodium sulphate, filtered and concentrated under reduced pressure.
Crude product was purified by reversed phase HPLC to obtain (5}3-N-(2-(2-cvang-4 4~
difluoropyrrolidin- i-vi}-2-oxoethvl)-3~2-fluorobenzyilisonicotinamide {0.002 g, } as an off

white solid.
{0228} LCMS 4033 {M+H]~

[0230] 'H NMR (400 MHz DMSO-ds) 5 8.95 (t, /= 5.8 Hz, 1H), 854 (d. J= 5.0 Hz, 1H),
841 (s, 1H), 738 (d, J= 4.9 Hz, 1H), 7.19 (ddt, J=39.1,20.6, 7.2 Hz, 4H), 5.21 — 5.03 (m, 1H),
443 - 3.99 (m, 6H), 3.02 ~ 2.73 {m, 2H).
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Example 58

Synthesis of (8)-N-{2-( 2-cvano-4, 4-difluoropyrrofidin- 1 -vi)-2-oxoethylj-3-(4-
v ’ t o i) g A t

Jluorobenzyliisonicotinamide
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10231} Compound 8a. To a stirred solution of methyl 3-bromoisonicotinate {0.160 g, 8.46

Compound 8

mmol, 1.0 equivy in Dioxane (4 ml) and water(1 ml) were added KoCO5 (0.032 g, 0.23 mmol,
0.5 equiv), 2-(4-fluorobenzyi)-4,4,5, 5-tetramethvi-1,3,2~-dioxaborolane (0.163 g, .69 mmol, 1.5
equiv) and Pd(PPh:)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 confirmed by TLC and LCMS. The
reaction mixture was diluted with water (10 mL) and exiracted with ethyi acetate (15 mL x 3},
Combined organic layer was washed with brine (30 mL). Organic laver 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-

fluorobenzylyisonicotinate (0.023 g, 22 % Yield) as a yellow semi sohid.
10232] LCMS 246 .0 {M+H]

182331 Compound 8b. To a stirred solution of methyl 3-(4-fluorcbenzyliisonicotinate €0.200 g,
0.82 mmol, 1 equiv} in THF and water {4:1}{(5 mL), was added LAOH Ho0 (0,069 g, 1.64 mumol,
2.0 equiv). The mixture was allowed to stir at RT for 16 h. Product formation was confirmed by
LCMS. The reaction maxture was diluted with water (25mL), washed with ethyl acetate (20 mL).
Agueous laver was separated and freeze dried on lyophilizer to obtain 3-(4-
fluorchenzylyisonicotinic acid (0.180 g} as an off-white solid.
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[0234] LOCMS 231.9 [M+H]

10235] Compound 8. To a stirring solution of 3-{4-flucrobenzyifisonicotinic acid (0.250 g,
1.08 mmol, 1.0 equiv) in DMF (4 ml) were added (5)-4,4-difluoro-1-glyvevipyrrohdime-2-
carbonitrile hydrochloride (0.293 g, 1.3 mmol, 1.2 equiv), EDC HCI{0247 g, 1 3 mmel, 1.2
equivy, HOBT (0,176 g, 1.3 mmol, 1.2 equivy, DMAP (0.001 g) 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
mixture was aliowed 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 mb = 3} and brine {40 mL}. 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 {§)-N-(2-(2-cyano-4 4-
diftuoropyrrohidin-1-vl}-2-oxocthv)-3-(4-fluorobenzylisonicotinamide {0.605 g) as an off white

solid.
[1236] LCMS 4033 [M+H]T

{02371 'H NMR (400 MHz, DMSO-ds) 8 8.96 (t.J = 5.8 Hz, 1H), 8.54 (s, 1H), 851 (d. J=5.0
Hz, 1), 7.39 — 727 (m, 3H), 7.07 (. J= 8.8 Hz, 2H), 5.13(dd, =94, 2.7 Hz, 1H), 428 (td, J
=124, 6.4 Hz, 1H), 421 4.03 (m, 5H), 2.99 — 2.74 (m, 2H).
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Example 859

Synthesis of {S,B}-3-(4-chiorostyryl)-N-{2-( 2-cyano-+4, 4-difluoropyrrolidin-1-yi)-2-

oxoethyljisonicotinanide
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18238} Compound 9a. To a solution of ethyl 3-bromoisonicotinate (0.2 g, 0.925 mmol, 1.0
cquivy in Dioxan (& mb) and water (2 mL) was added (Ey-2-(4-chlorostyryl}-4 4.5 5-tetramethyi-
1,3,2-dioxaborolang (0,366 g, 1.39 mmol, 1.5 equiv), K200: (0.384 g, 2.78 mumaol, 3.0 equiv)
and resulting reaction mixture was purged with Nz gas for 10 minute, followed by the addition of
PA(PPha)C12(0.033 g, 0.046 mmol. 0.05 equiv). The resolting reaction mixture was heated at
120° C for overnight. Product formation was confirmed by LCME. 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 (0-20 9% ethyl acetate in hexane as an eluent) to methyl (E)-3-(4-
chlorostyrylisonicotinate {6.120 g, 47.43% vield) as an vellow sokd,
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[0239] LCMS 274.5 [M+H]"

[0240] 'H NMR (400 MHz, DMSO-ds) $9.11 (s, 1 H), 8.64 (d.J=53 Hz, 1 H). 7.78 - 7.67
(o, 21D, 7.63 (4. /=83 Hz. 2 ), 748 (d. J= 8.3 Hz. 2 H). 7.36 (d. /= 16.7 Hz, 1 H). 3.9 (s,
3H).

{0241} Compound 9b. To a stirred solution of methyl (E)-3~{4~chlorostyryl)isonicotinate (0.1
g, 0.366 mmol, 1.0 equuivy in THF (5 mL) and water (8 mL}, was added LiOH (0.023 g, 0.0.549
mmad, 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 ethyl acetate (10 mL x 2}. Aqueous laver was
separated and frecze dried on Ivophilyzer to obtain (E}-3-(4-chlorostyrylisonicotinic acid

{Quant. Yield) as an off white solid.
{8242 LCMS 260.0 [M+H]"

[0243] 'H NMR (400 MHz, DMSO-ds) 3 8.80 (s, 1 H), 830 (d. J=4.8 Hz, 1 H). 7.87 (d. J =
16.7Hz, 1 H). 7.63-7.49 (0, J=8 3 Hz 2 H), 747 - 735 (m, J=8 8 Hz, 2 H), 7.28 (4,7 =4 8
Hz, 1 H), 7.19(d, J= 16.7 Hz, 1 H).

{0244] Compound 9. To a stirred solution of (E)-3-(4-chlorostyryhyisonicotinic acid (.11 g,
0.424 mmol, 1.0 equiv) in DMF (3 mL), was added (5)-4.4-difluore-1-glvevipyroliding-2-
carbonitrile hydrochloride (0.096 g, 0.424 mmol, 1.0 equiv), EDCLHCT {0,122 ¢, 0.636 mimol,
1.5 equivy & HOBt{0.086 ¢, 0.48 mmol, 1.5 equuv). The nixture was allowed to stir at RT for
10 min. Tricthylamine (0.25 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 dituted with water (20 mL) and extracted with ethyl acetate (20 mbL x 2).
Combined organic exiracts were washed with water (20 mL x 4), dricd over anhydrous NaxS04
and concentrated. The crude product obtamned was crvstallized with ether to obtain Synthesis of
(8, E}-3-{4-chlorostyryl}-N-(2-{2-cvano-4, 4-diflaoropyrrohidin- L -v1}-2-oxoethyisomceotinamide

{0.18 g, 98 36 % Yield} as an off white solid.
18245 LOCMS 4312 [M+HJT

[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 (m, 3H), 7.60 - 7.41 (m, 3 H), 7.36(d, /=48 Hz. 1 H), 525-5.10 (m, 1
Hy, 431(d,J= 11.8 Hz, 1 H). 4.24 - 3.96 (m, 3 H), 2.94 (br. 5., 1 F), 2.92 - 2.78 (m, 1 H).
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Fxample S10

Svnthesis of (S)-3-(4-chiorophenethvi)-N-{2-(2-cyano-4, 4-difluoropyrrolidin-1-yi)-2-

oxoetfiyllisonicotinamide

ol

cav'—/ 4 8‘0"‘5\?

OO PA(PPh;),ChK,00; O

O\
Dioxane,H,0,120°C, ON Pa/C,Hy

Methanol,RT,10h

LIOH.H,0

THFHC
,RT,ON

o)
QEH_HZN\/)'\NyF
é’}

N/

HATU.DIPEA
,OMFE,RT,ON

Compound 10

10247} Compound 10a. To a solution of ethyl 3-bromoisonicotinate (0.2 g, 6.925 mmol, 1.0
equiv) in dioxane (8 mL) and water (2 mL) was added (F}-2-(4-chlorostyrvl}-4.4,5,5~
tetramethyl-1,3, 2-dioxaborolane (0.366 g, 1 39 mmol, 1.5 equiv), KoCO3 (0.384 g, 2.78 mmol,
3.0 equiv) and resulting reaction mixture purged with N2 gas for 10 minute, followed by the
addition of PA{PPh:)C1{0.033 g, 0.046 mumol. .95 equiv). The resulting reaction mixiure was
heated at 120° C for overnight. Product formation was confirmed by LCMS. After the

completion of reaction, the mixtare was filtered through celite bed, washed with ethy] acetate
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{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 ehient} to methyl {E)-3-

{4-chlorostyrylyisonicotinate (0.120 g, 47 43% vield) as an yvellow solid.
{0248} LCMS 2745 [M+H]"

[0249] H NMR (400 MHz DMSO-ds) 5911 (s, 1 H), 8.64 (d,.J =53 Hz, 1 H), 7.78 - 7.67
(m, 2H), 7.63(d, J=53 Hz, 2 H), 748 (d, J= 83 Hz, 2 H), 7.36 (d, J= 16.7 Hz, 1 H), 3.91 (s,
3 H).

{8256} Compound 10b. To a solution of methvl (E)-3-{4-chlorostyryljisonicotinate (0.12 g,
0.44 mmol, 1.0 equiv} in methanol (15 mL} was purged with Nz gas for 10 munute, followed by
the addition of PA/C {0.030 g). Then resulting reaction nmixture was purged with Ho gas for 10 b
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 methyl 3-(4-chlorophensthyhisonicotinate (0.105 g, 86.77 % vield) as

a white solid.
{0251} LCMS 2762 {M+H]T

[0252] 'H NMR (400MHz, DMSO-ds) 5 8.63 - 8.51 (m, 2 H). 767 (d. J=4.9 Hz, 1 H), 7.33
(d,J=83Hz, 2 H),720(d.J=83Hz 2 H),3.96-3.78 {m, 3H), 3.15(dd, J= 6.6, 9.0 Hz. 2
H, 2.90 - 2.79 (m, 2 H).

10253} Compound 10c. To a stirred solution of methyl 3-(4-chlorophencthyliisonicotinate
{0.105 g, 0.38 mumol, 1.0 equavy in THF (5 mL) and water (5 mL), was added LiOH H:0 (0.024
g, 0.037 mmol, 1.5 equrv}. The nuxture 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).
Agueous laver was separated and freeze dried on lvophilyzer to obtam {(E}-3-{4-

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

[0254] LCMS 262.1 [M+H]

10255} Compound 10. To a stirred solution of (E}-3-(4-chlorostyrylliscnicotinic acid {0.067 g,
0.268 ramol, 1.0 cquivy in DMF (3 mb), was added (8)-4.4-difluoro-1-glvevipyrrolidine-2-
carbonitrile hvdrochloride (0.06 g, 0.268 mmol, 1.0 equiv), HATU {0.152 g, 6,402 mmol, 1.5

o

equiv). The mixture was allowed to stir at RT for 10 min. DIPEA (0.2 mb) was added and the
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mixture was aliowed 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 cthyl acetate (20 mL x 2). Combined organic extracts were washed with water (20 mb. = 4},
dried over anhvdrous Naz504 and concentrated. The crude product obtained was purified by
flash chromatography (5 % McOH in BCM as an ehient} to obtain (8)-3-(4-chlorophenethyl}-N-
{2-(2-cyano-4 4-diflucropyrrolidin-1-yh-2-oxoethylYisonicotinamide (0.015 g, 139% Yield) as an
off white solid.

[0256] LCMS 433.2 IM+H]"

[0257] 'H NM (DMSO-ds 400MHz): 5 9.01 (br. s.. | H), §.57 (d, J=4.9 Hz. 1 H), 8.53 (s, |
H), 7.46 (d, J=4.9 Hz, 1 H), 7.30 (q. /=8.3 Hz, 4 F), 5.13 (d, /=9.8 Hz, 1 H). 432 (br. 5., 1 ),
412-422(m, 2H). 410 (br. s, 1 H), 2.97 - 3.13 (m, 2 H), 2.84 - 2.95 (m, 2 H), 2.81 {br. 5., 2
H).

Ffxample S11

Synthesis of (S}-N-(2-{ 2-cyano-4,4-diflucropyrrofidin-1-vij-2-oxcethylj-3-(4-

Fluoraphenethyl}isonicotinamide

NP
_____ ~3 Br. )\
BH F
o \i-/)\\ \E f:’

N
e N -0 Pd{PPh3), 01, K00,
BHI.THF, a6 Dioxane,H,0,120°C,ON

.ﬂ
O

™ paiC,H,
Methanol RT,10h

o
CiH HoN N F
/‘L ~
V
\O\ LIOH. Hzf) I 4
/\m S
,//’

THF,H,O
“  RT,ON

HATU,DIPEA
,OMF . RT,ON

Compound 11

10258] Compound 11a. To a stirred solution 1-cthynyl-4-fluorobenzene (500 mg, 4.16 mmol,
1.0 eguiv) m THF (10 mL), was added 4.4,5,5-tetramethyl-1,3,2-dioxaborolane (800 mg,
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6.25mmol, 1.5 equiv), BH:. THF (2 ml, 2.08 mmol, 8.5 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 NH4Cl
solution (20 mb} and extracted with ethyl] acetate (20 mL x 2}. Combined organic extracts were
washed with water (20 mL x 4), dried over anhydrous Na:SO4 and concentrated. The crude
product obtained was purified by flash chromatography (10% ethyl acetate) to obtain {E)}-2-{4-

fluorostyryiy-4.4.5, 5-tetramethyl-1,3, 2-dioxaborolane (350 mg, 13% Yield) as an vellow odl.
{02597 LCMS 2492 [M+H|"

[0260]  H NMR (DMSO-de, 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).

{0261} Compound 11b. To a solution of methyl 3-bromoisonicotinate (0.2 g, 0.921 mmol, 1.0
equiv) in Dioxan (4 mb) was added (E)}-2-(4-flurostyryi}-4,4.5,5-tetramethyi-1,3,2-
dioxaborolane (0.3 g, 1.38 mmol, 1.5 equiv), K:CO3 (0.384 g, 2.78 mmol, 3.0 equiv) and
resulting reaction mixture purged with Nz gas for 10 mimute, followed by the addition of
Pd(PPh;)C12(0.032 g, 0.046 numol. 0.05 equiv). The resulting reaction mixture was heated at
120° C for overnight. Product formation was confirmed by LCMS. Afier the completion of
reaction, the mixture was filtered through celite bed, washed with ethy! acetate (100 mL).
Filtrate was concentrated under reduced pressure. The crude product obtained was purified by
flash chromatography (0-20 % cthyl acctate in hexane as an cluent) to methyl (E)-3-(4-

flurostyryljisonicotinate (0.03 g, 47.43% vield) as an vellow sohid.
0262} LCMS 258.0 M+H|"

[0263] 'H NMR (DMSO-ds, 400 MHz) § 9.07 (s, 1 H), 8.59 (d, /=4.9 Hz, 1 H), 7.48 - 7.76 (m,
4H), 733 (4, J=16.6 Hz, 1 H), 7.22 (1, J=8.6 Hz. 2 1), 3.87 ppm (s, 3 H).

0264} Compound e To a solution of methyl (E}-3-(4-flurostyrylyisonicotinate (0.10 g,
0.38% mmol, 1.0 equiv) in methano] (15 mb) was purged with Nz gas for 10 minute, followed by
the addition of Pd/C {0.030 g). Then resulting reaction mixture was purged with Hz gas for 10 h.
Product formation was confirmed by LOMS. 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 methyl 3-{4-flurophenethyl}isonicotinate (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 8.57 (br. 5., 2 H), 7.65 (d, J/=4.9 Hz, 1 H), 7.16 - 7.29
(m. 2 H), 7.00 - 7.12 (m, 2 H), 3.88 (5. 3 H), 3.06 - 3.19 (m, 2 H). 2.77 - 2.88 ppm (m, 2 H).

10267} Compound 11d. To a stirred sclution of methyl 3-(4-flurophenethyl}isonicotinate
{0.1060 g, 0.38 mamol, 1.0 equiv) in THF (§ mL) and water (5 mb), was added LiOH H20 (0.024
g, 0.583 mmol, 1.5 equuiv}. 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 ethyl acetate (10 mL x 2).
Agueous laver was separated and freeze dried on lyophilyzer to obtam 3-(4-

fluorophenethylyisonicotinic acid (Quant. Yield) as white solid.
[0268] LCMS 246.2 [M+H]|"

[0269] H NMR (DMSO-ds, 400MHz) § 8.21 (s, 1 F), .13 (5, 1 H), 7.13 - 7.29 {m, 3 H), 7.06
(t,/=8.8 Hz. 2 H), 2.90 - 3.03 (m, 2 H). 2.72 - 2.87 ppm {m. 2 H).

182787 Compound 11, To a stirred solution of (E)-3-(4-flurostyrylisonicotinic acid (0.09 g,
6.367 mmol. 1.0 cquivy in DMF (3 mb), was added (8)-4.4-difluoro-1-glveylpyirolidine-2-
carbonitrile hydrochloride (0.08 g, 0.367 mmol, 1.0 equiv), HATU (0.209 ¢, 6.550 mamol, 1.5
equiv). The mixture was allowed to stir at RT for 10 min. DIPEA (0.7 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 (20 mL) and extracted
with cthyl acetate (20 mL x 2). Combined organic extracts were washed with water (20 mb. x 4},
dried over anhvdrous Na:504 and concentrated. The crude product obtained was purified by
flash chromatography (5 % MeOH in BCM as an ehuent) to obtain {8}-N-(Z2-(2-cvano-4 4-
difluoropyrrolidin-1-vi}-2-oxoethvi}-3-(4-fluorophenethyisonicotinamide (0.060 g, 13% Yicld)

as ap off white solid.
10271} LCMS 417 3 |M+HJT

[0272] 'H NMR (DMSO-de, 400MHz) 5 8.94 (br. s., 1 H), 8.35 - 8.55 {m. 2 H), 7.34 (4, J=4.4
Hz, 1H), 7.16 - 7.31 (m, 2 H), 7.07 (&, J=8.8 Hz, 2 H), 5.13 (d, /=78 Hz, 1 H), 431 (br. 5., 1 H),
3.95-4.20 (m, 3 H), 3.01 (4. 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 812

Synthesis of (S E)-N-(2-(2-cyano-4,4-diflucropyrrolidin-1-vi}-2-oxcethylj-3-(4-

]}’Tuamstyryl Jisonicotinamide
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Compound 12

10273} Compound 12a. To a stirred solution 1-cthynyl-4-fluorobenzene (500 mg, 4.16 mmol,
1.0 equiv) m THF (16 mL), was added 4.4,5,5-tetramethyl-1,3,2-dioxaborolane (800 mg,
6.25mmol, 1.5 equiv), BH:. THF (2 ml, 2.08 mmol, 8.5 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 NH:Cl
solution (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 Naz804 and concentrated. The crude
product obtained was purified by flash chromatography (10% ethyl acetate) to obtain desired
{(E)-2-(4-fluorostyrviy-4,4,3, S-tetramethyi-1,3,2-dioxaborolane (350 myg, 13% Yicld) as an
vellow o1l

10274] LCMS 2492 [M+H["

{02757 'HINMR (DMSO-de, 400MHz) 3 7.65 (dd, /=83, 5.7 Hz, 2 H), 729 (d. /=184 Hz, |
H), 7.20(t, /=8 8 Hz, 2 H}, 6.09(d, /=184 Hz, 1 H), 1.13 - 1.32 ppm (m, 12 H}.

{0276} Compound 12b. To a solution of methyl 3~-bromoisonicotinate (0.2 g, 0.921 mmol, 1.0
gquiv) in dioxane {4 mL) was added (E}-2-(4-flurestyryl}-4,4.5 5-tetramethyl-1.3 2-
dioxaborolane (0.3 g, 1 38 mmol, 1.5 equiv), KaCOs (0.384 g, 2.78 mmol, 3.0 equiv) and
resulting reaction mixture purged with N2 gas for 10 minute, followed bv the addition of
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PA(PPhY(C (0.032 g, 0.046 mamol. 0.05 equiv). The resulting reaction mixture was heated at
126° € for overnight. Product formation was confirmed by LUMS. 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 (0-20 9% ethyl acetate in hexane as an eluent) to methyl (E)-3-(4-

NG/

flurostyryDisonicotinate (0.05 g, 47 43% yield) ag an vellow solid.
[277] LCMS 258 .0 [M+H]T

[0278]  'H NMR (DMSO-ds, 400MHz) 5 9.07 (s, L H), 8.59 (d, J=4.9 Hz, 1 H), 7.48 - 7.76 (m,
4H). 7.33 (4. J=16.6 Hz, 1 H). 7.22 (t, J=8.6 Hz, 2 H), 3.87 ppm (5, 3 H).

10279} Compound 12¢. To a stirred solution of methy! (E)-3-(4-flurostyryDisonicotinate
{0.300 g, 1.167 mmol, 1.0 equivy in THF {4 mL) and water (4 mL}, was added LiOH H:0 (0.074
g, 1.751 mmol, 1.5 equuv). 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 (20 mL} and washed with ethyl acetate (10 mL x 2},
Agueous layer was separated and freeze dried on lyophilyzer to obtam (E)-3-(4-

fluorostyryDisomcotinic acid (Quant. Yield) as a white solid.
[0280] LCMS 244.0 {M+H}"

{8281} Compound 12, To a stirred solution of (E}-3-(4-fluorostyrvidisonicotinic acid (0.1 g,
0.412 mmol, 1.0 equiv) in DMF (5 mL), was added (53-4,4-diftuoro-1-glyevipyrroliding-2-
carbonitrile hvdrochloride (0.093 g, 0.412 nunol, 1.0 equiv), EDCILHCI (0.119 g, 0.618 mmol,
1.5 equv) & 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 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 mb)} and extracted with ethyl acetate (20 mL » 2). Combined organic
gxtracts were washed with water (20 mL x 4}, dried over anhvdrous Na:504 and concentrated.
The crude product obtained was purified by flash chromatography (5 % MeUOH in BCM as an
chuent} to obtain {8, E)-N-(2-(2-cvano-4 4-difluoropyrrolidin-1-yi}-2-oxoethyH-3-(4-

fluorostyrvlisonicotinamide (0.1 g, 38.8 % Yield) as an white sohid.

[0282] LCMS 4152 [M+H]"
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H NMR (DMSO-ds, 400MHz) 8§ 913 (s, 1 H), 899 (t, /=59 Hz, T H), 853 (d, /=4 8

Hz, 1H), 7.76 (dd, /=8 6, 5.5 Hz, 2 H), 7.64 (d, /=16.7 Hz, 1 H), 7.48 (4, /=167 Hz, 1 H), 7.36
(d,J=53Hz 1 H), 7.11-7.26 (m, 2 H). 519 (dd. J=9.4, 2.9 Hz. 1 H}, 425 - 4.36 (m, 1 H), 4.00

424 (m,3H),3.92(d, J=5.7THz, 1 H), 2.78 - 297 ppm (m, 2 H).

Fxample 813

Synithiesis of (5. 1)-N-(2-(2-cyanc-4, 4-difluoropyrrolidin-1 -vij- 2-oxoethylj-3-{ 2-(4-

fheorophenyllprop-1-en-1-yl)isonicotinamide and (S)-N-(2-(2-cvano-4,4-difluoropyrrofidin-1 -

Oy O

3 F\Ej\\‘
Nf;’

[0284]

Vi}-2-oxoethyl)-3-{2-(4-flucrophenyl}allvilisonicotinamide
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Compound 13 Compound 14

Compounds 13a and 14a. To a solution of methyi 3-bromoisonicotinate (1.0 g, 4.629

mmol, 1.0 equiv) in THF (20 mL} was added 1-flucro-4-{prop-1-en-2-ylibenzene (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 PA(OCAch
(0.52 g. 0.23 mmol. 0.05 equiv) & Triphenylphospine (0.12 g, 0.462% mmol. .1 equiv} The
resulting reaction nuxture was heated at 120° C for overnight. Product formation was confirmed
by LCMS and TLC. After the completion of reaction, the mixture was filiered through celite
bed, washed with ethyl acetate (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 cluent) to obtain the mixture of methvl (E)-3-(2-(4-fluorophenyliprop-1-en-1-yl)isonicotinate

and methyl 3-2-{d-flucrophenyhallylyisonicotinate {0.05 g, 4 %) as an yellow oil.
[0285] LCMS 2721 [M+H]"

10286} Compounds 13b and 14b. To a stirred sclution of mixtare of methyl (E)-3-(2-(4-
fluorophenyljprop-i-en-1-vhisonicotinate and methyl 3-(2-{4-fluorophenyallyl)isonicotinaie
{0.067 g, 0.24 mamol, 1.0 cquiv) in THF (8 mL) and water (5 mL), was added LiOH H20
{0.016g, 0.371 mmol, 1.5 equiv}. The mixture was allowed to stir at RT for ovemight. Product
formation was confirmed by LCMS. The reaction mixture was concentrated and diluted with
water (10 mbL} and washed with ethyi 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-fluorophenyljprop-1-en-1-yl}isonicotinic acid and 3-(2-(4-

~

fluorophenvlialiviisonicotinic acid (45 mg,73 %) as off white sokid.
{6287 LOCMS 238.0 [M+HY}

10288} Compounds 13 and 14, Fo a stirred solution of (E}-3-(2-(d-flucrophenylprop-1-en-1-
viysonicotinic acid and 3-(2-(4-flucrophenyhiallylYisonicotinic acid (0.045 g, 0.175 numol, 1.0
equiv) in DMF (2 mL), was added (§)-4,4-difluoro-I-glveyipyrrolidine-2-carbonitrile
hydrochlonide (0.040 g, 0.175 mmol, 1.0 equiv), EDCLHC1 (0.05 g, 0.263 mmol, 1.5 equiv) &
HOBt (0.036 g, 0.263 ramol, 1.5 equiv}. The muxture 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 mb = 2} Combined crganic extracts were
washed with water (10 ml. = 4), dried over anhydrous NaxS04 and concentrated. The crude
product obtaimmed was purified by flash chromatography (5 % MceOH in DCM as an eluent) to
obtain mixture of compounds which 1s further purified by reversed HPLC to obtain (5, E)-N-(2-

{2-cyano-4,4-difluoropyrrohidin-1-viy-2-oxoethy}-3-{2-(4-flucrophenvliprop-1-en-1-
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vinsonicotinamide (0.022 g} as vellow solid and (5)-N-(2-(2-cyano-4,4-difluoropyrrolidin-1-vi)-

Z-oxoethy}-3-{2-(4-flucrophenyliallviisonicotinamide (0.008 g} as white solid.
18289 LOCMS 4292 [M+HJT

(0290} ‘H NMR (Compound 13} (400MHz, DMSO-ds) 5 8.92 (br. s., 1 H), 8.73 (br. 5., 1 H),
864 (br.s. 1HYL7.74-757 (m, 2H), 755 (4, J=4 8 Hz, 1 H), 7.23 ¢, /= 8.8 Hz. 2 H), 7.07 -
6.97 (m, 1. 5.12(d.J=92Hz, 1 FD. 430(d.J=11.0Hz, 1 H). 415(d. /=44 Hz, 1 H).
4.08(d.J=96Hz, 2 H), 3.01 -2.73 (m, 3 H), 2.17 (s. 3 H).

{02917 HNMR (Compound 14} (400MHz, DMSG-ds) 5889 (br. s, | H}, 849({d, /=48 Hz,
TH}, 843 ¢, TH), 7.544(dd, J=55,86Hz, 2H), 735{(d, J=53Hz, 1 H), 712 {t. J= 8.8 Hz,
2H), 347, 1 H)LS513(d, /=61 He. 1HL499(s, 1 H),427(d, /=118 Hz 1 H),420-395
(o, 3HY, 3.17(d, J=57Hz 1 H),290(br.s, 1 H),2.82(d,/J=175Hz [ H), 267 (br. s, 1
H).

Fxample 514

Synthesis of (S, £)-N-{2-(2-cyano-4,4-difluoropyrrolidin-1-vi}-2-oxoethylj-3-{4-

methoxystyrylisonicotinamide
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Compound 15

3292}  Step 1 Synthesis of (E)}-2-{4-methoxystyryiy-4,4.5 5-tetramethyl-1,3 2-dioxaborolane.
To a stirred solution 4,4,4'4°,5,5,5' 5'-octamethyl-2 2'-bi{} 3, 2-dicxaborolane} {1.0 g, 4.16 mumol,
1.1 equivy m dried THF (20 mbL)}, was added CuCl (3.7 mg, 0.038 mmol, 0.01 equiv),
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Xanthphos (22 mg, 0.038 mumol, 8.01 equiv) and Na(tBu (0.435 g, 4.336 mmol, 1.2 equiv} at
RT. The mixture was allowed to stir at RT for 30 munute. I-ethynvi-4-methoxybenzene (0.5 g,
3.78 mmol, 1.0 equiv} dissolved in THF (5 mL) was added wnto above reaction mixture and
stirred at RT overnight. Product formation was confirmed by TLC. After completion of reaction,
the mixture was dituted with water (50 mL) and extracted with ethyl acetate (50 mbL x 2).
Combined organic extracts were washed with water (20 mbL » 2}, dried over ashydrous Nax5Q4
and concentrated. The crude product was purified by flash chromatography (5 % EtOAc in
hexane as an eluent) to obtain (E)-2-{(4-methoxystyryi)-4,4.3 5-tetramethyl-1,3,2-dioxaborolane

(0.8 g, 86.5 % Yield) as a vellow oil.
82931 LOCMS 2612 [M+HT

[0294] 'H NMR (DMSO-ds, 400MHz) § 7.46 - 7.60 (1, J=8.8 Hz, 2 H). 7.25 (d, J=184 Hz, 1
H), 6.84 -6.97 (m. J=8.8 Hz. 2 H), 5.96 (d, /=18.4 Hz. 1 H), 3.77 (s, 3 H). 1.23 (s, 12 ).

[0295]  Step 2: Synthesis of methyl (E)-3-(4-methoxvstyrvisomcotinate. To a solution of
methyl 3-bromoisonicotinate (0.2 g, 8.926 mmol, 1.0 equiv) 1o dioxane (20 mbL} and water (1
mk} was added (E}-2-(4d-methoxystyryl)-4.4,5, 5-tetramethyl-1,3,2-dioxaborolane (0.361 g, 1.39
mmol, 1.5 equiv), Na2C02 (0.2 g, .85 mmol, 2.0 equiv) and resulting reaction mixture purged
with Nz gas for 10 minute, followed by the addition of PA{PPh:}Ch{0.033 g, 8.0463 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 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 obtain methyl (E)-3-(4-methoxystyrvl)isonicotinate (0.25 g, 99 % vield) as a ycllow

sohid.
[0296] LCMS 270.0 [M+H]*

[0297] 'H NMR (DMSO-ds 400MHz) § 9.10 (s, 1 H), 8.59 (d, J=4.8 Hz, 1 H), 7.68 (d, J=4.8
Hz, 1H), 7.45 - 7.60 (m, 3 H), 7.33 (d, /=16 2 Hz. 1 H), 6.99 (d, /~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 solution of

methvl (Ey-3-(4-methoxystyryDisonicotinate (0.250 g, 0.929 mmol, 1.0 equiv) in THF (10 mb)

and water (10 mbL), was added LiOH.H20 (0.056 g, 1. 39 mmol, 1.5 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 mb x 2}, Aqueous layer acidify with 6N H{CI (pH ~ 5 t0 6), solid
precipitate formed was filtered off and dried under vacuum to obtaime (E}-3-(4-

methoxystyryisonicotinic acid (0.15 g, 63.5 %) as an yellow solid.
{0299 LCMS 255 9 IM+HJ™

{3308} Step 4: Synthesis of (5, E)-N-(2-(2-cyano-4 4-difluoropyrrolidm-1-y1)-2-oxoethyi)-3-
{4-methoxystyryDisonicotinamide. To a stirred solation of (E)-3-(4-methoxystyryisonicotinic
acid (0.12 g, 0.47 mumol, 1.0 equiv) in DMF (5 mL), was added (5)-4,4-difluoro-1-
glvevipyrrolidime-2-carbonitriie hvdrochlonide (0.158 g, 0.705 mmol, 1.5 equiv), HATU (0.268
g, 0.705 mimol, 1.5 equiv) The mixture was allowed to stir at RT for 10 min. DIPEA (0.4 mL)
was added and the mixtare was allowed to stir at RT for overmight. Product formation was
confirmed by LCMS and TLC. After comapletion of reaction, the nuxture was diluted with water
{20 mL) and extracted with ethyvl acetate (20 mL x 2). Combined organic extracts were washed
with water (20 mb x 4), dried over anhydrous Na:SGy and concentrated. The crude product was
pusified by flash chromatography (5 % McOH in BCM as an cluent) followed by reverse phase
HPLC purification to obtain (8, E}-N-{2-(2-cvano-4.4-difluoropyrrolidin-1-vl}-2-oxoethvl)-3-(4-
methoxystyryisomcotinamide {0.06 g, 30 % Yield) as a white solid.

[0301] LOMS 427.3 [M+H]*

[0302] 'H NMR (DMSO-ds, 400MHz) § 9.11 (s, 1 F). 8.97 (¢, J=5.9 Hz, 1 F), 8.49 (d, /=4.8
Hz, 1H). 7.57 - 7.68 (m. J=8.8 Hz, 2 H). 7.51 (d, /=162 Hz, 1 H). 741 (d, J=16.7 Hz, 1 H),
733(d. J=5.3Hz, 1 H). 6.85 - 7.03 (m, /=8 8 Hz, 2 H), 5.18 (dd, /=92, 22 Hz. 1 H),4.27 -
438 (m, 1 H), 3.99- 421 (m. 3 H), 3.66 - 3.57 (m, 3H), 2.75 - 2.98 (m. 2 H).
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Fxample 813

Synthesis of (8, 1)-N-{2-(2-cyano-4,4-difluoropyrrolidin-1 -yl}-2-oxoethyl}-3-(2-(4-

{trifluoromerhoxyjphenvijprop-1-en-1-yilisonicotinamide
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Compound 1%

18303} Step 1 Synthesis of (E}-4.4,5 S-tetramethyl-2-(2-(4-(trifluoromethoxy)phenylprop-1-
en-t-yi}-1,3,2-dioxaborolane. To a stirred solution 1-cthynvi-4-(triffuoromethoxyybenzene (1.6
2. 537 mmol, 1.0 equivy in THF {10 mL), was added 4,4,4',4",5,5,5" . 5"-octamethvl-2,2'-bi{1,3,2-
dioxaborolane) (1.49 g, 5.90 mmol, 1.1 equiv), CuCl (0.005g, 0.050 mmol, 0.01 equav),
Xanthphos ( 0.030g ,0.050 mmol, 0.01 equiv), KOtBu(0.71g, 0.63 mmol, 1.2 equiv) followed by
the addition of methyl 1odide (1.3 md, 21.2 mmol 4.0 equiv). 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 mb x 2}. Combined organic extracts were washed with water
{20 mL x 4), dried over anhydrous Na:504 and concentrated. The crude product obtained was
purified by flash chromatography (0-10% ethyi acetate in hexane) to obtain (E)-4.4,5,5~
tetramethyl-2-(2-(4d-{trifluoromethoxyphenviprop-l-en-1-yh-1,3 2 -dioxaborolane (0.700 g,

39% Yield) as a yeliow cil.

[0364] LCMS 328.1 [M+H[
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[0305] 'H NMR (400 MHz, CHLOROFORM-} & 7.40 - 7.58 (m, 2 H) 7.16 (1, /=833 Hz, 2
HY5.73(d, /=088 Hz, 1 H) 2.29 - 2.44 (m, 3 H) 1.14 - 1.42 (m, 12 H).

[0306] Step 2: Svynthesis of methyl (E)-3-(2-(4-(tnfluoromethoxy)phenyhprop-t-en-1-
yhisontcotinate. To a solution of methyl 3-bromoisonicotinate {0.220 g, 1.018 mmol, 1.0 equiv}
i dioxanc:water {4:2 mL) was added (E}-4.4.5 5-tetramethyl-2-(2-{4-
{trifluoromethoxyiphenviprop--en-1-vi)-1,3,2-dioxaborolane (0.400 g, 1.22 mmol, 1.2 equiv),
K2CO: (0.284 g, 2.037 mmol, 2.0 equiv) and the mixture was purged with Nz gas for 10 nun,
followed by the addition of PA(PPha}1 (0.035 g, 0.050 mmol. 0.05 equiv}. The resulting
reaction mixture was heated at 120 C for ovemight. Product formation was confirmed by
LCMS. After the compietion of reaction, the reaction muxiure was diluted with water (206 mL)
and extracted with ethyl acetate (50 mL » 2}. Combined organic extracts were washed with
water {10 mbL x 2), dnied over anhydrous Na2804 and concentrated. The crude product was
purified by tlash chromatography (0-20 % cthyl acetate 1n hexane as an cluent) to obtain methyl
(E)-3-(2-(4-(trifluoromethoxy yphenyDprop-1-en- I-vi}isonicotinate (0.110 g, 35 % yicld) as a

vellow solid.
{0307y LOCMS 3381 {M+H]"

[0308] 'H NMR (400 MHz DMSO-ds) § 8.57 - 8.82 (m, 2 H) 7.64 - 7.78 {m, 2 H) 742 (d,
J=7.89 Hz. 2 H) 7.16 (s, 1 H) 3.75 - 3.99 (m, 3 H) 2.09 (d, J=1 32 Hz, 3 H).

[3309]  Step 3. Synthesis of (E)}-3-(2-(d-(triflucromethoxyiphenyliprop-1-en- I-yhisonicotinic
acid. To a stirred solution of methyl (E}-3-{2-(4-(triflucromethoxyphenyliprop-1-en-1-
viyisonicotinate (0.100 g, 0.296 nmumol, 1.0 equiv) in THF (4 ;b)) and water (4 mL), was added
LiOH Ha0O (0.024 g, 0.593 mmol, 2.0 equuv). The muxture 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 ethyi acetate (10 mb x 2). Aqueous
layer was separated and freeze dried on lyophilyzer to obtain (E)-3-(2-(4-
{triflucromethoxyiphenyliprop-1-cn-1-vijisonicotinic acid (0.100 g, Quant. Yicld} as a white
solid.

{03107 LOCMS 324.0 [M+H]"

{8311} Stop 4: Synthesis of (8 E}-N-(2-{2-cvano-4,4-diflucropyrrolidin-1-yi-2-oxoethy I)-3-
(2-(4-(irifluoromethoxy phenylprop-1-en- L -yyisonicotinamide. To a stirred solution of (E)-3-

(2-¢4-{trifluoromethoxy jphenylprop-1-en-1-vi}sonicotinic 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-glvevipyrrolidine-2-carbonitnile hyvdrochlonde
{0,069 g, 0308 mmol, 1.0 equiv), EDCLHCH(0.070 g, 0.370 munol, 1.2 ¢quiv) and HOBt (0.049
2, 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 muxture was diluted with water (20 mb) and extracted
with ethvl acetate (25 mb » 2} Combined organic extracts were washed with water (10 mbL x 4},
dried over anhydrous Na:SO4 and concentrated. The crude product was purified by flash
chromatography {5 % MeOH in BDCM as an eluent) to obtam (5, E}-N-(2-(2-cvano-4 4~
difluoropyrrolidin- 1-yvi}-2-oxoethyl}-3-(2 -(4-(trifluoromethoxy phenviprop-1-en-1-
vhisonicotinamide {(0.030 g, 2.0 % Yicld) as a white solid.

[0312] LOMS 49535 [M+HJT

[0313] 'HNMR (400 MHz, DMSC-de) 5889 (1,./=5.92 Hz, 1 H) 869 (5, 1 H} 8.60 (d, /=482
Hz, TH} 774 (m, =877 He, 2H) 747 (d, /=482 Hz, t ) 739 (1m0, /=833 Hz, 2H) 7.01 - 7.13
(m, TH) S 13{d, J=658Hz, 1 H)4.24-435(m, 1 H)3.92-420(m, 3H})2.69-295(m, 2 H)
2.18 (s, 3 H).

Example SI6

2

Synthesis of (8, 12)-N-(2-(2-cyano-4, 4-difluoropyrrolidin-1-yi}- 2-oxoethyi}-3-2-(4-
(triflucromethyl)phenyliprop- 1-en-1-vijisonicotinamide
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Compound 20
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[3314] Step 1. Synthesis of (E)-4,4,5,5-tetramethyl-2-Q2-(4-(trifluoromethyDphenylprop- l-en-
1-y1}-1.3.2-dioxaborolance. To a stirred solution 4,4,4' 4' 5 55 5'-octamethyl-2,2'-bi{1,3 2-
dioxaborolane) (0.818 g, 3.23 nmumol, 1.1 equiv) indried THF (20 mL), was added CuCl (3.0
mg, 0.0294 numol, 0.0 equiv), Xanthphos (0.017 mg, 0.0294 mumol, 0.01 equiv) and NaOtBu
{0.34 ¢, 3.53 mmol, 1.2 equaiv) at RT. The mixture was allowed to stir at RT for 30 mmute. 1~
cthyayl-4-{trifluoromethylibenzene (0.5 g, 2.94 mmol, 1.0 equiv ) dissolved i THF (5 mb) and
Methyl todide (0.8 mlL, 11.764 mmol, 4.0 equiv) was added udo above reaction mixture,
resultant reaction muxture stir at RT overnight. Product formation was confirmed by TLC. After
completion of reaction, the mixtare was diluted with water {50 mL} and extracted with ethyl
acetate (S0 mbL = 2} Combined organic extracts were washed with water (20 mL x 2), dried over
anhydrous Naz5C4 and concentrated. The crude product was punfied by flash chromatography
{5 % EtQAc in Hexane as an eluent) to obtain (E3-4.4,5 5-tetramethyl-2-(2-(4-
{trifluoromethyiiphenyhprop-1-en-1-vi}-1,3,2-dioxaborolane (0.8 g, 87.2 % Yield) as a vellow

oil.

[0315]  'H NMR (DMSO-ds, 400 MHz) 5 7.81 (d, J=~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: Svathesis of methy! (E)-3-2-(4-{tnifluoromethvliphenyDprop-1-en-1-
viyisonicotinate. Fo a solution of methy! 3-bromoisonicotinate (0.1 g, 0.463 mmol, 1.0 equuvi in
dioxane {5 ml) and water (1 mL) was added (E)-4,4,5,5-tetramethvl-2-(2~(4-
(trifluoromethyDphenvliprop-1-en-1-v1)}-1,3,2-dioxaborolane (0.216 g, 0.694 mmol, 1.3 equiv),
Nax(COs (0.1 g, 0.936 mmol, 2.0 equiv) and resulting reaction mixture purged with Nz gas for 10
minuie, followed by the addition of PA{(PPh3)ChL {0.016 g, 0.0235 mmol. £.05 equiv}). 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 bed, washed
with ethyl acetate (50 mE}. Filtrate was concentrated under reduced pressure. The crude product
was purificd by flash chromatography (0-20 % cthyl acetate in hexane as an cluent) to obtained
methy! (B)-3-(2-(4-(influoromethyliphenylprop-1-en-1-yl)isonicotinate (0.06 g, 40.26 % vield)

as a yellow oil.
{03177 LCMS 3222 [M+H]"

[0318] 'H NMR (DMSO-ds, 400MHz) § 8.63 - 8.73 (m, 2 H), 7.71 - 7.84 {m, 5 H). 7.25 (s, |
H), 3.79 - 3.95(m, 3 H), 2.06 - 2.20 (m, 3 H)
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{3319} Step 3. Synthesis of (B)-3-(2-(4-(tnfluoromethylphenvlprop-1-en-1-yiisonicotinic
acid. To a stirred solution of methyl (E}-3-{2-(4-(triflucromethyDphenyhprop-1-¢n-1-
viyisonicotinate (0.06 g, 0.186 mmol, 1.0 equiv) in THF (2 mL) and water {2 mL), was added
LiOH HaO (0.012 g, 0.28 mmol, 1.3 equiv). The nuxture 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 (20 mL) and washed with ethyl acetate (10 mL x 2}
Agucous laver acidity with 6N HCl {(pH ~ 5 to 6}, solid precipitate was filtercd off and dried
under vacuum to obtain (E)-3-(2-(4-(triflucromethyphenvi)prop-1-en-1-vijisonicotinic acid

(0,035 g, 61.4 %) as an off white solid.
{03207 LOCMS 308 1 IM+HI"

{8321} Stop 4: Synthesis of (8 E}y-N-(2-{2-cvano-4,4-diflucropyrrolidin-1-yi-2-oxoethy I)-3-
(2-(4-(trfluoromethybphenyhiprop-1-en- I-vhisonicotinamide. To a stirred solution of (E}-3-(2-
(4-(tnfluoromethyDphenvhprop-t-en-1-yisonmicotinic acid (0.035 g, 0.114 mmol, 1.0 equiv)in
DMF (3 mL), was added (8)-4 4-difluoro-1-glvevipyrrolidine-2-carbomitrile hydrochloride
(0,026 g, 0114 mumol, 1.5 equiv), EDCLHCH(0.033 g, 6.171 mumol, 1.5 eqoiv) and HOB (0.023
g, 0.171 mmol, 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 to stir at RT for overnight. Product formation was confirmed
by LCMS and TLC. After completion of reaction, the suxture was diluted 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 NazS0s and concentrated. The crude product was
purified by reversed phase HPLC to obtain (5 E}-N-{2-(2-cyano-4 4-difluoropyrrolidin-1-yi)-2-
oxocethyi)-3-(2-{4-(trifluoromethyphenyiyprop-1-en-1-yhisonicotinamide {06.007 g, 12.86 %
Yicld) as a white solid.

[0322] LCMS 479 2[M+HJ

[0323]  'H NMR (DMSO-ds, 400MHz) 8 8.91 (d, .J=5.7 Hz, 1 H), 8.72 {s. | H). 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 H, 7.13 - 7.20
(m. 1 H), 5.14(d, /=75 Hz, 1 H), 423 -4.34 (m, 1 H), 4.03 - 4.23 (m, 2 H), 2.6% - 2.94 (m, 3
H), 221 (s. 3 H).
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Fxample 517

Synthesis of (S E)-N-(2-(2-cyano-4,4-diflucropyrrolidin-1-vi}-2-oxcethylj-3-(4-

ftrifluoromethyi)styryllisonicotinamide
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Compound 24

10324} Step 1 Synthesis of (E)3-4,4,5 S-tctramethyl-2-(4-(tnflucromethylstyrvl)-1.3.2-
dioxaborolane. To a stirred solution 4,4 4° 4' 5 55 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 ramol, 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-ethynvi-4-
(triflucromethyDbenzene (0.5 g, 2.94 mmol, 1.0 equiv } in THF (5 mL)} was added into above
reaction mixture and resuliant reaction mixture stiv at RT overnight. Product formation was
confirmed by TLC. After completion of reaction, the nuxture was diluted with water (50 mL)
and extracted with ethyi acetate (530 mb x 2). Combined organic extracts were washed with
water (20 mL x 2}, dned over anhydrous Na:S(Os and concentrated. The crude product was
purified by tlash chromatography (5 % EtQOAc in Hexane as an eluent) to obtain (E)-4.4,5,5-
tetramethvi-2-(4-(rifluoromethvlstyryvi)-1,3,2-dioxaborolane (0.6 g, 68.5 % Yield) as a brown

sohid.

[0325]  'H NMR (DMSO-ds, 400MHz) 8 7.81 (d. J=9.2 Hz, 2 H}. 7.66 - 7.79 (m, 2 H), 7.35 (s.
1HD), 7.40 (s, L H), 632 (d, J=18.4 Hz, 1 H), 1.22 - 1.35 {m, 10FD), 1.13 - 1.22 (m, 2 H),
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[3326] Step 2: Synthesis of methyl (E)-3-(4-(trifluoromethystyryvl isonicotinate. To a
solution of methyl 3-bromoisonicotinate (6.3 g, 1 .39 mmaol, 1.0 equiv) in dioxane 20 mbL)} and
water (2 mL) was added (E)-4.4.5 5-tetramethvl-2-(4~-(trifluoromethyl)styryl)-1,3,2-
dioxaborolane (0.496 g, 1.67 mmol, 1.2 equav}, NaxCO3 (0.3 g, 2.78 mumol, 2.0 equiv) and
resulting reaction mixture purged with Na gas for 10 munute, followed by the addition of
Pd{PPh; 1 {0.049 g, 0.0694 mmol. .05 equiv). The resulting reaction mixture was heated at
100° C for overnight. Product formation was confirmed by LUCMS. Afier the completion of
reaction, the nuxture was filiered through celite bed, washed with ethy! acetate (100 mL).
Filtrate was concentrated under reduced pressure. The crode product was purified by flash
chromatography (0-20 % ethy! acetate 1n hoxane as an cluent) to obtain methy! (E}-3-(4-

(trifluoromethylstyrylyisonicotinate (0.4 g, 93.9 % vield) as a vellow o1l
{0327} LCMS 308.1 [M+H["

[0328]  H NMR (DMSO-ds, 400MHz) § 9.15 (s, 1 F), 8.68 (d, J=4.8 Hz, 1 FD), 7.71 - 7.87 (o,
SH), 743 (s, L H), 7.48 (s, 1 H), 3.83 - 3.96 (m, 3 H).

10329} Step 3: Synthesis of (E)-3-{4-(trifluoromethylstyrvl}isonicotinic acid. To a stirred
solution of methyl (E}-3-(4-(tirifluoromethylistyryvl)isonicotinate (0.4 g, 1.303 mmol, 1.0 equiv)
m THF {5 mL) and water (5 mL), was added LiOH H:0 {0092 ¢, 2 21 mmol, 1.5 equiv}. The
mixture was atlowed to stir at RT for overnight. Product formation was confirmed by LCMS and
"H NMR Spectroscopy. The reaction mixture was concentrated and dituted with water (20 mL)
and washed with ethyl acetate (10 mL 1 2). Aqueous layer acidify with 6N HC1 (pH ~ 510 6),
solid precipitate was filtered off and dried under vacvum to obtatned (E)}-3-(4-

(triflucromethyl)styryljisonicotinic acid (0.355 g, 93 %) as a vellow solid.
{0336 LOMS 2941 [M+HJT

{3331}  Step 4: Synthesis of (8, E)-N-(2-(2-cyvano-4 4-difluoropyrrolidim-1-y1)-2-oxoethyi)-3-
(4-(tnflucromethyDstyryisonicotinamide. To a stirred solution of (E)-3-(4-
(triftucromethyDstyrybisonicotinic acid (0.07 g, 8239 mmod, 1.0 equiv) in BMF (5 mb), was
added (5)-4.4-difluoro-1-glvevipyrrolidine-2-carbonitnle hyvdrochloride (0.54 g, 0.239 mmol,
1.5 equiv), HOBtL (0.05 g, 0.359 mmol, 1.5 equiv) and EDCLHCI (0.07 g, 0359 mmol, 1.5
cquivy . 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. Atfter 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 x 4),
dried over anhydrous NanSQ4 and concentrated vader reduced pressure. The crude product was
purified by flash chromatography (5 9% MeOH in DCM as an eluent) to obtain (S E}-N-(2-(2-
cvano-4.4-difluoropyrrolidin-1-vi}-2-oxoethvl)-3-(4-(trifluoromethystvrylisonicotinamide

{0.05 g, 45 % Yield) as an off white solid.
[0332] LOCMS 4632 {M+H|"
{0333} H NMR (DMSO-ds, 400MHz) § (s, 1 H), 8.92-905 (m, 1 H), 8537 (d, J=4 8 Hz 1

H), 782-7.97(m, 3 H), 7.75(d, /=8 3 Hz, 2 H), 759 (d, /=171 Hz. 1 H), 7.39(d, /=53 Hz, |
H), 521 (d, J=6.1 Hz, 1 H), 428 - 437 (m, 1 H), 4.03 - 4.27 (m, 2 ). 2.73 - 3.02 (o, 3 H).

Fxample 818
Synthesis of (8 Ej-3-(2-4-chlorcphenvljprop- 1 -en-1-ylj-N-{2-(2-cyano-4, 4-difluoropyrrolidin-1 -
vi}-2-oxoerhyljisonicorinamide
3
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Step-3 Step-4

Compound 28

[8334] Step 1. Synthesis of (E)}-2-(2-(4-chloroyphenyi)prop-1-en-1-vi}-4.4,5 S-tetramethyl-
1,3,2-dioxaborolane. Fo a stirred solution 4,4 4' 4° 5 5.5 5-octamethyl-2 2"-bi{1,3,2~
dioxaborolane) (1.4 g, 5514 mimol, 1.5 equivy in dried THF (10 mL), was added CuCl {18 mg,
0.183 pumnol, 0.05 equiv), Xanthphos (0.106 g, 0.183 mmol, 0.05 cquiv) & KOtBu (05g, 44
mmol, 1.2 equiv) at RT. The reaction mixture was allowed to stir at RT for 30 min. 1-chloro-4-
cthynylbenzene (0.5 g, 3.78 mumol, 1.0 equiv} in THF (5 mL} was added followed by the
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addition of methyliodide (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 cthyl acetate (50 mL x
23. Combined organic extracts were washed with water (20 mL x 2), dried over anhydrous
Na:z504 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-tetramethyi-

1,3,2~-dioxaborolane (0.57 g, 33.81 9% Yield) as a white solid.
[0335] LCMS 279.0 IM+H]T

[0336] 'H NMR (DMSO-ds, 400MHz) 5 7.46 - 7.60 (m, J=8.8 Hz, 2 H), 7.35 - 7.45 (m, J=8.8
Hz, 2 H), 5.67 (s, 1 H). 2.32 (s, 3 F), 1.06 - 1.32 ppm (m, 12 F).

{0337} Sicp 2: Synthesis of methvl {E)-3-(2-(4-chloropheny}prop-1-en-1-viisonicotinate, To
a solution of methyl 3-bromoisonicotinate (0.15 g, 0.694 mmol, 1.0 equiv) in dioxane (10 mkL)
and water (0.5 mL} was added (E}-2-(2-{4-chloroyphenyliprop-1-en-1-y1}-4,4,5 S-tetramethyl-
1,3.2-dioxaborolane (829 ¢, 1.04 mmol, 1.5 equiv}, NaxCO5 (0.15 g, 1.38 mmol, 2.0 equiv) and
resulting reaction muxture was purged with Nz gas for 10 minute, followed by the addition of
Pd(PPh:)C1(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 mixture was filtered through celite®, washed with cthyl acetate (30 mL). Filtrate
was concentrated under reduced pressure. The crude product was purified by flash
chromatography (0-20 % ethyl acetate in hexane as an eluent) to obtain methyl (E3-3-(2-{4-

chlorophenyliprop-1-en-1-yhisonicotinate {0.050 g, 25 % vield) as a yellow oil.
{6338} LOCMS 2882 [M+H]"

{3339} Stop 3: Synthesis of (E)-3~(2-(4~chiorophenylprop-1-en-1-vhjisonicotinic acid. To a
stirred solution of methy! (E)-3-(2-(4~chlorophenyprop-t-en-1-vlyisonicotinate (0.050 g, 0.174
mmol, 1.0 equiv) in THF (2 mL) and water (2 mb), was added LiOH H.O (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). Aqueous layer acidify with
6N HCI (pH ~ 5 to 6), sohid precipitate formed was filtered off and dried under vacuum to obtain

{E)-3-(2-(4-chlorophenvliprop-1-en-1-vhisonicotinic acid {0.04 g, 84.21 %) as a vellow solid.

[0346] LCMS 274.2 [M+H]
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[0341]  TH NMR (DMSO-ds, 400MHz) 5 13.61 (br.s., 1 F). 857 - 8.70 (m, 2 H), 7.77 (4,
J=53Hz, 1 HY. 7.55 -7.67 (m, J=8.3 Hz, 2 H), 741 - 7.52 {m, J~8.8 Hz, 2 H). 7.18 (s, 1 H),
2.08 (s, 3 H).

183421 Step 4: (5. E)-3-(2-(4-chlorophenvhprop-1-en-1-v1-N-(2-{2-cvanc-4,4-
diftuoropyrrolidin-1-y1}-2-oxoethvljisonicotinamide. To a stirred solution of (E}-3-(2-(4-
chiorophenyiprop-1-en~1-ynsonicotinic acid (0.04 g, 0.146 mmol, 1.0 equiv) in DMF (2 mi),
was added (8)-4 4-difluoro-1-glveylpvirolidine-2-carbonitrile hydrochloride (0.05 g, 0.219
mmol, 1.5 equv), HATU (0.09 g, 0.219 mmol, 1.5 equivy. The mixture was allowed to stir at RT
for 10 nun. DIPEA (0.1 ml) was added and the mixture was aliowed to stir at RT for overnight.
Product formation was confirmed by LCMS 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 mb x 4), dried over anhydrous Na:504 and concentrated.
The crude product was purified by reverse phase HPLC to obtain (8, E)-3-(2-(4-
chlorophenvlprop-1-en-1-y1)}-N-(2-(2-cvano-4,4-difluoropyrrohdin-1-v1)-2-

oxoethyljisonicotmamide (0.008 g, 13.84 % Yield} as a white solid.
[0343] LOCMS 4452 [M+H]"

[0344] 'H NMR (DMSO-ds, 400MHz) 5 888 (1, /=5.9 Hz, 1 H), 8.68 (5, 1 H), 8.60 (d. J=4.8
Hz 1 H). 7.64 (d. J=8 3 Hz. 2H). 732 - 7.55 (m, 3 H), 7.10 (s. 1 H), 5.06 - 5.19 (m, 1 H). 428
(br.s, 1 H),3.95-4.17 (m, 2 H). 291 (br. 5., 2 H), 2.82 (4, /=15.8 Hz, 2 H), 2.17 (s, 3 H.
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Fxample 8§19

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

methoxyphenyl)prop-i-en-1-yijisonicofinamide
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Campaund 29

10345]  Step 1. Svnthesis of (E)-2-(2-(4-methoxyphenyprop-1-en-1-v1}-4,4,5 S-tetramethyl-
1,3,2-dioxaborolane. To a stirred solution 4.4,4'4'.5 5 5 S'octamethy]-2 2"-bi(1,3.2-
dioxaborolane} {1 4 g, 4. 16 mmol, 1.5 equiv) in dried THF (10 mb), was added CaCl1 (0.019 g,
0.189 mmol, 0.05 equiv), Xanthphos (0.109 g, 6.189 numol, 0.03 cquiv) and KOtBu (0509 ¢,
4.536 mamol, 1.2 equiv) at RT. The mixture was allowed to stir at RT for 30 min. 1-ethvnvl-4-
methoxybenzene (0.5 g, 3.78 mmol, 1.0 equuvy m THF (5 mL} was added followed by the
addition of methy! iodide (1 mbL. 15.12 mmol, 4.0 equiv) was added into above reaction mixiure,
resultant reaction mixture was heated at 60°C overnight. Product formation was confirmed by
TLC. After completion of reaction, the muxture was diluted with water (50 mL} and extracted
with ethvi acetate (50 mb = 2} Combined organic extracts were washed with water (20 mbL x 2),
dried over anhydrous Na:SOq and concentrated. The crude product was purified by flash
chromatography (2 % EtOAc in Hexane as an cluent} to obtam (E)-2~(2-(4~
methoxyphenyhprop-1-en-1-y13-4.4.5 5-tetramethyi-1,3,2-dioxaborolane (0.35 g, 33.81 % Yield)
as a white sohid.

[0346] LCMS 261.2 [M+H[

[0347]  TH NMR (DMSO-ds, 400MHz) 5738 - 7.57 (m, J=8 8 Hz, 2 H), 6.76 - 6.94 (m, J=8.8
Hz, 2H). 558 (5, 1 FI), 3.67 - 3.80 (m, 3 1), 3.33 (s, 3 FD), 1.17 - 1.32 (m. 12 FD).
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[3348]  Step 2. Synthesis of methyl (E}-3-(2-(4-methoxyphenylprop-1-en- 1-vl isonicotinate.
To a solution of methy! 3-bromoisonicotinate {0.15 g, 0.694 mmol, 1.0 equiv) in dioxane (10
mb} and water (0.5 mL} was added (E)}-2-2-{(4~methoxvphenvl)prop-1-en-1-vi}-4,4,5 5-
tetramethyi~1,3,2-dioxaborolane (0.285 g, 1.04 mmol, 1.5 equiv), KoCG5 (0.2 g, 1.85 mmoli, 2.0
cquiv) and resulting reaction mixture purged with No gas for 10 minute, followed by the addition
of Pd(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 LUCMS. Afier the completion of
reaction, the nuxture was filiered through cehite®, washed with ethyl acetate (530 mib}. Filtrate
was concentrated under redaced pressure. The crude product was purified by flash
chromatography {(0-20 % ethy! acetate 1n hoxane as an cluent) to obtain methyl (E}-3-(2-(4-

methoxyphenyhprop-1-en-1-yhisoncotinate (0.150 g, 76.53 % vield) as a vellow oil.
{0349] LCMS 2841 [M+H[T

{3338}  Step 3. Synthesis of (E)-3-(2-(4-methoxvphenvliprop-1-en-1-viisonicotinic acid. To a
stirred solution of methyl (E}-3-(2-(4-methoxyphenyliprop-1-en-1-yhisonicotinate (0.250 g,
0,929 mmol, 1.0 equiv) 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 dibuted with water (20 mL} and washed with ethyl acetate (10 mbL x 2}, Aqueous layer was
acidificd with 6N HCI (pH ~ 3 1o 6), solid precipitatc formed was filtered off and dried under
vacuum to obtain (E)-3-(2-(4-methoxvphenyhprop-t-en-1-yisonicotinic acid {0.08 g, 38.27 %)
as a yellow solid.

{6351} LCMS 2701 {M+H]"

{0352] ‘HNMR (DMSQO-ds, 400MHz) 513.59 (br. s, 1 H), 851 -8.67 (m, 2 H), 7.73(d, /=4 8
Hz, 1H), 742 -757 (o, J=8 8 Hz, 2 H), 708 (s, 1 H),. 6.87 - 704 (o, J=83Hz, 2 H), 3.78 (5, 3
H), 2.07 (s, 3 H).

13353} Step 4 (8. E)-N-(2-{2~¢vano-4 4-diftuoropyrrolidin-1-y1)-2-oxoethy)-3-(2-(4-
methoxyphenyDprop-~1-en-1-ylisonicotinanude. To a stirred solution of (E)-3-(2~(4-
methoxyphenyhprop-1-en-1-ylisoncotinic acid (0.08 g, 0.297 mmol, 1.0 equiv} in DMF (5
mb}, was added {$)-4 4-diftucro-1-glveylpyrrolidine-2-carbonitrile hydrochlonde (0.1 g, 0.446
mmol, 1.5 equivy, EDCLHCI{0.09 g, 0.446 mmol, 1.5 cquiv) and HOBt (0.06 g, 0.446 mmol,
1.5 equivy The mixture was allowed to stir at RT for 10 min. THA (0.2 ml) was added and the
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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 cthyl acetate (20 mL x 2). Combined organic extracts were washed with water (20 mb. = 4},
dried over anhvdrous Naz504 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-
methoxyphenylyprop-1-en-1-vhisonicotinamide (0.042 g, 32.3 % Yield) as a white solid.

[0354] LCMS 4413 [M+H]"

[0355}) HNMR (DMSO-ds, 400MHz) 5884 {br s, 1 H), 866 (s, | H), 837 (d, /=48 Hz |
H), 755(d, /=88 Hz, 2 H), 744 (d. /=53 Hz, 1 H), 681 -7.08 (m, 3H), S.11(d, =96 Hz 1
H), 427 (br.s, 1 Hp, 413 {d, J=6.1Hz, 2H),3.77 (s, 3H), 2.83 (br. s, 2 H), 2.67(d, /=1 8 Hz,
2H), 2.15(s, 3 H).

Fxample S20

Synthesis of (S, £)-N-{2-(2-cyano-4,4-difluoropyrrolidin-1-vi}-2-oxoethylj-3-{4-
{trifluoromethoxy)siyryi}isonicotinamide
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Compound 33

18356} Step 1 Synthesis of (E}-4.4,5 S-tetramethyl-2-(4-(trifluoromethoxy istyryi)-1,3,2-

dioxaborolane. To a stirred solation 4,4,4' 4° 5.5 5 S'-octamethyl-2,2'-bi(1,3 2-dioxaborolane)

{0.750 g, 292 mamol, 1.1 equiv) in dried THF (10 mL), was added CuCl (0.002 g, 0.020 mmol,

0.01 equivy, Xanthphos (0.015 g, 0.020 mmol, 0.01 equiv) and KOtBu (0361 g, 322 mmol, 1.2
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equivy at RT. The mixture was allowed to stir at RT for 30 min. 1-ethynvl-4-
{triftucromethoxyibenzens (0.5 g, 2 368 mumol, 1.0 equiv) in THF {5 mb) was added into above
reaction mixture, resuftant reaction nuxture was heated at 60°C overmight. Product formation
was confirmed by TLC. After completion of reaction, the mixture was diluted with water (50
mb} and extracted with ethyl acetate (50 mbL » 2}. Combined organic extracts were washed with
water (20 mb x 2}, dnied over anhydrous Na:8QO: and concentrated. The crude product was
purified by tlash chromatography (2 % EtOAc in Hexane as an eluent) to obtain (E)-4.4,5,5-
tetramethvi-2-(4-(trfluoromethoxy)styryi)-1,3,2-dioxaborolane (0.35 g, 41 % Yield) as an off-

white solid.
103577 LCMS 3150 IM+HIT

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

[33539]  Step 2: Synthesis of (E)-3-{4-(triflacromethoxystyrylisonicotinic acid. To a solution
of methyl 3-bromoisonicotinate (0.200 g, 1.62 mmol, 1.0 equiv) in dioxane (5 mbL) and water (2
mk} was added (E)-4,4.5,5-tetramethyl-2-(4-(trifluoromethoxy)styrvl}-1,3, 2-dioxaborolane
{0.350 g, 1.94 mmol, 1.2 equav), KaCO: (0.256 g, 3.24 mmol, 2.0 equiv) and resulting reaction
mixture purged with N2 gas for 10 minute. followed by the addition of Pd(PPh:}(l2 (0.033 g,
0.081 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 reaction
mixture was diduted with water (10 mL}. Aqueous layer was washed with ethyl acetate {5 mbL x
2}. Aguecus layer was separated and freeze drigd to obtain {E}-3-(4-

(trifluoromethoxystyrviyisonicotinic acid (0.150 g, 30 % vield) as an off-white solid.
{0360] LCMS 3101 [M+H|"

{3361} Step 3. (8 E)-N-(2-(2-cvano-4,4-difluoropyrrohdin- 1 -v)-2-oxoethyl)-3-(4-
(trifluoromethoxy)styryisonicotinamide. To a stirred solution of (E}-3-(4-
{triftucromethoxy)styryDisonicotinic acid (0.150 g, 0.483 mmol, 1.0 equiv) in DMF {5 mbL), was
added (S)-4.4-difluoro-1-glvevipyrrolidine-2-carbonitnle hvdrochloride (0.108 g, 0.483 mmol,
1.1 equv), EDCLHCI (0185 g, 0.966 mmol, 2.0 equiv) and HOBt (0.136 g, 0.966 mmol, 2.0
equivy . The resulting reaction muxture 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. After completion of reaction, the mixture was diluted with water (50 mL)
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and extracted with ethvi acetate (75 mb x 2). Combined organic extracts were washed with
water (25 mb x 4}, dried over anhydrous Naz804 and concentrated. The crude product was
puriticd by reversed phase HPLC to obtain (5, E)-N-(2~(Z-cvano-4 4-diftuoropyrrolidin- 1-yi)-2-

oxoethy}-3-(d-(tnfluoromethoxy)styryBisonicotinanude (0.020 g, 8 9% Yield) as a white sohid.
{0362 LOCMS 4812 IM+H]T

[0363] 'H NMR (400 MHz, DMSO-de) 5 9.15 (s, 1 F} 9.02 (t, /=570 Hz, | H} 8.34 (d, J=5.26
Hz, 1H) 784 (d, /=833 Hz. 2H)7.75(d, J=16.66 Hz, 1 H} 7.53{d, /=16.66 Hz, 1 H} 730 -
746 {(m, 3H)520(dd, /=921, 263 Hz, Y H}427-438(m, 1H)3.99-427(m,3H)2.78 -
307 (m, 2 H).

Fxample S21

Synthesis of (8, F)-6-(4-chlorostyrvl}-N-(2-{ 2-cyano-4, 4-difluoropyrrolidin- 1 -yi)-2-

oxoethyllquinoline-4-carboxamide
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Compound 34

{8364} Step 1. Synthesis of (E}-6-(4-chlorostyryhigquinoling-4-carboxvlic acid. To a sclution of
o-bromoguinoiing-4-carboxviic acid {0.05 g, 0.199 mmol, 1.0 equiv) in dioxane {4 mbL) 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), KoCOs (0.055 g, 0.397 mimol, 2.0 equivy and the resulting reaction
mixture was purged with N2 gas for 10 min, followed by the addition of PAPPhYCH (0.008 g
(.01 mmol. 0.05 equiv). The resolting reaction mixture was heated at 160° C for overnight.
Product formation was confirmed by LCMS . Atier the completion of reaction, the reaction
mixture was guenched with water (10 mL) and agueous layer washed with ethyl acetate (10
mb}. Aqueous layer was separated and acidified with 6N HCl {(pH ~ 5 1o 6}, solid precipitate
formed which was filicred off and dried under vacuum to obtain (E)~6-{4-chlorostyrvljguinoline-

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-do) 5 8.98 (d, /=438 Hz, 1H), 8.75 (s, 1H), 8.24 (4, J =
3 33 Hz, 1H), 8.10(d,.J = 8.77 Hz, 1H), 7.91 (d. J = 4.38 Hz, 1H), 7.75 (d, / = 8.33 Hz, 2H),
7.54 - 7.67 (m, 1H), 7.33 - 7.54 (m, 3H).

18367} Step 2: Synthesis of {8, E}-6-{4-chlorostyryD}-N-(2-(2-¢cvano-4 4-difluoropyrrohidin-1-
vi}-2-oxoethy hquinoline-4-carboxamide. To a stirred sclution of (E}-6-(4-
chlorostyryhquinchine-4-carboxylic acid {0.06 g, 0.194 mumol, 1.0 cquiv) in DMF (3 mL), was
added (8)-4.4-difluoro-1-glvevipyrrolidine-2-carbomitnile hvdrochloride (0.065 g, 0.291 mmol,
1.5 equivy, EDCLHCI (0.056 g, 0.291 mmol, 1.5 equuv} and HOBt (0.040 g, 0.291 mmeol, 1.5
equiv). The mixture was allowed to stir at RT for 10 min. Trethylamine (0.1 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 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 x 4), dried over anhydrous Nax504 and concentrated. The crude product was enriched by
flash chromatography (5 % Methano! in BCM as an eluent} followed by reversed phase HPLC
to obtain (8, E}-6-(d-chlorostyryD}-N-(2-(2-cvano-4 4-difluoropyrrolidin-1-yi)-2-

oxoethylquinoline-4-carboxamide (0.020 g, 21.5 % Yield) as a vellow solid.
[0368] LUMS 4812 [M+HJ"

[0369] 'H NMR (400 MHz DMSO-ds) 5 9.18 (br. 5., 1H). 8.94 (d. J = 3.95 Hz, 1H), $.60 (s,
1), 7.96 - 8.15 (m, 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, J = 17.10 Hz, 3H).

Fxample S22

Synthesis of (S}-N-(2-{2-cyana-4,4-diflucropyrrolidin-1-yij-2-oxcethyl}-6-(4-

(triflucromethyl} phenyl)qumozz'}'zeﬂ—carboxamide

L om CiH HZM\//LL ><
OH -
/ \)
Oy, -OH CF N N
CFau_z Oy, -OH ?* /
5 PA{PPhs},ClL K00, : \r’/’\E EDCLHCLHOBETEA
¥ L X D:uxane,H20,100 C,ON i\\\‘/i\\//;\\ L ,DMF,RT,ON
N
Ny P Step-1 | i T

(X Ny Step-2

Compound 35
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{3378}  Step 1. Synthesis of 6-(4-(trifluoromethyl)phenviquinoline-4-carboxylic acid. To a
solution of 6-bromoquinoline-4-carboxylic acid {0.05 g, 6.199 mmol, 1.0 equiv} in dioxane (4
mkL} and water (2 mL) was added (4-{trifluoromethylyphenvhboronic 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 Nz gas for 10 min, followed by the addition of Pd(PPh2)Ch (0.008 g, 0.009 mmol.
6.05 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 agueous laver washed with ethyl acetate (10 ml). Aqueous Javer was
separated and acidify with 6N HCI (pH ~ 5 to 6}, solid precipitate formed was filtered off and
dried under vacoum to obtain 6-{4-(trifluoromethylphenyijquinoline-4-carboxylic acid {€.054 g,

82.53 % Yield) as an oft white sohid.
{0371 LCMS 318 [M+H"

[0372]  TH NMR (DMSO-ds, 400MHz) 5 8.98 - 9.19 (m, 2 H), 8 12 - 8.35 (m, 2 H), 7.97 - 5.09
(m, 3 H), 7.92 (d, J=8 3 Hz, 2 H).

{0373} Step 2: Synthesis of (8)-N-{2-(2~cyano-4,4-difluoropyrrolidin- 1-y1)-2-oxoethy)-6-(4-
(triflnoromethyliphenyDgquinoline-4-carboxamide. To a stired solution of 6-(4-
{trifluoromethyliphenyDguinoline-4-carboxylic acid {0.05 g, 0.158mmol, 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), EDCLHC (0.045 ¢, 0.236 mmol, 1.5 equiv) and HOBt (0.032 g, 0.236
mmol, 1.5 equiv}. The mixture was allowed to stir at RT for 10 min. Triethylamine (0.1 mL) was
added and the resultiog 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 (10 mL) and extracted with ethyl acetate (20 mL x 2). Combined organic
extracts were washed with water (10 mL x 4}, dned over anhydrous NawS(hs and concentrated.
The crude product was enriched by flash chromatography (5 % Methanol m DM as an cluent)
followed by reversed phase HPLC to obtain ($)-N-(2-(2-cvano-4 4-difluoropyvrrohdin- 1-vi)-2-
oxocthvl)-6-(4-(trifluoromethyvljphenvlquinoline-4-carboxamide (0.016 g, 23.37 % Yield} as a

white solid.
[0374] LCMS 4893 [M+HI"

[0375] 'H NMR (400 MHz DMSO-ds) 5 9.18 - 9.31 (m, 1H), 9.02 (d. J=3.95 Hz, 1H), 8.97
(d.J=1.75Hz, 1), 8.27 - 8.36 (m, 2H), 8.11 - §.27 (m, 3H), 7.90 (d, J= §.33 Hz, 1), 7.62 (d,
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J=438 Hz, 1H), 5.15 - 5.30 (m, 1), 4.24 - 4,40 (m, 2H), 4.05 - 4.24 (m, 1D, 2.95 (br. 5., 1H),
287 (d. J= 16.66 Hz, 2H).

Example 823

Svnthesis of (S)-N-{2-{2-cyano-4, 4-difluoropyrrolidin- i -yl j-2-oxoethyij-3-({4-

methoxyphenyllethynyljisonicotinamide

0y, 0. pdipphdjcl, O

Cul, TEA,DMF LIOH
Br E EN 80°C/ ON THF, Water
e step-1 step-2

o’

HATU,DIPEA, DMF
RT/ON

step-2

Compound 38

{3376}  Step 1. Synthesis of methyl 3-((4-methoxyphenyllethvnviisonicotinate. To a solution
of methyl 3-bromoisonicotinate (1000 mg, 4.6 mmol, 1.0 equiv) in DMF (10 mL) was added 1-
ethynyl-4-methoxvbenzens (611 mg, 4.6 mmol, 1.0 equiv), Cul (837 mg, 0.46 mmol, 0.1 equiv},
DIPEA (1186 mg, 9.2 mmol, 2.0 equiv), followed by the addition of pd{(pph33nCh (161 mg,
0.23 mmol. 0.05 equiv). The resulting reaction mixture was heated at 80° C for overnight.
Product formation was confirmed by LCMS. After completion of reaction, the mixtare was
diluted with water {50 mL) and extracted with ethyl acetate {100 mbL x 2}. Combined organic
extracts were washed with water (50 mL x 2}, dried over anhvdrous Nax504 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-methoxvphenvhethvnviisonicotinate (300 mg, 24 % VYield) as

a vellow schid.
18377) LOCMS 2670 [M+H]"

{8378} Step 2: Svathesis of 3~«{({4-methoxyphenylethvnyl}isonicotinic acid. To a stirred
solution of methy! 3-({4-methoxyphenylethyonylisonicotinate (300 mg, 1.11 mmol, 1.0 cquiv)
m THF (10 mL) and water (05 ml}, was added LiOH (53 mg, 2.23 mmol, 2.0 equiv}. The
mixtare was allowed to stir at RT for ovenuight. Product formation was confirmed by LCMS and
'H NMR spectroscopy. The reaction mixture was diluted with water (15 mL) and washed with
cthyl acetate (15 mL). Agueous layer was separated and frecze dned on lvophilvzer to obtamn 3-

{{4-methoxyphenylethynyDisonicotinic acid (400 mg, Quant. Yield ) as a white solid.
[0379]  LCMS 253.0 [M+H]"

{3380} Step 3. Synthesis of (8)-N-{2-(2-cyano-4 4-diffuoropyrrolidin-1-y1)-2-oxoethyl3-3-((4-
methoxyphenyhethynylisonicotinamide. To a stirred solution of 3-((4-
methoxyphenyiethvoylisonicotinic acid (100 mg, 0.39 mmol, 1.0 equiv) in DMF {05 mL), was
added HATU (296 mg, 0.78 mmol, 2.0 equiv}, (8)-4.,4-diflvoro-1-glyevipyrrohidine-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 overmght
at RT. The product formation was confirmed by TLC and LCMS. Afier completion of the
reaction, the reaction mixture was diluted with water (20 mL) and extracted with ethyl acetate
{40 mL x 2}. Oreanic layer was washed with water (20 mL x 4}, dried over anhydrous sodium
sulphate and concentrated under reduced pressure. The crude product was punfied by reversed
phase HPLC to obtain (§)-N-(2-(Z-cyvano-4,4-difluoropyrrohdin~-1-y}-2-oxoethvl}-3-((4-

methoxyphenyi)ethvnylnsonicotinamide (05 mg, 04% Yield) as a vellow solid.
[3381] LOCMS 4252 [M+HJT
[6382] H NMR (400 MHz, DMSO-de) 8 8.92 (br.s., 1H), 882 (s, 1H), 8.64(d, J= 5.26 Hz,

1H), 7.45 - 7.63 (m. 3H), 6.99 (d. J=8.77 Hz, 2H). 5.13 (d,J = 7.89 Hz, 1H), 4.29(d, /= 15.35
Hz, 2H), 4.21 (br. 5., 2H), 3.80 (s, 3H), 2.79 - 2.9 (m, 2H),
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Fxample 524

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

oxcethyljisonicotinamide

0.0
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Compound 37

18383} Step 1. Synthesis of methyl 3-((4-chlorophenyDethyaylyisonicotinate. To a sohstion of
methvl-3-bromoisonicotinate {1 g, 4.62 mmol, 1.0 equiv} in DMF {10 mL} was added I-chloro-
d-ethynvibenzene (0.935 g, 6.88 mmol, 1.5 equivyand 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 PA(PPhCL2 {0,160 g, 0.229 mmol. 0.05 equiv). The reaction mixture was heated at 80° C for
overnight. Product formation was confirmed by LCMS and TLC. After complction of reaction,
the reaction muxture was diluted with water (8¢ mL) and extracted with ethyl acetate (100 ml x
2}. Combined organic extracts were washed with water (50 mL x 4), dried over anhydrous
Naz504 and concentrated. The crude product obtained was purified by flash chromatography (0-
30 % ethy! acetate in hexane as an cluent) to obtain methyl 3-{{4-

chlorophenvijethynylysonicotinate (0.408 g, 32 % Yield) as a yellow solid.
10384] LCMS 2721 [M+H}

{0385} Step 2: Synthesis of 3-((4-chlorophenyhethynyisonicotinic acid. To a stirred solution
of methvl 3-({4-chlorophenviethynyvhisonicotinate (0.05 g, 0.183 mmol, 1.0 equiv) in THF (3

ml) was added LiOH Hz0 (0.009 g, 0.220 mumol, 1.2 equiv) and HoO (1 mi) at R, 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
cthyl acetate (10 mL). The agucous layer was separated and freeze dried on Iyvophilyzer to obtain

3-{{4-chlorophenviethyanvi)isonicotinie acid {0.050g, Quant. Yield) as a vellow solid.
{0386} LCMS 2581 [M+H["

{3387} Step 3: Synthesis of (85)-3~((4-chlorophenyl) ethynyi}-N-(2-(2-cvano-4,4-
diftuoropyrrolidin-1-vi}-2-oxocthylyisonicotinamide. To a stirred sclution of 3-{(4-
chlorophenylethynysonicotinic acid (0.150 g, 0.583 mmol, 1.0 equiv) in DMF (7 ml) was
added EDCLHCI(0.167 g, 0.875 mmol, 1.5 equivy HOBt (0.118 g, 0.875 mmol, 1.5 equiv) and
{§)-4 4-difluorp-1-glveylpyrrolidine-2-carbonitrile hydrochloride (0,196 g, 6.875 mmol, 1.5
equiv) followed by the addition of TEA (0.176 g, 1.749 mmeol, 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 (20 mL) and extracted
with ethyl acetate (50 mE x 2}. Combined organic extracts were washed with water (20 mL x 43,
dried over anhydrous NanSQ4 and concentrated vader reduced pressure. The crude product was
purified by reversed phase HPLC to obtain (8)-3-((4~chlorophenvlethynvl}-N-(2-(2-cyano-4,4-

difluoropyvrrohidin-1-y1}-2-oxoethvDisonicotinamide {0.024 g, 9.6 % Yield} as a white sohid.
{0388] LCMS 4293 [M+H|"
10389] ‘H NMR (400 MHz, DMSO-de) 3897 (br. s, 1 H) 886 (s, | H) 868 (d, /=482 Hz 1
Hy764(d, /=877Hz, 2H)743-760(m, 3H)514{d. J=7.02Hz, 1 H} 406 -436 (m, 4 H)
2.76 - 3.00 (m, 2 H).
Fxample S25
Synthesis of (S}-N-(2-{2-cyano-4, 4-diffuoropyrrolidin-] -yij-2-oxce thyl}-6-{6-
{trifluoromethyi)pyridin-3-yliguinoline-4-carboxamide
F
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Compound 38
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{3398} Step 1. Synthesis of 6-(6-(tnfluoromethyDpyridin-3-yliquinoline-4-carboxylic acid. To
the sohution of 5-(4,4.3 S-tetramethyi-1,3 2-dioxaborolan-2-y1}-2-(triflucromethy Hpyridine (100
mg, 0.36 mmol, 1.0 equiv) in Dioxane:water (05:02 ml.), was added 6-bromoquinoline-4-
carboxylic acid (93 mg, 0.36 mmol, 1.0 equiv), NaxCOz (77 mg, 0.72 ramol, 2.0 equiv) followed
by the addition of PA(PPh3)2Cl (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
completion of reaction the reaction mixture was diluted with water (30 mL). Aqueous layver was
washed with extracted with ethyl acetate (50 mL x 2) separated and freeze dried over lvophilizer
to obtain 6-(6-(triflacromethylpyridin-3-yvlquinoline-4-carboxylic acid (100 mg.) as an off

white solid.
10391} LCMS 3190 [M+H]"

[3392] Stop 2: Synthesis of (8)-N~(2-(2-cyano-4, 4~difluoropyrrolidin- 1 -v1}-2-oxoethyl)-6-(6-
{triftuoromethypyridin-3-vljgquinohing-4-carboxamde. To a stirred solution of 6-{(6-
{triflocromethy Dpyridin-3-yDquinoline-4-carboxylic acid (100 mg, 0.31 mmol, 1.0 ecquiv} in
DMEF (05 mL), was added (5)-4,4-difluoro-1-glycvipyrrolidine-2-carbonitrile hvdrochloride {71
mg, 0.31 mmol, 1.0 equiv), HOBT (63 mg, 0.46 mmol, 1.5 equiv) and EDC HCI (89 g, 0.46
mmol, 1.5 equiv). The mixture was allowed to stir at RT for 10 min. Triethy] amine (0.10 mL}
was added and the mixtare was allowed to stir at RT for overmight. Product formation was
confirmed by LCMS and TLC. After comapletion of reaction, the nuxture was diluted with water
{50 mL) and extracted with ethyl acetate (50 mL x 2). Combined organic extracts were washed
with water (20 mbL x 4}, dried over anhydrous Na:SGy and concentrated. The crude product
obtained was purtfied reversed phase HPLC to obtain (8)-N-(2-{2-cyvano-4,4-difluoropyrrolidin-
1-y1}-2-oxoethvi}-6-(6-(triflucromethvlpyridin-3-viquinoline-4-carboxamide (15 mg, 10 %
Yield) as an off-white solid.

{0393} LCMS 4903 [M+H["

10394] ‘H NMR (400 MHz, DMSO-de) 3 9.30 (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. 5., 1H), 8.26(d, /=877 Hz, 1H}, .06
(d, /=833 Hz 2H). 7.65(d, /=438 Hz, 1H), 521 (d, /=702 Hz, 1H), 4.27 - 439 (m, 2H),
4124, 7=1140Hz 2H)}, 291 {(d./= 1710 Hz, 2H}.
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Fxample 526

Synthesis of (S Fj-6-(2-(4-chlorophenyljprop-1-en-1-yli-N-(2-(2-cvano-4, 4-difluoropyrrolidin-1-

vi)-2-oxoethyl)quinoline-4-carboxamide
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Campound 39

18395]  Step 1. Svnthesis of (E)-6-{2-(4-chlorophenylyprop-1-en-1-vi}punoline-4-carboxylic
acid. To a solution of 6-hromoguinoline-4-carboxylic acid (0.3 g, 1.14 mmol, 1.0 equiv) in
dioxane (4 mL) and water (2 mL} was added (E)}-2-(2-(4-chlorophenylprop-1-en-1-v1)-4,4,5 5~
tetramethyl-1.3,2-dioxaborolane (0.288 g, 0.91 numol, 0.8 equiv), KoC03(0.241 g, 2.28 mmol,
2.0 equiv) and the mixture purged with N2 gas for 10 mun, followed by the addition of
Pd{PPhz)C12(0.042 g, 6.057 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 diluted with water (30 mL) and washed with ethyl acetate (50
ml, x 2}. Aqueous layer was separated and dred over lyvophitizer to obtain (E}-6-(2-(4-
chlorophenyhprop- I-en-1-vliguinoline-4-carboxylic acid (0.350 g, Quant Yield) as an off-white
solid.

[0396] LCMS 324.1 [M+H]"

13397} Step 2 Synthesis of {§ E}-6-(2-(4-chlorophenyliprop-1-en-1-vi-N-(2-(2-cyanc-4,4-
diftuoropyrrolidin- 1 -y)-2-oxocthyjquinoling-4-carboxamide. To a stirred solution of (E)-6-(4-
chlorostyrviiquinohine-4-carboxyvlic acid {0.35 g, 1.08 mmol, 1.0 equiv) in DMF (5 mL) was
added EDCLH{CI (0311 g, 1.62 mimol, 1.5 equiv) HOBt (0218 g, 1.62 mmol, 1.5 eguiv) and

{$)-4 4-difluoro-1-ghvoevlpyrrolidine-Z2-carbonitrile hydrochloride (0364 g, 1.62 mmol, 1.5
equiv) followed by the addition of tnethylamine (0.327 g, 3.24 munol, 3.0 equiv). The resulting
reaction mixture was allowed to stir at RT for ovemnight. Product formation was confirmed by
LCMS. After completion of reaction, the reaction mixture was diluted with water (25 mbL) and
extracted with ethvl acetate (50 mL « 2). Combined organic extracts were washed with water
{20 mL ~ 4}, dried over anhydrous Nax504 and concentrated under reduced pressure. The crude
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product was purified by flash chromatography {0-5 % MeGOH in BCM as an eluent) followed by
reversed phase HPLC purification to obtain (8, E}-6-(2-{4-chlorophenvijprop-1-en-1-y-N-{2-(2-
cvano-4 4-difluoropyrrolidin-1-yi)-2-oxoethyhquinoline-4-carboxamide (0.02 g, 3.7 % Yield) as
a brown solid.

[0398] LOMS 4954 [M+H["

[0399] 'H NMR (400 MHz DMSO-ds) 5 9.16 (t, J=5.92 Hz, | H) 897 (d. /=438 Hz, 1 H)
841 (s, 1 H) 8.09(d, J=8.77 Hz, 1 H) 7.87 (d, /=833 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, | ) 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-chloronaphthalen-2-ylvinyl}-N-( 2-( 2-cyano-4, 4-difluoropyrrolidin- i -
yvi}-2-oxcethiyllisonicotinamide
O B/%
- {
%

t

NaNO2z,6NHCELCuCH Pd{PFhg)aCly KGO,

Ci Z
ZHN\(/‘ ;«*1 QCRT,ON Ci\ Diaxane:Water,mQ”c,ONm \";’ = L/
s ha RN =
Ry Br Step-1 ar Step-2 R
Oy O
Br\vj;\
Cla 2 Op G, HIOHTHF Water{1:1) Chs o2~ Oy OH
PACH{dppf), TEA hithidh RY,5h Al
DMF,.ON NG NN S Ay
. Step-4 i
Step-3 \NI}’ \N/’

i 0
EDCLHCLHOBLTEA | caH,HZN\)LN,

DME,RT,ON | h ,><E;
Step-5 f\

, N
! w9
C!\rx;\r//;\ii o) N\//u\hii/‘>f
Wf,«j\;l P
W N

Compound 40

{3408] Step 1. Svnthesis of 2-bromo-6-chloronaphthalenc. To a stirred solution of 6-

chloronaphthalen-2-amine (1.0 g, 4504 mmol, 1.0 equiv) in 6N HCL (10 mL) was added NaNG:

Ju—
W
~3
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(0.372 g, 5405 mmol, 1.2 equiv) in water (10 mL) at 0°C and resulting reaction mixture was stir
at BT for one hour. A solution of Cull (2.2 g, 22,522 mmol, 5.0 equiv} in 6N HCH(10 mL) was
added and again stirred at RT for overnight. After the completion of reaction (jmonitored by
TLC), the reaction mixture was diluted with water (100 mL) and extracted with ethyi acetate
{150 mL » 3}. Combined organic extracts were washed with water (50 mL x 2} & brine (50 mL),
dried over anhydrous Na:S04 and concentrated. The crude prodact was purified by flash
chromatographv (hexane as an cluent} to obtain Z-bromo-6-chloronaphthalenc (0.600 g, 55.5 %

Yield) as a whate sohid.

[0401]  'H NMR (400 MHz, DMSO-de) § 827 (s, 1 H) $.10 (s. | H) 7.97(d, /=8.77 Hz, 1 H)
7.90(d, J=8.77 Hz, 1 ) 7.70 (dd, /=8 77, 1.75 Hz, 1 H) 7.59 (dd, J=8.99, 197 Hz, 1 H).

{0402} Step 2: Svnthesis of 2-chlore-6-vinylnaphthalene. To a stirred solution of 2-bromo-6-
chloronaphthalene (0.250 g, 1.061 mumol, 1.0 equiv) in Dioxane (9 mL) was added 4,4,5.5-
tetramethyl-2-vinvi-1,3,2-dioxaborolane (0,395 g, 1.562 mmol, 1.3 equiv) and a solution of
KCO:(0.287 g, 2.083 mmol, 2.0 equuv) in water (3 mL), the mixture purged with Nz gas for 10
min, followed by the addition of PA{PPh:}Ch{6.036 g, 0.0520 mmol. 0.05 equiv). The resulting
reaction mixture was heated at 100° C for overmight. Product formation was confumed by TLC.
After completion of reaction the reaction mixture was diluted with water (530 mL) extracted with
cthyl acetate {100 mL » 2}, Combined organic extracts were washed with water (50 mL = 2) and
brine (50 ml), dried over anhydrous Na:S0s and concentrated. The crude product was purified
by flash chromatography (hexane as an cluent) to obtain 2-chlore-6-vinylnaphthalene (0.150 g,

76.92% Yield) as a white solid.

[0403]  'H NMR (400 MHz, CHLOROFORM-d) §7.52 - 7.82 (m. 4 H) 7.40 (dd, J=8.77,2.19
Hz, 1 H)7.26 (s, | H) 6.86 (dd. J=17.54, 10.96 Hz, | I} 5.88 (d. J=17.54 Hz, 1 F) 5.36 (4,
J=10.96 Hz, 1 H).

[3404]  Step 3. Synthesis of methyl (E3-3-(2-{6-chloronaphthalen-2-vl)vinyljisonicotinate. To a
stirred solution of 2-chloro-6-vinylnaphthalene (0.250 g, 1.32 mmol, 1.0 equiv}) in DMF (10 mL)
was added methyi 3-bromoisonicotinate {(0.574 g, 2.65 mmol, 2.0 equiv} and tricthvl amine
(0.575 ml, 3.983 nunol, 3.0 equiv). The resulting reaction puxturc was purged with Nz gas for 5
min followed by addition of pd{dppHClz (0.097 g, 0.132 mmol, 0.1 equiv). The reaction muxture
was heated at 100° C for overnight. Produet formation was confirmed by TLC. After completion

of reaction the reaction mixture was diluted with water (50 mb} extracted with ethyi acetate (100
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mb x 2}, Combined organic extracts were washed with water (50 mL = 23 & brine (50 mL),
dried over anhvdrous NanSQOs and concentrated. The crude product was purified by flash
chromatography {0-15% EA/Hexane as an cluent) to obtain methy! (E)-3~(2-(6~

chloronaphthalen-2-ylyvinvihisonicotinate (0.120 g, 28 % Yicld) as a white solid.
{0405 LCMS 3242 IM+H|"

[0406] H NMR (400 MHz, CHLOROFORM-} 3 9.06 (s, | H) 5.63 (d, J=5.26 Hz. | FD) 8.00
(d, /=1622 Hz, 1 H) 7.85 (s, 1 H) 7.66 - 7.84 (m, 4 H) 7.44 (dd. J=8.77. 2.19 Hz, 1 H) 7.19 -
728 (m, 2 H) 3.99 (s, 3 H).

18407} Step 4: Synthesis of {(E}-3-(2-(6-chloronaphthalen-2-vvinylisonicotinic acid. To a
stirred solution of methvl (E}-3~(2-{6-chloronaphthalen-2-vijvinyDisonicotinate (6.120 g, 0.370
mmol, 1.0 equivy in THF (6 ml) was added a solution of LiIOH H20 (0.031 g, 0.741 mmol, 2.0
equiv) i water (6 ml}). The reaction mixture was stirred at RT for Sh. Product formation was
confirmed by TLC. Reaction mixture was diluted with water (20 ml) and washed with cthyl
acetate (25 mb = 3} Aqueous layver was separated and freeze dried over lyophilizer to obtain
compound (F}-3-(2-(6-chloronaphthalen-2-vhvinyisonicotinic acid (0.100 g, 87 % Yield) as a

white solid.
[0408] LCMS 310.0 [M+H]"

[0409] 'H NMR (400 MHz DMSO-ds) 5 8.85 (s, 1 H) 8.31 (d. /=4.82 Hz, 1 H) 8.02 (s, | H)
798 (br.s, 1 H) 7.87 - 7.98 (m, 2 H) 7.79 (d, J=7.45 Hz, 1 H) 7.52 (4d, J=8.77, 1.75 Hz, 1 H)
735 (d. J=16.66 Hz, 1 H) 7.27 (d, /=4 82 Hz. | H).

{8418 Step 5: Synthesis of {8, E}-3-{2-(6-chloronaphthalen-2-yDvinyl}-N-(2-(2-cvanc-4.4-
difluoropyrrolidin-1-vi}-2-oxoethvlisonicotinamide. To a stirred solution of (E}-3-(2-(6-
chioronaphthalen-2-yvinvijisonicotinic acid {0.100 g, 0.323 mmol, 1.0 equiv) in BMF (3 mL),
was added (5§}-4.4-difluoro-1-glyeylpyirolidine-2-carbonitrile hydrochloride (0.109 g, 0,485
mmol, 1.5 equiv}, HOBt (0.0665 g, 0.485 mmol, 1.5 equivy) and EDCLHC (6.092 g, 0.485 mmol,
1.5 equiv} followed by the addition of TEA (0.09 mL., 0.647 mumol, 2.0 equiv). 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 reaction mixture was diluted with water (20
mb} and extracted with ethyl acetate (30 mbL » 2}, Combined organic extracts were washed with
water (20 mL x 2} and brine (20 mL). Organic layer was separated and dried over anhydrous
Nax$0y and concentrated under reduced pressure. The crude product was purified by flash
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chromatography {(0-3 % MeOH in DCM as an eluent) to obtain (S, E)-3-(2-(6-chloronaphthalen-
Z2-yhviny-N~(2-(2-cvano-4,4-ditftuoropvrrolidin-1-vij-Z -oxoethylisonicotinamide {0.030 g,
20 % Yield) as an off white solid.

[0411] LCMS 4811 [M+H[

[0412] 'H NMR (400 MHz DMSO-ds) 5920 (s, 1 H) 9.06 (t, J=5.70 Hz, 1 H) 8.35 (d, /=4.52
Hz, 1 1) 8.18 (5. 1 H) 7.97 - 8.07 (m. 2 FI) 7.92 (4. J=8.77 Hz, 1 H) 7.82 (4, J=16.66 Hz. | FI)
765 {(d, J=16.66 Hz, 1 H) 7.48 - 7.61 (m, 1 H) 738 (d, J=4.82 Hz, 1 H) 5.23 (d. J=6.58 Hz, 1 H)
434 (4, J=1162 Hz, 1H) 423 (br s, 1 ) 4.03 -4.23 (o, 2 H) 2.76 - 3.05 (m, 3 H).

Fxample S28

Synthesis of (8)-N-{2-{2-cyana-4,4-difluoropyrrolidin- 1 -vi}-2-oxoethyl}-6-({4-

methoxyphenyllethynvijquinoline-4-carboxamide
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Compound 41

10413} Step 1 Synthesis of 6-((4~-methoxyphenylethyny Dgminoline-4-~carboxyvlicacid. To a
solution of 6-bromoguinoline-4-carboxylic acid (250 mg, 1.0 mmol, 1.0 equuv) in DMF (07 mL)
was added l-ethyvayl-4-methoxybenzene (204 mg, 1.2 mmol, 1.5 equiv), Cs2C03 (487 mg, 1.5
mmol, 1.5 equiv), Pd{dpphict: (35 mg, 0.05 mmaol, 0.05 equuv}. 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). Agueocus layer was separated and frecze dried over bvophilizer to obtain 6-((4-
methoxyphenyhethynyquinoline-4-carboxylic acid (100 mg, 33 % Yicld) as an off white solid.
{0414} LCMS 304.0 [M+H|"

[0415]  Stop 2: Synthesis of (8)-N~(2-(2-cyvano-4 4-difluoropyrrohidin-1-vi}-2~-oxoethyl}-6-((4-
methoxyphenyhethynylguinoline-4-carboxamide. To a stirred solution of 6-((4-
methoxyphenylethynylguinoline-4-carboxylic acid (100 mg, 0.33 mmol, 1.0 equiv} in DMF

166



WO 2020/142742 PCT/US2020/012260

(03 mL), was added (5)-4,4-difluoro-1-glvevipyrroliding-2-carbonitrile hydrochlonide (75 mg,
0.33 mmol, 1.0 equuvy), EDC HCEH (O3 mg, 049 mmol, 1.5 equuv), HOBT (67 mg, 0.49 mmol, 1.5
equivy 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 mixtire was diluted with water 20 mL} and extracted with cthyl
acetate (30 mL x 2. Organic layer was washed with water (20 mbL X 4}, brine solution (20 mLl},
dried over anhydrous sodium sulphate and concentrated under reduced pressure. The crude
product was purified by reversed phase HPLC to obtain (S}-N-(2-(Z2-cvano-4,4-~
difluoropyrrolidin- F-yl}-2-oxoethyl}-6-({4-methoxyphenylethyvayquinoline-4-carboxamide (03
mg, 4% as a yellow solid.

{0416] LCMS 4753 [M+H|"

{0417] 'HNMR (400MHz, DMSO-ds) 3920 (br. s, 1 H), 901 {(d. /=44 Hz 1 H). 835(s, |
H), 810(d, /=88 Hz | H),789{d, J=105Hz, 1 H), 767 -751 (m, 3H), 7.01 (d, /=88
Hz, 2H) 520(d, J=92Hz 1 H), 436-419(m, 3H),4.16(br. s, 1 H), 3.81 (s, 3H), 2.86 (d,
J=17.1Hz, 2 H).

Example S29

Synthesis of (5, F)-6-{2-(6-chioronaphthaler-2-vvinvl}-N-{ 2-{ 2-cyano-4, 4-difluoropvrrolidin-1 -
o d s { Vi) 347 { ! J 7

yij-2-oxoethyliquinoline-4-carboxamide
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Compound 42

{0418] Step 1. Svynthesis of (E)-6-(2-{6-chloronaphthalen-2~vhvinylyquinoline-4-carboxylic
acid. To a stirred solution of 2-chloro-6-vinylnaphthalene (0.100 g, 8.5331 munol, 1.0 equivi in
DMF (5 mL) was added 6-bromoquinoline-4-carboxylic acid (0.134 g, 6.531 mmol. 1.0 equiv)
and triethyl amine {0.230 mi, 1.595 mmol, 3.0 equiv). The resulting reaction mixture was purged

with N2 gas for 5 min followed by the addition of Pd(dppf)Ci2(0.038 g, 0.0531 mmol, 0.1
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equiv). The reaction mixture was heated at 100° C for overnight. Product formation was
confirmed by TLC. Reaction mixture was cool to RT, diluted with water {50 mbL) and washed
with ethvl acetate (30 mL x 3). The aqueous laver was separated and freeze dried over
Ivophilizer to obtain (E)-6-(2-(6-chloronaphthalen-2-vhivinvhquinoline-4-carboxylic acid (0.100

2, 52 % Yield) as a yvellow solid.
[0419] LOCMS 360.0 [M+H|"

[0420] 'H NMR (400 MHz, DMSO-ds) 8 8.94 (d, J=4.38 Hz, | H) 8.83 (br. 5, 1 H) 8.24 (d,
J=833Hz, 1 H) 8.17 (br. s.. 1 H)} 8.09 (d, J=8.33 Hz, | H) 8.04 (d. J=7.89 Hz, 2 H) 7.76 - .00
{ro, 2 ) 7.48 - 7.75 (m, 1 H) 6.90 (dd, J=17.32, 11.18 Hz, 1 ) 6.00 (d. /=17.54 Hz, 1 1) 5.39
(d, /=10.52 Hz, 1 H).

{0421} Stop 2: Synthesis of (5, E)-0-(2-(6-chloronaphthalen-2~-yDviny}-N-(2~(2-cvano-4,4-
difluoropyrrolidin-1-vl}-2-oxocthvl)quinoline-4-carboxamide. To a stirred solution of (E)-6-(2-
{6-chloronaphthalen-2-yhvinvlquinoline-4-carboxylic acid {0.100 g, 0.278 mmol, 1.0 equiv} in
DMFE (5 mL), was added (534 4-diftuoro-1-glyevipyrroliding-2-carbonitrile hydrochloride
{0.094 g, 0.417 mumol, 1.5 equiv), HOBt (0.056 g, 0.417 mamol, 1.5 equiv) and EDC HCI (0.079
e, 0.417 mmol, 1.5 equiv) followed by the addition of TEA (0.1 mL). The resulting rcaction
mixture was allowed to stir at RT for overnight. Product formation was confirmed by LCMS and
TLC. Afier 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 bring (50 mL), dried over anhvdrous NazS04 and concentrated. The crude
product was purified by flash chromatography {0-5 % MeOH 1n DCM as an eluent) followed by
the reversed phase HPLC purification to obtained (8,E)-6-(2~(6-chloronaphthalen-2-vhvinyi-N-
(2-(2-cyano-4,4-difluoropvrrolidin-1-v1)-2-oxoethylyquinoline-4-carboxanide (0.015 g, 10 %
Yield) as a vellow solid.

{0422} LCMS 5314 [M+H]"

{0423} 'H NMR (400 MHz, DMSO-de) $ 9.20 (1, /=570 Hz, 1 H) 893 (d, /=438 Hz, 1 H)
870(s, 1 H)8 14 (br. s, 2H)805-812(m, T H) 787 -805(m, 4 H) 776 (d, =16.66 Hz, |
Hy743-767(m, 3H)S17-536(m, 1 H}4.12-441 (m, 4 H) 296 (br. s, I H) 2.89(d,
J=821 Hz, 1 H).
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Fxample S30

Svathesis of (S 1)-N-(2-(2-cvano-4,4-difluoropyrrolidin-1-yl}- 2-oxoethyl}-6-(2-(6-

methoxypyridin-3-yljvinyl)quinoline-4-carboxamide
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13424]  Step 1. Synthesis of S-cthenvl-Z-methoxy-pyridine. To a stirred solution of 5-bromo-2-
methoxy-pyridine (0,500 g, 2.659 mmol, 1.0 equuv) in Dioxane {8 mL) was added 2-Vinyl-
4.4.5 S-tetramethyi-1,3,2-dioxaoborolane (0.614 g, 3.989 mmol, | Sequiv) and a solution of
KoCO:(0.734 g, 5319 mmol, 2.0 equiv) in water {4 mL}, and resulting reaction mixture was
purged with Nz gas for 10 min, followed by the addition of Pd(PPhs)C1(0.093 g, 0.132 mmol.
6.05 equiv). The resulting reaction mixture was heated at 100° C for overnight. Product
formation was confirmed by TLC. Reaction mixture was cooled to R, diluted with water {50
mb} extracted with ethyl acetate {100 mL x 23, Combined organic extracts were washed with
water (S0 mL = 2} & brine {50 mL}, dried over anhydrous Na:x50s and concentrated. The crude
product was purificd by flash chromatography (0-5% EA 1 hexane as an cluent) to obtain 5-

cthenyl-2-methoxy-pyndine (0.250 g, 89 % Yicld} as a vellow semi solid.

{0425] 'H NMR (400 MHz, CHLOROFORM-) 6 8.12 {d, /=2.63 Hz, 1 H} 7.69 (dd, /=8.77,
263Hz, 1H)6.72(d, /=8 77Hz, 1H}6.535-668 (m, 1 ) 5.64(d, =17 54 Hz, L HY 521 (d,
J=1096 Hz, 1 H) 3.87-4.04 (m, 3 H).
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[3426]  Step 2. Synthesis of (E)}-6-(2-(6-methoxypyndin-3-vlvinvhquinohne-4-carboxylic
acid. To a stirred solution of 6-bromoquincline-4-carboxylic acid (6.200 g, 6.793 mmol. 1.0
equiv) in DMF (5 ml) was added S-cthenyl-Z~methoxy-pyridine (0.125 g, 1.190 mumol, 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, 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 {20 mL) washed
with ethyl acetate (10 mE x 2}, The aqueous laver was separated and freeze dried over
tvophilyzer to obtain (E}-6-(2-{6-methoxypyndm-3-vljvinyhquinoline-4-carboxylic acid (0.200

g, 82 % Yield) as a yellow solid.

[0427] LCMS 307.1 [M+H|"

[0428] 'H NMR (400 MHz DMSO-ds) 5 10.28 (s. 1 H) 8.89 (d, /=438 Hz, 1 H) 8.73 (5. | H)
840 (d, J=2.19 Hz. | H) 8.09 - 8.22 {m. 2 H) 8.03 (d. /=9.21 Hz, 1 H) 7.76 {d, J=3.95 Hz, | H)
728 - 7.54 (m, 2 H) 6.87 {d, J=8.77 Hz, 1 H) 3.88 (s, 3 H).

10429} Step 3. Synthesis of (8, E)-N-(2-(2-cvano-4.4-difluoropyrrolidin-1-vi)-2-oxoecthyi~6-
(2-{(6-methoxypyridin-3-yvinvhiquinoline-4-carboxamide. To a stirred solution of (E}-6-(2-(6-
methoxypyndin-3-viyvinylquinoline-4-carboxylic acid {0.260 g, 8.653 mmol, 1.0 equiv) in
DMF (5 mL), was added (5)-4 4-difluoro-1-glvevipyrrolidine-2-carbonitrile hydrochloride
{0.220 g, 0980 mmol, 1.3 equiv), HOBt(0.132 g, 0.980 mmol, 1.5 equiv} and EDC HCI (0.187
g, 0.980 mmol, 1.5 equuv) followed by the addition of TEA (0.18 mL}. The resulting reaction
mixtare was allowed to stir at RT for ovenmight. Product formation was confirmed by LCMS and
TLC. After completion of reaction, the reaction mixture was diluted with water (50 mL) and
extracted with ethy! acetate (100 mL x 2}. Combined organic extracts were washed with water
{50 mL » 3} and brine (30 mL), dried over anhydrous Na:SGy and concentrated. The crude
product was purified by flash chromatography (0-5 % MeOH in DCM as an eluent) to obtain
(8, E)}-N-(2-(2-cyano-4,4-difluoropyrrolidin- 1 -y)-2-oxocthy}-6-( 2 «(6-methoxypyridin-3-

vhvinyhguinoline-4-carboxamide (0.070 g, 22.43 % Yield} as a vellow solid.
{0430} LCMS 4784 [M+H]"

[0431] 'H NMR (400 MHz, DMSO-ds) 8 9.17 (t, J=5.92 Hz, 1 H) 8.93 (d, /=4.38 Hz, 1 H)
852 (s, 1 H) 841 (d,J=2.19Hz, 1 H) R.03 - 8.20 (my, 3 H) 7.36 (d, /~4.38 Hz. 1 ) 7.53 (d,
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J=16.66 Hz, 1 H) 7.39(d, J=16.66 Hz, | H) 6.85 (d. J=8.77 Hz, 1 H) 5.23 (dd, J=9.21, 3.07 Hz.
1H)}4.11 -4.40 (m. 4 H) 3.89 (s, 3 H) 2.97 (d. J=8.77 Hz, 1 H) 2.87 (d, J=14.03 Hz, | H).

Fxample 831

Svnthesis of (S, E)-N-(2-(2-cyano-4,4-difluoropyrrolidin- 1 -yl}-2-oxoethyl}-6-(4-

Auorostyrvlquinoline-4-carboxamide
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Compound 44

{0432} Stop 1 Synthesis of (E)-6~(4-Flurostyrvlquinoline-4~carboxyhic acid. To a solution of
6-bromoguinoline-4-carboxylic acid (0.341 g, 1.36 mmol, 0.8 equiv) and (E}-2-(4-flurostvryi)-
44,5 S-tetramethyl-1,3 2-dioxaborolane (0.5 g, 1.70 mmol, 1.0 equiv) i dioxane (10 mi} and
water {1 ml} was added in KoCO: (0357 g, 3.4 mmol, 2.0 equuv} and resulting reaction mixture
was purged with N gas for 10 min, followed by the addition of Pd(PPh)Ch (0.059 g, 0.085
mmol. 0.05 equiv). The reselting 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 (10 mL) and agueous layer was washed with ethyl acetate (16 mL < 2).
The agueous laver was separated and freeze dned over Ivophilizer obtain {(E)-6-(4-flurostyryl)

quinoline-4-carboxylic acid (0.250g, Quant. Yield) as a yellow sohd.
{0433} LCMS 2942 [M+H]"

18434] Step 2: Svathesis of (8, E}-6-(4-flurostyrv1}-N-(2-(2-cvano-4 4-difluoropyrrolidin-1-yi)-
2-oxocthyhiquinoline-4-carboxamide. To a stirred solution of {(F}-6-(4-chlorostyrvlgquinoling-4-
carboxyvhic acid (0.1 g, 0.34 mmol, 1.0 equiv) in DMF (5 mL), was added (5)-4,4-difluoro-1-
glyevlpyrrolidine-2-carbonitnile hvdrochloride (0.114 g, 0.51 mmol, 1.5 equiv}, EBCHCI (0.097
2. 0.51 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 mixture was allowed to stir at R'T for overnight. Product

formation was confirmed by LCMS and TLC. After completion of reaction, the reaction mixture
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was diluted with water (50 mL)} and extracted with ethyl acetate (100 mk x 2). Combined
organic extracts were washed with water (30 mb x 3) and brine {50 mL)}, dried over anhydrous
MNazS04 and concentrated. The crude product was purified by flash chromatography (0-5 %
McOH in DCM as an cluent) followed by reversed phase HPLC purification to obtain (§,F)-6-
{4-flurostyry]}-N-(2-(2-cyano-4 4-difluoropyrrolidin- 1 -vh-2-oxocthyquinoline-4-carboxamide

{0.015 g, 10 % Yield} as an off-white solid.
[0435] LOCMS 465 4 [M+H]"

[0436]  'H NMR (400 MHz, DMSO-ds) 3 9.18 (br.s.. 1 H) 8.94 (d, /=439 Hz, 1 H) 8 58 (s, 1
H) 5,09 (t. J=9.43 Hz, 2 H) 7.67 - 7.82 {m. 2 F) 7.48 - 7.64 (m. 2 ) 7.42 (5, 1 FI) 7.24 (t, J=8.77
Hz, 2 H) 522 (br. s, 1 H) 4.29 (£, J=5.92 Hz, 4 1) 3.17 (d, J=5.26 Hz, 1 H) 2.0 (br. 5., 2 H).

Fxample 532

Synthesis of (S E)-N-(2-(2-cyano-4, 4-diflucropyrrolidin- 1 -yi}-2-oxoethyl}-6-(2-(6-methylpyridin-

S-vijvinvljguinoline-4-carboxamide
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Compound 45

18437} Step 1. Synthesis of 2-(methyl}-S-vinvlpynidine. To a stivred solution of 5-Bromo-2-
{methyDpyridine (0.300 g, 2.906 mmol, 1.0 equiv) in Dioxane {8 mL) was added 2-Vinyl-
4.4,5, 5-tctramethyl~1,3,2-dioxachorolane (0.671 g, 4 360 mmol, 1.5equiv) and a solution of
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K2CO:(0.802 g, 5,813 mmol, 2.0 equiv} n water {4 mL), and resulting reaction muxture was
purged with Nz gas for 10 min, followed by the addition of PA(PPhs3C12{0.102 g, 0.145 mimol.
0.05 cquiv). 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 (30
mb} extracted with ethyl acetate (100 mL x 2}, Combined organic extracts were washed with
water (30 mbL x 2) & brine (30 mL)}, dried over arhydrous Na:504 and concentrated. The crude
product was purified by flash chromatography (0-15% EA m hexane as an cluent) to obtain 2-

{methyl)-5-vinvipyvridme (0.170 g, 49.27% Yield) as a vellow semu solid.

[0438]  'H NMR (400 MHz, DMSO-ds) 5 8.49 (d, J=2.19 Hz, 1 H) 7.82 (dd, J=7.89, 2.19 Hz,
1 H) 7.23(d, /=833 Hz, 1 H) 6.73 (dd. J=17.76, 11.18 Hz, | I} 5.75 - 5.98 (m, | F} 5.32 (4,
J=10.96 Hz, 1 H) 2.37 - 2.48 (m, 3 H).

{0439]  Sicp 2: Syathesis of (E)-6~(2-(6-methylpyridin-3-ylvinviquinoline-4-carboxvlic acid.
To a stirred solution of 6-bromogquimoline-4-carboxylic acid (0.150 g, 0.395 mmol, 1.0 equiv)in
Dioxane (5 mL) was added 2-(methyD3-S-vimylpyridine (0.106 g, 0 892 mmol, 1.5 equiv) and
trigthyl amine {0.257 ml, 1.785 mamol, 3.0 equivy. The resulting reaction mixture was purged
with Nz gas for $ min followed by addition of Pd{dppf)Cl» (0.043 g, 0.059 nunol, 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, dibuted with water (530 mL} washed with ethyl
acctate (20 mL x 2). The aqueous layer was separated and freeze dried over lyophilyzer to obtain
(E)-6-(2-(G-methyipyrdin-3-yDvinvqumohne-4-carboxylic acid (0.150 g, 87 % Yicld)as a

vellow solid.
{0440} LCMS 2911 {M+H]"

[0441] 'H NMR (400 MHz, DMSO-ds) § 9.56 (br. s, 1 H) 8.91 (d, J=3.95 Hz, 1 H) .76 (s, 1
H) 8.70 (br. s, 1 H) 8.18 (d. J=9.65 Hz. 2 H} 8.06 (4, J=8.33 Hz, 1 H) 7.79 (d, /=3.95 Hz. | H)
757 (d, J=16.66 Hz. 1 F) 743 (d, J=16.22 Hz, | H) 7.29 (d. /=7.89 Hz, 1 F) 2.33 (br. 5.. 3 FI).

134421 Step 3. Synthesis of {§,E)-N-{2-(2-cvano-4.4-diflucropyrrolidin-1-vi)-2-oxoethyi-6-
(2-(6-methyipyndin-3-vhjvinyDquinoline-4-carboxamide. To a stirred solution of (E}-6-(2-{6-
methvipyndin-3-vhvinyDguinoline-4-carboxylic acid {(0.200 g, 0.689 mmol, 1.0 cquiv) n DMF
(5 mL)}, was added (S}-4,4-difluoro-1-glycvlpyrrohidine-2-carbonitrile hyvdrochlonde (0.232 ¢,
1.034 mamol, 1.5 cquiv), HOBt (0.139 g, 1.034 numol, 1.5 equv) & EDC HCH(0.197 g, 1.034

mmol, 1.5 equiv) followed by the addition of TEA (0.19 mL). The resulting reaction mixture
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was allowed to stir at RT for overmight. Product tormation 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 x 2}, Combined organic extracts were washed with water (50 mL. =
3) and brine (50 mL), dried over anhydrous Na:S(4 and concentrated. The crude product was
purified by flash chromatography (0-5 % MeOH 1 DCM as an eluent) to obtam (§,E)-N-(2-(2-
cvano-4.4-diftuoropyrrolidin-1-v-2-oxoethvi)-6-(2-{6-methylpyridin-3-yDhvinvljquinoline-4-

carboxamide {0.070 g, 22.08 % Yield) as an off white solid.
[3443] LCMS 462 4 [MHH]T

{0444] H NMR (400 MHz, DMSO-ds} 8 9.18 (1, /=592 Hz, 1 H) 8.94 (d, /=438 Hz, | H}
871 {(d, =175 H TH) 838 (s, TH} 794 -823(m, 3H} 740-7.65{m, 3H)7.29(d, /=789
Hz, 1H}S23(dd, /=921, 307 Hz, 1 Hy4.11-441(m, 4 H) 2% (br. s, T H) 287 (d, J=1535
Hz, 1H)2.49 (s, 3 H).
Fxample 533
Synthesis of (8, 1)-N-{2-(2-cyano-4,4-difluoropyrrolidin-1 -yl}-2-oxoethyl}-6-(2-(6-
{(trifluoromethyl)pyridin-3-ylvinyliquinoline-4-carboxamide
|
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Coempound 48

{8445} Step 1: Synthesis of 2-(trfluoromethyl}-S-vinyvipyridine. To a stirred solution of 3-

Brome-2-{trifluoromethyDpyridine {(0.500 g, 2.212 mmol, 1.0 equiv} in Dioxane (& mL} was
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added 2-Vinyl-4,4.5,5-tetramethyi-1,3,2-dioxaoborolane (0.511 g, 3.312 mimol, 1 Sequiviand a
solution of KoCO3 (0,616 g, 4424 mmol, 2 0 equiv) in water (4 mL), and resulting reaction
mixture was purged with Nz gas for 10 minute, followed by the addition of PA{(PPhs)CL (0.077
e, 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 ethy! acetate (100 mL x 2). Combined organic extracts were
washed with water (30 mL x 2} & brine (50 mL), drnied over anhydrous Na:SO4 and
concentrated. The crude product was purified by flash chromatography (0-3% EA in hexane ags
an eluent) to obtain 2-(trifluoromethyl}-S-vinvipyridine (0.200 g, 52.35% Yield) as a yellow

semi solid.

[0446] 'H NMR (400 Mz, DMSO-ds) § 8.77 - .97 (m, 1 H) 8.14 - 8.26 (m, 1 H) 7.88 (d,
J=789 Hz, 1 H) 6.88 (dd, J=17.76, 1118 Hz, 1 H) 6.17(d. J=17.98 Hz, 1 H) 5.58 (d, J=11.40
Hz. 1 H).

13447}  Step 2. Synthesis of (E)-6-2-(6-(triflugromethy Dpyridin-3-yhvinyDqumoline-4-
carboxvlic acid. To a stirred solation of 6-bromoquinoline-4-carboxylic acid (0.100 g, 0.396
mmaod, 1.0 equiv) in Dioxane (10 mlL) was added 2-(trifluoromethyl}-S-vinyipyridine {(0.102 g,
0.395 mmol, 1.5 equiv} and triethyl amine €0.171 mi, 1.190 mmeol, 3.0 equiv}. The resulting
reaction muixture was purged with Nz gas for 5 min followed by addition of Pd{dppfiCl2 (0.029 g,
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
mb} washed with ethyl acetate (20 mL x 2}, The agueous laver was acidified with 1IN HCl and
extracted with ethyl acetate (100 mL x 2}, Combined organic exiracts were washed with water
{20 mL x 2) and brine (20 mL), dried over anhydrous NaxSO4 and concenirated under reduced
pressure to obtain (E}-6-(2-(6-(tritluoromethyDpyridin-3-vijvinvi)quinoline-4-carboxvlic acid

{0.100 g, 73.32% Yield) as a yellow solid.
[0448] LOMS 3451 IM+H]"
{3449} H NMR (400 MHz, DMSQO-ds) 5 1391 (br.s., 1 H}2.06 (5. 1 H) 9.00 (d, /=4 38 Hz 1

HY882(s, 1 H) 841 (d, /=877 Hz, | H)826(d. /=921 Hz, 1 ) 8.13(d, /=877 Hz, 1 H) 781
~7.99 (m,3H)7.59(d, =1666 Hz, | H).

[0450] Stop 3: Synthesis of (85, E)-N-(2-(2-cyvano-4,4-diflucropvrrolidin-1-yi}-2-oxocthyi)-6-
(2-(6-(trifluoromethyDpyndim-3-yhvinvlyqumohne-4-carboxamide. To a stirred solation of (E)-
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6-(2-{6-{trifluoromethyDpyndin-3-vlvinvhguinoline-4-carboxvylic acid (0.100 g, 0.290 mmol,
1.0 equiv}y in DMF (5 mL}, was added (5)-4,4-difluors-1-glveylpyirolidine-2-carbonitsile
hydrochlonde (0,098 g, 0.436 mmol, 1.5 equiv), HOBt (0.058 g, 0.436 mmol, 1.5 equiv) and
EDCHC (0.083 g, 0.436 mmol, 1.5 equiv) followed by the addition of TEA (0.08 mL). The
resulting reaction mixture 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 (50 mb} and extracted with ethyl acetate (100 mL < 2). Combined organic exiracts
were washed with water (30 mL x 3) and brine (50 mL), dried over anhydrous Na2804 and
concentrated. The crude product was purified by flash chromatography (0-3 9% MeOH in BCM
as an ehuent) to obtain (S E}-N-(2-(2-cvanc-4 4-diffuoropyrrohdin-1-yi-2-oxocthy-6-(2-(6-
(triflnoromethyDpynidin-3-yvinyDguinoline-4-carboxanude (0.095 g, 63 % Yicld) as a white

sohid.
[0451] LOMS 516.4 [M+H]"

[0452] 'H NMR (400 MHz DMSO-ds) 8 9.20 (t, J=5.70 Hz, 1 H) 9.05 (s, 1 H) 8.98 (d, J=3.95
Hz, 1 H) 8.68 (s, 1 H) 8.40 (d, /=745 Hz, 1 H) 8.03 - 8.27 (m, 2 H) 7.93 (d. J=8 33 Hz, 1 H)
781 (s, 1 H) 7.66 - 7.74 (m, L H) 7.60 (d, /=439 Hz, 1 H) 5.24 (&, J=7.02 Hz, | H) 4.26 - 4.50
(m, 2 H) 4.00 - 4.26 (m, 2 H) 2.76 - 3.03 (m, 2 H).

Fixample 534

Synthesis of (S B)-N-(2-(2-cyano-4,4-diflucropyrrolidin-1-vi}-2-oxcethyl}-6-(4-

mel;zmgvszfy;fw’)qm’noLine~4~car{70xm¢vzide

O 2
O CiH‘HzN\)'\N, ¢
X /\//Aa’% | ~F
N
0. OH Py OH o) N
Y PP Clz. KZCO‘ > EDCLHCLHOBLTEA - \/\ ¥
B /\ Dioxane,H,0,100°C, ON OME RT,ON
SNy \j \/ \//;\ \\ é&)
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Campound 47

{0453] Sicp 1. Synthesis of (E)-6~(4-methoxystvryhquinoline-4-carboxylic acid. To a solution
of 6-bromoguinoline-4-carboxvhic acid {0.383 g, 1.52 mumol, .8 equiv} and {(E)-2-(4-

methoxystyryl)-4.4.5, S-tetramethyl-1,3 2-dioxaborelane (0.5 g, 1.91 mimol, 1.0 equiv) in
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dioxane {10 mi) and water (1 ml) was added in KoCO3 (0.404 g, 3 .82 mmol, 2.0 equiv) and the
resulting reaction mixture was purged with Na gas for 10 min, followed by the addition of
Pd(PPh)Cl2(0.067 g, 0.095 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 agueous layver was washed
with ethyl acetate (10 mb = 2}, The agueous layer was separated and freeze dried over
Ivophtilizer to obtain (E)-6-(4-methoxvstyryl) quinoline-4-carboxviic acid (0.200 g, 44 9% Yicld )

as an yellow solid.
{0454 LCMS 306.0 [M+H]"

{04551  Step 2: Svathesis of (8, E}-6-(4-methoxystyry]}-N-{2-(2-cvanc-4 4-difluoropyrolidin-
1-yi)-2-oxoethyliquinoline-4-carboxamide. To a stirred solution of (E3-6-(4-
chiorostyryiyquincline-4-carboxvlic acid (0.2 g, 0.65 mmol, 1.0 equiv) in DMF (5 mL)}, was
added (5)-4,4-difluoro-1-glvevipyrroliding-2-carbonitnile hydrochloride (0.220 g, 0.98 mmol,
1.5 equivy, EDCHCI (0.188 g, 0.98 mmol, 1.5 equiv) and HOBt (0.132 g, 0.98 mmol, 1.3 equiv)
followed by the addition of TEA (0.2 mL). The resulting reaction mixtare 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 = 2} Combined organic extracts were washed with water (50 mL x 3} and bring (50
mb}, dried over anhydrous Nax50s and concentrated. The crude product was purified by flash
chromatography (0-3 9% 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-difluoropyrrobidimn-1-yi)-2-

oxocthylquinoline-4-carboxamide (0.045 g, 14 % Yield) as an off-white solid.
[8456] LOCMS 477 4 [M+H]T

[0457]  'H NMR (400 MHz DMSO-ds) 5 9.17 (¢, J=3.92 Hz, 1 H) 8.91 (d. J=3.95 Hz. 1 F})
852 (s, 1 H)8.10(dd, J=8.99, 1.53 Hz. | H) 8.05 (d, /=8.77 Hz, | H) 7.65 (m, J=8.33 Hz, 2 1)
7A7-7.59 (m, 2 H) 7.28 ¢d, J=16.22 Hz. | H) 6.97 (m, J=8.77 Hz. 2 H) 5.23 (dd, J=9.21, 2.63
Hz, 1H) 4.11-4.41 (m, 4 H) 3.79 (s, 3 H) 2.7% - 3.03 (m. 2 H).
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Fxample 833

Synthesis of (S E)-N-(2-(2-cyano-4,4-diflucropyrrolidin-1-vi}-2-oxcethyl}-6-(4-

(trifluoromethoxy)stvryljquincline-4-carboxamide
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Step1

Compound 48

[3438] Step 1 Synthesis of (E)-6-{4-trifluromethoxystyrylyquinoline-4-carboxylic acid. To a
solution of 6-bromoquinoline~-4-carboxylic acid {0.140 g, 0.56 mmol, {.8 equuv} and {E}-2-(4-
triffuromethoxystyryiy-4.4.5, 5-tetramethvi-1,3,2~-dioxaborolane (0.220 g, 0.70 nunol, 1.0 equiv)
m dioxane (10 ml) and water (I ml} was added in K2COs5 (0.147 g, 1.4 manol, 2.0 equiv) and
resulting reaction mixture was purged with Nz gas for 10 min, followed by the addition of
PA{PPh)(L{(0.024 g, 0.035 mmol. 0.05 equivy. The resulting reaction mixture was heated at
100° C for overnight. Product formation was confirmed by LUCMS. Afier the completion of
reaction, the reaction mixture was quenched with water (20 mL} and agueous layer was washed
with ethyl acetate (10 mE x 2}, The aqueous layer was separated and freeze dried over
lvophilizer to obtain (E)-6-(4-methoxystyrvl) quinoling-4~-carboxylic acid {0.100 g, 50 % Yicld)

as a vellow sohid.
[0459] LOCMS 3601 IM+H]T

[8460] Step 2: Synthesis of (5, E}-6-(4-methoxystyry}-N-( 2-(2-cvano-4, 4-difluoropyrrolidin-
1-yi}-Z-oxoethyDquinoline-4-carboxamide. To a stirred solution of (E)-6-(4-
chlorostyryDquinoline-4-carboxylic acid (0.1 g, 0.27 mmol, 1.0 equiv) in BMF (5 mb), was
added (5)-4,4-diftuoro-1-glveyvipyrrolidine-2 -carbonitrile hvdrochloride (0.093 g, 0.41 mmol,
1.5 equiv), EDCLHCI (0.078 g, 0.41 mmol, 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 confirmed by LCMS and TLC. Afier completion
of reaction, the reaction mixture was diluted with water (50 mL} and extracted with ethyi acetate
(100 mL x 2). Combmed organic extracts werg washed with water (50 mL » 3} and brine {50
mL}, dried over anhydrous Na:504 and concentrated. The crude product was purified by flash
chromatography (0-3 % MeOH in DCM as an eluent) followed by reversed phase HPLC
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purification to obtain (S,E)-6-(4-methoxystyrvl)-N-(2-(2-cvano-4 4-difluoropyrrohidin- 1-vi)-2-

oxoethylquinoline-4-carboxamide (0.045 g, 32 % Yield) as an off white solid.

[0461] LCMS 5314 [M+H]

[0462] ‘H NMR (400 MHz DMSO-ds) § 9.19 {t, J=5.70 Hz, 1 H) $.94 (d, /=438 Hz, 1 H)
867 (5, 1 H)8.04-8.17 (m. 2 H) 7.83 (m, J=8.77 Hz. 2 H) 7.53 - 7.70 (m., 2 H) 7.45 - 7.53 (m, 1
H) 7.39 (m, J=8.33 Hz. 2 H) 5.23 (dd, J=0.21, 2.19 Hz, | F} 4.11 - 4,41 (m, 4 H) 2.96 (br. 5., 2
H) .

Fxample $36
Synthesis of (S, E)-N-(2-(2-cvano-4, 4-difluoropyrrolidin-1-yi)-2-oxoethyi)-6-2-( 5-methylpyridin-

2-vipvinyljquincline-4-carboxamide
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Compound 48
10463] Step 1. Svnthesis of 5-(methyl}-2-vinvipynidine. To a stirred solution of 2-Bromo-3-

methylpyridine (0.500 g, 2.906 mmol, 1.0 equiv) in Bioxane (8 mL) was added 2-Vinyl-4,4,5,5-
tetramethyl-1,3,2-dioxacborolane (0.671 g, 4.360 mmol, 1 Sequiv) and a solution of KaCO:

(0.802 ¢

2 2, 5,813 mmol, 2.0 equiv) in water {4 ml), and resulting reaction mixture was purged

with N gas for 10 minute, followed by the addition of PA(PPh;)Clz (0.102 g, .145 mmol. 0.05
equiv). The resulting reaction mixture 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 cthyl acetate (100 ml x 2}, Combined organic extracts were washed with water (50 mL. =
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2} and brine (50 mL), dried over anhvdrous NaxS04 and concentrated. The crude product was
puritied by flash chromatography (0-15% EA in hexane as an cluent} to obtain 5-{methyi)-2-

vinylpyridine (0.300 g, 86.95% Yield) as a vellow semi-solid.

[0464] 'H NMR (400 MHz, CHLOROFORM-o) 5 8.40 (s, 1 H) 7.45 (d, /=7.02 Hz, 1 H) 7.17
-734 (m, 1 H) 679 (dd. J=17.54, 10.96 Hz, 1 H) 612 (d, J=17.54 Hz, 1 H) 542 (d, /=10.96
Hz, 1 H) 2.20 - 2.45 (m, 3 H).

13465})  Step 2: Synthesis of {(E)}-6-{2-(5-methylpyndin-2-yvinvhquinoline-4-carboxyhc 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-(methyD-2-vinvipvridme {0.070 g, 0.595 mumol, 1.5 equiv) and
tnethyl 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{dppHCh (0.014 g, 6.019 mamol, 0.1 equuv}. The
reaction nuxture 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 < 2}. The agueous layer was separated and freeze dried over lvophilyzer to obtain
(E}-6-(2-(5-methyipyridin-2-yvhvinyvlquinoline-4-carboxylic acid {(G.100 g. 86 % Yicld)as a

vellow solid.
[0d66] LOMS 291.0 IM+H]T

[0467] TH NMR (400 MHz DMSO-ds) 5 9.37 (br.s., 1 H) 8.90-9.03 (m, 1 H) §.82 (s, 1 F)
8.45 (s, 1 1) 8.20 (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, J=16.22 Hz, 1 H) 2.33 (s, 3 H).

[0468] Step 3. Svynthesis of (8, E}-N-(2-(2-cvano-4 4-difluoropyrrolidin- 1-v1)-2-oxoethyl)-6-
{2-(5-methyipyridin-2-vhvinyDgumolme-4-carboxamide. To a stirred solution of (E}-6-{2-(5-
methyipyndin-2-vhvinyhquinoline-4-carboxvlic acid (0. 100 g, 0.344 mmol, 1.0 cquiv) in DMF
{2 mL), was added (5)-4.4-difluoro-1-glyeyipyrroliding-2-carbonitrite hyvdrochloride (0,116 g,
0.517 mmol, 1.5 equiv), HOBt(0.069 ¢, 0.517 mamol, 1.5 equuiv} and EDC HCI(0.098 g, 0.517
mmol, 1.5 equiv} folowed by the addition of TEA (0.09 mL}. The resulting reaction mixtire
was allowed to stir at RT for overnight. Product formation was confumed by LCMS and TLC.
Afier completion of reaction, the reaction mixiure was diluted with water (50 mL} and extracted
with ethvl acetate (100 mL x 2}. Combined organic extracts were washed with water (50 mL
3) and brine (50 mL), dried over anhydrous Na:SOs and concentrated. The crude product was

purified by flash chromatography (0-3 % MeOH m DCM as an eluent) to obtam (8, E)}-N-(2-(2-
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cvano-4,4-difluoropymohdin-I-v1-2-oxoethy}-6-(2-(S-methvilpyndin-2-yhvinylguinoline-4-
carboxamide (0.070 g, 44.30 % Yield) as an off-white solid.

[0465] LCMS 462 4 [M+H]"

(0470} ‘H NMR (400 MHz DMSO-ds) § 9.19 {t, /=5.92 Hz, 1 H) 8.95 (d, /=3.95 Hz, 1 H)

858 (s, 1 H) 847 (s. | ) 8.17 (4, J=10.09 Hz, | H) 8.08 (d. /=877 Hz. 1 ) 7.79 (d, J=16.22

Hz, 1 H) 7.44 - 7.65 (m. 3 H) 5.25 (4, /=745 Hz, 1 F) 4.11 - 4.40 (m, 4 H) 2.77 - 3.05 (m, 2 1))
33 (s, 3H).

Fxample 837

Synthesis of (5, FEj-6-(4-{tert-butyl}styryvl}-N-{ 2-{ 2-cyano-4, 4-difluoropvrrolidin-i -yij-2-

oxoethyllquinoline-4-carboxamide
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18471} Step 1. Synthesis of 2-[2-{4-tert-butyviphenylethenyt]-4,4 5 S-tetramethyl-1,3,2-
dioxaborolane. To a stirred solution of 4,4,4',4',5.5 5, 5~octamethyl-2,2'-bi{1,3,2-dioxaborolanc
{0.200 g, 1.265 mmol, 1.0 equiv) in THF (5 mL) was added CuCl{) (6.001 g, 0.012 mamol, 6.01
equivy and Xanthphos (0.007 g, 0.012 mmol, 0.01 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

cquiv) and 1-tert-butyl-4-cthyayibenzene (0.200 g, 1.265 mmol, 1.0 cquiv) was added. The
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resulting reaction mixture was stirred at RT for overmight. Product formation was contirmed by
TLC. Afier completion of reaction, the reaction mixtare was difuted with water (50 mL) and
extracted with ethvl acetate (80 mi. « 3). Combined organic extracts were washed with water
{20 mL » 3} and brine (20 mL), dried over anhydrous Nax8G4 and concentrated. The crude
product was purified by flash chromatography (5 % EA-Hexane as an eluent) to obtaingd 2-{2-
{d-tert-butviphenyliethenyii-4. 4,5 5-tetramethyl-1,3 2-dioxaborolane (0,100 g, 27 62 % Yield)

as a yellow solid.
{0472} LCMS 287.0 [M+H]"

[0473] 'H NMR (400 MHz, CHLOROFORM-d) § 7.41 - 7.48 (m. 2 F) 7.31 - 7.41 (m, 2 1)
726 (s, 1 H6.12 (d, J=18.42 Hz, 1 H) 1.31 (s, 12 H).

[0474] Stop 2: Synthesis of (E)-6-{4-(tert-buty Dstyrylquinoline-4-carboxvlic acid. To a stirred
solution of 6-bromogquinoline-4-carboxvlic acid {0.100 g, 0.396 mumol, 1.0 equiv) in Dioxane (3
mb} was added 2-[2-(d-tert-butylphenylethenyl]-4. 4,5 S-tetramethyl-1,3 2-dioxaborolane (0.136
g, 0.476 mmol, 1 2equiv) and a solution of KoC0: (0.109 g, 4.792 mmol, 2.0 equiv) in water (1
ml.}, and resulting reaction mixture was purged with N2 gas for 10 minute, followed by the
addition of PA(PPh:)Ci2{0.013 g, 0.019 mmol. 0.05 equiv). The resulting reaction mixture was
heated at 100° C for overmight. Product formation was confirmed by LCMS. Reaction muxture
was cooled to RT, diluted with water (50 mL) washed with othyl acetate (20 mL =< 3). The
agueous laver was separated and freeze dned over lvophilyzer to obtaim (E)-6-(4-(tert-

butyDstyryDguinoline-4 carboxylic acid (0.100 g, 76 % Yield) as a yellow sohid.
0475} LCMS 3321 [M+H]"

[0476] 'H NMR (400 MHz, DMSO-ds) § 8.64 - 8.78 (m, 2 H) 8.55 (s, 1 H) 8.01 (d, /=7.89 Hz,
1H) 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 (d, }=6.58 Hz, 2
H) 1.30 (s, 9 H).

18477} Step 3. Synthesis of {S E}-6-(d-(tert-butyDstyrv-N-{2-(2-cvano-4 4-
difluoropyrrolidin-1-vi)-2-oxocthyhquinoline-4-carboxanide. To a stirred solution of (E)-6-(4-
{tert-butylistyryDguinoline-4 carboxyvlic acid (0.100 g, 0.302 mmol, 1.0 equuiv} in DMF (2 mL),
was added (834 4-difluoro-T-glyevipyrrolidine-2-carbonitrile hvdrochlonde (0.101 g, 0.453
mmol, 1.5 equivy, HOBL (0.061 g, 0,433 mmeol, 1.5 equiv) and EDC HC1 {0.086 g, 0.453 mmol,
1.5 equiv} followed by the addition of TEA (0.09 mL). The resulting reaction mixiure was

allowed to stir at RT for overnight. Produet 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}, Combingd organic extracts were washed with water {30 mbL x 3) and
brine (50 mi), dried over anhydrous NaxSOs and concentrated. The crude product was purified
by flash chromatographyv (0-5 % MeOH m DCM as an eluent) to obtamn (S,E)-6-{4-(tert-
butylistyryl}-N-(2-(2-cvanc-4 4-difluoropy rrolidin- 1-vh-2-oxoethyhiquinoline-4-carboxamide

{0.060 g, 39.73 % Yield) as an off-white solid.
{0478} LOCMS 503 4 [M+H]"

[0479]  'H NMR (400 MHz, DMSO-ds} 5 9.18 (br. 5., 1 H) 8.92 (d, J=3.95 Hz, 1 H) 8.57 (s, 1
H) 8,13 (d, J=8.77 Hz. | ) 8.06 (d, /=921 Hz, 1 H) 7.63 (d, /=833 Hz. 2 F) 7.49 - 7.60 (m. 2
H) 7.29 - 7.49 (m, 3 H) 5.23(d, J=8.77 Hz, 1 F) 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 (8 1)-N-(2-(2-cyano-4, 4-difluoropyrrolidin-1 -vi}-2-oxoethylj-6-{4-
3 ) f Y i . YL

(trifluoromethvlstvrylguinoline-d-carboxamide
(L7 (VESSE (

o]
i o c:n-i_r-:zha\)LN, .
SNy /L)ﬂ:
Oy, CH o i /
Br._ o . Pa{FPh3)C1L, K00, CF;3 /\ 0. .OH EDCi HCLHOBL TEA CFa
\f i ~ Bioxane, H,0,100°C, 0N JOMF RT,ON
S N4

Step-1 SN

%/‘E\ J Step-2 A\(\\/‘L)vw

Gompound 51

[3480] Step 1. Synthesis of (E}-6-{4-trifluromethyDstvryvlquinoline-4-carboxylic acid. To a
solution of 6-bromoquinoline~-4-carboxylic acid {0.140 g, 0.56 mmol, {.8 equuv} and {E}-2-(4-
trifluromethy Dstyryly-4,4,5, S-tetramethvi-1,3,2-dioxaborolane (0.220 g, 0.70 mmol, 1.0 equiv)
i dioxane (10 ml) and water (1 ml} was added in KoCOs (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
Pd{PPh)Cl(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 muxture was guenched with water (20 mbL) and aqueous layver washed with cthyl

acetate (10 mb = 2} The agueous layer was separated and freeze dried over byophilyzer to obtain

F
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{(E)-6-(4-trfluromethyistyryl) quinoline~-4-carboxvlic acid (0.250 g, Quant. Yield) as a vellow
solid.

[0481] LCMS 360.1 [M+H]

{0482} Step 2: Synthesis of (8. Ey-6-{4-trifluromethylstyry}-N-(2-(2-cyvano-4 4~
difluoropyrrolidin-1-vl)-Z-oxoethvi)quinoline-4-carboxamide. To a stirred solution of (E}-6-(4-
trifluromethyvhstyrvhquinolime-4-carboxylic acid (0.250 g, 0.726 mmol, 1.0 equiv) in DMF (8
mL}, was added (5)-4.4-diftuoro-1-glvevipyrrolidine-2-carbonitrile hydrochloride (0.245 g, 1.09
mmaol, 1.5 equiv), EBCHCI(0.209 g, 1.09 nuvol, 1.5 equiv) and HOBt (0.145 g, 1.09 punol, 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 TLL. After completion
of reaction, the reaction mixture was diluted with water (30 mL) and extracied with ethy! acetate
{100 mL = 2}, Combmed organic extracts were washed with water (50 mL x 3) and brine (50
ml)}, dried over anhydrous Nas504 and concentrated. The crude product was punified by flash
chromatography (0-3 % MeOH in DCM as an eluent) followed by reversed phase HPLC
purification to obtain (S,E}-6-{4-uifluromethylstyryl)-N-(2-(2-cvano-4, 4-diftuoropvrrolidin-1-
vi-2-oxocthylquinoline- 4-carboxamide (0.008 g, 32 % Yield) as an off whitc sohid.

{0483] LCMS 5153[M+HJ"

{0484] 'H NMR (400 MHz, DMSG-de) 5 9.21 (5, 1 H} 896 (d, /=4 38 Hz, 1 H) 8.69 (s, | H)
8.16{(d, /=877 Hz, 1 H)8.10(d, /=877 Hz, L H) 7.93 {(m, /=833 Hz, 2H} 7.72 - 7.80 (mn, 2 H}
766{d, J=1447Hz, THy733-76 {(m, 1 Hy524(d, /=877Hz 1 H)418-436(br.s.4H)
296 (br.s,2 H).

Fxample S39

Synthesis of (5}-N-(2-(2-cvano-4, 4-difluoropyrrolidin-1-yi)-2-oxoethyi)-6-(0-{4-methylpiperazin-
I-yllpyridin-3-yi)guinoline-4-carboxamide

o

CiHHM.
N (_\ R \/)‘\N \F
; /\ /L\ F

on “ P
PA{PPH,},Cl, K 00, LN Oxy-PH EDC! HCI,HOBL TEA N NN NN F
Dioxane:Water, 160°C,0ON DMF.RT,ON | ./ F

N%/ \ % X
Step-1 Step-2 i N
P ,\f‘/

Compound 52
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[3485]  Step 1. Synthesis of 6-(6-(4-methylpiperazin-1-yhpyrdin-3-ylquinoline-4-carboxylhic
acid. To a stirred solution of 6-bromoquincline-4-carboxylic acid (6.250 g, 6.992 mmol. 1.0
equiv) in Dioxane (5 k) was added 2-(4-Methvipiperazin-1-vhpyridine-5-boronic acid pinacol
ester (0.360 g, 1,190 mmol, 1.5 equiv}, KeCG:{0.273 g, 1.984 mmol, 2.0 equiv) in water {2 mL)
was added and the mixture was purged with Nz gas for 10 min followed by the addition of
Pd{PPh;Y1{(0.034 g, 0.049 mmol. 0.05 equivy. The resulting reaction mixture was heated at
100° C for overnight. Product formation was confirmed by LUMS. Reaction mixture was cooled
to BT, diluted with water (60 mL) washed with ethvl acetate (25 mL x 3). The agueous layer
was separated and frecze dried over lvophilyzer to obtain 6-(6-{(4-methyipiperazin-1-yhpyndin-

3-yhquincling-4-carboxylic acid (0.250 g, 72 % Yield) as a yellow sohd.
[0486] LOMS 349.0 [M+HJ"

(0487} 'H NMR (400 MHz DMSO-ds) 5 8.94 (s, 1 H) 8.73 (d. J=4.38 Hz, 1 H) $.53 (d,
J=219Hz. 1 H) 7.96 (s, 2 H) 7.88 - 7.93 (m, 1 H) 7.47 (d, J=4.38 Hz, 1 ) 6.98 (d, /=8.77 Hz, |
) 3.55 (d, J=5.26 Hz, 4 H) 2.39 - 2.44 (m, 4 1) 2.23 (s, 3 H).

{0488} Step 2: Synthesis of (8)-N-{2-(2~cyano-4,4-difluoropyrrolidin- 1-y1)-2-oxoethy)-6-(6-
(4-methvipiperazin-1-vDpyndin-3-ylquimoline-4-carboxamide. To a stirred solution of 6-(6-(4-
methvipiperazin-1-yDpyndin-3-vijquinoline-4-carboxvlic acid (0.100 g, 0.287 mmol, 1.0 equiv)
m DMF (2 mb), was added (8)-4.4-difluoro-1-glvevipyrrolidine-2-carbonitrile hvdrochlorde
{0.082 g, 0431 mmol, 1.3 equiv), HOBt(0.058 g, 0.431 mmol, 1.5 equiv} and EDC HCI (0,082
g, 0.431 mmol, 1.5 equuv) followed by the addition of TEA (0.1 mL}. The resulting reaction
mixtare was allowed to stir at RT for ovenmight. Product formation was confirmed by LCMS and
TLC. After completion of reaction, the reaction mixture was diluted with water (50 mL) and
extracted with ethy! acetate (100 mL x 2}. Combined organic extracts were washed with water
{50 mL » 3} and brine (30 mL), dried over anhydrous Na:SGy and concentrated. The crude
product was purified by flash chromatography (0-5 % MeOH in DCM as an cluent) followed by
reversed phase HPLC punfication to obtain {8)-N-(2-{2-cyano-4,4-difluoropyrrolidin-1-vi}-2-
oxocthvi)-6-(6-{d-methylpiperazin-1-vpyridin-3-ylquinoline-4-carboxamide (0.115 g, 77 %

Yield) as an off-white solid.
10489 LOCMS 5205 [M+HT

[0490] 'H NMR (400 MHz, DMSO-d6) 5 9.17 (1, J=5.92 Hz, 1 H) 8.94 (d. J=4.38 Hz. | H)
8.65 (dd. J=6.14,2.19Hz, 2 1) 8.16 - 8.23 (m, 1 FI) 8.07 - 8.16 {m. 2 H) 7.36 (d, /=438 Hz, |
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) 6,98 (d, /=921 Hz, 1 H) 5.19 {dd. /=021, 2.63 Hz, 1 H} 4.22 - 4.42 {m, 3 1) 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).

Example 840

Synithiesis of (5. 1)-N-(2-(2-cyanc-4, 4-difluoropyrrolidin-1 -vij- 2-oxoethyvlj-6-{2-(6-

hyvdroxypyridin-3-vivinvlquinoline-4-carboxamide

OYOH
6 NN i
> é’/\‘ 53,-\{‘ PN A\j
>r S, 7 Cone. HG
" o ? [ef} N D OH Water:Dioxane
&r. . PA(PPha,, NayGidy /"‘\/ N PACI{dpaf), TEA 2z ? R 140°C 48 br \v,«N .
~ R THF :Water, 75°C,0N i bF:Dioxane, 106°C,ON o 2 \L
“ j\ ----------------------------- » N —_— %/\—’/\I/ VR e - '\\\'/ _\:4;\ \
Ao S Mo T swpa i Step-3
: SF N //\ e

Ci H?N\ />(F ECCLHCLHOS TES
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Step-4

e

13491] Step 1. Svnthesis of 2-chloro-3-vinyvipvridine. To a stirred sclution of 5-bromo-2-

chloropvridine (1.0 g, 5.19 ramol, 1.0 equiv} in THF (16 ml) was added 2-Vinyl-4,4.3,5-

Cumpo.un" 139

tetramethyl-1,3,2-dioxaoborolane (1.20 g, 7.79 mmol, 1 3equiv) and a solution of NapC33(2.75
g, 2598 mmol, 5.0 equiv) in water (4 mL}. The resulting mixtore was purged with N2 gas for 10
min. followed by the addition of Pd(PPhs)4 (0.120 g, 6.103 mmol. 0.2 equiv}. The resuliing
reaction mixture was heated at 75° € for overnight. Product formation was confirmed by TLC.
Reaction mixture was cooled to RT, diluted with water (50 mL} extracted with ethyl acetate (80
mkb x 3}, Combined organic extracts were washed with water (80 mbL x 2} & brine (80 mL),
dried over anhvdrous Nax50s and concentrated. The crude product was purified by flash
chromatography (0-5% EA 10 hexane as an eluent) to obtain 2-chloro-5-vinylpyridine (0.600 g,
83 % Yield) 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,
263 Hz, 1 H)7.23-7.32 (m, 1 H) 6.67 (dd, J=17.54, 1096 Hz, | ) 581 (d, J=17.54 Hz, | F)
5414d, J=11.40 Hz, 1 H).
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[3493]  Step 2. Synthesis of (E}-6-(2-(6-chloropyridin-3-yDvinylDguinoline-4-carboxylhic acid.
To a stirred solution of 6-bromoquinoline-4-carboxylic acid (0.300 g, 1.190 mmol, 1.0 equiv} in
mixture of DMF (4 mL} and Dioxane (4 mi.} was added 2-chloro-5-vinyipyridine (0.248 g,
1785 mmol, 1.5 equiv) and tricthvlamine (0.5 ml, 3.57 mmol, 3.0 equiv). The resulting reaction
mixture was purged with Nz gas for 5 min followed by addition of Pd(dppfiClh {0.043 g, 0.039
mmol, 0.05 equiv) and the reaction mixture was heated at 120° C for overnight. Product
formation was confirmed by LCMS. Keaction mixture was cool to RT, diluted with cthyl acetate
{100 mL), filtered through celite® and filtrate was washed with water (100 mL x 2}, Aquous
layer was separated and freeze dried over vophilizer to obtain (E}-6-(2-(6-chloropyridin-3-

vhvinyhquinoline-4-carboxylic acid (0.230 g, 67 % Yield) as a vellow solid.
{0494} LCMS 311.0 [M+H|"

{0495]  Sicp 3: Synthesis of (E}-6~(2-(6-hydroxvpyridin-3-vlvinvhquinoline-4-carboxylic
acid. To a stirred solution of (E}-6-(2-(6-chloropyridm-3-yDvinvlguinoline-4-carboxylic acid
(0200 g, 0.643 mmol, 1.0 equiv) in Dioxane (2 mL) and water (2 mL) was added Con. HCI (0.5
mkL}. The resulting reaction mixture was heated at 140° C for 48 br. Product formation was
confirmed by LCMS. Reaction nuxiure 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] LOCMS 2930 [M+H]"

134971  Step 4 Synthesis of (S,E)-N-{2-(2-cvano-4.4-diflucropyrrolidin-1-vi)-2-oxoethyi-6-
(2-(6-hydroxyvpynidin-3-yhvinyhquinoline-4~carboxamide. To a stirred solution of (E)}-6~(2-(6-
hydroxypyndin-3-viyvinyl)quinoline-4-carboxyvhic acid (0.100 g, 0.342 mmol, 1.0 equiv) in
DMF (4 mL}, was added (5)-4.4-diftuoro-1-glveylpyrrolidine-2-carbonitrile hvdrochlonde
{0.092 g 0410 mmol, 1.2 equivy, HOBt (0.069 g, 0.513 mumol, 1.5 equiv) & EDCLRECI {(0.098
g, 0.513 mmol, 1.5 equuiv). The muxture was allowed to stir at RT for 3 min. triethylamime (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 mixture was difoted with water
{40 mL) and extracted with ethyl acetate (50 mL « 3). Combined organic extracts were washed
with water (60 ml x 3) and brine (60 mL), dried over anhvdrous Nax$SO4 and concentrated. The

crude product was purified by reversed phase HPLC to obtain (5 E}-N-(2-(2-cvano-4 4-
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diftuoropyrrolidin- 1 -vi}-2-oxoethvl}-6-(2-(6-hydroxypvridin-3-yvinyDiguinoling-4-

carboxamide (0.040 g, 15 % Yicld) as a vellow solid.

[8498] LOCMS 4644 [M+HT

{0499} 'HNMR (400 MHz DMSO-ds) § .14 (1, /=592 Hz, 1 H) 8.90 (d, /=4 38 Hz, 1 H)
839, TH)8.04 (s, I D796, =702 Hz 1H)762(br. s, L H})7.54(d, =395Hz 1 H)

733(d, J=16.22 Hz, | ) 7.12(d, J=16.22 Hz, 1 H) 6.41 (d, /=9.65 Hz, 1 H) 5.20 (d, J=6.58
Hz, 1H) 423 -4.40 (m, 3 Hy4.09-4.23 (m, 1 H) 2.95 (br.s.. 1 H) 2.87 (&, J=17.10 Hz, 2 H).

Fxample S41

Synthesis of N-{2-{(5}-2-cvano-4,4-difluoropyrrolidin- 1 -vl}-2-oxoethyl}-3-(({5)-1-(4-

fluorophenyllethyllaminolisonicotinamide

F
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oy g o
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[05006] Step 1 Synthesis of methyl (S)-3~((1 -{4-fluorophenvhethyl}amino)isonicotinate. To a
stirred solution of methyl 3-bromoisonicotinate (0.500 g, 2.31 mmol, 1.0 equiv) and {(5)-1-(4-
fluorophenvijethan-1-amine (0.350 g, 2.54 mmol, 1.0 equiv) in Dioxan (10 mL} was added
C8:C0:(1.5 g, 4,62 mmol, 2 equiv). The resulting mixture was purged with nitrogen for 10 min
followed by addition of Pdadba); (0.110 g, 0.115 mmol, 0.05 equiv) and xanthphos (0.135 g,
0.231 mamol, 0.1 equuv}. The reaction nuxture 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 Et0Ac (5 x 80 mL). The combined organic laver was washed with water (2
x 60 mL}, with brine (60 mL}, dried over NaxS04, concentrated. Crude product was purified by
flash chromatography {0-50 % ethyl acetate in hexane as an eluent) to obtain methyl {$)-3-((1-

(4-fluorophenyDethvDamnoyisonicotmate (0.210 g, 34 % Yield) as an oil.
{0501] LCMS: 2750 [M+H}~

[0502] 'H NMR: (400 MHz, CHLOROFORM-) 5 7.97 (s, 1 H} 7.78 - 7.90 (m, 2 H) 7.61 (4.
J=5.26 Hz, 1 H) 7.22 - 7.36 (m, 2 F) 6.95 - 7.07 (m, 2 H) 4.60 - 4.76 (m, 1 H) 3.87 - 4.00 (s, 3
H) 1.59(d, /=7.02 Hz, 3 H).

{0503} Step 2: Synthesis of {8)-3-((1-{(4-fluorophenvijethyijaminohisonicotinic acid, hithium
salt. To a stirred solution of methyl {(8)-3-{((1-{4-fluorophenylethyllaminoisonicotinate (0.200
2. 0.727 mimol, 1.0 equiv) in THF (10 mL) and water {4 mL.), was added LAOH (6.035 g, 1.45
mumol, 2 equivy. 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 mL}. Aqueous laver was separated and freeze dried over
Ivophilyzer to obtain (S)-3-({1-(4-fluorophenylethvhaninchisonicotinic acid, lithium salt (0.200

g, Quant. Yield) as a vellow sohid.
[0504] LCMS: 261.0 [M+H}™

{0505]  Step 3. Synthests of N-(2-((8)-2-cyano-4.4-difluoropyrrolidin- 1-y)-2-oxoethyl}-3-
{{({S)-1-{4-fluoropheny DethyDhaminohsonicotinamide. To a stirred solution of (8)-3-((1-{4-
fluorophenvlethvlamino}isonicotinic acid, hithium salt (0.200 g, 0.76% mmol, 1.0 cquiv) in
DMF (5§ mL) was added (5)-4 4-difluoro-1-glveyipyrrolidine-2-carbomitrile hydrochloride (0.259
g, 1153 mmol, 1.5 equiv), HATU (0.438 g, 1.153 mmols, 1.3 equiv) and DIPEA (0.198 g, 1.538
mmols, 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 difuted with water
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(30 mL) extracted with ethy! acetate (3 x 40 mL}. Combined organic layer was washed with
water (40 mb x 4}, dried over anhydrous Na:$04 and concentrated under reduced pressure.
Crude product was purified by reversed phase chromatography to obtain N-{2~((5)-2-cvanc-4,4-
diftuoropyrrolidin- [ -vl)-2-oxoethy1}-3-{({({S)-1 ~(4-fluorophenylethylanmino jisonicotinamide

{0.050 g, 159} as off white solid.
[0506] LOCMS: 4324 [M+H}"

[0507]  'H NMR: (400 MHz, DMSO-~ds) 5 9.03 (t, J=5.70 Hz, 1 H) 7.89 - 7.95 (m, 2 H) 7.83
(d, =526 Hz, | H) 748 (d. J=5.26 Hz, 1 H) 740 (dd, /=8 55. 5,48 Hz. 2 H) 7.15 (¢, /=8.77 Hz,
2H) 5.13(dd, J=9.21.2.63 Hz, 1 D 4.81 (&, J=6.58 Hz, 1 H) 4.25- 430 (m, | FI) 3.99 - 4.24
{m, 3 H)2.89 - 3.02 (m, 1 H) 2.83 (d, /=18.42 Hz, 1 H) 145 (d, J=6.58 Hz. 3 H).
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Fxample 842

Synthesis of N-{2-({8)-2-cyano-4, 4-difluaropyrrolidin- 1 -yi}-2-oxoethyl)-3-(({R)-1 -(4-

fluorophenyi)ethvljaminolisonicotinamide
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Compound 1814

{0508} Step 1. Synthesis of methyl (R)-3-({1-(4d-flugrophenyvlethyDamino)isonicotinate. To a
stirred solution of methy! 3-bromoisonicotinate (0,500 g, 2.31 mumol, 1.0 equiv) and (8)-1-(4-
fluorophenyljethan~1-amine {0.350 g, 2.54 mmol, 1.0 cquiv} m Dioxan (10 mL) was added
CSL03(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, 6.115 mmel, 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 EtQAc (3 x 80 mL}. The combined organic layer was washed with water (2
x 60 mb}y, with brine (60 mL), dried over NaxSQs, concentrated. Crude product was purified by
flash chromatography (0-30 % cthy! acetate 1n hexane as an cluent) to obtain methyl (R)-3-((1-

4-flucrophenvethvDanunoisonicotinate {0.220 ¢, 35 % Yield) as an o1l
p u o o
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[0509] LOCMS: 275.0 [M+H] "

0510} 'H NMR (400 MHz, CHLOROFORM-¢) 8797 (s. L ) 7.78 - 790 (m, 2 H) 7.61 (d.
J=526Hz, THY 722 -736(m, 2 HY695-707(m, 2H)460-475(m, 1 H)3.87-4.00(s, 3
Hy1.59(d, /=702 Hz, 3 H}.

{0511}  Stop 2: Synthesis of (R)-3-((1-{(4-fluorophenvhethyDamino)isonicotinic acid hithium
salt. To a stirred solution of methyl (R)-3-({1-(4-fluorophenyiethyDanmuno}isonicotinate {0.200
g, 0.727 mmol, 1.0 equiv) in THF (10 mL) and water (4 mL), was added LiOH (0035 g, 1.45
mmol, 2 equiv). The mixture was allowed to stir at $0°C for overnight. Product formation was
contirmed by LCMS. The reaction mixture was concentrated and diluted with water (50 mL) and
washed with ethyl acetate (2 x 50 mL). Aqueous layer was separated and freeze dried over
byophilyzer to obtain (R}-3-((1-{4-flucrophenyiethyllamino}isonicotinic acid, Hthium salt (0.200

g. Quant. Yield) as a yellow solid.
{08512 LOCMS: 261.0 [M+H}

{0513} Step 3: Synthesis of N-{2-((5)-2~cvano-4.4-difluoropyreohdin- 1-yl)-2-oxoethyi}-3-
{{{R)-1-(4-fluorophenyDethyhaninoisonicotinamide. To a stirred sohution of (R)-3-({1-(4-
fluorophenvljethvijamino}isonicotinic acid, fithivm salt {0.200 g, 0.769 mmol, 1.0 equiv) in
DMF (5 mL) was added (3)-4,4~difluoro-1-ghvevipymolidine-2-carbonttrile hydrochloride (0.259
g, L1585 mmol, 1.5 equiv), 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 overmght. The
reaction progress was monitored by LEMS 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 dried over anhydrous NaxSOu, concentrated under reduced
pressure. Crude product was purified by reversed phase chromatography to obtain N-(2-((8)-2~
cvano~-4 4-difluoropyreolidin- I-v-2-oxocthyl}-3-(({R)-1-(4-

fluorophenyliethvaminoyisonicotinamide (0.050 g, 15% Yield) as an off white solid.
10514 LCMS: 4324 [M+H| "

{0518} ‘H NMR (400 MHz, DMSO-ds) 8 9.03 (1, /=570 Hz, 1 H) 7.89- 795 (m, 2 H) 7.83 (4,
J=5206Hz, 1 H) 748 (d, /=526 Hz, 1 H) 740 (dd, /=855, 548 Hz, 2 H) 7.15 (¢, /=877 Hz, 2
Hy513(dd, /=921,263 Hz, 1 H) 481 {t, /=658 Hz 1 H)425-439%9{(m, 1 H)3.99-424 (m.
IH)289-302(m, P HY2383(d, =1842Hz, 1 H) 1.45(d, /=6.58 Hz, 3 H).
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Fxample 543

Synthesis of (S, E)-N-{2-( 2-cvario-4, 4-difluoropyrrolidin-1 -vi)-2-oxoethyi)-6-(2-( 2-methivipyridin-
3 {05, £ -IN-{£-{2-C i 3 Vi , { Py

L-vijvinvljquinoline-4-carhoxamide
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Compound 182

[0516]  Step 1. Svnthesis of 2-(methyl}-4-vinvipynidine. To a stivred solution of 4-Bromo-2-
{methypvridine (0.500 g, 2.90 mmol, 1.0 eqinv} in Bioxane (8 mL) was added 2-Vinyl-4.4.5 5-
tetramethyl-1.3,2-dioxacborolane (0.671 g, 436 mmol, 1 Sequivy and Ko(0:{0.802 g, 581
mmol, 2.0 equiv} i water (4 mL). The resulting reaction mixture was purged with Mo gas for 10
minuie, followed by the addition of PA{(PPhs3}Ch (0.102 g, 0.145 mmol. 0.05 equiv). The reaction
mixture was heated at 120° C for overmight. Product formation was confirmed by TLC. Reaction
mixture was cood to RT, diluted with water (50 mL) extracted with ethyi acetate (100 mi < 3).
Combined organic extracts were washed with water (50 mL x 3}, brine (80 mL}, dried over
anhydrous Naz5804 and concentrated. The crude product obtained was purified by flash
chromatography {0-15% ethy! acetate in hoxane as an cluent) to obtain 2-{methyl}-4-

vinylpyndine (0.170 g, 49 % Yield) as a vellow semi-solid.
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[0517] 'H NMR (400 MHz, CHLOROFORM-} 8 8.44 (d, /=5.26 Hz, 1 H} 7.05 - 7.19 (m., 2
Hy 6.63(dd, /=17.76, 10.74 Hz, 1 H) 5.94 (d, /=17.54 Hz. 1 H) 545 (d, J/=10.96 Hz, 1 H) 2.35
(s, 3 H}.

[0518] Step 2: Synthesis of (E}-6-(2-(6-methylpyridin-3-yDvinyhquinoline-4-carboxylic acid.
To a stirred solution of 6-bromogquinoline-4-carboxylic acid (0.200 g, .79 mmol, 1.0 equiv) in
DMF (5 mL) was added 2-(methyh-4-vinvlpyridine (0.141 g, 1. 19 mmol, 1.5 cquiv}) and
Triethvl amine {0.34 mi, 2.38 mmol, 3.0 equiv). The resulting reaction mixture was purged with
Nz gas for 5 min followed by addition of P{dppfiCh (0.058 g, 0.079 mmol, 0.1 equiv}. The
reaction mixture was heated at 100 C for ovemight. Product formation was confirmed by
LCMS. Reaction muxture was cool to RT, dituted with water (40 mL) washed with ethyi acetate
{40 mL = 2}, Agueous laver was separated and freeze dnied over lvophilyzer to obtain (E}-6-(2-

{6-methylpvridin-3-vhvinviiquinoline-4-carboxvlic acid (0.200 g, 86 % Yicld) as a vellow solid.
[6519] LCMS 2911 [M+H]"

18528] Step 3. Synthesis of {§,E)-N-{2-(2-cvano-4.4-diflucropyrrolidin-1-vi)-2-oxoethyi-6-
(2-(6-methyipyndin-3-vhvinyDguinoline-4-carboxamide. To a stirred solution of (E}-6-(2-(6-
methvipyndin-3-vhvinyDguinoline-4-carboxylic acid {(0.200 g, 0.689 mmol, 1.0 cquiv) m DMF
{4 mL), was added (8}-4,4-difluoro-1-glycyvlpvrrolidine-2-carbonitrile hvdrochlonde {6.232 g,
1.034 mmol, 1.5 cquiv), HOBt (0.139 g, 1.034 nunol, 1.5 equiv) & EDCLHCI (0.197 ¢, 1.034
mmol, 1.5 equiv). The mixture was allowed to stiv at RT for 10 nun. triethyl amine (0.19 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 difoted with water
{50 mL) and extracted with ethyl acetate (60 mL « 3). Combined organic extracts were washed
with water (530 ml x 3) and brine (50 mL), dried over anhvdrous NaxSO4 and concentrated. The
crude product obtained was purified by flash chromatography (5 % MeOH in DCM as an ¢luent)
followed by reversed phase purification to obtained (5,E}-N-{2-{Z-cyano-4,4-diflucropyirolidin-
I-yi)-2-oxocthy!}-6-(2-(6-methylpyridin-3-yvhvinyl)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 (5, 1 H) 8.44 (d, /=4 82 Hz, | ) 8.12 (q. /=8.62 Hz, 2 H) 7.71 (d, J=16.22 Hz. | 1) 7.58
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(d, =439Hz TH) 751 -756(m, 2H) 746 (d, 482 Hz 1 H)525(d, /=658Hz, 1 H)Y4.12 -
441 (m, 4 H)2.81-3.03{m, 2 H}.

Example S44
Synthesis of (S E)-N-(2-{ 2-cyano-4, 4-diftuoropyrrofidin-1 -vi)-2-oxoethylj-6-{2-(2-

methoxypyridin-4-ylvinyl)quinoline-4-carboxamide
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ONB/’Q\\\ 5
5 ' =
L
| N
é; gy PO(PPh;),Cl K00, S NN PACI{dppf), TEA
‘ ‘\= Dioxane:Water, 120°C,ON i DME, 100°C, 0N ~
N\://’j Step-1 N Step-2
(e EDCLHCLHOBY,
O HON. TEA,DMF,RT,ON
iz \\/lkN F
| £ Step-3
V7
N/

Compound 193

{0523} Sicp 1. Synthesis of 4-cthenyi-2-methoxv-pyvridine. To a stirred solution of 4-bromo-2-
methoxy-pyridme (0.5300 g, 2.66 mmol, 1.0 equiv) in Dioxane (8 mL) was added 2-Vinyl-

44,5 5-tetramethyl-13 2-dioxacborolane (0.614 g, 3.99 mmol, 1 5equivi and KaC03(0.734 g,
5.32 numol, 2.0 equiv) in water (4 mL), and resulting reaction mixture purged with N2 gas for 10
minute, followed by the addition of Pd(PPh:)Clz (0.093 g, 0.132 mmol. 6.05 equiv). The
resulting reaction mixture was heated at 120° C for overnight. Product formation was confirmed
by TLC. Reaction mixture was cooled to RT, dilated with water {50 mL} extracted with ethyl
acetate (50 mL x 3). Combined organic extracts were washed with water (50 mL = 2) and brine

{50 mL), dried over anhydrous Naz5C4 and concentrated. The crude product obtained was
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purified by flash chromatography (0-10% ethvl acetate in hexane as an eluent} to obtain 4-

ethenvl-Z-methoxy-pyridine (0,180 g, 530 % Yield) as an oil,

[0524] 'H NMR (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 H) 6.62 (dd, J=17.54, 10.96 Hz, 1 H) .91 (d, /=17.54 Hz, 1 H) 5.44 (4.
J=10.52 Hz, 1 H) 3.94 (s, 3 H).

[33258]  Step 2. Synthesis of (E)-6-(2-(6-methoxypyndin-3-vlvinvlquinohne-4-carboxylic
acid. To a stirred solution of 6-bromoquincline-4-carboxylic acid (6.200 g, 6.793 mmol. 1.0
equiv) in DMF (5 ml) was added 4-cthenyl-Z~methoxy-pyridine (0.160 g, 1.190 mumol, 1.5
equiv) and tricthy! anmune (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)ChL (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 ethvl acetate (40 mL x 3), Agueous layer was separated and freeze dried over Ivophilyzer to
obtained (E}-6-(2-(6-methoxypyridin-3-vhvinylquinoline-4-carboxylic acid (0.200 g, 82 %

Yield) as a yellow solid.
{0526} LOCMS 3071 [M+H]"

{0527} Stop 3: Synthesis of (5, E)-N-(2-{2-cvano-4 4-diflucropyrrolidin-1-yi)-2-oxocthyi)-6-
(2-(6-methoxypyndin-3-viyvinyhguinoline-4-carboxamide. To a stirred solution of (E}-6-(2-(6-
methoxypyridin-3-yDvinylquinoline-4-carboxylic acid (3.200 g, 0.653 mmol, 1.0 equiv) in
DMFE (5 mL), was added (534 4-diftuoro-1-glyevipyrroliding-2-carbonitrile hydrochloride
{0.220 g, 0980 nymol, 1.5 equiv), HOBt (0.132 g, 0.980 mamol, 1.5 equiv) & EDCLHCI (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 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 (30 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 gver anhvdrous Na;S0O4 and
conceuntrated. The crude product obtained was purified by flash chromatography (5 % MeQOH i
DCM as an cluent) to obtain 8, E}-N-(2-(2-cvano-4 4-diflucropvrrolidin-1-yvi)-2~-oxoethyi~6-(2-

(6-methoxypyrdin-3-vhvinyhquinoline-4-carboxamide (0.110 g, 35 % Yield) as a vellow solid.

{0528] LOMS 4784 IM+H]"
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[0529] 'H NMR (400 MHz, DMSO-ds) 5 9.20 (br. s, 1 H) 897 (d, /=439 Hz, 1 F)} 8.60 (5. 1
70 Hz, 2 H) 8.07- 813 (m, 1 H) 7.70 (d. J=16.22 Hz, 1 H) 7.59 (d, J=4 39 Hz, |

H) 8.16 (d, J=5
H) 7.49 (d, /=16.66 Hz, 1 H) 7.31 (d, J=3.70 Hz, 1 H) 7.04 (s, 1 H) 522 (d, /=638 Hz, 1 H)
1H) 288 (d, J=1228 Hz, |

424-441m 2 H4.00-424 (m, 1 H)387 (5, 3H) 296 (br. s,

H).
Foxample 8§45
Synthesis of (8, 1)-N-{2-(2-cyano-4,4-difluoropyrrolidin-1 -yl}-2-oxoethyl}-6-(2-(2-
{trifluoromethyl)pyridin-4-ylvinyliguinoline-4-carboxamide
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Compound 194

185308} Step 1. Synthesis of 2-(triflucromethyl}-4-vinylpyriding. To a stirred solution of 4-
Bromo-2-{trifluoromethyDpyridine {0.500 g, 2.21 mmol, 1.0 equiv) in dioxane (8 mL) was
added 2-Vinyl-4.4,5,5-tctramethvl-1,3,2-dioxaoborolane (0.511 g, 3.31 munol, 1.5equiv) and
K2CO: (0,610 g, 4.42 mmol, 2.0 equiv) n water (4 mL). The resulting reaction mixiure purged
with Np gag for 10 minute, followed by the addition of PA(PPh;)CLz (0.077 g, 0.110 mmgol. 0.05
equiv). The resulting reaction mixture was heated at 120° € for overnight. Product formation

was confirmed by TLC. Reaction mixture was cooled to RT, diluted with water (100 mL)
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extracted with ethvl acetate (100 ml x 3). Combined organic extracts were washed with water
{100 mL x 2} and brine (100 mL)}, dried over anhydrous Naz504 and concentrated. The crude
product obtained was purified by flash chromatography (0-10% ethy! acetate 1n hexane as an
cluent) to obtain 2-{nfluoromethyD-4-vinvipyndine (0.210 g, 35 % Yield) as a yellow semi

sohid.

{0531} 'HNMR (400 MHz, CHLOROFORM-) 68.68 (d, /=326 Hz, L H) 766 (s, I H) 748
(d, /=395 Hz, 1 H)6.73(dd, J=17.76, 1074 Hz, 1 H) 6.07 (d, /=17.54 Hz, 1 H) 5.62 (d,
J=10.96 Hz, 1 H).

10532] Step 2: Svnthesis of (E)-6-(2-(6-(trifluoromethvlpyrdin-3-yhvinvhgumoling-4-
carboxylic acid. To a stirred solution of 6-bromoguinoline-4-carboxylic acid (0.200 g, 0.793
mmol, 1.0 equiv} in dioxane (4 mL) was added 2-{triffuoromethvi-4-vinvipyndine (0.205 g,
1.190 mmol, 1.5 cquiv) and tricthvl amine (0.34 ml, 2.380 mmol, 3.0 equiv). The resulting
reaction mixture was purged with Nz gas for 5 mun followed by addition of Pd{dpptH)Clz (0.038 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 cthvl acctate (50 mi. x 2), Aquous layer was separated and frecze dried over
vophilizer to obtain (E)-6-(2-(6-(tnifhuioromethyv}pyridin-3-vhvinyBquinoline-4-carboxylic acid
{0.200 g, 73 % Yield} as a vellow sohid.

[0533] LOMS 345.1 [M+H]*

10534} Step 3. Synthesis of {S,E}-N-(2-(2-cvano-4 4-diflucropyrechidin-1-yB-2-oxoethy1)-6-
(2-(6-(trifluoromethvbpyridin-3-vhvinviyquinoline-4-carboxamide. To a stirred solution of (F)-
6-(2-(6~(trifluoromethylpyndin-3-yhvinviquinoline-4-carboxylic acid (0.200 g, 0.581 mmol,
1.0 eguiv) in DMF (4 mL), was added (8)-4.4-difluore-1-glyvevipyrrolidine-2-carbomitrile
hydrochlonde (0.196 g, 0.872 mmol, 1.5 equiv), HOBt (6,117 g, 0.872 mmol, 1.5 cquiv} &
EDCLHCI(0.166 g, 0.872 mmol, 1.5 equiv). The mixture was allowed to stir 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. Afier completion of reaction. the mixture
was diluted with water (40 mL} and extracted with ethyl acetate (30 mL x 2}, Combined organic
extracts were washed with water (50 mL x 2} and brine (30 mL), dried over anhydrous NazS0q4
and concentrated. The crude product obtained was purified by flash chromatography (5 %

MeOH in BUM as an eluent) followed by reversed phase purification to obtain {8, E}-N-{2-(2-
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cvano~-4 4-difluoropvrrohidin- 1 -v1)-2-oxoethy}-6-2-(6-{influoromethvipyndin-3-

vhvinyhgquinoline-4-carboxamide (6.09 g, 3 % Yield} as an off white sohid.
{6533} LCMS 5i6.4 [M+H]"

[0536] ‘H NMR (400 MHz DMSO-ds) §9.22 (br. s, 1 H) 8.99 (d, /=438 Hz, 1 H} 8.75 (d,
J=438 Hz, 1 H) 8.68 (s, | ) 8.10 - 8.24 (m, 2 H) 7.90 - 8.02 (m, 2 H) 7.69 (s, 1 H) 7.59 - 7.65
(m, VH)5.23(d, J=745Hz, 1 FH 436 (br. 5., 1 H) 4.30 (br. s, 3 H) 2.88 (d, J=12.28 Hz, 2 FD).

Fxample 546

Svnthesis of (S)-N-(2-(2-cvano-4, 4-diffuoropyrrofidin-1-yl)-2-oxoethyi)-6-(4-( 2-hydroxypropan-
) {£-C] s 4=l Y Vi 34 (£-#1} YProy
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Compound 185

{68377 Step 1 Synthesis of 2-(4-(4,4,5,5-tetramethyi-1,3,2-dioxaborolan-2-yphenvlpropan-

2-0l. To a solution of 2-(4d-bromophenylipropan-2-01 (0.3 g, 1.401 mmol, 1.0 equuv) in Dioxane

{08 mbL) was added 4,4,4'4'5,5,5" 3 -octamethyl-2,2'-bi{1 3, 2-dicxaborolane} (042 g, 1.681

mmol, 1.0 cquiv), potassium acetate (041 g, 4203 mmol, 3.0 cquiv). The resulting mixture was

purged with N2 gas for 10 munute, followed by the addition of Pd{dppHTChDCM (0.057 g, 0.07¢
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mmol. 0.05 equiv). The resulting reaction mixture 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 » 2}, dried over anhydrous Na2S504 and

concentrated The crade prodact obtained was purified by flash chromatography to obtain 2-(4-
{445 S-tetramethyl-1.3 2-dioxaborolan-2-yBphenyljpropan-2-0t {0.230 g, 68 % vield} as an

off-white solid.

[0538]  'H NMR (400 MHz, DMSO-ds) 5 7.61 (m, /=833 Hz, 2 H) 7.47 (m, J=8.33 Hz, 2 H)
504, 1 H) 140 (s, 6 H) 1.28 (s, 12 H).

185381 Step 2: Svathesis of 6-(4-(2-hydroxypropan-2-vlphenylquinoline-4-carboxylic acid.
To a solution of 2-(4-(4.4,5.5-tetramethyl-1,3,2-dioxaborolan-2-ylphenylpropan-2-ol (0.2 g,
0.763 mmol, 1.0 equiv} in Dioxane (5 mL) was added 6-bromoquinoline-4-carboxylic acid
{0.192 g, 0.763 mmol, 1.0 equiv), NaxCOz(0.161 g, 1.526 mmol, 1.0 equiv) in HoO (2 mi). The
resulting reaction mixtore was purged with No gas for 10 minute, followed by the addition of
Pd(dppHCh DCM (0.031 g, 0.038 mmol. 0.05 equiv) and heated at 120° C for overnight.
Product formation was confirmed by LCMS. After the completion of reaction, the mixture was
diluted with water solution (20 mb} and washed with ethyl acetate (20 mL x 2). The agueous
laver was freeze dried over liophalizer to obtain 6-(4-(2-hydroxypropan-2-viyphenylguinoline-

d-carboxylic acid (0.150 g, 64 % Yield) as an off white solid.
[0#340] LOCMS 308.2 {M+HJ"

[0541]  'H NMR (400 MHz, DMSO-ds) 5 9.00 (5, 1 H) 8.75 (d, /=4 3% Hz, 1 H) 7.97 (d.
J=3.51Hz, 2 H) 7.66 (m. J=8.33 Hz, 2 H) 7.58 (m. /=8 33 Hz, 2 1) 7.48 (d, /=4 38 Hz, | F)
5.08 (br.s., 1 H) 1.46 (s, 6 H).

{3342 Step 3. Synthesis of  (8)-N-(2-(2-cyano-4 4-difluoropyrrolidin-1-v1)-2-oxoethyl}-6-(4-
(2-hydroxypropan-2-yDphenyhguinoline-4-carboxamide. To a stirred solution of 6-(4-(2-
hydroxypropan-2-yhphenvlguinokine-4-carboxylic acid {0.150 g, 0.488 mmol, 1.0 equiv}in
DMF (4 mL), was added (S)-4.4-difluoro-1-glvevipyrrolidine-2-carbonitrile hydrochloride
{0.109 g, 0.488 mmol, 1.0 equuv), EDCLHCI (0,111 g, 0.5385 mmol, 1.2 equiv) & HOBt (0.073
g, 0.385 mimol, 1.2 equiv). The mixture 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. After completion of reaction, the mixture was diluted with water (20 mL)
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and extracted with ethvi acetate (40 mb x 2). Combined organic extracts were washed with
water (20 mb x 4}, dried over anhydrous Na:$04 and concentrated. The crude product obtained
was purified by reversed phase HPLC to obtain (8)-N-(2-(2-cyvano-4 4-difluoropyrrolidin- 1-yi}-
2-oxoethyl}-6-(4-(2-hydroxypropan-2-yljphenvi)quinoline-4-carboxamide (0.015 g, 6 % Yield)
as an off white solid.

[0543] LOMS 479.5 M+H]

[0544]  'H NMR (400 MHz, DMSO-ds) §9.13 - 924 (m, 1 H) .97 (d, J=4.39 Hz, 1 H) $.72
1 H) 8.06-5.25 (m. 2 H) 7.83 (d. /=833 Hz, 2 H) 7.52 - 7.68 (m, 3 H) 5.13 - 5.22 (m. 1 H} 5.08
(br.s., 1 F) 432 - 4.40 (m, 1 F) 4.06 - 4.32 (m. 3 1) 2.79 - 3.06 (m, 2 H) 147 (br. 5., 6 H).

Fxample 547

Synthesis of {8, Ej-N-{2-( 2-cyano-4,4-diflucropyrrolidin-1 -yl}-2-oxoethyl)-3-(2-(1-oxo-1, 2, 3, 4-

tefrahydroisoquinolin-6-yivinyljisonicotinamide
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13545] Step 1. Svnthesis of 6-vinvl-3.4-dihvdroisoguinolin-1{2H)-one. To a solution of
4,4.5.5-tetramethyl-2-vinyl-1,3,2-dioxaborolane {0.500 g, 3.24 mmol, 1.0 equiv} and 6-bromo-
3 4-dihydroisoquinolin-1(2H)-one (0.587 g, 2.59 mmol, 0.8 equiv) and, in dioxane (10 mL) and
water {2 mL}) was added Na:C0s (0.686 g, 6. 48 mmol, 2 0 equuv). The resulting reaction
mixture purged with N2 gas for 10 min. followed by the addition of P4(PPha)Ch(0.114 g, 0.162
mmol, 0.05 equiv). The resulting reaction mixture was heated at 80° C for overmight. Product
formation was confirmed by LCMS and TLC. After the completion of reaction, the mixture was

diluted with water (50 mL) and extracted with ethy! acetate (100 mL x 2). Combined organic
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tayer was washed with water (50 mL x 2}, drnied over anhydrous Nax504 and concentrated. The
crude product was purtfied by flash chromatography {0-30 % ethyl acetate in hexane as an
cluent) to obtain 6-vinyl-3.4-dihydroisoquinolin-1(2H)-one (0.250 g, 64 % Yicld) as a vellow

semi solid.
[0546] LCMS 1741 IM+HJT

[547]  Step 2. Synthesis of methyl (E3-3-(2-(1-ox0~1,2,3 4-tetrahydroisoquinolin-6-
vhvinyljisonicotinate). To a solution of 6-vinyi-3.4-dihydroisoquinolin-1{2H}-one (0.150 g,
0.867 mumol, 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-to])3(0.052 g, 0.173
mmol, 0.2 equiv) and DIPEA (0.335 g, 2.601 mmol, 3.0 equiv} The resulting reaction mixture
purged with N2 gas for 10 min. followed by the addition of Pd{OAc) (0.019 ¢, 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 nmuxture was diluted with water
(530 mL} extracted with ethyl acetate (100 mL}. Combined organic extracts were washed with
water (10 mb x 4}, dried over anhydrous Nax$0s and concentrated. The crude product obtained
was purified by flash chromatography (0-5 % McOH 10 DCM as an eluent) to obtain methyl (E)-
3-(2-(1-0x0~1,2,3 4-tetrahydroisoquinolin-6-ylvinyDisonicotinate (0.1 g, 37 % Yield) as an

vellow solid.
[0548]  LOCMS 309.1 [M+H]

[3549]  Step 3: Synthesis of (E}-3-(2-(1-ox0-1.2,3 4-tetrahvdroisoguinolin-6-
vihvinyhisonicotinic acid. To a stirred solution of methyl (£)-3-(2-(1~ox0-1,2,3 .4~
tetrahvdroisoquinolin-6-yivinyijisonicotimate (0.1 g, 0.323 mmol, 1.0 equiv) in THF 3 mL} and
water (4 mL), was added LiOH H203 (0.016 g, 0.388 mimol, 1.2 equiv). The mixture was allowed
to stir at RT for overnight. Product formation was confirmed by LCMS. The reaction mixture
was concentrated under reduced pressure and diuted with water {20 mL). The aqueous laver was
washed with ethyl acetate (10 mL » 2} and freeze dried over lvophilizer to obtain E}-3-(2-(1-
oxo-1.2.3 4-tetrahvdroisoquinclin-6-yhvinylisonicotinic acid quantitatively vield (0.094 g,

Quant. Yicld) as a vellow solid.
{05507 LCMS 295.0 [M+H|"
[3351]  Step 4: Synthesis of (8§, E)-N-(2-(2-cyvano-4 4-difluoropyrrolidm-1-y1)-2-oxoethyi)-3-

(2-{1-0x0-1,2 3 4-tetrahydroisoguinolin-6-yDvinvilisomicotinamide. To a stirred solution of {(E)-
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3-(2-(1-ox0-1,2,3 4-tetrahydroisoqunolin-6-yvinylyisonicotinic acid (0.1 g, 0.340 mumol, 1.0
equivy i DMF (5 mL), was added (5)-4,4-difluoro-1-glycylpyrrolidine-2-carbonitriie
hydrochlonde (0.114 g, 0.510 mmol, 1.5 cquivy, HOBt (0.068 g, 0.510 pumol, 1.3 equiv) &
EDCLHC(0.097 g, 0.510 mmol, 1.5 equiv) The mixture was allowed to stir at RT for 10 nun.
tricthvlamine {0.103 g, 1.02 mumol, 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 cthyi acetate (20 mL x
2}. Combined organic extracts were washed with water (20 mL # 4}, dnied over anhydrous
Nax504 and concentrated. The crude product was purified by flash chromatography (0-5 %
MeOH in DCM as an cluent) which was further purified by reversed phase HPLC to obtain

(S, E}-N-(2-(2~cyano-4 4-difluoropyvrrolidin-1-y1)-2-oxoethyi}-3-(2-( 1-ox0~1,2,3 4-

tetrahvdroisoquinolin-6-ylvinyiisomcotinamide {(0.007 g, 4 % Yield} as an off white solid.
[0552) LCMS 466.5 [M+H|"

[0553]  'H NMR (400 MHz, DMSO-ds) §9.17 (s, 1 H) 9.04 (br. s.. 1 H) 8.55 (d, J=4.82 Hz, 1
H) 7.90 (br. s., 1 H) 7.86 (d, =789 Hz, 2 H) 7.60 - 7.72 (m, 2 H) 7.52 {(d, J=16.66 Hz, 2 H) 7.37
(d,J=526Hz | H)5.19(d. /=921 Hz, 1 H) 4.33 (br.s.. | H)4.20(d, J=6.14 Hz, 1 H) 4.12 (4.
J=11.40 Hz, 2 H) 3.38 (&, 2H) 2.96 (¢, 2 F) 2.83 (m, 2 H).

Biological Fxamples
fxample Bl
Inhibition of FAPa by test compounds was assessed by in vilro enzymatic aetivity assays

[0554] FAPa enzymatic exopeptidase (dipeptidase) activity assav. To assay baseline FAPx
enzymatic exopeptidase activity, 40 ng of recombinant human FAPg (thFAPa, R&S system,
#3715-5E) was incubated with 100 uM of Z-Glv-Pro-AMC peptide (BACHEM, #L-1145)m a
FAPg assay buffer (50 mM Tris pH 7.4, 100 mM NaCl, 0.1 mg/mi bovine serum albumin) for 1
h at 37 °C protected from light i 96-well black plates (Nunc, #237108). To assay FAPu
enzymatic exopeptidase activity inhibition by test compounds, all test compounds were pre-
meubated with the enzyme for 15 min at 37 °C before starting the reaction by substrate addition
in Y6~well black plates (Nunc, #237108). 7-Aminc-4-Methylcoumarin {AMC) release was

detected by measuring fluorescence at Ex/Em 380/460 nm using a Multifunction Microplate
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Reader (Synergy 4, Biotek). All measurements were carried out m duplicate. Val-boroPro, a
non-specific prolyl peptidase inhibitor, was vsed as a positive control. Percent inhibition of
mFA Po 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 measurements. Percent inhibition was caloulated using the average
measurements from reactions containing vehicle, enzvme, and substrate as the maxinum of
enzymatic activity. Additionally, ICso for the rmFAPx or thFA P enzymatic exopeptidase
activity of certain compounds are also shown n Table 2. Measurements were performed as a

single point.

105557 FAPg enzymatic endopeptidase (collagenase} activity assay. To assay baseline FAPq
enzymatic exopeptidase activity, 50 ng of recombinant human FAPg (rhFAPq) (R&S system,
#3715-8E) diluted in FAPa assay buffer (50 mM Tris pH 7.4, 100 mM NaCl, 0.1 mg/m! bovine
serum albumin) was incubated with 5 ug of subsirate DO collagen solution {(Molecular Probes
#D-12060) with for Sh at 37 °C and protected from hight in 384-well optiplates (Perkan Elmer,
#384-F). To assay FAPo enzymatic endopeptidase activity inhibition by test compounds, all test
compounds were pre-incubated 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 hydrolysis was
determined by measuring fluorescence at Ex/Em 495/515 nm using a mulitfunction Microplate
Reader (Synergy 4, Biotek). All measurcments were performed as a single point. Val-boroPro, a
non-specific prolvl peptidase intubitor, was used as a positive control. ICso for the thFAPg
enzyvmatic 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 thFAPu by Test

Compounds
thFAPqy - .
Compound No {% exo mh @ thFAPa (exo | thFAPa (endo
” ‘ M) = 1Cso, ubM} 1Cso, pM)
Val-boroPro - 4+ 4+
Ref. Comp. . et +++
i +++ . -
2 bt A+ -
3 +++ +F 4+
4 it o+ -
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Compound No. ‘3'61353 S;E @ thfA\Pa (oxo | thEAPa (endo
1M - 1Cso, M} 150, uh)
5 A4+ 4+ -
6 -+ +++ -
7 4+ A+ -
R 44 44+ -
G b ot 4
10 4+ -+ -
11 -+ +++ -
i2 it R -
13 i+ 4+ -
14 4+ 4+ -

Ref. Comp.: Compound 60 as described in Jansen, K., ef al., J Med Chem, 2014. 57(7): p. 3053-
74; for % of inhibition: +++ refers to >30% inhibition at 1 1 test compound; ++ refers fo
25% < % infuibirion < 50% at 1 uM test compound, + refers to <23% inhibition at I ubi; for

ICso: +=++ refers fo ICso <1y ++refers to 1 g < JCse <0 @M, + refers o ICso > 10uM; -
represents compound not tested,; riF AP recombinant humon fibroblast activation protein

alpha; enda: endopeptidase; exo: exopeptidase; inh: inhibition.

Fxample B2

Selectivity of the inhibition of FAPa by test compounds was assessed compared to other prolyl

oligopeptidase family 59 members: DPPIV, PREP, and DPPY
DPPIV enzymatic activity assay

[8586] To assay baseline dipeptidy! peptidase-4 (DPPIV) activity, 40 ng of recombinant
human DPPIV hDPPIV)Y (R&S system, #1180-5E) was mcobated with 400 uM of H-Gly-Pro-
pNA substrate (BACHEM, #L.-1880) in a DPPIV assay buffor (25 mM Tris, pH 8.3} for 30 min
at 37 °C protected from the hight 1n 96-well black plates (Nunc, #237108). To assay DPPIV
mhibition 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. YVal-boroPro, a non-specific prolyvl peptidase inhibitor, was used as a positive control.
PREF enzymatic activity assay

{0557F To assay bascline prolvl endopeptidase {(PREP) activity, 20 ng of recombinant human
PREP (rthPREP) (R&S system, #4308-8E) was incubated with 100 uM of Z-Gly-Pro-AMC
199
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peptide (BACHEM, #1-1145) m a PREP assav buffer (25 mM Tris, 250 mM NaCl, 10 mM
DTT. pH 7.5) for 30 min at 37 °C protected from light in 96-well black plates (Nung, #237108}.
To assay PREP activity mhibttion 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-Methyleoumarin (AMC) release was detected by
measurnng fluorescence at Ex/Em 380/460nm using a Multifunction Microplate Reader (Svnergy
4, Biotek}. All measurcrents were carried out in triphicate. Val-boroPro, a non-specific prolyl

peptidase mhibitor, was used as a positive control.
DPPY enzymatic activity assay

18558] To assay bascline dipeptidyl peptidase 8 (DPP9) activity, 40 ng of recombinant human
DPPY (thDPP9} (R&S system, #5419-5EF) was incubated with 100 uM of H-Gly-Pro-AMC
peptide (BACHEM, #L-1215) m a DDP9 assay buffer (50 mM HEPES, pH 8) for 30 min at

37 *C i 96-well black plates (Numc, #237108). To assay thDPP9 activity inhibition by test
compoands, test compounds were pre-incubated with the enzyme for 135 min at 37 °C before
starting the reaction by substrate addition in 96-well black plates (Nanc, #237108). 7-Amino-4-
Methvicoumarin (AMC) release was detected by measuring fluorescence at Ex/Em 380/460 nm
using a Multtfunction Microplate Reader (Synergy 4, Biotek). All measurements wers carned
out in triplicate. Val-boroPro, a non-specific prolyl peptidase inhibitor, was used as a positive

control.

[8539] To deternune if new FAPo mhibitors wers sclective or if they also inhibited other
prolyi peptidases, the ICso of certain test compounds, a reference compound (compound 60 as
described in fansen, K., et al., I Med Chem, 2014, 37(7): p. 3053-74), and Val-boroPro were

deternuned, as shown in Table 3A.

Table 3A: Selectivity of FAPq Inhibition by Test Compounds

Compound thFAPa thDPPIV | hPREP thDPPY
No. {ex0 ICs0, uM) | (50, uM) | (ICs0, pMY | (ICs0, uM)

Val-boroPro ++ A ++ A+t
Ref. Comp. -+ + ++ ++

i et + +

2 +++ + + +

3 +++ ++ + ++

4 A+ -+ +

3 o+ ++ + ++

6 bobote - - t
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Compound thFAPg rhDPPIY | rhPREP thDPPY

No. {exo ICso, uM) | (Cso, uM) | JCs0, uMy | (Cs0, uM)
7 +++ + ++ ++

8 4 + ++

9 it + i

10 s ++ ++ ++

i ot + +F -

i2 4+ ++ + ++

13 +++ + + ++

14 it + - ++

Ref. Comp.: Compound 60 as described in Jansen, K., et al., J Med Chem, 2014. 57(7): p. 3053-
74; for ICse: +++ refers fo ICso <1 g, ++ refers to 1 ghd < ICs0 < 10 gbd; + refers 10 1Cs0

> 10 - represents compound not tested; rhlFAPo: recombinant human fibroblast activation
protein alpha; rhDPPIV: recombinant luman dipepiidyl peptidase-4; rhDPPY: recombinant
human dipeptidyl peptidase 9; exa: exopeptidase.

{8560} Furthermore, to assay the inhibition of dipeptidy! peptidase 9 (DPP9) activity, aliquots
of 10 ul. of diluted exemplary compounds, reference compounds or vehicle were mixed in a 96-
well biack plate with 40 pi. of DPPY assay buffer (25mM Tris-HCl pH 8.0 and 0.01% BSA)
contatning 10 ng of recombinant human DPP9 (thDPPY) (Cat. No. #5419-SE, R&D systems).
Compounds were allowed to mteract with the enzyme for 15 mun at 37 °C before the start of the
reaction by adding 50 ub of the synthetic dipeptide substrate, 200 uM H-Gly-ProAMC (Cat. No.
#1-1215, Bachem) in DPPIV assav 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 using a Multifimetion Microplate Reader. Results for the inhibition of other prolyvl

peptidases from 89 family for exemplary compounds arc shown in Table 3B.

Table 3B: Inhibition of other prolyl peptidases from 59 family members by exemplary

compounds
: o
Compound fjij:;j o | FAPICs, | hDPPOICso. | thDPPIV | thPREP ICs,
No. iy = M uM ICs0, uM M
Yal- . o . SR -+
boraPro + + -+ bt it
\Ref' R + +++ + -+
Comp.
1 4+ e+ ++ + +
2 et e + + +
3 o4 e 4 o +
4 +++ -+ ++ ++ +
5 ot - 4 4 +
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Compound | F ‘31);1* 7> | MFAPICs, | thDPPOICss, | thDPPIV | thPREP ICso,
No. “"“; Svi @ uM M ICs0, uM M
6 4+ o+ ++ - -
7 +4+ -+ ++ + ++
8 -t At At + +
9 i+ -+ o+ + +
io A4+ -+ 4+ ++ 4+t
11 4+ -+ ++ + ++
12 +4+ 4+ ++ ++ +
13 it RS 4+ + +
14 i+ -+ ++ + ++
15 +++ -+ +++ + +
19 b -t +t + +
20 4+ e+ ++ + +
2 it R 4+ -+ +
26 +4++ +t++ -+ + +
29 +++ -+ ++ + +
33 bt SRS b4 + +
34 4+ - +++ + +
35 ot bt 4+ + +
36 it et + + +
37 i+ - + + +
38 b et + +
39 At ot A + +
40 +4+ 4+ +++ ++ +
41 it -t it + +
42 +++ +t++ 4+ + +
43 +++ -+ +++ + +
44 R R ot + +
45 +4+ 4+ +++ + +
46 ot ot b + +
47 ot -t it + +
48 +++ -+ +++ + +
49 bt 4 b4 - -
50 4+ o+ ++ - -
51 ot ot 4+ - -
52 it et 4+ - -
139 +++ -+ +4+ + +
190 -t 4 - + -
191 it - - + -+
192 +4+ 4+ +++ ++ +
193 it ot 4+ + +
194 i+ -+ o+ ++ +
195 +++ -+ - + +
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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 to >30% inhibition at I yM test compound; ++ refers io
25% < % inhibition << 50% at 1 uM test compound; + refers fo <<25% inhibition at 1 (M for
ICs0: +++ refers to ICso < 1 g ++ vefers o 1 gbd < ICso < 10 fiM, + refers io ICso > 10 1M
rhitAPa: recombinant luman fibroblast aciivation protein alpha; exo: exopeptidase; ink:
inhihition; rhiFAF: recombinant human fibroblast acrivation protein; vhDPPIV: recombinant
fuman dipeptidyl peptidase-4, rhiDPPY: recombinant human dipeptidy! peptidase 9, rhPREP:
recombinant human prolvl endopeptidase.

Fxample B3

Validation of selective PRXS-AMC substrate for FAPo activity measurements

{8561} FAPuactivity can be measured by a general fluorescence intensity assay for
dipeptidyl-peptidases using a peptide substrate attached to a chemically quenched dye, 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): 1763-
78; Santos, A M., et al, J Clin Invest, 2009, 119(12): 3613-25; Park, JLE, et al., ] Biol Chem,
1999, 274(51): 36505-12; Niedermever, J., 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., J Thromb Haemost, 2011,
9(5). 987-96; 14, 1, et al., Biocongug Chem, 2012, 23(8): 1704-11). These substrates arc likely
targeted also by other circulating proline-specific endopeptidases such as PREP that could be
present in the reaction. By conirast, a proprictary substrate reagent, named PRXS-AMC, can

specifically monttor FAPg activity.

1562} To validate the ligh selectivity of this proprictary substrate, enzymatic activity assays
for FAP, DPPIV, PREP and DPPS were carried out using Z-Gly-Pro-AMC or PRXS-AMC as
descrbed in Examples Bi and B2.

185631 To assay FAPq, DPPIV, DPP9 and PREP enzvmatic activities, human recombinant
enzymes were used at 5, 2.5, 2.5 and 5 aM final concentrations, respectively. Z-Gly-Pro-AMC
or PRXS-AMUC were used at 23, 50, 100 and 200 uM 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 thFAPa 1s shown in FIG. 1A and FIG.

1B, respectively; resulting flaorescence over time for PRXS-AMC and Z-gly-pro-AMC m the
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presence of thPREP 1s 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.

[0564] PRXS-AMC is processed to a lesser extent than Z-Gly-Pro-AMC by the closely related
prolvi oligopeptidase PREP at similar concentrations {see F1Gs. ZA-2B). PRXS-AMC is not
processed by DPPIV or BPPY (FiGs. 3A-3B). In addition, PRXS-AMC showed an improved

solubility 1 agueous buffers.

frxample B4

Fnzymatic activity in plasma

FAPa enzymatic activity in mouse plasma

[3365]  Approxamately 500 pl of whole blood from one C37BL/6 mouse was harvested into
BD Microtaimer® tubes (K2) EDTA (#363974, Becton Dickinson and Co.) via terminal cardiac
punctere. The blood sample was immediately centrifuged at approximately 9000 g at 4°C for 5
minutes. Plasma was separated and stored at -80 "C n aliquots of 300 pl.. To assay baseline
FAPa enzymatic exopeptidase activity, 5 ul. of thawed, plasma was diluted (1:5) with ¢FAP
buffer (100 mM Trs-HCL 400 mM NaCl, 50 mM salicylic acid, 1 mM EDTA pH 7.5) and
mixed with 33 pl of the same buffer before being pre-incubated with different concentrations of
10 uL. of test compounds or DMSO vehicle for 15 nunutes at 37 °C m 96-well black plates
(Nunc, #237108). After pre-mcubation, 50 aL of 200 uM PRXS-AMC were added to the
mixture. The assav was performed for 1 hour at 37 “C protected from light. 7-Amino-4-
Methvicoumarin {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 carned out at least as a single point.

Results are shown i 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
puncture. The blood sample was immediately centrifuged at approxumately 9000 g at 4°C for 5
mingtes. Plasma was separated and stored at -80 "C in aliguots of 300 pl.. To assay baseling

DPPLY enzymatic exopeptidase activity, 5 pl. of thawed, mouse plasma was diluted (1:53) in
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buffer (100 mM Tris-HCL, 400 mM NaCl, 30 mM salicylic acid, | mM EDTA, pH 7.5) and
mixed with 35 pl of the same buffer before being pre-incubated with different concentrations of
10 ul. of test compounds or BDMSO vehicle for 15 minutes at 37 "C i 96-well black plates
(MNunc, #237108). After pre-incubation, 50 pl of 200 pM dipeptide substrate H-Gly-Pro-AMC
{Bachem, #1-1225) was added to the maxture. The assay was performed for 1 houwr at 37 °C. 7-
Amino-4-Methyvlcoumarin (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

Compound Number ( P;/%Pa ; mous plasma
pouna Ny (PRXS-AMC) | DPPIV (ICs0, uM)
{exo [Cso, uh)
Ret Comp. - +
2 ot +
3 +++ ++
3 b 4
7 it 1
8 o+ +
9 bobote t

Ref. Comp.: Compound 60 as described in Jansen, K., et al., J Med Chem, 2014. 57(7): p. 3053-
74 ICsg: +~++ refers to 1Cso < 1 g, ~+ vefers to 1 g < ICsp << 10 (M, + refers to ICsg
> [0ubM; exo: exopeptidase.

Fxample B5
£x vivo inhibition of circulating FAFa activity from plasma of different species
Human plasma

18567} Human blood was obtained from healthy voung volunteers. Blood samples were
collected in tubes coated with EDTA-K2 by venipuncture method, mixed gently, then kepton
ice and centrifuged at 2,500 =g for 15 minutes at 4° C. After plasma separation, samples were
stored at -80 "C in aliguots of 300 ulb.

10568] To determinate the inhibitory potency of exemplary test compounds over circulating

FAPg activity from human plasma, 20 pL of thawed plasma were mixed with 20 ub of ¢FAP



WO 2020/142742 PCT/US2020/012260

buffer (100 mM Tris-HCI, 400 mM NaCl, 30 mM salicylic acid, | mM EDTA, pH 7.5} and 10

ul different concentrations of exemplary test compounds or vehicle (BMSO).

{6569} Exemplary compounds were allowed to mnteract with the enzyme for 15 minutes at 37
“C. After pre-incubation, 50 pl of 200 pM PRXS-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.

10578] Results of ICs of exemplary test compounds over circulating FAPa from buman are
shown m Table S.

Hamster plasma

{05871} Male Golden Syrian hamsters were provided by National Laboratory Amimal Center
(NLAC) in Taiwan. The animals were maintaimed in a hygienic environment under controlled
temperature (20 — 24 °Cy and humidity (50% - 80%) with 12 hours light/dark cyvcles. 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 “Guide for the Care and Use of Laboratory
Animals: Fighth Edition™ (National Academies Press, Washington, B.C., 2011}, In addition, the
amimal care and use protocol was reviewed and approved by the TACUC at Pharmacology

Discovery Services Taiwan, Ltd.

10572}  Ioumediately after the sacrifice of hamsters, blood samples were collected via termunal
cardiac puncture in tubes coated with EDTA-KZ, mixed gently, then kept on ice and contrifuged
at 2,500 xg for 15 minutes at 4°C. After plasma separation, samples were stored at ~-80 "Cin

aliguots of 300 gl

[3373]  To assay exemplary compounds in hamster plasma, a similar protocol as described for
human plasma was performed diluting thawed plasma 1:2 in ¢FAP buffer. In a 96-well black
plate, 5 @l of difuted hamster plasma were mixed with 35 pl of the same buffer and 10 pd of

excmplary test compounds at different concentrations or vehicle (DMSO).

18574 Exemplary test compounds were allowed to mteract with the enzvme for 15 minutes 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 | h at 37 “C protected tfrom hght. AMC release was
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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.

10575]  Results of ICs0 of exemplary test compounds over circulating FAPa from hamster
plasma are shown in Table 5.
Table 5: Inhibition ex-vive by exemplary compounds of circulating FAPg activity from

human and hamster plasma.

FAPg activity in | FAPo activity in
Compound human plasma | hamster plasma
No. {(PRXS5-AMO) (PRXS-AMC)
ICs0, pM ICso, uM
3 +++ 4+
9 - At

For ICsg: +++ refers o {Csp < I uM; ++ refers to I uM < ICse < 10 uM; + refers to ICse > i0uM.

Fxample B

Cytoxicity assays in fmeman leukemia cell lines

{0576} Human acute mycloid leukemia (AML) and non-AML cell lines are purchased from
ATCC and cultured following their indications. At the day of the experiment, AML and non-
AMI cell lines are seeded in white 96-well plate m 100 L growing medium contaiming either
vehicle (BMS(O) or an exemplary compound of the tovention at different concentrations. After
4% hours post-treatment, luminescent-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 is calculated by nomalizing huminescence 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).

{08771 Val-boroPro, a non-specific prolvi peptidase inbibitor, was used as a positive control as
described Johnson DC et al, Nature Medicine, 2018, 1Cso of certain compounds m the
cytotoxicity assays using the human AME cell line MV4-11 are shown in Table 6.

Table 6:; Inhibition of viability of the human AML cell Bne MV4-11 by certain compouads.

Compound | MV4-11 viabibity
No. IC50, pM
Val-boroPro +++
9 +

)
<
3
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i3 +
34 -t
40 {
41 +
44 +++
45 e
46 Ao
47 ++
139 +
192 R
193 s
194 +++

For {Csp: +++ refers 1o fCso << 3 M, ++ refers fo 3 phd < 1Cso< 10 piM; + refers 10 1Cs0 > 1040
EMBODIMENTS

13578} Embodiment 1. A compound of formula (I}

O

Y’X‘L/L'\N m F
Ay
NG

)
o1 a pharmaceutically acceptable salt thercot, wherein:

B is hydrogen, C1-Co alkyl, C3-Cs cycloalkyl, 3- to 12-membered heterocyel

P

1, 5-to 10-

membered heteroaryl, or Co-Ca arvl, wherein the C1-Ce alkyl, C5-Cs cycloalkyl, 3- 10 12-
membered heterocyelyl, 3- to 10-membered heteroarvl, and Cs-Cis aryl of R are independently

optionally substituted by R¢;
m s, 1,2, 3, 0r4;
n 18, 1,2, 3, or4,
whereinm +unis 1, 2,3, or 4,

X is -C(=0)-, -O-, -CH(OH)-, -8-, -8(=0}-, or -8(=0)-:
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Ra
*\(CR3R4)/N\ (CR'] RZ\/** .
(&) P ‘e wherein
* represents the point of attachment to the Y-X- moiety,

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

R#is hyvdrogen, C1-Cs alkyl, Ca-Cs cycloalkyl, 3-to 12-membered heterocyclvl,
5-to 10-membered heteroarvi, or Ce-Cra aryl, wherein the Ci-Cs alkyl, Cs-Cs
cycloalkyl, 3- to 12-membered heterocyelvl, 5-to 10-membered heteroarvl, and

Co-Cr4 aryl of R? are independently optionally substituted by R®,

R! and R?, independently of cach other and independently at cach occurrence, are
hydrogen, C1-Cs alkyl, C3-Cs cvcloalkyl, 3- to 12-membered heterocyelvi, 5-to
10-membered heteroarvl, or Ce-Cue aryl, wherem the Cs5-Cs cycloatkyl, 3-t0 12-
membered heterocyelyl, 3- to 10-membered heteroaryl, and Cs-Cis 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
thev are attached to form a 3- to 8-membered cycloalkylene optionally substituted

by RY,
qis i, 2, 0r3,

R? and RY, independently of each other and independently at each occurrence, are
hydrogen, Ci-Cs cycloalkyl, 3- to 12-membered heterocyelyl, 5-to 10-membered
heteroaryl, or Co-Cw aryl, wherein the (5-Cs cycloalkyl, 3-t0 12-membered
heterocvelyl, 5- to 10-membered heteroaryl, and Co-Cis aryl of R and R are

mdependently optionally substituted by RE,

or R and R*arc taken together with the carbon atom to which they are
attached to form a 3- to &-membered cvcloalkylene optionally substituted by R®,

and

pis, 1, or2;
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= £ -
- (C RJRO)F ok

(b) NRPR® wherein
* represents the point of attachment to the Y-X- motety,
** 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, C1-Ce alkyl, C5-Ce cycloalkyl, 3- to 12-membered heterocyclyl, 5- to 10-
membered heteroaryl, or Ce-Cua aryl, wherein the Ci1-Coe atkyl, Ci-Cs cycloalkyl,
3-to 12-membered heterocyelyl, 3~ to 10-membered heteroaryl, and Co-Cra aryl

of R® and R® are independently optionally substituted by RY,

R? and R° are independently H, C1-Cs alkyl, C2-Ce alkenvl, C2-Ce alkynyl, C3-Cs
cycloalkyl, 3- to 12-membered heterocyelyl, 5-to 10-membered heteroaryl, Co-
Cu aryl, or ~C(=0YORY, wherein the C1-Ce alkyl, C3-Cs cycloalkyl, 3-t0 12-
membered heterocyelyl, 5-to 10-membered heteroarvl, and Co-Cis arvl of R” and

R¢ are independently optionally substituted by R!, and

ris 1,2, 0r3;0r

{
[ (CR7R8)UWN§_(CR9R1G)V“ sex
{c) ‘

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

, wheremn

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

R7 and R®, independently of each other and independently at each occurrence, are
hvdrogen, Cs-Cs cvcloalkyl, 3- to [2-membered heterocvelyl, 5 to 10-membered
hetercaryl, or Co-Cra aryl, wherein the C5-Ce cyeloalkyl, 3- to 12-membered
heterocvelyl, 5- to 10-membered heteroaryl, and Cs-Cis arvl of R" 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 cvcloalkylene optionally substituted by R,
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R’ and R!®, independently of each other and independently at each ocourrence,

are H, {1-Co alkyl, 5-Cs cyeloalkyl, 3~ to 12-membered beterocyclyl, 3-to 10-
membered heteroaryl, or Cs-Cra arvl, wheren the C1-Co alkvl, C3-Cs cveloalkyl,
3-to 12-membered heterocyelyl, 5- to 10-membered heteroaryl, and Ce-Cus aryl

of R” and R are independently optionally substituted by R¥,
sis i, 2, 0r3,

tis 1,2, 0r3,

whereins +1tis 2, 3, or 4,

uisor i, and

visOorl;

Y is Ce-Co arvl substituted by R, 6- to 10-membered heteroaryl substituted by R, or 3-to

12-membered heterocyelyl substituted by RY, wherein

cach R R', and RY, are independently C1-Cs alkyl, C2-Cs alkenyl, C2-Cos alkynvl, Cs-
Cs cycloalkyl, Cs~Cs cveloalkenyl, 3- to 12-membered heterocyelyvl, 5- to 10-membered
heteroaryl, Ce-Cia aryl, -ORM, -NRPR!® SRM NG, -C=NH(OR'", -C{OR", -QC(ORY,
C(OYORY, -C(OINRBRY, NRUC(OIRS, -NRHC(OJORY, NRUC(OINRFRIS, -$(O)RY,
S(O)RRY, NRHS(OIRS, NRUS(O}RE, S(O)NRIERE -S(O)NRIR, or -PIOYORSYORS),
wherein the C1-Cs alkyl, Co-Cs alkenvl, C3-Co alkyayl, C5-Cs cycloalkyl, Cs-Cs cycloalkenyl, 3-
to 12-membered heterocyelyl, 5~ to 10-membered heteroaryl, and Cs-Cira aryl of R R and RY

are substituted by RY;

R R¥ and R'®, independently of each other and independently at each occurrence, are
hydrogen, Ci-Cealkyl, Cr-Us alkenyl, C2-Cs alkynyl, C3-Cs cvcloalkyl, Cs-Cig aryl, 5-1o 10-
membered hetercaryl, or 3- to 12-membered heterocyelyl, wherein the Ci-Co alkyl, Co-Co
atkenyl, C2-Cs alkynyl, C5-Cs cycloalkyl, Ce-Cis arvl, 5~ to 10-membered heteroarvl, and 3- to
12-membered heterooyelyl of R¥, R and R'® are independently substituted by C1-Ce
perhaloalkyl, Ci-Csalkoxy, C1-Cs perhaloalkoxy, Co-Cia aryl or Ce-Craarvioxy wherein the Ce-

Cis arvl or Co-Crearvloxy 15 further optionally substituted by halogen, ~-OH, cvano, C1-Cealkyl,
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C1-Cs perhaloalkyl, C1-Cs alkoxy, or Ci-Cs perhaloalkoxy: and, wherein at least one of R4 R??

and R'® when present, is not hydrogen;

Rbis Ci-Coalkyl, C2-Cs alkenyl, (2-Co alkynyl, C2-Cs cycloatkyl, Cs-Cis aryl, 5-to 10-
membered heteroaryl, or 3~ to 12-membered heterocyclylwherein the Ci-Coalkyl, Co-Cs
alkenyl, C:-Cs alkynyl, C3-Cs cycloalkvl, Co-Cia arvl, 5- 1o 10-membered heteroaryl, or 3~ to 12-
membered heterocyclyl of RE is substituted by halogen, -OH, cyvano, Ci-Cs atkyl, Ci-Cs
perhaloalkyl, Ci-Coalkoxy, Ci-Cs perhaloalkoxy or Cs-Cia arvl, wherein the Cs-Cis aryl i
further optionally substituted by halogen, ~-OH, cvano, Ci~Ces alkyl, C1-Cs perhaloalkyl, C1-Cs

alkoxy, or Ci-Cs perhaloalkoxy; and

RY RS, R Rs, RE R RI, and RY, independently of each other and independently at cach
occurrence, are halogen, C1-Cs alkyl, Co-Cs alkenyl, C2-Co alkynyl, Ci-Cs cycloalkyl, Co-Cra

aryl, 3- to 10-membered heteroaryl, 3- to 12-membered heterocyclyl, -ORM -NRPR!® ¢yvano, or

mtro.

{0579} Embodiment 2. The compound of embodiment 1, or a salt thereof, wherein X
is ~C(=0)-.

[8580] Embodiment 3. The compound of embodiment 1, or a salt thereof, wherein X
1s -0

{6581} Embodiment 4. The compound of embodiment 1, or a salt thercof, wherein X

is -CH(OH)-.

{3382} Embodiment 5. The compound of any one of embodiments | to 4, or a salt thereof,

wherein L is -NH-CRIR?Z-,

{0583} Embodiment 6. The compound of embodiment 5, or a salt thereof, wherein L 15 -
NH-CHa-,
{0584} Embodiment 7. The compound of embodiment 5, or a salt thereof, wherein L 15 -

NH-CH{CH3)~.
10585} Embodiment 8. The compound of embodiment 3, or a salt thereof, wherein | 15 -
NH-CR'R?-, wherein R! and R? are taken together with the carbon ators to which they are

attached to form a 3- to 8-membered cycloalkylene.

N2
e
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[0586] Embodiment 9. The compound of embodiment &, 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} Embodiment 10, The compound of any one of embodiments 1 to 4, or a salt thereof,
wherein L is

-CRORO-CH(NRYR)-.

[0588] Embodument 11.  The compound of embodiment 10, or a salt thereof, wherein L s ~

CRRE-CH(NRPR®)-, wherein R®, RP, and R¢are H, and R’ is H or C1-Cs alkyl.
10589] Embodiment 12.  The compound of any one of embodiments 1 to 4, or a salt thereof,

. L we—O =1 ;MN:>_A(:R9R’!D\¢___ % . . .
wheretn L ig (CRIR):S ' 8 , wherein * reprosents the point of attachment
to the Y-X- moicty, ¥* represents the point of attachment to the remainder of the molecule.
{0590} Embodiment 13, The compound of embodiment 12, or a salt thereof, wherein L is
*MNQ— Kk N « - . e , ) -

, wherein * represents the point of attachment to the YV-X- moiety, and

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

{6591} Embodiment 4. The compound of embodiment 1, or a salt thereof, wherein the -X-~

H H
*YNV’/ *% k\TI/N e
L- moiety is selected from the group consisting of O \ O CH
= CHj CH GH,
H f\f/ v 3 P
* N ke 4 N\J % X % 3 *\ i x¥ % %
O .0 . O NHp | OH NH, Nbp O NHp
X !
! TS ** i a N
W O/\K \E/ \\/\\ ) \\n/
OH NH; . NH; , ,and  © : wherein * reprosents

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

{0592] Embodiment 15.  The compound of anv onc of emboduments 1 to 14, or a salt
thereof, wherein Y is Cs-Co aryl substituted by R

{0593] Embodiment 16, The compound of any one of embodiments 1 to 14, or a salt

thereof, wherein Y is 6- to 10-membered heteroaryl substituted by R17.
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[0594] Embodiment 17.  The compound of embodiment 16, or a salt thereof, wherein Y 1

pyridin-4-yi substituted by R!? in the 3-position.

{6593} Embodiment I8  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 thereof, wheremn

R1? s C2-Cs alkeny! substituted by RY,

3597}  Embodiment 200 The compound of embodiment 16 or 17, or a salt thercof, whercin
P

R? is 3~ to §2-membered heterocyclyl substituted by RY.

{0598] Embodiment21.  The compound of any onc of embodiments 18 to 20, or a salt
thercof, wherein RY is Co~Cra aryl substituted by halogen, -OH, cvano, Ci-Cs alkyl, Ci-Cs
perhaloalkyl, Ci-Cealkoxy, Ci-Cs perhaloalkoxy or Ce-Cis aryl.

105991  Embodiment 22, The compound of embodiment 16 or 17, or a salt thereof, wherein
R is -NRMC{O)RY.

{0600} Embodiment23.  The compound of ¢mabodiment 22, or a salt thereof, wherein at
tcast one of R and R is C1-Cs alkyl, or Co-Cra arvl, wherein the C1-Co alkyl, or Co-Cig aryt of
R* and RY are independently substituted by €1-Cs perhaloalkyl, C1-Cealkoxy, C1-Cs
perhaloaitkoxy, Cs-Cra aryl or Cs-Crs aryloxy, wherein the Ce-Cia arvl or Ts-Crs aryloxy is
further optionally substituted by halogen, -OH, cvano, U-Cealkyl, Ci-Cs perhaloalkyl, C1-Cs

alkoxy, or Ci-Cs perhaloalkoxy.

{0601} Embodiment24.  The compound of any one of embodiments 1 to 14, or asalt
thereof, wherem Y is 3~ to 12~-membered heterocyclyl substituted by RP.

[0602] Embodiment 25, The compound of any one of embodiments 1 to 24, or a salt
thereof, wherein m =n = 1.

{0603] Embodiment 26, The compound of any one of embodiments 1 to 25, or a salt
thercof, wherein R is hvdrogen.

[8684] Embodiment 27. A compound of Table 1, or a salt thereof.

10605] 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 carmer,
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[8686] 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
mdividual 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, chronic mflammation, obesity, glucose intolerance, or insulin
msensitivity i an individual in need thereof, comprising admmistering to the individual a
therapeutically effective amount of a compound of any one of embodiments 1-27 or a

phammaceutically acceptable salt thereof, or a pharmaceutical composition of embodiment 238,

[8608] Embodiment 31, The method of embodiments 29 or 30, wherein the disease or
disorder is breast cancer, colorectal cancer, ovarian cancer, prostate cancer, pancreatic Canger,
kidney cancer, lung cancer, melanoma, fibrosarcoma, bone sarcoma, connective Hissue 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 lymphocytary leukemia, pancreatic adenocarcinoma, or non-

small cell lung cancer.

[8610] Embodiment 33, The method of embodiment 29 or 30, wherein the discase or
disorder 1s fibrotic disease, wound healing, keloid formation, ostecarthritis, rheumatoid arthritis
and related disorders involving cartilage degradation, atherosclerotic disease, Crohn’s disease. or
Type U diabetes

{8611} Embodiment 34, A method of reducing tamor growth, tumeor proliferation, or
tumorigenicity in an individual 1n need thereof, comprising administering to the individual a
compound of any one of embodiments 1-27, or a pharmaceutically acceptable salt thereof, or a
pharmmaceutical 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 pharmaceutical composition of embodiment 28.
{0613} Embodiment 36, A method of inhibiting FAP in a cell comprising administering or

delivering to the cell a compound of anv one of embodiments 1-27, or a pharmaceutically

N2
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acceptable salt thereof, or a pharmaceutical composition of embodiment 28, or a metabolite of

the foregoing.
{6614} Embodiment37.  The method of embodiment 36, wherein the cell is a fibroblast.

{0615} Embodiment 38,  The method of embodiment 36 or 37, wherein the cell is a cancer

associated fibroblast (CAF) or a reactive stromal fibroblast,

[8616] Embodiment 39, A method of inhibiting FAP i a tumor comprising administering
or delivering to the tumor a compound of any one of embodiments 1-27, or a pharmaceutically
acceptable salt thereot, or a pharmaceutical composttion of embodiment 28, or a metabolite of

the foregoing.

{0617} HEmbodiment 40. A method of inhibiting FAP in plasma comprising administering
or delivenng 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.

[0618] Embodiment4l.  The method of any one of embodiments 35-40, wheremn mhibiting

FAP comprises inhibiting an endopeptidase activity of FAP.

{3619} Embodiment 42, The method of any one of embodiments 35-40, wherein mhibiting

FAP comprises mhibiting an exopeptidase activity of FAP.

{0620} Embodiment43. A method of enhancing an imumune response in an individual
comprising administering {a} an immune checkpoint mhibitor and (b} a compound of any one of
embodiments 1-27, or a pharmaceutically acceptable salt thereof, or a pharmaceutical

composition of crabodiment 28,

3621} Embodiment 44, A method of increasing the level of FGF21 expression i an
mdividual comprising administering to the individual a compound of any one of embodiments 1-
27, or a pharmaccutically acceptable salt thereof, or a pharmaceutical composition of

embodiment 28.

10622] Embodiment 45.  The method of embodiment 44, further comprising administenng
an inducer of FGF21 expressio

10623} Embodiment46.  The method of embodiment 45, wherein the mducer of FGF21

expression is PPARg agonist.

N2
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[8624] Embodiment47.  The method of embodiment 46, wherein the PPARw agonist 1s
fibrate or fenofibrate.

{6623} Embodiment 48,  The composition of embodiment 28 for use as a human or
veterinary medicament.

{0626] Hmbodiment 49.  Usc of a compound of any one of embodiments 1-27, ora
pharmaceutically acceptable salt thereof, or a pharmaceutical composition of embodiment 23, in
the manufacture of a medicament for the prevention and/or treatment of a disorder or discase
mediated by FAP.

186277 Al references throughout, such as publications, patents, patent applications and

published patent applications, are incorporated herein by reference in their entireties.
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CLATMS
What is claimed is:

1 A compound of formula (1)

9

‘}/"X‘L N m_F
ay
NC (1)

a pharmaceutically accepiable salt, stereoisomer or tautomer thereof, wherein:

B is hydrogen, C1-Co alkyl, C3-Cs cycloalkyl, 3-to 12-membered heterocyelyl, 5- 10 10-
membered heteroaryl, or Co-Ca arvl, wherein the C1-Ce alkyl, C5-Cs cycloalkyl, 3- 10 12-
membered heterocyelyl, 3- to 10-membered heteroarvl, and Cs-Cig aryl of R are independently

optionally substitated by RY;
m 38, 1,2, 3, ord;
n 18, 1,2, 3, or4,
whercmmm +nis 1, 2, 3, or 4;
X is -C{=0}-, -0-, -CH{OH]}-, -5-, -5(=0)-, or -5(=0}~:

Ra

* N ~ £
oAy N i T2 ,
{a) {CRTRD; {CRR; , wherein

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

R 15 hydrogen, Ci-Cs alkyl, Cs-Cs eycloalkvl, 3- to 12-membered heterocyelyl, 5-to 10-
membered heteroarvl, or Cs-Cia arvl, wherein the C1-Ce alkyl, T5-Cs cycloalkyd, 3-to 12-
membered heterocyclyl, 5- to 10-membered heteroarvl, and Cs-Cia arvl of R? are independently

optionally substituted by R®,
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R! and R?, independently of cach other and independently at cach occurrence, are hydrogen, Ci-
Ca alkyl, C3-Cs cycloalkyl, 3-to 12-membered heterocyelyl, 5- to 10-membered heteroaryl, or
Ce-Cig arvl, wherein the Cs3-Cs cyeloalkyl, 3~ to 12-membered heterocyelyi, 5-to 10-membered

heteroaryl, and Ce-C1s aryl 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,

R3 and R*, independently of cach other and independently at cach occurrence, are hydrogen, (3-
Cs eycloalkyl, 3- to 12-membered heterocyelyl, 5-to 10-membered heteroaryl, or Co-Cra arvi,
wherein the Ci-Cs cycloalkyl, 3- to 12-membered heterocyelyl, 5-to 10-membered heteroaryl,

and Ce-Cus aryl of R and R* are independently optionally substituted by R8,

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

3-to §-membered cycloalkyiene optionally substituted by RS, and
pis0 ForZ;

- (CF{DRE)r %%

-~
=3
ey

NR"R® wherein

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

R3 and RS, independently of cach other and independently at each occurrence, are H, C1-Cs

alkyl, Cs-Cs cycloalkyl, 3- to 12-membered beterocyelvl, 3- to 10-membered heteroaryl, or Ce-
Cis arvl, wherein the Ci-Cs alkyl, C3-Cs cyvcloalkyl, 3~ to 12-membered heterocvelvl, 5-to 10~
membered heteroaryl, and Co-Cra aryl of R and RS are independently optionally substituted by

>

R® and R° are independently H, C1-Cs alkyl, (2-Cs alkenyl, C2-Cs alkynyl, C3-Ca cveloalkyl, 3-

to 12-membered heterocvelyl, 5-to 10-membered heteroarvi, Co-Cia arvl, or -C=0Y0ORY,
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wherein the Ci-Cs alkyl, Cs-Cs cycloalkyl, 3- to 12-membered heterocyelyl, 3-to 10-membered

heteroaryl, and Cs-Cis aryl of R® and R® are independently optionally substituted by R, and

ris 1,2, or3; or

{c} Vit , 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-
Cs cycloalkyl, 3- to 12-membered heterocyclyl, 5- to 10-membered heteroaryi, or Ce-Crq aryl
wherein the C3-Ce cyeloalkyl, 3-to 12-membered heterocyelyl, 3- to 10-membered heteroaryl,

and Cs-C1a aryl of R7 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 cycloalkylene optionally substituted by R,

R” and R', independently of each other and independently at each occurrence, are H, Ci-Cs
alkyl, Co-Cs cycloalkyl, 3- to 12-membered heterocyelyl, 3- to 10-membered heteroaryl, or Cs-
Cis aryl, wherein the Ci-Cs alkyl, C5-Cs eycloalkyl, 3- to 12-membered heterocyelyl, 5-to 10-
membered hetercaryl, and Cs~Cra arvl of R” and R are independently optionally substituted by
RE

,
sis 1,2, 0r3,
tis 1,2, 0r3,
whereins +tis 2, 3, or 4,
uwisOorl, and

visQorl;

Y 1s Ce-Cs arvl substituted by R 6- to 10-membered heteroaryl substituted by R'?, or 3- 1o
12-membered heterocyelyl substituted by R, wherein
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gach R, R*? and RY, are independently C1-Cs alkyl, C2-Cs alkenvl, C2-Cs alkynyl, Cs-
Cs cycloalkyl, Co-Ca cyeloalkenyl, 3-to 12-membered heterocyclyl, 5- to 10-membered
heteroaryl, Ce~-Cia arvl, -ORY, -NRPRI -SRY, -NO», -C=NH(OR'Y, -C(ORY, -OC(ORY,
C{OIORM, -C{OINR PRI, NRUC(OIRY, -NRUC(OORY, -NRUC(OINRIR S, -S(GIRM,
S(O}RH, NRUS(O)RY, NRUS(ONRY, -S(OINRIRIS, -S(O)NRPR, or -P(ONORPYOR®),
wherein the C-Cse alkyl, C2-Ce alkenyl, Co-Cs atkynyl, C3-Cs cycloalkyl, Ca-Cs cycloalkenyl, 3-
to 12-membered heterocvelvl, 5-to 10-membered heteroaryl, and Cs-Crs aryl of R1 RZ and RY

are substituted by R*;

R™ R and R'®, independently of cach other and independently at each occurrence, are
hydrogen, Ci-Cs alkyl, C2-Ce alkenyl, Co-Cs alkynyl, C5-Ce cyeloalkyl, Ce-Cre aryl, 5- to 10-
membered heteroaryl, or 3~ to 12-membered heterocyclyl, wherem the Ci-Coalkyl, C2-Co
alkenyl, C:-Co alkynyl, C3-Cs cycloalkvi, Co-Cig arvl, 5~ 1o 10-membered heteroaryl, and 3-to
12-membered heterocyelyl of R, R and R are independently substituted by Ci-Cs alkoxy,
C1-Cs perhaloatkoxy, Ce-Cua aryl or Ce-Craaryloxy wherein the Ce-Crs arvl or Ce-Cr arvioxy is
further optionally substituted by halogen, -OH, cvano, Ci-Ce alkyl, Ci-Ce perhaloalkyl, Ci-Ce
atkoxy, or C1-Cs perbaloalkoxy: and, wherein at least one of R, R'® and R®, when present, is

not hydrogen;

RYis Ci-Csalkyl, C2-Cs alkenyl, C2-Cs alkynyl, Cs-Cs cyveloatkyl, Co-Cls aryl, 5- to 10-
membered heteroaryl, or 3- to 12-membered heterocvelyvl, wherein the Cr1-Cos alkvi, Co-Cs
alkenyl, C2-Co alkynyl, C5-Cs cycloalkyl, Cs-Cia arvi, 5- to 10-membered heteroaryl, or 3-to 12-
membered heterocvelvl of RY is substituted by halogen, -OH, cvano, oxo, -NHz, -NH-(3- to 12-
membered heterocvelvl), -0-(3- to 12-membered heterocyelyt), Ci-Coalkyl, C1-Ce perhaloalkyl,

C1-Co alkoxy, C1-Cs perhaloalkoxy or Ce-Cra aryl, wherein

the 1-Ce alkyl is further optionally substituted by 3- to 12-membered heterocvelyl,

wherein the 3~ to 12-membered heterocyclyl is further optionally substituted by Ci-Ce alkvl,

the 3- to 12-membered heterocycelyl of the -NH-(3- to 12-membered heterocyelvly and

the -0-(3- to 12-membered heterocyelyl} is further optionally substituted by Ci-Ce alkyl, and

the C6-Cig aryl is further optionally substituted by halogen, -OH, cyano, C1-Cs alkyl, Ci-
Cs perhaloalkyl, Ci-Cs alkoxv, or Ci-Cs perhaloalkoxy; and
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RY R®, RS RE R R R and R¥, independently of cach other and independently at each
oecurrence, are halogen, C1-Cs alkyl, Co-Ce alkenyl, Ca-Co atkynyl, C3-Cs cvcloalkyl, Ce-Cra
arvl, 5- to 10-membered heteroaryl, 3- to 1 2-membered heterocyelyl, -ORM, -NRVR!, cyano, or

NHEoG.

2. The compound of claim 1, a pharmaceutically acceptable salt, stercoisomer or tautomer

thereof, wheren X is ~C(=0)-.

3. The compound of claim 1, a pharmaceutically acceptable salt, stereoisomer or tautomer

thercof, wherein X 1s -0-.

4, The compound of claim 1, a pharmaceutically acceptable salt, stereotsomer or tautomer

thereof, wherein X s ~CH{OH)-.

5. The compound of any ong of claims 1 to 4, a pharmaceutically acceptable salt,

sterecisomer or tautomer thereof wherein L is -NH-CR'R?-.

6. The compound of claim 5, a pharmaceutically acceptable salt, sterecisomer or tautomer

thereof, wherein L is -NH-CHa-.

7

7. The compound of claim 5, a pharmaceutically acceptable salt, stercoisomer or tautomer

thereof, wheremn L is -NH-CH{CH:)-.

3. The compound of claim 3, a pharmaceutically acceptable salt, sterecisomer or tautomer
thereof, wherein L is -NH-CR'R?-, wherein R' and R? are taken together with the carbon atorm to

which thev are attached to form a 3- 1o 8-membered cycloalkyiene.

9, The compound of claim 8, a pharmaceutically acceptable salt, stereotsomer or tautomer
thereof, wherein R! and R? are taken together with the carbon atom to which they are attached to

form a cyclopropylens.

10. The compound of any ong of claims 1 to 4, a pharmaceutically acceptable salt,
stereoisomer or tautomer thereof, wherein L ig

CRIRE-CH(NRPR)-.

NI
N2
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i1, The compound of claim 10, a pharmaceutically acceptable salt, stercoisomer or tautomer
thereof, wherein L is -CRRS-CH(NRPR®)-, wherein R®, R?, and R€ are H, and R® is H or C1-Cs
alkyl.

12, The compound of any ong of claims 1 to 4, a pharmaceutically acceptable salt,
‘ ) ) . »— (CRTR® ‘—NN<>— CRIR10), — * o
stereoisomer or tautomer thercof, wherein L is ' s ( ¢ , wherein *

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

the remainder of the molecule.
13 The compound of claim 12, a pharmaceutically acceptable salt, stereoisomer or tautomer

thereof, wherein L is , wherein * represents the pomt of attachment to the Y-X-

moicty, and ** represents the point of attachment to the remainder of the molecule.

14, The compound of claim 1, a pharmaceutically acceptable salt, sterecisomer or tautomer

H

,\[rN\/H

thereof, wherein the -X-L- moiety is selected from the group consisting of O

’ " r CHa CHa CHs

* N LAY | wE - * ) *E % i Rk ek
O CH& i O X 0 Q NH- i OH NH, NH» X
% A% % ET3 *\ &K * N 4 . E o
0 i \D\ \H/ N
O NH; = OH NH NHp Tand O ; wherein

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

the remainder of the molecule.

15 The compound of any ong of claims 1 to 14, a pharmaceutically acceptable salt,

stereoisomer or tautomer thereof, wherein Y is Ce-Co arvl substituted by R

16. The compound of any one of claims 1 to 14, a pharmaceutically acceptable salt,

sterecisomer or tautomer thereof, wherein Y is 6~ to 10-membered heteroaryl substituted by R1?.

17 The compound of claim 16, a pharmaceutically acceptable salt, stercoisomer or tautomer

thereof, wherein Y is pyridin-4-v1 substituted by R'? in the 3-position.
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i8. The compound of claim 16 or 17, a pharmaceutically acceptable salt, stereotisomer or

tautomer thereof, wherein RY? is C1-Cs alkyl substituted by R

19, The compound of claim 16 or 17, a pharmaceutically acceptable salt, stergotsomer or

tavtomer thereof, wherein R'% is C2-Cs alkenyl substituted by RY

20, The compound of claim 16 or 17, a pharmaceutically acceptable salt, sterecisomer or

tautomer thereof, wherein R is 3- to 12-membered heterocvelyl substituted by R,

21 The compound of any ong of claims 18 to 20, a pharmaceutically acceptable salt,

stercoisomer or tautomer thereof, wherein R is Ce-Cig arvl substituted by halogen, -OH, cvano,

Ci-Cs alkyl, C1-Co pethaloalkyl, C1-Ce alkoxy, C1-Cs perhaloalkoxy or Ce-Cra aryl

22 The compound of claim 16 or 17, a pharmaceutically acceptable salt, sterecisomer or

tautomer thereof, wherein R is -NRM#*C((O)R .

23, The compound of claim 22, a pharmaceutically acceptable salt, siercoisomer or tautomer
thereof, wherein at least one of R' and RY is C1-Cs alkyl, or Cs-Cua aryl, wherein the C1-Cs
alkvl, or Ce-Cus aryl of R and R are independently substituted by Ci-Cs perhaloatkvl, C1-Cs
alkoxy, €1-Cs perbaloalkoxy, Ce-Cis arvl or Co-Crs aryloxy, wherein the Ce-Crs arvi or Ce-Cig
arvioxy is further optionally substituted by halogen, -OH, cyano, Ci-Csalkyl, C1-Ce

perhaloalkyl, Ci-Cealkoxy, or C1-Ce perhaloalkoxy.

24 The compound of any one of claims 1 to 14, a pharmaceutically acceptable salt,
stereoisomer or tautomer thereof, wherein Y 1s 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 1 to 25, a pharmaceutically acceptable salt,

stereoisomer or tautomer thereof, wherem R 1s hydrogen.

27, A compound of Table 1, a pharmaceutically acceptable salt, stercoisomer or tautomer

thereof.
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28, A pharmaceutical compostition comprising a compound of any one of claims 1-27, ora

phamaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier.

29, A method of treating a discase or disorder mediated by fibroblast activation protein
{FAP} in an mdividual in need thereof comprising administering to the individual a
therapeutically cffective amount of a compound of any one of claims 1-27, or a pharmaccutically

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 inflammation, obesity, glucose intolerance, or wmsulin tnsensitivity in an
mdividual 1 need thereof, comprising administering to the individual a therapeutically effective
amount of a compound of any one of claums 1-27, or a pharmaceutically acceptable salt thercof,

ot a pharmaceutical composition of claim 28,

31 The method of claims 29 or 30, wherem the discase or disorder 13 breast cancer,
colorectal cancer, ovarian cancer, prostate cancer, pancreatic cancer, kidney cancer, lung cancer,
melanoma, fibrosarcoma, bone sarcoma, connective fissue sarcoma, renal cell carcinoma, giant
cell carcinoma, squamous cell carcinoma, leukemia, skin cancer, soft tissue cancer, liver cancer,

gastrointestinal carcinoma, or adenocarcinoma.

32. The method of claim 31, wherein the discase or disorder 1s metastatic kidnev cancer,

chronic lyvmphocytary leukenua, pancreatic adenocarcinoma, or non-small cell lung cancer.

33, The method of claum 29 or 30, wherein the discase or disorder 1s fibrotic disease, wound
healing, keloid formation, osteoarthritis, rheumatoid 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 fumorigenicity m an
mdividual i 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 1 an mdividual comprising administering to the mdividual 2
compound of any one of claims 1-27, or a pharmaceutically acceptable salt thereof, ora

pharmaceutical composition of claim 28.

N2
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36, A method of mhibiting FAP in a cell comprnising administering or delivering to the cell a
compound of any ong of clamms 1-27, or a pharmaceutically acceptable salt thereof ora

phammaceutical composttion 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

a reactive stromal fibroblast.

39, A method of hibiting FAP in a tumor comprsing administering or delivering to the
tumor a compound of any one of claims [-27, or a pharmaccutically acceptable salt thereof, ora

phammaceutical composition of claim 28, or a metabolite of the foregoing.

40. A method of inhibiting FAP in plasma compusing administering 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 mhibiting an

endopeptidase activity of FAP,

42. The method of any one of claims 35-40, wherein mhibiting FAP comprises inhibiting an

exapeptidase activity of FAP.

43, A method of enhancing an immune response in an individual comprising administering
{a) an mmune 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 mereasing the level of FGF21 expression n an individual comprising
administering to the individual a compound of any one of claims 1-27, or a phamnmaceutically

acceptable salt thereof, or a pharmaceutical composition of claim 28,

45. The method of claim 44, further comprising administering an inducer of FGF21
CXICSSIo

46. The method of claim 45, wherein the inducer of FGF21 expression s PPARx agonist.
47, The method of claim 46, wherein the PPARq agonist 1s fibrate or fenofibrate.
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48,  The composition of claim 28 for use as a human or vetermary medicament.
49, Use of a compound of any one of claims 1-27, or a pharmaceutically acceptable salt

thereof, or a pharmaceutical composition of claim 28, in the manufacture of a medicament for

the prevention and/or freatment of a disorder or disease mediated by FAP.
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pharmaceutically acceptable salt, stereoisomer or tautomer thereof, wherein: R is hydrogen; mis 1; nis 0; X is =C(=0)-; L is the first
shown structure, wherein * represents the point of attachment to the Y-X-moiety, ** represents the point of attachment to the remainder
of the molecule, Ra is hydrogen; R1 and R2, independently of each other and independently at each occurrence, are hydrogen, q is 1;
R3 and R4, independently of each other and independently at each occurrence, are absent, and p is 0; Y is C6 aryl substituted by one
R11, wherein R11 is C1 alkyl, wherein R11 is attached in the 4-position of the C6 aryl.

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group I+: claims 1-14 and 27 are drawn to compounds of formula (1): or a pharmaceutically acceptable salt, sterecisomer or tautomer
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The first invention of Group I+ is restricted based on the proviso wherein m + nis 1, 2, 3, or 4; and is restricted to a compound of formula
(1): or a pharmaceutically acceptable salt, sterecisomer or tautomer thereof, wherein: R is hydrogen; mis 1; nis 0; X is -C(=0)-; L is the
first shown structure, wherein * represents the point of attachment to the Y-X-moiety, ** represents the point of attachment to the
remainder of the molecule, Ra is hydrogen; R1 and R2, independently of each other and independently at each occurrence, are
hydrogen, q is 1; R3 and R4, independently of each other and independently at each occurrence, are absent, and p is 0; Y is C6 aryl
substituted by one R11, wherein R11 is C1 alkyl, wherein R11 is attached in the 4-position of the C6 aryl. it is believed that claims 1, 2,
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to the Y-X-moiety, ** represents the point of attachment to the remainder of the molecule, Ra is hydrogen; R1 and R2, independently of
each other and independently at each occurrence, are hydrogen, g is 1; R3 and R4, independently of each other and independently at
each occurrence, are absent, and pis 0; Y is C6 ary! substituted by one R11, wherein R11 is C1 alkyl, wherein R11 is attached in the
4-position of the C6 aryl. Additional formula(e) will be searched upon the payment of additional fees. Applicants must specify the claims
that read on any additional elected inventions. Applicants must further indicate, if applicable, the claims which read on the first named
invention if different than what was indicated above for this group. Failure to clearly identify how any paid additional invention fees are to
be applied to the “+" group(s) will result in only the first claimed invention to be searched/examined.

The inventions listed in Groups I+ do not relate to a single general inventive concept under PCT Rule 13.1, because under PCT Rule
13.2 they lack the same or corresponding special technical features for the following reasons:

The Groups I+ formulae do not share a significant structural element requiring the selection of alternatives for compound variables R, m,
n, X, L, Y and accordingly these groups lack unity a priori.

Additionally, even if Groups I+ were considered to share the technical features of a compound having the core structure of formula (f): or
a pharmaceutically acceptable salt, stereoisomer or tautomer thereof, these shared technical features do not represent a contribution
over the prior art as disclosed by Substance Record for PubChem SID 104103293 to PubChem.

Substance Record for PubChem SID 104103293 to PubChem teaches a compound having the core structure of formula (1) (Pg. 2, see
shown structure).

The inventions listed in Groups I+ therefore lack unity under Rule 13 because they do not share a same or corresponding special
technical feature.

Form PCT/ISA/210 (extra sheet) (January 2015)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - description
	Page 83 - description
	Page 84 - description
	Page 85 - description
	Page 86 - description
	Page 87 - description
	Page 88 - description
	Page 89 - description
	Page 90 - description
	Page 91 - description
	Page 92 - description
	Page 93 - description
	Page 94 - description
	Page 95 - description
	Page 96 - description
	Page 97 - description
	Page 98 - description
	Page 99 - description
	Page 100 - description
	Page 101 - description
	Page 102 - description
	Page 103 - description
	Page 104 - description
	Page 105 - description
	Page 106 - description
	Page 107 - description
	Page 108 - description
	Page 109 - description
	Page 110 - description
	Page 111 - description
	Page 112 - description
	Page 113 - description
	Page 114 - description
	Page 115 - description
	Page 116 - description
	Page 117 - description
	Page 118 - description
	Page 119 - description
	Page 120 - description
	Page 121 - description
	Page 122 - description
	Page 123 - description
	Page 124 - description
	Page 125 - description
	Page 126 - description
	Page 127 - description
	Page 128 - description
	Page 129 - description
	Page 130 - description
	Page 131 - description
	Page 132 - description
	Page 133 - description
	Page 134 - description
	Page 135 - description
	Page 136 - description
	Page 137 - description
	Page 138 - description
	Page 139 - description
	Page 140 - description
	Page 141 - description
	Page 142 - description
	Page 143 - description
	Page 144 - description
	Page 145 - description
	Page 146 - description
	Page 147 - description
	Page 148 - description
	Page 149 - description
	Page 150 - description
	Page 151 - description
	Page 152 - description
	Page 153 - description
	Page 154 - description
	Page 155 - description
	Page 156 - description
	Page 157 - description
	Page 158 - description
	Page 159 - description
	Page 160 - description
	Page 161 - description
	Page 162 - description
	Page 163 - description
	Page 164 - description
	Page 165 - description
	Page 166 - description
	Page 167 - description
	Page 168 - description
	Page 169 - description
	Page 170 - description
	Page 171 - description
	Page 172 - description
	Page 173 - description
	Page 174 - description
	Page 175 - description
	Page 176 - description
	Page 177 - description
	Page 178 - description
	Page 179 - description
	Page 180 - description
	Page 181 - description
	Page 182 - description
	Page 183 - description
	Page 184 - description
	Page 185 - description
	Page 186 - description
	Page 187 - description
	Page 188 - description
	Page 189 - description
	Page 190 - description
	Page 191 - description
	Page 192 - description
	Page 193 - description
	Page 194 - description
	Page 195 - description
	Page 196 - description
	Page 197 - description
	Page 198 - description
	Page 199 - description
	Page 200 - description
	Page 201 - description
	Page 202 - description
	Page 203 - description
	Page 204 - description
	Page 205 - description
	Page 206 - description
	Page 207 - description
	Page 208 - description
	Page 209 - description
	Page 210 - description
	Page 211 - description
	Page 212 - description
	Page 213 - description
	Page 214 - description
	Page 215 - description
	Page 216 - description
	Page 217 - description
	Page 218 - description
	Page 219 - claims
	Page 220 - claims
	Page 221 - claims
	Page 222 - claims
	Page 223 - claims
	Page 224 - claims
	Page 225 - claims
	Page 226 - claims
	Page 227 - claims
	Page 228 - claims
	Page 229 - drawings
	Page 230 - drawings
	Page 231 - drawings
	Page 232 - wo-search-report
	Page 233 - wo-search-report
	Page 234 - wo-search-report

