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COMPOUNDS AND METHODS

BACKGROUND OF THE INVENTION
Field of the Invention
5 The present invention relates to compounds that inhibit histone deacetylase
(HDAC) enzymes, the preparation of these compounds, the use of these compounds in
the treatment of diseases or conditions ameliorated by inhibition of HDAC activity and

pharmaceutical compositions comprising these compounds.

10  Background of the Invention

Chromatin organization involves DNA wound around histone octamers that form
nucleosomes. Core histones with N-terminal tails extending from compact nucleosomal
core particles can be acetylated or deacetylated at epsilon lysine residues affecting
histone—-DNA and histone—non-histone protein interactions. Histone deacetylases

15 (HDACS) catalyze the deacetylation of histone and non-histone proteins and play an
important role in epigenetic regulation. There are currently 18 known HDACs that are
organized into three classes: class | HDACs (HDAC1, HDAC2, HDAC3, HDACS8 and
HDAC11) are mainly localized to the nucleus; class || HDACs (HDAC4, HDACS5, HDACS,
HDAC7, HDAC9 and HDAC10), which shuttle between the nucleus and the cytoplasm;

20 andclass Il HDACs (SIRT1-7), whose cellular localization includes various organelles.

Class Il HDACs are further characterized as class lla HDACs and class llb
HDACs.

HDACS is class lla histone deacetylase highly expressed in human Tregs.
HDAC9 deficiency: 1) increases Foxp3 expression (and other Treg markers), 2) increases

25 Foxp3 and histone 3 acetylation, 3) increases Foxp3 DNA binding, 4) increases Treg
numbers, 5) increases suppressive activity in vitro and in vivo, and 6) ameliorates murine
colitis. Tregs which are deficient in HDACS9 induce permanent tolerance of fully
mismatched cardiac allografts. In addition, HDACS9 inhibitors maybe useful for treatment
of diseases and disorders associated with abnormal cell proliferation, differentiation and

30 survival, e.g. breast and prostate tumors.

Preliminary data shows that targeting HDAC7, a class lla histone deacetylase,
enhances Treg suppression in vitro and in vivo. HDAC7 enhances FOXP3+ Treg function
and induces long-term allograft survival.

Inhibition of HDACS, a class |Ib HDAC, has been shown to increase Treg

35  suppressive function in vitro along with increased expression of FOXP3 protein and Treg
associated genes including CTLA, IL-10, TNR18. HDACS inhibition in vivo decreased
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severity of colitis in the dextran sodium sulphate-induced colitis model and the
CD4.CD62L+ adoptive transfer model of colitis. In addition, inhibition of HDACS6 with a
subtherapeutic dose of rapamycin led to prolonged cardiac allograft survival.

Based on the above evidence, an orally available small molecule selective inhibitor
of Class Il HDAC activity (more specifically HDAC9 or HDAC7 or HDACS) is expected to
modulate autoimmune diseases through expansion and enhancement of Treg activity.

Inhibition of other Class Il HDAC’s for example HDAC4 and 5 impair myogenesis
by modulating the stability and activity of HDAC-MEF2 complexes and maybe potentially
useful for the treatment of muscle and heart diseases including cardiac hypertrophy and
heart failure. Also, inhibition of Class Il HDAC activity, represents a novel approach for
disrupting or intervening in cell cycle regulation.

Class Il HDAC inhibitors have therapeutic potential in the study and/or treatment of
diseases or conditions ameliorated by modulating HDAC activity (in particular, cell
proliferative diseases (such as cancer), diabetes (type | and/or type Il diabetes),
inflammation, cardiac disease, obesity, stroke, epilepsy, depression, immunological
disease or viral or fungal infection.

Many HDAC inhibitors, however, inhibit all HDAC isoforms. It would be
advantageous to identify HDAC inhibitors that inhibited one or more but not all HDAC
isoforms.

SUMMARY OF THE INVENTION

The invention is directed to a compound according to Formula I:

RRA R
X'I/ X2 4
)Q z “SL—R
1
R
\Y X3 |

wherein:

R'is halo(C4-C,)alkyl, wherein said halo(C4-C,)alkyl contains at least 2 halo
groups;

Y is a bond and X;is O, N or NH, X, is N or CH and X; is N or NH,

or Yis —-C(O)-and X;and Xz are CHor N, Xzis O or S,

orY is —C(O)- and X, is O, Xz is CH or N, and X is CH or N;

A is optionally substituted (Cs-Cg)cycloalkyl, phenyl, naphthyl, 4-7 membered
heterocycloalkyl, 5-6 membered heteroaryl, or 9-10 membered heteroaryl,

wherein any optionally substituted cycloalkyl, phenyl, naphthyl, heterocycloalkyl, or

heteroaryl is optionally substituted by 1-3 groups independently selected from
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(C4-Cy)alkyl, halogen, cyano, halo(C4-C,)alkyl, (C4-C,)alkoxy, halo(C,-Cy4)alkoxy, -NR*RA
and -((C-Cy)alkyl)NRAR?,;

Zis —C(=O)NR*-, -NR*C(=O)NR*, -NR*C(=0)-, -SO,-, -SO,NR*-, -NR*SO,-,
-NHCH(CF3)-, -CH(CF3)NH-, -CH(CF;)-, -(C,-Clalkyl-, -NR*-, or -(C;-Cs)alkyl-NR*-;

nis 0-4;

when n is 0, R? and R® are independently selected from H and optionally
substituted (C-Cy)alkyl, aryl(C4-Cs)alkyl-, and (C5-C7)cycloalkyl(C4-Cs)alkyl-,

when n is 1-4, R? and R® are independently selected from H, fluoro, and optionally
substituted (C4-Cy)alkyl, aryl(C4-Cys)alkyl-, and (C5-C7)cycloalkyl(C4-Cs)alkyl-, wherein,
when nis 1, R?is F and R?is H, then Z is —C(=0)NR*-, -NR*C(=O)NR*, -SO.NR*-,
-NHCH(CF3)-, -CH(CF3)NH-, -CH(CF3)-, -(C;-C4)alkyl-, -NR*-, or -(C-C;)alkyl-NR*-, and

when n is 1-4, R? is selected from -NR*R®, -(C;-C,)alkyl-NR*R®, -CONR*R?,
-(C1-C4)alkyI-CONRARB, -CO,H, -(C4-C,)alkyl-CO,H, hydroxyl, hydroxy(C,-Cy)alkyl-,
(C4-Cs)alkoxy, and (C4-Cs)alkoxy(C;-C,)alkyl-, and R® is selected from H and optionally
substituted (C,-Cy)alkyl, aryl(C4-C4)alkyl-, and (C5-C;)cycloalkyl(C4-Cy)alkyl-,

wherein the aryl, cycloalkyl and each of the (C;-C,)alkyl moieties of said optionally
substituted (C,-C.)alkyl, aryl(C,-C4)alkyl-, and (C5-C)cycloalkyl(C4-Cy)alkyl- of any R? and
R® are optionally substituted by 1, 2 or 3 groups independently selected from halogen,
cyano, (C1-C4)alkyl, halo(C4-Cy)alkyl, (C1-C4)alkoxy, halo(C4-Cy)alkoxy, -NR*R*,
-((C+-Cyalky)NR*R", and hydroxyl;

or R? and R®taken together with the atom to which they are connected form an
optionally substituted 4, 5, 6, or 7 membered cycloalkyl or heterocycloalkyl group, wherein
said heterocycloalkyl group contains 1 or 2 heteroatoms independently selected from N, O
and S and said optionally substituted cycloalkyl or heterocycloalkyl group is optionally
substituted by 1, 2 or 3 substituents independently selected from (C4-C,)alkyl,
halo(C4-C,)alkyl, halogen, cyano, aryl(C,-C,)alkyl-, (Cs-C;)cycloalkyl(C-Cy)alkyl-, —ORY,
-NR'RY, -C(=0)OR", ~C(=O)NR'R", -NR"C(=0)R", -SO,NR'R", -NRYSO,R",
-OC(=0)NR'RY, -NRYC(=0)OR", and -NRYC(=O)NR"R"; and

L is 5-6 membered heteroaryl or phenyl which is substituted by R* and is optionally
further substituted,

wherein when L is further substituted, L is substituted by 1 or 2 substituents
independently selected from halogen, cyano and (C4-Cy)alkyl;

R*is H, (C1-C4)alkyl, halo, halo(C;-Cy)alkyl, (C4-Cs)alkoxy,
((C4-Ca)alkyl)((C4-Ca)alkyl)N(C1-Cas)alkoxy, ((C+-Cas)alkyl)((C4-Ca)alkyl)N(C1-Ca)alkyl-,
(C4-C4)haloalkoxy-, (C4-Cy)alkylamino, optionally substituted (Cs-Cs)cycloalkyl, optionally
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substituted phenyl, optionally substituted 5-6 membered heterocycloalkyl, or optionally
substituted 5-6 membered heteroaryl,

wherein said optionally substituted cycloalkyl, phenyl, heterocycloalkyl or
heteroaryl is optionally substituted by 1, 2 or 3 groups independently selected from
(C4-Cy)alkyl, halogen, cyano, halo(C4-C,)alkyl, (C1-Cs)alkoxy, (C4-Cs)alkylthio-,
halo(C4-C4)alkoxy, hydroxyl, -NR*R® and -((C-C4)alky)NR*R®;

or L-R? | taken together, form a 1,3-benzodioxolyl, 2,3-dihydro-1,4-benzodioxinyl,
benzofuranyl, tetrahydroisoquinolyl or isoindolinyl group wherein said benzofuranyl,
tetrahydroisoquinolyl or isoindolinyl group is optionally substituted by 1, 2 or 3 groups
independently selected from (C4-C.,)alkyl, halogen, cyano, halo(C4-Cs)alkyl, (C4-Cs)alkoxy,
(C4-Cy)alkylthio-, halo(C4-Cy4)alkoxy, hydroxyl, -NR*R® and -((C;-C,)alky)NR*RE;

wherein each R* is independently selected from H and (C,-C,)alkyl;

RBis H, (C;-Cy)alkyl, halo(C,-C,)alkyl, —C(=0)(C;-Cy)alkyl, -C(=0)O(C,-Cy)alkyl,
-C(=0)NH,, —C(=0O)NH(C;-Cy)alkyl, -C(=O)N((C4-C4)alkyl)((Cs-C4)alkyl),
-S0,(C4-Cy)alkyl, or R* and R® taken together with the atom to which they are attached
form a 4-6 membered heterocyclic ring, optionally containing one additional heteroatom
selected from N, O and S and optionally substituted by (C,-Cy)alkyl;

RCis H, (C1-C4)alkyl, phenyl, 5-6 membered heterocycloalkyl, or 5-6 membered
heteroaryl, or R* and R® taken together with the atom to which they are attached form a
4-8 membered heterocyclic ring, optionally containing one additional heteroatom selected
from N, O and S and optionally substituted by (C4-C,)alkyl;

each R* is independently selected from H, (C-Ce)alkyl, and optionally substituted
(C2-Ce)alkyl, where said optionally substituted (C,-Cs)alkyl is optionally substituted by
hydroxyl, cyano, amino, (C4-C,)alkoxy, (C4-C4)alkyl)NH-, or ((C4-C4)alkyl)((C+-C4)alkyl)N-;
and

each R" is independently selected from H, (C-Cy)alkyl, phenyl, and
-(C4-Cy4)alkylphenyl;

or a salt thereof, or a salt, particularly a pharmaceutically acceptable salt, thereof,
and is further directed to a pharmaceutical composition comprising the compound of
Formula I, or a salt thereof, a method of inhibiting HDAC by contacting a HDAC with the
compound of Formula | or a salt thereof, and a method of treating a subject having a
disease or disorder mediated by inhibition of a HDAC comprising administering the
compound of Formula I, or a salt thereof, or a pharmaceutical composition comprising the

compound of Formula |, or a salt thereof, to the subject.
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In one embodiment, a compound of Formula | excludes the following compounds:
N-[(4-fluorophenyl)methyl]-4-[5-(2,2, 2-triflucroacetyl)-2-thienyl]-benzamide
N-[(4-fluorophenyl)methyl]-3-[5-(2,2,2-trifluoroacetyl)-2-thienyl]-benzamide,
4-methoxy-N-[2-[3-(trifluoromethyl)-1H-1,2,4-triazol-5-yl]-3-thienyl]-
5 benzeneacetamide,

N-[(4-methoxyphenyl)methyl]-4-[5-(trichloromethyl)-1,2,4-oxadiazol-3-yI]-1,2,5-

oxadiazol-3-amine,
4-(trifluoromethyl)-N-[3-(trifluoromethyl)-4-[5-(trifluoromethyl)-1,2,4-oxadiazol-3-

yllphenyl]-benzenepropanamide,

10 3-[4-(trifluoromethyl)phenyl]-N-{3-(trifluoromethyl)-4-[5-(trifluoromethyl)-1,2,4-

oxadiazol-3-yl]phenyl}propanamide,
3-{7-methyl-2-[4-(3-methyl-5-isoxazolyl)butyl]-1-benzofuran-5-yl}-5-

(trifluoromethyl)-1,2,4-oxadiazole,
1-[3-(3-methyl-5-isoxazolyl)propyl]-5-[5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl]-1H-

15  indole,
7-methyl-1-[4-(3-methyl-5-isoxazolyl)butyl]-5-[5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl]-1H-indole,
7-methyl-1-[5-(3-methyl-5-isoxazolyl)pentyl]-5-[5-(trifluoromethyl)-1,2,4-oxadiazol-
3-yl]-1H-indole,
20 7-methyl-1-[3-(3-methyl-5-isoxazolyl)propyl]-5-[5-(trifluoromethyl)-1,2,4-oxadiazol-

3-yl]-2,3-dihydro-1H-indole, or
N-(phenylmethyl)-4-[5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl]-1,2,5-oxadiazol-3-
amine;
or a salt thereof.
25 The invention is further directed to a pharmaceutical composition comprising a
compound of the invention. The invention is still further directed to methods of inhibiting
HDAC enzymes and treatment of conditions associated therewith using a compound of

the invention or a pharmaceutical composition comprising a compound of the invention.

30 DETAILED DESCRIPTION OF THE INVENTION
The alternative definitions for the various groups and substituent groups of
Formula | provided throughout the specification are intended to particularly describe each
compound species disclosed herein, individually, as well as groups of one or more
compound species. The scope of this invention includes any combination of these group

35  and substituent group definitions.
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In one embodiment of this invention, R' is a fluoro- alkyl group containing at least
2 fluoro groups (atoms). In another embodiment, R is a (C4-C,)alkyl group containing at
least 2 fluoro groups. In a specific embodiment, R'is CHF, or CF3; more specifically, R’
is CF3

In selected embodiments, when Y is a bond, X4, X;, and X3, taken together with
the atoms to which they are attached, form an oxadiazolyl (X, is O, X; and X; are N),
oxazolyl (X is O, Xz is CH, X5 is N), imidazolyl (X is N or NH, Xz is CH, X3 is N or NH); or
a triazolyl (X4 is N or NH, Xz is N, X3 is N or NH) ring moiety. In specific embodiments,
when Y is a bond, X,, Xz, and Xs;, taken together with the atoms to which they are
attached form an oxadiazolyl ring moiety.

In selected embodiments, when Y is —C(O)-, X4, X,, and X,, taken together with
the atoms to which they are attached, form an thiazolyl (X5 is S, X, is CH and X, is N or X;
is S, X;is N and X; is CH), oxazolyl (X; is O, X; is CH and X; is N or X; is O, X; is N and
X, is CH), thienyl (X; and X, are CH, X; is S) or furanyl (X, and X, are CH, X; is O) ring
moiety. In specific embodiments, when Y is —C(O)-, X;, X, and X;, taken together with
the atoms to which they are attached form a thienyl, thiazolyl or oxazolyl ring moiety, more
specifically a thienyl moiety.

In selected embodiments, when Y is —C(O)-, X4, X, and Xs, taken together with
the atoms to which they are attached, form a furanyl or furyl (X, is O, X; and X; are CH),
oxazolyl (X, is O, Xz is CH, and X3 is N), isoxazolyl (X is O, Xz is N, and X is CH), or
oxadiazolyl (X;is O, X; and X; are N) ring moiety. In specific embodiments, when Y is —
C(0)-, X4, X2, and X3, taken together with the atoms to which they are attached form a
furanyl (furyl) ring moiety.

The invention is further directed to a compound of Formula (I-a):

R R
N
o]
Do
Sy
R’ N
wherein R!, R%, R®R* A, Z, n and L are as defined herein.

The invention is still further directed to a compound of Formula (I-b):

o RXA R®
W Z~[—/P<L—R“
R1 S

wherein R!, R%, R®R* A, Z, n and L are as defined herein.

(l-a),

(I-b),
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The invention is further directed to a compound of Formula (I-¢), (I-d) or (I-e):

RA R

LW Z~[—/P<L—R4
1 N

R (I-c),

RRA R
HN\ .
/‘\ z N L—R
o
R' N

(I-d),

5
RR R
N
Ny
RO (e),
wherein R!, R%, R®R* A, Z, n and L are as defined herein.
The invention is still further directed to a compound of Formula (I-f), (I-g), (I-h), (I-i)

or (I-):

10

o Ry R’
R1>—[0>_@ g LR
R1H}—@Z LR
o N R R
>—[>—@sz—#
R S

(I-6),

(-9,

(I-h),

(i),
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o N R R
Y Y -
R S
wherein R!, R%, R®R* A, Z, n and L are as defined herein.

The invention is still further directed to a compound of Formula (I-k), (I-1), (I-m), or

(),

(I-n):

RA R
PG L
R1

RRA R
[o) (o]
MK/A%L—RA
R' N

(I-k),

(-,

R, R’
o 0—N
WA n L—R’
R1

3

(I-m),
RA R
[e) O—N
>—<\ )—A«[—/P(L—R‘t
R1 N

10  wherein R', R2 R3,R* A, n and L are as defined herein.

(I-n),

In another embodiment, A is a phenyl group optionally substituted by 1-2 groups
independently selected from (C4-C.,)alkyl, halogen, cyano, halo(C4-Cs)alkyl, (C4-Cs)alkoxy,
halo(C4-C4)alkoxy, -NR*R* and -((C+-C,)alky)NR*R". In further embodiments, A is a
phenyl group optionally substituted by 1 group selected from methyl, ethyl, fluoro, chloro,

15  trifluoromethyl, methoxy, ethoxy, trifluoromethoxy, cyano, -NR*R* and
-((C1-Cyalky)NR*R" where each R" is independently H or methyl. In specific
embodiments, A is an unsubstituted phenyl group or a phenyl group substituted by an
ethyl, fluoro, cyano or methoxy group.

In yet another embodiment, A is a cyclopropyl, cyclopentyl or cyclohexyl group,

20 optionally substituted by 1-2 groups independently selected from (C,-C,)alkyl,
(C4-Cylalkoxy, -NR*R" and -((C4-C,)alkyl)NRARA. In further embodiments, A is a
cyclopropyl, cyclopentyl or cyclohexyl group, optionally substituted by 1-2 groups
independently selected from methyl, ethyl, tert-butyl, methoxy, ethoxy, -NR*R” and
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-((C+-Cyalky)NR*R" where each R" is independently H or methyl. In selected
embodiments of this invention, A is a cyclopropyl, cyclopentyl or cyclohexyl group.

In another embodiment of this invention, A is naphthyl, optionally substituted by
1-2 groups independently selected from (C4-C,)alkyl, halogen, cyano, halo(C;-C,)alkyl,

5  (C4-Cy)alkoxy, halo(C4-Cq)alkoxy, -NR*R* and -((C+-C,)alky)NR*R".

In another embodiment of this invention, A is a 4-7 membered heterocycloalkyl
group optionally substituted by 1-3 groups independently selected from (C4-Ca)alkyl,
halogen, cyano, halo(Cs-Cy)alkyl, (C1-C,)alkoxy, halo(C+-C4)alkoxy, oxo, -NR*R* and
-((C1-Ca)alky)NRARA,

10 In another embodiment of this invention, A is a 9-10 membered heteroaryl
optionally substituted by 1-2 groups independently selected from (C4-C,)alkyl, halogen,
cyano, halo(C,-Cy)alkyl, (C4-Cy)alkoxy, halo(C4-C,)alkoxy, oxo, -NR*R? and
-((C4-Cy)alky)NR*R". In selected embodiments, A is isoquinolyl, indazolyl,
tetrahydroisoquinolinonyl, isoindolinonyl, and indolinyl.

15 In further embodiments, A is a 5-6 membered heteroaryl optionally
substituted by 1-2 groups independently selected from (C;-Cy)alkyl, halogen, cyano,
halo(C4-C,)alkyl, (C4-C4)alkoxy, halo(C,-C,)alkoxy, -NR*R” and -((C;-C,)alky)NR*RA. In
still further embodiments, A is a 5-6 membered heteroaryl optionally substituted by 1
group selected from methyl, ethyl, fluoro, trifluoromethyl, -NR*R* and

20  -((Cs-Cyalky)NR*R" where each R" is independently H or methyl and the 5-6 membered
heteroaryl contains 1 ring heteroatom selected form N, O and S and optionally contains 1
additional ring nitrogen atom. In selected embodiments, A is oxazolyl, pyrazolyl, or thienyl
optionally substituted by a methyl group. In other selected embodiments, A is pyrazolyl or
thienyl, optionally substituted by a methyl group. In specific embodiments, A is thienyl. In

25  other specific embodiments, A is oxazolyl.

In yet other embodiments, A is a pyridyl or pyridyl-N-oxide group optionally
substituted by 1-2 groups independently selected from (C;-Cy)alkyl, halogen, cyano,
halo(C4-C,)alkyl, (C4-C4)alkoxy, halo(C,-C,)alkoxy, -NR*R” and -((C;-C,)alky)NR*RA. In
further embodiments, A is a pyridyl or pyridyl-N-oxide group optionally substituted by 1

30 group selected from methyl, ethyl, fluoro, chloro, trifluoromethyl, methoxy, ethoxy,
trifluoromethoxy, cyano, -NR*R* and -((C:-C4)alky)NR*R", where each R* is
independently H or methyl. In selected embodiments, A is pyridyl or pyridyl-N-oxide. In
specific embodiments, A is pyridyl.

In another embodiment of this invention, Z is —C(=0)NR*-, -NR*C(=O)NR*, or

35 -NR*C(=0)-; particularly —C(=O)NR*- or -NR*C(=0)-. In another embodiment of this
invention, Z is -SO,NR*- or -NR*SO,-. In another embodiment of this invention, Z is
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-NHCH(CF3;)- or -CH(CF3)NH-. In another embodiment of this invention, Z is -CH(CF3)-
or -(C4-Cys)alkyl-. In another embodiment of this invention, Z is -NRX- or
-(C4-Ca)alkyl-NR*-.

For each of the above embodiments of Z, R*, or for -NR*C(=0)NR*, each R¥, may

5 beindependently selected from H, (C4-Cs)alkyl, and optionally substituted (C,-C.)alkyl,
where said optionally substituted (C,-Cs)alkyl is optionally substituted by hydroxyl, cyano,
amino, (C4-Cys)alkoxy, (C4-Cs)alkyl)NH-, or ((C4-Cas)alkyl)((C4-Cs)alkyl)N-. For each of the
above embodiments of Z, R*, or for -NR*C(=0)NRX, each R¥, may be independently
selected from H, methyl, ethyl, tert-butyl, hydroxyethyl-, methoxymethyl-, cyanoethyl-, N-

10  methylaminoethyl- and dimethylaminoethyl-. In specific embodiments, each R is
independently H, methyl or cyanoethyl, more specifically, R* is H or methyl.

In particular embodiments, Z is —C(=O)NRX-, -S0,-, -SO,NR*, -CH(CF3)NH-,
methyl (methylenyl), ethyl (ethylenyl), -NR*-, or -(C;-Cj)alkyl-NR*-, where each R* is
independently H, methyl or ethyl. In specific embodiments, each R*is H. In selected

15 embodiments, Zis —C(=O)NH-, -SO,NH-, -CH(CF3)NH-, ethyl (ethylenyl), -CH,NH-,
-CH,N(CH,CH3)-, -CH(CH3)N(CH,CHa3)-, or -CH(CH3)NH-. In specific embodiments, Z is
-C(=O)NH- or —CH,NH-.

In another embodiment of this invention, n is 0-4; particularly 0-3. In specific
embodiments, nis 1 ornis 0.

20 In another embodiment, one of R? and R? is other than hydrogen. In yet another
embodiment, both R? and R® are Cq alkyl (e.g., methyl). In a still further embodiment,
one of R? and R® is H and the other of R? and R® is C14 alkyl (e.g., methyl). In a further
embodiment, R? and R®taken together with the atom to which they are connected form an
optionally substituted 4, 5, or 6 membered cycloalkyl or heterocycloalkyl group, wherein

25 said heterocycloalkyl group contains 1 heteroatom selected from N, O and S and said
optionally substituted cycloalkyl or heterocycloalkyl group is optionally substituted by a
substituent selected from (C,-C,)alkyl, halo(C,-Cy)alkyl, halogen, cyano, aryl(C,-Cy)alkyl-,
(Cs-Ce)cycloalkyl(C-Cy)alkyl-, ~OR", -NR™R™, —C(=0)OR", -C(=O)NR™R™,
-NR""C(=0)R"™, -SO,NR"*R", and -NR""SO,R"?, where R is selected from H,

30  (Cq-Cualkyl, phenyl(Cy-Cy)alkyl- and (Cs-Ce)cycloalkyl(C4-Cy)alkyl-, and each R™ is
independently selected from H and (C4-C,)alkyl, specifically H and methyl.

In another embodiment of this invention, when n is 0, R? and R® are independently
selected from H and optionally substituted (C4-C,)alkyl, phenyl(C4-C,)alkyl-, and
(C5-Ce)cycloalkyl(C4-Cy)alkyl-.

10
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In another embodiment, when nis 1, R? and R® are independently selected from H
and optionally substituted (C4-C,)alkyl, phenyl(C4-C,)alkyl-, and
(C5-Ce)cycloalkyl(C,-Cy)alkyl-.

In another embodiment, when nis 1, R%is F and R®is H, then Z is —C(=O)NH-,

5 -NHC(=O)NH, -SO,NH-, -NHCH(CF3)-, -CH(CF3)NH-, -CH(CF3)-, -(C4-Cs)alkyl-, -NH-, or
-CH,NH-; more specifically, Z is -C(=O)NH- or -CH,NH-.

In another embodiment, when n is 2-4, R and R® are independently selected from
H, fluoro, and optionally substituted (C4-Cs)alkyl, phenyl(C4-Cy)alkyl-, and
(C5-Ce)cycloalkyl(C4-Cy)alkyl-.

10 In another embodiment of this invention, when n is 1-4, R? is selected from amino,
(C4-Cy)alkylamino, ((C4-Cs)alkyl)((C4-Cs)alkyl)amino, amino(C4-C,)alkyl,
(C4-Cs)alkylamino(C4-Cy)alkyl, ((C4-Cs)alkyl)((C4-Cs)alkyl)amino(C4-C,)alkyl,
(substituted(C,-C5)alkyl)((C+-Cs)alkyl)amino(C4-C,)alkyl (where said (substituted
(C4-Cy)alkyl moiety is substituted by —C(=0O)OH, -C(=0)O(C,-C,)alkyl, or 1-8 fluoro

15  groups), aminocarbonyl(C4-C,)alkyl, (C4-Cs)alkylaminocarbonyl(C4-C,)alkyl,
((C4-Cs)alkyl)((C4-Cs)alkyl)yaminocarbonyl(C,-Cy)alkyl, hydroxyl, hydroxy(C,-Cy)alkyl-,
(C4-Cy)alkoxy, and (C4-Cy)alkoxy(C;-C,)alkyl- and R® is selected from H and optionally
substituted (C-Cy)alkyl, aryl(C4-Cs)alkyl-, and (C5-C7)cycloalkyl(C4-Cs)alkyl-.

In another embodiment of this invention, when n is 1-4, R? is selected from amino,

20  hydroxyl, and (C-Cy)alkoxy, and R® is selected from H and optionally substituted
(C4-Cy)alkyl, phenyl(C4-Cy)alkyl-, and (Cs-Ce)cycloalkyl(C4-Cs)alkyl-. In another
embodiment, n is 1-3, R?is hydroxyl and R® is H or methyl; more specifically, nis 1, R*is
hydroxyl and R*is H or methyl. In another embodiment of this invention, (for any value of
n) R? and R?® are independently selected from H and optionally substituted (C;-C.)alkyl,

25  phenyl(C4-Cy)alkyl-, and (C;-Cg)cycloalkyl(C4-Cs)alkyl-.

In another embodiment of this invention, (for any value of n) R? is selected from H
and optionally substituted (C4-C,)alkyl, phenyl(C4-C,)alkyl-, and
(Cs-Cs)cycloalkyl(C4-Cy)alkyl- and R? is selected from H and methyl.

In specific embodiments of this invention (for any value of n), R? and R® are

30 independently selected from H and methyl. In more specific embodiments, both R? and
R® are H or both R? and R® are methyl.

In another embodiment of this invention, the aryl, phenyl, cycloalkyl and each of
the (C4-C,)alkyl or (C4-Cs)alkyl moieties of said optionally substituted (C4-Ca)alkyl,
aryl(C+-Cy)alkyl-, phenyl (C4-C,)alkyl-, (Cs-C;)cycloalkyl(C4-Cs)alkyl- and

35  (Cs-Ce)cycloalkyl(C-Colalkyl- of any R? and R® are optionally substituted by 1, 2 or 3

halogen (specifically fluorine) groups and/or 1 or 2 groups independently selected from
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cyano, (C4-Cy)alkyl, halo(C4-Cy)alkyl, (C4-Cy)alkoxy, halo(C4-C,)alkoxy, NRARA,
-((C4-Cyalky)NR*R", and hydroxyl.

In another embodiment of this invention, R? and R®taken together with the atom to
which they are connected form an optionally substituted 4, 5, or 6 membered cycloalkyl or
heterocycloalkyl group, wherein said heterocycloalkyl group contains 1 heteroatom
selected from N, O and S and said optionally substituted cycloalkyl or heterocycloalkyl
group is optionally substituted by a substituent selected from (C4-C,)alkyl,
halo(C4-C4)alkyl, halogen, cyano, aryl(C4-C,)alkyl-, (Cs-Ce)cycloalkyl(Cs-Co)alkyl-, —ORY2,
-NR"R™, —C(=0)OR", -C(=O)NR"R™, -NR"C(=0)R"™, -SO,NR"*R"®, and
-NR"S0O,R"?, where R"? is selected from H, (C-C4)alkyl phenyl(Cs-C,)alkyl- and
(Cs-Ce)cycloalkyl(C,-Cy)alkyl-, and each R is independently selected from H and
(C4-Cy)alkyl, specifically H and methyl.

In specific embodiments of this invention, R? and R®taken together with the atom
to which they are connected form an optionally substituted 4, 5 or 6 membered cycloalkyl
or heterocycloalkyl group, wherein said heterocycloalkyl group contains 1 heteroatom
selected from N and O and said optionally substituted cycloalkyl or heterocycloalkyl group
is optionally substituted by a substituent selected from (C4-C,)alkyl, aryl(C4-C,)alkyl-, and
(C5-Ce)cycloalkyl(C4-Cy)alkyl-.

In selected embodiments of this invention, R? and R*taken together with the atom
to which they are connected form a tetrahydropyranyl, 2,2-dimethyl-tetrahydropyranyl,
cyclopentyl, 1-methyl-piperidinyl, cyclopropyl, cyclohexyl, 1-ethyl-piperidinyyl,
tetrahydrofuranyl, piperidinyl, 1-methyl-pyrrolidinyl, 1-benzyl-pyrrolidinyl, 1-
cyclopropylmethyl-pyrrolidinyl, oxetanyl, azetidinyl, 1-methyl-azetidinyl, 1-benzyl-
azetidinyl, or 1-cyclopropylmethyl-azetidinyl group.

In specific embodiments of this invention, R? and R®taken together with the atom
to which they are connected form a tetrahydropyranyl, 2,2-dimethyl-tetrahydropyranyl,
cyclopentyl, 1-methyl-piperidinyl group.

In another embodiment of this invention, L is 5-6 membered heteroaryl or phenyl
which is substituted by R* and is optionally further substituted, wherein when L is further
substituted, L is substituted by 1 or 2 substituents independently selected from halogen,
cyano and methyl.

In another embodiment of this invention, L is a 5-membered heteroaryl, pyridyl or
phenyl which is substituted by R*and is optionally further substituted, wherein when L is
further substituted, L is substituted by 1 substituent selected from chloro, fluoro, cyano

and methyl.
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In selected embodiments, L is pyrazolyl, oxadiazolyl, 1-methyl-imidazolyl, thiazolyl,
thienyl, triazolyl, pyridyl, phenyl, oxazolyl or isoxazolyl, any of which is substituted by a
methyl group.

In specific embodiments, L is thiazolyl, thienyl, triazolyl, pyridyl, phenyl, or
oxazolyl, any of which is substituted by a methyl group.

In another embodiment of this invention, R*is H, halogen, (C4-Cj)alkyl,
halo(C4-Cy)alkyl, (C4-Cy)alkoxy, ((C1-Cz)alkyl)((C4-Cz)alkyl)N(C4-Cs)alkoxy-,
((C1-Cy)alkyl)((C4-Co)alkyl)N(C4-Cs)alkyl-, (C41-Cz)haloalkyl, (C4-Cs)alkylamino, optionally
substituted (C3-Cs)cycloalkyl, optionally substituted phenyl, optionally substituted 5-6
membered heterocycloalkyl, or optionally substituted 5-6 membered heteroaryl, where
said optionally substituted cycloalkyl, phenyl, heterocycloalkyl or heteroaryl is optionally
substituted by 1 or 2 groups independently selected from (C,-Cy)alkyl, halogen, cyano,
halo(C4-C,)alkyl, (C4-C,)alkoxy, halo(C,-C,)alkoxy, hydroxyl, -NR*R® and
-((C+-Cy)alky)NRARC,

In a selected embodiments, R* is H, methyl, bromo, trifluoromethyl,
dimethylaminoethoxy-, dimethylaminopropyl-, and optionally substituted pyridyl,
cyclohexyl, piperidinyl, piperazinyl, imidazolyl, thienyl, or phenyl, where the pyridyl,
cyclohexyl, piperidinyl, piperizinyl, imidazolyl, thienyl, or phenyl are optionally substituted
by 1-2 substituents independently selected from methyl, chloro, bromo, fluoro,
trifluoromethyl, methoxy, and cyano.

In a selected embodiments, R* is H, methyl, bromo, trifluoromethyl,
dimethylaminoethoxy-, phenyl, 4-chlorophenyl, 2-bromophenyl-,4-fluorophenyl, 4-
cyanophenyl, 3-trifluoromethylphenyl, 4-methoxyphenyl, cyclohexyl, imidazolyl, thienyl,
pyrid-2-yl, pyrid-3-yl, or pyrid-4-yl.

In other embodiments of this invention, L-R* , taken together, form a
1,3-benzodioxolyl, thienopyrimidinyl , benzo-isothiazolyl, 2,3-dihydro-1,4-benzodioxinyl,
benzofuranyl, benzimidazolyl, benzimidazolonyl, tetrahydroisoquinolyl, indolinyl or
isoindolinyl group, optionally substituted with 1 or 2 groups independently selected from
methyl, trifluoromethyl, chloro, fluoro, cyano, methoxy, phenyl, and morpholinylpropyl-.

In selected embodiments of this invention, L-R* , taken together, form a
1,3-benzodioxolyl, tetrahydroisoquinolyl or isoindolinyl group.

In another embodiment of this invention, each R* and R is independently selected
from H and (C4-Ca)alkyl; specifically each R* and R is independently selected from H,

methyl and ethyl.
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In another embodiment of this invention, each R" is independently selected from
H, (C4-C4)alkyl, phenyl, and -(C;-C,)alkylphenyl; specifically each R” is independently
selected from H, methyl, ethyl, phenyl, benzyl and -ethylphenyl.

As used herein, the term "alkyl" represents a saturated, straight or branched

5 hydrocarbon moiety, which may be unsubstituted or substituted by one, or more of the

substituents defined herein. Exemplary alkyls include, but are not limited to methyl (Me),
ethyl (Et), n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl, n-pentyl, iso-pentyl (3-
methyl-butyl), neo-pentyl (2,2-dimethylpropyl), etc. The term "C,-C,4" refers to an alkyl
containing from 1 to 4 carbon atoms.

10 When the term "alkyl" is used in combination with other substituent groups, such
as "haloalkyl" or "cycloalkyl-alkyl" or "arylalkyl", the term "alkyl" is intended to encompass
a divalent straight or branched-chain hydrocarbon radical. For example, "arylalkyl" is
intended to mean the radical —alkylaryl, wherein the alkyl moiety thereof is a divalent
straight or branched-chain carbon radical and the aryl moiety thereof is as defined herein,

15 and is represented by the bonding arrangement present in a benzyl group (-CH,-phenyl).

In addition, the term "alkyl" may be used to define a divalent substituent, such as a
group bonded to two other groups. In this instance, the term "alkyl" is intended to
encompass a divalent straight or branched-chain hydrocarbon radical. For example,
"pentyl" is intended to represent a pentylene diradical —wherein the pentyl moiety is any

20 one of a divalent straight (-CH,CH,CH,CH,CH-) or branched (-CH,CH(CH3)CH,CH,-,
-CH,CH,>CH(CH,CHa3)-, -CH,CH,C(CHzs).-) chain 5-carbon radical.

As used herein, the term “cycloalkyl” refers to a non-aromatic, saturated, cyclic
hydrocarbon ring. The term “(C3-Cs)cycloalkyl” refers to a non-aromatic cyclic
hydrocarbon ring having from three to eight ring carbon atoms. Exemplary

25  “(Cs-Cg)cycloalkyl” groups useful in the present invention include cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, and cyclooctyl.

“Alkoxy” refers to a group containing an alkyl radical attached through an oxygen
linking atom. The term “(C,-C,)alkoxy” refers to a straight- or branched-chain
hydrocarbon radical having at least 1 and up to 4 carbon atoms attached through an

30 oxygen linking atom. Exemplary “(C4-Cs)alkoxy” groups useful in the present invention
include, but are not limited to, methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy,
s-butoxy, and t-butoxy.

"Aryl" represents a group or moiety comprising an aromatic, monovalent
monocyclic or bicyclic hydrocarbon radical containing from 6 to 10 carbon ring atoms,

35  which may be unsubstituted or substituted by one or more of the substituents defined
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herein, and to which may be fused one or more cycloalkyl rings, which may be
unsubstituted or substituted by one or more substituents defined herein.

Generally, in the compounds of this invention, aryl is phenyl.

Heterocyclic groups may be heteroaryl or heterocycloalkyl groups.
"Heterocycloalkyl" represents a group or moiety comprising a stable, non-aromatic,
monovalent monocyclic or bicyclic radical, which is saturated or partially unsaturated,
containing 3 to 10 ring atoms, which includes 1 to 4 heteroatoms selected from nitrogen,
oxygen and sulfur, and which may be unsubstituted or substituted by one or more of the
substituents defined herein. The heterocycloalkyl may be attached by any atom of the
monocyclic or bicyclic radical which results in the creation of a stable structure. This term
encompasses bicyclic heterocycloalkyl moieties where the rings are joined at two atoms
per ring, as exemplified by the bonding arrangement in 2,5-diazabicyclo[2.2.1]heptyl, 2-
azabicyclo[2.2.1]heptyl, 2-oxa-5-azabicyclo[2.2.1]heptyl, 7-oxa-2-azabicyclo[2.2.1]heptyl,
2-thia-5-azabicyclo[2.2.1]heptyl, 7-azabicyclo[2.2.1]heptyl, 2,6-
diazatricyclo[3.3.1.13,7]decyl, 2-azatricyclo[3.3.1.13,7]decyl, 2,4,9-
triazatricyclo[3.3.1.13,7]decyl, 8-azabicyclo[3.2.1]octyl, 2,5-diazabicyclo[2.2.2]octyl, 2-
azabicyclo[2.2.2]octyl, 3-azabicyclo[3.2.1]octyl, 8-azabicyclo[3.2.1]octyl, octahydro-1H-
pyrrolo[3,2-b]pyridyl group. This term specifically excludes bicyclic heterocycloalkyl
moieties where the rings are joined at a single atom per ring (spiro), as exemplified by the
bonding arrangement in a 1-oxa-2-azaspiro[4.5]dec-2-en-3-yl group. lllustrative examples
of heterocycloalkyls include, but are not limited to, azetidinyl, pyrrolidyl (or pyrrolidinyl),
piperidinyl, piperazinyl, morpholinyl, tetrahydro-2H-1,4-thiazinyl, tetrahydrofuryl (or
tetrahydrofuranyl), dihydrofuryl, oxazolinyl, thiazolinyl, pyrazolinyl, tetrahydropyranyl,
dihydropyranyl, 1,3-dioxolanyl, 1,3-dioxanyl, 1,4-dioxanyl, 1,3-oxathiolanyl, 1,3-oxathianyl,
1,3-dithianyl, azabicylo[3.2.1]octyl, azabicylo[3.3.1]nonyl, azabicylo[4.3.0]nonyl,
oxabicylo[2.2.1]heptyl and 1,5,9-triazacyclododecyl.

Generally, in the compounds of this invention, heterocycloalkyl groups are
5-membered and/or 6-membered heterocycloalkyl groups, such as pyrrolidyl (or
pyrrolidinyl), tetrahydrofuryl (or tetrahydrofuranyl), tetrahydrothienyl, dihydrofuryl,
oxazolinyl, thiazolinyl or pyrazolinyl, piperidyl (or piperidinyl), piperazinyl, morpholinyl,
tetrahydropyranyl, dihydropyranyl, 1,3-dioxanyl, tetrahydro-2H-1,4-thiazinyl, 1,4-dioxanyl,
1,3-oxathianyl, and 1,3-dithianyl.

"Heteroaryl" represents a group or moiety comprising an aromatic monovalent
monocyclic or bicyclic radical, containing 5 to 10 ring atoms, including 1 to 4 heteroatoms
selected from nitrogen, oxygen and sulfur, which may be unsubstituted or substituted by

one or more of the substituents defined herein. This term also encompasses bicyclic
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heterocyclic-aryl compounds containing an aryl ring moiety fused to a heterocycloalkyl
ring moiety, containing 5 to 10 ring atoms, including 1 to 4 heteroatoms selected from
nitrogen, oxygen and sulfur, which may be unsubstituted or substituted by one or more of
the substituents defined herein. This term is also intended to encompass heterocyclic
groups containing nitrogen and/or sulfur where the nitrogen or sulfur heteroatoms are
optionally oxidized. lllustrative examples of heteroaryls include, but are not limited to,
thienyl, pyrrolyl, imidazolyl, pyrazolyl, furyl (or furanyl), isothiazolyl, furazanyl, isoxazolyl,
oxazolyl, oxadiazolyl, thiazolyl, pyridyl (or pyridinyl), pyridyl-N-oxide, pyrazinyl, pyrimidinyl,
pyridazinyl, triazinyl, tetrazinyl, triazolyl, tetrazolyl, benzo[b]thienyl, isobenzofuryl, 2,3-
dihydrobenzofuryl, chromenyl, chromanyl, indolizinyl, isoindolyl, indolyl, indazolyl, purinyl,
isoquinolyl, quinolyl, phthalazinyl, naphthridinyl, quinzolinyl, benzothiazolyl,
benzimidazolyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, isoindolinyl, indolinyl,
cinnolinyl, pteridinyl, isothiazolyl.

Some of the heteroaryl groups present in the compounds of this invention are 5-6
membered monocyclic heteroaryl groups. Selected 5-membered heteroaryl groups
contain one nitrogen, oxygen or sulfur ring heteroatom, and optionally contain 1, 2 or 3
additional nitrogen ring atoms. Selected 6-membered heteroaryl groups contain 1, 2, 3 or
4 nitrogen ring heteroatoms. Selected 5- or 6-membered heteroaryl groups include
thienyl, pyrrolyl, imidazolyl, pyrazolyl, furyl, isothiazolyl, furazanyl, isoxazolyl, oxazolyl,
oxadiazolyl, thiazolyl, triazolyl, and tetrazolyl or pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl,
triazinyl and thiadiazolyl.

Some of the heteroaryl groups present in the compounds of this invention are 9-10
membered bicyclic heteroaryl groups. Selected 9-membered heteroaryl groups contain
one nitrogen, oxygen or sulfur ring heteroatom, and optionally contain 1, 2 or 3 additional
nitrogen ring atoms. Selected 10-membered heteroaryl groups contain one nitrogen,
oxygen or sulfur ring heteroatom, and optionally contain 1, 2, 3 or 4 additional nitrogen
ring atoms. Selected 9-10 membered heteroaryl groups include benzo[b]thienyl,
isobenzofuryl, 2,3-dihydrobenzofuryl, chromenyl, chromanyl, indolizinyl, isoindolyl, indolyl,
indazolyl, purinyl, isoquinolyl, quinolyl, phthalazinyl, naphthridinyl, quinzolinyl,
benzothiazolyl, benzimidazolyl, tetrahydroquinolinyl, cinnolinyl, pteridinyl.

The terms "halogen” and "halo” represent chloro, fluoro, bromo or iodo
substituents. "Hydroxy™" or “hydroxyl” is intended to mean the radical -OH. The term
“ox0” is intended to mean a keto diradical (=0), such as present on a pyrrolidin-2-one ring.

The compounds of the invention are only those which are contemplated to be
“chemically stable” as will be appreciated by those skilled in the art.

Specifically, the invention is directed to a compound according to Formula (l-a):
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R’ N (-a)
wherein:

R'is —CFs;

A is optionally substituted (Cs-Cg)cycloalkyl, phenyl, naphthyl, 4-7 membered
heterocycloalkyl, 5-6 membered heteroaryl, or 9-10 membered heteroaryl,

wherein any optionally substituted cycloalkyl, phenyl, naphthyl, heterocycloalkyl, or
heteroaryl is optionally substituted by 1-3 groups independently selected from
(C4-Cy)alkyl, halogen, cyano, halo(C4-Cy)alkyl, (C4-C,)alkoxy, halo(C4-Cy)alkoxy, -NRAR”
and -((C-Cy)alkyl)NRAR?,;

Zis —C(=O)NR*-, -NR*C(=O)NR*, -NR*C(=0)-, -SO,-, -SO,NR*-, -NR*SO,-,
-NHCH(CF3)-, -CH(CF3)NH-, -CH(CF;)-, -(C,-Clalkyl-, -NR*-, or -(C;-Cs)alkyl-NR*-;

nis 0-4;

when n is 0, R? and R® are independently selected from H and optionally
substituted (C-Cy)alkyl, aryl(C4-Cs)alkyl-, and (C5-C7)cycloalkyl(C4-Cs)alkyl-,

when n is 1-4, R? and R® are independently selected from H, fluoro, and optionally
substituted (C4-Cy)alkyl, aryl(C4-Cys)alkyl-, and (C5-C7)cycloalkyl(C4-Cs)alkyl-, wherein,
when nis 1, R?is F and R?is H, then Z is —C(=0)NR*-, -NR*C(=O)NR*, -SO.NR*-,
-NHCH(CF3)-, -CH(CF3)NH-, -CH(CF3)-, -(C1-C4)alkyl-, -NR*-, or -(C4-C3)alkyl-NR*-, and

when n is 1-4, R? is selected from amino, hydroxyl, and (C;-C4)alkoxy, and R® is
selected from H and optionally substituted (C4-C,)alkyl, aryl(C-Cs)alkyl-, and
(C5-Cy)cycloalkyl(C4-Cy)alkyl-,

wherein the aryl, cycloalkyl and each of the (C;-C,)alkyl moieties of said optionally
substituted (C,-C.)alkyl, aryl(C,-C4)alkyl-, and (C5-C)cycloalkyl(C4-Cy)alkyl- of any R? and
R® are optionally substituted by 1, 2 or 3 groups independently selected from halogen,
cyano, (C4-Cy)alkyl, halo(C4-Cy)alkyl, (C4-Cy4)alkoxy, halo(C4-C,)alkoxy, halogen, -NR*RA,
-((C4-Cyalky)NR*R", (C,-C4)alkoxy, hydroxyl, cyano, halo(C,-C,)alkyl, and
halo(C4-C4)alkoxy;

or R? and R®taken together with the atom to which they are connected form an
optionally substituted 4, 5, 6, or 7 membered cycloalkyl or heterocycloalkyl group, wherein
said heterocycloalkyl group contains 1 or 2 heteroatoms independently selected from N, O
and S and said optionally substituted cycloalkyl or heterocycloalkyl group is optionally
substituted by 1, 2 or 3 substituents independently selected from (C4-C,)alkyl,
halo(C4-C4)alkyl, halogen, cyano, aryl(C4-C,)alkyl-, (Cs-C7)cycloalkyl(Cs-Cy)alkyl-, —ORY,
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-NR'RY, -C(=0)OR", ~C(=O)NR'R", -NR"C(=0)R", -SO,NR'R", -NRYSO,R",
-OC(=0)NR'RY, -NRYC(=0)OR", and -NRYC(=O)NR"R"; and

L is 5-6 membered heteroaryl or phenyl which is substituted by R* and is optionally
further substituted,

wherein when L is further substituted, L is substituted by 1 or 2 substituents
independently selected from halogen, cyano and (C4-Cy)alkyl;

R*is H, (C1-C4)alkyl, halo, halo(C;-Cy)alkyl, (C4-Cs)alkoxy,
((C4-Ca)alkyl)((C4-Ca)alkyl)N(C1-Cas)alkoxy, ((C+-Cas)alkyl)((C4-Ca)alkyl)N(C1-Ca)alkyl-,
(C4-C4)haloalkoxy-, (C4-Cy)alkylamino, optionally substituted (Cs-Cs)cycloalkyl, optionally
substituted phenyl, optionally substituted 5-6 membered heterocycloalkyl, or optionally
substituted 5-6 membered heteroaryl,

wherein said optionally substituted cycloalkyl, phenyl, heterocycloalkyl or
heteroaryl is optionally substituted by 1, 2 or 3 groups independently selected from
(C4-Cy)alkyl, halogen, cyano, halo(C4-C,)alkyl, (C4-C,)alkoxy, (C4-Cy)alkylthio-,
halo(C4-C,)alkoxy, hydroxyl, -NR*R® and -((C;-C,)alky)NR*R®;

or L-R? | taken together, form a 1,3-benzodioxolyl, 2,3-dihydro-1,4-benzodioxinyl,
benzofuranyl, tetrahydroisoquinolyl or isoindolinyl group wherein said benzofuranyl,
tetrahydroisoquinolyl or isoindolinyl group is optionally substituted by 1, 2 or 3 groups
independently selected from (C4-C.,)alkyl, halogen, cyano, halo(C4-Cs)alkyl, (C4-Cs)alkoxy,
(C+-Cy)alkylthio-, halo(C+-C4)alkoxy, hydroxyl, -NR*R® and -((C4-Cs)alky)NR*RE;

wherein each R* is independently selected from H and (C;-Cy)alkyl;

RCis H, (C1-C4)alkyl, phenyl, 5-6 membered heterocycloalkyl, or 5-6 membered
heteroaryl, or R* and R® taken together with the atom to which they are attached form an
optionally substituted 4-8 membered heterocyclic ring, optionally containing one additional
heteroatom selected from N, O and S;

each R* is independently selected from H, (C4-Ce)alkyl, and optionally substituted
(C,-Ce)alkyl, where said optionally substituted (C,-Cs)alkyl is optionally substituted by
hydroxyl, cyano, amino, (C4-C,)alkoxy, (C4-C4)alkyl)NH-, or ((C4-C4)alkyl)((C+-C4)alkyl)N-;
and

each R" is independently selected from H, (C-Cy)alkyl, phenyl, and
-(C4-Cs)alkylphenyl;

provided that the compound is not:

3-[4-(trifluoromethyl)phenyl]-N-{3-(trifluoromethyl)-4-[5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl]phenyl}propanamido,

3-{7-methyl-2-[4-(3-methyl-5-isoxazolyl)butyl]-1-benzofuran-5-yl}-5-

(trifluoromethyl)-1,2,4-oxadiazole,
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1-[3-(3-methyl-5-isoxazolyl)propyl]-5-[5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl]-1H-
indole,
7-methyl-1-[4-(3-methyl-5-isoxazolyl)butyl]-5-[5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl]-1H-indole,
5 7-methyl-1-[5-(3-methyl-5-isoxazolyl)pentyl]-5-[5-(trifluoromethyl)-1,2,4-oxadiazol-
3-yl]-1H-indole,
7-methyl-1-[3-(3-methyl-5-isoxazolyl)propyl]-5-[5-(trifluoromethyl)-1,2,4-oxadiazol-
3-yl]-2,3-dihydro-1H-indole, or
N-(phenylmethyl)-4-[5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl]-1,2,5-oxadiazol-3-
10 amine;
or a salt, particularly a pharmaceutically acceptable salt, thereof.

Accordingly, the invention is further directed to a compound according to
Formula I, wherein:
15 R'is CHF, or CF3;
Y is abond, X;is O, and X, and X; are N, or
Y is =C(O)-, X; and X, are CH, and X; is S, or
Y is =C(O)-, X4 is O, and X; and X; are CH,;
A is a phenyl group optionally substituted by 1 group selected from methyl, ethyl,
20 fluoro, chloro, trifluoromethyl, methoxy, ethoxy, trifluoromethoxy, cyano, -NRAR* and
-((C+-Ca)alky)NRARA, or
A is a cyclopropyl, cyclopentyl or cyclohexyl group, optionally substituted by 1-2
groups independently selected from methyl, ethyl, tert-butyl, methoxy, ethoxy, -NR*R" and
-((C+-C)alky)NRARA, or
25 A is a 5-6 membered heteroaryl or a 9-10 membered heteroaryl optionally
substituted by 1 group selected from methyl, ethyl, fluoro, trifluoromethyl, -NR*R* and
-((C4-Cyalky)NR*R", where the 5-6 membered heteroaryl or 9-10 membered heteroaryl
contains 1 ring heteroatom selected form N, O and S and optionally contains 1 additional
ring nitrogen atom,
30 where each R* is independently H or methyl;
Zis —C(=O)NR*-, -NR*C(=O)NR*, -NR*C(=0)-, -NHCH(CF3)-, -CH(CF3)NH-,
-CH(CF3)-, -(C1-Cy)alkyl-, or -(C+-Cs)alkylNR*-, where R* is H, (C4-C,)alkyl, or optionally
substituted (C,-C,)alkyl, where said optionally substituted (C,-C.)alkyl is optionally
substituted by hydroxyl, cyano, amino, (C4-Cs)alkoxy, (C1-C4)alkyl)NH-, or
35 ((C+-Cajalkyl)((C1-Ca)alky)N-;
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nis 0-3 and R? and R® are independently selected from H and optionally substituted
(C4-Cy)alkyl, phenyl(C4-C,)alkyl-, and (C5-Ce)cycloalkyl(C4-Cs)alkyl-, or

nis 1-3 and R? is hydroxyl and R®is H or methyl, or

n is 0-3 and R? and R®taken together with the atom to which they are connected
form an optionally substituted 4, 5, or 6 membered cycloalkyl or heterocycloalkyl group,
wherein said heterocycloalkyl group contains 1 heteroatom selected from N, O and S and
said optionally substituted cycloalkyl or heterocycloalkyl group is optionally substituted by
a substituent selected from (C4-Ca)alkyl, halo(C4-Cs)alkyl, halogen, cyano,
aryl(C4-Cy)alkyl-, (Cs-Ce)cycloalkyl(C-Cy)alkyl-, ~OR™, -NR"R™, —C(=0)OR",
-C(=0)NR™R™, -NR"™C(=0)R"®, -SO,NR"R", and -NR"™SO,R"?, where R" is
selected from H, (C4-Cy)alkyl phenyl(C,-C,)alkyl- and (C3-Cs)cycloalkyl(C4-C,)alkyl-, and
each R"™ is independently selected from H and (C-C,)alkyl;

L is 5-6 membered heteroaryl or phenyl which is substituted by R* and is optionally
further substituted, wherein when L is further substituted, L is substituted by 1 or 2
substituents independently selected from halogen, cyano and methyl; and

R*is H, halogen, (C4-C,)alkyl, halo(C;-Cy)alkyl, (C4-Cy)alkoxy,
((C1-Colalkyl)((C+-Co)alky)N(C+-Cs)alkoxy-, ((C+-Co)alkyl)((C+-Co)alkyl)N(C4-Cs)alkyl-,
(C4-Cy)haloalkyl, (C4-Cs)alkylamino, optionally substituted (Cs-Ce)cycloalkyl, optionally
substituted phenyl, optionally substituted 5-6 membered heterocycloalkyl, or optionally
substituted 5-6 membered heteroaryl, where said optionally substituted cycloalkyl, phenyl,
heterocycloalkyl or heteroaryl is optionally substituted by 1 or 2 groups independently
selected from (C4-C,)alkyl, halogen, cyano, halo(C+-Cs)alkyl, (C4-Cs)alkoxy,
halo(C4-Cy)alkoxy, hydroxyl, -NR*R® and -((C;-Cy4)alky)NR*R®;

or a salt, particularly a pharmaceutically acceptable salt, thereof.

The invention is yet further directed to a compound as defined herein wherein:

nis 0-3 and R? and R® are independently selected from H and optionally substituted
(C4-Cy)alkyl, phenyl(C4-C,)alkyl-, and (C5-Ce)cycloalkyl(C4-Cs)alkyl-, or

nis 1-3 and R?is hydroxyl and R®is H or methyl, or

n is 0-3 and R? and R®taken together with the atom to which they are connected
form an optionally substituted 4, 5 or 6 membered cycloalkyl or heterocycloalkyl group,
wherein said heterocycloalkyl group contains 1 heteroatom selected from N and O and
said optionally substituted cycloalkyl or heterocycloalkyl group is optionally substituted by
a substituent selected from (C4-Cs)alkyl, aryl(C4-Cs)alkyl-, and
(C5-Ce)cycloalkyl(C4-Cy)alkyl-;

R*is H, methyl or cyanoethyl;
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L is a 5-membered heteroaryl, pyridyl or phenyl which is substituted by R* and is
optionally further substituted, wherein when L is further substituted, L is substituted by 1
substituent selected from chloro, fluoro, cyano and methyl; and

R*is H, methyl, bromo, trifluoromethyl, dimethylaminoethoxy-,
dimethylaminopropyl-, and optionally substituted pyridyl, cyclohexyl, piperidinyl,
piperazinyl, imidazolyl, thienyl, or phenyl, where the pyridyl, cyclohexyl, piperidinyl,
piperizinyl, imidazolyl, thienyl, or phenyl are optionally substituted by 1-2 substituents
independently selected from methyl, chloro, bromo, fluoro, trifluoromethyl, methoxy, and
cyano;

or a salt, particularly a pharmaceutically acceptable salt, thereof.

The invention is specifically directed to a compound according to Formula I,
wherein:

R'is CHF, or CF3;

Y is abond, X;is O, and X, and X; are N, or

Y is =C(O)-, X; and X, are CH, and X; is S, or

Y is =C(O)-, X4 is O, and X, and X; are CH,;

A is an unsubstituted phenyl group or a phenyl group substituted by an ethyl, fluoro,
cyano or methoxy group, or a thienyl, pyridyl, cyclopropyl, cyclopentyl or cyclohexyl group;

Z is -C(=O)NH- or —-CH,NH-;

nis 0 or 1 and both R? and R® are H or both R? and R® are methyl, or

nis 1and R?is hydroxyl and R®is H or methyl, or

nis 0 or 1 and R? and R®taken together with the atom to which they are connected
form a tetrahydropyranyl, 2,2-dimethyl-tetrahydropyranyl, cyclopentyl, 1-methyl-piperidinyl
group;

L is thiazolyl, thienyl, triazolyl, pyridyl, phenyl, or oxazolyl, any of which is optionally
substituted by a methyl group;

R*is H, methyl, bromo, trifluoromethyl, dimethylaminoethoxy-, phenyl, 4-chlorophenyl,
2-bromophenyl-,4-fluorophenyl, 4-cyanophenyl, 3-trifluoromethylphenyl, 4-methoxyphenyl,
cyclohexyl, imidazolyl, thienyl, pyrid-2-yl, pyrid-3-yl, or pyrid-4-yl; or

L-R*, taken together, form a 1,3-benzodioxolyl, tetrahydroisoquinolyl or
isoindolinyl group;

or a salt, particularly a pharmaceutically acceptable salt, thereof.

The invention is more specifically directed to a compound according to Formula I,
wherein:

R'is CHF, or CF3;
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Y is a bond, X;is O, and X, and X; are N;
A is an unsubstituted phenyl or pyridyl group;
Z is -C(=O)NH- or —-CH,NH-;
nis 1;
5 R? and R® are both methyl, or

R?is hydroxyl and R® is methyl, or
R? and R® are both hydrogen, or
R?is methyl and R® is hydrogen, or
R?is hydroxyl and R is hydrogen, or

10 R? is dimethylamino and R®is H, or
R?is N,N-dimethylaminoethyl and R®is H, or
R? and R® taken together with the atom to which they are connected form a

tetrahydropyranyl, 2,2-dimethyl-tetrahydropyranyl, or a 1-methyl-piperidinyl group;

L is thiazolyl, thienyl, triazolyl, pyridyl, phenyl, or oxazolyl, any of which is

15  optionally substituted by a methyl group;

R* is phenyl, optionally substituted by halo (chloro or fluoro), cyano,
halo(C,-C,)alkyl, or (C,-Cy)alkoxy;

or a salt, particularly a pharmaceutically acceptable salt, thereof.

As used herein, the term "compound(s) of the invention™ means a compound of

20 formula (1) (as defined above) in any form, i.e., any salt or non-salt form (e.g., as a free
acid or base form, or as a pharmaceutically acceptable salt thereof) and any physical form
thereof (e.g., including non-solid forms (e.g., liquid or semi-solid forms), and solid forms
(e.g., amorphous or crystalline forms, specific polymorphic forms, solvates, including
hydrates (e.g., mono-, di- and hemi- hydrates)), and mixtures of various forms.

25 As used herein, the term “optionally substituted” means unsubstituted groups or
rings (e.g., cycloalkyl, heterocycle, and heteroaryl rings) and groups or rings substituted
with one or more specified substituents.

The compounds according to Formula | may contain one or more asymmetric
center (also referred to as a chiral center) and may, therefore, exist as individual

30 enantiomers, diastereomers, or other sterecisomeric forms, or as mixtures thereof. Chiral
centers, such as chiral carbon atoms, may also be present in a substituent such as an
alkyl group. Where the stereochemistry of a chiral center present in Formula I, or in any
chemical structure illustrated herein, is not specified the structure is intended to
encompass all individual stereoisomers and all mixtures thereof. Thus, compounds

35 according to Formula | containing one or more chiral centers may be used as racemic

mixtures, scalemic mixtures, or as diaseteromerically or enantiomerically pure materials.
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Individual stereocisomers of a compound according to Formula | which contain one
or more asymmetric center may be resolved by methods known to those skilled in the art.
For example, such resolution may be carried out (1) by formation of diastereocisomeric
salts, complexes or other derivatives; (2) by selective reaction with a sterecisomer-
specific reagent, for example by enzymatic oxidation or reduction; or (3) by gas-liquid or
liquid chromatography in a chiral environment, for example, on a chiral support such as
silica with a bound chiral ligand or in the presence of a chiral solvent. The skilled artisan
will appreciate that where the desired stereoisomer is converted into another chemical
entity by one of the separation procedures described above, a further step is required to
liberate the desired form. Alternatively, specific stereoisomers may be synthesized by
asymmetric synthesis using optically active reagents, substrates, catalysts or solvents, or
by converting one enantiomer to the other by asymmetric transformation.

When a disclosed compound or its salt is named or depicted by structure, it is to
be understood that the compound or salt, including solvates (particularly, hydrates)
thereof, may exist in crystalline forms, non-crystalline forms or a mixture thereof. The
compound or salt, or solvates (particularly, hydrates) thereof, may also exhibit
polymorphism (i.e. the capacity to occur in different crystalline forms). These different
crystalline forms are typically known as “polymorphs.” It is to be understood that when
named or depicted by structure, the disclosed compound, or solvates (particularly,
hydrates) thereof, also include all polymorphs thereof. Polymorphs have the same
chemical composition but differ in packing, geometrical arrangement, and other
descriptive properties of the crystalline solid state. Polymorphs, therefore, may have
different physical properties such as shape, density, hardness, deformability, stability, and
dissolution properties. Polymorphs typically exhibit different melting points, IR spectra,
and X-ray powder diffraction patterns, which may be used for identification. One of
ordinary skill in the art will appreciate that different polymorphs may be produced, for
example, by changing or adjusting the conditions used in crystallizing/recrystallizing the
compound.

Because of their potential use in medicine, the salts of the compounds of
Formula | are preferably pharmaceutically acceptable salts. Suitable pharmaceutically
acceptable salts include those described by Berge, Bighley and Monkhouse,

J.Pharm.Sci (1977) 66, pp 1-19. Salts encompassed within the term "pharmaceutically
acceptable salts” refer to non-toxic salts of the compounds of this invention.

Typically, a salt may be readily prepared by using a desired acid or base as
appropriate. The salt may precipitate from solution and be collected by filtration or may

be recovered by evaporation of the solvent.
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When a compound of the invention is a base (contain a basic moiety), a desired
salt form may be prepared by any suitable method known in the art, including treatment of
the free base with an inorganic acid, such as hydrochloric acid, hydrobromic acid, sulfuric
acid, nitric acid, phosphoric acid, and the like, or with an organic acid, such as acetic acid,
trifluoroacetic acid, maleic acid, succinic acid, mandelic acid, fumaric acid, malonic acid,
pyruvic acid, oxalic acid, glycolic acid, salicylic acid, and the like, or with a pyranosidyl
acid, such as glucuronic acid or galacturonic acid, or with an alpha-hydroxy acid, such as
citric acid or tartaric acid, or with an amino acid, such as aspartic acid or glutamic acid, or
with an aromatic acid, such as benzoic acid or cinnamic acid, or with a sulfonic acid, such
as p-toluenesulfonic acid, methanesulfonic acid, ethanesulfonic acid or the like.

Suitable addition salts are formed from acids which form non-toxic salts and
examples include acetate, p-aminobenzoate, ascorbate, aspartate, benzenesulfonate,
benzoate, bicarbonate, bismethylenesalicylate, bisulfate, bitartrate, borate, calcium
edetate, camsylate, carbonate, clavulanate, citrate, cyclohexylsulfamate, edetate,
edisylate, estolate, esylate, ethanedisulfonate, ethanesulfonate, formate, fumarate,
gluceptate, gluconate, glutamate, glycollate, glycollylarsanilate, hexylresorcinate,
hydrabamine, hydrobromide, hydrochloride, dihydrochloride, hydrofumarate, hydrogen
phosphate, hydroiodide, hydromaleate, hydrosuccinate, hydroxynaphthoate, isethionate,
itaconate, lactate, lactobionate, laurate, malate, maleate, mandelate, mesylate,
methylbromide, methylnitrate, methylsulfate, monopotassium maleate, mucate,
napsylate, nitrate, N-methylglucamine, oxalate, oxaloacetate, pamoate (embonate),
palmate, palmitate, pantothenate, phosphate/diphosphate, pyruvate, polygalacturonate,
propionate, saccharate, salicylate, stearate, subacetate, succinate, sulfate, tannate,
tartrate, teoclate, tosylate, triethiodide, trifluoroacetate and valerate.

Other exemplary acid addition salts include pyrosulfate, sulfite, bisulfite,
decanoate, caprylate, acrylate, isobutyrate, caproate, heptanoate, propiolate, oxalate,
malonate, suberate, sebacate, butyne-1,4-dioate, hexyne-1,6-dioate, chlorobenzoate,
methylbenzoate, dinitrobenzoate, hydroxybenzoate, methoxybenzoate, phthalate,
phenylacetate, phenylpropionate, phenylbutrate, lactate, y-hydroxybutyrate, mandelate,
and sulfonates, such as xylenesulfonate, propanesulfonate, naphthalene-1-sulfonate and
naphthalene-2-sulfonate.

If an inventive basic compound is isolated as a salt, the corresponding free base
form of that compound may be prepared by any suitable method known to the art,
including treatment of the salt with an inorganic or organic base, suitably an inorganic or

organic base having a higher pK, than the free base form of the compound.
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When a compound of the invention is an acid (contains an acidic moiety), a
desired salt may be prepared by any suitable method known to the art, including
treatment of the free acid with an inorganic or organic base, such as an amine (primary,
secondary, or tertiary), an alkali metal or alkaline earth metal hydroxide, or the like.
lllustrative examples of suitable salts include organic salts derived from amino acids such
as glycine and arginine, ammonia, primary, secondary, and tertiary amines, and cyclic
amines, such as N-methyl-D-glucamine, diethylamine, isopropylamine, , trimethylamine,
ethylene diamine, dicyclohexylamine, ethanolamine, piperidine, morpholine, and
piperazine, as well as inorganic salts derived from sodium, calcium, potassium,
magnesium, manganese, iron, copper, zinc, aluminum, and lithium.

Certain of the compounds of this invention may form salts with one or more
equivalents of an acid (if the compound contains a basic moiety) or a base (if the
compound contains an acidic moiety). The present invention includes within its scope all
possible stoichiometric and non-stoichiometric salt forms.

Compounds of the invention having both a basic and acidic moiety may be in the
form of zwitterions, acid-addition salt of the basic moiety or base salts of the acidic moiety.

This invention also provides for the conversion of one pharmaceutically acceptable
salt of a compound of this invention, e.g., a hydrochloride salt, into another
pharmaceutically acceptable salt of a compound of this invention, e.g., a sodium salt.

For solvates of the compounds of Formula |, or salts thereof that are in crystalline
form, the skilled artisan will appreciate that pharmaceutically-acceptable solvates may be
formed wherein solvent molecules are incorporated into the crystalline lattice during
crystallization. Solvates may involve nonaqueous solvents such as ethanol, isopropanol,
DMSO, acetic acid, ethanolamine, and ethyl acetate, or they may involve water as the
solvent that is incorporated into the crystalline lattice. Solvates wherein water is the
solvent that is incorporated into the crystalline lattice are typically referred to as
"hydrates.” Hydrates include stoichiometric hydrates as well as compositions containing
variable amounts of water. The invention includes all such solvates.

The subject invention also includes isotopically-labeled compounds which are
identical to those recited in formula (1) but for the fact that one or more atoms are replaced
by an atom having an atomic mass or mass number different from the atomic mass or
mass humber most commonly found in nature. Examples of isotopes that can be
incorporated into compounds of the invention include isotopes of hydrogen, carbon,
nitrogen, oxygen, fluorine, iodine and chlorine such as *H, ''C, ™C, "®F, '*| or ",

Compounds of the present invention and pharmaceutically acceptable salts of said

compounds that contain the aforementioned isotopes and/or other isotopes of other atoms
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are within the scope of the present invention. Isotopically labeled compounds of the
present invention, for example those into which radioactive isotopes such as *H or “C
have been incorporated, are useful in drug and/or substrate tissue distribution assays.
Tritiated, ie. ®H, and carbon-14, ie. "C, isotopes are particularly preferred for their ease of
preparation and detectability. ''C and '®F isotopes are particularly useful in PET (positron
emission tomography).

Since the compounds of formula (1) are intended for use in pharmaceutical
compositions it will readily be understood that they are each preferably provided in
substantially pure form, for example at least 60% pure, more suitably at least 75% pure
and preferably at least 85%, especially at least 98% pure (% are on a weight for weight
basis). Impure preparations of the compounds may be used for preparing the more pure
forms used in the pharmaceutical compositions.

The compounds of Formula | may be obtained by using synthetic procedures
illustrated in the Schemes below or by drawing on the knowledge of a skilled organic
chemist. The synthesis provided in these Schemes are applicable for producing
compounds of the invention having a variety of different R' and R? groups employing
appropriate precursors, which are suitably protected if needed, to achieve compatibility
with the reactions outlined herein. Subsequent deprotection, where needed, affords
compounds of the nature generally disclosed. While the Schemes are shown with
compounds only of Formula |, they are illustrative of processes that may be used to make
the compounds of the invention.

Intermediates (compounds used in the preparation of the compounds of the
invention) may also be present as salts. Thus, in reference to intermediates, the phrase
“compound(s) of formula (number)” means a compound having that structural formula or a
pharmaceutically acceptable salt thereof.

Specific compounds of this invention include the compounds of Examples 1-141.

Representative compounds of this invention include:

N-((4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-(trifluoromethyl)-
1,2,4-oxadiazol-3-yl)benzamide,

N-(4-(2-(dimethylamino)ethoxy)benzyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)benzamide,

N-(2-(2-(dimethylamino)ethoxy)benzyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)benzamide,

N-(4-(1H-imidazol-1-yl)benzyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-

yl)benzamide,
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N-(2-cyanoethyl)-N-(pyridin-3-yImethyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)benzamide,
3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)-N-((4-(4-
(trifluoromethyl)phenyltetrahydro-2 H-pyran-4-yl)methyl)benzamide ,
5 1-(4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)-N-(3-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)benzyl)methanamine,
N-((4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-5-(5-(trifluoromethyl)-
1,2,4-oxadiazol-3-yl)nicotinamide,
N-((4-(4-phenylthiophen-2-yl)tetrahydro-2 H-pyran-4-yl)methyl)-3-(5-
10  (trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide,
N-((1-(4-phenylthiazol-2-yl)cyclopentyl)methyl)-3-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)benzamide,
N-((4-(3-phenyl-1H-1,2 4-triazol-5-yl tetrahydro-2H-pyran-4-yl ) methyl)-3-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide,
15 N-((4-(2-phenylthiazol-4-yl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-(trifluoromethyl)-
1,2,4-oxadiazol-3-yl)benzamide,
N-((4-(4-(4-methoxyphenyljthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide,
N-((4-(4-(4-chlorophenyljthiazol-2-yltetrahydro-2H-pyran-4-yl ) methyl)-3-(5-
20  (trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide ,
N-(2-methyl-2-(4-phenylthiazol-2-yl)propyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)benzamide,
N-((1-methyl-4-(4-phenylthiazol-2-yl)piperidin-4-yl)methyl)-3-(5-(trifluoromethyl )-
1,2,4-oxadiazol-3-yl)benzamide,
25 N-((4-(4-(4-fluorophenyl)thiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide,
N-((4-(5-methyl-4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide,
N-((4-(4-cyclohexylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-
30 (trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide,
N-((4-(4-(pyridin-2-yl)thiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide,
N-((4-(4-(pyridin-4-yl)thiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide,
35 N-((4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-5-(5-(trifluoromethyl)-
1,2,4-oxadiazol-3-yl)thiophene-2-carboxamide,
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N-((4-(4-(thiophen-2-yljthiazol-2-yltetrahydro-2H-pyran-4-yl)methyl)-3-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide,
N-(2-(4-(4-fluorophenyl)thiazol-2-yl)-2-methylpropyl)-3-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)benzamide,
5 N-(2-(4-(4-chlorophenyl)thiazol-2-yl)-2-methylpropyl)-3-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)benzamide,
3-fluoro-N-(2-(4-(4-fluorophenyl)thiazol-2-yl)-2-methylpropyl)-5-(5-(trifluoromethyl)-
1,2,4-oxadiazol-3-yl)benzamide,
3-cyano-N-((4-(4-phenylthiazol-2-yltetrahydro-2 H-pyran-4-yl)methyl)-5-(5-
10  (trifluoromethyl)-1,2 4-oxadiazol-3-yl)benzamide,
3-methoxy-N-((4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-5-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide,
N-(2-(4-(4-fluorophenyl)thiazol-2-yl)ethyl)-3-(5-(trifluoromethyl)-1,2 ,4-oxadiazol-3-
yl)benzamide,
15 N-((4-(4-(4-cyanophenyl)thiazol-2-yl tetrahydro-2H-pyran-4-yl)methyl)-3-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide,
N-((4-(4-(4-fluorophenyljthiazol-2-yl)-2,2-dimethyltetrahydro-2H-pyran-4-
yl)methyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide,
N-((4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-(trifluoromethyl)-
20 1,2,4-oxadiazol-3-yl)benzenesulfonamide,
3-ethyl-N-((4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-5-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide,
N-((4-(3-bromophenyl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-(trifluoromethyl )-
1,2,4-oxadiazol-3-yl)benzamide,
25 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)-N-((4-(4-(4-
(trifluoromethyl)phenyl)thiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)benzamide,
N-(2-methyl-2-(4-(4-(trifluoromethyl)phenyljthiazol-2-yl)propyl)-3-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide,
N-((4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-2-(5-(trifluoromethyl)-
30 1,2,4-oxadiazol-3-yl)cyclopropanecarboxamide,
N-((1-methyl-4-(2-phenylthiazol-4-yl)piperidin-4-yl)methyl)-5-(5-(trifluoromethyl )-
1,2,4-oxadiazol-3-yl)nicotinamide,
N-(2-(2-(4-chlorophenyl)thiazol-4-yl)-2-methylpropyl)-5-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)nicotinamide,
35 N-((4-(2-(4-chlorophenyljthiazol-4-yl)-1-methylpiperidin-4-yl)methyl)-5-(5-

(trifluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinamide,
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N-(2-(2-(4-chlorophenyl)thiazol-4-yl)-2-methylpropyl)-3-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)benzamide,
N-(2-(2-(4-chlorophenyl)thiazol-4-yl)ethyl)-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yhnicotinamide,
5 N-(2-(4-(4-chlorophenyl)thiazol-2-yl)-2-methylpropyl)-2-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)isonicotinamide,
N-(2-(2-(4-fluorophenyl)thiazol-4-yl)-2-methylpropyl)-3-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)benzamide,
N-(2-(2-(4-fluorophenyl)thiazol-4-yl)-2-methylpropyl)-5-(5-(trifluoromethyl)-1,2,4-
10  oxadiazol-3-yl)nicotinamide,
N-(2-(4-(4-chlorophenyl)thiazol-2-yl)-2-methylpropyl)-6-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)picolinamide,
N-(2-(dimethylamino)-2-(4-phenylthiazol-2-yl)ethyl)-3-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)benzamide,
15 N-(2-(3-phenyl-1H-1,2 4-triazol-5-yl)ethyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)benzamide,
N-((1-(4-phenylthiazol-2-yl)cyclopropyl)methyl)-3-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)benzamide,
3-(4-(4-fluorophenyljthiazol-2-yl)-N-(3-(5-(trifluoromethyl)-1,2 4-oxadiazol-3-
20 yl)phenyl)propanamide,
N-(2-(2-(4-chlorophenyl)thiazol-4-yl)ethyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)benzamide,
N-((4-phenylthiazol-2-yl)methyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)benzamide,
25 N-(2-(4-(4-fluorophenyl)thiazol-2-yl)ethyl)-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yhnicotinamide,
N-(2-(4-(4-chlorophenyl)thiazol-2-yl)ethyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)benzamide,
N-(2-(4-(4-chlorophenyl)thiazol-2-yl)ethyl)-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
30  yl)nicotinamide,
N-((4-(3,4-dihydroisoquinolin-2(1H)-yl tetrahydro-2H-pyran-4-yl)methyl)-3-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide,
N-methyl-N-((4-(4-phenylthiazol-2-yltetrahydro-2H-pyran-4-yl)methyl)-3-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide,
35 N-(2-(2-(4-fluorophenyl)thiazol-4-yl)ethyl)-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-

yhnicotinamide,
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N-(2-(2-(4-fluorophenyl)thiazol-4-yl)ethyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)benzamide,
N-(2-(4-(4-fluorophenyl)thiazol-2-yl)-2-methylpropyl)-5-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)nicotinamide,
5 2,2,2-trifluoro-N-((4-(4-phenylthiazol-2-yl)tetrahydro-2 H-pyran-4-yl)methyl)-1-(3-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)phenyl)ethanamine,
N-(2-(3-(4-fluorophenyl)-1H-1,2 4-triazol-5-yl)ethyl)-3-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)benzamide,
N-(2-(3-(4-chlorophenyl)-1H-1,2,4-triazol-5-yl)ethyl)-3-(5-(trifluoromethyl)-1,2,4-
10 oxadiazol-3-yl)benzamide,
N-(2-methyl-2-(3-phenyl-1H-1,2,4-triazol-5-yl)propyl)-3-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)benzamide,
N-(2-methyl-2-(3-phenyl-1H-1,2,4-triazol-5-yl)propyl)-5-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)nicotinamide,
15 N-(2-(3-(4-fluorophenyl)-1H-1,2 4-triazol-5-yl)-2-methylpropyl)-3-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide,
N-(2-(3-(4-fluorophenyl)-1H-1,2 4-triazol-5-yl)-2-methylpropyl)-5-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinamide,
N-(2-(3-(4-chlorophenyl)-1H-1,2,4-triazol-5-yl)-2-methylpropyl)-3-(5-
20  (trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide,
N-(2-(4-(4-chlorophenyl)thiazol-2-yl)-2-methylpropyl )-6-methyl-5-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinamide,
N-(3-(4-phenylthiazol-2-yl)propyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)benzamide,
25 N-(2-(2-(4-fluorophenyl)oxazol-4-yl)ethyl)-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yhnicotinamide,
N-(2-(5-phenylthiazol-2-yl)ethyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)benzamide,
N-(2-(2-(4-fluorophenyl)oxazol-4-yl)propyl)-3-(5-(trifluoromethyl)-1,2 4-oxadiazol-3-
30 yl)benzamide,
N-(2-(2-(3-fluorophenyl)oxazol-4-yl)ethyl)-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yhnicotinamide,
N-(2-(4-(4-chlorophenyl)thiazol-2-yl)-2-methylpropyl)-2-methyl-5-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinamide,
35 N-(2-methyl-2-(5-phenylthiazol-2-yl)propyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)benzamide,
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N-((4-([1,1'-biphenyl]-3-yl)tetrahydro-2 H-pyran-4-yl)methyl)-3-(5-(trifluoromethyl)-
1,2,4-oxadiazol-3-yl)benzamide,
N-((4-([1,1'-biphenyl]-3-yl)tetrahydro-2 H-pyran-4-yl)methyl)-5-(5-(trifluoromethyl)-
1,2,4-oxadiazol-3-yl)nicotinamide,
5 N-((2-(4-fluorophenyl)oxazol-4-yl)methyl)-3-(5-(trifluoromethyl)-1,2 4-oxadiazol-3-
yl)benzamide,
N-((4-(2-(4-fluorophenyl)oxazol-4-yl)-1-methylpiperidin-4-yl)methyl)-3-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide,
N-(2-methyl-2-(2-phenyloxazol-4-yl)propyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
10  yl)benzamide,
2-(2-(4-fluorophenyl)oxazol-4-yl)-2-methyl-N-(3-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)benzyl)propan-1-amine,
3-(3-(4-(4-phenylthiazol-2-yl)butyl)phenyl)-5-(trifluoromethyl)-1,2,4-oxadiazole,
N-(2-methyl-2-(5-phenyloxazol-2-yl)propyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
15  yl)benzamide,
N-(2-(2-phenylthiazol-5-yl)ethyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)benzamide,
N-(2-methyl-2-(2-phenylthiazol-5-yl)propyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)benzamide,
20 N-((4-(2-(4-chlorophenyljthiazol-4-yl)-1-methylpiperidin-4-yl)methyl)-3-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide,
N-(2-(2-(4-fluorophenyl)oxazol-4-yl)-2-methylpropyl)-3-(5-(2,2,2-
trifluoroacetyl)thiophen-2-yl)benzamide,
N-(2-(2-(4-fluorophenyl)oxazol-4-yl)-2-methylpropyl)-5-(5-(2,2,2-
25 ftrifluoroacetyl)thiophen-2-yl)nicotinamide,
N-((4-(2-(4-chlorophenyl)thiazol-4-yl)-1-methylpiperidin-4-yl)methyl)-3-(5-(2,2,2-
trifluoroacetyl)thiophen-2-yl)benzamide,
2-fluoro-N-(2-(2-(4-fluorophenyl)oxazol-4-yl)-2-methylpropyl)-5-(5-(trifluoromethyl)-
1,2,4-oxadiazol-3-yl)benzamide,
30 N-(2-(2-(4-fluorophenyl)oxazol-4-yl)-2-methylpropyl)-2-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)oxazole-4-carboxamide,
N-(2-(1-methyl-2-phenyl-1H-imidazol-5-yl)propyl)-5-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)nicotinamide,
N-(2-(2-(4-fluorophenyl)oxazol-4-yl)-2-hydroxyethyl)-3-(5-(trifluoromethyl)-1,2,4-

35 oxadiazol-3-yl)benzamide,
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5-(5-(difluoromethyl)-1,2,4-oxadiazol-3-yl)-N-(2-(2-(4-fluorophenyl)oxazol-4-yl)-2-
methylpropyl)nicotinamide,
N-(2-(dimethylamino)-2-(2-(4-fluorophenyl)oxazol-4-yl)ethyl)-3-(5-(trifluoromethyl)-
1,2,4-oxadiazol-3-yl)benzamide hydrochloride,
N-(2-(3-(4-fluorophenyl)-1H-1,2 4-triazol-5-yl)-2-methylpropyl)-5-(5-(2,2,2-
trifluoroacetyljthiophen-2-yl)nicotinamide,
N-(2-(2-(4-fluorophenyl)oxazol-4-yl)-2-methylpropyl)-2-methoxy-5-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide,
N-(2-(2-(4-fluorophenyl)oxazol-5-yl)-2-methylpropyl)-3-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)benzamide,
N-(4-(dimethylamino)-2-(2-(4-fluorophenyl)oxazol-4-yl)butyl)-3-(5-(trifluoromethyl)-
1,2,4-oxadiazol-3-yl)benzamide,
N-(4-(dimethylamino)-2-(2-(4-fluorophenyl)oxazol-4-yl)butyl)-5-(5-(trifluoromethyl)-
1,2,4-oxadiazol-3-yl)nicotinamide,
N-(2-(2-(4-fluorophenyl)oxazol-4-yl)-2-hydroxyethyl)-5-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)nicotinamide,
N-((4-(2-(4-chlorophenyl)oxazol-4-yl)-1-methylpiperidin-4-yl)methyl)-3-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide,
2-(2-(4-chlorophenyl)oxazol-4-yl)-2-methyl-N-(3-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)benzyl)propan-1-amine,
N-(2-(2-(4-fluorophenyl)oxazol-5-yl)ethyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)benzamide,
N-((4-([1,1'-biphenyl]-3-yl)-1-methylpiperidin-4-yl)methyl)-3-(5-(trifluoromethyl)-
1,2,4-oxadiazol-3-yl)benzamide,
N-(2-(2-(4-methoxyphenyl)oxazol-4-yl)ethyl)-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-
3-yl)nicotinamide,
2-chloro-N-(2-(2-(4-fluorophenyljoxazol-4-yl )-2-methylpropyl)-5-(5-(trifluoromethyl)-
1,2,4-oxadiazol-3-yl)benzamide,
N-(2-(2-(4-fluorophenyl)oxazol-4-yl)-2-methylpropyl)-3-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)benzamide,
N-(3-(2-(4-fluorophenyl)oxazol-4-yl)-3-hydroxypropyl)-3-(5-(trifluoromethyl)-1,2 4-
oxadiazol-3-yl)benzamide,
N-(2-(2-(4-cyanophenyl)oxazol-4-yl)ethyl)-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yhnicotinamide,
N-(2-(2-(2-fluorophenyl)oxazol-4-yl)ethyl)-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-

yhnicotinamide,
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3-(5-(2,2-difluoroacetyl)thiophen-2-yl)-N-(2-(2-(4-fluorophenyl)oxazol-4-yl)-2-
methylpropyl)benzamide,
N-(2-(2-(4-fluorophenyl)oxazol-4-yl)-2-methylpropyl)-3-(5-(2,2,2-
trifluoroacetyljthiazol-2-yl)benzamide,
5 N-(2-(1-methyl-2-phenyl-1H-imidazol-4-yl)propyl)-5-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)nicotinamide,
N-(2-(2-(4-fluorophenyl)oxazol-4-yl)-2-methylpropyl)-3-(5-(2,2,2-
trifluoroacetyl)furan-2-yl)benzamide,
N-(2-(2-(4-fluorophenyl)oxazol-4-yl)-2-methoxyethyl)-3-(5-(trifluoromethyl)-1,2,4-
10 oxadiazol-3-yl)benzamide,
N-(2-(4-(4-fluorophenyl)thiazol-2-yl)propyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)benzamide,
N-((4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-(2,2,2-
trifluoroacetyl)thiophen-2-yl)benzamide,
15 N-(2-(2-(4-fluorophenyl)oxazol-4-yl)ethyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)benzamide,
N-(2-(2-(4-fluorophenyl)oxazol-4-yl)-2-methylpropyl)-5-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)nicotinamide,
N-(2-([1,1"-biphenyl]-3-yl)-2-methylpropyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
20  yl)benzamide,
N-(2-(4'-fluoro-[1,1'-biphenyl]-3-yl)-2-methylpropyl)-3-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)benzamide,
N-((4-(4-(3,5-difluorophenyl)thiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide,
25 N-(2-(4-(3,5-difluorophenyl)thiazol-2-yl)-2-methylpropyl)-3-(5-(trifluoromethyl)-
1,2,4-oxadiazol-3-yl)benzamide,
N-(2-(2-phenyloxazol-4-yl)ethyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)benzamide,
N-(2-(2-phenyloxazol-4-yl)ethyl)-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
30  yl)nicotinamide,
N-(2-(2-(4-chlorophenyl)oxazol-4-yl)ethyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)benzamide,
N-(2-(2-(4-chlorophenyl)oxazol-4-yl)ethyl)-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yhnicotinamide,
35 N-(2-methyl-2-(2-phenyloxazol-4-yl)propyl)-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-

yhnicotinamide,
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N-(2-(2-(4-chlorophenyl)oxazol-4-yl)-2-methylpropyl)-3-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)benzamide,
N-(2-(3-phenyl-1,2 4-oxadiazol-5-yl)ethyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)benzamide,
N-(2-methyl-2-(3-phenyl-1H-pyrazol-5-yl)propyl)-3-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)benzamide,
N-(2-(2-(4-fluorophenyl)oxazol-4-yl)propyl)-5-(5-(trifluoromethyl)-1,2 4-oxadiazol-3-
yhnicotinamide,
N-(2-(4-(4-chlorophenyl)thiazol-2-yl)-2-methylpropyl)-5-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)nicotinamide,
N-((4-([1,1'-biphenyl]-3-yl)-1-methylpiperidin-4-yl)methyl)-5-(5-(trifluoromethyl)-
1,2,4-oxadiazol-3-yl)nicotinamide,
N-(2-(2-(4-fluorophenyl)oxazol-4-yl)-2-methylpropyl)-3-(4-(2,2,2-
trifluoroacetyl)thiophen-2-yl)benzamide,
N-(2-(2-(4-fluorophenyl)oxazol-4-yl)-2-hydroxypropyl)-3-(5-(trifluoromethyl)-1,2 4-
oxadiazol-3-yl)benzamide,
N-(2-(2-(4-fluorophenyl)oxazol-4-yl)-2-methylpropyl)-3-(5-(2,2,2-
trifluoroacetyl)furan-3-yl)benzamide,
N-(2-(2-(4-fluorophenyl)oxazol-4-yl)-2-methylpropyl)-3-(5-(2,2,2-
trifluoroacetyl)thiophen-3-yl)benzamide,
N-((4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-(2,2,2-
trifluoroacetyl)-1,2,4-oxadiazol-3-yl)benzamide,
and salts, particularly pharmaceutically acceptable salts, thereof.
Particular compounds of this invention include:
N-((4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-(trifluoromethyl)-
1,2,4-oxadiazol-3-yl)benzamide,
N-(2-methyl-2-(2-phenyloxazol-4-yl)propyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)benzamide,
N-(2-(3-(4-fluorophenyl)-1H-1,2 4-triazol-5-yl)-2-methylpropyl)-5-(5-(trifluoromethyl)-
1,2,4-oxadiazol-3-yl)nicotinamide,
N-(2-(2-(4-fluorophenyl)oxazol-4-yl)-2-methylpropyl)-3-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)benzamide,
N-(2-(dimethylamino)-2-(2-(4-fluorophenyl)oxazol-4-yl)ethyl)-3-(5-(trifluoromethyl)-
1,2,4-oxadiazol-3-yl)benzamide,
N-(2-(2-(4-fluorophenyl)oxazol-4-yl)-2-hydroxyethyl)-3-(5-(trifluoromethyl)-1,2,4-

oxadiazol-3-yl)benzamide,
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N-(2-(3-(4-Fluorophenyl)-1H-1,2 4-triazol-5-yl)-2-methylpropyl)-5-(5-(2,2,2-
trifluoroacetyljthiophen-2-yl)nicotinamide,

N-(4-(dimethylamino)-2-(2-(4-fluorophenyl)oxazol-4-yl)butyl)-3-(5-(trifluoromethyl)-
1,2,4-oxadiazol-3-yl)benzamide,

N-(2-(2-(4-fluorophenyl)oxazol-4-yl)-2-methylpropyl)-3-(5-(2,2,2-
trifluoroacetyljthiazol-2-yl)benzamide,

N-(2-(2-(4-fluorophenyl)oxazol-4-yl)-2-hydroxypropyl)-3-(5-(trifluoromethyl)-1,2 4-
oxadiazol-3-yl)benzamide,

(3-(5-(4-fluorophenyl)oxazol-2-yl)piperidin-1-yl)(3-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)phenyl)methanone,

and salts, particularly pharmaceutically acceptable salts, thereof.

Compound names were generated using the software naming program

ChembDraw 11.0 available from CambridgeSoft Corporation., 100 CambridgePark Drive,
Cambridge, MA 02140, USA (http://www.cambridgesoft.com).

The compounds of Formula | can be prepared according to the methods outlined

below.
Scheme 1
0
| +HNJ\/CN |\ *’NC ’\ orNC /\
RE’// reflux, 4h R5/ = NaH THF

1

LiAlH4, BH3 or
DIBAL
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Scheme 2
HO.
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Scheme 6
Re
AY
A\
R NH /__
®/CN HCI (g) Rlij)\o/ i} aqueous NaOH y
> - A
Z MeOH-CH,Cl, Z  HC by K ne A N
14 HoN" N H
o 15
MeOH, reflux
Re
N
78
DIBAL or BHz.Me,S N
_— ’
HQN/\)\H
16

The invention also includes various deuterated forms of the compounds of
Formula |. Each available hydrogen atom attached to a carbon atom may be
independently replaced with a deuterium atom. A person of ordinary skill in the art will
know how to synthesize deuterated forms of the compounds of Formula |. For example,
deuterated alkyl groups (e.g., N-(deutero-methyl) amines) may be prepared by
conventional techniques (see for example: methyl-d;-amine available from Aldrich
Chemical Co., Milwaukee, WI, Cat. N0.489,689-2). Employing such compounds will allow
for the preparation of compounds of Formula | in which various hydrogen atoms of the N-
methyl groups are replaced with a deuterium atom.

The present invention is directed to a method of inhibiting an HDAC which

comprises contacting the acetylase with a compound of Formula | or a salt thereof,
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particularly a pharmaceutically acceptable salt thereof. This invention is also directed to a
method of treatment of an HDAC-mediated disease or disorder comprising administering
a therapeutically effective amount of the compound of Formula | or a salt thereof,
particularly a pharmaceutically acceptable salt thereof, to a patient, specifically a human,
in need thereof. As used herein, "patient” refers to a mammal, specifically, a human. A
therapeutically "effective amount” is intended to mean that amount of a compound that,
when administered to a patient in need of such treatment, is sufficient to effect treatment,
as defined herein. Thus, e.g., a therapeutically effective amount of a compound of
Formula |, or a pharmaceutically acceptable salt thereof, is a quantity of an inventive
agent that, when administered to a human in need thereof, is sufficient to inhibit the
activity of HDAC such that a disease condition which is mediated by that activity is
reduced, alleviated or prevented. The amount of a given compound that will correspond
to such an amount will vary depending upon factors such as the particular compound
(e.g., the potency (pXCsy), efficacy (ECsp), and the biological half-life of the particular
compound), disease condition and its severity, the identity (e.g., age, size and weight) of
the patient in need of treatment, but can nevertheless be routinely determined by one
skilled in the art. Likewise, the duration of treatment and the time period of administration
(time period between dosages and the timing of the dosages, e.g., before/with/after
meals) of the compound will vary according to the identity of the mammal in need of
treatment (e.g., weight), the particular compound and its properties (e.g., pharmaceutical
characteristics), disease or condition and its severity and the specific composition and
method being used, but can nevertheless be determined by one of skill in the art.

"Treating" or "treatment” is intended to mean at least the mitigation of a disease
condition in a patient, where the disease condition is caused or mediated by HDAC. The
methods of treatment for mitigation of a disease condition include the use of the
compounds in this invention in any conventionally acceptable manner, for example for
prevention, retardation, prophylaxis, therapy or cure of a disease.

In one embodiment, this invention is directed to a method of treating, ameliorating,
or preventing an autoimmune disorder, an immunological disease, an inflammatory
disorder, transplant/graft rejection (e.g., allograft), lymphopenia, or graft-versus-host
disease (GvHD) in a patient, specifically in a human, comprising administering to the
patient a compound of this invention, in an amount sufficient to increase the level and/or
activity of a Treg cell or a population of Treg cells in the patient, thereby treating,
ameliorating, or preventing the autoimmune disorder, inflammatory disorder,

transplant/graft rejection, lymphopenia, or GvHD in the patient.
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Additional examples of diseases and conditions that may be treated by the
compounds of this invention include but not limited to type Il diabetes mellitus, coronary
artery disease, allergies and allergic reactions, and sepsis/toxic shock.

Exemplary autoimmune disorders include, but are not limited to, multiple sclerosis,
juvenile idiopathic arthritis, psoriatic arthritis, hepatitis C virus-associated mixed
cryoglobulinemia, polymyositis, dermatomyositis, polyglandular syndrome type I,
autoimmune liver disease, Kawasaki disease, myasthenia gravis, immunodysregulation
polyendocrinopathy enteropathy X-linked syndrome (IPEX (syndrome)), type | diabetes,
psoriasis, hypothyroidism, hemolytic anemia, autoimmune polyendocrinopathy-
candidiasis-ectodermal dystrophy (APECED), thrombocytopenia, spondyloarthritis,
Sjogren’s syndrome, rheumatoid arthritis, inflammatory bowel disease (IBD), Crohn's
disease, ulcerative colitis, eczema, gastritis, or thyroiditis. As part of a nonlimiting list, the
inflammatory disorder can be contact hypersensitivity, atopic dermatitis or Still disease.

Additional examples of autoimmune diseases include but are not limited to
autoimmune diseases include osteoarthritis, systemic sclerosis, sarcoidosis, insulin
dependent diabetes mellitus (IDDM, type | diabetes), reactive arthritis, scleroderma,
vasculitis, Wegener's granulomatosis, Hashimoto's disease, scleroderma, oophoritis,
Lupus (SLE), Grave's disease, asthma, cryoglobulinemia, primary biliary sclerosis,
pemphigus vulgaris, hemolytic anemia and pernicious anemia.

Examples of transplant/graft rejection (e.g., allograft), lymphopenia, or graft-
versus-host disease (GvHD) are those arising from cell, tissue and organ transplantation
procedures, such as therapeutic cell transplants such as stem cells, muscle cells such as
cardiac cells, islet cells, liver cells, bone marrow transplants, skin grafts, bone grafts, lung
transplants, kidney transplants, liver transplants, and heart transplants.

Other examples of diseases and conditions that may be treated by the compounds
of this invention include but are not limited to cystic fibrosis, osteoporosis, obesity,
epilepsy, depression, thalassemia, sickle cell anemia, amyotrophic lateral sclerosis (ALS)
and hyperalgesia, cardiac disease (e.g., stroke, hypertension, atherothrombotic diseases,
artherosclerosis or limitation of infarct size in acute coronary syndrome), diseases or
disorders involving muscular atrophy, gentamicin-induced hearing loss, drug resistance
(e.g., drug resistance in osteosarcoma and colon cancer cells), infectious diseases, and
immune deficiency/immunocompromised patients. Examples of infectious diseases relate
to various pathogen infections such as viral, fungal, bacterial, mycoplasm, and infections
by unicellular and multicellular eukaryotic organisms. Common human pathogens include
but are not limited to HIV, HSV, HPV, Hepatitis A, B and C viruses, influenza, denge,

zostrella, rubella, RSV, rotavirus, gram positive, gram negative, streptococcus, tetanus,
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staphalococcus, tuberculosis, listeria, and malaria.

In another embodiment, this invention is directed to inhibitors of HDAC and their
use to stop or reduce the growth of neoplastic cells, e.g., cancer cells and tumor cells.

The growth of cancer cells and/or tumor cells that are found in the following cancer
types may be reduced by treatment with a compound of this invention: carcinoma (e.g.,
adenocarcinoma), heptaocellular carcinoma, sarcoma, myeloma (e.g., multiple myeloma),
treating bone disease in multiple myeloma, leukemia, childhood acute lymphoblastic
leukemia and lymphoma (e.g., cutaneous cell lymphoma), and mixed types of cancers,
such as adenosquamous carcinoma, mixed mesodermal tumor, carcinosarcoma, and
teratocarcinoma.

In one aspect of the invention, breast or prostate cancers or tumors are treated
using the HDAC inhibitors of this invention.

Other cancers that may be treated using the compounds of this invention include,
but are not limited to, bladder cancer, breast cancer, prostate cancer, stomach cancer,
lung cancer, colon cancer, rectal cancer, colorectal cancer, liver cancer, endometrial
cancer, pancreatic cancer, cervical cancer, ovarian cancer; head and neck cancer, and
melanoma.

The inhibitors of the invention may be employed alone or in combination with
standard anti-cancer regimens for neoplastic cell, e.g., tumor and cancer, treatments.

The compounds of the invention may be administered by any suitable route of
administration, including both systemic administration and topical administration.
Systemic administration includes oral administration, parenteral administration,
transdermal administration, rectal administration, and administration by inhalation.
Parenteral administration refers to routes of administration other than enteral,
transdermal, or by inhalation, and is typically by injection or infusion. Parenteral
administration includes intravenous, intramuscular, and subcutaneous injection or
infusion. Inhalation refers to administration into the patient's lungs whether inhaled
through the mouth or through the nasal passages. Topical administration includes
application to the skin.

The compounds of the invention may be administered once or according to a
dosing regimen wherein a number of doses are administered at varying intervals of time
for a given period of time. For example, doses may be administered one, two, three, or
four times per day. Doses may be administered until the desired therapeutic effect is
achieved or indefinitely to maintain the desired therapeutic effect. Suitable dosing
regimens for a compound of the invention depend on the pharmacokinetic properties of

that compound, such as absorption, distribution, and half-life, which can be determined by
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the skilled artisan. In addition, suitable dosing regimens, including the duration such
regimens are administered, for a compound of the invention depend on the condition
being treated, the severity of the condition being treated, the age and physical condition of
the patient being treated, the medical history of the patient to be treated, the nature of

5  concurrent therapy, the desired therapeutic effect, and like factors within the knowledge
and expertise of the skilled artisan. It will be further understood by such skilled artisans
that suitable dosing regimens may require adjustment given an individual patient's
response to the dosing regimen or over time as individual patient needs change.

Treatment of HDAC-mediated disease conditions may be achieved using the

10  compounds of this invention as a monotherapy, or in dual or multiple combination therapy,
such as in combination with other agents, for example, in combination with one or more of
the following agents: DNA methyltransferase inhibitors, acetyl transferase enhancers,
proteasome or HSP90 inhibitors, and one or more immunosuppressants that do not
activate the T suppressor cells including but are not limited to corticosteroids, rapamycin,

15  Azathioprine, Mycophenolate, Cyclosporine, Mercaptopurine (6-MP), basiliximab,
daclizumab, sirolimus, tacrolimus, Muromonab-CD3, cyclophosphamide, and
methotrexate, which are administered in effective amounts as is known in the art.

The compounds of the invention will normally, but not necessarily, be formulated
into a pharmaceutical composition prior to administration to a patient. Accordingly, in

20 another aspect the invention is directed to pharmaceutical compositions comprising a
compound of the invention and a pharmaceutically-acceptable excipient.

The pharmaceutical compositions of the invention may be prepared and packaged
in bulk form wherein an effective amount of a compound of the invention can be extracted
and then given to the patient such as with powders, syrups, and solutions for injection.

25  Alternatively, the pharmaceutical compositions of the invention may be prepared and
packaged in unit dosage form. For oral application, for example, one or more tablets or
capsules may be administered. A dose of the pharmaceutical composition contains at
least a therapeutically effective amount of a compound of this invention (i.e., a compound
of Formula | or a salt, particularly a pharmaceutically acceptable salt, thereof). When

30 prepared in unit dosage form, the pharmaceutical compositions may contain from 1 mg to
1000 mg of a compound of this invention.

The pharmaceutical compositions of the invention typically contain one compound
of the invention. However, in certain embodiments, the pharmaceutical compositions of
the invention contain more than one compound of the invention. In addition, the

35 pharmaceutical compositions of the invention may optionally further comprise one or more

additional pharmaceutically active compounds.
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As used herein, "pharmaceutically-acceptable excipient” means a material,
composition or vehicle involved in giving form or consistency to the composition. Each
excipient must be compatible with the other ingredients of the pharmaceutical composition
when commingled such that interactions which would substantially reduce the efficacy of
the compound of the invention when administered to a patient and interactions which
would result in pharmaceutical compositions that are not pharmaceutically-acceptable are
avoided. In addition, each excipient must of course be of sufficiently high purity to render
it pharmaceutically-acceptable.

The compounds of the invention and the pharmaceutically-acceptable excipient or
excipients will typically be formulated into a dosage form adapted for administration to the
patient by the desired route of administration. Conventional dosage forms include those
adapted for (1) oral administration such as tablets, capsules, caplets, pills, troches,
powders, syrups, elixirs, suspensions, solutions, emulsions, sachets, and cachets; (2)
parenteral administration such as sterile solutions, suspensions, and powders for
reconstitution; (3) transdermal administration such as transdermal patches; (4) rectal
administration such as suppositories; (5) inhalation such as aerosols and solutions; and
(6) topical administration such as creams, ointments, lotions, solutions, pastes, sprays,
foams, and gels.

Suitable pharmaceutically-acceptable excipients will vary depending upon the
particular dosage form chosen. In addition, suitable pharmaceutically-acceptable
excipients may be chosen for a particular function that they may serve in the composition.
For example, certain pharmaceutically-acceptable excipients may be chosen for their
ability to facilitate the production of uniform dosage forms. Certain pharmaceutically-
acceptable excipients may be chosen for their ability to facilitate the production of stable
dosage forms. Certain pharmaceutically-acceptable excipients may be chosen for their
ability to facilitate the carrying or transporting the compound or compounds of the
invention once administered to the patient from one organ, or portion of the body, to
another organ, or portion of the body. Certain pharmaceutically-acceptable excipients
may be chosen for their ability to enhance patient compliance.

Suitable pharmaceutically-acceptable excipients include the following types of
excipients: diluents, fillers, binders, disintegrants, lubricants, glidants, granulating agents,
coating agents, wetting agents, solvents, co-solvents, suspending agents, emulsifiers,
sweeteners, flavoring agents, flavor masking agents, coloring agents, anti-caking agents,
humectants, chelating agents, plasticizers, viscosity increasing agents, antioxidants,
preservatives, stabilizers, surfactants, and buffering agents. The skilled artisan will

appreciate that certain pharmaceutically-acceptable excipients may serve more than one
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function and may serve alternative functions depending on how much of the excipient is
present in the formulation and what other ingredients are present in the formulation.
Skilled artisans possess the knowledge and skill in the art to enable them to select
suitable pharmaceutically-acceptable excipients in appropriate amounts for use in the
5 invention. In addition, there are a number of resources that are available to the skilled
artisan which describe pharmaceutically-acceptable excipients and may be useful in
selecting suitable pharmaceutically-acceptable excipients. Examples include Remington's

Pharmaceutical Sciences (Mack Publishing Company), The Handbook of Pharmaceutical

Additives (Gower Publishing Limited), and The Handbook of Pharmaceutical Excipients

10 (the American Pharmaceutical Association and the Pharmaceutical Press).
The pharmaceutical compositions of the invention are prepared using techniques
and methods known to those skilled in the art. Some of the methods commonly used in

the art are described in Remington’s_Pharmaceutical Sciences (Mack Publishing

Company).

15 In one aspect, the invention is directed to a solid oral dosage form such as a tablet
or capsule comprising an effective amount of a compound of the invention and a diluent or
filler. Suitable diluents and fillers include lactose, sucrose, dextrose, mannitol, sorbitol,
starch (e.g. corn starch, potato starch, and pre-gelatinized starch), cellulose and its
derivatives (e.g. microcrystalline cellulose), calcium sulfate, and dibasic calcium

20 phosphate. The oral solid dosage form may further comprise a binder. Suitable binders
include starch (e.g. corn starch, potato starch, and pre-gelatinized starch), gelatin, acacia,
sodium alginate, alginic acid, tragacanth, guar gum, povidone, and cellulose and its
derivatives (e.g. microcrystalline cellulose). The oral solid dosage form may further
comprise a disintegrant. Suitable disintegrants include crospovidone, sodium starch

25 glycolate, croscarmelose, alginic acid, and sodium carboxymethyl cellulose. The oral
solid dosage form may further comprise a lubricant. Suitable lubricants include stearic

acid, magnesium stearate, calcium stearate, and talc.

EXAMPLES
30 The following examples illustrate the invention. These examples are not intended
to limit the scope of the present invention, but rather to provide guidance to the skilled
artisan to prepare and use the compounds, compositions, and methods of the present
invention. While particular embodiments of the present invention are described, the
skilled artisan will appreciate that various changes and modifications can be made without
35 departing from the spirit and scope of the invention.

In the following experimental descriptions, the following abbreviations may be used:
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Abbreviation Meaning
AcOH acetic acid
aq aqueous
brine saturated aqueous NaCl
CHxCl» methylene chloride
CH3CN or MeCN acetonitrile
CH3NH> methylamine
d day
DMF N,N-dimethylformamide
DMSO dimethylsulfoxide
equiv equivalents
Et ethyl
EtsN triethylamine
Et.O diethyl ether
EtOAc ethyl acetate
h, hr hour
HCI hydrochloric acid
i-ProNEt N’,N-diisopropylethylamine
KOt-Bu potassium fert-butoxide
LCMS liquid chromatography-mass spectroscopy
Me methyl
MeOH or CH;OH methanol
MgSO. magnesium sulfate
min minute
MS mass spectrum
pw microwave
NaBH4 sodium borohydride
Na>CO3 sodium carbonate
NaHCO3 sodium bicarbonate
NaOH sodium hydroxide
NazS0, sodium sulfate
NH4CI ammonium chloride
NiClo+6H>0 nickel (Il) chloride hexahydrate
NMP N-methyl-2-pyrrolidone
Ph phenyl
rt room temperature
satd saturated
8CX strong cation exchange
SPE solid phase extraction
TFA trifluoroacetic acid
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THF tetrahydrofuran
tr retention time
EXAMPLE 1
Step 1: 2-(4-Phenylthiazol-2-yl)acetonitrile
o]

s S CN
Br EtOH [~
T e Y N
2 reflux, 4h

A mixture of 2-bromoacetophenone (2 g, 10 mmol) and 2-cyanothioacetamide (1
g, 10 mmol) in EtOH (25 mL) was heated to 80 °C for 4 h. The reaction mixture was
cooled to room temperature and poured into an aqueous ammonia solution (final pH was
>7). The mixture was then extracted with EtOAc and the organic layer was washed with
10 H,O and brine. Solvent was removed under reduced pressure and the crude product was
purified by flash column chromatography (silica gel 230-400 mesh, eluent 8% EtOAc in
petroleum ether) to afford 2-(4-phenylthiazol-2-yl)acetonitrile (1.5 g, yield 75%) as a
yellow solid: "H NMR (300MHz, CDCl;) 5 7.88-7.91 (m, 2H), 7.49 (s, 1H), 7.27-7.48 (m,
3H), 4.19 (s, 2H). MS (ESI) nv/z: Calculated for C11HgN,S: 200.04; found: 201.2 (M+H)".
15
Step 2: 4-(4-Phenylthiazol-2-yl)tetrahydro-2H-pyran-4-carbonitrile

S ¢CN N
[ > B >0y Nl M
N - . s
NaH, THF
rt, 1h o

A solution of 2-(4-phenylthiazol-2-yl)acetonitrile (0.84 g, 4.19 mmol) in THF (25

20 mL) was cooled to 0°C. NaH was added (0.5 g, 60% dispersion in oil) portionwise over
10 min. The resulting mixture was allowed to warm up to room temperature and stirred for

20 min. 2-Bromoethyl ether (1.58 mL, 12.5 mmol) was added dropwise. The reaction
mixture was further stirred at room temperature for 1 h and then quenched with saturated
NH,4CI solution. The reaction mixture was diluted with EtOAc and the organic layer was

25 washed with H,O and brine. The organic layer was dried over anhydrous sodium sulfate
and concentrated under reduced pressure. The residue was purified by column
chromatography (silica gel 60-120 mesh, eluent 4-8% EtOAc in petroleum ether) to afford
4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-carbonitrile (0.97 g, yield 85%) as a yellow
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solid: "H NMR (300 MHz, CDCl;) & 7.91-7.94 (m, 2H), 7.51 (s, 1H), 7.37-7.48 (m, 3H),
4.07-4.14 (m, 2H), 3.87-3.96 (m, 2H), 2.32-2.43 (m, 4H). MS (ESI) m/z: Calculated for
Ci5H14N,0S: 270.08; found: 271.2 (M+H)".

5 Step 3: (4-(4-Phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methanamine

N N
LiAIH
NC s 4 i\
THF, 0°C-rt. 1h  HeN S
o
0

To a suspension of LiAlH4 (220 mg, 5.9 mmol) in dry THF (10 mL) was added a

solution of 4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-carbonitrile (400 mg, 1.47 mmol)

in dry THF (10 mL) at 0 °C. The reaction mixture was stirred at room temperature for 1 h

10 and then quenched carefully with water and diluted with EtOAc. The organic layer was

washed with brine, dried over anhydrous sodium sulfate and concentrated under reduced

pressure. The residue was purified by column chromatography (neutral alumina, eluent

5% MeOH in CHCl;) to afford (4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-

yl)methanamine (150 mg, yield 37%): 'H NMR (400 MHz, CDCl5) 8 7.89-7.91 (m, 2H),

15 7.48 (s, 1H), 7.33-7.46 (m, 3H), 3.89-3.93 (m, 2H), 3.63-3.69 (m, 2H), 3.03 (s, 2H), 2.30-

2.33 (m, 2H), 1.90-1.97 (m, 2H). MS (ESI) m/z: Calculated for CisH1gN-OS: 274.11;
found: 275.2 (M+H)".

Step 4: 3-(N'-Hydroxycarbamimidoyl)benzoic acid

HO.
NH,OH.HCI, Na,CO4 N

NC CO,H I
— HoN CO,H
8-hydroxyquinoline (cat.)
20 EtOH, reflux, 4h

8-Hydroxyquinoline (5 mg, 0.03 mmol) was added to a solution of 3-cyanobenzoic

acid (1 g, 6.8 mmol) in 50 mL ethanol. To this reaction mixture were added first
hydroxylamine hydrochloric acid (950 mg, 13.6 mmol) in water (8 mL) followed by sodium
carbonate (1.2 g, 10.9 mmol) in water (12 mL). The mixture was heated to reflux for 4 h.
25  After removal of ethanol under reduced pressure, the residue was diluted with water, and
the aqueous solution was acidified with 10% HCI to pH ~3. The white precipitate was
filtrated, washed with water and acetone and then dried under reduced pressure to afford
compound 3-(N'-hydroxycarbamimidoyl)benzoic acid (1 g, yield 82%): 'H NMR (400 MHz,
CDCl;) 8 13.03 (br s, 1H), 9.76 (s, 1H), 8.27-8.26 (m, 1H), 7.95-7.89 (m, 2H), 7.53 (t, J =
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7.8 Hz, 1H), 5.94 (br s, 2H). MS (ESI) m/z: Calculated for CgHgN,O;: 180.05; found: 180.9
(M+H)".

Step 5: 3-(5-(Trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid
HO\I\I O-N

(CFsC0),0
N ! CoH > FsC’<\N ! COH
2 pyridine, 50 °C, 3h
5

A solution of compound 3-(N'-hydroxycarbamimidoyl)benzoic acid (1 g, 5.6 mmol)

in anhydrous pyridine (15 mL) was cooled to 0 °C and trifluoroacetic anhydride (2.3 mL,

16.7 mmol) was added dropwise. The reaction mixture was slowly warmed to room

10  temperature and further heated to 50 °C for 3 h. The reaction mixture was poured into ice-

water and adjusted to pH ~4 by addition of 1.5N HCI. The product was extracted with

EtOAc and the solvent removed under reduced pressure. The crude product was purified

by column chromatography [silica gel 60-120 mesh, eluent: 10% EtOAc in petroleum

ether] to afford 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid (400mg, vyield

15 28%):. 'H NMR (400 MHz, CDCls) & 13.44 (br s, 1H), 8.56 (s, 1H), 8.30 (d, J = 7.9 Hz,

1H), 8.21 (d, J = 7.9 Hz, 1H), 7.78 (t, J = 7.8 Hz, 1H). MS (ESI) m/z: Calculated for
C1oHsF3N,03: 258.03; found: 257 (M-H)".

Step 6: N-({(4-(4-Phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-
20 (trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide

~N 0 NN
i \

o}
FaC—4 )\©)k
N N

A mixture of 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid (52mg,
0.202mmole), (4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methanamine  (50mg,
0.184mmole), and EDCI (38.5mg, 0.202mmole) in CH,Cl, (2ml) was stirred at room
temperature for 8 h. The reaction mixture was then diluted with methylene chloride (10

25 ml), washed with water (5 ml), dried over MgSO, and concentrated under reduced
pressure. The residue was purified by ISCO (silica gel, elute: 2% methanol in CH,Cl,) to
give N-((4-(4-phenylthiazol-2-yl)tetrahydro-2 H-pyran-4-yl)methyl)-3-(5-(trifluoromethyl)-
1,2,4-oxadiazol-3-yl)benzamide as a white solid product (59mg, 62% yield): '"H NMR
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(CDCl; 500MHz ): 8.49(s, 1H), 8.22 (d, J=7.5Hz, 1H), 7.98 (d, J=8.5Hz, 1H), 7.88 (d,
J=8Hz, 2H), 7.56-7.53(m, 2H), 7.52 (s, 1H), 7.369-7.31 (m, 3H), 3.97-3.93 (m, 2H), 3.91
(d, J=5.5Hz, 2H), 3.77-3.74 (m, 2H), 2.36-2.28 (m, 2H), 2.06-2.04 (m, 2H). MS (ESI) m/z:
Calculated for C,5H51F3N4O5S: 514.13; found: 515.1 (M+H)".

Examples 2-6 were synthesized from 3-(5-(trifluoromethyl)-1,2 4-oxadiazol-3-

yl)benzoic acid and readily available amines in a similar manner as part of a screening

collection and characterized by LCMS and 'H NMR.

Example | Compound Structure Compound Name
No.
A~ H N RF rHa-e-
\I\< \©\/N { \))i_ (Dimethylamino)ethoxy)benzyl)-3-
Ne
o © (5~(trifluoromethyl)-1,2,4-
2 oxadiazol-3-yl)benzamide
- N-(2-(2-
2 (Dimethylamino)ethoxy)benzyl)-3-
o \(Q\()Lo (5-(trifluoromethyl)-1,2,4-
Q\/N Y N:S(F oxadiazol-3-yl)benzamide
3 FF
N= F N-(4-(1H-Imidazol-1-yl)benzyl)-3-
=\
g/N Iy N\7)<F i
N r\\l—o e (5-(trifluoromethyl)-1,2,4-
4 o oxadiazol-3-yl)benzamide
’{‘\ N-(2-Cyanoethyl)-N-(pyridin-3-
\\ \(@YN R F ylmethyl)-3-(5-(trifluoromethyl}-
~ N . :
\ \ 1,2,4-oxadiazol-3-yl)b id
Q\/N \d F oxadiazol-3-yl}benzamide
5 (o]
e F 3-(5-(Trifluoromethyl)-1,2,4-
F oxadiazol-3-yl)-N-((4-(4-
o (trifluoromethyl)phenyl)tetrahydro-
F ON .
\ 2H-pyran-4-yl)methyl)benzamide
F)(QN)\Q)L H
6 F o
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EXAMPLE 7
(3-(5-(Trifluoromethyl)-1,2,4-oxadiazol-3-yl)phenyl)methanol
O-N

O-N
FC—4 | CoH BHiMeS  Fio—4
N T, N OH
THF, 50°C, 4h

Borane dimethyl sulfide complex (0.3 mL, 2.9 mmol) was added to a stirred

5  solution of 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid (0.5g, 1.9 mmol) in dry

THF (10 mL) at 0 °C. The reaction mixture was slowly warmed to room temperature and

further heated to 50 °C for 4 h. Reaction mixture was then carefully quenched with dry

MeOH and concentrated under reduced pressure. The crude product was purified by

column chromatography (silica 60-120 mesh, eluent 10-15% EtOAc in petroleum ether) to

10  get pure alcohol compound (3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)phenyl)methanol

(190 mg, yield 41%): "H NMR (400 MHz, CDCl;) 5 8.14 (m, 1H), 8.06 (d, J = 7.5 Hz, 1H),
7.61-7.51 (m, 2H), 4.81 (s, 2H)

3-(56-(Trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzaldehyde
=N H
\

O-N O
F30/<\ \ Dess-Martin periodinane F3C’<\
N OH N o}
15 CH,Cly, 0 °C-rt, 5h

A solution of compound 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)phenyl)methanol

(150mg, 0.6 mmol) in dry CH,Cl, (10 mL) was purged with argon for 10 min and Dess-
Martin periodinane (0.39g, 0.9 mmol) was added to the solution at 0 °C . The reaction
mixture was allowed to come to room temperature and stirred for 5 h. The reaction

20 mixture was then quenched with saturated sodium thiosulfate solution and extracted with
CH,CI,. The organic layer was washed with brine and dried over anhydrous sodium
sulfate. The solvent was concentrated under reduced pressure to vyield 3-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzaldehyde (140 mg, crude) which was carried
through without further purification. 'H NMR (400 MHz, CDCl3) 8 10.13 (s, 1H), 8.64 (s,

25  1H), 8.41-8.39 (dt, J = 7.8 Hz, 1.5 Hz, 1H), 8.13-8.11 (dt, J = 7.8 Hz, 1.5 Hz, 1H), 7.76 (t,
J=7.7 Hz, 1H).
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1-(4-(4-Phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)-N-(3-(5-(trifluoromethyl)-1,2,4-

oxadiazol-3-yl)benzyl)methanamine

N
O~N N
0-N H 0 F.c—4 1
FoC—4 TN N s
N 0 H
NaBH(OAC);

DCE, 0°C-tt, 8h o

Sodium triacetoxy borohydride (200 mg, 0.9 mmol) was added to a solution of 3-

5  (5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzaldehyde (140 mg, 0.6 mmol) and (4-(4-
phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)ymethanamine (170 mg, 0.6 mmol) in dry
dichloroethane (20 mL) at 0 °C under nitrogen atmosphere and stirred at room
temperature for 8 h. The reaction mixture was carefully quenched with 10% NaHCO;
solution and extracted with EtOAc. The organic layer was washed with brine, dried over

10  anhydrous Na,SO, and concentrated under reduced pressure. The crude product was
purified by column chromatography (silica 60-120 mesh, eluent 20-25% EtOAc in
petroleum ether) to get 1-(4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)-N-(3-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzyl)methanamine (65 mg, yield 22%): 'H NMR

(400 MHz, CDCl5) & 7.98 (m, 2H), 7.89 (d, J = 7.6 Hz, 2H), 7.48 (s, 1H), 7.46-7.27 (m,

15  5H), 3.86-3.81 (m, 4H), 3.69-3.64 (m, 2H), 2.91 (s, 2H), 2.36 (m, 2H), 2.03-1.97 (ddd, J =
13.7 Hz, 9.7 Hz, 4 Hz, 2H). MS (ESI) m/z: Calculated for CasH23F3N40,S: 500.15; found:

501.0 (M-HY".
EXAMPLE 8
20 Methyl-5-bromonicotinate
MeOH
Br\(j/COzH HzS0s(Cat)  pr_COMe
| N/ reflux, 12h \END/

A solution of 5-bromonicotinic acid (10 g, 49.5 mmol) in MeOH (200mL) was
cooled to 0 °C and conc. H,SO, (5 mL) was added dropwise. The reaction mixture was
heated to reflux for 12 h. After completion, the reaction mixture was concentrated under

25 reduced pressure, diluted with water and the aqueous layer was washed with EtOAc. The
resulting mixture was poured over an aqueous saturated NaHCO; solution to adjust the

pH 7-8, it was then extracted with EtOAc and the organic layer was dried over anhydrous
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Na,SO,. Solvent was evaporated under reduced pressure to get the solid product methyl
5-bromonicotinate as an off-white solid (7g, yield 66%): 'H NMR (400 MHz, CDCl;) 5 9.14
(s, 1H), 8.86 (s, 1H), 8.45 (s, 1H), 3.98 (s, 3H)

5 Methyl 5-cyanonicotinate
Br\mcone CUCN, DMF NC@/C%Me
N/ 160 °C, 12h N/
CuCN (5.22 g, 58.3 mmol) was added to a solution of methyl 5-bromonicotinate (6
g, 27.8 mmol) in dry DMF (150 mL). The solution was purged with argon and heated to
160 °C for 12 h under argon atmosphere. The reaction mixture was cooled to room
10  temperature and then quenched with saturated NH,CI solution. Further EtOAc was added
and the reaction mixture was stirred for 10 min. The reaction mixture was filtered through
a Celite plug, the organic layer was separated, washed with water and brine, and dried
over anhydrous Na,SO,. Solvent was evaporated under reduced pressure to get methyl-
5-cyano-nicotinate as greenish-white solid (2.7g, yield 60%): '"H NMR (300 MHz, DMSO-
15  de) 8 9.29-9.27 (m, 2H), 8.77 (s, 1H), 3.91 (s, 3H)

3-Cyanonicotinic acid

NC._ COMe LIOHHO0 NC. -~ _COH
Q/ THF-H,O 7:3 viv \(Nj
0°C-rt, 1h

LiOH (150 mg, 6.2 mmol) was added to solution of methyl 5-cyanonicotinate (1 g,
20 6.17 mmol) in THF-H,O (7:3 v/v, 50 mL) at 0 °C . The reaction mixture was stirred at
room temperature for 1 h. THF was then removed under reduced pressure and the
reaction mixture was diluted with water and washed with EtOAc. The resulting reaction
mixture was acidified with 1.5N HCI to pH 3-4. The mixture was extracted with EtOAc and
the organic layer was dried over anhydrous Na,SO,. Solvent was evaporated under
25 reduced pressure to get 3-cyanonicotinic acid as an off-white solid (0.7 g, yield 78%): 'H
NMR (300 MHz, DMSO-dg) 6 13.9 (br s, 1H), 9.27 (s, 1H), 9.23 (s, 2H), 8.71 (s, 1H). MS

(ESI) m/z: Calculated for C;H4N,O,: 148.03; found: 147.0 (M-H)".
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5-(N'-Hydroxycarbamimidoyl)nicotinic acid

HO.
NH,OH.HCI, Na,CO4 N

NC CO-H |
| X 2 — HoN SN COQH
P 8-hydroxyquinoline (cat.) | P
N

EtOH, reflux, 3h N

This compound was synthesized from 5-cyanonicotinic acid as described in

example 1 step 4 (330 mg, yield 54%): 'H NMR (400 MHz, DMSO-ds) 5 13.54 (br s, 1H),

5 998 (s, 1H), 9.16 (m, 2H), 8.49 (s, 1H), 6.11 (br s, 2H). MS (ESI) m/z: Calculated for
C;H;N;03: 181.05; found: 182.2 (M+H)".

5-(6-(Trifluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinic acid
HO
N O~
N . (CFECORO Fae—& N y
HN D N X0
| P pyridine, 65 °C, 3h | _
N N
10 This compound was synthesized from 5-(N-hydroxycarbamimidoyl)nicotinic acid
as described in example 1 step 5 (260mg, yield 63%). '"H NMR (400 MHz, DMSO-d¢) &
13.93 (brs, 1H), 9.43 (d, J=2.1 Hz, 1H), 9.31 (d, J = 2.1 Hz, 1H), 8.77 (t, J = 2.1 Hz, 1H).
MS (ESI) m/z: Calculated for CgH4F3N3;O3: 259.02; found: 258.0 (M-HY.

15 Step 6: N-({(4-(4-Phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-5-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinamide

=N o} N
\ \

,:SC/(\O N COH NN HaTU, NMm FSC,(\O |
N)\(j/ HClHZN?fS oo 1on qufﬁ\s
N O N o

To a stirred solution of compound 5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yhnicotinic acid (100 mg, 0.4 mmol) in dry DMF (5 mL) were added HATU (180 mg, 0.46
20 mmol) followed by hydrochloride salt of (4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-
yl)methanamine (120 mg, 0.4 mmol) and NMM (0.12 mL, 1.1 mmol) at 0 °C. The reaction
mixture was slowly warmed to room temperature and stirred for further 10 h. The reaction
mixture was diluted with EtOAc. The organic layer was washed with water and brine
solution, dried over anhydrous sodium sulfate, and concentrated under reduced pressure.
25 The crude product was purified by column chromatography (silica 60-120 mesh, eluent
50-60% EtOAc in petroleum ether) to get pure product N-((4-(4-phenylthiazol-2-

yltetrahydro-2H-pyran-4-yl)methyl)-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
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yhnicotinamide (70 mg, vield 37%): 'H NMR (400 MHz, CDCl;) 5 9.43 (d, J = 2 Hz, 1H),
9.21 (br s, 1H), 8.76 (br s, 1H), 7.87 (d, J = 7 Hz, 2H), 7.75 (br s, 1H), 7.53 (s, 1H), 7.41-
7.32 (m, 3H), 3.99-3.95 (m, 2H), 3.79-3.74 (m, 2H), 2.35-2.32 (m, 2H), 2.07-2.03 (m, 2H).
MS (ESI) m/z: Calculated for Co4HoFaNs05S: 515.12; found: 516.0 (M+H)".

EXAMPLE 9
5-((4-Phenylthiophen-2-yl)methylene)-2-thioxothiazolidin-4-one
S
sA
\\\<NH s
Ph Ph /1{
Do 50 2%
/) CHO ACOH, NaOAc [ M~

S S
reflux, 2h 0

A solution of 4-phenyl thiophene-2-carboxaldehyde (1 g, 5.3 mmol) and rhodanine

10 (700 mg, 5.3 mmol) in 10 mL of glacial acetic acid was heated with anhydrous sodium
acetate (1.22 g, 14.8 mmol) for 2 h. The reaction mixture was then poured into cold water.

The precipitate was filtered, washed with water and dried under reduced pressure to get
5-((4-phenylthiophen-2-yl)methylene)-2-thioxothiazolidin-4-one (1.4 g, yield 87%). MS
(ESl) m/z: Calculated for C14HgNOS;: 302.98; found: 302.0 (M-H). The crude product

15  was carried through without further purification.

3-(4-Phenylthiophen-2-yl)-2-thioxopropanoic acid

S
Ph SJ(NH 10% NaOH F’hz_>\)‘31\\<0H
M reflux, 1h [ )
S o} S o]

A suspension of product 5-((4-phenylthiophen-2-yl)methylene)-2-thioxothiazolidin-

20 4-one (1.4 g, 4.6 mmol)in 12 mL of 10% aqueous NaOH was heated to 95 °C for 1 h. The

solution was cooled to room temperature and diluted with water. The aqueous phase was

washed with EtOAc, and acidified with 10% HCI. The precipitate that was formed was

filtered, washed with water and dried under reduced pressure to get the product 3-(4-

phenylthiophen-2-yl)-2-thioxopropanoic acid (0.9 g, yield 74%). MS (ESI) m/z: Calculated

25  for Cy3H1002S,: 262.01; found: 261.0 (M-H). The crude product was carried through
without further purification
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2-(Hydroxyimino)-3-{4-phenylthiophen-2-yl)propanoic acid

OH
Ph S o4 NHOH.HCLNaOEt PP N on
M EtOH, 1.5h, reflux /\
S e} S e}

3-(4-Phenylthiophen-2-yl)-2-thioxopropanoic acid (0.9 g, 3.4 mmol), hydroxylamine

hydrochloride (740 mg, 10.6 mmol), and an ethanolic solution sodium ethoxide [prepared

5 from 0.4 g of sodium and 30 mL of absolute ethanol] was refluxed for 1.5 h. Solvent was

removed under reduced pressure and the residue was diluted with water and acidified

with 1.5N HCI to adjust the pH of the solution ~3. The solid product was extracted with

EtOAc. The organic layer was dried over anhydrous Na,SO,, then removal of the solvent

under reduced pressure yielded 2-(hydroxyimino)-3-(4-phenylthiophen-2-yl)propanoic acid

10 (0.8 g, yield 89%) as an off-white solid. '"H NMR (400 MHz, MeOD) & 7.59-7.57 (m, 2H),

7.37-7.33 (m, 3H), 7.24-7.23 (m, 2H), 3.31 (s, 2H). MS (ESI) m/z: Calculated for
C43H11NO3S: 262.05; found: 262.0 (M+H)".

2-(4-Phenylthiophen-2-yl)acetonitrile

OH
Ph N on Ao PP
[} T _on
reflux, 1.5h
15 S o] > S

2-(Hydroxyimino)-3-(4-phenylthiophen-2-yl)propanoic acid (0.8 g, 3.1 mmol) was
heated in acetic anhydride (5mL) for 1.5 h. The reaction mixture was cooled to room
temperature and treated with water. The product was extracted with EtOAc and the
organic layer was washed with H,O and brine, dried over anhydrous Na,SO, and
20 concentrated under reduced pressure. The residue was purified by column
chromatography (silica gel 60-120 mesh, eluent 10 -15% EtOAc in petroleum ether) to
afford 2-(4-phenylthiophen-2-yl)acetonitrile (0.45 g, yield 73%) as a pale yellow solid. 'H
NMR (400 MHz, CDCl3) & 7.57-7.53 (m, 2H), 7.43-7.39 (m, 2H), 7.37-7.36 (m, 2H), 7.34-
7.30 (m, 1H), 3.96 (s, 2H).
25
4-(4-Phenylthiophen-2-yl)tetrahydro-2H-pyran-4-carbonitrile

Ph Br/\/o\/\Br I A\
NC
s NaH, THF
0°C-rt, 3h 0O
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This compound was synthesized from 2-(4-phenylthiophen-2-yl)acetonitrile as
described in example 1 step 2 (0.32 g, yield 68%) as a yellow solid. 'H NMR (400 MHz,
CDCl,) & 7.59-7.57 (dd, J = 8.2 Hz, 1.1 Hz, 2H), 7.45-7.40 (m, 4H), 7.35-7.31 (m, 1H),
4.11-4.07 (m, 2H), 3.93-3.86 (id, J = 12 Hz, 2.4 Hz, 2H), 2.29-2.15 (m, 4H).

(4-(4-Phenylthiophen-2-yl)tetrahydro-2H-pyran-4-yl)methanamine

v A LiAlH, N\
s ———— HN s
THF, 0 °C-1t. 1h
o 0

This compound was synthesized from 4-(4-phenylthiophen-2-yi)tetrahydro-2H-
pyran-4-carbonitrile as described in example 1 step 3 (210 mg, yield 65%). 'H NMR (400
10 MHz, CDCly) 6 7.61-7.59 (d, J = 7.3 Hz, 2H), 7.43-7.30 (m, 4H), 7.19-7.18 (d, J = 1 Hz,
1H), 3.86-3.82 (m, 2H), 3.62-3.57 (m, 2H), 2.69 (br s, 2H), 2.11-1.96 (m, 2H), 1.81-1.74

(m, 2H). MS (ESI) m/z: Calculated for C,H1oNOS: 273.12; found: 274.2 (M+H)".

N-({(4-(4-Phenylthiophen-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-(trifluoromethyl)-
15 1,2,4-oxadiazol-3-yl)benzamide

O-N o]
Fc—4 |
N OH
A\ O-N o
HoN s N N S
HATU, NMM N
o]

0 DMF, 0 °C-tt, 8h

This compound was synthesized from (4-(4-phenylthiophen-2-yl)tetrahydro-2H-
pyran-4-yl)methanamine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as
described in example 8 step 6 (80 mg, yield 20%). 'H NMR (400 MHz, CDCls) 8 8.43 (m,

20 1H), 8.25(d, J=7.8 Hz, 1H), 7.96 (d, J = 7.8 Hz, 1H), 7.62-7.58 (m, 3H), 745 (d, J=1.2
Hz, 1H), 7.40 (t, J=7.7 Hz, 2H), 7.31 (m, 1H), 7.23 (d, J = 1.5 Hz, 1H), 6.15 (t, J = 6.5 Hz,
1H), 3.96-3.91 (dt, J = 11.9 Hz, 4.2 Hz, 2H), 3.74 (d, J = 6.4 Hz, 2H), 3.71-3.66 (m, 2H),
2.18-2.14 (m, 2H), 2.08-2.03 (m, 2H). MS (ESI) m/z: Calculated for CysHoF3N30,S:
513.13; found: 514.2 (M+H)".

25
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EXAMPLE 10
1-(4-Phenylthiazol-2-yl)cyclopentanecarbonitrile

N
Br/\/\/Br 1N
7 N N NC s
S»\/ NaH, THF
0°C-tt, 1.5h

This compound was synthesized from 2-(4-phenylthiazol-2-yl)acetonitrile as
5 described in example 1 step 2 using 1,4-dibromobutane (580 mg, yield 91%). 'H NMR
(300 MHz, CDCl,) & 7.93-7.92 (m, 2H), 7.90-7.33 (m, 4H), 2.58-2.49 (m, 4H), 2.06-2.00

(m, 4H). MS (ESI) nv/z: Calculated for CsH4N,S: 254.09; found: 255.2 (M+H)".

(1-(4-Phenylthiazol-2-yl)cyclopentyl)methanamine

N N
N D LiAIH, D
A TRY S
THF, 0 °C-rt. 0.5h
10

This compound was synthesized from 1-(4-phenylthiazol-2-
yl)cyclopentanecarbonitrile as described in example 1 step 3 (250 mg, yield 42%). 'H
NMR (400 MHz, DMSO-ds) 5 7.96-7.93 (m, 3H), 7.44-7.40 (m, 2H), 7.33-7.29 (m, 1H),
2.85 (s, 2H), 2.06-3.01 (m, 2H), 1.94-1.87 (m, 2H), 1.73-1.66 (m, 6H). MS (ESI) m/z:

15  Calculated for C4sH1sNoS: 258.12; found: 259.2 (M+H)".

N-({(1-(4-Phenylthiazol-2-yl)cyclopentyl)methyl)-3-(5-(trifluoromethyl)-1,2,4-

oxadiazol-3-yl)benzamide

O-N o]
F3C’<\Nﬂ\©/k
OH o
~N (o] N
N | B
1 2\ FaC/<\N N s
HoN s HATU, NMM H
0 °C-rt, 10h
20 This compound was synthesized from (1-(4-phenylthiazol-2-
yl)cyclopentyl)methanamine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid
as described in example 8 step 6 (65 mg, yield 34%). '"H NMR (400 MHz, DMSO-d;) &

8.78 (M, 1H), 8.44 (s, 1H), 8.19 (d, J = 7.6 Hz, 1H), 8.06 (d, J = 7.9 Hz, 1H), 7.98 (s, 1H),
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7.93(d, J=7.3Hz 2H), 7.71 (t, J = 7.9 Hz, 1H), 7.39 (m, 2H), 7.30 (m, 1H), 3.69 (d, J =
6.2 Hz, 2H), 2.19 (m, 2H), 2.07 (m, 2H), 1.76 (m, 2H), 1.64 (m, 2H). MS (ESI) nv/z:
Calculated for C,5H,(F3N,O,S: 498.13; found: 499.2 (M+H)".

5 EXAMPLE 11
4-(3-Phenyl-1H-1,2,4-triazol-5-yl)tetrahydro-2H-pyran-4-carbonitrile

Br/\/o\/\Br I\; N

N oon ————— "o
NG~ NaH, THF H
H 0°CHrt, 1 day o
This compound was synthesized from (5-phenyl-2H-[1,2 4]triazol-3-yl)-acetonitrile
as described in example 1 step 2 (0.22 g, yield 16%). 'H NMR (300 MHz, CDCl;) & 7.96-

10 7.92 (dd, J = 6.6 Hz, 3.1 Hz, 2H), 7.54-7.49 (m, 3H), 4.09-4.03 (dt, J = 12.1 Hz, 3.7 Hz,
2H), 3.95-3.87 (m, 2H), 2.44-2.38 (m, 2H), 2.29-2.25 (m, 2H). MS (ESI) m/z: Calculated

for C14H14N4O: 254.12; found: 255.2 (M+H)".

(4-(3-Phenyl-1H-1,2,4-triazol-5-yl)tetrahydro-2H-pyran-4-yl)methanamine

H  THF, 0°C-t, 0.5h
15 0 °©
This compound was synthesized from 4-(3-phenyl-1H-1,2,4-triazol-5-yl)tetrahydro-
2H-pyran-4-carbonitrile as described in example 1 step 3 (170 mg, crude). 'H NMR (300
MHz, DMSO-ds) 6 8.05-8.02 (dd, J = 8.0 Hz, 1.4 Hz, 2H), 7.51-7.40 (m, 3H), 3.76-3.72 (m,
2H), 3.42-3.38 (m, 2H), 2.97 (br s, 2H), 2.23-2.18 (d, J = 11.8 Hz, 2H), 1.76-1.68 (m, 2H).

20 MS (ESI) m/z: Calculated for C14HsN4O: 258.15; found: 259.2 (M+H)".
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10

15

20

N-({(4-(3-Phenyl-1H-1,2,4-triazol-5-yl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide

0]

O-N
FoC—4, |
N OH
N O-N o) N
\
N Fo—4 ) [ N
N N
HATU, NMM H

O DMF, 0 °C-rt, 8h O

=

HoN

Iz

This compound was synthesized from (4-(3-phenyl-1H-1,2,4-triazol-5-
ylhtetrahydro-2H-pyran-4-yl)methanamine and  3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)benzoic acid as described in example 8 step 6 (80 mg, yield 24%). 'H NMR (400MHz,
CDCl,) 5 8.56 (s, 1H), 8.25 (d, J = 7.8 Hz, 1H), 8.11 (d, J =7.8 Hz, 1H), 8.02 (dd, J/=7.3
Hz, 1.8 Hz, 2H), 7.89 (br s, 1H), 7.62 (t, J = 7.8 Hz, 1H), 7.46 (m, 3H), 3.97-3.92 (dt, J =
11.9 Hz, 4.5 Hz, 2H), 3.83 (d, J = 5.8 Hz, 2H), 3.71-3.66 (m, 2H), 2.44-242 (d, J = 13.6
Hz, 2H), 1.96-1.89 (ddd, J = 13.4 Hz, 9.2Hz, 3.5 Hz, 2H). MS (ESI) m/z: Calculated for
C24H21F3N6Os5: 498.16; found: 499.2 (M+H)".

EXAMPLE 12
4-(2-Phenylthiazol-4-yl)tetrahydro-2H-pyran-4-carbonitrile

CN Br/\/ \/\Br N=
NC SN

@/Q{ T NaHTHE
rt-reflux, 8h 0
This compound was synthesized from (2-phenyl-thiazol-4-yl)-acetonitrile as
described in example 1 step 2 (0.53 g, yield 79%) as a yellow solid. 'H NMR (300 MHz,
CDCl,) 5 7.98-7.94 (dd, J = 6.5 Hz, 3.2 Hz, 2H), 7.47-7.43 (m, 3H), 7.33 (s, 1H), 4.12-4.08
(ddd, J =12.3 Hz, 3.9 Hz, 1.5 Hz, 2H), 3.93-3.85 (id, J = 12.3 Hz, 2.1 Hz, 2H), 2.49-2.38

(ddd, J = 13.7 Hz, 12.3 Hz, 4.5 Hz, 2H), 2.18-2.13 (dd, J = 13.6 Hz, 2.0 Hz, 2H). MS
(ESI) m/z: Calculated for C1sH4N0S: 270.08; found: 271.2 (M+H)".
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(4-(2-Phenylthiazol-4-yl)tetrahydro-2H-pyran-4-yl)methanamine

S

N= N=
Ne. S LiAIH, .

— > HN

THF, 0 °C-rt, 1h
O O

This compound was synthesized from 4-(2-phenylthiazol-4-yl)tetrahydro-2H-pyran-

4-carbonitrile as described in example 1 step 3 (380 mg, yield 72%). 'H NMR (400 MHz,

5 CDCl;)57.96-7.94 (dd, J =7.5 Hz, 2.0 Hz, 2H), 7.47-7.41 (m, 3H), 6.99 (s, 1H), 3.89-3.84

(dt, J = 11.7 Hz, 4.0 Hz, 2H), 3.58-3.52 (m, 2H), 2.91 (s, 2H), 2.31-2.28 (d, J = 13.8 Hz,

2H), 1.87-1.80 (ddd, J = 13.9 Hz, 10.2 Hz, 4.3 Hz, 2H). MS (ESI) m/z: Calculated for
C15H1gN,08: 274.11; found: 275.2 (M+H)".

10  N-({(4-(2-Phenylthiazol-4-yl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-(trifluoromethyl)-

1,2,4-oxadiazol-3-yl)benzamide

O-N o]
F3C’<\ \
N OH
O-N 0 N=
N='
S F3C’<\N \ S
HoN HATU, NMM N
DMF, 0 °C-rt, 2h
0 (0]

This compound was synthesized from (4-(2-phenylthiazol-4-yl)tetrahydro-2H-
pyran-4-yl)methanamine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as
15  described in example 8 step 6 (85 mg, yield 45%). '"H NMR (400 MHz, DMSO-ds) & 8.56
(t, J=6.2 Hz, 1H), 8.41 (m, 1H), 8.18 (d, J = 7.8 Hz, 1H), 8.05 (d, J = 7.6 Hz, 1H), 7.91-
7.89 (m, 2H), 7.69-7.65 (t, J= 7.8 Hz, 1H), 7.53 (s, 1H), 7.46-7.43 (dd, J = 4.8 Hz, 1.9 Hz,
3H), 3.79-3.76 (m, 2H), 3.54-3.52 (d, J = 6.2 Hz, 2H), 3.37 (m, 2H), 2.26 -2.22 (d, J = 13.8
Hz, 2H), 1.89-1.84 (m, 2H). MS (ESI) m/z: Calculated for C,sH,1F3sN4O3S: 514.13; found:
20 515.0 (M+H)".

EXAMPLE 13

2-(4-(4-Methoxyphenyl)thiazol-2-yl)acetonitrile
(0] CN

S
Br S | />\/
EtOH N
+ AN ON
~o 2 reflux, 3h o
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This compound was synthesized from 2-bromo-1-(4-methoxyphenyl)ethanone and
2-cyanothioacetamide as described in example 1 step 1 (1.5 g, yield 75%). 'H NMR
(300MHz, CDCl5) 5 7.83 (d, J = 8.9 Hz, 2H), 7.35 (s, 1H), 6.98 (d, J = 8.9 Hz, 2H), 4.17 (s,
2H), 3.86 (s, 3H). MS (ESI) m/z: Calculated for C;,HoN,OS: 230.05; found: 231.2

5 (M+H)".

4-(4-(4-Methoxyphenyl)thiazol-2-yl)tetrahydro-2H-pyran-4-carbonitrile

\
o)

S
I N/>\/CN Br/\/o\/\Br N I\; S\
~0 NaH, THF
0 °C-rt, 2h o
This compound was synthesized from 2-(4-(4-methoxyphenyl}thiazol-2-
10  ylacetonitrile as described in example 1 step 2 (1.6 g, yield 82%). 'H NMR (400MHz,
CDCl;) & 7.86 (d, J = 8.8 Hz, 2H), 7.36 (s, 1H), 6.97 (d, J = 8.8 Hz, 2H), 4.11-4.07 (m,
2H), 3.96-3.87 (dd, J = 11.3 Hz, 2.5 Hz, 2H), 3.86 (s, 3H), 2.41-2.31 (m, 4H). MS (ESI)
m/z: Calculated for C1sH1eN20,S: 300.09; found: 301.2 (M+H)".

15  (4-(4-(4-Methoxyphenyl)thiazol-2-yl)tetrahydro-2H-pyran-4-yl)methanamine

\
o] \o
N . N
NG R LiAIH, ,S\
THF, 0°C-rt, 0.5h 2N
o (o]

This compound was synthesized from 4-(4-(4-methoxyphenylthiazol-2-
yltetrahydro-2H-pyran-4-carbonitrile as described in example 1 step 3 (200 mg, yield
40%). 'H NMR (300MHz, CDCl5) 8 7.86 (d, J = 8.8 Hz, 2H), 7.33 (s, 1H), 6.97 (d, J = 8.8

20  Hz, 2H), 3.93-3.88 (m, 5H), 3.68-3.59 (m, 2H), 2.97 (s, 2H), 2.33 (m, 2H), 1.94-1.86 (m,
2H). MS (ESI) m/z: Calculated for C16H20N20,S: 304.12; found: 305.2 (M+H)".
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N-({(4-(4-(4-Methoxyphenyl)thiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-

(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide

\
0
O-N
FSC’<\N)\‘ : COM
O-N 0 N
N Foc—4 ! »
s N N S
HaN HATU, NMM H

o DMF, 0°C-rt, 8h °

This compound was synthesized from (4-(4-(4-methoxyphenylthiazol-2-

5  yhtetrahydro-2H-pyran-4-yl)methanamine and  3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-

yl)benzoic acid as described in example 8 step 6 (80 mg, yield 38%). 'H NMR (400MHz,

DMSO-ds) 8 8.78 (t, J = 6.3 Hz, 1H), 8.43 (s, 1H), 8.20 (d, J=7.9 Hz, 1H),8.07 (d, J=7.9

Hz, 1H), 7.91 (s, 1H), 7.86 (d, J = 8.9 Hz, 2H), 7.71 (t, J=7.8 Hz, 1H), 6.95 (d, J = 8.5 Hz,

2H), 3.86 (m, 2H), 3.77 (s, 3H), 3.58 (d, J = 6.4 Hz, 2H), 3.43 (t, J = 10.5 Hz, 2H), 3.33 (s,

10  2H), 2.25 (d, J = 14 Hz, 2H), 2.02 (m, 2H). MS (ESI) m/z: Calculated for CosH23F3N404S:
544 .14; found: 545.2 (M+H)".

EXAMPLE 14
2-(4-(4-Chlorophenyl)thiazol-2-yl)acetonitrile
o S ©N
Br S ! />-\/
EtOH N
+ h NJ\/CN
cl 2 reflux, 40 min ¢
15 This compound was synthesized from 2-bromo-1-(4-chlorophenyl)ethanone and 2-

cyanothioacetamide as described in example 1 step 1 (1.51 g, yield 75%). 'H NMR
(300MHz, CDCls) 6 7.84 (d, J = 8.8 Hz, 2H), 7.49 (s, 1H), 7.43 (d, J = 8.8 Hz, 2H), 4.18 (s,
2H). MS (ESI) m/z: Calculated for C11H;CIN,S: 234.00; found: 235.0 (M+H)".

20 4-(4-(4-Chlorophenyl)thiazol-2-yl)tetrahydro-2H-pyran-4-carbonitrile
Cl

S CN
’ />\/ Br/\/o\/\Br '\; \
N NC s
NaH, THF
0 °C-rt, 1h o

Cl
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This compound was synthesized from 2-(4-(4-chlorophenyl)thiazol-2-yl)acetonitrile
as described in example 1 step 2 (1.15 g, yield 86%). 'H NMR (300MHz, CDCl;) 5 7.88
(d, J = 8.6 Hz, 2H), 7.50 (s, 1H), 7.43 (d, J = 8.6 Hz, 2H), 4.14-4.07 (dt, J = 12.3 Hz, 3.4
Hz, 2H), 3.95-3.86 (m, 2H), 2.45-2.30 (m, 4H). MS (ESI|) m/z: Calculated for
5  C45H43CIN,OS: 304.04; found: 305.0 (M+H)".

(4-(4-(4-Chlorophenyl)thiazol-2-yl)tetrahydro-2H-pyran-4-yl)methanamine

Cl al

NC i s\ LiAlH, N
THF, 0°Crt, th H2N S
O

This compound was synthesized 4-(4-(4-chlorophenyl)thiazol-2-yl)tetrahydro-2H-
10  pyran-4-carbonitrile as described in example 1 step 3 (250 mg, yield 50%). 'H NMR
(400MHz, DMSO-dg) 5 8.14 (s, 1H), 7.99 (d, J = 8.5 Hz, 2H), 7.52 (d, J = 8.5 Hz, 2H),
3.79-3.75 (m, 2H), 3.47-3.42 (m, 2H), 2.81 (s, 2H), 2.13 (d, J = 13.7 Hz, 2H), 1.91-1.83

(m, 2H). MS (ESI) m/z: Calculated for C4sH17CIN,OS: 308.08; found: 309.2 (M+H)".

15  N-({4-(4-(4-Chlorophenyl)thiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide
Cl

Cl
=N
\

0
Fao— : COH
O-N 0 N
N Fac—Q [ »
s N N s
HzN HATU, NMM H

o DMF, 0 °C-rt, 8h %)

This compound was synthesized (4-(4-(4-chlorophenyljthiazol-2-yl)tetrahydro-2H-
pyran-4-yl)methanamine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as
20 described in example 8 step 6 (75 mg, yield 42%). 'H NMR (400MHz, CDCl;) & 8.47 (s,
1H), 8.26 (d, J = 7.8 Hz, 1H), 7.99 (d, J = 9 Hz, 1H), 7. 83 (m, 2H), 7.59 (t, J = 7.8 Hz,
1H), 7.52 (s, 1H), 7.42 (t, J = 5.4 Hz, 1H), 7.35 (d, J = 8.5 Hz, 2H), 3.99-3.94 (m, 2H), 3.58
(d, J = 5.8 Hz, 2H), 3.77-3.71 (m, 2H), 2.35-2.29 (m, 2H), 2.08-2.05 (m, 2H). MS (ESI)
m/z: Calculated for C,sH,0CIFsN,0,S: 548.09; found: 549.0 (M+H)".
25
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EXAMPLE 15
2-Methyl-2-(4-phenylthiazol-2-yl)propanenitrile

Mel

N NN
/N cN  NaH, DMSO i
s)\/ 0oC,3n C s
This compound was synthesized from 2-(4-phenylthiazol-2-yl)acetonitrile as

5 described in example 1 step 2 using iodomethane (250 mg, crude). 'H NMR (300 MHz,
CDCl3) 6 7.94-7.91 (m, 2H), 7.47 (s, 1H), 7.46-7.36 (m, 3H), 1.93 (s, 6H).

2-Methyl-2-(4-phenylthiazol-2-yl)propan-1-amine

LiAIH,
N THF, 0°C-rt. 1h I
10 This compound was synthesized from 2-methyl-2-(4-phenylthiazol-2-

yl)propanenitrile as described in example 1 step 3 (100 mg, yield 45%). '"H NMR (400
MHz, DMSO-ds) & 7.95-7.93 (m, 3H), 7.44-7.40 (t, J = 7.3 Hz, 2H), 7.33-7.31 (m, 1H),
2.81 (s, 2H), 1.35 (s, 6H). MS (ESI) m/z: Calculated for C13HgN,S: 232.10; found: 233.2
(M+H)".

15
N-(2-Methyl-2-{4-phenylthiazol-2-yl)propyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)benzamide

~N o}
\

o)
Fgc’<\
N oHt O-N o} N
N N\ N N S
{ HATU, NMM H
HoN S

DMF, 0 °C-tt, 8h

This compound was synthesized from 2-methyl-2-(4-phenylthiazol-2-yl)propan-1-
20 amine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as described in
example 8 step 6 (75 mg, yield 38%). 'H NMR (400 MHz, MeOD) & 8.52 (t, J = 1.8 Hz,
1H), 8.27 (d, J = 7.8 Hz, 1H), 8.03 (d, J = 8.0 Hz, 1H), 7.92-7.90 (m, 2H), 7.69 (s, 1H),
7.67-7.83 (t, J = 7.8 Hz, 1H), 7.36-7.29 (m, 2H), 7.28-7.26 (m, 1H), 3.79 (d, J = 6.3 Hz,
2H), 1.58 (s, 6H). MS (ESI) m/z: Calculated for CysH1gF3N4O,S: 472.12; found: 473.0

25  (M+H)".
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EXAMPLE 16
1-Methyl-4-(4-phenylthiazol-2-yl)piperidine-4-carbonitrile

HCI N
SY\CN | s
N a >N N
—>
NaH
5 This compound was synthesized from 2-(4-phenylthiazol-2-yl)acetonitrile as

described in example 1 step 2 using 2-chloro-N-(2-chloroethyl)-N-methylethanamine
hydrochloride and heating the reaction mixture at 60 °C overnight (200 mg, 40% yield).
MS (ESI) m/z: Calculated for C1gHq7N3S: 283.11; found: 284.1 (M+H)".

10 Step 1b: Alternate synthesis of 1-methyl-4-(4-phenylthiazol-2-yl)piperidine-4-
carbonitrile

|
o ™>Nel ol

| NH,0H

I
N
S, oN " N
| />\/ NC s
N NaNH,, toluene, 110 °C, 3h

N

|
Sodium amide (878 mg, 22.4 mmol) was suspended in toluene (15 mL) and
cooled to 0 °C. To this suspension was added dropwise a solution of (4-phenyl-thiazol-2-
15  yl)-acetonitrile (1.5 g, 7.4 mmol) in toluene (10 mL) while maintaining the temperature at 0
°C. The reaction mixture was stirred for 20 min. Separately the bis-(2-
chloroethyl)methylamine hydrochloride (1.45 g, 7.4 mmol) was taken in water (8 mL),
cooled to 0 °C, and basified with aqueous ammonia solution (adjusted to pH of the
solution to ~8). The oily layer was separated out from the aqueous layer and the organic
20 product was extracted with toluene. The toluene layer was dried over sodium hydroxide
pellets. The dry toluene solution of bis-(2-chloroethyl)methylamine was added to the
reaction mixture at 0 °C. The reaction mixture was allowed to warm up to room
temperature and further heated to 110 °C for 3 h. The reaction mixture was then cooled to
room temperature, diluted with EtOAc, and extracted with EtOAc. The combined extracts

25  were washed with water and brine, dried over anhydrous sodium sulfate and concentrated
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under reduced pressure. The crude product was purified by column chromatography
(silica gel 60-120 mesh, eluent 5% MeOH in CH)Cl,) to afford 1-methyl-4-(4-
phenylthiazol-2-yl)piperidine-4-carbonitrile (350 mg, yield 17%). 'H NMR (400MHz,
DMSO-ds) 5 8.22 (s, 1H), 7.99 — 7.97 (m, 2H), 7.49 — 7.44 (m, 2H), 7.40 — 7.36 (m, 1H),
2.92 - 2.90 (m, 2H), 2.40 — 2.37 (m, 2H), 2.31 - 2.16 (m, 7H). MS (ESI) n/z: Calculated
for Cy6H17N3S: 283.11; found: 284.2 (M+H)".

{1-Methyl-4-(4-phenylthiazol-2-yl)piperidin-4-yl)methanamine

‘Jij LiAH N
I>I \ 44> U \
NCsNg THF,0°ct  HeN s

N |
|

This compound was synthesized from 1-methyl-4-(4-phenylthiazol-2-yl)piperidine-
4-carbonitrile as described in example 1 step 3 (200 mg, crude). MS (ESI) m/z:

Calculated for CygH»(N1S: 287.15; found: 288.1 (M+H)".

N-({(1-Methyl-4-{4-phenylthiazol-2-yl)piperidin-4-yl)methyl)-3-(5-(trifluoromethyl)-

1,2,4-oxadiazol-3-yl)benzamide

=N
\

N
/<° \ O-N o} Ny
FC COH  HN s HATU NMM o4 | |
0 °CHt N N s
N

| N
|

This compound was synthesized from (1-methyl-4-(4-phenylthiazol-2-yl)piperidin-
4-yl)methanamine and  3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as
described in example 8 step 6 (9 mg, 23% yield): 'H NMR (300 MHz, CDCl;) 8 8.51 (s,
1H), 8.21 (d, J=7.5 Hz, 1H), 7.98 (d, J=7.5 Hz, 1H), 7.86 (d, J=6.3 Hz, 1H), 7.78 (m, 1H),
7.54 (t, J= 6.2 Hz, 2H), 7.48 (s, 1H), 7.34-7.25 (m, 2H), 3.86 (s, 2H), 2.69 (m, 2H), 2.57
(m, 4H), 2.34 (s, 3H), 2.13 (m, 2H). MS (ESI) m/z: Calculated for C,sH24F3Ns0,S: 527.16;
found: 528.1 (M+H)".
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EXAMPLE 17
2-(4-(4-Fluorophenyl)thiazol-2-yl)acetonitrile

(¢]
Br S EtOH
o X, —
NH, reflux N \
F Ne M
S

This compound was synthesized from 2-bromo-1-(4-fluorophenyl)ethanone and 2-
5 cyanothioacetamide as described in example 1 step 1 (3.2 g, yield 72%). MS (ESI) m/z:
Calculated for C44H;FN2S: 218.03; found: 219.0 (M+H)".

4-(4-(4-Fluorophenyl)thiazol-2-yl)tetrahydro-2H-pyran-4-carbonitrile

F
Br/\/ ~ > gr Nl N
NC S
NC NaH THF
(9]
10 This compound was synthesized from 2-(4-(4-fluorophenyl)thiazol-2-yl)acetonitrile

as described in example 1 step 2 (3.0 g, yield 66%). MS (ESI) m/z: Calculated for

C1sH1sFN2OS: 288.07; found: 289.0 (M+H)".

(4-(4-(4-Fluorophenyl)thiazol-2-yl)tetrahydro-2H-pyran-4-yl)methanamine
F

LiAIH,
N — N
Ny D THF, 0 °C-rt N
S HoN S
15 o 0

This compound was synthesized from 4-(4-(4-fluorophenyl)thiazol-2-yl)tetrahydro-
2H-pyran-4-carbonitrile as described in example 1 step 3 (600 mg, crude) and it was
carried through without further purification. MS (ESI) m/z: Calculated for C,sH;7FN,OS:
292.10; found: 293.1 (M+H)".

20
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N-({4-(4-(4-Fluorophenyl)thiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-

(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide

O~-N o
N ~N o N
FSC/QN\ COM Y HATUNMM o »
HaN s ooc, N N s
o o

This compound was synthesized from (4-(4-(4-fluorophenyl)thiazol-2-yl)tetrahydro-
2H-pyran-4-yl)methanamine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid
as described in example 8 step 6 (11 mg, 27% yield): 1H NMR (300 MHz, CDCI3) & 8.45
(s, 1H), 8.23 (d, J= 6.4 Hz, 1H), 7.98 (d, J=6.4 Hz, 1H), 7.85 (t, J=5.1 Hz, 2H), 7.55 (t, J=
7.7 Hz, 1H), 7.25 (s, 1H), 7.04 (t, J=7.7 Hz, 2H) 3.94 (m, 2H), 3.87 (m, 2H), 3.21 (m, 2H),
2.28 (m, 2H), 2.04 (m, 2H). MS (ESI) m/z: Calculated for C,sHF4N4O3S: 532.12; found:
533.2 (M+H)".

EXAMPLE 18
2-(5-Methyl-4-phenylthiazol-2-yl)acetonitrile
o)

s S N
o M _en EroH Wt
+ H2N _— N
reflux

This compound was synthesized from 2-bromo-1-phenylpropan-1-one and 2-
cyanothioacetamide as described in example 1 step 1 (1.7 g, 56% vyield %). MS (ESI)
m/z: Calculated for C1:H1oN2S: 214.086; found: 215.0 (M+H)".

4-(5-Methyl-4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-carbonitrile

S, CN o N
NN A\
| N/>\/ Br Br e ] .
NaH, THF
rt, (o)

This compound was synthesized from 2-(5-methyl-4-phenylthiazol-2-yl)acetonitrile
as described in example 1 step 2 (3.0 g, yield 66%). MS (ESI) m/z: Calculated for
C1sH1sN208: 284.10; found: 258.1 (M+H)".
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(4-(5-Methyl-4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methanamine

A .
ne. M S LiAIH, l\; QA
THF, 0°C-rt HoN S
0
0

This compound was synthesized from 4-(5-methyl-4-phenylthiazol-2-yl)tetrahydro-
2H-pyran-4-carbonitrile as described in example 1 step 3 (600 mg, crude) and it was
carried through without further purification. MS (ESI) m/z: Calculated for CigH2oNOS:
288.13; found: 289.1 (M+H)".

N-({4-(5-Methyl-4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-

(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide

F30/<S; b COM M HATU, NMM FSC,(? N Q N

)\©/ HZN/Ej/\S T owcn NKQ)LH/E?S

0 (o)

This compound was synthesized from (4-(5-methyl-4-phenylthiazol-2-yl)tetrahydro-
2H-pyran-4-yl)methanamine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid
as described in example 8 step 6 (55 mg, 89% yield): 1H NMR (300 MHz, CDCI3) & 8.48
(t, J = 1.1 Hz, 1H), 8.23 (dt, J=6.2 Hz, 1.1, 1H), 7.98 (dt, J=7.9 Hz, 1.1 Hz, 1H), 7.74 (bs,
1H), 7.64 (m, 2H), 7.49 (t, J= 7.7 Hz, 1H), 7.39-7.29 (m, 2H), 3.92 (m, 2H), 3.85 (d, J=5.7
Hz, 2H), 3.74 (m, 2H), 2.59 (s, 3H), 2.24 (m, 2H), 1.95 (m, 2H). MS (ESI) m/z: Calculated
for CoeHa3F3N4O5S: 528.14; found: 529.1 (M+H)".

EXAMPLE 19
2-(4-Cyclohexylthiazol-2-yl)acetonitrile
(o]

S ¢CN
Br s EtOH Wt
AN Y N
2 reflux, 3h

This compound was synthesized from 2-bromo-1-cyclohexylethanone and 2-

cyanothioacetamide as described in example 1 step 1 (0.4 g, yield 80%). 'H NMR
(300MHz, CDCl;) 6 6.88 (s, 1H), 4.11 (s, 2H), 2.74 (m, 1H), 2.06-2.04 (m, 2H), 1.84-1.72
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(m, 4H), 1.44-1.31 (m, 4H). MS (ESI) m/z: Calculated for C;1H14N,S: 206.09; found: 207.2
(M+H)".

4-(4-Cyclohexylthiazol-2-yl)tetrahydro-2H-pyran-4-carbonitrile

S CN
[ > B>y NN
N _ - S
NaH, THF
0°C-rt, 1h o

This compound was synthesized from 2-(4-cyclohexylthiazol-2-yl)acetonitrile as
described in example 1 step 2 (0.3 g, yield 60%) as a yellow solid. '"H NMR (400MHz,
CDCl,) 5 6.87 (s, 1H), 4.07-4.03 (dt, J = 12.2 Hz, 3.3 Hz, 2H), 3.90-3.83 (m, 2H), 2.77 (m,
1H), 2.35-2.25 (m, 4H), 2.08-2.06 (d, J = 6.0 Hz, 2H), 1.83-1.72 (m, 4H), 1.43-1.33 (m,

10 4H). MS (ESI) m/z: Calculated for C1sH»0N,0S: 276.13; found: 277.2 (M+H)".

{4-(4-Cclohexylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methanamine

N
1 LiAH, N\
NC s |
THF, 0 °C-tt, 1h HoN s
© 0

This compound was synthesized from 4-(4-cyclohexylthiazol-2-yl)tetrahydro-2H-

15  pyran-4-carbonitrile as described in example 1 step 3 (120 mg, yield 40%). 'H NMR (400

MHz, DMSO-ds) & 7.14 (s, 1H), 3.75-3.69 (m, 2H), 3.39-3.34 (m, 4H), 2.69 (m, 1H), 2.03

(m, 4H), 1.83-1.67 (m, 6H), 1.43 (m, 4H). MS (ESI) m/z: Calculated for Ci5H»4N-OS:
280.16; found: 281.2 (M+H)".
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N-({4-(4-Cyclohexylthiazol-2-yl)tetrahydro-2 H-pyran-4-yl)methyl)-3-(5-

(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide

O-N
F3C’<\ \ CO,H
N 2 O-N o} N
N XS !
/ N
N S
HoN S

HATU, NMM H

o DMF, 0 °C-tt, 8h O
This compound was synthesized from (4-(4-cyclohexylthiazol-2-yl)tetrahydro-2H-
5 pyran-4-yl)methanamine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as
described in example 8 step 6 (70 mg, yield 32%). 'H NMR (400 MHz, MeOD) & 8.50 (t,
J =15 Hz, 1H), 8.29 (dt, J = 7.8 Hz, 1.4 Hz, 1H), 7.98 (m, 1H), 7.67 (t, J = 7.8 Hz, 1H),
7.05 (s, 1H), 3.90-3.86 (dt, J = 11.8 Hz, 3.9 Hz, 2H), 3.65 (s, 2H), 3.55-3.49 (m, 2H), 2.69
(m, 1H), 2.35 (d, J = 13.8 Hz, 2H), 2.04-1.96 (m, 4H), 1.76-1.73 (m, 2H), 1.39 (m, 6H). MS

10  (ESI) nv/z: Calculated for CosHa7F3N4O3S: 520.18; found: 521.2 (M+H)".

EXAMPLE 20
2-(4-(Pyridin-2-yl)thiazol-2-yl)acetonitrile
0 S, CN
Br S ! />‘“/

X EtOH
| N * H N/U\/CN A N

& 2 reflux, 3h =N

15 This compound was synthesized from 2-bromo-1-(pyridin-2-yl)ethanone and 2-

cyanothioacetamide as described in example 1 step 1 (0.37 g, yield 73%): 'H NMR
(400MHz, CDCl;) & 8.65 (d, J = 5.5 Hz, 1H), 8.15 (m, 2H), 7.84 (t, J = 8.4 Hz, 1H), 7.30
(m, 1H), 4.21 (s, 2H). MS (ESI) m/z: Calculated for C4H;N3S: 201.04; found: 202.2
(M+H)".
20
4-(4-(Pyridin-2-yl)thiazol-2-yl)tetrahydro-2H-pyran-4-carbonitrile
7N
s =N
L B
| X N NC S
N NaH, THF
0°C-rt, 3h 0
This compound was synthesized from 2-(4-(pyridin-2-yljthiazol-2-yl)acetonitrile as
described in example 1 step 2 (0.37 g, yield 74%): "H NMR (300 MHz, CDCls) & 8.64 (d,
25 J =39 Hz 1H), 8.18 (m, 2H), 7.83 (td, J = 7.8 Hz, 1.8 Hz, 1H), 7.29 (m, 1H), 4.14-4.08
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(m, 2H), 3.96-3.87 (m, 2H), 2.46-2.32 (m, 4H). MS (ESI) m/z: Calculated for C4H;3N;0S:
271.08; found: 272.2 (M+H)".

(4-(4-(Pyridin-2-yl)thiazol-2-yl)tetrahydro-2 H-pyran-4-yl)methanamine

7 7N
=N =N
N LiAIH, N
NC -
HoN s

THF, 0 °C-t, 0.5h
(0] o)

This compound was synthesized from 4-(4-(pyridin-2-yljthiazol-2-yl)tetrahydro-2H-
pyran-4-carbonitrile as described in example 1 step 3 (150 mg, crude), and it was carried
through without any further purificaton. MS (ESI) m/z: Calculated for C;4H;;N;OS:
275.11; found: 276.2 (M+H)".

N-({(4-(4-(Pyridin-2-yl)thiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-

(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide

7 O-N /,:
=N e ] COM
N O-N 0 N~
N
HzN S HATU, NMM H
o]

0 DMF, 0 °C-rt, 1h

This compound was synthesized from (4-(4-(pyridin-2-yl)thiazol-2-yl)tetrahydro-
2H-pyran-4-yl)methanamine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid
as described in example 8 step 6 (35 mg, yield 13%). 'H NMR (400 MHz, MeOD) 5 8.54
(d, J = 5.5 Hz, 1H), 8.44 (m, 1H), 8.25 (d, J = 8.0 Hz, 1H), 8.17 (s, 1H), 8.11 (d, J = 8.0
Hz, 1H), 7.97 (d, J = 7.8 Hz, 1H), 7.79 (td, J=7.7 Hz, 1.6 Hz, 1H), 7.62 (t, /= 7.8 Hz, 1H),
7.32 (m, 1H), 3.97-3.93 (dt, J = 11.8 Hz, 3.8 Hz, 2H), 3.75 (m, 2H), 3.62-3.56 (m, 2H),
2.47-2.44 (m, 2H), 2.12-2.08 (ddd, J = 14.1 Hz, 10.5 Hz, 4.3 Hz, 2H). MS (ESI|) m/z:
Calculated for Co4HxF3N505S: 515.12; found: 516.0 (M+H)".
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EXAMPLE 21
2-(4-(Pyridin-4-yl)thiazol-2-yl)acetonitrile
o] S CN
N Br 7 EtOH N ’N)\/
| b LN ——
N~ 2 reflux, 3h N

This compound was synthesized from 2-bromo-1-(pyridin-4-yl)ethanone and 2-

5 cyanothioacetamide as described in example 1 step 1 (0.23 g, yield 46%): 'H NMR

(300MHz, MeOD) & 8.59 (m, 2H), 8.24 (s, 1H), 7.98 (m, 2H), 4.44 (s, 2H). MS (ESI) m/z:
Calculated for C1oH7N3OS: 201.01; found: 202.2 (M+H)".

4-(4-(Pyridin-4-yl)thiazol-2-yl)tetrahydro-2H-pyran-4-carbonitrile

l S/>\/CN Br/\/o\/\Br
I NC

N = NaH, THF

10 0 °C-rt, 2h 0O
This compound was synthesized from 2-(4-(pyridin-4-yljthiazol-2-yl)acetonitrile as

described in example 1 step 2 (0.18 g, yield 58%): 'H NMR (300 MHz, MeOD) & 8.60 (m,

2H), 8.29 (s, 1H), 7.99 (m, 2H), 4.10-4.04 (dt, J = 12.2 Hz, 3.1 Hz, 2H), 3.88-3.79 (m, 2H),

2.37-2.33 (m, 4H). MS (ESI) m/z: Calculated for Cy4H3sN,OS: 271.08; found: 272.2
15 (M+H)"

(4-(4-(Pyridin-4-yl)thiazol-2-yl)tetrahydro-2H-pyran-4-yl)methanamine

N N
7 N 7N
N LiAlH, N
NC _
s THF, 0°C-tt, 1h HoN s
0 (o]

This compound was synthesized from 4-(4-(pyridin-4-yljthiazol-2-yl)tetrahydro-2H-

20 pyran-4-carbonitrile as described in example 1 step 3 (90 mg, crude), and it was carried

through without any further purification. 'H NMR (300 MHz, DMSO-dg) 5 8.63 (m, 2H),

8.42 (s, 1H), 7.90 (m, 2H), 3.79-3.74 (m, 2H), 3.51-3.42 (m, 2H), 2.79 (s, 2H), 2.14-2.10

(m, 2H), 1.89-1.82 (m, 2H). MS (ESI) m/z: Calculated for Cq4H;N;0S: 275.11; found:
276.2 (M+HY".
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N-({(4-(4-(Pyridin4-yl)thiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-

(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide

N
/N O-N
N O~-N o)
’\; \ Fsc’<\N !
N
HoN S H

HATU, NMM
DMF, 0 °C-rt, 2h o}

O

This compound was synthesized from (4-(4-(pyridin-4-yl)thiazol-2-yl)tetrahydro-
2H-pyran-4-yl)methanamine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid
as described in example 8 step 6 (60 mg, yield 38%): 'H NMR (400 MHz, DMSO-d;) &
8.82 (t, J=6.3 Hz, 1H), 8.57 (d, J = 5.8 Hz, 2H), 8.45 (s, 1H), 8.40 (s, 1H), 8.19(d, J=7.9

10 Hz, 1H), 8.05 (d, J =7.9 Hz, 1H), 7.87 (d, J = 5.8 Hz, 2H), 7.70 (t, J = 7.8 Hz, 1H), 3.87-
3.84 (dt, J=12.1 Hz, 3.4 Hz, 2H), 3.59-3.58 (d, J = 6.1 Hz, 2H), 3.42 (m, 2H), 2.28-2.24
(d, J = 13.4Hz, 2H), 2.04-1.96 (m, 2H). MS (ESI) m/z: Calculated for Cy4HF3NsO3S:
515.12; found: 516.0 (M+H)".

15 EXAMPLE 22
Methyl 5-((hydroxyimino)methyl)thiophene-2-carboxylate

f\ NH20H.HCI, pyridine 7B\
MeOzc/Q\CHO MeQ.C™ g \

EtOH, 3h, reflux N~oH

Hydroxylamine hydrochloride (420 mg, 6.1 mmol) and pyridine (0.5 mL) were

added to a solution of methyl 5-formylthiophene-2-carboxylate (690 mg, 4.1 mmol) in

20  EtOH (25 mL). The reaction mixture was refluxed for 3 h, cooled to room temperature and
concentrated under reduced pressure. The residue was dissolved in diethyl ether, the
organic layer was washed with water and brine, and dried over anhydrous sodium sulfate.
The solvent was removed under reduced pressure to get product methyl 5-
((hydroxyimino)methyl)thiophene-2-carboxylate (440 mg, yield 60%), which was carried

25  through without any further purification. 'H NMR (400 MHz, DMSO-dg) 5 12.5 (s, 1H),
7.98 (s, 1H), 7.78 (d, J = 4.1 Hz, 1H), 7.51 (d, J = 4.1Hz, 1H), 3.82 (s, 3H). MS (ESI) m/z:
Calculated for C;H;NO;S: 185.01; found: 186.0 (M+H)".
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Methyl 5-cyanothiophene-2-carboxylate

\ Ac0 I\
MeOzc/@\\\ Meozc/Q\CN

reflux, 16h
N~oH

A solution of methyl 5-((hydroxyimino)methyljthiophene-2-carboxylate (440 mg,
2.4 mmol) in acetic anhydride (10 mL) was refluxed for 16 h. After completion, the
reaction mixture was cooled to room temperature, concentrated under reduced pressure
and the residue was dissolved in diethyl ether. The organic layer was washed with 10%
aqueous NaOH solution, water and brine, and dried over anhydrous sodium sulfate. The
solvent was removed under reduced pressure to yield methyl 5-cyanothiophene-2-
carboxylate (5-cyano-thiophene-2-carboxylic acid methyl ester) (400 mg, yield 90%) which
was carried through without any further purification. 'H NMR (400 MHz, DMSO-dg) 3 7.77
(d, J=4.2 Hz, 1H), 7.60 (d, J = 4.1 Hz, 1H), 3.95 (s, 3H).

Methyl and ethyl 5-(N’-hydroxycarbamimidoyl)thiophene-2-carboxylate

N\ NH2OH.HCI, Na2CO3 N
MeOZC/Q\CN MeO,C NOH 4+ o OH

8-hydroxyquinoline (cat.)
EtOH, reflux, 3h

This mixture of compounds was synthesized from methyl 5-cyanothiophene-2-
carboxylate as described in example 1 step 4 and it was isolated as a mixture of methyl
and ethyl esters (2:3 ratio), and it was carried through without any further purification. MS
(ESI) m/z: Calculated for C;HgN,OsS: 200.03; found: 201.2 (M+H)*. (methyl ester);
Calculated for CgH1gN,03S: 214.04; found: 215.0 (M+H)". (ethyl ester)

Methyl and ethyl 5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)thiophene-2-carboxylate

F3C’<\ ) CO,Me
2
N- (CF3CO)0 1 /
MeOZCD\(/ “OH + g C/O\( OH .

pyridine +

N
o )
100°C, 3h F3C’<\N )\@/COZB

This mixture of compounds was synthesized from a mixture of methyl and ethyl 5-
(N*-hydroxycarbamimidoyl)thiophene-2-carboxylate as described in example 1 step 5 and
it was isolated as a mixture of methyl and ethyl esters (2:3 ratio), and it was carried
through without any further purification. MS (ESI) m/z: Calculated for CgHsF3N,OsS:
278.00; found: 278.0 (M). (methyl ester); Calculated for C1oH;F3N20O3S: 292.01; found:
292.0 (M) (ethyl ester)
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5-(6-(Trifluoromethyl)-1,2,4-oxadiazol-3-yl)thiophene-2-carboxylic acid

O-N
F30/<\N j\<_S_7/002Me
\_/ LiOH O-N

|
O-N * THF-H20 733 v FSC’QN)\@/C%H
F30’<\N\ B BV N\ /

S\ _CO,Et tt, 2 days
\

LiOH (37 mg) was added to a solution of a mixture of compounds methyl and ethyl
5  5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)thiophene-2-carboxylate (300mg) in THF: H,O
(10 mL, 7:3 v/v) and the mixture was stirred at room temperature for 2 days. The reaction

mixture was then diluted with water and the aqueous layer was washed with EtOAc. The
aqueous layer was acidified to pH ~4, extracted with EtOAc. The combined extracts were
concentrated under reduced pressure to yield 5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-

10  ylthiophene-2-carboxylic acid (60 mg), which was carried through without any further
purification. 'H NMR (400 MHz, DMSO-d¢) 8 13.78 (br s, 1H), 8.01-7.94 (m, 1H), 7.84-
7.79 (dd, J = 18.2 Hz, 3.8 Hz, 1H). MS (ESI) m/z: Calculated for CgH3F3N,0O,3S: 263.98;
found: 263.0 (M-H).

15  N-({(4-(4-Phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-5-(5-(trifluoromethyl)-

1,2,4-oxadiazol-3-yl)thiophene-2-carboxamide

H,N

N 0 N &
F3C£ 1_s COM > /E\/WN Yy
NA\@/ : HATU, NMM, FRCTNT N\ H
DMF, 0 °C-t, 8h o
This compound was synthesized from (4-(4-phenylthiazol-2-yl)tetrahydro-2H-
pyran-4-yl)methanamine  and  5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)thiophene-2-
20 carboxylic acid as described in example 8 step 6 (25 mg, yield 22%): 'H NMR (400 MHz,
CDCl,) 5 7.96 (d, J =7.3 Hz, 2H), 7.78 (m, J = 4.0 Hz, 1H), 7.62 (br s, 1H), 7.53-7.48 (m,
4H), 7.42 -7.38 (m, 1H), 3.97-3.91 (m, 2H), 3.86 (d, J = 5.5 Hz, 2H), 3.78-3.73 (ddd, J =
11.6 Hz, 7.5 Hz, 3.5 Hz, 2H), 2.33-2.27 (ddd, J = 13.6 Hz, 7.0 Hz, 3.5 Hz, 2H), 2.06-1.99
(ddd, J = 13.8 Hz, 7.3 Hz, 3.3 Hz, 2H). MS (ESI) m/z: Calculated for Cp3H1sF3N4O3S;:

25  520.09; found: 521.0 (M+H)".
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EXAMPLE 23
2-(4-(Thiophen-2-yl)thiazol-2-yl)acetonitrile
(o]

S, CN
)
EtOH [ )
@)J\/Br oy NJ\/CN S N>\/
\_s 2 reflux, 3h -\ _g

5 This compound was synthesized from 2-bromo-1-(thiophen-2-yl)ethanone and 2-

cyanothioacetamide as described in example 1 step 1 (0.25 g, yield 49%): 'H NMR
(400MHz, CDCl3) 6 7.47 (d, J = 3.4 Hz, 1H), 7.36 (s, 1H), 7.33 (d, J = 5.1 Hz, 1H), 7.09 (t,
J =42 Hz, 1H), 4.17 (s, 2H). MS (ESI) m/z: Calculated for CgHgN,S,: 206.00; found:
207.0 (M+H)".

10
4-(4-(Thiophen-2-yl)thiazol-2-yl)tetrahydro-2H-pyran-4-carbonitrile
~
\-s
S CN A0 N
| />\/ Br Br NG | A
S N _— S
\ s NaH, THF

0 °C-rt, 2h O
This compound was synthesized from 2-(4-(thiophen-2-yl)thiazol-2-yl)acetonitrile
as described in example 1 step 2 (0.2 g, yield 60%): 'H NMR (300MHz, CDCl;) & 7.49-
15 7.47(dd, J=3.6 Hz, 1.2 Hz, 1H), 7.36 (s, 1H), 7.32 (dd, J = 5.2 Hz, 1.2 Hz, 1H), 7.09-7.07
(dd, J = 5.0 Hz, 3.5 Hz, 1H), 4.13-4.07 (m, 2H), 3.94-3.85 (td, J = 11.8 Hz, 2.5 Hz, 2H),
2.46-2.33 (m, 4H). MS (ESI) m/z: Calculated for Cy3H1.N2OS,: 276.04; found: 277.0
(M+H)".

20 (4-(4-(Thiophen-2-yl)thiazol-2-yl)tetrahydro-2H-pyran-4-yl)methanamine
~x =
\-s \-s
N LiAlH, N

NC _—

S THF, 0°Crt, 1h  HeN s

O O
This compound was synthesized from 4-(4-(thiophen-2-yl)thiazol-2-yl)tetrahydro-
2H-pyran-4-carbonitrile as described in example 1 step 3 (80 mg, yield 40%): 'H NMR
(400 MHz, DMSO-ds) 5 7.88 (s, 1H), 7.54-7.47 (m, 2H), 7.10-7.08 (m, 1H), 3.76-3.72 (m,
25  2H), 3.49-3.39 (m, 2H), 2.79 (s, 2H), 2.08-1.96 (m, 2H), 1.87-1.81 (m, 2H). MS (ESI) m/z:
Calculated for CoHgN,S,: 280.07; found: 281.2 (M+H)".
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N-({4-(4-(Thiophen-2-yl)thiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide

~

S O\N \
S
\ S F3C’<\ \ CO,H
N 2 O~N o) N
N R4 [ !
/ s N N S
HaN HATU, NMM H
o DMF, 0 °C-rt, 8h 0

This compound was synthesized from (4-(4-(thiophen-2-yl)thiazol-2-yl)tetrahydro-

2H-pyran-4-yl)methanamine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid

as described in example 8 step 6 (70 mg, yield 46%): 'H NMR (400 MHz, MeOD) & 8.47

(t, J = 1.5 Hz, 1H), 8.26 (m, 1H), 8.00 (dt, J = 7.8 Hz, 1.4 Hz, 1H), 7.63-7.61 (m, 2H), 7.46

10 (dd, J = 3.8 Hz, 1.0 Hz, 1H), 7.29 (dd, J = 5.0 Hz, 1.0 Hz, 1H), 7.01 (dd, J = 5.0 Hz, 3.8

Hz, 1H), 3.95-3.92 (dt, J = 11.9 Hz, 4.0 Hz, 2H), 3.71 (s, 2H), 3.62-3.56 (m, 2H), 2.42-2.38

(d, J = 13.8 Hz, 2H), 2.08-2.02 (ddd, J = 14.3 Hz, 10.4 Hz, 4.4 Hz, 2H), MS (ESI) m/z:
Calculated for C3H19F3N405S,: 520.09; found: 521.0 (M+H)".

15 EXAMPLE 24
2-(4-(4-Fluorophenyl)thiazol-2-yl)-2-methylpropanenitrile
F

S ¢CN
’ N/>\/ Mel I\; §
. NaH, THF N%s
t,
This compound was synthesized from 2-(4-(4-fluorophenyl)thiazol-2-yl)acetonitrile
using iodomethane as described in example 1 step 2, and it was used directly without any
20 purification in the next step. '"H NMR (CDCl3) & 7.88 (2H, m), 7.39 (1H, s), 7.10 (2H, m),
1.90 (6H, s). MS (ESI) m/z: Calculated for C43H1FN,S: 246.06; found: 247.0 (M+H)".
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2-(4-(4-Fluorophenyl)thiazol-2-yl)-2-methylpropan-1-amine
F F

N LiAIH,,

1\ i
N R0 s

This compound was synthesized from 2-(4-(4-fluorophenyl)thiazol-2-yl)-2-

methylpropanenitrile as described in example 1 step 3 (29 mg, 6% yield). 'H NMR
(DMSO-dg) 8 7.98 — 7.94 (2H, m), 7.92 (1h, s), 7.26-7.22 (2H, m), 2.77 (2H, s), 1.33 (6H, s);
MS (ESI) m/z: Calculated for C43HsFN,S: 250.09; found: 251.1 (M+H)".

Step 6: N-(2-(4-(4-Fluorophenyl)thiazol-2-yl)-2-methylpropyl)-3-(5-(trifluoromethyl)-
1,2,4-oxadiazol-3-yl)benzamide

R N\K©\N/OH
F an
?\<0—N (o]
“ZN&\N)@F 3 o d
Sy vada
s/ F N o W/

EDCI, HOBt, DCM, rt

2-(4-(4-Fluorophenyljthiazol-2-yl)-2-methylpropan-1-amine (140 mg, 0.56 mmol),
3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid (144.37 mg, 0.56 mmol), N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (EDCI) (214.42 mg, 1.12 mmol),
and 1-hydroxybenzotriazole (HOBt) (120.91 mg, 0.89 mmol) were dissolved in
dichloromethane (3 mL) at room temperature. Diisopropylethylamine (DIEA) (0.39 mL,
2.24 mmol) was then introduced at room temperature and the reaction mixture was stirred
at room temperature for 2h. The reaction mixture was diluted with dichloromethane (60
mL) and washed with water (1 X 20 mL) and brine (1 X 20 mL). The organic layer was
then dried over anhydrous sodium sulfate and concentrated under reduced pressure to
give the crude product. The crude product was then purified on Combiflash ISCO (0-30 %
Ethyl Acetate : Hexanes) to give the desired product (164 mg, 60% yield). 'H NMR
(CDCl;) 58.52 (1H, t), 8.22 (1H, dt), 8.12 (1H, t), 8.03 (1H, dt), 7.85-7.81 (2H, m), 7.57
(1H, d), 7.35 (1H, s), 7.05-7.00 (2H, m), 3.80 (2H, d, J =4 Hz), 1.55 (6H, s); MS (ESI) m/z:
Calculated for Co3H1sF4N4O,S: 490.11; found: 491.1 (M+H)".
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EXAMPLE 25
2-(4-(4-Chlorophenyl)thiazol-2-yl)-2-methylpropanenitrile
Cl
Cl

Mel

N N\
/B cN NaH, DMSO |
s)\/ 0oCt 20 NC S
This compound was synthesized from 2-(4-(4-chlorophenyl)thiazol-2-yl)acetonitrile
using iodomethane as described in example 1 step 2 (470 mg, yield 94%): 'H NMR (400

MHz, CDCl;) 6 7.86-7.85 (d, J = 8.5 Hz, 2H), 7.46 (s, 1H), 7.41-7.39 (d, J = 8.5 Hz, 2H),
1.92 (s, 6H). MS (ESI) m/z: Calculated for C3H;,CIN,S: 262.03; found: 263.0 (M+H)".

2-(4-(4-Chlorophenyl)thiazol-2-yl)-2-methylpropan-1-amine
cl Cl

LiAIH,

_ = N\

NN THF, 0 °C-rt. 1h !
NC)</\ s R HoN s

This compound was synthesized from 2-(4-(4-chlorophenyljthiazol-2-yl)-2-
methylpropanenitrile as described in example 1 step 3 (120 mg, yield 47%): "H NMR (400
MHz, DMSO-d¢) 8 8.04 (d, J = 1.2 Hz, 1H), 7.98 (dd, J = 8.4 Hz, J = 1.7 Hz, 2H), 7.51-
7.48 (dd, J =8.5 Hz, J = 1.5 Hz, 2H), 2.81 (s, 2H), 1.37 (s, 6H). MS (ESI) m/z: Calculated
for C13H1sCIN,S: 266.06; found: 267.2 (M+H)".

N-(2-(4-(4-Chlorophenyl)thiazol-2-yl)-2-methylpropyl)-3-(5-(trifluoromethyl)-1,2,4-

oxadiazol-3-yl)benzamide

N o cl

0
cl F30/<\
N OH

O-N o} N
N FiC—4 ) ><l 3
/><//\ N HATU, NMM N N s
HaN S DMF, 0 °C-rt, 2h

This compound was synthesized from 2-(4-(4-chlorophenyljthiazol-2-yl)-2-

methylpropan-1-amine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as
described in example 8 step 6 (80 mg, yield 35%): '"H NMR (400 MHz, CDCls) 8 8.54 (m,
1H), 8.27 (d, J = 7.8 Hz, 1H), 8.10 -8.04 (m, 2H), 7.82-7.80 (d, J = 8.5 Hz, 2H), -7.62-7.58
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(t, J = 7.8 Hz, 1H), 7.42 (s, 1H), 7.33 (d, J = 8.5 Hz, 2H), 3.82 (d, J = 5.8 Hz, 2H), 1.58 (s,
6H). MS (ESI) m/z: Calculated for Co3H1sCIFsN,0.S: 506.08; found: 507.0 (M+H)".

EXAMPLE 26
5  3-Fluoro-5-(N’-hydroxycarbamimidoyl)benzoic acid
(o] HO.
NG NH,OH.HCI, NasCOs |N
OH COH
HoN

8-hydroxyquinoline (cat.)
EtCOH, reflux, 3h
F F
This compound was synthesized from 3-cyano-5-fluorobenzoic acid as described
in example 1 step 4 (442 mg, yield 37%) and it was carried through without further

purification. MS (ESI) m/z: Calculated for CgH;FN,O5: 198.04; found: 199.1 (M+H)".

10
3-Fluoro-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid
HO
~ O\
N (CF4CO),0 F.o— N
CoH __— ~ =, Ry CO,H
HoN N

pyridine, 65 °C, 3h

F F

This compound was synthesized from 3-fluoro-5-(N’-

hydroxycarbamimidoyl)benzoic acid as described in example 1 step 5 (351mg, yield 51%)

15 and it was carried through without further purification. MS (ESI) m/z: Calculated for
C1oH4FsN,O,: 276.02; found: 277.1 (M+H)".

3-Fluoro-N-(2-{4-(4-fluorophenyl)thiazol-2-yl)-2-methylpropyl)-5-{5-(trifluoromethyl)-

1,2,4-oxadiazol-3-yl)benzamide

F3C’<\ N COM ; HATU, NMM F3C’<\ N
/>(Q 0°C-1t, 10h

This compound was synthesized from 2-(4-(4-fluorophenyl)thiazol-2-yl)-2-

20

methylpropan-1-amine and  3-fluoro-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic
acid as described in example 8 step 6 (23 mg, yield 32%): 'H NMR (400 MHz, CDCl;) &
25 8.32(brs, 1H), 8.23 (brt, J=5Hz, 1H), 7.94 (brd, J =8 Hz, 1H), 7.86-7.75 (m, 3H), 7.06-
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7.00 (m, 2H), 378 (d, J = 4 Hz, 2H), 1.55, (s, 6H). MS (ESI) m/z: Calculated for
CasH17FsN4O,S: 508.10; found: 509.1 (M+H)".

EXAMPLE 27
5 Methyl 3,5-dicyanobenzoate

Br Br CuCN NC CN
_ =
DMF, 160 °C, 26h

COMe CO,Me
3,5-Dibromomethylbenzoate (1 g, 3.4 mmol) was dissolved in dry DMF (35 mL)
and copper cyanide (1.2g, 13.6 mmol) was added. The reaction mixture was heated to
160 °C under argon atmosphere for 26 h, allowed to cool down to room temperature and
10 then quenched with saturated ammonium chloride solution. The reaction mixture was
diluted with EtOAc and filtered through a Celite plug. The filtrate was diluted with EtOAc
and the organic layer was washed with water and brine. The solvent was evaporated
under reduced pressure to get the crude methyl 3,5-dicyanobenzoate (400 mg, crude,
confirmed by GC-MS), which was carried through without further purification.
15
3,5-Dicyanobenzoic acid

NC CN LiOH NC CN

THF-H,0 7:3 viv
CO;Me rt, 1h COsH

Methyl 3,5-dicyanobenzoate (400 mg, 2.1 mmol) was dissolved in THF-H,O (7:3

viv, 30 mL), the solution was cooled to 0 °C and LiOH (51 mg, 2.1 mmol) was added. The

20 reaction mixture was allowed to warm up to room temperature and stirred for 1 h. THF

was removed under reduced pressure and the aqueous layer was washed with EtOAc,

acidified to pH ~ 2-3 using 1.5N HCI, and extracted with EtOAc. The organic layer was

dried over anhydrous sodium sulfate and the solvent was removed under reduced

pressure. The crude product was purified by column chromatography (silica 60-120 mesh,

25  eluent 20% MeOH in CHCI5) to get pure product 3,5-dicyanobenzoic acid (100 mg, yield

28%): 'H NMR (400 MHz, DMSO-ds) & 8.53 (s, 1H), 8.50 (s, 2H). MS (ESI) m/z:
Calculated for CoH4N,0O,: 172.03; found: 171.2 (M-H)".
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3-Cyano-5-(N’-hydroxycarbamimidoyl)benzoic acid

NH;OH.HCI HO.

NG CN Na.CO: ! o
2

8-hydroxyquinoline (cat.)
COLH EtOH, reflux, 3h

CN
This compound was synthesized from 3,5-dicyanobenzoic acid as described in
example 1 step 4 (120 g, crude), and it was carried through without any further
5 purification. MS (ESI) m/z: Calculated for CgH;N;O3: 205.05; found: 204.0 (M-H)".

3-Cyano-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid

HO. O-N
N (CF4C0),0 Fc—4 | CO,H
HAN CO,H N
2 pyridine, reflux, 3h
cN CN
This compound was synthesized from 3-cyano-5-(N*-

10  hydroxycarbamimidoyl)benzoic acid as described in example 1 step 5 (45 mg, yield
27%): 'H NMR (400 MHz, DMSO-ds) & 8.79 (s, 1H), 8.39 (s, 2H). MS (ESI) m/z:
Calculated for CoH4N,O,: 283.02; found: 282.0 (M-H)".

3-Cyano-N-{(4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-5-(5-
15  (trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide

N
O-
O‘N HaN S N 0] N A
FoC— !
F30’<\N ! COH N N s
o) H
HATU, NMM o)
&N CN

DMF, 0 °C-rt, 12h

This compound was synthesized from (4-(4-phenylthiazol-2-yl)tetrahydro-2H-
pyran-4-yl)methanamine and 3-cyano-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic
acid as described in example 8 step 6 (25 mg, yield 30%): 'H NMR (400 MHz, MeOD) &

20 863 (t J=1.6 Hz 1H), 852 (t, J = 1.5 Hz, 1H), 8.25 (t, J = 1.6 Hz, 1H), 7.87-7.85 (m,
2H), 7.81 (s, 1H), 7.32-7.28 (m, 2H), 7.25-7.21 (m, 1H), 3.97-3.92 (m, 2H), 3.71 (s, 2H),
3.62-3.58 (td, J = 11.4 Hz, 2.1 Hz, 2H), 2.48-2.44 (d, J = 13.3 Hz, 2H), 2.11-2.04 (ddd, J =
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14.3 Hz, 10.5 Hz, 4.3 Hz, 2H).
found: 540.0 (M+H)".

MS (ESI) m/z: Calculated for C,yeHxoF3Ns05S: 539.12;

EXAMPLE 28
3-(N’-Hydroxycarbamimidoyl)-56-methoxybenzoic acid
HO‘N

NH5OH.HCI, Na,COs |

HO,C CN
HoN

COzH

8-hydroxyquinoline (cat.)
EtOH, reflux, 2h

OMe OMe

This compound was synthesized from 3-cyano-5-methoxybenzoic acid as
described in example 1 step 4 (500 mg, yield 84%): 'H NMR (400 MHz, DMSO-ds) &
11.27 (br s, 1H), 9.07 (br s, 2H), 7.83 (s, 1H), 7.68 (s, 1H), 7.55 (m, 1H), 3.89 (s, 3H). MS

(ESI) m/z: Calculated for CgH1oN2O4: 210.06; found: 211.2 (M+H)".

3-Methoxy-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid

HO. O~
N /< \N
N | COzH (CF300)20 F30 \N 002H
2 pyridine
reflux, 3h
OMe OMe
This compound was synthesized from 3-(N-hydroxycarbamimidoyl)-5-

methoxybenzoic acid as described in example 1 step 5 (170 mg, yield 40%), and it was
carried through without any further purification. "H NMR (400 MHz, DMSO-d¢) 8 8.16 (t, J
=1.3 Hz, 1H), 7.74 (dd, J = 2.6 Hz, 1.5 Hz, 1H), 7.69 (dd, J = 2.6 Hz, 1.5 Hz, 1H), 3.91 (s,
3H). MS (ESI) m/z: Calculated for C44H;F3N,O,: 288.04; found: 287.0 (M-H).

3-Methoxy-N-{(4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-5-(5-

(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide

O-N

Fac—4 |
N

CO-H

HATU, NMM O

OMe DMF, 0°C-rt, 10h OMe

This compound was synthesized from (4-(4-phenylthiazol-2-yl)tetrahydro-2H-

pyran-4-yl)methanamine and 3-methoxy-5-(5-(trifluoromethyl)-1,2 4-oxadiazol-3-
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yl)benzoic acid as described in example 8 step 6 (70 mg, yield 46%): 'H NMR (400 MHz,

CDCl,) 5 8.75 (t, J = 6.3 Hz, 1H), 8.08 (s, 1H), 8.02 (s, 1H), 7.91 (d, J = 7.0 Hz, 2H), 7.63

(m, 1H), 7.57 (m, 1H), 7.38 -7.35 (m, 2H), 7.30-7.26 (m, 1H), 3.85 (s, 3H), 3.83 (m, 2H),

3.56 (d, J = 6.5 Hz, 2H), 3.41-3.36 (m, 2H), 2.23 (d, J = 13.5 Hz, 2H), 2.01-1.94 (m, 2H).
5  MS (ESI) m/z: Calculated for CagH23FaN4O4S: 544.14; found: 545.2 (M+H)".

EXAMPLE 29
2-(4-(4-Fluorophenyl)thiazol-2-yl)ethanamine
I :/>\/CN BH, .THF I S/>\L
N NH,
F F
10 2-(4-(4-fluorophenyljthiazol-2-yl)acetonitrile (400 mg, 1.83 mmol) was dissolved in

tetrahydrofuran (10 mL) at room temperature. Borane tetrahydrofuran complex solution
(1M in tetrahydrofuran, 9.16 mL, 9.16 mmol) was added and the reaction mixture was
stirred for 1h at room temperature. The reaction mixture was cooled to 0 °C and
quenched with methanol (5 eq., 0.4 mL). The reaction was allowed to warm to room

15  temperature and 2N HCI was added until the reaction mixture was confirmed acidic by a
pH paper. The reaction mixture was then refluxed at 65 °C for 30 min. The reaction
mixture was then allowed to cool to room temperature and was concentrated under
reduced pressure. The solid obtained was ftriturated with ether (2 X 20 mL) and
dichloromethane (2 X 20 mL). The remaining solid was dissolved in water (50 mL) and

20 basified to pH ~ 11 with NaOH pellets. The aqueous mixture was then extracted with
ether (2 X 100 mL). The organic layer was dried over anhdrous sodium sulfate and
concentrated under reduced pressure to give the crude product, which was used directly
without any purification in the next step (100 mg, 25% vyield). MS (ESI) m/z: Calculated
for C44H1FN,S: 222.086; found: 223.1 (M+H)".

25
N-(2-(4-(4-Fluorophenyl)thiazol-2-yl)ethyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-

yl)benzamide
R OH
FHN\IK@(
HzN N g F oM ° RN N N
\/\r p FH ; \/\r/\/)’_@,F
s EDCI, HOB, DCM, rt Fooo-N o S

This compound was synthesized from 2-(4-(4-fluorophenyl)thiazol-2-yl)ethanamine

30 and 3-(5-(trifluoromethyl)-1,2 4-oxadiazol-3-yl)benzoic acid as described in example 26
step 6 (180 mg, 86% yield). 'H NMR (CDCls) §8.51 (1H, t), 8.22 (1H, dt), 8.04 (1H, dt),
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7.85-7.81 (2H, m), 7.64 (1H, m), 7.59 (1H, t), 7.31 (1H, s), 7.06-7.02 (2H, m), 3.97 (2H, q),
3.35 (2H, t); MS (ESI) m/z: Calculated for CoqH14FsN,0,S: 462.08; found: 463.1 (M+H)".

EXAMPLE 30
5 2-(4-(4-Bromophenyl)thiazol-2-yl)acetonitrile
o S

CN
Br S EtOH |
b NSO N
Br 2 reflux Br

This compound was synthesized from 2-bromo-1-(4-bromophenyl)ethanone and 2-
cyanothioacetamide as described in example 1 step 1 (2.4 g, 48% yield), and it was
carried through without further purification. MS (ESI) m/z: Calculated for Cq1H/BrN,S:

10  277.95; found: 279.0 (M+H)".

4-(4-(4-Bromophenyl)thiazol-2-yl)tetrahydro-2H-pyran-4-carbonitrile
Br

S CN o N
NN N\
| N/>\/ Br Br NG | s
NaH, THF
Br
r, 0

This compound was synthesized from 2-(4-(4-bromophenyl)thiazol-2-yl)acetonitrile
15  as described in example 1 step 2 (1.9 g, yield 80%). MS (ESI) m/z: Calculated for
C45H13BrN,OS: 347.99; found: 349.0 (M+H)".

(4-(4-(4-Bromophenyl)thiazol-2-yl)tetrahydro-2H-pyran-4-yl)methanamine

Br Br
'
i N
NG | s LiAIH, 1N
THF, 0 °Crt HoN S
© (9]
20 This compound was synthesized from 4-(4-(4-bromophenyl)thiazol-2-yl)tetrahydro-

2H-pyran-4-carbonitrile as described in example 1 step 3 (1.7 g), and it was carried
through without any further purification. MS (ESI) m/z: Calculated for C;sH,BrN,OS:
352.02; found: 353.0 (M+H)".
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4-(2-(4-(Aminomethyl)tetrahydro-2H-pyran-4-yl)thiazol-4-yl)benzonitrile
0] o]

Br NC

(4-(4-(4-Bromophenyl)thiazol-2-yl)tetrahydro-2H-pyran-4-yl)methanamine (200 mg,
0.56 mmol), zinc cyanide (53mg, 0.45 mmol), and DMF (2 mL) were placed in microwave
tube and degassed. 1,1'-Bis(diphenylphosphino)ferrocene-palladium(ll)dichloride (41 mg,
0.05 mmol) was added. Reaction was microwaved at 200 °C for 10 min intervals until
complete. The reaction was quenched with ammonium hydroxide/water (1:4) and washed
with ethyl acetate. Organic layer was dried over sodium sulfate. Crude was purified using
silica chromatography with an ethyl acetate wash followed by 10%Methanol in
dichloromethane with 1% triethylamine to yield 4-(2-(4-(aminomethyl)tetrahydro-2H-pyran-
4-yhithiazol-4-yl)benzonitrile (20 mg, 10% yield). MS (ESI) m/z: Calculated for
C1sH17N;08: 299.11; found: 300.1 (M+H)".

N-({(4-(4-(4-Cyanophenyl)thiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide
CN

CN
O-N o]
F3C/<\N !
OH O~N 0o NN
N F3C’<\N\ \ g
N
HoN S H

o O

This compound was synthesized from 4-(2-(4-(aminomethyl)tetrahydro-2H-pyran-
4-ylithiazol-4-yl)benzonitrile and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as
described in example 8 step 6 (3 mg, 7% yield). 'H NMR (300 MHz, CD;0OD) 3 8.40 (d,
J=1.8 Hz, 1H), 8.23 (d, J= 7.2 Hz, 1H), 8.10-8.07 (m, 2H), 7.94 (m, 1H), 7.81 (m, 1H),
7.69-7.53(m, 3H)) 3.94 (m, 2H), 3.87 (s, 2H), 3.55 (m, 2H), 2.45 (m, 2H), 2.08 (m, 2H).
MS (ESI) m/z: Calculated for CasH20F3NsO3S: 539.12; found: 540.1 (M+H).
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EXAMPLE 31
4-(4-(4-Fluorophenyl)thiazol-2-yl)-2,2-dimethyltetrahydro-2H-pyran-4-carbonitrile

O
e .

] CN
Ko —
CI\/\O Cl
F
F

2-(4-(4-Fluorophenyljthiazol-2-yl)acetonitrile (325 mg, 1.5 mmol), potassium

5 carbonate (617 mg, 4.47 mmol), and 1-chloro-2-(2-chloroethoxy)-2-methylpropane

(254mg, 1.5 mmol) in DMF (5 mL) were microwaved at 160 °C for 5 min then 20 min. A

second addition of potassium carbonate and 1-chloro-2-(2-chloroethoxy)-2-methylpropane

was made and then the reaction was microwaved again for 30 min two times. The

reaction was diluted with ethyl acetate and washed with water. The organic layer was

10 dried over sodium sulfate and purified on silica using a gradient of 0-30% ethyl

acetate/hexanes to afford 4-(4-(4-Fluorophenyl)thiazol-2-yl)-2,2-dimethyltetrahydro-2H-

pyran-4-carbonitrile (228 mg, 48% yield). MS (ESI|) m/z: Calculated for C47H,7FN,OS:
316.10; found: 317.1 (M+H)".

15  (4-(4-(4-Fluorophenyl)thiazol-2-yl)-2,2-dimethyltetrahydro-2 H-pyran-4-
yl)methanamine

This compound was synthesized from 4-(4-(4-fluorophenyljthiazol-2-yl)-2,2-

dimethyltetrahydro-2H-pyran-4-carbonitrile as described in example 1 step 3 (100 mg),

20 and it was carried through without any further purification. MS (ESI) m/z: Calculated for
C47H21FN,OS: 320.14; found: 321.1 (M+H)".
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N-({4-(4-(4-Fluorophenyl)thiazol-2-yl)-2,2-dimethyltetrahydro-2H-pyran-4-yl)methyl)-
3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide

F
F. O-N 0
F P
?’(NA\QANH N| N
Eis
o]

This compound was synthesized from (4-(4-(4-fluorophenyljthiazol-2-yl)-2,2-
5 dimethyltetrahydro-2H-pyran-4-yl)methanamine and 3-(5-(trifluoromethyl)-1,2 4-oxadiazol-
3-yl)benzoic acid as described in example 8 step 6 (7 mg, yield 17%): 'H NMR (500
MHz, CD;0OD) & 8.41 (t, J=1Hz,1H), 8.23 (d, J= 4Hz, 1H), 7.96-7.90 (m, 3H), 7.76 (s, 1H),
7.61 (t, J=7.7 Hz, 1H), 7.69-7.04 (t, J=8.8 Hz, 2H), 3.88 (m, 2H), 3.60 (s, 2H), 2.52 (m,
2H), 1.95 (m, 2H), 1.29 (s, 3H), 0.81 (s, 3H). MS (ESI) m/z: Calculated for

10 CurH24F4N4O;S: 560.15; found: 561.1 (M+H) ™.

EXAMPLE 32
3-Cyanobenzene-1-sulfonyl chloride

i) NaNO3, conc HCI
0 °C, 30min
ii) SO (g) in AcOH

NC\@/NH2 NG SOLCl
jii) CuCl \©/
0°C-rt, 1h
15 3-Aminobenzonitrile (2.5g, 21 mmol) was dissolved in conc. HCI (20 mL) and
water (20 mL), cooled to 0 °C and a solution of sodium nitrite (1.5 g, 22 mmol) in water (5
mL) was added dropwise. The reaction mixture was stirred for 10 min to complete the
diazonium salt formation. In a separate flask was added copper(l) chloride (0.2g) over a
saturated solution of sulfur dioxide in AcOH (25 mL) and stirred at 0 °C for 10 min. The
20 resulting solution was added dropwise to the diazonium salt and stirred at 0 °C for 1 h.
The reaction mixture poured into ice water and the product was extracted with tert-
butylmethylether. The combined organic layer was washed with water and brine. The
crude product was purified by column chromatography (silica gel 60-120 mesh using 5%
EtOAc in petroleum ether) to get the pure 3-cyanobenzene-1-sulfonyl chloride (1.9 g, yield
25  45%) as an off-white solid. "H NMR (300MHz, CDCl3) 5 8.35 (t, J = 1.5 Hz, 1H), 8.31-8.27
(m, 1H), 8.06-8.02 (m, 1H), 7.82 (t, J = 7.9 Hz, 1H).
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3-Cyano-N-{(4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-
yl)methyl)benzenesulfonamide

N
PN
H;N S
" of N
NC SO,Cl 0 \@/ N S
\©/ EtaN, CH,Cl,
0°C-t, 1h o

Et:N (0.15 mL, 1.43 mmol) was added dropwise to an ice cold solution of (4-(4-
phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methanamine (130 mg, 0.48 mmol) in dry
CH.CI; (3 mL). The resulting reaction mixture was stirred at 0 °C for 5 min, then a solution
of 3-cyanobenzene-1-sulfonyl chloride (105 mg, 0.52 mmol) in dry CH,Cl; (2 mL) was
added dropwise. The reaction mixture was further stirred at room temperature for 1 h. The
reaction mixture was diluted with CH,Cl, and the organic layer was washed with HO and
brine, dried over anhydrous sodium sulfate and concentrated under reduced pressure.
The residue was purified by column chromatography (silica gel 60-120 mesh, eluent 35%
EtOAc in petroleum ether) to afford compound 3-cyano-N-((4-(4-phenylthiazol-2-
yltetrahydro-2H-pyran-4-yl)methyl)benzenesulfonamide (0.13 g, yield 61%) as an off-
white solid. 'H NMR (300 MHz, CDCl,) 8 8.03-7.98 (m, 2H), 7.85-7.76 (m, 3H), 7.59-7.54
(m, 1H), 7.50-7.38 (m, 4H), 3.87-3.79 (m, 2H), 3.74-3.66 (m, 2H), 3.36 (s, 2H), 2.27-2.19
(ddd, J = 13.5 Hz, 6.7 Hz, 3.5 Hz, 2H), 2.01- 1.93 (ddd, J = 13.8 Hz, 7.5 Hz, 3.7 Hz, 2H).
MS (ESI) m/z: Calculated for CaoH21N301S,: 439.10; found: 440.0 (M+H)".

N’-Hydroxy-3-(N-({(4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-

yl)methyl)sulfamoyl)benzimidamide

HO.

NN
NG Osy ! NH,OH.HCI, Na,CO3 N o p N\
8-hydroxyquinoline (cat.) HzN N
(o) EtOH, reflux, 8h
O
This compound was synthesized from 3-cyano-N-((4-(4-phenylthiazol-2-

yltetrahydro-2H-pyran-4-yl)methyl)benzenesulfonamide as described in example 1 step 4
(125 mg, yield 89%) and it was carried through without further purification, 'H NMR (400
MHz, DMSO-dg) 6 9.83 (s, 1H), 8.08 (m, 2H), 7.95 (d, J = 7.0 Hz, 2H), 7.86 (d, J = 7.9 Hz,
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1H), 7.79 (t, J = 8.7 Hz, 1H), 7.74 (d, J = 7.9 Hz, 1H), 7.55 (m ,1H), 7.44 (m, 2H), 7.34 (m
H), 5.96 (s, 2H), 3.78 (m, 2H), 3.41 (t, J = 10.2 Hz, 2H), 3.01 (d, J = 6.7 Hz, 2H), 2.15-
212 (m, 2H), 1.94- 1.87 (m, 2H). MS (ESI) m/z: Calculated for C,,H»4N40,S,: 472.12;
found: 473.2 (M+H)".

N-({(4-(4-Phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-(trifluoromethyl)-
1,2,4-oxadiazol-3-yl)benzenesulfonamide

HO.
N o2 N (CF4CO),0 O-N 0 N
HoN N S — = R Osd !
2 i pytidine, rt, 1h N ‘H S
o)

O
This compound was synthesized from N-hydroxy-3-(N-((4-(4-phenylthiazol-2-
10  yltetrahydro-2H-pyran-4-yl)methyl)sulfamoyl)benzimidamide as described in example 1
step 5 (80mg, yield 57%). 'H NMR (400 MHz, DMSO-ds) 8 8.32 (s, 1H), 8.22 (d, J= 7.6
Hz, 1H), 8.05 (t, J = 6.9 Hz, 1H), 7.999 (m, 2H), 7.89 (d, J=7.3 Hz, 2H), 7.76 ({, J=7.8
Hz ,1H), 7.40 (m, 2H), 7.30 (m ,1H), 3.79-3.76 (m, 2H), 3.39 (t, J = 10.8 Hz, 2H), 3.11 (d,
J = 6.7 Hz, 2H), 2.16-2.13 (m, 2H), 1.93- 1.86 (m, 2H). MS (ESI) m/z: Calculated for
15 CaqH2F3N4O,S,: 550.10; found: 551.0 (M+H) ™"

EXAMPLE 33

3-Bromo-5-{(methoxycarbonyl)benzoic acid

MeO,C CO;Me NaOH MeQ,C CO.H
acetone-MeOH 2:1 viv
rt, 4h

Br Br

20 Dimethyl-5-bromoisophthalate (3 g, 11.0 mmol) was dissolved in acetone-H,O (2:1
viv, 60 mL) and NaOH (0.40 g, 11.0 mmol) was added. The reaction mixture was allowed
to stir for 4 h. Acetone was removed under reduced pressure and the aqueous layer was
washed with EtOAc, acidified to pH ~ 2-3 using 1.5N HCI, and extracted with EtOAc. The
organic layer was dried over anhydrous sodium sulfate and the solvent was removed

25  under reduced pressure to yield 3-bromo-5-(methoxycarbonyl)benzoic acid (2.55 g, yield
89%): 'H NMR (300 MHz, DMSO-ds) 8 13.75 (br s, 1H), 8.40 (d, J = 1.0 Hz, 1H), 8.26 (d,
J =14 Hz, 1H), 8.23 (d, J = 1.0 Hz, 1H), 3.89 (s, 3H). MS (ESI) m/z: Calculated for
CoH,BrO,4: 257.95; found: 258.0 (M+H) ™.

30 Methyl 3-bromo-5-(methoxy(methyl)carbamoyl)benzoate
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o)
MeO,C COM  MeONHMeHCl  MeOC n-OMe
—_— - |
EDC.HCI, HOBt Me
Br Et3N, CH20|2 Br
0°Crt, 4.5h

N,O-Dimethylhydroxylamine hydrochloride (1.15 g, 11.8 mmol) was dissolved in
CH,CI, (50 mL) and Et;N (4.8 mL, 34.4 mmol) was added. The solution was stirred for 30
min. The resultant solution was cooled to 0 °C and compound 3-bromo-5-
5 (methoxycarbonyl)benzoic acid (2.55 g, 9.84 mmol) was added followed by EDC.HCI
(3.77 g, 19.6 mmol) and HOBt (0.26 g, 1.96 mmol). The reaction mixture was allowed to
come to room temperature and stirred for another 4 h. After completion, the reaction
mixture was diluted with CH,Cl,. The organic layer was washed with water and brine
solution and dried over anhydrous sodium sulfate. Solvent was removed under reduced
10  pressure and the crude product was purified by column chromatography (silica 60-120
mesh, eluent 20% EtOAc in petroleum ether) to get methyl 3-bromo-5-
(methoxy(methyl)carbamoyl)benzoate (2.3 g, yield 77%) as colorless liquid. '"H NMR (400
MHz, CDCls) 5 8.29 (m, 1H), 8.27 (t, J = 1.8 Hz, 1H), 8.02 (t, J = 1.6 Hz, 1H), 3.95 (s, 3H),
3.57 (s, 3H), 3.39 (s, 3H). MS (ESI) m/z: Calculated for C11H1.BrNO,4: 300.99; found:

15 302.0 (M+H)".

Methyl 3-acetyl-5-bromobenzoate

0O

o}
MeO,C .OM
&2 N ¢ MeMgCI 3M in THF)  MeO,C

Me

THF, 0 °C-rt, 6h

Br
Br

The compound methyl 3-bromo-5-(methoxy(methyl)carbamoyl)benzoate (2.3 g,

20 7.6 mmol) was dissolved in dry THF (50 mL), solution was cooled to 0 °C and

methylmagnesium chloride (3M in THF, 2.5 mL, 7.6 mmol)) was added dropwise. The

reaction mixture was slowly allowed to come to room temperature and stirred further for 6

h. The reaction mixture was cooled to 0 °C and quenched with saturated NH,CI solution.

The product was extracted with EtOAc. The organic layer was washed with water and

25  brine and dried over anhydrous sodium sulfate. The solvent was removed under reduced

pressure. The crude product was purified by column chromatography (silica 60-120 mesh,

eluent 5% EtOAc in petroleum ether) to get methyl 3-acetyl-5-bromobenzoate (0.95 g,

yield 49%) as a white solid. "H NMR (400 MHz, CDCls) 8 8.51 (t, J = 1.3 Hz, 1H), 8.37 (t,
J=1.7 Hz, 1H), 8.28 (t, J = 1.6 Hz, 1H), 3.97 (s, 3H), 2.65 (s, 3H).
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3-Bromo-5-ethylbenzoic acid

MeO,C i NoHaH20, KOH  HOLC
ethylene glycol, \©/\
I8 200 °C, 1h Br
The compound methyl 3-acetyl-5-bromobenzoate (1.2 g, 4.8 mmol) was dissolved
5 in ethylene glycol (10 mL) and KOH (0.41 g, 7.3 mmol) followed by hydrazine hydrate
(0.44 mL, 7.3 mmol) were added. The reaction mixture was heated to 200 °C for 1 h. The
reaction mixture was cooled to room temperature and diluted with water. The pH of the
aqueous layer was adjusted to 2-3 using 1.5N HCI. The product was extracted with
EtOAc. The organic layer was washed with water and brine and dried over anhydrous
10 sodium sulfate. The solvent was removed under reduced pressure. The crude product
was purified by column chromatography (silica 60-120 mesh, eluent 50% EtOAc in
petroleum ether) to yield 3-bromo-5-ethylbenzoic acid (0.95 g, yield 89%) as a yellow
solid. '"H NMR (300 MHz, CDCl,) 3 8.07 (m, 1H), 7.88 (m, 1H), 7.59 (m, 1H), 2.73 (q, J =
7.6 Hz, 2H), 1.28 (t, J = 7.6 Hz, 3H). MS (ESI) m/z: Calculated for CgHgBrO,: 227.98;
15  found: 229.0 (M+H)".

Methyl 3-bromo-5-ethylbenzoate

HO.C SOCl, MeOH  MeO,C

Br Br
The compound 3-bromo-5-ethylbenzoic acid (0.95 g, 4.14 mmol) was dissolved in
20 MeOH (50 mL), reaction mixture was cooled to 0 °C and SOCI, (0.5 mL) was added. The

reaction mixture was allowed to stir at room temperature for 10 h. The reaction mixture

was concentrated under reduced pressure and diluted with CH,Cl,. The organic layer was
washed with 10% NaHCO; solution, water and brine. The organic phase was dried over
anhydrous sodium sulfate and solvent was removed under reduced pressure. Methyl 3-

25  bromo-5-ethylbenzoate (0.92 g, yield 92%) was isolated as colorless liquid and carried
through without further purification. 'H NMR (300 MHz, CDCl3) & 7.99 (t, J = 1.6 Hz, 1H),
7.81(d, J=14Hz, 1H), 7.54 (t, J = 1.6 Hz, 1H), 3.92 (s, 3H), 2.69 (q, J = 7.6 Hz, 2H),
1.26 (t, J = 7.6 Hz, 3H).

30 Methyl 3-cyano-5-ethylbenzoate
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MeO.C CUCN  MeO,C
Br 150 °C, 12h N

The product methyl 3-bromo-5-ethylbenzoate (0.9 g, 3.7 mmol) was dissolved in
dry DMF (50 mL) and copper cyanide (0.84 g, 9.43 mmol) was added. The reaction
mixture was heated to 150 °C under argon atmosphere for 12 h (monitored by TLC;
5 petroleum ether/EtOAc 9:1). The reaction mixture was allowed to come to room
temperature and then quenched with saturated ammonium chloride solution. The reaction
mixture was diluted with EtOAc and filtered through a Celite bed. The filtrate was diluted
with EtOAc and the organic layer was washed with water and brine. The solvent was
evaporated under reduced pressure. The crude product was purified by column
10  chromatography (silica 60-120 mesh, eluent 5% EtOAc in petroleum ether) to get methyl
3-cyano-5-ethylbenzoate (0.27 g, yield 39%) as colorless liquid, which was carried

through without further purification.

3-Cyano-5-ethylbenzoic acid

MeO,C LOH  HOC

R

THF-H,O 3:1 viv

15 CN rt, 3h CN

The compound methyl 3-cyano-5-ethylbenzoate (270 mg, 1.42 mmol) was

dissolved in THF-H,O (7:3 v/v, 10 mL), solution was cooled to 0 °C and LiOH (59 mg, 1.42

mmol) was added. The reaction mixture was allowed to come to room temperature and

stirred for 3 h (monitored by TLC; petroleum ether/EtOAc 1:1). Solvent THF was removed

20 under reduced pressure and the aqueous layer was washed with EtOAc to remove the

non-polar impurities. The pH of the aqueous layer was adjusted to 2-3 using 1.5N HCI.

The product was extracted with EtOAc. The organic layer was dried over anhydrous

sodium sulfate and the solvent was removed under reduced pressure to yield 3-cyano-5-

ethylbenzoic acid (200 mg, yield 80%), which was carried through without further

25  purification. "H NMR (400 MHz, CDCl;) 8 8.23 (m, 1H), 8.17 (m, 1H), 7.74 (m, 1H), 2.81
(9, J =7.6 Hz, 2H), 1.32 (t, /= 7.6 Hz, 3H).
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3-Ethyl-5-(N’-hydroxycarbamimidoyl)benzoic acid

HO\N
|
HOzC NH,OH.HCI, N82003 HoN 002H
8-hydroxyquinoline (cat.)
EtOH, reflux, 8h

CN
This compound was synthesized from 3-cyano-5-ethylbenzoic acid as described in
example 1 step 4 (200 mg, crude), and it was carried through without further purification.

3-Ethyl-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid

HO. oun

! COH  (CFsCOXO F30’<\N \ COH

HoN - -,

pyridine, reflux, 8h

This compound was synthesized from 3-ethyl-5-(N-hydroxycarbamimidoyl)benzoic

acid as described in example 1 step 5 (130 mg, yield 52%). 'H NMR (300 MHz, CDCl,) &

10  8.69 (m, 1H), 8.21 (m, 1H), 8.17 (m, 1H), 2.85 (q, J = 7.6 Hz, 2H), 1.33 (t, J = 7.6 Hz, 3H).
MS (ESI) m/z: Calculated for C4,HgF3N,O5: 286.06; found: 285.0 (M-H).

3-Ethyl-N-((4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-5-(5-

(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide

N
A
HZNEi\S
O-N o) N
/<0~{u o Fac—4 | 1
F2C—4Q N N s
LY CO,H N
HATU, NMM

DMF, 0 °C-rt, 16h

15
This compound was synthesized from (4-(4-phenylthiazol-2-yl)tetrahydro-2H-

pyran-4-yl)methanamine and 3-ethyl-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic
acid as described in example 8 step 6 (85 mg, yield 45%). 'H NMR (400 MHz, CDCls) &
8.29 (s, 1H), 8.05 (s, 1H), 7.89 (m, 2H), 7.80 (s, 1H), 7.52 (m, 2H), 7.37-7.29 (m, 3H),
20 4.00-3.94 (m, 2H), 3.89 (d, J = 5.5 Hz, 2H), 3.78-3.72 (ddd, J = 11.7 Hz, 7.8 Hz, 3.3 Hz,
2H), 2.69 (q, J = 7.7 Hz, 2H), 2.36-2.30 (ddd, J = 13.6 Hz, 6.5 Hz, 3.3 Hz, 2H), 2.08-2.02
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(ddd, J =13.6 Hz, 7.7 Hz, 3.3 Hz, 2H), 1.23 (t, J = 7.7 Hz, 3H). MS (ESI) m/z: Calculated
for Ca7H25F3N4O5S: 542.186; found: 543.2 (M+H)".

EXAMPLE 34
5 4-(3-Bromophenyl)tetrahydro-2H-pyran-4-carbonitrile

Br/\/o\/\Br NC
CN Br
Br

NaH, THF
rt, o

This compound was synthesized from 2-(3-bromophenyl)acetonitrile as described
in example 1 step 2 (1.3 g, 65% yield). MS (ESI) m/z: Calculated for C12H,BrNO:
265.01; found: 266.0 (M+H)".

10
{4-(3-Bromophenyl)tetrahydro-2H-pyran-4-yl)methanamine

NC
Br  LiaH, H,N Br
R
o THF, 0 °C-rt o

This compound was synthesized from 4-(3-bromophenyljtetrahydro-2H-pyran-4-

carbonitrile as described in example 1 step 3 (1.3g, crude), and it was carried through

15 without further purification. MS (ESI) m/z: Calculated for Ci,H1sBrNO: 269.04; found:
270.0 (M+H)".

N-({(4-(3-Bromophenyl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)benzamide
Br
O~
F3C’<\ON b COM g HATU NMM FSC’QNE\©/?LN
0°C-, H
20 o} 0
This compound was synthesized from(4-(3-bromophenyljtetrahydro-2H-pyran-4-
yl)methanamine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as described
in example 8 step 6 (40 mgs, 34% yield). "H NMR (300 MHz, CDCls) 8 8.30-8.22 (m, 2H)
7.86 (d, J = 3.7 Hz, 1H), 7.60 (t, J = 3.7 Hz, 1H), 7.52-7.44 (m, 2H), 7.38-7.30 (m, 2H),
25 3.90 (m, 2H), 3.71 (d, J = 3.3 Hz, 2H), 3.64 (m, 2H), 2.13 (m, 2H), 2.02 (m, 2H). MS (ESI)
m/z: Calculated for C;H1gBrFsN;Os: 509.06; found: 509.9 (M+H)".
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EXAMPLE 35

2-(4-(4-(Trifluoromethyl)phenyl)thiazol-2-yl)acetonitrile
o)
S CN
Br S EtOH |
+ CN — N
F,C HaN reflux
3 FsC
This compound was synthesized from 2-bromo-1-(4-

5 (trifluoromethyl)phenyl)ethanone and 2-cyanothioacetamide as described in example 1
step 1 (2.4 g, 48% vyield), and it was carried through without further purification. MS (ESI)
m/z: Calculated for C,H,F3N,S: 268.03; found: 269.0 (M+H)".

4-(4-(4-(Trifluoromethyl)phenyl)thiazol-2-yl)tetrahydro-2H-pyran-4-carbonitrile
CFj

I }\/CN B~ O, " N S\
NaH, THF
0 . o
This compound was synthesized from 2-(4-(4-(trifluoromethyl)phenyl)thiazol-2-
ylacetonitrile as described in example 1 step 2 (690 mg, yield 98%), and it was carried
through without further purification. MS (ESI) m/z: Calculated for C4¢H43F3N,OS: 338.07;
found: 339.1 (M+H)".
15

(4-(4-(4-(Trifluoromethyl)phenyl)thiazol-2-yl)tetrahydro-2H-pyran-4-yl)methanamine

CF
s CFs

N
ne, A LiATH, N
- =
THF, 0 °C-rt HzN S
o
O

This compound was synthesized from 4-(4-(4-(trifluoromethyl)phenyl)thiazol-2-
20  yltetrahydro-2H-pyran-4-carbonitrile as described in example 1 step 3. The material was
carried through without further purification. MS (ESI) m/z: Calculated for CieH17F3NOS:

342.10; found: 343.1 (M+H)".
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3-(56-(Trifluoromethyl)-1,2,4-oxadiazol-3-yl)-N-({4-(4-(4-
(trifluoromethyl)phenyljthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)benzamide

CF3
CFs 0-N
Fac— ] COH
N O-N o) N
Fac—4 | I
N N N S
HoN S H
HATU, NMM o
o) DMF, 0 °C-rt
5 This compound was synthesized from (4-(4-(4-(trifluoromethyl)phenyl)thiazol-2-

ylhtetrahydro-2H-pyran-4-yl)methanamine and  3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-

yl)benzoic acid as described in example 8 step 6 (9 mgs, 19% yield). 'H NMR (300 MHz,

CDCl,) & 8.44 (s, 1H), 8.24 (d, J= 7.7 Hz, 1H), 8.00 (m, 2H), 7.65-7.58 (m,4H), 7.36 (s,

1H), 4.02-3.78 (m, 4H), 3.74 (m, 2H), 2.30 (m, 2H), 2.05 (m, 2H). MS (ESl) m/z:
10  Calculated for CogHuFeN4O5S: 582.12; found: 583.1 (M+H)".

EXAMPLE 36

2-Methyl-2-(4-(4-(trifluoromethyl)phenyl)thiazol-2-yl)propanenitrile
CFs
S CN
|
N —_—
N
F,C NC><MS
15 This compound was synthesized from 2-(4-(4-(trifluoromethyl)phenyl)thiazol-2-

yl)acetonitrile using iodomethane as described in example 1 step 2 (620 mg, yield 73%)
and it was carried through without further purification. MS (ESI) m/z: Calculated for
C14H11F3N2S: 296.06; found: 297.0 (M+H)".

20  2-Methyl-2-(4-(4-(trifluoromethyl)phenyl)thiazol-2-yl)propan-1-amine

CF3
CF3

LiAIH,

N —_—

\
NC%S THF, 0 °C-rt N\
HZN%S
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This compound was synthesized from 2-methyl-2-(4-(4-
(trifluoromethyl)phenyl)thiazol-2-yl)propanenitrile as described in example 1 step 3. The
material was carried through without further purification. MS (ESI) m/z: Calculated for
C14H15F3N,S: 300.09; found: 301.1 (M+H)".

N-(2-Methyl-2-(4-(4-(trifluoromethyl)phenyl)thiazol-2-yl)propyl)-3-(5-(trifluoromethyl)-

1,2,4-oxadiazol-3-yl)benzamide

CF, /<O‘N CF,
F3C \N \ COzH
O-N o] N
N
D FaC/<\ ! B
H,N %s HATU, NMM N N S
DMF, 0 °C-rt
This compound was synthesized from 2-methyl-2-(4-(4-

10  (trifluoromethyl)phenyl)thiazol-2-yl)propan-1-amine and 3-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)benzoic acid as described in example 8 step 6 (10 mgs, 24% yield). 'H
NMR (300 MHz, CDCl5) & 8.51 (s, 1H), 8.25 (d, J = 7.4 Hz, 1H), 8.09-7.96 (m, 4H), 7.64-
7.53 (m, 3H), 3.82 (bs, 2H), 1.56 (s, 6H). MS (ESI) m/z: Calculated for Cp4H15FsN4O,S:
540.11; found: 541.1 (M+H)".

15

EXAMPLE 37
1-(2-Ethoxy-2-oxoethyl)tetrahydro-1H-thiophenium bromide

Br<_-CO,Et @ o
D g o

S  acetone, rt, 3days \co,Et

Tetrahydrothiophene (10 g, 113 mmol) and ethyl bromoacetate (13 mL, 113 mmol)

20  were taken in acetone (50 mL) and stirred at room temperature for 3 days. The precipitate
was filtered, washed with acetone and air dried to get 1-(2-ethoxy-2-oxoethyl)tetrahydro-
1H-thiophenium bromide (23 g, yield 82%), which was carried through without further

purification.

25 Ethyl 2-cyanocyclopropanecarboxylate

9 @ ZeN COE
@ g 50%KOH,sadkaco3 | [ g A,CO2

0°Cit, 48h  NC

\_co,Et CHEI3, 0°C, 1h O—CO,Et
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50% KOH solution (16 mL) and saturated K,CO; solution (60 mL) were added to a
cooled solution of compound get 1-(2-ethoxy-2-oxoethyl)tetrahydro-1H-thiophenium
bromide (23 g, 90 mmol) in CHCI; (70 mL). The mixture was stirred at 0 °C for 1 h. The
organic layer was separated and the aqueous layer was further extracted with CHCI;. The

5 combined organic extracts were dried over anhydrous sodium sulfate and the solvent was
removed under reduced pressure to get the zwitterionic intermediate (11 g, yield 76%).
This crude intermediate was dissolved in CHCI; (100 mL) and cooled to 0 °C. Acrylonitrile
(4 mL, 68.3 mmol) was added to the reaction mixture and the mixture was further stirred
at room temperature for 48 h. The solvent was evaporated under reduced pressure and
10 the crude product was purified by column chromatography (silica 60-120 mesh, eluent
30% EtOAc in petroleum ether) to get ethyl 2-cyanocyclopropanecarboxylate (5 g, yield
53%). "H NMR (300 MHz, CDCls) 8 4.19 (q, J = 7.0 Hz, 2H), 2.29-2.23 (ddd, J = 8.8 Hz,
6.0 Hz, 4.3 Hz, 1H), 1.96-1.91 (ddd, J = 9.1 Hz, 6.4 Hz, 4.3 Hz, 1H), 1.56-1.45 (m, 2H),
1.30 (t, J = 7.0 Hz, 3H)
15

2-Cyanocyclopropanecarboxylic acid

/_\ CO,Et 1N NaCH COH
—_—
NC MeOH, 0°C-rt, 2h  NC

Ethyl 2-cyanocyclopropanecarboxylate (5 g, 35.9 mmol) was dissolved in MeOH

(20 mL) and 1IN NaOH (35 mL) was added. The reaction mixture was stirred at room

20 temperature for 2 h. After completion of the reaction MeOH was evaporated under

reduced pressure. The pH of the aqueous layer was adjusted to 2-3 using 1.5N HCI. The

white precipitate was collected by filtration and dried under reduced pressure to get 2-

cyanocyclopropanecarboxylic acid (3.3 g, yield 85%): 'H NMR (400 MHz, DMSO-de) &

12.78 (br s, 1H), 2.26-2.21 (ddd, J = 8.8 Hz, 6.0 Hz, 4.3 Hz, 1H), 2.14-2.09 (ddd, J = 9.4

25 Hz, 6.2 Hz, 4.4 Hz, 1H), 1.53-1.48 (m, 1H), 1.36-1.32 (m, 1H). MS (ESI) m/z: Calculated
for CsHsNO,: 111.03; found: 110.2 (M-H)".
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2-Cyano-N-{(4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-

yl)methyl)cyclopropanecarboxamide

NN
HaN s

o) N
0 NC !
v N>l
NC HATU, NMM H

DMF, 0 °C-rt, 1h o

This compound was synthesized from (4-(4-phenylthiazol-2-yl)tetrahydro-2H-
5 pyran-4-yl)methanamine and 2-cyanocyclopropanecarboxylic acid as described in
example 8 step 6 (90 mg, yield 29%): 'H NMR (400 MHz, CDCl;) 8 7.92 (m, 2H), 7.52-
7.46 (m, 3H), 7.41-7.37 (m, 1H), 6.72 (t, J = 5.3 Hz, 1H), 3.92-3.86 (m, 2H), 3.75-3.68 (m,
4H), 2.30 -2.22 (dddd, J = 13.2 Hz, 9.8 Hz, 6.5 Hz, 3.4 Hz, 2H), 1.99-1.89 (m, 4H), 1.52-
1.47 (ddd, J =9.1 Hz, 5.8 Hz, 4.6 Hz, 1H), 1.38-1.33 (ddd, J = 8.6 Hz, 6.1 Hz, 4.9 Hz, 1H).
10  MS (ESI) m/z: Calculated for CyH,1N30,S: 367.14; found: 368.2 (M+H)".

2-(N’-Hydroxycarbamimidoyl)-N-({4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-

yl)methyl)cyclopropanecarboxamide

f" N\ NH,OH.HCI, HO.

O
N o} N
NCW)LN S Na;COs ! i
H 8-hydroxyquinoline (cat.) HoN ” S

EtOH, reflux, 3h

O
15 This compound was synthesized from 2-cyano-N-((4-(4-phenylthiazol-2-
yltetrahydro-2H-pyran-4-yl)methyl)cyclopropanecarboxamide as described in example 1
step 4 (90 mg, crude) and it was used carried through without further purification. MS
(ESI) m/z: Calculated for CaoH24N4O5S: 400.16; found: 401.2 (M+H)".

20
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N-({(4-(4-Phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-2-(5-(trifluoromethyl)-

1,2,4-oxadiazol-3-yl)cyclopropanecarboxamide

HO. o N~ (CF5COR0 O-N o N~
| I Fe— | I
HoN N 8" pyridine, 0 °C-rt, 3h N N 5

0

This compound was synthesized from 2-(N-hydroxycarbamimidoyl)-N-((4-(4-

5  phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)cyclopropanecarboxamide as
described in example 1 step 5 (45 mg, yield 45%): 'H NMR (400 MHz, MeOD) & 7.94 (m,
2H), 7.77 (s, 1H), 7.38 (m, 2H), 7.30 (m, 1H), 3.92-3.88 (dt, J = 12.0 Hz, 3.8 Hz, 2H),
3.61-3.50 (m, 4H), 2.55 -2.48 (ddd, J = 9.2 Hz, 5.6 Hz, 4.0 Hz, 1H), 2.35 (d, J = 13.8 Hz,
2H), 2.31-2.27 (ddd, J = 8.7 Hz, 5.7 Hz, 4.1 Hz, 1H), 2.02-1.94 (m, 2H), 1.51-1.47 (m, 1H),

10  1.39-1.34 (m ,1H). MS (ESI) m/z: Calculated for CxH»F3N4OsS: 478.13; found: 479.2
(M+H)".

EXAMPLE 38
2-Chloro-N-{2-chloroethyl)-N-methylethanamine hydrochloride

15
|

H HCHO, HCOOH
CI/\/N\/\CI HCI

CI/\/N\/\CI Hcl

100 °C, 4h then 120 °C 0.5h

1,5-Dichloroazapentane hydrochloride (1.0 g, 5.6 mmol) was taken in formic acid

20 (0.43 mL, 11.2 mmol). A formaldehyde solution (1.2 mL, 37% in water) was added and the

reaction mixture was heated to 100 °C for 4 h and then to 120 °C for 0.5 h. The reaction

mixture was cooled to room temperature and the solvent was removed under reduced

pressure. The crude mixture was washed with hexane to afford 2-chloro-N-(2-chloroethyl)-

N-methylethanamine hydrochloride (1.0 g, yield 92%) as a white solid. 'H NMR (300MHz,

25 DMSO-d6)d 11.21 (br s, 1H), 4.04 — 4.00 (t, J = 6.8 Hz, 4H), 3.54 — 3.48 (m, 4H), 2.82 (s,
3H).
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1-Methyl-4-(2-phenylthiazol-4-yl)piperidine-4-carbonitrile

|
CI/\/N\/\CI HCl

5 NH4OH
0°C

|
>N

CN
N
/{ NC. s B
s NaNH,

10 50 °C 0.5h then, 110 °C 5h T

This compound was synthesized from (2-phenyl-thiazol-4-yl)-acetonitrile and 2-
chloro-N-(2-chloroethyl)-N-methylethanamine hydrochloride as described in example 16
step 1b (135 mg, yield 25%). 'H NMR (300MHz, CDCI3) 5 7.97 — 7.94 (m, 2H), 7.45 —

15  7.43 (m, 3H), 7.30 (s, 1H), 3.00 - 2.96 (m, 2H), 2.53 — 2.40 (m, 7H), 2.25 — 2.20 (m, 2H).
MS (ESI) m/z: Calculated for CigHq7N3S: 283.11; found: 284.2 (M+H)".

{1-Methyl-4-(2-phenylthiazol-4-yl)piperidin-4-yl)methanamine

g S LiAIH, g S
NCo > ————— KN =
THF, 0 °C-rt, 14h
N N
| |
20 This compound was synthesized from 1-methyl-4-(2-phenylthiazol-4-yl)piperidine-

4-carbonitrile as described in example 1 step 3 (110 mg) and it was carried through
without further purification. MS (ESI) m/z: Calculated for CigH21N3S: 287.15; found: 288.2
(M+H)".

25

102



WO 2011/088181 PCT/US2011/021089

N-({(1-Methyl-4-{2-phenylthiazol-4-yl)piperidin-4-yl)methyl)-5-(5-(trifluoromethyl)-

1,2,4-oxadiazol-3-yl)nicotinamide

O~
F30’<\ N i N/<<, HATU, NMM O-N o N;<<
(o g F30/<\N L y 5
> 2 DMF, 0 °Cart, 12h | H
N W

N N
\ I

This compound was synthesized from (1-methyl-4-(2-phenylthiazol-4-yl)piperidin-

5  4-yl)methanamine and 5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinic acid as
described in example 8 step 6 (15 mg, yield 8%). 'H NMR (400MHz, CDCl;) 8 9.43 (d, J
=1.5Hz, 1H), 9.22 (d, J = 1.8 Hz, 1H), 8.76 (m, 1H), 7.92 — 7.90 (m, 3H), 7.42 - 7.41 (m,
3H), 7.19 (s, 1H), 3.92 — 3.87 (m, 2H), 3.00 (m, 2H), 2.84 (m, 2H), 2.57 (m, 5H), 2.25 (m,
2H). MS (ESI) m/z: Calculated for CosHa3F3NeO,S: 528.55; found: 529.2 (M+H)".

10
EXAMPLE 39
4-(Chloromethyl)-2-{(4-chlorophenyl)thiazole
Cl
S
EtOH THF 3:1 viv
/©)L + \)J\/
reflux 10h N=Ng

Cl =

A mixture of 4-chlorothiobenzamide (0.5 g, 2.9 mmol) and 1,3-dichloroacetone (0.4
15 ¢, 3.18 mmol) in EtOH-THF (20 mL-10 mL) was heated to 85 °C for 10 h. The reaction
mixture was cooled to room temperature and quenched with 10% NaHCO; solution. The
organic product was extracted with EtOAc and the organic layer was washed with H,O
and brine, and dried over anhydrous sodium sulfate. The solvent was removed under
reduced pressure and the crude product was purified by column chromatography (silica
20 gel 60-120 mesh, eluent 3-5% EtOAc in petroleum ether) to afford 4-(chloromethyl)-2-(4-
chlorophenylithiazole (0.55 g, yield 77%) as a white solid. 'H NMR (400MHz, CDCl,) 3
7.91 — 7.88 (m, 2H), 7.44 — 7.41 (m, 2H), 7.33 (s, 1H), 475 (s, 2H). MS (ESI) m/z:

Calculated for C,oH;CLLNS: 242.97; found: 244.0 (M+H)".

25
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2-(2-(4-Chlorophenyl)thiazol-4-yl)acetonitrile
Cl Cl

KCN

-
N= -C- N=
C|J§/S Me?Nc,:rif(lziT.zoh Nc\)%/S
A catalytic amount of 18-crown-6-ether (20 mg) was added to a solution of 4-
(chloromethyl)-2-(4-chlorophenyljthiazole (0.55 g, 2.25 mmol) in acetonitrile (20 mL),
5 followed by potassium cyanide (0.22 g, 3.37 mmol) and the reaction mixture was refluxed
for 10 h. The reaction mixture was then quenched with water and the organic product
extracted with EtOAc. The combined extracts were washed with H,O and brine, dried
over anhydrous sodium sulfate and concentrated under reduced pressure. The crude
product was purified by column chromatography (silica gel 60-120 mesh, eluent 15%
10  EtOAc in petroleum ether) to afford 2-(2-(4-chlorophenyl)thiazol-4-yl)acetonitrile (0.43 g,
yield 82%) as an off-white solid. 'H NMR (300MHz, CDCl;) 5 7.89 — 7.86 (d, J = 8.6 Hz,
2H), 7.45-7.42 (d, J = 8.6 Hz, 2H), 7.32 (m, 1H), 3.96 (s, 2H). MS (ESI) m/z: Calculated
for C44H;CIN,S: 234.00; found: 235.0 (M+H)".

15  2-(2-(4-Chlorophenyl)thiazol-4-yl)-2-methylpropanenitrile
Cl cl

Mel
—_ =

N= =
NCJQ/S N%Tct-)rhtfl 25 NC><L/S
This compound was synthesized from 2-(2-(4-chlorophenyl)thiazol-4-yl)acetonitrile
using iodomethane as described in example 1 step 2 (0.15 g, yield 70%) as a pale yellow
solid. "H NMR (300 MHz, CDCl,)57.92 —7.88 (d, J=8.6 Hz, 2H), 7.44 - 7.41 (d, J= 8.6
20 Hz, 2H), 7.29 (s, 1H), 1.82 (s, 6H). MS (ESI) m/z: Calculated for Cy3H;,CIN,S: 262.03;
found: 263.0 (M+H)".
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2-(2-(4-Chlorophenyl)thiazol-4-yl)-2-methylpropan-1-amine

Cl cl

LiAIH,
B ———_

N=\ THF, 0°Ct 1h N=
N ~
HoN

This compound was synthesized from 2-(2-(4-Chlorophenyl)thiazol-4-yl)-2-

methylpropanenitrile as described in example 1 step 3, (60 mg, yield 40%). "H NMR (400

5 MHz, CDCl5) 5 7.90 — 7.88 (d, J = 8.6 Hz, 2H), 7.42 — 7.40 (d, J = 8.6 Hz, 2H), 6.99 (s,

1H), 2.98 (s, 2H), 1.39 (s, 6H). MS (ESI) m/z: Calculated for C13H15CIN,S: 266.08; found:
267.0 (M+H)".

N-(2-(2-(4-chlorophenyl)thiazol-4-yl)-2-methylpropyl)-5-(5-(trifluoromethyl)-1,2,4-
10 oxadiazol-3-yl)nicotinamide

cl Cl

)
F.o—
3 N)\mCOZH
7 O‘N
S N X <5
H N/><§/ N NN
2 HATU, NMM | | H

DMF, 0 °C-tt, 4h N

This compound was synthesized from 2-(2-(4-chlorophenyljthiazol-4-yl)-2-
methylpropan-1-amine and 5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinic acid as
described in example 8 step 6 (50 mg, yield 51%). 'H NMR (400MHz, CDCl;) & 9.46 (d, J

15 =1.5Hz 1H), 9.24 (d, J = 1.8 Hz, 1H), 8.79 (m, 1H), 8.22 (t, J = 4.5 Hz, 1H), 7.85 - 7.83
(d, J=8.5Hz, 2H), 7.38 — 7.36 (d, J = 8.5 Hz, 2H), 7.09 (s, 1H), 3.72 (d, J = 5.5 Hz, 2H),
1.50 (s, 6H). MS (ESI) m/z: Calculated for C;H:;CIFsN5s0,S: 507.07; found: 508.0
(M+H)".
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EXAMPLE 40
4-(2-(4-Chlorophenyl)thiazol-4-yl)-1-methylpiperidine-4-carbonitrile
cl Cl
d
S NC x>

chw NaNH;

50 °C 0.5h then 110 °C 24h N

|
This compound was synthesized from 2-(2-(4-chlorophenyl)thiazol-4-yl)acetonitrile
and 2-chloro-N-(2-chloroethyl)-N-methylethanamine hydrochloride as described in
example 16 step 1b (350 mg, yield 32%). "H NMR (300MHz, CDCl3) 5 7.91 - 7.88 (d, J =
8.6 Hz, 2H), 7.43 — 7.40 (d, J = 8.6 Hz, 2H), 7.32 (s, 1H), 3.03 - 2.98 (m, 2H), 2.57 — 2.38
(m, 7H), 2.26 — 2.21 (m, 2H). MS (ESI) m/z: Calculated for C4sHsCIN;S: 317.08; found:
318.2 (M+H)".

{4-(2-(4-Chlorophenyl)thiazol-4-yl)-1-methylpiperidin-4-yl)methanamine
Cl Cl

LiAIH, S

———— HN
THF, 0°C-rt, 14h

N N
| |

This compound was synthesized from 4-(2-(4-chlorophenyljthiazol-4-yl)-1-
methylpiperidine-4-carbonitrile as described in example 1 step 3 (130 mg, crude) and it
was carried through without further purification. MS (ESI) m/z: Calculated for
C16H20CIN,S: 321.11; found: 322.2 (M+H)".
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N-({(4-(2-(4-Chlorophenyl)thiazol-4-yl)-1-methylpiperidin-4-yl)methyl)-5-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinamide

Cl cl
O-N o)
Fac—4 |

N | X OH

N= & O-
N N o} N=
~° X S
HaN HATU, NMM N | A H
DMF, 0 °C-rt, 10h NG
N N

| |

This compound was synthesized from (4-(2-(4-chlorophenyljthiazol-4-yl)-1-
methylpiperidin-4-yl)methanamine and 5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinic
acid as described in example 8 step 6 (17 mg, vield 11%). 'H NMR (400MHz, MeOD) &
9.36 (d, J=2.0 Hz, 1H), 9.09 (d, J =2.0 Hz, 1H), 8.72 (t, J=2.0 Hz, 1H), 7.95-7.93 (d, J
= 8.5 Hz, 2H), 7.59 (br s, 1H), 7.44 — 7.42 (d, J = 8.6 Hz, 2H), 3.73 (m, 2H), 3.50 — 3.49
(m, 2H), 2.87 - 2.83 (m, 7H), 2.21 — 2.16 (m, 2H). MS (ESI) m/z: Calculated for
Co5H2CIF3NsO,S: 562.12; found: 563.2 (M+H)".

EXAMPLE 41

N-(2-(2-(4-chlorophenyl)thiazol-4-yl)-2-methylpropyl)-3-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)benzamide

cl O-N
\
FaC’<\N )\©/COZH
O-N o) N==
N= S F3C/<\N ! /><\/S

N

HZN% HATU, NMM N

DMF, 0 °C-t, 4h

This compound was synthesized from 2-(2-(4-chlorophenyljthiazol-4-yl)-2-

Cl

methylpropan-1-amine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as
described in example 8 step 6 (75 mg, yield 25%). '"H NMR (400MHz, CDCl;) 5 8.53 (m,
1H), 8.27 - 8.25 (m, 1H), 8.10 — 8.05 (m, 2H), 7.86 — 7.84 (d, J = 8.5 Hz, 2H), 7.62 - 7.59
(t, J=7.8 Hz, 1H), 7.33 - 7.31 (d, J = 8.5 Hz, 2H), 7.08 (s, 1H), 3.71 - 3.69 (d, J = 5.3 Hz,
2H), 1.49 (s, 6H). MS (ESI) m/z: Calculated for Cy3H4sCIF3N4O,S: 506.08; found: 507.0
(M+H)".
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EXAMPLE 42
2-(2-(4-Chlorophenyl)thiazol-4-yl)ethanamine
Cl Cl

BH,.Me,S
R . S

N= THF, reflux, 0.5h N=
NCﬁS HaN AP
Borane dimethyl sulfide complex (0.24 mL, 2.5 mmol) was added to a solution of
5  2-(2-(4-chlorophenyljthiazol-4-yl)acetonitrile (150 mg, 0.63 mmol) in dry THF (15 mL) at
room temperature. The reaction mixture was refluxed for 0.5 h and then quenched
carefully with methanol. The reaction mixture was concentrated under reduced pressure
and diluted with EtOAc. The organic layer was washed with brine, dried over anhydrous
sodium sulfate and concentrated under reduced pressure to afford 2-(2-(4-
10  chlorophenyljthiazol-4-yl)ethanamine (150 mg, crude) which was used as such for the

next step.

N-(2-(2-(4-Chlorophenyl)thiazol-4-yl)ethyl)-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)nicotinamide

Cl

Cl ~N
\

o)
F30’<\N N ACOH
L.

N O-N o) N=
N= F3C’<\N !

S
N N/\A/
| H
HaN DMF, 0 °C-rt, 3h =

/\NS HATU, NMM
N

This compound was synthesized from 2-(2-(4-chlorophenyl)thiazol-4-

15

yl)ethanamine and 5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinic acid as described in
example 8 step 6 (13 mg, yield 23%). 'H NMR (400MHz, CDCl;) & 9.46 (m, 1H), 9.25 (m,
1H), 8.81 - 8.80 (t, J = 2 Hz, 1H), 7.87 — 7.84 (m, 2H), 7.40 — 7.37 (m, 2H), 7.08 (s, 1H),

20 3.93-3.89 (m, 2H), 3.16 — 3.13 (m, 2H). MS (ESI) m/z: Calculated for CxH13CIF3Ns0,S:
479.04; found: 480.0 (M+H)".
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EXAMPLE 43
Methyl 2-cyanoisonicotinate

Me,SiCN

N\

N
—0 = / NC._ -~ -CO:Me
o) \_/ CH,Cl, 1, 12h N~

Trimethylsilyl cyanide (3.8 g, 0.0386 mol) and dimethylcarbamyl chloride (5.0 g,
5 0.0483 mol) were added to a solution of methylisonicotinate N-oxide (5.0 g, 0.0322 mol) in
dry CH,Cl, (50 mL) at room temperature. The reaction mixture was stirred at room
temperature for 12 h and then quenched with 10% K,CO; solution. The organic product
was extracted with CH,Cl, and the organic layer was washed with H,O and brine, dried
over anhydrous Na,SO, and concentrated under reduced pressure. The crude product
10  was purified by flash column chromatography (silica 230-400 mesh, eluent 1-2% MeOH in
CH.Cl,) to afford methyl 2-cyanoisonicotinate (1.75 g, yield 33%) as an off-white solid. 'H
NMR (400 MHz, DMSO-dg) & 8.97 — 8.95 (d, J = 5.0 Hz, 1H), 8.41 (m, 1H), 8.15 - 8.13

(dd, J = 4.8 Hz, 1.6 Hz, 1H), 3.92 (s, 3H).

15  2-Cyanoisonicotinic acid

Nc©002Me LiOH NcﬁcozH
N~ THF-H,0 7:3 viv N .~

0°C-rt, 1h

Lithium hydroxide (96 mg, 4.0 mmol) was added to a solution of methyl 2-
cyanoisonicotinate (0.6 g, 3.7 mmol) in THF-H,O (20 mL, 7:3 v/v) at 0 °C. The reaction
mixture was allowed to warm up to room temperature and further stirred for 1 h. The

20 reaction mixture was concentrated under reduced pressure and then diluted with water.
The aqueous layer was washed with EtOAc. The pH of the aqueous layer was adjusted to

~3 using 1.5N HCI and the organic product was extracted with EtOAc. The organic layer

was dried over anhydrous Na,SO, and concentrated under reduced pressure to afford 2-
cyanoisonicotinic acid (490 mg, yield 89%) as a white solid. 'H NMR (300 MHz, DMSO-

25 de) d 14.11 (br s, 1H), 8.93 — 8.91 (dd, J = 4.9 Hz, 0.8 Hz, 1H), 8.34 (d, J = 0.9 Hz, 1H),
8.11 -8.10 (m, 1H). MS (ESI) m/z: Calculated for C;HsN,O,: 148.03; found: 147.2 (M-HY..
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2-(N’-Hydroxycarbamimidoyl)isonicotinic acid
HO.

NC COH  NH,OH.HCI, Na,COsy N
o ! COH
N - HoN X
P> 8-hydroxyquinoline (cat.) I\I P

EtOH, reflux, 3h

This compound was synthesized from 2-cyanoisonicotinic acid as described in

example 1 step 4 (500 mg, crude), which was carried through without further purification.

5 'HNMR (400 MHz, DMSO-ds) & 10.86 (br s, 1H), 10.36 (br s, 2H), 10.13 (br s, 1H), 8.87 —

8.86 (d, J = 4.9 Hz, 1H), 8.44 (s, 1H), 7.99 - 7.98 (d, J = 4.9 Hz, 1H). MS (ESI) m/z:
Calculated for C;H;N305: 181.05; found: 182.2 (M+H)".

2-(5-(Trifluoromethyl)-1,2,4-oxadiazol-3-yl)isonicotinic acid
HO.

O-N
N (CF3C0),0 FoC—4 | COH
HAN o COH — N
| ridine, reflux, 3h
N~ P N~

This compound was synthesized from 2-(N-hydroxycarbamimidoyl)isonicotinic
acid as described in example 1 step 5 (200 mg, yield 23%) as a white solid. 'H NMR (400
MHz, DMSO-dg) & 14.11 (br s, 1H), 9.02 — 9.00 (dd, J = 4.8 Hz, 0.7 Hz, 1H), 8.45 (m, 1H),
8.09 — 8.07 (dd, J = 5.0 Hz, 1.5 Hz, 1H). MS (ESI) m/z: Calculated for CgHFaN;Os:
15 259.02; found: 260.0 (M+H)".

10

N-(2-(4-(4-Chlorophenyl)thiazol-2-yl)-2-methylpropyl)-2-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)isonicotinamide

Cl
Cl

O-N
Fac’<\N‘ N COH HATU, i ’<°*{\l o) N
P N DMF, 0%t ah TN Ay N/><KS
H2N/><ks N H

This compound was synthesized from 2-(4-(4-chlorophenyljthiazol-2-yl)-2-

20

methylpropan-1-amine and 2-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)isonicotinic acid as
described in example 8 step 6 (65 mg, yield 33%). 'H NMR (400MHz, CDCl;) 5 8.94 —
8.92 (dd, J = 5.0 Hz, 0.8 Hz, 1H), 8.50 (m, 1H), 8.39 — 8.36 (t, J = 5.6 Hz, 1H), 7. 88 —

25 7.86(dd,J=5.0Hz 1.5Hz, 1H),7.79-7.77 (d, J =8.5 Hz, 2H), 7.44 (s, 1H), 7.35-7.33
(d, J = 8.5 Hz, 2H), 3.83 - 3.82 (d, J = 5.8 Hz, 2H), 1.57 (s, 6H). MS (ESI) m/z:
Calculated for CooH17CIF3N50,S: 507.07; found: 508.0 (M+H)".
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EXAMPLE 44
4-(Chloromethyl)-2-{4-fluorophenyl)thiazole
F
S
EtOH THF 3:1 viv
/©)‘\ + \)J\/
reflux 10h N=Ng

Cl =
This compound was synthesized from 4-fluorothiobenzamide and 1,3-
5 dichloroacetone as described in example 39 step 1 (0.65 g, yield 89%) as a white solid.
"H NMR (400MHz, CDCl;) 8 7.96 — 7.93 (m, 2H), 7.30 (s, 1H), 7.16 — 7.12 (t, J= 8.7 Hz,
2H), 4.75 (s, 2H). MS (ESI) m/z: Calculated for CH,CIFNS: 227.00; found: 228.0
(M+H)".

10  2-(2-(4-Fluorophenyl)thiazol-4-yl)acetonitrile
F F

KCN

B ——_

N=
C|\)§/S Me?NC;gflﬁit 10h NC\)\/

This compound was synthesized from 4-(chloromethyl)-2-(4-fluorophenyl)thiazole
as described in example 39 step 2 (0.27 g, yield 80%) as an off-white solid. 'H NMR
(400MHz, CDCl3) 6 7.95 - 7.91 (m, 2H), 7.30 (s, 1H), 7.17 = 7.13 (t, J= 8.7 Hz, 2H), 3.95

15 (s, 2H). MS (ESI) m/z: Calculated for C;,H;FN,S: 218.03; found: 219.0 (M+H)".

2-(2-(4-Fluorophenyl)thiazol-4-yl)-2-methylpropanenitrile
F F

Mel

—_—

NZ NaH, DMSO N=
S 0 °C-rt, 2h S
NC \)%/ NC)&

This compound was synthesized from 2-(2-(4-fluorophenyl)thiazol-4-yl)acetonitrile
20 and methyl iodide as described in example 1 step 2 (250 mg, yield 75%). 'H NMR (400
MHz, CDCl;) 5 7.98 — 7.94 (m, 2H), 7.41 (s, 1H), 7.17 = 7.12 (t, J = 8.7 Hz, 2H), 1.82 (s,

6H). MS (ESI) m/z: Calculated for C13H11FN,S: 246.06; found: 247.2 (M+H)".
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2-(2-(4-Fluorophenyl)thiazol-4-yl)-2-methylpropan-1-amine
F F

LiAIH,

B ——

N= N=
THF, 0 °C-tt. 1h
S ’ S
NC SN H2N/></§/

This compound was synthesized from 2-(2-(4-fluorophenyl)thiazol-4-yl)-2-
methylpropanenitrile as described in example 1 step 3 (200 mg, crude) and it was carried
through without further purification. MS (ESI) m/z: Calculated for Ci3H4sFN,S: 250.09;
found: 251.2 (M+H)".

N-(2-(2-(4-Fluorophenyl)thiazol-4-yl)-2-methylpropyl)-3-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)benzamide

O~N F

F30/<\N ﬂ\©/cozH
N= O-N o]
S Fe—4 | S
HzNﬁg\/ HATU, NMM N N ~

DMF, 0 °C-rt, 4h

This compound was synthesized from 2-(2-(4-fluorophenyl)thiazol-4-yl)-2-
methylpropan-1-amine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as
described in example 8 step 6 (55 mg, yield 30%). 'H NMR (400MHz, CDCl5) 5 8.53 (m,
1H), 8.26 — 8.24 (d, J = 7.8 Hz, 1H), 8.13 - 8.11 (m, 1H), 8.07 — 8.05 (d, J = 7.5 Hz, 1H),
7.92 -7.89 (m, 2H), 7.62 - 7.58 (t, J= 7.8 Hz, 1H), 7.06 — 7.02 (m, 3H), 3.71 - 3.69 (d, J
= 5.3 Hz, 2H), 1.49 (s, 6H). MS (ESI) m/z: Calculated for C,3H1sFsN4O,S: 490.11; found:
491.0 (M+H)".
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EXAMPLE 45
N-(2-(2-(4-Fluorophenyl)thiazol-4-yl)-2-methylpropyl)-5-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)nicotinamide

F F

O-N
FBC’QNﬂ\@/C%H
N= & O-N o] N=
S N FSC’<\ ! S
HzN HATU, NMM N | = N
P

DMF, 0 °C-tt, 4h N

This compound was synthesized from 2-(2-(4-fluorophenyl)thiazol-4-yl)-2-
methylpropan-1-amine and 5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinic acid as
described in example 8 step 6 (50 mg, yield 26%). 'H NMR (400MHz, MeOD) 8 9.36 (d, J
= 2.0 Hz, 1H), 9.11 (d, J = 2.3 Hz, 1H), 8.77 — 8.76 (t, J = 2.1 Hz, 1H), 8.00 — 7.96 (m,
2H), 7.30 (s, 1H), 7.18-7.14 (t, J = 8.8 Hz, 2H), 3.75 (s, 2H), 1.50 (s, 6H). MS (ESI) m/z:
Calculated for CooH17F4N50,S: 491.10; found: 492.0 (M+H)".

EXAMPLE 46

6-{(Benzyloxy)carbonyl)picolinic acid
(o]

HO,C._N_CO-H PhCH,OH HO,C N o ph
—_— - S
U conc HySOy4, H>0 l =

reflux, 10h, rt, 24h

A mixture of 2,6-pyridinedicarboxylic acid (10 g, 0.06 mol) and benzyl alcohol (68
mL, 0.66 mol) were taken in water (25 mL), and concentrated H,SO, (3.5 mL) was added.
The reaction mixture was refluxed for 10 h and further allowed to stir at room temperature
for 24 h. The reaction mixture was concentrated under reduced pressure and the organic
product was extracted with CHCIs. The solvent was removed under reduced pressure and
the crude product was purified by column chromatography (silica gel 60-120 mesh, eluent
5% MeOH in CH,CI,) to afford 6-((benzyloxy)carbonyl)picolinic acid (4.6 g, yield 30%) as
a white solid. "H NMR (400 MHz, DMSO-dg) 8 13.54 (br s, 1H), 8.29 — 8.24 (m, 2H), 8.20
— 8.16 (m, 1H), 7.52 — 7.50 (m, 2H), 7.44 — 7.36 (m, 3H), 5.43 (s, 2H). MS (ESI) m/z:
Calculated for C,H{NO,: 257.07; found: 258.2 (M+H)".
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6-Carbamoylpicolinic acid
O o}
saturated NH,OH
HO,C | Ny o Ph HO,C | Ny NH,
P sealed tube, 90 °C, 6h P
A solution of 6-((benzyloxy)carbonyl)picolinic acid (3.0 g, 11.7 mmol) in saturated

NH4OH (100 mL) was heated in a sealed tube at 90 °C for 6 h and monitored by TLC
5 (CHCI3/MeOH 8:2 vi/v). The reaction mixture was evaporated to dryness to get the 6-

carbamoylpicolinic acid (1.8 g, yield 94%) as a white solid, which was carried through
without further purification. MS (ESI) m/z: Calculated for C;HgN,Os: 166.04; found: 167.0
(M+H)".

10  6-Cyanopicolinic acid

(o}
HO,C. N NH POCl HOC. N _CN
| ? reflux, 4h U
> =

6-Carbamoylpicolinic acid (1.0 g, 6.0 mmol) was taken in phosphorus oxychloride

(20 mL) and heated to reflux for 4 h. Excess POCI; was removed under reduced pressure

and the residue was quenched with ice water. The organic product was extracted with

15 EtOAc and the solvent was removed under reduced pressure to afford 6-cyanopicolinic

acid (500 mg, yield 56%), which was carried through without further purification. '"H NMR

(300 MHz, DMSO-dg) 5 8.31 — 8.28 (m, 2H), 8.26 — 8.21 (m, 1H). MS (ESI) m/z.
Calculated for C;H4N,O,: 148.03; found: 147.2 (M-H)".

20 6-(N’-Hydroxycarbamimidoyl)picolinic acid
oy NHOHHCL NaoCOs HO.

N
[ I _N__COH
- 8-hydroxyquinoline (cat) ~ HzN | =
=

EtOH, reflux, 4h

HO,C

This compound was synthesized from 6-cyanopicolinic acid as described in
example 1 step 4 (500 mg, crude), which was carried through without further purification.
"H NMR (400 MHz, D,0) 5 8.31 — 8.29 (m, 1H), 8.18 — 8.14 (t, J = 7.8 Hz, 1H), 8.07 —
25  8.05(m, 1H).
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6-(5-(Trifluoromethyl)-1,2,4-oxadiazol-3-yl)picolinic acid

HO.
(CF4COY%0

N O-N
L N__coH ———= FC N N__com
H:N | = pyridine N | =
> reflux, 3h P>

This compound was synthesized from 6-(N’-hydroxycarbamimidoyl)picolinic acid

as described in example 1 step 5 (110 mg, yield 20%) as an off-white solid. 'H NMR (400

5 MHz, DMSO-d¢) & 13.64 (br s, 1H), 8.36 — 8.34 (m, 1H), 8.27 — 8.25 (m, 2H). MS (ESI)
m/z: Calculated for CgH4FsN3Os: 259.02; found: 260.0 (M+H)".

N-(2-(4-(4-Chlorophenyl)thiazol-2-yl)-2-methylpropyl)-6-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)picolinamide
Cl

Cl

N
H2N><ks O-N o) N
F3C’<\N YN >

O-N
F3C’<\ \ N._COH |
Z HATU, NMM =

10 DMF, 0 °C-rt, 4h

This compound was synthesized from 6-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)picolinic acid and 2-(4-(4-chlorophenyl)thiazol-2-yl)-2-methylpropan-1-amine as
described in example 8 step 6 (55 mg, yield 56%). 'H NMR (400MHz, CDCl;) 5 8.87 —
8.85 (m, 1H), 8.43- 8.41 (dd, J = 7.8 Hz, 1 Hz, 1H), 8.27 - 8.24 (dd, J = 7.8 Hz, 1.3 Hz,

15  1H), 8.10-8.06 (m, 1H), 7.89 - 7.87 (d, /= 8.5 Hz, 2H), 7.41 (s, 1H), 7.32-7.29(d, J =
8.8 Hz, 2H), 3.91 — 3.89 (d, J = 6.5 Hz, 2H), 1.56 (s, 6H). MS (ESI) m/z: Calculated for
C,,H47CIF3N50,S: 507.07; found: 508.0 (M+H)".

EXAMPLE 47
20 (4-Phenylthiazol-2-yl)methanol
Ph
S o S oOH
| N/>\/ \<o KOH I N/>~/

EtOH, 0 °C-rt, 1h

Potassium hydroxide (1.06 g, 18.84 mmol) was added to an ice cooled solution of

benzoic acid (4-phenylthiazol-2-yl)methyl benzoate (3.71 g, 12.56 mmol) in EtOH (40 mL).

The reaction mixture was slowly warmed to room temperature and allowed to stir for 1 h.

25 The reaction mixture was concentrated under reduced pressure and then diluted with
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water. The organic product was extracted with EtOAc, washed with brine, dried over
anhydrous sodium sulfate, and concentrated under reduced pressure. The crude product
was purified by column chromatography (silica 60-120 mesh, eluant 10% EtOAc in
petroleum ether) to get the pure (4-phenylthiazol-2-yl)methanol (2.1 g, yield 87%). 'H

5 NMR (400 MHz, CDCl;) & 7.89 — 7.87 (m, 2H), 7.46 — 7.41 (m, 3H), 7.37 — 7.33 (m, 1H),
5.01 (s, 2H). MS (ESI) m/z: Calculated for C1oHgNOS: 191.04; found: 192.2 (M+H)".

4-Phenylthiazole-2-carbaldehyde

| NS/>_\/O Dess-Martin H

CH,Cly, 0 °C-1t, 3h
10 A solution of (4-phenylthiazol-2-yl)methanol (2.1 g, 10.98 mmol) in dry CH,Cl, (50
mL) was purged with argon for 10 min and Dess-Martin periodinane (7.0 g, 16.5 mmol)
was added to the solution at 0 °C. The reaction mixture was allowed to warm up to room
temperature and further stirred for 3 h (monitored by TLC, petroleum ether/EtOAc 8:2 v/v).
The reaction mixture was then quenched with saturated sodium thiosulfate solution. The
15  organic product was extracted with CH,Cl,, and the organic layer was washed with brine,
dried over anhydrous sodium sulfate, and concentrated under reduced pressure to yield
aldehyde 4-phenylthiazole-2-carbaldehyde (1.95 g, yield 94%), which was carried through
without further purification. 'H NMR (300 MHz, CDCl5) 3 10.08 (m, 1H), 7.98 — 7.95 (m,
2H), 7.90 (m, 1H), 7.52 — 7.39 (m, 3H). MS (ESI) m/z: Calculated for C4,H;NOS: 189.02;
20 found: 190.0 (M+H)".

2-(Dimethylamino)-2-{(4-phenylthiazol-2-yl)acetonitrile

S 0
| N/>\(H Me,NH.HCI, NaCN N
[ j MeOH-H,0 1:2 viv Nc%s
rt, 4h N

Sodium cyanide (124 mg, 2.53 mmol) was added to a solution of dimethylamine
25 hydrochloride (280 mg, 3.43 mmol) in water (10 mL), followed by the addition of a solution
of 4-phenylthiazole-2-carbaldehyde (400 mg, 2.11 mmol) in methanol (20 mL) while
maintaining the temperature at ~25 °C. The reaction mixture was further stirred for 4 h at
same temperature, then it was diluted with water and the organic product was extracted

with EtOAc. The organic layer was washed with brine, dried over anhydrous sodium

30 sulfate, and concentrated under reduced pressure to get the crude product, which was
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purified by column chromatography (silica 60-120 mesh, eluant 15% EtOAc in petroleum

ether), to yield 2-(dimethylamino)-2-(4-phenylthiazol-2-yl)acetonitrile (160 mg, yield 31%).

"H NMR (400 MHz, CDCl5) 8 7.97 — 7.94 (m, 2H), 7.57 (s, 1H), 7.46 — 7.42 (m, 2H), 7.38

— 7.33 (m, 1H), 5.12 (s, 1H), 2.50 (s, 6H). MS (ESI) m/z: Calculated for Cq3H3N3S:
5  243.08; found: 244.2 (M+H)".

N,N-Dimethyl-1-(4-phenylthiazol-2-yl)ethane-1,2-diamine

LW, N
NC THF, 09C-rt, 2h  HeN S

N
N N

This compound was synthesized from 2-(dimethylamino)-2-(4-phenylthiazol-2-

10  ylacetonitrile as described in example 1 step 3 (130 mg, crude) and it was carried

through without further purification. MS (ESI) m/z: Calculated for Ci3H7N3S: 247.11;
found: 248.2 (M+H)".

N-(2-(Dimethylamino)-2-{4-phenylthiazol-2-yl)ethyl)-3-(5-(trifluoromethyl)-1,2,4-

15 oxadiazol-3-yl)benzamide 5

O-N
|
FAC’<\N)\ : CO,H
N 0~N o} N
H,N S N S
HATU, NMM H

N N
DMF, 0 °C-rt, 4h

PN SN

This compound was synthesized from N,N-dimethyl-1-(4-phenylthiazol-2-
yl)ethane-1,2-diamine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as
described in example 8 step 6 (16 mg, yield 17%). 'H NMR (400MHz, CDCl;) 5 8.57 —

20 856 (t J=1.5Hz 1H), 8.26 — 8.23 (dt, /= 7.8 Hz, 1.4 Hz, 1H), 8.07 - 8.05 (dt, J=7.8
Hz, 1.4 Hz, 1H), 7.91 - 7.87 (m, 3H), 7.63 - 7.59 (t, J = 7.8 Hz, 1H), 7.51 (s, 1H), 7.42 -
7.38 (m, 2H), 7.36 — 7.31 (m, 1H), 4.35 — 4.29 (ddd, J = 13.2 Hz, 6.6 Hz, 5.5 Hz, 1H), 4.15
—4.12 (m, 1H), 3.85 - 3.78 (ddd, J = 13.0 Hz, 8.3 Hz, 4.6 Hz, 1H), 2.51 (s, 6H). MS (ESI)
m/z: Calculated for Ca3Hx0F3Ns0,S: 487.13; found: 488.2 (M+H)".

25
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EXAMPLE 48
2-(3-Phenyl-1H-1,2,4-triazol-5-yl)ethanamine

NC\/I\;LN\fN BH3.Me,S HzN/\/IlN’N

H THF, reflux, 1h

Borane dimethyl sulfide complex (0.2 mL, 2.16 mmol) was added to a solution of

5 compound 2-(3-phenyl-1H-1,2 4-triazol-5-yl)acetonitrile (100 mg, 0.54 mmol) in dry THF

(5 mL) at room temperature. The reaction mixture was refluxed for 1 h, then quenched

carefully with methanol and again heated to reflux for 0.5 h. The reaction mixture was

concentrated under reduced pressure and then diluted with EtOAc. The organic layer

was washed with brine, dried over anhydrous sodium sulfate and concentrated under

10  reduced pressure to afford 2-(3-phenyl-1H-1,2,4-triazol-5-yl)ethanamine (130 mg, crude),

which was carried through without further purification. MS (ESI) m/z: Calculated for
CioH12Ny: 188.11; found: 189.2 (M+H)".

N-(2-(3-Phenyl-1H-1,2,4-triazol-5-yl)ethyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
15  yl)benzamide
O-N o]

F30’<\ \
N OH
N \

3 O~-N o) N
| N
) Fie—4 | | N
HZN/\/LH 3 N N/\/LN
HATU, NMM H H

DMF, 0 °C-rt, 4h

This compound was synthesized from 2-(3-phenyl-1H-1,2 4-triazol-5-
yl)ethanamine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as described in
example 8 step 6 (17 mg, yield 21%). 'H NMR (400MHz, CDCl,) & 8.53 (s, 1H), 8.21 —

20 8.19(d, J=7.8 Hz, 1H), 8.06 — 8.04 (t, J=7.8 Hz, 1H), 8.01 — 7.99 (m, 2H), 7.89 (m, 1H),
7.58 -7.54 (d, J =7.8 Hz, 1H), 7.40 — 7.39 (m, 3H), 4.00 - 3.95 (q, J = 5.9 Hz, 2H), 3.24
- 3.21 (d, J = 6.1 Hz, 2H). MS (ESI) nmv/z: Calculated for CyoH1sF3NsO2: 428.12; found:
429.2 (M+HY".

25
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EXAMPLE 49
1-(4-Phenylthiazol-2-yl)cyclopropanecarbonitrile

Br A~-Br
N 50% NaOH I\; i\
e A BnEt;NCI (cat.) NCKLS
CH,Cly, 0 °C-rt, 10h
Benzyltriethyl ammonium chloride (34 mg, 0.15 mmol) and 50% aqueous NaOH
5  solution (0.59 g dissolved in 1 mL of water) were added to a solution of 2-(4-phenylthiazol-
2-ylyacetonitrile (0.3 g, 1.5 mmol) in CH,Cl, (10 mL). The reaction mixture was cooled at
0 °C and 1,2-dibromoethane (0.15 mL, 1.79 mmol) was added dropwise. The reaction
mixture was allowed to warm up to room temperature and stirred for 10 h. The reaction
mixture was diluted with CH,CI, and the organic layer was washed with H,O and brine,
10 dried over anhydrous sodium sulfate and concentrated under reduced pressure. The
residue was purified by column chromatography (silica gel 60-120 mesh, eluent 5%
EtOAc in petroleum ether) to afford 1-(4-phenylthiazol-2-yl)cyclopropanecarbonitrile (0.14
g, yield 41%) as an off-white solid. "H NMR (300 MHz, CDCl;) & 7.86 — 7.83 (m, 2H), 7.45
— 7.34 (m, 4H), 2.02 — 1.95 (m, 2H), 1.93 — 1.86 (m, 2H). MS (ESI) m/z: Calculated for
15 Cq3H4oN,S: 226.06; found: 227.2 (M+H)".

{1-(4-Phenylthiazol-2-yl)cyclopropyl)methanamine

LiAIH
i B
NCK ~s”  THF,0°Cat.1h  H,N S
This compound was synthesized from 1-(4-phenylthiazol-2-

20  yl)cyclopropanecarbonitrile as described in example 1 step 3 (59 mg, yield 42%) as a pale
yellow liquid. "H NMR (400 MHz, CDCl5) & 7.91 — 7.89 (m, 2H), 7.44 — 7.40 (m, 2H), 7.35
—7.33 (m, 1H), 7.30 (s, 1H), 3.11 (s, 2H), 1.26 — 1.24 (m, 2H), 1.11 — 1.09 (m, 2H). MS
(ESI) m/z: Calculated for C13H11N»S: 230.09; found: 231.2 (M+H)".

25
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N-({(1-(4-Phenylthiazol-2-yl)cyclopropyl)methyl)-3-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)benzamide

O-N
j
F30/<\N)\©/002H
N O-N o} N
[ Fe—Q | B
HoN S HATU, NMM N N s
H

DMF, 0 °C-rt, 3h

This compound was synthesized from (1-(4-phenylthiazol-2-
5  ylcyclopropyl)methanamine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid
as described in example 8 step 6 (47 mg, yield 49%). 'H NMR (400 MHz, CDCl;) 5 8.59
(s, 1H), 8.25 — 8.23 (m, 2H), 8.09 — 8.07 (m, 1H), 7.90 — 7.88 (m, 2H), 7.63 -7.59 (t, J =
7.9 Hz, 1H), 7.41 — 7.38 (m, 2H), 7.35 - 7.33 (m, 1H), 7.32 (s, 1H), 3.93 (d, J = 5.5 Hz,
2H), 1.42 - 1.39 (m, 2H), 1.23 - 1.20 (m, 2H). MS (ESI) m/z: Calculated for
10 CyH47FaN4O,S: 470.10; found: 471.0 (M+H)".

EXAMPLE 50
N’-Hydroxy-3-nitrobenzimidamide

HO.
NH,OH.HCI, Na,CO5 N

NC NO, | NO
- H.N 2
8-hydroxyquinoline (cat.)

EtOH, reflux, 4h

15 This compound was synthesized from 3-nitrobenzonitrile as described in example
1 step 4 (5.5 g, crude)and it was carried through without further purification. 'H NMR
(300MHz, DMSO-ds) & 9.96 (s, 1H), 8.50 (d, J = 1.3 Hz, 1H), 8.23 — 8.19 (m, 1H), 8.12 -
8.10 (m, 1H), 7.67 (t, J = 8.0 Hz, 1H), .09 (m, 2H). MS (ESI) m/z: Calculated for
C;H;N3O5: 181.05; found: 182.2 (M+H)".

20
3-(3-Nitrophenyl)-5-(trifluoromethyl)-1,2,4-oxadiazole

HO.

N (CF2C0),0 O-N
HN | NO, TR F30/<\N ! NG,
2 pyridine, 0 °C-rt, 2h

This compound was synthesized from N-hydroxy-3-nitrobenzimidamide as

described in example 1 step 5 (1.6 g, yield 56%) and it was carried through without further

25  purification. "H NMR (300 MHz, DMSO-dg) 8 8.72 (t, J = 1.9 Hz, 1H), 8.53 — 8.48 (m, 2H),
7.93 (t, J = 8.0 Hz, 1H). MS (ESI) m/z: Calculated for CgH4F3N3sO3: 259.02; found: 260.0
(M+H)".
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3-(56-(Trifluoromethyl)-1,2,4-oxadiazol-3-yl)aniline

O‘N N623204 O\N
Fc— NO Fc— NH;
N nBu,NBr (cat.) N
THF-H,0 1:1 viv
, 2h

Sodium dithionite (1.61 g, 9.2 mmol) and a catalytc amount of tetra-n-
5  butylammonium bromide (20 mg) were added to a solution of 3-(3-nitrophenyl)-5-
(trifluoromethyl)-1,2,4-oxadiazole (1.6 g, 6.1 mmol) in THF-H,O (30 mL, 1:1 v/v), and the
reaction mixture was stirred at room temperature for 2 h and monitored by TLC
(petroleum ether/EtOAc 1:1). Solvent was removed under reduced pressure and the
product was extracted with EtOAc. The organic layer was washed with brine, dried over
10  anhydrous sodium sulfate and concentrated under reduced pressure. The crude product
was purified by column chromatography (silica gel 60-120 mesh, eluent 30-35% EtOAc in
petroleum ether) to afford 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)aniline (0.8 g, yield
57%). 'H NMR (300 MHz, CDCl3) 8 7.52 — 7.49 (dt, J = 7.7 Hz, 1.2 Hz, 1H), 7.42 (m, 1H),
7.30 (t, J= 8.0 Hz, 1H), 6.89 — 6.86 (ddd, J = 7.9 Hz, 2.4 Hz, 0.9 Hz, 1H), 3.87 (br s, 2H).

15  MS (ESI) m/z: Calculated for CoHsF3N3;O: 229.05; found: 230.0 (M+H)".

Methyl 4-amino-4-thioxobutanoate

S
o P2SS o)
HN N = HN ~

o) THF, rt, 6h o]

Methyl succinamate (2 g, 15.2 mmol) was dissolved in dry THF (50 mL) and P,Ss
20 (3.4 g, 15.2 mmol) was added and the reaction mixture was stirred at room temperature
for 6 h. The reaction mixture was filtered through a sintered funnel and the clear filtrate
was concentrated under reduced pressure to get the crude product, which was further
purified by column chromatography (silica gel 60-120 mesh, eluent 50% EtOAc in
petroleum ether) to afford methyl 4-amino-4-thioxobutanoate (1.25 g, yield 53%) as a
25  white solid. "H NMR (300 MHz, CDCl3) 8 7.27 (br s, 2H), 3.72 (s, 3H), 2.96 — 2.85 (m, 4H).

MS (ESI) m/z: Calculated for CsHgNO,S: 147.04; found: 148.2 (M+H)".
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Ethyl 3-(4-(4-fluorophenyljthiazol-2-yl)propanoate
o]

ﬁBr s o\/
HzNLYO\ ~~ /O/[Nmo
F

O EtOH, reflux, 3h

A mixture of methyl 4-amino-4-thioxobutanoate (0.3 g, 2.03 mmol) and 2-bromo-4-
fluoroacetophenone (0.440 g, 2.03 mmol) in EtOH (10 mL) was refluxed for 3 h. The
5 reaction mixture was cooled to room temperature and solvent was removed under
reduced pressure. The organic product was extracted with EtOAc and the organic layer
was washed with brine, dried over anhydrous sodium sulfate, and concentrated under
reduced pressure. The crude product was purified by column chromatography (silica gel
60-120 mesh, eluent 8-10% EtOAc in petroleum ether) to afford ethyl 3-(4-(4-
10  fluorophenyljthiazol-2-yl)propanoate (0.45 g, crude containing 7% of methyl ester
product), which was carried through without further purification. 'H NMR (300MHz,
CDCl,) 5 7.88 — 7.83 (m, 2H), 7.28 (s, 1H), 7.13 - 7.07 (t, J = 8.8 Hz, 2H), 4.22 - 4.15 (q,
J=7.0Hz, 2H), 3.40 - 3.35 (t, J=7.3 Hz, 2H), 2.93 - 2.88 (t, J= 7.3 Hz, 2H), 1.30-1.25
(t, J = 7.1 Hz, 3H). MS (ESI) m/z: Calculated for C14H14FNO,S: 279.07; found: 280.2
15 (M+H)"
3-(4-(4-Fluorophenyl)thiazol-2-yl)propanoic acid

s o~/ 1N NaOH [ S/>\/\<:H
/@INMO MeGH, rt, h /©/[ "
. F
1N NaOH (5 mL) was added to an ice-cooled solution of crude ethyl 3-(4-(4-
fluorophenyljthiazol-2-yl)propanoate (450 mg, 1.61 mmol) in MeOH (5 mL) and the
20  solution was allowed to stir at room temperature for 1 h. Solvent was evaporated and the
reaction mixture was diluted with water. The aqueous layer was washed with EtOAc and
the pH of the aqueous solution was adjusted to ~2 using 1N HCI. The organic product was
extracted with EtOAc and the organic layer was dried over anhydrous sodium sulfate and
concentrated under reduced pressure to yield 3-(4-(4-fluorophenyljthiazol-2-yl)propanoic
25 acid (320 mg, yield 79%) as a white solid. 'H NMR (300MHz, DMSO-ds) & 12.29 (br s,
1H), 7.99 — 7.96 (m, 2H), 7.93 (s, 1H), 7.28 - 7.22 (t, J=9.0 Hz, 2H),3.25-3.20 (t, J =
7.1 Hz, 2H), 2.78 = 2.74 (t, J = 7.1 Hz, 2H). MS (ESI) m/z: Calculated for C;,H,FNO,S:
251.04; found: 252.2 (M+H)".
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10

15

20

25

3-(4-(4-Fluorophenyl)thiazol-2-yl)-N-{3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)phenyl)propanamide

O-N
F3C’<\ \ NH,
s OH N
O-N S
! NMO Fie—, “NWF
HATU, NMM
F o]

DMF, 0 °C-rt, 6h

This compound was synthesized from 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yhaniline and 3-(4-(4-fluorophenyljthiazol-2-yl)propanoic acid as described in example 8
step 6 (80 mg, yield 43%). "H NMR (400MHz, CDCl3) 5 8.80 (br s, 1H), 8.11 (s, 1H), 7.88
—7.83(m, 4H), 7.48 - 7.44 (t, J=7.9 Hz, 1H), 7.33 (s, 1H), 7.14 - 7.10 (t, J = 8.7 Hz, 2H),
3.52 — 3.48 (m, 2H), 3.04 — 3.01 (m, 2H). MS (ESI) m/z: Calculated for C»1H14F4N4O,S:
462.08; found: 463.0 (M+H)".

EXAMPLE 51

N-(2-(2-(4-Chlorophenyl)thiazol-4-yl)ethyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-

yl)benzamide
O-N
FsC/<\N M : _CO,H
‘{\1 o] N=

o}
N= F3C ’<\N

S
)\©)‘\N/\/l\/
H
HoN DMF, 0 °C-tt, 3h

al Cl

/\)NS HATU, NMM

This compound was synthesized from 2-(2-(4-chlorophenyl)thiazol-4-
yl)ethanamine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as described in
example 8 step 6 (40 mg, vield 22%). 'H NMR (400MHz, CDCls) & 8.53 (t, J = 1.5 Hz,
1H), 8.27 — 8.25 (dt, J=7.8 Hz, 1.3 Hz, 1H), 8.09 — 8.07 (dt, J = 7.8 Hz, 1.4 Hz, 1H), 7.89
— 7.87 (m, 2H), 7.68 (m, 1H), 7.62 (t, J = 7.8 Hz, 1H), 7.36 — 7.34 (m, 2H), 7.09 (s, 1H),
3.92 — 387 (m, 2H), 316 (t, J = 6.0 Hz, 2H). MS (ESI) m/z: Calculated for
C21H14CIF3N,0,S: 478.05; found: 479.0 (M+H)".

EXAMPLE 52
N-({4-Phenylthiazol-2-yl)methyl)benzamide
s Ph
HN
(¢]
Br Sy EtOH [ )~ \\<o
. NJ\/N PR . N
2 \ﬂ/ reflux, 2h
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A mixture of N-(2-amino-2-thioxoethyl)benzamide (300 mg, 1.54 mmol) and 2-
bromoacetophenone (305 mg, 1.54 mmol) in EtOH (10 mL) was heated to 80 °C for 2 h.

The reaction mixture was cooled to room temperature and the solvent was evaporated
under reduced pressure. The concentrated reaction mixture was diluted with EtOAc and

5 the organic layer was washed with H,O and brine, and concentrated under reduced
pressure to yield N-((4-phenylthiazol-2-yl)methyl)benzamide (0.4 g, yield 88%) as a white

solid, which was carried through without further purification. 'H NMR (400MHz, CDCls) &

8.69 (br s, 1H), 8.04 — 8.01 (dd, J = 7.8 Hz, 1.5 Hz, 2H), 7.99 — 7.97 (m, 2H), 7.64 (s, 1H),

7.56 — 7.52 (m, 4H), 748 — 7.44 (m, 2H), 534 (d, J = 6 Hz, 2H). MS (ESl) m/z:

10  Calculated for C47H14NOS: 294.08; found: 295.0 (M+H)".

(4-Phenylthiazol-2-yl)methanamine

Ph
S HN i) 6N HCI S NH
’N/ \<O dioxane, reflux, 24h | />\/ 2
N

ii} work up with
10% NaHCO;

6N HClI (45 mL) was added to a solution of N-((4-phenylthiazol-2-
15  yl)methyl)benzamide (150 mg, 0.51 mmol) in dioxane (10 mL) and the reaction mixture
was stirred at 100 °C for 24 h (reaction monitored by TLC, eluant CHCI;/MeOH). Reaction
mixture was concentrated under reduced pressure and the residue was dissolved in
water. The aqueous layer was washed twice with EtOAc. The pH of the aqueous layer
was then adjusted to pH ~9 using 10% NaHCO; and the organic product was extracted
20 with EtOAc. The organic layer was washed with brine and concentrated under reduced
pressure to yield (4-phenylthiazol-2-yl)methanamine (75 mg, yield 77%) as orange
colored liquid, which was carried through without further purification. 'H NMR (300MHz,
CDCl,) 5 7.91 — 7.88 (m, 2H), 7.45 — 7.40 (m, 3H), 7.36 — 7.31 (m, 1H), 4.25 (br s, 2H),
3.79 - 3.75 (m, 1H), 3.68 — 3.63 (m, 1H). MS (ESI) m/z: Calculated for C4oHoN,S:

25  190.06; found: 191.2 (M+H)".
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N-({4-Phenylthiazol-2-yl)methyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-

yl)benzamide
O-N
FsC’<\N LY : COH
O-N o NyS
HATU, NMM N ﬁ
DMF, 0 °C-tt, 4h

This compound was synthesized from (4-phenylthiazol-2-yl)methanamine and 3-

S NH
IN/>\/ z

(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as described in example 8 step 6 (60
mg, yield 38%) as a white solid. 'H NMR (400MHz, CDCl;) 8 8.59 (m, 1H), 8.31 — 8.29
(dd, J =7.8 Hz, 1.0 Hz, 1H), 8.12 - 8.10 (m, 1H), 7.91 — 7.89 (m, 2H), 7.67 (t, J = 7.8 Hz,
1H), 7.47 (s, 1H), 7.44 (t, J = 7.5 Hz, 2H), 7.38 — 7.34 (m, 1H), 7.23 (t, J = 4.8 Hz, 1H),
5.04 (d, J = 5.5 Hz, 2H). MS (ESI) nv/z: Calculated for CyH43F3N,0,S: 430.07; found:
431.0 (M+H)".

EXAMPLE 53
N-(2-(4-(4-Fluorophenyl)thiazol-2-yl)ethyl)-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-

yl)nicotinamide
O-N
FsC !
3 ’QN/K(TCOZH
| -
O-N 0 N
N F \ i \
A b HATU, NMM 3C/<\N aN N/\/ks
HoN s DMF, 0 °C-rt, 4h | H
» =L, N/
This compound was synthesized from 2-(4-(4-fluorophenyl)thiazol-2-yl)ethanamine

and 5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinic acid as described in example 8
step 6 (50 mg, yield 29%). 'H NMR (400MHz, CDCl3) 8 9.45 (d, J = 1.3 Hz, 1H), 9.24 (d,
J=1.5Hz, 1H), 8.80 (t, J = 2.1 Hz, 1H), 7.86 — 7.82 (m, 3H), 7.35 (s, 1H), 7.11- 7.07 (m,
2H), 4.05 - 4.00 (q, J = 5.7 Hz, 2H), 3.41 — 3.38 (m, 2H). MS (ESI) m/z: Calculated for
CooH13F4NsO,S: 463.07; found: 464.0 (M+H)".
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EXAMPLE 54
2-(4-(4-Chlorophenyl)thiazol-2-yl)ethanamine
Cl

S ¢N
! N/>\/ BH5.Me,S

- 0 .
N

THF, 75 °C, 30min | \

Cl HzN/\/kS

This compound was synthesized from 2-(4-(4-chlorophenyl)thiazol-2-yl)acetonitrile
as described in example 42 step 1 (400mg, crude)and it was carried through without
further purification. MS (ESI) m/z: Calculated for C4/H{,CIN,S: 238.03; found: 239.0
(M+H)".

N-(2-{4-(4-Chlorophenyl)thiazol-2-yl)ethyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-

yl)benzamide

~N Cl
\

cl -
FsC’<\N )\©/002H

N\ /<O\{\l ? f\’ A
F3C—\
H N/\/Ms HATU, NMM ¥ N)\©)LH/\/kS
2!

DMF, 0 °C-rt, 4h

This compound was synthesized from 2-(4-(4-chlorophenyl)thiazol-2-
yl)ethanamine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as described in
example 8 step 6 (30 mg, yield 16%). "H NMR (400MHz, CDCls) & 8.53 (s, 1H), 8.26 (d,
J =7.8 Hz, 1H), 8.06 (d, J = 7.8 Hz, 1H), 7.81 (d, J = 8.6 Hz, 2H), 7.64 — 7.60 (m, 2H),
7.39 (s, 1H), 7.34 (d, J = 8.6 Hz, 2H), 4.02 - 3.97 (9, J=5.8 Hz, 2H), 3.39 -3.36 (t, J =
59 Hz, 2H). MS (ESI) m/z: Calculated for C,H,CIF3N,0,S: 478.05; found: 479.0
(M+H)".
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EXAMPLE 55
N-(2-{4-(4-Chlorophenyl)thiazol-2-yl)ethyl)-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-

yl)nicotinamide

cl /<o\(\j Cl
F3C—\
LN CO2H
| -
O-N o) N
N /< \ | A\
1\ FsC— /\/k
HATU, NMM
H2N/\/ks N | X H S
DMF, 0 °C-rt, 4h N/

This compound was synthesized from 2-(4-(4-chlorophenyl)thiazol-2-
yl)ethanamine and 5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinic acid as described in
example 8 step 6 (65 mg, yield 35%). 'H NMR (400MHz, CDCls) & 9.46 (d, J = 1.8 Hz,
1H), 9.24 (d, J = 1.8 Hz, 1H), 8.80 (t, J = 2.1 Hz, 1H), 7.82 — 7.80 (m, 3H), 7.41 (s, 1H),
7.38- 7.36 (m, 2H), 4.05 - 4.01 (q, J = 5.8 Hz, 2H), 3.43 — 3.40 (t, J = 5.9 Hz, 2H). MS
(ESI) m/z: Calculated for CyoH3CIF3N50,S: 479.04; found: 480.0 (M+H)".

EXAMPLE 56
4-(3,4-Dihydroisoquinolin-2(1H)-yl)tetrahydro-2H-pyran-4-carbonitrile

; oY
Q3 0 el T
+ + KCN — o
NH o H,0
(0]

3,4,5,6-Tetrahydro-4H-pyran-4-one (0.37 g, 3.75 mmol) was added to a solution of
1,2,3,4-tetrahydroisoquinoline (0.47 mL, 3.75 mmol) in conc. HCI (0.4 mL) diluted with ice
water (1.5 mL), followed by a solution of KCN (0.24 g, 3.75 mmol) dissolved in water (2
mL), and the reaction mixture was stirred at room temperature for 2 h. The reaction
mixture was then diluted with water and the organic product was extracted with EtOAc.
The organic layer was washed with H,O and brine, dried over anhydrous Na,SO, and
concentrated under reduced pressure. The residue was purified by column
chromatography (silica 60-120 mesh, eluent 6% EtOAc in petroleum ether) to afford 4-
(3,4-dihydroisoquinolin-2(1H)-yl)tetrahydro-2H-pyran-4-carbonitrile (300 mg, yield 33%).
"H NMR (300 MHz, CDCls) 8 7.19 — 7.11 (m, 3H), 7.07 — 7.05 (m, 1H), 4.10 — 4.04 (dt, J =
12.3 Hz, 3.5 Hz, 2H), 3.87 (s, 2H), 3.76 — 3.68 (m, 2H), 2.97 — 2.91 (m, 4H), 2.28 — 2.23
(dd, J = 13.3 Hz, 1.4 Hz, 2H), 1.93 — 1.84 (td, J = 12.4 Hz, 4.2 Hz, 2H). MS (ESI) m/z
Calculated for Cy5H1sN,O: 242.14; found: 243.2 (M+H)".
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{4-(3,4-Dihydroisoquinolin-2(1H)-yl)tetrahydro-2H-pyran-4-yl)methanamine

é THF, 0 °C-rt. 1h

O O
This compound was synthesized from 4-(3,4-dihydroisoquinolin-2(1H)-
yltetrahydro-2H-pyran-4-carbonitrile as described in example 1 step 3 (80 mg, yield
26%). "H NMR (300 MHz, CDCls) 8 7.15 — 7.12 (m, 3H), 7.06 — 7.03 (m, 1H), 3.90 (s,
2H), 3.87 — 3.84 (m, 2H), 3.65 — 3.58 (ddd, J = 11.3 Hz, 8.1 Hz, 3.2 Hz, 2H), 2.94 - 2.85
(m, 6H), 1.99 — 1.91 (m, 2H), 1.65 — 1.62 (m, 2H). MS (ESI) m/z: Calculated for
C15Hx»N,O: 246.17; found: 247.2 (M+H)".

N-({4-(3,4-Dihydroisoquinolin-2(1H)-yl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide

( i ) O-N o]
HaN 3! N*©)Lﬁ N
HATU, NMM
O

Y DMF, 0 °C-rt, 4h

O~N
FsC/<\N ! COzH

This compound was synthesized from (4-(3,4-dihydroisoquinolin-2(1H)-
ylhtetrahydro-2H-pyran-4-yl)methanamine and  3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)benzoic acid as described in example 8 step 6 (40 mg, yield 30%). 'H NMR (400 MHz,
CDCl;) 5 8.45 (s, 1H), 8.22 (d, J=7.8 Hz, 1H), 7.91 -7.89 (d, J=7.5 Hz, 1H), 7.59 - 7.55
(t, J=7.8 Hz, 1H), 7.17 —= 7.15 (m, 3H), 7.12 - 7.07 (m, 2H), 3.96 — 3.93 (m, 4H), 3.86 -
3.85 (d, J = 4.8 Hz, 2H), 3.74 — 3.68 (m, 2H), 2.95 (m, 4H), 2.15 — 2.07 (m, 2H), 1.58 —
1.55 (m, 2H). MS (ESI) m/z: Calculated for Co5HasF3N,Os5: 486.19; found: 487.2 (M+H)".

EXAMPLE 57
N-Methyl-1-(4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methanamine

N N
/ \ HCHO (35% aqueous solution) | N

HN S MeHN S
NaBH(OAc); DCE, 0°C, 1h
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(4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methanamine (300 mg, 1.1
mmol) was dissolved in 1,2-dichloroethane (30 mL) and cooled to 0 °C. Formaline solution
(~0.1 mL, 35%) was added to the solution, followed by sodiumtriacetoxy borohydride
(0.16g, 0.76 mmol). The reaction mixture was further stirred for 45 min maintaining the

5 same temperature. The reaction mixture was then quenched with 10% NaHCO; solution
and diluted with CH,Cl,. The organic layer was separated, dried over anhydrous Na,SO,,
and concentrated under reduced pressure. The residue was purified by column
chromatography (silica 60-120 mesh, eluent 10-20% MeOH in CHCIs) to afford N-methyl-
1-(4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methanamine (120 mg, yield 38%). 'H

10 NMR (300 MHz, CDCl;) & 7.90 — 7.88 (m, 2H), 7.48 (s, 1H), 7.44 — 7.34 (m, 3H), 3.93 —
3.86 (m, 2H), 3.75 — 3.67 (ddd, J = 12.0 Hz, 8.9 Hz, 3.0 Hz, 2H), 3.01 (s, 2H), 2.49 (s,
3H), 2.36- 2.39 (m, 2H), 2.09 — 2.01 (m, 2H). MS (ESI) m/z: Calculated for CygHxoN,0S:
288.13; found: 289.2 (M+H)".

15  N-Methyl-N-((4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide

“N 0]
\

o)
FaC—4
N)\©)‘\OH o

N IS D
HATU, NMM

0 DMF, 0 °C-t, 4h 0

This compound was synthesized from N-methyl-1-(4-(4-phenylthiazol-2-
ylhtetrahydro-2H-pyran-4-yl)methanamine and  3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
20  yl)benzoic acid as described in example 8 step 6 (30 mg, yield 14%). 'H NMR (400 MHz,
CDCl;) 5 8.13 — 8.09 (m, 2H), 7.96 — 7.94 (m, 2H), 7.57 — 7.55 (m, 2H), 7.48 — 7.41 (m,
3H), 7.36 — 7.32 (m, 1H), 3.99 — 3.96 (m, 2H), 3.92 (s, 2H), 3.66 — 3.60 (m, 2H), 2.53 (s,
3H), 2.48- 244 (m, 2H), 223 - 216 (m, 2H). MS (ESl) m/z: Calculated for
Ca6H23F3N4O5S: 528.14; found: 529.2 (M+H)".
25
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EXAMPLE 58
2-(2-(4-Fluorophenyl)thiazol-4-yl)ethanamine
F F
BH3.Me,S
N= e o N=
S THF, 75 °C. 30min O
NG \)%/ H,N /\)\/

This compound was synthesized from 2-(2-(4-fluorophenyl)thiazol-4-yl)acetonitrile
as described in example 42 step 1 (150 mg, crude)and it was carried through without
further purification. MS (ESI) m/z: Calculated for C44H1/FN,S: 222.06; found: 223.0
(M+H)".

N-(2-(2-(4-Fluorophenyl)thiazol-4-yl)ethyl)-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)nicotinamide

O-~N F

Fio—Q Y
3 /<N/\(TCOZH
|

N 0
~N (@] N=
N= F3C’<\N \

S
)\(j)’L /\/1%/
2N DMF, 0 °C-tt, 3h | P

/\)§/5 HATU, NMM
N

This compound was synthesized from 2-(2-(4-fluorophenyl)thiazol-4-yl)ethanamine

and 5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinic acid as described in example 8
step 6 (30 mg, yield 17%). 'H NMR (400MHz, DMSO-ds) & 9.45 (br s, 1H), 9.26 (br s,
1H), 8.82 (t, J = 2.0 Hz, 1H), 7.96 — 7.92 (m, 3H), 7.14- 7.08 (m, 3H), 3.94 — 3.89 (m, 2H),
3.19 — 3.16 (m, 2H). MS (ESI) m/z: Calculated for CyoH13FsNsO,S: 463.07; found: 464.0
(M+H)".

EXAMPLE 59
N-(2-(2-(4-Fluorophenyl)thiazol-4-yl)ethyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-

yl)benzamide
O-N
F3C/<\N XOCOZH
O-N 0 N=

N= o4 S
/\)*/S HATU, NMM ’ \N)\©)LHW

HoN DMF, 0 °C-rt, 3h
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This compound was synthesized from 2-(2-(4-fluorophenyl)thiazol-4-yl)ethanamine

and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as described in example 8

step 6 (60 mg, yield 45%). '"H NMR (400MHz, CDCl;) & 8.53 (t, J = 1.4 Hz, 1H), 8.27 —

8.24 (dt, J=7.9 Hz, 1.3 Hz, 1H), 8.09 — 8.06 (dt, J = 7.6 Hz, 1.6 Hz, 1H), 7.94 - 7.90 (m,

5 2H), 7.70 (m, 1H), 7.63 - 7.59 (t, J = 7.8 Hz, 1H), 7.09 - 7.05 (m, 3H), 3.91 — 3.86 (m,

2H), 3.16 — 3.13 (t, J = 6.0 Hz, 2H). MS (ESI) m/z: Calculated for C»1H14F4N,O,S: 462.08;
found: 463.0 (M+H)".

EXAMPLE 60
10  N-(2-(4-(4-Fluorophenyl)thiazol-2-yl)-2-methylpropyl)-5-(5-(trifluoromethyl)-1,2,4-

oxadiazol-3-yl)nicotinamide

O-N
FsC’<\N‘ \COH
.

N

O-N o) N
I\; \ F30’<\ ! B
HATU, NMM N X" N S
HzN S | H
DMF, 0 °C-tt, 4h N7

This compound was synthesized from 2-(4-(4-fluorophenyl)thiazol-2-yl)-2-

methylpropan-1-amine and 5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinic acid as

15  described in example 8 step 6 (55 mg, yield 42%). 'H NMR (400MHz, CDCls) 5 9.45 (s,
1H), 9.24 (s, 1H), 8.79 (m, 1H), 8.25 (m, 1H), 7.85 — 7.81 (dd, J = 8.6 Hz, 5.4 Hz, 2H),
7.37 (s, 1H), 7.10 — 7.06 (t, J = 8.6 Hz, 2H), 3.84 (d, J = 5.6 Hz, 2H), 1.57 (s, 6H). MS
(ESI) m/z: Calculated for Cx,H17FsNsO,S: 491.10; found: 492.0 (M+H)".

20 EXAMPLE 61
3-(2,2,2-Trifluoro-1-({(4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-
yl)methyl)imino)ethyl)benzonitrile

TiCl, (cat.) 7Fs M
[ 4 ca
NC SN s
Et3N CH.Cl,
0 °C-rt, 8h o
25 Triethylamine (1.0 mL, 2.7 mmol) was added to a solution of 3-cyano-2,2,2-

trifluoroacetophenone (0.48 g, 2.4 mmol) and (4-(4-phenylthiazol-2-yl)tetrahydro-2H-
pyran-4-yl)methanamine (0.66 g, 2.4 mmol) in dry CH,CI, (25 mL), followed by a solution
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of titanium tetrachloride in CH,Cl, (1.2 mL, 1.2 mmol, 1M solution in CH,Cl,) at 0 °C and
the reaction mixture was warmed to room temperature and further stirred for 8 h. The
reaction was concentrated under reduced pressure and the organic product was extracted
with EtOAc. The organic layer was washed with water and brine solution, dried over
5 anhydrous sodium sulfate and the solvent was removed under reduced pressure to get 3-
(2,2,2-trifluoro-1-(((4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-
yl)methyl)imino)ethyl)benzonitrile (0.6 g, crude), which was carried through without further
purification. 'H NMR (400MHz, CDCl;) & 7.88 — 7.85 (m, 2H), 7.70 — 7.67 (m, 1H), 7.50
(s, 1H), 7.46 — 7.41 (m, 3H), 7.39 — 7.36 (m, .1H), 7.23 (s, 1H), 7.07 (d, J = 8.0 Hz, 1H),
10 3.93-3.88 (dt, J=11.9 Hz, 4.0 Hz, 2H), 3.66 — 3.62 (m, 4H), 2.43 — 2.40 (m, 2H), 2.15 -
2.00 (ddd, J = 141 Hz, 10.3 Hz, 4.3 Hz, 2H). MS (ESl) n/z: Calculated for
Co4H20F3N508S: 455.13; found: 456.2 (M+H)".

3-(2,2,2-Trifluoro-1-({(4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-
15  yl)methyl)amino)ethyl)benzonitrile

NC NaBH4 CFs '\} \
NC N
MeOH-| H20 8:2viv H
0 °C-t, 2h o

3-(2,2,2-trifluoro-1-(((4-(4-phenylthiazol-2-yl tetrahydro-2 H-pyran-4-
yl)methyl)imino)ethyl)benzonitrile (600 mg, 1.3 mmol) was dissolved in MeOH-H,O (20
mL, 8:2 v/v) and cooled to 0 °C. Sodium borohydride (250 mg, 6.6 mmol) was added to
20 this solution portionwise. The reaction mixture was allowed to warm up to room
temperature, stirred for 2 h, and then quenched with water and concentrated under
reduced pressure to remove the MeOH. The aqueous mixture was diluted with EtOAc and
the organic layer was washed with H,O and brine, dried over anhydrous sodium sulfate
and concentrated under reduced pressure. The crude product was purified by column
25 chromatography (silica gel 60-120 mesh, eluant 15-20% EtOAc in petroleum ether) to
afford 3-(2,2,2-trifluoro-1-(((4-(4-phenylthiazol-2-yltetrahydro-2 H-pyran-4-
yl)methyl)amino)ethyl)benzonitrile (300 mg, yield 50%). 'H NMR (300MHz, CDCl5) 5 7.89
—7.86 (m, 2H), 7.63 - 7.60 (dt, J=7.6 Hz, 1.4 Hz, 1H), 7.55 — 7.51 (m, 2H), 7.50 (s, 1H),
7.47 - 7.41 (m, 3H), 7.39 - 7.36 (m, .1H), 4.16 — 4.03 (m, 1H), 3.84 — 3.74 (m, 2H), 3.71 —
30 3.61(m, 2H), 2.95 (d, J = 11.4 Hz, 1H), 2.76 (d, J = 11.4 Hz, 1H), 2.36 — 2.24 (m, 2H),
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2.01 - 192 (ddd, J = 13.5 Hz, 9.0 Hz, 4.1 Hz, 2H). MS (ESI) m/z: Calculated for
Cu4H2F3N50S: 457.14; found: 458.2 (M+H)".

N’-Hydroxy-3-(2,2,2-trifluoro-1-({{(4-(4-phenylthiazol-2-yl)tetrahydro-2 H-pyran-4-
yl)methyl)amino)ethyl)benzimidamide

CF3 N NH,OH.HC, Na;CO3 HOL, o y
NG N S | 3 i N\
H 8-hydroxyquinoline (cat.)  HzN N S
o EtOH, reflux, 4h H

O

This compound was synthesized from 3-(2,2,2-trifluoro-1-(((4-(4-phenylthiazol-2-
yltetrahydro-2H-pyran-4-yl)methyl)amino)ethyl)benzonitrile acid as described in example
1 step 4 (300 mg, crude), which was carried through without further purification. MS (ESI)
m/z: Calculated for C,4H5F3N40,S: 490.17; found: 491.2 (M+H)".

2,2,2-Trifluoro-N-({(4-(4-phenylthiazol-2-yl)tetrahydro-2 H-pyran-4-yl)methyl)-1-(3-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)phenyl)ethanamine

HO. CF4CO),0
N (CFiCO) ‘{\I CFs N~

! N °
HoN N s pyridine, reflux, 3n  F3C ’<\N N L s
H H
0

This compound was synthesized from N-hydroxy-3-(2,2,2-trifluoro-1-(((4-(4-

phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)amino)ethyl)benzimidamide acid as
described in example 1 step 5 (70 mg, yield 20%). 'H NMR (400 MHz, DMSO-dg) & 8.11
—8.09 (dt, J=7.2 Hz, 1.7 Hz, 1H), 8.05 (s, 1H), 7.85 - 7.83 (m, 2H), 7.53 — 7.49 (m, 2H),
7.47 (s, 1H), 742 - 7.38 (m, 2H), 7.35 = 7.31 (m, 1H), 4.15 - 4.10 (g, J = 7.2 Hz, 1H),
3.81-3.74 (m, 2H), 3.70 — 3.62 (m, 2H), 2.99 — 2.96 (m, 1H), 2.86 — 2.83 (m, 1H), 2.33 —
2.27 (m, 2H), 2.04 — 1.93 (ddd, J = 13.4 Hz, 9.0 Hz, 4.0 Hz, 2H). MS (ESI) m/z:
Calculated for Co6H2FsN4O,S: 568.14; found: 569.2 (M+H)".
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EXAMPLE 62

Methyl 4-fluorobenzimidate hydrochloride
NH

/©/CN HCI (g) /©)LO/
F MeOH-CH,Cl, _Hel

Dry HCI (g) was bubbled through a solution of 4-fluorobenzonitrile (5.0 g, 0.041
5 mol) in dry MeOH-CH,Cl, (20 mL, 1:1 v/v) until saturation. The clear solution was kept at
0 °C for 2 days to crystallize methyl 4-fluorobenzimidate as hydrochloride salt, which was
isolated by filtration (2.8 g, yield 36%). 'H NMR (400 MHz, DMSO-ds) & 7.95 — 7.92 (m,
2H), 7.38 (br s, 1H), 7.29 — 7.25 (m, 2H), 3.06 (s, 3H). MS (ESI) m/z: Calculated for
CgHgFNO: 153.06; found: 154.2 (M+H)".
10
2-(3-(4-Fluorophenyl)-1H-1,2,4-triazol-5-yl)acetonitrile

NH

/©)‘\O/ i) aqueous NaOH N
. Hel ¥ NCVMN,N
HoN“ Y eN H
MeOH, rgflux, 1h
2-Cyanoacetohydrazide (172 mg, 1.74 mmol) and NaOH (66 mg, 1.66 mmol)
were added to a solution of methyl 4-fluorobenzimidate hydrochloride (300 mg, 1.58
15  mmol) in dry MeOH (5 mL) and the mixture was heated to reflux for 1 h. The reaction
mixture was concentrated under reduced pressure and the residue obtained was diluted
with EtOAc. The organic layer was washed with water and brine, dried over anhydrous
sodium sulfate, and concentrated under reduced pressure. The crude product was
purified by column chromatography (silica 60-120 mesh, eluant 20-25% EtOAc in
20 petroleum ether) to yield 2-(3-(4-fluorophenyl)-1H-1,2,4-triazol-5-yl)acetonitrile (150 mg,
yield 47%). '"H NMR (400 MHz, DMSO-dg) & 8.04 — 7.99 (m, 2H), 7.39 — 7.33 (m, 2H),
4.11 (s, 2H). MS (ESI) m/z: Calculated for C;oH;FN,: 202.07; found: 203.2 (M+H)".
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2-(3-(4-Fluorophenyl)-1H-1,2,4-triazol-5-yl)ethanamine
F F

BHa.Me,S N

N
H H

This compound was synthesized from 2-(3-(4-fluorophenyl)-1H-1,2 4-triazol-5-

THF, reflux, 1h  HeN

yl)acetonitrile as described in example 42 step 1 (40 mg, crude)and it was carried through
5  without further purification. MS (ESI) m/z: Calculated for C4H11FN4: 206.10; found: 207.2
(M+H)".

N-(2-(3-(4-Fluorophenyl)-1H-1,2,4-triazol-5-yl)ethyl)-3-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)benzamide

F F
N o

O
Fc—4 )\©/m
N CH

O-N o) N

N

/\/l ,N F3C/<\N\ N/\/& ,N
HoN HATU, NMM H

10 DMF, 0 °C-tt, 4h
This compound was synthesized from 2-(3-(4-fluorophenyl)-1H-1,2 4-triazol-5-

7

=
I=

yl)ethanamine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as described in
example 8 step 6 (11 mg, yield 13%). 'H NMR (400MHz, CDCl,) & 8.52 (s, 1H), 8.26 —
8.24 (d, J=7.8 Hz, 1H), 8.07 — 8.03 (m, 3H), 7.67 — 7.59 (m, 2H), 7.13 -7.09 (t, /= 8.7

15 Hz, 2H), 4.01-3.96 (q, J = 5.9 Hz, 2H), 3.24 — 3.21 (d, J = 6.1 Hz, 2H). MS (ESI) m/z:
Calculated for CooH14F4NgO2: 446.11; found: 447.2 (M+H)".

EXAMPLE 63

Methyl 4-chlorobenzimidate hydrochloride
NH

/@CN HCI (g) /@)‘\O/
_—
Cl MeOH cl . HCI

20
This compound was synthesized from 4-chlorobenzonitrile as described in
example 62 step 1 (3.5 g, 47%). 'H NMR (400 MHz, DMSO-dg) 5 7.95 — 7.92 (m, 2H),
7.38 (br s, 1H), 7.29 — 7.25 (m, 2H), 3.06 (s, 3H). MS (ESl) m/z: Calculated for
C;HgCINO: 169.02; found: 170.0 (M+H)".
25
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2-(3-(4-Chlorophenyl)-1H-1,2,4-triazol-5-yl)acetonitrile

> i) aqueous NaOH
° Y
cl .HCI i) /H NC\/LN/
HNT Y eN H
o]

MeOH, reflux, 3h

Cl

This compound was synthesized from methyl 4-chlorobenzimidate hydrochloride
as described in example 62 step 2 (200 mg, yield 38%). 'H NMR (300 MHz, CDCl;) &
7.87 - 7.84 (m, 1H), 7.63 — 7.60 (m, 1H), 7.51 — 7.47 (m, 2H), 3.96 (s, 2H). MS (ESI) m/z:
Calculated for C1oH;CIN,: 218.04; found: 219.0 (M+H)".

2-(3-(4-Chlorophenyl)-1H-1,2,4-triazol-5-yl)ethanamine
Cl Cl

N BH3.Me,S N7
ne AN L
H THF, reflux, 1h 2 H
This compound was synthesized from 2-(3-(4-chlorophenyl)-1H-1,2,4-triazol-5-
ylyacetonitrile as described in example 42 step 1 (90 mg, crude) and it was carried
through without further purification. MS (ESI) m/z: Calculated for C,oH441CIN,: 222.07;

found: 223.2 (M+H)".

N-(2-(3-(4-Chlorophenyl)-1H-1,2,4-triazol-5-yl)ethyl)-3-(5-(trifluoromethyl)-1,2,4-

oxadiazol-3-yl)benzamide

cl Cl
‘\N o

o]
Fe—4 )\©)L
N OH

N— O-N o N
/\/l N I:?’C/<\N \ N/\)/\N'N
HaN N HATU, NMM H H

DMF, 0 °C-tt, 4h
This compound was synthesized from 2-(3-(4-chlorophenyl)-1H-1,2,4-triazol-5-
yl)ethanamine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as described in
example 8 step 6 (15 mg, yield 13%). 'H NMR (400MHz, CDCl,) & 8.53 (s, 1H), 8.28 —
8.26 (d, J = 7.8 Hz, 1H), 8.09 — 8.06 (m, 1H), 8.02 — 8.00 (d, J = 8.5 Hz, 2H), 7.65 — 7.61

-~
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(t, J=7.8Hz 1H), 7.56 — 7.53 (m, 1H), 7.42 - 7.40 (d, J= 8.5 Hz, 2H), 4.03 -3.96 (9, J =
6.0 Hz, 2H), 325 - 322 (d, J = 6.0 Hz, 2H). MS (ESI) nvz: Calculated for
CoH14CIF3NsO,: 462.08; found: 463.0 (M+H)".

5 EXAMPLE 64
Methyl 2-cyano-2-methylpropanoate

Mel, NaH
/OY\CN N /O%CN

o} DMF-THF (7:1 viv) e}
0°C-rt, 12h

NaH (15.5 g, 60% dispersion in oil) was added portionwise over 10 min to the

solution of ethyl cyanoacetate (20 g, 0.177 mol) in dry DMF (300 mL) at O °C. The

10  resulting reaction mixture was stirred at room temperature for 30 min and cooled again to

0 °C. Methyl iodide (28 mL, 0.44 mol) in THF (50 mL) was added dropwise and the

reaction mixture was stirred at room temperature for 12 h, and then quenched with

saturated NH4Cl solution. The mixture was then diluted with EtOAc; the organic layer was

washed with H,O and brine, dried over anhydrous Na,SO., and concentrated under

15 reduced pressure to afford crude product that was purified by column chromatography

(silica gel 60-120 mesh, eluent 5% EtOAc in petroleum ether) to afford methyl 2-cyano-2-
methylpropanoate (12 g, yield 48%) as a pale yellow solid.

2-Cyano-2-methylpropanehydrazide

o NoHa.Ho0 (99%) H
- CN HoN~ CN

2 5 EtOH, rt, 1h 0

Hydrazine hydrate (1.8 mL, 35 mmol) was added to a solution of methyl 2-cyano-
2-methylpropanoate (5.0 g, 35.0 mmol) in EtOH (5 mL), and the reaction mixture was
stirred at room temperature for 1 h (monitored by TLC, eluant petroleum ether:EtOAc 7:3
viv). The reaction mixture was diluted with diethyl ether and the precipitate formed was

25 filtered. The clear filtrate was concentrated under reduced pressure to get 2-cyano-2-
methylpropanehydrazide (1.75 g, yield 38%), which was carried through without further
purification. MS (ESI) m/z: Calculated for CsHgN5O: 127.07; found: 128.2 (M+H)".
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2-Methyl-2-(3-phenyl-1H-1,2,4-triazol-5-yl)propanenitrile

NH

_ H i) EtaN N~
o *OHNT N T~ . M N
_HCI 0 ii) MeOH, reflux, 1h H

2-Cyano-2-methylpropanehydrazide (100 mg, 0.78 mmol) and Et;:N (0.1 mL, 0.86
mmol) were added to a solution of methyl benzimidate hydrochloride (100 mg, 0.58 mmol)
in dry MeOH (10 mL), and the mixture was heated to reflux for 1 h. The reaction mixture
was then concentrated under reduced pressure and the crude product was purified by
column chromatography (silica 60-120 mesh, eluant 15% EtOAc in petroleum ether) to get
2-methyl-2-(3-phenyl-1H-1,2 4-triazol-5-yl)propanenitrile (80 mg, yield 51%). 'H NMR
(300 MHz, MeOD) & 7.98 — 7.95 (m, 2H), 7.52 — 7.50 (m, 3H), 1.82 (s, 6H). MS (ESI) m/z:
Calculated for C1oH1oN4: 212.11; found: 213.2 (M+H)".

2-Methyl-2-(3-phenyl-1H-1,2,4-triazol-5-yl)propan-1-amine

N DIBAL (1M in THF) N

| N I N
NC , )
)<Lﬁ THF, 0 °C-rt, 2h H2N/><LH

DIBAL-H (0.75 mL, 0.75 mmol, 1M in THF) was added to a solution of 2-methyl-2-
(3-phenyl-1H-1,2 4-triazol-5-yl)propanenitrile (80 mg, 0.37 mmol) in dry THF (5 mL) at O

°C. The reaction mixture was allowed to warm up to room temperature and further stirred

for 2 h. The reaction mixture was then quenched carefully with water and diluted with
EtOAc. The organic layer was dried over anhydrous sodium sulfate and concentrated
under reduced pressure to afford 2-methyl-2-(3-phenyl-1H-1,2,4-triazol-5-yl)propan-1-
amine (70 mg, crude), which was carried through without further purification. MS (ESI)
m/z: Calculated for C1zH1eN4: 216.14; found: 217.2 (M+H)".

N-(2-Methyl-2-(3-phenyl-1H-1,2,4-triazol-5-yl)propyl)-3-(5-(trifluoromethyl)-1,2,4-

oxadiazol-3-yl)benzamide

O-N
FsC’<\N)\‘ : COH
O~N 0 N
N F3C/<\N\ /><MNIN
HATU, NMM N N

DMF, 0 °C-rt, 6h

~

=

N
|
HsN

138



WO 2011/088181 PCT/US2011/021089

10

15

This compound was synthesized from 2-methyl-2-(3-phenyl-1H-1,2,4-triazol-5-
yl)propan-1-amine and  3-(5-(trifluoromethyl)-1,2 4-oxadiazol-3-yl)benzoic acid as
described in example 8 step 6 (35 mg, yield 25%). 'H NMR (400MHz, MeOD) & 8.55 (s,
1H), 8.29 — 8.27 (d, J = 7.8 Hz, 1H), 8.06 — 7.97 (m, 3H), 7.71 — 7.67 (t, J = 8.7 Hz, 1H),
7.50 — 7.41 (m, 3H), 3.75 (s, 2H), 1.54 — 1.51 (m, 6H). MS (ESI) m/z: Calculated for
CH19F3NeO2: 456.15; found: 457.2 (M+H)".

EXAMPLE 65
N-(2-Methyl-2-(3-phenyl-1H-1,2,4-triazol-5-yl)propyl)-5-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)nicotinamide

O-N o]
F30’<\ |
N | A OH
N7 o
N ~N o] N
I N Fe—4 | [N
HoN N N X N N
H HATU, NMM | ] H H
DMF, 0 °C-tt, 6h N

This compound was synthesized from 2-methyl-2-(3-phenyl-1H-1,2,4-triazol-5-
yl)propan-1-amine and  5-(5-(trifluoromethyl)-1,2 4-oxadiazol-3-yl)nicotinic acid as
described in example 8 step 6 (20 mg, yield 23%). "H NMR (400MHz, MeOD) & 9.37 (m,
1H), 9.16 (m, 1H), 8.84 — 8.13 (m, 1H), 8.02 — 7.99 (m, 2H), 7.48 — 7.42 (m, 3H), 3.77 (s,
2H), 1.54 (m, 6H). MS (ESI) m/z: Calculated for C,1H1sF3N;O2: 457.15; found: 458.2
(M+H)".
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EXAMPLE 66
2-(3-(4-Fluorophenyl)-1H-1,2,4-triazol-5-yl)-2-methylpropanenitrile

NH

H i) EtsN
- 3
@O ) H2N1N7%<CN - I\} N
E . HCI (o] iiy MeOH, reflux, 1h NC><LH,

This compound was synthesized from 2-cyano-2-methylpropanehydrazide and
5 methyl 4-fluorobenzimidate hydrochloride as described in example 64 step 3 (300 mg,
yield 70%). 'H NMR (300 MHz, MeOD) & 8.03 — 7.98 (m, 2H), 7.29 — 7.23 (m, 2H), 1.81

(s, 6H). MS (ESI) m/z: Calculated for Cy,H4;FN,: 230.10; found: 231.2 (M+H)".

2-(3-(4-Fluorophenyl)-1H-1,2,4-triazol-5-yl)-2-methylpropan-1-amine
F

N DIBAL (1M in THF) N
NC><MN’N THF,0°C-t,2h  H N/><MN'N
10 H T : H
This compound was synthesized from 2-(3-(4-fluorophenyl)-1H-1,2,4-triazol-5-yl)-
2-methylpropanenitrile as described in example 64 step 4 (200 mg, crude)and it was
carried through without further purification. MS (ESI) m/z: Calculated for CioHisFNa4:
234.13; found: 235.2 (M+H)".
15

N-(2-(3-(4-Fluorophenyl)-1H-1,2,4-triazol-5-yl)-2-methylpropyl)-3-(5-(trifluoromethyl)-

1,2,4-oxadiazol-3-yl)benzamide

O-N
F30’<\N)\\ : COM
O-N (o} N

i F30/<\N \ %N'N
H2N§<L ' HATU, NMM N N
DMF, 0 °C-tt, 6h

This compound was synthesized from 2-(3-(4-fluorophenyl)-1H-1,2,4-triazol-5-yl)-

20  2-methylpropan-1-amine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as
described in example 8 step 6 (12 mg, yield 7%). 'H NMR (400MHz, MeOD) & 8.54 (s,

1H), 8.29 — 8.27 (d, J = 7.8 Hz, 1H), 8.05 - 8.03 (m, 3H), 7.71 — 7.67 (t, J = 7.8 Hz, 1H),

F

=
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7.27 = 713 (m, 2H), 3.74 (s, 2H), 1.53 — 1.50 (m, 6H). MS (ESI) m/z: Calculated for
CaoHi1sFaN6O3: 474.14; found: 475.2 (M+H)".

EXAMPLE 67

5  N-(2-(3-(4-Fluorophenyl)-1H-1,2,4-triazol-5-yl)-2-methylpropyl)-5-(5-(trifluoromethyl)-

1,2,4-oxadiazol-3-yl)nicotinamide

O-N o]
F3C’<\ \
N | X OH
e

N O-N o} N3

N F3C’<\ \ I N

I N N X N N

HoN N HATU, NMM | J H H
DMF, 0 °C-tt, 6h N

This compound was synthesized from 2-(3-(4-fluorophenyl)-1H-1,2,4-triazol-5-yl)-

2-methylpropan-1-amine and 5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinic acid as

10  described in example 8 step 6 (20 mg, yield 11%). 'H NMR (400MHz, MeOD) & 9.38 —

9.37 (d, J =1.5 Hz, 1H), 9.15 (d, J = 1.5 Hz, 1H), 8.82 (m, 1H), 8.06 — 8.02 (m, 2H), 7.21

- 717 (t, J = 85 Hz, 2H), 3.76 (s, 2H), 1.53 (s, 6H). MS (ESI) m/z: Calculated for
C2H17F4N7O,: 475.14; found: 476.2 (M+H)".

15 EXAMPLE 68
2-(3-(4-Chlorophenyl)-1H-1,2,4-triazol-5-yl)-2-methylpropanenitrile

H i) EtsN
~ 3!
/©)J\0 + NN %CN - . N N
o .HCl o ii) MeOH, reflux, 1h NC><L N

This compound was synthesized from 2-cyano-2-methylpropanehydrazide and

methyl 4-chlorobenzimidate hydrochloride as described in example 64 step 3 (220 mg,

20  yield 55%). 'H NMR (400 MHz, CDCl5) 8 7.93 — 7.91 (m, 2H), 7.47 — 7.45 (m, 2H), 1.86
(s, 6H). MS (ESI) m/z: Calculated for C1,H11CIN4: 246.07; found: 245.2 (M-H)".
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2-(3-(4-Chlorophenyl)-1H-1,2,4-triazol-5-yl)-2-methylpropan-1-amine

Cl cl

DIBAL (1M in THF) N

\
NC><¢N'N I N
H THF, 0 °C-rt, 2h HsN N

H
This compound was synthesized from 2-(3-(4-chlorophenyl)-1H-1,2,4-triazol-5-yl)-

2-methylpropanenitrile as described in example 64 step 4 (140 mg, crude)and it was
5 carried through without further purification. MS (ESI) m/z: Calculated for Cq2HsCIN,:
250.10; found: 251.2 (M+H)".

N-(2-(3-(4-Chlorophenyl)-1H-1,2,4-triazol-5-yl)-2-methylpropyl)-3-(5-(trifluoromethyl)-

1,2,4-oxadiazol-3-yl)benzamide

O-N
F30’<\N)\‘ : COH
O-N 0 N
1o FBC/QN\ /><MN'N
H2N/><L HATU, NMM N N

10 DMF, 0 °C-rt, 6h

cl Cl

o

-

This compound was synthesized from 2-(3-(4-chlorophenyl)-1H-1,2,4-triazol-5-yl)-
2-methylpropan-1-amine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as
described in example 8 step 6 (15 mg, yield 8%). 'H NMR (400MHz, CDCl;) 3 8.59 (s,
1H), 8.30 — 8.28 (d, J = 8.0 Hz, 1H), 8.14 — 8.12 (m, 1H), 8.06 — 8.04 (d, J = 8.3 Hz, 2H),

15 7.93(brs, 1H), 767 -7.63 (t, J=7.7 Hz, 1H), 7.43 - 7.41 (d, J = 8.5 Hz, 2H), 3.83 - 3.82
(m, 2H), 1.56 (s, 6H). MS (ESI) m/z: Calculated for C,,H1sCIFsNgO,: 490.11; found: 491.2
(M+H)".

EXAMPLE 69
20 Ethyl 5-cyano-6-methylnicotinate

NC;\(\IC%E‘( Zn powder, NH,CI NC._ -~ -CO:Et
|
N/ Cl dioxane-THF-DMF-H,O 3:1:1:1 /\(Nj

rt, 3h

Ammonium chloride (3.58 g, 66.7 mmol in 10 mL water) was added to a solution of
ethyl 2-chloro-5-cyano-6-methylnicotinate (1.0 g, 4.4 mmol) in dioxane-THF-DMF (50 mL,

3:1:1), followed by zinc powder (2.3 g, 35.6 mmol) portionwise at room temperature. The
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reaction mixture was allowed to stir at room temperature for 3 h, diluted with EtOAc, and
filtered through a pad of Celite. The clear filtrate of organic layer was washed with H,O
and brine, dried over anhydrous Na,SO,, and concentrated under reduced pressure. The
crude product was purified by column chromatography (silica 60-120 mesh, eluent 10-

5 15% EtOAc in petroleum ether) to afford ethyl 5-cyano-6-methylnicotinate (230 mg, yield
27%) as a white solid. 'H NMR (400 MHz, CDCl3) 8 9.25 (d, J =2.0 Hz, 1H), 8.49 (d, J =
2.0 Hz, 1H), 7.27 (s, 1H), 4.47 — 442 (q, J = 7.2 Hz, 2H), 2.86 (s, 3H), 1.45-1.41 (t, J =
7.0 Hz, 3H). MS (ESI) mv/z: Calculated for C1oH1oN20O2: 190.07; found: 191.2 (M+H)".

10  5-Cyano-6-methylnicotinic acid
NCJL/TC%E'( LiOH.H,0 NC;(TC%H
_—
Nig THF-H,0 7:3 vfv NZ
0°C-rt, 1h

This compound was synthesized from ethyl 5-cyano-6-methylnicotinate as
described in example 43 step 2 (150 mg, yield 76%) as a white solid. 'H NMR (300 MHz,
DMSO-de) & 13.77 (br s, 1H), 9.13 - 9.12 (d, J = 2.0 Hz, 1H), 8.61 — 8.60 (d, J = 2.0 Hz,

15 1H), 2.74 (s, 3H). MS (ESI) m/z: Calculated for CgHgN,O,: 162.04; found: 161.2 (M+H)".

5-(N’-Hydroxycarbamimidoyl)-6-methylnicotinic acid

HO.
NH20H.HC|, N62003 N

NC COzH
s NS A CORH
> 8-hydroxyquinoline (cat.) 2 |
N EtCH, reflux, 4h N7

This compound was synthesized from 5-cyano-6-methylnicotinic acid as described

20 in example 1 step 4 (130 mg, crude)and it was carried through without further purification.
MS (ESI) m/z: Calculated for CsHgN3O5: 195.06; found: 196.2 (M+H)".

6-Methyl-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinic acid

HO\N O-N
CF5C0),0 \
| COM (CF4CO) F3C’<\N N CO.H
H,N x - =
| pyridine, reflux, 3h | _
o~
N N
25 This compound was synthesized from 5-(N-hydroxycarbamimidoyl)-6-

methylnicotinic acid as described in example 1 step 5 (25 mg, yield 15%) as a white solid.
"H NMR (300 MHz, DMSO-dg) 8 13.71 (br s, 1H), 9.14 —9.13 (d, J = 2.2 Hz, 1H), 8.69 (d,
J=2.2Hz, 1H), 2.86 (s, 3H). MS (ESI) m/z: Calculated for C,oHsF3N30;: 273.04; found:
274.0 (M+H)".
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N-(2-{4-(4-Chlorophenyl)thiazol-2-yl)-2-methylpropyl)-6-methyl-5-(5-(trifluoromethyl)-

1,2,4-oxadiazol-3-yl)nicotinamide

Cl
Cl /<O~N
F.c—\ !
3 N)ITCOZH
b
N™ 4 O-N o] N
T F3C/<\N\ X />%I\s\
N
HZN/%S HATU, NMM DR
DMF, 0 °C-rt, 5h N
5 This compound was synthesized from 2-(4-(4-chlorophenyljthiazol-2-yl)-2-

methylpropan-1-amine and 6-methyl-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinic

acid as described in example 8 step 6 (28 mg, yield 59%). 'H NMR (400MHz, CDCl;) &

9.11 (br s, 1H), 8.80 (br s, 1H), 8.07 (brs, 1H), 7.79 - 7.77 (d, J = 8.8 Hz, 2H), 7.43 (s,

1H), 7.35-7.33 (d, J = 8.8 Hz, 2H), 3.86 — 3.84 (d, J = 5.5 Hz, 2H), 3.02 (s, 3H), 1.57 (s,
10 6H). MS (ESI) m/z: Calculated for Cy3H14CIF3N50,S: 521.09; found: 522.0 (M+H)".

EXAMPLE 70

Methyl 4-amino-4-thioxobutanoate

0 S

15 A solution of methyl succinamate (2.5 g, 0.019 mol) in THF (60 mL) was cooled to
0 °C and P,Ss (4.2 g, 0.019 mol) was added. The reaction mixture was warmed to room
temperature and stirred for 6 h. The solvent was removed under reduced pressure and
the crude product was purified by column chromatography (silica gel 60-120 mesh, eluent
35-40% EtOAc in petroleum ether) to afford methyl 4-amino-4-thioxobutanoate (1.6 g,

20  yield 57%). 'H NMR (300 MHz, CDCls) 3 7.49 (br s, 2H), 3.72 (s, 3H), 2.95 — 2.86 (m,
4H). MS (ESI) m/z: Calculated for CsHoNO,S: 147.04; found: 248.2 (M+H)".

Ethyl 3-(4-phenylthiazol-2-yl)propanoate
(¢]

o e
s
HZNJK/\(O\ : N/>\/\\<o

o) EtOH, reflux, 3h
60%
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A mixture of 2-bromo acetophenone (2.1 g, 10.55 mmol) and methyl 4-amino-4-
thioxobutanoate (1.6 g, 10.86 mmol) in EtOH (15 mL) was heated to 80 °C for 3 h.
Reaction mixture was cooled to room temperature and solvent was evaporated under
reduced pressure. The product was extracted with EtOAc and the organic layer was

5 washed with HO and brine, dried over anhydrous Na,SO., and concentrated under
reduced pressure to afford ethyl 3-(4-phenylthiazol-2-yl)propanoate (1.1 g, yield 40%) as
a white solid, which was carried through without further purification. 'H NMR (300MHz,
CDCl3) 5 7.90 — 7.87 (m, 2H), 7.44 — 7.39 (m, 2H), 7.35 - 7.30 (m, 2H), 4.22- 415 (q, J =
7.2 Hz, 2H), 3.41-3.36 (t, /= 7.5 Hz, 2H), 2.94 — 2.89 (t, J = 7.3 Hz, 2H), 1.30 - 1.25 (t,

10 J=7.1Hz, 3H). MS (ESI) m/z: Calculated for C14H:sNO,S: 261.08; found: 262.2 (M+H)".

3-(4-Phenylthiazol-2-yl)propan-1-ol

O\/ OH
’ Sm NaBH, I S>J\/
V. o) N/

N
MeOH-H,0 9:1 viv
0 °C-rt, 8h

A solution of ethyl 3-(4-phenylthiazol-2-yl)propanoate (0.5 g, 1.91 mmol) in MeOH-
15  HyO (10 mL, 9:1 v/v) was cooled to 0 °C and sodium borohydride (0.29 g, 7.65 mmol) was
added. The reaction mixture was warmed to room temperature and further stirred for 8 h.
The mixture was quenched with ice water and the organic product was extracted with
EtOAc. The combined extracts were washed with H,O and brine, dried over anhydrous
Na,SO4, and concentrated under reduced pressure to afford 3-(4-phenylthiazol-2-
20 yl)propan-1-ol (0.4 g, yield 95%) as colorless liquid, which was carried through without
further purification. 'H NMR (400 MHz, CDCl;) 5 7.87 — 7.85 (m, 2H), 7.44— 7.40 (m, 2H),
7.35-7.32 (m, 2H), 3.83 — 3.81 (t, J = 5.8 Hz, 2H), 3.24 — 3.21 (m, 3H), 2.14 — 2.08 (m,

2H). MS (ESI) m/z: Calculated for C;,HsNOS: 219.07; found: 220.2 (M+H)".

25  3-(4-Phenylthiazol-2-yl)propyl methanesulfonate
o]

0-§—

CH
S MsCl, pyridine , S o)
l y/ » N/
N 0°C-tt, 1h
A solution of 3-(4-phenylthiazol-2-yl)propan-1-ol (0.4 g, 1.82 mmol) in dry pyridine
(8 mL) was cooled to 0 °C and methanesulfonyl chloride (0.43 mL, 5.47 mmol) was added

dropwise. The reaction mixture was allowed to warm up to room temperature, stirred for 1

30 h, and quenched with ice water. The organic product was extracted with EtOAc and
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organic layer was washed with brine, dried over anhydrous Na,SO,, and concentrated
under reduced pressure to afford 3-(4-phenylthiazol-2-yl)propyl methanesulfonate (0.4 g,
yield 74%) as a pale yellow liquid, which was carried through without further purification.
"H NMR (300 MHz, CDCl;) 8 7.90 — 7.87 (m, 2H), 7.46— 7.40 (m, 2H), 7.37 — 7.31 (m,
5 2H), 442 -4.38 (t, J =6.1 Hz, 2H), 3.24 — 3.19 (t, J = 7.2 Hz, 2H), 3.04 (s, 3H), 2.39 -
2.30 (m, 2H). MS (ESI) m/z: Calculated for C13H1sNO3S,: 297.05; found: 298.0 (M+H)".

2-(3-Azidopropyl)-4-phenylthiazole

02
it N
8 3 NaN; ) s
’ V. _ = I V7
N DMF, 100 °C, 2h N
10 Sodium azide (263 mg, 4.05 mmol) was added to a solution of 3-(4-phenylthiazol-

2-yl)propyl methanesulfonate (0.4 g, 1.35 mmol) in dry DMF (8 mL), and the reaction
mixture was heated to 100 °C for 2 h. The mixture was allowed to cool down to room
temperature and diluted with EtOAc. The organic product was extracted with EtOAc and
the organic layer was washed with H,O and brine, dried over anhydrous Na,SO,, and
15  concentrated under reduced pressure to afford 2-(3-azidopropyl)-4-phenylthiazole (0.3 g,
yield 91%) as a pale orange liquid, which was carried through without further purification.
"H NMR (300 MHz, CDCl;) 5 7.91 — 7.89 (m, 2H), 7.46— 7.41 (m, 2H), 7.36 — 7.31 (m,
2H), 349 — 344 (t, J= 6.7 Hz, 2H), 3.20 - 3.15 (t, J = 7.5 Hz, 2H), 2.21 — 2.12 (m, 2H).
MS (ESI) m/z: Calculated for Ci,HoN,S: 244.08; found: 245.2 (M+H)".
20
3-(4-Phenylthiazol-2-yl)propan-1-amine

Ns NH

S>\/\/ PPhy S 2

I y/ _ = I Y/
N THF-H,0 8:2 viv N

0 °C-rt, 8h

Triphenylphosphine (485 mg, 1.85 mmol) was added to a solution of 2-(3-

azidopropyl)-4-phenylthiazole (0.3 g, 1.23 mmol) in THF-H,O (10 mL, 8:2 v/iv) at 0 °C. The

25 reaction mixture was allowed to warm up to room temperature, stirred for 8 h and then

concentrated under reduced pressure. The residue was diluted with 1.5N HCI and the

aqueous layer was washed with CH,Cl,. The pH of the aqueous layer was adjusted to ~8-

9 using 10% NaOH solution and the organic product was extracted with CH,Cl,. The

combined extracts were washed with brine, dried over anhydrous Na,SO,, and

30 concentrated under reduced pressure to afford 3-(4-phenylthiazol-2-yl)propan-1-amine
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(240 mg, yield 89%) as a pale yellow liquid, which was carried through without further
purification. MS (ESI) m/z: Calculated for C;,H4N,S: 218.09; found: 219.2 (M+H)".

N-(3-{(4-Phenylthiazol-2-yl)propyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-

5 yl)benzamide
O~N
FaC’<\N/k‘ : COH
NH, O-N o
S/>\/\/ FBC/<\N\ N
N =
N HATU, NMM H/\/\g \/7’@

DMF, 0 °C-rt, 4h

This compound was synthesized from 3-(4-phenylthiazol-2-yl)propan-1-amine and

3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as described in example 8 step 6

(100 mg, yield 70%). 'H NMR (400MHz, CDCls) 5 8.40 (m, 1H), 8.17 — 8.14 (m, 1H), 7.96

10 -7.94 (m, 1H), 7.80- 7.78 (m, 2H), 7.45 - 7.41 (m, 1H), 7.34 — 7.29 (m, 4H), 3.70 — 3.66

(9, J = 6.3 Hz, 2H), 3.27 - 3.23 (t, J = 6.7 Hz, 2H), 2.29 — 2.23 (m, 2H). MS (ESI) m/z:
Calculated for CooH17F3N4O,S: 458.10; found: 459.2 (M+H)".

EXAMPLE 71
15  4-(Chloromethyl)-2-(4-fluorophenyl)oxazole
(o]
NH o EtOH-THF 31 viv ¢l N
2+ CI\)J\/CI e | \>—®’F
F reflux, 24h (o}

A mixture of 4-fluorobenzamide (2.5 g, 17.9 mmol) and 1,3-dichloroacetone (2.7 g,

21.6 mmol) in EtOH-THF (20 mL-10 mL) was heated to 85 °C for 24 h. The reaction

mixture was cooled to room temperature and quenched with 10% NaHCO; solution. The

20 organic product was extracted with EtOAc and the organic layer was washed with H,O

and brine, dried over anhydrous sodium sulfate and concentrated under reduced

pressure. The crude product was purified by column chromatography (silica gel 60-120

mesh, eluent 6-10% EtOAc in petroleum ether) to afford 4-(chloromethyl)-2-(4-

fluorophenyl)oxazole (1.2 g, yield 32%) as a white solid. 'H NMR (300MHz, CDCls) &

25 8.07-8.02 (m, 2H), 7.70 (m, 1H), 7.19 — 7.13 (t, J = 8.8 Hz, 2H), 4.58 (m, 2H). MS (ESI)
m/z: Calculated for CH,FCINO: 211.02; found: 212.0 (M+H)".
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2-(2-(4-Fluorophenyl)oxazol-4-yl)acetonitrile

S e @ e
S DMF, rt, 30 rmin d DMF, 1t, 6h d
Kl (3.14 g, 18.9 mmol) was added to a solution of 4-(chloromethyl)-2-(4-
fluorophenyl)oxazole (1.0 g, 4.7mmol) in dry DMF (20 mL) at room temperature. The
5 reaction mixture was stirred for 30 min, diluted with EtOAc, and washed with water and
brine. The organic layer was dried over anhydrous sodium sulfate and concentrated under
reduced pressure to give crude 2-(4-fluorophenyl)-4-(iodomethyl)oxazole. The crude
product was dissolved in DMF (20 mL) and sodium cyanide (0.46 g, 9.4 mmol) was added
to the solution. The reaction mixture was stirred at room temperature for 6 h and
10 quenched with water. The organic product was extracted with EtOAc and the organic
layer was washed with H,O and brine, dried over anhydrous sodium sulfate and
concentrated under reduced pressure. The crude product was purified by column
chromatography (silica gel 60-120 mesh, eluent 10-15% EtOAc in petroleum ether) to
afford 2-(2-(4-fluorophenyl)oxazol-4-yl)acetonitrile (0.75 g, yield 78%) as an off-white
15  solid. '"H NMR (300MHz, CDCls) 8 8.05 — 8.00 (m, 2H), 7.73 (m, 1H), 7.20 - 7.14 (t, J =
8.6 Hz, 2H), 3.73 (s, 2H). MS (ESI) m/z: Calculated for C11H;FN,O: 202.05; found: 203.0
(M+H)".

2-(2-(4-Fluorophenyl)oxazol-4-yl)ethanamine

HsN
NC/\[N\>_®_F DIBAL (M in toluene) \/\[N\ i
© 0 /_\—/—\

20 THF, 0°C-rt, Th

This compound was synthesized from 2-(2-(4-fluorophenyl)oxazol-4-yl)acetonitrile
as described in example 64 step 4 (120 mg, crude)and it was carried through without

further purification.

25  N-(2-(2-(4-Fluorophenyl)oxazol-4-yl)ethyl)-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-

yl)nicotinamide

O-N F
F30’<\N‘ \COH
|
HoN N
V\[N \>—©—F ’<O~{\[ 0 N/O
FiC—N
o HATU, NMM =N BN N/\A/
DMF, 0 °C-rt, 4h |N/ H

This compound was synthesized from 2-(2-(4-fluorophenyl)oxazol-4-yl)ethanamine

and 5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinic acid as described in example 8
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step 6 (55 mg, yield 46%). 'H NMR (400MHz, MeOD) & 9.39 (d, J = 2.0 Hz, 1H), 9.19 (d,
J=2.0 Hz, 1H), 8.89 (t, J = 2.0 Hz, 1H), 8.07 — 8.03 (m, 2H), 7.81 (s, 1H), 7.26- 7.22 (m,
2H), 3.78 — 3.75 (t, J = 6.9 Hz, 2H), 2.97 — 2.94 (t, J = 6.9 Hz, 2H). MS (ESI) m/z:
Calculated for C,oH13F4N50s: 447.10; found: 448.2 (M+H)".

EXAMPLE 72
Ethyl 2-ox0-2-({2-0x0-2-phenylethyl)amino)acetate
(o]

0 o
o H
NH, CI)S‘/O\/ EtzN N%O/\
Ho I CH,Cl,, 0 °C-t, 16h o

Triethylamine (36 mL, 2621 mmol) was added to a soluton of 2-
aminoacetophenone hydrochloride (15.0 g, 87.39 mmol) in dry CH,Cl, (300 mL), followed
by ethyl chlorooxoacetate (10 mL, 87.39 mmol) at 0 °C. The reaction mixture was allowed
to warm up to room temperature and stirred for 16 h. The mixture was then diluted with
water and extracted with EtOAc. The combined extracts were washed with H,O and
brine, dried over anhydrous sodium sulfate and concentrated under reduced pressure.
The crude product was purified by column chromatography (silica gel 60-120 mesh,
eluent 20-30% EtOAc in petroleum ether) to afford ethyl 2-oxo-2-((2-oxo-2-
phenylethyl)amino)acetate (13.5 g, yield 66%). 'H NMR (400 MHz, CDCl;) & 8.09 (br s,
1H), 8.02 — 8.00 (m, 2H), 7.68 — 7.64 (m, 1H), 7.55-7.51 (m, 2H), 4.85-4.84 (d, J=4.9
Hz, 2H), 4.44 — 4.39 (q, J = 7.0 Hz, 2H), 1.44 - 1.41 (t, J = 7.2 Hz, 3H). MS (ESI) m/z
Calculated for C,HsNO,: 235.08; found: 236.2 (M+H)".

Ethyl 5-phenylthiazole-2-carboxylate

i HTHCLO ~ P2Ss / SMO\/
0 CHClIg, reflux, Sh (o]

P,Ss (25.5 g, 114.7 mmol) was added to a solution of ethyl 2-oxo-2-((2-oxo-2-
phenylethyl)amino)acetate (13.5 g, 57.39 mmol) in dry CHCI; (150 mL), and the resulting
reaction mixture was heated to reflux for 5 h. The reaction mixture was quenched with
water and the organic product was extracted with CHCI;. The combined extracts were
washed with H,O and brine, dried over anhydrous sodium sulfate, and concentrated under
reduced pressure. The crude product was purified by column chromatography (silica gel
60-120 mesh, eluent 10-15% EtOAc in petroleum ether) to afford ethyl 5-phenylthiazole-2-
carboxylate (10 g, yield 75%) as a white solid. 'H NMR (400 MHz, CDCl;) 5 8.16 (s, 1H),
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7.64 —7.62(m, 2H), 7.48 —7.39 (m, 3H), 453 -4.47 (9, J=7.0 Hz, 2H), 149 - 145 (t, J
=7.2 Hz, 3H). MS (ESI) m/z: Calculated for C1,H;NO,S: 233.05; found: 234.0 (M+H)".

{5-Phenylthiazol-2-yl)methanol

N
Q/C )\Y(O\/ DIBAL (1M in toluene) @I N _OH
S
5 THF, 0°C-1t, 2h

This compound was synthesized from ethyl 5-phenylthiazole-2-carboxylate as

described in example 64 step 4 (3.5 g, yield 71%)and it was carried through without

further purification. "H NMR (300 MHz, CDCl;) 5 7.89 (s, 1H), 7.57 — 7.54 (m, 2H), 7.44 —

7.35 (m, 3H), 4.97 (s, 2H). MS (ESI) m/z: Calculated for C4,HNOS: 191.04; found: 192.2
10 (M+H)"

2-(Bromomethyl)-5-phenylthiazole

N N
/ '\ _OH CBr,, PPh; /A Br
O o A3
CH,Cl, 0°C-rt, 1h

CBr, (8.65 g, 26.1 mmol) and PhsP (5.1 g, 19.6 mmol) were added to a solution of

15  (5-phenylthiazol-2-yl)methanol (2.5 g, 13.07 mmol) in dry CH,CI, (30 mL) at 0 °C. The

resulting reaction mixture was stirred at room temperature for 1 h and then concentrated

under reduced pressure. The residue was diluted with diethyl ether and filtered. The clear

filtrate was removed under reduced pressure and the crude product was purified by

column chromatography (silica gel 60-120 mesh, eluent 5-10% EtOAc in petroleum ether)

20 to afford 2-(bromomethyl)-5-phenylthiazole (2 g, yield 60%). 'H NMR (300 MHz, CDCl;) &

7.89 (s, 1H), 7.57 — 7.55 (m, 2H), 7.45 — 7.36 (m, 3H), 4.76 (s, 2H). MS (ESI) m/z:
Calculated for C,oHsBrNS: 254.95; found: 256.0 (M+H)".

2-(5-Phenylthiazol-2-yl)acetonitrile

N
7R Br NaCN CN
S)\/ )\/
25 EtOH reflux, 2h

NaCN (0.46 g, 94 mmol) was added to a solution of 2-(bromomethyl)-5-
phenylthiazole (2.0 g, 7.87 mmol) in dry EtOH (10 mL). The resulting reaction mixture was
stirred at 70 °C for 2 h and then concentrated under reduced pressure, and diluted with
ethyl acetate. The organic layer was washed with H,O and brine, dried over anhydrous

30 sodium sulfate, and concentrated under reduced pressure. The crude product was

purified by column chromatography (silica gel 60-120 mesh, eluent 10% EtOAc in
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petroleum ether) to afford 2-(5-phenylthiazol-2-yl)acetonitrile (350 mg, yield 22%) as a
white solid. '"H NMR (400 MHz, CDCls) 8 7.91 (s, 1H), 7.56 — 7.54 (m, 2H), 7.46 — 7.40
(m, 3H), 4.15 (s, 2H). MS (ESI) m/z: Calculated for C4{HgN,S: 200.04; found: 201.2
(M+H)".

2-(5-Phenylthiazol-2-yl)ethanamine

N BHa.Me,S
[y _en 7 @I AN,
S THF, rt-60 °C, 3h

This compound was synthesized from 2-(5-phenylthiazol-2-yl)acetonitrile as
described in example 42 step 1 (100 mg, crude)and it was carried through without further
10  purification. MS (ESI) m/z: Calculated for C11H2N,S: 204.07; found: 205.2 (M+H)".

N-(2-(5-Phenylthiazol-2-yl)ethyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-

yl)benzamide

O-N
N FaC’<\N ! CO.H
[ S ~nH 7/©YH
2 N N S,
oS O
o-N 0 N

HATU, NMM
DMF, 0 °C-tt, 4h

15 This compound was synthesized from 2-(5-phenylthiazol-2-yl)ethanamine and 3-
(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as described in example 8 step 6 (7
mg, vield 5%). 'H NMR (400 MHz, MeOD) & 8.60 — 8.59 (t, J = 1.4 Hz, 1H), 8.31 — 8.28
(dt, J=7.8 Hz, 1.4 Hz, 1H), 8.08 — 8.05 (dt, J = 7.9 Hz, 1.3 Hz, 1H), 7.96 (s, 1H), 7.72 -
7.68 (t, J = 7.9 Hz, 1H), 7.61 — 7.59 (m, 2H), 7.43 — 7.39 (m, 2H), 7.36 — 7.32 (m, 1H),

20 3.85-3.82(t J=6.9 Hz, 2H), 3.40 — 3.36 (t, J = 6.8 Hz, 2H). MS (ESI) m/z: Calculated
for Co1H1sF3N4O,S: 444.09; found: 445.0 (M+H)".

EXAMPLE 73
2-(2-(4-Fluorophenyl)oxazol-4-yl)propanenitrile

NC N Mel, NaH
/\[ ; C " THF 0vcr, an T N@F
25 °© ore o
NaH (360 mg, 60% dispersion in oil) was added portionwise over 5 min to a

solution of 2-(2-(4-fluorophenyl)oxazol-4-yl)acetonitrile (1.5 g, 7.42 mmol) in dry THF (60

mL) at 0 °C. The resulting reaction mixture was slowly allowed to warm up to room
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temperature and stirred for 1 h. The reaction mixture was again cooled to 0 °C and a

solution of methyl iodide (0.5 mL, 7.4 mmol) in dry THF (10 mL) was added dropwise at 0

°C over 30 min. The reaction mixture was stirred at 0 °C for 1 h and then at room

temperature for another 1 h. The reaction mixture was quenched with saturated NH,CI

5 solution, diluted with EtOAc and further extracted with EtOAc. The combined extracts

were washed with H,O and brine, dried over anhydrous Na,SO,, and concentrated under

reduced pressure. The crude product was purified by column chromatography (silica 60-

120 mesh, eluant 10% EtOAc in petroleum ether) to get 2-(2-(4-fluorophenyl)oxazol-4-

yl)propanenitrile (360 mg, yield 23%). "H NMR (400 MHz, CDCls) 8 8.05 — 8.02 (m, 2H),

10 7.71-7.70(d, J=1.1Hz 1H), 7.19-7.14 (t, J = 8.7 Hz, 2H), 3.97 — 3.92 (m, 1H), 1.73 -

1.72 (d, J =7.2 Hz, 3H). MS (ESI) m/z: Calculated for C,,HgFN,O: 216.07; found: 216.9
(M+H)".

2-(2-(4-Fluorophenyl)oxazol-4-yl)propan-1-amine

e /k[N LiAlH, HaN \
N _—
lo> < > F THF, 09C-rt, 1h | @F
o

15
This compound was synthesized from  2-(2-(4-fluorophenyl)oxazol-4-
yl)propanenitrile as described in example 1 step 3 (320 mg, crude)and it was carried
through without further purification. MS (ESI) m/z: Calculated for C,H,3FN,O: 220.10;
found: 220.8 (M+H)".
20

N-(2-(2-(4-Fluorophenyl)oxazol-4-yl)propyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)benzamide

O-N
F30’<\N ! CO,H
F - ==
| o: C Fac— | D
HATU, NMM N H

DMF, 0 °C-rt, 4h

This compound was synthesized from 2-(2-(4-fluorophenyl)oxazol-4-yl)propan-1-

25 amine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as described in
example 8 step 6 (95 mg, yield 36%) as a yellow solid. '"H NMR (400MHz, CDCl;) 3 8.59

- 858 (t, J=1.5Hz, 1H), 8.28 — 8.26 (dt, J =7.8 Hz, 1.3 Hz, 1H), 8.17 - 8.14 (dt, J=7.8

Hz, 1.4 Hz, 1H), 8.09 — 8.05 (m, 2H), 7.90 (m, 1H), 7.67 — 7.63 (t, J = 7.8 Hz, 1H), 7.53 (d,

J =0.8 Hz, 1H), 7.14 — 7.10 (m, 2H), 3.99 — 3.93 (ddd, J = 13.2 Hz, 6.4 Hz, 4.3 Hz, 1H),
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3.53-3.46 (ddd, J=13.2 Hz, 8.8 Hz, 4.3 Hz, 1H), 3.19-3.12 (m, 1H), 1.41-1.39(d, J=
7.0 Hz, 3H). MS (ESI) mv/z: Calculated for C,oH16F4N4Os: 460.12; found: 461.1 (M+H)".

EXAMPLE 74
4-(Chloromethyl)-2-(3-fluorophenyl)oxazole
(o]

0 toluene
N a o —— C'/\[
100 °C, 5h

1,3-Dichloroacetone (3.65 g, 28.75 mmol) was added to a solution of 3-
fluorobenzamide (2 g, 14.37 mmol) in dry toluene (20 mL). The resulting reaction mixture
was stirred at 100 °C for 5 h. The reaction mixture was concentrated under reduced
pressure and the crude product was purified by column chromatography (silica gel 60-120
mesh, eluent 10% EtOAc in petroleum ether) to afford 4-(chloromethyl)-2-(3-
fluorophenyl)oxazole (1.2 g, yield 39%) as a yellow liquid. 'H NMR (300 MHz, CDCl;) &
7.85-7.83 (m, 1H), 7.77 = 7.73 (m, 2H), 7.48 — 7.41 (m, 1H), 7.20 — 7.14 (m, 1H), 4.58
(d, J =0.9 Hz, 2H).

2-(2-(3-Fluorophenyl)oxazol-4-yl)acetonitrile

CI/\[ i) KI, DMF, rt, 1h NC/\[N\
ii) NaCN, 0
F

F  DMF, rt, 2h

This compound was synthesized from 4-(chloromethyl)-2-(3-fluorophenyl)oxazole
as described in example 71 step 2 (0.15 g, yield 35%). '"H NMR (300 MHz, CDCl5) 3 7.83
—7.81 (m, 1H), 7.76 — 7.70 (m, 2H), 7.49 — 7.42 (m, 1H), 7.22 — 7.15 (m, 1H), 3.74 (s,
2H). MS (ESI) m/z: Calculated for C;1H;FN,O: 202.06; found: 203.2 (M+H)".

2-(2-(3-Fluorophenyl)oxazol-4-yl)ethanamine
>__Q BH3 Me,S HoN N
\
THF, reflux, 0.5h V\[O%Q
F
This compound was synthesized from 2-(2-(3-fluorophenyl)oxazol-4-yl)acetonitrile
as described in example 42 step 1 (120 mg, crude)and it was carried through without

further purification. MS (ESI) m/z: Calculated for C41H:4FN,O: 206.09; found: 206.9
(M+H)".
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N-(2-(2-(3-Fluorophenyl)oxazol-4-yl)ethyl)-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)nicotinamide

O~N

F
FsC’<\ )\ETC%H
N # O-N o} N==
N
\/\[ N F:C /<\ i 0O
g 3 N X NW
F HATU, NMM | | H
DMF, 0 °C-t, 4h N

This compound was synthesized from 2-(2-(3-fluorophenyl)oxazol-4-yl)ethanamine
5 and 5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinic acid as described in example 8
step 6 (15 mg, yield 9%). 'H NMR (400MHz, MeOD) 8 9.39 (d, J = 2.0 Hz, 1H), 9.19 (d, J
= 2.3 Hz, 1H), 8.90 - 8.88 (t, J = 2.1 Hz, 1H), 7.84 — 7.82 (m, 2H), 7.72 = 7.69 (m, 1H),
7.54 -7.49 (m, 1H),7.26 - 7.21 (m, 1H), 3.79-3.76 (t, J=6.9 Hz, 2H), 298 - 2.95 (t, J =

6.9 Hz, 2H). MS (ESI) m/z: Calculated for CxH13F4NsOs: 447.10; found: 448.0 (M+H)".

10
EXAMPLE 75
Methyl 6-chloro-5-cyano-2-methylnicotinate
COMe POCI3,PCI5 NC._ -~ -CO:Me
ey »
Me 120°C,24h CI” "N "Me
15 A mixture of methyl-5-cyano-6-hydroxy-2-methylnicotinate (2.0 g, 10.41 mmol),

POCI; (40 mL) and PCls (1.08 g, 5.2 mmol) was heated to 110 °C for 24 h. The reaction
mixture was concentrated under reduced pressure and quenched with ice-water. The
organic product was extracted with EtOAc and the organic layer was washed with H,O
and brine, dried over anhydrous sodium sulfate and concentrated under reduced

20 pressure. The crude product was purified by column chromatography (silica gel 60-120
mesh, eluent 10-15% EtOAc in petroleum ether) to afford methyl 6-chloro-5-cyano-2-
methylnicotinate (1.5 g, vield 68%). '"H NMR (300 MHz, CDCl;) & 8.48 (s, 1H), 3.96 (s,
3H), 2.90 (s, 3H).

25
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Methyl 5-cyano-2-methylnicotinate

Ncﬁcoz’\/le Zn powder, NH,CI NG j\/ﬁicone
|
CI” N"“Me  dioxane-THF-DMF-H;0 2:1:1:0.5 |-~ 7

N~ "Me
rt, 4h

This compound was synthesized from methyl 6-chloro-5-cyano-2-methylnicotinate

as described in example 69 step 1 (230 mg, yield 23%). 'H NMR (300 MHz, DMSO-ds) &

5 9.07-9.06(d, J=22Hz 1H), 8.62-8.61 (d, J =2.2 Hz, 1H), 3.87 (m, 3H), 2.78 (s, 3H).
MS (ESI) m/z: Calculated for CgHgN,O,: 176.06; found: 176.7 (M+H)".

5-Cyano-2-methylnicotinic acid

NCI\/[COQMB LiOH.H,O NC\E\/EC%H
_—
@ THF-H,0 7:3 viv

o
H® "N” "Me N~ "Me
0 °C-rt, 45 min

10 This compound was synthesized from methyl 5-cyano-2-methylnicotinate as
described in example 69 step 2 (175 mg, yield 83%) as a white solid. 'H NMR (300 MHz,
DMSO-ds) 5 13.78 (br s, 1H), 9.02 — 9.01 (d, J = 1.8 Hz, 1H), 8.56 — 8.55 (d, J = 1.5 Hz,
1H), 2.78 (s, 3H). MS (ESI) m/z: Calculated for CgHgN,O,: 162.04; found: 160.6 (M-H)".

15  N-(2-(4-(4-Chlorophenyl)thiazol-2-yl)-2-methylpropyl)-5-cyano-2-methylnicotinamide
Cl

Cl

N
H2N/><k8
NC.__~_COH 9 N
NC
X ~Ayrds
HATU, NMM | H

N~ "Me _
N= "Me

DMF, 0 °C-rt, 6h
This compound was synthesized from 2-(4-(4-chlorophenyljthiazol-2-yl)-2-
methylpropan-1-amine and 5-cyano-2-methylnicotinic acid as described in example 8 step
6 (200 mg, yield 46%). 'H NMR (300 MHz, CDCl;) & 8.81 (m, 1H), 8.00 — 7.99 (m, 1H),
20 7.70-7.67 (m, 2H), 7.50 — 7.46 (m, 1H), 7.41 — 7.37 (m, 3H), 3.81 - 3.79 (d, J = 5.7 Hz,
2H), 2.81 (s, 3H), 1.57 (s, 6H). MS (ESI) m/z: Calculated for C,4H:sCIN,OS: 410.10;
found: 411.1 (M+H)".
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5-((2-(4-(4-Chlorophenyl)thiazol-2-yl)-2-methylpropyl)carbamoyl)-6-
methylnicotinohydrazonic acid
Cl Cl

N4 NH,OH.HCI, Na,CO3 HaN-

o 0 N
NC N N /><MS | ! )
| N 8-hydroxyquinoline (cat)  HO | = ” s

N/ Me EtOH, reflux, 3h N/ Me

This compound was synthesized from methyl 5-cyano-2-methylnicotinate as

5 described in example 1 step 4 (200 mg, crude)and it was carried through without further
purification. 'H NMR (400 MHz, MeOD) & 8.71 — 8.70 (d, J = 2.3 Hz, 1H), 8.04 - 8.03 (d,
J=23Hz, 1H), 7.93 - 7.91 (d, J = 8.5 Hz, 2H), 7.73 (s, 1H), 7.40 - 7.38 (d, J = 8.5 Hz,
2H), 3.76 (s, 2H), 2.50 (br s, 3H), 1.58 (s, 6H). MS (ESI) m/z: Calculated for
C21H2.CINsO,S: 443.12; found: 444.1 (M+H)".

10
N-(2-{4-(4-Chlorophenyl)thiazol-2-yl)-2-methylpropyl)-2-methyl-5-(5-(trifluoromethyl)-

1,2,4-oxadiazol-3-yl)nicotinamide

cl cl
HzN\ O~
N o) N (CF4CO),0 N o) N
| D Rt N S B
HO | x ” s pyridine, reflux, 3h N | = N s
N” “Me N” “Me

This compound was synthesized from 5-((2-(4-(4-chlorophenyljthiazol-2-yl)-2-
15  methylpropyl)carbamoyl)-6-methylnicotinohydrazonic acid as described in example 1 step
5 (20 mg, yield 9%). 'H NMR (400 MHz, MeOD) & 9.14 — 9.13 (d, J = 2.0 Hz, 1H), 8.34
(d, J=2.0Hz, 1H), 7.93 - 7.91 (d, J = 8.8 Hz, 2H), 7.74 (s, 1H), 7.35-7.33 (d, J= 8.8
Hz, 2H), 3.80 (s, 2H), 2.58 (br s, 3H), 1.60 (s, 6H). MS (ESI|) m/z: Calculated for
C23H19CIF3sNsO,S: 521.09; found: 522.1 (M+H)".
20
EXAMPLE 76
2-Methyl-2-(5-phenylthiazol-2-yl)propanenitrile

N
/ \_ CN _ Mel.NeH CN
S)\/ )7<
THF 0°C-rt, 2h
This compound was synthesized from 2-(5-phenylthiazol-2-yl)acetonitrile as

25 described in example 1 step 2 using iodomethane (200 mg, yield 58%). 'H NMR (400
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MHz, CDCls) & 7.90 (s, 1H), 7.56 — 7.54 (m, 2H), 7.45 — 7.37 (m, 3H), 1.90 (s, 6H). MS
(ESI) m/z: Calculated for Cy3H:N,S: 228.07.10; found: 228.8 (M+H)".

2-Methyl-2-(5-phenylthiazol-2-yl)propan-1-amine

N . N
i/ »7<CN LiAIH, /S»7<\NH2
5 S THF, 0 °C-rt, 1h

This compound was synthesized from 2-methyl-2-(5-phenylthiazol-2-

yl)propanenitrile as described in example 1 step 3 (70 mg, yield 34%) and it was carried
through without further purification. MS (ESI) m/z: Calculated for C43Hq6N,S: 232.10;
found: 233.2 (M+H)".

10
N-(2-Methyl-2-(5-phenylthiazol-2-yl)propyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)benzamide
O-N
Fao—G : COM
N H
[ »7<\NH2 o /N7/©§(N)<(3’®
s HATU, NMM ° \<o"“ o} N/
DMF, 0 °C-it, 4h
15 This compound was synthesized from 2-methyl-2-(5-phenylthiazol-2-yl)propan-1-

amine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as described in

example 8 step 6 (20 mg, yield 17%). 'H NMR (400 MHz, MeOD) & 8.55 (m, 1H), 8.29 —

8.27 (m, 1H), 8.03 — 8.01 (m, 1H), 7.96 (s, 1H), 7.98 (s, 1H), 7.71 - 7.67 (t, J = 7.8 Hz,

1H), 7.63 - 7.61 (m, 2H), 7.43 — 7.39 (m, 2H), 7.35 - 7.32 (m, 1H), 3.75 (s, 2H), 1.56 (s,
20 6H). MS (ESI) m/z: Calculated for Co3H1gF3N,O,S: 472.12; found: 473.1 (M+H)".

EXAMPLE 77
2-([1,1'-Biphenyl]-3-yl)acetonitrile

Br CN
_ -
DMF, rt, 3h O O

25 NaCN (1.1 g, 22.26 mmol) was added to a solution of 3-phenylbenzyl bromide (5.0
g, 20.23 mmol) in dry DMF (100 mL). The resulting reaction mixture was stirred at room
temperature for 3 h and then quenched with water. The organic product was extracted
with EtOAc and the combined extracts were washed with HO and brine, dried over

anhydrous sodium sulfate and concentrated under reduced pressure. The crude product
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was purified by column chromatography (silica gel 60-120 mesh, eluent 5% EtOAc in
petroleum ether) to afford 2-([1,1-biphenyl]-3-yl)acetonitrile (3.8 g, yield 97%). 'H NMR
(300 MHz, CDCl3) 5 7.61 — 7.56 (m, 4H), 7.50 — 7.45 (m, 3H), 7.42 - 7.36 (m, 1H), 7.34 -
7.31 (m, 1H), 3.83 (s, 2H).

4-([1,1"-Biphenyl]-3-yl)tetrahydro-2H-pyran-4-carbonitrile

CN
‘ B >0 "er ne O
———
O O NaH, THF O

0 °C-rt then reflux, 8h 8
This compound was synthesized from 2-([1,1-biphenyl]-3-yl)acetonitrile as
described in example 1 step 2 using 2-bromoethyl ether (0.5 g, 73%). 'H NMR (300 MHz,
10 CDCl)87.72-7.71 (m, 1H), 7.62 - 7.57 (m, 3H), 7.51 — 7.45 (m, 4H), 7.42 - 7.37 (m,
1H), 4.15-4.10 (m, 2H), 3.99 — 3.91 (m, 2H), 2.28 — 2.20 (m, 4H).

(4-([1,1" -B|phenyl]-3-y|)tetrahydro-2H- yran-4-y|)methanam|ne

_ LiAW,
THF, 0°C-1t, 1h

15 This compound was synthesized from 4-([1,1" -b|pheny|]-3-y|)tetrahydro-2H—pyran-4-
carbonitrile as described in example 1 step 3 (230 mg, yield 46%) as a pale yellow oil. 'H
NMR (300 MHz, DMSO-ds) 5 7.66 — 7.63 (m, 2H), 7.53 — 7.41 (m, 5H), 7.37 — 7.31 (m,
2H), 3.70 - 3.65 (m, 2H), 3.43 — 3.37 (m, 2H), 2.68 (s, 2H), 2.11 — 2.05 (m, 2H), 1.87 —
1.79 (m, 2H). MS (ESI) m/z: Calculated for C1gH,NO: 267.16; found: 267.9 (M+H)".

20
N-({(4-([1,1"-Biphenyl]-3-yl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-(trifluoromethyl)-

1,2,4-oxadiazol-3-yl)benzamide

O-N
F3C’<\N ﬂ\©/cozH
O O-N o}
HoN O F3C/<\N ¥ O
o HATU, NMM N O

DMF, 0 °C-+t, 8h o

This compound was synthesized from (4-([1,1'-biphenyl]-3-yl)tetrahydro-2H-pyran-
25 4-yl)methanamine and 3-(5-(trifluoromethyl)-1,2 4-oxadiazol-3-yl)benzoic acid as
described in example 8 step 6 (110 mg, yield 56%) as a white solid. 'H NMR (400 MHz,
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CDCl,) 5 8.28 (s, 1H), 8.23 -8.21 (d, J = 7.7 Hz, 1H), 7.86 — 7.84 (d, J = 8.0 Hz, 1H), 7.58
— 7.55 (m, 6H), 7.45 — 7.37 (m, 4H), 5.85 - 5.82 (t, J = 6.1 Hz, 1H), 3.96 — 3.91 (m, 2H),
3.79 - 3.78 (d, J = 6.4 Hz, 2H), 3.74 — 3.69 (m, 2H), 2.27 — 2.22 (m, 2H), 2.10 — 2.04 (m,
2H). MS (ESI) m/z: Calculated for CpsH,4F3N305: 507.18; found: 508.1 (M+H)".

5
EXAMPLE 78
N-({(4-([1,1"-Biphenyl]-3-yl)tetrahydro-2H-pyran-4-yl)methyl)-5-(5-(trifluoromethyl)-
1,2,4-oxadiazol-3-yl)nicotinamide
O-N
FBC/QNﬂ\m002H
g v Y 3 0
\
HoN O HATU, NMM FaC’QNWN O
H
DMF, 0 °C-t, 8h 2
10 o) N o

This compound was synthesized from (4-([1,1’-biphenyl]-3-yl)tetrahydro-2H-pyran-
4-yl)methanamine and  5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinic  acid as
described in example 8 step 6 (95 mg, yield 48%) as a white solid. 'H NMR (400 MHz,
CDCl,) 5 9.40 (br s, 1H), 8.97 (br s, 1H), 8.61 — 8.60 (t, J = 1.9 Hz, 1H), 7.58 — 7.55 (m,

15 5H), 746 - 7.43 (t, J = 7.5 Hz, 2H), 7.39 — 7.35 (m, 2H), 5.89 — 5.86 (t, J = 6.1 Hz, 1H),
3.96 — 3.92 (m, 2H), 3.82 — 3.81 (d, J = 6.1 Hz, 2H), 3.74 — 3.68 (m, 2H), 2.29 — 2.23 (m,
2H), 2.09 - 2.03 (m, 2H). MS (ESI) m/z: Calculated for Cy;H,3F3N4O;: 508.17; found:
507.2 (M-HY.

20 EXAMPLE 79
2-(4-Fluorophenyl)-4-(iodomethyl)oxazole

N Kl | N
O O
o DMF, rt, 30 min O

Kl (3.14 g, 18.9 mmol) was added to a solution of 4-chloromethyl-2-(4-

fluorophenyl)-oxazole (1 g, 4.7 mmol) in dry DMF (10 mL) at room temperature. The

25  resulting reaction mixture was stirred for 30 min and then diluted with EtOAc. The mixture
was extracted with EtOAc and the combined extracts were washed with water and brine,
dried over anhydrous sodium sulfate, and concentrated under reduced pressure to get 2-
(4-fluorophenyl)-4-(iodomethyl)oxazole (1.2 g, crude), which was carried through without
further purification. '"H NMR (300 MHz, CDCl,) 5 8.05 — 8.00 (m, 2H), 7.68 (s, 1H), 7.17 —

30 7.11 (m, 2H), 4.33 (s, 2H). MS (ESI) m/z: Calculated for CoH;FINO: 302.96; found: 304.0
(M+H)".
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4-(Azidomethyl)-2-(4-fluorophenyl)oxazole
'/\[N\>_< >—F NaNs Ns/\[N\> —( )-F
o DMF, 70 °C, 8h o)
A solution of 2-(4-fluorophenyl)-4-(iodomethyl)oxazole (1.2 g, 3.96 mmol) in dry
5 DMF (10 mL) was added sodium azide (515 mg, 7.9 mmol) and the reaction mixture was
heated to 70 °C for 8 h. The reaction mixture was allowed to cool down to room
temperature and diluted with EtOAc. The mixture was extracted with EtOAc and the
combined extracts were washed with water and brine, dried over anhydrous Na,SO,, and
concentrated under reduced pressure to afford 4-(azidomethyl)-2-(4-fluorophenyl)oxazole
10 (0.73 g, yield 85%) as a pale orange liquid, which was carried through without further
purification. "H NMR (400 MHz, CDCl;) 3 8.04 — 8.01 (m, 2H), 7.67 (s, 1H), 7.16 — 7.12
(m, 2H), 4.34 (s, 2H). MS (ESI) m/z: Calculated for C4oH;FN4O: 218.06; found: 219.2
(M+H)".

15  (2-(4-Fluorophenyl)oxazol-4-yl)methanamine

Ns/\[N\ F 4>PPh3 H2N/\[N\ ]
(o] THF-H-O 8:2 viv 0: ( >
rt, 4h
A solution of 4-(azidomethyl)-2-(4-fluorophenyl)oxazole (0.5 g, 2.3 mmol) in THF-
H,O (15 mL, 8:2 v/v) was cooled to 0 °C and triphenylphosphine (892 mg, 3.4 mmol) was
added. The reaction mixture was allowed to warm up to room temperature and then
20  stirred for 4 h. The reaction mixture was concentrated under reduced pressure and the
residue was diluted with 1.5N HCI. The aqueous layer was washed with CH,Cl, and then
the pH of the aqueous layer was adjusted to ~8-9 using 10% NaOH solution. The organic
product was extracted with CH,CI, and organic layer was washed with brine, dried over
anhydrous Na,SO,, and concentrated under reduced pressure to afford (2-(4-
25  fluorophenyl)oxazol-4-yl)methanamine (330mg, yield 75%) as a pale yellow liquid, which
was carried through without further purification. 'H NMR (400 MHz, DMSO-ds) 5 8.01 —
7.98 (m, 2H), 7.94 (s, 1H), 7.38 — 7.34 (m, 2H), 3.65 (d, J = 1.1 Hz, 2H). MS (ESI) m/z:
Calculated for C1oHgFN2O: 192.07; found: 193.2 (M+H)".
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10

15

N-({(2-(4-Fluorophenyl)oxazol-4-yl)methyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-

yl)benzamide

O-N
F30’<\N ! COH
O-N o]
HoN N FoC—4 |
R W O
o HATU, NMM Ho \>—@*F
DMF, 0 °G-rt, 4h ©

This compound was synthesized from (2-(4-fluorophenyl)oxazol-4-yl)methanamine
and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as described in example 8
step 6 (65 mg, yield 26%) as a white solid. 'H NMR (400MHz, DMSO-dg) 3 9.35 — 9.32
(m, 1H), 8.60 (t, J = 1.5 Hz, 1H), 8.25 — 8.19 (m, 2H), 8.12 (m, 1H), 8.04 — 8.00 (m, 2H),
777 -773( J=7.8Hz 1H), 7.41 - 7.36 (m, 2H), 4.48 — 4.47 (d, J = 5.2 Hz, 2H). MS
(ESI) m/z: Calculated for CyoHq2F4N4O5: 432.08; found: 433.2 (M+H)".

EXAMPLE 80
4-(2-(4-Fluorophenyl)oxazol-4-yl)-1-methylpiperidine-4-carbonitrile
|

>N e el F
| NH,0H
N N
cI g -
NC/\[N\ C - NP
o] NaNHj, toluene
50 °C, 0.5h then 100 °C 3h N

|
This compound was synthesized from 2-(2-(4-fluorophenyl)oxazol-4-yl)acetonitrile
and 2-chloro-N-(2-chloroethyl)-N-methylethanamine hydrochloride as described in
example 16 step 1b (430 mg, yield 30%). "H NMR (300MHz, DMSO-ds) & 8.30 (s, 1H),
8.05 — 8.00 (m, 2H), 7.41 — 7.35 (m, 2H), 2.83 - 2.79 (m, 2H), 2.26 — 2.18 (m, 7H), 2.04 —
1.94 (m, 2H). MS (ESI) m/z: Calculated for C4gH1sFN3O: 285.13; found: 286.2 (M+H)".
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10

15

20

(4-(2-(4-Fluorophenyl)oxazol-4-yl)-1-methylpiperidin-4-yl)methanamine

F F
N= ) N=
NG e LiAIH,4 N <O
THF, 0 °C-rt, 2h
N N

| |
This compound was synthesized from 4-(2-(4-fluorophenyljoxazol-4-yl)-1-
methylpiperidine-4-carbonitrile as described in example 1 step 3 (170 mg, crude)and it
was carried through without further purification. MS (ESI) m/z: Calculated for C4sHFN3O:
289.16; found: 290.2 (M+H)".

N-({4-(2-{(4-Fluorophenyl)oxazol-4-yl)-1-methylpiperidin-4-yl)methyl)-3-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide
F F

O~-N
\
FsC’<\N)\ : COH
O~
N= N o} N==
O F30’<\N y )
HN HATU, NMM ﬁ
DMF, 0 °C-tt, 8h

This compound was synthesized from (4-(2-(4-fluorophenyl)oxazol-4-yl)-1-
methylpiperidin-4-yl)methanamine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic
acid as described in example 8 step 6 (50 mg, yield 24%). 'H NMR (400MHz, CDCl;) &
8.55 (s, 1H), 8.29 — 8.27 (m, 1H), 8.13 — 8.05 (m, 3H), 7.67 = 7.62 (m, 2H), 7.17 - 7.13 (t,
J = 8.7 Hz, 2H), 3.85 — 3.84 (m, 2H), 3.14 - 3.00 (m, 4H), 2.67 (m, 3H), 2.43 — 2.42 (m,

2H), 2.24 - 2.23 (m, 2H). MS (ESI) m/z: Calculated for CyH,3F4NsO5: 529.17; found:
530.2 (M+HY".

EXAMPLE 81
4-(Chloromethyl)-2-phenyloxazole

o toluene N
@]
@“”2 oot -0
100 °C, 24h g
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This compound was synthesized from 1,3-dichloroacetone and benzamide as
described in example 71 step 1 (65 g, yield 68%) as a white solid. 'H NMR (300MHz,
CDCl,) 5 8.06 — 8.04 (m, 2H), 7.72 (m, 1H), 7.49 — 7.46 (m, 3H), 4.59 (d, J = 1.1 Hz, 2H).
MS (ESI) m/z: Calculated for C1qHsCINO: 193.03; found: 194.2 (M+H)".

2-(2-Phenyloxazol-4-yl)acetonitrile
N i) KI, DMF, rt, 1h N
-0 -0
o ii) NaCN, DMF, rt, 2h o
This compound was synthesized from 4-(chloromethyl)-2-phenyloxazole as
described in example 71 step 2 (24 g, yield 50%) as a white solid. 'H NMR (300MHz,

CDCl;) 5 8.04 —8.01 (m, 2H), 7.74 (t, J=1.2 Hz, 1H), 7.49-7.46 (m, 3H), 3.74 (d, J= 11
Hz, 2H). MS (ESI) n/z: Calculated for C,HsN,O: 184.086; found: 185.2 (M+H)".

2-Methyl-2-(2-phenyloxazol-4-yl)propanenitrile

Mel, NaH
N s
NC«[ \ ———— NC N
o THF, 0 °C-tt, 1.5h | >
o

This compound was synthesized from 2-(2-phenyloxazol-4-yl)acetonitrile using
iodomethane as described in example 1 step 2 (18 g, yield 65%) as a yellow solid. 'H
NMR (300 MHz, CDCl;) 5 8.06 — 8.03 (m, 2H), 7.68 (s, 1H), 7.48 — 7.46 (m, 3H), 1.77 (s,
6H). MS (ESI) m/z: Calculated for C13H12N,O: 212.09; found: 213.2 (M+H)".

2-Methyl-2-(2-phenyloxazol-4-yl)propan-1-amine

LIAIH
Nc><EN\ _UAHe N N
lo THF, 0 °C-rt, 1h | \>—®
o

This compound was synthesized from 2-methyl-2-(2-phenyloxazol-4-
yl)propanenitrile as described in example 1 step 3 (16.2 g, crude)and it was carried
through without further purification. MS (ESI) m/z: Calculated for Cq3H4sN.O: 216.13;
found: 217.2 (M+H)".
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N-(2-Methyl-2-(2-phenyloxazol-4-yl)propyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-

O-N
FsC’<\N)\\ : LCOH
HzN\>ﬂ:N\ /<O‘{\l o N=
F.c—4& o)
l o>_® HATU, NMM TN N%/
DMF, 0 °C-rt, 4h H

This compound was synthesized from 2-methyl-2-(2-phenyloxazol-4-yl)propan-1-

yl)benzamide

amine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as described in
example 8 step 6 (15 g, yield 44%) as a white solid. 'H NMR (400MHz, CDCls) & 8.66 (t,
J =15 Hz, 1H), 8.29 — 8.26 (m, 2H), 8.20 — 8.17 (dt, J = 8.0 Hz, 1.2 Hz, 1H), 8.09 — 8.06
(m, 2H), 7.68 — 7.64 (t, J = 7.9 Hz, 1H), 7.51 (s, 1H), 7.47- 7.40 (m, 3H), 3.66 (d, J=5.6
Hz, 2H), 1.43 (s, 6H). MS (ESI) m/z: Calculated for Cy3H9F3N4O5: 456.14; found: 457.2
(M+H)".

EXAMPLE 82
2-(2-(4-Fluorophenyl)oxazol-4-yl)-2-methylpropanenitrile

CN N Mel, NaH
o THF, 0 °C-rt, 3h | 5 F

This compound was synthesized from 2-(2-(4-fluorophenyl)oxazol-4-yl)acetonitrile

using iodomethane as described in example 1 step 2 (15 g, yield 66%) as a white solid.
"H NMR (300 MHz, CDCl;) 8 8.07 — 8.02 (dd, J = 8.9 Hz, 5.4 Hz, 2H), 7.66 (s, 1H), 7.19 —
7.13 (t, J = 8.7 Hz, 2H), 1.76 (s, 6H). MS (ESI) m/z: Calculated for Ci3H;1FN,O: 230.09;
found: 231.2 (M+H)".

2-(2-(4-Fluorophenyl)oxazol-4-yl)-2-methylpropan-1-amine

LiAIH,
N H2N
CN><[ N . N
5 THF, 0 °C-tt, 1h | F

o}
This compound was synthesized from 2-(2-(4-fluorophenyljoxazol-4-yl)-2-

methylpropanenitrile as described in example 1 step 3 (14 g, crude) and it was carried
through without further purification. 'H NMR (300 MHz, MeOD) & 8.07 — 8.03 (dd, J= 8.9
Hz, 5.4 Hz, 2H), 7.73 (s, 1H), 7.26 — 7.20 (m, 2H), 2.85 (s, 2H), 1.31 (s, 6H). MS (ESI)
m/z: Calculated for C13H4sFN2O: 234.12; found: 235.2 (M+H)".
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2-(2-(4-Fluorophenyl)oxazol-4-yl)-2-methyl-N-(3-(5-(trifluoromethyl)-1,2,4-oxadiazol-

3-yl)benzyl)propan-1-amine

O-N
Fac—4& | N H>N N NaBH(OAc) j/@\/
o DCE, 0°Ct, 8h

Sodiumtriacetoxy borohydride (197 mg, 0.9 mmol) was added to a solution of 3-(5-
5  (trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzaldehyde (150 mg, 0.62 mmol) and 2-(2-(4-
fluorophenyl)oxazol-4-yl)-2-methylpropan-1-amine (150 mg, 0.64 mmol) in dry DCE (2

mL) at O °C under nitrogen atmosphere and stirred at room temperature for 8 h (monitored
by TLC, petroleum ether/EtOAc 6:4). Reaction mixture was carefully quenched with 10%
NaHCO; solution and the organic product was extracted with EtOAc. The combined
10  extracts were washed with brine, dried over anhydrous Na,SO, and concentrated under
reduced pressure. The crude product was purified by column chromatography (silica 60-
120 mesh, eluant 10-15% EtOAc in petroleum ether) to get 2-(2-(4-fluorophenyl)oxazol-4-
yl)-2-methyl-N-(3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzyl)propan-1-amine (50 mg,
yield 18%). 'H NMR (400 MHz, MeOD) & 8.01 (m, 2H), 7.96 — 7.92 (m, 3H), 7.67 (s, 1H),
15 7.54 -7.52 (m, 1H), 7.49 — 7.45 (m, 1H), 7.20 — 7.15 (m, 1H), 3.82 (s, 2H), 2.76 (s, 2H),
1.32 (s, 6H). MS (ESI) m/z: Calculated for Ca3HxoFsN4O2: 460.15; found: 461.2 (M+H)".

EXAMPLE 83
4-Phenylthiazol-2(3H)-one

0 0
B KSCN,KI scn| S0%HSOs \Fo
20 DMF, 80 °C, 2h ACOH,100°C, 10min

A suspension of 2-bromoacetophenone (5 g, 0.0251 mol), potassium thiocyanate
(8.6 g, 0.088 mol) and potassium iodide (0.25 g, 0.0015 mol) in dry DMF (25 mL) was

heated to 80 °C for 2 h. The reaction mixture was concentrated to dryness under reduced

pressure and the residue was dissolved in glacial acetic acid (25 mL) and 50% aqueous
25 H,SO, was added to it. The reaction mixture was heated to 100 °C for 10 min. The
reaction mixture was poured in ice water and the precipitate formed was filtered and dried
under reduced pressure to get 4-phenylthiazol-2(3H)-one (3.3 g, yield 75%) as a brown

solid, which was carried through without further purification.

30
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2-Bromo-4-phenylthiazole

S S
| =0 PoBr, | D—pr
H . N
[j 100°C, 10h

sealed tube

A mixture of 4-phenylthiazol-2(3H)-one (300 mg, 1.7 mmol) and POBr; (4.85 g,
17.0 mmol) was heated to 100 °C in a sealed tube for 10 h. The reaction mixture was
5 poured in ice water and the organic product was extracted with EtOAc. The combined
extracts were washed with brine, dried over anhydrous sodium sulfate, and concentrated
under reduced pressure. The crude product was purified by column chromatography
(silica 60-120 mesh, eluant 1% EtOAc in petroleum ether) to get 2-bromo-4-
phenylthiazole (300 mg, yield 73%) as light brown colored liquid. 'H NMR (300MHz,
10 CDCl;) 6 7.88 — 7.85 (m, 2H), 746 — 7.35 (m, 4H). MS (ESI) m/z: Calculated for

CoHsBrNS: 240.94; found: 242.0 (M+H)".

3-(4,4-Dibromobut-3-en-1-yl)benzonitrile

NC I A0 NG o CBr4:PPhy _ NC .
\©/ Pd(OAc) (cat.) \(>/\A CHoCly Br
nBuyNCl, NaHCO3 0°C-t, 2h
DMF, 0 °C-tt, 2h
15 Tetrabutyl ammonium chloride (6.0 g, 21.83 mmol) and sodium bicarbonate (4.5g,

54.5 mmol) were taken in dry DMF (15 mL) and cooled to 0 °C and 3-iodobenzonitrile (5.0
d, 21.83 mmol) was added. Allyl alcohol (2.2 mL, 32.7 mmol) was added to the reaction
mixture, followed by a catalytic amount of Pd(OAc), (146 mg, 0.65 mmol) and the mixture
was stirred at 0 °C for 30min. The reaction mixture was slowly warmed up to room
20 temperature and further stirred for 2 h. The reaction mixture was diluted with water and
the organic product was extracted with ether. The combined extracts were dried over
anhydrous Na,SO, and concentrated under reduced pressure to get the crude product
aldehyde. The crude aldehyde (5.0 g, 31.4 mmol) was added to a cold solution of carbon
tetrabromide (20.8 g, 62.8 mmol) and triphenyl phosphine (32.8 g, 125 mmol) in CH,Cl,
25 (100 mL) at 0 °C. The reaction mixture was further stirred for 2 h maintaining the same
temperature. The mixture was then diluted with hexane and the precipitate formed was
filtered. The clear filtrate was concentrated to get the crude product which was purified by
column chromatography (silica 60-120 mesh, eluant 10-15% EtOAc in petroleum ether) to
get 3-(4,4-dibromobut-3-en-1-yl)benzonitrile (2.25 g, overall yield 33%) as a brown oil. 'H
30 NMR (300 MHz, CDCl;) 5 7.66 — 7.63 (dt, J = 7.7 Hz, 1.3 Hz, 1H), 7.55 — 7.49 (m, 2H),
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7.44 —7.42 (m, 1H), 6.42 — 6.37 (t, J = 7.2 Hz, 1H), 2.81 — 2.76 (m, 2H), 2.46 — 2.39 (q, J
= 7.4 Hz, 2H).

3-(But-3-yn-1-yl)benzonitrile
i) NaHMDS (1M in THF)
NG N Br THF,-60°C,0.5h NG X
5 m ii) nBuLi, -70 °C, 0.5h \©/\/\
Sodium bis(trimethylsilyl)Jamide (10.7 mL, 10.7 mmol, 1 M in THF) was added

dropwise to a solution of 3-(4,4-dibromobut-3-en-1-yl)benzonitrile (2.25 g, 7.14 mmol) in

dry THF (45mL) at -60 °C. The reaction mixture was stirred for another 0.5 h maintaining

the same temperature. The mixture was then cooled to -70 °C and n-BuLi (8.9 mL, 14.3
10 mmol, 1.6 M in hexane) was added dropwise. The reaction mixture was stirred for 0.5 h,

quenched with saturated NH,Cl solution, and extracted with EtOAc. The combined

extracts were concentrated under reduced pressure to obtain the 3-(but-3-yn-1-

yl)benzonitrile (600 mg, vield 54%). 'H NMR (300 MHz, CDCls) & 7.55 (m, 1H), 7.53 —

7.51 (m, 1H), 7.48 — 7.39 (m, 2H), 2.90 — 2.85 (m, 2H), 2.54 — 2.48 (td, J=7.2 Hz, 2.6 Hz,
15 2H),2.01-1.99(t, J=2.6 Hz, 1H).

3-(4-(4-Phenylthiazol-2-yl)but-3-yn-1-yl)benzonitrile

Pd(PPhs), (cat.) N Ph
o

S
! />\Br Cul (cat
NC % R N (cat) NC \\ s
EtzN, DMF, rt,12h

3-(But-3-yn-1-yl)benzonitrile (462 mg, 2.98 mmol) and 2-bromo-4-phenylthiazole
20 (650 mg, 2.71 mmol) were taken in dry DMF (20 mL) and purged with nitrogen gas for 15
min. EtzN (1.9 mL, 13.5 mmol) was added to the reaction mixture, followed by a catalytic
amount of copper iodide (51 mg, 0.27 mmol) and Pd(PPhs); (115 mg, 0.1 mmol). The
reaction mixture was stirred at room temperature for 12 h and then quenched with water.
The organic product was extracted with EtOAc, and the combined extracts were
25 concentrated under reduced pressure. The crude product was purified by column
chromatography (silica 60-120 mesh, eluant 15-20% EtOAc in petroleum ether) to get 3-
(4-(4-phenylthiazol-2-yl)but-3-yn-1-yl)benzonitrile (430mg, yield 50%) as a pale yellow
solid. '"H NMR (300 MHz, CDCl3) 8 7.92 — 7.90 (m, 2H), 7.59 — 7.52 (m, 3H), 7.47 — 7.33
(m, 5H), 3.04 — 2.99 (m, 2H), 2.83 — 2.78 (m, 2H). MS (ESl) m/z: Calculated for

30  CyH:4N:S: 314.09; found: 315.2 (M+H)".
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3-(4-(4-Phenylthiazol-2-yl)butyl)benzonitrile
Ph

NC S ?'S_\j Hy, 10% Pd-C \©/\/\/4‘j
EtOH rt, 48h
10% Palladium on charcoal (215mg) was added to a solution of 3-(4-(4-
phenylthiazol-2-yl)but-3-yn-1-yl)benzonitrile (430mg, 1.37 mmol) in ethanol (15 mL), the
5 reaction mixture was put under ~2kg H,-pressure for 48 h. The reaction mixture was
filtered through a celite bed and washed thoroughly with EtOAc. The solvent was
concentrated under reduced pressure to obtain  3-(4-(4-phenylthiazol-2-
yhbutyl)benzonitrile (330 mg, 76%) as colorless viscous liquid. 'H NMR (300 MHz,
CDCl,) 8§ 7.90 — 7.87 (m, 2H), 7.50 — 7.33 (m, 8H), 3.13 - 3.08 (t, J = 7.5 Hz, 2H), 2.75 —
10 270 (t, J = 7.5 Hz, 2H), 1.93 - 1.85 (m, 2H), 1.83 —= 1.75 (m, 2H). MS (ESI) nv/z
Calculated for C,oH1sN,S: 318.12; found: 319.2 (M+H)".

N’-Hydroxy-3-(4-{4-phenylthiazol-2-yl)butyl)benzimidamide

Ph HO. Ph
N NH,OH.HCI, Na,CO N N
NC 7\ 2LH.ALL, NapgLUs 7\
S HoN g
8-hydroxyquinoline (cat.)
EtOH, reflux, 4h
15 This compound was synthesized from 3-(4-(4-phenylthiazol-2-yl)butyl)benzonitrile

as described in example 1 step 4 (290 mg, crude)and it was carried through without

further purification. 'H NMR (300 MHz, DMSO-dg) 8 9.55 (s, 1H), 7.92 — 7.90 (m, 2H),

7.51 — 7.39 (m, 5H), 7.33 — 7.18 (m, 3H), 5.74 (br s, 2H), 3.07 - 3.02 (t, J = 6.9Hz, 2H),

267 - 262 (t, J = 7.1 Hz, 2H), 1.80 — 1.67 (m, 4H). MS (ESI) m/z: Calculated for
20  CyHxN;08: 351.14; found: 352.2 (M+H)".

3-(3-(4-(4-Phenylthiazol-2-yl)butyl)phenyl)-5-(trifluoromethyl)-1,2,4-oxadiazole

HO. Ph o
N (CFsCOR0O F, N 57\
N i
HaN S pyridine, reflux, 3h

This compound was synthesized from N*-hydroxy-3-(4-(4-phenylthiazol-2-

25  yl)butyl)benzimidamide as described in example 1 step 5 (70 mg, yield 20%) as a yellow

liquid. "H NMR (400 MHz, CDCl3) 8 7.96 — 7.95 (m, 2H), 7.90 — 7.88 (m, 2H), 7.47 — 7.40

(m, 4H), 7.36 — 7.31 (m, 2H), 3.15 - 3.12 (t, J = 7.5 Hz, 2H), 2.81 - 2.77 (t, J = 7.5 Hz,

2H), 1.95 - 190 (m, 2H), 1.88 — 1.82 (m, 2H). MS (ESI) m/z: Calculated for
C,oH15F3N308S: 429.11; found: 430.2 (M+H)".

168



WO 2011/088181 PCT/US2011/021089

EXAMPLE 84
2-Diazo-1-phenylethanone
o)

(o] TsNHNHTs Np
o
Ph)J\/Br DBU, THF (j)V
0 9C, 30min

5 DBU (7.5 mL, 50.2 mmol) was added dropwise to a solution of 2-bromo-1-

phenylethanone (2.0 g, 10.05 mmol) and N,N-bis(p-toluenesulfonyl) hydrazine (6.8 g,
20.1 mmol) in dry THF (30 mL) at 0 °C. The reaction mixture was stirred at 0 °C for 30 min,
and quenched with aqueous saturated NaHCO; solution. The organic product was
extracted with EtOAc and the combined extracts were washed with brine, dried over
10  anhydrous sodium sulfate, and concentrated under reduced pressure. The crude product
was purified by column chromatography (silica 60-120 mesh, eluant 10-15% EtOAc in
petroleum ether) to get 2-diazo-1-phenylethanone (1.2 g, yield 82%) as a yellow solid. 'H
NMR (300 MHz, CDCl;) 5 7.78 — 7.76 (m, 2H), 7.56 — 7.53 (m, 1H), 7.48 — 7.43 (m, 2H),
5.91 (s, 1H).
15
2-(5-Phenyloxazol-2-yl)acetonitrile
N N
3.El N/
DCM, 0 °C-rt, 1h
BF;.Et;O (1.1 mL, 8.5 mmol) was added dropwise to a solution of malononitrile
(2.26 g, 34.2 mmol) in dry CH,Cl, (20 mL) at 0 °C, followed by addition of 2-diazo-1-
20 phenylethanone (0.5 g, 3.4 mmol) in DCM (5 mL). The reaction mixture was stirred at
room temperature for 1 h and then quenched with aqueous 10% NaOH solution. The
organic product was extracted with EtOAc and the combined extracts were washed with
brine, dried over anhydrous sodium sulfate, and concentrated under reduced pressure.
The crude product was purified by column chromatography (silica 60-120 mesh, eluant 5-
25 10% EtOAc in petroleum ether) to get 2-(5-phenyloxazol-2-yl)acetonitrile (200 mg, yield
32%) as a brown solid. "H NMR (300 MHz, CDCl;) 8 7.66 — 7.63 (m, 2H), 7.47 — 7.38 (m,
3H), 7.32 (s, 1H), 4.02 (s, 2H). MS (ESI) m/z: Calculated for C11HsN,O: 184.06; found:
185.2 (M+H)".

30 2-Methyl-2-(5-phenyloxazol-2-yl)propanenitrile
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NC/\fO Mel, NaH NC><WO
N\/> < > THF, 0 °C-rt, 1h N\/\/ C

This compound was synthesized from 2-(5-phenyloxazol-2-yl)acetonitrile using
iodomethane as described in example 1 step 2 (150 mg, yield 65%). 'H NMR (300 MHz,

CDCl3) 6 7.66 — 7.64 (m, 2H), 7.47 — 7.36 (m, 3H), 7.29 (s, 1H), 1.88 (s, 6H). MS (ESI)
5  m/z: Calculated for C43H:N-O: 212.10; found: 213.2 (M+H)".

2-Methyl-2-(5-phenyloxazol-2-yl)propan-1-amine
LiAIH,

NC><rO HoN
N THF, 0°C-rt, 1h b

This compound was synthesized from 2-methyl-2-(5-phenyloxazol-2-

10  yl)propanenitrile as described in example 1 step 3 (100 mg, crude)and it was carried

through without further purification. MS (ESI) m/z: Calculated for Cq3H4sN.O: 216.13;
found: 217.2 (M+H)".

N-(2-Methyl-2-(5-phenyloxazol-2-yl)propyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-

O-N OH
Fe—4
N o]
7/©Y oo
HzNQ<r N \><(\7/©
o
FiC—~ | \
'j_© HATU, NMM \<o—N 0 N~/

DMF, 0 °C-rt, 4h

15  yl)benzamide

This compound was synthesized from 2-methyl-2-(5-phenyloxazol-2-yl)propan-1-
amine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as described in
example 8 step 6 (18 mg, yield 10%) as a yellow viscous liquid. 'H NMR (400 MHz,

20 MeOD) 58.50 —8.49 (t, J = 1.8 Hz, 1H), 8.28 — 8.25 (dt, J = 7.8 Hz, 1.4 Hz, 1H), 8.00 -
7.98 (dt, J =7.8 Hz, 1.5 Hz, 1H), 7.68 — 7.64 (m, 3H), 7.39 - 7.36 (m, 3H), 7.32 - 7.27 (m,
1H), 4.58 (s, 2H), 1.54 (s, 6H). MS (ESI) m/z: Calculated for C,3H1gF3N4O3: 456.14;
found: 457.2 (M+H)".

25
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EXAMPLE 85
Ethyl 2-phenylthiazole-5-carboxylate

s
o OH O M N
NBS Ph”” “NHa
o
coFogn | T .
: o}

dioxane-Ho0 1:1 viv Br dioxane-H,0O
-10 °C-rt, 1h 80°C, 1h

Ethyl-3-ethoxyacryalate (4.0 g, 27.7 mmol) was dissolved in dioxane-H,O (30 ml,

5 1:1 viv) and cooled to -10 °C. N-Bromosuccinimide (5.43 g, 30.5 mmol) was added to this

solution and the reaction mixture was allowed to warm up to room temperature and further

stirred for 1 h. Thiobenzamide (3.8 g, 27.7 mmol) was then added and the reaction

mixture was further heated to 80 °C for 1 h. The reaction mixture was then cooled to room

temperature and quenched with agueous ammonia solution. The organic product was

10  extracted with EtOAc and combined extracts were washed with H>O and brine, dried over

anhydrous sodium sulfate, and concentrated under reduced pressure. The crude product

was purified by column chromatography (silica gel 60-120 mesh, eluent 5-10% EtOAc in

petroleum ether) to afford ethyl 2-phenylthiazole-5-carboxylate (1.1 g, yield 17%) as a

yellow solid. "H NMR (300 MHz, CDCl;) 3 8.43 (s, 1H), 8.01 — 7.98 (m, 2H), 7.48 — 7.48

15 (m, 3H), 444 - 4.37 (q, J =7.2 Hz, 2H), 1.44 — 1.39 (t, J = 7.2 Hz, 3H). MS (ESI) m/z:
Calculated for C1,H{NO,S: 233.05; found: 234.0 (M+H)".

{2-Phenylthiazol-5-yl)methanol

N LiAlH, N
o)

THF, 0 °C-rt, 1h

20 This compound was synthesized from ethyl 2-phenylthiazole-5-carboxylate as
described in example 1 step 3 (390 mg, yield 95%) as a yellow solid. 'H NMR (300 MHz,
CDCl3) 6 7.95 — 7.92 (m, 2H), 7.71 (s, 1H), 7.46 — 7.43 (m, 3H), 4.91 (s, 2H). MS (ESI)
m/z: Calculated for C1oHgNOS: 191.04; found: 192.2 (M+H)".

25 5-(Bromomethyl)-2-phenylthiazole

N CBry, PPhs N
ph/qs_ﬁ\/OH > ph/qs\ﬁ\/Br

CH.Cly
(2-phenylthiazol-5-yl)methanol (390 mg, 2.03 mmol) was dissolved in dry CH,ClI,
(10 mL) and cooled to 0 °C. Triphenyl phosphine (800 mg, 3.05 mmol) was then added,
followed by carbon tetrabromide (1.35 g, 4.07 mmol). The reaction mixture was allowed to
30 warm up to room temperature and stirred for 1 h. The reaction mixture was then

concentrated under reduced pressure and the crude product was purified by column
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chromatography (silica 60-120 mesh, eluant 5% EtOAc in petroleum ether) to get 5-
(bromomethyl)-2-phenylthiazole (250 mg, yield 48%) as light yellow solid. 'H NMR (400
MHz, CDCl;) & 7.95 — 7.92 (m, 2H), 7.80 (s, 1H), 7.46 — 7.45 (m, 3H), 4.77 (s, 2H). MS
(ESI) m/z: Calculated for C,,HgBrNS: 254.95; found: 256.0 (M+H)".

2-(2-Phenylthiazol-5-yl)acetonitrile
N KCN N
o /(}\/Br e /«S\&\/CN
KCN (154 mg, 2.36 mmol) was added to a solution of 5-(bromomethyl)-2-
phenylthiazole (400 mg, 1.57 mmol) in dry DMF (10 mL). The resulting reaction mixture
10  was stirred at room temperature for 10 h. The mixture was then quenched with water and
the organic product was extracted with EtOAc. The combined extracts were washed with
H.O and brine, dried over anhydrous sodium sulfate, and concentrated under reduced
pressure. The crude product was purified by column chromatography (silica gel 60-120
mesh, eluent 20% EtOAc in petroleum ether) to afford 2-(2-phenylthiazol-5-yl)acetonitrile
15 (230 mg, yield 73%) as a white solid. 'H NMR (300 MHz, CDCl5) & 7.94 — 7.90 (m, 2H),
7.76 (s, 1H), 7.47 — 7.45 (m, 3H), 3.98 (d, J = 1.1 Hz, 2H). MS (ESI) m/z: Calculated for
C44HsN,S: 200.05; found: 201.2 (M+H)".

2-(2-Phenylthiazol-5-yl)ethanamine

N \ BH3.M628
o
Ph/ks

20 THF, 1t, 60 °C, 1h

N
Ph/(?\/\ NH;

This compound was synthesized from 2-(2-phenylthiazol-5-yl)acetonitrile as
described in example 42 step 1 (150 mg, crude) and it was carried through without further
purification. MS (ESI) m/z: Calculated for C11H12N2S: 204.08; found: 205.2 (M+H)".

25  N-(2-(2-Phenylthiazol-5-yl)ethyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-

yl)benzamide
O-N
FsC’<\N ﬂ\©/cozH

HATU, NMM
DMF, 0 °C-rt, 6h

N H
Ph/QQ\/\NHz FsC~<£I II/QEVNV\[}’@

This compound was synthesized from 2-(2-phenylthiazol-5-yl)ethanamine and 3-

(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as described in example 8 step 6 (35
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10

15

20

25

mg, yield 27%) as an off white solid. 'H NMR (400 MHz, MeOD) & 8.61 (t, J = 1.5 Hz,
1H), 8.32 - 8.29 (dt, J=7.8 Hz, 1.3 Hz, 1H), 8.09 — 8.06 (dt, J = 7.8 Hz, 1.5 Hz, 1H), 7.90
—7.88 (m, 2H),7.73 -7.69 (t, J = 7.9 Hz, 1H), 7.66 (s, 1H), 7.47 — 7.45 (m, 3H), 3.75 -
3.71 (t, J = 6.8 Hz, 2H), 3.28 — 3.25 (t, J = 6.8 Hz, 2H). MS (ESI) m/z: Calculated for
C21H15F3N4O,S: 444.09; found: 445.0 (M+H)".

EXAMPLE 86
2-Methyl-2-(2-phenylthiazol-5-yl)propanenitrile

N Mel, NaH
Ph/q}\/CN /4_>7<

DMSO, 0 °Crt, 1.5h PN

This compound was synthesized from 2-(2-phenylthiazol-5-yl)acetonitrile using
iodomethane as described in example 1 step 2 (210 mg, yield 80%) as a yellow liquid. 'H
NMR (400 MHz, CDCl3) 5 7.93 — 7.90 (m, 2H), 7.79 (s, 1H), 7.47 — 7.45 (m, 3H), 1.86 (s,
6H). MS (ESI) m/z: Calculated for C;3H,N,S: 228.07; found: 229.2 (M+H)".

2-Methyl-2-(2-phenylthiazol-5-yl)propan-1-amine

| LiaW, N
ph/<\>7< ph/< ) NH;
THF 0°C-t, 1h S

This compound was synthesized from 2-methyl-2-(2-phenylthiazol-5-
yl)propanenitrile as described in example 1 step 3 (100 mg, crude) and it was carried
through without further purification. MS (ESI) m/z: Calculated for Ci3HsN.S: 232.10;
found: 233.2 (M+H)".

N-(2-Methyl-2-(2-phenylthiazol-5-yl)propyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)benzamide

O-N

F30’<\ B : COH
) \ N N s
HATU, NMM o-N o N

DMF, 0 °C-tt, 4h

This compound was synthesized from 2-methyl-2-(2-phenylthiazol-5-yl)propan-1-
amine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as described in
example 8 step 6 (70 mg, yield 51%). 'H NMR (400MHz, MeOD) & 8.55 (t, J = 1.6 Hz,
1H), 8.29 — 8.26 (dt, J=7.9 Hz, 1.3 Hz, 1H), 8.03 — 8.01 (dt, J = 7.8 Hz, 1.5 Hz, 1H), 7.91
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— 7.88 (m, 2H), 7.70 — 7.66 (m, 2H), 7.47 — 7.45 (m, 3H), 3.64 (s, 2H), 1.53 (s, 6H). MS
(ESI) m/z: Calculated for CpsHqoF3N4O,S: 472.12; found: 473.2 (M+H)".

EXAMPLE 87
5  N-({(4-(2-(4-Chlorophenyl)thiazol-4-yl)-1-methylpiperidin-4-yl)methyl)-3-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide
Cl Cl
‘{\l o

o
FaC—4&
N OH
N= O-N o) N=
s
~ Foo—4 | s
HoN N N =
HATU, NMM

ITI 0°C-rt, 10h N
|

This compound was synthesized from (4-(2-(4-chlorophenyljthiazol-4-yl)-1-

T

methylpiperidin-4-yl)methanamine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic
10  acid as described in example 8 step 6 (50 mg, yield 23%). 'H NMR (400MHz, DMSO-de)

5 8.54-8.51(m, 1H), 8.39 (m, 1H), 8.18 -8.16 (d, J = 7.6 Hz, 1H), 8.04 - 8.02(d, J=7.6

Hz, 1H), 7.91- 7.89 (d, J = 8.2 Hz, 2H), 7.69 — 7.65 (t, J = 7.8 Hz, 1H), 7.52 — 7.49 (m,

3H), 3.49 — 3.48 (m, 2H), 2.66 — 2.63 (m, 2H), 2.31 — 2.28 (m, 2H), 2.12 — 2.04 (m, 5H),

1.90 — 1.84 (m, 2H). MS (ESI) m/z: Calculated for C2sH23CIF3NsO,S: 561.12; found: 562.0
15 (M+H)"

EXAMPLE 88
1-(5-Bromothiophen-2-yl)-2,2,2-trifluoroethanol

A CsF, TMSCF, Fscj/@s
B ——————~ s~ Br

0 dry glyme, rt, 3h HO

20 CsF (400 mg, 2.6 mmol) was added to a solution of 5-bromothiophene-2-
carbaldehyde (5.0 g, 26.17 mmol) in dry 1,2-dimethoxyethane (20 mL), followed by
trifluoromethyl trimethylsilane (4.6 mL, 31.4 mmol) dropwise at 0 °C. The reaction mixture
was stirred at room temperature for 3 h, quenched with 1.5N HCI, and stirred for an
additional 30 min. The crude product was extracted with CH,Cl,. The combined extracts

25  were dried over anhydrous Na,SO,, and concentrated under reduced pressure. The crude
product was purified by column chromatography (silica 60-120 mesh, eluant 5-10% EtOAc
in petroleum ether) to get 1-(5-bromothiophen-2-yl)-2,2 2-trifluoroethanol (4 g, yield 59%).
"H NMR (400 MHz, CDCl5) 8 7.01 (m, 1H), 6.95 (m, 1H), 5.23 - 5.18 (q, J = 5.9 Hz, 1H),
3.07 (br s, 1H). MS (ESI) m/z: Calculated for CsH4BrF;0S: 261.91; found: 260.7 (M-1).
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1-(5-Bromothiophen-2-yl)-2,2,2-trifluoroethanone
FsC 7\ Dess-Martin  F5C I\
s B ———~ g~ "Br
0 °C-1t, 3h

This compound was synthesized from 1-(5-bromothiophen-2-yl)-2,2 2-
5 trifluoroethanol as described in example 47 step 2 (0.8g, yield 42%). 'H NMR (400 MHz,
CDCl3)87.72-7.71 (m, 1H), 7.24 - 7.23 (d, J = 4.3 Hz, 1H).

3-(56-(2,2,2-Trifluoroacetyl)thiophen-2-yl)benzoic acid

Fscw/@ FC /T

s~ Br s COH
o Pd(PPhs)4 (cat.) o)
2M Na,CO3, DMF, 90 °C, 10h
10 1-(5-Bromothiophen-2-yl)-2,2,2-trifluoroethanone (0.8 g, 3.09 mmol) and 3-

carboxyphenylboronic acid (0.5 g, 3.01 mmol) were dissolved in DMF (10 mL) and the
solution was purged with argon for 10 min. 2M aqueous solution of Na,CO; (0.65 g, 6.17
mmol) and catalytic Pd(PPhs)s (178 mg, 0.15 mmol) were added to the reaction mixture
and heated to 90 °C for 10 h. The reaction mixture was cooled to room temperature,

15  diluted with water and acidified to pH ~6 with 1.5 N HCI. The crude product was extracted
with EtOAc. The combined extracts were dried over anhydrous Na,SO, and concentrated
under reduced pressure. The crude product was triturated with diethyl ether to get 3-(5-
(2,2,2-trifluoroacetyl thiophen-2-yl)benzoic acid (700 mg, yield 79%). 'H NMR (400 MHz,
DMSO-ds) & 13.35 (br s, 1H), 8.31- 8.30 (m, 1H), 8.16 — 8.11 (m, 2H), 8.04 - 8.02 (d, J =

20 7.6Hz 1H), 7.93-7.92(d, J=4.3 Hz, 1H), 7.67 -7.63 (t, J=7.8 Hz, 1H). MS (ESI) m/z:
Calculated for Cy3H,F305S: 300.01; found: 299.0 (M-1).
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N-(2-(2-(4-Fluorophenyl)oxazol-4-yl)-2-methylpropyl)-3-(5-(2,2,2-

trifluoroacetyl)thiophen-2-yl)benzamide

s COH FC. g \ o] I 3‘@

o} F

d s N N

HATU, NMM H
DMF, 0 °C-rt, 4h

This compound was synthesized from 2-(2-(4-fluorophenyljoxazol-4-yl)-2-
methylpropan-1-amine and 3-(5-(2,2,2-triflucroacetyl)thiophen-2-yl)benzoic acid as
described in example 8 step 6 (8 mg, yield 5%). "H NMR (400 MHz, DMSO-ds) 3 8.53 —
8.50 (t, J = 6.2 Hz, 1H), 8.21 (m, 1H), 8.17 — 8.16 (m, 1H), 8.03 — 7.98 (m, 4H), 7.93 —
7.91 (m, 1H), 7.88 - 7.87 (d, J=4.3 Hz, 1H), 7.63 - 7.59 (t, J= 7.8 Hz, 1H), 7.34 - 7.30
(t, J=8.8 Hz, 2H), 3.52 - 3.50 (d, J = 6.4 Hz, 2H), 1.29 (s, 6H).

EXAMPLE 89
5-(6-(2,2,2-Trifluoroacetyl)thiophen-2-yl)nicotinic acid

HOzC\(TB(OH)z
|
FC N ” o 4T

O Er N I s ~COH
o] Pd(PPh), (cat.) w
2M Na,COs, DMF, 90 °C, 10h N

This compound was  synthesized from  1-(5-bromothiophen-2-yl)-2,2,2-
trifluoroethanone and 5-borononicotinic acid as described in example 88 step 3 (470 mg,
yield 82%). "H NMR (300 MHz, DMSO-dg) & 13.74 (br s, 1H), 9.30 — 9.29 (s, 1H), 9.11 —
9.10 (m, 1H), 8.59 — 8.58 (t, J = 2.0 Hz, 1H), 8.20 - 8.19 (m, 1H), 8.07 — 8.05 (m, 1H).

N-(2-(2-(4-Fluorophenyl)oxazol-4-yl)-2-methylpropyl)-5-(5-(2,2,2-

trifluoroacetyl)thiophen-2-yl)nicotinamide

HzNQ<[N
R
F
CO;H S > N
o)’(sj\(ﬁ/ 2 ° | N
b

N HATU, NMM N
DMF, 0 °C-rt, 4h

This compound was synthesized from 2-(2-(4-fluorophenyl)oxazol-4-yl)-2-
methylpropan-1-amine and 5-(5-(2,2,2-trifluoroacetyl)thiophen-2-yl)nicotinic acid as
described in example 8 step 6 (45 mg, yield 26%). 'H NMR (400 MHz, DMSO-ds) 5 9.21
(d, J=2.1 Hz, 1H), 9.01 (s, 1H), 8.66 — 8.60 (m, 1H), 8.52 — 8.51 (t, J = 2.0 Hz, 1H), 8.21
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- 8.20 (M, 1H), 8.02 — 7.98 (m, 4H), 7.36 — 7.30 (m, 2H), 3.53 — 3.52 (d, J = 6.1 Hz, 2H),

1.30 (s, 6H).

EXAMPLE 90

N-({4-(2-{(4-Chlorophenyl)thiazol-4-yl)-1-methylpiperidin-4-yl)methyl)-3-(5-(2,2,2-

trifluoroacetyl)thiophen-2-yl)benzamide
cl

FiC N’j F4C 0 8
N 4 coH 5 hatu M ] [ )\Q\CI
d s + HoN — ¢ s N N
DMF, 0°C-rt, 10h H
N )

This compound was synthesized from (4-(2-(4-chlorophenyl)thiazol-4-yl)-1-

methylpiperidin-4-yl)methanamine and 3-(5-(2,2,2-triflucroacetyl)thiophen-2-yl)benzoic
acid as described in example 8 step 6 (8.5 mg, yield 4%). 'H NMR (400 MHz, DMSO-ds)
5 8.54 (m, 1H), 8.14 — 8.13 (m, 2H), 8.00 — 7.86 (m, 4H), 7.82 — 7.77 (m, 1H), 7.70 (m,
1H), 7.60 - 7.56 (m, 1H), 7.48 — 7.46 (m, 2H), 3.50 (m, 2H), 3.39-3.17 (m, 4H), 2.57 (m,

3H), 2.43 (m, 2H), 2.08 (m, 2H).

EXAMPLE 91
5-Cyano-2-fluorobenzoic acid
30% Hy04
NaClO; (agueous solution)

NC

.

0 NaH,PO, (aqueous solution)  NC COzH
MeCN, 0 °C-rt, 1h \@F

NaH,PO, (87 mg, 0.724 mmol) in water (3.5 mL) was added to a solution of 5-
cyano-2-fluorobenzaldehyde (500 mg, 3.35 mmol) in acetonitrile (7 mL), followed by 30%
H,O, (0.31 mL). Sodium chlorite (434 mg, 4.8 mmol) in water (3.5 mL) was added

dropwise to this reaction mixture at 0 °C. The mixture was stirred at room temperature for

1 h, quenched with aqueous sodium sulfite solution at 0 °C and then acidified with 1.5N

HCI solution. The aqueous solution was extracted with EtOAc and the combined extracts

were dried over anhydrous sodium sulfate, and concentrated under reduced pressure to
afford 5-cyano-2-fluorobenzoic acid (500 mg, yield 90%). 'H NMR (300 MHz, DMSO-ds)
5 13.79 (br s, 1H), 8.30 — 8.27 (dd, J = 6.6 Hz, 2.2 Hz, 1H), 8.17 — 8.12 (ddd, J = 8.6 Hz,
4.4 Hz, 2.3 Hz, 1H), 7.60 — 7.53 (dd, J = 10.5 Hz, 8.8 Hz, 1H). MS (ESI) m/z: Calculated

for CgHsFNO,: 165.02; found: 163.6 (M-H)".
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2-Fluoro-5-(N’-hydroxycarbamimidoyl)benzoic acid

HO.
NH,OH.HCI, Na;COs4 N

NC COzH |
— HoN COzH
. 8-hydroxyquinoline (cat.)

EtOH, reflux, 4h F

This compound was synthesized from 5-cyano-2-fluorobenzoic acid as described

in example 1 step 4 (400 mg, crude) and it was carried through without further purification.

5 'HNMR (400 MHz, DMSO-dg) & 13.72 (br s, 1H), 11.43 (br s, 1H), 10.39 (br s, 2H), 8.24 —

8.22 (m, 1H), 8.04 — 8.01 (m, 1H), 7.61 — 7.56 (t, J = 9.6 Hz, 1H). MS (ESI) m/z
Calculated for CgH;FN,Os: 198.04; found: 198.8 (M+H)".

2-Fluoro-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid

N
’\l (CF5CO),0 F3C/<\ \ -~
HN cOH ——m — » N 2
2 pyridine, reflux, 3h
10 F F
This compound was synthesized from 2-fluoro-5-(N’-

hydroxycarbamimidoyl)benzoic acid as described in example 1 step 5 (130 mg, yield

23%). "H NMR (300 MHz, DMSO-dg) 8 13.72 (br s, 1H), 8.51 — 8.48 (dd, J = 6.9 Hz, 2.3

Hz, 1H), 8.33 - 8.29 (m, 1H), 7.62 — 7.55 (dd, J = 10.2 Hz, 8.9 Hz, 1H). MS (ESI) m/z:
15  Calculated for C1gHsF4sN2O3: 276.02; found: 274.8 (M-H).

2-Fluoro-N-(2-(2-(4-fluorophenyl)oxazol-4-yl)-2-methylpropyl)-5-(5-(trifluoromethyl)-
1,2,4-oxadiazol-3-yl)benzamide

/<O\N /<O\N o o]

Fae—Q Y Fie—Q Y 4

3 N COH 3 N N/><EN>\©\F
HATU, NMM . H

F

20 This compound was synthesized from 2-(2-(4-fluorophenyljoxazol-4-yl)-2-
methylpropan-1-amine and  2-fluoro-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic
acid as described in example 8 step 6 (75 mg, yield 32%) as a yellow viscous liquid. 'H
NMR (400MHz, MeOD) 5 8.46 — 8.43 (dd, J = 6.8 Hz, 2.3 Hz, 1H), 8.29 — 8.25 (ddd, J =
8.7 Hz, 4.8 Hz, 2.4 Hz, 1H), 8.09 — 8.05 (dd, J = 9.0 Hz, 5.3 Hz, 2H), 7.77 (s, 1H), 7.47 —

25 7.42(dd, J = 10.3 Hz, 8.8 Hz, 1H),7.25 — 7.20 (t, J = 8.9 Hz, 2H), 3.67 (s, 2H), 1.41 (s,
6H). MS (ESI) m/z: Calculated for CysH17FsN4Os: 492.12; found: 493.2 (M+H)".

EXAMPLE 92
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(E)-ethyl 2-styryloxazole-4-carboxylate
o) 0 iy NaHCQj3, THF, reflux, 23h

O/\>—co Et
o N, * Br\)J\cozEt ph/\)Q N

i} (CF3CQ),0, THF, 0 °C-rt, 10h
Ethyl bromopyruvate (10 mL, 81.55 mmol) was added dropwise to a solution of 3-
phenylacrylamide (5 g, 33.97 mmol) and NaHCO; (11.42 g, 135.89 mmol) in anhydrous
5 THF (120 mL) at O °C. The reaction mixture was heated to reflux for 23 h. The mixture

was then filtered through Celite and the solvent was removed under reduced pressure.

2

The crude product was dissolved in anhydrous THF (80 mL) and trifluoroacetic anhydride
(37 mL) was added dropwise at 0 °C. The reaction mixture was stirred at room
temperature for 10 h, and quenched with saturated NaHCO; solution at 0 °C. The organic

10  product was extracted with EtOAc, and the combined extracts were washed with brine,
dried over anhydrous sodium sulfate and concentrated under reduced pressure. The
crude product was purified by column chromatography (silica gel 60-120 mesh, eluent
10% EtOAc in petroleum ether) to afford (E)-ethyl 2-styryloxazole-4-carboxylate (4.22 g,
yield 51%) as an off white solid. 'H NMR (300 MHz, CDCls) 5 8.21 (s, 1H), 7.66 — 7.61 (d,

15 J=16.4 Hz, 1H), 7.56 — 7.52 (m, 2H), 7.44 - 7.36 (m, 3H), 7.00 - 6.94 (d, J = 16.4 Hz,
1H), 4.46 — 439 (q, J = 7.0 Hz, 2H), 1.44 — 1.39 (, J = 7.0 Hz, 3H). MS (ESI) m/z
Calculated for C14H1sNO3: 243.09; found: 243.8 (M+H)".

Ethyl 2-formyloxazole-4-carboxylate

i) 0804 (4% in H>0)
MesN(O)
acetone-H,0 10:1 viv
rt, 3h

O™\ o\
F>hA\)Q }_CozEt OQ*}COzEt

i) Pb(CAc)4, MeOH
K,CO4
0 °C-rt, 20min

20
0OsO,4 [10 mL, 0.41 mmol, 4% in H,O] was added dropwise to a solution of (E)-

ethyl 2-styryloxazole-4-carboxylate (4 g, 16.44 mmol) and trimethylamine N-oxide (1.84 g,

24.5 mmol) in acetone-H,O (88 mL; 10:1 v/v). The reaction mixture was stirred at room
temperature for 3 h and then concentrated under reduced pressure. The crude product

25 was purified by column chromatography (silica gel 60-120 mesh, eluent 50% EtOAc in
petroleum ether) to afford an intermediate (1.5 g, 5.41 mmol) which was dissolve in
anhydrous benzene (30 mL). K,CO; (0.85 g, 6.17 mmol) was added to the reaction
mixture followed by Pb(OAc)s (2.73 g, 6.17 mmol). The reaction mixture was stirred at

room temperature for 20 min and then quenched with saturated NaHCO; solution. The

30 organic product was extracted with EtOAc. Solvent was removed under reduced pressure
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and the crude product was purified by column chromatography (silica gel 60-120 mesh,
eluent 30% EtOAc in petroleum ether) to afford ethyl 2-formyloxazole-4-carboxylate
(0.65g, overall yield 24%) as an off white solid. 'H NMR (400 MHz, CDCl;) 5 9.84 (s, 1H),
8.43 (s, 1H), 4.49 — 4.44 (q, J = 7.0 Hz, 2H), 1.45 — 1.41 (t, J = 7.0 Hz, 3H). MS (ESI)
m/z: Calculated for C;H;NO,: 169.04; found: 169.8 (M+H)".

Ethyl 2-cyanooxazole-4-carboxylate
i) 50% aq. NH,OH

MeOH, rt, 3h o
O:\ycozEt Nf\ COLE
o sy ii) T3P (50% in EtOAc) N~ N
DMF, 100 °C, 2h

A solution of ethyl 2-formyloxazole-4-carboxylate (650 mg, 3.84 mmol) in methanol
(25 mL) was cooled to 0 °C and 50% aqueous hydroxylamine (0.22 mL, 7.68 mmol) was
added dropwise. The reaction mixture was stirred at room temperature for 3 h. Solvent
was removed under reduced pressure and the crude product (0.52 g) obtained was
dissolved in DMF (20 mL). TsP (3.4 mL, 5.65 mmol; 50% in EtOAc) was added to the
reaction mixture and heated to 100 °C for 2 h. The reaction mixture was quenched with
saturated NaHCO; solution and the organic product was extracted with EtOAc. Solvent
was removed under reduced pressure and the crude product was purified by column
chromatography (silica gel 60-120 mesh, eluent 10% EtOAc in petroleum ether) to afford
ethyl 2-cyanooxazole-4-carboxylate (0.34g, yield 53%) as an off white solid. 'H NMR (300
MHz, CDCl5;) 5 8.39 (s, 1H), 4.48 — 4.41 (q, J = 7.0 Hz, 2H), 1.44 - 1.39 (t, J = 7.0 Hz,
3H).

Ethyl 2-(N’-hydroxycarbamimidoyl)oxazole-4-carboxylate

NH,OH.HCI, Na,CO5 ﬁcozEt
~ \N

(SN
" H—cokt N
N%)\ N 8-hydroxyquinoline (cat) 1O N
EtOH, reflux, 2h 2

This compound was synthesized from ethyl 2-cyanooxazole-4-carboxylate as
described in example 1 step 4 (500 mg, crude) and it was carried through without further
purification. MS (ESI) m/z: Calculated for C;HgNsO,4: 199.06; found: 199.8 (M+H)".
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Ethyl 2-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)oxazole-4-carboxylate

N

_—
pyridine, FsC —</ |
NH reflux, 3h o-N

0
Nﬁcoza (CFACO),0 \H\:’}_C%Et
. N
HO S

This compound was synthesized from ethyl 2-(N*-hydroxycarbamimidoyl)oxazole-

4-carboxylate as described in example 1 step 5 (50 mg, yield 7%). 'H NMR (400 MHz,

5 CDCl;)58.49 (s, 1H), 449 -4.44 (9, J=7.0 Hz, 2H), 1.45-1.41 (t, J=7.0 Hz, 3H). MS
(ESI) m/z: Calculated for CoHgF3N3O,: 277.03; found: 277.9 (M+H)".

2-(5-(Trifluoromethyl)-1,2,4-oxadiazol-3-yl)oxazole-4-carboxylic acid

o)
O:\ycozEt LiOH N :;y COH
F—~ | ¥ N
o-

THF-H,O 7:3 viv
0°C-rt, 1h

10 This compound was synthesized from ethyl 2-(5-(trifluoromethyl)-1,2,4-oxadiazol-
3-yl)oxazole-4-carboxylate as described in example 43 step 2 (25 mg, 56%) as an off
white solid. "H NMR (400 MHz, DMSO-ds) & 13.65 (br s, 1H), 9.18 (s, 1H). MS (ESI) nv/z:
Calculated for C7H,F3N304: 249.00; found: 248.0 (M-H)".

15  N-(2-(2-(4-Fluorophenyl)oxazol-4-yl)-2-methylpropyl)-2-(5-(trifluoromethyl)-1,2,4-

oxadiazol-3-yl)oxazole-4-carboxamide

HQNQ<[N
d—con Lg FiC )
N’ SN 3 \(/N>,_<\ H
FC— | o NN N F
o-N HATU, NMM N I S
o

DMF, 0°C-rt, 6h

This compound was synthesized from 2-(2-(4-fluorophenyljoxazol-4-yl)-2-

methylpropan-1-amine and 2-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)oxazole-4-carboxylic

20 acid as described in example 8 step 6 (6 mg, yield 13%). 'H NMR (400 MHz, CDCl;) &

8.88 — 8.86 (m, 1H), 8.49 (s, 1H), 8.25 - 8.21 (m, 2H), 7.46 (s, 1H), 7.23 -7.19 (t, J=8.8

Hz, 2H), 3.62 — 3.60 (d, J = 6.0 Hz, 2H), 1.39 (s, 6H). MS (ESI) m/z: Calculated for
CaoH15F4NsO4: 465.11; found: 466.1 (M+H)".

25
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EXAMPLE 93
Methyl 1-methyl-2-phenyl-1H-imidazole-5-carboxylate

T e
N pp!
\O»\&K?/Br . @ 2 \O)X\&h/1

toluene-EtOH
reflux, 1h

Methyl-2-bromo-1-methyl-1H-imidazole-5-carboxylate (1 g, 4.56 mmol) and

5  phenylboronic acid (0.67 g, 5.48 mmol) were dissolved in toluene-EtOH (80 mL, 5:3 v/v)

and the solution was purged with argon for 10 min. K,CO3; (10 mL, 2M solution) and

catalytic PdCl,(dppf) (82 mg, 0.12 mmol) were added and the reaction mixture was heated

to 100 °C for 1 h. The reaction mixture was then cooled to room temperature and

concentrated under reduced pressure. The residue was diluted with water and washed

10  with EtOAc. The aqueous layer was acidified to pH ~6 using 1.5N HCI and the crude

product was extracted with EtOAc. The combined extracts were dried over anhydrous

Na,SO,, and concentrated under reduced pressure. The crude product was purified by

column chromatography (silica 60-120 mesh, eluent 35-45% EtOAc in petroleum ether) to

get methyl 1-methyl-2-phenyl-1H-imidazole-5-carboxylate (800 mg, yield 81%) as a pale

15  yellow solid. "H NMR (400 MHz, CDCl;) & 7.86 (s, 1H), 7.63 — 7.61 (m, 2H), 7.51 — 7.48

(m, 3H), 3.96 (s, 3H), 3.89 (s, 3H). MS (ESI) m/z: Calculated for C1,H:N,O,: 216.09;
found: 2168.8 (M+H)".

{1-Methyl-2-phenyl-1H-imidazol-5-yl)methanol

o | |
\o»\@?/@ e Ho/\ﬂ_NW/@
20 N THF, 0 °C-rt, 1h N
This compound was synthesized from 1-methyl-2-phenyl-1H-imidazole-5-
carboxylate as described in example 1 step 3 (600 mg, yield 86%) as a white solid. 'H
NMR (300 MHz, MeOD) & 7.60 — 7.57 (m, 2H), 7.50 — 7.48 (m, 3H), 7.00 (s, 1H), 4.64 (s,
2H), 3.72 (s, 3H). MS (ESI) m/z: Calculated for C441H2N,O: 188.09; found: 188.8 (M+H)".
25
5-(Chloromethyl)-1-methyl-2-phenyl-1H-imidazole hydrochloride

N SoCl, N
HO/\&)/@ Y
N N hal

reflux, 1h

A solution of (1-methyl-2-phenyl-1H-imidazol-5-yl)methanol (0.600 g, 3.19 mmol)
in dry SOCI, (11 mL) was refluxed at 80 °C for 1 h. The reaction mixture was concentrated

30 under reduced pressure and the residue was co-evaporated with CH,Cl,, and then
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triturated with diethyl ether, filtered and dried under suction to afford 5-(chloromethyl)-1-
methyl-2-phenyl-1H-imidazole hydrochloride (0.67 g, yield 86%) as a white solid. 'H NMR
(300 MHz, MeOD) 8 7.79 — 7.79 (m, 6H), 4.98 (s, 2H), 3.93 (s, 3H).

2-(1-Methyl-2-phenyl-1 H-imidazol-5-yl)acetonitrile

i |
Cl/\@W/@ rech crsf\Cz/O

N s  DMFrtsh

This compound was synthesized from 5-(chloromethyl)-1-methyl-2-phenyl-1H-
imidazole hydrochloride as described in example 77 step 1 (400 mg, yield 90%). '"H NMR
(300 MHz, CDCl,) 5 7.61 — 7.58 (m, 2H), 7.49 — 7.44 (m, 3H), 7.12 (s, 1H), 3.79 (s, 2H),
3.71 (s, 3H). MS (ESI) m/z: Calculated for C;,H:Na: 197.10; found: 197.9 (M+H)".

2-(1-Methyl-2-phenyl-1 H-imidazol-5-yl)propanenitrile

[ |
N Mel, NaH N
NC/\&[{?/@ NC)\&K?/@

THF, 0 °C, 3h

This compound was synthesized from 2-(1-methyl-2-phenyl-1H-imidazol-5-
yl)acetonitrile as described in example 1 step 2 (170 mg, yield 53%) as colorless oil. 'H
NMR (400 MHz, CDCl;) 8 7.61 — 7.58 (m, 2H), 7.52 — 7.46 (m, 3H), 7.10 (m, 1H), 4.00 -
3.95(q, J = 7.2 Hz, 1H), 3.74 (s, 3H), 1.83 - 1.81 (d, J = 7.2 Hz, 3H). MS (ESI) m/z:
Calculated for Cy3HqsN3: 211.11; found: 211.9 (M+H)".

2-(1-Methyl-2-phenyl-1 H-imidazol-5-yl)propan-1-amine

N
r\IJ?/@ LiAIH, (2M in THF) l \>\©
eN T — = HN N

N 0°C-rt, 1h

This compound was synthesized from 2-(1-methyl-2-phenyl-1H-imidazol-5-

yl)propanenitrile as described in example 1 step 3 (155 mg, crude) and it was carried

through without further purification. MS (ESI) m/z: Calculated for C13H47N3: 215.14; found:
215.9 (M+H)".
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N-(2-(1-Methyl-2-phenyl-1H-imidazol-5-yl)propyl)-5-(5-(trifluoromethyl)-1,2,4-

oxadiazol-3-yl)nicotinamide

O-N o]
F30’<\ \
N 7 TOH
| O-N o N
N N Fac— |
] N\ N AN N N
N | H \
HoN Nz
\ HATU, NMM
DMF, 0 °C-tt, 3h

This compound was synthesized from 2-(1-methyl-2-phenyl-1H-imidazol-5-
5 ylhpropan-1-amine and 5-(5-(trifluoromethyl)-1,2 4-oxadiazol-3-yl)nicotinic acid as
described in example 8 step 6 (35 mg, yield 28%). 'H NMR (400MHz, DMSO-d¢) 8 9.36
(d, J = 2.1 Hz, 1H), 9.28 — 9.26 (m, 2H), 8.84 — 8.83 (t, J = 2.0 Hz, 1H), 7.65 - 7.63 (m,
2H), 7.50 — 7.42 (m, 4H), 6.92 (s, 1H), 3.70 (s, 3H), 3.66 — 3.61 (m, 1H), 3.32 — 3.28 (m,
1H), 3.22 — 3.17 (m, 1H), 1.33 — 1.32 (d, J = 6.7 Hz, 3H). MS (ESI) m/z: Calculated for
10 CxH19F3NeO,: 456.15; found: 457.2 (M+H)".

EXAMPLE 94

Methyl 2-(4-fluorophenyl)-4,5-dihydrooxazole-4-carboxylate
COzMe

NH .HCl HO/_< MeO,C

P NH, .HCI

[y I
. iPENEL, CHoCly 0)\©F

15 N, N-Diisopropylethylamine (11 mL, 63.3 mmol) was added dropwise to a solution

of methyl 4-fluorobenzimidate hydrochloride (10 g, 52.74 mmol) and DL-serine methyl
ester HCI salt (9.9 g, 63.63 mmol) in dry CH,Cl, (200 mL) at 0 °C. The reaction mixture
was stirred at room temperature for 24 h and then concentrated under reduced pressure.
The reaction mixture was diluted with CH,Cl, and the organic layer was washed with H,O

20 and brine, dried over anhydrous Na,SO,, and concentrated under reduced pressure to get
methyl 2-(4-fluorophenyl)-4,5-dihydrooxazole-4-carboxylate (9.5 g, yield 81%) as an
orange liquid. "H NMR (300 MHz, CDCl5) 8 8.02 — 7.97 (m, 2H), 7.13 - 7.07 (t, J= 8.7
Hz, 2H), 4.98 — 4.92 (m, 1H), 4.73 — 4.57 (m, 2H), 3.83 (s, 3H). MS (ESI) m/z: Calculated
for C11H1oFNO3: 223.08; found: 223.8 (M+H)".

25
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Methyl 2-(4-fluorophenyl)oxazole-4-carboxylate
MeOZC NBS, BZzOz Me020

I %
\
benzene, reflux, 2h )
© F © F

Benzoyl peroxide (0.49 g, 2.0 mmol) was added to a solution of methyl 2-(4-

fluorophenyl)-4,5-dihydrooxazole-4-carboxylate (9.0 g, 40.3 mmol) in dry benzene (180
5 mL) and the mixture was refluxed for 15 min. N-bromosuccinimide (8.6 g, 48.3 mmol) was
then added and the reaction mixture was refluxed for 2 h. The reaction mixture was
quenched with ice-cold water and the crude product was extracted with EtOAc. The
combined extracts were washed with 10% aqueous NaHCOj; solution, H,O and brine,
dried over anhydrous Na,SO,, and concentrated under reduced pressure. The crude
10  product was purified by column chromatography (silica 60-120 mesh, eluant 10-15%
EtOAc in petroleum ether) to get methyl 2-(4-fluorophenyl)oxazole-4-carboxylate (6 g,
yield 67%) as a white solid. 'H NMR (400 MHz, CDCl;) & 8.29 (s, 1H), 8.14 — 8.10 (m,
2H), 719 - 715 (t, J = 85 Hz, 2H), 3.96 (s, 3H). MS (ESl) m/z: Calculated for
C11HgFNO3: 221.05; found: 221.8 (M+H)".
15
{2-(4-Fluorophenyl)oxazol-4-yl)methanol

MeO,C DIBAL (1M in toluene) HO%N
N \
Zf \ THF, -10 °Ctt, 3h o
0 - F

This compound was synthesized from methyl 2-(4-fluorophenyl)oxazole-4-

carboxylate as described in example 64 step 4 (4.5 g, yield 86%) as a yellow solid. 'H
20 NMR (300 MHz, CDCls) & 8.06 — 8.01 (m, 2H), 7.65 (s, 1H), 7.18 - 7.12 (t, J = 8.7 Hz,
2H), 4.68 (s, 2H). MS (ESI) m/z: Calculated for C1oHgFNO,: 193.05; found: 193.8 (M+H)".

2-(4-Fluorophenyl)oxazole-4-carbaldehyde

0=
HO Dess-Martin N
B [
o)\Q CH,Ch 0 .
F  0°C-t, 3h
25 This compound was synthesized from (2-(4-fluorophenyljoxazol-4-yl)methanol as
described in example 47 step 2 (2.8g, yield 63%) as a white solid. 'H NMR (300 MHz,

CDCl3) 8 10.01 (s, 1H), 8.32 (s, 1H), 8.14 — 8.10 (m, 2H), 7.23 - 7.17 (t, J = 8.8 Hz, 2H).
MS (ESI) m/z: Calculated for C1oHsFNO,: 191.04; found: 191.8 (M+H)".
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2-(2-(4-Fluorophenyl)oxazol-4-yl)-2-hydroxyacetonitrile

F
NaCN
o=
N KH,PO,
I _— N= o
0 . DMF-H,0 4:6 viv NM/
it, 1h OH

KH,PO, (712 mg, 5.23 mmol) and NaCN (251 mg, 5.12 mmol) were added to a

solution of 2-(4-fluorophenyl)oxazole-4-carbaldehyde (500 mg, 2.62 mmol) in DMF-H,O

5 (10 mL, 4:6, viv). The resulting reaction mixture was stirred at room temperature for 1 h,

then diluted with water and extracted with EtOAc. The combined extracts were washed

with H,O and brine, dried over anhydrous Na,SO,, and concentrated under reduced

pressure to afford 2-(2-(4-fluorophenyl)oxazol-4-yl)-2-hydroxyacetonitrile (500 mg, yield

87%). 'H NMR (400 MHz, CDCl;) 8 8.07 — 8.02 (m, 2H), 7.88 (s, 1H), 7.20 - 7.16 (t, J =

10 8.8 Hz, 2H), 5.62 (s, 1H), 4.38 (br s, 1H). MS (ESI) m/z: Calculated for C11H;FN,O.:
218.05; found: 218.8 (M+H)".

2-Amino-1-{2-(4-fluorophenyl)oxazol-4-yl)ethanol
F F

NaBH,, CF,CO,H
o THF, t, 8h "o
N//A(g/ ,, HzNy‘%/
OH OH
15 Trifluoroacetic acid (0.35 mL, 4.60 mmol) was added dropwise to a suspension of
NaBH,4 (0 174 g, 4.60 mmol) in dry THF (10 mL) at O °C, followed by addition of 2-(2-(4-
fluorophenyl)oxazol-4-yl)-2-hydroxyacetonitrile (0 20 g, 0.92 mmol) also portionwise. The
reaction mixture was stirred at room temperature for 8 h, and then concentrated under
reduced pressure and diluted with ice-water. The mixture was acidified to pH ~2 using
20 1.5N HCI at 0 °C and then heated to 50 °C for 20 min. The solution was basified with
aqueous NH,OH solution and the organic product was extracted with CHCl;. The
combined extracts were washed with brine and concentrated under reduced pressure to
afford 2-amino-1-(2-(4-fluorophenyl)oxazol-4-yl)ethanol (120 mg, crude), which was
carried through without further purification. MS (ESI) m/z: Calculated for Cq1H11FNO5:
25  222.08; found: 222.8 (M+H)".
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N-(2-(2-(4-Fluorophenyl)oxazol-4-yl)-2-hydroxyethyl)-3-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)benzamide

\\N fo) F

e}
F F30/<\
N CH
O-N o] N
N= HATU, NMM Fo—4, <P
o] ' N N
H 2NA(‘N DMF, 0 °C-rt, 3h OH
CH
This compound was synthesized from 2-amino-1-(2-(4-fluorophenyl)oxazol-4-

yl)ethanol and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as described in
example 8 step 6 (70 mg, yield 39%). 'H NMR (400MHz, CDCl,) 5 8.51 (m, 1H), 8.28 —
8.26 (m, 1H), 8.08 — 8.01 (m, 3H), 7.73 (s, 1H), 7.66 — 7.62 (m, 1H), 7.17 — 7.08 (m, 3H),
5.05 - 5.03 (m, 1H), 4.12 — 4.06 (ddd, J = 14.1 Hz, 6.3 Hz, 3.8 Hz, 1H), 3.91 — 3.85 (m,
1H), 3.77 (br s, 1H). MS (ESI) m/z: Calculated for Cy1H14F4N4O4: 462.10; found: 463.1
(M+H)".

EXAMPLE 95
5-(56-(Difluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinic acid

HO‘N ]

N
F
HN' ~coH 'HN\ - COH
2 | P pyridine, reflux, 3h | P

N N
This compound was synthesized from 5-(N-hydroxycarbamimidoyl)nicotinic acid
using ethyl difluoroacetate as described in example 1 step 5 (100 mg, yield 30%). 'H
NMR (400 MHz, DMSO-dg) & 13.94 (br s, 1H), 9.40 (d, J = 2.1 Hz, 1H), 9.28 (d, J = 2.1
Hz, 1H), 8.76 — 8.75 (t, = 2.1 Hz, 1H), 7.73 — 7.47 (m, 1H). MS (ESI) m/z: Calculated for
CoHsF2N305: 241.03; found: 241.8 (M+H)".

5-(6-(Difluoromethyl)-1,2,4-oxadiazol-3-yl)-N-(2-{2-(4-fluorophenyl)oxazol -4-yl)-2-

methylpropyl)nicotinamide

HoN
3 -0
\ COH ol
N SN
Y ;
e
N

HATU, NMM

FE O-N o) Q
>"<\\ [/ F
£ N X N N

| | H

N
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This compound was synthesized from 2-(2-(4-fluorophenyljoxazol-4-yl)-2-
methylpropan-1-amine and 5-(5-(difluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinic acid as
described in example 8 step 6 (45 mg, yield 24%). 'H NMR (400MHz, DMSO-d¢) 8 9.32
(d, J = 2.1 Hz, 1H), 9.20 (d, J = 2.1 Hz, 1H), 8.82 — 8.78 (m, 1H), 8.75 - 8.74 (t, J = 2.1

5 Hz, 1H), 8.04 — 8.00 (m, 3H), 7.74 — 7.48 (m, 1H), 7.38 - 7.33 (t, J = 8.9 Hz, 2H), 3.55 -
3.53 (d, J = 6.1 Hz, 2H), 1.31 (s, 6H). MS (ESI) m/z: Calculated for Cx,H1gF3NsO3: 457.14;
found: 458.2 (M+H)".

EXAMPLE 96
10  2-(Dimethylamino)-2-(2-(4-fluorophenyl)oxazol-4-yl)acetonitrile
F

O?N NaCN, Me;NH.HCI N=
4 O»\Q\ MeOH-THF 1:1 viv //Afg/o
F 0°C- 2h N
/N\
2-(4-Fluorophenyl)oxazole-4-carbaldehyde (1.0 g, 5.23 mmol) was dissolved in
THF-MeOH (20 mL, 1:1 v/v). This solution was added to a solution of dimethylamine
hydrochloride (470 mg, 5.7 mmol) and NaCN (640 mg, 13.0 mmol) in water. The resulting
15  reaction mixture was stirred at room temperature for 2 h, and then diluted with water and
extracted with EtOAc. The combined extracts were washed with H,O and brine, dried over
anhydrous Na,SO,, and concentrated under reduced pressure to afford 2-
(dimethylamino)-2-(2-(4-fluorophenyl)oxazol-4-yl)acetonitrile (1.0 g, crude) as a brown oil,
which was used without further purification. MS (ESI) m/z: Calculated for C,3H,FN;O:

20 245.10; found: 245.9 (M+H)".

1-(2-(4-Fluorophenyl)oxazol-4-yl)-N1,N1-dimethylethane-1,2-diamine
F F

LiAlH, (2M in THF)

N= _ N=
P ~°  THF,0°Crt, 2h P
NZ HoN

This compound was synthesized from 2-(dimethylamino)-2-(2-(4-

25 fluorophenyl)oxazol-4-yl)acetonitrile as described in example 1 step 3 (0.6 g) and it was
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carried through without further purification. MS (ESI) m/z: Calculated for Ci3HsFN3O:
249.13; found: 249.9 (M+H)".

N-(2-(Dimethylamino)-2-{2-(4-fluorophenyl)oxazol-4-yl)ethyl)-3-(5-(trifluoromethyl)-
5 1,2,4-oxadiazol-3-yl)benzamide hydrochloride

O-N o)
F30/<\N \

)\©)L oH
1) o
-N o) N=
N= o F3C’<\ \ - O
ﬁ/§/ HATU, NMM N N
HaN DMF, 0 °C-rt, 3h PLN

<N 2) HCl in dioxane HCI
0°C-rt, 0.5h

N-(2-(dimethylamino)-2-(2-(4-fluorophenyl)oxazol-4-yl)ethyl)-3-(5-(trifluoromethyl)-
1,2,4-oxadiazol-3-yl)benzamide was synthesized from 1-(2-(4-fluorophenyl)oxazol-4-yl)-
N1,N71-dimethylethane-1,2-diamine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic

10 acid as described in example 8 step 6. The free base was then stirred with HCI in
dioxane solution (4 mL) for 0.5 h at 0 °C to room temperature. The reaction mixture was
concentrated and triturated with diethyl ether to afford N-(2-(dimethylamino)-2-(2-(4-
fluorophenyl)oxazol-4-yl)ethyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide
hydrochloride (130 mg, yield 16%) as light brown solid. 'H NMR (400MHz, DMSO-dg) &

15  10.39 (br s, 1H), 9.18 —9.15 (t, J = 5.6 Hz, 1H), 8.55 — 8.54 (m, 2H), 8.27 — 8.25 (m, 1H),
8.21-8.19 (m, 1H), 8.11-8.07 (m, 2H), 7.79-7.75(t, J=7.8 Hz, 1H), 745 -741 (, J =
8.9 Hz, 2H), 4.84 - 4.81 (t, /= 6.1 Hz, 1H), 4.20 — 4.13 (m, 1H), 3.87 — 3.82 (m, 1H), 2.87
—2.84 (dd, J = 6.9 Hz, 5.0 Hz, 6H). MS (ESI) m/z: Calculated for Cx3H19F4NsO3: 489.14;
found: 490.2 (M+H)".

20

EXAMPLE 97
N-(2-(3-(4-Fluorophenyl)-1H-1,2,4-triazol-5-yl)-2-methylpropyl)-5-(5-(2,2,2-
trifluoroacetyl)thiophen-2-yl)nicotinamide

N
I N
HaN N HATU, NMM

DMF, 0 °C-rt, 5h
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This compound was synthesized from 2-(3-(4-fluorophenyl)-1H-1,2,4-triazol-5-yl)-
2-methylpropan-1-amine and 5-(5-(2,2,2-trifluoroacetyl)thiophen-2-yl)nicotinic acid as
described in example 8 step 6 (28 mg, yield 20%) as a yellow viscous liquid. 'H NMR
(400MHz, DMSO-ds) 5 9.20 (d, J = 2.3 Hz, 1H), 9.01 — 8.98 (m, 1H), 8.80 — 8.77 (m, 1H),

5 851-848(m, 1H), 8.21 - 8.19 (m, 1H), 8.01 — 7.96 (m, 4H), 7.24 - 7.19 (m, 2H), 3.59 -
3.57 (d, J = 6.2 Hz, 2H), 142 (s, 6H). MS (ESI) m/z: Calculated for Cp4H19F4NsO,S:
517.12; found: 516.4 (M-H).

EXAMPLE 98
10  Methyl 5-cyano-2-methoxybenzoate
NC COMe Mel, K;CO;  NC CO-Me
TL, e
OH acetone, 65 °C, 10h OMe

A solution of acid methyl 5-cyano-2-hydroxybenzoate (2 g, 11.2 mmol) in dry
acetone (50 mL) was cooled to 0 °C and K,CO; (2.34 g, 16.9 mmol) followed by Mel (1.1
mL, 16.9 mmol) were added dropwise. The reaction mixture was allowed to stir at 65 °C
15  for 10 h and then diluted with EtOAc. The organic layer was washed with water and brine,
dried over anhydrous sodium sulfate, and concentrated under reduced pressure to yield
methyl 5-cyano-2-methoxybenzoate (600 mg, crude), which was carried through without
further purification. 'H NMR (300 MHz, CDCls) 3 8.11 (d, J = 2.2 Hz, 1H), 7.78 — 7.74 (dd,
J =8.8 Hz, 2.2 Hz, 1H), 7.08 — 7.05 (d, J = 8.8 Hz, 1H), 3.98 (s, 3H), 3.92 (s, 3H). MS

20  (ESI) m/z: Calculated for C1oHgNO3: 191.06; found: 191.8 (M+H)".

5-Cyano-2-methoxybenzoic acid
NC CO;Me LiOH NC COzH
\E:[ OMe :’tgﬁHzo 7:3viv \C[ OMe
This compound was synthesized from 5-cyano-2-methoxybenzoic acid as
25 described in example 43 step 2 (300 mg, yield 72%) as a white solid. 'H NMR (400 MHz,
DMSO-ds) 8 13.13 (br s, 1H), 8.02 — 8.01 (d, J = 2.1 Hz, 1H), 7.99 — 7.96 (dd, J = 8.8 Hz,

2.1 Hz, 1H), 7.32 — 7.30 (d, J = 8.8 Hz, 1H), 3.90 (s, 3H). MS (ESI) m/z Calculated for
CoH/NOs: 177.04; found: 175.6 (M-H)".

30
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5-(N’-Hydroxycarbamimidoyl)-2-methoxybenzoic acid
HO.
NC COH  NH,OHHCI, Na,CO4 N
|6
L HaN
OMe 8-hydroxyquinoline (cat.)
EtOH, reflux, 4h OMe

This compound was synthesized from 5-cyano-2-methoxybenzoic acid as

described in example 1 step 4 (300 mg) and it was carried through without further
5  purification. MS (ESI) n/z: Calculated for CgH1oN,O,: 210.06; found: 210.8 (M+H)".

2-Methoxy-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid
HO\N o
| (CF3COY0 N
M COH F3C/<\N \ COH
pyridine, reflux, 3h
OMe OMe
This compound was synthesized from 5-(N-hydroxycarbamimidoyl)-2-

10  methoxybenzoic acid as described in example 1 step 5 (40 mg, yield 35%). 'H NMR (300
MHz, DMSO-dg) & 13.05 (br s, 1H), 8.30 — 8.29 (d, J = 2.2 Hz, 1H), 8.20 — 8.16 (dd, J =
8.8 Hz, 2.2 Hz, 1H), 7.38 — 7.35 (d, J = 8.8 Hz, 1H), 3.92 (s, 3H). MS (ESI) m/z:
Calculated for Cy1H;F3N,0,: 288.04; found: 286.7 (M-H).

15  N-(2-(2-(4-Fluorophenyl)oxazol-4-yl)-2-methylpropyl)-2-methoxy-5-(5-

(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide
HoN N
R W
O-N (8} o
N o 0
e SO
N N N
OMe HATU, NMM H

OMe
DMF, 0 °C-rt, 6h

This compound was synthesized from 2-(2-(4-fluorophenyljoxazol-4-yl)-2-
methylpropan-1-amine and 2-methoxy-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic
20 acid as described in example 8 step 6 (40 mg, yield 36%). 'H NMR (400MHz, MeOD) &
8.64 -8.63 (d, J=2.3 Hz, 1H), 8.45-8.42 (t, J=5.6 Hz, 1H), 8.24 — 8.21 (dd, J = 8.8 Hz,
2.4 Hz, 1H), 8.11 — 8.07 (m, 2H), 7.83 (s, 1H), 7.34 — 7.32 (d, J = 8.8 Hz, 1H), 7.27 -
7.23(t, J = 8.8 Hz, 2H), 3.91 (s, 3H), 3.72 — 3.71 (m, 2H), 1.41 (s, 6H). MS (ESI) m/z:
Calculated for C,4HxF4N4O,4: 504.14; found: 505.2 (M+H)".
25
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EXAMPLE 99
2-(2-(4-Fluorophenyl)oxazol-5-yl)-2-methylpropanenitrile

NC/\[ Mel NaH NC><[O
>—@ DMSO, 0 °C-rt, 1h | N@F

This compound was synthesized from 2-(2-(4-fluorophenyl)oxazol-5-yl)acetonitrile
5  using iodomethane as described in example 1 step 2 (170 mg, yield 60%). 'H NMR (300

MHz, CDCl;) 6 8.06 — 8.02 (m, 2H), 7.20 — 7.14 (t, J = 8.7 Hz, 2H), 7.06 (s, 1H), 1.81 (s,
6H). MS (ESI) m/z: Calculated for Cy3H4;FN,O: 230.09; found: 230.9 (M+H)".

2-(2-(4-Fluorophenyl)oxazol-5-yl)-2-methylpropan-1-amine

><E | AW, H2N&<[o
C THF, 0°C-t, 1h ‘N/> < > F

10
This compound was synthesized from 2-(2-(4-fluorophenyljoxazol-5-yl)-2-
methylpropanenitrile as described in example 1 step 3 (100 mg, crude) and it was carried
through without further purification. MS (ESI) m/z: Calculated for Cy3H1sFN2O: 234.12;
found: 235.2 (M+H)".
15

N-(2-(2-(4-Fluorophenyl)oxazol-5-yl)-2-methylpropyl)-3-(5-(trifluoromethyl)-1,2,4-

oxadiazol-3-yl)benzamide

O-N
FsC’<\N BN : COM
HoN H
Q<[°H - o /“Y©YN><[°>—@F
. 3 f
N T — \<O/N o Ly

HATU, NMM
DMF, 0 °C-tt, 4h

This compound was synthesized from 2-(2-(4-fluorophenyljoxazol-5-yl)-2-
20 methylpropan-1-amine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as
described in example 8 step 6 (30 mg, yield 15%). 'H NMR (400MHz, MeOD) 5 8.48 —
8.47 (m, 1H), 8.28 — 8.25 (m, 1H), 8.00 — 7.97 (m, 3H), 7.68 — 7.64 (t, J = 7.8 Hz, 1H),
7.21 -7.16 (t, J = 8.8 Hz, 2H), 7.00 (s, 1H), 3.66 (s, 2H), 1.46 (s, 6H). MS (ESI) m/z:
Calculated for C,3H1gF4N4Os5: 474.13; found: 475.2 (M+H)".
25
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EXAMPLE 100
4-(Dimethylamino)-2-(2-(4-fluorophenyl)oxazol-4-yl)butanenitrile
A
~"¢) Hel
j NH,4OH
|

NC N ANa @\
O
o NaNH,

toluene, reflux, 8h

This compound was synthesized from 2-(2-(4-fluorophenyI)oxazoI-4-yI)acetonitrile
5 and 2-chloro-N,N-dimethylethanamine hydrochloride as described in example 16 step 1b
(400 mg, yield 48%). "H NMR (400MHz, MeOD) & 8.10 — 8.07 (m, 2H), 7.99 (m, 1H), 7.29
—7.25( J=89Hz 2H),4.24 —4.20 (t, J = 7.3 Hz, 1H), 2.59 — 2.46 (m, 2H), 2.29 (s, 6H),
2.23 - 217 (m, 2H). MS (ESI) m/z: Calculated for CisHsFN3O: 273.13; found: 274.2
(M+H)".
10
3-(2-(4-Fluorophenyl)oxazol-4-yl)-N1,N1-dimethylbutane-1,4-diamine
l > CoCly , NaBH I @F
CN N/>\©\F T2 T HNN N
MeOH, 0 °C-tt, 1h

N /N\

Cobalt (ll) chloride (380 mg, 2.9 mmol) was added to a solution of 4-
(dimethylamino)-2-(2-(4-fluorophenyl)oxazol-4-yl)butanenitrile (400 mg, 1.46 mmol) in dry
15 methanol (10 mL) at O °C, followed by sodium borohydride (550 mg, 14.6 mmol)
portionwise. The resulting mixture was stirred at room temperature for 1 h, then quenched
carefully with ice water, and filtered through a Celite bed. The filtrate was concentrated
under reduced pressure to afford crude 3-(2-(4-fluorophenyl)oxazol-4-yl)-N1,N1-
dimethylbutane-1,4-diamine (180 mg, crude), which was carried through without further

20 purification. MS (ESI) m/z: Calculated for C;sH,0FN5O: 277.16; found: 278.2 (M+H)".
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N-(4-(Dimethylamino)-2-{2-(4-fluorophenyl)oxazol-4-yl)butyl)-3-(5-(trifluoromethyl)-
1,2,4-oxadiazol-3-yl)benzamide

O-N
FsC/<\Nﬂ\©/COQH F
F
N Fe—\ | o]
HN HATU, NMM 8 /<N)\©)LN =

DMF, 0 °C-rt, 4h H

AN 109
% N

This compound was synthesized from 3-(2-(4-fluorophenyljoxazol-4-yl)-N1,N1-
dimethylbutane-1,4-diamine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid
as described in example 8 step 6 (17 mg, yield 10%). 'H NMR (400MHz, MeOD) & 8.55 —
8.54 (t, J= 1.5 Hz, 1H), 8.30 — 8.27 (m, 1H), 8.08 — 8.02 (m, 3H), 7.82 (s, 1H), 7.71 - 7.67
(t, J=7.8 Hz, 1H), 7.26 — 7.21 (t, J = 8.9 Hz, 2H), 3.76 — 3.65 (m, 2H), 3.16 — 3.10 (m,
1H), 2.53 — 2.40 (m, 2H), 2.30 (m, 6H), 2.04 — 1.98 (m, 2H). MS (ESI) m/z: Calculated for
C24H22F4NeO3: 518.17; found: 519.2 (M+H)".

EXAMPLE 101

N-(4-(Dimethylamino)-2-{2-(4-fluorophenyl)oxazol-4-yl)butyl)-5-(5-(trifluoromethyl)-
1,2,4-oxadiazol-3-yl)nicotinamide

)

FiC— Y

LN . COH
|

N

O SN W
F FiC—\
HsN N N " N =
HATU, NMM | J H
DMF, 0 °C-it, 4h N
N 10% PLIN

This compound was synthesized from 3-(2-(4-fluorophenyljoxazol-4-yl)-N1,N1-
dimethylbutane-1,4-diamine and 5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinic acid
as described in example 8 step 6 (16 mg, yield 10%). 'H NMR (400MHz, MeOD) & 9.39 —
9.38 (d, J =2.0 Hz, 1H), 9.16 (d, J = 2.0 Hz, 1H), 8.85 — 8.84 (t, J = 2.1 Hz, 1H), 8.08 —
8.05 (m, 2H), 7.84 (s, 1H), 7.26 — 7.22 (t, J = 8.9 Hz, 2H), 3.79 — 3.66 (m, 2H), 3.18 - 3.11
(m, 1H), 2.63 — 2.46 (m, 2H), 2.37 (m, 6H), 2.06 — 2.00 (m, 2H). MS (ESI) m/z: Calculated
for CosHoFsNgO3: 518.17; found: 519.2 (M+H)".

EXAMPLE 102
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N-(2-(2-(4-Fluorophenyl)oxazol-4-yl)-2-hydroxyethyl)-5-(5-(trifluoromethyl)-1,2,4-

oxadiazol-3-yl)nicotinamide

F O~ F
N X" “OoH
/K(Nj)k
O-N o) N=
N: o F30’<\N ! S /\/g/o
HzNﬁ/l\/ HATU, NMM ® N 4
OH DMF, 0 °C-t, 3h N

This compound was synthesized from 2-amino-1-(2-(4-fluorophenyl)oxazol-4-
yl)ethanol and 5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinic acid as described in
example 8 step 6 (120 mg, yield 45%). 'H NMR (400MHz, DMSO-dg) 5 9.35 (d, J = 1.8
Hz, 1H), 9.27 (d, J= 1.8 Hz, 1H), 9.13-9.10 (t, J= 5.6 Hz, 1H), 8.84 — 8.83 (t, J = 1.8 Hz,
1H), 8.11 (s, 1H), 8.03 — 8.00 (dd, J = 8.5 Hz, 5.5 Hz, 2H), 7.39 — 7.35 (t, J = 8.9Hz, 2H),
574 -573(d, J=5.2 Hz, 1H), 4.85-4.81 (m, 1H), 3.77 - 3.71 (m, 1H), 3.56 — 3.49 (m,
1H). MS (ESI) m/z: Calculated for CooHsF4NsO,4: 463.09; found: 464.0 (M+H)".

EXAMPLE 103
4-(Chloromethyl)-2-{(4-chlorophenyl)oxazole
(0]

6 toluene
N
/Ej)LNHz n 01\)1\/01 Cl/\[ \>_®-Cl
Cl DMF, 0 °C, 12h o]

This compound was synthesized from 4-chlorobenzamide and 1,3-dichloroacetone
as described in example 74 step 1 (3.4 g, yield 46%). '"H NMR (300 MHz, CDCl;) 8 8.01 —
7.98 (d, J=8.8Hz, 2H), 7.72 (s, 1H), 7.47 - 7.44 (d, J = 8.8 Hz, 2H), 4.59 (d, J = 0.9 Hz,
2H).

2-(2-(4-Chlorophenyl)oxazol-4-yl)acetonitrile
C|/\[N\ C o i) KI, DMF, t, 1h NC/\[N\ C o

(o] i) NaCN, DMF, rt, 3h (0]

This compound was synthesized from 4-(chloromethyl)-2-(4-chlorophenyl)oxazole
as described in example 71 step 2 (1.7 g, yield 53%). 'H NMR (300 MHz, CDCl;) 5 7.98 —
7.95(d, J=8.8 Hz, 2H), 7.75-7.74 (d, J = 1.3 Hz, 1H), 7.47 - 7.44 (d, J = 8.8 Hz, 2H),

3.73 (d, J = 1.3 Hz, 2H). MS (ESI) m/z: Calculated for C41H;CIN,O: 218.02; found: 219.0
(M+H)".

4-(2-(4-Chlorophenyl)oxazol-4-yl)-1-methylpiperidine-4-carbonitrile
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>N el F
| NHOH
|
NG N Cl/\/N\/\CI N= 5
/\[ \>__©~Cl NC x
o NaNH,, toluene, 110 °C, 3h
N

|
This compound was synthesized from 2-(2-(4-chlorophenyl)oxazol-4-yl)acetonitrile
as described in example 16 step 1b (140 mg, yield 20%). 'H NMR (400MHz, CDCl;) &
8.00 — 7.97 (m, 2H), 7.74 (s, 1H), 7.47 — 7.45 (m, 2H), 3.67 — 3.63 (m, 2H), 3.25 - 3.18
(m, 2H), 2.99 — 2.95 (m, 2H), 2.89 (s, 3H), 2.49 — 2.46 (m, 2H). MS (ESI) m/z: Calculated
for C16H16CIN;O: 301.10; found: 302.1 (M+H)".

{4-(2-(4-Chlorophenyl)oxazol-4-yl)-1-methylpiperidin-4-yl)methanamine

Cl Cl
LiAlH, N
0 (2M in THF) 0
NC . H,N Y
THF, 0 °C-tt, 0.5h
N N

| |
This compound was synthesized from 4-(2-(4-chlorophenyljoxazol-4-yl)-1-
methylpiperidine-4-carbonitrile as described in example 1 step 3 (100 mg, crude) and it
was carried through without further purification. MS (ESI) m/z: Calculated for

C16H20CIN;O: 305.13; found: 306.2 (M+H)".
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N-({4-(2-(4-Chlorophenyl)oxazol-4-yl)-1-methylpiperidin-4-yl)methyl)-3-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide hydrochloride
Cl Cl

O~-N
F30’<\Nﬁ\©/CozH
1)
O-N o} N=
S~ O F3C’<\ \
HoN N N
HATU, NMM

N DMF, 0 °C-tt, 5h N HEI

| 2) HCl in Dioxane |
0 °C-rt, 30min

-
Qg
O

This compound was synthesized from (4-(2-(4-chlorophenyl)oxazol-4-yl)-1-
methylpiperidin-4-yl)methanamine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic
acid as described in example 96 step 3 (12 mg, yield 5%). 'H NMR (400MHz, CDCl;)
[free amine] 5 8.56 (s, 1H), 8.28 — 8.26 (d, J = 7.7 Hz, 1H), 8.13-8.11(d, J =7.6 Hz, 1H),
8.02-8.00 (d, J=8.5Hz, 2H), 7.79 - 7.75 (m, 1H), 7.66 — 7.62 (d, J = 7.2 Hz, 1H), 7.57
(s, 1H), 7.42 — 7.40 (d, J = 8.2 Hz, 2H), 3.77 - 3.76 (d, J = 4.7 Hz, 2H), 2.79 - 2.77 (m,
2H), 2.59 (m, 2H), 2.42 (m, 3H), 2.22 — 2.21 (m, 2H), 2.08 - 2.04 (m, 2H). MS (ESI) m/z:
Calculated for Co6H23CIF3NsO3: 545.14; found: 546.2 (M+H)".

EXAMPLE 104
2-(2-(4-Chlorophenyl)oxazol-4-yl)-2-methylpropanenitrile

N Mel, NaH
Nc/\[ \>—©~CI NC><[N\>—©—CI
o] THF, 0 °C-t, 3h o]

This compound was synthesized from 2-(2-(4-chlorophenyl)oxazol-4-yl)acetonitrile

using iodomethane as described in example 1 step 2 (300 mg, yield 53%). 'H NMR (400
MHz, CDCl;) & 8.00 - 7.98 (d, J = 8.7 Hz, 2H), 7.68 (s, 1H), 7.46 — 7.44 (d, J = 8.7 Hz,
2H), 1.76 (s, 6H). MS (ESI) m/z: Calculated for Cy3H;,CIN,O: 246.06; found: 247.0
(M+H)".

2-(2-(4-Chlorophenyl)oxazol-4-yl)-2-methylpropan-1-amine

NC N LiAIH, HzN N
B Ws SaWs
0 THF, 0 °C-tt, 0.5h 0

This compound was synthesized from 2-(2-(4-chlorophenyljoxazol-4-yl)-2-

methylpropanenitrile as described in example 1 step 3 (155 mg, yield 59%) and it was
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used without further purification. MS (ESI) m/z: Calculated for C43H5CIN,O: 250.09;
found: 251.1 (M+H)".

2-(2-(4-Chlorophenyl)oxazol-4-yl)-2-methyl-N-(3-(5-(trifluoromethyl)-1,2,4-oxadiazol-
3-yl)benzyl)propan-1-amine hydrochloride
cl

O~N 1) NaBH(OAc);

DCE, 0°C-t, 8h O~
Fe—4 HaN N , v N Hel o NF
%] 2) HCl in dioxane H

0°C- rt, 30 min

2-(2-(4-Chlorophenyl)oxazol-4-yl)-2-methyl- N-(3-(5-(trifluoromethyl)-1,2,4-

oxadiazol-3-yl)benzyl)propan-1-amine was synthesized from 3-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)benzaldehyde and 2-(2-(4-chlorophenyl)oxazol-4-yl)-2-methylpropan-1-
amine as described in example 7 step 3. The free amine was then treated with HCI in
dioxane (2 M) at 0 °C and stirred at room temperature for 30 min. The reaction mixture
was concentrated under reduced pressure. The crude was purified by washing with dry
hexane to get 2-(2-(4-chlorophenyl)oxazol-4-yl)-2-methyl-N-(3-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)benzyl)propan-1-amine hydrochloride (20 mg, yield 6%). 'H NMR (400
MHz, DMSO-ds) & 8.87 (br s, 2H), 8.26 (s, 1H), 8.11 — 8.08 (m, 2H), 7.85 — 7.80 (m, 3H),
7.69-765(t J=7.6 Hz, 1H), 7.55 - 7.52 (d, J = 8.5 Hz, 2H), 4.28 (br s, 2H), 3.12 (m,
2H), 1.33 (s, 6H). MS (ESI) m/z: Calculated for C3HxCIF3N4O,: 476.12; found: 477.2
(M+H)".

EXAMPLE 105
2-(2-(4-Fluorophenyl)oxazol-5-yl)ethanamine

NG o BH3 Me,S HaoN o
) e O
N THF, 60 °C, 1h N
This compound was synthesized from 2-(2-(4-fluorophenyl)oxazol-5-yl)acetonitrile as

described in example 42 step 1 (70 mg) and it was carried through without further
purification. MS (ESI) m/z: Calculated for C11H4;FN.O: 206.09; found: 206.8 (M+H)".
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N-(2-(2-(4-Fluorophenyl)oxazol-5-yl)ethyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-

yl)benzamide
O-N
FSC’<\N A : COH
F

HATU, NMM
DMF, 0 °C-rt, 4h

H

This compound was synthesized from 2-(2-(4-fluorophenyl)oxazol-5-yl)ethanamine
5 and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as described in example 8
step 6 (28 mg, yield 20%). 'H NMR (400MHz, MeOD) & 8.56 — 8.55 (m, 1H), 8.30 — 8.28
(dg, J=7.8 Hz, 0.9 Hz, 1H), 8.06 — 8.04 (m, 1H), 8.00 — 7.96 (dd, J = 9.0 Hz, 5.3 Hz, 2H),
7.71-769(t, J=78Hz 1H), 7.21 -7.17 (t, J= 8.8 Hz, 2H), 7.03 (s, 1H), 3.78 - 3.75 (t,
J=6.7 Hz, 2H), 3.15 - 3.12 (m, 2H). MS (ESI) m/z: Calculated for C»H14F4N4O3: 446.10;

10  found: 447.0 (M+H)".

EXAMPLE 106
4-([1,1"-Biphenyl]-3-yl)-1-methylpiperidine-4-carbonitrile

|
a™>Ng ol

| NH,OH
|
;_CN >N NC O
O O NaNH,, toluene, 110 °C, 4h N
|
15 This compound was synthesized from 2-([1,1-biphenyl]-3-yl)acetonitrile as

described in example 16 step 1b (500 mg, yield 35%). 'H NMR (400MHz, MeOD) & 7.75
(m, 1H), 7.64 — 7.60 (m, 3H), 7.53 — 7.51 (m, 2H), 7.48 — 7.44 (m, 2H), 7.39 — 7.35 (m,
1H), 3.08 — 3.05 (m, 2H), 2.57 — 2.50 (m, 2H), 2.42 (s, 3H), 2.23 - 2.20 (m, 4H). MS (ESI)
m/z: Calculated for CgHooN,: 276.16; found: 277.0 (M+H)".

20
(4-([1,1"-Biphenyl]-3-yl)-1-methylpiperidin-4-yl)methanamine

NC O LiAIH, O
— = HN
THF, 0 °C-rt, 4h
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This compound was synthesized from 4-([1,1"-biphenyl]-3-yl)-1-methylpiperidine-4-
carbonitrile as described in example 1 step 3 (250 mg, yield 50%). 'H NMR (400MHz,
MeOD) 5 7.63 — 7.58 (m, 3H), 7.52 — 7.42 (m, 4H), 7.39 — 7.32 (m, 2H), 2.77 (s, 2H), 2.69
— 2.66 (m, 2H), 2.37 — 2.27 (m, 4H), 2.22 (s, 3H), 1.91 — 1.86 (m, 2H). MS (ESI) m/z:

5  Calculated for CigH24N2: 280.19; found: 281.0 (M+H)".

N-({(4-([1,1"-Biphenyl]-3-yl)-1-methylpiperidin-4-yl)methyl)-3-(5-(trifluoromethyl)-1,2,4-

oxadiazol-3-yl)benzamide

O~N
F3C’<\N &\©/C02H
) oy g
HoN O Fe—4 ] . O
N HATU, NMM H O

| DMF, 0 °C-rt, 10h N
|

10 This compound was synthesized from (4-([1,1'-biphenyl]-3-yl)-1-methylpiperidin-4-

yl)methanamine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as described
in example 8 step 6 (60 mg, yield 31%) as an off white solid. 'H NMR (400MHz, MeOD)
5 8.39 (m, 1H), 8.23 — 8.21 (m, 1H), 7.90 — 7.88 (m, 1H), 7.64 — 7.54 (m, 4H), 7.49 — 7.47
(m, 3H), 7.39 - 7.36 (m, 2H), 7.31 — 7.28 (m, 1H), 3.60 (m, 2H), 2.79 - 2.76 (m, 2H), 2.42

15 - 230 (m, 4H), 2.23 (m, 3H), 2.11 - 2.06 (m, 2H). MS (ESI) m/z: Calculated for
Ca9H27F3N4O2: 520.21; found: 521.2 (M+H)".

EXAMPLE 107
4-(Chloromethyl)-2-(4-methoxyphenyl)oxazole
o)

o toluene
N
20 O 100 °C, 4h o \

This compound was synthesized from 4-methoxybenzamide and 1,3-
dichloroacetone as described in example 74 step 1 (2.3 g, yield 78%) as a yellow solid.
"H NMR (400MHz, CDCl3) 5 7.98 — 7.96 (d, J = 8.3 Hz, 2H), 7.65 (s, 1H), 6.97 - 6.95 (d, J
= 8.3 Hz, 2H), 4.56 (s, 2H), 3.86 (s, 3H). MS (ESI) m/z: Calculated for C41H1cCINO,:
25  223.04; found: 223.8 (M+H)".
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2-(2-(4-Methoxyphenyl)oxazol-4-yl)acetonitrile
i) KI, DMF, rt, 1h

cl NC N
| 0
i} NaCN, DMF, rt, 2h o \

This compound was synthesized from 4-(chloromethyl)-2-(4-

methoxyphenyl)oxazole as described in example 71 step 2 (0.65 g, yield 57%) as an off
white solid. 'H NMR (300MHz, CDCl5) 8 7.97 — 7.94 (d, J = 8.6 Hz, 2H), 7.69 (s, 1H),
6.99 — 6.97 (d, J = 8.6 Hz, 2H), 3.87 (s, 3H), 3.71 (s, 2H). MS (ESI) m/z: Calculated for
C12H1oN20,: 214.07; found: 214.8 (M+H)".

2-(2-(4-Methoxyphenyl)oxazol-4-yl)ethanamine

_ BHyMesS HoN N
>—< >‘ | \>—< >‘0
N THF, reflux 0.5h of \

This compound was synthesized from 2-(2-(4-methoxyphenyl)oxazol-4-
ylyacetonitrile as described in example 42 step 1 (130 mg, crude) and it was carried
through without further purification. MS (ESI) m/z: Calculated for Cq2H14N2O2: 218.11;
found: 218.8 (M+H)".

N-(2-(2-(4-Methoxyphenyl)oxazol-4-yl)ethyl)-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-

yl)nicotinamide

O~N o—
Fe.C’<\ )\(TCOZH
L.
HoN N N O-N o N=
\/\[ \>—©'O FsC/QNWN/\A/O
o \ HATU, NMM | ] H
DME, 0 9C-t, 4h N

This compound was synthesized from 2-(2-(4-methoxyphenyl)oxazol-4-
yl)ethanamine and 5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinic acid as described in
example 8 step 6 (35 mg, yield 19%) as a white solid. '"H NMR (400MHz, CDCl,) & 9.47
(m, 1H), 9.34 (m, 1H), 8.90 — 8.89 (t, J = 2.0 Hz, 1H), 8.08 — 8.06 (m, 1H), 8.03 — 8.00 (d,
J = 8.8 Hz, 2H), 7.55 (s, 1H), 6.99- 6.97 (d, J = 8.8 Hz, 2H), 3.88 (s, 3H), 3.87 — 3.84 (m,
2H), 2.96 — 2.93 (t, J = 5.9 Hz, 2H). MS (ESI) m/z: Calculated for C»H1sF3NsO4: 459.12;
found: 460.1 (M+H)".
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EXAMPLE 108
2-Chloro-5-cyanobenzoic acid
HoN \©i002H NaNO; / HCI NC CO,H
o 5o e
50°C, 1h
A solution of NaNO, (2.21 g, 32 mmol) in water (10 mL) was added to a solution of
5  5-amino-2-chlorobenzoic acid (5.0 g, 29.14 mmol) in water (40 mL) at 0 °C, followed
addition of by conc. HCI (10 mL) at -5 °C. The reaction mixture was stirred at -5 °C for an
additional 1 h and then the diazonium solution was added dropwise into a solution of
potassium cuprotetracyanide [prepared by dropwise addition of a solution of KCN (10 g,
15.38 mmol) in water (18 mL) to a solution of CuSQO, (7 g, 43.8 mmol) in water (12 mL) at
10 70°C] at 50 °C for 1 h. The reaction mixture was acidified with 1.5 N HCI solution and the
product was extracted with EtOAc. The combined extracts were washed with water and
brine, dried over anhydrous sodium sulfate, and concentrated under reduced pressure.
The crude product was purified by column chromatography (silica 60-120 mesh, eluant 1-
2% MeOH in CHCI;) to get 2-chloro-5-cyanobenzoic acid (1.8 g, yield 34%). 'H NMR
15 (400MHz, DMSO-dg) 6 13.92 (br s, 1H), 8.24 (d, J = 2.1 Hz, 1H), 8.02-7.99 (d, J = 84
Hz, 2.1 Hz, 1H), 7.80 - 7.78 (d, J = 8.2 Hz, 1H). MS (ESI) m/z: Calculated for CsH,CINO,:
180.99; found: 179.6 (M-H)".

2-Chloro-5-cyano-N-(2-(2-(4-fluorophenyl)oxazol-4-yl)-2-methylpropyl)benzamide
HoN N
2 : Q | 2
NC COH (corude) NC N/><EN/>\©\F
\C[ HATU, NMM H
Cl

20 c DMF, 0 °C-tt, 3h

This compound was synthesized from 2-(2-(4-fluorophenyl)oxazol-4-yl)-2-

methylpropan-1-amine and 2-chloro-5-cyanobenzoic acid as described in example 8 step

6 (300 mg, yield 44%). '"H NMR (400MHz, CDCl5) 5 8.02 (d, J = 2.0 Hz, 1H), 7. 98 —7.95

(m, 2H), 7.66 — 7.63 (m, 1H), 7.56 — 7.54 (d, J = 8.3 Hz, 1H), 7.48 (s, 1H), 7.39 (m, 1H),

25 717 -713 (t, J = 8.8 Hz, 2H), 3.68 — 3.66 (d, J = 5.8 Hz, 2H), 1.41 (s, 6H). MS (ESI)
m/z: Calculated for C,1H7CIFN30,: 397.10; found: 396.4 (M-H).
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4-Chloro-3-((2-(2-(4-fluorophenyl)oxazol-4-yl)-2-methylpropyl)carbamoyl)
benzohydrazonic acid
NH;OH.HCI, Na;CO34 HaNL o o
\CfL /><[ >\©\ 8-hydroxyquinoline (cat.) HO : N§<I:N/>\©\F
EIOH, reflux, 6h o H
This compound was  synthesized from  2-chloro-5-cyano-N-(2-(2-(4-
5 fluorophenyljoxazol-4-yl)-2-methylpropyl)benzamide as described in example 1 step 4
(230 mg, crude) and it was carried through without further purification. 'H NMR (300MHz,
MeOD) 6 8.06 — 8.02 (m, 2H), 7. 74 = 7.73 (m, 2H), 7.67 - 7.63 (m, 1H), 746 - 7.43 (d, J
=8.3 Hz, 1H), 7.24 - 7.18 (t, J = 8.8 Hz, 2H), 3.61 (s, 2H), 1.40 (s, 6H). MS (ESI) m/z:
Calculated for C,1H,,CIFN,O3: 430.12; found: 429.4 (M-H)".
10
2-Chloro-N-(2-(2-(4-fluorophenyl)oxazol-4-yl)-2-methylpropyl)-5-(5-(trifluoromethyl)-
1,2,4-oxadiazol-3-yl)benzamide

HaN. O~ Q
N o] Q CF3C0),0 N o)
| /><[ @F oo F3C/<\N \ /><[N/>\©\F
HO ﬁ N pyridine, reflux, 3h u
Cl Cl

This compound was synthesized from 4-chloro-3-((2-(2-(4-fluorophenyl)oxazol-4-

15 yl)-2-methylpropyl)carbamoyl)benzohydrazonic acid as described in example 1 step 5
(100 mg, yield 37%). 'H NMR (400MHz, MeOD) & 8.15 — 8.12 (m, 2H), 8.07 — 8.04 (m,
2H), 7.76 (s, 1H), 7.68 — 7.66 (m, 1H), 7.23 — 7.18 (m, 2H), 3.67 (s, 2H), 1.43 (s, 6H). MS
(ESI) m/z: Calculated for C;H4;CIF,N,O5: 508.09; found: 509.1 (M+H)".

20 EXAMPLE 109
N-(2-(2-(4-Fluorophenyl)oxazol-4-yl)-2-methylpropyl)-3-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)benzamide

O-N .
F30’<\N /‘K©/cozl-|

HoN O~N o]
N
FaC \ O
Q<[o\>—<i%': HATU, NMM 3 /QN)\Q)LNW
H

DMF, 0 °C-rt, 5h

This compound was synthesized from 2-(2-(4-fluorophenyljoxazol-4-yl)-2-

25 methylpropan-1-amine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as
described in example 8 step 6 (18 mg, yield 12%). 'H NMR (400MHz, MeOD) & 8.55 (s,

1H), 8.29 (d, J = 7.8 Hz, 1H), 8.09 — 8.05 (m, 3H), 7.78 (s, 1H), 7.71 - 7.68 (t, J = 7.8 Hz,

203



WO 2011/088181 PCT/US2011/021089

1H), 7.24- 7.19 (m, 2H), 3.66 (s, 2H), 1.41 (s, 6H). MS (ESI) m/z: Calculated for
CasH1sFaN4O3: 474.13; found: 475.1 (M+H)".

EXAMPLE 110
5 1-(2-(4-Fluorophenyl)oxazol-4-yl)ethanone
OFN\_n CHyN, o) N
/) /N
0 . CHCl, 0°C-t, 1 0)\©\F

A solution of 2-(4-fluorophenyl)oxazole-4-carbaldehyde (400 mg, 2.09 mmol) in dry

chloroform (5 mL) was cooled to 0 °C and a freshly prepared solution of diazomethane in
ether (20 mL) was added. The reaction mixture was stirred for 1 h and quenched with

10 10% aqueous NaHCO; solution. The crude product was extracted with CH,Cl, and the
combined extracts were dried over anhydrous sodium sulfate, and concentrated under
reduced pressure. The crude product was purified by column chromatography (silica gel
60-120 mesh, eluent 5-8 % EtOAc in petroleum ether) to afford 1-(2-(4-
fluorophenyl)oxazol-4-yl)ethanone (250 mg, yield 58%) as a white solid. 'H NMR (400

15 MHz, CDCIl;) & 8.25 (s, 1H), 8.12 — 8.09 (m, 2H), 7.21 - 7.17 (t, J = 8.7 Hz, 2H), 2.60 (s,
3H). MS (ESI) m/z: Calculated for C;{HgFNO,: 205.05; found: 205.9 (M+H)".

3-(2-(4-Fluorophenyl)oxazol-4-yl)-3-hydroxypropanenitrile

KCN NC
o N KHoPO,
/) HO N
0 £ DMF-H0 46N \ \>—®*F
80°C, 6h ©
20 A solution of 1-(2-(4-fluorophenyl)oxazol-4-yl)ethanone (250 mg, 1.22 mmol) in

DMF-H,0O (7 mL; 2:5 v/v) was cooled to 0 °C and KH,PO, (327 mg, 2.4 mmol) was added,
followed by KCN (116 mg, 1.8 mmol). The reaction mixture was stirred at 80 °C 10 h and
then diluted with water. The organic product was extracted with EtOAc and the combined
extracts were washed with H,O and brine, dried over anhydrous sodium sulfate, and

25 concentrated under reduced pressure. The crude product was purified by column
chromatography (silica gel 60-120 mesh, eluent 8-12% EtOAc in petroleum ether) to
afford 3-(2-(4-fluorophenyl)oxazol-4-yl)-3-hydroxypropanenitrile (60 mg, yield 21%) as a
light yellow solid. 'H NMR (300 MHz, DMSO-ds) 3 8.11 (d, J = 0.7 Hz, 1H), 8.03 — 7.98
(dd, J=8.9 Hz, 5.4 Hz, 2H), 7.40 - 7.34 (t J = 8.9 Hz, 2H), 6.13 - 6.12 (d, J = 5.3 Hz, 1H),

30 4.93-4.87 (m, 1H), 2.98 — 2.93 (dd, J = 8.9 Hz, 5.8 Hz, 2H). MS (ESI) m/z: Calculated
for C1,HgFN,O,: 232.086; found: 233.0 (M+H)".
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3-Amino-1-(2-(4-fluorophenyl)oxazol-4-yl)propan-1-ol
NC HoN
HO ‘ N\ _ NaBH,, CF3CO.H HO | N\ : .
o : THF, rt, 8h o
This compound was synthesized from 3-(2-(4-fluorophenyljoxazol-4-yl)-3-
5 hydroxypropanenitrile as described in example 94 step 6 (110 mg, crude) and it was

carried through without further purification. MS (ESI) m/z: Calculated for Cy;H3FN,O,:
236.10; found: 237.0 (M+H)".

N-(3-(2-(4-Fluorophenyl)oxazol-4-yl)-3-hydroxypropyl)-3-(5-(trifluoromethyl)-1,2,4-
10 oxadiazol-3-yl)benzamide

O~N 0
F3C/<\ \
N OH
HoN
2 O-N 0 OH
HO N F30’<\ | N
IS E N N N F
H \
d HATU, NMM o
DMF, 0 °C-rt, 2h

This compound was synthesized from 3-amino-1-(2-(4-fluorophenyl)oxazol-4-
yl)propan-1-ol and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as described in
example 8 step 6 (35 mg, yield 19%) as a white solid. 'H NMR (400MHz, DMSO-dg) &

15 8.80-8.77 (t, J =5.3 Hz, 1H), 8.51 (s, 1H), 8.20 - 8.18 (d, J = 7.6 Hz, 1H), 8.13 — 8.11
(d, J=7.9 Hz, 1H), 8.00 (s, 1H), 7.99 — 7.96 (dd, J = 8.8 Hz, 5.5 Hz, 2H), 7.72 - 7.68 (t, J
=7.8 Hz, 1H), 7.37 - 7.32 (t, J= 8.8 Hz, 2H), 5.44 — 543 (d, J = 5.2 Hz, 1H), 4.69 — 4.65
(m, 1H), 3.47 — 3.42 (m, 2H), 2.17 — 2.08 (m, 1H), 1.99 — 1.90 (m, 1H). MS (ESI) m/z:
Calculated for CooH16FsN4O4: 476.11; found: 477.1 (M+H)".

20

EXAMPLE 111

2-(4-Bromophenyl)-4-(chloromethyl)oxazole

o) toluene N
NH, cl
SRS L (Vo
Br 100 °C, 24h (0]

This compound was synthesized from 4-bromobenzamide and 1,3-

25 dichloroacetone as described in example 74 step 1 (1.5 g, yield 14%) as a white solid. 'H
NMR (400MHz, CDCl;) 67.92 - 7.89 (d, J = 8.8 Hz, 2H), 7.71 (s, 1H), 7.61 -7.59 (d, J =
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8.8 Hz, 2H), 4.57 (s, 2H). MS (ESI) m/z: Calculated for C,oH;BrCINO: 272.94; found:
273.8 (M+HY".

2-(2-(4-Bromophenyl)oxazol-4-yl)acetonitrile
al N i) KI, DMF, rt, 2h NG N
RO )
(o] i) NaCN, DMF, rt, 1h (o]

This compound was synthesized from 2-(4-bromophenyl)-4-(chloromethyl)oxazole

as described in example 71 step 2 (1.4 g, yield 76%) as a off-white solid. 'H NMR

(300MHz, CDCl;) 57.90 —7.88 (d, J = 8.8 Hz, 2H), 7.75- 7.74 (t, /= 1.3 Hz, 1H), 7.63 -

7.60 (d, J = 8.8 Hz, 2H), 3.73 (d, J = 1.3 Hz, 2H). MS (ESI) m/z: Calculated for
10  CqH;BrN,O: 261.97; found: 262.9 (M+H)".

2-(2-(4-Bromophenyl)oxazol-4-yl)ethanamine

NC N BH:Mess  HeN N
| . R g
Y o]

THF, reflux, 0.5h

This compound was synthesized from 2-(2-(4-bromophenyl)oxazol-4-yl)acetonitrile

15 as described in example 42 step 1 (0.4 g, yield 56%) as a yellow liquid. 'H NMR

(300MHz, DMSO-dg) 5 8.02 (m, 1H), 7.89 —7.86 (d, J = 8.6 Hz, 2H), 7.73 -7.71 (d, J =

8.6 Hz, 2H), 2.96 — 2.91 (m, 2H), 2.73 — 2.68 (m, 2H). MS (ESI) m/z: Calculated for
C141H11BrNO: 266.01; found: 267.1 (M+H)".

20  N-(2-(2-(4-Bromophenyl)oxazol-4-yl)ethyl)-2,2,2-trifluoroacetamide

HoN N CF3CO,Et FCo N
TS e
d Et,N, MeOH »
, 2h

Triethylamine (0.31 mL, 2.24 mmol) was added to a solution of 2-(2-(4-
bromophenyljoxazol-4-yl)ethanamine (0.4 g, 1.49 mmol) in dry methanol (20 mL),
followed by ethyl trifluoro acetate (0.27 mL, 2.25 mmol) dropwise at 0 °C. The reaction

25 mixture was slowly warmed to room temperature and further stirred for 2h. The reaction
mixture was then concentrated under reduced pressure. The reaction mixture was diluted
with EtOAc and washed with water and brine, dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The crude product was purified by column
chromatography (silica gel 60-120 mesh, eluent 1% MeOH in CHCI;) to afford N-(2-(2-(4-

30 bromophenyljoxazol-4-yl)ethyl)-2,2,2-trifluoroacetamide (0.26 g, yield 48%) as an off-
white solid. "H NMR (300MHz, CDCl,) 5 7.98 — 7.95 (d, J = 8.6 Hz, 2H), 7.68 - 7.65 (d, J
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= 8.6 Hz, 2H), 7.61 (m, 1H), 3.78 = 3.72 (m, 2H), 2.96 — 2.92 (t, J = 6.1 Hz, 2H). MS (ESI)
m/z: Calculated for C;3H0BrFsN,O,: 361.99; found: 362.5 (M+H)".

N-(2-(2-(4-Cyanophenyl)oxazol-4-yl)ethyl)-2,2,2-trifluoroacetamide

Zn(CN),
PdCIZ(dppf) (cat.) FiC

H
\/\[ WN N
) < > DMF, 150 °C, 48h o [ \>—@CN
d

N-(2-(2-(4-Bromophenyl)oxazol-4-yl)ethyl)-2,2, 2-trifluoroacetamide (200 mg, 0.55
mmol) was dissolved in dry DMF (10 mL) and the solution was purged with argon for 10
min. Zn(CN), (97 mg, 0.83 mmol) and PdCl,(dppf) (302 mg, 0.04 mmol) were added to
the reaction mixture and heated to 150 °C for 48 h. The reaction mixture was filtered
10  through Celite and the filtrate was concentrated under reduced pressure. The residue was
diluted with water and the product was extracted with EtOAc. The combined extracts were
dried over anhydrous sodium sulfate and concentrated under reduced pressure to get N-
(2-(2-(4-cyanophenyl)oxazol-4-yl)ethyl)-2,2 2-trifluoroacetamide (150 mg), which was
used for the next step without further purification. MS (ESI) m/z: Calculated for
15 Ciy4H1oF3N3O,: 309.07; found: 307.9 (M-HY.

4-(4-(2-Ami noethyl)oxazol-2-yl)benzonitrile
K,CO;3 H.N

N
\/\[ >—< >‘ MeOHHO 7:3viv \/\[O\>—< >——CN

K,CO; (0.20 g, 1.45 mmol) was added portionwise to a solution of N-(2-(2-(4-
20 cyanophenyl)oxazol-4-yl)ethyl)-2,2 2-trifluoroacetamide (0.15 g, 0.49 mmol) in dry

methanol:water (10 mL, 7:3 v/v). The reaction mixture was stirred at room temperature for
3 h and then diluted with water. The crude product was extracted with chloroform. The
organic layer was dried over anhydrous Na,SO, and concentrated under reduced
pressure to get 4-(4-(2-aminoethyl)oxazol-2-yl)benzonitrile (80 mg), which was used for

25 the next step without further purification. MS (ESI) m/z: Calculated for C1,H11N3O: 213.09;
found: 214.0 (M+H)".
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N-(2-(2-(4-Cyanophenyl)oxazol-4-yl)ethyl)-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-

yl)nicotinamide
O~N
Fie—Q
3 ’<N ~COH
| o

N

HoN oN 9 2
2 N Fe—4 ! /\/[ 7 N
V\[ @CN N i R N N
A
o HATU, NMM NP
DMF, 0 °C-rt, 4h

This compound was synthesized from 4-(4-(2-aminoethyl)oxazol-2-yl)benzonitrile
and 5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinic acid as described in example 8
step 6 (30 mg, yield 23%) as an off white solid. 'H NMR (400MHz, CDCl5) 5 9.69 (m, 1H),
9.47 (m, 1H), 9.18 (m, 1H), 8.18 — 8.16 (d, J = 8.3 Hz, 2H), 7.78 — 7.76 (d, J = 8.8 Hz,
2H), 7.71 (s, 1H), 3.92 — 3.91 (m, 2H), 3.05 — 3.02 (t, J = 6.0 Hz, 2H). MS (ESI) m/z:
Calculated for C,1H13F3NgO3: 454.10; found: 453.2 (M-H)".

EXAMPLE 112
4-(Chloromethyl)-2-{2-fluorophenyl)oxazole
o]
NH il 130°c,2h  Cl N
2o e ’ B
F (neat) o
sealed tube F

A mixture of 2-fluorobenzamide (500 mg, 3.59 mmol) and 1,3-dichloroacetone
(1.82 g, 14.36 mmol) was heated to 130°C for 2 h in a sealed tube. The reaction mixture
was diluted with EtOAc and washed with water and brine. Solvent was removed under
reduced pressure and the crude product was purified by column chromatography (silica
gel 60-120 mesh, eluent 2-3% EtOAc in petroleum ether) to afford 4-(chloromethyl)-2-(2-
fluorophenyl)oxazole (500 mg, yield 66%) as a white solid. '"H NMR (300MHz, CDCl;) &
8.08 — 8.02 (td, J = 7.6 Hz, 1.6 Hz, 1H), 7.78 (s, 1H), 7.50 — 7.43 (m, 1H), 7.28 - 7.18 (m,
2H), 4.61 (d, J = 0.7 Hz, 2H). MS (ESI) m/z: Calculated for C4oH;CIFNO: 211.02; found:
211.9 (M+H)".

2-(2-(2-Fluorophenyl)oxazol-4-yl)acetonitrile

CI/\[N\>_© i) KI, DMF, rt, 1h NC/\[N\>_©
0 - iiy NaCN, DMF, rt, 2h o

F
This compound was synthesized from 4-(chloromethyl)-2-(2-fluorophenyl)oxazole
as described in example 71 step 2 (0.2 g, yield 29%) as a white solid. 'H NMR (300MHz,
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CDCl;) 5 8.05 — 8.00 (td, J = 7.6 Hz, 1.8 Hz, 1H), 7.82 — 7.81 (t, J = 1.3 Hz, 1H), 7.50 —
7.45 (m, 1H), 7.30 — 7.20 (m, 2H), 3.77 (d, J = 1.1 Hz, 2H). MS (ESI) m/z: Calculated for
C14H;FN,O: 202.05; found: 202.9 (M+H)".

5  2-(2-(2-Fluorophenyl)oxazol-4-yl)ethanamine

H,N
N
o] THF, reflux,1h 0
F F

This compound was synthesized from 2-(2-(2-fluorophenyl)oxazol-4-yl)acetonitrile

as described in example 42 step 1 (100 mg, crude) and it was carried through without
further purification. MS (ESI) m/z: Calculated for C44H;4FN,O: 206.09; found: 207.0
10 (M+H)"

N-(2-(2-(2-Fluorophenyl)oxazol-4-yl)ethyl)-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)nicotinamide

=N
\

o]
FyC—N\
3 /<N x CO,H
| N7 o o N
H,N ~N o
N\ F3C’<\ ! /\/[ 7
| N X N N
o | H

HATU, NMM P
F N
DMF, 0 °C-rt, 8h
15 This compound was synthesized from 2-(2-(2-fluorophenyl)oxazol-4-yl)ethanamine

and 5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinic acid as described in example 8
step 6 (10 mg, yield 6%) as a white solid. 'H NMR (400MHz, MeOD) 5 9.39 (d, J = 2.0
Hz, 1H), 9.20 (d, J = 2.0 Hz, 1H), 8.90 — 8.89 (t, J = 2.0 Hz, 1H), 8.03 -7.99 (td, J=7.7
Hz, 1.8 Hz, 1H), 7.89 (s, 1H), 7.56 — 7.51 (m, 1H), 7.33 - 7.25 (m, 2H), 3.80-3.76 (t, J =

20 6.9 Hz 2H), 3.00 — 2.97 (t, J = 6.9 Hz, 2H). MS (ESI) m/z: Calculated for CyH3F4NsO3:
447 10; found: 448.1 (M+H)".

EXAMPLE 113
1-(5-Bromothiophen-2-yl)-2,2-difluoroethanone
i) LDA F \
H/Q\Br ii)THI;, 78 °C F ) B
F O~
25 0-78°C
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A solution of 2-bromothiophene (0.5 g, 3.00 mmol) in dry THF (5 mL) was cooled
to -78 °C and freshly prepared lithium diisopropylamide (prepared from diisopropyl amine
(0.5 mL, 3.60 mmol) and nBuLi (2.3 mL, 3.60 mmol, 1.6M in THF) was added dropwise.
The reaction mixture was stirred at -78 °C for 1 h. Ethyl difluoro acetate (409 mg, 3.30
mmol) was added dropwise at -78 °C and the reaction mixture was stirred for 1 h, then
slowly warmed up to room temperature and quenched with saturated NH4Cl solution. The
organic product was extracted with EtOAc and dried over anhydrous sodium sulfate. The
solvent was concentrated under reduced pressure to get 1-(5-bromothiophen-2-yl)-2,2-
difluoroethanone (500 mg, yield 69%). 'H NMR (400 MHz, CDCls) 8 7.77 — 7.75 (m, 1H),
7.21-7.20(d, J =4.1 Hz, 1H), 6.27 — 6.00 (m, 1H).

3-(56-(2,2-Difluoroacetyl)thiophen-2-yl)benzoic acid

HO,C B(OH),
F \©/ F
F [\ F 73

s~ Br
S
0 Pd(PPh,), (cat) o}

2M Na,CO,, DMF, 100 °C, 4h

CO.H

This compound was synthesized from  1-(5-bromothiophen-2-yl)-2,2-
difluoroethanone as described in example 88 step 3 (300 mg, yield 51%) as a brown solid.
"H NMR (300 MHz, DMSO-de) & 13.24 (br s, 1H), 8.28 (s, 1H), 8.15-8.14 (d, J = 4.2 Hz,
1H), 8.09 — 8.06 (m, 1H), 8.01 —7.99 (m, 1H), 7.88 — 7.87 (d, J = 4.2 Hz, 1H), 7.65 - 7.60
(t, J = 7.8 Hz, 1H), 7.20 — 6.85 (m, 1H). MS (ESI) m/z: Calculated for Cy3HgF>0,S:
282.02; found: 280.8 (M-H).

3-(56-(2,2-Difluoroacetyl)thiophen-2-yl)-N-(2-(2-(4-fluorophenyl)oxazol-4-yl)-2-
methylpropyl)benzamide

- Q<[> O
F ) /S\ COH J>’(j\©)\ /><[ FQ\
HATU, NMM

DMF, 0 °C-rt, 5h

This compound was synthesized from 2-(2-(4-fluorophenyl)oxazol-4-yl)-2-
methylpropan-1-amine and  3-(5-(2,2-difluoroacetyl)thiophen-2-yl)benzoic acid as
described in example 8 step 6 (60 mg, yield 34%). 'H NMR (400MHz, DMSO-ds) 3 8.51 —
8.48 (t, J = 6.2 Hz, 1H), 8.19 — 8.15 (m, 2H), 8.02 — 7.97 (m, 3H), 7.90 — 7.88 (m, 1H),
7.84-783(d, J=43Hz 1H), 7.61-7.57 (t, J=7.8 Hz, 1H), 7.35-7.31 (t, /= 8.8 Hz,
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2H), 7.16 — 6.90 (m, 1H), 3.52 — 3.50 (d, J = 6.4 Hz, 2H), 1.29 (s, 6H). MS (ESI) nv/z:
Calculated for C,6H»1F3N205S: 498.12; found: 499.1 (M+H)".

EXAMPLE 114
1-(2-Bromothiazol-5-yl)-2,2,2-trifluoroethanol

N CsF,TMSCF;  Fc. [N\
N L T
s o
o

dry glyme, rt, 3h H

This compound was synthesized from 2-bromothiazole-5-carbaldehyde as
described in example 88 step 1 (0.6 g, yield 44%). 'H NMR (300 MHz, CDCl;) 8 7.63 (s,
1H), 5.37 — 5.29 (m, 1H), 3.54 (d, J = 5.0 Hz, 1H).

1-(2-Bromothiazol-5-yl)-2,2,2-trifluoroethanone

N . N
E.C /B Dess-Martin ~ F5C /N
3 )/(S)\Br S)\Br
HO CH5Cly o

0°C-rt, 3h

This compound was synthesized from  1-(2-bromothiazol-5-yl)-2,2,2-
trifluoroethancl as described in example 47 step 2 (0.35 g, yield 59%). 'H NMR (300
MHz, CDCl,) 6 8.32 (m, 1H). MS (ESI) m/z: Calculated for CsHBrF;NOS: 260.89; found:
261.0 (M+H)".

3-(56-(2,2,2-Trifluoroacetyl)thiazol-2-yl)benzoic acid
HO,C B(CH),
N ©/ F30>/</\ N
FaC. [ i
3 )/Q)\Br )\©/002H
o]

O S
Pd(PPhs), (cat.)
2M Na,COs, DMF, 90 °C, 5h

This compound was synthesized from  1-(2-bromothiazol-5-yl)-2,2,2-
trifluoroethanone as described in example 88 step 3 (120 mg, crude) and it was carried
through without furher purification. MS (ESI) m/z: Calculated for C;,HsF3NO;S: 301.00;
found: 299.9 (M-H).
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N-(2-(2-(4-Fluorophenyl)oxazol-4-yl)-2-methylpropyl)-3-(5-(2,2,2-

trifluoroacetyl)thiazol-2-yl)benzamide

HoN N
|7 < > F e N 0 Q
S ° L % =
I s COH & s)\©)\” N
HATU, NMM

DMF, 0 °C-rt, 4h

This compound was synthesized from 2-(2-(4-fluorophenyljoxazol-4-yl)-2-
5 methylpropan-1-amine and 3-(5-(2,2,2-triflucroacetyljthiazol-2-yl)benzoic acid as
described in example 8 step 6 (7 mg, yield 3%). 'H NMR (400 MHz, DMSO-d;) & 8.56 —
8.53 (t, J = 5.5 Hz, 1H), 8.35 (m, 1H), 8.28 (m, 2H), 8.10 — 8.08 (m, 1H), 8.02 — 8.00 (m,
2H), 7.94 (m, 1H), 7.61-7.57 (t, J=7.8 Hz, 1H), 7.35 - 7.31 (t, J = 8.7 Hz, 2H), 3.51 -
3.50 (d, J = 5.8 Hz, 2H), 1.29 (s, 6H). MS (ESI) m/z: Calculated for CysH1oF4N3O,S:
10  517.11; found: 516.1 (M-H)".

EXAMPLE 115
4-(((tert-Butyldiphenylsilyl)oxy)methyl)-2-phenyl-1H-imidazole

HO \/( _BuPhSicl sro \/(
)\Q imidazole, CH,Cl, )\Q
0 °C-rt, 8h

15 'BuPh,SiCl (5.5 g, 19.9 mmol) was added dropwise to a suspension of 2-phenyl-
1H-imidazole-4-methanol (2.9 g, 16.65 mmol) and imidazole (1.7 g, 24.97 mmol) in dry
CH.Cl, (60 mL) at 0°C. The reaction mixture was allowed to warm up to room
temperature and stirred for 8 h. The reaction mixture was diluted with CH,Cl, and the
organic layer was washed with 10% NaHCO; solution, water and brine. The organic layer

20 was dried over anhydrous Na,SO, and concentrated under reduced pressure to yield 4-
(((tert-butyldiphenylsilyl)oxy)methyl)-2-phenyl-1H-imidazole (5.7 g, yield 83%), which was
carried through without further purification. 'H NMR (300 MHz, CDCl;) 6 7.77 - 7.69 (m,
6H), 7.46 — 7.37 (m, 9H), 6.95 (m, 1H), 4.81 (s, 2H), 1.09 (s, 9H). MS (ESI) m/z:
Calculated for Co6H2sN,0Si: 412.20; found: 413.3 (M+H)".

25
4-(((tert-Butyldiphenylsilyl)oxy)methyl)-1-methyl-2-phenyl-1H-imidazole

/
Ph N
_o\/( )\Q Mel, NaH \{/‘sro\/[ P~ph
3 N
THF, 0°C, 1h Ph
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This compound was synthesized from 4-(((tert-butyldiphenylsilyl)oxy)methyl)-2-
phenyl-1H-imidazole as described in example 1 step 2 (1.25 g, yield 21%) as a yellow
viscous liquid. 'H NMR (400 MHz, CDCl;) 8 7.82 — 7.75 (m, 3H), 7.69 — 7.67 (m, 4H),
7.61 —7.60 (m, 2H), 7.46 — 7.41 (m, 6H), 6.95 (s, 1H), 5.14 (d, J = 1.3 Hz, 2H), 3.88 (s,
3H), 1.13 (s, 9H). MS (ESI) m/z: Calculated for CyH3N,OSi: 426.21; found: 427.3
(M+H)".

{1-Methyl-2-phenyl-1H-imidazol-4-yl)methanol

/ /
Ph, N TBAF (1M in THF) N
\{/Si"o\/[;/)\ph HO\/[;'/)\ph
Ph

THF, 0°C-rt, 3h

A solution of 4-(((tert-butyldiphenylsilyl)oxy)methyl)-1-methyl-2-phenyl-1H-
imidazole (1.25 g, 293 mmol) in dry THF (25 mL) was cooled to 0°C and
tetrabutylammonium fluoride (5.9 mL, 5.86 mmol, 1M in THF) was added dropwise. The
reaction mixture was allowed to warm up to room temperature and further stirred for 3 h.
The reaction mixture was quenched with brine and extracted with EtOAc. The organic
layer was dried over anhydrous Na,SO,4 and concentrated under reduced pressure. The
crude product was purified by column chromatography (silica 60-120 mesh, eluant 2-4%
MeOH in CH,Cl,) to get (1-methyl-2-phenyl-1H-imidazol-4-yl)methanol (0.26 mg, yield
47%) as a white solid. '"H NMR (400 MHz, DMSO-dg) & 7.68 — 7.66 (m, 2H), 7.50 — 7.41
(m, 3H), 7.11 (s, 1H), 4.92 (br s, 1H), 4.37 (s, 2H), 3.71 (s, 3H). MS (ESI) m/z: Calculated
for C;1H2N,O: 188.09; found: 188.9 (M+H)".

4-(Chloromethyl)-1-methyl-2-phenyl-1H-imidazole

/ /

HO\/[ EI)\Ph s CI\/[EI)\Q

N reflux, 1h N HCl

This compound was synthesized from (1-methyl-2-phenyl-1H-imidazol-4-

yl)methanol as described in example 93 step 3 (0.28 g, crude) as hydrochloride salt as a

brown solid. 'H NMR (300 MHz, DMSO-dg) 5 7.90 (s, 1H), 7.82 — 7.80 (m, 2H), 7.70 —
7.66 (m, 3H), 4.93 (s, 2H), 3.84 (s, 3H).
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2-(1-Methyl-2-phenyl-1 H-imidazol-4-yl)acetonitrile

/ /
N NaCN N
oy oo
N HCI DMF, i, 12h N

This compound was synthesized from 4-(chloromethyl)-1-methyl-2-phenyl-1H-

imidazole as described in example 77 step 1 (120 mg, yield 44%) as a brown liquid. 'H

5 NMR (300 MHz, CDCl,) 5 7.61 — 7.58 (m, 2H), 7.49 — 7.43 (m, 3H), 7.02 (s, 1H), 3.75 (d,

J = 0.9 Hz, 2H), 3.73 (s, 3H). MS (ESI) m/z: Calculated for Cy,H1N;: 197.10; found:
197.9 (M+H)".

2-(1 -Methyl-2-phenyl-1 H-imidazol-4-yl)propanenitrile
/

N
Nc\/()\© Mol NaH _ NC7/[/
N
10 THE, 0°C-rt, 3h )\Q

This compound was synthesized from 2-(1-methyl-2-phenyl-1H-imidazol-4-
yl)acetonitrile as described in example 1 step 2 (60 mg, yield 47%) as light yellow oil. 'H
NMR (300 MHz, CDCl3) 6§ 7.62 — 7.59 (m, 2H), 7.47- 7.45 (m, 3H), 7.01 (s, 1H), 4.01 -
3.94 (q, J =7.1 Hz, 1H), 3.72 (s, 3H), 1.71 - 1.69 (d, J = 7.2 Hz, 3H). MS (ESI) m/z:

15  Calculated for Cy3Hq3N3: 211.11; found: 212.0 (M+H)".

2-(1-Methyl -2-phenyl-1 H-imidazol-4-yl)propan-1-amine

NG 7/( L|AIH4 (2M in THF) /w/( )\Q
o °C, 30 min

This compound was synthesized from 2-(1-methyl-2-phenyl-1H-imidazol-4-

20 yl)propanenitrile as described in example 1 step 3 (60 mg, crude) and it was carried

through without further purification. MS (ESI) m/z: Calculated for C13H47N3: 215.14; found:
216.0 (M+H)".
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N-(2-(1-Methyl-2-phenyl-1H-imidazol-4-yl)propyl)-5-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)nicotinamide

~N o]
)

0
Fac—4
NN on /
/ P O-N o} N
N N R4 | p
HoN N N NN N
HATU, NMM | J H

N
DMF, 0 °C-tt, 3h

This compound was synthesized from 2-(1-methyl-2-phenyl-1H-imidazol-4-
yl)propan-1-amine and  5-(5-(trifluoromethyl)-1,2 4-oxadiazol-3-yl)nicotinic acid as
described in example 8 step 6 (10 mg, yield 16%). '"H NMR (400MHz, CDCl;) & 9.40 (d, J
= 2.1 Hz, 1H), 9.31 (d, J = 2.1 Hz, 1H), 9.16 — 9.15 (m, 1H), 8.87 — 8.86 (t, J = 2.1 Hz,
1H), 7.62 — 7.59 (m, 2H), 7.42 — 7.40 (m, 3H), 6.81 (s, 1H), 4.02 — 3.96 (ddd, J = 12.9 Hz,
6.2 Hz, 4.3 Hz, 1H), 3.75 (s, 3H), 3.42 - 3.35 (ddd, J = 12.9 Hz, 9.4 Hz, 3.2 Hz, 1H), 3.15
- 310 (m, 1H), 140 — 1.38 (d, J = 6.7 Hz, 3H). MS (ESIl) m/z: Calculated for
CooH19F3N6O,: 456.15; found: 457.3 (M+H)".

EXAMPLE 116
1-(5-Bromofuran-2-yl)-2,2,2-trifluoroethanol

Ho ) CSF,TMSCF;  Fc. [/ \
B ————————> (0] Br
o)
o}

dry glyme, rt, 8h HO

This compound was synthesized from 5-bromofuran-2-carbaldehyde as described
in example 88 step 1 (2.6 g, yield 62%). 'H NMR (300 MHz, CDCl3) 8 6.52 —6.51 (d, J =
3.5 Hz, 1H), 6.36 — 6.35 (d, J = 3.5 Hz, 1H), 5.07 - 4.98 (m, 1H), 2.91 -2.89(d, J=7.2
Hz, 1H).

1-(5-Bromofuran-2-yl)-2,2,2-trifluoroethanone

FsC 7\ Dess-Martin ~ FoC I\
o’ Br ——— o~ Br

HO CH20|2 Q
0 °C-rt, 8h

This compound was synthesized from 1-(5-bromofuran-2-yl)-2,2 2-trifluoroethanol
as described in example 47 step 2 (1.2 g, yield 47%). '"H NMR (300 MHz, CDCl,) 8 7.46 —
7.44 (m, 1H), 6.66 — 6.65 (d, J = 3.7 Hz, 1H).
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3-(6-(2,2,2-Trifluoroacetyl)furan-2-yl)benzoic acid

H020\©/B(0H)2
F.C 77/@\ FC /Y
O

O Br
o} Pd(PPha), (cat.) o
2M Na,CO4, DMF, 90 °C, 3h

COsH

This compound was  synthesized from  1-(5-bromofuran-2-yl)-2,2,2-
trifluoroethanone as described in example 88 step 3 (500 mg, crude). 'H NMR (300 MHz,
DMSO-ds) 5 13.26 (br s, 1H), 8.41 (m, 1H), 8.19 — 8.16 (m, 1H), 8.05 — 8.03 (m, 1H), 7.98
—7.97 (m, 1H), 7.70 - 7.67 (m, 1H), 7.58 = 7.57 (m, 1H).

N-(2-(2-(4-Fluorophenyl)oxazol-4-yl)-2-methylpropyl)-3-(5-(2,2,2-
trifluoroacetyl)furan-2-yl)benzamide

77 o
V.
o COH 0 N N F
o © H
T3P, EtsN
CH4Cly, 0°C-1t, 4h

This compound was synthesized from 2-(2-(4-fluorophenyljoxazol-4-yl)-2-
methylpropan-1-amine and 3-(5-(2,2,2-trifluoroacetyl)furan-2-yl)benzoic acid as described
in example 8 step 6 (20 mg, yield 6%). 'H NMR (400 MHz, DMSO-dg) 5 8.52 - 8.49 (t, J =
6.2 Hz, 1H), 8.30 - 8.29 (t, J = 1.6 Hz, 1H), 8.09 — 8.06 (dt, J= 8.1 Hz, 1.2 Hz, 1H), 8.01 -
7.98 (m, 4H), 7.94 — 7.92 (dt, J = 8.1 Hz, 1.2 Hz, 1H), 7.66 — 7.62 (t, J = 7.8 Hz, 1H), 7.51
—7.50(d, J=4.0 Hz, 1H), 7.35 - 7.31 (t, J = 9.0 Hz, 2H), 3.52 - 3.50 (d, J = 6.4 Hz, 2H),
1.29 (s, 6H). MS (ESI) m/z: Calculated for CsH20F4N2O4: 500.14; found: 499.4 (M-H)".

EXAMPLE 117
4-(Dimethoxymethyl)-2-(4-fluorophenyl)oxazole

\
o)

= \
O%ﬁl MesSiOMe, TMSOTY O/%N
/R
0)\©\F CHCl, 78 °C to rt, 24h O)\O\F

Methoxytrimethylsilane (545 mg, 523 mmol) and trimethylsilyl

trifluoromethanesulfonate (30 mg, 0.13 mmol) were added to a solution of 2-(4-
fluorophenyl)oxazole-4-carbaldehyde (500 mg, 2.62 mmol) in dry CH,Cl, (2 mL) at -78 °C.
The reaction mixture was allowed to warm up to room temperature and stirred for 24 h,

quenched with saturated aqueous NaHCO; solution, and the crude product was extracted
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with EtOAc. The organic layer was washed with 10% NaHCO, solution, water and brine
and dried over anhydrous sodium sulfate. Solvent was removed under reduced pressure
to get 4-(dimethoxymethyl)-2-(4-fluorophenyl)oxazole (400 mg, crude), which was carried
through without further purification. 'H NMR (400 MHz, CDCI5) 5 8.08 — 8.05 (m, 2H), 7.71

5 (d,J=1.2Hz 1H), 7.16 — 7.12 (m, 2H), 5.50 (d, J = 0.9 Hz, 1H), 3.41 (s, 6H). MS (ESI)
m/z: Calculated for C1;,H12FNO3: 237.08; found: 259.9 (M+Na)®.

2-(2-(4-Fluorophenyl)oxazol-4-yl)-2-methoxyacetonitrile
N\
o] \O

\O/%N Me;SiCN NC/%N

/ o»\©\ BF3.0Et;, 1, 20 min / O»\©\

F F
10 Trimethylsilyl cyanide (4.13 g, 41.76 mmol) was added to a solution of 4-
(dimethoxymethyl)-2-(4-fluorophenyl)oxazole (400 mg, 1.69 mmol) at room temperature,
followed by boron trifluoride diethyl etherate (37 mg, 0.26 mmol). The reaction mixture
was stirred for 20 min, quenched with saturated aqueous NaHCO; solution, and extracted
with EtOAc. The combined extracts were washed with H,O and brine, dried over
15  anhydrous sodium sulfate, and concentrated under reduced pressure. The crude product
was purified by column chromatography (silica gel 60-120 mesh, eluent 8-10% EtOAc in
petroleum ether) to afford 2-(2-(4-fluorophenyl)oxazol-4-yl)-2-methoxyacetonitrile (100
myg, yield 16%) as a light yellow liquid. "H NMR (400 MHz, CDCl,) & 8.08 — 8.06 (m, 2H),
7.90 (d, J = 0.9 Hz, 1H), 7.19 - 7.15 (m, 2H), 5.29 (d, J = 0.9 Hz, 1H), 3.62 (s, 3H). MS

20  (ESI) m/z: Calculated for C;,HgFN,O,: 232.21; found: 232.9 (M+H)".

2-(2-(4-Fluorophenyl)oxazol-4-yl)-2-methoxyethanamine

N\
0 Y%
NG NaBH,, CF,CO.H  H2N
N N
/R THF, 1t, 8h AR
© F 0)\©\F

This compound was synthesized from 2-(2-(4-fluorophenyljoxazol-4-yl)-2-

25 methoxyacetonitrile as described in example 94 step 6 (100 mg, crude) and it was

carried through without further purification. MS (ESI) m/z: Calculated for Cy;H3FN,O,:
236.10; found: 236.9 (M+H)".

N-(2-(2-(4-Fluorophenyl)oxazol-4-yl)-2-methoxyethyl)-3-(5-(trifluoromethyl)-1,2,4-
30 oxadiazol-3-yl)benzamide
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o

O-N

F3C/<\ \
N OH

Y

HoN /<0~{\1 o N
FiC—& o
R HATU, NMM N Nw

H

© £ DMF,0°C-t, 2h O

This compound was synthesized from 2-(2-(4-fluorophenyljoxazol-4-yl)-2-

methoxyethanamine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as
described in example 8 step 6 (44 mg, yield 22%) as an off-white solid. 'H NMR
5 (400MHz, CDCl,;) 5 8.56 — 8.55 (t, J = 1.6 Hz, 1H), 8.29 — 8.26 (dt, J = 7.9 Hz, 1.3 Hz,
1H), 8.11 —8.06 (m, 3H), 7.73 (s, 1H), 7.67 - 7.63 (t, /= 7.7 Hz, 1H), 7.22 - 7.19 (m, 1H),
717 =713 (t, J= 8.7 Hz, 2H), 4.54 — 4.51 (dd, J = 5.9 Hz, 5.1 Hz, 1H), 4.12 — 4.086 (ddd,
J=13.9 Hz, 6.5 Hz, 4.9 Hz, 1H), 3.87 — 3.81 (ddd, J = 13.9 Hz, 6.1 Hz, 4.8 Hz, 1H), 3.45
(s, 3H). MS (ESI) m/z: Calculated for C,,H16F4sN4O4: 476.11; found: 475.6 (M)
10
EXAMPLE 118
2-(4-(4-FIuorophenyl)thiazol-2-y|)propanenitri|e

, S/>J LiHMDS, Mel >\{
N THF, -78 °C
F

To a stirred solution of 2-(4-(4-f|uoropheny|)thiazol-2-y|)acetonitrile (500 mg, 2.29

15 mmol) in THF (10 mL) at -78 °C was added LiHMDS (1M in THF; 2.06 mL, 2.06 mmol)

and the reaction mixture was stirred at -78 °C for 10 min. lodomethane (0.12 mL, 2.06

mmol) in THF (2 mL) was then added dropwise and the reaction mixture was stirred at -78

°C for 30 min. The reaction mixture was diluted with EtOAc, washed with saturated

aqueous NH,CI solution, water, brine, and dried over anhydrous sodium sulfate. The

20 organic layer was concentrated under reduced pressure to give the crude product; which

was purified on a Teledyne ISCO automated column chromatography system (0 — 30 %

EtOAc / Hexanes) to give 2-(4-(4-fluorophenyl)thiazol-2-yl)propanenitrile (180 mg, yield
34%). MS (ESI) m/z: Calculated for C1,HgFN,S: 232.05; found: 233.1 (M+H)

25
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2-(4-(4-Fluorophenyl)thiazol-2-yl)propan-1-amine

) //N I S NH,
/@/[N)\( - /©/E N/}\<\
. F

To a stirred solution of 2-(4-(4-fluorophenyl)thiazol-2-yl)propanenitrile (140 mg, 0.6
mmol) in THF (3 mL) at room temperature was added borane (1M in THF; 3.01 mL, 3.01
5 mmol) and the reaction mixture was stirred at room temperature for 1h and then heated at
40 °C for 1h. The reaction mixture was then cooled to 0 °C and quenched with MeOH
(~5eq, ~0.2 mL), and allowed to warm to room temperature where 2N HCI solution was
added until the pH ~ 2. The reaction mixture was refluxed at 65 °C for 15 min and then
cooled to room temperature and concentrated under reduced pressure. The solid
10 obtained was triturated with ether twice and dichloromethane another two times. The
remaining solid was dissolved in water (~50 mL) and basified to pH ~ 11 with NaOH
pellets. The aqueous mixture was then extracted with ether and dried over sodium sulfate
and concentrated under reduced pressure to give 2-(4-(4-fluorophenyl)thiazol-2-yl)propan-
1-amine (75 mg, yield 52%), which was carried through without further purification; MS

15 (ESI) nv/z: Calculated for C,H3FN,S: 236.08; found: 237.1 (M+H)".

N-(2-(4-(4-Fluorophenyl)thiazol-2-yl)propyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-

R OH

FHNW/@(
F o-N (o]

F

s /

EDCI, HOBt, DCM, rt

yl)benzamide

F R \/H/

20 2-(4-(4-Fluorophenyljthiazol-2-yl)propan-1-amine (50 mg, 0.21 mmol), 3-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid (54.62 mg, 0.21 mmol), N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (EDC) (81.12 mg, 0.42 mmol),
and 1-hydroxybenzotriazole (HOBt) (45.74 mg, 0.39 mmol) were dissolved in
dichloromethane (3 mL) at room temperature. Diisopropylethylamine (DIEA) (0.147 mL,

25  0.85 mmol) was then introduced at room temperature and the reaction mixture was stirred
at room temperature overnight. The reaction mixture was diluted with dichloromethane
(100 mL) and washed with water (1 X 20 mL) and brine (1 X 20 mL). The organic layer
was then dried over anhydrous sodium sulfate and concentrated under reduced pressure
to give the crude product, which was purified on a Teledyne ISCO automated column

30 chromatography system (0 - 30 % EtOAc / Hexanes) to give N-(2-(4-(4-
fluorophenyl)thiazol-2-yl)propyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide (36
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mg, 36% yield). 'H NMR (CDCI3) 5 8.50 (1h, s), 8.23 (1H, d, J = 8 Hz), 8.03 (1H, 1H, d, J
=8 Hz), 7.85-7.81 (3H, m), 7.58 (1H, t), 7.35 (1H, s), 7.03 (2H, m), 4.05 (1H, m), 3.65 (1H,
m), 1.54 (3H, d, J = 8 Hz). MS (ESI) nmv/z: Calculated for CxxH16FsN4O,S: 476.09; found:
477.1 (M+HY".

5
EXAMPLE 119
N-({(4-(4-Phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-(2,2,2-
trifluoroacetyl)thiophen-2-yl)benzamide
F_F —
F /T o) N Eda RN 2 SN
s a S N
g s OH + HzN% HOBt F H
F F
o
o)
10 This compound was synthesized from (4-(4-phenylthiazol-2-yl)tetrahydro-2H-

pyran-4-yl)methanamine and 3-(5-(2,2,2-trifluoroacetyl)thiophen-2-yl)benzoic acid as
described in example 118 step 3  (0.022g, yield 15%). 'H NMR (400 MHz, DMSO) &
8.650-8.681 (t, 1 H), 5 8.132 (s, 2 H),  8.071 (s, 1 H), 5 7.973-7.991 (d, 1 H), & 7.897-
7.915 (d, 1H), 7.826-7.846 (d, 1 H), 7.786-7.797 (d, 1 H), 7.532-7.571 (t, 1 H), 7.320-
15 7.357 (t, 2 H), 7.254-7.272 (d, 1 H), 3.814-3.843 (d 2 H), 3.553-3.568 (d, 2 H), 3.282-
3.409 (d, 2 H), 2.22-2.26 (d, 2 H), 1.936-2.006 (m, 2 H); MS (ESI+) m/z 555.1 (M - H).

EXAMPLE 120
N-(2-(2-(4-Fluorophenyl)oxazol-4-yl)ethyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-

20 yl)benzamide
O-N
FaC— ﬂ\©/cozH
O~N fo) =
N
FoC—4, | 0

N 3 2,

\/\[O> < > F HATU, NMM N)\©)‘\H/\/k/

DMF, 0 °C-tt, 4h
This compound was synthesized from 2-(2-(4-fluorophenyl)oxazol-4-yl)ethanamine

and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as described in example 8
step 6 (45 mg, yield 27%). 'H NMR (400MHz, DMSO-ds) 3 8.91 (t, J = 5.4 Hz, 1H), 8.51
25 (s, 1H), 8.20 (d, J =7.9 Hz, 1H), 8.12 (d, J = 8.2 Hz, 1H), 8.00 - 7.97 (m, 3H), 7.74- 7.70
(t, J=7.8 Hz, 1H), 7.37-7.32 (t, J = 8.8 Hz, 2H), 3.61 - 3.56 (m, 2H), 2.84 - 2.80 (t, J =
7.0 Hz, 2H). MS (ESI) mv/z: Calculated for Cy1H14F4N4Os: 446.10; found: 447.2 (M+H)".
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EXAMPLE 121
N-(2-(2-(4-Fluorophenyl)oxazol-4-yl)-2-methylpropyl)-5-(5-(trifluoromethyl)-1,2,4-

oxadiazol-3-yl)nicotinamide

e

FC—

N, o COH

HN | O-N o N=

2 N N Fic—4 )
o HATU, NMM | J H

N

5 DMF, 0 °C-t, 4h

This compound was synthesized from 2-(2-(4-fluorophenyljoxazol-4-yl)-2-

methylpropan-1-amine and 5-(5-trifluoromethyl-[1,2,4]oxadiazol-3-yl)-nicotinic acid as

described in example 8 step 6 (19 mg, yield 13%). 'H NMR (400MHz, MeOD) 8 9.38 (d, J

=1.5Hz, 1H), 9.17 (d, J = 1.8 Hz, 1H), 8.84 (d, J = 1.8 Hz, 1H), 8.09 — 8.05 (m, 2H), 7.78

10 (s, 1H), 7.25 — 7.20 (m, 2H), 3.68 (s, 2H), 1.42(s, 6H). MS (ESI) m/z: Calculated for
CxH17FaNsO5: 475.13; found: 476.2 (M+H)".

EXAMPLE 122
2-(3-Bromophenyl)-2-methylpropanenitrile

Br/©\/CN NC Br

15
This compound was synthesized from 2-(3-bromophenyl)acetonitrile as described
in example 1 step 2 using iodomethane, (1.2 g, used crude) and it was carried through
without further purification. MS (ESI) m/z: Calculated for C4oH1oBrN: 223.00; found: 224.0
(M+H)".
20

2-(3-Bromophenyl)-2-methylpropan-1-amine
LiAIH,
NC ——

Br THE, 0 °Crt HeN Br

This compound was synthesized from 2-(3-bromophenyl)-2-methylpropanenitrile
as described in example 1 step 3 (1.3 g, used crude), and it was carried through without
25  further purification. MS (ESI) m/z: Calculated for CoH14BrN: 227.03; found: 228.0 (M+H)".

N-(2-(3-Bromophenyl)-2-methylpropyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-

yl)benzamide
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O~
O-N N o]
FiC—Q Y
FSC/<\N\ COH HQN/><©\Br _ HATUNMM 7 ’<N N Br
0°Ct, H

This compound was synthesized from 2-(3-bromophenyl)-2-methylpropan-1-amine
and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as described in example 8
step 6 (90 mg, yield 83%). MS (ESI) m/z: Calculated for CyH,,BrFsN;0,: 467.05; found:

5  468.0 (M+H)".

N-(2-([1,1'-Biphenyl]-3-yl)-2-methylpropyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)benzamide

; o PN o]
Oy o PhB(CH),, di-topfPdCl, & O
e KaCOs F?"<N N
N N T H
A THF, 60 °C

10 A solution of N-(2-(3-bromophenyl)-2-methylpropyl)-3-(5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl)benzamide (30 mg, 0.064 mmol) and phenyl boronic acid (39 mgs, 0.32
mmol) in THF (1.2 mL) was degassed with nitrogen. Dichloro [1,1" bis(di-tert-
butylphosphino)lferrocene palladium (ll) (5 mgs, 0.006 mmol) and 1 M potassium
carbonate (1.2 mL) were added. The reaction was heated overnight at 60 °C. The

15 reaction was extracted with ethyl acetate and dried over sodium sulfate. The crude was
purified by prep TLC using 30% EA/hexanes.to vyield N-(2-([1,1-biphenyl]-3-yl)-2-
methylpropyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide (6 mgs, yield 18%).
"H NMR (300 MHz, CDCl,) 8 8.29 (s, 1H) 8.18 (d, J = 7.2 Hz, 1H), 7.81 (d, J = 7.2 Hz,
1H), 7.64-7.30 (m, 10H) 5.88 (s, 1H), 3.73 (d, J =7.2 Hz, 2H), 1.48 (s, 6H). MS (ESI) m/z:

20  Calculated for CogHxoFsN3O,: 465.17; found: 466.2 (M+H)".

EXAMPLE 123
N-(2-(4"-Fluoro-[1,1"-biphenyl]-3-yl)-2-methylpropyl)-3-(5-(trifluoromethyl)-1,2,4-

oxadiazol-3-yl)benzamide
he!
g-OH

OH

O-N o] 9’( i O
i1 N\
Fy /<\ it di-tbpfPdCl,, KaCOs F N
H " HF, 60 °C F

This compound was synthesized from N-(2-(3-bromophenyl)-2-methylpropyl)-3-(5-

25

(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide and 4-fluoroboronic acid as described in
example 122 step 4 (8mg, 25 % yield). 1H NMR (300 MHz, CDCI3) & 8.27 (s, 1H) 8.18
(d,J=72Hz 1H), 7.82 (d, J =7.2 Hz, 1H), 7.60-7.38 (m, 8H) 7.11 (m, 1H), 5.71 (s, 1H),
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10

15

3.73 (d, J =7.2 Hz, 2H), 1.47 (s, 6H). MS (ESI) m/z: Calculated for C,6H,1F4N;O,: 483.16;
found: 484.2 (M+H)".

EXAMPLE 124
2-(4-(3,5-Difluorophenyl)thiazol-2-yl)acetonitrile
o) S CN
F Br 3 etoH F I N/>\/
+ H2N —_—
reflux

F
This compound was synthesized from 2-bromo-1-(3,5-difluorophenyl)ethanone as
described in example 1 step 1 (3 g, yield 94%). MS (ESI) m/z: Calculated for C4HgF2N,S:
236.02; found: 237.1 (M+H)".

4-(4-(3,5-Difluorophenyl)thiazol-2-yl)tetrahydro-2H-pyran-4-carbonitrile

F
F
S, ©oN o N
PN A\
F | N,>\/ Br Br NG i .
NaH, THF
, 0

F

This compound was synthesized from 2-(4-(3,5-difluorophenyl)thiazol-2-

ylyacetonitrile using 2-bromoethyl ether as described in example 1 step 2 (1.0 g, yield
59%). MS (ESI) m/z: Calculated for C45H1,F,N,OS: 306.06; found: 307.1 (M+H)".
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10

15

20

(4-(4-(3,5-Difluorophenyl)thiazol-2-yl)tetrahydro-2H-pyran-4-yl)methanamine

F

F
F
F

N

NG Is LiAlH, N/ N
B ——_
THF, 0 °C-rt HN S
0

O
This compound was synthesized from 4-(4-(3,5-difluorophenyl)thiazol-2-
yltetrahydro-2H-pyran-4-carbonitrile as described in example 1 step 3 (1 g, crude), and it
was carried through without further purification. MS (ESI) m/z: Calculated for
C1sH16F2N0S: 310.10; found: 311.1 (M+H)".

N-({(4-(4-(3,5-Difluorophenyl)thiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide
E R

O~N N\ 0O~

} F N (o} S._.N
09C, F N
o o

This compound was synthesized from (4-(4-(3,5-difluorophenyl)thiazol-2-
ylhtetrahydro-2H-pyran-4-yl)methanamine and  3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)benzoic acid as described in example 8 step 6 (20 mg, 10% yield). '"H NMR (300 MHz,
CDCl,) 5 8.45 (s, 1H), 8.24 (d, J= 8.3 Hz, 1H), 7.88 (d, J=8.3 Hz, 1H), 7.64-7.54 (m, 2H),
7.35(d, J= 5.5 Hz, 1H), 6.73 (m, 2H), 3.95 (m, 2H), 3.85 (d, J= 5.5 Hz, 2H), 3.70 (m, 2H),
2.28 (m, 2H), 2.05 (m, 2H). MS (ESI) m/z: Calculated for CsH1gFsN4O3S: 550.11; found:
551.1 (M+H)".

EXAMPLE 125
2-(4-(3,5-Difluorophenyl)thiazol-2-yl)-2-methylpropanenitrile
F
S, CN F
r A
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This compound was synthesized from 2-(4-(3,5-difluorophenyl)thiazol-2-
ylyacetonitrile using iodomethane as described in example 1 step 2 (1.0 g, yield 60%).
MS (ESI) m/z: Calculated for C13HoF2N,S: 264.05; found: 265.1 (M+H)".

5  2-(4-(3,5-Difluorophenyl)thiazol-2-yl)-2-methylpropan-1-amine
R F

LiAIH,

N e N~

P\
NC s THF, 0 °C-rt /
H,N S

This compound was synthesized from 2-(4-(3,5-difluorophenyljthiazol-2-yl)-2-
methylpropanenitrile as described in example 1 step 3 (1 g, crude) and it was carried
through without further purification. MS (ESI) m/z: Calculated for C,3H4F,N,S: 268.08;

10  found: 269.1 (M+H)".

N-(2-{4-(3,5-Difluorophenyl)thiazol-2-yl)-2-methylpropyl)-3-(5-(trifluoromethyl)-1,2,4-

oxadiazol-3-yl)benzamide

F F
F F
15 This compound was synthesized from 2-(4-(3,5-difluorophenyljthiazol-2-yl)-2-
methylpropan-1-amine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as
described in example 8 step 6 (85 mg, yield 24%). 'H NMR (300 MHz, CDCl;) 8 8.54 (s,
1H), 8.25 (d, J= 7.6 Hz, 1H), 8.04 (m, 1H) 7.62 (t, J=9.2 Hz, 1H), 7.47(s, 1H), 7.35 (d, J=
7.6 Hz, 2H), 6.72 (m, 1H), 3.79 (d, J=2.8 Hz, 2H), 1.55 (s, 6H). MS (ESI) m/z: Calculated
20  for Cy3Hq7FsN4O,S: 508.10; found: 509.1 (M+H)".

EXAMPLE 126
2-(2-Phenyloxazol-4-yl)ethanamine

0/\>\/CN DIBAL (1M in THF) OVNHz
©/LN THE, 0 °Cort ©/\N

25 This compound was synthesized from 2-(2-phenyloxazol-4-yl)acetonitrile as

described in example 64 step 4 (400 mg, crude) and it was carried through without further
purification. MS (ESI) m/z: Calculated for C;1H,N,O: 188.09; found: 189.1 (M+H)".
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N-(2-{2-Phenyloxazol-4-yl)ethyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)benzamide

O-N o} H
A\ NH; R
FaC’<\N\ CoM W HATU, NMM . HN, N\/\[N \>/®
0 °Ct, E 0 I o

o-N

This compound was synthesized from 2-(2-phenyloxazol-4-yl)ethanamine and 3-

5  (5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as described in example 8 step 6 (40

mgs, vield 25%). '"H NMR (CDCl,) 5 8.59 (s, 1H), 8.26 (d, J = 7.8 Hz, 1H), 8.13 (d, J = 8.1

Hz, 1H), 8.05 (m, 2H), 7.62-7.56 (m, 3H), 7.43 (m, 2H), 3.84 (m, 2H), 2.93 (m, 2H). MS
(ESI) m/z: Calculated for Cy1H1sF3N4Os: 428.11; found: 429.1 (M+H)".

10 EXAMPLE 127
N-(2-{2-Phenyloxazol-4-yl)ethyl)-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)nicotinamide

N\
I?\<of‘\l o] \/\Eo
This compound was synthesized from 2-(2-phenyloxazol-4-yl)ethanamine and 5-
15 (5-(trifluoromethyl)-1,2 4-oxadiazol-3-yl)nicotinic acid as described in example 8 step 6
(42 mgs, yield 32%). '"H NMR (CDCl3) §9.46 (d, J = 2.1 Hz, 1H), 9.32 (d, J = 2.1 Hz, 1H),
8.87 (t, J = 2.7 Hz, 1H), 8.06-7.96 (m, 3H), 7.57-7.44 (m, 3H), 3.85 (m, 2H), 2.93 (t, J =
6.3 Hz, 2H). MS (ESI) m/z: Calculated for CyoH14F3N5O3: 429.10; found: 430.1 (M+H)".

20 EXAMPLE 128
2-(2-(4-Chlorophenyl)oxazol-4-yl)ethanamine

o/\>\/CN DIBAL (1M in THF) /@/OL\MNHz
SN
Cl

THF, 0 °C-rt N

Cl

This compound was synthesized from 2-(2-(4-chlorophenyl)oxazol-4-yl)acetonitrile

as described in example 64 step 4 (466 mg, crude) and it was carried through without

25  further purification. MS (ESI) m/z: Calculated for C44H,;CIN,O: 222.06; found: 223.1
(M+H)".
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N-(2-(2-(4-Chlorophenyl)oxazol-4-yl)ethyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)benzamide

O-N e} NH
e 1 couH :\)_/\ 2 HATU NWM N,
N N 0°Ct, >
cl

This compound was synthesized from 2-(2-(4-chlorophenyl)oxazol-4-
yl)ethanamine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as described in
example 8 step 6 (4 mgs, 2% yield). "H NMR (CDCls) 6 8.55 (s, 1H), 8.25 (d, J = 7.8 Hz,
1H), 8.12 (d, J = 7.8 Hz, 1H), 7.98 (d, J = 7.8 Hz, 2H),7.68-7.54 (m, 2H), 741 (d, J= 84
Hz, 2H), 3.86 (m, 2H), 3.94 (m, 2H). MS (ESI) m/z: Calculated for CyH4CIF3N,Os:
462.07; found: 463.1 (M+H)".

EXAMPLE 129
N-(2-(2-(4-Chlorophenyl)oxazol-4-yl)ethyl)-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)nicotinamide

Fsc’éﬂ\(j/cow /@/OK\}JNHZ HA;ECTAM YLJ\VV \/\[\}—Q
N al

This compound was synthesized from 2-(2-(4-chlorophenyl)oxazol-4-
yl)ethanamine and 5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinic acid as described in
example 8 step 6 (14 mgs, 10% yield). "H NMR (CDCl,) 6 9.45 (s, 1H), 9.29 (s, 1H), 8.84
(s, 1H), 7.97 (d, J = 8.4 Hz, 1H), 7.80 (s, 1H), 7.57 (s, 1H), 7.43 (d, J = 8.1 Hz, 1H), 7.26
(s, 1H), 3.85 (d, J = 5.1 Hz, 2H), 2.93 (t, J = 5.4 Hz, 2H). MS (ESI) m/z: Calculated for
CoH13CIF3Ns03: 463.07; found: 464.1 (M+H)".

EXAMPLE 130
N-(2-Methyl-2-(2-phenyloxazol-4-yl)propyl)-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)nicotinamide

-
Fe—4 N 0 NH; _ HATU,NMM N
TN D SN 0°Cnt, LY
| N F ¢

o»N

This compound was synthesized from 2-methyl-2-(2-phenyloxazol-4-yl)propan-1-
amine and 5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinic acid as described in
example 8 step 6 (19 mgs, 13% yield). "H NMR (CDCl3) 5 9.45 (t, J = 9.0 Hz, 1H), 9.35 (s,
1H), 8.42 (s, 1H), 8.03 (s, 2H), 7.51-7.40 (m, 4H), 3.62 (bs, 2H), 1.42 (s, 6H). MS (ESI)
m/z: Calculated for CH1sF3NsO3: 457.14; found: 458.1 (M+H)".
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EXAMPLE 131
2-(2-(4-Chlorophenyl)oxazol-4-yl)-2-methylpropanenitrile

S Wk o\ CN
Cl

This compound was synthesized from 2-(2-(4-chlorophenyl)oxazol-4-yl)acetonitrile

Cl

using iodomethane as described in example 1 step 2 (100 mg, crude) and it was carried
through without further purification MS (ESI) m/z: Calculated for Cq3H41CIN,O: 246.086;
found: 247.1 (M+H)".

2-(2-(4-Chlorophenyl)oxazol-4-yl)-2-methylpropan-1-amine

(o] CN
S\IQ LiAH,
N
THF 0 °C- l‘t
Cl

This compound was synthesized from 2-(2-(4-chlorophenyl)oxazol-4-yl)-2-
methylpropanenitrile as described in example 1 step 3 (100 mg, crude) and it was carried
through without further purification. MS (ESI) m/z: Calculated for C;3HsCIN,O: 250.09;
found: 251.1 (M+H)".

N-(2-{2-(4-Chlorophenyl)oxazol-4-yl)-2-methylpropyl)-3-(5-(trifluoromethyl)-1,2,4-

oxadiazol-3-yl)benzamide
C,<\ oM M HATU, NMM 7/©\rf N
G R R O

This compound was synthesized from 2-(2-(4-chlorophenyljoxazol-4-yl)-2-

methylpropan-1-amine and 3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as
described in example 8 step 6 (8 mg, yield 14%). 'H NMR (CDCls) 68.59 (t, J = 1.7 Hz,
1H), 8.25 (d, J=7.9 Hz, 1H), 8.12 (d, J=86.7 Hz, 1H), 7.99 (d, J = 6.6 Hz, 2H), 7.64 (t, J =
7.7 Hz, 2H) 7.49 (s, 1H), 7.38 (d, J = 4.9 Hz, 1H), 2.03 (s, 2H), 1.40 (s, 6H). MS (ESI) m/z:
Calculated for Co3H1sCIF3N4Os: 490.10; found: 491.1 (M+H)".
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EXAMPLE 132
Methyl 3-(3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamido)propanoate

E O-N o o HATU, NMM E O-n o
E oA DMF,it, 12h F &
?%N)\Q)‘\OH \OJKL _— ?—{N NH
NH; H
CO,Me

This compound was synthesized from methyl 3-aminopropanoate and 3-(5-
(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzoic acid as described in example 8 step 6 (120
mgs, vield 75%). MS (ESI) m/z: Calculated for Ci4H;F3N3;O4: 343.08; found: 344.1
(M+H)".

3-(3-(5-(Trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamido)propanoic acid

F. O-N o]
R P-N 0 S

F \

F 3 Y
COMe COH
A sodium hydroxide solution (0.2 mL, 5 M) was added to a solution of methyl 3-(3-

(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamido)propanoate  in  THF/MeOH/water
(4:1:1, 15 mL). The reaction was stirred for 30 min and acidified with 2 M HCI. The

reaction was extracted with ethyl acetate several times, dried over sodium sulfate, and
used crude. MS (ESI) m/z: Calculated for C13H10F3N3O4: 329.06; found: 330.1 (M+H)".

N-(2-(3-Phenyl-1,2,4-oxadiazol-5-yl)ethyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-

yl)benzamide

! LOH
N NH l F i
N T FHN ] “\(/N/}@
F o-N o O-~N

HOBt (47 mg, 0.35 mmol), EDCI (67 mg, 0.35 mmol), and diisopropylethylamine
(0.7 mL, 1.0 mmol) were added to a solution of 3-(3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl)benzamido)propanoic acid (115 mg, 0.35 mmol) and N-hydroxybenzimidamide (47
mg, 0.35 mmol) in dichloromethane (3.5 mL) with a few drops of DMF. The reaction was
stirred 1 h and then toluene was added and the reaction was heated to 90 °C for 1 h. The
reaction was diluted with ethyl acetate and the organic layer was washed with saturated
sodium bicarbonate and dried over sodium sulfate. The product was purified on reverse
phase using water/acetonitrile to give N-(2-(3-phenyl-1,2,4-oxadiazol-5-yl)ethyl)-3-(5-
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(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide (10 mg, yield 7%). 'H NMR (CDCls)
5 8.60 (s, 1H), 8.22 (m, 1H), 8.10 (m, 3H,) 7.60 (m, 1H), 7.55-7.45 (m, 3H), 4.05 (m, 2H),
3.26 (m, 2H). MS (ESI) m/z: Calculated for CxH14F3NsO3: 429.10; found: 430.1 (M+H)".

5 EXAMPLE 133
Ethyl 1-benzyl-5-phenyl-1H-pyrazole-3-carboxylate

HN-N 9

Benzyl bromide (696 mg, 4.01 mmol) was added to ethyl 5-phenyl-1H-pyrazole-3-
carboxylate (880 mg, 4.1 mmol) and potassium carbonate (562 mg, 4.01) in DMF (8 mL).
10  The reaction was stirred for several h and then diluted with water. The mixture was
washed several times with ethyl acetate and the combine extracts were dried over sodium
sulfate. The solvent was removed under reduced pressure and the residue was purified
on ISCO using 0-100% ethyl acetate/hexane gradient to give ethyl 1-benzyl-5-phenyl-1H-
pyrazole-3-carboxylate (1.3g, quantitative). MS (ESI) m/z: Calculated for C1gH1gN2O5:

15 306.14; found: 307.1 (M+H)".

{1-Benzyl-5-phenyl-1H-pyrazol-3-yl)methanol

At 0 °C, LAH (1.8 mL, 3.7 mmol, 2M in THF) was added to ethyl 1-benzyl-5-

20  phenyl-1H-pyrazole-3-carboxylate (560 mg, 1.8 mmol) in THF (18 mL). The reaction was

stirred for 10 min and then warmed to room temperature for 1 h. Minimal water was

slowly added to the reaction followed by 1 mL of 5 M sodium hydroxide. The reaction was

stirred for 30 min, sodium sulfate was added, and the solids were removed by filtration.

The filtrate was concentrated under reduced pressure to yield crude (1-benzyl-5-phenyl-

25 1H-pyrazol-3-yl)methanol, which was carried through without further purification. MS
(ESI) m/z: Calculated for C47H6N2O: 264.13; found: 265.1 (M+H)".
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1-Benzyl-3-(bromomethyl)-5-phenyl-1H-pyrazole

-N Br
N

N’I\{ CH _ - N
@M @M

Carbon tetrabromide (2.5 g, 7.6 mmol) and then triphenylphosphine (2.0g , 7.6
5 mmol) was added to (1-benzyl-5-phenyl-1H-pyrazol-3-yl)methanol (1.0g, 3.8 mmol) in
dicholomethane (38 mL) at 0 °C. Upon completion of the reaction as monitored by LCMS,
the reaction was filtered through silica washing with methylene chloride and then purified
on an ISCO using 0-30% ethyl acetate/hexanes to give 1-benzyl-3-(bromomethyl)-5-
phenyl-1H-pyrazole (0.5 g, yield 43%). MS (ESI) mv/z: Calculated for C47HsBrN,: 326.04;

10  found: 327.0 (M+H)".

2-(1-Benzyl-5-phenyl-1H-pyrazol-3-yl)acetonitrile

N - N-N ¢N

-N Br
o o
N x>

1-Benzyl-3-(bromomethyl)-5-phenyl-1H-pyrazole (200 mg, 0.6 mmol) and sodium
15 cyanide (30 mg, 0.6 mmol) were stirred in DMF (6 mL). After several h, more sodium
cyanide (60 mg, 1.2 mmol) was added to the reaction. A 25% ammonium hydroxide
solution in water was added to the reaction and the reaction mixture was extracted with
ethyl acetate. The combined extracts were dried over sodium sulfate and concentrated
under reduced pressure to yield 2-(1-benzyl-5-phenyl-1H-pyrazol-3-yl)acetonitrile (130

20 mg, yield 80%) MS (ESI) m/z: Calculated for CgHsNs: 273.13; found: 274.1 (M+H)".
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2-(1-Benzyl-5-phenyl-1H-pyrazol-3-yl)-2-methylpropanenitrile

N’N\ oNo_ N-N cN

This compound was synthesized from 2-(1-benzyl-5-phenyl-1H-pyrazol-3-
ylacetonitrile using iodomethane as described in example 1 step 2 (500 mg, yield 91%).
5  MS (ESI) m/z: Calculated for CxH1gNs: 301.16; found: 302.2 (M+H)".

2-(1-Benzyl-5-phenyl-1H-pyrazol-3-yl)-2-methylpropan-1-amine

NH,

N-N CN

\ —_—
[

2-(1-Benzyl-5-phenyl-1H-pyrazol-3-yl)-2-methylpropanenitrile (50 mg, 0.16 mmol)

10  was dissolved in THF (1.6 mL). Borane-tetrahydrofuran (0.8 mL, 1 M solution) was added

and the reaction was heated to 60 °C for 3 h. Minimal water was added to quench the

reaction. Ethyl acetate was added followed by sodium sulfate and the solids were

removed by filtration. The filtrate was concentrated under reduced pressure to yield 2-(1-

benzyl-5-phenyl-1H-pyrazol-3-yl)-2-methylpropan-1-amine (50 mg, crude), which was

15  carried through without further purification. MS (ESI) m/z: Calculated for CyH,3Ns:
305.19; found: 306.2 (M+H)".

2-Methyl-2-(5-phenyl-1H-pyrazol-3-yl)propan-1-amine

{ NHz NH,
[N N\
N ,
_ - N
H
20 2-(1-Benzyl-5-phenyl-1H-pyrazol-3-yl)-2-methylpropan-1-amine (50 mg, 0.2 mmol)

was stirred under an atmosphere of hydrogen in methanol/concentrated sulfuric acid (5:1,

5 mL) with 5% palladium on carbon (350 mg). After several h, more palladium on carbon
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was added (350 mg). The reaction was stopped after 3 days with starting material
remaining. The solution was degassed and filtered through Celite. Methanol was
removed under vacuum and 1 M potassium carbonate was added until the reaction was
basic. The slurry was extracted multiple times with 30% isopropanol/chloroform. The
5 combined organic layers were dried over sodium sulfate and concentrated under reduced
pressure to yield 2-methyl-2-(5-phenyl-1H-pyrazol-3-yl)propan-1-amine, which was carried

through without further purification.

N-(2-Methyl-2-(3-phenyl-1H-pyrazol-5-yl)propyl)-3-(5-(trifluoromethyl)-1,2,4-

10 oxadiazol-3-yl)benzamide

Fc/é)‘(\‘ N\ NHa HATU, NMM R NW@WNM@
’ N)\©/COZH ﬁ 0°C, F?\%J\l o HN~p

This compound was synthesized from 2-methyl-2-(5-phenyl-1H-pyrazol-3-

yl)propan-1-amine and  3-(5-(trifluoromethyl)-1,2 4-oxadiazol-3-yl)benzoic acid as

described in example 8 step 6 (10 mg, yield 11 %). 'H NMR (CDCl;) & 8.52 (s, 1H) 8.20

15 (d,J=74,1H),8.05(d, J=74, 1H), 7.64-7.52 (m, 3H), 7.46-7.32 (m, 3H), 6.47 (s, 1H),

3.70 (d, J = 4.5, 2H), 1.44 (s, 6H). MS (ESI) m/z: Calculated for C,3H0F3NsO,: 455.16;
found: 456.2 (M+H)".

EXAMPLE 134
20  N-(2-(2-(4-Fluorophenyl)oxazol-4-yl)propyl)-5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-

O-N
Fsc’QNﬂ\(TCOZH
HzN N N/ O-N o] N=
| \>—©*F FC—4 ) D
0] N A N
HATU, NMM | J H
DMF, 0 °C-1t, 12h N

yl)nicotinamide

This compound was synthesized from 2-(2-(4-fluorophenyl)oxazol-4-yl)propan-1-

amine and 5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinic acid as described in

25 example 8 step 6 (75 mg, yield 28%) as a yellow solid. 'H NMR (400MHz, CDCl5) 3 9.47
—946(d, J=2.0 Hz, 1H), 9.33 (d, /= 2.0 Hz, 1H), 8.88 — 8.87 (t, J = 2.1 Hz, 1H), 8.11 -

8.04 (m, 3H), 7.54 (d, J = 1.0 Hz, 1H), 7.18 - 7.14 (t, J = 8.8 Hz, 2H), 4.02 — 3.96 (ddd, J
=13.2 Hz, 6.5 Hz, 4.1 Hz, 1H), 3.53 — 3.46 (ddd, J = 13.1 Hz, 9.0 Hz, 4.3 Hz, 1H), 3.20 -
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3.11 (m, 1H), 1.42 - 1.40 (d, J = 7.0 Hz, 3H). MS (ESI) m/z: Calculated for C5,H15sFsNsO3:
461.11; found: 462.1 (M+H)".

EXAMPLE 135
N-(2-(4-(4-Chlorophenyl)thiazol-2-yl)-2-methylpropyl)-5-(5-(trifluoromethyl)-1,2,4-

oxadiazol-3-yl)nicotinamide

o
Cl N
Fae—Q Y
3 ’<N - COH
L.

N O-N o) N

N \ |
F3C—\
I HATU, NMM ¢ /<N SN N%s
HoN s | H
DMF, 0 °C-rt, 4h N/
This compound was synthesized from 2-(4-(4-chlorophenyljthiazol-2-yl)-2-

Cl

methylpropan-1-amine and 5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinic acid as
described in example 8 step 6 (18 mg, yield 16%). 'H NMR (400MHz, CDCl;) & 9.46 (d, J
=2.0 Hz, 1H), 9.23 (d, J = 2.3 Hz, 1H), 8.80 (t, J = 2.1 Hz, 1H), 8.21 (m, 1H), 7.81 -7.78
(m, 2H), 7.43 (m, 1H), 7.38 — 7.35 (m, 2H), 3.85 (d, J = 5.8 Hz, 2H), 1.56 (s, 6H). MS
(ESI) m/z: Calculated for Cy,H4;CIF3N50,S: 507.07; found: 508.0 (M+H)".

EXAMPLE 136
N-({(4-([1,1"-Biphenyl]-3-yl)-1-methylpiperidin-4-yl)methyl)-5-(5-(trifluoromethyl)-1,2,4-

oxadiazol-3-yl)nicotinamide

e
FCc— Y
S . COH
g W °
~N 0
Fc— ! O

HoN ? /<N Xy N

HATU, NMM | | H

N DMF., 0 °Ct, 10h N N
|

This compound was synthesized from (4-([1,1'-biphenyl]-3-yl)-1-methylpiperidin-4-

yl)methanamine and 5-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)nicotinic acid as described
in example 8 step 6 (60 mg, yield 30%) as an off white solid. 'H NMR (400MHz, MeOD)
59.32 (d, J=2.0 Hz, 1H), 9.01 (d, J = 2.0 Hz, 1H), 8.68 — 8.67 (t, J = 2.0 Hz, 1H), 7.65
(m, 1H), 7.57 — 7.55 (m, 2H), 7.50 — 7.47 (m, 3H), 7.40 — 7.36 (t, J = 7.4 Hz, 2H), 7.31 -
7.28 (m, 1H), 3.62 (m, 2H), 2.79 — 2.76 (m, 2H), 2.44 — 2.31 (m, 4H), 2.24 (m, 3H), 2.11 -
2.05 (m, 2H). MS (ESI) m/z: Calculated for CasHa6F3NsOo: 521.20; found: 522.2 (M+H)".
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EXAMPLE 137
5-Bromothiophene-3-carbaldehyde
CHC Brs, AICI3 CHC

m WBr
g CHyCly, 0 °C-reflux, 1h g

5 Anhydrous aluminum chloride (5.9 g, 44.5 mmol) was added in small portions over

a period of 2 h to a solution of thiophene-3-carbaldehyde (2.0 g, 17.8 mmol) in CH,Cl,
(100 mL) maintaining the temperature at 0 °C. Bromine (2.56 g, 16.0 mmol) in CH,Cl, (50
mL) was then added dropwise to the reaction mixture at 0 °C. The reaction mixture was
refluxed at 40 °C for 1 h, quenched with water, and extracted with CH,Cl,. The combined

10  extracts were dried over anhydrous Na,SO,, and concentrated under reduced pressure.
The crude product was purified by column chromatography (silica 60-120 mesh, eluant
10% EtOAc in petroleum ether) to give 5-bromothiophene-3-carbaldehyde (3.0 g, yield
88%).

15  1-(5-Bromothiophen-3-yl)-2,2,2-trifluoroethanol

OH
OHCWB CsF, TMSCF, Fsc»h
r — =
I\
S dry glyme, rt, 4h '

This compound was synthesized from 5-bromothiophene-3-carbaldehyde as
described in example 88 step 1 (3.0 g, yield 73%) as a yellow liquid. 'H NMR (300 MHz,
CDCl3) 8 7.36 (s, 1H), 7.15 (s, 1H), 5.05 - 5.03 (m, 1H), 3.28 (br s, 1H).

20
1-(5-Bromothiophen-3-yl)-2,2,2-trifluoroethanone
OH o)
FsC Dess-Martin periodinane
FsC A
/) CH,Cl, 0 °C-tt, 2h | B
S Br 212, 4 S

This compound was synthesized from 1-(5-bromothiophen-3-yl)-2,2,2-
trifluoroethancl as described in example 47 step 2 (1.85 g, yield 62%). 'H NMR (400
25 MHz, CDCl;) 6 8.25 (m, 1H), 7.62 (d, J = 1.1 Hz, 1H).
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3-(4-(2,2,2-Trifluoroacetyl)thiophen-2-yl)benzoic acid
HO.C 0O
o) 2 \@/B(OH)z FSC
FaC
3 )Kf\ysr () COM
s Pd(PPhs), (cat.) S

2M Na,CO4, DMF, 90 °C, 5h

This compound was synthesized from 1-(5-bromothiophen-3-yl)-2,2,2-
trifluoroethanone and 3-carboxyphenylboronic acid as described in example 88 step 3
(150 mg, yield 16%) as a yellow solid. 'H NMR (300 MHz, DMSO-ds) 8 13.26 (br s, 1H),
8.85 (s, 1H), 8.19 (s, 1H), 8.07 —8.05 (m, 2H), 7.96 — 7.93 (d, J = 7.9 Hz, 1H), 7.62 - 7.57
(t, J=7.7 Hz, 1H).

N-(2-(2-(4-Fluorophenyl)oxazol-4-yl)-2-methylpropyl)-3-(4-(2,2,2-

trifluoroacetyl)thiophen-2-yl)benzamide

0 HaN N o
FsC [ \>—®—F FsC
o o
7 4 2
| COM | » .
s HATU, NMM s N N

DMF, 0 °C-rt, 4h

This compound was synthesized from 2-(2-(4-fluorophenyljoxazol-4-yl)-2-
methylpropan-1-amine and 3-(4-(2,2,2-trifluoroacetyl)thiophen-2-yl)benzoic acid as
described in example 8 step 6 (75 mg, yield 30%). 'H NMR (400 MHz, DMSO-dg) & 8.21
—8.16 (m, 1H), 8.11 — 8.10 (m, 1H), 8.02 - 7.96 (m, 3H), 7.91 — 7.90 (m, 1H), 7.88 — 7.83
(m, 1H), 7.77 — 7.75 (m, 1H), 7.67- 7.48 (m, 2H), 7.31 — 7.25 (m, 2H), 3.56 — 3.54 (m,
2H), 1.33 (d, J = 2.1 Hz, 6H). MS (ESI) m/z: Calculated for CysHxF4N20O,3S: 516.11;
found: 515.7 (M-H).

EXAMPLE 138
N-(2-(2-(4-Fluorophenyl)oxazol-4-yl)-2-oxoethyl)-3-(5-(trifluoromethyl)-1,2,4-

oxadiazol-3-yl)benzamide

Dess-Martin periodinane
O-N o) N= \{\1 o) N=

0

{ 0 o

FBC’<\N Nﬂ//\/ CHoCl, 0.°C-1t, 16h FBC’<\N Nﬁ(l\/
o on Hoo

This compound was synthesized from N-(2-(2-(4-fluorophenyl)oxazol-4-yl)-2-

hydroxyethyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide as described in
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example 47 step 2 (150 mg, yield 43%) as an off-white solid. 'H NMR (300 MHz, CDCl;)

5 8.62 (t, J = 1.5 Hz, 1H), 8.40 (s, 1H), 8.32 — 8.29 (dt, J = 7.8 Hz, 1.2 Hz, 1H), 8.15 —

8.11 (m, 3H),7.70-7.65 (t, J= 7.8 Hz, 1H), 7.25-7.19 (t, J = 8.7 Hz, 3H), 5.02 - 5.00

(d, J = 4.6 Hz, 2H). MS (ESI) m/z: Calculated for C,H,F4N,O,: 460.08; found: 459.4 (M-
5 Hy.

N-(2-(2-(4-Fluorophenyl)oxazol-4-yl)-2-hydroxypropyl)-3-(5-(trifluoromethyl)-1,2,4-

oxadiazol-3-yl)benzamide

MeMgCl (3M in THF) -~ o N
{

0
N/}H\/o -50°C, 3h F3°’<\N N/>g\/°
IS H OH

N-(2-(2-(4-Fluorophenyl)oxazol-4-yl)-2-oxoethyl)-3-(5-(triflucromethyl)-1,2,4-
oxadiazol-3-yl)benzamide (150 mg, 0.33 mmol) was dissolved in dry THF (10 mL) and the

10

reaction mixture was cooled to -50 °C. Methylmagnesium chloride (0.32 mL, 0.98 mmol,
3M in THF) was then added and the reaction mixture was stirred at -50 °C for 3h. The
15  reaction mixture was quenched with aqueous saturated NH,Cl solution, and extracted with
EtOAc. The combined extracts were washed with water and brine, and concentrated
under reduced pressure. The crude product was purified by column chromatography
(silica gel 60-120 mesh, eluent 25-30% EtOAc in petroleum ether) followed by preparative
TLC (eluent 30% EtOAc in petroleum ether) to afford N-(2-(2-(4-fluorophenyl)oxazol-4-yl)-
20  2-hydroxypropyl)-3-(5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl)benzamide (15 mg, yield 10%)
as a white solid. "H NMR (400 MHz, CDCl5) 5 8.49 (t, J = 1.5 Hz, 1H), 8.28 - 8.25 (dt, J =
7.9 Hz, 1.3 Hz, 1H), 8.05 - 8.01 (m, 3H), 7.70 (s, 1H), 7.64 - 7.61 (t, J = 7.8 Hz, 1H), 7.16
- 711 (t, J = 8.7 Hz, 2H), 7.05 - 7.02 (m, 1H), 3.96 — 3.85 (m, 2H), 3.81 (s, 1H), 1.65 (s,
3H). MS (ESI) nv/z: Calculated for CoH16F4sN4O4: 476.11; found: 475.5 (M-H)".
25
EXAMPLE 139
1-(4-Bromofuran-2-yl)-2,2,2-trifluoroethanol
Br.

H  CsF, TMSCF
m s L N\ cRs
o

0 o} dry glyme,
0 °C-rt, 10h OH

Br.

This compound was synthesized from 4-bromofuran-2-carbaldehyde as described
30 in example 88 step 1 (1.0 g, yield 72%) as a pale yellow liquid. 'H NMR (400 MHz,
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DMSO-dg) 5 7.99 (d, J = 0.9 Hz, 1H), 7.10 — 7.08 (d, J = 6.4 Hz, 1H), 6.75 (s, 1H), 5.29 —
5.22 (m, 1H).

1-(4-Bromofuran-2-yl)-2,2,2-trifluoroethanone
Br Br.
A\ CF, Dess-Martin periodinane /N CF,

o CHZCly, 0 °C-rt, 3h oy

This compound was synthesized from 1-(4-bromofuran-2-yl)-2,2 2-trifluoroethanol
as described in example 47 step 2 (0.8 g, yield 81%), which was used in the next step
without further purification. 'H NMR (400 MHz, CDCl;) 8 7.82 (m, 1H), 7.52 — 7.51 (m,
1H).

3-(56-(2,2,2-Trifluoroacetyl)furan-3-yl)benzoic acid

Br. HOQC\©/B(OH)2
F4C
%OS\“CFs 3)\@/©\002H
o) Pd(PPhas), (cat.) (o) o)

2M NayCO3, DMF, 90 °C, 5h

This compound was  synthesized from  1-(4-bromofuran-2-yl)-2,2,2-
trifluoroethanone and 3-carboxyphenylboronic acid as described in example 88 step 3
(150 mg, yield 26%) as a pale yellow solid. 'H NMR (300 MHz, DMSO-ds) 3 13.14 (br s,
1H), 8.99 (s, 1H), 8.44 (s, 1H), 8.31 (m, 1H), 8.07 — 8.04 (m, 1H), 7.93 — 7.90 (m, 1H),
7.60 - 7.55 (t, J = 7.7 Hz, 1H). MS (ESI) m/z: Calculated for Ci3H,F304: 284.03; found:
282.9 (M-HY.

N-(2-(2-(4-Fluorophenyl)oxazol-4-yl)-2-methylpropyl)-3-(5-(2,2,2-

trifluoroacetyl)furan-3-yl)benzamide

HoN

Pl \><[N\}—©7F o I} \ o l o
FsC Q \ @F
g b HATU, NMM FF

DMF, 0°C-rt, 2h

This compound was synthesized from 2-(2-(4-fluorophenyljoxazol-4-yl)-2-
methylpropan-1-amine and 3-(5-(2,2,2-trifluoroacetyl)furan-3-yl)benzoic acid as described
in example 8 step 6 (30 mg, vield 14%). 'H NMR (400 MHz, DMSO-d¢) 3 8.91 (s, 1H),
8.40 - 8.35 (m, 2H), 8.16 (m, 1H), 8.02 — 7.94 (m, 4H), 7.82 - 7.80 (m, 1H), 7.57 — 7.53 (t,
J=7.8Hz 1H), 7.36 - 7.31 (t, J = 9.0 Hz, 2H), 3.53 - 3.51 (d, J = 6.1 Hz, 2H), 1.30 (s,
6H). MS (ESI) m/z: Calculated for CosH20F4N204: 500.14; found: 499.5 (M-H)".
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EXAMPLE 140
1-(4-Bromothiophen-2-yl)-2,2,2-trifluoroethanol
Br.

Br CsF, TMSCF;
WCHO . | \_ cFs
S dry glyme, rt, 3h S
y gyl OH
5 This compound was synthesized from 4-bromothiophene-2-carbaldehyde as

described in example 88 step 1 (2.0 g, yield 74%) as a pale yellow liquid. 'H NMR (300
MHz, CDCl;) 6 7.30 (d, J = 1.3 Hz, 1H), 7.12 (m, 1H), 5.27 — 5.22 (m, 1H), 3.17 (br s, 1H).

1-(4-Bromothiophen-2-yl)-2,2,2-trifluoroethanone
Br Br.
7\ CF, Dess-Martin periodinane 7\ CF,

10 s OH CH,Cly, 0 °C-rt, 3h s o

This compound was synthesized from 1-(4-bromothiophen-2-yl)-2,2 2-
trifluoroethanol as described in example 47 step 2 (1.5 g, yield 75%) as dark brown liquid.
"H NMR (300 MHz, CDCl3) 8 7.86 (m, 1H), 7.80 (d, J= 0.9 Hz, 1H).

15 3-(5-(2,2,2-Trifluoroacetyl)thiophen-3-yl)benzoic acid

HOxC B(CH).
Br o
FsC
@\WC% 8 )\(E/@COzH
N PACHL(PPhs),, Jd s

1M KzCOg, dioxane, 90 °C, 3h

This compound was synthesized from 1-(4-bromothiophen-2-yl)-2,2 2-
trifluoroethanone and 3-carboxyphenylboronic acid as described in example 88 step 3
(400 mg, yield 46%) as a pale yellow solid. 'H NMR (400 MHz, DMSO-ds) 3 13.19 (br s,
20 1H), 8.85(d, J = 1.2 Hz, 1H), 8.50 (s, 1H), 8.29 (m, 1H), 8.10 - 8.08 (d, J = 7.6 Hz, 1H),
7.96-7.94 (d, J=7.6 Hz, 1H), 7.62 - 7.59 (t, J = 7.8 Hz, 1H). MS (ESI) m/z: Calculated

for C43H;F303S: 300.01; found: 298.9 (M-HY".
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N-(2-(2-(4-Fluorophenyl)oxazol-4-yl)-2-methylpropyl)-3-(5-(2,2,2-
trifluoroacetyl)thiophen-3-yl)benzamide

HaN N
l O@F o F 7 o 7 Q
e co.H F HX[N

Jd % HATU, NMM FE
DMF, 0 °C-rt, 3h

This compound was synthesized from 2-(2-(4-fluorophenyljoxazol-4-yl)-2-
5 methylpropan-1-amine and 3-(5-(2,2,2-trifluoroacetyl)thiophen-3-yl)benzoic acid as
described in example 8 step 6 (30 mg, yield 17%). 'H NMR (400 MHz, DMSO-d;) & 8.67
(d, J =1.2 Hz, 1H), 8.43 (m, 1H), 8.16 — 8.12 (m, 2H), 8.00 — 7.97 (dd, J = 9.0 Hz, 5.3 Hz,
2H), 7.92 - 7.90 (m, 2H), 7.84 - 7.82 (m, 1H), 7.57 - 7.53 (t, /= 7.8 Hz, 1H), 7.30 - 7.25
(t, J = 9.0 Hz, 2H), 3.56 (d, J = 6.4 Hz, 2H), 1.34 (s, 6H). MS (ESI) m/z: Calculated for
10 CysHxF4N2O,S: 516.11; found: 515.5 (M-HY.

EXAMPLE 141
3-Cyano-N-{(4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)benzamide

NN
HoN S

i NC i I\; >

(&)

NC OH H S

HATU, NMM
DMF, 0 °C-rt, 3h 0
15 This compound was synthesized from (4-(4-phenylthiazol-2-yl)tetrahydro-2H-

pyran-4-yl)methanamine and 3-cyanobenzoic acid as described in example 8 step 6 (6.6
g, vield 89%) as a white solid. 'H NMR (300 MHz, CDCl;) 5 8.11 — 8.10 (m, 1H), 8.02 —
7.99 (dt, J=7.9 Hz, 1.5 Hz, 1H), 7.91 - 7.88 (m, 2H), 7.78 — 7.74 (dt, J = 7.7 Hz, 1.3 Hz,
1H), 7.71 - 7.68 (m, 1H), 7.53 — 7.46 (m, 3H), 7.42 — 7.36 (m, 1H), 3.97 — 3.90 (m, 2H),

20 3.85-3.83(d, J=5.7 Hz, 2H), 3.77 — 3.69 (m, 2H), 2.35 -2.29 (m, 2H), 2.07 — 1.98 (m,
2H). MS (ESI) nv/z: Calculated for C,3H,1N;0,S: 403.14; found: 402.2 (M-H).
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{N’-Hydroxycarbamimidoyl)-N-({4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-
yl)methyl)benzamide

NHon.HCl, N62CO3

o] N N e} N
NC i | B
H s 8-hydroxyquinoline HzN H S
EtOH, reflux, 6h
© 0
This compound was synthesized from 3-cyano-N-((4-(4-phenylthiazol-2-

5 yhtetrahydro-2H-pyran-4-yl)methyl)benzamide as described in example 1 step 4 (6.8 g,
crude), which was used without further purification. 'H NMR (400 MHz, MeOD) & 8.05 —
8.04 (m, 1H), 7.93 - 7.91 (m, 2H), 7.78 — 7.75 (m, 3H), 7.43 - 7.37 (m, 3H), 7.32 - 7.28
(m, 1H), 3.94 — 3.91 (m, 2H), 3.69 (m, 2H), 3.63 — 3.56 (m, 2H), 2.43 -2.39 (d, J = 13.8
Hz, 2H), 2.10 - 2.06 (m, 2H). MS (ESI) m/z: Calculated for C;H,4N4O,S: 436.16; found:
10 437.2 (M+H)".

Ethyl 3-(3-(((4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)carbamoyl)

phenyl)-1,2,4-oxadiazole-5-carboxylate

cl
HO. o, P-N o] N
= D
l B0 N N s
H:N pyridine, 0-60 °C, 1h H
o)

15 3-(N’-Hydroxycarbamimidoyl)-N-((4-(4-phenylthiazol-2-y|)tetrahydro-2H—pyran-4-
yl)methyl)benzamide (6.8 g, 15.57 mmol) was dissolved in anhydrous pyridine (68 mL)
and the reaction mixture was cooled to 0 °C. Ethyl chlorooxoacetate (5.2 mL, 46.73
mmol) was added dropwise, and the reaction mixture was heated at 60 °C for 1 h,
quenched with 1.5N HCI solution, and diluted with EtOAc. The organic layer was washed

20 with water and brine, dried over anhydrous sodium sulfate and concentrated under
reduced pressure. The crude product was purified by column chromatography (silica gel
60-120 mesh, eluent 25-30% EtOAc in petroleum ether) to afford ethyl 3-(3-(((4-(4-
phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)carbamoyl)phenyl)-1,2,4-oxadiazole-5-
carboxylate (6.8 g, yield 87%). 'H NMR (400 MHz, CDCl;) 5 8.21 (d, J= 7.9 Hz, 1H), 8.11

25 —-8.09 (m, 1H), 7.78 — 7.76 (m, 1H), 7.61 — 7.59 (m, 2H), 7.44 (s, 1H), 7.32 — 7.27 (m,
1H), 7.23 - 7.21 (m, 3H), 4.62 — 4.57 (q, J = 7.0 Hz, 2H), 3.97 — 3.94 (m, 2H), 3.81 - 3.76
(m, 2H), 3.56 — 3.50 (m, 2H), 2.41 -2.37 (m, 2H), 2.19 = 2.12 (m, 2H), 1.53 - 1.50 (t, J =
7.2 Hz, 3H). MS (ESI) my/z: Calculated for C,7H26N4OsS: 518.16; found: 517.1 (M-H)".
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3-(6-(Hydroxymethyl)-1,2,4-oxadiazol-3-yl)-N-({4-(4-phenylthiazol-2-yl)tetrahydro-2H-
pyran-4-yl)methyl)benzamide

0. O-N HO O~

0 N N 0 N
N » LiBH,. THE g B
EBo N N s N N s
H H
0°C, 30min

O O

Ethyl 3-(3-(((4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-
yl)methyl)carbamoyl)phenyl)-1,2,4-oxadiazole-5-carboxylate (1.0 g, 1.93 mmol) was
dissolved in anhydrous THF (20 mL) and the reaction mixture was cooled to 0 °C. Lithium
borohydride (1.15 mL, 2.3 mmol, 2M in THF) was added, and the reaction mixture was

10  stirred for 30 min, quenched with ice, and diluted with EtOAc. The organic layer was
washed with water and brine, and concentrated under reduced pressure. The crude
product was purified by column chromatography (silica gel 60-120 mesh, eluant: 70-80%
EtOAc in petroleum ether) to afford 3-(5-(hydroxymethyl)-1,2,4-oxadiazol-3-yl)-N-((4-(4-
phenylthiazol-2-yl)tetrahydro-2 H-pyran-4-yl)methyl)benzamide (300 mg, yield 32%). 'H

15 NMR (300 MHz, DMSO-dg) 5 8.46 (m, 1H), 8.20 — 8.17 (m, 1H), 7.96 (m, 1H), 7.91 - 7.88
(m, 2H), 7.62 (m, 1H), 7.53 — 7.51 (m, 2H), 7.36 — 7.34 (m, 3H), 4.89 (s, 2H), 3.99 — 3.92
(m, 2H), 3.90 - 3.88 (d, J= 5.7 Hz, 2H), 3.78 — 3.70 (m, 2H), 2.35 -2.27 (m, 2H), 2.08 -
2.00 (m, 2H). MS (ESI) m/z: Calculated for CsH24N404S: 476.15; found: 475.7 (M-H)".

20  3-(5-Formyl-1,2,4-oxadiazol-3-yl)-N-({4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-
yl)methyl)benzamide

N o N o, PN o] N
A | ) Dess-Martin pericdinane Y »
N N S H N N S
H CH,Cls, 0 °C-rt, 2h H
O

This compound was synthesized from 3-(5-(hydroxymethyl)-1,2,4-oxadiazol-3-yl)-

25  N-((4-(4-phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)benzamide as described in
example 47 step 2 (340 mg, yield 57%). '"H NMR (300 MHz, CDCl) 8 9.89 (s, 1H), 8.49
(m, 1H), 8.27 - 8.17 (m, 1H), 8.04 — 8.01 (m, 1H), 7.90 — 7.88 (m, 2H), 7.71 — 7.69 (m,
1H), 7.60 — 7.52 (m, 2H), 7.37 — 7.30 (m, 2H), 4.00 - 3.92 (m, 2H), 3.91 -3.89 (d, J=5.7
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Hz, 2H), 3.78 — 3.71 (m, 2H), 2.36 -2.28 (m, 2H), 2.09 — 2.01 (m, 2H). MS (ESI) m/z:
Calculated for CpsH,oN4O4S: 474.14; found: 473.4 (M-HY.

N-({4-(4-Phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-(2,2,2-trifluoro-1-
hydroxyethyl)-1,2,4-oxadiazol-3-yl)benzamide

O~ O~
OH ‘\| o] l\} N CsF, TMSCF, ljzfg \N 0 '\} N
o en TSR
" Nwﬁﬁs dry glyme, rt, 3h F NJ\Q)LQ/EiLS
F F
0 o]

This compound was synthesized from 3-(5-formyl-1,2,4-oxadiazol-3-yl)-N-((4-(4-
phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)benzamide as described in example
88 step 1 (30 mg, vyield 17%). MS (ESI) m/z: Calculated for CysH,3F3N,O4S: 544.14;
found: 545.2 (M+H)".

N-({(4-(4-Phenylthiazol-2-yl)tetrahydro-2H-pyran-4-yl)methyl)-3-(5-(2,2,2-
trifluoroacetyl)-1,2,4-oxadiazol-3-yl)benzamide

O-N
N \

HO  O~N o) N~ 0, o] N
F7Z”‘<\N \ N | s Dess-Martin periodinane F72’<N N / o
FF H CH,Cly, 0°C-rt, 16h FF H

o}

o]

This compound was synthesized from N-((4-(4-phenylthiazol-2-yl)tetrahydro-2H-
pyran-4-yl)methyl)-3-(5-(2,2,2-trifluoro-1-hydroxyethyl)-1,2,4-oxadiazol-3-yl)benzamide as
described in example 47 step 2 (5 mg, yield 17%). 'H NMR (400 MHz, CDCl;) & 8.56 (s,
1H), 8.15 — 8.13 (m, 1H), 7.89 — 7.87 (m, 2H), 7.79 = 7.77 (m, 1H), 7.54 (s, 1H), 7.44 -
7.36 (m, 4H), 4.00 — 3.94 (m, 2H), 3.90 — 3.89 (d, J = 5.3 Hz, 2H), 3.79 — 3.74 (m, 2H),
2.34 -2.30 (m, 2H), 2.07 — 2.02 (m, 2H). MS (ESI) m/z: Calculated for CysHa1F3N4O4S:
542.12; found: 541.5 (M-H).
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Pharmaceutical Compositions
Example A
Tablets are prepared using conventional methods and are formulated as follows:

Ingredient Amount per tablet
Compound of Example | 5mg
Microcrystalline cellulose 100mg
Lactose 100mg
Sodium starch glycollate 30mg
Magnesium stearate 2mg

Total 237mg

Example B

Capsules are prepared using conventional methods and are formulated as follows:

Ingredient Amount per tablet
Compound of Example 3 15mg
Dried starch 178mg
Magnesium stearate 2mg

Total 195mg

Histone Deacetylase 9 (HDAC9) Inhibition Assay:

Novel histone deacetylase 9 (HDAC9) inhibitors were characterized in an in vitro
biochemical functional assay. The assay measures the increased fluorescent signal due
to deacetylation, by HDAC9, of a fluorogenic substrate. The commercial available
substrate is Class lla HDAC-specific and contains an acetylated lysine residue and would
releases the fluorescent signal upon trypsin cleavage after deacetylation.

Specifically, test compounds diluted to various concentrations in 100% DMSO are
first dispensed into 384-well assay plates. Recombinant HDAC9 isoform 4 (purchased
from BPS Bioscience) in complete assay buffer (50 mM Tris-HCI, pH 8.0, 137 mM NaCl,
2.7 mM KCI, 1 mM MgCl,, 0.05% BSA & 0.005% Tween 20) were then added to each well
(5uL/well) using Multidrop Combi (Thermo Scientific), followed by 5 uL/well substrate
(purchased from BPS Bioscience, 4.5 uM final). After 45 minutes incubation at room
temperature, 10uL 2x developer solution (assay buffer with 40 uM Trypsin and 20 uM
Trichostatin A) was added. The plates were then incubated 1 hour at room temperature

before reading in fluorescent intensity mode at 450nm in an Envision (Perkin Elmer) plate
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reader. Percent Inhibition of HDACS activity by compounds in each test wells was
calculated by normalizing to fluorescent signal in control wells containing DMSO only.
The pIC50s value of test compounds were calculated from non-linear curve fitting, using
ActivityBase5 data analysis tool (IDBS), from 11 point 3x dilution series starting from 100
uM final compound concentration.

For dose response experiments, normalized data were fit by ABASE/XC50 using
the equation y = a + (b-a)/(1+(10*x/10*c)*d), where a is the minimum % activity, b is the
maximum % activity, ¢ is the plCso, d is the Hill slope.

The plCsgs are averaged to determine a mean value, for a minimum of 2
experiments. As determined using the above method, the compounds of Examples 1-141
exhibited a plCs, greater than 4.8. For instance, the compounds of Examples 21, 32, 78,
110 and 132 inhibited HDACS in the above method with a mean plCs > 6.
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What is claimed is:

1. A compound according to Formula I:

wherein:

R' is halo(C4-Cy)alkyl, wherein said halo(C4-C4)alkyl contains at least 2 halo
atoms;

Y is a bond and X4 is O, N or NH, X, is N or CH and X3 is N or NH,

or Yis —-C(O)-and X;and X;are CHor N, X3is Oor S,

orYis —C(O)- and X4 is O, X;is CH or N, and X3 is CH or N;

A is optionally substituted (Cs-Cs)cycloalkyl, phenyl, naphthyl, 4-7 membered
heterocycloalkyl, 5-6 membered heteroaryl, or 9-10 membered heteroaryl,

wherein any optionally substituted cycloalkyl, phenyl, naphthyl, heterocycloalkyl, or
heteroaryl is optionally substituted by 1-3 groups independently selected from
(C4-Cy)alkyl, halogen, cyano, halo(C4-Cy)alkyl, (C+-C,)alkoxy, halo(C4-C4)alkoxy, -NR*R*
and -((C4-C,)alky)NR*R*;

Zis —C(=O)NR*-, -NR*C(=O)NR*, -NR*C(=0)-, -SO,-, -SO,NR*-, -NR*SO,-,
-NHCH(CF3)-, -CH(CF3)NH-, -CH(CF3)-, -(C1-Cy)alkyl-, -NR*-, or -(C-Cs)alkyl-NR*-;

nis 0-4;

when n is 0, R? and R® are independently selected from H and optionally
substituted (C4-C4)alkyl, aryl(C4-C4)alkyl-, and (Cs-C7)cycloalkyl(C4-Cy)alkyl-,

when n is 1-4, R? and R® are independently selected from H, fluoro, and optionally
substituted (C¢-Cy4)alkyl, aryl(C4-Cy4)alkyl-, and (Cs-Cy)cycloalkyl(C4-Cy4)alkyl-, wherein,
when nis 1, R%is F and R%is H, then Z is —-C(=O)NR*-, -NR*C(=O)NR*, -SO,NR*-,
-NHCH(CF3)-, -CH(CF3)NH-, -CH(CF3)-, -(C4-Cy4)alkyl-, -NR*-, or -(C4-Cs)alkyl-NR*-, and

when n is 1-4, R?is selected from -NR”R®, -(C;-C,)alkyl-NR*R®, -CONR"R®,
-(C1-C4)alkyl-CONR”R®, -CO,H, -(C4-C4)alkyl-CO,H, hydroxyl, hydroxy(C;-C4)alkyl-,
(C4-Cs)alkoxy, and (C+-Cs)alkoxy(C4-Cys)alkyl-, and R® is selected from H and optionally
substituted (C¢-Cy4)alkyl, aryl(C4-Cy4)alkyl-, and (Cs-C7)cycloalkyl(C4-C4)alkyl-,

wherein the aryl, cycloalkyl and each of the (C4-C4)alkyl moieties of said optionally
substituted (C4-Cs)alkyl, aryl(C1-C4)alkyl-, and (Cs-C7)cycloalkyl(C4-Cy)alkyl- of any R? and

R® are optionally substituted by 1, 2 or 3 groups independently selected from halogen,

246



10

15

20

25

30

WO 2011/088181 PCT/US2011/021089

cyano, (C+-Cy)alkyl, halo(C4-Cy)alkyl, (C4-Cs)alkoxy, halo(Cs-Cy)alkoxy, -NR*R?,
-((C1-C4)alkyl)NRAR*, and hydroxyl;
or R? and R®taken together with the atom to which they are connected form an
4,5, 6, or 7 membered cycloalkyl or heterocycloalkyl group, wherein
group contains 1 or 2 heteroatoms independently selected from N, O
and S and said optionally substituted cycloalkyl or heterocycloalkyl group is optionally
substituted by 1, 2 or 3 substituents independently selected from (C4-Cy)alkyl,
halo(C1-C4)alkyl, halogen, cyano, aryl(C-Ca)alkyl-, (Cs-C7)cycloalkyl(C4-Cy)alkyl-, —ORY,
-NR'RY, —C(=0)OR", —-C(=O)NR'R", -NRYC(=O)R", -SO;NRRY, -NR'SO,R",
-OC(=0)NRR", -NRYC(=0)OR", and -NRYC(=O)NR"RY; and

L is 5-6 membered heteroaryl or phenyl which is substituted by R* and is optionally
further substituted,

wherein when L is further substituted, L is substituted by 1 or 2 substituents
independently selected from halogen, cyano and (C-Cy)alkyl;

R*is H, (C4-Cs)alkyl, halo, halo(C;-Cy)alkyl, (C1-C4)alkoxy,
((C4-Cy)alkyl)((C1-C4)alkyl)N(C4-Cy)alkoxy, ((C4-Cy4)alkyl)((C1-Cs)alkyl)N(C+-Cy)alkyl-,
(C4-Cy)haloalkoxy-, (C1-C4)alkylamino, optionally substituted (Cs-Cs)cycloalkyl, optionally
substituted phenyl, optionally substituted 5-6 membered heterocycloalkyl, or optionally
substituted 5-6 membered heteroaryl,

wherein said optionally substituted cycloalkyl, phenyl, heterocycloalkyl or
heteroaryl is optionally substituted by 1, 2 or 3 groups independently selected from
(C4-Cylalkyl, halogen, cyano, halo(C+-Cy)alkyl, (C4-C4)alkoxy, (C+-Cy)alkylthio-,
halo(C+-Cy)alkoxy, hydroxyl, -NR*R® and -((C+-Cy4)alkyl)NR*RS;

or L-R*, taken together, form a 1,3-benzodioxolyl, 2,3-dihydro-1,4-benzodioxinyl,
benzofuranyl, tetrahydroisoquinolyl or isoindolinyl group wherein said benzofuranyl,
tetrahydroisoquinolyl or isoindolinyl group is optionally substituted by 1, 2 or 3 groups
independently selected from (C4-C,4)alkyl, halogen, cyano, halo(C4-Cy)alkyl, (C4-C4)alkoxy,
(C4-Cy)alkylthio-, halo(C4-Cy)alkoxy, hydroxyl, -NR*R® and -((C4-C,)alky)NRAR®;

wherein each R* is independently selected from H and (C4-Cy)alkyl;

R is H, (C4-Cy)alkyl, halo(C4-Cy)alkyl, —C(=0)(C4-C,)alkyl, -C(=0)O(C4-C,)alkyl,
-C(=0O)NH,, —C(=O)NH(C+-Cy)alkyl, —C(=O)N((C4-C4)alky)((C4-Cy)alkyl),

-S0,(C+-Cy)alkyl, or R* and R® taken together with the atom to which they are attached
form a 4-6 membered heterocyclic ring, optionally containing one additional heteroatom

selected from N, O and S and optionally substituted by (C4-C4)alkyl;
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R is H, (C4-Cs)alkyl, phenyl, 5-6 membered heterocycloalkyl, or 5-6 membered
heteroaryl, or R* and R® taken together with the atom to which they are attached form a
4-8 membered heterocyclic ring, optionally containing one additional heteroatom selected

ptionally substituted by (C4-Cy)alkyl;

apendently selected from H, (C4-Cg)alkyl, and optionally substituted
(C-Ce)alkyl, where said optionally substituted (C,-Cg)alkyl is optionally substituted by
hydroxyl, cyano, amino, (C¢-Cy4)alkoxy, (C4-Cy)alkyl)NH-, or ((C4-C4)alky)((C+-C4)alkyl)N-;
and

each R" is independently selected from H, (C4-Cy)alkyl, phenyl, and
-(C4-Cylalkylphenyl;

provided that the compound is not:

N-[(4-fluorophenyl)methyl]-4-[5-(2,2,2-trifluoroacetyl)-2-thienyl]-benzamide

N-[(4-fluorophenyl)methyl]-3-[5-(2,2,2-trifluoroacetyl )-2-thienyl]-benzamide,

4-methoxy-N-[2-[3-(trifluoromethyl)-1H-1,2,4-triazol-5-yl]-3-thienyl]-
benzeneacetamide,

N-[(4-methoxyphenyl)methyl]-4-[5-(trichloromethyl)-1,2,4-oxadiazol-3-yl]-1,2,5-
oxadiazol-3-amine,

4-(trifluoromethyl)-N-[3-(trifluoromethyl)-4-[5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yllphenyl]-benzenepropanamide,

3-[4-(trifluoromethyl)phenyl]-N-{3-(trifluoromethyl)-4-[5-(trifluoromethyl)-1,2,4-
oxadiazol-3-yl]phenyl}propanamide,

3-{7-methyl-2-[4-(3-methyl-5-isoxazolyl)butyl]-1-benzofuran-5-yl}-5-
(trifluoromethyl)-1,2,4-oxadiazole,

1-[3-(3-methyl-5-isoxazolyl)propyl]-5-[5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl]-1 H-
indole,

7-methyl-1-[4-(3-methyl-5-isoxazolyl)butyl]-5-[5-(trifluoromethyl)-1,2,4-oxadiazol-3-
yl]-1H-indole,

7-methyl-1-[5-(3-methyl-5-isoxazolyl)pentyl]-5-[5-(trifluoromethyl)-1,2,4-oxadiazol-
3-yl]-1H-indole,

7-methyl-1-[3-(3-methyl-5-isoxazolyl)propyl]-5-[5-(trifluoromethyl)-1,2,4-oxadiazol-
3-yl]-2,3-dihydro-1H-indole, or

N-(phenylmethyl)-4-[5-(trifluoromethyl)-1,2,4-oxadiazol-3-yl]-1,2,5-oxadiazol-3-
amine;

or a salt thereof.
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2. The compound or salt according to claim 1, wherein R' is a fluoro-alkyl group

containing at least 2 fluoro atoms.

und or salt according to claim 1, wherein R is a (C-C,)alkyl group

containing at least 2 fluoro atoms.
4. The compound or salt according to claim 1, wherein R is CHF, or CF.
5. The compound or salt according to claim 1, wherein R' is CF.

6. The compound or salt according to any one of claims 1-5, wherein when Y is a
bond, X;is O, X; and Xz are N, or X, is O, X, is CH, X3 is N, or X4 is N or NH, X, is CH, Xj
is N or NH; or X4 is N or NH, X5 is N, X3 is N or NH.

7. The compound or salt according to any one of claims 1-5, wherein when Y is a
bond, X; is O, X; and X3 are N.

8. The compound or salt according to any one of claims 1-5, wherein when Y is
-C(0O)-, X3is S, X1is CH and X, is N, or X5is S, X;is N and X, is CH, or X3 is O, Xy is CH
and Xz is N, or X3 is O, X4 is N and X, is CH, or Xy and X; are CH, X3 is S or Xy and X; are
CH, X;is O.

9. The compound or salt according to any one of claims 1-5, wherein when Y is
-C(O)-, X3is S, Xyis CHand X, is N, or X3is S, X;is N and X, is CH, or X;is O, Xy is CH
and Xz is N, or X3 is O, Xqis N and X, is CH, or Xy and X, are CH, X3 is S.

10. The compound or salt according to any one of claims 1-5, wherein when Y is
—C(O)-, Xy and X, are CH, X;is S.

11. The compound or salt according to any one of claims 1-5, wherein when Y is

—C(0O)-, X1is O, X; and Xz are CH, or X;is O, X, is CH, and X3 is N, or X;is O, X, is N,
and X; is CH, or X4 is O, X; and X3 are N.
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12. The compound or salt according to any one of claims 1-5, wherein when Y is
—C(0)-, X4 is O, X, and X3 are CH.

ound or salt according to any one of claims 1-12, wherein A is a

ly substituted by 1-2 groups independently selected from
(C4-Cy4)alkyl, halogen, cyano, halo(C4-Cy)alkyl, (C4-C4)alkoxy, halo(C4-Cy4)alkoxy, -NR*R*
and -((C4-C4)alky )NR"R.

14. The compound or salt according to any one of claims 1-12, wherein A is a
phenyl group optionally substituted by 1 group selected from methyl, ethyl, fluoro, chloro,
trifluoromethyl, methoxy, ethoxy, trifluoromethoxy, cyano, -NR*R* and
-((C4-Cs)alky)NR*RA, where each R* is independently H or methyl.

15. The compound or salt according to any one of claims 1-12, wherein A is an
unsubstituted phenyl group or a phenyl group substituted by an ethyl, fluoro, cyano or

methoxy group.

16. The compound or salt according to any one of claims 1-12, wherein A is a
cyclopropyl, cyclopentyl or cyclohexyl group, optionally substituted by 1-2 groups
independently selected from (C1-Cy)alkyl, (C4-Cs)alkoxy, -NR*R” and
-((C1-C4)alky)NR R,

17. The compound or salt according to any one of claims 1-12, wherein A is a
cyclopropyl, cyclopentyl or cyclohexyl group, optionally substituted by 1-2 groups
independently selected from methyl, ethyl, tert-butyl, methoxy, ethoxy, -NR*R* and
~((C4-C4)alkyl)NR*R?, where each R* is independently H or methyl.

18. The compound or salt according to any one of claims 1-12, wherein Ais a

cyclopropyl, cyclopentyl or cyclohexyl group.

19. The compound or salt according to any one of claims 1-12, wherein A is
naphthyl, optionally substituted by 1-2 groups independently selected from (C4-Cy)alkyl,
halogen, cyano, halo(C1-Cj)alkyl, (C4-C4)alkoxy, halo(C;-Cs)alkoxy, -NR*R” and
-((C1-C4)alky)NR R,
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20. The compound or salt according to any one of claims 1-12, wherein A is a 4-7
membered heterocycloalkyl group optionally substituted by 1-3 groups independently
alkyl, halogen, cyano, halo(C+-Cy)alkyl, (C4-Cy)alkoxy,
5, -NR*R* and -((C4-Cy)alkyl)NRR?.

21. The compound or salt according to any one of claims 1-12, wherein A is a
9-10 membered heteroaryl optionally substituted by 1-2 groups independently selected
from (C4-Cy)alkyl, halogen, cyano, halo(C4-Cy)alkyl, (C4-Cy)alkoxy, halo(C+-Cy)alkoxy, oxo,
-NR*R” and -((C4-C,)alkyl)NR*RA.

22. The compound or salt according to any one of claims 1-12, wherein A is

isoquinolyl, indazolyl, tetrahydroisoquinolinonyl, isoindolinonyl, and indolinyl.

23. The compound or salt according to any one of claims 1-12, wherein A is a 5-6
membered heteroaryl optionally substituted by 1-2 groups independently selected from
(C4-Cy4)alkyl, halogen, cyano, halo(C4-Cy)alkyl, (C1-C4)alkoxy, halo(C4-Cy4)alkoxy, -NR*R* and
-((C1-C4)alky)NR R,

24. The compound or salt according to any one of claims 1-12, wherein A is a 5-6
membered heteroaryl optionally substituted by 1 group selected from methyl, ethyl, fluoro,
trifluoromethyl, -NR*R* and -((C4-Cy)alkyl)NR*R”, where each R* is independently H or
methyl and the 5-6 membered heteroaryl contains 1 ring heteroatom selected form N, O

and S and optionally contains 1 additional ring nitrogen atom.

25. The compound or salt according to any one of claims 1-12, wherein A is

oxazolyl, pyrazolyl, or thienyl, optionally substituted by a methyl group.

26. The compound or salt according to any one of claims 1-12, wherein A is a
pyridyl or pyridyl-N-oxide group optionally substituted by 1-2 groups independently
selected from (C4-Cy)alkyl, halogen, cyano, halo(C4-Cy)alkyl, (C4-C,)alkoxy,
halo(C+-Cy)alkoxy, -NR*R* and -((C+-C4)alky)NR*RA.
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27. The compound or salt according to any one of claims 1-12, wherein Ais a
pyridyl or pyridyl-N-oxide group optionally substituted by 1 group selected from methyl,
ethyl, fluoro, chloro, trifluoromethyl, methoxy, ethoxy, trifluoromethoxy, cyano, -NR*R” and

where each R* is independently H or methyl.

28. The compound or salt according to any one of claims 1-12, wherein A is

thienyl, oxazolyl, or pyridyl.

29. The compound or salt according to any one of claims 1-28, wherein Z is
-C(=0)NR*-, -NR*C(=O)NR*, -NR*C(=0)-, -NR*SO,-, -SO,NR*-, -NHCH(CF3)-,
-CH(CF3)NH-, -CH(CF3)-, -(C4-Cy,)alkyl-, or -(C-Cs)alkyINR*-.

30. The compound or salt according to claim 29, wherein R, or for
-NR*C(=O)NR*, each R*, may be independently selected from H, (C;-C4)alkyl, and
optionally substituted (C,-C4)alkyl, where said optionally substituted (C,-C4)alkyl is
optionally substituted by hydroxyl, cyano, amino, (C4-Cs)alkoxy, (C4-C4)alkyl)NH-, or
((C4-Cq)alkyl)((C+-Cas)alkyl)N-.

31. The compound or salt according to claim 29, wherein R* is H, methyl or

cyanoethyl.
32. The compound or salt according to claim 29, wherein R* is H.

33. The compound or salt according to any one of claims 1-28, wherein Z is
-NHCH(CF3)-, -CH(CF3)NH-, -CH(CF3)-, -(C4-Cy)alkyl- or —-CH,NH-.

34. The compound or salt according to any one of claims 1-28, wherein Z is
-C(=O)NH- or —CH,NH-.

35. The compound or salt according to any one of claims 1-34, wherein n is 0-3.

36. The compound or salt according to any one of claims 1-35, wherein n is 0 or
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37. The compound or salt according to any one of claims 1-36, wherein one of R* and

R® is other than hydrogen.

ound or salt according to any one of claims 1-36, wherein both R* and

39. The compound or salt according to any one of claims 1-36, wherein one of R* and
R®is H and the other of R? and R® is Cy_4 alkyl.

40. The compound or salt according to any one of claims 1-34, wherein when n is 1-4,
R? is selected from amino, (C4-C,)alkylamino, ((C4-Cs)alkyl)((C-Cs)alkyl)amino,
amino(C4-Cy)alkyl, (C4-Cs)alkylamino(C4-Cy)alkyl,
((C4-Cjy)alky)((C4-Cs)alkyhamino(C4-Cy)alkyl,
(substituted(C+-Cs)alkyl)((C1-Cs)alkyamino(C4-Cy)alkyl (where said (substituted (C4-Cs)alkyl
moiety is substituted by —C(=0)OH, -C(=0)O(C+-Cy)alkyl, or 1-8 fluoro groups),
aminocarbonyl(C4-Cy)alkyl, (C4-Cs)alkylaminocarbonyl(C4-C4)alkyl,
((C4-Cy)alkyl)((C4-Cs)alkyl)aminocarbonyl(C4-Cy)alkyl, hydroxyl, hydroxy(C4-Cj)alkyl-,
(C4-Cy4)alkoxy, and (C4-C.)alkoxy(C4-Cys)alkyl- and R® is selected from H and optionally
substituted (C¢-Cy4)alkyl, aryl(C+-Cy)alkyl-, and (Cs-Cr)cycloalkyl(C4-Cy)alkyl-.

41. The compound or salt according to any one of claims 1-34, wherein when n is 1-4,
R? s selected from amino, hydroxyl, and (C4-C4)alkoxy, and R® is selected from H and
optionally substituted (C4-Cy)alkyl, phenyl(C4-C5)alkyl-, and (Cs-Ce)cycloalkyl(C4-C,)alkyl-.

42. The compound or salt according to any one of claims 1-36, wherein R? and R® are
independently selected from H and optionally substituted (C4-C4)alkyl, phenyl(C4-Cy)alkyl-,
and (Cs-Cs)cycloalkyl(C4-Cy)alkyl-.

43. The compound or salt according to any one of claims 1-36, wherein R? is selected
from H and optionally substituted (C4-C,)alkyl, phenyl(C,-C,)alkyl-, and

(C3-Cg)cycloalkyl(C4-Cy)alkyl- and R® is selected from H and methyl.

44. The compound or salt according to any one of claims 1-36, wherein R? and R® are

independently selected from H and optionally substituted (C4-C4)alkyl, phenyl(C4-Cy)alkyl-,
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and (C3-Cg)cycloalkyl(C4-Cy)alkyl-; wherein the phenyl, cycloalkyl and each of the (C4-C4)alkyl
or (C4-Cy)alkyl moieties of said optionally substituted (C4-Cy)alkyl, phenyl(C4-C,)alkyl-, and
(Cs-Co)cycloalkyl(C4-Cylalkyl- are optionally substituted by 1, 2 or 3 halogen groups and/or 1
antly selected from cyano, (C4-Cy)alkyl, halo(C4-Cy)alkyl, (C4-Cy)alkoxy,
RA, -((C1-C4)alkyl)NR*R?, and hydroxyl.
45. The compound or salt according to any one of claims 1-36, wherein both R?
and R® are H or both R? and R® are methyl.

46. The compound or salt according to any one of claims 1-34, wherein R? is

hydroxyl and R* is H or methyl.

47. The compound or salt according to any one of claims 1-34, wherein n is 1, R?

is hydroxyl and R®is H or methyl.

48. The compound or salt according to any one of claims 1-36, wherein R? and R®
taken together with the atom to which they are connected form an optionally substituted 4,
5, or 6 membered cycloalkyl or heterocycloalkyl group, wherein said heterocycloalkyl
group contains 1 heteroatom selected from N, O and S and said optionally substituted
cycloalkyl or heterocycloalkyl group is optionally substituted by a substituent selected from
(C4-Cylalkyl, halo(C4-Cyalkyl, halogen, cyano, aryl(C4-Cy)alkyl-,
(Cs-Cs)cycloalkyl(C-Cp)alkyl-, —OR™®, -NR"R"™, —C(=0)OR"™, -C(=O)NR"R™,
-NR™C(=0)R"™, -SO,NR"R"", and -NR"’'SO,R"®, where R™ is selected from H,
(C4-Cy4)alkyl phenyl(C+-C,)alkyl- and (Cs-Cs)cycloalkyl(C4-Cy)alkyl-, and each R™ is
independently selected from H and (C4-C4)alkyl.

49. The compound or salt according to claim 48, wherein RY is independently

selected from H, (C4-Cy)alkyl, phenyl, and -(C+-C4)alkylphenyl.

50. The compound or salt according to claim 46, wherein each R" is

independently selected from H, methyl, ethyl, phenyl, benzyl and -ethylphenyl.
51. The compound or salt according to any one of claims 1-36, wherein R? and R®

taken together with the atom to which they are connected form an optionally substituted 4,

5 or 6 membered cycloalkyl or heterocycloalkyl group, wherein said heterocycloalkyl
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group contains 1 heteroatom selected from N and O and said optionally substituted
cycloalkyl or heterocycloalkyl group is optionally substituted by a substituent selected from
(C4-Cylalkyl, aryl(C4-Cy)alkyl-, and (Cs-Cs)cycloalkyl(C+-Cy)alkyl-.

ound or salt according to any one of claims 1-36, wherein R? and R®
taken together with the atom to which they are connected form a tetrahydropyranyl, 2,2-
dimethyl-tetrahydropyranyl, cyclopentyl, 1-methyl-piperidinyl, cyclopropyl, cyclohexyl, 1-
ethyl-piperidinyyl, tetrahydrofuranyl, piperidinyl, 1-methyl-pyrrolidinyl, 1-benzyl-pyrrolidinyl,
1-cyclopropylmethyl-pyrrolidinyl, oxetanyl, azetidinyl, 1-methyl-azetidinyl, 1-benzyl-

azetidinyl, or 1-cyclopropylmethyl-azetidinyl group.

53. The compound or salt according to any one of claims 1-36, wherein R* and R®
taken together with the atom to which they are connected form a tetrahydropyranyl, 2,2-

dimethyl-tetrahydropyranyl, cyclopentyl, 1-methyl-piperidinyl group.

54. The compound or salt according to any one of claims 1-53, wherein L is 5-6
membered heteroaryl or phenyl which is substituted by R* and is optionally further
substituted, wherein when L is further substituted, L is substituted by 1 or 2 substituents

independently selected from halogen, cyano and methyl.

55. The compound or salt according to any one of claims 1-53, wherein L is a 5-
membered heteroaryl, pyridyl or phenyl which is substituted by R* and is optionally further
substituted, wherein when L is further substituted, L is substituted by 1 substituent

selected from chloro, fluoro, cyano and methyl.

56. The compound or salt according to any one of claims 1-53, wherein L is
pyrazolyl, oxadiazolyl, 1-methyl-imidazolyl, thiazolyl, thienyl, triazolyl, pyridyl, phenyl,
oxazolyl or isoxazolyl which is substituted by optionally further substituted by a methyl

group.

57. The compound or salt according to any one of claims 1-53, wherein L is

thiazolyl, thienyl, triazolyl, pyridyl, phenyl, or oxazolyl which is substituted by a methyl
group.
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58. The compound or salt according to any one of claims 1-57, wherein R* is H,
halogen, (C+-Cy4)alkyl, halo(C+-Cy)alkyl, (C4-Cy)alkoxy,
((C4-Cy)alkyl)((C4-Cz)alkyl)N(C+-Cs)alkoxy-, ((C+-Cz)alkyl)((C4-Cy)alkyl)N(C4-Cs)alkyl-,

>3)alkylamino, optionally substituted (Cs-Cs)cycloalkyl, optionally

tionally substituted 5-6 membered heterocycloalkyl, or optionally
substituted 5-6 membered heteroaryl, where said optionally substituted cycloalkyl, phenyl,
heterocycloalkyl or heteroaryl is optionally substituted by 1 or 2 groups independently
selected from (C4-Cy)alkyl, halogen, cyano, halo(C+-Cy)alkyl, (C4-Cy)alkoxy,
halo(C+-C,)alkoxy, hydroxyl, -NR*R® and -((C+-C4)alkyl)NR*RC.

59. The compound or salt according to any one of claims 1-57, wherein R* is H,
methyl, bromo, trifluoromethyl, dimethylaminoethoxy-, dimethylaminopropyl-, and
optionally substituted pyridyl, cyclohexyl, piperidinyl, piperazinyl, imidazolyl, thienyl, or
phenyl, where the pyridyl, cyclohexyl, piperidinyl, piperizinyl, imidazolyl, thienyl, or phenyl
are optionally substituted by 1-2 substituents independently selected from methyl, chloro,

bromo, fluoro, trifluoromethyl, methoxy, and cyano.

60. The compound or salt according to any one of claims 1-57, wherein R* is H,
methyl, bromo, trifluoromethyl, dimethylaminoethoxy-, phenyl, 4-chlorophenyl, 2-
bromophenyl-,4-fluorophenyl, 4-cyanophenyl, 3-trifluoromethylphenyl, 4-methoxyphenyl,
cyclohexyl, imidazolyl, thienyl, pyrid-2-yl, pyrid-3-yl, or pyrid-4-yl.

61. The compound or salt according to any one of claims 1-53, wherein L-R*
taken together, form a 1,3-benzodioxolyl, thienopyrimidinyl , benzo-isothiazolyl,
2,3-dihydro-1,4-benzodioxinyl, benzofuranyl, benzimidazolyl, benzimidazolonyl,
tetrahydroisoquinolyl, indolinyl or isoindolinyl group, optionally substituted with 1 or 2
groups independently selected from methyl, trifluoromethyl, chloro, fluoro, cyano,

methoxy, phenyl, and morpholinylpropyl-.

62. The compound or salt according to any one of claims 1-53, wherein L-R*,

taken together, form a 1,3-benzodioxolyl, tetrahydroisoquinolyl or isoindolinyl group.

63. The compound or salt according to any one of claims 1-62, wherein each R*

and R® is independently selected from H and (C1-C4)alkyl.
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64. The compound or salt according to any one of claims 1-62, wherein each R*

and R® is independently selected from H, methyl and ethyl.

ound or salt according to claim 1, wherein:

R'is CHF; or CF3;

Y is a bond, X;is O, and X; and X; are N, or

Y is —C(O)-, Xy and X, are CH, and X;is S, or

Y is —C(O)-, Xy is O, and X; and X3 are CH;

A is a phenyl group optionally substituted by 1 group selected from methyl, ethyl,
fluoro, chloro, trifluoromethyl, methoxy, ethoxy, trifluoromethoxy, cyano, -NR*R* and
-((C4-Cs)alky)NR*RA, or

A is a cyclopropyl, cyclopentyl or cyclohexyl group, optionally substituted by 1-2
groups independently selected from methyl, ethyl, tert-butyl, methoxy, ethoxy, -NR*R* and
-((C1-C4)alky)NRAR?, or

A is a 5-6 membered heteroaryl or a 9-10 membered heteroaryl optionally substituted
by 1 group selected from methyl, ethyl, fluoro, trifluoromethyl, -NR*R* and
-((C1-C4)alkyl)NRAR”*, where the 5-6 membered heteroaryl or 9-10 membered heteroaryl
contains 1 ring heteroatom selected form N, O and S and optionally contains 1 additional ring
nitrogen atom,

where each R* is independently H or methyl;

Z is —-C(=O)NR*-, -NR*C(=O)NR*, -NR*C(=0)-, -NHCH(CF3)-, -CH(CF3)NH-,
-CH(CF3)-, -(C4-Cy)alkyl-, or -(C1-C4)alkylINR*-, where R is H, (C4-C4)alkyl, or optionally
substituted (C,-C4)alkyl, where said optionally substituted (C,-C,)alkyl is optionally substituted
by hydroxyl, cyano, amino, (C4-C4)alkoxy, (C+-Cy)alkyl)NH-, or ((C4-C4)alky)((C+-Cy4)alkyl)N-;

nis 0-3 and R? and R?® are independently selected from H and optionally substituted
(C4-Cylalkyl, phenyl(C4-Cy)alkyl-, and (C3-Cs)cycloalkyl(C4-Cy)alkyl-, or

nis 1-3 and R?is hydroxyl and R®is H or methyl, or

nis 0-3 and R? and R® taken together with the atom to which they are connected form
an optionally substituted 4, 5, or 6 membered cycloalkyl or heterocycloalkyl group, wherein
said heterocycloalkyl group contains 1 heteroatom selected from N, O and S and said
optionally substituted cycloalkyl or heterocycloalkyl group is optionally substituted by a
substituent selected from (C+-Cy)alkyl, halo(C4-C4)alkyl, halogen, cyano, aryl(C4-Cy)alkyl-,
(Cs-Cs)cycloalkyl(C-Cp)alkyl-, —OR™®, -NR"R"™, —C(=0)OR"™, -C(=O)NR"R™,
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-NR™C(=0)R"™, -SO,NR™R", and -NR’SO,R"?, where R" is selected from H, (C1-C4)alkyl
phenyl(C;-C,)alkyl- and (Cs-Cs)cycloalkyl(C+-Cs)alkyl-, and each R™ is independently
selected from H and (C+-Cy)alkyl;

ered heteroaryl or phenyl which is substituted by R* and is optionally

ierein when L is further substituted, L is substituted by 1 or 2
substituents independently selected from halogen, cyano and methyl; and

R*is H, halogen, (C-Cj)alkyl, halo(C+-C5)alkyl, (C+-C.)alkoxy,

((C4-Cy)alkyl)((C4-Cz)alkyl)N(C+-Cs)alkoxy-, ((C+-Cz)alkyl)((C4-Cy)alkyl)N(C4-Cs)alkyl-,
(C4-Cy)haloalkyl, (C4-Cj)alkylamino, optionally substituted (Cs-Cg)cycloalkyl, optionally
substituted phenyl, optionally substituted 5-6 membered heterocycloalkyl, or optionally
substituted 5-6 membered heteroaryl, where said optionally substituted cycloalkyl, phenyl,
heterocycloalkyl or heteroaryl is optionally substituted by 1 or 2 groups independently
selected from (C4-Cy)alkyl, halogen, cyano, halo(C-C,)alkyl, (C4-C,)alkoxy,
halo(C+-C,)alkoxy, hydroxyl, -NR*R® and -((C+-C4)alkyl)NR*RC.

66. The compound or salt according to claim 65, wherein:

n is 0-3 and R? and R® are independently selected from H and optionally substituted
(C4-Cylalkyl, phenyl(C4-Cy)alkyl-, and (C3-Cs)cycloalkyl(C4-Cy)alkyl-, or

nis 1-3 and R?is hydroxyl and R*is H or methyl, or

n is 0-3 and R? and R®taken together with the atom to which they are connected form
an optionally substituted 4, 5 or 6 membered cycloalkyl or heterocycloalkyl group, wherein
said heterocycloalkyl group contains 1 heteroatom selected from N and O and said optionally
substituted cycloalkyl or heterocycloalkyl group is optionally substituted by a substituent
selected from (C4-Cy)alkyl, aryl(C4-Cy)alkyl-, and (C3-Cs)cycloalkyl(C-Cy)alkyl-;

R*is H, methyl or cyanoethyl;

L is a 5-membered heteroaryl, pyridyl or phenyl which is substituted by R*and is
optionally further substituted, wherein when L is further substituted, L is substituted by 1
substituent selected from chloro, fluoro, cyano and methyl; and

R*is H, methyl, bromo, trifluoromethyl, dimethylaminoethoxy-, dimethylaminopropyl-,
and optionally substituted pyridyl, cyclohexyl, piperidinyl, piperazinyl, imidazolyl, thienyl, or
phenyl, where the pyridyl, cyclohexyl, piperidinyl, piperizinyl, imidazolyl, thienyl, or phenyl are
optionally substituted by 1-2 substituents independently selected from methyl, chloro, bromo,

fluoro, trifluoromethyl, methoxy, and cyano.
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67. The compound or salt according to claim 1, wherein:

R'is CHF; or CF3;

Y is a bond, X;is O, and X; and X; are N, or

rand X; are CH, and X3 is S, or
1is O, and X, and X3 are CH,;

A is an unsubstituted phenyl group or a phenyl group substituted by an ethyl, fluoro,
cyano or methoxy group, or a thienyl, pyridyl, cyclopropyl, cyclopentyl or cyclohexyl group;

Z is -C(=O)NH- or —CH;NH-;

nis 0 or 1 and both R? and R® are H or both R? and R® are methyl, or

nis 1and R?is hydroxyl and R®is H or methyl, or

nis 0 or 1 and R? and R®taken together with the atom to which they are connected
form a tetrahydropyranyl, 2,2-dimethyl-tetrahydropyranyl, cyclopentyl, 1-methyl-piperidinyl
group;

L is thiazolyl, thienyl, triazolyl, pyridyl, phenyl, or oxazolyl, any of which is optionally
substituted by a methyl group;

R* is H, methyl, bromo, trifluoromethyl, dimethylaminoethoxy-, phenyl, 4-chlorophenyl,
2-bromophenyl-,4-fluorophenyl, 4-cyanophenyl, 3-trifluoromethylphenyl, 4-methoxyphenyl,
cyclohexyl, imidazolyl, thienyl, pyrid-2-yl, pyrid-3-yl, or pyrid-4-yl; or

L-R*, taken together, form a 1,3-benzodioxolyl, tetrahydroisoquinolyl or isoindolinyl

group.

68. The compound or salt according to claim 1, selected from any one of

Examples 1-142.

69. The compound or salt according to claim 1, wherein:
R'is CHF; or CF3;

Y is a bond, X, is O, and X, and X3 are N;

A is an unsubstituted phenyl or pyridyl group;

Z is -C(=O)NH- or —CH,NH-;

nis 1;

R? and R® are both methyl, or

R? is hydroxyl and R® is methyl, or

R? and R® are both hydrogen, or
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R?is methyl and R® is hydrogen, or
R? is hydroxyl and R® is hydrogen, or
R? is dimethylamino and R%is H, or
thylaminoethyl and R®is H, or
5 :n together with the atom to which they are connected form a
tetrahydropyranyl, 2,2-dimethyl-tetrahydropyranyl, or a 1-methyl-piperidinyl group;
L is thiazolyl, thienyl, triazolyl, pyridyl, phenyl, or oxazolyl, any of which is
optionally substituted by a methyl group;
R* is phenyl, optionally substituted by halo (chloro or fluoro), cyano,
10  halo(C4-Cy)alkyl, or (C4-C,)alkoxy.

70. The compound or salt according to claim 1, having the formula:

Ry R’
—N
1 \>—{A}Z~L/P<L—R“
R1/‘§N
15  wherein:
R'is —~CF3;
A is optionally substituted (Cs-Cs)cycloalkyl, phenyl, naphthyl, 4-7 membered
heterocycloalkyl, 5-6 membered heteroaryl, or 9-10 membered heteroaryl,
wherein any optionally substituted cycloalkyl, phenyl, naphthyl, heterocycloalkyl, or
20  heteroaryl is optionally substituted by 1-3 groups independently selected from
(C4-Cy)alkyl, halogen, cyano, halo(C4-Cy)alkyl, (C4-C,)alkoxy, halo(C4-C4)alkoxy, -NR*R*
and -((C4-C,)alky)NR*R*;
Zis —C(=O)NR*-, -NR*C(=O)NR*, -NR*C(=0)-, -SO,-, -SO,NR*-, -NR*SO,-,
-NHCH(CF3)-, -CH(CF3)NH-, -CH(CF3)-, -(C1-Cy)alkyl-, -NR*-, or -(C-Cs)alkyl-NR*-;
25 nis 0-4;
when n is 0, R? and R® are independently selected from H and optionally
substituted (C4-C4)alkyl, aryl(C4-C4)alkyl-, and (Cs-C7)cycloalkyl(C4-C4)alkyl-,
when n is 1-4, R? and R® are independently selected from H, fluoro, and optionally
substituted (C¢-Cy4)alkyl, aryl(C4-Cy4)alkyl-, and (Cs-Cy)cycloalkyl(C4-C4)alkyl-, wherein,
30 whennis 1, R?is Fand R*is H, then Z is -C(=O)NR*-, -NR*C(=O)NR*, -SO,NR*-,
-NHCH(CF3)-, -CH(CF3)NH-, -CH(CF3)-, -(C4-Cy4)alkyl-, -NR*-, or -(C4-Cs)alkyl-NR*-, and
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when n is 1-4, R? is selected from amino, hydroxyl, and (Cs-C4)alkoxy, and R® is
selected from H and optionally substituted (C4-Cy4)alkyl, aryl(C4-C4)alkyl-, and
(Cs-Cr)cycloalkyl(C4-Cyalkyl-,

yl, cycloalkyl and each of the (C4-C,4)alkyl moieties of said optionally

yl, aryl(C4-Cy4)alkyl-, and (C3-C7)cycloalkyl(Cs-Cy)alkyl- of any R? and
R® are optionally substituted by 1, 2 or 3 groups independently selected from halogen,
cyano, (C-Cy)alkyl, halo(C4-C4)alkyl, (C4-Cs)alkoxy, halo(Cs-Cs)alkoxy, halogen, -NR*R*,
-((C1-C4)alky)NRAR*, (C4-Cy4)alkoxy, hydroxyl, cyano, halo(C4-Cy4)alkyl, and
halo(C+-Cy4)alkoxy;

or R? and R®taken together with the atom to which they are connected form an
optionally substituted 4, 5, 6, or 7 membered cycloalkyl or heterocycloalkyl group, wherein
said heterocycloalkyl group contains 1 or 2 heteroatoms independently selected from N, O
and S and said optionally substituted cycloalkyl or heterocycloalkyl group is optionally
substituted by 1, 2 or 3 substituents independently selected from (C4-Cy)alkyl,
halo(C1-C4)alkyl, halogen, cyano, aryl(C-Ca)alkyl-, (Cs-C7)cycloalkyl(C4-Cy)alkyl-, —ORY,
-NR'RY, —C(=0)OR", —-C(=O)NR'R", -NRYC(=O)R", -SO;NRRY, -NR'SO,R",
-OC(=O)NR'R", -NRYC(=0)ORY", and -NRYC(=O)NR'R"; and

L is 5-6 membered heteroaryl or phenyl which is substituted by R* and is optionally
further substituted,

wherein when L is further substituted, L is substituted by 1 or 2 substituents
independently selected from halogen, cyano and (C4-Cy)alkyl;

R*is H, (C4-Cs)alkyl, halo, halo(C;-Cy)alkyl, (C1-C4)alkoxy,
((C4-Cy)alkyl)((C1-C4)alkyl)N(C4-Cy)alkoxy, ((C4-Cy4)alkyl)((C1-Cs)alkyl)N(C+-Cy)alkyl-,
(C4-Cy)haloalkoxy-, (C1-C4)alkylamino, optionally substituted (Cs-Cs)cycloalkyl, optionally
substituted phenyl, optionally substituted 5-6 membered heterocycloalkyl, or optionally
substituted 5-6 membered heteroaryl,

wherein said optionally substituted cycloalkyl, phenyl, heterocycloalkyl or
heteroaryl is optionally substituted by 1, 2 or 3 groups independently selected from
(C4-Cylalkyl, halogen, cyano, halo(C4-Cyalkyl, (C4-C,)alkoxy, (C4-Cy)alkylthio-,
halo(C1-C4)alkoxy, hydroxyl, -NR*R® and -((C,-C,)alkyl)NR*R®;

or L-R*, taken together, form a 1,3-benzodioxolyl, 2,3-dihydro-1,4-benzodioxinyl,
benzofuranyl, tetrahydroisoquinolyl or isoindolinyl group wherein said benzofuranyl,

tetrahydroisoquinolyl or isoindolinyl group is optionally substituted by 1, 2 or 3 groups
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independently selected from (C4-C,)alkyl, halogen, cyano, halo(C4-Cyalkyl, (C4-Cy4)alkoxy,
(C4-Cy4)alkylthio-, halo(C4-Cy4)alkoxy, hydroxyl, -NR*R® and -((C+-C.)alky)NR*R®;
wherein each R* is independently selected from H and (C4-Cy)alkyl;
yalkyl, phenyl, 5-6 membered heterocycloalkyl, or 5-6 membered
R® taken together with the atom to which they are attached form an
optionally substituted 4-8 membered heterocyclic ring, optionally containing one additional
heteroatom selected from N, O and S;
each R* is independently selected from H, (C4-Cs)alkyl, and optionally substituted
(C-Coalkyl, where said optionally substituted (C,-Cs)alkyl is optionally substituted by
hydroxyl, cyano, amino, (C4-Cy,)alkoxy, (C4-Cy)alkyl)NH-, or ((C4-C4)alky)((C4-Cy4)alkyl)N-;
and
each R" is independently selected from H, (C4-C,)alkyl, phenyl, and
-(C4-Cylalkylphenyl.

71. A pharmaceutical composition comprising the compound or salt according to

any one of claims 1-70 and one or more pharmaceutically-acceptable excipients.

72. A method of inhibiting an HDAC enzyme comprising contacting the HDAC

enzyme with a compound according to Formula I:
Ry R
X 1/x2
)Q 7~ DL—R’
1
R
\Y X3 I

R'is halo(C4-C4)alkyl, wherein said halo(C4-C,)alkyl contains at least 2 halo
groups (R is di-halo(C4-Cy)alkyl);

Y is a bond and X; is O, N or NH, X, is N or CH and X5 is N or NH,

or Yis —-C(O)-and X;and X, are CHor N, X3is Oor S,

orYis —C(O)- and X4 is O, X;is CH or N, and X3 is CH or N;

A is optionally substituted (Cs-Cs)cycloalkyl, phenyl, naphthyl, 4-7 membered

wherein:

heterocycloalkyl, 5-6 membered heteroaryl, or 9-10 membered heteroaryl,
wherein any optionally substituted cycloalkyl, phenyl, naphthyl, heterocycloalkyl, or

heteroaryl is optionally substituted by 1-3 groups independently selected from
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(C4-Cy4)alkyl, halogen, cyano, halo(C4-Cy)alkyl, (C4-C4)alkoxy, halo(C4-Cy4)alkoxy, -NR*R*

and -((C1-C4)alky)NR*R*;
Zis —C(=O)NR*-, -NR*C(=O)NR*, -NR*C(=0)-, -SO,-, -SO,NR*-, -NR*SO,-,
F3)NH-, -CH(CF3)-, -(C1-Cyalkyl-, -NR*-, or -(C;-Cs)alkyl-NR*-;

when nis 0, R? and R® are independently selected from H and optionally
substituted (C4-C4)alkyl, aryl(C4-C4)alkyl-, and (Cs-C7)cycloalkyl(C4-C4)alkyl-,

when n is 1-4, R? and R® are independently selected from H, fluoro, and optionally
substituted (C¢-Cy4)alkyl, aryl(C4-Cy4)alkyl-, and (Cs-Cy)cycloalkyl(C4-C4)alkyl-, wherein,
when nis 1, R%is F and R is H, then Z is —-C(=0)NR*-, -NR*C(=0)NR*, -SO,NR*-,
-NHCH(CF3)-, -CH(CF3)NH-, -CH(CF3)-, -(C4-Cy)alkyl-, -NR*-, or -(C;-C3)alkyl-NR*-, and

when n is 1-4, R? is selected from -NR”R®, -(C;-C,)alkyl-NR*R®, -CONR"R®,
-(C4-C4)alkyl-CONR”R®, -CO,H, -(C4-C,)alkyl-CO,H, hydroxyl, hydroxy(C,-Cy)alkyl-,
(C4-Cs)alkoxy, and (C+-Cs)alkoxy(C4-Cy4)alkyl-, and R® is selected from H and optionally
substituted (C4-Cy4)alkyl, aryl(C4-Cy4)alkyl-, and (Cs-C7)cycloalkyl(C4-C4)alkyl-,

wherein the aryl, cycloalkyl and each of the (C4-C4)alkyl moieties of said optionally
substituted (C-Cs)alkyl, aryl(C4-C4)alkyl-, and (Cs-C7)cycloalkyl(C1-Cy)alkyl- of any R? and
R® are optionally substituted by 1, 2 or 3 groups independently selected from halogen,
cyano, (C+-Cy)alkyl, halo(C4-Cy)alkyl, (C4-Cs)alkoxy, halo(Cs-Cy)alkoxy, -NR*R?,
-((C1-C4)alkyl)NRAR*, and hydroxyl;

or R? and R®taken together with the atom to which they are connected form an
optionally substituted 4, 5, 6, or 7 membered cycloalkyl or heterocycloalkyl group, wherein
said heterocycloalkyl group contains 1 or 2 heteroatoms independently selected from N, O
and S and said optionally substituted cycloalkyl or heterocycloalkyl group is optionally
substituted by 1, 2 or 3 substituents independently selected from (C4-Cy)alkyl,
halo(C1-C4)alkyl, halogen, cyano, aryl(C-Ca)alkyl-, (Cs-C7)cycloalkyl(C4-Cy)alkyl-, —ORY,
-NR'RY, —C(=0)OR", —-C(=O)NR'R", -NRYC(=O)R", -SO;NRRY, -NR'SO,R",
-OC(=0)NRR", -NRYC(=0)OR", and -NRYC(=O)NR"RY; and

L is 5-6 membered heteroaryl or phenyl which is substituted by R* and is optionally
further substituted,

wherein when L is further substituted, L is substituted by 1 or 2 substituents
independently selected from halogen, cyano and (C-Cy)alkyl;

R*is H, (C4-Cs)alkyl, halo, halo(C;-Cy)alkyl, (C1-C4)alkoxy,
((C4-Cy)alkyl)((C1-C4)alkyl)N(C4-Cy)alkoxy, ((C4-Cy4)alkyl)((C1-Cs)alkyl)N(C+-Cy)alkyl-,
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(C4-Cy)haloalkoxy-, (C1-C4)alkylamino, optionally substituted (Cs-Cs)cycloalkyl, optionally
substituted phenyl, optionally substituted 5-6 membered heterocycloalkyl, or optionally
substituted 5-6 membered heteroaryl,

ptionally substituted cycloalkyl, phenyl, heterocycloalkyl or

/ substituted by 1, 2 or 3 groups independently selected from
(C4-Cylalkyl, halogen, cyano, halo(C+-Cy)alkyl, (C4-C4)alkoxy, (C+-Cy)alkylthio-,
halo(C+-Cy)alkoxy, hydroxyl, -NR*R® and -((C+-Cy4)alkyl)NR*RS;

or L-R*, taken together, form a 1,3-benzodioxolyl, 2,3-dihydro-1,4-benzodioxinyl,
benzofuranyl, tetrahydroisoquinolyl or isoindolinyl group wherein said benzofuranyl,
tetrahydroisoquinolyl or isoindolinyl group is optionally substituted by 1, 2 or 3 groups
independently selected from (C4-C,)alkyl, halogen, cyano, halo(C4-Cy)alkyl, (C4-Cy4)alkoxy,
(C4-Cy)alkylthio-, halo(C4-Cy)alkoxy, hydroxyl, -NR*R® and -((C4-C,)alky)NRAR®;

wherein each R* is independently selected from H and (C4-Cy)alkyl;

R®is H, (C4-Cy)alkyl, halo(C1-C4)alkyl, —C(=0)(C+-Cy)alkyl, -C(=0)O(C+-Cy)alkyl,
-C(=O)NH_,, —C(=O)NH(C+-C4)alkyl, —C(=O)N((C+-Cy)alkyl)((C1-Cs)alkyl),
-S0,(C+-Cy)alkyl, or R* and R® taken together with the atom to which they are attached
form a 4-6 membered heterocyclic ring, optionally containing one additional heteroatom
selected from N, O and S and optionally substituted by (C4-C4)alkyl;

R is H, (C4-Cs)alkyl, phenyl, 5-6 membered heterocycloalkyl, or 5-6 membered
heteroaryl, or R* and R® taken together with the atom to which they are attached form a
4-8 membered heterocyclic ring, optionally containing one additional heteroatom selected
from N, O and S and optionally substituted by (C4-C,)alkyl;

each R* is independently selected from H, (C4-Cs)alkyl, and optionally substituted
(C-Coalkyl, where said optionally substituted (C,-Cs)alkyl is optionally substituted by
hydroxyl, cyano, amino, (C¢-Cy4)alkoxy, (C4-Cy)alkyl)NH-, or ((C4-C4)alky)((C+-C4)alkyl)N-;
and

each R" is independently selected from H, (C4-Cy)alkyl, phenyl, and
-(C4-Cylalkylphenyl; provided that the compound is not:

N-[(4-fluorophenyl)methyl]-4-[5-(2,2,2-trifluoroacetyl)-2-thienyl]-benzamide

N-[(4-fluorophenylmethyl]-3-[5-(2,2,2-trifluoroacetyl)-2-thienyl]-benzamide,

or a salt thereof.

73. A method of inhibiting an HDAC enzyme comprising contacting the HDAC

enzyme with the compound or salt according to any one of claims 1-70.
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