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SODIUM CHANNEL BLOCKERS

CROSS-REFERENCE TO RELATED APPLICATIONS

[001] The present application claims priority and benefit to the International Patent Applica-
tion PCT/CN2023/106400 filed July 7, 2023, the disclosure of which is incorporated herein

by reference in its entirety.

TECHNICAL FIELD

[002] The present disclosure relates to sulfonamide compounds, the use thereof for modulat-

ing activity of the sodium channel Nav1.5 and methods of treating disease using the same.

BACKGROUND

[003] Cardiac arrhythmia is an abnormal heart rhythm and occurs when the normal se-
quence of electrical impulses in the heart changes. Atrial fibrillation (AF) is one type of ar-
rhythmia, and can lead to stroke, heart failure and sudden cardiac death.

[004] A normal cardiac cycle begins in the sino-atrial node, which produces an excitatory
electrical stimulus that propagates in an orderly fashion throughout the atrial and ventricular
myocardium to induce a contraction (systole). At the cellular level, the excitatory electrical
impulse triggers the cardiac action potential. This is characterized by an initial, rapid mem-
brane depolarization followed by a plateau phase and subsequent repolarization to return to
resting membrane potential. The cardiac action potential governs signal propagation through-
out the heart. For example, the rate of initial cellular depolarization determines the velocity at
which excitatory stimuli propagate. The duration of the repolarization phase determines the
action potential duration (APD) and the effective refractory period (ERP), or time in which a
cardiomyocyte cannot respond to another electrical stimulus. Abnormalities in the cardiac ac-
tion potential are associated with arrhythmia. For example, excessive reduction of action po-
tential duration and the accompanying, shorter refractory period can provide a substrate for
so-called re-entrant tachyarrhythmia. In this condition, instead of propagating normally, a
cardiac impulse feeds back upon itself via excitable tissue to form a re-entrant circuit (Waldo
and Wit, 1993, Mechanism of cardiac arrthythmias, Lancet 347, 1189-1193). When a trigger
occurs in the atria with a re-entrant substrate, it can cause uncoordinated, fast, and often cha-
otic atrial contraction and manifests as atrial fibrillation (AF). The repetitive or lasting rapid

activation can lead to electrical and structural remodeling that further abbreviates atrial
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APD/ERP to sustain the duration of AF and worsen the disease prognosis (also called as “AF
begets AF”) (Nattel S., Atrial electrophysiology and mechanisms of atrial fibrillation, Journal
of Cardiovascular Pharmacology and Therapeutics, 2003, 8 (Suppl. 1), S5-S11).

[005] One of the clinical strategies for rhythm control is prolonging the ERP. This approach
increases the excitation threshold of atrial tissues and reduces the likelihood of a premature
atrial beat, which can render the development or maintenance of AF harder or impossible
(Antzelevitch C, Burashnikov A, Atrial-selective sodium channel block as a novel strategy
for the management of atrial fibrillation, Ann N 'Y Acad Sci., 2010, 1188, 78-86). Two major
rhythm control drug classes exist, termed Class III & 1. Dofetilide, sotalol and ibutilide are
Class III drugs and primarily target the human ether-a-go-go related gene potassium channels
(hERG) involved in cardiac repolarization. hERG blockade prolongs atrial ERP (aERP)
against AF by increasing atrial APD. Those drugs also aftect ventricular hERG and can cause
excessive prolongation of ventricular repolarization — so-called QT prolongation — and pre-
dispose to ventricular arrhythmias. Hence, in-hospital initiation of Class III drugs is mandated
to mitigate excessive QT prolongation and prevent serious arrhythmia called Torsades de
Pointes. Class Ic drugs are primarily sodium channel blockers and can prolong aERP by re-
ducing excitability and promoting post-repolarization refractoriness (PRR) against AF.
Flecainide, pilsicainide and propafenone belong to this class. Those drugs were originally de-
veloped for ventricular arrhythmias and can slow down ventricular conduction significantly
via Nav1l.5 blockade as manifested as QRS prolongation on the electrocardiogram (ECG)
(Antzelevitch C. and Burashnikov A., cited hereinabove). QRS prolongation or ventricular
conduction slowing has been associated with excess of deaths due to arrhythmia in myocar-
dial infarction (MI) patients in the Cardiac Arthythmia Suppression Trial (CAST) (Echt DS,
Liebson PR, Mitchell LB, Peters RW, Obias-Manno D, Barker AH, Arensberg D, Baker A,
Friedman L, Greene HL, et al. Mortality and morbidity in patients receiving encainide,
flecainide, or placebo. The Cardiac Arrhythmia Suppression Trial, New England Journal of
Medicine, 1991, 324(12), 781-788). As a result, QRS-prolonging Class I drugs are contrain-
dicated for AF in the setting of structural heart disease, ¢.g., MI & heart failure.

[006] The cardiac voltage-sensitive sodium channel (Nav1.5) is one of the ion-conducting
membrane proteins, collectively known as ion channels, and is responsible for action poten-
tial initiation and electrical excitation in cardiac tissue. The SCN5A gene, located in the short
(p) arm of chromosome 3 at position 22.2, encodes Navl.5 protein (also often referred to as o

subunit of Nav1.5), expressed predominantly in cardiac myocytes and in specialized conduct-
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ing cells called Purkinje fibers. Nav1.5 consists of four homologous but non-identical do-
mains (Domain [-IV), and each domain contains six segments (or o helices; S1-S6). The S1-
S4 is the voltage-sensing domain (VSD) where the S4 functions as the voltage sensor that
consists of positively charged arginine and lysine repeats and translocates across the lipid bi-
layer based on the state of the membrane potential. Depolarization (a positive change in the
cellular membrane potential, VM) can displace the VSD and open Navl.5, allowing sodium
current to flow into a cell to further depolarize the membrane potential. When prolonged de-
polarization persists, Nav1.5 enters a distinct, non-conducting state called inactivation. Hy-
perpolarization (a negative change in the cellular membrane potential or diastolic potential)
keeps Nav1.5 in the closed state and also facilitates channel recovery from the inactivation
that occurs during systole (the period during cardiac contraction). There are different genes
encoding non-pore forming subunits, collectively known as auxiliary 3 subunits, which can
bind to Navl.5 and modulate its trafficking and function (Yang, N. & Horn, R. Evidence for
voltage-dependent S4 movement in sodium channels, Neuron, 1995, 15(1), 213-218; Ul-
bricht, W. Sodium Channel Inactivation: Molecular Determinants and Modulation, Physiol.
Rev., 2005, 85(4), 1271-1301; Yarov-Yarovoy, V. et al. Structural basis for gating charge
movement in the voltage sensor of a sodium channel, Proc. Natl. Acad. Sci., 2011, 109, E93-
E102).

[007] The sodium current associated with the slow inactivating component of Nav1.5 has
been referred to as late or persistent Na* current (INa,late). An enhanced INa,late was shown
to play an important pathophysiological role in cardiac conditions (Zaza, A., Pathophysiology
and pharmacology of the cardiac “late sodium current”, Pharmacol. Ther., 2008, 119(3), 326-
339). Genetics also influences the level of INa,late. The defects in the inactivation of Navl.5
can cause channels to stay open for an abnormal long period of time and elevate late Na' cur-
rent. As a result, pathological late Na' current increases APD in the ventricles and manifests
as a long QT (LQT) (or prolonged ventricular repolarization on an ECG) interval in affected
individuals. The pathology is called long QT3 (LQT3) syndrome (abbreviated as LQTS in
general, and LQTS3 in particular) and can predispose to dangerous arrhythmia called ventric-
ular tachyarrhythmia or fibrillation. Both Class Ic and Class Ib Nav1.5 blockers (one example
is mexiletine; Nav1.5 blocker) can inhibit pathological late Na™ current in LQT3, thereby re-
ducing the QT interval and ventricular arrhythmia risk. Recent clinical studies also have
shown the benefit of Nav1.5 blockers in other LQT syndromes (LQTS) (caused by other ge-
netic defects, e.g., KCNQ - LQTS1 & KCNH2 - LQTS2) because reducing “endogenous”

late Na™ current decreases the QT interval and mitigates excessive QT intervals in high-risk
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patients for ventricular arrhythmias (Bos JM, Crotti L, Rohatgi RK, Castelletti S, Dagradi F,
Schwartz PJ, Ackerman MJ. Mexiletine Shortens the QT Interval in Patients With Potassium
Channel-Mediated Type 2 Long QT Syndrome, Circ. Arrhythm. Electrophysiol., 2019,
12(5)).

[008] As reported by Antzelevitch C. and Burashnikov A., cited hereinabove, there has been
new development towards making safer anti-AF drugs by avoiding ventricular side effects.
One direction is to develop “atrial-selective” sodium channel blockers to enable a safer treat-
ment in structural heart disease patients. Key biophysical properties of the sodium channel
and cell type-associated electrophysiological properties have been found to confer atrial-se-
lective peak Navl.5 current blockade at high fibrillation rate mimicking AF. (1) Atrial-selec-
tive sodium channel blockers need to have been observed to have faster binding and unbind-
ing rate than slow-unbinding Class Ic drugs. This property is essential to minimize or avoid
inhibiting peak Nav1.5 current in the ventricles at sinus rate, thus mitigating QRS prolonga-
tion. (2) The fraction of inactivated sodium channels is greater in atrial myocytes because of a
more negative inactivation curve or negative half-inactivation voltage. On average, the
Nav1.5 inactivation curve is 7-14 mV more negative in atrial myocytes than in ventricular
myocytes. (3) Atrial myocytes have more depolarized resting membrane potential (RMP),
thus further reducing the availability of sodium channels and potentiating the effect of so-
dium channel blockers. (4) Recovery rate from inactivation of the sodium channel has been
observed to be slower in atrial myocytes. Because Navl1.5 blockers unbind more slowly from
the inactivated state than from the open state, properties (2) and (3) increase the population of
the inactivated channels and render Nav1.5 blockade stronger in atrial myocytes than in ven-
tricular myocytes.

[009] Although blockers of Nav1.5 have been used extensively in treating cardiac arrhyth-
mias (Srivatsa, U. et al., Mechanisms of antiarrhythmic drug actions and their clinical rele-
vance for controlling disorders of cardiac rhythm, Current Cardiology Reports, 2002, 4(5),
401-410; Remme, C. A. and Bezzina, C. R., Sodium Channel (Dys)Function and Cardiac Ar-
rhythmias, Cardiovascular Therapeutics, 2010, 28(5), 287-294; Roden, D. M., Pharmacology
and Toxicology of Nav1.5-Class 1 anti-arrhythmic drugs, Card. Electrophysiol. Clin., 2014,
6(4), 695-704)), effective and safe treatment of atrial fibrillation (AF) remains a major unmet
medical need. As such, there is a need for novel atrial-selective Nav1.5 blockers that can of-

fer both efficacy and safety for the treatment of AF.

SUMMARY
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[010] There remains a need for new treatments and therapies for atrial fibrillation. This dis-
closure provides, infer alia, compounds, which compounds are modulators of the voltage-
sensitive sodium channel Nav1.5, or pharmaceutically acceptable salts thereof.

[011] Also, the disclosure provides crystalline forms of the compounds as described herein,
including, in particular, co-crystalline form (e.g., proline co-crystalline). Further provided
are pharmaceutical compositions including the compounds as described herein, and combina-
tions including the compounds as described herein with one or more of therapeutically active
agents. The disclosure further provides methods of treating, preventing, or ameliorating atrial
fibrillation, and the methods include administering to a subject in need thereof an effective
amount of the compounds, or pharmaceutically acceptable salts thereof as described herein.

[012] In an aspect, provided herein is a compound having a structure of formula (I):

O
RS Yoy 1 r2 \\ 0
/ 1 R' RZ \\»
NV o
Y; \
r3 R
@,
or a pharmaceutically acceptable salt thereof,
wherein:
ring A is:
N
X X

R or RS .

R!is selected from -OH and C1.4-alkyl;

R? is selected from H and Ci.4-alkyl optionally substituted with one or more halogen
atoms;

R? is selected from H and Ci.4-alkyl;

R*is selected from H and Ci-s-alkyl optionally substituted with -OH;

R? is phenyl substituted with

(i) at least one group selected from halogen, Ci-4-alkyl, -O-Ci4-alkyl, and O-C3.¢-cy-
cloalkyl, wherein the Ci-s-alkyl is optionally substituted with one or more halogen
atoms, or

(11) two adjacent groups bonded together to form a 4- to 7-membered heterocyclyl

containing two or more heteroatoms selected from O, S and N, wherein the 4- to
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7-membered heterocyclyl is optionally substituted with one or more halogen at-
oms;
R is H or a halogen atom;
Y1 is selected from CH, N and O;
Y2is CHorN;
Y3 is CH or N; and
Ysis CH or N,
wherein at least one of Y1, Y2, Y3 and Y4is N.
[013] In some embodiments, R! is selected from -OH, -CH3 and -CH>CHs.
[014] In some embodiments, R? is selected from H and Ci-4-alkyl optionally substituted
with one or more halogen atoms selected from fluorine (F) and chlorine (Cl), preferably F.
[015] In some embodiments, R? is selected from H, -CH3 and -CH>CHs.
[016] In some embodiments, R* is selected from H, -CH3, -CH>CH3 and -CH20OH.

[017] In some embodiments, in the compound of formula (I) of the present disclosure

ring A is:
o ‘ N AN
T
NS
RE  of R

R'is -OH or -CH3;

R? is selected from H, -CHs, -CH>CH3 and -CF3;

R3is H or -CH3;

R* is selected from H, -CH3 and -CH20H;

R® is phenyl substituted with

(1) at least one group selected from F, Cl, -CFs, -OCF3, -OCH2CF3, and -O-cyclopro-

pyl, or
FF
O)&O
(11) two adjacent groups bonded together to form " ™ ;
R is selected from H, F and Cl;
Y1 is selected from CH, N and O;
Y2is CH or N;

Y3is CH or N; and
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Ysis CHor N,

wherein at least one of Y1, Y2, Y3 and Y4is N.
[018] In another aspect, this disclosure provides a crystalline form of a compound of the
present disclosure or a pharmaceutically acceptable salt thereof.
[019] In another aspect, this disclosure provides a pharmaceutical composition comprising a
compound of the present disclosure, or a pharmaceutically acceptable salt thereof, and one or
more pharmaceutically acceptable carriers.
[020] In another aspect, this disclosure provides a combination, in particular a pharmaceuti-
cal combination, comprising a compound of the present disclosure, or a pharmaceutically ac-

ceptable salt thereof, and one or more therapeutically active agents.

BRIEF DESCRIPTION OF THE DRAWINGS

[021] Figure 1 shows the X-ray powder diffraction pattern of Modification A-1.
[022] Figure 2 shows the Differential Scanning Calorimetry thermogram of Modification A-

[023] Figure 3 shows the Thermogravimetric Analysis of Modification A-1.
[024] Figure 4 shows the X-ray powder diffraction pattern of Modification A-2.
[025] Figure 5 shows the Differential Scanning Calorimetry thermogram of Modification A-

[026] Figure 6 shows the Thermogravimetric Analysis of Modification A-2.
[027] Figure 7 shows the X-ray powder diffraction pattern of Modification A-3.
[028] Figure 8 shows the Differential Scanning Calorimetry thermogram of Modification A-

[029] Figure 9 shows the Thermogravimetric Analysis of Modification A-3.

DETAILED DESCRIPTION
COMPOUNDS

[030] Provided herein, inter alia, sulfonamide compounds that can modulate or inhibit activ-
ity of the sodium channel Navl.5.

[031] In an aspect, the disclosure provides a compound having a structure of formula (I):
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(0]
R® =y, RT RZ P
Yo S™NH,
Yy
4
R3S R
@
or a pharmaceutically acceptable salt thereof,
wherein
ring A is:
N
X X

RE  or RC .
R!is selected from -OH and Ci-s-alkyl;

R? is selected from H and Ci.4-alkyl optionally substituted with one or more halogen atoms;
R’ is selected from H and Ci-4-alkyl;

R*is selected from H and Ci-4-alkyl optionally substituted with -OH;

R’ is phenyl substituted with

(1) at least one group selected from halogen, Ci-4-alkyl, -O-Ci4-alkyl, and O-Cs-s-cycloalkyl,
wherein the Ci4-alkyl is optionally substituted with one or more halogen atoms, or

(11) two adjacent groups bonded together to form a 4- to 7-membered heterocyclyl containing
two or more heteroatoms selected from O, S and N, wherein the 4- to 7-membered heterocy-
clyl is optionally substituted with one or more halogen atoms;

R®is H or a halogen atom;

Y1 is selected from CH, N and O;

Y2is CH or N;

Y31s CH or N; and

Ysis CHor N,

wherein at least on¢ of Y1, Y2, Y3 and Y4 is N.

[032] Insome embodiments, R! is -OH. In some embodiments, R' is Ci4-alkyl. In some
embodiments, R' is -CHs. In some embodiments, R' is -CH2CHs. In some embodiments, R'
is -CH2CH2CHs. In some embodiments, R' is isopropyl. In some embodiments, R' is butyl.
In some embodiments, R! is t-butyl.

[033] In some embodiments, R? is -H. In some embodiments, R? is Ci+-alkyl. In some em-
bodiments, R? is -CH3. In some embodiments, R? is -CH2CHs. In some embodiments, R? is -

CH2CH2CH3. In some embodiments, R? is isopropyl. IIn some embodiments, R? is C1-4-
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haloalkyl. Tn some embodiments, R?is -CH,F. In some embodiments, R*is -CHF2. In some
embodiments, R? is -CFs.

[034] In some embodiments, R*is -H. In some embodiments, R? is C14-alkyl. In some em-
bodiments, R* is -CH3. In some embodiments, R? is -CH2CH3. In some embodiments, R? is -
CH2CH:CH3. In some embodiments, R* is isopropyl. In some embodiments, R? is butyl. In
some embodiments, R* is t-butyl.

[035] In some embodiments, R* is -H. In some embodiments, R* is Ci4-alkyl. In some em-
bodiments, R* is -CHs. In some embodiments, R* is -CH2CH3. In some embodiments, R* is -
CH2CH2CH3. In some embodiments, R* is isopropyl. In some embodiments, R* is butyl. In
some embodiments, R* is t-butyl. In some embodiments, R* is -CH20H. In some embodi-
ments, R* is -CH2CH20H. In some embodiments, R* is -CHOHCH3. In some embodiments,
R*is -CH.CH>CH>OH.

[036] In some embodiments, R? is a phenyl substituted with halogen (e.g., F, Cl, or Br). In
some embodiments, R® is a phenyl substituted with -F. In some embodiments, R’ is a phenyl
substituted with -Cl. In some embodiments, R is a phenyl substituted with -Br.

[037] In some embodiments, R® is a phenyl substituted with Cis-alkyl. In some embodi-
ments, R’ is a phenyl substituted with -CH3. In some embodiments, R? is a phenyl substi-
tuted with -CH2CHs. In some embodiments, R? is a phenyl substituted with -CH(CH3)s.
[038] In some embodiments, R® is a phenyl substituted with -O-Ci.4-alkyl. In some embodi-
ments, R> is a phenyl substituted with -OCH3. In some embodiments, R® is a phenyl substi-
tuted with -OCH2CH3s. In some embodiments, R is a phenyl substituted with -OCH(CH3)..
In some embodiments, the Ci-4-alkyl is optionally substituted with one or more halogen (e.g.,
F, Cl, or Br) atoms. In some embodiments, R® is a phenyl substituted with -OCF3. In some
embodiments, R® is a phenyl substituted with -OCHF>. In some embodiments, R® is a phenyl
substituted with -OCH:F.

[039] In some embodiments, R is a phenyl substituted with O-Cs.¢-cycloalkyl. In some
embodiments, R® is a phenyl substituted with O-cyclopropyl. In some embodiments, R® is a
phenyl substituted with O-cyclobutyl. In some embodiments, R? is a phenyl substituted with
O-cyclopentyl. In some embodiments, R® is a phenyl substituted with O-cyclohexyl.

[040] In some embodiments, R® is a phenyl substituted with at least one group selected from
-F, -Cl, -Br, -CH3, -CH2CH3, -CH(CHs)2, -OCH3, -CFs, -OCFs, -OCHF2, -OCH2F, -OCH2CFs,
and -O-cyclopropyl. In some embodiments, R® is a phenyl substituted with at least two
groups selected from -F, -Cl, -Br, -CHj3, -CH2CHj3, -CH(CH3s)a, -OCH3, -CFs, -OCF3, -OCHF>,
-OCH:F, -OCH:CF3, and -O-cyclopropyl. In some embodiments, R® is a phenyl substituted
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with at least three groups selected from -F, -Cl, -Br, -CH3, -CH2CH3, -CH(CH3)2,-OCHs, -
CF3, -OCF3, -OCHF2, -OCH2F, -OCH2CF3, and -O-cyclopropyl. In some embodiments, R® is
a phenyl substituted with at least four group selected from -F, -Cl, -Br, -CHs, -CH2CHs, -
CH(CH3)2, -OCH3, -CF3, -OCF3, -OCHF2, -OCH2F, -OCH2CF3, and -O-cyclopropyl.

[041] In some embodiments, R> is a phenyl substituted with at least two group selected from
-F, -Cl, -Br, -CH3, -CH2CH3, -CH(CH3s)2, -OCHs, -CF3, -OCF3, -OCH2CF3, and -O-cyclopro-
pyl. In some embodiments, R® is a phenyl substituted with at least three group selected from
-F, -Cl, -CHs, -CF3, -OCF3, -OCH2CFs3, and -O-cyclopropyl.

[042] In some embodiments, R® is a phenyl substituted with two adjacent groups bonded to-
gether to form a 4-membered heterocyclyl containing two or more heteroatoms selected from
0, S and N. In some embodiments, R® is a phenyl substituted with two adjacent groups
bonded together to form a 5-membered heterocyclyl containing two or more heteroatoms se-
lected from O, S and N. In some embodiments, R? is a phenyl substituted with two adjacent
groups bonded together to form a 6-membered heterocyclyl containing two or more heteroa-
toms selected from O, S and N. In some embodiments, R® is a phenyl substituted with two
adjacent groups bonded together to form a 7-membered heterocyclyl containing two or more
heteroatoms selected from O, S and N.

[043] In some embodiments, the 4 to 7 membered heterocyclyl containing two or more het-
eroatoms selected from O, S and N are unsubstituted. In some embodiments, the 4 to 7 mem-
bered heterocyclyl containing two or more heteroatoms selected from O, S and N are substi-
tuted with one or more of halogen atoms. In some embodiments, the 4 to 7 membered heter-
ocyclyl containing two or more heteroatoms selected from O, S and N are substituted with
one or more of halogen (e.g., -F, -Cl, or-Br) atoms. In some embodiments, the 4 to 7 mem-
bered heterocyclyl containing two or more heteroatoms selected from O, S and N are substi-
tuted with at least one F. In some embodiments, the 4 to 7 membered heterocyclyl containing
two or more heteroatoms selected from O, S and N are substituted with at least one Br. In
some embodiments, the 4 to 7 membered heterocyclyl containing two or more heteroatoms
selected from O, S and N are substituted with at least one Cl.

[044] In some embodiments, R® is a phenyl substituted with two adjacent groups bonded to-

o o

gether to form ~ "+ _ In some embodiments, R® is a phenyl substituted with two adjacent

10
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F

AN
O 0O
groups bonded together to form ~ "+ _ In some embodiments, R is a phenyl substituted
F_F
O)&O
with two adjacent groups bonded together to form ~ ™ |
[045] In some embodiments, R®is -H. In some embodiments, R is a halogen (e.g., -F, -Cl,

or -Br). In some embodiments, R® is -F. In some embodiments, R® is Cl.

f N 5
X
[046] In some embodiments, ring A is R® . Insome embodiments, ring A is
N
X
R®

A):
0
Yo
R5\/ /=y, R! R2 \g//o
Ys\ P N ~NH,
4 | AN \
R
R3
v
7
\RG
(]'A)a

or a pharmaceutically acceptable salt thereof. R!, R?, R3, R* R% R® Y!, Y2 Y? and Y* are as
describe above.

[048] In certain aspect, the disclosure provides a compound having a structure of formula (I-
B):

o}
R5 /YZ:Y1 R1 R2 \\//O
i SNH,

4 | AN .

R
~ R3
/\R6
(I-B),

or a pharmaceutically acceptable salt thereof. R!, R?, R*, R* R®, R%, Y!, Y2, Y3, and Y* are as
describe above.

[049] In some embodiments, R®is H.

11
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[050] In certain aspect, the disclosure provides a compound having a structure of formula

(IT-A):

(I1-A),
or a pharmaceutically acceptable salt thereof. R', R?, R3, R*, R, Y, Y% Y?, and Y* are as de-
scribe above.

[051] In certain aspect, the disclosure provides a compound having a structure of formula

(II-B):

O
RS\,I /YZ:Y1 R'] RZ \\//O
Ys, “NH,
Y.
4 R4
R3
(II-B),

or a pharmaceutically acceptable salt thereof. R!, R?, R3, R* R, Y1, Y2, Y3, and Ya are as de-
scribe above.

[052] In some embodiments, each of Y1, Y2, Y3 and Y4 are N. In some embodiments, Y2 is
CH and each of Y1, Y3 and Y4 are N. In some embodiments, each of Y1 and Y>2 are CH and
each of Y3 and Y4 are N.

[053] In certain aspect, the disclosure provides a compound having a structure of formula

(II-A):

0
N—
ANIIVAR RORE P
N\N/ N TTNH,
AN
3 RY
/ R

(I1I-A),
or a pharmaceutically acceptable salt thereof. R', R%, R3, R*, and R? are as describe above.

[054] In certain aspect, the disclosure provides a compound having a structure of formula

(IM-B):

12
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0
N—
R5 / =N R1 RZ \é//o
NO TSNH,
N

re R
(IT1-B),

or a pharmaceutically acceptable salt thereof. R', R? R3, R* and R are as describe above.
[055] Insome embodiments, R! is -OH. In some embodiments, R? is H. In some embodi-
ments, R? is -CHs. In some embodiments, R? is -CH2CH3. In some embodiments, R? is -CF3.
In some embodiments, R! is -OH and R? is H. In some embodiments, R' is -OH and R? is -
CHs. In some embodiments, R' is -OH and R? is -CH2CH3. In some embodiments, R! is -
OH and R? is -CF&a.
[056] Insome embodiments, R! is -CHs. In some embodiments, R? is H. In some embodi-
ments, R? is -CHs. In some embodiments, R? is -CH2CH3. In some embodiments, R? is -CFs.
In some embodiments, R' is -CH3 and R? is H. In some embodiments, R is -CH3 and R? is -
CHs. In some embodiments, R' is -CH3 and R? is -CH2CH3. In some embodiments, R is -
CHs3 and R? is -CFs.
[057] In some embodiments, R? is H. In some embodiments, R*is H. In some embodi-
ments, R* is -CHs. In some embodiments, R* is -CH>CH20H. In some embodiments, R? is H
and R*is H. In some embodiments, R? is H and R*is -CH3. In some embodiments, R? is H
and R* is -CH2CH2OH.
[058] Insome embodiments, R? is -CH3. In some embodiments, R*is H. In some embodi-
ments, R*is -CH;. In some embodiments, R? is -CH3 and R*is H. In some embodiments, R?
is - CH3 and R*is -CHs. In some embodiments, R? is H and R* is -CH2CH,OH.
[059] Insome embodiments, R' is -OH or -CH3; R? is H, -CH3, or -CH2CHs; R? is -H, or -
CH3; and R* is -H, -CH3, or -CH2CH20H. In some embodiments, R' is -OH; R? is -CH3; R3
is -H; and R* is -H.
[060] In some embodiments, R® is a phenyl substituted with -F. In some embodiments, R®
is a phenyl substituted with -Cl. In some embodiments, R’ is a phenyl substituted with -Br.
In some embodiments, R® is a phenyl substituted with C1-C4 alkyl, and the Ci.4-alkyl is op-
tionally substituted with one or more halogen atoms. In some embodiments, R® is a phenyl
substituted with -CHs. In some embodiments, R® is a phenyl substituted with -CH2CHs. In
some embodiments, R® is a phenyl substituted with -CH(CH3)2. In some embodiments, R® is
a phenyl substituted with -CF3. In some embodiments, R® is a phenyl substituted with -CHF>.

In some embodiments, R is a phenyl substituted with -CH2F. In some embodiments, R® is a
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phenyl substituted with -O-Ci4-alkyl, and the Ci-4-alkyl is optionally substituted with one or
more halogen atoms. In some embodiments, R is a phenyl substituted with -OCHs. In some
embodiments, R® is a phenyl substituted with -OCHF2. In some embodiments, R® is a phenyl
substituted with -OCF3. In some embodiments, R® is a phenyl substituted with -OCH>CFs.
In some embodiments, R is a phenyl substituted with -O-cyclopropyl. In some embodi-
ments, R® is a phenyl substituted with at least one selected from -F, -Cl, -Br, -CHz, -CH2CH3, -
CH(CHa)z, -CF3, -OCH3, -OCHF2, -OCF3, -OCH2CF3 and -O-cyclopropyl. In some embodi-
ments, R is a phenyl substituted with at least two selected from -F, -Cl, -Br, -CH3 -CH2CHj3,
-CH(CH3)z2, -CF3, -OCH3s, -OCHF?2, -OCF3, -OCH2CF3 and -O-cyclopropyl. In some embodi-
ments, R3 is a phenyl substituted with at least one selected from -F, -Cl, -CF3, -OCF3 and -
OCH:CFs. In some embodiments, R’ is a phenyl substituted with at least two selected from -

F, -Cl, -CF3, -OCF3 and -OCH2CF3.

R5a )

[061] Insome embodiments, R is R . In some embodiments, R’ is

RSa
RSa

¥ ¥

5b . . 5b . .
R . In some embodiments, R is R . In some embodiments, R’ is

RSB
R5a

7

5b . . 5b
R . In some embodiments, R> is R

s

. In some embodiments, R> is

RSa

R ‘(J Each R and R* is independently -F, -Cl, -Br, -CH3, -CH>CH3, -
CH(CH3)2,-OCH3, -CF3, -OCF3, -OCHF2, -OCH:2F, -OCH:CF3, or -O-cyclopropyl. In some
embodiments, each R* and R* is independently -F or -OCF3. In some embodiments, cach
R and R is independently -Cl or -OCF3. In some embodiments, each R** and R is inde-

pendently -Br or -OCFs.

14
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_CF3

[062] Insome embodiments, R® is F

[063] In certain aspect, the disclosure provides a compound having a structure of formula

(IV-A):
@\/ N\N R \//
AN /)\O)L,(
AN
(IV-A),

or a pharmaceutically acceptable salt thereof. R!, R?, R3, and R* are as describe above.
[064] In certain aspect, the disclosure provides a compound having a structure of formula

(IV-B):

_CF
0 3
o)
N—
/ =N R' R\ °
NO NH,
£ N

(IV-B),
or a pharmaceutically acceptable salt thereof. R', R?, R3, and R* are as describe above.
[065] In some embodiments, the compound is selected from the group consisting of:
2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-y1)pyridin-2-y1)-2-hydroxypro-
pane-1-sulfonamide;
2-hydroxy-2-(6-(2-((2,2,5-trifluorobenzo[d][ 1,3]dioxol-4-yl)methyl)-2H-tetrazol-5-yl)pyri-
din-2-yl)propane- 1-sulfonamide;
2-(2-fluoro-5-(2-(2-tfluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-y1)phenyl)-2-hydroxy-
propane-1-sulfonamide;
2-(4-chloro-3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)phenyl)-2-hydroxy-

propane-1-sulfonamide;
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2-(4-fluoro-3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)phenyl)-2-hydroxy-
propane-1-sulfonamide;
2-(2-fluoro-3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)phenyl)-2-hydroxy-
propane-1-sulfonamide;
3-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-3-hydroxy-
butane-2-sulfonamide;
2-(6-(2-(2,5-difluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1-sulfona-
mide;
2-(6-(2-(2-fluoro-5-(trifluoromethyl)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypro-
pane-1-sulfonamide;
2-(6-(2-(5-chloro-2-fluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane- 1-sulfon-
amide;
2-(3-fluoro-5-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)phenyl)-2-hydroxy-
propane-1-sulfonamide;
2-(3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)phenyl)-2-hydroxypropane-1-
sulfonamide;
2-(5-chloro-6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hy-
droxypropane-1-sulfonamide;
2-(6-(2-(2-fluoro-5-(2,2,2-trifluoroethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-
propane-1-sulfonamide;
3-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)- 1 -hydroxy-
butane-2-sulfonamide;
2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-pyrazol-3-yl)pyridin-2-yl)-2-hydroxy-
butane-1-sulfonamide;

2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- 1 H-pyrazol-3-yl)pyridin-2-yl)-2-hydroxye-
thane-1-sulfonamide;
2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-pyrazol-3-yl)pyridin-2-yl)-2-hydroxypro-
pane-1-sulfonamide;

3,3,3-trifluoro-2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- | H-pyrazol-3-yl)pyridin-2-yl)-
2-hydroxypropane-1-sulfonamide;
2-hydroxy-2-(6-(2-(3-(trifluoromethyl)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)propane- 1 -sul-
fonamide;
2-(3-chloro-6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hy-

droxypropane-1-sulfonamide;
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2-(3-fluoro-6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hy-
droxypropane-1-sulfonamide;
2-(6-(2-(5-cyclopropoxy-2-fluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-
1-sulfonamide;

2-(6-(2-(2-fluoro-5-(trifluoromethoxy )benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxye-
thane-1-sulfonamide;
1-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)- 1 -hydroxypro-
pane-2-sulfonamide;

1-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- 1H-pyrazol-3-yl)pyridin-2-yl)-1-hydroxy-2-
methylpropane-2-sulfonamide;
3-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-pyrazol-3-yl)pyridin-2-yl)-3-hydroxy-2-
methylbutane-2-sulfonamide;

2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- 1 H-1,2,4-triazol-3-yl)pyridin-2-yl)-2-hydroxy-
propane-1-sulfonamide;
2-(6-(3-(2-fluoro-5-(trifluoromethoxy)benzyl)-1,2,4-oxadiazol-5-yl)pyridin-2-yl)-2-hydroxy-
propane-1-sulfonamide;
2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-1,2,3-triazol-4-y1)pyridin-2-yl)-2-hydroxy-
propane-1-sulfonamide;
2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-1,2,3-triazol-4-yl)pyridin-2-y1)-2-hydroxy-
propane-1-sulfonamide;
2-(6-(2-(2-chloro-6-fluoro-3-methylbenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypro-
pane-1-sulfonamide;
2-(6-(2-(2-bromo-5-fluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane- 1 -sulfon-
amide;

2-(6-(2-(4-bromo-2-fluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane- 1 -sulfon-
amide;

2-(6-(2-(3-bromo-2-fluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane- 1 -sul fon-
amide;

2-(6-(2-(2-bromo-6-fluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane- -sulfon-
amide;

2-hydroxy-2-(6-(2-(2,3,5-trimethylbenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)propane- 1 -sul fona-
mide;

2-(6-(2-(2,3-dimethylbenzyl)-2H-tetrazol-5-yl)pyridin-2-y1)-2-hydroxypropane- 1 -sulfona-

mide;
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2-(6-(2-(2,3-dichlorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane- | -sulfona-
mide;

2-(6-(2-(5-bromo-2-fluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane- 1 -sulfon-
amide;
2-hydroxy-2-(6-(2-(5-isopropyl-2-methylbenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)propane- 1 -
sulfonamide;
2-(6-(2-(3-chloro-2,6-difluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1-
sulfonamide;
2-(6-(2-(2-chloro-5-(trifluoromethyl)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypro-
pane-1-sulfonamide;
2-(6-(2-(2-fluoro-3-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypro-
pane-1-sulfonamide;
2-(6-(2-(2-fluoro-5-methoxybenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane- 1 -sul-
fonamide;
2-(6-(2-(2-chloro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypro-
pane-1-sulfonamide;
2-(6-(2-(2,5-dichlorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane- 1 -sulfona-
mide;
2-(6-(2-(2-fluoro-6-(trifluoromethyl)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypro-
pane-1-sulfonamide;
2-(6-(2-(4-chloro-3-(trifluoromethyl)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypro-
pane-1-sulfonamide;
2-(6-(2-(5-chloro-2.4-difluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1-
sulfonamide;
2-hydroxy-2-(6-(2-(3-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)propane- 1 -sul-
fonamide;
2-(6-(2-(3,5-bis(trifluoromethyl)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1-
sulfonamide;
2-(6-(2-(5-(difluoromethoxy)-2-fluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypro-
pane-1-sulfonamide;
2-(6-(2-(2,6-dichlorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane- 1 -sulfona-
mide;
2-(6-(2-(2-bromo-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypro-

pane-1-sulfonamide;
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2-(6-(2-(2,3-dichloro-6-(trifluoromethyl)benzyl)-2H-tetrazol-5-yl)pyridin-2-y1)-2-hydroxy-
propane-1-sulfonamide;
2-(6-(2-(3-chloro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypro-
pane-1-sulfonamide;
2-(6-(2-(5-chloro-2-(trifluoromethyl)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypro-
pane-1-sulfonamide; and
2-hydroxy-2-(6-(2-(2,3,5-trichlorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)propane- 1 -sulfona-
mide.

[066] In some embodiments, the compound is selected from the group consisting of:
2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypro-
pane-1-sulfonamide;

2-hydroxy-2-(6-(2-((2,2,5-trifluorobenzo[d][ 1,3]dioxol-4-yl)methyl)-2H-tetrazol-5-yl)pyri-
din-2-yl)propane- 1 -sulfonamide;
2-(2-fluoro-5-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol- 5-yl)phenyl)-2-hydroxy-
propane-1-sulfonamide;
2-(4-chloro-3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)phenyl)-2-hydroxy-
propane-1-sulfonamide;
2-(4-fluoro-3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)phenyl)-2-hydroxy-
propane-1-sulfonamide;
2-(2-fluoro-3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-y1)phenyl)-2-hydroxy-
propane-1-sulfonamide;
3-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-3-hydroxy-
butane-2-sulfonamide;
2-(6-(2-(2,5-difluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane- 1 -sulfona-
mide;
2-(6-(2-(2-fluoro-5-(trifluoromethyl)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypro-
pane-1-sulfonamide;
2-(6-(2-(5-chloro-2-fluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1-sulfon-
amide;
2-(3-fluoro-5-(2-(2-tfluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)phenyl)-2-hydroxy-
propane-1-sulfonamide;

2-(3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol- 5-yl)phenyl)-2-hydroxypropane-1-

sulfonamide;
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2-(5-chloro-6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hy-
droxypropane-1-sulfonamide;
2-(6-(2-(2-fluoro-5-(2,2,2-trifluoroethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-
propane-1-sulfonamide;
3-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)- 1 -hydroxy-
butane-2-sulfonamide;
2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-pyrazol-3-yl)pyridin-2-yl)-2-hydroxy-
butane-1-sulfonamide;

2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- 1 H-pyrazol-3-yl)pyridin-2-yl)-2-hydroxye-
thane-1-sulfonamide;
2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-pyrazol-3-yl)pyridin-2-yl)-2-hydroxypro-
pane-1-sulfonamide;

3,3,3-trifluoro-2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- 1 H-pyrazol-3-y)pyridin-2-yl)-
2-hydroxypropane-1-sulfonamide;
2-hydroxy-2-(6-(2-(3-(trifluoromethyl)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)propane-1-sul-
fonamide;
2-(3-chloro-6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hy-
droxypropane-1-sulfonamide;
2-(3-fluoro-6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hy-
droxypropane-1-sulfonamide;
2-(6-(2-(5-cyclopropoxy-2-fluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-
1-sulfonamide;
2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxye-
thane-1-sulfonamide;
1-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)- 1 -hydroxypro-
pane-2-sulfonamide;
1-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-pyrazol-3-yl)pyridin-2-yl)-1-hydroxy-2-
methylpropane-2-sulfonamide;

3-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- | H-pyrazol-3-yl)pyridin-2-yl)-3-hydroxy-2-
methylbutane-2-sulfonamide;
2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-1,2,4-triazol-3-yl)pyridin-2-y1)-2-hydroxy-
propane-1-sulfonamide;
2-(6-(3-(2-fluoro-5-(trifluoromethoxy)benzyl)-1,2,4-oxadiazol-5-yl)pyridin-2-yl)-2-hydroxy-

propane-1-sulfonamide;
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2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-1,2,3-triazol-4-yl)pyridin-2-yl)-2-hydroxy-
propane-1-sulfonamide;
2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-1,2,3-triazol-4-yl)pyridin-2-yl)-2-hydroxy-
propane-1-sulfonamide;
(R)-2-(6-(2-(2-chloro-6-fluoro-3-methylbenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypro-
pane-1-sulfonamide;
(R)-2-(6-(2-(2-bromo-5-fluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1-
sulfonamide;
(R)-2-(6-(2-(4-bromo-2-fluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1-
sulfonamide;
(R)-2-(6-(2-(3-bromo-2-fluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1-
sulfonamide;
(R)-2-(6-(2-(2-bromo-6-fluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane- 1 -
sulfonamide;
(R)-2-hydroxy-2-(6-(2-(2,3,5-trimethylbenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)propane- 1-sul-
fonamide;
(R)-2-(6-(2-(2,3-dimethylbenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1-sulfon-
amide;

(R)-2-(6-(2-(2,3-dichlorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane- 1 -sul fona-
mide;
(R)-2-(6-(2-(5-bromo-2-fluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1 -
sulfonamide;
(R)-2-hydroxy-2-(6-(2-(5-isopropyl-2-methylbenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)propanc-
1-sulfonamide;
(R)-2-(6-(2-(3-chloro-2,6-difluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-
1-sulfonamide;
(R)-2-(6-(2-(2-chloro-5-(trifluoromethyl)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-
propane-1-sulfonamide;
(R)-2-(6-(2-(2-fluoro-3-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-
propane-1-sulfonamide;
(R)-2-(6-(2-(2-fluoro-5-methoxybenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1-
sulfonamide;
(R)-2-(6-(2-(2-chloro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-

propane-1-sulfonamide;
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(R)-2-(6-(2-(2,5-dichlorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane- 1 -sulfona-
mide;
(R)-2-(6-(2-(2-fluoro-6-(trifluoromethyl)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-
propane-1-sulfonamide;
(R)-2-(6-(2-(4-chloro-3-(trifluoromethyl)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-
propane-1-sulfonamide;

(R)-2-(6-(2-(5-chloro-2 4-difluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-
1-sulfonamide;
(R)-2-hydroxy-2-(6-(2-(3-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)propane-
1-sulfonamide;
(R)-2-(6-(2-(3,5-bis(trifluoromethyl)benzyl)-2H-tetrazol-5-y1)pyridin-2-yl)-2-hydroxypro-
pane-1-sulfonamide;
(R)-2-(6-(2-(5-(difluoromethoxy)-2-fluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-
propane-1-sulfonamide;
(R)-2-(6-(2-(2,6-dichlorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1-sulfona-
mide;
(R)-2-(6-(2-(2-bromo-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-
propane-1-sulfonamide;
(R)-2-(6-(2-(2,3-dichloro-6-(trifluoromethyl)benzyl)-2H-tetrazol-5-yl)pyridin-2-y1)-2-hy-
droxypropane-1-sulfonamide;
(R)-2-(6-(2-(3-chloro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-
propane-1-sulfonamide;
(R)-2-(6-(2-(5-chloro-2-(trifluoromethyl)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-
propane-1-sulfonamide; and
(R)-2-hydroxy-2-(6-(2-(2,3,5-trichlorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)propane- 1 -sul-
fonamide.

[067] In a first embodiment (Embodiment 1), disclosed herein is a compound of formula

IT):

O
Rs\’d /YZ:Y1 R1 RZ \\//O
Yso S™~NH,
Y4
RS R*
aT)

or a pharmaceutically acceptable salt thereof, wherein
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ring A is:

AN AN
SAR®]
RG or RB

R!is -OH or -CH3;

R? is selected from H, -CHs, -CH2CH3 and -CF3;

R? is H or -CH3;

R* is selected from H, -CH3 and -CH20H;

R® is phenyl substituted with

(1) at least one group selected from F, Cl, -CF3, -OCF3, -OCH2CF3, and -O-cyclopro-

pyl, or
F_F
O)&O

(11) two adjacent groups bonded together to form ~ " ;

R® is selected from H, F and Cl;

Y1 is selected from CH, N and O;

Y2is CH or N;

Y3 is CH or N; and

Ysis CH or N,

wherein at least one of Y1, Y2, Y3 and Y4 is N.
[068] Unless specified otherwise, the term “compounds of the present disclosure” or “com-
pound of the present disclosure” refers to compounds of any of formulae (1), (II), (IIT), (IV)
or (V), and exemplified compounds, or pharmaceutically acceptable salts thereof, as well as
all stereoisomers (including diastercomers and enantiomers), rotamers, tautomers, hydrates,
solvates, polymorphs, co-crystals, and isotopically labeled compounds (including deuterium
substitutions), as well as inherently formed moieties.
[069] Various (enumerated) embodiments are described herein. It will be recognized that
features specified in each embodiment may be combined with other specified features to pro-
vide further embodiments.
[070] Embodiment 2. A compound according to embodiment 1, or a pharmaceutically ac-

ceptable salt thereof, wherein ring A is:
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& ax‘N\z

RS or R? ,
wherein RC is selected from H, F and CL

[071] Embodiment 3. A compound according to embodiment 1 or embodiment 2, or a
pharmaceutically acceptable salt thereof, wherein R® is H.

[072] Embodiment 4. A compound according to embodiment 3, said compound being of

formula (II'):

0
RS\” /Yz:Y1 R1 RZ \g//o
Y3\ P N T~NH,
Y N
' | re R
/
anr)

or a pharmaceutically acceptable salt thereof, wherein
R'is -OH or -CH3;
R? is selected from H, -CHs, -CH2CH3 and -CF3;
R3is H or -CH3;
R* is selected from H, -CH3 and -CH20H;
R? is phenyl substituted with
(i) at least one group selected from F, Cl, -CF3, -OCF3, -OCH2CF3, and -O-cyclopro-

pyl, or
FF
O)&O
(11) two adjacent groups bonded together to form ~ ™ ;
Y1 is selected from CH, N and O;
Y2is CH or N;
Y3 is CH or N; and
Yais CHor N,
wherein at least one of Y1, Y2, Y3 and Y4 is N.
[073] Embodiment 5. A compound according to any one of embodiments 1 to 4, or a phar-

maceutically acceptable salt thereof, wherein each of Y1, Y2, Y3 and Y4 are N; or Y2 is CH

and each of Y1, Y3 and Y4 are N; or each of Y1 and Y2 are CH and each of Y3 and Y4 are N.
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[074] Embodiment 6. A compound according to any one of embodiments 1 to 5, said com-

pound being of formula (III"):

1111 9)

or a pharmaceutically acceptable salt thereof, wherein
R'is -OH or -CH3;
R? is selected from H, -CHs, -CH2CH3 and -CF3;
R?is H or -CH3;
R* is selected from H, -CHs and -CH2OH;
R3 is phenyl substituted with
(i) at least one group selected from F, Cl, -CF3, -OCF3, -OCH2CFs, and -O-cyclopro-

pyl, or
F_F

S

o} O

(1) two adjacent groups bonded together to form ~ ”‘“/N .
[075] Embodiment 7. A compound according to any one of embodiments 1 to 6, or a phar-
maceutically acceptable salt thereof, wherein R? is H and R* is H.
[076] Embodiment 8. A compound according to any one of embodiments 1 to 7, or a phar-
maceutically acceptable salt thereof, wherein R is OH.
[077] Embodiment 9. A compound according to any one of embodiments 1 to 8, or a phar-
maceutically acceptable salt thereof, wherein R? is selected from H, -CH3 and -CH2CHs.
[078] Embodiment 10. A compound according to embodiment 9, or a pharmaceutically ac-
ceptable salt thereof, wherein R? is H or -CHs.
[079] Embodiment 11. A compound according to any one of embodiments 1 to 10, or a
pharmaceutically acceptable salt thereof, wherein R is OH and R? is CHs.
[080] Embodiment 12. A compound according to any one of embodiments 1 to 11, or a
pharmaceutically acceptable salt thereof, wherein R is phenyl substituted with at least two
groups selected from F, Cl, -CF3, -OCF3 and -OCH:CF3.
[081] Embodiment 13. A compound according to any one of embodiments 1 to 12, or a

pharmaceutically acceptable salt thereof, wherein R? is:
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¢

b

R5b

wherein, R and R" are independently selected from F, Cl, -CF3, -OCF3 and -OCH2CFs.
[082] Embodiment 14. A compound according to any one of embodiments 1 to 12, or a
pharmaceutically acceptable salt thereof, wherein R® is phenyl substituted with F and -OCFs.
[083] Embodiment 15. A compound according to any one of embodiments 1 to 14, or a
pharmaceutically acceptable salt thereof, wherein R® is:

CF
o "3

5

F

[084] Embodiment 16. A compound according to any one of embodiments 1 to 15, said

compound being of formula (IV'):

_CF
0 3
0
N—
= R' R2 \é//O
N\/ N ~~NH,
F N BN
R4
R3
/
Iv"H

or a pharmaceutically acceptable salt thereof, wherein

R'is -OH or -CH3;

R? is selected from H, -CHs, -CH2CH3 and -CF3;

R?is H or -CH3;

R* is selected from H, -CH3 and -CH2OH.
[085] Embodiment 17. A compound of formula (I) according to embodiment 1, or a phar-
maceutically acceptable salt thereof, wherein the compound is selected from the group con-
sisting of:
2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypro-

pane-1-sulfonamide;
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2-hydroxy-2-(6-(2-((2,2,5-trifluorobenzo[d][ 1,3]dioxol-4-yl)methyl)-2H-tetrazol-5-yl)pyri-
din-2-yl)propane-1-sulfonamide;
2-(2-fluoro-5-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)phenyl)-2-hydroxy-
propane-1-sulfonamide;
2-(4-chloro-3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)phenyl)-2-hydroxy-
propane-1-sulfonamide;
2-(4-fluoro-3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)phenyl)-2-hydroxy-
propane-1-sulfonamide;
2-(2-fluoro-3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-y1)phenyl)-2-hydroxy-
propane-1-sulfonamide;
3-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-3-hydroxy-
butane-2-sulfonamide;
2-(6-(2-(2,5-difluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane- 1 -sulfona-
mide;
2-(6-(2-(2-fluoro-5-(trifluoromethyl)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypro-
pane-1-sulfonamide;
2-(6-(2-(5-chloro-2-fluorobenzyl)-2H-tetrazol-5-y1)pyridin-2-yl)-2-hydroxypropane-1-sulfon-
amide;
2-(3-fluoro-5-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)phenyl)-2-hydroxy-
propane-1-sulfonamide;
2-(3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)phenyl)-2-hydroxypropane-1-
sulfonamide;
2-(5-chloro-6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hy-
droxypropane-1-sulfonamide;
2-(6-(2-(2-fluoro-5-(2,2,2-trifluoroethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-
propane-1-sulfonamide;
3-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-1-hydroxy-
butane-2-sulfonamide;

2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- 1 H-pyrazol-3-yl)pyridin-2-yl)-2-hydroxy-
butane-1-sulfonamide;
2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-pyrazol-3-yl)pyridin-2-yl)-2-hydroxye-
thane-1-sulfonamide;
2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-pyrazol-3-yl)pyridin-2-yl)-2-hydroxypro-

pane-1-sulfonamide;
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3,3,3-trifluoro-2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- | H-pyrazol-3-yl)pyridin-2-yl)-
2-hydroxypropane-1-sulfonamide;
2-hydroxy-2-(6-(2-(3-(trifluoromethyl)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)propane-1-sul-
fonamide;
2-(3-chloro-6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hy-
droxypropane-1-sulfonamide;
2-(3-fluoro-6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hy-
droxypropane-1-sulfonamide;
2-(6-(2-(5-cyclopropoxy-2-fluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-
1-sulfonamide;
2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxye-
thane-1-sulfonamide;
1-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)- 1 -hydroxypro-
pane-2-sulfonamide;
1-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-pyrazol-3-yl)pyridin-2-yl)-1-hydroxy-2-
methylpropane-2-sulfonamide;
3-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-pyrazol-3-yl)pyridin-2-yl)-3-hydroxy-2-
methylbutane-2-sulfonamide;
2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-1,2,4-triazol-3-yl)pyridin-2-y1)-2-hydroxy-
propane-1-sulfonamide;

2-(6-(3-(2-fluoro-5-(trifluoromethoxy)benzyl)- 1,2,4-oxadiazol-5-yl)pyridin-2-yl)-2-hydroxy-
propane-1-sulfonamide;
2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-1,2,3-triazol-4-yl)pyridin-2-yl)-2-hydroxy-
propane-1-sulfonamide; and
2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-1,2,3-triazol-4-yl)pyridin-2-yl)-2-hydroxy-
propane-1-sulfonamide.

[086] Embodiment 18. A compound of formula (I) according to embodiment 1, or a phar-
maceutically acceptable salt thereof, wherein the compound is selected from the group con-
sisting of’
2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypro-

pane-1-sulfonamide,
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2-(6—(2—(2—ﬂu0r0-5—(2,2,2—triﬂuoroethoxy)benzyl)—ZH—tetrazol-5—yl)pyridin—Z—yI)—2-hydroxy-

propane-1-sulfonamide,

F%—\

\\ //
\ ~

2-(5-chloro-6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hy-

droxypropane-1-sulfonamide,

FXQ

2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-pyrazol-3-yl)pyridin-2-yl)-2-hydroxypro-

pane-1-sulfonamide,

F F
e
(o]
N NHo O‘\S"?
| N NH
s

N~

2-(4-chloro-3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)phenyl)-2-hydroxy-

propane-1-sulfonamide,
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F. F
X i
© N
=N HO 0.0
N \//
N s
N

“NH,
Cl
[087] Embodiment 19. A compound of formula (I) according to embodiment 1, which is 2-
(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypro-

pane-1-sulfonamide,

F. F
F~ .
o N
=N HO O, 0
N \//
=~ N S
N I N

“NH,
Z
or a pharmaceutically acceptable salt thereof.
[088] Embodiment 20. A compound of formula (I) according to embodiment 1, or a phar-
maceutically acceptable salt thereof, which is selected from the group consisting of:
(R)-2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-

propane-1-sulfonamide,

and
(S)-2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-y1)-2-hydroxy-

propane-1-sulfonamide,

[089] Embodiment 21. A compound of formula (I) according to embodiment 1, which is
(R)-2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-

propane-1-sulfonamide,
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or a pharmaceutically acceptable salt thereof.
[090] Embodiment 22. A compound of formula (I) according to embodiment 1, which is 2-
(6-(2-(2-fluoro-5-(2,2,2-trifluoroethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-

propane-1-sulfonamide,

F
F\ F
Fo© Nz
N\ P N \//
N | A

S<
NH,
=
or a pharmaceutically acceptable salt thereof.
[091] Embodiment 23. A compound of formula (I) according to embodiment 1, or a phar-
maceutically acceptable salt thereof, which is selected from the group consisting of:
(R)-2-(6-(2-(2-fluoro-5-(2,2,2-trifluorocthoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hy-

droxypropane-1-sulfonamide,

F
N
F o FN
=N HO & O, O
N, _ N S W
N | A “NH,,
Z )
and

(S)-2-(6-(2-(2-fluoro-5-(2,2,2-trifluorocthoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hy-

droxypropane-1-sulfonamide,

F
F?"\O F
MN=N HO, » 0,0
N, N, AN
N | AN

S<
NH,
%

[092] Embodiment 24. A compound of formula (I) according to embodiment 1, which is
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(R)-2-(6-(2-(2-fluoro-5-(2,2,2-trifluoroethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hy-

droxypropane-1-sulfonamide,

F
FJ}' \ F
F O
/N\N HO »
N\ N s \\S//
N | AN “NH,
Z

or a pharmaceutically acceptable salt thereof.
[093] Embodiment 25. A compound of formula (I) according to embodiment 1, which is 2-
(5-chloro-6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hy-

droxypropane-1-sulfonamide,

F. F
,;>§O .
N=N HO , O O
N N\
N N S
N | AN

“NH,

=
Cl

or a pharmaceutically acceptable salt thereof.

[094] Embodiment 26. A compound of formula (T) according to embodiment 1, or a phar-
maceutically acceptable salt thereof, which is selected from the group consisting of:
(R)-2-(5-chloro-6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-y1)-2-

hydroxypropane-1-sulfonamide,

F. F
N '
o N
=N HO & O 0O
N\ -~ N N \\S’I
N | B “NH,
v
Cl :
and

(S)-2-(5-chloro-6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-y1)-2-

hydroxypropane-1-sulfonamide,
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[095] Embodiment 27. A compound of formula (T) according to embodiment 1, which is
(R)-2-(5-chloro-6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-y1)-2-

hydroxypropane-1-sulfonamide,

or a pharmaceutically acceptable salt thereof.
[096] Embodiment 28. A compound of formula (I) according to embodiment 1, which is 2-
(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- 1 H-pyrazol-3-yl)pyridin-2-yl)-2-hydroxypro-

pane-1-sulfonamide,

F. F
X i
O
PN
N | DN ‘N|-|2
/

or a pharmaceutically acceptable salt thereof.

[097] Embodiment 29. A compound of formula (I) according to embodiment 1, or a phar-
maceutically acceptable salt thereof, which is selected from the group consisting of:
(R)-2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- 1H-pyrazol-3-yl)pyridin-2-yl)-2-hydroxy-

propane- 1 -sulfonamide:

and
(S)-2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- 1 H-pyrazol-3-yl)pyridin-2-yl)-2-hydroxy-

propane-1-sulfonamide:
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[098] Embodiment 30. A compound of formula (I) according to embodiment 1, which is
(R)-2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- 1H-pyrazol-3-yl)pyridin-2-yl)-2-hydroxy-

propane-1-sulfonamide,

or a pharmaceutically acceptable salt thereof.
[099] Embodiment 31. A compound of formula (I) according to embodiment 1, which is 2-
(4-chloro-3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)phenyl)-2-hydroxy-

propane- 1 -sulfonamide,

F. F
© N
=N HO o, 0
N \/7
N~ S
N

“NH,
Cl
or a pharmaceutically acceptable salt thereof.
[100] Embodiment 32. A compound of formula (I) according to embodiment 1, or a phar-
maceutically acceptable salt thereof, which is selected from the group consisting of:
(R)-2-(4-chloro-3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)phenyl)-2-hy-

droxypropane-1-sulfonamide:

F. F
P i
o N
=N HO & O 0O
N\ _ S \\S//
N “NH,
Cl ;
and
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(S)-2-(4-chloro-3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)phenyl)-2-hy-

droxypropane-1-sulfonamide:

F F
A
N=nN HO » O. O
N, _ A ¢
N

Cl

[101] Embodiment 33. A compound of formula (I) according to embodiment 1, which is
(R)-2-(4-chloro-3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)phenyl)-2-hy-

droxypropane-1-sulfonamide,

F. F
© N
’ =N HO & O 0O
N :\ \/;
N~ S\
N NH,
Cl

or a pharmaceutically acceptable salt thereof.

[102] Depending on the choice of the starting materials and procedures, the compounds can
be present in the form of one of the possible stereoisomers or as mixtures thereof, for exam-
ple as pure optical isomers, or as stereoisomeric mixtures, such as racemates and mixtures of
diastereomers, depending on the number of asymmetric centers. The present disclosure is
meant to include all such possible stereoisomers, including racemic mixtures, diastereomeric
mixtures and optically pure forms. Optically active (R)- and (S)- stereoisomers may be pre-
pared using chiral synthons or chiral reagents or resolved using conventional techniques. All
tautomeric forms are also intended to be included.

[103] In some embodiments, there is provided a compound of the Examples wherein the
compound has one chiral carbon atom as an isolated stereoisomer wherein the stereoisomer is
in the (R) configuration. In some embodiments, there is provided a compound of the Exam-
ples wherein the compound has one chiral carbon atom as an isolated stereoisomer wherein
the stereoisomer is in the (S) configuration. In some embodiments, there is provided a com-
pound of the Examples wherein the compound has two chiral carbon atoms as an isolated ste-
reoisomer wherein the stereoisomer is in the (R,R) configuration. In some embodiments,
there is provided a compound of the Examples wherein the compound has two chiral carbon
atoms as an isolated stereoisomer wherein the stereoisomer is in the (R,S) configuration. In

some embodiments, there is provided a compound of the Examples wherein the compound
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has two chiral carbon atoms as an isolated stereoisomer wherein the stereoisomer is in the
(S,S) configuration. In some embodiments, there is provided a compound of the Examples
wherein the compound has two chiral carbon atoms as an isolated stereoisomer wherein the
stereoisomer is in the (S,R) configuration.

[104] Terms not specifically defined herein should be given the meanings that would be
given to them by one of skill in the art in light of the disclosure and the context. For purposes
of interpreting this specification, the following definitions will apply unless specified other-
wise and whenever appropriate, terms used in the singular will also include the plural and
vice versa.

[105] The terms “halo” and “halogen”, as used herein, means halogen and includes chlorine
(Cl), fluorine (F), bromine (Br), and iodine (T).

[106] A “Cis-alkyl” group is a straight chained or branched non-aromatic hydrocarbon
which is completely saturated. Typically, a straight chained or branched alkyl group has from
1 to about 20 carbon atoms, preferably from 1 to about 10 unless otherwise defined. Exam-
ples of straight chained and branched alkyl groups include methyl, ethyl, n-propyl, iso-pro-
pyl, n-butyl, sec-butyl, tert-butyl, pentyl, hexyl, pentyl and octyl. A Ci1-C4straight chained or
branched alkyl group is also referred to as a “lower alkyl” group. An “alkylene” group is a
divalent straight chained or branched non-aromatic hydrocarbon which is completely satu-
rated. Typically, a divalent straight chained or branched alkylene group has from 1 to about
20 carbon atoms, preferably from 1 to about 10 unless otherwise defined. Examples of diva-
lent straight chained and branched alkylene groups include methylene, ethylene, n-propylene,
iso-propylene, n-butylene, sec-butylene, tert-butylene, pentylene, hexylene, pentylene and oc-
tylene.

[107] The term “Cx.y” when used in conjunction with a chemical moiety, such as, acyl,
acyloxy, alkyl, alkenyl, alkynyl, or alkoxy is meant to include groups that contain from x to y
carbons in the chain. For example, the term “Cx-yalkyl” refers to substituted or unsubstituted
saturated hydrocarbon groups, including straight-chain alkyl and branched-chain alkyl groups
that contain from x to y carbons in the chain, including haloalkyl groups such as trifluorome-
thyl and 2,2 2-trifluoroethyl, etc.

[108] The term “alkoxy”, as used herein, refers to an alkyl group as defined herein, prefera-
bly a lower alkyl group, having an oxygen attached thereto, e.g., -O-Ci4-alkyl. Representa-
tive alkoxy groups include, but are not limited to, methoxy, ethoxy, propoxy, tert-butoxy and
the like. Representative substituted alkoxy groups include, but are not limited to, -OCF3 and

the like.
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[109] A “cycloalkyl” group is a cyclic hydrocarbon which is completely saturated. “Cyclo-
alkyl” includes monocyclic and bicyclic rings. Typically, a monocyclic cycloalkyl group has
from 3 to 10 carbon atoms, more typically from 3 to 8 carbon atoms, preferably from 3 to 6
carbon atoms unless otherwise defined. The second ring of a bicyclic cycloalkyl may be se-
lected from saturated, unsaturated and aromatic rings. Cycloalkyl includes bicyclic molecules
in which one, two or three or more atoms are shared between the two rings. The term “fused
cycloalkyl” refers to a bicyclic cycloalkyl in which each of the rings shares two adjacent at-
oms with the other ring. The second ring of a fused bicyclic cycloalkyl may be selected from
saturated, unsaturated and aromatic rings.

[110] The terms “heterocyclyl”, “heterocycle”, and “heterocyclic” refer to substituted or un-
substituted non-aromatic ring structures, preferably 3- to 10-membered rings, more preferably
3- to 7-membered rings, whose ring structures include at least one heteroatom, preferably one
to four heteroatoms, more preferably one or two heteroatoms. The terms “heterocyclyl” and
“heterocyclic” also include polycyclic ring systems having two or more cyclic rings in which
two or more carbons are common to two adjoining rings wherein at least one of the rings is
heterocyclic, e.g., the other cyclic rings can be cycloalkyls, cycloalkenyls, cycloalkynyls, ar-
yls, heteroaryls, and/or heterocyclyls. Heterocyclyl groups include, for example, piperidine,
piperazine, pyrrolidine, morpholine, lactones, lactams, and the like. Heterocyclyl groups can
also be substituted by oxo groups. For example, “heterocyclyl” encompasses both pyrrolidine
and pyrrolidinone.

[111] The term “heteroatom” as used herein means an atom of any element other than car-
bon or hydrogen. Preferred heteroatoms are nitrogen (N), oxygen (O), and sulfur (S).

[112] The term “optionally substituted” means that a given chemical moiety (e.g., an alkyl
group) can (but is not required to) be bonded to other substituents (e.g., heteroatoms). For in-
stance, an alkyl group that is optionally substituted can be a fully saturated alkyl chain (¢.g., a
pure hydrocarbon). Alternatively, the same optionally substituted alkyl group can have sub-
stituents different from hydrogen, wherein the substituents are as defined herein. “Optionally
substituted” as used herein also refers to substituted or unsubstituted whose meaning is de-
scribed herein.

[113] The term “substituted” means that the specified group or moiety bears one or more
suitable substituents wherein the substituents may connect to the specified group or moiety at
one or more positions. For example, an aryl substituted with a cycloalkyl may indicate that
the cycloalkyl connects to one atom of the aryl with a bond or by fusing with the aryl and

sharing two or more common atoms.
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[114] As used herein, the terms “salt” or “salts” refers to an acid addition salt of a com-
pound of the present disclosure. “Salts” include in particular “pharmaceutical acceptable
salts”. The term “pharmaceutically acceptable salts™ refers to salts that retain the biological
effectiveness and properties of the compounds of this disclosure and, which typically are not
biologically or otherwise undesirable. In many cases, the compounds of the present disclo-
sure are capable of forming acid salts by virtue of the presence of amino groups or groups
similar thereto.

[115] Pharmaceutically acceptable acid addition salts can be formed with inorganic acids
and organic acids.

[116] Inorganic acids from which salts can be derived include, for example, hydrochloric
acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the like.

[117] Organic acids from which salts can be derived include, for example, acetic acid, pro-
pionic acid, glycolic acid, oxalic acid, maleic acid, malonic acid, succinic acid, fumaric acid,
tartaric acid, citric acid, benzoic acid, mandelic acid, methanesulfonic acid, ethanesulfonic
acid, toluenesulfonic acid, sulfosalicylic acid, and the like.

[118] In another aspect, the present disclosure provides compounds of the present disclosure
in acetate, ascorbate, adipate, aspartate, benzoate, besylate, bromide/hydrobromide, bicar-
bonate/carbonate, bisulfate/sulfate, camphorsulfonate, caprate, chloride/hydrochloride, chlor-
theophyllonate, citrate, ethandisulfonate, fumarate, gluceptate, gluconate, glucuronate, gluta-
mate, glutarate, glycolate, hippurate, hydroiodide/iodide, isethionate, lactate, lactobionate,
laurylsulfate, malate, maleate, malonate, mandelate, mesylate, methylsulphate, mucate, naph-
thoate, napsylate, nicotinate, nitrate, octadecanoate, oleate, oxalate, palmitate, pamoate, phos-
phate/hydrogen phosphate/dihydrogen phosphate, polygalacturonate, propionate, scbacate,
stearate, succinate, sulfosalicylate, sulfate, tartrate, tosylate trifenatate, trifluoroacetate or xin-
afoate salt form.

[119] Any formula given herein is also intended to represent unlabeled forms as well as iso-
topically labeled forms of the compounds. Isotopically labeled compounds have structures
depicted by the formulae given herein except that one or more atoms are replaced by an atom
having a selected atomic mass or mass number. Isotopes that can be incorporated into com-
pounds of the disclosure include, for example, isotopes of hydrogen.

[120] In another aspect, the disclosure provides a compound of formula (V'):
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or a pharmaceutically acceptable salt thereof, wherein

R! is selected from OH, OD, CHz, CHD2, CH2D and CDs3;

R? is selected from H, D, CH3, CHD,, CH:D, CD3, CH:CH3, CHDCH3, CD2CHz,

CHDCHD2, CHDCCH:D, CHDCD3, CD2CHD2, CD2CCH2D, CD2CDs and CFs3;
R is selected from H, D, CHs, CHD2, CH2D and CDs;
R* is selected from H, D, CHs, CHD,, CH2D and CDs, CH.OH, CHDOH, CD>OH,
CH20D, CHDOD and CD20D,

wherein D is deuterium,

and provided that there is at least one deuterium present in the compound.
[121] In other embodiments, there are multiple deuterium atoms present in the compound of
formula (V).
[122] Further, incorporation of certain isotopes, particularly deuterium (i.e., ?H or D) may
afford certain therapeutic advantages resulting from greater metabolic stability, for example
increased in vivo half-life or reduced dosage requirements or an improvement in therapeutic
index or tolerability. It is understood that deuterium in this context is regarded as a substitu-
ent of a compound of the present disclosure. The concentration of deuterium may be defined
by the isotopic enrichment factor. The term "isotopic enrichment factor" as used herein
means the ratio between the isotopic abundance and the natural abundance of a specified iso-
tope. If a substituent in a compound of this disclosure is denoted as being deuterium, such
compound has an isotopic enrichment factor for each designated deuterium atom of at least
3500 (52.5% deuterium incorporation at each designated deuterium atom), at least 4000 (60%
deuterium incorporation), at least 4500 (67.5% deuterium incorporation), at least 5000 (75%
deuterium incorporation), at least 5500 (82.5% deuterium incorporation), at least 6000 (90%
deuterium incorporation), at least 6333.3 (95% deuterium incorporation), at least 6466.7

(97% deuterium incorporation), at least 6600 (99% deuterium incorporation), or at least
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6633.3 (99.5% deuterium incorporation). It should be understood that the term “isotopic en-
richment factor” can be applied to any isotope in the same manner as described for deuter-
m.

[123] Other examples of isotopes that can be incorporated into compounds of the disclosure
include isotopes of hydrogen, carbon, nitrogen, fluorine, and chlorine, such as *H, ''C, 1*C,
14C, BN, '8F, 38C1, respectively. Accordingly, it should be understood that the disclosure in-
cludes compounds that incorporate one or more of any of the aforementioned isotopes, in-
cluding for example, radioactive isotopes, such as *H and '“C, or those into which non-radio-
active isotopes, such as “H and *C are present. Such isotopically labelled compounds are use-
ful in metabolic studies (with *C), reaction kinetic studies (with, for example ?H or *H), de-
tection or imaging techniques, such as positron emission tomography (PET) or single-photon
emission computed tomography (SPECT) including drug or substrate tissue distribution as-
says, or in radioactive treatment of patients. In particular, an °F or labeled compound may be
particularly desirable for PET or SPECT studies. Isotopically labeled compounds of the pre-
sent disclosure can generally be prepared by conventional techniques known to those skilled
in the art or by processes analogous to those described in the accompanying Examples and
Preparations using an appropriate isotopically-labeled reagent in place of the non-labeled rea-
gent previously employed.

[124] As used herein, the term “pharmaceutical composition” refers to a compound of the
disclosure, or a pharmaceutically acceptable salt thereof, together with at least one pharma-
ceutically acceptable carrier, in a form suitable for oral or parenteral administration.

[125] As used herein, the term "pharmaceutically acceptable carrier" refers to a substance
useful in the preparation or use of a pharmaceutical composition and includes, for example,
suitable diluents, solvents, dispersion media, surfactants, antioxidants, preservatives, isotonic
agents, buffering agents, emulsifiers, absorption delaying agents, salts, drug stabilizers, bind-
ers, excipients, disintegration agents, lubricants, wetting agents, sweetening agents, flavoring
agents, dyes, and combinations thereof, as would be known to those skilled in the art (see, for
example, Remington The Science and Practice of Pharmacy, 22" Ed. Pharmaceutical Press,
2013, pp. 1049-1070).

[126] The term "a therapeutically effective amount” of a compound of the present disclosure
refers to an amount of the compound of the present disclosure that will elicit the biological or
medical response of a subject, for example, modulation, reduction, blockage or inhibition of

an enzyme or a protein activity, or ameliorate symptoms, alleviate conditions, slow or delay
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disease progression, or prevent a disease, etc. In some embodiments, the term “a therapeuti-
cally effective amount” refers to the amount of the compound of the present disclosure that,
when administered to a subject, is effective to (1) at least partially alleviate, prevent and/or
ameliorate a condition, or a disorder or a disease (i) mediated by Nav1.5, or (ii) associated
with Navl.5 activity, or (iii) characterized by activity (normal or abnormal) of Navl.5; or (2)
modulated, reduce, block, or inhibit the activity of Nav1.5; or (3) reduce or inhibit the expres-
sion of Navl.5. In another embodiment, the term “a therapeutically effective amount” refers
to the amount of the compound of the present disclosure that, when administered to a cell, or
a tissue, or a non-cellular biological material, or a medium, is effective to at least partially
modulate, reduce, block, or inhibit the activity of Nav1.5; or at least partially reduce or in-
hibit the expression of Nav1.5.

[127] As used herein, the term “subject” refers to primates (e.g., humans, male or female),
dogs, rabbits, guinea pigs, pigs, rats, and mice. In certain embodiments, the subject is a pri-
mate. In yet other embodiments, the subject is a human.

[128] As used herein, the term “sodium channel Nav1.5,” “sodium channel protein type 5
subunit alpha,” “SCNS5A,” or “Nav1.5” refers to a membrane protein as a part of tetro-
dotoxin-resistant voltage-gated sodium channel subunit. The sodium channel Nav1.5 is inte-
grated in a membrane and primarily present or expressed in cardiac muscle cells (cardiomyo-
cytes), and plays a crucial role for the upstroke of action potential and excitation of cardiomy-
ocytes. The sodium channel Nav1.5 is encoded by SCN5A, for example, which may be en-
coded in human SCN54 gene (e.g., NCBI Reference Sequence: NC_000003.12;
NCBI_Gene:6331; or UniProtKB: Q14524), variants or mutants thereof, but the examples of
SCNS5A gene are not limited thereto.

[129] As used herein, the terms “modulate”, “modulation”, “modulating”, “inhibit”, "inhibi-
tion", “inhibiting”, “block”, "blocker"”, “blocking”, refers to the change, reduction, or sup-
pression of a given condition, symptom, or disorder, or disease, or a significant change or sig-
nificant decrease in the baseline activity of a biological activity or process.

[130] As used herein, “activity of Nav1.5” refers to the ability of the Nav1.5 channel to per-
mit sodium current flow. Modulating, reducing, blocking, or inhibiting Nav1.5 activity thus
modulates, reduces, blocks, or inhibits Nav1.5 dependent sodium current flow, typically in a
reversable and dose-dependent manner.

[131] As used herein, the term “treat”, “treating" or "treatment" of any disease or disorder
refers to alleviating or ameliorating the disease or disorder (i.e., slowing or arresting the de-

velopment of the disease or at least one of the clinical symptoms thereof); or alleviating or
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ameliorating at least one physical parameter or biomarker associated with the disease or dis-
order, including those which may not be discernible to the patient.

[132] Asused herein, the term “prevent”, “preventing” or “prevention” of any disease or
disorder refers to the prophylactic treatment of the disease or disorder; or delaying the onset
or progression of the disease or disorder.

[133] Asused herein, a subject is “in need of” a treatment if such subject would benefit bio-
logically, medically or in quality of life from such treatment.

[134] As used herein, the term "a,” "an,” "the” and similar terms used in the context of the
present disclosure (especially in the context of the claims) are to be construed to cover both
the singular and plural unless otherwise indicated herein or clearly contradicted by the con-
text.

[135] AIll methods described herein can be performed in any suitable order unless otherwise
indicated herein or otherwise clearly contradicted by context. The use of any and all exam-
ples, or exemplary language (e.g., or "such as”) provided herein is intended merely to better
illuminate the disclosure and does not pose a limitation on the scope of the disclosure other-
wise claimed.

[136] Any asymmetric atom (e.g., carbon or the like) of the compound(s) of the present dis-
closure can be present in racemic or enantiomerically enriched, for example the (R)-, (S)- or
(R,S)- configuration. In certain embodiments, each asymmetric atom has at least 50 % enan-
tiomeric excess, at least 60 % enantiomeric excess, at least 70 % enantiomeric excess, at least
80 % enantiomeric excess, at least 90 % enantiomeric excess, at least 95 % enantiomeric ex-
cess, or at least 99 % enantiomeric excess in the (R)- or (S)- configuration.

[137] Accordingly, as used herein a compound of the present disclosure can be in the form
of one of the possible stercoisomers, rotamers, atropisomers, tautomers or mixtures thereof,
for example, as substantially pure geometric (cis or frans) stercoisomers, diasterecomers, opti-
cal isomers (antipodes), racemates or mixtures thereof.

[138] Any resulting mixtures of stereoisomers can be separated on the basis of the physico-
chemical differences of the constituents, into the pure or substantially pure geometric or opti-
cal isomers, diastereomers, racemates, for example, by chromatography and/or fractional
crystallization.

[139] Any resulting racemates of compounds of the present disclosure or of intermediates
can be resolved into the optical antipodes by known methods, ¢.g., by separation of the dia-
stereomeric salts thereof, obtained with an optically active acid or base, and liberating the op-

tically active acidic or basic compound. In particular, a basic moiety may thus be employed
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to resolve the compounds of the present disclosure into their optical antipodes, ¢.g., by frac-
tional crystallization of a salt formed with an optically active acid, e.g., tartaric acid, diben-
zoyl tartaric acid, diacetyl tartaric acid, di-O,O'-p-toluoyl tartaric acid, mandelic acid, malic
acid or camphor-10-sulfonic acid. Racemic compounds of the present disclosure or racemic
intermediates can also be resolved by chiral chromatography, e.g., high pressure liquid chro-

matography (HPLC) using a chiral adsorbent.

SOLID FORMS

[140] The compounds of the present disclosure, or pharmaceutically acceptable salts
thereof, may under appropriate conditions be isolated in one or more crystalline forms. The
term “crystalline form” as used herein refers to anhydrous crystalline forms, hydrate crystal-
line forms, solvate crystalline forms or mixtures of crystalline forms.

[141] The term “about” as used herein is understood as within a range of normal tolerance
in the art, for example within 2 standard deviations of the mean. For example, “about” can be
understood as within 15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, 0.1%,
0.05%, or 0.01% of the stated numbers, values, and/or expressions referring to quantities of
ingredients, ratio, reaction conditions, and formulations, etc.

[142] The term “hydrate” as used herein refers to a crystalline form containing one or more
water molecules in a three-dimensional periodic arrangement. It can include non-stoichio-
metric hydrates or stoichiometric hydrates, such as hemihydrates, monohydrates, dihydrates
and trihydrates.

[143] The term “anhydrous™ as used herein refers to a crystalline form free from water in a
three-dimensional periodic arrangement.

[144] The term “solvate” as used herein refers to a crystalline form containing one or more
solvent molecules other than water in a three-dimensional periodic arrangement. The solvate
may comprise either a stoichiometric or non-stoichiometric amount of the solvent molecules.
In some embodiments, the compounds of formula (I) or pharmaceutically acceptable salts
thereof according to the present disclosure may inherently or by design form hydrates or solv-
ates with pharmaceutically acceptable solvents.

[145] In some embodiments, the compounds of the present disclosure that contain groups
capable of acting as donors and/or acceptors for hydrogen bonds may be capable of forming
co-crystalline forms with suitable co-crystal formers.

[146] The terms “co-crystalline” and “co-crystal” are used herein interchangeably to mean a
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co-crystal comprising a compound of the present disclosure and a suitable co-crystal former.
These co-crystals may be prepared from compounds of formula (I) or pharmaceutically ac-
ceptable salts thereof by known co-crystal forming procedures such as, e.g., grinding, heat-
ing, co-subliming, co-melting, or contacting in solution compounds of formula (I) or pharma-
ceutically acceptable salts thereof with a co-crystal former under crystallization conditions
and isolating co-crystals thereby formed. Suitable co-crystal formers include, for instance,
those described in WO 2004/078163.

[147] In some embodiments, the present disclosure provides a co-crystal comprising a com-
pound of the present disclosure, or a pharmaceutically acceptable salt thereof, and a co-crys-
tal former.

[148] In some embodiments, the present disclosure provides a co-crystal comprising a com-
pound of the present disclosure, or a pharmaceutically acceptable salt thereof, and L-proline.
[149] The molar ratio of the compound of the present disclosure, or a pharmaceutically ac-
ceptable salt thereof, to the co-crystal former in the co-crystals according to the present dis-
closure may be stoichiometric or non-stoichiometric. For example, suitable molar ratios of
the compound of the present disclosure, or a pharmaceutically acceptable salt thereof, to the
co-crystal former in the co-crystals according to the present disclosure are of from about 1:3
to about 3:1, or from about 1:2 to about 2:1, or from about 1.5:1 to about 1:1.5, or about 1:1.
[150] In some embodiments, the present disclosure provides a co-crystal comprising a com-
pound of the present disclosure and L-proline, wherein the molar ratio of the compound of
the present disclosure to L-proline is of from about 1:3 to about 3:1, or from about 1:2 to
about 2:1, or from about 1.5:1 to about 1:1.5, or about 1:1.

[151] In some embodiments, a crystalline form of the compound of the present disclosure,
or a pharmaceutically acceptable salt thereof, is provided in substantially pure form. As used
herein, “substantially pure,” when used in reference to a crystalline form, means a compound
having a purity greater than 90% by weight, including greater than 90, 91, 92, 93, 94, 95, 96,
97, 98, and 99% by weight, and also including equal to about 100% by weight of a compound
of the present disclosure, or a pharmaceutically acceptable salt thereof, based on the weight
of the compound. The remaining material comprises other form(s) of the compound of the
present disclosure, and/or reaction impurities and/or processing impurities arising from its
preparation. For example, a crystalline form of a compound of the present disclosure, or a
pharmaceutically acceptable salt thereof, may be deemed substantially pure in that it has a

purity greater than 90% by weight, as measured by means that are at this time known and
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generally accepted in the art, where the remaining less than 10% by weight of material com-
prises other form(s) of the compound of the present disclosure and/or reaction impurities
and/or processing impurities.
[152] A particular crystalline form of the compound of the present disclosure, or a pharma-
ceutically acceptable salt thereof, may be referred to as “crystalline form X, “crystal form
X7, “co-crystal form”, “polymorph form X”, “modification X”, or “HX” where ‘X’ is the let-
ter which is assigned to that particular crystalline form. The names used herein to character-
ize a specific crystalline form, e.g. “A-1" etc., should not be considered limiting with respect
to any other substance possessing similar or identical physical and chemical characteristics,
but rather it should be understood that these designations are mere identifiers that should be
interpreted according to the characterization information also presented herein.
[153] In some embodiments, the present disclosure relates to a crystalline form of a com-
pound of the present disclosure, or a pharmaceutically acceptable salt thereof, wherein the
crystalline form is selected from the various modifications detailed herein, for example, Mod-
ifications A-1, A-2, and A-3 disclosed herein.
[154] Each modification is characterized by its X-ray powder diffraction pattern with peaks
as essentially depicted in the Figures. Thus, there is provided a crystalline form selected from
the various modifications detailed herein, characterized in that said crystalline form has an X-
ray powder diffraction pattern substantially in accordance with that shown in the correspond-
ing Figure.
[155] In further embodiments, the present disclosure provides any of the crystalline forms
of the compound of the present disclosure, or a pharmaceutically acceptable salt thereof, as
described in the Examples, in the form of a specific modification, characterized in that said
crystalline form has at least one of the following characteristics:
(a) an X-ray powder diffraction pattern substantially in accordance with that shown in
the Figure associated with that particular Modification; and/or
(b) a melting point, as sct out for each Modification in the Examples section; and/or
(c) a differential scanning calorimetry thermogram, as set out for each Modification in
the Examples section.
[156] In one embodiment of the present disclosure, there is provided a co-crystal form com-
prising (R)-2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-y1)-2-
hydroxypropane-1-sulfonamide and L-proline, hereinafter referred to as Modification A-1,
wherein the molar ratio of (R)-2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-

yD)pyridin-2-yl)-2-hydroxypropane-1-sulfonamide to L-proline is about 1:1, characterized in
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that said co-crystal form has an X-ray powder diffraction pattern substantially in accordance
with that shown in Figure 1, or comprises four or more peaks at 28 angles (0.2 degree),
when measured using a CuKa radiation with a wavelength of 1.5418 A at a temperature of

about 22 °C, selected from the 26 angles as set forth in Table 1A:

Table 1A
No. Angle | dvalue | Relative Intensity
20 A )
1 6.8 13.0 11.9
2 8.0 11.0 42.6
3 10.2 8.6 16.9
4 10.6 8.4 30.5
5 11.3 7.8 100.0
6 12.1 7.3 14.6
7 154 5.7 59.8
8 16.1 5.5 13.2
9 17.2 52 95.9
10 18.0 4.9 49.1
11 18.7 4.7 289
12 19.1 4.6 65.1
13 20.2 4.4 87.3
14 214 4.1 13.9
15 239 3.7 13.3
16 26.0 34 15.0

[157] Preferably, the co-crystal form of Modification A-1 has an X-ray powder diffraction
pattern substantially in accordance with that shown in Figure 1, or comprises four or more
peaks at 20 angles (0.2 degree), when measured using a CuKa radiation with a wavelength
of 1.5418 A at a temperature of about 22 °C, selected from the 26 angles as set forth in Table
1B:

Table 1B
No. Angle | dvalue | Relative Intensity
20 A %
5 11.3 7.8 100.0
7 154 5.7 59.8
9 17.2 52 95.9
12 19.1 4.6 65.1
13 20.2 44 87.3

[158] The co-crystal form of Modification A-1 is usually provided as an anhydrous co-crys-
tal form.

[159] In another embodiment of the present disclosure, there is provided a co-crystal form
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comprising (R)-2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-
2-hydroxypropane-1-sulfonamide and L-proline, hereinafter referred to as Modification A-2,
wherein the molar ratio of (R)-2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-
yl)pyridin-2-yl)-2-hydroxypropane-1-sulfonamide to L-proline is about 1:2.9, characterized
in that said co-crystal form has an X-ray powder diffraction pattern substantially in accord-
ance with that shown in Figure 4, or comprises four or more peaks at 28 angles (0.2 de-
gree), when measured using a CuKa radiation with a wavelength of 1.5418 A at a tempera-

ture of about 22 °C, selected from the 20 angles as set forth in the Table 1C:

Table 1C
No. Angle d value | Relative Intensity
20 A %
1 5.5 16.0 217
2 8.7 10.2 38.0
3 9.4 9.4 12.5
4 11.1 8.0 32.1
5 12.7 7.0 9.0
6 15.3 5.8 19.2
7 16.6 53 95.8
8 17.2 5.1 53.2
9 18.8 4.7 100.0
10 19.2 4.6 60.9
11 20.1 4.4 31.6
12 21.7 4.1 393
13 22.2 4.0 59.7
14 253 3.5 10.8
15 26.2 34 22.7
16 28.7 3.1 11.4
17 30.8 29 17.5

[160] Preferably, the co-crystal form of Modification A-2 has an X-ray powder diffraction
pattern substantially in accordance with that shown in Figure 4, or comprises four or more
peaks at 20 angles (0.2 degree), when measured using a CuKa radiation with a wavelength
of 1.5418 A at a temperature of about 22 °C, selected from the 26 angles as set forth in the
Table 1D:

Table 1D
No. Angle | dvalue | Relative Intensity
26 A %
7 16.6 53 95.8
8 17.2 5.1 532
9 18.8 4.7 100.0
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10 19.2 4.6 60.9
13 22.2 4.0 59.7

[161] The co-crystal form of Modification A-2 is usually provided as a monohydrate co-
crystal form.

[162] In another embodiment of the present disclosure, there is provided a crystalline form
of hydrochloride salt of (R)-2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-
yDpyridin-2-y1)-2-hydroxypropane- 1-sulfonamide, hereinafter referred to as Modification A-
3, characterized in that said crystalline form has an X-ray powder diffraction pattern substan-
tially in accordance with that shown in Figure 7, or comprises four or more peaks at 20 angles
(=£0.2 degree), when measured using a CuKa radiation with a wavelength of 1.5418 A ata

temperature of about 22 °C, selected from the 20 angles as set forth in Table 1E:

Table 1E
No. Angle d value | Relative Intensity
20 A %
1 7.5 11.7 21.0
2 11.2 7.9 9.0
3 14.3 6.2 100.0
4 15.5 5.7 59
5 16.6 53 2.4
6 17.9 5.0 3.5
7 18.5 4.8 32.6
8 19.1 4.6 27.0
9 20.0 4.4 39.0
10 20.4 4.4 3.1
11 214 4.1 4.5
12 22.5 4.0 3.0
13 22.8 39 3.5
14 23.9 3.7 322
15 28.8 3.1 13.9

[163] Preferably, the crystalline form of Modification A-3 has an X-ray powder diffraction
pattern substantially in accordance with that shown in Figure 7, or comprises four or more
peaks at 20 angles (0.2 degree), when measured using a CuKa radiation with a wavelength
of 1.5418 A at a temperature of about 22 °C, selected from the 20 angles as set forth in Table
IF:

Table 1F
No. Angle d value | Relative Intensity
20 A Y%
3 14.3 6.2 100.0
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7 18.5 4.8 32.6
8 19.1 4.6 27.0
9 20.0 44 39.0
14 23.9 3.7 322

[164] The crystalline form of Modification A-3 is usually provided as a solvate crystalline

form.

SYNTHESIS

[165] Compounds of the disclosure may be prepared according to the following schemes,
wherein A is N or CH; Ry, Rz, R3, R4, Rs and Re are as defined herein supra. Pi and P2 are ni-
trogen protecting groups, such as 4-methoxybenzyl, or potentially other alkoxybenzyl groups
(for example 4-Ci.ealkoxybenzyl); benzyl; carbamate groups such as tert-butyl carbamate,
benzyl carbamate, methyl or ethyl carbamate etc.; diphenyl methyl; triphenyl methyl; or
Fmoc (fluorenylmethyloxycarbonyl).

[166] Scheme 1:

N=N
(i.a) HN, /\\(\))L (i.b) 0. 0
\\S// p
~ o2
h
NaN3 4 Py
Base
Q N

N=N HO, RQ,,0

N
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& J—
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\\’P Ri—-—X
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(i. c) (i.d)

\

N~
HO RO O N HO R0, 0O

\—-N' )\( \,, Deprotect \—-N /\\[ \1,
RsR RsRy P1

(i.f)

Step (i.a) and (i.d): tetrazole formation is achieved using sodium azide in the presence
of triethyl amine-hydrochloride and triethyl amine. As an alternative, trimethylsilyl-azide can

be used as the azide source with EtsN-HF.
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Step (i.b) and (i.c): carbonyl addition using a sulfonamide anion, typically generated

with an alkyl lithium base such as #-BuLi in THF. Alternatively, other strong bases such as s-

Buli, #-BulLi, lithium diisopropylamide, hexamethyldisilazide or other ether solvents can be

used.

Step (i.e): alkylation using a benzylic halide (preferably bromide or chloride) is typi-

cally carried out in the presence of carbonate base in THF solvent with sodium iodide addi-

tive. Alternatively, other benzylic electrophiles, bases and solvents can be used.

Step (i.f): protecting group deprotection under acidic conditions is typically carried

out with trifluoroacetic acid in dichloromethane solvent. Alternatively, other acids can be

used.
[167] Scheme 2:
N=n 0
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o
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Step (ii.a): Same as Step (i.e).
Step (i1.b): Same as Step (i.b).
Step (ii.c): Same as Step (i.f).

[168] Scheme 3:
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Step (iii.a): Same as Step (i.a).
Step (iii.b): Same as Step (i.c).
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Step (iii.c): Stannane cross-coupling using palladium catalysis is typically performed

using Pd(PPhs)4 in toluene at 110 <T followed by treatment with 2N hydrochloric acid in tet-

rahydrofuran. Alternatively, other palladium catalysts can be used

Step (iii.d): Same as Step (i.b).
Step (iii.e): Same as Step (i.f).
[169] Scheme 3a:
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Step (iii.f): 1) ketone reduction is typically performed using sodium borohydride in
THF-methanol followed by 2) conversion to chloride using thionyl chloride in dichloro-
methane. Alternatively, other hydride reagents or other chlorinating reagents (example: ox-
alyl chloride or phosphorus oxychloride) can be used.

Step (iii.g): SN2 displacement using a sulfamoyl acetate is typically performed using a
carbonate base in dimethylformamide solvent with potassium iodide as an additive. Alterna-
tively, other bases and solvents can be used.

Step (iii.h): protecting group deprotection is typically performed using acidic condi-
tions (example: trifluoroacetic acid) followed by ester reduction using a hydride reagent such
as lithium borohydride in THF. Alternatively, other hydride reagents or other acid reagents
can be used.

[170] Scheme 4:
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Step (iv.a): boronic ester cross-coupling using palladium catalysis is typically per-
formed using Xphos-Pd-G2 with potassium carbonate base in 1,4-dioxane-water solvent sys-
tem at 105 <C. Alternatively, other palladium catalysts, bases or solvents can be used.

Step (iv.b): Same as Step (i.b).

Step (iv.c): Same as Step (i.b).

Step (iv.d): boronic ester cross-coupling using palladium catalysis is typically per-
formed using Pd(amphos)Clz with cesium fluoride in 1,4-dioxane-water solvent system at
90 <C. Alternatively, other palladium catalysts, bases or solvents can be used.

Step (iv.e): Same as Step (i.1).

[171] Scheme 5:
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Step (v.a): cyanation of an aryl bromide using palladium catalysis is typically per-
formed using Zn(CN)2 with Pd(PPh3)4 in dimethylformamide at 110 <C. Alternatively, other
palladium catalysts can be used.

Step (v.b): Same as Step (i.a).

Step (v.c): Same as Step (v.e).

Step (v.d): Same as Step (i.1).

[172] Scheme 6:
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Step (vi.a): CH-tetrazole coupling using palladium catalysis is typically performed us-
ing Pd(Oac)2 with DavePhos and Todo[4,5-bis(diphenylphosphino)-9,9-dimethylxan-
thene]copper(I), using cesium carbonate as base in acetonitrile at 60 <C. Deprotection is typi-
cally performed with trifluoroacetic acid in dichloromethane. Alternatively, deprotection
could be performed with other acidic reagents.

Step (vi.b): Same as Step (i.e).
[173] Scheme 7:
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Step (vii.a): Same as Step (i.b).

Step (vii.b): alcohol oxidation is typically performed using an oxidizing agent such as

Dess-Martin periodinane. Alternatively, other oxidation agents can be used.

Step (vii.c): CH-alkylation is performed using methyl iodide in the presence of potas-

sium carbonate in dimethylformamide solvent. Alternatively, other alkylating agents, bases or

solvents can be used.

Step (vii.d): Same as Step (iv.a).

Step (vii.¢): ketone reduction is typically performed with sodium borohydride in

methanol. Ketone addition is typically performed with methyl magnesium bromide in ether

solvent. Alternatively other hydride reagents or methyl nucleophiles (example: methyl lith-

ium or methyl cuprate) can be used.

Step (vii.f): Same as Step (i.f).

[174] Scheme 8:
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Step (viii.a): addition to nitrile using hydrazine is typically performed using hydra-

zine-hydrate in ethanol.

Step (viii.b): triazole formation is typically performed using formic acid at 110 <C.

Alternatively, a trialkyl orthoformate or N, N-dimethylformamide dimethyl acetal could be

used.

Step (viii.c): Same as Step (i.e).

Step (viii.d): nitrile addition is typically performed using methyl magnesium bromide

in THF at 70 <C. Alternatively, methyl lithium or methyl cuprate could be used.

Step (viii.e): Same as Step (i.b).
Step (viii.f): Same as Step (i.f).

[175] Scheme 9:

56



WO 2025/011450

Rs NH,OH Rs
—_——
—CN N-oH
(ix.a)
N‘O HO R0, O

\/,
j)tf

PCT/CN2024/103810

)\(J)LRZ
(ix.b) R/

Ryw 5% P
oy |y

R, P,

Base

Deprotect Rs L\I:O HO_ R0, ,0

-~ N |A\ S. N,PZ
(ix.d) . J RsR, P,
Rs

Step (ix.a): nitrile addition is typically performed using hydroxylamine in ethanol.

Step (ix.b): oxadiazole formation is typically performed using propylphosphonic acid

anhydride in ethyl acetate. Alternatively, other dehydrating/coupling agents can be used.

Step (ix.c): Same as Step (i.b).
Step (ix.d): Same as Step (i.1).
[176] Scheme 10:
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Step (x.a): alkyne cross-coupling is typically performed using a catalysts system of

Pd(PPh3)2Cl2 and copper (I) iodide with triethylamine base in dimethylformamide solvent.
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Trimethylsilyl deprotection is typically performed using potassium carbonate in methanol.
Alternatively, other palladium catalysts or copper (I) reagents or solvents can be used.

Step (x.b): triazole formation is typically performed using azidomethyl pivalate with
copper (IT) sulfate-pentahydrate and sodium ascorbate in #-butanol-water solvent. Deprotec-
tion is typically performed using hydroxide base in methanol.

Step (x.¢): Same as Step (i.¢).

Step (x.d): Same as Step (i.b) and Step (i.1).

[177] The disclosure further includes any variant of the present processes, in which an inter-
mediate obtainable at any stage thereof is used as starting material and the remaining steps
are carried out, or in which the starting materials are formed in sifu under the reaction condi-
tions, or in which the reaction components are used in the form of their salts or optically pure
material. Compounds of the present disclosure and intermediates can also be converted into
each other according to methods generally known to those skilled in the art.

[178] In another aspect, the present disclosure provides a pharmaceutical composition com-
prising a compound of the present disclosure, or a pharmaceutically acceptable salt thereof,
and a pharmaceutically acceptable carrier. In a further embodiment, the composition com-
prises at least two pharmaceutically acceptable carriers, such as those described herein. The
pharmaceutical composition can be formulated for particular routes of administration such as
oral administration, parenteral administration (e.g., by injection, infusion, transdermal or topi-
cal administration), and rectal administration. Topical administration may also pertain to in-
halation or intranasal application. The pharmaceutical compositions of the present disclosure
can be made up 1n a solid form (including, without limitation, capsules, tablets, pills, gran-
ules, powders or suppositories), or in a liquid form (including, without limitation, solutions,
suspensions or emulsions). Tablets may be either film coated or enteric coated according to
methods known in the art. Typically, the pharmaceutical compositions are tablets or gelatin
capsules comprising the active ingredient together with one or more of:

a) diluents, e.g., lactose, dextrose, sucrose, mannitol, sorbitol, cellulose and/or gly-

cine;

b) lubricants, e.g., silica, talcum, stearic acid, its magnesium or calcium salt and/or

polyethyleneglycol; for tablets also

¢) binders, e.g., magnesium aluminum silicate, starch paste, gelatin, tragacanth,

methylcellulose, sodium carboxymethylcellulose and/or polyvinylpyrrolidone; if
desired

d) disintegrants, e.g., starches, agar, alginic acid or its sodium salt, or effervescent
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mixtures; and

e) absorbents, colorants, flavors and sweeteners.

METHODS OF USE

[179] The compounds of the present disclosure in free form or in pharmaceutically accepta-
ble salt form, exhibit valuable pharmacological properties, for example, Nav1.5 modulating
properties, as indicated in the in vitro tests as provided herein, and are therefore indicated for
therapy related to modulation of Navl.5, or for use as research chemicals, e.g., as tool com-
pounds.

[180] Compounds of the present disclosure may be useful in the treatment or prevention of a
disease, disorder, or condition selected from long QT syndrome (LQTS) (in particular,
LQTS1, LQTS2, LQTS3, LQTS4, LQTSS, LQTS6, LQTS7, LQTSS, LQTS9, LQTS10,
LQTSI11, LQTS12, LQTS13, LQTS14, or LQTS15), atrial fibrillation, ventricular fibrillation,
ventricular tachycardia, LQT-associated ventricular arrhythmias, hypertrophic cardiomyopa-
thy, angina, heart failure, peripheral pain, and myotonia. Suitably, compounds of the present
disclosure may be useful in the treatment or prevention of atrial fibrillation.

[181] Thus, as a further aspect, the present disclosure provides the use of a compound of the
present disclosure (in particular according to any one of embodiments 1 to 33, in particular
any one of embodiments 17 to 33, more particularly any one of embodiments 20, 23, 26, 29,
and 33), or a pharmaceutically acceptable salt thereof, in therapy. In an embodiment, the ther-
apy is treatment of a disease, disorder, or condition by modulating, reducing, blocking, or in-
hibiting Nav1.5 activity. In another embodiment, the disease, disorder, or condition is se-
lected from long QT syndrome (in particular, LQTS1, LQTS2, LQTS3, LQTS4, LQTSS,
LQTS6, LQTS7, LQTSS, LQTS9, LQTS10, LQTS11, LQTS12, LQTS13, LQTS14, or
LQTS15), atrial fibrillation, ventricular fibrillation, ventricular tachycardia, LQT-associated
ventricular arrhythmias, hypertrophic cardiomyopathy, angina, heart failure, peripheral pain,
and myotonia, suitably atrial fibrillation. In a further embodiment there is provided use of a
compound, or a pharmaceutically acceptable salt thereof, according to any one of previous
embodiments 1 to 33 (in particular any one of embodiments 17 to 33, more particularly, any
one of embodiments 20, 23, 26, 29, and 33), for the treatment or prevention of atrial fibrilla-
tion.

[182] Thus, as a further aspect, the present disclosure provides a compound of the present

disclosure (in particular according to any one of embodiments 1 to 33, in particular any one
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of embodiments 17 to 33, more particularly any one of embodiments 20, 23, 26, 29, and 33),
or a pharmaceutically acceptable salt thereof, for use in therapy. In an embodiment, the ther-
apy is treatment or prevention of a disease, disorder, or condition by modulating, reducing,
blocking, or inhibiting Nav1.5 activity. In another embodiment, the therapy is treatment or
prevention of a disease, disorder, or condition selected from long QT syndrome (in particular,
LQTS1, LQTS2, LQTS3, LQTS4, LQTSS, LQTS6, LQTS7, LQTSE, LQTSY9, LQTS10,
LQTS11, LQTS12, LQTS13, LQTS14, or LQTS15), atrial fibrillation, ventricular fibrillation,
ventricular tachycardia, LQT-associated ventricular arrhythmias, hypertrophic cardiomyopa-
thy, angina, heart failure, peripheral pain, and myotonia, suitably atrial fibrillation. Thus, as a
further embodiment there is provided a compound, or a pharmaceutically acceptable salt
thereof, according to any one of previous embodiments 1 to 33 (in particular any one of em-
bodiments 17 to 33, more particularly any one of embodiments 20, 23, 26, 29, and 33), for
use in the treatment or prevention of long QT syndrome (in particular, LQTS1, LQTS2,
LQTS3, LQTS4, LQTSS, LQTS6, LQTS7, LQTSE, LQTS9, LQTS10, LQTS11, LQTS12,
LQTS13, LQTS14, or LQTS15), atrial fibrillation, ventricular fibrillation, ventricular tachy-
cardia, LQT-associated ventricular arrhythmias, hypertrophic cardiomyopathy, angina, heart
failure, peripheral pain, and myotonia. In a further embodiment there is provided a com-
pound, or a pharmaceutically acceptable salt thereof, according to any one of previous em-
bodiments 1 to 33 (in particular any one of embodiments 17 to 33, more particularly any one
of embodiments 20, 23, 26, 29, and 33), for use in the treatment or prevention of atrial fibril-
lation.

[183] In another aspect, the disclosure provides a method of treating or preventing a disease,
disorder, or condition by modulating, reducing, blocking, or inhibiting Nav1.5 activity com-
prising administration of a therapeutically acceptable amount of a compound of the present
disclosure (in particular according to any one of embodiments | to 33, in particular any one
of embodiments 17 to 33, more particularly any one of embodiments 20, 23, 26, 29, and 33),
or a pharmaceutically acceptable salt thereof. In an embodiment, the disease, disorder, or
condition is selected from long QT syndrome (in particular, LQTS1, LQTS2, LQTS3,
LQTS4, LQTSS, LQTS6, LQTS7, LQTSS, LQTS9, LQTS10, LQTSI1, LQTS12, LQTS13,
LQTS14, or LQTS15), atrial fibrillation, ventricular fibrillation, ventricular tachycardia,
LQT-associated ventricular arrhythmias, hypertrophic cardiomyopathy, angina, heart failure,
peripheral pain, and myotonia, suitably atrial fibrillation. In a further embodiment there is
provided a method of treating or preventing atrial fibrillation comprising administration of a

therapeutically acceptable amount of a compound, or a pharmaceutically acceptable salt
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thereof, according to any one of previous embodiments 1 to 33 (in particular any one of em-
bodiments 17 to 33, more particularly any one of embodiments 20, 23, 26, 29, and 33).

[184] Thus, as a further aspect, the present disclosure provides the use of a compound of the
present disclosure (in particular according to any one of embodiments 1 to 33, in particular
any one of embodiments 17 to 33, more particularly any one of embodiments 20, 23, 26, 29,
and 33), or a pharmaceutically acceptable salt thereof, for the manufacture of a medicament.
In an embodiment, the medicament is for treatment or prevention of a disease, disorder, or
condition by modulating, reducing, blocking, or inhibiting Nav1.5 activity. In another embod-
iment, the disease, disorder, or condition is selected from long QT syndrome (in particular,
LQTS1, LQTS2, LQTS3, LQTS4, LQTSS, LQTS6, LQTS7, LQTSE, LQTSY, LQTS10,
LQTS11, LQTS12, LQTS13, LQTS14, or LQTS15), atrial fibrillation, ventricular fibrillation,
ventricular tachycardia, LQT-associated ventricular arrhythmias, hypertrophic cardiomyopa-
thy, angina, heart failure, peripheral pain, and myotonia, suitably atrial fibrillation. In a fur-
ther embodiment there is provided use of a compound, or a pharmaceutically acceptable salt
thereof, according to any one of previous embodiments 1 to 33 (in particular any one of em-
bodiments 17 to 33, more particularly, any one of embodiments 20, 23, 26, 29, and 33), for
the manufacture of a medicament for the treatment or prevention of atrial fibrillation.

[185] The pharmaceutical composition or combination of the present disclosure may, for ex-
ample, be in unit dosage of about 1-1000 mg of active ingredient(s) for a subject of about 50-

70 kg.

COMBINATIONS

[186] The compound of the present disclosure may be administered either simultaneously
with, or before or after, one or more other therapeutic agent. A compound of the present dis-
closure may be administered separately, by the same or different route of administration, or
together in the same pharmaceutical composition as the other agents. A therapeutic agent is,
for example, a chemical compound, peptide, antibody, antibody fragment or nucleic acid,
which is therapeutically active or enhances the therapeutic activity when administered to a
patient in combination with a compound of the present disclosure.

[187] In some embodiments, the disclosure provides a product comprising a compound of
the present disclosure and at least one other therapeutic agent as a combined preparation for
simultaneous, separate, or sequential use in therapy. In some embodiments, the therapy is the

treatment of a disease or condition mediated by Navl1.5. Products provided as a combined
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preparation include a composition comprising the compound of the present disclosure and the
other therapeutic agent(s) together in the same pharmaceutical composition, or the compound
of the present disclosure and the other therapeutic agent(s) in separate form, e.g., in the form
of a kit.

[188] In some embodiments, the disclosure provides a pharmaceutical composition compris-
ing a compound of the present disclosure and at least one other therapeutic agent. Optionally,
the pharmaceutical composition may comprise a pharmaceutically acceptable carrier, as de-
scribed above.

[189] In some embodiments, this disclosure provides a kit comprising two or more separate
pharmaceutical compositions, at least one of which contains a compound of the present dis-
closure. In some embodiments, the kit comprises means for separately retaining said compo-
sitions, such as a container, divided bottle, or divided foil packet. An example of such a kit is
a blister pack, as typically used for the packaging of tablets, capsules and the like.

[190] The kit of this disclosure may be used for administering different dosage forms, for
example, oral and parenteral, for administering the separate compositions at different dosage
intervals, or for titrating the separate compositions against one another. To assist compliance,
the kit of the disclosure typically comprises directions for administration.

[191] Inthe combination therapies of this disclosure, the compound of the present disclo-
sure and the other therapeutic agent(s) may be manufactured and/or formulated by the same
or different manufacturers. Moreover, the compound of the present disclosure and the other
therapeutic agent(s) may be brought together into a combination therapy: (i) prior to release
of the combination product to physicians (e.g., in the case of a kit comprising the compound
of the present disclosure and the other therapeutic agent(s)); (ii) by the physician themselves
(or under the guidance of the physician) shortly before administration; (iii) in the patient
themselves, ¢.g., during sequential administration of the compound of the present disclosure
and the other therapeutic agent(s).

[192] Accordingly, the disclosure provides the use of a compound of the present disclosure
for treating a disease or condition mediated by Navl1.5, wherein the medicament is prepared
for administration with another therapeutic agent. The disclosure also provides the use of an-
other therapeutic agent for treating a disease or condition mediated by Nav1.5, wherein the
medicament is administered with a compound of the present disclosure.

[193] The disclosure also provides a compound of the present disclosure for use in a method
of treating a disease or condition mediated by Nav1.5, wherein the compound of the present

disclosure is prepared for administration with another therapeutic agent. The disclosure also
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provides another therapeutic agent for use in a method of treating a disease or condition me-
diated by Nav1.5, wherein the other therapeutic agent is prepared for administration with a
compound of the present disclosure. The disclosure also provides a compound of the present
disclosure for use in a method of treating a disease or condition mediated by Nav1.5, wherein
the compound of the present disclosure is administered with another therapeutic agent. The
disclosure also provides another therapeutic agent for use in a method of treating a disease or
condition mediated by Nav1.5, wherein the other therapeutic agent is administered with a
compound of the present disclosure.

[194] The disclosure also provides the use of a compound of the present disclosure for treat-
ing a disease or condition mediated by Nav1.5, wherein the patient has previously (e.g.,
within 24 hours) been treated with another therapeutic agent. The disclosure also provides the
use of another therapeutic agent for treating a disease or condition mediated by Navl.5,
wherein the patient has previously (e.g., within 24 hours) been treated with a compound of
the present disclosure.

[195] In some embodiments, the other therapeutic agent is selected from a class I1I anti-
arrhythmic agent. In an embodiment the class 1T antiarrhythmic agent is selected from dofeti-
lide, sotalol, amiodarone, dronedarone and nikefalant.

[196] Combination of a compound of the present disclosure with a class III antiarrhythmic
agent selected from dofetilide and sotalol may mitigate excessive QTc prolongation and po-
tentially confer additional efficacy.

[197] Combination of a compound of the present disclosure with a class IIT antiarrthythmic
agent selected from amiodarone and dronedarone may, as an adjunct therapy, further improve
anti-VT/VF efficacy/outcome.

[198] In one embodiment of the disclosure, there is provided a product comprising a com-
pound, or pharmaceutically acceptable salt thereof, according to any one of previous embodi-
ments 1 to 33 (in particular any one of embodiments 17 to 33, more particularly, any one of
embodiments 20, 23, 26, 29, and 33 and dofetilide, sotalol, amiodarone or dronedarone as a
combined preparation for simultaneous, separate, or sequential use in therapy.

[199] In one embodiment of the disclosure, there is provided a pharmaceutical composition
comprising a compound, or pharmaceutically acceptable salt thereof, according to any one of
previous embodiments 1 to 33 (in particular any one of embodiments 17 to 33, more particu-
larly, any one of embodiments 20, 23, 26, 29, and 33, together with dofetilide, sotalol, amio-

darone or dronedarone, and a pharmaceutically acceptable carrier.
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EMBODIMENTS

[200] Embodiment P1: A compound of formula (I"):

RS /Yz:Y1 R' R? \\//O
s ST \H,
Y4
re R
a)
or a pharmaceutically acceptable salt thereof, wherein
ring A is:
N
X X

R®  or R®

R!is selected from -OH and Ci.4-alkyl;

R? is selected from H and Ci.4-alkyl optionally substituted with one or more halogen
atoms;

R? is selected from H and Ci-4-alkyl;

R* is selected from H and Ci-4-alkyl optionally substituted with -OH;

R? is phenyl substituted with

(1) at least one group selected from halogen, Ci-4-alkyl, -O-Ci4-alkyl, and O-C3.5-cy-
cloalkyl, wherein the Ci4-alkyl is optionally substituted with one or more halogen
atoms, or

(11) two adjacent groups bonded together to form a 4- to 7-membered heterocyclyl
containing two or more heteroatoms selected from O, S and N, wherein the 4- to
7-membered heterocyclyl is optionally substituted with one or more halogen at-
oms;

R¢is H or a halogen atom;

Y is selected from CH, N and O;

Y2is CH or N;

Ys31is CH or N; and

Yais CH or N,

wherein at least one of Y1, Y2, Y3 and Y4 1s N.

[201] Embodiment P2: A compound according to Embodiment P1, wherein
R'is -OH or -CH3;
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R? is selected from H, -CHs, -CH2CH3 and -CF3;

R’ is H or -CH3;

R* is selected from H, -CHs and -CH20H;

R® is phenyl substituted with

(1) at least one group selected from F, Cl, -CF3, -OCF3, -OCH2CF3, and -O-cyclopro-

pyl, or
F_F
O)&O

(11) two adjacent groups bonded together to form 45"“ " s and

R® is selected from H, F and CI.
[202] Embodiment P3: A compound according to Embodiment P1 or Embodiment P2, or a
pharmaceutically acceptable salt thereof, wherein R® is H.
[203] Embodiment P4: A compound according to any one of Embodiments P1 to P3, said

compound being of formula (II")):

R5 /YQ:Y1 R1 RZ O\\//O
Ys\ P N S\NHZ
7 RN
| R® R*
/
ar)

or a pharmaceutically acceptable salt thereof.

[204] Embodiment P5: A compound according to any one of Embodiments P1 to P4, or a
pharmaceutically acceptable salt thereof, wherein each of Y1, Y2, Y3 and Y4 are N; or Y2 is
CH and each of Y1, Y3 and Y4 are N; or each of Y1 and Y2 are CH and each of Y3 and Y4 are
N.

[205] Embodiment P6: A compound according to any one of Embodiments P1 to P5, said

compound being of formula (II1"}):

o)
Rf\/ N=N RT R? \ P
N\N P N ~~NH,
AN
| R¢
R3

=

(I

or a pharmaceutically acceptable salt thereof.

[206] Embodiment P7: A compound according to any one of Embodiments P1 to P6, or a
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pharmaceutically acceptable salt thereof, wherein R* is H and R is H.

[207] Embodiment P8: A compound according to any one of Embodiments P1 to P7, or a
pharmaceutically acceptable salt thereof, wherein R! is -OH.

[208] Embodiment P9: A compound according to any one of Embodiments P1 to P8, or a
pharmaceutically acceptable salt thereof, wherein R? is selected from H, -CH3 and -CH2CHs.
[209] Embodiment P10: A compound according to any one of Embodiments P1 to P9, or a
pharmaceutically acceptable salt thereof, wherein R' is -OH and R? is -CHs.

[210] Embodiment P11: A compound according to any one of Embodiments P1 to P10, or
a pharmaceutically acceptable salt thereof, wherein R’ is phenyl substituted with at least two
groups selected from F, Cl, -CF3, -OCF3 and -OCH:2CFs.

[211] Embodiment P12: A compound according to any one of Embodiments P1 to P11, or
a pharmaceutically acceptable salt thereof, wherein R is:

RSa

R5b
wherein, R** and R*" are independently selected from F, CI, -CF3, -OCF3 and -OCH2CFs.
[212] Embodiment P13: A compound according to any one of Embodiments P1 to P12, or
a pharmaceutically acceptable salt thereof, wherein R? is:

_CF
o "3

3

F

[213] Embodiment P14: A compound according to any one of Embodiments P1 to P13,

said compound being of formula (IV")):

_CF
0 3
0
N—
/ =N R1 RZ \é//o
NGO N “NH,
¢ N AN
R4
R3
/
v
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or a pharmaceutically acceptable salt thereof.
[214] Embodiment P15: A compound of formula (I) according to Embodiment P1, or a
pharmaceutically acceptable salt thereof, wherein the compound is selected from the group

consisting of:

2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypro-

pane-1-sulfonamide;

2-hydroxy-2-(6-(2-((2,2,5-trifluorobenzo[d][ 1,3]dioxol-4-y)methyl)-2H-tetrazol-5-yl)pyri-

din-2-yl)propane-1-sulfonamide;

2-(2-fluoro-5-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-y1)phenyl)-2-hydroxy-

propane-1-sulfonamide;

2-(4-chloro-3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)phenyl)-2-hydroxy-

propane-1-sulfonamide;

2-(4-fluoro-3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)phenyl)-2-hydroxy-

propane-1-sulfonamide;

2-(2-fluoro-3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-y1)phenyl)-2-hydroxy-

propane-1-sulfonamide;

3-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-3-hydroxy-

butane-2-sulfonamide;

2-(6-(2-(2,5-difluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane- 1-sulfona-

mide;

2-(6-(2-(2-fluoro-5-(trifluoromethyl)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypro-

pane-1-sulfonamide;

2-(6-(2-(5-chloro-2-fluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane- 1 -sulfon-

amide;

2-(3-fluoro-5-(2-(2-tfluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)phenyl)-2-hydroxy-

propane-1-sulfonamide;

2-(3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)phenyl)-2-hydroxypropane-1-

sulfonamide;
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2-(5-chloro-6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hy-
droxypropane-1-sulfonamide;

2-(6-(2-(2-fluoro-5-(2,2,2-trifluoroethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-

propane-1-sulfonamide;

3-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-1-hydroxy-

butane-2-sulfonamide;

2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-pyrazol-3-yl)pyridin-2-yl)-2-hydroxy-

butane-1-sulfonamide;

2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-pyrazol-3-yl)pyridin-2-yl)-2-hydroxye-

thane-1-sulfonamide;

2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- 1H-pyrazol-3-yl)pyridin-2-yl)-2-hydroxypro-

pane-1-sulfonamide;

3,3,3-trifluoro-2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- 1 H-pyrazol-3-y)pyridin-2-yl)-
2-hydroxypropane-1-sulfonamide;

2-hydroxy-2-(6-(2-(3-(trifluoromethyl)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)propane- 1 -sul-

fonamide;

2-(3-chloro-6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hy-

droxypropane- 1-sulfonamide;

2-(3-fluoro-6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hy-

droxypropane-1-sulfonamide;

2-(6-(2-(5-cyclopropoxy-2-fluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-y1)-2-hydroxypropane-

1-sulfonamide;

2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxye-

thane-1-sulfonamide;

1-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-1-hydroxypro-

pane-2-sulfonamide;

1-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- | H-pyrazol-3-yl)pyridin-2-yl)-1-hydroxy-2-

methylpropane-2-sulfonamide;
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3-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- | H-pyrazol-3-yl)pyridin-2-yl)-3-hydroxy-2-

methylbutane-2-sulfonamide;

2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-1,2 4-triazol-3-yl)pyridin-2-yl)-2-hydroxy-

propane-1-sulfonamide;

2-(6-(3-(2-fluoro-5-(trifluoromethoxy)benzyl)-1,2,4-oxadiazol-5-yl)pyridin-2-yl)-2-hydroxy-

propane-1-sulfonamide;

2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-1,2,3-triazol-4-yl)pyridin-2-yl)-2-hydroxy-

propane-1-sulfonamide; and

2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-1,2,3-triazol-4-yl)pyridin-2-y1)-2-hydroxy-

propane-1-sulfonamide.

[215] Embodiment P16: A compound of formula (I) according to Embodiment P1, or a
pharmaceutically acceptable salt thereof, which is 2-(6-(2-(2-fluoro-5-(trifluoromethoxy)ben-

zyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1-sulfonamide,

F. F
X :
o N
=N HO 0.0
N \//
N~ N
N | B

S\
NH,
=
[216] Embodiment P17: A compound of formula (I) according to Embodiment P1, or a
pharmaceutically acceptable salt thereof, which is selected from the group consisting of:
(R)-2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-

propane-1-sulfonamide,

and
(S)-2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-y1)-2-hydroxy-

propane-1-sulfonamide,
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F. F
© N
;=N HO
N 2
(e~ N S.
N | A NH,
Z

[217] Embodiment P18: A compound of formula (I) according to Embodiment 1, or a
pharmaceutically acceptable salt thereof, which is (R)-2-(6-(2-(2-fluoro-5-(trifluorometh-
oxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1 -sulfonamide,

F. F
N
O N
=N HO & O 0
N\ ~ $ Y
N ~

S
NH,

[218] Embodiment P19: A crystalline form of the compound of Embodiment P18, said
crystalline form being a co-crystal form named Modification A-1 comprising (R)-2-(6-(2-(2-
fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane- 1 -sul-
fonamide and L-proline, wherein the molar ratio of (R)-2-(6-(2-(2-fluoro-5-(trifluorometh-
oxy)benzyl)-2 H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1-sulfonamide to L-proline is
about 1:1, characterized in that said co-crystal form has an X-ray powder diffraction pattern
comprising four or more peaks at 20 angles (= 0.2 degree) selected from 6.8°, 8.0°, 10.2°,
10.6911.3212.12154%16.1217.2<18.0%18.719.1520.2<21.4% 23.9%and 26.0%
when measured using a CuKa radiation with a wavelength of 1.5418 A at a temperature of
about 22 <C.

[219] Embodiment P20: A crystalline form of the compound of Embodiment P18, said
crystalline form being a co-crystal form named Modification A-2 comprising (R)-2-(6-(2-(2-
fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane- 1 -sul-
fonamide and L-proline, wherein the molar ratio of (R)-2-(6-(2-(2-fluoro-5-(trifluorometh-
oxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1-sulfonamide to L-proline is
about 1:2.9, characterized in that said co-crystal form has an X-ray powder diffraction pattern
comprising four or more peaks at 20 angles (+ 0.2 degree) selected from 5.5°, 8.7°, 9.4°,
11.1912.7515.316.617.2<18.819.2%20.1521.7%22.2525.3%26.2< 28.7%and
30.8< when measured using a CuKa radiation with a wavelength of 1.5418 A at a tempera-
ture of about 22 <C.

[220] Embodiment P21: A crystalline form of the compound of Embodiment P18, said
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crystalline form being a hydrochloride salt of (R)-2-(6-(2-(2-fluoro-5-(trifluoromethoxy)ben-
zyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1-sulfonamide named Modification A-
3, characterized in that said crystalline form has an X-ray powder diffraction pattern compris-
ing four or more peaks at 20 angles (£ 0.2 degree) selected from 7.5°, 11.2°, 14.3°, 15.5°,
16.617.95 18.5%19.1520.0<20.4<21.422.522.8< 23.9%and 28.8<; when measured
using a CuKa radiation with a wavelength of 1.5418 A at a temperature of about 22 <C.

[221] Embodiment P22: A pharmaceutical composition comprising a compound according
to any one of Embodiments P1 to P21, or a pharmaceutically acceptable salt thereof, and one
or more pharmaceutically acceptable carriers.

[222] Embodiment P23: A combination comprising of a compound according to any one
of Embodiments P1 to P21, or a pharmaceutically acceptable salt thereof, and one or more
therapeutically active agents.

[223] Embodiment P24: A method of modulating Nav1.5 activity in a subject, wherein the
method comprises administering to the subject a therapeutically effective amount of the com-
pound according to any one of Embodiments P1 to P21, or a pharmaceutically acceptable salt
thereof.

[224] Embodiment P25: A method of treating a disease, disorder, or condition selected
from a long QT syndrome LQTS1, LQTS2, LQTS3, LQTS4, LQTSS, LQTS6, LQTS7,
LQTS8, LQTS9, LQTS10, LQTS11, LQTS12, LQTS13, LQTS14, or LQTS1S, atrial fibrilla-
tion, ventricular fibrillation, ventricular tachycardia, LQT-associated ventricular arrhythmias,
hypertrophic cardiomyopathy, angina, heart failure, peripheral pain, and myotonia, wherein
the method comprises administering to the subject a therapeutically effective amount of the
compound according to any one of Embodiments P1 to P21, or a pharmaceutically acceptable
salt thereof.

[225] Embodiment P26: A compound according to any one of Embodiments P1 to P21, or
a pharmaceutically acceptable salt thereof, for use as a medicament.

[226] Embodiment P27: A compound according to any one of Embodiments P1 to P21, or
a pharmaceutically acceptable salt thereof, for use in the treatment of a disease, disorder, or
condition selected from a long QT syndrome LQTS1, LQTS2, LQTS3, LQTS4, LQTSS,
LQTS6, LQTS7, LQTSS, LQTS9, LQTS10, LQTS11, LQTS12, LQTS13, LQTS14, or
LQTS15, atrial fibrillation, ventricular fibrillation, ventricular tachycardia, LQT-associated
ventricular arrhythmias, hypertrophic cardiomyopathy, angina, heart failure, peripheral pain,
and myotonia.

[227] Embodiment P28: Use of a compound according to any one of Embodiments P1 to
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P21, or a pharmaceutically acceptable salt thereof, in the manufacture of a medicament for
the treatment of a disease, disorder, or condition selected from a long QT syndrome LQTS1,
LQTS2, LQTS3, LQTS4, LQTSS, LQTS6, LQTS7, LQTSS, LQTS9, LQTS10, LQTS11,
LQTS12, LQTS13, LQTS14, or LQTS15, atrial fibrillation, ventricular fibrillation, ventricu-
lar tachycardia, LQT-associated ventricular arrhythmias, hypertrophic cardiomyopathy, an-

gina, heart failure, peripheral pain, and myotonia.

EXAMPLES

PREPARATION OF COMPOUNDS

[228] Compounds of the present disclosure can be prepared as described in any of Schemes
1 to 10 or in the following Examples.

[229] The disclosure is further illustrated by the following examples and synthetic methods,
which are not to be construed as limiting this disclosure in scope or spirit to the specific pro-
cedures herein described. It is to be understood that the examples are provided to illustrate
certain embodiments and that no limitation to the scope of the disclosure is intended thereby.
It is to be further understood that resort may be had to various other embodiments, modifica-
tions, and equivalents thereof which may suggest themselves to those skilled in the art with-
out departing from the spirit of the present disclosure and/or scope of the appended claims.
[230] All starting materials, building blocks, reagents, acids, bases, dehydrating agents, sol-
vents, and catalysts utilized to synthesize the compounds of the present disclosure are either
commercially available or can be produced by organic synthesis methods known to one of or-
dinary skill in the art. In all of the methods it is understood that protecting groups for sensi-
tive or reactive groups may be employed where necessary in accordance with general princi-
ples of chemistry. Protecting groups are manipulated according to standard methods of or-
ganic synthesis (T. W. Green and P. G. M. Wuts (2014) Protective Groups in Organic Syn-
thesis, 5 edition, John Wiley & Sons). These groups are removed at a convenient stage of
the compound synthesis using methods that are readily apparent to those skilled in the art for
protecting group removal. Unless otherwise noted, reagents and solvents were used as re-
ceived from commercial suppliets.

[231] The chemical names were generated using ChemDraw Professional v19.1.2.36 from
PerkinElmer.

[232] Temperatures are given in degrees Celsius. As used herein, unless specified other-

wise, the term “room temperature™ means a temperature of from 15 <C to 30 <C, such as from
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20 C to 30 <C, such as from 20 T to 25 <C. If not mentioned otherwise, all evaporations are
performed under reduced pressure, typically between about 15 mm Hg and 100 mm Hg (=20
- 133 mbar). The structure of final products, intermediates and starting materials is confirmed
by standard analytical methods, e.g., microanalysis and spectroscopic characteristics, ¢.g.,

MS, IR, NMR. Abbreviations used are those conventional in the art.

ABBREVIATIONS:
calc.: calculated
CO2: carbon dioxide
d: day
DBDMH: 1,3-dibromo-5,5-dimethylhydantoin
DCM: dichloromethane
DEA: diethylamine
DIPEA: diisopropylethylamine
Dppf: 1,1'-ferrocenediyl-bis(diphenylphosphine)
e.e.: enantiomeric excess
eq: equivalents
EtOAc: ethyl acetate
EtOH: ethanol
g: gram
h: hour
HCOOH: formic acid
HPLC: high-performance liquid chromatography
HRMS: high resolution mass spectrometry
Hz: hertz
IPA: isopropanol
K2COs: potassium carbonate
L: liter
LCMS: liquid chromatography—mass spectrometry
LiBHa4: lithium borohydride

M: molar
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MeMgBr: methyl magnesium bromide
MeOH: methanol

mg: milligram

MHz: megahertz

min.: minute

mL: milliliter

mm: millimeter

mM: millimolar

mmol: millimoles

mol: mole

N: Normal

NaBHa4: sodium borohydride

Na2SOs: sodium sulphate

NazS203: sodium thiosulfate

NaCl: sodium chloride

NaHCOs: sodium bicarbonate

Na2COs3: sodium carbonate

NH4Cl: ammonium chloride

NH+OH: ammonium hydroxide

nm: nanometers

NMP: N-methyl-2-pyrrolidone

NMR: Nuclear Magnetic Resonance
Pd(PPhs)4: tetrakis(triphenylphosphine)palladium(0)
Pd(dba)s: tris(dibenzylideneacetone)dipalladium(0)
PDA: Photodiode Array

Prep: preparative

rpm: revolutions per minute

Rt: retention time

SFC: supercritical fluid chromatography

TFA: trifluoroacetic acid
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THF: tetrahydrofuran
T3P: propanephosphonic acid anhydride
UPLC : Ultra Performance Liquid Chromatography

UV : ultra violet

GENERAL METHODS.:

[233] Solvents and chemicals used were reagent grade. Chemical shifts (8) are reported in
parts per million (ppm) relative to residual undeuterated solvent as internal reference:
DMSO-de 2.50 ppm, CDCls 7.26 ppm, CD30D 3.31 ppm. Coupling constants (/) are reported
in hertz (Hz). Column chromatography was performed by an ISCO CombiFlash or a Biotage
SP1 apparatus using disposable normal phase silica gel columns. Microwave reactions were
conducted using a Biotage initiator. The purity of all target compounds was >95% as deter-
mined by analytical HPLC and '"H NMR.

[234] The conditions for determining the mass and the retention times were as follows:
LCMS Method 1: The retention times in minutes (Rt) were obtained on a Waters AcQuity
UPLC with a Waters Qda mass spectrometer using an AcQuity UPLC BEH C18 1.7um
2.1x30mm column at an oven temperature of 50 <C. A gradient of water (+0.1% formic acid)
/ acetonitrile (0.1% formic acid) 98/2 to 2/98 was applied over 1.5 min., then held for 0.3
min. (1 mL/min.). Electrospray mass spectra (+) and (-) with UV detection 210-400 nm (Wa-
ters AcQuity UPLC PDA).

LCMS Method 2: The retention times in minutes (Rt) were obtained on a Waters AcQuity
UPLC with a Waters Qda mass spectrometer using an AcQuity UPLC BEH C18 1.7um
2.1x30mm column at an oven temperature of 50 <C. A gradient of water (5 mM ammonium
hydroxide) / acetonitrile (5 mM ammonium hydroxide) 98/2 to 2/98 was applied over 1.5
min., then held for 0.3 min. (1 mL/min.). Electrospray mass spectra (+) and (-) with UV de-
tection 210-400 nm (Waters AcQuity UPLC PDA).

LCMS Method 3: The retention times in minutes (Rt) were obtained on a Waters AcQuity
UPLC with a Waters Qda mass spectrometer using an AcQuity UPLC BEH C18 1.7um
2.1x50mm column at an oven temperature of 50 <C. A gradient of water (5 mM ammonium
hydroxide) / acetonitrile (5 mM ammonium hydroxide) 98/2 to 2/98 was applied over 4.4
min., then held for 0.75 min. (1 mL/min.). Electrospray mass spectra (+) and (-) with UV de-
tection 210-400 nm (Waters AcQuity UPLC PDA).

LCMS Method 4: Instrument: Shimadzu LC-MS-2020 with Single Quad. Column: Kinetex
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2.6 um, C18 100 A ,30x3 mm; Gradient: A- 0.1% formic acid in water, B- acetonitrile; Time
(min.)/%B: 0.1/20, 0.25/20, 0.75/95, 1.75/95, 2/20, 2.5/20; Flow rate: 1.0 mL/min.; Ion
Source: DUIS —ESI & APCI; Nebulizing Gas Flow:1.5 L/min.; DL Temperature: 250 <C;
Heat Block Temperature: 400 <C; UV detection array 200 — 400 nm; Mass detection 100 —
1000 (electrospray ionization); Column temperature: 40 <C.

LCMS Method 5: Instrument: SCI EX API 3200 Column: Kinetex EVO C18 2.6 pm,
50x4.6 mm; Gradient: A- 0.1% formic acid in water, B- 0.1% HCO2H in CH3CN; Time
(min.)/%B: 0/30, 0.2/30, 0.7/95, 2.0/95, 2.5/30, 3.5/30; Flow rate: 1.0 mL/min.; Ion Source:
Turbo Spray; Flow: 1.5 L/min.; DL Temperature: 450 <C; UV detection array 200 — 400 nm;
Mass detection 100 — 1000 (electrospray ionization); Column temperature: 30 <C.

LCMS Method 6: Instrument: Shimadzu Nexera LC-MS-2020 with Single Quad. Column:
Synergi 2.5 p (20 x 4.0 mm), MAX-RP 100 A Mercury; Gradient: A- 0.1% formic acid in
water, B- acetonitrile; Time (min.)/%B: 0.1/5, 0.5/5, 1.0/95, 1.5/95, 2.0/5, 3.0/5; Flow rate:
2.0 mL/min.; UV detection array 200 — 400 nm; Mass detection 100 — 1000 (electrospray ion-
ization); Column temperature: 40 <C.

LCMS Method 7: Instrument: Shimadzu LCMS-2020 with Single Quad. Column: Synergi
2.5 uMAX-RP 100 A Mercury; Gradient: A- 0.1% formic acid in water, B- acetonitrile;
Time (min.)/%B: 0.1/5, 0.5/5, 1.0/95,1.5/95,2.0/5,3.0/5; Flow: 2.0 mL/min.; lon Source:
DUIS —ESI & APCI; Nebulizing Gas Flow:1.5 L/min.; DL Temperature: 250 <C; Heat Block
Temperature:400 <C; UV detection array 200 — 400 nm; Mass detection 100 — 1000 (elec-
trospray ionization); Column temperature: 40 <C.

LCMS Method 8: The retention times in minutes (Rt) were obtained on a Waters AcQuity
UPLC with a Waters Qda mass spectrometer using an AcQuity UPLC BEH C18 1.7um
2.1x50mm column at an oven temperature of 50 <C. A gradient of water (+0.1% formic acid)
/ acetonitrile (0.1% formic acid) 98/2 to 2/98 was applied over 4.4 min., then held for 0.75
min. (I mL/min.). Electrospray mass spectra (+) and (-) with UV detection 210-400 nm (Wa-
ters AcQuity UPLC PDA).

LCMS Method 9: The retention times in minutes (Rt) were obtained on a Waters AcQuity
UPLC with a Waters Qda mass spectrometer using with an AcQuity UPLC BEH CI18 1.7pm
2.1x30mm column at an oven temperature of 50 <C. A gradient of water (5 mM ammonium
hydroxide) / acetonitrile (5 mM ammonium hydroxide) 99/1 to 70/30 was applied over 1.2
min. and then from 70/30 to 2/98 over 0.95 min. (1 mL/min.). Electrospray mass spectra (+)
and (-) with UV detection 210-400 nm (Waters AcQuity UPLC PDA).

HRMS Method 10: High-resolution mass spectra were obtained on a Waters Acquity UPLC
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with Waters Xevo G2 Otof Mass spectrometer using an AcQuity UPLC CSH C18 1.7 pm
2.1x50mm column at an oven temperature of 50 <C. A gradient of water (+0.05% ftritfluoroa-
cetic acid) / acetonitrile (0.05% trifluoroacetic acid) 98/2 to 2/98 was applied over 1.7 min.,
then held for 0.25 min. (1 mL/min.). UV detection 210-400 nm (Waters AcQuity UPLC
PDA).

SYNTHESIS OF INTERMEDIATES:

[235] Intermediate 1: 4-(bromomethyl)-2,2,5-trifluorobenzo[d][1,3]dioxole

o < ;CF
F_)\o Br
F

[236] Step I: 4-fluorobenzene-1,2-diol

HO
To a solution of 4-fluoro-1,2-dimethoxybenzene (150 g, 0.96 mol, 1.00 ¢q) in DCM (3 L)
cooled to -78 < was added borane tribromide (664 g, 2.7 mol, 2.76 eq). The reaction mixture
was allowed to stir at room temperature for 12 h and then quenched by addition of methanol
(1.14L). Stirring was continued at room temperature for 1 h, at which point the reaction was
diluted with water and extracted with ethyl acetate.
The combined organic phase was washed with a saturated aqueous NaCl solution, dried over
Na2S04, and concentrated under reduced pressure to afford the title compound as a grey solid
(113 g, 92% crude yield), which was used directly in the next step without further purifica-
tion.

[237] Step 2: 5-fluorobenzo[d][1,3]dioxole-2-thione

To a solution of 4-fluorobenzene-1,2-diol (113 g, 0.88 mol, 1.0 eq) in DCM (4.2 L) was

added DMAP (216 g, 2.0 eq), CSCl2 (183 g, 1.6 mol, 1.8 eq) at 0 C. The mixture was stirred
at room temperature for 1 h, after which time HPLC showed the reaction was completed. The
reaction was quenched by addition of water (4 L) and extracted by DCM (2 x 2 L). The com-

bined organic phase was dried over NaxSOu, filtered and concentrated under reduced pressure
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to afford a crude residue. The crude material was purified by silica gel column chromatog-
raphy (30:1 petroleum ether: ethyl acetate) to atford the title product as a yellow solid (107 g,
71% crude yield).

[238] Step 3: 5-bromo-2,2,6-trifluorobenzo[d][1,3]dioxole

To a solution of 5-fluorobenzo[d][1,3]dioxole-2-thione (104 g, 0.61 mol, 1.0 eq) in DCM (3
L) cooled to -78 <C was added dropwise 70% Py .HF (732 g, 5.2 mol, 8.5 ¢q) followed by
DBDMH (524 g, 1.8 mol, 3.0 eq). The resulting mixture was warmed to 0 <C to stir for 1 h.
The reaction was quenched by addition of 5M aqueous NaOH solution (50 V) and Na2S20s
(48.3 g, 0.31 mol, 0.5 eq). The mixture was filtered and the filtrate was extracted with DCM
(10 L). The combined organic phase was dried over Na2SOy, filtered and concentrated under
reduced pressure to afford the title compound as a crude brown oil (107 g, 69% crude yield),
which was used directly in the next step without further purification.

[239] Step 4: 2,2,5-trifluorobenzo[d][ 1,3 ]dioxole-4-carbaldehyde

Sazd

To a solution of 5-bromo-2,2,6-trifluorobenzo[d][1,3]dioxole (50 g, 0.19 mol, 1.0 eq) in THF
(500 mL) cooled to -78 T was added n-BuLi (91 mL, 0.23 mol, 1.2 eq). The resulting reac-
tion mixture was stirred at -78 <C for 1 h until HPLC showed the reaction was completed. To
the resulting cold mixture was added DMF (28.8 g, 0.38 mol, 2.0 eq) and stirring was contin-
ued until HPLC showed the reaction was completed. The reaction was quenched by addition
of 2N aqueous HCI solution (600 mL) and the resulting mixture was extracted with ethyl ace-
tate (2 x 500 mL). The combined the organic phase was dried over Na.SQu, filtered and con-
centrated to afford the title compound as a crude brown oil (37.6 g, 94% crude yield), which
was used directly in the next step without further purification.

"H NMR (400 MHz, CDCI3) § 10.29 (s, 1H), 7.25 (dd, J = 8.9, 4.0 Hz, 1H), 6.94 (dd, ] =
10.6, 9.0 Hz, 1H).

[240] Step 5: (2,2,5-trifluorobenzo[d][ 1,3]dioxol-4-yl)methanol
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F_)\O OH
F

To a solution of 2,2,5-trifluorobenzo[d][1,3]dioxole-4-carbaldehyde (37.6 g, 0.18 mol, 1.0
eq) in methanol (376 mL) cooled to 0 <C was added NaBHa (3.4 g, 0.09 mol, 0.5 eq). The
mixture was stirred at 0 <C for 40 min. until HPLC showed the reaction was completed. The
reaction was quenched by careful addition of water (200 mL) and the resulting mixture was
extracted with DCM (2 x 200 mL). The combined organic phase was dried over Na2SOu, fil-
tered and concentrated to afford a crude residue. The crude material was purified by silica
gel column chromatography (50:1 to 30: 1 petroleum ether:ethyl acetate) to afford the title
compound as a yellow oil (11.4 g, 30% crude yield).

[241] Step 6: 4-(bromomethyl)-2,2,5-trifluorobenzo[d][1,3]dioxole

13

To a solution of (2,2,5-trifluorobenzo[d][1,3]dioxol-4-yl)methanol (11.4 g, 55.3 mmol, 1.0
eq) in DCM (285 mL, 25 V) cooled to 0 < was added PBr3 (15 g, 55 mmol, 1.0 eq). The
mixture was stirred for 2 h at room temperature until HPLC showed the reaction was com-
pleted. The resulting reaction mixture was quenched by addition of water (200 mL) and the
mixture was extracted with DCM (2 x 200 mL). The combined organic phase was dried over
Na2S0s4, filtered and concentrated to afford a crude residue which was purified by silica gel
column chromatography (eluting with heptane) to afford the title compound as a colorless oil
(8.4 g, 48% yield, HPLC purity 97.90%, Rt: 4.796 min.).

"H NMR (400 MHz, CDCl3) § 6.97 (dd, J = 8.8, 4.1 Hz, 1H), 6.82 (dd, J = 9.9, 9.0 Hz, 1H),
4.48 (s, 2H).

Chemical purity was determined by HPLC according to the following conditions:

Instrument: Agilent 1260 HPLC
Column: Agilent Poroshell 120 C18 4.6x50mm, 2.7mm
Mobile phase: water (0.1% trifluoroacetic acid) / acetonitrile (0.1% trifluoroacetic
acid);
gradient 95/5 to 5/95 over 5 min. and hold at 5/95 for 2 min.
Flow rate: 1.2 mL/min.
Detection: UV @ 210 nm
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[242] Intermediate 2: 3-acetyl-4-fluorobenzonitrile

F
Purchased from commercial source (CAS: 267875-54-7).

[243] Intermediate 3: 5-acetyl-2-chlorobenzonitrile

=z
o /:/
O

Prepared from 5-bromo-2-chlorobenzonitrile by analogy to Example 27-28, Step 3. Product
was isolated as yellow solid (3.0 g, 91% yield). 'H NMR (400 MHz, CD3OD) § 8.39 (s, 1H),
8.22 (dd, /=8.4,2.0 Hz, 1H), 7.78 (d, /= 8.8 Hz, 1H), 2.62 (s, 3H).

[244] Intermediate 4: 5-acetyl-2-fluorobenzonitrile

N\\jij)\
F
Purchased from commercial source (CAS: 288309-07-9).

[245] Intermediate 5: 3-acetyl-2-fluorobenzonitrile

F O
NS

Prepared from 3-bromo-2-fluorobenzonitrile by analogy to Example 27-28, Step 3. Product
was isolated as yellow solid (1.8 g, 44% yield). '"H NMR (300 MHz, CDCl3) § 8.16 — 8.11
(m, 1H), 7.84 — 7.80 (m, 1H), 7.38 (t,J= 7.6 Hz, 1H), 2.69 (d, /= 5.2 Hz, 3H).

[246] Intermediate 6: 3-acetyl-5-fluorobenzonitrile

o]
NS

F

Prepared from 3-bromo-5-fluorobenzonitrile (10.0 g, 52.3 mmol) by analogy to Example 27-
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28, Step 3. Product was isolated as yellow solid (3.9 g, 46% yield). 'H NMR (300 MHz,
CDCl3) 6 8.02 (s, 1H), 7.88 (d, J=8.7 Hz, 1H), 7.56 (d, J=7.2 Hz, 1H), 2.63 (s, 3H).

[247] Intermediate 7: 2-(chloromethyl)-1-fluoro-4-(2,2,2-trifluoroethoxy)benzene

F
tavve
F
Cl

[248] Step 1: 2-fluoro-5-(2,2,2-trifluoroethoxy)benzaldehyde

F
ey
E O
le]
H

To a solution of 2-fluoro-5-hydroxybenzaldehyde (3.8 g, 27.1 mmol) and potassium car-
bonate (7.5 g, 54.2 mmol) in 40 mL of DMF was added 2,2,2-trifluoroethyl trifluoro-
methanesulfonate (12.59 g, 54.2 mmol) at room temperature. The resulted reaction mixture
was stirred for 2.5 hours at room temperature and monitored by LCMS. The reaction mixture
was quenched with cold water, extracted with diethyl ether twice. The combined organic
layer was dried over sodium sulfate, filtered and concentrated under reduced pressure. The
crude product was purified with silica gel column chromatography (0% - 100% cthyl acetate
in heptane) to provide the title compound (4.2 g, 70% yield).

ESI-MS m/z: 223.2 [M+H]™ (Rt: 0.98 min., LCMS Method 1). '"H NMR (400 MHz, DMSO-
de) 6 10.20 (s, 1H), 7.50 — 7.37 (m, 3H), 4.87 (q, /= 8.8 Hz, 2H).

[249] Step 2: (2-fluoro-5-(2,2,2-trifluoroethoxy)phenyl)methanol

F
F%OQF
F
OH

To a stirred solution of 2-fluoro-5-(2,2,2-trifluoroethoxy)benzaldehyde (4.2 g, 18.91 mmol)
in 15 mL of MeOH and 30 mL of THF, NaBH4 (1.07 g, 28.4 mmol) was added at 0 <. Then
the reaction mixture was stirred at room temperature for two hours and it was monitored by
LCMS. The reaction mixture was quenched with water and extracted with EtOAc two times.
The combined organic layer was washed with brine, dried over Na2SOs, filtered and concen-
trated under reduced pressure. The crude product was purified with silica gel column chroma-
tography (0% - 100% ethyl acetate in heptane) to provide the title compound (3.82 g, 90%
yield).
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"H NMR (400 MHz, DMSO-ds) § 7.16 — 7.07 (m, 2H), 6.96 (dt, J= 9.0, 3.7 Hz, 1H), 5.30 (,
J=5.6 Hz, 1H), 4.73 (q, /= 8.9 Hz, 2H), 4.51 (d, J= 5.8 Hz, 2H).
[250] Step 3: 2-(chloromethyl)-1-fluoro-4-(2,2,2-trifluoroecthoxy)benzene

F
F%—\OQF
F
Cl

To a solution of (2-fluoro-5-(2,2,2-trifluoroethoxy)phenyl)methanol (3.6 g, 16.06 mmol) in
12 mL of DCM, thionyl chloride (46.9 mL, 642 mmol) was added at room temperature. The
resulting brown color solution was stirred at 70 <C for 48 h. Then the reaction mixture was
poured onto ice-cold water carefully and extracted with DCM three times. The combined or-
ganic layer was washed with brine, dried over Na2SOg, filtered and concentrated under re-
duced pressure to give the title compound (3.9 g, 100% yield). It was used without further pu-
rification.

'H NMR (400 MHz, DMSO-ds) 8 7.32 — 7.07 (m, 3H), 4.82 — 4.68 (m, 4H).

[251] Intermediate 8: 2-(chloromethyl)-4-cyclopropoxy-1-fluorobenzene

4 QF

[252] Step I: 4-fluoro-3-(hydroxymethyl) phenol

HOQF

OH

To a stirred solution of 2-fluoro-5-hydroxybenzaldehyde (5.0 g, 36 mmol) in THF/MeOH (40
mL/ 20 mL) was added sodium borohydride (2.0 g, 54 mmol) portion wise at 0 <C. The reac-
tion mixture was allowed to stir at room temperature for 1 h and then diluted with water (100
mL) and extracted with EtOAc (3 x 50 mL). The combined organic phase was washed with
saturated aqueous NaCl solution (100 mL), dried over anhydrous Na2SOa, filtered and con-
centrated under reduced pressure to provide the title compound as a colorless oil (6.5 g,
crude).

"H NMR (400 MHz, CDCI3) § 6.91 — 6.85 (m, 2H), 6.71 — 6.67 (m, 1H), 6.14 (brs, 1H), 4.69
(s, 2H).

[253] Step 2: (5-cyclopropoxy-2-fluorophenyl)methanol
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To a stirred solution of 4-fluoro-3-(hydroxymethyl)phenol (6.5 g, 46 mmol) in NMP (60 mL)
was added bromo cyclopropane (27.7 g, 229 mmol) followed by potassium iodide (7.6 g, 46
mmol) and cesium carbonate (22.4 g, 68.6 mmol) at room temperature and the reaction mix-
ture was heated at 150 <C for 16 h. The reaction mixture was cooled to room temperature,
diluted with water (100 mL) and extracted with diethyl ether (2 x 100 mL). The combined or-
ganic phase was washed with saturated aqueous NaCl solution (100 mL), dried over Na2SOa,
filtered and concentrated under reduced pressure to afford a crude material. The crude mate-
rial was purified by silica gel column chromatography (20-30% ethyl acetate in hexane) to
afford the title compound (3.0 g, 36% yield).

"H NMR (300 MHz, CDCl3) § 7.11 — 7.08 (m, 1H), 6.99 — 6.89 (m, 2H), 4.73 (d, ] = 5.7 Hz,
2H), 3.74 - 3.68 (m, 1H), 1.84 (t, ] = 6.3 Hz, 1H), 0.77 — 0.75 (m, 4H).

[254] Step 3: 2-(chloromethyl)-4-cyclopropoxy-1-fluorobenzene

4 QF
cl

Thionyl chloride (30 mL) was added to (5-cyclopropoxy-2-fluorophenyl) methanol (3.0 g, 17
mmol) followed by DMF (1.5 mL) at 0 <C. The reaction mixture was stirred at room temper-
ature for 5 h before being poured into ice-water (100 mL) and extracted with DCM (3 x 50
mL). The combined organic phase was washed with water (3 x 50 mL) followed by saturated
NaHCOs aqueous solution (2 x 50 mL) and with saturated aqueous NaCl solution (1 x 50
mL), dried over anhydrous NaxSQg, filtered and concentrated under reduced pressure to af-
ford the title compound as a brown oil (3.8 g, crude).
"H NMR (400 MHz, CDCl3) § 7.08 — 7.06 (m, 1H), 7.01 — 6.95 (m, 2H), 4.60 (s, 2H), 3.72 —
3.69 (m, 1H), 0.79 — 0.75 (m, 4H).
SYNTHESIS OF COMPOUNDS OF FORMULA (1)

Synthesis of Examples 1 and 2
[255] Example 1: (R)-2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-yl)pyri-
din-2-yl)-2-hydroxypropane-1-sulfonamide and Example 2: (.S)-2-(6-(2-(2-fluoro-5-(trifluo-
romethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1-sulfonamide

Prepared according to Scheme 1.
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RS F
=4 i X i
NaN HO, &+ O 0 N=N HO » 0.0
N, _ N 3 \\SII N, N s \\SI'
N | S “NH, N | N \NHz
Example 1 Z Example 2 Z

[256] Step I: N,N-bis(4-methoxybenzyl)methanesulfonamide

Ny
S\, -
T
PMB

PMB

To a solution of bis(4-methoxybenzyl)amine (7.51 g, 29.2 mmol) and tricthylamine (3.84 g,
38.0 mmol) in DCM (50 mL) was added methanesulfonyl chloride (4.01 g, 35.0 mmol) drop-
wise at 0 <C. The reaction mixture was then stirred at room temperature for 2 h. Water was
added to quench the reaction mixture followed by extraction with DCM (3x). The DCM lay-
ers were combined, dried over anhydrous Na2SOa, filtered, and concentrated under reduced
pressure. The residue was purified with silica gel column chromatography (10-20% cthyl ace-
tate in heptane) to afford the title compound as a white solid (6.98 g, 68% yield).

"H NMR (400 MHz, DMSO-ds) § 7.26 - 7.12 (m, 4H), 6.97 - 6.82 (m, 4H), 4.19 (s, 4H), 3.75
(s, 6H), 2.89 (s, 3H).

[257] Step 2: 1-(6-(2H-tetrazol-5-yl)pyridin-2-yl)ethan-1-one

This reaction was carried out in 12 small reaction batches as described below:

To a mixture of 6-acetylpicolinonitrile (1 g, 6.84 mmol), triethylamine hydrochloride (1.413
g, 10.26 mmol), triethylamine (0.238 mL, 1.711 mmol) and 1,4-dioxane (5 mL) in a vial (30
mL) was added sodium azide (0.623 g, 9.58 mmol). The vial was tightly capped and the mix-
ture was stirred vigorously at 90 <C for 15 h.

Each reaction was then diluted with 3:1 EtOAc/EtOH (10-15 mL), manually shaken, added to
a stirred sodium bicarbonate (11.5 g, 137 mmol) slurry in EtOAc/EtOH (100 mL, v/v 3:1),
and rinsed in with another 10-15 mL of EtOAc/EtOH. The combined suspension was stirred
for 30 min., filtered through celite bed, rinsed with additional EtOAc¢/EtOH. The filtrate was
concentrated under reduced pressure to dryness, and the resulting oil was triturated with hep-

tane to remove residual triethylamine. To the oil residue was added acetone (100mL) and the
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resulting suspension was filtered through celite bed and the filter cake was rinsed with ace-
tone. To a stirred solution of the resulting dark amber filtrate cooled in an ice-water bath was
added an HCl solution (2.5 M in EtOH, 41.1 mL, 103 mmol) dropwise, resulting in a brown
mustard-colored suspension. To this was added heptane (50 mL) and the mixture was cooled
in an ice-water bath for 30 min. The solids were removed by vacuum filtration and washed
with an acetone/heptane mixture until the filtrate was colorless. The amber filtrate was con-
centrated under reduced pressure and the resulting oil was taken up in acetone and water.
The resulting suspension was let stand for 30 minutes and the solids were collected by vac-
uum filtration and washed with deionized water. The orange-yellow filter cake was dried un-
der vacuum at room temperature to afford the title compound (13.8 g, 89 % yield).

ESI-MS m/z: [M-H] 188.0 (Rt: 0.91 min., LCMS Method 1).

"H NMR (400 MHz, DMSO-ds): § 8.44 (dd, J = 7.8, 1.1 Hz, 1H), 8.26 (t, J = 7.8 Hz, 1H),
8.11(dd, J=7.8, 1.1 Hz, 1H), 2.79 (s, 3H).

[258] Step 3: 2-(6-(2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-N, N-bis(4-
methoxybenzyl)propane-1-sulfonamide

N=N

2 HO 0 0
BN, 1 Y
N | N “N(PMB),
=

To a solution of N, N-bis(4-methoxybenzyl)methanesulfonamide (19.9 g, 59.3 mmol) in THF
(350 mL) cooled in dry ice/acetone bath was added n-BuLi (1.6 M in hexanes, 37.1 mL, 59.3
mmol). The mixture was stirred at -78 <C for 35 min. Then 1-(6-(2H-tetrazol-5-yl)pyridin-2-
yDethan-1-one (5.0 g, 26.4 mmol) was added to the mixture in one batch. The cloudy mixture
was stirred while letting the temperature slowly rise to room temperature overnight. The reac-
tion mixture became clear after overnight stirring. To the reaction mixture was added 40 mL
of aqueous saturated NH4Cl solution followed by removal of the THF under reduced pres-
sure. To the residue was added DCM (40 mL) followed by quenching with 1 N aqueous HCI
(12 mL, 12 mmol). The pH of the aqueous layer was then adjusted with saturated aqueous
NaHCOs solution to pH ~6. Another 15 mL of aqueous saturated NaCl solution was added.
The mixture was extracted with EtOAc (3x) and then with DCM once. All organics were
combined and concentrated followed by purifying with silica gel column chromatography (0-
5% MeOH/DCM) to afford sticky white solid as the title compound (10.96 g, 73% yield).
ESI-MS m/z: [M+H]" 525.1 (Rt: 1.02 min., LCMS Method 1).

"H NMR (400 MHz, DMSO-ds) & 8.11 - 8.04 (m, 2H), 7.90 - 7.84 (m, 1H), 7.21 - 7.13 (m,
0.5 H, tautomer ), 7.09 - 7.00 (m, 4H), 6.92 - 6.83 (m, 0.5 H, tetrazole tautomer), 6.80 - 6.74
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(m, 4H), 5.98 (s, 1H), 4.14 (s, 4H), 3.96 (d, J = 14.2 Hz, 1H), 3.82 - 3.71 (m, 1H), 3.69 (s,
6H), 1.63 (s, 3H).

HRMS: M+H, found 525.1915, calc. 525.1920 (HRMS Method 10).

[259] Step 4: 2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-yl)pyridin-2-yl)-
2-hydroxy-N, N-bis{4-methoxybenzyl)propane-1-sulfonamide

FF
P ‘
© N
=N HO , O 0O
N N/
N/ N S\
N | A N(PMB),
=

To a stirred mixture of 2-(6-(2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-N, N-bis(4-methox-
ybenzyl)propane-1-sulfonamide (9.85 g, 18.8 mmol), sodium iodide (14.1 g, 94 mmol), po-
tassium carbonate (7.78 g, 56.3 mmol) in THF (400 mL) under N: protection was added a so-
lution of 2-(bromomethyl)-1-fluoro-4-(trifluoromethoxy)benzene (5.95 g, 21.8 mmol) in THF
(50 mL) at room temperature. The mixture was then stirred at 60 <C under N2 protection for
12 h. The mixture was filtered through a celite bed and the filter cake was rinsed with DCM.
The combined filtrate was concentrated under reduced pressure and then the residue was pu-
rified with silica gel column chromatography (10-30% ethyl acetate in heptane) to afford two
batches of sticky solid: first batch (the first major product eluted from the column as pure title
compound, 8.21 g) and second batch: mixture of the desired title compound and N1-alkylated
regioisomeric byproduct (second product eluted from the column), 3.09 g total (LCMS result
indicates around 20% of N1-alkylated byproduct in second batch). Total yield 79%. Both
batches were used in the next step.

ESI-MS m/z: [M+H]" 717.3 (Rt: 1.28 min., LCMS Method 1).

"H NMR (400 MHz, DMSO-ds) & 8.06 - 7.94 (m, 2H), 7.84 (dd, ] = 7.5, 1.5 Hz, 1H), 7.62
(dd, J=5.9,3.0 Hz, 1H), 7.54 - 7.46 (m, 1H), 7.41 (t, ] = 9.2 Hz, 1H), 7.10 - 7.00 (m, 4H),
6.85 - 6.73 (m, 4H), 6.11 (s, 2H), 5.92 (s, 1H), 4.12 (s, 4H), 3.85 (d, ] = 14.1 Hz, 1H), 3.69
(m, 7H), 1.58 (s, 3H).

[260] Step 5: 2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-yl)pyridin-2-yl)-
2-hydroxypropane-1-sulfonamide

£ F
0 N
;=N HO , O O
N A n R
N | B “NH,
Z
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To a solution of 2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-
yl)-2-hydroxy-N, N-bis(4-methoxybenzyl)propane-1-sulfonamide (11.2 g, 15.7 mmol) in
DCM (60 mL) was added TFA (75.7 mL, 112 g, 982 mmol) and the mixture was stirred at
room temperature for 12 h. All volatiles (including DCM and TFA) were removed under re-
duced pressure and to the residue was added excess triethylamine (30 mL). Volatiles were re-
moved under reduced pressure again. The residue was purified with silica gel column chro-
matography (0-5% MeOH in DCM) to afford the crude product. Further purification with sil-
ica gel column chromatography (30-60% ethyl acetate in heptane) afforded the title com-
pound as a racemate (Rac-1+2) (6.66 g, 89% yield).

ESI-MS m/z: [M+H]" 477.0 (Rt: 0.96 min., LCMS Method 1).

"H NMR (400 MHz, DMSO-ds) § 8.05 — 7.96 (m, 2H), 7.84 (dd, J = 6.9, 2.0 Hz, 1H), 7.70
(dd, J=6.1, 3.1 Hz, 1H), 7.55 (dt, J= 7.4, 3.6 Hz, 1H), 7.47 (t, /=9.1 Hz, 1H), 6.68 (s, 2H),
6.16 (s, 2H), 5.83 (s, 1H), 3.67 (d, /= 3.1 Hz, 2H), 1.62 (s, 3H).

[261] Chiral separation of the racemate of the title compound (Rac-1+2) (13.4 g) provided
Example 2 as the first eluting peak (5.52 g, 41% yield, e.c. > 99%) and Example 1 as the sec-
ond eluting peak (5.97 g, 44% yield, e.e. > 99%).

Chiral prep HPLC:

Instrument: Thar 80 system

Column: Chiralcel OD-H (30x250mm, 5 pm)

Mobile phase: TPA with 10 mM ammonia in MeOH / COz (30/70)
Flow rate: 80 g/min.

Detection: UV @ 272 nm

XN
,N:N HO, O\\/P
N\ _ N Z, s
N | A NH,
Z

Example 2

Peak 1 (Example 2): ESI-MS m/z: [M+H]" 477.3 (Rt: 0.95 min., LCMS Method 1). "H NMR
(400 MHz, DMSO-d¢) 8 8.6 - 7.95 (m, 2H), 7.84 (dd, ] = 7.0, 2.2 Hz, 1H), 7.-2 - 7.66 (m,
1H), 7.-9 - 7.51 (m, 1H), 7.47 (t, ] = 9.1 Hz, 1H), 6.67 (s, 2H), 6.16 (s, 2H), 5.83 (s, 1H), 3.—
4-3.61 (m, 2H), 1.62 (s, 3H).

e.e. > 99% (chiral analysis conditions as below).
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Peak 2 (Example 1): ESI-MS m/z: [M+H]" 477.0 (Rt: 0.96 min., LCMS Method 2). "H NMR
(400 MHz, DMSO-de) 8 8.03 — 7.95 (m, 2H), 7.83 (dd, J = 6.9, 2.1 Hz, 1H), 7.69 (dd, ] = 6.4,
2.9 Hz, 1H), 7.54 (dddd, J=9.1,4.2, 3.1, 0.9 Hz, 1H), 7.46 (t,J = 9.1 Hz, 1H), 6.67 (s, 2H),
6.15 (s, 2H), 5.81 (s, 1H), 3.67 (d, ] = 3.0 Hz, 2H), 1.62 (s, 3H).

e.c. > 99% (chiral analysis conditions as below).

Enantiomeric excess was determined using the following conditions:

Instrument: Waters UPC? system

Column: Chiralcel OD-3 (3><100mm, 3 pm)

Mobile phase: IPA with 0.1% ammonium hydroxide (modifier) / COz; Gradient: 5%
modifier for 0.2 minutes, increase to 55% modifier over 3.0 minutes,

and
hold at 55% modifier for 0.4 minutes

Flow rate: 2.5 mL/min,

Detection: PDA detector (210-400 nm)

Crystalline Forms of Example 1
[262] The absolute stereochemistry of the compound of Example 1 was determined by X-
ray analysis to be the (R)-configuration. The absolute sterecochemistry of the compound of
Example 2 is assumed to be (S)-configuration by analogy.
[263] Crystalline forms of the compound of Example 1 have been isolated as shown in
Modifications A-1, A-2 and A-3 as set forth below. The crystalline forms of the compound of
Example | have been characterized by X-Ray Powder Diffraction (XRPD), Differential Scan-
ning Calorimetry (DSC), Thermogravimetric Analysis (TGA) and NMR using the analytical
methods as shown in Table 2 below.
[264] The XRPD profiles for the respective crystalline forms are shown in Figures 1, 4 and
7. Lists of characteristic XRPD peaks are given herein in the tables below and described in

Figures 1, 4 and 7. The peaks listed herein are given as 2-Theta (20) angles #=0.2 degree. As
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will be appreciated by the skilled person, the relative intensities of the various peaks within

the tables given below may vary due to a number of factors such as for example orientation

effects of crystals in the X-ray beam or the purity of the material being analyzed or the degree

of crystallinity of the sample. The peak positions may also shift for variations in sample

height but the peak positions will remain substantially as defined in given tables. The skilled

person will also appreciate that measurements using a different wavelength will result in dif-

ferent shifts according to the Bragg equation — n) = 2d sin 6. Such alternative XRPD patterns

generated by use of alternative wavelengths are nevertheless representations of the same ma-

terial.

Table 2. Analytical methods

Analytical method Details

TGA method

Instrument TA Discovery

Temperature range Room temperature to 300 <C
Scan rate 10 K/min

Nitrogen flow 20 mL/min

Sample mass

Approximately 2-10 mg

DSC method

Instrument TA Discovery
Temperature range 0 T 1o 250 Cor300 <
Scan rate 10 K/min

Nitrogen flow 50 mL/min

Sample mass Approximately 2 mg
XRPD method 1 & 2

Instrument Bruker D8 Advance

Detector LynxEye (1D mode), open angle: 2.948<

Radiation CuKa (wavelength = 0.15418 nm)

Monochromator Ni-filter

X-ray generator power 40 kV, 40 mA

Step size 0.01640r 0.0410°(2-Theta)

Time per step 0.15s

Scan range 2240°2-Theta (20)

Scan time 356.4 s

Slits Primary fixed illuminated sample size: 10 mm, secondary:
open angle: 2.2 axial soller: 2.5°

NMR

Instrument Bruker ASCEND 400 MHz

89



WO 2025/011450 PCT/CN2024/103810

Analytical method Details

Probe 5 mm PABBO BB-1H/D Z-GRD Z108618/0226
Temperature 295.7K

Relaxation delay 1 second

[265] Modification A-1: Co-crystal of (R)-2-(6-(2-(2-fluoro-5-(trifluoromethoxy)ben-
zyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1-sulfonamide with L-proline

The compound of Example 1 (1.01 g) and L-proline (0.25 g) were dissolved in 11 mL
of EtOH/water (98/2, v/v) at room temperature and then filtered to form a clear solution.
Heptane (25 mL) was added to the resulting solution within 80 minutes. 1-3 mg of seeds were
added to the solution during addition of heptane. The mixture was stirred overnight at 25 <C
starting from 300 rpm and further increased to 600 rpm for one hour. The suspension so ob-
tained was filtered by centrifuge at 4000 rpm to yield a crystalline solid (0.71 g) after drying
at 40 <C for four hours.

The solid residue was analyzed by XRPD, DSC, TGA and NMR.

The co-crystal form of Modification A-1 is provided as an anhydrous crystalline form.
It is not hygroscopic and shows a reversible water uptake of about 0.1% at 90% relative hu-
midity. Its physicochemical properties are represented in Table 3.

The XRPD pattern of the co-crystal of Modification A-1 is shown in Figure 1. The
DSC thermogram of the co-crystal of Modification A-1 is shown in Figure 2. The TGA of the
co-crystal of Modification A-1 is shown in Figure 3. DSC data showing the melting transi-
tions of the co-crystal of Modification A-1 and the total water loss (Loss on Drying — LOD)

as measured by TGA are represented in Table 3.

Table 3. Physicochemical properties of Modifications A-1, A-2 and A-3

Parameter Modification A-1 | Modification A-2 | Modification A-3
Purity 99.49% 99.73% 99.45%

(HPLC)

Molar ratio 1:1.02 (L-proline) | 1:2.90 (L-proline) | 1:1.03 (CI)
(NMR)

Tonser melting point | 144.9 <€C/78.6J/g | 112.6 <T/53.8J/g | 78.7 T/ 163.4]/g
(DSCO)

LOD 0.2% at 140 <C 1.3% at 100 <C 14.6% at 160 <C
(TGA)

The XRPD peaks of the co-crystal form of Modification A-1 at 20 angles (==0.2 de-
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gree), when measured using a CuKa radiation with a wavelength of 1.5418 A at a tempera-

ture of about 22 <C, are as set forth in Table 4A:

Table 4A
No. Angle d value | Relative Intensity
20 A %
1 6.8 13.0 11.9
2 8.0 11.0 42.6
3 10.2 8.6 16.9
4 10.6 8.4 30.5
5 11.3 7.8 100.0
6 12.1 7.3 14.6
7 15.4 5.7 59.8
8 16.1 5.5 13.2
9 17.2 5.2 95.9
10 18.0 4.9 49.1
11 18.7 4.7 28.9
12 19.1 4.6 65.1
13 20.2 4.4 87.3
14 21.4 4.1 13.9
15 23.9 3.7 13.3
16 26.0 3.4 15.0

[266] Modification A-2: Co-crystal of (R)-2-(6-(2-(2-fluoro-5-(trifluoromethoxy)ben-
zyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1-sulfonamide with L-proline

The compound of Example 1 (1.00 g) was dissolved in 6 mL of acetonitrile (water
content around 0.8%) and then heated to 50 <C. L-proline (0.24 g) was suspended in 4 mL of
acetonitrile and then heated to 50 <C. The solution of the compound of Example 1 was added
into the L-proline suspension and stirred for 3.5 hours at 50 <C and then cooled to room tem-
perature over 2 days. The suspension so obtained was filtered by centrifuge at 4000 rpm to
yield a crystalline solid (0.47 g) after drying at 50 <C for 24 hours.

The solid reside was analyzed by XRPD, DSC, TGA and NMR.

The co-crystal form of Modification A-2 is provided as a monohydrate crystalline
form. It is hygroscopic and shows gel formation at 70% relative humidity and above. Its
physicochemical properties are represented in Table 3.

The XRPD pattern of the co-crystal of Modification A-2 is shown in Figure 4. The
DSC thermogram of the co-crystal of Modification A-2 is shown in Figure 5. The TGA of the
co-crystal of Modification A-2 is shown in Figure 6. DSC data showing the melting transi-
tions of the co-crystal of Moditication A-2 and the total water loss (Loss on Drying — LOD)

as measured by TGA are represented in Table 3.
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The XRPD peaks of the co-crystal of Modification A-2 at 20 angles (0.2 degree),
when measured using a CuKa radiation with a wavelength of 1.5418 A at a temperature of

about 22 <C, are as set forth in Table 4B:

Table 4B
No. Angle d value | Relative Intensity
20 A %
1 5.5 16.0 21.7
2 8.7 10.2 38.0
3 94 94 12.5
4 11.1 8.0 32.1
5 12.7 7.0 9.0
6 153 5.8 19.2
7 16.6 53 95.8
8 17.2 5.1 53.2
9 18.8 4.7 100.0
10 19.2 4.6 60.9
11 20.1 4.4 31.6
12 21.7 4.1 393
13 222 4.0 59.7
14 25.3 3.5 10.8
15 26.2 34 227
16 28.7 3.1 11.4
17 30.8 2.9 17.5

[267] Modification A-3: Crystalline form of hydrochloride salt of (R)-2-(6-(2-(2-fluoro-
5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1-sulfon-
amide

The compound of Example 1 (25.00 g) was dissolved in 270 mL of 4-methyl-2-penta-
none (MIBK) at room temperature in an EasyMax vessel at 300 rpm and the solution so ob-
tained was heated to 50 <. To this was added a solution of 12M hydrochloric acid (4.60 mL)
in MIBK (130 mL) by dropwise addition over 5.5 hours at 50 <C using an injection pump. To
the resulting suspension was added 9 mg of seed crystals. The resulting mixture was stirred
for 7 hours at 50 <C followed by 8 hours at 20 <C. The resulting solid was collected by vac-
uum filtration, washed with MIBK and dried at ambient temperature (about 25 <C with 45%
relative humidity) for 1 day to yield a crystalline solid (24.31 g).

The solid reside was analyzed by XRPD, DSC, TGA and NMR.

The crystalline form of Modification A-3 is provided as a MIBK solvate crystalline
form. It is hygroscopic and shows gel formation at 70% relative humidity and above. Its

physicochemical properties are represented in Table 3.
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The XRPD pattern of the crystalline form of Modification A-3 is shown in Figure 7.
The DSC thermogram of the crystalline form of Modification A-3 is shown in Figure 8. The
TGA of the crystalline form of Modification A-3 is shown in Figure 9. DSC data showing the
melting transitions of the crystalline form of Modification A-3 and the total water loss (Loss
on Drying — LOD) as measured by TGA are represented in Table 3.

The XRPD peaks of the crystalline form of Modification A-3 at 26 angles (0.2 de-
gree), when measured using a CuKa radiation with a wavelength of 1.5418 A at a tempera-

ture of about 22 <C, are as sct forth in Table 4C:

Table 4C
No. Angle d value | Relative Intensity
20 A %
1 7.5 11.7 21.0
2 11.2 7.9 9.0
3 14.3 6.2 100.0
4 15.5 5.7 5.9
5 16.6 5.3 24
6 17.9 5.0 3.5
7 18.5 4.8 32.6
8 19.1 4.6 27.0
9 20.0 4.4 39.0
10 20.4 4.4 3.1
11 21.4 4.1 4.5
12 22.5 4.0 3.0
13 22.8 3.9 3.5
14 23.9 3.7 322
15 28.8 3.1 13.9

Synthesis of Examples 3 to 62
[268] Example 3: (R or S)-2-hydroxy-2-(6-(2-((2,2,5-trifluorobenzo[d][ 1,3 |dioxol-4-yl)me-
thyl)-2H-tetrazol-5-yl)pyridin-2-yl)propane-1-sulfonamide and Example 4: (R or S)-2-hy-
droxy-2-(6-(2-((2,2,5-trifluorobenzo[d][ 1,3 ]dioxol-4-yl)methyl)-2 H-tetrazol-5-yl)pyridin-2-
yl)propane-1-sulfonamide
Prepared by analogy to Examples | and 2 according to Scheme 1 by replacing 2-(bromome-
thyl)-1-fluoro-4-(trifluoromethoxy)benzene with Intermediate 1 to afford the racemate of the

title compound (Rac-3+4) (180 mg).

F
o/§ 2
. N=N HO, , Q.0
0 N, N R34
F NTYS NH,
=
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Chiral separation of the racemate (180 mg) provided Example 3 as the first eluting peak (87
mg, 48% yield, chiral HPLC: e.e. 97.54%, Rt: 2.12 min.) and Example 4 as the second elut-
ing peak (90 mg, 50% yield, chiral HPLC: e.c. 96.22%, Rt: 2.36 min.) as white solids.

Chiral prep HPLC:

Instrument: Waters Preparative SFC80

Column: Chiralpak IG (21x250mm, 5pm) @ 35 <C
Mobile phase: methanol / CO2 (25/75)

Flow rate: 80 g/min.

Detection: UV @ 230nm

Peak 1 (Example 3): ESI-MS m/z: 473.2 [M+H]" (Rt: 1.94 min., LCMS Method 3); 'H NMR
(400 MHz, DMSO-ds) 8 8.05 — 7.94 (m, 2H), 7.84 (dd, J= 7.3, 1.9 Hz, 1H), 7.56 (dd, /= 8.9,
4.2 Hz, 1H), 7.23 (dd, J=10.7, 8.9 Hz, 1H), 6.67 (s, 2H), 6.20 (s, 2H), 5.83 (s, 1H), 3.67 (d,
J=2.9Hz, 2H), 1.62 (s, 3H). ¢.c. 97.54%, Rt: 2.12 min. (chiral analysis conditions as be-

low).

Peak 2 (Example 4): ESI-MS m/z: 473.1 [M+H]" (Rt: 1.95 min., LCMS Method 3); '"H NMR
(400 MHz, DMSO-d¢) 8 8.05 — 7.94 (m, 2H), 7.84 (dd, J= 7.3, 1.9 Hz, 1H), 7.56 (dd, /= 9.0,
4.1 Hz, 1H), 7.23 (dd, J=10.5, 9.0 Hz, 1H), 6.67 (s, 2H), 6.20 (s, 2H), 5.83 (s, 1H), 3.67 (d,
J=2.9Hz, 2H), 1.62 (s, 3H). e¢.e. 96.22%, Rt: 2.36 min. (chiral analysis conditions as be-
low).

Enantiomeric excess was determined using the following conditions:

Instrument: Waters UPC? system
Column: Chiralpak 1G-3(3pum, 3<100mm) @ 40 <C
Mobile phase: Methanol with 0.1% ammonium hydroxide (modifier) / CO2; Gradient:
5%
modifier for 0.2 minutes, increase to 55% modifier over 3.0 minutes,
and
hold at 55% modifier for 0.4 minutes
Flow rate: 2.5 mL/min.
Detection: PDA detector (210-400 nm)
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[269] Example 5: (R or S)-2-(2-fluoro-5-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-te-
trazol-5-yl)phenyl)-2-hydroxypropane-1-sultonamide and Example 6: (R or S)-2-(2-tluoro-5-
(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-yl)phenyl)-2-hydroxypropane-1-sul-
fonamide

Prepared by analogy to Examples 1 and 2 according to Scheme 1 starting from Intermediate 2

to afford the racemate of the title compound (1.0 g).

E F
P -
o N
N=N HO , O 0
N, R
N “NH,
F

Chiral separation of the racemate (1.0 g) provided Example 6 as the first eluting peak (223
mg, 23% yield. Chiral HPLC purity: 98.5%, Rt: 4.875 min.) and Example 5 as the second
eluting peak (143 mg, 14% yield. Chiral HPLC purity: 99.5%, Rt: 7.450 min.) as white sol-
ids.

Chiral prep HPLC:

Instrument: Agilent 1260 Infinity

Column: CHIRAL PAK-IG (250 mm X 20 mm), 5 pm

Mobile phase: 15% DCM in hexane (A); 0.1% ammonia in EtOH: MeOH (50:50, B);
Isocratic: 75(A):25(B)

Flow rate: 15 mL/min.

Detection: UV 210 nm

Peak 1 (Example 6): MS (ESI+): m/z 494.15 (M+H), Rt: 0.830 min. [LCMS Method 4]; 'H
NMR (400 MHz, CDsOD) 6 8.47 (dd, J = 8.0, 2.4 Hz, 1H), 8.07 — 8.02 (m, 1H), 7.49 — 7.46
(m, 1H), 7.42 — 7.37 (m, 1H), 7.31 (t, J = 8.8 Hz, 1H), 7.20 (dd, T = 11.6, 8.4 Hz, IH), 6.00

(d, J=5.2 Hz, 2H), 3.80 (d, J = 14.8 Hz, 1H), 3.69 (d, ] = 14.8 Hz, 1H), 1.73 (d, ] = 0.8 Hz,
3H).

Peak 2 (Example 5): MS (ESI+): m/z 494.15 (M+H), Rt: 0.828 min. [LCMS Method 4]; 'H
NMR (400 MHz, CD30D) 6 8.47 (dd, J= 8.0, 2.4 Hz, 1H), 8.07 — 8.02 (m, 1H), 7.49 — 7.46
(m, 1H), 7.42 - 7.37 (m, 1H), 7.31 (t, J= 9.2 Hz, 1H), 7.20 (dd, /= 12.0, 8.8 Hz, 1H), 6.00

(s, 2H), 3.81 (d, J=14.4 Hz, 1H), 3.69 (d, J=14.8 Hz, 1H), 1.73 (d, J= 0.8 Hz, 3H).
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Chiral HPLC retention times were obtained using the following conditions:

Instrument: Agilent 1260 Infinity 11
Column: CHIRAL PAK-IG (150 mm X 4.6 mm), 5 pm
Mobile phase: n-hexane (A); 0.1% NH4OH in EtOH: MeOH (50:50, B); Isocratic:
70(A):
30(B)
Flow rate: 1.0 mL/min.
Detection: UV @ 210 nm

[270] Example 7: (R or S)-2-(4-chloro-3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-te-
trazol-5-yl)phenyl)-2-hydroxypropane-1-sulfonamide and Example 8: (R or S)-2-(4-chloro-
3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-yl)phenyl)-2-hydroxypropane-1-
sulfonamide

Prepared by analogy to examples 1 and 2 according to Scheme 1 starting from intermediate 3

to afford the racemate of the title compound (120 mg).

F.F
o N
=N HO , O O
N, = R
N “NH,
cl

Chiral separation of the racemate (120 mg) provided Example 7 as the first eluting peak (23
mg, 19% yield, chiral HPLC purity: 97.99%, Rt: 5.173 min.) and Example 8 as the second
eluting peak (27 mg, 23% yield, chiral HPLC purity: 97.60%, 7.332 min.) as white solids.

Chiral prep HPLC:

Instrument: Agilent 1260 Infinity

Column: CHIRALPAK IG, (250 mm x 20 mm), 5.0 pm

Mobile phase: n-hexane (A); EtOH: MeOH (1:1, B); Isocratic: S0(A):50(B)
Flow rate: 15 mL/min.

Detection: UV @ 210 nm

Peak 1 (Example 7): MS (ESI+): m/z 510.2 (M+H), Rt: 1.657 min. [LCMS Method 5]; 'H
NMR (400 MHz, CD30D) 6 8.05 (d, J = 2.4 Hz, 1H), 7.65 (dd, J = 8.4, 2.4 Hz, 1H), 7.55 (d,
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J=8.4 Hz, 1H), 7.49 — 7.46 (m, 1H), 7.43 — 7.37 (m, 1H), 7.32 (d, ] = 8.8 Hz, 1H), 6.05 (s,
2H), 3.63 (s, 2H), 1.75 (s, 3H).

Peak 2 (Example 8): MS (ESI+): m/z 510.2 (M+H), Rt: 1.67 min. [LCMS Method 5]; 'H
NMR (400 MHz, CD30D) ¢ 8.05 (d, J =2.4 Hz, 1H), 7.64 (dd, J = 8.4, 2.4 Hz, 1H), 7.54 (d,
I=8.4Hz, 1H), 7.49 — 7.46 (m, 1H), 7.43 — 7.37 (m, 1H), 7.32 (d, ] = 9.2 Hz, 1H), 6.05 (s,
2H), 3.61 (s, 2H), 1.74 (s, 3H).

Chiral HPLC retention times were obtained using the following conditions:

Instrument: Agilent 1260 Infinity II
Column: CHIRALPAK-IG, (150 mm x 4.6 mm), 5.0 pm
Mobile phase: n-hexane (A); 0.1% DEA in EtOH: MeOH (70:30, B); Isocratic:
50(A):
50(B)
Flow rate: 1.0 mL/min.
Detection: UV @ 210 nm

[271] Example 9: (R or S)-2-(4-fluoro-3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-te-
trazol-5-yl)phenyl)-2-hydroxypropane-1-sulfonamide and Example 10: (R or S)-2-(4-fluoro-
3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-yl)phenyl)-2-hydrox ypropane-1-

E. F
P _
© N
=N HO 0 0
N, _ \\S’/
N “NH,
F

[272] Step I:2-(3-cyano-4-fluorophenyl)-2-hydroxy-N, N-bis(4-methoxybenzyl)propane-1-

N "4 Oso
N(PMB),
F

Prepared according to the procedure followed in Step 3 of examples 1 and 2 starting from In-

sulfonamide

sulfonamide

termediate 4 (0.60 g, 3.677 mmol) to afford the title product as yellow gummy compound.
Yield: 2.0 g (Crude). MS (ESI+): m/z 499.25 (M+H), Rt: 1.599 min. [LCMS Method 6].
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[273] Step 2: 2-(4-fluoro-3-(2H-tetrazol-5-yl)phenyl)-2-hydroxy-N, N-bis(4-methoxyben-

N=n HO , 0.0
HN, _ W
N “N(PMB),
F

Prepared according to the procedure followed in Step 2 from examples 1 and 2 to afford the

zyl)propane-1-sulfonamide

title compound as brown gummy material. Yield: 2.0 g (92% yield). MS (ESI+): m/z 542.3
(M+H), Rt: 0.404 min. [LCMS Method 5].

[274] Step 3: 2-(4-fluoro-3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)phe-
nyl)-2-hydroxy-N, N-bis(4-methoxybenzyl)propane-1-sulfonamide

N o~
N=n HO , 0,0
N, R4
N N(PMB),
F

Prepared according to procedure followed in Step 4 from examples 1 and 2 to afford the title
compound as yellow sticky material. Yield: 1.6 g (51% yield). MS (ESI+): m/z 734.25
(M+H), Rt: 0.973 min. [LCMS Method 4].
[275] Step 4: 2-(4-fluoro-3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)phe-
nyl)-2-hydroxypropane-1-sulfonamide

R F

N
N=N HO_ , 0,0
N, _ W
N NH,
F

Prepared according to procedure followed in Step 5 from examples 1 and 2 to afford the race-
mate of the title compound (400 mg).

[276] Chiral separation of the racemate (400 mg) provided Example 10 as the first eluting
peak (132 mg, 33% yield, chiral HPLC purity: 98.9%, Rt: 5.414 min.) and Example 9 as the
second cluting peak (145 mg, 36% yield, chiral HPLC purity: 99.1%, Rt: 8.939 min.) as

white solids.

Chiral prep HPLC:
Instrument: Agilent 1260 Infinity
Column: CHIRAL PAK IG (20.0 mm X 250 mm), 5 pm
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Mobile phase: n-hexane (A); EtOH: MeOH (1:1, B); Isocratic: 60(A): 40(B)
Flow rate: 15 mL/min.
Detection: UV @ 210 nm

Peak 1 (Example 10): MS (ESI+): m/z 494.4 (M+H), Rt: 0.383 min. [LCMS Method 5]; 'H
NMR (400 MHz, CD30D) 6 8.22 (dd, J = 6.8, 2.4 Hz, 1H), 7.70 — 7.64 (m, 1H), 7.50 — 7.46
(m, 1H), 7.41 — 7.36 (m, 1H), 7.34 — 7.21 (m, 2H), 6.03 (s, 2H), 3.58 (s, 2H), 1.74 (s, 3H).

Peak 2 (Example 9): MS (ESI+): m/z 494.2 (M+H), Rt: 0.375 min. [LCMS Method 5]; 'H
NMR (400 MHz, CD30D) 6 8.22 (dd, J = 6.8, 2.8 Hz, 1H), 7.70 — 7.64 (m, 1H), 7.50 — 7.46

(m, 1H), 7.41 — 7.36 (m, 1H), 7.34 — 7.21 (m, 2H), 6.03 (s, 2H), 3.57 (s, 2H), 1.74 (s, 3H).

Chiral HPLC retention times were obtained using the following conditions:

Instrument: Agilent 1260 Infinity II
Column: CHIRAL PAK-IG (150 mm X 4.6 mm), 5 pm
Mobile phase: n-hexane (A); 0.1% HCOOH EtOH: MecOH (80:20, B); Isocratic:
70(A):
30(B)
Flow rate: 1.0 mL/min.
Detection: UV @ 210 nm

[277] Example 11: (R or S)-2-(2-fluoro-3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-te-
trazol-5-yl)phenyl)-2-hydroxypropane-1-sulfonamide and Example 12: (R or S)-2-(2-fluoro-
3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-yl)phenyl)-2-hydroxypropane-1-
sulfonamide

Prepared by analogy to Examples 9 and 10 according to Scheme 1 starting from Intermediate

5 to afford the racemate of the title compound (830 mg).

F. F
NN
0 N
=N F HO Q,,0
N, N
N NH,

Chiral separation of the racemate (830 mg) provided Example 12 as the first eluting peak
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(290 mg, 35% yield, chiral HPLC purity: 99.1%, Rt: 5.521 min.) and Example 11 as the sec-
ond eluting peak (266 mg, 32% yield, chiral HPLC purity: 98.8%, Rt: 6.888 min.) as white

solids.

Chiral prep HPLC:

Instrument: Agilent 1260 Infinity

Column: CHIRALPAK IH (250 mm X 20 mm), 5 pm

Mobile phase: n-hexane (A); EtOH: McOH (1:1, B); Isocratic: 75(A): 25(B)
Flow rate: 15 mL/min.

Detection: UV @ 210 nm

Peak 1 (Example 12): MS (ESI+): m/z 494.0 (M+H), Rt: 1.501 min. [LCMS Method 6]; 'H
NMR (400 MHz, CD30D) 6 8.01 — 7.96 (m, 1H), 7.92 — 7.85 (m, 1H), 7.52 — 7.49 (m, 1H),
7.44 —7.39 (m, 1H), 7.37 - 7.31 (m, 2H), 6.05 (s, 2H), 3.87 (d, J = 14.4 Hz, 1H), 3.72 (d, ] =
14.4 Hz, 1H), 1.76 (d, J = 0.8 Hz, 3H).

Peak 2 (Example 11): MS (ESI+): m/z 494.05 (M+H), Rt: 1.500 min. [LCMS Method 6]; 'H
NMR (400 MHz, CD30OD) 6 8.01 — 7.96 (m, 1H), 7.92 — 7.85 (m, 1H), 7.52 — 7.49 (m, 1H),
7.44 —7.39 (m, 1H), 7.37 - 7.31 (m, 2H), 6.05 (s, 2H), 3.87 (d, J = 14.4 Hz, 1H), 3.72 (d, ] =
14.4 Hz, 1H), 1.76 (s, 3H).

Chiral HPLC retention times were obtained using the following conditions:

Instrument: Agilent 1260 Infinity 11

Column: CHIRALPAK-IH (150 mm X 4.6 mm), 5 pm

Mobile phase: n-hexane (A); EtOH: MeOH (1:1, B); Isocratic: 70(A):30(B)
Flow rate: 1.0 mL/min.

Detection: UV @ 210 nm

[278] Example 13: (2R or 2S,3R or 35)-3-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-
tetrazol-5-yl)pyridin-2-yl)-3-hydroxybutane-2-sulfonamide and Example 14: (2R or 2S,3R or
38)-3-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-yl)pyridin-2-yl)-3-hydroxy-
butane-2-sulfonamide and Example 15: (2R or 28,3R or 35)-3-(6-(2-(2-fluoro-5-(trifluoro-
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methoxy)benzyl)-2 H-tetrazol-5-yl)pyridin-2-yl)-3-hydroxybutane-2-sulfonamide and Exam-
ple 16: (2R or 2S,3R or 35)-3-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-
yD)pyridin-2-yl)-3-hydroxybutane-2-sulfonamide

Prepared according to Scheme 2.

F. F
FX '
o N
=N HO , O 0
N N
N N S\
N I N NH2
4

[279] Step I: 1-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-yl)pyridin-2-

FE F
F_Xo F
Nz=N 0
N
\N/ | N\
P

To a stirred mixture of 1-(6-(2H-tetrazol-5-yl)pyridin-2-yl)ethan-1-one (8.4 g, 44.4 mmol),
KoCOs3 (18.41 g, 133 mmol) and Nal (33.3 g, 222 mmol) in THF (200 mL) was added a solu-

yl)ethan-1-one

tion of 2-(bromomethyl)-1-fluoro-4-(trifluoromethoxy)benzene (13.34 g, 48.9 mmol) in THF
(50 mL). The mixture was stirred under Nz protection at 65 <C for 15 h. The resulting reac-
tion mixture was filtered through a celite bed and the filter cake was rinsed with EtOAc. The
combined filtrate was concentrated under reduced pressure to dryness. The residue was puri-
fied with silica gel column chromatography (0-25-35% cthyl acetate in heptane) to afford the
title compound (the first major peak eluted out as the desired regioisomer: 10.0 g, 54% yield.
"H NMR (400 MHz, DMSO-ds): § 8.36 (dd, J=7.8, 1.1 Hz, 1H), 8.21 (t, J = 7.8 Hz, 1H),
8.09 (dd, J="7.8, 1.1 Hz, 1H), 7.76 - 7.67 (m, 1H), 7.55 (dddd, ] =9.1, 4.2, 3.2, 0.9 Hz, 1H),
7.47 (t,J=9.2 Hz, 1H), 6.18 (s, 2H), 2.69 (s, 3H).

[280] Step 2: N.N-bis(4-methoxybenzyl)ethanesulfonamide

¥ puB
~ \I}l’
PMB

To a stirred solution of bis(4-methoxybenzyl)amine (6.68 g, 26.0 mmol), tricthylamine (7.24
mL, 5.25 g, 51.9 mmol) in DCM (150 mL) was added ethanesulfonyl chloride (4.00 g, 31.2

mmol) and the mixture was stirred at room temperature for 12 h. Volatiles were removed un-
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der reduced pressure and the resulting residue was purified with silica gel column chromatog-
raphy (0-20% ethyl acetate in heptane) to afford the title compound (8.2 g, 90% yield).

"H NMR (400 MHz, DMSO-ds) § 7.28 — 7.09 (m, 4H), 6.97 — 6.80 (m, 4H), 4.20 (s, 4H),
3.74 (s, 6H), 3.05 (q, J=7.3 Hz, 2H), 1.18 (t, J= 7.3 Hz, 3H).

[281] Step 3: 3-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-yl)pyridin-2-yl)-
3-hydroxy-N, N-bis(4-methoxybenzyl)butane-2-sulfonamide

F. F
o
N,N:N HO
\N/ | N\

To a stirred solution of N, N-bis(4-methoxybenzyl)ethanesulfonamide (1.83 g, 5.23 mmol) in
THF (50 mL) cooled in dry ice/acetone bath was added BuLi (1.6 M in hexanes, 3.27 mL,
5.23 mmol) dropwise. The mixture was stirred at -78 <C for 20 min., then at room tempera-
ture for 30 min. The mixture was cooled to -78 < again and to the mixture was added 1-(6-
(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-yl)pyridin-2-yl)ethan-1-one (950 mg,
2.49 mmol). The mixture was then stirred at -78 <C for | h, at room temperature for 12 h,
then at 50 <C for 40 min. The reaction mixture was quenched with saturated aqueous NH4Cl
solution. Volatiles were removed under reduced pressure and the residue was purified with
silica gel column chromatography (10-25% ethyl acetate in heptane) to afford two major frac-
tions (two enantiomer pairs):

For enantiomer pair I (first eluting peak): 573 mg, 32% yield.

ESI-MS m/z: 731.3 [M+H]" (Rt: 1.33 min., LCMS Method 2).

For enantiomer pair II (second eluting peak): 370 mg, 20% yield.

ESI-MS m/z: 731.1 [M+H]" (Rt: 1.33 min., LCMS Method 2).

[282] Step 4a: enantiomer pair [ of 3-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-te-
trazol-5-yl)pyridin-2-yl)-3-hydroxybutane-2-sulfonamide

F.F
=4 ]
N=N HO , O, O
N\ _ N \\S/I
N | A “NH,
Z

To a solution of 3-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-yl)pyridin-2-
y1)-3-hydroxy-N, N-bis(4-methoxybenzyl)butane-2-sulfonamide (enantiomer pair I, 568 mg,
0.777 mmol) in DCM (4 mL) was added TFA (6.0 mL) and the mixture was stirred at room
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temperature for 12 h. Volatiles were removed under reduced pressure and to the residue was
added 6 mL of triethylamine. Then volatiles were removed under reduced pressure again. The
residue was purified with silica gel column chromatography (20-60% cthyl acetate in hep-
tane) to afford the enantiomer pair I of the title compound (263 mg, 69% yield).

ESI-MS m/z: 491.4 [M+H]" (Rt: 0.97 min., LCMS Method 2).

Chiral separation of the racemate (260 mg) provided Example 15 as the first eluting peak (92
mg, 34% yield, e.e. > 99%) and Example 13 as the second eluting peak (98 mg, 36% yield,
e.e. > 99%).

Chiral prep HPLC:

Instrument: Thar 80 system

Column: Chiralpak IG (21 x 250 mm, 5 pm)
Mobile phase: methanol / COz (25/75)

Flow rate: 80 g/min.

Detection: UV @ 230 nm

Peak 1 (Example 15): ESI-MS m/z: 491.1 [M+H]" (Rt: 0.97 min., LCMS Method 2); 'H
NMR (400 MHz, DMSO-ds) § 8.07 - 7.95 (m, 2H), 7.80 (dd, J=7.3, 1.7 Hz, 1H), 7.68 (dd, J
=6.3,3.0 Hz, 1H), 7.58 - 7.51 (m, 1H), 7.47 (t,J = 9.1 Hz, 1H), 6.75 (s, 2H), 6.15 (s, 2H),
5.43 (s, 1H), 3.74 (q, J = 7.0 Hz, 1H), 1.74 (s, 3H), 1.07 (d, ] = 7.0 Hz, 3H); HRMS: M+H,
found 491.1122, calc. 491.1125 (HRMS Method 10).

Peak 2 (Example 13): ESI-MS m/z: 491.1 [M+H]" (Rt: 1.00 min., LCMS Method 2); 'H
NMR (400 MHz, DMSO-ds) 6 8.08 - 7.94 (m, 2H), 7.80 (dd, J = 7.3, 1.7 Hz, 1H), 7.68 (dd. J
=6.2,3.0 Hz, 1H), 7.54 (dt, J =7.8, 3.3 Hz, 1H), 7.47 (t, ] = 9.1 Hz, 1H), 6.75 (s, 2H), 6.15
(s, 2H), 5.43 (s, 1H), 3.74 (q, ] = 6.9 Hz, 1H), 1.74 (s, 3H), 1.07 (d, ] = 7.0 Hz, 3H); HRMS:
M+H, found 491.1134, calc. 491.1125 (HRMS Method 10).

Enantiomeric excess was determined using the following conditions:

Instrument: Waters UPC? system
Column: Chiralpak 1G-3 (3 um, 3 ><100 mm)
Mobile phase: MeOH:IPA(1:1) with 0.1% ammonium hydroxide (modifier) / CO:

Gradient: 5% modifier for 0.2 minutes, increase to 55% modifier over
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3.0

minutes, and hold at 55% modifier for 0.4 minutes
Flow rate: 2.5 mL/min.
Detection: PDA detector (210-400 nm)

[283] Step 4b: enantiomer pair II of 3-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-te-
trazol-5-yl)pyridin-2-yl)-3-hydroxybutane-2-sulfonamide

F. F
FX '
© N
=N HO QVIO
N\ ~ N S\
N | A NH,
=

The enantiomer pair II obtained in Step 3 was subjected to the same procedure as Step 4a to
afford the enantiomer pair II of the title compound in 81% yield.

ESI-MS m/z: 491.1 [M+H]" (Rt: 0.99 min., LCMS Method 2).

Chiral separation of the racemate (195 mg) provided Example 16 as the first eluting peak (73
mg, 36% yield, ¢.e. > 99%) and Example 14 as the second cluting peak (78 mg, 38% yield,
e.c. > 99%).

Chiral prep HPLC:

Instrument: Thar 80 system

Column: Chiralpak IG (21 x 250 mm, 5 pm)
Mobile phase: methanol / CO2 (25/75)

Flow rate: 80 g/min.

Detection: UV @ 230 nm

Peak 1 (Example 16): ESI-MS m/z: [M+H]" 491.1 (Rt: 0.99 min., LCMS Method 2); 'H
NMR (400 MHz, DMSO-dq) & 8.00 - 7.90 (m, 2H), 7.81 (dd, J=6.2, 2.8 Hz, 1H), 7.69 (dd, J
=6.1,3.0 Hz, 1H), 7.54 (dddd, 1 =8.2,4.2, 3.1, 1.0 Hz, 1H), 7.46 (t, ] = 9.1 Hz, 1H), 6.42 (s,
2H), 6.15 (s, 2H), 5.83 (d, J = 3.1 Hz, 1H), 3.85 (q, J=7.0 Hz, 1H), 1.49 (s, 3H), 1.42 (d, ] =
7.1 Hz, 3H); HRMS: M+H, found 491.1120, calc. 491.1125 (HRMS Method 10).

Peak 2 (Example 14): ESI-MS m/z: [M+H]" 491.3 (Rt: 0.94 min., LCMS Method 2); LCMS,
5 min. UPLC-MS, 'H NMR (400 MHz, DMSO-ds) & 8.01 - 7.91 (m, 2H), 7.81 (dd, J = 6.2,
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2.8 Hz, 1H), 7.69 (dd, T = 6.1, 3.0 Hz, 1H), 7.54 (dt, J = 7.6, 3.7 Hz, 1H), 7.46 (t, ] = 9.1 Hz,
1H), 6.42 (s, 2H), 6.15 (s, 2H), 5.82 (s, 1H), 3.85 (q, J = 7.1 Hz, 1H), 1.49 (s, 3H), 1.42 (d, J
=7.1 Hz, 3H); HRMS: M+H, found 491.1118, calc. 491.1125 (HRMS Method 10).

Enantiomeric excess was determined using the following conditions:

Instrument: Waters UPC? system
Column: Chiralpak 1G-3 (3 pm, 3 ><100 mm)
Mobile phase: MeOH:IPA (1:1) with 0.1% ammonium hydroxide (modifier) / CO2

Gradient: 5% modifier for 0.2 minutes, increase to 55% modifier over
3.0 minutes, and hold at 55% modifier for 0.4 minutes
Flow rate: 2.5 mL/min.

Detection: PDA detector (210-400 nm)

[284] Example 17: (R or S)-2-(6-(2-(2,5-difluorobenzyl)-2 H-tetrazol-5-yl)pyridin-2-y1)-2-
hydroxypropane-1-sulfonamide and Example 18: (R or §)-2-(6-(2-(2,5-difluorobenzyl)-2H-
tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1-sulfonamide

Prepared by analogy to Examples 13-16 according to Scheme 2 by replacing 2-(bromome-
thyl)-1-fluoro-4-(trifluoromethoxy)benzene with 2-(bromomethyl)-1,4-difluorobenzene to af-

ford the racemate of the title compound (230 mg).

F
F Z: N
S=N HO , O 0O
N I\Y/2
N~ N So
N s NH,
o

Chiral separation of the racemate (230 mg) provided Example 17 as the first eluting peak (60
mg, 26% yield, chiral HPLC purity: 99.8%, Rt: 10.179 min.) and Example 18 as the second
eluting peak (60 mg, 26% yield, chiral HPLC purity: 99.5%, Rt: 14.759 min.) as white solids.

Chiral prep HPLC:

Instrument: Agilent 1260 Infinity

Column: CHIRAL PAK TH (21.0 mm X 250 mm), Spm

Mobile phase: n-HEXANE (A); EtOH:MeOH (1:1, B); Isocratic: 60(A):40(B)
Flow rate: 15 mL/min.

Detection: UV@ 210 nm

Peak 1 (Example 17): MS (ESI+): m/z 410.85 (M+H), Rt: 1.420 min. [LCMS Method 6]; 'H

105



WO 2025/011450 PCT/CN2024/103810

NMR (400 MHz, CD;0D) § 8.04 (d, ] = 7.6 Hz, 1H), 7.95 (t, ] = 7.6 Hz, 1H), 7.84 (d, ] = 7.6
Hz, 1H), 7.31 — 7.25 (m, 1H), 7.24 — 7.19 (m, 2H), 6.03 (s, 2H), 4.05 (d, J = 14.4 Hz, 1H),
3.78 (d, T = 14.8 Hz, 1H), 1.70 (s, 3H).

Peak 2 (Example 18): MS (ESI+): m/z 410.85 (M+H), Rt: 1.420 min. [LCMS Method 6]; 'H
NMR (400 MHz, CD3;0D) 6 8.04 (d, J = 8.0 Hz, 1H), 7.95 (t,J=7.6 Hz, 1H), 7.83 (d,J = 7.6
Hz, 1H), 7.31 — 7.25 (m, 1H), 7.24 — 7.19 (m, 2H), 6.03 (s, 2H), 4.05 (d, ] = 14.4 Hz, 1H),
3.78 (d, J=14.8 Hz, 1H), 1.70 (s, 3H).

Chiral HPLC retention times were obtained using the following conditions:

Instrument: Agilent 1260 Infinity II

Column: CHIRAL PAK TH (150 X 4.6 mm), Spm

Mobile phase: n-HEXANE (A); EtOH (B); Isocratic: 70(A):30(B)
Flow rate: 1.0 mL/min.

Detection: UV@ 210 nm

[285] Example 19: (R or S)-2-(6-(2-(2-fluoro-5-(trifluoromethyl)benzyl)-2 H-tetrazol-5-
yDpyridin-2-yl)-2-hydroxypropane-1-sulfonamide and Example 20: (R or S)-2-(6-(2-(2-
fluoro-5-(trifluoromethyl)benzyl)-2 H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1-sulfon-
amide

Prepared by analogy to Examples 13-16 according to Scheme 2 by replacing 2-(bromome-
thyl)-1-fluoro-4-(trifluoromethoxy)benzene with 2-(bromomethyl)-1-fluoro-4-(trifluorome-

thyl)benzene to afford the racemate of the title compound (200 mg).

R F
F N
F =N HO, , 0.0
N N\,
./ N So
N | X NH,
P

Chiral separation of the racemate (200 mg) provided Example 20 as the first eluting peak (47
mg, 24% yield, chiral HPLC purity: 99.0%, Rt: 6.392 min.) and Example 19 as the second
eluting peak (59 mg, 30% yield, chiral HPLC purity: 99.3%, Rt: 8.395 min.) as white solids.

Chiral prep HPLC:
Instrument: Agilent 1260 Infinity
Column: CHIRALPAK TH, 250 mm X 21 mm, 5 pm
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Mobile phase: n-HEXANE (A); EtOH:MeOH (1:1, B); Isocratic: 70(A):30(B)
Flow rate: 15 mL/min.
Detection: UV @ 210 nm

Peak 1 (Example 20): MS (ESI+): m/z 461.1 (M+H), Rt: 1.142 min. [LCMS Method 7]; 'H
NMR (400 MHz, CD3;0D) 6 8.02 (d, J = 7.2 Hz, 1H), 7.95 (t, ] = 8.0 Hz, 2H), 7.84 (d, J = 8.0
Hz, 2H), 7.42 (t, J = 9.2 Hz, 1H), 6.12 (s, 2H), 4.00 (d, J = 14.4 Hz, 1H), 3.74 (d, ] = 14.4 Hz,
1H), 1.70 (s, 3H).

Peak 2 (Example 19): MS (ESI+): m/z 461.1 (M+H), Rt: 1.149 min. [LCMS Method 7]; 'H
NMR (400 MHz, CDs0OD) 6 8.03 (d, J = 7.6 Hz, 1H), 7.97 — 7.90 (m, 2H), 7.83 (d, ] =7.2
Hz, 2H), 7.42 (t, J = 9.2 Hz, 1H), 6.12 (s, 2H), 4.05 (d, ] = 14.4 Hz, 1H), 3.78 (d, ] = 14.4 Hz,
LH), 1.70 (s, 3H).

Chiral HPLC retention times were obtained using the following conditions:

Instrument: Agilent 1260 Infinity 11

Column: CHIRALPAK-IH, 150 mm X 4.6 mm, 5 pm

Mobile phase: A: n-hexane, B: 0.1% HCOOH in EtOH:MeOH (80:20); Isocratic:
70(A):30(B)

Flow rate: 1.0 mL/min.

Detection: UV @ 210 nm

[286] Example 21: (R or S)-2-(6-(2-(5-chloro-2-fluorobenzyl)-2 H-tetrazol-5-yl)pyridin-2-
yl)-2-hydroxypropane-1-sulfonamide and Example 22: (R or S)-2-(6-(2-(5-chloro-2-fluoro-
benzyl)-2 H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane- 1 -sulfonamide

Prepared by analogy to Examples 13-16 according to Scheme 2 by replacing 2-(bromome-
thyl)-1-fluoro-4-(trifluoromethoxy)benzene with 2-(bromomethyl)-4-chloro-1-fluorobenzene

to afford the racemate of the title compound (120 mg).

Cl F N
=N HO o0
N \//
N N S
N | < NH,
/

Chiral separation of the racemate (120 mg) provided Example 22 as the first eluting peak (41
mg, 34% yield, chiral HPLC purity: 99.4%, Rt: 8.688 min.) and Example 21 as the second
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eluting peak (28 mg, 23% yield, chiral HPLC purity: 99.5%, Rt: 11.791 min.) as white solids.

Chiral prep HPLC:

Instrument: Agilent 1260 Infinity

Column: CHIRAL PAK TH (21.0 mmX 250 mm), 5 pm

Mobile phase: n-HEXANE (A); EtOH: MeOH (1:1, B); Isocratic: 50(A):50(B)
Flow rate: 15 mL/min.

Detection: UV @ 210 nm

Peak 1 (Example 22): MS (ESI+): m/z 427.1 (M+H), Rt: 1.133 min. [LCMS Method 7]; 'H
NMR (400 MHz, CD30D) ¢ 8.04 (d, J = 8.0 Hz, 1H), 7.95 (t,J=7.6 Hz, 1H), 7.84 (d,J = 7.6
Hz, 1H), 7.56 — 7.54 (m, 1H), 7.48 — 7.43 (m, 1H), 7.22 (t, J = 8.8 Hz, 1H), 6.02 (s, 2H), 4.04
(d, J=14.0 Hz, 1H), 3.77 (d, J = 14.4 Hz, 1H), 1.70 (s, 3H).

Peak 2 (Example 21): MS (ESI+): m/z 427.1 (M+H), Rt: 1.134 min. [LCMS Method 7]; 'H
NMR (400 MHz, CD3OD) § 8.04 (d, J = 8.0 Hz, 1H), 7.95 (t, J = 7.6 Hz, 1H), 7.84 (d, ] = 8.0
Hz, 1H), 7.56 — 7.54 (m, 1H), 7.48 — 7.44 (m, 1H), 7.22 (t, ] = 9.2 Hz, 1H), 6.02 (s, 2H), 4.04
(d, J=14.4 Hz, 1H), 3.77 (d, ] = 14.4 Hz, 1H), 1.70 (s, 3H).

Chiral HPLC retention times were obtained using the following conditions:

Instrument: Agilent 1260 Infinity 11

Column: CHIRAL PAK-IH (150 X 4.6mm X 5pm)

Mobile phase: Am-HEXANE, B: 0.1% HCOOH in ethanol:methanol (80:20); Iso-
cratic:

70(A):30(B)
Flow rate: 1.0 mL/min.

Detection: UV @ 210 nm

[287] Example 23: (R or S)-2-(3-fluoro-5-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-te-
trazol-5-yl)phenyl)-2-hydroxypropane-1-sulfonamide and Example 24: (R or S)-2-(3-fluoro-
5-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-yl)phenyl)-2-hydroxypropane-1-
sulfonamide

Prepared by analogy to Examples 13-16 according to Scheme 2 starting from Intermediate 6

to afford the racemate of the title compound (460 mg).
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Chiral separation of the racemate (460 mg) provided Example 24 as the first eluting peak (60
mg, 17% yield; chiral HPLC purity: 99.0%, Rt: 6.589 min.) and Example 23 as the second
eluting peak (70 mg, 21%; chiral HPLC purity: 98.6%, Rt: 10.072 min.) as white solids.

Chiral prep HPLC:

Instrument: Agilent 1260 Infinity

Column: CHIRAL PAK-IG (250 mm X 20 mm), 5 pm

Mobile phase: n-hexane (A); ethanol:methanol (80:20, B); Isocratic: 70(A):30(B)
Flow rate: 15 mL/min.

Detection: UV @ 210 nm

Peak 1 (Example 24): MS (ESI+): m/z 494.1 (M+H), Rt: 1.195 min. [LCMS Method 7]; 'H
NMR (400 MHz, CD30D) 6 8.09 (t,J = 1.6 Hz, 1H), 7.71 — 7.66 (m, 1H), 7.51 — 7.38 (m,
3H), 7.32 (t, ] = 9.2 Hz, 1H), 6.02 (s, 2H), 3.63 (s, 2H), 1.75 (s, 3H).

Peak 2 (Example 23): MS (ESI+): m/z 494.1 (M+H), Rt: 1.198 min. [LCMS Method 7]; 'H
NMR (400 MHz, CD30D) & 8.09 (t,J = 1.6 Hz, 1H), 7.71 — 7.65 (m, 1H), 7.51 — 7.38 (m,

3H), 7.32 (t, = 9.2 Hz, 1H), 6.02 (s, 2H), 3.64 (s, 2H), 1.76 (s, 3H).

Chiral HPLC retention times were obtained using the following conditions:

Instrument: Agilent 1260 Infinity II

Column: CHIRAL PAK-IG (150 mm X 4.6 mm), 5 um

Mobile phase: n-hexane (A); 0.1% HCOOH in EtOH:MeOH (80:20, B); Isocratic:
80(A):20(B)

Flow rate: 1.0 mL/min.

Detection: UV @ 210 nm

[288] Example 25: (R or S)-2-(3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-
yl)phenyl)-2-hydroxypropane-1-sulfonamide and Example 26: (R or S)-2-(3-(2-(2-fluoro-5-
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(trifluoromethoxy)benzyl)-2 H-tetrazol-5-yl)phenyl)-2-hydroxypropane- 1 -sulfonamide
Prepared by analogy to Examples 13-16 according to Scheme 2 starting from 3-acetylbenzo-

nitrile to afford the racemate of the title compound (Rac-25+26) (120 mg).

F F
=X F
© N
S=N HO , O O
N WY
N> ST

Chiral separation of the racemate (120 mg) provided Example 26 as the first eluting peak (30
mg, 25% yield; chiral HPLC purity: 97.8%, Rt: 4.575 min.) and Example 25 as the second
eluting peak (30 mg, 25% yield; chiral HPLC purity: 99.5%, Rt: 5.772 min.) as white solids.

Chiral prep HPLC:

Instrument: Agilent 1260 Infinity

Column: CHIRAL PAK IG (20.0 mm X 250 mm), Spm

Mobile phase: n-Hexane (A); EtOH: MeOH (1:1, B); Isocratic: 50(A):50(B)
Flow rate: 15 mL/min.

Detection: UV @ 210 nm

Peak 1 (Example 26): MS (ESI+): m/z 476.15 (M+H), Rt: 0.813 min. [LCMS Method 4]; 'H
NMR (400 MHz, CD30D) 6 8.29 (t, ] = 1.6 Hz, 1H), 7.99 — 7.97 (m, 1H), 7.66 — 7.64 (m,
LH), 7.52 — 7.46 (m, 2H), 7.42 — 7.37 (m, 1H), 7.32 (t, ] = 9.2 Hz, 1H), 6.01 (s, 2H), 3.60 (d,
I=1.6 Hz, 2H), 1.77 (s, 3H).

Peak 2 (Example 25): MS (ESI+): m/z 476.15 (M+H), Rt: 0.806 min. [LCMS Method 4]; 'H
NMR (400 MHz, CD30D) & 8.29 (t, J = 1.6 Hz, 1H), 7.98 (d, J = 7.6 Hz, 1H), 7.66 — 7.64 (m,
1H), 7.52 — 7.46 (m, 2H), 7.42 — 7.37 (m, 1H), 7.32 (t, ] = 8.8 Hz, 1H), 6.01 (s, 2H), 3.57 (s,
2H), 1.77 (s, 3H).

Chiral HPLC retention times were obtained using the following conditions:

Instrument: Agilent 1260 Infinity II

Column: CHIRAL PAK-IG (150 X 4.6 mm), Spm

Mobile phase: A: n-HEXANE, B: 0.1% DEA in Ethanol: Methanol (70:30); Isocratic:
50:50

Flow rate: 1.0 mL/min.
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Detection: UV@ 254 nm

[289] Example 27: (R or S)-2-(5-chloro-6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-
tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1-sulfonamide and Example 28: (R or S)-2-(5-
chloro-6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-
propane-1-sulfonamide

Prepared according to Scheme 3.

N=N
HN
N/ | N\ Br
cl Z

To a stirred solution of 6-bromo-3-chloropicolinonitrile (3.4 g, 15.63 mmol) in --BuOH:water
(v/v 2:1, 45 mL) was added sodium azide (1.52 g, 23.5 mmol) followed by zinc bromide
(5.28 g, 23.5 mmol) at room temperature. The reaction mixture was heated at 90 <C for 3h.
The reaction mixture was cooled to room temperature, diluted with water (10 mL), acidified
with 1 M aqueous HCI solution (10.0 mL) and extracted with EtOAc (3 x 50 mL). The com-
bined organic layers were washed with a saturated aqueous NaCl solution (100.0 mL) and
dried over anhydrous Na:SO4 and concentrated under reduced pressure to afford 6-bromo-3-
chloro-2-(2H-tetrazol-5-yl)pyridine as brown solid (4.9 g, crude).

MS (ESI+): m/z 261.9 (M+H), Rt: 1.350 min. [LCMS Method 6].

[291] Step 2: 6-bromo-3-chloro-2-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-
ylpyridine

Cl

[292] To a stirred solution of 6-bromo-3-chloro-2-(2H-tetrazol-5-yl)pyridine (9.60 g, 36.9
mmol) in acetone (200 mL), was added sodium carbonate (13.6 g, 129 mmol) followed by
sodium iodide (6.0 g, 41 mmol) and 2-(chloromethyl)-3-tluoro-6-(trifluoromethoxy)pyridine
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(10.9 g, 47.9 mmol) at room temperature. The reaction mass was heated at S0 <C for 16 h.
The reaction mixture was cooled to room temperature, diluted with water (200 mL) and ex-
tracted with EtOAc (3 x 100 mL). The combined organic layers were washed with a saturated
aqueous NaCl solution (100 mL), dried over anhydrous Na:SO4 and concentrated under re-
duced pressure to furnish crude. The crude was purified with silica gel column chromatog-
raphy (30-50% EtOAc in hexanes) to afford the title compound as a pale-yellow sticky com-
pound (3.9 g, 23% yiceld).

MS (ESI+): m/z 453.95 (M+H), Rt: 1.648 min. [LCMS Method 6]; 'H NMR (400 MHz,
CDCl3) 6 7.72 (d, J= 8.4 Hz, 1H), 7.55 (d, /= 8.4 Hz, 1H), 7.29 — 7.20 (m, 2H), 7.19 - 7.14
(m, 1H), 5.98 (s, 2H).

[293] Step 3: 1-(5-chloro-6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-yl)pyri-
din-2-yl)ethan-1-one

Cl

To a stirred solution of 6-bromo-3-chloro-2-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-te-
trazol-5-yl)pyridine (3.90 g, 8.62 mmol) in Toluene (40 mL) was added tributyl(1-ethoxyvi-
nyl)stannane (3.70 g, 10.3 mmol) and the reaction mixture was purged with N2 for 10 min.
Then tetrakis(triphenylphosphine)palladium(0) (Pd(PPhs)4, 1.05 g, 0.916 mmol) was added
and the reaction mass was heated at 110 <C for 16 h. The reaction mixture was cooled to
room temperature and filtered through celite pad and rinsed with EtOAc (100 mL). The com-
bined filtrate was concentrated under reduced pressure to afford crude 3-chloro-6-(1-ethox-
yvinyl)-2-(2-(2-fluoro-5-(trifluoromethoxy) benzyl)-2 H-tetrazol-5-yl)pyridine as yellow
sticky residue (8.7 g). The crude was re-dissolved in THF (50 mL) and to the resulting solu-
tion cooled in an ice-water bath was added a solution of 2N aqueous HCI (50 mL).The reac-
tion mixture was let stir at room temperature for 16 h. To the reaction was added an aqueous
solution of 2N NaOH (25 mL) and stirring was continued for 10 minutes. Then saturated
aqueous NaHCOj3 solution (100 mL) was added. The mixture was stirred for 5 minutes and
then extracted with EtOAc (2 x 100 mL). The combined EtOAc layers were dried over anhy-
drous Na2S04 and concentrated under reduced pressure to furnish crude. The obtained crude
was dissolved in EtOAc (25 mL) and 2N KF (aq., 100 mL) was added, and the solution was

stirred at room temperature for 16 h. The resulted mixture was filtered through celite bed,
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rinsed with EtOAc (2 x 70 mL). The organic layers were combined, dried over anhydrous
Na>2S04 and concentrated under reduced pressure to furnish crude. The crude was purified
with silica gel column chromatography (20-30% EtOAc in hexanes) to afford the title com-
pound as an off white solid (2.5 g, 70% yield).

MS (ESI+): m/z 416.05 (M+H), Rt: 1.604 min. [LCMS Method 6]; 'H NMR (400 MHz,
CDs0D) 6 8.20 (d, /= 8.8 Hz, 1H), 8.11 (d, J= 8.4 Hz, 1H), 7.53 — 7.51 (m, 1H), 7.42 - 7.40
(m, 1H), 7.34 (t, /= 9.2 Hz, 1H), 6.12 (s, 2H), 2.69 (s, 3H).

[294] Step 4: 2-(5-chloro-6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-
yl)pyridin-2-yl)-2-hydroxy-N, N-bis(4-methoxybenzyl)propane- 1 -sulfonamide

F. F
VY .
© N
=N HO 0,0
N N
= N S<
N | N N(PMB),
Cl Z

To a stirred solution of N, N-bis(4-methoxybenzyl)methanesulfonamide (484 mg, 1.44 mmol)
in THF (4 mL) cooled with dry ice/acetone bath under N2 protection was added n-BuLi solu-
tion (1.6 M in hexanes, 0.90 mL, 1.4 mmol) and the mixture was stirred at -78 <C for 30 min.
Then to the mixture was added a solution of 1-(5-chloro-6-(2-(2-fluoro-5-(trifluorometh-
oxy)benzyl)-2 H-tetrazol-5-yl)pyridin-2-yl)ethan-1-one (300 mg, 0.72 mmol) in THF (6mL).
The mixture was stirred at -78 <C for 2 h before being allowed to stir and warm to room tem-
perature for 1 h. The reaction mixture was quenched with water (0.5 mL), and then concen-
trated under reduced pressure. The resulting residue was purified with silica gel column chro-
matography (10-30% ethyl acetate in heptane) to afford the title compound (125 mg, 23%
yield).

ESI-MS m/z: 751.3 [M+H]" (Rt: 1.32 min., LCMS Method 2).

[295] Step 5: 2-(5-chloro-6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-
yl)pyridin-2-yl)-2-hydroxypropane- 1-sulfonamide

F. F
a i
0 N
=N HO O 0
N N
N~ N S\
N | < NH,
Cl Z

To a solution of 2-(5-chloro-6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-yl)pyr-
idin-2-yl)-2-hydroxy-N, N-bis(4-methoxybenzyl)propane- 1-sulfonamide (125 mg, 0.166
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mmol) in DCM (1 mL) was added TFA (2.6 mL) and the mixture was stirred at room temper-
ature for 12 h. Volatiles were removed under reduced pressure and to the resulting residue
was added excess triethylamine. Volatiles were removed under reduced pressure again. The
resulting residue was purified with silica gel column chromatography (20-50% ethyl acetate
in heptane) to afford the racemic title compound (65 mg, 73% yield).

ESI-MS m/z: 511.2 [M+H]" (Rt: 0.98 min., LCMS Method 2).

"H NMR (400 MHz, DMSO-ds) § 8.15 (d, J = 8.8 Hz, 1H), 7.87 (d, J = 8.7 Hz, 1H), 7.68 (dd,
1=6.0,3.0 Hz, 1H), 7.56 (dt, ] = 7.6, 3.7 Hz, 1H), 7.48 (t, ] = 9.1 Hz, 1H), 6.66 (s, 2H), 6.19
(s, 2H), 5.94 (s, lH), 3.73 —3.51 (m, 2H), 1.58 (s, 3H).

HRMS: M+H, found 511.0581, calc. 511.0578 (HRMS Method 10).

Chiral separation of the racemate (150 mg) provided Example 27 as the first eluted peak (45
mg, 30% yield, e.e. > 99%) and Example 28 as the second eluting peak (47 mg, 31% yield,
e.e. > 99%).

Chiral prep HPLC:

Instrument: Waters SFC MS100 system

Column: Chiralcel OJ-H (21 x 250 mm, 5 pim)

Mobile phase: 15-35% IPA with 10 mM ammonia in MeOH / CO2
Flow rate: 80 g/min.

Detection: UV @ 273 nm

Peak 1 (Example 27): ESI-MS m/z: 511.0 [M+H]™ (Rt: 0.99 min., LCMS Method 2); 'H
NMR (400 MHz, DMSO-ds) 6 8.20 (d, ] = 8.4 Hz, 1H), 7.92(d, ] =8.7 Hz, 1H), 7.73 (dd, ] =
5.9,3.0Hz, 1H), 7.61 (dt,J =7.5, 3.7 Hz, 1H), 7.54 (t, ] = 9.1 Hz, 1H), 6.66 (s, 2H), 6.24 (s,
2H), 3.75 — 3.55 (m, 2H), 1.63 (s, 3H); HRMS: M+H, found 511.0577, calc 511.0578
(HRMS Method 10); e.e. > 99%.

Peak 2 (Example 28): ESI-MS m/z: 510.9 [M+H]" (Rt: 1.01 min., LCMS Method 2); 'H
NMR (400 MHz, DMSO-d¢) 6 8.15 (d, J = 8.7 Hz, 1H), 7.87 (d, ] = 8.7 Hz, 1H), 7.68 (dd, ] =
6.0, 3.0 Hz, 1H), 7.56 (dt, J = 7.5, 3.8 Hz, 1H), 7.48 (t, ] = 9.1 Hz, 1H), 6.66 (s, 2H), 6.19 (s,
2H), 5.94 (s, 1H), 3.69 — 3.49 (m, 2H), 1.58 (s, 3H); HRMS: M+H, found 511.0587, calc.
511.0578 (HRMS Method 10); e.e. > 99%.
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Enantiomeric excess was determined using the following conditions:

Instrument: Waters UPC? system

Column: Chiralcel OJ-3 (3 um, 3100 mm)

Mobile phase: TIPA with 0.1% ammonium hydroxide (modifier)/ CO2; Gradient: 5%
modifier for 0.2 minutes, increase to 55% modifier over 3.0 minutes,

and
hold at 55% modifier for 0.4 minutes

Flow rate: 2.5 mL/min.

Detection: PDA detector (210-400 nm)

[296] Examples 29: (R or S)-2-(6-(2-(2-fluoro-5-(2,2,2-trifluoroethoxy)benzyl)-2 H-te-
trazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1-sulfonamide and Example 30: (R or S)-2-(6-
(2-(2-fluoro-5-(2,2,2-trifluoroethoxy)benzyl)-2 H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypro-
pane-1-sulfonamide

Prepared by analogy to Examples 27 and 28 according to Scheme 3 starting from 6-bromo-
picolinonitrile and by replacing 2-(bromomethyl)-1-fluoro-4-(trifluoromethoxy)benzene with

Intermediate 7 to afford the racemate of the title compound (Rac-29+30) (140 mg).

F%—’\F . F
N=N HO_ , 0,0
N, 2L N R34
NS NH
o4

Chiral separation of the racemate (140 mg) provided Example 29 as the first eluted peak (50
mg, 36% yield, chiral HPLC: e.e. > 99%, Rt: 1.93 min.) and Example 30 as the second elut-
ing peak (45 mg, 32% yield, chiral HPLC: e.e. 96.64%, Rt: 2.18 min.) as white solids.

Chiral prep HPLC:

Instrument: Waters SFC MS100

Column: Chiralpak ID (21x250mm, Spm) @ 35 <
Mobile phase: 20-40% methanol / CO2

Flow rate: 80 g/min.

Detection: UV @ 275nm

Peak 1 (Example 29): ESI-MS m/z: 491.1 [M+H]" (Rt: 2.05 min., LCMS Method 3); 'H
NMR (400 MHz, DMSO-d¢) 9 8.04 — 7.95 (m, 2H), 7.83 (dd, J = 6.5, 2.6 Hz, 1H), 7.34 —
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7.23 (m, 2H), 7.17 (dt, T = 9.2, 3.8 Hz, 1H), 6.67 (s, 2H), 6.05 (s, 2H), 5.81 (s, 1H), 4.77 (q, J
= 8.8 Hz, 2H), 3.73 — 3.60 (m, 2H), 1.61 (s, 3H).

Peak 2 (Example 30): ESI-MS m/z: 491.6 [M+H]" (Rt: 2.01 min., LCMS Mecthod 3); 'H
NMR (400 MHz, DMSO-d¢) 8 8.05 —7.95 (m, 2H), 7.83 (dd, I = 6.5, 2.6 Hz, 1H), 7.34 -
7.23 (m, 2H), 7.18 (t, J = 3.7 Hz, 1H), 6.68 (s, 2H), 6.06 (s, 2H), 5.82 (s, 1H), 4.77 (q, J = 8.9
Hz, 2H), 3.73 — 3.61 (m, 2H), 1.62 (s, 3H).

Enantiomeric excess was determined using the following conditions:

Instrument: Waters UPC? system
Column: Chiralpak ID-3(3 um, 3<100mm) @ 40 <
Mobile phase: Methanol with 0.1% ammonium hydroxide (modifier)/ COz; Gradient:
5%
modifier for 0.15 minutes, increase to 55% modifier over 1.5 minutes,
and
hold at 55% modifier for 0.65 minutes
Flow rate: 2.5 mL/min.
Detection: PDA detector (210-400 nm)

[297] Example 31: (2R or 2S.3R or 35)-3-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-
tetrazol-5-yl)pyridin-2-yl)-1-hydroxybutane-2-sulfonamide and Example 32: (2R or 2S,3R or
38)-3-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-yl)pyridin-2-yl)-1-hydroxy-
butane-2-sulfonamide and Example 33: (2R or 25,3R or 35)-3-(6-(2-(2-fluoro-5-(trifluoro-
methoxy)benzyl)-2 H-tetrazol-5-yl)pyridin-2-yl)-1-hydroxybutane-2-sulfonamide and Exam-
ple 34: (2R or 2§,3R or 35)-3-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-
yl)pyridin-2-yl)-1-hydroxybutane-2-sulfonamide

Prepared according to Scheme 3a.

F. F
P i
o)
N=N 0.0
N N/
«ZA N S%
N s NH,
Z OH

[298] Step 1: ethyl 2-(N,N-bis(4-methoxybenzyl)sulfamoyl)acetate
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Compound was synthesized according to procedure followed in example 1 and 2, Step 1,
starting from ethyl 2-(chlorosulfonyl)acetate (6.60 g, 25.7 mmol) to afford the title product
(3.6 g, 41% yield).

MS (ESI+): m/z 406.05 (M-H); Rt: 0.883 min. [LCMS Method 4]; 'H NMR (400 MHz,
CDCl3) 6 7.22 (dd, J= 6.4, 2.0 Hz, 4H), 6.85 (dd, /= 6.8, 2.0 Hz, 4H), 4.33 (s, 4H), 4.22 (q,
J=17.2Hz, 2H), 3.80 (m, 8H), 1.29 (t, J= 7.2 Hz, 3H).

[299] Step 2: Synthesis of 1-(6-(2H-tetrazol-5-yl)pyridin-2-yl)ethan-1-one

Compound was synthesized according to procedure followed in example 1 and 2, Step 2,
starting from 6-acetylpicolinonitrile (8.0 g, 5.47 mmol) and the product was isolated as white
solid. Yield: 8.5 g (crude).

MS (ESI+): m/z 190.05 (M+H), Rt: 0.318 min. [LCMS Method 4]; 'H NMR (300 MHz,
DMSO-ds) & 8.44 (d, J= 7.8 Hz, 1H), 8.26 (t, J="7.8 Hz, 1H), 8.11 (d, J="7.5 Hz, 1H), 2.78
(s, 3H).

[300] Step 3: Synthesis of 1-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-
yD)pyridin-2-yl)ethan-1-one

Compound was synthesized according to procedure followed in example 13-16, Step 1, by
replacing 2-(bromomethyl)-1-fluoro-4-(trifluoromethoxy)benzene with 2-(chloromethyl)-1-
fluoro-4-(trifluoromethoxy)benzene and the product was isolated as yellow sticky compound.
Yield: 8.2 g (48%).

MS (ESI+): m/z 382.0 (M+H), Rt: 1.573 min. [LCMS Method 6]; 'H NMR (400 MHz,
CDCl3) 6 8.37 (d, J=8.0 Hz, 1H), 8.14 (d, /= 8.0 Hz, 1H), 8.00 (t, /= 7.6 Hz, lH), 7.29 —
7.24 (m, 2H), 7.22 —7.19 (m, 1H), 5.96 (s, 2H), 2.84 (s, 3H).

[301] Step 4: Synthesis of 1-(6-(2-(2-fluoro-5-(trifluoromethoxy) benzyl)-2 H-tetrazol-5-
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FXO‘QF
N=N OH
N

To a stirred solution of 1-(6-(2-(2-fluoro-5-(trifluoromethoxy) benzyl)-2 H-tetrazol-5-yl)pyri-
din-2-yl)ethan-1-one (4.00 g,10.5 mmol) in a mixture of THF/MeOH (v/v 2:1, 150 mL) was

yl)pyridin-2-yl)ethan-1-ol

added sodium borohydride (595 mg, 15.7 mmol) portion wise at 0 <C and the reaction mix-
ture was stirred at room temperature for 1 h. The reaction mixture was then concentrated un-
der reduced pressure, diluted with water (100 mL) and extracted with ethyl acetate (3 x 50
mL). The combined organic layer was washed with a solution of saturated aqueous NaCl
(100 mL), dried over anhydrous Na:SO4 and concentrated under reduced pressure to afford
the title compound as yellow sticky solid (3.8 g, crude).

MS (ESI+): m/z 384.0 (M+H), Rt: 1.502 min. [LCMS Method 6]; '"H NMR (300 MHz,
CDCl3) 6 8.12 (d,J= 7.5 Hz, 1H), 7.87 (t,J= 7.8 Hz, 1H), 7.45 (d, /= 7.5 Hz, 1H), 7.25 -
7.15 (m, 3H), 5.94 (s, 2H), 5.04 — 5.01 (m, 1H), 3.95 (d, /= 5.1 Hz, 1H), 1.57 (d, /= 6.6 Hz,
3H).

[302] Step 5: Synthesis of 2-(1-chloroethyl)-6-(2-(2-fluoro-5-(trifluoromethoxy) benzyl)-

X -
OQ N=N cl
N

To a stirred solution of 1-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-yl)pyri-
din-2-yl)ethan-1-0l (3.80 g, 9.91 mmol) in DCM (10 mL) was added thionyl chloride (40

2H-tetrazol-5-yl)pyridine

mL). The reaction mixture was stirred at 75 © C for 2 h before being concentrated under re-
duced pressure. The resulting residue was partitioned between a saturated aqueous solution
of NaHCO3 (100 mL) and DCM (50 mL). The aqueous phase was extracted with DCM (2 x
50 mL) and the combined organic phase was washed with a saturated aqueous NaCl solution
(50 mL), dried over anhydrous Na2SO4 and concentrated under reduced pressure to furnish
crude. The crude was purified with silica gel column chromatography (20-30% EtOAc in
hexane) to afford the title compound as an off white solid (3.3 g, 83% yield).

MS (ESI+): m/z 402.15, Rt: 0.924 min. [LCMS Method 4]; '"H NMR (300 MHz, CDCl3) §
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8.16 (d, J=7.8 Hz, 1H), 7.91 (t, J= 7.8 Hz, 1H), 7.72 (d, J= 7.8 Hz, 1H), 7.24 — 7.14 (m,
3H), 5.94 (s, 2H), 5.32 (q, J = 6.9 Hz, 1H), 1.91 (d, J= 6.9 Hz, 3H).

[303] Step 6: Synthesis of ethyl 2-(N, N-bis(4-methoxybenzyl)sulfamoyl)-3-(6-(2-(2-fluoro-
S-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-yl)pyridin-2-yl)butanoate

F F
N i

[e]

N=N 0.0

N N\

. N S\

N | < N(PMB),
Z 0“ "OEt

To a stirred solution of ethyl 2-(N, N-bis(4-methoxybenzyl)sulfamoyl)acetate (2.00 g, 4.9
mmol) in DMF (40 mL) was added cesium carbonate (3.20 g, 9.8 mmol) followed by potas-
sium iodide (1.20 g, 7.4 mmol) and 2-(1-chloroethyl)-6-(2-(2-fluoro-5-(trifluoromethoxy)
benzyl)-2H-tetrazol-5-yl)pyridine (2.50 g, 6.4 mmol) at room temperature. The reaction mix-
ture was stirred at 80 <C for 2.5 h. The reaction mixture was then diluted with water (50 mL)
and extracted with EtOAc (3 x 50 mL). The combined organic layer was washed with a satu-
rated aqueous NaCl solution (100 mL), dried over anhydrous Na2SOas and concentrated under
reduced pressure to furnish crude. The crude was purified with silica gel column chromatog-
raphy (10-20% EtOAc in hexane) to obtain the title compound as yellow sticky solid (1.7 g,
45% yield).

MS (ESI+): m/z 773.20 (M+H), Rt: 1.064 min. [LCMS Method 7].

[304] Step 7: Synthesis of ethyl 3-(6-(2-(2-fluoro-5-(trifluoromethoxy) benzyl)-2H-tetrazol-
5-yl) pyridin-2-yl)-2-sulfamoylbutanoate

FF
VY i
o N
=N 0.0
N N/
N N S
N | AN NH,
Z (@) OEt

To a stirred solution of ethyl 2-(N, N-bis(4-methoxybenzyl)sulfamoyl)-3-(6-(2-(2-fluoro-5-
(trifluoromethoxy) benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)butanoate (1.40 g, 1.81 mmol) in
DCM (15 mL) was added TFA (30 mL) at room temperature and the reaction mixture was
stirred for 16 h. The reaction mixture concentrated under reduced pressure and basified with
saturated NaHCOs aqueous solution (40 mL) and extracted with DCM (3 x 30 mL). The com-
bined organic layer was washed with saturated aqueous NaCl solution (50 mL), dried over

anhydrous Na:SO4 and concentrated under reduced pressure to furnish crude. The crude was
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purified with silica gel column chromatography (10-20% EtOAc in Hexane) to obtain the title
compound as yellow sticky solid (580 mg, 60% yield).

MS (ESI+): m/z 533.10 (M+H), Rt: 0.916 min. [LCMS Method 7].

[305] Step &: Synthesis of 3-(6-(2-(2-fluoro-5-(trifluoromethoxy) benzyl)-2 H-tetrazol-5-
yDpyridin-2-yl)-1-hydroxybutane-2-sulfonamide

E F
Fa( i
O
N=N 0.0
N A n %
N | A “NH,,
Z OH

To a stirred solution of ethyl 3-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-
yl)pyridin-2-yl)-2-sulfamoylbutanoate (790 mg, 1.48 mmol) in THF (5.0 mL) cooled in an
ice-water bath was added LiBH4 (4.4 mL, 8.8 mmol, 2.0 M in THF) dropwise at 0 <C and the
reaction mixture was stirred at 0 <C for 1 h and then at room temperature for 4 h. The reaction
was quenched with water (10 mL) and extracted with EtOAc (3 x 30 mL). The combined or-
ganic layer was washed with a saturated aqueous NaCl solution (20 mL), dried over anhy-
drous Na2SO4 and concentrated under reduced pressure to furnish crude. The crude was puri-
fied with silica gel column chromatography (5-10% MeOH in DCM) followed by prep-HPLC

under the following conditions:

Instrument: Agilent 1260 Infinity 1T

Column: KINETEX (20.0 mm X 150 mm), 5 pm

Mobile phase: 0.1% HCOOH in water (A) and acetonitrile (B); Gradient (Time
(min.),

%B): (0, 20), (2, 30), (8, 50)
Flow rate: 18 mL/min.

Detection: UV @ 210 nm
Title compound was isolated as a mixture of racemic pairs of diastereomers as colorless
sticky solid. (0.4 g, 55% yield). MS (ESI+): m/z 491.10 (M+H), Rt: 0.845 min. [LCMS

Method 7].

Purification of the racemic mixture (0.4 g) using chiral preparative HPLC afforded four dia-

stereomeric products as off-white solids (Peak-1: 40 mg, 10% yield; Peak-2&3 mixture: 130
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mg (mixture) and Peak-4: 43 mg, 11% yield).

Instrument: Agilent 1260 Infinity

Column: CHIRAL PAK IG (20.0 mm X 250 mm), 5 pm

Mobile phase: n-hexane (A); EtOH: MeOH (1:1, B); Isocratic: 60(A):40(B)
Flow rate: 15 mL/min.

Detection: UV @ 210 nm

The Peak 2&3 (0.13 g) mixture was repurified by chiral preparative HPLC to provide the
other two diastereomers of the title compound as off-white solids (Peak-2: 42 mg, 11% yield
and Peak-3: 42 mg, 11% yield).

Chiral prep HPLC conditions:

Instrument: Agilent 1260 Infinity

Column: CHIRAL PAK 1J (21.2 mm X 250 mm) Spm

Mobile phase: n-hexane (A); EtOH: MeOH (1:1, B); Isocratic: 60(A):40(B)
Flow rate: 15 mL/min.

Detection: UV @ 210 nm

Peak 1 (Example 31): MS (ESI+): m/z 491.05 (M+H), Rt: 0.845 min. [LCMS Method 7]; '"H
NMR (400 MHz, CDsOD) 6 8.04 (d, J = 8.0 Hz, 1H), 7.92 (t, ] = 8.0 Hz, 1H), 7.53 — 7.50 (m,
2H), 7.42 — 7.39 (m, 1H), 7.33 (t, J = 9.2 Hz, 1H), 6.06 (s, 2H), 3.97 — 3.93 (m, 1H), 3.88 —
3.71 (m, 3H), 1.61 (d, J = 7.2 Hz, 3H).

Chiral HPLC purity: 98.8%, Rt: 6.476 min.

Peak 4 (Example 32): MS (ESI+): m/z 491.05 (M+H), Rt: 0.837 min. [LCMS Method 7]; 'H
NMR (400 MHz, CD30D) & 8.04 (d, J = 7.6 Hz, 1H), 7.92 (t,J = 7.6 Hz, 1H), 7.53 — 7.50 (m,
2H), 7.43 —7.39 (m, 1H), 7.33 (t, ] = 9.2 Hz, 1H), 6.06 (s, 2H), 3.97 - 3.71 (m, 4H), 1.61 (d,
I=17.2 Hz, 3H).

Chiral HPLC purity: 98.6%, Rt: 12.020 min.

Chiral HPLC retention times for Peak 1 and Peak 4 were obtained using the following condi-

tions:
Instrument: Agilent 1260 Infinity 11
Column: CHIRAL PAK-IG (150 X 4.6 mm), 5 um
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Mobile phase: n-hexane (A); EtOH: MeOH (1:1, B); Isocratic: 70(A):30(B)
Flow rate: 1.0 mL/min.
Detection: UV @ 210 nm

Peak 2 (Example 33): MS (ESI+): m/z 491.30 (M+H), Rt: 0.793 min. [LCMS Method 4]; 'H
NMR (400 MHz, CD3;0D) 6 8.04 (d, J = 8.0 Hz, 1H), 7.94 (t,J = 8.0 Hz, 1H), 7.54 (d,J = 8.0
Hz, 1H), 7.52 — 7.49 (m, 1H), 7.42 —7.39 (m, 1H), 7.31 (t, J = 8.8 Hz, 1H), 6.06 (s, 2H), 4.17
—4.15 (m, 2H), 3.92 — 3.89 (m, 1H), 3.84 —3.82 (m, 1H),1.51 (d, J= 7.2 Hz, 3H).

Chiral HPLC purity: 98.87%, Rt: 6.463 min.

Peak 3 (Example 34): MS (ESI+): m/z 491.30 (M+H), Rt: 0.794 min. [LCMS Method 4]; 'H
NMR (400 MHz, CD;0D) § 8.03 (d, J=7.6 Hz, 1H), 7.93 (t, J=8.0 Hz, 1H), 7.53 (d, T=8.0
Hz, 1H), 7.52 — 7.50 (m, 1H), 7.43 — 7.39 (m, 1H), 7.33 (t, J = 9.2 Hz, 1H), 6.06 (s, 2H), 4.17
—4.15 (m, 2H), 3.92 — 3.89 (m, 1H), 3.84 — 3.82 (m, 1H),1.51 (d, J= 6.8 Hz, 3H).

Chiral HPLC purity: 97.07%, Rt: 11.288 min.

Chiral HPLC retention times for Peak 2 and Peak 3 were obtained using the following condi-

tions:

Instrument: Agilent 1260 Infinity II

Column: CHIRAL PAK-IJ (150 X 4.6 mm), 5 um

Mobile phase: n-hexane (A), B: 0.1 % NH4OH in EtOH:Mc¢OH (50:50, B); Isocratic:
70(A):30(B)

Flow rate: 1.0 mL/min.

Detection: UV @ 210 nm

[306] Example 35: 2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-pyrazol-3-yl)pyridin-
2-yl)-2-hydroxybutane-1-sulfonamide

Prepared according to Scheme 4.

£ F
FXOQF
N\
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[307] Step 1: 1-(2-fluoro-5-(trifluoromethoxy)benzyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxabo-
rolan-2-yl)-1H-pyrazole
-0

F. F
SV
¢]
‘Y
N B
\
O%

A mixture of 3-(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (500 mg, 2.58
mmol), 2-(bromomethyl)-1-fluoro-4-(trifluoromethoxy)benzene (739 mg, 2.71 mmol) and
potassium carbonate (534 mg, 3.87 mmol) in acetonitrile (25 mL) was stirred at 80 <C for 12
h. The solid was filtered out and volatiles in filtrate were removed under reduced pressure to
afford the crude title compound. It was used directly in next step without further purification.
ESI-MS m/z: 305.0 (Rt: 0.73 min., the corresponding boronic acid MW was shown on
LCMS, LCMS Method 2).

[308] Step 2: 1-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- | H-pyrazol-3-y)pyridin-2-
yl)propan-1-one

A mixture of 1-(6-bromopyridin-2-yl)propan-1-one (150 mg, 0.701 mmol), 1-(2-fluoro-5-(tri-
fluoromethoxy)benzyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)- 1H-pyrazole (325
mg, 0.841 mmol), chloro(2-dicyclohexylphosphino-2',4’,6'-triisopropyl-1,1'-biphenyl)[2-(2'-
amino-1,1'-biphenyl)]palladium(Il) (Xphos-Pd-G2, 55 mg, 0.070 mmol) and potassium car-
bonate (291 mg, 2.10 mmol) in 1,4-dioxane/water (4 mL/ 0.5 mL) was heated with micro-
wave at 105 <C for 15 min. The reaction mixture was purified directly with silica gel column
chromatography (10-20% ethyl acetate in heptane) to afford crude title compound (252 mg,
91% yield).

ESI-MS m/z: 394.2 [M+H]" (Rt: 1.25 min., LCMS Method 2).

[309] Step 3: 2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- | H-pyrazol-3-yl)pyridin-2-yl)-
2-hydroxy-N, N-bis(4-methoxybenzyl)butane- 1-sulfonamide
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To a solution of N, N-bis(4-methoxybenzyl)methanesulfonamide (277 mg, 0.826 mmol) in
THF (6 mL) cooled in dry ice/acetone bath was added n-BuLi (1.6 M in hexanes, 0.516 mL,
0.826 mmol) and the mixture was stirred at -78 <C for 1 h. To the resulting reaction mixture
was added a solution of 1-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-pyrazol-3-yl)pyri-
din-2-yl)propan-1-one (250 mg, 0.636 mmol) in THF (2 mL). The mixture was stirred at
room temperature for 12 h. Water was added to quench the reaction. The resulted mixture
was concentrated under reduced pressure and the residue was purified with silica gel column
chromatography (10-20% ethyl acetate in heptane) to afford the title compound (230 mg,
50% yield).

ESI-MS m/z: 729.1 [M+H]" (Rt: 1.36 min., LCMS Method 2).

[310] Step 4: 2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-pyrazol-3-yl)pyridin-2-yl)-
2-hydroxybutane-1-sulfonamide

£ F
ave
N\

To a solution of 2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- 1 H-pyrazol-3-yl)pyridin-2-

yl)-2-hydroxy-N, N-bis(4-methoxybenzyl)butane-1-sulfonamide (230 mg, 0.32 mmol) in
DCM (1 mL) was added TFA (2 mL) and the mixture was stirred at room temperature for 12
h. Volatiles were removed under reduced pressure and to the residue was added excess tri-
ethylamine. Volatiles were removed under reduced pressure again, and the residue was puri-
fied with silica gel column chromatography (20-40% ethyl acetate in heptane) to afford the
crude product which was then subjected to preparative HPLC purification to afford the title
compound as a racemate (81 mg, 51% yield).

Conditions for preparative HPLC:

Instrument: Waters AutoPurification System (equipped with 2545/515 pumps and
2998 detector)
Column: Waters Xbridge BEH C18, Spm, 30x50 mm
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Mobile Phase: water (375 mM ammonium hydroxide) / acetonitrile (375 mM ammo-
nium

hydroxide) with a gradient of 65/35 held for 1 min., ramp to 40/60 over

3.2
min., then ramp to 5/95 over 0.5 min. followed by hold at 5/95 for 1.3
min.
Flow rate: 75 mL/min.
Detection: UV 210-400 nm

ESI-MS m/z: 488.9 [M+H]" (Rt: 1.04 min., LCMS Method 2).

"H NMR (400 MHz, DMSO-ds) § 7.95 (d, J = 2.4 Hz, 1H), 7.79 (t, ] = 7.8 Hz, 1H), 7.70 (d, J
=7.7Hz, 1H), 7.53 (d,J = 7.6 Hz, 1H), 7.48 — 7.37 (m, 2H), 7.31 (dd, J = 6.3, 2.4 Hz, 1H),
6.91 (d, T=2.1 Hz, 1H), 6.61 (s, 2H), 5.52 (d, ] = 3.5 Hz, 3H), 3.76 (d, J = 14.2 Hz, 1H), 3.66
(d, T=14.2 Hz, 1H), 1.98 (q, J = 7.3 Hz, 2H), 0.61 (t, ] = 7.3 Hz, 3H).

HRMS: M+H, found 489.1220, calc. 489.1220 (HRMS Method 10).

[311] Example 36: 2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-pyrazol-3-yl)pyridin-
2-yl)-2-hydroxyecthane-1-sulfonamide

Prepared according to Scheme 4.

F. F
P '
O
= OHQo O
N A v ALY
N | A

“NH,
¥

[312] Step 1: 2-(6-bromopyridin-2-yl)-2-hydroxy-N, N-bis(4-methoxybenzyl)ethane-1-sul-
fonamide
OHo 0o

N

[ “N(PMB),

To a stirred solution of N, N-bis(4-methoxybenzyl)methanesulfonamide (905 mg, 2.70 mmol)
in THF (22 mL) cooled to -78 <C was added n-BuLi (1.6 M in hexanes, 1.86 mL, 2.97
mmol). After stirring at -78 <C for 10 min, a solution of 6-bromopicolinaldehyde (552 mg,
2.97 mmol) in THF (8 mL) was added dropwise. The mixture was then stirred at -78 <C for

30 min., then at room temperature for 12 h. The reaction mixture was quenched with water,
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concentrated under reduced pressure and the crude residue was purified with silica gel col-
umn chromatography (10-30% ethyl acetate in heptane) to afford the title compound (1.17 g,
83% yield).
ESI-MS m/z: 523.4 [M+H]" (Rt: 1.15 min., LCMS Method 2).
[313] Step 2: 2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- | H-pyrazol-3-yl)pyridin-2-yl)-
2-hydroxy-N,N-bis(4-methoxybenzyl)ethane-1-sulfonamide

£ F

A mixture of 2-(6-bromopyridin-2-yl)-2-hydroxy-N, N-bis(4-methoxybenzyl)ethane-1-sul-
fonamide (85 mg, 0.163 mmol), 1-(2-fluoro-5-(trifluoromethoxy)benzyl)-3-(4,4,5,5-tetrame-
thyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (76 mg, 0.196 mmol), chloro[(4,5-bis(diphe-
nylphosphino)-9,9-dimethylxanthene)-2-(2'-amino-1,1'-biphenyl) ]palladium(II) (XantPhos-
Pd-G2, 14.5 mg, 0.016 mmol) and potassium carbonate (68 mg, 0.489 mmol) in 1,4-diox-
ane/water (2 mL/0.6 mL) was heated at 100 <C with microwave for 15 min. The reaction
mixture was purified directly with silica gel column chromatography (20-50% ethyl acetate in
heptane) to afford the title compound (85 mg, 74% yield).

ESI-MS m/z: 701.1 [M+H]" (Rt: 1.31 min., LCMS Method 2).

[314] Step 3: 2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- 1 H-pyrazol-3-yl)pyridin-2-yl)-

2-hydroxyethane-1-sulfonamide
F F
F
A
N . Q\S/P

To a solution of 2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- 1 H-pyrazol-3-yl)pyridin-2-
yI)-2-hydroxy-N, N-bis(4-methoxybenzyl)ethane-1-sulfonamide (85 mg, 0.12 mmol) in DCM

(1 mL) was added TFA (2 mL) and the mixture was stirred at room temperature for 12 h.
Volatiles were removed under reduced pressure. Then excess triethylamine was added to the
residue and volatiles were removed under reduced pressure again. The residue was purified
with preparative HPLC to afford the racemic title compound as a white solid (14 mg, 24%
yield).
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Conditions for preparative HPLC:

Instrument: Waters AutoPurification System (equipped with 2545/515 pumps and
2998 detector)

Column: Waters Xbridge BEH C18, Spm, 30x50 mm

Mobile Phase: water (375 mM ammonium hydroxide) / acetonitrile (375 mM ammo-
nium

hydroxide) with a gradient of 75/25 held for 1 min., ramp to 50/50 over

3.2
min., then ramp to 5/95 over 0.5 min. followed by hold at 5/95 for 1.3
min.
Flow rate: 75 mL/min.
Detection: UV 210-400 nm

ESI-MS m/z: 461.3 [M+H]" (Rt: 0.92 min., LCMS Method 2).

"H NMR (400 MHz, DMSO-ds) § 7.97 (d, J = 2.4 Hz, 1H), 7.84 (t, J = 7.8 Hz, 1H), 7.76 (d, J
=7.8 Hz, 1H), 7.53 — 7.37 (m, 3H), 7.29 — 7.20 (m, 1H), 6.90 (d, ] = 2.4 Hz, 1H), 6.78 (s,
2H), 5.89 (s, 1H), 5.53 (s, 2H), 5.12 (dd, J = 8.9, 3.0 Hz, 1H), 3.70 (dd, J = 14.1, 3.1 Hz, 1H),
3.31(dd, J=14.2,9.2 Hz, 1H).

HRMS: M+H, found 461.0905, calc. 461.0907 (HRMS Method 10).

[315] Example 37: (R or S)-2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-pyrazol-3-
yl)pyridin-2-yl)-2-hydroxypropane- 1-sulfonamide and Example 38: (R or §)-2-(6-(1-(2-
fluoro-5-(trifluoromethoxy)benzyl)-1H-pyrazol-3-yl)pyridin-2-yl)-2-hydroxypropane- 1-sul-

fonamide

Prepared by analogy to Example 36 according to Scheme 4 starting from 1-(6-bromopyridin-
2-yl)ethan-1-one to afford the racemate of the title compound (Rac-37+38) (106 mg).

£ F
ave
N\

Chiral separation of the racemate (106 mg) provided Example 37 as the first eluting peak (39
mg, 37% yield, chiral HPLC: e.e. > 99%, Rt: 1.93 min.) and Example 38 as the second elut-
ing peak (38 mg, 36% yield, chiral HPLC: e.c. 96.64%, Rt: 2.18 min.) as white solids.

RV

“NH,
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Chiral prep HPLC:

Instrument: Waters SFC MS100

Column: Chiralcel OD-H (21x250mm, 5pm)
Mobile phase: 25-45% methanol / CO2

Flow rate: 80 g/min.

Detection: UV @ 250nm

Peak 1 (Example 37): ESI-MS m/z: 475.1 [M+H]" (Rt: 2.16 min., LCMS Method 8); 'H
NMR (400 MHz, DMSO-d¢) 6 7.95 (d, ] =2.4 Hz, 1H), 7.80 (t, J = 7.8 Hz, 1H), 7.70 (d, ] =
7.8Hz, 1H), 7.56 (d, ] = 7.7 Hz, 1H), 7.44 — 7.40 (m, 2H), 7.31 — 7.24 (m, 1H), 6.91 (d,J =
2.4 Hz, 1H),

6.62 (s, 2H), 5.71 (s, 1H), 5.52 (s, 2H), 3.70 (d, J = 14.2 Hz, 1H), 3.61 (d, J = 14.2 Hz, 1H),
1.61 (s, 3H).

Peak 2 (Example 38): ESI-MS m/z: 475.1 [M+H]" (Rt: 2.16 min., LCMS Method 8). 'H
NMR (400 MHz, DMSO-ds) § 7.96 (d, ] = 2.4 Hz, 1H), 7.81 (t, ] = 7.8 Hz, 1H), 7.71 (d, ] =
7.8 Hz,1H), 7.57 (d,J = 7.8 Hz, 1H), 7.45 - 7.41 (m, 2H), 7.31 - 7.25 (m, 1H), 6.91 (d,J =
2.1 Hz, 1H), 6.63 (s,2H), 5.71 (s, 1H), 5.52 (s, 2H), 3.70 (d, J = 14.2 Hz, 1H), 3.62 (d, J =
14.2 Hz, 1H), 1.62 (s, 3H).

Enantiomeric excess was determined using the following conditions:

Instrument: Waters UPC? system
Column: Chiralpak OD-3(3um, 3><100mm) @ 40 <
Mobile phase: Methanol with 0.1% ammonium hydroxide (modifier) / CO.; Gradient:
5%
modifier for 0.15 minutes, increase to 55% modifier over 1.5 minutes,
and
hold at 55% modifier for 0.65 minutes
Flow rate: 2.5 mL/min.
Detection: PDA detector {210-400 nm)

[316] Example 39: 3,3, 3-trifluoro-2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- 1 H-pyra-
zol-3-yl)pyridin-2-yl)-2-hydroxypropane-1-sulfonamide
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Prepared by analogy to Example 36 according to Scheme 4 starting from 1-(6-bromopyridin-

2-y1)-2,2,2-trifluoroethan-1-one to afford the racemate of the title compound.

£ F
eV
O
= HO CF3 O
N\N/ N\ lslll‘NH
I o
Z
ESI-MS m/z: 529.7 [M+H]" (Rt: 2.43 min., LCMS Method 3).
"HNMR (400 MHz, DMSO-ds) 8 7.97 (d, ] = 2.4 Hz, 1H), 7.92 (t, J = 7.7 Hz, 1H), 7.86 (d, ]
=7.7Hz, 1H), 7.73 (d, J = 7.7 Hz, 1H), 7.45 — 7.40 (m, 2H), 7.34 — 7.30 (m, 1H), 7.12 (s,
1H), 6.99 (d, J=2.1 Hz, 1H), 6.82 (s, 2H), 5.53 (s, 2H), 4.38 (d, J = 14.2 Hz, 1H), 3.76 (d, J
=14.1 Hz, 1H).

[317] Example 40: (R or S)-2-hydroxy-2-(6-(2-(3-(trifluoromethyl)benzyl)-2 H-tetrazol-5-
yDpyridin-2-yl)propane-1-sulfonamide and Example 41: (R or S)-2-hydroxy-2-(6-(2-(3-
(trifluoromethyl)benzyl)-2 H-tetrazol-5-yl)pyridin-2-yl)propane- 1 -sulfonamide

Prepared according to Scheme 5.

[318] Step 1: 2-(6-bromopyridin-2-yl)-2-hydroxy-N, N-bis(4-methoxybenzyl)propane-1-sul-

HO o, 0
DY
Br- N S.
| N N(PMB),
>

To a stirred solution of N, N-bis(4-methoxybenzyl)methanesulfonamide (1.6 g, 5.0 mmol) in
THF (15 mL) was added n-BuLi (1.6 M in hexanes, 3.1 mL, 5.0 mmol) dropwise at -78 <C

fonamide

(reaction mixture color turned to pale yellow) and the reaction mixture was stirred at -78°C
for 2 h. Then 1-(6-bromopyridin-2-yl)ethan-1-one (0.50 g, 2.5 mmol) dissolved in THF (5.0
mL) was added dropwise at -78 <C (reaction mixture color turned to orange and then to yel-
low) and the reaction mixture was stirred at -78 <C for 1h and then at room temperature for
16 h. The reaction mixture was quenched with a saturated NH4Cl solution (50 mL) and ex-

tracted with ethyl acetate (3 x 50 mL). The combined organic layer was washed with a satu-
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rated aqueous NaCl solution (1 x 100 mL) and dried over anhydrous Na.SO4 and concen-
trated under reduced pressure to furnish the crude product as an off-white solid (2.2 g), which
was carried on to the next step without further purification.

MS (ESI+): m/z 536.9 (M+H), Rt: 1.626 min. [LCMS Method 6].

[319] Step 2: 2-(6-cyanopyridin-2-yl)-2-hydroxy-N, N-bis(4-methoxybenzyl)propane-1-

Na HO/ QP
A N So
| N N(PMB),
=

To a stirred solution of 2-(6-bromopyridin-2-yl)-2-hydroxy-N, N-bis(4-methoxybenzyl)pro-
pane-1-sulfonamide (2.20 g, 4.1 mmol) in DMF (20 mL) was added zinc cyanide (579 mg,

sulfonamide

4.9 mmol) at room temperature and resulted solution was purged with argon gas for 10
minutes. Then Pd(PPh3)s (569 mg, 0.49 mmol) was added and again the reaction mixture
was purged with argon gas for 10 minutes before being set to stir at 110 <C for 2.5 h. The re-
action mixture was cooled to room temperature, diluted with water (100 mL) and extracted
with EtOAc¢ (3 x 50 mL). The combined organic layer was washed with a saturated aqueous
NaCl solution (2 x 50 mL) and dried over anhydrous Na:SO4 and concentrated under reduced
pressure to furnish crude. The crude product was purified with silica gel column chromatog-
raphy (30-50% EtOAc in hexane) to afford 2-(6-cyanopyridin-2-yl)-2-hydroxy-N, N-bis(4-
methoxybenzyl)propane-1-sulfonamide as yellow sticky solid (1.5 g, 76% yield).

MS (ESI+): m/z 482.05 (M+H), Rt: 1.570 min. [LCMS Method 6].

[320] Step 3: 2-(6-(2H-tetrazol-5-yl)pyridin-2-y1)-2-hydroxy-N, N-bis(4-

methoxybenzyl)propane-1-sulfonamide

To a stirred solution of 2-(6-cyanopyridin-2-yl)-2-hydroxy-N, N-bis(4-methoxybenzyl)pro-
pane-1-sulfonamide (1.80 g, 3.7 mmol) in a mixture of solvent ~BuOH:H20 (2:1) (21 mL)
was added NaNs (364 mg, 5.6 mmol) followed by zinc bromide (1.2 g, 5.6 mmol) at room
temperature. The reaction mass was heated at 90 <C for 2 h. The reaction mixture was cooled
to room temperature, diluted with water (10 mL), acidified with IN HCI (10 mL) and ex-
tracted with ethyl acetate (3 x 50 mL). The combined organic layer was washed with a satu-
rated aqueous NaCl solution (1 x 50.0 mL) and dried over anhydrous Na.SOs and concen-

trated under reduced pressure to get 2-(6-(2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-N, N-
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bis(4-methoxybenzyl)propane-1-sulfonamide as yellow solid (2.1 g, crude).

MS (ESI+): m/z 525.2 (M+H), Rt: 0.823 min. [LCMS Method 4].

[321] Step 4: 2-hydroxy-N,N-bis(4-methoxybenzyl)-2-(6-(2-(3-(trifluoromethyl)benzyl)-
2H-tetrazol-5-yl)pyridin-2-yl)propane-1-sulfonamide

F
F
£ N=nN HO , Q.0
N N
N N S\
NTYS N(PMB),
o

To a stirred solution of 2-(6-(2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-N,N-bis(4-methox-
ybenzyl)propane-1-sulfonamide (1.0 g, 1.9 mmol) in acetone (10 mL), was added sodium
carbonate (0.71 g, 6.7 mmol) followed by sodium iodide (0.31 g, 2.1 mmol) and 1-(bromo-
methyl)-3-(trifluoromethyl)benzene (0.46 g, 1.9 mmol) at room temperature. The reaction
mass was heated at 50 <C for 16h. The reaction mixture was cooled to room temperature, di-
luted with water (10 mL) and extracted with EtOAc (3 x 50 mL). The combined organic layer
was washed with saturated aqueous NaCl solution (1 x 100 mL) and dried over anhydrous
Na2804 and concentrated under reduced pressure to furnish crude. The crude product was pu-
rified with silica gel column chromatography (30-50% EtOAc in hexane, desired product was
first regioisomer to elute out) to afford the title compound as white sticky solid (0.76 g, 59%).
MS (ESI+): m/z 683.2 (M+H), Rt: 1.293 min. [LCMS Method 7]; "H NMR (300 MHz,
CDCls) 6 8.09 (d, J= 7.8 Hz, 1H), 7.89 (t, J= 7.8 Hz, 1H), 7.80 (d, J= 8.1 Hz, 1H), 7.72 —
7.70 (m, 1H), 7.60 (t, J= 8.4 Hz, 2H), 7.46 (t, /= 7.5 Hz, 1H), 7.13 (d, /= 8.4 Hz, 4H), 6.82
(d, J=8.7 Hz, 4H), 5.89 (s, 2H), 4.15 (s, 4H), 3.76 (s, 6H), 3.74 (d, J = 14.2 Hz, 1H), 3.58 (d,
J=13.8 Hz, 1H), 1.74 (s, 3H).

[322] Step 5: 2-hydroxy-2-(6-(2-(3-(trifluoromethyl)benzyl)-2 H-tetrazol-5-yl)pyridin-2-

yl)propane-1-sulfonamide

To a stirred solution of 2-hydroxy-N, N-bis(4-methoxybenzyl)-2-(6-(2-(3-(trifluorome-
thyl)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)propane- 1 -sulfonamide (768 mg, 1.1 mmol) in
DCM (8 mL) was added TFA (15 mL) at room temperature and the reaction mixture was
stirred for 16 h. The reaction mass was concentrated under reduced pressure and partitioned

between a saturated aqueous NaHCOs3 solution (15 mL) and EtOAc (10 mL). The organic
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layer was separated, and aqueous layer was extracted with EtOAc (20 mL). The combined or-
ganic layer was washed with a saturated aqueous NaCl solution (1 x 20 mL) and dried over
anhydrous Na2SO4 and concentrated under reduced pressure to furnish crude. The crude was
puritied with silica gel column chromatography (2-5% MeOH in DCM) followed by Prep-
HPLC:

Instrument: Agilent 1260 Infinity II
Column: X SELECT (19.0 mm X 250 mm), Spm
Mobile phase: 0.1% HCOOH in water and acetonitrile; Gradient (Time (min.), %B):
(0,
30), (2, 40), (8, 60)
Flow rate: 18 mL/min.
Detection: UV @ 210 nm

The racemic title compound was afforded as a white sticky solid (239 mg, 48% yield).
MS (ESI+): m/z 442.9 (M+H), Rt: 1.462 min. [Method 6].

Chiral separation of the racemate (239 mg) provided Example 41 as the first eluting peak (95
mg, 40% yield, chiral HPLC purity: 99.6%, Rt: 6.981 min.) and Example 40 as the second
eluting peak (63 mg, 26% yield, chiral HPLC purity: 99.1%, Rt: 9.819 min.) as white solids.

Chiral prep HPLC:

Instrument: Agilent 1260 Infinity

Column: CHIRAL PAK TH (250 mm X 20 mm), 5 pym

Mobile phase: n-hexane (A); EtOH: MeOH (1:1, B); Isocratic: 70(A): 30(B)
Flow rate: 15 mL/min.

Detection: UV @ 210 nm

Peak 1 (Example 41): MS (ESI+): m/z 443.1 (M+H), Rt: 1.149 min. [LCMS Method 7]; 'H
NMR (400 MHz, CD3OD) § 8.04 (d, J= 7.6 Hz, 1H), 7.94 (t, J= 8.0 Hz, 1H), 7.85 - 7.80
(m, 2H), 7.73 — 7.68 (m, 2H), 7.64 — 7.59 (m, 1H), 6.07 (s, 2H), 4.04 (d, /= 14.4 Hz, 1H),
3.77 (d, J=14.4 Hz, 1H), 1.69 (s, 3H).

Peak 2 (Example 40): MS (ESI+): m/z 443.1 (M+H), Rt: 1.149 min. [LCMS Method 7]; 'H
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NMR (400 MHz, CD;0D) § 8.07 (d, J = 8.0 Hz, 1H), 7.97 (t, ] = 7.6 Hz, 1H), 7.88 — 7.83 (m,
2H), 7.76 — 7.71 (m, 2H), 7.67 — 7.61 (m, 1H), 6.10 (s, 2H), 4.06 (d, J = 14.4 Hz, 1H), 3.80
(d, J=14.4 Hz, 1H), 1.72 (s, 3H).

Chiral HPLC retention times were obtained using the following conditions:

Instrument: Agilent 1260 Infinity II
Column: CHIRAL PAK IH (150 mm X 4.6 mm), 5 ym
Mobile phase: n-hexane (A); 0.1% HCOOH in ethanol:MecOH (80:20, B); Isocratic:
70(A):
30(B)
Flow rate: 1.0 mL/min.
Detection: UV @ 210 nm

[323] Example 42: (R or S)-2-(3-chloro-6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-
tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1-sulfonamide and Example 43: (R or S)-2-(3-
chloro-6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-

propane-1-sulfonamide

Prepared by analogy to Examples 40 and 41 according to Scheme 5 starting from 1-(6-
bromo-3-chloropyridin-2-yl)ethan-1-one and by replacing 1-(bromomethyl)-3-(trifluorome-
thyl)benzene with 2-(bromomethyl)-1-fluoro-4-(trifluoromethoxy)benzene to afford the race-

mate of the title compound (400 mg).

E F
P _
0 N
;=N HO 0.0
N‘ _ N \\Sl/
N | S “NH,
Z Cl

Chiral separation of the racemate (400 mg) provided Example 43 as the first eluting peak
(104 mg, 26% yield, chiral HPLC purity: 98.9%, Rt: 4.592 min.) and Example 42 as the sec-
ond eluting peak (113 mg, 28% yield, chiral HPLC purity: 98.5%, Rt: 5.524 min.) as white

solids.

Chiral prep HPLC:
Instrument: Agilent 1260 Infinity
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Column: LUX CELLULOSE-4, 250 mm X 21.2 mm, 5 pm

Mobile phase: n-hexane (A); IPA: MeOH, 1:1 (B); Isocratic: 60 (A): 40(B)
Flow rate: 15 mL/min.

Detection: UV @ 210 nm

Peak 1 (Example 43): MS (ESI+): m/z 511.05 (M+H), Rt: 1.198 min. [LCMS Method 7]; 'H
NMR (400 MHz, CDsOD) 6 8.10 (d, J = 8.4 Hz, 1H), 8.03 (d, J = 8.0 Hz, 1H), 7.52 - 7.49
(m, 1H), 7.41 — 7.36 (m, 1H), 7.30 (t, J = 9.2 Hz, 1H), 6.06 (s, 2H), 4.32 (d, J = 14.8 Hz, 1H),
3.80 (d, J=14.8 Hz, 1H), 1.76 (s, 3H).

Peak 2 (Example 42): MS (ESI+): m/z 511.05 (M+H), Rt: 1.189 min. [LCMS Method 7]; 'H
NMR (400 MHz, CD30D) 6 8.10 (d, J = 8.4 Hz, 1H), 8.03 (d, J = 8.0 Hz, 1H), 7.52 — 7.49
(m, 1H), 7.41 — 7.36 (m, 1H), 7.30 (t, ] = 9.2 Hz, 1H), 6.06 (s, 2H), 4.32 (d, ] = 14.8 Hz, 1H),
3.80(d,J =152 Hz, 1H), 1.76 (s, 3H).

Chiral HPLC retention times were obtained using the following conditions:

Instrument : Agilent 1260 Infinity 11
Column : LUX CELLULOSE-4 (150 X 4.6 mm), Spm
Mobile phase: n-hexane (A); 0.1 % HCOOH in EtOH:MeOH (80:20, B); Isocratic: 50
(A):
50 (B)
Flow rate: 1.0 mL/min.
Detection: UV @ 210 nm

[324] Example 44: (R or S)-2-(3-fluoro-6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-te-
trazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1-sulfonamide and Example 45: (R or S)-2-(3-
fluoro-6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-

propane-1-sulfonamide

Prepared by analogy to Examples 40 and 41 according to Scheme 5 starting from 1-(6-
bromo-3-fluoropyridin-2-yl)ethan-1-one and by replacing 1-(bromomethyl)-3-(trifluorome-
thyl)benzene with 2-(bromomethyl)-1-fluoro-4-(trifluoromethoxy)benzene to afford the race-

mate of the title compound (64 mg).
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Chiral separation of the racemate (64 mg) provided Example 45 as the first eluting peak (17
mg, 27% yield, chiral HPLC purity: 98.9%, Rt: 6.197 min.) and Example 44 as the second
eluting peak (18 mg, 28% yield, chiral HPLC purity: 99.1%, Rt: 8.200 min.) as white solids.

Chiral prep HPLC:

Instrument: Agilent 1260 Infinity

Column: LUX CELLULOSE-4 (21.2 mm X 250 mm), 5 pm

Mobile phase: n-hexane (A); 0.1% HCOOH in EtOH:MeOH (1:1, B); Isocratic:
60(A):40(B)

Flow rate: 15 mL/min.

Detection: UV @ 210 nm

Peak 1 (Example 45): MS (ESI+): m/z 495.15 (M+H), Rt: 1.495 min. [LCMS Method 6]; 'H
NMR (400 MHz, CD;0D) § 8.19 (dd, J= 8.4, 3.2 Hz, 1H), 7.76 (dd, T= 10.8, 8.8 Hz, 1H),
7.54 -7.51 (m, 1H), 7.44 — 7.39 (m, 1H), 7.33 (t, = 9.2 Hz, 1H), 6.08 (s, 2H), 3.96 (d, J =
14.8 Hz, 1H), 3.78 (d, J = 14.8 Hz, 1H), 1.69 (s, 3H).

Peak 2 (Example 44): MS (ESI+): m/z 495.15 (M+H), Rt: 1.491 min. [LCMS Method 6]; 'H
NMR (400 MHz, CD30D) 6 8.19 (dd, J = 8.4, 3.2 Hz, 1H), 7.77 (dd, J = 10.8, 8.8 Hz, 1H),
7.54—-17.51 (m, 1H), 7.44 - 7.39 (m, 1H), 7.33 (t, J = 9.2 Hz, 1H), 6.08 (s, 2H), 3.96 (d, J =
14.8 Hz, 1H), 3.78 (d, J = 14.4 Hz, 1H), 1.69 (d, J = 1.2 Hz, 3H).

Chiral HPLC retention times were obtained using the following conditions:

Instrument : Agilent 1260 Infinity 11

Column : LUX CELLULOSE-4 (150 mm X 4.6 mm), 5 um

Mobile phase: n-hexane (A); 0.1% HCOOH in EtOH:MeOH (8:2, B); Isocratic:
70(A):30(B)

Flow rate: 1.0 mL/min.

Detection: UV @ 210 nm
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[325] Example 46: (R or S)-2-(6-(2-(5-cyclopropoxy-2-fluorobenzyl)-2 H-tetrazol-5-yl)pyr-
idin-2-yl)-2-hydroxypropane-1-sulfonamide and Example 47: (R or S)-2-(6-(2-(5-cyclo-
propoxy-2-fluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane- 1 -sulfonamide
Prepared by analogy to Examples 40 and 41 according to Scheme 5 by replacing 1-(bromo-

methyl)-3-(trifluoromethyl)benzene with Intermediate § to afford the racemate of the title

o F .
=N HO , O O
N‘ P N \\Sll
N | \ “NH,
P

Chiral separation of the racemate (340 mg) provided Example 46 as the first eluting peak
(125 mg, 37% yield, chiral HPLC purity: 99.6%, Rt: 8.821 min.) and Example 47 as the sec-
ond eluting peak (125 mg, 37% yield, chiral HPLC purity: 99.5%, Rt: 10.685 min.) as white

compound (340 mg).

solids.

Chiral prep HPLC:

Instrument: Agilent 1260 Infinity

Column: CHIRAL PAK IH (20.0 mm X 250 mm), 5 pm

Mobile phase: n-hexane (A); EtOH: MeOH (1:1, B); Isocratic: 70(A):30(B)
Flow rate: 15 mL/min.

Detection: UV @210 nm

Peak 1 (Example 46): MS (ESI+): m/z 448.95 (M+H), Rt: 1.484 min. [LCMS Method 6]; 'H
NMR (400 MHz, CDsOD) ¢ 8.04 (dd, J = 7.6, 1.2 Hz, 1H), 7.95 (t, ] = 8.0 Hz, 1H), 7.83 (dd,
J=28.0,1.2 Hz, 1H), 7.14 — 7.08 (m, 3H), 5.99 (s, 2H), 4.04 (d, J = 14.4 Hz, 1H), 3.77 (4, =
14.4 Hz, 1H), 3.76 — 3.75 (m, 1H), 1.70 (s, 3H), 0.78 — 0.75 (m, 2H), 0.67 — 0.66 (m, 2H).

Peak 2 (Example 47): MS (ESI+): m/z 449.1 (M+H), Rt: 1.477 min. [LCMS Method 6]; 'H
NMR (400 MHz, CD30D) 6 8.04 (dd, J = 7.6, 0.8 Hz, 1H), 7.95 (t, ] = 7.6 Hz, 1H), 7.83 (dd,
J=8.0,1.2 Hz, 1H), 7.14 — 7.08 (m, 3H), 5.99 (s, 2H), 4.04 (d, J = 14.4 Hz, 1H), 3.77(d, J =
14.4 Hz, 1H), 3.76 — 3.74 (m, 1H), 1.70 (s, 3H), 0.78 — 0.75 (m, 2H), 0.67 — 0.66 (m, 2H).

Chiral HPLC retention times were obtained using the following conditions:
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Instrument: Agilent 1260 Infinity 11

Column: CHIRAL PAK-IH (150 mm X 4.6 mm), 5 pm

Mobile phase: n-hexane (A); 0.1 % TFA in EtOH: MecOH (80:20, B); Isocratic:
70(A):30(B)

Flow rate: 1.0 mL/min.

Detection: UV @ 210 nm

[326] Example 48: 2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-yl)pyridin-
2-yl)-2-hydroxyethane-1-sulfonamide

Prepared according to Scheme 6.

F. F
FX '
O
N=N OHQ 0o
N N/
N~ N S\
N | A NH,
4

[327] Step 1. 2-(6-bromopyridin-2-yl)-2-hydroxy-N, N-bis(4-methoxybenzyl)ethane-1-sul-
fonamide
OH Q\VP

S
(S N(PMB),

To a stirred solution of N, N-bis(4-methoxybenzyl)methanesulfonamide (905 mg, 2.7 mmol)
in THF (22 mL) was added n-BuLi (1.6 M in hexanes, 1.86 mL, 2.97 mmol) at -78 <C. After
stirring at -78 <C for 10 min, a solution of 6-bromopicolinaldehyde (552 mg, 2.97 mmol) in
THF (8 mL) was added dropwise. The mixture was then stirred at -78 <C for 30 min. before
being allowed to stir and warm to room temperature for 12 h. The reaction mixture was
quenched with water, concentrated under reduced pressure and the crude residue was purified
with silica gel column chromatography (10-30% ethyl acetate in heptane) to afford the title
compound (1.17 g, 83% yield).

ESI-MS m/z: 523.4 [M+H]" (Rt: 1.15 min., LCMS Method 2).

[328] Step 2: 2-hydroxy-N,N-bis(4-methoxybenzyl)-2-(6-(1-(4-methoxybenzyl)-1H-
tetrazol-5-yl)pyridin-2-yl)ethane-1-sulfonamide

N-N OH o

N N \\Slp
N | < “N(PMB),
PMB —

A mixture of 1-(4-methoxybenzyl)-1H-tetrazole (133 mg, 0.70 mmol), 2-(6-bromopyridin-2-
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yl)-2-hydroxy-N, N-bis(4-methoxybenzyl)ethane-1-sulfonamide (332 mg, 0.64 mmol), palla-
dium(II) acetate (11.4 mg, 0.051 mmol), 2-dicyclohexylphosphino-2'-(N,N-dimethyla-
mino)biphenyl (DavePhos, 40.1 mg, 0.10 mmol), Todo[4, 5-bis(diphenylphosphino)-9,9-di-
methylxanthene]copper(I) (157 mg, 0.20 mmol) and cesium carbonate (519 mg, 1.6 mmol) in
acetonitrile (20 mL) was purged with N2 gas twice. Then the mixture was stirred at 60 <C un-
der N2 protection for 23 h. The reaction mixture was filtered and the filter cake was rinsed
with DCM/MeOH mixture and then with EtOAc. The combined filtrate was concentrated un-
der reduced pressure and the resulting residue was purified with silica gel column chromatog-
raphy (10-60% ethyl acetate in heptane) to afford the title compound (185 mg, 46% yield).
ESI-MS m/z: 631.2 [M+H]" (Rt: 1.13 min., LCMS Method 2).

[329] Step 3: 2-(6-(1H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxyethane- 1 -sulfonamide

,N=N OHo O
HN, _ N \‘s':
N I N NHZ
Z

To a solution of 2-hydroxy-N, N-bis(4-methoxybenzyl)-2-(6-(1-(4-methoxybenzyl)- 1 H-te-
trazol-5-yl)pyridin-2-yl)ethane-1-sulfonamide (180 mg, 0.29 mmol) in DCM (7 mL) was
added TFA (10 mL) and the mixture was stirred at 50 <C for 5 days. Volatiles were removed
under reduced pressure and to the residue was added excess triethylamine. Then all volatiles
were removed under reduced pressure again. The residue was purified with silica gel column
chromatography (0-10% MeOH in DCM) to afford the title compound as a sticky solid (50
mg, 65% yield).

ESI-MS m/z: 271.0 [M+H]" (Rt: 0.19 min., LCMS Method 9).

[330] Step 4: 2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-yl)pyridin-2-yl)-
2-hydroxyethane-1-sulfonamide

£ F
FXO»QF
N=n OHo o
N\ _ N \\S//
N | A “NH,
)\K)/\/

To a mixture of 2-(6-(1H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxyethane- 1-sulfonamide (50 mg,
0.19 mmol), sodium iodide (28 mg, 0.19 mmol) and potassium carbonate (33 mg, 0.24 mmol)
in 2-butone (8 mL) was added 2-(bromomethyl)-1-fluoro-4-(trifluoromethoxy)benzene (51
mg, 0.19 mmol). The mixture was stirred at 65 <C under N> protection for 12 h. The reaction
mixture was filtered, concentrated, and then purified with silica gel column chromatography

(20-60% ethyl acetate in heptane) to afford two major products (regioisomers). The racemic
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title compound was isolated as the first eluting peak (25 mg, yield 28%).

ESI-MS m/z: 463.0 [M+H]" (Rt: 0.92 min., LCMS Method 2); '"H NMR (400 MHz, DMSO-
de) 8 8.05 (d, J = 5.0 Hz, 2H), 7.79 - 7.66 (m, 2H), 7.55 (dt, I = 7.8, 3.8 Hz, 1H), 7.47 (t,J =
9.2 Hz, 1H), 6.81 (s, 2H), 6.16 (s, 2H), 6.03 (s, 1H), 5.18 (dd, ] = 8.8, 3.3 Hz, 1H), 3.65 (dd, J
=14.1, 3.2 Hz, 1H), 3.33 (m, 1H); HRMS: M+H, found 463.0810, calc. 463.0812 (HRMS
Method 10).

[331] Example 49: (IR or IS,2R or 2S)-1-(6-(2-(2-tfluoro-5-(trifluoromethoxy)benzyl)-2 H-
tetrazol-5-yl)pyridin-2-yl)- 1-hydroxypropane-2-sulfonamide and Example 50: (/R or 1S,2R
or 25)-1-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-yl)pyridin-2-yl)-1-hy-
droxypropane-2-sulfonamide and Example 51: (/R or 1S,2R or 25)-1-(6-(2-(2-fluoro-5-(tri-
fluoromethoxy)benzyl)-2 H-tetrazol-5-yl)pyridin-2-yl)-1-hydroxypropane-2-sulfonamide and
Example 52: (/R or 1S,2R or 25)-1-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-
5-yl)pyridin-2-yl)-1-hydroxypropane-2-sulfonamide

Prepared according to Scheme 6.

£ F
FXO F
N=n OHO O
N AN Y
N | A

“NH,
S

[332] Step 1:two enantiomer pairs of 1-(6-bromopyridin-2-yl)-1-hydroxy-N, N-bis(4-meth-
oxybenzyl)propane-2-sulfonamide

OH o

0
Bre_ _N R
(s N(PMB),
P

To a stirred solution of N, N-bis(4-methoxybenzyl)ethanesulfonamide (1.03 g, 2.94 mmol) in
2-methyl-THF (30 mL) cooled in dry ice/acetone bath was added n-BuLi (1.6 M in hexanes,
2.2 mL, 3.5 mmol) and the mixture was stirred at -78 <C for 10 min., then at room tempera-
ture for 30 min. The reaction mixture was cooled in dry ice/acetone bath again and a solution
of 6-bromopicolinaldehyde (685 mg, 3.7 mmol) in 2-methyl-THF (5 mL) was added. The
mixture was stirred at -78 <C for 1 h. After the temperature was raised to room temperature,
to the reaction mixture was added a saturated aqueous NH4Cl solution followed by extraction
with EtOAc (3 x). All EtOAc layers were combined, dried over anhydrous Na>SOs, filtered,

concentrated under reduced pressure and the residue was purified with silica gel column
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chromatography (10-20% ethyl acetate in heptane) to afford two products fractions (two en-
antiomer pairs):

Enantiomer pair A: the first peak eluted from the silica gel column, 472 mg, 30% yield. It
was used directly in Step 2a without further purification.

Enantiomer pair B: the second product peak eluted from the silica gel column: 433 mg, 28%
yield. It was used directly in Step 2b without further purification.

[333] Step 2a: Enantiomer pair A of 1-hydroxy-N, N-bis(4-methoxybenzyl)-1-(6-(1-(4-meth-
oxybenzyl)-1H-tetrazol-5-yl)pyridin-2-yl)propane-2-sulfonamide

NN OHo O

N, i N

. N S

N | \ N(PMB),
PMB P

A mixture of 1-(6-bromopyridin-2-yl)-1-hydroxy-N, N-bis(4-methoxybenzyl)propane-2-sul-
fonamide (enantiomers pair A from last step, 472 mg, 0.88 mmol), 1-(4-methoxybenzyl)-1H-
tetrazole (201 mg, 1.1 mmol), palladium(II) acetate (16 mg, 0.071 mmol), 2-dicyclohex-
ylphosphino-2'-(N, N-dimethylamino)biphenyl (DavePhos, 56 mg, 0.14 mmol), lodo[4, 5-
bis(diphenylphosphino)-9,9-dimethylxanthene]|copper(l) (217 mg, 0.28 mmol) and cesium
carbonate (718 mg, 2.2 mmol) in acetonitrile (20 mL) were purge with N2 gas two times. The
mixture was stirred at 60 <C under N2 gas protection for 23 h. The reaction mixture was fil-
tered and the filter cake was rinsed with DCM/MeOH and then with EtOAc. The combined
filtrate was concentrated under reduced pressure and the residue was purified with silica gel
column chromatography (10-60% cthyl acetate in heptane) to afford crude enantiomer pair A
of the title compound (212 mg, 37% yield).

ESI-MS m/z: [M+H]" 645.2 (Rt: 1.17 min., LCMS Method 2).

[334] Step 3a: Enantiomer pair A of 1-hydroxy-1-(6-(1-(4-methoxybenzyl)-1H-tetrazol-5-
yDpyridin-2-yl)propane-2-sulfonamide

,NtN OHOo O
AN, N 4
N I N NH»
Z

To a solution of 1-hydroxy-N, N-bis(4-methoxybenzyl)-1-(6-(1-(4-methoxybenzyl)-1H-te-
trazol-5-yl)pyridin-2-yl)propane-2-sulfonamide (enantiomers pair A from Step 2a, 210 mg,
0.326 mmol) in DCM (2 mL) was added TFA (8 mL) and the mixture was stirred at room
temperature for 12 h, then at 60 <C for 24 h. Volatiles were removed under reduced pressure
and to the residue was added excess triethylamine. Volatiles were removed under reduced

pressure again. The residue was purified with silica gel column chromatography (5-10%
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MeOH in DCM) to afford the crude enantiomer pair A of the title compound as a sticky oil
which was used directly in the next step. ESI-MS m/z: [M+H]" 285.0 (Rt: 0.50 min., Method
).

[335] Step 4a: Enantiomer pair A of 1-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-te-
trazol-5-yl)pyridin-2-yl)-1-hydroxypropane-2-sulfonamide

r F
F><O .
N=n OHo 0o
N N
N /)\LNJ)W/S
N | A

“NH,
>

To a mixture of crude 1-(6-(1H-tetrazol-5-yl)pyridin-2-yl)-1-hydroxypropane-2-sulfonamide
(enantiomer pair A from Step 3a), sodium iodide (54 mg, 0.36 mmol) and potassium car-
bonate (68 mg, 0.49 mmol) in 2-butanone (10 mL) was added 2-(bromomethyl)- 1-fluoro-4-
(trifluoromethoxy)benzene (107 mg, 0.39 mmol) and the mixture was stirred at 60 <C for 12
h. The reaction mixture was filtered and the filtrate was concentrated under reduced pressure.
The resulting residue was purified with silica gel column chromatography (10-40% cthyl ace-
tate in heptane) three times to afford the title compound (the desired regioisomer eluted as the
first major product peak, 32 mg, 21% total yield over steps 3a and 4a).

ESI-MS m/z: [M+H]" 476.9 (Rt: 0.94 min., LCMS Method 2).

Chiral separation of the product from Step 4a provided Example 51 as the first eluting peak
(11 mg, 33% yield) and Example 52 as the second eluting peak (11 mg, 33% yield).

Chiral prep HPLC:

Instrument: Waters SFC MS100 system
Column: Chiralpak IE (21 x 250 mm, 5 pm)
Mobile phase: 25-45% methanol / CO2

Flow rate: 80 g/min.

Detection: UV @ 274 nm

Peak 1 (Example 51): ESI-MS m/z: [M+H]" 477.3 (Rt: 0.92 min., LCMS Method 2); 'H
NMR (400 MHz, DMSO-ds) 6 8.10 - 7.99 (m, 2H), 7.70 (ddd, J=13.4, 6.5, 2.4 Hz, 2H), 7.55
(dt,J=7.6,3.7Hz, 1H), 7.47 (t, ] = 9.2 Hz, 1H), 6.71 (s, 2H), 6.15 (d, J = 1.9 Hz, 2H), 5.86
(d, J=5.4 Hz, 1H), 5.39(dd, J = 5.5, 2.1 Hz, 1H), 3.65 - 3.52 (m, 1H), 1.07 (d, J = 7.1 Hz,
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3H); HRMS: M+H, found 477.0972, calc. 477.0968 (HRMS Method 10); e.e. > 99%.

Peak 2 (Example 52): ESI-MS m/z: [M+H]" 476.9 (Rt: 0.95 min., LCMS Method 2); 'H
NMR (400 MHz, DMSO-ds) 6 8.10 - 7.99 (m, 2H), 7.70 (ddd, J = 13.4, 6.6, 2.4 Hz, 2H), 7.55
(dt,J=7.7,3.8 Hz, lH), 7.47 (t, ] = 9.1 Hz, 1H), 6.71 (s, 2H), 6.15 (d, ] = 1.9 Hz, 2H), 5.86
(s, 1H), 5.39 (d, J=2.1 Hz, 1H), 3.58 (qd, ] = 6.9, 2.0 Hz, 1H), 1.07 (d, J = 7.0 Hz, 3H);
HRMS: M+H, found 477.0959, calc. 477.0968 (HRMS Method 10); e.c. = 98.7%.

Enantiomeric excess was determined using the following conditions:

Instrument: Waters UPC? system

Column: Chiralpak IE-3 (3 pm, 3 <100 mm)

Mobile phase: MeOH (modifier) / CO».; Gradient: 5% modifier for 0.2 minutes, in-
crease

to 55% modifier over 3.0 minutes, and hold at 55% modifier for 0.4

minutes
Flow rate: 2.5 mL/min.
Detection: PDA detector (210-400 nm)

[336] Step 2b: 1-hydroxy-N,N-bis(4-methoxybenzyl)-1-(6-(1-(4-methoxybenzyl)-1H-te-
trazol-5-yl)pyridin-2-yl)propane-2-sulfonamide

,',\“N OHQO O

N Y

. N S

N B N(PMB),
PMB _

The same procedure in Step 2a was applied to the enantiomer pair B obtained in step 1 and
provided enantiomer pair B of the title compound. Yield 42%.

ESI-MS m/z: [M+H]" 645.2 (Rt: 1.16 min., LCMS Method 2).

[337] Step 3b: 1-(6-(1 H-tetrazol-5-yl)pyridin-2-yl)- 1-hydroxypropane-2-sulfonamide

,N:N OHoO O
HN, N \‘S"

~

N I ~N NH2
=

The enantiomer pair B obtained in Step 2b was subjected to the same procedure in step 3a to
provide enantiomer pair B of the title compound. Crude product was used directly in the next
step without further purification.

ESI-MS m/z: [M+H]" 285.0 (Rt: 0.26 min., LCMS Method 9).
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[338] Step 4b: 1-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-yl)pyridin-2-
yl)-1-hydroxypropane-2-sulfonamide

g F
O
N=N OHo O
N N/
N~ N s\
N | J NH,
-

The enantiomer pair B obtained in step 3b was subjected to the same procedures as in step 4a
to provide the enantiomer pair B of the title compound. Total yield of 24% over steps 3b and
4b.

ESI-MS m/z: [M+H]" 477.2 (Rt: 0.94 min., LCMS Method 2).

Chiral separation of the product from Step 4b (43 mg) provided Example 50 as the first elut-
ing peak (6 mg, 14% yield) and Example 49 as the second eluting peak (5.5 mg, 13% yield).

Chiral prep HPLC:

Instrument: Waters SFC MS100 system;
Column: Chiralpak AD-H (21x250mm, 5pm);
Mobile phase: 15-35% MecOH:IPA (1:1) / COo,
Flow rate: 80 g/min.

Detection: UV @274 nm

Peak 1 (Example 50): ESI-MS m/z: [M+H]" 477.1 (Rt: 0.96 min., LCMS Method 2); 'H
NMR (400 MHz, DMSO-d¢) 6 8.11 - 7.99 (m, 2H), 7.73 - 7.62 (m, 2H), 7.55 (dt, J =7.7, 3.8
Hz, 1H), 7.47 (t, J = 9.2 Hz, 1H), 6.61 (s, 2H), 6.15 (s, 3H), 5.00 (d, ] = 6.0 Hz, 1H), 3.54 (p,
I=7.0Hz, 1H), 1.08 (d, J = 7.1 Hz, 3H); e.c. > 99%.

Peak 2 (Example 49): ESI-MS m/z: [M+H]" 477.1 (Rt: 0.95 min., LCMS Method 2); 'H
NMR (400 MHz, DMSO-d¢) 6 8.13 - 7.96 (m, 2H), 7.74 - 7.63 (m, 2H), 7.55 (dt, ] = 7.6, 3.8
Hz, 1H), 7.47 (t, = 9.2 Hz, 1H), 6.63 (s, 2H), 6.14 (d, J=15.1 Hz, 3H), 5.00 (d, ] = 6.2 Hz,
1H), 3.55 (p, J = 6.9 Hz, 1H), 1.08 (d, ] = 7.2 Hz, 3H); HRMS: M+H, found 477.0977, calc.
477.0968 (HRMS Method 10); e.e. = 98.4%.

Enantiomeric excess was determined using the following conditions:

Instrument: Waters UPC? system
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Column: Chiralpak AD-3 (3 pm, 3 <100 mm)
Mobile phase: MeOH:IPA (1:1) with 0.1% ammonium hydroxide (modifier) / COz;
Gradient: 5% modifier for 0.2 minutes, increase to 55% modifier over
3.0
minutes, and hold at 55% modifier for 0.4 minutes
Flow rate: 2.5 g/min.
Detection: PDA detector (210-400 nm)

[339] Example 53: 1-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1 H-pyrazol-3-yl)pyridin-
2-yl)-1-hydroxy-2-methylpropane-2-sulfonamide

Prepared according to Scheme 7.

r.F
Fl{b .
= OHO O
N N/
N> N S
N | \

“NH;
S

[340] Step 1: 2-(6-bromopyridin-2-yl)-N, N-bis(4-methoxybenzyl)-2-oxoethane-1-sulfona-
mide

O 00

Bre N I
r B *N(PMB),
~

To a solution of 2-(6-bromopyridin-2-yl)-2-hydroxy-N, N-bis(4-methoxybenzyl)ethane-1-sul-
fonamide (2.20 g, 4.22 mmol) in DCM (100 mL) was added 1,1,1-Tris(acetyloxy)-1,1-dihy-
dro-1,2-benziodoxol-3-(1H)-one (Dess-Martin reagent, 3.58 g, 8.44 mmol) and the mixture
was stirred at room temperature for 4 h. Then the reaction mixture was quenched with satu-
rated aqueous NaHCOj3 solution and extracted with DCM (3x). The DCM layers were com-
bined, concentrated under reduced pressure and the residue was purified with silica gel col-
umn chromatography (10-30% cthyl acetate in heptane) to afford the title compound as a
sticky solid (2.01 g, 92% yield).

ESI-MS m/z: 519.0 [M-H]" (Rt: 1.18 min., LCMS Method 2).

"H NMR (400 MHz, Chloroform-d) § 8.03 (dd, J] = 6.5, 1.9 Hz, 1H), 7.77 - 7.71 (m, 2H), 7.31
- 7.26 (m, 4H), 6.92 - 6.85 (m, 4H), 4.79 (s, 2H), 4.40 (s, 4H), 3.82 (s, 6H).

[341] Step 2: 1-(6-bromopyridin-2-yl)-N, N-bis(4-methoxybenzyl)-2-methyl- 1 -oxopropane-

2-sulfonamide
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O 00

N/,
Br N S.
I N N(PMB),
=

To a mixture of 2-(6-bromopyridin-2-yl)-N, N-bis(4-methoxybenzyl)-2-oxoethane- 1 -sulfona-
mide (505 mg, 0.97 mmol) and potassium carbonate (296 mg, 2.1 mmol) in DMF (12 mL)
was added iodomethane (414 mg, 2.9 mmol). The mixture was stirred at room temperature
for 14 h. Then another batch of potassium carbonate (50 mg, 0.83 mmol) was added. The
mixture was stirred at 45 <C for 12 h, then at 60 <C for 5 h. The solid was filtered out and
volatiles in filtrate were removed under high vacuum. The residue was purified with silica gel
column chromatography (10-20% ethyl acetate in heptane) to afford the title compound (260
mg, 49% yield).

"H NMR (400 MHz, Chloroform-d) & 7.94 - 7.87 (m, 1H), 7.76 - 7.63 (m, 2H), 7.13 - 7.03
(m, 4H), 6.81 - 6.75 (m, 4H), 4.40 (s, 4H), 3.80 (s, 6H), 2.07 (s, 6H).

[342] Step 3: 1-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- 1 H-pyrazol-3-yl)pyridin-2-yl)-
N, N-bis(4-methoxybenzyl)-2-methyl- | -oxopropane-2-sulfonamide

A mixture of 1-(6-bromopyridin-2-yl)-N, N-bis(4-methoxybenzyl)-2-methyl-1-oxopropane-2-
sulfonamide (100 mg, 0.18 mmol), 1-(2-fluoro-5-(trifluoromethoxy)benzyl)-3-(4,4,5,5-tetra-
methyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (85 mg, 0.22 mmol), chloro(2-dicyclohex-
ylphosphino-2',4',6'-triisopropyl-1,1'-biphenyl)[2-(2’-amino-1,1'"-biphenyl) |palladium(II)
(Xphos-Pd-G2, 21 mg, 0.027 mmol) and potassium carbonate (76 mg, 0.55 mmol) in 1,4-di-
oxane/water (3 mL/0.5 mL) was heated with microwave at 110 <C for 12 min. The reaction
mixture was purified directly with silica gel column chromatography (10-20% ethyl acetate in
heptane) to afford the title compound as a sticky solid (96 mg, 72% yield).

ESI-MS m/z: 727.2 [M+H]" (Rt: 1.41 min., LCMS Method 2).

[343] Step 4: 1-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- | H-pyrazol-3-yl)pyridin-2-yl)-
1-hydroxy-N, N-bis(4-methoxybenzyl)-2-methylpropane-2-sulfonamide
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To a solution of 1-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- 1H-pyrazol-3-yl)pyridin-2-
yD)-N, N-bis(4-methoxybenzyl)-2-methyl-1-oxopropane-2-sulfonamide (45 mg, 0.062 mmol)
in MeOH (1 mL) and triethylamine (2 mL) was added NaBH4 (23 mg, 0.62 mmol) and the
mixture was stirred at room temperature for 20 min. Excess water was then added to quench
the reaction mixture. Volatiles were removed under reduced pressure and the residue was
used directly in the next step.

ESI-MS m/z: 729.3 [M+H]" (Rt: 1.41 min., LCMS Method 2).

[344] Step 5: 1-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- | H-pyrazol-3-y)pyridin-2-yl)-
1-hydroxy-2-methylpropane-2-sulfonamide

E F
° OH
v %

To a solution of 1-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- 1 H-pyrazol-3-yl)pyridin-2-

yl)-1-hydroxy-N, N-bis(4-methoxybenzyl)-2-methylpropane-2-sulfonamide from previous
step in DCM (3 mL) was added TFA (2mL) and the mixture was stirred at room temperature
for 12 h. All volatiles were removed under reduced pressure and to the residue was added ex-
cess triethylamine. Volatiles were removed under reduced pressure again and the residue was
purified with preparative HPLC to afford the racemic title compound as a white solid (13
mg, 43% total yield calculated over steps 4 and 5).

Conditions for preparative HPLC:

Instrument: Waters AutoPurification System (equipped with 2545/515 pumps and
2998 detector)

Column: Waters Xbridge BEH C18, 5um, 30x50 mm

Mobile Phase: water (375 mM ammonium hydroxide) / acetonitrile (375 mM ammo-
nium

hydroxide) with a gradient of 75/25 held for 1 min., ramp to 50/50 over
3.2
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min., then ramp to 5/95 over 0.5 min. followed by hold at 5/95 for 1.3

min.
Flow rate: 75 mL/min.
Detection: UV 210-400 nm

ESI-MS m/z: 488.9 [M+H]" (Rt: 1.03 min., LCMS Method 2); '"H NMR (400 MHz, DMSO-
de) 8 7.96 (d,J =2.4 Hz, 1H), 7.83 (t, ] =7.6 Hz, 1H), 7.77 (d, J = 7.6 Hz, 1H), 7.42 (t, J =
7.8 Hz, 3H), 7.32 - 7.25 (m, 1H), 6.86 (d, ] = 2.4 Hz, 1H), 6.49 (s, 2H), 5.93 (s, 1H), 5.52 (s,
2H), 5.03 (s, 1H), 1.28 (s, 3H), 1.11 (s, 3H); HRMS: M+H, found 489.1212, calc. 489.1220
(HRMS Method 10).

[345] Example 54: 3-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-pyrazol-3-yl)pyri-
din-2-yl)-3-hydroxy-2-methylbutane-2-sulfonamide

Prepared according to Scheme 7.

F. F

[346] Step 1: 3-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-pyrazol-3-yl)pyridin-2-yl)-
3-hydroxy-N, N-bis(4-methoxybenzyl)-2-methylbutane-2-sulfonamide

To a mixture of 1-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-pyrazol-3-yl)pyridin-2-yl)-
N, N-bis(4-methoxybenzyl)-2-methyl-1-oxopropane-2-sulfonamide (45 mg, 0.062 mmol) in
triethylamine (2 mL), from Example 53 Step 3, was added methyl magnesium bromide (3.4
M in 2-methyl-THF, 73 uL, 0.25 mmol) and the mixture was stirred at room temperature for
10 min. Water was added to quench the reaction. Volatiles were removed under reduced pres-
sure and the residue was purified with silica gel column chromatography (10-30% ethyl ace-
tate in heptane) to afford the title compound (25 mg, 54% yield).

ESI-MS m/z: 743.2 [M+H]" (Rt: 1.42 min., LCMS Method 2).
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[347] Step 2: 3-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- | H-pyrazol-3-yl)pyridin-2-yl)-
3-hydroxy-2-methylbutane-2-sulfonamide

£ F
O

N =~ HQO Q\I/O

\N/ l N\ S%

NH;
Z

To a solution of 3-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1 H-pyrazol-3-yl)pyridin-2-
yl)-3-hydroxy-N, N-bis(4-methoxybenzyl)-2-methylbutane-2-sulfonamide (25 mg, 0.034
mmol) in DCM (2 mL) was added TFA (3 mL) and the mixture was stirred at room tempera-
ture for 2 days. Volatiles were removed under reduced pressure and to the residue was added
excess triethylamine. Volatiles were removed under reduced pressure again and the residue

was purified with preparative HPLC to afford the racemic title compound (5 mg, 28% yield).

Conditions for preparative HPLC:

Instrument: Waters AutoPurification System (equipped with 2545/515 pumps and
2998 detector)

Column: Waters Xbridge BEH C18, 5um, 30x50 mm

Mobile Phase: water (375 mM ammonium hydroxide) / acetonitrile (375 mM ammo-
nium

hydroxide) with a gradient of 65/35 held for 1 min., ramp to 40/60 over

32
min., then ramp to 5/95 over 0.5 min. followed by hold at 5/95 for 1.3
min.
Flow rate: 75 mL/min.
Detection: UV 210-400 nm

ESI-MS m/z: 503.1 [M+H]" (Rt: 1.07 min., LCMS Method 2); 'H NMR (400 MHz, DMSO-
de) 8 7.96 (d, J = 2.4 Hz, 1H), 7.81 (t, ] = 7.8 Hz, 1H), 7.73 (d, J = 7.5 Hz, 1H), 7.61 (d, ] =
7.8 Hz, 1H), 7.47 - 7.39 (m, 2H), 7.35 - 7.28 (m, 1H), 6.88 (d, J = 2.4 Hz, 1H), 6.52 (bs, 2H),
5.80 (bs, 1H), 5.52 (s, 2H), 1.79 (s, 3H), 1.48 (s, 3H), 1.13 (s, 3H); HRMS: M+, found
503.1375, calc. 503.1376 (HRMS Method 10).
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[348] Example 55: (R or S)-2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1 H-1,2,4-tria-
zol-3-yl)pyridin-2-yl)-2-hydroxypropane-1-sulfonamide and Example 56: (R or S)-2-(6-(1-
(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-1,2,4-triazol-3-yl)pyridin-2-yl)-2-hydroxypropane-

1-sulfonamide

Prepared according to Scheme 8.

F F
Fxo .
/=N HO , OO
N N/
N/ N S.
N | \ NH;
S

NH

HoN. 7
N
H

[349] Step 1: 6-cyanopicolinimidohydrazide

A mixture of pyridine-2,6-dicarbonitrile (50 g, 39 mmol) and hydrazine hydrate (30.8 mL, 41
mmol) in 1550 mL of EtOH was stirred at room temperature overnight. The next day the
white precipitate was filtered off and dried under vacuum to afford the desired product (59.7
g, 370 mmol, 96% yicld) as a white solid which was used for the next step without further pu-
rification. ESI-MS m/z: 162.1 [M+H]" (Rt: 0.16 min., LCMS Method 1) '"H NMR (400 MHz,
DMSO-ds) 8 8.18 (dd, J = 7.2, 2.1 Hz, IH), 8.01 - 7.88 (m, 2H), 5.76 (s, 2H), 5.63 (s, 2H).
[350] Step 2: 6-(1H-1,2,4-triazol-3-yl)picolinonitrile

N
HN‘NW

This reaction was catried out in 2 reaction batches. In one batch a solution of 6-cyanopico-
linimidohydrazide (15.4 g, 95 mmol) in formic acid (132 g, 2860 mmol) was heated to

110 <C for 2.5 h. In another batch a solution of 6-cyanopicolinimidohydrazide (9.81 g, 60.9
mmol) in formic acid (84 g, 1830 mmol) was heated to 110 <C for 2.5 h. Both batches were
removed from heat, cooled to room temperature, then concentrated under reduced pressure
and combined. The resulting gray solid was triturated with a 5% heptane solution in EtOAc.
The solids were collected by vacuum filtration and the resulting filter cake was rinsed with
EtOAc and dried under vacuum to afford the title product as a formate salt (24.2 g, 106
mmol, 68% yield).
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[351] Step 3: 6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- 1H-1,2 4-triazol-3-yl)picolinoni-

F. F
ste
0
/=N
N A v AN
N |\
P

To a solution of the 6-(1H-1,2,4-triazol-3-yl)picolinonitrile (4 g, 18.4 mmol) in 92 mL of
THF, DBU (8.41 g, 55.3 mmol) and 2-(bromomethyl)-1-fluoro-4-(trifluoromethoxy)benzene

trile

(6.03 g, 22.1 mmol) were added. The resulting mixture was stirred at room temperature for 3
hours. The solids were filtered out and the resulting mixture was concentrated under vacuum.
Water was added and the aqueous mixture was extracted with EtOAc three times. The or-
ganic layers were combined, washed with brine, dried over sodium sulfate, filtered and con-
centrated. The crude was purified by chromatography on silica eluting with 0-100% ethyl ac-
etate in heptane to afford N2-regioisomer (3.5 g, 9.63 mmol, 52 % yield) and N1-regioisomer
(1.66 g, 4.57 mmol, 25 % yield).

N2-regioisomer: ESI-MS m/z: 364.1 [M+H]* (Rt: 1.02 min., LCMS Method 1). '"H NMR
(400 MHz, DMSO-ds) 3 8.89 (s, 1H), 8.31 (d, J=8.2 Hz, 1H), 8.17 (t, ] = 8.0 Hz, 1H), 8.08
(d, J=17.9 Hz, 1H), 7.56 - 7.39 (m, 3H), 5.64 (s, 2H).

Nl-regioisomer: ESI-MS m/z: 364.1 [M+H]" (Rt: 1.1 min., LCMS Method 1). 'H NMR
(400 MHz, DMSO-de) 8 8.49 — 8.38 (m, 1H), 8.30—8.12 (m, 3H), 7.42 - 7.29 (m, 2H), 7.22
—7.16 (m, 1H), 6.03 (s, 2H).

[352] Step 4. 1-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- 1 H-1,2,4-triazol-3-yl)pyridin-2-

F. F
N
0]
/=N (¢]
N
N/ | N\
Z

6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-1,2 4-triazol-3-yl)picolinonitrile (597 mg, 1.6

yDethan-1-one

mmol) was taken up in THF (8 mL) under nitrogen and it was cooled to 0 <C. A dropping
funnel was charged with methyl magnesium bromide (3.4 M in THF) (1.5 mL, 5.1 mmol) and

it was added dropwise at this temperature. The mixture was allowed to come to room temper-
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ature. Then the dropping funnel was swapped for a reflux condenser. The mixture was low-
ered onto a heating block set to 70 <C, then allowed to stir for one hour. The mixture was re-
moved from heat. LCMS showed conversion to desired product. The mixture was cooled to

0 <C. The reflux condenser was removed, and a vent bubbler was attached as a precaution. A
6N aqueous HCI solution was added in portions. Some effervescence was observed. The mix-
ture was allowed to come to room temperature overnight. The mixture was partitioned be-
tween EtOAc/water in a separatory funnel. The layers were separated. The aqueous layer was
extracted with EtOAc twice. The aqueous layer remained highly colored after extraction.
LCMS indicated remaining product, likely as the aqueous layer was acidic and the product
was protonated. The pH of the aqueous layer was adjusted to pH 12 using 1M NaOH. The
now basic aqueous layer was extracted with EtOAc two times after which no color remained.
The combined set of organic layers were dried over anhydrous magnesium sulfate, filtered
then concentrated under reduced pressure. The crude product was purified with silica gel col-
umn chromatography (30% - 70% ethyl acetate in heptane) to provide the title compound
(209 mg, 33% yield).

ESI-MS m/z: 381.2 [M+H]" (Rt: 1.02 min., LCMS Method 1). 'H NMR (400 MHz, DMSO-
de) d 8.85 (s, 1H), 8.27 — 8.23 (m, 1H), 8.09 (t, /= 7.8 Hz, 1H), 7.97 (dd, J="7.8, 1.4 Hz,
1H), 7.54 — 7.40 (m, 3H), 5.66 (s, 2H), 2.67 (s, 3H).

[353] Step 5: 2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-1,2,4-triazol-3-yl)pyridin-2-
yl)-2-hydroxy-N, N-bis(4-methoxybenzyl)propane-1-sulfonamide

To a suspension of N, N-bis(4-methoxybenzyl)methanesulfonamide (980 mg, 2.9 mmol) in
tetrahydrofuran (15 mL) cooled to -78 <C was added »-BuLi (1.6 M in hexanes, 2 mL, 3.2
mmol) drop-wise. The mixture was stirred at -78 <C for 30 min., to which was added a solu-
tion of 1-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-1,2 4-triazol-3-yl)pyridin-2-
yDethan-1-one (549 mg, 1.4 mmol) in tetrahydrofuran (5 mL, then wash with 2x5 mL) via
dropping funnel. The reaction mixture was allowed to stir and warm to room temperature and
was then stirred for 15 h. The reaction mixture was quenched by addition of saturate aqueous
ammonium chloride solution, partitioned with DCM and transferred to a separatory funnel.

The pH was adjusted to pH~2 using 1N HCI and the aqueous layer was extracted 2x with
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DCM. The combined organic layers were dried over MgSO4, filtered and concentrated by ro-
tary evaporation under reduced pressure to afford crude product. The crude material was puri-
fied by silica gel column chromatography (30%-100% cthyl acetate in heptane) to afford the
title compound as a colorless oil (163 mg, 11% yield). Recovered starting material was re-
subjected to the reaction conditions to obtain an additional 70 mg of title product for a total
yield of 233 mg (23% yield).

ESI-MS m/z: 716.2 [M+H]" (Rt: 1.23 min., LCMS Method 1).

[354] Step 6: 2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-1,2,4-triazol-3-yl)pyridin-2-
yl)-2-hydroxypropane-1-sulfonamide

£ F
e}
/=N HO , 0 0
N\ _ N \\S/I
N | A “NH,
Z

To a solution of 2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-1,2,4-triazol-3-yl)pyridin-
2-yl)-2-hydroxy-N, N-bis(4-methoxybenzyl)propane-1-sulfonamide (233 mg, 0.33 mmol) in
DCM (3 mL) was added TFA (1.3 mL, 17 mmol) and the mixture was stirred at room tem-
perature for 18 h. The reaction mixture was quenched with a saturate aqueous solution of so-
dium bicarbonate and partitioned with EtOAc. The aqueous layer was extracted with EtOAc
three times. The combined organic phases were dried over MgSO4, filtered and concentrated
by rotary evaporation under reduced pressure to afford a crude product. The crude material
was purified by preparative HPLC to afford the racemate of the title compound (Rac-55+56)
(98 mg).

Instrument: Waters UPC? system

Column: Xbridge C18 OBD (5 pm, 30 x 50 mm)

Mobile phase: Gradient of 25-50% acetonitrile in 0.1% aqueous formic acid over 3.5
min.

and then hold 50% acetonitrile for 3 min.
Flow rate: 75 mL g/min.

Detection: PDA detector (210-400 nm)

Chiral separation of the racemate (98 mg) provided Example 55 as the first eluting peak (43
mg, 44% yield, e.e. > 99%, Rt: 2.14 min.) and Example 56 as the second eluting peak (39 mg,
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40% yield, e.e. > 99%, Rt: 2.85 min.) as white solids.

Chiral prep SFC:
Instrument:
Column:

Mobile phase:
Flow rate:

Detection:

Waters Thar 80

Chiralcel OD-H (30x250mm, 5pm)

isopropanol with 10mM ammonia in methanol / CO2 (30/70)
80 g/min.

UV @ 272nm

Peak 1 (Example 55): ESI-MS m/z: 476.1 [M+H]" (Rt: 1.87 min., LCMS Method 8); 'H
NMR (400 MHz, DMSO-ds) 6 8.78 (s, 1H), 7.93 — 7.86 (m, 2H), 7.70 (dd, J = 6.7, 2.3 Hz,
1H), 7.53—7.36 (m, 3H), 6.72 (s, 2H), 5.74 (s, 1H), 5.62 (s, 2H), 3.70 (d, ] = 14.2 Hz, 1H),
3.60 (d, J=14.2 Hz, 1H), 1.60 (s, 3H).

Peak 2 (Example 56): ESI-MS m/z: 476.0 [M+H]" (Rt: 1.91 min., LCMS Method 8); 'H
NMR (400 MHz, DMSO-ds) 6 8.78 (s, 1H), 7.93 — 7.86 (m, 2H), 7.70 (dd, J = 6.8, 2.4 Hz,
LH), 7.55-7.38 (m, 3H), 6.66 (s, 2H), 5.62 (s, 2H), 3.69 (d, J = 14.4 Hz, 1H), 3.60 (d, ] =
14.4 Hz, 1H), 1.60 (s, 3H).

Enantiomeric excess was determined using the following conditions:

Instrument:
Column:
Mobile phase:

to

Flow rate:

Detection:

Waters UPC? system
Chiralpak OD-3 (3um, 3<100mm) (@ 40 <C
methanol / CO2 (30/70); Gradient of 5% modifier for 0.2 min., increase

55% modifier over 3.0 min., and hold at 55% modifier for 0.4 min.
2.5 g/min.
PDA detector (210-400 nm)

[355] Example 57: (R or S)-2-(6-(3-(2-fluoro-5-(trifluoromethoxy)benzyl)-1,2,4-oxadiazol-

5-yD)pyridin-2-yl)-2-hydroxypropane-1-sulfonamide and Example 58: (R or S)-2-(6-(3-(2-

fluoro-5-(trifluoromethoxy)benzyl)-1,2,4-oxadiazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1-

sulfonamide

Prepared according to Scheme 9.
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To a solution of 2-(2-fluoro-5-(trifluoromethoxy)phenyl)acetonitrile (2.0 g, 9.1 mmol) in eth-
anol (91 mL) was added hydroxylamine (50% in water) (1.1 mL, 18.3 mmol). The result mix-
ture was stirred at 85 <C for 3 hours. The reaction mixture was then concentrated under re-
duced pressure and it was used in the next step without further purification (2.3 g, 100%
yield).

ESI-MS m/z: 253.1 [M+H]" (Rt: 0.77 min., LCMS Method 2). '"H NMR (400 MHz, DMSO-
de) 8 9.04 (s, 1H), 7.38 (d, J= 6.5 Hz, 1H), 7.34 — 7.26 (m, 2H), 5.54 (s, 2H), 3.38 (s, 2H).
[357] Step 2: 1-(6-(3-(2-fluoro-5-(trifluoromethoxy)benzyl)-1,2.4-oxadiazol-5-yl)pyridin-2-
yl)ethan-1-one

To a mixture of 2-(2-fluoro-5-(trifluoromethoxy)phenyl)-N’-hydroxyacetimidamide (1.53 g,
6.1 mmol) and 6-acetylpicolinic acid (1 g, 6.1 mmol) in 3 mL of EtOAc was added triethyla-
mine (2.53 mL, 18.2 mmol) followed by T3P (50% solution in EtOAc) (9.0 mL, 15 mmol) in
drops. The resulting mixture was heated at 80 <C under nitrogen for 4 hours. The completion
of reaction was confirmed with LCMS. The mixture was cooled to room temperature and
poured onto ice-water. The product was extracted with ethyl acetate three times. The com-
bined organic phase was washed sequentially with a saturated sodium hydrogen carbonate so-
lution twice followed by brine. The organic phase was dried over anhydrous magnesium sul-
fate, filtered and the solvent was removed under reduced pressure. The crude product was pu-
rified with silica gel column chromatography (0% - 100% ethyl acetate in heptane) to provide

the title compound (891 mg, 39% yield).
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ESI-MS m/z: 382.2 [M+H]" (Rt: 1.18 min., LCMS Method 2).

[358] Steps 3 and 4: 2-(6-(3-(2-fluoro-5-(trifluoromethoxy)benzyl)-1,2,4-oxadiazol-5-
yD)pyridin-2-yl)-2-hydroxypropane-1-sulfonamide

Prepared by analogy to Steps 4 and 5 from Examples 27 and 28 starting from 1-(6-(3-(2-
fluoro-5-(trifluoromethoxy)benzyl)-1,2,4-oxadiazol-5-yl)pyridin-2-yl)ethan-1-one from Step
2 in this example to afford the racemate of the title compound (Rac-57+58) (470 mg).

F F
Fxo .
N0 Ho , 0,0
N/
AN S
N | \ NH;
S

Chiral separation of the racemate (470 mg) provided Example 57 as the first eluting peak
(151 mg, 32% yield, chiral HPLC: e.e. > 99%, Rt: 1.71 min.) and Example 58 as the second
eluting peak (152 mg, 32% yield, chiral HPLC: e.e. > 99%, Rt: 1.91 min.) as white solids.

Chiral Prep HPLC:

Instrument: Thar 80

Column: Chiralpak IH (21x250mm, 5 pm) @ 35 <C

Mobile phase: 25% methanol/isopropanol (1/1) with 10mM ammonia / CO2
Flow rate: 80 g/min.

Detection: UV @ 275nm

Peak 1 (Example 57): ESI-MS m/z: 477.0 [M+H]" (Rt: 2.21 min., LCMS Method 3); 'H
NMR (400 MHz, DMSO-ds) 6 8.10 — 8.00 (m, 2H), 7.95 (dd, J = 5.9, 3.0 Hz, 1H), 7.59 —
7.53 (m, 1H), 7.45 — 7.33 (m, 2H), 6.65 (s, 2H), 5.89 (s, 1H), 4.32 (s, 2H), 3.75 — 3.61 (m,
2H), 1.61 (s, 3H).

Peak 2 (Example 58): ESI-MS m/z: 477.0 [M+H]" (Rt: 2.23 min., LCMS Method 3); 'H
NMR (400 MHz, DMSO-ds) 4 8.11 — 8.02 (m, 2H), 7.96 (dd, ] =5.9, 3.0 Hz, 1H), 7.60 —
7.54 (m, 1H), 7.45 — 7.35 (m, 2H), 6.66 (s, 2H), 5.90 (s, 1H), 4.33 (s, 2H), 3.77 — 3.62 (mm,
2H), 1.62 (s, 3H).

Enantiomeric excess was determined using the following conditions:

Instrument: Waters UPC? system
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Column: Chiralpak TH-3 (3pm, 3><100mm) @ 40 <C
Mobile phase: methanol/isopropanol (1/1) with 0.1% ammonium hydroxide / COz;
gradient method was 5% modifier for 0.2 min., increase to 55% modi-
fier
over 3.0 min., and hold at 55% modifier for 0.4 min.
Flow rate: 2.5 g/min.
Detection: PDA detector (210-400 nm)

[359] Example 59: (R or S)-2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1 H-1,2,3-tria-
zol-4-yl)pyridin-2-yl)-2-hydroxypropane-1-sulfonamide and Example 60: (R or §)-2-(6-(1-
(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-1,2,3-triazol-4-yl)pyridin-2-yl)-2-hydroxypropane-
1-sulfonamide and Example 61: (R or S)-2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-
1,2,3-triazol-4-yl)pyridin-2-yl)-2-hydroxypropane- I -sulfonamide and Example 62: (R or S)-
2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-1,2,3-triazol-4-yl)pyridin-2-y1)-2-hydroxy-

propane-1-sulfonamide

Prepared according to Scheme 10.

F_F . F
=4 . =4 :
N=N HO , O 0 N= HO , 0.0
N _ N \\S/t N\ _ N \\Sll
I N \NHQ N | N \NHZ
Example 59 Z Example 61 P

Example 60 Example 62

[360] Step 1: 1-(6-((trimethylsilyl)ethynyl)pyridin-2-yl)ethan-1-one
I
~
Si O
W
I

N

=

To a solution of 1-(6-bromopyridin-2-yl)ethan-1-one (10.0 g, 50 mmol) in DMF (50 mL) was
added copper(I) iodide (0.48 g, 2.5 mmol), Pd(PPh3)2Cl2 (2.1 g, 3.0 mmol) and triethylamine
(35 mL, 250 mmol). The mixture was purged with nitrogen gas for 5 minutes and to this de-

gassed mixture was added ethynyltrimethylsilane (7.86 g, 80 mmol). The reaction was stirred
at room temperature overnight. The resulting reaction mixture was diluted with water and ex-

tracted with EtOAc three times. The combined organic phase was washed with water, dried
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over anhydrous magnesium sulfate, filtered and concentrated under reduced pressure. The re-
sulting crude product was purified with silica gel column chromatography (0% - 60% ethyl
acetate in heptane) to provide the title compound (7g, 64.4% yield).
ESI-MS m/z: 218.1 [M+H]" (Rt: 1.18 min., LCMS Method 1).
[361] Step 2: 1-(6-ethynylpyridin-2-yl)ethan-1-one

s

=

To a solution of 1-(6-((trimethylsilyl)ethynyl)pyridin-2-yl)ethan-1-one (7 g, 32 mmol) in 32
mL of MeOH (32 mL) at room temperature was added potassium carbonate (8.9 g, 64 mmol).
The reaction mixture was stirred for 2 hours at room temperature and then quenched by slow
addition of a saturated aqueous NH4Cl solution. The resulting mixture was extracted with
DCM three times. The combined organic layers were dried over NaxSOq, filtered and con-
centrated. The crude product was purified with silica gel column chromatography (0% -
100% ethyl acetate in heptane) to provide the title compound (3.69 g, 79% yield).
ESI-MS m/z: 146.1 [M+H]" (Rt: 0.72 min., LCMS Method 1). "H NMR (400 MHz, DMSO-
de) 8 7.91 (t, J="7.8 Hz, 1H), 7.83 (dd, J=17.9, 1.3 Hz, 1H), 7.70 (dd, J= 7.9, 1.4 Hz, 1H),
4.36 (s, 1H), 2.50 (s, 3H).
[362] Step 3: (4-(6-acetylpyridin-2-yl)-1H-1,2,3-triazol-1-yl)methyl pivalate

O N=N 0
Aér .
~

o)

1-(6-ethynylpyridin-2-yl)ethan-1-one (1.0 g, 6.9 mmol) was dissolved in zert-butanol (17
mL). To this was added azidomethyl pivalate (2.16 g, 13.8 mmol), copper(IT) sulfate pentahy-
drate (0.172 g, 0.69 mmol), sodium ascorbate (0.273 g, 1.38 mmol) and water (17 mL). The
reaction mixture was stirred at room temperature overnight. The reaction mixture was diluted
with water and extracted with EtOAc three times. The combined organic layers were washed
with brine, dried over sodium sulfate, filtered and concentrated. The crude was purified by
column chromatography on silica gel (0-100% ethyl acetate in heptane) to afford the title
compound (1.79 g, 86 % yield).

ESI-MS m/z: 303.6 [M+H]" (Rt: 0.98 min., LCMS Method 2). '"H NMR (400 MHz, DMSO-
ds) 8 8.90 (s, 1H), 8.32 —8.26 (m, I1H), 8.12 (t, J= 7.7 Hz, 1H), 7.92 (dd, /= 7.8, 0.9 Hz,
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1H), 6.43 (s, 2H), 2.72 (s, 3H), 1.15 (s, 9H).
[363] Step 4: 1-(6-(1H-1,2,3-triazol-4-yl)pyridin-2-yl)ethan-1-one

N=n o)
HN_ N

/

(4-(6-acetylpyridin-2-yl)-1H-1,2,3-triazol-1-yl)methyl pivalate (0.24 g, 0.6 mmol) was dis-
solved in MeOH (12 mL) and IN aqueous sodium hydroxide solution (12.0 mL, 12 mmol)
was added. The resulting mixture was stirred for 10 minutes and to it was added a 1N aque-
ous HCl solution (12 mL, 12 mmol). The mixture was extracted with EtOAc three times and
the combined organic layers were washed with brine, dried over Na2SOs, filtered and concen-
trated to provide the title compound (1.1 g, 99% yield), which was used in the next step with-
out further purification.

ESI-MS m/z: 189.1 [M+H]" (Rt: 0.62 min., LCMS Method 1).

[364] Step 5: 1-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-1,2,3-triazol-4-yl)pyridin-2-
yDethan-1-one, and 1-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-1,2,3-triazol-4-
yDpyridin-2-yl)ethan-1-one

F. F e F
F‘B(O F F><O E
N= o) N=N 0
N\ - N N = N
N | S | J
4 T4
First eluting peak Second eluting peak

To a solution of 1-(6-(1H-1,2,3-triazol-4-yl)pyridin-2-yl)ethan-1-one(1.1 g, 5.9 mmol) in 2-
butanone (30 mL) was added potassium carbonate (2.42 g, 5.9 mmol) and 2-(bromomethyl)-
1-fluoro-4-(trifluoromethoxy)benzene (1.59 g, 5.9 mmol). The resulting mixture was stirred
at room temperature overnight. The resulting suspension was filtered and the filter cake was
rinsed with DCM. The combined filtrate was concentrated under reduced pressure and the re-
sulting residue was purified with silica gel column chromatography (0% - 60% ethyl acetate
in heptane) to provide first eluting isomer (0.514 g, 23% yield) and second eluting isomer
(0.614 g, 28% yield).

First eluting isomer: N2-substituted 1,2,3-triazole

ESI-MS m/z: 381.2 [M+H]" (Rt: 1.22 min., LCMS Method 2). '"H NMR (400 MHz, DMSO-
de) & 8.45 (s, 1H), 8.15 — 8.05 (m, 2H), 7.93 (dd, J=6.7, 2.2 Hz, 1H), 7.54 — 7.39 (m, 3H),
5.87 (s, 2H), 2.71 (s, 3H).
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Second eluting isomer: N1-substituted 1,2,3-triazole

ESI-MS m/z: 381.1 [M+H]" (Rt: 1.08 min., LCMS Method 2). "H NMR (400 MHz, DMSO-
de) 6 8.88 (s, 1H), 8.26 (dd, J=7.8, 1.3 Hz, 1H), 8.10 (t, /= 7.8 Hz, 1H), 7.90 (d, /= 7.9 Hz,
1H), 7.58 — 7.41 (m, 3H), 5.83 (s, 2H), 2.71 (s, 3H).

[365] Example 59: (R or S)-2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-1,2,3-
triazol-4-yl)pyridin-2-yl)-2-hydroxypropane-1-sulfonamide and Example 60: (R or S)-2-(6-
(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-1,2,3-triazol-4-yl)pyridin-2-y1)-2-

hydroxypropane-1-sulfonamide

Prepared by analogy to Steps 4 and 5 from Examples 27 and 28 starting from the Second

eluting isomer from Step 5 in this example to afford the racemate of the title compound

(Rac-59+60) (395 mg).
O
N=N HO , 0.0
= N \S:NH
~ 2
l =

Chiral separation of the racemate (395 mg) provided Example 59 as the first eluting peak (91
mg, 23% yield, chiral HPLC: e.e. 96.4%, Rt: 1.94 min.) and Example 60 as the second elut-
ing peak (81 mg, 21% yield, chiral HPLC: e.e. 98.9%, Rt: 2.08 min.) as white solids.

Chiral prep HPLC:

Instrument: Waters Thar 80

Column: RegisPack (30x250mm, 5pm)

Mobile phase: cthanol with 0.25% isopropylamine / CO2 (20/80)
Flow rate: 80 g/min.

Detection: UV @ 280nm

Peak 1 (Example 59): ESI-MS m/z: 476.1 [M+H]" (Rt: 1.95 min., LCMS Method 3); 'H
NMR (400 MHz, DMSO-ds) 8 8.75 (s, 1H), 7.93 — 7.84 (m, 2H), 7.61 (dd, J= 6.8, 2.4 Hz,
1H), 7.57 — 7.40 (m, 3H), 6.61 (s, 2H), 5.78 (d, J= 8.8 Hz, 3H), 3.65 (d, J= 2.6 Hz, 2H),
1.62 (s, 3H).

Peak 2 (Example 60): ESI-MS m/z: 476.7 [M+H]" (Rt: 1.97 min., LCMS Method 3); 'H
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NMR (400 MHz, DMSO-ds) § 8.76 (s, 1H), 7.94 - 7.84 (m, 2H), 7.62 (dd, J = 6.6, 2.2 Hz,
LH), 7.57 — 7.40 (m, 3H), 6.61 (s, 2H), 5.78 (d, J = 8.8 Hz, 3H), 3.72 — 3.59 (m, 2H), 1.62 (s,
3H).

Enantiomeric excess was determined using the following conditions:

Instrument: Waters UPC? system
Column: Chiralpak AD-H(5pm, 4.6>100mm)
Mobile phase: ethanol with 0.1% isopropylamine / CO2 (20/80); gradient method was

starting at 5% modifier, increased to 65% modifier over 4 min., and
hold at 65% modifier for 1 min.

Flow rate: 3.5 g/min.

Detection: PDA detector (210-400 nm)

[366] Example 61: (R or S)-2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-1,2,3-tria-
zol-4-yl)pyridin-2-yl)-2-hydroxypropane-1-sulfonamide and Example 62: (R or S)-2-(6-(2-
(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-1,2, 3-triazol-4-yl)pyridin-2-yl)-2-hydroxypropane-
1-sulfonamide

Prepared by analogy to Steps 4 and 5 from Examples 27 and 28 starting from the First elut-
ing isomer from Step 5 in this example to afford the racemate of the title compound (Rac-

61+62) (190 mg).

Chiral separation of the racemate (190 mg) provided Example 61 as the first eluting peak (72
mg, 38% yield, chiral HPLC: ¢.e. > 99%, Rt: 1.32 min.) and Example 62 as the second ¢lut-
ing peak (66 mg, 35% yield, chiral HPLC: e.c. > 99%, Rt: 1.57 min.) as white solids.

Chiral prep SFC:

Instrument: Waters Preparative SFC80

Column: Chiralpak IG (21x250mm, 5 pm) @ 35 <C
Mobile phase: methanol / CO2 (30/70)

Flow rate: 80 g/min.

Detection: UV @ 252nm
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Peak 1 (Example 61): ESI-MS m/z: 476.1 [M+H]" (Rt: 2.23 min., LCMS Method 3); 'H
NMR (400 MHz, DMSO-ds) 6 8.35 (s, 1H), 7.87 (t, J= 7.8 Hz, 1H), 7.72 (d, J = 7.9 Hz, 1H),
7.64 (d, J =7.9 Hz, 1H), 7.52 — 7.37 (m, 3H), 6.59 (s, 2H), 5.82 (s, 2H), 5.75 (d, J = 2.7 Hz,
LH), 3.66 (s, 2H), 1.60 (s, 3H).

Peak 2 (Example 62): ESI-MS m/z: 476.0 [M+H]" (Rt: 2.26 min., LCMS Method 3); 'H
NMR (400 MHz, DMSO-ds) 8 8.37 (s, 1H), 7.89 (t, J = 7.8 Hz, 1H), 7.73 (d, ] = 7.8 Hz, 1H),
7.65 (d, ] ="7.8 Hz, 1H), 7.53 — 7.39 (m, 3H), 6.61 (s, 2H), 5.84 (s, 2H), 5.77 (s, 1H), 3.68 (s,
2H), 1.62 (s, 3H).

Enantiomeric excess was determined using the following conditions:

Instrument: Waters UPC? system
Column: Chiralpak IG-3(3um, 3<100mm)
Mobile phase: methanol / COz; gradient method was 5% modifier for 0.2 min., in-

crease to 55% modifier over 3.0 min., and hold at 55% modifier for 0.4

min.
Flow rate: 2.5 g/min.
Detection: PDA detector {210-400 nm)

Synthesis of Examples 63 to 90
[367] Chiral intermediate: (R)-2-(6-(2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-N,N-bis(4-

methoxybenzyl)propane-1-sulfonamide

| o
N P 7
HN N SN
N=N HO
~
o
o

racemic-2-(6-(2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-N,N-bis(4-methoxybenzyl)propane-
l-sulfonamide (Example-1, step-3, 0.88 Kg) was subjected to chiral separation under the
condition described below to give two fractions with retention time of 4.90, and 6.35 min, re-
spectively. Concentration of the fractions with retention time 6.35 min afforded R-enantio-
mer (42.4%, >98% e¢.c.).

| Equipment: | SMB Licosep |
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Column: | CHIRALPAK IG-20
Size: | 50mm [.D.*100mm L
Batch size | 0.88 kg / batch
Eluent: | MeOH/ACN/TFA=90/10/0.1 (V/V)
Temperature: 42 <C
Flow rate: Recycling: | 224 ml/min
Extract: 102 ml/min
Feed: 17.50 ml/min
Raffinate; 23.30 ml/min
Eluent: 107.8 ml/min

[368] The selected chiral compounds (structures of Example 63 to 90 shown in Table 6)
were prepared using the chiral intermediate above according to the general procedures de-

scribed for racemic synthesis of Example of 1 (steps 4-5).

BIOLOGICAL ASSAYS AND DATA

[369] The Navl.5 modulating activity of the compounds, in free form or in pharmaceuti-
cally acceptable salt form, according to the present disclosure can be assessed by the follow-
ing in vitro methods. As such the compounds of the present disclosure, exhibit valuable phar-
macological properties, and are therefore indicated for therapy related to modulation of
Navl.5, or for use as research chemicals, e.g., as tool compounds.

[370] Electrophysiology was used to measure the ionic currents in isolated living cells using
automated patch-clamp recording, performed using an automated patch-clamp machine called
Qpatch (Sophion Bioscience). Two different assay conditions were used to identify com-
pounds with atrial-selective potential. The 5-Hz AF-like assay has more depolarized holding
potential at -85 mV to mimic atrial resting membrane potential (RMP) and was used to iden-
tify compounds of strong rate-dependence. Active, rate-dependent compounds were then
screened at 1Hz (i.e., sinus rate) at the holding potential of -100 mV to mimic the ventricular
scenario and help identify compounds with the largest potency separation or attenuation from
the 5-Hz AF-like assay. Such compounds have the potential for treating AF without the QRS
liability inherent to Class Ic drugs.

[371] The sodium current conducted through a cell (via Navl.5) or electrical signals were
processed through a low-pass filter at 5 KHz, re-digitalized and acquired at 20 kHz. Series

resistance was not compensated and leak subtraction was performed.
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[372] 1 to 3 million Chinese Hamster Ovary cells (also known as CHO-K1) stably express-
ing human Nav1.5 were seeded into 175-mm culture tlasks with 25 mL medium (consisting
of Gibco Dulbecco’s Modified Eagle Medium as a base medium with 1% MEM non-essential
amino acids, 400 ug/mL Geneticin, 5 ug/mL puromycin and 10% fetal bovine serum) 48—72
hours prior to the experiments. On the day of the experiment, cells were washed once with
phosphate-buffered saline (also known as PBS; Gibco) detached with Detachin™ (Genlantis),
and re-suspended in CHO-S-SFM II media (Gibco) at 200,000 cells/mL. The CHO-S-SFM II
was replaced with assay solutions prior to the assays. Whole-cell currents were recorded at
room temperature in the whole-cell configuration. The external aqueous assay solution (pH =
7.4; Osm=307-315) contained the following (the concentration for each component is ex-
pressed in parentheses in mM): NaCl (140 mM), KCI (4 mM), CaClz (2 mM), MgCla (1
mM), 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid, also known as HEPES (10 mM),
and glucose (5 mM). The internal aqueous assay solution (pH = 7.2; Osm = 292-295) con-
tained the following (the concentration for each component is expressed in parentheses in
mM): CsF (110 mM), CsCl (10 mM), NaCl (10 mM), HEPES (10 mM), and ethylene glycol-
bis(B-aminoethyl ether)-N,N,N',N'-tetraacetic acid, also known as EGTA (10 mM).

[373] To assess peak Navl.5 current inhibition in an atrial fibrillation-mimicking condition
(Navl1.5 ICso (5SHz, AF-like rate) (uM)), compounds were first prepared at 10 mM in DMSO,
and cells were pre-incubated with test compounds at each concentration for 3 min. in an as-
cending order of 0, 0.37, 1.1, 3.3, 10 and 30 uM. An atrial action potential-like protocol con-
sisting of a voltage ramp (+10 mV to -85 mV for a 150 ms duration and a holding potential at
-85 mV) was then applied to cells at 5 Hz for 12 s until no further current change or inhibi-
tion was observed. The percent inhibition (expressed as ([latter compound reament/ Ibefore compound treat-
ment] X 100 %) is calculated by normalizing the peak current amplitude at the last pulse of
each of the 6 compound concentrations by the amplitude before exposure to the test com-
pound. The compiled data was further normalized by vehicle control (DMSO) to account for
Nav1.5 current run-down, and ICso was calculated by Matlab (MathWorks, USA).

[374] To assess peak Nav1.5 current inhibition mimicking a ventricular condition at sinus
rate with or without ATX-IT (Nav1.5 ICso (1Hz, ATXII) (uM) or (1Hz, Sinus Rate) (pM)),
compounds were first prepared at 10 mM in DMSO, and cells were pre-incubated with test
compounds at each concentration for 3 min. in an ascending order of 0, 0.37, 1.1, 3.3, 10 and
30 uM. In the assay with ATX-II (Alomone Labs), 50 nM ATX-II was included during the 3-

min. compound incubation. A square pulse (-10 mV; 400 ms and a holding potential at -100
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mV) was run at 1 Hz for 25 s until no further inhibition or Nav1.5 current change was ob-

served. The percent inhibition (expressed as ([Iatter compound treatment/Ibetore compound treatment] X

100 %) is calculated by normalizing the peak current amplitude at the last pulse of each of the

6 compound concentrations by the amplitude before exposure to the test compound. The

compiled data was further normalized by vehicle control (DMSO) to account for Navl.5 cur-

rent run-down, and IC50 was calculated by Matlab (MathWorks, USA).

Table 5. Representative data for Nav1.5 blockade

Example Structure Navl.5 Navl.5 Navl.5
ICsp ICso ICso
(SHz, AF | (1Hz, Si- (1Hz,
Rate) nus Rate) | ATXII)
(uM) (uM) (uM)
Rac-1+2 RS 3.6 ND ND
e
S
N7 AN S\NHZ
| =
1 RS 3.1 (n=2 22 19 (n=3
N (1=2) (n=3)
NN‘N HO_/ O,
N/ N\ s NH,
| o
(Example 1)
E. F
=4 i
MY Mo s
\N/)\(Nj)’\/S\NHz
I =
2 N 4.7 ND >30
XA\
N'N:N Hoy P
N N\ “NH,
-
(Example 2)
=4
AL
Rac-3+4 7.0 ND ND
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Example Structure Navl.5 Navl.5 Navl.5
1Csy ICsy 1Csy
(5Hz, AF | (1Hz, Si- | (1Hz,
Rate) nus Rate) | ATXII)
(uM) (uM) (uM)
3 F 7.5 >30 ND
j\ N=N HO , Q.0
F-7~0 N, N R
F N | X NH»
4
4 F 6.7 >30 ND
/c})\ N=n HO , 0.0
F (o] N, N R4
F N I A NH,
4
5 RS 7.9 >30 ND
NP
N'N:N HO/ QP
‘N’)\(:f</s\NHz
F
6 RS 7.9 >30 ND
X i
YA
F
7 RS 1.3 28 15
e
YA
~N/ S\NHZ
Cl
8 RS 1.3 >30 28
Ny
YA
‘N’/D)(/S\Nm
cl
9 E F 4.1 >30 >30
e
OTA
F
10 S 1.0 >30 11
NN
SN oy op
F
11 RS 1.7 8.9 5.6
NN
N=N FHg , 0.0
N\ _ \\S//
N)\©)</ “NH,
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Example Structure Navl.5 Navl.5 Navl.5
ICsy ICsy ICso
(SHz, AF | (1Hz, Si- (1Hz,
Rate) nus Rate) | ATXII)
(uM) (M) (M)
12 i 4.2 10 5.2
=4 _
NN:N i HO, Y
N S NH,
13 N 4.3 (n=2 12 (n=2 >30
N 1=2) | 12(=2)
N=N HO , Q.0
Ny N SC
> NH,
l =
14 S 4.0 (n=2 >30 (n=2 15 (n=2
N (1=2) |>30@=2) |15 (D)
NN:N HO \Y/
N/ N\ S‘NHZ
| -
15 RS 4.1 (n=2 >30 (n=2 24
Sy (1=2) | >30(n=D)
NN:N HO O\\//
N | N\ S‘N|-|2
=
16 RS 2.8 (n=2 16 (n=2 4.8 (n=2
Sy (1=2) [16(=2) | 48(2)
NN:N HO O\\ll
N N\ s NH»
l 2
17 F F 24 (n=2) ND ND
NN %
;N/ N\ \NHz
| =
18 . F 20 (n=2) ND ND
N,N:N HO / Q.
\N/ N\ \NH2
l =
19 FF F 5.0(n=3) |ND 14
F N=N HO O
N‘N/ N R
A NH,
l =
20 FS_QF 7.9 (n=3) | ND 23
F N=n HO, , O,
N‘N/ N\ \SI‘NHZ
l =
21 al F 6.3 (n=3) | ND >30
NN HO/ Q4
\N/ N\ S\NHZ
I =
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Example Structure Navl.5 Navl.5 Navl.5
1Csy ICsy 1Csy
(SHz, AF | (1Hz, Si- (1Hz,
Rate) nus Rate) | ATXII)
(uM) (uM) (uvD)
22 o F 84 (n=3) |ND 22
UG
.N/ |N\ \NHZ
23 5.6 >30 >30
=4
\/,O
F
24 N 2.0 >30 7.8
Fxo F
N=N HO , Q0
N, d\@)(/\\sl’
N “NH,
F
Rac-25+26 RS 2.2 ND >30
FXO F
N’N:N HO, O\\/p
\N/ S\NHz
25 RS 5.5 ND ND
=4 i
N'N:N Ho/ QP
26 N 1.8 ND ND
FXO F
LA
Rac-27+28 RS 1.1 ND 16
NN
N‘N:N HO \\//O
N i Na S‘NHz
o F
27 N 0.8 ND 4.1
=4 .
NN\N HO_/ O
N | N\ s‘NH2
a7 NP
28 RS 0.7 ND 3.2
F—XO .
NN:N HO, O\\//
N | N\ S\NHZ
ol
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Example Structure Navl.5 Navl.5 Navl.5
1Csy ICsy 1Csy
(SHz, AF | (1Hz, Si- (1Hz,
Rate) nus Rate) | ATXII)
(uM) (uM) (uv)
Rac-29+30 F'X/ . 2.5 ND 3.0
Pl N,N=N HO , Q.0
N | N\ “NH,
=
29 FF% . 0.8 ND ND
E o NN:N HO_/ O, &
N | N\ S‘NHZ
=
30 FF% . 1.0 ND ND
F © N'N:N HO 0
N | AN “NH,
=
31 S 1.1 7.8 ND
=4 -
NN:N Q\//
NZ | AN S‘NHz
Z OH
32 RS 2.7 28 ND
NN
Ny QP
N/ | N\ S‘NH2
Z oH
33 N3 1.3 6.7 ND
=4 .
N=n
N\N/ | N\ S‘NH;_
Z OH
34 Vi 2.2 >30 ND
e
Ny QP
Z OH
35 RS 4.0 ND ND
Ny
e HO ) Q¢
\N/ l N\ NH,
=
36 N 3.7 (n=3 ND >30
N (n=3)
N = oH O\\/O
-
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Example Structure Navl.5 Navl.5 Navl.5
1Csp ICsp ICso
(SHz, AF | (1Hz, Si- (1Hz,
Rate) nus Rate) | ATXII)
(uM) (uM ) (uM)
Rac-37+38 RS 2.3 ND >30
=4 .
N HO , Q,0
NN NS “NH,
| -
37 i 1.3 ND 14
e
= HO , O 0
N N\
\N/ N\ S\NHZ
| -
38 S 43 ND >30
=4 .
e HO / Q
N/ N\ S‘NHZ
| P
39 i 4.4 (n=3 ND >30
N (=3)
N Ho§F: Q0
\N/ N\ \NH2
| -
40 FF 21 >30 ND
F N’N:N HO ()\\I,CJ
I 4
41 FF >30 >30 ND
F N,N=N HO , Q0
‘N/)\(Nj)QS\NHZ
I 4
42 RS 12 ND ND
XA\
N,N:N HO, q\l/
\N/ l N\ S\NHZ
P>
43 N 8.2 (n=2 ND ND
FA(O ] (n=2)
N‘NiN HO O\\Ilo
N | N\ “NH,
Z e
44 rRF 4.6 >30 19
=4 i
N'N:N HO Y
\N/ I N\ S\NHz
Pk
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Example Structure Navl.5 Navl.5 Navl.5
1Csp ICsp I1Csy
(SHz, AF | (1Hz, Si- (1Hz,
Rate) nus Rate) | ATXII)
(uM) (uM ) (uM)
45 ! x 4.8 >30 >30
\/,o
F
46 4 . 8.3 >30 >30
OQN‘N:N Ho O\V/O
N N3 “NH,
l =
47 4 . 39 27 13
OQN‘N:N HO O\\/,
\N/ | N\ NHz
/
48 S 55 ND ND
= i
N=n OHo o
N‘N/ N\ \\S/I‘NH
2
| 4
49 S 5.7 ND ND
S
Nzn OH 0,0
NP Ny ‘siNH2
| /
50 FF 6.6 ND ND
=4 .
N=n OHo o
N N
‘“/)\(Nj)\fs‘””z
-
51 i 25 (n=2 >30 ND
F><O _ (n=2)
N=
SN QHoe
N | N\ “NH,
Z
52 FB(F . 2.9 n=4) |49 (n=3) 22 (n=4)
° N=n OHQ,
N‘N AN : I‘NH2
| Z
53 FF 12 ND ND
=4 .
O\/,O
NH,

z
Z\I
z
N\ /
o]
I
—
»,
’
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Example Structure Navl.5 Navl.5 Navl.5
1Csy ICsy ICso
(SHz, AF | (1Hz, Si- (1Hz,
Rate) nus Rate) | ATXII)
(M) (M) (v
54 RS 4.2 ND ND
=4 .
N HO / O f
\N/ N\ NH,
| o~
Rac-55+56 RS 4.5 (n=4 >30 17
F_x(o i (n=4)
/=N HO , 0.0
N~N//\LN/\I)</‘S'\
X NH;
| =
55 RS 19 (n=3 >30 (n=2 ND
N (1=3) (1=2)
N/tN HO Q\/,O
| -
56 RS 16 (n=3 >30 (n=2 ND
N (1=3) (n=2)
Nal HO_ s Q.0
| =
Rac-57+58 RS 3.7 ND ND
NN
YA,
N/ N\ NH,
| 4
57 RS 3.6 (n=2 ND 27
F_x(o i (n=2)
/\O HO, Q\/,
N/ N\ s NH,
| 7
58 RS 5.0 (n=2) |ND >30
AV ] (n=2)
I\O HO O\\IP
|/
Rac-59+60 FRS 5.2 (n=3 ND 15
NG (n=3)
N'N=N HO, Q\I,O
| =
59 RS 34 (m=2) |ND 8.6
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Example Structure Navl.5 Navl.5 Navl.5
1Csy ICsy ICso
(SHz, AF | (1Hz, Si- (1Hz,
Rate) nus Rate) | ATXII)
(M) (M) (v
60 i 7.0 ND 16
= .
N’N:N HO O\\//
AN 4
I /\ NH,
Rac-61+62 RS 34 (n=3) |ND >30
e
N HO, / Q.9
N NN 8.
X NH,
| Z
61 RS 5.0 ND >30
N .
N'N\ HO O\\/,O
| Z
62 RS 3.4 (n=2 ND ND
N (=2)
N‘N\ HO (\YZi
\N/ N\ \NH2
| =

[375] ICso data are reported as an average when multiple tests were undertaken (number of

data points is expressed by “n

[T L]

in parentheses). If not specified, n=1. ND = Not determined.

Table 6. Compounds from Examples 63 to 90 and Nav1.5 blockade results

[376]

above and Nav1.5 blockade results are shown in Table 6.

172

Additional Compounds of Formula (I), Examples 63-90, were tested as described




WO 2025/011450 PCT/CN2024/103810

Example | Structure MS Navl.5 ICso
(SHz, AF Rate)
(uM)
m/z: [M+Na]" 463.1 3.80
NN HO S Qo
63
m/z: [M+H]" 473.3 13.00
64
m/z: [M+H]" 4732 17.00
65
m/z: [M+H]"473.1 28.00
66
m/z: [M+H]" 473.2 8.10
67
m/z: [M+H]" 4172 16.00
68
11.00
m/z: [M+H]* 4032
69
22.00
m/z: [M+H]" 443.0
70
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)\Ejg\vo\ 4 m/z: [M+H]* 473.1 )
71 ’d
- 7.30
N\ B HO, s O‘\s _0 m/z: [M+H]" 431.4
j N /\ NH,
72
N=n HO = O m/z: [M+Na]* 466.9 19.00
1 SN0
73
m/z: [M+Na]" 499.3 21.00
74
m/z: [M+H]* 477.3 4.80
75
m/z: [M+Na]* 445.1 17.00
76
m/z: [M+H]* 493.3 13.00
77
m/z: [M+Na]* 465.0 10.00
Cl
78
FF N=n HO = O, o /s VTR 4852 1200
F N\N/ N -
A NH
F | = 2
79
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cl m/z: [M+Na]* 499.2 14.00
F
F
N:N
F / HO, = O,
N\N/ N \S//O
N |
| NH,
80 Z
E m/z: [M+Na]" 467.0 21.00
F
Cl
N=N HO = O
N N\ //0
‘N N S
| NH.
81 Z
FF m/z: [M+H]" 459.3 7.30
F
><o .
N=N HO 0O
N S //O
‘N Ny ;
| NH»
82 Z
EF m/z: [M+H]" 511.2 18.00
F
F
F
N=
F Nl s o
\N N\ S\
| NH,
83 Z
F m/z: [M+H]* 459.3 14.00
F—
0
F
84
QOI m/z: [M+H]" 443.2 5.20
Cl N
85
FF m/z: [M+H]* 539.1 6.30
F><O Br
N=N HO = O
N N //O
\N/ N\ S\
| NH,
86 Z
cF N=N HO < O o m/z: [M+H]" 511.3 9.30
F N\ —= N g
/Z f N X \
| NH,
Cl _—
87 Cl
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N=N HO - 0O m/z: [M+H]" 493.3 28.00
N N \\S’/O
j NS NH,
e} =
F
88 Z<F Cl
EF N=pN HO = O m/z: [M+H]" 477.3 27.00
N SN0
F NSNS s
| NH,
=
89 Cl
Cl m/z: [M+H]" 479.1 .90
Cl
Cl
N=N HO, + O
N \ //O
\N/ N\ X
| NH,
90 =

*Some MS data reported in Table 6 were produced by different LCMS instruments and methods from
Method 1-9, and HRMS method-10.
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CLAIMS
1. A compound of formula (I):
¢]
RS\IA /Y2:Y1 R1 R2 \\//O
YS\ — S\NHZ
Y4
re R
@®
or a pharmaceutically acceptable salt thereof, wherein
ring A is:
N
X X

RS or RC .

R! is selected from -OH and Cis-alkyl;

R? is selected from H and Ci-4-alkyl optionally substituted with one or more halogen
atoms;

R? is selected from H and Ci.4-alkyl;

R*is selected from H and Ci-4-alkyl optionally substituted with -OH;

R’ is phenyl substituted with

(i) at least one group selected from halogen, Ci4-alkyl, -O-Ci4-alkyl, and O-Cs-¢-cy-
cloalkyl, wherein the Ci-4-alkyl is optionally substituted with one or more halogen
atoms, or

(i1) two adjacent groups bonded together to form a 4- to 7-membered heterocyclyl
containing two or more heteroatoms selected from O, S and N, wherein the 4- to
7-membered heterocyclyl is optionally substituted with one or more halogen at-
oms;

R%is H or a halogen atom;

Y1 is selected from CH, N and O;

Y2i1s CH or N;

Y3 is CH or N; and

Y41s CH or N,

wherein at least one of Y1, Y2, Y3 and Y4is N.
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2. A compound according to claim 1, wherein

R!is -OH or -CH3;

R? is selected from H, -CHs, -CH2CH3 and -CF3;

R?is H or -CH3;

R*is selected from H, -CH3 and -CH,OH;

R? is phenyl substituted with

(i) at least one group selected from F, Cl, -CF3, -OCF3, -OCH2CF3, and -O-cyclopro-

pyl, or
F_F

O)&O
(i1) two adjacent groups bonded together to form ~ ™™ ; and

R is selected from H, F and Cl.

3. A compound according to claim 1 or claim 2, or a pharmaceutically acceptable salt

thereof, wherein R® is H.

4. A compound according to any one of claims 1 to 3, said compound being of formula

(TI-A) or (II-B):

Y
R® Sz R' R? \\//O
Yi _ N “~NH,
4 N
re R
(II-A)
RS /Yz\\(1 R' RZ \\ //0
Ys. TNH,
Y4
re R
(I-B),

or a pharmaceutically acceptable salt thereof.
5. A compound according to any one of claims 1 to 4, or a pharmaceutically acceptable salt
thereof, wherein each of Y1, Y2, Y3 and Y4 are N; or Y2 is CH and each of Y1, Y3 and Y4 are

N; or each of Y1 and Y2 are CH and each of Y3 and Y4 are N.
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6. A compound according to any one of claims 1 to 5, said compound being of formula (III-

A) or (III-B):

0
R5\/ N=N R R \é P
N\N/ N TNH,
\
re R
= (I11-A),
RS N—n 1 Rz \\ 0
NN AR
\F NH,
R4
R3
(I11-B)

or a pharmaceutically acceptable salt thereof.

7. A compound according to any one of claims 1 to 6, or a pharmaceutically acceptable salt

thereof, wherein R? is H and R* is H.

8. A compound according to any one of claims 1 to 7, or a pharmaceutically acceptable salt

thereof, wherein R' is -OH.

9. A compound according to any one of claims 1 to 8, or a pharmaceutically acceptable salt

thereof, wherein R? is selected from H, -CH3 and -CH.CH3.

10. A compound according to any one of claims 1 to 9, or a pharmaceutically acceptable salt
thereof, wherein R' is -OH and R? is -CHs.

11. A compound according to any one of claims 1 to 10, or a pharmaceutically acceptable
salt thereof, wherein R’ is phenyl substituted with at least two groups selected from F, Cl, -

CF3, -OCF3 and -OCH2CFs.

12. A compound according to any one of claims 1 to 11, or a pharmaceutically acceptable

salt thereof, wherein R’ is:
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¢

b

wherein, R’ and R are independently selected from F, Cl, -CF3, -OCF3 and -OCHCFs.

R5b

13. A compound according to any one of claims 1 to 12, or a pharmaceutically acceptable
salt thereof, wherein R is:

_CF
o "3

14. A compound according to any one of claims 1 to 13, said compound being of formula

(IV-A) or (IV-B):

CF
0 3
)
N—
: N N

(TV-A)

o
R' R \é//O
re R
(IV-B),

or a pharmaceutically acceptable salt thereof.
15. A compound of formula (I) according to claim 1, or a pharmaceutically acceptable salt
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thereof, wherein the compound is selected from the group consisting of:

2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypro-

pane-1-sulfonamide;

2-hydroxy-2-(6-(2-((2,2,5-trifluorobenzo[d][ 1,3 ]dioxol-4-yl)methyl)-2H-tetrazol-5-yl)pyri-

din-2-yl)propane-1-sulfonamide;

2-(2-fluoro-5-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol- 5-yl)phenyl)-2-hydroxy-

propane-1-sulfonamide;

2-(4-chloro-3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)phenyl)-2-hydroxy-

propane-1-sulfonamide;

2-(4-fluoro-3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)phenyl)-2-hydroxy-

propane-1-sulfonamide;

2-(2-tfluoro-3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)phenyl)-2-hydroxy-

propane-1-sulfonamide;

3-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-3-hydroxy-

butane-2-sulfonamide;

2-(6-(2-(2,5-difluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane- 1 -sulfona-

mide;

2-(6-(2-(2-fluoro-5-(trifluoromethyl)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypro-

pane-1-sulfonamide;

2-(6-(2-(5-chloro-2-fluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1-sulfon-

amide;

2-(3-fluoro-5-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)phenyl)-2-hydroxy-

propane-1-sulfonamide;

2-(3-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)phenyl)-2-hydroxypropane-1-

sulfonamide;

2-(5-chloro-6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hy-

droxypropane- I -sulfonamide;
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2-(6-(2-(2-fluoro-5-(2,2,2-trifluoroethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-
propane-1-sulfonamide;

3-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-1-hydroxy-

butane-2-sulfonamide;

2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-pyrazol-3-yl)pyridin-2-yl)-2-hydroxy-

butane-1-sulfonamide;

2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-pyrazol-3-yl)pyridin-2-yl)-2-hydroxye-

thane-1-sulfonamide;

2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-pyrazol-3-yl)pyridin-2-yl)-2-hydroxypro-

pane-1-sulfonamide;

3,3,3-trifluoro-2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- 1 H-pyrazol-3-y)pyridin-2-yl)-
2-hydroxypropane-1-sulfonamide;

2-hydroxy-2-(6-(2-(3-(trifluoromethyl)benzyl)-2H-tetrazol-5-y1)pyridin-2-yl)propane- 1 -sul-

fonamide;

2-(3-chloro-6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hy-

droxypropane-1-sulfonamide;

2-(3-fluoro-6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hy-

droxypropane- 1-sulfonamide;

2-(6-(2-(5-cyclopropoxy-2-fluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-

1-sulfonamide;

2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxye-

thane-1-sulfonamide;

1-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-y1)pyridin-2-yl)-1-hydroxypro-

pane-2-sulfonamide;

1-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- 1 H-pyrazol-3-yl)pyridin-2-yl)-1-hydroxy-2-

methylpropane-2-sulfonamide;

3-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)- 1 H-pyrazol-3-yl)pyridin-2-yl)-3-hydroxy-2-

methylbutane-2-sulfonamide;

182



WO 2025/011450 PCT/CN2024/103810

2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-1,2 4-triazol-3-yl)pyridin-2-yl)-2-hydroxy-

propane-1-sulfonamide;

2-(6-(3-(2-fluoro-5-(trifluoromethoxy)benzyl)-1,2,4-oxadiazol-5-yl)pyridin-2-yl)-2-hydroxy-

propane-1-sulfonamide;

2-(6-(1-(2-fluoro-5-(trifluoromethoxy)benzyl)-1H-1,2, 3-triazol-4-yl)pyridin-2-yl)-2-hydroxy-

propane-1-sulfonamide;

2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-1,2,3-triazol-4-yl)pyridin-2-yl)-2-hydroxy-

propane-1-sulfonamide;

(R)-2-(6-(2-(2-chloro-6-fluoro-3-methylbenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypro-
pane-1-sulfonamide;
(R)-2-(6-(2-(2-bromo-5-fluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1-
sulfonamide;
(R)-2-(6-(2-(4-bromo-2-fluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1-
sulfonamide;
(R)-2-(6-(2-(3-bromo-2-fluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1-
sulfonamide;
(R)-2-(6-(2-(2-bromo-6-fluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1-
sulfonamide;
(R)-2-hydroxy-2-(6-(2-(2,3,5-trimethylbenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)propane- 1 -sul-
fonamide;
(R)-2-(6-(2-(2,3-dimethylbenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane- 1 -sulfon-
amide;

(R)-2-(6-(2-(2,3-dichlorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane- 1 -sulfona-
mide;
(R)-2-(6-(2-(5-bromo-2-fluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1-
sulfonamide;
(R)-2-hydroxy-2-(6-(2-(5-isopropyl-2-methylbenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)propane-
1-sulfonamide;
(R)-2-(6-(2-(3-chloro-2,6-difluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-
1-sulfonamide;
(R)-2-(6-(2-(2-chloro-5-(trifluoromethyl)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-

propane-1-sulfonamide;
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(R)-2-(6-(2-(2-fluoro-3-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-
propane-1-sulfonamide;
(R)-2-(6-(2-(2-fluoro-5-methoxybenzyl)-2H-tetrazol-5-yl)pyridin-2-y1)-2-hydroxypropane-1-
sulfonamide;
(R)-2-(6-(2-(2-chloro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-
propane-1-sulfonamide;
(R)-2-(6-(2-(2,5-dichlorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane- 1 -sul fona-
mide;
(R)-2-(6-(2-(2-fluoro-6-(trifluoromethyl)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-
propane-1-sulfonamide;
(R)-2-(6-(2-(4-chloro-3-(trifluoromethyl)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-
propane-1-sulfonamide;
(R)-2-(6-(2-(5-chloro-2,4-difluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-
1-sulfonamide;
(R)-2-hydroxy-2-(6-(2-(3-(trifluoromethoxy)benzyl)-2H-tetrazol-5-y1)pyridin-2-yl)propane-
1-sulfonamide;
(R)-2-(6-(2-(3,5-bis(trifluoromethyl)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypro-
pane-1-sulfonamide;
(R)-2-(6-(2-(5-(difluoromethoxy)-2-fluorobenzyl)-2H-tetrazol-5-yl)pyridin-2-y1)-2-hydroxy-
propane-1-sulfonamide;
(R)-2-(6-(2-(2,6-dichlorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane- 1 -sulfona-
mide;
(R)-2-(6-(2-(2-bromo-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-
propane-1-sulfonamide;
(R)-2-(6-(2-(2,3-dichloro-6-(trifluoromethyl)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hy-
droxypropane-1-sulfonamide;
(R)-2-(6-(2-(3-chloro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-
propane-1-sulfonamide;
(R)-2-(6-(2-(5-chloro-2-(trifluoromethyl)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-
propane-1-sulfonamide; and
(R)-2-hydroxy-2-(6-(2-(2,3,5-trichlorobenzyl)-2H-tetrazol-5-yl)pyridin-2-yl)propane- 1 -sul-

fonamide.

16. A compound of formula (I) according to claim 1, or a pharmaceutically acceptable salt
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thereof, which is 2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-

yl)-2-hydroxypropane-1-sulfonamide,

£ F
F~X .
© N
N= HO .,
N, N W
N | S NH,
Z

17. A compound of formula (I) according to claim 1, or a pharmaceutically acceptable salt
thereof, which is selected from the group consisting of:
(R)-2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxy-

propane-1-sulfonamide,

and
(S)-2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-2-y1)-2-hydroxy-

propane-1-sulfonamide,

F. F
P i
© N
/=N HO » O
N 2 ¢
N N <
N | < NH,
=

18. A compound of formula (I) according to claim 1, or a pharmaceutically acceptable salt
thereof, which is (R)-2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2H-tetrazol-5-yl)pyridin-
2-y1)-2-hydroxypropane-1-sulfonamide,
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19. A crystalline form of the compound of claim 18, said crystalline form being a co-crys-
tal form named Modification A-1 comprising (R)-2-(6-(2-(2-fluoro-5-(trifluoromethoxy)ben-
zyl)-2H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane- 1-sulfonamide and L-proline, wherein
the molar ratio of (R)-2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-yl)pyri-
din-2-yl)-2-hydroxypropane-1-sulfonamide to L-proline is about 1:1, characterized in that
said co-crystal form has an X-ray powder diffraction pattern comprising four or more peaks
at 20 angles (£0.2 degree) selected from 6.8< 8.0<10.2510.6511.3912.19154916.19
17.2<18.018.7219.1220.2<21.4< 23.9%and 26.0< when measured using a CuKa radia-
tion with a wavelength of 1.5418 A at a temperature of about 22 <.

20. A crystalline form of the compound of claim 18, said crystalline form being a co-
crystal form named Modification A-2 comprising (R)-2-(6-(2-(2-fluoro-5-(trifluorometh-
oxy)benzyl)-2 H-tetrazol-5-yl)pyridin-2-yl)-2-hydroxypropane-1-sulfonamide and L-proline,
wherein the molar ratio of (R)-2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-
yD)pyridin-2-yl)-2-hydroxypropane- 1-sulfonamide to L-proline is about 1:2.9, characterized
in that said co-crystal form has an X-ray powder diffraction pattern comprising four or more
peaks at 20 angles (0.2 degree) selected from 5.5 8.759.4<11.1512.7$ 153 16.6%
17.218.8<19.2<20.121.7%22.2< 25.3% 26.2< 28.7and 30.8< when measured using a
CuKa radiation with a wavelength of 1.5418 A at a temperature of about 22 <C.

21. A crystalline form of the compound of claim 18, said crystalline form being a hydro-
chloride salt of (R)-2-(6-(2-(2-fluoro-5-(trifluoromethoxy)benzyl)-2 H-tetrazol-5-yl)pyridin-2-
yl)-2-hydroxypropane-1-sulfonamide named Modification A-3, characterized in that said
crystalline form has an X-ray powder diffraction pattern comprising four or more peaks at 20
angles (£0.2 degree) selected from 7.5< 11.2< 14.315.516.6<17.9<18.5< 19.1< 20.0%
20.4<21.4<22.5<22.8<23.9%and 28.8< when measured using a CuKa radiation with a
wavelength of 1.5418 A at a temperature of about 22 <C.

22. A pharmaceutical composition comprising a compound according to any one of

claims 1 to 21, or a pharmaceutically acceptable salt thereof, and one or more pharmaceuti-

cally acceptable carriers.
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23. A combination comprising of a compound according to any one of claims 1 to 21, or a

pharmaceutically acceptable salt thereof, and one or more therapeutically active agents.

24. A method of modulating Nav1.5 activity in a subject, wherein the method comprises
administering to the subject a therapeutically effective amount of the compound according to

any one of claims 1 to 21, or a pharmaceutically acceptable salt thereof.

25. A method of treating a disease, disorder, or condition selected from a long QT syn-
drome LQTS1, LQTS2, LQTS3, LQTS4, LQTSS, LQTS6, LQTS7, LQTSS, LQTS9,
LQTS10, LQTS11, LQTS12, LQTS13, LQTS14, or LQTS15, atrial fibrillation, ventricular
fibrillation, ventricular tachycardia, LQT-associated ventricular arrhythmias, hypertrophic
cardiomyopathy, angina, heart failure, peripheral pain, and myotonia, wherein the method
comprises administering to the subject a therapeutically effective amount of the compound

according to any one of claims 1 to 21, or a pharmaceutically acceptable salt thereof.

26. A compound according to any one of claims 1 to 21, or a pharmaceutically acceptable

salt thereof, for use as a medicament.

27. A compound according to any one of claims 1 to 21, or a pharmaceutically acceptable
salt thereof, for use in the treatment of a disease, disorder, or condition selected from a long
QT syndrome LQTSI, LQTS2, LQTS3, LQTS4, LQTSS, LQTS6, LQTS7, LQTSS, LQTSY,
LQTS10, LQTS11, LQTS12, LQTS13, LQTS14, or LQTS15, atrial fibrillation, ventricular
fibrillation, ventricular tachycardia, LQT-associated ventricular arrhythmias, hypertrophic

cardiomyopathy, angina, heart failure, peripheral pain, and myotonia.

28. Use of a compound according to any one of claims 1 to 21, or a pharmaceutically ac-
ceptable salt thereof, in the manufacture of a medicament for the treatment of a disease, dis-
order, or condition selected from a long QT syndrome LQTS1, LQTS2, LQTS3, LQTS4,
LQTSS, LQTS6, LQTS7, LQTSS, LQTS9, LQTS10, LQTSI1, LQTS12, LQTSI13, LQTS14,
or LQTS15, atrial fibrillation, ventricular fibrillation, ventricular tachycardia, LQT-associated
ventricular arrthythmias, hypertrophic cardiomyopathy, angina, heart failure, peripheral pain,

and myotonia.
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