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3-SULFONYL-5-AMINOPYRIDINE-2 4-DIOL APJ AGONISTS
CROSS REFERENCE TO RELATED APPLICATIONS

This apphcation is entitled to priority pursuant to 35 U.S.C. §119(¢) to U.S. provisional

[

patent application No. $52/408272, filed October 14, 2016, which is incorporated herein in its

entirety.

FIELD OF THE INVENTION

The present invention provides novel 3-sulfonyl-3-aminopyridine-2,4~-diol compounds,
and their analogues thercof, which are APJ agonists. compositions containing them, and methods

10 of using them, for example, for the treatment or prophylaxis of heart faiture, atherosclerosis,
ischemic heart disease and related conditions.

BACKGROUND OF THE INVENTION
Heart failure (HF) and related complications constitute major health burden in
developed countries with an estimated prevalence of 5,700,000 in the Uniled States alone

13 (Roger, V.L. et al., Circulation, 125(1).e2-e220 (2012)). Despite considerable advances
in recent two decades, the prognosis remains very poor, with survival rates of only ~50%
within S-vears of diagnosis (Roger, V.L. et al., JAAMA, 292(3):344-350 (2004)}. In
addition to poor survival, the impaired quality of life and recurrent hospitalizations
constitute clear unmet medical need for development of novel treatment options.

20 HF is a clinical syndrome characterized by the inability of the heart to deliver
sufficient supply of blood and oxygen to meet the metabolic demands of organs in the
body. Main syraptoros associated with HF include shortness of breath due to pulmonary
edema, fatigue, reduced tolerance 1o exercise and lower extremity edemas. The etiology
of HF is highly complex with multiple assoctated risk factors and potential causes.

A Among the feading causes of HF are coronary artery disease and cardiac ischemia,
acute myocardial infarction, intrinsic cardiomyopathies and chronic uncontrolled
hypertension. HF can develop either acutely (functional impairment post myocardial
mfarction) or as a chronic condition, characterized by long-term maladaptive cardiac
fissue remodeling, hypertrophy and cardiac dysfunction (for exarople due to uncontrolled

30 long-term hypertension}. According to the diagnostic criteria and type of ventricular

dystunction, HF is classified to two major groups, HF with "reduced ejection fraction”

(HFrEF) or HF with "preserved ejection fraction” (HFpEF). Both types are associated

with stmilar signs and syroptoms, but differ in the type of ventricular functional

impatrment (Borlaug, B A etal | Fur. Heart J., 32(63.670-679 (201 1))
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APJ receptor {APLINR) and its endogenous peptidic ligand apelin have been
implicated as important modulators of cardiovascular function and candidates for
therapeutic intervention in HF (for review see Japp, A.G. et al., Biochem. Pharmacol.,
75(10):1882-1892 (2008)),

Accumulated evidence from preclinical disease models and human heart failure
patients have implicated apelin and APJ agonism as beneficial in the setting of HF. Mice
lacking Apelin or APJ gene have impaired myocyte contractility (Charo, DN et al., 4m.
J. Physiol. Heart Cire. Phyvsiol | 297(5)yH1904-H1913 (2009)). Apelin knockout (KO)
mice develop progressive cardiac dysfunction with aging and are more susceptible to HF
in the model of trans-aortic constriction {TAC) (Kuba, K. et al, Circ. Res., 101{4):e32-42
{20073). The functional impatrment in chronic HF 18 a result of prolonged demand on the
heart and is associated with maladaptive cardiac remodeling, manifested by the cardiac
hypertrophy, increased inflammation and interstitial fibrosis which eventually lead to
decrease in cardiac performance.

Acute administration of apelin increases cardiac output in rodents under normal
conditions and also in models of heart fatlure (Berry, M.F., Circulation, 110(11 Suppl.
1):11187-11193 (2004)). Increased cardiac output is a result of direct augmentation of
cardiac contractility and reduced peripheral vascular resistance in the arterial and venous
beds (Ashley, E A, Cardiovasc. Res., 65(1):73-82 (2005}). Reduction in the vascular
resistance leads to lower pre-load and after-load on the heart and thus lesser work load
{Cheng, X. etal.,, far. /. Pharmacol , 470(33:171-175 (2003}). Sumilar to rodent studies,
acute mnfusion of apelin to healthy human subjects and patients with heart failure
produces similar hemodynanic responses with increased cardiac output and increased
vasodilatory response in peripheral and coronary arteries (Japp, A.G. et al., Circulation,
121(16):1818-1827 (2010}).

The mechanisms underlying inotropic action of apelin are not well understood, but
appear to be distinct from chinically used Pi-adrenergic agounists (dobutamine) due to lack
of increase in heart rate. The vasodilatory action of apelin is primarily mediated via
endothelial nitric oxide synthase pathways (Tatemoto, K., Regul Pept., 99(2-3).87-92
{2001}). Apelin is induced under hypoxic conditions, promotes angiogenesis and has been
shown to limit the infarct size in ischemia-reperfusion models (Simpkin, J.C., Basic Res.

Cardiol., 102(6):518-528 (2007)).
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In addition to aforementioned studies evaluating acute administration of apelin,
several studies have clearly demonstrated beneficial effects of prolonged administration
of apelin in a number of chronic rodent models of HF, including the angictensin I model,
TAC model and rat Dahl sali-sensitive model (Siddiquee, K. et al., J. Hyperiens.,
29(4):724-731 (2011}, Scimia, M.C. et al,, Nazure, 488(7411}:394-398 (2012}, Koguchi,
W.etal, Circe. J, 76(1):137-144 (2012}). In these studies, prolonged apelin infusion
reduced cardiac hypertrophy and cardiac fibrosts, and was associated with improvement
in cardiac performance.

Genetic evidence 1s also emerging that polymorphisms in the APJ gene are
associated with slower progression of HY (Sarzani, R. et al,, J Card Fail, 13(7}:521-529
(20073). Importantly, while expression of APJ and apelin can be reduced or vary
considerably with HF progression, the cardiovascular hemodynamic effects of apelin are
sustained in patients with developed HF and receiving standard of care therapy (Japp,
A.G. et al, Circulation, 121(16):1818-1827 (2010)).

In summary, there 1s a significant amount of evidence to indicate that APJ
receptor agonism plays a cardioprotective role in HF and would be of potential benefit to
HF patients. Apelin's very short half life in circulation limits its therapeutic utility, and
consequently, there is a need for APJ receptor agonists with improved pharmacokinetic
and signaling profile while maintaining or enhancing the beneficial effects of endogenous

APJ agonist apelin.

SUMMARY OF THE INVENTION

The present invention provides 3-sulfonyl-5-aminopyridine-2,4-diol compounds,
and their analogues thereof, which are useful as APJ agonists, including stereoisomers,
tautomers, pharmaceutically acceptable salts, or solvates thereof.

The present invention also provides processes and intermediates for making the
compounds of the present invention or stereoisomers, tautomers, pharmaceutically
acceptable salts, or solvates thereof.

The present invention also provides pharmaceutical compositions comprising a
pharmaceutically acceptable carrier and at least one of the compounds of the present
invention or stereoisomers, tautomers, pharmaceutically acceptable salts, or solvates

thereof,

(42
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The compounds of the invention may be used in the treatment and/or prophylaxis
of multiple diseases or disorders associated with APJ, such as heart failure, coronary
artery disease, cardiomyopathy, diabetes and related conditions including but not limited

to acute coronary syndrome, myocardial 1schemia, hypertension, pulmonary hypertension,

Wh

coronary vasospasm, cerebral vasospasm, ischemia/reperfusion injury, angina, renal
disease, metabolic syndrome and insulin resistance.

The compounds of the invention may be used in therapy.

The compounds of the invention may be used for the manufacture of a
medicament for the treatmoent and/or prophylaxis of multiple diseases or disorders
10 associated with APJ.

The compounds of the invention can be used alone, in combination with other
compounds of the present invention, or in combination with one or more other agent{s}.

Other features and advantages of the invention will be apparent from the

following detailed description and claims.

DETAILED DESCRIPTION OF THE INVENTION

I COMPOUNDS OF THE INVENTION

In a first aspect, the present invention provides, infer alia, compounds of Formula

20 (I

ri Re

(1)
or stereotsomers, enantiomers, diastereomers, tautomers, pharmaceutically acceptable

salts, solvates, or prodrugs thereof, wherein

/U\ \E\/.f’)

/ “7H
R’ is independently selected from “’> and

[\
L

Ring A 1s independently selected from
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Ring B is independently selected from aryl and heterocyelyl comprising carbon atoms and
5 1-4 heteroatoms selected from N, NR* O, and S, each substituted with 1-3 R’ and
1-2 R7 ; provided R” and R’ are not both H;
R? is independently selected from Cys alkyl substituted with 0-3 R%; C, 5 alkenyl
substituted with 0-3 R®, arvl substituted with 0-3 R®, heterocyclyl substituted with
0-3 R%, and Cs 6 cycloalkyl substituted with 0-3 RS, provided when R%is Cy s alkyl,

10 the carbon atom except the one attached to the pyridine ring may be replaced by
O, N, and §;

R’ is independently selected from H, F, CI, Br, () 5 alkyl substituted with 0-3 R®, Cy 5
alkenyl substituted with 0-3 R®, -(CH21OR®, (CH2)NR*R?, {(CH2CN,
ACH2CEORD, (CH2C(E=0)ORY, {(CHOWC(=OINRAR?, -(CH,)uNHC(=O)RY,
{(CH2NHCEOQINRR?,) -(CH3 ) NHC(=0)0R®, {CH1)NHS(O)pNR*RY,

A CH2)uNHS(O)pR® (CH2)uS(O)R ., ~(CH23S(0)pNR*R?, (CH, ) OC(=0)NR'RY,

R* is independently selected from H, C1 s alkyl substituted with 0-3 R®, -S{O)R.,
-C(=0RP, -C(=0INRR? -C(=0)OR", -S{O)NR*R? RS, -8{0),RE, -C(=O)R®
CEOINRIRC, -C(=OY0R®, and -S(O)NRRS;

20 R*isindependently selected from H, C1 5 alkyl substituted with 0-3 R®, Cy 5 alkenyl

oy
¥4

2

substituted with 0-3 R®, «(CH»)e-Cas carbocyclyl substituted with 0-3 R®, and

< CHy)p-heterocyclyl substituted with 0-3 RS,
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R’is independently selected from H, R® -OR®, -S{0),R®, -CEO)RE, -C(=0)OR®, -NRR”,
CEOINRIRS -NRACEOIRS, -NRIC(=0YORS, -OC(=OINRRE, -S(O)NRR®,
-NRU*S(O)pNR R, and -NR?S(O)R®;

RS is independently selected from -{CR'R g-aryl, -(CR'RNe-Cs 6 cycloalkyl, and
~{CR'R"p-heteroaryl, each substituted with 1-6 R®;

R’ is independently selected from H, C1 4 alkyl, and -(CHzn-Cs 12 carbocyelyl substituted
with 0-3 R%

R? is independently selected from H, F, Cl, Br, (CH2WCN, {(CH2)OR?, {(CH21C(=O)R®,
A{CHCEOYORD, (CH2)pCEOINRAR?, {(CH2)NRIR?, (CH2)WNRIC(=O)RY,
~{CH2)uNRAC(=0)OR®, {(CH2)uNRAC(=O)NRR? (CH:)OC(=OINRR?, -
(CH23sS(0)pRc, {CH2WS(O)pNRRY, (CH)uNRAS(O)NRRY,
{CH2NRS(O)RE, Cig alkyl substituted with 0-3 R®, {(CH2)o-Cs6 carbocyelyl
substituted with 0-3 R®, and -(CH:p-heterocyelyl substituted with 0-3 RS

R? is independently selected from Ci cycloalkyl, Cs cycloalkenyl, aryl, bicyclic
carbocyclyl, 6-membered heteroaryl, bicyclic heterocyclyl, each substituted with
1-6 RO

alternatively, R* and R together with the nitrogen atom to which they are both attached
form a mono or bicyclic heterocyclic ring substituted with 1-6 R,

R'Yis independently selected from H, F, Cl, Br, NOz, -(CH21OR®, (CH2):S(O )R,
ACH2CEORD, (CH)NRIR?, ((CH2)CN, «(CH2)CEOINRIR?,
A{CH)NRAC(=OIR®, (CH2)uNRACFEDINRIR?, ((CH2NRACEOIOR?,
A{CH2OC(=OINRAR?, {CH2)C(=OYOR?, «(CH2)uS(0),NRR?,
ACH)NRIS(O)NRIR?, (CHy)aNRAS(O),RE, C1y alky! substituted with 0-3 R®,
«{CH»)u-Ca.s carbocycelyl substituted with 0-3 R®, and -(CHy)a-heterocyclyl
substituted with 0-3 R¥;

R?1s independently selected from H, Cis alkyl substituted with 0-5 R, Cr alkenyl
substituted with 0-5 R®, Cy6 alkynyl substituted with 0-5 RS,
~{CH2)u-Cs.10carbocyclyl substituted with 0-5 R®, and -(CHz Jo-heterocyclyl
substituted with 0-5 R®; or R and R? together with the nitrogen atom to which
they are both attached form a heterocyclic ring substituted with 0-5 R,

RY is independently selected from H, C1 5 alkyl substituted with 0-5 R®, C2 6 atkenyl
substituted with 0-5 R®, Cy6 alkyny! substituted with 0-5 R®,

6
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~{CH2)u-Cs.10carbocyclyl substituted with 0-5 R®, and -(CHz Jo-heterocyclyl
substituted with 0-5 R®;

R is independently selected from Ci¢ alkyl substituted with 0-5 R®, Casalkenyl
substituted with 0-5 R®, Cysalkynyl substituted with 0-5 R® Csecarbocyelyl, and
heterocyclyl,

R? is independently selected from H and C1 salkyl substituted with 0-5 R¥;

R® is independently selected from Cis alkyl substituted with 0-5 RY, Cog alkenyl, Cas
alkynyl, (CH23n-Cs 6 cycloalkyl, {(CH2)u-Cas heterocyclyl, {CHzp-aryi,
{CHz)e-beteroaryl, F, Cl, Br, CN, NO», =0, COH, -(CH2),0RY, S(O)R]
CEOINRRE NRIC(=OIRE S(ONRIRE NRIS(O),RE, NRIC(=0)OR],
OC(=ONRR! and -(CH2).NRR

RYis independently selected from H, F, Cl, Br, CN, OH, C; salky! (optimally substituted
with F, C1, Br and OH), C3 s cycloalkyl, and phenyl, or R and R! together with the
nitrogen atom to which they are both attached tform a heterocyclic ring optionally
substituted with Cysalkyl;

1 ts independently selected from zero, 1, 2, 3, and 4; and

p ts independently selected from zero, 1, and 2.

In a second aspect, the present invention provides compounds of Formula (If):
0,0

O S/
HN |
; .
SN0 .
N\
REOR (an

oF stereocisomers, enantiomers, diastereomers, tautomers, pharmaceutically acceptable
salts, solvates, or prodrugs thereot, within the scope of the first aspect, wherein

Ring B is independently selected from
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5 R'is mdependenﬂ‘v selected from Cy.s alkyl substituted with 0-3 R®; Cu5 alkenyl, aryl
substituted with 0-3 R®, heterocyclyl substituted with 0-3 R®, and Cs6 cycloalkyl;
provided when R?is C1 s alkyl, the carbon atom except the one attached to the
pyridine ring may be replaced by O, N, and S;

R? is independently selected from H, F, CI, Br, C) s alkyl substituted with 0-3 R®, Cy4

10 alkenyl; -OR?, -NR*R?, -CN, -C(=Q)R?, -C(=0)OR®, -C(=0)NR*R? -NHC{(=O)R",
NHC(EOINRAR?, -NHC(=0)OR?, -NHS(O)pR® -S(0)R, -S(O)pNRRY,
_OC{(=0)NR*R¥;

R is independently selected from H, C1 s alkyl substituted with 0-3 R®, -C(=0)R®,

C(=0INR'R®, -C(=0)OR?, R®, -8(0),R%, -C(=0)R’, -C(=0)NRR®, -C(=0)OR",
15 and -S{Q)NR'R®;

R* is independently selected from H and Cy s atkyl substituted with 0-3 RS,

R’is independently selected from H, RS, -OR®, -S(O},R°, -C(=0)R®, -C(=0)0ORS, -NRRS,
CEOINRIRS, -NRAC(=0)IRS, -NRAC(E=0YOR?, -OC(=0INRRE, -S{O)pNRRE,
NRS(O),NRR®, and -NR*S(O},R%;

20 RSisindependently selected from {(CR'R yp-aryl, (CR'R1-Cs s cycioalkyl, and
{CR'R"yy-heteroaryl, each substituted with 1-4 R

R’ is independently selected from H and Cy 4 alkyl;
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R® is independently selected from H, F, CI, Br, {(CH2).OR®, (CH2)C(=0O)R,
ACH2CEOYOR?, (CHL)NRARE N, «(CH2 3 C(=0INRAR?, -NHC(=0)YOR?, Ciy
alky! substituted with 0-3 RS, (CH»)-Ci6 carbocyclyl substituted with 0-3 R®, and
{CHze-beterocyelyl substituted with 0-3 RS,

R” is independently selected from Ci cycloalkyl, Css cycloalkenyl, and aryl, each
substituted with 1-6 R'C;

alternatively, R* and R” together with the nitrogen atom to which they are both attached

form a heterocyclic ring selected from

P Fa¥av FavavAl FaNatal
3 19, W (R'%1.4 ‘ (RW)M i\lj Ry E\L GRT
) (R7)1-4 N\// - N S A //’/ A
+ T C )
U 1{ Z 1’0/ = \/\NO ™
R M2 (R "2 (Rm) 2
> 2 ? >
N|m (R
| (R1%1.
I \?l//\\yé\a
and R ;

R is independently selected from H, F, Cl, Br, -OR®, CN, C14 alky! substituted with 0-3
R and Cs6 cycloalkyl substituted with 0-3 R

R®1s independently selected trom H, Cis alkyl substituted with 0-5 RS,

A CH2)e-Csocarboceyclyl substituted with 0-5 RS, and -(CHy)e-heterocyelyl
substituted with 0-5 R® or R* and R? together with the nitrogen atom to which
they are both attached form a heterocyclic ring substituted with 0-5 RS,

R is independently selected from H, Ci¢ alkyl substituted with 0-5 R, Ca alkenyl
substituted with 0-5 R®, Cy6 alkynyl substituted with 0-5 R,
< CH2)e-Csecarbocyclyl substituted with 0-5 RS, and -(CHz Je-heterocyclyl
substituted with 0-5 R*;

R® is independently selected from Ci s alkyl substituted with 0-5 RY, Cag alkenyl, Cas
alkynyl, (CH21-Cs6 cycloalkyl, {CH2)u-Cas heterocyelyl, {CHzp-aryi,
{CHz)e-beteroaryl, F, Cl, Br, CN, NO», =0, COH, -(CH2),0RY, S(O)R]
CEOWNRRE NRICEOIRT S(O3NRRE NRIS(O),RY, NRICEDOR!,
OC(=O)NRR! and -(CH2).NRR'

Ris independently selected from H, F, Cl, Br, CN, OH, Csalkyl (optimally substituted
with F, Cl, Br and OH), Css cycloalkyl, and phenyl;

9



WO 2018/071622 PCT/US2017/056265

n is independently selected from zero, 1, 2, and 3; and

p is independently selected from zero, 1, and 2.

In a third aspect, the present invention provides compounds of Formula (ITT):

CL° (R3}1-3

(%]
ey
o,

R? (1
or stereotsomers, enantiomers, diastereomers, tautomers, pharmaceutically acceptable
salts, solvates, or prodrugs thereof, within the scope of the first or second aspect, wherein
R? is independently selected from Ci s alkyl substituted with 0-3 R®; Cz 5 alkenyl, aryl
substituted with 0-3 R®, 5-6 membered heterocyclyl substituted with 0-3 R®, Cas
10 cycloalkyl, (CH2) 4OC 1 salkyl, and -(CH2)1.30C: scycloalkyl;
R’ is independently selected from H, F, Cl, and Br;
R* is independently selected from H and C s alkyl substituted with 0-3 RS,
R’ is independently selected from H, RS, -C(=0)R®, -NR*R®, -C(=0)NR*R®, and
NHC(=0)R®;

15 Risindependently selected from carbocyclyl selected from

g 8
{R)i-3 R R (R)1-2
I35 SN AT Ay
O ST ARG
5
{R7yt-z
s AR
STC
— . and heterocyclyl selected from
RS .
(%12 (%12 H o (R)1z
= S o Ky s S N~
N-r® ) % P
»;/[/; TSR ST X
N - N~
R® RS
(R%12 (R)1-2 ' O o-N
s s_ o/ 508 =N \
gL \I?? S\g \ﬁ S0 4 A\N,N \N%Qa
<] N N “’LL’ ‘1&4

16
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5 RY¥isindependently selected from H, F, CL, Br, (CH2wOR®, -C=ORY, -C(=00RY,
-NRAR? CN, -C(=OINR*R®, -NHC(=0)OR?, C14 alkyl substituted with 0-3 R®, -
{CH2)o-Cas carbocyclyl substituted with 0-3 R®, and -(CHz)e-heterocyclyl
substituted with 0-3 R*;

R? is independently selected from

FaVaval -
(91\4)1“4 (R10)1~4
& /i/ r,’;l\/
Wy
10 = and X

alternatively, R* and R’ together with the nitrogen atom to which they are both attached

form a heterocyclic ring selected from

Pavatay

(R1 O_)M

Favavs
ill \/(R‘ -4
and (R

15 RYisindependently selected from H, F, C1, CN, C14 alkyl, and OC, 4 alkyl;

11
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R® is independently selected from H, Ci6 alkyl substituted with 0-5 R,
«{CH2)n-Ciocarbocyclyl substituted with 0-5 R®, and -(CHo)s-heterocycelyl
substituted with 0-5 R%; or R and R® together with the nitrogen atom to which
they are both attached form a heterocychic ring substituted with 0-5 R%;

RY is independently selected from H, C) alkyl substituted with 0-5 R®, Cy alkeny!

Wh

substituted with 0-5 R®, C.5 alkynyl substituted with 0-5 R,
{CHa-Csaocarbocyelyl substituted with 0-5 R®, and -(CH»)e-heterocycelyi
substituted with 0-5 R®;
R¢is independently selected from Cy s alkyl substituted with 0-5 RY, Cys alkenyl, Cas
10 alkynyl, (CH»)w-Ca cycloalkyl, (CHz-Cys heterocyclyl, {CHz)u-arvi,
{CHa)p-heterocaryl, F, Cl, Br, CN, NO:, =0, CO:H, (CH).OR/, S(O)R’,
CEOINRR!, NRIC(=O)R!, S{O)NRR!, NRIS(0),R!, NRIC(=0)OR,
OC(=OWRR! and (CH).NRIRE,
Rfis independently selected from H, F, C1, Br, CN, OH, Cysalkyl (optimally substituted
i5 with F, Cl, Br and OH), Cs6 cycloalkyl, and phenyl;
1 ts independently selected from zero, 1, 2, and 3; and

p ts independently selected from zero, 1, and 2.

In a fourth aspect, the present invention provides compounds of Formula (IV):
0,0

C Se“ B2
™
HN | A
SN I & 5
B2 OH R
|
Ré—N "
(R )14
%\«& )

20 (v}
or stereotsomers, enantiomers, diastereomers, tautomers, pharmaceutically acceptable
salts, solvates, or prodrugs thereof, within the scope of any of the first, second and third

aspects, wherein

12
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R” is independently selected from -CHCH,CH, -CH:CHCHLCH;, -CHCHCH{CHs b,

{ R N
)O 1 //T/uz- (R }(‘ 2 g ;‘2‘27 R )0 4
<] Np. N ﬁ\)
2 3 (R)o-2 7 , -CH>O0CH;,
-CHyOCH)CH3, and -CH>OCH(CH:);
R’ is independently selected from H, F, Cl, and Br;
R* is independently selected from -CH;, -CH:CH;, -CHCHCHs, and -CHx(CHs »;

R%is RS
8 8
{(R)1-3 {(FR711-3 (R -3
(\\/{ I:\!/:/\ fi\N e
L X “/‘/\_f) « L =
R® is independently selected from * , © , and

<

R®is independently selected from H, F, Cl, Br, -(CH2)0.10C1 4 alkyl, C1 4 allkyl and
-C{=0)N(Craalkyly; and
R is independently selected from H, F, CI, CN, -CHs, -CH,CH;, and -OMe.

In a fifth aspect, the present invention provides compounds of Formula {V):
o__ 0O

O \S/ Rs
HN I i 7{
o
r? X" Nop R®
i
7 N
(V)

or stereptsomers, enantiomers, diastereomers, tautomers, pharmaceutically acceptable
salts, solvates, or prodrugs thereof, within the scope of any of the first, second and third
aspects, wherein

R? is independently selected from -CHCH,CH;, -CHCHLCHLCH;, -CHCHCH(CH; ),

¢ A
Rja1 N e °
( )’)\1. N" sz“: (R )0—2. S :;7?’ (Re)0~4 /“’2‘.)
e ve. M T
o M (R)o2 N == CH.OCH
s b a2 8 433,

2

-CH,OCH,CHs, and -CH>OCH(CH:);
13
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R’ is independently selected from H, F, Cl, and Br;
R* and R? together with the nitrogen atom to which they are both attached form a

heterocyclic ring selected from

FaVaVyl FAVAVS
AN s A ! 10 | 2'%,
[ =G L R I R N (R} N \( yi-e
] /\_R }i-4 N\//' (N I A / \YI/’?\;/\ ( l /‘{\
L : Pz
U ST e s
(R 32 (R ¥z (R 12
J\JI’\.;’“
(Rm)ﬂ.-:;
N 34
C /
i
5 ,and (R )2 ;
R’ isRY;
8 8 8
(R)1-3 (R7)1-3 Jﬁf (R M3
i RS r‘ﬁ//\\/\ \N/:"/(
.. “//( = ‘*/ = o P
R is independently selected from  * , \ , and

=]

R® is independently selected from H, F, Cl, Br, {(CH2)0-10C1 4 alkyl, C1 4 alkyl and
10 -CEOIN(Crasalkyl); and
R!%is independently selected from H, F, CI, CN, -CHs, -CH,CH;, and -OCH:.

In a sixth aspect, the present invention provides compounds of Formula (VI):

¢
o g_g\
W™
2 A OH
JN\
R R (VD)

15 or stereoisomers, enantiomers, diastereomers, tautomers, pharmaceutically acceptable
salts, solvates, or prodrugs thereof, within the scope of the first aspect, wherein

Ring A 1s independently selected from

14
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_(®0s (R0 ®es c (iRS)o-s
énN’fmj{NmR% %;\@ %,me/b 53\:\@/3
RN AN N/ (S

S Ro g
Ros NN S0

WNRAT RS
, (Res and (RJN"?;

R? is independently selected from Cy s atkyl substituted with 0-3 R, Cy s alkenyl, aryl

substituted with 0-3 R”, heterocyclyl substituted with 0-3 R, and (56 cycloalkyl;
5 provided when R?is C1 5 alkyl, the carbon atom except the one attached to the
pyridine ring may be replaced by O, N, and S;

R is independently selected from H, C1 s alkyl substituted with 0-3 R®, -C(=0)R®,
C(=0INR'R®, -C(=0)OR?, R®, -8(0),R%, -C(=0)R’, -C(=0)NRR®, -C(=0)OR",
and -S{Q)NR'R®;

10 R is independently selected from H and Cis alkyl substituted with 0-3 RS

R’is independently selected from H, RS, -OR®, -S(O},R°, -C(=0)R®, -C(=0)0ORS, -NRRS,
CEOINRIRS, -NRAC(=0)IRS, -NRAC(E=0YOR?, -OC(=0INRRE, -S{O)pNRRE,
NRS(O),NRR®, and -NR*S(O},R%;

RS is independently selected from «(CR'R yw-aryl, (CR'R7)n-Cs 6 cycloalkyl, and

[
4%

{CR'R"yy-heteroaryl, each substituted with 1-4 R

R’ is independently selected from H and Cy 4 alkyl;

R® is independently selected from H, F, CI, Br, ~OR®, (CH).C(=0)R?,
{CH2):C(=0)OR®, -(CH2)uNRRY CON, {(CH2)uC(=0)NRRY -NHC(=0)OR", C1 4
alloyl substituted with 0-3 RS, «(CHy)e-Cis carbocyclyl substituted with 0-3 R®, and

20 {CHz)p-heterocyelyl substituted with 0-3 R,

R’ is independently selected from Css cycloalkyl, Cs6 cycloalkenyl, and aryl, each
substituted with 1-3 R'";

alternatively, R and R” together with the nitrogen atom to which they are both attached

form a heterocyclic ring selected from



L
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WO 2018/071622 PCT/US2017/056265
A ’”Ef‘ MY
i A 10 i (Rm) i-4 noan
ij (RE')>1"4 rL @ (m \/fR -4 \5\/’%\\ I /})Rm) .

K ) | i 17

</] 16/ / 10 \M EL c/\;/
(R 112 (R 12 &%
/\Jﬁ'\f‘
i &%

and R

R%i5 independently selected from H, F, Cl, Br, -OR®, CN, C4 atkyl substituted with 0-3
R® and (s cycloalkyl substituted with 0-3 RS,

R?1s independently selected trom H, Cis alkyl substituted with 0-5 RS,
< CH2)e-Csecarbocyclyl substituted with 0-5 RS, and -(CHz Je-heterocyclyl
substituted with 0-5 R®; or R and R? together with the nitrogen atom to which
they are both attached form a heterocyclic ring substituted with 0-5 R,

R is independently selected from H, Cy ¢ alkyl substituted with 0-5 R®, Ca ¢ alkenyl
substituted with 0-5 R®, Cy6 alkynyl substituted with 0-5 RS,
~{CH2)n-Cs.10carbocyclyl substituted with 0-5 R®, and -(CHz )u-heterocyclyl
substituted with 0-5 R®;

R® is independently selected from Cis alkyl substituted with 0-5 RY, Cog alkenyl, Cas
alkynyl, (CH23n-Cs 6 cycloalkyl, {(CH2)u-Cas heterocyclyl, {CHzp-aryi,
~{CHy)e-heteroaryl, F, CL Br, CN, NOy, =0, COH, (CH2),ORY, S(O)pR],
CEOINRRE NRIC(=OIRE S(ONRIRE NRIS(O),RE, NRIC(=0)OR],
OC(=ONRR! and -(CH2).NRR

RYis independently selected from H, F, Cl, Br, CN, OH, C; salky! (optimally substituted
with F, Cl, Br and OH), Cs5 cycloalkyl, and phenyl,

un is independently selected from zero, 1, 2, and 3; and

p is independently selected from zero, 1, and 2.

In a seventh aspect, the present invention provides compounds of Formula (VI), or
sterecisomers, enantiomers, diastereomers, tautomers, pharmaceutically acceptable salts,
solvates, or prodrugs thereof, within the scope of the first and sixth aspects, wherein

Ring A 1s independently selected from

16
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_(®0s (R0 c (R*¥o-s
s ore sl K N N/E
b \\,____,,,// \"' Y and \\""

R? is independently selected from Cy s atkyl substituted with 0-3 R, Cy s alkenyl, aryl
substituted with 0-3 R®, 5-6 membered heterocyclyl substituted with 0-3 R®, Ci
cycloalkyl, (CH240C salkyl, and -(CH2 3005 scycloalkyl;

5  R%isindependently selected from H and Cy s alkyl substituted with 0-3 RS,
R*is independently selected from H and Cy s alkyl substituted with 0-3 R%;
R’ is independently selected H and R®;
R is independently selected from carbocyclyl selected from
& 38
Rz ®%12 ®%12 {R)r-2
P S . 5 e 5 /
N —L
O 2 O
{R8)1-2
S e
O
10 . and heterocyclyl selected from
RS s
2By reaBy, H 1.
[:”_/\; 8 B /O /&R Y2 S (Ry12 S\{f /( )12
Ay R 5“%} ST SR i
N N N
8 RS
< s Rz 5 8 f(RS)M ) O—-\< O~N
4 ar ; =N \
7 T?} 4 2 fN
S At s o [ S S
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(Ra)1 4 a 8
{(R)1-4 (R )1-4

(%\E/% AN S S’

[N : | i \i i = - \i -
2 1 2 ?-
®R1-2 R%1.2

S —,
g NS[/ - %

R? is independently selected from H, F, Cl, Br, -OR®, -C(=OIR®, -C(=0Y0OR®, -NR*R?,
CN, -C(=O)NR*R? -NHC(=0)YOR®, C1 4 alleyl substituted with 0-3 RS, -
5 {CH2)u-Ca6 carbocyclyl substituted with 0-3 R®, and -(CHz)e-heterocyclyl
substituted with 0-3 R®;

R’ is independently sefected from

FaVaval . Na¥ava¥ ‘0
' Neg (R 34
N

VA
S

alternatively, R* and R’ together with the nitrogen atom to which they are both attached

10 form a heterocyclic ring selected from
Ane Anc
- N N A S
Pq Q~;// \>//f ' /,/ <<;:: ;:[[:i:zjf]
L
U / 6 O
(R%12
f‘\..:\i
H 10.
i (R4
N
\ =
A N,
and ®"nz

R!%is independently selected from H, F, Cl, CN, Ci 4 alkyl, and OCy 4 alkyl;

R? ts independently selected from H, Ci alkyl substituted with 0-5 RS,

[
4%

{CH:3-Csaocarbocyclyl substituted with 0-5 R®, and -(CHa)u-heterocyclyl
substituted with 0-5 R or R* and R? together with the nitrogen atom to which
they are both attached form a heterocyclic ring substituted with 0-5 RS,

RY is independently selected from H, Cis alkyl substituted with 0-3 RS, Cs alkenyl
substituted with 0-5 R®, Cos alkynyl substituted with 0-5 RS,

20 {CH2)-Cs1ocarbocycelyl substituted with 0-5 R®, and «{CHz)o-heterocyclyl

substituted with 0-5 R®;
18
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R® is independently selected from C ¢ alkyl substituted with 0-5 RY, Css alkenyi, Co6
alkyoyl, (CH2)n-Cr6 cycloalkyl, -(CHz)u-Cas heterocyelyl, {(CHajp-aryl,
-(CHaw-heteroarvl, E, C1, Br, CN, NO», =0, COH, -(CH3)0RE, S(O)R,
CEOWNRRE NRICEOR!, S(0)NRRE NRIS(O),RE, NRICE=O)ORE
OCEOINRR and (CHL)NRIRE,

Rfis independently selected from H, F, CL, Br, CN, OH, C; salkyl (optimally substituted
with F, Ci, Br and OH), Cs6 cycloalkyl, and phenyl;

n 15 independently selected from zero, 1, 2, and 3; and

p is independently selected from zero, 1, and 2.

In an eighth aspect, the present invention provides compounds of Formula (V)

O

i

C\ RS

N
7
OH
N
RE RS (VID)

of stereoisomers, enantiomers, diastereomers, tautomers, pharmaceutically acceptable

salts, solvates, or prodrugs thereof, within the scope of the first, sixth, and seventh

aspects, wherein

R? is independently selected from Ci s alkyl substituted with 0-3 R®; Cz 5 alkenyl, aryl
substituted with 0-3 R®, 5-6 membered heterocyclyl substituted with 0-3 RS, Cis
cycloalkyl, (CH2}1.40C 1 salkyl, and -(CH» )i 30C 3 scycioalkyl;

R* is independently selected from H and C1 s alkyl;

R’ is independently selected from H and R®;

3.
w8y (R%)1-4 J B,
(R%13 i fs’:\ (R4

& s N
R is independently selected from = , * , and

R is independently selected from H, F, Cl, Br, {(CH1)010C 14 alkyl, C14 alkyl, and
“CEOIN(Crasatkyl);

R’ is independently selected from

19
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Favaval
10 NaVavaW 10
R )4 (R }1-a

) K A
Q and I\\/N

alternatively, R* and R” together with the nitrogen atom to which they are both attached

form a heterocyclic ring selected from

miv'-
FAVAVA FaVaVal EAvAVA 10
/ R
| RN L ® s l R N R (R
N/ e <“ | o 7 D
(

U O 16, = e Z / —0

®"" R'%12 R0

FAYAS A
! (R

and 2

R!%is independently selected from H, F, Cl, CN, Ci 4 alkyl, and OCy 4 alkyl;

Wh

R? ts independently selected from H, Ci alkyl substituted with 0-5 RS,
«{CHz)o-Cs 10carbocyelyl substituted with 0-5 R®, and -(CHy)a-heterocyclyl
substituted with 0-5 R or R* and R? together with the nitrogen atom to which
10 they are both attached form a heterocyclic ring substituted with 0-5 RS,
R is independently selected from H, Cie alkyl substituted with 0-5 R, Cyaocarbocyelyl,
and heterocyclyl substituted with 0-5 R,
R° is independently selected from Cis alkyl (optionally substituted with ¥ and Cl1), OH,
OCH;, OCF;, (CH)o-Cas cycloalkyl, (CH2)p-Cas heterocyelyl, {CHae-arvi,
i5 «{CHz)u-heteroaryl, F, Cl, Br, CN, NO;, =0, and COH; and

n is independently selected from zero, 1, 2, and 3.

In a ninth aspect, the present invention provides compounds of Formula (VII), or
sterecisomers, enantiomers, diastereomers, tautomers, pharmaceutically acceptable salts,
20 solvates, or prodrugs thereof, within the scope of the first, sixth, seventh, and eighth

aspects, wherein

D

[
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R” is independently selected from -CHCH,CH, -CH:CHCHLCH;, -CHCHCH{CHs b,

{ R N
)O 1 //T/uz- (R }(‘ 2 g ;‘2‘27 R )0 4
o<l m. . N ﬁ\)
2 L (R)o-2 ? , ~CH2OCH;,
-CHyOCH>CH;, and -CH:OCH(CH:);
R* is independently selected from -CH;s, -CH,CHi, -CHCHoCHs, and -CH(CHa b,

R’ isRY;

(R)13 (R)4

fr’ R Ji-4
%@ \(J f\/\
R’ is independently selected from , \»/N , and

(R Yi-4

U

R? is independently selected from H, F, C1, and Br,

3

pavava

RY s
alternatively, R* and R together with the nitrogen atom to which they are both attached

form a heterocyclic ring selected from

w
L& T
& ) - 10
R 1-4 (R )14
S\L\ \R )14 (\/ﬁ/j } ;@ N\E/iA/{
Pe = K N
G )12 Rz } (R1/5)1-2 © , and
(R4

,/ | A

Q ~

7.

GRTES ;and

R!%is independently selected from H, F, CI, CN, C1 4 alkyl, and OC; s alkyl.

In a tenth aspect, the present invention provides compounds of Formula (VII), or
stereoisomers, enantiomers, diastereomers, tautomers, pharmaceutically acceptable salts,
solvates, or prodrugs thereof, within the scope of the first, sixth, seventh, eighth, and

ninth aspects, wherein
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(R )14

y

Ris ; and

R!%1is independently selected from H, F, Cl, CN, Ci 4 alkyl, and OC, 4 alkyl.

In an eleventh aspect, the present invention provides compounds of Formula

5 (VI), or sterecisomers, enantiomers, diastereomers, tautomers, pharmaceutically
acceptable salts, solvates, or prodrugs thereof, within the scope of the first, sixth, seventh,
eighth, and ninth aspects, wherein
R* and R” together with the nitrogen atom to which they are both attached form a

heterocyclic ring selected from
NN
10 FavAvS
/“JE‘J‘ . (Rm)ﬁ' 4 ii {R 31 J\J (R
L | A o
A | < g
C ) S NI
L
i(} \\\// {R ")-2 (Rmh—z , aﬂd
PAYAY S
’,E\j (R 14
. VA
Q e
1,
(R 72 ;and

R!%is independently selected from H, F, CI, CN, C1 4 alkyl, and OC; s alkyl.
The tnvention may be embodied in other specific forms without departing from
the spirit or essential attributes thereof. This invention also encompasses all
15 combinations of alternative aspects of the invention noted herein. It 13 understood that
any and all embodiments of the present invention may be taken in conjunction with any
other emnbodiment to describe additional embodiments of the present invention.
Furthermore, any elements (including individual variable definitions) of an embodiment
are meant to be combined with any and all other elements from any of the embodiments
20 to describe additional embodiments. The present tnvention also provides a
pharmaceutical composition comprising a compound of formula §, or an enantiomer,
diastereomer, or a pharmaceutically-acceptable salt, and a pharmaceutically acceptable

carrier therefore.
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o, ©

N
5;?:;\<Q

° ~///; ring B is

WO 2018/071622

For example, in one non-limiting embodiment, R' is

(Rs}ms

-3 </ :{>
- _._.__..::;’\Rﬁ Y . S - . o esT - S . T e~T .
S Reis w(;HzCHzCHL -CHQ(/Hz(/HzCH}, “CH}CHZ(/H((;HB)L

e e
- N 2 & E
R -)(QN, V % Rz g :}Z—& (R0 oy e 2
U N % A
o Ha ,’ Rz N or == R HF, CLoor

(R%1.2
.. .. o
Br, R is -CHs, -CHCHs, ~-CH2CHRCHs, or -CH2(CHz ), R7is R% R%is =
8
{R )3
& N
I S

L Or g ]; R¥is H, F, Cl, Br, Cis atkyl, or C=OWNH;

RYisH, F, Cl, CN, or -CHs, or -OCH;; R®is H or -CHs.

O O -
N/ ™

<

/
In another non-limiting embodiment, R'is ° -~ ring B is

] (R3)1 -3
s> ‘/\f)

- S ,
=R R g LCHL,CHRCH;, ~CHCHCHLCH, ~CHCH,CH(CH: o,

e g
. 2
R )OQN"NT\//“L; Rz g ;&Qz (0.0 W//v.z’?
<] el XU T
S , Rz ! or == ;RS H RYds -
8,
{(FR7)1-3
NP4

“//% L
CH;, —CE‘&CH'},, “C}‘IZCI{QC}{% or —CH},(CHg)z; R5 is RS; Ré is *

2
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1 8
(R7)1-3
rrsff\;\a""‘/’\f\.

e § A<J .. .
Q)\’/ , OF cR¥isH, F, Cl, Br, Cya alkyl, or C(=0)NHz; R’ is

i J
= :RWisH F, Cl, CN, or -CH;j, or -OCH;; R%is H or ~CH;s.

In another non-limiting embodiment, R' is C1ing B is
f= 2 2 ~

(R3)1-3

5 /;{}
- ---—\‘\ 5 3
R* . R?is -CH,CHCH:, -CH:CH:CHLCH;, -CH,CHCH(CHs o,

=] N
{ >01 /?,, R0-2 g :}?2 G N b
E.NSQ ‘\AJ \\\*\“\AE \®
S; | . | : or _— JRYSHLF, QL or

Br; R* and R® t@gether form a heterocyclic ring selected from

A
Ao (R'%1.4 10 (R4
(R4 N X }
‘i \/’\ /\ ~ //i\/] | 4
é & L hY ==
-
(Rm)\/z/\\“ (R )1 2 , (R'%i2 _and &2 :R7is RO
(R 13 (R H1a GUIE
\J N4 \N/‘\/i
L |
15 N 2 a , Or N R_S is }_L F,, CL Br,
(Rw)'1-4

Qf
Cis atkyl, or C(=ONHz;, R is S R¥Wis H, F, Cl, CN, or -CHs, or -OCHs; R8s
H or —-CHs.
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o, ©
N N
“H B )
In another non-limiting embodiment, R’ is “ e ring B is

(Rs}ms

- :/ .,(>
- ::."'.,.’.'J\ RE

& T
4 N e . s
) ! N V T, Rp2 g ;2'22 (R0t - :\/ 2,
ST & e
c e ) Rz N or = ‘RYtsH; RYand R®

S R?‘ is wCHzCHzCH3, -CHzCHzCHzCHg, _CHQCHQ_CH(CHQQ,

i
w, (R’!O\‘!»
/%/i(Fz : N s a
o 2
5 , R ;R7isR% R
<l‘; R&is H, F, Cl, Br, C14 alkyl, or
FavAVAl
{R1 Ji-4
a
C(=0)NH»; R7 is S cRYisH, F, CL CN, or -CH3, or -OCH;; R%is H or ~CHs.
0 c RS
!
L})‘k@ 5“\ N/\:h
In another non-limiting embodiment, R is &N ,ring Ais \,J ; R?
i
e N
R\ ] 2,
55 “g—ﬂ A
is ~CH:CH2CH;3, -CHCH,CHCHs, -CHLCHLCH(CH: ), : ; R , of
s
RO \/m
10 = :RYisH, F, Cl, or Br; R* is -CHa, -CH2CH;s, -CH2CH2CH;3, or -

R

fﬁi '\N/‘\/\'
<

(Rg) 1-3

(R°

CHACHs); RPis R% Rfis =

1.3
}1-3

3

A\
W
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Fa¥aval
10
(R )14

/J
R¥is H, F, Cl, Br, Ci4 alkyl, or C(=O)NHy;, R%is X R"WisH F, Cl, CN, or -
CH;, or -OCH;; R%is H or —-CH;.

0 =8
B <
i‘))Li\/i/’ \ o™ N/\:;i\’

Y :
In another non-limiting embodiment, R! is s\ , ring Ais

e
(Rt N
' \Nf \/g/{?"}
ngg«-<} \o)
5 is -CHoCH>CHs, -CH2CHoCHRCHs, -CH2CHCH(CH: ), © 2 , (R Jo-2
¢ < . 2
Ryz g R5j0. -
eyt
)
N o = ;R is H; R* is -CHs, -CH,CH3, -CH,CH:CH;, or -
g, 8
(R)-a (R)13
[} i
‘ ,;_66‘&//‘/ p §< .
CHy(CHs)p, R71sR” R%is ® , © , Of ;RO H F (L
FAvAV A N
(R‘W)w
A
Br, Cya alkyl, or C(=O)NH;;, R’ is Sl cRYisH, F, Cl, CN, or -CHs, or -OCH:;
R®is H or —CHs.
0 c RS
) ST
10 In another non-limiting embodiment, R’ is & \\u// , ring A is N R2
e e
(Rjer N__
~p’ /“2";
s W
is ~-CHyCH2CH;, -CHoCHLCHLCHs, -CHRCHLCH(CH: ), 2 , (Rjoz

e “ "
Rz g (R%Y0-4 .
NSk @ h
\)
N or = ;R¥is H, F, C1, or Br; R* and R’ together form a

heterocyclic ring selected from
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e (R )14 (R"%.4
| RO N \/< Y U\
oY ( oINS i
.{’\/’j“l\ L .‘T:/\\/ = Fr .
R (R & , and 'R (RIS R R
8
(R7)1-2 (R) -3 rr,ﬁ‘ (R 113
S ™~
s

O XD T

) , ,Or ¢ cR¥IsH, F, CL Br, Ci4

alkyl, or C(=O)NHz;, R’ is RY¥isH, F, Cl, CN, or -CH;, or -OCHs; R®is Hor

~CHj.
5
O . RS
IO S
cg?ﬁ NA SN
In another non-limiting embodiment, R' is . ;ring A is \/‘I R
i
Ryt N
( )G:Nf :;“//M?,.,
F<]
is ~-CH2CHLCH3, -CHCHCHRCHs, -CHCHLCHCH: )2, : , (R )o-z
(R 02 Sj}% (R )04 r’”’:\)
\N‘ or - R7is H; R* and R’ together form a heterocyclic ring
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In another embodiment, the compounds of the present invention have ECso values
< 10 uM, using the APJ hcAMP assay disclosed herein, preferably, ECso values <5 uM,

more preferably, ECso values < 1 uM, even more preferably, ECso values < 0.5 uM, even
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more preferably, ECso values < 0.1 uM, even more preferably, ECse values < 0.01 pM.

In another aspect, the present invention provides compounds selected from any
subset list of compounds exemplified in the present application.

In another aspect, the present invention provides compounds selected from the
subset in which the APJ hcAMP ECso potency range is A.

In another aspect, the present invention provides compounds selected from the
subset in which the AP} hcAMP ECse potency range is B.

In another aspect, the present invention provides compounds selected from the
subset in which the APJ he AMP ECss potency range is C.

In another aspect, the present invention provides a compound selected from the
exemphified examples or a stereoisomer, a tavtomer, a pharmaceutically acceptable salt,
or a solvate thereof.

In another aspect, the present invention provides a compound selected from

(8)-(6-butyl-5-(ethyl{phenylamino}-2,4-dihydroxypyridin-3-v1)(3-
phenylpyrrolidin- 1-yljmethanone, 001

{($)-(6-butyl-S-(ethyl{(phenyDamino)-2, 4-dihydroxypyridin-3-yl }3-
phenylpyrrolidin-1-ylymethanone, 002

F-{(4~((6-butyl-S-(ethyl{phenyDamino)-2.4-dihydroxypyridin-3-
vhsulfonylphenyt)-5-methylpyridin-2{1H})-one, 003

6-butyl-3-({(4-cyclopropylphenylsulfonyl)-5-(ethyl{phenyhamino)pyridine-2,4-
diol, 004

3-((2-butyl-5-((4-(2-fluoro-3-methylpyridin-4-ylphenyhsulfonyl }-4,6-
dihydroxypyridin-3-yH{methyl}amino)benzonitrile, 005

(6-butyl-5-((2-fluorophenyl}(methyl Jamino)-2 4-dihydroxypyrndin-3-y1){(3-(3,5-
diflucropyridin-2-yhpyirolidin-1-vi)methanone, 006

(8)-(6-butyl-2,4-dihydroxy-5-(methyl{phenylamino)pyridin-3-yH{3-
phenylpyrrolidin-1-ymethanone, 007

(R)-(6-butyl-2 4-dihydroxy-5-(methyl{phenyl}aminc)pyridin-3-y1}(3-

phenylpyrrolidin- I-yDmethanone, 008
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(R)-(6-butyl-2,4-dihydroxy-5-(indolin-1-ylpyridin-3-yD){3-phenylpyrrolidin-1-
yhmethanone, 009

3-({4-bromophenyl jsulfonyl)}-6-butyl-5-(methyl{phenyl)amino)pyridine-2, 4-diol,
010

Wh

6-butyl-3-((4-(2-fluorc-3-methylpyridin-4-ylphenyl jsulfonyl)-5-
(methyl{phenyljamino)pyridine-2,4-diol, 011
6-butyl-3-{({(4-(6-fluoropvridin-3-ylphenyl)sulfonyl)-5-
{methyl{phenylamino)pyridine-2,4-diol, 012
6-butyl-5-(indolin-1-y1)-3~({(4-(3-methylpyridin-4-ylphenylsulfonyl ypyridine-
10 24-dicl, 013
6-butyl-S-(methyl{phenylyamino)-3-((4--methyipyridin-4-
vhphenyhsulfonyljpyridine-2,4-dicl, 014
6-butyl-3-({(4-(6-fluoro-2-methylpyridin-3-yhphenylsulfonyl}-5-
(methvi{phenylamino)pyridine-2,4-diol, 015
15 o-butyl-3-({(4-cyclopropylphenylsulfonyl)-S-(methyl{phenyl Jamino)pyridine-2 4-
diol, 016
6-butyl-5-(methyl{phenyljamino}-3-((4-(2-methyipyridin-3-
yvhphenyhsulfonylpyridine-2,4-diol, 017
1-(4-{(6-butyl-2 4-dihydroxy-5-(methyl{phenyl)Jamino)pyridin-3-
20 yhsulfonybhphenyh)-S-chioropyridin-2(1H}-one, 018
(S)-(6-butyl-5-(3,4-dihydroquinolin-1{(2H)-y1)-2,4-dihydroxypyridin-3-y1 {3~
phenylpyrrolidin- {-yl)methanone, 019
6-butyl-3-((4-(2-fluorc-3-methylpyridin-4-ylphenyl jsulfonyl)-5-
(isopropyl{phenylyamino)jpyridine-2,4-diol, 020
25 6-butyl-5-(3,4-dihydroquinolin- 1{ZH)-y1)-3-((4-(6-fluoro-2-methylpyridin-3-
vhphenyhsulfonyl jpyridine-2 4-dicl, 021
6-butyl-3-(3 4-dibydroguinolin-1(2ZH}-y1)-3~((4-G-methylpyridin-4-
vhphenyljsulfonyhpyridine-2 4-diol, |, 022
(R)-(6-butyl-2 4-dihydroxy-5-(isopropyH{phenylamino)pyridin-3-y1}(3-
30 phenvipyrrolidin-1-yl)methanone, 023
6-butyl-5-(3,4-dihydroquinolin-1(2H}-v1}-3-((4-(2-methylpyridin-3-
yvhphenylsulfonylpyridine-2,4-diol, 024
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6-butyl-5-(isopropyl{phenyllamino)}-3-((4-(2-methylpyridin-3-
yhphenylsutfonybpyridine-2,4-diol, 025

6-butyl-3-({(4-(6-fluoro-2-methylpyridin-3-vh)phenvhsulfonyl}-5-
(isopropyl{phenyhDamino)pyridine-2,4-diol, 026

6-butyl-5-(isopropyl{phenyhamino}-3-({(4-(G-methylpyridin-4-
vhphenylsultfonybpyridine-2,4-diol, 027

6-butyl-5-(3,4-dihydroquinolin-1(2ZH)-y)-3-((4-2-fluoro-3-methylpyridin-4-
yvhphenyhsulfonyhpyridine-2,4-diol, 028

6-butyl-3-({(4-(2-fluoro-3-methylpyridin-4-yhphenyhsulfonyl}-5-((3-
methoxyphenvl ¥ methyhaminojpyridine-2 4-diol, 029

6-butyl-3-({(4-(6-fluoro-2-methylpyridin-3-yhphenyhsulfonyl)-5-((3-
methoxyphenyl}{(methyljamino)pyridine-2,4-diol, 030

6-butyl-5-((3-methoxyphenyl }{methylhamino)-3-((4-(3-methylpyridin-4-
yvhphenyhsulfonylpyridine-2,4-diol, 031

o-butyl-3-((4-(6-fluoro-2-methvylpyridin-3-ylphenylsulfonyl)-5-((4-
methoxyphenyl}{(methyhamino)pyridine-2,4-diol, 032

6-butyl-5-({(4-methoxyphenyl){methyDamino}-3-((4-(2-methylpyridin-3-
yhphenyhsulfonylpyridine-2,4-diol, 035

{8)-(6-butyl-2 4-dihydroxy-5-({4-methoxyphenyl }{methyDaminopyridin-3-v1(3-
phenylpyrrolidin-1-ymethanone, 036

6-butyl-5-{{4-methoxyphenyl ¥ methyhamino)-3 ((4-(3-methylpyridin-4-
yvhphenyhsulfonylpyridine-2,4-diol, 037

6-butyl-3-((4-(2-fluorc-3-methylpyridin-4-yhphenylsulfonyi}-5-((4-
methoxyphenvl ¥ methyDaminopyridine-2,4-diol, 038

6-butyl-S-((3-methoxypheny ¥ methyhamino)-3 ({(4-(2-methylpyridin-3-
vhphenyhsulfonyl jpyridine-2,4-dicl, 039

6-butyl-3-(4-methyl-3 4-dihydroquinolin-1(ZH)-y)-3-{(4-G3-methylpyridin-4-
vhphenyljsutfonyhpyridine-2 4-diol, 040

o-butyl-S~(4-methyl-3 4-dihydroguinolin-1(2H}-y1}-3-((4-(2-methylpyridin-3-
yhphenvsutfonyhjpyridine-2,4-diol, 042

6-butyl-3-({(4-(2-fluoro-3-methylpyridin-4-yhphenyhsulfonyl}-5-(4-methyl-3 4-
dihydroquinolin-1(2H)-yhpyridine-2, 4-diol, 044
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{6-butyl-2 4-dihydroxy-5-(4-methyl-3 4-dihydroquinolin-1{ZH)}-yDpyridin-3-
yO{(S)-3-phenylpyrrolidin-1-yDmethavone, 045
6-butyl-5-(2-methyl-3 4-dihydroquinolin-1{ZH)-y1}-3-{((4-(2-methvlpyridin-3-
yhphenyhsulfonylpyridine-2,4-diol, 046
6-butyl-3-((4-(2-fluorc-3-methylpyridin-4-yhphenyhsulfonyl)-5-(2-methyl-3,4-
dihydroquinolin-1{2H)-yDpyndine-2 4-diol, 047
6-butyl-3-({4-(6-fluoro-2-methylpyridin-3-vhphenvi)sutfonyl }-5-(2~-methyi-3,4-
dihydroquinolin-1(2H)-vlpyridine-2,4-diol, 048
6~{cyclopropylmethyl)-S-(ethyl{phenyamino)}-3-((4-(2-flucro-3-methylpyridin-4-
vhphenyljsutfonyhpyridine-2 4-diol, 049
o-(cyclopropylmethyl}-3-(ethyl{phenylDamino}-3-({4-(2-methylpyridin-3-
vhphenyhsulfonyljpyridine-2,4-dicl, 050
6-{cyclopropylmethyl}-5-(ethyl{phenylyamine)-3-((4-{6-flucro-2-methylpyridin-3-
yvhphenyhsulfonylpyridine-2,4-diol, 051
o-{cyclopropylmethyl}-5-(ethyl{ phenylyamino}-3-({(4-(3-methylpyridin-4-
yhphenvsutfonyhjpyridine-2,4-diol, 052
(6-{cyclopropylmethyl}-5-(ethvl{pheny!jamino)-2 4-dihydroxypyridin-3-y1){3-
(3,5-diflucropyridin-2-yhpyrrolidin-1-yhmethanone, 053
4'-({6-butyl-5-(3,4-dihydrogquinolin-1{2H)-y1}-2 4-dihydroxypyridin-3-
yhsulfonyl)-N, N-dimethyi-[1,1-biphenyl}-2-carboxaride, 054
4'-({6-{cyclopropylmethyl}-S-{ethyl(phenvljamino}-2 4-dibydroxypyridin-3-
yhsulfonyl)-N-methyl-[1,1-biphenyl}-2-carboxamide, 055
4 -((S-(ethyl(phenyljamino)-2,4~-dihydroxy-o-( 1 -methyi-1H-pyrazol-3-ylipyridin-
3-yhsulfonyl)-N-methyl-{ 1, 1-biphenyl]-2-carboxamide, 056
4'-({6-butyl-53-(3,4-dihydroguinolin-1{2H)-v1)-2, 4-dihydroxypyridin-3-
vhsulfonyl)-[1,1'-biphenyt]-2-carboxamide, 057
S-(ethyl(phenyDamino}-0-(1-methyl-1H-pyrazol-3-y1)-3-{((4-(2-methylpyridin-3-
vhphenyljsutfonyhpyridine-2 4-diol, 058
S-{ethyl{phenyhamino)-3-({4-(6-tluoro-2-methylpyridin-3-yjphenylsulfonyl }-6-
{1-methyi-1H-pyrazol-3-yhpyridine-2,4-diol, 059
4-({S-(ethyl{phenyljamino)-2,4-dihydroxy-6-( 1 -methyl-1H-pyrazol-3-vlpyridin-
3-yhsulfonyl)-N,N-dimethyl-[ 1,1-biphenyl}-Z-carboxamide, 060
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4'-({6-butyl-5-(3,4-dihydrogquinolin-1{2H)-y1}-2 4-dihydroxypyridin-3-
yhsulfonyl)-N-methyi-[1,1-biphenyl}-2-carboxamide, 061

4'-{{6-{cyclopropylmethyl)-5-(ethyl(phenvl}amino)-2,4-dihydroxypyridin-3-
yhsultonyl)}-N, N-dimmethyl-[ 1, 1-biphenyl}-Z-carboxamide, 062

5-{ethyl{phenyDamino}-3-({4-(2-fluoro-3-methylpyridin-4-yi)phenyl)sulfonyl -6~
(1-methyl-1H-pyrazol-3-ylpyridine-2, 4-diol, 063

S-{ethyl{phenyhamino}-6-(1-methyl-1H-pyrazol-3-y1}-3-{{4-(3-methylpyndin-4-
vhiphenvhsulfonylypyridine-2 4-diol, 064

4-({(6-butyl-2,4-dihydroxy-S-(methyl{phenyDaminoypyridin-3-ylsulfonyl)-[1,1'-
biphenyl}-2-carboxamide, 065

(R)-(6-butyl-5-(ethyl{phenylamino)-2 4-dihydroxypyridin-3-y1)(3-
phenvlpyrrolidin-1-yl)methanone, 066

(6-butyl-5-(ethyl{phenyhamino}-2 4-dihydroxypyridin-3-yH(3-(5-chloropyridin-2-
yhpyrrolidin-1-ylimethanone, 067

(8)-(6-butyl-2,4-dihydroxy-5-(phenyl{propyDamino)pyridin-3-y1)(3-
phenvipyrrolidin-1-yl)methanone, 068

(R)-(6-butyl-2,4-dihydroxy-5-(phenvl{propyDaminoipyridin-3-vH(3-
phenylpyrrolidin- I-yDmethanone, 069

{6-butyl-5-(ethyl{phenyl)amino}-2,4-dihydroxypyridin-3-yH{(3-(5-chloro-3-
fluoropyridin-2-yhpyrrolidin-1-yhmethanone, 070

(6-butyl-5-{ethyl(phenvlamino}-2, 4-dibydroxypyridin-3-y 3-(3,5-
diflucropyridin-2-vhpyrrolidin-1-yhmethanone, 071

{6-butyl-5-(ethyl{phenyhamino)-2,4-dihydroxypyridin-3-yD{3~(5-chloro-3-
fluoropyridin-2-yhpyrrolidin-1-yDmethanone, 072

(6-butyl-S-(ethyl{(phenyhamino)-2 4-dihydroxypyridin-3-yH(3-(3,5-
difluoropyridin-2-yhpyrrolidin-1-ylimethanone, 073

(6-butyl-5-(ethyl{phenyhamino)-2 4-dihydroxypyridin-3-yi {4-(2,3~
dichlorcbenzyl)piperazin-1-yljmethanone, 074

{(6-butyl-S-(ethyl(phenyljamino}-2 4-dihydroxypyridin-3-yH{(3-(2-
fluorophenyhpyrrolidin-1-yhimethanone, 075

(6-butyl-5-(ethyl{phenyhamino}-2 4-dihydroxypyridin-3-yH(3-(5-chloropyridin-2-

yhpyrrolidin-1-ylmethanone, 076
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3-({4-bromophenysulfonyl}-6-buiyl-5-(ethyl{phenyl)aminopyridine-2 4-diol,
077

6-butyl-5-(ethyl{phenyl}amino}-3-((4-(3-methylpyridin-4-
yhphenyhsulfonylypyridine-2,4-diol, 078

6-butyl-5-(ethyl{phenyl)amino)-3-({4-(2~-methylpyndin-3-
vhphenylsultfonybpyridine-2,4-diol, 079

6-butyl-5-{ethyl{(phenyljamino -3 ~((4~(2-fluoro-3-methylpyridin-4-
vhphenvhsulfonyl ypyridine-2 4-diol, 080

6-butyl-3-(ethyl{phenylamino)-3-((4-(Z-methoxypyridin-4-
vhphenyljsulfonyhpyridine-2,4-diol, 081

F-{(4~((6-butyl-S-(ethyl{phenyDamino)-2.4-dihydroxypyridin-3-
vhsulfonyl)phenyt}-5-chloropyridin-2(1H)-one, 082

4-({6-butyl-S-(ethyl(phenyljamino)-2,4-dihydroxypyridin-3-yDsulfonyl)-[1,1-
biphenyl]-2-carbonitrile, 083

o-butyl-S-(ethyl{phenylamino)-3-(phenylsulfonyl)pyridine-2,4-diol, 084

4'-({6-butyl-5-(ethyl{phenylamino)}-2,4-dihydroxypyridin-3-yDsulfonyl)-[ 1,1'-
biphenyl|-2-carboxamide, 085

6-butyl-5-{ethyl{phenylDamino)-3-({4-(6-fluoro-2-methylpyridin-3-
vhphenyljsutfonyhpyridine-2 4-diol, 086

6-butyl-S-(ethyl{(phenyhamino)-3-((2'-(methoxymethyl)-[ 1, 1'-biphenyl -4~
yhsulfonylpyridine-2 4-diol, 087

3-([1,1"-biphenyl}-4-yisulfonyl}-6-butyl-5-(ethyl(phenyhaminopyridine-2,4-diol,
088

o-butyl-S-(methyl{m-tolylamino)-3-((4-(G-methylpyndin-4-
yhphenyhsutfonybpyridine-2,4-diol, 090

6-butyl-3-({(4-(2-fluoro-3 -methylpyridin-4-vh)phenvhsulfonyl }-5-(methvi{m-
tolyDJamino)pyridine-2 4-diol, 091

6-butyl-3-({(4-(2-fluore-3-methylpyridin-4-yl jphenyl sulfonyl)-5-{(methvl{p-
tolyhanmino)pyridine-2 4-diol, 092

3-({4-bromophenyl jsulfonyl)}-6-butyt-5-(methyl{m-tolyhyamino)pyndine-2,4-diol,
093
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6-butyl-5-(methvyl{p-tolylyaminc)-3-((4-(3-methylpyridin-4-
yhphenyhsutfonybpyridine-2,4-diol, 094

6-butyl-3-({(4-(6-fluoro-2-methylpyridin-3-vhphenvhsulfonyl }-5-(methvi{m-
tolyDamino)pyridine-2 4-diol, 095

6-butyl-5-(methvi{m-tolyhamino}-3-({(4-(2-methylpyridin-3-
vhphenylisultfonybpyridine-2,4-diol, 096

6-butyl-S-{methyl{p-tolyllamino)-3-({4-(Z-methylpyridin-3-
vhiphenvhsulfonyl ypyridine-2 4-diol, 097

I-(4-({6-butyl-2, 4-dihydroxy-S-(methyl(p-tolyDamino)pyridin-3-
vhsulfonyl)phenyl)-5-methylpyridin-2(1H}-one, 098

I-{(4~((6-butyl-2 4-dihydroxy-5-{methyl{m-tolyDaminojpyridin-3-
vhsulfonyl)phenyt)-5-methylpyridin-2{1H}-one, 099

6-butyl-3-({(4-cyclopropviphenyljsulfonyl)-5-(methyl(p-tolyhyaminojpyridine-2 4-
diol, 160

o-butyl-5S~((3-flucrophenyl){(methyDamino}-3-((4-(2-methylpyridin-3-
yhphenvhsutfonyhpyridine-2 4-diol, 101

6-butyl-5-((3-chloropheny! K methyhamino}-3-({(4-(2-methylpynidin-3-
yhphenyhsulfonylpyridine-2,4-diol, 102

6-butyl-5-({(4-chiorophenyl }methyljamino)}-3-((4-(2-flucre-3-methylpyridin-4-
yhphenyhsutfonybpyridine-2,4-diol, 103

6-butyl-5-((3-flucrophenyl}(methyhamino}-3-({4-G-methylpyridin-4-
yvhphenyhsulfonylpyridine-2,4-diol, 104

6-butyl-5-((3-chiorophenyl }(methyhamino)}-3-((4-(6-fluoro-2-methylpyridin-3-
vhphenylsulfonyhpyridine-2 4-diol, 105

6-butyl-3-({(4-(2-fluoro-3-methylpyridin-4-yyphenyhsulfonyl)-5-{(3-
fluorophenvi}methyDaminopyridine-2,4-diol, 106

6-butyl-5-((3-chlorophenyl }methyhamino}-3-((4-(2-fluoro-3-methylpyridin-4-
vhphenyljsutfonyhpyridine-2 4-diol, 107

o-butyl-S-({(4-chlorophenyl Y{methyl)amino)-3-((4-(3-methylpyridin-4-
yvhphenvhsutfonyhpyridine-2 4-diol, 108

6-butyl-3-({(4-(6-fluoro-2-methylpyridin-3-yhphenyDsulfonyl }-5-((3-

fluorophenyl}(methyhamino)pyridine-2,4-diol, 109
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6-butyl-5-((3-chiorophenyl }(methyl jamino)-3-((4-(3-methylpyridin-4-
yhphenyhsutfonybpyridine-2,4-diol, 110

6-butyl-5-({4-chloropheny! K methyhamino}-3-({(4-(2-methylpynidin-3-
yhphenylhsulfonylypyridine-2,4-diol, 111

Wh

6-butyl-5-((2-fluorophenyl}{methyhamino)}-3-((4-(3-methvlpyridin-4-
vhphenylisultfonybpyridine-2,4-diol, 112
3-({2-butyl-4,6~-dihydroxy-5-({4-(3-methylpyridin-4-yhphenylsulfonypyridin-3-
yi}{methyljaminojbenzonitrile, 113
S-(ethyl(phenyDamino)-3~-({(4-(6-fluoro-2-methylpyridin-3-ylphenylsultonyl -6~
10 (m-tolyDpyridine-2,4-diol, 114
6-butyl-5-(3,4-dihvdrobenzo[bli 1,4Joxazepin-5(2H)-y1}-3-({(4-(6-fluoro-2-
methylpyridin-3-yliphenyl jsulfonyl)pyridine-2,4-diol, 115
6-butyl-3-({(4-(3-methylpyridin-4-vlphenyhsulfonyl)-5-(2-phenylpiperidin-1-
yvhpyridine-2,4-diol, 116
15 3-((2-butyl-5-({4-(6-fluoro-2-methylpyridin-3-yl)phenylsulfonyl }-4,6-
dihydroxypyridin-3-yH{methyl}amino)benzonitrile, 117
6-butyl-3-({(4-(6-fluoro-2-methylpyridin-3-vh)phenvhsulfonyl }-5-((2-
fluoropheny{(methyDamino)pyridine-2,4-diol, 118
3-((2-butyl-4, 6-dihydroxy-5-((4-(2-methylpyridin-3-yDphenyl)sulfonyypyridin-3-
20 yh{methyDamino)benzonitrile, 119
S-(ethyl{phenyhjamino)-3-((4-(3~-methylpyridin-4-ylphenylsutfonyl }-6-(m-
tolylypyridine-2 4-diol, 120
5-{ethyl{phenyDamino}-3-({4-(2-fluoro-3-methylpyridin-4-yi)phenyl)sulfonyl -6~
(m-tolyDpyridine-2 4-diol, 122
25 6-butyl-5-(3,4-dihydrobenzofbl{1,4loxazepin-5(2H)-y1)-3-((4-(2-methylpyridin-3-
vhphenyhsulfony jpyridine-2,4-dicl, 123
6-butyl-53-((2-fluorophenyl}{methyhamino)-3-{(4-2-methylpyridin-3-
vhphenyljsutfonyhpyridine-2 4-diol, 124
o-butyl-3-((4-(2-fluoro-3-methylpyridin-4-yl yphenyhsulfonyl)-5-((2-
30 fluorophenyl}{methyDaminojpyridine-2,4-diol, 125
6-butyl-3-({(4-(6-fluoro-2-methylpyridin-3-yhphenyDsulfonyi)-5-(2-
phenylpiperidin-1-yDpyridine-2,4-diol, 126
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o-butyl-5-(3,4-dihydrobenzo{bli 1,4 loxazepin-5(2H -y }-3-({(4-( 2-fluoro-3-
methylpyridin-4-yhphenyisulfonylpyndine-2,4-diol, 127

6-butyl-3-({(4-(2-fluoro-3-methylpyridin-4-vlphenyh)sulfonyl}-5-(2-
phenylpiperidin-1-yDpyridine-2,4-diol, 128

6-butyl-5-(3,4-dihydrobenzofbl{1,4loxazepin-S(2H}-v1}-3~({4-(3-methylpyridin-4-
vhphenylisultfonybpyridine-2,4-diol, 129

(3-(3,5-ditluoropyridin-2-yhpyrrolidin-1-vI}{(S-(ethyi{(phenyl yamino}-2 4-
dihydroxy-6-(m-tolyl jpyridin-3-ylimethanone, 130

3~{{(4-bromophenyljsultonyl)-S-(ethyl{phenylJamino)-6-(m-tolyDpyndine-2 4-
diol, 131

(3-(3,S-difluoropyridin-2-yhpyrrolidin-1-y ) S-(ethyl{phenylyamino)-2 4~
dihydroxy-6-(m-tolyl jpyridin-3-ylimethanone, 132

6-butyl-5-((3,5-dimethylphenvyl ethyl yamino)-3-({4-(3-methylpyridin-4-
yvhphenylisulfonylpyridine-2,4-diol, 133

3-({(4-bromophenylsulfonyl}-6-butyl-5-({3,5-
dimethylphenyl}{ethylJamino)pyridine-2 4-dicl, 134

6-butyl-5-((3,5-dimethylpheny! } ethyDamino}-3-({4-(6-fluoro-2-methylpyridin-3-
yhphenyhsulfonylpyridine-2,4-diol, 135

6-butyl-5-((3,5-dimethylphenyl}{ethyl jamino)-3-((4-(2-flucro-3-methylpyridin-4-
yhphenyhsutfonybpyridine-2,4-diol, 136

4'-({6-butyl-5-((3-cyanophenyl}{(methylhamino)-2,4~-dihydroxypyridin-3-
vhsulfonyl-N-methyl-[1, 1'-biphenyl]}-2-carboxamide, 137

4'-((6-butyl-5-{(3~cyanophenyl}{methyhamino)-2,4-dihydroxypyridin-3-
vhsulfonyl)-[ 1, I'-biphenyl}-2-carboxamide, 138

4'-({6-butyl-5-((3-cyanophenyl }(methyhamino)-2,4-dihydroxypyridin-3-
vhsulfonyl)-N, N-dimethyi-[1,}'-biphenyl}-2-carboxamide, 139

A-({(6-butyl-S~{(3,5-dimethylphenyl Y ethyDamino}-2, 4-dihydroxypyridin-3-
yvhsulfonyl)-N N-dimethyi-[ 1, T'-biphenyl}-2-carboxamide, 140

4'-((5-(ethyl{phenylyamino)-2,4-dihvdroxy-0-(m-tolylpyridin-3-yhsutfonyl)-N,N-
dimethyl-{1,1-biphenyl}-2-carboxamide, 141

4-({6-butyl-5-(3 4-dihydrobenzo[bl{ 1, 4]oxazepin-5(2H)-y1}-2 4-

dibydroxypyridin-3-yhsulfonvl}-N,N-dimethvi-[ 1,1'-biphenyl|-2-carboxamide, 142
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4'-({6-butyl-5-((3,5-dimethyiphenvl)}(ethyDamino}-2 4-dihydroxypyridin-3-
yhsulfonyh)-[ 1, 1'-biphenyl}-2-carboxamide, 143

4'-{{5-(ethyl{phenyl)amino}-2 4-dihydroxy-6-(m-tolvl}pyridin-3-ylisulfonyl)-{1,1'-
biphenyl]-2-carboxamide, 144

4 -((S-(ethyl{phenyljamino)-2,4-dithydroxy-0-(m-tolvl }pyridin-3-ylsutfonyl }-N-
methyl-{ 1, 1'-biphenyl]-2-carboxamide, 145

4'-({6-butyl-5-(3,4-dihydrobenzo[bl{ 1 4]oxazepin-S2H }-y1}-2,4-
dihydroxypyridin-3-yhsulfonyl}-N-methyl-[ 1, 1'-biphenyl]-2-carboxamide, 146

i OTHER EMBODIMENTS OF THE INVENTION

In another embodiment, the present invention provides a composition comprising
at least one of the compounds of the present invention or a stereoisomer, a tautomer, a
pharmaceutically acceptable salt, or a solvate thereof.

In another embodiment, the present invention provides a pharmaceutical
composition comprising a pharmaceutically acceptable carrier and at least one of the
compounds of the present invention or a sterecisomer, a tautomer, a pharmaceutically
acceptable salt, or a solvate thereot.

In another embodiment, the present invention provides a pharmaceutical
composition, comprising a pharmaceutically acceptable carrier and a therapeutically
effective amount of at least one of the compounds of the present invention or a
stereoisomer, a tautomer, a pharmaceutically acceptable salt, or a solvate thereof.

In another embodiment, the present invention provides a process for making a
compound of the present invention or a sterecisomer, a tautomer, a pharmaceutically
acceptable salt, or a solvate thereof.

In another embodiment, the present invention provides an intermediate for making
a compound of the present invention or a sterecisomer, a tautomer, a pharmaceutically
acceptable salt, or a solvate thereof.

The present invention provides a pharmaceutical composition further comprising
additional therapeutic agent(s). In a preferred embodiment, the present invention
provides pharmaceutical composition, wherein the additional therapeutic agent is, for
example, angiotensin converting enzyme (ACE) inhibitor, B-adrenergic receptor blocker,

angiotensin H receptor blocker, diuretic, aldosterone antagonist and digitalis compound.
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In another embodiment, the present invention provides a method for the treatment
and/or prophylaxis of multiple diseases or disorders associated with APJ or apelin
activity, comprising administering to a patient in need of such treatment and/or
prophylaxis a therapeutically effective arnount of at least one of the compounds of the
present invention, alone, or, optionally, in combination with another compound of the
present invention and/or at least one other type of therapeutic agent.

Examples of diseases or disorders associated with the activity of the APJ and
apelin that can be prevented, modulated, or treated according to the present invention
include, but are not limited to heart failure such as acute decompensated heart failure
(ADHF), atnial fibrillation, coronary artery disease, peripheral vascular disease,
atherosclerosis, diabetes, metabolic syndrome, hypertension, pulmonary hypertension,
cerebrovascular disorders and the sequelae thereof, cardiovascular disorders, angina,
ischemia, stroke, myocardial infarction, acute coronary syndrome, reperfusion injury,
angioplastic restenosis, vascular complications of diabetes and obesity.

In another embodiment, the present invention provides a method for the treatment
and/or prophylaxis of heart failure, coronary artery disease, peripheral vascular disease,
atherosclerosis, diabetes, metabolic syndrome, hypertension, pulmonary hypertension,
atrial fibrillation, angina, ischemia, stroke, myocardial infarction, acute coronary
syndrome, reperfusion injury, angioplastic restenosts, vascular complications of diabetes,
obesity, comprising administering to a patient in need of such treatruent and/or
prophylaxis a therapeutically effective amount of at least one of the compounds of the
present invention, alone, or, optionally, in combination with another compound of the
present invention and/or at least one other type of therapeutic agent.

In another embodiment, the present invention provides a method for the treatment
and/or prophylaxis of heart failure such as ADHF, comprising administering to a patient
in need of such treatment and/or prophylaxis a therapeutically effective amount of at least
one of the compounds of the present invention, alone, or, optionally, in combination with
another compound of the present invention and/or at least one other type of therapeutic
agent.

In another embodiment, the present invention provides a method for the treatment
and/or prophylaxis of diabetes and obesity, comprising administering to a patient in need

of such treatment and/or prophylaxis a therapeutically effective amount of at feast one of
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the compounds of the present invention, alone, or, optionally, in combination with
another compound of the present invention and/or at least one other type of therapeutic
agent.

In another embodiment, the present invention provides a method for the treatment
and/or prophylaxis of hypertension, comprising administering to a patient in need of such
treatment and/or prophylaxis a therapeutically effective amount of at least one of the
compounds of the present invention, alone, or, optionally, in combination with another
compound of the present invention and/or at least one other type of therapeutic agent.

In another embodiment, the present invention provides a method for the treatment
and/or prophylaxis of pulmonary hypertension, comprising administering to a patient in
need of such treatment and/or prophylaxis a therapeutically effective amount of at least
one of the compounds of the present invention, alone, or, optionally, in combination with
another compound of the present invention and/or at least one other type of therapeutic
agent,

In another embodiment, the present invention provides a method for the treatment
and/or prophylaxis of acute coronary syndrome and cardiac ischemia, comprising
administering to a patient in need of such treatment and/or prophylaxis a therapeutically
effective amount of at least one of the compounds of the present invention, alone, or,
opticnally, in combination with another compound of the present invention and/or at least
one other type of therapeutic agent.

In another embodiment, the present invention provides a compound of the present
invention for use in therapy.

In another embodiment, the present invention provides a compound of the present
invention for use in therapy for the treatment and/or prophylaxis of multiple diseases or
disorders associated with APJ and apelin.

In another embodiment, the present invention also provides the use of a compound
of the present invention for the manufacture of a medicament for the treatment and/or
prophylaxis of multiple diseases or disorders associated with APJ and apelin.

In another embodiment, the present invention provides a method for the treatment
and/or prophylaxis of multiple diseases or disorders associated with APF and apelin,
comprising administering to a patient in need thereof a therapeutically effective amount

of a first and second therapeutic agent, wherein the first therapeutic agent is a compound

39



Wh

20

30

WO 2018/071622 PCT/US2017/056265

of the present invention. Preferably, the second therapeutic agent, for example selected
inotropic agent such as B-adrenergic agonist (for example dobutamine).

In another embodiment, the present invention provides a combined preparation of
a compound of the present invention and additional therapeutic agent(s) for sirnultaneous,
separate or sequential use in therapy.

In another embodiment, the present invention provides a combined preparation of
a compound of the present invention and additional therapeutic agent(s) for simultaneous,
separate or sequential use in the treatment and/or prophylaxis of multiple diseases or
disorders associated with APJ and apelin.

Where desired, the compound of the present invention may be used in
combination with one or more other types of cardiovascular agents and/or one or more
other types of therapeutic agents which may be administered orally in the same dosage
form, in a separate oral dosage form or by injection. The other type of cardiovascular
agents that may be optionally employed in combination with the APF agonist of the
present invention may be one, two, three or more cardiovascular agents administered
orally in the same dosage form, in a separate oral dosage form, or by injection to produce
an additional pharmacological benefit.

The compounds of the present invention may be employed in combination with
additional therapeutic agent(s) selected from one or more, preferably one to three, of the
following therapeutic agents: anti-hypertensive agents, ACE inhibitors, mineralocorticoid
receptor antagonists, angiotensin receptor biockers, calcium channel blockers, B-
adrenergic receptor blockers, diuretics, vasorelaxation agents such as nitrates, anti-
atherosclerotic agents, anti-dyslipidemic agents, anti-diabetic agents, anti-hyperglycemic
agents, anti-hyperinsulinemic agents, anti-thrombotic agents, anti-retinopathic agents,
anti-neuropathic agents, anti-nephropathic agents, anti-ischemic agents, calcium channel
blockers, anti-obesity agents, anti-hyperlipidemic agents, anti-hypertriglyceridemic
agents, anti-hypercholesterolemic agents, anti-restenotic agents, anti-pancreatic agents,
lipid lowering agents, ancrectic agents, memory enhancing agents, anti-dementia agents,
cognition promoting agents, appetite suppressants, agents for treating heart failure, agents
for treating peripheral arterial disease, agents for treating malignant tumors, and anti-

inflammatory agents.
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In another embodiment, additional therapeutic agent(s) used in combined
pharmaceutical compositions or combined methods or combined uses, are selected from
one or more, preferably one to three, of the following therapeutic agents in treating heart
failure; ACE inhibitors, B-blockers, diuretics, mineralocorticoid receptor antagonists,
renin inhibitors, calcium channel blockers, angiotensin II receptor antagonists, nitrates,
digitalis compounds, inotropic agents.

The present invention may be embodied 1n other specific forms without parting
from the spirit or essential atiributes thereof. This invention encompasses all
combinations of preferred aspects of the invention noted herein. It is understood that any
and all embodiments of the present invention may be taken in conjunction with any other
ernbodiment or embodiments to describe additional embodiments. It is also understood
that each individual element of the embodiments is its own independent embodiment.
Furthermore, any element of an embodiment 1s meant to be combined with any and all

other elements from any embodiment to describe an additional embodiment.

I CHEMISTRY

Throughout the specification and the appended claims, a given chemical formula
or name shall encompass all stereo and optical isomers and racemates thereof where such
isomers exist. Unless otherwise indicated, all chiral {enantiomeric and diastereomeric)
and racemic forms are within the scope of the tovention. Many geometric 1somers of
C=C double bonds, C=N double bonds, ring systems, and the like can also be present in
the compounds, and all such stable 1somers are contemplated in the present invention.
Cis- and trans- (or £- and Z-} geometric isomers of the compounds of the present
invention are described and may be isolated as a mixture of isomers or as separated
isomeric forms. The present compounds can be isolated in optically active or raceruic
tforms. Optically active forms may be prepared by resolution of racemic forms or by
synthesis from optically active starting materials. All processes used to prepare
compounds of the present invention and intermediates made therein are considered to be
part of the present invention. When enantiomeric or diastereomeric products are
prepared, they may be separated by conventional methods, for example, by
chromatography or fractional crystallization. Depending on the process conditions the end

products of the present invention are obtained either in free (neutral} or salt form. Both
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the free form and the salts of these end products are within the scope of the invention. If
so desired, one form of a compound may be converted into another form. A free base or
acid may be converted into a salt; a salt may be converted into the free compound or
another salt; a mixture of 1someric compounds of the present invention may be separated
into the individual isomers. Compounds of the present invention, free form and salts
thereof, may exist in multiple tautomeric forms, in which hydrogen atoms are transposed
to other parts of the molecules and the chemical bonds between the atoms of the
molecules are consequently rearranged. It should be understood that all tautomeric forms,
insofar as they may exist, are included within the invention.

As used herein, the term "alkyl" or "alkylene" is intended to include both
branched and straight-chain saturated aliphatic hydrocarbon groups having the specified
number of carbon atoms. For examples, "Cito Cp alkyl” or "Ci.p2 alkyl" (or alkylene}, is
intended to include C1, €y, C3, Cy, Cs, Co, Cr, Cs, Co, Cro, C11 and Crp alkyl groups; "Cito
Cig altkyl" or "Caag alkyl” (or alkyiene), ts intended to include Cy, Cs, Cs, Cr, Cs, Co, Cio,
Ci, Crz, Ci3, Cug, Cis, Cis, Cy7, and Cig alkyl groups. Additionally, for example, "Ci to
e alkeyl” or "Cius alkyl" denotes alkyl having 1 to 6 carbon atoms. Alkyl group can be
unsubstituted or substituted with at least one hydrogen being replaced by another
chemical group. Example alkyl groups include, but are not limited to, methyl (Me), ethyl
(Et), propyl {e.g., n-propv! and isopropyl), butyl {e.g., n-butyl, isobutyl, #-butyl}, and
pentyl (e.g., n-pentyl, isopentyl, neopentyl). When "Coalkyl” or
"Cy alkylene” 1s used, it is intended to denote a direct bond.

"Alkenyl" or "alkenylene" is intended to include hydrocarbon chains of either
straight or branched configuration having the specified number of carbon atoms and one
or more, preferably one to two, carbon-carbon double bonds that may occur in any stable
point along the chatn. For example, "Cxto Cs alkenyl” or "Ca.e alkenyl” (or alkenylene),
is intended to include O, Cs, 4, Cs, and Cs alkeny! groups. Examples of alkenyl! include,
but are not imited to, ethenyl, 1-propenyl, 2-propenyl, 2-butenyl, 3-butenyl, 2-pentenyl,
3, pentenyl, 4-pentenyl, 2Z-hexenyl, 3-hexenvl, 4-hexenyl, S-hexenyli,
2-methyl-2-propenyl, and 4-methyl-3-pentenyl.

"Alkynyl" or "alkynvlene” is intended to include hydrocarbon chains of either
straight or branched configuration having one or more, preferably one to three,

carbon-carbon triple bonds that may occur in any stable potnt along the chain. For
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example, "Czto Cs alkynyl" or "Crs altkynyl" {or alkynylene), is intended to include C;,
Cs, Ca, Cs, and Ce alkynyl groups; such as ethynyl, propyayl, butynyl, pentynyi, and
hexynyl.

When the termn "hydrocarbon chain” is used, it is intended to include “alkyl",
"atkenyl" and "alkyoyl", unless otherwise specified.

The term "alkoxy" or "alkyloxy” refers to an -O-alkyl group. For example,

"Crio Ce alkoxy" or "Crs alkoxy” (or alkyloxy}, 1s intended to include C;, Gy, Cs, Cy, Cs,
and Cs alkoxy groups. Example alkoxy groups include, but are not limited to, methoxy,
ethoxy, propoxy (e.g., n~propoxy and isopropoxy), and #-butoxy. Similarly, "alkylthio" or
"thipalkoxy" represents an alkyl group as defined above with the indicated number of
carbon atoms attached through a sulphur bridge; for example methyl-S- and ethyl-5-,

"Halo" or "halogen"” includes fluorg, chloro, bromo, and iodo. "Haloalkyl" is
intended to include both branched and straight-chain saturated aliphatic hydrocarbon
groups having the specified number of carbon atoms, substituted with 1 or more halogens.
Examples of haloalkyl include, but are not limited to, fluoromethyl, difluoromethyi,
trifluoromethyl, trichloromethyl, pentatluoroethyi, pentachloroethyl, 2,2 2-trifluorcethyl,
heptafluoropropyl, and heptachloropropyl. Examples of haloalkyl also include
"fluoroalkyl” that is intended to include both branched and straight-chain saturated
aliphatic hydrocarbon groups having the specified number of carbon atoms, substituted
with 1 or more fluorine atoms.

"Haloalkoxy" or "haloalkyloxy" represents a haloalkyl group as defined above
with the indicated number of carbon atoms attached through an oxygen bridge. For
example, "Cre halocalkoxy", is intended to include Cy, Cy, Cs, Cs, Cs, and Cs haloaltkoxy
groups. Examples of haloalkoxy include, but are not limited to, trifluoromethoxy,

2,2 2-trifluoroethoxy, and pentafluorothoxy. Simularly, "haloalkylthio” or
"thichaloalkoxy" represents a haloalky! group as defined above with the indicated number
of carbon atoms attached through a sulphur bridge; for example trifluoromethyi-S-, and
pentafluorcethyl-S-.

The term "cycloalkyl” refers to cyclized alkyl groups, including mono-, bi- or
poly-cyclic ring systems. For example, "Cs to Cs cycloalkyl” or "Cs.g cycloalkyl” is
intended to include Cs, Cy, Cs, and Ce cycloalkyl groups. Example cycloalkyl groups

include, but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and
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norbornyl. Branched cycloalkyl groups such as T-methyleyclopropyl and
2-methylicyclopropyl are included in the definition of "cycloalkyl". The term
"cycloalkenyl" refers to cyclized alkenyl groups. Cas cycloalkeny! is intended to include
Ca, Cs, and Cs cycloalkenyl groups. Example cycloalkeny] groups include, but are not

fimited to, cyclobutenvl, cyclopentenyl, and cyclohexenyl.

N
>

As used herein, "carbocycle", "carbocyclyl", or "carbocyclic residue” is intended
to mean any stable 3~, 4+, 5-, 6-, 7-, or 8-membered monocyclic or bicyclic or 7-, 8-, 9-,
10-, 11-, 12- or 13-membered bicyclic or tricyclic hydrocarbon ring, any of which may
be saturated, partially unsaturated, unsaturated or aromatic. Examples of such
carbocycles include, but are not limited to, cyclopropyl, cyclobutyl, cyclobutenyl,
cyclopentyl, cyclopentenyl, cyclohexyl, cycloheptenyl, cycloheptyl, cycloheptenyl,
adamantyl, cyclooctyl, eyclooctenyl, eyclooctadienyl, [3.3.0]bicyclooctane,

[4.3 Olbicyclononane, [4.4.0bicyclodecane {decalin), [2.2.2]bicyclooctane, fluorenyl,
phenyl, naphthyl, indanyl, adamantyl, anthracenyl, and tetrahydronaphthyl (tetralin). As
shown above, bridged rings are also included in the definition of carbocycle (e.g,

[2.2 2lbicyclooctane). Preferred carbocycles, unless otherwise specified, are cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, phenyl, indanyl, and tetrahydronaphthyl. When the
term "carbocycle” is used, it 18 intended to mclude "aryl" A bridged ring occurs when
one or more, preferably one to three, carbon atoms link two non-adjacent carbon atoms.
Preferred bridges are one or two carbon atoms. Tt 18 noted that a bridge always converts a
monocyclic ring into a tricyclic ring. When a ring is bridged, the substituents recited for
the ring may also be present on the bridge.

As used herein, the term "bicyclic carbocycle” or "bicyclic carbocyclic group” ts
intended to mean a stable 9- or 10-membered carbocyclic ring system that contains two
fused rings and consists of carbon atoms. Of the two fused rings, one ning 1s a benzo ring
tused to a second ring; and the second ring is a 5- or 6-membered carbon ring which is
saturated, partially unsaturated, or unsaturated. The bicyclic carbocyclic group may be
attached to its pendant group at any carbon atom which results in a stable structure. The
bicyclic carboceyclic group described herein may be substituted on any carbon if the
resulting compound is stable. Examples of a bicyclic carbocyclic group are, but not

himited to, naphthyl, 1,2-dihydronaphthyl, 1,23 4-tetrahydronaphthyl, and indanyl.
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"Aryl" groups refer to monocyclic or bicyclic aromatic hydrocarbons, including,
for example, phenyl, and naphthyl. Aryl moieties are well known and described, for
example, in Lewis, R.J. ed., Hawley's Condensed Chemical Dictionary, 15th Edition,
John Wiley & Sons, Inc., New York (2007). "Coe.j0 aryl” refers to phenyl and naphthyl.

The term "benzyl”, as used herein, refers to a methvl group on which one of the
hydrogen atoms is replaced by a phenyl group.

As used herein, the term "heterocycle”, "heterccyclyl”, or "heterocyclic group" s
intended to mean a stable 3-, 4-, 5- 6-, or 7-membered monocyclic or bicyclic or 7-, 8-,
9-,10-, 11-, 12-, 13-, or 14-membered polycyclic heterocyclic ring that is saturated,
partially unsaturated, or fully unsaturated, and that contains carbon atomsand 1,2, 3 or 4
heteroatoms independently selected from the group consisting of N, O and §; and
including any polycyclic group in which any of the above-defined heterocvelic rings is
tused to a benzene ring. The nitrogen and sulfur heteroatoms may optionally be oxidized
{(i.e., N—{ and 5(0)p, wherein pis 0, 1 or 2). The nitrogen atom may be substituted or
unsubstituted {7.e., N or NR wherein R 1s H or another substituent, if defined). The
heterocyclic ring may be attached to its pendant group at any hetercatom or carbon atom
that results in a stable structure. The heterocyclic rings described herein may be
substituted on carbon or on a nitrogen atom if the resulting corapound is stable. A
nitrogen in the heterocycle may optionally be quaternized. It is preferred that when the
total number of S and O atoms in the heterocycle exceeds 1, then these heteroators are
not adjacent to one another. It is preferred that the total number of S and G atoms in the
heterocycle is not more than 1. When the term "heterocycle” 1s used, it is intended to
include heteroaryl.

Examples of heterocycles include, but are not limited to, acridinyl, azetidinyl,
azocinyl, benzimidazolyl, benzofuranyl, benzothioturanyl, benzothiophenyl,
benzoxazolyl, benzoxazaolinyl, benzthiazolyl, benztriazolyl, benztetrazolyl,
benzisoxazolyl, benzisothiazolyl, benzimidazolinyl, carbazolyl, 4aH-carbazolyl,
carbolinyl, chromanyl, chromenyl, cinnolinyl, decahydroquinclinyl,
2H,6H-1,5 2-dithiazinyl, dihydrofuro[2,3-bltetrahydrofuran, turanyl, furazanyl,
imidazolidinyl, imidazolinyl, imidazolyl, 1/4-indazolyl, imidazolopyridinyl, indolenyl,
indolinyl, indolizinyl, indolyl, 3/-indolvl, isatinoyl, isobenzofuranyl, isochromanyl,

isoindazolyl, isoindolinyl, isoindolyl, isoquinolinyl, isothiazolyl, isothiazolopyridinvl,
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isoxazolyl, isoxazolopyridinyl, methylenedioxyphenyl, morpholinyl, naphthyridinyi,
octahydroisoquinolinyl, oxadiazolyl, 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl,
1,2,5-oxadiazolvl, 1,3 4-oxadiazolyl, oxazolidinyl, oxazolyl, oxazolopyridinyl,
oxazolidinylperimidinyl, oxindolyl, pyrimidinyl, phenanthridinyl, phenanthrolinyl,
phenazinyl, phenothiazinyl, phenoxathiinyl, phenoxazinyl, phthalazinyl, piperazinyl,
piperidinyl, piperidonyl, 4-piperidonyl, piperonyl, pteridinyl, purinyl, pyranyl, pyrazinyl,
pyrazolidinyl, pyrazolinyl, pyrazolopyridinyl, pyrazolyl, pyridazinyl, pyridooxazolyl,
pyridoimidazolyl, pyridothiazolyl, pyridinyl, pyrimidinyl, pyrrolidinyl, pyrroliny,
2-pyrrolidonyl, 2H-pyrrolyl, pyrrolyl, quinazolinyl, quinelinyl, 47-quinolizinyl,
gquinoxalinyl, quinuclidinyl, tetrazolyl, tetrahydrofuranyl, tetrahydroisoquinolinyl,
tetrahydroquinolinyl, 6/-1,2 S-thiadiazinyl, 1,2,3-thiadiazolyl, 1,2,4-thiadiazolyi,
1,2,5-thiadiazolyl, 1,3,4-thiadiazolyl, thianthrenyl, thiazolyl, thienyl, thiazolopyridinyl,
thienothiazolyl, thienooxazolyl, thienoimidazolyl, thiophenyl, triazinyl, 1,2 3-triazolyl,
1,2,4-triazolvl, 1,2, 5-triazolyl, 1,3,4-triazolvl, and xanthenyl. Also included are fused
ring and spiro compounds containing, for example, the above heterocycles.

BExamples of 5- to 10-membered heterocycles include, but are not limited to,
pyridinyl, furanyl, thienvl, pyrrolyl, pyrazolyl, pyrazinyl, piperazinyl, piperidinyi,
imidazolyl, imidazolidinyl, indolyl, tetrazolyl, isoxazolyl, morpholinyl, oxazolyl,
oxadiazolyl, oxazolidinyl, tetrahydrofuranyl, thiadiazinyl, thiadiazolyl, thiazolyl,
triazinyl, triazolyl, benzimidazolyl, 1H-indazolyl, benzoturanyl, benzothioturanyl,
benztetrazolyl, benzotriazolyl, benzisoxazolvl, benzoxazolyl, oxindolyl, benzoxazolinyl,
benzthiazolyl, benzisothiazolyl, isatinovl, isoquinolinyl, octahydroisoquinolinyl,
tetrabydroisoquinolinyl, tetrabydroquinolinyl, isoxazolopyridinyl, quinazolinvl,
guinolinyl, isothiazolopyridinyl, thiazolopyridinyl, oxazolopyridinyl, imidazolopyridinyl,
and pyrazolopyndinyl.

Examples of 5- to 6-membered heterocyeles include, but are not limited to,
pyridinyl, furanyl, thienyl, pyrrolyl, pyrazolyl, pyrazinyl, piperazinyl, piperidinyl,
imidazolyl, imidazolidinyl, indolyl, tetrazolvl, isoxazolyl, morpholinyl, oxazolyvl,
oxadiazolyl, oxazolidinyl, tetrahydrofuranyl, thiadiazinyl, thiadiazolyl, thiazolyl,
triazinyl, and triazolyl. Also included are fused ring and spiro compounds containing, for

example, the above heterocycles.

46



Wh

20

23

30

WO 2018/071622 PCT/US2017/056265

As used herein, the term "bicyclic heterocyele” or "bicyclic heterocyclic group” is
intended to mean a stable 9- or 10-membered heterocychic ring system which contains
two fused rings and consists of carbon atoms and 1, 2, 3, or 4 heteroatoms independently
selected from the group consisting of N, O and S. Of the two fused rings, one ringis a
5- or 6-membered monocyclic aromatic ring comprising a S-membered heteroaryl ring, a
6-membered heteroaryl ring or a benzo ring, each tused to a second ring. The second ring
is a 5~ or 6-membered monocyclic ring which is saturated, partially unsaturated, or
unsaturated, and comprises a S-membered heterocycle, a 6-membered heterocycle ora
carbocycle {provided the first ring 1s not benzo when the second ring is a carboceycle).

The bicyclic heterocyclic group may be attached to its pendant group at any
hetercatom or carbon atom which results in a stable structure. The bicyclic heterocyclic
group described herein may be substituted on carbon or on a nitrogen atom if the resulting
compound is stable. It is preferred that when the total number of S and O atoms in the
heterocycle exceeds 1, then these heteroatoms are not adjacent to one another. It is
preferred that the total number of S and O atoms in the heterocycle 1s not more than 1.

BExamples of a bicyclic heterocyclic group are, but not limtted to, quinolinyl,
isoquinolinyl, phthalazinyl, quinazolinyl, indolyl, isoindolvl, indolinyl, 14-indazolyl,
benzimidazolyl, 1,23 4-tetrahydroquinolinyl, 1,23 4-tetrahydroisoquinolinyl,

5,6,7 8-tetrahydro-guinolinyl, 2,3-dihydro-benzofuranyl, chromanyl,
1,2,3 4~tetrahydro-quinoxalinyl, and 1,23 4-tetrahydro-quinazolinyl.

As used herein, the term "aromatic heterocyclic group” or "heteroaryl” is intended
to mean stable monocyclic and polycyclic aromatic hydrocarbons that include at least one
heteroatom ring member such as sulfur, oxygen, or nitrogen. Heteroaryl groups include,
without imitation, pyridyl, pynmidinvl, pyrazinyl, pyridazinyl, triazinyl, furyl, quinolyl,
isoquinolyl, thienyl, imidazolyl, thiazolyl, indolyl, pyrroyl, oxazolyl, benzoturyl,
benzothienvl, benzthiazolyl, isoxazolyl, pyrazolyl, triazolyl, tetrazolyl, indazolyl,

1,2 4-thiadiazolyl, 1sothiazolyl, purinyl, carbazolyl, benzimidazolyl, indolinyl,
benzodioxolanyl, and benzodioxane. Heteroaryl groups are substituted or unsubstituted.
The nitrogen atom is substituted or unsubstituted (F.e., N or NR wherein R is H or another
substituent, if defined). The nitrogen and sulfur heteroatoms may optionally be oxidized

(i.e., N—Q and S(O)p, wherein pi1s 0, 1 or 2).
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Examples of 5- to 6-membered heteroaryls include, but are not limited to,
pyridinyl, furanyl, thienyl, pyrrolyl, pyrazolyl, pyrazinyl, imidazolyl, imidazolidinyl,
tetrazolyl, isoxazolyl, oxazolyl, oxadiazolyl, oxazolidinyl, thiadiazinyl, thiadiazolyl,
thiazolyl, triazinyl, and triazolyl.

Bridged rings are also included in the definition of heterocycle. A bridged ring
occurs when one or more, preferably one to three, atoms (e, C, O, N, or 8} link two
non-adjacent carbon or nitrogen atoms. Examples of bridged rings include, but are not
limited to, one carbon atom, two carbon atoms, one nitrogen atom, two nitrogen atoms,
and a carbon-uitrogen group. It is noted that a bridge always converts a monocyclic ring
into a tricyclic ring. When a ring is bridged, the substituents recited for the ring may also
be present on the bridge.

The termy "counter ion" is used to represent a negatively charged species such as
chloride, bromide, hydroxide, acetate, and sulfate or a positively charged species such as
sodiwm (Na+)}, potassium (K+), ammontum (RaNHwt where n=0-4 and m=0-4) and the
like.

When a dotted ring is used within a ring structure, this indicates that the ring
structure may be saturated, partially saturated or unsaturated.

As used herein, the term "amine protecting group” means any group known in the
art of organic synthesis for the protection of amine groups which is stable to an ester
reducing agent, a disubstituted hydrazine, R4-M and R7-M, a nucleophile, a hydrazine
reducing agent, an activator, a strong base, a hindered amine base and a cyclizing agent.
Such amine protecting groups fitting these criternia include those listed in Wuts, PG M. et
al., Protecting Groups in Organic Synthesis, 4th Edition, Wiley (2007) and 7he Peptides:
Analysis, Synthesis, Biclogy, Vol. 3, Academic Press, New York (1981), the disclosure of
which 1s hereby incorporated by reference. Exaroples of amine protecting groups include,
but are not limited to, the following: (1) acyl types such as formvl, trifluoroacetyl,
phthalyl, and p-toluenesulfonyl; (2) aromatic carbamate types such as benzyloxycarbonyl
(Cbz) and substituted benzyloxycarbonyls, 1-{p-biphenyl}-1-methylethoxycarbonyl, and
O-fluorenylmethyloxycarbonyl (Fmoc); (3) aliphatic carbamate types such as
fert-butyloxycarbonyl (Boc), ethoxycarbonyl, ditsopropylmethoxycarbonyl, and
allyloxyearbonyl; (4) cyclic alkyl carbamate types such as cyclopentyloxycarbonyl and

adamantyloxycarbonyl; {5} alkyl types such as triphenylmethyl and benzyl; (6)
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trialkylsilane such as trimethylsilane; {7} thiol containing types such as
phenylthiocarbonyl and dithiasuccinoyl; and (8) alkyl types such as triphenylmethyl,
methyl, and benzyl; and substituted alkyl types such as 2,2 2-trichloroethyl,
2-phenylethyl, and ~butyl; and trialkylsilane types such as trirnethylsilane.

As referred to herein, the term "substituted" means that at least one hydrogen atom
is replaced with a non-hydrogen group, provided that normal valencies are maintained
and that the substitution results in a stable compound. Ring double bonds, as used herein,
are double bonds that are formed between two adjacent ring atoms (e.g., C=C, C=N, or

In cases wherein there are nitrogen atoms {(e.g., amines} on compounds of the
present invention, these roay be converted to N-oxides by treatment with an oxidizing
agent {e.g., mCPBA and/or hydrogen peroxides) to atford other compounds of this
invention. Thus, shown and claimed nitrogen atoms are considered to cover both the
shown nitrogen and its N-oxide (N0} derivative.

When any variable occurs more than one time in any constituent or formula for a
compound, its definition at each occurrence is independent of its definition at every other
occurrence. Thus, for example, if a group is shown to be substituted with 0-3 R, then said
group may optionally be substituted with up to three R groups, and at each occuirence R
i3 selected independently from the definition of R

When a bond to a substituent is shown to cross a bond connecting two atoms in a
ring, then such substituent may be bonded to any atom on the ring. When a substituent i3
listed without indicating the atom in which such substituent is bonded to the rest of the
compound of a given formula, then such substituent may be bonded via any atom in such
substituent.

Combinations of substituents and/or vartables are permissible only if such
combinations result in stable compounds.

The phrase "pharmaceutically acceptable” is employed herein to refer to those
compounds, materials, compositions, and/or dosage forms that are, within the scope of
sound medical judgment, suitable for use in contact with the tissues of human beings and
animals without excessive toxicity, irritation, allergic response, and/or other problem or

complication, commensurate with a reasonable benefit/risk ratio.
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Asused herein, "pharmaceutically acceptable salts” refer to derivatives of the
disclosed compounds wherein the parent compound is modified by making acid or base
salts thereof. Examples of pharmaceutically acceptable salts include, but are not limited
to, mineral or organic acid salts of basic groups such as amines; and alkali or organic salts
of acidic groups such as carboxylic acids. The pharmaceutically acceptable salts include
the conventional non-toxic salts or the quaternary ammonium salts of the parent
compound formed, for example, from non-toxic inorganic or organic acids. For example,
such conventional non-toxic salts include those derived from inorganic acids such as
hydrochloric, hydrobromic, sulfuric, sulfamic, phosphoric, and nitric; and the salts
prepared from organic acids such as acetic, propionic, succinic, glycolic, stearic, lactic,
malic, tartaric, citric, ascorbic, pamoic, maleic, hydroxymaleic, phenylacetic, glutamic,
benzoic, salicylic, sulfanilic, 2-acetoxybenzoic, fumaric, toluenesulfonic,
methanesulfonic, ethane disuifonic, oxalic, and isethionic, and the like.

The pharmaceutically acceptable salts of the present invention can be synthesized
from the parent compound that contains a basic or acidic moiety by conventional
chemical methods. Generally, such salts can be prepared by reacting the free acid or base
forms of these compounds with a stoichiometric amount of the appropriate base or acid in
water or in an organic solvent, or in a mixture of the two; generally, nonagueous media
like ether, ethy! acetate, ethanol, isopropancl, or acetonitrile are preferred. Lists of
suttable salts are found in Allen, Jr., L.V, ed., Remingion: The Science and Practice of
Pharmacy, 22nd Edition, Pharmaceutical Press, London, UK (2012), the disclosure of
which is hereby incorporated by reference.

In addition, compounds of formula I may have prodrug forms. Any compound
that will be converted in vivo to provide the biocactive agent (7.¢., a compound of formula
1) 1s a prodrug within the scope and spirit of the invention. Various forms of prodrugs are
well known 1n the art. For examples of such prodrug derivatives, see:

a) Bundgaard, H., ed., Design of Prodrugs, Elsevier (1985), and Widder, K.
et al., eds., Methods in Enzymology, 112:309-396, Academic Press (1985);

b} Bundgaard, H., Chapter S, "Design and Application of Prodrugs”,
Krosgaard-Larsen, P. et al | eds., 4 Texthook of Drug Design and Development, pp. 113-
191, Harwood Academic Publishers (1991);

) Bundgaard, H., Adv. Drug Deliv. Rev., 8:1-38 (1992},
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d) Bundgaard, H. et al., J. Pharm. Sci., 77:285 (1988);

€) Kakeva, N. et al., Chem. Pharm. Bull., 32:692 (1984); and

) Rautio, 1, ed., Prodrugs and Targeted Delivery (Methods and Principles
in Medicinal Chemistry), Vol 47, Wiley-VCH (2011).

Wh

Compounds containing a carboxy group can form physiologically hydrolyzable
esters that serve as prodrugs by being hydrolyzed in the body to vield formula |
compounds per se. Such prodrugs are preferably administered orally since hydrolysis in
many nstances occurs principally under the intluence of the digestive enzymes.

10 Parenteral administration may be used where the ester per se is active, or in those
instances where hydrolysis occurs in the blood. Examples of physiologically
hydrolyzable esters of compounds of tormula [ include Crsalkyl, Crsalkylbenzyl,
4-methoxybenzyl, indanyl, phthalyl, methoxymethyl, Cis alkanoyloxy-Crealkyl (e.g.,
acetoxymethyl, pivaloyloxymethyl or propionyloxymethyl),

5 Cisalkoxycarbonyloxy-Cisalkyl {e.g., methoxycarbonvl-oxymethyl or
ethoxycarbonvioxymethyl, glveyloxymethyl, phenyiglycyloxymethyl,
{5-methyl-2-oxo-1,3-dioxolen-4-yl }-methyl}, and other well known physiologically
hydrolyzable esters used, for example, in the penicillin and cephalosporio arts. Such
esters may be prepared by conventional techniques known in the art.

20 Preparation of prodrugs is well known in the art and described in, for exarmple,

King, F.D. ed., Medicinal Chemistry: Principles and Practice, The Royal Society of

Chemistry, Cambridge, UK (2nd Edition, reproduced (2006)); Testa, B. et al., Hydrolysis

in Drug and Prodrug Metabolism. Chemistry, Biochemistry and Fnzymology, VCHA and

Wiley-VCH, Zurich, Switzerland (2003), Wermuth, C.G | ed., The Practice of Medicinal

25 Chemistry, 3rd Edition, Academic Press, San Diego, CA (2008).

The present invention is intended to include all isotopes of atoms occurring in the
present compounds. Isotopes include those atoms having the same atomic number but
different mass numbers. By way of general example and without limitation, isotopes of
hydrogen include deuterium and tritium. Isotopes of carbon include C and "*C.

30 Isotopteally-labeled compounds of the invention can generally be prepared by

conventional techniques known to those skilled in the art or by processes analogous to
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those described herein, using an appropriate isctopicaliy-iabeled reagent in place of the
non-labeled reagent otherwise employed.

The term "solvate" means a physical association of a compound of this invention
with one or more solvent molecules, whether organic or inorganic. This physical
association includes hydrogen bonding. In certain instances the solvate will be capable of
isolation, for example when one or more solvent molecules are incorporated in the crystal
lattice of the crystalline solid. The solvent molecules in the solvate may be present in a
regular arrangement and/or a non-ordered arrangement. The solvate may comprise either
a stoichiometric or nonstoichiometric amount of the solvent molecules. "Solvate”
encompasses both solution-phase and isolable solvates. Exemplary solvates include, but
are not limited to, hydrates, ethanolates, methanolates, and isopropanolates. Methods of
solvation are generally known in the art.

Abbreviations as used herein, are defined as follows: "1 x" for once, "2 x" for
twice, "3 x" for thrice, "°C" for degrees Celsius, "eq" for equivalent or equivalents, "g" for
gram or grams, "mg" for milligram or milligrams, "L" for liter or liters, "mL" for milliliter
or milliliters, "ul." for microliter or microliters, "N" for normal, "M" for molar, "mmol”
for millimole or millimoles, "min" for minute or min, "h" for hour or h, "rt" for room
temperature, "RT" for retention time, "atm” for atmosphere, "psi” for pounds per square
inch, "conc.” for concentrate, "ag" for "aqueous”, "sat" or "sat'd " for saturated, "MW" for
meolecular weight, "mp" for melting point, "MS" or "Mass Spec” for mass spectrometry,
"EST" for electrospray ionization mass spectroscopy, "HR" for high resolution, "HRMS"
for high resolution mass spectrometry, "LCMS" for liquid chromatography mass
spectrometry, "HPLC" for high pressure liquid chromatography, "RP HPLC" for reverse
phase HPLC, "TLC" or "tle" for thin layer chromatography, "NMR" for nuclear magnetic
resonance spectroscopy, "nOe" for nuclear Overhauser effect spectroscopy, "H" for
proton, "8" for delta, "s" for singlet, "d" for doublet, "t" for triplet, "q" for quartet, "m" for
muldtiplet, "br" for broad, "Hz" for hertz, and "o, "B", "R", "S", "E", "Z" and "ee" are

sterecchemical designations familiar to one skilled in the art.

AcOH or HOAC acetic acid
CAN acetonitrile
Alk alkyl
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BBr3 boron tribromide

Bn benzyl

Boc fert-butyloxycarbonyl

BOP reagent benzotriazol--yloxyiris{(dimethylamino)phosphounium

hexatluorophosphate

Bu butyl

i-Bu isobutyl

-Bu fert-butyl

~BuOH fert-butanol

Chz carbobenzyloxy

CDClhs deutero-chloroform

CB:0D deutero-methanol

CDI 1, V-carbonvldiimidazole
CHoCl dichloromethane

CH3CN acetonitrile

CHCHh chioroform

CO: carbon dioxide

DCM dichloromethane

DIEA, DIPEA or ditsopropylethylamine
Hunig's base

DMF dimethy! formamide

DMSO dimethyl sulfoxide

EDC t-ethyl-3-(3-dimethylaminopropyl)carbodiimide
Ht ethyl

FtsN or TEA triethylamine

EnQ diethy! ether

EtOAc ethyl acetate

HtOH ethanol

HCl hydrochloric acid

HPLC high-performance liquid chromatography
KoCOs potassium carbonate

KoHPOy potassium hydrogenphosphate
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LOCMS liquid chromatography mass spectrometry

LIHMDS lithium bis(trimethylsilybamide

LG feaving group

Me raethyl

MeOH methanol

MgSOy magnesium sulfate

MsOH or MSA methylsulfonic acid

Nal sodium chloride

Nax(COs sodium carbonate

NaHCO3 sodium bicarbonate

NaQH sodium hydroxide

NaxS04 sodium suifate

NH; ammonia

NH4Cl ammonium chloride

NH4OAc ammonium acetate

PAOAc)H paliadium(ll) acetate

Pd{PPh3 )} tetrakis(triphenylphosphine)palladium(0)

PG protecting group

Ph phenyl

Pr propyl

i-Pr isopropyl

-PrOH or IPA isopropanol

Rt retention time

8i02 silica oxide

SFC supercritical fluid chromatography

TEA triethvlamine

TFA trifluorcacetic acid

THF tetrahydrofuran

TiCly titanium tetrachloride

T3p® I-propanephosphonic acid cyclic anhydnide
Synthesis
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The compounds of Formula (I} may be prepared by the exemplary processes
described in the following schemes and working examples, as well as relevant published
literature procedures that are used by one skilled in the art. Exemplary reagents and
procedures for these reactions appear hereinatter and in the working examples.

Protection and de-protection in the processes below may be carried out by
procedures generally known in the art (see, for example, Wuts, P.G M. et al , Profecting
Groups in Organic Synthesis, 4th Edition, Wiley (2007)). General methods of organic
synthesis and functional group transformations are found in: Trost, B M. et al | eds,
Comprehensive Organic Synthesis: Sefectivity, Strategy & Efficiency in Modern Organic
Chemistry, Pergamon Press, New York, NY (1991); Smith, M B. et al., March's
Advanced Orgonic Chemistry: Reactions, Mechanisms, and Structure. 6th Edition, Wiley
& Sons, New York, NY (2007); Katritzky, A R. et al, eds., Comprehensive Organic
Functional Groups Transformations i1, 2nd Edition, Elsevier Science Inc., Tarrytown,
NY (2004}, Larock, R.C., Comprehensive Organic Transformations, VCH Publishers,
Inc., New York, NY (1999), and references therein.

Preferred methods include, but are not limited to, those described below. All
references cited herein are hereby incorporated in their entirety herein by reference.

The novel corpounds of this invention may be prepared using the reactions and
techniques described in this section. Also, in the description of the synthetic methods
described below, 1t 1s to be understood that all proposed reaction conditions, including
choice of solvent, reaction atmosphere, reaction temperature, duration of the experiment
and workup procedures, are chosen to be the conditions standard for that reaction, which
should be readily recognized by one skilled in the art. Restrictions to the substituents that
are compatible with the reaction conditions will be readily apparent to one skilled in the
art and alternate methods must then be used.

it will also be recognized that ancther major consideration in the planning of any
synthetic route in this field 1s the judicious choice of the protecting group used for
protection of the reactive functional groups present in the compounds described in this
invention. An authoritative account describing the many alternatives to the trained
practitioner is Greene et al. (Protective Groups in Organic Synthesis, Wiley and Sons

(1991)).
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Scheme 1
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Initial condensation of bromoketoester A with amine B vields intermediate €.
Alternatively, compound C can be prepared by the alkvlation of amine B with
5 bromoacetate D followed by condensation of intermediate E with acid chloride F.
Intermediate C can be converted to the amine intermediate G. Acylation with acid
chloride L followed by cyclization yields sulfone compounds of general structure M.
Alternatively, condensation of & with compound H vields compound ¥ after cyclization.
Amide formation with J yields compounds of the general structure K
10
IV,  BIOCLOGY
APJ receptor was discovered in 1993 as an orphan G protein-coupled receptor
(GPCR) and was subsequently found to recognize apelin peptide as its endogenous

higand. It belongs to class A of GPCRs and has a classical 7-transmembrane domain

¥4

structure, exhibiting greatest sequence homology to angiotensin AT1 receptor (for review
see Pitkin, S. L. et al,, Pharmacol. Kev., 62(3).331-342 (2010})). APJ is expressed in wide
variety of peripheral tissues and the CNS, and has relatively high expression in placenta,
myocardium, vascular endothelial cells, smooth muscle cells as well as cardiac myocytes
{Kleinz, I M. et al., Pharmacol. Ther., 107(23:198-211(2005)). Apelin peptide was

20 onginally identified in bovine stomach extract and remains to date the only known
endogenous ligand and agonist of APJ receptor (Tatemoto, K. et al., Biochem. Biophys.
Res. Commun., 255:471-476 (1998)). Tissue expression of apelin gene mirrors closely
the APJ expression pattern and has been postulated to act in an autocrine or paracrine

manner, often exemplified by reference to "apelin-APJ svstem”. Apelin gene encodes 77
P ) p 3 £ g

L

amino acid precursor peptide that 1s cleaved to form mature secreted peptide undergoing
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further proteolytic cleavage forming shorter C-terminal fragments. Apelin-36, -17 and -13
represent the major active forms with the pyroglutamated form of apelin-13 being the
most stable and the most abundant form present in the cardiac tissue (Maguire, J.J. et al,
Hypertension, 54(3).598-604 (2009)). Apelin has very short half life in circulation,
estimated to be less than 5 minutes (Japp, A.G. et al,, Circudation, 121(16).1818-1827
(2010)).

Activation of APJ receptor is known to inhibit forskolin-stimulated cyclic AMP
{cAMP) levels in pertussis toxin-sensitive manner, indicating coupling to the Gi proteins.
The binding affinity of apelin and the ECso values in the cAMP assay are reported to be in
the sub-nanomolar range (for review see Pitkin, S L. et al | Pharmacol. Rev., 62(3):331-
342(2010)). In addition to cAMP inhibition, APJ receptor activation also leads to B-
arrestin recruitment, receptor internalization and activation of extracellular -regulated
kinases (ERKs) (for review see Kleinz, J. M. et al, Pharmacol. Ther 107(2).198-211
{2005)). Which of these signaling mechanisms contribute to modulation of downstream
physiclogical effects of apelin is not clear at present. APJ receptor has been shown to
interact with the AT1 receptor. While apelin does not bind AT1 and angiotensin I does
not bind APJ, it has been postulated that certain physiclogical actions of apelin are
mediated, at least in part, via functional antagonism of the anglotensin Il and AT1
receptor pathway (Chun, AJ etal, J Clin fnvesr., 118(10):3343-3354 (2008)).

It 15 also desirable and preferable to find compounds with advantageous and
improved characteristics compared with known HF treatment agents, in one or more of
the following categories that are given as examples, and are not intended to be limiting:
(a) pharmacokinetic properties, including oral bicavailability, half life, and clearance; (b)
pharmaceutical properties; (¢} dosage requirements; {d) factors that decrease blood drug
concentration peak-to-trough characteristics; (¢) factors that increase the concentration of
active drug at the receptor; {f} factors that decrease the liability for clinical drug-drug
interactions; {g) factors that decrease the potential for adverse side-effects, including
selectivity versus other biological targets; and (h) improved therapeutic index.

As used herein, the term "patient” encompasses all mammalian species.

As used herein, the term "subject” refers to any buman or non-human organism
that could potentially benefit from treatment with an APJ agonist. Exemplary subjects

inchade human beings of any age with risk factors for development of heart failure and
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the sequelae thereof, angina, ischemia, cardiac ischemia, myocardial infarction,
reperfusion injury, angioplastic restenosis, hypertension, vascular complications of
diabetes, obesity or endotoxemia, stroke, as well as atherosclerosis, coronary artery
disease, acute coronary syndrome, and/or dyshipidemias.

As used heretn, "treating” or "treatment” cover the treatment of a disease-staie in a
mammal, particularly in a human, and include: (a) inhibiting the disease-state, i.e.,
arresting it development; and/or (b} relieving the disease-state, i.e., causing regression of
the disease state.

Asused herein, "prophylaxis" or "prevention” cover the preventive treatment of a
subclinical disease-state in a mammal, particularly in a human, aimed at reducing the
probability of the occurrence of a clinical disease-~state. Patients are selected tor
preventative therapy based on factors that are known to increase risk of suffering a
clinical disease state compared to the general population. "Prophylaxis” therapies can be
divided into {a) primary prevention and (b) secondary prevention. Primary prevention is
defined as treatment in a subject that has not yet presented with a clinical disease state,
whereas secondary prevention is defined as preventing a second occurrence of the same
or similar clinical disease state.

As used herein, "risk reduction” covers therapies that lower the incidence of
development of a clinical disease state. As such, primary and secondary prevention
therapies are examples of risk reduction.

"Therapeutically effective amount” 1s intended to tnclude an amount of a
compound of the present invention that 1s effective when administered alone or in
combination to modulate APJ and/or to prevent or treat the disorders listed herein. When
applied to a combination, the term refers to combined amounts of the active ingredients
that result in the preventive or therapeutic effect, whether administered in combination,

serially, or simultaneously.

Intracellular cAMP Accumulation Assay

HEK?293 cells stably expressing human APJ receptor were used to assess the
activity of compounds. Cultured cells were detached and resuspended tn the cAMP
Homogeneous Time-Resolved Fluorescence (HTRF) assay buffer (Cisbio cat;

#6ZAMA4PED]). The assay was performed in 384-well assay plates (Perkin-Elmer; cat
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#6008289) according to assay protocol provided by the manutacturer. Serial dilutions of a
compound together with assay buffer containing 0.20M IBMX and 2 uM forskolin were
added to each well containing 5,000 cells and incubated for 30 minutes at room
temperature. Subsequently, cAMP D2 reagent was added in the lysis buffer followed by
the EuK antibody (Cisbio, cat #62 AM4PE]) and incubated for 60 min. The fluorescence
emission ratio was measured using fluorometer. The intracellular cAMP concentrations
{compound-stimulated inhibition of forskolin-mediated cAMP production) were
calculated by extrapolation from a standard curve using known cAMP concentrations.
The ECso values were obtained by fitting the data to a sigmoidal concentration-response
curve with variable slope. The maximal achievable inhibition of forskolin-induced cAMP
levels {Ymax) for each compound was expressed as relative percentage of inhibition
attained using pyroglutamated apelin-13 {((Pyrljapelin-13) peptide, which was set to
100%.

The examples disclosed below were tested in the APJ in vitro assays described
above and were found having human APJ cyclic AMP (hcAMP) activity. The ECso value
of each compound is presented at the end of the example description.

The compounds of the present invention possess activity as agonists of APJ
receptor, and, therefore, may be used in the treatment of diseases associated with APJ
activity. Accordingly, the compounds of the present invention can be administered to
mammals, preferably humans, for the treatment of a variety of conditions and disorders,
including, but not limited to, treating, preventing, or slowing the progression of heart
tailure, coronary artery disease, peripheral vascular disease, atherosclerosis, diabetes,
metabolic syndrome and the sequelae of thereof, hypertension, pulmonary hypertension,
cerebrovascular disorders, atrial fibrillation, angina, ischemua, stroke, myocardial
mfarction, acute coronary syndrome, reperfusion injury, angioplastic restenosis, vascular
complications of diabetes and obesity.

The biological activity of the exemplified compounds of this invention determined
by the assay described above is shown at the end of each example. The APJ cAMP ECso
potency ranges are as follows: A =0.01 - 10 aM; B=10.01 - 100 nM; C = 10001 - 300
nML

59



Wh

20

30

WO 2018/071622 PCT/US2017/056265

V. PHARMACEUTICAL COMPOSITIONS, FORMULATIONS AND
COMBINATIONS

The compounds of this invention can be administered for any of the uses
described herein by any suitable means, for example, orally, such as tablets, capsules
{each of which includes sustained release or timed release formulations), pills, powders,
gramules, elixirs, tinctures, suspensions (including nanosuspensions, microsuspensions,
spray-dried dispersions), syrups, and emulsions; sublingually; bucally; parenterally, such
as by subcutaneous, intravenous, intramuscular, or intrasternal injection, or infusion
techniques {(e.g., as sterile injectable aqueous or non-aqueocus solutions or suspensions);
nasally, including administration to the nasal membranes, such as by inhalation spray;
topically, such as in the tform of 4 cream or ointment; or rectally such as in the form of
suppositories. They can be administered alone, but generally will be administered with a
pharmaceutical carrier selected on the basis of the chosen route of administration and
standard pharmaceutical practice.

The term "pharmaceutical composition” means a composition comprising a
compound of the invention in combination with at least one additional pharmaceutically
acceptable carrier. A "pharmaceutically acceptable carrier” refers to media generally
accepted in the art for the delivery of biologically active agents to animals, in particular,
mammals, including, 7.e., adjuvant, excipient or vehicle, such as diluents, preserving
agents, fillers, flow regulating ageunts, disintegrating ageunts, wetting agents, emulsifying
agents, suspending agents, sweetening agents, flavoring agents, perfuming agents,
antibacterial agents, antitungal agents, lubricating agents and dispensing agents,
depending on the nature of the mode of adminisiration and dosage forms.

Pharmaceutically acceptable carriers are formulated according to a number of
factors well within the purview of those of ordinary skill in the art. These include,
without limitation: the type and nature of the active agent being formulated; the subject to
which the agent-containing composition is to be administered; the intended route of
administration of the composition; and the therapeutic indication being targeted.
Pharmaceutically acceptable carriers include both aqueous and non-aqueous liquid media,
as well as a variety of solid and semi-solid dosage forms. Such carriers can include a
number of different ingredients and additives in addition to the active agent, such
additional ingredients being included in the formulation for a variety of reasons, e.g.,

A
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stabilization of the active agent, binders, etc., well known to those of ordinary skill in the
art. Descriptions of suitable pharmaceutically acceptable carriers, and factors invelved in
their selection, are found in a variety of readily available sources such as, for example,
Allen, Jr, LV, et al | Remungion: The Science and Practice of Pharmacy (2 Volumes),
22nd Edition, Pharmaceutical Press (2012),

The dosage regimen for the compounds of the present invention will, of course,
vary depending upon known factors, such as the pharmacodynamic characteristics of the
particular agent and its mode and route of administration; the species, age, sex, health,
medical condition, and weight of the recipient; the nature and extent of the symptoms; the
kind of concurrent treatment; the frequency of treatment; the route of administration, the
renal and hepatic function of the patient, and the effect desired.

By way of general guidance, the daily oral dosage of each active ingredient, when
used for the indicated effects, will range between about 0.001 to about 5000 mg per day,
preferably between about 0.01 to about 1000 mg per day, and most preferably between
about 0.1 to about 250 mg per day. Intravenously, the most preferred doses will range
from about 0.01 to about 10 mg/kg/minute during a constant rate infusion. Compounds of
this invention may be administered in a single daily dose, or the total daily dosage may be
administered in divided doses of two, three, or four times daily.

The compounds are typically administered in admixture with suitable
pharmaceutical diluents, excipients, or carriers (collectively referred to herein as
pharmaceutical carriers) suttably selected with respect to the intended form of
administration, e.g., oral tablets, capsules, elixirs, and syrups, and consistent with
conventional pharmaceutical practices.

Dosage forms (pharmaceutical compositions) suitable for administration may
contain from about 1 milligram to about 2000 milligrams of active ingredient per dosage
unit. In these pharmaceutical compositions the active ingredient will ordinarily be
present in an amount of about 0.1-95% by weight based on the total weight of the
COmMposition.

A typical capsule for oral administration contains at least one of the compounds of
the present invention (250 mg}, lactose (75 mg), and magnesium stearate (15 mg). The

mixture is passed through a 60 mesh sieve and packed into a No. | gelatin capsule.
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A typical injectable preparation is produced by aseptically placing at least one of
the compounds of the present invention (250 mg) into a vial, aseptically freeze-drying and
sealing. For use, the contents of the vial are mixed with 2 mL of physiological saline, to
produce an injectable preparation.

The present invention includes within its scope pharmaceutical compositions
comprising, as an active ingredient, a therapeutically effective amount of at least one of
the compounds of the present invention, alone or in combination with a pharmaceutical
carrier. Optionally, compounds of the present invention can be used alone, in
combination with other compounds of the invention, or in combination with one or more
other therapeutic agent(s), e.g., agents used in treatment of heart failure or other
pharmaceutically active material.

The compounds of the present invention may be employed in combination with
other APJ agonists or one or more other suitable therapeutic agents useful in the treatment
of the aforementioned disorders including: agents for treating heart failure, anti-
hypertensive agents, anti-atherosclerotic agents, anti-dyslipidemic agents, anti-diabetic
agents, anti-hyperglycemic agents, anti-hyperinsulinemic agents, anti-thrombotic agents,
anti-retinopathic agents, anti-neuropathic agents, anti-nephropathic agents, anti-ischemic
agents, anti-obesity agents, anti-hyperlipidemic agents, anti-hypertriglyceridemic agents,
anti-hypercholesterolemic agents, anti-restenotic agents, anti-pancreatic agents, lipid
lowering agents, anorectic agents, memory enhancing agents, anti-dementia agents,
cognition promoting agents, appetite suppressants, and agents for treating peripheral
arterial disease.

The compounds of the present invention may be emploved in combination with
additional therapeutic agent(s) selected from one or more, preferably one to three, of the
following therapeutic agents in treating heart failure and coronary artery disease: ACE
inhibitors, B-blockers, diuretics, mineralocorticoid receptor antagonists, renin inhibitors,
calcium chaonel blockers, angiotensin I receptor antagonists, nitrates, digitalis
compounds, inctropic agents and B-receptor agonists, anti-hyperlipidemic agents, plasma
HDL-raising agents, anti-hypercholesterolemic agents, cholesterol biosynthesis inhibitors
{such as HMG CoA reductase inhibitors), LXR agonist, probucol, raloxifene, nicotinic
acid, niacinamide, cholesterol absorption inhibitors, bile acid sequestrants (such as anton

exchange resins, or quaternary amines {e.g., cholestyramine or colestipol}, low density
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lipoprotein receptor inducers, clofibrate, tenofibrate, benzofibrate, cipofibrate,
gemtibrizol, vitamin Be, vitamin Bys, anti-oxidant vitamins, anti-diabetes agents, platelet
aggregation inhibitors, fibrinogen receptor antagonists, aspirin and fibric acid derivatives.

The compounds of the invention may be used in combination with one or more,
preferably one to three, of the following anti-diabetic agents depending on the desired
target therapy. Studies indicate that diabetes and hyperlipidemia modulation can be
further improved by the addition of a second agent to the therapeutic regimen. Examples
of anti-diabetic agents include, but are not limited to, sulfonylureas (such as
chlorpropamide, tolbutamide, acetohexamide, tolazamide, glybunide, gliclazide, glynase,
glimepiride, and glipizide), biguanides (such as metformin), thiazolidinediones (such as
ciglitazone, proglitazone, troglitazone, and rosiglitazone), and related 1nsulin sensitizers,
such as selective and non-selective activators of PPAR«a, PPARP and PPARYy;
dehydroepiandrosterone (also referred to as DHEA or its conjugated sulphate ester,
DHEA-SQOy); anti-glucocorticoids; TNFo inhibitors; dipeptidyl peptidase IV (DPP4)
inhibitor {such as sitagliptin, saxagliptin),GLP-1 agonists or analogs {such as exenatide),
g~glucosidase inhibitors (such as acarbose, miglitol, and voglibose), pramlintide (a
synthetic analog of the human hormone amylin), other insulin secretagogues (such as
repaglinide, gliquidone, and nateglinide), insulin, as well as the therapeutic agents
discussed above for treating heart failure and atherosclerosis.

The compounds of the invention may be used in combination with one or more,
preterably one to three, of the following anti-obesity agents selected from
phenylpropanolamine, phentermine, diethylpropion, mazindol, fenfluramine,
dexfenfluramine, phentiramine, Bs-adrenergic receptor agonist agents; sibutramine,
gastrointestinal Hipase inhibitors (such as orlistat), and leptins. Other agents used in
treating obesity or obesity-related disorders include neuropeptide Y, enterostatin,
cholecytokinin, bombesin, amylin, histamine Hs receptors, dopamine D receptor
modulators, melanocyte stimulating hormone, corticotrophin releasing factor, galanin and
garoma amino butyric acid (GABA).

The above other therapeutic agents, when employed in combination with the
compounds of the present invention mway be used, for example, in those amounts indicated
in the Phaysicians’ Desk Keference, as in the patents set out above, or as otherwise

determined by one of ordinary skill in the art.
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Particularly when provided as a single dosage unit, the potential exists fora
chemical interaction between the combined active ingredients. For this reason, when the
compound of the present invention and a second therapeutic agent are combined in a
single dosage unit they are formulated such that although the active ingredients are
combined in a single dosage unit, the physical contact between the active ingredients is
nunimized (that is, reduced). For example, one active ingredient may be enteric coated.
By enteric coating one of the active ingredients, it is possible not only to minimize the
contact between the combined active ingredients but also to control the release of one of
these components in the gastrointestinal tract such that one of these componeunts is not
released in the stomach but rather is released in the intestines. One of the active
ingredients may also be coated with a material that aftects a sustained-release throughout
the gastrointestinal tract and also serves to minimize physical contact between the
combined active ingredients. Furthermore, the sustained-released component can be
additionally enteric coated such that the release of this component occurs only in the
intestine. Still another approach would involve the formulation of a combination product
in which the one component is coated with a sustained and/or enteric release polymer,
and the other component is also coated with a polymer such as a low viscosity grade of
hydroxypropyl methylcellulose (HPMC) or other appropriate materials as konown in the
art, in order to further separate the active components. The polymer coating serves to
form an additional barrier to interaction with the other component.

These as well as other ways of minimizing contact between the components of
combination products of the present invention, whether administered 1n a single dosage
form or administered in separate forms but at the same time by the same manuner, will be
readily apparent to those skilled in the art, once armed with the present disclosure.

The compounds of the present invention can be administered alone or in
combination with one or more additional therapeutic agents. By "administered in
combination” or "combination therapy” i1t 1s meant that the compound of the present
invention and one or more additional therapeutic agents are administered concurrently to
the mammal being treated. When administered in combination, each component may be
administered at the same time or sequentially in any order at different points in time.
Thus, each component may be administered separately but sufficiently closely in time so

as to provide the desired therapeutic effect.
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The compounds of the present invention are also useful as standard or reference
compounds, for example as a quality standard or control, 1u tests or assays involving the
APJ receptor and apelin activity. Such compounds may be provided in a commercial kit,
for example, for use in pharmaceutical research involving APJ and apelin or anti-heart
failure activity. For example, a compound of the present invention could be used as a
reference in an assay to compare its known activity to a compound with an unknown
activity. This would ensure the experimenter that the assay was being performed properly
and provide a basis for comparison, especially if the test compound was a derivative of
the reference compound. When developing new assays or protocols, compounds
according to the present invention could be used to test their effectiveness.

The compounds of the present invention may also be used in diagnostic assays
involving APJ and apelin.

The present invention also encompasses an article of manufacture. As used
herein, article of manufacture is intended to include, but not be limited to, kits and
packages. The article of manufacture of the present invention, comprises: {(a) a first
container; (b} a pharmaceutical composition located within the first container, wherein the
composition, comprises a first therapeutic agent, comprising a compound of the present
invention or a pharmaceutically acceptable salt form thereof, and, (¢) a package insert
stating that the pharmaceutical composition can be used for the treatment and/or
prophylaxis of raultiple diseases or disorders associated with APJ and apelin (as defined
previously}. In another embodiment, the package insert states that the pharmaceutical
composition ¢an be used in combination (as defined previously) with a second therapeutic
agent for the treatment and/or prophylaxis of multiple diseases or disorders associated
with APJ and apelin. The article of manutacture can further comprise: {d) a second
container, wherein components (a) and (b) are located within the second container and
component (¢} is located within or outside of the second container. Located within the
first and second containers means that the respective container holds the item within its
boundaries.

The first container is a receptacie used to hold a pharmaceutical composition.

This container can be for manufacturing, storing, shipping, and/or individual/bulk selling.

First container is intended to cover a bottle, jar, vial, flask, syringe, tube {e.g., for a cream
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preparation), or any other container used to manufacture, hold, store, or distribute a
pharmaceutical product.

The second container is one used to hold the first container and, optionally, the
package insert. Exaroples of the second container include, but are not limited to, boxes
(e.g., cardboard or plastic), crates, cartons, bags (e.g., paper or plastic bags), pouches, and
sacks. The package insert can be physically attached to the outside of the first container
via tape, glue, staple, or another method of attachment, or it can rest inside the second
container without any physical means of attachment to the first container. Alternatively,
the package 1usert is located on the outside of the second container. When located on the
outside of the second container, it is preferable that the package insert is physically
attached via tape, glue, staple, or another method of attachment. Alternatively, it can be
adjacent to or touching the cutside of the second container without being physically
attached.

The package nsert is a label, tag, marker, etc. that recites information relating to
the pharmaceutical composition located within the first container. The information
rectied will usually be determined by the regulatory agency governing the area in which
the article of manufacture is to be sold {e.g., the United States Food and Drug
Admiristration). Preferably, the package insert specifically recites the indications for
which the pharmaceutical composition has been approved. The package insert may be
made of any material on which a person can read information contained therein or
thereon. Preferably, the package insert is a printable material {e.g., paper, plastic,
cardboard, foil, adhesive-backed paper or plastic, etc.) on which the desired information
bas been formed (e.g., printed or applied).

Other features of the invention will become apparent in the course of the
following descriptions of exemplary embodiments that are given for illustration of the

invention and are not intended to be limiting thereof.

Vi EXAMPLES

The following Examples are offered as illustrative, as a partial scope and
particular embodiments of the tnvention and are not meant to be limiting of the scope of
the invention. Abbreviations and chemical symbols have their usual and customary

meanings unless otherwise indicated. Unless otherwise indicated, the compounds
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described herein have been prepared, isolated and characterized using the schemes and

other methods disclosed herein or may be prepared using the same.

As a person of ordinary skill in the art would be able to understand that a pyridone

in a molecule may tautomerize to its keto and enol forms as shown 1n the following

equation, wherein R!, R?, R? and R” are as defined above, this disclosure is intended to

cover all possible tautomers even when a structure depicts only one of them.

Description of Analytical LCMS methods:

Method A: Waters Acquity UPLC BEH C18, 2.1 x 50 mm, 1.7 um particles;
Mobile Phase A water with 0.05% TFA; Mobile Phase B: ACN with 0.05% TFA,

Gradient: 2-98% B over 1 minute, then a 0.5 minute hold at 98% B; Flow: 0.8 mL/min;

Detection: UV at 220 nm.

Method B: Column: Waters Acquity UPLC BEH C18, 2.1 x 50 mum, 1.7 um
particles; Mobile Phase A: 5:95 ACN:water with 10 mM NH3OAc¢, Mobile Phase B: 95:5
ACN:water with 10 mM NHsQOAc; Temperature: 50 °C; Gradient: 0-100% B over 3

minutes, then a 0.75 minute hold at 100% B; Flow: 1.11 mL/min; Detection: UV at 220

1.

Example 001: (8)-(6-butyl-5-(ethyl(phenylamino)-2.4-dihyvdroxypyridin-3-y1){3-

phenylpyrrolidin-i-yijmethanone
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Example 001A: ethyl 2-bromo-3-¢xcheptaneate
Sodium ethoxide (10.8 ml, 29.0 mmol) was dissolved in EtOH (58.1 ml}. Ethyl 3-

(¥, )

oxocheptanoate (515 ml, 29.0 mmol) was added followed by dropwise addition of
bromine (1.50 mi, 29.0 mmol}. After I hour, the reaction was diluted with water and
extracted twice with DCM. The combined organic layers were washed with brine, dried
with sodiur sulfate, filtered, and concentrated i vacuo. The residue was purified by
column chromatography (ISCO, 80 g silica gel column, 29 minute gradient from 0 to 30%
10 EtOAc in hexanes) to yield Example 80614 (656 g, 26.1 mmol, 90%) as a clear oil.
LC/MS (Method A) RT = 0.96 min, MS (ESD) m/z: 251.0 (M+H)". "H NMR (400MHz,
CHLOROFORM-d) § 4.78 (s, 1H), 4.28 (q, J=7.1 Hz, 2H), 2.75 (td, J=7.3, 3.4 Hz, 2H),
1.65 - 1.53 (m, 3H), 1.31 (t, J=7.0 Hz, 3H), 0.98 - 0.86 (m, 4H).
Example 001B: (E)-ethyl 2-(ethyi(phenyllamine)-3-hyvdroxvhept-2-enoate
15 Example 801A (1.35 g, 5.37 mamol) and N-ethvlaniline (0.650 g, 537 mmol) were
dissolved in EtOH (10.73 mi) and heated to reflux for 14h. The reaction mixture was
concentrated in vacuo. The residue was dissolved in EtOAc, washed with water, washed
with brine, dried with sodium sulfate, filtered, and concentrated in vacuo. The residue
was purified by column chromatography (ISCQO, 80 g silica gel column, 29 minute
20 gradient from O to 100% DCM in hexanes) to vield Example 8818 (0.876 g, 3.01 mmol,
56.0%) LC/MS (Method A) RT = 1.23 min, MS (ESD m/z: 292.30M+H)". 'H NMR
(400MHz, CHLOROFORM-dy 0 12.60 (s, 1H), 722 - 7.15 (m, 2H)}, 6.73 - 6.67 (m, 1H),
6.63 (dd, J=8.8, 0.9 Hz, 2H), 4.25 - 4.12 (m, 2H), 3.51 - 3.32 (m, 2H), 2.37 - 2.21 (m,
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2H), 128 -1.24 (m, 2H)}, 1.19(t, /=72 Hz, 3H), 1.12 (¢, /=7.2 Hz, 3H}, 0.98 - 0.89 {m,
2H), 0.84 (t, J=7.3 Hz, 3H)

Example 001C: (£)-ethyl 3-amino-2-(ethyl{phenyljaminojhept-2-enoate

Example 0018 (0.943 g, 3.24 munol) and ammonium acetate (2.50 g, 32.4 mmol) were
dissolved in MeOH (16.18 mi). The reaction mixture was allowed to stir at 50 °C for
14h. The reaction mixture was concentrated under reduced pressure and the residue was
dissolved in EtOAc and water. The layers were separated and the organic layer was
washed with brine, dried with sodium sulfate, and concentrated under reduced pressure.
The residue was purified by column chromatography (ISCO, dry load, 80 g silica gel
column, 29 minute gradient from O to 100% EtOAc in hexanes) to yield Example 001C
{0.552 g, 1.90 mmol, 58.7 % yield) as a pale yellow oil. LC/MS (Method Ay RT = 1.068
min, MS (ESD m/z: 291.2 (M+H)". "H NMR (400MHz, CHLOROFORM-d) & 7.20 -
7.06 (m, 2H), 6.79 - 6.49 (m, 3H), 4.28 - 3.90 {m, 2H), 3.59 - 3.23 (m, 2H), 2.32 - 2.18
(m, 2H), 1.50 - 1.38 (m, 2H), 1.36 - 1.22 (m, 4H), 1.22 - 1.15 (m, 3H), 1.11 - 1.05 (m,
3H), 0.87 - 0.81 {m, 3H).

Example 001D: ethyl é6-butyl-3-(ethyl{phenyljamino}-2,4-dihvdroxynicotinate
Example 001C (0.348 g, 1.20 mmol} was dissolved in DCM (5.99 ml) and sodium
bicarbonate (5.99 i, 5.99 mmol) added. Ethyl malonylchloride (0.453 ml, 3.60 mmol)
was dissolved in 0.5 mL DCM and added dropwise. The reaction mixture was stirred at
ambient temperature for 3 hours. The reaction mixture was diluted with saturated NHsCl
and washed thrice with DCM. The combined organic layers were washed with brine,
dried (Na:S0y), filtered, and concentrated in vacuo. To the residue was added EtOH
{5.99 ml} and sodium ethoxide {1.790 ml, 4.79 mmol}). The reaction mixture was allowed
to stir at ambient temperature overnight and concentrated under reduced pressure. The
residue was diluted with 1 N HCI and DCM. The layers were separated and the aqueous
laver was back extracted with DCM (x2). The combined organic laver was washed with
brine, dried with sodium sulfate, filtered and concentrated under reduced pressure. The
residue was purified on ISCO using 80g column eluting with EtOGAc in DCM 0-100% to
vield Example 081D (0.225 g 0.628 mmol, 52 4 % yield). LC/MS (Method A)RT =
0.968 min, MS (ESD) m/z: 359.1 (M+H)". 'H NMR (400MHz, CHLOROFORM-4) &
13.66 (br. 5., 1H), 10.37 (br. 5, 1H), 7.24 - 7.13 (m, 2H), 6.75 {t, /=7.3 Hz, 1H), 6.64 -
6.56 (m, 2H), 4.43 (q, /=7.2 Hz, 2H), 3.57 (dd, /=9.9, 7.3 Hz, 2H), 2.66 - 2.47 (m, 2H),

69



Wh

20

WO 2018/071622 PCT/US2017/056265

1.65 - 1.57 {m, 2H), 1.41 (t, /=7.0 Hz, 3H), 1.39 - 1.30 (m, 2H), 1.23 {t, /=72 Hz, 3H),
0.86 {t, /=74 Hz, 3H).

Example 0081: (8)-(6-butyl-S-{ethyl{phenyl)amino)-2.4-dihydroxypyridin-3-y1}(3-
phenyipyrrelidin-i-yijmethanene

To a solution of Example 001D (0.015 g, 0.042 mmol) and (§)-3-phenylpyrrolidine
hydrochloride (7.7 mg, 0.042 mmol) in toluene (0.697 ml) was added TEA {(0.012 ml,
0.084 mmol). The reaction mixture was stirred for 5 min. To the stured reaction was
added HOAt (3.4 mg, 0.025 mmol) followed zirconium(IV) ferf-butoxide (9.8 ul, 0.025
mmol). The reaction was stitred at 100 °C for 14h. The reaction mixture was guenched
by the addition of 1N HCI (3 mL) at RT. The reaction mixture was extracted with DCM,
The combined organic layers were dried and concentrated, the residue was dissolved in
DMEF and purified via preparative LC/MS with the following conditions: Column:
XBridge C18, 19 x 200 mm, 5-um particles; Mobile Phase A: 5:95 acetonitrile: water
with 10-mM ammonium acetate; Mobile Phase B: 95.5 acetonitrile: water with 10-mM
ammonium acetate; Gradient: 30-70% B over 20 minutes, then a S-minute hold at 100%
B; Flow: 20 mL/min to yield Example 861 (0.0084 g, 0.018 mmol, 42.8 % yield):
LC/MS (Method A)RT = 0.973 min, MS (ESI) m/z: 4602 (M+H)". "H NMR (500MHz,
DMS0O-ds) & 7.33 (br. s, 4H), 7.24 (br s, 1H), 7.14 (br_ s, 2H), 6.64 (br. s, 1H), 6.55
(d, /=8.0Hz 2H}) 401 -335(m, 4H),3.17(d, =48 Hz, 1H), 2.55 (s, 2H), 2.34 - 1 89
{m, 4H), 1.41 (br. s, ZH), 1.20 - 1.06 {m, 5H), 0.71 (br. s, 3H)) (2 exchangeable protons
were not observed). Human APJ cAMP Potency range B.

Example 002: (8)-(6-butyl-S-(ethyl{phenyl}amino)-2 4-dihydroxypyridin-3-yi}(3-

phenyipyrrolidin-i-yi)methanone

200 20 O o r:wO
NiH, O C!JKf‘)\. Y W ,’L o
Me\/\\'/k\/'ﬂ\()/’\i\lie Q‘Br D/ e NH \,_I, NaH, THF, RT, o/in  Me f\)\/I \E,
Mo, N . e Br I/"\&/l\o/\wge --------------------------------- r
~ \H\/j K.CO,, THF, RT, M Me. N O O
Y oM | i
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Example 002A: (£)-ethyl 3-2-((4-bromophenyljsulfonyljacetamido)-2-
{ethyl(phenvllaminojhept-2-enoate

Example 001C (532 mg, 1.83 mmol) was dissolved in THF (18.300 ml) and potassium
carbonate (1270 mg, 9.16 mmol) was added to the reaction mixture. 2-({4-
bromophenylsulfonyliacetyl chloride (1090 mg, 3.66 mmol) was added, and the reaction
mixture was allowed to stir for 14h. The reaction mixture was diluted with saturated
NH4{l and extracted thrice with DCM. The combined organic layers were washed with
brine, dried {(Na:SOy), filtered, and concentrated in vacuo. The residue was purified by
column chromatography (ISCQ, 40 g silica gel column, 19 minute gradient from 0 to 50%
EtOAc inn hexanes) to vield Example 6024 (0.668 g, 1.21 mmol, 66.1 % yield}asa
yellow solid. LC/MS (Method AYRT = 1.10 min, MS (ESD) mz: 551.1 (M+H)Y" 1H
NMR (400MHz, CHLOROFORM-d} & 11.90 (s, 1H), 7.88 -7.82 (m, 2H), 7.73 (d, /=88
Hz, 2H), 7.20 (dd, /=88, 7.5 Hz, 2H), 6.74 (t, /=73 Hz, 1H), 6.58 (dd, /=8.7, 1 0 Hz,
2H), 413 (s, 2H), 4.12 - 4.05 (m, 2H}, 341 (d, /=59 Hz, 2H), 2.86 - 2.71 {m, 2H), 1 35 -
1.23 (m, 4H), 1.21 (t, /=72 Hz, 3H), 1.05 (t, /~=7.0 Hz, 3H), 0.85-0.72 (m, 3H).
Example 002B: 3~{({(4-bromophenyl}sulfonyl)-6-butyl-5-
{ethyl{phenyl)amino)pyridine-2,4-dio}

Example 002A (688 mg, 1.25 mamol) was dissolved in THF (25.600 ml). Sodium
hydride (100 mg, 2.50 mmol, 60% dispersion in mineral oil} was added, and the reaction
mixture was allowed to stir for 14h at ambient temperature. The reaction mixture was
diluted with EtOAc and washed with 1 N HCL, water, then brine, dried (NaxS04), filtered,
and concentrated in vacuo. The residue was purified by column chromatography (ISCO,
24 g silica gel column, 19 minute gradient from 0 to 100% EtOAc in hexanes) to vield
Example 002B (309 mg, 0.611 mmol, 49.0 % vield). LC/MS (Method A} RT = 1.09
min, MS (ESI) m/z: 505.0 (M+H)". 'H NMR (500MHz, CHLOROFORM-d) & 11.53 (s,
1H}, 10.64 (br. s, 1H)}, 7.96 (d, /=8.5 Hz, 2H), 7.67 {d, /=8.5 Hz, 2H), 7.28 - 7.25 {m,
2H), 6.85 (1, /=T 3 Hz, 1H), 6.62 (d, J=7.7Hz, 2H), 2.72 - 2.41 (m, 2H), 1.63 - 1 .59 (m,
2H), 143 - 1.24 (m, 5H}, 0.96 - 0.79 (m, 5H).

Example 002: 6-butyl-5-(ethyl(phenyljamino}-3-{{4-(6-flucrepyridin-3-
yhphenyhsulfonylipyridine-2,4-diol

Example 002B (15 mg, 0.030 mmol)}, (6-fluoropyridin-3-yliboronic acid (13 mg, 0.089
mmol), and PACh{(dppf)-CHChAdduct (2.42 mg, 2.97 umol) were dissolved in THF
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(848 pl} and 1.5 M aq. sodium carbonate (59 pl, 0.089 mmol) was added. The reaction
mixture was degassed with nitrogen for 10 minutes. The reaction mixture was then
sealed and heated under microwave irradiation for 30 minutes at 110 °C. The reaction
mixiure was filtered and concentrated iz vacuo. The residue was dissolved in DMF,
filtered, and purified via preparative LC/MS with the following conditions: Column:
XBridge C18, 19 x mm, S-pm particles; Mobile Phase A: 5:95 acetonitrile: water with 10-
mM ammonium acetate; Mobile Phase B 95:5 acetonitrile: water with 10-mM
ammonium acetate; Gradient: 20-60% B over 20 minutes, then a 4-minute hold at 100%
B; Flow: 20 mL/min to vield Example 082 (3.8 mg, 0.018 mmol, 62 % yield), LC/MS
(Method A) RT = 1.07 min, MS (ESD) m/z: 5222 (M+H)". 'H NMR (500MHz, DMSO-
de} & 8.60 (br. s, 1H), 8.34 (br. 5, 1H), 8.00 (d, J=8.0 Hz, 2H), 7.84 (d, /=7.8 Hz, 2H),
7.32(d, J=6.3 Hz, 1H), 7.06 (1, J=7.6 Hz, 2H), 6.55 (t, J/=6.9 Hz, 1H), 6.48 (d, /=8.0 Hz,
2H), 2.33 - 2.11 (m, 2H), 1.40 (br. 5., 2H), 1.23 (s, 2H), 1.16 (d, J=7.2 Hz, 2H), 1.08 (1,
J=T.0Hz, 3H), 0.72 (1, /=73 Hz, 3H) (2 exchangeable protons were not observed).
Human APY cAMP Potency range A.

Example 003: 1-{4-((6-butyl-5-(ethyl{phenyl)amino}-2,4-dibydroxypyridin-3-
visulfonyliphenyi}-S-methylpyridin-2{(1 H}-one

o
o ) Y
& 3
N/L\I"\@ Yy Ny~ !\. o)
. i e o i
Mev/\/’\f/ O N Mv\/f\/\/ Ok ~F Ny

Cu(inOAc, BBU, DMSO Me, N

Me_ N Me_ g
~ ! AN 140 °C ~ !/ﬁ
P = Me
002B

Example 002B (18 mg, 0.035 mmol), 5-methylpyridin-2(1H)-one (7.6 mg, 0.069 mmol},
and copper (II) acetate (6.3 mg, 0.035 mmol) were dissolved in DMSO (989 pL) and
DBU (10 uL, 0.069 mmol). The reaction mixture was degassed with nitrogen for 10
minutes. The reaction mixture was sealed and heated to 140 °C and allowed to stir for
14h. The residue was diluted in DMSQO, filtered, and purified via preparative LC/MS
with the following conditions: Column: XBridge C18, 19 x 200 mm, S-um particles;
Mobile Phase A: 5:95 acetonitrile: water with 10-mM ammonium acetate; Mobile Phase
B: 95:5 acetonitrile: water with 10-mM ammonium acetate; Gradient: 15-55% B over 19
minutes, then a S-minute hold at 100% B; Flow: 20 mEL/min to vield Example 663 (101
mg, 0.0190 mmol, 54.1 % yield): LC/MS (Method A) RT = 1.01 min, MS (ESI} mz:
534.2 (MHH)Y TH NMR (500MHz, DMSO-ds) & 8.28 - 7.80 (m, 2H), 7.56 - 7.28 (m,
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5H), 7.03 (br. s, 2H), 6.44 (d, /=8.8 Hz, 3H), 3.94 - 3.06 (m, 2H), 2.30 - 2.10 {m, ZH),
2.05 (s, 3H), 1.39 (br. s, ZH), 1.21 - 0.99 (m, SH), 0.73 (br. s, 3H) (2 exchangeable
protons were not observed). Human APJ cAMP Potency range A.

Example 004: 6-butyl-3-{{4-cyclopropylphenyl}sulfonyl)-§-
{ethyl{(phenylamino)pyridine-2,.4-diol

OHpo o oHO ©

/k N i xg/

i N ; ~ X

e O Drow SO
Mo~ AA G A g, N N \%

(i K, PO y
Me\/N‘ e _ Pd(‘OAc?z, 3 _ 4,_ Me\/N PN
i tricyclobexyiphosphonium 1)
N tetrafluoroborate, {oluene, P

O02B 140 °¢ microwave G604

Example 8928 (17.5 mg, 0.0350 mmol}, cyclopropyiboronic acid (17.8 mg, 0.208
mmal), PACAc: (3.11 mg, 0.0140 mmol}, tricyclohexyiphosponium tetrafluorchorate
{10.20 mg, 0.0280 mmol), and tripotassium phosphate (294 mg, 0.138 mmol) were
dissolved in toluene (989 ui) and degassed with nitrogen for 10 minutes. The reaction
mixture vessel was sealed and heated for 60 minutes under microwave uradiation at 140
°C. The reaction mixture was filtered and concentrated in vacuo. The residue was
dissolved in DMF, filtered, and purified via preparative LC/MS with the tollowing
conditions: Column: XBridge C18, 19 x 200 mm, S-pm particles; Mobile Phase A: 5:95
acetonitrile: water with 10-mM ammonium acetate; Mobile Phase B: 955 acetonitrile:
water with 10-mM ammonium acetate; Gradient: 30-70% B over 20 minutes, then a 5-
minute hold at 100% B; Flow: 20 mL/min to yield Example 604 (5.4 mg, 0.011 mmol, 33
% vieldy LC/MS (Method AYRT = 1.11 min, MS (ESIy mz: 4672 (M+H)". 'HNMR
(600MHz, DMSO-de) § 7.84 (d, J=7.1 Hz, 2H), 7.36 - 7.24 (m, 2H), 7.14 (br. s., 2H),
6.66 (br. 5., 1H), 6.60 - 6.51 (m, 2H), 2.44 - 2.20 (m, 2H), 2.07 (s, 1H), 1.51 (br. 5., 1H),
1.44 - 135 (m, 3H), 1.19 - 1.11 (m, 4FD), 1.06 (d, J=6.9 Hz, 2H), 0.86 (s, 11), 0.80 (br. .,
2H}, 0.72 (1, J=7.4 Hz, 3H) (2 exchangeable protons were not observed). Human APJ
cAMP Potency range A.

Example 0058: 3-((Z-butyl-5-((4-(2-fluoro-3-methylpyridin-4-yl)phenyhsulfonyi}-4,6-

dihydrexypyridin-3-yl){methyl)amino)benzonitrile
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Example 005A: ethyl 2-((3-cvanophenyl)(methyvllaminoc}acetate
Ethyl 2-bromoacetate (0.50 mL, 4.5 mmol), 3-(methylamino)benzonitriie (0.596 g, 4.51

4%

mmol}, and potassium carbonate (3.12 g, 22.5 mmol) were dissolved in Water (12.88 mL)
and heated to 70 °C for 14h. Reaction was diluted with water and EtOAc. The layers
were separated and the organic layer was washed with brine, dried with sodium sulfate
and concentrated under reduced pressure. The residue was purified on ISCO using a 40 g
columu eluting with 0-100% EtOAc in hexanes to yield ethyl Example 0054 (0.600 g,
10 275 mmol, 61.0 % vield) as a pale yellow oil. LC/MS (Method A} RT = 1.01 min, MS
(ESD m/z 2191 (M+H)". 'H NMR (500MHz, CHLOROFORM-d) & 7.33 - 7.29 (m,
1H), 7.03 (d, J=7.4 Hz, 1H), 6.91 - 6.89 (m, 1H), 6.80 - 6.79 (m, 1H), 4.22 (q, /=7.2 Hz,
2H), 4.09 (s, 2H), 3.11 (s, 3H), 1.29 (¢, J=7.0 Hz, 3H).

Example 003B: ethyl 2-((3-cyvanophenyl}i{methyDamino)}-3-oxoheptanocate

Example 005A (0245 g, 1.12 mmol} was dissolved in THF (11 .23 ml) and cooled to -78

- D2

L

°C. To the cooled solution was added LHMDS (0.133 mi., 1.12 mmol) and the reaction
nmixture was allowed to stir for 25 min. Pentanoyl chloride (0.133 ml, 1.12 mmol) was
added, and the reaction mixture was allowed to slowly warm to ambient temperature over
1 hour. The reaction mixture was diluted with water and EtOAc. The lavers were

0  separated and the organic layer was washed with brine, dried with sodium sulfate, and
concentrated under reduced pressure. The residue was puritied on ISCO using 0-100%
EtOAc inn hexanes on a 40 g column to yield Example 005B (0.150 g, 0.496 mmol, 44 2
% yield} as a colorless oil. LO/MS (Method A) RT = 1.30 min, MS (ESDH m/z: 303.2

(M+H)". 'H NMR (400MHz, CHLOROFORM-d) & 12.34 (s, 1H), 7.17 (d, J=7.9 Hz,
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1H), 6.93 (dt, J=7.6, 1.0 Hz, 1H), 6.80 - 6.76 {m, 1H), 6.76 - 6.72 (m, 1H), 4.17 - 3.97 (m,
2H), 2.98 (s, 3H), 2.27 - 2.12 (m, 2H), 1.54 - 1.47 (m, 2H), 1.23 (dt, J=15.0, 7.5 Hz, 2H),
1.05 (t, J=7.0 Hz, 3H), 0.79 (1, J=7.4 Hz, 3H).

Example 005C: (£)-ethyl 3-amine-2-{(3-cyanophenyi}(methyl)amino}hept-2-enoate
Example 095B (0.150 g, 0.496 mmol} and ammonium acetate (0.765 g, 9.92 mmol) were
dissolved in EtOH (4.96 ml} and heated to 100 °C. The reaction mixture was stirred
overnight. The reaction mixture was concentrated and dissolved in EtOAc and water.
The layers were separated and the organic layer was washed with water, washed with
brine, dried with sodium sulfate, and concentrated under reduced pressure. The residue
was purified on ISCO using 40 g column eluting with 0-100% EtOAc in hexanes to yield
Example 003C (0.137 g, 0.455 mmol, 92 % yield). LC/MS (Method A) RT = 1.27 min,
MS (ESI) m/z: 302.2 (M+HY. 'H NMR (400MHz, CHLOROFORM-d) § 7.27 - 7.20
(m, 1H), 6.96 (dt, /=7.5, 1.1 Hz, 1H), 6.88 - 6.86 (m, 1H), 6.85 - 6.81 (m, 1H), 421 -3.97
(m, 2H), 3.06 (s, 3H), 2.34 - 2.11 (m, 2H), 1.52 - 1.42 (m, 2H), 1.38 - 1.24 (m, 2H), 1.08
(t, /=72 Hz, 3H), 0.88 (t, /=7.3 Hz, 3H} (2 exchangeable protons were not observed).
Example 0053D: (£)-ethyl 3-CC-({(4-bromophenylsulfonylacetamido}-2-((3~
cvanophenyli{(methyllaminojhept-2-enoate

Example 805C (0.137 g, 0.455 mmol) was dissolved in THF (4.55 ml) and potassium
carbonate (0.314 g, 2.27 mmol} was added. 2-{{(4-bromophenyl}sulfonyljacetyl chlonde
{0.271 g, 0.909 mmol}) was added and the reaction mixture allowed to stir for 14h. The
reaction mixture was diluted with saturated NHyCl and extracted thrice with BCM. The
combined organic layers were washed with brine, dried (NaxSOy4), filtered, and
concentrated in vacuo. The residue was purified by column chromatography (1SCO, 40 g
silica gel coluran, 19 minute gradient from 0 to 50% EtOAc in hexanes) to vield Example
803D (0.205 g, 0.364 mmol, 80 % yield). LC/MS (Method A) RT = 1.24 min, MS (ESD
m/z 5622 (MH). TH NMR (400MHz, CHLOROFORM-d) § 7.88 - 7.85 {m, ZH),
779 - 7.75 (m, 2H), 7.32 - 7.29 (m, 1H), 7.09 - 7.05 (m, 1H), 6.85 - 6.83 (m, 1H), 6.79
(dd, /=8.0, 2.3 Hz, 1H), 4.18 - 4.15 (m, 2H), 4.14 (d, /=2.4 Hz, 1H), 3.07 (s, 3H), 2.89 -
2.65 (m, 2H), 1.43 - 1.24 (m, 6H), 1.08 (t, J=7.0 Hz, 3H), 0.84 (t, /=7 3 Hz, 3H).
Example 003E: 3~((3-({(4-bromophenyljsulfonyl}-2-butyl-4.6-dihydroxypyridin-3-

vi}{methyl)amino}benzonitrile
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Example 805D (205 mg, 0.364 mmol} was dissolved in THF (6.00 mi). Sodium hydnde
(29.2 mg, 0.729 mmol, 60% dispersion in mineral ol was added and the reaction was
allowed to stir overnight. The reaction was diluted with EtOAc and washed with 1 N
HCl, water, then brine, dried (Na»SOy), filtered, and concentrated in vacuo. The crude
material was purified by column chromatography (ISCQO, 24 ¢ silica gel column, 19
minute gradient from 0 to 100% EtOAc in hexanes) to yield Example 065E (0.122 g,
0.236 mmol, 64.8 % yield). LC/MS (Method A} RT = 1.15 min, MS (ESD m/z: S16.1
(M+H)". '"H NMR (400MHz, CHLOROFORM-d} & 11.60 (s, 1H), 10.92 - 10.74 (m,
1H), 7.95 (d, /=8.8 Hz, 2H), 7.69(d, /=8 8 Hz, 2H), 7.39- 730 (m, 1H), 7.12 (d, /=79
Hz, 1H}, 6.89 - 6.84 (m, 1H), 6.80 (dd, /=8.0, 2.3 Hz, 1H), 3.22 (5, 3H), 2.59 - 2.40 (m,
2H3, 1.66 - 1.58 (m, 2H), 143 - 1.32 (m, 2H), 0.92 (t, /=73 Hz, 3H).

Example 005: 3-((2-butyl-3-((4-(2-fluoro-3-methylpyridin-4-yvi)phenyhsulfonyi}-4,6-
dihydrexypyridin-3-yl}{methyl}aminojbenzonitrile

Example 89SE (15 mg, 0.029 mmol), 2-tluoro-3-methylpyridin-4-yliboronic acid (13.50
mg, 0.08700 mmol), and PACh(dppt)-CH2Cl; adduct (2.37 mg, 2.90 umol) were
dissolved in THF (830 uL} and 1.5 M aqueous sodium carbonate (58.1 ul., 0.0870 mmol)
was added. The reaction mixture was degassed with nitrogen for 10 minutes. The

reaction nuxture vessel was then sealed and heated under microwave trradiation for 30

minutes at 110 °C. The reaction mixture was filtered and concentrated i vacuo. The

residue was dissolved in DMF, filtered, and purified via preparative LC/MS with the
following conditions: Column: XBridge C18, 19 x 200 mm, S-um particles; Mobile Phase

A 5:95 acetonitrile: water with 10-mM ammonium acetate; Mobile Phase B: 95:5

acetonitrile: water with 10-mM ammonium acetate; Gradient: 15-55% B over 20 minutes,

then a S-minute hold at 100% B; Flow: 20 mL/min to yield AB-005 (11 mg, 0.020 mmol,

69 % yieldy: LC/MS (Method A)Y RT = 1.03 min, MS (ESD m/z: 547.0 (M+H)Y" 'H

NMR (500MHz, DMSO-de} & 8.17 - 8.09 (m, 1H)}, 8.01 {(d, /=7.6 Hz, 2H), 7.54 (d, /=76

Hz, 2H), 7.26 (br. 5., 2H), 6.97 (d, /=7.3 Hz, 1H), 6.83 - 6.73 (m, 2H), 3.02 (5, 3H), 2.15

(s, 5SH), 1.40 (br. s, 2H}, 1.24 - 1.13 (m, 2H), 0.75 (, /=7.2 Hz, 3H} (2 exchangeable

protons were not observed). Human APY cAMP Potency range A

Example 006: (6-butyl-5-((2-fluorophenyl}{methyl)amino)-2.4-dihydroxypyridin-3-

viI3-(3,5-difluoropyridin-2-yi}pyrrolidin-1-ylymethanone
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Example 006A: benzyl 2-((2-fluorophenyij(methyvDaminoc}acetate

Benzyl 2-bromoacetate (0.50 mL, 3.2 mmol), 2-flucro-N-methylaniline (0.399 g, 3.19
mmol), and potassium carbonate (2.202 g, 15.93 mmol) were dissolved in water (9.11
mL) and heated to 70 °C for 14h. The reaction mixture was diluted with water and
EtQOAc. The layers were separated and the organic layer was washed with brine, dnied
with sodium sulfate and concentrated under reduced pressure. The residue was purified
on ISCO 0-100% EtOAc in hexanes on a 40 g column to yield Example 006A (0750 ¢
2.33 mmol, 73.2 % vield). Compound 006A was used without further purification.
LC/MS (Method AY RT = 1.14 min, MS (ESTy m/z: 274.1 (M+H)",

Example 0068: benzyl 2-((2-fluorophenyl}{methyljamino)-3-oxohepianoate
Example 006A (0.750 g, 2.74 mmol) was dissolved in THF (27.4 ml) and cooled to -78
°C. To the cooled solution was added LHMDS (5 .49 ml, 5.49 mmol). The reaction
mixture was allowed to stir for 25 min and pentanoyl chloride (0.326 mi, 2.74 mmol) was
added dropwise. The reaction mixture was allowed to slowly warm to ambient
temperature over 1 hour. The reaction mixture was diluted with water and EtOAc. The
layers were separated and the organic layer was washed with brine, dried with sodium
sulfate, and concentrated under reduced pressure. The residue was purified on ISCO
using 80g column eluting with 0-100% EtOAc 1o hexanes to yield Example 0068 (0.202
g, 0.565 mmol, 21%). LC/MS (Method A) RT = 1.34 min, MS (ESD m/z: 3582
(M+H)" 'H NMR (400MHz, C}&OROFORM@ § 12.04 (s, 1H), 7.10 - 7.07 (m, 2H),
093 (ddd, /=43,32, 22 Hz 2H} 673 (d, /=811 H}, 6.63 - 6.53 (m, 2H), 5.01 (d,
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J=5.1 Hz, 2H), 2.92 (d, J=2.2 Hz, 3H), 2.37 - 2.17 (m, 2H), 1.49 - 1.32 (m, 2H), 1.22 -
1.07 (m, 2H), 0.71 (1, ./=7 3 Hz, 3H).

Example 006C. (£)-benzyl 3-amino-2-{{(2-fluorephenyl){(methyhamino}hept-2-
enoate

Example 8068 (0.561 g, 1.57 mmol} and ammonium acetate {2.42 g, 31.4 mmol) were
dissolved in EtOH (15.70 ml) and heated to 100 °C. The reaction mixture was allowed to
stir for 14b. The reaction mixiure was concentrated and dissolved in EtOAc and water.
The layers were separated and the organic layer was washed with water, washed with
brine, dried with sodium sulfate, and concentrated under reduced pressure. The residue
was purified on ISCO using 40 g column eluting with 0-100% EtOAc in hexanes to yield
Example 006C (0.332 g, 0.93 1 mmol, 593 % vield). LC/MS (Method A} RT = 1.29
min, MS (ESD) sz 357.2 (M+H)™. 'H NMR (500MHz, CHLOROFORM-d) 5 7.28 -
721 (m, 4H), 7.11 (dd, J=7.3, 2.3 Hz, 2H), 6.97 - 6.90 (m, 2H), 6.76 - 6.71 {m, 1H), 6.71
- 6.66 (m, 2H), 5.12 (d, J=9.6 Hz, 2H), 3.13 (d, J=3.0 Hz, 3H), 2.51 - 2.31 (m, 2H), 1.54 -
1.46 (m, 2H), 1.39 - 1.32 (m, 2H), 0.89 (t, J=7.3 Hz, 3H).

Example 006D ethyl 6-butyl-3-((C-fluorophenyl}(methyljamino)-2,4~
diliydroxynicotinate

Example 806C (0.100 g, 0.281 mmol) was dissolved in DCM (1.403 ml) and sodium
bicarbonate (1.403 mi, 1.403 mmol) was added. Ethyl malonyl chloride (0.106 ml, 0.842
mmol) was dissolved in 0.5 mL DCM and added dropwise. The reaction mixture was
stirred at ambient temperature for 14h. The reaction mixture was diluted with saturated
NH4Cl and washed thrice with DCM. The combined organic layers were washed with
brine, dried (Nax8O4), filtered, and concentrated in vacwo. To the residue was added
EtOH (1.403 ml) and sodium ethoxide (0.419 ml, 1.12 mmol). The reaction mixture was
allowed to stir at ambient temperature over 14h. The reaction nuxture was concentrated
under reduced pressure. The residue was diluted with 1 N HCl and DCM. The layers
were separated and the agueous layer was back extracted with DCM x2. The combined
organic layer was washed with brine, dried with sodium sulfate, and concentrated under
reduced pressure. The residue was purified on ISCO using 80g column eluting with
EtOAc in DCM 0-100% to vield Example 086D (0.041 g, 0.113 mmol, 40.3 % vield}.
LC/MS (Method AY RT = 1.13 min, MS (ESD m/z: 363.2 (M+H)". 'H NMR (400MHz,
CHLOROFORM-d) & 13.76 (s, 1H), 10.15 - 9.68 (m, TH), 7.07 - 7.01 {m, 1H), 6.96
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(ddd, /=13.8, 8.0, 1.3 Hz, 1H}, 6.89 - 6.76 (m, 2H}, 4.53 - 439 (m, 2H), 3.23 (d, /=1.8
Hez 3H), 277 -2.51 (m, 2H), 1.67 - 1.59 (m, 2H), 144 (4, /=7 0 Hz, 3H), 1.39- 130 (m,
2H}, 0.90 (1, /=7.3 Hz, 3H).

Example 006: (6-butyl-5-{(2-fluerophenyl}{methyl)amine}-2,4-dihydroxypyridin-3-
yi¥(3-(3,5-diflueropyridin-2-yhpyrrelidin-1-vimethanone

To a solution of Example 006D (0.025 g, 0.069 mmol} and 3,5-difluoro-2-(pyrrolidin-3-
yvhpyridine {(0.013 g, 0.069 mmol} in toluene (1.150 ml) was added TEA {(0.019 ml, 0.14
mmol). The reaction mixture was stirred for 5 min. To the stirred reaction mixture was
added HOAt (5.63 mg, 0.0410 mmol) followed zirconmum(IV) -butoxide (0.016 ml,
0.041 mmel}. The reaction mixture was stirred at 100 °C for 14 h. The mixture was
quenched by the addition of 1N HCI (3 mL) at ambient temperature. The reaction mixture
was extracted with DCM. The combined organic layers were dried and concentrated
under reduced vacuum. The residue was dissolved in DMEF, filtered, and purified via
preparative LU/MS with the following conditions: Column: XBridge C18, 19 x 200 mm,
S-um particles; Mobile Phase A: 5:95 acetonitrile: water with 10-mM ammonium acetate;
Mobile Phase B: 95:5 acetonitrile; water with 10-mM ammonium acetate;, Gradient: 30-
70% B over 19 minutes, then a S-minute hold at 100% B; Flow: 20 mL/min to yield
Example 806 (4.1 mg, 8 2 pmol, 12 % yield). LC/MS (Method Ay RT = 0.95 min, MS
(ESD mvz: 501.3 (M+H)". 'H NMR (500MHz, DMSO-de) 8 8.48 (br. s, 1H), 7.92 (br.
s, 1H), 7.05 (br. s, 4H), 3.91 (s, 1H), 3.85 - 3.49 (m, 4H), 3.07 (s, 3H), 2.26 (d, /=7 3 Hz,
4H}, 1.46 - 1.06 (m, 4H), 0.71 (1, ./=06.9 Hz, 3H) (2 exchangeable protons were not
observed). Human APJ cAMP Potency range A

79



PCT/US2017/056265

WO 2018/071622

{paAIasqo 10U
suoioad 9jqraBuryoxd 7} (He W) $L°0
Wz wy L1 (e ) 191 (HT W) SILVRLHEDE TN
p6'1 (HE W) 777 (HE 9§97 (HE -]-uiptjoniidiiueyd \
w) p0e (1 W) wmmim@_mﬁmﬁ “ur) i Aiuﬁ,\w%én& ) "
Poby | £9°¢-76'C (HT ") 169 (M1 W) 090 | dovwe(jAueyd)iyien) o }
v HT W o1 L (HT W) £2°L “(Hy W) ~G-AXOIPAYIp AQ‘..@%ZMW\/\,
d 66°0 1€°L ¢ OP-OSIWNA ZHIN00S) YINN H, b TANG-9-0 | T 5 o 200
(PRAIRSGO JouU suoloxd
s[qeaSueynxa 7) (He w) 740 (HT "w)
611 (HZ W) op' T (HZ W #8'1 - 00T suouByew(jA
(e W) 27T (HE ") yo'¢ “(HT W) ~{-uipronAdjivoyd
67°¢ - ¥$'¢ (HT ‘W) $9°¢ (HT W) 169 W jA-g-upuk \/\F _
b oby (HI ZH $'9= D 209 (HZ "W) 90 'L | d{ounue(jfusyd)dypw) o
v - 91 (HL ZH 6 L= D) €T°L “(HY ‘W) s-xospiusp | Nl T T
q 660 164 w: OP-OSING ZHW00S) YN H, A RIS () S N LO0
ogurl
Aduaiog H+A
0 | POYIRI
dNYo | (um) 1y #
{dVY SN/ AN Hy JweN JUONNS e |
[ 91981

"SPOYIOW POqIIOSSP 2A0GER oy} SUIST PIZISSYIUAS SI0M MO SJqB} 313 Ul poisy] spunodiuod 3y

80



PCT/US2017/056265

{(paaIDsqo jou su030xd S{gesButyDxa
, DIHE TH €4=1) €070 (HL
“‘EX:TNN,‘ﬁmmmwmms%mTﬁE

I HT W 9T T-LETHES) 60E| [01p-pZ-2uIpLIA P
(HT ‘ZH 0'8=/"P) L§'9 (HI ZH T'L=/"| d(ourue(jfusyd)jdyiom) L
cov/i6y D699 HZ CH L L=V L1'L (T S L IR
A4 ZH €'8=/""P) $8'L (HT ZH £'8=/ P} | -(JAuogns(jAvaydowoiq L Hwﬂ/\/
q 01 §6'L © {°P-OSINA ZHW00S) WIANN Hy “p))-€ oo 010

{poAID8qO 10U

suoioad 9jqrafuryoxs 7} (He ‘W) 9.0
(HZ ‘W v - $7°1 HT W Ly (He
W) 881 - LOT (HE W 61T -0vT (HT

WO 2018/071622

) zH'7 - 64 7 (HZ W 80°¢ (HT “w) sucuRyRW(jA
€€ L6 (HZ Wy L9°¢ (HI THO8=, ~{-uiprjonAdiAueyd
78Sy | PYeoo (HI CH L=V 959 "(HI W) ~CH(A-¢-upusd(ih
v 68°9 (H1 W) 0L~ O1'L “(HS W) 0T'L| ~1-UHOPUD--Ax0IPAYID| /%
q 860 |- 684 9 (P-OSING ZHINO00S) WAN H; S g0 T 600
38uel
Aou3og H+W
0539 poyIeIN
dINvo | () 1y #
fdvy S/ NN Hy SUEN SIONG XH

81




PCT/US2017/056265

WO 2018/071622

(pPoAaI25qO
jou suojoxd ojgeaSueyoxa 7) (HE ZH

CL="VpL 0 (H W01 1-22'1 (HT
ZH 6L FSI= PP v (HT 2H 6'9=
PYSTT(HE S o0¢ (HZ ZH O'S=("
PYES 9 (HI CH VL= Y $99 (HE 2H
L= UL L TH S 0=/ P CCL

[O1p-'Z-OUIPLIA
diomure(jAuayd)Aurow)

1'805 (HT ZH 8= P) 16 L (HT ZTH Tg=| -s-(jAuopms(jAuayd(f4
v PYLOS (T W) cog-0ob'g (HI TS 1g) ~g-urprAdosongy
v 00'1 798 ¢ (OP-OSIWQ THIWO00S) MIAN H, -0}y €-1AING-9 o Z10
{poAIzsSqQO
1ou suoord ojqeaBSueyoxs 7) (HE ZH
Ti=t DL 0 T Wy 111 - €21 T
ZHCLOSI=" PP P T (HES)S1T
{HZ s 19) €77 (HE ) v0'€ (HT ZH
LL="PY 269 (HY ZH 6'9= D 799 {O1p-p Z-ouIpuA
(HZ ZH ¥ L= D 11°L (11 ZH 9 b= | d(ouue(jAusyd)Ayieu)
TTs PYLTLHT ZH 8 L= Py 1oL (T -s-(JRuoyns{jAusyd(ja
k% CH § L= P LOS HL TH 9 b= P) -p-uipuddidgiou-¢
v 001 £1'8 9 (/P-OSINQ ZHNO00S) WAN Hy | -0iony-g)4))-£-14ng-9 110
38uel
Aousiog H+W
0539 poyIeIy
dINVo | (Ui 1Y #
fdvy S/ NN Hy SUEN SIONG XH

82



PCT/US2017/056265

WO 2018/071622

(POAISSQO 10U SUOIOId Q1GRIBURYDXS

D (HE ZH €L= D sL0 (HT ‘W)
ZUT1-22 1 (HZ ZH v s=P) 8¢’ (HT
CH Y L= D 21T (HE ) $TT (S
Y067 (HZ ZH 6 L= P) v¥'9 (H1
ZHO L= "D TS0 (HT ZH 9 L="D

[01p-y 70Ul
pudd{jAuoyms{jAusyd{jA
¥

~uipAdAgRW- €)-p))-¢

|
z\\;w_\ N
F” . %\?MIOH\WJ\\/ Pray
“r,ﬁn\_./ 1 2N

gt

£v0s | v0L (GHL 7S Q) 9T L (HTZ ZH 8' L= P)
v 8%'L (HZ ZH 6'L="P) L6'L (HT s 1q)| -(ounwe(jAusyd)jAyaur)
Y L60 1$'8 ¢ OP-OSWA ZHW00S) YIAN H, G- IAING-g oo #10
{PoaIdsqo 10U su00Id JYQRITURYIXRD 7)
(HE W) 0L'0-8L0 HT 21 v L "L'¥ =t
Wyer T (HT W) oL - sb'1 (HE
“s 1) 07’7 (HT M) €27 - 677 (HT
TH U= Py o7 (HT W L g 78
HI ZH 8 L="P) 98¢ (HI W) €49
- 619 (HL W) LL9- €89 (HI ZH [o1p-pZ-oul =
6°9="P) 960 (H1 ZH § b= P) 57 £ | pukd(jfuoyms(jhuoyd(A) N4
€916 | (T 7H 1'8= P} 8¥'L (HT ZH 0' 8=/ 10 S PN PN
k% Pre6L (HE ZH Cv= P ov' g ({1 '8} | ~wpuiddiAyew-c)-yi)-¢ 9 OHNZ
v L8O cp'8 Q (9p-OSING ZHINO00S) WIAN H, | ~{1A-1-u1jopun-¢-1AIng-g o o €10
a8URI
Aou3og H+W
05y poyep
dINvo | () 1y #
fdvy S/ NN Hy SUEN SIONG XH

83



PCT/US2017/056265

WO 2018/071622

{poAIRSqO 10U SUCIOId 2]4BITUBYOXS

) (HS W) 89°0 - LL0 (HT

CTH 9= Pres 0 (HZ W) €11~ 6171
(HT ZHOS= Py LT (HI U) ¢6'1
HT ZH Y L=V €17 (HE 9 96T
(HT TH 6 L= P) vr'0 “(HI ZH 1 L=

[O1p-'Z-OUIPLIA
diomwe(jAuayd)Auow)

TEsy Vs 9 (HZ ZH 9 L=V 0L (HT -¢-(1Au
q CH 08P T L (HT H T8= P) | oppos(jAusydijsdordoppis
v 791 6L L (OP-OSINA THINO0S) YINN H, ~$))-€-1AING-9 Fouo 910
{poAIzsSqQO
1ou suoord ojqeaBSueyoxs 7) (HE ZH
L= VL0 (HT M) 211 - 671 (HT
W zel - eb 1 (H W vz - ve7 (HE
§}ec7 (HE S 60'¢ (HZ ZH T 8=
P)os o (HI ZH € L= L99 (H!I {O1p-p Z-ouIpuA
FTH LT T8= PR 1L (HT TH § L= | d(oue(jAusyd)Ayleu)
1728 VOULHT ZHT 8= P yoL (1| -s-(JAuoyns(jAusyd(j4
k% ZH U8=0 D L8°L (HT TH T8=P) -¢-mpuddidygiou-g
v 101 80'8 Q (°P-OSIWNU ZTHWO00S) WAN Hy | ~0100J-9)-4))-{-]1AING-9 $10
38uel
Aou3og H+W
0539 POt
dINVo | (Ui 1Y #
fdvy S/ NN Hy SUEN SIONG XH

84



PCT/US2017/056265

WO 2018/071622

{poAIRSqO 10U SUCIOId 2]4BITUBYOXS
DHE ZH € L= D sL0 (HT

Uy oL 171 M s 1) 661 (1T
TH L= "D 1T (HE S L6'T (HT TH
1'S=""P) 9%'9 "(HT "W} 059~ 859 (HT

Yo

-{(H1)Z-uipuAdoioyd
~¢-{ pAueyd{jAuoyms(jA

THL'L= D) 90'L (HT ZH T8 D) cupus| 2 L
10ps ZS'L{HI ZH 8T '6'6= PP 65 L (HI | d{ounue(jAusyd)Agau) iz o HO z/\/\/
g CH YT P96 L (HT TH T 8= D) ~s-Kxospdyp| ¥ L] F\Mﬁ
v 0%l 108 ¢ (9p-OSIWNA THINO00S) MIAN Hy ~§ A9y )| Fo 810
{poAIzsSqQO
1ou suoord ojqeaBSueyoxs 7) (HE ZH
L= SL0(HT M) €11 - 671 (HT
W) o - 18 (HT W) €77 - LET (HE
)bb'z (HE S)o1'¢ (HT 2H 1'8= [o1p-p z-out
PY8S O (HL ZH L= "D 69'9 (HT | puAd(jAuojrs(jAuayd(j4 P
ZH L L= LU L HE THOS €L " n LK
oS PPY S£L CHE W) £9°L - 12°L (T | ~wpuhdifyewg)-p))-¢ | [ HO ﬁ>3/
Y TH 8= P)OL'S (HI TH 6 €= )| -(ourwre(jAusyd)Apew) /ﬂ LN
v 780 75'8 9 (°p-OSWA ZTHIN00S) YIAN Hy ~¢-1AINg-g Foub L10
a8URI
Aou3og H+W
0573 poyIeIN
dINvo | () 1y #
£dvY ST WIAN Hy SUIEN BINIOILG X

85



PCT/US2017/056265

WO 2018/071622

{poAISsSqo

1ou suoiosd opqeafueyoxe 7) (H9 S 1q)
PI L HES) e HT W 1e1 - 9%t
(HE ) 9T T HT "W 077 - €07 (HT
WL Ssoy (HI STy (He s
4G) 969 “(HI '8 1) $9'9 (HZ '8 Q)

joIp-Z-ouipuAd(o
urwe(jAusyd)iAdosdost)

zoss | €ULHI ZH =P 6T L (HT s 1) |  -s-(juogmms(jhusyd(id ) | N o AN
Voo L9 (HT 89 608 (HI ZH 8 b=/ D) ~p-uipuddiigaur¢ WA A
v 44! P18 ¢ (9P-OSINA THNO009) MIAN Hy | ~CIon-7)-¢))-€-1Anq-9 oo 070
(PoAIRSqO 10U SUCoId 21GRIBURYOXS
DHE ZH T =Y LU0 (HT W)
911 - 871 (M "W oy (HE M) 881
-80°7 (HI W) 977 (HZ W) [€7-6€7
{HZ W) 697~ 887 HI ZHTS="P) SUCUBYIOW(jA- |
T (HY W) 8y e - 6L°¢ (HI é m@@ -utprouidifusyd-g)(j4 PPN
- E@ HI ZH T =) ¢s'9 ‘(HI ZH -g-uipuAdAxoIpAtp g ,u
€Ly L= §8°9 (HI ZH £'L=1"P) £6'9 - 7-(14 I
k% Af WYL LTL(HY ﬁo S= Py -(HZ)-unoumbospAyp A/VQ N
q LO] £¢'L 9 (P-OSINA ZHINO0S) WAN H; P OoAmMg-9HS) | T T o 610
a8URI
Aou3og H+W
0573 poyIeIN
dINvo | () 1y #
fdvy S/ NN Hy SUEN SIONG XH

86



PCT/US2017/056265

WO 2018/071622

{(paaIDsqo jou su030xd S{gesButyDxa
DHE TH CL="D L0 (HZ ZH V¥ L=
XS} 17T (HZ CH O € S'L ¢ 1= 1)
TP (HZ U z8'1 - L6’ (HZ W 607
-7 7 (HES) YT (HZ W 197~ 187
(HI ‘W) 66'7-90°¢ (HT W) 08¢ -86¢
CHI ) 10°9- 809 (HI ZH 80 T L=
PH oo (HI W) 899 - 629 (HI ZH
2L PYISO L TH O S DY YT L

[01p-y°Z-0ul
puAd{jAucirs(jAuayd(jA
~p-uipusd Ay

T05s (HZ ZH ¥'$= D) ov'L “(HTZ ™) {6 ~E (A
Y ~66'L (HE ZH O S= Py ob'g ({1 '§)| ~(HZ)1-uwoumbospiyp
v 060 158 ¢ (OP-OSIWQ THIN00S) YIAN H, 7€) 6-1A1nG-9 770
(p2Aresqo Jou suojoxd
ojqeaBuryaxa 7) (HE ZH ¢ L= "D 9L0
(HY W) L11-801 (HT W) op' ] - €671
(HZ W) 88 1-£07 (HT U 27 -9¢7
(HE ') 8¢'7 (HT "W 047 - €87 (HI [o1p-yg-eut
ZH 6 L= PY U9 (HL S 1) 789 ({1 | puAd(jAuoins(jAuagd(jA
“s°3q) 98°9 (HI ZH L'9= P) £6'90 (HI -¢-uipuAdidyiew
T8PS | ZH 8= P 1L (HT U8 1) $9 L (HIL ~Z-CION{F-g )1} ¢-{[4
k% ZH T 8= L8L HT TH L L= Py | - -unoumbospAyp
v 011 LO'8 Q (°P-OSIA THIN009) YINN H; ~#°¢)-¢-14INg-9 170
38uel
Aou3og H+W
053 poyIeIN
dINVo | (Ui 1Y #
fdvy S/ NN Hy SUEN SIONG XH

87



PCT/US2017/056265

WO 2018/071622

{poAIRSqO 10U SUCIOId 2]4BITUBYOXS
(HE ZH € L= "D 9L 0 (HT
FHTLOYI= PPy 1T (HE ) L
-0ST (HZ W) 881 - #0'T (HT W) 0£'7
“1F T HE S v T (HT W) 997~ 887
CHT W) L1€-67°¢ (L s 39 08¢
(HIZH 1'8= P #1°9 (HI ZH €=
D669 (HI 2H L' L="D) 88'9 ‘(1

CTH L= P b6 9 (HI ZHO'S V="

[oIp- g-aul
puAd{jAuoyms(jAusyd(ja
-c-mpuAdjAmow

T0€S PRy OCL HE W 2oL - TLL (HT TP e-(4A
v ZH 8= "P) 608 (HT “ZH 1 v= P}| ~(H)1-uroumboipAgp
v 680 1$'8 9 (Op-OS ZHW00S) NN H; ~F 6 1AINg-9 vZ0
{poasasqo jou
suojoad ojqeafueyoxe 7) (HE ZH € 9= SuOuRIOWJA
PIILO(HS W) €0 T -61'1 (HT "8 Jq) -{-mpijonAdiiueyd o~
TP (HY Wz - 86T (HE W €17 -O{JA-g-upuAd(o
Thiy |- S€T (HE W) €2¢ - 81y (HE ) ¢p'g | wnme(jdusydyjddordosi)
51 ~ 199 (HT “s 19} L07L (HS 'u) 81L -§-AX0IpAYIp
q 861 |- 6¢L 9 (P-OSING ZHN00S) WAN H; - 7 1AING-9)-() €70
s3uR1
Aou3og H+W
yd | POy
dNVo | (Ut 1Y #
fdvy | S/ MIAN H, SUIEN] QIO X

88



PCT/US2017/056265

WO 2018/071622

(HE 2 € L=

0,0 (HS W60 1 - 171 (Hz wyzel -
0S' T (HI W ST~ v7 (Hy B geT-
o7 (HL ZH Y9 '71=1P) L1} (HT
THUS=P) 199 (HI ZH T L=
800 (HE WY 2L~ 614 (HT W) o9 L

joIp-"g-ouipuAd(o
une(jAueyd)pAdosdost)

705S -ZLL L ZH TS0 D 16l (i un | ~s-(jAuojrs(jAuagd(jA
A4 90’8 - Z1'8 (HI s 1q) Z¢' 11 (H1 '9) -¢-uipuAdidgew-7 o
Y 11 [ 2811 ¢ Op-OSING “HINO00S) MIAN Hy | -010n-g)-#))-¢-1A10G-9 Tl 920
(pPoAaI25qO
1ou suooid 21graBuryoxs 7} (HE
CTH L= D690 (HE ZTH €9 0pi=
PRI (HT W oL -8y 1 (LS
3G) sTZ (HE ZH 1'81=""P) 67 (HE
)b (HE s 19 21y (HZ ZH 78= [op-p g-oul
Py LS HL ZH 6'9= D) $9'9 (ML 2H | puAd(jAuojns(jAuayd(j4 P
9L="Y €1'L (HI ZH 8¢ v L= PP) -g-uiptAdifypaw G PS
TTES | SCLHE ZH 8L E L= PP 99 L (HT 2rpe-o] [ HO ﬁ>3/
v ZH O'8= P) $0'8 (H1 ZH 8 ¢= P} | wwe(jAuoyd)ddoidosy /ﬂ Lon
v 060 05'8 ¢ (°p-OSIG ZHINO00S) YIAN Hy ~¢-1AINg-g Foub $70
38uel
Aou3og H+W
0539 poyIeIy
dINVo | (Ui 1Y #
fdvy S/ NN Hy SUEN SIONG XH

89



PCT/US2017/056265

WO 2018/071622

(posiasqo u‘@z su0joad
21qRaBUBYOXS 7Y (HE CH € L=V LL O
(HZ ZH L= S) 07T (HT W) 8¢'1
~oF T (HZ U1 - 861 (HE S v1 T
(HZ TH 9 L=V 077 (HZ ‘W) ¢

- 187 (HI W) mom ~01'¢ (|11 ‘W) sp¢
ém.m.,s.ﬁ TH 8= P 909 (HI TH
L=V 1P 9 (HI THO L=""D9L'9

":.: ZH L= P p8 o (HI ZH 8 b=

[01p-y 70Ul
pudd{jAuoyms{jAusyd{jA
~-uipLisdpAyiow

78YS PISTLMHT ZH I 8= P TS L (HT|  -croong-2rv-e-(A
v TH 1'8="P) 108 (HI ZH 8'v=/""P)| ~(HD)1-wjoumnboiplymp PP P
Y 011 118 ¢ Op-OSING ZHIN009) YINN T, b E)-S-1AING-9 %?w 870
(POAIRSqO 10U
suoiodd 9jqraBuryox? 73 (HE 2 H ¢ L=
DIL0(HE ZH T 9= P) 660 (HE
CH 9= P)6e0 T (HZ W 111 -0C1
(HT W) €1 -9v' 1 (HS W) ¢02-977
(H1 s 19 ¢6'¢ (HZ ZH 7'8="P) @E op-p 7-out
(HE ZH O L= D159 (HT 2l L L= | prAd(jAucims(jAoayd(j4
‘DeoL (HI ZH S b= P ¥ L (HT -p-uipuAdiAyiew
TTES CH 6 L= E ab'L (HZ CH 0'8=" D) ~C b0
k% v L (HL ZH § b= P s ({1 ©s 3q) | wwe(jiusyd)iddordosy)
v 160 058 Q (9p-OSINA ZTHINO0S) WIAN Hy -¢-141ng-9 LZ0
38uel
Aou3og H+W
053 poyIeIN
dINVo | (Ui 1Y #
fdvy S/ NN Hy SUEN SIONG XH

90



PCT/US2017/056265

WO 2018/071622

(POAISSQO 10U SUOIOId Q1GRIBURYDXS
DHE ZH T L=V L0 (HT

W LT €71 HTZTH L L= P £V T
( {HS ) £7g - Nwm (HZ ) 80'¢ ﬁ@., £

[o1p

$IQ) 1S (HT S U9 L0'9 (HI ~p g-ouipuAd{ouTe(
L= PYSTY :.: ZH 9 L= D) o@ pAgew)(jAveydAxoyiew 9
mg ZH Ug=0D 90°L (L ZH 19 O
TT8s P)UL (HT ZH 0'8="P) 99'L (M1 | ~s-(Kuepns(huoud(d) "L Y
v ZH 8= D) 88'L (HZ 7H 0'8=/"D) SR CHUEEEA N G O
q 011 60'8 ¢ (9P-OSING THNO00S) MIAN Hy | -0Ion-9)-y))-¢-1Anq-9 Foud 0£0
(p2Aresqo Jou suojoxd
orqeasueyoxs 7) (HE “ZH T L= "V LLO
T W o1 - 721 (HT ZH T 9= P)
9; ‘(s ‘9 o1z (He s 19) 667 (HE [o1p
$ U L1¢ (HI TS 1) 66'¢ (HI ZH| -y 7-oupuid{ounuy(
L= "P) 60°9 (HIE ZH 0'L={"P) §1'9| 1SyRw)(jAusydixoyiow X
Q: ZH 1'8=/"D L6'9 (HI TH 8 b= -€)) Q
78S PILTL T ZH T L= Py ss°L (HT | -s-(Anogs(isuayd(ph) {1 e
v TH L L= P 708 (HL TH § b= P) ~putpukdilipour¢ ,\/\H um\/mz
v 011 £1'8 9 (/P-OSINQ ZHNO00S) WAN Hy | -0iony-g)4))-£-14ng-9 5o 620
s3uR1
Aou3og H+W
3 | POURI
dNVo | (Ut 1Y #
fdvy S/ NN Hy SUEN SIONG XH

91



PCT/US2017/056265

WO 2018/071622

(POAISSQO 10U SUOIOId Q1GRIBURYDXS

D (HE ZH € L= D 940 (HT ‘W)
91'1-971 (Hz “s 19 z¥'1 (He ZH
0'8= P 1ET (HE S 8ET (HE S) o€
(HE s 19 iy e (HZ ZH L8= P} 1S9
(HT TH L'8= P 8L'9 “(HI ZH v 9=

[o1p
-y z-oupuid{ouime(
Amow { jAusydAxomew

),

(43S PIZULHT ZH 6 L= P)s9L (L -s-(Huogms(jhuagd(A
v ‘ZH 1'8="D 88°L (HZ ZH 0'$="P) -¢-uipuAdjApsw-g7
g 011 80'8 ¢ OP-OSING ““HIWNO00S) MIAN Hy | -00n-g}-#))-¢-1A10G-9 7£0
(pPoAaI25qO
1ou suooid 21graBuryoxs 7} (HE
THT =D LL0HT W P11~ €T T
THZ M 9¢ 1 - Ly T (HT "8 3 $1T
(HE 'S 57T (HE 9967 (HE 78 1g)
LUEHT s 19) L6' (HI ZH0'8="P) [o1p-p°7-oul
L0 (HL ZH UL="P) §1°9 “(HT ‘zH | prAd(jhuoyns(jAuayd(j4 P
0'8=""1) $6'9 (HI ZH S b= P} $TL pruipukdifyew Q P
TrEs | (HZ ZH L= P) 0§'L “(HT ZH L L= a0 aa LG G NN
k% ProeL (HE s 39y ob g ({1 s 1) | Agou{[Ausydixopon ,\/\Hu\/wz
q 1670 75'8 9 (°p-OSWA ZTHIN00S) YIAN Hy ~€))-¢-14ng-9 3o o 1€0
38uel
Aou3og H+W
0573 poyIeIN
dINvo | () 1y #
fdvy S/ NN Hy SUEN SIONG XH

92



PCT/US2017/056265

WO 2018/071622

{(paaIDsqo jou su030xd S{gesButyDxa

7) (He Wy sL0 (HT W) 811 “(HZ W)
171 (HI ‘W) o961 (He 'w) 77 (He
Y8 a0) £0°C (HIL M) €6°¢ ((H9 W 09€

sudueow(jA
-1-upijoaiAdiAusyd
~gHjA-g-urpuAd{ourue(

oLy -S4 ¢ (HI s 19) 68°¢ (HT W) 839 | [Apsu([Ausydixoypsw
v (g "Wy 90 (HT w) y7 L "(Hy W) P $-AXOIPAY P A@iﬁ o
q $0'1 ZE€L ¢ (Op-OSWA THWNO00S) MIAN H, ~HTIAING-gHS) | T MM 9€0
(PoAIRSqO 10U SUCoId 21GRIBURYOXS
(HE ZH € L= "D 9L 0 (HT
WP - 67T HE TH L 9ST=
PpY Ty 1 (HT ZH 6 L= P) 977 (HE
‘) b7 (HE ) o e HE S LTe (1T o -out
ZH 8= P) L 9 (HT ‘ZH 6 §= P} | prAd(jAucms(jAueyd(j4 O
S (HI "W oL -9¢L (HT TH 6’ L= -c-ulpuAdiAyaw g
T¥Es Pyes 'L (HI “ZH € L= P)99'L (HT -2ip-e-fone( L L o PP
v EH T 8= P 08 (HI EH 0'p=y ) | Apeun([AusydAxopous SS9
q 060 05'8 ¢ (°p-OSIG ZHINO00S) YIAN Hy ~$))-¢-14INg-9 I, §€0
38uel
Aousiog H+N
0539 poyIeIN
dINvo | () 1y #
£dvY ST WIAIN H SUIEN BINIONIG X

93



PCT/US2017/056265

WO 2018/071622

{(PoAJOSQO 10U SUGI0IM Q[gEasSURYdXa
DHHE ZH L= oL (HZ By 61T -
TIHTZ PH 99 S €I= PP} Th 1 “(HE
Yo7 (HT "8 D o7 (HE S) s0'€
HES LTS HT ZH 8= P 169
(HT ZH 8'8=C"PY 8L 9 '(HI ZH 6 b=

o

-4 p-oumprAd{ounme(
(Ao { Ausyd Axoyiow
b))

(A% PYOTLHT TH US= P L9L (HT] -s-(JRuopms(jaueyd(js
Y CHTS="PYIER (HT CH 6 b= D) ~p-uipuAdyAye-¢
v 60°1 $1'8 Q (Op-OSINA ZHN00S) MIN H | -0I00[-7)-#))-€-1A1MG-9 §€0
{p24105q0 10u suoyoad
spqeaSuryove 7Y (HE PH T L=V 9L0
HCWSIT-6T1 (Hz Wy zy1 (He
'S} 07’7 (HZ ) 677 (HE *S) #0 '€ “(HE [op-yg-sut
"8} ¢9'¢ (HZ ZH 9'8=/" P} 059 "(Hz ZH | puid(jsuopns(jiuand(j£ o
L'8=D) LL9 (HT ZH9v= P 6T L -prupusdiageur ) Q P
eS| (HT TH LL=rP) b9 'L (HT TH 6 L=r" ~£)p))-e-(ourue( | | o L
v PY8OS (HT H v'y=r P 6v'8 (HT S} | iApeun(jfusyd xoysw
\4 16°0 ¢S] Q (OP-OSIWA ZHN00S) WIAN H; -PH-6-1Amg-9 LEO
oJues
ASUIOH H+W
053 POy
diNYo | w1y #
(avy SN/ HAN H; SWEN IONIG xgq

94



PCT/US2017/056265

WO 2018/071622

(POAISSQO 10U SUOIOId Q1GRIBURYDXS
DHE ZH 7 L= D L0 (HT w)

811 -87'1 (HT "s 1) ¢p'1 (HT ‘W)
191861 (HE 607 (Hs u)¢1e

- 677 (HZ W) 09T - 9,7 (HI s 19}
7S¢ HIL ZH 6 L= P) Lo's (T ZH

6 L="P) 959 (H1 "5 19) 99'9 “(HI ZH

[01p-y°Z-0ul
puAd{jAucirs(jAuayd(jA
~p-uipusd Ay

Chps 9p="P) ST L HT ZTH L= P 154 ~E - e-(A-(HDH
Y (HZ “H 6 L= P) 66'L (HE W) 8¢’ -uounboIpAYIPp-1°¢ .
q 90'1 |- 19'% ¢ (P-OSINQ ZHWO00S) MINN H, -JAYIBU- )~ -[AING-Q Foud Ov0
(poAssqO 10U suoold 21gRIBuUrYOXS
DHE ZH L= 90 (HT W 611
S LT HE W LT - 08 (He w v7T
- €7 (HE $) vp'7 (HE %) 80'¢ (He
) 89°¢ (HI “s 1) 80'0 (HI ZH T'8=/ [o1p-p 7-oul ~
Y19 (HL ZH L L= P) 829 (11 | prAd(jAucms(jAueyd(jA P
ZHUS=" VS0 L (HI TH6 Y v i=f -¢-uipukdidyeur | Ao
8 . . e - 73 N
Tres PPy SeL (HE W) 1oL - 1L (HT -2-p)-e-fourae(| (L o Lo
v TH T8 P) 80°8 (HL ZH v = P} | 1Apeun(jfusydixopous g Czﬂ/
ki 1670 15'8 9 (P-OSING ZHWNO00S) WAN H; ~€))-¢-14ng-9 30 o 6£0
38uel
Aou3og H+W
0539 poyIeIN
dINvo | () 1y #
fdvy S/ NN Hy SUEN SIONG XH

95



PCT/US2017/056265

WO 2018/071622

{poAISsSqo

IOU SI3M éo% 3d opgeoBueyox?

2V (HE 2H € L= 8L°0 (Hz ‘W)

07T -0¢1 ﬂmm § 16T (HZ W)

LRT-Y0T (HES) T THE S L1T

(HZ W 1€7-6£7(HZ W OLT-T87T
(HI ZH6'8=" D 15 € (HI S 9L

HE ZHO'S=P) §0'9 "(HI ZH 0'8=/

P} 89'9 “(HI %) or@ (HI ZH o's=f

oI 7-auIpuAd(jA
~(Hz 1 -unoumbospAyip
b C-IAyIeW-p)

£79¢ PIIEL T TH T L= Py 89'L (T | -s-(thuogms(Auend(A T {1 e f; —~
v ZH L= P) T8 (HT ZH 0= D) -pruIpuAdIAYIR ¢ L H
v 9T'1 91'8 ¢ Op-OSING ZHINO0S) AN H; | -010n[-7)-p))-¢-1Ang-9 Fo g PO
{PoAISSQo 10U
suoload 2§qraBuByYXR 7y (HE ZH ¢ L=
DLLO(HE WL - 871 (He u)
6E1-26T (HZ W 16’ - 07 (HE '8)
VT M7 "W 67T~ 88T (HE W Ooy'T -
or T (HZ W) 197 - €87 (HI ZH 78=(
P09 (HI ZH wrw P 690 (HI o -out
Y8 XY 94°9 (HT “ZH L= P €L (11 | prAd(jAucgms(jAusyd(j4
ZH Q' L="P) 8y L (HZ ZH 9 L= D) -¢-uipuAdidyiew
(927 L9L HT ZH 6 L= Py 96'L (HI “2H Ty - (A-(HTH
k% U8=P)e0'8 (HI ZH L'y ‘L 9l=1 DPP) -UIOWINboIPAYIP-1°¢
q SO'7 058 Q (9p-OSINA ZTHINO0S) WIAN Hy Ay - -1AINg-g 70
38uel
Aou3og H+W
053 poyIeIN
dINVo | (Ui 1Y #
fdvy S/ NN Hy SUEN SIONG XH

96



PCT/US2017/056265

WO 2018/071622

{(poAIasqo

10U Q10 Su0joid 01gRoBuRYOXS
DHEEZH Y L=V vL 0 (HE TH Y 9=
PIsOT (HZ ZH 9L 0SI=""W 07T
T ZH 9 L=0"P) Ly 1 (HI "8 39 9L'1
(HI " 3Q) 207 (HZ W 977 -6£7
(HE SYSPT- 857 (HE W 0L T~ 96T
(HIE ZH U8=1 P ot'o (HI 2l T L=
D659 (HI ZH L=V 06’9 (HI

ZH O L= P) 660 (HI S 14} L&', (HT

[4

[o1p-pg-oul
puid(jAuoyms(jAusyd(jA
-g-urpuAdiAgonr

£Hbs ZH 1'8=P) €L L (HI ZH TL="P) T e-(A-(HD
v $6'L HZZHT8="P) ¥1'8 (HI "s 1q}|  -uipoumboipAyip-'¢
v p0'1 89'8 ¢ (p-OSINU ZHIN00S) YN H; -JAeu-7)-¢-1AIng-g 9P
(poAsasqO 10U su0joxd
a[qeedueyoxe 7) (He ‘W) 8.°0 (HE w)
€01 (HZ W) pp'1 (HE W) 061 (HL suouBIe(jA
W) e - €07 (HE TS 1) 017 (HE -{-mpijonAdijiueyd
W) 77 (H W) 197 - 78T HE W) | -e-(SHA-g-uipuAd(ja 90
POsy  190°¢€-0¢ (HI ) 4y - 66 "M W) | ~(HD) T-uoumbospAyp N
k% 16°€-909 (HZ ‘W) 120 {(Ho u) 8L e-isgpwp)e | 7N T T
v V21 - 0v L (OP-OSING ZHINOOS) NN Hy | -AX0IpAyip-p7-jAng-g) | rr S 20
s3uR1
Aousiog H+W
3q | POy
dINVo | (U} 1y #
fdvy S/ NN Hy SUEN SIONG XH

97



PCT/US2017/056265

WO 2018/071622

{(Po2325G0 10U
auam suojoxd siqesBueynxa 7) (He ‘W)
29°0- 8.0 (HE ZH T 9= P v0'1 (HE
WP - LT (HT W) Ly (HT g
0L 1 (HT W) zo7 (HI ‘W) oT7-6£7
(HE S) 6T (HT ZH T 6= "P) 18T
CHIE ZH 8 0L=/ Py L9°¢ “(HI D) L0'9
-619 (HI W) [59-799 (HI "8 19}
689 (H1 wm L'9={ P} 86'9 (HI ZH

101p-F 7-ouipuAd{ja
~(HZ) [-uoumboIpAyp
-y ¢~ AR -7)

£79% 6'9= Py CUL HT TH L L= "D 69L| -s-(jAuojms(jAueyd(jA
v (I ZH O g- =V o6'L (HZ W) 90’8 -¢-utpuidiAgis-g
Y ST1 | -91'8 ¢ OP-OSIWNG ZHINOOS) YIAN Hy | ~CIOn-g)-#)-¢-14104-0 8¥0
{(PoAISSQO J0U 2124
oj0xd s1qesBuryaxe 7) (HE ‘W 690
840 (HE W 060~ 960 (HZ W) £1'T
- E71 (HZ ‘w) pe L - 78 (HL W) £9'1
(HE ) v17 (HI W) 1777 (HT ‘W)
29T -78T (HE Wy 1¢¢ (HI ZH 1'8=" [o1p- Z-eutpuid(A
DYoo o (HI “ZH L= "V 6£o (11| ~(HD1-vipumboipiqp
i) g9 - L2°9 (HI W) 089 -989 (HI ¢ e-iAeu-7)
£79¢ W ELL-LTLHT ZH TSP 8y L] -s-(JAuogns(Ausyd(ja
v (HZ W) Z6'L - 66'L (HL ZH Ly=1"P) -p-uipuddidgiou-¢
v 571 01'8 © (°P-OSIWG ZHNO00S) WIAN Hy | -0ong-7)-4))-£-1A1Ng-9 LY
38uel
Aou3og H+W
0539 poyIeIy
dINVo | (Ui 1Y #
fdvy S/ NN Hy SUEN SIONG XH

98



PCT/US2017/056265

WO 2018/071622

{(poAIasqo

10U Q10 Su0joid 01gRoBuRYOXS
DVHITH L y="P) v10- ({1 s

3G} 00°0 (HI s 19) 91°0 (HI s ug)
£20 (HT “8 Q) v 0 (HE ZH 6'9=D)
60 (HZ U $6'1- 217 (HES) 0L'T
(HZ 3y s0'¢ (HZ ZH 6 L= P} €9
CHE W) 199 - 800 (HT ZH ¥ L= D
S60 (HI W) 8T'L-s7L (HT ZTH € L=

[o1p-pz-oul
puAd(jAucis(Auagd(jA
€

€916 Py L L ZH € L= P) s L T | ~wprAdiApe s -p¢
v TH L L= P 89 L (HI ZH = )| -(outue(jAueyd)idyis)-¢
v 160 ¢’ ¢ (9p-OSINA ZHNO00S) WAN H; | -(1Apewiidordoppio)-g 050
{P2AI35qO 10U Q1M su0j0Id
S[qraSuEYOXQ 7) (M1 '8 14) 910~ "(H1
8 3Q) 000 (HT 7S 1P 10 (HI s
B 170 HI TS 1) pL0 (HE W) €60 [o1p-pZ-oul
~T0'L (MY W) 861 - ¢1°7 (e s uq) | puAd(jRuogms(jAuegd(A | -
€0°¢ "(HZ ZH €= "P) 1v'9 “(HI 78 19) prupuidifgen | A I
€YES 6v'9 (HT "8 19) 86’9 "(H1 ZH ¥'v= ~gOIONFT € | K A o A~
v PISULHT 8 ) 087 (HE W) 16, | H{onwe(jAusyd)Aye)-g ﬁuq o Y
v €11 | -70'8 9 (°p-OSIG ZHNO00S) YINN Hy | -(1Apewjadordopan)-g g IH 6¥0
a8URI
Aou3og H+W
0y | PO
dINvo | () 1y #
fdvy S/ NN Hy SUEN SIONG XH

99



PCT/US2017/056265

WO 2018/071622

(POAIRSQO

100 aem suooxd ojgesSutydxe

DHEI ZH Tv=C"P) $170- ("I 78 19)
00°0 “(HT s 1g) sT0 (HI “s 19 070
(HT "8 39} 6270 (HE ZH 9=V ¥60
(He " v6'1 - 017 (HE S) 21T HT
CH 6T P Y0 (HT CH 9 L= D)
8€'9 (HI ZH v' L= P) ¥¥'9 (HT ZTH
L= D69 (HE ZHY b= P vl L

[01p-y 70Ul
pudd{jAuoyms{jAusyd{jA
¥

£01¢ (HT ZH 8 9= P) Tt L (HT 7H € L= -vipuddifgpu-¢)-p))-¢ |
v D) es’L (HI ZHO b= P ve'8 (H1 's)| ~(cumum(jAusyd)jAye)-¢
A4 760 6£'8 ¢ OP-OSWA ZHINO0S) YIAN H; | -(AgeurAdordopio)-o
(pPoAaI25qO
10u 232 suolold 91graBuryoxs
THT s I 610 (HI S
3Q) 0070 (HE S 19 170 (HL s 19)
07°0 (H1 W) 0L'0- 8.0 (HE s 1g)
960 (HZ U8 1-¢1 T (HE S} b N [o1p-p z-out
(HT TH v €= P) £0°¢ “(HT 21 T L= | prkd(jAucms(jAuagd(j4
PYOF9 (HI ZH S TI=P) 99 «mm -gruipAdiAgew ) | mxw y
CPES | TH69=P) L6 Amm 1) 9p L (U1 -z-010n €| LI o |
v CH 6 L= D EL°L HT TH € L= D) | ~H(ouwe(jAusyd)Ays)-¢ Q D)Q
v 911 06'L ﬁ%é@am NmEo@@ WAN H, | -(1Apewisdordopis)-g o 1S0
38uel
Aou3og H+W
0539 poyIeIy
dINVo | (Ui 1Y #
fdvY ST WAN H; SUIEN BINIONIG X

100



PCT/US2017/056265

WO 2018/071622

{p2A13sq0 10U 310M suoId
ojqesBuryoxs 7) (HE ZH T L= "D 9L'0
(H W) L1 - €0 (HT W oL - 861
(HZ W) S6'1 (1T ‘W) 6£'7 (19 's)
SSTHT W) 0L 7 - 087 "(HT "Wy se¢
(HIE ZH 8= P p1'o (HI 21 U'L=r

APIUEXOGIRS
-Z-[1Ausydig

-1 1 iAgiewp
-NN-(JAuogns(jA

VHSo (HI ZHO L= "D L899 (HI ZH -€-uIpuAdAx0IpAYIp Y w
€986 [L="P) ¥6'9 (HI ZH T'L="P) 6€L Rt o Yo
\% “(HS W 8P'L - 19°L (HT ZH 0'8= P}| ~(HZ)1-urjoumboipiyip < w\é,m_ )
q 81’1 p0'8 © (°P-OSIWA ZHW00S) WINN Hy ' Og-1ANg-0)-p | | Foud ¥$0
{(PoAIRSqQO
1ou aiom suejoxd s1geeBuvuoxa 7) (H1
) €10~ (HI W) 000 (HZ W) 110 CRBBHENT
- oq O (HT W) pL0 (HE W) L8O~ LO'T ~]-uIpyolIAd(jA
(HE a0 v0'7 "(HI W) 20'¢ - 07¢ (HT -z-uipuideronyip -
W) 67°¢ (AT W) L£°€ - 19°¢ “(HE ‘W) -§ N4 gy
€So¥ %.m;mw.m,@;,«é? (HZ ‘W) 26°9 | -¢-uipuAdAXCIpAYIp-£°7 . How
Y (HI ZH 8=V 692 (HI ") 17| ~(ontwe((fusyd)[Ay1e)-¢ ﬁf\m@%\ﬂ_ v
q 601 | -9¢'8 ﬁ%é@am NmEo@@ AWN H; | -(1Apeuwyidordojoin)-g) =, 1. €50
aguel
Aou3og H+W
3q | POy
dINVo | (U} 1y #
(dVY | SO MIAN H, SUEN INONIg i

101



PCT/US2017/056265

WO 2018/071622

(pPoAaI25qO

10U 212 sU030id 210838urYoxe 7) (HE
ZH 1L= D 101 (HE CH v b= P)
097 (HZ W) 1€ - #p¢ (HE S 88'¢
“(HI "5 19} 679 (HE W) 659 - 899

SPIWIEX0gIeD
-z-L1hvoydig-1°1]

-1 giewi-N-(JAuogns{ A
-€-UIpLAd(A

HZZHO L="P) €1 L HE W 6gL~|  ~g-jozeidd-[-[Apew %
¥8S | 0SL (HE ZH €L=0P) §5°L (H1 8 19 ~1)-9-AX0IPAYIP-H'Z e L e
VWL HTZTHS L= P 108 (HI “s iq)|  -(ourwe(jAusyd)iiyis) /O e
Y LOY 128 ¢ OP-OSIWA “HW00S) YIAN H, ~S b Foud 950
(pPoAaI25qO
10u 232 suolold 91graBuryoxs
) (T W) 110 (HT T 000
(HZ "W 910~ L7270 G W) vL 0 "(HE
ZHO L= €60 (HZ U} 261 - 90T SPIUBXOGIED
(HE ZH b= "P) LY T (HT W) 91°¢ -z-[1Auoydig- 11|
- €8¢ (HZ ZH 0'8=4"P) 9€9 “(H1 ZH | -1Aypew-N-{(Auojns(j4
6°9="N ¥ (HZ ZH 9 L=V £6'9| ~¢-uipuAdAxoipiyip-4'7
€86s [(HS W) L7909 (HI Wy eg L~ pyr|  -(ounue(jlusyd)fyis)
v (HZ Wy oL L - v8'L (HE ZH S b= P} | -s-(1Ayppuijsdoidopis)
v SI'1 £0'8 Q (/P-OSINQ ZHINO00S) WAN H; “0))- b $S0
38uel
Aousiog H+W
0539 poyIeIN
dINVo | (Ui 1Y #
fdvy S/ NN Hy SUEN SIONG XH

102



PCT/US2017/056265

WO 2018/071622

{P3AI35QO 10U dIM

suoload 2§qraBuByYXR 7y (HE ZH 7=
V160 (WS oy T (HT THO L=

by Lee (HE S e8¢ | ZH S I=1D)
129 (HE W) 59 - 869 (HT 2H L L=
VoL (HI W ezl - L8L (HT TH

[oIp- g-aul
puAd(jLuoyms(jAuayd(jA
-c-mpuAdjAmow

ETPS | US=C P vr L T W8S~ s9L (HT | Ty (iA-g-jozrikd
\'% ZH US= P ve L (HT ZH 9 €= D) -Hi-[Ayew- )9
v 060 ob'g ¢ (OP-OSIWA ZHW00S) YIAN H; | -(cutume(jAusyd)jAye)-¢ 850
(paarasqo
10u are suolosd ojqraBuryoxs 7) (He
CH T L= D OL0 (HT WS- 1T
(HZ ZH 9= "P) b1 (HZ W 281
~ 61 (HZ s 19 617 (HT M3 297
-08'7 (HI s 19y 90'¢ (HI zH ¥ 6= SPIUBXOGIED
DISE(HT ZH 1'8= P} 90'9 (HI ZH ~z-{1Auoydiq
VL= D9 (ML ZH S L=V LLO -1t -(iAuogms (A
(HI ZH T L= P)$89 (HI s 3Q) €77 ~¢-uipuAdAxoIpAyp
€866 CHE ZH §'L= Py 8¢ L "(HS W) Zy'L - - 7-{1&
k% €L (HL " 3q) 84 'L (HT TH L L= P} | ~(HZ)1-ujoumbospiyp
v L1] 76'L 9 (°P-OSWA ZTHINO00S) YIAN Hy “H LS~ AING-0) )b LSO
38uel
Aou3og H+W
053 poyIeIN
dINVo | (Ui 1Y #
fdvy S/ NN Hy SUEN SIONG XH

103



PCT/US2017/056265

WO 2018/071622

{(PoAIRSqQO

100 aem suooxd ojgesSutydxe

DHE TH U= D 160 (HE S

I oy 7 (HE ) 2L'7 (HT ZH ¥ s= D)
9¢'¢ (HE S v8 ¢ (HIL 8) 079 (HE u)
ob'0-959 (HZ ZH 9 L=V 70'L (HI

TH UL P) 8L (HT ZH 18/ D)

APIUEXOGIRS
-Z-[1Ausydig

-1 1 iAgiewp
-NN-(JAuogns(jA
-g-upuAd(jA
-¢-(ozeIAd-H - |AgIow

€865 6L HTWTY L -8y L (HI ZH L' L= -1 )-9-AXOIPAYIp-HT
v PYISLHI ) 19L (HT ZH 8= "p}| -(ounue(jiuoyd)iiye)
v vl 88°L ¢ (UP-OSING ZHINDOS) dINN H; S 090
(PRAIISGO JOU Shom
suojoxd ojqeafueyoxe 7) (HE ZH L=/
V060 HE ) pe7 (HT ZH T L="| [0~ 7-ouipuAd(ja-¢
Pyoce (He sy zg'e (HI ) 079 (He| -jozesAd-H [-Aypew-1)
) $p'9-96'9 (HE W69 - 01, (HT|  -9-(JAucyms(jAusyd(jA
z 095 ZH 6 L= P) Y L (HT 'S) 09°L (HI ~¢-upuAdiAgon
A% CH T 8= D 08°L (HT ZH § L= P) ~Z-OIONg )€
i 171 PG L Q (9p-OSING ZHINOOS) WINN H, | -(ounue(jAuoyd)iiyie)-¢ 650
s3uR1
Aou3og H+W
3q | POy
dINVo | (U} 1y #
fdvy S/ NN Hy SUEN SIONG XH

104



PCT/US2017/056265

WO 2018/071622

{PoAIBSqQO 10U

axom suotoxd ojqesBueyoxe 7) (HI W)
110~ ({1 W) 100 (HE W) €10-920
(HI W) p20 (HE ZH O L=V €60
(He " 26’1 - 07 (H 'S) v (HT
W Cre- 19 (HEZ ZH6 L= P SE9
(HI ZTHOL="D 0v'9 (HT ZH 9 L=
‘D769 (HI ZHO L= P £T°L (He

SPIUIBXOGIED
-Z-{1Aveydig

- U FAgewp
-NN-(1Auons([4

~ €~ PHAAAXOIPAYIP-17

£TLS ZH 6 L= P oL (HT "Wy ¢¢L-geL|  -(ourue(fAusyd)iiype)
v (HI ‘W) 6¢'L - vb'L (HE ZH 6 L= P}| -s-{[Apouiadoidopis)|
v 071 6L'L ¢ (OP-OSING ZHINO0S) MIAN H, -y $o o 790
(pPoAaI25qO
10U 2524 suotosd ojqraduryox? 7) (He
THT =D SL0HT W11 - 071
(HE "w) g1 (HEZ ) 981 (HT ‘W)
LUTHE ZH § b= "P) LS'T “(HT ‘W) SPIUEXOGIED
79T 8LT (HT W) os'¢ (HI ZH 1'S=" -z-[1Auoydig- 11|
P09 (HE ZH 6 9= D 6£9 (HI ZH| -Aypew-N-{[Auogms(A
V="V SLO M TH 1= P} £8°9|  -g-uipuAdixorphyp)
€2Ls | Hy W oCL-ov L (HI W8y L-¥5'L + (1A nHm \
A% (HE W 982 - 96'L (HI TH S b= P}| -(HZ) 1-unoumbospiyip LU I
N L] 718 Q (°P-OSINA ZHINOOS) MINN Hy ~prEg-pAng-o-p | 0 T AT 190
38uel
Aou3og H+W
sy | PO
dINVo | (Ui 1Y #
fdvy S/ NN Hy SUEN SIONG XH

105



PCT/US2017/056265

WO 2018/071622

{(POAIRSqQO
1040 asom suojoxd sqeaBuryoxe 7) (HE

THT L=V €60 (HE S ¥TT T 7H

L'9=fPygee (HE S o' e (HI S} 7T 9 [Op-p z-owm
(HE W) Lb'9 - 269 (HT W) 86°9 - 0L | prAd(jAucms(jAuayd(j4
HIZHo b= P vT L (HT TH 6 L= ~p-uipuAdiAyiau
€IS P LY LTS €9°L (HT TH T 8= ~Srpe-(j8-¢-jozeidd
v ProsL (HE s 1) sp'8 (HI 8 19 ~HI-JAYRW-1}-9
v 760 15'8 Q (p-OSINA ZHWO00S) WIAN H, | -(ounue(jAuayd)jAge)-¢ 90
{(PoAIRSqQO
10U 2138 SU0K04d 21qRoSuUBYOXS 7)
(HE ZH O L="D 760 "(HE ) $17 (HL
ZH R S= P LEC (HE S e8¢ (HI )| [op-pg-oupusd(ja-¢
729 (HE "W ov 0 - 959 (HE ZH S L=| -jozesAd-H[-1Ayew-1)
VoL HL ZHe =P £7L (HT| -o-(JAucyms(jAuayd(j4
£09¢ ZH 6 L= D) 8y L (HE S 79°L (HT ~p-uipuAdiAgiows
v CH T 8= P) L6 L (HI TH 6 b= D) ~€-0IONIZ €
v LT'] 01'8 Q (9p-OSING ZTHIN00S) WIAN Hy | -(ounue(jAuoyd)jAge)-¢ €50
38uel
Aou3og H+W
0539 poyIRIN
dINVo | (Ui 1Y #
fdvy ST WAN H; SUIEN BINIONIG X

106



PCT/US2017/056265

WO 2018/071622

{(PoAIRSqQO

1040 asom suojoxd sqeaBuryoxe 7) (HE
"SI 7L 0 (HS W) Lo - 0T (HT 'S
9Q) 11 (HIE 8 1Q) 86'1 (Hp 8 Q)
977 (H9 W) §1°¢ - p0'y (HT ZH T8=

QUCUBYIR W JA-|
-uipnosAdiAusyd-¢3(JA

T 09% P 570 (HT 78 19) $9'9 (HT s 1) | -c-uipuAdAxoIpAyIp-47 _Ho _fﬂ}\/
A4 UL (HL ZH 9p= P pT'L (Hy °s 1)) ~(oune(ausud)idya) ¢} H“z
q SLED Z€L ¢ (OP-OSIWA THIWO00S) MIAN H, ~s-Amg-o-Qp| T T 990
{poAIzsSqQO
10U 213x su0loxd 31qeeSuryoxa
DHHE TH € L= D 640 (HT
WPl - 121 (HT s I op' T (HE
ZH CL="P)¥1 T (HE §) 86T (HT ZH SPIUEX0GIED
6 L= D) LYo (HI ZH 6'9= 1) 659 -z-[1Auegdig- 11 ]
(Hz Wy oL - 11L | s 1| -(JAucyns(jA-g-uipui
€7ES (HE ZH € L= P) 6£ L “(Hs W) 14, | d(ounue(jAusyd)jAgisur)
v -8 (HE s ) pL L (HT w0 88, -§-AX0IpAYIp
v 911 | -86'L Q(P-OSINA ZHINOOS) WAN H; -5 T IAING-0) )~ b $90
38uel
Aou3og H+W
0539 poyIeIy
dINVo | (Ui 1Y #
fdvy S/ NN Hy SUEN SIONG XH

107



PCT/US2017/056265

WO 2018/071622

{POAIISQO
100 aem suooxd ojgesSutydxe
DHE s 19 120 (HE TH L9=""DP)
68°0 (HZ “s 1) sT1 (HE s 19 1yt
GHZ W oS 1~ 191 (HZ "W 061 - L1T sucuRyRW(jA
Hy w6l 7-Se7 (HZ W RET- 05T -f-utprjorddiAusyd
{HI W) 67€-09¢ (HL W) 29¢ - #6'¢ ~¢HA-gurpLid
Ty (HT ZH 78=/"P) ¥$'9 (HI ) 19'g | d(ourume(jAdoid)jiusyd)
v - 149 (HE W) 6oL - 91'L (Hy 7§ 1q) ~§-AXDIPAYIP
g €01 £€'L Q (P-OSIWU ZHINDOS) YN H; -7 7-1ANG-9)-(S) 890
(POAIRSQO
100 a1om suojoxd ojgeslSueyoxs
) (HE ZH 8'9="Y 140 (Hs W) suouBIlow(jA
90 - 611 (HE 9 Iq) o' 1 (HO U - ~UIpHOMAd(JA-7
007 -0V T (Hy W v1'€-96'¢ (He 'uy| -uipusdoiopyo-o)-¢ (14 o
zs6b | 80-7L0 (HT O 19) 112 (HI s 39| -e-upukdAxospayip-+7 Syt
Vo erL (LT £ P 88°L (HL s ag) | ~(ounwe(lusyd)ifgie) | N T
v $TE0 | 958 9 (°P-OSING ‘THIN00S) WIAN Hy -g-1fing-g)| = U T £90
38uel
Aousiog H+W
0539 poyIeIy
dINVo | (Ui 1Y #
fdvY ST WAN H; SUIEN BINIONIG X

108




PCT/US2017/056265

WO 2018/071622

{poAISsSqo
10U 213 su0j0xd 31qERSURYOXD 7) (HE
U8 I) 1L°0 (S WSO - 61 (HE S

SucuRyRUI(JA
- -uIptjoLIAd(A
~z-urprAdosonjip

Q) o1 (HS W) 207 - ob'7 (Hs W) -S4 @ J
TLeY |8TC-p0p (HE ,§ O7'9 - pL 9 (HT W) | -¢-upLAdixoipAqp-4'g G N
v 00L-€€L (HI s 3q) 2oL (1 "8 1| -(onne(jAusyd)ihye) AN e w_\/,,ﬂ_ o
A £66'0 | 8r'8 ¢ (P-OSINA ZHINGOS) MIAN H; ~o-iAIng-0) | & v 1.0
m PaAlasqo J0U 2am mﬂQwO\&
sqeaduryoxs 7) {HE 7 19} 1270 (Hs SUCURYIOWHJA
W) el - €771 (HT TS ) or' (ML ~{-UIpLoAd(jA
“sIq) 1T Hy ZH T L= P) 9T T (HT -Z-utpuidorongy
W) opT- 08T (HY W) 8TE- 16'¢ (HT -£-0J01R-¢}-£)(14 1
1€1¢ Y8 IQ) P (HT U8 Hq) §9'9 (HT US| ~guipuAdAXOIpAYIp-HT w o
v 36) €L (HI 8 99) L0'8 (H1 78 1) | ~(ommwe(iluoydykyo)| N T
v 6L6°0 6v'8 Q (P-OSING ZHINOOS) YINN H; ~-ifing-g) | =, T I T 0L0
{(P2AI35Q0 10U QoM su0joad
a[qeaSueyaxa 7} (He 7s 1q) 1£°0 (HE
TH L'9= P 68°0 (HY W) 601 - 97T suouBIe(jA
(HT "8 19 1P (HT W) 05 1-T9'1 -{-mpijonAdiiueyd
(HS s 19 977 (HY W) 9T ¢ - 96 '€ -~ jA-g-urpuk
ThLy (HZ ““H 08+ -+ ) pso (HL W) 199 dlounur(jidosdjifuoyd)
A% ~1L9 (HT s g oL (Hs W) 1L -§-AX0IpAYIp
q €07 1 -6£L Q(°P-OSINA ZHINOOS) WIAN H, - 7-1A19-9)-(4) 690
aguel
Aou3og H+W
3 | POURI
dINVo | (U} 1y #
(dVY | SO MIAN H, SUEN 2INONIG i

109



PCT/US2017/056265

(pPoAaI25qO
10U 212 SU0104d 21graBuryoxs 7} (H¢
7S IQ) 1L°0 (HS W 0T - o' (He S
19} o' (HS W) 20T - 0b'T (HS W

SUOURYIA(JA
-1-upjouAd(jA
~z-upuAdorongp

-6 A

WO 2018/071622

TL6Y 1697~ LLE (HE W) 959 - 99'9 (HE Ev ~g-mipHAdAXOIpAYIp-1°T vo ke
v 0L~ 9T L (HI "s 1) ge'L (HI "8 1q))  -(ourueAuoydyifipe)) N ] h M
v 9560 858 © (OP-OSING ZHINO0S) YIAN Hy -¢-jng-g) | T IH €L0
{(P2AI35Q0 10U QoM su0joad
ofqeasueyax2 7) {He s 39) 120 (Hs sudueow(jA
W po'L - 171 (HZ U8 19 op 1 (HT ~1-WIPIOLAd(JA
S 1T (MY ZH T L= P97 T (HT -Z-uipuddorony
‘W) pp7 - 057 “(Hy W) 8T°€ - 16'C (HT -€-0I0[Y0- )£ )(JA o
7Els 5 4Q) §6°9 (HI 5 1) €99 (HT 9| -¢-upukdAxophyp-p7 b
% 29 1L (HE 8 1) 90'8 (HL s 19) | ~(ounwe(jKusyd)iKe) T
v 001 6v'8 Q (9p-OSIWA THIN00S) YIAN Hy -¢-141ng-9) L TLO
a8URI
Aousiog H+W
0539 | POURI
dINvo | () 1y #
fdvY | SIW/DT WIAN Hy SUIEN] DIMOTLG X

110




PCT/US2017/056265

WO 2018/071622

{POAIISQO
100 aem suooxd ojgesSutydxe
TIHE s 39) 1270 (HS W) L0'] SUOURIIS WA~ |
=611 (HE s 19 141 (He s 1) o7z | -upnouid(jiusydolony o~
s u)Lee-zoy (He wz ?W%\ P) DA m,/(\__/z\m
6'8Ly | §59(HI W) 799 -0L9 (Hy W) 01 L | ~¢-uipuAdAxoipAyp-47| A .
Y -0 L (HT W) 874 - 982 (HIL Wy oy L | ~(ounwe(jAusyd)ifgs) m\\% JEH o o
v €71 | -8 L ¢ OP-OSIWA THINO00S) MIAN Hy -¢-1Ang-9)| 7 .l SLO
{poAIzsSqQO
10U 213 su0j0xd 31qERSURYOXD 7) (HE
ZH L= 89°0 (O W) 01 - 611
(HE U z71-9¢1 (HZ "8 1) 07C
(HY S} $6°7 (HT ‘W) 987 -90'¢ (Hy ouocuryRuI(jA-1-u
WY pCE-99°¢ (HT ZH 1 8= D) p5°0| 12edid(JAZUSQOIORPIP o,
“(HI ZH UL=""D 999 (HT TH L (= ~CTPI(A s\_ PR ,1
TLSS VP L L TH 8 L= Y st L (T | -grupuidAxomplymp-47 | oA
Y TH O L= P 09L (HE TH 6 L= )| -(ounwe(jAusyd)iAye) z/w Lx
q 2060 69'L Q (°p-OSIA ZTHIN00S) YIAN H; -G-1AING-9) o IH ¥LO
a8URI
Aou3og H+W
0s3q | POyl
dINvo | () 1y #
fdvy S/ NN Hy SUEN SIONG XH

111




PCT/US2017/056265

WO 2018/071622

(HS W) 6.0~ 960 (HS Wz~ €]
HZ Wy 6eS1-€9T T W 1y 2-TLT

(HT TH L L= PY 799 “(HI ZH ¢ L= [OIp-{ Z-SUIpL
‘D $8'9 (Hr ‘W) sTL - 8T L (Hr zH | 1d(cunwe(jAusyd)iiys)
0'$0¢ $'8=" P} LO'L (HT ZH & 8= P} 96'L G- IAING-g
v (HI 8 39 $9°01 “(HI ) €511 9{p| -([Auoims(jAusydowoiqg
q 601 “INNHOACUOTHD ZHN00S) WAN H, “p))-€ LLO
{P2AI35qO 10U Q1M su0j0Id
QqRaBUBYOXS 7) (HE CH 6 9=V TL'0
(HE ZH 79=P) 601 (HE ZH § 9=
PISUL(H s 1q) 1p'1 (HT 9) 161 suouBIlow(jA
(HI ') 807 (HE W) o1 - veT (HT - ~UIpHOMAd(JA-7
$) S$'T (HT ‘W) pEe - 86°¢ (HE Wy | -uipuAdoioo-g)-¢)(jA 0
Teoy | PP~ €00 (HT TS 1q) o1'L (HI 7S 19} | -¢-uipuAdAX0IpAYIp-p°7 " PN
Yy Py (HE ZH 9= P 88'L (HI "s 1q}|  -(ownwe(jhueydydyey /N T
q 9560 95°8 Q (9P-OSINA ZHIN00S) YINN H; -G-1AING-9) =/ ) 9L0
38uel
Aousiog H+W
0539 poyIeIy
dINVo | (Ui 1Y #
fdvy S/ NN Hy SUEN SIONG XH

112



PCT/US2017/056265

WO 2018/071622

{POAISSqoO J0U

a1am suoj0xd ojgeeSueydxe 7) (HE 7H
CL=VILOHE ZH T L= D LOT
(HZ W) [1'1-611 (HTS)ZC1 HT
W e~ 18 (MW 117267 (HE
) 1P7 (HZ ZHO8=P) Ly (H1

'$) 659 (HZ 2H L L= ") 90'L (HI
CTHOS VL= PP L (HT TH 6 L=t

<

[o1p-pz-oul
puAd(jAucis(Auagd(jA

78IS PYISLHI ZHT L="P) £9°L (HT | -c-wpuAdiApous-7)-)) Qw/_% L~
A4 TH 8= P 86'L (HI ZH 0'v=" P) | -¢-(ounue(jAuayd)idgis) WA \M
k4 880 LY'8 ¢ (9P-OSINA THINO00S) MIAN Hy ~G-1AINg-9 3 uo 6L0
mﬂ@\ﬁ@m QO 10U 213
su0301d 21qeoduryoxd 7) (HE TH v L=/
L0 HE ZH 69D 60’1 (HT
TH S =PI T (HZ W 1 - b1
HS vz HC ZHY =PI LTE
(HZ ZH 6'9="P) 169 "(HI W) 659 [o1p-p z-out
~$9°9 (HZ s 19) 60°L (HI ZH 8 b= | puAd(jAuopms(jAusyd(j4
78IS | PYLTLHT U8 ) 8L (HT TH L L= | ~prupusdifpew-¢ 1))
v P08 (HE ZH 9 b= P) Lv'] (11 '8} | -¢-(ounue(jLusyd)jAgis)
v 680 758 9 (P-OSIWA ZHIN009) YIANN H, -¢-1AING-9
38uel
Aou3og H+W
0539 poyIeIN
dINVo | (Ui 1Y #
fdvy S/ NN Hy SUEN SIONG XH

113



PCT/US2017/056265

WO 2018/071622

/ (HE ') 69°0 (HS ZH
L= WU HE W) 11 - v (He
w777 - vz (HZ U8 19) 9¢°¢ (HE

$}06'¢ (HZ ZH 8= Py L§'9 (HI [o1p-p7-oul
ZHT L= §9°9 (HL S) L0°L (HE W) | prAd(jluogms(iAveqd(a) >
TUL-0TL (HI ) 8TL (HI ZTH ¢ b= 4PN N
TrEs P)LEL (AT 2 8= P) 10'8 1z | -wpukdixoyew-2-p) | KL e L
v ZH ¢8=/"P) 118 (HI ZH £ o= P} -¢~(ourum(jAusyd}iiyo) ,b, PP
v LO1 87'8 ¢ (P-OSIWA THWO00S) NN H, -¢-1AING-9 ol 180
Amv@?w@m @‘O 10U 3IaM
su0j0xd aqeedueyoxd 7) (HE 7H € L=/
VLo W Wy zor - 101 (e ‘W)
CIT-61T (HZ WO~ ¢y 1 (HY 'S) [o1p-p z-out
S1Z(HE ZH v v=0 D) L1°¢ “(HT 8 3q) | prkd(jAucgms(jAusyd(j4
059 “(HI ZH 1'9=""P) 959 (Hz “'s iq) -p-uipuAdiAyiew
o8 8oL (HI ZH S v=/ P o7 L (HT 7S 1) -£-0I0N-T )
k% LS4 CHT s 1) #0'S (HI ZH & b=/ P} | ~£-(ounue(jAusyd)dyis)
v 601 Z1'8 9 (FP-OSIWNA ZHIN009) YINN H, -¢-1AING-9 080
38uel
Aou3og H+W
0539 poyIeIy
dINVo | (Ui 1Y #
fdvY ST WAN H; SUIEN BINIONIG X

114



PCT/US2017/056265

WO 2018/071622

{(PoAIRSqQO

10U 21sm suotosd 2jgeaSurydx 7}
(HEZTH €L=""DZL0 (HE ZH 1 =D
CO'L (HT W) E1L~TTE (HC "2H U Lsf
PYec 1 (HT ‘W oo T -s7T (HT Uy
PEE-L9¢ (HZ ZH O'8= D) 59 (HI

ouHuocqIBs-7-{ [Ausydig
=T H(Auogpns(A

Y199 (HE 7H L L=V €0'L (HY N
T87S | W RSL - 69 L (HI U 8L L - 8L (HT | ~¢-uipuAdAXOIpAYIp-17 Q A HO A
v ZH L= P) 96 L (HT ZH 1'8=P)| -(ounum(iAueydyifyse) | o KU H_J
v 601 10'8 9 (P~OSWC ZHIN00S) YN H; -G-IANG-9))-§ o uo €80
(POAIRSQO
100 a1om suojoxd ojgeslSueyoxs
T {HE s 39) 690 (HE S auo
SQ UL HZ s I Lo HT W oL -(HDz-wpukdosop Z
861 (HZ ‘W) L0T-0p T (HT s 3q)|  -¢-(jAusyd(jAuogms(jA| A ﬂw\f\_
T¥ss 19°¢ “(Hp ‘W) 9¢'0 - 89'0 (HL s 1q) | -c-uipuddAxompaymp-4°7 | | 2/\/%/\{\/
v OUL (HE ZH v'6= PY19L “(HE s 39| -(ounue(jlusydydys) | & LI \fw?
v 501 86'L Q (°P-OSIWA THW00S) WIAN Hy S TAING-9))p )| 5ol 780
a8URI
Aou3og H+W
0y | PO
dINvo | () 1y #
fdvy S/ NN Hy SUEN SIONG XH

115



PCT/US2017/056265

WO 2018/071622

{(PoAIRSqQO

100 aem suooxd ojgesSutydxe

DHS TH v L=V €40 (HE

CH U L= L0 HT W T - 0T
CHZ ZH 0L "8 €= PP OF 1 (HZ u)
607577 (HZ "8 19 ¢o'¢ (He zH
U'8= Py Ly (HIE ZH O L= "D £5°9

OPIUIEXOGIRD
~z-Tpsuoydig

CHT ZH L' L="D S0'L (AT s 1q) 1€ -1 1]-(jAuogns(j4
Tobs (HI ZH L'L= P) 6£L (HS W) [§L - | -¢-WPpUADAXOIPAYIP-HT
v TSL(HL ™S 3Gy v L "(HZ ZH 1'8= P} | -(outwe(jAueyd)ifye)
v 660 06°L ¢ (P-OSINA ZHINO09) YINN H; ~G-iAING-9)-p 580
(paarasqo
10U a1om sunjoxd ojgeaSuryoxe
2 (HE 78 1) 890 “(HS W)
96°0 - 6€°1 (HY W) L¥'] - 8£°T (HT W) [OIp-4°Z-3
TLTy | L0€-89°¢ (HE W) €19~ 60'9 (HE s | wipuAd(jAnopnsihuoyd)
Y Q) 90 (HE 78 39 €671 (HE ") 7L L | -e-(ounue(jAusyd)iAge)
q £0'T |- 80'8 Q{P-OSINA ZTHN00S) WINN H, -¢-1Ang-9 80
s3uR1
Aousiog H+N
3q | POy
dINVo | (U} 1y #
(dVY | SO MIAN H, SUEN QIO i

116



PCT/US2017/056265

WO 2018/071622

(pPoAaI25qO

10U 212 sucloId 21gBoSuryox
DHEEZH S L=V L0 (HE TH L=
D60t HT 2H € L="P) ol (T
W)y - Ly 1 (HZ TS 19 077 (HE
WY 6T - 06T (HE S 1T HTS)
RTY (HT “ZH 0'8=C"P) 069 “(HI s Q)
859 (HT ZH ¢ L=V 80'L (HI ZH

oIP-4'7
-suipuAd{jAucims(jA
~p-[1Auaydig 1]

/ W\,wh
N

CLEPS | Vo PogL HE M) 8¢ L - s (He | -([AyewAxoyew)- 7)) e HO A~
v ZH 99= P} 1S°L (HT ZH 6 L= P} | ~¢-(ourue([Kuoyd)iLy1e) N T
v €'y 86'L Q (9p-OSIN "ZHINO0S) WINN H, -¢-1Ang-9 o L80
{P2AI35qO 10U Q1M su0j0Id
QJqraBUBYINS 7) (HE ZH ¢ L=V L0
HEZH U= D o0T (HC ™) 601 -
211 (HZ ) 7T (HL "s 1) 61 (HL [o1p-p z-oul
820 91 (HE ') 96T (HT ZH T'8=r | prAd(jhuogns(jAuayd(j4 .
PYor'o (HI ZH U=V £5'9 (HE ‘W) ~g-uipuddidyour) | L
T9Es | 669~ €1'L (HT ZH 0'8=/" D) 05'L (H1 -zonong-9-v) | I L
k% ZH T 8= Y £8°L (HT ZH 0'8=" P} | ~g-(ounoe(jAuoyd)ifyie) 4\/\\\/“) 1T
i 011 L6L 9 (P-OSINA ZHINO0S) WIAN H, -¢-1Ang-9 Sl 980
aguel
Aou3og H+W
3 | POURI
dINVo | (U} 1y #
fdvy S/ NN Hy SUEN SIONG XH

117



PCT/US2017/056265

WO 2018/071622

{(POAISQO 10U 310M su0l0xd
3]qeeTuRyOxS 7) (HE TH ¢ L=V
SL0HT Wy M YT 1 (HZ W) og']
~ Ly HE S 61T (HS S sTT (HE )
£0°¢ ﬁm ‘ur) @maém@ (HI ZH 1 L=
PYsy 9 (HI CH L =Y 66'9 (HI ZH

[01p-y°Z-0ul
puAd{jAucirs(jAuayd(jA

781S Op= P LT L CHT TH 6 L= P 6S L ~pruppsdiSyow | |
v (HT ZH 6 L= Py s0'8 (HZ W) Zy'8|  -£)-ph-g-{ounue(j4jo
Y P60 | ~65'8 ¢ OP-OSINA CHW009) MINN Hy | ~u)[dyiow)-¢-1A1ng-9
(pPoAaI25qO
10u 232 suolold 91graBuryoxs
DHEEZH S L=V 100 (HE THT L=
Dot Wz w111 - 071 (HT W)
CI-Lr 1 Hz W erz- 167 (HZ W
v e~ s8¢ (HTZ ZH 6 L= P 6v'9 (HI
W69~ 099 (HEZ ZH Y L=V LOL >
HIZH €= P ¢V L HT TH ' L= [OIp-F T-oupL 9 N
TE08 3 08 L (HT ZH 9 L= ") 1L L (HT | Md(ounue(jAusyd)ifua) ,L/\ HO {\/
Yy TH T8 PISLL(HT TH T 8= P -S-1Ang-9-(JAuogmns (A @/ M n
q 611 66'L Q (°P-OSWA ZTHIN00S) YIAN H; ~p-{jAuaydig- 1 ])-¢ %,owh 880
38uel
Aou3og H+W
0539 poyIeIN
dINVo | (Ui 1Y #
fdvy S/ NN Hy SUEN SIONG XH

118



PCT/US2017/056265

WO 2018/071622

(pPoAaI25qO

10U 212 sucloId 21gBoSuryox

DHE ZH Y L=V 90 (HT

WL -l MM T - LT (HS

THO =PI YO T (HZ W 60C-617 [OIp-FT
HES 16T (HT PH ¢8= P 1£9| -oupudd{oniue(jijo .
(HT ZH €8="P) T80 (HI ZH 8'p=/ -Dpsgewy T
7985 PIOVL(HT ZH 1'8= P) 05'L "(HT| -s-(luoyns(ihuoyd(p&) ¥ ] o 1
v TH 8= P 96'L (HI ZH 0 5= D) ~p-uipuddjAgiau-¢ &j\ ] ST
v €11 Z0'8 ¢ (°p-OSWA THINO09) MIAN Hy | ~0I0n-7)-#))-€-1A1nG-9 Foid 760
(poAIRSqo 10U
a1 suotod jqeaSueydxs 7) (HE ZH
L= D SL0MHT M) 11 - 421 (HT
W o~ Ly T (HES) 1T (HE )
617 (HZ s 19 707 (HE ) 7o' (HL 0P~
W) gro-9¢9 (HI TH L L= P vy 9| -ouipudd{oniue(jAjol
“(HI ZH 8'L=""D 86'9 (HI TH 8 ¥=/ - Ayl )
7956 Pyov L HE 2ZH 6 L= Py 0oL (M| -s-(jAuoyns(jAusyd(ja
k% IH U= P 908 (HL ZH & b= P) -p-uipuddidgiou-¢
v €11 718 Q (°P-OSWA ZHINO009) WIAN Hy | -0ong-7)-4))-£-1A1Ng-9 160
38uel
Aousiog H+W
0539 poyIeIy
dINVo | (Ui 1Y #
fdvy S/ NN Hy SUEN SIONG XH

119



PCT/US2017/056265

WO 2018/071622

{P2AI35qO 10U Q1M su0j0Id
2JReTUBYORS 7) (HE ZH £ L= D L0
(HC WS T-20 T Hz U L]~ iv'T
(HE S 917 (HS S sTT(HE S €0'€
(HT 2H 1'8=" P} v+'9 “(HT ZH £'8=f
Pryeo (HI ZH 9 v="P) ST L (HT

[o1p-pg-oul
puid(jAuoyms(jAusyd(jA

7818 TH G L= PY19L HT ZH 1 8= D) -p-urpuidiigeu ﬂ/# A HO A
v LOS (HL ZH T =PI S8 (HI "8 39} | -O-ph-g-(outure(jhio) T /\/\(m N
v ¥6°0 £5'8 © (/P-OSINA ZHNO009) WAN H, -d)Aygieun)-¢-1AINg-9 Fo. L 60
(H¢
CHY L= D160 (HE ZH €L TSi=r
PRI e (HT W LS - 9T (HE
) peT (HT W) 6£'7- 997 (HE'S)
81°¢ (HZ W) €£0-9p'9 (HI 21 ¢ L= o1P-4'7
PILOOHI TH L =D 1L Hr 'zH|  -eupuAd{ounue(jAo] N
[0 | 9'8=/"PILYL (HT W) 8L -00'8 (HI|  -wjdyow)-g-1Ang-o | 4 \on =
Y Y8 A zeol (HL s 1 ze it o (p| -(1Auogns(jAueydowosg /ﬂ\m An
q SE'T “INEOACUOTHI ZHN00Y) WAN H; P3¢ oo €60
38uel
Aou3og H+W
05y poyIeIN
dINvo | () 1y #
fdvy S/ NN Hy SUEN SIONG XH

120



PCT/US2017/056265

WO 2018/071622

{(poAIasqo
10u are suolosd ojqraBuryoxs 7) (He
TH L= Y SLOHT W T T T
(He W) L£'T - 61 (HE S) 22T HT

ZH 6 L= P 0§ T (HE ') v¥ 7 (HE
') 80°¢ (H1 ZH o.w% P) S0 (H1
“s A or'g (HI THTL L= 1S9 (Il

OIP-'7-0

. o
ZH B L= v0°L (HL ZH 6% Vv L= | prAd(jAuoyms(jhuaqd(A | n N
7815 @3? (HE W) 19°L - 5L°L (HT -C-UIPUAdASW Fm o HO A~
v TH T8 P 608 (HE ZH 1 b= D) |  -Trp)-e-(ounme(jfjo) /\/oﬁl
v €60 15'8 ¢ (Op-OSIWA ZHNO0S) MINN H; | -W)[Ayoun-¢-1Ang-9 TS no 960
{(pPaA12$q0 10U 310Mm suojoxd
210BoBuryoxXd 7)Y (HE FH € L= Y
SLOHZ WY €1 - €0 "(HT 2H L L=
P)TH L (HE é 077 (HZ W) €77
-0€'7 (HE ) LT (HE ) v0'¢ (HL op-T
W69~ 6£°9 (HL ZH €L="P) Ly  -suipuidomme(iijol PN
(M1 ZH 8 L="D 10L (HI ZH 6'9= “wiigeu ) W
79¢€8 PIOTL ML 2H 6 L= é 190 (H | -s-(fuogns(Ausyd((4 /F\m o .
v ZH 8= "D 98 L (HT ZH 1 8= D) ~¢-mpuididgour-g g \J\< )
q 711 90'8 © (*P-OSIWA ZTHINO009) WIAN Hy | ~00n-9)-4))-£-1AINg-9 Fod $60
a8URI
Aou3og H+W
0s3q | POyl
dINV> | (a1 #
fdvy S/ NN Hy SUEN SIONG XH

121



PCT/US2017/056265

WO 2018/071622

{paAIesqo

10U 213x su0loxd 31qeeSuryoxa

DIHE ZH € L= "D oL 0 (HT W pi L -
ST1 T s 19 ov' L (HE S s0T (Hs
‘) ¥1'7 (HE S) 967 (HT ZH T 8= D)
LEOHL ZH T 6= P) $v'9 “(HT ZH

Juo
-(H 1 z-uipusdidgow
~¢-{jAuyd(jAuoims(jA

Ry
TrEs 6'L="P) 889 HI ZH & 6= P} I¥L| -g-uipuid{ounue(jiol ﬁ\{/é PPN
v (HE W sp'L-78L (HT ZH T 8= P} | -Difgou-g-Lomphyp ) o LAy
v 60'1 108 ¢ (9p-OSIWNA THINO00S) MIAN Hy ~F T IAING-g )| 6 o 860
{poAIzsSqQO
10U 213x su0loxd 31qeeSuryoxa
DHE ZH EL="Y L0 (HT M 11
P71 NHTTH $4= P Ty (HE )
LUTHT 78 39y 977 (HE §) ¢v'7 (HE
) p0€ (HT ZH T8= P sv9 (HT [o1p-p°7-ou 7
ZH T 8= "P) $6'0 (HI ZH &' ¥ (=" | pukd(fuogms(huoyd(A | . - K, -
816 PP SEL (HE W) 95 L-6L'L (HT ~g-mpuAdiAgeur | K L~ o K~ ~
v ZH 18=P)90°S (HL ZH Th=P)|  -D-v)-¢-(ounue(j£jo) PP P
q 760 05'8 ¢ (°p-OSIG ZHINO00S) YIAN Hy -d)Ayisun)-¢-1AIng-9 56 uo L60
a8URI
Aou3og H+W
0539 | POURI
dINvo | () 1y #
fdvy S/ NN Hy SUEN SIONG XH

122



PCT/US2017/056265

WO 2018/071622

{(PoAIRSqQO

100 aem suooxd ojgesSutydxe

) (HS ‘W) £9°0- 080 (HT TH

FO= P 00T (HT Wz -7 (He
W HET - ey T (HE W L8 - 10T (S
ST THE S 6T (HT THE L=

-z
-ourpuAd{ounue(jAj01

€19% D) yeo (HT ZH T8 P) 989 (HT ~dyfAyie-¢-(1Au
v ZH 6'L=""P) T1'L (HT 7H 6 L= P} | ojms(jAusydifdoidorpis ,
q SI'T pL L {°P-OSINA ZHW00S) WIANN Hy -$))-€-14nG-9 dono 001
{P2AI35qO 10U Q1M su0j0Id
slqeesuryoxe 7) (HE ZH €'L= Y
SLOHZ W T -STT (HT W) Lg1 -
161 (HE ) 907 (HE S €77 (HT W) 2uo
LT LT HE ) 60e ‘(Y Wy zeo|  -(HDT-upusdiiyew
-65°9 (HI W [69-60L (HI ZHZT| -¢-(jAusyd(jfuoyms(j4
T¥Es ‘Co=l PR P L HL TS 1) po L (7| -g-wpuAd(ounue(jAo)
k% IH P 8=f P69 L (THT ZH § 8= P} | ~uApenn)-g-Ax0IpAYIp
q 801 P18 Q {(°p-OSINA ZHN00S) WIAN Hy 5 Z-FAING-9) )b )~ omouu 660
38uel
Aou3og H+W
0539 poyIeIN
dINVo | (Ui 1Y #
£dvY ST WAN H; SUIEN BINIONIG X

123



PCT/US2017/056265

WO 2018/071622

{(poAIasqo

10u 2xem suoload 0jqraBuryoxs

7y (HEZH O L="D 7L 0 (HT

‘W OLT - 071 HT ZHO L= P LET
(HE ) o6t (HT W) L0'7 - €27 (HE

Syos7 (HI "8 3¢ L€9 (HI ZH 6 L=

‘Pire HI THO L m Py os o (i1
THE L= Lo THL s gy e (HE

[01p-y°Z-0ul
puAd{jAucirs(jAuayd(jA
-c-uipuAd Ay

T8ES TH 9 L= E bL @: ZH O L=""D) -2)-p))-g-(our | [ A HO R
Vo 29LHT TH 6 L=P) L6'L (HI “s 1q) | r(Apsun)(Auoydoioyo f//\f _ \H
q 660 v'] ¢ (OP-QSIWA THIN00S) MIAN H, ~))-6-1AInG-9 56 no 701
{poAIzsSqQO
10U 213x su0loxd 31qeeSuryoxa
DHE TH O L=V L0 (HT W
11T-901 (HZ 2H €= "P) 8¢ 1 ‘(HT
CH ¢ L= P) 617 (HE ) 67 (HE [o1p-pZ-oul 4
3G) 66'C (HE 0 719 - 8¢9 “(HI zH | pudd(fAuoyms(jAueyd(jA Py
€L=rP)60°L (HT ‘WY T'L-9¢'L (HT -g-uIpUAdiAyRW | -
(A4S CH Y L= PYISL HL ZH 9 L= P) Dy ¢-(onmw Pﬂ\, Lo _//,ﬂ/\/
Y P9 L (HT H 9' L= P 00'8 ‘(11 "5 1q)| e({fyeun(jAuaydosony //\H H%
v 160 Py’ Q (9p-OSINA ZHN00S) WAN Hy ~€))-¢-14ng-9 S 101
a8URI
Aou3og H+W
0539 | POURI
dINvo | () 1y #
fdvy S/ NN Hy SUEN SIONG XH

124



PCT/US2017/056265

WO 2018/071622

{pPoAISSOD 10U 3I3M
su0301d 31qeoduryoxd 7) (He TH €=
DCLOHT W p1E - 971 (He s 1)

TP T HS SYsTT(HE W 86T - €1°¢
(HZ ZH ¥ L= P) 969 "(HI W) [$'9
~6b'9 (HIL W) 80°L - L4 “(HT ZH

[01p-y°Z-0ul
puAd{jAucirs(jAuayd(jA
~p-uipusd Ay

T’ e
(e Op="P) 6T L HT ZHO 8= "P) £9°L -)-p))g-(ourur |\ O z/ —~
A4 (HZ "ZH 0'8=/ P} 60'8 (HZ W) yy'8| B((Ayow)(jAuoydosonyy LT
v $6'0 | -85'8 ¢Op-OSIWA THINOOS) MIAN H;y ~¢))-6-1AING-9 Foul y01
{poAIzsSqQO
10U 213x su0loxd 31qeeSuryoxa
DHHE TH T L=V L0 (HT
Wy LT HT W e - €61 (HE
‘$)o1 7 (HZ ZHOL v LI= PPIOTT [o1p-pZ-oul
(HE 'S) L0°€ (HT 7H §'8= D) Ls 9 | puAd(jhuoyms(huayd(jA ) oz
(HT ZH 8=/ P)91'L ‘(HI ZTH 6 b=/ -prutpukdifyaw N
798¢ PY 6T L (HT ZH 6 L= P) §9°L (HT | -g-0song-7)-p)-¢-(ournr | L L ol A~
v ZH 0'8=/P) 01'S (HI “ZH 6 v= P} | e(iAyour}(jfuaydoiopy s Ao
v 07’1 $1'8 Q {°p-OSING ZHN00S) WIAN Hy ~$))-¢-14INg-9 3O ue €01
a8URI
Aou3og H+W
0s3q | POyl
dINvo | () 1y #
fdvy S/ NN Hy SUEN SIONG XH

125



PCT/US2017/056265

WO 2018/071622

{p2A13sq0 10U 310M suoId
3]qeeSuRydXe 7) (HE ZH TL= Y
SLOMHT W) L0 -¢7'L (HT w) ¥¢'1
-$S T (HES) 017 (HT ZH 99 nhﬁ%
PP LTT (HE 8 g0 (HT ZH T6=1"
PYLEO(HL W) €59 - 69 (HI ZH

[01p-y Z-eutpuAd{cunu
e jAgou){ [Ausuydoiony
-£))

zovs §L=PISULHI ZHE =PI 6TL| -s-(JAuogns(jauayd(jA zfxg X \_/\/\/
k4 (HZ “ZH 0'8=" P} L9'L (HE "u) 60'8 -p-uipuddidgau-¢ /F\/H “
v UL 1-91'8 9 (9P-OSINA ZHWO00S) MINN H, | -0Ionj-Z)-y))-£-jAIng-9 %FH 901
{poAIzsSqQO
10U 213x su0loxd 31qeeSuryoxa
DHEZH T L=V SL0HT Wz -
YL HT ZH 9L 0Si=""P) v 1 (HT
w77 ,cm (HES)SET ,Amm s) [o1p-p°7-oul
80°€ ‘(T ZH T'8=/"'P) 15°9 (H1 "8 Q) | prAd(jhuoyms(jLuagd(iA P
850 (11 ‘ZH 9 L=f'P) 049 (HT W) -cupukdifgour) ()
19ss | 60L-61L CHZ "ZH 8= "P) 9L (H1 | ~7-0s0n[J-g)-p)}-¢-(ouru ﬁ J P PR
v ZH T 8=V 88°L ‘(HT ZH 1 8= P)| e(Ayou)(jfuoydoioqyo LT
q Al Q {9p-OSINA ZHINO0S) WINN H, -€))-6-14Ng-9 o 01
s3uR1
Aousiog H+W
0S3F | POy
dNVo | (Ut 1Y #
fdvy S/ NN Hy SUEN SIONG XH

126



PCT/US2017/056265

WO 2018/071622

{poAISsSqo

10U 213x su0loxd 31qeeSuryoxa

DHE TH T =D ¥L0 (HT

U OUL - ST (HT T8 I v (HS TS
Q) $77 (HE M) €67 - LTE (HT ZH

[01p-y°Z-0ul
puAd{jAucirs(jAuayd(jA

P& P) 989 (HT THT8="P) S1'L pupukdisyew| o K -
C8es | (HITS UYL HT ZHO L= P €9L|  ~orprefounn] LN o A~
v (HZ TH L L= P) 80'8 “(HT W) Zy's | e(iAgisun{Ausydoiopyd s Ak
v 107 | -85'8 ¢ (9p-OSIWA THWO00S) MIAN Hy ~$))-6-1AING-9 & o no 901
{poAIzsSqQO
10U 213x su0loxd 31qeeSuryoxa
DM ZH € L=V 9L 0 (HZ U €11
-9z 1 (HZ U Ze - pS T (HE S} 91T
(HZ ZH YO Tel= PP LTT (HE ') op-p 7-out
80°€ (HT ZH 9 L= "P) 169 ({1 “s 1q) | pukd(jAucims(jAuagd(jA
859 (HI ZH 9= P) 699 (HI ZH -p-uipuAdiAyiew
798¢ U8=D SUL (T ZH 6 b= P} 67 L | ~¢-0I0N-7 )-4))-¢-(oun
v (HZ ‘ZH 0'8= P 99'L “(HE W) 80'8 - | B(jAgeun{jAusydoioyo
v 611 | 81'8 Q{°P-OSIA THWO0S) YINN Hy ~€))-¢-14ng-9 LOT
38uel
Aou3og H+W
053 poyIeIN
dINVo | (Ui 1Y #
fdvy S/ NN Hy SUEN SIONG XH

127



PCT/US2017/056265

WO 2018/071622

{paAIesqo

10U 213x su0loxd 31qeeSuryoxa

DHE TH T L= SLD (HT

WP~ 971 (HT W) €¢T - L6 (HS

) 2T (HE S TUe (HI ZH 8 L= [o1p-p z-oul y
PIYS o (HL s 1) £9°0 (HI ZH L L= | prAd(jAuogms(jAuagd(j4 P
PYeL o (HT W 1TL- 2oL (HI ZH -prupukdifgem| o K
78£s Op=/ P85 L HT ZH T S="PI¥L L SIS SR CLIS RN T PN,
v HT ZH T8=/"P) L1'8 (HT W) 19'g| e(jApew)(jiusydoiofyo F\Fquﬂ\b
v 107 | -LL'8 ¢ (°P-OSING ZHWO00S) WIAN Hy -€))-6-14ng-9 o 011
{(poAI8GO 10U
dx0 SUOI0Rd Q1qRaSuryOxd 7 (HE 7H
TLl= N0 HT WL - LT (HE
U LTS T (HT ZH 6 '891=|  [op-p7-eurpuid{ounn
PR 67T (HE ®) 6£'T (HE B 60'¢ (Hr | e(fpew(jfusydoony
ZH T6="P) $£9 (HI S 14} 9¥'9 (HT e
TOYS |ZHG6L9SI= PP YL (M ZH 6 L=  -s-(jAuoyns{jAusyd(jA
k% PreoL (HE $) 8L (HT TH T 8= D) -g-upuddifgow-g
q 111 60'8 Q (°P-OSIG ZHINO00S) WIAN Hy | ~00nF-9)-4))-£-1AINg-9 601
a8URI
Aou3og H+W
sy | PO
dINvo | () 1y #
fdvy S/ NN Hy SUEN SIONG XH

128



PCT/US2017/056265

WO 2018/071622

(pPoAaI25qO

10U 212 sucloId 21gBoSuryox
DEEZH T L=V L0 (HT W o1] -
6l L Mz wWgz-8%1 (Hs ‘W6l g-
0£'7 (HE “s 19) s0°€ (HT ZH 9 L="D)

[01p-y 70Ul
pudd{jAuoyms{jAusyd{jA

NG
€99 “(HT ZH 9'L="P) 689 ‘(HI 'ZH -prutpusdiigow | S
£7T8 6 0= PYSTLHT CTHE L= P IS L -y g-(ouny ,,(wm\ ,_,T_J\r,\/\/
A4 Hz TH6 L= D) 66'L (HZ W) zy's | »(iAmew)(jAusydotony s A
v 96'0 |~ 19'8 ¢ (OP-OSINA ZHINO0S) YIAN H, O S-AING-0 %Numw 711
(pPoAaI25qO
10u 232 suolold 91graBuryoxs
DHE ZH ¢ L=V 500 (HT
W CTT - LT HT ZH L8 9SS
PP THE HT W) €27 - v (HE
WY RH'T - 1§77 HE S 1S (HT ZH [o1p-4Z-oul
L'8=P) 799 (HT ZH L'8=" P} 0T L | prAd(jAuogns(jAuayd(jA SN~
(HI ZH v 9= P} 89'L (HT ZH 1 8= -g-utpuAdjAyieur |y . N
(13 Py L L (HI ZH L L= "P) LO'S "(HT -Tp-e-(ounan K K o K~
Yy TH 8= P) T8 (HI TH € v= P} | e Ageun(jhusydoiofyo W
v 660 69'8 © (°p-OSIA ZTHIN00S) YIAN H; ~$))-¢-14INg-9 o&wﬂ_u\ 111
s3uR1
Aou3og H+W
yd | POy
dNVo | (Ut 1Y #
fdvy S/ NN Hy SUEN SIONG XH

129



PCT/US2017/056265

(poAIRSqo
10u a1om suotoxd sjqeaBueyoxe 7) (HE
TR LAV ER O HE Sy 61T HES)

OV 7 (HZ W 2o - 08¢ (HE 2H 6 L=

o
- C-ourpAd(jAol-)

WO 2018/071622

PI199 (HT ZH T L=V 899 (HL "W}| -9-(JAuojns(jAusyd(j4 W
COLS | LOL-90L (HT "ZH T'8= P) 89'L "(HI ~g-uipuAdjAgiows P |
Y “ZH 8=V 68'L (HT ZH T8="P) ~7-CIONg )P )€ g %M_
\i 011 €18 Q (*p-OSINA THINO0S) WAIN H, | -(ourue(jAusyd)iAya)-¢ T yil
{P2AI35qO 10U Q1M su0j0Id
QJqraBuUBYIXS 7) (HE ZH T L= "D 9L'0
H WP~ €21 HTZH6 L= P) Sty
OF'1 "(HZ W) LO'7 - 127 (HE ') 777 | ozusq(ourue(jAow)(j4 ”
(HES) 10°¢ (HZ s 49 L2'9 "(HT ZH ~g-ul \\M,
£L=""P) $6'9 HT ‘ZH 9'b= P) §T L | puAd(jAucyms(jAuayd(j4 m//,\f\
0628 T ZH 6 L= P) 0§ L "(HT ZH 6 L= ~p-UIpUAdiAgaw
Y PyL6L HL ZH 9 b= PIov'8 (ML ') ~Ep))-§-Ax0IpAyIp N
Y 18°0 75'8 Q (9p-OSING ZHINOOS) WINN H, -9p-1AING-7))-¢ ot €1y
s3uR1
Aou3og H+W
053 | POYRI
dNVo | (Ut 1Y #
vy | SW/OT WIAN H; SUIEN] BINJOTUIG X

130




PCT/US2017/056265

WO 2018/071622

{PoAISSqO 10U 21aM su0i0ad
sqeedueyoxs 7) (HE ZH T'L="Y €60
HZ THT L=V 91 (HZ W) 671
-9 T (HZ U 6g T - Lb T (HY T 19T
~08 1 (HZ W) os' 1 -S1Z(HE S 97T
(Hz w067 -60°¢ (HI ZH §01=

P ECY T W 66’9~ ST L (HS

101p-1 7-ouIpLAd((A
-1-upusdididusyd-7)

£'85¢ WL 9L (HT TH O 8= P L9L|  -s-(JAuojms(jAuagd(jA
v (HZ ZH 0'8="P) 88'L (HZ W) ¢'8 ~p-uipuAdiAyiau
g L6'0 | -$9'8 ¢ OP-OSINA ZHINO00S) YIAN H; ~CPE-IAING-9 911
(POAIRSO 10U
asom suooxd ojgesSueydxe 7) (HE ZH
Ti= W TL0 T Wy T - 071 (HT
WY FT T - vy T (HT TS 1) 66’1 (HS
W) /LT - 9V T (HT W ¢ - v6'¢ (HT [P~ Z-oul
WOy - L€y (HT ZH 6 L= D) L€'9 | puAd{jAuoyns(jAusyd(jA
T W) §99-0L9 (H] W) 6L 9-089 -¢-uipuAdiyio o
HI ZH L[= P} £8'9 HI ZH 1'9=1 -g-olong-g) /\/\wﬂu
7195 P UL (HT "ZH 6'L="P) §9'L "(H1 | -p)--(A-(HT)s-udoze JQ\ N
v TH T 8= 68°L (HT ZH 0'8= P} | xo[p'1]{qlozwaqophyp| m\rqfww
q 701 11'8 9 (P-OSING ZHWNO00S) WAN H; ~#°¢)-¢-14INg-9 5o o S11
38uel
Aou3og H+W
0539 poyIeIN
dINvo | () 1y #
fdvy S/ NN Hy SUEN SIONG XH

131



PCT/US2017/056265

WO 2018/071622

(pPoAaI25qO

10U 212 sucloId 21gBoSuryox

DHE ZH T L= "D L0 (HT W)

90 L -6l ‘(HZ W) 07’1 - 6% 1 (HT ‘W)
€T LETHES) 6T (HES) €1°E
CHE CH O b= Py 8L9 (HI ZH 6'8=
D169 (HZ "W 86°9 ~ L0°L (11 “ur)

[o1p-y Z-eutpuAd(ounu
e jAgou){ [Ausuydoiony
x4

€O¥s | OLL-SULHT ZHG L= P) 9oL (HI | -s-(Auogns(iusyd(ia] [ How
v ZH U8=( D 68'L (HZ “ZH 6 L=/ D) -¢-upuddidyon-g T
v LO'1 {0'8 ¢ (P-OSIWA ZHWO00S) MINN H, | -0I0n[j-9)-4))-£-1AnG-9 o 811
{poAIzsSqQO
10U 213 su0j0xd 31qERSURYOXD 7) (HE
ZH L= SL0 (HT W) €11 - 22
(HT ZH T =P} ST (HT W) €07
- 177 (HE ) 987 (HE §) 867 (HT St
W) 0L 949 (HL ZH € L=/"P) T6'9| ozusq(outue(jAypun)(j4 Pt
(HI ZH 8=/ "P) 60'L (HI ZH 0'8=/"| ~C-UIPUAIAXOIPAYIP-'y| | Q P
O'L¥S VUL ET ZHOS=C P sy L | ~((Auoyms(Aueyd(jA-¢ ﬂ\m o
v ZH 8= D 78'L (HT ZH 1 8= D) | -uipukdjfyiow-z-osony LT
v €01 76'L 9 (°P-OSWA ZTHINO00S) YIAN Hy -9} ))-G-[AING-7))-¢ Fo L11
a8URI
Aousiog H+W
0539 | POURI
dINvo | () 1y #
(VY | SO WIAIN H SUIEN] DIMOTLG X

132



PCT/US2017/056265

WO 2018/071622

{(poAIasqo

10U Q10 Su0joid 01gRoBuRYOXS

V(HE TH O L= £8°0 (HE 'S}

617 (HE'S) LT (HZ W To'€ - 87¢
(HZ ZH 6'L=P) 199 “(HI ZH 6'9=(
1) 89°9 (HI ZH € L=""P) 60°L (HS
ZH S0 8 8t= a@ 61L (H1 ZH

[eip
-p z-supukd((Ajol-u}

£758 6'v= PYOC L HT TH 6 L= D) 69 L | ~o-(JAuopns{jAueyd(jA-¢
v (HZ ZH 8= P v1'8 (HZ W) op'g | ~uipuAdjAgous-¢-4))-¢
A4 P80 |- 198 ¢ (OP-OSIWA ZHIN00S) YIAN H; | -(omums(Ausyd)jiyie)-¢ 0z1
(pPoAaI25qO
10u 232 suolold 91graBuryoxs
DHE ZH T L= D 9L 0 (HT
WP - 67 (HT ZH S S=0 P IV
(Hz w607 - LT7 (HE pv 7 (HE Sy
sy €0 £ He ‘zH ¢ pi="P) 089 (HI | ozusq(ourme(jApoun(j4 N
TH L .3 r@ 9 (HI ZH 8 L= ~g-ul
97 L (H1 av 1€°L - 5¢€°L (HT 2H 6 (= | puAd(jAvojns(jAuayd(j4
0676 PIISL ﬂm.: @m €L="P) €9°L (HT ~g-uipuAdiAgiows
k% TH 6 L= P86 L (HE FH O b= D) T p))-§-Ax0IpAYIp
v 080 6v'8 Q (9p-OSIWA THIN00S) YIAN Hy -9 1AM ¢ m:o_.mu 611
38uel
Aou3og H+W
0539 poyIeIy
dINVo | (Ui 1Y #
fdvy S/ NN Hy SUEN SIONG XH

133



PCT/US2017/056265

WO 2018/071622

{(PoAISSQO J0U 2124

suojodd 2jqesdueyox? 73 (HE TH Tl
DeLo(HZ W 1T - 071 (HE Wy
€TL-TP L (HZ u) 161 - $0'7 (HT "w)
97T LETHES) PP T (H W) ¢y ¢
~eL ¢ HT W p0oy - L8 (HE 2H

6 L="PY o9 (HI W) £9°9 - 699 (HI
'} LL9 (HT ZH 9 L= P) £8'9 (HI

[o1p-pz-oul
puAd(jAucis(Auagd(jA
-¢-uipuAdjAYIow-7)

€9¥S | W) §TL- 6¢°L (HE W) 86'L- €L°L (HT | -ph-¢-(A-(HT)g-uidoze N
Y ZH 6 L= P) 0TS (HI ZH 9 b= "P)| xo{p 1 liglozusgoipiyp P
q 880 15'8 Q (p-OSINA ZHWO00S) WAN H, ~#°¢)-¢-14ING-9 oo €71
{(PoAIRSqQO
10U 21am su030xd 31qeoSuryox?
DHE ZH O L= £8°0 (H9
TH L9="P) 61T (HZ W) o€~ 0£°¢ o1
CHT ZH 6 L= P) 799 (HI ZH O L=| -p'T-ouipuAd(jAjor-w)
W L99HL TH €= P o1 L (HS Wy | -9-(JAvopms(jAuayd(j4
€0LS | STL-STLHIZHOv="P) 1€'L (HT ~p-urpuAdiAgon
A% CH 6 L= PIOL L (HE ZH 1 9= P) -€-OIONZ P €
i 01T 91’8 Q {p-OSINA ZHINO0S) WAN H, | -(ounue(jAuoyd)jAys)-¢ 44\
aguel
Aou3og H+W
3q | POy
dINVo | (U} 1y #
fdvy S/ NN Hy SUEN SIONG XH

134



PCT/US2017/056265

WO 2018/071622

(p3AI38qo Sm 210 suoInId
S[qeasueyxa ) (HE ZH T'L=(" V)

740 (HZ ZH 5= P) ST'1 (HT s Q)
€71 (HE ") 917 (HT "8 19 1£77 (He
LT ) 649 (HTE 8 )
$8'0 (HZ W) L6909~ s0'L (HI ZTHE V=

O~ 7-eupuAd{ounu
e(jApew ) jAusydorony

24),

Covs PI6TL ML ZH 6’ L= P) 69'L "(HT | -s-(1fuopns(fAuayd(i4 -
v ZH 6 L= "P)60'S (HI ZTH6V="P) ~p-ulpuAdjAyiour-¢ L
v 15! 18 9 (°P-OSING ZHW00S) WIAN Hy | -0I0np-7)-p))-¢-1419-9 %o% STl
{P2AI35qO 10U Q1M su0j0Id
QJqRaBuRYOXS ) (HE “ZH T L= "D ¥L°0
{HT W) HL-0z Mz W ez 1-Liv1
(HT ©s 1) L7 (HE S) T (HES) [o1p-p°Z-oul
80°¢ (HT ") §9'9- 849 (ML é 16'9 - | puAd(jAuogrs(jAuagd(j4 R
10°L (HI "W} ogL - 8€°L (HT ZTH 6 L= -g-UIpUAdAYRW | N - Qz\
€728 PYos L (HL ZH € L= P) $9'L (HT Dy ¢-(onmw ,,\/MF\/% L/J\f\/
v TH 8= P) 10'S (HL ZH L ¢= P)| e(iAyew)(jLuaydorsony W
v 880 05'8 9 (°P-OSING ZHINOOS) WIAN H, -7))-6-141n9-9 Kb b1
aguel
Aou3og H+W
G3H | POURI
dINYO () 1Y #
fdvy S/ NN Hy SUEN SIONG XH

135



PCT/US2017/056265

WO 2018/071622

{PoAISSqO 10U 21aM su0i0ad
Q1qRBUBYOXS 7 (HE CH 7 L=V
vL0(HZ U ZUT - 121 (HZ W) sl
~pp T (HZ WY T -0 (HESYLIT
(HZ Wy 7~ o7 L 2H € L=D)
687 (H1 ZH 1°01="P) 89 ¢ (HZ ‘W)
Oy -9y (HI ZH 6 L= "P) 1£9 (HI
ZH O L= P} 199 (H] W) 199~ L9
(HI ZH O L= P} SL'9 (HI ZTH 6 b=

[01p-y°Z-0ul
puAd{jAucirs(jAuayd(jA
~p-uipusd Ay
-£-0I0N{-7)

€798 P8 L HE ZH 9 L= Py 0oL (T | v -(HA-(H)s-wderze
Y ZH 6 L= P} 80'S (HI ZH 6 b= )| xo{p 1 liglozusgoipiyp
v 801 p1'8 © {(°P-OSIWA ZHW00S) WINN Hy ~#°¢)-¢-14ING-9 L7l
{P2AI35qO 10U Q1M su0j0Id
slqeesuryoxe 7) (HE ZH 0'L="Y
€6'0 (HS Wy og1 - 151 (HS ‘) 65’1
- 76’1 (HE $) 687 (HT B9 $87-80°¢€
(HT ) ore-15¢ (HL 21 L01= O1p-p Z-eupuAd(jA
PYeey (He W aoL-91L (Hr| -1-wipuedidifusyd-7) S T L
€9LS ZHCL=DITL W W v - LrL|  -s-QRuogns(ihusydh) T o 1 0
A% HT TH 6 L="P) 99'L “(HE u) €8, ~g-puAdjApans-g L LT
q ST | -26'L 9 (P-OSING ZHWO00S) WAN H; | -0ionj-9)-4))-£-141ng-9 ol 971
38uel
Aou3og H+W
053 POt
dINVo | (Ui 1Y #
fdvy S/ NN Hy SUEN SIONG XH

136



PCT/US2017/056265

WO 2018/071622

{pPoAISSOD 10U 3I3M

su0301d 31qeoduryoxd 7) (HE TH T L=/
VL0 (HT W oLt - 221 (HT 7H
O'L=""P)7¢ T (HT S) 161 (HS $) §7T

HZ W oz e-zL¢ (H wyspy - N.Q

(HI CH e L= P vT o (HI &

[o1p-p z-oul
o | puAd(jAucirs(jAuayd(jA

(HI W) 099-690 (H] W 699~ LL @ ~p-uipuAdiiyiow-¢)
C9ps | HL TS 1 o7 L (HT 2H 9 L= E 05°L| P e-(A-(HD)s-widoze
v (HT ZH 9=/ "P) 00'8 “(HT U} 6£'8 é:\a%%EEEQ%@
v $8°0 | -¢9'8 ¢(°p-OSINA ZHNO00S) WAN H b C1-6-1AIng-9 671
{P2AI35qO 10U Q1M su0j0Id
s1qeesuryoxe 7) (HE ZH 6'9= 'Y
76'0 (HS W) {71 - 081 (HS W) 8¢'1
~06'T (HE S) 917 (HZ v 8L7-90°¢€
(HT s 34 $$°¢ ‘(I ZH L 01=" D) O1p-p Z-eupuAd(jA
Py (HE ZH L9= P 114 (Hs uy|  -p-uipuedidifuoyd-7)
€9LS | STL-08L HT ZH 6 L= "P)99'L "(HT | -s-(jAvopns(ihusyd(jd
k% TH 6 L= P06 L (HE FTH 9 b= D) -p-uipuddidgiou-¢
q 811 $1'8 Q (9p-OSING ZHINO00S) MINN H; | -0100[-7)-4))-£-]1AINg-g 871
38uel
Aou3og H+W
0539 poyIeIy
dINVo | (Ui 1Y #
fdvy S/ NN Hy SUEN SIONG XH

137



PCT/US2017/056265

WO 2018/071622

{(PoAIRSqQO

10u auem suojoxd sjgeaBueyoxa 7) (H¢
“S ) §L°0 (HT U 1T - 671 (HI

‘) ze’l (Hy s 19 617 (HI W) 8T -
o€ (HE 2H o= P) 81°¢ (HI 78 19)

sudueow(jA
~e-upuAd{{A1o
ifc_hw:mwi %MCMW%FMMMUI‘WpN

CIES {E€¢ (HE ") ppo- 6L 0 (Ho W) ge'g| -(ourwe(jAusyd)iiya)
Y - L7°L (HT W) §€L - 908 (HE W) 2y | -O(A-[-upoAd(A-7
v €01 |-798 ¢ @?%Em ‘THINOOS) MIAN Hy | ~HIpuAdoIonip-¢ ¢)-¢) 7€l
{(H¢ 71 \ : P60 (HE $) L£T (HT
‘ur) ﬁ ¢~ pp ¢ (HT ZH 6 L= P} 899
({1 uy Nw.@ - 769 "(HT 'S) sT'L "(Hp [o1p
W oeL - €L (HT ZH 8= D) 6F L | - T-eutpuAd(jAjor-ui)-9
76€S (HZ ZH #'8='P) 4L (H1 "u) L1701 | ~(ounue(jAueyd)Ayis)-¢ | 4
\'% ~9¢01 (HL W) ey 1L -9L 11 ¢(p| ~(JAuogms{Ausydowoig
g 971 “WEOIOHOTHD ZHW00Y) YIAN H, )3 €1
{pPaAIaSQO 10U 212 Suojoud
opqeaBueysxa 7) (HE 79 19) 640 (H9 SuOuRIOWJA
"8 3G} 817 (HT W 06T~ LTE (HY -¢-UIpUAd{fA[0)
W LEE-p6E (HI ZTH S L= D) 959 ~UE-G-AXCIPAYIP-4'7
£1€6 (HIL S 19) L9°0 (HL W) 10°L - ¥2 -(ounue(jAusyd)iAgs) o \M/
v CHEZH O L= PIp6L (HE TS 1) | -9)(A- 1-uiprjonAd(i-g R.L\\ _(\
v $6°0 8¢'8 Q (*P-OSING “ZHINO0S) WIAN H, | -uipukdosongip-¢'¢)-¢)| = = w ! 0f1
38uel
Aou3og H+W
sy | PO
dINVo | (Ui 1Y #
fdvy S/ NN Hy SUEN SIONG XH

138



PCT/US2017/056265

WO 2018/071622

(HE ZH € L= D 160 (HE ZH

Z0i= VST HT M 1T 10T (HE
‘W) 86T - 891 (HY 'Sy 877 (HT 2H
0'8=D6s7 (HZ ' Whsy'e-0L¢ (HT

O~ Z-2upuAd{ouny

') 29 (HI 'S) 6%'9 (HT ZH 9'8="| e(jAyi)(jAucydidyauip N
TS PYLYL HT ZH 8'8= D) v6'L "(HI =G ENFG-IAING-0 | BN N HOS R S
\% “$19) $L'01 (HI S 39) 5611 9 (p| -(Kuogns(Ausydoworg| K] Mﬁw\z
q 171 “INHOACUO THD ZHWN00Y) WAN H, 3¢ oo pel
{poAID8qO 10U
S SUO0Ad Q1qRaSuryOxd 7 (HE 7H
TL=LD L0 HE THE 9= D 11T
HZ W P 1-071 (HZ W og1-8p1 [o1p-°Z-oul
(19 's) S17 (HS ') §T'7 "(HZ "w) 8y 7| prAd(jAuogms(jAuagd(j4
057 (HZ ') 91'9 "(HI "5 1) 1§ -p-utpuAdidyaw
£9ps | (I S 50) 87 L (T ZH 6 L= D) $9 -¢hpii-¢-(ourr
v « HT CH T8=P) 80'8 (HZ ‘W) 9%'8 ﬁEﬁx&%ﬁﬁ%&ﬁ
Y 660 8 0 (*p-OSING ZHINO00S) WIAN H; ¢EN-¢-14ng-9 €<l
s3uR1
Aousiog H+N
3 | POURI
dINVo | (U} 1y #
fdv4 | SW/OT WIAN H, SWEN QIO XH

139



PCT/US2017/056265

WO 2018/071622

(POAIRSqO 10U

aiom suotoxd ojgeslSuenxa 7) (HE ZH
L= D TL0 (HE ZH 6'9= D 80T
(Hz Wz~ 611 (HT ZH 9 L="P)
66T (H6 W) 607 - L1T (HZ W) 07T
~ov T (BT WY 61€-L6°¢ (HT "8 1)
€19 (L s 39 8779 ‘(L 2H b=

[01p-y°Z-0ul
puAd{jAucirs(jAuayd(jA
~p-uipusd Ay

¢'H9s P)LTLHT ZH € L= "P) £9'L HT | -¢-om0on-T)-p))-¢-(ourw
k4 TH LL=PY L0°8 (HT ZH S b= D) | r(Aue)(Aucydifysup
v 911 Z1'8 ¢ (9p-OSINA ZTHINO00S) MIAN Hy -¢ e 6-1AINg-g & 9¢1
{poAIzsSqQO
10U 213x su0loxd 31qeeSuryoxa
DHEZHO L= D TL0 (HE 21
69="DLOT HI WZUT-61'1 (HT
“S Q) op' 1 (HO S) €17 (HT W) 61T - [o1p-pZ-oul
LET (HE ') L£T (HT 7 19) 91 ¢ “(Hr | prAd(jAuogns(jAuagd(j4 Iy
“s 5Q) T1'9 (|1 78 19) 9T9 (HI 7H -erupudifgew ) L]
€496 8= P)OL'L (HT ZH {'L=f P} 8L | ~C-0ION[J-9)-p))-¢-(oup Q S PN
v (I W) 8L 'L - 06'L (HT ZH L L= D) | p(iAype)(fuaydiigaup T
v 811 70'8 © (°P-OSWA ZTHINO00S) YIAN H; ¢ ) 6-1AIng-g 5o 5¢1
a8URI
Aouxnogd H+A
0573 poyeIN
dINvo | () 1y 4
fdvy S/ NN Hy SUEN SIONG XH

140



PCT/US2017/056265

WO 2018/071622

{(PoAIRSqQO
1040 asom suojoxd sqeaBuryoxe 7) (HE

"SI pL'0 (HS 9) €271 (HT 75 19)

IPIWBXOGIRD
-Z-H1Aueydig

Z6'1 (HZ s 1q) 867 (HT “S 1) Ly'€ -1 T H(Auogms (A ™
HT s 1) $L'9 (HL ©S 39) €69 (HI ~g-upmAdAXoIpAgp L 9w
€L5% "S 1) pTL (HT TS 1) 06, (HS W) prou ) (U o
Voo SeL- e (HL s ) e0L (1 s aq) | e(pfgmou)( ?2%%3 LTy
v LO1 v6'L ¢ (9P-OSING ZHIN00S) WIAN H, -Nsmpng-oiy-p | N 0 A T €T
(poAIRSqo 10U
am suojoxd ojqeaSuryoxs 7) (HE 2H
.n% VLo HT W) 11 -611 HE
THTLCOI= PP 6€ 1 (HT W) 17 SPIUBXOGIED
~72¢7 (HE ZTH 9 b= "P) 857 (HE ') -z-[1Auoydig- 11|
¢0'C (HT ‘W) 089~ 689 (HI ZH ¢ L=r| -1Ayew-N-(jAuons(4 "7
PYZOL L ZH 6 L= D 0¢'L (HE ~¢-uipuAdAxoIpAyp W
TiLs wyseL- syl (HE EV LY L-¥SL (HT - Z-(oum M/_ PN PR
A% ZH 6 L= P S6'L (HE TH 9 b= D}| e(Ageun{jAusydounio | \ﬂJ\/\ P \ﬂm\/ )
v an S1'8 ﬁ%é@am NmEo@@ WIAN H, -Os-hmngop-p| 4 0 AT LT
38uel
Aou3og H+W
sy | PO
dINVo | (Ui 1Y #
(VY | SO HIAIN H; SUIEN] 2IMONLG Xq

141



PCT/US2017/056265

WO 2018/071622

{p2A125Q0 10U 210M suojoud
3]qreBueyoxd 7) (HE TH £4=" "V ¥L 0
CHE ZH O L= D01 "(HT W) 711
~07 1 T s a9 1vE (8 ﬂ@ 1z

APIUEXOGIRS
-Z-[1Ausydig

-1 1 iAgiewp
-NN-(JAuogns(jA

I

(H9'S) 65T (HT S) $L°T (HT 5) 809 -g-upuidixompiyp| [T S~
€709 | HL TS 1Y 619 (HI ZH £ L= P sEL -pg-(outar ) (] r_o/\{
v (HiS W) Th'L - 95°L (HE ZH 6 L= P) | e(iiue)(1Ausydispowip A mu |
A A 16'2 Q (9p-OSING “ZHINCOS) MINN H; -O-s-fng-on-p | V7 T LH o1
{(PoAIRSqQO
1ou aiom suojoxd s1geelSueyoxe 7) (He APIBKOGIRD
TH L=V L0 HT W 1L~ 171 -z-[1Aueydiq
(HT W) b1 - 91 (HT “av Q,N -€£7 -1 1}-1Aygewp
(HE s 39) 687 (HO 8) §$°T “(He "wy) N N-{jAuojns(jA "7
LL9-760(HI ZHT hnx. ,E 10°L ("1 -g-uipuAdaxoIpAgp) Q .
€686 | MY STL-0CLHI THT L= P 9EL -+ Z-(outu m/m
v (HS W) op'L - 19°L (HT ZH 0 L= 'P)| e(Apoun(husydovedo) D@
v 11 96'L 9 (°P-QSINA ‘THINOOS) WIAN H; -Oyehng-o)-p| ¥ 0 T AT 6£1
38uel
Aou3og H+W
0539 poyIeIN
dINvo | () 1y #
fdvy S/ NN Hy SUEN SIONG XH

142



PCT/US2017/056265

WO 2018/071622

(pPoAaI25qO

10U 212 sucloId 21gBoSuryox
DHECZH T L=V TL 0 HT W 10T~
81T (HZ W ST - LT (HS WL (-
861 (HZ W #1717 (HZ W) 95°¢ -
£L°¢ "(HE W) €0p - 0£'y (I ZH 6 L=/
Pz (HI ZH ¥ L= D TS'9 (HI

WY 659699 HI ZHO L=""P} L9

PIUEXOGIRD
-z-[1Auegdig

- L }-Ayreuwnp
-NN-(JAuogins(iA

HEZH S L= P pELHT ZH V8| -c-uipuddixompiyp ,\\//v\n v
7709 PV L HT 2R €e= P vl (|| v 7-(A-(HDs-wdaze | [ ] P - // NN
Y ZH $ L= P) TS L (HT ZH 1'8="P}| xo{p'1llglozusgoipAyp| /ﬂwﬁ Ln
5| vl 16'L ¢ ("P-OSING ZHINO0S) YINN Hy Os-tang-o)-p | F 0 ] vl
(POAIRSQO QPILBKOQIRD
100 a1om suojoxd ojgeslSueyoxs -Z-11Ausydig
DHE ZH U L= D 100 (HE ) - T-fAqewp
LUTHE “839) $HT (HE ) 90T (He “NN-(jAuogns(iA .
‘ZH 9'9=/"P) S0 (HE W) 699~ 659 -gupuAd(Ar L
¥ 809 CHE M 00 L - LOL (HE s 3 11L -tn-g-Axompiyp-vT| (L e PP
v (HO W) €62 - 95, (HT ZH 0'8='p)|  ~(ounwe(iRasydyhyey 1 T 1 X T
v 171 £6'L 9 (P-OSINA ZHINO00S) WAN H; bl V0 TR vl
s3uR1
Aou3og H+W
3q | POy
dNVo | (Ut 1Y #
fdvy S/ NN Hy SUEN SIONG XH

143



PCT/US2017/056265

WO 2018/071622

{p2A13sq0 10U 310M suoId
a1qeedueyoxs 7) (HE ZH 6'9=1""D 6.0
(Hz w0z 1 -621 (HES) 817 (HL
Wy eoe-TeHT ZH S L= P} LSO
(HIE 7S 3Q) £9°9 ‘(T ZH L9=/" P Q0L
(Hy ‘W) 714 - 074 (HL s 19 s€L

IPIWBXOGIRD
-Z-H1Aueydig

-1 T H(Auogms(4
-€-uIpHAd(jA0)

€08% (HI ZH O L= P} v L “(HY "W b L - ~UE-g-AXCIPAYIP-H 7
k4 1oL (HL "SI 78°L (HT 7TH 6L~ P)|  -(ourne(jAusydyiima)
v €11 70’8 ¢ (°P-OSING ZHIN00S) WIAN H, -Spl T T TR =gl
{poAIzsSqQO
10U 213x su0loxd 31qeeSuryoxa
DHHE TH CL= D pL0 (HE ZTH O L=
Vo1 Mz ZH =P ol (HT SPIUBXOGIED
YSag) IpL (HE W S0 177 (HL ~z-{1Auoydiq
WL -7eE (HT S 1) 809 (HI -1t -(iAuogms (A
“$°1Q) 81°0 (HI "8 IQ) o€, ‘(T ZH|  -e-wpukdixorpdyp) [
€YLS | €L=/PYSCL (HS ZH € 11=L P LY L e IR G POS PUN
Vo LS ) €0 L HE 7 9 L= D) 68 'L | r(Ae)(AueydiSyewp | 1T
v §1°7 0 Op-OSINA “ZHINOOS) YN H, { -giE-g-Ang-o-p LY 0 T A T €yl
38uel
Aou3og H+W
0539 poyIeIy
dINVo | (Ui 1Y #
fdvy S/ NN Hy SUEN SIONG XH

144



PCT/US2017/056265

WO 2018/071622

(POAIRSqO 10U
aiom suotoxd ojgeslSuenxa 7) (HE ZH
L= Y YO0 (HT WY 1T - 12T (HT

W LT L (HE S ze' T ((HT W)
917-€¢7 (HE ZH €= "P) 657 (HT
Y8 UG 0L (HT W Loy - T8y (HI
ZH 6 L= PYLT9 CHL TS 390 9579 (HI
W) 799 - 699 (HI ZH ¢ L= P £L

2PIUEXOGIRD
-z-DiAveqdig- 1]
-1Agre - N-{jAuomns(jA
-¢-UIPUAdAXOIPAYIpD

7885 S ZH v 9= P yy'L M ZHTS= | vr(A-mosudoze) (1 0 1
Y P) 1L (HT ‘W) 06°L - 96'L (H1 s 19)| xo[p*1 [{glozwaqorphyp| _ [T T 1
v 111 718 Q (P-OSWA ZHIN00S) WINN H, -pO-s-Ang-on-p | 8 7 Ry 0 %1
{P2AI35qO 10U Q1M su0j0Id
QIqRaBUBYOXS 7) (HE CH O L=V TL'0
HES 17 (HE ZHO =P 65T PPIUEXOGIRD
HZ ZHL9="P) L0 (HZ ZTH 6 L= -g-[1Aueydig- 1]
Py (HI ZH 6'9= D 750 (HE | -Ayew-N-([Auogns(jA .
W) 0L - 80°L (HE 7S 19) 11°L (HS -eupukd(fon o (L)
£H6$ W 6eL - sy L (HE ZH L 9= P IS, ~tg-Axosphyp-p7 | (1 e L DY
k% (HT ‘W) 682 - S6'L (HE ZHO b= P)| ~(ounue(jfusydyims); [ T 1 AT
v 811 718 Q (°p-OSWA ZTHIN00S) YN Hy bl B T A Sh1
a8URI
Aou3og H+W
0573 poyep
dINvo | () 1y #
fdvy S/ NN Hy SUEN SIONG XH

145



PCT/US2017/056265

WO 2018/071622

(PoAIDSqO 10U sU00Id 3[qEOTURYOXD

v) (HE ZH L9=0 D €01 (HE

) 687 (HZ W) eC¢ - Ly ¢ (HI s 19)
£€0 (HE W) 199-~7L'9 (HT 2H ¢ L=
PYLUL Y W) L - L8 (HT 7H

OPIWIEX0GIRD
-Z-HAusydiq

-1 T H(Anozns(jA
-¢-upukd(jA
-¢-10zZRIAd- 1 | -[AYIRw

COLS | LL=f P yoL (HI S I pL L (LS| DroeAxarphyppr ) (1 e K T
v 1Q) 68'L (HI ') 6°L (HT ZH 6'L=f 'P)| -~(ownwe(jluoydydge)) | Hﬂ\xz 1 \N\/
v 01’1 90°'8 ¢ (9P-OSINA THWO00S) WIAN H, oyl T RLT gyl
(PoAIRSqO 10U SUCoId 21GRIBURYOXS
2 (H1 By 9170 - 800~ (HI W) #0°0
~=$0°0 (HZ "W €10 - L7°0 (H1 2H
291={ P} L 0 (HE ZH O L=f V960 SPILEXOGIED
(HZ ‘ZH 99 '$'81=f PP) €0'C (HT ZH ~z-{1Auoydiq
O'L=f W)Y OTE - €€ (HT ZH 6 L= P) -1 (Ao ()4 o~
6£°0 (HI ‘W) 2v'9 - 8y'9 (HT ZH §'L=( | ~¢-upuAdixopAyp-4'7| S¥
€prs | D69 (IS 1) 0z L (1o W sz -|  -(owue(fusydykype)| (L e X
VoL (HE S I9) £9°L ((HT ZH 9 L=( Y| -s-(iApemiidordopioy L[ L ALV
v SU'L | 784 9 (9p-OSI ZHINOOS) WIAN Hy | R TR T iyl
a8URI
Aou3og H+W
sy | PO
dINvo | () 1y #
fdvy S/ NN Hy SUEN SIONG XH

146



PCT/US2017/056265

(POAISSQO 10U SUOIOId Q1GRIBURYDXS

D (HE ZH O L=f ‘D 00’1 (HE ZH
£v={ P} 657 (Hr W) 9¢'¢ - 95'¢ (HE
') 6L°¢ (HE ‘W) 099~ 049 (HT ZH

SPIURX0GIED
-z-lAveydig- ']
-1Agisw-N-(JAuo3ns(jA
-€-uIpLAd(j4

WO 2018/071622

Cl={ VL HE W W L-6vL (HE| -prjozeihd-Hi-1Ayew F\m{
b y8s U ISLo LS LHL LT -o-AxopAgppT) (U o A
v L= 'P) 10'8 “(HI ) TU'8 (1 "8 1q)|  -(ouure(fiuayd)iiye) 1§ A
K4 701 81°g ¢ {(9P-OSI ZHIW00S) YN H; b oxjox 161
{(pRAIasqo 10U Su0I0Id 3{gEaTULYDIXD 7))
(HE ZH TL=f D701 (HE s) ¢v'7 (e
a oF € - 96¢ (HE ") 82°¢ “(HT 2H [o1p-p°7-out
6'L=f P} $9°9 (HI ZH 7 = D 0L'9 | puid(jfuoyns(jAusyd(jA PN
(HT ZH 9'L=f D 81'L (HI W) 2e'L -g-uIpuAdiAyow WA
€Trs | m6CL HE W IGL- WL WIS pLL| -Orp)-e-([A-p-jozeiid A HO A A
v HE Wsog-v1'8 (HI ZHO b= P) “HI-[Agew-1)-9 st A
v £€8°0 16'8 9 (9P-OSING "ZHIWNO0S) YN Hy | ~(ounme(jAuayd)jAge)-¢ oo 051
{(Po2325G0 10U
suo101d ajqesSueyoxa 7) (HE ZH 0 1=(
D860 (HE S STT H W pp'¢ (HE| 10w~ 7-oupuAd(js-p
) gL € (HE a9 £69- 899 (HE ZH | -fozessd-H - {Ayew-1)
SL={DEULHI ZH6 v=f ‘P LTL| -9-(jAuoms(jAuayd(j4
b 096 CHT ZH 9 L=f P T9'L “(HI S)oL'L ~p-uipuAdjAgiows
v CHE W08 - 118 (HI ZH6v=1 P) ~€-OIONFT )¢
v 111 £1'8 Q{9P-OSINA ZHIN00S) NN H; | -(ourue(jAueyd)jAyie)-¢ 6¥1
a8URI
Aou3og H+W
05y poyIeIN
dINvo | () 1y #
fdvy S/ NN Hy SUEN SIONG XH

147




PCT/US2017/056265

{paar2sqo j0u voosd

ojqeasueyaxe 1) {(Hz s 19) 100 (HZ IPIUBXOGIED
ZH =1 P) o0 HE THT L= D ~z-[1Auogdig
L90(HY W) g0 ¢~ LT (HE PSC - 1 L ]-(jAuogns(jA

(HE W) §7°9-7¢°9 (HTZH O L= ) -£-wpuAd(fA Y

189 (HS ‘W) 60'L- 0T L (HI ZH €L=f| -p-lozestd-Hi-Ageur ST e
0019 | VYTL(HLS)SCL (HT ZH 6 L= P) -1)-9-AXOIPAYIP-'T @ Io,,“\m\f\ A
Vo 1 99LHIZHL = PITo’L HI Q)| -(ouru([Luayd)AyIo) | sy Ser e
v ¥8'1 86 ¢ (9P-OSING ZHNO0S) WAN H; | -S))-p-IAdosdopho-N| A 3 0k €51
(POAIRSQO

10U suojoid 21qee8uryoxe 7} (HE 7TH
99={ D 660 (HE S) 8¢'7 (HT W) og'g|  [op-pZ-oupusd(ji-p
- 726 € {HE S 08'C (HE ‘W) 659-890| -joreiAd-H-Aypw-1)
(HE W) LOL-61L (HT TR 1o=f P}| -9-(Auojms(jAuayd(jA

€09¢ | 09°L (HI S 1q) [L'L (HI ZH 8 L= Y ~g-uipuAdiAgiows
v L8L(HT ‘2H € 4=f P) £0°8 ‘G175 1) ~7-0ION[ g ¢
v €11 ¢1'8 9 (9P-OSING ZHWO00S) WAN Hy | -(ounue(jAuoyd)[Ayis)-¢ 781
38uel
Aou3og H+W
0539 poyIeIy
dINVo | (Ui 1Y #
fdvy S/ NN Hy SUEN SIONG XH

WO 2018/071622

148




PCT/US2017/056265

WO 2018/071622

{PoAIBSqQO 10U

suojodd 2jqeeBurydx3 7} (HE ‘W) 680
“Z0THZ W P E-sS e HE S LLE
CHE s 19 689 (T s g 1L (He
‘w) ez L 68 L (HT TS 1) vy L (HT

IPLLBROGIRD
-z-[1Auoydiqr 11}
-QI0n -4 JAUOINS(JA
-¢-uIpuAd(]A
-5-10ZeIAd-H T -[AyIow

€'88¢ U5 ) 06°L (HT 78 3 99, (HI T8 “1)-9-Ax0up&up-7 | L e L S
v 1) 98°L (HT 78 39 6L (HI s 19y | ~(ourwe([Lusyd)iAys) | ] J\f
A% v0'1 60'8 Q (9P-OSIA ‘THIN00S) YINN H, =) ot 2 I SN $s1
O‘EE,&%Oﬁku
Am,..a\ﬁ@m Q_O 100 ﬁcwaha |N;m Tmﬂm,rmﬁwmﬁ
sjqeaSueyoxs 1) (HE ZH L'9=1 D 60 -1 1}-iAytewp
(HE s 1q) sp'7 (HE §) pL7 (HE W) N N-{(jAuogns(j4
P Ly E (HE 'S) 8¢ (HE TH 6 L= ~¢-HIPUAA(JA
PY8SO (HT s 3P o1 L (HI ZH £i=f| -p-1ozeifd-Hi-[Ayew
1868 | 'PSE€L S W vb L -98L (HL s 1g) -1 )-9-AX0IpAYIP-H7
k% L9L(HT ZH L'9=f P g6'L (11 “s aqy|  -(ounue(jLusyd)ifyis)
v 98’1 L1'8 Q{9P-OSINA ZHN00S) WIAN Hy “S)-b 23
38uel
Aousiog H+W
sy | PO
dINVo | (Ui 1Y 4
(VY| SW/OT WAN H; SUIEN 2IMONLG X

149



PCT/US2017/056265

WO 2018/071622

(POAISSQO 10U SUOIOId Q1GRIBURYDXS

HHE W) €670 (HE w811 (HE
w657 (HE W pb e (HI W eT Y
(HT W) $77°9 (HE W) $9°9 “(HZ ‘W)

SPRLRX0GIED
-z-hAveydig-1°1]
-jApsuw-N-{JAUOnS(JA
~e-wpuAd{jA-¢-jozeaAd

“

O
/ﬁ\\“/ LI =

1'86$ b1L (HE W) op L (HE W) ps L (HI Hi-fpew-ro-o) [ %/\;f\ﬁ/;
v w) 89°L (HT W) 10'8 (H1 W) p1'g -| vrae(jAuoydyjidordosy)| ,F o
v €61 128 ¢ (9P-OSING ZHINOOS) WAN Hy | -s-Axospyip-p)-p | F © i T 851
(poAIRSqo
jou suojoxd ojqeslSueyoxa 7) (HE [OIp-+C
ZH19={ PIZ60 (Hy W) €11 -67'1| -ouipuAd(jA-g-jozeiid
(HE ) Op T (HE'S) £8°¢ “(HI '8 1q) ~HI-jAgpeu- | }-g-(0
ST'o (HE ZH 9 L= 'P) L9'9 (Hpy w) | vrue(fAusyd)jAdosdosy)
TYLS | YOL-STL(HT ZH S 6= PYOL L (| -s-(Jhuoyms(Ausyd((4
Y ZH 6 L= V06'L (H ZH 7= D) ~g-utpuAdiAqiow
v vZ'T £1'8 © (9p-OSWA ZHINO00S) WINN H; =7-0I0NF- G}y )¢ LST
{(PoAIRSqQO
10u suojoid ojqeaBuryoxs 7) (HE 7H
Ti=f V060 (HE S) 7T (HT W) €7°¢
- OF € (HE S 9L ¢ (HE v 899 - 959 [o1p-p z-out
(HT TH 9 L= D #0'L (HL 7H 6 b= | prAd(jAucms(jAoagd(j4
P) T L (HZ ZH 7T 8= P} L¥'L (HI -p-uipuAdiAyiew
€IS S)19L (HZ ZH 6 L= ‘P) 86'L (HI | -~rpe-([A-p-jozessd
Y ) €0'8 (HI ZH 6 v=f PIov'8 (H1 ') ~H - [AyRW-1)-9
v 680 758 © (9p-OSINA ZHNO00S) WIAN H; | -(ounue(jAusyd)iAyis)-¢ 961
38uel
Aou3og H+W
0539 poyIeIy
dINVo | (Ui 1Y #
fdvy S/ NN Hy SUEN SIONG XH

150



PCT/US2017/056265

WO 2018/071622

{paAx2sqo 10U su0K0sd

sjqesBueyoxe 7) (HE ZH 8'5= P) T6°0
(HE ZH ¢p=f ‘P 8T'T (HE S) 98¢
CHE A ory “(HE s 19) $7°9 (HE ‘W)
y99 (HZ W) oL (HZ W) 1¢L- 1¥L

SPIWIEXOGIED
-z-L1hvoydig-1°1]
~oJonjj-p-(JAuoyns{jA
-c-UIpUAd(jA-¢-jozrIAd

709 (HZ w8y L (HZ W) 65 L (11w ~HI-Agiew-1 j-9-(0
A4 692 (M1 ‘W) 06 'L (HZ 2H € L=f 'P)| viwe(jAusyd)Adosdosy)
K4 b6l €0'8 ¢ (OP-OSWQ ZHINO0S) YN Hy |  ~S-AX0IpAqp-4' )4 191
{PoAISSQo 10U
su0j0xd oqeeBuryaxd 7) (HE W) 7]
(HE ) L6770 (HE W) STT(HE W) | [op-p z-auipudd(jd-¢
6€°¢ (Hz W) 88°¢ “(HI W) Lo'¢ (HI| -jozeisd-H-jAyew-1) PN
w) 85°9 (HI W) ps'0 (HL W) €8°9 | -o-(ogps(huand(s) X NALDT
988 (HI ‘W) 7oL (HE W) LT7L (HE W) -pruipuddifgou | L Ko LA -
Vo 6P Lo L9 (HL W) €L L HE W) 66'L | ~€-010n-T)p))-€-(14-] NP P
g 871 $7'8 ¢ {9P-OSING ZHND0S) WIAN H; | -BHOPUHAYRWIP-£ )¢ oo 091
ja] m,,. w TIBXO ﬁpwu
{(poarosqo 1ou suooxd sjqeaSueyoxa -z-11Ausydiq
O (HE 1) 88°0 HE W) 901 (HE -1 1 jAmawp
W LT HE W) g e (HE W) T8 e “NCN-(jAuoyns(iA
(HI W) 19 (HE W or'9-659 (HT| -c-wipuid(ji-¢-jozeiAd
€719 W 7oL (HT W o (S w gy “HI-Agew-1 390
v - 96 L (HL 78 Q) 19, (T ‘W) o8, - | unur(jAusyd)jddordosh
v 807 66L 9 {9P-QSINA ZHINO0S) WIAN H;y ~G=AXCIPAYID-H 7 )= p 651
33uvl
Aousiog H+N
0539 POYIO
dNVD | (unu} Iy #
fdvy S/ NN Hy SUEN SIONG XH

151



PCT/US2017/056265

WO 2018/071622

(pPoAaI25qO

10U suol0id 21geoBuryoxe 7) (HE

Y8 1g) 2870 (HE TS IQ) €01 (HE TS
QT (HE TS g €8¢ HTL W) 10p
(HI W) L7179 (HT W) 059 (Hz W)

OIP-+'7
-3uIpUAd{jA-¢-ozrIAd
“H -8y n-1)-9-(0
urwejAusyd)jAdordosy)

PyLs | T0LHT W TUL-LEL HT W) Ly'L|  -s-((Auogns(jhuagd(jA _
v (Y W) 794 (HT "w) 86'L (H1 w) -pruipiisdidyiew PP
v LT 118 ¢ (9P-OSINA ZHING0S) YIAN H; -¢-OION-T)-))¢ oo ¥91
(paarasqo
10u suojoid spqeelueynx? ¢) (He s Q) SPIWRXOGIED
06°0 (HE " ¥ p1'] (HEZH ¢v=f|  -g-[Aveydig 1]
P87 (HE s I 85 (HI W Ty | -1Ape-N-(JAuogins(A
(HL s I 12°9 (HE W) 19°9 (HT | -¢-wiprad(js-¢-jozesid L
1866 w) 11 (HT W eg L - 89 L (Hy ‘W) HE-lApsw-ro-(o) | 7y ™ P
Vo 6L L6°L (HE W) 108 - 61°8 “(HIT W) | unup(hueyd)ddedosty | My Y T
o R . ~ - (o L. /\\Ir...\ = .
v ¥0'7 00'¢ Q(9P-OSIN ZHW00S) YIAN H;|  -S-AX0upAyp-¢" )¢ b €91
Aﬁu\ﬁ@mﬁ_@ 10U mmOwO.a u‘mﬁm@mﬁm&uxa SPIBXKOGIRS
7) (HT 7S 19) 00°0 (HT 7H  ~TljAusydiq
BS=f P) 1€°0 (HE " 1) pL°0 (HE ™S =11 H(jAuozns(iA
4Q) £6°0 (HI W) 67°T (HE 7S 49) 09°¢ | -¢-uipuAd(ji-¢-jozeiAd 1L
(HI W) pe'¢ (HI W po'9 (HE W) -HI-JAgRew-}-9-(0| NN
. 50 (HT ‘W) co'0 (1o W) o7 L - L | wue(jAusydyjddordoss () HO S
TYEo | p9 (HT W) €60 (HO W) 0T L - €L | wwe(jlusyd)y 0s1) \Q/: YN
v (HE W) spL (HT w) 18°2 (H1 W) ~SmAXQIPAYID | g S g
Y S0°T 00'8 Q (9P-OSINA ZHIN00S) WAN Hy | -+ TN~ 1AdoIdOpAs-N | A 0 OHO 791
s3uR1
Aousiog H+N
yd | POy
dNVo | (Ut 1Y #
vy | SW/OT WIAN H; SUIEN] QIO X

152



PCT/US2017/056265

WO 2018/071622

{(PoAIRSqQO

10u su0oxd sigesBuryoxa 7) (HE

U} 780 - 86°0 (HE 78 1) 871 (HE 'S
B SEE (HI "W 60y - 07y (1w
ﬁ@é&?@ﬁ_,émm@,o,\a@ﬁ.mﬂé

PIUEXOGIRD
~z-[1Auoydig

U HRuonsAl o O )
€0'L-61°L (HI “S1Q) 9L (HT “s 19)| -g-upuhd(h-g-pozeasd | (1 o ¥ -
Fe8S 1P (HS W 8L - 19°L (HI Wy 9L - “Hi-tAygew-p-o-(©} [ ﬁ\z T u,\/
Vo louL W W oL L - s34 (HE W) 06, - | unue(jAusyd)jidodosty | N0 T KT
v vl 60'8 © (9P-OSINA ZHWO00S) MINN H; |  ~S-AXCIpAYID-H 7} )b 991
(PoAIDSqO 10U sU00Id 3[qEOTURYOXD
O HE ZH 9'v={ P) 680 (HE ZH 6 =
Prop T (HE s 1) 17 (HE T8 1) [oIp-y°7-oul
SC¢ (HT W) L6'¢ - L0y (HI 78 1} | puAd{Auogms{jAueyd(jA
919 (HE W) €59 - £69 “(HT W) 969 -¢-uipuAdiyio
~o0°L HT W) LT L- 6L (HT ZH|  -Trp)e-(JA-¢-jozeikd
FOss | OL=f P b L (T W) L6 - 69°L ((HT ~H[-AyRu-1 )-0-(0
k% CH Y 9= P) p6 L (HI ZH L €=f ‘p)| unue(jfusyd)jddordosy
v 001 L¥'8 Q (9p-OSINA ZHNO00S) MINN Hy -G 591
38uel
Aou3og H+W
0539 poyIeIN
dINVo | (Ui 1Y #
fdvy S/ NN Hy SUEN SIONG XH

153



PCT/US2017/056265

WO 2018/071622

{PoaIdsqo 10U su00Id JYQRITURYIXRD 7)
(HE ) $8°0- 60 (HE W 801 - 971
My Wz 1-8y' 1 (HZ W98 1-817T

(HE ) 72T (ML "W 937 - 697 (HT
WY OgT - 90°¢ (HI Wog e -yy¢ (HI

ZH O'8={ P 91'9 (M1 ‘W) g99-6L9
LW P69~ 10 L (HT W €OL-T1 L

[01p-1°Z-ouIpuAd(]A
-(H)1-oioumboipAyip
v'eApen-g) |

v'79¢ (HZ ZTH L L= P) 0S'L (HI ZTH L'b=f| -s-(JAuopmns(iAuoyd(jA |
v PITUS (HT ZH O'8=[ P) 078 (P ~prutpuididyioun-¢ i} -
v 671 ~PWROAONOTHD THNO0S) WIAN Hy | -0mon-Z)-#)i-€-141nq-9 %&M L91
{poAsa8Qqo jou sunjold S1qEsTuRYIXS )
{(HE U $8°0 - $6°0 (HE W) 801 - 971
(Hy W) g 1-8p' 1 (HT W) 981~ 817
(HE ) 72T (HT "W 9% 7 - 697 (HT
W O8T - 90¢ (HI Wy es¢-bee (HI [o1p- Z-eutpuid(A
ZH Q8= P)O1'9 (HI ‘W) 899 -$L 9| ~(HY)-uroumboipAyp| ]
HI W P69~ 10 L (HZT W COL-T1 L v e-hew-g) | ]
¥'796 (HT ZH L'L=t RE 0S'L (HT ZH Lp=1| -$-(jKuogns{Ausyd(ja
k% PITES « HT ZH 0'8=f P} 0T'8 ¢ (P -p-uipuddidgiou-¢ I-
v 671 “INHCACUOTHD ME%@@ WAN Hy | -010n-2)-9))-¢-141ng-g L91
38uel
Aousiog H+N
0539 poyIeIy
dINVo | (Ui 1Y #
fdvY ST WAN H; SUIEN BINIONIG X

154



PCT/US2017/056265

WO 2018/071622

{poAISsSqo

10u suojoxd s{qeelueyoxe 7) (HE

ZH O L=f D OLO (HZ W o0~ L1]
(HT “s 1q) 0¢'1 (HZ W o 1-2L1
(HT ZH 6'8=f PISTT (HS 9) 97C

(HZ W97 - p8 m (HZ W) g1 €-pr ¢

(H1 ZH 6'L=f P} Q.E (HT W) ogg
“¥9°9 (HI ZH TL=0 D 8L'9 (H1 ZH
0L=f P}s69 ﬁ@: Nm Cy={ P)OTL

[01p- Z-2uIpuAd(lA
-1-udeze|glozuaq
-H-0IpAURIR-CHET

£vhs (HZ ZH 9 L= 'P) 05'L (HZ TH 6 L=f | -¢-(1Auopms(jhusyd(jA N \fuf\/
L4 PHOS(HL ZH =L P org (H1 S -p-uipuAdiAyiew O o
g 90'1 7$'8 ¢ {OP-OSINQ ZHN00S) HINN H; =) ¢-1AIng-g 691
(PoAISSQo 10U SUDI0Id S]qeaBueyDXa
DHE ZH € L= W €40 ({7 )
UL 1T Mz W sz -2y L (HT ')
161 (HZ vy v7'7 - st'7 ({1 ‘W) E.m
- 0F'€ (HI ZH 8'6=f AE 89°¢ (Hr W
90y - LEY (HT ZTH 6 L=f P)SEO @: SPIEXOGIRD
hma 09°9 - 299 (HI av d! 9-LL9 (HI ~z-{1Auoydiq
ZH 9 L=f Py 089 (H1 “s 19 v “(HI -1t -(iAuogms (A
ZH QL= PV L (HT W by L -6t L ~g-uipuAdAxoIpAyip
TYLS ﬁ« (1 wr) SE “pSLHT TH 6 L={ P)|  -p-(A-(HD)s-udoze
v m 8 Q) 6L (HZ 2H 6 L=1 'P)| xolp'] ][qozueqoiphyip
v 811 8 Q (9P-OSIWA ZHINO0S) WAN H; 5 )6 TANG-0) - b
33uvl
Aou3og H+W
05y POt
dNVo | (um) 1y #
£dvY SW/DT WNN 1 SUIEN] BIMOTUIG XH

155



PCT/US2017/056265

WO 2018/071622

(PoAIDSqO 10U sU00Id 3[qEOTURYOXD
DHEZH T L= D 0L0 (HT ZH §'¢=(
PIEUTHT S IPTET HY W 0LT
=267 (HE S) 117 (HT W) oy € - 95°¢

CHL“S 3y 929 (HL 7S 193 689 (HT

OPILIEXOGIRD
-Z-HiAuoydiq

- L L-[Apewip
~NCN-((Auogns(14
~€-UIPLAdAXOIPAYID

C8LS w69~ L0L (HT ZH €= 'P) LEL -y g-{ouru
v GHS W) Ly L - 65°L (HT ZH 6'L=1 'P)| e{{Aymnw)(jAueydosony
v 811 10'8 ¢ (9P-0OSING ZHNO00S) MIAN H, DS AIng-0))-p
(p2Aresqo Jou suojoxd
3jqeelueyoxs 7) (He ZH € L={ D 1.0
(HS M) 011 - 071 (HE 2H TL1=f
PYIv L (HS 6T T (HT s 1q) v a1
(HI ZH 9 L= 'P) 769 (HI ZH g 5=f | mozusq{outumre{ Ay} 4
PYSOL (HT ZH £L=f P 60°L (HI ~€-u1 "
W) €14 -8TL (HI ZH 6'L=1 V) ¢¢'L | puAd(jiuogms(jAveyd(jA | ﬂwfi
Ceps LS v L (HT ZH T 8= ‘P 1LL ~prurpuidiAgoum | 1| o HO A
v (HZ ZH T8={ P) #1'8 (H1 ‘W) 658 - ~E) b)) S-AXOIpAYIp s A
v 860 £9'8 Q {(9P-OSINA ZHINO0S) WIAN Hy -9 1AM ¢ %l OLT
a8URI
Aousiog H+N
sy | PO
dINvo | () 1y #
(VY | SO WIAIN H SUIEN] DIMOTLG X

156



PCT/US2017/056265

WO 2018/071622

{poAIRSqO 10U SUCIOId 2]4BITUBYOXS

2 (HE ZH 9 0= D 690 (HT B §7'1 -
SP 1 HZ W Ly -0 (HZ W) L1 -
v6'1 (HZ 2H ¢ L=f 'P) LT'T (HE 75 1)
vy (H W €L7-267 (HE W 7T'¢

- v ¢ (HT 78 1Q) 6p'¢ (HIL ZH 6 L=

[01p-1 Z-ouIpuAd(jA

PILy9 (HI THOL=0 "D £L'9 (M1 --uidaze{glozuaq A~ N
ZH ¥ 9= P) £6'9 (H1 ZH 0'L={ 'P)| -HI-0IPAYRId-¢H ¢ ne - L )/
€vpS 190 L (HI W) ZeL-6€L (HE W 09, - -s-{JAuogms(jiusyd(jA (H A HO A A
V| OLLHTZHE L= PITIT'S (HI 75 19) -g-upLAdjAyow L A
4 60’1 0$'8 ¢ (9P-OSIWU ZHWD0S) AN H; “D-)-e-1Ang-g Foud €L1
(POAISGO 10U SUCIOL 2[(RABUBYIXD 7)
(HE ZH O'L=0 D 120 (HE s 19 20T .
(HT THO'L=f Py ST'1 (HZ "8 1Q) LET s M
(Hs W) §0'7 - LTT (HT "ZH T o=( P} | wozusg{omume(iAype)(ja| L < y\\
05°¢ “(HZ W) $9°9 - 6.9 (H1 ZH ¥'9=f | ~¢-WIPHAdAXOIPAYIP-9'p | L N vo K _~o~
£'19¢ Prego (HT s Q) TTL (HT s g -(luopns(iAueyd(iA-y S _,pr
Y 8L {(HZ W) 06°L - 10°8 ‘({1 7s 1q)| -uipuidifpe-g-osony b uo
v 171 01'8 0 (9P-OSINA ZHN00S) WIAN Hy -y )-S-1Ang-7))-¢ 7Ll
asuRl
Aousiog H+W
“3F | POURW
dINYO () 1Y #
fdvy | SO MINN H SWEN QINONIg X5

157



PCT/US2017/056265

{pPoAISSOD 10U 3I3M
suoioad ojqeefuryoxe 7) (HE ZH 7L=
DVIL0(HE ZH O L=f D 70T “(HT W)
O1'L-810°1 (HZ "5 19) 9¢'1 (Hz ‘W)
SOT-STT(HE S 66T (HT W 6T¢ - 3
7 ¢ (HE 7S 19) 99°9 ({1 "ZH ¢ 8=( P) | wozusg(omme(iApa)(jA :
§.°9 (HI ‘ZH £1=f 'P) 680 (HI ‘ZH ~g-ul _s/
8 L=f @ 7L (HI w0 67'L - v¢ L (HT | pudd(jluopns(jAusyd{is @ d BN J
£eps TH 6'L={ P} £¥'L (HI ZH €'L= D) -g-upuAdiAmen | J)_..o N
voo09L Amm ZH 7'8=f ‘P) 76'L (HI 5 19) “Z)p))-§-AX0IPAYIP WA
v 96 0 Sv'8 9 {9P-OSING ZHINDOS) YIAN H; -9 p1AING-7))-€ %ywo L1
{(PaAID5qO 10U sU030Id 3{(ERTUEYDIXD
DHECZHO L= VL0 (HT s SpIUEX0GIEd
1Q) ST HT TS I Ty (HT W) oz ~g-[1Aueydig
PP T CHE TS I TG S I 9L0 -1 ]-(jAuogns(j4 o~
(HI 75 19) 689 (HC W) 86960, |  -g-uwpufdixomphypy [
€08¢ ﬁ.ﬁ ;E@m; = $SL (HT TH L L= P) -pz-(omm | (] e ZF\/\/
A% m §4q) €8°L (HT ZH 6'L=1 'P}| e(jAypun(fveydosong) ] [ 1 ﬁwz
v all 8 Q (9p-OSINA ZHINO0S) WIAN H, OsiAmg-op | T T A T L1
s3uR1
Aou3og H+W
053 | POYRI
dNVo | (Ut 1Y #
fdvy S/ NN Hy SUEN SIONG XH

WO 2018/071622

158




PCT/US2017/056265

£79¢

67 1

(pPoAaI25qO

10u 213m suojod 31qeafuryoxs 7)

{(HE s 19) 6970 (HT S 1) €11 (HT
W oL~ Lr (HT W) 8y 1 - 7Lt (HE
WYL T L6 (HZ THCL={ P) 67T
(HE s 3Q) 6877 (HT "8 3q) 947 (HL
“sug) o ¢ (HT ZH ¥ L=f P) 059 (HI
YSag) LL°9 (HT U8 1) 86'9 (HT ‘W)
90'L - LTL(HZ ZH T L=f 'P) LoL "(HT
TH O'8={ P} 68'L (HT ZH L'L=] P)
P18 Q (9P-OSINA ZHN00S) WINN H;

[o1p- Z-ouIpuid(i4

-1 -uideze{qlozuaqg
~“HI-0IpAYRnaI-¢ 'y 7)
-¢-{jAuons{pAuoyd(ja
-¢c-mpuAdilyiow-7
-0ION[J-0)-))-£-1AING-9

M«N

vl

{poAID8qO 10U
dx0 SUOI0H Q1qRaSuryoxd 7 (HE 7H
Ti=f VLo HT U601 - 811 (HE

Y8 3q) €T (HT W L17 - T (HE
ZH 9'p=f Py 88T (HE s 1) co'¢ (HT
ZH O'L={ P} 799 (HT W) £89- 00 'L
(HS “s 1q) 7y L (HT ZH 7 9=L P 0S 'L
CHZ W) £8°L - 86'L (HI ZH 9'bv={ P)
01'8 ¢ {9P-OSINA ZHINO0S) WIAN H;y

2PIUEXOGIRD
-z-[1Auoydig-1°1]
-1Agre - N-{jAuomns(jA
-¢-UIPLAdAXOIPAYIP

- 7-(ounas

2{ [Ayeur X jAuagdosony
-2))-$-1A0G-0))-p

OL1

WO 2018/071622

38uel

Aousiog

934
dNV?
{dvY

H+IN
PO
(v} 1y
SIW/D'1

MIAN H,

SUWEN

159




PCT/US2017/056265

{P2AI35QO 10U SU0j0Id S]qRIBURYDIXD 7))
(HE ZH L 9=f V690 (HZ s 1) €11
(HZ W) T 1 -6F' 1 (HT s IQ 8L'T
(HZ W06 1-ve7 (HO W 05T~ 16T
Wy S) 687 (HZ ZH O ZI=f P} ICE
(HI ZHO'S=f P} 159 (HI W) ¢L'9

- $8°9 (HI ZH 9 L=f D 669 (H] ZH

SPIIBXOGIED
-z-{jAuaydig

- LT -iAgewp
-NN-(JAuogns(f4
-€-UIpLA(A
~1-uideze{qlozuag

009 VL=l PYOTL (HI ZHT L= P) 6L “H [-04pAnRe) \/#\r PPN
v (HS W) 06L-99L (HT ZH1'8=f P}| -S¥ ¢ 0-g-Ax0ipAyp ﬂ EOP P
g 97’1 01'8 ¢ (OP-OSIA “HINOCOS) YINN H; -5 NG9 b ° TR 6L1
(pPoAaI25qO
10u 232 suolold 91graBuryoxs
TIHE ZTH €L=1 ‘D TL 0 HS
WHRO'L - 0T T (HT ZH 19=f ‘P O¥'1
(Hz u 61'7-€£7 (HE ) 8¢7 (He
W) 6E¢ 75 (HI ZH €'8=f P} L89 31} NQ
CHE 78 99) $6°9 “(HI “ZH #'L=f 'P) £0'L | wozusqortme(jAy)(jA W
(HTZH 0'8={ 'P) 71 L (HI ZH 6 L=( | ~¢-uipuAdAx0IpAYIP-9'y =
) . - ~ & R ™
€196 VoL (HT PH LL=f P)19L "(H | -(jAvoyns(Auoyd(iA-¢ L I
k% CH U= D L8L (HT 2H 0'8=f P} | -uipuddifypw-z-omong Foud
v 07’1 90'8 © {(9P-OSINA ZHN00S) WIAN H;y -9} ))-G-[AING-7))-¢ 8L1
38uel
Aou3og H+W
053 POt
dINvo | () 1y #
fdvy S/ NN Hy SUEN SIONG XH

WO 2018/071622

160




PCT/US2017/056265

WO 2018/071622

{poAssq0 10U suojoad
S1qesduryoxs §) (HE TH T ={ 119)
0 (HZ 1) §6°0- 901 (HS W) LOT -

IPIWBXOGIRD
-z-{1Ausydiq
-1 1 HAuomns(A

,,,,m FHZ W) (€1 -pp L (HZ W 60T - ~¢-upuAdAXOIpAYIp
TILS 16777 (HZ W) €99 - p0L (HL ) 61°L - -pg-{ou
Vo €0L (| W) 99 - 28°L (HT W) 0g'L - | nue(jAge) ?2%53 o
v €51 818 2 (9p-OSNA ‘ZHIN 005) MIAN H, -O)-S-IAMG-o-p | Fo 8 181
(PoAIRSqO 10U SUCoId 21GRIBURYOXS
ZHHE TH 9'9=1 ‘D 690 (HY
Wy -sT (HT M) 871 - 641 (HT
w19 -1 (HZ U8 i) 1671 (HE
$)91'T ,.Amy, - ,E_v 877 ,.Amm s 1) o1~ Z-eurpuAd(A
1S°€ L ZH L 2= P) 6v'9 (HI 78 19 -{-uideze{gjozuag
yLo(HT " .é $6'0 (HI ZH §9=f| -HI-0IpAYena-¢'v'¢7)
£79¢ E ;Q L :.% ZH € p=f PIOCL T -s-(JAuoyns(jAusyd(ja
k% m L= PY L9 L (HT ZH § L=f D) -p-uipuddidgiou-¢
v 0€'1 ﬁ%é@am ZHINOOS) WIAN Hy | -010n-7)-4))-£-1A1NG-9 021
38uel
Aou3og H+W
053 poyIeIN
dINVo | (Ui 1Y #
fdvy S/ NN Hy SUEN SIONG XH

161



PCT/US2017/056265

WO 2018/071622

(PoAIDSqO 10U sU00Id 3[qEOTURYOXD

@ (HE ZH T L=f D €40 (HS ‘w)

90'1 - CT Amm TH L= P} I¥'1 (H9
BT v THHT W 778 (HE S

Q) @m s& ‘W) oge-se (L w)

86°¢-69'¢ (Hz “s 1q) s1'9 (H1 “s 19

[o1p-p z-oul
puAd(jAucis(Auagd(jA
-g-uIpuAdiAyow

C'opS 0€'9 (H1 78 1) $¢L (HE W) ogL - ~Tph-¢-{oum
Y 740 (HT ZH 9'L=f 'P) 90’8 (H1 75 1q) %@3@?&&Eﬁaa N
q L60 ¢ (9P-OSINA ZHINO0S) WINN H;y $‘E-¢-1AING-9 %wwh €8l
{PRAIOS(O 10U SUCIOIT 2]qQBOBURYIXS 7))
(HE ZH €L=f D€L0 (HE ZH 69={ D)
01T (HZ U ¢r1-071 (HT'S) €71 SPIUBXOGIED
(HZ W) L1~ L1 (H9 W) 01T~ L1T -z-[1Auoydig- 11|
A.E W) 7T~ 8T (HE ZH Y b= P} -1Aypew-n-((Auogns(j4
T HHT S I19) 179 (HI TS 1) 8T9 ~¢-uipuAdAxoIpAyp
£'88¢ CHE W) 0F L - 8y L "(HE ZH U L={ D) -p7-{ourw
k% €6°L (HT ZH L'L=0 PY L6'L (HL 7s 3q) | e(Aype)(jAveydiiypsunp
v 811 ¢ (9p-OSING ZHINO00S ) YWIAIN Hy - NS TANgG-g) - 781
38uel
Aou3og H+W
053 POt
dINVo | (Ui 1Y #
fdvY ST WNN 1 SureN] BINMONIG PG|

162



PCT/US2017/056265

WO 2018/071622

{PoAIBSqQO 10U

suojo1d sjqeslueyoxa 7) (HE ZH 7 4=(
D890 (HE ZH O L=f V01 (HL
WHGOT - 91T (HT ZH L 9= P vE'1
(HZ W7~ LT (HEWOT- 08T
Hz w27 e-9v € ‘(1L s 34 999
(HI ZH 6'8=f ‘P) 9L'9 "(H1 ZH ¢ [=(
PIoe'o (HI ZH 6 L= D €T L (Hs w)

OPIUIEXOGIRD
-z-HiAusydig-1°1]
~1Agen- p-{JAuoIns{jA
~e-UIPLAdAXOIPAYIpP

£68s | SeL-svL (M ZH 9 L=f P obL (HT -pz-{ou| [
v ‘ZH 6'L={ P} L8'L (HI ZH 9'p=( ‘P}| nwe(jAye)(jAusydouess |
N4 2! 90'8 ¢ (OP-OSINA ZHIN00S) MINN H; ~e))-¢-1fng-o))-p | ©
{PoaIdsqo 10U su00Id JYQRITURYIXRD 7)
(HE ZH 99=f D £9°0 (HZ S 39 111
(HZ W7 1~ 1v T (HC W b1 - 6LT
(HZ W) 81 -v07 (HZ W) €17~ 9¢€T APIUBXOGIRD
(HE ZH 0'v=f P} 85T (HT u) 97 ~z-[1Aueydig- 1“1 |
- L7 CHT ZH S Ti=f P) $T£ (HI ZH| -1Ayew-N-{jAuozmns(jA
6 L= PYLEO (HL ZH O L= D ¥99 ~g-wpuAd(jA
(HI W) LL9-989 (HI ZH O L=[ D) -p-uideze{glozueg (T Y
€98 1860 (Hy W) L&L-Ly'L (HI ‘W 6pL - -Hr-omphyener | (L oo L
v 9S'L (HT ZH O L=f PI96'L (HT s 30|~y CD-s-Axophump ) L \uﬂ\w
q 97’1 60'8 © (9P-OSINA ZHN00S) WIAN Hy “pz-Amg-op-p1 1 ° Iy 0 ¥31
38uel
Aou3og H+W
05y poyIeIN
dINvo | () 1y #
fdvy S/ NN Hy SUEN SIONG XH

163



PCT/US2017/056265

WO 2018/071622

{PoAIBSqQO 10U

suo101d ajqesSueyoxa 7) (HE ZH 0 1=(
Mot (HE ®) 78T (HE ™) L9T (HE
8 3G 96 ¢ (HE W $9'9 - 6L'9 (HT

[01p-1 Z-ouIpuAd(jA

2
W SEL-ZT L (HT ZH O b= P65 L -G-IOZRIPAYIOW-T) | hJ
o : i - ) . . ~ N N 7T
€656 (HT 2H 6'L=1 P sL'L (HI 'Y 6L L | -9-(iAnogins(iiueyd(ii-y | K L ol /\@!
v (HZ ZH T'8={ P} 81'8 (HZ "™) 85’8 - | -WipLAdAIawW-¢ )y ))-¢ g ﬁ
v 001 6’8 ¢ (9P-OSING ZHWO00S) WIAN Hy | -(ounue(jAueyd)[Agis)-¢ Sl L81
{(PoAIRSqQO
10u suojoid ojqeaBuryoxs 7) (HE 7H APIBKOGIRD
Ci={DOL0 (HS WenT-L11 (HT -z-[1Aueydiq
w191 (HT W 177 - 2T (HS =11 i-fApewp
Y8 I 167 (HT W) &Y€ - 19°¢ (ML NN-(Auogms(iA ) ﬂ W
‘ZH O L=f P} 68'9 (HI 'S 1) 669 (HI -g-utprAdixosphyp) (1 J PPN
v 665 CH ' o={ P} LOL (HZ W) 0LL~ 0¥ L -y Z-ou] S M\
% ‘GIS ‘W) 8p'L - 19°L (HT ZH 9'L=1 ‘p)| nwe(jfma)(jhusydourio | ¥ ° & T
v 911 P0'8 Q {9P-OSING ZHIN00S) YIAN H; -EN-$-1AING-0) )1 981
a8URI
Aousiog H+W
05y poyIeIN
dINvo | () 1y #
fdvy S/ NN Hy SUEN SIONG XH

164



PCT/US2017/056265

WO 2018/071622

{POAIOSQD JOU SUCIOLT 2]QROTUEYIXS 7)
(HZ “s 393 00°0 ‘(HZ 2H € L={ P 0C0
(HE ZHO L= D 80 (HI W) €7
~ZH T HE Y 0L T (HT "Wy 7 e~ $eg
(HE WY S9-S0 (HT ZH 9 L= Y
86°9 (HE WD IZ'L-1¢L (HE W Z¢L

IPIWBXOGIRD
-Z-H1Aueydig

-1 T H(Auogms(A
-g-uIpuAd(jA
-G-JOZRIIAYIDW

€129 8€L (H ') 65 (HE ") 2L (1 “ON9-Axomphap-pT () X_@;
v TH6'L=0 P)98'L (HI ‘28 Lg=1 'P)|  -(ounwe(fusyd)ilyo) A TN TCT S
v 8I'1 Q (9p-OSINA ZHWO00S) AN H, | -$)-p-iAdoxdopdo-N|  H ° — A& 1 681
(PoAIDSqO 10U sU00Id 3[qEOTURYOXD
DHEZHT L= D $0'T (He  OpHBXOQIRY
TH €b=( P) 787 (HE 5) 68°C (HT -¢-|jAueydig-1°1]
U8 aq) 8FE (HE W) 99 - vL'9 (HT|  -IAypeuw-N-([Auogmns(j4
CH S L= V8L (HI ZH 9 L=f D 19L ~g-upuAd(jA N
< Cen . < ¢ . 4 .. . "~ /\\__/ \_
- HUSY 8L (HZ ZH L9=1 D 06'L CsrozEmpiAyew |, gL
P09 | (HZ ZH6L={ P)86'L (HT ZHTS={|  -T)-9-Ax0uphqip-p7 |~ 4\( ﬁ#qﬂ4
v PYEUs (HES) 8IS (HI ZH Cv=( P)| -~{ounue(jlusyd)ifyio) Fo o
v ST | 09'8 9(9P-OSIN ZHNOOS) WIAN H S 831
asuRl
Aou3og H+W
B3H | POy
dINVo | (U} 1y #
{d¥4 S/ HWAN H,y SUIEN] IMOIIG XH

165



PCT/US2017/056265

WO 2018/071622

(PRAIRSGO JouU suoloxd

3jqeefueyoxd 7) (HE ZH TL={ V01
(HE ZH 9'p=f 'P) 09'7 (HE S 99C
(HZ s 1) €8¢ (HE W $9'9 - 6L'9
(HT W ZUL-v2 L (HE W 0P L- 0§ L

SPRUBX0GIED
-z-[1Aueydigr 1°1]
-1Agisw-N-(JAuo3ns(jA
-€-uIpLAd(4
-G-OZRIYIAIOW

£'109 (HE W 8L~ 19'L (HE Sy el (HT ~Z)9-BX0IPAYP-H7
\'% ZH 8= P s0'8 (HL ZH 9v={ 'P)| -(ourure(jAueyd)ifyme)
K4 an! 07'8 ¢ (9P-OSWA ZHWO0S) ¥INN H;y S 761
(PoAISSQo 10U SUDI0Id S]qeaBueyDXa
OHE ZH T L= V) 96'0 (HE
SISITHE 06T HT s 1 s ¢ O1p-p Z-eupuAd(jA
(HE ZHT8=1 P) 659 (HL ZH 9'L= ~S-[OZBIAHISW-7) o~
V8oL (HT ZH 6 7=f P) sTL (Hz|  -9-(1Kuogns(ihusyd(i4| ﬂ J
€LLS TH6' L= P)ys L (HI §) €9°L (HL ~p-upuAdiAgew Z/QM% ho PR
v TH6L={ P} €0'8 (HI ZH 6 ¥=f P) -€-0I0N-7 )y ))-¢ /Wﬂ\w )
v vl 718 Q{9P-OSWA ZHINOOS) YIAN H; | -(ounue(jAueyd)jAge)-¢ Touo 161
{(PaAID5qO 10U sU030Id 3{(ERTUEYDIXD
D ZHO L= D €01 (HE
) 6¢'7 (HE ) L97 (HT W) Ly¢ - [o1p- Z-eutpuid(A
L€ (HE WS99~ €279 (HI ZH 1 9= -G-fozRiyAiew-7)
PICVLHT ZTH O L= ‘D L1'L (Hr|  -9-(JAuopms(jAusyd(jA
€LLS TH O L= P) 99 L (HI S) LL L (HI ~g-uipuAdiAgiows
k% TH 8= D 68'L (HT ZH 6 L={ P) ~7-OIONg )¢ I
v vl 118 Q (9P-OSIA ZHWNO00S) WINN H; | -(ounue{jAueyd)jAyie)-¢ Fo b 061
38uel
Aou3og H+W
0539 poyIeIN
dINVo | (Ui 1Y #
fdvy S/ NN Hy SUEN SIONG XH

166



PCT/US2017/056265

WO 2018/071622

{PoAISSQo 10U

su0j0o1d sjqeaiuryoxs 7) (HE CH O L=f
L0 (HS W) 260 - 811 (HT s 1)
8¢l (HT "8 1) LT'7 HE ') $6°7 (He
“s1g) L9¢ ﬁﬁm % PE9- 59 Em s
sy gL (HT TS 1)

[OIp- 7-2ul
puAd{jAuoyms{jausyd(] A
-c-mpuAdjAmow

v8is 3G) 1oL (HE SO A
N4 TP L (HL W) 667L-89L (HT W) 98 L - | -D-p))-¢-{outums(jA[0) /u_, ,sz
5| 90 1 018 ¢ (9P-OSIWA ZHINDOS) YN H; ~O}Aiew)-¢-1AINng-g o v61
(PRAI3SQO Jou SU0l0Id 3{(EIEURYDIXD
O (HE ZH £'L= D) 0L0 (HS W)
LY m ,@Z (HE s 19) 8¢°7 (HE T8 1) 0P~
THZ W 177 - 607 (He s uq)| -eurpuAd{omwe(iAol
E.m ﬁ«mm wm 0'L=({P) €59 (HI s Q) -O)jAyIRU)
£9£6 €O9HT "8 4@ TIL HIE sy sz L) -s-(iKuons{pAusyd{(a
v CHZ 2H O L= P) £9L (HT W) 60’8 - -p-uipuddidgiou-¢
v 67 1 L1'8 Q{9P-OSING ZHINO0S) WIAN Hy | ~030ng-7)-+))-£-1A1ng-9 €61
38uel
Aou3og H+W
053 poyIeIN
dINvo | () 1y #
£dvY ST WIAN Hy SUIEN BINMONIG X

167



PCT/US2017/056265

{(paaIDsqo jou su030xd S{gesButyDxa

DHEZH T L= D oL'0 (HS ZH 6'5=( SPILEXOGIED
Py (HT S 1q) g (HT W) 12T - ~z-[1Aueydiq
0%’ (HO S 29) 197 (HE 9 LT (HE =1L Ageunp ~
W 19€-9°¢ (HT ZH L'L={ P} 959 “NN-(JAuogpns(jA | Q_;
prLs | C(HITS Q) L99HTWITIL-0TL ) -eupuAd{ounue(Ao) WM PN AN
i (H1 ZH v (=0 P} L€L (HO W) 6p'[ -| -ONAyIouwn)-¢-AX0IpAYIp | | /ﬂu/ 0
v 7Tl 19°2 Q (9P-OSIWA ZTHWO00S) WINN Hy kg0 T 0 R 961

{poAIssqo 10U Su030Id
OJqeaSuByIX0 7} (HE ZH T'L={ )
100 (Hy Wy vo1 - €771 (" W) 21

- LY T (HZ W) €177 - 9€T (HE s 1q) SPIUEX0GIRD
89°€ (HT “H € L= P) 069 (1 "8 Q) zrijAuegdig
859 (HT s 1 60°L (HI S 1) 1€ -1 T-(jAuogms(jA

povs | (HIZHOL=f P)6€L (HS ‘W) €p'L-| -g-upuAd{ounue(i4[o)
Voo LSL T TS I 8L L (HT ZH 9 L=1 )| -OnAmeun)-g-Ax0pAyip
i 611 ¢6'L 9 (9P-OSINGA THWNO00S) WAN H; -4 7-1AI0g-0))-

WO 2018/071622

s3uR1
Aousiog H+-A
0535 POYIRI

dNVo | (Ut 1Y #
fdvy S/ NN Hy SUEN SIONG XH

168




PCT/US2017/056265

WO 2018/071622

{(PoAIRSqQO

10u su0oxd sigesBuryoxa 7) (HE

IH 7 L={ V7L 0 HT ZH 6'9=f D 601
HZ W) €1~ 121 (HT W) se -t
GHE S 27 (19 78 19) 167 (HT 2H
6L=f PYos 9 (HI ZH 9 9= V859
HZ 2H € L= 'V 80°L (HI ZH 0 p={

<

[oIp- g-aul
puAd{jAuoyms(jAusyd(ja

P8IS | PYLTLHT TH L= P)OSL (HI 'S ~p-utpuAdiAgiow
Y TG P08 (HT S 1) 9p's (HI T8 Q| --p))-g-(outue(jAjo)
v LO1 758 ¢ {9P-OSIT ZHINDOS) YN H; ~O}jAoun)-¢-1Ang-g
(poAsasqO 10U su0joxd
sjqeaSueyoxe ) (HE ZH 74=0 DL
HS Weo1- 171 (HZ s QP Th1 0147
(HS W p7 7 -2 T (HE 8)ss T {(He|  -ouipuid{oniwe((450
TH 6 L= P} LS9 (H] W) €99-1L9 -O)jAyIRU)
£'9ES (HE W0 L - 07 L (HT ZH 9 L=f P} -s-(1Luogns(Ausyd(jA
k% SO L (HT "2H 1'8=f 1 88'L ({1 “'s 1g) -¢-mpuddidygiou-g
q 671 L0'8 © (9P-OSIWA ZHN00S) WINN Hy | ~0I0n[J-9)-p)1-£-141NG-9
38uel
Aou3og H+W
0539 poyIRIN
dINVo | (Ui 1Y #
fdvy ST WAN H; SUIEN BINIONIG X

169



PCT/US2017/056265

WO 2018/071622

(PRAIDSGO 10U su0I0Id 2{gEISUEBYDXD ()
(HT s 19) 00'0 ‘(HZ 7H €'L=[ P} 0£0

CHE ZH T L= "V 780 (HS W) L80 - SPIURXOGIED
ZOLHT W) s - LT (HZ W L6 - ~z-[1Auegdig
S17(He w7~ 1€7 (HI ZH L €= - 11 }-1Adoidopas
P) LT (HZ 2H 6'L=1 'P) £€°9 (HI “N-(JAuogpns(j4 94
po8S  |ZH L9=f D 1v'9 (HT ZH §'L=f D 169| -cupnidloume(ior, 7} >
' (HS ‘W) 07°L - 9€°L (HT ZH 6'L=1 P} | ~oyimem)-g-axomphuip | A T I 1Y
v (21 8L°L 9 {9P-OSWU ZHINOOS) YN H; P ANGO)-p| ¥ 0 &Y 807
{(PaAID5qO 10U sU030Id 3{(ERTUEYDIXD
OHEZTH CL=f D 1,0 (HS W 90|
- 121 (HZ W) 1 - $4'1 (HT W) 807 SPIURX0GIBD
- 0£°7 (HE ZH 9'v=( 'P) 857 "(HE ZH --[1Aueydig- 1°1] P
YOI={ P)9S€ (HT ZH &L= P} 05°9| -[Apew-N-([Auogpns(i& | JH\
F09s | (T S 3Q) 889 (HZ ZH S L=f D 80'L| -~c-wpnAdounueior, (L o 1
v (HS W) 9¢°L - 86'L (HT ZH 6'L=1 'P}| -ONApsun)-¢-Axomphyp| XF\_/ L
v 771 p6°L 9 (9P-QSINA ‘ZHINO0S) WIAN H; -pz-thng-o)-p | 0 T AT 907
38uel
Aousiog H+N
sy | PO
dINVo | (Ui 1Y #
(VY | SO WAN H; SUIEN 2IMONLG X

170



PCT/US2017/056265

WO 2018/071622

(PoAIDSqO 10U sU00Id 3[qEOTURYOXD
HE 819 760 (HE s ug)
ZIT(HEw) s e-65¢ (HT S $8'¢
(HE s 3q) 81°9 ‘(1 s 39) 089 (HI
ZH 6'9=f P} $6'9 (HT s 1) €7, (HL

spunuozusg{ourue(jA
-€-UIpLA(A
~€-[0ZRIAA-H |

(AR | -7-AX0IPAGID

€8¢ | ZHL9=f P) IS L (HI "S 14) 89, (HT | -9'p-(jAuoyns(jAusyd(j4
Y CH T L= ) 66'L (HT ZH L v={ P) -p-uipuddidgiou-¢
v €11 01'8 ¢ (9P-OSIWA ZHINO0S) YIAN Hy | -0100F-Z)-1))-$) AU )¢ 112
{poAIzsSqQO
10u su030id a1qeeSuryox? 7) (He OPIWIBXOGIRD
U8 U) 1670 (HE T8 1) 6£7 ((HE s ~z-fsungdig
3 747 (HE TS 1) 09°¢ (HT U8 1) -1 1}-iAytewp
pe¢ (HI s 3y ST (HZ s 190 9L'9 N N-{(jAuogns(j4
(HY ZH 9= PI 6o (HL "SI 2T L ~g-uIpLAd(A
THLZH O L= P) €€L (HT ZTH L9=(| -¢-jozeild-{i-j[Ayew
VEZ9 | Prec L HT TS Q) oy L (T ZH O L=[ | ~1)-9-AxoipAyip-yz-(ou
v PYISL L s Q) poL (HT s gy | nee(Agis)([Ausydourio
v 711 L8'L ¢ (9P-OSINA ZTHINOOS) WIAN Hy ~ENSb 01Z
38uel
Aousiog H+W
0539 POt
dINVo | (Ui 1Y #
fdvY ST WAN H; SUIEN BINIONIG X

171



PCT/US2017/056265

WO 2018/071622

(poAIRSqo

10U suo0id ajqesSurydxa 7) {(HE 5 1q)
1O GHE s 3q) 8¢ (HE s 19) 8¢
CHT ©s 3 £87¢ (HL s 1) 2279 (11
“s Q) €69 (HE W) 10L-91°L (HI s

spnmozusg{ounue(jA
-¢-upuAd(jA
~¢-107BIAA-H |

-JAQIO - [ - 7-AXOIPDAYID

bo8S Q) 12 (HT 7s 19) €9 (HT s 1) | -9 p-(JAuoyns{pAusyd(j4
v pi L (T s 39) (8L (HT ZH 8'9=( P) -g-upuAdjAypew-g
v 01’1 01'8 ¢ (9P-OSIA ZHINO00S) WIAN Hy | -010nj-0)-p}}-¢ AUs)-¢ €1z
(POAISQO
10u suojoid ojqeaBuryoxs 7) (HE 7H I}
60={ 1701 (HE sy gz 7 (Y “s 19} | wozuaq(ourwe( JAYR}(jA
85°C (HE ) L8°C (HI ) 879 (HI ZH -£-Ul -
6 L=f P) 96'9 (HE W) p0'L - £1°L ‘(HI | prAd(jhuogms(jAuagd(j4 PN
W)L -8TL (HL ZHO8={ D rEL -prulptAdidpew . F/\{
bL9S CHL s 19) 1L (HE W) L9L- 6L -E))-5-(14 KH\ How A
v (HZ “ZH 0'8=( P OU'S (HT ‘W) €68 | -grjoreifd-H-jAgou A i
v 680 748 Q (9p-OSINA ZHNO00S) WAN Hy | ~1)-T-AXCIPAYIP-G'p))-¢ ol 41
s3uR1
Aou3og H+W
yd | POy
dNVo | (Ut 1Y #
fdvy S/ NN Hy SUEN SIONG XH

172



PCT/US2017/056265

WO 2018/071622

{poAID8qO 10U

suoioad ajgeaSurydxd 7) (HE ZH 6 9=f
Dye 0 (HZ W) oy € - Ly ¢ (HE S)
98¢ (H1 S}L1U9(HT @) §L9- 189
CHIE ZH € L=f P) $6'9 "(HZ "W 0T L
-¢7 L (HT TH 8'8={ ‘D 67 L (HE "w)

IPLLBROGIRD
-z-[1Auoydiqr 11}
-QI0n - ¢-{JAUOINS(JA
-¢-uIpuAd(]A
-¢-10zeIAd-H 1 -[Ayow

PEI9 | ob L - b L (HL TS 19 68 'L (HE ©s 3q)| ~1)-0-Ax0ospAyip-yz-(ou
Y L9°L (AT ZH L L=F P)6§'L (HI 75 1q) | rue(jAge)jAusydourio
v 001 00'8 ¢ {(9P-OSIWA ZHW00S) WINN Hy ~ENSb $17
{POAISS(O JOU 3IaMm
suot0ad 2jqroBuryoXd ¢) (HE ZH [ L=f APIBKOGIRD
D60 (HE TH S v=f P) 67 (HE -z-[1Ausydiq- 11 |
ZH8T={ P) €57 (HT $)98°¢ (HI S)|  -ihpew-n-(jAuoyns(jA .
81°0 (HZ ‘W) 9L'9-989 (HI ZH € L=f ~¢-HIPUAA(JA ,
PYo69 (HI ZTH 6 L= D $T L (HS u}| -g-jozeshd-Hi-[Ayeow
P809 | 9fL - St L (HI W) 8y L - v L (HT )| ~1)-o-AxospAyip-yz-{ou
k% L9L (HT ZH 6 L=f PI 88°L (1 78 1q) | nwe(jApe)(jAusydourio
v SO'1 P18 9 {9P-OSING ZHIN00S) YIAN H; ~ENSb
38uel
Aou3og H+W
053 poyIeIN
dINVo | (Ui 1Y #
£dvY SW/OT WNN 1 SureN] BINMONIG PG|

173



PCT/US2017/056265

(PRAIRSGO 10U su0I0Id 2{geISUEBYDXD 7)
{(H¢ s 19y 670 ((HE ©8 1) 0v 7 (HE
WoLE - €L (HT TS 1q) s8¢ (HL
Y619 (HT 78 3Q) ¢8'9 (HL ZH | L=f
Prieo (HI W) 1TL- 67 L (HT u)
0L~ LEL(HT 2PH T L=f 'P) 15'L (HI
“ZH L'9=f P} £€9°L ‘({1 78 19) 89 (HT

o1l

wozusg{outme( AR A
g
puid(jAuoyms(jAusyd(jA
-g-urpuAdiAgonr

O ))-e-(IA

VLS o~ HO S
Y TH S L={ Plo6'L (HI ZH ¥ p={ P}| -g-jozesad-Hi-[Apew ,ﬂw/ _ \J "
v L8O Ly'8 Q (9P-OSINM ZHINGOS) YIAN Hy | -1)-7-Ax0ipAgip-g'p))-¢ Ford L1T
(poAsasqO 10U su0joxd APIHBXOGIRD
sjqeaSueyoxa 7) (HE s Jq) 00’1 ~Z-[1Ausydig
(HE W) 09°¢-99°¢ (HT 78 19) L€ =11 J-(1Auoyns(j4
(HT "8 19) 6779 (HZ 'W) $8'9 - 80'L ~g-upukd(jA
HEWPTL- v LAY W v L - 95| ~¢-jozeild-Hi-[Ayew
v6s (HZ “ZH L'9=f 'P) 8¢'L (HI W) §9°L -| ~1)-9-Ax0IpAyIp-4'Z-(ou
Yy 9L ¢ (HY 78 1Q) €8'L (HT ZH §'L=( ‘P)| nur(jAgie)(jAusydouess
N 01 10°8 9 {9P-OSINA ZHIN00S) WNN H; ~O-S )b
aguel
Aou3og H+W
3 | POURI
dINVo | (U} 1y
fdv4 | SW/OT WIAN H, SWEN 2IMONIG

WO 2018/071622

174




PCT/US2017/056265

WO 2018/071622

(p2Aresqo Jou suojoxd

afqeeduryoxe 7) (He 7S 19) 00°0 (HT
CHOO={ PO HE ZH T L={ Y
€870 (HI "W 68°0- 001 (HZ W) g¢°¢ -
€p € (HE ) L9°¢ (HI ) 609 (HI ZH
€8={ PoL'9 (HT ZH L'9=f P} 169
(HIZHI'S=f DS (HE W T L

OPIUIEXOGIRD
~z-Tpsuoydig

- 11 |-iAdoxdoraio
=N JAUONs( A
-g-uIpuAd(]A
-¢-10ZRIAd-H [ -[AYIRW

bSEo - 0€°L (HE W) 7L~ o L (L 7S Q)| ~1)-0-AX0IPAYIP-H Z-(0U
k% ¥ L (HT ZH £8=f P) L8 (1 78 1q) | nwe(jAge)(jAusydourio
v 901 50'8 ¢ (9p-OSING ZHINO00S) WIAN Hy ~ENSb g1z
38uel
Aousiog H+W
0539 POt
dINVo | (Ui 1Y #
fdvY ST WNN 1 SureN] BINIONIG PG|

175



WO 2018/071622 PCT/US2017/056265

Example 199, (3-(S-chloropyridin-2-yl}pyrrolidin-1-y1}{5-{ethyi{phenyl}amino}-2.4-
dihydroxy-6-(1-methyl-1H-pyrazol-3-yl)pyridin-3-yl)methanone

A
Ci .
=2 PACldpph-CHaClz
N 35,00,, dioxane
4 i o

{ i N
_____ N . .
O 5r 86 °C, overnight, 50%

J’ k" . J Ok,

e

Example 198A Example 1988
4H HCl/dioxane, 1,
ih, 91%
Iy Ci
1 N- ’_‘<::::>_—Ci N
t /> N / as descrived for Example 1
e, [V i P

VS “SOH <

»;j N
Nz [/ | \i Y
o L NH

Example 199 Example 189C

5 Example 199A. fert-butyl 3-(S-chioropyridin-2-yi)-2,5-dihydre-1 H-pyrrole-1-
carboxylate
A mxture of feri-butyl 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1 -2, 5-dihydro-1H-
pyrrole-1-carboxvlate (106 mg, 0.360 mumol), 2-bromo-5-chloropyridine (76 mg, 0.40
mmol)}, cesiurm carbonate (350 mg, .10 mmol) and PACL{dppt)-CH2C1; (18 mg, 0.022
10 mmol} in dioxane (2.4 mlL) and water (0.5 mL) was degassed and heated at 90°C for 14 h.
The mixture was diluted with EtOAc, washed with brine, dried over sodium sulfate,
filtered and concentrated under reduced pressure. The residue was subjected to silica gel
chromatography eluting with 0-100% EtOAc/hexane to give Example 199A (50 mg, 0.18
mmol, 50 % vield) as a yellow solid. "H NMR (400MHz, CHLOROFORM-d} & 8.62 -
841 (m, 1H), 782 -7.57 (, 1H), 740 - 7.16 (m, 1H), 6.60 - 6.32 (m, 1H), 4.60 - 4.49
{m, 2H), 441 -4.27 (m, 2H), 1.52 - 1.45 (m, OH}.

o
W

Example 199B. fert-butyl 3-(S-chioropyridin-2-yljpyrrolidine-1-carboxylate
A mixture of Example 1994 (530 mg, 1.90 mmol} and 5% RWC (390 mg, 0.190 mmol)

in EtOH (8 mL) was stirred under hydrogen atmosphere (ballon) for 4 h. The mixture was
176



W

10

15

20

30

WO 2018/071622 PCT/US2017/056265

filtered through Celite and concentrated under reduced pressure. The residue was purified
using silica gel chromatography eluting with 0-100% EtOAc/hexane, followed by chiral
SF( preparative HPLC {column: Chiralpak I1C, 30 x 250 mm, 5 micron; mobile phase: 10
% TPA/O 196DEA/0% COy; flow condition: 85 mi/min, 150 bar, 40 °C; wavelength: 220
nm} to give Example 1998 (designated as isomer 1, 110 mg, 21% vield). Peak 1
retention time = 11.87 (Chiralpak IC, 4.6 x 250 mum, 5 micron; mobile phase: 10%

PA/G 1%DBEA/SCY COo; flow condition: 2.0 mE/min, 150 bar, 40 °C; wavelength: 220
nm. LCMS (Method By Rt = 0.96 min, m/z = 283.2 (M+H). 'H NMR (400MHz,
CHLOROFORM-d) 8§ 852 (d, =22 Hz, 1H), 7.64 - 7.56 {m, 1H), 7.14 (d, ]=8.4 Hz,
1H), 3.97 -3.29 (m, SH), 2.34 - 2.05 (m, 2H), 1.50 - 1.44 (m, 9H).

Example 199C. fert-butyl 3-(S-chloropyridin-2-vi}-2,5-dihydre-1H-pyrrole-1-
carboxylate

Example 1998 (110 mg, 0.38 mmol) and 4N HCl/dioxane (1.0 mL, 4.0 mmol) were
stirred at rt for 5 h. The mixture was diluted with diethyl ether, and the solid was
collected by filtration to give Example 199C (89 mg, 0.348 mumol, 91 % yield) as a white
solid. LCMS (Method BY Rt = 0.47 min, m/z = 183.1 (M+H). '"H NMR (500MHz,
DMSO-d6) & 7.79(d, J=2.5 Hz, 1H}, 7.24 - 6.97 {m, 1H), 6.83 - 6.56 {im, 1H]}, 3.01 (s,
1H}), 2.83 (5, 2H), 2.77 - 2.67 (m, TH), 2.54 {(br. s, 2H), 1.85-1.57 (m, 1H}, 1.53-1.14
{m, 1H).

Example 199. (6-butyl-5-(2,6-dimethoxyphenyl}-2.4-dihydroxypyridin-3-yl}{3-{5-
chloropyridin-2-ypyrrolidin-1-ylimethanone

Example 199 was prepared from Example 199C using the method described for
Example 1. LCMS (Method A) Rt = 1.13 min, m/z = 5193 (M+H). 'H NMR (500MHz,
DMSO-de) & 856 (br. s, 1H), 7.86 (br. s, 1H), 7.68 (br. s, 1H), 744 (br. s, 1H), 7.12
(d, /=67 Hz, 2H}, 6.60 (d, /=82 Hz, 3H), 6.23 (br. 5., 1H), 3.96 - 3.81 {m, 4H), 3.46 (br.
s.,3H), 318 (br. s, 1H}, 2.35 - 2.01 {m, 4H), 1.07 - 0.93 (m, 3H} (2 exchangeable

protons not observed). Human APJ cAMP ECs; Potency range A.

The compounds listed in the table below were synthesized using methods analogous to Example

199,

177
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WHAT IS CLAIMED IS

i, A compound of Formula (I):

AN
ROR
5 ora stereoisomer, an enantiomer, a diastereomer, a tautomer, or a pharmaceutically
acceptable salt thereof, wherein
0

O @]
NV
L}J’kN A ‘{}S{\t@
R is independently selected from 5 and SN

Ring A is independently selected from

RSB

N (R%)0-5 (R%)0-5
- % Y

[ @Y N R4 A
AN 03%?\;\@,}5 " ,E'N\m_/\}

S R <
N e
(R5)0-5 S’\N 0N
] f
(TN T
, {R™0-5 , {(R7)o-5 i

10

, and
Ring B is independently selected from ary! and heterocyclyl comprising carbon atoms and
1-4 heteroatoms selected from N, NR™ O, and 8, each substituted with 1-3 R® and

1-2 R®; provided R? and R’ are not both H;

182
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R“ is independently selected from C1 s alkyl substituted with 0-3 R®; (5 5 alkenyl substituted
with 0-3 RS, aryl substituted with 0-3 R®, heterocyclyl substituted with 0-3 R® and
Cs3 cycloalkyl substituted with 0-3 R®; provided when R?is C: s alkyl, the carbon
atom except the one attached to the pyridine ring may be replaced by O, N, and §;

R? is independently selected from H, F, Cl, Br, C1 5 alkyl substituted with 0-3 R, Cy 5 alkenyl
substituted with 0-3 R¢, {(CH2).OR?, {(CH)NRRE (CH2)sCN, «(CH2).C(=O)R®,
H{CHWCEODYORY, (CH)WCEOINRIR?, (CH)NHC(=0)R?,
~(CH2)uNHC(=O)NR*R? «(CH2)aNHC(=0)ORP, -(CH2) NHS{O),NR?R?,
{CH2NHS(O)pR® ~{CH2)S(O)pRe, {CH2 SO )pNR*R?, (CH2 OC(=0)NRR?,

R*is independently selected from H, C1 5 alkyl substituted with 0-3 R?, -S(O)pR., -C(=O)R",
SCEOINRAR?, -CEOYORY, -S(O)NRAR? RS, -8(0),R®, -C(=O)R®, -C(=OINRRS,
-C(=0YOR", and -S(ONR*R;

R*is independently selected from H, C1 s alkyl substituted with 0-3 RS, Ca 5 atkenyl
substituted with 0-3 R®, ~(CH;)-Cs6 carbocyelyl substituted with 0-3 R®, and
-{CH)o-heterocycelyl substituted with 0-3 RS

R’is independently selected from H, R -OR®, -S(O);R®, -C(=OR®, -C(=0)OR®, -NRR",
-C(=0)NR*R®, -NRAC(=0)R°®, -NR*C(=0)YOR®, -OC(=0)NRR®, -S(0),NRR®,
-NRAIS(O)NRIR, and -NR2S(O)R®;

R® is independently selected from -({CR'R )p-aryl, {CR'R")-Cs 6 cycloalkyl, and
~(CR'R")e-heteroaryl, each substituted with 1-6 R,

R is independently selected from H, Cy4 alkyl, and «(CH:)u-C5 12 carbocyclyl substituted
with 0-3 RS,

R?is independently selected from H, F, Cl, Br, {(CH2)nCN, «(CH2)3,0R?, (CH2.CEORD,
A{CH)C(=O0)0R®, {CHWCEOINRAR?, (CH2)NRAR? -(CH2)uNRAC(=0)RY,
{CHNRYC(=OYOR?, «(CH2)uNRC(FOINRR?, (CH )W OCEOINRAR?, -
(CH2)aS(O3pRe, {(CH2uS(O)pNRR?,) (CH2)uNRIS(ORpNRARY, {CH2 ) NR?*S(O)pR",
Cra alkyl substituted with 0-3 R®, -(CH2)n-Cs6 carbocyclyl substituted with 0-3 RS,
and -(CH»n-heterocyelyl substituted with 0-3 R”;
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R’ is independently selected from Cs6 cycloalkyl, Cs 5 cycloalkenyl, aryl, bicyclic
carbocyclyl, 6-membered hetercaryl, bicyclic heterocyclyl, each substituted with 1-6
RY:

alternatively, R and R together with the nitrogen atorn to which they are both attached form
a mono or bicyclic heterocyclic ring substituted with 1-6 R'";

R 15 independently selected from H, F, CL, Br, NGOy, (CH2),0R®, «(CH23n8(O)pR..,
{CHDCEOR®, {CHLNRPR?, (CH2)WON, «(CH)CEOINRR?,
{(CH2JuNRAC(=0)R®, (CH:2)NRC(=O)NR*R?, «{CH2 }uNRAC(=0)ORY,
A{CHROCEOINRIR?, (CH CEOYORP, (CHS(O)pNRR?,
{CH2)uNRIS(O)pNRIRE, {CH2 ) NR*S(O)pR", C14 alkyl substituted with 0-3 R,
{CH2)u-Cs.6 carbocyclyl substituted with 0-3 R®, and -(CHa)p-heterocyelyl substituted
with 0-3 RS,

R?1s independently selected from H, Cie alkyl substituted with 0-5 R, Cy6 alkenyl
substituted with 0-5 R®, Cs alkynyl substituted with 0-5 R®, (CH3)»-Ci.10carbocyelyl
substituted with 0-5 R, and (CH:z)p-heterocyelyl substituted with 0-5 RS, or R* and
R¥together with the nitrogen atom to which they are both attached form a
heterocychic ring substituted with 0-5 R”;

RY is independently selected from H, Ci¢ alkyl substituted with 0-5 RS, Ca¢ alkenyl
substituted with 0-5 R®, C16 alkynyl substituted with 0-5 RS, (CH2)}w-Cs.10carbocyciyl
substituted with 0-5 R®, and -(CHo)w-heterocyclyl substituted with 0-5 RS

R€ is independently selected from Cis alkyl substituted with 0-5 R, Crealkenyl substituted
with 0-5 R®, Cyealkynyl substituted with 0-5 R Csecarbocyclyl, and heterocyelyl;

R%is independently selected from H and C, salkyl substituted with 0-5 RS,

R¢is independently selected from C1 6 alkyl substituted with 0-5 RY, Ca ¢ alkenyl, Czs
alkynyl, (CH»)w-Css cycloalkyl, {CHz}-Cas heterocyclyl, (CHo)o-aryl,
~(CHy)e-hetercaryl, F, Cl, Br, CN, NO,, =0, CO;H, {CH2).OR!, S(O)R’,
C(=OWRRE, NRIC(=0)RE S(O)NRIRE NRIS(O),RE, NRIC(=0)OR!, OC(=0)NRR!
and (CHy1.NRRE

R'is independently selected from H, F, Cl, Br, CN, OH, C1 salkyl (optimally substituted with
F, C1, Br and OH), C3 6 cycloalkyl, and phenyl, or R and R’ together with the nitrogen
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atom to which they are both attached form a heterocyclic ring optionally substituted
with Cjaalkyl;
n is independently selected trom zerg, 1, 2, 3, and 4; and

p 1s independently selected from zero, 1, and 2.

(A

2. The compound of claim 1, having Formula (I}

¢ —
R (1)
or a sterecisomer, an enantiomer, a diastereomer, a tautomer, or a pharmaceutically
acceptable salt thereof, wherein

10 Ring B 1s independently selected from

W GUIET o /(RS)‘"2 < o Rz
%_{‘X\’MR?@ é“‘“(CHz)G--1@ = \ﬂ ,S\\(; {; 4
St ﬂ =7 Rs T “Res j N
‘ REa Q?‘ R3
P (R c \E /(R3)1-2 s /(Re’)*:-z ¢ ' o
~Z 7 \\{\j “\\é . N N
3 @ s’ \ | 3 N K s N 4 vlé%,
R3 RS R3
O-N N__:< '\E::< jf Nan sw—\;{ SN
{0\ N \% | N
&«z{:Q«N}\ R3 (t?/é‘*N/ (‘L;é\i\i/ \R‘Ba - N\Raa %A\;Nf L?,;!\\é.\j)\R?:
R3
(R)1-2 (R%1-2 Rz
N S
- /}(\{“ﬁwm /E&E/LR“ 7 %
N ; 7 v , YN , and W=7 R

15 R?isindependently selected from € s alkyl substituted with 0-3 R® (5 alkenyl, aryl

substituted with 0-3 R, heterocyclyl substituted with 0-3 R®, and Cs.s cycloalkyl;
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provided when R?is C1 5 alkyl, the carbon atom except the one attached to the
pyridine ring may be replaced by G, N, and §;

R’ is independently selected from H, F, Cl, Br, Ci s alkyl substituted with 0-3 R®, (a4
alkenyl: -OR®, -NR®R?, -CN, -C{(=0)RP, -C(=0)OR?, -C(=0)NRR?, -NHC(=0)R®,
_NHC(=0)NR?R?, -NHC{=0)OR®, -NHS(O),R® -S(O)Re, -S{O)NRR?,
-OC(=0)NR*R?,

R* 1is independently selected from H, C) s alkyl substituted with 0-3 R®, -C(=O)RY,
-C(=O0INR*R?, -C(=Q)ORP RS, -S(0},R, -C(=0)RS, -C(=0)NRR®, -C(=0)YOR®, and
_S(0),NRRE;

R*is independently selected from H and C: s alkyl substituted with 0-3 R%;

R’ is independently selected from H, RS, -OR®, -S(O),R®, -C(=OR®, -C(=0)OR®, -NRR",
_C(=0)NRRS, -NRAC(=0IR®, NR’C(=0)YOR®, -OC(=0)NRR®, -S{O),NR'R®,
-NR*S(0),NRRS, and -NR*S{O),R®;

R®is independently selected from ~(CR'Rp-aryl, {CR'R")-C3 6 cycloalkyl, and
~(CR'R"}o-heteroaryl, each substituted with -4 R,

R is independently selected from H and Cis alkyl;

R®is independently selected from H, F, Cl, Br, {(CH3).0R®, {(CH»).C(=0)R®,
A{CHLC(=0YORP, {CH)NRR? ON, (CH2RLC(=O0)NRAR?, -NHC(=O)YOR®, Ci4
alky! substituted with 0-3 R®, (CH»)w-C3s carbocyelyl substituted with 0-3 R® and
-{CHp)p-heterocyelyl substituted with §-3 R

R’ is independently selected from Cs6 cycloalkyl, Cs s cycloalkenyl, and aryl, each
substituted with 1-6 R'C;

alternatively, R* and R together with the nitrogen atom to which they are both attached form

a heterocyclic ring selected from
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T e T o
R e R S
Sie :

and R N2 ;

R% is independently selected from H, F, Cl, Br, -OR®, CN, C; . atkyl substituted with 0-3 R®
and Css cycloalkyl substituted with 0-3 RS,

R is independently selected from H, C1¢ alkyl substituted with 0-5 R®,
+{CH2)a-Cs1ocarbocyclyl substituted with 0-5 R®, and -(CHy )e-heterocyclyl substituted
with 0-5 R® or R and R® together with the nitrogen atom to which they are both
attached form a heterocyclic ring substituted with 0-5 R

R® is independently selected from H, Cis alkyl substituted with 0-5 R®, (2 alkenyl
substituted with 0-5 R, Cy6 alkynyl substituted with 0-5 R®, -(CHz3-Cs10carbocycivl
substituted with 0-5 R, and -(CHa)w-heterocyclyl substituted with 0-5 R,

R is independently selected from C1¢ alkyl substituted with 0-5 Rf, Ch s alkenyl, Cas
alkynyl, -{CH2)-Cs6 cycloalkyl, -{(CH2)n-Cas bheterocyelyl, -(CHa)g-aryl,
~(CHa)w-hetercaryl, F, C, Br, CN, NO», =0, CO2H, (CH:1OR!, S{O)R],
C(=OWRRE NRIC(=0)RE, S(O)NRRE NRIS(O),RE, NRIC(=0)OR!, OC(=0)NRR!
and -(CH» ), NRRE:

R'is independently selected from H, F, Cl, Br, CN, OH, C1 salkyl (optimally substituted with
F, Cl, Br and OH), Cs¢ cycloalkyl, and phenyl;

n is independently selected from zero, 1, 2, and 3; and

p 1s independently selected from zero, 1, and 2.

3. The compound of claim 2, having Formula (HI):
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') O\\sa:ec /(Re’)ﬂ-s
NN
HN L %
| >
Rr? \E OH R®
N
Rf.l, \RQ

(110
or a stereoisomer, an enantiomer, a diastereomer, a tautomer, or a pharmaceutically
acceptable salt thereof, wherein

R?is independently selected from C s alkyl substituted with 0-3 RS, Cy5 alkenyl, aryl

(A

substituted with 0-3 R, 5-6 membered heterocyclyl substituted with 0-3 R, (Cs6
cycloalkoyl, (CH2)140C salkyl, and (CH2 ) 0Cs seycloalkyl;

R’ is independently selected from H, F, Cl, and Br;

R*is independently selected from H and C1 s alkyl substituted with 0-3 RS;

R® is independently selected from H, R -C(=0)R", -NR*R®, -C{(=0)NR?R®, and

10 -NHC(=0O)R";

R® is independently selected from carbocyclyl selected from

8 8
L Rs (R%1.2 (R%1.2 (R)1-2
Y "y V4
7R S 3 / SR
SERPTaSs s
F /(R8)1-2
s 7
, and heterocyelyl selected from
R8 .
. (RY12 (R%12 H  (R)2 R
= S oL/ 3 J/ SN 5 s (R)12
s NeRE ¢~ i 5\{\\:}? E\E '
“’?%\5 Y “__é; N0 (\1}\\ g ,5\*‘\\-\ !
Re R® R®

15 N

R® R
N:,:< FN N zv—s sm—‘g g—N
L G I FL R N
, ang

2 3 2 > 3
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pro
RB (R )1 4 {(R7)1-4

. :< %(R8>1..4 Jﬁ’l\ (R w (\/ K/(\/%
oA S “‘*?;/g; | U /(\N;»\ “g/wzs

Z” 2 2
(R)M (R)M (LHZ (R)z
/Qi) //\Ij = B N/\z
(R8)1-3
%_N/M/:O
S/

R?is independently selected from H, F, CL, Br, {CH2),0R?, -C(=0)R®, -C(=0)OR?, -NRR?,
5 CN, -C(=O)NRR? -NHC(=0)OR®, C; 4 alkyl substituted with 0-3 R®, «(CH)u-C16
carbocyclyl substituted with 0-3 R®, and -(CHy Jo-heterocyclyl substituted with 0-3 RS,
R is independently selected from
A

T SN
R (R'%14

7 I/ El\ﬁ
RS and X A

alternatively, R* and R together with the nitrogen atom to which they are both attached form

10 a heterocyclic ring selected from
Mf' . A Aas ) JAV AV N
(R V-4 Nr R'%1 tll R )14 TEI Ry
N i / -4 \\]/Q‘l/; /—” \ﬂ,/*\\/':
& SEEEO
\\// } Rz G _and
| (Rm)1 4
N
Y
\ A
4/ .
= !0)1-2 .
R !9 is independently selected from H, F, CI, CN, Ci4 alkyl, and OC1 4 alkyl;
R?*1is independently selected from H, Cis alkyl substituted with 0-5 RS,
15 <{(CH2)s-Cs.10carboceyclyl substituted with 0-5 RS, and -(CHy l-heterocyclyl substituted
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with 0-5 R®; or R? and R® together with the nitrogen ator to which they are both
attached form a heterocyclic ring substituted with 0-5 RS,

R® is independently selected from H, Ci alkyl substituted with 0-5 R, C.6 alkenyl
substituted with 0-5 RS, Cy6 alkynyl substituted with 0-5 RS, -(CH2)e-Cs.1ocarbocyciyi
substituted with 0-5 R, and -(CHz)n-heterocyelyl substituted with 0-5 RS,

R¢ is independently selected from Cie alkyl substituted with 0-5 RY, Cy s alkenyl, Cas
alkynyl, (CH»)w-Css cycloalkyl, {CHz}-Cas heterocyclyl, (CHo)o-aryl,
~(CHy)e-hetercaryl, F, Cl, Br, CN, NO,, =0, CO;H, {CH2).OR!, S(O)R’,
CEOINRRE NRICEOR!, S(O)NRRE NRIS(O)R!, NRIC(=0)OR!, OC(=OINRIR!
and -(CHz JuNR'RY,

R'is independently selected from H, F, CI, Br, CN, OH, C1salkyl (optimally substituted with
F, Ci, Br and OH), Cs6 cycloalkyl, and phenyl;

n 15 independently selected from zero, 1, 2, and 3; and

p is independently selected from zero, 1, and 2.

4 The compound of claim 3, having formula (V)

S

\Q

(R )!4
7 w

of a sterecisomer, an enantiomer, a diastereomer, a tautomer, or a pharmaceutically
acceptable salt thereof, wherein
R? is independentiy selected from -CHQ_CHQCH}, ~CH2CH2CH1CH3, -CHQCHQCH(CH},)L

-
(R )o 1 /v?__) -~ S ;&2’1 &0 /"Z,,
;n—c:w< ] \.,\J Q

Hz , R%o.2 ’ \5"‘ S

-CHOCH:CH;, and -CHOCH{(CHz ),

, --C}{ZOC}{; 5

3
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R’ is independently selected from H, F, Cl, and Br;
R* is independently selected from -CHjs, -CH2CH;s, -CHyCHLCH;, and -CHo(CHs )
R7is R

(RS)1-3 (R )1 R )i 3
A ff\N 7
) **//',\;"J //
R®is independently selected from = O)\/

5 § “'q;

R*is independently selected from H, F, Cl, Br, (CHz)0-10C1 4 alkyl, C14 alkyl and
~CEMN(Craalkyl ), and
R is independently selected from H, F, Cl, ON, -CHs, -CH:CH;s, and -OMe.

, and

10 5. The compound of claim 3, having formula (V)

e V)
or a stereoisomer, an enantiomer, a diastereomer, a tautomer, or a pharmaceutically
acceptable salt thereof, wherein

R? is independently selected from ~-CH,CHCHa, -CHCHCHRCH, -CHCHCH(CH: ),

;\ s
(R )01 /”‘2,’ (R Yoo g ?'Z'Z (Q s /?,3
f / i '\\
S N X ’
15 2 , (R)o2 , = , -CH>OCH;,

--CE‘&QCH;@CH}, and ~--CH')_QCH( CHg)z;
R? is independently selected from H, F, Cl, and Br;
R* and R? together with the nitrogen atom to which they are both attached form a

heterocyclic ring selected from
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EAVAV
f\t’i‘\f" (R10) Fa¥a¥al E\lJ (R".(J)1~4
1-4 - >
N/ g o
& (Ao
(Rm)«.;{’
' f
.
Wy
and Rz ;
R7isR®
8 . 8
(R (Rya & (R%1.3
e MBS SN
6+ - "/ £ s»///{ L N
R" i3 independently selected from = , , , and

<

5
R¥ is independently selected from H, F, Cl, Br, (CH2)01OC 14 alkyl, C14 alkyl and
-C(=0N(Cragalkyl);; and
R !9 is independently selected from H, F, CI, CN, -CHs, -CH.CH;, and -OCH;.
10 6. The compound of claim 2, having Formula (V)

SN 9
REOR (VD
or a sterecisomer, an enantiomer, a diastereomer, a tautomer, or a pharmaceutically
acceptable salt thereof, wherein

Ring A is independently selected from
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_7(R5)0_5 _V(Rﬁ)oua “y(Rﬁ)M c (!Rs)o-s R0
;;N/_ N-—R% %I\/_ %m’/m e N sz/:f
s \..._.——./ ) s \'"J > > >
C R C
(‘)\N N ..S)\N O

S L
Ros , and (Rﬁ)c-ﬁ;

R?is independently selected from C s alkyl substituted with 0-3 RS, Cy5 alkenyl, aryl
substituted with 0-3 R®, heterocyclyl substituted with 0-3 R, and Cs 5 cycloalkyl;
provided when R?is Cy5 alkyl, the carbon atom except the one attached to the
pyridine ring may be replaced by O, N, and S;

R is independently selected from H, C1 s alkyl substituted with 0-3 R®, -C(=0)RP,
~C{=0)NRR? -C(=0}0R® R® -S{0),R®, -C(=OR®, -C(=0)NRR® -C(=0)OR®, and
-S{O);NRR?,

R* is independently selected from H and C s alkyl substituted with 0-3 R%;

R’is independently selected from H, R® -OR®, -§(0),R®, -C(=0)R®, -C(=0)OR?®, -NRR®,
-C(=OINRIR®, -NRAC(=O)R®, -NRIC(=0HOR®, -OC(=OINRR, -S(O3pNRR®,
-NRAS(O),NRR®, and -NRS(O)R®;

R is independently selected from -(CR'R yp-aryl, {CR'R")-Cs 6 oycloalkyl, and
~(CR'R")o-heteroaryl, each substituted with 1-4 R¥;

R’ is independently selected from H and C14 alkyl;

R*is independently selected from H, F, Cl, Br, -OR?, (CH21CEORE, (CHL C(=0)YOR?,
{CHDNRR?, CN, -(CH2)uC(=0)NR?R?, -NHC(=0)OR®, C1 atkyl substituted with
0-3 R®, {(CH2)a-Cs6 carbocyelyl substituted with 0-3 R, and -(CHz lp-heterccyclyl
substituted with 0-3 RS

R’ is independently selected from (s cycloalkyl, Cs6 cycloalkenyl, and aryl, each
substituted with 1-3 R

alternatively, R and R” together with the nitrogen atom to which they are both attached forrm

a heterocyclic ring selected from
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JaVa¥e NS P
M M " | %14 | o
l ®R'Na ] @ | (R %14 N ar R R4
A A 4 {N A ( | ke YA
U P | . = = PRI
’v \ R 2 ?(F‘i }1-2 R1%i2 ’ and
PAVAV
l (_Rm)1-4
A
. P
4{
Rz

R% is independently selected from H, F, Cl, Br, -OR®, CN, C; . atkyl substituted with 0-3 R®
and Css cycloalkyl substituted with 0-3 RS,

R?is independently selected from H, Cy alkyl substituted with 0-5 R*,
+{CH2)a-Cs1ocarbocyclyl substituted with 0-5 R®, and -(CHy )e-heterocyclyl substituted
with 0-5 R® or R and R® together with the nitrogen atom to which they are both
attached form a heterocyclic ring substituted with 0-5 R

R" is independently selected from H, Cis alkyl substituted with 0-5 R¢, Ca6 alkenyl
substituted with 0-5 R, Cy6 alkynyl substituted with 0-5 R®, -(CHz3-Cs10carbocycivl
substituted with 0-5 R, and -(CHa)w-heterocyclyl substituted with 0-5 R,

R is independently selected from C16 alkyl substituted with 0-5 Rf, Ch 6 alkenyl, Cas
alkynyl, (CH:)n-Cs.6 cycloalkyl, {CH2)a-Cys heterocyclyl, (CHz)p-aryl,
~(CHa)e-heteroaryl, F, Cl, Br, CN, NO3, =0, COH, (CH2:0RE, S(O)R
C(=OWRRE NRIC(=0)RE, S(O)NRRE NRIS(O),RE, NRIC(=0)OR!, OC(=0)NRR!
and -(CH» ), NRRE:

R'is independently selected from H, F, Ci, Br, CN, OH, 1 salkyl (optimally substituted with
F, Cl, Br and OH), Cs.6 cycloalkyl, and phenyl;

n is independently selected from zero, 1, 2, and 3; and

p 1s independently selected from zero, 1, and 2.

7. The compound according to claim 6, or a stereoisomer, an enantiomer, a
diastereomer, a tautomer, or a pharmaceutically acceptable salt thereof, wherein

Ring A is independently selected from
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VA S
n\\ W, N
- MR S ,55\ N7
5 % S ] % , and \/;

R*is independently selected from s alkyl substituted with 0-3 RS, C2 5 alkenyl, aryl

2

substituted with 0-3 R® 5-6 membered heterocyclyl substituted with 0-3 R®, Cs6

cycloalkyl, (CH»)40C salkyl, and (CH2 ) 0Csseycloalkyl;
R’%is independently selected from H and C1 5 alkyl substituted with 0-3 R%;
R*is independently selected from H and Ci s alkyl substituted with 0-3 R®;
R’ is independently selected H and RY;

R is independently selected from carbocyclyl selected from

8 8

(R GO e . R

8 o k - J ('5 /
L5 2N AT A
8
R7}i-2

) /( 2

s~
, and heterocyclyl selected from
RE .
(R%1-2 %12 H {12 REys
A S P/ S / § N o s SR
. i e = St ) Vi
i N~ g O N N
] Rg Rs Rd
{(R7)1-2 i B N B

S S/ Sé v 2% o-N Nz

.-S \\t\\- ’; \\ é “L}’L:\NIN %\qua ‘Q/LA:\N/O
N N-—
RS RE R8 RE
N___., __,,.N SS N >,-—-S S,_,< S___N
] TN /A \ X
i} —RE L NH < \( i AN /Q? A«
N, N/ \‘ N" p) N" N RS
(ILZ,, ; (Q,) , N_,.NH : L?,zq j VL’ ’ (/L?/j ’ and
RS (R (R%1.4

2
¢2>\
N5
R
P
)
A
)
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(R )1 4 (R )1 4
/ Sji (R8)1-2

(Rg)m.

Q_FAO

AN :
R?is independently selected from H, F, ClL, Br, -OR?, -C(=0)R®, -C(=0)OR®, -NRR? CN,
~C{=O)NRR?, -NHC(=0)YOR?, Cy4 alkyl substituted with 0-3 R, {(CH2)u-Cas
carbocyclyl substituted with 0-3 R®, and -(CHs J-heterocyelyl substituted with 0-3 R,

(¥,

R is independently selected from

Fa¥a¥al S 10,
(910)1_4 (R )4

S
\v/ and "

alternatively, R and R together with the nitrogen atorn to which they are both attached form

3

a heterocyclic ring selected from

FaVaVy 19 il
l 10 (R J1-4 . (R10)1 ‘
4 /(R }1-4 A /N\*/ﬁ\\/i
S |
] P
10 & 7

and RO
RY is independently selected from H, F, Cl, CN, Ci4 alkyl, and OC, 4 alkyl,
R?is independently selected from H, Cy5 alkyl substituted with 0-5 R,
+{CH2)a-Cs1ocarbocyclyl substituted with 0-5 R®, and -(CHy )e-heterocyclyl substituted
15 with 0-5 R® or R and R® together with the nitrogen atom to which they are both

attached form a heterocyclic ring substituted with 0-5 R,
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R is independently selected from H, Ci s alkyl substituted with 0-5 R, C2 6 alkenyl
substituted with 0-5 R®, Co6 alkynyl substituted with 0-5 R®, {(CHz-Csoiocarbocyclvl
substituted with 0-5 R®, and -(CHa)w-heterocyclyl substituted with 0-5 R,

R¢is independently selected from Ci alkyl substituted with 0-5 RE, Cas alkenyl, Cas
alkynyl, {CH:)n-Cs6 cycloalkyl, {CH2)a-Cas heterocyelyl, (CHz)u-arvl,
~(CHz)o-heteroaryl, F, Cl, Br, CN, NO,, =0, COH, «(CH2),0R?, S{O)R],
CEONRRE NRICEORL SOpNRRE NRIS(OLR!, NRICEOOR!, OC=ONRIR!
and -(CH2) NRRE:

RYis independently selected from H, F, CI, Br, CN, OH, ) sallyl (optimally substituted with
F, Cl, Br and OH), Cs¢ cycloalkyl, and phenyl;

1 is independently selected from zero, 1, 2, and 3; and

p is independently selected from zero, 1, and 2.

8. The compound according to claim 7, having Formula (VII):

A

R (VID

or a stereotsomer, an enantiomer, a diastereomer, a tautomer, or a pharmaceutically

acceptable salt thereof, wherein

R’ is independently selected from C1 5 alkyl substituted with 0-3 R, Ca 5 alkenyl, aryl
substituted with 0-3 R®, 5-6 membered heterocyclyl substituted with 0-3 RS, Cs
cycloalkyl, -(CH2)1.40C  salkyl, and (CH2)130Cs scycloalkyl;

R*is independently selected from H and C14 alkyl;

R’ is independently selected from H and R®;

(R%14 8
(R )1 3 34 f\ /\\/{R -4

v N7
61 i _) "//\{“i\fj L~
R" is independently selected fr Dm , * , and

197



WO 2018/071622 PCT/US2017/056265

R*is independently selected from H, F, Cl, Br, -(CH2)010C1 4 alkyl, Ci 4 alkyl, and
~CEMN(Craalkyly;

R’ is independently selected from

JaVeVe S 16
(R10)1-4 i (R )‘\~4

S alternatively, R* and R’ together with the nitrogen atom to which they are both attached form

a heterocyclic ring selected from

ﬂjrﬁ PAVAV ol Ajlw
10, ] ' 10 (R )14 R4
(R )4 PR N )
i ; N > N
" A ¢ /~ ( /\ v/\/
U d o
: , B R )12 ,a , and
EaVaN Al
ij (R %14
C 12
P
R"%2

R !9 is independently selected from H, F, CI, CN, Ci4 alkyl, and OC1 4 alkyl;

10 R%isindependently selected from H, Cis alkyl substituted with 0-5 R®,
{CH2)o-Csoecarboceycelyl substituted with 0-5 RS, and -(CHy Jo-heterocyclyl substituted
with 0-5 RY; or R? and R® together with the nitrogen atom to which they are both
attached form a heterocyclic ring substituted with §-5S R

Rbis independently selected from H, Ci alkyl substituted with 0-5 R®, Csecarbocyclyl, and

15 heterocyelyl substituted with 0-5 R®;

R* is independently selected from O alkyl {optionally substituted with F and Cl), OH,
OCH;, OCF3, (CH2)w-Cis cycloalkyl, {(CHz-Cis heterocycelyl, {(CHz)u-aryi,
{CHaw-heteroaryl, F, CL, Br, CN, NO», =0, and CO:H, and

-~

1 is independently selected from zero, 1, 2, and 3.
20
9. The compound according to claim 8, or a stereotsomer, an enantiomer, a

diastereomer, a tautomer, or a pharmaceutically acceptable salt thereof, wherein
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R? is independently selected from -CH;CHCHs, -CHCHYCHCH:, -CH2CH,CH(CHs )y,

( )C 1 /") (R \,3 2 S /’%’Z (R )3 5 /—2’3

i) e 3T
& M N Rz - == CHOCH;

k)

-CH;0CH>CH;, and -CHYOCH(CHs)z;
R* is independently selected from -CHa, -CH2CHs, -CH2CHRCH;, and -CHa(CH: )
5 R°isR%

¢ 8
s & (R)1-4 (R8)1—4
50 A
6 3 , ) “NF LN
R" is independently selected from == , , and

{;’é (R8)1-4
N

R?is independently selected from H, F, Cl, and Br;

10 alternatively, R* and R’ together with the nitrogen atom to which they are both attached form

a heterocyclic ring selected from

a0 T e
/\N‘ !\R )1-4 ’Rm‘1..4
(R4 N N o
gR )14 \/i .\\\“‘.
Yy LD (32
® /;\—" / _.(0/ o /‘"O
? 12 (R Tp2 . B , and
/\.«”\f'
(R )14
fR 2 ; and

R % is independently selected from H, F, CI, CN, Ci4 alkyl, and OCi 4 alkyl.

10. The compound according to claim 9, or a stereotsomer, an enantiomer, a
diastereomer, a tautomer, or a pharmaceutically acceptable salt thereof, wherein
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(Rw)‘;»q\
R%is X ; and

R " is independently selected from H, F, CI, CN, Ci4 alkyl, and OC 4 alkyl.

=

11. The compound according to claim 9, or a stereotsomer, an enantiomer, a
S5 diastereomer, a tautomer, or a pharmaceutically acceptable salt thereof, wherein
R* and R’ together with the nitrogen atom to which they are both attached form a

heterocyelic ring selected from

fw f‘\i‘J"
IaVa¥a ’R -4 ’R
E R FL «R )14 ) e
o 9 X
-
(£ & JQ <
, R -2 ’R ) , Rz ,dnd
eVl
l 10
N (R "}-4
s
wi0,

Rn2 - and

10 R'isindependently selected from H, F, CI, CN, Cy4 alkyl, and OCy4 alkyl.

12. A compound according any one of claims 1-11, wherein the compound is
selected from the exemplified examples or a sterecisomer, a tautomer, or a pharmaceutically

acceptable salt thereof.

15
i3 A pharmaceutical composition, comprising a pharmaceutically acceptable
carrier and a compound of any one of claims 1-11, or a sterectsomer, a tautomer, or a
pharmaceutically acceptable salt thereof,
20 14. A method of treating cardiovascular diseases, comprising administering to a

patient in need there of a therapeutically effective amount of the pharmaceutical composition
of claim 13.
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15 The method of claim 14 wherein said cardiovascular diseases are coronary
heart disease, stroke, heart failure, systolic heart failure, diastolic heart failure, diabetic heart
failure, heart failure with preserved ejection fraction, cardiomyopathy, myocardial infarction,
feft ventricular dysfunction, left ventricular dysfunction after myocardial infarction, cardiac
hypertrophy, myocardial remodeling, myocardial remodeling after infarction or after cardiac

surgery and valvular heart diseases.
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