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SUBSTITUTED AMINOPROPIONIC DERIVATIVES AS NEPRILYSIN INHIBITORS

BACKGROUND OF THE INVENTION

Endogenous atrial natriuretic peptides {ANP), also called atrial natriuretic factors (ANF)
have diuretic, natriuretic and vasorelaxant functions in mammals. The natural ANF peptides
is metabotically inactivated, in particular by a degrading enzyme which has been recognized
to correspond to the enzyme neutral endopeptidase (NEP) £C 3.4.24.11, also responsible
for e.g. the metabolic inactivation of enkephalins.

Neutral endopeptidase (EC 3.4.24.11; enkephalinase; atriopeptidase; NEF) is a zinc-
containing metalloprotease that cleaves a variety of peplide substrates on the amino side of
hydrophobic residues {see Pharmacol Rev, Vol 45, p. 87 {1893)]. Substrates for this
enzyme include, but are not limited to, atrial natriuretic peplide (ANP, also known as ANF},
brain natfriuretic peptide (BNP), mel- and leu-enkephalin, bradykinin, neurokinin A,
endothelin-1 and substance P. ANP is a potent vasorelaxant and natriuretic agent [see
J Hypertens, Vol 19, p. 1823 {(2001)}]. Infusion of ANP in normal subjects resulted in a
reproducible, marked enhancement of natriuresis and diuresis, including increases in
fractional excretion of sodium, urinary flow rate and glomerwlar filtration rate [see J Clin
Pharmacol, Vol. 27, p. 927 {(1987)]. However, ANP has a short haif-life in circulation, and
NEP in kidney cortex membranes has been shown to be the major enzyme responsible for
degrading this peptide {see Peptides, Vol. 9, p. 173 (1288)1. Thus, inhibitors of NEP (neutrat
endopeptidase inhibitors, NEPI) should increase plasma levels of ANP and, hence, are
expected to induce natriuretic and diuretic effects.

This enzyme is involved in the breakdown of several bipactive cligopeptides, cleaving
peptide bonds on the amino side of hydrophobic amino acid residues. The peptides
metabolised include atrial natriurstic peptides (ANP), bombesin, bradykinin, calcitonin gene-
related peptide, endotheling, enkephalins, neurotensin, substance P and vasocactive
intestinal peptide. Some of these peptides have potent vasodilatory and neurohormone
functions, diuretic and natriuretic aclivity or mediate behaviour effecis.

SUMMARY OF THE INVENTION:

The aim of the present invention is to provide novel compounds which are useful as
neutral endopeptidase inhibitors, e.g. as inhibitors of the ANF-degrading enzyme in
mammals, so as to prolong and polentiate the diuretic, natriuretic and vasodilator properties
of ANF in mammais, by inhibiting the degradation thereof {o less active metabolites.
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The compounds of this invention are thus particularly useful for the treatment of conditions
and disorders responsive to the inhibition of neutral endopeptidase (NEP) EC 3.4.24 11,

Thus, the compounds of the invention, by inhibiting the neutral endopeptidase
E£C.3.4.24 11, can potentiate the biological effects of bicactive peptides. Thus, in particular
the compounds have utility in the treatment of a number of disorders, including hypertension,
pulmonary hypertension, isolated systolic hyperiension, resistant hypertension, peripheral
vascular disease, heart failure, congestive heart failure, left ventricular hypertrophy, angina,
renal insufficiency {diabetic or non-diabetic), renal failure (including edema and salt
retension), diabetic nephropathy, non-diabetic nephropathy, nephroic syndrome,
glomerulonephnfis, scleroderma, glomerular sclerosis, proteinurea of primary renal disease,
renal vascular hypertention, diabetic retinopathy and end-stage renal disease (ESRD),
endothelial dysfunction, diastolic dysfunction, hypertrophic cardiomyopathy, diabetic cardiac
myopathy, supraventricular and ventricular arrhythmias, atnial fibrillation {(AF), cardiac
fibrosis, atrial flutter, defrimental vascular remodeling, plague stabilization, myocardial
infarction (M1, renal fibrosis, polycystic kidney disease (PKD), pulmonary arterial
hypertension, renal failure {including edema and salt retension), cyclical cedema, Meniéres
disease, hyperaldosteroneism (primary and secondary) and hypercalciuria, ascites. in
addition, because of their ability to potentiate the effects of ANF the compounds have utility
in the treatment of glaucoma. As a further resuit of their ability to inhibit the neutral
endopeptidase £.C.3.4.24 11 the compounds of the invention may have activity in other
therapetudic areas including for example the treatment of menstrual disorders, preterm
labour, pre-eclampsia, endometriosis, and reproductive disorders {especially male and
female infertility, polycystic ovarian syndrome, implantation failure). Also the compounds of
the invention should freal asthma, obstructive sleep apnea, inflammation, leukemia, pain,
epilepsy, affective disorders such as depression and psychotic condition such as dementia
and geriatric confusion, obesity and gastroinfestinal disorders (especially diarrhea and
irritable bowel syndrome), wound healing (especially diabetic and venous ulcers and
pressure sores), septic shock, the modulation of gastric acid secretion, the treatment of
hyperreninaemia, cystic fibrosis, restenosis, type-2 diabetes, metabolic syndrome, diabetic
complications and athereosclerosis, male and female sexual dysfunction. In a preferred
embodiment the compounds of the invention are useful in the treatment of cardiovascular

disorders.

The invention pertains to the compounds, methods for using them, and uses thereof
as described herein. Examples of compounds of the invertion include the compounds
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accoring to anyone of Formulae |" and | to VHC, or a pharmaceutically acceptable salt
thereof, and the compounds of the examples.

The invention therefore provides a compound of the formula (F):

{R3),
Formula I’
or & pharmaceutically acceptable salt thereof, wherein:

R'is H, Coralkyl, hydroxy, Cyralkoxy, halogen, -SH, -8-Cysalkyl of NR°RY;

R? for each ocourence, is independently Cyralkyl, halo, NQ,, CN, C,ralkanoylaming, Cs
scycloalkyl, hydroxy, Cralkoxy, haloCi aliiyl, -NRR®, Cesacaryl, heteroaryl or heterocyciyl;
wherein R* and R® for sach occurrence are independently M or Cqsalkyl:

R is ACO3X" or ARY;

R* is Ce.caryt or a heteroaryl, which can be monocyclic or bicydic, and which can be
optionally substituted with one or more substituents independently selected from the group
consisting of hydrexy, hydroxyC,alkyl, nitro, -NR'R”, ~C{OCalkyl, C(O)-C-Cyralkyl, Ci.
satkoxy, halo, Cyralky, halo-C.yakyl, Coralkenyl, Cqaparyl, heteroaryl, -NHE0,-C4 yalkyl and
benzyl; or R is a heterocyclyl which can be optionally substituted with one or more
substituents independently selected from the group consisting of oxo, hydroxy, hydroxyCy.
satkyl, amino, C(0O)-0- Cyyalkyl, Ciratkoxy, halo, Calkyl, halo-Cqrakyl, Csacaryl, hetercaryl,
-NHSQ;-Cyralkyl and benzyi;

R®is H, halo, hydroxy, Cysalkoxy, halo, Ciyalkyt or halo-C.akyl: and

X and X' are independently OH, ~O-C,alkyl, -NR*R®, -NHS(0),-C1salkyl, -NHS(O),-benzyl
or -0O- Ce.qearyl; wherein alkyl is optionally substituted with one or more substituents
independently selected from the group consisting of Ce jearyl, heteroaryl, heterocvelyl,
CLOINH,, CIOINM- Gy salkyl, and C{OYN{C . salkyl}s;

8 is ~C(O)NH- or ~NHC(O)-;
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A'is a bond or a linear or branched C.alkylene ; which is optionally substituted with one or
more substituents independently selected from the group consisting of halo, Csicycloalkyd,
Ciralkoxy, hydroxy and Q-acetate; in which two geminal alkyl can optionally combine to
form a Caycycloatkyl; or
A’ is a linear or branched C.;alkenylene; or
Alis alinear Coy alkylene wherein ocne or more carbon aiom(s) is/are replaced with an
heteroatom selected from O, NR® and A' is optionally substituted with one or more
substituents independently selected from the group consisting of halo and Cy;alkyt, in which
R® for each occurrence, is independently M, Cy,alkyl, ~-C(O}-0-Cyralkyl or ~CH,C(OYOM; or
A'ls a phenyl or a heteroaryl; each of which is optionally substituted with one or more
substituents independently selected from the group consisting of Ciqalkyl, Cssoycioalkyd,
halo-C,salkyl, hydroxy, Ciralkoxy, hals, -NRPR®, -QCH,CO:H, and -OCH,C(ONH;: or
Alis a Cyoycloalkyl;
Alis -Ciaatkylene-Cs qp-aryl-, -Ci.alkylene-heteroaryl- or -Cysalkylene-heterocyclyl, wherein
A’ may be in either direction; and
A’is a bond or a linear or branched C,.; alkylene; which is optionally substituted with one or
more substituents independently selected from the group consisting of halo, Cyratkoxy,
hydroxy, O-Acetate and Cy cycloalkyl:
nis0, 1,2, 3 4or5
wherein each hetercaryl is a monocychic or bicyclic aromatic ring comprising 5-10

ring atoms selected from carbon atoms and 1 1o 5 heteroatoms, and

each heterocyclyt is 8 monocyclic saturated or partially saturated but non-aromatic
moiety comprising 4-7 ring atoms selected from carbon atoms and 1-5 heteroatoms, wherein

gach heteroatom of a heteroary! or a heterocyclyl is independently selected from O, Nand §.

The invention therefore provides a compound of the formula ()

Formula |
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or a pharmaceutically acceptable salf theraof, wherein:

R'is H or Cyralkyl;

R? for each ocourence, is independently Cyalkyl, halo, NO;, CN, Cy.ralkanoylamine, Cq.
soycloatkyl, hydroxy. Cyralkoxy, haloC,alkyl, -NR'R®, Ce.qearyl, heteroary! or heterocyclyl:
wherein R? and R" for each occurrence are independently H or Cpzalkyl;

R is A'-C(O)X" or AR,

R'is Caroaryl of @ heteroaryl, which can be monocyclic or bicyclic, and which can be
optionally substituted with one or more substituents independently selected from the group
consisting of hydroxy, hydroxyCy-alkyl, amino, C(0)-O- Cy.zalkyl, Cysalkexy, halo, Cyyatkyl,
halo-Cysakyl, Csearyl, heteroaryl, -NHSO,-Cy-atkyl and benzyl; or R is a heterocycly! which
can be optionally substituted with one or more substituents independently selected from the
group consisting of oxo, hydroxy, hydroxyC.-alkyl, amino, C{O)-0O- Cyyakkyl, Cyalkoxy, halo,
Cqalicyl, hato~-Cyrakyl, Csparyl, heteroaryt, ~-NHE0,-C, ;alkyl and benzyl;

R®is H, halo, hydroxy, Cosatkoxy, halo, Cyalkyl or halo-Cy7akyl; and

X and X' are independently OH, -O-C,ralkyl, NR*R®, or -O- Cs.iearyl; wherein alkyl is
optionally substituted with one or more subsiituents independently selected from the group
consisting of Cy.earyl, heteroaryl, heterocycliyl, C{OINH;, C{OINH- Cyalkyl, and CON{C,.
satkyl)a;

B is ~C(O)NH- or -NHC(O)~;

A'is a bond or a linear or branched C,.alkylene ; which is optionally substituted with one or
more substifuents independently selected from the group consisting of halo, Csyeycloalkyl,
Ciralkoxy, hydroxy and O-acetaie; in which two geminal atkyl can optionally combine to
form a Cacycloalkyl; or

Alisa phenyl or a heteroaryl; each of which is optionally substituted with one or more
substituents independently selected from the group consisting of Cy.alkyl, Cs oycloalkyl,
halo-C,.satkyl, hydroxy, C,-alkoxy, hale, -NR*R”, -OCH.CO,H, and -OCH,C{OINH,; or

Alis a Cy;oycloalkyl;

A’ is -C,qalkylene-Ceg-aryl-, -Cyqalkylene-hetercaryl- or -C, qalkylene-heterocyclyl-, wherein
A’ may be in either direction; and

A'is a bond or a linear or branched C,., alkylene; which is opticnally substituted with one or
more substituents independently selected from the group consisting of halo, Cyyalkoxy,
hydroxy, O-Acetate and Ca cycloalkyl;



WO 2010/136493 PCT/EP2010/057247

nis0, 1,2 3 4o0r5;
wherein each heteroaryl is a monocyclic or bicyclic aromatic ring comprising 5-10
ring atoms selected from carbon atoms and 1 fo 5 heteroatoms, and
each heterocyclyl is a monocyclic saturated or parfially saturated but non-aromatic
moiety comprising 4-7 ring atoms selecied from carbon atoms and 1-5 heleroatoms, wherein
each heteroatom of a heteroaryl or a heterocyclyl is independently selected from O, Nand S,

In ancther embodiment, the invention pertains to a method for treating a disorders or
diseases responsive o the inhibition of nesutral endopeptidase EC 3.4. 24.11 (NEP), ina
subject, by administering to the subject a therapeutically effective amount of a compound
according to anyone of Formulae |’ and | to VHC, or a pharmaceutically acceptable salt
thereof, such that the disorder or disease responsive to the inhibition of neutral
endopeptidase EC 3.4. 24.11 (NEP) in the subject is treated.

in yet another embodiment, the invention pertains to a method for treating
hypertension, pulmanary hypertension, isolated systolic hypertension, resistant hypertension,
peripheral vascular disease, heart failure, congestive heart failure, left ventricular
hypertrophy, angina, renal insufficiency (diabetic or pon-diabetic), renal fadure (including
edema and salt retension), diabetic nephropathy, non-diabetic nephropathey, nephroic
syndrome, glomerulonephritis, scleroderma, glomerular sclerosis, proteinurea of primary
renal disease, renal vascular hypertention, diabetic retinopathy and end-stage renal disease
(ESRD), endothelial dysfunction, diastolic dysfunction, hypertrophic cardiomyopathy, diabetic
cardiac myopathy, supraveniricular and ventricular arrhythmias, atrial fibrilation (AF), cardiac
fibrosis, atrial flutter, detrimental vascular remodeling, plague stabilization, myocardial
infarction (M), renal fibrosis, polycystic kidney disease {(PKD), pulmonary arterial
hypertension, renal failure (including edema and salt retension), cyclical oedema, Meniéres
disease, hyperaidosteroneism (primary and secondary) and hypercaiciuria, ascites,
glaucoma, menstrual disorders, preterm labour, pre-eclampsia, endometriosis, and
reproductive disorders (especially male and female infertility, polycystic ovarian syndrome,
implantation fallure), asthma, cbstructive sleep apnea, inflammation, leukemia, pain,
epilepsy, affective disorders such as depression and psychotic condition such as dementia
and geriatric confusion, obesity and gastrointestinal disorders (especially diarrhea and
irritable bowel syndrome), wound healing (especially diabstic and venous ulcers and
pressure sores}, septic shock, gastric acid secrefion dysfunction, hyperreninaemia, cystic
fibrosis, restenosis, type-2 diabetes, metabolic syndrome, diabetic complications and
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atherosclerosis, male and female sexual dysfunction; comprising administering to the subject
a therapeutically effective amount of a compound according to anyone of of Formuilag I' and
fto VIIC, or a pharmaceutically acceptable salt thereof, such that the subject is treated.

in yet another embodiment, the invention pertains to pharmaceutical compositions,
comprising of a compound according to anvone of Formulae I and [ to VIIC, or a
pharmaceutically acceptable salt thereof, and one or more pharmaceutically acceptable
carrers.

In sHll another embodiment, the invention perains to combinations including a
compound according to anyone of Formulae I' and I-VIC, or a pharmaceutically accepiable
sait thereof, and pharmaceutical combinations of one or more therapeutically active agents.

in another embodiment, the invention pertains to a methad for inhibiting neutral
endopeptidase EC 3.4. 24.11 in a subject by administering fo the subject a therapeutically
effective amount of a compound according to anyone of Formulae V" and [ to VHC, or a
pharmaceutically acceptable salt thereof, such that neutral endopeptidase EC 3.4, 24,11 i
inhibited.

DETAILED DESCRIPTION OF THE INVENTION:

Compounds of the Invention

References hereinafier to compounds of Formula | or I apply egually to compounds
according to anyone of Formulae 1A to VHC.

References hereinafter to embodiments of the invention apply equally to compounds
of Formula 1 or I' and compounds according to anyone of Formutae 1A to VIIC, insofar as the
embodiments are present.

Various embodiments of the invention are described herein. {t will be recognized that
features specified in each embodiment may be combined with other specified features to

provide further embodiments.

in one embodiment the invention provides a compound of the Formulal or I, or a
pharmaceudically acceptable salt thereof, wherein:
R'is H or Cy.ralkyl;
R? for each occurence, is independently Cyalkyl, halo, Cs,oycloalkyl, hydroxy, Calkoxy,
haloC .qatkyl, -NR?R®, Cyearyl, hetercary! or heterocyclyl; whersin R and R” for each
occurence arg independently H or Gy yalkyl;
R*is A™-C(O)X" or AR,
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R*is Co.paryi or a heteroaryl, which can be monocyclic or bicyclic and which can be
optionally substituted with one ar more substituents independently selected from the group
consisting of hydroxy, C.ralkoxy, halo, Cyralkyl, halo-Cosakyl Cagparyl, heteroaryl, -NHSO,-
Cyratkyl and benzyi;
R®is H; and
X and X' are independently OH, -0-C, ;alkyl or NR*R®;
B' is ~C(O)NH- or ~NHC(0)-;
A'is a linear or branched C.7alkylens; which is optionally substituted with one or more
substituents independently selected from the group consisting of halo, Cssoycloatkyl, C,.
salkoxy, hydroxy and O-acetate; in which fwo geminal alkyl can optionally combine to form a
Cayeycloalkyl; or
Alisa phenyl or a heteroaryl; each of which is optionally substituted with one or more
substituents independently selected from the group consisting of Cyyalkyi, Cs cycloalkyl,
halo-Cy.-alkyl, hydroxy, C, ralkoxy, halo, —NRaRh, ~QCH,CO;H, and ~-OCH,C({O)NH,; and
A%is a bond or a linear or branched C, - atkylene; which is optionally substituted with one or
more substituents independently selected from the group consisting of halo, Calkoxy,
hydroxy, O-Acetate and C;cycloalkyl; and
nisd, 1,2, 3, 4ar 5;
wherein each heteroaryl is a monocyclic or bicyclic aromatic ring comprising 5-10

ring atoms selected from carbon atoms and 1 1o 5 hefercatoms, and

each heterocyclyl is a monocyclic saturated or partially saturated but non-aromatic
moiety comprising 4-7 ting atoms selected from carbon atoms and 1-5 heteroatoms, wherein
each heteroatom of a heteroaryl or a heterocyclyl is independently selected from O, Nand 8.

Certain compounds of Formula | or {' include compounds of Formula 1A wherein the
stereochemistry at the carbon bearing the bipheny! group is {R):
o3

. t

o i 7
NN
B

R,

Formuia 1A,
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-G-

or a pharmaceutically acceptable salt thereof, wherein X, R', R®, B R® and n have the
definitions of Formula | or ¥, supra.

In one embodiment, the invention pertains to compounds of Formulalor I’ ora
pharmaceutically acceptable salt thereof, whereinnis 1, 2, 3, 4 or §; R%is halo and is
attached to the meta position and the other optional R* groups are independently C,.alkyl,
NO,, CN, halo, Cyroycloalkyl, hydroxy, Cyalkoxy, halo-Cyzalkyl, NRR®, Coqaryl, heteroary!
or heterocyclyl. This embodiment is ilustrated by compounds of Farmulae 1B and iC:

R‘? R1
1 3
X\TE/ /B\W X\n/‘l‘\:/?’\\R3
o o
L
] NN
l j" (R,
o
R;’a
Formula IB Formula iC

or a pharmaceutically acceptable salt thereof, wherein X, R', R®, B', R have the definitions
of Formula | or I', supra; pis 0, 1, 2, 3 or 4 and R* is halo.

Certain compounds of Formula { or I’ include compounds of Formula 1k

Formula il

or a pharmaceutically acceptable salt thersof, wherein X, X', A", R', R® and n have the
definitions of Formula 1 or V', supra.

In a further embodiment, the invention pertains to compounds of Formula H wherein
the stereochemistry of the carbon bearing the bipheny! groups is {R). This embodiment is
iflustrated by compounds of Formula HA:
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<40 -

N
(8] 8]

G

Formula HA
or a pharmaceutically acceptable salf thereof, wherein X, X, A’ R', R® and n have the
definitions of Formula | or I', supra.
Certain compounds of Formula {, I or H include compounds of Formula HB or HC:

Formula 1B Formula HC
or a pharmaceutically acceptable salt thereof, wherein X, X', A", R', R? have the definitions
of Formula  or ', supra; pis 0, 1, 2, 3 or 4 and R® is halo.

Certains compounds of Formuta | or ' include compounds of Formula

- (R3),

Formula Hi
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or a pharmaceutically acceptable salt thereof, wherein X, X' A' R, R and n have the
definitions of Formula | or V', supra.

In a further embodiment, the invention pertainsg to compounds of Formula 1H wherein
the stereochemistry of the carbon bearing the biphenyl groups is (R). This embodiment is

lustrated by compounds of Formula {HA:

Formuta A
or a pharmaceutically acceptable salt thereof, wherein X, X', A" R', R? and n have the
definitions of Formula tor ', supra.
Certain compounds of Formula HI include compounds of Formula B or HIC:

R!
O

X : A X1 X.
YT vr
H |
le] O 0O

{Rap

Formula HIB Formula HIC
or a pharmaceutically acceptable salt thereof, wherein X, X', A", R', R® have the definitions

of Formula { or I, supra; pis 0, 1, 2, 3 or 4 and R* is halo.

in another embodiment the invention provides a compound according to anyone of
formulae ', F to IC, H to HC and 1l to HIC or of any classes and subclasses described herein,
or a pharmaceutically acceptable salt or solvate thereof, wherein A' is a linear Cisalkylens,
which is optionally substituted with one or more substituents independently selected from the
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group consisting of halo, Cy;alkoxy, hydroxy, O-acetate and C, ;eycloatkyl; in which two
geminal alkyl can optionaily combine to form a Carcycloalkyl.

A further embodiment include compounds according to anyone of Formulae ', 1 {0 IC,
1 to {IC and I to IHC or of any classes and subclasses described herein, or a
1

pharmaceutically acceptable salt thereof, wherein Alis ~CHy-, -CH.CH,-, -CH.CH,CH,- or A
has the following formulae:

. ; “ K , \:‘i " :
R , or R RTR® R
in which R”, R%, RY R™ R*, R®, R™ and R™ are independently H, halo, C,.;cycloatkyl, or
C.salkyl; and alternatively R® and R™ or R™ and R™ can form together with the atoms ta

which they are attached a Gy cycloalkyl. In one aspect of this embodiment, A'is one of the

following:

Yet another further embodiment includes compounds according to anyone of Formulae P, |
to IC, I to HC and Hi to IHC or of any classes and subclasses described herein, or a

pharmaceutically acceptable salt thereof, wherein A’ has the folfowing formulae:
¥4

; f;?,‘

Rf’t &8
in which R, R% R® and R"™ are independently H, halo, O-acetate or C,alkyl. In a further
embodiment, A’ is one of the following:
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C}Y OY
| Q

N (#]
. NS . OH OH
" ‘_.-' . ¢ W S i ) 3 ,*(\\:.-’/f\’\” - ¥ .
F F , . = = «
/J§ /L | > ) o
(¢

in yet another embodiment, the invention provides a compound according {o anyone of
of Formulae ', 1 to IC, H to IIC and il o HIC or of any classes and subclasses described
herein, or a pharmaceutically acceptable salt or solvate thereof, wherein Alis a Cy.
scycloaltkyl. Examples of this embodiment are compounds of anyone of Formulae I, 1 to IC, I
to HC and it to HIC, wherein A1 is selected from the following:

f-?,fu(‘/:\7

O : %v ) ' and

in yet ancther embodiment, the invention provides a compound according to anyone of
of Formulae ', { to 1GC, il to IC and I to HIC or of any classes and subclasses described

herein, or a pharmaceutically acceptable salt or solvate thereof, wherein A'is a linear or
branched C;ratkenylene. An example of C.atkenylene is trans CH=CH.

in yet another embodiment, the invention provides a compound according to anyone of
of Formulae V', 1 1o IC, H {o IIC and Il {o HIC or of any classes and subclasses described
herein, or a pharmaceutically acceptable salt or solvate thereof, wherein A'is a linear Cy.
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alkylene wherein one or more carbon atom({s) is/are replaced with an heteroatom selected
from O, NR™ and A' is optionaily substituted with one or more substituents independently
selected from the group consisting of halo and Cy;alkyl; in which R® for each occurrence is
independenently H. C, yalkyl, -C(O)0 C,yatkyl or CH,C(OYOH. One further embodiment
includes compounds of Formulae I, 1 to IC, H 1o 1IC and 1l to HIC wherein A’ is one of the
foltowing:

?'\V,O\/‘,,‘/ t'\"N’fl\,X‘ "\’\N/\K ”?f;\ /’\\\:}(’

RN
N7 \ﬁ > Hf}n SN \/N\r/
| o OoH
Oﬁ/ & (R \4/1’3\‘}’
KN \j/ N g A

In yet another embodiment, the invention provides a compound according to anyone of
of Formulae ', 1 1o IC, {f to HC and i to HIC or of any classes and subclasses described
herein, or a pharmaceutically acceptable salt or solvate thereof, wherein A'is optionally
substituted phenyl or heteroaryl, wherein optional substituents are defined as in Formula l or
¥

Certain compounds of the above embodiment include compounds according to
anyone of Formula ', {10 1C, H to HC and 1l to IHC or a pharmaceutically accepiable salt
thereof, wherein A’ is a 5-membered ring heteroaryl. This embodiment is illustrated by
compounds of Farmula IV
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Formuia 1V
or a pharmaceutically acceptable salt thereof, wherein X, X', 8", R’, R? and n have the
definitions of Formula | or I', supra and and Y', Y? and Y* are independently N, NH, 8, O or
CH and form together with the ring atoms to which they are altached a 5-membered
heteroaryl ring.
in one aspect of this embodiment, the invention periains {o compounds of Formula

(@B\(%

VA

\ ™
/f "~ \
t (RY),
>
Formula IVA

or & pharmaceutically acceptable salt thereof, wherein X, X', 8" R', R®. ¥, ¥* ¥ and n
have the definitions of Formulae |, I or IV, supra.

In one aspect of this embaodiment, Y, Y* and Y° form together with the ring atoms to
which they are attached a 5-membered heteroaryl ring selected from furan, thiophene,
pyrrole, pyrazole, oxazole, thiazole, oxadiazole, thiadiazole, and triazole. One further
embodiment includes compounds of Formula IV or VIA, or a pharmaceutically acceptable
salt therecof, wherein the 5-membered heteroaryl is one of the following:

e hYaEats \imﬁ
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¥

) N *“ : T \‘, I H .
7\\[//?/5 W ) N v N N .
% LY ® . g ] T
4 T O SR
/ N\ ar N
in a further embodiment, the invention pertains to compounds of Formula 1V or IVA
wherein nis 1, 2. 3, 4 or 5, R?is halo in the meta position and the other optional R® groups
are independently C,yalkyl, NO,, CN, halo, Cy cycloalkyl, hydroxy, Ciralkaxy, halo~C,yalkyd,
NR"R®, Caqoaryl, heteroaryl or heterocyclyl.

In yet another aspect of the above embpdiment, the invention pertains to compounds
of Formula ', 1o IC, H to 1C or H to NIC, or a pharmaceutically acceptable salt thereof,
wherein A is a 5-membered ring heteroaryl attached to the amide B' at a nitrogen atom.
This embodiment is illustrated by compounds of Formulae V or VA

9

R’ R' o)
; i v? N ol v
A ", (_.—B""-\N/ \ . . }( (R) B"\-.Nf ‘§\7,/ -
] v,/ X X \ X
1 Yy g0 vizy?!

Formula V Formula VA

or a pharmaceutically acceptable salt thereof, wherein X, X', B!, R', R® and n have the
definitions of Formula | or I', supra and each Y are independently N, §, O or CH. Ina
further embodiment, the invention pertains to compounds of Formuia V or VA whereinn is
1.2, 3. 4 or 5 R%is halo in the meta position and the other optional R? groups are
independently Cyatkyl, NO,, CN, halo, Caycycloatkyl, hydroxy, Ciyalkoxy, halo-Cyalkyl,
NRR®, Ce.caryl, heteroaryl or heterocyciyl.

in yet another aspect of the above embodiment the invention provides a compound
according to anyone of Formulae I, H to 1C, H to IIC and HI to BIC or of any classes and
subclasses described herein, or a pharmaceutically acceptable salt or solvate thereof,
wherein A’ is a pheny! or a 8-membered ring heteroaryt in which phenyl and hetercaryl are
aptionally substituted with Cralkyl, Cyrcycloaikyl, halo-Cyzalkyl, hydroxy, Cialkoxy, halo,
NR®R®, -OCH,COH, or -OCH,C(ONH,. One aspect of this embodiment include compounds
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according to anyone of Formulae 1', | to IC, 1t to HC and IH to HIC, or pharmaceutically
acceptable salt thereof, wherein A' is connected to the amide B' and to the C(O)X' moieties
in a para arrangement. Another aspect of this embodiment include compounds according to
anyone of Formula I', | 1o 1C, 1t to 1IC and HI to HIC wherein A’ is connected to the amide B’
and to the C{O)X" moieties in a meta arrangement. Compounds of this embodiment include

compounds of Formula VI

Formula Vi

or a pharmaceutically acceptable salt thereof, wherein X, X', &', R' R?and n have the
definitions of Formula  or ', supra and W', W*, W® and W* are independently N or CR®, in
which each R® is independently H, C,;alkyl, Cyrcycloalkyl, hala-Cy -alkyl, hydroxy, C..
-atkoxy, halo, -NR°Rb, -OCH,CO,H or -OCH,C{O)NH, in one aspect of this embodiment A’
is phenyi, pyridine or pyrimidine.

in a further embodiment, the invention perains to compounds of Formula VIA:

y i
{ 1 1 {
X ~JRip W /L
y e X

o WE\\WS-,W
&
(R

Formula VIA
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or a pharmaceutically acceptable salt thereof, wherein X, X', B, R", R®, W', W' w*®

and W' and n have the definitions of Formulae |, I or VI, supra.
One further embodiment includes compounds of Formula WVl or VIA, or a
pharmaceutically acceptable salt thereof, wherein A’ is one of the following:

\r”\‘;\r’ | o< ?’w!/“’\f ~ \“/\J/ NG
Lx/’N ! N ‘ N = ! N\:}{’ ’ Nl\;f}N i

O LNH

2

in a further embodiment, the invention pertains to compounds of Formuta VI or VIA, or
a pharmaceutically acceptable salt thereof, wherein nis 1, 2, 3, 4 or 5; R%is halo in the meta
position and the other optional R? groups are independently Cyyalkyl, NO,, CN, halo, Cs.
scycloalkyl, hydroxy, Cyralkoxy, halo-Cyralkyl, NRPR® Cgiearyl, heteroaryl or heterocyclyl,

in one aspect of the previous embodiment, the invention pertains to compounds

according to anyone of Formulae P, { to IC, 1V to IVC, V1o VC and V! to VIC, or
pharmaceutically accepiable sall thereof, wherein B’ is -C(O)NM-. In another embodiment,
B' is -NHC(O)-.

Certain compounds of the above embodiment include compounds according to
anyone of Formulae ', | to IC, 11 to HC and Hi to HIC, or a pharmaceutically acceptable salf
thereof, wherein A’ is -Cy_salkylene-Ce qg-aryl-, -Cy.satkylene-heteroaryl- or -Cysalkylene-
heterocyclyl-, -Ce.1paryl-Gyo-alkylene-, -heteroaryl-C qalkylene or —heterocyclyl-C.alkylene-.
In one aspect of this embodiment, Alis -Coaatkylene-Cq pmaryl-, -Cysalkylene-heteroaryl- or -
Cy.alkylene-heterocyclyl-, wherein the alkylene portion is attached to 8' amide group and
the aryl, heteroaryl or heterocyclyl moities are attached to C(O)X'. In another aspect of this
embodiment, A' is —CHy-phenyl- or -phenyl-CH,-. In another aspect of this embodiment, A’
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is ~CHz-heteroaryl or ~heteroaryl-CH,-. In a further embodiment, A’ is ~CH,-heterocyclyl or
~heterocyclyl-CH,~. Representative examples of A’ are the following:

N : “ N
N .
* ~,

Formula Vil

or a pharmaceutically acceptable salt thereof, wherein X, A%, R', R*, R* and n have the
definitions of Formula 1 or I, supra. A further embodiment includes compounds of Formuta

VIHA:

| = )
\//‘;r i

Formuta VIIA
or a pharmaceutically acceptable salt thereof, wherein X, A% R’ R*. R* and n have the

definitions of Formula f or I', supra.
Certain compounds of Formula VI or VHA have the formula VIIB or VIIC:
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Formula VIIB Formula VIIC
or a pharmaceutically acceptable salt thereof, wherein X, A*, R', R®, R* have the definitions
of Formula § or ', supra; pis 0. 1, 2, 3 or 4 and R™ is halo.

A further aspect of this embodiment inciude compounds according o anyone of
Formulae Vil to VIG, or a pharmaceutically acceptable salt therof, wherein A% is {CH,), and
pis 0, 1, 2, 3. In one aspect of this embodiment p is 0, therefore A” is a bond. in another
aspect of this embediment A% is CH; or CHx-CH.

in another aspect of this embodiment the invention provide compounds according to
anyone of Formulae Vil to VIIC, or a pharmaceutically acceptable salt thereof, wherein R is
optionally substituted Coparyl Representative examples of aryl are benzoimidazolone,
benzoisothiazolohe or phenyl. In one further aspect of this embodiment, R* is phenyl.
Substituents on the phenyl ring include for example, halo (e.g. F, Cl), hydroxy, halo-Cyalkyl
{e.g. CF3), -NHSE{0),-Csalkyl, heteroaryl, C,zatkoxy or Cy.ralkyl.

in yet another aspect of this embodiment the invention provides compounds according
to anyone of Formula VH to VIIC or a pharmaceutically acceptable salt thereof, wherein R is
an optionally substituted bicyclic heteroaryl.

in yet another aspect of this embodiment the invention provide compounds according
to anyone of Formulae VIi to VHC or a pharmaceutically acceptable salt thereof wherein R
is optionally substifuted 5- or 8-membered heteroaryl. In one aspect of this embodiment, R
is a 6-membered ring hetercaryl selected from the group consisting of pyrazinyi, pyridinyl,
pyrimidinyl, oxo-pyranyl (e.g. pyranone, optionally substituted pyran-4-one, pyran-2-one such
as 3-hydroxy-pyran-4-one, 3-hydroxy-pyran-2-one), and oxo-pyridinyl (e.g. pyridinone,
optionally substifuted pyridin-4-one or pyridin-2-one such as for example 3-hydroxy-1-methyl-
pyridin-4-one or 1-benzyl-pyridin-2-one}, or pyrimidinone (i.e oxo-pyrimidingl). In another
aspect of this embodiment R is a 5-membered ring heteroaryl selected from the group



WO 2010/136493 PCT/EP2010/057247

-2% -

consisting of oxazole, pyrrole, pyrazole, isooxazole, triazole, tetrazole, oxadiazole {(e.g. 1-
oxa-3,4-diazole, 1t-oxa-2,4-diazole), oxadiazolone (e.g. oxadiazol-2-one), thiazole,
isothiazole, thiophene, imidazole and thiadiazole. Other representative examples of R are
oxazolone, thiazolone, oxadiazolone, triazolone, pxazolone, imidazolone, pyrazolone. In a
further embodiment, the optional substituenits on Caearyl and heteroaryl are selected from
hydroxy, Geralkyl, Cy,alkoxy, halo, halo-C, zaltkyt or benzyl.

In yet another aspect of the above embodiment the invention provide compounds
according to anyone of Formulae Vil to VIIC or a pharmaceutically acceptable salf thereof,
wherein R* is a bicyche heteroaryt. A further embodiment includes compounds according {o
anyone of Formulae VI to VIIC, or a pharmacsutically acceptable salt thereof, wherein R* is

indole, benzothiazole or benzimidazole. Representative examples of R are the following:

‘ o

OH
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In yvet another aspect of the above embodiment the invention provide compounds
according to anyone of Formutae ViI to VIIC, or a pharmaceutically acceptabie salt thereof,
wherein R* is a monocyclic saturated or parfially saturated heterocyclyl, which heterocyciyl
contains at least one hetercatom selected from nitrogen, sulfur and oxygen, and which
heterocyciyt is optiohally substituted with one or morg substituents independently selected
from the group consisting of oxo, hydroxy, C.ralkoxy, halo, Cizalkyl, halo-Crakyl, Cerearyl,
heteroaryl, -NHSQ,~Csalkkyl and benzyl. In one particular aspect of this embodiment, R is
pyrrolidine or imidazolidine, wherein the heterocyclyl may be linked to the carbonyl (C(O)-AD
moiety via a carbon or a nitrogen and the heterocyclyt is optionally substituted with oxo.

tn one embodiment the invention provide compounds according to anyone of Formulae
P, 1 to 1C, H to HC, Il to HC, IV, VA V, VA, VI, VIA and VH to VIIC or a pharmaceutically
acceptable salt thereof, wherein R' is H,

in another embodiment the invention provide compounds according {o anyone of
Formulae P, | to IC, o UC, 1 o HC, IV, VA, V. VA, VI, VIA and Vil to VIIC, or a
pharmaceutically acceptable salt thereof, wherein each R? is independently halo, Csalkyl,
C.ralkoxy, hydroxy, halo-Cralkyl and nis G, 1 or 2. In a further embodiment nis 1, 2, 3, 4 or
5, R is halo in the meta position and the other optional R? groups are independently halo,
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Ciralkyl, Cyralkoxy, hydroxy or haloatkyl. In yet a further embodiment, the invention provide
compounds gocording to anyone of Formulae ', 1 to IC, H to HC, Hl to HIC, IV VA, V, VA VI,
VIA and Vii o VIIC, or a pharmaceutically acceptable salt thereof, whereinnis 1 or 2, R is
meta-chioro or meta-fluoro and the other optichal R® group is halo, Cysalkyl, Cisalkaxy,

hydroxy or haloalkyi,

in yet another embodiment the invention provide compounds according to anyone of
Formutae I', 1 to 1C, H to HC, Hi 1o JHC, 1, IVA, V, VA V1, VIA and Vil to VHC, or a
pharmaceutically acceptable salt thereof, wherein X and X' are independently OH or -0-C,.
salkyi (e.g. ~QO-sthyl, —O-methyl or ~Q-nbutyl). In one particular aspect of this embodiment X
and X' are OH. In another aspect of this embodiment, X and X' are independently -O-C,.
satkyl in which alkyl is substituted with Cq.qearyl, heteroaryl, heterccyciyl, C(OYNH,, C{O)NH-
C, gatkyl, or C{ON(GC1.qalkyl),. Representative examples of X or X' are ~O-CH,-C(OMN(CH3),.
-0-CH,-CH-morpholine, -O-CH-dioxolone or -O-benzyl. in yet another aspect of this
embodiment, X and X' are ~0-Cqaoaryl. A representative examples of ~O-Cs.qgaryl is -0-(2,3-
dihydro- tH-indene).

in another embodiment X, X', B', A', A", R, R’ and R* groups are those defined by the
X, X', Al A% B R? R and R? groups in the Examples section below.

In another embodiment individual compounds according to the invention are those

listed in the Examples section below, or a pharmaceutically acceptable sait thereof.

Definition

For purposes of interpreting this specification, the following definiions will apply
unless specified otherwise and whenever appropriate, terms used in the singular will also
include the plural and vice versa.

As used herein, the term "alkyl” refers to a fully saturated branched or unbranched
{or straight chain or linear) hydrocarbon moiety, comprising 1 to 20 carbon atoms.
Preferably the alkyl comprises 1 to 7 carbon atoms, and more preferably 1 to 4 carbon
atoms. Represeniative examples of alky! include methyl, ethyl, n-propyl, iso-propyl, n-butyl,
sec-butyl, iso-butyl, fert-butyl, n-pentyl, isopentyl, neopentyl, n-hexyl, 3-methylhexyl, 2.2~
dimethylpentyl, 2 3-dimethylpentyl, n-heptyl. The term "C;altkyl" refers to a hydrocarbon
having one to seven carbon atoms, Moreover, the term alkenyl includes both “unsubstituted
atkyls” and “substituted alkyls™. The {erm “alkylene” refers to a divalent atkyl radical, wherein

atkyl is as previously defined.
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The term “alkenyl® refers {o a branched or unbranched hydrocarbon having at least
one carbon-carbon double bond. The term "Coralkenyl” refers {o a hydrocarbon having two
to seven carbon atoms and comprising at least one carbon-carbon double bond.
Representative examples of alkeny! are vinyl, prop-1-enyl, allyl, butenyl, isopropenyl or
isobutenyl. The term “alkeylene” refers to a divalent alkenyl radical, wherein alkenyl is as

previously defined.

As used herein, the term “haloalkyl” refers to an alkyl as defined hereinthat is
substituted by one or more halo groups as defined herein. Preferably the haloalkyl can be
monohaloatkyl, dihaloalkyl or polyhaloalkyl including perhaloalkyl. A moneohaioatkyl can have
one iodo, bromao, chiore or fluore within the alky! group. Dihaloalky and polyhaloatkyt groups
can have two or more of the same hale atoms or a combination of different halo groups
within the alkyl. Preferably, the polyhaloalkyl contains up to 12, or 10, or 8, or 6, or 4, or 3,
or 2 hale groups. Representative examples of haloalkyl are fluoromethyl, difluoromethyl,
trifluoromethyl, chioromethyl, dichloromethyl, trichioromethyl, pentafiuoroethyl,
heptafluoropropyl, diffuorochioramethyl, dichiorofluoromethyl, diffuorcethyt, difluoropropyl,
dichloroethyl and dichlorapropyt. A perhaloalkyl refers to an alkyl having all hydrogen atoms
replaced with halo atoms. The term "halo-C, ,atkyl” refers to a hydrocarbon having one to
seven carbon atoms and being substituted by one or more halo groups.

As used herein, the term “alikoxy” refers to alkyl-O-, wherein alkyl is defined herein
above. Representative examples of alkoxy include, but are not limited to, methoxy, ethoxy,
propaxy, 2-propoxy, butoxy, fert-butoxy, pentyloxy, hexyloxy, cyclopropyloxy-, cyclohexyloxy-
and the like. Preferably. alkoxy groups have about 1-7, more preferably about 1-4 carbons.

As used herein, the term "cycloalkyl” refers to saturated or unsaturated but non-
aromatic monocyclic, bicyclic or tricyclic hydrocarbon groups of 3-12 carbon atoms,
preferably 3-8, or 3-7 carbon atoms. For bicyclic, and tricyclic cycloalkyt system, all rings are
non-arematic: Exemplary monocyclic hydrocarbon groups include cyclopropyl, cyclobutyl,
cyciopentyl, cyclopenienyi, cycichexyl and cyclohexenyl. Exemplary bigyclic hydrocarbon
groups include bornyl, decahydronaphthyl, bicyclof2.1.1thexyl, bicyclo{2.2.1}heptyi,
bicyclof2.2. 1]heptenyl, bicyclo[2.2 2joctyl. Exemplary tricyclic hydrocarbon groups include
adamantyl. The term "Cascycloakyl” refers {o a cyclic hydrocarbon groups having 3o 7
carbon atoms. The term “cycloatkylalkyl” refers 1o an alkyl susbtituted with cycloatkyl.

The term "aryl" refers to monacyclic or bicyclic aromatic hydrocarbon groups having
8-10 carbon atoms in the ring portion. The term “aryl’ also refer to a group in which the
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aromatic ring is fused to a cycloalkyl ring, where the radical of attachment is on the aromatic
ring or on the fused cycloatky! ring. Representative examples of aryl are phenyl, naphthyl,
hexahydroindyl, indanyl or {etrahydronaphthyl. The term "Cq i aryl" refers to an aromatic
hydrocarbon groups having 6 fo 10 carbon atoms in the ring portion.

The term "arylalkyl® is an alkyl substituted with aryl. Representative examples of
arylalkyl are benzyl or Phenyl-CH,CH,-. The term also includes substituted arylalkyl moiety.

The term "Heteroaryl” includes monocyclic or bicyclic heteroaryl, containing from 5-10

ring members selected from carbon atoms and 1 to 5 heteroatoms, and each
heterpatoms is indepdendently selected from O, N or S wherein S and N may be
oxidized to various oxidation states. For bicyclic heteroaryl system, the system is fully
aromatic (1.e. all rings are aromatic).

Typical monogcyclic heteroaryl groups include thienyl, furyl, pyrrolyl, imidazoiyl,
pyrazolyl, thiazolyl, isothiazolyl, oxa-2 3-diazolyl, oxa-2 4-diazolyl, oxa-2 5-diazolyl, oxa-3 4-
diazolyl, thia-2,3-diazoiyl, thia-2 4-diazolyl, thia-2 5-diazolyl, thia-3 4-diazolyl, 3-, 4-, or 5-
isothiazolyl, 2-, 4-, or S5-oxazolyl, 3-, 4-, or S-isoxazolyl, 3- or §-1,2 4-triazoiv, 4~ or 5-1,2, 3-
triazolyl, tetrazolyl, 2-, 3~, or &-pyridyl, 3- or 4-pyridazinyl, 3-, 4-, or 5-pyrazinyl, 2-pyrazinyi, 2-
. 4=, or 5-pyrimidiny.

The term “heteroary!l” also refers {o a group in which a heteroaromatic ring is fused fo
one or more aryl, cycloaliphatic, or heterocyclyl rings, where the radical or point of
attachment is on the hetercaromatic ning or on the fused aryl ring. Representative examples
of bicyclic heteroaryl are indolyl, isoindolyl, indazolyl, indolizinyt, purinyl, quinolizinyl,
gquinalinyl, isoquinclinyl, cinnolinyl, phthalazinyl, naphthyridinyg, guinazolinyl, quinaxalinyl,
thieno{2, 3-bifuranyl, furo{3,2-b}-pyrany!, SH-pyrido{2 3-dl-c-oxazinyl, 1H-pyrazolo[4,3-d}-
oxazolyl, 4H-imidazo{4 5-d] thiazolyl, pyrazino[2,3-dlpyridazinyt, imidaze[2,1-b] thiazoiyl,
imidazof1,2-b][1,2 4kriazinyl, 7-benzofblthienyl, benzoxazolyl, benzimidazolyl, benzothiazolyl,
benzoxapinyl, benzoxazinyl, 1H-pyrrolo[1,2-b}i2]benzazapinyl, benzofuryl, benzothiophenyi,
benzotriazolyl, pyrrolof2, 3-blpyridinyl, pyrrolo{3,2-clpyridinyl, pyrrotof3,2-clpyridinyl,
pyrrolo{3,2-blpyridinyl, imidazoj4,5-bpyridingd, imidazol4,5-c]pyridinyl, pyrazoio{4,3-
dlpyridinyl, pyrazolo{4 3-clpyridinyt, pyrazolo]3, 4-clpyridinyt, pyrazolol3.4-d]pyridinyl,
pyrazaiof3,4-bipyridinyl, imidazo{1,2-ajpyridinyl, pyrazolo{1.5-a]pyridinyl, pyrrolo{1 2-
bipyridazinyl, imidazo[1,2-clpyrimidinyl, pyrido[3.2-dipyrimidinyl, pyridof4, 3-dipyrimidinyd,
pyrido]3,4-dipyrimidinyt, pyride|2,3-dlpyrimidinyl, pyrido[2,3-blpyrazinyl, pyrido{3,4-
blpyrazinyl, pyrimido[5 4-dpyrimidinyl, pyrazino{2, 3-b|pyrazinyl, or pyrimido[4,5-dlpyrimidinyl.
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When a heteroaryl moiety is substituted with hydroxy, the invention also pertains o its oxo
tautomeric. For example, an oxadiazole substituted with hydroxy also includes oxo-
oxadiazole or also known as oxadiazolone. The tautomerisation is represented as follow:

O~ — L)~

As used hergin, the term "heterocyclyl” or *heterocyclo” refers to an optionally
subslituted, saturaied or unsaturated non-aromatic {partially unsaturated) ring which is a 4-,
5-, B-, or 7-membered monocyctic, and contains at least one heteroatom selected from O, S
and N, where the N and S can also optionally be oxidized to various oxidation states. For
bicyclic and tricychc heterocyclyl ting system, a non-aromatic ring system is defined as being
a non-fully or partially unsaturated ring system. Therefare bicyclic and tricyclic heterocyciyl
ring systems includes heterocyclyl nng systems wherein one of the fused rings is aromatic
but the other(s} is {are) non-aromatic. In one embodiment, heterocyclyl moiety represents a
saturated monocyclic ring containing from 5-7 ring atoms and optionally containing a further
heteroatom, selected fromy O, S or N. The heterocyclic group can be attached at a
heteroatom or a carbon atom. The heterocyclyl can include fused or bridged rings as well as
spirocyclic rings. Exampies of heterocycles include dihydrofuranyl, dioxolanyi, dioxanyi,
dithianyl, piperazinyl, pyrrolidine, dihydropyranyl, oxathiclanyl, dithiolane, oxathianyl,
thiomorpholino, oxiranyl, aziridiny, oxetanyl, oxepanyl, azetidiny!, tetrahydrofuranyl,
tetrahydrothiophenyl, pyrrolidinyl, tetrahydropyranyl, piperidinyl, morpholino, piperazinyi,
azepinyl, oxapinyl, oxaazepanyl, oxathianyl, thiepanyl, azepany!, dioxepanyl, and diazepanyl.

The term “hydroxyalkyl” refers to alkyl groups, as decribed above, in which the alkyl
group is substituted with one or more hydroxy.

The term “halogen’ includes fluorine, bromine, chlerine and iodine. The term
‘perhalogenated” generally refers to a moiety wherein all hydrogens are replaced by haiogen
atoms.

The term “heteroatom” includes atoms of any element other than carbon or
hydrogen. Preferred hetercatoms are nitrogen, oxygen, sulfur and phosphorus. in ancther
embadiment, the heteroatom is nitrogen, oxygen or sulfur,

it will be noted that the structure of some of the compounds of this invention includes
asymmetric carbon atoms. it is to be understood accordingly that the isomers arising from
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such asymmetry (e.¢., all enantiomers and diastereomers) are included within the scope of
this invention, unless indicated otherwise. Such isomers can be ohtained in substaniially
pure form by classical separation techniques and by stereochemically controlled synthesis.
Furthermore, the structures and other compounds and moieties discussed in this application
also include all tautomers thereof.

As used herein, the term “isomers” refers to different compounds that have the
same molecular formula but differ in arrangement and configuration of the atoms. Also as
used herein, the term "an optical isomert” or “a sterecisomer” refers {o any of the various
stereo isomeric configurations which may exist for a given compound of the present
invention and includes geometric isomers. | s understood that a substituent may be
attached at a chiral center of a carbon atom. Therefore, the invention includes enantiomers,
diastereomers or racemates of the compound. "Enantiomers” are a pair of sterecisomers
that are non- superimposable mirror images of each other. A 1:1 mixture of a pair of
enantiomers is a “racemic” mixture. The term is used to designate a racemic mixture where
appropriate. "Diastereocisomers” are sterepisomers that have at least two asymmetric atoms,
but which are not mirror-images of each other. The absolute stereochemistry is specified
according to the Cahn- Ingold- Prelog R-S system. When a compound is a pure enantiomer
the sterecchemisiry at each chiral carbon may be specified by either R or S. Resolved
compounds whose absolute configuration is unknown can be designated (+) or (-} depending
on the direction (dexiro- or levorotatory) which they rotate plane polarized light at the
wavelength of the sodium D fine. Certain of the compounds described hersin contain one or
more asymmetric centers or axes and may thus give rise to enantiomers, diastereomers,
and other sterecisomeric forms that may be defined, in terms of absolute stereochemistry,
as {(F)- or {(8)-. The present invention is meant to include all such possible isomers,
including racemic mixtures, optically pure forms and infermediate mixtures. Optically active
{R)- and (5)- isomers may be prepared using chiral synthons or chiral reagents, or resolved
using conventional techniques. I the compound contains a double bong, the substituent
may be E or Z configuration. H the compound contains a disubstituted cycloalkyl, the
cycloatkyl substituent may have a cis- or trans~configuration. Al tautomeric forms are also
intended to be included.

Any asymmetric atom (e.g.. carbon or the like} of the compound(s) of the present
invention can be present in racemic or enantiomerically enriched, for example the (R)-, (5)-
or (R.5)- configuration. In certain embodiments, each asymmetric atom has at least 50 %
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enantiomeric excess. at least 60 % enantiomeric excess, at least 70 % enantiomeric excess,
at least 80 % enantiomeric excess, al least 80 % enantiomeric excess, at least 95 %
enantiomeric excess, or at least 99 % enantiomeric excess in the {R)- or {8)- configuration.
Substituents at atoms with unsaturated bonds may, if possible, be present in ¢fs- (£)- or
frans- (E}- form,

Accordingly, as used herein a compound of the present invention can be in the form
of one of the possible isomers, rotamers, atropisomers, tautomers or mixtures thereof, for
example, as substantially pure geometric (cis or frans) isomers, diastereomers, optical
isomers (antipodes), racermates or mixtures thereof,

Any resulting mixtures of isomers can be separated on the basis of the
physicochemicatl differences of the constituents, into the pure or substantially pure geometric
or optical isomers, diastersomers, racemates, for example, by chromatography and/or
fractionat crystallization.

Any resulting racemates of final products or intermediates can be resolved into the
optical antipodes by known methods, &.g., by separation of the diastereomeric salfs thereof,
obtained with an optically active acid or base, and liberating the optically active acidic or
basic compound. in particular, a basic moiety may thus be employed to resolve the
compounds of the present invention into their optical antipodes, e.g., by fractional
crystatiization of a salt formed with an optically active acid, e.g., tartaric acid, dibenzoyi
tartaric acid, diacetyt tartaric acid, di-O, O-p-toluoy! tartaric acid, mandelic acid, malic acid or
camphor-10-sulfonic acid. Racemic products can also be resolved by chirai
chromatography, e.g., high pressure liquid chromatography (HPLC) using a chiral adsorbent.

As used herein, the term “pharmaceuticaily acceptable salis” refers to salts that
retain the biological effectiveness and properties of the compounds of this invention and,
which are not biologically or otherwise undesirable. In many cases, the compounds of the
present invention are capable of forming acid and/or base salts by virtue of the presence of
amino and/or carboxyl groups or groups similar thereto. Pharmaceutically acceptable acid
addition salts can be formed with inorganic acids and organic acids, e.g., acetate, aspartate,
benzoate, besylate, bicarbonate/carbonate, bisulphate/sulphate, borate, camsylate, citrate,
edisylate, esylate, formate, fumarate, gluceptate, gluconate, glucurconate,
hexafluorophosphate, hibenzate, hydrochioride/chloride, hydrobromide/bromide,
hydroiodide/iodide, isethionate, lactate, malate, maleate, malonate, mesylate,
methyisulphate, naphthylate, 2-napsylate, nicotinate, nitrate, orotate, oxalate, palmitate.
pamoate, phosphate/hydrogen phosphate/dihydrogen phosphate, saccharate, stearate,
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succinate, tartrate, tosylate and triflucroacetate salts. Inorganic acids from which salts can
be derived include, for example, hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid, and the like. Organic acids from which salls can be derived include, for
example, acetic acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid, maleic acid,
maipnic acid, succinic acid, fumaric acid, tartaric acid, citric acid, benzoic acid, cinnamic
acid, mandelic acid, methanesuifonic acid, ethanesulfonic acid, p- toluenesulfonic acid,
salicylic acid, and the like. Pharmaceutically acceptable base addition salts can be formed
with inorganic and organic bases. Inorganic bases from which salts can be derived include,
for example, sodium, potassium, lithium, ammonium, calcium, magnesium, iron, zine,
copper, manganese, aluminum, and the like; particularly preferred are the ammaonium,
potassium, sodium, calcium and magnesium salts. Organic bases from which salts can be
derived include, for example, primary, secondary, and tertiary amines, substituted amines
including naturally occurring substituted amines, cyclic amines, basic ion exchange resins,
and the like, specifically such as isopropylamineg, trimethylamine, diethylamine, triethylamine,
tripropylamine, and ethanolamine. The pharmaceutically acceptable salts of the present
invention can be synthesized from a parent compound, a basic or acidic moiety, by
conventional chemical methods. Generally, such salts can be prepared by reacting free acid
forms of these compounds with a stoichiometric amount of the appropriate base {such as
Na, Ca, Mg, or K hydroxide, carbonate, bicarbonate, or the like), or by reacting free base
forms of these compounds with a stoichiometric amount of the appropriate acid. Such
reactions are typically carried out in water or in an arganic solvent, or in a mixture of the two.
Generally, non-agueous media like ether, ethyl acetate, ethancl, isopropancl, or acetonitrile
are preferred, where practicable. Lists of additional suitable salts can be found, e.g., in
‘Reminglon’s Pharmaceutical Sciences”, 20th ed., Mack Publishing Company, Easton, Pa.,
{1985); and in "Handbook of Pharmaceutical Salts: Properties, Selection, and Use” by Stahi
and Wermuth {Wiley-VCH, Weinheim, Germany, 2002).

Any formula given herein is also intended to represent uniabeled forms as well as
isotopically labeled forms of the compounds. For example. any hydrogen represented by "H”
in any of the formulae herein is intended to represent all isotopic forms of hydrogen (e.g. 'H,
*H or D. °H); any carbon represented by “C” in any of the formulae herein is intended to
represent alf isotopic forms of carben {e.g. ''C, C, “C); any nitrogen represented by “N’ is
intended to represent all isotopic forms of nitrogen (e.g. MN, “SN}. Other examples of
isotopes that are included in the invention include isotopes of oxygen, sulfur, phosphorous,
fluorine, iodine and chiorine, such as °F *'P, %P, ®g, *C1, '®I The invention includes
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various isotopically labeled compounds as defined herein, for example those into which
radioactive isotopes, such as “H, “C, and "“C are present. In one embodiment, the atoms in
the formulae herein ocour in their natural abundance. In another embodiment, one or more
hydrogen atom may be enriched in “H: orfand one or more carbon atom may be enriched in
'C, ¥C or ™C; or/and one or more nitrogen may be enriched in “N. Such isotopically
Jabelled compounds are useful in metabolic studies (with "*C), reaction kinetic studies (with,
for exampie “H or °H), detection or imaging fechniques, such as positron emission
tomography {PET) or single-photon emission computed tomography (SPECT) including drug
or substirate tissue distribution assays, or in radicactive treatment of patients. In particular,
an F or labeled compound may be particularly desirable for PET or SPECT studies.
{sotopically labeled compounds of this invention and prodrugs thereof can generally be
prepared by carrying out the procedures discliosed in the schemes or in the examples and
preparations described below by substituting a readily available isctopically labeled reagent
for a non-isotopically labeled reagent.

Further, enrichment with heavier isotopes, particularty deuterium (.e., “H or D) may
afford certain therapeutic advantages resulting from greater metabolic stability, for example
increased in vive half-life or reduced dosage requirements or an improvement in therapeutic
index. It is undersiood that deuterium in this context is regarded as a substituent of a
compound according to anyone of the formulae | and 1 to VIIC. The conceniration of such a
heavier isotope, specifically deuterium, may be defined by the isotopic enrichment factor.
The term “isotopic enrichment factor” as used herein means the ratio between the isotopic
abundance and the natural abundance of a specified isotope. If a substituent in a compound
of this invention is denoted deuterium, such compound has an isctopic enrichment factor for
each designated deuterium atom of at least 3500 (52.5% deuterium incorporation at each
designated deuterium atom), at least 4000 (60% deuwterium incorporation), at least 4500
(67.5% deuterium incorparation), at teast 5000 (75% deuterium incorporation), at least 5500
(82.5% deuterium incorporation}, at least 6000 (20% deuterium incorporation), at least
6333.3 (85% deuterium incorporation), at least 6466.7 (97% deuterium incorporation), at
least 6600 (98% deuterium incorporation), or at least 6833.3 (99.5% deuterium
incorporation).

Isotopically-enriched compounds of formulae P or | to VHC can generally be prepared
by conventional techniques known o those skilled in the art or by processes analogous fo
those described in the accompanying Examples and Preparations using an appropriate
isotopicaly-enriched reagent in place of the non-enriched reagent previously employed
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Pharmaceutically acceptable solvates in accordance with the invention include those
wherein the solvent of crystallization may be isotopically substitited, e.g. 0.0, de-acetone,
ds-DMSO.

Compounds of the invention, i.e. compounds accroding to anyone of formulae | and |
to VIIC, that contain groups capable of acting as donors andfor acceptors for hydrogen
bonds may be capable of forming co-crystals with suitable co-crystal formers. These co-
crystals may be prepared from compounds according to anyone of formulag { and | to VIIC
by known co-crystal forming procedures. Such procedures include grinding, heating, co-
subliming, co-melling, or contacting in solution compounds according to anyone of formulas
I" and | to VHC with the co-crystal former under crystallization conditions and isolating co-
crystals thereby formed. Suitable co-crystal formers include those described in WO
2004/078163. Hence the invention further provides co-crystals comprising a compound
according to anyone of formulae " and | to VIIC.

As used herein, the term "pharmaceutically acceptable carrier” includes any and all
solvents, dispersion media, coatings, surfactants, antioxidants, preservatives (g.q.,
antibacterial agents, antifungal agents), isotonic agents, absorption delaying agents, saits,
preservatives, drugs, drug stabilizers, binders, excipients, disintegration agents, iubricants,
sweetening agents, flavoring agents, dyes, such like materials and combinations thereof, as
would be known {o one of ordinary skill in the art (see, for example, Remingion's
Pharmaceutical Sciences, 18th Ed. Mack Printing Company, 1990, pp. 1289- 1329). Except
insofar as any conventional carrier is incompatible with the active ingredient, its use in the
therapeutic or pharmaceutical compositions is contemplated.

The term “a therapeutically effective amount” of a compound of the present invention
refers to an ameount of the compound of the present invention that will elicit the biological or
medical response of a subject, for example, reduction or inhibition of an enzyme or a protein
activity, or ameliorate symptoms, alleviate conditions, slow or delay disease progression, or
prevent a disease, eic. In one non-imiting embodiment, the term "a therapeutically effective
amount” refers to the amount of the compound of the present invention that, when
administered to a subject, is effective to (1) at least partially alleviating, inhibiting, preventing
and/or ameliorating a condition, or a disorder or a disease {i} mediated by neutral
endopeptidase EC 3.4. 24.11 or {ii} associated with neutral endopeptidase EC 3.4. 24.11
activity, or (iif} characterized by abnormal activity of neutral endopeptidase EC 3.4. 24.11; or
{(2) reducing or inhibiting the activity of neutral endopeptidase EC 3.4. 24.11; or {3} reducing
or inhibiting the expression of neutral endopeptidase EC 3.4. 24.11. In another non-fimiting
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embodiment, the term “a therapeutically effective amount” refers to the amount of the
compound of the present invention that, when administered to a cell, or a tissue, or a non-
celiular biclogical material, or a medium, is effective to at least partially reducing or inhibiting
the activity of neutral endopeptidase EC 3.4. 24.11; or at least partially reducing or inhibiting
the expression of neutral endopeptidase EC 3.4. 24 11.

As used herein, the term “subject” refers to an animal. Preferably, the animal is a
mammal. A subject also refers to for example, primates (e.g., humans}, cows, sheep, goats,
horses, dogs, cats, rabbits, rats, mice, fish, birds and the like. In a preferred embadiment,
the subject is a human.

As used herein, the term "inhibition" or "inhibiting” refers to the reduction or
suppression of a given condition, symptom, or disorder, or disease, or a significant decrease
in the baseline activity of a biological activity or process.

As used herein, the term “treating” or "treatment” of any disease or disorder refers in
one embodiment, to ameliorating the disease or disorder {(i.e.. slowing or arresting or
reducing the development of the disease or at teast one of the clinical symptoms thereof). In
anocther embodiment "treating” or "treatment” refers to alleviating or ameliorating at least one
physical parameter including those which may not be discernible by the patient. In yet
ancther embodiment, "treating” or "treatment” refers to modulating the disease or disorder,
either physically, (e.g., stabilization of a discernible symptom), physiclogically, (e.g.,
stabilization of a physical parameter), or both. in yet another embodiment, "treating” or
‘treatment” refers to preventing or delaying the onset or development or progression of the
disgase or disorder.

As used herein, the term "a" "an,” "the” and similar terms used in the context of the
present invention {especially in the context of the claims) are to be construed to cover both
the singular and piural unless otherwise indicated herein or clearly contradicted by the
context.

The term “hypertension” refers {o a condition where the pressure of blood within the
blood vessels is higher than normal as # circulates through the body. When the systolic
pressure exceeds 150 mmHg or the diastolic pressure exceeds 90 mmMg for a sustained
period of fime, damage is done to the body. For example, excessive systolic pressure can
rupture blood vessels anywhere, and when it ocours within the brain, a stroke results.
Hyperiension may also cause thickening and narrowing of the blood vessels which ultimately
could lead to atherosclerosis.
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The term “lype 2 diabetes” including type 2 diabetes associated with hypertension
refers to a disease in which the pancreas does not secrete sufficient insulin due to an
impairment of pancreatic beta-cell function and/or in which there is to insensitivity to
produced insulin (insulin resistance). Typically, the fasting plasma glucese is {ess than 126
mg/dL, while pre-diabetes is, e.¢., a condition which is characterized by one of following
conditions: impaired fasting glucose {(110-125 mg/dl) and impaired glucose tolerance
{fasting glucose levels less than 126 mg/dl and post-prandial glucose level between 140
mg/dL and 199 mg/dL). Type 2 diabetes meliitus can be associated with or without
hypertension. Diabetes mellitus occurs frequently, e.g., in African American, Latino/Hispanic
American, Native American, Native American, Asian Americar and Pagific Islanders.
Markers of insulin resistance include HbA1C, HOMA IR, measuring collagen fragments,
TGF-B in urine, PAl-1 and prorenin.

All methods described herein can be performed in any suitable arder unless
otherwise indicated herein or otherwise clearly contradicted by context. The use of any and
alt examples, or exemplary fanguage {e.g. "such as”) provided herein is intended merely to
better dluminate the invention and does not pose a limitation on the scope of the invention

otherwise claimed.

Compounds of the present invention are either obtained in the free form, as a salt
thereof, or as prodrug derivatives thereof.

When both a basic group and an acid group are present in the same molecule, the
compounds of the present invention may also form internal salts, e.g., zwitlerionic molecules,

The present invention also provides pro-drugs of the compounds of the present
invention that converts i vivo to the compounds of the present invention. A pro-drug is an
active or inactive compound that is modified chemically through in vive physioiogical action,
such as hydrolysis, metabolism and the like, into a compound of this invention following
administration of the prodrug to a subject. The suitability and techniques involved in making
and using pro-drugs are well known by those skilled in the art. Prodrugs can be conceptually
divided into two non-exclusive categories, bioprecursor prodrugs and carrier prodrugs. See
The Practice of Medicinal Chemisiry, Ch. 31-32 (Ed. Wermuth, Academic Press, San Diego,
Calif., 2001}. Generally, bioprecursor prodrugs are compounds, which are inactive or have
low actlivity compared to the corresponding active drug compound that contain one or more
protective groups and are converied to an active form by metabolism or sclvolysis. Both the
active drug form and any refeased metabolic products should have acceptably low toxicity.
Carrier prodrugs are drug compounds that contain a transport motety, e.g., that improve
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uptake andfor localized delivery to a site(s) of action. Desirably for such a carrier prodrug,
the linkage between the drug moiety and the transport moiety is a covalent bond, the
prodrug is inactive or less active than the drug compound, and any released transport moiety
is acceptably non-toxic. For prodrugs where the fransport moiety is intended to enhance
uptake, typically the release of the transport moiety should be rapid. In other cases, itis
desirable to utilize a moiely that provides slow release, e.¢., certain polymers or other
moieties, such as cyclodexiring. Carrier prodrugs can, for example, be used {o improve one
or more of the following properties: increased lipophilicity, increased duration of
pharmacological effects, increased site-specificity, decreased toxicity and adverse reactions,
and/or improvement in drug formulation (e.g., stability, water scolubility, suppression of an
undesirable organoleptic or physiochemical property). For example, lipophilicity can be
increased by esterification of {a) hydroxyl groups with lipophilic carboxylic acids (e.g., &
carboxylic acid having at least one lipophilic moiety), or (b) carboxylic acid groups with
ipophilic alcehaols {e.g., an alcohol having at least one lipophilic moiety, for example aliphatic
alcohols).

Exemplary prodrugs are, e.g., esters of free carboxylic acids and S-acyl derivatives of
thiols and O-acyl derivatives of alcohols or phenols, wherein acyl has a meaning as defined
herein. Preferred are pharmaceutically acceptable ester derivatives convertible by solvolysis
under physiclogical conditions to the parent carboxylic acid, e.g., lower alkyl esters,
cycloatkyl esters, lower alkenyl esters, benzyl esters, mono- or di-substifuted lower alkyt
esters, such as the w-{amino, mono- or di-lower alkylamino, carboxy, lower alkoxycarbonyl}-
lower alkyl esters, the a-{lower alkanoyloxy, lower atkoxycarbonyt or di-lower
atkylaminocarbonyt)-lower alkyl esters, such as the pivaloyloxymethy! ester and the ke
conventionally used in the art. {n addition, amines have been masked as
arylcarbonyloxymethyl substituted derivatives which are cleaved by esterases in vivo
releasing the free drug and formaldehyde {Bundgaard, J. Med. Chem. 2503 (1989)).
Moreover, drugs containing an acidic NH group, such as imidazole, imide, indole and the
like, have been masked with N-acyloxymethy! groups (Bundgaard, Design of Prodrugs,
Elsevier {1885)). Mydroxy groups have been masked as esters and ethers. EP (039,051
{Sloan and Little) discloses Mannich-base hydroxamic acid prodrugs, their preparation and
use.

Furthermore, the compounds of the present invention, including their salts, can also be

obtained in the form of their hydrates, or include other solvents used for their crystallization.
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GENERAL SYNTHETIC ASPECTS
The compounds of the invention can be synthesized using the methods described in the

following schemes, examples, and by using art recognized techniques. All compounds
described herein are included in the invention as compounds., Compounds of the invention
may be synthesized according to al least one of the methods described in schemes 1-4.

Within the scope of this text, only a readily removable group that is not a constituent of
the parficular desired end product of the compounds of the present invention is designated &
"protecting group”, unless the context indicates otherwise. The protection of functional
groups by such protecting groups, the protecting groups themselves, and their cleavage
reactions are described for example in standard reference works, such as J. F. W. McOmiie,
"Protective Groups in Organic Chemistry”, Pienum Press, London and New York 1973, in T.
W. Greene and P. G. M. Wuts, "Protective Groups in Organic Synthesis”, Third edition,
Wiley, New York 1898,

Saits of compounds of the present inverdion having at least one salt-forming group
may be prepared in @ manner known per se. For example, saits of compounds of the present
invention having acid groups may be formed, for example, by treating the compounds with
metal compounds, such as atkali metal salts of suitable organic carboxylic acids, e.g. the
sodium salt of 2-ethythexanoic acid, with organic alkali metal or alkaline earth metal
compounds, such as the corresponding hydroxides, carbonates or hydrogen carbonates,
such as sodium or potassium hydroxide, carbonate or hydrogen carbonate, with
corresponding calcium compounds or with ammaonia or a suitable organic amine,
stoichiometric amounts or only a small excess of the salt-forming agent preferably being
used. Acid addition salts of compounds of the present invention are obtained in customary
manner, e.g. by treating the compounds with an acid or a suitable anion exchange reagent.
internal salts of compounds of the present invention containing acid and basic sali-forming
groups, ¢.g. a free carboxy group and a free amino group, may be formed, e.g. by the
neutralisation of saits, such as ackd addition salts, to the isoslectric point, e.¢. with weak
bases, or by freatment with ion exchangers.

Salts can be converted in customary manner into the free compounds: metal and
ammonium salts can be converted, for example, by treatment with suitable acids, and acid
addition salts, for example, by treatment with a suitable basic agent.

Mixtures of isomers obtlainable according to the invention can be separated in a
manner known per se into the individual isomers; diastereoisomers can be separated, for
example, by partitioning between polyphasic solvent mixtures, recrystallisation andfor
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chromatographic separation, for example over silica gel or by e.g. medium pressure liquid
chromatography over a reversed phase column, and racemates can be separated, for
example, by {he formation of salts with optically pure salf-forming reagents and separation of
the mixture of diastereoisomers 5o obtainable, for example by means of fractional
crystallisation, or by chromatography over optically active column materials.

Intermediates and final products can be worked up andl/or purified according to
standard methods, e.g. using chromatographic methods, distribution methods, (re-)
crystallization, and the fike

The following applies in general to all processes mentioned herein before and
hereinafter.

All the above-mentioned process steps can be carried out under reaction conditions
that are known per se, including those mentioned specifically, in the absence or, customarily,
in the presence of solvents or diluents, including, for example, solvents or diluents that are
inert towards the reagents used and dissolve them, in the absence or presence of catalysts,
condensation or neutralizing agents, for exampile ton exchangers, such as cation
exchangers, €.g. in the H+ form, depending on the nature of the reaction and/or of the
reactanis at reduced, normal or elevated temperature, for example in a temperature range of
from about -100 °C to about 180 °C, including, for example, from approximately -8 °C fo
approximately 150 °C, for example at from -80 to -60 °C, at room temperature, at from -20 {o
40 °C or at reflux temperature, under atmospheric pressure or in a closed vessel, where
appropriate under pressure, and/or in an inert atmosphere, for example under an argon or
nitrogen aimosphere.

At all stages of the reactions, mixtures of isomers that are formed can be separated
into the individual isomers, for example diastersoisomers or enantiomers, or into any desired
mixtures of isomers, for example racemates or mixtures of diasterecisomers, for example
analogously to the methods described under "Additional process steps".

The solvents from which those solvents that are suitable for any particular reaction
may be selected include those mentioned specifically or, for example, water, esters, such as
lower alkyi-lower atkanoates, for example ethyl acetate, ethers, such as aliphatic sthers, for
example diethyl ether, or cyclic ethers, for example tefrahydrofuran or dioxane, liquid
aromatic hydrocarbons, such as benzene or toluene, alcohols, such as methanol, sthanol or
1- or 2-propanol, nitriles, such as acetonitrile, halogenated hydrocarbons, such as methylene
chiloride or chioroform, acid amides, such as dimethyiformamide or dimethy! acetamide,
bases, such as heterocyclic nitrogen bases, for example pyridine or N-methylpyrrolidin-2-



WO 2010/136493 PCT/EP2010/057247

- 37 ~

one, carboxylic acid anhydrides, such as fower alkanoic acid anhydrides, for example acetic
anhydride, cyclic, linear or branched hydrocarbons, such as cyclohexane, hexane or
isopentane, methycyclohexane, or mixtures of those sclvents, for example agqueous
solutions, unless otherwise indicated in the description of the processes. Such solvent
mixtures may aiso be used in working up, for example by chromatography or partitioning.

The compounds, including their salts, may also be obtained in the form of hydrates,
or their crystals may, for example, include the solvent used for crystallization. Different
crystalline forms may be present.

The invention relates also to those forms of the process in which a compaound
abtainable as an intermediate at any stage of the process is used as starting material and
the remaining process steps are carried out, or in which a starting material is formed under
the reaction conditions or is used in the form of a derivative, for example in a profected form
or in the form of a salf, or a3 compound obtainable by the process according to the invention
is produced under the process conditions and processed further in situ,

Al starting materials, building blocks, reagents, acids, bases, dehydrating agents,
solvents and catalysts utilized to synthesize the compounds of the present invention are
sither commercially available or can be produced by organic synthesis methods known to
one of ordinary skill in the art (Houben-Weyl 4™ £d. 1852, Methods of Organic Synthesis,
Thieme, Voltime 21).

The compounds of the invention according to anyone of formudae I and | to VIC can
be prepared by the procedure described in the following sections.

Abbreviations:

ATF, adenosine 5-{riphosphate ! AS: Aldosterone Synthase

Alloc: allyloxycarbonyt BOC: tertiary butyl carboxy

BOP benzotriazole 1-yloxy)ris(dimethylamino} BINAP: racemic 2,2"-bis{diphenyl
phosphonium hexafiuorophosphate phosphine)-1,1-binaphthyl

br: broad bs: broad singlet

Ac: Acetyl | Atm: atmosphere

Ag: aqueous caled: caloulated

Ba: benzyl Cbz: benzyloxycarbonyl

Bu, i-bu and t-Bu: butyl, isobutyl and t-butyl Pr and i-Pr: propyl and isopropyl
CDE 1, 1’~carhnnyldi§midazoté COD: 1,5-cyclooctadiene
DBU: 1,8-diazabicyclo{5.4.0lundec-7-ene DCC: 1,3-dicyclohexylcarbodiimide
DIAD: diisopropy! azodicarboxylate DAST: {diethylamino)suifur
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triflioride

d: doublet dd: doublet of doublets

DCM: dichloromethane

DIEA: diethylisopropylamine

DME: 1 4-dimethoxyethane

DMF: N N-dimethylformamide

DMSO: dimethylsutfoxide

DIPEA: N, N-diisopropyiethylamine

DMAP: N, N-dimethylaminopyridine

Dppb: 1,2-bis(diphenylphosphinojbutane

Dppe: 1,2-bis{diphenyiphosphino)
ethane

DAD: diode array detector

DTT: dithiothreitol

DPPA; diphenylphosphorylazide

EDCI, EDIC: N-Ethyl-N'-(3-
dimethylaminopropybhcarbodiimide
hydrochloride

EDTA! ethylenediamine {etraacetic acid

ESI: electrospray ionization

Et and EtOAc: ethyl and ethyl acetate

EDBC: N-Ethyl-N'-(3-
dimethylaminopropyl)carbodiimide
hydrochioride

HATU: O«(7-azobenzotriazol-1-y))-1,1,3,3-
tetramethyluroniumhexafluorophosphate

- HOBYt: 1-hydroxy-7-azabenzotriazole

HPLC: high pressure liquid chromatography

LC and LCMS: liquid
chrematography and fiquid
chromatography and mass

specirometry
H: Hour(s) HOAL: 1-hydroxy-7-azabezotriazole
IR infrared LDA: lithium diisopropytamide

KHMDS: potassium bis(frimethyisily)amide

LHMDS: lithiur
bis{trimethylsilyl}amide

LTA: [ead tetraaceiate

NHMDS! sodium
bis{trimethylsilyljamide

MeOD: methanold4

eOH: methanol

MS: mass spectrometry

ms multiplet

min: minutes miz: mass {o charge ratio
Ms: mesyt Me: methyl
M and miM: Molar and millimolar Mg: milligram

n.d.: not determined

NMR: nuclear magnetic resonance
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ppm: parts per million

Pr and iPr: propyl and isopropyl

Ph: Phenyl

Pd/C: Palladium on Carbom

PyBOP: benzotriazol-1-yloxy
Tripyrrolidinophasphoniumhexafluorophosphate

RT: room temperature

PIDA: iodobenzene bis(triflucroacetate)

PIFA: iocdobenzene diacefate

PS: polymer supporied '

RP: reverse phase’

5 singlet adn t: triplet

Ts tosy!

TFA: trifiuorcacetic acid

THF: tetrahydrofuran

Ti: triflate

tBu: tert-butyl

TLC: thin layer chromatography

Tris-HCL aminotristhydroxymethyl)
methane hydrochloride

pl, mL and L: microlitre, millifitre and litre

TMS: Trimethylsiiyt

WS water soluble carbodiimide (N-Ethyl-N-(3-
dimethylaminopropylicarbodiimide

UV ultraviolet

The compounds of the invention of formula Il can be prepared by hydrolysis of

intermediates A to € wherein X, X', A", R'. R® and n have the definition of Formula {1 or ',

supra; and P’ and P? are appropriate protecting groups selected from, but not limited to,

methyl, ethyl, isopropyl, tert-butyl, methosybenzyt or benzyl.
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The compounds of the invention of formuta Il can be prepared by hydrolysis of
interrediate D, E or F wherein X, X', A’ R', R® and n have the definition of Formula i or I,
supra; and P! and P* can be appropriate protecting groups seiected from, but not limited to,
methyl, ethyl, isopropyl, terf-butyl, methoxybenzyl or benzyl.

Rt

A

Intermediate F

The compounds of the invention of formula Vil can be prepared by hydrolysis of intermediate
G wharein A* R' R’ R® and n have the definition of Formula | or I', supra: and P’ can be
appropriate protecting group selected from, but not imited to, methyl, ethyl, isopropyl, ferf-
butyl, methoxybenzyl or benzyl.

Intermediate G

Standard methods can be applied for the hydrolysis of intermeidates A to G using a
base selected from, but not limited to, NaOH, KOH or LIOH, or an acid selected from, but not
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fimited to, TFA or HCL When P" or P¥ is benzyl or methoxybenzyl, preferable method of
deprotection is hydrogenation in the presence of a catalyst such as, but not limited to,

paltadium-~on-carbon under hydrogen.

The intermediate A, B, C or G can he prepared using the following process
comprising: condensing an intermediate H or I wherein X, P’ R', R? and n are as previously

described:

(R,

Intermadiate H Intermediate |

with an intermediate J, K or L wherein X', A", A%, R* and P? are previously described,

HO A O HO A, ~X SN o

T e T T

O O O O 0
Intermediate J intermediate K intermediate L
Known condensation methods may be applied including, but not limited to, conversion of the
intermediate J, K or L to their corresponding acid halide, using reagents such as thionyl
chioride or axalyl chioride, or conversion of intermediate J, K or L to mixed anhydride using
reagents such as CIC{O)YO-isobutyl or 2,4,6-trichlorobenzoy! chioride followed by reaction of
the acid halide or mixed anhydride with the intermediate H or 1 in a presence or absence of a
base such as tertiary amine (e.g. triethylamine, DIPEA, or Nemethylmorphotine) or pyridine
derivative (e.g. pyridine, 4-(dimethylamino)pyridine, or 4-pyrrolidinopyridine). Alternatively,
the intermediate J, K, or L can be coupled with H or | using coupling reagents such as DCC,
EDCI, PyBOP or BOP in presence or absence of a reagent such as 1-
hydroxybenazotnazole, 1-hydroxy-7-azabenzotriazole or pentafluorophenol.
Intermediate G wherein R is a tetrazole can be synthesized according to Scheme 1:
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(R,

™~
| (R,
intermediste G o

wherein A%, R', R*, R®, P', P? and n are as previously defined above.

Scheme 1

In step 1a, intermediate | is reacted with an appropriate carboxylic acid using standard
colipling reagents selected from, but not limited to, DCC, EDCI, PyBOP or BOPR in presence
or absence of a reagent such as 1-hydroxybenazotriazole, 1-hydroxy-7-azabenzotriazole or
pentafiuorophenal; follwoed by removat of P? protecting group in step 1¢ using a base
selected from, but not limited to, NaOH, KOH or LiOH, or an acid selected from, but not
limited to, TFA or HCI, or hydrogenation with a catalyst such as, but not limited fo, palladium-
on-carbon under hydrogen. Alernatively, intermediate | is reacted with an appropriate
anhydride in the presence of a base selected from, but not limited to, pyridine, triethylamine
or diisopropylethylamine (step 1b); followed by conversion of the carboxylic acid into a
tetrazole (step 1b) using simitar method as described in Journal of Medicinal Chemistry
1998, 41, 1513.

The intermediate D, E or F can be prepared using the following process comprising:

condensing an intermediate M wherein X, P, R', R? and n are as defined above;
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intermediate M intermediate N

with an intermediate G or $ wherein X', A' and P? have the meaning as defined above.

A (&N A X
HZN/ 1\ﬂ/ \Pﬁ HZN/ 17‘[%
O O
intermediate Q intermediate §

Known condensation methods may be applied including, but not limited to, conversion
of the intermediate M or N to acid halide, using reagents such as thionyl chioride or oxalyt
chioride, or conversion of intermediate M or N to mixed anhydride using reagents such as
CIC{Q)O-isobutyl or 2,4 B-trichlorobenzoyl chioride followed by reaction of the acid chloride
or mixed anhydride with the intermediate Q or 8 in a presence or absence of a base such as
terliary amine (e.g. triethylamine, DIPEA, or N-methylmorpholine) or pyridine derivative (e.g.
pyridine, 4-{dimethylamino)pyridine, or 4-pyrroflidinopyridineg); Alternatively, the intermediate
M or N can be coupled with the intermediate Qi or 8 using a reagent such as DCC, EDCY,
PyBOP or BOP in presence or absence of a reagent such as 1-hydroxybenazotriazole, 1~
hydroxy-7-azabenzotriazole or pentafiuorophencl.

The intermediate M or N can be prepared according to the following general
procedures described in Scheme 2:
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Scheme 2

wherein R, Rﬁ, X and n are as defined above and whereinm =0or1; Plis a protecting
group selected from, bt not limited to, hydrogen, methyl, ethyl, propyt, tert-butyl,
methoxymethy!, terf-butyldimethylsilyl, tetrahydrofuranyt, benzyl, aliyt or phenyl; R* is for
example hydrogen, methyl, ethyl, isopropyl, benzyl or phenyl; R® and R’ are independently
hydrogen, methyl, sthyl, isopropyl, benzyl or phenyl. Y is selected from, but not fimited to,
chioro, bromo, iodo, benzotriazoloxy, pyridinium, N, N-dimethylaminopyridiniun,
pentafluorophenoxy, phenoxy, 4-chiorophenosy, -OCOMe, -OCOLEL, fert-butoxycarbonyt or
~QCC{O)Y0O-isobutyl.

In step {2a), standard methods can be applied o prepare the comresponding acid
halide, such as the use of thionyl chioride, oxalyl chioride; or standard methods to prepare
the mixed anhydride or the acyl pyridinium cation can be applied, such as the use of pivaloyl
chioride with a tertiary amine (e.g. triethylamine, DIFEA, N-methylmorphotline) in the
presence or absence of a pyridine derivative (e.g. pyridine, 4-(dimethylamino)pyridine, 4-
pyrrofidinopyridine}, 2,4,6-trichlorobenzoy! chloride with a tertiary amine {e.g. triethylamine,
BDIPEA, N-methylmorpholine) in the presence or absence of a pyridine derivative {e.g.
pyridine, 4-{dimethylamino)pyridine, 4-pyrrolidinopyridine), or CIC{O)Q-i-Bu with a tertiary
amine {e.g. triethylamine, DIPEA, N-methylmorpholine) in the presence or absence of a
pyridine derivative (e.g. pyridine, 4-(dimethylamino}pyridine, 4-pyrrolidinopyridine}; or
standard methods to prepare the activated ester can be apphied, such as the use of 1-
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hydroxybenazotriazole, 1-hydroxy-7-azabenzotriazole or pentafiuorophenol in the presence
of a coupling reagent {e.g. DCC, EDCI) or BOP.

In step (2b), standard methods to prepare the N-acyloxazolidinones {m = 0) can be

employed. llustrative examples of this chemistry are outlined in Aldrichchimica Acta 1897,
Vol. 30, pp. 3 ~ 12 and the references therein; or standard methods {o prepare the N-
acyloxazinanone {m = 1) can be employed. An ilustrative example of this chemistry is
outlined in Organic and Biomolecular Chemistry 2008, Vol. 4, No. 14, pp. 2753 ~ 2788,
in step (2¢), standard methods for alkylation can be employed. An iliustrative example is
outlined in Chernical Reviews 1996, 86(2), 835 - 876 and the references therein.
In step (2d), standard methods for cleavage of N-acyloxazolidinone or N-acyloxazinanone
can be employed. llustrative examples of this chemistry are outfined in Aldrichchimica Acta
1897, Vo. 30, pp. 3 — 12 and the references therein,

The intermediate H or | can be prepared according to the following general procedures

described in Schemes 3 and 4:
M

H
step 32 SN /N\P 4&1\‘\1/’.\‘\ N\{_‘; step 3%
Intermediate M or N - ’l\ E} l or L\\ i I P puiemmediate Hor !
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Scheme 3

wherein R', R®. X and n are as defined above and wherein P; is a protecting group selected
from, but not limited to, fert-butyl, benzyl, triphenyiphosphynyl, fer-butoxycarbonyl,
benzyloxycarbonyl, allyloxycarbonyl, acetyl or trifluoroacetyt.

in step (3a), standard methods for introduction of the amine part can be
employed, such as using: either simultancous treatment with or stepwise
treatmaent via the corresponding acyt azide formation by using thionyi chioride (or
CICO,RY, NaN, (or TMSN;) and R°OH (wherein R® and R* are hydrogen, methyl,
ethyl, terf-butyl, altyl, benzyl or 4-methoxybenzyl}: or either simultaneous treatment
with or stepwise trealment via the corresponding acyl azide formation with DPPA
and R°OH (wherein R® is defined as above); or standard methods for conversion
to the corresponding carboxamide followed by treatment with NH; equivalent and
either simultaneous {reatment with or stepwise treatment with LTA or hypervalent
iodine reagents (e.g. PIDA, PIFA, PhH{OH)OTs, Phi0O) and R'OH {wherein R’ is
defined as above), or standard methods for conversion to the corresponding

carboxamide and either simultaneous treatment with or stepwise treatment with
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Br, and MOH (wherein M is defined herein e.g. Na, K, Ba or Ca); or standard
methods for conversion to the corresponding carboxamide and treatment with
MOZ or NaBrQ, (wherein Z is defined herein e.g. Cl or Br), or standard methods
for conversion to the corresponding carboxamide and treatment with PH{OAc),
and ROH (wherein R® is defined as above); or standard methods for conversion
to the corresponding hydroxamic acid followed by treatment with H;NOH or
HNOTMS and treatment with Ac,0, Boc,0, R'°COCI, R°S0.C1, RPO,CH
(wherein R™ is defined herein e.g. Me, Et, tBu or phenyl), thieny! ehioride, EDCY,
DCC, or i-chloro-2 4-dinitrobenzene in the presence or absence of a base (e.g.
pyridine, Na;COsaq, triethylamine, DIPEA) and treatment with RYOH in the
presence of a base (e.g. DBU, ZOH, DIPEA} (wherein R® and Z are defined as
abhove).
in step (3b), standard methods for removing P; protecting groups can be applied,

such as base hydrolysis using NaOH, KOH, or LIOH, acid hydrolysis using TFA or HCY, or
hydrogenation using palladium-on-carbon under hydrogen.

Scheme 4 describes an alternative synthesis of Intermediate H or |;

step 4¢ 8]
s 1
Naan o Py 5 J\r R o
H
R‘I
siep 4e
N Intermediate H or |

Scheme 4

wherein LG is a teaving group selected from, but not limited to, Ci, Br, |, OMs, OTs or OTf,
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In step (4a), standard methods for Arndt-Eistert homologation can be empioyed. An
iHlustrative example of this chemistry is outlined in “Enantioselective synthesis of [-amino
acids, 2" Edition”, John Wiley and Sons, inc., NJ (2005), either directly or analogously

in step {4b), standard methods for alkylation can be employed, such as using R'LG in the
presence of a base such as LDA, NHMDS, LHMDS or KHMDS.

In step {4¢). standard methods to protect the carboxylic acid can be employed, such as
using TMSCHN; (for methyi ester), P'LG/base (e.g. K;CO4, NaHCO;, Cs,.C0; or K.PO,),
thionyl chioride {or oxalyl chiorideYR*OH. DCC(or EDCIH/DMAPROH, BOP/R®OK (or
R°ONa), (R*0),CHNMe,, COVDBU/ R*OH wherein R® has the same meaning as defined
above, or isobutylene/H.50, (for tert-butyi ester).

in step (4d), standard methods for Suzuki coupling reaction can be applied, such as using a
palladium {or nickel) species {e.g. Pd{PPh.).. PdCL{dppf), Pd{OAc)/a phosphine (e.g. PPhs,
dppf, PCy., P{tBu);, XPhos), Pd/C, Pd,(dba}s/ a phosphine (€.g. PPh;, dppf, PCy.. P(tBu),,
XPhos), Ni{COD),/a phosphine {or dppe, dppb, PCy,). Ni(dppf)Cly}, a base {e.g. KF, CsF,
KaP Oy, Na,CO,, K.CQ3, C8,C0a, NaOH, KOH, NaO-#Bu, KO-+-Bu), and (RI)n-PhB(OH), [or
{R*n-PhBF,K]

in step (4e), standard methods for removing P; protecting groups can be applied, such as
base hydrolysis using NaOH, KOH, or LIOH, acid hydrolysis using TFA or HCY, or
hydrogenation using palladium-on-carbon under hydrogen.

Alternatively, the intermediate H or | may be prepared be following the synthetic routes
outlined in Tefrahedron Letters, 2008, Vol. 48, No. 33, pp. 4977-4980 either directly or
analogously and converting the obtained boronic acid into a substituted biphenyl by methods
outhned in Organic Letters, 2002, Vol. 4, No. 22, pp. 3803 ~ 3805,

Alternatively, the intermediate H or | may be prepared be following the synthetic routes
outhined in Tetrahedron: Asymmetry, 2008, Vol 17, No. 2, pp. 205-208 either directly or
anatogousiy.

Alterpatively, the intermediate H or | may be prepared by methods of Mannich
reaction. Hllustrative examples of this chemistry are outlined in "Enantioselective synthesis of
B-amino acids, 2™ Edition”, John Wiley and Sons, inc., NJ {2005), either directly or
analogously.

Alternatively, the intermediate H or | may be prepared by enclate addition. [Hustrative
examples of this chemistry are outfined in “Enantioselective synthesis of B-amino acids, 2™
Edition”, John Wiley and Sons. inc., NJ (2005}, either directly or analogously.
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Alternatively, the intermediate H or | may be prepared by methods of aza-Michaet
reaction. lHustrative examples of this chemistry are outlined in ‘Enantioselective synthesis of
p-amino acids, 2™ Edition”, John Wiley and Sons, Inc., NJ (2005}, either directly or
ahalogously.

Alternatively, the intermediate H or | may be prepared following the synthetic route
outlined in Synlett, 2008, No. 4, pp. 539-542, either directly or analogously.

The synthesis of intermediates J, K and L is also described in US patent application of
applicant docket number PAT053800-US-USP3 which was filed on April 16, 2010, which
application is incorporated herein by reference.

The invention further includes any variant of the present processes, in which an
intermediate product obtainable at any stage thereof is used as starting material and the
remaining steps are carried out, or in which the starting materials are formed in sifu under
the reaction conditions, or in which the reaction components are used in the form of their
salls or optically pure antipodes.

Compounds of the invention and intermediates can also be converted into each other
according to methods generally known per se.

In another aspect, the present invention provides a pharmaceutical composition
comprising a compound of the present invention or a pharmaceutically acceptable sait
thereof, and one or more pharmaceutically acceptable carriers. The pharmaceutical
composition can be formulated for particular routes of administration such as oral
acdministration, parenteral administration, and rectal administration, etc. In addition, the
pharmaceutical compositions of the present invention can be made up in a solid form
including capsules, tablels, pills, granules, powders or suppositories, or in a liquid form
including solutions, suspensions or emulsions. The pharmaceutical compositions can be
subjected to conventional pharmaceutical operations such as sterilization and/or can contain
conventional inert diluents, lubricating agents, or buffering agents, as well as adjuvants, such
as preservatives, stabilizers, wetting agents, emulsifers and buffers ete.

Typically, the pharmaceutical compositions are {ablets and gelatin capsules
comprising the active ingredient together with

a) diluents, e.g., lactose, dextrose, sucrose, mannitol, sorbitol, cellulose andfor

glycine;

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

polvethyleneglycol; for tablets also
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c) binders, e.g., magnesium aluminum silicate, starch paste, gelatin, tragacanth,
methylcellulose, sodium carboxymethyicellulose and/or polyvinylpyrrolidone; if
desired

d) disintegrants, €.g., starches, agar, alginic acid or its sodium salt, or effervescent

mixtures,; and/or

e) absorbents, colorants, flavors and sweeteners.

Tablets may be either film coated or enteric coated according to methods known in
the art.

Suitable compositions for oral administration include an effective amount of a
compound of the invention in the form of tablets, lozenges, aqueous or cily suspensions,
dispersible powders or granules, emulsion, hard or soft capsules, or syrups or elixirs,
Compositions intended for oral use are prepared according to any method known in the art
for the manufacture of pharmaceutical compositions and such compositions can contain one
or more agents selected from the group consisting of sweetening agents, flavoring agents,
coloring agents and preserving agents in order to provide pharmaceutically elegant and
paiatable preparations. Tablets contain the actlive ingredient in admixture with nontoxic
pharmaceutically acceptable excipients which are suitable for the manufacture of tablets.
These excipients are, for exampie, inert diluents, such as calcium carbonate, sodium
carbonate, lactose, calcium phosphate or sodium phosphate; granulating and disintegrating
agents, for example, comn starch, or alginic acid; binding agents, for example, starch, gelatin
or acacia, and lubricating agents, for exampie magnesium stearate, stearic acid or taic. The
tablets are uncoated or coated by known techniques to delay disintegration and absorption in
the gastrointestinal tract and thereby provide a sustained action over a longer period. For
example, a time delay material such as glyceryl monostearate or glyceryl distearate can be
employed. Formulations for oral use can be presented as hard gelatin capsules wherein the
active ingredient is mixed with an inert solid diluent, for example, calcium carbonate, calcium
phosphate or kaclin, or as soft gelatin capsules wherein the active ingredient is mixed with
water or an oif medium, for example, peanut oil, liquid paraffin or olive oil.

Certain injectable compositions are aqueous isotonic solutions or suspensions, and
suppositories are advantageously prepared from fatly emulsions or suspensions. Said
compositions may be steriized and/or contain adjuvants, such as preserving, stabitizing,
wetting or emulsifying agents, solution promoters, salts for regulating the osmotic pressure
and/or buffers. In addition, they may also contain other therapeutically valuable substances.
Said compositions are prepared according to conventional mixing, granulating or coating
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methods, respectively, and contain about 0.1-75%, or contain about 1-50%, of the active
ingredient.

Suitable compositions for transdermal application include an effective amount of a
compound of the invention with carrier. Carriers include absorbable pharmacologically
acceptable solvents {o assist passage through the skin of the host. For example,
transdermal devices are in the form of a bandage comprising a backing member, a reservoir
containing the compound optionally with carriers, optionally a rate controlling barrier to
deliver the compound of the skin of the host at a controlled and predetermined rate over a
prolonged period of time, and means to secure the device to the skin.

Suitable compositions for {opical application, e.g., to the skin and eyes, include
agqueous solutions, suspensions, ointments, creams, gels or sprayable formulations, e.g., for
delivery by aerosol or the like. Such topical delivery systems will in particular be appropriate
for dermal application. They are thus particularly suited for use in topical, including
cosmetic, formulations weli-known i the art. Such may contain solubilizers, stabilizers,
tonicity enhancing agents, buffers and preservatives.

As used herein a topical appiication may alsc pertain to an inhalation or to an
intranasal application. They are conveniently delivered in the form of a dry powder (either
alone, as a mixture, for example a dry blend with lactose, or a mixed component particle, for
example with phospholipids) from a dry powder inhaler or an aerosol spray presentation from
a pressurised container, pump, spray, atomizer or nebuliser, with or without the use of a
suitable propeliant.

The present invention further provides anhydrous pharmaceutical compositions and
dosage forms comprising the compounds of the present invention as active ingredients,
since water may facilitate the degradation of certain compouinds.

Anhydrous pharmaceutical compositions and dosage forms of the invention can be
prepared using anhydrous or low moeisture containing ingredients and low moisture or low
humidity conditions. An anhydrous pharmaceutical compaosition may be prepared and stored
such that its anhydrous nature is maintained. Accordingly, anhydrous compositions are
preferably packaged using materials known o prevent exposure to water such that they can
be included in suitable formulary kits. Examples of suitable packaging include, but are not
fimited to, hermetically sealed foils, plastics, unit dose containers {(e. g., vials), blister packs,
and strip packs.

The invention further provides pharmaceutical compositions and dosage forms that
comprise one or more agents that reduce the rate by which the compound of the present
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inventicn as an active ingredient will decompose. Such agents, which are referred to herein
as "stabilizers,” include, but are not limited to, antioxidants such as ascorbic acid, pH buffers,
or salt buffers, etc.

The compounds according to anyone of formulae I and | to VHC in free form or in
pharmaceutically acceptable salt form, exhibit valuable pharmacological properties, e.g.
neutral endopeptidase EC 3.4. 24.11 modulating properties, e.g. as indicated in in vitro and
in vivo tests as provided in the next sections and are therefore indicated for therapy.

Compounds of the invention, or a pharmaceutically acceptable salt thereof, may be
useful in the treatment of an indication selected from: cardiovascular disorders, such
hypertension, pulmonary hypertension, isolated systolic hypertension, resistant hypertension,
peripheral vascular disease, heart failure, congestive heart failure, left ventricutar
hypertrophy, angina, renal insufficiency, renal failure {including edema and salt retension),
diabetic nephropathy, non-diabetic nephropathy, cyclicat cedema, Meniéres disease,
hyperaldosteroneism (primary and secondary} and hypercalciuria, ascites, glaucoma,
menstrual disorders, preterm labour, pre-eclampsia, endometriosis, and reproductive
disorders (especially male and female infertility, polycystic ovarian syndrome, implantation
failure}, asthma, obstructive sleep apnea, inflammation, leukemia, pain, epilepsy, affective
disorders such as depression and psychotic condition such as dementia and geriatric
confusion, obesity and gastrointestinal disorders (especially diarrhea and irritable bowel
syndrome}, wound healing {(especially diabetic and venous ulcers and pressure sores),
septic shock, the modulation of gastric acid secretion, the treatment of hyperreninaemia,
cystic fibrosis, restenosis, type-2 diabetes, diabetic complications and atherosclerosis, male
and female sexual dysfunction.

Thus, as a further embodiment, the present invention provides the use of a compound
according to anyone of formulae 1" and | to VIIC, or a pharmaceutically acceptable salt
thereof. In a further embodiment, the therapy is selected from a disease which is
ameliorated by inhibition of neutral endopeptidase EC 3.4. 24.11. In another embodiment,
the disease is selected from the afore-mentioned list, suitably hypertension, pulmonary
hypertension, jsolated systolic hypertension, resistant hypertension, peripheral vascular
disease, heart failure, congestive heart failure, left ventricular hyperirophy, angina, renal
insufficiency, renal failure {including edema and salt retension), diabetic nephropathy, non-
diabetic nephropathy, type-2 diabetis, and diabetic complications and most suitably
cardiovascular disorders, such as hypertension, renal insufficiency including edema and

congestive heart failure.
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In another embodiment, the invention provides a method of treating a disease which is
ameliorated by the inhibition of neutral endopeptidase EC 3.4. 24.11 comprising
administration of a therapeutically acceptable amount of a compound according to anyone of
formulae I, | 1A, 11, HA I, HIA, IV, IVA, V, VA, VI, VIA and Vi to VIC, or a pharmaceutically
acceptable salt thereof. In a further embodiment, the disease is selected from the afore-
mentioned list, suitably hypertension, pulmonary hypertension, isclated systolic
hypertension, resistant hypertension, peripheral vascular disease, heart failure, congestive
heart failure, left ventricular hypertrophy, angina, renal insufficiency, renal failure (including
edema and salt retension), diabetic nephropathy, non-diabetic nephropathy, type-2 diabetes,
and diabetic complications and most suitably cardiovascular disorders, such as
hypertension, renal insufficiency including edema and congestive heart failure.

The pharmaceutical composition or combination of the present invention can be in unit
dosage of about 1-1000 mg of active ingredient(s) for a subject of about 50-70 kg, or about
1-600 mg or about 1-250 mg or about 1-150 mg or about 0.5-100 mg, or about 1-50 mg of
active ingredients. The therapeutically effective dosage of a compound, the pharmaceutical
composition, or the combinations thereof, is dependent on the species of the subject, the
body weight, age and individual condition, the disorder or disease or the severity thereof
being treated. A physician, clinician or veterinarian of ordinary skill can readily determine the
effective amount of each of the active ingredients necessary to prevent, treat or inhibit the
progress of the disorder or disease.

The above-cited dosage properties are demonstrable in vitro and in vivo tests using
advantageously mammals, e.g., mice, rats, dogs, monkeys or isolated organs, tissues and
preparations thereof. The compounds of the present invention can be applied in vifro in the
form of solutions, e.g., preferably agueous solutions, and in vivo either enterally,
parenterally, advantageously intravenously, &.g., as a suspension or in aqueous solution.
The dosage /n vitro may range between about 107 molar and 10 molar concentrations. A
therapeutically effective amount in vivo may range depending on the route of administration,
between about 0.1-500 mg/kg, or between about 1-100 mg/kg.

The activity of a compound according to the present invention can be assessed by the
following in vifro & in vivo methods and/or by the following in vitro & in vivo methods well-
described in the art. See A fluorescence lifetime-based assay for protease inhibitor profiling
on human kallikrein 7 Doering K, Meder G, Hinnenberger M, Woelcke J, Mayr LM,
Hassiepen U Biomol Screen, 2009 Jan; 14{1}:1-8.
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In particuar, the in vitro inhibition of recombinant human neutral endopeplidase (NEP,
£C 3.4.24 11} can be determinad as follows:

Recombinant human neutral endopeptidase (expressed in insect cells and purified
using standard methods, final concentration 7 pM) is pre-incubated with test compounds at
various concentrations for 1 howr at room temperature in 10 mM sodium phosphate buffer at
pH 7.4, containing 150 mM NaCl and 0.05 % {(w/v) CHAPS. The enzymatic reaction is
started by the addition of a synthetic peptide substrate Cys(PT14}-Arg-Arg-Leu-Trp-OH fo a
final concentration of 0.7 yM. Substrate hydrolysis feads to an increase fluorescence lifetime
(FLT) of PT14 measured by the means of a FLT reader as described by Doering et al.
(2009). The effect of the compound on the enzymatic activity was determined after 1 hour {i
= 60 min) incubation at room temperature. The 1C50 values, corresponding to the inhibitor
concentration showing 50% reduction of the FLT values measurad in absence of inhibitor,
are calculated from the plot of percentage of inhibition vs. inhibitor concentration using non-
linear regression analysis software.

Using the test assay (as described above) compounds of the invention exhibited
inhibitory efficacy in accordance to Table 1, provided infra.

Table 1 Inhibitory Activity of Compounds

Example # i Human NEP ICsq (M)
Exampie 3-25 18
Example 3-26 15
Example 3-27 15

Example 5-1 38
Example 5-4 7
Exampte 5-7 4
Example 5-11 a 3
Example 5-12 67
Example 5-35 42
Example 5-37 2.3
B Example 5-39 Q7
Example 5-46 0.5
Example 5-47 , 2.7
Example 5-55 0.7
Example 6-1 75
Example -1 56
Example 11-1 ) 1.1
Example 11-11 0.5
Example 11-14 0.07
Example 12-1 0.2
Example 14-1 0.8
Example 15-1 1.2
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The compound of the present invention may be administered either simultaneously
with, or before or after, at least one other therapeutic agent. The compound of the present
invention may be administered separately, by the same or different route of administration,
or lfogether in the same pharmaceutical composition.

tn one embodiment, the invention provides a product comprising a compound
acoording to anvone of formudae I' and { to VHC, or 2 pharmaceutically acceptable salt
thereof, and at ieast cne other therapeutic agent as a combined preparation for
simultaneous, separate or sequential use in therapy. In onhe embodiment, the therapy is the
treatment of a disease or condition associated with neutral endopeptidase EC 3.4. 24.11
activily. Products provided as a combined preparation include a composition comprising the
compound of formulae I' and | to VIIC and the other therapeutic agent{s) together in the
same pharmaceutical compaosition, or the compound according to anyone of formudae I' and |
to VIIC, or a pharmaceutically acceptable salt thereof, and the other therapsutic agent(s) in
separate form, e.g. in the form of a kit.

In one embodiment, the invention provides a pharmaceutical composition comprising a
compound according to anyone of formulae | and | to VIC, or a pharmaceuticaily acceptable
salt thereof, and another therapeutic agent(s). Optionally, the pharmacsutical composition
may comprise a pharmaceutically acceptable excipient, as described above.

In one embadiment, the invention provides a kit comprising two or more separate
pharmaceutical compositions, at least one of which contains a compound according to
anyone of formulae " and | to VIIC, or a pharmaceutically acceptable salt thereof. In one
embodiment, the kit comprises means for separately retaining said compositions, such as a
container, divided bottle, or divided foil packet. An example of such a kit is a blister pack, as
typically used for the packaging of tablets, capsules and the like.

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

In the combination therapies of the invention, the compound of the invention, or a
pharmaceutically acceptable salt thereof and the other therapeutic agent may be
manufactured and/or formulated by the same or different manufacturers. Moreover, the
compound of the invention, or a pharmaceutically acceptable salt thereof, and the other
therapeutic may be brought together into a combination therapy: (i) prior {0 release of the
combination product to physicians (e.g. in the case of a kit comprising the compound of the
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invention and the other therapeutic agent); {ii} by the physician themseives {(or under the
guidance of the physician) shortly before administration; (i) in the patient themselves, e.g.
during sequential administration of the compound of the invention and the other therapeutic
agent.
Accordingly, the invention provides the use of a compound according to anyone of formulae
¥and |to VIIC, or a pharmaceutically acceptable salt thereof, in the manufacture of a
medicament for treating a disease or condition associated with neutral endopeptidase EC
3.4. 24.11. activity, wherein the medicament is prepared for administration with another
therapeutic agent. The invention also provides the use of another therapeutic agent in the
manufacture of medicament for freating a disease or condition associated with neutral
endopeptidase EC 3.4. 24.11. aclivity, wherein the medicament is prepared for
administration with a compound according to anycne of formulae ' and | to VIIC, or a
pharmaceutically acceptable salt thereof.

The invention also provides a compound according to anyone of formulae I and { to
VHC, or a pharmaceutically acceptable salt thereof, for use in a method of treating a disease
or condition associated with neutral endopeptidase EC 3.4. 24.11 activity, wherein the
compound according to anyone of formulae I’ and | to VIIC, or a pharmaceutically acceptable
salt thereof, is prepared for administration with another therapeutic agent. The invention aiso
provides another therapeutic agent for use in a method of treating a disease or condition
associated with neutral endopeptidase EC 3.4. 24.11 activity, wherein the other therapeutic
agent is prepared for administration with a compound according to anyone of formulae I' and
I to VHC, or a pharmaceutically acceptable salt thereof. The invention also provides a
compound according to anyone of formulae I' and | to VIIC, or a pharmaceutically acceptable
salt thereof, for use in a method of treating a disease or condition associated with neutral
endopeptidase EC 3.4. 24.11 activity, wherein the compound according to anyone of
formulae ' and | to VHC, or a pharmaceuticaily acceptable sait thereof, is administered with
another therapeutic agent. The invention also provides anocther therapeutic agent for use ina
method of treating a disease or condition associated with neutral endopeptidase EC 3.4.
24.11 activity, wherein the other therapeutic agent is administered with a compound
according to anyone of formulae ' and | to VHC, or a pharmaceutically acceptable salt
thereof.

The invention also provides the use of a compound according to anyone of formulae |
and i to VHC, or a pharmaceutically acceptable salt thereof, in the manufacture of a
medicament for treating a disease or condition associated with neutral endopeptidase EC
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3.4. 24.11 activity, wherein the patient has previously {e.g. within 24 hours} been treated with
another therapeutic agent. The invention also provides the use of another therapeutic agent
in the manufacture of a medicament for treating a disease or condition associated with
neutral endopeptidase EC 3.4. 24.11 activity, wherein the patient has previously {e.g. within
24 hours) been treated with a compound according to anyone of formulae | and { to VIIC, or
a pharmaceutically accepiable salt thersof.

in che embodiment, the other therapeutic agent is selected from: HMG-Co-A
reductase inhibitor, an anigiotensin receptor blocker (ARBs, angiotensin U receptor
antagonist), angiotensin converting enzyme (ACE) inhibitor, a calcium channel blocker
(CCB), an endothelin antagonist, a renin inhibitor, a diuretic, an ApoA-t mimic, an anti-
diabetic agent, an obesity-reducing agent, an aldosterone receptor biocker, an endothelin
receptor blocker, an aldosterone synthase inhibitors (AS1), a CETP inhibitor or a
phophodiesterase type 5 (PDES) inhibitor.

The term “in combination with” a second agent or treatment includes co-administration
of the compound of the invention {e.g., a compound of Formulae I or I-VIIC or a compound
otherwise described herein} with the second agent or treatment, administration of the
compound of the invention first, followed by the second agent or treatment and
administration of the second agent or treatment first, followed by the compound of the
invention.

The term “second agent” includes any agent which is known in the art to treat, prevent,
or reduce the symptoms of a disease or disorder described herein, e.g .a disorder or disease
responsive o the inhibition of neufral endopeptidase, such as for example, hypertension,
puimonary hypertension, isolated systolic hypertension, resistant hypertension, peripheral
vascutar disease heart fallure, congestive heart failure, left ventricular hypertrophy, angina,
renal insufficiency (diabetic or non-diabetic), renal failure (including edema and salt
retension), diabetic nephropathy. non-diabetic nephropathy, nephroic syndrome,
glomerulonephritis, scleroderma, glomerular sclerosis, proteinurea of primary renal disease,
renal vascular hyperiention, diabetic retinopathy and end-stage renal disease (ESRD),
endothetial dysfunction, diastolic dysfunction, hypertrophic cardiomyopathy, diabetic cardiac
myopathy, supraventricular and ventricular arrhythmias, afrial fibrillation (AF}, cardiac
fibrosis, atrial flutter, detrimental vascular remodeling, plaque stabilization, myocardial
infarction (M), renal fibrosis, polycystic kidney disease (PKD), pulmonary arterial
hypertension, renal failure {including edema and salt retension), cyclical cedema, Meniéres
disease, hyperaldosteroneism {(primary and secondary) and hypercalciuria, ascites,




WO 2010/136493 PCT/EP2010/057247

-57-

glaucoma, menstrual disorders, preterm labour, pre-eclampsia, endometriosis, and
reproductive disorders (especially male and female infertility, polycystic ovarian syndrome,
implantation fallure), asthma, obstructive sleep apnea, inflammation, leukemia, pain,
epilepsy, affective disorders such as depression and psychotic condition such as dementia
and geriatric confusion, obesity and gastrointestinal disorders (especially diarrhea and
irritable bowel ayndrome), wound healing {especiaily diabetic and venous ufcers and
pressure sores), septic shock, gastric acid secretion dysfunction, hyperreninaemia, cystic
fibrosis, restenosis, type-2 diabetes, metabolic syndrome, diabetic complications and
atherosclerosis, male and female sexual dysfunction.

Examples of second agents include HMG-Co-A reductase inhibitors, angiotensin il
receptor antagonists, angictensin converting enzyme (ACE) Inhibitors, calcium channel
biockers (CCB}), endothelin antagonists, renin inhibitors, diuretics, ApoA-I mimics, anti-
diabetic agents, obesity-reducing agents, aldosterone receptor blockers, endothelin receptor
blockers, aldosterone synthase inhibitors (AS!) and CETP inhibitors.

The term “HMG-Co-A reductase inhibitor” (also called beta-hydroxy-beta-
methylglutaryl-co-enzyme-A reductase inhibitors) includes active agents that may be used to
lower the lipid levels including cholesterol in blood. Examples include atorvastatin,
cerivastatin, compactin, dalvastatin, dihydrocompactin, fluindostatin, fluvastatin, lovastatin,
pitavastatin, mevastatin, pravastatin, rivastatin, simvastatin, and velostatin, or,
pharmaceutically acceptable salts thereof.

The term "ACE-inhibitor” {also called angiofensin converting enzyme inhibitors)
includes molecules that interrupt the enzymatic degradation of angiotensin | to angiotensin H.
Such compounds may be used for the regulation of blood pressure and for the treatment of
congestive heart failure. Examples include alacepril, benazepril, benazeprilat, captopri,
ceronapril, cilazapril, delapril, enalapril, enaprilat, fosinopril, imidapril, lisinopril, moveltopril,
perindopril, quinapril, ramipril, spirapril, temocapril, and trandolaprit, or, pharmaceuticaily
acceptables salt thereof,

The term “endothelin antagonist” includes bosentan {cf. EP 526708 A), {ezosentan
{cf. WO 96/19459), or, pharmaceutically acceptable salts thereof.

The term “renin inhibitor” includes ditekiren {chemical name: [1S-

[1R* 2R* 4R*(1R* 2R ]1-1-{(1,1-dimethylethoxy)carbonyl]-L-proly I-L-phenylalanyl-N-[2-
hydroxy-5-methyl-1-(2-methyipropyl}-4-{[{2-methyl-1-[[(2-
pyridinylmrthyljaminojcarbonyilbutyllamincjcarbonylihexyl}-N-alfa-methyl-L-histidinamide);
terlakiren {chemical name: [R-(R*,S"}]-N-(4-morpholinyicarbonyl)-L-phenylalanyi-N-[1-
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(cyclohexylmethyl)-2-hydroxy-3-(1-methylethoxy)-3-oxopropyi}-S-methyi-L-cysteineamide);
Aliskiren {chemical name: (25,45,58 7 S)-5-amino-N-(2-carbamoyl-2,2-dimethylethyl}-4-
hydroxy-7-{{4-methoxy-3-(3-methoxypropoxy)
phenyljmethyl}-8-methyl-2-{propan-2-yhnonanamide) and zankiren {chemical name: {18-

[1RRY(R™)],28 3R™[I-N-{ 1-(cyclohexylmethyl)-2, 3-dihydroxy-5-m ethythexyl}-alfa-[[2-[{(4-
methyl-1-piperazinylisulfonylimethyi}- 1-oxo-3-phenyipropyll-aminol-4-thiazolepropanamide),
or, hydrochloride salts thereof, or, SPP630, SPP835 and SPP800 as developed by Speede!,
or RO 68-1132 and RO 66-1168 of Formula (A) and (8)

H ﬁ
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Ay and {8} or,

pharmaceutically acceptable salts thereof.

The term "aliskiren”, if not defined specifically, is to be understood both as the free
base and as a salf thereof, especially a pharmaceutically acceptable salt thereof, most
preferably a hemi-fumarate salt thereof

An angiotensin H receptor antagonist or a pharmaceutically acceptable salf thereof is
understood to be an active ingredient which bind to the AT j-receptor subtype of angiotensin

H receptor but do not result in activation of the receptor. As a consequence of the inhibition
of the AT, receptor, these antagonists can, for example, be employed as antihypertensives
or for treating congestive heart failure.

The class of AT, receptor antagonists comprises compounds having differing
structural features, essentially preferred are the non-peptidic ones. For example, mention
may be made of the compounds which are selected frons the group consisting of vaisartan,
iosartan, candesartan, eprosartan, irbesarian, saprisartan, tasosartan, telmisarian, the
compound with the designation E-1477 of the following formula
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or, in each case, a pharmaceutically acceptable salt thereof.
Preferred AT.-receptor antagonist are those agents which have been marketed, most
preferred is valsartan or a pharmaceutically acceptable sait thereof.

The term “calcium channel blocker (CCRBY” includes dihydropyridines (DHPs) and
non-DHPs {e.¢., diltiazem-type and verapamil-type CCBs). Examples include amlodipine,
felodipine, ryosidine, isradipine, lacidipine, nicardipine, nifedipine, niguldipine, niludipine,
nimodipine, niscldipine, nitrendipine, and nivaldipine, and is preferably a non-DHP
representative selected from the group consisting of fiunarizing, prenylamine, diltiazem,
fendiline, gallopamil, mibefradif, anipamil, tiapamil and verapamil, or, pharmaceutically
acceptable salts thereof. CCBs may be used as anti-hypertensive, anti-angina pectoris, or

anti-arrhythmic drugs.
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The term “diuretic” includes thiazide derivatives (e.g., chiorothiazide,
hydrochlorothiazide, methyiclothiazide, and chlorothalidon).

The term "ApoA-I mimic” includes D4F peptides (e.g., formuta D-W-F-K-A-F-Y-D-K-
V-A-E-K-F-K-E-A-F)

The term “anti-diabetic agent” includes insulin secretion enhancers that promote the
secretion of insulin from pancreatic 8-cells. Examples include biguanide derivatives {e.q.,
metformin), sulfonyiureas (SU) (e.g , tolbutamide, chicrpropamide, tolazarnide,
acetohexamide, 4-chloro-N-[{1-pyrolidinylaminojcarbonyi]-benzensuifonamide
{glycopyramide), glibenclamide (glyburide), gliclazide, 1-butyl-3-metanilylurea, carbutamide,
ghbonuride, glipizide, gliquidone, glisoxepid, glybuthiazole, giibuzole, glyhexamide
glymidine, glypinamide, phenbutamide, and tolylcyclamide)}, or pharmaceutically acceptable
salts thereof. Further examples include phenylalanine derivatives {e.g., nateglinide {N-
{{rans-4-isopropylcyclohexyicarbonyl)-D-phenylatanine? {cf. EP 196222 and EP 526171) of

> w%iJm

10 )

the formuta

repaglinide {{S)-2-ethoxy-4-{2-[[3-methyi-1-[2-( 1-piperidinyl)phenyl]butyilamino]-2-
oxoethylibenzoic acid] (cf. EP 580874, EP 147850 A2, in particular Exampie 11 on page 81,
and EP 207331 A1) calcium (25)-2-benzyl-3-{cis-hexahydro-2-isocindolintycarbonyi)-
propionate dihydrate (e.g., mitighnide (cf. EP 507534)); and glimepiride {cf. EP 31058).
Further examples include DPP-{V inhibitors, GLP~1 and GLP-1 agonists.

DPP-{V is responsible for inactivating GLP-1. More particularly, DPP-1V generaies a
GLP-1 receptor antagonist and thereby shortens the physiological response to GLP-1. GLP-
1 is a major stimuiator of pancreatic insulin secretion and has direct beneficial effects on
glucose disposal.

The DPP-V inhibitor can be peplidic or, preferably, non-peptidic. DPP-IV inhibitors
are in each case generically and specifically disclosed €.¢. in WO 98/19988, DE 196 16 486
A1, WO 00/34241 and WO 95/15309, in each case in particular in the compound claims and
the final products of the working examples, the subject-matter of the final products, the
pharmaceutical preparations and the claims are hereby incorporated into the present

application by reference to these publications. Preferred are those compounds that are
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specifically disclosed in Example 3 of WO 98/19998 and Example 1 of WO 00/34241,
respectively.

GLP-1 is an insufinotropic protein which is described, g.g., by W.E. Schmidt et al. in
Diabetologia, 28, 1985, 704-707 and in US 5,705 483.

The term "GLP-1 agonists” includes varianis and analogs of GLP-1(7-36)NH, which
are disclosed in particular in US 5,120,712, US 5118666, US 5,512,548, WO 91/11457 and
by C. Orskov et al in J. Biol. Chem. 264 {1989) 12826, Further examples include GLP-1{7-
37), in which compound the carboxy-terminal amide functionality of Arg™ is displaced with
Gly at the 37" position of the GLP-1(7-36)NH, molecule and variants and analogs thereof
including GLN*-GLP-1(7-37), D-GLN’-GLP-1{7-37), acetyl LYS*-GLP-1(7-37), LYS"™-GLP-
1(7-37) and, in particular, GLP-1(7-37)OH, VAL-GLP-1(7-37), GLY>-GLP-1(7-37}, THR®-
GLP-1(7-37), MET-GLP-1(7-37) and 4-imidazopropionyl-GLP-1. Special preference is also
given o the GLP agonist analog exendin-4, described by Grelg el af. in Diabetologia 14899,
42, 45-50,

Alsa included in the definition “anti-diabetic agent” are insulin sensitivity enhancers
which restore impaired insulin receptor function {o reduce insudin resistance and
consequently enhance the insulin sensitivity. Examples include hypoglycemic
thiazolidinedione derivatives (e.g., glitazone, {S)-((3,4-dihydro-2-(phenyl-methyl)-2H-1-
benzopyran-6-ylimethyi-thiazolidine-2 4-dione (englitazone), 5§-{[4-{3-{5-methyi-2-phenyi-4-
oxazolyl)-1-oxopropyl)-phenyli-methyl}-thiazolidine-2 4-dione {darglitazone), 5-{[4-{1-methyl-
cyclohexyhmethoxy)-phenylimethyi}-thiazolidine-2,4-dione (ciglitazone), 5-{{4-(2-(1-
indolyhethoxy)phenylimethyi}-thiazolidine-2 4-dione (DRF2188), 5-{4-[2-(5-methyl-2-phenyh
4-oxazolyl)-ethoxy)ibenzyl}-thiazolidine-2 4-dione (BM-13.12486), 5-(2-naphthylsutfonyi)-
thiazolidine-2 4-dione (AY-31637), bis{4-{{2 4-dioxo-5-thiazolidinyhmethyliphenylimethane
{(YM268), 5~{4-{2-(5-methyi-2-phenyl-4-oxazolyl}-2-hydroxyethoxylbenzyl}-thiazolidine-2, 4~
dione (AD-5075), 5-[4-(1-phenyi-1-cyclopropanecarbonylamino)-benzyl}-thiazolidine-2 4~
dione {DN-108) 5-{{4-(2-(2, 3-dihydroindof-1-yliethoxy)phenylimethyl}-thiazolidine-2 4-dione,
5-{3-(4-chioro-phenyl})-2-propynyl]-5-phenyisulfonyhithiazolidine-2 4-dione, §-{3-(4-
chlorophenyi])-2-propynyll-5-{4-fluorophenyl-sulfonylithiazolidine-2 4-dione, 5-{{4-(2-(methyl-
2-pyridinyl-amino)-ethoxy)phenylimethyl}-thiazolidine-2 4-dione (rosiglitazone}, 5-{[4-(2-(5-
ethyi-2-pyridyl}ethoxy)phenyll-methyilthiazolidine-2,4-dione (pioglitazone), 5-{|4-((3.4-
dihydro-8-hydroxy-2,5.7 B-tetramethyl-2H-1-benzopyran-2-ylimethoxy)-phenyl}-methyl}-
thiazolidine-2,4-dione (troglitazone), 5-[6-(2-fluoro-benzyloxy)naphthalen-2-yimethyl]-
thiazolidine-2,4-dione (MCC555), 5-{{2-(2-naphthyl}-benzoxazol-5-yl}-methyiithiazolidine-2 4~
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dione (T~174) and 5-(2 4-dioxothiazolidin-5-yimethyl}-2-methoxy-N-{4-trifluoromethyl-
bernzylYoenzamide (KRP297)).

Further anti-diabetic agents include, insudin signalling pathway modulators, like
inhibitors of protein tyrosine phosphatases (PTPases), antidiabetic non-small molecule
mimetic compounds and inhibitors of glutamine-fructose-8-phosphate amidotransferase
(GFAT); compounds influencing a dysregulated hepatic glucose production, like inhibitors of
glucose-8-phosphatase (G6Pase), inhibitors of fructose-1.6-bisphosphatase {(F-1,6-Bpase),
inhibitors of glycogen phosphorylase (GP), glucagen receptor antagonists and inhibitors of
phosphoenolpyruvate carboxykinase (PEPCK); pyruvate dehydrogenase kinase (PDHK)
inhibitors; inhibitors of gastric emptying; insulin; inhibitors of GSK-3; retinoid X receptor
{RXR) agonists; agonists of Beta-3 AR; agonists of uncoupling proteins (UCPs); non-
glitazone type PPARy agonists; dual PPARa/ PPARy agonists; antidiabetic vanadium
containing compounds; incretin hormones, like glucagon-like peptide-1 {GLP-1) and GLP-1
agonists; beta-cell imidazoline recepior antagonists; migiitol, a;-adrenergic antagonists; and
pharmaceutically acceptable salls thereof.

The term “obesity-reducing agent” includes lipase inhibitors (e.g.. orfisiat) and
appetite suppressants (.4, stbutramine and phenterming).

An aldosterone synthase inhibitor or a pharmaceutically acceptable sait thereof is
understood to be an active ingredient that has the property o inhibit the production of
aldosterone. Aldosteroneg synthase (CYP11B2) is a mitochondrial cytochrome P450 enzyme
catalyzing the 1ast step of aldosterone production in the adrenal cortex, te., the conversion
of 11-deoxycorticosterone to aldosterone. The inhibition of the aldosterone production with
so-called aldosterone synthase inhibitors is known to be a successfui variant to treatment of
hypokalemia, hypertension, congestive heart failure, atrial fibrilation or renal failure. Such
aldosterone synthase inhibition activity is readily determined by those skilled in the art
according o standard assays (e.g., US 2007/0049618).

The class of aldosterone synthase inhibitors comprises both steroidal and non~
steroidal aldosterone synthase inhibitors. the iater being most preferred.

Preference is given to commercially available aldosterone synthase inhibitors or those
aldosterone synthase inhibitors that have been approved by the health awthorities.

The class of aldosterone synthase inhibitors comprises compounds having differing
structural features. For example, mention may be made of the compounds which are
selected from the group consisting of the non-stercidal aromatase inhibitors anastrozole,
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fadrozole (including the {+)-enantiomer thereof), as well as the steroidai aromatase inhibitor
exemestane, or, in each case where applicable, a pharmaceutically acceptable salf thereof.

The most preferred non-steroidal aldosterone synthase inhibitor is the (+)-enantiomer
of the hydrochloride of fadrozole (US patents 4617307 and 4889861) of formula

Ng{}\/}

/
HCI
or. if appropriable, a pharmaceutically acceptable salt thereof.
A preferred steroidal aldosterone antagonist is eplerenone {cf. EP 122232 A} of the
formuia

or Spironolactone; or, in each case, if appropriable, a pharmaceutically acceptable salt
theraof.

Aldosterone synthase inhibitors usefid in said combination are compounds and
analogs generically and specificaily disclosed e.g. in US2007/0048818, in particular in the
compound claims and the finat products of the working exampiles, the subject-matier of the
final products, the pharmaceutical preparations and the claims are hereby incorporated into
the present application by reference to this publication. Preferred aldosterone synthase
inhibitors suitable for use in the present invention include, without limitation 4-(8,7-dihydro-
SH-pyrrofol1,2-climidazol-5-yl)-3-methylbenzonitrile; 5-(2-chloro-4-cyanophenyl)-6,7-dihydro-
5H-pyrrolo[ 1, 2-climidazole-5-carboxylic acid {4-methoxybenzylymethylamide; 4'-flucro-6-
{6,7,8,9-tetrahydro-5H-imidazo[1,5-alazepin-5-yhbiphenyl-3-carbonitrile; 5-(4-Cyang-2-
methoxyphenyl}-8,7-dihydro-5H-pyrrolo[ 1, 2-climidazole-5-carboxylic acid butyl ester; 4-(6,7-
Dihydro-SH-pyrrolo{1,2-climidazol-5-yl)-2-methoxybenzonitrile; 5-(2-Chioro-4-cyanophenyl)-
8,7-dihydro-5H-pyrrolof1.2-climidazole-5-carboxylic acid 4-fluorobenzyt esier; 5-(4-Cyano-2-
triffluoromethoxyphenyl}-6.7-dihydro-5H-pyrrolo{ 1, 2-¢limidazole-5-carboxylic acid methyl
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ester; 5-(4-Cyano-2-methoxyphenyl}-8.7-dihydro-5H-pyrrolo[ 1, 2~-climidazole-5-carboxylic acid
2-isopropoxyethyl ester; 4-(6,7-Dihydro-5H-pyrroio[1,2-climidazol-5-y1)-2-methylbenzonitrile;
4-{8 7-dihydro-5H-pyrrolof1,2-climidazol-5-yi)-3-fluorobenzonitrile ; 4-(6,7-Dihydro-5H-
pyrrolol1, 2-climidazol-5-yi)-2-methoxybenzonitrie, 3-Fluoro-4-(7-methylene-6,7-dihydro-5H-
pyrrolof1,2-climidazol-5-ylybenzonitrile; cis-3-Fluoro-4-{7-(4-fluoro-benzyl}-5.6,7 8~tetrahydro-
imidazo[1,5~-ajpyridin-5-yllbenzenitrile; 4 -Fluoro-6-(8-methyl-6,7,8,8-tetrahydro-5H-
imidazo{1,5-ajazepin-5-yi}biphenyl-3-carbonitrile; 4'-Fluoro-6-(8-methyl-6.7,8,9-tetrahydro-
SH-imidazof1,5-alazepin-5-yhbiphenyl-3-carbonitrile or iy each case, the (R) or (5)
enantiomer thereof, or if appropriable, a pharmaceutically acceptable sait thereof.

The term aldosterone synthase inhibitors also include compounds and analogs
disclosed in WQO2008/076860, W(Q2008/076336, WO2008/076882, W(O2008/027284.
WO2004/046145, WO2004/014914, WO2001/076574.

Furthermore Aldosterene synthase inhibitors also include compounds and analogs
disclosed in U.S. patent applications US2007/0225232, US2007/0208035, US2008/0318878,
US2008/0076794, US2008/0012068, US20090048241 and in PCT applications
WO2Z006/005726, WO2006/128853, WO2006128851. WO2006/128852, WO2007065342,
W0O2007/116099, WO2007/1 16808, WO2008/118744 and in European patent application
EP 1886695. Preferred aldosterone synthase inhibitors suitable for use in the present
invention include, without limitation 8-{(4-Fluorophenyl}-5,6-dihydro-8H-imidazo[5, 1-c1{1
4A1oxazine, 4-(5,6-Dihydro-8H-imidazo[5, 1-¢][1 4]oxazin-8-yl}-2-flucrobenzonitrile; 4-(5,8-
Dihydro-8H-imidazofS, 1-cl{1 4joxazin-8-yl)-2 6-diftuorobenzenitrite; 4-(5,6-Dihydro-8H-
imidazo5,1-clft 4joxazin-8-yi)-2-methoxybenzonitrile; 3-(5,8-Dihydro-8H-imidazo5, 1-cf1
4]oxazin-8-ylibenzonitrile: 4-(5,6-Dibvdro-8H-imidazol5, 1-c}{1 ,4joxazin-8-yhphthalonitrie; 4-
{8-(4-Cyanophenyi)-5,8-dihydro-8H-imidazo[5, 1-c}{1 ,4}oxazin-8-yl}benzonitrile; 4-(5,6-
Dihydro-8H-imidazo[5 1-cl{1 4loxazin-8-yl)benzonirile, 4-(5,8-Dihydro-8H-imidazof5,1-c][1
Aloxazin-8-yhnaphthalene-~1-carbonitrile; 8-[4-{1 H-Tetrazol-5-yl)phenyl1-5,6-dihwdro-8H-
imidazo{8,1-¢][1 .4]oxazine as developed by Speede! or in each case, the {(R) or (S5)
enantiomer thereof; or if appropriable, a pharmaceutically acceptable salf thereof.

The term "endothelin receptor biocker” includes bosentan.

The term "CETP inhibitor” refers to a compound that inhibits the cholesteryl ester
transfer protein (CETP) mediated transport of various cholestery! esters and triglycerides
from HDL. to LDL and VLDL. Such CETP inhibition activity is readily determined by those
skilled in the art according to standard assays (e.g., U.S. Pat. No. 6,140,343). Exampies
include compounds disclosed in U.S. Pat. No. 6,140,343 and U. S. Pat. No. 6,187,786 (e.g..
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[2R,48]4-{{3,5-bis-trifluoromethyl-benzyl)-methoxycarbonyl- amino]-2-ethyl-8-triflucromethyl-
3.4-dihydro-2H-guinoline-1~carboxylic acid ethyl ester (torcetrapib); compounds disciosed in
U.S. Pat. No. 8,723,752 (8.¢.. (2R)-3-{[3-(4-Chioro-3-ethyl-phenoxy)-phenyi]-{[3-(1.1,.2,2~
tetrafluoro-ethoxy)-phenyl]-methyll-amino}- 1.1, 1-trifluoro-2-propanol); compounds disciosed
in U.S. patent application Ser. No. 10/807,838; polypeptide derivatives disclosed in U.S.
Pat. No. 5,512,548; rosenonolactone derivatives and phosphate-containing analogs of
cholesteryl ester disclosed in J. Antibiot., 49(8): 815- 816 (1848). and Bivorg. Med. Chem.
Lelt,; 6:1951-1954 (1996), respectively. Furthermore, the CETP inhibitors also include those
disclosed in WQOZ000/017165, W02005/085408 and WO2005/087806.
A prefered PDES inhibitor is Sildenafil.

Second agent of particular interest include Endothelin antagonists, renin inhibitors,
angiotensin il receptor anfagonists, calcium channel blockers, diuretics, antidiabetic agents
such as DPPIV inhibitors, and aldosterone synthase inhibitors.

EXEMPLIFICATION OF THE INVENTION:

All starting materials, building blocks, reagents, acids, bases, dehydrating agents, solvents,
and catalysts utilized to synthesis the compounds of the present invention are either
commercially avalable or tan be produced by organic synthesis methods known to one of
ordinary skill in the art (Houben-Weyl 4th Ed. 1952, Methods of Organic Synthesis, Thieme,
Volume 21). Further, the compounds of the present invention can be produced by organic
synthesis methods known 1o one of ordinary skill in the art as shown in the following
exampies.

The foliowing examples are intended to illustrate the invention and are not to be
construed as being limitations thereon. Temperatures are given in degrees centigrade. i
not mentioned otherwise, all evaporations are performed under reduced pressure, preferably
between about 15 mm Hg and 100 mm Hg (= 20-133 mbar). The structure of final products.
intermediates and starting materials is confirmed by standard analyticai methods, e.g.,
microanalysis and spectroscopic characteristics, e.g., MS, IR, NMR. Abbreviations used are
those conventional in the art. The compounds in the example 5-1 to 15-3 have been found
to have ICx, values in the range of about 0.01 nM to about 10,000 nM for NEP.

The conditions for measuring the retention times are as follows:
HPLLC condition A
Column: INERTSIL C8-3, 3um x 33mm x 3.0mm at 40°C
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Flow rate: 2 mi/ min

Mobile phase: A) 5 mM agueous HCOONH4, B) MeOH / CH3ICN {(1/1, v/ v)
Gradient: linear gradient from 5% A 1o 95% B in 2 min

Detection: DAD-UV at 200-400 nm

HPLC condition B:

Column: INERTSH. C8-3, 3um x 33mm x 3.0mm at 40°C

Flow rate: 2 mi/ min

Mobile phase: A) 5 mM aqueous HCOONH4, B) MeOH / CH3CN (1/1, v/ V)
Gradient: linear gradient from 40% A {0 95% B iy 2 min

Detection: DAD-UV at 200-400 nm

HPLC condition C:

Column: INERTSIL C8-3, 3um x 33mm x 3.0mm at 40 °C

Flow rate: 2 mi/ min

Mobite phase: A) (5 mM NH, HCOO Vwater, B) MeQH / CH:CN {1 /1, v/ V)
Gradient: linear gradient from 5 to 95% B in 2 min

Detection: DAD-UV at 200-400 nm

HPLC condition D:

Column: INERTSIL C8-3. 3um x 33mm x 3.0mm at 40 °C

Flow rate: 2 ml/ min

Mobile phase: A) 0.1% aqueous Formic acid, B) MeOH / CH.CN(1/1.v/ V)
Gradient: linear gradient from 5% B to 95% B in 2 min

Detection: DAD-UV at 208-400 nm

HPLC condgition E:

Column: Inertsit C8-3, 3um x 33mm x 3.0mm at 40 °C

Flow rate: 2 ml { min

Mobile phase: A} methanol/ acetonitrile (171, v/ v), B} 5 mM aquesous HCOONH,
Gradient: linear gradient from 40% B 1o 95% A in 2 min

Detection: UV at 214 nm




WO 2010/136493 PCT/EP2010/057247

The relative stereochemistry was determined using two dimensional NMR. Under the
reaction condition, it would be unexpected that the stereccenter bearing the bisphenyi-
methyl group racemize. Therefore, the absolute stereochemistry was determined based on
the relative stereochemistry and the absolute stereochemistry of the stereocenter bearing
the bisphenyl-methy! group.

Example 1-1: Synthesis of (R)-4-(1-{biphenyl-4-yl}-4-ethoxy-4-oxobutan-2-ylamino)-4-

oxohtitanoic acid

f\\ |
f\e‘ \/\./
Py }
O -
/4\ ‘kJ\ ,ﬁ\ /L g ,-u\, \/"\T; O
Q

intermadiate 2
To {R)-ethyl-4-(biphenyl-4-yi)- 3-(fert-butoxycarbonylamino)butanocate (230.1 mg, 0.500
mmol) is added a solution of HCl in 1,4-dioxane (3.00 mL, 12.00 mmol} at room temperature.,
After stirring for 1 hour, the reaction mixture is concentrated under reduced pressure {o give
{R)-3-amino-4-biphenyl-4-yl-butyric acid ethy! ester hydrochloride. A solution of (R}-3-amino-
4-biphenyl-4-yi-butyric acid ethyl ester hydrochloride, succinic anhydride (72.1 mg, 0.720
mmol} and DIPEA (0.126 mL, 0.720 mmol) in dichloromethane (4 ml.} is allowed to stir for 1
hour. The reaction is guenched with 10% agueous citric acid and extracted with
dichloromethane. The organic layer is separated and concentrated under reduced pressure.
The obtained residue is purified by flash column chromatography on CN-modified silica gel
{eluent: heptane/EtOAC = 100:0 to 0: 100} and by RP-HPLC (SunFire C18,
H0(0. 1% TFAYCHLCN) to give (R)-4-( 1-(biphenyi-4-yl}-4-athoxy-4-oxobutan-2-ylaming)-4-
oxohutanoic acid (148.2 mg). HPLC retention time = 1.64 minutes (condition A); MS {m+1) =
384.1; 1TH NMR (400 MHz, ACETONITRILE-d3) 8 ppm 1.21 {t, J=7.07 Hz, 3H} 2.31 - 2.39
{m 2H)2.40-256{m, 4H)277-292(m, 2H) 408 (q,
J=724Hz, 2H}4.33-448{m. 1 H)6.62 (d, J=8.34 Hz, 1 H) 7.30 (d. /=8.08 Hz 2 H) 7.32 -
7.38{m, 1 HY741-748(m, 2H) 754 -7.60 (m, 2H) 7.60 - 7.87 {m, 2 H} 10.02 (br. s., 1 H).

Example 1-2: Synthesis of (R)-4-(1-{3'-chiorobiphenyl-4-yi}-4-ethoxy-4-oxobutan-2-

ylamino}-4-oxobutanoic acid
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A solution of {R)-ethyl 3-amino-4-(3'-chiorobiphenyi-4-yl)butanoate hydrochioride (400 mg,
1.13 mmol), succinic anhydride (136 mg, 1.36 mmol) and DIPEA (0.237 mL, 1.36 mmael) in
dichloromethane (5 ml.) is allowed to stir for 2.5 hours. The reaction is quenched with 1 M
aqueous HC| and extracted with dichloromethane. The organic layer is separated and
concentrated under reduced pressure, The resulting residue is purified by preparative HPLC
using a gradient of 20% MeCN/water (0.1% TFA) to 100% MeCN to give {(R}-4-(1~(3'~
chiorobiphenyl-4-yi)-4-ethoxy-4-oxohutan-2-ylamino)-4-oxobutanoic acid (255 mg). HPLC
retention time = 1.15 minutes (condition B); MS (m+1) = 418.0; 1H NMR (400 MHz,
CHLOROFORM-d} dppm 129 ({, J=7.08Hz, 3H) 246 -2.58 (m, 4 H) 2.64 - 2.67 {m, 2 H)
2.87 (A of ABX, Jap = 13.6 Hz, J,« = 7.8 Hz, 1 H) 2.99 (B of ABX, Js, = 13.6 Hz, Jix = 8.6 Hz,
THY 412 -424 (m, 2H) 447 -455 (m, 1H) 650 (brd, J=88Hz 1 H)7.24-7.37 {m, 4
H)743-746(m, 1 H) 748 -7.52 (m, 2H) 7.55 ~7.56 (m, 1 H).

Chiral HPLC retention time = 3.59 min, Column: Daicel CHIRALPAK AD-H {4.6x100mm);
flow rate = 1 m¥min.; eluent: EtOH{containing 0.1% TFA)/heptane = 4/6.

Following compounds are prepared using similar procedure as described in example 1-2:

. . . HPLC-RT | MS
Example # | Product Starting Material Cendition o
{condition) | (M+1)
A
@
(j Ct
9 f\o 0 4
.r'\Q’\a~ gft'\f"\./t‘oﬁ y 2
D L)L |157min
Example 1-3 | {R)-5-{1-(3"- o e 432.1
: o W (A)
chlorobiphenyi-4-yi)- 2 N, HCt | DIPEA,
4-sthoxy-4-oxobutan- DCM, RT
2-ylaming)~&~
ocxopentanaic acid
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5-(4- {5 0.93 min.
Example 1-4 | (O (4-ethoxy-1-(5 - | 446.3
fluoro-2-- 2 f DIPEA, (B}
[ P L .
methoxybiphenyt-4- ° W RS DCMLRT
yl}-4-oxobutan-2-
ylamino}-b-
oxopentanpeic acid
ff 3
\”"":;\\g »v‘o\&z
TN f§\‘ 1‘( R ,sz X bt f‘f/‘\\
ST o i*} O;kaa 114 min
Example 1-5 | (R)-5-(1-(5'-chioro-2"- %w{ IPEA ®) 462.5
d e ¥
methoxybiphenyl-4- j\ /L = DCM, RT
yl}-4-ethoxy-4- ST T, G
oxobutan-2-ylamino}-
S-oxopentanoic acid
A
@
g
& § 1"
“"‘::/ )
gy N N g O . P
Example 1-6 Fot (|77 jeeTmin s
XBMPE BS 1 (R)-4-(1-(2-chloro-5- 7Y & | DIPEA, (®) -
flucrobiphenyl-4-yl)- jiv ~ DCM, RT
4-athoxy-4-oxobutan- oo N, et
2-ylamino}-4-
oxobutanoic acid
F
-
A
j otf"[;l*o 123 mi
) f.;}?"‘\:\" . N, '
Example 1-7 L DIPEA, B) 402.0

L3
T \,;/‘\,N,J:\_,»\\]/(EH

DCM, RT
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{R)-4-(4-ethoxy-1-(3" R
7
fluorobiphenyi-4-yl)- (w\}
2
4-oxobutan-2- )
i o
ylamino}-4- Y

oxobutanoic acid

TN, G

&
Fe
‘&v} &
o 4 & d N(\

g 5\ i Ew\ e S ;

é_ {J o7 O é‘ N {N‘\S 0‘:"{{:_*:-\:"\‘(3

~ N Q 1.37 min.
Example 1-8 | Ry 4-(4-(benzyloxy)- Hmy’\‘cr‘”'v“m?m DIPEA, (B) 480.2

f-(3'-chiorobiphenyl- | DCM, RT

4-yl-4-oxobutan-2-

ylamino)~4-~

oxobutanoic acid

&)
ol & -)WZ/F <
= Y e 1.32 rmin.
Example 1-9 L ¢ - ’C 490.2
'\.'{"}I\vﬂf\'\;fb‘\j\‘"‘ i Ral] f”\ofﬂ\‘\ ‘\NH;‘ HE Pynd’ne’ ! )
’ HETE b RT
- ~
J;‘\_ s - .
Example 1- M 1.52 min, 506.4
10 DIPEA, (B) She.
DCM, RT

Example 1-3: 1H NMR (400 Mz, CHLOROFORM-d} & ppm 128 {t, J= 72 Hz, 3H} 1.86 -
1.97{m, 2H)2.25-228(m, 2 H) 2.34 {t, J= 7.0 Hz, 2 H) 2.50 (A of ABX, J4, = 16.2 Hz, Jax
=66Hz, 1H)2.56 (B of ABX, 4y = 182 Hz, Jy, = 5.1 Hz, 1 H) 2.88 (A of ABX, Jpp = 13.6
Hz, Joy =78 Hz, 1 H) 288 (B of ABX, Jpu = 138 Hz, Jpu=7.1Hz, 1 H) 4,12 -4.23 {m, 2 H)
450-488(m, 1H)E32{brd, J=B8Hz, 1H)725-737(m 4H)743-746(m, 1H) 749
-752(m, 2H)7.55-756(m, 1H)
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Example 1-4: 1H NMR {400 MHz, CHLOROFORM-d) S pom 128 (1, J=7.1 Hz, 3 H) 1.86 -
1.87 (M, 2H)225-228{m, 2M)2.34(t, J=7.0Hz 2H) 254 (A of ABX, Jp = 16.1 Hz, Ju
=56 Hz 1H)2.58(Bof ABX, Ju =161 Hz, Jx =52 Hz, 1 H) 2.88 (A of ABX, Jpu = 13.5
Mz, Ju =76 Hz, 1H) 297 (B of ABX, Jop = 135 Hz Jp=7.0H2, 1H)3.78 (s, 3H)4.12 -
423im, 2H}4.50-458(m, 1 H}834 (brd, J=86Hz 1H)688-691(m, 1H}6.96-7.04
m, 2H)7.23(d, J=8B3Hz 2H) 744 -7.47 (m, 2 H).

Example 1-5: 1H NMR {400 MHz, CHLOROFORM-d) d ppm 128 (t, J=7.1 Hz, 3H) 1.86 -
1.97 (m, 2H)225-238(m, 4H)2.45-261 (m, 2 H) 2.88 (A of ABX, Jap = 13.6 Mz, Jy, =
TEHZ 1H) 207 (BotABX Jp =136 Hz, Jx=68Hz 1 H)379(s,3H)412-423(m, 2
H) 450-459(m 1H)B34-636{(m 1H}689(d, J=86Hz, TH)7.21-7.28(m, 3H)
7.43(d, J=8.1Hz 2 H).

Exarpie 1-6: 1H NMR (400 MHz, CHLOROFORM-d) & ppm 1.28 (t, J = 7.1 Hz, 3H) 2.47 -
2.67 (m, 6 H) 2,89 (A of ABX, Juy = 13.7 Hz, Jox = 7.8 Hz, 1 H) 3.00 (B of ABX, Ju = 13.7 Hz,
Joe = 6.7 Hz, 1H) 4.12-4.24 (m, 2 H) 4.49 - 4.57 (m. 1 H) 6.51 (brd, J = 8.6 Hz, 1 H) 6.97 -
7.07 {m, 2 H) 7.24 - 7.28 {m, 2 H) 7.36 - 7.43 (m, 3 H).

Example 1-7: 1H NMR (400 MHz, DMSO-d6) & ppm 1.16 (t, J = 7.1 Hz, 3 H) 2.23 - 2.27 (m,
2H)2.34-2.38(m, 2H)2.40-2.47 (m, 2 H) 2.77 (d. J = 6.6 Hz, 2 H) 3.99 - 4.06 (m, 2 H)
421-430(m, 1H}7.14-7.19{m, 1 H) 7.29 {d, J = 8.4 Hz, 2 H) 7.46 - 7.52 (m, 3 H) 7.63
(d. J=84Hz 2H) 7.91{d, J= 8.3 Hz, 1 H) 12.04 (s, 1 H).

Example 1-8: 1TH NMR (400 MHz, CHLORQFORM-d) & ppm 2.41 - 2.45 (m, 2 H) 2.50 - 2.64
(m, 4H) 2.81-2.87 {m, 1 H)2.95-3.00 (m, 1 H) 449 ~ 456 (m, 1 H) 5.12 (A of AB, J =
12.1Hz, 1H) 518 (Bof AB, J = 12,1 Hz, 1 H) 6.39 (d, J = 8.1 Hz, 1 H) 7.18 - 7.54 (m, 13 H).

Example 1-9: 1H NMR (400 MHz, DMSO-d6): 1H NMR (400 MHz, DMSO-d6): & ppm 1.22-
1.25 (t, J=7.07 Hz, 3H), 2.61-2.63 (m, 2H), 2.91 {d, J=7.07 Hz. 2H), 4.09 (q, J=7.07 Hz, 2H).
4.52-4.59 (m. 1H), 7.32-7.34 (m, 3H), 7.04 {t, J=7.83 Hz, 1H}, 7.52-7.56 (m, 3H}, 7.59 (i,
J=2.02 Hz, 1H).

Example 1-10: 1H NMR (400 MHz, CHLOROFORM-d) 5 ppm 2.03 - 2.13 (m, 2 H), 2.44 {1,
J=6.3 Hz, 2 M), 2.84 {t, J=6.6 Hz, 2 H), 2.70 (dd, J=16.2, 5.6 Hz, 1 H), 2.78 (dd, J=16.2, 5.1
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Hz, 1 H), 2.83 - 2.98 (m, 5 M), 3.04 {dd. J=13.9, 6.8 Hz, 1 M), 4.57 - 4.69 (m, 1 H), 6.51 (d,
J=8.8 Hz, 1 H). 6.79 {dd, J=8.1, 2.3 Hz, 1 H), 6.90 (d, J=1.8 Hz. 1 H), 7.18 (d. J=8.1 Hz, 1
H). 7.26 - 7.31 {m, 3 M), 7.34 (t. J=7.7 Mz, 1 H), 7.43 (dt, J=7.3, 1.5 Hz, 1 H), 7.49 (d, J=8.1
Hz, 2 M), 7.54 (¢, J=1.8 Hz, 1 H), 9.34 (br. s., 1 H).

Example 1-11: Synthesis of {R}-4-(1-{2',5"-dichlorobiphenyl-4-yi}-4-ethoxy-4-oxcbutan-

2-ylamino)-4-oxobutanoic acid
¢l Ci

To (R})-ethyl 3-(terf-butoxycarbonylamine)-4-{2°, 5'-dichlorobiphenyl-4-ylibutanoate

{1.08 g, 2.33 mmol) is added a solution of 4 M HCl in 1 4-dioxane (5 81 mL, 23.3 mmol} at
room temperature. After stirring for 2 hours, the reaction mixture is concentrated under
reduced pressure ta give (R}-ethyl 3-amino-4-(2', 5 -dichiorobiphenyi-4-yl}butanoate
hydrochloride. Next, a solution of the product, succinic anhydride (280 mg, 2.80 mmol} and
DIPEA (0 488 miL, 2.80 mmol) in dichloromethane (15 mL) is aliowed to stir for 2 hours. The
reaction is quenched with 1 M aqueous HCI and extracted with dichloromethane. The
organic {ayer is separated and concentrated under reduced pressure. The resulting residue
is purified by preparative HPLG using a gradient of 20% MeCN/water (0.1% TFA) to 100%
MeCN to give (R)-4-(1-(2',5"-dichlorobiphenyl-4-yl)-4-ethoxy-4-oxobutan-2-ylamino)-4-
oxobulancic acid {553 mg) as a white solid; HPLC retention time = 1.02 minutes (condition
B), MS (m+1) = 452.14; 1H NMR (400 MHz, CHLOROFORM-d} d ppm 1.28 (1, J=7.2 Hz, 3
H) 2.47 -2.67 {m, 8 H) 2.89 (A of ABX Jyp = 13.7 Hz, J,, = 7.8 Hz 1 H) 3.00 (B of ABX, Ju =
137 Hz =67 Hz, THI412-424 (m, 2H)449-457 (m, 1 H) 653 {brd, J=~88Hz 1
H) 7.23-7.26 (m, 3H) 7.32 - 7.40 (m, 4 H).

Following compounds are prepared using similar procedure as described in example 1-11:

‘ _ _ HPLC-RT
{ Example Product Srating Material N MS (M+1)
{condition)
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{R)-3-(3-Carboxy-
propionylaming)-4-
(3'-chloro-biphenyi-4-
yi)-butyric acid propyl
ester

1.24 min. {B)

432.3

Example 1-
13

PR 1P W

(R)-3-{3-Carboxy-
propionylamino}-4-(3'-
chloro-biphenyi-4-yi)-
butyric acid butyl ester

1.34 min. (B)

446.2

Example 1-
14

&
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&
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(R}-3-(3-Carboxy-
propionylamino}-4-{3'-
chloro-hiphenyl-4-yi)-
butyric acid 5-methyl-2-
oxo-[1, 3]dioxol-4-yl
methy! ester

1.12 min. (B}

502.2

Example 1-
15

0.89 min. (B)

475.3
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{R}-3-(3-Carboxy-~
propionytamino}-4-{3'-
chioro-biphenyl-4-yl)-
butyric acid
dimethylcarbamoyimeth

yl ester

o 1 | e
P S U G VR T &
! - —

Example 1- | (R)-3-(3-Carboxy- |
D.99 min. (B) 503.5

16 propionylamino)-4-(3- | ¢ :I
chloro-biphenyl-4-yi)- i )
butytic acid 2~
morpholin-4-yl-ethyt

ester

Example 1-12: 1H NMR {400 MHz, DMSO-d;) 6 ppm 0.87 (1, J=7.5 Hz, 3 H), 1.48 - 1.81 (m,
2H), 222-229(m, 2H), 2.32-239(m, 2 H), 245 (dd, J=6.9, 3.4 Mz, 2 H), 278 (d, J=6.6
Hz, 2H), 3.04 (t, J=66 Hz, 2 H), 421 -433(n, 1 H), 7.28 {d, J=83 Hz, 2 H), 7.37 - 742
{m, 1 H), 747 (1, J=7.8 Hz, 1 1), 7.68 - 765 (m, 3 H}, 7.85 (1, J=1.9 Hz 1H), 7.92 {d, 3=8.3
Hz, 1 H).

Example 1-13; 1H NMR (400 MHz, CHLOROFORM-d) 8 ppm 0.94 {t, J=7.3 Mz, 3 H), 1.32 -
1.44 {m, 2 H), 1.56 - 1.67 (m, 2 H), 243 - 259 (m, 4 H}, 265 (1, J=6.4 Hz, 2 H), 2.85 (dd,
d=13.6, 81 Hz, 1 H), 299 (dd, J=136, 66 Hz, 1 H}, 4.03-4.18 {m, 2 H), 443 - 4.56 {m, 1
H), 6.57 (d, J=86 Hz, 1 H), 7.25(d, J=83Hz, 2 H), 7.28-7.32 {m, 1 M), 7.35 ({, J=7.7 Hz, 1
H), 7.41 - 7.46 (m, 1 H), 748 (d, J=8.1 Hz, 2 H), 7.55 {t, J=1.8 Hz, 1 H).

Example 1-14: 1H NMR (400 MHz, CHLOROFORM-d} § ppm 2.17 (s, 3 H), 2.44 (t, J=6.2
Hz, 2 H), 2.48 - 2.57 (m, 1 H), 2.57 - 273 (m, 3 H), 2.87 (dd, J=13.6, 7.6 Hz, 1 H), 2.98 (dd,
J=13.9, 7.1 Hz, 1 H), 447 - 4.58 (m, 1 H), 4.84 (s, 2 H), 6.32 (d. J=8.6 Hz, 1 H), 7.23 (d,
J=8.1 Hz, 2 H). 7.30 (d, 1 H), 7.35 (. J=7.7 Hz, 1 H), 7.44 {d, J=7.3 Hz, 1 H), 7.49 (d. J=8.1
Hz, 2 H), 7.54 (s. 1 H).
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Example 1-15: 1H NMR (400 MHz, CHLOROFORM-d) 8 ppm 248 - 2.59 {m, 3 H). 2.61 -
271 (m 3H), 291-3.06(m 8H) 453-4863(m, 1H) 467 (d J=147 Hz, 1 H). 503 (4,
J=14.7 Hz, 1 H), 7.30 (dt, J=7.8, 1.8 Mz, 1 H), 7.32-7.38 {m, 3 H), 7.45 (dt, J=7.6, 1.5 Hz, 1
H), 7.50 (d, J=8.1 Hz, 2 H), 7.55 {t, J=1.8 Hz, 1 M), 8.08 (d, J=8.3 Hz, 1 H).

Example 1-16: 1H NMR (400 MHz, DMSO-ds) 8 ppm 2.20-2.32 {m, 2 H), 232-2.41 (m, 2
H), 2.42-2.50 {m, 1 H), 2.57 (dd, J=154, 5.6 Hz, 1 H), 2.80 (d, J=36.1 Hz, 2 H}), 3.15 (br. s,
2H), 3.31-3560(m, 4H). 352~405{m, 4 H) 4.25-440(m, 3H) 7.31(d, J=8.3 Hz, 2 M),
7.39-7.43 (m, 1 H), 748 (t, =78 Hz, 1 H), 780 - 7.67 (m, 3 H}, 7.70 (t, J=1.8 Hz, 1 H),
8.02(d, J=86 Hz, 1H), 10.08 (br. s, 1 H), 1217 {br. s, 1 H).

Example 1-17: Synthesis of (R}-4-(1-(5'-chioro-2'-fiuorobiphenyl-4-yl)-4-ethoxy-4-

oxobutan-2-ylaminoj-4-oxobutanoic acid

CtX Cﬁ}
A e i
('f’\\}( \F e (’i Y F
/lo e l ‘CI} N
~0 - NH, HCI TOTNTNTYTYY

A solution of (R)-ethyt 3-amino-4-(&-chloro-2'-fluorobiphenyl-4-ylibitanoate hydrochioride
{293 mg, Q.777 mmaol), succinic anhydride {93 mg, 0.832 mmol) and DIPEA (0.204 mi,
1.165 mmol) in dichioromethane (4 mL) is alfowed to stir for 1.5 howrs. The reaction is
quenched with 1 M aqueous HCI and extracted with dichloromethane. The organic layer is
separated and concentrated under reduced pressure. The resulting residue is purified by
preparative HPLC using a gradient of 20% MeCNiwater (0.1% TFA) {o 100% MeCN to give
(R}-4-{1-(5'-chloro-2'-flucrobiphenyl-4-yl}-4-ethoxy-4-oxobutan-2-ylamino)-4-oxobutanoic acid
{294 mg). HPLC retention time = 1.03 minutes {(condition B); MS (m+1) = 438.2; 1H NMR
{400 MHz, CHLOROFORM-d} S ppm 1.28 ({, J =707 Hz, 3H)2.46-258 (m, 4 H) 264 -
288 {m, 2 H} 2.87 (A of ABX, Jap = 13.64 Hz, /5 = 7.83 Hz, 1 H) 2.99 (B of ABX, J., = 13.64
Hz, Jou =857 Hz, TH) 411 - 422 (m, 2H) 447 - 456 (m, 1 H}6.80 {brd, J=8.59 Hz 1H)
705~710(m 1H)7.23-7.27 (m, 3H)7.38-741(m, 1 H)7.44 - 746 (m, 2H).
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Following compounds are prepared using similar procedure as described in example 1-17:

. _ B HPLC-RT | MS
Example # | Product Starting Meterial Condition N
{condition) | (M+1)
Ci
e
,\ . "'\,
L
e
ToTTY s
(')HOJ\V/\KGH
o)
(25,3R)-3-(3- 3:;
Carboxy- Cj
: : RN
propionylaming}-4-(3- rﬁ J
chioro-biphenyl-4-yl)- | _ ,i?\ ns
" T UNH, RO
2-hydroxy-butyric acid DH O:-,{_,L‘,)
Example 1- ‘j’ S 1.29 min.
methy! ester 23 Et.N 420.0
18 i = ’k\w’"‘j o (A)
Kj Y DCM
R
N

PN
. A
S0 JH/ NH

on_A o~ ot
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{2R,3R)-3-(3-
Carboxy-
propionylamino)-4-{3'-
chioro-biphenyl-4-yl}-
2-hydroxy-butyric acid
methyi ester

o

oY R, HO

(24

termediate
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{28.3R)-3-(3-
Carboxy-
propionylamino}-4-(3'-
chioro-biphenyi-4-yi)-
2-methoxy-butyric

acid methyl ester

(2R,3R)-3-(3-
Carboxy-
propionytaminc)-4-{3'-
chiero-biphenyl-4-yl)-
2-methoxy-butyric

acid methyl ester

To ’u\f’[ NN, -KCH

AN

077077 4 29 min.
DIPEA, (A)
DCM

. e
g/ %_}( g
;’L;‘}":J

434.2
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chioro-biphenyi-4-yl)-

53

-78 -
7o s S S S
N
N /j\/’]
L” ~
- /K’ Nt
;\/‘\H GH
{28,3R}-3-(3-Carboxy- /;\
propionylaming)-4-(3'- J/\ PNy
chioro-biphenyl-4-yi)- [ N
2-methoxy-butyric o ‘; NH, I =
- S
Example 1- acid ethyl ester ¢ OG0 4 57 min,
20 o f" \p DIFEA. A 4483
N e A
3 oA DCM
( ? - (}J\{, "W, G
L~ ,U\,( -9
< i k tor Hat.
"'\) Qv ?}’ H gﬁée.memd.&
(2R, 3R}-3-(3-
Carboxy-
propionylamino)-4-(3'-
chiore-biphenyi-4-yi)-
2-methoxy-butyric
acid ethyl ester
- . Ct I
}‘T ;j\
N L\ ../} T "J\'f"ﬂ
P! 1
o = i '
~ ToTYT . e e
Example 1- | © § F o | e L e
1 F gfﬁl\/Y OH I%\J LN o 492 1
0 A S ‘
(25 3R)-3-(3- fL T DCM
Carboxy-
NHHO
propionylamino)-4-(3'-
internediate
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methy lester

£ D,pi\ N oM
O
(2R, 3R)-3-{3-
Carboxy-
propionylamine-4-(3'-
chlaro-biphenyl-4-yl)-
2-flusro-butyric acid
methyt ester

[

| 2-fluora-butyric acid

Exampie 1-
22

O
i L
TN N

Qﬁi\f\‘r OH
o]

{R)-3~(3-Carboxy-
propicnylamino)-4-{3'-
chloro-biphenyi-4-yl}-
2-methyl-butyric acid

ethyt ester

N
)

o
o "N, £

Haw irpvriihale
54

i

7

4

PPN
{7

H
3

s,

Y

N

.88 min.

432
(B)

Example -
23

(R)-3-(2-

Carboxymethoxy-

acetylamino}-4-(3'-

o
'U\’ NH, M

.
o‘ﬁia’Lo
EtaN,
DCM

Q.75 min.

| 434
)
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chloro-biphenyl-4-yl)-
butyric acid ethyl ester

Example 1-20: TH NMR (400 MMz, CDCL) dppm 115 ({, J=7.07 Hz, 3 H), 2.24-2.34 (m, 4
M), 2.74 (dd, J = 8.59, 13.39 Hz), 2.88 (dd, J= 6.32, 13.30 Hz), 3.34 {5, 3H}, 3.75(d, J =

2.78Hz, 1 H), 404 (dd, J=7.07, 1389 Hz, 2H), 433443 (m, 1 H), 7.31(d J= 808 Hz, 2
H), 7.38-743 (m, 1 H), 748 {t, /=783 Mz, 1H), 763 (d, /=334 Hz), 7.71 {, J=1.77 Hz,

1H), 7.95 (d, J= 9,35 Hz, 1 Hy.

Example 2-1: Synthesis of (R}-3-{3-carboxy-propionylamino}-4-{4'-fluoro-biphenyl-4-

yijbutyric acid ethyl ester

A mixture of (R)-4-(1-(4-bromophenyi}-4-ethoxy-4-oxobutan-2-ylaminoe)-4-oxobutanoic acid
{50 mg, 0.129 mmol), 4-fluorophenylboronic acid (27.2 mg, 0. 194 mmotl), Pd{Ph;iP), (14.96
mg, 0.013 mmol) and agqueous Na2CO3 {(0.129 mL, 0.258 mmeol) in toluene {1 mi) is
allowed to stir at 95 °C under nitrogen. After stirring for 13 hours, the solution is cooled to

ambient temperature and then guenched with agqueous 1 M HCL. The praducts are extracted

with sethyl acetate, washed with brine, dried over MgS0O,, fillered, and concentrated under
reduced pressure, The obtained residue is purnified by RP-HPLC (SunFire C18, H,0(0.1%
TFAYCH,CN), and then lyophilized to give {(R)-3-{3-carboxy-propionylamino)-4-(4'flucro-

biphenyi-4-yl}-butyric acid ethyt ester (29.2 mg). BPLC retention time = 1.26 minutes

(condition B); MS (m+1) = 402.2; 1TH NMR {400 MHz, CHLOROFORM-d} 6 ppm 1.28 (4, J =
7Hz, 3H) 247 -~ 2.67 {m, 8 H) 2.87 (A of ABX, dab = 13,7 Mz, Jax = 7.8 Hz, 1 H} 2.99 (B of
ABX, Jab = 13.7 Mz, Jbx =686 Hz, 1H)4.12~423{m, 2H)4.47-4.55 (m, 1 H) 6.52 (br d,

J=88Hz 1H)708~714(m 2H}7.24(d, J=84 Hz, 2H) 746 ~ 7.55 (m, 4 H}.

Following compounds are prepared using similar procedure as described in example 2-1:

Example Product

Reagent

HPLC-RT

WS (+1)
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{condition)

Example 2-
2

Pd{PPhs),.
p-chlorophenytboronic
acid, ag. 2M Na,CO,,
{(R)~4~{1-(4-
bromophenyl)-4-
ethoxy-4-oxobutan-2-
ylaming)-4-
oxchutanoic acid

1.49 min. (B)

4181

Example 2~
3

Pd{PPhs)..
m-fluorophenylboronic
acid, ag. ZM Na,COs,
(R)-ethyl 4-(4-
bromophenyl)-3-(4-
methoxy-4-
oxobutanamidobutan

cale.

1.24 min. (B)

418.1

Example 2-
4

Example 2-
5

Pd(PPhas,
o-flucrophenylboronic
acid, aq. 2M NaL0;,
{R)-ethyl 4-(4-
bromophenyl)-3-(4-
methoxy-4~
oxobutanamido)butan
oate.

1.25 min. (B}

416.1

Pd{FPPhs),,
o-chiorophenyiboronic
acid, ag. 2M Na2C03,
(R)-sthyl 4-(4~
bromophenyl)-3-(4-
methoxy-4-
oxobutanamidolbutan
cate.

1.33 min. {B)

4321
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 Pd(PPhy)s,
O~
methoxyphenylboroni
\} ¢ acid, ag. 2M
Example 2- . ) ‘ ’
6 | . Q@’) Na:C0;, (R)-ethyt 4- 1.22 min. (B) 428.2
A }3\/\“,0‘« {4-bromophenyt)-3-(4-
@ methoxy-4-
oxobutanamido)butan
oate.

Pd{PPhy),
o-folylboronic acid,
ﬂﬁ) aq. 2M Na;CO;, (R)-
Example 2- {@) othyl4-t4- | ta5min @) | 4122
7 o 3 bromophenyl}-3-{4-

o V methoxy-4-
oxobutanamido)butan

ocate,

- Pd(PPRh3}4,
2-chloro-5-
fiuorophenyiborenic

%

e 2 ‘ (\\) acid, ag. 2M Na2CO3,
| Eempie 2 {3y a {R)-ethyl 4-(4- 1.28 min. (B) 4503
8 - Y .28 min. .

a —d
. ,ﬂ\x( j\"\g’ o | bromophenyl)-3-(4-
5 methoxy-4-
oxobutanamidolbutan
cate.

Pd(PPh3)4,
m-tolylboronic acid,
aq. 2M Na2C03, (R})-
Example 2- ad athyl 4-(4~

p ¢ R yt 4-(

o 1.28 min. (B) 412.2

, j:%; bromophenyl)-3-(4-
j,-«\:O)K, W - | methoxy-4-

oxobutanamido)butan

- oale.
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Example 2- e

10 0 r o
i N
"/A\Q/n\ -._ﬁ»/\\\,..f\ﬁ/’\}\\
1
o

Pd(PPh3)4,

3,5-
difiucrophenylboronic
acid, ag. 2M Naz2CC3,
{R}-ethyl 4-(4-
bromophenyl)-3-{4-
methoxy-4-
oxohutanamidojbutan
cate.

1.23 min. (B) 434.2

Exam ple 2" f‘“\‘('}:: d
11 e

Pd(PPh3}4,
J-ethylphenylboronic
acid, aq. 2M Na2C03,
{R)-ethyl 4-(4-
bromophenyt}-3-(4-
methoxy-4-
oxcbhutanamido)butan

oate.

1.40 min. (B) 426.3

Example 2-
12 6

Pd(PPh3)4,
3-nitrophenylborenic
acid, ag. 2M Naz2CQ03,
{Ry-gthyl 4-(4-
bromophenyl}-3-(4-
methoxy-4-
oxobutanamido)butan

oate.

1,16 min. (B) 443.2

Example 2- 5
1 3 .“._u.;::% {"

Pd{PPh3)4,

3.
(triftuoromethyl)phenyl
boronic acid, aq. 2M
Na2CQ3, {R)-ethyl 4-
{4-bromophenyt)-3-(4-
methoxy-4~
axchutanamidobutan
oate.

1.39 min. (G 466, 1
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Example 2- ,;rf
14

Pd(PPh3)4,

3-
methoxyphenyiboroni
¢ acid, aq. 2M
Na2CO03, (R)-ethyl 4-
{4-bromophenyl)-3-{4-

- methoxy-4-

oxobutanamido)butan

pate.

1.18 min. (G)

428.2

#
Example 2- ,,-;-m) =

PA(PPh3)4,

3.
cyancbeanzeneboronic
acid, ag. 2M Na2(C O3,
{R}-ethyl 4-(4-
bromopheny!)-3~(4~
methoxy-4-

- oxobutanamido)butan

oate.

0.88 min. (B)

4232

Example 2- FY ‘
18 =7

Pd(PPh3)4,
3-chioro-5-
flucrophenylboronic
acid, aq. 2M Na2CO03,
(R)~ethyl 4-(4~
bromophenyl)-3-{4~
methoxy-4-

- oxobutanamidoloutan

vate.

1.45 min. (B)

450.1

Example 2-

17 o Y/%Q
f’\ﬁ-" KJ‘ \N/b\\"/\\s"ﬂ"“
R o)

Pd(PPh3)4,
2~

{trifluoromethyl}phenyl

boronic acid, ag. 2M
Naz2CO03, (R)-ethyl 4-
(4-bromophenyl)-3-(4-
methoxy-4-

1.37 min. (B)

468.1
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oxobutanamido)butan
oate.

Example 2- EY b
18

Pd(PPh3)4,
2-cyanophenylboronic
acid, ag. 2M Na2C03,
{R)-ethyl 4-(4-
bromaophenyl)-3-{4-
methoxy-4-
oxobutanamido)butan
vate,

1.01 min. (8)

423.2

i Example 2-
19 oy 8

Pd(PPh3)4,

2.
ethoxyphenyiboronic
acid, aq. 2M Naz2CO03,
{R)-ethyl 4-{4-
bromophenyl}-3-(4-
methoxy-4-
oxcbutanamido)butan
cate.

1.28 min. (B)

4422

Example 2- .
20

PdCI2{dppf).CH2CI2
complex,
phenyl-d5-boronic
acid, ag. 2M Na2C03,
{R)-tert-butyl 4-{1-(4-
bromophenyl)~4-

- athoxy-4-oxobutan-2-

ylamino}-4-
oxcbutanoate

1.42 min. (B)

445.2

Example 2-2: 1H NMR (400 MHz, CHLOROFORM-d} § ppm 1.28 (1, J = 7 Hz, 3 H) 2.47
267 {m 6H)2.84~3.02(m, 2H)412-424 (M, 2H) 447 ~4585{m, 1 H} 852 (brd, J=
93Hz 1H)724~720(m 2H)7.39~741(m, 2H) 748 -751 {m, 4 H).
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Example 2-3: 1H NMR (400 MHz, CHLOROFORM-d) 5 ppra 1.28 {, J = 7 Hz, 3 M) 2.43 -
2.85 (m, 6 H) 2.84 ~ 3.02 (m, 2 H) 3.67 {8, 3 M) 4.12 ~ 4.23 {m, 2 1) 4.47 ~4.55 (m, 1 H)
.30 (brd, J=8.6Hz 1H) 7.00-7.05 (m, 1 H) 7.26 = 7.29 (m, 3H) 7.34 ~ 7.41 (m, 2 H)
7.51(d, J= 8.3 Hz, 2 H).

Exampie 2-4. 1H NMR {400 MH2, CHLOROFORM-d) S ppm 128 ({, =7 Hz, 3H) 2.44 -
265(m 6H)285-302(m, 2H)3B7(s,3H} 411 -4.23(m, 2H)448-456(m, 1H)
6.30(brd, 3=86H2, TH)711-7.22(m, 2H)725-733(m, 3 H)740-745(m, 1 H)
7.48 - 7.50 (m, 2 H).

Example 2-5: 1H NMR (400 MHz, CHLOROFORM-d) & ppm 1.29 (1, J = 7.2 Hz, 3 H) 2.44
2.65(m, 6 H) 2.86 — 3.02 (m, 2 H) 3.68 (5, 3H) 4.12 ~ 4.23 {m, 2 H) 4.49 ~4.57 (m, 1 H)
6.31 (brd, J = 8.8 Hz, 1 H) 7.24 = 7.34 {m, 5 H) 7.37 — 7.39 (m, 2 M) 7.45 ~ 7.47 (m, 1 H).

Example 2-6: 1H NMR (400 MHz, CHLOROFORM-d) S ppm 1.28 (t, J=7 Hz, 3H) 2.44 -
266 (M 6H)284~301(m 2H)368(s,3H)3.81(s,3H) 411-423(m, 2H)448~
458 (m 1TH}626(brd, J=88Hz, 1H}B87T-704(m, 2H)722{(d J=81Hz 2H)7.29
~7.33{m, 2H)7.48 - 7.48 (m, 2 H).

Example 2-7: 1H NMR (400 MHz, CHLOROFORM-d) & ppm 1.28 {t, J=7.1 Hz, 3 H) 2.26 (s,
IH} 244 -26% (m, 6H)285-301{(m, 2H)368(5,3H)4.12~423 (m, 2 H) 448 ~4.57
fm, TH)8.30{brd, J=86Hz, 1 H)7.21~7.26 (m, 8 Hj.

Example 2-8: 1H NMR (400 MHz, CHLOROFORM-¢} S ppm 1.28 (t, J=7.2Hz, 3H) 244 -
268 (m 6H)286-303(m, 2H)368(5,3H}4.12-423(m, 2H)448-457 (m, 1H)
831(brd, J=88Hz, TH)B90~T701 (M. 1TH)Y7.05~7.08(m, 1H)7.25~7.27 {m, 2 H}
7.36~7.43 {m, 3 H).

Example 2-9: 1H NMR (400 MHz, CHLOROFORM-d) S ppm 1,28 {t, J=7.2Hz, 3H) 241 -~
285(m 8H)284-300(m 2H)367 (s, 3H)4.11-4.23(m, 2H) 447 ~4.55(m, 1 H)
828 (brd, J=89Hz 1H)716-7.39(m, BH) 7.50~-7.53 {m, 2 H).

Example 2-10: 1H NMR (400 MHz, CHLOROFORM-)) 6 ppm 1.29 (t, J = 7.2 Hz, 3 H) 2.43 —
2.65 (m, 6 H) 2.84 — 3.02 {m, 2 M) 3.67 (5, 3 H) 4.12 - 4.23 {m, 2 H) 4.46 — 4.55 (m, 1 H)
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8.33{brd, J=88Hz 1H}B76 880 (m, 1 H)706-712(m 2H)7.26~7.27 (m, 2H) 7.
48 (d, J= 8.0 Hz, 2 H).

Example 2-11: 1H NMR (400 MHz, CHLOROFORM-¢} 8 ppm 1.27 - 1.30 (m, 6 H) 2.44 -
257 (m 4H)282~-2.74(m 4H) 284 ~300(m, 2H) 367 (s, 3IH)4.13~423(m 2 H)
447 ~455{(m, 1H)830(brd J=78H2, 1TH)717-7.26(m, IH)} 7.33~741 (m, 3H) 7.
52 (d, J=T7.8Hz 2 H).

Example 2-12: 1TH NMR (400 MHz, CHLOROFORM-d) S ppm 1.30 (t, J=7.1 Hz, 3H) 2.41 ~
285(m 6 H)267~282{m, {H)300-305(m, 1 H)3.68 (s, 3H) 4.14-422 (m, 2 H)
448-456{(m 1H)8.33({brd, /J=88Hz, 1 H}732(d, J=83Hz, 2H)756-762(m, 3
Hy7.8¢-7981{(m 1H)818~820(m 1 H) 844 (1. J=80Hz, 1H).

Exarnple 2-13; 1H NMR (400 MHz, CHLOROFORM-0) 5 ppm 1.29 (1, J = 7.2 Hz, 3 H) 2.44 —
2.65 (m, 6H) 2.85 - 2.91 (m, 1 H) 2.98 - 3.03 (m, 1 H) 3.67 (s, 3H) 4.13-4.22 {m, 2 H)
447 456 (m, 1 H}6.33 (bord, J= 88 Hz, 1 H) 7.20 (d, J= B2 Hz, 2 N) 7.53 (d, J = 8.2 Hz,
2H)7.56—7.60 (m, 2H) 7.75(d, J= 7.6 Hz, 1 H) 7.81 (s, 1 H).

Example 2-14: 1H NMR (400 MHz, CHLOROFORM-t)) 8 ppm 1.28 (t, J = 7.2 Hz, 3 H) 2.43 -
2.65{m, 6 H) 2.84 —2.89 (m, 1 H) 2.86 - 3.01 {m, 1 M) 3.67 (s, 3 H) 3.86 (s, 3H) 4.11 ~
423 {m, 2H) 4.47 ~4.55 (m, 1 H)B.30 (brd, J= 8.8 Hz, 1 H) 6.87 -6.90 (m, 1 H) 7.10 ~
7 (M T H) 795~ 717 (m, 1 H) 7.24 = 7.26 (m, 2 H) 7.34 (t, J= 7.8 Hz, 2 H) 7.51 - 7.53
(m, 2 H),

Example 2-15: 1H NMR {400 MHz, CHLOROFORM-¢} § ppm 1.28 ({, J= 7.1 Mz, 3H) 2.43 -
258 (M, 4H)261-265(m, 2H)284~291(m, 1H}298-3.03(m, 1H)3.68(s 3H)
4.12~-424 (M 2H)447-4565(m 1H) 634 (brd, J=88Hz, 1H)7.30(d J=81Hz, 2
HYy7680(d J=81Hz, 2H) 781 ~763(m 2H)7.78~-7.81 (m, 1 H)7.85(brs, 1H).

Example 2-16: 1H NMR (400 MHz, CHLOROFORM-d) d ppm 129 (t, J= 7.1 Hz, 3H) 243 ~
257 (m 4H)2681~264{m, 2H) 287 (Aof ABX, Juw=13.6 Hz, J,,=7.8Hz, 1 H)2.9¢ (B
of ABX, Jop = 13.6 M2, Jy = 8.6 Hz, 1 H) 368 (s, 3 M) 412 -423 (m, 2H) 4.46 ~ 455 (m, 1
HY634 (brd, /J=86Hz 1H) 705, J=83and 20Hz, 1 ) 718 -7.19 (m, 1 H} 7.26 ~
728 {(m 3H)735~7.36{m, 1 H)745(d, J=8.1Hz 2H).
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Example 2-17: TH NMR (400 MHz, CHLOROFORM-d) S ppm 1.20 (t, J=7.1 Hz, 3 H) 2.43 ~
2.89(m, 8 H) 290 {A of ABX, Jyp = 138 Hz, J; = 7.8 Hz, 1 H) 2.99 (B of ABX, Juw = 13.6 Hz,
o 2 B8 Hz, 1H)368(s, 3H) 412-423 (M, 2H)449-457(m 1H)631{(brd, /=886
Hz, 1H) 720728 (m 4 H) 7.32(d, J= 708 Hz, TH) 744 ~747 {m 1 H) 753 -757 {m, 1
HY7.73(d, J=78 Mz, 2 H}).

Example 2-18: TH NMR (400 MHz, CHLOROFORM-¢) & ppm 1.29 (t, J = 7.2 Hz, 3 H) 2.44
2.65 (m, 6 M) 2.91 (A of ABX, Jay = 13.6 Hz, Juy = 7.8 Hz, 1 H) 3.01 (B of ABX, Juy = 13.6 Mz,
Jox =66 Hz, 1 H) 3.68 (s, 3H) 4.12 ~4.24 (m, 2 H) 4.48 — 4.57 (m, 1 H) 6.34 (brd, J= 8.6
Mz, TH) 7.32(d, J= 8.1 Hz, 2 M) 7.41 — 7.56 (m, 2 H) 7.62 ~ 7.86 {m, 1 H) .75 = 7.77 {m, 1
H) 7.81 — 7.84 {m, 2 H),

Exampie 2-19: 1H NMR (400 MHz, CHLOROFORM-0) & ppm 1.28 (t, /= 7.2 Hz, 3 H) 1.35
{t, J = 8.9 Hz, 3 H) 2.44 - 2.53 (m, 4 H) 2.44 — 2.53 (m, 4 H) 2.86 (A of ABX, Jy, = 13.6 Hz,
Jox = 8.1 Hz, 1 H) 2.98 (B of ABX, Jyp = 13.6 Hz, Jy = 6.1 Hz, 1 H) 3.67 (s, 3 H) 3.99 ~4.23
(m, 4 H) 4.48 - 456 (m, 1 H) 8.27 (br d, J= 8.6 Hz, 1 H) 6.94 ~7.04 (m, 2 H) 7,20 — 7.22
(m, 2 H) 7.27 = 7.33 (m, 2 H) 7.41 ~ 7.52 {m, 2 H).

Example 2-20: 1H NMR (400 MHz, CHLOROFORM-¢) 8 ppm 1.28 (t, J= 7.2 Hz, 3 H) 1.43
(5,9H)2.36-2586(m, 8H}284~3.01 (m 4 H)4.11-422(m, ZH} 447 ~4.56 {m, 1 H)

B30-635(m 1H)725-727{m, 2H) 7.51~7 54 (m, 2 H).

Example 2-21: Synthesis of (R)-4-{4-ethoxy-1-{5 fluore-2"-methoxybiphenyl-4-yi}-4-

oxobutan-2-ylamino}-4-oxchutanoic acid

O/(o ........... -
it

//’\JN J]\/,O(,.«
07N NS

To a solution of (Ri-tert-butyl 4-(1-(4-bromophenylj-4-ethoxy-4-oxobutan-2-ylamino)-4-
oxobutanoate, intermediate 9, (100 mg, 0.23 mmol) and 5-flucro-2-methoxyphenylboronic
acid (57.6 mg, 0.34 mmol) in toluene (1 mbL) and ELOH (0.1 mL} is added Pd(PPh;), (26.1
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mg, 0.023 mmol) and Na,COs {(47.9 mg, 0.45 mmael}, After stirring at 95 °C under nitrogen
for 18 hours, the solution is cooted to ambient temperature and then guenched with agueous
1 M HCIL The crude is diluted with ethyl acetate, the organic layer is washed with brine, dried
over Na,SO,, filtered, and concentrated under reduced pressure, The obfained residue is
purified by flash column chromatography on silica gel (eluent: heptane/EtOAc = 100:0 to
30:70) {o give (R)-tert-butyl 4-(4-ethoxy-1~(5-fluore-2-methoxybiphenyl-4-yi}-4-oxobutan-2-
ylamino}-4-oxobutanoate {65 mg). HPLC retention time = 1.44 minutes {condition B), MS
(m+1) = 488.3; 1H NMR (400 MHz, CHLOROFORM-d) & ppm 1.32 (t, J=7.1 Hz, 3 H) 148 {5,
OH)241-248(m, 28)2.581-263(m, 4H) 2.80{dd, J=13.8, 8 Hz, 1 H) 3.02 (dd, /=136,
BHz TH)381(5,3MH)4.14-420(m, 2H)449-483 (m, 1 H) 644 ({d, /=86 Hz, 1H) 8.89
-8.97 (M, TH)B988-705(m, 1 H)7.05-7.11 (m, 1H)7.27 (d, J=8.1 Hz, 2H) 7.4 (d,
J=B 1 Hz, 2 H).

A solution of (R)-tert-butyl 4-(4-ethoxy-1-(5'-fluoro-2'-methoxybiphenyl-4-yl}-4-oxobutan-2-
ylamino)-4-ocxobutanoate, (85 mg, 0.13 mmol) in 4M HClin 1,4-dioxans (671 pl., 2.68 mmol)
is stirred at room temperature. After stirring for 1 hour, the reaction mixture is concentrated
under reduced pressure. The oblained residue is purified by RP-HPLC {SunFire C18,
H.0(0. 1% TFAYCH,CN), and then lyophilized to give (R}-4-(4-ethoxy-1-{5"-fluoro-2'-
methoxybiphenyl-4-yi)-4-oxobutan-2-ylamino)-4-oxobutanoic acid (23 mg). HPLC retention
time = 1.66 minutes (condition D), MS (m+1) = 432.3; 1H NMR (400 MBz, DMSO-dy) & ppm
TAT J=7 T He, ) 221 -232{m, 2H)2.32-240{m, 2H) 240 -248 (m, 2 H) 2.77 (4,
JB.8Hz, 2H)3.74 (3. 3H) 403 (q, 7. 1Hz 2H)4.18-433(m, 1 H}7.04 -7.20 (m, 3 H)
7.23{d, J=8.1Hz 2H) 743 (d, /=B 1Hz 2H)7.83(d, /=83 Hz, 1H)

Following compounds are prepared using similar procedure as described in example 2-21:

LCMS-RT
Example Product Reagent " M3 (M+1)
{condition}
o | PA{PPhy)..
77 | 5-chioro-2-
Example PR methoxyphenylboroni
P 7Y ow Toxypneny 163 min. 448.2
2-22 a (g c acid, aq. 2M o)
Ao O NaiCOy, (R)-tert-butyl
v 4-{1-{4-bromophenyl}-
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(R)-4-(1-{5"-chioro-2'-
methoxybiphenyl-4-yh)-

4~ethoxy-4-oxobutan-

2-ylamino)-4-

4-ethoxy-4-oxobutan-2- | oxcbutanoate.
ylamino)-4-oxobutanoic
acid
4
(‘.‘.&}W‘J Pd{PPh;).,
l/‘v\\” o b 5-fitioro-2-
a :“O/ hydroxyphenyiboronic
,f’\ofi-v N-)Lv-’\ﬂ/f’** acid, aq. 2M Na,COs,
Example H & ; \
523 (R)-tert-butyt 4-(1-(4- | 1.29 min 418.3
(R)-4-(d-ethoxy-1-(5- | o mophenyl)-4- (A)
fluoro-2'- ethoxy-4-oxobutan-2-
hydroxybtphenyi-4-yl}- ylamine)-4-
4-oxobutan-2-ylaming)- oxobutanocate.
4-oxobutanoic acid
(~ \ Pd(FPhay}.,
7% om >
Sy hydroxyphenylboronic
0 0 :
A o | acid, ag. 2M Na,COs,
Example 0 N 1 )
20 Q (R)-tert-butyt 4-(1-(4- { 1.65 min 4003
{R)-4-(4-ethoxy-1-(2'- bromophenyl)-4- (%)
hydroxybiphenyl-d-yi)- | ethoxy-4-oxobutan-2-
4-oxobutan-2-ylamino)- | ylamino)-4-
4-oxobutanoic acid

oxobutanoate.

Example 2-22; 1H NMR (400 MHz. CD;0OD) & ppm 1.23 (t, J=7.1 Hz. 3 H) 2.36 - 2.58 (m, 6
H) 2.85 (d, J=7.1 Hz, 2 H) 3.76 (s, 3 H) 4.10 (q. J=7.1 Hz, 2 H) 4.40 - 457 (m, 1 H) 7.01 (d,
J=8.6 Mz, 1 H) 7.17 - 7.30 (m, 4 H) 7.39 (d, J=8.1 Hz, 2 H)

Example 2-23: 1H NMR (400 MHz, DMSO-ds) 5 ppm 1.18 (t, J=7.2 Hz, 1 H) 2.23 - 2.30 (m,
2 H) 2.34 - 2.40 (m, 2 H) 2.40 - 2.45 (m, 2 H} 2.75 (dd, J=6.6, 3.3 Hz, 2 H) 4.02 (q. J=7.2 Hz,
2 H)4.19 - 4.30 (m, 1 H) 6.87 - 6.94 (m, 1 H) 6.93 - 7.02 (m. 1 H) 7.07 (dd, J=8.7. 3.2 Hz, 1
My 7.22 (d, J=8.1 Hz, 2 H) 7.48 (d, J=8.1 Hz, 2 H) 7.94 (d, J=8.1 Hz. 1 H) 9.52 (5, 1 H)
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Example 2-24: 1H NMR (400 MMz, DMSO-ck) 5 ppm 1.16 @, J=7.1 Hz, 3 H) 2 22 - 2.32 (m,
2 H) 2.34 - 2.41 {m, 2 H) 2.43 (dd, J=6.8, 3.3 Hz, 2 H) 2.68 - 2.82 (m, 2 M) 4.02 (q, J=7.1 Hz,
2 H) 417 - 4,35 {m, 1 H) 6.80 - 6.89 (m, 1 H) 6.93 (d, J=7.1 Hz, 1 H) 7.00 - 7.17 (m, 1 H)
747 -7.29 (m, 3H) 7.46 (d, J=8.3 Hz, 2 H) 7.93 (d, J=8.1 Hz, 1 H) 9.46 (br. 5., 1 H)

Example 3-1: Syntheis of (R)-6-(1-(biphenyi-4-yl}-4-ethoxy-4-oxobutan-2-
ylearbamoyl)pyrimidine-4-carboxylic acid

s 0
o P
o 3
,}t\\-,/ =V
o ( 0 % e o {0 0
/\0~va NJL’@/ ~ Ny N -A\\T"J\OH
H Hooo
T

intermadiate 2
To (R)-ethyl-4-(biphenyi-4-y})-3-(ferf-butoxycarbonylaminojbutanoate (300 mg, 0.782 mmoli)
is added a solution of 4M HCI in 1 4-dioxane (3.92 mL, 15.65 mmoi) at room temperature.
After stirring for 1 hour, the reaction mixture is concentrated under reduced pressure to give
(R)-3-amino-4-biphenyl-4-yl-butyric acid ethyi ester hydrochloride.

Next, to a suspension of pyrimidine-4.8-dicarboxylic acid {325 mg, 1.835 mmol), (R)-3-
amino-4-biphenyl-4-yl-butyric acid ethyl ester hydrochioride (250 mg, 08.774 mmel), WSC
hydrochloride {148 mg, 0.774 mmal) and HOAL (105 mg, 0.774 mmol} in DMF (4 mL) and
H.O (1 mi) is added DIPEA (0.135 mL, 0.774 maymol). After stirring for 14 hours, the reaction
is gquenched with H20, and the products are exiracted with EtQOAc, washed with brine, dried
over Na2504, filtered, and concentrated under reduced pressure.

The obtained residue is purified by RP-HPLC (SunFire C18, H.O(0.1% TFAYCH;CN), and
then lyophilized to give (R}-6-(1-(biphenyi-4-yl}-4-ethoxy-4-oxobutan-2-
ylcarbamoyt)pyrimidine-4-carboxyiic acid (84 .8 mg). HPLC retention time = 1.32 minutes
{condition B): MS (m+1) = 434.1; 1H NMR (400 MHz, DMSO-d6) & pprs 1.12 (1, J = 7.0 Hz,
3 H)2.65{A of ABX, Jab = 154 Hz, Jax = 5.8 Hz, 1 H} 2.73 (B of ABX, Jab = 15.4 Hz, Jbx =
7.9 Hz) 291 (A of ABX, Jab = 13.6 Hz, Jax = 6.1 Hz, 1 H} 3.01 (B of ABX, Jab = 13.6 Hz,
Jbx=82Hz 1H}401 (g, J=70Hz 2H)459-468(m, 1H}729-735(m 3H 741~
745(m, 2H)755~763(m, 4H)832(d J=135Hz 1H)819{d J=91Hz 1H)8.50
{d,J=135Hz 1H) 1411 (brs, 1 H).
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Following compounds are prepared using similar procedure as described in example 3-1.

HPLC-RT | M5 |

Example # Product Reagent u
{condition) | {(M+1)
(2
A
o 5
\\\\\ o L\’ \N"‘h\T Y
H U, /A\._
. W ol 1.56 min.
~ L N ]
xample 32 1 (r)-4-pipheny-a-yla{(2- | 7 L1 A 406.2

hydroxy-pyrimidine-5-
carbonyi)-aminol-butyric
acid ethyi ester

¢y
|
O [«)
o’L\V’L ﬁ\ j o - .
i 4N g 1.73 min.
Example 3-3 HCT YY) . 390
(R)-4-biphenyi-4-yi-3- i A
[pyrimidine-4-carbonyl)-
amino}-butyric acid ethy!
ester
<‘/\\\ )
8 .
L /‘:—:f; v 3'1”\ =
CE N S
Frd T
Example 3-4 R ) 169 min 4300
Xampie o o PyBOP instead | () '
(R)-ethy! 4-{biphenyl-4- of WSC HCI
Ne3-15- -
yi)-3-{5-chloro-6 and HOAL

hydroxynicotinamido}but

anoate
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\.i«‘\;_x“g E
i N > 1.55 min,

Example 3-5 . ' PyBOP instead (B) 4052

(R}-ethyl 4-(biphenyl-4- of WSC.HCI.

1N-3.(6-

vh)-3-8 HOAt
hydroxynicotinamido}but
anoate

i [
g HQ,}J\,\\_,C,\“ )
i1 1.65 min.

Example 3-6 [ A 4222
{R)-ethy! 4-{biphenyl-4-yl}- )
3+(5-hydroxy-4-ox0-4H-
pyran-2-
carboxamido)niianoate

\’?«
..L‘-: g .
¢ : A
.,-\J,.\ N Sy HO \!i' - .
S NP, RN, 1.58 min.

Example 3-7 s _ 405.8
(Ry-ethyl 3-(2- PyBOP instead | (A)
aminopyrimiding-5- of WSC.HCI
carboxamido)-4-(biphenyl- | and HOAL
4-ylbutanoate

(}
Q f (§ RO \E‘ r!:
»""x"()"'i\"’ N \E""“"N AT 1.65 min.
Example 3-8 A 404.3

PyBOP instead | (A)

(R)-ethyt 3-(6- of WSC.HCI

aminonicotinamido)-4-
and HOAt

{biphenyl-4-yhbutanoate
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Example 3-2: 1H NMR (400 MHz, DMSO-d6) & ppm 1.14 (. J= 7.1 Hz, 3H) 2.57 (d, J = 7.1
Mz, 2H) 2.83~2.02(m. 2H)4.03(q. J=7.1Hz 2 H) 443~ 4.52 (m, 1 H) 7.29 ~ 7.36 (m,
3H)7.42~7.46 (m, 2 H) 7.58 ~ 7.65 (m, 4 H) 8.30 (d, J= 8.4 Hz, 1 H) 8.64 (br s, 1 H).

Example 3-4: 1H NMR (400 MHz, DMSO-d6) & ppm 113 (t, J= 7.1 Hz, 3H) 2.55(d, J = 6.9
Hz, 2 H) 2.82 —2.92 (m, 2H) 4.00 (q, J = 7.1 Hz, 2 H) 4.43 ~ 4.52 (m, 1 M) 7.29 -~ 7.35 (m,

3H) 742746 (m 2H) 758 ~7.65(m, 4 H) 7.93—-7.96 (m, 1H) 8,10 (d, J= 2.3 Hz, 1 H)

8.25(d, J=83Hz, 1H)12.53(d, J=6.1 Hz, 1 H).

Example 3-5: 1H NMR (400 MHz, DMSO-d6) & ppm 1.13 (. J=7.1Hz, 3H)2.55(d. J=7.6
Hz, 2 H) 2.81-2.82 (m, 2 H) 4.02(q. J=7.1Hz 2H) 443 -452 (m, 1 H)7.20-7.36 (m. 3
H) 7.42 ~7.46 {m, 2 H) 7.57 = 7.65 (m, 4 H) 7.78 = 7.81 (m, 1H) 7.92 (d, J = 2.3 Hz, i H)
BB (d, J=81Hz, 1H)11.92 (s, 1 H).

Example 3-8: 1H NMR (400 MHz, DMSO-¢6) & ppm 1.13 (t, J = 7 Mz, 3 H) 2.55 2.67 (m, 2
M) 2.83- 2.94 (m. 2 H) 4.02 (q. J =7 Mz, 2 H) 4.46 — 4.55 (m, 1 H) 6.82 (5, 1 H) 7.28 - 7.35
(M. 3M)7.42 ~7.46 (M 2H) 759 (d, =83 Hz, 2 H) 7.63 (d, 4 = 7.0Hz, 2 H) 8.13 (s, 1 M)
8.89 (d, J = 8.6 Hz, 1 H) 9.56 (s, 1 H).

Example 3-7: 1H NMR (400 MHz, DMSO-d6) & ppm 1.13 (t, J = 7 Hz, 3 H) 2.56 ~ 2.58 (m, 2
M) 2.83-2.94 (m, 2 H) 4.02 (g, J=7Hz, 2 H)4.46—4.55 (m, 1 H) 7.18 (5. 2 H) 7.30 - 7.35
(M, 3H)7.42 ~ 7.46 (m ,2 H) 7.58 ~ 7.65 (m, 4H) 8.22 (d. J = 8.1 Hz, 1 H) 8.60 (s, 1 H).

Example 3-9: Synthesis of {R)-benzyl 3-(4-butoxy-4-oxobutanamido)-4-{3'-
chiorobiphenyi-4-ylibutanoate

i) Cl
1Y X
I a
Vo3 Loy
e PaS v - -
» — i W
ea A
0 Q { 9
li/’%ﬁr N O’ A i NHJ HC {1// g O,-"L\\,,’" N "j\\/’ “\“/ O\\_/f\'\‘.
H | R
S . " 0

A mixture of {(R)-benzyl 3-amino-4-(3'-chlorobiphenyl-4-yl)butanoate hydrochioride (150 myg,
0.360 mmol}, 4-butoxy-4-oxobutanoic acid {107 mg, 0.540 mmol, 88% purity}, EDCI (104
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mg. 0.540 mmol), DIPEA {0.084 ml, 0.540 mmol) and HOAL (73.8 mg, 0.540 mmol} in DMF
{2 mi) is allowed to stir at room temperature for 1 hour. The reaction mixture is diluted with

water, and then the precipitated solid is collected on a funnel, washed with H20. and dried

under reduced pressure to give crude. The obtained residue is purified by silica gel flash
column chromatography (heptane/EtOAc = 100:0 to 0:100) to give (R)-benzyl 3-{4-butoxy-4-
oxobutanamido)-4-(3-chiorobiphenyi-4-yhibutanoate (178.9 mg): HPLC retention time = 1. 47
minutes (condiion B), MS (m+1) = 5§36.42; 1H NMR (400 MHz, CHLOROFORM-¢)} & ppm
080~094{(m 3H)131~140(m, 2H) 156163 (m, 2H)239-242(m, 2H)248 ~
262 {m, 4 H) 2.84 (A of ABX, Jp = 136 Hz, J, = 8.1 Hz, 1 H) 2.97 (B of ABX, J,p = 13.6 Hz,
J =88 Hz, TH4 07, =87 Hz, 2H)448-456(m, 1 H)5.12 (Aof AB, J=12.1 Mz, 1
H}518(Bof AB, J=121Hz 1 H)}8.27 (brd, J=77Hz, 1H)7.20(d, J=83 Hz, 1 H) 729

~7.39(m. 7 H) 742 =7.47 (m, 3H) 7.54 - 7.55 (m. 1 H).

3-(3~(pyridin-3-

ylipropanamidojbuta |

S

) _ N HPLC-RT | MS
Example # Praduct Starting Material Condition y
{condition) i (M+1)
4
(L“\ ot
sy e
s (o &} ¥
fv’\l.__‘.t“\\/]iH«-EL,V..'\\_,J»\;{.’."\\ﬂ . ‘};‘é‘r ) o
Example 3- (R)-methyl 6-(1 (:; (:\5 EDCH 1.40 min. 4605
-methyt 6-(1-(3'- o R
10 { .y {(1-( 00\ A HOAL, (B)
chicrobiphenyl-4-yi}- : N DIPEA,
4-gthoxy-4-oxobutan- DMF, RT
2-ylaming)-6-
oxohexanoate
e “ )
) S j\ O ,\(“* O
e X7 ¢y ’ i
Example 3~ K b . 1.58 min.
" o . EDCH, 4513
1 (R)-ethyl 4-(3- oA e (A)
(i o NHHCE 1 HOAL DMF,
chiorebiphenyl-4-yl}- RT
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Example 3- | (15 4s)-methyl 4- I . 142min. |
X Cl, , -
12 {R)-1-(biphenyl-4- S (B)
| o ,f\ HOAL,
yi:"é‘eth{)xy‘t;' TN NNML M DlPEA
oxabutan-2- DME. RT
yicarbamoyl)cyclohex ‘
anecarboxylate
3
(1 .
IR “0)
e P o
& & )
& Y Y b
13 ({R)-1-(biphenyl-4- ). (B}
; o )\ HOAL
)-4-ethoxy-4- Ao b | ppga.
oxobutan-2- DME. RT
ylcarbamoyhoyclchex i
anecarboxylate
&
€3
¢ { i -
B & ’QO'K/FXF/ﬁ
b A A ., o
o N § 0“1
Example 3- ~ EDCH, 1.61 min.
. 0 NH, HCH ’ '
chiorobiphenyi-4-yl}- DIPEA
3-{3-(pyridin-2- DMF, RT
yhpropanamido)buta

noate
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Example 3- (\;}“benzyi e YL 156min. |
0 chlorobiphenyl-4-yh)- '/:j oYk | HOAL (B}
‘ DIPEA,
3-(4-ethoxy-4- DMF, RT
oxobutanamido)buta
noate
g\fgx?af\ £ \/i} i
Example 3- | (R)-ethyl 5-(4- Lo | EDC 1.57 min.
17 (benzyloxy}-1-(3- ﬂ.,..\j,mgikv. e | HOAY, ) 522.4
chiorobiphenyl-4-yi)- e DIPEA,
4-oxobutan-2- DMF, RT
ylamino)-5-
oxopentancate
&)
. ;i ii\:\ \«5 ‘O = %';
L Y | ot
. N _.-PJ nd b \>
Example 3- | (R)tert-butyl 2-(3- S 0.80 min.
18 (1-(3-chlorobipheny- | § { EDCL, &) 580.3
<7 TR, MO HOAL
4-yi)-4-ethoxy-4- '
oxobutan-2-ylamino)- DIPEA,
3-pxopropyl}-1H- THF, RY
benzold]imidazole-1-
carboxylate
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Example 3- o - 1.46 min.
tert-butyl 4-(1-{3 7 A s
= ’ oA, HOAL ®)
chiore-3-fluorobiphenyl- '
4-yl)-4-ethoxy-4- DMF, RT
oxcbutan-~-2-ylamino}-4-
axobutanoate

Exampie 3-10: 1H NMR (400 MHz, CHLOROFORM-d) 6 ppm 1.29 (t, J=7.2 Hz, 3H) 1.58 -
184 (m 4H)214-2.18{(m, 2H}2.28 ~2.32 (m, 2 H) 2.49 (A of ABX, Juy = 16.2 Hz, Ji =
5.3 Hz, 1 H) 2.53 (B of ABX, Ju = 16.2 Hz, 4, = 5.3 Hz, 1 H) 2.87 (A of ABX, Jyp = 13.6 Hz,
Ju=8.1Hz, 1 H) 2.99 (B of ABX, o, = 138 Hz, Sy * 6.8 Hz, 1 H} 3.65 (s, 3H)4.11-4.23
(m 2H)4.48-456(m, 1H)6.18 (brd, J=88Hz, 1H)7.26-7.37 (m, 4 H) 7.43 ~7.52 (m,
3H)7.56 (brt, J=18Hz 1 H}

Example 3-11: 1H NMR (400 MHz, CHLOROFORM-d) 8 ppm 1.27 ({, J=7.1 Hz, 3 H) 240 ~
281 (M 4H)277~283(m, 1H)291-287(m 3 H)4.08-420(m, 2H)446-454 (m, 1
H)8.22-624(m 1H)7.18-7.23(m 3H) 7.29-7.37(m 2H) 743-7.49 {m, 3 H) 7.55 ~
757(m 2H)B44(d, J=48Hz 1H) 848 (s, 1 H).

Example 3-12; 1H NMR (400 MHz, CHLOROFORM-d} 8 ppm 1.29 (1, J=7.1 Hz, 3H) 1.53 ~
2.20{m, 9 H) 2.46 - 2.57 {m, 3 H) 2.86 (A of ABX, J,, = 13.6 Hz, J5, = 7.8 Hz, 1 H) 288 (B
of ABX, Jyp = 13.6 HZ, Jy =88 Hz, 1 H) 3.65 (s, 3H) 4.11-4.23 (m, 2 H) 4.47 - 455 (m, 1
H}623(brd, J=86Hz 1H)724~726(m, 2H)7.31-7.35(m, 1H) 741 -745(m, 2 H}
7.51~7.58 (m, 4 H).

Example 3-13: 1H NMR (400 MHz, CHLOROFORM-d) 8 ppm 1.29 (t, J= 7.2 Hz, 3 H) 1.36 ~
1.51 (m, 4 H) 1.84 — 1.94 (m, 2 H) 1.98 - 2.06 (m, 3 H) 2.24 — 2.32 (m. 1H) 2.50 (A of ABX,
Jop = 16.2 Mz, Joy = 5.3 Hz, 1 H) 2.53 (B of ABX, Jay = 16.2 Hz, Jp = 5.1 Hz, 1 H) 2.86 (A of
ABX, Jap = 13.6 Hz, Jay = 7.8 Hz, 1 H) 2.98 (B of ABX, Jup = 13.8 Hz, Jbx = 6.6 Hz, 1 H) 3.68
(5, 3H)4.11-4.23 (M, 2H) 4.46 - 4.55 (m, 1 H) 6.19 (brd, J = 8.8 Hz, 1 H) 7.24 ~ 7.26 (m,
2H)7.31-7.36 (m, 1 H) 7.41 ~ 7.45 (m, 2 H) 7.51 - 7.58 (m, 4 H).
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Exampie 3-14: 1H NMR (400 MHz, CHLOROFORM-d) 8 ppm 1.26 {{, J=7.2 Hz, 3H) 2.41 -
25T (M 4 H)262~288{(m, 2H)284 (Aof ABX, Jp =136 Hz, J,, =76 Hz, 1H)292 (B
of ABX, Jop = 136 Hz, /=66 Hz, TH) 306 -3.10(m, 2H)4.08-4.19 (m, 2H) 4.46 - 455
(m, TH)B.78(d, J=89Hz 1H}7.10-712(m, 1 H} 716 (d, J=7.8Hz, 1 M) 7.20-7.22
(m, 2H}7.28- 731 (M 1TH) 735 J=T77Hz TH)742-747 (M 3H) 784 -759 (m, 2
H) 848 (d, = 1.0 Hz, 1 H).

Example 3-16; 1H NMR (400 MHz, CHLOROFORM-d) 8 ppm 1.24 {t, J=7.1Hz, 3H) 2.38 ~
242{(m, 2H)249-261(m, 4H)282-300(m, 2H)412(q, J=7.1Hz 2H} 447 ~4.56
M TH}5.12(A0fAB, J=123H2, 1H)518(BofAB, J= 123 Hz 1H)826 (brd. /=86
Mz, 1H}7.20(d, J=83Hz 2H)7.28-7.46 (m 10H) 7.54 -7 54 {m, 1 H).

Example 3-17: 1H NMR (400 MHz, CHLOROFORM-d} 8 ppm 1.23 (t, J= 7.2 Mz, 3 H) 1.86 —
1.92 (m, 2 H) 2.14 - 2.18 (m, 2 H) 2.24 ~ 2.28 (m. 2 H) 2.50 - 2.63 (m, 2 H) 2.82 - 2.9 (m,
2H)4.11(q. J=7.2 Hz, 2 H) 4.53~4.54 (m, 1H) 5.12 (A of AB, J = 12.1 Mz, 1 H) 5.18 (B of
AB, J=12.1 Hz, 1 H) 6.12 - 6.14 (m, 1 H) 7.10 - 7.54 (m, 13 H).

Example 3-18. 1H NMR {400 MHz, CHLOROFORM-d) 8 ppm 1.26 (t, J= 7.2 Hz. 3 H) 1.67
(s, 9H) 2.46 — 2.57 (m 2 M) 2.74 — 2.95 (m, 4 H) 3.41 ~ 3.45 (m, 2 H) 4.09 ~ 4.17 (m, 2 H)
450~4598(m, 1H)6.85(brd, J=86Hz 1H) 7.18(d, J=8.1Hz, 2H) 727~ 742 (m, 7
H)7.51(t, J=1.8Hz 1H)7.61-7.65(m. 1 H) 7.86~7.93 (m, 1 H).

Example 3-19: 1H NMR {400 MHz, CHLOROFORM-d) 8 ppm 1.28 (t, J= 7.2 Hz, 3 H) 1.43
(8, 9H) 237 -240(m, 2H)2.50~258 (m 4 H} 298 (d, J=73Hz 2H} 413 -421(m, 2
H)448-456(m 1 H)835(brd, J=88Hz 1H)7.22~744{m 6H)754~754(m, 1H).

Example 3-20: Synthesis of {R)-ethyl 4-(3"-aminobiphenyl-§-y1)-3-(4-methoxy-4-

oxobutanamidojbutanoate
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A suspension of (Rj-ethyl 3-(4-methoxy-4-oxobutanamido)-4-(3-nitrobiphenyi-4-ylibutanoate
{123 mg, 0.278 mmol} and Pd/C (59.2 mg, 0.028 mmol) in EtCH (2 ml) is allowed to stir
under hydrogen at room temperature for 5.5 hours. The reaction mixture is filtered, and the
solution is concentrated o give (R)-ethyt 4-(3'-aminobiphenyl-4-y1)-3-(4-methoxy-4-
oxobutanamidojbutanoate {105 mg); HPLC retention time = 0.84 minutes (condition B); MS
{m+1) = 413.1; 1H NMR (400 MHz, CHLOROFORM-d) & ppm 1.28 {t, J= 7.2 Hz, 3 H} 2.41 ~
265(m, 6H)285-3.00(m, 2H)367(s,3H) 411-422{(m, 2H)446-454(m, 1 H)
6.31{(brd, J=88Hz, 1H)G71-674(m T1H)I695~702(m 2H)7.21~-7.25(m. 3 H)
748750 (m, 2 H).

Following compounds are prepared using similar procedure ag described in exampie 3-20:

Example N HPLO-RT | MS
Product Condition _ 3
* {conditicn) | (M+1)
cLo
& \“{ \,1\
o ...&a,g’ i“}
g"\\\;_.-"\ ~ 'E\ \}.-i';f!l\‘! ~\§,\)\‘( . (3(_‘ s
Example | (Rybenzyl43- | o~ SN S e 178 min
P ' b Bl , 586.5
3.22 chicrobiphenyl-4-yi)-3-(4- (B)
(2,3-dihydro-1H-inden-5- | £ Xample BB-13,
yloxy)-4- PyBOP, indano,
oxobutanamido)butanoat DCM, RT
e N
3

Example 3-22: 1H NMR (400 MHz, CHLOROFORM-¢} 0 ppm 2.03 —2.11 (m, 2H) 2.48 —
282 {(m 4H)281~290(m, 7H)285-3.00{m, 1H)449-458(m, 1 H)507~518{m,
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2Hy823(brd, J=86Hz, 1TH)679~882{m. 1H)692{s, 1H)7.15-7.20(m 3 H)7.29
=745 (m, T0H) 7.52 753 (m, 1 H)

Example 3-23: Synthesis of {S)-benzyl 1-{2-{{R)-1-{bipheny}-4-yl}-4-ethoxy-4-oxobutan-

2-ylamino)-2-oxoethyljpyrrolidine-2-carboxylate trifluoroacetic acid salt

s
:)1\ fu\ ,,NX. \ \\
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To a solution of (S)-benzyl 1-(2-tert-butoxy-2-oxoethylypyrrolidine-2-carboxylate {200 mg,
0.626 mmol} and triethyisilane (0.250 ml, 1.565 mmol) in DCM (3 mi), TFA (0,965 mi, 12.52
mmiol) is added at room temperature. After stirnng for 24 hours, the reaction is concentrated
to give crude.

To a suspension of the crude, (R)-ethyl 3-amino-4-(biphenyi-4-yhbutanoate hydrochioride
(266 mg, 0.832 mmol), WSC.HCI (0 180 g, 0.939 mmol) and HOAt {128 my, 0.939 mmoi} in
DMF {4 ml}), DIPEA {0.328 mi, 1.878 mmol} is added. After stirring for 4 hours, the reaction is
diluted with H,O and EtOAc. The products are extracted with EtOAc, washed with brine,
dried over Na,SO,, filtered, and concentrated. The crude is subjected twice to column
chromatography (heptane/EtOAc = 100:0 to0:100). Then, the obtained product is purified by
preparative HPLC using a gradient of 20% MeCN/water (0.1 % TFA) to 100% MeCN to give
{S)-benzyl 1-(2-({R)-1-(biphenyl-4-yl}-4-ethoxy-4-oxobutan-2-ylamino)-2-oxoethylypyrrolidine-
2-carboxylate trifluoroacetic acid salf (28.5 mg) as a pale yellow solid; HPLC retention time =
1.84 minwtes (condition D}, MS (m+1) = 529.3; TH NMR (400 MHz, CHLOROFORM-d) &
ppm 1.25-128(m 3H} 174 ~185(m. 2H) 191 -108(m, 1 H}2.00 219 (m, 1 H)2.35
- 241 (m, 1H) 246 (A of ABX, Jab =157 Hz, Jax =866 Hz, 1 H) 2.59 (B of ABX, Jyp = 13.7
Hz, Jox =57 Hz, TH)2.78~283{m, 1 H) 2.86 (A of ABX, Jyp = 138 Hz, Joe = 8.1 Hz, 1 H)
299 (Bof ABX, Ju = 13.7 Hz, Uy, =64 Hz, 1 H) 308 (Aof AB U= 16 5Hz, 1 H) 3.35 (B of
AB J=165Hz 1H)341(dd, J=91and51Hz, 1 H) 411 -4.20 {(m, 2 H) 446 ~ 4 55 (m,
TH)S10{AOfAB, =124 Hz TH)5.13(Bof AB, J=124Hz, 1H)7.26~7.27 (m, 2H)
731-738{m,6H)740~744(m 2H)749-756{m, 4H)7.74 (brd, J=86Hz, 1 H).
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Example 3-24; Synthesis of (R)-ethyl 4-(3'-acetamidobiphenyl-4-yl)-3-(4-methoxy-4-
oxobutanamidojbutancate

HN

s

e} Q
Q

A solution of {R)-ethy! 4-(3"-aminobipbenyi-4-yl}-3-{4-methoxy-4-oxobutanamido)butanoate
{70.5 myg, 0.171 mmol}, EtzN {0.027 mi, 0.205 mmol) and Ac;0 {0.019 mi, §.205 mmaol) in
DCM {1.7 mi} is allowed to stir at room temperature for 65 hours. The reaction mixture is
diluted with water. The products are extracted with DCM in a phase separator and
concentrated to give crude (98 mg). The crude is purified by silica gel flash column
chromatography (eluent: DCM/MeOH = 10:1} to give (R)-ethyl 4-(3"-acetamidobiphenyi-4-yi)-
3~{4-methoxy-4-oxobutanamido)butanoate {7 1.5 mg), HPLC retention time = 1.45 minutes
(condition D); MS (m+1) = 455.4; 1H NMR (400 MHz, CO3CN, mixture of rotamers, data for
major rotamer} S ppm 1.21{, J=7.1 Hz, 3H) 207 (s, 3H) 231 -234 (m, 2 H) 2.40 ~ 2.51
M 4H)282-284(m, 2H)358(s, 3H)407(q, J=T7T1Hz 2H}434-443 (m, 1H)6.46
{brd, J=89Hz 1H)728-738(m 4H)752~754(m, 3H}780C(s, 1H}837 (brs, 1
H}.

Example 3-25: Synthesis of {R})-3-(4-butoxy-4-oxobutanamido}-4-(3'-chlorobiphenyl-4-
yhibutancic acid
i i

-
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A suspension of {R)-benzyl 3-(4-butoxy-4-oxobutanamido)-4-(3'-chlorobiphenyl-4-
yiibutanoate (178.9 mg, 0.334 mmotl} and Pd/C (71.0 mg, 0.033 mmol) in EtOAc (3 mi} is
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allowed to stir under hydrogen at room temperature for 1.5 hours. The reaction mixture is
filtered, and concentrated to give orude. The resulting residue is purified by preparative
HPLC using a gradient of 20% MeCNiwater (0.1% TFA) to 100% MeCN to give {R)-3-(4-
butoxy-4-oxobitanamido)-4-(3'-chiorobiphenyl-4-yhbutanoic acid (90.7 mg) as a white solid;
HPLC retention time = 1.27 mintes {condition B); MS (m+1) = 448 24; 1H NMR (400 Mz,
CHLOROFORM-d) S ppm 081 {(t, J= 75 H2, 3H) 131~ 140 (m 2H)155-162{m, 2 H)
2A43-247 (M, 2H)252-268{(m ,4H) 293 (AofABX, Ju= 137 Hz, Ju=7.7Hz 1H)
3.00{Bof ABX, Jio =137 Hz, S =68 Hz, 1TH)407 (1, J=6.7Hz, 2H) 448457 {m, 1 H)
631 (brd, J=86Hz 1H)728-737 (M 4H)743-746(m, 1H)748-752{(m 2H} 755
(brt, J=18Hz 1 H).

Chiral HPLC retention time = 4.33 min. Column: Daice! CHIRALPAK 1A {4.6x100mm); flow
rate = 1mi/min.; eluent: EtOH(containing 0. 1% TFA)heptane = 10/90 to 70/30 in 10min.
{tinear gradient).

Following compounds are prepared using similar procedure as described in example 3-24:

, HPLC-RT MS
Example # Product Condition -
{condition)} {M+1)
Gt
A
'
w")b-:
)
! 83
HO j\/ N SN "E\ ™
Example 3- = Pd/C, M, EtOAc, | 1.08 min.
R)eba( 3 432 .4
26 {R)-4-(3"- RT (8
chiorobiphenyl-4-yl}-3-
{5-ethoxy-5-
oxopentanamido)butan
oi¢c acid
ous”
Example 3- 3 Pd/C, Hy, EtOAC, | 1.36 min.
o ¢ o ; , 506.4
27 I Y % o . }acetone RT (B)
A T S
H o 3\5’;-‘;».4>
(R)-4-(3'™-
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chiorobiphenyl-4-yl)-3-
{4-(2 3-gihydro-1H-
inden-5-yloxy)-4-
oxobutanamidojbutanoi

¢ acid

o (“o
14040 N

HEO' N
H

Example 3- o Pd/C, H,, EtOAc, | 1.00 min.
28 (R)-4-{3" RT (B)
chiorobiphenyl-4-yi}-3-
{4-ethoxy-4-
oxohutanamideYbutanoi

418.4

¢ acid

Example 3-26: 1H NMR (400 MHz, CHLOROFORM-d) 8 ppm 1.23 {t. J= 7.1 Hz, 3 H) 1.86 -
1.93 (m, 2 H) 2.57 (A of ABX. Jyp = 16.3 Hz, Ju = 5.7 Hz, 1 H) 2.64 (B of ABX, Ja, = 16.3 Hz,
Je = 5.2 Hz, T H) 2.94 (A of ABX, Jup = 13.7 Hz, Jay = 7.6 Hz, 1 H) 2.99 (B of ABX, Jy =
13.7 Hz, e = 7.2 Hz, TH) 4,10 (q, J= 7.1 Hz, 2 H) 4.51 ~ 480 {(m. 1 H)6.17 (brd. /= 8.6
Hz, 1H) 7.26 - 737 (m, 4 H) 7.43 - 7.45 (m, 1 H) 7.49 - 7.52 (m. 2 M) 7.55 (br t. J = 1.8 Hz,
1 H).

Example 3-27: 1H NMR (400 MHz, CHLOROFORM-d) 8 ppm 2.07 {quint, J = 7.4 Hz, 2 H)
251-263 (M 4H)282-302(Mm 8H)450-459(m 1H)628(d J=86Hz 1H) 678~
881 {m, 1H)891 (0 J=18Hz, tH)726-736(m,6H)7.41-7.44(m, 1 H)7.47-7.50
{m, 2H) 7.53-7.54 (m, 1H).

Example 3-28: 1H NMR {400 MHz, CHLOROFORM-d) 5 ppm 1.24 (t. J = 7.2 Hz, 3 H) 2.44 -
2.69 (M. 6 H) 2.93 (A of ABX, Ju = 13.7 Hz, J,. = 7.8 Hz, 1 H) 3.00 (B of ABX, Jup = 13.7
Hz, Joe = 6.7 Hz 3 M) 4.12 (0, J= 7.2 Mz, 2 H) 4.49 — 4.57 (m, 1 H) 6.35 {br d, J = 8.6 Hz, 1
M) 7.26 - 7.37 (m, 4 H) 7.43- 7.46 (m. 1 H) 7.49 - 7.52 (m, 2 H) 7.55 (br t, J = 1.6 Hz. 1 H).
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Example 3-29: Synthesis of (R)-3-(4-{benzyloxy}-4-oxobutanamido)-4-(3'-
chiorobiphenyi-4-yljbutanocic acid

i Ql
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A solution of succinic acid mono-benzyl ester {71.1 mg, 0.342 mmol). EDCI (65.5 mg, 0.342
mimol) and MOAL (46 5 mg, 0.342 mmol) in DMF (1 mi), which is allowed to stir at room
temperature for 1 hour, is added to & solution of {R}-3-amino-4-(3'-chlorobiphenyl-4-
yhbutanoic acid (66 mg, 0.228 mmol) and DIPEA (0.080 mi, 0.456 mmol) in a mixed solvent
DMF {2 mi} and water (2 mi). The reaction mixture is allowed to stir for 3 hours, and then
diluted with H,0. The products are extracted twice with EtOAc. The combined organic layer
is washed with brine, dried over Na,80,, filtered, and concentrated to give crude. The
resulting residue is purified by preparative HPLC using a gradient of 20% MeCN/water (0. 1%
TFA) to 100% MeCN to give {R)-3-{4-(benzyloxy)-4-oxobutanamido)-4-(3'-chlorobiphenyl-4-
yilbutanoic acid (42 4 mg) as a white solid; HPLC retention time = 1.22 minutes {condition
B}, MS {m+1) = 480.35; 1H NMR (400 MHz, CHLOROFORM-d) & ppm 2.44 - 275 {m, 6 H)
286-299{m, 2H)448-4568(m, 1H)511 (s, 2H) 628 (brd, J=8B6Hz 1H)697-707
{fm, AOHY725-736 (M, 2HY7.42-750(m, 2H) 7.54 (brt, J= 16 Hz, 1 H).

Example 3-30: Synthesis of 4-(biphenyl-4-y1)-3-{1-

(carboxymethyljcyclopentanecarboxamido}butanoic acid

) o
5},&»5 HO .)‘L\‘&W, N. /\\E/ OH
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To tert-butyl 4-(biphenyl-4-yi)-3-{tert-butoxycarbonylamino)butanoate {110 mg, 0.267 mmol},
a solution of 4 M HClin 1 4-dioxane (0.668 mi, 2.67 mmol) is added. Afier stirring for 1 h, the
reaction mixture is concentrated o give crude 3-amino-4-biphenyl-4-yi-butyric acid tert-butyl
ester hydrochloride.
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Next, to a sotution of EDCI (51.2 mg, 0.267 mmol), 1-hydroxy-7-azabenzotriazole (36 4 mg,
0.267 mmol) and 8 : 1 mixture of 1-{2-{benzyloxy)-2-oxoethyheyclopentanecarboxylic acid
and 2-(1-{benzyloxycarbonyl)cyciopentyl)acetic acid (65.6 mg, 0.214 mmol} in DMF (1 mi),
which is stirred for 1.5 hours in advance, the crude 3-amino-4-biphenyl-4-yl-butyric acid tert-
butyl ester hydrochloride and DIPEA (0.093 mi, 0.535 mmol} are added. After stirring for 2.5
hours, the reaction mixture is diluted with H20, and the products are extracted with EtCAc.
The organic layer is washed with brine, dried over Na2S04, filtered, and concentrated. The
obtained residue is purified by sifica gel flash column chromatography (heptane/EtOAcC =
100:0 to 0:100) to give crude tert-butyl 3-(1-(2-(benzyloxy}-2-
oxoethyhcyclopentanecarboxamido)-4-(biphenyl-4-yhbutanoate (38 mg).

Next, to the solution of the crude tert-butyt 3-(1-(2-{benzyloxy)-2-
oxoethyljcyclopentanecarboxamido)-4-(biphenyli-4-ylibutanoate (38 mg) in DCM (0.7 mi),
TFA (0.263 mi, 3.42 mmol} is added. After stirring for 1 hour, the reaction mixture is
concentrated to give crude 3-{1-(2-{benzyloxy)-2-oxoethyl)cyclopentanecarboxamido)-4-
(biphenyl-4-ylibutanocic acid (39 mg).

Next, A suspension of the crude (39 mg) and Pd/C (16.6 mg, 7.8 umol) in EtOH (1 mi) is
allowed to stir under hydrogen at room temperature for 4 hours. The reaction mixture is
fitered, and concentrated to give crude The resulting residue is purified by preparative
HPLC using a gradient of 20% MeCN/water {0.1% TFA) to 100% MeCN to give 4-(biphenyl-
4-yh)-3-(1-{carboxymethyl)cyciopentanecarboxamido)butanoic acid (12.7 mg); HPLC
retention time = 1.16 minutes (condition B);, MS {m+1) = 410.1; 1H NMR (400 MHz, DMSO-
d6ydppm 1.39-1.53(m 6H) 183-198(m 2H)234-245{m 2H) 253 (. 2H)273-
286 (M 2M)421-433 (M 1H)7.27(d J=81Hz 2H)7.32-7.37{(m, 2H)7.43-7.46
{m, 2H)755-758(m, 2H)762-764 (m, 2H)7.84 (brd, J=8.9Hz 1H)

Example 3-31: Synthesis of (R}-ethyi 4-{3"-chlorobiphenyl-4-yl}-3-{2-ox0-2,3-

dihydrooxazole-8-carboxamido)butanoate
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To a solution of (R)-ethyl 4-(3'-chlorobiphenyl-4-yi)-3-(2-methoxyoxazole-5-
carboxamido}butanoate, intermediate 14, (103 mg, 0.23 mmol} in dioxane {3 mL) is added 4
N solution of HCI in dioxane (8.29 mL, 1.16 mmol). The crude was stirred at room
temperature for 2 hrs. The crude is concentrated and is diluted in water and EtOAc. The
oganic layer is washed with brine, dried over MgSQ,, filtered, and concentrated. 50% of the
crude is purified via RP-HPLC (SunFire C18, H,O{0. 1% TFAYCH;CN;) to give (R)-ethyl 4-(3'-
chlorobiphenyi-4-yh)-3-(2-0x0-2,3-dihydrooxazole-5-carboxamido)butanoate (38 mg) as a
white solid. HPLC retention time = 1.86 minutes {condition A); MS (m+1) = 428.4, 1H NMR
(400 MHz, CHLOROFORM-d) & ppm 1.28 (¢, J=7.1 Hz, 3H) 2.51 - 2.68 {m, 2 H} 2.85 (dd, 1
H}3.05(dd, 1H) 418 (g, 2 H) 4.58-475(m, 1 H)683(d. J=BBHz, 1H)726-733(m, 4
H)Y7.38 (t, =77 Hz, 1 H) 745 (dt, J=76,1.5Hz, 1 H} 751 (d, /=83 Hz, 2H)7.56({t J=1.8
Mz, 1H) 845 (br. s.. 1 H).

Example 3-32: Synthesis of (R)-ethy! 4-(3'-chiorobiphenyi-4-yl}-3-{2-0x0-2,3-

dihydrothiazole-5-carboxamido)butanoate
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To a solution of {R}-ethyl 4-{3'-chlorobiphenyl-4-yi)-3-{2-methoxythiazole-5-
carboxamidoibutanoate, infermediate 13, (170 myg, 0.37 mmol} in dicxane {5 mL) is added a
soiution of 4 M HCI in dioxane (0.5 mb, 2.00 mmol). The crude is stirred at room
temperature for 3 hrs. The crude is concenirated. Part of the crude is purified via RP-HPLC
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{SunFire C18, H.0(0.1%TFAYCH,CNj) to give (95 mg) of (R)-ethyt 4-(3'-chiorobiphenyt-d-yi)-
3-(2-ox0-2.3-dihydrothiazole-5-carboxamido)butanoate as a white solid. HPLC retention
time = 1.82 minutes (condition D); MS (m+1) = 445.2. 1M NMR (400 MHz, CHLOROFORM-
A oppm 120, J=7.1Hz, 3H)246-2.70 (m, 2 H) 2.78-2.97 (m, 1 H) 3.07 {dd, J=13.0,6.2
Mz, TH}4.11-428(m, 2H)4.51-469(m, 1H)6.64 (d, J=8.1 Hz 1H), 7.18-7.42 (m, 5 H)
7.44 {d, J=6.1 Hz, 1 H) 7.48-7.62 {m, 3H), 9.54 (br. 5., T H).

Example 3-33: Synthesis of (R)-ethyl 4-(3'-chlorobiphenyl-4-yl}-3-(5-0x0-4,5-dihydro-

1,3.4-oxadiazole-2-carboxamido)butancate
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To a solution of {R)-ethyl 4-(3'-chiorobiphenyl-4-yi)-3-(2-hydrazinyl-2-
oxcacetamido)butanoate, intermediate 12, (289 mg, 0.72 mmol) in THF {8.5 mL) is added
COIl {139 mg, 0.86 mmol) at room temperature. After stirring for 18 hour at room
temperature, the reaction s quenched with H,0 and 1M HCI, and the crude is aifuted with
EtOAc. The organic layer is washed with brine, dried over Na,SQy, filtered, and
concentrated under reduced pressure. The obtained residue is purified by RP-HPLC
(BunFire C18, H.0(0.1% TFAYCH,CN) and then lyophilized to give {R)-ethyt 4-{3'-
chlorobiphenyl-4-y1)-3-(5-ox0-4,5-dihydro-1,3,4-oxadiazole-2-carboxamido)butanoate (100
mg). HPLC retention time = 1.67 minutes (condition A); M8 (m+1} = 430.2; 1H NMR (400
MHz, DMSO-dy) o ppm 1.14 (t, J=7.1 Hz, 3H)2.52 - 270 (m. 2 H) 2.84 (dd. J=13.7, 8.4 Hz,
1H)2.90(dd, =137, 84 Hz, 1H)4.02 (g, J~71Hz, 2H) 442 - 458 (m, 1 H)7.30 {d,
JEB A Mz 2H) 737 -743 (m, 1T H) 747 (t, JSTBHz, 1H)7.57-766(m, 3H) 7.70 {{, y=1.9
Hz, 1 H)B.98 (d. J=8.8 Hz, 1 H) 12.94 (s, 1 H}.

Example 3-34: Synthesis of (R)-3-{3-Carboxymethyi-ureido}-4-{3'-chloro-biphenyi-4-yl}.

butyric acid ethyl ester
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To a solution of t-butyt 2-aminoacetate (18.08 mg. 0.145 mmol) and DIEA (18.8 mg, 0.145
mmol} in DMF {1 mL)} is added Intermediate 45 (50 mg, 0.145 mmol) and the mixfure is
stirred at room temperature for 2 hours. The solvent is removed under reduced pressure to
give (R)-3-{3-tert-butoxycarbonylmethyl-ureido)}-4-{3"-chioro-biphenyl-4-yl}-butyric acid ethyl
aster.

Next, {o a solution of the above diester (70 mg, 0.147 mmol} in methylene chioride (2 mL) is
added TFA (4 mL) and the mixture is stirred at room temperature for 18 hours. The soivents
are removed under reduced pressure and the residue is purified by preparative HPLC using
a gradient of 35% MeCNiwater o 100% MeCN (+0.1% TFA). Lyophilization of the proper
fractions gives the title compound, HPLC Retention time 1.42 minutes {(condition C); MS
418.1 (M+1), 1H NMR (400 MHz, DMSO-d8}: & ppm 1.17 {t, J=7.07 Hz, 3MH), 2.41 {d, J=7.07
Hz, 2H), 2.77-2 79 (m, 2H), 3.66-3.68 (m, 2H), 4.04 (g, J=7.07 Hz, 2H), 4.08-4.15 (m, 1H),
6.13 {1, 4=5.81 Mz, 1H}, 6.24 (d, J=8.58 Mz, 1H}, 7.28-7 30 (m, 2H), 7.38-7.42 (m, 1H), 7.48
{t, J=7.83 Mz, 1H), 7.62-7.64 (m, 34}, 7.71 {t, J=1.77 Hz, 1H}, 1242 {s, 1H).

Example 4-1: Synthesis of (R}-4-biphenyl-4-yl-3«{2-1H-tetrazol-5-yl-acetylamino}-
butyric acid ethyl ester
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intenmediate 2
To a solution of (R)-4-biphenyl-4-yi-3-tert-butoxycarbonylaminc-butyric acid ethyl ester (100
mg, 0.281 mmol) in DCM {3 mL) at room temperature is added TFA (1 mbL, 12.98 mmol) and
the mixture is stirred at room temperature for 0.5 hour. The mixture is concentrated under
reduced pressure {o give (R)-3-amino-4-biphenyl-4-yi-butyric acid ethyt ester trifluoroacetic
salt. HPLC retention time = 1.50 minutes (condition C); MS (m+1) = 384.




WO 2010/136493 PCT/EP2010/057247

- 110~

Next, to a suspension of {R}-3-amino-4-biphenyl-4-yl-butyric acid ethyt ester trifiuoroacetic
salt (0.074 g, 0.261 mmol) in DCM (10 mL) at room temperature is added 1H-tetrazole-5-
acetic acid (0.050 g, 0.392 mmaol). To the mixture at ice bath temperature is added bis(2-
oxo-3-oxazolidinylyphosphinic chioride {0.100 g, 0.382 mimol) and quickiy followed by IMPEA
(0.137 ml, 0.783 mmol}. The reaction mixture is slowly warmed up to room temperature and
stirred overnight. The reaction is extracted with DCM. The combined organic layer is
washed with saturated NaHCQ;, saturated NH,CI, brine and dried over anhydrous sodium
sulfate, filtered and concentrated under reduced pressure to give (R)-4-biphenyl-4-yl-3-(2-
TH-tetrazol-5-yl-acetylamino)-butyric acid ethyl ester. HPLC retention time = 1.04 minutes
{condition E); MS {m+1) = 384.

Example 4-2: Synthesis of {R})-ethyl 4-{biphenyl-4-yi}-3-{6-

{methylsulfonamide)nicotinamido}butanoate

2
s e
/} T i\b‘ﬁ
o ¢ 7 Ny N f

To a solution of {R)-ethyl 3-amino-4-{3'-chicrobiphenyl-4-ylYbutanoate hydrachloride (103
mg, 0.32 mmol) and 6-(methyisuifonamide)nicotinic acid, intermediate 15, (84 mg. 0.39
mmol) in CH,CL (2 mb) and DMF (2 mil) is added TEA (0.18 mL, 1.28 mmol) and HATU
{159 mg, 0.42 mmol) at room {emperature. The crude is stirred at room temperature for 2
hrs. The crude is quenched with saturated NaHCQ,, diluted in EtOAc. The organic tayer is
washed with six times with water, brine, dried over MgSQ,, filtered, and concentrated. The
crude is purified via RP-HPLC (SunFire C18, H,O(0.1%TFA)CHLCN) to give (R)-ethy} 4~
{(biphenyl-4-y)-3-{6-(methylsulfonamido)nicotinamidobutanocate as a white solid (4.1 mg).
HPLC retention time = 1.61 minutes {condition A); MS (m+1) =482 3. 1H NMR (400 MHz,
CHLOROFORM-d} & ppm 1.22 (t, J=7.2 Hz, 3H). 256 (t J=4 8 Hz, 2 M), 2.84 - 2.92 (m, 1
H), 3.05 (dd, J=13.6, 8.1 Hz, 1 H). 3.16 (s, 3 H), 4.08-4.18 (m, 2 H), 4.57 - 4.71 (m, 1 H),
7.03(d J=B3Hz 1H}), 710 (d, J=B3Hz, 1 H), 7.22(d, J583 Hz 2 H), 7.26 - 7.31 {m, 1 H),
7.33-740(m 2 H), 744 -7.54 (m, 5 H), 7.98 (dd, J=8.8, 2.3 Hz, 1 H), B.52 (s, 1 H).
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Following compounds are prepared using similar procedure as described in example 4-2:

LCMS-RT | MS
Example # Product Reagent , N
{condition} | (M+1}
% X
¢
A=
& N\i{ G
o ﬁ 4 HOJ\TE/ %l Q.
b i . o
/’\Q»ﬂ\/ N o ~F ‘§“5°C3
Example 4-3 oS 1.68 min 515.2
H EDC! and HOAt A
{R)-ethyt 4-(3*~ used instead of
chiorobiphenyt-4-yl}-3-(4- | HATU
{methylsulfonamido)benz
i amido)butanpate
)
-
()
J"'w\k‘i V
(3 8
o e .8
T 1 HO™ N
P )L\/(" AN \%«‘D‘\
Example 4-4 © y l\/\_f > N 163min | 457.2
. intermediate 26 | (a3
(R)-ethyl 4-(3"-
chiorobiphenyl-4-yh-3-{2-
ethyithiazole-5-
carboxamido)butancate
¢l
1Y
4
o’
2 @]
C) AN,
o ; HO ’ﬁ[Q
P /‘k - NH
- 0 N7 T~ \If . -
Example 4-5 H g EDCI and HOAL 1.49 min 417.3
(R)-ethyl 3-(4-amino-4- | used instead of | 7V
oxobutanamide}-4-(3'- HATU
chiorobiphenyi-4-
yhbutanoate
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Example 4-6 © 1\3&@“\{3’ N N 1.60 min 4413
intermediate 23
(R)-ethyl 4-(3- ‘ ! (A)
chiorobiphenyl-4-yi)-3-(2-
ethyloxazole-5-
carboxamidobutanoate
c
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Example 4-7 BooLy { 1.82 min 4282
OH OH (A)
{R})-ethyl 4-(3'-
chiorobiphenyl-4-yl)-3-{3-
hydroxy-1H-pyrazole-5-
carboxamidolbutanoate
i
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e
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Q ﬁ HQJH(/ NH
NG N S \Tf’N‘NH §“<\
Example 4-8 MY O l18emin |4202
EDCland HOAt | (ry)
(R)-ethyl 4-3- | used instead of
chiorobiphenyl-4-yt)-3-{5- HATU
oxo-4,5-dihydro-1H-
1,2, 4-triazole~-3-
carhoxamidelbhutancate
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N OH 1 EDCHand HOAtL )
(R)-ethyt 4~(3'- used instead of
chiorobiphenyl-4-yl}-3-(6- | HATU
hydroxypyridazine-3-
carboxamido)butancate
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Exampie 4_ /\OJK E/L\((S;N OH 56 ‘ 5 3
10 \‘“““\DH intermediate 20 1.56 min 445,
EDCl and Hoat | A
(R)-ethyl 4-(3'- _
hlorobiphenyl-d-yi-a-(3 used instead of
chiorobiphenyl-4-yi)}-3-{3-
phenyl-4-yi)-3-( HATU
hydroxyisothiazole-5-
carboxamidojbutanoate
' Ci
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=
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Example 4- Moo \<O 1.79 min 1201
Intermediate 19 3.
11 S ntermediate (D)
EDCI and HOAt
{R}-ethyl 4-(3'- ‘
hiorobiphenyl-d-yl)-3-(2 used instead of
chiorobiphenyi-4-yl}-3-(2-
p__ ey HATU
ox0-2, 3-dinydrooxazole-
4.
carboxamidojbutanoate
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{R}-ethyl 4-{3"
chlorobiphenyl-4-yl}-3-(6-
{methylsulfonamido)nicot

AR ()
intermediate 15

inamido)butanoate

Example 4-3. 1H NMR (400 MHz, DMSO-d) 6 ppm 113 {8, =71 Hz, 3H) 252 -2.67 {m, 2
H} 2.88 (dd, J=13.3, 8.0 Hz, 1 H) 2.95 {dd, /=13.3, 8.0 Hz, 1 H) 3.05 (s. 3 H) 402 (g, J=7 1
Hz, 2H)4.46-465(m, 1 H) 7.23(d, J=BBHz, 2H} 734 {d, /=B 1 Hz, 2H)7.36-7.42 (m, 1
H)Y 746 (1, J=78Hz, 1 H)7589-766 (m, 3H) 7689 (t J=1.8Hz, 1H)7.75(d, /=88 Hz 2 H)
8.31{d, J=B.3Hz, 1H)10.07 {5, 1 H)

Example 4-4. 1H NMR (400 MHz, DMSO-ch) 5 ppm 1.13 (t, J=7.1 Hz, 3 H) 1.28 (t, J=7.5 Hz,
3 H) 259 (d, J=7.1 Hz, 2 H) 2.81 - 2.94 (m, 2 H) 2.97 {q, J=7.6 Hz. 2 H) 4.03 (g, J=7.1 Mz, 2
H) 4.40 - 4.55 (m, 1 H) 7.32 (d, J=8.1 Hz, 2 H) 7.36 - 7.42 (m. 1 H) 7.46 {t. J=7.8 Hz, 1 H)
7.58-7.65(m, 3H) 7.69 (t, J=1.9 Hz, 1 H) 8.18 (s, 1 H) 8.52 (d. J=8.3 Hz, 1 H)

Example 4-5: 1H NMR (400 MHz, CD,00) § ppm 1.24 {{, J=7T1 Hz, 3H) 238-260(m, 6
H)2.78-204 (m, 2H)4.10 (g, J=7.1 Hz. 2 H) 442 - 455 (m, 1 H) 7.32 {d, J=B3 Hz, 2 M)
740 (¢ J=783Hz, 1H)750-753(m 4H}760(@ J~189Hz tH)

Example 4-6: 1H NMR (400 MHz, DMSO-dg) 8 ppm 1.13 (1, J=7.2 Hz, 3H} 1.25 (1, J=7.6 Mz,
3H}253-285(m, 2H)280 (g, J=7.6Hz, 2H)284-296{m, 2H)4.02{g. J=7.1Hz, 2H)
442480 (m, 1HY731({d, J=83Hz, 2H}7.37-742{(m, 1 H) 747 (t, »=7 .8 Hz 1 H) 7.59
(s, TH)7.60-7865(m, 3H}Y 769 (t, /1.9 Hz, 1 H)848(d, /=86 Hz, 1H)

Example 4-7: 1H NMR (400 MHz, DMSO-ds) 3 ppm 1.13 {t. J=7.1 Hz, 3 H) 2.52 - 2.65 (m, 2
H) 2.85 (dd, J=13.6, 5.8 Mz, 1 H) 2.91 (dd, J=13.6, 5.8 Hz, 1 H) 4.02 (g, J=7.1 Hz, 2 H) 4.38
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460 (m 1TH)589 (s, 1H)731(d, J=83Hz 2H)7.37-742(m, 1H) 746 {t, J=7.8 Hz 1
HY7.568-765(m.3H)} 7689 (t J=~1.8Hz 1H)8.10(d, j=86Hz, 1H)

Example 4-8: tH NMR (400 MHz, CD,0D} & ppm 1.22 {(t, J=7.2 Hz, 3H) 256 -272 (m, 2
H)265(d J<73Hz, 2H)4.11{q, J~T2Hz, 2H)4.53-473{m, 1 H)7.28 -7.36 (m, 3 H)
T39Q, S=7T8Hz, TH)T4B-755(m, 3H}7.88 (4 J=18Hz 1H)

Example 4-8: 1H NMR (400 MHz, DMSO-d) 8 ppm 1.13 (¢, J=7.1 Hz, 3H}2.53-2.71 (m. 2
H) 2.85 (dd, /=13.7, 8.3 Hz, 1 H} 2.96 (dd, J=13.7, 83 Hz, 1 H) 402 (g, J=7 1 Hz 2 H) 445
-463(m, 1H)6.93(dd, J=9.9, 23 Hz, TH) 7.20 (d, J=B 1 Hz 2H)7.36 - 742 (m, 1 H) 7.47
{t.=78Hz 1H)761{d J=83Hz 3H}7.69{t, J=1.8Hz 1H)7.75(d J=89Hz 1H)845
(d, J=8.1 Hz, 1 H) 1341 (d, J=2.0Hz, 1H)

Example 4-10. 1H NMR (400 MHz, DMSO-dg) 6 ppm 1.13 (1, J=7.1 Mz, 3 H) 2.80 (d, J=7.6
Nz, 2H) 280 (d J=68Hz 2H)402(q, J=7.2Hz, 2H)4.35-453 (m 1 H) 711 (s, 1 H)
1.32(d, J=81Hz, 2H) 737 - 743 (m, 1 H) 747 (. J=7T8Hz. 1H)7.60-766(m 3 H)770
{t, S1.9Hz, TH)B72(d J=8.3 Hz, 1H}11.76 (br. s., 1 H)

Example 4-11° 1H NMR (400 MHz, CHLOROFORM-¢} 5 pprm 1.27 {t, J=7.1 Hz, 3 H) 2.47 -
2.69 {m, 2 H) 2.90 (dd. J=13.6, 7.8 Hz, 1 H} 3.08 (dd. J=13.6, 6.6 Hz, 1 H) 3.06 (broad s,
1H) 4.07-4.28 (m, 2 H) 4.52 - 4.74 (m, 1 H) 7.21 - 7.37 (m, 5 H) 7.38 - 7.44 (m, 1 H) 7.48
(d, J=8.1Hz, 2 H) 7.53 {t, J=1.6 Hz. 1 H) 9.50 (br. ., 1 H).

Exampie 4-12: 1H NMR (400 MHz, DMSO-ds) § ppm 1.13 (t, J=7.1 Hz, 3 H) 2.58 {d, J=7.3
Hz, 2H)2.76-3.03(m, 2H) 4,03 {q, J=7.1Hz, 2H)4.38-466(m 1H)702(d 1H) 7.28 -
754 (m 4H)7.54-7.80(m, 4H} 805 (dd, J=86, 23 Hz 1H)845(d /=83 Hz 1H) 8851
(br.s.. 1H).

Example 4-13: Synthesis of (R}-ethyi 4-(5'-fluoro-2'-methoxybiphenyi-4-yi)-3-{oxazole-

5-carboxamido}butanoate
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To a solution of oxazole-5-carboxylic acid (70 mg, 0.61 mmol) in DMF (1.5 mL} and DCM
{1.5 mL} is added {R}-ethyl 3-amino-4-(5'-fluoro-2'-methoxybiphenyi-4-yhbutanoate
hydrochioride, intermediate 10, (150 mg. 0.41 mmol), HATU (233 mg. 0.61 mmol), and TEA
(284 pl., 2.04 mmol). After stirring for 2 hours, the reaction is quenched with H.0O, and the
crude is diluted with EtOAc, the organic fayer is washed with brine, dried over Na,SQ,,
fitered, and concentrated under reduced pressure. The obtained residue is purified by RP-
HPLC {SunFire C18, H,0(0.1% TFAYCH.CN), and then lyophilized to give (R}-sthyl 4-(5'-
fluoro-2'-methoxybiphenyl-4-yi}-3-(oxazole-5-carboxamido)butanoate (157 mg). HPLC
retention time = 1,50 minutes (condition A}; MS (m+1) = 427 4; 1TH NMR {400 MHz,
CHLOROFORM-d) 6 ppm 1,18 {t, J=7.2Hz 3H)}246-262(m 2 H)2.86 (dd, J=13.8. 8.1
Hz, 1 H) 3.02 (dd, =136, 6.1 Hz, 1 H) 267 (5, 3H)4.05-415(m. 2 H} 4582 -468 (m, 1 H)
8.76-6.82(m, 1TH)683-896(m 2H}711-7.21(m, 3H) 7.37 (d, J=8B.1 Mz 2 H) 7.61 (s,
1H)7.80 (s, 1 H)

Following compounds are prepared using similar procedure as described in example 4-13:

P
&
1%
s 0
Q O o
Example 4- /\o)i‘V" ‘N/u\’\'o’N HO “\( ,:N .
" \L‘/{ =4 1.43 min, 443.3
14 o " '

{R)-ethyl 4-(5'-fluoro-2'-
methoxybiphenyl-4-yl)-3-
{3-hydroxyisoxazole-5-
carboxamidoibutanoate
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Example 4-14. 1H NMR (400 MHz, CD.:0D) d ppm 1.21 (L y=71Hz, 3H)261-268(m, 2
HY2.95(d, J=71Hz, 2H)3.74 (s, 3H)4.10 (g, =71 Hz, 2H)4.60-473 (m, 1 H)6.43 (s,
TH)G.O8-706{(m 3MH) 727 (d, J=81Hz 2H)7.38-748 (m, 2 H) 8.78 (d, J=8.8 Mz, 1 H)

Example 4-18: Synthesis of §-[{R}-1-(3'-Chioro-biphenyi-4-yimethyl)-2-ethoxycarbonyl-
ethylcarbamoyil-iH-pyrazole-3-carboxylic acid

NH, e

( NS O,
PN )J*\ ~ ’U\/ \N‘/u\\(yx\ﬂ/[';\
H ﬁ"N OH

To a mixture of Intermediate 17-1 (130 mg, 0.367 mmol), 1H-pyrazole-3,5-dicarboxylic acid
{74.5 mg, 0.477 mmol}, EDCI (91 mg. 0.477 mmol} and HOBt (64.5 mg, 0.477 mmoi} in
DMF (3 mL) is added triethylamine (149 myg, 0.203 mmotl} and the mixture is stirred at room
temperature for 18 hours. Any insoluble materiat is removed by filtration and the filtrate is
chromatographed by HPLC using a gradient of 10% MeCN/water to 100% MeCN (+0.1%
TFA). Lyophitization of the proper fractions gives the title compound; HPLC Retention time
1.31 minutes (condition C}; MS 456.2 (M+1); 1H NMR (400 MHz, DMSQ-d8) & ppm 1.12 {t,
J=7.07 Hz, 3H), 2.584-2.67 (m, 2H), 2.84-2.97 (m, 2H), 4.02 (g, J=7.07 Hz, 2H). 4.54 (m,
1H), 7.11 (s, broag, 1H), 7.32 {d, J=8.08 Hz, 2H), 7.39 (m, 1H), 7.46 {t, 1H). 7.62 (d, J=8.08
Hz, 3H), 7.68 {s. 1H), 8.41 (s, broad, 1H).

The following compounds are prepared using the procedure described for Example 4-15.

HPLC-RT MS
Example # Product Reagent »
{condition} | (M+1)
\.;}:?\?
)Q:— A0
&% ’ :
D S 1 113tmn
Example 4-18 i {3 i HO T YNy 0N 468.2
A Y ")\z;’/:\\(‘\mi N\{JN (C)
4 3 N
6-{(R}-1-(3'-Chioro-
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biphenyl-4-ylmethyl)-2-
ethoxycarbonyi-
ethylcarbamoyl]-
pyrimidine-4-carboxylic
acid

Example 4-16: TH NMR (400 MMz, DMSO-d8): & ppm 1.11 (t, J=7.07 Hz, 3H), 2.58-2.79 {m,
2H), 2.87-2.92 {m, 1H), 2.98-3.04 (m. 1H), 4.01 (g, J=7.33 Hz, 2H), 4.57-4.66 (m, 1H). 7.30-
7.32 (m, 2H), 7.37-7.40 (m,1H), 7.45 (t, J=7.58 Hz, 1H), 7.59-7.61 {m, 3H). 7.68 &, J=1.77
Hz, 1H), 8.16 (s, 1H), .10 {d. J=9.35 Hz, 1H), 9.31 (s, 1H).

Example 4-17: {R)-4-{3'-Chloro-biphenyi-4-y1}-3-}(3-hydroxy-isoxazole-5-carbonyl)-

amino}-butyric acid ethyl ester

OH |
To a solution of intermediate 18-1 {(40.6 mg. 0.315 mmol) and HATU {144 mg, 0.378 mmol}
in OMF (2 mL) is added pyridine (74.7 mg, 0.76 mL, 0.944 mmo!) and the mixture is stirred
at room temperature for 15 minutes. Then Intermediate 17-1 is added and stirring is
continued for 2 hours. Any insoluble is removed by filfration and the filtrate is
chromatographed by HPLC using a gradient of 10% MeCN/water {0 100% MeCN (+0.1%
TFA}. Lyophilization of the proper fractions gives the title compound. HPLC Retention time
1.36 minutes (condition C); MS 428.1 (M+1);, 1H NMR (400 MHz, DMSO-d6) 3 ppm 1.13 (&,
J=7.07 Hz, 3H)} 2,60 (dd, J=6.95 366 Mz, 2H)2.81-295(m, 2H)402(q. J=7.24 Hz, 2 H)
449 (d, J=7.83Hz, 1 H) 649 (s, 1 H) 7.31 (d, J=834 Hz, 2 H) 7.37 - 7.43 {m, 1 H) 7.47 {,
J=783Hz, TH)7.59-766(m, 3H)7.70 {t, J=1.89 Hz, 1 H) B.83 (d, J=B.B4 Hz, 1 H).

The following compounds are prepared using the procedure described for Example 4-17
Exampie # Product Reagent | HPLC-RT | MS
: o
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(condition) | (M+1)
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~N E 1.48 min.
Example 4-18 HOJ\{(O) 4131

(R)-4~(3'-Chioro- (€)
biphenyl-4-y)-3-
{{oxazole-S-carbonyl)-
amino}-butyric acid
ethyl ester

//"‘ ~%
\aes \\\ F

G
S Ao 1.22 min.
o MO {N 413.1

(R)-4-(3-Fluoro- (©)
biphenyi-4-yi)-3-{(3-

Example 4-19

OH

hydroxy-isoxazole-5-
carbonyi)-amino}-

butyric acid ethyl ester

Example 4-18; 1H NMR (400 MHz, DMSO-d8) 5 ppm 1.12 (t, J=7.07 Hz, 3 H) 2.60 {dd,
J=6.95 265 Hz, 2H)2.82-2.96 (m, 2H)4.02(q, J=7.07Hz, 2H)4.45-4.58 (m, 1 H) 7.3%
(d, J=834 Hz, ZH)}7.37-742 (M, 1 M) 747 (, J=7. 83 Hz, 1 B) 758 - 765 (m, 3H)7.69 (1,
J=1 77 Hz, 1 H) 7.72 (s, 1 H}8.55 (s, 1 H} 8.63 (d, J=8.58 Hz, 1 H).

Example 4-19: 1H NMR (400 MMz, DMSO-d;) 8 ppm 1.13 (t, J=7.07 Hz, 3H) 2.54 - 2.75 {m,
2HY278-302(m 2H)4.02(q, Js7.07Hz, 2H)4.28-470(m, 1 H)}6.49 (s, 1H) 696 -
7.23(m. 1H)7.30(d, J=8.08Hz, 2H)744-758 (m, 3H)7.64(d J=8.08 Hz, 2 H} 8.83 (d,
J=8.50 Hz, 1 H) 11.68 (s, 1 H).

Example 4-20; (R}-3-{{8-Carboxymethyl-furan-2-carbonyl}-amino}-4-{3'-chloro-biphenyt-
4-yl}-butyric acid ethyl ester and
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Example 4-21: {(R}-3-[(5-Carboxymethyl-furan-2-carbonyli-amino}-4-{3'-chloro-biphenyl-
4-yi}-butyric acid
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The reaction is performed similar to Example 4-15 using Intermediate 16-1 and Intermediate
44 o give (R)}-4-(3'-chloro-biphenyl-4-yl)-3-{{(5-methoxycarbonyimethyl-furan-2-carbonyl)-
amino]-butyric acid ethy! ester. HPLC Retention time 1.38 minutes {condition C).

Next, to a solution of the above diester (235 mg, 0.486 mmol} in £tOH (6 ml) is added 1N
NaoH (0.488 mL} and the mixture is stirred at room temperature for 4 hours. The solvent is
removed under reduced pressure and water (4 mb) is added. The solution is acidified with
1N HCI and the mixture is exfracted with EtOAc. The organic phase is dried over sodium
sulfate and the solvent is removed under reduced pressure. The residue is purified by
preparative HPLC using a gradient of 10% MeCN/water to 100% MeCN (+0.1% TFA)}.
Lyophilization of the proper fractions gives the title compounds, (R)-3-[{5-Carboxymaethyl-
furan-2-carbonyh)-amino}-4-(3'-chioro-biphenyl-4-yi)-butyric acid ethyt ester. HPLC Retention
time 1.35 minutes (condition C); MS 470.0 (M+1); 1+ NMR (400 Mz, DMSO-d8) & ppm
1.13 {t, J= 7.07 Hz, 3H), 2.50-2.64 {m, 2H), 2.81-2.95 (m, 2H), 374 (s, 2H), 4.01 (q, J=7.07
Hz, 2H), 4.51 {m, 1H), 8.98 (d, J=3.28 Hz, 1H), 7.31 (d, J=8.34 Hz, 2H), 7.38-7 41 {m, 1H),
7.47 (1, 1H), 7.62 (d, J=8.08 Hz, 3H), 7.69 {1, 1H), 8.24 (d, J=8.84 Hz, 1H).
{R)-3-{({5-Carboxymethyl-furan-2-carbonyl-amino}-4-(3'-chioro-biphenyi-4-yl}-butyric acid.
HPLC Retention time 0.94 minutes (condition C); MS 442.0 (M+1); 1H NMR (400 MHz,
DMSC-d8) 0 ppm 2.44-2 58 {m, 2H), 2.81-2.94 {m, 2H), 3.74 (s, 2H), 448 {m, 1H}, 6.3€ (d,
J=3 28 Hz, 1H),8.89 (d, J=3.84 Hz, 1H), 7.30 (d, J=8.34 Hz, 2H), 7.38-7.41 {m, 1H), 7.47 {1,
1H), 7.62 (d, J=8.34 Hz, 3H), 7.70 {§, J=1.77 Hz,1H), 8.22 {d, J=8.84 Hz, 1H).

Example 4-22: {R}-4-(3'-Chloro-biphenyl-4-yi}-3-{{2H tetrazole-5-carbonyi}-amino}-

butyric acid ethyl ester
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To a solution of intermediate 16-1 in DCM (8 mi) at room temperature is added 2-(4-
methoxy-benzyl)-2H-tetrazole-5-carbonyl chioride and followed by TEA (0.203 mi, 2.100
mmel). The reaction is stirred at room temperature for 5 min. The reaction is quenched by
brine and is extracted with DCM. The combined organic layer is washed with brine and dried
over anhydrous sodium suifate, filtered and concentrated under reduced pressure. The
residue is purified by column chromatography (15% to 40% EtQAc/Heptane). The oblained
residug in TFA (5 mi, 64.9 mmol) is heated at 80 °C for (.5 hours. The reaction is
concentrated under reduced pressure to give {R)-4-(3'-chloro-biphenyt-4-yi)-3-{{2H-tetrazole-
S-carbonyi)-aminc}-butyric acid ethyl ester.

HPLC retention time = 1.31 minutes (condition B); MS (m+1} = 414.1; 1H NMR (400 MHz,
DMSO-ds} 8 ppm 1.11 {t, J=7.1 Hz, 3 H), 2.63 {dd, J=15.4, 5.6 Hz, 1 H), 272 (dd, J=15.4,
8.3 Hz, 1 H), 286 -288(m, 2 H), 402 (g, J=7.1 Hz, 2 H), 455 - 467 (m, 1 H), 7.32 {d,
J=81Hz 2H), 737 - 742 {m, 1 H}, 746 (t, J=7.8 Hz, 1 H), 7.80 (d, J=8.1 Hz, 3 H), 7.68 &,
J=1.8 Hz, 1 H), 8.37 (d, J=8.8 Mz, 1 H).

Following compounds are prepared using similar procedure as described in example 4-22:

) , Deprotection | HPLC-RT | MS
Example # Product Starting Material N _
Condition {condition) | (M+1)
£
P £
€A
o
¥ Y) X 1 atm. H
. —"i s .x’\ N am. P 7
Exampled- | ~ O 7 &Wﬁ N ? 112 min. |
N 10% Pd/C, _ 388.2
23 , (8)
(R)-4-(3"-Fluoro- o EtOH, RT
H
biphenyl-4-yh)-3- G G
N—RN =
[(2H-tetrazole-5- \»—{ﬂ )
carbonyh)-aminol-
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Example 4- | (R)-4-{3-Chioro- @:Lgi?(: ' 1.68 min.
24 biphenyl-4-yh)-3- TFA, 80 °C ® 502.3

{(2H-tetrazole-5- o \g"‘\‘ﬁ

NN

carbonyl)-amino]- e Wt

butyric acid indan-

5-v1 ester

Example 4-23: 1H NMR (400 MHz, DMSO-ds} & ppm 1.12 {t, J=7.2 Hz, 3 H), 2.59 - 2.67 (m,
J¥15.4, 8.6 Mz, 1 H), 2.72 (dd, J=15.4, 83 Hz, 1 M), 2.85- 3.01 (m, 2 H), 4.02 (g, J=7.1 Hz,
2H}, 4585-467(m, TH),711-7148(m, TH), 7.32 (d, J=B3 Hz, 2 H), 742 -7.51 (m, 3 M),

7.61(d, J=B.3Hz 2H) 834 (d, J=B8Hz, tH).

Example 4-24: 1H NMR (400 Mz, DMSO-ds) 8 ppm 1.95 - 2.06 {(m, 2 H), 2.75 - 2.2 (m, 6
H), 2.95 (dd, 4=13.5, 5.9 Hz, 1 H), 3.06 {dd, J=13.6, 8.1 Hz, 1 M), 484 - 476 {m, 1 H), 6.78
(dd, J=8.1, 2.3 Hz, 1 H), 6.88 (d, J=1.5 Hz, 1 H). 7.17 (d, J=8.1 Hz, 1 H), 7.34 - 7.41 (m, 3
H), 7.46 ¢, J=7.8 Hz, 1 M), 7.59 - 7.65 (m, 3 H), 7.70 (t, J=1.8 Hz, 1 H), 8.43 (d, J=8.8 Hz, 1

Hj.

Example 4-25: 2-{(R)-1-Biphenyi-4-yimethyl-2-ethoxycarbonyl-ethylaminoj-oxazole-4-

carboxylic acid ethyl ester

0
+ Br\)J\ Ko
1§

o

EtOH

refiux

S
s EtO

/\“\i

e SN

)4

1.0 ‘((' O \\ {‘}
N/<\ /\L/u\ QOEt
HoN
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To a suspension of (R)-4-biphenyl-4-yi-3-ureido-butyric acid ethyl ester (169 mg, 0.518
mmol) in EtOH (5 mi) at ice bath is added ethyl bromopyruvate {0.098 ml, 0.777 mmol). The
reaction is warmed up slowly to room temperature and stirred at reflux overnight. The
reaction is concenirated and the residue is {aken up in E{OAC and H.0. The combined
organic layer is washed with brine and dried over anhydrous sodium sulfate, fitered and
concentrated under reduced pressure to give 2-((R)-1-biphenyl-4-yimethyl-2-ethoxycarbonyi-
ethylamino}-oxazole-4-carboxylic acid ethyl ester. HPLC retention time = 1.42 minutes
{condition B), MS (m+1} = 423,

Example 4-26: Synthesis of (R, E}-ethyl 4-{4-{benzyloxy)-1-{3'-chiorobiphenyi-4-yl}-4-

oxobutan-2-ylamino)-4-oxobut-2-enoate

To (R)-benzyt 3-amino-4-(3'-chlorobiphenyl4-yl}hutanoate (87 .6 mg, 0.183 mmol) is added a
solution of HCH in 1,4-dioxane (0.456 ml., 1.825 mmol} at room temperature. After stirring for
3 hours, the reaction mixture is concentrated under reduced pressure to give (R)-benzyt 3-
amino-4-{3'-chlorobiphenyl-4-ylybutanoate hydrochioride. A mixture of (R)-benzyt 3-amino-4-
(3'-chiorobiphenyi-4-yhbutanoate hydrochioride, fumaric acid monoethyl ester {(33.4 mg,
0.220 mmot), EDCI (83.3 mg, 0.330 mmolj, DIPEA (0.058 mi, 0.330 mmol} and HOAL {44 .9
myg, 0.330 mmol} in DMF (1.8 mi) is allowed to stir at room temperature for 3 hour. The
reaction mixture is diluted with water, and then the products are extracted wtih EtOAc. The
organic layer is washed with NHAOH, 1M HClag and brine, dried over Na2S04, filtered, and
concentrated {o give crude. The obtained residue is purified by silica gel flash column
chromatography (heptane/EtOAc = 100:0 to 0:100) to give (R.£)-ethyl 4-(4-(benzyloxy)-1-(3'~
chlorobiphenyi-4-yi)-4-oxobutan-2-ylamine)-4-oxobut-2-encate (72.8 mg); HPLC retention
time = 1.40 minutes (condition B); MS {m+1) = 508.3; 1H NMR (400 MHz, CHLOROFORM-
Noppm 131 J=71Hz 3H) 258 (A of ABX, Jyp = 164 Hz, J,, =53 Hz, 1 H) 26 (B of
ABX, Juo =184 Mz, Jox = 5.1 Hz, TH) 2.88 (A of ABX, Jop = 13.6 Hz, Juu = 8.1 Hz, 1H) 3.02
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(Bof ABX, Voo =136 Hz, U, =83 Hz, 1 H} 424 (q, J= 71 Hz, 2H) 456 -4.84 (m, 1 H)
BAZACAB J=121Hz, TH)518(Bof AB, J=121Hz, 1H)6.57 (brd, J=8.1Hz, 1 H)

8.77{AOfAB J= 154 Hz, 1 H})6 81 (Bof AB, J= 154 Hz, 1H) 718 (brd, J= 8.1 Hz, 2 H)
7.20-747 {m, 10 H} 7.53 ~7.54 (m, 1 H).

Example 4.27: Synthesis of {R}-ethyi 4-{3'chiorabiphenyl-d-yl}-3-(2-

{ethoxycarbonylamino)acetamido)butanoate

i,
o —
e o

]
PN o .H\\v,-

o

¥ H
K~ A Mo B
- C})K’ “NH, HCH N Y

0
A mixture of {R}-ethyl 3-amino-4-(3'-chlorobiphenyl-4-yhbutanoate hydrochloride (173 mg,
0.488 mmol), 2-(ethoxycarbonylamino)acetic acid (86 mg, 0.488 mmal), EDCI (140 mg,
0.732 mmot), DIPEA {0.128 mi, 0.732 mmol} and HOAL (100 mg, 0.732 mmol) in DMF (2.5
ml} is allowed fo stir at room temperature for 1 hour, The reaction mixture is diluted with
water, and then the precipitated solid is collected on a funnel, washed with H20, and dried
under reduced pressure to give crude. The obtained residue is purified by silica gel flash
column chromatography (heptane/EtOAc = 100:0 fo 0:100) to give (R)-ethyl 4-(3'-
chiorobiphenyl-4-yi}-3-(2-{ethoxycarbonylamino)acetamido)butanoate (161 mg); HPLC
retention time = 1.16 minutes {condition B); M8 {m+1) = 447.3; 1H NMR {400 MHz,
CHLOROFORM-d) S ppm 1.25(, J=7.07 Hz, 3H)1.29 (4, J=7.07 Hz, 3H) 2.50 (A of
ABX, Jup =182 Hz, J5 =583 Hz, 1H) 2.54 B of ABX, Jyp = 16.2 Hz, A =53 Hz, 1H)2.89
{(Aof ABX, Jp =136 Hz, Jou =T 8Hz, 1H) 298 (B of ABX, Jop = 138 Hz, s =88 Hz, 1 H)
380(bed J=58Hz 2H)412~423(m 4 H})448-456(m, TH}515(brs, 1 H)6.64
{brd, J=B88Hz, 1H)7.25~7 27 (m, 2H}7.20-738(m 2H)743-746{(m, 1H)7.49 ~
7.52{m, 2H)7.55-7.56(m, 1 H).

Following compounds are prepared using similar procedure as described in example 4-27:

HPLC-RT | MS

Example # Product Starting Material Condition N ‘
{condition} | (M+1)
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ester
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e A
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i

Example 4-29: 1H NMR (400 MHz, CHLOROFORM-d) d ppm 1.31 (t, J = 7.2 Hz, 3 H) 2.64
{A of ABX, Jep = 16.8 Hz, Jo = 5.1 HZ, 1 B) 2.68 (B of ABX, Jap = 168.8 Hz, Jy = 6.1 Hz, 1 H)
297 (A of ABX, J,p = 137 Hz, J5e = 8.1 HZ, 1 H) 3.08 (B of ABX, J,, = 13.7 Hz, J,, = 8.7 Hz,
TH)425(q, J=72Hz, 2H}4.58- 467 (m, 1H)6.66(d, J=88Hz TH)6.B0 (AofAB, J
=154 Hz, TH)B.97 (BofAB, J=154Hz 1 H) 727 ~7.37 (m, 4 H) 743 -7 45 (m, 1H)
7.51{d, J=83Hz 2H} 7.55 - 756 (m, 1 H}).
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Example 4-30: 1H NMR (400 MHz, CD30D) 8 ppm 1.21 (1, J=7.2 Hz, 3 H) 1.34 {1, J=7 .6 Hz,
3H) 2.68 (d, J=6.8 Hz, 2 H) 2.84 - 2.87 (m, 2 H) 2.98 - 3.00 {m, 2 H) 4.10 (q. J=7.1 Hz, 2 H)
4.66-4.78 (m, 1 H)7.27 - 7.37 (m. 6 H) 7.41 - 7.47 (m, 1 H) 7.54 (s. 1 H).

Example 4-31: 1H NMR (400 MHz, CD30D) 8 ppm 1.20 {t, J=7.1 Hz, 34} 2.28 (s, 3H) 2.62
{d, J=7.1 Hz, 2 H) 2.3 (dd, J=13.6, 6.8 Hz, 1 H) 3.00 (dd, J=13.6, 7.3 Hz, 1 H)4.08 (q,
J=7. 1 Hz, 2H)460-476(m, 1H)B.45(s, TH)7.24-740(m 4H)742-751{m, 3 H)
7.54 (t, J=1.8 Hz, 1 H).

Example 4-32: 1H NMR (400 MHz, CD30D) 5 ppm 1.20 ¢f, J=7.2 Hz, 3 H) 2.58 - 2.66 (m. 2
H) 2.68 (s, 3 H) 2.94 (dd, J=14.2, 7.8 Hz, 1 M) 2.99 (dd J=13.6, 8.8 Hz. 1 H) 4.08 (g, J=7.2
Hz, 2 H)4.58 - 4.76 (m, 1 M) 7.27 - 7.31 (m, 1 H) 7.33 (d, J=B.3 Hz, 2 H} 7.37 {t. J=7 8 Hz, 1
H) 7.46 - 7.49 (m, 1 H) 7.57 {d. J=8.1 Hz, 2 H) 7.55 {t, J=1.9 Hz, 1 H) 8 06 (s, 1 H) 8.49 (d,
J=8.6 Hz, 1 H).

Example 4-33; 1H NMR (400 MHz, CD30D) d ppm 121 {t, J=7.1Hz, 3H)2.60-2.70 (m, 2
H) 2.72 {s, 3 H) 2.87 (dd, J=13.86, 8.1 Hz, 1 H) 3.03 (dd, J=13.9, 6.8 Hz, 1 H) 411 {g, J=7.2
Hz, 2H)4.67 -481{m 1H)727-733(m, 1H)733-741(m,3H)7.48-7.52(m, 1H)
754 (d J=83Hz 2H)7.57 (t, J=1.8Hz, 1 H)8.70 (d, J=83 Hz, 1 H) 892 {5, 2 H).

Example 4-34: 1H NMR (400 MHz, CD300D}) 8 ppm 1.21 ({, J=7.2 Hz, 3H) 2.43 (s, 3 H} 2.83
{d, J=6.6 Hz, 2 M) 2.84 (dd, J=13.9, 7.1 Hz, 1 H) 2.99 (dd, J=13.6, 7.6 Mz, 1 H} 4.10 (g,
JE7 A HZ, 2H)462-474(m, TH)7.26 -730(m, 1H)7.30-738(m 3H)7.43~7.51 (m. 3
H)7.53 (t, J=1.8Hz, 1 H)8.15 (s, 1 H).

Example 4-35: 1H NMR (400 MHz, CD30D} 8 ppm 1.20 (t, J=7.1 Hz, 3 H) 2.64 (dd, J=15.4,
7.3 Hz, 1 H) 2.70 (dd, J=15.9, 8.3 Hz. 1 H) 2.99 (d, J=7.3 Hz, 2 H) 4.10 (q. J=7.2 Hz, 2 H)
465-479 (m, 1H)7.14 (dd, J=10.2, 8.7 Hz, 1 H) 7.30 (ddd, J=8.8, 4.1, 2.8 Hz, 1 H) 7.32 -
7.37 {m, 2 H) 7.37 - 7.46 (m, 3 H) 7.67 (s, 1 H) 8.28 (s, 1 H) 8.62 (d, J=8.6 Hz, 1 H).

Example 4-38. 1TH NMR (400 MHz, CD30D) & ppm 1.20 (t, J=7.2 Hz, 3 H) 1.33 {t, J=7.7 Hz,
3H) 268 (d J=6.8Hz 2H)2.83 (g, J=7.6 Hz, 2H)2.98 (d, J=7.1 Hz, 2 H) 4.10 {g, J=7 1
Hz, 2H) 4.65-4.79 {m, 1 H) 7.14 (dd, J=10.2, 8.7 Hz, 1 H) 7.30 (ddd, J=8.8, 4.1, 2.8 Hz, 1
My 7.32-7.37 (m 2H) 7.37 - 7.46 (m, 3H) 7.54 (s, 1 H) 8.49 (d, J=8.8 Hz, 1 H).
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Example 4-37; 1TH NMR (400 MHz, CHLOROFORM-o) & ppm 1.33 (4, J=7.1 Hz, 3 H) 2.22 (s,
3H)2.57-2.72 (m, 2 H) 2.99 (dd, J=13.6, 8.1 Hz, 1 H) 3.16 (dd, J=13.8, 6.3 Hz, 1 H) 4.15 -
4.33(m, 2H)4.60-4.82 (m, 1 H)555(s, 1 H)6.10 (s, 1 H) 7.15 (d, J=8.8 Mz, 1 H) 7.34 {d,
J=8.1 Hz, 3H) 7.38 (, J=7.7 Hz, 1 H) 7.48 (dt, J=7.6, 1.5 Hz, 1 H) 7.54 (d, J=8.1 Hz, 2 H)
7.58 {t, J=1.8 Hz, 1H) 7.72 (s, 1 H).

Example §-1: Synthesis of {R)-4-{biphenyl-4-yl}-3-{3-carboxypropanamido}hutanocic

acid
. S ‘Y
a 4
S e
H ) i ¥
Example 1-1 ’

To a solution of (R)-4-(1-(biphenyl-4-yl}-4-ethoxy-4-oxobutan-2-ylamino}-4-cxebutanoic acid
(61.2 mg, 0.160 mmol) in THF (1.6 mb) and methanol (0.2 mL), aqueous 1M NaOH solution
{0.638 mL, 0.638 mmol) is added at room temperature. After stirring for 45 minutes, the
reaction is quenched with aqueous 0.1 M HCI and is extracted with ethyl acetate. The
organic layer is washed with brine, dried over Na.SOq, filtered, and concentrated under
reduced pressure to give {R)~4-(biphenyi-4-yl}-3-(3-carboxypropanamido)butancic acid (54.9
mg). HPLC retention time = 1.33 minutes {condition A}, MS (m+1) = 356.1; 1H NMR {400
MHz, CD30D;} & ppm 2.40-258 (m, 6 H) 283 -2.94 (m, 2H) 443 - 450 (m, 1 H) 7.20-7.32
m, 3H) 741 (t, 2H,J =77 Hz} 7.53-7.60 (m, 4H).

Following compounds are prepared using similar procedure as described in example 5-1:

i . _ | Hydrolysis | HPLC-RT MS
Example # | Product Starting Maternial

H
}

ECondition {condition) | (M+1)
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Example 5-2. 1H NMR (400 MHz, CD30D)} 3 ppm 2.38-2.42 (m, 2 M) 2.45 - 2.64 (m, 4 H)
2.82-2.94 (m, 2 H) 4.42 - 448 (m, 1 H) 7.12 - 7.16 (m, 2 H) 7.31 (d, J=8.4 Mz, 2 H) 7.41 (d,
J=88Hz 2H) 754 (d, J=81Hz 2H) 758 (d, J = 8.6 Mz, 2 H).

Example 5-3: TH NMR (400 MHz, CD30D) 5 ppm 2.39-2.42 (m, 2 H) 245 - 2.54 {m, 4 H)

2.85 (A of ABX, Jab = 13.6 Hz, Jax=7.6 HZ, 1 H} 2.91 (B of ABX, Jab = 13.6 Mz, Jbx=6.2
HZ TH)442-448(m, 1 H)7.12-716 (m 2H) 731 (Aof AB, J =82 Hz, 2H) 7.52 (B of
AB J=B2Hz 2H)758-762(m, 2H)

Example 5-4: 1H NMR (400 MHz, CD30D) 8 ppm 2.39-244 (m, 2 H) 246 - 2.55 (m, 4 H)
288 {Aof ABX, Jab=138Hz Jax =76 HZ 1 H) 292 (Bof ABX, Jab =136 Hz, Jbx=86.3
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HZ, TH)442-449(m 1H)7.01-706(m TH)732(brd, J=81Hz 2H)7.30-7.45
(m, 2ZH)7.55{d J=8B1Hz 2H)

Example 5-5: 1TH NMR (400 MMz, CD30D) 8 ppm 2.40-2.43 (m, 2 H) 2.46 ~ 2.56 (m, 4 H)
2.87 (A of ABX, Jab =135 Hz, Jax=7.7 HZ, 1 H) 2.93 (B of ABX, Jab = 135 Hz, Jbx = 6.2
HMZ 1 H)4.43-450(m, 1 H) 7.13-7.18(m, 1 H) 7.20~7.24 (m, 1 H) 7.31=-7.35 (m ,3 H)
744 ~748(m, 3H)7.99(brd, J=83Hz, 1 H}

Example 5-6: 1H NMR (400 MHz, CD30D) 8 ppm 2.38-243 (m, 2 M) 2.45- 2.57 {m, 4 H)
2.87 (Aot ABX. Jab= 136 Hz Jax=7.6 HZ 1H) 2.94 (B of ABX, Jab = 13.6 Hz, Jbx = 6.1
HZ,1H)444-451{m 1 H)728~-735(m 7H} 748 (brd, J=78Hz 1H;}

Example 5-7: 1H NMR (400 MHz, CD30D) & ppm 2.40-2.52 (m, 8 H) 2.83~2.92 (m, 2 H)
377(s,3H)444-447(m, 1 H)686-7.05(m, 2H)7.23~7.30(m, 4 H)7.39-7.41 (m 2
H)

Example 5-8 1H NMR (400 Mz, CD30D) Spom 2.21 (3,3 H) 2.41-2.85 (m, 6 H) 2.82 ~
294 (M 2H)377(s,3H)} 445448 (m. T H)7.156-728(m, 8 H}

Example 5-9: TH NMR (400 MHz, DMSO-dB) & ppm 2.56 {dd, J=5.81, 15.92Hz, 1H), 2.66
(dd, J=7.07, 15.92Hz, 1H), 2.90 (dd, J=6.08, 13.64Hz, 1H). 3.00 (dd, J=8.08, 13.64Hz, 1H),
4.53-4.64 {m. 1H}, 7.30 (d, J=B8.34Hz, 2H), 7.33 (t, J=7.58, 1H), 7.56 (d, J=8.34Hz, 2H). 7.62
(d, J=7.07Hz, 2H), 7.95 (dd, J=1.26, 5.05Hz, 1H), 9.01-9.07 (m, 2H), 9.33 (d, J=1.52Hz, 1H),
12.28 (s, 1H).

Example 5-10: 1H NMR (400 MHz, DMSO-d8) § ppm 2.36 - 249 (m, 2 M), 2.75-2.86 (m, 2
H), 3.83(s, 2H).4.19-431{m, 1 H}, 7.26 {d, J=8.3 Hz, 2 M), 7.31 - 7.38 {m, 1 H), 7.45 ({,
J=7 8 Hz 2H),7.56(d, J=8.3Hz, 2H),7.61-7.67 (m, 2H). 840{d, J=8.1 Hz, 1H), 12.26
(br.s., 1 H), 16.02 (br. s, 1 H}.

Example 5-11: 1H NMR (400 MHz, DMSO-d8}  ppm 2.46 -2.59 (m, 2 H), 2.86 - 2.88 (m, 2
H}, 4.41-449 (M 1H). 720-7.38(m, 3H). 742~746{m, 2 H), 7.58 -7.65(m, 4 H), 8.26
{d. J=8 Hz, 1 H) 864 {brs, 2H)12.24 (br. s, 1 H).
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Example 5-12: 1H NMR (400 MHz, DMSO-d8) & ppm 2.54 - 2.70 (m, 2 H), 2.88 — 3.03 (m, 2
H). 4.56 - 4.65 (m, 1 H), 7.28 - 7.34(m, 3 H). 7.41 - 7.45 (m, 2 H), 7.55 - 7.63 (m, 4 H), 8.33
(s, TH), 9.15(d, J = 9.1 Hz, 1 H), 9.49 (s, 1 H), 12.30 {br s, 1 H), 14.11 {(br s, 1 H).

Exampie 5-13: TH NMR (400 MHz, CD30D) 8 ppm 2.38 - 2.57 {m, 6 H) 2.87 (A of ABX, Jab
= 13.6 Hz, Jax=7.6 Hz, 1 H) 2.95 (B of ABX, Jab = 13.6 Hz, Jbx = 6.1 Hz, 1 H) 4.44 - 4 51
(m, TH)7.06-714 (m 2H)731-737(m 5H) 748 (dd, J=88and 5.1 Hz, 1 H).

Example 5-14: 1H NMR (400 MHz, CD30D} & ppm 2.39 (s, 3 H) 2.39 - 2.55 (m, 6 H) 2.85 (A
of ABX, Jab = 13.5 Hz, Jax = 7.5 HZ, 1 H) 2.90 (B of ABX, Jab = 13.5 Hz, Jox = 8.4 Hz, 1 H)
4.42-4.49 (m, 1H) 713 (brd, J=7.3Hz, 1 H) 7.26 - 7.30 (m, 3 H) 7.36 - 7.40 (m, 2 H)
7.52(d, J = 8.3 Hz, 2 H).

Example 5-15 TH NMR (400 MHz, CD30D) § ppm 2.38 - 2.55 (m, 6 H} 2.86 (A of ABX, Jab
= 13.6 Hz, Jax =78 HZ 1H)2.03 (Bof ABX, Jab =136 Hz, Jbx = 6.1 HZ, 1 H) 442 - 4. 49
(m 1H)686-692{(m 1H)7.18-725(m, 2H)7.33-7.35(m, 2H) 7.55-7.58 (m, 2 H).

Example 5-16; 1H NMR {400 MHz, CD30OD) d ppm 127 (. J=76Hz, 3H}239-255(m, 6
HY2.70 (g J=7.6Hz, 2H) 2.85 (A of ABX, Jab = 13.6 Hz, Jax = 7.5 HZ, 1 H) 2.90 (8 of
ABX. Jab=1386HMz Jbox =64 HZ 1H}442-449(m 1H) 716 (brd. J=76H2, 1H)7.28
-7.33{m,3H) 7.38-742 (m, 2H)7.52-7.54 (m, 2H)

Example 5-17: 14 NMR (400 MHz, DMSO-d6) d ppm 2.47 - 2.50 (m, 2 H) 2.82 - 291 {m, 2
H)440-449{(m, 1H)729(d, J=83Hz, 2H)7.31-7.36(m, 1 H) 7.42-7.46 (m, 2 H)
759(d, d=84Hz, 2H)783-765(m 2H)7.95(brd, J=23Hz 1 H)81t{brd, J=23
Hz, 1H)8.25-827(m, 1 H)12.24 (brs, 1 H) 1248 (brs, 1 H).

Example 5-18: 1H NMR (400 Mz, CD30D) 0 ppm 2.38 - 2.55 {m, 6 H) 2.86 (A of ABX Jab
=136 Mz Jax=7.8Hz, 1 H) 2.92 (B of ABX, Jab =13.6 Hz, Jbx =6 3 Hz, 1 H) 443 -4.50
(m, TH)726(brd. J=73Hz TH)7.35{d J=81Hz 2H)7.51-7.58 (m, 4 H) 7.64 (brd,
J=78Hz tH).

Example 5-16; TH NMR (400 MHz, CD30D} d ppm 2.38-242 (m, 2 H) 2.45-2.56 (m, 4 H)
288 (A of ABX, Jab=136Hz Jax=76 Mz, 1 H)2.95(Bof ABX Jab=13.6Hz Jbx=862
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Hz, 1 H) 4.44 - 4.51 (m, 1 H) 6.86 - 6.80 (m, 1 H) 7.38 - 7.41 {m, 2 H) 7.63 - 7.70 (m, 3 H)
B8.02 ~B.04 {m, 1 H)B.18-8.21 (m, 1 H) 8.45 (brt, J = 1.9 Hz, 1 H).

Example 5-20: 1H NMR (400 MHz, CD30D) & ppm 2.38 ~ 2.56 {(m, & H) 2.87 (A of ABX, Jab
=13.6 Hz, Jax = 7.6 Mz, 1 H) 2.93 (B of ABX, Jab = 13.6 Hz, Jbx =6.3 Hz, 1 H) 4.43 - 4.50
(m, THY736(d J=83Hz, 2H) 758 -7862(m 4H)7.85-7.87 (m 2H)

Example §-21: 1H NMR (400 MHz, CD30D) d ppm 2.38 - 2.54 (m, 6 H) 2.85 (A of ABX, Jab
=136Hz Jax=75Hz, 1 H} 291 (Bof ABX, Jab=136Hz2. Jox=63HZ, 1H)3.84 (5. 3
H) 442 ~449{m, 1H)8.86-889(m 1 H}7.11-747 (m, 2H)7.20- 734 {m, 3H) 7.52 -
7.54 {m, 2 H).

Example 5-22: 1H NMR {400 MHz, DMSQO-d8) 8 ppm 243 -246 (m, 2H), 2.81-281(m, 2
HY440-449(m, 1H)6.33({d,J=96Hz THI728-735(m 3H)742-746(m, 2 H)
788 (d J=B81Hz, 2H)763-7656(m 2H)7.81(dd, J=98 28Hz 1H)7.93 (brs, 1 H)
8.14{d, J=83Hz, 1 H) 1182 (brs, 1 H) 12.19 (brs, 1 H).

Example 5-23: 1H NMR (400 MMz, CD30D) S ppm 2.39 - 242 (m, 2 H) 244 - 255 (m, 4 H)
2.86 (A of ABX, Jab = 13.6 Hz, Jax=7.6 Hz, 1 H) 2.93 (B of ABX Jab = 13.6 Hz, Jobx=6.3
HZ 1H)443-450(m, 1H)7.36(d J=83Hz 2H)7.68-763(m, 3H)7.66-768(m 1
H)7.91-794{m, 1 H) 7.97 (brt, J=15Hz, 1 Hj.

Example 5-24: 1H NMR (400 MHz, DMSO-d8) & ppm 2.50 - 2.61 (m, 2 H) 2.83 - 2.84 (m, 2
Hy4.43-452(m, 1 H) 6,82 (s, 1H) 7.28-7.35(m, 3H) 7.44 (t, J = 7.7 Mz, 2 M) 7.58 - 7.65
(rm, 4 H) 812 (s, 1 HY B.86 (d, J = 8.3 Hz, 1 H) 9.55 (s, 1 H) 12.25 (br s, 1 H).

Example 5-25: 1H NMR (400 Mz, DMSO-d6) 8 ppm 1.66 - 2.47 (m, 10H)2.71-283 (m, 2
Hy331-346(m 3H}4.1B-449{m 2H)726-728B(m, 2H)7.32-7.36{m, 1 H) 7.43 -
747 {m 2H)757-766{m, 4H)7.86(d, J=83Hz, 1H)12.31 {brs, 2 H).

Exampie 5-26: 1H NMR (400 MHz, DMSO-d5) 8 ppm 1.80 - 2.03 (m, 3 H) 2.27 - 2.31 {m, 1
M) 2.39 - 2.52 (m, 2 H) 2.75 - 2.81 (m, 1 H) 2.85 - 2.89 (m, 1 M) 2.95 - 3.03 (m, 1 H) 3.41 -
3.78 (m, 2 H) 3.90 - 3.89 (m, 1 H) 4.14 - 4.20 (m, 1 H) 4.28 - 4.35 {m, 1 H) 7.28 - 7.37 (m, 3
H) 7.44 - 7.48 (m, 2 H) 7.58 - 7.65 (m .2 H) 8.45 (brs .1 H) 12.34 (br s, 1 H).
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Example 5-27. 1TH NMR {400 MMz, CD30D) & ppm 2.38 - 2.54 {m, 6 H) 2.88 (A of ABX, Jab
=136 Hz, Jax = 7.6 Hz, 1 H) 2.93 (B of ABX, Jab = 13.8 Hz, Jbx =62 HZ, 1 H} 442 - 4.48
(m, TH)713-717{m 1M 731-737 (m . 3H)7.46 - 7.47 (m, 1 H) 7.54 - 7.57 {m, 2 H).

Example 5-28: 1H NMR (400 MHz, CO30D} 8 ppm 148 -1.71 (m, 6 M) 201 -2.11 (m, 2 H)
2.14-221(m, 1 H) 244 -2.56 (m, 3 H) 2.83 {A of ABX, Jab = 13.6 Hz, Jax = 8.0 Hz, 1 H)
291 (Bof ABX, Jab =136 Hz, Jox =83 HZ, 1 H}443~451 (m, 1 H) 7.28-7.32 (m, 3 H)
738-742{m 2H) 7520, J=81Hz 2H)756-759(m, 2H)7.71{brd, J=86Hz, 1H).

Example 5-28: 1H NMR (400 MHz, CD30D) 8 ppm 2.30 - 2.42 (m, 2 M) 2.45 - 2.56 (m, 4 H)
287 (A of ABX, Jab = 13.6 Hz, Jax = 7.8 Hz, 1 H) 2.94 (B of ABX, Jab = 13.6 Hz, Jbx = 6.1
Hz, T H) 444 -4581(m, 1H)723(A0fAB, J=80Hz 2H}728(Bof AB, J=80Hz 2H)
735(d J=76Hz tH)750-753(m 1H)760-763{m TH)7.75, J=78Hz 1H)

Example 5-30: 1H NMR (400 MHz, DMSO-d8) 8 ppm 2.45- 266 (m, 2H)2.83-2.83 (m, 2
H)4.43-402(m, 1H)7.18(s, 2H)7.29-7.35(m, 3H) 7.42-7.46 (m, 2 H) 7.58 - 7.85 (m,
4H)819(d, J=81Hz, 1H)B.60 (5, 2H}12.21 {brs. 1 H).

Example 5-31; 1H NMR (400 MHz, CD30D) S ppm 2.39-243 (m, 2 H) 246 -2.57 (m, 4 H)
2.80 {A of ABX, Jab =136 Hz, Jax=7.8 Hz, 1 H) 2.97 (B of ABX, Jab = 13.6 Hz, Jbx = 6.1
Hz, 1 H) 445 ~452(m, 1 H) 737 -739(m 2H) 749 -753(m 3H) 7.57-7.59 (m ,1 H)
770-774(m, 1H)7.80-7.82(m, 1 H).

Example 5-32. 1H NMR (400 MHz, CD30D) S ppm 1.33- 149 (m, 4 H) 1.68- 172 (m, 1 H)
179-183(m THY1.96-201 (m, 2H)205-213{m, 1H) 217 -2.25(m, 1 H) 243- 255
(M 2H}280-205(m, 2H)442-449(m, 1H)7.28-732(m, 3H)7.38-7.43(m, 2H)
7.52 ~7.59 {m, 4 H).

Example 5-33: 1H NMR (400 MHz, DMSO-dB) & ppm 2.48 - 2.55 (m, 2H) 2.84- 2968 (m, 2
H)4.44-453 (m 1H)8.84(brs, 1 H)730-735(m 3M)742-746(m, 2H)757-7.64
{(m 4 H)B17-860{(brm, 5H}12.27 (brs, 1 H).
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Example 5-34: TH NMR (400 MHz, CD30D) d ppm 1.30 {t, J=7.0Hz, 3H)238-256 (m, 6
H)2.82-283(m, 2H)4.02(q, J=70Hz 2H}442-449(m, 1 H}6.96-7.03 (m, 2H)
723-728(m 4H)744(d, J=84 Hz, 2 H).

Example 5-35. 1H NMR (400 MHz, CD30D) 8 ppm 2.14 {s, 3H) 2.39~2.43 (m, 2 H) 2.45-
256{m 4H)282-294{m 2H)402(q, J=70Hz, 2H)442-449(m, 1H)7.30-7.38
(m, 4H)7.48-755{m, 3H) 7.80(brs, 1 H).

Example 5-36: 1H NMR (400 MHz, CD30D) & ppm 2.39 - 2.55 (m, 6 M) 2.85 (A of ABX, Jab
=136 Hz, Jax =7 5HZ 1H)290(Bof ABX, Jab=13.6 Hz, Jbx =8.3 MZ, 1 H)4.42 - 4.49
(M, 1H)686-682{(m 1H)731(d, J=81Hz, 2H)753-7.55{m, 2 H).

Example 5-37: Synthesis of {R}-4-{1-carboxy-3-{§'-fivoro-2'-methoxybiphenyl-4-

vi}propan-2-ylamino)-4-oxobutanoic acid

i .
o ‘*\
3
vy
{\ { o o a { O
2 (7 ? (1
/AOJ ~ \ﬁ/ﬁ\/r\(oﬁ Ho' ~ N \..,-”\Q/OH
Q G

To a soilution of (R)-4-(4-ethoxy-1-(5'-fluoro-2'-methoxybiphenyl-4-yi)-4-oxobutan-2-ylamino)-
4-gxobutanoic acid (83 mg, 0.192 mmol} in MeQH (2 mL) is added 1N NaOH (4 mL, 4 mmol)
After stirring at room temperature for 2 hours, the crude is concentrated under reduced
pressure to remove MeOH and is difuted with EtOAc. The organic layer is washed with
brine, dried over Na,S0,, filtered and concentrated under reduced pressure. The obtained
residue is purified by RP-HPLC (SunFire C18, H,0(0.1% TFAYCH,CN), and then lyophilized
to give (R)-4-(1-carboxy-3-(5'-fluoro-2'-methoxybiphenyl-4-yhpropan-2-ytamino)-4-
oxobutanoic acid {88 mg). HPLC retention time = 1.46 minutes (condition D}, M8 {(m+1) =
404.2; 1TH NMR (400 MHz, CD;OD) 8 ppm 2.36 - 2.59 (m, 6 H) 2.84 (dd, J=13.4, 6.3 Hz, 1 H}
2.91(dd, /=134, 6.3Hz, 1H)375(s, 3H)434-456(m 1H)B85-708(m 3H)7.26(d,
J=8.1 Hz, 2 H) 742 {d. J~8.3 Hz, 2 H)

Following compounds are prepared using similar procedure as described in example 5-37:
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) . Hydrolysis | LOMS-RT | MS
Example # | Product Starting Material - N ,
Condition | {condition) { (M+1)
C.{\
)
A
¢
o ';L&‘O
¢ /&\vg/(\ /H\ S O
HO ;:ll E T o0 /'HT
\N{A‘N’S“‘ )3
Example 5- H Ea y Ag. NaQH, 168 mi 488
oY - B8 min. A
38 R-4-{3- f o MeOH, it |
chiorobiphenyl-4-yl)- e MY e &0 ()
N
| 3-(6- §
{methylsulfonamidoin
icotinamido)butanoic
acid
: i
Ay
/“ 1 o
0
HO A J\’“ g OH
Example 5- “ 0 Ag. NaOH, ‘
1.52 min. 420.1
39 R-4-{1-carhoxy-3-(5"- MeOH, rt ©)
chioro-2'-
methoxybiphenyi-4-
yhpropan-2-ylamino)-
4-oxobutanoic acid
Ci‘
(3
)
jivf N A
" ﬁ F/l (::'f' )’;\
Example 5 I 4 8 Ag. NaOH, ,
i 1.57 min. 4872
40 R-4-{3'- Y g J’ N MeOH, rt )
chiorobiphenyl-4-yi)- AL

3-{4-
{methylsulfonamido)b
enzamido)butanoic
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acid

Example 5-
41

o
»\,

)\\
o~
?

\\
R-4-(3-
chiorobiphenyl-4-yi)-
3-(2-ethylthiazole-5-
carboxamidobutanoi
¢ acid

Ag. NaOH,

MeOH, it

1.65 min,

D)

4281

Example 5-
42

F
@
o
HO™ l\/t "i\/\ Ot
G
R-4-(1-carboxy-3-(5'"-
fiuoro-2'-
hydroxybiphenyl-4-
vi)propan-2-ylamino)-
4-oxobutanoic acid

f ‘
mx

,-r‘ [}

%
P
,)L ?\6

O

Ag. NaOH,

MeOH, 1t

1.42 min.

(D)

| 390.2

Example 5-
43

3 o]
jé I N }L\,f Ot

HO s
i3
H b

R-4-{1-carboxy-3-(3'-
chloro-2'-
methoxybiphenyl-4-
yhpropan-2-ylamino)-

4-pxobiganoic acid

7y
%(“(:1
o " Qe
o i
g A A ot

o N
NUY

Ag. NaOH,

MeOH, 1t

1.53 min.

(D)

420.2
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Example 5- & Ag. NaOH, _

. e 1.45min. | 3781

44 R-4-(biphenyl-4-y1)-3- $ (9 o | MeOH, 1t ,
(B-hydroxypyrimidine- | ~ ©  § ri\rf )

A-
carboxamidoibutanol
¢ acid
S -
e
(J
ff} A
e ey
}O\ g i ,»fﬁw""hm:f

Example §- | o 3»;’\’\@"‘“ 5@/\) Ag. NaOH, ,

45 0 5 /L;? MeGH. 1t 1.28 min. 389.3
(R}-3-{4-amino-4- Ao g*v”\g””’ ’ (A
oxobutanamido)-4-

{3-chiorobiphenyi-4-
yhbutanoic acid
& T
i L R N 2‘
HO™ SN N "NH X };-;-;..-"

Example §&- s . Ag. NaOH, _

o 3 1.83 min 402.2

48 R-4-(3' o AL RN T MeOH

TNy )
chlorobiphenyl-4-yi)- 0“‘{\6
3-{5-oxo-4.5-dihydro-
1,3,4-oxadiazole-2-
carboxamido)butanoi
¢ acid




yl}-3-{oxazole-5-
carboxamido)butanoi
¢ acid
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Example 5- W% P Ag. NaOH, _ ,
A , . 1.80 min, 413.3
47 R-4-(3'- o ;A MeOH, rt
- A K e L)
chiorobiphenyl-d-yl}- | 770 LI
3-(2-ethyloxazole-5-
carboxamidolbutanoi
¢ acid
F\
S«f"%
L
ﬁ
‘Qk’\ b
Example & A Y Ag. NaOH, ) ‘
4 / 0~ 1.38 min. 427.2
48 | R~3-(2-ethyloxazole- (*O MeOH, 1t -
5-carboxamido)-4-(5- | -0 A “Q;r”\ ®)
fiuoro-2’~
methoxybiphenyl-4-
yiibutanoic acid
« {i - i
(% | a
I N N N v
Example §- Ho ﬁj\ﬁwﬁ’ (,4"“\} N | Ag. NaOH, .
) o 1.37 min. 380.3
e P ; Q -
methoxybiphenyl-4- o ﬁlj\\f_g
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Example 5- o \C‘» Aq. NaOH, .
o &£ 1.50 min, 4011
50 R-3-(1H- N i o MeCH, rt o)
1
benzofd}{1,2,3}triazol " Lfs«\\'“
e-5-carboxamida)-4-
{biphernyl-4-
yhbutanoic acid
- y= — — —
S,
O
o ¢ o -
‘ : 7
Ho)i\,,g:g)f\fpm\m -~ Q 3
Example 5- ﬁﬁm i)ij Aq. NaOH, 1.39 mi 367.1
. .39 min. ,
51 b ey ? § . | MeOH rt
R-4-{biphenyl-4-yi}-3 N g ﬁ)\f_"}h'w (D)
; ~
(5-ox0-4,5-dihydro- By
1H-1,2 A-iriazole-3-
carboxamide)butanoi
¢ acit!
FLQ
:N\}_ £,50
o (.» ‘::;6' 4{}\.".‘3
0 3 4
Example 5- HOJ\" ‘g"’ ~ O ,;»\) o Ag. NaOH, .
5 - e} ). 3 MeGH. 1t 1.57 min. 440 1
R-4-(1-carboxy-3-(3'~ ’,,,\G_,}i\/,(\wfiw,,\w ’ (D)

tiriflucromethoxylbiph
enyl-4-yhpropan-2-
ylamino)-4-
oxobutanoic acid
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Example 5- ' u 7Y Ag. NaOH, )
53 | b oo | 13T min 4013
(3R)~4-(3- ¢ (% SO o)
) ,Aof\v \N:/ \"'/\f‘ 1)
chlorabiphenyt-4-yl}- H -y
3-{5-oxopyrrolidine-3-
carboxamido)butanoi
¢ acid
C!L
¢y
& =
}““f
HO™ S !!};)\\gc;?_’ (7.‘;\“
-N e
Example 5- " ,,~~~§-"'\“" Ag. NaQH, _
R-4-(3'~ » ‘ 1.44 min. 400.2
54 ‘ o 3 MeOH, ri 5
chiorobiphenyl-4-yi- | . L @,}L\ggr (D)
3-(5-methyl-1,3,4- Tonew
oxadiazole-2-
carboxamido)butanoi
c acid
\
7
e
& \) o
o ¢ 0 ¢
,Ji\ f\ )fi RN }
HO™ ™ ﬁ \k’,{N ;‘;-'“:{7.1\
Example 5- Ot J“{ o | Ag. NaOH, _ _
; . S 1.37 min. 415.1
55 R-4-(5'-flupro-2'~ ? ,( ?L MeOH, 1t
o NP R}
methoxybiphenyl-4- 07N A ©)
—
OH

yl3-3-{3-
hydraxyisoxazole-5-
carboxamidoybutanoi
¢ acid
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Example 5-
56

R-4~(3'-
chiorobiphenyl-4-yi)-
3~(3-hydroxy~1H-
pyrazole-5-
carboxamidoloutanoi
¢ acid

Ag. NaGCH,
MaOH, 1t

1.52 min.
)

400.2

Example 5-
57

7

4
—

R-4-{biphenyi-4-yl)-3-
{5-0x0-4 5-dihydro-

1,2 4-oxadiazole-3-
carboxamido)butanoi
¢ acid

Ag. NaOH,
MeQH, it

1.77 min.
D)

368.2

Example 5-
58

R-4-(3"-
chiorobiphenyi-4-yi)-
3-(5-oxa-4 S-dihydro-
1H-1,2.4-trazoie-3-
carboxamide)butansi

Ag. NaOH,
ieQOH, 1t

i 1.63 min.
{D)

4011




hydroxybiphenyi-4-
yhpropan-2-ylaminoc)-
A-pxobutanoic acid
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Example 5 | p_a_im fs ¢y Ag. NaOH,
5 3 R-4-{biphenyl-4-yl}-3- ‘i ::S-" 9 1.46 min. 416.0
{ . ~ ¥ L \‘!\ . H
(2*03(0“2,3*@%1}!’@"0‘ Sy x}%’“ LIN;):Q {D}
TH- o
benzojd)imidazole-5-
carboxamidoibutanoi
¢ acid
f‘e}%‘\ QCF,
o { o
H Ojl\\,i ﬁxﬂ\wf\‘ ?F,. L603] e"’;}
Example 5- N 7 e, | Ag. NaOH, ’
R_4_{1_Earngy~3_(2’_ 4 .J«‘:,U 1.4% min. 440.0
60 ‘ A i A oM (0
(trifluoromethoxy)biph | 07 ™Y "f\g
enyl-4-yhpropan-2-
ylamino}-4-
oxobutanocic acid
({
- -
xample 5- Ay . NaOH,
P DO 4 16 min. | 372.2
o1 R-4-(1-carboxy-3-2- | . XL I Ko (D)
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Example 5-
62

R-4-(1-carboxy-3-

{2’ 3-diflucro-8'~
methoxybiphenyl-4-
yhpropan-2-ylamino)-
4-oxobutanoic acid

Ag. NaOH,

MeOM, 1t

1.34 min.

()

4222

Example 5-
83

R-4-(3'~
chiorobiphenyi-4-yl}-
3-(2-0x0-2, 3-dihydro-
1H-imidazole-4-
carboxamido)butanoi
¢ acid

Ag. NaOH,

MeOH, rt

1.16 min.

0

400.1

Example 5-
84

bR

s

" o"‘\" )k/\ eits

R-4-{1-carboxy-3-(3'-
fluoro-2'-
methoxybiphenyl-4-
yiipropan-2-ylamino)-
4-oxobutanoic acid

J B,
J\,\TDH

o~ ,

Ag. NaOH,

MeOH, 1t

1.29 min.

D)

4041




WO 2010/136493

PCT/EP2010/057247

- 156 -
4
— )‘"‘N)
R
SN
& N
Ho’it\vj\;ﬁ’ﬁv\ o ,;: \\/\
Example 5- © 2% Ag.NeOH, | s56.2
A-(1-ca _3.(4- s/ A3 min. 2
65 R-4-(1-carboxy-3-(4 J(f)\ 5 ( MeOH, 1t
pyridine-2- o \ﬁ’“\/\g' o8 0)
yi)phenyilpropan-2-
ytaminoj-4-
oxobutanoic acid
{;
S
RS —F
¢{ on
S F
P {38 . o
Example 5| L ;‘ a Aq. NaOH
xample 5- G ~ % . NaOH,
SEEN 142 min. | 422.0
€8 R-4-{1-carboxy-3- o ¢ b MeQH, 1t ©)
. A A A o
(3,5 difluoro-2- oA O
G
methoxybiphenyl-4-
ylipropan-2-ylamino)-
4-oxcbutanogic acid
{
&)
o (% i
t-io‘ﬂ\‘i‘re;\”L NS U‘m
8 ’:\;‘N‘L‘ M t,:- b
Example 5- ° \-)( N Ag. NaOH, + 78 i £12.1
3. . .78 min. .
67 R-4-3 5 % MeOH, rt
chiorobiphenyl-4-yl)- | ~gdh ﬁfﬁ‘ N )
3-(8- M on
hydroxypyridazine-3-
carboxamido)butanoi

¢ acid
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chiorobiphenyl-4-yi)-

&
Voo
a \.'
g
T O s 72!
HO N \(\LJN iv)‘
Example 5- oM (“R Ag. NaOH, ,
, Ny , 1.53 min. 417 .1
68 R-4-(3'~ U 2 MeOH, rt o)
N o ,.-S~
chiorobiphenyi-4-yl)- | ~ © Ny
3_(3_~ \L‘)H
hydroxyisothiazole-5-
carboxamidobutanai
¢ acid
- . m}\ —
=
7y
\"L\K N }-‘
S
Example 5- ¢ ¢ Aq. NaOH,
69 P ° R ‘,, Mq o 1t 1.78 min. 401.2
B3~ 0 {0 eOH,
R 4 {3 .f"\ovd\\,‘j“N"ﬂ\‘ :f\. (D)
chiorobiphenyl-4-yl)- Wt t
3-(2-0x0-2,3- ©
dihydrooxazole-5-
carboxamidolbutanci
¢ acid
¢l
"&\‘\ C‘
73 e
P )
.\*f} —_ s
Example 5- P / 8 Ag. NaOH, .
0 o Py 1.62 min. 4011
70 A 0 L 0 MeOH, rt
HOT TN Y R NN (D)
Nl ! 70
H R Hoong
o [N
o
R-4-{3-
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3-{2-0%0-2,3-
dihydrooxazole-4-
carboxamido)butanot
¢ acid
Ci 1
e
PNy
¢\
§J ﬂ
o J O o
)j\, .y =2 ,f"“\_
HO ~ ﬁg ~ NH 3 h
®os A
Exampie 5- ~ \/ ! Aq. NaGH,
- . e MeOH. 1.73 min. 417.2
{ e
R-4-(3" A A K " D
( . Q/\\a ﬁU\f\NH ( )
chiorobiphenyi-4-yh)- S
|
3-(2-0x0-2,3-
dihydrothiazote-5~
carboxamideo)butanoi
¢ acid
‘{.;';:“’{5\
aat \“‘:#/.
.i\)
o o
A A
HOQT ™ {i F\ \‘ 2 0 ‘/ )
) N4 N
| Example 5- Nl ¢y Ag. NaOH, ‘
, o ¢ ¢ 1.49 min. 4542
72 R-4-(biphenyl-4-y})-3- | . X L % MeOH, rt
. AT e (D)
{methylsulfonamidoin
icotinamido}butanoic
acia
/\“,. ]
‘\w%/)}
~ s
)-*;-«-.»"; P
Example &- a & po D A Ag. NaOHM,
LY A, L) i 1.28 min. | 367.0
73 HO TR O . ji . V? EtOH, 1t
Br07 N/j"’Nj' okt @)
2-{{R)-1-Biphenyi-4-
yimethyl-2-carboxy-
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e\t}';},flaminca)mc:nxazoieL

4-carboxylic acid

Example 5-38: 1H NMR (400 MHz, CD30D} 8 ppm 2656 (d, J=7.1Hz, 2H} 291 -3.07 (m,. 2
H} 328 (s, 3H)470(m, 1 H)704(d, J=88Hz, TH}7.26-733(m, TH) 733-744(m, 3
H} 7.47 - 7.86 {(m, 3 H) 7.57 {t, J=1.9 Hz, 1 H} 8.02 (dd. J=8.8, 2.5 Hz, 1 H} 8.55 (d, J=1.78
Hz, 1 H).

Example 5-39; 1H NMR (400 MHz, CD,OD) & ppm 2.36 - 2.60 (m, 6 H) 2.84 {dd, J=13.4, 6.1
Hz, 1H) 2.91 (dd, J=13.4, 6.1 Hz, 1 H) 3.77 (s, 3 H) 4.34 - 4.58 (m, 1 H) 7.03 (d, J=8.6 Hz, 1
H) 7.18 - 7.31 (m, 4 H) 7.39 {d, J=8.1 Hz, 2 H)

Example 5-40. 1H NMR (400 MHz, DMSO-d;) 6 ppm 2.51-270 (m, 2 H) 278 ~2.99 {(m, 2
H)305(s,3H)441-462(m, 1 H} 722 (d, J<88Hz, 2H) 733{d, /=81Hz 2H) 7.36-
7A3 (m, 1 H) 7.46 {t, J=78 Hz, T H) 756 -766 (m, 3 H) 769 (1, J=1.8 Hz, 1 H) 7.76 (d,
J=8.6Hz, 2H)830(d, J=83 Hz 1 H)10.09(s, 1 H)12.24 (s, 1 H)

Example 5-41 1H NMR (400 MHz, DMSO-dg) 6 ppm 1.28 {1, J=7.6 Hz, 3 H) 2.561 - 2.60 (m,
2H)284-294(m, 2H) 297 (g, J=7.6 Hz, 2 H) 4.36 - 4.58 {m, 1 H} 7.32 {d, J=8.3 Hz, 2 H)
737-742(m 1H) 747 ¢ J=F8Hz, 1H)760-766(m, 3H)Y7.70 (1, J=1 8 Hz 1 H)8B23
{s, THYB.B0{d, J=B3Hz, 1 H} 1230 (br. 5., 1 H)

Example 5-42. 1H NMR (400 MHz, DMSO-d5) d ppm 223 -231(m, 2H) 231 - 243 (m, 4
Hy2.76{d, J~6.6Hz, 2H) 416 -4.30{m, 1 H)6.87 - 7.02 (m, 2 H) 7.07 {dd, /~8.6, 3.0 Hz, 1
H) 7.21(d, J=83 Hz 2H)7.50 (d, J=8.1 Hz, 2H) 7.90 (d, /=81 Hz, 1 H) 851 (br.s., 1 H)

Example 5-43: 1H NMR (400 MHz, CD,00) 5 ppm 2.33 - 2.80 {(m, 6 H} 2.85 (dd, /=~13.7, 6.1
Mz, 1 H) 2.84 (dd, J=13.7. 6.1 Hz, 1H) 3.45 (5, 3H)4.35- 457 (m, 1 H) 794 ({, y=7 8B Hz 1
H)Y7.21-7.34 (m, 3H)7.38 (dd, J=8.0, 1.8 Hz, 1H)7.47 (d. /=83 Hz, 2 H)

Example 5-44° 1H NMR (400 MHz, CD,0D) 3 ppm 2.64 (d, /=58 Mz, 2 H) 3.01 (d, J=6.8
Hz, 2H) 4.51 - 474 (m, 1 H) 700 (br. s, T H) 7.25-735(m 3 H} 740 {t, y=76 Mz 2 H)
7.53(d, =81 Hz, 2H)7.58 {d, J=B.1 Hz, 2H)8.21 (br.s, 1 H)
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Example 545 1H NMR (400 MHz, CDi0OD} & ppm 2.38 - 2.55 (m, 8 H) 2.85 (dd, J=13.8,
6.3, Hz, 1 H)2.93 (dd, J=13.6, 6.3, Hz, 1 H} 4.40 - 4.56 (m, 1 H) 7.27 - 7.37 {m, 3 H) 7.40 (1,
J=T8Hz, 1H)7.54-7568(m 3M)y 760, J=18Hz 1H)

Example 5-46. 1H NMR (400 MHz, DMSO-d;) & ppm 2.51 - 2,63 (m, 2 H) 2 .84 (dd, /=136,
B.3Hz, 1H)289 (dd, /=136.8.3Hz, 1H)440-455(m, 1 H)7.30(d, /=8.3Hz, 2H)7.37 -
742 (m, T H) 747 (t, J=FT 8 Hz, 1 H)7.58-766(m, 3H) 7.70 (t, J=1.9 Mz, 1 H) 8.95 (d,
=8B Hz 1 HY 1293 (s, 1 H)

Example 5-47. 1H NMR (400 MHz, DMSO-d;) § ppm 1.25 (1. J=7.6 Hz, 3 H) 2.51 - 2.59 (m,
2H)280(q. J=76Hz 2H)284-294(m, 2H)441-456(m, 1 H)7.31{d, /=8.1Hz 2H)
737 -742{m 1 H)747 {{ J=7.8 Hz, 1 H) 759 {s. 1 H) 7.63 (d, /=83 Hz, 3 H) 7.70 {1,
J=1.9Hz, 1 H)8.45(d, J=BE Hz 1 H) 12.27 (br 5., 1 H}

Examnple 5-48: 1H NMR {400 MHz, CD,0D) § ppm 1.33 (1, J=7.6 Hz. 3 H) 2.64 {d, J=6.8 Mz,
2H)284 (g J=7T8Hz 2H)2.08(d J=7TO01Hz 2H)372 (s, 3H)4.62-475(m, 1H)86.94-
7.08{m 3H)7.27 (d, J=8.1Hz, 2H) 7.40(d. J=8.3 Hz, 2H) 7.54 (5. 1 H)

Example 5-49: 1H NMR (400 MHz, DMSO-d;} 6 ppm 2.51 - 2.62 (m, 2 H) 2.84 (dd, J=13.7,
78Hz 1H) 291 (dd, =137, 79 Hz, 1H)3.73 (s, 3H) 442 -455(m, 1H)7.05-7.19 (m,
IHM}T7.25(d, J=8.1Hz, 2H) 742 {d, J=B 1 Hz, 2H) 7.73 (5, 1 H) 855 (s, 1 H) 883 (d, J=8.8
Hz. 1 H)

Example 5-50: 1H NMR (400 MHz, CD;0D} & ppm 2.69 (d, J=6.8 Hz, 2 H) 2.95 - 3.10 {m, 2
H) 4.68-4.79 (i, 1 H) 7.21-7.33 (m, 1 H) 7.33 - 7.47 (m, 4 H) 7.49 - 7.65 (m, 4 H) 7.76 -
7.97 (m, 2 H) B20 - 8.42 (m. 1 H)

Example 5-51: 1TH NMR {400 MHz, CD,OD) & ppm 262 (d, J=6.6 Hz, 2 H) 2.96 (d, J=7.3
Hz. 2H)4.54 -468(m, 1 M) 728~ 7.36 (m, 3 H) 7.40 (t, J=7.7 Hz. 2 H} 7.56 (dd, J=17.2,
7.8 Hz, 4 H)

Example 5-52: TH NMR (400 MHz, CD,0D) 6 ppm 2.34 - 2.45 {m, 2 H) 2.45- 259 (m, 4 H)
2.86 (dd, J=13.4, 6.0 Hz, 1 H) 293 (dd, J=13.4, 6.0Hz, 1 H)4.40-455(m, 1 H)7.10-7.26
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(m. 1 H) 7.34 (d, J=8.1 Hz, 2 H) 746 - 7.49 (m, 1 H) 7.51 {1, J=8.0 Hz, 1 M) 7.56 (d, J=B.3
Hz, 2 H) 7.61 (d, J=7.8 Hz, 1 H)

Example 5-53; 1H NMR (400 MHz, DMSO-ds) dppm 2.04 - 226 (m, 2 H) 2.31-246 {m, 2
H) 2.69-2.88 (m, 2H) 2.94 - 3.21 (m, 2H) 4.18 - 4,37 (m, 1 H) 7.28 {d, J=7.1 Hz, 2 H} 7.35
-7A3 (M, T H)743-754 (m, 2H) 763, J~82Hz 3H)7.70{ J=1.9Hz 1H)7.98 (dd,
J=8.3, 23 Hz 1Hy 1222 (br.s, 1 H)

Example 5-54: 1H NMR (400 MHz, CD,0D) & ppm 2.57 (s, 3 H) 2.68 (d, J=6.6 Hz, 2 H) 2.92
~3.08(m, 2 H) 4.64-4.74 (m, 1 H) 7.25-7.33 (m, 1 H) 7.33 - 7.44 (m, 3 H) 7.44 - 7.55 (m,
3H) 757 {t J=1.8 Hz, 1 H)

Example 5-55. 1H NMR {400 MHz, CD;0D) &8 ppm 2.64 (d, /=6.3 Hz, 2 M} 2.97 (d. J=7.1
Hz, 2H) 3.74 (s, 3H)458-4.73 (m, 1 H) 643 (s, 1 M) 6.96 - 7.08 {m, 3 H) 7.27 (d, J=8.1
Hz, 2H) 742 (d J=8.1Hz, 2H}8.71(d, /<8B3 Hz 1H)

Example 5-56; 1H NMR (400 MHz, DMSO-d,) S ppm 2.52 - 267 {m, 2H) 2.80-2.986 (m. 2
H}438-454(m, 1H)590(r s, 1H) 730 (d, J=B. 1 Hz, 2H} 7 35-7.42 (m, 1 H) 7.46 (4
JSTBHz 1 Hy7.861{(d, J=83Hz, 3H) 76898 (t, J=1.0Hz, 1H)808 (br. s, 1H)

Example 5-57: 1H NMR (400 MHz, CD:0OD) & ppm 2.48 - 2.55 (m, 1 H) 2.64 (d. J=6.8 Hz, 1
) 2.88 - 3.00 (m, 2 H)4.32-4.69 (m, 1 H) 7.26 - 7.35 (m. 3H) 7.41 {t, J=7.5Hz, 2 H) 7.49 -
7.85 (m, 4 H)

Example 5-58; 1H NMR (400 MHz, CD.OD) 8 ppm 2.82 (d, J=6.6 Hz, 2H)292-3.01 (m. 2
H) 450464 (m, 1H)728-743(m 4H)748-756(m, 3H)7.50{t J=19Hz, 1H)

Example 5-59: 1H NMR {400 MHz, CD:0D) & ppm 2.64 (d, J=6.6 Hz, 2 H) 3.01 {d, J=7.1
Hz, 2H)4.63-475(m, 1H)7.05(d, J=8.1Hz, 1 H}7.26-732(m, 1H)7.35(d, J=83Hz 2
H) 7.37 - 7.43 (m, 2 H) 7.44 (d, J=1.0 Hz, 1 H) 7.48 (dd, J=8.1, 1.77 Hz, 1 H} 7.562 - 7.60 {m,
4 H)
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Example 5-60: 1H NMR {400 MHz, CD;0D) 8 ppm 2.30 - 2.44 (m, 2 H) 2.44 - 2.64 (m, 4 H)
2.87 (dd, J=13.7, 6.4 Hz, 1 H) 2.95 (dd, J=13.7, 84 Hz. 1 H) 442 - 453 (m, 1 M) 7.27 - 7.52
{m, 8 H)

Example 561 1H NMR (400 MHz, DMSO-ds) 6 ppm 2.22 -2.32 (m, 2 H) 2.32 - 2.44 (m, 4
H) 276 (d, J=6.6 Hz, 2H} 4.16 - 4.29 (m, 1 H)}6.82-688 (m, 1 H)6.83-6.97 (m, 1) 7.08
- 747 {m, 1 H) 7.17 -7.28 {m, 3 H) 7.47 (d, J=8.1 Hz, 2 H) 7.90 (d, J=8.1 Hz, 1 M) 9.47 (br.
s, 1HY 1214 (br. s, T H)

Example 5-62: 1H NMR (400 MHz, DMSO-di} 5 ppm 2.22 - 231 (m, 2 H) 2.33 - 242 (m, 4
HY272-285(m 2H)3.72 (s, 3H) 4.16 - 4.34 (m, 1 H) .92 (ddd, J=8.4. 379, 1.8 Hz, 1 H)
721 -733{m, 4H)734-745(m, 1H)7.92(d, J=8.1 Hz, 1 M) 12.14 (br. 5., 2 H)

Example 5-63: 1H NMR {400 MHz, DMSO-ds) 4 ppm 2.42 - 2.48 (m, 2 H) 2.85 (d, J=6.8 Hz,
2HY430-4.46(m, 1H) 699 (s, 1H)7.30(d, /=81 Hz, 2H) 7.36 - 7.42 {m, 1 H) 7.47 {,
J=7 8 Hz 1H)7.63 (d, J=8.1 Hz, 3H) 7.67 - 7.77 (m, 2 H) 10.13 (br. 5.. 1 H) 10.22 {br. 5., 1
HY1226 {br. s, 1 H)

Example 5-64: TH NMR {400 MHz, CD,0D) & ppm 2.35 - 2.60 {m, 6 H) 2.85 (dd, J=13.7, 6.4
Hz, TH) 293 (dd. /=137, 64 Hz, 1 H) 365 (s, 3H)4.37-458(m, 1 H} 7.05-7.18 (m, 3 H)
7.30(d, J=8.1Hz, 2 H} 7.44 (d, J=8.3 Hz, 2 H)

Example 5-65: 1H NMR (400 MHz, CI3,0D) & ppm 2.38 - 2.56 (m, 6 H) 2.85 (dd, J=13.4, 7.3
Hz, 1 H) 2.89 (dd, J=13.4, 7.3 Hz, 1 H) 4.40 - 4.52 (m, 1 H) 7.26 - 7.35 (m, 3 H) 7.36 - 7.46
(m, 2 H) 7.52 - 7.61 {m, 3 H)

Example 5-66. TH NMR (400 MHz, CD,0D) § ppm 2.31-258(m, 8 H) 268-289 (m, 2 H)
363({(s,3H)433-456{(m, 1H)692-718(m 3H)730-738(m, 1H)7.38-746 (m, 2
H)

Example 5-67. 1H NMR (400 MHz, DMSO-d;) 8§ ppm 2.51 - 2.65 (m, 2 H) 2.86 (dd, J=13.7,
B.1Hz 1HY295(dd J=13.7. 81 Hz 1H)4.42-461(m, 1H)689-699(m, 1H)7.30(,
J=83Hz, 2H)7.37- 742 (m, 1 H)742-751(m, 1 H) 762 (d, /=B8.1Hz, 3H) 769 {t, J=1.8
Hz, 1H}7.76 (d, J=8.9Hz, 1H)8.41 (d, J=8.1 Hz 1 H) 1228 (br. 5., TH) 13,40 (s, 1 H)
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Example 6-68: 1H NMR (400 MHz, DMSO-d;) § ppm 2.51 ~ 2.57 {m, 2 H) 2.90 {d, J=6.8 Hz,
2H)434-452(m, 1H} 715 (s, 1 H) 7.31 (d, y=8.1 Hz, 2 H} 7.38 (dd, J=7.6, 1.77 Hz, 1 H)
TA7T {4, J=78Hz, T H)7.58-786 (M 3Hy7.70(t, J=1.8Hz, 1 H)B8.74(d, J=8.8 Hz, 1 H)

Example 5-69: 1H NMR (400 MHz, CD30D) 8 ppm 2.61 (d. J=6.6 Hz, 2 H) 2.89 - 3.02 (m, 2
H) 453471 (m, 1H) 7.16 - 7.37 (m, 4 H) 7.39 {t, J=7.8 Hz, 1 H) 7.45 - 7.57 {m, 3 H) 7.59
(t. J=1.8 Hz, 1 H) 8.20 (d, 1 H).

Example 5-70: 1H NMR (400 MHz, DMSO-tl) 6 ppm 241 ~257 (m, 2H) 273 -2.96 (m, 2
H)4.35-~4468(m, 1 H) 730 (d, /=83 Hz, 2H)7.35-744 {m, 1 H) 747 (t. J=7.8 Mz, 1 H)
757-767 M 4H) 770t J=19Hz, 1H)823(d, J=83 Hz, 1 H) 11.14 (s, 1 H) 12.29 {br.
s, 1TH).

Example 5-71. 1H NMR (400 MHz, CD30D) & ppm 2 58 {dd, J=6.8, 1.8 Hz. 2 H) 2.95 {(dd,
J=7.0, 34 Hz 2H) 4534866 (m, 1 H)7.27 -7.36 (m, 3 H) 7.38-7.43 (m, 2H), 7.48-7.57 {m,
3Ky 7.59 {t, J=1.7 Hz, 1 H).

Example 5-720 1H NMR (400 MHz, CD30D) a ppm 2.80 - 2.71 (m, 2 H), 303 (dd, J=8.9,
4.7 Hz 2H). 328(s, 3H), 4.65-4.76 (m, 1 H), 7.06 {d, J=8.8 Hz, 1 H), 7.23 - 7.38 {m. 3 H),
7.38-7.47 (m 2H), 750-764 (m 5H) 803 (dd, /=88, 23 Hz 1H), 817 1H) 858
{or.s., TH).

Example 5-73: 1H NMR (400 MHz, DMSO-d;) § ppm 2.43 - 258 (m, 2 H), 2.82 - 2.95 (m, 2
H), 4.04 -4.16 (m, 1 H}. 7.30 (d, J=83 Hz 2 H), 7.34 (t, J=7.3Hz, 1 H), 745 (1, J=7.6 Hz, 2
H}, 7.59 (d, J=8.1 Mz, 3H), 7.84 (d, J=B.6 Hz 2 H), 803 (5. 1 H), 1245 (br. s.. 2 H).

Example 6-1: Synthesis of (R)-3-(biphenyl-4-yimethylj-4-(2-carboxyethylamino)-4-

oxobutanoic acid
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To a solution of {R)-3-(biphenyl-4-yimethyl)-4-(3-methoxy-3-oxopropylamino)-4-oxobutanoic
acid (22.1 mg, 0.060 mmol) in THF (0.8 mL) and methano! (0.1 mL), agqueous 1M NaOH
(0.12 mL, 0.12 mmol} is added at room temperature. After stirring for 3 hours, additional
agueous 1M NaOH {0.12 mL, 0.12 mmol) is added. The reaction mixture is allowed to stir for
30 minutes and quenched with 0.5 mL of aqueous 1M HCl and 0.5 ml. of brine. The mixture
is extracted twice with ethyl acetate, and the organic layer is concentrated under reduced
pressure (o give {R)-3-(biphenyl-4-yimethyl)-4-{2-carboxyethylamino}-4-oxobutanocic acid
(16.4 mg). HPLC retention time = 1.04 minutes (condition A}, MS (m+1) = 356.1; 1H NMR
{400 MHz, DMSO-d6) 8 ppm 2.13-2.31 (M, 3H) 2.59-265(m, 1 H) 2.81-280 (m, 2 H)
312-327(M, 2H)7.26(d,2H, J=8H2) 734 {1, 1H, J=74Hz)745 (1, 2 H J=7.7 Ha)
7.57 (d. 2H,d=81Hz)7.63-7.65

Example 7-1: Synthesis of (R}-3-hiphenyl-4-yimethyi-N-carboxymethyl-succinamic acid

/""KQ yZam
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A solution of (R)-tert-butyt 3-(biphenyl-4-yimethyl)-4-{2-tert-butoxy-2-oxoethylamino)-4-
oxobutanoate (40 mg, 0.088 mmol) and TFA {0.5 mL. 6.42 mmol) in DCM (1.5 mL) is
allowed to stir for 2 hours at room temperature. The reaction is concentrated under reduced
pressure, and the obtained residue is suspended in DCM (0.5 mL) and heptane (2 mL}, and
collected on a funnel, giving {(R)-3-biphenyl-4-yimethyl-N-carboxymethyl-succinamic acid (9.6
mg}. HPLC retention time = 1,28 minutes (condition A}, MS (m+1) = 342.0; 1H NMR (400
MHz, CD30D) & ppm 2.39 (dd, J=16.67, 531 Hz, 1H)2.63-282(m, 2H)2.98-3.14 (m, 2
H)3.84and 3.95 (AB. 2 H, J=178H2)7.26-7.33(m, 3H) 740 (t, J=7.71 Hz, 2 H) 7.56
(dd, J=18.95, 8.08 Hz, 4 H).

Following compounds are prepared using simitar procedure as described in example 7-1:
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Example # Product Starting Material N _ .
Condition | (condition) | (M+1)
e’f’“\\
/\“““*"ﬁ A7
, j’)\ { P'\l‘ /L . rm‘} !
Y “’” ¢ TFA, 1.35 min.
Example 7-2 ENat 370.0
{R)-3-biphenyl-4- g “\,«, R, | DCM, 1t (A)
yimethyt-N-(3-card | termediate 3
oxy-propyt)-
succinamic acid

Example 7-2; 1H NMR (400 MHz, DMSO-d8) 8 ppm 1.51-1.58 (m, 2 H) 2.12 - 2.21 {m, 3 H)
2.49- 265 (m, 2 H) 2.81-2.89 (m, 2H) 2.94-308(m, 2 H) 7.26 (d, 2 H, J = B.1 Hz) 7.32 -
7.36 (m, 1 H) 7.43-7.46 (m, 2 H) 7.57 (d, 2 H, J = 8.0 Hz) 7.63-7.65 (m, 2H).

Example 8<1: Synthesis of (R)}-4-(2-biphenyl-4-yimethyl-3-carboxy-propionylamino}-2-
methyl-pentanocic acid

) 7

e
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!ntermecihte 10
To a stirred solution of 2-biphenyl-4-yimethyl-succinic acid 4-tert-butyl ester (100 mg, 0.29
mmol) in DMF {10 ml) is added HOBt (45 mg, 0.29 mmol) and EDCI (56 mg, 0.28 mmol)
and the mixture is stirred at room temperature for 10 minutes then (2R, 4R)-4-amino-2~
methyl-pentanoic acid ethyl ester triflucroacetate (47 mg. 0.29 mmol) and triethylamine (89
mg, 0.87 mmol) is added and the mixture is stirred at room {emperature for 5 hours. The
mixture is quenched with water and extracted with ethyl acetate. The organic layer is
washed with water, brine, dried over magnesium sulfate and filtered. The solvent is removed
under reduced pressure to give (2R 4R}-7-biphenyi--yimethyl-2 4-dimethyl-6-oxo-
nonanedioic acid 9-tert-butyl ester 1-ethyl ester.
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Next, to a solution of (2R, 4R}-7-biphenyl-4-yimethyl-2 4-dimethyi-6-oxo-nonanedioic acid 9-
tert-butyt ester 1-ethyt ester EtOH (4 ml) is added aqueous 1M NaOH (4 mL) and the
mixture is stirred at room temperature for 30 minutes. The mixture is acidified to pH 2-3 with
agueous 1M HC! and is extracted with ethyi acetate. The solvent is removed under reduced
pressure and the residue is purified by preparative HPLC using a gradient of 10-100%
MeCN/water (0.1% TFA). Lyophilization of the proper fractions furnished {R}-4-(2-biphenyt-4-
yimethyi-3-carboxy-propionyiamine)-2-methyt-penianoic acid. HPLC retention time = 1.13
minutes (condition C); MS 398.2 (M+1); 'H- NMR (400 MHz, DMSO-d6) 8 ppm 0.93 (m, 6H),
1.23 (m, TH), 1.59 (m, 1H), 2.17 {(m, 1H), 2.63 (m, 1H)}, 2.82 (m, 1H), 3.72 (m, 1H), 7.27 (m,
2H), 7.33 (m, 1H), 7.45{m. 2H), 7.56 (m. 2H), 7.62 (m, 2H), 7.71 (m, 1H), 12.07 (s, 1H).

Example 9-1: Synthesis of (R}-4-biphenyi-4-yi-3-[{1H-tetrazole-5-carbonyl}-amino}-
butyric acid

4
]

—— =
~ 2 (3
intermediate 8 4 \} /ﬁ\ P A N

To a mixture of (R}-3-[{1-benzyl-1H-tetrazote-5-carbonyi)-aminol-4-biphenyi-4-yl-butyric acid
ethyl ester and (R)-3-[{2-benzyl-2H-tetrazole-5-carbonyl}-aminoc}-4-biphenyl-4-yl-butyric acid
ethyl ester {180 mg, 0.383 mmel) in E1OH (1 mL) and THF (1 mL) is added agueous 1M
LiOH (2 ml). After stirring for 0.5 hour, the reaction mixture is acidified with agueous 1M
HCL The mixture is exiracted with ethyl acelate, dried over Na,$0,, and concentrated under
reduced pressure. The residue is dissolved in MeOH and hydrogenated with 10% Pd/C at
room temperature for 3 hours and at 40°C for 2 hours. The reaction mixture is concentrated




WO 2010/136493 PCT/EP2010/057247

- 167 -

and purified by reverse phase HPLC to give (R)-4-biphenyl-4-y-3-{{ 1 H-tetrazole-5-carbomyl)-
amino]-butyric acid. HPLC retention time = 1.18 minutes (condition D}, MS (m+1) = 352; 'H
NMR (400 MHz, DMSO-d8} 1 : ppm 2.56 (dd, J=5.81, 15.92Hg, 1H), 2.67 (dd, J=7.58,
15.92Hz, TH), 2.85-2.99 {m, 2H), 4.55-4.84 (m, 1H), 7.26-7.35 (m, 3H), 7.43 {dd, J=7.83,
7.83Hz, 2H), 7.56 (d, J=8.08Hz, 2H), 7.62 (d, J=7.07Hz, 2H), 0.28 (d, 8.84Hz, 1H), 12.28 (s,
1H),

Example 10-1: {R)-4-bipheyl-4-yl-3-{3-1H-tetrazol-5-yl-propionylamino}-butyric acid

Intermediate 9 N@Z/N

To a solution of {R)-4-biphenylb-4-y-3-{3-[1-(2-cyanc-ethyl)-1H-tetrazol-S-yil-propionylamino}-
butyric acid sthyl ester (137 mg, 0.297 mmol} in DCM (8 mL) at room temperature is added
DBU {1.507 mL, 10.00 mmol) and the mixture is stired at room temperature for 2 hours.
The reaction is extracted with DCM. The combined organic layer is washed with saturated
NH:Cl, brine and dried over anhydrous sodium sulfate, filkered and concentrated under
reduced. The obtained residue is purified by flash chromatography (sifica gel, 2% to 10%
EtON/DCM) to give (R}-4-bipheyi-4-yl-3-(3-1H-tetrazol-5-yl-propionylamine)-butyric acid ethyt
ester {37 mg). To the obtained ester in EtOH {2 mL) at room temperature is added agueous
1M NaOH {1 mL, 1.0 mmotl) and the mixiure is stirred at room temperature for 1 hour. To the
reaction is added 1 mbL of aquecus 1M HCI to pH=4, and the mixture is purified by reverse
phase HPLC [30% to 60% acelonitrile-Hy0 (0.1% TFA) to give (R)-4-bipheyl-4-yl-3-(3-1H-

tetrazol-S-yl-propionylamino)-butyric acid. HPLC retention time = 1.24 minutes {condition C),
MS {m+1) = 380; 1H NMR (400 MHz, DMSQO-d;) & ppm 2.37 (dd, J=6.7, 2.1 Hz, 2 H), 2.53 (&,
J=T8 He, 2 H), 268 -282{m, 2H), 302 {{, J=7.7 Hz, 2 H), 417 - 429 (m, 1 H), 7.22 {4,
J=8.3 Hz, 2 H), 7.34 (it, J=7.3, 1.3 Hz, 1 H), 742 - 7.48 (m, 2 H), 7.57 {d, J=B.3 Hz, 2 H),
7.64 (dd, J=8.2, 1.1 Hz, 2H}, 8.00({d, /=B.1 Hz, 1 H), 1221 (br. s., 1 H}, 1582 (br. 5., 1 H).
Chiral HPLC retention time = 5.64 min. Column: Daicel CHIRALCEL OJ-H {(4.6x108mm);
flow rate = 1 miimin.; eluent: E{OH(containing 0.1% TFA)heptane = 2/8.
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Exampie 11-1: Synthesis of (R}-4-(1-carboxy-3-(3'-chiorobiphenyl-4-yljpropan-2-

ylamino}-4-oxobutanoic acid
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To a solution of (R)}-4-(1-(biphenyl-4-yi)-4-ethoxy-4-oxobutan-2-ylamino)-4-oxobutanoic acid
{110 mg, 0.263 mmol) in THF (2 mL} and methanol (0.2 mL), aqueous 1M NaOH solution
(1.053 mL, 1.053 mmol) is added at room temperature. After stirring for 1 hour, the reaction

O
/\"D

is quenched with 0.1 M aqueous HCI, and the sclution is diluted with DCM (15 ml) and
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aliowed to stir for 1.5 hours. The precipitated solid is collected on a funnel, washed with

water, DCM, heptane and then DCM in that order, and dried under reduced pressure to (R)-

4-(1-carboxy-3-(3'-chiorobiphenyl-4-yl)propan-2-ylamino}-4-oxobutanoic acid (66 mg). HPLC
retention time = (.87 minutes {condition 8); MS (m+1) = 380.0; 1H NMR (400 MHz, CD,0D)
8 ppm 2.38-2.55 (m, 6 H) 2.86 (A of ABX, Jap = 13.6 Hz, Jy = 7.6 Hz, 1 H) 2.92 (B of ABX,

Jan =136 Hz Jp, =8.2Hz 1H)442-449(m, 1 M) 730-734(m 3H) 740t J=T74 Hz,
TH)761-75868(m, 3H) 760 (t, J= 1.8 Mz, 1 H).

Foliowing compounds are prepared using similar procedure as described in example 11-1:

) ] Hydrolysis | HPLC-RT | MS
Example # Product Starting Material B N
Condition | {condition) | (M+1)
C:‘\‘\
()
: f"}
- Ag.
H()’ﬂ\"’ N}L V’"Vioa }ﬁ_} 3
: i A i X NaOH, 0.79 min. A1
xamp - R4, 2. L , _ .
(R)-5-{(1-carboxy-3 AN | THF, (8)
(3'-chiorobiphenyi-4- H MeOH. RT

yiipropan-2-
ylamino)-5-

oxopentanoic acid
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NaOH, 0.65 min.

Example 11-3 | {R)-5-(1-carboxy-3- _ 418.2
{5'fluoro-2'- o THF, ®)
methoxybiphenyl-4- MeOH, RT
yhpropan-2-
ylamino}-5-
oxopentancic acid
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5.01- 3 # Y e | NaOH, 0.83 min.

Example 11-¢ | (R)-5-{1-carboxy-3 f.0° 434.3
(5*-chioro-2' 3}*\,‘1\“&1{\ N THF, {B)
methoxybiphenyl-4- " MeOH. RT
yhpropan-2-
ylamino)-5-
oxopentanoic acid

o peranoe .
t,,}\
|8
Ven
0 0
AL S e Ag.
Examole 11.5 N : NaOH, 1.40 min. ;
Xampig - (R)us-(’g,carbcxy_:g__ E\ . THF) (A} 418.C
(3-chlorabiphenyl-4- L MeOH. RT
yipropan-2-
ylamino}-8-
exohexanoic acid i
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Example 11-6

R
0 3
Hc:s’"d\fi‘u"ﬁ\" <7
H S -.aj
N
(R)-4-(3"

chicrobiphenyl-4-yl)-
3-(3-{pyridin-3~
ylipropanamidolbuta
noic acid

Example 11-7

i

‘J

(R)-4-(3"~
chiorobiphenyl-4-yi)-

b 3-{3-{pyridin-2-

ylipropanamido)buta
noic acid

Example 11-8

st
-
g I q
HO P, ot \hf w\f-"\_ﬁ,N}_ﬁ\
M
(R)-3-(3-(1H-

benzo[dlimidazol-2-
yljpropanamida)-4-

I (3-chlorobiphenyl-4-

ylibutancic acid

PCT/EP2010/057247
Aq.
NaOH, 1.40 min.
4233
THF, {A)
MeOH, RT
Aq.
NaOH, 1.32 min.
4233
THF, A
MeOH, RT
Ag.
NaOH, 1.50 min.
462.3
THF, {B)
Me(COH, RT
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i¥]
&
~
F\/* {
E\ r‘;q{ o Ag.
R IE NP N N 8 NaOH,
Example 11~ | g N \&&,‘W’ THE 0.72 min. 4082
10 404 -CarbOXY-3-(3- s % ' (B) ’
Sh;;rza;bexy (3 j,\s_,a\v,i\ﬂ,i\, O MeOH. 50
LA el () o
flugrohiphanyt-4- €
yhpropan-2-ylaminoy-
4-pyohutanoic acid
@
s Ag.
Exampie 11~ -ﬁf“{ N ?JH 1.16 min. 485 5
14 N-{(R}-2-Carboxy~1- o ¢ fr s a (C} )
f“*o‘)i\ "’a\,:«) N EtOH, 1t
(3'~chioro-biphenyl- e 5 '
4-yimethyl)-ethyi]-
2,2,3,3-tetrafluore~
succinamic acid
7
e
A
L)
o "
i
HOY 1 d gl{\’ OH )
o el i}‘*u Ag
Example 11- » > d ' 1.34 min.
o P 8-[{R)-2-Carboxy-1- e 5 N NaOH, o 440.2
{3-chloro-biphenyl- J\.j\ !\,’f}:\ EtOH, rt (C)
4-yimethyl)-
ethylcarbamoyl}~
pyrimidine-4-
carboxylic acid
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Example 11-
13

5-[{R)-2-Carboxy-1-
{3'-chioro-biphenyt-
4-yimethyl)-
ethylcarbamoyi]-1H-
pyrazole-3-
carboxylic acid

Ag.
NaH,
E{OH, 50
°C

1.08 min.

(€

428.2

Example 11-
14

("

"‘3;.
a -
HO ’ﬁ\/LN o
i N \TL N
{
QH
{R)-4-(3-Chioro-
biphenyl-4-yl)-3-{(3~

hydroxy-isoxazole-5~

carbanyh-aminol-
butyric acid

NaOH,
EtOH,

1.47 min.

(©

401.0

Example 11-
15

S

7 \i\i
2
ol Q

,!L\m,»\ O

Y,
{R)-4~(3'-Chloro-
biphenyl-4-y}-3-

{{oxazole-5-

MO

carbonyl)-amino}-
butyric acid

Aq.
NaQH,
EtOH, 1t

1.12 min.

(€

385.2
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Example 11-
18

(R)-4-(3-Chloro-
biphenyl-4-yi}-3~
{{isoxazole-5-
carbonyi}-aminoj-
butync acid

BCl,,
DCM,

1.15 min.
(C)

385.4

Example 11~
17

5
i’ 3

9 Ey
A A K
HO k ;‘:J{ \{\::NH
{R)-4-{3-Chloro-
biphenyl4-yl}-3-
[{{1H-pyrazole-3-
carbonyl}-aming]-
butyric acid

}\:}‘- o

Ag.
NaOH,
EtOH, 50
°C

1.18 min.
{C}

384.3

Exampia 11~
18

.

-,
>,

Y,

.M\\

TG
S

S

¢ 3

_.~L";t v

e}

5-{(R)-2-Carboxy-1-

4-yimethyl)-
sthylcarbamoyil-
furan-2-carboxylic

I

acid
- ]

S
- S ..
e
B o

{3'-chioro-biphenyt- ‘

Aq.
NaOH,
EtOH, 50
°C

1.08 min.
{C)

428.2
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Example 11-
19

@
PP
\/ ‘{}'

8] o £}
Ho’l \/fgjl\ls \;rLOH
2-[{Ry-2-Carboxy-1-
{3'-chicro-biphenyl-

4-ylmethyl)~
sthylcarbamoyl}-
isonicotinic acid

Ag.
NaQH,

o
EtOM, 1t ©

1.04 min.

4393

| Example 11-
20

LR/\ e
S
7%
}t% ’J

O,

-

2L
HQ"A\”’ hl ;""‘\\E«" ~OH

Q

Yo

~er
4-[(R)-2-Carboxy-1-
(3'-chioro-biphenyl-
4-yhmethyl)-
ethylcarbamaoyl}-
pyridine-2-carboxylic
acid

Ag.
NaQOH,

C
EtOH, rt ©

1.03 min.

439.2

Example 11-
21

2-{(R)-2-Carboxy-1-
{3'-chiore-biphenyl-
4-ylmethyl)-
ethylcarbamoyl}-
pyrimidine-4-
carboxylic acid

Aq.
NaOH,

(€)
EtOH, rt

(.89 min.

4401
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Example 11-
22

5-(R)-2-Carboxy-1-
{3'-chioro-biphenyl-
4-yimethyl)-
ethylcarbamoyi}-1H-
pyrrole-2-carboxylic
acid

Ag.
NaOH,
EtOH, it

1.08 min.

()

427 3

Example 11-
23

{R}-4-(3'-Chloro-
biphenyi-4-yi)-3-
{oxalyl-amino)-

butyric acid

AG.
NaQOH,
EIOH, it

0.8 min.
(C}

362.1

Example 11~
24

54(R)-2-Carboxy-1-
(3'-fluoro-biphenyl-4-
yimethyi)-
sthylcarbamoyt]-1H-
pyrazole-3-
carpoxylic acid

Ag.
NaOH,
EtOH, 50
°C

(.96 min.

(C}

4121
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‘:ﬁw)x
=
ot

o \0 g
HO /l "‘i "'%T/J
N ~z=N e Ag. . .
Egampieﬁ* 6-(R)-2-Carboxy-1- NS NaOH, | T | 424y
25 (3-fuoro-biphenyl-4- --»'~Q-J’~«i.qﬂ\r§~ o | E(OM, 1t ©

“F

yimethyl)-
gthylcarbamoyl]-
pyrimidine~-4-
carboxyiic acid

“‘{N 3‘*{}%’ o Ag. .
Example 11- O . 0.83 min.
o o 1.-” a NaQOH, ©) 3B85.1
3 el 3 - NS S i € s
(R}-4~(3'-Fluora PN ﬁ”\f’ }z-‘“ EtOH. 1t

biphenyl-4-y1)-3-[(3- o

hydroxy-isoxazole-5-
carbonyl}-amino}-

butyric acid

3 ﬂ\/\y “OH

N /“\i {\-\_,_(; Aq

{ i }- #*FL‘K‘(N\J-n A 1. in.

Example 1 6-{(R)-2-Carboxy-1- | L:’ o ] NaOH. 22 min 4362

2? (Z“‘methO}{Y"‘ .-""*O‘i\f{‘-::I—“EL»TA%{"‘U\QH EtQH I"t (CJ

biphenyl-4-yimethyi)-
ethylcarbamoyl}-

pyrimidine-4-

carboxytic acid
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\f: g
o \ o
HO fi'l/ JJ\(@}“
Q Ag.
Example 11- 5-J{R)-2-Carboxy-1- gfjg G- NaQH, 0.98 min. 4240
28 (2"-methoxy- ¥ r»g\rf\~£ EtOH, 50 (C)
biphenyl-4-yimethyl)- iR °c
ethylcarbamoyl}-1H-
pyrazole-3-
carboxylic acid
]
(¢
AL
Ag. .
;E;campfe 11~ 0\& datit, T.SfDi;mn. 481
(R)-4-(2' 5-Dichloro- MeOH, rt '
biphenyi-4-yl)-3-{(2- -
ethyl-oxazole-5-
carbonyl)~amino-
butyric acid
Ct
£
HBJ\' ﬁM(QH {"{) Ag.

Example 11- >’ < 1 NaOH, | t42min. | o
- Bsiz L), = N T A |
Carboxy-1-(3'- TN ﬁ“ﬁ\ﬁ\‘gé MeOH, rt
chiore-biphenyl-4-
yimethyi)-
ethyicarbamovyt}-
acrylic acid
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jl
=
oA Aq.
Example 11 . ¢ L3 h d 1.52 min. |
21 B hH U e NaOH, ) 398.1
(R)}-4-(3-Chloro- | ~ © _r MeOH, rt
biphenyl-4-yl)-3-[(5- T
methyl-2H-pyrazole-
3-carbonyi}-aminol-
butyric acid
L
e
o
o S .
Hc;’u\f M ’)\r“
SN SV Ag.
Example 11- N;r ° - ﬂ/r N 1.56 min.
) § NaOH, | 415.0
32 ST ) (D)
(R)-4-(3'-Chloro- NS MeOH, rt
biphenyi-4-yl)-3-{(2- 7
methyl-thiazole-5-
carbonyli-amino}-
butyric acid
ot
PN
\]/Q‘E
o
o
HO N ,}ﬂ
Sy T S Ag. .
Example 11- /jﬁ\ j’ © ,(:\P)\ a 1.56 min.
43 Y i { NaOH, ©) 410.1
T '
(R}-4-(3-Chloro- PN N MeOH, rt
i "j
biphenyl-4-y1)-3-[(2- A
methyl-pyrimidine-5-
carbonyh-aminol-
butyric acid
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%:i
"]
o N
f@f
8] -
o
HD‘J\;\;? A
=7 o Y Ag.
Example 11- ‘N\’;\/O @ A , d 1.75 min.
A AL, NaOH, 4251
3 ety MeoH, it |
{R)-4-(3'-Chioro- ké ‘ ,
biphenyl-4-yh-3-{(2- »
isopropenyl-oxazole-
5-carbonyti-amino}-
butyric acid
i
=
”E’Q
HO r{H f\i
= \G i 5'{ \:\V} A .
Example 11- Nx:}: o (NG 4 1.83 min.
/ 3 NaOH, 399.1
35 AT MeO {D)
(R)-4-(3-Chioro- T sOH, o
biphenyl-4-y}-3-{(2- }
methyl-oxazole-5-
carbonyl)}-aminc}-
butyric acid
€
N
U % ! ¥ ¢l
HO NH ,k: J A
; . AN 4. s
Example 11- , i 1.62 min.
P N’“‘\/kﬂ o I&J F 1 NaOH, | 403.0
36 \»O ,‘-/\G'.\f *TF MeOH rt {D)
(R)-4-{5-Chloro-2'- o ‘
fluora-biphenyl-4-yi)-
3-{(oxazole-5-
carbonyl)-aminoj-




WO 2010/136493 PCT/EP2010/057247
- 180 -
butyric acid
Cl
@"Q
o f F e
HO}L H &
/i‘\‘ /;\r'/:\\‘/ﬂ
e g 1 ;f Aq. _
Example 11- O 0 e , 1.73 min.
( L . NaOH, 4311
] 3'?‘ (v} Mt (D)
J:z._j-f’&‘g MQOH, it
{R)}-4-{5'-Chloro-2'- No©
fluoro-biphernyl-4-yi}- Z:\
3-{(2-ethyl-oxazole-
5-carbonyl-aminoi-
butyric acid
[N
. -
¢\
o (%,
e »i\vx ﬁ-)}\\.ﬁf N H,.-O\,/ :,}?‘“;\ Aq
Example 11- ‘ /f’ NaQH, 0.80 min.
. 419.2
38 (Ry-4-3-Chloro- | _ % ( & « THF, 8)

P e, 8 > \n»w,-f . )
biphenyl-4-yl)-3-(2- ° MeQH, rt
ethoxycarbonylamin

o-acetylamino)-
butyric acid
G
\i\l\l e
at - Ag.
Example 11- 5 [L){i ( “{: ¢ NaOH, 0.66 min. 4081
39 N y N?f B L5 e THF, (B)
: s MeOH, rt
(R)-3-{3-Carboxy-
propionylamino)-4-
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{5'-chioro-2'-fluoro-
biphenyh-d-yij-butyric

acid
ir
. :i \ﬁ (}'.1
N P
. /O PN fJ\\J
¥} ]' ? 1 \‘{
HOT Y N ¢

O .,J\V,w\(r on

T J\(i fH

s, O Ao - OF Ag.
Example 11- o & NaOH 1.07 min. 406.0
. . aOH, .
40 {major product) /;\ (A
e " e MeOH, rt
{R)-3-(3-Carboxy = NG
propionylamino)-4- g A
(3-chloro-biphenyl- | *g;(;,_'fi‘,,.\rm
4-y}-2-hydroxy- o
butyric acid
. -
/.//;i’\
Y I
Ry Ry o7
Cr NS
0 ( ad [g\ ] -
HO 'JK;" “NH . jl\ A "
O'kiD“/’k\”/\ff o i ({H :: ~OH A
Example 11- o T y ng roamin |
41 {minor product) ) MeOH. 1t {A)
& eOH,
{R)-3~(3-Carboxy- ':/“\Y)‘\"jj
propionylamino)-4- }L A
(3-chloro-biphenyl- | ° ;;’j\“ o
4-y))-2-hydroxy- o

butyric acid
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%
4
.
“’oﬂ\fﬁr‘m

Example 11- - °¢\/\§'mi AQ 0.97 min. |

42 (major product) P NaOH, (A) 4201
(R)-3-(3-Carboxy- A MeOH, it
propionylamino)-4- | ¢ /(JJ/\

{3'-chloro-hiphenyi- QJ} Oii,\f ot
4-yh)-2-methoxy- ¢
butyric acid
Cl
A
L HO ¥ {J/
T sl B O Aq

Example 11~ o ey . 0.96 min.

43 {minor product) = NaOH, w |
(R)-3-(3-Carboxy- g,«yU MeOH, 1t
propionylamino)-4- ) ’3‘1 I;‘

{3'-chipro-biphenyl- RPN O
4-yh)-2-msthoxy- N
butyric acid
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Ci
o
;
L Sy
)
0 L ~F
H2 T T NH
F 23 OH
0)\/\1‘! i,
("h" \F}'/U\\;/"LI;
PN J\'\\:,..i Y Aq.
Exampie 11- ] k 1.07 min
5 N NaOH, 408 1
44 v (A}
HO N MeQH,
F 5 ,’l\/f\ﬂ,. Qi
Q
{R}-3~(3-Carboxy-
propionylamino)-4-
{3 -chloro-biphenyl-
4-yhj~2-flucro-butyric
acid
Gl
L
o] it
HO '&\r" Nt
b~ OH Ag. _
Example 11- o b 0.53 min,
o NaQOH, 404
45 (B)
{R)-3~(3-Carboxy- MeOH, o
propionylamino)-4-
(3'~chioro-biphenyl-
4-yh~2-methyi-
butyric acid
,,,‘:“"\ ot}
¢ ;
/‘**f ()“ 3 Ag. .
Exampile 11- & W 0.37 min.
Yo NaOR, 4086
46 0 ( 0 o \ (8
mJ\,\N At MeOH, nt
H
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{R)-3-(2-
Carboxymethoxy-
acetylamine)-4-(3'-
chioro-biphenyl-4-
yi)-butyric acid

Example 11-2: 1H NMR (400 MHz, CD,0D) S ppm 1.76 - 183 (m, 2 H)2.15-221 (m, 4 H)
249 (A of ABX, Jop=15.7Hz, Ji, = 7.3 Hz, 1 HY 2.53 (B of ABX, Jup = 15.7 Kz, Juw = 6.1 Hz,
TH) 283 (A of ABX, Jan = 1386 Hz, J = 8.3 Hz, 1 H) 2.83 (B of ABX, Jap = 13.6 Hz, Jy, = 5.8
Hz, TH)4.46 4583 (m, 1H)7.30-733(m, 3H)7.39(¢,. J=78Hz 1 H)7.51-7.55(m, 3
H)7.59 - 7.60 (m, 1H).

Example 11-3: 1H NMR (400 MHz, CD,0D) 8 ppm 1.77 - 1.84 (m, 2 H) 2.16 - 2.23 (m .4 H)
2.39-242 (m, 2H) 249 (A of ABX, Ju = 158 Hz, J,, = 7.5 Hz, 1 H) 2,53 (B of ABX, Ju =
1886 Hz, Sy = 6.1 Hz, 1H) 283 (A of ABX, Jop, = 1386 Hz, o, =6.1 Hz, 1 H) 2.91 (B of ABX,
Ja =136 M2, Jp, =63 HZ 1 H)3.75(s, 31} 446 -453(m, 1 H)8.97-7.04(m, 2 H)7.28
{d J=81Hz 2H) 742 (d, J=8.1Hz 2 H).

Example 11-4: 1H NMR (400 MHz, CD,0D) S ppm 1.77 - 1.84 (m 2 H) 2,16 - 2.24 (m 4 H)
249 (A of ABX, Jpp = 188 Hz, S, = 7.5 Mz, 1H) 254 (B of ABX, Jan = 15.6 Mz, Jix = 6.1 Hz,
TH) 283 (A of ABX, Jyp = 136 Hz, U5 =82 Hz, 1 H) 2.91 (B of ABX, J,p, = 138 Hz, Ju = 6.1
Hz, TH)3.77{s,3H)445 452 (m, 1 H)7.03(d, J=86Hz 1H)7.24-728(m, 3H) 738
-7.471(m, 2H).

Example 11-5. 1H NMR (400 MHz, CD,0D) § ppm 1.49 - 156 (m, 4 H) 213 (, /= 6.8 Hz, 2
Hi223( J=869Hz 2H)245-256(m, 2H)280-2868(m, 1H}2.91-296(m, 1H)4.46
4583 (M 1H)731-733 (M 3740 J=80Hz 1H}752-755(m, 3H)7.58 (brt, J
= 1.8 Hz, 1 H).

Exampie 11-8: 1H NMR (400 MHz, CD;0D) 8 ppm 2.38-2.57 (m, 4 H) 2.80 (A of ABX, Ju
=136 Hz, Jix =81 He, 1H) 2.8 (Bof ABX, Jp, =136 Hz J,=6.1Hz, 1H)3.04 {t. J=7.1
Hz, 2H) 375(s, 3} 440447 (m 1H)7.27-728(m 2H)7.32-7.35(m, 1 H) 741 {t,
J=7BHZ TH)751-754{m, 3H)759-760(m 1H) 783-784{m, 1H)B828(brd J=
7A1Hz, 1H)8565(d J=58HMz, 1H)8B62 (s, 1 H).
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Example 11-7. 1TH NMR (400 MHz. CD,0D)} d ppm 2.47 (A of ABX, oo = 15.7 Hz, Jax = 7.7
HZ, 1H) 254 (Bof ABX. Jp =157 Hz. Jbx =58 Hz, 1 H} 2.64-2.75(m, 2 B} 2.80 (A of
ABX, Jup =137 Hz, Jpu =83 Mz, 1 H) 2,82 (B of ABX, Jaw = 13.7 Hz, 4, = 5398 Hz, 1 H) 3.17 -
321 {m, 2Hy443~4580(m, 1H)728-736{m, 3H)738-743{(m, 1H)751-7.54(m,3
My7.88(brt, J= 19Hz 1H)7.69-775(m 2H) 829-832(m, 1H)861(d, J=46Hz 1
H).

Example 11-8: 1H NMR (400 MHz, CHLOROFORM-d) 6 ppm 1.82 - 1.89 (m, 2 H) 2.29 (t, J
=73 Hz 2H) 256 (Aot ABX, Jyy = 184 Hz, S, =56 Hz, 1 M) 2.684 (Bof ABX, J,, = 16.4
Hz, Jp = 5.1 Mz, 1H) 295 (A of ABX, J;o = 138 Hz, J = 7.6 Hz, 1 H) 2.99 (B of ABX, Sy =
138Hz S =7.2Hz, TH)330(s, 3H)338(t J=59Hz, 2H)4.10(q. S=7.1Hz, 2 H)
452457 (m 1H)G58{brd, J=86Hz 1H)7.26-737 (m 4H}7.42-745(m, 1 H)
748-752{m 2HY755(brt J=16Hz 1H).

Example 11-8: 1H NMR (400 MHz, CD.CN+D,0) 8 ppm 2.43 - 2.56 (m, 2 H) 2.71 - 2.81 (m,
4H)321-334(m 2H)4.39-4.46 (m, 1 H) 7.27 (4, J= 8.3 Hz, 2H) 7.34 - 7.49 (m, 7 H)
7.55-7.56 (m, 1 H) 7.65 - 7.70 {m, 2 H).

Exampie 11-10; 1H NMR (400 MHz, CD,OD) & ppm 2.38 - 2.41 {m, 2 H) 2.47 - 2.58 (m, 4 H)
2.85 - 2.90 {m, 1 H) 2.99 — 3.04 (m, 1 H) 4.48 - 4.55 (m, 1 H) 7.32 - 7.44 (m, 5 H) 7.53 -
7.56 (m, 1H) 7.62-7.63 (m, 1 H).

Example 11-11: 1H NMR {400 MHz, DMSQO-d6): 1H NMR (400 MHz, DMSO-d8). & ppm
2.44-2.82 (m, 2H), 2.83-2.85 (d, J=6.82 Hz, 2H}, 4.29-4.38 (m, 1H), 7.28-7.30 (d, J=8.34 Hz,
2H3, 7.40-7.43 (1, J=7.83 Mz, 1H), 7.62-7.65 {m, 3H), 7.71-7.72 (&, J=1.77 Hz, 1H}, 9.42-9.45
(M, 1H), 12.32 (s, 1H).

Example 11-12: 1TH NMR (400 MHz, DMSO-d6) & ppm 2.54-2.58 (m. 1H), 2.84-2.70 (m, 1H),
2.88-2.93 (m, 1H), 2.88-3.03 (m, 1H), 4.56-4.63 (m, 1H). 7.30-7.32 (m, 2H), 7.37-7.40 {m.
1H), 7.43-7.47 (t, 3=7.83 Hz, 1H), 7.59-7.61 (m, 3H), 7.67-7.68 {t, J=2.02 Hz, 1H), 8.32 (4,
J=1.28 Hz, 1H), 9.17-9.18 {d, J=9.09 Hz. 1H), 8.50 (d, J=1.52 Hz, 1H), 12.34 {s, 1H), 14.14
{s, 1H).
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Exampie 11-13: 1H NMR (400 MHz, DMSO-d8) 8 ppm 2.46-2.60 (m, 2H), 2.84-2.86 (m, 2H),
4.51 (m, 1H), 7.31 (d, J=8.34 Hz, 2H), 7.38-7.41 (m, 1H), 7.46 (t, 1H), 7.62 (d, J=8.34 Hz,
3H), 7.69 {t, TH).

Example 11-14: 1H NMR (400 MiHz, DMSO-d6) 5 ppm } 2.75 - 2.99 (m, 1 H) 4.47 (d, J=7.58
Hz, 1 H)} 6.49 (s, 1 H) 7.30 (d, J=8.34 Hz, 1 H) 7.37 - 7.43 (m, 1 H) 7.47 (t, J=7.83 Hz, 1 H)
7.63 (d, J=8.08 Hz, 2 H) 7.70 {t, J=1.77 Hz, 1 H) 8.80 (d, J=8.59 Hz, 1 H) 11.69 (s, 1 H)
12.04 - 12.58 {m. 1 H).

Example 11-15; 1H NMR (408 MHz, DMSO-d8) 6 ppm 2.81-2.96 (m, 2 H) 4.42 -4.55 {(m, 1
H}7.31 {(d, J=834 Hz, 2H) 7.36 - 7.43 (m, 1 H) 7.47 (1, J=7.83 Hz, 1 H} 7.63 (d, J=8.34 Hz,
4HY769{, J=177Hz, 1T H}7.72 (s, 1 M) 8.54 (s, 1 H} B.60 (d, J=8.58 Hz, 1 H} 12.28 (br. 5.,
1 H).

Example 11-16: TH NMR (400 MHz, DMSO-d6Y d ppm 2.53 -2.64 (m, 2 H) 2.84 - 293 {(m, 2
Hy4.41-458(m 1H)7.00(d, d=202Hz, 1 H) 731 (d, J=BOBHz, 2H) 7.37 - 742 (m, 1 H)
747 J=7T83Hz, TH)7.88-7.65(m, 3H)7.70(, J=1.77 Hz, 1 H) 872 (d, J=1.77 Hz, 1 H)
8.95 (d, J=8.88 Hz, 1 H) 12.31 {(br. 5., 1 H).

Exampie 11-17: 1H NMR {400 MHz, DMSO-d8) d ppm 2.46-2.80 {m, 2H), 2.83-2.98 (m, 2H),
4.52 (m, 1H), .61 (d, J=2.27 Hz, 1H), 7.31 (d, J=8.34 Hz, 2H), 7.37-7.42 (m, 1H), 7 46 (4,
1H), 7.62 (d, J=8.34 Hz, 3H), 7.68 (t, TH}, 7.74 (d, J=2.02 Hz. 1H), 8.13 (d. J=8.84 Hz, 1H).

Exampie 11-18: 1H NMR (400 MHz, DMSO-d8) § ppm 2.48-2.62 {m, 2H), 2.84-2.96 (m,
2H), 4.52 (m, 1H}, 7.16 (d, J=3.54 Hz, 1H), 7.27 (d, J=3.79 Mz, 1H). 7.31 (d. J=8.34 Hz,
24y, 7.38-7 41 (m, 1H), 7.47 {t, 1H), 7.63 (d, J=8.34 Hz, 3H), 7.70 (t, 1H), 8.58 (d, J=8.589
Hz, 1H}).

Example 1118 1H NMR (400 MHz, DMSO-d6): 1H NMR (400 MHz, DMSO-d&): & ppm
2.54-2.67 (m, 2H), 2.88-2.92 (m, 1H), 2.99-3.05 (m, 1H), 4.53-4.62 (m, 1H), 7.31-7.33 (m,
2H), 7.37-7.39 (m, 1H), 7.43-7.47 (¢, J = 7.58 Hz, 1H), 7.60-7.62 (m, 3H), 7.68 (m, 1H),
7.86-7.87 {d, J=4 85 Hz, 1H), 8.30 (s, 1H), 8.62-8.63 (d, J=4.80 Hz. 1H), 8.80-8.83 (d.
J=0.00 Hz, 1H).
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Example 11-20: 1H NMR (400 MHz, DMSO-d6): 1H NMR (400 MMz, DMSO-d6): & ppm
2.60-2.53 (m, 1H), 2.56-2.59 (1, J=6.32 Hz, 1H), 2.80-2.98 (m, 2H), 4.51-4.58 (m, 1H)}, 7.33-
7.36 (d, J=8.34 Hz, 2H), 7.39-7.42 (m, 1H}, 7.45-7.49 (t, =7 .83 Hz, 1H)}, 7.61-7.65 (m, 3M},
7.69-7.70 {, J=1.77 Hz, 1H), 7.90-7.91 {dd, 3=1.77 Hz, 5.05 Hz, 1H}, 8.38-8.38 {(m, 1H),
8.83-8.85 (dd, J=0.76 Hz, 5.05 Mz, 1H), 8§.91-8.83 (d, J=8.34 Hz, 1H).

Example 11-21: TH NMR (400 MHz, DMSO-d8): 1H NMR {400 MHz. DMSO-d6). 8 ppm
2.45-2.56 (m, 1H), 2.59-2.67 (m, 1H), 2.88-2.93 (m, 1H), 2.99-3.05 (m, 1H), 4.51-4.61 (m,
1H), 7.32-7.34 (d, J=8.08 Hz, 2H), 7.37-7.40 {m, 1H), 7.44-7.48 (t, J=7.58 Hz, 1H), 7.60-7.62
(t. J=7.83 Hz, 2H), 7.63 {s, 1H), 7.77 (s, 1H), 8.86-8.87 (d, J=4.04 Hz, 1H), 9.08 (s, 1H).

Example 11-22: TH NMR (400 MHz, DMSO-d6): 6 ppm 2.49-2.53 (m, 2H), 2.90-2.92 (d.
J=6.82 Mz, 2H), 4.42-4.51 {m, 1H), 6.72-6.73 (d, J=2.27 Hz, 2H), 7.32-7.34 (m, 2H), 7.39-
7.42 (m, 1H), 7.45-7 49 (t, J = 7.83 Hz, 1H), 7.62-7.66 (m, 3H), 7.70-7.71 {, J=1.77 Hz, 1H),
8.27-8.29 {d. J=8.08 Hz, 1H). 11.96 (s, 1H), 12.33 (s, 1H), 12.75 (s, 1H).

Exarnple 11-23: 1H NMR (400 MHz, DMS0-d8): 1+ NMR {400 MHz, DMSO-d6): § ppm
2.44-2.55 (m, 2H), 2.79-2.89 (m, 2H), 4.29-4.38 (m, 1H), 7.27-7.28 (d, J=8.08 Hz, 2H). 7.39-
7.42 (m, 1H), 7.45-7.49 (1, J=8.08 Hz, 1H), 7.62-7.84 (d, J=8.08 Hz, 3H), 7.70-7.71 (m, 1H),
§.85-8.87 (d, J=9.08 Hz, 1H), 12.30 (s, 1H).

Example 11-24: 1H NMR (400 MHz, DMSQ-d8) & ppm 2.46-2.80 (m, 2H), 2.84-2.96 (m, 2Hj},
451 (m, 1H), 7.15 (m, 2H), 7.44-7.52 (m, 3H), 7.62 (d. J=8.34 Hz, 2H), 8.38 (d, broad,
J=7.58 Hz, 1H).

Example 11-25: 1TH NMR (400 MHz, DMSO-d§): 3 ppm 2.54-2.59 (m, 1H), 2.64-2.70 (m,
1H), 2.88-2.93 (m, 1H}, 2.98-3.03 (m, 1H), 4.56-4.65 {m. 1H}, 7.13-7.18 {m, 1 H), 7.30-7.32
{d, J=8.34 Hz, 2H), 7.45-7 48 (m, 3H), 7.60-7.62 (d, J=8.34 Hz, 2H), 8.31-8.32 (d, J=1.26
Mz, 1H}, 8.17-8.19 (d, J=9.08 Hz, 1H), 8.49 (d, J=1.26 Hz, 1H). 12.32 (5, 1H). 14.10 (s, 1H).

Example 11-26: 1H NMR (400 MHz, DMSO-d8) 8 ppm 2.52 - 2.62 {m, 2H)2.83-2.92 (m, 2
H)447 (d, J=7.07 Hz, 1 H} 849 (s, TH)7.11-7.21 (m, 1M} 7.30 (d,. J=8.34 Hz, 2 H} 7.42 -
7.55 (m, 3 M) 7.64 (d, J=8.34 Hz, 2 1) 8.80 (d, J=8.59 Hz, 1 H) 11.68 (br. 5., 1 H) 12.30 {(br.
s.. TH}.
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Example 11-27: 1H NMR (400 MHz, DMSC-d6) & ppm 2.51-2.57 {m, 1H), 2.64-2.70 {m, 1H),
2.84-2.89 (dd, J=6.06 Mz, 1H), 2.96-3.01 (dd, J=7.83 Hz, 1H}, 3.72 (s, 3H}, 4. 54-4.63 (m,
1H), 6.98-7.00 {m, 1H), 7.08-7.08 (dd, J=0.78 Hz, 1H), 7.22-7.24 (m, 3H), 7.28-7.32 (m, 1H},
7.35-7.38 {m, 2H), 8.33-8.34 (d, J=1.26 Hz, 1H), 9.16-9.18 (d. J=9.08 Hz, 1H), 8.49 (d,
J=1.52 Hz, 1H), 12.31 (s, 1H), 14.13 {8, TH).

Example 11-28: 1H NMR (400 MHz, DMSO-d6) & ppm 2.52-2.80 {m, 2H), 2.73 (5, 1H), 2.89
{s. 1H), 2.81-2.95 (m, 2H}. 3.74 (s, 3H), 4.50 {m, 1H), 7.00 {&, 1H). 7.08 (d, J=8.34 Hz, 1H).
7.15 {s, broad, 1H), 7.23-7.26 (m, 3H), 7.29-7.33 (m, 1H), 7.38 (d, J=8.08 Hz, 2H), 8.39 (d,
broad, J=7.07 Hz, 1H}.

Example 11-29: 1H NMR (400 MHz, CD,0OD) & ppm 1.33 (t, J=7.6 Hz, 3 H) 2.66 (d, J=6.8
Hz, 2 H) 2.84 (q, J=7.6 Hz, 2 H) 2.98 (dd. J=13.6, 8.1 Hz, 1 M) 3.03 (dd, J=13.8, 6.6 Hz. 1 H)
464-476(m, 1H)7.24-7.37 (m, 6 M) 7.40 - 7.45 (m, 1 H) 7.53 (s, 1 H).

Example 11-30: TH NMR (400 MHz, DMSO-d8} & ppm 2.40 - 2.51 (m, 2 H) 2.78 ~ 2.90 (m,
2ZH}4259-438(m, 1H)6.47 (d J=157Hz, 1 H)6.88(d, J=157 Hz 1 H) 7.28 ~7.30 {m,
2H)7.38~741(m 1H)747 ¢, J=B80Hz, 1H)762-785(m, 2H)7.70~7.71(m, 1 H)
BS4(d J=B1Hz 1HY731(d J=83HZ 2H) 740~ 743 (m, 1 H) 747 -7.50 {m, 1 H)
762~785(m 3H}789~771{m, 1H)854(d, J=81Hz 1 H)

Example 11-31: 1H NMR (400 MHz, DMSO-ds) 5 ppm 2.22 (s, 3 H) 2.43 - 2.49 (m, 1 H) 2.52
-~ 2.60 (m, 1H) 2.84 (dd. J=13.8, 6.1 Hz, 1 H) 2.94 (dd, J=13.6, 8.1 Hz, 1 H) 4.39 - 4.58 (m. 1
H)6.33 (s, 1 H) 7.30 (d, J=8.3 Mz, 2 H) 7.36 - 7.42 (m, 1 M) 7.46 (&, J=7.8 Hz, 1 H) 7 61 (d,
J=B.3 Hz, 3H) 7.6 (t, J=1.9 Hz, 1 H) 8.02 (d, J=7.8 Hz. 1 H).

Example 11-32; 1H NMR (400 MHz, DMSO-d;) 5 ppm 2.51 - 2.56 (m, 2 H} 2.83 (d, J=6.8
Mz, 2H}3.31 (5, 3H)433-457 (m 1 H) 731 (d, J=81Hz, 2H) 7.37 - 7.42 (m, 1 H) 7.46
{t, JSTBHz 1 H}780-7.66 (m, 3H)7.68({ J=18Hz, 1 H)815 (s, 1 H) 850 (d, y=8.3 Hz,
1H)Y12.24 {br. s, 1 H).

Example 11-33: 1H NMR (400 MHz, DMSO-~ds) Sppm 252 -2.80 (m, 2H) 266 (s, 3H) 2.03
{d, J=68Hz. 2H}443-463(m, 1 H)733{d, /=81Hz, Z2H)736-742(m, 1 H)7.46 {1,
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JT8Hz, TH)758-766{m, 3H)7.60{(t J=18Hz, 1H)B8.74 (d, /83 Hz, 1 H)898 (s, 2
H} 12.28 (br.s., 1 H).

Example 11-34: 1H NMR {400 MHz, MeOD) 5 ppm 2.15 (s, 3 H) 2.87 (d, J=6.6 Hz, 2 H)
2.98 (dd, J=13.9, 8.3 Hz, 1 H) 3.03 (dd, J=14.1, 6.8 Hz, 1 H) 4.62 - 477 {m, 1 H) 557 (s, 1
H)8.16 (s, 1 H) 7.27 - 7.32 (m, 1 H) 7.32 - 7.41 (m, 3 H) 7.46 - 7.54 (m, 3 H) 7.56 (¢, J=1.8
Hz, 1 H) 7.65 (s, 1 H) 8.55 (d, J=8.6 Hz, 1 H).

Example 11-35: 1H NMR {400 MHz, CD;OD) 3 ppm 2.42 (s. 3 M) 2.63 (d, J=6.3 Hz, 2 H)
2.99 (d, J=7.1 Hz, 2 H) 4.58 - .73 (m, 1 H) 7.25 - 7.30 (m, 1 H) 7.30 - 7.37 {m, 3 H) 7.41 -
7.50 (m, 3 H) 7.53 (t, J=1.8 Hz, 1 H) 8.15 (s, 1 H).

Example 11-36; 11 NMR (400 MHz, DMSO-ds} 5 ppm 2.51 - 2.67 (m, 2 H) 2.87 {dd, J~13.1,
5.6 Hz, 1 H) 2.94 (dd, J=13.4, 7.6 Hz, 1 H) 4.41 - 4.60 (m, 1 H) 7.29 - 7.38 (m, 3 H) 7.45
(ddd, J=B.7, 4.2, 2.8 Hz, 1 H) 7.49 {d, J=6.8 Hz, 2 H) 7.56 (dd, J=6.8, 2.5 Hz, 1 H) 7.71 (s. 1
H) 8.53 (s, 1 H) 8.59 (d, J=8.6 Hz, 1 H) 12.28 (br. 5., 1 H).

Example 11-37: 1H NMR {400 MHz, CD;0D) 8 ppm 1.32 {t, J=7.6 Hz, 3 H) 2.66 (d, J=86.8
Hz, 2H) 2.83 {q, =76 Hz, 2H) 2.98 (dd, J=13.6, 7.8 Hz, 1 H} 3.03 (dd, J=14.7 6.8 Hz, 1 H}
4.61-480(m, 1 H)7.13{dd, J=18.9, 10.1 Hz, 1 H} 7.25-7.32{m, 1 H)7.32 - 7.37 {m, 2 H}
7.37-7.45{(m, 3H) 7.54 (5, 1 H).

Example 11-38; 1H NMR (400 MHz, DMSO-d6) & ppm 1.15 (t, J=7.73Hz, 3H) 2.39 (d, J =
6.8 Hz, 2 H) 279 (d, J=B.8 Hz, 2 H) 3.46 - 3.56 (m, 2 H) 3.91 —4.01 (m, 2 H) 4.21 - 4.29
(m, 1H) 714~ 717 (m, 1 H) 7.28 (d, J= 8.3 Hz, 2 H) 7.39 ~ 7.42 (m, 1 M) 7.48 ¢§, J = 7.83
Hz, 1 H) 7.61 —7.64 (m, 3H) 769 - 7.70 (m, 1 H) 7.84 (d, J = 8.4 Hz, 1 H) 12.23 (br s, 1 H).

Example 11-39: 1H NMR (400 MHz, Methanol-d4} 8 ppm 2.39 - 2.56 (m, 6 H) 2.87 (A of
ABX, Ja = 13.6 Hz, Jux = 7.6 Hz, 1 H) 2.94 (B of ABX, Jup = 13.6 Hz, Jix = 8.1 Hz, 1 H) 4.43
— 450 (m, 1 H) 7.15 - 7.20 {m, 1 H) 7.31 ~ 7.35 (m, 3 H) 7.45 — 7.48 {m, 3 H).

Example 11-40: 1H NMR (400 MHz, DMS0-d6) & ppm 2.24-2.37 (m, 4H), 273 (dd, 1H, J =
7.83, 13.4 Hz), 2.88 (dd, 1H, J =7.33, 13.4 Hz), 3.93 (s, 1M}, 4.26-4.36 {m, 1H), 5.35 (bs,
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1H), 7.33 (d, 2H, J = 8.08 Hz), 7.38-7.43 (m, 1H), 748 (1, 1H, J=7.83 H2), 763 (d, 3H, J =
834 Hz), 7.70 (1, 1M, J=2.02 Hz), 7.73 (d, TH, J = 9.09 Hz), 12.26 (bs, 2H)}.

Example 11-41: 1H NMR (400 MHz, DMSO-d6) & ppm 2.21-2.33 {m, 4H), 2.65-2.81 (m, 2H),
4.02 (d, 1H, J = 4.04 Hz), 4.24-4.32 (m, 1H), 5.58 (bs, TH), 7.27 (d. 2H. J = 8.34 Mz}, 7.37-
7.42 (m, 1H), 7.47 {t, 1H, J = 7.83 Hz), 7.58 (d, 2M, J = 8.34 Hz), 7.60-7.64 (m, 1H), 7.69 (i,
1H, J =177 Hz), 7.98 (d, 1H, J = 8.84 Hz), 12.03 (bs, 1H), 12.60 (bs, 1H).

Example 11-42: 1H NMR (400 MHz, DMSO-d6) 8 ppm 2.22-2.37 (m, 4H), 2,74 {(dd, 1H, J =
8.34, 13.4 Hz), 2.86 (dd, 1H, J = 6.82, 13.4 Hz), 3.34 (s, 3H), 3.62 (d, 1H, J = 2.78 Hz), 4.34-
4.44 {m, 1H), 7.31 (d, 2H, J = 8.34 Hz), 7.38-7.43 (m., 1H), 7.48 {t, 1H. J = 7.83 Hz). 7.63 (d.
34, J=834 Hz), 7.71 (s, 1H), 7.88 (d. 1H, J = 8.35 Hz).

Example 11-43: 1H NMR (400 MHz, DMSO-d6) § ppm 2.17-2.37 {m, 4H), 2.64-2.81 {m, 2H),
3.37 (s, 3H), 3.77 (d, 1H, J = 4.04 Hz), 4.25-4.34 (m, 1H), 7.25 (d, 2H, J = 8.08 Hz), 7.38-
7.42 (m, 1H). 747 {t. 16, J = 7.83 Hz), 7.56-7.64 (m, 3H), 7.68 (, 1H, J = 1.77 Hz), 8.05 (d,
1H, J = 8.84 Hz), 12.05 (bs, 1H), 12.86 (bs, 1H).

Example 11-44: 1H NMR (400 MHz, DMSO-d6) § ppm 2.20-2.38 (m, 4H), 2.65-2 87 (m. 2H),
4.37-4.56 {m, 1H), 4.91 {d, D.5H, J=2.78 Hz), 5.04 (d, 0.5H, J=3.03 Hz), 7.29(d, 2H, J =
8.34 Hz), 7.38-7.43 (m, 1H), 7.47 (t, 1H, J =783 Hz), 7.58-7.65 (m, 3H). 7.69 (t, 1H, J =
1.77 Hz), B.27 (d, 1H, J = 8.59 Hz}, 12.05 {bs, 1H), 13.57 (bs, 1H).

Example 11-45; 1H NMR (400 MHz, DMSO-d6) & ppm 1.10 (d, J=7.1 Hz, 3 1), 2.17 - 2.37
(m, 4 H), 257 -278{m, 3H),4.19-4.31 (m, J=9.2, 92 45 43 Hz, 1 H}, 7.30 {d, /=8.1 Hz,
24, 7.37-7.42(m, 1 H), 747 (1. SS7T8Hz 1 H), 757 -785{(m, 3H). 770 (1, J=1.8 Hz. 1
H), 7.86 (d. /=88 Hz, 1H), 1221 (br. s, 2 H).

Example 11-46: 1H NMR (400 MHz, DMSO-d6) & ppm 2.45 (dd, J=6.6, 3.5 Hz, 1 H), 2.82 (4,
J=7. 1 Hz T H), 388 (dd, J=20.2, 15.2 Hz, 1 H), 403 (s, 1 H), 429-4.41 (m, 1 H), 7.29 (d,
J=83Hz, 1H),737-743(m, 1 H}), 748 (t, /=80 Hz, 1H), 7.62(d, /=83 Hz 2 H), 7.70 (1,
J=1.8 Hz, 1 H), 7.89 (d. J=8.8 Hz, 1 H), 11.65- 1345 (m, 1 H).
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Example 11-47 /48: {R)-3-[{S}-2-(Carboxymethyl-amino)-propionylamino}-4-{3'-chioro-
biphenyi-4-yl}-butyric acid and (R)-3-[{R)-2-(Carboxymethyl-amino)-propionylamino}-4-
{3’-chloro-biphenyl-4-yi)}-butyric acid

(Do
\F SR )
U bio s Wamn

' iruOH JIOH

To a solution of (R)-3-[2-{terf-hbutoxycarbonyl-ethoxycarbonylmethyl-amino)-propionylaminol-
4-(3'-chloro-biphenyi-4-yl}-butyric acid ethyl ester (290 mg, 0.504 mmol) in THF {3 ml) and
MeOH {G.5 mi) at room temperature is added 2M NaOH (1.009 mi, 2.017 mmol). The
reaction is stirred at room temperature over night. The mixture is concentrated to dryness
and the crude i taken up in DCM (3.00 mi}, to which is added TFA (3.85 ml, 50.4 mmol) and
the mixture is stirred at room temperature for Zhr. The reaction is concentrated for HPLC
purification. Reverse phase HPLC {25 to 50% ACN-H,O (0.1%TFA) over 10 min by Sunfire
C18 column] give (R)-3-{{S)-2-{Carboxymethyl-amino)-propionylamino}-4-(3'-chloro-biphenyi-
4-yl}-butyric acid and (R)-3-[(R)-2-(Carboxymethyl-amino)-propionytamine]-4-(3'-chiaro-
biphenyl-4-yl}-butyric acid.
(R}-3-[{S)-2-{Carboxymethyl-amino)-propionylamino}-4-{3’-chlore-biphenyl-4-yl)-butyric acid:
1H NMR (400 MHz, DMSO-d;) & ppm 1.28 (d, J/=7.1 Hz, 3 N}, 2.40 (dd, v=15.7, 8.3 Hz, 1 H),
2.81-2.56 (m, 1 H), 276 (dd, J=13.4, 8.1 Hz, 1 H), 2.87 (dd, J=x13.4, 53 Hz 1 H), 3.43 -
3.52{m, 3H), 3.87 (q. J=6.7 Hz, 1H),4.25-4.36 {m, 1 H), 7.30 (d, J=8.3 Hz, 2 H), 7.38 -
743 (m, 1 H), 748 {t, J=T8Hz, 1 H), 7.59~765(m, 3H), 7.70 (t, /=18 Hz, 1 H), 8§.41 (d,
J=8.3 Hz, 1 H). HRMS: Calcd for C,H,CIN Qg 418.1295, found: m/iz 418.1307, LCMS
{condition A): 418 (M+1); retention time = 0,93 min; (R)-3-[(R)-2-(Carboxymethyl-amino)-
propionytaminol-4-(3'-chioro-biphenyl-4-yl)-butyric acid: TH NMR (400 MHz, DMSO-d;) §
ppm 1.17 {d, J=6.8 Hz, 3H), 2.41-249 (m, O H), 2.51 - 2.57 (m, 1 H), 2.73 (dd, J=13.4, 8.1
Hz, 1 H), 2.81 (dd, /=134, 48 Hz, 1 H), 3.556-3.67 (m, 2H), 367 -3.74(m, 1 H), 4.26 -
440 (m, 1H), 7.29(d, J=B3Hz, 2H), 7.38-744 (m, O H), 748 (t, JS=7.8 Hz, OH), 7.59 -
7.65 (m, 3 H), 7.69 {, J=1.8 Hz, 1 H), 8.43 (d, /=8.6 Hz, 1 H}. HRMS: Caicd for
C1H22CiN;Os: 418.1295; found: miz 418.1305. LCMS {condition A): 419 (M+1); retention
time = 0.99 min.
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Following compounds are prepared using similar procedure as described in example 11-
47/48:

_ . HPLC-RT MS
Example # Product Starting material , .
{condition} | (M+1)
a T
N jt&
~
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48 {Carboxymethyl- L 0.,kfg.,§\v.~.y\,ﬁ. o (A)
aminoj-
acetylamino]-4-(3'-
chioro-biphenyi-4-
yli-butyric acid

Example 11-49; 1H NMR (400 MHz, DMSQO-d6) S ppm 238 -2.50(m, 2 H) 277 - 2.88 (m,
ZHY381~371(m 2H)381 (5, 2H)426-435(m, 1 H) 731 {d, J=8B3HZ, 2H) 740 -
TAIM 1TH) 747 ~-750(m, 1H)762-785(m 3H) 783 ~770(m, 1H)849(d, J=7.3
Mz, 1 HL

Example 12-1: Synthesis of (R}-4-(1-carboxy-3-(3'-chiorobiphenyl-4-yi)propan-2-
ylamino)-4-oxobutanoic acid

Ci ol
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To a solution of {R)-4-(1-(2',5-dichlorobiphenyl-4-yl)-4-athoxy-4-oxobutan-2-ylaminae)-4-
oxobutancic acid (106 myg, 0.234 mmol) in THF (2 mi) and MeOH (0.1 mi), 1M agueous
NaOH solution (1.406 mL, 1.406 mmol) is added at room temperature. After stirring for 4.5
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hours, the reaction is quenched with 0.1 M agueous HCI {3 mi), and the products are
extracted with EtOAc. The combined organic layer is washed with brine, dried over Na; SO,
filtered, and concentrated under reduced pressure. The crude is triturated in DCM. The
precipitates are collected on a funnel, washed with DCM, and dried under reduced pressure
to give {R)-4-(1-carboxy~3-(3"-chlorobiphenyl-4-yl}propan-2-ylamino}-4-oxobutanoic acid
(64.0 mg) as white solid; HPLC retention time = 1.24 minutes {condition A); MS {m+1} =
424.07, 1+ NMR {400 MHz, CD,OD) 6 ppm 2.38-2.42 {m, 2 H) 2.45 - 2.57 (m, 4 H) 2.87 (A
of ABX, Jp = 136 Hz, Joy = 7.6 Hz, 1 H)2.85 (B of ABX, Jou = 136 Hz, Jy, =6.1 Hz, 1 H)
444 -451(m, 1H)730-737(m 6H) 747 (d, J=84Hz, 1H).

Example 13-1: Synthesis of {R)-4-(1-(biphenyl-4-yl}-3-carboxypropan-2-
ylcarbamoyl)picolinic acid
Example 13-2: Synthesis of {R)-2-(1-{biphenyi-4-yl}-3-carboxypropan-2-

ylcarbamoyl)isonicotinic acid

. T T
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To a solution of (R)-ethyl 3-amino-4-{biphenyl-4-yi}butanoate hydrochioride (200 mq, 0.625
mmol), 2 4-pyridinedicarboxylic acid hydrate (151 mg, 0.813 mmol}, EDC! (132 mg, 0.588
mmol) and 1-hydroxy-7-azabenzotriazole (94 mg, 0.688 mmof) in DMF {8 mi), DIPEA (0.184
mi, 8.938 mmol) is added. The reaction mixture is allowed {o stir for 3 hours. Then, the
reaction mixture is dituted with H,O. The precipitated solid is collected on a funnel and dried
under reduced pressure. To a solution of the crude in THF (8 mi) and MeOH (1 mi), 1 M
aqueous NaOH (2.5 ml, 2.5 mmol) is added. After stirring for 1 hour, the reaction is
guenched with 5% citric acid and brine, and the products are extracted with EtOAc. The
organic layer is washed with brine, dried over Na,8Q,, filtered, and concentrated. The
resulting residue is purified by preparative HPLC using a gradient of 20% MeCN/water (0.1
% TFA) to 100% MeCN to give (R)-4-{1-(biphenyi-4-yl}-3-carboxypropan-2-~
yicarbamoylipicotiric acid and (R)-2-(1-(biphenyl-4-yl}-3-carboxypropan-2-
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ylcarbamoyljisonicotinic acid as white solids, respectively {Example 13-1: 33 mg; Example
13-2: 36 mg). Example 13-1, HPLC retention time = 1.50 minutes {condition D}, MS (m+1) =
405.1; 1H NMR (400 MHz, DMSO-d6) 6 ppm 2.53-2.62 (m, 2 H) 288 - 2.97 (m, 2 H) 4.50 -
459 (m 1TH)7.31-735 (M. 3H)742-745{m, 2H)7.57-784{m, 4 H) 7.89 (dd, /=5,
1.6Hz 1H)8.83(dd, J=5 08Hz, 1H)8.37(dd, J=16,08Hz)888(d, J=83Hz, 1H).
Example 13-2, HPLC retention time = 1.24 minutes {condition A); MS {m+1} =405.1; 1H
NMR (400 MHz, BMSO-dB) 8 ppm 2.52 - 2.868 (m, 2 H) 2.91 (A of ABX, Voo = 136 Hz, Jou =
6.1 Hz, 1H)3.01 {Bof ABX, Jpp = 13.6Hz, Jy, =81 Hz, 1HY456-465(m 1 H)7.20-7.34
M, 3H)741-745(m, 2H)7.55-764(m, 4H)7.99(dd, J=5 16Hz, 1H)834{dd J=
1.6,08Hz, TH)884(dd, J=508Hz, 1H)8.90(d, J=9.1Hz 1H) 1226 (brs, 1 H)
13.87 {brs, 1 H).

Following compounds are prepared using simifar procedure as described in example 13-1

and 13-2
-
, HPLC-RT MS
Example # Product Condition N
{condition) {M+1)
7
Yo
o .-""Qé/) KN,
% HO \g 3 ¢
o j\,f’ A\-ﬁf’\\?;'r‘{‘QTIN”;’ o N
Example 13- N 1.37 min.
PyBOP, DIPEA, 377 0
3 (R)-3-(2- DMFE, RT (A}
aminopyrimidine-4- - aq. NaOH. THF
carboxamido}-4- MeOH. RT
(biphenyi-4-ybutanoic
acid

Example 13-3: 1H NMR {400 MHz, DMSO-d6) b ppm 2.55(d, J=6.6 Hz, 2 H) 2.91 {A of
ABX, S, = 136 Hz, Sy =63 Hz, 1H) 296 (Bof ABX, Jyp =136 Hz, Ay =786 Hz, 1 H) 446 -
455 (M, 1H)688((brs, 2H)7.02(d J=48Hz, tH}728-736(m 3H)742~-746(m. 2
HY758-7685(m 4H)839(d, J=91Hz 1H)845(d. J=4.8Hz 1H).




WO 2010/136493 PCT/EP2010/057247

- 195 -

Example 14-1: Synthesis of {R)-3-{3-Carboxymethylureido}-4-{3'-chioro-biphenyi-4-yi}-
butyric acid

K .
mf"}“”‘ﬁi ;}C‘
F e o S
&) A5
N Q L Q
T T N, N _N,A\Nf-\],,OH
]
H oM

To a solution of Intermediate 16-1 (80 mg, £.254 mmol) and ethyl isocyanatoacetate {39.4
mg. 0.305 mmol} in DMF {3 mL) is added pyridine (2.93 g, 37.1 mmol) and the mixture is
stirred at room temperature for 2 hours. The solvent is removed under reduced pressure and
the residue is used directly in the nex{ step.

Next, the above residue is dissolved in EtOH (1 mL) and 1N NaOH (3 mb. 3 mmol) is added.
The mixture is stirred at room temperature for 2 hours then is acidified with 1N HCL The
mixture is extracted with EY0A¢ and the organic phase is washed with water, brine then dried
over sodium suifate. The solvent is removed under reduced pressure and the residue
purified by preparative HPLC using a gradient of 10% MeCN/Awater to 100% MeCN (+0.1%
TFA). Lyophilization of the proper fractions gives the title compound; HPLC Retention time
0.98 minutes (condition C); MS 391.3 (M+1), 1H NMR (400 MHz, DMSO-dB). & ppm 2.34 (d,
J=7.33 Hz, 2H), 2.79 (d, J=6.57 Hz, 2H), 3.67 (d, J=5.56 Hz, 2H), 4 04-4.12 (m, 1H}, 6.15 {§,
J=681 Hz, 1H), 8.23 (d, J=8.34 Hz, 1H), 7.28-7.30 {m, 2H}, 7.38-7.42 (m 1H)}, 748 (1. J =
7.83 Hz, 1H), 7.62-7.865 (m, 3H), 7.71 {1, J=177 Hz, 1H}), 12.32 {s, br, 2H).

Example 15-1: (R)-4-{3'-Chloro-biphenyl-d-yl}.3-{{2H-tetrazole-8-carbonyl}-amino]-
butyric acid

o Ci
4 . e
P an 7
¢ aq. NaOH/MeOH Voo
/,A*::;:;.,.‘ e R
o o Q Q
i ? Y N . ’ﬁ”' AN
B0 §\$ Ny HO O O g PN
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H H
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To a suspension of the starting material in MeOH (5 mi) at room temperature is added NaOH
{2mL, 6.00 mmol} and the mixture is stirred unti the reaction was completed. The reaction
mixture is acidified to pH <4 and purified by HPLC {15% to 60% acetonitrite-HoC with
0.1%TFA) to give (R)-4-(3'-chioro-biphenyl-4-y)-3-{{2H-tetrazole-5-carbonyl}-amino]-butyric
acid (80 mg).

HPLC retention time = 0.895 minutes {condition B), MS (m+1) = 386.1; 1H NMR (400 MHz,
DMSO-dg) d ppm 2,82 -281 (m, 1H), 281-272{m, 1 H), 2.84 - 299 (m, 2 H), 4.51 - 4.64
(m, TH), 7.31 (d, J=8.1Hz, 2H), 7.36 - 7.41 (m, 1 H), 7.46 {{, J=7.8 Hz, 1 H}, 7.671 (d, J=8.3
Hz, 3H), 7.68( J=1.9Hz, 1H) 9.31 (d, J=88 Hz, 1 H), 12.32 {br. 5., 1 H}.

Following compounds are prepared using similar procedure as described in example 15-1:

Starting material ‘
HPLC-RT MS

Example # Product and hydrolysis
n {condition) | {(M+1)
condition
-
O
Fr@i j‘ *(i 2
t-i

Example 15- L 1.26 min.

5 P G A 370.2
(R)-4~(3~Fluorp- 1 atm. H2, PA/C, A
biphenyl-4-yi)-3-[(2H- EtOH, RT
tetrazole-5-carbonyly- Followed by ag.
amino}-butyric acid NaQH and EtOH

3 8
-(/ ‘@\ ‘Q{} n{k‘&p
\\’ / I !}“,7 4
o o i¥5
N ~ 13 L‘ N th\“ ,"‘T‘\_\ .

:xampie 15 Ny o, 1};\24 min. -

{R)-4-{2'-Methoxy- 1 atm. H2, PdIC, (A)

biphenyl-4-yl)-3-j(2H- | FOHRT
Followed by aq,

NaQH and EtOH

tetrazole-5-carbonyl}-

aminol-butyric acid
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Example 15-2: 1H NMR (400 MHz, DMSO-ds) d ppm 2.52 - 2.72 (m. 2 H), 288 - 3.00 (m, 2
H}, 4562-4.65(m, 1 H), 7.11 - 720 (m, 1 H), 7.31 (d, J=8.1 Hz, 2 H), 7.43 - 7.51 (m, 3 H)},
7.61(d, J=8.3 Hz, 2 H), 9.28 (d, J=8.8 Hz, 1 H), 12.29 (br. 5., 1 H).

Example 15-3: 1H NMR (400 MHz, DMSO-dg) & ppm 2.52 - 2.60 {m, J=15.8, 5.8 Hz, 1 H).
267 {dd, J=15.9, 7.8 Hz, 1 H), 2.87 (dd, J=13.6, 5.8 Hz, 1 H}, 2.95 (dd, J=13.6, 8.3 Hz, 1 H),
373 (s, 3H), 452-4.64 (m, 1 H), 7.00 (td. J=7.4, 1.1 Hz, 1 H), 7.08 (d, J=8.1 Hz, 1 H), 7.22
-7.27 {m 3H),728-734 (m, 1H), 7.37 {(d J=B3 Hz, 2H) 9.30(d, J=8.8 Hz, 1 H), 12.28
(br.s., 1H),

Example 16-1: N-[{R)-1-{3"-chioro-biphenyl-4.yimethyl)-3-methanesulfonylamino-3-oxo-

propyll-succinamic acid

¢t ol
X J
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o0 9 Oxgr 20 o O
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[(R}1-(3'-Chloro-biphenyi-4-yimethyl}-3-methanesulfonylamino-3-oxo-propyl}-carbamic acid
tert-butyt ester (150 mg, 0.321 mmol) is treated with 4M HCl in dioxane. After being stirred at
room temperature for 1h, the reaction mixture is concentrated in vacuo. To this residue in
DCM (2 ml) are added succinic anhydride (48.2 mg, 0.482 mmol} and tristhylamine (0.112
mb, 0.803 mmol}. After being stirred at room temperature for 2h, the reaction mixture is
dituted with EtOAC and washed with 1M HCI and brine. The organic fayer {s dried over
Na,S50; and cocentrated. The residue is purifiied by reverse phase HPLC (SunFire C18,
0.1%TFA in HaO/CH;CN) to give N-[(R)-1-(3'-chloro-biphenyl-4-yimethyl)-3-
methanesulfonylamino-3-oxo-propyl}-succinamic acid (63 mg}. HPLC retentions time = 1.32
minutes (condition A}, MS (m+1) = 467, 1H NMR (400 Mz, DMSO-d6) 5 ppm 2.22-2.28 (m, 2
H), 2.32-2584 (m 4 H), 2774d, 2H, J=682Hz), 3.17 (s, 3H), 431 (dt, 1 H, J=7.33, 13.9
Hz), 7.28(d, 2H. J=808Hz) 7.38-743(m,1H),748(t, 1 H J=783Hz), 762 (d 3H, J
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=834Hz) 770 (L, 1H, J=202Hz), 780 (d, 1 H, J= 834 Hz), 11.70 (5, 1 H), 12.04 (s, 1

H).

Following compounds are prepared using similar procedure as described in exampie 16-1;

oxo~3-
phenyimethanesulfonyt
amino-propyil-
succinamic acid

, i HPLC-RT MS
Example # Product Starting material
{condition) | (M+1)
&
;}j
P
a, &
S ‘S"N}J‘\”[NH al
H o 3\, OH j/\ ‘ i
o Y s 1 1.26 min,
Example 16~ e N
, N-{(R)-1-(@-Chloro- | %28 L (condition | 495
biphenyh-4-yimethy})-3- e A
oxo-3-{propane-1-
sulfenylamino)-propyl]-
suiccinamic acid
o™
(;/ 3 Q \) C‘ /(
A\“"QH j;: '
. e 16 B # {1.34 min,
xample 16- . ‘ PN
3 P N-{{R}~1-(3'-Chloro- ot [Jd {condition | 543
biphenyl-4-yimethyl}-3~ SN n"“’ e A)
[t
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N-{(R}-2-Carbamoyl-1- | HN
{3'~chloro-biphenyl-4-
yimethyl)-ethyi}-

succinamic acid

Example 16-2. 1H NMR (400 Mz, DMSO-do) 5 ppm 0.96 ¢, 3 H, J = 7.33 Hz), 1.66 (dd, 2
M, J =733, 152 Hz), 2.25 (t, 2 H, J = 7.07 Hz), 2.31-2.45 (m, 4 H), 2.76 (d, 2 H, J = 6.82
Hz), 3.25-3.32 (m. 2 H), 4.30 {dd, 1 H, J = 7.83, 14.7 Hz2), 7.28 (d, 2 H, J = 8.34 Hz), 7 38-
7.43(m, 1H), 748 (, 1H, J=7.83Hz), 7.63 (d. 3H, J=8B.08Hz) 7.70{t, 1 H, J= 1.77 Ha),
7.89(d, 1 H, J = 8.34 Mz}, 11.61 (s, 1 H), 12.04 (s, 1 H).

Example 16-3: 1H NMR (400 MMz, DMSO-dy) 5 ppm 2.24-2.31 {m, 2 H), 2.34-2.40 (m, 2 M),
244 {d, 2H J=882Hz), 278 (d, 2 H, J=6.82Hz), 426436 {m, 1 H), 4.67 (s, 2 H), 7.25-
733 (M. 4H), 734743 {(m 4 H), 748 (1, T H, /=788 Hz), 763 (d, 3H, /=834 Hz), 7.70
(LCIH J=177Hz), 7.92 (d. 1 H, /=834 Hz), 11.60 (s, 1 H), 12.05 (s. T H)

Example 16-4; 1H NMR (400 MHz, DMSO-d;) & ppm 2.18-2.29 {m, 4H), 2.36 (dd, 2H, J =
6.57. 6.57 Hz), 2.72 (dd, 1H, J=7.83, 13.6 Hz), 2.81 {dd, 1H, J =531, 13.6 Hz), 4.17-4.27
(m, 1H), 6.83 (s, 1H}, 7.28 (d, 3H, J = 8.34 Hz), 7.38-7 43 (m, 1H)}, 7.47 {t, 1M, J=7.83 Hz),
7.68-7.65(m, 3H), 7.89 (t, 1H, J=1.77 Hz), 7.78 (d. 1H, J= 8.34 Hz), 12.05 (s, 1H).

Exampie 16-8: Synthesis of N-[{R}-1-(3'-chloro-biphenyl-d-yimethyl}-3-

methanesulfonylamino-3-oxo-propyl}-succinamic acid butyl ester
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To a solution of N-{(R)-1-(3'-chioro-biphenyi-4-yimethyl)-3-methanesulfonylamino-3-oxo-
propyll-succinamic acid (50 mg, 0.107 mmol) in n-butancl (2 mL) is added thiony! chioride
(8.38 uk, 0.128 mmol). The reaction mixture is warmed to 50 °C and stirred for 1 h. After
cooling to room temperature, the reaction mixture is concentrated and purified by reverse
phase HPLC (SunFire C18, 0.1%TFA in HyO/CH,.CN)} to give N-{(R}-1-(3'-chloro-biphenyl-4-
yimethyl}-3-methanesulfonylamino-3-oxo-propyl}-succinamic acid butyl ester (32 mg). HPLC
retentions time = 1.56 minutes (condition A); MS (m+1) = 523; 1H NMR (400 Mz, DMSQ-d6)
5 ppm 0.86 (t, 3H, J = 7.33 Hz), 1.22-1.34 (m, 2H), 1.45-1.55 (m, 2H), 2.23-2.33 (m, 2H).
2.35-2.44 {m, 3H), 2.45-2.55 (m, 3H), 2.71-2.83 (m, 1H), 3.18 {s, 3H), 3.96 {1, 2H, J = 6.57
Hz), 4.27-4.38 {m, 1H), 7.28 (d, 2H, J = 8.08 Hz), 7.37-7.43 (m. 1H), 748 ¢, 1H J = 7.83
Hz), 7.62(d, 3H, J=8.34 Hz), 7.7C (s, 1H}, 7.91 (d, 1H, J= 8.34 Hz), 11.71 (s, 1H).

Example 17: {R)-3-{2-acetyloxazole-5-carboxamido}-4-{3'-chiorocbiphenyl-4-yi)butancic

acid
5 i
/\
g )
3 j/ X /,E/ X
0 \ X
- e .H
HG i“* HO T NH
ST N0
N0 N A
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Ta a solution of (R)-4-(3"-chlorobiphenyl-4-yi}-3-(2-{prop-1-en-2-ylioxazole-5-
carboxamido)butanoic acid {60 mg, 0.14 mmol) in DCM (2 mL) and MeOH (2 mL) at -78°C is
bubbled ozone for 30 seconds. After 30 seconds ozone is removed and oxygen is bubbled
for 10 minutes. After bubbling oxygen for 10 minutes the -78°C bath is removed and the
reaction is quenched with polymer supported triphenyiphosphine and the reaction is stirred
at room temperature for 2 hours. After 2 hours the reaction is filtered to remove
{riphenyiphosphineoxide on supported polymer and the filtrate is collected and concentrated
under reduced pressure. The obtained residue is purified by RP-HPLC (SunFire C18,
H,0(0.1% TFAYGH;CN}, and then lyophilized to give (R)-3-(2-acetyloxazole-5-
carboxamido)-4-{3'-chlorobiphenyl-4-yhbutanoic acid {13 mg). HPLC retention time = 1,67
minutes (condition D), MS (m+1) = 427.0; 1H NMR (400 MHz, DMSO-ds) 3 ppm 2.53 - 2.59
{m, 2 H) 2.80 {8, 3H) 2.87 {dd, J=10.8, 3.3 Hz, 1 H) 2.84 (dd, /=108, 5.1 Hz, 1 H) 4.46 ~
460 (m, 1 HY 731 (d, J=8.1Hz, 2H)7.36 - 7.43 (m, 1 H) 7.47 (1, J=7.8 Hz, 1 H) 7.82 {4,
JEB3Hz, AH) 769 (1, J=1.9Hz 1H)7.94 (s, TH) 886 (d, /~B8 Hz, 1 H}12.31(br. 5., 1
H).

Starting materials or intermediates are prepared in following manner:
Intermediate 1: (R}-ethyl 4-(4-bromophenyl}-3-(4-methoxy-4-oxobutanamidolbutancate

0

.f\c.’b\ ﬁfik./wxex
O

To {R)-ethyi-4-(4-bromophenyl-4-yi)-3-(terf-butoxycarbonylaminobutancate (2.02 g, 5.23
mmol} is added a solution of 4M HCl in 1,4-dioxane (13.1 mL, 52.3 mmol) at room
termperature. After stirring for 1 hour, the reaction mbdure is concentrated under reduced
pressure o give {R}-3-amino-4-bromophenyl-4-yl-butyric acid ethyl ester hydrochioride. To a
solution of (R}-3-amino-4-bromophenyl-4-yi-butyric acid ethyl ester hydrochloride is added
succinic anhydride (0.707 g, 7.08 mmof) and DIPEA (2.08 mb, 11.8 mmol) in
dichioromethane (20 mbL) and allowed to stir f-or 4 hours. The reaction is quenched with 0.1
M aqueous HCL The products are extracted with ethyl acetate and washed with brine. The
organic fayer is dried over Na2sQy, filtered, and concentrated under reduced pressure 1o
give {R)}-4-{1-(4-bromophenyl)-4-sthoxy-4-oxchutan-2-ylamino)-4-oxobutanocic acid (2.26 g).
To a solution of the obtained residue (2.28 g) in toluene {25 mL} and MeOH (25 mL),
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TMSCHN,; in hexanes (5.85 mi, 11.70 mmotl) is added portionwise at room temperature
under nitrogen. The reaction mixture is aliowed to stir for 1.5 hour, then quenched with
AcOH (0.5 mi,; 8.78 mmol), and the solution is stirred for 10 minutes. The solution is
concentrated, and the obtained residue is purified by flash column chromatography on 40 g
silica gel (eluent. heptane/EtOAc = 100:0 to 0:100) to give (R}-ethy! 4-{4-bromophenyi)-3-(4-
methoxy-4-oxobutanamido)butancate {1.92 g). HPLC retention time = 1.04 minutes
{condition B); M§ (ES+) = 400 {m+1), 402.0 (m+3; 100%); 1H NMR (400 MHz,
CHLOROFORM-¢} S ppm 1.28{(t, J=7.2Hz, 3H}240-253(m, 4 H) 280 -2.64(m, 2 H)
2.79 (A of ABX, Jab = 13.7 Hz, Jax = 7.85 Hz, 1 H) 2.90 (B of ABX, Jab = 13.7 Hz, Jbx =
G85Hz TH)3.68(s,3H)410~422{(m 2H)4.38-447{m 1H)629(brd, J=86Hz 1
H)7.06(d, J=84Hz 2H)7.40~742{m, 2 H).

intermediate 2: {R)-ethyl 4-(biphenyl-4-yi}-3-{tert-butoxycarbonylamino)butanoate

Beaw

- \O" N \g O‘; “~

A mixture of (R}-ethyl 4-(4-bromophenyl)-3-(tert-butoxycarbonylamino)butanoate (1.5 g, 3.88
mmol), phenytboronic acid (G.710 g, 5.82 mmaol), Pd{Ph3P4 (0.448 g, 0.388 mmol) and
agueous Na,CQ, (3.88 mb, 7.77 mmol) in toluene {25 mL) 1s allowed to stir at 85 °C under
nitrogen for 14 hours. The reaction mixture is cooled o room temperature and quenched
with brine. The mixture is extracted twice with ethylacetate, and the combined organic layer
is washed with brine, dried over Na.SQ,, fiitered, and concentrated under reduced pressure.
The obtained residue is purified by silica gel flash column chromatography (heplane/EtOAC =
100:0 to 50:50) to give (R)-ethy! 4-(biphenyl-4-yl}-3-(tert-butoxycarbonylamino)butanoate
{1.30 g); HPLC retention time = 1.61 minutes {condition B); MS (ES+) = 328.0 (m-tBu+2};
284.1 (m-Boc+2; 100%); 1H NMR (400 MHz, CHLOROFORM-d) b ppm 128 (1, J = 7.1 Hz, 3
H) 2.48 (A of ABX, Jab = 16.1 Hz, Jax = 5.9 Hz, 1 H) 2.53 (B of ABX, Jab = 16.0 Hz, Jbx =
53Hz, TH}283~300(m, 2H)4.14~419(m, 3 H) 508 (brs) 7.26-7.27 (m, 2 H) 7.31-
7.35(m, 2H) 743 {t, J = 7.8 Hz, 2H) 7.52 -7.58 (m. 4 H}.
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Following intermediates are prepared using similar procedure as described for infermediate
2

Intermediate HPLC-RT | MS
Product Condition N
# {condition) | {(ES+; 100%)
()‘“ix
;‘ Pa(PPh3)4,
o ¥ 9
g A Ak 3
intermediate # fluorobenzenebore | 1.61 min. | 3021
2.2 (R)-ethyl 3-(tert- | 1ic acid, ag. 2M (m-BOC+2)
butoxycarbonylami Na2CO3. tolusne
ﬂD}*‘?-(S'— 95 o0
flucrobiphenyl-4-
ylibutanoate
o
~ }A} PACh{dppf). CH,Cly
7 | complex,
Ly ? & I .
. r’l\‘D"Lv" \N“}\o‘}\l\ 5~GNOI‘DQ~ )
intermediate ) i 1 1.58 min. | 348.1
_ methoxyphenylboroni *
2-3 {R)-ethyt 3-{tert- ) {m~-BOC+2)
_ . cacid, aq. 2M
butoxycarbonylamino v
J-4-(5-chloro-2'~ Na2C03, toluene,
methoxybiphenyi-4- 85 °C
yhbutanoate
F
Y
£ |
(Xf’“t; b | PdClL{dppfH.CH.ClL
,ﬂ\gi\» ijig)’( complex, 5-fiuoro-2-
Intermediate H methoxyphenyiboront | 142 min, | 332.2
2.4 {R)-athy 3-{tert- ¢ acid, ag. 2M {m-BOC+2)
butoxycarbonylaming | Na,C0,, toluene,
F4-{B'"-fluoro-2'~ 95 o0
rasthoxybiphenyl-4-
yhbutanoate
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Infermediate fluorophenylboroni | 1.47 min. | 336.1

{R})-ethyl 3-{tert-

2-8 ¢ acid, ag. 2M (B} {m-BOC+2)

butoxycarbonylami Na2C03. DME. 95
no)-4-(5-chloro-2'- | o

fluorobiphenyl-4-

ylibutanoate

intermediate 3: (R)-4-{1-{biphenyi-4-yl}-d-tert-butoxy-4-oxchutan-2-ylamino}-4-

oxobutanoic acid

To (R)-ert-butyl 4-{biphenyl-4-yi)-3-(tert-butoxycarbonylamino)butancate (26.4 mg, 0.064
mmol} is added 4M HCHin 1. 4-dioxane (0.321 mi, 1.283 mmol) at room temperature. The
reaction mixture is stirred {or 45 minutes and concentrated under reduced pressure. To a
solution of the obtained residue in dichloromethane (0.4 mbL) is added succinic anhydride
{7.70 mg, 0.077 mmol) and DIPEA (0.013 mL, Q.077 mmol}. The reaction mixture is allowed
to stir at room temperature for 14 hours and concentrated under reduced pressure. The



WO 2010/136493 PCT/EP2010/057247

- 205 -

obtained residue is purified by RP-HPLC (SunFire C-18, HO(0.1%TFA)/CH,CN) to give {(R)-
4-(1-(biphenyi-4-yi}4-tert-butoxy-4-oxobutan-2-ylamino)-4-oxobutancic acid (9.5 mg). HRPLC
retention time = 1.70 minutes {condition A); MS (ES+) = 412.1 (m+1); 356.0 (m-tBu+2;
100%); 1H NMR (400 MHz, CHLOROFORM-o} & ppm 1.48 (s, 9 M) 236 -2.51 (m, 4 H) 2.64
~2.67 {(m, 2 M} 2.87 (A of ABX, Jab = 13.5 Hz, Jax = 5.7 Hz, 1 H), 2.97 (Jab = 13.6 Hz, Jbx
=62Hz, TH)7.24-726(m, 2H)7.31-7.35(m, 1 H) 743 {t, J=7.75 Hz, 2 H} 7.53{d, J = 8.0
Hz, 2H) 7.57 (d, d =76 HZ, 2 H).

Following intermediates are prepared using similar procedure as described in intermediate 3:
' ' ‘ HPLC-RT MS
{condition) {M+1)

Intermediate # Praduct Starting Material

] Br
!

o o
s 0"1\ N,ﬁw»\{ Y
| Y B

(R)-4-{4-Bromo-
Intermediate 3-2 | phenyl}-3-(3- - ,t!i,

R
{2

& 1090min (B) | 385.9

TE

carboxy
-propionylamino)-
butyric acid ethyl

ester

Intermediate 4: (R}-tert-butyl 4-(biphenvi-4-yl}-3-(tert-butoxycarbonylaminojbutanoate

A solution of (R)-2-{biphenyl-4-vimethyl}-4-tert-butoxy-4-oxobutanoic acid {100 mg, 0.284
mmol), DPPA (0.076 mL, 0.353 mmai} and EtN (0.048 mL, 0.353 mmol} in Toluene {1.5
mt) is aftowed to stir at 100 °C under nitrogen for 2 hours. tBUOH (0.281 mi, 2.94 mmol) is
added and the mixture is refiuxed for 5 hours at the same temperature. The reaction is
cooled to room temperature, and the solvent is removed, Ethyl acetate is added to the
obtained residue, and the organic layer is washed with 5% aqueous cifric acid, H,0,
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saturated aqueous NaHCQ,, and brine. The organic layer is dried over Na;80,, filtered, and
concentrated under reduced pressure. The obtained residue is purified by flash column
chromategraphy on 40 g of silica gel (heptane/EtOAc = 100:0 to 50:50) to give the
corresponding isocyanate (35.7 mg). The obtained isocyanate is dissolved in tBuOH {G.3
mL) and the solution is allowed to stir at 80 °C for 20 hours. The reaction mixture is
concentrated, and the residue is purified by flash column chromatography on 12 g of silica
gel (heptane/EtOAc = 100:0 to 70:30) to give (R}-tert-butyl 4-(biphenyl-4-yi)-3-{tert-
butoxycarbonylamino)butanoate (26.4 mg, 22%). HPLC retention time = 1.74 minutes
(condition B);, MS (ES+) = 356.0 (m-tBu+2) 300.0 (m-1Bux2+3; 100%); 1H NMR (400 MHz,
CHLOROFORM-0) & ppm 1.41 (s, 9 H) 1.47 (s, 9 M) 2.36 (A of ABX, Jab = 158.6 Hz, Jax =
6.2Hz, 1H) 244 (Bof ABX, Jab=155Hz, Jox =545 Hz) 2.82-297 {m, 2H)4.15 (br &)
509 (brd) 76-7.35{(m, 3H) 741~ 745 (m, 2 H) 7.51-7.56 (m, 4 H}.

intermediate 5: (R}-ethyl 4-{4-bromophenyi}-3-(teri-butoxycarbonyiamino)butanoate

at
) 0O

To a suspension of (R)-4-{4-bromophenyl)-3-(tert-butoxycarbonylamino}hutanoic acid {8.98
g, 27.9 mmol) and NaHCGO; (4.68 g, 55.7 mmol) in DMF (45 mL) is added Ethyi iodide (8.75
mi.. 84 mmoh at room temperature under nitrogen. After stirring for 71 hours, the reaction is
guenched with H,0 (300 mbL}, and then precipitated sclid is collected and washed with H,O
{500 mL) to give {R)-ethyl 4-(4-bromophenyl}-3-{tert-butoxycarbonylamino)outancate (10.25
g, 94%). HPLC retention time = 1.48 minutes (condition B); MS (ES+) = 329.9 (m-1Bu+2);
286.0 (m-Boc+2; 100%); 1H NMR (400 MHz, CHLOROFORM-d) S ppm 1.27 (1, J=72Hz, 3
H) 140 (s, @ H), 243 (A of ABX, Jab = 158 Hz, Jax = 5.7 Hz, 1 H) 2.50 (B of ABX Jab =
158 Hz, Jox =84 Hz, 1 H}274~2080(m, 2H) 411 (brs}4.15{q,d = 7.1 Hz, 2 H} 5.04 (br
d) 7.07 (d, J =83 Hz, 2 H) 7.40-7.43 {(m, 2 H).

Following intermediates are prepared using similar procedure as described for intermediate
5

intermediate | Product Condition ' HPLC-RT | MS i
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{condition)

(ES+; 100%)

intermediate
5.2

o 1/ P
@AQJ\,‘ ﬁﬂ.ink

{(Ry-benzyl 4-(4-
bromophenyi}-3-(ler-
butoxycarbonylamino
hutanoate

BnBr, NaHCO;,
DMF, RT

1.56 min,
(B}

348
(M-BOC+2)

Intermediate
5-3

(R)}-4-(4-Bromo-
phenyl)-3-tert-
butoxycarbonylami
no-butyric acid
propyl

esler

n-propy! iodide,
NaHCO,, DMF, RT

1.47 min,
{B)

400 (m+1)

Intermediate
5.4

or
u>‘f‘m‘{
¥ %
P
¢ § 0
N

N a PN L

At
{R)~4-{4-Bromo-
phenyl)-3-tert-

P

butoxycarbonytami
no-butyric acid
butyl ester

o

n-butyl iodide,
NaHCQO;, DMF, RT

1.55 min,
(B)

414 {m+1)

intermediate
5-5

Ao
{R}-4-(4-Bromo-
phenyt)-3-tert-
butoxycarbonylami
no-butyric acid -
methyl-2-oxo-
{1,3]dioxol-4-
yimethyl ester

o’i@
o

K00, DMF, RT

1.28 min.
(8

470 {m+1)
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{R)-4-(4-Bromo- : ‘
intermediate g e 1.65 min.
phenyl)-3-tert- 444 (m+1)
5-6 {8)

butoxycarbonylami K.CO., DMF. RT
no-butyric acid
dimethyicarbamoyi

methyi ester

o

! K O ‘ Ry
A
(Rj-4-{4-Bromo- o
Intermediate N 1.19 min,
o phenyl)-3-ient- SNy ® 471 (m+1)

butoxycarbonyiami | co, DMF. RT
no-butyric acid 2-
morpholin-4-yi-

ethyl ester

Intermediate 5-2: {R)-benzyt 4-(4-bromophenyl}-3-{tert-

butoxycarbonylaminolbutanoate

ey Br
¢ oA
"-‘-1.-""'
o ¢ °
p N J\O}L\‘f '\Nx'ﬁ\ A
J H
Nt

To a suspension of (R)-4-(4-bromophenyl}-3-{tert-butoxycarbonylamine)butaneic acid (5.02
g. 14.01 mmol} and NaHCQO; (3.53 g, 42.0 mmol} in DMF (20 ml) is added Benzyl hromide
{5.10 mL, 42 mmaol) at room temperature under nitrogen. After stirring for 46 hours, the
reaction is diluted with H;O (200 mL), and then precipifated solid is coliected and washed
with H,0 {500 mL) and then with heptane (200 mi) {o give (R)-benzyl 4-{4-bromophenyl)-3-
(tert-butoxycarbonylaminoibutancate (5.61 g, 88%). HPLC retention time = 1.56 minutes
{condition B}, MS (ES+) = 392.1 {m-tBu+2); 348.1 (m-Boc+2; 100%); 1H NMR (400 MHz,
CHLOROFORM-d) 8 ppm 1.39 (s, 9 H) 248 (A of ABX, Jab =159 Hz Jax =56 Hz, 1 H)
254 (Bof ABX, Jab =159 Hz Jbx=53Hz 1H)272-288{m, 2H)4.11 (brs, 1 H) 502
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(ors, TH) 510 (Aof AB, J=12.1 Hz, 1 H) 5.16 (A of AB, d = 12.1 Hz, 1 H) 7.00 (d, J = 8.1
Hz, 2 H) 7.34-7.38 (m, 7 H).

Intermediate 6: {R)-3-(biphenyl-4-ylmethyl}-4-{3-methoxy-3-oxopropylamine)-4-

oxobutanoic acid

To a solution of (R)-tert-butyl 3-(biphenyl-4-yimethyl}-4-(3-methoxy-3-oxopropylamino}-4-
oxobutanoate (40 mg, 0.084 mymol) in DCM (0.5 ml), TFA (0.15 mL) is added at room
temperature. The mixture is allowed to stir for 2 hours, and then concentrated under reduced
prassure o give (R)-3-{biphenyl-4-yimethyl}-4-{3-methoxy-3-oxopropylamino)-4-oxcbutanoic
acid {33.5 mg, 96%). HPLC retention time = 1.20 minutes {condition A} MS (m+1) = 370.1;
1H NMR {400 MHz, CHLORCFORM-¢) S ppm 2.21-228(m, TH)2.38~245(m, 1 H} 2.62
~266{(m 1TH2.75-300{m 4H)3289-337{m, 1H)345~353{m 4H)6.12rs, 1
HY7.23{d, J=8Hz 2H}732-735(m 1H)741-745{m 2H)7.53(d, J=81Hz 2H)
7.56 - 7.59 (m, 2 H).

Intermediate 7: {R}-tert-butyl 3-{biphenyl-4-ybmethyl)-4-{3-methoxy-3-oxopropylamino}-

4-pxobutanoate

& 3
-’

e

A solution of (R)-2-(biphenyi-4-vimethyl}-4-tert-butoxy-4-oxobutanoic acid (142 mg, 0.417
mmol}, 3-amino-propionic acid methyl ester hydrochioride {76 mg, 0.542 mmol), WSC
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hydrochloride (120 mg, 0.626 mmol}, 1-hydroxy-7-azabenzotriazole (85 mg, 0.626 mmol)
and DIPEA (0.219 mi, 1.251 mmol} in DMF (4 ml) is allowed to stir at room temperature
under nitrogen for 13 hours. The reaction is guenched with H,O. The products are extracted
with ethyl acetate, washed with agueous 1M HCI and then with brine, dried over Na,8Qy,
filtered, and concentrated under reduced pressure. The obtained residue is purified by flash
column chromatography on 12 g of silica gel (heptane/E{CAc = 70;30 to 0:100) to give (R)-
tert-buty! 3-(biphenyi-4-yimethyl)-4-(3-methoxy-3-oxopropylamino)-4-oxobutanoate (164 mg,
91%). HPLC retention time = 1.59 minutes (condition A}, MS (ES+} = 425.4 {m), 369.4 (m-
{Bu+1; 100%); TH NMR (400 MHz, CHLOROFORM-d) & ppm 2.24 -~ 2.44 {m, 2 H} 2.67 ~
279 (m, 3H)288-296(m, 1H)328-338(m, 1H)345~383(m, 1H)7.23(d, J=58
Hz, 2H)7.33{t,J =7.35Hz, 1H) 741 -744{m, 2H) 751 {d, J=81Hz, 2H) 7.58(d, J=

74 Hz 2 H).
Following intermediates are prepared using similar procedure as described in intermediate 7:
S Starting o HPLC-RT | MS
Intermediate # Product o Condition .
Material {condition) | (M%1}
,(:E M E\ ,j”“
)lf\f\(ii ¢y WSC.HC)
(R)-3-Biphenyl-4 (J[HoA
F-S-piphenyi-a~ .G %‘* 1.64 min.

intermediate 7-2 | vt | SR A o | DIPEA, ' 464.1

yimethﬂ N-teri-bu ‘g DM, 1t (B)

toxycarbonyimeth

yl-succinamic

acid

tert-butyl ester

i:“\) H:N \_/}\KE“‘OH
&
= | WSC.HCI,
S AL L] 4
%] g o - thf HQ At
Ty

Intermediate 7-3 | ~ e i\éJ o PR o6
nlermediate 7- (R)-3-Biphenyt-d- | <o é\‘*‘« DM, 1t @) .

yimethyb-N-(3~

carb

oxy-propyl)-

sticcinamic acid
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terl-butyl ester

Intermediate §: (R}-3-[{1-benzyl-1H-tetrazole-5-carbonyl}amino)-4-biphenyl-4-yl-butyric
acid ethy! ester and (R}-3-[(2-benzyl-ZH-tetrazole-8-carbonyl}-aminoj-4-biphenyl-4-yl-
butyric acid ethyl ester

4
o~
¢ 1
.f"\O/u\/ ﬁ’ l N_N
( N e
) )

{R)-ethyl 4-{biphenyi-4-yl}-3-(tert-butoxycarbonylaminolbutanoate (117 mg, 0.305 mimol) is
treated with 4M HC! dioxane solution (2 mL). After stirring for 0.5 hour, the reaction mixture
is concentrated under reduced pressure. To a solution of the obtained residue and Et;N
{0.108 mL, 8.763 mmol) in DCM (3 mL) is added benzyl-H-tetrazoie-5-carbony! chioride
{mixture of 1 and 2-benzyl isomers, 82 mg, 0.368 mmol, prepared according to J Med Chem.
1986, 29, 538-549). After stirring for 10 minutes, Ef;N (0.108 mi., 0.763 mmol} and the acid
chloride (82 mg, 0.366 mmol) are added. After stirring for 0.5 howr, the reaction mixture is
dituted with ethyt acetate, washed with H,O and brine, dried over Na,80,, and concentrated
under reduced pressure. The residue is purified by silica gel column chromatography to give
(R}-3-I{1-benzyl-1H-tetrazole-5-carbonyl}-aminol-4-biphenyi-4-yi-butyric acid ethyt ester and
{R)-3-](2-benzyl-2H-tetrazole-5-carbonyl)-amino]-4-biphenyi-4-yl-butyric acid ethy! ester.
HPLC retention time = 1.51 minutes {condition D); MS = 470.0 (m+1); 1H NMR (400 MHz,
CDCI3) & ppm 1.27 (1, J=7.07, 7.07Hz, 3H), 2.57-2.70 {m, 2H), 3.00 {dd, J=7.58, 13.77Hz,
tH), 3.12 {dd, J=6.57, 13.77Hz, 1H), 4.12-4.23 {m, 2H}, 4.71-4.80 {m, 1H), 5.80 (s, 2H),
7.27-7.45 (m, 9H), 7.52 (d, J=8.34Hz 2H), 7.56 {d, J=8.46Hz, 2H), 7.75 {d, J=7.33Hz, 1H).
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intermediate 9: (R)}-4-biphenyl-4-y1-3-{3-[1-{2-cyano-ethylj-1H-tetrazol-5-yi}-
propionylamino}-butyric acid ethyl ester

&

7
Jex/
L5
’/\Q ™ \ﬁk/ﬁ\(;N“
Mgy
Pt
N

To a solution of (R)-4-biphenyl-4-yl-3-tert-butoxycarbonylamino-butyric acid ethyl ester (400
mg, 1.04 mmol} in DCM (10 ml) at room temperature is added TFA (2.008 mi., 26.1 mmol}
and the mixture is stirred at room temperature for 1 hour. The mixture is concentrated under
reduced presaure. To the obtained TFA salt in DCM (10 mL) at ice bath temperature is
added succinic anhydride {125 mg, 1.25 mmol) and followed by TEA (0.363 mL., 2.61 mmol).
The reaction is stirred at room temperature for 16 hours. The mixiure is concentrated under
reduced pressure. The obtained residue is purified by flash chromatography (silica gel, 2%
{o 5% EfOH/DCM) give (R)-4-biphenyl4-yi-3-(3-carboxy-propionylamino)-butyric acid ethyl
ester (200 mg). HPLC retention time = 1.53 minutes {condition C); M8 = 384 (m+1).

Next, to a solution of {R)-4-biphenyl-4-yi-3-(3-carboxy-propionylamino}-butyric acid ethyl
ester (200 mg, 0.522 mmol) in THF (10 mL) at room temperature is added EDC RHCI {120
mg, 0626 mmol) and HOBT (88 mg, 0.6268 mmol). The reaction is stired at room
temperature for 10 minutes then added 3-aminopropionitriie (0.0468 mi, 0.628 mmoil) and
TEA (0.087 mi, 0.6268 mimol). Afler 1 hour, 0.5 equivalent of EDC HCI, HOBT, and 3-
aminopropionitrile are added and stirred for 16 hours. The reaction mixture is guenched by
brine and is extracted with ethylacetate. The combined organic layer is washed with brine
and dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure,
The obtained residue is purified by flash chromatography (silica gel, 2% to 5% EtOH/DCM}
to give (R)-4-biphenyl-4-yl-3-{3~(2-cyano-ethylcarbamaoyl}-propionylamino}-butyric acid ethyl
ester (218 myg, 96% yield). HPLC retention time = 0.77 minutes (condition E}, MS = 438
{m+1).

Next, to a solution of (R)-4-biphenyl-4-y)-3-{3-(2-cyano-sthylcarbamaoyi}-propionylaminel-
butyric acid ethyl ester (204 mg, 0.488 mmol) in THF (10 mb) at room temperature is added



WO 2010/136493 PCT/EP2010/057247

-213-

PhsF (307 mg, 1.17 mmol) and the mixture is stirred at room temperature for 10 minutes.
Then o the mixture at ice bath temperature is added DIAD (0.228 mi, 1.171 mmol) and
trimethyisilyl azide (0.155 mi, 1,171 mmol). The resulting midure is slowly warmed up to
room temperature and stirred for 18 hours. The reaction mixture is concentrated under
reduced pressure. The obtained residue is purified by flash chromatography (silica gel, 1%
to 3% EIOHDCM) 1o give (R)y-4-biphenyl-4-yi-3-{3-{1-{2-cyano-ethyl}-1H-tetrazol-5-yl}-
propionytamino}-butyric acid ethyl ester (137 mg, 64% yield). HPLC retention time = 1.61
minutes (condition C); MS = 481 (m+1),

Intermediate 10: {R)-2{biphenyi-4-yimethylj-d-tert-butoxy-4-oxobutancic acid

)

— d
of
o ¢
LA o
0
To a stirred solution of (R)-terf-butyl 4-{(8)-4-benzyl-2-oxcoxazolidin-3-yi)-3~{bipheny!-4-
vimethyl-4-oxobutanoate (1.20 g, 2.402 mmol} in a mixed solvent of THE (20 ml.) and water
(5 ml), a solution of agueous H,O, {0.9680 mi., 9.61 mmol} and aqueous LiOH (4.80 ml, 4.80
mmo}) is added at 0 °C during 5 minutes. After stirring for 1.5 howr, the reaction is guenched
with saturated aqueous Na;SG; (10 mL) at 0 °C, and aliowed to stir for 10 minutes at the
same {femperature. The reaction mixture is warmed up to ambient temperature while stirring
for 0.5 hour. Then, saturated agueous NaHCQO; and brine are added to the mixture. The
product is extracted with ethyl acetate, washed with aqueous 1M MHCI, dried over MgSO,,
fitered, and concentrated under reduced pressure. The obtained residue is purified by Hash
column chromategraphy on 120 g of silica gel {heptane/EtOAc = 75:25 {o 0:100) to give (R)-
2-(biphenyl-4-yimethyl}-4-tert-butoxy-4-oxobutancic acid (765 mg, 93%). HPLC retention
time = 1.63 minutes {condition D); MS = 338.6 (m~1); 1+ NMR (400 MHz, CHLOROFORM-d)
O ppm 1.43 (5, 9H) 241 (A of ABX, Jp=16.67 Hz, Ja = 455 Hz, 1 H) 2.52 - 2.67 (B of ABX,
Jab= 1675 Hz, Jox=845Hz, 1 H)274-283(m, 1 H}3.06-3.22(m, 2H) 7.22- 729 {(m,
ZHY7.30-737 (m 1 H) 743 (8, J=7.58BHz 2H)}7.53(d, J=81Hz 2H)7.57 (d, J = 7.8 Hz,
2 H).
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intermediate 11: Synthesis of {R}-tert-butyl 4-{(8)-4-benzyl-2-oxouxazolidin-3-yi}-3-
{biphenyl-4-yimethyl}-4-oxobutanoate

A stirred solution of (S)-4-benzyl-3-(3-(biphenyl-4-yljpropanoyi)oxazelidin-2-one
{intermediate 12: 5.01 g, 13.00 mmol) in THF (180 mL) is cooled to -73.8 °C, and 1M THF
sotution of sodium hexamethyldisilylamide (14.30 mL, 14.30 mmoi} is added during 5
minutes. After 30 minutes, a solution of tert-butyl bromoacetate (2.485 mL, 16.90 mmaol} in
THF (20 mL) is added dropwise during 5 minutes. The solution is stirred at -74 °C for 1 hour,
and the reaction is guenched with saturated agueous NH,CI {100 mi), and warmed up {o
ambient temperature. The precipitated solid is filtered off and washed with ethyl acetate (50
ml). The organic phase is separated, washed with brine, dried over MgSQ,, and
concentrated under reduced pressure. The obtained residue is suspended in MeOH (70 mi}
and then filtered to collect the solid (5.9 g} as a mixture of the desired product and the
starting material. The mixture is purified by flash column chromatography on 120 g of silica
gel (heptane/EtQAc = 90:10 to 50:50) o give (R}-tert-butyl 4-((S}-4-benzyi-2-oxooxazolidin-
3-yi}-3-(hiphenyl-4-yimethyl)-4-oxobutanoate (2.40 g, 37%). HPLC retention time = 1.74
minutes (condition B); MS = 499.4 (m+); 443 .4 (m-tBu+1; 100%); 1H NMR (400 MHz,
CHLOROFORM-d) 8 ppm 1.49 (5, B H) 2.42 (dd, J=16.67, 404 Hz, 1 H} 2.71 (ddd. /=16.55,
13.26, 9.6Q Hz, 2 H) 2.87 (dd, J=16.93, 10.86 Hz, 1 H) 3.04 {dd, /=13.14, 8.32 Hz, 1 H} 3.32
{dd, J=13.39, 3.03 Hz, 1 H)3.92 (, S~B 34 Hz, 1 H} 4.07 (dd, S/=897, 2.15 Hz, 1 H) 448 -
458(m, 2H)7.20-730(m, 3H)7.30-738{(m, 5H)7.42 {t, J=758Hz 2H)7.52(d, =
81Hz, 2H)7.56{d, J= 7.8 Hz, 2 H).

intermediate 12: (8)-4-benzyl-3-(3-(biphenyl-4-yi}propanoyljoxazolidin-2-one
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To a 1.6 M solution of n-Bull in hexane (12.1 mL, 18.3 mmol) is added dropwise a solution
of {S}-{-}-4-benzyi-2-oxazolidinone (3.26 g, 18.4 mmol) in dry THF (80 mL) at -71.8 °C under
nitrogen aver 10 minutes. The solution is warmed up to -60.5 °C while the addition, and
altowed to stir for 1 hour in dry ice/MeQH bath. 3-(Biphenyl-4-yl)propanoyl chioride
{intermediate 13: 5,46 g, 22.31 nwmol} in dry THF {20 ml)} is added dropwise at ~-72 °C over 5
minutes. The solution is warmed up to -56.5 “C while the addition. After stirring 10 minutes at
the same temperature, the reaction mixture is aliowed to warm to room temperature and
stirring is continued for 3 hours, The reaction mixture is fikered, and the collected precipitate
is washed with 20 mb (10 mL x2) of MeOH and then with 150 mL of H,O to give the desired
product {4.28 g). The products in the mother liquor is extracted with ethyl acetate, washed
with brine, dried aover MgSQ,, filtered, and concentrated under reduced pressure. The
obtained residue 1s suspended in 80 mbL of MeOH, and the suspension is fittered and
washed with 20 mb of MeOH {1.79 g). The two fractions are mixed to give (S)-4-benzyl-3-(3-
(biphenyl-d-yllpropanoyljoxazofidin-2-one (6.05 g, 85% in 2 steps). Retention time = 1.77
minutes {condition A}, MS {m+1) = 387.3; 1H NMR (400 MHz, CHLOROFORM-d) & ppm
277 (dd, J=13.38,9.35Hz, 1H}299-315(m, 2H)3.20-343 (M, 3H)4.08-424 (m, 2
H). 4.68 (dddd, J=8.76, 6.73, 347, 3.28 Hz, 1 M)} 7.18(d, J=7 07 Hz 2H} 7.23-7.37{m &
Hy7.42 (1, =758 Hz 2H)753(d, J=8 1Mz 2H), 757 (d, J=7.8 Hz, 2 H).

Intermediate 13: 3-{biphenyl-4-yljpropanocy! chioride

8]
S
S G
o

A mixture of 3-{4-biphenylylipropionic acid (5 g, 22.10 mmol} and SOCH; (4.03 mi, 55.2
mmof} is refluxed under nitrogen at 85 °C for 1.5 hour. The reaction mixture is concentrated
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under reduced pressure o give 3-(biphenyl-4-yhpropanoy! chioride (546 g). The material is
used in the next step without further purification,

Intermediate 14: (2R, 4R})-4-Amino-2-methyl-pentancic acid ethyl ester trifiuoroacetate

.\\/O\H/J\ NE, TEA

G

To a stirred solution of 2-(friphenyiphosphanylidene)-propionic acid ethyl ester (3.11 g, 8.57
mmol} in methylene chloride (20 mL)is added a soludion of 3 3-dimethyl-N-{{R}-1-methyl-2-
oxo-ethylj-butyramide (J. Med. Chem. 41, 6 (1898} (1.35 g. 7.7¢ mimol} in methylene
chioride (20 mL) and the mixture is stirred at room temperature for 2 hours. The solvent is
removed under reduced pressure ahd the residue is purified by column chromatography
using a gradient of 10-50% heptane/EtOAc to give (E)-(R)-4-tert-butaxycarbonylamino-2-
methyl-pent-2-enoic acid ethyl ester. 'H-NMR (400 MMz, CDCI,); § pom 1.22 (d, J=6.44 Mz,
3H), 1.30 {1, 3H), 1.43 (s, SH), 1.91 (s, 3H), 4.19 (q, 2H), 6.51 (d, broad, J=7.45 Hz, 1H).

Next, a solution of (E)-(R)-4-tert-butoxycarbonylamino-2-methyl-pent-2-encic acid sthyl
ester (1.83 g, 7.11 mmol) in ethyl acetate (75 ml) is hydrogenated aver 10% PHC (183 mg)
at 1 atm for 18 hours. The catalyst is filtered through Celite and the solvent is removed under
reduced pressure. The residue is purified by chiral HPLC to affard {2R 4R)-4-tert-
butoxycarbonylamino-2-methyl-pentanoic acid ethy! ester, 'H-NMR (400 MHz, CDCl); &
ppm 113 {4, 3H), 1.18 (m, 3H), 1.28 (t, 3H), 1.43 (s, 9H), 1.81 {8, 1H), 2.50 {m, 1H), 3.72 {m
broad, 1H}, 4.14 {(m, 2H), 4.33 {m broad, TH}.

Next, (2R, 4R)-4-tert-butoxycarbonylamino-2-methyl-pentanoic acid ethyl ester (142 myg,
0.548 mmal) is added to triflusroacetic acid (& mbL). After 10 minutes, the solvent is removed
under reduced pressure. Methylene chioride is added and the solvent is removed under
reduced pressure o give (2R 4R)-4-amino-2-meathyl-pentanoic acid ethyt esier
triflioroacetate. This material is used directly in the subsequent coupling reaction.

intermediate 15: 2-Biphenyl-4-ylmethyi-succinic acid 1-methyl ester



WO 2010/136493 PCT/EP2010/057247

-217 ~

i
HO o~

Yo"

Q 2
T
J\ @

To a sofution of {triphenylphosphanylidene)-acetic acid methy! ester (2.26 g, 6.77 mmot} in
methylene chioride {25 mb} is added t-butyl bromoacetate {1.32 g. 6.77 mmol) and the
mixture is stirred at room femperature for 48 hours. The solvent is removed under reduced
pressure and the residue is purified by column chromatography using a gradient of 83-100%
heptane/EtOAC to afford 2-(tnphenyiphosphanylidene)-succinic acid 4-tert-butyt ester 1-
methy! ester. MS 449.3 {(M+1),

Next, a mixture of 2-(triphenyiphosphanylidene)-suceinic acid 4-tert-butyl ester t-methyl
ester {700 mg, 1.561 mmol) and biphenyl-4-carhoxaldehyde (278 mg, 1419 mmol} in
toluene (20 mi) is refluxed for 4 days. The solvent is removed under reduced pressure and
the residue is purified by column chromatography using a gradient of 0-30% heptane/E{QAC
to give 2-[1-biphenyi-4-yl-meth-{Z)-viidene]-succinic acid 4-tert-hutyl ester 1-methyl ester as
an oif, 'H-NMR (400 MMz, CDCl;); 8 ppm 1.47 (s, 9H), 3.52 (s, 2H). 3.84 (s, 3H), 7.37 (t,
1H), 7.46 {1, 4H), 7.62 (1, 4H). 7.88 (5, 1H).

A solution of 2-{1-biphenyl-4-yl-meth-(Z}-ylidene]-succinic acid 4-tert-butyl ester 1-methyl
ester (410 mg, 1.163 mmol) in ethyt acetate (20 mL) is hydrogenated over PY/C (40 mg) at 1
atm for 18 hours, The catalyst is filtered through Celite and the solvent is removed under
reduced pressure {o give 2-biphenyi-4-yimethyl-succinic acid 4-tert-butyl ester 1-methyl
ester. The enantiomers are separated by chiral HPLC.

Next, 2-biphenyl-4-yimethyl-succinic acid 4-tert-butyl ester 1-methyl ester (160 myg, 0.451
mmaol} is added to triflucroacetic acid (5 mi). After 10 minutes, the solvent is removed under
reduced pressure. Methylene chioride is added and the solvent is removed under reduced
pressure to give 2-biphenyl-4-yimethyi-succinic acid 1-methyl ester. This material is used

directly in the subsequent coupling reaction.

intermediate 16-1: Synthesis of {R)-ethyl 3-amino-4-{3'-chiorobiphenyl-4-ylibutancate
hydrochloride
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To (Ri-ethyl 3-(tert-butoxycarbonylamino)-4~(3'-chiorobiphenyl-4-yiibutanoate
{3.33 g, 7.97 mmal) is added a solution of 4 M HCl in 1 4-dioxane {18.9 mL., 18.0 mmol) at
room temperature. After stirring for 0.5 hours, the reaction mixture is concentrated under
reduced pressure o give (R)-ethyl 3-amino-4-(3'-chlorobiphenyl-4-yl)butanoate hydrochioride
(2.90 g). HPLC retention time = .70 minutes {condition B}, MS {(m+1) = 318.26; 1H NMR
(400 MHz, CHLOROFORM-d} 3 ppm 1.19-1.24 (m, IH) 273 -2.78 (m, 1 H) 2.84 - 2.91
(M, TH}305~-311(m, 1HI350-354(m, 1 H)3Q2¢brs, 1H)414~417 (m, 2H) 7.28
-~ 7.53 {m, §H} 873 (br. s, 3 H).

Following intermediates are prepared using simifar procedure as described for intermediate

16-1
Intermediate ) o N HPLC-RY MS
Product Starting Material Condition .
# (condition} | (M+1)
=2\
s
g ) A
S < !
o - N S
. k ( { :
intermediate | <o ", HO o 4M HCH1,4- | 0.89 min,
o 5 ‘ 284.1
16-2 (Ry-ethyt 3-amino-4- | ~ AN M~ | dioxane (B}
+
biphenyt-4-
(biphery Intermediate 2
yilhutanocate
hydrochloride
F;L R
&3 7
f‘::/’ \J)“\:»“'
Intermediate 7 ¢ AMHCI14- | 0.94min. |
16-3 o ¢ 9 { § L |dioxane (B) bl
: N - ."(/
f’“g"i"\/( N, MO T poo e

(FR)-ethyl 3-amino-4-

intermediale 2-2
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(3“fluorobiphery-4- | 1
yhibutanoate
hydrochioride
"(\
a4 OM& ‘7‘
0 - 3 ?\
Infermediate { A\OJ\VJ\NH.{.HG ( ouel 4M HCY1 4- | 0.94 min. 3482
16-4 {Ri-ethy! 3-amino-4-~ (‘ L\/ dioxane )
{5'-chiorop-2'- o i o
methoxybiphenyi-4- iniermecf;ate 2-3
yhbutanoate
hydrochioride
S
\/f ) /‘\ OMa ‘ N
o O3
intermediate /\GJ\/’(‘M el ¢ =*~{:"R%“§W 4M HOIM 4~ | 1,38 min,
. (R)-ethy! 3-amino-4- o Y Ldioxane LA 332.2
(5'-fluoro-2'- ”"c:”& - ‘g’ﬂ‘a’k\
methoxybiphenyl-4- intermediate 2-4
ylibutanoate
hydrochloride
F
f‘}”“g\
S
g (ﬁ )
intermediate | 7 © A e, HCE ,,r»\f) & { 4M HCI1 4- | 0.93 min. 3361
16-6 (Ryethyl 3-amino-4- | ¢ (¢ | | dioxane (B) '
(2-chloro-5'- TR e
fluorobiphenyl-4- {intermediate 2-5
yhbutanoate
hydrochlonide
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Intermediate | - AN - 46 HCI/1.4~ | 1.20 min.
{l \ ) K, MO R \_“:: 3802
16-7 g A E L | dioxane (B)
{R)}-benzyt 3-amino- L "
4-yhibutanoate
o C\{h
”\.5
20 .
Y o ) / ¥
© " ;“""t{)
Intermediate | -~ AL 7Y 5 | AMHCY1,4- | 0.88 min.
" & NH, HC ,.)‘\?-x-"/ 336,1
16-8 § ¥ § (. {dioxane B
(R)-ethyl 3-amino-4~ ,/*»Q""'\v-j\mko-i(‘_ &)
5'-chioro-2'-
( ‘ Intermediate 2-6
fluorobiphenyi-4-
i yhbutancate 1

Intermediate 16-7: {R)-benzyl 3-amino-4-{3'-chiorohiphenyl-4-ylibutanoate
hydrochloride

(

i
.["\%]/ TOTTTONH, HE
»

To (R)-benzyl 3-{tert-butoxycarbonylamino)-4-(3'-chicrobiphenyl-4-yl)butanocate

{3.561 g, 7.42 mmol) is added a solution of 4 M HCl in 1,4-dioxane (18.55 ml., 74.2 mmol}
at room temperature. After stirring for 4 hours. the reaction mixture is concentrated under

reduced pressure to give (R)-benzyl 3-amino-4-(3'-chlorobiphenyl-4-yl)butanoate

hydrochloride (3.11 g). HPLC retention time = 1.07 minutes {condition B); MS {m+1} = 380.1;
TH NMR (400 MMz, CHLOROFORM-d) 0 ppm 2.81 (A of ABX, Jon = 174 HZ, Jo = 4.5 Hz, 1
H}y 283 (B of ABX, Juw =174 Hz, J, =76 Hz, TH)3.03~308(m, 1H) 350 (dd, J=4.8
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and 13.5 Mz, 1 M) 308 {brs 1 H)509 (s, 2H)7.24~722(m, O H)} 7.35-738{m. 1 H)
742{d, J=81Hz, 2H} 748 ~7.49(m, 1 H)B78 (brs, 3 H).

intermediate 17-1: Synthesis of {R}-ethyl 3-{tert-butoxycarbonylamino}-4-{3'-
chlcrobiphenyi-4-yl}butanoate

Ci
)

R ZE
o

._’,.x\. R (/\{

O 0 .y
N »K\ /’g\ »lL /k" O 1:':)/

N B LA L
..-"\O"' o \"P‘é’ O/‘\

A mixture of (R)-ethyt 4-(4-bromophenyl)-3-(tert-butoxycarbonylarmino)butanoate (4.89 g,
12.66 mmot), 3-chiorophenylboronic acid (2.97 g, 18.99 mmol}, Pd(PPh;), {1.463 g, 1.266
mmoi) and 2 M aqueous Na,C0, {12.66 ml, 25.3 mmol} in 1,2-dimethoxyethane (100 mi) is
allowed to stir at 85 °C under nitrogen for 3 hours. The reaction mixture is cooled to room
temperature and quenched with brine. The two phases are separated. The mixture is
extracted twice with ethyl acetate from the aqueous layer. The combined organic layer is
washed with brine, dried over MgSQ,, filtered, and concenirated under reduced pressure.
The obtained residue is purified by silica gel flash column chromatography (heptane/EtOAc =
100:0 to 70:30) to give (R)-ethyl 3-{tert-butoxycarbonylaming}-4~(3'-chlorobiphenyi-4-
yiibutancate {3.33 g). HPLC retention time = 1.44 minutes (condition B); MS (ES+) =
318.26 (m-BOC+2; 100%); 1TH NMR (400 MHz, CHLOROFQRM-0) S ppm 1.28{t, J=7.2
Hz, 3H} 141 (s, 9 M} 247 (A of ABX, Juy = 158 Hz, J, = 5.9 Hz, 1 H) 2.82 (B of ABX, Jay =
15.8Hz, Jiy=54Hz 1H)283-283{m 1H}295-300(m, 1 H)Q17{g, J=7.2Hz, 2 H)
418 (brs, THYBO7 (brs, 1t H)7.26~737 (M, 4H)743~-781 (m 3H)755(brt. y=18
Hz, 1 H).

Following intermediates are prepared using similar procedure as described for intermediate
17-1:

Intermediate ‘ HPLC-RT | MS

Product Condition )
# {congition) | {ES+, 100%)

. | Pd(PPhy).
Intermediate s .74 min. | 380.2

17-2 ' .| chiorophenyiboroni | (B} (Mm-BOC+2)
7T G acid, ag. 2M | ,
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{R)-benzyi 3-(tert-
butoxycarbonylami
no-4-{3'-
chiorobiphenyl-4-
yhbutancate

Na2C 03, toluene,
a8 °C

i
m”’

no-4-(3-chloro-
biphenyl-4-yl)-

¢ acid, K3Pqu,
toluene, 85 °C

j ol Pd{PPha}4,
N 3.
Intermediate | (R)-3-tert- chlorophenytboroni | 1.66 min. 432 (m+1)
(e
17-3 Butoxycarbonylami | ¢ acid, ag. 2M
no-4-(3'-chioro- Na2CO3, toluene,
biphenyl-4-yi}- 85 °C
butyric aci
d propyt ester
C
{:h“ ‘:gl
/“w\
Y/‘* 63 Pd(Pphs}q,
o 3-
intermediate | (R)-3-ert- chlorophenylboroni | 1.73 min. 445 (et
445 (Mt
17-4 Butoxycarbonylami | ¢ acid, aq. 2M (m+3)
no-4-(3'-chioro- Na2C03, toluene,
biphenyl-d-yi)- g5 °¢
butyric acid butyl
ester
f‘k} PA(OAG),,
@ﬁ){ﬁt dicyclohexyl(2' 6™
g \57 . | dimethoxy-biphe
\m{"‘o"ﬂ\«-ﬁj\@& ! , Y
intermadiate s‘\?{,»a " nyh-2-yi)~ 1.53 min. }
i T 502 (m+1)
17-5 (R)-3-tert- phosphane, 3-
Butoxycarbonylami chiorophenyiboroni
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butyric acid 5-
methyl-2-0xo-~
f1,3}dioxol-4-
yimethyl ester
g E Al - ﬁ o Pd{Pth}s‘
{(R)-3-tert- 3.
intermediate i 1.51 min.
176 But@xycarbonyiaml chiorophenylboroni ®) 475 (m+1)
no-4-(3'-chioro- ¢ acid, K:PO,,
biphenyi-4-y)- OME 95 °C
butyric acid
dimethyicarbamoy!
methyi ester
ol
SN O W
S Pd{PPha)s,
(R)-3-tert- X { a4,
intermediate | Butoxycarbonylami 1.51 min. ‘
) chiorophenyiboroni | 503 (m+1)
17-7 ro-4-{3'-chioro- i ' (B}
biphenyi-d-y1) ¢ acid, KyPQ,,
iphenyl-4-yh-
o Y DMF, 86 °C
butyric acid 2-
morpholin-4-yi-
ethyl ester

intermediate 17-2: (R)-benzy! 3-(tert-butoxycarbonylamino)-4-{3'-chiorobiphenyl-4-
yilbutanocate
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A suspension of give (R)-benzyl 4-(4-bromophenyl}-3-(tert-butoxycarbonylamino)butanoats
{2.00 g, 4.46 mmol), 3-chlorophenylboronic acid (1.048 g, 8.69 mmol}, Fd{PPh3)M (0.515 g,
0.446 mmoi) and Na2CQ03aqg {4.48 ml, 8.92 mmol} in Toluene {30 mi} is allowed {o stir under
nitrogen at 85 °C for 19 hr. The reaction mixture is cooted {o ambient temperature, and
difuted with brine and EtOAc. The products are extracted twice with EfOAc, washed with
brine, dried over MgSQ4, filtered, and concentrated. The residue is purified by flash column
chromatography on 90 g silica gel (eluent: heptane/EIOAC = 100:0 to 65:35) {o give (R)-
benzyl 3-(tert-butoxycarbonylamino}-4-(3'-chiorobiphenyi-4-yl}butanoate (1,03 g); HPLC
retention time = 1.74 minutes {(condition B); MS (ES+) = 380.2 (m-BOC+2; 100%); 1H NMR
{400 MHz, CHLOROFORM-d} & ppm 1.40 {8, 9 H} 2.52 (A of ABX, Jyp = 159 Hz, Jy= 5.8
Hz, 1 M) 2.58 (B of ABX, Jao = 15.9 Mz, £ = 5.8 Hz, TH)2.81~298(m, 2H) 418 (brs, 1
HiB.07 (brd, TH) 512 (Aot AB, J= 123 Hz 1 H) 517 (Aof AB, J =123 Hz, 1 H} 7.20 ~
7.22{m, 2H)7.28-739{(m, 7H} 742 - 747 {m, 3H} 7.53~7.54 (m, 1 H).

intermediate 18: Synthesis of (S)-benzyi 1-{2-tert-butoxy-2-oxoethyl)pyrrolidine-2-
carboxylate

-\
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To a suspension of (S}-benzy! pyrrolidine-2-carboxylate hydrochioride (700 mg, 2.90 mmol)
and K,CO; (1201 mg, 8.68 mmol) in DMF (7 mi}, t-butyt bromoacetate {0.535 ml, 3.62 mmof)
is added. After stirring for 71 hours, agueous K2CO3 (1.5 g of K,CGs /40 mil of H,Q) is
added to the reaction mixiure. The products are extracted with EtOA¢. The organic layer is
washed twice with water and once with brine, dried over K,CO,, filtered, and concentrated to
give (S)-benzyt 1-(2-terl-butoxy-2-oxoethylpyrrolidine-2-carboxyiate {458 mg), HPLC
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retertion time = 1.38 minutes (condition DY, MS (m+1) » 320.2; 1H NMR (400 MHz,
CHLOROFORM-d} dppm 144 (s 9 H)1.81-203(m 3H)213~214(m, 1 H) 2.82~-2.88
(M 1HY313-317{m, TH) 346 (A of AB, J= 173 Hz 1H)349(Bof AB. Jx 17.3Hz, 1
H) 3.73(dd, J=88and 4.8 Mz, 1H) 5.15 (A of AB, J= 124 Hz, 1 H) 5.17 (Bof AB, J= 12.4
Hz, 1H)7.29~7.38 (m, 5 H).

intermediate 19: Synthesis of (R)-ethyl 3-{tert-butoxycarbonylaminoe)-4-{2',5'-

dichlorobiphenyl-4-yl)butanoate

Cc!
1
P

{
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A mixture of (R}-ethyl 4-(4-bromophenyl)-3-{tert-butoxycarbonylamino)butanoate (1.005 g,
2.80 mmot), 2 5-dichiorophenylboronic acid (0.745 g, 3.0 mmol}, Pd{(PPh3)4 (0.301 g,
0.260 mmol} and 2 M aquecus Na,CO; {2.60 mi, 5.20 mmolj in 1,2-dimethoxysthane (20 mi)
is allowed to stir at 85 °C under nitrogen for 3 hours, The reaction mixture is cooled to room

=y

4

fete

1

temperature and difuted with bnne. The two phases are separated. The products are
extracted twice with ethyl acetate (2 x 100 mi) from the agueous layer. The combined
organic layer is washed with brine, dried over MgSQ,, filtered, and concentrated under
reduced pressure, The obtained residue is purified by sifica gel flash column
chromatography (heptane/EtOAC = 100:0 to 70:30) o give {R)-ethyl 3-(tert-
butoxycarbonylamino)-4-(2',5'-dichlorobiphenyl-4-ylibutanoate {1.08 g); HPLC retention time
= 1.50 minutes (condition B), MS (ES+) = 352.00 (m-BOC+2; 100%); 1H NMR {400 MHz,
CHLOROFORM-¢} S ppm 128 (1, v= 7.1 Hz, 3H) 141 (s, S H) 245258 (m. 2 H)2.85 -
300{im 2H) 4171, J=71Hz 2H)420{brs, 1H)5.06 ~-50B(m, 1 H)7.23-7.28(m, 3
MY 7.31-7.40 (m, 4 H).

Intermediate 20: Synthesis of (R})-3-amino-4-{3'-chlorobiphenyi-4-vi)butanoic acid
hydrochloride
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A solution of (R)-benzyt 3-(tert-butoxycarbonylamino)-4-{3'-chlorobiphenyi-4-yilbutancate
{1562 mg, 0.317 mmol} and 1 M aqueous NaOH (1.583 mi, 1.583 mmol) in 2 mixed solvent of
MeOH (0.3 mi) and THF (3 mi} is allowed {o stir for 2 hours. The reaction is quenched with
1M aqueous HCH {2.5 mi). The products are extracted with EtOAc. The organic layer is dried
over Na;50,, fitered. and concentrated fo give crude.

To the crude, a solution of 4 M HCI in 1,4-dioxane (1.583 mi, 8.33 nymol) is added. After
stirring for 1 h, the precipitated solid is coliected, and dried under reduced pressure o give
{R)-3-amino-4-{3'-chlorobiphenyl-4-yibutanaic acid hydrochioride (60.2 mg) as a white solid;
HPLC retention time = 0.52 minutes (condition B); MS (m+1) = 280.22; 1+ NMR (400 MHz,
CDOD) S ppm 2.58-2.74 (m, 2 H) 299 -3 11 {(m, 2H)380~-385(m, 1 H)7.34 - 745 (m,
4H) 754 -7.57 (M 1 H)7.62-765(m, 3+,

Intermediate 21: Synthesis of a mixture of 1-(2-(benzyloxyj-2-
oxoethylcyclopentanecarboxylic acid and 2-(1-(benzyloxycarbonyljeyclopentyl)acetic
acid

o/ o

e om o
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A solution of 2-oxaspirof4.4jnonane-1,3-dione (3 g. 19.46 mmol) and benzyl alcohot (2.023
mi, 19.46 mmol) in toluene (2 mi) is allowad to stir at 100 °C for 19 hours. The reaction
mixture is cooled to ambient temperature and concentrated to give §:1 mixture of 1-(2-
{benzyloxy}-2-oxoethyijcyclopentanecarboxytic acid and 2-{1-
{benzyloxycarbonyheyclopentyhacetic acid (4.89 g}, 1H NMR {400 MHz, CHLOROFORM-d}
Sppm 160-~1.78 (M. 6 H}219~2.24 (m, 2H) 2.75 (s, 2H) 5.11 {s, 2 H, major isomer)
5.13 {5, 2 H, minorsomer) 7.30 - 7.37 {m, 5 H).
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intermediate 22: Synthesis of tert-butyl 4-(biphenyi-4-y1}-3-{tert-
bufoxycarbonylamino)butanoate
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A solution of 4-(biphenyl-4-yl)-3-{tert-butoxycarbonylamino)butanoic acid (250 myg, 0.703
mmol), tBuOH (0.135 mi, 1.407 mmol), EDCI (270 myg, 1.467 mmel) and 4-
dimethylaminopyridine (88.0 mg, 0.704 mmol) in DCM (7 ml) is alfowed to stir at room
temperature under nitrogen for 62 hours. The reaction is quenched with water, and the
organic layer is separated and concentrated. The residue is purified by flash column
chromatography on silica gel to give tert-butyl 4-(biphenyl-d-y)-3~{tert-
butoxycarbonylamino)butanoate (110 mg) ; HPLC retention time = 1,77 minutes {condition
Bl MS {ES4+) =412.1 (m+1) 300.0 (m-tBux2+3; 100%); 1H NMR (400 MHz,
CHLOROFORM-g) 5 ppm 1.41 (s, D H) 1.47 {s, 9 H) 2.36 (A of ABX| S = 155 Hz, J, = 6.2
Hz, 1H) 244 (B of ABX, Jup, = 155 Hz, Jp, =56 H2) 282-294 (m, 2H)4.11-4.17 (m, 1
HYS508-5140{m, 1H)7.25-7.34 (m, 3H) 741 ~ 744 {m, 2 H} 7.51-7.58 {m, 4 H).

Intermediate 23: Synthesis of ethyl 3-amine-4-{3'-chioro-3-fluorobiphenyl-4-
yliibutanoate
)

oYY N, 0
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A suspension of zinc (479 mg, 7.32 mmol} and 1,2-dibromosthane (0.032 mi, 0.366 mmol} in
THF (8 ml} is heated at 70 °C under nitrogen then a few drops of ethyl bromoacetate is
added. After stirring for 20 min, a solution of 2-(3'-chioro-3-flucrobiphenyl-4-yljacetonitrile
(300 myg, 1.221 mmol} in THF (2 mi) is added in one portion, The remaining bromoacetate is
added dropwise over 50 min {(total amount of ethyl bromoacetate: 4.88 mmol). After stirring
for 15 min at the same temperature, the reaction mixiure is cooled to ambient temperature,
To the reaction mixure, sodium triacetoxyborchydride (2588 mg, 12.22 mmol) and AcOH (8
mi} are added. The reaction mixture is allowed to stir for 13 hours, and concentrated to give
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crude. The crude is diluted with EtOAc, and 2M aqueous Na,CO; is added fo be pH of 10
The products are extracted with EtOAc. The organic tayer is dried over K2CO3, filtered, and
concentrated to give crude. The resulting residue is purified by preparative HPLC using a
gradient of 20% MeCN/water (0.1% NH,OH) to 100% MeCN to give ethyl 3-amino-4-{3'-
chioro-3-fluarobiphenyl-4-yhbutanoate (148 mg) as crange oil; HPLC retention time = 0.85
minutes {condition B); MS (m+1) = 336.13; 1H NMR (400 MHz, CHLOROFORM-d) & ppm
127 (t, J=7.1 Hz, 3H) 2.36 (A of ABX, Jup = 15.9 Hz, J5 = 8.8 Hz, 1 H) 2.52 (B of ABX, Ja
=189 Hz, J, =40 Hz, 1M} 271 -276(m, 1 H) 2.82 - 2.87 (m, 1H) 3.81 - 3.57 (m, 1 H)
4145{d, J=71Hz, 2H) 724 -738 (m, 5H) 742 ~744 (m, 1 H) 7.54 ~7.55 {m, 1 H).

intermediate 24: Synthesis of 2-{3'-chloro-3-fluorcbiphenyi-4-yl)acetonitrile
e
!

oS

F

A suspension of 4-bromo-2-fluorobenzyl cyanide (3.50 g, 16.35 mmuol), 3-
chiorobenzeneboronic acid (2.68 g, 17.17 mmol), Pd{QAc), (0.110 g, 0.481 mmol}, K,CO,
{5.65 g, 40.8 mmol) and tetrabutylammonium bromide (5.80 g, 17.99 mmol) in water (14 mi)
is allowed to stir under nitrogen at 70 °C for 1 hour. The reaction mixture is cooled to room
temperature, and diluted with EtOAc. The two phases are separated. The organic layer is
washed with brine, dried over MgSQ,, filtered and concentrated. The obtained residue is
purified by silica gel flash column chromatography (heptane/EtOAc = 100:0 te 70:30) to give
2-{3'~chioro-3-fluorcbiphenyi-4-yi)acetonitrile {3.52 g); HPLC retention time = 1.17 minutes
{condition B); 1H NMR {400 MMz, CHLOROFORM-d} 8 pom 3.81 (s, 2H) 7.20~7.45(m, 5
H} 7.50 - 7.55 {(m, 2 H).

Intermediate 28: (Rj-tert-butyl 4-(1-{4-bromophenyi}-4-ethoxy-4-oxobutan-2-ylamino}-

4-oxobutanocate
8r Br

& ()

&) T————— 2 S o]

o NH,HCH sl - ﬁj\/\( Oj<ﬁ
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To a solution of 4-tert-butoxy-4-oxobutanoic acid (2.38 g, 13.64 mmol} in DMF (30 mL) and
DCM (30 mL) is added {R)-ethyl 3-amino-4-{4-bromophenyl}butanoate hydrochloride (4 g,
12.4 mmol), HATU (5.18 g, 13.64 mmol), and TEA (8.21 mi., 49.6 mmol}. After stirring at
room temperature for 2 hours, the reaction is guenched with H,O, and the crude is diluted
with EtOAc, the organic layer is washed with brine, dried over Na,SQy, filtered, and
concentrated under reduced pressure to give (R)-tert-butyl 4-(1-(4-bromophenyl}-4-ethoxy-4-
oxobutan-2-ylaming)-4-oxobutanoate (4.0 g). HPLC retention time = 1.70 minutes (condition
A), MS (m+1) = 444 .1,

Intermediate 26: (R}-3-amino-4-{§'-fluoro-2'-methoxy-biphenyl-4-yi}-butyric acid ethyl
ester hydrochloride salt

Ta a solution of (R)-ethy! 4-(4-bromophenyl)-3-(tert-butoxycarbonylamino)butanoate, (3.12 g,
8.08 mmol), and 5-fluoro-2-methoxyphenylboronic acid (2.2 g, 12.93 mmol} in toluene {52
mbL) and is added PdCl:{dppf)CH,Cl, adduct {0.68 g, 0.81 mmol) and 2M aq. Na;CO; (8.1
mk., 16.16 mmol). After stirring at 95 °C under nitrogen for 4 hours, the solution is cooled to
ambient temperature and then quenched with ice water. The crude is diluted with ethyl
acetate. The organic layer is washed with brine, dried over Na,8Q,, filtered, and
concentrated under reduced pressure. The obtained residue is purified by flash column
chromatography on silica gel (eluent. heptane/EtOAc = 100:0 to 50:50) to give (R)-ethyl 3-
{(tert-butoxycarbonylamino}-4-(5'-fluoro-2'-methoxybiphenyl-4-yi)butancate (2.86 g). HPLC
retention time = 1.80 minutes {(condition A), MS (m+1) = 432.2; 1TH NMR {400 MHz,
CHLOROFORM-d) & ppm 1.31 (t, J=7.1 Hz, 3 H) 145 (s, 9 H) 245 - 265 {m, 2 H) 2.83 -
294 (m, 1H)284-308(m, 1H)380(s 3H)420(q, J=7.2Hz 2H)424 -433{m, 1H)
511 {br.s., TH}6.90 - 6.96 {m, 1 H} 7.00 {dd, J=7.8, 3.3 Hz, 1 H} 7.06 {dd, J=8.2, 3.2 Hz, 1
H}y7.27(d, /=78 Hz, 2H) 749 (d, /<78 Hz, 2 H)

A solution of (R)-ethyl 3-(tert-butoxycarbonylamino}-4-(5'-fluoro-2-methoxybiphenyi-4-
ylibutanocate, (2.86 g, 8.62 mmol) in 4M HC! in 1,4-dioxane {33.1 mi, 132 mmol) is stired at
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room temperature. After stirring for 1 hour, the reaction mixiure is concentrated under
reduced pressure to give {R)-ethyl 3-amino-4-(5'-fluoro-2'-methoxybiphenyl-4-yhibutanoate
hydrochioride sait {2.44 g). HPLC retention time = 1.46 minutes (condition A); MS (m+1) =
332.3; TH NMR {400 MHz, CHLOROFORM-d) & ppm 1.15 (t, J=6.4 Hz, 3 H) 2.66 - 2.77 (m,
TH)278-291{m, 1 H)2.94-310(m, 1 H} 342 -3.53 (m, 1 H) 3.67 (s, 3 H) 3.83-3.96
(m, 1HY4.07 (g, J~6.8Hz, 2MH)6.77-684 (m, 1 H)B87-6.96(m, 2H) 7.23 (d, J=7.1 Hz, 2
H)7.38(d, J=7.1Hz, 2H) 864 (br.s, 2 H)

Intermediate 27 {R)-ethyl 4-(3'-chiorobiphenyl-4-yl}-3-{2-ethoxy-2-
oxoacefamido}butanoate
cl Ci

"y )
| I
/\OJL/Lﬁ)k{fO\/

"NH,{HC1)

To a solution of {(R)-ethyl 3-amino-4-(3'-chlorobiphenyl-4-yhbutanoate hydrochioride (500
mg, 1.57 mmol) in DMF (11 mL) is added TEA (0.23 mL, 1.65 mmot) and ethyl 2-chloro-2-
oxcacetate {0.18 mL, 1.57 mmol) at room temperature. After stirring for 1 hour at room
temperature, the reaction is quenched with H,0, and the crude is diluted with EtOAc. The
organic layer is washed with brine, dried over Na,SO,, fiitered, and concentrated under
reduced pressure. The obtained residue is purified by flash column chromatography on
sifica gel (eluent: heptane/EtOAc = 70:30 to 50:50) to give (R)-ethyl 4-(3'~chlorobiphenyl-4-
yl}-3-(2-ethoxy-2-oxoacetamido)butanoate (550 mg). HPLC retention time = 1.88 minutes
(condition A), MS (m+1) =418.3

Intermediate 28: (R)-ethyl 4-{3'-chlorobiphenyl-4-y1)-3-{2-hydrazinyl-2-

oxoacetamidojhutanoate
Cl C
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To a solution of (R)-ethyl 4-(3'-chlorobiphenyl-4-yl)-3-(2-ethoxy-2-oxoacetamido}butanoate
{450 mg. 1.08 mmol) in MeOH {24 mL) is added a solution of 50% wt hydrazine (0.068 mi,
1.08 mmol) in MeOH (10 mL} at -20°C. After stirring for 18 hours at room temperature, the
reaction mixture is concentrated under reduced pressure to give (R)-ethyi 4-(3'-
chlorobiphenyl-4-yi)-3-(2-hydrazinyl-2-oxoacetamido)butanocate (412 mg). HPLC retention
time = 1.76 minutes (condition A), MS (m+1) = 404.1

Intermediate 29: {R}-ethyi 4-{3'-chlorobiphenyl-4-y}}-3-(2-methoxythiazole-5-

carboxamido}butanoate

C

yrd

4 \ & gl
){»/ 77X
7 N o

720
&

? ( oA
/\o"u\/ NH, HCt H sJ{N

To a solution of 2-methoxythiazole-5-carboxylic acid (80 mg, 0.50 mmol) and (R)-ethyl 3~
amino-4-(3'-chiorobiphenyl-4-yl)butanoate hydrochloride (160 mg, 0.45 mmoi) in DMF {8 mL.)
is added HATU (207 mg, 0.55 mimol) and TEA {276 mg, 2.73 mmol). The crude is stirred at
room temperature for 2 hrs. The crude is neutralized with 1 N HCI and dilufed in water and
EtCAc. The organic layer is washed with brine, dried over MgSQ,, filtered, and
concentrated. The crude is purified via flash chromatography using 30% EtOAc/heptane to
70% EtOAc/heptane to give (R)-ethyl 4-(3'-chiorobiphenyi-4-yl}-3-(2-methoxythiazole-5-
carboxamido)butanoate (170 mg). HPLC retention time = 1.97 minutes {condition D); MS
(m+1) =459 1. 1H NMR {400 MHz, CHLOROFORM-d) 5 ppm 1.29 {1, J=7.1 Hz, 3 H} 2.49 -
2689 (m, 2 H) 2083 (dd, J=13.6, 8.1Hz, 1H)3.10{dd, J=135,62Hz, 1 H)409(s, 3H)
400415 (m, 2H)4.53-469(m, 1H)B.78{d, J=BBHz 1H)725-732(m, 3H} 7.35 {t.
JEFTT7I1Hz, 1 H) 744 (Gt S=76,1.5Hz, 1H)748-754{m 3H) 755t J=1.8Hz 1H).
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Intermediate 30: (R)-ethyl 4-{3'-chlorobiphenyl-4-yi}-3-{2-methoxyoxazole-5-

carboxamidolbutanoate

To a solution of 2-methoxyoxazole-5-carboxylic acid, infermediate 18, (98 mg, 0.69 mmol)
and (R}-ethy! 3-amino-4-(3'-chiorobiphenyl-4-y))bitanoate hydrochioride (210 mg, 0.57
mmol} in DMF (10 mL} and CH,CI, (4 ml) is added HATU (272 mg, 0.72 mmol) and TEA
(0.50 mL, 3.58 mmot). The crude is stirred at room temperature for 2 hrs. The crude is
quenched with water and diluted in EtOA¢. The organic layer is washed with water 3X,
brine, dried over MgSQ., filtered, and concentrated. The crude is purified via flash
chromatography using 30% EtOAc/heptane to 70% EtOAc/heptane to give (R)-ethyl 4-(3'-
chiorobiphenyl-4-yi)-3-(2-methaxyoxazole-5-carboxamido)butanoate {122 mg). HPLC
retention time = 1.89 minutes (condition Aj; M8 (m+1) = 443.2; 1H NMR (400 MHz,
CHLOROFORM-o) 8 ppm 1.28 {t, J=7. 1 Hz, 3H). 2.52 - 2.68 (m, 2 H), 2 84 (dd, 1 H), 308
(dd, y=13.8,6.3 Hz, 1H), 412 (s, 3H), 414 -423 (m, 2H), 460-4.71 (m, 1 H), 6.81 (4,
J=BE8 Mz, TH). 7.25-7.32(m, 3H), 735, J=7.7Hz, TH), 742 (s, T H), 743 - 7.47 (m_ i
M), 748-7.54 {m, 2 H), 7.55{t, J=1.6 Hz, 1 H).

Intermediate 31: 6-{methylsuifonamido}nicotinic acid
O O

\OJ\! N S Ho'kf?" Q, 0
PN NES\

AL N
NH, N

To a solution of methyl 8-aminonicotinate (1.0 g, 6.57 mmol} in CH,Cl, (50 mL) with TEA
{0.96 mL, 6.90 mmol) cooled in an ice bath is added MsCi (0.54 mL, 8.80 mmof) slowly. The
crude is attowed to stir at room temperature for 2 hrs. The crude is then concentrated. The
crude is dissolved in MeOH {20 mL) and to the crude is added 1 N NaOH (30 mL, 30 mmol).
The crude is stirred at room temperature for 18 hrs. The crude is quenched with 1N HCi (32
mi, 32 mmot). The crude is concentrated to remove MeCH and some water is removed as
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well. The crude is dituted in CH,CL and basified with 1 N NaOH (30 mbL). The aq. layer is
extracted with CH,Cl,. The ag. tayer is acidified with concentrated HCI {o bring the PH to 1
via PH paper indicator. The crude is diluted in E1OAc and the ag. layer is extracted with
EtOAc. The combined organic fayer is washed with brine, dried over MgSO4, filtered, and
concentrated to give B-(methylsulfonamidojnicotinic acd (421mg) as a yellow solid. HPLC
retention time = 0.40 minutes {condition D); M8 (m+1) = 217.2.

Intermediate 32: 2-methoxyoxazole-§-carboxylic acid

o
N S? N
Bo o4 > Ho  o-{
Ci Q—

To a solution of ethyl 2-chicrooxazole-5-carboxylate (510 mg, 2.0 mmol) in anhdryous
MeCN {10 mbL) and anhydrous MeOH (10 ml) is added NaOMe {628 mg, 11.62 mmol), The
crude is stirred at refiux for 2 hrs. To this crude is added additionai MeOH. The crude is
refluxed for another 4 hrs. The crude is concentrated and is redissolved in MeQOH (10 mb).
To this crude is added 1 N NaOH (10 ml}. The crude is stirred at room temperature for 3
frs. The crude is quenched with concentrated HCI, PH adjusted to 7 via PH paper indicator.
The crude is concentrated and diluted in water. The ag. layer is acidified with concentrated
HC! and difuted in EtQAc. The organic laver is washed with water, brine, dried over MgSQO,,
filtered, and concentrated to give2-methoxyoxazole-5-carboxylic acid (290 mg). HPLC
retention time = Q.58 munutes {condition D}, MS {m+1) = 144 0.

intermediate 33: ethyl 5-ox0-4,5-dihydro-1,2 4-oxadiazole-3-carboxylate

i )i
/\o'J\fNH o ks’/N‘o
N\OH H \O

To a solution of ethyl 2-{(hydroxyamino)-2-imincacetate (2 g, 15.14 mmol} in dioxane (15.00
ml) is added CDi {2.7 g, 16.85 mmol) and DBU (2.5 ml, 16.65 mmol) at room temperature.
After stirring for 1 hour at 80°C, the reaction is quenched with 1N HCI, and the crude is

diluted with E{OAc. The organic layer is washed with brine, dried over Na,SQ,, filtered and
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concentrated under reduced pressure to give ethyl 5-oxo-4,5-dihydro-1,2 4-oxadiazole-3~
carboxylate (2.4 g}, HPLC retention time = 0.72 minutes {condition D), MS 159.1 {M+1).

Intermediate 34: §-ox0-4,5-dihydro-1,2,4-oxadiazole-3-carboxylic acid

t!D O
PNV N Mo y O/UY,N.P
N N

To a solution of crude ethyl 5-oxo-4,5-dihydro-1,2 4-oxadiazole-3-carboxytate (2.4 g, 15.14
mmol} in MeOH (2 ml) is added agueous 1N NaQOH (4 mL., 4 mmol) at room temperature.
After stirring for 5 hours at room temperature the reaction is guenched with INHCI(EmL. 5
mmol}, the crude is concentrated under reduced pressure to remove MeOH, The crude is
diluted with EtOAc, the organic layer is washed with brine, dried over Na,S0,, filtered and
concentrated under reduced pressure to give 5-oxo-4, S-dihydro-1,2 4-oxadiazole-3-
carboxylic acid {1.9 g}.

Intermediate 35: 2-ox0-2,3-dihydrooxazole-4-carboxylic acid
-0
N
Q

This intermediate is prepared according to: Okonya, J. F.; Hoffman, R. V.; Johnson, M. C.;
J. Org. Chem. 2002, 67, 1102-1108.

Intermediate 36: 3-hydroxyisothiazole-S-carboxylic acid

Q Q
~ 8. .S,
N/ \J{
OH OH

To a solution of methyl 3-hydroxyisothiazole-5-carboxylate {300 mg, 1.73 mmol) in MeOH (2
mi) is added 1N NaOH (6 mi., 8 mmol). After stirring at room temperature for 2 hours, the
crude is concentrated under reduced pressure to remove MeOH and is difuted with EtQAc.
The organic layer is washed with brine, dried over Na,SQ,, filtered and concentrated under
reduced pressure {o give 3-hydroxyisothiazole-S-carboxylic acid {250 mg).
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Intermediate 37: ethyl 2-vinyloxazole-5-carboxylate
0O

2
,/\ O [ N /O

To a soiution of tributyl{vinyh)stannane (1.1 mL, 3.83 mmol} and ethyi 2-chlorooxazole-5~
carboxytate (546 mg, 3.11 mmol) in dioxane (37 mL) is added Pd{PPh,).Cl; (222 mg, 0.32
mmol) at room temperature. After stirring at 100 °C under nitrogen for 4 hours, the solution is
cooled to ambient temperature and then quenched with H,0. The crude is diluted with
EtOAc, the organic layer is washed with brine, dried over Na,SQ,, filtered and concentrated
under reduced pressure. The obtained residue is purified by fiash column chromatography
{eluent. heptane/EtOAc = 80:10 to 80:20) {o give sthyl 2-vinyloxazole-5-carboxylate {470
mg). HPLC retention time = 0.39 minutes {condition B); MS (m+1) = 168.2; 1H NMR (400
MHz, CD;OD 8 ppm 1.38 (8, J=7.1Hz, 3H)4.38 (g, J=72Hz 2H)588(d, J~114Hz 1H)
6.39 {d. J=17.7 Hz, 1 H) 6.69 (dd. J=17.6, 11.2 Hz, 1 H) 7.83 (s, 1 H)

Intermediate 38: ethyl 2-ethyloxazole-5-carboxylate

TN 0 - e N /ﬂ\ C"\ o
O “\(\ ba A o f\“ ;;? AN

To a solution of ethyl 2-vinyloxazole-5-carboxylate (470 mg. 2.81 mmol) in MeOH (7 mL} is
added 10% wt. Pd/C (100 mg. 0.094 mmaol} at room temperature. After stirring at room
temperature under a batlioon of hydrogen for 1 hour, the crude is filtered to remove Pd/C.
The filtrate is collected and concenirated to give ethyl 2-ethyloxazole-5-carboxylate (470
mg). HPLC retention time = 1.09 minutes {condition A); MS {m+1) = 170.3; 1H NMR (400
Mz, CD.OD) & ppm 1.35 {t, J=7.6 Hz, 3H} 1.36 (1, J=7.2 Hz, 3H) 2.87 {g, /=77 Hz, 2 H)
435{(q, J=72Hz, 2HY7.71 (s, 1 H)

intermediate 39: 2-ethyloxazole-8-carboxylic acid

o
e~ L S, -~ D\ -
- DH TN HO u\‘f& 7N\
LN ~N

To a solution of 2-ethyloxazole-5-carboxylate (470 mg, 2.81 mmol) in MeOH (10 mL) is
added 1N NaOH (6 mL, 6 mmol}. After stirring at room temperature for 18 hours, the crude
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is concentrated under reduced pressure to remove MeOH and is diluted with EtOAc. The
organic layer is washed with brine, dried over Na,SQ,, filtered and concentrated under
reduced pressure to give 2-ethyloxazole-5-carboxylic acid {244 mg}. 1H NMR (400 MHz,
ChOD) 6 ppm 1.36 {1, J=7.7 Hz, 3H) 2.89(q, SS76Hz, 2H) 5158 (br. s, 1 H} 788 (s, 1 M)

Intermediate 40: ethyl 2-vinyithiazole-&-carboxylate
O O
Ui f'[‘ S. -Br PR T /H\(S -
s 0" PR
N N

To a solution of fributyl{vinyl}stannane {0.92 mb, 3.14 mmol) and ethyl 2-bromothiazole-5-
carboxylate {0.38 mL, 2.54 mmol) in dioxane (33 ml) is added FPd{PPh.).Cl; (182 mg, 0.28
mmol} at room temperature. After stirring at 100 °C under nitrogen for 4 hours, the solution is
cooled to ambient temperatire and then quenched with H,0. The crude is diluted with
EtOAc, the organic layer is washed with brine, dried over Na,S0,, fitered and concentrated
under reduced pressure. The obtained residue is purified by flash column chromatography
on silica gel {(sluent heptans/BEIOAC = 90:10 to 80:20) to give ethyl 2-vinylthiazole-5-
carboxylate (418 mqa). HPLC retention time = 0.45 minutes {condition B); MS (m+1)=184.1;
1H NMR (400 MHz, CD,0D) 8 ppm 1.37 (, J=7.2 Hz, 3H)4.35 (g, Jx7 1 Hz, 2H) 5.71 (d,
J=109Hz, 1 H) 624 {d, =174 Hz 1 H) 693 (dd, J=17.4, 109 Hz, 1 H) 829 (5, 1 H)

Intermediate 41: ethyl 2-ethylthiazole-5-carboxylate
i i
N k S-. —~ R ’,i’\ - S
N T

To a solution of ethy! 2-vinylthiazole-5-carboxylate (400 mg, 2.18 mmol} in MeOH (7 mi} is
added 10% wt. Pd/C (267 mg, 0.25 mmol} at roon temperature. After stirring at room
temperature under a balloon of hydrogen for 1 hour, the crude is filtered to remove Pd/C.
The filtrate is concentrated to give ethy! 2-ethyithiazole-5-carboxylate (404 mg). HPLC
retention ime = 0.60 minutes (condition B), MS (m+1) = 186.3; 1H NMR (400 MHz, CD,0D)
dppm 1.35 (1, J=7.3 Hz, 2 M) 1.38 (t, J=7.20 Mz, 2 H) 3.07 (g, /=7 58 Hz, 2 H) 435 (q,

JET A8 Hz, 2H) 8.22 (5, 1 H)
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Intermediate 42: 2-ethylthiazole-5-carboxylic acid
O Q

o~ OJL\KSIGY,\ N o ,k\f _S;?X\

To a solution of ethyl 2-ethyithiazote-5-carboxylate (400 mg, 2.159 mmol} in MeOH (10 mL)
is added 1N NaQOH (8 mL, 8 mmol) After stirring at room temperature for 18 hours, the crude
ts concentrated under reduced pressure to remove MeOHM. The crude is diluted with EtOAg,
fhe organic layer is washed with brine, dried over Na,S0,, filtered and concentrated under
reduced pressure to give 2-ethyithiazole-5-carboxylic acid (282.4 mg). HPLC retention time =
0.78 minutes (condition D); MS {m+3) = 160.4; 1H NMR {400 MHz, CD,0D) 8 ppm 1.40 {1,
J=7 8 Hz GH)3.07 (g, J=7.6Hz, 2H)5.08 (br. s, 1 H) 8.20 (s, 1 H}.

Intermediate 43: 3-Hydroxy-isoxazole-8-carboxylic acid

Q
°N

HO \ /N

OH
To a solution of 3-hydroxy-isoxazole-5-carboxylic acid methyl ester (288 mg, 2.0 mmol) in
methanaol {7 mL) is added 1N NaQH (4.0 mL, 4.0 mmol) and the mixture is stirred at room
temperature for 18 hrs. The scolvent is removed under reduced pressure and 4 0 mL of 1N
HC! is added to the residue. The resulting solution is lyophilized to give the product which is

used as is in subseguent reactions.

intermediate 44: 5-Methoxycarbonylmethyl-furan-2-carboxylic acid

O
O, _
HQHJ }7/0\
G
To a solution of 5-methoxycarbonyimethyi-furan-2-carboxylic acid methyl ester (250 mg,
1.26 mmol} in methanol {5 mL) is added 1N NaOH (2.78 mi., 2.78 mmol) and the mixtwre is
stirred at room temperature for 18 hours, The solvent is removed under reduced pressure
and 2.78 mL of 1N HCl is added to the residue. The resudting solution is lyophilized to give 5-
carboxymethyi-furan-2-carboxylic acid.

Next, to a solution of the above diacid {220 mg, 1.28 mmol} in methanol (8 mbL) is added
Amberlyst-15 resin (50 mg) and the mixture is stirred at room temperature for 18 hours. The
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resin is filtered and the solvent is removed under reduced pressure o give the product which
is used as is in subsequent reactions. 1H NMR (400 MHz, CHLOROFORM-d) 8 ppm 3.75 (s,
3H), 3.82 (s, 2H), 6.45 (d, J=3.84 Hz, 1H), 7.28 (d, J=3.54 Hz, 1H), 10.17 (s, broad, 1H).

intermediate 45: (R)-4-{3'-Chloro-biphenyl-4d-yl)-3-isocyanato-butyric acid ethyl ester

To a vigorously stirred mixture of 8% aqueous sodium bicarbonate (3 ml) and methylene
chioride {3 mL) at 0 °C is added triphosgene {28.1 mg, 0.085 mimol) and the mixture is
stirred at 9 °C for 5 minutes then Intermediate 17-1 (100 mg, 0.284 mmol) is added and
stirring is continued for an additional 15 minutes. The organic layer is separated and dried
over sodium suifate. The solvent is removed under reduced pressure o give the title
compound. This is used as is in subseguent reactions.

intermediate 46: 2-(4-Methoxy-benzyl)-2H-tetrazole-5-carbony! chioride

O
)E\ 1. TEAIDMF J\ ,N\
”/\\O' \T{"N\} N 4-methoxybenzyl hromide HO' \\( \,N
N . NN -
N-—N 2: ag. MaOREIOH \_J .
A\ X P
Ma N A \
|
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SOCL/ Toluens ‘S!”/ ‘( \“}\i
e \

To a solution of 1H-tetrazole-5-carboxylic acid ethyl ester sodium salt (500 mg, 3.05 mmol)
in DMF (5 ml) at room femperafure is added 4-methoxybenzyl chieride (747 i, 5.48 mmol}
and TEA (1500 ul, 1076 mmol). The reaction mixture is stirred at room temperature
overnight. The reaction is added water and extracted with EtQOAc. The combined organic
layer is washed with brine and dried over anhydrous sodium sulfate, filtered and
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concentrated under reduced pressure. The residue is purified by column chromatography
(10% to 30% EtOAc/Heptane). To a solution of the purified residue in EtOH (2 mi} at room
temperature is added NaOH (2 ml 2.000 mmol} and the mixture is stirred at room
temperature. After stirring for 1 hour, the mixture is concentrated under reduced pressure to
remove EtOH and extracted with E{OAC after being acidified to pH <5 The combined
organic layer is washed with brine and dried over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure to give 2-(4-methoxy-benzyl}-2H-tefrazole-5

~carboxylic acid.

Next. to a mixture of 2-(4-methoxy-benzyl)-2H-tetrazole-5-carboxylic acid in Toluene (15 mi)
at room temperature is added SOCI, (1 mi, 13.70 mmol) and the mixture is heated at 80 °C
for 3 hr. The reaction mixture is concentrated under reduced pressure to give the crude
product , which is used without further purification.

Intermediate 47: (R}-3-Amino-4-(3'-chioro-biphenyl-4-yl)-butyric acid indan-5-yl ester

.

2R\
/8!. . reg paee \\
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To a suspension of boc-{R}-3-amino-4-(4-bromo-phenyl)-butanoic acid (500 mg, 1.396
mmol) in THF (12 mi) at roon temperature is added 5-indanol (187 mg, 1.396 mmol} and
PhiP (403 mg, 1.835 mmol}. To the mixture at ice bath is added DIAD {0.326 mi, 1.875
mmol) and the mixture is stirred from ice bath to room temperature overnight. The reaction
is concentrated under reduced pressure and purified by column chromatography (5% to 20%
EtOAc/Heptane) to give 450 mg of solid. To a sotution of the obtained sotlid (200 mg, 0.422
mmol) in DMF (5 ml} at room temperature is added 3-chlorophenytboronic acid (79 mg,
0.506 mmol}, tripotassium phosphate (134 mg, 0.632 mmol) and Pd{PPh;); (48.7 mg, 0.042
mmoi}. The reaction is stirred at 100 °C overnight. The reaction is quenched by brine and is
extracted with EtQAc. The combined organic layer is washed with brine and dried over
anhydrous sodium suifate, filtered and concentrated under reduced pressure. The residue is
purified by column chromatography (5% to 30% EtOAc/Heptane). To the obtained residue
{143 mg, 0.283 mmol) in DCM (1 ml} at room temperature is added TFA (1 mL, 12 88 mmol)
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and the mixture is stirred at room temperature for 2 hours. The mixture is concentrated to
give the crude salt which is used directly without further purification. HPLC retention time =
1.27 minutes {condition B), MS (m+1) = 406.

Intermediate 48: {R}-4-Biphenyl-4-yi-3-ureido-butyric acid ethyl ester

4 \ S 1: PyridinesTHF a
(\\\ + j}\ L) - Pyndine/The ¢
-~ o o = 2: NH,OH/DMSO - ,,r"*%g

G ‘/.'\ 2
X I P
go” NH, HCI g0 7 \g’ NH,

To a suspension of (R)-3-amino-4-biphenyl-4-yl-butyric

acid ethy! ester (200 mg, 0.625 mmol) in THF (10 mi) at 0 °C was added phenyt
chioroformate (0.087 mi, 0.688 mmol} and pyridine (0.126 ml, 1.563 mmol). The mixiure is
stirred at 0 °C for § min then is warmed up to room temperature. LCMS monifored the
reaction until it is complete. The reaction is extracted with EfQAc. The combined organic
layer is washed with 1N HCl H,0, sat. ag. NaHCQ; and brine and dried over anhydrous
sodium sulfate, filtered and concentrated to give the crude residue.

Next, to a solution of the obtained residue (0.252 g, 0.625 mmal) in DMSO (1.5 ml} at room
temperature is added ammonium hydroxide {0.027 mi, 0.688 mmof). The reaction is stired
at room temperature. 30 min LCMS showed small desired product with big starting material
so more ammomnum hydroxide is added and the reaction is stirred at room temperature
overnight until the reaction is complete. The reaction is extracted with EtOAc. The
combined organic layer is washed with H,O, 1N HCI, H,0, 1 N NaOH and brine and dried
over anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The
residue is purified by column chromatography {2% to 6% EtCGH/DCM) to give (R)-4-biphenyi-
4-yl-3-ureido-hutyric acid ethyt ester (162 mg). HPLC retention time = 1.04 minutes
(condition B): MS (m+1) = 327.

Intermediate 49: {R)-3-amino-4-(3'~-chloro-hiphenyl-4-yi)-2-hydroxy-butyric acid methyl

ester hydrochioride
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(R)-3-(4-Bromo-phenyh-2-tert-butoxycarbonylamino-propionic acid (4.0 g. 11.6 mmaol}, 3~
chlorophenylboronic acid {2.36 g, 15.11 mmol}, Pd{PPh:)s {0.067 g, 0.058 mmol} and 2M
Na,CO; aqueous solution (8.0 mL) are refluxed in 1,2-dimethoxyethane (70 mL} for 25 h
under N, atomosphere. After cooling to room temperature, the reaction mixture is diluted with
EtOAc and washed with 1M HCi and brine. The organic layer is dried over Na;50, and
cocentrated. The residue is purified by flash column chromatography (sitica gel,
DCM/10%MeOH in DCM = 100:0 to 0:100}) to give (R)-2-terf-butoxycarbonylamino-3-(3'~
chioro-biphenyl-4-yl}-propionic acid {containing inpurities). HPLC retention time = 1,56
minutes {condition A): MS {(m+1) = 376

This is dissolved in 1, 2-dimethoxyethane (40 mL} and EtN (1.46 mL, 10.5 mmol} and ethyl
chioroformate {1.00 mi, 10.5 mmoi) are added. After being stired at room temperature for
0.5h, the resultant precipitate is removed by filtration. To the fiitrate is slowly added NaBH,
{0.44 g, 11.6 mmol) in M0 (5 mL). After being stirred for 2 h, the reaction mixiure is diluted
with EtOAc and washed with MO and brine. The organic layer is dried over Na,S0Oy,
concentrated and purified by flash column chromatography {silica gel, eluent;
heptane/EOAc = 100:0 to 0:100) {o give [(R)-2-(3'-chioro-biphenyl-4-yl}-1-hydroxymethyt-
ethyl}-carbamic acid teri-butyl ester (2.8 g). HPLC retention time = 1.28 minufes {condition
A). MS (m+1-Boc) = 262. TH-NMR {400 MHz, DMSQO-a8) 3 ppm 1.43 (s, 8 M}, 290 (d, 2 H, J
=7.33Hz), 360 {dd, 1H, J=5.05 1086 Hz), 3.72 {dd, 1 H, J=3.79, 11.12 Hz), 3.91 {bs, 1
H), 475 (bs, 1 H), 7.29-7.34 (m, 3 H), 7.37 (t. 1 H, /=783 Hz), 744-7 48 {m, 1 H), 7.51 (d,
2H, J=808Hz). 7.57 (1, 1 H, J=1.77 Hz).

Next, to a solution of [(R)-2-(3'-chloro-biphenyi-4-yl)-1-hydroxymethyi-ethyl}-carbamic acid
tert-butyl ester (2.0 g, 5.53 mmol} in DCM (30 ml) is added Dess-Martin periodinane {2.81 g,
8.63 mmol). After being stirred af room temperature for 2 h, the reaction mixture is diluted
with EtOAc and washed with saturated NaHCQ, aqueous solution and brine. The organic

fayer is dried over Na;SQ0, and concentrated. The residue is purified by flash column
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chromatography (silica gel, eluent; heptane/EtOAc = 100:0 to 0:100) to give [{R)-2-{3"-chioro-
biphenyl-4-yh-1-formyl-ethyll-carbamic acid teri-butyl ester {1.05 g). HPLC retention time =
1.27 minutes {condition A): MS (m+1) = 360.

This is dissolved in MeQH {20 ml) and AcOH {0.199 mL, 3.47 mmol). To this solution KCN
{0.226 g, 3.47 mmol) in H,0 (4 mL) is slowly addd. After being stirred at room {emperature
overnight, the reaction mixture is diluted with £t0Ac and washed with saturated NaHCO;
agueous solution, H,O and brine. The organic {ayer is dried over Na,S0, and concentrated.
This is treated with 46 HCI in dioxane {20 miL) and MeOH (10 mL) at room temperature.
After being stirred overnight, the reaction mixture is concentrated. The residue is dissolved in
MeOH and treated with SOCH, {0.211 mL, 2.89 mmol). After being stirred at 50°C for 5 h, the
reaction mixture is concentrated {o dryness. The residue is dissolved in THF (10 mL) and
treated with saturated NaHCQO; aqueous solution (5 mb) and Bog,0 (0.631 g, 2.88 mmol).
After being stirred at room temperature for 2 h, the reaciton mixutre is diluted with Et0Ac
and washed with brine. The organic layer is dried over MgSQ, and concentrated. The
residue is purifiied by flash column chromatography (sifica gel, eluent; heptane/EtOAc =
100:0 to (:100) to give {(R)-3-tert-butoxycarbonylamino-4-{3'-chioro-biphenyl-4-yN-2-hydroxy-
butyric acid methyl ester (C.81 g). HPLC retention time = 1.01, 1.06 minutes (condition 8):
MS {m+1-Boc) = 320. 1H-NMR (400 MHz, CDCly) & ppm 1.40 (s, 8 H), 2.77-3.05 (m, 2 H),
363(5, 07 HL377(5,23H),4.11(s, 0.8H}, 425440 (m, 1.2 H), 478495 {m, 1H),
7.27-7.40 (m, 4 H), 7.42-758 {(m, 4 H).

{R)-3-tert-butoxycarbonylamino-4-{3-chloro-biphenyl-4-yl)-2-hydroxy-butyric acid methyl
ester (113 mg, 0.269 mmot} is treated with 4M HCI in dioxane (2 mL). After being stirred at
room temperature for 1h, the reaction mixture is concnetrated. The residue is used for a next
step without further purification. HPLC retention time = 1.22, 1.29 minutes (condition A); MS
{m+1) = 320.

intermediate 50: (R)-3-amino-4-{3'-chloro-biphenyl4-yi)-2-methoxy-butyric acid methyl

aster hydrochloride
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To a solution of (R)-3-tert-hutoxycarbonylamino-4-(3'-chlora-biphenyl-4-yh)-2-hydroxy-butyric
acitd methyl ester (610 myg, 1.45 mmol} in CH:CN (20 mi) are added iodomethane (0.545
mL, 8.72 mmol) and silver oxide {1.35 g. 5.81 mmol}. After being stirred at room temperature
for 16 h, additional iodomethane {$.545 ml., 8.72 mmaol} and silver oxide {1.35 g, 5.81 mmof)
are added and stirred for 3 days. The reaction mixture is filtered through celite pad and the
filtrate is washed with brine. The organic layer is dried over MgSO, and concnetrated. The
residue s purified by flash column chromatography (silica gel, eluent; heptane/EtOAC =
100:0 to 0:100) to give (R)-3-tert-butoxycarbonylamino-4-(3'-chloro-biphenyl-4-yl}-2-methoxy-
butyric acid methyl ester (500 mg). HPLC retention time = 1.20, 1.25 minutes {condition B):
MS (m+1-Boc) = 334, tH-NMR (400 MHz, COCL) S ppm 1.37, 1.41 (s, 9 H), 2.72-3.03 {m. 2
H), 3.43, 3.71 (s, 3H), 3.63-3.82 (m, 1 H), 4.27-4.41 {m, 1 H}, 4.68-5.04 (m, 1 H), 7.28-7.40
{m, 4 H}, 7.41-7.61 {m, 4 H).

(R)-3-tert-butoxycarbonylamino-4-(3'-chloro-biphenyh4-yli-2-methoxy-butyric acid methyl
ester (200 mg, 0.461 mmol} is treated with 4M HCI in dioxane (3 mL). After being sfirred at
room temperature for 1h, the reaction mixture is concnetrated. The residue is used for a next
step without further purification. HPLC retention time = 1.28, 1.33 minutes (condition A}; MS
{m+1) = 334

Intermediate 51: {R}-3-amino-4-{3'-chloro-biphenyi-4-yi}-2-methoxy-butyric acid ethyl

ester hydrochloride
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To a solution of (R)-3-amino-4-(3'-chloro-biphenyi-4-yl}-2-methoxy-butyric acid methyl ester
(800 mg, 1.15 mmol} in MeOH (5ml) is added 2M NaOH agueous solution (5 mL.). After
being slirred at room temperature for 2h, the reaction mixture is acidified with 2M HCl and
extracted with EtOAc. The organic layer is dried over Na,S0., and concentrated. The residue
is dissolved in EtOH (& mL) and treated with SOCI; (0.252 mi, 3.26 mmol). After being
stirred at 55°C, the reaction mixture was cocentrated. The residue is used for a next step
withour further purification. HPLC retention time = 1.49 minutes (condition A): M8 (m+1) =
348.2

Intermediate 52: (R}-3-Amino-4-{3'-chloro-biphenyi-4-yl)-2-fiuoro-butyric acid methyl
ester hydrochloride
Ci

N

N

To a solution of {R)-3-tert-butoxycarbonylamino-4-{3’-chioro-biphenyl-4-yl}-2-hydroxy-butyric
acid methyl ester (220 mg, 0.524 mmol) is added DAST {0.083 mL, 0.629 mmol} at 0°C. The
reaction mixture s gradually warmed to room temperature and stirred for 1 h. Additional
DAST (0.083 mL, 0.629 mmol} is added and stirred at room temperature for 2 h. The
reaction mixture is dituted with EtOAc and washed with saturated NaHCO, agueous solution
and brine. The organic layer is dried over Na,SO, and concentrated. The residue is purified
by flash column chromatography (sifica gel, eluent; heptane/EtOAc = 100:0 to 0:100) to give
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(R)-3-tert-butoxycarbonylamino-4-(3'-chloro-biphenyi-4-y)-2-fluoro-butyric acid methyl ester
(63 mg). HPLC retention time = 1.36 minutes (condition B): MS (m+1-Boc) = 322 1H-NMR
(400 MHz, CDCL,) 8 ppm 1.39 (s, 9 H), 2.84-2.95 (m, 2 H). 3.06 (bs, 0.5 H), 3.69 (s, 3 H),
4.43-4.61({m, 1H), 4.72-4.80 (m, 0.5 H), 5.00 (s, 0.5 M), 512 (s, 0.5 H), 7.28-7.34 {m, 3 H),
7374, AN, J=T7588Hz), 7.42-7.47 (m, 1 H), 7.48-7.53 (m, 1 M}, 7.55 (. 1 H, J=2.02 Hz).
T9F-NMR (377 MHz, CDCly) & ppm -204.18.

(R)-3-tert-butoxycarbonylamino-4-(3'-chioro-biphenyi-4-y)-2-fluoro-butyric acid methyl ester
(60 mg, 0.142 mmgcl) is freated with 4M HCl in dioxane (1.5mL}. After being stirred at room
temperature for 1h, the reaction mixture is concnetrated. The residue is used for a pext step
without further purification. HPLC retention time = 0.88 minutes {condition B): MS {m+1) =
322.

intermediate 53.1: [(R)-1-(3'-chioro-biphenyl-4-yimethyl)-3-methanesutionylamino-3-

oxo-propyl]-carbamic acid tert-butyl ester

{R}-3-tert-butoxycarbonylamino-4~(3'-chloro-biphenyi-4-yi}-butyric acid ethyl ester (250 mg,
0.588 mmol} is treated with 2M NaQH aqueous solution (1 mL) in THF {1 mL) and EtOH (2
mi.}. Afler being stirred for 1h, the reaction miture is acidified with 1M HCI and extracted with
EtOAc. The organic layer is washed with brine, dried over Na,;S0, and concentrated in
vacuo. To a solution of this residue in DMF (2 ml) are added methyisutfonamide (85 mg,
0.897 mmol}, EDC {172 mg, 0.897 mmol}. HOA?L (88 mg, 0.718 mmol}, and Et;N (0. 125 mL,
0.897 mmol). After being stirred at room temperature overnight, the reaction mixture is
dituted with E1OAc, washed with 1M HCI and brine. The organic layer is dried over Na,S0,
and cocentrated. The residue is purified by flash coluimn chromatograpy (silica gel, eluent:
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DCM/M10%MeOH in DCM = 100:0 to 0:100) to give [{R)-1-(3'-chloro-biphenyl-4-yimethyl}-3-

methanesulfonylamino-3-oxo-propyl}-carbamic acid tert-buty! ester (244 mg}. HPLC

retentions time = 1.30 minutes (condition B); MS {(m+1) = 467, 1H NMR (400 Mz, DMSO-d6)
Sppm 1.30 (s, 8 H), 2.41-248 {m, Z H), 270-2.78 {m, 2 H), 3.18 {5, 3 M), 3.99-4.11 (m, 1 H;},
7.28(d, 2 H, J=8.34 Hz), 7.38-7.44 {m, 1 M), 748 {t, 1 H, J=7.83 Hz), 7.58-7.66 (m, 3 H},

7.89 (s, 1 H).
Falfowing compounds are prepared using similar pmcedure as descrrbed in example 53-1:

] HPLC-RT |
Example Product Reagent _ MS (M+1)
{condition)
]
Example fi - Q‘\S"O 1.22 min. 486
A g q \(\f ¥ np o~
53-2 ,f\}Si‘ W 7T e, {condition B)
(;.{
e
- i 7N ”
Example o o /Lv ; 0, .0 1.33 min. 544
-, i f Q\\"IIQ '{\ \ S ) ot d
53-3 A A A “NH {condition B)
)
P
g
v o .
Example NH,CH 1.17 min. 289
53-4 )L‘)\NH {condition B)
Ak
0 o
Intermediate 54-1: {R)-3-[2-({tert-butoxycarbonyl-ethoxycarbonylmethyl-amino)-

propionylaminol-4-{3’-chioro-biphenyl4-yi)-butyric acid ethyl ester
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To a suspension of 2-{tert-butoxycarbonyi-ethoxycarbonyimethyl-amino)-propionic acid TFA
salt (187 mg, 0.714 mmol) in THF (10 mi) at room temperature is added EDCI (219 mg,
1.142 mmol} and HOBT (164 mg, 1.071 mimol). The mixture is stirred at room temperature
for 10 mins and then was added a solution of {R)-3-amino-4-{3'-chloro-biphenyl-4-yh-butyric
acid ethyl ester (202 mg, 0.571 mmol) in THF and TEA (0.199 ml, 1.428 mmol). The mixture
is stirred at room temperature. Reverse phase HPLC [30 to 80% ACN-H,0O (0.1%TFA) over
10 min by X-Bridge pheny! column] give the title compound {290 mg, 71% yield). LCMS
{condition B): 575 (M+1); retention time = 1,52 min.

intermediate  54.2:  2-(tert-Butoxycarbonyl-ethoxycarbonyimethyl-amino)-propionic

C b
ar\/[\ o o+ H-,;N\]/J\Ox},;\ﬁ — 0 O\f\oj
N - HO'J\‘rN ‘i

~

acid

To a solution of H-DL-Ala-OBzt.p-tosylate (2.88 g, 8.20 mmol} in THF (80 mi) at room
temperature was added TEA (3.43 mi, 24.60 mmolj and followed by ethy! bromoacetate
{1.086 ml, 9.84 mmol). The reaction was stirred at room temperature over night. There
were some white solid in the reaction. The reaction mixture was fillered off the white solid
and concentrated for purification. Filash chromatography (silica gel, 2 to 4% EtOH/DCM)
gave the fitle compound as an oif (1.7 g. 78% yield). LCMS {condition B). 266 {(M+1);
retention tme = Q.70 min.

Next, to a solution of 2-{ethoxycarbonyimethyl-amino)-propionic acid benzyl ester (1.7 g,
6.41 mmol) in DCM (80 mi) at 0 °C was added BOC-anhydride (2.232 ml, 8.61 mmol) and
followed by TEA (2.68 mi, 19.22 mmol). The reaction mixture was stowly warmed up to
room temperature and stirred over night. The reaction was quenched by bringe and was
extracted with DCM. The combined organic fayer was washed with brine and dred over
anhydrous sodium sulfate, filtered and concentrated to give the crude. Flash
chromatography {siica gel, 5 {o 10% acetone/heptane) gave the title compound as an oii
{1.66 g, 71% yield). LCMS (condition B): 366 (M+1); retention time = 1.13 min.
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Next, a solution of 2-(tert-butoxycarbonyl-ethoxycarbonylmethyl-amino)-propionic acid benzy!
ester in E{OAc was hydrogenated under H; baloon by catalyst 10% PJd/C wet for 1 hr. The
reaction was filtered off the catalyst and concentrated to give the crude for the next reaction.

lntermediate 55 (R}-3-Amino-44(3’-chloro-biphenyl-4-yi}-2-methyl-butyric acid ethyl

ester trifluoroacetate
o

e

)

Ao ALK

To a solution of {R)-3-tert-butoxycarbonylamino-4-(3'-chloro-biphenyl-4-yl}-butyric acid ethyl
ester (300 mg, 0.718 mmol) in THF (10 mY at -78 “C is added LIHMDS/THF (1M) {1.579 mi,
1.579 mmol). The reaction mixture is stirred at -78 *C for 50 min and then {o this mixture is
added methyl iodine (0.054 mi, 0.861 mmaol) and the reaction is slowly warmed up to room
temperature and stirred over night. The reaction is quenched by sat. NH.Cl and is extracted
with EtOAc. The combined organic layer is washed with brine and dried over anhydrous
sodium sulfate, filtered and concentrated to give the crude. Reverse phase HPLC [20 fo
90% ACN-H,0 (0.1%TFA) over 10 min by Sunfire C18] give (R)-3-tert-butoxycarbonylamine-
4-(3'-chloro-biphenyl-4-yh)-2-methyl-butyric acid ethyl ester. LCMS (condition B): 432 (M+1};
retention time = 1.55 min. Te a solution of {R}-3-tert-butoxycarbonylamino-4-(3'-chloro-
biphenyl-4-yl)-2-methyl-butyric acid ethyt ester (240 mg, 0.556 mmotl) in DCM {2 mb) at room
temperature was added TFA {(1.070 mi, 13.82 mmol) and the mixture is stirred at room
temperature, Thr the reaction is done so the mixture is concentrated to give {R)-3-amino-4-
{3-chloro-biphenyi-4-yi)-2-methyl-butyric acid ethyl ester triflioroacetate. LCMS (condition
B). 332 (M+1), retention time = 1.00 min.

i can be seen that the compounds of the invention are useful as inhibitors of Neutral
endopeptidase (EC 3.4.24.11) activity and therefore useful in the treatment of diseases and
cenditions associated with Neutral endopeptidase (EC 3.4.24.11) activity such as the
diseases disclosed herein.
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it will be understood that the invention has been described by way of example only and
modifications may be made whilst remaining within the scope and spirit of the invention.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A compound of Formula 1.
R!

Formula I'
or a pharmaceutically acceptable salt thereof, wherein:

R'is H, Csalkyl, hydroxy, C,.-alkoxy, halogen, -SH, -S-C.;alkyl or NR*R”,

R? for each occurence, is independently C,alkyl, halo, NO,, CN, C;.;alkanoytamino, Cs.
scycloalkyl, hydroxy, Cy.ralkoxy, haloC,.salkyl, -NR®R®, C,. caryl, heteroaryl or heterocyclyl;
wherein R? and R® for each occurrence are independentiy H or C,.alkyl;

Ris A'-C(O)X’ or A™-R",

R*is Ceqparyl or a heteroaryl, which can be monocyclic or bicyclic, and which can be
optionally substituted with one or more substituents independently selected from the
group consisting of hydroxy, hydroxyC,.salkyl, nitro, -NR*R®, -C(O)C,.ralkyl, C(0)-0-C;.
ralkyl, C,.;alkoxy, halo, C,.;alkyl, halo-C,.zalkyl, Cy.;alkenyl, Cs.qoaryl, heteroaryl, -NHSO,-
C,.;alkyl and benzyl; or R* is a heterocyclyl which can be optionally substituted with one of
more substituents independently selected from the group consisting of oxo, hydroxy,
hydroxyC,.;alkyl, amino, C(0}-0-C,.,alkyl, Cy.;alkoxy, halo, C,.,alkyl, halo-C,.;alkyl, Cq.
waryl, heteroaryl, -NHSO,-Cy.;alkyl and benzyl,

R*is H, halo, hydroxy, Ci.;alkoxy, halo, C.;alkyl or halo-C,.;aky!; and

X and X' are independently OH, ~O-C,salkyl, -NR®R®, -NHS{0),-C;.7alkyl, -NHS(O),-
benzyl or -O-Cq.rparyl;, wherein alkyl is optionally substituted with one or more substituents
independently selected from the group consisting of Cq.s0aryl, heteroaryl, heterocyclyl,
C(O)NH,;, C(O)NH-C,salkyl, and C(O)N(C.salkyl),.

B'is ~C(O)NH- or -NHC(O)-;



-251-

A'is a bond or a linear or branched C..,alkylene; which is optionally substituted with one
or more substituents independently selected from the group consisting of halo. C;.
scycloalkyl, Cy.7alkoxy, hydroxy and O-acetate: in which two geminal alkyt can optionally
combine to form a Cy;cycioalkyl; or
A'is a linear or branched C,;alkenylene; or
A'is a linear C,.alkylene wherein one or more carbon atom(s) is/are replaced with an
heteroatom selected from O. NR®; and A’ is optionaily substituted with one or more
substituents independently selected from the group consisting of halo and C,;alkyl; in
which R® for each occurrence, is independently H, Cy.jalkyl, -C{0)-O-C,.;alkyl or
-CH,C(O)OH; or
A'is a phenyl or a heteroaryl; each of which is optionally substituted with one or more
substituents independently selected from the group censisting of C,.;alkyl, C..,cycloatkyl,
halo-C,.;alkyl, hydroxy, C,.;alkoxy. halo, -NR°R®, -OCH,CO;H, and -OCH,C(O)NH;; or
A'is a Cyrcycloalkyl;
A'is -C. salkylene-Cy.qo-aryl-, -C. salkyleng-heteroaryl- or -C,_alkylene-heterocyciyl-.
wherein A'may be in either direction; and
A’ is a bond or alinear or branched C,.;alkylene; which is optionally substituted with one
or more substituents independently selected from the group consisting of halo, C, ;alkoxy,
hydroxy, O-Acetate and C,.;cycloalkyi;
nis0, 1,23, 40r5;

wherein each heteroary! is a monocyclic or bicyclic aromatic ring comprising 5-10
ring atoms selected from carbon atoms and 1 to 5 hetercatoms, and

each heterocyclyl is a monocyclic saturated or partially saturated but non-aromatic
moiety comprising 4-7 ring atoms selected from carbon atoms and 1-5 heteroatoms,
wherein each heteroatom of a heteroaryl or a heterocyclyl is independently selected from
O.Nand S.

2. A compound according to claim 1 of Formula |-
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(R?),

Formuta |

or a pharmaceutically acceptable salt thereof, wherein:

R'is H or C,alkyl;

R? for each occurence, is independently C,.;alkyl, halo, NO,, CN, C, ;alkanoylamino, Cs.
scycioalkyl, hydroxy, Cy.;alkoxy, haloCy.yalkyl, -NR?R?®, Cy.qaryl, heteroaryl or heterocyclyl;
wherein R® and R® for each occurrence are independently H or C,.zalkyl;

R*is A-C(O)X' or AZR*;

R* is Cs.10aryl or a heteroaryl, which can be monocyclic or bicyclic, and which can be
optionally substituted with one or more substituents independently selected from the
group consisting of hydroxy, hydroxyC..;alkyl, amino, C(0)-O-C,;alkyl, C,.,alkoxy, halo,
C,.7alkyl, halo-C,.;alkyl, Ce.(caryl, heteroaryl, -NHSO,-C, salkyl and benzyt; or R* is a
heterocyclyl which can be optionally substituted with one of more substituents
independently selected {rom the group consisting of oxo, hydroxy, hydroxyC,.zalkyl,
amino, C(O)-0O-C,.zalkyl, Cy.zalkoxy, halo, Cyralkyl, halo-C,.;alkyl, Ce.iearyl, heteroaryl,
-NHSO,-C,.;alkyl and benzyl;

R® is H, halo, hydroxy, Cy.;alkoxy, halo, C.;alkyl or halo-C,.zalkyl; and

X and X' are independently OH, -O-Cyzalkyl, NR*R®, or -O-Cg.jcaryl; wherein alkyl is
optionally substituted with one or more substituents independently selected from the
group consisting of Ce.caryl, heteroaryl, heterocyclyl, C(O)NH,, C(O}NH-C, ¢alkyl, and
C(O)N(Cysatkyl)a;

B' is -C(O)}NH- or -NHC(O)-;

A' is a bond or a linear or branched C,alkylene; which is optionally substituted with one
or more substituents independently selected from the group consisting of halo, Ca.
scycloalkyl, Ci.qalkoxy, hydroxy and O-acetate, in which two geminal alkyl can oplionally
combine to form a Cyscycloalkyl; or
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A'is a pheny! or a heteroaryl; each of which is optionally substituted with one or more
substituents independently selected from the group consisting of C,.;alkyl, Cy.scycloalkyl,
halo-C..;alkyl, hydroxy, C,.;alkoxy, halo, -NR°R®, .OCH,CO,H, and -OCH,C(O)NH;; or
A'is a Ca;cycloalkyl;
Alis -Cy..alkylene-Ce.rp-aryl-, -Cyaalkylene-heteroaryl- or -C, ,alkylene-heterocyclyl-,
wherein A' may be in either direction; and
A?is a bond or a linear or branched C..yalkylene; which is optionally substituted with one
or more substituents independently selected from the group consisting of halo, Cy.;alkoxy,
hydroxy, O-Acetate and Cs.jcycloalkyl;
nis0,1,2 3, 4or5;

wherein each heteroaryl is a monocyclic or bicyclic aromatic ring comprising 5-10
nng atoms selected from carbon atoms and 110 5 heteroatoms, and

each heterocyclyl is a monocyclic saturated or partially saturated but non-aromatic
moiety comprising 4-7 ring atoms selected from carbon atoms and 1-5 heteroatoms,
wherein each heteroatom of a heteroaryl or a heterocyclyl is independently selected from
O,NandS.

3. The compound according to claim 1 or 2 wherein:

R'is H or C,.alkyl;

R? for each occurrence, is independently C.;atkyl, halo, Cascycloalkyl, hydroxy. C,.
ralkoxy, haloCy . alkyl, -NR*R®, Cy.xaryl, heteroaryl or heterocyclyl; wherein R* and R® for
each occurrence are independently H or C,yalkyl

Ris Al.C(O)X' or A%R",

R*is Csa0aryl or a heteroaryl, each of which can be monocyclic or bicyclic and each of
which can be optionally substituted with one or more substituents independently selected
frorn the group consisting of hydroxy, C,.;alkoxy, halo, C,7alkyl, halo-C..;alkyl, Caagaryl,
heteroaryl, -NHSO,-C,.;alkyl and benzyl;

R®is H; and

X and X! are independently OH, -O-C, salky! or NR°R?;

B'is —C{O)NH- or -NHC(O)-;

A'is alinear or branched C,.;alkylene: which is optionally substituted with ore or more
substituents independently selected from the group consisting of halo, Cyscycloalkyi, C,.
salkoxy, hydroxy and O-acetate; in which two geminal alkyl can optionally combine to
form a Ci,cycloalkyl; or
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A'is a phenyl or a heteroaryl; each of which is optionally substituted with one or more
substituents independently selected from the group consisting of Cy.;alkyl, C; ;cycloalkyl,
halo-Cy.alkyl, hydroxy, Cy.7alkoxy, halo, -NR’R®, -OCH,CQ,;H, and -OCH,C(O)NH,; and
A?is a bond or a linear or branched C,;aikylene; which is optionally substituted with one
or more substituents independently selected from the group consisting of halo, Cy;alkoxy,
hydroxy, O-Acetate and C,.;cycloalkyl; and
nis0, 1,2, 3,40r95,

wherein each heteroaryl 1s a monocyclic or bicyclic aromatic ring comprising 5-10
fing atoms selected from carbon atoms and 110 5 heteroatloms, and

each heterocyclyl is a monocyclic saturated or partially saturated but non-aromatic
moiety comprising 4-7 ring atoms selected from carbon atoms and 1-5 heteroatoms.
wherein each heteroatom of a heteroaryl or a heterocyclyl is independently selected from
0O, N and S, or a pharmaceutically acceptable salt thereof.

4. The compound according to claim 1, 2 or 3 having Formula l or lIA:

or a pharmaceutically acceptable salt thereof.

5. The compound according to any one of claims 1 to 3 having Formuta 11l or HIA:
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or a pharmaceutically acceptable salt thereof,

6. The compound according to any one of claims 1 to 5 wherein A’ is an optionally

substituted linear or branched C,.;alkylene, or a pharmaceutically acceptable salt thereof.

7. The compound according to any one of claims 1 to 6 wherein A’ is CH,CHy, of a
pharmaceutically acceptable sal! thereof.

8. The compound according to any one of claims 1 to 5 wherein A’ is an optionally
substituted phenyl or heteroaryl, or a pharmaceutically acceptable salt thereof.

9. The compound according to any one of claims 1 to 3 having Formula Vil or VIIA;

or a pharmaceutically acceptable salt thereof.

10.  The compound according to claim 9 wherein A?is a bond or CH; or CH,-CH;, or a
pharmaceutically acceptable salt thereof.
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11, The compound according to any one of claims 1 to 10 wherein R’ is H, R? is
independently halo, C,.,alkoxy, hydroxy, C..;alkyl or halo-C,;alkyl, nis 0, 1 or 2 and X and
X' are independently OH or -O-C._;alkyl, or a pharmaceutically acceptable salt thereof.

12.  The compound according to any one of claims 1to 11 whereinnis 1 or 2; Ris
meta-chloro or meta-fluoro and the other optional R? group is halo, Cy.;alkyl, halo-C,.
salkyl, hydroxy and C,.;alkoxy, or a pharmaceutically acceptable salt thereof.

13. A pharmaceutical composition comprising a compound according to any one of
claims 1 to 12, or a pharmaceutically acceptable salt thereof, and one or more
pharmaceutically acceptable carriers.

14. A combination comprising: a compound according to any one of claims 110 12, or
a pharmaceutically acceptable salt thereof, and one or more therapeutically active agents
selected from HMG-Co-A reductase inhibitor, an angiotensin receptor blocker, angiotensin
converting enzyme Inhibitor, a caicium channel blocker, an endothelin antagonist, a renin
inhibitor, a diuretic, an ApoA-l mimic, an anti-diabetic agent, an obesity-reducing agent, an
aldosterone receptor blocker, an endothelin receptor blocker, an aldosterone synthase
inhibitors, a CETP inhibitor and a phosphodiesterase of type 5 (PDES) inhibitor.

15.  The compound according to any one of claims 110 12, or a pharmaceutically

acceptable salt thereof, for use as a medicament.

16. Use of the compound according to any one of claims 1t0 12, or a
pharmaceutically acceptable salt thereof, for the treatment of a disorder or disease
associated with neutral endopeptidase EC. 3.4. 24.11. activity in a subject in need of such

treatment.
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17.  The use according to claim 16. wherein the disorder or disease is selected from
hypertension, pulmonary hypertension, isclated systolic hypertension, resistant
hypertension, peripheral vascular disease, heart failure, congestive heart failure, left
ventricular hypertrophy, angina, renal insufficiency, renal failure, diabetic nephropathy,
non-diabetic nephropathy, nephro:¢c syndrome, glomerulonephritis, scleroderma,
glomerular sclerosis, proteinurea of primary renal disease, renal vascular hypertension,
diabetic retinopathy and end-stage renal disease (ESRD), endothelial dysfunction,
diastolic dysfunction, hypertrophic cardiomyopathy, diabetic cardiac myopathy,
supraventricular and ventricular arrhythmias, atrial fibrillation (AF), cardiac fibrosis, atrial
flutter, detrimental vascular remodeling, plaque stabilization, myocardial infarction (M),
renal fibrosis, polycystic kidney disease {PKD), pulmonary arerial hypertension, renal
failure, cyclical oedema, Meniéres disease, hyperaldosteroneism hypercalciuria, ascites,
glaucoma, menstrual disorders, preterm labour, pre-eclampsia, endometniosis, and
reproductive disorders, asthma, obstructive sleep apnea, inflammation, leukemia, pain,

epilepsy, affective disorders, depression, psychotic condition, dementia, geriatric
confusion, obesity and gastrointestinal disorders, wound healing, septic shock, gastric
acid secretion dysfunction, hyperreninaemia, cystic fibrosis, restenosis, type-2 diabetes,
metabolic syndrome, diabetic complications, atherosclerosis, male and female sexual
dysfunction.



