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BENZOXAZOLONE DERIVATIVES AS ALDOSTERONE SYNTHASE INHIBITORS

Background of the Invention

The mineralocorticoid hormone aldosterone is produced by the adrenal gland and
acts on the distal tubules and collecting ducts of the kidney to increase reabsorption of
fons and water in the kidney. Aldosterone causes conservation of sodium, secretion of
potassium, increased waler retention, and increased blood pressure.

Aldosterone has been implicated in the pathogenesis of cardiovascular diseases
such as hypertension and heart fallure. In clinical trials, freatment with the nonselective
mineralocorticoid receptor antagonist (MRA) spironolactone or the selective MRA
eplerenone significantly reduced morbidity and mortality among patients with heart failure
or myocardial infarction already taking an angictensin-corwverting enzyme inhibitor or a 8-
blocker. However, significant side effects such as gynecomastia and impotence were
observed in male patients receiving spironclactone while hyperkalemia was seen in
patients taking either drug.

Summary of the Invention

The invention pertains to the compounds, methods for using them, and uses
thereof as described herein. Examples of compounds of the invention include the
compounds of Formulae I-1, and the compounds of the examples.

The invention therefore provides a compound of the Formula ©

2

R
fo\‘ ,}: L
l*«\\:;./ RﬁR
5
R 0

or a pharmaceutically acceptable salt thersof, whersin:

R'is Cyralkyl, Cosoaryl-Cqratkyl, hydroxy-Ciatkyl, Cyacycloalkyl or -
CHC{OINRR®

R? and R are each independently hydrogen or halogen:

R? is hydrogen or Cyalkoxy;

R® is hydrogen, halogen, Cy.alkoxy, Cyyatkyl, Cascycioatkyl, cyano, —~CHNR'R®,
~CHNRYSO)-Cysafkyl, ~CHNRYSO,)-Cascycloalkyl, ~NR¥SO,)-C o ralkyl, ~NRYSO,)-
Cascycloatkyl or -NHC{OINR®R®: in which each alkyl and cycloalkyl is optionaily
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substituted with one ore more substitutents selected from the group consisting of C,.
yalkoxy, halogen, hydroxy, -NH;, -NH{C,alkyl) and ~N{C._ -alkyl}»;

R® hydrogen, Cyralkyl, Cascycloalkyl, heterocyclyl, —C(O)-C . atkyt, ~C{OINRPR®,
~ Cy.7alkytbNRUCO)-Cyyatkyl, ~CHNRESQ,)-Coralkyl, ~ Ciralkyl-NR®-S(0),-Crralkyl, —
CH:NRE:-S(0),- Cascycloalkyl or —CHNRYS0,)-C. ratkyl; in which each atky! and
cycloatkyl is optionally substituted with one ore more substitutents selected from the
group consisting of Cs.aryl, Cozalkoxy, halogen, hydroxy and ~NH;, -“NH(C,.;atkyl) and —~
N{C;.7alkyl),; and

R® and R® are each independently hydrogen, Cyralkyl or Cegearyl-Cisalkyl; and
nis1or2

wherein each heteroaryl is a mono- or bicyclic arematic moiety comprising 5-10

ring atoms selected from carbon atoms and 1 to 5 hetercoatoms, and

each heterocyclyl is a mono- or bicyelic saturated or partially saturated but non-
aromatic moiety comprising 4-10 ring ring atoms selected from carbon atoms and 1 0 5
heteroatoms; and each hetercatoms being O, Nor S.

in ancther embodiment, the invention pertains, at least in part, to a method for
freating a disorder or disease mediated by aldosterone synthase andfor 11-beta
hydroxylase (CYP1181) in a subject by administering to the subject a therapeutically
effective amount of & compound according to any one of Formulae I, or a
pharmaceutically acceptable salt thereof, such that the disorder or disease mediated by
aldosterone synthase and/or CYP11B1 in the subject is treated.

in yet another embodiment, the invention pertains, at least in part, to a method for
treating a subject for hypokalemia, hypertensian, Conn's disease, renat failure, in
particular, chronic renal failure, restenosis, atherosclerosis, syndroms X, obesity,
nephropathy, post-myocardial infarction, coronary heart diseases, increased formation of
collagen, fibrosis and remodeling following hypertension and endothelial dysfunction,
cardiovascular diseases, renal dysfunction, fiver diseases, cerebrovascular diseases,
vascular diseases, retinopathy, neuropathy, insulinopathy, edema, endothelial
dysfunction, baroreceptor dysfunction, migraine headaches, heart fallure such as
congestive heart failure, arrhythmia, diastolic dysfunction, left ventricular diastolic
dysfunction, diastolic heart failure, impaired diastolic filling, systolic dysfunction,
ischemia, hypertrophic cardiomyopathy, sudden cardiac death, myocardial and vascular
fibrosis, impaired aretial compliance, myocardial necrotic lesions, vascular damage,
myocardial infarction, left ventricular hypertrophy, decreased ejection fraction, cardiac
lesions, vascular wall hyperirophy, endothelial thickening, or fibrinoid necrosis of
coronary arteries, Cushing's syndrome, excessive CYP 1181 level, the eclopic ACTH
syndrome, the change in adrenocortical mass, primary pigmented nodudar adrenocortical
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disease {PPNAD) Cammey complex (CNQ), ancrexia nervoesa, chronic alcoholic
poisoning, nicotine or cocaine withdrawal syndrome, the post-traumatic stress syndrome,
the cognitive impairment after a stroke, the cortiscl-induced mineralocorticoid excess,
comprising administering {o the subject a therapeutically effective amount of a compound
aceording to any one of Formulae -, or a pharmaceutically acceptable salt thereof,
such that the subject is treated.

in yet another embodiment, the invention periains, at least in part, {o
pharmaceutical compositions, comprising an effective amount of a compound according
to any one of Formulae MH, or a pharmaceutically acceptable salt thereof, wherein said
sffective amount is effective to treat @ disorder or disease mediated by aldosterone
synihase andfor CYP11B1.

In still another embodiment, the invention pertains, at least in pad, to
combinations including pharmaceutical combinations of one or more therapeutically
active agents.

In another embodiment, the invention pertains, at least in part, {0 a method for
inhibiting aldosterone synthase andfor CYP1181 in a subject by administering o the
subject a therapeutically effective amount of a compound according to any one of
Formulae 11, or a pharmaceudically acceptable salt thereof, such that aldosterone
synthase andfor CYP1181 is inhibited.

An alternative approach to ameliorate the deleterious effects of aldosterone,
provided by the present invention, is the suppression of aldosterone production by
aldosterone synthase inhibitors. Aldosterone synthase is an enzyme responsible for the
final steps of the biosynthesis of aldosterone from deoxycorticosterone, via conversion of
corticosterone to form 18-OH-corticosterone, which is then converted to aldosterone.

Accordingly, the invention pertains, at least in part, o compounds,
pharmaceutical compositions containing the compound and methods of use thereof. The
present invention also relates o novel compounds which may be used, for example, as
modulators andfor inhibitors of aldosterone synthase andior CYP11B1.

The compounds of the present invention may, for example, be used to treat
various diseases or disorders hypokalemia, hypertension, Conn's disease, renal faiture,
in particutar, chronic renal failure, restenosis, atherosclerosis, syndrome X, obesity,
nephropathy, post-myocardial infarction, coronary heart diseases, increasad formation of
collagen, fibrosis and remodeling following hypertension and endothelial dysfunction,
cardiovascular diseases, renal dysfunction, liver diseases, cersbrovascular diseases,

. vascular diseases, retinopathy, neuropathy, insulinopathy, edema, endothelial
dysfunction, baroreceptor dysfunction, migraine headachss, heart failure such as
congestive heart failure, arrhythmia, diastolic dysfunction, left ventricular diastolic
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dysfunction, diastolic heart failure, impaired diastolic filling, systolic dysfunction,
ischemia, hypertrophic cardiomyopathy, sudden cardiac death, myocardial and vascular
fibrosis, impaired arterial compliance, myocardial necrotic lesions, vascular damage,
myoccardial infarction, left ventricular hypertrophy, decreased ejection fraction, cardiac
lesions, vascular wall hypertrophy, endothslial thickening, fibrinoid necrosis of coronary
arferies, Cushing’s syndrome, excessive CYP11B1 level, the ectopic ACTH syndrome,
the change in adrenocortical mass, primary pigmented nodular adrenoccortical disease
{(PPNAD) Carney complex (CNC), anorexia nervosa, chronic alcoholic poisoning,
nicoting ar cocaine withdrawal syndrome, the post-traumatic stress syndrome, the
cognitive impairment after a stroke and the corfisol-induced mineralocorticoid excess.

Detailed Description of the Invention

Compounds of the Invention

References hereinafter to compounds of Formula { apply equally to compounds of
Formuiae il and L.

References hereinafter to embaodiments of the invention apply equally to
compounds of Formula | and compounds of Formulae il and H, insofar as the
embodiments are present.

Various embodiments of the invention are described herein. It 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 Formuta |

or a pharmaceutically acceptabie salt thereof, wherein:

R’ is Curalkyl, Coqnary-Ciratkyl, hydroxy-Ci alkyl, Cascycloalkyl or -
CHC{ONR'RY,

R® and R* are each independently hydrogen or halogen;

R* is hydrogen or Catkoxy;

R is hydrogen, halogen, C,.alkoxy, Cyralkyl, Csscycloalkyl, cyano, ~CHNR'R?,
—CHNRY(SQ,)-Coratkyl, ~CHNRYSO,)-Casoycloatkyl, -NR¥(S0.)-Cy ralkyl, -NR¥(SO,)-
Cascycloatkyl or ~NHC({OINR®R™: in which each alkyl and cycloalkyl is optionally
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substituted with one ore more substifutents selected from the group consisting of Cy.
-alkoxy, hajogen, hydroxy, -NH,, ~NH(C, zatkyl) and —N{C-atkyls

R hydrogen, Cyralkyl, Cascycioalkyl, heterocyelyl, ~C(O)-Cyatkyt, ~C{ONRRY,
— Cy7alky-NRPC{0)-Cyratkyl, ~CH:NRYSQ,)-Cyratkyl, = Cyralkyl-NR®-S(0),-C,.ratkyt, ~
CHaNRE-S(0)- Cascyoloatkyl or ~CHNRYSQL)-Cyalkyl; in which each alkyl and
cycloalkyl is oplionally substituted with one ore more substifutents selected from the
group consisting of Ca.searyl, Cyralkoxy, halogen, hydroxy and ~NH,, -NH{Cy.-alkyh) and ~
N(C.ralkyl}s; and

R® and R® are each independently hydrogen, Cysalkyl or Ca.earyl-Cqralkyl; and
nistors

wherein each heteroaryl is a mono- or bicyclic aromatic moiety comprising 5-10
ring atoms selected from carbon atoms and 1 {o 5 heteroatoms, and

each heterocyclyl is a mono- or bicyclic saturated or partially saturated but non-
aromatic moiety comprising 4-10 ring ring atoms selected from carbon atoms and 1 10 5
heteroatoms; and each heteroatoms being O, N or S.

Certain compounds of Formula | include compounds of Formula il

R* O
T
N j/ T d
g \
R
1
or a pharmaceutically acceptable sait thereof, wherein R and R have the definitions of
Formula [, supra.
in one particular aspect of this embodiment, R* is H or halo (e.g. chioro, Buoro,
brono).
in yet another aspect of this embodiment, are compounds of Formula ll, ora
pharmaceutically acceptable salt thereof, in which R%is hydrogen, halogen, Cyralkyl or
Caacycloalkyl in which atkyl and cycloalkyl are optionally substituted with hydroxy,
halogen or amino (e.g., -NH;, -NH-Czalkyl or —N{C, satkyl)z).
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Certain compounds of Formuls | include compounds of Formula Hi;

(1)
or a pharmaceutically acceptable salt thereof, wherein R* and R® have the definitions of
Formla |, supra.

In one aspect of this embodiment, R* is H or halo (e.g. chlore, flucro, bromo).

I yet another aspect of this embodiment, are compounds of Formula Bl ora
pharmaceutically acceptable salt thereof, in which R® is hydrogen, halogen, Calkyl or
Castycloatky! in which alkyl and cycloatkyl are optionally substifuted with hydroxy,
halogen, Cizalkoxy, Csagaryl or amine (e.g., -NHa, -NH-Cyralkyt or ~N{Cyalkyl),).

in another aspect of this embodiment, R is C,.salkyl substituted with halogen or
hydroxy.

inn yet ancther aspect of this embodiment are compounds of Formula 1 in which
R*is H and R® is hydroxy-C.alkyl.

in another embodiment, the invention pertains to compounds of Formuda |
wherein R' is Cy.; alkyl (e.g., methyl, ethyl, propyl), or:

S~ ~
/< Pl TN
e o o ~
~, . \ X R
b i
i

<" OH [

.

e

in one embodiment, the invention pertains {o compounds of Formula | or other
classes and subclasses described herein, or a pharmaceutically acceptable salt thereof,
wherein R is hydrogen. In another embodiment R? is halogen (e.g., fluoro, chioro, bromo
or iodo).

In one embodiment, one of R* and R* is hydrogen and the other is hydrogen or
halogen {e.g., Tluoring, chicring, bromine or foding).
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In another embodiment, R® is hydrogen. In yet another embodiment R% is Cy.
salkoxy {e.g., methoxy or ethoxy).

in yet another embodiment, the invention pertains to compounds according to
anyone of Formulae |, 1l and Hll, or other classes and subclasses described herein, or a
pharmacettically acceptable sait thereof, wherein R* is M or halogen. In one aspect of
this embodiment RYis H. in a further aspect of this embodiment, R*is H and R is C4.
ratkyl substituted with hydroxy.

in another embodiment, the invention pertains {o compounds of Formulae tor i
or other classes and subclasses described herein, or a pharmaceutically acceptable salt
of, wherein R is hydrogen, cyano, halogen (e.g., fluoro, chlore, bromo or iodo}, or Cy.
salkoxy {e.g., methoxy or sthoxy). in one aspect of this embodiment, R® is hydrogen,
halogen, Cqralkyt or Cygcycloalkyl in which alkyl and cycloalkyl are optionally substifuted
with one ore more substifutents selected from the group consisting of Cyratkoxy,
halogen, hydroxy, -NH,, -NH{C, salkyl} and —-N(C ralkyl),.

in another embodiment; R® is C,yalkyl or Cqscycloalkyt, each of which is
independently substituted with hydroxy, amino {e.g., -NHz, -NH-Cy alkyl or ~N(C,.
saltkyl)z), and/or halogen. Representative examples of this embodiment include
compounds according to any one of Formulae | and |l or of other Formulae, classes and
subclasses described herein, or a pharmaceutically acceptable salt thereof, in which R®

™ o ¥ o
_‘ OH i :
) \’ . ‘ \r\/ AN \\_:,« s
OH :
J,, DH OH OH
hY P ‘\\\\\ /j\
XX N - NNy
\\//' \'\!.f \\}/
OH
ok [ H
X \T%ip N L F F
. il AN {),"’ A
F l F \\/ i TF ! \< I{NF
F E F
NH, P,
AN /;f\\ ”F \ f';\‘\\\ /IF

e T{ or X
F
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in yet ancther embodiment, the invention pertains to compounds according o any
one of Formulae | and H or other classes and subclasses described herein, ora
pharmaceutically acceptable sait thereof, wherein R” is -CH,NR®R®. Representative
examples of this embodiment include compounds of Formula |, or of other Fermulae,
classes and subclasses described herein, in which R is:

in yet another embodiment, R is ~CHNR¥S0,)-Cysatkyt or ~CH.NRY(S0,)-Cy.
seycloalkyl, in which alkyl is optionally substituted as defined in Formula {. Representative
examples of this embodiment include compounds of Formula |, or of other Formulae,
classes and subclasses described herein, or a pharmaceutically acceptable salt thereof,
in which R® is:

Q\\Sz? Ci\g? A 859 F

N\, 7 My § RN N S s \\:' TG O /
N , N : N F

AN | \ / N H or N H N\

In yet another embodiment, R® is -NBC{ONR*R® for example:

Ne N
\{fv\,/" N ‘/"‘{

I
in yet another embodiment, R" is -NRYS0,)-C.ralkyl, or NR¥SO,)-Cy soycloalkyl,
in which alkyl is optionally substituted as defined in Formula 1. Represeniative examples

of this embodiment include compounds of Formula |, or of other Formulae, classes and
subclasses described herein, or a pharmaceutically acceptable salt thereof, in which R®

H A I 4\ ,ﬁ
‘\/N‘ o \/N‘\«S ’ X SgT N

A N SN
0 0 , Q 0 ’
P : s
Fale . . " ,/’/\ - S o i
NN \\‘< S5 N NCUsT N
VAN FIAN or SO /NN

o © " o o Q0 g
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In one embodiment, Ris hydrogen, Cqralkyl (e.g.. methyl, ethyl), Crsalkyl
substituted with hydroxy (e.g. hydroxyatkyl), Cqratkyl substituted with Cq.qparyt (e.g.
arvialkyl), Cisalkyl substituted with halogen (e.g. haloalkyl) or Cqyatkyt substifuted with
C-alkoxy (e.g. alkoxyalkyl). In one particular aspect of this embodiment R® is H or
hydroxy-C.yalkyl.

In another embodiment, R® is Cyralkyl or Csacycloalkyl each of which is
independently subsiituted with hydroxy, halegen or Cg jsaryl. Representative examples of
this embodiment include compounds of Formula |, or of other Formulae, classes and
subclasses described herein, or a pharmaceutically acceptable salt thereof, in which R®
is a hydroxy-Cqalkyl or Ceseary-Coyalkyl of the following types:

by e
\,(/\\O /!\ i :

N N N
iH OH H OH
A i |
N X X7 N
\, \
T or
\ ., H OH
< e R s e
¢ ] 5, \(“1 \l ",/ ~ \(/E\\ P x\Qﬁ\
N LA 0
~ ™ F A 5//§5\F
OH
N J\‘\\ f“F
of \’\1 r\\.F
e

In another embodiment, R® is Cy-alkyl substituted with amino {e.g., -NH;, -NH-
Cyratkyl or =N(Cqzalkyl)2), andior halogen. Representative examples of this
embodiment include compounds of Formula |, or of other Formulae, classes and
subclasses described herein, or a pharmaceutically acceptable salt thereof, in which R®
s
. N,

5 /.,j\\ F "\w/i\\ F
A <
E or F

in another embodiment, R" is heterocyclyl, for example:
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in another embodiment, R® is C,.;alky! substituted with C._-atkoxy (alkoxyalkyl).
Representative examples of this embodiment include compounds of Formula |, or of
other Formulae, classes and subclasses described herein, or a pharmaceutically
acceptable salt thereof, in which R® is:

O/’

o o e
\(k | \(i\ . \(/'\\ |

In yet another embodiment, R? is ~CH-NR¥(S0Q,)-Cy-alkyl, in which alkyl is
optionally substituted as defined in Formula |, Representative examples of this
embodiment include compounds of Formula |, or of other Formulae, classes and
subclasses described herein, or a pharmaceutically acceptable sait thereof, in which R®

is:
O\\ f,’(’j Q\\%/;;Q F
. Sa N
X"”\ﬁ/ o or \“ N \éF
' F

In yet another embodiment, R® is ~C{O)C salkyl or ~C{OINRR®. Representative
examples of this embodiment include compounds of Formuda |, or of other Formulae,
classes and subclasses described herein, or a pharmaceutically acceptable salt thereof,
in'which R® is:

O ‘ |
I N VN

X N ' . ’ or
b
|

In yet another embodiment, R® is ~Cqralky-NRAC(0)-C 1 alkyl or ~Cyalkyl-
NR®S{0)-Cyalkyl, in which alkyl is optionally substituted as defined in Formula |. For
example, R® is ~CH(halo-C1,alky)NRPC(0)-Cyralkyl of ~CH(halo-Cy. atkyINR®S{O),C 1.
satkyl. Representative examples of this embodiment include compounds of Formula |, or
of other Formulae, classes and subclasses described herein, or a pharmaceutically
acceptable salt thereof, in which R is:
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In stilt another embediment, examples of R® and R® include G, ;alkyl (&.9. methyl,
ethyl, isopropyl} or hydrogen.

In another embodiment the R'-R® and n variables are those defined by the R'-R*
variables, respectively, in Exampies 1 {o 40 in the Examples section balow.

in ancther embodiment individual compound according to the invention are those
listed in Examples 1 to 40 in the Examples section below, or a pharmaceutically
acceptable salt thereof.

Definition

For purposes of interpreting this specification, the following definitions will apply
uniess 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 {o 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 aloms, and more preferably 1{o 4
carbon atoms. Representative examples of alkyl include methyl, ethyd, n-propyl, iso-
propyl, n-butyl, sec-butyl, iso-butyl, ferf-butyl, n-pentyl, isopentyl, neopentyl, n-hexyl, 3-
methylhexyl, 2,2- dimethyipentyl, 2 3-dimethylpentyl, n-heptyl. The term "Calkyl" refers
to a hydrocarbon having one {o seven carbon atoms. Moreover, the term alkeny! includes
both “unsubstifuted alkyls™ and “substituted alkyls”.

As used herein, the term "haloalky!” refers to an alkyl as defined herein, that is
substituted by one or more halo groups as defined herein. Preferably the haloatkyl can
be monochaloalkyl, dihaloalkyl or polyhaloalkyl including perhaloalkyl. A monchaloalkyl
can have one iodo, brome, chioro or fluoro within the alkyl group. Dihaloalky and
polyhaloalkyl 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
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10, or 8, or 6, or 4, or 3, or 2 halo groups. Representative examples of haloalkyl are
fluoromethyl, diffuoromethyl, triffuoromethyl, chloromethyl, dichloromethyl,
trichioromethyt, pentafluoroethyi, heptaflucropropyl, difluorochloromethyl,
dichlorofluoromethyl, diffuoroethyl, diffuoropropyl, dichlorosthy! and dichioropropyl. A
perhaloalkyl refers to an alkyl having all hydrogen atoms replaced with halo atoms. The
term “halo-C; zalkyl” refers to a hydrocarbon having one to seven carbon atoms and
being substituted by one or more halo groups.

As used hersin, the term “alkoxy” refers to alkyl-O-, wherein alkyl is defined
herein above. Represeniative examples of alkoxy include, but are not limited to,
methoxy, ethoxy, propoxy, 2-propoxy, butoxy, terf-butoxy, pentyloxy, hexyloxy,
cyclopropyloxy-, cyclohexyloxy- and the like. Preferably, alkoxy groups have about 1-7,
more preferably about 1-4 carbons. The term alkoxy include substituted atkoxy.
Examples of substituted alkoxy groups include halogenated alkoxy groups. Examples of
halogen substituted alkoxy groups are fluoromethoxy, diffuoromethoxy, trifluoromethaxy,
chloromethoxy, dichloromethoxy, and trichioromethoxy. The term "Cy-alkoxy" refers to
Cy7alkyi-O-, wherein Cyyalkyl is definad above. Morgover, the term alkoxy includes both
“unsubstituted alkoxy” and “substituted alkoxy”.

The term alkoxyalkyl refers to an atkyl group, as defined above, in which the alkyl
group is substituted with atkoxy. The term also includes substitided alkoxyalkyl moiety.

The term "alkeny!” refers to a branched or unbranched hydrocarbon having at
least one carbon-carbon double hond. The term "C,alkenyl” refers to a hydrocarbon
having two {o seven carbon atoms and comprising at least one carbon-carbon double
bond. Representative examples of alkenyl are vinyl, prop-1-enyl, allyl, butenyi,
isopropenyl or isobutenyl. Moreover, the term alkenyl includes both “unsubstituted
atkenyis” and “substituted alkenyls”.

The term “alkenyoxy” refer to alkenyt-O-~ wherein alkenyl has the definition above.

The term “alkynyl” refers to a branched or unbranched hydrocarbon having at
least one carbon-carbon triple bond. The term "Coy-alkynyl” refers to a hydrocarbon
having two to seven carbon atoms and comprising at least one carbon-carbon triple
bond. Representative examples of alkynyt are ethynyl, prop-1-yny! {propargyl}, butynyl,
isopropynyl or isobutynyl. Moreover, the term alkynyl includes both “unsubstituted
atkynyls” and “substituted alkynyls”.

As used herein, the term "cycloatkyl” refers 1o saturated or partially unsaturated
but non-aromatic monocydlic, bicyclic or tricyctic hydrocarbon groups of 3-12 carbon
atoms, preferably 3-8, or 3-7 carbon atoms. For bicyclic, and tricyclic cycloalkyl system,
all rings are non-aromatic. Exemplary monocyclic hydrocarbon groups include
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cyclopropyl, cyclobutyl, cyclopenty!, cyclopentenyl, cyclohexyl and cyclohexenyt,
Exemplary bicyclic hydrocarbon groups include bornyl, decahydronaphthyl,
bicyclo[2.1.1]hexy!, bicyclof{2. 2. 1Theptyl, bicyclof2.2. 1Theptenyd, bicyclo[2.2.2]octyl.
Exemplary tricyclic hydrocarbon groups include adamantyl. The term "Cyg cycloakyl”
refers o a cychic hydrocarbon groups having 3 to 8 carbon atoms.
The term “cycloalkyialkyl” refers to an alkyl susbtituted with cycloalkyl.

The term “cycloalkylalkyl” refers to an alkyl as defined above substituted with a
cycloakyl as defined above.

The alkyl, alkenyl, alkynyl, alkoxy and cycloatkyl groups may be optionally
substituted with one or more substituents Representative examples of substitutents for
atkyl, atkenyl, alkynyl, alkoxy and cycloatkyl moities are oxo, =S, halogen,
hydroxy, cyano, nitro, alkyl, alkenyl, akynyl, atkoxy, atkenyloxy, alkynyloxy, halogen,
atkylcarbonyl, alkylcarbonyloxy, arylcarbonyl, arylcarbonylaxy, alkoxycarbonyloxy,
aryloxycarbonyloxy, carboxylate, alkylcarbonyl, alkylaminoacarbonyl,
dialkylaminocarbonyl, arvialkyl, heteroarylalkyl, heterocyclylalkyl, aminocarbonyl,
alkenylaminocarbonyl, alkoxycarbonyl, alkylcarbonyl, dialkylaminocarbonyl, arylcarbonyl,
arylalkylcarbonyl, alkenylicarbonyl, alkoxycarbonyl, alkylcarbonylamino,
alkylearbonylaikylamino, aminocarbonyl, alkylthiocarbonyl, phosphate, phosphonato,
phosphinato, amino {including alkyl amino, dialkylamino, arylamino, diarylamine, and
atkylarylamino), acylamine (including alkylcarbonylamine, arylcarbonylamine, carbamoyl
and ureido), amidino, imino, aminosulfonyl, alkylsulfonyl, arylsutfonyl, sulfhydryl,
atkyithio, arylthio, thiocarboxylate, sulfates, alkylsulfinyl, sulfamoyl, sulfonamido,
heterocyclyl, oran aromatic or heteroaromatic moiety, wherein each of the afore-
mentioned hyrdorcarbon groups may be optionally substituted with one or more halogen,
hydroxy or Cy salkoxy groups.

The term "aryl" refers to monocyclic or bicyclic aromatic hydrocarbon groups
having 6-20 carbon atoms in the ring portion. Preferably, the aryl is a (Csqcaryl). The
term aryl also refers to a group in which an aromatic ring is fused to one or more
cycloalkyl rings, where the point of attachment is on the aromatic ring or on the fused
cycloalkyl ring. Representative examples of aryl are phenyl, naphthy!, anthracyl,
phenanthryl or tetrahydronaphthyl. The term "Ce g aryl” refers to an aromatic
hydrocarbon groups having 6 {o 10 carbon atoms in the ting portion. Moreover, the term
aryl includes both “unsubstituted aryl” and "substituted aryl”.

The term "arylalkyl” is an alky! substituted with aryl. Representative examples of
arylatkyl are benzyl or Phenyl-CH,CH,-. The term also includes substituted arylalkyl
moiety:
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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
heteroatoms is selected from O, N or 8. For bicyclic heteroary] system, the system is
fully aromatic (i.e. all rings are aromatic).

Typical menocychic heteroaryl groups include thienyl, furyl, pyrrolyl, imidazolyi,
pyrazolyl, thiazolyl, iscthiazolyl, 1, 2, 3-oxadiazolyl, 1,2,4-oxadiazolyl, 1,2,5-oxadiazolyl,
1.3.4-oxadiazolyl, 1.2,3-thiadiazolyl, 1,2 4-thiadiazolyl, 1,2,5-thiadiazoly, 1,3,4-
thiadiazolyl, isothiazol-3-yl, isothiazol-4-yl, isothiazol-5-yl, oxazol-2-yi, oxazol-4-yi,
oxazol-5-yi, isoxazol-3-yl, isoxazol-4-yvl, isoxazol-5-yl, 1,2 4-triazol-3-yi, 1,2 4-triazol-5-yi,
1,2, 3-triazol-4d-yl, 1,2, 3-triazol-5-yl, tetrazolyl, pyrid-2-yi, pyrid-3-yl, or pyridyl-d-yl,
pyridazin-3-yl. pyridazin-4-yi, pyrazin-3-yl, 2-pyrazin-2-yi, pyrazin-d-yl, pyrazin-5-yi, 2-, 4-,
or 5-pyrimidin-2-yl, pyrimidin-4-yi, pyrimidin-5-yl. The term “heteroaryl” also refers to a
group i which & heteraaromatic ring is fused to one or more aryl, cycloaliphatic, or
heterocyclyl rings, where the radical or paint of atachiment is an the heteroaromatic ring
or on the fused aryl, cycloaliphatic or heterocyelyl rings. Representative examples of
bicyclic heteroaryl are indolyl, iscindelyl, indazolyl, indolizinyl, purinyl, quinolizinyl,
quinolinyl, isoquinaliny, cinnolinyl, phthalazinyl, naphthynidinyl, quinazoliny, quinaxalinyl,
phenanthridinyl, phenathrolinyl, phenazinyl, phencthiazinyl, phenoxaziny,
benzisoginolinyl, thieno{2,3-bifuranyl, furo{3,2-b}j-pyranyl, 5H-pyrido[2.3-d}-o-oxazinyl,
1H-pyrazolo{4,3-d}j-oxazolyl, 4H-imidazo{4,5-d] thiazolyl, pyrazino[2, 3-d]pyridazinyl,
imidazo[2,1-b] thiazolyl, imidazo{1,2-b][1,2,4]tviazinyl, 7-benzo[bithienyl, benzoxazolyl,
benzimidazolyl, benzothiazolyl, benzoxapinyl, benzoxazinyl, 1H-pyrrolo[1,2-
bli2ibenzazapinyl, benzofuryl, benzothiophenyl, benzotriazolyl, pyrroio]2, 3-bipyridiny,
pyrrolaf3,2-clpyridiny, pyrroto]3,2-clpyridinyl, pyrrolo[3,2-blpyridiny, imidazo[4,5-
blpyridiny, imidazo{4,5-clpyridinyl, pyrazolof4, 3-djpyridiny, pyrazolo{4,3-clpyridinyl,
pyrazolof3,4-clpyridinyt, pyrazolo{3 4-djpyridinyl, pyrazolof3,4-blpyridinyl, imidazo[1,2-
ajpyridinyl, pyrazolo[1,5-alpyridiny!, pyrrolof1.2-blpyridazinyl, imidazo[1,2-clpyrimidinyl,
pyrido[3. 2-dipyrimiding, pyrido{4,3-dlpyrimidinyl, pyrido[3,4-djpyrimidiny, pyridol2 3~
dipyrimidingd, pyrido{2,3-bjpyrazinyl, pyrido[3,4-blpyraziny!, pyrimido{5, 4-djpyrimidinyi,
pyrazino[2,3-blpyraziny, or pyrimidold, 5-d]pyrimidinyl.

The term “heteroarylakyl” refers {0 alkyl substituted with heteroaryl. The term aiso
includes substituted heteroarylalkyl molety.

The aromatic ring of an “aryl” or “heteroaryl” group can be substituted at one or
more ring positions with such substituents as described above, as for example, halogen,
hydroxy, cyano, nitro, alkyl, atkenyt, akynyl, alkoxy, alkenyioxy, alkynyloxy, halogen,
alkylcarbonyl, alkylearbonyloxy. arylcarbonyl, arylcarbonyloxy, atkoxycarbonyloxy,
aryloxycarbonyloxy, carbaxylate, alkyicarbonyl, alkylaminoacarbonyl,



WO 2010/130773 PCT/EP2010/056529
15

diatkylaminocarbonyl, arylalkyl, heteroarylalkyl, heterocyclylatkyl, aminocarbonyl,
alkenylaminocarbonyl, alkoxycarbonyl, alkylcarbonyl, dialkylaminocarbonyl, arylcarbonyl,
arylatkylcarbonyl, alkenylcarbonyi, atkoxycarbonyl, atkylcarbonylamino,
alkylcarbonylalkylamine, aminocarbonyl, alkyithiocarbonyl, phosphate, phosphonaio,
phosphinato, amino (including atkyl aming, dialkylamino, arylamino, diarylamino, and
alkylarylamine}, agylamino (including atkylcarbonylamino, aryicarbonylamino, carbamoyl
and ureido), amidino, imino, aminosulfony, alkylsulfonyl, arylsulfonyl, sulfhydryl,
alkylthio, aryithio, thiocarboxylate, suifates, alkylsulfinyl, sulfamoyl, sulfonamido,
heterocyclyl, or an aromatic or heteroaromatic moiety, wherein each of the afore-
mentioned hyrdorcarbon groups may be optionally substifuted with ong or more halogen,
hydroxy or Cqyalkoxy groups.

As used herein, the term “heterocyciyl” or “heterocyclo” refers to a saturated or
unsaturated non-aromatic ring (parially unsaturated) or ring system, e.¢.. which is a 4+,
5-, B~, or 7-membered monocyclic, 7-, 8-, 9-, 10-, 11-, or 12-membered bicyclic or 10-,
11~ 12+, 13-, 14~ or 15-membered tricyclic ring system and contains at least one
heteroatom selected from O, S and N, where the N and S can also optionally be oidized
to various oxidation states. For bicyclic and tricyclic heterccyclyl ring system, a non-
aromatic ring system is defined as being a non-fully or pariially unsaturated ring system.
Therefore bicyclic and tricyclic heterocyciyl ring systems includes heterocyclyl ring
systems wherein one of the fused rings is aromatic but the other(s) is (arg} non-aromatic.
in one embodiment, heterocychyl meiely represents a saturated monocyclic ring
containing from 5-7 ring atoms and oplionally containing a further heteroatom, selected
from Q, § 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.
Examples of heterocycles include dihydrofuranyl, dioxolany!, dioxanyl, dithiany,
piperazinyl, pyrrotidine, dihydropyranyl, oxathiolanyl, dithiclane, oxathianyl,
thiomorphoelino, oxiranyl, aziridinyl, oxetanyl, oxepanyl, azetidinyl, tetrahydrofuranyl,
tetrahydrothiophenyt, pysroliding, tetrahydropyranyl, piperidinyl, morpholino, piperazinyt,
azepinyl, oxapinyl, oxaazepanyl, oxathianyl, thiepanyl, azepanyl, dioxepanyl, and
diazepanyl.

The term “heterocyclyl” includes heterocyclic groups as defined herein substituted
with 1, 2 or 3 substifuents such as alkyl, hydroxy (or protected hydroxy), halo, oxo (e.g.,
=), amino, alkkylamino or dialkylamino, atkoxy, cycloatkyl, carboxyl, heterocyclooxy,
wherein heterocyclooxy denotes a heterocyclic group bonded through an oxygen bridge,
atkyl-O-C(O)--, mercapto, nitro, cyane, sulfamoy! or sulfonamide, aryl, alkyl-C(O}O--,
aryl-C{O3-0O--, aryt-S-, aryioxy, alkyl-S-, formyl {e.g., HOO)--}. carbamoyl, arylalkyl-,
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and aryl substituted with alkyl, cycloalkyl, atkoxy, hydroxy, amino, alikyt-C{QO)-NH--,
atkylamino, dialkylamino or halogen.

The term “heterocyclylalkyl” is an atkyl substitited with heterocyclyl. The term
include substituted heterocyciylalkyl moiety.

The term “acyl” includes compounds and moieties which contain the acyl radical
{CH;CO-) or a carbonyl group. It includes substituted acyl moieties. The term
“sutbstituted acyl” includes acyl groups where one or more of the hydrogen atoms are
replaced by for exampie, alkyl groups, alkynyl groups, halogens, hydroxy,
atkylcarbonyloxy, aryicarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate,
atkylcarbonyl, arylcarbonyl, alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyi,
dialkylaminocarbonyl, alkyithiocarbonyl, alkoxy, phosphate, phosphonate, phosphinato,
cyano, amino (including atkyl amino, dialkyfamine, arylamine, digrylamino, and
atkylarytamino), acylamine (including alkylcarbonylamino, arylcarbonylamino, carbamoyl
and ureido), amiding, imino, sulfhydryl, alkylthio, aryithio, thiocarboxylate, sulfates,
atkylsulfiny, sulfonato, sulfonyl, sulfamoyt, sulfonamido, nitr, triflucromethyl, cyano,
azido, heterocyclyl, alkylaryl, or an aromatic or heteroaromatic moiety.

The term “acylamino” includes moieties wherein an acyl moiety is bonded {o an
amino group. For example, the term includes alkylcarbonylamino, aryicarbonylaming,
carbamoy! and ursido groups.

The term “aroyl® includes compounds and moieties with an aryl or hetercaromatic
moiety bound to a carbonyl group. Examples of aroyl groups include phenyicarboxy,
naphthyl carboxy. The term also includses substifuted aroyl moieties. The term
“substituted aroyl” includes aroyl groups where one or more of the hydrogen atoms are
replaced by for example, halogen, hydroxy, cvano, nifro, atkyl, alkenyl, akynyi, alkoxy,
atkenyloxy, alkynyloxy, halogen, alkylcarbiony!, alkytcarbonyloxy, arylcarbonyt,
arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate, atkylcarbonyl,
alkylaminoacarbonyl, dialkylaminocarbonyl, arylalkyl, heteroarylatkyl, heterocyclylalkyl,
aminocarbonyl, atkenylaminocarbonyl, alkoxycarbony, alkylcarbonyl,
diatkylaminocarbonyi, arylcarbonyl, arylatkylcarbonyl, alkenyicarbonyl, alkoxycarbonyi,
alkylcarbonylamine, atkylcarbonylalkylaming, aminocarbonyl, alkylthiocarbonyl,
phosphate, phosphonato, phosphinato, amino (including alkyl amino, diatkylamine,
arylamine, diarylamino, and alkylarylamine), acytamino (including alkylcarbonylamina,
arylcarbonylamino, carbamoyi and ureido), amiding, imino, aminosulfonyl, alkyisulfonyl,
arylsulfonyl, sulfhydeyt, alkylthio, aryithio, thiocarboxylate, sulfates, alkylsulfinyl,
suifamoyi, sulfonamido, heterccyclyl, or an aromatic or heteroaromatic moiety, wherein
each of the afore-mentioned hyrdorcarbon groups may be optionally substituted with one

or more halogen, hydroxy or Cysalkoxy groups.
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The terms “alkoxyalkyl,” include alkyl groups, as described above, in which the
atkyl group is substituted with an alkoxy as defined above. The term includes substituted
atkoxyalkyt moiety.

The term "hydroxyalkyl” refers to alky! groups, as decribed above, in which the
alkyl group is substitited with a hydroxy. The term includes substituted hydroxyalkyl
moisty,

The term “hydroxycycioalkyl” refers fo a cycloalkyl, as described above, in which
the cycloalkyl is substituted with hydroxy. The term includes substifuted
hydroxyeycloalkyl moiety.

The term “hydroxycycloatkylatkyl® refers to a cycloatkylalkyl, as defined above, in
which the cycloalkylakyl is substituted with hydroxy. The term includes susbtituted
hydroxyeyctoalkylatkyl moiety.

The term “carbamoyl” includes HNC(O)-, atkyl-NHC{O)-, (atkyl),NC(O)-, aryl-
NHC(Q}-, alkyl{aryl}-NC{Q}-, heteroary-NHC{O)-, alkyl{heteroaryl}-NC{O)-, aryi-alkyl-
NHC(O}-, alkyl{aryl-atkyh)-NC(O)-. The term includes subsiifuted carbamoyl moieties.

The term “sulfonyl” includes R-SO,—, wherein R is hydrogen, alkyl, aryi,
heteroaryl, aryl-atkyl, heteroaryl-alkyl, alkoxy, aryloxy, cycloalkyl, or heterocyclyl.

The term “suifonamide” includes alkyl-S{Q)-NH-, aryl-S{0}:-NH-, aryl-atkyl-
S{O)s-NH-, heteroaryl-8(0),-NH-, heteroaryt-alkyl-S(0)s-NH-, alkyt-S{0),-N{atky))-, aryl-
S(O)+N{alkyl}-, aryl-alkyl-S{O),-N{alkyl)-, heteroaryh-S(0)~N{alkyl)-, heteroaryt-alkyl-
S{O)-N{alkyl)~. The term includes substituted carbamoyl moieties

The term “suffamoyl” includes HaNS(O)z+, alkyl-NHS(O),-, (alky):NS(O),-, aryl-
NHE{D),-; atkyl{ary))-NS{Q},~, (aryl};NS(Q);-, heteroaryl-NHS{O)s-, (aryl-alky)-NHS{Q).-,
{heteroaryl-alky)-NHS(O};~. The term inciudes substituted sulfamoy! moigties.

The term "aryloxy” includes an ~-Q-aryl, wherein aryl is defined herein. The term
includes substifuted aryloxy moieties.

The term "heteroaryloxy” includes an --O-heteroaryt moiety, wherein heteroary! is
defined herein. The term includes substituted hetercaryloxy moieties.

The term heterocyclyloxy includes an --O-heterocyclyl, wherein heterocyciyl is
defined hergin. The {ferm includes substituted heterocyclyloxy moleties.

The term “amine” or "amino” includes compounds where a nitrogen atom is
covalently bonded to at least one carbon or hetercatom. The term "amine” or “aming”
also includes ~-NH; and also includes substituted moieties, The term includes “alkyl
aming” which comprises groups and compounds wherein the nitrogen is bound to at
least one additional alkyl group. The term includes “dialkyl amino” groups wherein the
nitrogen atom is bound to at least two additional independently selected alkyl groups.
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The ferm includes “arylamino” and “diarylamino” groups wherein the nitrogen is bound to
at least one or two independently selected aryl groups, respectively.
The term “amide,” "amido” or “aminocarbony!” includes compounds or moieties
which contain a nitrogen atom which is bound to the carbon of a carbonyl or a
thiocarbonyl group. The term includes “alkaminocarbonyl” or “alkylaminocarbonyl”
groups which include alkyl, alkenyl, aryl or alkyny! groups bound to an amino group
bound to a carbonyl group. It includes arylaminocarbonyl and aryicarbonylamine groups
which include aryl or heleroaryl moieties bound {o an amino group which is bound to the
carbon of a carbonyl or thiocarbonyl group. The terms "alkylaminocarbonyl”

B4

“atkenylaminocarbonyl,” “alkynylaminocarbonyl,” “arylaminocarbonyl,”

o,

"atkylcarbonylamine,” “alkenyicarbonylamine,” “alkynylcarbonylamine,” and
“arylcarbonylamino” are included in term "amide.” The term “amide,” "amido” or
“aminocarbonyl” also includes substituted moleties.

The term “carbonyl” inclides compounds and moieties which comtain a carbon
connected with a double bond to an oxygen atom. The carbonyl can be further
substituted with any molety which allows the compounds of the invention to perfomm its
intended function. For example, carbonyl moieties may be substituted with alkyls,
alkenyls, atkynyis, arvls, alkoxy, aminos, ete. Examples of moieties which contain a
carbonyl include aldehydes, ketones, carboxylic acids, amides, eslers, anhydrides, elc.

The term “thiocarbonyl” or "thiocarboxy” includes compounds and moleties which
contain a carbon connected with a double bond to a sulfur atom. The term also includes
substituted moieties.

The term “sther” includes compounds or moisties which contain an oxygen
bonded to two different carbon atoms or heteroatoms. For example, the term includes
“alkoxyatkyl” which refers to an alkyl, alkenyl, or alkynyi group covalently bonded to an
oxygen atom which is covalently bonded to another alkyl group. The term also includes
substituted moieties.

The term “ester” includes compounds and moieties which contain a carbon ora
heteroatom bound {o an oxygen atom which is bonded to the carbon of a carbonyl group.
The term “ester” includes alkoxycarboxy groups such as methoxycarbonyl,
sthoxycarbonyl, propoxycarbonyl, butoxycarbonyl, pentoxycarbonyl, etc. The alkyl,
alkenyl, or alkynyl groups are as defined above. The term also includes substituted
moieties.

The term “thioather” includes compounds and moisties which contain a sulfur
atom bonded 1o two different carbon or hetero atoms. Examples of thioethers include,
but are not limited to alkthioalkyls, alkthioalkenyis, and alkthioalkynyls. The {erm
“atkthicalkyls” include compounds with an alkyl, atkeny!, or alkynyi group bonded to a
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sulfur atom which is bonded to an alkyl group. Similarly, the term “alkthicalkenyls” and
alkthioalkynyls” refer to compounds or moieties wherein an alkyl, alkenyl, or alkynw
group is bonded to a suifur atom which is covalently bonded to an alkynyl group. The
term also includes substituted moieties.

The term “hydroxy” or “hydroxyl” includes groups with an ~OH.

The term “halogen” includes flucrine, bromine, chlorine, ioding, ete. The term
‘perhalogenated” generally refers to a moilety wherein all hydrogens are replaced by
halogen atoms,

The terms "polycyelyl” or “polyeyclic radical” refer to two or more cyclic rings (e.g.,
cycloalkyls, cycloalkenyls, cycloatkynyls, aryls and/or heterocyclyls) in which two or more
carbons are commeon to two adjoining rings, €.¢., the rings are “fused rings.” Rings that
are joined through non-adjacent atoms are termed “bridged” rings. Each of the rings of
the polycycle can be substituted with such substituents as described above, as for
example, halogen, hydroxy, alkylcarbonyloxy, arylcarhonyloxy, alkoxycarbonyloxy,
aryloxycarbonyloxy, carboxylate, alkylcarbonyl, alkoxycarbonyl, alkylaminoacarbonyl,
arylalkylaminocarbonyl, alkenylaminocarbonyl, alkylcarbonyl, arylcarbonyl, aryialky!
carbonyl, atkenylcarbonyl, aminocarbonyl, alkyithiocarbonyl, alkoxy, phosphate,
phosphonato, phosphinato, cyano, amide, aming (including alkyl amino, dialkylamino,
arylamino, diarylamino, and atkylarylaming), acylamine (including alkylearbonylamino,
arylcarbonylamino, carbamoyl and ureide), amiding, imino, sulfhydry, alkylthio, arylthio,
thiccarboxylate, sulfates, alkyisulfing, sulfonato, sulfamoyl, sulfonamido, nitro,
trifluoromethyl, cyano, azido, heterocycliyl, alkyl, atkylaryl, or an aromatic or
hetergaromatic moiety.

The term “heteroatom” includes atoms of any element other than carbon or
hydrogen. Preferred heteroatoms are nitrogen, oxygen and sulfur.

it will be noted that the structure of some of the compounds of this invention
includes asymmelric carbon atoms, }is to be understood accordingly that the isomers
arising from such asymmetry (e.¢., all enantiomers and diastereomers) are included
within the scope of this invention, unless indicated otherwise. Such isomers can be
obtained in substantially 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 oplical isomer” or "a stereoisomer” refers to any of the
various stereo isomeric configurations which may exist for a given compound of the

present invention and includes geometric isomers. it is understood that a substituent
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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. "Diasterecisomers” are sterecisomers 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 sterecchemistry at each chiral carbon may be
specified by either R or 8. 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 line. Certain of
the compounds described herein corttain one or more asymimetric centers and may thus
give rise to enantiomers, diastereomers, and other stersoisomeric forms that may be
definad, in terms of absolute stersochemistry, as (R)- or (S)-. The present invention is
meant {o include all such possible isomers, including racemic mixtures, optically pure
forms and intermediate mixtures. Optically active (R)- and (S)- isomers may be prepared
using chiral synthons or chiral reagents, or resolved using conventional techniques. If
the compound contains a double bond, the substituent may be E or Z configuration. If
the compound containg a disubstituted cycloalkyl, the cycloalkyl 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 enantiomericatly enriched, for example the (R)-,
{8} or (K, 5}~ configuration.  in certain embodiments, each asymmetric atom has at least
50 % enantiomeric excess, at least 60 % snantiomeric excass, at least 70 %
enantiomeric excess, at least 80 % enantiomeric excess, at least 90 % enantiomeric
excess, at least 956 % enantiomeric excess, or at least 89 % enantiomeric excess in the
(R)~ or {S)- configuration. Substituents at atoms with unsaturated bonds may, if possible,
be prasent in ¢cis- (£)- or trans- (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 (¢is or trans) isomers,
diastersomers, optical isomers (antipodes}, racemates or mixtures thereof.

Any resulting mixtures of isomers can be separated on the basis of the
physicochemical differences of the constituents, into the pure or substantially pure
geometric or optical isomers, diastereomers, racemates, for example, by

chromatography and/or fractional crystallization.
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Any resulting racemates of final products or intermediates can be resolved into
the optical antipodes by known methods, e.q., by separation of the diastereomeric saits
thereof, obtained with an optically active acid or base, and liberating the oplically actlive
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
crysiaifization of a salt formed with an optically active acid, e.g., tartaric acid, dibenzoyl
tartaric acid, diacetyt tartaric acid, di-O, Otp-toluoyt tartaric acid, mandelic acid, matic
acid or camphor-10-sulfonic acid. Racemic products can also be resclved by chiral
chromatography, &.¢., high pressure liguid chromategraphy (HPLC) using a chiral
adsorbent

As used herein, the term “pharmaceutically acceptable salts” refers to salis that
retain the biological effectiveness and properties of the compounds of this invention and,
which are not biclogically 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 amine and/or carboxy! 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, ciirate, edisylate, esylate, formate, fumarate, gluceptate, gluconate,
glucuronate, hexafluorophosphate, hibenzate, hydrochioride/chioride,
hydrobromide/bromide, hydroiodidesicdide, isethionate, lactate, malate, maleate,
malonate, mesylate, methylsulphate, naphthylate, 2-napsylate, nicotinate, nitrate,
orotate, oxalate, palmitate, pamoate, phosphate/hydrogen phosphate/dihydrogen
phosphate, saccharate, stearate, succinate, tartrale, {osylate and trifluorcacetate salls.
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 salts can be derived include, for example, acetic acid, propionic acid, glycolic
acid, pyruvic acid, oxalic acid, maleic acid, malonic acid, succinic acid, fumaric acid,
tartaric acid, cifric acid, benzoic acid, cinnamic acid, mandelic acid, methanesulifonic
acid, ethanesuifonic acid, p- toluenesulfonic acid, salicylic acid, and the like.
Pharmaceutically acceptable base addition salts can be formed with inorganic and
organic bases. [norganic bases from which salts can be derived include, for example,
sadium, potassium, lithium, ammonium, calcium, magnesium, iron, zinc, copper,
manganese, aluminum, and the like; particudarly preferred are the ammonium,
potassium, sodium, calcium and magnesium salls. Organic bases from which salts can
he denved include, for example, primary, secondary, and tertiary amines, substituted
amines including naturally occurring substiiuted amines, cyclic amines, basic ion

exchange resins, and the like, specifically such as isopropylamine, trimsthylamine,
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diethylamine, triethylamine, tripropylamine, and ethanolamine. The pharmaceutically
acceptable salts of the present invention can be synthesized from a parent compound, a
basic or acidic moigly, by conventional chemical methods. Generally, such salts can be
prepaved 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 tike), or by reacting free base forms of these compounds with a stoichismetric
amount of the appropriate acid. Such reactions are typically carried out in water or in an
organic solvent, or in a mixture of the two. Generally, non-aqueous media like ether,
ethyl acetate, ethanol, isopropanol, or acetoniirile are preferred, where practicable. Lists
of additional suitable salts can be found, e.¢., in "Remington'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 alsc intended to represent uniabeled forms as welt as
isotopically labeled forms of the compounds. For example, any hydrogen represented by
“H" in any of the fermulae 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 all isotopic forms of carbon {e.g. "'C, *C, ™C); any nitrogen
represented by “N” is intended to represent all isotopic forms of nitrogen (e.g. "N, ™).
Other examples of isotopes that are included in the invention include isotopes of oxygen,
sulfur; phosphorous, flucrine, iodine and chiorine, such as '°F ¥'P, P %5, *CI, . The
fnvention includes various isotopically labeled compounds as defined herein, for example
thase into which radicactive isotopes, such as °H, '*C, and 'C are present. In one
embodiment, the atoms in the formulae herein occur in their natural abundance. in
another embodiment, one or more hydrogen atem 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
he enriched in “*N. Such isotopically labelled compounds are useful in metabolic studies
(with “C). reaction kinetic studies (with, for example ®H or *M), detection or imaging
technigues, such as positron emission tomography (PET) or single-photon emission
computed tomography (SPECT) including drug or substrale tissue distribution assays, or
in radicactive treatment of patienis. In particular, an **F or labeled compound may be
particutarly desirable for PET or SPECT studies. Isotopically {abeled compounds of this
invention and prodrugs thereof can generally be prepared by carrying out the procedures
disclosed in the schemes or in the examples and preparations described below by
substituting a readily available isotopically labeled reagent for a non-isotopically labeled

reagent.
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Further, enrichment with heavier isotopes, particularly deuterium (ie., *H or D)
may afford certain therapeutic advantages resulting from greater metabolic stability, for
example increased in vivo half-life or reduced dosage reguirements or an improvement in
therapeutic index. It is understood that deuterium in this context is regarded as a
substituent of a compound according fo any one of the formulae | to HlL The
concentration of such a heavier isotope, specifically deuterium, may be defined by the
isotopic enrichment factor. The term “isotopic enrichment factor” as used hersin means
the ratic between the isotopic abundance and the natural abundance of a specified
isotope. if g substituent in a compound of this invention is denoted deuterium, such
compound has an isotopic envichment factor for each designated deuterium afom of at
least 3500 (52.5% deuterium incorporation at each designated deuterium atom), af least
4000 (60% deuterium incorporation), at least 4500 (67.5% deuterium incorporation), at
least 5000 (75% deuterium incorporation), at least 5500 (82.5% deuterium
incarporation), at least 6000 (90% deuterium incorporation), at least 6333.3 (95%
deuterium incorporation), at least 6466.7 (97% deuterium incorporation), at least 6600
{98% deuterium incorporation), or at least 8633.3 (89.5% deuterium incarporation).
Isotopically-enriched compounds according to any cne of formulae | o Il can generally
be prepared by conventional techniques known to those skilled in the art or by processes
analogous to those described in the accompanying Examples and Preparations using an
appropriate isotopically-enriched reagent in place of the non-enriched reagent previously
employed.

Pharmaceutically acceptable solvates in accordance with the invention include
those wherein the solvent of crystallization may be isctopically substituted, e.g. [0, dys-
acetone, de~-DMSO.

Compounds of the invertion, L.e. compounds of formula | 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-crysials may be prepared
from compounds of formula | by known co-crystal forming procedures. Such procedures
include grinding, heating, co-subliming, co-meliing, or contacting in solution compounds
of formula lwith the co-crystal former under crystaliization 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 comp%ising a compound
of formula L

As used herein, the {erm "pharmaceutically acceptable carrier” includes any and
all solvents, dispersion media, coatings, surfactants, antioxidants, preservatives (e.q.,

antibacterial agents, antifungal agents), isotonic agents, absorption defaying agents,
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salls, preservatives, drugs, drug stabilizers, binders, excipients, disintegration agents,
lubricants, sweetening agents, flavoring agents, dyes, such like materials and
combinations thereof, as would be known to one of ordinary skilf in the art (see, for
exampie, Remington's Pharmaceutical Sciences, 18th Ed. Mack Printing Company,
1890, pp. 1289- 1329). Except insofar as any conventional carmier is incompatible with
the active ingredient, its use in the therapeutic or pharmaceutical composifions is
contemplated.

The term "a therapeutically effective amount” of a compound of the present
invention refers to an amount of the compound of the present invention that will elicit the
biclogical 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 dissase, efc. In one non-limiting embodiment, the
term “a therapeutically effective amount” refers to the amount of the compound of the
present invention that, when administered fo 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 aldostercne synthase and/or CYP1181, or (i) associaled with
aldosterone synthase and/or CYP1181 activity, or (1)) characterized by abnormal activity
of aldosterone synthase and/or CYP11B1; or (2) reduce or inhibit the activity of
aldosterone synthase and/or CYP11B1,; or (3) reduce or inhibit the expression of
aldosterone synthase and/or CYP11B1. In ancther non-limiting embodiment, the term “a
therapetdically 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-ceflular bhislogical
material, or a medium, is effective to at least partially reducing or inhibiting the activity of
aldosterone synthase and/or CYP1181; or at least partially reducing or inhibiting the
expression of aldosterone synthase and/or CYP118B1.

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

As used herain, 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 {L.e., stowing or
arresting or reducing the development of the disease or at least one of the clinical
symptoms thereof). In ancther embodimeant "treating” or "treatment” refers to alleviating
or ameligrating at least one physical parameter including those which may notbe
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discernible by the patient. In yet another embodiment, “reating” or "treatment” refers to
modulating the disease or disorder, either physically, (e g., stabilization of a discernible
symptomy), 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 disease 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 plural unless otherwise indicated herein or clearly
contradicted by the context.

All methods described herein can be performed in any suitable order unless
otherwise indicated herein or otherwise clearly contradicted by context. The use of any
and all examples, or exemplary language (e.g. "such as”) provided hersin is intended
merely {o better ifluminate 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.q., zwitterionic
molecules.

The present invention also provides pro-drugs of the compounds of the present
invention that converts in vivo to the compounds of the present invention. A pro-drug is
an active or inactive compotnd that is modified chemically through in vivo physiological
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 technigues
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 Chemistry, Ch. 31-32 (Ed,
Wermuth, Academic Press, San Diego, Calif., 2001). Generally, bioprecursor prodrugs
are compounds, which are inactive or have low activity compared to the corresponding
active drug compound, that contain one or more protective groups and are converted to
an active form by metabolism or solvolysis. Both the active drug form and any released
metabolic products should have acceptably low toxicity.

Carrier prodrugs are drug compounds that contain a transport moiety, e.g., that
improve uptake andfor focalized delivery to a site(s) of action. Desirably for such a
carrier prodrug, the linkage between the drug moisty and the transport moisty is a
covatent 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 transport
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moisty is infended to enhance uptake, typically the release of the fransport molety should
be rapid. In other cases, it is desirable to utilize a moiety that provides slow release,
g.g., certain polymers or other moieties, such as cyclodextrins. Carrier prodrugs can, for
example, be used to improve one or more of the following properties: increased
ipophiticity, increased durafion of pharmacological effects, increased site~-specificity,
decreased toxicity and adverse reactions, andfor improvement in drug formulation (e.g.,
stability, water solubility, suppression of an undesirable organoleptic or physiochemical
property). For example, lipophilicity can be increased by esterification of (2) hydroxyl
groups with lipophitic carboxylic acids {e.g., a carboxylic acid having at least one
lipophilic moiety}, or (b) carboxylic acid groups with lipophitic alcohols {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 hersin. Preferred are pharmaceudically acceptable ester derivatives
convertible by solvolysis under physiological conditions fo the parent carboxylic acid,
g.4., lower alkyl esters, cycloalkyl esters, lower atkeny! esters, benayl esters, mono- or
di-substituted lower alkyl esters, such as the o~{amino, mono- or di-lower alkylamino,
carboxy. lower atkoxycarbonyi}-lower atkyl esters, the o-(lower atkanoyloxy, lowser
alkoxycarbonyl or di-tower alkylaminocarbonyl}-lower atkyl esters, such as the
pivaloyloxymethyl ester and the like conventionally used in the art. in addition, amines
have been masked as arylcarbonyloxymethyl substituied derivatives which are cleaved
by esterases i 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 Neacyloxymethyl groups
(Bundgaard, Design of Prodrugs, Elsevier {1985)). Hydroxy groups have been masked
as esters and ethers. EP 038,051 {Sloan and Liftle) discloses Mannich-base hydroxamic
acid prodrugs, thelr preparation and use.

Furthermore, the compounds of the present invention, including thelr salls, can
also be obtained in the form of their hydrates, or include other sclvents used for their
crystallization.

GENERAL SYNTHETIC ASPECTS
Within the scope of this text, only a readily removable group that is not a

constituent of the particular desired end product of the compounds of the present
invention is designated a "protecting group”, unless the context indicates ctherwise. The
protection of functional groups by such protecting groups, the protecting groups

themselves, and their cleavage reactions are described for example in standard
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reference works, such as J. F. W. McOmie, "Protective Groups in Organic Chemistry”,
Plenum Press, London and New York 1873, in T. W. Greene and P. G. M. Wauts,
"Protective Groups in Organic Synthesis”, Third edition, Wiley, New York 1999,

Salts of compounds of the present invention having at least one salt-forming
group may be prepared in a manner known per se. For example, salts of compounds of
the present invention having acid groups may be formed, for example, by treating the
compounds with metal compounds, such as alkali metal salts of suitable organic
carboxytic acids, e.g. the sodium salt of 2-ethylhexanoic acid, with erganic atkali 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 ammonia or a suitable organic
amine, stoichiometric amounts or only a small excess of the salt-forming agent preferably
being used. Acid addition salis 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, e.g. a free carboxy group and a free amino group, may be
formed, e.g. by the neutralisation of salts, such as acid addition salts, to the iscelectric
point, e g. with weak bases, or by treatment with ion exchangers.

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

Mixtures of isomers obtainable according to the invention can be separated in a
manner known per se into the individual isomers; diasteresisomers can be separated, for
example, by partitioning between polyphasic solvent mixtures, recrystallisation andfor
chromatographic separation, for example over silica ge!l or by e g. medium pressure
hiquid chromatography over a reversed phase column, and racemates can be separated,
for example, by the formation of salts with optically pure sali-forming reagents and
separation of the mixture of diasterevisomers so obtainable, for example by means of
fractional crystallisation, or by chromatography over optically active column materials.

Intermediates and final products can be worked up and/or purified according to
standard methods, .¢g. using chromatographic methods, distribution methods, (re-)
crystaflization, and the like.

The following applies in general {o gl processes mentioned herein before and
hereinafter.

Al 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
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or difuents that are inert towards the reagents used and dissolve them, in the absence or
presence of catalysts, condensation or neutralizing agents, for example ion exchangers,
such as cation exchangers, e.g. in the H+ form, depending on the nature of the reaction
and/or of the reactants at reduced, normal or elevated temperature, for example in a
temperature range of from about -100 °C to about 190 °C, including, for example, from
approximately -80 °C to approximately 150 °C, for example at from -80 to -80 °C, at room
temperature, at from -20 to 40 °C or at reflux temperature, under atmospheric pressure
or in a closed vessel, where appropriate under pressure, and/or in an inert almosphere,
for example under an argon or nifrogen atmosphere,

At all stages of the reactions, mixtures of iscmers that are formed can be
separated info the individual isomers, for example diasterecisomers or enantiomers, or
into any desired mixtures of isomers, for example racemates or mixtures of
diastersoisomers, for example analogously {o 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,
gsters, such as lower alkyl-lower atkanoates, for example ethyl acetate, ethers, such as
aliphatic ethers, for example diethyl ether, or cyclic ethers, for example tetrahydrofuran
or dicxane, liguid aromatic hydrocarbons, such as benzene or toluene, alcohols, such as
methanol, ethanol or 1- or 2-propanol, nitriles, such as acetonitrile, halogenated
hydrocarbons, such as methylene chioride or chioroform, acid amides, such as
dimethylformamide or dimethyl acetamide, bases, such as heterocychic nitrogen bases,
for example pyridine or N-methylpyrrolidin-2-one, carboxylic acid anhydrides, such as
lower alkanoic acid anhydrides, for example acetic anhydnde, cydlic, fingar or branched
hydrocarbons, such as cyclohexane, hexane or isopentane, methycyclohexane, or
mixtures of those solvents, for example aquesus solutions, unless otherwise indicated in
the description of the processes. Such solvent mixiures may also be used in working up,
for example by chromatography or pattitioning.

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 compound
obtainable 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 materiat is formed
under the reaction conditions or is used in the form of a derivative, for example in a
protected form or in the form of a salt, or a compound obtainable by the process
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further in situ.

All starting materials, building blocks, reagenis, acids, bases, dehydrafing agents,
solvents and catalysts utilized to synthesize the compounds of the present invention are
gither commercdially available or can be produced by organic synthesis methods known
to one of ordinary skili in the art (Houben-Weyi 4" Ed. 1852, Methods of Organic
Synthesis, Thisme, Volume 21).

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 at least one of the methods described
in schemes 1tc 4.

Schame 1:
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Scheme 1 ilustrates the synthesis of compounds of Formula | wherein variables R'to R
are as defined in Formula 1, supra: substituted 2-hydroxy-benzamide of type A (readily
available from its parent carboxylic acid) can be converted fo benzoxazolone B via
Hofmann rearrangement. Alkylation of B with alkyl hatide {such as methyl iodide)} in the
presence of a suitable base (such as for example potassium carbonate) in a suitable
solvent to generate intermediate C. Intermediate C can then undergo Suzuki-type
palladium-catalyzed coupling with optionally substituted pyridy! borinic acid or ester {e.g.
R’ is alkyl or H}, such as D, to generate a compound of Formula {. Pyridyl boronic acids
or esters are commercially available or are prepared from their corresponding bromide
using 4,4,4',4'.5 5,55 -octamethyl-2,2-bi{1, 3, 2-dioxaborolane) and PdCh{dppf) or any
other known methods in the art.
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Scheme 2 describad an allernative synthesis of compound of Formuda | wherein
variables R' to R® are as defined in Formula {, supra. A compound of type C
{benzoxazolone) can be converted into the corresponding boronic ester using

4,4 4' 4.5 5 5 S-octamethyl-2,2-bi1,3,2-dioxaborolane} and PdCl{dppf} to generate
itermediate E. Intermediate B undergoes Suzuki coupling reaction with pyridine F.
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Scheme 3 illustrates the synthesis of an intermediate H, wherein variables R' to R* are
as defined in Formula |, supra. intermediate H is oblained after Suzuki coupling of
benzoxazolone € with a boronic ester G. intermediate H can be used for further
derivatization. The aldehyde functionality can be converted into primary, secandary

alcohol, or into aming, or into sulfonamide as shown in Scheme 4.

Scheme 4:

Scheme 4 describes the synthesis of intermediates J, K, L or M or the synthesis of a
compound of Formula | wherein RY is ~CHNHS(0).R? (R? is alkyl, haloalkyl or cycloalkyl
as defined in Formula 1) or R® is -CH-NHR® (R” is R or R® as defined in Formula {) or R®
is ~CH{R"YOH in which R® is alkyl or aryl or arylalkyl) or R® is ~CH(R)NHS(O),R® (R and
R® are as previously defined) and wherein R is halo {g.g. Bromo) or is benzoxaxolone

according to Formula L



WO 2010/130773 PCT/EP2010/056529

31
R o
R \N . R o
. 1. ROSO,NH,, THOPr R\T’// h Y
Bl e - 2N, TR, RN B {
\g“f a 2. Rbniglr L U ¢ g
) it 5 e e i g .
i S""”R Ao o
",/\ N I A
g7 ONTR N 5N
MO tRishale O R ar

H: R is berzoxazolone
7

K y 1. RN,
. RQSQZNHZ" # ra F&BBH(OAC}:,
2. NaBH{GAL), ,/
1", :

0 Ry

N Q#R
“NTH R
LoH o6 g

Lo

Derivatization on the pyridine can be performed prior to the Suzuki coupling, where R is
hale or after the Suzuki coupling where R is benzoxazolone. The compounds of Formula
| wherein R”is other than H can be obtained analogously.

Intermediate | (R is halo} or H (R s benzoxazolone) can be reacted with a nucleophile
(e.g., R°M is a hydride, Grignard, organofithium, organozing or other organometatlic
agent, wherein R" is alky! or aryl or arylatkyl) to generate intermediate J (R is halo) or
product J (R is benzoxazolone).

Alternatively intermediate | or H can be reacted with amincsulfonyl (e.g. R°SQ.NH,
where R® is alkyl, haloalkyl, cycloalkyl) in the presence of Titanium (IV) alkoxide and a
nucleophile {e.g. R°M) to generate intermediate K (R is halo) or product K (R is
benzoxazolone).

intermediate | or H can also be reated with aminosuifonyl (e.g. R'SC.NH, whare R? is
alkyl, haloalkyl, cycloalkyl, arylalkyl} in the presence of a reductive agent o generate
intermediate L (R is halo) or product L (R is benzoxazolone).

Also, intermediate | or M can be reacted with an amine (R*NH, where R%is R is R* or R®
as defined in Formula 1} in the presence of a reducing agent {reductive amination) to
generate intermediate M (R is halo} or product M (R is benzoxazolone).

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 cut, or in which the starting materials are formed in situ
under the reaction conditions, or in which the reaction components are used in the form
of their salts or optically pure antipodes.

Compounds of the invention and intermediates can also be converted into each
other according to methods generally known per se.
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in ancther aspect, the present invention provides a pharmaceutical compaosition
comprising a compound of the present invention and a pharmaceutically accepiable
carrier, The pharmaceutical composition can be formulated for particular routes of
administration such as oral administration, parenteral admirnistration, and rectal
administration, etc. In addition, the pharmaceutical compositions of the present invention
can be made up in & solid form including capsules, tablets, pills, granules, powders or
suppositories, or in a liguid 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, fubricating
agents, or buffering agents, as well as adjuvants, such as preservatives, stabilizers,
wefting agents, emulsifers and buffers elc,

Typically, the pharmaceutical compositions are tablets and gelatin capsules
comprising the active ingredient fogether with

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

glycing;

b) lubricants, s.q., silica, taleum, stearic acid, its magnesium or caicium salt

andfar polyethyleneglycol; for tablets also

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

methylceliulose, sodium carboxymethylceliudose andfor polyvinylpyrrotidone; if

desired

dy disintegrants, e.g., starches, agar, alginic acid or its sodium salt, or

effervescent mixtures; and/or

e} absorbenis, 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 oily 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 palatable preparations. Tablets contain the active
ingredient in admixture with nontoxic pharmaceutically acceptable excipients which are
suitable for the manufacture of tablets. These excipients are, for example, inert diluents,
such as calcium carbonate, sodium carbonate, lactose, calcium phosphate or sodium
phosphate; granulating and disintegrating agents, for example, corn starch, or alginic
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acid, binding agents, for example, starch, gelatin or acacia; and lubricating agents, for
example magnesium stearate, stearic acid or tale. 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 pericd. For example, a time delay
material such as glyceryl monostearate or glyceryl distearate can be employed.
Formutations for oral use can be presented as hard gelatin capsules wherein the active
ngredient is mixed with an inert solid diluent, for example, calcium carbonate, calcium
phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient is mixed
with water or an off medium, for example, peanut oll, liquid paraffin or clive oi.

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

Suitable compositions for transdermat 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
feservoir containing the compound optionally with caniers, 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 ime; and means to secure the device to the skin.

Suitable compositions for topical application, &.¢., to the skin and eyes, include
aqueous solutions, suspensions, aintments, creams, gels or sprayable formulations, e.g.,
for delivery by aerosol or the like. Such fopical delivery systemns will in particular be
appropriate for dermal application, e.g., for the freatment of skin cancer, e.g., for
prophylactic use in sun creams, lotions, sprays and the like. They are thus particularly
suited for use in topical, including cosmetic, formulations well-known in the art. Such
may contain solubilizers, stabilizers, fonicity enhancing agents, buffers and
preservatives.

As used herein a topical application may alse 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 phosphotipids) from a dry powder inhaler or an aerosol spray
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preseniation from a pressurized container, pump, spray, atomizer or nebuliser, with or
without the use of a suitable propellant.

The present invention further provides anhydrous pharmaceutical compositions
and dosage forms comprising the compounds of the present invention as aclive
ingredients, since water may facilitate the degradation of certain compounds.
prepared using anhydrous or low moisture confaining ingredients and low moisture or
fow 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 to prevent exposure to
water such that they can be included in suitable formulary kifs. Examples of suitable
packaging include, but are not limited to, hermetically sealed foils, plastics, unit dose
containers {e. g., vials), blister packs, and sirip 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 invention 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, efe.

The compounds of formula | in free form orin pharmaceutically acceptable salt
form, exhibit valuable pharmacological properties, e.g. aldosterone synthase and/or
CYP11B1 modulating properties, e.g. as indicated in vitro and in vivo lests as provided in
the next sections and are therefore indicated for therapy.

Compounds of the invention may be useful in the treatment of an indication
selected from: hypcekalemia, hyperiension, Conn's disease, renal fallure, in particular,
chronic renal failure, restenosis, atherosclerosis, syndrome X, obesity, nephropathy,
post-myoccardial infarction, coronary heart diseases, increased formation of collagen,
fibrosis and remodeling following hyperiension and endothelial dysfunction,
cardiovascular diseases, renal dysfunction, liver diseases, cerebrovascular disgases,
vascular diseases, retinopathy, neuropathy, insulinopathy, edema, endotheliat
dysfunction, baroreceptor dysfunction, migraine headaches, heart failurg such as
congestive heart failure, arrhythmia, diastolic dysfunction, left ventricular diastotic
dysfunction, diastolic hean failure, impaired diastolic filling, systolic dysfunction,
ischemia, hypertrophic cardiomyopathy, sudden cardiac death, myocardial and vascular
fibrosis, impaired arterial compliance, myocardial necrotic lesions, vascular damage,
myocardial infarction, left ventricular hypertrophy, decreased ejection fraction, cardiac
lesions, vascular wall hypertrophy, endothelial thickening, or fibrincid necrosis of
cotonary arteries, Cushing's syndrome, excessive CYP11B1 level, the ectopic ACTH
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syndrome, the change in adrenocontical mass, primary pigmented nodular adrenocortical
disease (PPNAD) Camey complex {(CNC)}, anorexia nervosa, chronic alcoholic
poisening, nicotine or cocaing withdrawal syndrome, the post-iraumatic stress syndrome,
the cognitive impairment after a stroke, the cortisol-induced mineralocorticoid excess.
Thus, as a further embodiment, the present invention provides the use of a compound
according to anyone of formulae -1l or a pharmaceutically acceptiable salf thereof, in
therapy. Ina further embodiment, the therapy is selected from a disease which is
amehorated by inhibition of aldosterone synthase andfor CYP1181. In another
embedimen, the disease is selected from the afore-mentioned list, suitably hypokalemia,
hypertension, congestive heart failure, atrial fibrillation, renal failure, in particular, chronic
renal fallure, restenosis, atherosclerosis, syndrome X, cbesity, nephropathy, post-
myocardial infarction, coronary heart diseases, increased formation of collagen, fibrosis
such as cardiac or myocardiac fibresis and remadeling following hypertension and
endothelial dysfunction, more suitably congestive heart failure, cardiac or myocardial
fibrosis, renat failure, hypertension or ventnicular arrhythmia.
In another embediment, the invention provides a method of treating a disease which is
ameliorated by inhibiton of aldosterone synthase and/or CYP11B1 comprising
administration of a therapeutically acceptable amount of a compound according to
anyone of formutae I, or a pharmaceutically acceptable salt thereof. In a further
embodiment, the disease is selected from the afore-mentioned list, suitably hypokalemia,
hypertension, congestive heart faiure, alrial fibrillation, renal fallure, in particular, chronic
renal failure, restenosis, atherosclerosis, syndrome X, obesity, nephropathy, post-
myocardial infarction, coronary heart diseases, increased formation of collagen, fibrosis
such as cardiac or myocardiac fibrosis and remodeling following hypertension and
endothelial dysfunction, more suitably congestive heart failure, cardiac or myocardiat
fibrosis, renal failure, hypertension or veniricular arrhythmia,

The pharmaceutical compaosition or combination of the present invention
can be in unit dosage of about 0.01-500 mg of active ingredient(s) for a subject of about
50-70 kg, or about 0.01-250 mg or about 0.01-150 mg or about 0.01-100 mg, or about
0.01-50 mg of active ingredients. The therapeutically effective dosage of a compound,
the pharmaceutical camposition, or the combinations thereof, is dependent on the
species of the subjedt, 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, freat or inhibi{ the progress of the disorder or disease.

The above-cited dosage properties are demonstrable in vifro tests. The
compounds of the present invention can be applied in vitro in the form of solutions, e.¢g..
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preferably agusous solutions. The desage /in vitro may range between about 10~ molar
and 10 molar concentrations. A therapeutically effective amount in vivo may range
depending on the route of administration, between about 0.0001-500 mg/kg, or between
about 0.0001-100 mg/kg, or between about 0.0003-10 mg/kg.

The activity of a compound according to the present invention can be assessed
by the in vitro methods described below.

in particular, the aldosterone synthase inhibitory activities in vifro can be
determined by the following assay.

Human adrenocortical carcinoma NCI-H205R cell line was obtained from
American Type Culture Collection (Manassas, VA). Insulinffransferrin/selenium (ITS8)-A
supplement {(100x), DMEM/F-12, antibictic/antimycotic {100x), and fetal bovine serum
(FBS) were purchased from Invitrogen {Carlsbad, CA}. Anli-mouse PVT scintillation
proximity assay (SPA) beads and NBS 96-well plates were obtained from GE Health
Sciences (Piscataway, NJ) and Corning (Acton, MA), respectively. Solid black 96-weit fiat
bottom plates were purchased from Costar {Coming, NY). Aldosterone and angiotensin
{Ang Il) were purchased from Sigma (51 Louis, MQj. D-{1 2.8,7-"H(N)jaldosterone was
acquired from PerkinElmer (Boston, MA). Nu-serum was a product of BD Biosciences
{Franklin Lakes, NJ). The NADPH regenerating system, dibenzyifiuorescein (DBF), and
human aromatase supersomes® were obtained from Gentest (Woburn, MA).

For jn vitro measurement of aldosterone activity, human adrenocortical carcinoma
NCI-H295R celis are seeded in NBS 96-well plates at a density of 25,000 cellsiwell in
100 w4 of a growth medium containing DMEM/F 12 supplemented with 10% FCS, 2.5%
Nu-serum, 1 pg ITS/ml, and 1x antibiotic/antimycotic. The medium is changed after
culturing for 3 days at 37 °C under an atmosphere of 5% CO,/85% air. On the following
day, cells are rinsed with 100 pl of phosphate-buffered saline (PBS) and incubated with
100 pl of treatment medium containing 1 uM Ang It and a compound at different
goncentrations in quadruplicate wells at 37 °C for 24 hr. At the end of incubation, 50 i of
medium is withdrawn frorm each well for measurement of aldosterone production by an
SPA using mouse anti-aldosierone monoclonal antibodies.

Measurement of aldosterone activity can also be performed using a 96-well plate
format. Each test sample is incubated with 0.02 uCi of D-{1.2,8,7-*H(N)jaldosterone and
0.3 g of anti-aldosterone antibody in PBS containing 0. 1% Triton X~100, 0.1% bovine
serum albumin, and 12% glycerol in a total volume of 200 pl at room temperature for 1
hr. Antismouse PVT SPA beads (50 pi) are then added to each well and incubated
overnight at room temperature prior to counting in a Microbeta plate counter. The amount
of aldosterone in each sample is calculated by comparing with a standard curve

generated using known guantities of the hormone.
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The in vitro inhibitory activities for CYP11B1 can be determined by the following
assay.

The cell line NCI-H295R was originally isolated from an adrenocortical carcinema
and has been characterized in the fiterature through the stimulable secretion of steroid
hormones and the presence of the enymes essential for steroidogenesis. Thus, the NCI-
H295R cells have Cyp11 B1 {steroid 11 B~ hydroxylase). The cells show the
physiclagical property of zonally undifferentiated human foetal adrenocortical cells which,
however, have the capacity o produce the steroid hormones which are formed in the
three, phenotypically distinguishable zones i the adult adrenal cortex.

The NCI-H205R cells (American Type Culture Collection, ATCC, Rockville, MD,
USA) are grown in Dulbeoco's Modified Eagle’Ham F-12 Medium (DME/F12), which has
been supplemented with Ulroser SF Serum{Soprachem, Cergy-Saint- Christophe,
France), insulin, transferrin, selenite (-T-S, Becton Dickinson Biosiences, Frankiin lakes,
NJ, USA) and antibiotics in 75 cm® cell culture vessels at 37°C and in a 95% air- 5%
carbon dioxide atmosphere. The cells are subseqguently transferred for colony formation
into a 24-well incubation vessel. They are cultivated there in DME/F12 medium, which is
now supplemented with 0.1 % bovine sefum instead of Ultroser SF for 24 howrs. The
experiment is initiated by cultivating the cells in DME/F12 medium which is
supplemented with 0.1% bovine serum atbumin and test compound, in the presence or
absence of cell stimulants, for 72 hours. The test substance is added in a concentration
range from 0.2 nanomolar to 20 millimolar. Cell stimulanis which can be used are
angiotensin Il {10 or 100 nanomolar), potassium ions (16 millimolar), forskolin (10
micromolar) or a combination of two stimulanis.

The excretion of aldosterone, cortisol, corticosterone and estradicl/estrone into
the culture medium can be detected and guantified by commercially available, specific
monoclonal antibodies in radicimmunoassays in accordance with the manufacturer's
instructions.

For in vitro measurement of aromatase activity, the human aromatase assay is
performed in 88-well flat bottom plates according to a published protocol (Stresser et al,
2000) with minor modifications. Briefly, 10 pL of an NADPH regenerating system
containing 2.6 mM NADP™, 6.6 mM glucose 8-phosphate, 6.6 mM MgCl., and 0.8U/mL
glucose-G-phosphate dehydrogenase in 50 mM potassium phosphate, pH 7.4, is
preincubated with the test compound at a desired concentration at 30 °C for 10minina
fotal volume of 100 ul.. Afterwards, 4 pmol of human aromatase, 20 ug of controd
microsomal protein, and 4 uM DBF in 100 pl of 50 mM potassium phosphate, pH 7.4, is
added to each well and incubated at 30 °C for 90 min. The reaction is terminated by the
addition of 75 yl. of 2 N NaOH to each well. After 2 h, the product, fluorescin, is
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measured by a fluorimeter using excitation and emission wavelengths of 485 and 538
nm, respectively.

Inhibition of the release of certain steroids can be used as a measure of the
respective enzyme inhibition by the added test compounds. The dose~ dependent
irthibition of enzymic activity by a compound is calculated by means of an inhibition plot
which is characterized by an IC50.

The 1C50 values for active test compounds are asceriained by a simple linear
regression analysis in order to construct inhibition plots without data weighting. The
inhibition plot is calculated by fitting a 4-parameter logistic function to the raw data points
using the least squares method. The equation of the 4-parameter {ogistic function is
calculated as follows: Y = {d-a}/ {1 + (x/cib)} +a, where: a = minimum data level, b=
gradient, | ¢= ICED, d = maximum data level, x = inhibitor concentration.

The inhibition activity of aldosterone production can also be expressed in
percentage inhibition (% inhibition) at a given concentration (e.g. % inhibition af 1uM),
which is the aldosterone level when the cell is treated with the given concentration of a
compound of this invention {g.g. concentration of 1uM) versus the aldosterone excretion

when cell is free of the compound of the invention:

% inhibition aldosterone production= {Y-X}{/Y] x 108

wherein X is the level of aldosterone when the cell is treated with a compound of
Formula I; and Y is the level of aldosterone when the cell is free of compound of Formula
5.

The inhibition activity of cortisol production (CYP1T1RB1 activity) can also be
expressed in percentage inhibition (% inhibifion} at a given concentration {e.g. %
inhibition at 1 uM), which is the cortisol level when cell is treated with the given
concentration of a compound of the invention {e.g. concentration of 1:M) versus the

cortisol excretion when cell is free of the compound of the invention.
% inhibition cortisol production= {Y’-X'WY'] x 100
wherein X is the level of cortisol when the cell is treated with a compound of Formula |;

and
Y’ is the level of cortisol when the cell is free of compound of Formuda
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Using the test assays (as described above) compounds of the invention exhibit
inhibitory efficacy as shown in Table 1, provided infra.
Tabie 1 inhibitory Activity of Compounds

Compound ' Aldosterone Cortisol cell
cell secretion
secretion {% Inhib. @ 1
{IC80 nif) pig)

Example 1 178 58
Example 2 4 82
Example 15 21 83
Example 10 a7 96
Example 8:

Enantiomer 1 53 77
Enantiomer 2 86 73
Example 18 34 57
Example 14 3 89

Example 13:

Enantiomer 1 28 B4
Enantiomear 2 30 64
Example 19 ' 1.4 95
Example 7;

Enantiomer 1 437

Enantiomer 2 452

Example 28:

Enantiomer 1 | 47 57
Enantiomer 2 34 57
Example 11 128 39
Example 36 144 | 13
Example 4 7 18 77
Example 21 658 65.5
Example 28 154 30

The compound of the present invention méy 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 fogether in the same pharmaceutical composition,

In one embodiment, the invention provides a product comprising a compound
according to anyone of formulae -, or a pharmaceutically acceptable salt thereof, and
at least one other therapeutic agent as a combined preparation for simultaneous,
separate or sequential use in therapy. In one embodiment, the therapy is the treatment of
a disease or condition mediated by aldosterone synthase and/or CYP11B1. Products

provided as a combined preparation include a composition comprising a compound
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according to any one of formulae -1, or a pharmaceutically acceptable salf thereof, and
the other therapeutic agent(s) together in the same pharmaceutical composition, or the
compound accoridng to anyone of formulae kH, or a pharmaceutically acceptable salt
thereo, and the other therapeutic 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 accerding to any one of formudae -, or a pharmaceutically
acceptable salt thereof, and another therapeutic agent(s}. Optionally, the pharmaceutical
composition may comprise a pharmaceutically acceptable excipient, as described above.

in one embodiment, the invention provides a kit comprising two or more separate
pharmaceutical compositions, at least one of which containg a compound according to
any one of formulae i, or a pharmaceutically acceptable sali thereof. In one
embodiment, the kit comprises means for separately refaining 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 tifrating 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 compaund of the invendion and
the other therapeutic agent may be manufactured andfor formulated by the same or
different manufacturers. Moreover, the compound of the invention and the other
therapeutic may be brought together into a combination therapy: (i} prior to release of the
combination product to physicians {e.g. in the case of g kit comprising the compound of
the invention and the other therapeutic agent); (i) by the physician themselves {or undsr
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 therapettic agent.

Accordingly, the invention provides the use of a compound according to any one
of formulae |-l in the manufacture of a medicament for treating a disease or condition
mediated by aldosterone synthase andior CYP11B1, wherein the madicament is
prepared for administration with another therapeutic agent. The invention also provides
the use of a another therapeutic agent in the manufacture of medicament for treating a
tisease or condition mediated by aldostercne synthase, andfor CYP1181, wherein the
medicament is prepared for administration with a compound according to anyone of
formulae -1, or a pharmaceutically accepiable salt thereof.

The invention also provides a compound according to anyone of formulae -HIH, or
a pharmaceutically acceptable sall thereof, for use in a method of treating a disease or
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condition mediated by aldosterone synthase andfor CYP1181, wherein the compound
according to anyone of formulae -1}l is prepared for adminisiration with another
therapeutic agent. The invention also provides another therapeutic agentforuse in a
method of freating a disease or condition mediated by aldosterone synthase andfor
CYP11B1, wherein the other therapeutic agent is prepared for administration with a
compound according to anyone of formulae -, or a pharmaceutically acceptable salt
thereof. The invention also provides a compound according to anyone of formulae I-8il, or
a pharmaceutically acceptable salt thereof, for use in a method of treating a disease or
condition mediated by aldosterone synthase and/or CYP11B1, wherein the compound
according to anyone of formutae i, or a pharmaceutically acceptable salt thereo, is
administered with another therapeutic agent. The invention also provides another
{herapeutic agent for use in a method of ireating a disease or condition mediated by
aldosterone synthase andfor CYP1181, wherein the other therapeutic agent is
administered with a compound according to any one of formulae 1-il, or a
pharmaceutically acceplable salt thereof.

The invention also provides the use of a compound according to any one of
formulae I, or a pharmaceutically acceptable salt thereof, in the manufacture of a
medicament for treating a disease or condition mediated by aldosterone synthase and/or
CYPR11B1, wherein the patient has previously (e.g. within 24 hours) been freated with
another therapeutic agent. The invention also provides the use of another therapeuwtic
agent in the manufacture of a medicament for treating a disease or condition mediated
by aldosterone synthase and/or CYP11B1, wherein the patient has previously (e.g. within
24 hours) been treated with a compound according to anyone of formutae I-lH, or a
pharmaceutically acceptable salt thereof.

In one embodiment, the other therapeutic agent is selected from: HMG-Co-A
reductase inhibitor, an angiotensin Il receptor antagonist, angictensin converting enzyme
{ACE) Inhibitor, a calcium channel blocker (CCB}, a dual angiotensin converting
enzyme/neutral endopeptidase (ACE/NEP) inhikitor, an endothelin antagonist, a renin
inhibitor, a diuretic, an ApoA-l mimic, an anti-diabetic agent, an obesity-reducing agent,
an aldosterone recepior blocker, an endothelin receptor biocker, or a CETP inhibitor.

in still another embodiment, the invention pertains, at least in part, to methods
wherein the compound of the invention (e.g., a compound according to any one of
Formulae |- or a compound otherwise described herein) is administered in combination
with a second agent.

The term “in combination with” a second agent or treatment includes co-
administration of the compound of the ihwvention {e.g., a8 compound according 1o any one
of Formulae i or a compound otherwise described herein, or a pharmaceutically
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acceptable salt thersof) 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., an
aldosterone synthase associated disorder, such as, for exampie, hypokalemia,
hypertension, Conn's disease, renal failure, in particular, chronic renal failure, restenosis,
atherosclerosis, syndrome X, obesity, nephropathy, post-myoccardial infarction, coronary
heart diseases, increased formation of collagen, fibrosis and remodeling following
hypertension and endothelial dysfunction, cardiovascular diseases, renal dysfunction,
liver diseases, cershrovascular diseases, vascular diseases, retinopathy, neurcpathy,
insulinopathy, edema, endothelial dysfunction, baroreceptor dysfunction, migraine
headaches, heart falure such as congestive heart failure, arrhythmia, diastolic
dysfunction, ieft ventricular diastolic dysfunction, diastolic heart failure, impaired diastolic
filling, systolic dysfunction, ischemia, hypertrophic cardiomyopathy, sudden cardiac
death, myocardial and vascular fibrosis, impaired arterial compliance, myocardial
necrotic lesions, vascular damage, myocardial infarction, left ventricular hypertrophy,
decreased ejection fraction, cardiac lesions, vascular wall hypertrophy, endothelial
thickening, and fibrinoid necrosis of coronary arteries. Furthermore, the second agent
may be any agent of benefit to the palient when administered in combination with the
administration of a compound of the invention.

Examples of second agents include HMG-Co-A reductase inhibitors, angiotensin
[ receptor antagonisis, angiotensin convering enzyme (ACE) Inhibitors, calcium channel
blockers {(CCR), dual angiotensin converting enzyme/neutral endopeptidase (ACE/NER)
inhibitors, endathelin antagenists, renin inhibitors, diuretics, ApoA-l mimics, anti-diabetic
agents, obesity-reducing agenis, aldosterone receptor blockers, endothelin receptor
blockers, and CETP inhibitors.

An angiotensin i receptor antagonist or a pharmaceutically acceptable salt
thereof is understood fo be an active ingredient which bind to the AT {-receptor subtype
of angiotensin il recepior 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 trealing 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 from the group consisting of
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valsartan, losartan, candesartan, eprosartan, irbesarian, saprisarian, tasosartan,
telmisartan, the compound with the designation E-1477 of the following formuda

1
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the compound with the designation SC-52458 of the following formula

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 pharmaceuwtically acceptable salt thereof.

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

The term "ACE-inhibitor” (also called angiotensin converting enzyme inhibitors)
includes molecules that interrupt the enzymatic degradation of angiotensin { to
angiotensin ll. Such compounds may be used for the regulation of biood pressure and

for the treatment of congestive heart faillure. Examples include alacepril, benazepril,
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benazeprilat, captopril, ceronapril, cilazapril, delapril, enalapril, enaprilat, fosinopril,
imidapril, lisinopril. moveliopril, perindopril, quinapril, ramipril, spirapril, temocapril, and
trandotapril, or, pharmaceutically acceptables salt thereof.

The term "calcium channel blocker (COB)” includes dihydropyridines (DHPs) and
non-DHPs {e.g., dilttazem-type and verapamiltype COBs). Examples include
amlodiping, felodipine, ryosidine, isradipine, facidipine, nicardipine, nifedipine,
niguidipine, nitudipine, nimodipine, nisoldipine, nitrendipine, and nivaldipine, and is
preferably a non-DHP representative selected from the group consisting of flunarizine,
prenylamine, diltiazem, fendiline, gallopamil, mibefradil, anipamil, tiapamil and verapamil,
or, pharmaceutically acceptable salts thereof. CCBs may be used as anti-hypertensive,
anti-angina pectoris, or anti-arrhythmic drugs.

The term "dual angiotensin converting enzyme/neutral endopetidase (ACE/NER)
inhibitor” includes omapatrilate (cf. EP 6208627), fasidotrit or fasidotrilate, or
pharmaceutically accepiable salts thereof.

The term “endothelin antagonist” includes bosentan {cf. EP 526708 A),
tezosentan {cf. WO 86/18459), or, pharmaceutically acceptable salts thereof.

The term “renin inhibitor” includes ditekiren (chemical name: [15-

TR 2R AR (1R 2RM-1-{(1, 1-dimethylsthoxy)carbonyll-L-proly I-L-phenylalanyl-N-[2-
hydroxy-5-methyl-1-(2-methylpropyl)-4-{{{Z-methyi-1-{[(2-
pyridinytmrthyaminolcarbonylibutyllamincjcarbonyilhexyl]-N-alfa-methyl-L-
histidinamide}; terlakiren {chemical name: [R-(R*,$")}-N-(4-morpholinyicarbonyl)-L-
phenylatanyt-N-{1-(cyciohexylmethyl)-2-hydroxy-3-{1-methylethoxy)-3-oxopropyl}i-S-
methyl-L-cysteineamide), Aliskiren (chemical name: (25,48,58,7 8)-5-amino-N-{2-
carbamoyh-2, 2-dimethylethyl)-4-hydroxy-7-{[4-methoxy-3~(3-methoxypropoxy)
phenylimethyl}-8-methyl-2-(propan-2-yl)nenanamide) and zankiren {chemica! name: {15-
[1RR*(R*)].258% 3R*}-N-{ 1-(cyclohexyimethyl)-2 3-dihydroxy-5-m ethylhexyl}-alfa-[[2-
{{{4-methyl-1-piperazinylisulfonylimethyi]-t-oxo-3-phenylpropyl}-aminc]-4-
thiazolepropanamide), or, hydrochloride salts thereof, or, SPPE30, 8PP635 and 8PPS800
as developed by Speedel, or RO 66-1132 and RO 68-1168 of Formula {A) and (8):
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pharmaceutically acceptable salts thereof.



WO 2010/130773 PCT/EP2010/056529
45
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.

The term “diuretic” includes thiazide derivatives {e.g., chlorothiazide,
hydrachlorothiazide, methyiclothiazide, and chiorothatidon).

The term "ApoA-l mimic” includes DAF peptides (e.g., formula 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 secretfion enhancers that promote
the secretion of insulin from pancreatic G-celis. Examples include biguanide derivatives
{e.g., metformin}, sulfonylureas (SU) (e.g., tolbutamide, chiorpropamide, tolazamide,
acetohexamide, 4-chioro-N-{{1-pyrolidinylaminojcarbonyl}-benzensulfonamide
{glycopyramide;}, ghbenclamide (glyburide), gliclazide, 1-butyl-3-metanilylurea,
carbutamide, glibonuride, glipizide, gliquidone, glisoxepid, givbuthiazole, glibuzole,
glyhexamide, glymidine, glypinamide, phenbutamide, and tolyicyclamide), or
pharmaceutically acceptable salts thereof. Further examples include phenylalanine
derivatives (&.g., nategiinide {N-{trans-4-isopropyleycichexylcarbonyl}-D-phenylalanine]
{cf. EP 196222 and EP 5286171} of the formula

W I
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repaglinide [(S)-2-ethoxy-4-{2-{{3-methyi-1-[2-(1-piperidinyiphenyilbutyl]amine}-2~
oxoethylibenzoic acid] (cf. EP 589874, EP 147850 A2, in particular Example 11 on page
61, and EP 207331 A1) calcium (28)-2-benzyl-3-(cis-hexahydro-2-isoindolintycarbonyl)-
propionate dihydrate (e.g., mitiglinide {cf. EP 507534)); and glimepiride {cf. EP 31058).
Further examples include BPP-1V inhibitors, GLP-1 and GLP-1 agonists.

OPP-IV is responsible for inactivating GLP-1. More particularly, DPP-1V
generates a GLP-1 receplor antagonist and thereby shortens the physiological response
to GLP-1. GLP-1 is a major stimulator of pancreatic insulin secretion and has direct
beneficial effects on glucose disposal.

The DPP-IV inhibitor can be peptidic or, preferahly, non-peptidic. DPP-IV
inhibitors are in each case generically and specifically disclosed e.g. in WO 98/13988,
DE 196 16 486 A1, WO 00/34241 and WO 85/15309, in each case in pariicular 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
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are those compounds that are specifically disclosed in Example 3 of WO 98/19968 and
Example 1 of WO 00/34241, respectively.

GLP-1 is an insufinotropic protein which is described, e.g., by W.E. Schmidt et al.
in Diabetologia, 28, 1885, 704-707 and in US 5,705,483.

The term “GLP-1 agonists” includes variants and analogs of GLP-1(7-38)NH;
which are disclosed in particular in US 5,120,712, US 5,1186686, US 5,512,548, WO
91/11457 and by C. Orskov et al in J. Biol. Chem. 284 (1989) 12828. 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, VALL.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 to the GLP agonist analog
exendin-4, described by Greig ef a/. in Diabetologia 1999, 42, 45-50.

Also included in the definition “anti-diabetic agent” are insulin sensitivity
enhancers which restore impaired insulin receptor function to reduce insulin 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-G-ylymethyl-thiazolidine-2 4-diane (englitazone), 5-{[4-(3-(5-msthyl-2-phenyl-
4-oxazolyl)-1-oxopropyl)-phenyl}-methyl}-thiazolidine-2 4-dione (darglitazone), 5-{4-(1-
methyl-cyclohexylimethoxy)-phenylimethyli-thiazolidine-2 4-dione {ciglitazone), 5-{[4-(2-
{1-indolyliethoxy)phenylimethyi}-thiazolidine-2 4-dione {DRF2189), 5-{4-[2-(5-methyl-2-
phenyl-4-oxazolyl}-ethoxyjlbenzyl}-thiazolidine-2 4-dione {BM-13.1248), 5-(2-
naphthylsulfonyl}-thiszolidine-2,4-dione (AY-31637), bis{4-[{2 4-dioxo-5-
thigzolidinylymethyilphenylimethane {YM268), 5:{4-[2-(5-methyl-2-phenyl-d-oxazolyl)-2-
hydroxyethoxylbenzyi}-thiazolidine-2 4-dione (AD-5075), 5-[4-(1-phenyi-1-
cyclopropanecarbonylamino}-benzyl]-thiazofidine~2 4-dione (DN-108) 5-{{4-{2-(2,3-
dihydroindel-1-yliethoxyphenylimethyl}-thiazolidine-2 4-dione, 5-{3-(4-chioro-phenyl])-2-
propynyil-5-phenylsulfonyiithiazolidine-2, 4-dione, 5-{3-(4-chiorophenyi])-2-propynyi]-5-(4-
tfluorophenyl-sulfonylithiazolidine-2 4-dions, 5-{{4-(2-(methyk2-pyridinyl-amino)-
ethoxy)phenylimethyl}-thiazolidine-2,4-dione (rosiglitazone), 5-{{4-(2-{5-ethyl-2-
pyridyhethoxy)phenyl]l-methyiithiazolidine-2,4-dione {pioglitazone), 5-{{4~((3,4-dihydro-8-
hydroxy-2,5,7 B-tetramethyl-2H-1-benzopyran-2-ylymethoxy}-phenyil-methyl}-
thiazolidine-2 4-dione (troglitazone), 5-{8-(2-fluoro-benzyloxyinaphthalen-2-yimethyl}-
thiazolidine-2.4-dione (MCC558), 5-{2-(2-naphthyl)-benzoxazol-5-yil-methylithiazolidine-
4, 4-dione (T-174) and 5-(2 4-dioxothiazolidin-5-yimethyl}-2-methoxy-N-{4-trifluoromethyi-
benzylibenzamide (KRP297)).
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Further anti-diabetic agents include, insulin signaling pathway modulators, fike
inhibitors of protein tyrosine phosphatases (PTPases), antidiabetic non-small molecule
mimetic compounds and inhibitors of glutamine-fructose-6-phosphate amidotransferase
{GFAT}); compounds influencing a dysregulated hepatic glucose production, like
inhibitors of glucose-6-phosphatase (GBPase), inhibitors of fructose-1,6-bisphosphatase
{F-1,6-Bpase), inhibitors of glycogen phosphorylase (GP), glucagon receptor antagonists
and inhibitors of phosphoenolpyruvate carboxykinase (PEPCK); pyruvate
dehydrogenase kinase (PDHK) inhibitors; inhibitors of gastric emplying; insulin; inhibitors
of GBK-3; refinoid X receptor (RXR) agonists; agonists of Beta-3 AR; agonists of
uncoupling proteins (UCPs); non-glitazone type PPARI} agonists; dual PPARg/ PPARY
agonists; antidiabetic vanadium containing compounds; incretin hormones, like
glucagon-like peptide-1 (GLP-1) and GLP-1 agonists; beta-cell imidazoline receptor
antagonists; miglitol; az-adrenergic antagonists; and pharmaceutically acceptable salts
thereof.

The term “obesity-reducing agent” includes lipase inhibitors (e.g., orlistat) and
appetite suppressants (e.g., sthutramine and phentermine}.

The term “aldoesterone receptor blocker” includes spironolactone and eplerenone.

The term “endothelin receptor blocker” includes bosentan.

The term "CETP inhibitor” refers to a compound that inhibits the cholesteryl ester
transfer protein {CETP) mediated transport of various cholesteryl esters and triglycerides
from HDL to LDL and VLBL. 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). Examples
include compaunds disclosed in U.S. Pat. No. 8,140,343 and U. S. Pat. No. 6,187,786
(e.g., [2R 48)4-{(3 5-bis-trifluoromethyl-benzyl)-methoxycarbonyl amina)-2-ethyl-6-
triffuoromethyi-3,4-dihydro~-2H-quinoline-1-carboxylic acid sthyl ester (torcetrapib);
compounds disclosed in U.S. Pat. No. 8,723,752 (e.g., (2R}-3-{{3-{(4-Chloro-3-athyi-
phenoxy)-phenyli-{[3-(1,1,2,2- tetrafiuoro-sthoxy)-phenyi]-methyil-amine}-1,1, 1-rifluoro-
2-propanol); compounds disclosed in U.S. patent application Ser. No. 10/807,838;
polypeptide derivatives disclosed in U.8. Pat. No. 5,512,548; rosenonolactons
derivatives and phosphate-containing analogs of cholesteryl ester disclosed in J.
Antibiot., 49(8). 815~ 816 (1996}, and Bicarg. Med. Chem. Left,; 6:1951-1954 (1996),
respectively. Furthermore, the CETP inhibitors also include those disclosed in
WO2000/017 165, WO2005/085408 and WO2005/0978086.

Exemplification of the Invention
The following examples are intended to illustrate the invention and are not to be
construed as being limitations thereon. Temperalures are given in degrees centrigrade.
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if 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 staring materials is confirmed by standard analytical
methods, e.¢., microanalysis and spectroscopic characteristics, e.g., MS, IR, NMR.
Abbreviations used are those conventional in the art.

All starting materials, building blocks, reagents, acids, bases, dehydrating agents,
solvents, and catalysts utilized to synthesize the compounds of the present invention are
either commercially available or can be produced by organic synthesis methods known
o one of ordinary skifl in the art {(Houben-Weyl 4th Ed. 1852, Methods of Organic
Synthesis, Thieme, Volume 21). Further, the compounds of the present invention can be
produced by organic synthesis methods known to one of ordinary skill in the art as
shown in the following examples.

Abbreviations:

ATP: adenosine 5-friphosphate AS: Aldosterone Synthase

BINAP: racemic 2,2'-bis{diphenyiphosphino)- BOC tertiary butyl carboxy
1. 1-binaphthyi

br: broad bs: broad singlet

calced: calculated CYP11B1; 11-beta hydroxylase

d: doublet DAST: (diethylanino)sulfur trifluoride
dd: doublet of doublets DCM: dichioromethane -
DIEA; diethylisopropylamine DME: 1 4-dimethoxyethane

DMF: N N-dimethylformamide DMSQO: dimethylsulfoxide

DPPA: diphenylphosphorylazide DT dithiothreitol

EDTA: ethylenediamine tetraacetic acid ESI: electrospray ionization

EtOAC: ethyl acetate h: hour(s)

HATU. O~(7-azobenzotriazol-1-y1)-1,1,3,3- HOBU 1-hydroxy-7-azabenzotriazole

tetramethyiuroniumhexafiuorophosphate

HPLC: high pressure liguid chromatography LOCMS: liguid chromatography and
mass spectrometry

MeOD: methanol-d4 MeOH: methanol

MS: mass spectrometry m: muitiplet

min: minutes m/z: mass o charge ratio

nd: not determined NMR: nuclear magnetic reschance
ppm: parts per million Pr: propyl

PyBOP: benzotriazol-1-yloxy it room termperature

Tripyrrolidinophosphoniumhexafiuorophosphate

s singlet i tripiet
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TEA trifluoroacetic acid THF: tetrahydrofuran
TLC: thin layer chromatography o Tris-HCl: aminotris{hydroxymethyl}
methane hydrochloride

Examples
Example 1: 3-Methyl-5-pyridin-3-yl-3H-benzooxazol-2-one

Step 1: Synthesis of 5-Bromo-3-methyl-3H-benzooxazol-2-one

5 g \
g ,,B ™ .
e R " Mel, K2C03, DMSO Mo o
Dy \{[ R Sl & Rencer 4 TE
P L N 5
o T 0 N

A mixture of 5-Bromo-3-hydro-3H-benzooxazol-2-one (500 mg, 2.3 mmol), icdemethane
(281 ul., 663 mg, 4.67 rmol), K2CO3 (807 mg, 5.84 mmol) in DMSO (10 mL) was stirred
at room temperature for overnight. After concentration under reduced pressure, the
residue was puriffied by flash column and yielded colorless solid (440 mg). "HNMR
(CDCH, 400,342 MHz): 8 3.38 (s, 3M), 7.07 (d, d = 8 Hz, 1H}, 710 {d, J = 1.9 Mz, 1H),
7.24 (dd, d =8, 1.8 Hz, 1H).

Step 2: Synthesis of 3-Methyl-8-pyridin-3-y-3H-benzooxazol-2-one

OH
w‘é\ A N
\ Y \ U
« s
- A;)Q ‘/‘vBl’ \\:/zJ W \,/ﬂ\\f\\ P \\\\,,-" N
O_{\ ] ----------------------------- o 0—-\/ I
o \\‘f;' \Dw-“ N

A-mixture of pyridin-3-yiboronic acid (1.5 mg, 0.5 mmol}, 5-Brome-3-methyi-3H-
benzooxazol-2-one (114 mg, 0.5 mmol), polymer-supported Pd{PPhs}s (C.11 mmolfg,
114 mg, 0.0125 mmol), Na;CO; (2 M in water, 0.5 mi, 1 mmol) in DME (3 mbL) was
heated to reflux for 6 hrs. After filtration and concentration, the residue was purified by
flash column (MeOH-CH2CIZ, viv, 1-3%) and yielded the title compound as pale yellow
solid (45 mg). *HNMR {CDCI3, 400.342 MHz): § 3.47 (s, 3H), 7.13 (s, tH}, 7.30 {m, 2H),
7.38(dd, J=4.8,7.8Hz 1H), 7.85(m, 1H), 862 (dd, J=15 48Hz 1H) 882(d, I =
2.4 Hz, 1H).

Example 2: 3-Methyi-5-{4-methyl-pyridin-3-yi}-3H-benzooxazol-2-one
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The entitled compound was synthesized using the Suzuki coupling conditions described
in example 1. *HNMR (CDCly, 400.342 MHz): 6 2.22 (s, 3H), 3.37 (5, 3H), 683 (d, J =
1.6Hz, 1H), 6.98 (dd, J= 82, 168 Hz, 1H), 714 (d, J=5Hz, TH), 7.20{d, J = 8.2 Hz,
1H), 8.38 {s, 1H)}, 8.40 {d, J = 5.04 Hz, 1H).

Example 3: 5-(5-fluoropyridin-3-yl)-3-methylbenzo[dioxazol-2{3H}-one
,N\
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The entitled compound was synthesized using the Suzuki coupling conditions described
in example 1. HNMR (CDCl;, 400.342 MHz): 5 3.41 (s, 3H), 7.08 (s, 1H), 7.24 {m, 2H),
7.51 {m, 1H), 8.41 (d, = 2.6 Hz, 1H), 8.58 (s, 1H).

Example 4: 5{5-methoxypyridin-3-yi}-3-methylbenzoldloxazol-2(3H}one

The entitled compound was synthesized using the Suzuki coupling conditions described
in example 1. "THNMR {CDCl,, 400.342 MHz): § 3.45 (s, 3H), 3.82 (s, 3H), 711 (d, d =
1.2 Hz 1H), 7.28 (s, TH), 228 (d, J = 1.5 Hz, 1H}, 7.31 (1, d= 2.5 Hz, 1H), 8.30(d, J =
276 Hz, 1H), 841 (d, J=1.84 Hz, 1H).

Example 5: 5-(3-methyl-2-ox0-2,3-dihydrobenzofd]oxazol-§-yijnicotinonitrile
N

The entitled compound was synthesized using the Suzuki coupling conditions described
in example 1. "HNMR (CDCl;, 400.342 MHz): 8§ 3.48 {5, 3H), 7.12({d, d = 1.68 Hz, 1H),
7.32(d, d=176 Hz, 1H), 7.34 {s, TH}, 8. 11 {t, J = 2,168 Hz, 1H), 8.88 {d, J = 1.92 Hz,
1H), 9.01 (d, 3= 2.3 Hz, 1H).
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Example 6 S-{d<{hydroxtymethyl)pyridin-3-yi}-3-methylbenzo{d]oxazol-2{3H}-one
and 4,1, 1-triflucro-N-{{3-{3-methyi-2-oxo-2 3-dihydrobenzo[dioxazol-5-ylpyridin-4-
yiimethylmethanesulfonamide
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Step 1. synthesis of 3-(3-Methyl-2~@x‘o*2,,S«dihydr0~benzooxézel-5-yl}-pyridina—4—

carbaldehyde
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A mixture of 3-Methyl5-(4,4,5 S-tetramethyl[1,3, 2[dioxaborotan-2-yi)-3H-benzooxazol-2-
one (330 mg. 1.2 mmol), 3-Bromo-pyridine-4-carbaldehyde (188 mg, 1 mmol}, polymer
bound Pd(PPhs)s (842 mg, 0.07 mmol), Na:CCy (2 M in water, 1 mb, 2 mmob in N,N-
Dimethylacetamide (8 mbL) and water {1 mL) was heated to 100 °C by microwave for 1 h.
The reaction mixture was cocled to room temperaiure. The suspension was diluted with
CH.Cl (15 mb) and fillered through a pad of celite. The filtrate was concenirated in
vacuo o reddish brown solid. This crude material was purified by flash column (0-10%
CHa0H in CHyCly, wivy and afforded 152 myg of the desired product. ESI-MS myz: 255.0

[M+1]°, Retention time 1.03 min; "HNMR (DMSO, 400,342 MHz): § 3.39 (s, 3H), 7.27
(dd. J = 8.2, 1.8 Hz, 1H), 7.50 (d, J = 8.2 Mz, 1H), 7.57 (d, J = 1.8 Hz, 1H), 8.85 (m, 2H),
10.0 (s, 1H).

Step &: synthesis of 5-(4-(hydroxymethylpyridin-3-yi)-3-methylbenzofdjoxazol-2{3H)-one
and 1,1, trifluoro-N-{(3-(3-methyl-2-oxo-2 3-dihydrobenzofdloxazol-5-yhpyridin-4-
yiimethylimethanesulfonarmide
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A mixture of 3-{3-methyi-2-ox0-2 3-dihydrobenzoldioxazol-5-yhisonicotinaldehyde {128
mg, 0.5 mmol}, trifluoromethanesulfonamide (84 mg, 0.63 mmuol), acetic acid (80.5 my, 1
mmol) and 4 °A molecular sieves in 1,2-dichloroentane {2 mL) heated at 70 °C under
nitrogen for 6 h. The suspension was cooled fo room temperature and sodium
triacetoxyborohydride (excess amount) was added. The reaction mixture was further
stirred at room femperature for an additional 15h. The mixture was diluted with
dichloromethane (20 ml) and fillered through a pad of celite. The filter cake was
thoroughly washed with an additionat 30 mL of dichloromethane. The combined fiitrates
were washed with NaHCO; (saturated solution). The agueous phase was extracted with
dichloromethane (2X50 mL). The organic phases were combined, dried over anhydrous
Naz2S0O4, Atfter filtration and concentration, the residue was purified by flash column (0-
100% ethyl acetate in heptane, v/v) and yielded 43 mg of 1,1, 1-trifluore-N-{{3-{3-mathyi-
2-ox0-2 3-dihydrobenzoldjoxazol-5-yhpyridin-4-yhimethyl)methane-sulfonamide as
calorless solid ESIMS miz 388.0 [M+1}, Retention time  1.19 min; *HNMR {(MeOD,
400.342 MHz): 5 3.43 (s, 3H), 441 (s, 2H), 712 {dd, J = 8.2, 1.8 Hz, 1H), 7.15 (s, 1H),
721 (d, Jd =16 Hz, 1H), 760 {d, =82 Hz, 1H), 8.46 (s, 1H), 8.60 (d. J = 8.2 Hz, TH);
and  S5+{4-{hydroxymethylipyridin-3-yi)-3-methylbenzo[dloxazol-2{3H)}-one 37 mg as
pinkish solid ESKMS miz: 257.0 [M+1], Retention time 0.84 min; "HNMR (MeQD,
400.342 MHz): 6 3.3 (s, 3H), 441 {s, 2H), 712 (dd, J= 178, 82 Hz, 1H), 7.21 {d, J =
1.86 Hz, 1H), 7.37 (d, J = 8.2 Hz, 1H), 7.60(d, J = 5.2 Hz, 1H}, 848 (s, 1H), 860 (d, J =
5.2 Hz, 1H).

Example 7: 5-{4-{1-hydroxyethyhpyridin-3-yl}-3-methyibenzo[dloxazol-2(3H)-one

.ﬂﬁ.._\ff"'ﬁ-‘._\\ -
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Step 1. Synthesis of 1-(3-Bromo-pyridin-4-yi}-ethano!
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A solution of methylmagnesium bremide (10,00 mi, 30.0 mmol) was added dropwise to a
solution of 3-Bromo-pyridine-4-carbaldehyde {(1.860 g, 10.00 mmol} in THF (30 mL) at -
78 °C. The resulting mixture was slowly warmed up to 0 °C over 3 h of period. The
reaction was quenched by saturated NH,C solution.  After extraction with ethyl acetate
{580 mi. x 4), the combined exiraclts were dried over Na.S5Qs After filiration and
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concentration, an oil residue was obtained, which turned into solid after standing (2.1 g).
'H NMR (400.3 MMz, CDCL): § 0.23 (d, J = 8 Hz, 3H), 3.91 {m, 1H), 6.29 {d, J = 4 Hz,
1H), 7.26 (d, J = 4 Hz, 1H)}, 7.37 {s, 1H).

Step 20 Synthesis of 3-Methyl-5-(4 4 5 5-tetramethyl-{1,3 2]dioxaborolan-2-y1)-3H-

benzooxazol-2-one
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A suspenion of 5-Bromo-3-methyl-3M-benzooxazol-2-one {(6.25 g, 27.4 mmol},
4,4 4 4 555 5-petamethyd-2,2'-bi(1,3,2-dioxaborolane) (7.66 g, 30.1 mmol), potassium
acetaie (5.38 g, 54.8 mmol) and PdCl{dppn.CH.Cl; {1.12 g. 1.37 mmol} in anhydrous
1.4-dioxane (80 miL) was heated at 80 *C under nitrogen for 5 hr. After concentration, the
residue was treated with CH;ClL {80 mlL) and filtrated. The solvent was removed in
vaccuo. The residue was purified by flash column (ethyl acetate in heptane, viv, O-
100%) and yielded coloriess solid (5.2 g). 'H NMR (400.3 MHz, CDCly): 8 1.37 (s, 12H),
343 (s, 3H), 7.21 (d, J =8 Hz, H), 7.40 (s, 1H), 7.83 {dd, J =8, 1 Hz, 1H).

Step 3: Synthesis of 5-(4-(1-hydroxyethylypyridin-3-yl)-3-methylhenzo[dioxazol-2(3H)-one
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A mixture of 1-(3-Bromo-pyridin~d-yi}~ethano! (240 mg, 1.188 mmaot), 3-Methyl-5-(4.4.5,5-
tetramethyl[1.3,2]dioxaborclan-2-y)-3H-benzooxazol-2-one (327 mg, 1.188 mmol),
PalladiumTetrakis (270 mg, 8.030 mmel), sodium carbonate (2 M in water, 0.584 mi,
1.188 mmot) in 1,4-Dioxane {2 mi) was heated by microwave at 100 °C for 1 hr. After
filtration, drying over Na,SQ,, filtration again and concentration, the residue was purified
by flash column {(CH.CL-MeQH, viv, 1%-4.5%) vielded an oil which was subsequently
purified by chiral HPLC (Ethanol-Heptane, viv, 20%, ChiralPak OD-H column} to peak 1
{enantiomer 1 retention time 9.21 min) and second peak {(enantiomer 2, retention time
11.31 min). ESLMS myz; 271.2 [M+1]7, Retention time  0.93 min; 'H NMR (400.3 MHz,
MeOD) & 1.32 (d, J= 6.4Hz, 3H), 3.47 (s, 3H), 4.97 (g, J= 64 Hz, 1H), 7.15 {dd, J= 8.0,
2.0 Hz, 1R), 7.22 (d, J= 2.0Mz, 1H), 740 (d, J = 8.0 Hz, 1H), 7.75 {d, J= 5.6 Hz, 1H),
B.38 (s, 1H), 8.58 (d, J= 56 Hz, 1H}.
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Example & S-{4-{{4-Huorophenyii{hydroxyimethyl)pyridin-3-yi}-3-
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methylbenzoldjoxazoi-2{3H}-one
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Step 1: Synthesis of {3-Bromeo-pyridin-4-yi)-(4-flucro-phenyl}-methanot
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A solution of 4-Fluoromagnesium bromide (2 M in ether, 8.3 mi, 12.6 mmol) was added
dropwise to a solution of 3-Bromo-pyfidine-4-carbaldehyde {931 mg, 5 mmol) in THF (15
ml) at -45 °C. The resulting mixture was shirred at this temperature for additional 2 h.
The reaction was gquenched by saturated NH,Cl solution.  After extraction with ethyl
acetate (75 mb x 3), the combined exiracts were dried over Na,80,. After filtration and
concentration, a yellow solid was obtained. (893mg). ESI-MS m/z: 284.0 [M+1],
Retention time 1.17 min;

Step 2. The synthesis of S-(4-({4-flucrophenyl)(hydroxy)methyl)pyridir-3-yi)-3-~
methylbenzofdioxazol-2(3H)-one
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Similar procedurs in example 7 was used here. ESIMS mfz: 251.0 [M+1]", Retention
time 1.17 min; "HNMR (MeOQD, 400.342 MHz}  3.35 (5, 3H), 548 (d, J = 1.68 HZ, 1H),
5.83 (brs, 1H)}, 6.86 {5, 1H), 8.90-7.01 {m, 5H), 7.27 (d, J = 8.1 Hz, 1H} 781 {d, J =52
Hz, 1H}, 8.33 (s, 1H), 858 (d. J = §2 Hz, 1H). The enantiomers were separated by
chiral HPLC (Ethanol-Heptane, viv, 20%, ChiralPak OD-H column): peak 1 {enantiomer
one refention time 8.91 min) and second peak {(enantiomer 2, retention time 11.77 min).
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Example 8: &5-[&{1-Hydroxy-ethy!}-pyridin-3-yi}-3-methyl-3H-benzooxazol-2-one
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Step 1! Synthesis of 1-(5-Bromo-pyridin-3-yl)-ethanot
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The above compound was synthesized using the procedwes described in step 1
example 7. 'HNMR (CDCI3, 400.342 MHz) 8§ 145 (d, J = 6.48 Hz, 3M), 4.88 (g, J=6.48
Hz, 1H), 7.86 {{, J = 2 Hz, 1H)}, 8.41 (d, J =2 Hz, 1H), 847 (d, J =2 Hz, 1H).

Step 2: Synthesis of 5-[5-{1-Hydroxy-ethyl-pyridin-3-yl}-3-methyl-3H-benzooxazol-2-one
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The above compound was synthesized using the Suzuki coupling conditions described in
example 7. ESIMS miz: 271.2 [M+1Y, Retention time  0.94 min; "HNMR {DMSQ-d8,
400.342 MMz) § 1.43 {d, J = 8.5 Mz, 3H), 3.42 (s, 3H}, 4.87 {4, J= 4.5 Hz, 1H), 538 (d,
J=4.4 Hz, 1H), 7.43-7.50 {m, 2H), 7.67 (d, J = 1.6 Mz, 1H), 8.03 {t, J = 2 Mz, 1H), 8.55
d, Jd = 2 Hz, 1M}, 879 (d. J = 2 Hz, tH). The enantiomers were separated by chiral
HPLC (10% ethanol in supercritical carbon dioxide, viv, ChiralPak AD-H columnj: peak 1
{enantiomer one retenlion time 11.81 min} and second peak (enantiomer 2, retention
time 13.26 min).

Example 10: §-{5-[{Benzyl-ethyl-amino}-methyi}-pyridin-3-v}-3-methyl-3H-

benzooxazol-2-one
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Step 1. Synthesis of 5-(3-Methyl-2-0x0-2, 3-dihydro-benzooxazol-5-yI}-pyridine-3-
carbaldehyde
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A mixture of 5-Bromo-3-methyl-3H-benzooxazol-2-one (B84 mg, 3 mmol), 5-(4.4,5 5-
Tetramethyl-{1,3 2]dioxaborolan-2-yi)-pyridine-3-carbaldehyde (699.2 mg, 3 mmaol),
polymer supported PalladiumTetrakis (0. 11 mmollg, 882 mg, 0.075 mmol}, Na2CO3 (2 M
in eater, 3 mL, & mmol) in BME (6 ml) was heated to reflux for overnight.  After
fiteration and concentration, the residue was purified by flash column and yielded yellow
solid. ESEMS miz: 255.0 [M+1]", Retention time 1.03 min.

Step 2. Synthesis of 5-[5-(Benzylamino-methyl)-pyridin-3-yil-3-methyi-3H-benzooxazol-2-
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A mixture of 5-(3-Methyl-2-oxo0-2,3-dihydro-benzooxazol-5-yl)-pyridine-3-carhaldehyde
(100 mg, 0.38 mmol}, Benzylamine {46.4 mg, 0.43 mmeol), acetic acid (50 ul) and
sodium {riacetoxyborohydride (25 Omg, 1.18 mmaol) in CH2CI2 (10 mL) was stired at
roomt temperature for 2 h. The mixture was quenched with NaHCO3 (saturated solution)
and extracted with CH2CI2 (20 mL x3). The combined extracts were washed with brine
and dried over anhydrous Nal2S04. After filtration and concentration, the residue was
obtained as yellow solid. ESEMS m/fz: 346.1 [M+1]", Retention time 1,11 min.

Step 3 Synthesis of 5<{5-[{Benzyl-ethyl-amino}-methyi}-pyridin-3-yi}-3-methyi-3H-

benzooxazol-2-one
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A mixture of 5-{5-(Benzylamino-methyl)-pyridin-3-yl}-3-methyi-3H-benzooxazol-2-cne
{crude from step 2, ~ 0.39 mmol) and Pd(OH)2 (20 myg. 10%) in ethanol {10 mL) and
acetic acid (0.5 ml) was stirred under 1 atmosphere of HZ at room temperature for 48 h.
After filteration and concentration, the residue was purified by flash column (MeOH-
CH2CIZ, viv, 0-5%) and vyielded yellow solid (3 mg). ESEMS miz: 3879 [M+17,
Retention time 1.45 min; "HNMR {CDCI3, 400 342 MHz)} § 1.48 (t, J = 7.2 Hz, 3M), 3.05
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(s, 2H}, 3.48 (s, 3H), 4.23 (s, 2H), 4.05-4.27 (m, 28}, 7.21 (s, 1H), 7.23 (s, 1H), 7.40-7.43
{m, 3H}, 7.62-7.64 (m, 2H}, 7.83 (s, 1H), 8.52 {s, 1H), 8.85(d, J = 1.84 Hz, 1H), 9.21 (s,
TH}.

Example 11: &-Fluoro-5-{5-hydroxymethyl-pyridin-3-yi}-3-methyl-3H-benzooxazol-
2-one

Step 1. Synthesis of 6-Fluoro-3-methyl-5-{4,4,5 5-tetramethyl-{1,3,2]dioxaborolan-2-yl}-
3H-benzooxazol-2-one
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The above compotund was synthesized using the Suzuki coupling conditions described in
step 2 in example 7. ESI-MS miz 204.0 [M+1Y, Retention time  1.38 min; 'HNMR
(CDCI3, 400.342 MHz) 8 1.37 (s, 12H), 3.40 (s, 3H), 8.95 (d, J = 8.2 Mz, 1H), 7.25 (s,
TH).

Step 2: Synthesis of 8-Fluoro-5-(5-hydroxymethyb-pyridin-3-y)-3-mathyl-3H-benzooxazol-

2-one
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A mixture of 8-Fluoro-3-methyl-5-(4,4,5 S-tetramethyl{1,3 2]dioxaborolan-2-yi}-3H-
benzooxazolZ-one (352 mg, 1.2 mmol), (S-bromopyridin-3-yimethanol (188 mg, 1
mmol}, Na2CO3 {2 M in water, 1 mi, 2 mmol}, polyme bound Pd(PPh3)4 (842 mg, 0.07
mmol) in DME {4 mL} was heated by microwave at 100 °C for 1.25 h. The reaction
mixture was cooled to room tempeaure and the mixture was diluted with CH3OH/CH2CI2
{1:1, 50 mL) and filtered through a pad of celite. The celite pad was further washed with
CH2CI2/CH3QH (30 mi). Afer concentration, the residue was purified by flash column
{0-10%, viv, CH3QH in CH2CI2) and afforded 121.9 mg of the desired product as a
white solid. ESIMS mfz: 274.9 [M+1]", Retention time  0.83 min; "HNMR {MeQD,
400.342 MHz) 03.44 (s, 3H), 4.74 (5, 2H), 730 (d, J= 8.7 Hz, 1H), 7.34 {d, J = 6.4 Hz,
1H), 8.03 (s, 1H)}, 8.55 (s, 1H), 864 {s, 1H)
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Example 12: 6-Fluoro-§-[5-{1-hydroxy-ethyl}-pyridin-3-yi]-3-methyl-3H-
benzooxazol-2-one

The entitled compound was synthesized using the Suzuki coupling conditions described
in example 11, ESI-MS mi/z: 289.3 [M+1], Retention time 0.68 min; HNMR {(d6-DMSO,
400.342 MHz) § 2.50 (d, J = 3.38 Hz, 3H), 3.35 (s, 3M), 4.62 (m, 1H), 7.32 (d, J = 6.37
Hz, 1H), 7.57 (d, J = 9 Hz, 1H), 764 (d, J = 5 Hz, 1H), 8.33 (s, 1H), 862 {d, J = § Hz,
1H). The enantiomers were separated by chiral HPLC (Ethanol-Heptane, viv, 20%,
ChiraiPak OD-H column): peak 1 (enantiomer 1 retention time 10.39 min) and second
peak (gnantiomer 2, retention ime 14.83 min).

Example 13: 5<{5-{cyclopropyithydroxyimethyl)pyridin-3-yl}-3-
methyibenzofdjoxazol-2{3H}-one
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The entitled compound was synthesized using the Suzuki coupling conditions described
in example 11. ESEMS mifz: 297.0 [M+1]", Retention time  1.05 min; *HNMR (MeOD,
400.342 MHz) 5 0.49-0.72 (m, 4H), 1.18-1.268 {m, 1H), 3.47 (s, 3H), 4.13 {(d, J =82 Hz,
TH), 7.37 {d, J = 8.3 Mz, 1H), 7.47 (dd, J = 8.3, 2 Mz, 1H), 7.50 (d, J = 2 Hz, 1H), 8.15 (1,
J =2 Hz, 1H), 858 (d, J = 2 Hz, 1H), 8.72 (d, J = 2 Hz, 1H). The shantiomers were
separated by chiral HPLC (Ethanol-Meptane, viv, 40%, ChiralPak IA-H column): peak 1
(enantiomer 1, retention time 16.37 min} and second peak {enantiomer 2, retention time
18,22 min).

Example 14: 5-(5{2-hydroxypropan-2-yijpyridin-3-yi}-3-methylbenzoldjoxazol-
2{3H}-one

Step 1. Synthesis of 2-(5-Bromo-~pyridin-3-yD-propan-2-ol
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A solution of methylmagnesium chioride (3 M, 5 mi, 15 mmol) was added dropwise.to a
solution of S-bromonicotinoy! chloride (861 mg, 3 mmol} in dry THF (15 mL) at -B0 °C.
The resulting mixture was stirred at - 60 to -50 °C for 4 h. The reaction mixture was
guenched with saturated solution of NH4Cl and exiracted with ethyl acefate (3 X 75 ml).
The combined organic phase was washed with brine (100 mi), dried over anhydrous
Na2S04. After filtration and concentration, a pale yellow solid was obtained. ESI-MS
miz: 218.2 [M+1]", Retention time 0.97 min; "HNMR (CDCI3, 400.342 MHz) & 1.56 (s,
6H), 8.04 (1, J= 2 Hz, 1H), 8.51(d, J =2 Hz, 1H), 8.64 (d, J = 2 Hz, 1H).

Step 2. Synthesis of 5-(5-{2-hydroxypropan-2-ylipyridin-3-yl}-3-methylbenzofdloxazol-
2(3H)-one
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The above compound was synthesized using the Suzuki coupling conditions described in
example 11. ESI-MS miz: 285.2 (M+1], Retention time  1.01 min; *HNMR (DMSQO-d8,
400.342 MHz) 08 1.53 (5, 6H), 3.42 (s, 3H), 7.7.44 {d, J = 8 Hz, 1H), 7.48 {d. J = 8 Hz,
1H), 7.66 (5, 1H), 8.10 (s, 1H), 8.69(d, J = 2Hz, 1H), 8.76 {d, J =2 Hz, 1H).

Example 15: 54{&-{hydroxymethyl)pyridin-3-yl}-3-methylbenzold]oxazol-2{3H)-one

The entitied compound was synthesized using the Suzuki coupling conditions described
in example 11, ESI-MS miz: 257.1 {M+17°, Retention time  0.80 min; "HNMR (DMSO-d8,
400,342 MHz) 0 342(s, 3H),4.63(d, J=56Hz 2H), 540 J=56Hz tH),744(d, J
= 8 Hz, 1H}, 7.48 (d, J= 8 Mz, 1H), 8.02 (s, 1H), 8.53 (d, J=2 Hz, 1H), 8.81 (d, J = 2Hz,
1TH}.

Example 16; 8-chloro-8-{5-{hydroxymethylpyridin-3-yi}-3-methylbenzo{dijoxazol-
2{3H}-one
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Step 1: synthesis of §-bromo-4-chloro-2-hydroxybenzamide
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A mixture of methyl 5-bromo-4-chloro-2-hydroxybenzoate (2.655 g, 10.00 mmol) in 2
selution of ammaonia {(50.0 ml, 100 mmal} in MeOH was heated at 685 °C for 72 hr. After
concentration, the title product was obtained as solid (2.53 g). ESI-MS m/z: 252.1 [M+17",
Retention time  1.18 min; "HNMR (CDCI3, 400.342 MHz) & 7.15 (s, 1H), 7.81 (s, 1H),
12.2 {brs, TH)

Step 2: synthesis of 5-bromo-8-chlorobenzo|dioxazol-2(3H)-one
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fodobhenzene diacetate (1.610 g, 5.00 mmol) was added in three portions to a solution of
5-bromo-4-chioro-2-hydroxybenzamide (1.252 g. 5 mmol} and potassium hydroxide
{0.561 g, 10.00 mmol) in MeOH (20 mL} at 0 °C. The resulling mixiure was stirred for at
this temperature for 1.5 hr. HCH (1M in water) was added to adjust the pHto ~ 7. The
solution was concentrated, and heptanes {10 mL} were added. The resuiting mixture
was sfirred for 30 min, and filtered. The solid was washed with water {5 mbi) and
collected and dried under vacuum to the fitle compound {1.15 g} as solid. ESI-MS m/z;
2499 IM+1]", Retention time  1.23 min; "THNMR (CDCI3, 400.342 MHz) 8 7.31 (s, 1H).
7.34 {s, 1H), 8.20 (brs, 1H)}.

Step 3: synthesis of 5-Bromo-6-chloro-3-methyl-3H-benzooxazol-2-one

ladomethane {0.579 mi, 9.26 mmol} was added dropwise to a mixture of 5-bromo-6-
chiorobenzo{dioxazol-2{3M)-one (1.15 g, 4.63 mmol), potassium carbonale (1.599 ¢

11.57 mmol} in DMSO (5 mL} at room temperature. The resulting mixture was stirred at
this temperature for 18 h.  Ethyl acetate (40 mlL) was added and the mixture was stirred
for 30 min and then filtered. The solution was washed with water (10 mL}, brine (15 mbL}
and dried over Naz2&04. After filtration and concentration, a8 pale white solid was
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obtained (1.1 g). "HNMR (CDCI3, 400.342 MHz) & 3.38 (s, 3H), 7.11 (s, 1H), 7.33 (s,
TH).
Step 4: synthesis of 6-Chioro-3-methyi-5-{4,4,5 5-teframethyi-{1,3,2]dioxaborolan-2-yl)-
3H-benzooxazol-2-one
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A mixture of5-Bromo-8-chioro-3-methyl-3H-benzooxazol-2-one {1 g. 3.81 mmol),
4,4,5,5.4 4 5.5 -Octamethyl{2, 2'bif{1,3,2]dioxaborolanyl] (0.867 g, 381 mmol),
potassium acetale {0.748 g, 7.62 mmol) and PdCi2{dpph.CH2CI2 adduct (0.158 g, 0.180
mmotl) in 1,4-Dioxane (10 mL, dry} was heated to 80 °C for 4 hr. The mixture was
concentrated, and the residue was purified by flash column (Ethyl Acetate -MHeptanes,
viv, 10% -20%) and yielded colorless solid {460 mg). ESI-MS m/z: 3103 [M+1],
Retention time  1.47 min;"H NMR (400.3 MMz, CDCIs): & 1.55 (s, 12H), 3.57 (s, 3H), 7.40
{s. 1H), 7.43 (s, 1H).

Step 50 synthesis of 8-chioro-5-(5-(hydroxymethylpyridin-3-yi)-3-methylbenzojd]joxazol-
2{3H)-one
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A mixture of 6-Chloro-3-methyl-5-(4,4,5, 5tetramethyt-[1,3,2]dioxaborofan-2-yl)-3H-
benzooxazol-2-one (60 mg, 0.194 mmol), (5-Bromo-pyridin-3-yi}-methanol (36.4 mg,
0.184 mmol), polymer bound Pd(PPh3)4 (44.1 mg, 4.85 uymol) in DME (8 mL) was
heated to 100 °C for 4 hr. After filtration through a pad of Na2S04, the solution was
concentrated, and the residug was purified by column (MeOM-CH2CI2, viv, 1%-2.5%-
4.0%) and yielded colorless sofid (25 mg). "H NMR (400.3 MHz, CDCL): 5 3.35 {s, 3H),
477 (s, 2H), .85 (s, TH), 7.31 (s, 1H), 7.74 (s, 1H}, 8.53 (s, 1H), 8.57 (s, 1H). HRMS
(ESY): caleulated for Ci.H;CINLOy: 290.04582. Found: 290.04668.

Example 17! 5-(4-acetyipyridin-3-yi)-3-methylbenzo[dioxazol-2{3H}-one
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A mixture of 1-(3-bromopyridin-d-yhethanone (50 mg, 0.250 mmol), 3-methyl-5-(4,4,5,5-
tetramethyi-1,3,2-dioxaborolan-2-yl)benzo[dloxazol-2(3H)-one (68.8 mg, 0.250 mmoi),
pelymer bound PalladiumTetrakis (56.8 myg, 6.25 umol} and sodium carbonate (250 pi,
0.500 mmol} in toluene (1 mL} and ethanol {1 mL} was heated o 80 °C in microwave for
45 min. After filtration through a pad of Na2504, the solvent was removed in vacuurm.
The residue was purified by flash column (MeOH-CH2CI2, viv, 1% - 1.5%) and yielded
colorless solid {37 mg). ESI-MS miz: 268.0 [M+1]", Retention time 1.03 min; ‘H NMR
(400.3 MHz, CDCl}: 8 2.13 (s, 3H), 3.44 (s, 3H), 6.95 (d, J = 1.48 Hz, 1H), 7.07 (dd, J =
8.2, 1.68 Mz, 1H), 7.28 (d, J = 82 Hz, 1H), 7.37 (d, J =5 Hz, 1H), 8.69 (s, 1H), 8.73 (d,
J=5Hz, 1tH).

Example 18: 54{5-{2-hydroxyethylpyridin-3-yl}-3-methytbenzofdjoxazol-2{3H}-one
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Step 1: Synthesis of 2-(5-Bromo-pyridin-3-yi)-ethana
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A solution of Diborane-THF complex (1.0 M in THF, 7.5 miL, 7.5 mmeol) was added
dropwise to a sotution of 5-bromo-3-pyridinylacetic acid (1080 mg, 5 mimal) in dry THF at
D°C. The resulting mixture was allowed to warm 1o room temperature. After 15 h, the
reaction mixture was cocled to 0 °C and water {10 ml) was added dropwise. The
reaction mixture was diluted with ethyl acetate (100 mlL). The organic layer was
separated, washed with brine, dried over Na2804. After filtration and concentration, the
residue was purified by flash column and afforded of the title compound as colorless
solid (241 mg). *HNMR (CDCI3, 400342 MHz) 82,89, J =8 Hz, 2H), 3.82 {t. J =8 Hz,
3H), 7.89 (s, 1H), 8.46 (s, 1H), 8.60 (s, 1H).

Step 2: Synthesis of 5-{5-(2-hydroxyethyl)pyridin-3-yi)-3-methylberzoldjoxazol-2(3H)-cne
5-({5-



WO 2010/130773 PCT/EP2010/056529

63
/"}Q‘ - B GI’X\\

The above compound was synthesized using the Suzuki coupling conditions described in
example 11. ESMMS miz: 271.2 [M+1]", Retention time 0.92 min; "HNMR (MeOD,
400.342 MHz) 3 2.85(t, J=6.5Hz, 2H), 347 (s, 3H), 386 {1, J=8.5 Hz, 2H), 7.36 (d, J
=8Hz, M), 745 (dd, J =8, 2 Mz, 1H), 7.49(d, J = 2 Hz, 1H), 8.01 (5, 1H), 842 {d, J = 2
Mz, 1H}, 8.87 {d, d = 2 Hz, 1H}.

Example 18: 3-methyl-5-{52,2,2-triflucro-1-hydroxyethyl)pyridin-3-
yiibenzofdloxazol-2{3H}-one
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Step 1: Synthesis of 1-(5-bromopyridin-3-y1}-2,2, 2-triflucroethanol
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A solution of Tetrabutylamonium flureride (TBAF) (1.0 M in THF, 0.225 mL, 0.225 mmol)
was added dropwise to the solution of 5-Bromo-pyridine-3-carbaldehyde {558 mg, 3
mmol) and triflucromethylitrimethylsilane (2.0 M in THF, 1.8 mL, 3.6 mmol) in THF (6
mL) at & °C. The resulting pale brown reaction mixture was stirred at room temperature
for 2 h. The reaction mixture was quenched by HCI (6 M). The mixture was neutralized
by NaHCO3 and extracted with ethyl acetate (2X 25 mbL). The organic phase was
washed with brine (30 ml), dried over anhydrous Na2S04. After filtration and
concentration, the title product was obtained as solid (488 mg). ESI-MS mfz 257.9
[M+1]", Retention time  1.13 min; "HNMR (CDCI3, 400.342 MHz) 5 4.87-4.92 {m, 1H),
7.87 (s, 1H), 844 {d, J=2 Hz, 1H), 8.49(d, J = 2 Hz, 1H).

Step 20 Synthesis  of  Z-methyl-5-(5-(2,2, 2-trifluoro-1-hydroxyethyl pyridin-3-
yhibenzofdloxazol-2{3H)-one
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The entitled compound was synthesized using the Suzuki coupling conditions described
inexample 7. ESI-MS m/z: 224.9 [M+1]', Retention time  1.14 min; '"HNMR (MeOD,
400.342 MHz} 0 3.47 {s, 3H), 5.27-5.30 (m, 1H), 7.38 {d, J = 8.2 Hz, 1H), 7.46 (dd, J =
8.2, 1.86 Hz, 1H), 7.49 {s, 1H), 8.22 (s, 1H), 8.64 (s, 1H). 8.85 (5, 1H).

Example 20: NJ{5-{3-methyl-2-ox0-2,3-dihydrobenzofd]oxazol-5-ylipyridin-3-
yilcyclopropanesulfonamide
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Cyclopropanesulfony! chioride was added dropwise to a solution of 5-Bromo-pyridin-3-
ylamine (346 myg, 2 mmol), 4-dimethylaminopyridine {25 mg, 0.205 mmel} and
triethylaming {0.558 mL, 4 mmol) in dichloromethane {4 mL) at recom temperature under
pitrogen. The reachion was stirred at this temperature for 15 h. The reaction mixture was
diluted with ethyl acetate (50 mlL} and the resulting solution was washed with saturated

NaHCOq solution (25 mi). The aqueous phase was extracted with ethyl acetate (50 mb).
The combined organic phase was dried over anhydrous Na,80,. Affer filtration and
concentration, the residue was purified by flash column {0-10% CHzOH in CHyCly viv)

and 248 myg of the desired product as a white solid was obtained. ESI-MS miz; 278.9
IM+17, Retention time  1.02 min; "HNMR (MeOD, 400.342 MMz} § 1.00-1.10 {m, 4H),
2.63-2.69 (m, 1M}, 3.31 (s, 1H}, 794 {t, J = 2 Hz, 1H), 8.309 {s, 1H), 840 (d, J = 2 Hz,
1H).

Step 2. Synthesis of N-{5-{3-methyl-2-ox0-2,3-dihydrobenzo{dioxazol-5-yhpyridin-3-
yhicyclopropanesuffonamide
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The above compound was synthesized using the Suzuki coupling conditions described in
example 7. ESEMS miz: 346.0 [M+1]", Retention time 1.06 min; "HNMR {MeQD,
400.342 MHz) 8 0.99-1.11 {m, 4H), 2.65-2.71 (m, 1H), 3.47 {s, 3H), 7.37 (d, J = 8 Hz,
1H), 743 (dd, J=8,2Hz, 1H), 747 (d, J=2Hz, 1H), 799, J=2Hz, 1H), 844 (d, J =
2 Hz, 1H), 8.60 {(d, .J = 2 Hz, 1H).

Exampie 21: N-methyl-N-{5-{3-methyl-2-ox0-2,3-dihydrobenzofdioxazol-5-
yiipyridin-3-yljeyciopropanesulfonamide
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lodomethane (554 mg, 0.38 mmol} was added dropwise to a suspension of N-(5-(3-
methyl-2-ox0-2,3-dihydrobenzoldioxazol-5-vlpyridin-3-yheyclopropanesulfonamide (104
mg, 0.3 mmaol), potassium carbonate {207 mg, 1.5 mmol} in DMF (1.5 ml) at room
temperatre. The resulting mixture was stiirred at this temperature for 4 h, The mixture
was diluted with ethyl acetate (50 mL) and washed with water (2 x 50 mL). The agueous
tayer was extracted wih ethyl acelate (2 x 50 mL). The combined extracts were washed
with NaHCO3 solution and dried over anhydrous Na2304. After filteration and
concentration, the residue was treated with ether then filterated to pale solid (30 mg).
ESI-MS mfz 360.1 {M+1]", Retention time  1.15 min; "HNMR (MeQD, 400.342 MHz) 8
0.98-1.03 (m, 4H), 2.65-2.72 {m, 1H}, 3.47 (s, 3H), 7.38 (d, J = 8 Hz, 1H), 7.47 {dd, J = §,
2Hz 1H), 7.52 (s, 1H), 818 (t, J=2 Mz, 1H), 8.84 (d, J = 2 Hz, 1H), 8.76 (s, 1H).

Example 22 N«{3{6-fluoro-I-methyi-Z-oxo0-2,3-dihydrobenzo[dloxazol-8-yiipyridin-
J-yijethanesutionamide
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Step 1. Synthesis of 4-bromo-5-fluoro-2-nitro-phenot
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fron{ill} nitrate nonahydrate (4.18 g, 10.26 mmol) was added to a solution of 4-bromo-2-
fluoropheno! {10.0 g, 51.3 mmaol) in THF (150 mlL}. The solution was cooled to 0 °C and
nitric acid {12.93 g, 205 mmol} was added. At the end of addition, the cooling bath was
removed. TLC analysis indicated partial conversion after overnight stiming and the
temperature was raised to 45 °C. Complete conversion was observed after another 7 h.
The mixiure was diluted with ethyt acetate (500 mi), washed with water (4 times 200 mL)
and brine (200 mb). The crganic phase was dried over MgSQy,, fitered and concentrated.
The residue was purified by silica gel flash chromatography to give 4-bromo-5-filioro-2-
nitro-phenol. "H NMR (400 MHz, CHLOROFORM-d) & ppm 6.86 {d, J=8.8 Hz, 1 H), 8.40
{d, J=7.1Hz, TH), 1088 {d J=1.5Hz, 1 H).

Step 2: Synthesis of Z-amino-4-bromo-5-fluorophenol
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Tin(ll) chioride dihydrate (16.83 g, 74.6 mmol} was added to a solution of 4-bromo-5-
fluoro-2-nitrophenol (4.4 g, 18.64 mmol) in ethancl (180 mL). The mixture was flushed
with nitrogen and heated o 85 °C (oil bath temperature) for 1 day. The mixure was
diluted with ethyl acetate {500 mL}, saturated agueous sodium bicarbonate (200 ml) was
added with vigorous stirming. The mixture was filtersd through celife and the celite pad
was repeatedly washed with ethyl acetate. The two phases were separated and the
arganic phase was washed with brine. The combined aguecus phase was extracted with
ethyl acetate. The combined organic phase was dried over MgSO, filtered and
concentrated to give 2-amino-4-bromo-5-fluorophenol. 'H NMR {400 MMz, DMSO-ds)
dppm 4.61 {br. 5., 2 M) 6.60 (d, /1011 Hz, 1 H)8.76 (d, J=7.33 Hz, 1 H) 9.69 (br. 5., 1
H).

Step 3: Synthesis of 5-bromo-B-{luorobenzo[dloxazol-2(3H}-one
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A flask was charged with 2-amino-4-bromo-5-fluorophenol (3.3 g, 18.84 mmol) and THF
{200 mL), and CDJ {3.05 g, 18.84 mmol) was added. The mixture was heated to 80°C for
2h. The mixture was diluted with EtOAc and washed with 1N HCI in water. The organic
phase was dried over Na,80; and concentrated to give 5-bromo-6-fluorobenzofdioxazol-
2{3H)-one. 'H NMR (400 MHz, DMSOQ-d,} Sppm 7.38 (d, J=6.06 Hz, 1 H) 7.56 (d, J=8.34
Mz, 1 H) 11.88 (br. 5., 1 H).

Step 4. Synthesis of 5-bromo-8-fluoro-3-methyibenzo{djoxazol-2(3H)-one
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A flask was charged with 5-bromo-8-flucrobenzo{dioxazol-2(3H)-one (3.6 g, 14.74 mmol)
and DMSQ (150 mL}), and Mel (4.18 g, 29.5 mmol) and potassium carbonate (5.09 g,
36.8 mmol) were added. The mixture was stirred at room temperature overnight. The
mixture was poured o water (1.2 L) and the precipitate was filtered, washed with water
and dried under high vacuum at 60°C for 1 h to give 5-bromo-8-fiioro-3-
methylbenzoldjoxazol-2(3H}one. 'H NMR {400 MHz, DMSO-d:) & ppm 3.32 (s, 3 H)
7.62 {d, J=8.34 Hz, 1 M) 7.70 {d, J=6.06 Hz, 1 H).

Step 6. Synthesis of &-fluoro-3-methyl-5-{4,4,5 5-tetramethyi-1,3,2-dioxaborolan-2-
yhbenzofdloxazol-2{3H)-one
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A flask was charged with 5-bromoe-6-fluoro-3-methylbenzofdloxazol-2(3H)-one (246 mg,
1.0 mmol), 4,4.4",4" 555 5-octamethyl-2 2'-bi{1,3,2-dioxaborolane) (381 mg, 1.5 mmol)
and potassium acetate (294 mg, 3.0 mmol}, and 1,4-dioxane (10 mbL) was added. The
mixiure was flushed with N, for § min, PdCl{(dpph).CH2CIZ (37 mg, 0.050 mmol} was
added. The mixture was stirred at 90°C overnight. The mixture was cooled to room
temperature and silica gel (5 g) was added. The suspension was concentrated and the
residug was purified by silica chromatography eluting with a 0 to 40% EtOAc-heptane
gradient to give E-fluoro-3-methyl-5-(4 4,5, 5-{etramethyl- 1,3, 2~dioxaborolan-2-
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ylybenzo[dloxazol-2(3H)-one. 'H NMR (400 MHz, CHLOROFORM-o) & ppm 1.38 (s, 12
H) 3.42{s, 3H)6.97 (d, /=8.08 Mz, 1 H) 7.26 {d, J=8.08 Hz , 1 H).
Step §: Synthesis of N-(5-bromopyridin-3-yilethanesuifonamide

To a solution of 5-bromopyridin-3-amine {1.73 g, 10 mmol) and triethylamine (4.05 g, 40
mmoel} in DCM (100 mL) was added a solution of ethanesulfonyl chloride (3.86 g, 30
mmol} in DCM (20 mb) at 0°C. The mixture was stirred at 0°C for 1 h. 1N NaOH in water
(10 mL) and methanol (20 mbL) were added and the mixture was concentrated in vacuo,
Sifica gel (20 g) and DCM (100 mL) were added and the mixture was concentrated in
vacuo. The residue was purified by silica chroematography eluting with a 0 to 5% MeOH-
DOM gradient to give N-(5-bromopyridin-3-yllethanesulfonamide. ESI-MS: m/z 285.2,
287.2 (M+H)".

Step 7: Synthesis of N-(5-(6-fluoro-3-methyl-2-0xo-2,3-dihydrobenzo[dloxazol-5-
ylipyridin-3-yljethanesulfonamide
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A flask was charged with 6-fluoro-3-methyl-5-(4,4,5 5-tetramethyi-1,3,2-dioxaborolan-2~
yhbenzofdjoxazol-2(3H}-one (220 mg, 0751  mmol),  N-{S-bromopyridin-3-
yllethanesulfonamide (133 mg, 0.5 mmol), K;PO, (212 mg, 1.0 mmol) and Pd(PPh.),
(28.8 mg, 0.025 mmol). The flask was flushed with N, and DMF (5 mL) was added. The
mixture was slirred under N; at 100°C for th. The mixiure was cooled to room
temperature, dilided with EtOAc {100 mL) and filtered through a pad of celite. The celite
pad was washed with EtOAc (100 mL) and the combined organic phase was washed
with water (80 mL*2) and brine (50 mL), dried over Na,50, and concentrated in vacuo.
The residue was purified by silica chromatography eluting with a 0 to 80% EtQOAc-
heptane gradient to give N-(5-{6-fluoro-3-methyl-2-oxo-2,3-dihydrobenzold]oxazol-5-
yhpyridin-3-yl)ethanesulfonamide. "H NMR (400 MHz, DMSO-d:) d ppm 1.23 {t, J=7.33
Mz, 3H) 327 (q J=7.33 Hz, 2H) 3.38 (s, 3 H) 7.53 {d, J=B.57 Hz, 1 H) 7.58 (d, J=10.11
Hz, 1 H) 7.79 {q, J=1.85 Mz, 1 H) 8.47 (d, J=2.27 Hz, 1 H) 8.49 {t, J=1.52 Hz, 1 H) 10.20
{s, 1 H). HRMS: (ES!) m/z 352.0768 [(M+H)" Calcd for C15H15FN304S 352.07618],
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Example 23: N-{{5-{3-methyl-2-ox0-2,3-dihydrobenzodloxazol-5-ylpyridin-3-
yiimethyljethanesuifonamide
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A mixture of 5-{3-Methyl-2-ox0-2,3-dihydro-benzooxazol-5-yl)-pyridine-3-carbaldehyde
{51 mg, 0.2 mmol), ethanesuifonamide (33 mg, 0.3 mmol), THOIPr4 (118 uL. 114 mg,
0.4 mmol) in toluene (8 mL) was heated to refiux for overnight.  After concentration, the
residue was dissolved into CH2CI2 (8 mL). NaBH(OAc), (127 mg, 0.6 mmol) was added
at room temperature. The resulting mixture was stired for 4 h at this temperature.
Saturated NaHCO3 solution was added, and the mixture was extracted with CH2CI2.
The combined extracts were dried over anhvdrous Na2S04. After filteration and
concentration, the residue was purified by flash column (MeOH-CH2CIZ, viv, 1-3.5%)
and afforded the title product (50 mg). ESI-MS miz 348.0 [M+1), Retention time 1.0
min; "HNMR {CDCI3, 400.342 MHz) 8 1.40 (, J = 7.4 Hz, 3H), 3.07 (q. d = 7.4 Hz, 2M),
3.48 (s, 3H), 442 (d. =B Hz, 2H), 460 (t, J = 8 Hz, 1H), 713 (s, TH), 7.31 (s, 2M), 7.02
(8, 1H), 857 (d, J= 1.4 Hz, 1H), 877 (d, J = 1.4 Hz, 1H).

Example 24 1,1, 1-trifluoro-N-{{(5-(3-methyi-2-ox0-2,3-dihydrobenzojdloxazol-5-
yipyridin-3-yijmethylimethanssulfonamide
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The entitled compound was synthesized using the reductive amination procedure
described in example 23, The reductive amination procedure in example 24 was used
here. ESI-MS mifz: 387.9 [M+1]", Retention fime 1.12 min; "THNMR (CDCI3, 400.342
MHz} § 3.41 (s, 3H), 4.51 (s, 2H), 7.06 (s, 1H), 7.24 (s, 2H), 7.81 (s, 1H), B.49 (s, 1H),
8.74 (s, TH).

Example 25: 2,2,2-trifluoro-N-{{5-(3-methyi-2-ox0-2,3-dihydrobenzoid]oxazol-§-
yhipyridin-3«ylimethyijethanesulfonamide
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The entitied compound was synthesized using procedure described in example 20. ESk
MS m/z: 388.0 [M+1]", Retention time 1.10 min; ‘HNMR (MeQD, 400.342 MHz) & 3.47
(s, 3H), 4.34 (g, d = 8.4 Hz, 2H), 7.38 (d, d = 8 Hz, 1H), 7.44 (dd, J = 8, 2 Mz, 1H), 7.48
(d, J=2Hz, 1H), 7898 (1, J=2 Mz, TH), 843 (d, J=2 Hz, 1H), 8.64 (d, J = 2 Hz, 1H).

Example 26: N-(5-(3-methyl-2-ox0-2,3-dihydrobenzofdioxazol-5-ylipyridin-3-

yljethanesulfonamide
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The entitled compound was synthesized using procedure described in example 20 . ESI-
MS miz: 388.0 [M+1]", Retention time 1.10 min; "HNMR {MeQOD, 400.342 MHz) & 3.47
(s, 3H), 4.34 (4, d = 8.4 Hz, 2H), 7.38 (d, d = 8 Hz, 1H), 7.44 (dd, J = 8, 2 Hz, 1H), 7.48
(d.d=2Hz, 1H), 7.98 (1, J = 2 Hz, 1K), 843 (d, J = 2 Mz, 1H), 8.64 (d, J = 2 Hz, 1H).

Example 27: N-{5-{3-methyl-2-ox0-2,3-dihydrobenzo[dioxazol-8-yijpyridin-3-
yhipropane-2-sulfonamide

The entitled compound was synthesized using procedure described in example 20. ESI-
MS r/z: 334.0 [M+1]", Retention time 1.03 min; *HNMR (MsOD, 400.342 MHz) & 1.56
t, d=7.3Hz, 3H), 3.21 {qg, J=7.3 Hz, TH}, 3.47 (s, 3H), 7.37 (s, tH), 7.41 (d, I = 1.6 Hz,
1), 7.48 (d, J = 1.6 Hz, 1H}, 7.85 (s, 1H), 8.41 (s, 1H), 8.57 (5, 1H).

Example 28: N-{5-{3-methyl-2-ox0-2,3-dihydrobenzo[dloxazol-5-yDpyridin-3-
yijpropane-t-sulfonamide
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The entitled compound was synthesized using procedure described in example 20. ESI-
MS m/z: 348.1{M+1]", Retention time 1.11 min; "MNMR (CD2CI2, 400.342 MHz) & 0.98
{t, J = 7.3 Hz, 3H), 1.73-1.83 {m, 2H), 2.98-3.07 {m, 2H), 3.36 (s, 3H), 7.10 (s, 1H), 7.21
{8, TH), 7.23 (s, 1H), 7.77 {5, 1H), B.33 (s, 1H), 8.55 (s, 1H).
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Example 29: 5-{8-{1-amino-2,2,2-triflucroethyijpyridin-3-y}-3~
methylbenzoldioxazol-2{3H}-one
N
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Step 1. Synthesis of N-{1-(&-bromopyridin-3-y}-2,2, 2-trfluorcethyl}-2-methyipropane-2~
suffinamide
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A mixture of 3-(3-Methyl-2-oxo0-2,3-dihydro-benzooxazol-5-yl)-pyridine-4-carbaldehyde
{730 mg, 3.92 mmoel} and 2-Methyi-propane-2-sulfinic acid amide (523 mg, 4.32 mmol)
and Titanium isopropoxide (4.7 mk, 15.7 mmwol) in teluene (20 ml) was stirred at room
temperature for overnight. Brine (8 mL) was added and the precipitate was removed and
washed with ethyl acetate. The combined filtrates were dried over anhydrous Na28504.
After filtration and concentration, the residue and TBAT (2.32 g, 4.3 mmol) was dissolved
in THF (75 mL) and cooled to ~ 80 °C. A solution of TMSCF3 (2 M in THF, 2.344 mi,,
4.68 mmol} was added dropwise and resulting mixture was stirred at -50°C for 1.5 h.
The reaction was quenched with saturated NH4CH solution and dilufed with ethyl acetate.
The organic layer was separated, and dried over anhydrous Na2804. After filtration and
concentration, the residue was purified by flash column (MeOH-CH2CIZ, viv, 0-10%) and
afforded coloress solid (340 mg). "HNMR (DMSO-d8, 400.342 MHz) & 1.16 (s, 8H),
551 (m, 1H), 8.57 {d, J = 8.9 Hz, 1H), 8.38 (, J= 2 Hz, 1H), 877 (d, d = 2 Hz, 1H}, 8.80
{(d, J=2Hz, 1H).

Step 2: Synthesis of 1-{5-bromopyridin-3-yi)-2,2,2-{riflucroethanamine
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A solution of HCI (4 M in dioxane, 0.557 m, 2.23 mmol) was added to a solution of N-(1-
{5-bromopyridin-3-y1)-2.2, 2-triffuoroethyl)-2-methylpropane-2-sulfinamide (400 mg. 1.114
mmol} in MeOH (2.5 mbL) at room temperature. The resulting mixture was stirred at this
temperature for overnight. The solvent was removed in vacuum, and the residue was
treated with saturated NaHCO3 solution and exiracted with ethyl acetate. The combined
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extracis were dried over anhydrous Na2504. After filtration and concentration, the fitle
compound was obtained {230 mg). ESI-MS m/z: 256.9 [M+1]"; Retention time  1.02 min;
THNMR (MeOD, 400.342 MHz) §4.61 (q. J= 7.7 Hz, 1H), 8.21 (s, 1H), 862 (d, J = 2 Hz,
1H}, 8.67 {d, J = 2Hz, 1H).

Step 3: Synthesis of 5-(5-(1-amino-2,2, 2-triflucroethylypyridin-3-yl}-3-
methylbenzo[dloxazoh-2{3H)-0ne
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The entiled compound was synthesized using Suzuki procedure described in example 7.
. ESI-MS miz 324.0 IM+1]; Retention time  1.08 min; "HNMR (MeOD, 400.342 MHz) &
348 (s, 3H), 468 {g, J=78Hz, 1H), 7.38 {(d, J =8 z, 1H), 748 {dd, d = 8, 2 Hz, TH),
7.52{d, J=2Hz 1H), 8.28 {s, TH), 8.64 {d, J =2 Hz, 1M}, 8.86 {d, d = 2 Hz, 1H).

Example 30 1 N-{cyclopropyi{5-{3-methyl-2-0x0-2,3-dihydrobenzofd]oxazol-5-
yhpyridin-3-ylimethylsthanesulfonamide
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A mixture of 5-bromonicotinaldehyde (1.860 g, 10 mmol), ethanesulfonamide {1.081 g,
10.00 mmof} and titanium(V) isopropoxide (5.88 mi, 20.00 mmol} in Toluene {20 mi}
was heated to reflux for 2 hr. After concentration, the residue was dissolved in THF (25
mb) and cooled to -40 °C. A solution of cyclopropyimagnesium bromide (0.0 ml, 25.00
mmol) was added dropwise and the resulting mixture was slowly warmed up to -20 °C
and stirred at this temperature for 4 hr.  After quenched by NH4C! solution, filtration,
extraction with CH2CI2, the solufion was dried over Na2804, and concentrated, the
residue was purified by flash column {ethyl acetate / heplane, viv, 10%-35%) and yielded
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the title compound (1.5 g). 'H NMR (400.3 MHz, CDCL): § 0.2-0.3 {m, 1H), 0.4-0.5 (m,
1H), 0.5-0.6 {m, 1H), 0.6-0.7 {m, 1H), 1.0-1.1 {m, 1H), 1.1-1.2 (m, 3H), 2.55-2.75 (m, 2H),
3.8-3.7 {m, 1H), 4.51 {brd, J = 4.8 Hz, 1H), 7.73 (s, 1H), 8.42 (s, TH), B8.51 (s, 1H).
Step 2. Synthesis of N-{cyclopropyl{5-{3-methyi-2-0x0-2,3-dihydrobenzofdloxazol-5-
yhpyridin-3-yiimethyhethanesulfonamide
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The mixture of 3-Methyh5-(4,4,5 B-tetramethyl-[1,3,2]dioxaborotan-2-yi)-3H-benzooxazol-
2-one (1156 myg, 042 mmol), N-{{(5-bromopyridin-3-yii{cyclopropylimethyliethane-
sulfonamide (133mg, 0.42mmol), PACI2{dppf). CH2C2 (34 mg, 0.04 mmol) and Na2C03
(2 M in water, 0.42 mL, 0.83 mmol} in DMF (6 mL) was heated at 100°C for 3 h. After
concentration, the residue was diluted with DCM, and subsequently fitered to remove
insoluble solid. The filtrate was concenfrated and purified by flash column (MeOH-
CH2CIR, viv, 0-4%}) to give N-(cyclopropyl(5-(3-methyi-2-ox0-2,3-dihydrobenzo{dloxazol-
§-ylipyridin-3-ylimethyiiethanesulfonamide (87 myg, 54%), ESEMS miz: 388 [M+1],
Retention time =1.35 min; "H-NMR (MeOD, 400 MHz) & 8.80 {(1H, d, J= 2.0MHz), 8.62
{1H, d, J= 2.0Hz), 8.20 (1H, t, J= 2.0Hz), 7.54 (1H, d, J= 2.4Hz), 7.50 {1H, dd, J= 8.4,
24H2), 742 {(1H, d, J= 8.4Hz), 3.95 {1H, d, J= 8.8Hz), 3.52 (3H, s), 3.05-2.82 (2H, m),
1.36-1.30 (1M, my, 1.30 (1M, t, J= 7.2H2), 0.81-0.77 {1H, m), 0.66-0.862 (2H, m}, 0.55-
047 (1H, m)

Example 31: 3-methyl-5-{4(2,2 2-trifluoro-1-hydroxyethylpyridin-3-
yiibenzo[dloxazol-2{3H}-one
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A solution of TBAF in THF (1 M, 0.02 mL, 0.02 mmol} was added dropwise to a mixture
of  3-(3-Methyl-2-ox0-2 3-dihydro-benzooxazol-5-yl}-pyridine-4-carbaldehyde {54 mg,
0.21 mmol) and (riflucromethylitrimethyl silane {0.2 mb, 0.42 mmol) in THF {0.8 mL) at
5 °C under nitrogen. After 5 min af this temperature, TBAF {1 M in THF, 1 mL, 1 mmol)
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was added. The resulting solution was diluted with ethyl acetate and water. The organic
layer was washed with brine and dried over anhydrous Na28Q4. After concentration, the
residue was purified by PTLC (10% MeDH in DCM, viv) gave 3-Methyl-5-{4-(2.2 2-
trifluoro-1-hydroxy-ethyl)-pyridin-3-yi}-3H-benzooxazol-2-one. (13 mg, 19%); ESIMS
miz: 325 {M+1]', Retention time  1.53min ; 'H-NMR (MeOD, 400 MHz) 3 8.65 (1H, 4, J=
5.6Hz), 8.50 (1M, s), 7.79 (1H, d, J= 5.6Hz), 7.39 (1H, d, J= 8.0Hz), 7.17 (14, d, J=
1.8Hz), 7.12 {(1H, dd, J= 8.0, 1.6Hz), 5.16 (1H, ¢, J= 6.8Hz), 3.43 (3H, 8).

Example 32; 5<{4{cyclopropyithydroxylmethyljpyridin-3-yi}-3-
methylbenzol[dloxazol-2{3H}-one
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Cyclopropyimagnesium bromide (0.5 M in THF, 3.5 mL, 1.8 mmol} was added dropwise
to a solution of 3-(3-Methyi-2-0x0-2, 3-dihydro-benzooxazol-5-yi)-pyridine-4-carbaldehyde
(150 mg, 0.58 mmol} in THF {1.6 mL) at -368°C. The resulting mixture was stirred at this
temperature for 3 h, and the reaction was quenched by the addition of saturated NH4CH
solution. The mixture was diluted with ethyl acetate and water. The organic layer was
separated and dried over anhydrous Na2504. After filtration and concentration, the
residue was purified by flash column (MeOH/DCM, viv, 0-4%) to give the title compound.
(87 myg, 39%); ESI-MS miz 287 2 [M+17, Retention time  1.00 min; *HNMR (CDCl;,,
400.342 MHz) 0 ppm -0.27-0 (m, 1H), 0.36-0.45 (m, 2H), 0.52-0.57 (m, 1H), 0.96-1.02
{m, 1H}, 3.47 (s, 3H), 452 (d, J = 7.6 Hz, 1H), 7.14 (dd, J = 8, 1.6 Mz, 1R), 7.25 d,d=
1.6 Hz, 1H), 7.33 (d, J = B Mz, 1H}, 8.18 (d, J = 6 Hz, 1H)}, 847 (s, 1H), 863 (d, J = 8 Hz,
1H).

Example 33: 5-{4-{1-hydroxypropyljpyridin-3-yl}-3-methyibenzo[d]oxazol-2(3H}-one
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Ethylmagnesium bromide (3 M in THF, 0.295 ml., 0.885 mmol) was added dropwise t0 a
solution of 3-(3-Methyl-2-0x0-2,3-dihydro-benzooxazol-5-yl}-pyridine-4-carbaldehyde (75
mg, 0.205 mmol}) in THF (2 mL) at -36°C. The resulting mixture was stirred at this
temperature for 3 h, and the reaction was quenched by the addition of saturated NH4C|
solution.  The mixiure was diluted with ethyl acetale and water. The organic layer was
separated and dried over anhydrous Na2S04. AfRer filtration and concentration, the
residue was purified by reverse phase chromatography (10%-100%, viv, ACN-water), 8
mg of desired product was obtained. ESI-MS miz: 285.1 [M+1]’, Retention time 1.00
min; *HNMR (CDCL, 400.342 MMHz) & ppm 0.74 (8, J = 7.3 Hz, 3H), 1.47-1.83 (m, 2H),
340 (s, 3H), 493 {{, J=85Hz 1H), 7.03(dd, d = 8.1, 1.2 Hz, 1H), 7.16 (s, 1H), 7.25 {d,
J=8.1Hz 1H), 803 (d, =5 Hz, 1H), 8.36 (s, 1H), 8.52(d, J =5 Hz, 1H).

Example 34: 3-methyl-8-{4-{oxetan-Z-yljpyridin-3-yhibenzo[dioxazol-2{3H)-one
N
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Step 1: Synthesis of 3-Bromo-4-oxiranyl-pyridine

To a solution of sulfonium salt (7.38 g, 33.6 mmol} in DMSO {40 mbL) was added sodium
hydride (60% in oil, 1.236 g, 30.9 mmol) at room temperature. After 15 min of stirring, 3-
Bromo-pyridine-4-carbaldehyde (830 mg, 5 mmol} in DMSO (20 mL) was added slowly at
this temperature. After addition, the resulling mixture was stirved for another 30 min,
and was subsequently quenched with brine. The mixiure was extracted with ethyl
acetate twice. The combined extracls were dried over anhydrous Na2S04. After
filtration and concentration, the title compound was obiained (200 mg).

Step 2: Synthesis of 3-Bromo-4-oxstan-2-yl-pyridine
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potassium terl-butoxide (561 mg, 5 mmol) was added to a solution of sulfonium salt
{1100 mg, 5 mmotl} in +-BuOH (20 mL) at room temperature. After 15 min, a solution of
3-Bromo-4-oxiranyl-pyridine (200 mg, oblained above) in DMSO {10 mlL) was added
dropwise at 50°C. The resulting mixture was stired at 50°C for 15 h. The reaciion
mixture was quenched with brine, and the resulting mixture was exiracted with ethyl
acetate fwice. The combined extraclts were dried over anhydrous NaZS04. After
filtration and concentration, the residue was purified by flash column and afforded the
fitle compound (86 mg). ESI-MS m/z: 216.1 [M+1]", Retention time 1.01 min; "HNMR
{CDCl;, 400.342 MHz) & ppm 2.50-2.59 (m, 1H), 3.31-3.39 {m, 1H), 4.85-4.70 (m, 1H),
4.87-4.92 {m, 1H), 681 (t, 4 =8 Mz, 1H}, 7.95 (d, J = 8 Hz, 1H), 8.68 {d, 4 = § Hz, 1H},
873 (s, TH).

Step 3. Synthesis of 3-methyl-5-{4-(oxetan-2~yl)pyridin-3-ybenzo[dioxazol-2(3H)-one
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A mixture of 3-Methyl-5-(4.4,5 5-tetramethyl-{1,3,2]dioxaborolan-2-yl)-3H-benzooxazol-2-
one (123 mg, 0.44 mmol), 3-Bromo-4-oxetan-2-yl-pyridine (96 my, 0.44 mmol}, Na2C03
(2 M in water, 0.67 mL, 1.35 mmol) and PdCIZ(PPh3)2 (16 mg, 0.02 mmol) in DMF(4
mi) was heated at 100°C for 3 h. After concentration, the resulting residue was diluted
with DCM and saturated NH4C| solution. After filteration, the fitrates were concentrated
and the residue was purified by flash column (MeOH / CH2CI2, viv, 0 - 3.5%} and
afforded the title compound (8 mg, 5%); ESIMS miz 283 [M+1], Retention time
1.03min; *HNMR (MeQD, 400.342 MHz) © ppm 2.60-2.65 (m, 1H), 2.83-2.87 (m, 1H),
34T (s, 3H), 4.62-4.68 {m, 1H), 4.75-4.82 {m, 1H), 591 {{, J =78 Hz, 1H), 7.08 {dd, J =
8, 1.6 Hz, 1H), 715 {d, J =16 Hz, 1H}, 7.39 (d, d = 8 Hz, 1H), 7.94 (d, J = 5.2 Hz, 1H),
846 (s, 1H), 887 {d, J =52 Hz, 1H).

Example 38: 5-{4-{2-hydroxypropan-2-yl}pyridin-3-yi}-3-methylbenzofdjoxazol-
2{3H})-one
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Step 1; Synthesis of 2-{3-Bromo-pyridin-4-yl}-propan-2-¢l
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A solution of methylmagnesium bromide (3 M solution in THF, 1 mL, 3 mmol) was added
dropwise to a solution of 1-(3-Bromo-pyridin-4-yl}-ethanone (200 mg, 1 mmol) in THF {3
mi)at -36°C. After addition, the resulting mixture was stirred for another 30 min at this
temperature an was subssuwenily warmed up to 0°C. The reaction was quenched by
saturated NH4C! solution.  The mixture was extracied with ethyl acetate. The combined
exiracts were dried over anhydrous MgSQ4. After filteration and concentration, the title
compound was obtained (217 mg). ESMMS miz: 218.0 [M+1]", Retention time .95 min.
Step 2 Synthesis of 5-(4-(2-hydroxypropan-2-yhpyridin-3-yl}-3-methylbenzofdioxazol-
2{3H)-one
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A mbdure of 3-Methyl-5-(4 4,5 5-tetramethyl-{1,3,2]dioxaborolan-2-y1}-3H-benzooxazol-2-
one (304 mg, 1.1 mmol), 2-(3-Bromo-pyridin-4-yl)-propan-2-ol (217 myg, 1.0 mmol},
Naz2CO3 (2 M in water, 1.5 mL, 3.0 mmol) and PJdCI2{(PFh3}2 (56 mg, 0.08 mmol) in
DMF{8 mL) was heated at 100°C for 4 hrs. After concentration, the residue was diluted
with DCM and saturated NHQC] solutions.  After filfration and concentration, the residue
was purified by flash column (MeOR-CH2CI2, viv, 0 — 3.5%) to give the title compound
{1.4 mg, 0.5%); ESI-MS miz: 285 [M+1]", Retention time 0.88min; *H-NMR (CDCI3, 400
MHz) 3 1.51 (s, BH), 3.43 (s, 3H), 6.95 (d, J = 1.8 Hz, 1H), 7.04 (dd, J = 8.4, 1.6 Hz, 1H),
7.32(d, J=84 Hz, 1H), 8.11 {d, = 6.0 Hz, 1H), 840 (s, 1H), 8.65 (d, J = 8.0 Hz, 1H).

Example 36: 5-{5-fluoro-4-{hydroxymethyljpyridin-3-yi}-3-methylbenzoidjoxazol-
2{3H}-one

Step 1. Synthesis of 3-Bromo-5-fluoro-pyridine-4-carbaldehyde
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n=Buki (1.6 M in hexanes, 2.250 mk, 3.6Q0 mmol} was added dropwise 1o a solution of
diisopropylamine (0.558 mi, 3.90 mmol} in THF {20 mb} at -78 °C under innert gas (Ny).
The resulting mixture was warmed up to ~ ~50 °C and stirred for 10 min and cooled again
to -78 °C. A solution of 3-bromo-8-fluoropyridine {528 mg, 3 mmol) in THF (5 mL) was
added dropwise at this temperature. The reaction mixiure furned from clear light brown
to heterogenocus light brown, After 30 min, DMF {0.256 mL, 3.30 mmol) was added
dropwise and the resulting mixture was stirred for 30 min. The reaction was guenched
by MeOH then NMH4Cl (saturated solution) and warmed up to room temperature. After
concentration, the residue was dissolved in CH2CI2Z and washed with NaHCO3
(Saturated solution). After drying over Na2804, concentration, the residue was purified
by column (Heptane to CH2CI2) and yielded slightly yellow crystal (380 mg). 'H NMR
(400.3 MHz, CDCL). 58.58 (s, 1H), 8.72 {s, 1H), 10.33 {5, 1H}.

Step 2. Synthesis of 3-Fluore-5-(3-methyl-2-0x0-2, 3-dihydro-benzeoxazol-b-yi)-pyridine-
4-carbaldehyde
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A mixture of 3-Methyl-5-(4,4,5,5-tetramethyl-{1,3,2]dioxaborolan-2-yi}-3H-benzooxazol-2-
cne {138 mg, 0.5 mmeol), 3-Brome-S-fluore-pyridine-4-carbaldehyde {102 mg, 8.5 mmaol},
Naz2CO3 (2 M in water, 0.75 mi, 1.5 mmol) and PACIZ(PPh3)2 (17 mg, 0.03 mmol} in
DMF{3 mL) was heated at 100°C for 4 hrs. After concentration, the residus was diluted
with DCM and saturated NH4C! solution.  After filtration and concentration, the residue
was purified by flash column (MeOH-CH2CI2, viv, 0 - 1.5%) and afforded the title
compound (47 mg, 35%). 'H NMR (400.3 MHz, CDCLY): § 345 (s, 3H), 688 {d, J = 1.7
Hz, 1H), 7.08 (dd, J =‘8, 1.7 Hz, 1H), 7.32 (d, d = 8 Hz, 1H}, 8.59 (s, 1H), 8.68{d, J = 1.3
Hz, 1H), 10.07 (s, 1H).

Step 3: Synthesis of 5-(5-fluoro-4-(hydroxymethyl)pyridin-3-yi)-3-methylbenzo[djoxazol-
2(3H)-one
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Sodium borohydride (8.3 mg, 0.17 mmol) was added to a solution of 3-Fluoro-5+(3-
methyl-2-oxo-2, 3-dihydro-benzooxazol-5-yl)-pyridine-4-carbaldehyde (47 mg, 0.17 mmaol)
in THF(0.5 ml) and water (0.1 mbL) at 0°C. The resulting mixture was stirred at room
temperature for 2 h. Brine was added {o the reaction mixture. The resulting mixture was
diluted with DCM and water. The organic layer was separated, dried over anhydrous
Na2804 and concentrated under reduced pressure. The residue was purified by flash
column (MeOH-CH2CI2, viv, 0 - 3%} and afforded the title compound (7 mg, 16%); ESI-
MS miz: 275 [M+1], Retention time  0.92min; "MNMR {(MeOD, 400.3 MHz) 5 3.44 (s,
3H), .89 (s, 2H), 7.32 (dd, J = 8.0, 1.2 Mz, 1H), 7.35(d, J = 1.2 Hz, 1H), 7.38(d, J= 8.0
Hz, 1H), 8.39 (s, 1H), 8.48 (d, J = 1.2 Hz, 1H).

Example 37: 5-<{4-(1-methoxyethyl)pyridin-3-yl}-3-methylbenzo[dloxazol-2{3H}-one

Sodium hydride (60% in mineral off, 148 mg, 3.71 mmol) was added {o a solution of 1-(3-
bromopyridin-4-yHethanot (500 mg, 2.475 mmaol) in DMF (12 mL) a1 0°C.  After 10 min,
jodomethane (1.237 mi, 2 475 mmol) was added dropwise and the resulting mixture was
stirred at room temperature for ancther th. The reaction was quenched by water, and
the mixiure was exiracted with ethyt acetate. The combined exiracts were dried over
anhydrous Na2604. After filtration and concentration, the residue was purified by flash
column {ethyl acetate-heptaneg, viv, 0-30%) to give 418myg of the title compound. THNMR
(CBCI3, 400.3 MHz) 8 142 {d, J = 6.4 Hz, 3H), 3.30 (s, 3H), 464 (g. J = 8.4 Hz, 1H),
7.58 (s, 1H), 8.56 (s, 1H), 8.70 9s, 1H).
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Step 2: Synthesis of 5-{4-{1-methoxyethylypyridin-3-yi)-3-methyibenzoldloxazol-2{3H)-
one
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A mixture of 3-Methyl-5-{4.4.5 5-tetramethyl-{1,3,2]dioxaborolan-2-yi)-3H-benzooxazol-2-
one {255 mg, 0.83 mmol), 3-Bromo-4-(1-methoxy-ethyl)-pyridine (200 mg, 0.83 mmol),
Na2CO03 (2 M in water, 1.6 mL, 0.8 mmol) and PACIZ{(PPh3)2 (52 mg, 0.07 mmol} in
DMF(3 mL) was heated at 100°C for overnight. After concentration, the residue was
diluted in DCM and saturated NH4C! solution.  After filtration and exiraction, the
combined extracts were dried over anhydrous Na2804. After filtration and
conecentration, the residue was purified by flash column (MeOQH-CH2CIZ, viv, 0 - 1.5%)
to give the title compound (182my, 89%). The racemate was resolved by chiral HPLC
{ChiraiPak, 1A-H column, 40% EiOH/Heptane) to the first peak {enan‘;iomer 1, retention
time = 10.90 min) and the second peak (enantiomer 2, retention time = 14.25 min).
ESI-MS m/z: 285 (M+1]", Retention time 1.13min; "HNMR (MeQD, 400 MHz) 5 1.38 (d, J
= 5.8 Hz, 3H), 3.30 (s, 3H), 348 (s, 3H), 4.89 (g, J = 6.8 Hz, 1H}, 7.27 (dd, J = 8.0, 186
Hz, 1TH}, 7.32 {d, J = 1.8 Hz, 1H), 7.45 (d, d = 8.0 Hz, 1H), 8.25(d, J = 6.0 Hz, 1H), B.78
(s, 1H), 8.88 (d, I =8.0z, 1H).

Example 38: 5-{4-{1-amineo-2,2,2-rifluorcethylipyridin-3-yi-3~
methyibenzofdioxazol-2{3H}-one

N
e R
N
» H i
kY H i
] Lo 3
s e
N R T
H H
o=x | \[ :
N A o s I
G N e
N r\\
F
F

The entiled compound was synthesized using procedures described in example 30.
Enantiomers were obtained by employing sither enantiomers of the commercially
available 2-Methyl-propane-2-sulfinic acid amide in the synthesis. ESI-MS miz 324
{M+1]", Retention time  1.13min; H-NMR (MeOD, 400 MHz) & 343 (s, 3H), 457 (q. J =
TOHz, H)L 714 (dd, J=8.0, 1.8 Hz, 1H), 7.20 (d, J = 1.6 Mz, 1H), 7.38 {d, J/ = 8.0 Hz,
TH), 7.78 {d, J =52 Hz, 1H), 8.50 (s, 1H), 8.63 (d, J = 5.2 Hz, 1H).
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Example 39: Ethanesulfonic acid [5-(2-ox0-3-propyl-2,3-dihydro-benzooxazol-§-yi)-
pyridin-3-yil-amide
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Step 1. Synthesis of 5-Bromo-3-propyl-3H-benzooxazol-2-one
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A 100 mL round-bottomed flask was charged with 5-bromo-2-benzoxazolinone (0.750 g,
3.50 mmol), n-propyl iodide (0.684 ml., 7.01 mmol), potassium carbonate (1.211 g, 8.76
mimol} and Dioxane (5 ml). The reaction mixture was stirred at room temperature for
overnight. The reaction was quenched with water. Colorless precipitate was collected
through filfration and 5-Bromo-3-propyl-3H-benzooxazol-2-one was obtained. ESI-MS:
miz 258.2(M+H)”

Step 2 OSynthesis of 3-propyl-5-(4,4,5 5-tetramethyl-[1,3, 2]dioxaborolan-2-yl)-3H-
benzooxazal-2-one

A 100 mi round bottom flask was charged with 5-Bromo-3-propyl-3H-benzooxazol-2-one
(716 mg, 2.80 mmol}, 44,4’ 4,5 5.5 §-octamethyl-2,2'-bi( 1,3, 2-dioxaborolane) (785 myg,
3.08 mmol) and dioxane {15 mi}. To this mixture PACI2{dppf). CH2CI2 (81.4 my, 0.084
mmot) was added. The reaction mixture was stirred at 90 °C for overnight. The reaction
was cooled to room temperature and concentrated in vacuo. The residue was purified by
silica gel flash chromatography (Ethyl acetate-MHeptane, vy, 10-80 to 50-50) to afford
pure product 3-propyl-5-(4.4,5,5-tetramethyi{1,3,2]dioxaborotan-2-yi)-3H-benzooxazol-2-
one as a light cream color sofid.

miz 304 3(M+H)"

Step 3: Synthesis of ethanesuffonic acid [5-(2-oxo-3~propyl-2,3-dihydro-benzooxazol-5-
yh-pyridin-3-yi}-amide
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A 20 mb microwave vial was charged with 3-propyl-5-{4,4.5 5-tetramethyl
{1,3,2ldioxaborolan-2-yl}-3H-benzooxazol-2-one {0.258 g, 0.852 mmol), ethanesulfonic
acid (3-bromo-phenyl)-amide (0.150 g, 0.568 mmol), sodium carbonate (2 M in water,
0.852 mbL, 1.704 mmol) and Dioxang (5 ml). The reaction mixture was flushed and
evacuated with N2 twice, then tetrakis(triphenylphosphine)palladium(0) (65.6 mg, 0.057
mmol} was added and the vial was evacuated and flushed with N2 again. The reaction
mixture was stired in the microwave at 100 °C for 2 hrs. The reaction mixture was
concentrated in vacuo. The residue was dissolved in DMSO (3.5 mb) and purified by
using Xbridge C18 eluting with a 10 to 100% ACN-water to afford pure product
ethanesulfonic acid [5-(2-oxo-3-propyl-2, 3-dihydro-benzooxazol-5-yl)-pyridin-3-yl-amide
as a white color solid. ESI-MS: m/z 382.2(M+H)" , 1H NMR (400 MHz, MeQOD) & ppm
1.04 (¢ J=7.5 Hz, 3 M), 139t J=7.3Hz, 3H), 1.83-1.96(m, 2 H), 3.24 (g, =73 Hz, 2
H), 3.95 {1, J=7.1 Hz, 2 M}, 742 {d, J=8.3 Hz, 1 H}, 7.46 (dd, J=8.3, 1.8 Hz, 1 H), 7.53(d,
JEIS Hz, 1 H), 7.97 {t, J=2.1 Hz, 1 M), 844 (d, /=23 Hz, 1 H), 8.58 (d. J=2.0 Hz, 1 H).
HRMS: (ES1) miz 362.11745 [{(M+H}™ Caled for C17H19N3048 362116811

Example 40: Ethanesulfonic acid {5<{3-ethyi-2-0x0-2,3-dihydro-benzooxazol-5-yi}-
pyridin-3-yi]-amide

The entitted compound was synthesized using procedure described in example 39, ESI-
MS: m/z 348 2(M+H)", 1H NMR (400 MMz, MeQD) é ppm 1.38 ¢, J=7.5 Hz, 3 1), 1.43 @&,
JEFZ2 Mz, 3 M), 321 (g, =73 Hz, 2 H), 4.03 {q, J57.2 Mz, 2H), 741 (d, /=83 Hz, 1H),
7.45 (dd, J=8.3, 1.8 Hz, 1 M), 7.53 (d, J=1.3 Mz, 1 Hj, 7.94 {t, J=2.1 Hz, 1 H), 8.41 {d,

=2.5 Hz, 1 H), 8.61 (d, J=2.0 Hz, 1 H). HRMS: (ESH) m/z 348.10245 [(M+H)" Calcd for
C18H17N304S 348.10126].

it can be seen that the compounds of the invention are useful as inhibitors of
aldosterone synthase activity and therefore useful in the treatment of diseases and
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conditions mediated by aldosterone synthase such as the metabolic disorders disclosed
herein.
It wilt 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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CLAIMS

1. A compotind of Formula §

or a pharmaceutically acceptable salt thereof, wherein:

R'is Curalkyl, Coasaryl-Cyralkyl, hydroxy-Cyralkyl, Cogcycloatkyl or -
CH.C{OINRR®;

R* and R* are each independently hydrogen or halogen;

R®is hydrogen or Cy.alkoxy;

R” is hydrogen, halogen, Cralkoxy, Ciratkyl, Cogcycioalkyl, cyano, ~CH.NRPR®,
~CHNRY(S0:)-Coralkyl, ~CHNRYS0,)-Cascycloatkyl, ~NR¥(SQ,)-C. 7atkyl, -NRYSO.)-
Ca.scycloalkyl or -NHC(OINR®R®; in which each alkyl and cycloalkyl is optionally
substituted with one are more substifutents selected from the group consisting of C..
salkoxy, halogen, hydroxy, -NHz, -NH{Czatkyh) and —N{Csalkyl)s;

R® hydragen, Cyralkyl, Cygoycloalkyl, heterooyaiyl, ~C(O)-Cralkyl, ~CIOINRER®,
= CopalKy-NRPG{OWCoalkyl, ~CHNRYSQL)-Ciratkyl, — Crratkyl-NR®-S{0).-Coratkyl, —
CHoNR®-8(0),~ Cyscycioalkyl or —CHNRSO,)-C i salkyl; in which each alkyl and
cycloalicyl is optionally substituied with one ore more substitutents selected from the
group consisting of Cessaryl, Cizalkoxy, halogen, hydroxy and -NH,, -NH{C yatkyl) and ~
N{C.atkyl),; and

R* and R” are each independently hydrogen, Cq.ratkyl or Cg aryl-Cs.-alkyl; and
nistorz

wherein sach hetercaryl is a mono- or bicyclic aromatic motety comprising 5-10

ring atoms selected from carbon atoms and 1 to § heteroatoms, and

each heterocyclyl is a monao-~ or bicyclic saturated or partially saturated but non-
aromatic moiety comprising 4-10 ring ring atoms selected from carbon atoms and 10 8

heteroatoms; and each hetercatoms being O, N or 8.

2. The compound according to claim 1, wherain:
R R and R” are M;
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R" is hydrogen, halogen, s alkyt or Castycloalkyl in which alkyl and cycloalky! are
optionally substituted with one ore more substitutents selected from the group consisting
of Cy-alkoxy, halegen, hydroxy, -NH;, -NH{C.,atkyl} ang —-N{C;.salkyl),, or a
pharmaceutically acceptable salt thereof.

3. The compound according to claim 1 or 2, wherein R® is selected from the group
consisting of:
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or a pharmaceutically acceptable salt thereof.

4. The compound according to claim 1, wherein:
R®, R¥and R" are H;
R* is hydrogen or halogen;

PCT/EP2010/056529

H
X<fN 57
AN
o 0

“
N e, F
s .
and N\ AN\
O O F

R®is H, halogen, Cisalkyl or Cyscycloalikyl in which alkyl and cycloalkyl are optionally

substituted with one ore more substitutents selected from the group consisting of Ce.

searyl, Coralkoxy, halogen, hydroxy and -NH,, -NH(C, ralkyl) and —~N(C.salkyl)s, or a

pharmaceutically acceptable salt thergof.

5. The compound according to claim 1 or 4, wherein:
R% is selected from the group consisting of:
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or & pharmaceutically acceptable salt thereof.

5. The compound according {o any one of claim 1, 4 or 5; wherein:
R*is H;
R®is Cyalkyl substituted with hydroxy, or a pharmaceutically acceptable salf thereof.

7. A pharmaceutical composition comprising a therapeuticatly effective amourt of the
compound according 1o any one of claims 1 to 6, or a pharmaceutically acceptable salt
thereof, and one or more pharmaceutically acceptable carriers.

8. A combination, in particutar a pharmaceutical combination, comprising a
therapeutically effective amount of the compound according to any one of claims 1 to 6,
or a pharmaceutically acceptable salt thereof, and one or more therapeutically active
agents selected from an HMG-Co-A reductase inhibitor, an angiotensin If receptor
antagonist, angiotensin converting enzyme (ACE) Inhibitor, a calcium channel blocker
(CCB), a dual angiotensin converting enzyme/neutral endopeptidase (ACE/NEP)
inhibitor, an endothelin antagonist, a renin inhibitor, a divretic, an ApoA- mimic, an anti-
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diabetic agent, an cbesity-reducing agent, an aldosterone receptor blocker, an
endothelin receptor blocker and & CETP inhibitor.

9. A method of inhibiting aldosterone synthase activity in a subject in need thereof,
comprising: administering to the subject a therapeutically effective amount of the
compound according to any one of claims 1 to 6, or a pharmaceutically acceptable salt
thereof.

10. A method of treating a disorder or a disease in a subject mediated by aldosterone
synthase, comprising:

administering to the subject a therapeutically effective amount of the compound
according to any one of claims 1 o 8, or a pharmaceutically acceptable salt thereof.

11. A method according to claim 10, whergin the disorder or the disease is selected from
hypokalemia, hypertension, Conn's disease, renal failure, chronic renal failure,
restenosis, atherosclerosis, syndrome X, obesity, nephropathy, post-myocardial
infarction, coronary heart diseases, increased formation of collagen, fibrosis and
remadeling following hypertension and endotheliat dysfunction, cardiovascular diseases,
renal dysfunction, liver diseases, cerebrovascular diseases, vascular diseases,
retinopathy, neuropathy, insulinopathy, edema, endotheliz! dysfunction, baroreceptor
dysfunction, migraine headaches, heart failure such as congestive heart failure,
arrhythmia, diastolic dysfunction, left ventricutar diastolic dysfunction, diastolic heart
failure, impaired diastolic filling, systolic dysfunction, ischemia, hypertrophic
cardiomyopathy, sudden cardiac death, myocardial and vascular fibrosis, impaired
artetial complance, myocardial necrotic lesions, vascular damage, myocardial infarction,
left ventricular hyperdrophy, decreased ejection fraction, cardiac lesions, vascular wall
hypertrophy, endothelial thickening, and fibrincid necrosis of coronary arteries.

12. A compound according to any one of claims 1 {o 6, or 2 pharmaceutically acceptable
salt thereof, for use as a medicament.

13. Use of a compound according to any one of claims 1 to 6, or a pharmaceutically
acceptabie salt thereof, for the treatment of a disorder or disease in a subject mediated
by aldosierone synihase.
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14. Use of a compound according {o any one of claims 1 to 8, or a pharmaceutically
acceptable salt thereof, for the treatment of a disorder or disease in a subject
characterized by an abnormal activity of aldosterone synthase.

15. The use of claim 14, wherein the disorder or disease is selected from hypokalemia,
hyperiension, Con's disease, renal fallure, chronic renal fallure, restenosis,
atherosclerosis, syndrome X, cbesily, nephropathy, post-myocardial infarction, coronary
heart diseases, increased formation of collagen, fibrosis and remodeling following
hypertension and endothehal dysfunction, cardiovascular diseases, renal dysfunction,
liver diseases, cerebrovascular diseases, vascular diseases, retinopathy, neurcpathy,
insulinopathy, edema, endothelial dysfunction, baroreceptor dysfunction, migraine
headaches, heart failure such as congestive heart failure, arrhythmia, diastolic
dysfunction, left ventricular diastolic dysfunction, diasiolic heart failure, impaired diasiolic
filling. systolic dysfunction, ischemia, hypertrophic cardiomyopathy, sudden cardiac
death, myocardial and vascular fibrosis, impaired arterial compliance, myocardial
necrotic lesions, vascular damage, myocardial infarction, left ventricular hypertrophy,
decreased gjection fraction, cardiac lesions, vascutar wall hypertrophy, endothelial
thickening, and fibrinoid necrosis of coronary arteries.
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