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ARYL PYRIDINE 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
tons and water in the kidney. Aldosterone causes conservation of sodium, secretion of
potassium, increased water retention, and increased blood pressure.

Aldosterone has been implicated in the pathogenesis of cardiovascular diseases
such as hyperiension and heart failure. i clinical frials, treatment with the nonselective
mineralocorticoid receptor antagonist (MRA} spironclactone or the selective MRA
eplerenone significantly reduced morbidity and mortality among patients with heart failure
or myocardial infarction already {aking an angiotensin-converting enzyme inhibitor or a B-
blocker. However, significant side effects such as gynecomastia and impotence were
observed in male patients receiving spironolactone 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. Exampiles of compounds of the invention include the
compounds according to any one of the Formudae |' and -V, and the compounds of the

axamples, or a pharmaceutically acceptable salt thereof.

The invention therefore provides a compound of the Formula

orf a pharmaceutically acceptable salt thereof, wherein
A is a bond, ~CH,-, -CHR®-, -CRR% or -CR¥R™.CR¥R®.,
Ring C is a phenyl or a 5- or §-membered heteroaryt,
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R1 is C-;_'f&lk}\'{i hailoalkyl, C&rCYQEOﬁEk}(L Cﬁ.maf}"!, Ca,maryi-Q.yaikyi, Cg-maryioxy-cg‘?aikyi,

heteroaryl or heterocyelyt in which alkyl, aryl, heteroaryl, heterocyclyl are optionatly
substituted with 1 to 5 R’
R¥is H, Cy.,alkyl, halo-C.-alkyl, Cssoycloalkyl, Cascycloalkyl-Cysatkyl, hydraxy-Coatkyl,
Co7atkyl-0-C(O)Cyratkyl, Cqralkoxy-Cyralkyl, heteroaryl, heterocyeyl, or Gs.qearyl;
wherein aryl and heteroaryl are optionally substituted with hydroxy, C..;alkoxy, Cyralkyl,
halo-C, salkyl, halo, CN or Gy cycloalkyl;
R¥is M, halo, Cy»alkyl, halo-Cy.salkyl, Gy cycloalkyl, cyano, Coralkoxy, hydroxy, nitro, ~
NH., ~NH(C, satkyl) or -N(C, salikyl),;
each R is independently selected from the group consisting of halo, Cy.salkyl, halo-C;.
salkyl, Cyroycloalkyl, eyano, -NH;, -NH({Csatkyl), -N{C, ;atkyl};, C,.yalkoxy, halo-C;.
ralkoxy, hydroxy, carboxy, nitro, sulfonyl, sulfamoyl, sulfonamido, Ce.garyl, heterocyclyl,
Ce.iparyloxy, heterocyclyloxy, ~SH, ~8-Cyalkyl, -C{O)O- Cs.10aryl, -C(O)O-heterocyciyl, -
C{O)O-heteroaryl, -C(OINR?- Cyalkyl, -C{OINR? Cq.oaryl, -CIOINR -heteroaryl, -
C{OINR heterocyctyl, -NR*C{O)- C,.alkyl, -NR*C(O)- Cq.pparyl, -NRC(O)-heteroaryl, -
NR’C(Q)-heterocyciyl, -OC(Q}- Cyralkyl, -OC(O}- Cy.oaryl, -OCG{O)-hetercaryl and -
OC(O)-heterocyclyl; whersin R* is optionally substituted with 1to 5 R, or
two adjacent R groups can form with the atoms to which they are attached a phenyl or a
5~ or B-membered ring hetercaryl, in which said phenyl or heleroaryl ring is oplionally
substituted with 1 to 4 R®
R®and R® are independently G,.-alkyl, Cs-cycloalkyl, halo-Cyalkyl, heterocyciyl,
heteroaryl or Cy.iearyl; or R® and R form together with the atom fo which they are
attached a Cyycycloalkyl;
R®™ R® R™ and R™ are independently H, C,.salkyl, Cs-cycloalkyl, halo-C, ;alkyl,
heteracyclyl, heteroaryl or Cs.rearyl; or any fwo of R®, R®, R™ and R® form together with
the atom{s) to which they are attached a Cycycloalkyl;
each R is independently selected from the group consisting of halo, Cysalkyl, Ca
scycloalkyl, Coralikoxy, Ceparyioxy, heterocycivl, Cssparyl, heteroaryl, CN and halo-Cy.
yalkyt;
each R? is independently selected from the group consisting of hala, C,..atkyl, hala-C,.
-alkyl, Ci alkoxy, CN and halo-C4 alkoxy; or
R?*and R% R' and R%; R' and R”; R' and R™; R" and R™; R? and R*; R? and R™; R’ and
R?: or R? and R® can form with the atoms to which they are attached a 4- to 7-
membered heterocyclyl; or
R® and R% R%and R™; or R® and R™ can form together with the atoms to which they are
attached a Cq.;cycloatkyl; and

wherein each heteroaryl is a monocyclic aromatic ring comprising 5 or 6
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ring atoms selected from carbon atoms and 1 to 5 hetercatoms, and

each heterocyclyl is a monocyclic saturated or partially saturated but non-
aromatic moiety comprising 4-7 ring atoms selected from carbon atoms and 110 3
heteroatoms,; and each heteroatoms being O, N or §; and
pis 0, 1,2 3, 4 or 5, with the proviso that Ring C together with two adjacent R* groups
do not form a Z2-indole; and
when Ring C is pyridine, thiazole, imidazole or pyrazote and two adjacent R* groups do
not form with the atoms to which they are attached a phenyl or a &- or 8-membered ring
heteroaryl, than A is not a bond; and
when Ring C together with two adjacent R* groups form oxazolo[4,5-blpyiridine, than A is
not a bond, and the compound of Formuta 1" is not 2-methyl-N-(G-(5~
{phenyisulfonamido)pyridin-3-vi}- 1 H-indazol-4-yhthiazole-4-carboxamide, 2-chloro-N-
isobutyl-N-({5-{3-{methylsulfonyl}phenyl)pyridin-3-yl)methylibenzenesulfonamide or 4-(5-
{4-chiloro-2, 5-dimethylphenyisulfonamido)pyridin-3-yl}benzoic acid.

in another embodiment, the invention pertains, at least in pari, to a method for
treating 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 a compound according to any one of the Formulae | and Vi, ora
pharmaceutically acceptable salt thereof, such that the disorder or disease mediated by
aldosterone synthase andior CYP11B1 in the subject is treated.

in yet another embodiment, the invention perains, at least in part, to a method for
treating a subject for hypokalemia, hypertension, Conn's disease, renal fallure, in
particutar, chronic renal failure, restenosis, atherosclerosis, syndrome X, obesity,
nephropathy, post-myocardial infarction, coronary heart diseases, increased formation of
collagen, fibrosis and remodeling following hypertension and sndothelial dysfunction,
cardiovascular diseases, renal dysfunction, liver diseases, cerebrovascular diseases,
vascular diseases, retinopathy, neuropathy, insulinopathy, edema, endothelial
dysfunction, baroreceptor dysfunction, migraine headaches, heart failure such as
congestive hear fallure, 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 arterial compliance, myocardial necrotic lesions, vascular damage,
myocardial infarction, left ventricutar hypertrophy, decreased gjection fraction, cardiac
tesions, vascular wall hypertrophy, endothelial thickening, or fibrinoid necrosis of
coronary arteries, Cushing’s syndrome, excessive cortisol level, the ectopic ACTH
syndrome, the change in adrenocortical mass, primary pigmented nodular adrenocortical
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disease (PPNAD) Carney complex (CNC), ancrexia nervosa, chronic alcoholic

poisoning, nicoting or cocaine withdrawal syndrome, the post-traumatic siress syndrome,
the cognitive impairment after a stroke, the cortisol-induced mineralocorticoid excess,
comprising administering to the subject a therapeutically effective amount of a compound
according to any one of Formulae ' and -V, or a pharmaceutically acceptable salt
thereof, such that the subject is treated.

in yet another embodiment, the invention pertains, at least in part, to
pharmaceutical compositions, comprising an effective amount of a compound according
to any one of Formulae I and VI, or a pharmaceutically acceptable salt thereof,
wherein said effective amount is effective to freat a disorder or disease mediated by
aldosierone synthase and/or CYP11B1.

in stilt another embodiment, the invention pertains, at least in part, o
combinations including pharmaceutical combinations of one or more therapeutically
active agents of any one of Formulae " and I-VHl, or a pharmaceutically acceptabie salt
therect.

in another embodiment, the invention pertains, at least in part, to a method for
inhibiting aldosterone synthase andfor CYP11B1 in a subject by administering to the
subject a therapeutically effective amount of a compound according o any one of the
Formutae V' and -V, or a phammaceutically acceptable salt thereof, such that
aldosterone synthase and/or CYP11B1 is inhibited.

An 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-corticosterong, which is then converted to aldosterone.

Accordingly, the invention pertaing, at least in part, 1o compounds,
pharmaceutical compositions containing the compound and methods of use thereof. The
present invention also relates to novel compounds which may be used, for example, as
modidators and/or inhibitors of aldosterone synthase and/or CYP1181.

The compounds of the present invention may, for example, be used to treat
various diseases or disorders mediated by aldosterone synthase such as hypokalemia,
hypertension, Conn's disease, renal failure, in particular, chronic renal failure, restenosis,
atherosclerosis, syndrome 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,
Jiver diseases, cerebrovascular diseases, vascular diseases, retinopathy, neuropathy,
insulinopathy, edema, endothelial dysfunction, baroreceptor dysfunction, migraine
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headaches, heart failure such as congestive heart failure, arrhythmig, 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 arterial compliance, myocardial
necrotic lesions, vascular damage, myocardial infarction, left ventricular hypertrophy,
decreased efection fraction, cardiac lesions, vascular wall hypertrophy, endothelial
thickening, fibrinoid necrosis of coronary arteries, Cushing's syndrome, excessive
cortisol level, the ectopic ACTH syndrome, the change in adrenocortical mass, primary
pigmented nodular adrenocortical disease (PPNAD) Camey complex {CNC), anorexia
nervosa, chronic alcoholic poisoning, nicotine or cocaine withdrawal syndrome, the post-
traumatic stress syndrome, the cognitive impairment after a stroke and the cortisol-

induced mineralocorticoid excess.

DETAILED DESCRIPTION OF THE INVENTION

Compounds of the Invention

References hereinafter to compounds of Formuda | or { apply eguaily to
compounds of Formulae H-VH,

References hereinafter to embodiments of the invention apply equally to
compounds of Formula | or I and compounds of Formulae H-VH, 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 {0 provide further embodiments,

in one embodiment the invention provides a compound of the Formula ¥

O
1

1S P
R ”‘\N..——"”
0 !‘ii*z

< 9, p
or a pharmaceutically acceptable salt thereof, wherein

Ais 3 bond, ~CHy~, ~-CHR®. -CRR% or -CR¥RPLCR™R®™-,
Ring C is a pheny! or a 5- or 6-membered heteroaryi;
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R’ is Cyyalkyl, haloalkyl, C;ycycloalkyl, Coigaryl, Coroaryl-Cratkyl, Co waryioxy-Cyalkyl,
heteroaryl or heterocyelyl in which alkyl, aryl, heteroaryl, heterocyclyl are optionally
substituted with 1 to 5 R’;
R?is H, Cyalkyl, halo-Cyralkyl, Carcycloalkyl, Corcycloalkyl-Cy alkyl, hydroxy-Cialkyl,
C.7alkyt-O-C{OYC s yalkyl, Cyralkoxy-Cyralkyl, heteroaryl, heterocyeyl, or Cq paryt;
wherein aryl and heteroaryt are optionally substituted with hydroxy, Cq.ralkoxy, Cyralkyl,
hale-Czalkyl, halo, ON or Cascycloalkyt,
R*is H, halo, Cyalkyl, halo-Cyalkyl, Cascycloalkyl, cyano, Cialkoxy, hydroxy, nitro, -
NH,, -NH(C4 yalkyl) or -N{C, alkyl)s;
each R? is independently selected from the group consisting of halo, Ciyalkyl, halo-Cy.
salkyl, Cyzcycloaliyl, cyano, -NH,, -NH(C, yalkyl), -N(Ciralkyl),, Cqralkoxy, halo-Cy.
satkoxy, hydroxy, carboxy, nitro, sulfonyl, sulfamoyl, sulfonamido, Ce.jaryl, heterocyclyl,
Ce.aaryloxy, heterocyclyloxy, -SH, ~8-Cyralkyl, -C{O)Q- Cqqparyl, -C{O)O-heterocyelyl, -
C{O)O-heteroaryl, -C(ONR®- Cyzalkyl, -C{OINR?- Csioaryl, -C{OINR*heteroaryl, -
C{O)NR -heterocyclyl, -NR*C{O)- Cyralkyl, -NRPC(O)- Co.rearyl, -NRC(O)-heteroary!, -
NREC(G}»heterccyciyL -QC(0)- Cyrakyl, ~OC(Q) Caaoaryl, -OC{O)-heteroaryl and -
OC{O)-heterocyclyl: wherein R* is optionally substituted with 110 5 R™; or
two adjacent R groups can form with the atoms to which they are attached a phenyl or a
5- or 6-memberad ring heteroaryl, in which said phenyl or heteroaryl ring is optionatly
substituted with 1 to 4 R,
R® and R® are independently G,.;alkyl, Ca cycloatkyl, halo-Cysalkyl, heteracyclyl,
heteroaryl or Ce.garyl; or R* and R®form together with the atom to which they are
attached a C, cycloatkyl;
R% R® R®™ and R®™ are independently H, Ciralkyl, Carcycloalkyl, halo-Cy -alkyl,
heterocyeivl, heteroaryl or Cs.qearyl: or any two of R R® R™ and R® form together with
the atom(s) to which they are attached a Cy cycloatkyl;
each R’ is independently selected from the group consisting of halo, C,ralkyl, Cs.
seycioalkyl, Coyalkoxy, Coqparvloxy, heterocyclyl, Ceeairyl, heteroaryl, CN and halo-C,.
zalkyl;
each R® Is independently selected from the group consisting of halo, C,yalkyl, halo-C..
salkyl, Cyatkoxy, CN and halo-C,7alkoxy; or
R? and R* R' and R%; R and R% R and R¥: R' and R, R? and R™ R? and R®™: R' and
R> or R¥ and R® can form with the atoms to which they are attached a 4- to 7- membered
heterocyclyl; or
R® and R R¥and R™; or R® and R® can form together with the atoms to which they are
altached a Cscycloalkyl and
wherein each heteroaryl is a monocyclic aromatic ring comprising 5 or 8
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ring atoms selected from carbon atoms and 1 to 5 hetercatoms, and

each heterocycliyl is a monocyclic saturated or partially saturated but non-
aromatic molety comprising 4-7 ring atoms selected from carbon atoms and 110 3
heterpatoms; and each heteroatoms heing O, N or §; and
pis 0, 1, 2, 3, 4 or 5, with the proviso that Ring C together with two adjacent R® groups
do not form a 2-indole; and
when Ring C is pyridine, thiazole, imidazole or pyrazole and two adjacent R* groups do
not form with the atoms to which they are altached a phenyl or a 5- or 6-membered ring
heteroaryl, than A is not a bond; and
when Ring C together with two adjacent R* groups form oxazolol4,5-blpyiridine, than A is
not a bond; and the compound of Formula I is not 2-methyl-N-(8-(5-
{phenylsulfonamido)pyridin-3-yi)-1H-indazol-4-ythiazole-4-carboxamide, 2-chioro-N-
isobutyl-N-({5-{3-{methylsulfonyliphenyl)pyridin-3-yhimethyl)benzenesulfonamide or 4-(5-
(4-chioro-2,5-dimethylphenyisulfonamido)pyridin-3-ylibenzoic acid.

In one embodiment the invention pertains to a compound of the Formula |
O
S 4
L AN
o |

or a pharmaceutically acceptable salt thereof, wherein

A ig a bond, -CHy-, -CHR®-, -CRR®- or -CR™R*-CR®R™.,

Ring € is a phenyi or a 5~ or 8-membered heteroaryt;

R is Cy.satkyl, haloalkyl, Caoycloatkyl, Cs.aryl, Cesparvi-Coalkyl, Cacaryloxy-Ci atkyl,
heteroaryl or heterocyclyl in which alkyl, aryt, heteroary!, heterocyclyl are optionally
substituted with 1 to 5 R";

R%is M, Ciralkyl, halo-C,zalkyl, Corcycloatkyl, heteroaryl, heterocyeyl or Caoaryl;

R%is H, halo, Cysalkyl, halo-Cysalkyl, Csscycloalkyl, cyano, Cyyatkoxy, hydroxy, nitro, -
NH;, -NH({C 1 7alkyl} or -N{C1.ralkyl),

each R* is independently selected from the group consisting of hale, Cysalkyl, halo-C;.
-alkyl, Gy cycloaikyl, cyano, -NH,, -NH(C,7alkyl}, -N(C,alkyl}s, Ciyalkoxy, halo-Cq.
-atkoxy, hydroxy, carboxy, nitro, sulfonyl, sulfamoyl, sulfonamido, Cs.qearyl, heterocyclyl,
Cs.sparyloxy, heterocyclyloxy, -8H, -S-C, zalkyl, -C(OJO- Cq.gparyl, -C{Q)O-heterocyclyl, -
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C(O)O-heteroaryl, -C{OINRZ Cyalkyl, ~-C{OINR®- Cqoaryl, <C(O)NR>-heteroaryl, -

C(O)NR%heterocyclyl, -NR*C(O)- Ciralkyl, -NRC(O)- Co.rqaryl, -NR*C(O)-heteroaryl, -
NRZC({O)-heteracyclyl, -OC(0O)- Ciyalkyl, ~OC(O)- Ceqparyl, ~OC{Q)-heteroaryl and -
OC{O)-heterocyclyl; wherein R* is optionally substituted with 1to 5 R"; or
two adjacent R* groups can form with the atoms to which they are attached a phenylora
5- or 8-membered ring heteroaryl, in which said pheny! or heteroaryt ring is optionally
substituted with 1 to 4 R,
R® and R® are independently C,atkyl, Cs cycloalkyl, halo-Cyralkyl, heterocyclyl,
heteroary} or Cs.earyh; or R® and R® form together with the atom to which they are
attached a Cyycycloatkyl,
R® R® R™ and R™ are independently H, C-alkyl, Cs-cycloatkyl, halo-Cyalkyl,
heterocyclyl, heteroaryl or Cs.qearyl; or any two of R®, R¥, R® and R™ form together with
the atom(s) to which they are atltached a Ca‘ycycioaikyi;
each R is independently selected from the group consisting of halo, Gq.salkyl, Cs.
seycioalkyl, Ciralkoxy, Ce.paryloxy, heterocyclyl, Csasaryl, heteroaryl, CN and halo-C,.
ralkyl:
each R® is independently selected from the group consisting of hale, C,;alkyl, halo-C,.
yalkyl, Cyralkoxy, CN, and halo-Cysalkoxy; or
R? and R R' and R% R and R% R' and R™; R' and R™; R% and R™; R* and R™; or R?
and R® can form with the atoms {o which they are attached a 4- to 7- membered
heterocyclyl; or
R® and R% R¥and R™; or R® and R* can form together with the atoms to which they are
attached a Cqrcycloalkyl, and

wherein each heteroary! is a monocyclic aromatic ring comprising S or 6
ring atoms selected from carbon atoms and 1 to 5 heleroatoms, and

each heteracyclyl is a monocyelic saturated or partially saturated but non-
aromatic molety comprising 4-7 ring atoms selected from carbon atoms and 1 to 3
heteroatoms; and each heteroatoms being O, N or S; and
pis 0, 1,2, 3, 4 or 5, with the proviso that Ring C together with two adjacent R? groups
do not form a 2-indole.

In another embodiment the invention provides a compound of the Formula |
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or a pharmaceutically acceptable salt thereof, wherein

A is a bond, -CHy-, ~CHR®-, -CR'R®- or ~CR™RP.CR™R™.,

Ring C is a phenyl or a 5- or 6-membered heteroary|;

R'is Cy;alkyl, haloalkyl, Cascycloatkyl, Ca.roaryl, Casoaryl-Ciralkyl, Coparyloxy-Cy alkyl,
heteroaryl or heterocyclyl in which alkyl, aryl, heteroaryl, heterocyciyl are optionally
substituted with 1to 8 R’;

R®is M, Cysalkyl, halo-Ciralkyl, Csrcycloalkyl, heteroaryl, heterocycyl or Cegoaryl;

RYis H, halo, C,salkyl, halo-Cyalkyl, Cs-cycloalkyl, cyano, C,salkoxy, hydroxy, nitro, -
NH,, -NH{C.salkyl) or -N{Cy alkyl),;

each RYis independently selected from the group consisting of halo, C,.;alkyl, halo-C,.
alkyl, Cyoycloalkyl, cyano, -NH,, ~-NH{C, ralkyl), ~N{C,yalkyl},, Ci.ratkoxy, halo-Cy.
7atkoxy, hydroxy, carboxy, nifro, sulfonyl, suifameyl, sulfonamide, Ce.searyl, heterocyclyl,
Ce.wparyloxy, heterocyclyloxy, -SH, -8-Cjalkyl, ~-C{OYO~ Cqparyt, ~C{O)O-heterocyclyi, -
C{O)O-heteroaryl, -C(O)NR* Cyalkyl, -C{OINR?- Cy.qparyl, -C{ONR*-heteroaryl, -
C(ONR-heterocyclyl, -NRG(O)- Ciralkyl, ~-NRZC(0)- Ce.roaryl, -NR?C{O)-heteroaryl, -
NR*C(O)-heterocyclyl, ~OC(0})- Cyralkyl, -OC(Q)- Cq.iparyl, -OC{O)-heateroaryl and ~
QC(O)-heterocyclyl, wherein R is optionally substituled with 1 to 5 R”; or

two adjacent R® groups can form with the atoms to which they are attached a phenyl or a
5- or 8-membered ring heteroaryl, in which said phenyl or heteroaryl ring is optionally
substituted with 1to 4 RY,

R® and R® are independently C,.salkyl, Csrcycloalkyl, halo-C,salkyl, heterccyclyl,
heteroaryl or Ce.qearyl; or R® and R®form together with the atom to which they are
attached a Gy oycloalkyl;

R*™ R% R®™ and R® are independently H, C,.ratkyl, Cyrcycloalkyl, hato-C,-atkyl,
heterocyciyt, heteroaryl or Cs.jearyl; or any two of R%, R R® and R® form together with
the atom(s) to which they are attached a Csscycloalkyl:

each R’ is independently selected from the group consisting of hato, Cy.,atkyl, Ca
rcycloalkyl, Cqyaltkoxy, G oaryloxy, heterocyciyl, Ceqparyl, heteroaryl, CN and halo-Cy_

saikyl;



WO 2010/130796 PCT/EP2010/056572
~10-
each R® is independently selected from the group consisting of halo, C,atkyl, halo-Cy.
alkyl, Cyyalkoxy, CN and halo-Cyalkoxy; or
R*and R% R and R, R' and R%; R' and R®; R* and R™; R® and R™; R? and R™; or R?
and R® can form with the atoms to which they are attached a 4- to 7- membered
heterocyelyl; or
R® and R% R¥and R™ or R® and R> can form together with the atoms to which they are
attached a Cy cycloatkyl; and
wherein each heteroaryl is a monocyclic aromatic ring comprising 5 or 6
ring atoms selected from carbon atoms and 1 {o 5 heteroatoms, and
each heterocyclyl is a monocyclic saturated or partially saturated but non-

aromatic moiety comprising 4-7 ring atoms selected from carbon atoms and 110 3
heteroatoms; and each heteroatoms being O, N or §;
pis 0, 1,2, 3, 4 or 5, with the proviso that Ring C together with two adjacent R? groups
do nof form a 2-indole; and
when Ring C is pyridine, thiazole, imidazole or pyrazole and two adjacent R* groups do
not form with the atoms to which they are attached a phenyl or a 5- or 8-membered ring
heteroaryl, than A is not a bond; and
when Ring C together with two adjacent R® groups form oxazolo{4,5-blpyiridine, than A is
not a bond,; and the compound of Formuia | is not 2-methyl-N-(8-(5-
{phenvisulfonamide)pyridin-3-yh-1H-indazol-4-yiithiazole-4-carboxamide, 2-chloro-N-
isobutyl-N-({5-(3-(methylsulfonyl)phenyDpyridin-3-yiimethyl}benzenesulfonamide or 4-(5-
{(4-chioro-2, S-dimethylphenylsulfonamidopyridin-3-yhbenzoic acid.

In one embodiment, the invention pertains to compounds of Formuda i or a
pharmaceutically acceptable salt thereof, wherein
Ais a bond, -CHy-, -CHR®-, -CRR% or -CR¥R®.CR¥R™.,
Ring € is a pheny;
R'is Cisalkyl, halo-Cqralkyl, Careycloalkyl, Co iwaryl, Cesaryt-Cioalkyl, Caearyloxy-Cq.
satkyl, heteroaryl or heterocyclyl in which alkyl, aryl, heteroaryl, heterocyclyl are
optionally substituted with 1 to 5R”;
R?is H, Cqalkyl, halo-Cy atkyl, Csrcycioalkyl, heteroaryl, heterocyeyl or Cyqearyl;
R? is M. halo, C,salkyl, halo-C,atkyl, Csrcycloalkyl, cyano, Csalkoxy, hydroxy, nitro, -
NH,, ~NH(C,.salkyl) or -N{C,.satkyl)s;
each R* is independently selected from the group consisting of halo, Cysalkyl, halo-Cy.
salkyl, Cazoycloalkyl, cyano, -NH,, -NH{C;alkyl), -N(Cyalkyl),, Cs yalkoxy, halo-Cy
-alkoxy, hydroxy, carboxy, nitro, sulfonyl, sulfamoyl, sulfonamido, Ge.jearyl, heterocyciyl,
Cs.sparyloxy, heterocyclyloxy, ~SH, -8-Cyalkyl, -C{Q)O-aryl, -C{O)O-heterocyclyl, -
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C(OYO-heteroaryl, -C(OINRZC alkyl, -C(OINR2- Cyqoaryl, ~C{OINR>-heteroaryl, -

C(O)NRZ-heterocyclyl, -NRPC{O)- C,qalkyl, -NR?*C(O)- Ceroaryl, -NR*C(O)-heteroaryl, -
NR*C(O)-heterocyclyl, -OC(O)~ Cyalkyl, -OC(O)~ Cq.pparyl, -OC(Q)-heteroaryl and -
OC({O)-heterocyclyl; wherein R* is optionally substituted with 1to 5 R, or

two adjacent R* groups can form with the atoms to which they are attached a phenyl or a
8~ or 6-membered ring hetercaryl, in which said pheny! or heteroaryl ring is optionally
substituted with 1 to 4 R?;

R® and RY are independently Cysatkyl, Cyrcycloalkyl, halo-C,.salkyl, heterooyclyt,
heteroaryl or Ca.searyl; or R® and R form together with the atom to which they are
attached a Cqrcycloatkyt;

R% R® R™ and R® are independently H, C,salkyl, Cqsycycioalkyl, halo-Cyyalkyl,
heterocyclyl, heteroaryl or Ce.earyl; of any two of R®, R*™ R™ and R® form together with
the atoms) to which they are attached a Cs,cvcloalkyl;

each R” is independently selected from the group consisting of halo, Cysalkyl, Ca.
seycloalkyl, Ciqalkoxy, Ceaparyloxy, heterocyciyl, Cq iparyl, hetercaryl, ON and halo-C,.
ratkyl

sach R® is independently selected from the group consisting of halo, Cyatkyl, halo-Cy.
atkyl, Cyratkoxy, CN and halo-Cq.ralkoxy,

pis 0, 1, 2, 3. 4 or 5; and the compound of Formula | is not 2-methyl-N-{6-(5~
(phenyisulfonamido}pyridin-3-yi)- 1 H-indazol-4-ylithiazole-4-carboxamide, 2-chioro-N-
isobulyb-N-{{5-(3-{methyisulfonyl}phenypyridin-3-ylimethyl)benzenesulfonamide or 4-(5-
{4-chiora-2, 5-dimethylphenyisulfonamido)pyridin-3-ylibenzoic acid.

in another embodiment, certain compounds of Formula | include compounds of

Formula ik

or a pharmaceutically accepiable salt thereof, wherein
A is a bond, -CHy~, -CHR® or -CR*R®-;
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R* is Coralkyl, halo-Cyralkyl, Cssoycioalkyl, Cassaryl, Coparyl-Coralkyl, Coyparyloxy-C.
yatkyl, heteroaryl or heterocyclyl in which alkyl, aryl, heteroaryl, heterocyclyl are
optionally substituted with 1to 5 R,

R?is M, Cyralkyl, halo-C,salkyt or Cascycloatkyl:

each R? is independently selected from the group consisting of halo, C.alkyl, halo-Cy.
salkyl, Caroycloalkyl, cyano, -NH,, -NH(C yalkyl), -N{C, ralkyl)s, Crralkoxy, halo-C,.
salkoxy, hydroxy, carboxy, nitro, sulfonyl, sulfamoyt, sulfonamido, Ce.jearyl, heterocyclyl,
Ce.oaryloxy, heterocyclytoxy, -SH, -5-Cqatkyl, -C(O)O-aryl, -C{O)0-heterocychvi, -
C(O)O-heteroaryl, -C{O)NR* Csalkyl, -C{OINR?-Cq.jearyl, ~C(O)NR*-heteroaryl, -
C{O)NR heterocyclyl, -NRC{O})- Cyralkyl, -NRPC{O)-Cs.iearyl, -NRZC(O)-heteroaryl, -
NR?C(O})-heterocyclyl, -OC(0)-Cyratkyl, ~OC{0})-Cy.r0aryl, -OC(O)-heteroaryl and -
OC(O)-heterocyclyl; wherein R* is optionally substituted with 1 to 5 R";

R® and R® are independently C,ralkyl, Cacycloalkyl, halo-Cqalkyl, heteroeyclyl;

each R is independently selected from the group consisting of halo, Cyyalkyl, Ca.
seycloatkyl, Cyyalkoxy, Cs.qparyloxy, heterocyclyl, Ceparyl, heteroaryl, CN and halo-Cy.
salkyl;

pis 0, 1,2, 3, 4 or 5; and the compound of Formula il is not 2-chioro~-N-isobutyl-N-((5-(3-
{methyisulfonyliphenylipyridin-3-ylimethyljbenzenesulfonamide or 4-(5-(4-chioro-2,5-
dimethylphenylsulfonamido)pyridin-3-yl)benzoic acid.

Certain compounds of Formula | or I’ include compounds of Formuida HEi:

(RY%

or a pharmaceutically acceptable salt thereof, wherein Ring C, R', R®, R®, R*, R®, R® and
p have the definitions of Formuta | or Formuda ', supra.

in one aspect of this embodiment, the invention pertains to compounds of
Formula i wherein Ring C is phenvl. In another aspect of this embodiment, the invention
pertains to compounds of Formula Hl wherein R’ is alkyl (e.g. methyl, ethyl, propyl,
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isopropy! and the like) and R” is cycloalkyl {e.g. cyclopropyl, cyclobutyl, cyclopentyl and
the like).

In one embodiment, the invention pertains {o compounds of Formula { or I’
wherein A is CHR® R’ is alkyl {e.g. methyl, ethyl, propyl, isopropy! and the like} and R® is
cycloalkyl (e.g. cyclopropyl, cyclobutyl, cyclopentyl and the like).

Certain compounds of Formula | or | include compounds of Formula V.

i
Rl-—%e;"’

R% v
or a pharmaceutically acceptable salt thereof, wherein Ring C, R', R?, R* R* and p have
the definitions of Formula { or of Formula U, supra. In one aspect of this embodiment, the
invention pertains to compounds of Formula IV wherein Ring C is phenyl. {ir another
aspect of this embodiment, the invention pertains to compounds of Formula {V wherein
R' is optionally substituted aryl or optionally substituted arylalkyl, wherein optional
substituents are selected from R* groups. In yet another aspect of this embodiment, R is
optionally substituted phenyl or optionally substituted benzyl, wherein optional
substituents are selected from R* groups. In yet another aspect of this embodiment, R?
and R® form with the atoms to which they are attached a 4- to 7-membered heterocycly!.
in a non-limiting example, R? and R® form a piperidine.

Certain compounds of Formula | include compounds of Formula V.
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or a pharmaceutically acceptable salt thereof, wherein Ring C, R', R?, 8% R, R™ R,
R®™, R™ and p have the definitions of Formula | or of Formula I', supra. In one aspect of
this embodiment, the invention periains to compounds of Formula V wherein Ring C is
phenyl.

In another aspect of this embodiment, the invention pettains to compounds of Formula V
wherein R™ R*™ R®™ and R® are H. in another aspect of this embodiment, the invention
pertains to compounds of formula V wherein R™ and R™ form together with the atoms to
which they are attached a Cy— cycloalkyl. in a nonlimiting example, R™ and R™ form a
cyclopropyl. In another aspect of this embodiment, the invention pertains to compound of
Formuta V wherein R? and R™ form a 5~ or 8-membered heterocyclyl. In a
Representative example, R? and R™ form a piperidine or a pyrrofidine.

Certain compounds of Formula | or I’ include compounds of Formula Vi

W)
.

RN
o |

RB& VE
or a pharmaceutically acceptable salt thereof, wherein R', R%, R®, R*, R®, A and p have
the definitions of Formula | or of Formula I, supra and R®is R* or H, and R® s R® or H.
In one aspect of this embodiment, R? is halo, CN, alkoxy, unsubstituted C-salkyl.
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in another embodiment, the invention pertains to compounds of Formulae |, T, I,

IV or V wherein Ring € is an optionally substituted 6-membered hetercaryl (e.g. pyridine,
pyrimidine, pyrazine or pyridazine), wherein optional substituents are selected from R*
groups.

in yet ancther embodiment, the invention perains to compounds of Formula i, I',
{ll, iV or V wherein Ring C is an optionally substituted 5-membered ring heteroaryl, the
optional substituents being selected from R* groups. In a further aspect of this
embodiment, Ring C is an isoxazole, oxazole, and pyrazole, each of which is optionally
substituted with 1 o 5 R, In yet a further aspect, Ring C is a 5-membered ring
heteroaryl, opticnally substituted with 1 to 5 R* groups, and A is CH,, CHR® or CR°R®.

In another embodiment, the invention pertains to compounds according {o any
one of Formulae | and I1-VI wherein Ring C or Ring C together with 2 R® groups is
selacted from the foliowings:

wherein R* is R or H, and R® is R® or H.

in yet another embodiment, the invention pertains at least in part to compounds
according to any one of Formulae 1, ', }, lIl, IV and V, or a pharmaceutically acceptable
salt thereof, wherein Ring C together with two adjacent R groups can form benzofuran,
benzothiazole, benzimidazole, benzoxazole, pyrrolopyridineg (for example pyrrolo{2,3-
blpyridine, pyrrolof2, 3-clpyridine, pyrrolo[3,2-clpyridine and pyrrolo]3, 2-blpyridine),
imidazopyridine (for example imidazo[4,5bipyridine, imidazof4,5-c]pyridine, imidazo[1,2-
alpyridine), indazole, or pyrazolopyridine (for example pyrazolo{1,5-ajpyridine). In a
further aspect of this embodiment, Ring C together with two adjacent R* groups can form

a benzimidazole or an azaindole.
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In another embodiment, the invention pertains at least in part to compound
according to any one of Formulae |, I, H, Ill, IV and V, or a pharmaceutically acceptable
salt thereof, wherein two adjacent R* groups form with the atoms to which they are
altached a 5- or 6-membered ring heteroaryl, in which said heteroaryl ring is optionally
substituted with 1 to 4 R®. In one aspect of this embodiment are compounds according to
any one of Formutae 1, U, I, HE IV and V, or a pharmaceutically acceptable salt thereof
wherein R¥ is halo, CN, C,-.alkoxy and unsubstituted C,~alkyl. In a representative
example of this embodiment, Ring C is a phenyl and forms, together with two R* groups,
an optionally substifuted quinoline, benzofuran, benzothiophene, indole or benzothiazole,
wherein optional substituents are selected from R® groups. In another aspect of this
embodiment, Ring Cis a 5-membered heteroaryl and two R* groups form an optionally
substituted phenyl or a pyridine ring, which optional substituent is selected from R?
Groups.

One embodiment includes compounds according fo any one of Formulae [ to V or
of any classes and subclasses described supra, wharein Ring C is phenyl.

The invention also perfains to the compounds of Formula Vi

(R, Vil

or a pharmaceutically acceplable salt thereof, wherein

A is -CHR" -CR°R® or -CR™R™.CR™R®-;

R'is Ceralkyl, haloalkyl, Csrcycioalkyl, Ceqgaryl, Csuoaryl-Cyratkyl, Corearyloxy-Ciaalkyl,
heteroaryl or heterocyclyl in which alkyl, aryl, heteroaryl, heterocyclyl are optionally
substituted with 1 to 5 R’

R%is H, Cy.salkyl, halo-C,alkyl, Gs-cycloalkyl, heteroaryl, heterocycyl, or Ce.paryl;

R is H, halo, C,ralkyl, halo-C, salkyl, Cs.cycloalkyl, cyano, Cyralkoxy, hydroxy, nitra, ~
NH,, -NH(Cyzalkyl} or -N(Cy_zalkyl)o;
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R* is H, halo, Cyalkyl, halo-Cyralkyl, Cascycloalkyl, cyano, -NH,, -NH{C . alkyl), -N(C,.

zalkyl),, Cyratkoxy, halo-Ciatkoxy, hydroxy, carboxy, nitro, sulfonyl, sulfamoyi,
sulfonamido, Cerearyl, heterocyclyl, Cq paryloxy, heterocyclyloxy, ~SH, ~-8-Cy.ralkyl, -
CLO)YO- Caqgaryl, -C(OY0-heterocyclyl, ~C{O)O-heteroaryl, -CIOINR? G, alkyl, -
C{OINR?- Cy.qoaryl, -C(ONR heteroaryl, -C{OINR*-haterocyclyl, -NR*C(0)- Cyratkyl, -
NRC(O}- Cy.roaryl, -NR*C(O)-heteroaryl, -NR*C(Q)-heterocyclyl, -OC(0)- Cyratkyl, -
OC{0)- Cs.10aryl, ~OC(O)-heteroaryl, -OC(O)-heterocyclyl; wherein R* is optionally
substituted with 1 to 5 R”;
R® and R’ are independently Cyalkyl, Cacycloatkyl, halo-C, salkyl, heterocyclyl,
heteroary! or Cs.qaryl; or R® and R®form together with the atom to which they are
attached a Caycycloatkyl;
R® R®™ R®™ and R®™ are independently C,.;alky), s oycioalkyl, halo-Cyalkyl,
heterocycivt, heteroaryl or Cs.jearyl; or any two of R® R®, R®, R* form together with the
atom{s} to which they are attached a C; ;cycloalkyl;
gach R is independently selected from the group consisting of halo, Cysalkyl, Cs
soycloalkyl, Gralkoxy, Cesaarviony, heterocyalyl, Ce.ipatyl, heteroaryl, CN and halo-C..
7alkyl;
each R® is independently selected from the group consisting of halo, Gysalkyl, halo-Cy.
salkyl, Cyratkoxy, ON and halo-Cq ralkoxy; or
R? and R% R' and R R' and R% R’ and R® R and R™ R? and R%®; R? and R®; or R?
and R® can form with the atoms fo which they are attached a 4- to 7- membered
heterocyciyl, or
R*® and R%: R®and R*; or R? and R* can form together with the atoms to which they are
attached a Gy eycioalkyl; and

wherein each heteroaryl is a meonocyclic aromatic ring comprising Sor 6
ring atoms selected from carbon atoms and 1 to 5 heteroatoms, and

each heterocyclyl is a monocyclic saturated or partially saturated but non-
aromatic moiety comprising 4-7 ring atoms selected from carbon atoms and 1to 3
heteroatoms; and each heteroatoms being O, Nor §;
sis 0, 1, 2, 3 or 4 and the compound of formula Vill is not Ethanesulfonic acid {1-]5-(6-
chlorg-3-cyano-1-methyi-1H-indol-2-yl}-pyiridin-3-vl}-athyl}-amide.

Another embodiment includes compounds according to any one of Formulae I’
and | to VH or of any classes and subclasses described supra, or a pharmaceutically
acceptable salt thereof, wherein R’ is Cyalkyl, halo Cy-salkyt (e.g CH.CF,, CF,, CHF,
and the like), optionally substituted aryl or optionally substituted arylatkyl, wherein
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optional substituents are selected from R’ groups. In one aspect of this embodiment, R

is Cyqalkyl (e.g. methyl or ethyl).

Ancther embaodiment includes compounds according of any one of Formulae I’
and [ {o Vit or of any classes and subclasses described herein, or a pharmaceutically
acceptable salt thereof, wherein R is hydrogen, Cialkyl (8.g., methyl, ethyl) or Cy.
scycloalkyl (e.g. cyclopropyl). In one particular aspect of this embodiment, R® is
hydregen.

Another embodiment include compounds according {o any one of Formulae |' and
I to Vi or of any classes and subclasses described herein, or a pharmaceudically
acceptable salt thereof, wherein R® is hydrogen.

Yet another embodiment include compound according to any one of Formulas I’
and | {o VI or of any classes and subclasses described herein, or a pharmaceutically
acceptable salt thereof, wherein each R* is independently selected from the group
consisting of hale, alkyl, haloalkyl, cycloalkyl, cyano, amido, amino, alkylaming,
dialkylamino, atkoxy, haloalkoxy, hydroxy, carboxy, nitro, sulfonyl, sutfamoyl,
sulfonamido, C{OIN(C-salkyl)s, COINR?- Cy-galkyl, NR*C{O)- C~alkyl and OC(Q)- Cs-
«alkyl. In one embodiment, R is independently selected from the group consisting of
halo, alkyl, haloatkyl, cycloalkyl, cyano, amido, amino, alkylamino, diatkylamino, alkoxy,
haloalkoxy, hydroxy, nitro, C{OWN(C-salkylla, C(ONR- Cy-salkyl, NR*C{O)- Ci-alkyt and
QC(O)- Ci-qalkyl. In a further aspect of this embodiment, each R* is independently
selecied from Co-ualkyl, Ci-4atkoxy (8.9 methoxy, ethoxy), CN, halo {e.g. chloro or
fluoro), halo-Cy-salkyl {e.g. CF;, CHF;, CH,CF; and the like) or halo-Cy-alkoxy (e.g.
OCF;).

Yet another embodiment includes compounds according to any one of Formulae
I and | to VI or of any classes and subclasses described herein, or a pharmaceutically
acceptable salt thereof, wherein R® is H or Ci. alkyl (6.g., methyl, ethyl, propyl, isopropyl
and butyl). In one particular aspect of this embodiment R® is methyi or isopropyl.

Ancther embodiment of interest includes compounds according to any one of
Formulae I' and | to VIl or of any classes and subclasses described herein; or a
pharmaceutically acceptable sait thereof, wherein R® is Cy.¢ cycloalkyl (e.g., cyciopropyl,
cyclobutyl, cyclopentyl, and cyclohexyl}.

in yet another embodiment, the invention pertains to compounds according to any
one of Formudae 1, P, |, VI and VI wherein A is CH,, CHR® or CR°R®. In a further aspect
of this embodiment, A is CHR®. In vet a further aspect of this embodiment, the invention
pertains to compeounds according o any one of Formulae L ', , Vi and VI, or a
pharmaceutically acceptable salt thereof, wherein A is -CH(R®)- and the stereochemistry
at the -CHR® chiral center is (S). In another embodiment, the invention pertains to
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compounds according o any one of Formulae |, I, It and V, or a phamaceutically

acceptable salt thereof wherein A is -CHR®- and the stereochemistry at the -CHR®- chiral
center is (R}

in ancther embodiment, some compounds of the invention may have selectivity
for aldosterone synthase (CYP11B2) relative to 11-bata hydroxylase (CYP1181).

In one embodiment, the invention pertains to compounds according to any one of
Formulae {, ', It and V1, or ather classes and subclasses described supra, or a
pharmaceutically acceptable salt thereof, wherein R' is Cy~,atkyl, R is H, R%is H, Ais
CHR®, R® is Cy~salkyl or Cascycloalkyl, p is 1 or 2; and each R is C-salkyl, halo-Ci-salkyl
{e.g. CF3, CHF,, CH,CF; and the like), Cisalkoxy {e.g. methoxy, ethoxy), CN, halo or
halo-Cy-salkoxy (e.g. OCF3).

In another embodiment R', R*, R®, R, R*, R® R® R® R® R®™ R® A andp
groups are those defined by the R, R% R R, R, R™ R™ R*, R®™ R®™ R% A andp
groups, respectively, in Examples 1 to 87 in the Examples section below.

in anpther embodiment individual compounds according to the invention are those
listed in Examples 1 1o 87 in the Examples section below, or a pharmaceutically
acceplable 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
inciude the plural and vice versa.

As used herein, the term “atkyl” refers to a fully saturated branched or
unbranched {or straight chain or linear} hydrocarbon moiety, comprising 1 to 20 carbon
atoms. Preferably the alkyl comprises 1 to 7 carbon atoms, and more preferably 1 to 4
carbon atoms. Representative examples of alkyl include methyl, ethyl, n-propyl, iso-
propyl, n-butyl, sec-butyl, iso-butyl, tert-butyl, n-pentyl, isopentyl, neopentyl, n-hexyl, 3~
methylthexyl, 2,2- dimethylpentyl, 2 3-dimethyipentyl, n-heptyl. The {erm "“Cyatkyl” refers
to a hydrocarbon having one to seven carbon atoms.

As used herein, the term “haloatkyl” refers to an alkyl as defined herein, that is
substituted by one or more halo groups as defined herein. Preferably the haloalkyl can
be monohalcalkyt, dihaloalkyl or polyhaloalkyl including perhaloatkyl, A monchaloalkyl
can have one iodo, bromao, chiore or fluoro within the alkyl group. Dihaloalky and
polyhaloalkyl groups can have two or more of the same halo atoms or a combination of
different halo groups within the alkyl. Preferably, the polyhaloatkyl contains up to 12, or
10, or 8, or 6, or 4, or 3, or 2 halo groups. Representative examples of haloakkyl are
fRuoromethyt, diffuoromethyl, trifluoromethyt, chloromethyl, dichloromethyi,
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trichloromethyl, pentafiuoroethyl, heptafluoropropyl, difiucrochioromethyl,
dichloroflucromethyl, diffuoroethyl, diflucropropyl, dichioroethyl and dichioropropyl. A
perhaloatkyl refers to an alkyl having all hydrogen atoms replaced with halo atoms. The
ferm “halo-Cyyalkyl" refers to a hydrocarbon having one to seven carbon atoms and
being substituted by one or more halo groups.

As used herein, the term "alkoxy” refers to alkyl-O-, wherein alkyl is defined
herein above. Representative examples of alkoxy include, but are not limited to,
methoxy, ethoxy, propoxy, 2-propoxy, butoxy, ferf-butoxy, peniyloxy, hexyloxy,
cyclopropyloxy-, cyclohexyloxy- and the like. Preferably, atkoxy groups have about 1-7,
maore preferably about 1-4 carbons. The term "Cyralkoxy” refers to Cyralkyl-O-, wherein
Cyatkyl is defined above.

The term alkoxyalkyl refers to an alkyl group, as defined above, in which the alky!
group is substituted with alkoxy

The term “alkenyl” refers to a branched or unbranched hydrocarben having at
jeast one carbon-garbon double bond. The term "Coratkenyl” refers to a hydrocarbon
having two to seven carbon atoms and comprising af least one carbon-carbon double
bond. Representative examples of alkenyl are vinyl, prop-1-enyl, allyl, butenyl,
isopropeny! or isobutenyi,

The term “alkenyoxy” refer to alkenyl-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 "G, -alkynyl” refers to a hydrocarbon
having two to seven carbon atoms and comprising at least one carbon-carbon triple
bond. Representative examples of alkynyl are ethynyi, prop-1-ynyt (propargyl), butynyl,
isopropynyl or isobutynyl.

As used herein, the term "cycloalkyl” refers to saturated or partially unsaturated
but non-aromatic monocyclic, bicyclic or tricyclic hydrocarbon groups of 3-12 carbon
atoms, preferably 3-8, or 3-7 carbon atoms. For bicyclic, and tricyclic cycloalkyt system,
all rings are non-aromatic. Exemplary monocyclic hydrocarbon groups include
cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl and cyclohexenyl.
Exemplary bicyclic hydrocarbon groups include bornyl, decahydronaphthyl,
bicycio[2.1.1fhexyl, bicyclo{2.2. 1theptyt, bicyclof2.2. 1Theptenyl, bicyclof2.2.2]octyl.
Exemplary tricyclic hydrocarbon groups include adamantyl. The term "Gy cycloakyl”
refers {0 a cyclic hydrocarbon groups having 3 to 7 carbon atoms.

The {erm “cycloalkylalkyl” refers to an alkyl as defined above substituted with a
cycloakyt as defined above.
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The term "aryl” refers to monocyclic or bicyclic aromatic hydrocarbon groups
having 6-10 carbon atoms in the ring portion. The term “aryl’ also refers to a group in
which an aromatic ring is fused to one or more cycloatkyl rings, where the radical or point
of attachment is on the aromatic ring or on the fused cycloalkyl. Representative
examples of aryl are phenyl, naphthyl, hexahydroindyl, indany! or tetrahydronaphthyl.
The term "Cy.qp aryl” refers to an aromatic hydrocarbon groups having 6 to 10 carbon
atoms in the ring portion.

The term “arylaltkyl” is an alkyl substituted with aryl. Representative examples of
arylalkyl are benzyl or Phenyl-CH,CH,-.

The term “Heteroaryl” refers to aromatic monocyclic or bicyclic heteroaryl,
containing from 5-10 ring members selected from carbon atoms and 1to 5
heteroatoms, and each hetercatoms is independently selected from O, N or §,
whersin S and N may be oxidized fo various oxidation states. For bicyclic heteroaryl
system, the system is fully aromatic (i.e. alt rings are aromalic).

Typical monocyclic heteroaryl groups include thienyl, furyt, pyrrolyl, imidazolyl,
pyrazolyl, thiazolyl, isothiazolyl, 1, 2, 3-oxadiazolyl, 1,2.4-oxadiazoelyl, 1,2,5-oxadiazolyl,
1,3.4-oxadiazolyl, 1,2, 3-thiadiazolyl, 1,2 4-thiadiazolyl, 1,2,5-thiadiazolyl, 1,3,4-
thiadiazolyl, isothiazol-3-yi, isothiazol-4-yl, isothiazol-5-yl, oxazol-2-yl, oxazol-4-yl,
oxazol-5-yl, isoxazol-3-yl, isoxazol-4-vi, isoxazol-5-yi, 1,2 4-triazol-3-yi, 1,2 ,4-triazol-5-yl,
1,2, 3-triazol-4-yl, 1,2, 3-riazol-5-yl, tetrazolyt, pyrid-2-vl, pyrid-3-yl, or pyridyl-4-yl,
pyridazin-3-yi, pyridazin-4-yl, pyrazin-3-yl, 2-pyrazin-2-yi, pyrazin-4-yl, pyrazin-5-yi, 2-, 4-,
or S-pyrimidin-2-yl, pyrimidin-4-yl, pyrimidin-5-yl. The term “heteroaryl” also refersto a
group in which a heteroaromatic ring is fused to one or more aryl, cycloaliphatic, or
heterocyclyl rings, where the radical or point of attachment is on the hetercaromatic ring
or on the fused aryl, cycloaliphatic or heterocyclyl rings. Representative examples of
bicyclic heteroaryl are indelyl, isocindolyl, indazolyl, indolizinyl, purinyl, quinolizinyl,
quinolinyl, isoquinolinyl, cinnolinyl, phthalazinyl, naphthyridiny!, quinazolinyl, quinaxalinyl,
phenanthridinyl, phenathrolinyl, phenazinyl, phenocthiazinyl, phenoxazinyi,
benzisoginolinyl, thienof2, 3-bifuranyl, furo{3,2-b]-pyranyl, SH-pyridof2,3-d}-0-oxazinyl,
1H-pyrazolofd, 3-d}-oxazolyl, 4H-imidazof4,5-d} thiazolyl, pyrazino{2, 3-djpyridazinyl,
imidazof2, 1-b] thiazolyl, imidazo[1,2-b]{1,2 4)triazinyt, 7-benzo{bRhienyl, benzoxazolyl,
benzimidazolyl, benzothiazolyl, benzoxapinyt, benzoxaziny!, 1H-pyrroto[1,2-
bli2ibenzazapinvi, benzofuryl, benzothiophenyl, benzotriazolyl, pyrrolof2, 3-blpyridinyi,
pyrrolo{3,2-clpyridinyl, pyrrolol3,2-clpyridinyl, pyrrolo[3,2-bipyridinyl, imidazo{4,5-
blpyridinyl, imidazo[4,5-cjpyridinyl, pyrazoio[4, 3-djpyridinyl, pyrazotof4, 3-c]pyridinyi,
pyrazolof3 4-clpyridinyl, pyrazoio[3 4-dlpyridinyl, pyrazolo[3,4-blpyridinyl, imidazof1,2-
ajpyridiny, pyrazolo[1,5-alpyridinyl, pyrrolo[1,2-blpyridazinyi, imidazo[1,2-clpyrimidinyl,
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pyridof3, 2-d)pyrimiding, pyri:do{4,3-d~}pyri~mi(§i;1yh pyridof3,4-dlpyrimidiny, pyrido{2,3-
dlpyrimidinyl, pyrido{2,3-bipyrazinyl, pyrido[3 4-blpyrazinyl, pyrimidof5,4-dlpyrimidinyl,
pyrazino[2,3-bipyrazinyl, or pyrimidof4,5-d]pyrimidinyt.

The term “heteroarylakyl” refers to atkyl substituted with heteroaryl.

As used herein, the term "heterocyclyl” or “heteracycla” refers to a saturated or
unsaturated non-aromatic ring {partially unsaturated) or ring system, e.g., which is a 4-,
5-, 6, or 7-membered monocyciic, 7-, 8-, 8-, 10-, 11-, or 12-membered bicyclic or 10-,
11-, 12-, 13-, 14- or 15-membered tricyclic ring system and coniains at least one
heteroatom selected from O, S and N, where the N and S can also optionally be oxidized
to various oxidation states. For bicyclic and tricyclic heterocyclyl ring system, a non-
aromatic ring system is defined as being a non-fully or partially unsaturated ring system.
Therefore bicyclic and tricyclic heterocyclyl ring systems includes heterocyclyl ring
systems wherein one of the fused rings is aromatic but the other(s} is (are) non-aromatic.
In one embodiment, heterocyclyl moiety represents a saturated monocyclic ring
containing from 5-7 ring atoms and optionally containing & further heteroatom, selected
from O, S or N. The heterocyclic group can be attached at a heteroatom or a carhon
atom. The heterocyclyl can include fused or bridged rings as well as spirocyclic rings.
Examples of heterocycles include dihydrofuranyl, dioxolanyl, dioxanyl, dithianyi,
piperazinyl, pyrrolidine, dihydropyranyl, oxathiolanyl, dithiclane, oxathianyl,
thiomorphaolino, oxiranyl, aziridinyl, cxetanyl, oxepanyl, azetidinyi, {etrahydrofuranyl,
tetrahydrothiopheryl, pyrrolidinyl, {etrahydropyranyl, piperidinyl, morphelino, piperazinyl,
azepinyl, oxapinyl, oxaazepanyi, oxathianyl, thiepanyl, azepanyi, dioxepanyl, and
diazepanyi.

The term “heterocyclylatky!” is an alky! substituted with heterocyclyl. The term
include substituted heterocyclylatkyl moisty.

The terms “alkoxyalkyl,” include alkyl groups, as described above, in which the
atkyl group is substituted with an alkoxy as defined above. The ferm includes substituted
atkoxyalkyl moiety.

The term “hydroxyalkyl” refers to alkyl groups, as described above, in which the
alkyt group is substituted with a hydroxy. The term includes substituted hydroxyalkyl
moiety.

The term “sulfonyl” includes R-SO,--, wherein R is hydrogen, alkyl, arvi,
heteroaryl, aryl-alkyt, heteroaryi-alkyl, alkoxy, aryloxy, cycloalkyl, or heterocyclyl.

The term “stdfonamido” includes alkyb-8(O),-NH-, aryi-8(Q),-NH-, aryl-alkyl-
S{O)~NH-, heteroaryl-S{O},-NH-, heteroaryl-alkyl-S{0);-NH-, alkyl-S(0)-N(alkyl)-, arvl-
S{O)-N{alkyl)~, aryl-alkyl-5(0),-N(alkyl)-, heteroaryl-S(0),-N{atkyl)-, heteroaryl-alkyl-
S(O)~N{alkyl}-. The term includes substituted carbamoyl moieties
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The term “sulfamoyl” includes HQNS(S}Z«, alky-NHE(0),-, (alkyl}oNS(O),-, aryi-
NHS(O)o-, alkyl{aryl}-NS(O)y-, {aryl).NS(O),-, heteroaryl-NHS(O).-, (aryi-alkyl}-NHS{O)2-,
(heteroaryl-atkyl}-NHS{O),-. The term includes substituted sulfamoyt moieties.

The term “aryloxy” includes an --O-aryl, wherein aryl is defined herein. The term
includes substituted arvioxy moieties.

The term “aryloxyalkyl” refers to alkyl group, as described above, in which the
atkyl group is substituted with aryloxy. Cy.isaryloxy-Cy ralkyt refers fo a Cyyalkyl group
substituted with ~Q-Cq.10aryl. The term includes substituted aryioxyalkyl.

The term "heteroaryloxy” includes an ~-O-hetercaryl moiety, wherein heteroaryl is
defined herein. The term includes substituted heteroaryloxy moieties.

The term heterocyclyloxy includes an ~~QO-heterocyclyl, wherein heterocyclyl is
defined herein. The term includes substituted heterocyclyloxy moieties.

The term “aming” or "amino” includes compounds where a nitfrogen atom is
covalently bonded to af least one carbon or heteroatom. The term “amine” or “amino”
also includes -NH, and also includes substituted moieties. The term includes “alkyl
amino” which comprises groups and compounds wherein the nitrogen is bound to at
least one additional alkyl group. The term also includes “dialkyl aming” groups wherein
the nitrogen atom is bound o at least two additional independently selected atkyl groups.
The term also includes "arylaming” and “diarylamino” groups wherein the nitrogen is
bound to at least one or two independently selected aryl groups, respectively.

The term “ester” includes compounds and moieties which contain a carbon or a
heteroatom bound to 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 “hydroxy” or “hydroxyl” includes groups with an ~OH.

The term “halogen” inciudes fluorine, bromine, chiorine, iodine, stc. The ferm
“perhalogenated” generally refers to a moiety wherein all hydrogens are replaced by
halogen atoms.

The terms “polycyciyl” or “polycyclic radical” refer to two or more cyclic rings (e.g.,
cycloalkyls, cycloalkenyls, cycloalkynyls, aryls and/or heterocyclyls) in which two or more
carbons are common o two adjoining rings, e.g., the rings are “fused rings.” Rings that
are joined through non-agjacent atoms are termed "bridged” rings.

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

it will be noted that the structure of some of the compounds of this invention
includes asyrynetric carbon atoms. it is to be understeod accordingly that the isomers
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arising from such asymmetry (e.g., 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 thereol.

As used herein, the term “isomers” refers to different compounds that have the
same molecular formula but differ in arrangement and configuration of the atoms. Also
as used herein, the term “an optical 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. 1t is understood that a substituent
may be atiached 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 nosn- superimposable mirror images of each other. A 1:1 mixture
of a pair of enantiomers is a "racemic” mixture. The term is used to desighate a racemic
mixture where appropriate. "Diasterccisomers” are sterecisomers that have at least two
asymimetric 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 S. Resolved compounds whose absolute configuration is
unknown can be designated (+) or {-) depending on the direction {dextro- or levorotatory)
which they rotate plane polarized light at the wavelength of the sodium D line. Certain of
the compounds described herein contain one or more asymmetric centers and may thus
give rise {o enantiomers, diastereomers, and other stereoisomeric forms that may be
defined, in ferms of absolute stereochemistry, as (R)- or {S)-. The present invention is
meant to include all such possible isomers, including racemic mixtures, optically pure
forms and intermediate mixtures. Optically active (R)- and (5)- isomers may be prepared
using chiral synthons or chiral reagents, or resolved using conventional techniques. |f
the compound contains a double bond, the substituent may be £ or Z configuration. If
the compound contains a disubstituted cycloalkyl, the cycloalkyl substituent may have a
cis- or trans-configuration. All tautomeric forms are also intended to be included.

Any asymmetric atom {e.g., carbon or the like) of the compound(s) of the present
invention can be present in racemic or enantiomerically enriched, for example the (R)-,
(S} or (R, 8)~ condiguration. In certain embodiments, each asymmetric atom has at least
50 % enantiomeric excess, at least 60 % enantiomeric excess, at least 70 %
enantiomeric excess, at least 80 % enantiomeric excess, at least 90 % enantiomeric
excess, at least 95 % enantiomeric excess, or at least 89 % enantiomeric excess in the
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(R)- or {S5)- configuration, Substituents at a:c")ms with unsaturated bonds may, if possible,
be present 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 {cis or frans) 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 crystafization.

Any resulting racemates of final products or intermediates can be resclved into
the optical antipodes by known methods, e.g., by separation of the diastereomeric salts
thereof, obtained with an optically active acid or base, and liberating the optically active
acidic or basic compound. In particular, a basic moiety may thus be employed fo resolve
the compounds of the present invention into their optical antipodes, e.g., by fractional
crystallization of a salt formed with an oplically active acid, e.g., tartaric acid, dibenzoy!
tartaric acid, diacety! tartaric acid, di-O, O-p-toluoyl tartaric acid, mandelic acid, malic
acid or camphor-10-sulfonic acid. Racemic products can also be resolved by chiral
chromatography, €.g., high pressure liquid chromatography (HPLC) using a chiral
adsorbent.

As used herein, the term “pharmaceutically accepiable salls” refers to salts that
refain the biological effectiveness and properties of the compounds of this invention and,
which typically are not biologically or otherwise undesirable. In many cases, the
compounds of the present invention are capable of forming acid and/or base salts by

virtue of the presence of amino andfor carboxyl groups or groups similar thereto.

Pharmaceutically acceptable acid addition salis can be formed with inorganic
acids and organic acids, e.g., acetate, aspartale, benzoate, besylate,
bromide/hydrobromide, bicarbonate/carbonate, bisulfate/sulfate, camphorsulfornate,
chloride/hydrochioride, chlortheophyllonate, citrate, ethandisulfonate, fumarate,
gluceptate, gluconate, glucuronate, hippurate, , hydroiodide/iodide, isethionate, lactate,
lactobionate, laurylsulfate, malate, maleate, malonate, mandelate, mesylate,
methyisulphate, naphthoate, hapsyiate, nicotinate, nitrate, octadecanoate, oleats,
oxalate, palmitate, pamoate, phosphatefhydrogen phosphate/dihydrogen phosphate,
polygalacturonate, propionate, stearate, succinate, suffosalicylate, tartrate, tosylate and
friffucroacetate salls.
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Inorganic acids from which salts can be derived include, for example,
hydrochioric 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, oxalic acid, maleic acid, malonic acid, succinic acid,
fumaric acid, {araric acid, cifric acid, benzoic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, toluenesulfonic acid, sulfosalicylic acid, and the like.
Pharmaceutically acceptable base addition salts can be formed with inorganic and
organic bases.

Inorganic bases from which salts can be derived include, for example, ammonium salis
and metals from columns { {o X of the periadic table. In cerlain embodiments, the salts
are derived from sodium, pofassium, ammonium, calcium, magnesium, iron, silver, zing,
and copper, particularly suitable salls include ammonium, potassium, sodium, calcium
and magnesium salfs,

Organic bases from which salts can be derived include, for example, primary,
secondary, and terliary amines, substifuted amines including naturally occurring
substituted amines, cyclic amines, basic ion exchange resins, and the like. Certain
organic amines include isopropylamine, benzathine, cholinate, diethanoclamine,
diethylamine, lysine, megluming, giperazine and tromethamine.

The pharmaceutically acceptable salis of the present invention can be
synthesized from a parent compound, a basic or acidic moiety, by conventional chemical
methods. Generally, such salts can be prepared by reacting free acid forms of these
compounds with a stoichiometric amount of the appropriate base (such as Na, Ca, Mg,
or K hydroxide, carbonate, bicarbonate or the like), or by reacting free base forms of
these compounds with a stoichiometric amount of the appropriate acid. Such reachions
are typically carried out in water or in an organic solvert, or in a mixture of the two.
Generally, use of non-agueous media like ether, ethyl acetate, ethanol, isopropanol, or
acetonitrile is desirable, where practicable. Lists of additional suitable salts can be
found, e.g., in "Remington's Pharmaceutical Sciences”, 20th ed., Mack Publishing
Company, Easton, Pa., (1985); and in “Handbook of Pharmaceutical Salts: Properties,
Selection, and Use” by Stahl and Wermuth (Wiley-VCH, Weinheim, Germany, 2002).

Any formula given herein is also infended to represent unlabeled forms as well as
isotopically labeled forms of the compounds. For example, any hydrogen represented by
“H" in any of the formulae herein is intended to represent all isctopic 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
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represented by “N” is intended fo represen%?;ii isotopic forms of nitrogen (e.g. "N, "*N).
Other examples of isotopes that are included in the invention include isctopes of oxygen,
sulfur, phosphorous, fluorine, iodine and chlorine, such as '°F 'P, ¥p, %8, ®¢l, "1 The
invention includes various isotopically labeled compounds as defined herein, for example
those into which radioactive isotopes, such as *H, C, and ™C are present. In one
embodiment, the atoms in the formulae herein occur in their natural abundance. In
another embodiment, one or more hydrogen atom may be enriched in *H; orfand one or
more carbon atom may be enriched in 'C, *C or "C; or/and one or more nitrogen may
pe enriched in “N. Such isotopically labeled compounds are useful in metabolic studies
{with "*C), reaction kinetic studies (with, for example ®H or *H), defection or imaging
techniques, such as positron emission fomoegraphy (PET) or single-photion emission
computed tomography (SPECT) including drug or substrate tissue distribution assays, or
in radioactive treatment of patients. In particular, an “F or labsled compound may be
particularly desirable for PET or SPECT studies. isotopically labeled 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.

Further, enrichment with heavier isotopes, particularly deuterium (i.e., *H or D)
may afford certain therapeutic advantages resulting from greater metabolic stability, for
example increased in vivo half-life or reduced dosage requirements or an improvement in
therapeutic index. It is undersicod that deuterium in this context is regarded as a
substituent of a compound according to any one of the formulae I' and | to Vi, The
concentration of such a heavier isctope, specifically deuterium, may be defined by the
isotopic enrichment factor. The term “isotopic enrichment factor” as used herein means
the rafico between the isotopic abundance and the natural abundance of a specified
isotope. If a substituent in a compound of this invention is denoted deuterium, such
compound has an isotopic enrichment factor for each designated deuterium atom of at
teast 3500 (52.5% deuterium incorporation at each designated deuterium atom), at least
4000 {60% deuterium incorporation), at least 4500 (67.5% deuteriuny incorporation), at
least 5000 (75% deuterium incorporation), at least 5500 (82.5% deuterium
incorporation), at least 6000 (90% deuterium incorporation}, at least 8333.3 (95%
deuterium incorporation), at least 6468.7 (87% deuterium incorporation), at least 8600
{99% deuterium incorporation), or at least 6633.3 (89.5% deuterium incorporation).
Isotopically-enriched compounds according to any one of formulae | and | to Vil can
generally be prepared by conventional technigues known to those skilled in the art or by
processes analogous fo those described in the accompanying Examples and
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Preparations using an appropriate isofopically-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 isotopically substituted, e.g. D:O, de~
acetone, ts-DMSO.

Compounds of the invention, L.e. compounds of formula { or I’ that contain groups
capable of acting as donors and/for acceptors for hydrogen bonds may be capable of
forming co-crystals with suitable co-crystal formers, These co-crystals may be prepared
from compounds of formula | or ' by known co-crystal forming procedures. Such
procedures include grinding, heating, co-subliming, co-melting, or contacting in solution
compounds of formula | with the co-crystal former under ¢rystallization conditions and
isolating co-crystals thereby formed. Sultable co-crystal formers include those described
in WQ 2004/078183. Hence the invention further provides co-crystals comprising a
compound of formula  or I',

As used herein, the term "pharmaceutically accepiable carrier” includes any and
all solvents, dispersion media, coatings, surfactants, antioxidants, preservatives (e.g..
antibacterial agents, antifungal agents), isotonic agents, absarption delaying agents,
salts, preservatives, drugs, drug stabilizers, binders, excipients, disintegration agents,
Iubricants, sweetening agents, flavoring agents, dyes, such like materials and
combinations therecf, as would be known to one of ordinary skill in the art (see, for
exampie, Remington's Pharmaceutical Sciences, 18th Ed. Mack Printing Company,
1980, pp. 1289- 132Q). Except insofar as any conventional carrier is incompatible with
the active ingredient, its use in the therapsutic or pharmaceutical compositions 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
biological or medical response of a subject, for example, reduction or inhibition of an
enzyme of a protein activity, or ameliorate symptoms, alleviate conditions, slow or delay
disease progression, or prevent a disease, etc. 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 {o a subject, is effective o (1) at least partiaily
alleviating, inhibiting, preventing and/or ameliorating a condition, or a disorder or a
disease (i) mediated by aldosterone synthase and/or CYP11B1, or {ii} associated with
aldosterone synthase andfor CYP11B1 activity, or {iii) characierized by abnormal activity
of aldosterone synthase andfor CYP11B1; or (2) reduce of inhibit the activity of
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aldosterone synthase and/or CYP1181; or (3) reduce or inhibit the expression of

aldosterone synthase andfor CYP11B1. In another non-limiting empodiment, the term “a
therapeutically effective amount” refers {o the amount of the compound of the present
invention that, when administered to a cell, or a tissue, or a non-cellular biological
material, or a madium, is effective o at least partially reducing or inhibiting the activity of
aldosterone synthase andfor CYP11B1; or at least partially reducing or inhibiting the
expression of aldosterone synthase andfor CYP11B1.

As used herein, the term “subject” refers to an animal. Preferably, the animal is a
mammal. A subject also refers {0 for example, primates {(¢.g., humans), cows, sheep,
goats, horses, dogs, cats, rabbits, rats, mice, fish, birds and the tike. In a preferred
embodiment, the subject is a human.

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

As used herein, the term “treating” or “treatment” of any disease or disorder
refers in one embodiment, to ameliorating the disease or disorder {i.e., slowing or
arresting or reducing the development of the disease or at least one of the clinical
symptoms thereof). In another embodiment "treating” or "treatment” refers to alleviating
or ameliorating at least one physical parameter including those which may not be
discernible by the patient. In yet another embodiment, "treating” or “treatment” refers to
modulating the disease or disorder, either physically, (e.¢., stabilization of a discerible
symptom), physiologically, (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 "g," "an,” "the” and similar terms used in the context of
the present invention (especially in the context of the claims) are fo 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 herein is intended
merely {o better illuminate the invention and deoes 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.
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When both a basic group and an acid group are present in the same molecule,
the compounds of the present invention may also form internal salts, e.g., zwitterionic
molecules.

The present invention also provides pro-drugs of the compounds of the present
invention that converts in vvo to the compounds of the present invention. A pro-drug is
an active or inactive compound that is modified chemically through i vive physiclogical
action, such as hydrolysis, metabolism and the like, into a compound of this invention
following administration of the prodrug to a subject. The suitability and techniques
invoived in making and using pro-drugs are well known by those skilled in the arl.
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 converied to
an active form by metabolism or solvolysis. Both the active drug form and any released
metabolic products should have acceptably fow toxicity.

Carrier prodrugs are drug compounds that contain a transport moiety, e.g., that
improve uptake andfor localized delivery 1o a site{s) of action. Desirably for such a
carrier prodruyg, the linkage between the drug moiety and the transport moiety is a
covalent bond, the prodrug is inactive or less active than the drug compound, and any
released transport moiety is acceptably non-toxic, For prodrugs where the transport
moiety is intended to enhance uptake, typically the release of the transport miciety should
be rapid. in other cases, it is desirable to utilize a moiety that provides slow release,
e.g., certain polymers or other moieties, such as cyclodextrins. Carnier prodrugs can, for
example, be used to improve one or more of the following properties: increased
lipophiticity, increased duration of pharmacological effects, increased site-specificily,
decreased toxicity and adverse reactions, and/or improvement in drug formulation {e.g.,
stability, water solubdity, suppression of an undesirable organoleptic or physiochemical
property). For example, lipophilicity can be increased by esterification of (a) hydroxyl
groups with lipophilic carboxylic acids (e.g., a carboxylic acid having at least one
lipophilic moiety), or (b} carboxylic acid groups with lipophilic alcohols {e.g., an alcohol
having at least one lipophilic moiety, for example aliphatic alcchols).

Exemplary prodrugs are, £.g., esters of free carboxylic acids and S-acy
derivatives of thiols and O-acyl derivatives of alcohols or phencls, wherein acyl has a
meaning as defined herein. Preferred are pharmaceutically acceptable ester derivatives
convertible by solvolysis under physiological conditions to the parent carboxylic acid,

e.g., lower alkyl esters, cycloalkyl esters, lower atkenyl esters, benzyl esters, mono- or
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di-substituted lower alkyl esters, such as the Em(amina, mono- or di-lower alkylamino,
carboxy, lower atkoxycarbonyl)-lower alkyl esters, the o~(lower alkanoyloxy, lower
alkoxycarbonyt or di-lower alkylaminocarbonyl)-lower alkyl esters, such as the
pivatovioxymethyl ester and the like conventionally used in the art. In addition, amines
have been masked as arylcarbonyloxymethyl substituted derivatives which are cleaved
by esterases in vivo releasing the free drug and formaldehyde (Bundgaard, J. Med.
Chem. 2503 (1989)). Moreover, drugs containing an acidic NM group, such as
imidazole, imide, indole and the like, have been masked with N-acyloxymethyl groups
{Bundgaard, Design of Prodrugs, Eisevier {1885)). Hydroxy groups have been masked
as esters and sthers. EP 039,051 {Sloan and Little) discloses Mannich-base hydroxamic
acid prodrugs, their preparation and use.

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

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 "profecting group”, uniess the context indicales otherwise. The
protection of functional groups by such protecting groups, the protecting groups
themselves, and their cleavage reactions are described for example in standard
reference works, such as J. F. W. McOmie, "Frotective Groups in Organic Chemistry”,
Plenum Press, London and New York 1973, in T. W. Greene and P. G. M. Wuts,
"Protective Groups in Organic Synthesis”, Third edition, Wiley, New York 1989,

Salts of compounds of the present invention having at least one sait-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 formad, for exampile, by treatling the
compounds with metfal compounds, such as alkall metal salts of suitable organic
carboxylic acids, e.g. the sodium salf of 2-ethythexanoic acid, with organic alkali metal or
alkaline earth metal compounds, such as the corresponding hydroxides, carbonates or
hydrogen carbonates, such as sodium or potassiunt 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 salts of compounds of the present invention are obtained in
customary manner, e.g. by treating the compounds with an acid or a suitable anion
exchange reagent. Internal salts of compounds of the present invention containing acid
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and basic salt-forming groups, e.g. a free carboxy group and a free amino group, may be

formed, e.g. by the neudralisation of salts, such as acid addition salts, 1o the isoelectric
point, e.g. with weak bases, or by treatment with ion exchangers.

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

Mixtures of isomers obtainable according to the invention can be separated in a
manner known per se into the individual isomers; diastereoisomers can be separated, for
example, by partitioning between polyphasic solvent mixtures, recrystallisation and/or
chromatographic separation, for example over silica gel or by €.g. medium pressure
figuid chromatography over a reversed phase column, and racemates can be separated,
for example, by the formation of salis with optically pure salt-forming reagents and
separation of the mixture of diastereocisomers so obtainable, for example by means of
fractional crystallisation, or by chromatography over optically active column malerials.

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

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

All the process steps mentioned hereafter can be carried out under reaction
conditions that are known per se, including those mentioned specifically, in the absence
or, customarily, in the presence of solvents or diluents, including, for example, solvents
or diluents that are inert towards the reagents used and dissolve them, in the absence or
presence of catalysts, condensation or neutralizing agents, for example ion exchangers,
stich as cation exchangers, e.g. in the H+ form, depending on the nature of the reaction
andfor of the reactants at reduced, normal or elevated temperature, for example in a
temperature range of from about ~100 °C {o about 190 °C, including, for example, from
approximately -80 °C to approximately 150 °C, for example at from -80 to -60 °C, at room
temperature, at from ~20 to 40 °C or af reflux temperature, under atmospheric pressure
or int a closed vessel, where appropriate under pressure, and/or in an inert atmosphere,
for example under an argon or nifrogen atmosphere.

Al alt stages of the reactions, mixtures of isomers that are formed can be
separated into the individual isomers, for example diasterecisomers or enantiomers, or
inta any desired mixtures of isomers, for example racemates or mixtures of
diastereoisomers, for example analogously to the methods described herein.

The solvents from which those solvents that are suitable for any particular
reaction may be selected include those mentioned specifically or, for example, water,
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esters, such as lower alkyl-lower alkanoates, for example ethyl acetate, sthers, such as
aliphatic ethers, for example diethyl ether, or cyclic ethers, for example tetrahydrofuran
or dioxane, quid 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 chloride or chioroform, acid amides, such as
dimethylformamide or dimethyl acetamide, bases, such as heterocyclic nitrogen bases,
for example pyridine or N-methylpyrrolidin-2-one, carboxylic acid anhydrides, such as
lower alkanoic acid anhydrides, for example acetic anhydride, cyclic, linear or branched
hydrocarbons, such as cyclohexane, hexane or isopenfane, methycyclohexane, or
mixtures of those solvents, for example aqueous solutions, unless otherwise indicated in
the description of the processes. Such solvent mixtures may alse be used in working up,
for exampie by chromatography or partitioning.

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

The invention relates also to those forms of the process in which a 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 material is formed
under the reaction conditions or is used in the form of a derivalive, forexample in a
protected form or in the farm of a salt, or a compound obtainable by the process
according to the invention is produced under the process conditions and processed
further in situ.

All starting materials, building blocks, reagents, acids, bases, dehydrating agents,
solvents and catalysts utilized to synthesize the compounds of the present invention are
gither commercially avaitable or ¢can be produced by organic synthesis methods known
to one of ordinary skilf in the art (Houben-Weyt 4" Ed. 1952, Methods of Organic
Synthesis, Thieme, Volume 21).

The compounds of the invention can be synthesized using the methods described
in the following schemaes, examples, and by using art recognized technigues. All
gompounds described herein are included in the invention as compounds. Compounds
of the invention, or a pharmaceutically acceptable salt thereof, may be synthesized
according to at [east one of the methods described in schemes 1 {0 4, wherein variables
R', R* R® R%, R" R®, A and p are as defined in Formula | or ' supra.



WO 2010/130796 PCT/EP2010/056572

-34-
X B(OR"Y,
Mivaurs boration of
| Q;j fetallation then boration W,
o I o
b
®, 1 ®RY, 2
RS2, Py
.............. e
Scheme 1

X
1) RISO,NH,, THOIPH,
ESY 2) B
| + e
.
(RY,
k|
8 |

Scheme 2



WO 2010/130796 PCT/EP2010/056572

R’ B(OR),

2) R

Q\\ e’fo

Sa
HT/ '\R\

R \])
Y
g

R'50,2, Py

Scheme 4

Generally, the compounds of formuda (1) or ("} can be prepared according to scheme 1,
Aryl halide {or triflate} 1 (X = Be, |, OTY) undergoes Miyaura boration or metallation (e.g.
ortho-directed lithiation, halogen-metal exchange) followed by boration to the arylboronic
ester {or acid) 2, which subseguently couples with pyridyl halide 3 (Y = Br, | or OTH
under typical Suzuki reaction condition to generate aryl-pyridyl amine 4. Sulfonylation of
4 with sulfonyl halide (Z = Cl, F, Br) in pyridine yields the corresponding aryl-pyridyl
sulfonamide {, Compounds of Formula (1) or (") wherein Ring C is heteroaryl can be
prepared in a simitar way by replacing aryl/phenyl boronic acid (or ester) 2 with
hetercaryl boronic acid (or ester).

Alternatively, the compounds of formula ) or ("), { A is CHR® or CHR*CH,) can be
synthesized according to scheme 2. Suzuki coupling of aryl halide 1 (X = Br, I, OTH) with
pyridyt boronic ester {or acid) § (L.e in —B(OR'); R is H or alkyl or 2 R’ combine to form a
heterocyclyl ring) yields aryl-pyridy! aldehyde 8, which is first treated with sulfonamide in
the presence of Titanium (IV) alkoxide and subsequently reacts with nucleophiles {(e.g.
RM is hydride, Grignard, organolithium, organozinc or other organometallic reagents) to
generate 1. Compounds of Formuda (1) or (i) wherein Ring C is heteroaryl can be
prepared in a similar way by replacing aryl halide (phenyi halide) 1 with heteroaryl halide.
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The synthesis of compounds of formuta () or (), (n = 1) can also be achieved by

switching the order of Suzuki and nucleophilic addition according to scheme 3.
Formylpyridyl halide 7 is treated with sulfonamide in the presence of Titanium {IV)
alkoxide and subsequently reacts with nucleophiles (e.g. R*M is hydride, Grignard,
organolithium, organozine or other organometallic reagents) to generate 8, which
undergoes Suzuki coupling with aryl boronic ester 2 and yields 1. Compounds 7 are
commercially available or can be easily obtained by reduction of the corresponding nitrile
{o the aldehyde using for example DIBAL {di-ischutyl aluminium hydride) or other
reducing agents. Compounds of Formula (I} wherein Ring C is heteroaryl can be
prepared in a similar way by replacing aryl/phenyl boronic acid (or ester) 2 with
heteroaryl boronic acid (or ester).

Alternatively, 8 can be synthesized in the approach described in the scheme 4.
Carboxylic acid or amide 8 (Z=0 or NM) undergoes Curtius or Hofmann rearrangement
to amine 10, which is subjected to sulfonylation with sulfonyl halide (Z=ClL F, Br) in
pyridine yields the corresponding aryl-pyridyl sulfonamide 8.

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

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

in another aspect, the present invention provides a pharmaceutical composition
comprising a compound of the present invention and a pharmaceutically acceptable
carrier. The pharmaceutical composition can be formulated for particular routes of
adminisiration such as aral administration, parenteral administration, and rectal
administration, efc. In addition, the pharmaceutical compositions of the present invention
can be made up in a solid form including capsules, {ablets, pills, granules, powders or
suppositories, or in a liquid form including solutions, suspensions or emuisions. The
pharmaceutical compositions can be subjected to conventional pharmaceutical
operations such as sterilization and/or can contain conventional inert diluents, lubricating
agents, or buffering agents, as well as adjuvants, such as preservatives, stabilizers,
wetting agents, emulsifiers and buffers etc.

Typically, the pharmaceutical compositions are tableis and gelatin capsules

comprising the active ingredient {ogether with
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a) diluents, e.g., lactose, dextrose, sucrose, mannitol, sorbitol, cellulose and/or

glycine;

k) lubricants, e.g., silica, {alcum, stearic acid, its magnesium or calcium salf

andfor polyethyleneglycol; for tablets also

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

methyleeliulose, sodium carboxymethylceliulose and/or polyvinylpyrrolidone; if

desired

d) 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 exampile, inert diluents,
stich as calcium carbonate, sodium carbonate, laciose, calcium phosphate or sodium
phosphate; granulating and disintegrating agents, for example, corn starch, or alginic
acid; binding agents, for example, starch, gelatin or acacia; and lubricating agents, for
example magnesium stearate, stearic acid or talc. The tablets are uncoated or coated by
known technigues to delay disintegration and absorption in the gastrointestinal tract and
thereby provide a sustained action over a longer period. For example, a time delay
material such as glyceryl monostearate or glyceryi distearate can be employed.
Formulations for oral use can be presented as hard gelatin capsules wherein the active
ingredient is mixed with an inert solid diluent, for example, calcium carbonate, calcium
phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient is mixed
with water or an oil medium, for example, peanut oil, liquid paraffin or olive oil.

Certain injectable compositions are aqueous isotonic solutions or suspensions,
and suppositories are advantagecusly prepared from fatly emulsions or suspensions.
Said compositions may be sterilized and/or contain adjuvants, such as preserving,
stabilizing, wetting or emulsifying agents, solution promoters, saits for regulating the
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osmotic pressure andfor buffers. [n addition, they may also contain other therapeutically

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 aclive ingredient.

Suitable compostitions for fransdermal application include an effective amount of
a compound of the invention with carrier. Carriers include absorbable pharmacologicatlly
acceptable solvents fo assist passage through the skin of the host. For example,
transdermal devices are in the form of a bandage comprising a backing member, a
reseryoir contalning the compound optionally with carriers, optionally a rate controlling
barrier to deliver the compound of the skin of the host at a controfled and predetermined
rate over a prolonged period of time, and means to secure the device 1o the skin,

Suitable compositions for topical application, €.g., {o the skin and eyes, include
agueous solutions, suspensions, ointments, creams, gels or sprayable formulations, e.g.,
for detivery by aerosol or the like. Such topical delivery systems will in particular be
appropriate for dermal application, e.g., for the treatment of skin cancer, e.g., for
prophylactic use in sun creams, lofions, sprays and the like. They are thus particularly
suited for use in fopical, including cosmetic, formudations well-known in the art. Such
may contain solubilizers, stabilizers, tonicity enhancing agents, buffers and
preservatives.

As used herein a topical application may also pertain {o an inhalation or 1o an
intranasal application. They are conveniently delivered in the form of a dry powder
{either alone, as a mixture, for example a dry blend with lactose, or a mixed component
particle, for example with phospholipids} from a dry powder inhaler or an aerosol spray
presentation from a pressurised container, pump, spray, atomizer or nebuliser, with or
without the use of a suitable propeliant.

The present invention further provides anhydrous pharmaceutical compositions
and dosage forms comprising the compounds of the present invention as active
ingredients, since water may facilitate the degradation of certain compounds.
Arthydrous pharmaceutical compositions and dosage forms of the invention can be
prepared using anhydrous of low moisture containing ingredients and low moisture or
low humidity conditions. An anhydrous pharmaceutical composition may be prepared
and stored such that its anhydrous nature is mainfained. Accordingly, anhydrous
compositions are preferably packaged using materials known to prevent exposure to
water such that they can be included in suifable formulary kits. 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.
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The invention further provides pharmaceutical compaositions 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 buflers, ete.

The compounds of formula | in free form or in pharmaceutically acceptable salt
form, exhibit valuable pharmacological properties, e.g. aldosterone synthase and/or
CYP11B81 modulating properties, e.g. as indicated in in vitro and in vivo tests as provided
in the next sections and are therefore indicated for therapy.

Compounds of the invention may be useful in the freatment of an indication
selected from: hypokalemia, hyperiension, Conn's disease, renal failure, in particular,
chronic renal failure, restenosis, atherosclerosis, syndrome X, obesity, nephropathy,
post-myecardial infarction, coronary heart diseases, increased formation of collagen,
fibrosis and remodeling folfowing hypertension and endothelial dysfunction,
cardiovascular diseases, renal dysfunction, liver diseases, cerebrovascular diseases,
vascilar diseases, retinopathy, neuropathy, insulinopathy, edema, endothelial
dysfunction, baroreceptor dysfunction, migraine headaches, heart failure 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, myoccardial and vascular
fibrosis, impaired arterial compliance, myocardial necrotic lesions, vascular damage,
myocardial infarction, left ventricular hypertrophy, decreased egjection fraction, cardiac
lesions, vascular wall hypertrophy, endothelial thickening, of fibrinoid necrosis of
coronary arteries, Cushing's syndrome, excessive Cortisol level, the ectopic ACTH
syndrome, the change in adrenocortical mass, primary pigmented nodular adrenocortical
disease (PPNAD) Carney complex (CNC), anorexia nervosa, chronic alcoholic
poisoning, nicotine or cocaine withdrawal syndrome, the post-traumatic 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 any one of formulae ' and VH, or a pharmaceutically acceptable salt
thereof, in therapy. In a further embodiment, the therapy is selected from a disease
which is ameliorated by inhibiton of aldosterone synthase and/or CYP1181. In another
embodiment, the disease is selected from the afore-mentioned list, suitably hypokalemia,
hyperiension, congestive heart failure, atrial fibrillation, renal fallure, in particular, chronic
renal fallure, resienosis, atherosclerosis, syndrome X, obesily, nephropathy, post-
myocardial infarction, coronary heart diseases, increased formation of collagen, fibrosis
such as cardiac or myocardiac fibrosis and remodeling following hypertension and



WO 2010/130796 PCT/EP2010/056572

-40-
endothelial dysfunction, more suitably congestive heart failure, cardiac or myocardial

fibrosis, renal failure, hypertension or ventricular arrhythmia.

In another embodiment, the invention provides a method of ireating a disease which is
ametorated by inhibiton of aldosterone synthase and/or CYP11B1 comprising
administration of a therapeutically acceptable amount of a compound according to any
one of formutae I' and VI, or a pharmaceutically acceptable salf thereof. In a further
embodiment, the disease is selected from the afore-mentioned list, suitably hypokalemia,
hyperiension, congestive heart failure, atrial fibrillation, renal failure, 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 myocardial
fibrosis, renal faillure, hypertension or ventricular arrhythmia.

The pharmaceutical composition 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 gbout 0.01-100 mg, or about 0.01-50
mg of active ingredients. The therapeutically effeclive dosage of a compound, the
pharmaceutical composition, or the combinations thereof, is dependent on the species of
the subject, the body weight, age and individual condition, the disorder or disease or the
severily thereof being treated. A physician, clinician or veteriharian of ordinary skill can
readily determine the effective amount of each of the aclive ingredients necessary fo
prevent, treat or inhibit the progress of the disorder or disease.

The above-cited dosage properties are demonstrable i vilro tests. The
compounds of the present invention can be applied in vifro in the form of solutions, &.9.,
preferably aqueous solutions. The dosage in vitro may range between about 10° molar
and 10° molar concentrations. A therapeutically effective amount ii7 vivo may range
depending on the route of administration, between about 0.0001-500 mglkg, 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 vifro methods described below.

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

Human adrenocortical carcinoma NCI-H295R cell line was obtained from
American Type Culture Collection (Manassas, VA). Insulinfransferrin/selenium (ITS)-A
supplement {100x), DMEM/F-12, antibiotic/antimycotic {100x), and fetal bovine serum
{FB&) were purchased from Invitrogen (Carlsbad, CA}. Anti-mouse PVT scintillation
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proximity assay {(SPA) beads and NBS 98-well plates were obtained from GE Health

Sciences (Piscataway, NJ) and Corning (Acton, MA), respectively, Solid black 96-well flat
bottom plates were purchased from Costar {Corning, NY). Aldosterone and angiotensin
(Ang 1) were purchased from Sigma (5. Louis, MO). D-[1,2.6,7-"H{N)jaldosterone was
acquired from PerkinElmer (Boston, MA). Nu-serum was a product of BD Biosciences
{Frankiin Lakes, NJ).

For in vitro measurement of aldosterone activity, human adrenocortical carcinoma
NCI-H295R cells are seeded in NBS 96-well plates at a density of 25,000 celisiwell in
100 pl of a growth medium containing DMEM/F 12 supplemented with 10% FCS, 2.5%
Nu-serum, 1 pg ITS/mi, and 1x antibiotic/antimycotic. The medium is changed after
culturing for 3 days at 37 °C under an atmosphere of 5% CQ0./95% air. On the following
day, cells are rinsed with 100 L of phosphate-buffered saline (PBS) and incubated with
100 b of treatment medium containing 1 uM Ang Hl and a compound &t different
concentrations in quadruplicate wells at 37 °C for 24 h. At the end of incubation, 50 pl. of
medium is withdrawn from sach well for measurement of aldosterone production by an
SPA using mouse anti-aldostercne monoclonal antibodies,

Measurament of aldosterone activily 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)]aldosterone and
0.3 pg of anti-aldosterone antibody in PBS containing 8.1% Triton X-100, 0.1% bovine
serum albumin, and 12% glycerol in g tofal volume of 200 uL at room temperature for 1
h. Anti-mouse PVT SPA beads {50 ul) are then added {0 sach 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.

The in vitro inhibitory activities for CYP11B1 can be determined by the following
assay.

The cell ine NCI-H285R was originally isolated from an adrenocortical carcinoma
and has been characterized in the literature through the stimulable secretion of steroid
hormones and the presence of the enzymes essential for steroidogenesis. Thus, the
NCI-H295R cells have CYP11 B1 (steroid 11 B- hydroxylase). The cells show the
physiological property of zonally undifferentiated human fetal adrenocortical celis which,
however, have the capacity to produce the steroid hormones which are formed in the
three, phenotypicaily distinguishable zones in the adult adrenal cortex.

The NCI-H295R cells {(American Type Culture Collection, ATCC, Rockville, MD,
USA) are grown in Dulbeoco's Modified Eagle'Ham F-12 Medium (DME/F 12), which has
been supplemented with Ulroser SF Serum({Soprachem, Cergy-Saint- Christophe,
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France), insulin, fransferrin, selenite (-T-8, Becton Dickinson Biosiences, Franklin lakes,

NJ, USA) and antibiotics in 75 cm® cell culiure vessels at 37°C and in a 95% air- 5%
carbon dioxide atmosphere. The cells are subsequently transferred for eclony formation
into a 24-well incubation vessel. They are cuitivated there in DME/F 12 medium, which is
now supplemented with 0.1 % bovine serum instead of Ultroser SF for 24 hours. The
experiment is initiated by cultivating the cells in DME/F 12 medium which is
suppiemented with 0.1% bovine serum albumin 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 stimulants which can be used are
angioctensin it (1D or 100 nanomolar), potassium ions (16 millimolar}, forskolin {10
micromolar) or a combination of two stimulants.

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

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
inhibition of enzymatic activity by a compound is calculated by means of an inhibition plot
which is characterized by an {Cq,.

The ICs, values for active test compounds are ascertained by 2 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 logistic function is
calculated as follows: Y = (d-a) / ({1 + (Wc)b)) + 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 at 1M},
which is the aldosterone level when the cell is treated with the given concentration of a
compound of this invention (e.g. concentration of 1M} versus the aldostercne excretion

when cell is free of the compound of the invention:

% inhibition aldosterone production= [{Y-X)f¥] x 100
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wherein X is the level of aldosterone when the cell is treated with a compound of

Formula |, and Y is the level of aldosterone when the cell is free of compound of Formula
1.

The inhibition activity of CYP11B1 production can also be expressed in
percentage inhibition (% inhibition) at a given concentration {e.g. % inhibition at 1 pd),
which is the cortisol level when cell is reated with the given concentration of a compound
of the invention {(e.g. concentration of 1uM) versus the cortisol excretion when cell is free
of the compound of the invention.

% inhibition cortisol production= [{Y*-XC)Y’] 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 Formula |

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 Cortisol cell
Aldosterons
v secretion
cell secretion |
{% inhibition
{1C5, niA)
@ 1 phi)
N-[5-(3-Chloro-4-cyano-phenyl)-
pyridin-3-yl}-4-methoxy-benzene- 9 74.5
sulfonamide
N-(5-(3-chlorg-4-
cyanophenylipyridin-3-yl}-1-{2- 45 34
chiprophenylimethanesulfonamide
N-(5-{4-cyano-3-
methoxyphenylpyridin-3- 77 32
yiicyclopropane-sulfonamide
N~{5-{4~cyano-3-
methoxyphenyhpyridin-3- 33 38
yhethanesulfonamide
N-[5-(3-Chloro-4-cyano-phenyl)- & 78
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pyrid‘in-séyi}*4&ethyi-benzene«
sulfonamide
N-{(5-(4-cyano-a-
methoxyphenyljpyridin-3- 85 40

yhmethylimethane-sulfonamide
N-{1-(5-(4-cyano-3-
methoxyphenyl)pyridin-3-

yhethyhethanesulfonamide:

Enantiomer 1 64 38
Enantiomer 2 140 27

N~(1-(5-(3-chioro-4-
cyanophenylipyridin-3-
- yhethyl)ethanesulfonamide:

Enantiomer 1 49 53
Enantiomer 2 74 50
N-{1-{5-(3-chloro-4-

cyanophenyl)pyridin-3~

yibutyllethanesulfonamide:

Racemate | 132 25
Enantiomer 1 89 26
Ethanesulfonic acid [5-(6~chloro-1-
methyl-1H-pyrrolof3,.2-clpyridin-2- 165 ‘ 18
yi)-pyridin-3~yimethyll-amide |

N~{(5~(4~cyano-3»
methoxyphenyl)pyridin-3-
yi{cyclopropyhmethylethanesulfo
namide:

Enantiomer 1§ 111 25
Enantiomer 2 41 44
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(S)~ N{(5-(3-chloro-4-
cyanophenyl)pyridin-3- 24 38
yh{cyclopropyhmethyl)
ethanesulfonamide:

{R}~ N-({5-(3-chloro-4-
cyanophenyl)pyridin-3- 56 28
yh{cyclopropytymethyl)
ethanesulfonamide:
N-{({5~(3-chloro-4~
cyanophenyl)pyridin-3-

yh{cyclopropyhmethyl)-N- 5 83
methylethanesulfonamide

N-{{5-{6-chloro-1-methyl-1H-
benzof{dlimidazol-2-yhpyridin-3- a7 24
yhmethyljethanesulfonamide

Ethanesulfonic acid [S-(6-chloro-1-
methyl-1H-pyrrolof2, 3-blpyridin-2- 8 40
yl)-pyridin-3-yimethyl}-amide

N-({5-(4-cyano-2-
fluorophenylpyridin-3-
yl}{cyclopropylymethyhethanesulfo 167 39

namide

N-((5-{4-chiorophenyl)pyridin-3-

yiX{cyclopropylimethyl}- 42 a1
sthanesulfonamide

N-{cyclopropyl(5-(4-
{trifluoromethoxy)phenyl}pyridin-3-

110 20
yiimethyhethanesulfonamide
N-({5-(3-chioro-4-
fluorophenypyridin-3-
phenyhpy 29 21

yiX{eyclopropylymethyl)-
ethanesulfonamide
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N-{cyclopropy(5-(2.3-
dichlarophenyl)pyridin-3- 5 39
yhmethyhethanesulfonamide
2-chloro-4-[5-(1,1-dioxo-
isothiazolidin-2-yimethyl)-pyridin-3- | 12 64

yil-benzonitrile

ethanesuffonic acid {[5-(34:!‘1&01‘0»4-
cyano-phenyl}-pyridin-3-yi]-

yano-p ‘y) py vl 20 51
cyclopropyl-methyl}{2-hydroxy-
ethyl)-amide

Ethanesulfonic acid {{5-(3-chioro-
4-cyano-phenyh-pyridin-3-yi}- 08 35
cyclopropyl-methyij-isobutyl-amide

N-{2-(5~(3~-chloro-4-
| cyanophenyl)pyridin-3-yl)propan-2- ote) 86
yhethanesulfonamide

N-{{5-(4-cyano-3-
methylphenypyridin-3-vi){(4-

fiuorophenyiimethyllethane- 121 ‘ 2
sulfonamide

| N-{2-(5-(2,3-
dichiorophenylpyridin-3- 3 75

yijeyclopropyl)ethane-sutfonamide

The compound of the present invention may be administered either
simultaneously with, or before or after, at least one other therapeutic agent. The
compound of the present invention may be administered separately, by the same or
different route of administration, or together in the same pharmaceutical composition.

in one embodiment, the invention provides a product comprising a compound
according to any one of formulae ' and I-VIl, or a pharmaceutically acceptable salt
thergof, and at least one other therapeutic agent as a combined preparation for
simultaneous, separate or sequential use in therapy. In ohe 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
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comprising the compound according to anyifwe of formulae ¥ and 1 to VI, ora
pharmaceutically acceptable salt thereof, and the other therapeutic agent(s) fogether in
the same pharmaceutical composition, or the compound of formulae | to Vi 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 o any one of formulae ' and IV, ora
pharmaceutically accepiable 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 contains a compound of formulae -
Vil In one embodiment, the kit comprises means for separately retaining said
compositions, such as a coniainer, divided botile, 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 ke,

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

In the combination therapies of the invention, the compound of the invention and
the other therapeutic agent may be manufactured and/or formulated by the same or
different manufacturers. Moreover, the compound of the invention and the other
therapeutic miay be brought together into a combination therapy: (i) prior to release of the
combination product to physicians {e.g. in the case of a kit comprising the compound of
the invention and the other therapeutic agenty; (i) by the physician themselves (or under
the guidance of the physician) shortly before administration; {iii} in the patient
themselves, e.g. during sequential administration of the compound of the invention and
the other therapeutic agent.

Accordingly, the invention provides the use of a compound of formulae 1-VH in the
manufacture of a medicament for freating a disease or condition mediated by
aldosterone synthase and/or CYP11B1, wherein the medicament 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 {freating a disease or
candition mediated by aldosterone synthase andfor CYP11B1, wherein the medicament
is prepared for administration with a compound of formudae VL

The invention also provides a compound according to any one of formulae I' and
Vi, or a pharmaceutically acceptable salt thereof, for use in a method of treating a
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disease or condition mediated by aldosterone synthase and/or CYP11B1, wherein the

compound of formulae " or FVH is prepared for administration with another therapeutic
agent. The invention also provides another therapeutic agent for use in a method of
treating a disease or condition mediated by aldosterone synthase and/or CYP1181,
wherein the other therapeutic agent is prepared for administration with a compound
according te any one of formulas I” and 1-Vil. The invention also provides a compound
according to any one of formulas I’ and |-V}, or a pharmaceutically acceptable salt
thereof, for use in a method of treating a disease or condition mediated by aldosterone
synthase andfor CYF11B1, wherein the compound of formulae 1" or I-VH is administered
with another therapeutic agent. The inverntion also provides another therapeutic agent for
use in a method of treating a disease or condition mediated by aldosterone synthase
andfor CYP11B1, wherein the other therapeutic agent is administered with a compound
according to any one of formulae I and I-Vil.

The invention also provides the use of a compound according to any one of
formulae ' and 1-Vil, or a pharmaceutically acceptable sailt thereof, in the manufacture of
a medicament for freating a disease or condition mediated by aldosterone synthase
andfor CYP 1181, wherein {he patient has previously (e.g. within 24 hours) been treated
with ancther therapeutic agent. The invention also provides the use of another
therapeutic agent in the manufacture of a medicament for treating a disease or condition
mediated by aldosterone synthase andior CYP11B1, wherein the patient has previously
{e.g. within 24 hours) been treated with a compound according to any one of formulae I’
and il

in one embodiment, the other therapsutic agent is selected from: HMG-Co-A
reductase inhibifor, an angiotensin H receptor antagonist, angiotensin converting enzyme
{ACE) inhibitor, a calcium channel blocker (CCB), a dual angiotensin converting
enzyme/meutral endopeptidase (ACE/NEP) inhibitor, an endothelin antagonist, a renin
inhibitor, a diuretic, an ApoA-l mimic, an anti-diabetic agent, an cbesity-reducing agent,
an aldosterone receptor blocker, an endothelin receptor blocker, or a CETP inhibitor.

in still anocther embodiment, the invention perains, at least in part, to methods
wherein the compound of the invention {e.¢., a compound according {o any one of
Formulae ' and -V or a compound otherwise described hereln, or a pharmaceutically
acceptable salt thereof) is administered in combination with a second agent.

The term “in combination with” a second agent or freatment includes co-
administration of the compound of the invention {e.g., a compound according to any one
of Formulae " and -V} or a compound otherwise described herein, or a pharmaceutically
acceptable salt thereof) with the second agent or treatment, administration of the
compound of the invention first, followed by the second agent or treatment and
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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 example, hypokalemia,
hypertension, Conn's disease, renal failure, in particular, chronic renat failure, restenosis,
atherosclerosis, syndrome 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,
liver diseases, cerebrovascular diseases, vascular diseases, retinopathy, neuropathy,
insulinopathy, edema, endothelial dysfunction, baroreceptor dysfunction, migraine
headaches, heart failure such as congestive heart failure, arrhythmia, diastolic
dysfunction, left ventricular diastalic 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 sjection fraction, cardiac lesions, vascular wall hypertrophy, endothedial
thickening, and fibrinold necrosis of coronary arteries. Furthermore, the second agent
may be any agent of benefit o the patient when administered in combination with the
administration of a compound of the invention.

Examples of second agents include HMG-Co-A reductase inhibitors, angiotensin
i receptor antagonists, angiotensin converting enzyme (ACE) Inhibitors, calcium channel
blockers (CCB), dual angiotensin converting enzyme/neutral endopeptidase (ACE/NEP)
inhibitors, endothelin antagonists, renin inhibitors, diuretics, ApoA- mimics, anti-diabetic
agents, obesity-reducing agents, aldosterone receptor blockers, endothelin receptor
blockers, and CETP inhibitors.

An angiotensin H receptor antagonist or a pharmaceutically acceptable salt
thereof is understood to be an active ingredient which bind to the AT1-receptor subtype
of angiotensin {i receptor but do not result in activation of the receptor. As a
consequence of the inhibition of the AT, receptor, these antagonists can, for example, be
employed as antihypertensives or for {freating 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
valsarian, iosartan, candesarian, eprosartan, irbesartan, saprisartan, tasosartan,
telmisartan, the compound with the designation E-1477 of the following formula
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and the compound with the designation ZD-8731 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 pharmaceutically acceptable salt thereof.

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

The term “ACE-inhibitor” {also called angiotensin converting enzyme inhibitors})
includes molecules that interrupt the enzymatic degradation of angiotensin { to
angiotensin . Such compounds may be used for the regulation of blood pressure and
for the {reatment of congestive heart failure. Examples include alacepril, benazepril,
benazeprilat, captopril, ceronapril, cilazapril, delapril, enalapril, enapritat, fosinopril,
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imidaprd, lisinopril, moveltopril, perindopril, quinapnl, ramipri, spirapni, temocapril, and

trandolapril, or, pharmaceutically acceptables salf thereof.

The term “calcium channel blocker (CCR)” includes dihwydropyridines (DHPs) and
non-DHPs {e.g., diltlazem-type and verapamittype CCBs}). Examples include
amiodipine, felodipine, ryosidine, isradipine, lacidipine, nicardipine, nifedipine,
niguldipine, niludipine, 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 anli-hyperiensive,
anti-angina pectoris, or anti-arrhythmic drugs.

The term “dual angiotensin converting enzyme/neutral endopetidase (ACE/NEP)
inhibitor” includes omapatrilate (cf. EP 629627), fasidotril or fasidotrilate, or
pharmaceutically acceptable salts thereof,

The term “endothelin antagonist” includes bosentan {cf. EP 526708 A),
tezosentan {cf. WO 96/19453), or, pharmaceutically acceptable salts thereof.

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

[1R*,2R* AR (1R, 2ZR"}-1-{(1, 1-dimethylethoxy)carbonyi]-L-proly L-phenylalanyl-N-{2-
hydroxy-8-methyl-1-(2-methylpropyl)-4-[{{2-methy-1-{{{2-
pyridinyimrthylaminojcarbonyljbutyljamino]carbonylthexyll-N-alfa-methyl-L-
histidinamide); terlakiren {chemical name: {R-{(R* S*)]-N-{4-morpholinylcarbonyl}-L-
phenylalanyl-N-[1-{cyclohexyimethyl)-2-hydroxy-3-(1-methylethoxy)-3-oxopropyi]-S-
methyl-L-cysteineamide); Aliskiren (chemical name: (25.48,58,7 S}-5-amino-N-{2-
carbamoyi-2, 2-dimethylethyh)-4-hydroxy-7-{{4-methoxy-3-(3-methoxypropoxy)
phenyilmethyl}-8-methyl-2-{propan-2-yhinonanamide) and zankiren {(chemical name: {15-
[1RMRYRY)], 28" 3R -N-{ 1-{cyciohexyimethyl)-2, 3-dihydroxy-5-m ethythexyl]-alfa-[{2-
H{4-methyl-1-piperazinyl}sulfonylimethyi]-1-oxe-3-phenylpropyll-aminol-4-
thiazolepropanamide), or, hydrochloride salts thereof, or, SPPE30, SPP836 and SPPBO0
as developed by Speedel, or RO 66-1132 and RO 66-1168 of Formula (A) and (B}

H
N
| wo L
O AT
OO OO

A and (&) .o,

pharmaceutically acceptable salts thereof.
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The term “sliskiren”, if not defined specificat ?h is to be understood both as the free base
and as 2 salf thereof, especially a pharmaceutically acceptable salt thereof, most
preferably a hemi-fumarate salt thereof.

The term “diuretic” includes thiazide derivatives {e.g., chiorothiazide,
hydrochiorothiazide, methylclothiazide, and chiorothalidon).

The term "ApoA-I mimic” inclides D4F peplides {e.g., formula D-W-F-K-A-F-Y-D-
KANAE-K-F-K-E-AF)

The term “anti-diabetic agent” includes insuiin secretion enhancers that promote
the secretion of insulin from pancreatic B-cells. Examples include biguanide derivatives
{e.g., metformin), sulfonylureas (SU) {e.g., {olbutamide, chiorpropamide, tolazamide,
acetohexamide, 4-chlora-N-{(1-pyrolidinylamino)carbonyl]-benzenesuifonamide
{glycopyramide}, glibenclamide (glyburide), gliclazide, 1-butyt-3-metanilylurea,
carbutamide, glibonuride, glipizide, gliquidone, glisoxepid, glybuthiazole, glibuzole,
glyhexamide, glymidine, glypinamide, phenbutamide, and tolyleyclamide), or
pharmaceutically acceptable salts thereof. Further exampiles include phenylalanine
derivatives (e.g., nateglinide {N-(frans-4-isopropyicyclohexylcarbonyl}-D-phenylalanineg]

{cf. EP 196222 and EP 52617 1) of the formula

YOO

o

repaglinide {(S)-2-ethoxy-4-{2-][3-methyl-1-[2-(1-piperidinyl}phenyiibutyllamino}-2-
oxpethylibenzoic acid] (cf. EP 589874, EP 147850 A2, in particular Example 11 on page
81, and EP 207331 A1), calcium (2 S)-2-benzyl-3-(cis-hexahydro-2-isoindolintycarbonyl)-
propionate dihydrate {e.g., mitiglinide (cf. EP 507534)); and glimepiride {cf. EP 31058}.
Further examples include DPP-V inhibitors, GLP-1 and GLP-1 agonists.

DBPP-IV is responsible for inactivating GLP-1. More particularly, DPP-IV
generates a GLP-1 receptor 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, preferably, non-peptidic. DPP-IV
inhibitors are in each case generically and specifically disclosed s.g. in WO 98/198928,
OE 186 16 486 A1, WO 00/34241 and WO 85/153089, in each case in particular in the
compound claims and the final products of the working examples, the subject-matter of

the final products, the pharmaceutical preparations and the claims are hereby
incorporated into the present application by reference to these publications. Preferred
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are those compounds that are specifically disclosed in Example 3 of WO 98/19988 and

Example 1 of WO 00/34241, respectively.

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

The term “GLP-1 agonists” includes variants and analogs of GLP-1(7-36)NH;
which are disclosed in particular in US 5,120,712, US 5,118666, US 5,512,549, WO
91/11457 and by C. Orskov et al in J. Biol. Chem, 284 (1989) 12826. Further examples
include GLP-1{7-37)}, in which compound the carboxy-terminal amide functionality of
Arg®™ is displaced with Gly at the 37" position of the GLP-1{7-36)NH, molecule and
variants and analogs thereof including GLN-GLP-1(7-37), D-GLN®-GLP-1(7-37), acetyl
LYS*-GLP-1(7-37), LYS™-GLP-1{7-37) and, in particular, GLP-1({7-37)OH, VAL®-GLP-
1{7-37), GLY-GLP-1(7-37), THRA-GLP-1(7-37), MET%-GLP-1{7-37) and 4-
imidazopropionyGLP-1. Special preference is also given to the GLP agonist analog
exendin-4, described by Greig et al. in Diabetologia 1998, 42, 45-50.

Also included in the definition “anti-diabetic agent” are insulin sensitivity
erthancers which restore impaired insulin receptor function to reduce insulin resistance
and consequently enhance the insulin sensitivity. Exampiles include hypoglycemic
thiazolidinedione derivatives (e.g., glitazone, {S)~{(3,4-dihydro-2-{phenyl-methyl}-2H-1-
benzopyran-8-ylimethyl-thiazolidine-2 4-dione (englitazone), 5-{{4-(3-(5-methyl-2-phenyl-
4-oxazolyl)-1-oxopropyl)-phenyll-methyl}-thiazolidine-2 4-dione {(darglitazone), 5-{[4-(1-
methyl-cyclohexybmethoxy)-phenyilmethyi}-thiazolidine-2 4-dione (ciglitazone), 5-{{4-(2-
(1-indolyhethoxy)phenylimethyl}-thiazalidine-2 4-dione (DRF2189), 5-{4-[2-(5-methyi-2-
phenyi-4-oxazolyl)-ethoxy)lbenzyl}-thiazolidine-2 4-dione (BM-13.1246), 5-(2-
naphthylsulfonyl)-thiazolidine-2 4-dione (AY-31637), bis{4-[(2,4-dioxo-5-
thiazolidiny)methyllphenyiimethane (YM268), 5-{4-[2-(5-methyl-2-phenyl-4-oxazolyl)-2-
hydroxyethoxylbenzyli-thiazolidine-2 4-dione (AD-5075), 5-[4-(1-phenyl-1-
cyclopropanecarbonylaming)-benzyll-thiazolidine-2 4-dione (DN-108) 5-{[4-(2-(2,3-
dihydroindol-1-yliethoxy)phenyljmethyl}-thiazolidine-2,4-dione, 5-3-(4-chloro-phenyi}}-2-
propynyil-5-phenyisulfonyijthiazclidine-2 4-dione, 5-[3-{4-chiorophenyi]}-2-propynyi]l-5-(4-
fluorophenyl-sulfonyhthiazolidine-2 4-dione, 5-{{4-(2-{methyl-2-pyridinyl-amino}-
ethoxyjphenyilmethyi}-thiazclidine-2,4-dione {rosiglitazone), 5-{{4-(2-(5-athyl-2-
pyridyl)ethoxy)phenyll-methylithiazolidine-2 ,4-dione {pioglitazone), 5-{4-({3 4-dihydro-6-
hydroxy-2,5,7 B-tetramethyl-2H-1-benzopyran-2-ylimethoxy)-phenyl}-methyl}-
thiazolidine-2 4-dione (troglifazone}, 5-[6-(2-flioro-benzyloxyinaphthalen-2-yimethyi}-
thiazolidine-2 4-dione (MCC558), 5-{[2-(2-naphthyl)-benzoxazol-5-yl]-methyijthiazolidine-
2 4-dione (T-174) and 5-(2 4-dioxothiazolidin-5-yimethyl)~2-methoxy-N-{4-trifluoromethyi-
benzyhbenzamide (KRP297)).
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Further anti-diabetic agents include, insulin signaling pathway modulators, like

inhibitors of protein tyrosine phosphatases (PTPases), antidiabetic non-small molecule
mimetic compounds and inhibitors of glutamine-fructose-8-phosphate amidotransferase
{GFAT); compounds influencing a dysregulated hepatic glucose production, like
inhibitors of glucose-8-phosphatase (G6Pase), inhibitors of fructose-1,6-bisphosphatase
{F-1,6-Bpase), inhibitors of glycogen phosphorylase (GP), glucagon receptor antagonists
and inhibitors of phosphoenolpyruvate carboxykinase (PEPCK); pyruvate
dehydrogenase kinase (POMK) inhibitors; inhibitors of gastric emptying; insulin; inhibitors
of G8K-3; retinoid X receptor (RXR) agonists; agonists of Beta-3 AR; agonists of
uncoupling proteins {(UCPs); non-glitazone type PPARy agonists; dual PPARy/ PPARYy
agoenists; antidiabetic vanadium containing compounds; incretin hormones, like
glucagon-like peptide-1 (GLP-1) and GLP-1 agonists; beta-cell imidazoline receptor
antagonists; miglitol; a,~adrenergic antagonists, and pharmaceutically acceptable salts
thereof.

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

The term “aldosterone receptor blocker” includes spironolactone and eplerencne.

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 VLDL. Such CETP inhibition activity is readily determined by those
skilled in the art according to standard assays (e.g., U.S. Pat. No. 6,140,343). Examples
include carmpounds disclased in U.8. Pat. No. 6,140,343 and U. S, Pat. No. 6,197,786
{e.g., [2R 48}4-{(3 5-bis-trifluoromethyl-benzyl}-methoxycarbonyl- aminol-2-ethyl-B-
trifluoromethyl-3, 4-dihydro-2H-guinoline-1-carboxylic acid ethy! ester (forcetrapib);
compounds disclosed in U.8. Pat. No. 6,723,752 (e.g., (2R)-3-[3-(4-Chloro-3-ethyl-
phenoxy)-phenyl]-{{3-(1,1.2,2- tetrafluoro-ethoxy)-phenyi}-methyll-amino}~1, 1, 1-trifluoro-
2-propanol); compounds disclosed in U.S. patent application Ser. No. 10/807 838;
polypeptide derivatives disclosed in U.S, Pat. No. 5,512,548, rosenonolactone
derivatives and phosphate-containing analogs of cholesteryl ester disclosed in J.
Antibiot., 49(8): 815- 8186 (1998), and Bicorg. Med. Chem. Ls#i., 6:1951-1954 (19986),
respectively. Furthermore, the CETP inhibitors also include those disclosed in
WOR2000/017 185, WO2005/095408 and WO2005/0978086.
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Exemplification of the lavention

Common abbreviations:

app
ACN
BINAP
BOC
br
BSA
cPr

d

dd
DCM
DIEA
DIPA
DME
DMF
DMSO
EtOAC
ESt
EtOAC

1

HPLC
HRMS:

IPA
KOTMS
LCMS
MeQH
MS

MW

min
mi
miz
NMR
ppm
rac

apparent
acetonitrile

racemic 2,2'-bis{diphenylphosphino)~1, 1'-binaphthyl

tertiary butyl carboxy

broad

bovine serumm albumin
cyclopropyl

doublet

doublet of doublets
dichloromethane
diethylisopropylaming
diisopropylamine
1,4-dimethoxyethane

N N-dimethylformamide
dimethyisulfoxide

ethyl acetate

electrospray ionization

ethyl acetate

hour{s}

high pressure liguid chramatography
high resclution mass spectromstry
infrared spectroscopy
isa-propyt alcehol

potassium trimethylsilanolate
hguid chromatography and mass spectrometry
methanol

mass spectrometry
microwave

multiplet

minwtes

mitlititer(s)

mass to charge ratio

nuclear magnetic resonance
parts per million

racemic
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14 room {emperature

3 singlet

PdCL{dppf).CHCL,  dichlore[1,1'-ferrocenyibis{diphenyi-phosphine)jpalladium i}
dichloromethane

PACL(PPhs), bis{triphenylphosphine)palladium{l) chloride
Pd,{dba); tris{dibenzylidensacetone)dipalladium{0)
5-PHOS 2-dicyclohexyiphosphino-2' §'-dimethoxybiphenyl
Pd(PPha), tetrakis{iriphenylphosphine)palladium{0}

§ friplet

TEA triethylamine

TFA trifluoroacetic acid

THF tefrahydrofuran

TLC thin layer chromatography

RT room temperature

SFC supercritical fluld chromatography

The following examples are intended to illustrate the invention and are not to be
construed as being limitations thereon, Temperatures are given in degrees centrigrade.
if not mentioned otherwise, afl evaporations are performed under reduced pressure,
preferably between about 158 mm Hg and 100 mm Hg (= 20-133 mbar). The structure of
final products, intermediates and starting materials is confirmed by standard analytical
methods, e.g., microanalysis and spectroscopic characteristics, 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 uliized to synthesize the compounds of the present invention are
either commercially available or can be produced by organic synthesis methods known
to one of ordinary skill in the art (Houben-Weyl 4th Ed. 1952, Methods of Organic
Synthesis, Thieme, Volume 21). Further, the compounds of the present invention can be
produced by organic synthesis methods known to one of ordinary skill in the art as
shown in the following examples.

Examples

Example 1: N4{5{3-chloro-4-cyanophenylipyridin-3-yijethanesuifonamide
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A mixture of 4-bromo-2-chiorobenzonitrile (15 g, 68.3 mmol), 4,4,4'4'555 5-
octamethyl-2,2-bi{1,3,2-dioxaborolane) (17.60 g, 69.3 mmol), polassium acetate (13.60
@, 139 mmol} and PdCly(dppf). CH,Cl, adduct {2.83 g, 3.48 mmol} in 1,4-dioxane {100
ml) was heated to 80 °C for 4.5 h.  After filtration and concentration, the residue was
dissolved into CHCl; and mixed with celite. After concentration, the residue was loaded
to column (120g isco} and flushed with sthyl acetate / heptane {viv, 0%-5%) and resulted
in a colorless solid 16.4 g. 'H NMR (400 MHz, CDCL): 8 1.35 (s, 12H), 7.61 (d, J= 76
Hz, 1H), 7.70 (d, d =7.6 Hz, 1H), 7.87 (s, 1H).

Step 2: Synthesis of 4-(5-Amino-pyridin-3-yl)-2-chloro-benzonitrile

Pd,tdbal,, S-PHOS, K,PO,
toluene, 95°C

{General Suzuki reaction procedure 1} A mixture of 2-chloro-4-(4 4 5 S-tetramethyl-1,3,2-
dioxaborolan-2-yl}benzonitrite (1.32 g, 5 mmol), 5-Bromo-pyridin-3-ytamine (865 mg, 5
mmol), s-PHOS (103 mg, 0.25 mmol), potassium phosphate {2.12 g, 10 mmol) and
Pdy(dba}s (41.2 mg, 0.1 mmol} in toluene (20 mL) was heated to 85 °C overnight (18 h).
After filtration and concentration, the residue was dissolved into CH.Cl; and mixed with
celife. After concentration, the residue was ioaded to column (MeOH-CH.Cl,, viv, 1% -
3.5%) and resulted in a light brown solid (500 mg). "HNMR (400 MHz, CDCL): § 4.82
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{brs, 2H), 711 {t, = 2 Hz, 1H), 7.55 (dd, J =2 Hz, 8 Hz, 1H), 7.69 (d, 4 = 2 Hz, 1H),
7.75(d, J=8Hz, 1H), 816 (d, =2 Hz, 1H), 822 {d, J=2 Hz, 1H).

Step 3: Synthesis of N-(5-(3-chloro-4-cyanophenyljpyridin-3-vljethanesulfonamide

Moy
| L
o i
i
N

{General sulfonylation procedure 1) Ethylsulfonyl chloride (77 mg, 0.6 mmol, 4 &q.) was
added dropwise to a solution of 4-(5-amino-pyridin-3-yl)-2-chloro-benzonitrile (34.5 myg,
0.15 mmol, Teq) in anhydrous pyridine (1 mbL) at 0 °C. The mixture was stirred at room
temperature overnight. The reaction mixture was concentrated and the residus was
purified by flash column (dichloromethane/methanel, viv, 1%-10%) and yielded a
colorless product. ESI-MS miz; 322.0 [M+H]", 'H NMR (400 MMz, CDCls) 8 ppm 1.5@ (¢,
J=7.3 Hz, 3H), 3.33-3.34 (m 2H), 7.72(d, 1H), 7.78 (s, 1M}, 7.78 (d, 1H), 8.00 (s, TH),
8.60 (s, 1H), 8.88 (s, 1H).

The following compounds were synthesized in similar manner:

{General Sulfonylation Procedure 2): To a solution of 4-(5-amino-pyridin-3-yl)-2-chloro-
benzonitrile (20myg, 87umol, 1eq) in anhydrous pyridine (500pl} was added a suifory
chioride derivative (1.1eq). The mixture was stirred at room temperature overnighf. Upon
analysis by analytical LC-MS of an aliguot of the reaction mixture showing the completion
of the reaction, the reaction mixture was diluted with ethyl acetate and the resulting
solution was washed with saturated aqueous NaHCQ;. The agueous phase (basic pH)
was back exiracted with ethyl acetate. The combined organic phase was dried over
Na,S0, and filtered. The filtrate obtained was concentrated in vacuo to give a crude
material which was purified either:

- by I8CQ flash chromatography system on silica gel column, eluting with mixtures of
dichloromethane/methanol.

- by preparative TLC, eluting with dichloromsthane/methanol 85/5.

- or by precipitation in methanol and filtration.

The isolated product was lyophilized and identified by LC-MS and NMR.
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Anaiytical LC-MS (system 1) Waters Acquity UPLC, Run Time: 6.00 min, Acguity Column

2.1 x50 mm HSS T3 1.8u. Solvent A: Water + 3 mM ammonium acetate + 0.05% formic
acid {from 98% to 2%} , Solvent B: Acetonitrile + 0.04 % formic acid (from 2% to 98%)
'H NMR {system 2): 400Mhz Brucker Analytik GmbH, experiments in DMSO-ds

'H NMR (system 3): 500Mhz Brucker BioSpin GmbH, experiments in DMSO-ds

Example 2: N-[5-{3-Chloro-4-cyano-phenyl}-pyridin-3-yll-4-methoxy-benzene-
sulfonamide:

According to General Sulfonylation Procedure 2 in Example 1, to a solution of 4-(5-
amine-pyridin-3-yi)-2-chioro-benzonitrile (20mg, 87umal, 1eq)} in anhydrous pyridine
{60041} was added 4-methoxy-benzenesulfonyl chioride {19.8mg, 86umol, 1.1eq).

The crude product was purified by Isco Combiflash® Companion™ flash
chromatography system on normal phase { 4g 8i0,, flow rate 18mbl/min), eluting with
mixtures of dichloromethane/methanol, to give N-[5-(3-chloro-4-cyano-phenyl)-pyridin-3-
yil-4-methoxy-benzenesulfonamide {15mg, >95% purity, yield:43%).

The isolated product was lyophilized and identified by LC-MS (system 1) and NMR
{system 2} : ESI-MS my/z; 400 [M+H]", retention time = 2.61 min, 'H NMR (400 MHz,
DMSO-ds) S ppm 3.77 (s, 3H} 7.02-7.08 {m, 2H) 768 -7.72 (m, 2H) 7.73 {d, J=1.89
Hz, 1H)7.78(d, J=1.77 Hz, 1 H)} 7.99 (d, /=164 Hz, 1 H) 8.06 (d, J=8.08Hz, 1 H) 8.27
(d, J=2.27 Hz, 1 H) 8.60 (d, /=189 Hz, 1 H) 10.58 (br. s., 1 H).

Example 3: N-[5-(3-Chloro-4-cyano-phenyl}-pyridin-3-yi]~4-fluoro-benzene-
sulfonamide:
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According to general General Sulfonylation Procedure 2 in example 1, to a solution of 4-
{5-amino-pyridin-3-yl)-2-chloro-benzonitrile (20mg, 87umol, 1eq) in ashydrous pyridine
{500ul) was added 4-fluoro-benzenesulfony! chioride (18.6mg, 86umol, 1.1eq).

The product was purified by precipitation in methanol and lyophilized to give N-{5-(3-
chioro-4-cyano-phenyl}-pyridin-3-yli-4-fluoro-benzenesulfonamide (13.5mg, »85% purity,
vield:40%).

The isolated product was identified by LC-MS {(system 1) and NMR {system 3} : ESI-MS
miz: 388 [M+H]', retention time = 2.28 min, 'H NMR (500 MHz, DMSO-d;) & ppm 7.38 -
744 {m, 3HY7.78(d, 183 Hz, THY7.79-7.83{(m, 1 H) 7.83-7.90 {m, 2 H) 8.05(d,
J=1.863 Hz, 1 H) 8.10 (d, J=8.24 Hz, 1 H} 8.31 (d, /=2.44 Hz, 1 H} 8.69 (d, J=1.83 Hz,
TH) 10.78 {s, 1 M}

Exampie 4 N-[5-(3-Chioro-4-cyano-phenyl)-pyridin-3-yi}-4-ethyl-benzene-
sulfonamide:

5
-
E\Y
Hi h
“
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According to General Sulfonylation Procedure 2 in example 1, to a solution of 4-(5-
amino~pyridin-3-y}-2-chioro-benzonitrile (20myg, 87umol, 1eg) in anhydrous pyridine
{500ul} was added 4-ethyl-benzenesulfonyl chloride {15.54], 98umot, 1.1eq).

The product was purified by precipitation in methanol and lyophilized to give N-[5-{3-
chioro-4-cyano-phenyl}-pyridin-3-yi}-4-ethyl-benzenesulfonamide (14.3mg, >95% purity,
yield: 41.4%).

The isolated product was identified by LC-MS (system 1) and NMR (system 3) | ESI-MS
miz: 398 [M+H]", retention time = 2.54 min, 'H NMR (500 MHz, DMSO-d,) 4 ppm 1.14 {t,
J=7.55 Hz, 3H) 2.63{(q, /=7.63 Hz, 2H)7.38 (d, J=B.39 Hz, 2H) 7.71 (d, /»8.24 Hz, 2
HY7.76 (d, 2168 Hz, 1M} 7.77 - 7.78 {m, 1 H) 8.01 {d, J=1.53 Hz, 1 H} 8.08 (d, J=8.08
Hz, 1 H) 831 (d, J=244 Hz, 1 H) 8.84 (d, /~1.68Hz, 1 H}10.70 (br. 5., 1 H).
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Example §: N-[§-{3-Chloro-4-cyano-phenyl)-pyridin-3-yl}-4-cyano-benzene-
sulfonamide:

According to General Sulfonylation Procedure 2 in example 1, to a solution of 4-(5-
arnine-pyridin-3-yl)-2-chloro-benzonitrile (20mg, 87pmol, 1eq) in anhydrous pyridine
(500uf) was added 4-cyano-benzenesulfonyl chioride (19.3mg, 98umol, 1.1eq).

The product was purified by preparative TLC, the plate was eluted with
dichioromethane/methanol 95/5, to give {15.5mg, »85% purity, vield: 39.4%;).

The isolated product was lyophilized and identified by LC-MS (system 1) and NMR
(system 3) : ESI-MS miz: 395 [M+H]', retention time = 2.20 min, 'H NMR (500 MHz,
DMSO-d;} S ppm 7.81 {d, J=8.08 Hz, 1 H) 784 (r. s, TH)7.94-797 (m, 2H) 803 -
8.05(m,2H)B.08(br. s, TH)8.10(d, J<B.24 Hz, 1H) 831 (5, 1H) 871 {5, 1 H) 11.03
{or.s., 1 H).

Example 6: N-[5-(3-Chloro-4-cyano-phenyl)-pyridin-3-yi}-4-trifluoromethyi-
benzenesulfonamide:

According {o General Sulfonylation Procedure 2 in Example 1, to a solution of 4-(5-
amino-pyridin-3-yl}-2-chioro-benzonitrite (20mg, 87umol, 1eq) in anhydrous pyridine
{500ul) was added 4-trifluoromethyl-benzenesulfonyl chioride {23.4mg, 86umol, 1.1eq).
The crude product was purified by isce Combiflash® Companion™ flash
chromatography system on normal phase (4g Si0,, flow rate 18mb/min), eluting with
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mixtures of dichioromethane/methanol, to give N-[5-(3-chioro-4-cyano-phenyl)-pyridin-3-
vi]-4-triflucromethyl-benzenesulfonamide (18mg, >95% purity, vield:40%).
The isolated product was lyophilized and identified by LC-MS (system 1) and NMR
(system 3) : ESI-MS miz: 438 [M+H]", retention time = 2.57 min, 'H NMR (500 MHz,
DMSO-ds) & ppm 7.80 (dd, J=8.24, 153 Hz, 1 H) 7.82 {d, J=1.98 Mz, 1 H} 7.93 - 7.88 (m,
ZHY7988-803(m, 2H) 804 (s, 1 H) 8.09(d, J~809Hz, 1H) 831 (s, 1 H) 868 (br. s,
1H) 11.00 (br. 5., 1 H), |

Example 7: N-[54{3-Chioro-4-cyano-phenyl)-pyridin-3-yi}-4-flucro-2-methyl-
benzenesulfonamide:

According to General Sulfonylation Procedure 2 in Example 1, {o a solution of 4-(5-
amino-pyridin-3-yi)-2-chloro-penzonitrile (20mg, 87umol, teq} in anhydrous pyridine
(5001} was added 4-fluoro—2-methyl-tenzenesulfonyi chioride (14, 96umal, 1.1eq).
The product was purified by precipitation in methanol and lyophilized to give N-{5-(3-
chioro~-4-gcyano-phenyl)-pyridin-3-yil-4-fluoro-2-methyl-benzenesulfonamide (17mg,
>85% purity, vield: 48.7%).

The isolated product was identified by LC-MS (system 1) and NMR (system 3) : ESI-MS
miz: 402 [M+H]", retention time = 2.44 min, 'H NMR (500 MHz, DMS0-d:) 3 ppm 2.61 (s,
SHY7.17-723(m, 1 H) 7.30 {dd, J=8.92, 214 Hz, 1 ) 7.70 (s, 1 H) 7.74 (dd, J=8.09,
168 Hz, 1 H) 7.99 (d, J=~1.53 Mz, 1 H) 8.01 (d, /=580 Hz, 1 H) 8.09 {d, /=8.24 Hz, 1 H)
8.33(d, J=2.14Hz, 1H)8.60 (br.s., 1 H) 10.94 (br. s., 1 H).

Example 8: N-(5-(3-chloro-4-cyanophenyljpyridin-3-yi}-2,2,2-
triftuoroethanesulfonamide:
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According to General Sulfonylation Procedure 2 in Example 1, to a solution of 4-(5-
amino-pyridin-3-yi)-2-chloro-benzonitrite (20mg, 87umol, 1eq) in anhydrous pyridine
(500} was added 2,2 2-trifluoro-sthanesulfony! chioride (10.6u, 98umol, 1.1eq).

The product was purified by preparative TLC, the plate was eluted with
dichioromethanefmethanol 95/5, to give N-(5-(3-chioro-4-cyanophenylipyridin-3-yl}-2,2,2-
triffucrosthanesulfonamide (9mg, >85% purity, vield:27 8%).

The isolated product was jyophilized and identified by LC-MS (system 1)} and NMR
(system 3) : ESI-MS miz; 376 [M+H]', retention time = 2,10 min, 'H NMR (500 Mz,
DMSO-ds) Sppm 4.75 (g, <866 Hz, 2H)787-781(m, 2H)8.11-814 (m, 1 M) 814
{s, 1H)8.46(d, /=244 Hz, 1 H) 8.74 (d, J=1.83 Hz, 1 H) 10.84 (br. s., 1 H).

Example 9: N-[5-(3-Chloro-4-cyano-phenyl)-pyridin-3-yi}-1-phenyl-
miethanesulfonamide:

According to General Sulfonylation Procedure 2 in Example 1, to a solution of 4-(5-
amino-pyridin-3-yi}-2-chioro-benzonitrile (20mg, 87umol, 1eq) in anhydrous pyridine
{800ul) was added alpha-toluenesulfonyl chloride (18.3mg, 96umol, 1.1eq).

The crude product was purified by lsco Combiflash® Companion™ flash
chromatography system on normal phase (4g Si0,, flow rate 18ml/min), eluting with
mixtures of dichloromethane/methanol, to give N-{5-(3-chioro-4-cyano-phenyl}-pyridin-3-
yi}-1-phenyl-methanesulfonamide (14.3mg, >85% purity, yield: 42 8%}).

The isolated product was lyophilized and identified by LC-MS (system 1) and NMR
(system 2) : ESI-MS mfz: 384 [M+H]", retention time = 2.22 min, 'H NMR (400 MHz,
DMSO-de) S ppm 4.65(s, 2H} 7.20-7.32(m, 5 HY 7.63 (, /=221 Hz, 1 H) 7.76 {dd,
J=8.15, 1.71 Hz, 1 H) 8.00 (d, /=184 Hz, 1 H) 8.09 {d, J=8.21 Hz, 1 H) 8.35 {d, J=2.53
Hz, 1H) 881 {d, J=2.02Hz, 1H} 10.24 (br.s., 1 H).
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Example 10: N-{5-(3-chloro-4-cyanophenyl)pyridin-3-yl}-2-
phenoxyethanesulfonamide:

0\ o
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According to General Sulfonylation Procedure 2 in Example 1, to a solution of 4-(5-
amino-pyridin-3-yl}-2-chioro-bernzonifrile (20mg, 87umeol, 1eq) in anhydrous pyridine
{500ul) was added 2-phenoxy-ethanesulfonyl chioride (21.14mg, 96umol, 1.1eq).
The product was purified by preparative TLC, the plate was eluted with
dichloromethane/methanol 85/5, to give N-(5-(3-chioro-4-cyanophenylpyridin-3-yl}-2-
phenoxyethanesulfonamide (8.1mg, >95% purity, yield: 22.5%).

The isolated product was lyophilized and identified by LC-MS (system 1) and NMR
(system 2) : ESI-MS miz: 414 [M+HY, retention time = 2.32 min, 1H NMR (400 MHz,
DMSO-de) 8 ppm 3.73 (1, /=543 Hz, 2H) 4.31(, /=549 Hz 2H)B.75~6.80 (m, 2 H)
688 {{, SS7.33Hz, 1 H)7.18-7.24 (m, 2H) 7.77 (dd, J=B.08, 1.77 Hz, 1 H) 7.83 (t,
J=2.27 Hz, 1 H) 8.00 (d, J=1.64 Mz, 1 H) 8.07 (d, J=8.21 Hz, 1 H) 8.45 (d, J=2.40 Hz, 1
H)8.62 (d, /~2.02 Hz, 1H)10.38 (br. 5., 1 H).

Example 11: N-{5-(3-Chioro-4-cyano-phenyl}-pyridin-3.yi}-4-methyl-
benzenesuilfonamide:

According to General Sulfonylation Procedure 2 in Example 1, to a solution of 4-(5-
amino-pyridin-3-yi}-2-chioro-benzonitrife (20mg, 87pmaol, 1eq) in anhydrous pyridine
{500ul) was added 4-methyi-benzenesulfonyt chioride {18.3mg, 88umol, 1.1eq).

The crude product was purified by Isco Combifiash® Companion™ fiash
chromatography system on normal phase (49 SIO;, flow rate 1Bml/min), eluting with
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mixtures of dichloromethang/methanol, to give N-[5-(3-chioro-4-cyana-phenyl)-pyridin-3-

yll-4-methyl-benzenesulfonamide (14.8mg, >85% purity, yield: 44.3%).

The isolated product was lyophilized and identified by LC-MS {system 1) and NMR
{system 2) : ESIMS myz: 384 [M+H]', retention time = 2.35 min, 'H NMR (400 MHz,
DMSO-ds} S ppm 2.32(s, IH) 7.31-736 (m, 2 H) 7.64 - 7.68 (m, 2 H) 7.73 (d, J=1.64
Hz, TH)7.75 (d, =2.02 Hz, 1 H)} 7.99 (d, J=1.52 Hz, 1 H) 8.07 {d, J=8.21 Hz, 1 H) 8.28
{d, /=2.27 Hz, 1 H) 8.62 (d, J=1.77 Hz, 1 H) 10.64 (br. 5., 1 H).

Example 12: N-{5-(3-chloro-4-cyanophenyl}pyridin-3-yl}-1{2-
chiorophenylimethanesulionamide:

According to General Sulfonylation Procedure 2 in Example 1, to a solution of 4-(5-
amina-pyridin-3-yl}-2-chloro-benzonitrite (20mg, 87pmel, 1eq) in anhydrous pyridine
(500! was added (2-chlore-phenyl}-methanesulfonyl chioride (21.6mg, 96umol, 1.1eq).
The crude product was purified by Isco Combiflash® Companion™ flash
chromatography system on normal phase (4g SiO,, flow rate 18mL/min}, sluting with
mixtures of dichloromethane/methanol, to give N-[5-{3-chloro-4-cyanc-phenyl)-pyridin-3-
yl}-1-(2-chioro-phenyl)-methanesulfonamide {15.1mg, >95% purity, yield: 41.5%).

The isolated product was lyophilized and identified by LC-MS (system 1) and NMR
(system 2} : ESI-MS miz: 418 [M+H]', retention time = 2.34 min, 'H NMR (400 MHz,
DMSO-dg) s ppm 4.80 (s, 2H) 7.30-732 (M, 2H) 7.37 - 7.38 (m, 1 HY 7.47 - 7.48 (m, 1
H) 7.69 {t, J=2.27 Hz, 1 H) 7.75 (dd, J=8.08, 1.77 Hz, 1 H) 7.98 (d, J=1.77 Hz, 1 H) 8.09
(d, S=8.08 Hz, 1H)8.37 {d, /=2.53 Hz, 1 H}8.61(d, J=1.89 Hz, 1 H) 10.50 {(br. 5., 1 H).

Example 13: N-{§-{3-chloro-4-cyanophenyl)pyridin-3-yi)-1-{4-
fiuorophenylimethanesulfonamide:
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According to General Sulfonylation Procedure 2 in Example 1, to a solution of 4-(5-
amino-pyridin-3-yi)-2-chioro-benzonitrite (20mg, 87umol, 1eq) in anhydrous pyridine
(500uh) was added (4-fluoro-phenyl}-methanesulfonyl chioride (20mg, 86umol, 1.1eg).
The crude product was purified by isco Combifiash® Companion™ flash
chromatography system on normal phase {4g SiQ,, flow rate 18mb/min), eluting with
mixtures of dichloromethane/methanol, to give N-[5-(3-chioro-4-cyano-phenyl)-pyridin-3-
yil-1-(4-fiuoro-phenyl-methanesulfonamide (8.2mg, >95% purity, vield: 23.4%).

The isclated product was lyophilized and identified by LC-MS {(system 1) and NMR
(system 2) : ESI-MS nvz: 402 [M+H]", retention time = 2.24 min, 'H NMR (400 MHz,
DMSO-ds) 6 ppm 4.67 (s, 2H) 7.09-7.16 (m, 2H) 7.29 - 7.37 (m, 2 H) 7.686 (t, J=2.27
Hz, 1 H) 7.78 {dd, J=8.15, 1.71 Hz, 1 H) B.02 (d, J=1.64 Hz, 1 H} 8.09 (d, J=8.08 Hz, 1
M)} 8.34 {d, J=2.40 Hz, 1 H) 8.61 (d, J=2.02 Hz, 1H) 10.24 (br. 5., 1 H}.

Example 14: Cyclopropanesulfonic acid [5-{3~chloro-4-cyano-phenyl}-pyridin-3-yl}-
amide:

According to General Suifonylation Procedure 2 in Example 1, to a solution of 4-{(5-
amino-pyridin-3-yi}-2-chioro- benzonitrile (20mg, 87umol, 1eq) in anhydrous pyridine
{500ui) was added cyclopropanssuifonyl chioride (8.8ul, 96umol, 1.1eq).

The crude product was purified by Isco Combifiash® Companion™ flash
chromatography system on normal phase (4g SiQ,, flow rate 18mb/min}, eluting with
mixtures of dichloromethane/methanol, to give cyclopropanesulfonic acid {5-(3-chioro-4-
cyano-phenyl}-pyridin-3-yll-amide (8.5mg, »95% purity, yield: 28.2%).
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The isolated product was lyophilized and identified by LC-MS (system 1) and NMR

{system 2) : ESI-MS miz: 334 [M+H]', retention time = 1.90 min, 'H NMR (400 MHz,
DMSO-dg) & ppm 0.93 - 0.99 (m, 4 H) 2.80 - 2.85 (m, 1 H) 7.84 (dd, J=8.08, 1.64 Hz, 1
HY789 (@, J=221Hz, 1H)BOB{d, /<BOBHz 1H)8.10 (s, TH)848(d, /=240 Hz, 1 H)
8.70 {d, J=1.89 Hz, 1 H) 10.15 (br. s, 1 H).

Example 15: N{{5{3-chioro-4-cyanophenyi)pyridin-3-yl)propane-t-sulfonamide :

According to General Sulfonylation Frocedure 2 in Example 1, o a solution of 4-(5-
aming-pyridin-3-yl)-2-chioro- benzonitrile (20mg, 87umol, 1eq) in anhydrous pyridine
(500ul) was added propane-1-sulfonyl chioride (10.8ul, 86umol, 1.1eq).

The crude product was purified by Isco Combiflash® Companion™ flash
chromatography system on normal phase (4dg SiQ., flow rate 18mi/min), eluting with
mixtures of dichloromethane/methanol, to give N-(5-(3-chloro-4-cyanophenyhpyridin-3-
yhipropane~1-sulfonamide {13.6mg, >85% purity, yield: 46.5%).

The isolated product was lyophilized and identified by LC-MS (system 1) and NMR
(system 2} : ESI-MS m/z: 336 [M+H]', retention time = 2.02 min, 1TH NMR {400 MHz,
DMSO-ds) 8 ppm 0.92 (, J/=7.39 Hz, 3H) 1.62 - 1.69 {m, 2 H) 2.80 - 2.94 (m, 2 H) 7.862
{t, J=2.27 Hz, 1 H) 7.76 (dd, J=B.1§, 1.71 Hz, 1 H) 7.98 (d, J=1.39 Hz, 1 H) 8.03 (d,
J=8.21 Hz, 1 H) 8.20 (d, J=2.40 Hz, 1H} 8.28 (d, J=2.02 Hz, 1 H) 10.12 {(br. s., 1 H).

Exampie 18: N-{5-{3-chloro-4-cyanophenylipyridin-3-yiibutane-1-sulfonamide:
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According to General Sulfonylation Procedure 2 in Example 1, to a solution of 4~(5-
amino-pyridin-3-yi)-2-chlore-benzonitrile (20mg, 87pmol, 1eq) in anhydrous pyridine
(500p1) was added butane-1-suifonyl chioride (12.4mg, 98umol, 1.1eq).
The product was purified by preparative TLC, the plate was eluted with
dichloromethane/methanol 95/5, to give N-(5-(3-chloro-4-cyanophenyl)pyridin-3-
yhbutane-1-sulfonamide (14.2mg, >95% purity, yield: 46.6%).
The isolated product was lyophilized and identified by L.C-MS (system 1) and NMR
(system 3} : ESIFMS nyz: 350 [M+H]", retention time = 2.21 min, 'H NMR (500 MHz,
OMSO-ds) S ppm 0.84 {f, J=7.32 Hz, 3H)} 1.33-1.41 (m, 2H) 1.63-1.70{m 2 M) 3.24
(L J=772Hz, 2H) 784 -7.88(m, 2H) 812 (d, /=808 Hz, 1 H) 8.11 (d, /=168 Hz, 1 H)
8.48 (d, J~2.44 Hz, 1H)8.70(d, J=1.83 Hz, 1 H) 10.24 (br. s., 1 H).

Example 171 N-{5-{4-cyano-3-methoxyphenyl)pyridin-3-yi)-2,2,2-
frifluoroethanesuifonamide:
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Step 1; synthesis of 2-Methoxy-4-(4,4,5,5-tetramethyl-[ 1,3, 2]dioxaborolan-2-yi}-
benzonitrile

Q. 8 A
PACL{dppfl.CH,Cl,
/L" KOAg, dioxaﬁe el ,
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N
A mixture of 4-Bromo-2-methoxy-benzonitrile (1 g, 4.72 mmol), 4,4 4' 4'5,5,5' 5-
octamethyl-2,2'-bi(1,3,2-dioxaborolane) (1.198 g, 4.72 mmol}, potassium acetate (0.8268
g, 9.43 mmoly and PdCl(dppf).CH,CL, adduct (0.193 g, 0.236 mmol) in 1,4-dioxane (10
mk, dry} was heated to 80 °C for § h. The mixture was concenirated, and the residue
was ptrified by isco column (ethyl acefate -~ heptane, viv, 10% -20%) and ylelded a
colorless solid (850 mg). 'H NMR (400 MHz, CDCly): & 1.35 (s, 12H), 3.97 (5, 3H), 7.35
{s, 1H), 7.54 (d, J=7.5 Hz, 1H), 7.42 {d, J = 7.5 Hz, 1H).

Step 2: Synthesis of 4-(5-aminopyridin-3-yl)-2-methoxybenzonitrile
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General Suzuki reaction procedure 1 in Example 1 was used here without modification.
ES| +H) 226.1.

Step 3: Synthesis of N-(5-(4-cyano-3-methoxyphenylipyridin-3-y1)-2,2, 2-triflucroethane

sulfonamide

H
F N
g F

N CF,CH,50,01, Py /[

General sulfonylation procedure 1 in Example 1 was used here. ESI-MS myz: 372.0
IM+HTY, TH NMR (400 MHz, MeOD) & ppm 4.05 (s, 3H), 4.36 (q, J = 9.4 Hz, 2H}, 7.35
{dd, J=14, 798z 1H), 741 (s, 1H), 774 {d, J=79 Mz, 1H), 8.00 {d, J = 2 Hz, 1H),
849 (d, J =2 Hz, 1H), 8.68(d, J = 1.7 Hz, 1H).

The following compounds were synthesized in similar manner:
Example 18: N-{§-{4-cyano-3-methoxyphenyllpyridin-3-yljethanesulfonamide

N
\2\

General sulfonylation procedure 1 in Example 1 was used here: ESI-MS miz: 318.1
[M+HT, "W NMR (400 Mz, MaOD) 8 ppm 1.35 {t, J = 7.3 Hz, 3H), 3.22 (g, J= 7.3 Hz,
2H), 4.05 (8, 3H), 7.34 (dd, J=1.44, 8 Hz, 1H), 740 (s, 1H), 7.74 {d, J = 8 Hz, 1H), 7.97
{t. d =2 Hz, 1H), 8.47 (d, J = 2Hz, 1H), 8.62 (d, J=2 Hz, 1H).

Exampile 19: N-{8-{4-cyano-3-methoxyphenyl)pyridin-3-yljeyclopropane-
sulfonamide:
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General sulfonylation procedure 1 in Example 1 was used here. ESFMS miz: 330.0
[M+H], TH NMR (400 MHz, MeOD) 3 ppm 0.90-1.10 (m, 4H), 2.60-2.70 (m, 1H), 4.05 (s,
3H), 7.34 (dd, J= 140, 8Hz, 1H), 7.41 (s, 1H), 7.74 (d, J= 8 Hz, 1H), 8.00 ({. =2 Hz,
1H), 851 (d, J = 2 Hz, 1H), 865 (d, =2 Hz, 1.8 H}.

Example 20: N-{{5{4-cyano-Jnethoxyphenyljpyridin-3-ylimethylimethane-
sulfonamide:

Step 1. Synthesis of 4-(5-Formyl-pyridin-3-yl)-2-methoxy-benzonitrile

o \(“\
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N
A mixture of 4-bromo-2-methoxybenzonitrile (0.424 g, 2.000 mmol), 5-(4.4,5,5-
tetramethyl-1,3,2-dioxaborelan-2-yijnicotinaldehyde (0.468 g, 2.000 mmaol},
fetrakis(iriphanyiphosphine}palladium{0} {0.058 g, 0.050 mmol) and sodium carbonate
{2M in water, 2.00 mi, 4.00 mmol) in DME {50 mL) was heated to 80 °C for 6 h. After
filtration through a pad of dry Na,S0, and concentration, the residue was purified by
column and vielded a coloriess solid (430 mg). "H NMR (400 MMz, CDCL): 5 4.04 (s,
3H), 6.99 (s, 1H), 7.27 (d, J=4.7 Hz, 1H), 771 {d, J = 7.9 Hz, 1H), 8.34 (1. J = 2 Hz, 1H},
9.07 (d, J=2.36 Hz, 1H), 9.12 (d, J =1.9 Hz, 1H), 10.22 (s, 1H).

Step 2. Synthesis of N-({5-{4-cyano-3-methoxyphenyl)pyridin-3-yimethyl}
methanesulfonamide
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(General reductive amination procedure): Titanium(IV) isopropoxide {0.098 ml, 0.336
mmol) was added dropwise to a mixture of 4-(5-formyl-pyridin-3-yl)-2-methoxy-
benzonitrile (40 mg, 0.188 mmol) and methanesulfonamide (23.96 mg, 0.252 mmol) in
tolugne {10 mL}. The resulting mixture was heated to 140 °C (bath temperature) for 3 hr.
After concentration, the residue was dissolved in CH,Cl; (10 mL). NaBH{OAc); (107 mg,
0.504 mmol) was added at room temperature. The resulting mixture was stirred at room
temperature overnight (18 h). The reaction was quenched by the addition of saturated
NaHCO; solution {10 ml). The mixture was filtered, and the organic layer was
separated. The agueous layer was extracted with CH,Cl, (15 mb x 3). The combined
extracts were dried over Na;50,. After filtration and concentiration, the residue was
purified by isco column (MeOH - CH,Cl, viv, 15 to 3%) and yielded a colorless solid (31
mg). HRMS 317.08431 M+, CysH1sMN;0,8 requires 317.08341, ESMMS mfz: 318.0
IM+H]", 'H NMR (400 MHz, CDCls) 8 ppm 2.94 (s, 3H), 3.96 (s, 3H), 438 (d. d = 6.3 Hz,
2H3, 4.70 {(m, 1H), 7.068 (d, J = 1.24 Hz, 1H), 7.16 (m, 1H), 7.60 (d, J = 8 Hz, 1H), 7.87 (s,
1H), 8.57 (d, J=2 Hz, 1H), 873 (d, J =2 Hz, 1H).

The following compounds were synthesized in similar manner.
Example 21; N-{{§-{4-cyano-3-methoxyphenyljpyridin-3-
yhimethyljethanesulfonamide:

N
. Oxe?°
. R N
-~ 0 I H \{
e
N

The general reductive amination procedure described in example 20 was used here:
HRMS 332.10777 (M+H)", CysMHsN203S requires 332.0991  'H NMR (400 MHz, CDCly)
8 ppm 1.38 (, J=7.2 Hz, 3H), 3.07 (g, J = 7.2 Hz, 2H), 4.02 (s, 3H), 442 (d, J = 5.8 Hz,
2H), 4.80 {m, 1H), 7.12{s, TH), 718 (d, J =8 Mz, 1H), 7.66 (d, J =8 Hz, 1H), 7.94 s, 1H),
8.62 (s, 1H}, 8.78 (5, 1H).
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Example 22: N<{{5-{4-cyano-3-methoxyphenyljpyridin-3-yi)methyl)-1,1,1-
trifluoromethanesulfonamide;

The general reductive amination procedure described in Example 20 was used here:
HRMS 371.05582 M+, CysHi:FsNsO18 requires 371.05515; ESEMS myz: 371.9 [M+H]',
'H NMR (400 MHz, CDCL): 8 3.96 (s, 3H), 4.51 (s, 2H), 7.04 (s, 1H), 713 (d, J = 7.6 Hz,
1H), 7.61 (d, J = 7.4 Hz, 1H), 7.83 (s, 1H), B.53 {s, 1H}, 8.74 {s, 1H).

Example 23: N-{{5-{3-chloro-d-cyanophenyl)pyridin-3-yihmethyllethanesuifonamide

A mixture of .4-bromo-2-chlorobenzonitrile (1.082 g, 5 mmol), 5-(4 4,5,5-{etramethyl-

1,3, 2-dioxaborolan-2-yhnicotinaldehyde (1.185 g, 5.00 mmol), Pd{PPh,); (0.144 g, 0.125
mmol), sodium carbonate (2.5 mi, 5.00 mmol) in 1,4-dioxane (20 mL) was heated to
refiux for 6 h. After cooling to roon temperature, the solid was filtered and washed by
ethyl acetate and water. After drying under vacumn, yellow powder was collected {1 g).
"M NMR (400 MHz, CDCly): 8 7.63 {dd, J = 1.68, 8 Hz, 1H), 7.78 (d, J = 1.88 Hz, 1H),
7.83(d, J= 8 Hz 1H), 8.35 (dd, J=2.24 Hz, 2.04 Hz, 1H), 8.07 {d, J = 2.36 Hz, 1H),
Q.15 {d, J = 1.88 Hz, 1H), 10.22 (s, 1H).

Step 2: Synthesis of N-{{5-(3-chloro-4-cyanophenyl)pyridin-3-ylymethylethane
suifonamide
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The general reductive amination procedure described in Example 20 was used hers:
ESI-MS miz. 336.0 [M+H]", 'H NMR (400 MHz, CDCIs) 5 ppm 1.34 {t, J = 7.37 Hz, 3H),
3.01 (g, J=7.37 Hz, 2H), 4.37 (d, J =86.3 Hz, 2H), 4.50 {m, 1H), 7.53 (dd, J = 1.7, 8 Hz,
1H), 7.67 {d, J = 1.7Hz, 1H), 7.73 {d, J = 8 Hz, 1H), 7.89 (s, 1H), 8.58 (d, J =2 Hz, 1H),
8.72 {d, J =2 Hz, TH).

Example 24: N{({5-{4-cyano-3-ethoxyphenyl)pyridin-3-yl)methyllethanesulfonamide
N

Br 3T

z =

A mixture of 4-Bromo-2-fluoro-benzonitrile (5 g, 25.00 mmol), potassium carbonate
{10.37 g, 75.0 mmol}, ethanol {(8.86 mi, 117 mmol} in DMF (50 mL) was heated at 60 °C
for overynight. After filtration and concentration, the redisue was dissolved in ethyl
acetate (150 mL), and the soclution was washed with water (30 mL.} and brine (50 mL).
After drying over Naz804, filtration and concentration, a light brown solid (5.7 g) was
obtained without further purification. 'H NMR (400 MHz, CDCL): § 149 (8, J = 7 Hz, 3H),
414{q, J=THz 2H), 711 (d, J= 1.7 Hz, 1H), 714 {dd, J= 8.1, 1.7 Hz, 1H), 740 (d, J
= 8.1 Hz, 1H).

Step 2: Synthesis of 2-ethoxy-4-(5-formylpyridin-3-yiberizonitrile
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A mixtare of 4-bromo-2-ethoxybenzoniteite (1.13 g, 5,00 mmol}, 5-(4 4,5,5-tetramethyl-
1,3, 2-dioxaborolan-2-yhnicotinaldehyde (1.185 g, 5.00 mmol), sodium carbonate {5.00
mL, 10.00 mmol} and Pd{PPh;), (1.138 g, 0.125 mmol} in DME (20 mlL) was heated to
refulx for 6 h. After cooling to room temperature, filtration, drying over Na,S0,,
concentration, a colorless solid was obtained. 'H NMR (400 MHz, CDCL): 8 7.14(d, J =
1.5Mz, 1H), 7.23 (dd, = 8, 1.5 Hz, 1H), 7.70 (d, J 8 = Hz, 1H), 8.33 & J = 2 Hz, 1H),
9.06 (d, J =2 Hz, 1H), 9.11 (d, d = 2 Hz, 1H), 10.21 (s, 1H).

Step 3: synthesis of N-{{5-(4-cyano-3-ethoxyphenyl)pyridin-3-ylymsthyhethane
stulfognamide

Titanium{lV) isopropoxide (234 pl, 0.800 mmotl) was added dropwise to a mixture of 2-
ethoxy-4-(8-formylpyridin-3-yl}benzonitrile {101 mg, 0.400 mmol), ethanesuifonamide
(52.4 mg, 0.480 mmol} in foluene (20 mL). The resulling mixture was heated at 140 °C
for 2 hr. After conceniration, the residue was dissolved in CH,Cl; (10 mL) and sodium
triacetoxyborohydride (254 mg, 1.200 mmol) was added at room temperature. The
resulting mixture was stirred overnight, and quenched with NaHCO, solution. After
filtration, extraction and concentration, the residue was purified by flash column (MeQH-
CHLCly, viv, 1% - 3.5%) and yielded a coloriess oil (100 mg) which turned to colorless
solid after standing. ESI-MS m/z: 317.8 [M+H]", 'H NMR (400 MHz, CDCL) $1.40 ¢, J =
74 Hz 3H), 1.83{, J=7 Hz, 3H), 3.08 (g, J =74 Mz, 2M), 4.25 (g, J = 7 Hz, 2H), 4.43
{d. J =8.2 Mz, 2H}, 4.59 (brs, 1H), 710 (d, J= 14 Hz, 1H), 7.18 (dd, Jd = 8, 1.6 Hz, 1H},
7.66 (d, =8 Hz, 1H}, 7.83 (s, 1H), 8.82 (5, TH}, 8.77 {s, 1H).
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Example 25: N-{1-{5-(3-chioro-4-cyanophenylpyridin-3.yl}-2-
methylpropyilethanesulfonamide:

N

© 1) EtSO,NH,, THOIPH,

Sy
\m
™ . =
o \E«Q\{ 2) iPriigBr
&

{General Grignard addition reaction procedure): a mixture of 2-Chloro-4~(5-fornyl-
pyndin-3-yl)-benzonirile {(0.243 g, 1 mmol), titanium{lV) isopropoxide (0.586 mL, 2.000
mmol), ethanesulfonamide (0.108 g, 1.000 mmol) in Toluene (20 mL) was heated to
reflux for 4 hr. After concentration, the residue was dissolved in THF (15 ml) and cooled
to ~40 °C. A solution of isopropenyimagnesium bromide (1.500 mL, 3.000 mmol) was
added dropwise and the resulting mixiure was slowly warmed up to -20 °C and stirred at
this temperature for 4 hr. After quenched by NH,Cl solution, filtration, extraction with
CH,Cl,, the solution was dried over Na,8Q,, and concentrated, the residue was purified
by fash column (MeOM-CH.Cl,, viv, 1%-3%) and yielded a yellow solid {80 mg).
Enantiomers were separated by 40% EIOH 60% heptane on a Chiralpak 1A column. First
peak 14 min {enantiomer 1), second peak 20 min {enantiomer 2). ESI-MS m/z: 378.1
[MHH], "H NMR (400 MHz, CDCLy): 8 0.93 {d, d = 6.7 Hz, 3H), 1.06 (d, J = 8.7 Hz, 3H),
1.21( J =80 Hz, 3H), 2.04-2.11 {m, 1H), 2.76-2.91 {m, 2H), 4.368 {t, J = 7.4 Hz, 1H),
490(d, J=78Hz, 1H),758{d, J=82Hz 1H), 7.72 (s, 1H)}, 7.77 (s, 1H), 7.78({d, J =
8.2 Hz, 1H), B.81 (s, 1H), 8.77 (s, 1H).

The following compounds were synthesized in similar manner:
Example 26! N{14{5-{4-cyano-3-methoxyphenyl}pyridin-3-
yljethyliethanesuifonamide:
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The general Grignard addition reaction procedure described in Example 25 was used

here. Two enantiomers were separated by Chiral HPLC (Chiralpak 1A column, MeCH
20% in SFC. Flow 40, Pressure 20.00) enantiomer-1: {1 = 1.47 min, enantiomer-2: {2 =
2.13 min, HRMS 345.11623 for M+, Cy7HsN30:8 requires 345 11471, ESIHMS miz
346.0 (M+H]", 'H NMR (400 MHz, CDCL): 8 ppm 1.25 (¢, J = 7.29 Mz, 3H), 1.58 {d, Jd =
6.76 Hz, 3H), 2.77-2.88 (m, 2H), 3.96 (s, 3H), 4.58 (d, J =504 Hz, 1H), 471475 (m,
1H), 7.06 (s, 1H), 714 (d. =8 Hz Hz, TH), 7.6 (d, d =B Hz, 1H}, 7.80 {s, 1H), 8.81 (s,
H), 8.71 (s, 1H).

Example 27: N-{1-{5-(3-chloro-4-cyanophenyiipyridin-3-yl)ethyljethanesulfonamide

The general Grignard addition reaction procedure described in Example 25 was used
here. Two enantiomers were separated by Chiral HPLC {chiralpak IA-H column, MeOH
20% in SFC. Flow 80, Pressure 130) to enantiomer-1: 11 = 5 min, enantiomer-2; 12 = 10
min. ESMS mifz: 349.9 [M+H}+, 'H NMR (400 MHz, CDCls): 5 1.46 {t, J = 8 Hz. 3H),
1.79 (d, J = 8 Hz, 3H), 2.95-3,10 {m, 2H), 4.65-4.70 (m, 1H), 4.90-5.00 {m, 1H), 7.74 {d,
J=8Hz, 1H), 7.88 {5, 1H), 7.94 (d, J =8 Hz, 1H), B.00C (s, 1H), 8.85 (s, 1H), 8.82 (s, TH).

Example 28: N-{1-{5-(3-chloro-4-cyanophenylipyridin-3-yljbutyljethanesulfonamide

N\,}:\\

04 28

* e SRR
N

The general Grignard addition reaction procedure described in Example 25 was used
here. Two enantiomers were separated by Chiral HPLC {(ChiralpaK 1A-H column,
heptane-Ethanol, viv, 80 : 40). enantiomer-1: 11 = 10 min, enantiomer-2; {2 = 16.8 min.
ESKMS miz: 378.2 [M+H]", 'H NMR (400 MHz, MeOD): & 0.99 (m, 3H}, 1.17 (m, 3H),
1.28-1.52 (m, 2H), 1.73-1.91 {m, 2H}, 2.78-2.98 {m, 2H), 4.56 {m, 1H), 7.82 (dd, J = 1.8,
8 Hz, 1H), 7.94 (d, J = 8 Mz, 1H). 8.01 (d, I = 1.3 Hz, 1H}, 8.62 (s, 1H), 8.80 (d, J = 2 Hz,
TH).
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Exampie 29: N-{{5-{3-chloro-4-cyanophenyl}pyridin-3-

viY{cyclopropylimethyllethanesulfonamide:

N
S

Step 1 (Method 1): Synthesis of N-{{5~(3-chloro-4-cyanophenyl)pyridin-3-
yi¥{cyclopropylimethyijethanesulfonamide

ch:,,«? 1) BISOMH,, THOPr), NO_o 1 v
o 2o-PrgBr o
CH ‘
L W "

s
N N

TZ O

Titanium(lV) isopropoxide (0.3685 mL, 1.245 mmaol) was added to a mixture of 2-chloro-4-
{5-formylpyridin-3-ylibenzonitrile {as prepared in Example 23, step 1, 0.151 g, 0.622
mmol), ethanesulfonamide (0.085 g, 0.778 mmol} in toluene (10 mL) af room
temperature. The resulling mixture was heated to refiux for 4 h, After concentration, the
residue was dissolved in THF (5 mL), and cooled to - 40 °C. Cyclopropylmagnesium
bromids {3.73 mi, 1.867 mmol) was added dropwise, and the resuiting mixture was
stowly warmed up to room temperature and stirred overnight. After quenching by
saturated NH,CI solution, the residue was purnified by flash column {ethyl acetate -
heptane, viv, 40%-60%) yielded a slightly yellow solid.

Step 1 (Method 2): Synthesis of N-{{5-bromopyridin-3-
yi}{cyclopropylimethyljethanesulfonamide

1) E1SO,NH,, THOP,
2)e-PrivigBr " OO

Br\g\ THO oo _— R
91 Y E)

N N
A mixture of S5-bromonicotinaldehyde {372 mg, 2 mmol},ethanesulfonamide (273 mg,
2.500 mmol} and titanium{iV} isopropoxide (1172 i, 4.00 mmol) in foluene {20 ml) was
healed to reflux for 2 h, After concentration, the residue was dissolved in THF (25 mL)
and cooled to -40 °C. A solution of cyclopropyimagnesium bromide (10 mL, 5.00 mmol}
was added dropwise and the resulting mixture was slowly warmed up fo ~20 °C and
stirred af this temperature for 4 h. After quenching by saturated NH,CI solution, filtration,
exiraction with CH,Cl,, the solution was dried over Na,SQ,, and concentrated. The
residue was purified by flash column (ethy! acetate / heptane, viv, 10%-35%) and yielded
the title product as off (430 mg). 'H NMR (400 MHz, CDCL): 6 0.2-0.3 (m, 1H), 0.4-0.5
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(m, 1H), 0.5-0.6 (m, 1H), 0.8-0.7 (m, 1H), 1.0-1.1 (m, 1H), 1.1-1.2 (m, 3H), 2.55-2.75 (m,

2H}, 3.6-3.7 {m, 1H), 4.51 {brd, J = 4.8 Hz, 1H), 7.73 (s, 1H}, 8.42 (s, 1H), 8.51 (s, 1H).

Step 2 (Method 2): Synthesis of N-({5-(3-chloro-4-cyanophenylypyridin-3-
yiX{cyclopropylimethyliethanesulfonamide

o
NC E e
O
8LS @
Bl - YG‘“S"G NQ\WJ\F ch\ Ne)
Sy N}\i e AN N pg S
¢ IDER
N NI

A mixture of N-{{5-bromopyridin-3-yl}{cyclopropylymethyl)ethanesulfonamide (5 g, 15.66
mmaol}, 2-chioro-4-(4,4,5,5-{etramethyl-1,3, 2-dioxaborolan-2-yl}benzonitrile (as prepared
in Example 1, step 1, 4.13 g, 15.66 mmol}, sodium carbonate (15.66 mlL, 31.3 mmol) and
PaCiz2{dppf).CH,Cl, adduct {0.320 g, 0.392 mmaol) in DMF (100 ml) was heated to 100
°C for 25 min.  Afier concentration, the residue was dissolved into CH,CL, and filtered
through a pad of Na,S0,. The solution was absorbed into celite and concentrated. The
residue was purified by flash column {(ethyl acetate / heptane, 30%-50%-80%, viv) and
yiglded the tile compound as a colorless solid (5.0g). Chiral separation by chiral HPLC
{Chiralpak AD-H using Supercriticat fluid chromatography. 25% Methanol at 85 grams
per minute with supercritical CO,) afforded enantiomer 1 {S)-N-({5~(3-chloro-4-
cyanaphenylpyridin-3-yl)(cyclopropylimethyllethanesulfonamide {retention time = 3
min), and enantiomer 2 {R)-N-{{5-(3-chloro-4-cyanophenyl}pyridin-3-
yiXcyclopropylmethylethanesulfonamide {retention time = 4 min). ESI-MS m/z: 378.2
IM+H], TH NMR (400 MMz, CDCI): § 0.37-0.40 (m, 1H), 0.51-0.585 {m, 1H), 0.57-0.68
(m, 1H), 0.70-0.77 {m, 1H), 1.15-1.27 (m, 3H)}, 2.70-2.88 {m, 2H), 385{dd, J=5Hz, ¢
Hz, 1H), 4.68 (d, J =5 Hz, 1H}, 7.53 (dd, J = 1.5 Hz, 8 Hz, 1H), 7.67 (d, J = 1.5 Hz, 1H),
7,73 (d, J = 8Hz, 1H), 7.80 (1, J=2Hz, 1H), 867 (d, J =2 Hz, 1H), 872 {d. J =2 Hg,
1H).

Example 30: N-{{5-{3-chloro-4-cyanophenylipyridin-3-
yhi{cyclopropylimethylmethanesulfonamide;
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Titanium isopropoxide (1.16 ml., 3.96 mmol} was added to a mixture of 2-Chiore-4-{5-
formyl-pyridin-3-yl}-benzonitrite (480 mg, 1.98 mmeol) and methanesulfonamide (188 mg,
1.88 mmol) in toluene (15 ml) at room temperature. The resulting mixture was refluxed
for 2h. After concentration, the residue was dissolved in THF (10 mL) and cooled to -40
°C. A soiution of ¢-PrMgBr (0.5 M in THF, 11.8mL, 583 mmol) was added dropwise and
the resulting mixture was stirred at -36 °C for 1h. The reaction was quenched by addition
of saturated NH,C! solution. The resulting mixture was filtered, and the organic layer was
separated. After concentration, the residue was purified by flash column (MeOH-CH,Cl;,
viv, 0-3%) to give N-{(5-(3-chiora-4-cyanophenylipyridin-3-
yh{cyclopropylymethyhmethanesuifonamide (351 mg, 49%); ESI-MS miz; 362 [M+1Y,
HNMR (MeOD, 400 MHz) 5 8.83 (d, J= 2.0 Hz, 1H), 868 (d, J=2.0Hz, 1H), B24 (1, J=
2.0 Hz, 1H), 7.83 (4H, ), 3.96 (d, J= 9.2 Hz, 1H), 3.06-2.93 (m, 2H), 1.35-1.30 {m, 1H},
1.30 {, J= 7.2 Hz, 1H), 0.81-0.78 (m, 1H), 0.67-0.81 (m, 2H), 0.54-0.48 {m, 1H).
Enantiomers were separated by chiral HPLC {Chiralpak 1A-H column, EtOH/Heptane,
viv, 60/40) to enantiomer 1(1* peak, t = 12.46 min), enantiomer 2 (2™ peak, t = 17.08
min).

Exampile 31: N-{{5-{4-cyano-3-methoxyphenyl)pyridin-3-
yi}{eyclopropyljmethyljethanesulfonamide:

The general Grignard addition reaction procedure described in Example 25 was used

here. Enantiomers were separated by chiral HPLC {Chiralpak AD-M using Supercriticat
fluid chromatography 15% MeOH:IPA (1:1). ESI-MS miz: 372.2 [M+H]", 'H NMR (400
MHz, CDCly): 8 0.3-0.8 {m, 4M), 1.20 {m, 1H), 1.24 {t, J = 7 Hz, 3H}, 2.72-2.86 (m, 2H),
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3.86 (m, 1H), 3.96 (s, 3H), 4.73 (br§, 1H), 7.06 (s, 1M}, 7.15 (dd, J = 7.8 Hz, 1H), 7.60 (d,

J=7.8Hz, 1H), 7.80 (s, 1H), 8.64 (s, 1H), 8.72 (s, 1H).

Example 32: N-{{5-{4-cyano-2-methoxyphenyl)pyridin-3-

yi}{cyclopropylimethyljethanesulfonamide:

A mixture of 4-bromo-3-methoxy-benzonitrite (400mg, 1.88mmol), 5-(4,4,5,5-tetramethyl-
{1.3,2]dioxaborolan-2-yi}-pyridine-3-carbaldehyde (440 mg, 1.88 mmol), PdCL{PPh;);
{108mg, 0.15mmol) and Na,CO; (2M in water, 1.88mL., 3.77mmol) in 1,4-dioxane (8 mL)
was heated at 100°C for 1.5h. After concentration in vacuo, the resulting residue was
purified by Hash column to give the title compound {449 mg, 100%) as white solid; ESI-
MS miz 2398 [M+1)"

Step 2: N-({5-{4-cyano-2-methoxyphenyl)pyridin-3-yi}(cyclopropylimethyl)
gthanesulfonamide

0 1 ESO,NH,, THOPY,

Ry 2} o-PrivigBr
,/
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Titanium isopropoxide (1. 1mk, 3.77mmol) was added fo a mixture of 4-(5-formyi-pyridin-

3-yi)-3-methoxy-benzonitrile (449mg, 1.88mmol) and ethanesulfonamide (226myg,
2.07mmaod) in {oluene (10mL) at room temperature. The resulting mixture was heated to
reflux for 2h. After concentration, the residue was dissolved in THF (7mL) and a solution
of c-PrivigBr (0.5 M in THF, 18.8mL, 8.42mmol} was added dropwise at -40°C. The
resulfing mixture was stirred at -36°C for 1h. Saturated NH,Cl solution was added to the
reaction mixture. The resulting mixture was diluted with ethyl acetate and brine and
subsequently fitered. The organic layer was separated and concentrated. The residue
was purified by flash column (EtOAc/Heptane=0-60%) o give the title compound {182
mg, 26% yield); ESEMS mifz: 372 [M+1]; H-NMR (MeQD, 400 MHz) 5 859 (1H, d, J=
2.0Hz), 8.57 (1H, d, J= 2.0Hz), 8.07 (1H, 1, J= 2.0Hz), 7.54 (1H, d, J= 7.6Hz), 7.49 (1H,
s), 7.45 {1H, d, J=7.8Hz), 7.42 (1H, d, J= 8.4Hz), 3.89 (3H, s}, 3.88 (1H, d, J= 8.2Hz),
3.01-2.88 (2H, m}, 1.30-1.25 (TH, m), 1.25 (1H, t, J=7.2Hz), 0.77-0.70 (1H, m), 0.64-
0.54 (2H, m), 0.48-0.42 (1H, m)

Enantiomers were separated by chiral HPLC (Chiralpak AD-H column, EtOH/Heptane,
viv, 50/50) to the enantiomer 1 {R)-N-{{5-(4-cyano-2-methoxyphenyl)pyridin-3-
yl}{cyclopropylimethyllethanesuifonamide {retention time = 11.38min) and the
enantiomer 2 (5)-N-({5-{4-cyano-2-methoxyphenyl)pyridin-3-
yi¥{cyclopropylmethyl}ethanesulfonamide (retention time = 16.82min).

Example 33: N-{{§-{4-cyano-3-fluorophenyl)pyridin-3-
yhilcyclopropylimethyllethanesulfonamide:

Step 1: Synthesis of 2-Fluoro-4-(5-formyl-pyridin-3-yi)-benzonitrile
N

=
N _.\‘-} [ S e
e I B X" PA{PPHL,Cl, Na,CO, | o
- S
F B N | .
0] N

A mixture of 4-cyano-3-flucrophenyiboronic acid {0.495 g, 3 mmol), 5-

bromoenicotinaldehyde (0.558 g, 3.00 mmol), sodium carbonate (2M in water, 3.00 mL,
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6.00 mmol}, bis{iriphenylphosphine)paliadium(ll) chioride (0.053 g, 0.075 mmaol} in DMF
{10 mbL} was heated {o 85 °C for 3 h. After concentration, the residue was dissolved into
CH,ClL-MeOH and mixed with silica gel and concentrated. After flash column (MeOH-
CHyGl,, viv, 0.5% ~ 1%) yielded a colorless solid (170 mg) ESI-MS miz; 227 [M+1]".

Step 2: Synthesis of N-{{5-{(4-cyano-3-fluorophenylipyridin-3-yl¥{cyclopropyl}-
methyljethanesulfonamide

O 1) BISONH,, THO®Y),

£ | \]/’ HoPmighr
i P

N/‘

Titanium isopropoxide (0.88ml, 3.38mmol) was added {o a mixture of 2-fluoro-4-(5-
formyl-pyridin-3-yH)-benzonitrile (380my, 1.68mmol) and ethanesulfonamide (183mg,
1.88mmol) in toluene (14mb) at RT. The resulting mixture was healed to reflux for 2h.
After concentration, the residue was dissolved in THF (10mL) and a solution of c-PrivigBr
{0.5 M in THF, 18.8ml., 8 40mimol} was added dropwise at -40°C, and the resulting
mixture was stirred at -36°C for th. Saturated NH,CI solution was added to the reaction
mixture. The resulting mixture was diluted with ethyl acetate and brine, and subsequently
filtered. The organic layer was separated to concentrate and purified by flash column
{10%MeOH/DCM=0-30%]) to give the title compound (185 myg, 30%); ESI-MS m/z: 360
[M+1T, THNMR (MeOD, 400 MHz) 8 ppm 8.85 (1M, d, J= 2.0Hz), 8.72 {1H, d, J= 2.0Mz),
8.25 (1H, 1, J= 2.0Hz), 7.94 (1M, d, J= B.0Hz), 7.82-7 77 (2H, m), 3.85 (1H, d, J= 9.2Hz),
3.89 (3H, s}, 3.07-2.96 {2H, m}, 1.34-1.28 (1H, m}, 1.31 (1H, 1, J=7.2Hz), 0.81-0.76 (1H,
m), 0.67-0.62 (2H, m), 0.55-0.51 {1H, m)

Enantiomers were separated by chiral HPLC (Chiralpak {A-H, EtOH/Heptane, viv, 70/30)
to enantiomer-1 {S)-N-({(5-{4-cyano-3-fluorophenyilpyridin-3-
yh(cyclopropylimethyljethanesulfonamide (retention time = 10.81min), and the
enantiomer-2 (R)}-N-({5-{4-cyano-3-fluorophenyl)pyridin-3-
yh{cvclopropylimethyllethanesulfonamide (retention time = 18.59min).

Example 34: N-{{5-(4-cyano-2-flucrophenyljpyridin-3-
yi{{cyclopropylimethylethanesulfonamide:
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Step 1: Synthesis of N-{{5-bromopyridin-3-yi}{cyclopropyl)methyliethane- sulfonamide

G 1) BSO,NH,, THOWN, O
-~ &

e

Br\(ﬁ/ﬁ 2) o-PrivigBr B ‘ N B <'
o H

Nﬁ;; ”

N

A mixture of 5-bromonicotinaldehyde (1.860 g, 10 mmol) ethanesulfonamide (1.091 g,
10.00 mmol} and titarsum(lV) isopropoxide (5.86 mL, 20.00 mmot} in Toluene (20 mi)
was heated to reflux for 2 h. After concentration, the residue was dissolved in THF (25
mL) and cooled to ~40 °C. A solution of cyclopropyimagnesium bromide (50.0 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 h, After quenching with a NH,Cl solution, filtration
and extraction with CH.Cl,, the solution was dried over Na,50, filtered and
concentrated to give a residue which was purified by flash column {ethyl acetate /
heptane, viv, 10%-35%) to yield the title compound (1.5 g). 'H NMR (400 MHz, CDCL): 8
0.2-0.3 (m, 1H), 0.4-0.5 {m, TH), 0.5-0.6 (m, TH), 0.8-0.7 {m, 1H}, 1.0-1.1 (m, 1H}, 1.1-
1.2 (m, 3H), 2.55-2.75 (m, 2H), 3.6-3.7 (m, 1H), 4.51 (brd, J = 4.8 Hz, 1H), 7.73 (s, TH),
8.42 (s, 1H), 8.51 (s, 1H).

Step 2: Synthesis of N-({8-(4-cyano-2-fluorophenyl)pyridin-3-yl}{cyclopropylymethyl}
sthanesulfonamide

(General Suzuki reaction procedure 2) A mixture of 3-Fluoro-4-(4,4,5,5-tetramethyl-
{1,3,2]dioxaborolan-2-yl)-benzonitrite (333 myg, 1.35 mmol}, N-({5-bromopyridin-3-



WO 2010/130796 PCT/EP2010/056572
4.

yhicyclopropylimethyl) ethanesulfonamide (430 mg, 1.35 mmol), PACLPPhy): (77 mo,
0.10 mmol} and Na,COs (2M in water, 1.35 mi, 2.70 mmol) in DMF{E ml) heated at
100°C under N, for 2h. The solvent was removed in vacuo, and the residue was purified
by flash column (EiQAc/Heptane, viv, 0-50%;) o give the title compound (270 mg, 56%
yield); ESI-MS mvz: 360 [M+1]". 'HNMR (MeQD, 400 MHz2) § 8.72 (1H, d, J= 2.0Hz),
871 (IH, d, J=2.0Hz), 8.17 (1H, bs}, 7.83-7.75 (3H, m}, 3.95 {1H, d, J=8.8Hz), 3.52
{3H, s), 3.05-2.92 {2H, m), 1.32-1.28 {1H, m}, 1.30 {(1H, t, J=7.2Hz), 0.80-0.76 (1H, m),
0.67-0.61 (2H, m)}, 0.52-0.48 (1H, m). Enantiomers were separated by chiral HPLC
{Chiraipak AS-H, EtOH/Heptane, viv, 30/70)} to the first peak (enantiomer 1, { = 9.68min},
and the second peak {enantiomer 2, t = 13.68min}.

Example 35: N{{5-(3-chloro-4-cyanophenyljpyridin-3-
yi{cyclopertyl)methyljethanesulfonamide:

Step 1: Synthesis of N-{{5-bromopyridin-3-yl){cyclopentylimethyl) ethanesulfonamide

1§ EtSO,NH,, TilQIPr), Z B

o0 [)w [ose
: = T
TN B NS f\w‘?’j
H
! o l et
N N

A mixture of 5-bromonicotinaldehyde (830 mg, 5 mmeol),ethanesulfonamide (546 mg,
5.00 mmol) and titanium(lV) isopropoxide {2830 wl, 10.00 mmol) in toluene {20 mbL) was
heated to reflux for 4 h. After concentration, the residue was dissolved in THF (25 mi)
and cooled to -40 °C. A solution of cyclopentyimagnesium bromide (2M in THF, 8.25
mi., 12.5 mmol) was added dropwise and the resulting mixture was slowly warmed up to
0 °C over 4 h. The reaction was quenched with a saturated NH,Cl solution. The mixture
was fillered, separated, and extracted with CH,Cl,. The organic pahse was dried over
Na, SO, filtered and concentrated, and the residue was purified by flash column (ethyt
acetate / hepiane, viv, 10%-30%) o give a yellow ol (480 mg). ESHMS miz: 348.8
M1 "H NMR (400 MMz, CDOl): 8 1.13+1.80 (m, 7H), 1.26 (&, J = 7.4 Hz, 3H}, 1.97-
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2.05 (m, 1H), 2.20-2.29 (m, 1H), 2.67-2.92 (m, 2H), 4.27 {, J = 8.8 Hz, 1H), 5.59 (brs,

1H), 7.87 (s, 1H), 8.56 (s, 1H), 8.68 (s, 1H).

Step 2; Synthesis of N-({5-{3-chloro-4-cyanophenylpyridin-3-yl){cyclopentyymethyl)
ethanesulfonamide

ad“'-

0\
. gf] j\j\/
C

b

A mipdure of 2-chloro-4-(4,4,5,5-tetramethyl-[ 1,3, 2]dioxaboralan-2-yl)-benzonitrile (205
mg, 0.77 mmol), N-{(5-bromopyridin-3-yl}{cyclopentylimethyllethane-sulfonamide (270
mg, 0.77 mmol}, PdCL{PPhs), (45mg, 0.06mmol) and Na,C04y (2 M in water, 0.97 mL,
1.94 mmol} in DMF{4 mL) was heated at 100°C for 2h. The solvent was removed in
vacuo. The residue was dissolved in DCM and filtered. The DCM layer was concentrated
and purified by flash column (EtCAc/Heptane, viv, 0-50%}) to give the title compound
(104 mg, 33%}; ESI-MS miz: 404 [Mi+1]7; "HNMR (MeOD, 400 MHz) 3 8.80 (1H, d, J=
2.0Hz), 861 (1H, d, J= 2.0Hz), 8.15 (1H, {, J= 2.0Hz), 8.01 (1H, d, J= 1.6Hz), 7.€4 (1H,
d, J=8.0Hz), 7.82 (1H, dd, J= 8.0, 1.8Hz), 4.29 (1H, d, J= 10Hz), 2.92-2.72 (2H, m),
2.34-2.27 (1H, m), 2.03-1.97 (1H, m), 1.77-1.53 (BH, m), 1.38-1.28 {(1H, m), 1.15 (1H, ¢,
J=7.2Hz).

Example 36: N~{{5-{3-chicro-4-cyanophenyl)pyridin-3-
yii{cyclopropylimethyijpropane-2-sulfonamide

Step 1 synthesis of N-({5-bromopyridin-3-v(}{cyclopropylimethyl)propane-2-sulfonamide
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© 1}i-PrSO,NH,, THOIPs,

Br (\Yf 2} c-PrMigBr

M

A mixture of S5-bromonicotinaldehyde {0.930 g, 5 mmol),propane-2-sulfonamide (0.616 g,
5.00 mmol) and ttanium(lV) isopropoxide (2.83 mb, 10.00 mmol} in toluene (20 mL) was
heated to reflux for 4 h. After concentration, the residue was dissolved in THF (25 mi)
and cooled to -40 °C. A solution of cyclopropyimagnesium bromide (25 mL, 12.50 mmol)
was added dropwise and the resulting mixture was slowly warmed up to 0 °C over 4 h.
After quenching with a NH,Ci solution, filtration and extraction with CH,Cl,, the organic
phase was dried over Na,SQ,, filtered and concenirated, to give a residue which was
purified by flash column {ethyl acetate / heptane, viv, 10%-35%) and to give a yellow
solid (1.1 g). ESI-MS miz: 335.0 [M+17.

Step 2: Synthesis of N-{{5-(3-chloro~-4-cyanophenylipyridin-3-yl){(cyclopropylimethyl)-
propans-2-sulfonamide

A mixture of 2-chioro-4-(4 4.5 5-tetramethyl-{ 1,3 2]dioxaboralan-2-yl)-benzonitrile (198
myg, 0.75 mmol), N-((&-bromopyridin-3-yhi{cyclopropylmethyljpropane-2-sulfonamide
{250 mg, 0.75 mmal), PdCL{PPh;), (43 mg, 0.06 mmol) and Na,CQO; (2 M in water, 0.94
ml, 1.88 mmeol) in DMF(8 ml.) was heated at 100°C for 2h. After concentration, the
resulting residue was dissolved in DCM and filtered. The filtrates were concentrated and
purified by flash column (EtOAc/Heptane, viv, 0-40%) to give the title compound {195
mg, B7%); ESI-MS miz: 390 [M+1]"; "H-NMR (MeOD, 400 MHz) & 8.84 (1H, ), B.71 (1H,
s}, 8.25 (1M, s), 8.05 (1H, bs}, 7.98 (1H, d, J= 8.0Hz), 7.86 (1H, d, J= 8.0Hzj, 3.97 {1H,
d, J= 8.2Hz), 3.16-3.09 (1H, m), 1.37-1.33 (1H, m}, 1.36 (3H, d, J= 7.2Hz), 1.29 {3H, 4,
J=7.2Hz), 0.81-0.76 {1H, m), 0.68-0.83 {2H, m), 0.53-0.48 (1H, m); Enantiomers were
separated by chiral HPLC (ChiralPak 1A-H, EtOH/Heptane, viv, 60/40} to give the first
peak {enantiomer 1, t = 10.11min) and the second peak {(enantiomer 2, t = 12.95min).
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Example 37: N-{cyclopropyl{§-{2-methoxyphenyijpyridin-3-
ylimethyllethanesulfonamide:

A mixture of 3-methoxyphenylboranic acid (48 mg, 0.31 mmol}, N-({5-bromopyridin-3-
yh{cyclopropylimethyl) ethanesulfonamide (100 mg, 0.31 mmol}, PACL{PPhs). (18 mg,
0.02 mmal) and Na;C0: {2 M in water, 0.39 mL, 0.78 mmol} in DMF(2 mL)} was heated
at 100°C for 2h. After concentration, the resulting residue was dissolved in DCM and
fillered, The filirates were concentrated and purified by flash column (EtOAc/Heptane,
viv, 0-40%} to give the title compound {38 mg, 35%); ESI-MS miz: 347 [M+1]". *H-NMR
(MeOD, 400 MHz} 8 B.75 (1H, bs}, 8.81 (1H, bs), 8.17 {1H, bs), 7.48 (1H, t, J= 8.0Hz),
7.27 (1H, dd, J= 8.0, 2.4Hz}, 7.24 (1H, t, J= 2.4Hz), 7.05 {(1H, dd, J= 8.0, 2.4Hz), 3.94
(1H, d, J= 9.2Hz), 3.91 (3H, s}, 3.03-2.89 (2H, m), 1.35-1.29 (1H, m), 1.28(3H, ¢, J=
7.2Hz}, 0.81-0.75 (1H, m), 0.676-0.60 (2K, m), 0.53-0.48 {1H, m)

Example 38 N-{{5-{2-chlorophenyl}pyridin-3-
yi{cyclopropylimethyllethanesulfonamide:
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A mixture of 2-chlorophenylboronic acid (24 mg, 0.16 mmol), N-{(5-bromopyridin-3-
yli{eyclopropylimethyl) ethanesulfonarmide (50 mg, 0.16 mmol), PACL(PPhs): (9 mg, 0.01
mmol} and Na;CO; (2 M in water, 0.16 mL, 0.32 mmol} in DMF(1.5 mL) was heated at
100°C for 2h. Aller concentration, the residue was dissolved in DCM and filtered. The
filtrates were concentrated and purified by flash column (EtOAc/Heptane, v, 0-40%) to
give the title compound {12 mg, 23%); ESI-MS m/z: 351 [M+17, TH-NMR (MeQOD, 400
MHz) 5 8.85 {1H, d, J= 2.0Hz), 8.55 (1H, d, J= 2.0Hg), 8.04 (1H, t, J=2.0Hz), 7.61-7.58
(1H, m), 7.48-7.44 {3H, m}, 4.29 (1H, d, J= 8.8Hz), 3.02-2.88 (2H, m), 1.34-1.28 (1H, m},
1.28 {14, t, J= 7.2Hz), 0.80-0.75 (1H, m), 0.67-0.60 {2H, m), 0.51-047 (1H, m}

Example 39: N-({5-{4-cyanophenylipyridin-3-
yhi{cyclopropyiimethyhethanesuifonamide

N’::\
o l o
Q\,\ o
s . ~ >3i\/f

Step 1: synthesis of 4-(5-formylpyridin-3-ylibenzonitrile

Br o
J"‘\\ = | Ry
%,) + s
, 8
EN o’ Yo

!

A mixture of 4-cyanophenylboronic acid (735 mg, .00 mmof), 5-byomonicotinaldehyde
{830 mg, 5.000 mmol), sodium carbonate (5000 pl, 10.00 mmol},
bis(triphenylphosphinejpalladium{il} chloride (88 mg, 0.125 mmol) in DMF (15 mL, dry)
was heated to 120 °C for 3 h. After concentration, the residue was dissolved into
CH;Cl-MeOH, mixed with silica gel and concentrated. Purification by flash column
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{(MeOH-CH.Cl,, viv, 0% - 1%) yielded 4-(5-formylpyridin-3-yl}benzonitrile as colorless

solid (550 mg) "M NMR (400 MHz, COCL): 5 7.55 (d, J = 8.57 Nz, 2M), 7.82 (d, J = 8.57
Hz, 2H), 8.36 (s, 1H), .08 {d, J=2 Hz, 1H), 912 (d, J = 2 Hz, 1H), 10.21 (s, 1H).

Step 2. Synthesis of N-{(5~(4-cyanophenyl)pyridin-3-
yiXcyclopropylimethyllethanesulfonamide

N,

3
N
O 1) BSO,NH,, THOIPH, On 20
R 2y c-PritgBr LG
H

Titanium isopropoxide {0.70 mlL, 2.40 mmol) was added to a mixture of 4-(5-formyl-
pyridin-3-yl)-benzonitrile (250 mg, 1.20 mmol} and ethanesulfonamide (144 mg, 1.32
mmol} in toluene {10 mbL) at room femperature. The resulting mixture was heated to
reflux for 2h. After concentration, the residue was dissolved in THF (10mL) and cocled to
-40°C. o-PrMgBr (0.5 M in THF, 12.0 mi, 8.00 mmol) was added dropwise and the
resulting mixture was stirred at -36°C for Th. Saturated NH,CI solution was then added to
the reaction mixture. The resulling solution was diluted with ethyl acetale and brine. The
mixture was filtered and the organic layer was separated.  After concentration, the
residue was purified by flash column (MeOH/DCM, viv, 0-3%) o give N~{{5-{4-
cyanophenyhpyridin-3-yl}(cyciopropylimethyliethanesuifonamide (210 myg, 51%), ESIi-
MS miz: 342 [M+17", "H-NMR (MeOD, 400 MHz) d 8.83 (d, J= 2.0Hz, 1H), 8.68 (d, J=
2.0Hz, 1H), 824 (. J= 2.0MHz, 1H), 7.92 (s, 4H), 3.86 (d, J= 9.2Hz, 1H), 3.06-2.93 {m,
2H), 1.35-1.31 (m, 1H), 1.31 {, J= 7.2Hz, 3H), 0.81-0.76 (m, 1H), 0.67-0.61 {m, 2H),
0.54-0.42 (m, 1H), enantiomers were separated by chiral HPLC (Chiralpak [A-H,
EtCH/Heptane, viv, 70/30) o the first peak (enantiomer 1, { = 10.20 min) and the second
peak (enantiomer 2, t = 15.89 min)}.

Example 40: N-(2-{8-{3-chloro-4-cyanophenyl)pyridin-3-ylipropan-2-
yhethanesulfonamide




WO 2010/130796 PCT/EP2010/056572

-90-
Step 1: synthesis of N-(2-(5-bromopyridin-3-yijpropan-2-yl)ethanesuifonamide

)
‘ 1) EXSO,NH,, THOIPT), Oy 0
B N 2 MeNigBr By = S
- H
D ®
N

N

A mixture of 1-(B-bromo-pyridin-3-yl}-ethanone (200 mg, 1.000 mmol),
ethanesulfonamide {136 mg, 1.250 mmol} and titanium{lV) isopropoxide (586 uL, 2.0
mmol) in toluene (20 ml) was heated to reflux for 8 h. After concentration, the residue
was dissolved in THF (5 mbL). A solution of methylmagnesium bromide (1000 ui, 3.00
mmol) was added dropwise at - 50 °C. The resulting mixture was slowly warmed up to
room temperature over a course of 2 h. The mixture was stirred at this temperature
overnight and guenched with NH,Cl solution.  After filtration, wash with CH.Cl, and
concentration, the residue was purified by flash column (Ethyl acetate / hepiane, viv,
10% to 50%) and vielded a yellow oil (35 mg). ESI-MS m/z: 309.1 [M+1]", Retention time
=1,22 min, "H NMR {400 MHz, CDChL): 3 1.43 (t, J = 7.4 Hz, 3H), 1.84 (s, 6H), 2.88 (g, J
= 7.4 Hz, 2H), 5.07 (brs, 1H), B.04 (s, 1H), 8.66 (s, 1H), B.77 (s, 1H).

Step 2: Synthesis of N-{2-(5-(3-chioro-4-cyanophenyljpyridin-3-yhpropan-2-
yhethanesulfonamide

A mixiure of N-(2-«(5-bromopyridin-3-yi}propan-2-yi)ethanesulfonamide (30 mg, 0.098
mmol),  2-chloro-4-(4 4,5 5-tetramethyl-1,3,2-dioxaborolan-2-yl}benzonitrile (27.0 mg,
0.103 mmal}, PdClL{dpp!).CH,Cl; adduct {1.884 mg, 2.441 pumol) and sodium carbonate
(88 pt, 0.195 mmol) in DMF {10 ml) was heated to 100 °C overnight. After
conceniration, the residue was purified by column {(MeOH-CH,Cl,, viv, 10-20%) vielded
the title compound as oil {(1mg). ESI-MS m/z; {M+1]" 364.0, Retention time = 1.40 min.
'H NMR {400 MHz, CDCL): 5 1.31 (1, J =7.37 Mz, 3H), 1.76 (s, 6H), 2.86-2.91 (m, 2H),
4.54 {brs, 1H), 7.52 {dd, J =1.7, 8 Hz, 1H}, 7.67 (d, J =1.6 Hz, 1H)}, 7.72 (d, J = 8 Hz,
TH), 788 {t J= 22 Hz 1H), 867 {d, J=2.2Hz, 1H), 8.76 (d, J =2.2 Hz, 1H).

Example 41~ 53:
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General procedure for the Suzuki coupling reaction between N-{{5-bromopyridin-3-

yh(cyciopropylmethyl) ethanesulfonamide and boronic acids / esters.

To each microwave vial, N-((5-bromopyridin-3-yi){cyciopropylymethyl} ethanesulfonamide
{63umol, 1eq) was dissolved in DMF:H,O (600ul..100pL). Then, Na,CO; (125umol, 2eq)
and one boronic acid (8%umol, 1.1eq) were added. To the stirred mixture, PA{PPh;),Cl,

{1.25umol, 0.02eq} was added. The reaction was carried out under sealed-vessel

microwave heating at 150°C for 10 minutes using a Biotage Initiator™ (pre-stirring: 10s,

absorption level: very high). The mixture was then allowed to codl to room temperature,
the Pd catalyst was filtered off. The mixture was dilided with methanol and the crude

product was directly purified by preparative LC-MS (solvent 1. water 0.1% TFA, solvent
2: methanoel 0.1% TFA). Isolated products were identified by LC-MS.

example

Structure

Narne
{('H NMR)

[MHH]

retention
time
{min}

4%

N-(cyclopropyk5-(3-
fluorophenyl)pyridin-3-
ylimethyhethanesuifonamide

YH NMR (500 MHz, DMSO-dp) &
opm 0.41 - 0.64 (m, 4 H) 1.06 ¢,
J=T7.32 Hz, 3H) 118~ 1.27 (my,
1H) 2.77 (dg, J=14.38, 7.26 Hz,
1 H) 2.90 {dq, J=14.34, 7.27 Hz,
1H)3.88 ¢t, J=8.77 Hz, 1 H)
7.28 (t, J=0.08 Hz, 1 H} 7.54 -
787 (m, 3H)7.95(d, J=8.70
Hz, 1 H) 8.27 (s, 1 H) 8.65 (d,

| J=1.07 Hz, 1 H) 8.88 {d, J~1.53
 Hz, 1H)

335

2.09

42

ey

N-{cyciopropyl{5-(4-
methoxyphenyhpyridin-3-
yhmethyl)ethanesulfonamide

'H NMR (500 MHz, DMSO-dy) §
ppm 0.41 - 0.64 (m, 4 H) 1.07 ({t,
J=T.32Hz, 3H) 1.18- 1.26 (m,
1H) 278 {dg, J=14.32, 7.23 Hz,
1H) 2.91 (dg, J=14.32, 7.23 Nz,
1TH)3.82 (s, 3H)3.87

J=B.77 Hz, 1 H) 7.10 (d, J=8.85 |

Hz, 2H} 7.69-7.74 (m, 2 H)
7.98 (d, J=B 70 Hz, 1H) 828
{br.s, 1 H)8.59 (d, /=1.53 Hz,
1H) 8.84 (d, J=1.53Hz, 1H)

347

1.83
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43

N-{eyclopropyi(5-(a-
ethoxyphenyl)pyridin-3-
yiimethyljethanesulfonamide

- 'H NMR (500 MHz, DMSO-ds} 8

ppm 0.42 - 0.65 (m, 4 H) 1.07 {t,
J=7.25 Hz, 3 H) 1.18 - 1.28 (m,
1H) 1.35 (t, J=6.94 Hz, 3 H)
2,78 (da, J=14.31, 7.18 Hz, 1 H)

2.81(dg, J=14.32, 723 Hz, 1 H} |

3.87 (t, J=8.70 Hz, 1 H) 4.09 (g,
J=6.97 Hz, 2 H) 7.08 (d, J=8.70
Hz, 2 H) 7.71 (d, J=8.70 Hz, 2
H) 7.98 {d, J=8.54 Hz, 1 H) 8.30
(or. 5., 1 H) 858 (s, 1 H) 8.85
(d, J=1.22 Hz, 1 H)

361

247

44

N-{(5~{3-chlorophenyhpyridin-3-
yly(cyclopropylymethyl)-
ethanesulfonamide

'H NMR (500 MHz, DMSO-de) §
ppm 0.40 - 0.64 (m, 4 H) 1.08 (i,
JS=7 32 Hz, 3H) 1.18 - 1.28 {m,
1 H) 278 (dg, J=14.32, 723 Hz,
1 H) 2,90 (dq. J=14.32, 7.23 Hz,
1 H)3.87 (8, J=B.77 Hz, 1 H)
749-759(m, 2H}7.74 {d,
J=T.63Hz 1 H)7.85 (s, 1 H)

7.96 {d, /=870 Hz, 1 M) 8.30 (s, |

1 H) 8.66 (d, J=1.83 Hz, 1 H)
8.80 (d, J=1.98 Hz, 1 H)

351

2.30

48

N-{cyclopropyl{§-(4-
fiuorophenyl)pyridin-3-
ylimethyhethanesulfonamide

H NMR (500 MHz, DMSO-dg) &
ppm 0.40 - 0.65 {m, 4 H) 1.06 (1,
J7.32Hz, 3H) 1.17 - 1.26 {m,
1H) 2.77 (dg, J=14.38, 7.26 Hz,
1 H) 2.80 (dg, J=14.34, 7.27 Hz,
1H)3.85(, J=8.70 Hz, 1 H)
737 (1, S=B85Hz, 2H)7.76 -
7.83{m, 2H)7.98 (d, =870
Hz, 1H)8.21 (s, 1 M) 862 (d,

J=1.83 Hz, 1 H)} 8.82 (d, J=1.98

Mz, 1H)

2.04
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48

N-{cyclopropyl(5-(2,4-
dichlorophenylpyridin-3-
yimethyhethanesulfonamide

H NMR (500 MHz, DMSO-dg) 8
ppm 0.40 - 0.64 {m, 4 H) 1.07 {,
=732 Hz, 3H) 1.15-1.25{(m,
1H) 2.78 (dg, J=14.34, 7.27 Hz,
1 H) 2.90 {dq, J~14.34, 7.27 Hz,
1H)3.85 (1, =B 70 Hz, 1 H)
7.51-7.54 (m, 1 H) 7.59 {dd,
J=B.24, 2,14 Hz, 1 H) 7.81 (d,
J=1.98Hz, 1 H)7.97 (s, 1 H)
7.97-8.01(m, 1 H)8.57 {d,
J=1.98 Hz, 1 H) 867 (d, /~1.98
Hz, 1 H)

385

2.52

47 I ]

N-{cyclopropyi{5-(3,5-
dimethylphenyl}pyridin-3-
yiimethyl}ethanesulfonamide

'H NMR (500 MHz, DMSO-d;) 8
ppm 0.39 - 0.65 (m, 4 H) 1.07 {,
J=7.32 Hz, 3H) 1.17 - 1.26 (m,
1H) 235 (s, 6 H)2.77 {dg,
J=14.34, 7.27 Hz, 1 H) 2.80 {dg,
J=14.34, 7.27 Hz, 1 H) 3.85 (i,
JE=BTOHz, THY7.08 (3, TH)
7.36 (s, 2H) 7.98 {d, J=8.55 Hz,
T H)8.22 (br. s, 1H)B.60 (d,

| J=1.37 Mz, 1 H) 8.81 (d, /=153
Hz, 1 H)

345

2.41%

a8 I

N-{cyclopropyl{5-(3,5-
dichlorophenyhpyridin-3-
yhimethyhethanesulfonamide

TH NMR (500 MHz, DMSO-dg) §
ppr (.39 - 0.64 {m, 4 H) 1.05 (1,
J=7.32 Hz, 3H) 1.18 ~1.28 {m,
1H) 277 (dg, J=14.32, 7.23 Hz,
1 H) 2.8 {dq, J=14.32, 7.20 Hz,
1H)3.85 (1, S<B.70Hz, 1H)
7.69(d, /=153 Hz, 1 H)7.87
{d, J=168 Hz, 2H)7.93({d,
J=B.85 Mz, 1 H}8.30 (s, 1 H)
8.87 (d, J=1.68 Hz, 1 H) 8.91
{d, J=1.83 Hz, 1 H)

385
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N-{(5-(4-chiorophenyl)pyridin-3-

yiX{eyclopropyhmethyl)-
sthanesulfonamide

*H NMR (500 MHz, DMSO-d;) &
ppm 0.41-0.64 (m, 4 H) 1.08 {§,
J=7.32 Hz, 3HY 117 - 1.28 (m,
1H) 2.77 (dg, J=14.32, 7.23 Hz,
1 H) 2.90 (dg, J=14.40, 7.25 Hz,
1 H) 3.85 {t, J~8.70 Mz, 1 H}
7.60(d, J=854Hz 2H)7.78
{d, =855 Mz, 2 H)7.96 (d,
J=870Hz, 1H)823(s, 1 H)
863(d, J=1.68Hz, 1H) 8.84
(d, J=1.98Hz, 1 H)

361

2.30

50

N-~{cyclopropyl(5-{4-
(trifluoromethoxy)phenylpyridin
-3-yhmethyhethanesulfonamide
*H NMR (500 MHz, DMSO-d,) &
ppm 0.41-0.65 {m, 4 H) 1.07 {,
J=7.32 Hz, 3H) 1.17 - 1.26 {m,
1H) 2.78 (dy, J=14.31, 7.32,
7.21 Hz, 1 H) 2.90 (dq, J=14.34,

1 7.27 Hz, 1 H) 3.86 {t, J/=8.70

Hz, 1 H} 7.54 (d, J=8.24 Hz, 2
H) 7.88 (d, J=B.85 Hz, 2 H) 7.97
(d, J=8.54 Hz, 1 H) 8.24 (s, 1 H)
8.85 (d, J=1.83 Hz, 1 H) 8.85
(d, J=2.14 Hz, 1 H)

441

51

| N-(cyclopropyl(5-(2,3-

dichlorophenyl}pyridin-3-
ylymethylethanesulfonamide
"H NMR {500 MHz, DMSO-dq) &

ppm 0.40 - 0.64 (m, 4 H) 1.07 (t,

J=T.32 Hz, 3H) 1.15-1.24 (m,
TH)273-2.82(m, 1H) 2886
2.95(m, 1H) 3.88 {t, ~=8.70
Hz, 1 M} 743 -7.54 (m, 2 H}
7.75 (dd, /=7.86, 1.80 Hz, 1 H)
7.96 (d, J=8.54 Hz, 1 H) 8.01 (s,
1H)858(d, J=2.14Hz, 1 H)
8.69 (d, J=1.83 Hz, 1 H)

385

2.44
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5.
s N-{{5-(3-chioro-4-
Vi fluorophenyl)pyridin-3-

| yhi{cyclopropybhmethyl)-
G/s ‘ﬁ/"”"\Tf""’w ethanesulfonamide
‘ || H NMR (500 MHz, DMSO-de) 8
]  ppm 0.471-0.64 {m, 4 H) 1.05 (1,
o | JFT.32Hz, 3H) 1.18 - 1.28 (m,
52 ] | 1H)Y277 (dg, J=14.34, 727 Hz,
A 11 HY 2.89 (dg, J=14.34, 7.27 Hz,
1 H)3.85 {t, J=8.77 Hz, 1 H)
758 (t, J=893Hz, 1H}7.79
{(ddd, J=B.62, 4.65, 2.28 Mz, 1
H) 7.93 (d, J=8.85 Hz, 1 H) 8.02
(dd, J=7.02, 2.29 Hz, 1 H) 8.25
(s, 1 H) 8.64 (d, J=1.98 Hz, 1 H)
8.86 (d, J=2.14 Hz, 1 H)

369 2.36

N-{cyclopropyl(5-(6-
methoxynaphthalen-2-ylpyridin-
& 3-yimethyljethanssulfonamide
T THNMR (500 MHz, DMSO-d6) &
ﬂ""”’j ppm 0.44-0.67 (m, 4H), 1.09 (&, |
g J=7.32 Hz, 3H), 1.22-1.31 {m,
1H), 2.77-2.98 (m, 2H), 3.90 (s,
§3 o 3H), 3.91-3.94 (m, 1H), 7.24 397 2.71
(dd, J = 8.85, 2.24 Hz, 1H), 7.40
{d, J=2.20 Hz, 1H), 7.88 (dd, J
= §.55, 1.68 Hz, 1H), 7.93(d, J
| = 9.00 Hz, 1H), 7.99{(d. J = 8.70
Hz, 1H), 8.28 (s, 1H), 847 (br.s,
1H), B.67 (d, 4 = 1.53 Hz, 1h},
9,02 (d, J = 1.83 Hz, 1H)

é ‘? N-(cyclopropyl5-{4-fluore-3-
P PN methyl-phenylpyridin-3-
P i \’*g viimethylethanesulfonamide
N N NMR (500 MHz, DMSO-ds) §

A ppm 0.40 - 0.865 (m, 4 H) 1.07 ({,
L\,&\ J=7.32 Hz, 3H) 1.18 - 1.27 (m,
54 ' 1 H) 2.32 (s, 3 H) 2.78 (da, |

¢ J=14.38, 7.21 Hz, 1 H) 2.00 (dg, | 349 | 213
J=14.40, 7.25 Hz, 1 H) 3.86 {t.
J=8.70 Hz, 1 H) 7.30 (t, J=9.08
Hz, 1 H) 7.58 - 7.64 (m, 1 H)
7.70 (dd, J=7.25, 1.75 Hz, 1 H)
7.97 (d, J=B.70 Hz, 1 H) 8.26 (s,
1 H) 8.63 (d, J=1.68 Hz, 1 H)
8.84 (d, J=1.98 Hz, 1 H)
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55

N-{cyclopropyl(5-{4-
ethylsulfanyl~phenyhpyridin-3-
yhmethyethanesulfonamide

'H NMR (500 MHz, DMSC-ds) &
ppm 0.41- 0.65 (m, 4 H) 1.07 (4,
J=7.32 Hz, 3H) 1.18- 1.24 (m,
TH) 1.27 {t, J=7.32 Hz, 3 H)
2.78 {dg, J=14.38, 726 Hz, 1 H)
2.91 (dg, J=14.32, 7.23 Hz, 1 H)
3.05 (g, J=7.32 Hz, 2H) 3.87 {1,
J=8.70 Hz, 1 H) 7.45 (d, J=8.38
Hz, 2H)7.71 {d, /=838 Hz, 2
H) 7.98 (d, J=8.70 Hz, 1 M) 8.27
{br.s., 1 H) 8.62 (d, J=1.68 Hz,
1 H) 8.85(d, J=1.83 Hz, 1 H)

377

2.32

56

Y

N-~{eyclopropyl(5-(3-fluoro-4-
methoxy-phenyl)pyridin-3-
wimethyhethanesuifonamide

"H NMR (500 MHz, DMSO-dq) &
ppm 0.41-0.64 (m, 4 H) 1.06 {8,
J2T.32Hz, 3H) 1.17 - 1.26 {m,
1 H) 2.77 (dg, J=14.34, 7.27 Hz,
1 H) 2.980 (dg, J=14.20, 7.20 Hz,
1H)3.86 (1, <877 Hz, 1 H)
3.80 (s, 3 H) 7.32 {t, /=8.85 Hz,
1H)7.58 {d, /=B.85Hz, 1 H)
7.70 (dd, J=12.74, 2.06 Hz, 1 H)
7.895(d, /~885Hz, 1H)8.28
{br.s., 1 H)8.60 {d, /=168 Hz,
1 H)8.86 (d, /=1.83Hz, 1H)

3685

1.89

57

N-{cyclopropyl(5-(2 4~
dimethoxy-phenybpyridin-3-
yhmethyljethanesulfonamide

'H NMR (500 MHz, DMSO-d,) §
ppm 0.41 - .65 (m, 4 H) 1.10 {,
J=7.32 Hz, 3H) 1.16 - 1.25 {m,
1 H) 2.81 (dg, J=14.34, 7.27 Hz,
1H) 2.93 (dg, J=14.34, 7.27 Hz,
TH)3.80(s, 3H)382¢(s,3H)
3.88(t =862 Hz 1H)8.60
{dd, J=8.39, 2.29 Hz, 1 H) 8.72
{d, J=2.29 Hz, 1 H) 7.35 {d,
J=8.39 Hz, 1 H) 8.01 (d, J=B.39
Hz, 1H) 820 (br. s, 1 M) 8.58

(d, /=1.53 Hz, 1 H} 8.68(s, 1 H}

377

1.75
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§8

N-{cyclopropyl{5-{4-
methylsulfanyl-phenyl}pyridin-3~
ylimethyhethanesulfonamide’™
NMR (500 MHz, DMSO-dy)

& ppm 0.39 - 0.66 {m, 4 H) 1.07
{t, =725 Hz, 3H) 1.16-1.27
{m, 1H)252(s,3H)2.71-

2.82 {m, 1 H) 2.80 (dg, J=14.38,

7.26 Hz, 1 H) 3.85 {t, /=8.70
Hz, 1H)7.41{d, /=839 Hz, 2
H) 7.71 (g, J=8.39 Hz, 2 H) 7.97
(d, J=8.70Hz, 1H)8.24 (br. s,
1 H) 8.60 (d, J=1.68 Hz, 1 H)
8.83 (d, J=188 Hz, 1 H)

363 2.30

&9

N-{cyclopropyl(8-benzo-{1,3}-
dioxol-5-yi-pyridin-3-
yhimethyi)ethanesulfonamide

'H NMR (500 MHz, DMSO-d;) &
ppm 0.39 - 0.63 {m, 4 H} 1.05 (4,
J=725 Hz, 3 M} 117 - 1.24 (m,

1H) 2.75 (dg, J=14.36, 7.32 Hz, |
1 H) 2.88 (dq, J=14.34, 7.27 Hz, |

1 H) 3.83 {t, J=8.70 Hz, 1 H)
8.08 (s, 2 H) 7.07 (d, J=8.08 Hz,
1H) 7.22-7.26 (m, 1H) 7.35
{d, J=1.68 Hz, 1 H) 7.93 (d, 1 H)
8,15 (br. s., 1 H) 8.55 (d, J=1.68
Hz, 1 H) 8.77 (d, J=1.83 Hz, 1
H)

361 1.95

60

N-{cycloprapyl(8-(2 3~dihydro-
bernzofuran-5-yhpyridin-3-
yiimethyl)ethanesulfonamide

H NMR (500 MHz, DMSO-dg) 8
ppm 0.42 - 0.65 (m, 4 H) 1.07 {4,
J=7 32 Hz, 3HY1.18 - 1.27 {m,
1 H) 2.79 (dg, J=14.38, 7.26 Hz,
1 M) 2.91 (dg, J=14.38, 7.26 Hz,
1HY3.26 (1, J=B70Hz, 2 H)
387 (1, 1H)4.60 @, J=8.70 Hz,
2H)6.92 (d, J~8.24 Hz, 1 H)
749-754(m, 1H)7.66(s, 1
H) 7.98 {d, /=8.55 Hz, 1 H) 8.3%
{br.s., 1 M) 8.58 (d, J=1.37 Hz,
THY8.83{d J=168Hz, 1H)

3569 1.94
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N-({cyclopropyl{5-(1H-indol-5-
vlipyridin-3-
ylimethyliethanesulfonamide

H NMR (500 MHz, DMSO-ds} §
ppm 0.43 - 0.87 (m, 4 H) 1.10 {t,
J=7 25 Hz, 3 M) 1.21 - 1.28 {m,
1 H) 2.82 {dg, /=14.32, 7.13 Hz,
1 H) 2.94 {dg, J=14.30, 7.20 Hz,
1H)3.92{ J=862Hz, 1 H)
8.54 (br.s., 1 H) 7.43 (1, J=2.59
Hz, 1 H) 7.48 -7.52 {m, 1 H)
7.53-7.57 (m, 1 H)7.97 {s, 1
H)} 8.03(d, J=855 Hz, 1H) 8.46
(br.s., 1H) 861 (s, 1H) 894
{s, TH)11.28 (br. s, 1 H)

356

1.27

62

N-(cyclopropyl(5-(2,4,8-
trimethyl-phenylpyridin-3-
yhimethyljethanesulfonamide

'H NMR (500 MHz, DMSO-d;) &
ppm 0.37 - 0.83 (m, 4 H) 1.04 (¢,
J=725 Hz, BHY 1.15-1.24 (m,
1 H) 1.93 (d, J=5.34 Hz, 6 H)
221 (s, 3H) 2.73 (dq, J=14.40,
7.25 Hz, 1 H) 2,87 (dg, J=14.42,
7.30 Hz, 1 H) 3.85 {t, S=8.62
Hz, 1 H)6.97 (s, 2 H) 7.89 (br.
s, TH)7.92 (d, <870 Hz, 1 H)
8.28 (d, J=1.07 Hz, TH) 8.81
{d, J=1.68 Hz, 1 H)

389

2.56

§3

N-{cyclopropyl(s-

benzolblthiophen-2-yi-pyridin-3- |

ylimethyllethanesulfonamide
" NMR (500 MHz, DMSO-dy) 8

ppm 0.42 - 0.66 (m, 4 H) 1.10 {¢,

J=7.32 Hz, 3H) 1.18 - 1.27 (m,
1 H) 2.79 {dg, J=14.32, 7.23 Hz,
1 H) 2.93 (dg, J/=14.34, 7.27 Hz,
THY3.87 (t, 1H)7.38-7.45 (m,
J=7.16,7.15, 7.15, 7.15, 1.30
Hz, 2HY7.88-7.92(m 1 H)
8.00 (s, 1 H} 8.03 (d, J=B.38 Hz,
2 H) 828 (s, 1 H)8.81 (d,
J=1.83 Hz, 1 H) 8.84 (d, J=2.14
Hz, 1 H)

373

2.59
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) -99- ,
o N-{cyclopropyl(5-(1-methyl-1H-
o~ Vi indol-5-ylipyridin-3~
Gz’fs\g’ Elf’“’”‘*‘w yimethylethanesulfonamide

{2 | "HNMR (500 MHz, DMSO-dy) 6
ppm 0.44 - 066 (m, 4 H) 1.02 (4,
, J=7.32 Hz, 3 H) 1.20 - 1.30 (m,
64 1 H) 2.81 (dq, J=14.34, 7.27 Hz,
4 1 H) 2.93 (dg, J=14.34, 7.27 Hz, 370 2.09
7 1HY3.84 (s, 3H)3.81 (8,
J=8 70 Hz, 1 H) 853 (d, /=3.05
Hz, 1 H) 7.41 {d, J=3.05Hz, 1
H) 7.54 - 7.63 (m, 2 H) 7.97 (s,
1 H) 8.03 (d, J=8.390 Hz, 1 H)
843 (br.s, 1 H) 880 (s, 1 H)
8.983(s, 1H)
N-{cyclopropyl(b-naphtalen- 1-yl
pyridin-3-
ylimethyllethanesulfonamide
HNMR (500 MHz, DMSO-d;) 8
ppm 0.44 - 065 (m. 4 H) 1.11 (t,
J=732Hz, 3H) 1.19-1.28 {m,
1 H)2.83 (dq, J~14.34, 7.27 Hz,
1 M) 2.85 (dq, /=14.34, 7.27 Hz,
1 H) 3.81 (t, J=8.62 Hz, 1 H)
749 -7.66 (m, 4H)7.74 (d,
J=8.38 Hz, 1 H) 7.98 (d, J=B.55
Hz, TH)8.01-8.07(m, 3 H)
8.62{d, J=1.53Hz, 1H)872
{d, J=1.68 Hz, 1 H)

65 367 | 2.48

Example 66: N-{{5-(6-chloro-1-methyl-1H-benzo[dlimidazol-2-yljpyridin-3-
yhimethyllethanesulfonamide

@\ \\ /)
k(j/\ xs\/

\\\\\\ 7\ 7 N\
B “—‘\,\E Sudt Cul ’ Elx{ N{f
=} = .

/ /
A microwave flask was charged with copper{l) chioride (1.87 g, 18.85 mmaol), copper{l)
iodicde {0.36 g, 1.895 mmol) and 6-bromo-t-methyi-benzimidazole (2.00 g, 9.48 mmol},
and the vial was flushed with nitrogen. NMP (18 ml) was added. The flask was heated
under microwave iradiation to 200 °C for 1.5 h. The mixture was diluted with sthyl
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~100-
acetate (1.5 L) and a 9.1 salurated aquecus ammonium chioride- ammonium hydroxide

solution was added (0.25 L). The mixture was stirred vigorously for 15 min and filtered
through celite. The two phases were separated and the organic phase was washed with
water (0.2 L*5). The combined organic phase was dried over MgSQ,, filtered and
concentrated to give a moist pale brown solid, contaminated with NMP. The solid was
redissolved in ethyl acetate and washed with water. The organic phase was dried aver
MgSO., filtered and concentrated to give 8-chioro-1-methyl-1H-benzo[dlimidazole. ESI-
MS: m/z 167.1, (M+H)".

Step 2: Synthesis of 6-chloro-2-iodo-1-methyl-1H-benzo|d]imidazole

A flask charged with a solution of 8-chloro~1-methyl-1H-benzeldlimidazole (2 g, 12 mmol)
in THF (100 mL) was cooled to -78 °C and 1.8M LDA in THF/hexanes/ethylbenzene
{9.34 mi, 16.81 mmol) was added dropwise, and the mixture was stirred at -78°C for 1h.
A solution of 1,2-difodosthane (3.72 g, 13.2 mmol) in THF (50 ml} was added dropwise
and the mixture was stired at -78°C for th. Water (0.3 ml) was added followed by silica
gel (20 g) and the mixture was concentrated in vacuo. The residue was purified by silica
chromatography eluting with EtOAc in heptane (v, 10 to 50%) to give 6-chioro-2-iodo-1-
methyl-1H-benzo[d)imidazole. "H NMR (400 MHz, DMSO-ds) § ppm 3.76 (s, 3 H) 7.18
{dd, J=8.59,2.02 Hz, 1 H) 7.58 (d, J=8.590 Mz, 1 H} 7.78 (d, v=2.02 Hz, 1 H).

Step 3: Synthesis of 5-(6-chloro-1-methyl-1H-benzofdlimidazol-2-yinicotinaldehyde

A flask was charged with 6-chloro-2-iodo-1-methyl-1H-benzofdlimidazole {627 mg, 2.145
mmal), DMF (10 mL}, 2M aqueous sodium carbonate (2.145 mb, 4.29 mmol) and 5-
{4,4,5 5+4etramethyi-1,3,2-dioxaborolan-2-vi)nicotinaldehyde {1 g, 4.29 mmol). Nitrogen
was bubbled through the mixture for 10 min and polymer bound Pd{PPh;), {1.19 g, 0.107
mmol} was added. The mixture was heated to 160 °C under micro-wave irradiation for 30
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-101-
min. The mixture was filtered through a thin pad of celite, which was washed with EtOAc

{100 mi). The filtrate was poured into water (200 ml) and extracled with EtOAc (500
ml). The organic phase was washed with water (50 mL), dried over Na;SQ, and
concentrated. The residue was purified by silica chromatography eluting with 20 to 100%
EtOAC in heptane to give 5-(B-chloro-1-methyl-1H-benzo[dlimidazol-2-ynicotinaldehyde.
ESIMS: miz 272.1 (M+H)".

Step 4: synthesis of N-({5-(6-chloro-1-methyl-1H-benzold}imidazol-2-yDpyridin-3~
yhmethyl)ethanesulfonamide

f,rx‘\
N W
RS E i O\\Q-‘ O
Ny _,/’\\\ P s /J\ s

T
; . N ’lmx“\&-f S
P Fror o

N T

A flask was charged with 5-(6-chioro-1-methyl-1H-benzo[d]imidazol-2-yi}nicotinaldehyde
{100 mg, 0.3688 mmol), ethanesulfonamide (80 mg, 0.738 mmol} and toluene (3 mL), and
fitanium isopropoxide {157 mg, 0.552 mmol) was added dropwise. The mixture was
stirred at 120°C overnight. The mixture was concentrated in vacuo and the residue was
taken up in DCM (20 ml) and MeQH {20 mbL), and NaBH, (0.0557 g, 1.47 mmol) was
added at 0°C. The mixiure was stirred at 0°C for 30 min. Water (1 mbL) was added and
the mixture was stirred for 5 min, DMF {5 ml) was added and the suspension was
fitered. The filtrate was purified by Xbridge RP 18 eluting with a 20 to 70% ACN-water
gradient io give the title compound. HRMS: (ESI) m/z 365.0838 [(M+H)" Calcd for
C16H18CINAD2S 365.0834]. 'H NMR (400 MHz, DMSO-dg) & ppm 1.21 ¢, J=7.33 Hz, 3
M) 3.08 {q, J=7.33 Hz, 2 H) 3.92 {s, 3 H) 4.33 (s, 2 H) 7.30 {dd, J=8.48, 2.15 Hz, 1 H)
7.73(d, J=859 Hz, 1 H)7.77 (s, 1 H) 7.86 (d, J=2.02 Hz, 1 H) 825 {{, /=202 Hz, 1 M)
8.72 (d, J=2.02 Hz, 1 H) 8.97 {(d, J=2.27 Hz, 1 H).

Example 67: Ethanesulfonic acid [5-{6-chloro-1-methyl-1H-pyrrolo]2,3-blpyridin-2-
yi)}-pyridin-3-yimethyl]-amide

Step 1. Synthesis of B-chioro-1-methyl-1H-pyrrolo[2, 3-b]pyridine
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~162-
R A
Cti/l;[:‘\} Ci/ﬁii\il:‘\>

To a solution of 6 chioro-7-aza indole {1.00 g, 8.55 rmamol} in DMF (30 ml) at 0 °C was
added sodium hydride (0.524 g, 13.11 mmol) and the mixture was stirred at 8 °C for 20
min.  Methyl iodide (0.512 mbk, 8.19 mmol) was added at 0°C and the mixture was
warmed to room temperature and stirred for 2 h. The reaction was stopped, quenched
with water and extracted with sthyl acetate. The organic layer was washed with water. It
was then dried over sodium sulfate and concentrated in vacuo to give 1.01 g of the
desires product as a brown color oil. ESI-MS: m/z 167 0(M+H)"

Step 2: Synthesis of 8-Chioro-N-methyl-7-aza indole-2-boronic acid

D ﬁ
'f*m

To a solution of 6-chioro-1-methyl-1H-pyrrolof2, 3-blpyridine (1.02 g, 6.12 mmel}} in THF
{60 mb) at -78°C was added 1.7 M t-Buli in pentane (9.00 mi, 15.31 mmol) and the
mixture was stirred at -78°C for 2 h. Trimethyl borate {1.026 mL, .18 mmol) was added
at -78°C and the mixiure was allowed to warm to room temperature, and stirred at room
temperature overnight. Water {2 mL) was added and the mixture was concentrated in
vacuo. The solid was subjected to high vacuum overnight {o afford 2.1 g of 8-chioro-N-
methyl-7-aza indole-2-boronic acid. ESI-MS: miz 211.1{M+H)"

Step 3 Synthesis of 5-(6-chloro-1-methyl-1H-pyrrole[2, 3-blpyridin-2-yl)-pyridine-3-
carbaldehyde

9oy
AN
o TN N\ OH

To 8-chloro-N-methyl-7-aza indole-2-boronic acid (1.00 g, 4.75 mmol) in dioxane (40 ml)

under N> was added 5 bromo-3-pyridine carbaldehyde (0.588 g, 3.17 mmol}, aqueous

Na,CO; (2M, 4.75 mL, 9.50 mmol) and polymer bound Pd(PPh,)s {1.760 g, 0.158 mmol).
The reaction was stirred for 2 hours at 85°C. The reaction mixture was cooled to room
temperature. The solids were filtered off and the precipitate was washed thoroughly with
methanol. The filtrate was concentrated in vacuo to give a brown color oil. The crude was
purified by silica gel flash chromatography using DCM-MeOH (80-10, viv) to afford pure
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product 5-(8-Chioro~1-methyl-1H-pyrrolof2, 3-bjpyridin-2-yl}-pyridine-3-carbaidehyde as a

solid. ESI-MS: miz 272 1(M+H)’

Step 4: Synthesis of ethanesulfonic acid [5-(8-chloro-1-methyl-1H-pyrrolof2, 3-bipyridin-2-
yh-pyridin-3-yimethyl}-amide

A 25 mi flask was charged with 5-(8-Chloro-1-methyl-1H-pyrrolof2, 3-blpyridin-2-yl}-
pyridine-3-carbaldehyde (97 mg, 0.335 mmol), ethane sulfchamide (73.1 mg, 0.670
mmol) and {oluene (5 mi). Tianium(lV) isopropoxide {0.147 mi, 0.502 mmol) was added
dropwise. The mixture was stirred at 120 °C overnight. The mixture was concentrated in
vacuo. The residue was taken up in DCM (58 mbL) and MeOH (5 mlL) and sodium
borohydride (50.7 mg, 1.340 mmol) was added at 0 °C. The mixture was stirred at 0 °C
for 30 min. Water {1 mbL} was added and the mixture was stirred for 5 min, then
concentrated in vacuo. DMF (5§ ml) was added and the suspension was fitered. The
filtrate was purified by Xbridge RP 18 eluting with a 5 fo 95 % ACN-water gradient to
afford. ethanesulfonic acid [5-(8-chloro-1-methyl-1H-pyrrolof2, 3-blpyridin-2-yi)-pyridin-3-
yimethyll-amide. ESI-MS: miz 3685.2(M+H)" 'H NMR (400 MHz, MeOD)} 8 ppm 1.38 {t,
J=7 3 Hz, 2 H), 3.23{q, =74 Hz, 2 H), 4.08-4.17 (m, 2 H), 4.58 {dd, J=8.8, 7.3 Hz, 2
H), 7.10 (d, J=B.3 Hz, 1 H), 7.53 (dd, J=8.6, 23 Hz, 1 H}, 763 {d, /2.3 Hz, 1 H), 7.92 {,
J=2.1Hz, 1 H), 840 (d, J~2.5 Hz, 1 H), B56 (d, J=2.0Hz, 2H)

HRMS: (ESI) mfz 3685.08373 [(M+H)" Calcd for CisH17CINSO,S 365.08335].

Example 68: Ethanesulfonic acid [5-{8-chloro-1-methyl-iH-pyrrolo{3,2-clpyridin-2-
yi}-pyridin-3-yimethyi}-amide
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Step 1: Synthesis of 2-chloro-5-iodo-pyridin-4-ylamine

o O o C!)'L//j:l:lH

NH,
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A 100 mbl round bottom flask was charged with 2-chioro-4-amino pyridine {3.0 g, 23.34

mmol}, sodium acetate (1148 g, 140 mmol) and acetic acid (80 mbL}). To this iodine
monochioride (3.98 g, 24.50 mmol} was added and the reaction mixture stirred at 60 °C
for 2h. The reaction was cooled to room femperature and quenched with 1N saturated
soditm bis-suffile solution and extracted with DCM. The organic layer was dried over
sodium sulfate and concentrated in vacuo. The crude was purified by silica gel flash
chromatography using DCM-MeOHW  95-5. 2-Chioro-5-iodo-pyridin-4-ylamine was
obtained as a white color solid. ESI-MS: m/iz 255.0(M+H)"

Step 2: Synthesis of 5-ethynyi-nicotinic acid methyl ester

To methyl 5-bromonicotinate (3.0 g, 13.89 mmol) in TEA (80 mbL) under N; was added
ethynyltrimethylsilane {(5.83 mb, 41.7 mmol), copper{l} iodide (0.132 g, 0.694 mmol} and
bis{triphenylphosphine)patiadium(il) chioride (2.487 g, 0.694 mmol). The reaction was
stirred at 50°C for 1 h. The reaction was cooled to room temperature and fltered fo
remove the solids. The precipifate was washed thoroughly with sthyl acetate, The filtrate
was then washed with water twice and extracted with ethyl acetate. The organic layer
was dried over sodium sulfate and concentrated in vacuo to afford a black color solid.
Assuming 100% conversion this was taken on to next step for TMS removal. The crude
was dissolved in MeOH(50 mL} and potassium carbonate {0.480 g, 3.47 mmol) was
added to it. The reaction mixture was stirred for 30 min. The solids were filtered off, the
filtrate was concenfrated in vacuo. The crude was purified by silica gel flash
chromatography using DCM-MeOH : 80-1C to give pure product 5-Ethynyl-nicotinic acid
methyl ester as a light yellow solid. ESI-MS: m/z 162 1(M+H)"

Step 3: Synthesis of 5-{4-amino-8-chloro-pyridin-3-ylethynyl}-nicotinic acid methyl ester
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A 250 ml round bottom flask flushed with N, was charged with 2-chloro-5-iodo-pyridin-4-
ylamine (1.00 g, 3.93 mmol), S-ethynyl-nicotinic acid methyt ester (0.633 g, 3.93 mmol),
copper(l) iodide {0.037 g, 0.198 mmol), bis({triphenylphosphine)palladium(ll} chioride
{0.138 g, 0.186 mmol) and triethyl amine (50 mbL) . The reaction mixture was stirred at
100°C for 3 h. The reaction was cooled to room temperature, fillered and the precipitate
washed thoroughly with ethyl acetate, The filtrate was washed with water twice. The
organic lfayer was dried over sodium sulfate and concentrated in vacuo to afford crude
product 5-{4-amino-6-chloro-pyridin-3-ylethynyl)-nicotinic acid methyl ester as a brown
solid which was taken onto next step without any purification. ESMMS: m/z 288.0(M+H)"

Step 4: synthesis of 5-(6-chioro-1-methyl-1H-pyrrolo]3,2-clpyridin-2-yl)-nicotinic  acid
methyt ester

= Q7

Je e
& Ry =
o AR
mj‘v«f]:mg o "

Ta 5-{(4-amino-B-chlore-pyridin-3-ylethynyl)-nicotinic acid methyl ester (0.950 mg, 3.30
gmol) in NMP (15 mL) was added KO'Bu (1.112 mg, 9.91 pmol) and the reaction was left
fo stir overnight at room temperature. The reaction was cooled to 0°C and methyl iodide
{0.619 pi, 8.81 pmol) was added. The reaction mixture was stirred for 30 min. The
reaction was quenched with water and extracted with ethyl acetate twice. The combined
organic layer was washed with water thrice, dried over sodium sulfate and concentrated
in vacuo {o afford desired product 5-(8-chloro-1-methyl-1H-pyrrolof3,2-clpyridin-2-yi}-
nicotinic acid methyl ester as a brown color olf which was taken onto next step without
further purification. ESI-MS: miz 302.0(M+H)"

Step 5. Synthesis of 5-(8-chloro-1-methyl-1H-pyrrolo]3,2-c]pyridin-2-yl}-pyridin-3-yi}-
methanol




WO 2010/130796 PCT/EP2010/0563572
-106-

To 5-(8-chloro-1-methyl-1H-pyrrolo[3, 2-clpyridin-2-yi)-nicotinic acid methyl ester (0.780
g. 2.59 mmol} in THF {10 mL) at 0°C was added LAH (5.17 mi, 5.17 mmol). The
reaction mixture was stirred at room temperature for 45 min. The reaction mixture was
guenched with water{1mL}, then washed with 2N NaOH solution (2mL) and exiracted
with DCM twice. The organic layer was dried over sodium sulfate and concentrated in
vacue. The crude was purified by silica gel flash chromatography using DCM-MeQH : 90-
10 to give 5-(B-chioro-1-methyl-1H-pyrrolo]3, 2-clpyridin-2-yl}-pyridin-3-yil-methano! as a
fight yellow solid. ESI-MS: miz 274, 1{M+H)"

Step 6: Synthesis of 5-(6-Chioro-1-methyl-1H-pyrrolof3, 2-clpyridin-2-yi)-pyridine-3-
carbaldehyde

To 5-{6-chioro-1-methyl-1H-pyrrotef3,2-clpyridin-2-yl}-pyridin-3-yll-methanol {128 mg,
0.468 mmol} in dioxane (5 mi) was added manganese dioxide (407 mg, 4.68 mmol). The
reaction mixiure was refluxed overnight. The reaction was cooled o room temperature
and filtered through celite. The celite layer was washed thoroughly with MeOH. The
filtrate was concentrated in vacuo to afford pure product 5-(8-Chicro-1-methyl-1H-
pyrrolo[3, 2-clpyridin-2-yl)-pyridine-3-carbaldehyde as a yellow solid  ESEMS: m/z
272.0{M+H)"

Slep 7. Synthesis of ethanesulfonic acid [5-(B-chloro-1-methyl-1H-pyrrolo]3, 2-Clpyridin-2-
yi}-pyridin-3-ylmethyl]-amide
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A procedure similar to Example 55 was used here. ESI-MS: miz 365 1{(M+H) "THNMR
{400 MHz, MeQD) 3 ppm 1.38 {{, J=7.5 Hz, 3 M), 3.15 (g, J~7.3 Hz, 3 H), 3.83 (s, 3 H),
444 (s, 2H}), 6571 (s, 1H), 766 (s, 1 H), 814 {t, /=1.9 Hz, 1 H), 867 (s, 1 M), 8.69 (d,
J=2.0 Hz, 1 H), 875 (d, /=2.0 Hz, 1 H) HRMS: (ESI) m/z 365.08448 [{M+H)" Calcd for
C1eHyCIN, 0,8 365.083381.
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Example 69: N-{{5-(3-chioro-4-cyanophenyllpyridin-3-yl){cyclopropylimethyl)-N-
methylethanesulfonamide

Step 1: Synthesis of N-{{5-bromopyridin-3-yi}{cyolopropylimethyl)-N-
methylethanesulfonamide

fodomethane (0.058 mi, 0.940 mmol) was added to a mixture of N-{{5-bromopyridin-3-
yvl){cyclopropyhmethyllethanesulfonamide (200 mg, 0.627 mmol) and  potassium
carbonate {130 mg, 0.940 mmol} in DMF (6 ml) at room temperature. The resulting
mixture was heated at 80 °C for 24 h. The reaction mixture was diluted with E¥OAc and
water, and the mixture was washed with H;O and brine. The organic layer was
separated and dried over anhydrous Na.8Q,. After filtration and concentration, the
residue was purified by flash column to give 32 mg of N-({5-bromopyridin-3-
yh{cyclopropyhimethyl}-N-methylethanesulfonamide. ESLMS: mfz 334.9 (M+H)".

Step 2. Synthesis of N-{({5-(3-chloro-4-cyanophenylipyridin-3-yi){cvclopropylimethyl)-N-
methylethanesulfonamide
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Similar Suzuki coupling condition in example 34 was used here. ESIMS: m#iz
390 1(M+H)Y: 'H NMR (400 MHz, MeOD) & ppm 0.44-0.50 (m, 1H), 0.61-0.67 (m ,1H),
0.76-0.91 {m, 2H), 1.35 (t, J = 7.6 Hz, 3H), 1.60-1.69 (m, 1H), 2.86 (s, 3H), 3.19 (q, J =
7.6 Hz, 2H), 4.31 {d, J = 10.4 Hz, 1H), 7.81 (dd, J = 8, 1.6 Hz, 1H), 7.94 (d, J = 8 Hz,
TH), 801 (d J=16Hz 1H), 825 J=16Hz 1H), 878 (d, J=16Hz 1H), 882 (d, J
= 1.6 Hz, 1H).

Example 70: 2-Chlore-4-[5-(1,1-dioxo-isothiazolidin-2-yimethyl)-pyridin-3-yi}-
benzonitrile

Step 1. synthesis of 3-bromo-5-(1, 1-dioxo-isothiazolidin-2-yimethyl)-pyridine

‘/‘ , B ~g NaH N N
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A 40 mb scintiltation vial was charged with 1, 1-dioxo-isothiazolidine (115 mg, 0.948
mmol) and DMF (3 mL). The reaction mixiure was cooled to 0 °C and sodium hydride
{95 mg, 2.373 mmol} was added. The reaction was left {o stir at room temperature for 20
min followed by the addition of 3-bromo-5-{chloromethylpyridine hydrochloride (277 mg,
1.138 mmotl). The reaction was stirred at roon temperature for 3 h, then quenched with

waler and extracted with ethyl acetate. The organic layer was washed with water twice,
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dried over sodium sulfate and concentrated in vacuo. The crude was purified by silica gel

flash chromatography using heptane-ethyl acefate (60-40, viv) to afford 3-bromo-5-(1,1-
dioxo-isothiazolidin-2-yimethyl)-pyridine as a colorless oil. MS (ESI) m/z 202.9 (M+H)+

Step 2; synthesis of 2-chloro-4-{5-(1, 1-dioxo-isothiazolidin-2-yimethyh-pyridin-3-yi}-

benzonitrile
ogf*s/“ \
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To 2-chloro-4-(4,4,5,5-tetramethyl-[1,3, 2]dioxaborolan-2-yl)-benzonitrile (217 mg, 0.824
mmol) in DMF (4 mL) were added 3-bromo-5-(1,1-dioxo-isothiazolidin-2-yimethyt)-
pyridine {200 mg, 0.687 mmol) and 2M aqueous sodium carbonate (0.887 mi, 1.374
mmol). The reaction mixture was flushed and evacuated with N thrice followed by the
addition of PdCly(dppf).CH,Cl; adduct (28.0 mg, 0.034 mmol). The reaction mixture was
stirred at 100 °C for 1 hour. The reaction was cooled to room temperature, diluted with
ethyl acetate and washed with water thrice. The organic layer was separated, dried over
sodium sulfate and concenirated in vacuo. The crude was dissolved in DMF {5 mL) and
purified using Xbridge C18 eluting with a 10 to 100% ACN-water to afford 2-chloro-4-{5-
{1, 1-dioxo-isothiazolidin-2-yimethyl)-pyridin-3-yl}-benzonitrile as a white solid. HRMS:
(ESI) m/z 348.0575 [(M+H)” Calcd for CgH,,CIN;O,S 348.0573]. 'H NMR (400 MHz,
MeOD) § ppm 2.33-2.47 (m, 2 H), 3.24 - 3.33 (m, 4 H), 4.37 (s, 2 H), 7.87 (dd, J=8.2,
1.8 Hz, 1H), 7.97 (d, /=8.1 Hz, 1H), 8.06 (d, =1.5Hz, 1 H), 8.22 (§, J=2.1 Hz, 1 H},
8.68 {d, J=2.0 Hz, 1 H), B.87 {d, J=2.3 Hz, 1 H).

Exampie 71: Ethanesulfonic acid {[5-(3-chioro-4-cyano-phenyl}-pyridin-3-yi}-
cyclopropyl-methyi}-ethyl-amide
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A 40 ml scintifation vial was charged with ethanesulfonic acid {{5-(3~chioro-4-gyano-
phenyl)-pyridin-3-yij-cyclopropyl-methyi}-amide (0.075 g, 0.200 mmol) and DMF (3 mi).
The reaction mixture was cooled to 0 °C and sodium hydride (0.012 g, 0.289 mmol) was
added. The reaction was left to stir at room temiperature for 20 min followed by the
addition of iodoethane (0.050 g, 0.319 mmol). The reaction was stirred at room
temperature overnight. The reaction was guenched with water (0.5 mL) and filtered. The
filtrate was dissolved in DMF (3 mL) and purified using Xbridge C18 eluting with a 10 fo
100% ACN-water to afford pure product ethanesulfonic acid {{5-(3-chloro-4-cyano-
phenyl)-pyridin-3-yi}-cyclopropyl-methyl}-ethyl-amide as a white color solid. HRMS: (ESI)
miz 404.1180[(M+H)" Calcd for CaM:CINLO,S 404.1199] "H NMR (400 MHz, MeOD) §
ppm 0.52-0.68 (m, 1H), 0.71-0.82{m, 1H), 0.81-1.05 (m, 2H), 1.22 {t, J=7.1 Hz, 3
H), 143 {t, J=7.5 Hz, 3H), 1.60-1.88(m, 1 M}, 3.28 (q, J=7.3Hz, 2H), 3,30 - 3.51 {m, 1
H), 355-3.686{m, 1H), 432 (d, =106 Hz, 1 H), 7.83 {dd, y=8.1, 1.8 Hz, 1 H), 8.08 {d,
J=B3Hz, 1H), 815 J=1.5Hz, 1H) 887 (s, 1TH), 0.04 {d, J=1.8 Hz, 1H), 9.14 {4,
J=1.8Hz 1H).

Examples 72-74 were prepared according {o the procedure described in Example 71
Example 72; Ethanesulfonic acid {[5-(3-chioro-4-cyano-phenyl}-pyridin-3-yij-
cyclopropyl-methyl}-{3-methyl-butylj-amide

HRMS: (ES1) mfz 446.1660 [(M+H)" Calcd for CosHCINLO,S 446.1669).
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"H NMR (400 MHz, MeOD) & ppm 0.56 - 0.69 (m, 1 H), 0.72 - 0.82 (m, 1 H), 0.87 (d,

J=6.3 Hz, 3 H), 0.89 (d, J=6.3 Hz, 3 H), 0.93 - 1.08 (m, 2 H), 1.32 - 1.40 (m, 1 H), 1.43 {t,
J=7 3 Hz, 3 H), 1.50 - 1.62 {m, 2 H), 1.67 - 1.80 (m, 1 H), 3.28 (q, J=7.3 Hz, 2 H), 3.37 -
3.44 (m, 1 H), 3.54 - 3.60 (m, 1 H), 4.31 {d, J=10.4 Hz, 1 H), 7.92 (dd, J=8.1, 1.8 Hz, 1
H), 8.06 (d, J=8.1 Hz, 1 H), 8.14 (d, J=1.5 Hz, 1 H), 8.85 (s, 1 H), 9.04 (d. J=1.8 Hz, 1 H),
.13 (d, J=2.0 Hz, 1 H).

Example 73: {{[5-{3-Chioro-4-cyano-phenyl}-pyridin-3-yil-cyclopropyl-methyl}-
ethanesulfonyl-amino)-acetic acid methyl ester

0:
o
)
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HRMS: (ES1) m/z 448.1088 [(M+H)" Calcd for CpiMxCiN0.S 448.1098]. 'H NMR (400
MHz, MeOD) & ppm 0.55 - 0.80 (m, 1 H), 0.76 - 0.81 (m, 1 H), 0.87 - 0.91 (m, 2 H), 1.38
{f, J=7.3 Hz, 3 H), 1.54 - 1.61 (m, 1 H), 3.34 (g, J=7.3 Hz, 2 H), 3.66 (s, 3 H), 4.27 (d,
J=18.7 Hz, 1 H), 4.36 (d, J=10.4 Hz, 1 H), 4.38 (d, J=18.7 Hz, 1 H), 7.92 (dd, J=8.2, 16
Mz, 1 H), 8.02 (d, J=8.3 Hz, 1 H), 8.14 {d, J=1.5 Hz, 1 H), 8.94 - 8.96 (m, 1 H), 9.05 (d,
J=2.0 Hz, 1H), 8.09 (d, &~2.0 Hz, 1 H)

Example 74: Ethanesulfonic acid {[5-(3-chicro-4-cyano-phenyil-pyridin-3-yi}-
cyclopropyl-methyi}-isobutyl-amide
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HRMS: (ESI) miz 432.1503 [(M+H)" Caled for CagHysCINGO,S 432.1512].
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"H NMR (400 MHz, MeOD) 5 ppm 0.38 - 0.56 (m, 1 H), 0.71 - 0.80 {m, 1 H), 0.85 (d,

=0.6 Hz, 3 H), 0.87 (d, /=66 Hz, 3 H), 0.92-1.01 (m, 2 H}, 1.42 {t, J=7.5Hz, 3H), 1.70
- 1.88 (m, 2 H), 3.11 (dd, J=14.3, 8.7 Hz, 1 H), 3.18-3.29 (m, 2 H), 3.36~ 3.37 {(m, 1 H),
4.25(d, J=10.6 Hz, 1 H), 7.88 (dd, J=8.1, 1.8 Hz, 1 H), 8.02 {d, J=B.1 Hz, 1 H), 8.08 (d,
J=1.5 Hz, 1 H), 8.62 (s, 1 H), 8.87 (d, /~4.3 Hz, 2 H).

Example 78: Ethanesulfonic acid {§-(3-chloro-4-cyano-phenyl}-pyridin-3-yl}-
cyclopropyb-methyl}-{2-hydroxy-ethyl}-amide
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A 40 mbL scintillation vial was charged with ({{5-(3-chloro-4-cyanc-phenyl}-pyridin-3-yl}-
cyclopropyl-methyi}-ethanesulfonyl-amino}-acetic acid methy! ester (130 mg, 0.290
mmol) in THF (5 mL). The reaction mixture was cooled to 78 °C and lithium aluminium
hydride (1M in THF, 0.726 mL, 0.726 mmol) was added. The reaction was left to stir at
—78 °C for 1 h. The reaction was quenched with water (1 mL), warmed to room
temperature and concentrated in vacuo. The crude was dissolved in DMSO (4 mL) and
purified using Xbridge C18 eluting with a 10 to 100% ACN-water to afford ethanesulfonic
acid {[5-(3-chiore-4-cyano-phenyi}-pyridin-3-yil-cyctopropyl-methyl}-(2-hydroxy-ethyl)-
amide

as a white solid.

HRMS: (ES1) m/z 4201130 {(Mi+H)" Calcd for CapHapCINGGRS 420.1148).

'H NMR {400 MHz, MeOD) & ppm 0.48 - 0.58 (m, 1 H), 0.70 - 0.79 {m, 1 M), 0.85- 1.02
{m, 2H), 140§, S~7.3Hz, 3H), 166-1.78(m, 1H), 3.29 (g, J=7.3 Hz, 2 H), 3.41- 349
{m, 1H}, 3.54-383(m, 2H), 3.63-3.71 (m, 1H),4.27{d, 5104 Hz, 1H), 7.87 (dd,
J=B.1, 1.8 Hz, 1H), 7.98(d, J=8.1 Hz, 1 H), 8.06 (d, J=1.8 Mz, 1 H}, 841 {1, J=1.9 Hz, 1
H), 8.85 {d, /=2.0Hz, 1 H}, 8.89(d, J=2.0Hz 1H)

Example 76: N-{(1-{5-(3-chloro-4-cyanophenyl)pyridin-3-yljcyciopropyljethane-
suifonamide
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Step 1. synthesis of methyl 2-(5-bromopyridin-3-yhacetate

S SOCY, MeOH \T/j/ '
H — e i
S OH KN«;’ s

N
To a suspension of 2«(5*bmmQ;Jyridin—3~yf)acetic acid (5 g, 23.14 mmoi} in MeOH (100
ml.) was added thionyl chloride (1.858 mL, 25.5 mmof} at 0 °C, and the mixture was
stirred at 0 °C for 2h. The mixture was concentrated in vacuo, re-dissolved in DCM {100
mi) and MeOH (10 ml), and saturated NaH{ O, in water {5 ml) was added, followed
with NaHCO; (10 g). To the mixture was added silica gel (10 g) and the mixture was
concentrated. The residue was purified by silica chromatography eluting with 0-50%
FtOAc-heptane to give methyl 2-(5-bromopyridin-3-yhacetate. 'H NMR (400 MHz,
DMSO-ds) & ppm 3.64 (s, 3H), 3.80 (s, 2 H), 8.01 (dd, J=2.0Hz, 1 H), B.4B {d, J=1.8 Hz,
1 H), 8.61(d J~23Hz, 1 H).

Step 2! synthesis of methyl 1-(5-bromopyridin-3-yi)cyclopropanecarboxylate

|
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To a solution of methyl 2-(5-bromopyridin-3-yljacetate (4.8 g, 20.86 mmol) in DMF (100
mb} was added 60% NaH in mineral oil (1.1 g, 45.8 mmol}, and the midure was stirred at
0 °C for 15 min. A solution of 1,2-dibromoethane (3.92 g, 20.86 mmol) in DMF {20 ml}
was added and the mixture was stirred at room temperature for 1h. Two other portions
of 0% NaHM in mineral oil {200 and 450 mg) were added sequentially, until conversion
was complete, The mixture was poured into EXOAc (1 L) and washed with water (60mL.),
dried over Na,SO,4 and concentrated in vacuo {o give an oil which was used in next step
without further purification.
Step 3: synthesis of potassium 1-{5-bromopyridin-3-ylycyciopropanecarboxylate

) Br- = Q [¢]
Bf\m; \I/D KOTMS, THE \O/ \T’f”
e w 5
'l /0 +
NS N K
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To a solution of methyl 1-(5-bromopyridin-3-yljcyclopropanecarboxylate (1 g, 3.9 mmol)

in THF (40 mL) was added 90% KOTMS (0.557 ¢, 3.9 mmol}, and the mixture was
stirred at room temperature overnight. The mixture was filtered and washed with THF o
give potassium 1-{5-bromopyridin-3-yl)cyclopropanecarboxylate. 'H NMR (400 MHz,
DMSO-ds) & ppm 0.63-0.89 {m, 2 H), 1.08-1.15 (m, 2 H), 7.79-7.80 {m, 1 K}, 8.34-8.37
{m, 2 H).

Step 4: synthesis of 1-(5-(3-chloro-4-cyanophenyiipyridin-3-yhcyclopropanecarboxylic
acid

BgCLdppf) DCM.,
2M N, CO,, IME
[V P
OH

To a suspension of potassium 1-(5-bromopyridin-3-ylcyclopropanecarboxylate (28 mg,
0.1 mmol), 2-chioro-4-(4 4,5, 5-tetramethyl- 1,3, 2-dioxaborolan-2-yl}benzonitrile (26 myg,
0.1 mmot), PdCl{dppf).CH,Cl; (4.08 mg, 5.0 umal) in DMF {1 mL) was added 2M
Na,COsz (0.1 mL, 0.2 mmol}, and the mixure was heated to 100 *C for 2 h. The mixture
was concentrated and purified by silica chromatography eluting with a 0-10% MeOH-
DCM gradient to give 1-{5-(3-chlero-4-cyanophenylpyridin-3-yhcyclopropanecarboxylic
acid. MS: (ESI) mvz 289.0, 301.0 (M+H)".

Step 5. synthesis of 4-(5-(1-aminocyclopropypyridin-3-yl}-2-chiorobenzonitrile

gy

Ng 1. DPPA, TEA, Tol; i
SN PN 2 BUOK THF N ’
| % a '
N . o~ - 2 i
Iy K/\r'“z
3 N N 2
L OH ,
N A

N

To a solution of 1-(5-(3-chloro-4-cyanophenyl)pyridin-3-ylicyclopropanecarboxylic acid
{900 mg, 3.01 mmol) in toluene (50 mL) was added TEA (0.63 mL, 4.52 mmol} and
diphenylphosphoryl azide (0.977 mL, 4.52 mmol}, and the mixture was heated to 100°C
for 4 h. The mixiure was then cooled to room temperature and concentrated in vacuo.
The residue was re-dissolved in THF (100 mL) and a solution of KO{Bu (2.03 g, 18.08
mmol) in THF (40 mL) was added. The mixture was stirred at 0 °C for 1h. The mixture
was then warmed to room temperature overnight. Silica gel (10 g) was added and the
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mixture was concentrated in vacuo. The residue was purified by silica chromatography

gluting with a 0-10% MeOH-DCM gradient to give 4-(5-(1-aminocyclopropyhpyridin-3-yl}-
2-chiorobenzonitrile. miz 270.0, 272.0 (M+H)".

Step 6. synthesis of N-(1-{5-(3-chloro-4-cyanophenyl)pyridin-3-
yheyclopropyl)ethanesulfonamide

EB0,CL TEA, DCM

To a solution of 4-(5-(1-aminocyclopropylipyridin-3-yh-2-chlorobenzonitrile (70 my, 0.26
mmol) in DCM (3 mL) at room temperature was added TEA (0.109 mi., 0.778 mmol} and
EtSO,CH (74 pl, 0.779 mmol) dropwise, and the mixture was stirred at room temperature
for 1 h. The mixture was concentrated in vacuo, re-dissolved in DMF (3 mb) and filtered.
The filtrate was purified by Xbridge Phenyl followed by Xbridge C18 eluting with 20-80%
ACN-water gradient to give N-(1~(5-(3~chloro-4-cyanophenylipyridin-3-
ylcyclopropyhethanesulfonamide. HRMS: (ESI) m/z 362.0712 [{M+H)” Calcd for
Cy7HsCING D58 362.0725]. 'H NMR (400 MMz, CHLOROFORM-d) & ppm 1.28 {§, J=7.3
Hz, 3H), 1.32- 138 (m, 2 H), 1.48 - 1.54 (m, 2 M), 2.80 (g, J=7.4 Hz, 2 H}, 7.60 (dd,
J=B8 1, 1.8Hz, 1H), 7.74 (d, J=1.8 Hz, 1 H), 7.79 {d, /=8.1 Hz, 1 H), 8.01 {t, J=2.3 Hz, 1
H), BB7 {d, J~2.3 Hz, 1H), B.72(d, J<2.3Hz, 1 H).

Example 77: N-{{4-chloro-§{3-chloro-4-cyanophenyl)pyridin-3-

yiY{eyclopropylimethyl}-N-methylimethanesuifonamide (LHV539)
ol

Q\\ (:"o =
A Ny P /{*”’

X
v

Step 1: synthesis of N-{cyclopropylmethylene)methanesulfonamide

o
N

Q
N
0 O=3%
T THOWr,, MeSONH,, Tal !
2 :’,“} ™
!
PR t‘

To a solution of cyclopropanecarhaldehyde {0.374 mL., 5 mmot) and
methanesulfonamide (0.523 g, 5.5 mmol) in toluene (15 mbL) was added titanium{lV)



WO 2010/130796 PCT/EP2010/056572

-116-
isopropoxide (2.93 mi., 10 mmaol), and the mixture was heated to 100°C for 1 day. The

mixture was cooled to room temperature and concentrated in vacuo. The residue was
placed under high vacuum for 30 min to give a biphasic mixture. The top layer was
discarded. The residue was used in next step without further purification.

Step 2: synthesis of N-{{5-bromo-4-chloropyridin-3-yh){cyclopropylymetiiyl)-N-
methylmethanesulfonamide

Q , |

ma—}?"f j\/ar Q?S\N’f ol
P [ e li)y\ e
g vah i
AN N
To a solution of DIPA (1.71 mL, 12 mmol) in THF (50 mL) at -78°C was added 1.6M Bul.i
(7.5 mL, 12.0 mmol) and the mixiure was stitred at -78°C for 2 h. The LDA solution was
cannulated into a solution of 3-bromo-4-chloropyridine (2.117 g, 11 mmaol) in THF (50
mi) at ~78 °C, and the mixture was stirred at 78 °C for th. A solution of N-
(cyclopropylmethylenemethanesuifonamide {10 mmol, crude mixture) in THF (50 ml)
was added and the mixture was stirred at 78 °C for 1h. A solution of Mel (0.625 mi, 10
muriol} in THF (10 mL) was added, and the mixture was warmed to room temperature
and stirred overnight. Water (0.5 mb) was added and the mixture was concentrated in
vacuo. The residue was purified by silica gel chromatography eluting with a 6-50%
EtOAc-heptane gradient to give N-{{§-bromo-4-chioropyridin-3-yl}{cyclopropylimethyi)-N-
methyimethanesulfonamide. MS{ESI): mv/z 353.0, 355.0 (M+H)".

Step 3. synthesis of N-{{4-chloro-5-(3-chloro-4-cyanophenyhpyridin-3-
yii{cyclopropylmethyl)-N-methylmethanesulfonamide

N
: i { o N
o=5_ - AL G PdCldppd. o=8. _- &
o N 1 \T 20 Ng,CO;, DVF A - A ]/
L i gr ¥ O o - i i
TN :"‘7 “i}\ ol ~ ’5::/ "
VA S S thd
¢ L o B ‘ L\ J
\‘N-' q/ \p N”"ﬁ
L
,fi P

To a solution of N-{({5-bromo-4-chioropyridin-3-vl)(cyclopropylimethyl}-N-
methylmethanesuifonamide (1.03 g, 2.9 mmol) and 2-chloro-4-(4,4.5,5-tetramethyl-1.3,2-
dioxaboralan-2-yljbenzonifrile {(2.29 g, 8.7 mmol} in DMF {20 mL) was added
PdC{dppf).CH,CL; (118 mg, 0.145 mmol} and 2M NaCO, in water (2.9 mL., 5.8 mmol),



WO 2010/130796 PCT/EP2010/056572

-117-
and the mixture was heated to 85 °C for 7 h. The mixture was cooled o room

temperature, poured into water (100 mL), extracted with EtOAC (200 mL*3), washed with
water {20 mL*3) and dried over Na,S50,. The mixture was purified by silica get
chromatography eluting with a 0-50% EtQAc-heptane gradient to give N-{{4-chloro-5-(3-
chloro-4-cyanophenyl)pyridin-3-yi){cyclopropylimethyl)-N-methylimethanesulfonamide.
MS(ES): m/z 410.1, 412.1 (M+H)

Step 4: synthesis of 2-chioro-4-(4-cyclopropyh-3-methyl-2, 2-dioxo-1,2,3,4-tetrahydro-2-
thia-3,6-diaza-naphthalen-8-yi}-benzonitrite

To a solution of N-({4-chloro-5-{3-chloro-4-cyanophenyl)pyridin-3-yl}{cyclopropylymethyl}-
N-methylmethanesulfonamide (81 mg, 0.124 mmol} in THF (10 mL) and DMSO (0.1 mL)
was added 1M KOtBu in THF (0.37 mL, 0.37 mmol}, and the mixture was heated to 85
°C for 10 min under microwave irradiation. The mixture was quenched with MeQOH (2
mb) and concentrated. The residue was purified by Xbridge C18 eluting with 20-100%
ACN-water to give 2-chioro-4-(4-cyclopropyl-3-methyl-2,2-dioxe-1,2,3 4-tetrahydro-2~
thia-3;8-diaza-naphthalen-8-yl}-benzonitrile

HRMS: (ES) m/z 374.0731 [(M+H)” Calcd for CiaHgCIN30O2S 374.0725],

*H NMR (400 MHz, DMSO-ds) 8 ppm ~0.79 - -0.69 {m, 1 H), 0.12 - 0.21 {m, 1 H), 0.2 -
0.41{m, 2H), 0.99-111(m, 1 H), 2.86(s, 3H), 3.98(d, /=8.1Hz, 1 H),4.71-4.84 {m,
2H), 7.35(d, J~4.8 Hz, 1 H), 7.63 (dd, /~8.0, 1.6 Hz, 1 H}, 7.84 (d, J=1.3 Hz, 1 H), 8.07
{d, /=B.3Hz, 1H}, 857 (d, J=5.1 Hz, 1 H).

Example 78: N-{({5-{8-cyanonaphthalen-2-ylipyridin-3-
yij{cyclopropyljmethyl)ethane-sulfonamide

NC

Step 1: Synthesis of 8-bromo-~Z~naphthamide
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I 'iOH 1) SOCI2 R Q' i

2) NH,, MeOH  Br

G-bromo-2-naphthoic acid {2 g, 7.87 minol) was stirred in thionyl chloride (13.28 mi) at 70
°C for 16h. After concentration in vacuo, the residue was rediluted in CH,Cl, and
concentrated again. To the acid chioride intermediate was added ammonia in MeQH (7
M, 13.66 mi, 96 mmol} and the mixture was stirred af room temperature for 3h. The
mixture was then concentrated. The residue was taken up in AcOEL, fillered, rinsed with
AcOEt and then dried over MgSO,, fillered and concentrated in vacuo. The title
compound (1.802 g, 90%) was isolated as a beige solid. LC-MS (M+1) 251.9,t=1.34
min,

Step Z: Synthesis of 6-bromo-2-naphthonitrile

A
ﬂﬁMF{E e O FE _ "‘CN
Br PN pyridine Br :

dioxane

To 8-bromo-2-naphthamide (1 g, 4.00 mmol) in dioxane {(8.00 mi) at 0 °C was added
pyridine (0.647 mi, 8.00 mmeol) and then TFAA {0.621 mi, 4.40 mmol) dropwise. The
reaction was stirred at room temperature for 3h. The mixture was quenched with H20
and extracted with E1CAC two times, dried over magnesium sulfate, filtered,
concentrated. The title compound (653 mg, 70%) was isclated as a beige solid, and
used as is for the next step.

Step 3. Synthesis of 8-(4, 4 & S-tetramethyi-1,3,2-dioxaborolan-2-vi)-2-naphthonitrile

[ 1 b

e LN f;[gsabt r k<
P o

B PACL(ApPH N &

dioxane

A mixture of 8-bromo-2-naphthonitrile (653 mg, 2.81 mmol), bis(pinacolate)diboron (857
mg, 3.38 mmol), potassium acetate (552 mg, 5.63 mmal) and PdCl(dppf).CH,Cl, adduct
{115 mg, 0.141 mmol) in 1,4-dioxane (8.379 mL) was heated to 100 °C for 1 h. The
mixture was concentrated, and the residue was purified via Biolage {(0-10%
Ei0Ac/heptane; SNAPSC column) giving the title compound (466 mg, 59%) as beige
solid. 'H NMR {400 MHz, chioroform-d) 3 ppm 1.33 {s, 12 H) 7.53 (dd, J=8.53, 1.58 Hz,
1THY7.80(d, J=8.27THz, 1 H)7.83-7.82(m, 2H)}8.15¢(s, 1 H) 8.32 (s, 1 H).

Step 4 Synthesis of N-{{5-(B-cyanonaphthalen-2-yl}pyridin-3-
vil{eyclopropylimethyllethane-sulfonamide
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A mixture of 6-(4,4,5 5-tetramethyl-1,3,2-dioxaborolan-2-yl}-2-naphthonitrile {335 mg,
1.200 mmol), N-{{5-bromopyridin-3-yl}{cyclopropylimethyliethanesulfonamide (318 mg, 1
mmaol), sodium carbonate {2 M) in water (1.000 ml., 2.000 mmol), PdCl{dppf).CHCl;
adduct (40.8 mg, 0.050 mmol} in DMF (4.000 mL) was heated to 100 °C for 30 min. The
mixture was guenched with saturated aqueous NaHCO; and extracted with EtOAc two
fimes, dried over magnesium sulfate, filtered, concentrated. The residue was purified via
Biotage (10-100% EtOAc/heptane; SNAP2S column) giving the title compound {106 mg,
27%) as a white solid 'H NMR (400 MHz, MeQD) 5 ppm 0.43 - 0.55 {m, 1 H) 0.56 - 0.69
(m, 2H)069-083(m, 1H) 1.28 (1, J=7.36 Hz, 3 M) 1.25-1.39 (m, 1 H) 2.82 - 3.10 {m,
2 H) 3.95 {d, 3=0.00 Hz, 1 H) 7.73 {dd, J=8.53, 1.45 Hz, 1 H) 8.00 {dd, J=8.59, 1.71 Hz,
TH)BA6 (s, TH)8.17 (s, 1 H)B.2B-8.35(m, 2H) 844 (5, 1 H} 8.65(d, J=2.02 Hz, 1 H)
8.90 (d, J=2.08 Hz, 1 H). LC-MS (M+1) 392.2. Enantiomers were separated by chiral
HPLC (1A 21x250mm, flow rate: 14mbl/min, 80% heptane 20% methanol 20% ethanol)
and yielded enantiomer -1 with retention time (14.10 min) and enantiomer-2 with
retention time {18.16 min).

Examples 79-83 were prepared using the same procedure as described in step 4 of
example 78. The syntheses of corresponding intermediates were as described below,
Synthesis of 2~-methyl-4-(4 4,5 5-tetramethyi-1,3,2-dioxaborolan-2-yl}benzonitrile

Br . D : O’&

{;\ f};}iﬂi ijé‘a |

ON tonng N

A midure of d-bromo-2-methylbenzonitrile (1 g. 5.10 mmol), bis{pinacolato)diboron
{1.554 g, 6.12 mmol), potlassium acetate (1.001 g, 10.20 mmol} and PdCi{dppf).CH.Cl,
adduct (0.208 g, 0.255 mmot) in 1,4-dioxane {12.75 ml) was heatedtc 80°C for 5 h. The
mixture was concentrated, and the residue was purified via Biotage (0-10%
EtOAc/heptane; SNAPSQ column) giving compound 2-methyl-4-(4,4 5 5-tetramethyi-
1,3,2-dioxaborolan-2-ylibenzonitrile as a white solid (860 mg, 69%). 'H NMR (400 MHz,
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chioroform-d) d ppm 1.28 {s, 12 H} 2.38- 252 (m, 3 H) 7.51 (d, J=764 Hz, 1 H) 7.55 -
7.64{m, 1 H) 7.67 {3, 1 H).
Synthesis of 5-cyanobenzofuran-2-ylboronic acid

O 1) nBuki o
I = 2) B(QMe},, B
Y /L/‘}_
NC 3} Hel NC™

To benzofuran-5-carbonitrile (500 mg, 3.48% mmol) in THF (8.98 mbL) at -78 °C was added
nBuli 1.6M in hexanes (2.401 mi, 3.84 mmol) dropwise. The mixture was stirred for
30min at this temperature, and then trimethyl borate (0.858 mi, 7.68 mimol} was added
dropwise. The mixture was stirred for 20min, and then HCI 2N (11.52 mL, 23.05 mmol)
was added. The bath was removed, and stirring continued for 30min. The mixture was
dituted with water and sxiracted with EtOAc three times, dried over magnesium sulfate,
filtered, concentrated. Crude 5-cyanobenzofuran-2-yiboronic acid {623 mg, 87%) was
then dried and used as is for {the next step.

f’"‘sé@ /A

3
L
Exampl R Name Characterization Chiral HPLC
e |
79 PN N- H NMR {400 MHz, MeOD)
( | 7t {cyclopropyl{8- | Sppm 046 -0.53{m, 1 H)
N {quinolin-6- | 0.58-0.67 (m, 2H)0.72-
yhpyridin-3- | 0.81 (m, 1 H) 1.21-1.37
i yhimethyhethan | (m, 1 H) 1.29 {1, J=7.33 Hz,
esulfonamide | 3H)2.88-3.08(m, 2 H)
3.95 (d, J=9.09 Hz, 1 H)
7.61 {dd, /=8.34, 4.36 Hz,
1H)8.11-820(m, 2 H)
8.28-834 (m, 2 H) 8.47 -
8.52 (m, 1 H) 8.84 (d,
J=2.08 Hz, 1 H) 8.87 -8.92
(m, 2 H)., LC-MS (M+1)
392.2 1= 1.51 min.
80 NN Enantiomer-1: | 'H NMR (400 MHz, MeOD) AS-H
| {R)-N-{{5(4- | 5ppm0.43-0.50(m, 1H) | (21x250mm
NG cyano-3- 0.56-0.65 (m, 2H)0.69- | 18mb/min
methylphenyllp | 0.82 (m, 1 H) 1.26 {t, 80%
yridin-3- J=T.33Hz, 3 1.27-127 |  heptane
yhi{cyclopropyl) | (m, 1 H) 2.63 {t, J~0.82 Hz, 20%
methyhethanss | 3 H) 2.87 - 3.06 (m, 2 H) athanof)
uifonamide 3.91{d, ~8.16 Hz, 1 H) retention
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Enantiomer-2: | 7.65-7.70(m, 1 H)7.74 - times for
(S)-N-{{5-(4- | 7.78{m, 1H}7.80(d, enatiomer-
cyano-3- J=8.08 Hz, 1 H)8.18 {t, 1(11.58 min)
methylphenyhp | J=2.21 Hz, 1 H) 8.62 - 8.68 and
yrigin-3- (m, 1 H)B.77 {d, J=2.21 enatiomer-2
yiXcyclopropyl) | Hz, 1 H). LC-MS (M+1) (15.08 min)
methylethanes | 356.1, t = 1.43 min.
ulfonamide
81 , N=((B-(5- H NMR (400 MHz, MeOD) IA
s = cyanobenzofura | § ppm 0.41 - 0.54 (m, 1 H) | (21x250mm
No— 3 n-2-yhpyndin-3- | 0.54 - 0.70 {m, 2 H} 0.70 - T4mb/min
= yh{cyclopropyl) | 0.83 (m, 1 H) 1.18 - 1.38 40%
methylethanes | (m, 1 H) 1.28 (1, /=733 Hz, | heplane
ulfonamide 3H)283-312(m, 2 H} 60%
3.92 (d, J=8.22 Hz, 1 H) ethanal)
7.54 {dd, J=0.76, 0.18 Hz, retention
1 H} 7.70 {dd, /=8.59, 1.64 times for
Hz, 1H)7.71-7.84 (m, enantiomer-
J=8.89 Hz, 1 H)B04-818 ] 1.(12.94
(m, 1H) 841 (¢ J2.08Hz, | min)and
1H) 864 (d, /=208 Hz, 1 enantiomer-
H) 8.04 {d, J=2.08 Hz, 1 2. (16.92
H). LC-MS (M+1) 382.1, 1 min}
= 1.50 min.
82 N-({5- H NMR (400 MHz, MeOD)

&Y
!

{benzofdithiazol
~S-yl)pyridin-3-
yi}cyclopropyh)
methybhethanes
wifonamide

& ppm 0.40 -0.56.(m, T H)
0.56-0.70 (m, 2H)0.70 -
0.83(m, 1H) 1.17 - 1.40
(m, 4H)2.79-3.08(m, 2
H) 3.94 (d, J=8.03 Hz, 1 H)
7.84 {dd, J=8.40, 1.77 Hz,
1H)8.23 (d, /~8.40 Hz, 1
H)8.25-832(m, 1 H)
838 (d, =145 Hz, 1H}
B.62 (d, J~2.08 Hz, 1 H)
8.84 (d, /=215 Hz, 1 H)
9.33 (s, 1 H). LC-MS (M+1)
374.1, t = 1.29 min.

83

AN

Y

N ({5~
{benzofuran-5-
ylypyridin-3-
yl}{cyclopropyl)
methyljethanes
ulfonamide

T NMR (400 MHz, MeOD)
& ppm 0.41 - 0.56 (m, 1 H)
0.56 - 0.68 (m, 2 H) 0.68 -
0.84 (m, 1 M) 1.22 - 1.39
(m, 4 H) 2.83 - 3.08 {m, 2
H) 3.91 (d, J=9.09 Hz, 1 H)
6.94 (dd, J=2.21, 0.82 Hz,
I H)7.52-7.71(m, 2 H)
| 7.82(d, J=2.21 Hz, 1 H)
7.88 - 7.99 (m, 1 H)8.07 -
8.25 (m, 1 H) 8.55 (d,
J=2.08 Hz, 1 H) 8.75 (d,

=2 15 Hz, 1 H). LC-MS

1 (M+1) 357.1, 1= 1.39 min.
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Example 84: N{{5-(4-cyano-3-methylphenyl)pyridin-3-yi}{4-
fluorophenylimethyllethane-suifonamide

F
1
PPN,

S0,

<

@

Step 1. Synthesis of N~{({5-bromopyridin-3-yl}{4-fluorophenyl)methyllethanesulfonamide

1) BtSORNHR
&
4
OHG Y
< THF

Br

A mixture of 5-bromo-pyridine-3-carbaldehyde (0.930 g, 5 mmol), ethanesulfonamide
{0.682 g, 6.25 mmol) and titanium(IV) isopropoxide {2.93 mi, 10.00 mmol} in toluene (10
ml.) was heated to 100 °C for 4 h. After concentration, the residue was dissolved in THF
{12.5 mi}, and (4-fluorophenylimagnesium bromide (1 M in THF, 12.50 mL, 12.50 mmol)
was added dropwise at -78 °C. The mixture was stirred at -78 °C for 45 min. The
mixture was quenched with saturated NH,C) and extracted with E{OAc two times, dried
over magnesium sulfate, filtered, and concentrated. The residue was purified via Biotage
(10-40% AcOEtheptane; SNAP2S column) giving the title compound (986 myg, 53%) as a
beige solid. LC-MS (M+1) 375.0.

Step 2; Synthesis of N~((5-(4-cyane-3-methylphenyl)pyridin-3-yi){4-
fluorophenyhmethyliethane-sulfonamide

- .

FdCi2(dppf) Ry
DME b
NG N

The title compound (413 mg, yield 75%) was obtained following the procedure described
in step 4 of example 78, "M NMR (400 MHz, MeOD) & ppm 1.19 (t, J=7.39 Hz, 3 H) 2.61
(s, 3M)2.82-300(m, 2H} 589 (s, 1H)7.06-7.22(m, 2H) 7.37-7.51 (m, 2 H) 7.57 -
7.69(m, 1H)7.69-7.75{(m, 1 H) 7.78 (d, J=8.02 Nz, 1H) 8.12 ({d, J~2.15, 0.83 Hz, 1 H)
855 {d, J=2.08 Hz, 1 H) 8.78 (d, J=2.21 Hz, 1 H). LC-MS (M+1) 410.3.
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Example 85: N-{(1-{5-{4-cyano-3-methylphenyljpyridin-3-yi}-2,2,2-

triffuoroethyi)ethane-suifonamide

H C}:S,‘MH2 \I//

O ~H - ! OS“N” ' N
I = T I P
toluane

Br Br

A mixture of S-bromo-pyridine-3-carbaldehyde (2 g, 10.75 mmol), 2-methylpropane-2-
sulfinamide. (1.434 g, 11.83 mmeol) and titanium{lV) isopropoxide (12.60 mi, 43.0 mmol}
in toluene {63.8 ml) was stirred for 16 h at room temperature. Brine was added and the
precipitate removed and washed with AcOFt. The organic layer was dried over MgSO4,
filtered and concentrated to give the title compound that was used as is for the next step.
LC-MS (M+1) 201.0.

Step 2 : Synthesis of N-(1-(5-bromopyridin-3-yi)-2,2,2-trifflucroethyl}-2-methylpropane-2-

\\4/ R S
3

OS.y#F Xy CFSiMe, DS‘N Ny
= W
THEF &

Br 8r

sulfinamide

A mixture of N-({5-bromopyridin-3-yli)methvlene)-2-methylpropane-2-sulfinamide (10.75
mmol)} and tetrabutylammonium diffuorotriphenylsilicate(iV) (6.38 g, 11.83 mmal} in THF
{53.8 ml) was cooled o -78 °C. Then (trifluoromethyijtrimethylsilane 2M solution in THF
(6.45 ml, 12.90 mmol) was added dropwise, and the mixture stirred at -78 °C for 2h.
Brine was added and the precipitate removed and washed with AcOEt. The filtrates
were dried over MgSQ,, filtered and concentrated. The residue was purified via Biotage
{0-15% MeOH/CH2CI2; SNAPS0 column) giving the title compound (2.96 g, Y7%) as a
light yeliow solid. LC-MS {(M+1) 381.0.

Step 3 : Synthesis of 1-(5-bromopyridin-3-yl}-2 2, 2-triflucroethanamine
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H 2 MeOH =

To N-{1-{5-bromopyridin-3-y1)-2,2 2-triffucroethyl)-2-methylpropane-2-sulfinamide (1.5 g,
4.18 mmol) in MeOH (8.35 mi} was added HC] 4N in dioxane (2.088 mi, 8.35 mmaol)
dropwise, and the mixture stirred at room temperature for 16 h. Concentrated, and then
the mixture was quenched with saturated NaHCO; and exiracted with EtOAc two times,
dried over magnesium sulfate, filtered, concentrated. The title compound was isolated as
a light yellow off used as is for next step. LC-MS (M+1) 257.0, £ = 1.05 min

Step 4 : Synthesis of 4-(5-(1 »amine—:z,2,2~triﬂuoroethyl}pyridin*B“yE)Q-metéhylbenzanitri!e

§ UBO
fk@ NC
~
PdCI2{dppf) |

DMF wo

The title compound (322 mg, 53%) was obtained following the procedure described
above for in step 4 of example 78. LC-MS (M+1) 282.2.

Step 5 Synthesis of N-(1-(5-{4-cyano-3-methylphenyhpyridin-3-y1)-2,2 2~
trifivoroethyliethane-suifonarmide

To asolution of 4-(5-(1-amine-2,2, 2-trifluorosthylipyridin-3-yl)-2-methylbenzonitrile (322
mgq, 1.105 mmol} in CHCl; (5.5 mbL) at 0 °C was added triethylamine (462 pl, 3.32 mmaol)
and ethanesulfonyl chioride (115 ul, 1.216 mmol). The mixture was stirred for 18 h at
room temperature. The mixture was gquenched with saturated NaHCO; and extracted
with EIOAc two times, dried over magnesium sulfate, filtered, concentrated. The residue
was purified via Biotage (10-50% EtOAc/heptane; SNAP25 column) giving the title
compound (87 mg, 16%). LC-MS (M+1) 384.1. 'H NMR (400 MHz, MeOD) 8 ppm 1.28
{, J=7 33 Hz, 3H) 263 (5,3 H)2.96~319{m, 2H) 547 (g, J=T89Hz, 1H) 766772
M, AHY7.76-77%{m, 1 H) 7.81 {d, J=8.02 Hz, 1 H)8.24-843(m, 1 H) 8.76 (d, J=2.27
Hz, 1 H) 8.93 (d, J=2.21 Hz, 1 H).
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The enantiomers were separated by chiral HPLC (OD-H, 21x250mm, 18ml/min, 70%

heptane 30% ethanol) to enantiomer-1 with retention time (7.03 min) and enantiomer-2
with retention time (11.46 min}.

Example 86; N-{2-{5-{2,3-dichlorophenyl}pyridin-3-yl}ethyljethanesuifonamide

N

o
o 1

Step 1: Synthesis of 3-{5-bromopyridin-3-yl}acrylate

N N
e K
20 B N Co,Me

To a solution of methyl disthylphosphonoacetate (2.4 mi, 13.13 mmol} in THF {(40ml) at
0°C was added Buli (8.21 mi, 13.13 mmol) dropwise. After 10 min, a solution of 5-
brome-3-pyridinecarboxaldehyde (2.443 g, 13.13 mmol) in THF (10mlL) was added at the
this temperature. The reaction mixture was warmed o room temperature and stirred for

Br

30 min, then quenched by water. The mixture was extracted with EtOAc, washed with
brine The combined organic layer was dried over NapSQ,, filtered and concentrated to
give 3-(5-bromopyridin-3-yllacrylate (3.25 g, 13.43 mmol, 100 % yield) as a white solid.
ESIMS miz: 243 [M+1]7: 'MNMR (MeOD, 400 MHz2) 8 3.80 (s, 3H), .52 {d, J = 18 Hz,
1H}, 7.63{(d, J =16 Hz, 1H), 8.33 (s, 1H), 8.64 (s, 1H), 8.72 (s, 1H).
Step 2; Synthesis of 3-{5-(2,3-Dichicro-phenyl)-pyridin-3-yil-acrylic acid methy! ester

N (!

= L
)\\/\“\? ~ &/\u\/\
Br™ % COMe Br CO,Me

To a solution of 3-(5-bromopyridin-3-yl) acrylate (180 mg, 0.744 mmol) and nickel
chioride hexahydrate {(17.6 mg, 0.074 mmol) in MeOH (3 ml} was added sodium
borohydride (56.3 mg, 1.487 mmol) at 0 °C. This mixture was stirred for 30 min at room
temperature. Brine and ethyl acetate were added and the organic layer was separated
and washed with brine twice. The combined organic layer was dried over Na,S0,,
filtered and concentrated to give 155 myg of crude 3-(5-Bromo-pyridin-3-yh)-propionic acid
methyl ester. ESIMS miz: 248[M+1}"

Step 3: Synthesis of 3-[5-(2,3-Dichioro-phenyl}-pyridin-3-yil-propionic acid methyl ester

N ] N
i j . G PN
‘ . Jt ) E = €O Me
Br =

~TNE0Me
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A mixture of 3-.{S—bmmc—pyridin»?z-yi}pmp'scﬁg acid methyl ester {155myg), 2,3-
dichlorobenzeneaboronic acid {142 mg, 0.744 mmol}, PdCh{dppf}.CH,Cl; adduct {(48.6
my, 0.089 mmol) and Na,CO, (2 M, 0.929 mi, 1.859 mmol) in DMF (5 mi) was heated at
100°C. After 40 min, solvent was removed in vacuo. The residue was purified via flash
column (BEtCAc/Heptane=0-20-25%, viv) to give 3-[5-(2,3-Dichioro-phenyl)-pyridin-3-yl}-
propionic acid methyl ester (101 mg, 0.326 mmol, 43 % yield). ESIMS m/z: 310[M+1]";
H NMR (CDCly, 400 MHZ) 3 2.71 (8, J = 7.6 Hz, 2H), 3.05 (1, J = 7.6 Hz, 2H}, 3.70 (s,
3H), 7.23{dd, J =76, 18 Hz, 1H), 7.30 ¢, /=76 Hz, 1H), 7.53 (dd, J = 7.6, 1.6 Hz, 1H),
7.83 (s, 1H), 8.52 (s, 2H),

Step 4: Synthesis of 3-[5-(2,3-Dichloro-phenyl)-pyridin-3-yl}-propionamide

N
Ci =~ 1 i} /N ]
Chiy S TEoMe e N AN N oo,
L ‘ P :
- T

A mixture of 3-{5-(2 3-dichloro-phenyl)-pyridin-3-yl}-propionic acid methyl ester and
ammonia (7N in MeOH, 2mi, 14.00 mmol) was stirred at room temperature for 24 hours.
Ammonia {TN in MeOH, 1 ml, 7.00 mmol) was added, and the reaction mixture was
stirred for another 24 hours. Solvent was removed in vacuo. The crude product was
used in the next step without purification. ESI-MS m/z: 285 [M+1].

Step 5 Synthesis of 2-[5-(2 3-dichloro-phenyl)-pyridin-3-yi}-ethylamine
N

] KN‘{\ ol 2 §
Ci\(%/ \‘)\/\COHNHE O, CI\H/ e R \“I/\NHE
\// ~

A solution of sodium hydroxide (78 mg, 1.851 mmol) in water (4 ml) was cooled 1o 0 °C
and bromine (0.020 mi, 0.380 mmol} was added. After the mixture was stirred for a few
minutes, 3-(5-(2 3~dichlorophenyl)pyridin-3-yl}propanamide (96 mg, 0.325 mmol) in EtOH
{1.000 mi) was added. Stirring was continued at 0 °C until the solution became clear.
The reaction temperature was raised to 85 °C and stirred for th. The reaction mixiure
was diluted with dichioromethane and extracted with dichloromethane. The combined
organic layer was dried over Na,SQ,, filtered and concentrated under reduced pressure.
Crude 2-(5-(2,3-dichlorophenyl)pyridin-3-yliethanamine (35 mg, 0.131 mmol, 40.3 %
yield) was obtained and used in next step without further purification.

ESI-MS miz: 267 {M+1]"

Step 6. Synthesis of N-(2-(5-(2,3-dichiorophenyl)pyridin-3-yllethyl)ethanesulfonamide
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To a solution of 2-{5-(2,3-dichlorophenyl)pyridin-3-yl}ethanamine (35 mg, 0.131 mmol} in
pyridine (3 ml) at 0 °C was added sthanesulfonyl chioride (0.037 mi, 0.383 mmol} and
the resulting mixture was stirred at room temperature for 2 h. The reaction mixture was
diluted with EtOAC and water, extracied with E{OAc. The combined organic layer was
dried over Na,5Q,, filtered and concentrated under reduced pressure. Purification via
PTLC {eluent, 80%EtOAc/Heptane, viv) gave N-{(2-(5-(2,3-dichlorophenylpyridin-3-
ylethyl)ethanesulfonamide (8.1 mg, 0.023 mmol, 17 % vield).

ESI-MS mfz: 359 [M+1]",

I+ NMR (MeOD, 400 MHz) 8 1.33 (1, J=72Hz, 3H), 200 (t, J=76 Hz, 2H), 3.01 ( J=
7.6 Hz, 2H), 3.47 {q, J =72 Hz, 2H), 4.33 (s, 1H), 7.25 (dd, J=7.6, 1.6 Hz, 1H), 7.31 (&,
J=T76Hz, 1H), 7.54 (dd, J = 7.6, 1.8 Hz, 1H), 7.868 {t, J = 2.0 Hz, 1H), B.54 (s, 1H}, 8.57
{s, TH).

Example 87: N-{2-{5-(2,3-dichlorophenyljpyridin-3-yl)cyclopropytjethane-
sulfonamide

Step 1. Synthesis of methyl 2-(5-bromopyridin-3-yljeyclopropanecarboxylate
N

N N
R E
g “COMe Br CO,Me

DMSQ (20 mi) was added slowly to a mixture of sodium hydride (0.215 g, 5.37 mmol)
and trimethylsulfoxonium iodide {1.227 ¢, 5.58 mmol). The mixture was stirred at room

temperature for 15 min, and then (E}-methyl 3-(5-bromopyridin-3-yl} acrylate (1g, 4.13
mmol) in DMSO (8 mi) was added. The reaction mixiure was stirred at room
temperature for 3 min, lce water and E{OAc were added. The organic layer was washed
with water and brine. The agueous layer was extracted with EtOAc twice. The combined
organic layer was dried over Na,50,, filtered and concentrated. The residue was purified
via flash column (E1OAc/Heptane=0-30%, viv} to give methyl 2-(5-bromopyridin-3-
yi}eyclopropanecarboxylate (257 mg, 1.004 mmol, 24 % yield). ESI-MS miz; 358[M+1]",;
HNMR (CDCl;, 400 MHz); 51.33-1.38 (m, tH), 1.86-1.71 {m, 1H}), 1.94-1.98 (m, 1H),
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2.49-2.54 (m, 1H), 3.75 (s, 3H), 7.51 (t, J = 2.0 Hz, 1H), 8.37 (d. J = 2.0 Mz, 1H), 8.53 ¢,

J=20Hz 1H).
Step 2: Synthesis of methyl 2-(5-(2,3-dichlorophenyl)pyridin-3-
yiicyciopropanecarboxylate

COMe

A mixture of 2,3-dichlorophenylboronic acid (279 mg, 1.464 mmol}, methyl 2-{5-
bromaopyridin-3-vi)cyclopropanecarboxylate (357 mg, 1.394 mmol), PACL{dppf;. CH,Cl,
adduct (114 mg, 0.139 mmol) and Na;CO4 (2 M in water, 1.743 ml, 3.48 mmol) in DMF
{7 mi) was heated at 100°C under nitrogen afmosphere. After 1 h, the solvent was
removed under vacuo. The residue was purified by flash column (EtQAc/Heptane=0-
25%, viv) to give methyl 2-(5~(2,3-dichlorophenyhpyridin-3-yl}cyclopropanecarboxylate
(335 mg, 1.040 mmol, 74 % yield). ESI-MS m/z 322[M+1]"; *H NMR (CDCls, 400 MHz)
1.38-1.41 {m, TH), 1.68-1.73 (m, 1H), 1.87-2.01 {m, 1H), 2.58-2.83 {m, 1H}, 3.75 {5, 3H),
721{dd, J=7.6, 1.2 Hz, 1H), 7.30 &, J = 7.6 Hz, 1H), 7.43 {bs, 1H), 7.53 (dd, . = 7.8,
1.2 Hz, 1H), 8.48 {d, J= 1.6 Hz, 1H), 8.80(d, J =1.6 Hz, 1H),

Step 3: Synthesis of benzyl 2-(5-(2,3-dichiorophenyl}pyridin-3-ylicyclopropyicarbamate

N «

LI QP

O % oy s ) . -

\“/K( TreoMe o, © D N o PR
S H

To a solution of methyl 2-(5-(2, 3-dichlorophenyi)pyridin-3-vl}cyclopropanecarboxylate
{270 mg, 0.838 mmol) in MeOH (3 mi) was added NaOH (5 M in water, 0.503 mi, 2.51
mmotl) at room temperature. The resulting mixture was stirred at room temperature for 30
min. The reaclion was guenchead by the addition of HCI (5 M in water), and the mixture
was extracted with AcOEWriflucroethano! (10:1). The extract was washed with water and
brine, dried over Na.S0O,, filtered and concentrated in vacuo. The resulting crude was
dissolved in toluene (7 mi). Diphenyiphosphonoazide (0.272 mi, 1.257 mmol),
triethylamine (0.175 mi, 1.257 mmol} were added to the sclution, which was stirred for 12
h at 100°C. Benzyi alcohol (0.523 mi, 5.03 mmol) was added fo the reaction mixture and
this mixture was stirred for additional 4 h. A saturated NaHCO; solution was added at
room temperature and the mixture was extracted with AcOEt. The exiract was washed
with water and brine, dried over Na,SQ,, filtered and concentrated in vacuo.

Purification by flash column (EtOAc/Heptane=0-50%, viv) gave benzyl 2-(5~(2,3-
dichlorophenylipyridin-3-yljcyclopropylcarbamate (84.1 mg, 0.228 mmol, 27 % vyield}
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ESI-MS miz: 413[M+1]". 'H NMR (CDCl;, 400 MHz) Sppm 1.27-1.33 (m, 2H), 2.15-2.28

(m, 1H), 2.81-2.87 {m, 1H), 5.13 (s, 2H), 7.21 (bs, 1H), 7.20 {1, /= 8.0 Hz, 1H}, 7.35 (s,

5H), 7.52 (dd, J=28.0, 0.6 Hz, 2H), 848 (s, 2H)

Step 4: Synthesis of N~(2-(5-(2,3-dichiorophenyl}pyridin-3-

ylicyclopropyliethanesulfonamide
N

j’i{ -~ t G 4 ¥
cl A NP N ,g,ﬂxamph L _CI\“/\ X

P

To a solution of benzyl 2-{5-(2,3-dichlorophenyi)pyridin-3-yijcyclopropylcarbamate (94
mg, 0.227 mmaol) in DOM (3 mi) was added BBr; (0.682 mi, 0.682 mmol) at 0 °C. This
reaction mixture was stirred for th at 0 °C. The reaction was quenched by addition of
saturated NaHCO; solution, and the mixture was extracted with AcOEL. The extract was
washed with brine, dried over Na,SQ0,, filtered and concentrated in vacuo. The residus
was dissolved in pyridine (3.00 mi), and ethanesulfonyl chioride {0.086 mi, 0.910 mmaol)
was added fo the solution. This reaction mixiure was stirred at room temperature. After 1
b, saturated NH,Cl solution in water was added. The mixture was extracted with AcOEt,
The extract was washed with brine, dried over Na,SQ,, filtered and concentrated in
vacuo. The residue was purified by flash column (E{OAc/Heptane=0-50%, v/v) gave N-
{2-(5-(2,3-dichlerophenyhpyridin-3-yi}cyclopropyllethanesulfonamide (6.2 mg, 0.017
mmol, 7 % yield). ESI-MS myz: 371{M+1]". "H NMR (CDCH;, 400 MHz} 131 { J=7.2
Hz, 3H), 1.38-1.43 (m, 2H), 2.35-2.38 (m, 1H), 2.86-2.81 (m, 1H), 3.14 (q, J = 7.2 Hz,
2HY, 7.41(dd, J=7.8, 20 Hz, 1H), 747 {t J=78Hz, 1H), 757 {1, J=2.0Hz, 1H), 7.65
(dd, J=7.6, 20Hz 1H), 846 (d, J =24 Hz, 1M}, 8.53{d, J=2.4 Hz, 1H).

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

It will be understood that the invention has been described by way of example
only and medifications may be made whilst remaining within the scope angd spirit of the

invention.
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CLAIMS
1. A Compound of Formula I
Q
H
R‘”’ﬁ‘x
O

or a pharmaceutically acceptable salt thereof, wherein

A is a bond, -CHy-, -CHR®-, -.CRR®. or -CR™R™.CR™R®.;

Ring € is a phenyl or a 5- or 8-membered heteroary;

R' is Crratkyl, haloalkyl, Ca oycloatkyl, Co.10aryl, Ceqoaryh-Cyralkyl, Csiparyioxy-Cyralkyl,
heteroaryt or heterocyclyl in which atkyl, aryl, heteroaryl, heterocyclyl are optionally
substituted with 1 o 5 R";

R¥is H, Cyralkyl, halo-C,yalkyl, Casoycioalkyl, Cyrcycloalkyl-Cyralkyl, hydroxy-C. salkyl,
C-akyOC{OYC salkkyl, Cyratkoxy-Coyalkyl, heteroaryl, heterocyeyl, or Cs.qaryl;
wherein aryl and heteroaryl are optionally substituted with hydroxy, Ciatkoxy, Gy alkyl,
halo-Cyyalkyl, halo, CN or Careycloatkyl;

Ris M, halo, Cyralkyl, halo-Cyalkyl, Cyroycloalkyl, cyano, C,alkoxy, hydroxy, nitro, -
NH,, -NH{(C 7atkyl) or -N{(Cyralkyl)s;

each R* is independently selected from the group consisting of hale, Cyalkyl, halo-C,.
satkyl, Casoycloalkyl, cyano, -NH;, -NH(C/salkyl), -N(C,.atkyl);, Cyralkoxy, halo-Cy.
-alkoxy, hydroxy, carboxy, nitro, sulfonyl, sulfamoyi, sulfonamido, Cs.aaryl, heterocyciyl,
Ca.rparytony, heterocyclyloxy, ~-SH, -8-C,zatkyl, -C{O)0- Ce.rcaryl, -C{O)YO-heterocyclyl, -
C(O)O-heteroaryl, ~C{OINR Cyyalkyl, -C{OINR?- Cqoaryl, ~C{OINR -heteroaryl, -
C(ONR>heterocyclyl, -NRC(O)- Cyalkyl, -NR*C(O)- Cq.ioaryl, -NR*C(O)-heteroaryt, -
NR*C{O)-heterocyclyl, -OC(O)- Cyalkyl, -OC(O)- Cyyparyl, ~-OC(O)-heteroaryl and -
OC(O)-heterocyclyl; wherein R is optionally substituted with 1 to 5 R”; or

two adjacent R* groups can form with the atoms to which they are attached a phenyl or a
5- or 6-membered ring heteroaryl, in which said phenyl or heteroaryl ring is optionally
substituted with 1 to 4 R%;

R® and R® are independently C,alkyl, Cy;cycioalkyl, halo-Cyoalkyl, heterocyciyl,
heteroaryl or Ceoaryl, or R® and R®form together with the atom to which they are
attached a Ciscyclpatkyl,
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RS RY R and R®™ are independently B, C;alkyl, Cicycloalkyl, hale-Cyalkyl,

heterocyciyl, heteroaryl or Ce.qearyl; or any two of R® R®, R™ and R™ form together with
the atom(s) {o which they are attached a Cyoycloalkyi;
each R’ is independently selected from the group consisting of halo, Cyralkyl, Cs.
seycloatkyl, Ciralkoxy, Ceiparyloxy, heterocyclyl, Ce.pearyl, heteroaryl, CN and halo-C,.
salkyl;
each R® is independently selected from the group consisting of halo, Cyatkyl, halo-Cy.
salkyl, Cyyalkoxy, CN and halo-Czaltkoxy; or
R? and R R' and R%: R' and R%, R' and R®; R and R®; R? and R®; R? and R™; R' and
R® or R* and R® can form with the atoms to which they are attached a 4- fo 7- membered
heterocyciyl; or
R® and R% R®and R®; or R? and R can form together with the atoms to which they are
attached a Csycycloalkyl; and

wherein each hetercaryl is a monocyclic aromatic ring comprising S or 6
ring atoms selected from carbon atoms and 1 to 5 hetercatoms, and

each heterocyclyl is a monocyclic saturated or partially saturated but non-
aromatic moiety comprising 4-7 ring atoms selected from carbon atoms and 110 3
hetercatoms; and each heteroatoms being O, N or §;
pis 0, 1, 2, 3, 4 or 5, with the proviso that Ring C together with two adjacent R* groups
do not form a 2-indole; and
when Ring C is pyridine, thiazole, imidazole or pyrazole and two adjacent R* groups do
not form with the afoms to which they are attached a phenyl or a &- or 6-membered ring
heteroaryl, than A is not a bond; and
when Ring C together with two adjacent R* groups form oxazolo[4, 5-blpyiridine, than A is
not a bond; and the compound of Formula U is not 2-methyl-N-(6-(5-
(phenyisulfonamido)pyridin-3-vi)-1H-indazol-4-yi)thiazole-4-carboxamide, 2-chioro-N-
isobutyl-N-({5-{3-{methylsulfonyliphenyhpyridin-3-yhmethyl)benzenesulfonamide or 4-(5-
{4-chloro-2,5-dimethylphenylsulfonamido)pyridin-3-yl}benzoic acid.

2. The compound of claim 1, having Formula i



WO 2010/130796 PCT/EP2010/056572

or a pharmaceuwtically acceptable salt thereof, wherein

A is a bond, -CH,-, ~CHR®., -CR°R5- or -CRPR®.CR¥™R®.

Ring C is a phenyl or a 5- or 8-membered heteroaryl;

R'is Cysalkyl, haloalkyl, Casoycloalkyl, Caearyl, Co.0aryl-Coralkyl, Co earyloxy-Ciralkyl,
heteroaryl or heterocyclyl in which alkyl, aryl, heteroaryl, heterocyclyl ave optionally
substituted with 1to R’

R¥is H, Cysalkyl, halo-C,.,atkyl, Cssoycloalkyl, heteroaryl, heterocyoyt or Ce.jearyl;

R%is H, halo, Cyralkyl, halo-Czalkyl, Casoycloalkyl, cyano, Ciralkoxy, hydroxy, nitro, -
NH,, -NH(C4. alkyl) or -N{Czalkyl);

each R* is independently selected from the group consisting of halo, Cisalkyl, halo-C,.
salkyl, Csseycloaliyl, cyano, -NH,, -NH{C, ;alkyl), -N{C47alkyl)y, Coralkoxy, hato-Cy.
7alkoxy, hiydroxy, carhoxy, nitro, sulfonyl, sulfamoy, sutfonamido, G sparyl, heterocyciyl,
Ce.qcaryloxy, heterocyclyloxy, -SH, -S-Cy.zalkyl, -C{O}0- Ce.qparyl, -C(O)O-heterocyciyl, -
C(O)O-heteroaryl, -C(OINR®- Cysalkyl, -C{OINR™ Ce.1caryl, -C(O}NR*-heteroaryl, -
C{OINR -heterccyclyl, -NR*C(O)- Cyralkyl, -NR*C{Q)- Cyiparyl, -NRC(O)-heteroaryl, -
NRAC(O)-heterocyclyl, -OC(Q)- Cyralkyl, -OC{O)- Cqearyl, -OC(O)-heteroaryt and -
OC({O)-heterocyclyl; wherein R* is optionally substituted with 1to 5 R™; or

two adjacent R* groups can form with the atoms to which they are attached a pheny! or a
5~ or 8-membered ring heteroaryl, in which said phenyl or heteroaryl ring is optionally
substituted with 1 to 4 RY,

R® and R® are independently C,alkyl, C;scycloalkyl, hato-C.atkyl, heterocyclyl,
heteroaryl or Cegaryl; of R® and R® form together with the atom to which they are
attached a C;ycycloalkyl

R™ R™ R™ and R™ are independently H, Cy,alkyl, Cascycloatkyl, halo-Cralkyi,
heterocyciyl, heteroaryl or Ce.qgaryl; or any two of R™, R*®, R®® and R* form together with
the atom(s) to which they are attached a C; ;cycloalkyl;

each R’ is independently selected from the group consisting of halo, C,-alkyl, C;.
seycloalkyl, Ceralkoxy, Cqparyloxy, heterocyclvl, Cq iearyl, heteroaryl, CN and halo-C..
satkyl,
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each R? is independently selected from the group consisting of halo, Calkyl, halo-Cy.
7alkyl, Cyatkoxy, CN and halo-C, ;alkoxy; or
RZand R%: R and B%; R and R R' and R™: R' and R™; R? and R® R? and R*™; or B*
and R° can form with the atoms to which they are attached a 4- to 7- membered
heterocycivi; or
R? and R® R%and R™; or R® and R™ can form together with the atoms to which they are
attached a Cs-cycloalkyl; and

wherein each heteroaryl is @ monogcyclic aromatic fing comprising S or 6
ring atoms selected from carbon atoms and 1 1o § hefercatoms, and

each heterocyclyl is a monocyclic saturated or partially saturated bt non-
aromatic moiety comprising 4-7 ring atoms selected from carbon atoms and 110 3
heteroatoms,; and each heteroatoms being O, N or §;
pis 0, 1,2, 3, 4 or 5, with the proviso that Ring C together with two adjacent R® groups
do not form a 2-indole; and
when Ring C is pyridine, thiazole, imidazole or pyrazole and two adjacent R* groups do
not form with the atoms to which they are attached a phenyl or a 5- or 8~-membered ring
heteroaryl, than A is not a bond; and
when Ring C togethet with two adjacent R* groups form ‘oxazolo[4,5-bipyiridine, than A is
nat a bond; and the compound of Formula | is not 2-methyl-N-{8-{5-
{phenylsulfonamido)pyridin-3-yi}-1 H-indazol-4-ylithiazole-4-carboxamide, 2-chloro-N-
isobutyl-N-({5-{3-(methylsuifonylphenyljpyridin-3-ylimethylibenzenesulfonamide or 4-(5-
(4-chioro-2, 5-dimethylphenylsulfonamido)pyridin-3-ylibenzoic acid.

3. The compound of claim 1 having Formula

R ¢

or a pharmaceutically acceptable sall thereof, wherein

A is a bond, -CHy~, -CHR®- or -CR°R®-;

R'is C,.;alkyl, halo-Cyralkyl, Cascycloalkyl, Ceparyl, Coyparyl-Coralkyl, Co paryioxy-Cy.
salkyl, heteroaryl or heterocyclyl in which alkyl, aryl, hetercaryl, heterocyclyt are
optionally substituted with 1 to 5 R”;
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R¥is H, Cysalkyl, halo-C,.-alkyl or Casoycioalkyt;

R’ is H, halo, C,alkyl, halo-Cysalkyl, Carcycloalkyl, cyano, C,.ratkoxy, hydroxy, nitro, -
NH;, -NH({C4 salkyl) or -N{C, salkyl)a;

each R! is independently selected from the group consisting of halo, Cyyatkyl, halo-C..
salkyl, Coyoycloatkyl, cvano, -NHs, -NH(C, zalkyl), -N(Cyalky)s, Ciralkoxy, halo-G,.
salkoxy, hydroxy, carboxy, nitro, sulfonyl, sulfamoyl, sulfonamido, Cs searyl, heterocyclyl,
Casoaryloxy, heterocyclyloxy, -SH, -8-C, ralkyl, -C{O)YO-aryl, -C{O}O-heterocyalyl, -
C{OYO-heteroaryl, -C{ONR- Cq alkyl, ~C{OINR*-Ceioaryl, -C{OINR - heteroaryl, -
C{ONR*heterocyclyl, -NR°C{O)- Ciaalkyl, -NR*C(O)-Cs.10aryl, -NR2C{O)-heteroaryi, -
NR*C(O)-heterocyciyt, -OCI0)-Cyralkyl, ~OC(ON-Co.iparyl, -OC(O)-heteroary! and -
OC{O)-heterocycivl, wherein R’ is optionally substituted with { o 5R”:

R® and R® are independently Cy.salkyl, Csroycioalkyl, halo-Cyqalkyl, heterocyclyl,

each R’ is independently selected from the group consisting of halo, Cyralkyl, Cs.
soycloalkyl, C, atkoxy, Ceparyloxy, heterocyclyl, Cenaryl, hetercaryl, CN and halo-C.
caikyt;

pisQ, 1,2 3, 40r5; and the compound of Formuia | is not 2-methyl-N-(6~(5-
(phenylsulforiamido}pyridin-3-yi}-1 H-indazol-4-yi)thiazole-4-carboxamide, 2-chiaro-N-
isobutyl-N-{{5~(3-(methylsulfonyljphenylpyridin-3-ylimethyhbenzenesuifonamide or 4-(5-
{4-chioro-2, 5-dimethylphenylsulfonamido)pyridin-3-yi)benzoic acid.

4. The compound of any one of claims 1 to 3 having Formula it

R%

or & pharmaceutically acceptable salf thersof, wherein C, R', R% R¥, R R® R® and p are
as defined inclaim 1, 2 or 3.

5. The compound of any one of claims 1 to 3 having formula V.
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R% v
or & pharmaceutically acceptable salt thereof, wherein C, R, R? R*, R* and p are as

defined in claim 1, 2 or 3.

8. The compound of any one of claim 1 to 3 having Formula V.

(RY,
or a pharmaceutically acceptable salt thereof, wherein C, R, R?, R* R*, R® R™ R®
R%™ and p are as defined in claim 1, 2 or 3.

7. The compound of any of claims 1, 2, 4, 5 or §, or a phamaceutically acceptable

salt thereof, wherein G is phenyl.

8. The compound of any one of claims 1, 4, § or 6, or a pharmaceutically acceplable
salt thereof, wherein Ring € or Ring C together with 2 R* groups, is selected from:
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wherein R% is R¥or H and R® is R*or H.

g The compound according to any of the preceding claims, or a pharmaceutically
acceptable salt thereof, wherein R? is independently selected from Cy~alkyl, Cy-salkoxy,
CN, halo, halo-Ci~galkyl or halo-C,~alkoxy.

13. The compound according to any of claims 1 to 3 or 7 {0 8, or a pharmaceutically
acceptable salt thereof, wherein A is CHR®,

11.  The compound of any of claims 1 to 3 or 7 to 10, or & pharmaceutically salt
thereof wherein R' is Cy-alkyl, R*is M, R¥is H, Ais CHR® R®is Crjalkyi or G,
sCycloalkyl, p is 1 or 2: and each R* is independently C-alkyl, hala-Cy-salkyl, C,-,alkoxy,
CN, halo or halo-C-4alikoxy.

12. The compound of any one of claims 1 to 11 selected from:
N-(5-(3~chloro-4-cyanophenylipyridin-3-yhethanesulfonamide;
N-[5-(3-Chiore-4-cyana-phenyl)-pyridin-3-yi}-4-methoxy-benzene-sulfonamide;
N-{5-{3-Chloro-4-cyano-phenyli-pynidin-3-yi}-4-fluoro-benzena-sulfonamide;
N-[5-(3-Chloro-4-cyano-phenyl)-pyridin-3-yi]-4-sthyl-benzene-sulfonamide;
N-{5-(3-Chiloro-4-cyano-phenyi}-pyridin-3-yli-4-cyano-benzene-sulfonamide;
N-[5-(3-Chloro-4-cyano-phenyl)-pyridin-3-yi]-4-triffuoromethyl-benzenasulfonamide;
N-{5-{3-Chioro-4-cyano-phenyl-pyridin-3-yl}-4-Huoro-2-methyl-benzenesulfonamide;
N~(5-(3-chiora-4-cyanophenyhpyridin-3-yi)-2,2 2-trifluoroethanesulfonamide; N-{5-(3-
Chioro-4-cyano-phenyl)-pyridin-3-yi}-1-phenyl-methanesulfonamide,;
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N—(S-(.3-chl4oro-4—cyanmphenyi)pyr’rdin—B—yl}—;fphenoxyethaﬂesulfonamide;
N-[5-(3-Chloro-4-cyano-phenyl)-pyridin-3-yi}-4-methyi-benzenesuifonamide;
N-(5-{3~chloro-4-cyanophenyllpyridin-3-vi}-1-(2-chiorophenylymethanesulfonamide;
N-{5-{3-chloro-4-cyanophenyl)pyridin-3-yl)-1-(4-fluorophenylimethanesulfonamide;
Cyclopropanesulfonic acid [5-(3-chloro-4-cyano-phenyi)-pyridin-3-yi]-amide;
N-{5-(3-chloro-4-cyanophenyl)pyridin-3-yl)propane-t-sulfonamide;
N-{5-(3-chloro-4-cyanophenylipyridin-3-yhbutane- {-sulfonamide;
N-{5-{(4-cyano-3-methoxyphenyhpyridin-3-yi)-2,2, 2-triflucroethanesulfonamide,
N-{5-(4-cyano-3-methoxyphenyl)pyridin-3-yhethanesulfonamide; N-(5-(4-cyano-3-
methoxyphenyl)pyridin-3-ylicyclopropane-sulfonamide;
N-{{5-(4-cyano-3-methoxyphenyljpyridin-3-ylymethylimethane-sulfonamide;
N-{{5-{4-cyano-3-methoxyphenylpyridin-3-ylimethyl)ethanesulfonamide;
N-{{5-{4~-cyano-3-methoxyphenylipyridin-3-yhmethyl)- 1,1, 1-triflucromethanesulfonamide,
N-{{5-{3-chloro-4-cyanophenyl)pyridin-3-ymethyl)ethanesulfonamide;
N-({5-{4-cyano-3-ethoxyphenylypyridin-3-ylimethyl)ethanesulfonamide;
N-(1+(5-(3-chloro-4-cyanophenybhpyridin-3-yi)-2-methylpropylethanesulfonamide;
N-{1-(5-(4-cyano-3-methoxyphenyhipyridin-3-ylethyhethanesulfonamide; N-(1-{5-{3-
chiore-4-cyanophenylipyridin-3-yllethyethanesulfonamide;

N-{ 1-{5-(3-chloro-4-cyanophenylpyridin-3-yhbutyllethanesulfonamide;
{R)-N-{{5-{3-chloro-4-cyanophenybhpyridin-3-y}{cyclopropylmethyhethanestdfonamide;
{S)-N-((5-{3-chioro-4-cyanophenyl)pyridin-3-yl(cyclopropylimethyljethanesulfonamide;
N-({5-{3-chloro-4-cyanophenyl)pyridin-3-yh(cyclopropylimethylimethanesulfonamide;
N-{{5~(4-cyano-3-methoxyphenyhpyridin-3-yl{cyclopropyl)methyl)ethanesulfonamide;
{8)-N-{({5-(4-cyano-2-methoxyphenylpyridin-3-yl}{cyclopropyi)methyhethanesulfonamide;
(R)-N-{{5-(4-cyano-2-methoxyphenyl)pynidin-3-yl){cyclopropylmethyljethanesulfonamide
{R}-N-{{5-(4-cyano-3-flucrophenyl)pyridin-3-yi}{cyclopropyhmethyl)ethanesulfonamide;
{S)-N-{{5-{4-cyano-3-fluorophenyhpyridin-3-yi}{cyclopropylimethyl)ethanesulfonamide
N-{{5-{4-cyano-2-fluorophenyl}pyridin-3-yl){cyclopropylimethyl)ethanesulfonamide;
N-{{5-(3~chioro-4-cyanophenylipyridin-3-yi)(cyclopentylymethyliethanesulfonamide;
N-({5-{3-chioro-4-cyanophenyDpyridin-3-yh)(cyclopropylimethyl)propane-2-sulfonamide;
N-(cyclopropyl(5-(2-methoxyphenylpyridin-3-yhmethyhethanesulfonamide;
N-({5-(2-chiorophenyhipyridin-3-yl}{cyclopropylimethyl)ethanesulfonamide;
N-({5-(4-cyanophenylipyridin-3-yl)(cyclopropylimethyljethanesulfonamide;
N-(2-(5-{3-chloro-4-cyanophenylipyridin-3-ylipropan-2-yhethanesulfonamide;
N-(cyclopropyl(5-{3-fluorophenyl}pyridin-3-ylymethyl}ethanesulfonamide;
N-(cyclopropyl(5-(4-methoxyphenylpyridin-3-yhmethyijethanesulfonamide;
N-{cyclopropyl(S-{4-ethoxyphenyl}pyridin-3-ylymethyl)ethanesulfonamide;
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N-~({5-(3-chlorophenylipyridin-3-yl){cyclopropylimethyli-ethanesulfonamids;

N-{cyclopropyvi{5-(4-fluorophenyljpyridin-3-yimethyl)ethanesulfonamide;
N-{cyclopropyl(5-(2 4-dichlorophenyl)pyridin-3-yl)methyl)ethanesulfonamide;
N-(cyclopropyl(5-(3,5-dimethylphenyljpyridin-3-yimethylethanesulfonamide;
N-{cyclopropyl(5-(3,5-dichiorophenyl)pyridin-3-ylymethyl)ethanesulfonamide;
N-({5-{4-chlorophenyl)pyridin-3-yi}{cyclopropylimethyl}-ethanesuifonamide,
N-{cyclopropyl(5-{4-(triflucromethoxy)phenylpyridin-3-ylimethyhethanesulfonamide;
N-(cyclopropyl(5-(2,3-dichlorophenylipyridin-3-yhmethyhethanesulfonamide;
N-{{5-(3-chioro-4-fluorophenylipyridin-3-yl){cyclopropylimethyl)-ethanesulfonamide;
N-(cyclopropyl{5-{6-methoxynaphthalen-2-y)pyridin-3-yl)methyl)ethanesulfonamide;
N-{{5-(8-chioro-1-methyl- 1H-benzofdlimidazol-2-ylipyridin-3yimethyliethanesuifonamide,
Ethanesulfonic acid [5-(6-chlore-1-methyl-1H-pyrrolof2, 3-blpyridin-2-yl)-pyridin-3-
yimethylj-amide;

Ethanesulfonic acid {5-{8-chloro-1-methyi-1H-pyrrolof3, 2-clpyridin-2-yl)-pyridin-3-
yimethyl}-amide;

N-({5~(3-chloro-4-cyanophenyi)pyridin-3-yi}{cyclopropylimethyh)-N-
methylethanesulfonamide;
N-(cyclopropyl(5-{4-fluoro-3-methyl-phenyi)pyridin-3-yhmethyllethanesulfonamide;
N-{cyclopropyi(5-(4-ethylsulfanyl-phenyl)pyridin-3-ylymethyliethanesulfonamide;
N-({cyclopropyl{5-(3-fiuoro-4-methoxy-phenylpyridin-3-ylimethyl)ethanesulfonamide;
N-{cyclopropyl(5-(2,4-dimethoxy-phenyljpyridin-3-yhmethyhethanesulfonamide;
N-{cyclopropyl{5-(4-methyisuifanyl-phenyl)pyridin-3-yiimethyhethanesulfonamide;
N-(cyclopropyl(5-benzo-{1,3}-dioxoi-5-yi-pyridin-3-yhmethyhethanesulfonamide;
N-{cyclopropyl(5-(2,3-dihydro-benzofuran-5-yl)pyridin-3-viimethyl)ethanesulfonamide;
N-{cyclopropyl(5-{1H-indol-5-yl)pyridin-3-yimethyhethanesulfonamide;
N-{cyclopropyl{5-(2,4,6-trimethyl-phenyi)pyridin-3-yiimethyl}ethanesulfonamide;
N-(cyclopropyl(5-benzo{bithiophen-2-yi-pyridin-3-yhimethyl)ethanesultonamide;
N-{cyclopropyi(5-( 1-methyl-1H-indol-5-yhpyridin-3-ylimethy)ethanesulfonamide;
N-{cyclopropyl(5-naphtalen-1-yi-pyridin-3-ylimethylethanesulfonamide;
2-Chioro-4-[5-(1, 1-dioxo-isothiazolidin-2-yimethyl}-pyridin-3-yi}-benzonitrite;
Ethanesulfonic acid {{5-(3-chioro-4-cyano-phenyl)-pyridin-3-ylj-cyclopropyl-methyl}-ethyi-
amide,;

Ethanesulfonic acid {{5-(3-chioro-4-cyano-phenyl)-pyridin-3-ylj-cyclopropyl-methyl}-(3-
methyi-butyi)-amide;
{{[5-(3-Chloro-4-cyano-phenyl)-pyridin-3-yll-cyclopropyl-methyl}-ethanesulfonyl-amino)-
acetic acid methyl ester;
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Ethanesulfonic acid {{§-(3-chloro-4-cyano-phenyl}-pyridin-3-yi}-cyclopropyl-maethyl}-

iscbutyl-amide;
Ethanesulfonic acid {{5-(3-chioro-4-cyano-phenyl)-pyridin-3-yij-cyclopropyl-methyi}-(2~
hydroxy-ethyl}-amide;
N-(1-(5-(3-chloro-4-cyanophenvi}pyridin-3-ylhicyclopropyljethane-suifonamide;
N-({4-chiloro-5-{3-chioro-4-cyanophenylpyridin-3-yl}{cyclopropylimethyl)-N-
methyimethanesulfonamide;
N~({5~(6~cyanonaphthalen-2-ylpyridin-3-yi}{cyclopropymethyllethane-sulfonamide;
N-{cyclopropyl{5-{quinolin-6-yl}pyridin-3-ylimethyl)ethanesulfonamide;
{(F)-N-({&-{4-cyano-3-methylphenyl}pyridin-3-y){cyclopropybmethyliethanesulfonamide;
{S)-N-({5-{4-cyano-3-methyiphenylpyridin-3-yh{cyclopropybmethyliethanesulfonamide,;
N-({5-(5-cyanobenzofuran-2-yhpyridin-3-yi}{cyclopropylimethyllethanesuifonamide,
N-({5-(benzo{dithiazol-5-yl)pyridin-3-yi){cyclopropyhmethyl)ethanesulfonamide,
N-{{5-(benzofuran-S-yhpyridin-3-yi{cyclopropylimethyliethanesulfonamide;
N-({5-{4-cyano-3-methylphenylpyridin-3-yh{(4-flucrophenylimethyliethane-sulfonamide;
N-{1-(5-{4-cyano-3-methylphenyhpyridin-3-yi)-2 2, 2-triflucroethyl)ethane-sulfonamide;
N-{2-{5-(2 3-dichlorophenyl}pyridin-3-yl}ethyhethanesulfonamide;
N-(2-(5-(2,3-dichlorophenyhpyridin-3-yl)cyclopropyhethane-sulfonamide; or a
pharmaceutically acceptable salt thersof.

13. A pharmaceutical composition comprising a therapeutically effective amount of
the compound according to any one of claims 1 to 12, or a pharmaceutically acceptabie
salt therecof, and one or more pharmaceutically acceplable carriers.

14. A combination, in particular a pharmaceutical combination, comprising a
therapeutically effective amount of the compound according to any one of claims 1 te 12,
or & pharmaceutically acceptable salt thereof, and one or more therapeutically active
agents selected from an HMG-Co-A reductase inhibitor, an angiotensin l receptor
antagonist, angiotensin converting enzyme (ACE) Inhibitor, a calcium channel blocker
{CCH), a dual angiotensin converting enzyme/neutral endopeptidase (ACE/NEP)
inhikitor, an endothelin antagonist, a renin inhibitor, a diuretic, an ApoA-I mimic, an anti-
diabetic ageni, an obesity-reducing agent, an aldosterone receptor blocker, an
endothelin receptor blocker, and a CETP inhibitor.

15. A method of inhibiting aldosterone synthase activity in a subject in need thereof,
comprising. administering to the subject a therapeutically effective amount of the
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compound according to any one of claims 1 to 12, or a pharmaceutically acceptable salt

thereof.

16. A method of freating a disorder or a disease in a subject mediated by aldosterons
synthase, comprising:

administering to the subject a therapeutically effective amount of the compound
according to any one of claims 110 12, or a phamaceutically acceptable salt thereof.

17. A method according to claim 18, wherein the disorder or the disease is selected
from hypokalemia, hypertension, Conn's disease, renal failure, chronic renal failure,
rastenosis, atherosclerosis, syndrame X, obesity, nephropathy, post-myocardial
infarction, coronary heart diseases, increased formation of collagen, fibrosis and
remodeting following hypertension and endothelial dysfunction, cardiovascular diseases,
renal dysfunction, liver diseases, cerebrovascular diseases, vascular diseases,
retinopathy, neuropathy, insulinopathy, edema, endothelial dysfunction, baroreceptor
dysfunction, migraine headaches, heart failure such as congestive heart failure,
arrhythrmia, 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
arterial compliance, myocardial necrotic lesions, vascular damage, myacardial infarction,
left ventricular hypertrophy, decreased ejection fraction, cardiac lesions, vascular wall
hypertrophy, endoethelial thickening, and fibrinoid necrosis of coronary artenies.

18. A compound accerding to any one of claims 1 to 12, or a pharmaceutically
acceptable sall thereof, for use as a medicament.

18. Use of a compound according to any one of claims 1 to 12, or a pharmaceutically
accepiable salt thereof, for the treatment of a disorder or disease in a subject mediated
by aldosterane synthase.

20. Use of a compound according to any one of claims 1 to 12, 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.

21. The use of claim 20, wherein the disorder or disease is sslected from hypokalemia,
hyperension, Conn's disease, renal failure, chronic renal failure, restenosis,
atherosclerosis, syndrome X, obesity, nephropathy, post-myocardial infarction, coronary
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heart diseases, increased formation of collagen, fibrosis and remodeling following

hypertension and endothelial dysfunction, cardiovascular diseases, renal dysfunction,
liver diseases, cerebrovascular diseases, vascular diseases, refinopathy, neuropathy,
insulinopathy, edema, endothehal dysfunction, baroreceptor dysfunction, migraine
headaches, heart failure such as congestive heart faillure, arrhythmia, diastolic
dysfunction, left ventricular diastolic dysfunction, diastolic heart fallure, 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, endothetial
thickening, and fibrinoid necrosis of coronary arteries.



