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INHIBITORS OF DIACYLGLYCEROL
ACYLTRANSFERASE

Field of the Invention

The present invention relates fo certain heterocyclic compounds useful
as diacylglycerol acyltransferase ("DGAT") inhibitors, especially diacyigiycerol
acyltransferase 1 (“DGAT1") inhibitors, pharmaceutical compositions
containing the compounds, and methods of treatment using the compounds
and compositions to treat or prevent various diseases including cardiovascular
disease, dyslipidemia, obesity and diabetes (e.g., Type 2 diabetes).

Background of the Invention

There is a need for additional ways of treating diseases associated with
metabolic syndrome such as, for example, dyslipidemia, cardiovascular
disease, obesity and diabetes (e.g., Type 2 diabetes).

Triglycerides or triacylglycerols are the major form of energy storage in
eukaryotic organisms. In mammals, these compounds are primarily
synthesized in three tissues: the small intestine, liver, and adipocytes.
Triglycerides or triacylglycerols support the major functions of dietary fat
absorption, packaging of newly synthesized fatty acids and storage in fat
tissue {see Subauste and Burant, Current Drug Targets- Immune, Endocrine
& Metabolic Disorders (2003) 3, pp. 263-270;).

Diacylglycerol O-acyitransferase, also known as diglyceride
acyliransferase or DGAT, is a key enzyme in friglyceride synthesis. DGAT
catalyzes the final and rate-limiting step in the triacylglycerol synthesis from
1,2-diacylglycerol (DAG) and ong chain fatty acyl CoA as substrates. Thus,
DGAT plays an essential role in the metabolism of celiular diacylglycerol and
is critically important for triglyceride production and energy siorage
homeostasis (see Mayorek et al, Curopean Journal of Biochemistry (1989}
182, pp. 385-400).

Two forms of DGAT have been cioned and are designated DGAT1 and
DGAT2 [see Cases et al, Proceedings of the National Academy of Science,
USA (1998) 85, pp. 13018-13023, Lardizabal et al, Journal of Biological

PCT/US2009/064762



10

15

20

25

30

WO 2010/059611

Chemistry (2001) 276, pp. 38862-38869 and Cases et al, Journal of Biological
Chemistry (2001) 276, pp. 38870-38876]. Although both enzymes utilize the
same substrates, there is no homology between DGAT1 and DGATZ. Both
enzymes are widely expressed however some differences do exist in the
relative abundance of expression in various tissues.

Disorders or imbalances in triglyceride metabolism, both absorption as
well as de novo synthesis, have been implicated in the pathogenesis of a
variety of disease risks. These inciude obesity, insulin resistance syndrome,
Type Il diabetes, dyslipidemia, metabolic syndreme (syndrome X) and
coronary heart disease [see Kahn, Nature Genetics (2000} 25, pp. 6-7,
Yanovski and Yanovski, New England Journal of Medicine {2002) 346, pp.
591-602, Lewis et al, Endocrine Reviews (2002) 23, pp. 201, Brazil, Nature
Reviews Drug Discovery (2002) 1, pp. 408, Malloy and Kane, Advances in
Internal Medicine (2001) 47, pp. 111, Subauste and Burant, Current Drug
Targets - immune, Endocrine & Metabolic Disorders (2003} 3, pp. 263-270
and Yu and Ginsberg, Annals of Medicine (2004) 36, pp. 252-261].
Compounds that can decrease the synthesis of triglycerides from
diacylglycerol by inhibiting or lowering the activity of the DGAT enzyme would
be of value as therapeutic agents for the treatment of diseases associated
with abnormal metabolism of triglycerides.

Known inhibitors of DGAT include: dibenzoxazepinones (see
Ramharack et al, EP1219716 and Burrows et al, 26th National Medicinal
Chemistry Symposium (1998) poster C-22), substituted amino-pyrimidino-
oxazines (see Fox et al, WO2004047755), chalcones such as xanthohumol
(see Tabata et al, Phytochemistry (1997) 46, pp. 683-687 and Casaschi et al,
Journal of Nutrition (2004) 134, pp. 1340-1348), substituted benzyi-
phosphonates (see Kurogi et al. Journal of Medicinal Chemistry (1896) 39, pp.
1433-1437. Goto et al, Chemistry and Pharmaceutical Bulletin {1886) 44, pp.
547-551, lkeda et ai, Thirteenth international Symposium on Athersclercsis
(2003), abstract 2P-0401, and Miyata et al, JP 2004067635}, ary! alkyi acid
derivatives (see Smith et al, WO2004100881 and US20040224997), furan
and thicphene derivatives (see W02004022551), pyrrolo{l, 2bJpyridazine
derivatives (see Fox et al, WO200510380G7), and substituted sulfonamides
(see Budd Haeberlein and Buckett, WO20050442800}.

PCT/US2009/064762
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Also known to be inhibitors of DGAT are: 2-bromo-palmitic acid (see
Colman et al, Biochimica et Biophysica Acta {1982) pp. 1125, 203-9}, 2-
bromo-octanoic acid {see Mayorek and Bar-Tana, Journal of Biological
Chemistry (1985) 260, pp. 6528-8532), roselipins (see Noriko et al, {(Journal of
Antibictics (1999) 52, pp. 815-826), amidepsin (see Tomoda et al, Journal of
Antibiotics (1995) 48, pp. 42-7), isochromophilone, prenylflavonoids (see
Chung et al, Planta Medica (2004) 70, v58-260), polyacetylenes (see Lee et
al Planta Medica (2004) 70, pp. 97-200), cochlioguinones (see Lee et al,
Journal of Antibiotics (2003) 56, pp. 967-989), tanshinones (see Ko et al,
Archives of Pharmaceutical Research (2002) 25, pp. 446-448), gemfibrozil
(see Zhu et al, Atherosclerosis (2002) 164, pp. 221-228), and substituted
guinolones (see Ko et al, Planta Medica (2002) 68, pp. 1131-1133). Also
known to be modulators of DGAT activity are antisense oligonucleotides (see
Monia and Graham, US20040185559).

Particular mention is made to PCT publication WO 2007/060140
(published May 31, 2007; applicant: F. Hoffmann-La Roche AG). Claim 1

therein discloses compounds of the formula:

R
R &
Y/ 4:1‘:,R5/ H
/
R R :
N\v-22 N
Ry g
7
0

wherein Ry, Ry, R, R4, Rs, Rg and Ry are described. Additional
publications include WO 2008/141976 (published May 13, 2008), US
2009/0093497 (published May 1, 20098} and US 2009/0105273 (published
May 1, 2009).
A need exists in the art, however, for additional DGAT inhibitors that
have efficacy for the treatment of metabolic disorders such as, for exampie,

obesity, Type il diabetes meliitus and metabolic syndrome.

Summary of the invention

In an embodiment, this invention discloses a compound, or

pharmaceutically acceptable salts, solvates, ester or prodrugs of said
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compound, or pharmaceutically acceptable saits, solvates or esters of said
prodrug, the compound being represented by the general formula [
X=X

vOv N A

S Sl -

X \g: \g/'?\ o
Ao
K@)

l
wherein:
each A is independently selected from C(R* and N;
or alternately the moiety:

is either

X is independently selected from C(R%), N, N(R*), O and S, provided that no
more than one Xis SorQ, and at leastone Xorone Yis N, O, or §;

Y is independently selected from C and N;
Z is independently a bond, O or NR*;
pis0ort,

R is selected from aryl, heteroaryl, alkyl or cycloalkyl, wherein said aryl is
unsubstituted or optionally independently substituted with one or more
moieties which are the same or different, each substituent being
independently selected from the group consisting of alkyl, haloalkoxy,
methoxy-ethoxy alkyl, alkenyl, atkynyl, cycioalkyl, cycloalkylaikyl, cycloalkenyi,
heterocyclyl, heterocyciylalkyl, aryi, arylalkyl, heteroaryl, heteroarylalkyl, halo,
-CN, -OR® -C({O)R®, -C(O)OR®, -C(O)N(R%)(RY), -SFs, -OSFs, -Si(R%s, -SR°,
-S(OIN(RY(RY, -CH(R®)(R?), -S(0):N(RY(R?), ~C(=NORR’,

PCT/US2009/064762
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-PIOYORYORY, -N(RYRY, -alkyl-NRYRY, -N(RIC(O)R?,
CHy-N{ROC(OIRY, -CH-NRIC(OIN(RH(R®), -CH-R® -CHN(R%HRY,
NRIS(O)R?, -N(RIS(0)zR?, -CHz-N(RIS(O)zR®, -N(R9)S(O)2N(R*)(R),
N(RIS(OINRH(R?), -N(RCOIN(RHR?), -CHz-N(RICIOINRHR®),
N(RC(O)ORY, -CH.-N(R%C(O)OR?, -S(OJR®, =NOR®, -N3, -NO2 and
_8(0);R°, wherein each R® R® and R, is independently selected:

R® is selected from the group of H, lower alkyl, hydroxy, halo, O-aikyl,
O-haloalkyl, O-cycloalky!, S-alkyl, S-haloalkyl, CN, CF3 -SFs, -OSFs, -Si{R%3,
-SRE, cycloalkyl, heterocyclyl, haioalkyl, aryl, heteroaryl, N-alkyl, N-haloalkyl,
NH,, and N-cycloalkyi;

R* is selected from the group of H, lower alkyl, cycloalkyl, heterocyclyl,
haioalkyl, aryl, and hetercaryl;

R0 s either (i) a 4-8 membered heterocyclyl ring having from 1 to 3 ring N
atoms, or (i) a bicyclic heterocyclyl ring having from 1 to 3 ring N atoms,
wherein each of said heterocyclyl ring or bicyclic heterocyclyl ring for
R' is optionally fused with a heteroaryl ring, further wherein each of
said heterocyclyl ring or bicyclic heterocyclyl ring for R is
independently unsubstituted or optionally substituted, off of either (i) a
ring N atom or (i) a ring carbon atom on said heterocycly! ring or said
bicyclic heterocyciyl ring, with one or more G moieties wherein said G
moieties can be the same or different, each G moiety being
independently selected from the group consisting of:
(@  -(CHR?),-C(0)-O-RY:
(b) s (CHR®),-C(O)-R%
(c) s~ -(CHR™)-S(02)-R?;
{d) A {CHR?),-8(02)-{CHaIn-R*;
(8)  ~nn-{CHR?)-8({02)-NRR”;
(A H(CHR®)-RY,
(@  ~(CHR¥),-O-R?,
(hy  Aans-NH-C{O)-0O-R® off of only C and not off of N, with
the provise that R is not a 5- or 8-membered heterocyclyl ring;

PCT/US2009/064762
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(i) mnnr-NH-C(O)-R? off of only C and not off of N, with the

proviso that R'% is not a 5- or 8-membered heterocyclyl ring;

) Annr {CHRY),-C(0)-NR?RP, with the proviso that R™ is

not a 5- or 6-membered heterocycly! ring;

(k) A (CHR*),-C(O)-NH-NH-C(0)-R?,

)] e -0-POY-(RY); off of only C and not off of N;

(m)  wnn-O-CH(R®), off of only C and not off of N;

{(ny  an oxo group off of only C and not off of N,

(©)  Anr-ClO)-(CHR®),-C(0)-0-R?,

(p) A -C(O)-(CHR?),-R?, and

(q)  aspirocyclyl group;
wherein R? is selected from the group consisting of
Rydrogen, hydroxy, CN, halo, alkyl, haloalkyl, alkenyl, alkynyl, aryl, heteroaryl,
heterocyclyl, cycloalkyl or spirocyclyl, wherein each of said alkyl, alkenyl,
alkynyl, aryl, heteroaryl, heterocyclyl and cycicalkyl is unsubstituted or
optionally independently substituted with one or more moieties which are the
same or different, each moiety being selected independently from the group
consisting of O-haloalkyl, S-haloalkyl, CN, NO,, CF3 cycloalkyl, heterocyciyi,
haloalkyl, aryl, heteroaryl, N-alkyl, N-haloalky!l, and N-cycloalkyl; alkyl, alkenyl.
atkynyi, , cycloalkylalkyl, cycloalkenyl, , heterocyclylalkyl, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, halo, -ORS, -C(O)R®, -C(O)OR®, -C(O)N(R)(RY, -
SF:, -OSFs, -Si(R%s, -SRC, -S(OIN(R®)H(R?), -CH(R%(R?Y),
-S(0)2N(R?)(R?), ~C(=NOR°)R?, -P(O}(OR*)(OR"), -N(R)(R"),
-alky-N(R(RY, -N{RIC(OIR?, -CHa-N(ROC(O)R?, ~CHo-N(RIC(OIN(RIYR?),
-CHz-RE -CHN(RY(RY, -N(RYS(OIRY, -N(R%S(0),R?, -CHx-N(RHS(O)R?,
-N(RS(0)2NRYH(R®), -NRIS(OINRY(R"), -N(R)C(OIN(R*)(R?),
-CHo-N(RYCIOIN(RY(R®), -N(RY)C(OJOR?, -CHa-N(RYC(O)OR?, -S(O)R®,
=NOR® -Ns, and -S(0O);R% and
wherein each R?, R¢ and R is independently selected;
R® is is H, lower alkyl, cycloalkyl, aryl, heteroaryt or heterocycioalkyl,
R® is H, lower alkyl, cycloalkyl, aryl, heteroaryl or heterocycioalkyl,
RY is H, lower alkyl, cycloalkyl, aryl, heteroaryt or heterocycloatkyi;

wherein each of said alkyl, cycloalkyl, aryl, heteroaryl or
heterocycloalkyl in R” R® and R? can be unsubstituted or optionally

PCT/US2009/064762
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independently substituted with 1-2 substituents independently selected
from halo, OH, NH,, CF3, CN, Qalkyl, NHalkyl, N(alkyl} and Si(alkyl)s;
R?®is H, -OH, halo, or -CF3;
mis 1-3, and
5 nis0-3
The term "spirocyciyl” refers to a cyclic group substituted off the same

carbon atom. A non-limiting example would be:
X
‘Q’Z,L O
The term “oxo” refers o the moiety =C(O) substituted off the same
10 carbon atom.

The term “bicyclic heterocyclyl” refers to bicyclic compounds containing
heteroatom as part of the ring atoms. A non-limiting example would be:

A

AN
3
with no limitation as to the position of the heteroatom.
15 When a disubstituted moiety is shown with v\ on both sides, the
attachment points are from left to right when looking at the parent formuia,
e.g. Formula |. Thus, for example, if the molety:
E\ETA\\ .
AL

AV s

f‘\f N\E
LA
N' ¥ in Formula I,
20 it means that the pyrazine ring is attached to NH on the left hand side and R™
on the right hand side in Formuia |
in another aspect, this invention provides compositions comprising at

least one compound of Formula 1.
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in another aspect, this invention provides pharmaceutical compositions
comprising at least one compound of Formula | and at least one
pharmaceutically acceptable carrier.

in another aspect, this invention provides a method of treating diabetes
in a patient in need of such treatment using therapeutically effective amounts
of at least one compound of Formula 1, or of a composition comprising at least
one compound of Formula |

In another aspect, this invention provides a method of treafing diabetes
in a patient in need of such treatment, e.g., Type 2 diabetes, using
therapeutically effective amounts of at least one compound of Formula |, or of
a composition comprising at least one compound of Formula L.

in another aspect, this invention provides a method of treating metabolic
syndrome in a patient in need of such treatment, using therapeutically effective
amounts of at least one compound of Formula |, or of a composition
comprising at least one compound of Formula 1.

In another aspect, this invention provides a method of inhibiting DGAT
using therapeutically effective amounts of at least one compound of Formula |,
or of a composition comprising at least one compound of Formula L.

In another aspect, this invention provides a method of inhibiting DGAT1
using therapeutically effective amounts of at least one compound of Formula |,

or of a composition comprising at least one compound of Formula .

DESCRIPTION OF THE INVENTION

in an embodiment, the present invention discloses compounds of

Formula |, or pharmaceutically acceptable salts, solvates, esters or prodrugs
thereof.

The following embodiments (stated as "another embodiment”) are
independent of each other; different such embodiments can be independently
selected and combined in various combinations. Such combinations should be
considered as part of the invention.

in another embodiment, A is C(RY).

In another embodiment, A is N.

In another embodiment, one A is N and the other A moieties are C(R”).

i another embodiment, one A s C{R?"; and the other A moieties are M
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in another embodiment, two A moieties are N and the other two A
moieties are G(R®).
in another embodiment, X is C(R).
In another embodiment, X is N.
5 In another embodiment, X is N(R*).
In another embodiment, X is O.
in another embodiment, X is S
In another embodiment, at least one X is O.
In another embodiment, at least one Y is N.
10 in another embodiment, one X is O and one other X is N.
in another embodiment, one X is O, one X is N and the other X is
C(RY).
in another embodiment, Y is C.
In another embodiment, Y is N.
15 in another embodiment, R is unsubstituted aryl.
In another embodiment, R is aryl substituted as previously described.
in another embodiment, R* is unsubstituted heteroaryl.
in another embodiment, R is heteroaryl substituted as previously
described.
20 In another embodiment, R' is unsubstituted aikyl.
in another embodiment, R' is alky! substituted as previously described.
in another embodiment, R' is unsubstituted cycloalkyl.
In another embodiment, R is cycloalkyl substituted as previously
described.
25 in another embodiment, R* is H.
In another embodiment, R® is lower alkyl.
in another embodiment, R* is hydroxyl.
in another embodiment, R® is -O-alkyl.
In another embodiment, R% is -CN.
30 in another embodiment, R® is -CF.
In another embodiment, R® is -O- haloalky!,
In another embodiment, R is ~OSFs.
In another embodiment, R® is ~SF;,
in another embodiment, R" is H.
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In another embodiment, R* is lower alkyl.

in another embodiment, R'? is a 4-8-membered heterocyclyl ring
having from 1 to 3 ring N atoms, wherein said heterocyclyl ring is substituted
off of a ring N atom.

in another embodiment, R'%is a 4-8-membered heterocyciyl ring
having from 1 to 3 ring N atoms, wherein said heterocyclyl ring is substituted
off of a ring carbon atom.

in another embodiment, R'® is a bicyclic heterocycly! ring having from 1
to 3 ring N atoms, wherein said bicyclic heterocyclyl ring is substituted off of a
ring N atom.

In another embodiment, R' is a bicyclic heterocycly! ring having from 1
to 3 ring N atoms, wherein said bicyciic heterocyclyl ring is substituted off of a
ring carbon atom.

In another embodiment, R' is a 4-8-membered heterocyclyl ring
having from 1 to 3 ring N atoms, wherein said heterocyclyl ring is substituted
with G, wherein G is as previously described.

In another embodiment, R'’ is a 4-8-membered heterocyclyl ring
having from 1 to 3 ring N atoms, wherein said heterocycly! ring is fused with a
heteroaryl ring, wherein said R'” is optionally substituted with G, wherein G is
as previously described.

in another embodiment, R is the moiety:

5{\ N/\i
;&;\H&J

In another embodiment, R'° is the moiety:
5

ST

H

NN

5
in another embaodiment, R' is the moiety:

&
f\\a/\‘-\

3

N

g

PCT/US2009/064762
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in another embodiment, R'? is the moiety:

g
$ " 7\

s

In another embodiment, R' is a piperidinyl ring, wherein said
piperidinyl ring is substituted with G, wherein G is as previously described.

in another embodiment, R is a piperazinyl ring, wherein said
piperazinyi ring is with with G, wherein G is as previously described.

In another embodiment, R'? is a diazepinyl ring, wherein said
diazepinyl ring is substituted with G, wherein G is as previously described.

In another embodiment, R'? is a diazepinyl ring, wherein said
diazepinyl ring is substituted with two G moieties, wherein G is as previously
described.

In another embodiment, G is wwanr-(CHR™),-C(0)-0O-R*.

In another embodiment, G is vvwr-(CHR),-C(O)-R®.

In another embodiment, G is A -(CHR®),-S(0y)-R?.

In another embodiment, G is e -(CHRY)-S(0y)-(CH2)N-R?.

In another embodiment, G is v -(CHR?%),-S(0,)-NR?R".

In another embodiment, G is vwr-(CHR?),-R?.

In another embodiment, G is v -(CHR¥),-O-R?.

In another embodiment, G is wnr-NH-C(O)-0-R?, with the proviso
described earlier.

In another embodiment, G is «~anr-NH-C(O)-R? with the proviso
described earlier.

In another embodiment, G is ~vwwr-(CHR?),'-C(0)-NR®R®, with the
proviso described earlier.

in another embodiment, G is v -(CHR?%),-C(O)-NH-NH-C(O)-R®.

In another embodiment, G is v -0-P(O)-(R%)..

in another embodiment, G is o -O-CH(R®),.

in another embodiment, G is an oxo group.

In another embodiment, G is s {CHOH)-R®.

in another embodiment, G is vvwr-C(O)-(CHR?),-C(0)-0-R%.

in another embodiment, G is v~ -C(O)-(CHR®),-R%,
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in another embodiment, G is a spirocyclyl group.
In another embodiment, G is the moiety:

X
Y, %

In another embodiment, R? is unsubstituted alkyl.

In another embodiment, R® is alkyl substituted as previously described

coming off of a carbon atom of R™.

under formula L

In another embodiment, R® is unsubstituted aryl.

ln another embodiment, R? is aryl substituted as previously described
under formula .

in another embodiment, R? is unsubstituted heteroaryl.

In another embodiment, R? is heteroaryl substituted as previously
described under formula L.

In another embodiment, R® is unsubstituted cycloalkyl.

in another embodiment, R? is cycloalkyl substituted as previously
described under formula |

In another embodiment, R? is unsubstituted heterocyciyl.

In another embodiment, R? is heterocyclyl substituted as previously
described under formula .

In another embodiment, R? is hydroxy.

In another embodiment, R® is cyano.

in another embodiment, R* is halo.

in another embodiment, R® is alkeny.

In another embodiment, R? is alkynyl.

In another embodiment, R? is alkoxyaikyl.

In another embodiment, R® is aralkyl.

in another embodiment, R? is haloalkyl.

in another embodiment, R® is CFs.

in another embodiment, R” is pheny! substituted with one or more halo
groups.

In another embodiment, R is heteroaryl,

In ancther embodiment, R? is pyridyl.
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in another embodiment, R? is oxazolyl.
In another embodiment, R? is oxadiazolyl.
in another embodiment, the moiety:

AN
WU g

5 selected from the group consisting of the following moieties:

e,

3
N =
., and &

isomers, these moieties being unsubstituted or optionally substituted with R®.

_as well as their possible positional

10 In another embodiment, in Formula 1, the moiety:

S

N

o)
LI
N
In another embodiment, in Formuia I, the moiety:
O~ CF3
%/‘/‘t‘ ’

il
g
15 NT Y

in another embodiment, in Formula |, the moiety:

-,
"L,» /Y\ )(/Y\\,.s"ﬂ; ‘S
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In another embodiment, in Formula |, the moiety:
%

5 In another embodiment, in Formula 1, the moiety:

LT
T

AL
A is

elected from the group consisting of the following moieties:

\‘\Q\Q\\O,

YA YT
|
\ /\S; \i?;\\ K ///%ﬁ o N\/)\é

; ;,as

P

10 weli as any of their positional isomers.
In another embodiment, in Formula |, the moiety:

15 is



WO 2010/059611
15

N
in another embodiment, in Formula i, the moiety:

é‘s\{f-\\\k

i i

¢ g

L
D\é,

N

5 In another embodiment, in Formula 1, the moiety:

LA
I
A\A/;\; is

’SS\H/S
N\)\éj
in another embodiment, in Formula |, the moiety:

10

In another embodiment, in Formula |, the moiety:

AP s

g %
NN

15 in another embodiment, in Formula |, the moiety:

Frs S
\[)\és or Tj\ﬁ

PCT/US2009/064762
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éss\i%/A\\A

I :
AA@S is

<

¢

In another embodiment, in Formula |, the moiety:

In another embodment. Z is a bond. Z is a bond means that R'% is

é‘mA,A
directly linked to the 2 A7 ring,

In another embodment, Zis O.

In another embodiment, Z is NR*,

In another embodiment, pis 0.

In another embodiment, pis 1.

in another embodiment of Formula |, wherein X, Y, R, A, R, R* and
the other moieties are independently selected, one X is N, a second Xis C,
and the third X is O, both Y are C, one A is N and the other A moieties are C,
R’ is unsubstituted aryl, R'% is piperidinyl ring and R® is as previously
described.

in another embodiment of Formula |, wherein X, Y, R', A, R, R® and
the other moieties are independently selected, one X is N, a second X is
C(R®), and the third X is O, both Y are C, one Ais N and the other A's are C,
R'is unsubstituted aryl, R” is atky!, R'% is piperidinyl ring and R® is as
previously described.

in another embodiment of Formuia |, wherein X, Y. R, A, R', R* and
the other moieties are independently selected, one X is N, a second X is C,

and the third X is O, both Y are C, one A is N and the other A's are C, R'is

PCT/US2009/064762
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aryl substituted as described previously under Formula I, R0 is piperidinyl ring
and R is as previously described.

in another embodiment of Formula 1, wherein X, Y, R', A, R™®, R* and
the other moieties are independently selected, one X is N, a second X is
C(R%. and the third X is O, both Y are C, one A is N and the other A's are C,
R'is aryl substituted as described previously under Formula 1, R%is atkyl, R™
is piperidinyl ring and R® is as previously described.

in another embodiment of Formuta |, wherein X, Y, R', A, R", R® and
the other moieties are independently selected, one X is N, a second Xis C,
and the third X is O, both Y are C, one A is N and the other A’s are C, R'is
unsubstituted aryl, R"° is piperazinyl ring and R® is as previously described.

in another embodiment of Formula I, wherein X, Y, R', A, R™, R* and
the other moieties are independently selected, one X is N, a second X is
C(RY), and the third X is O, both Y are C, one Als N and the other A's are C,
R' is unsubstituted aryl, R® is alkyl, R'® is piperazinyl ring and R® is as
previously described.

In another embodiment of Formula I, wherein X, Y, R A, R R? and
the other moieties are independently selected, one X is N, a second X is C,
and the third X is O, both Y are C, one A is N and the other A’s are C, R is
aryl substituted as described previously under Formuia |, R' is piperazinyl ring
and R? is as previously described.

in another embodiment of Formuia |, wherein X, Y, R", A, R'*, R% and
the other moieties are independently selected, one X is N, a second X is
C(R?), and the third X is O, both Y are C, ane A is N and the other A’s are C,
R' is aryl substituted as described previousty under Formula 1, R® is alkyl, R"
is piperazinyl ring and R® is as previously described.

In another embodiment of Formula |, wherein X, Y, R', A, R'® R*and
the other moieties are independently selected, one X is N, a second X is
C(R%, and the third X is O, both Y are C, one A is N and the other A’s are C.
R' is unsubstituted aryi, R® is haloalkyt, R*? is piperidinyl ring and R" is as
previcusly described.

In another embodiment of Formula i, wherein X, Y, R", A, R*®, R* and
the other moieties are independently selected, one X is N, a second X is
C(RY, and the third X is O, both Y are C, one A is N and the other A's are C,

PCT/US2009/064762
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R' is unsubstituted aryl, R® is haloalky!, R'® is piperazinyl ring and R® is as
previousty described.

In another embodiment of Formula 1, wherein X, Y, R', A, R, R* and
the other moieties are independently selected, one X is N, a second X i5
C(R%), and the third X is O, both Y are C, one Ais N and the other A's are C,
R' is unsubstituted aryl, R is -CN, R’ is piperidinyl ring and R? is as
previously described.

In another embodiment of Formula |, wherein X, Y, R', A, R'®, R* and
the other moieties are independently selected, one X is N, a second X is
C(R?), and the third X is O, both Y are C. one Ais N and the other A’s are C,
R is unsubstituted aryl, R® is -CN, R'% is piperazinyl ring and R® is as
previously described.

In another embodiment of Formula |, wherein X, Y, R', A, R", R* and

the other moieties are independently selected, the moiety:

v
‘,LLL/‘\X/\HJ& I

‘a{{)«'k y

1

one A is N and the other A's are C, R' is unsubstituted aryl, R' is piperazinyl
ring and R? is as previously described.
In another embodiment of Formula |, wherein X, Y, R', A, R™ R*and
the other moieties are independently selected, the moiety:
@)

N /Y
%H_/ \;’; is
L

one Ais N and the other A's are C, R’ is unssubstimted aryl, R'® is piperazinyl
ting and R? is as previously described.

in another embodiment of Formula |, wherein X, Y, R', A, R"®, R® and
the other moieties are independently selected, the moiety:

PCT/US2009/064762
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9
tz& \N.’L\rg
one Ais N and the other A’s are C, R’ is unsubstituted aryl, R is piperidinyl
ring and R? is as previously described.
in another embodiment of Formula |, wherein X, Y, R, A, R'®, R* and

the other moieties are independently selected, the moiety:

AT
“t'?-l, X »:rs i s

veth
s
one Ais N and the other A's are C, R is unsubstituted aryl, R'%is piperidinyl
ring and R is as previously described.
In another embodiment of Formula 1, wherein X, Y, R", A, R", R* and
the other moieties are independently selected, the moiety:

Y@Y

AEINTEIN

g
\N
kY Nj\j:
one A is N and the other A’s are C, R is aryl substituted as described
previously under Formula 1, R is piperazinyl ring and R® is as previously
described.

in another embodiment of Formuia |, wherein X, Y, R', A, R™, R* and
the other moieties are independently selected, the moiety:

one Ais N and the other A's are C, R’ is aryl substituted as previously
described under Formula i, R is piperazinyl ring and R* is as previously

described.

PCT/US2009/064762
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in another embodiment of Formula |, wherein X, ¥, R', A, R™®, R® and
the other moieties are independently selected, the moiety:

i 13
/.Y\ /Y'-\ £

‘1?‘2. X = ES

P
/<\ I
HONT N

the moiety:

5\( Ay

A e
A is

;\;s/\
s
S v
R'is unsubstituted aryl, R is piperazinyl ring and R® is as previously
described.
In another embodiment of Formula |, wherein X, Y, R', A, R"®, R* and
the other moieties are independently selected, the moiety:
yixd(‘y

XV e
O~ ~CFs

A

the moiety:

R' is unsubstituted aryl, R'? is piperazinyl ring and R® is as previously
described.

In another embodiment of Formula I, wherein X, Y, R, A, R', R and
the other moieties are independently selected, the moiety.

PCT/US2009/064762
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the moiety:

R' is unsubstituted aryl, R* is piperidinyl ring and R* is as previously

described.
in another embodiment of Formula |, wherein X, Y, R', A, R*®, R* and

the other moieties are independently selected, the moiety:

H i

vy
WU s

OwrCF3

LY

the moiety:

R’ is unsubstituted aryl, R™ is piperidiny ring and R* is as previously
described.
in another embodiment of Formula |, wherein X, Y, R', A R"®, R* and
the other moieties are independently selected, the moiety:
@)

Y
O s

PCT/US2009/064762
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the moiety.

5 R'is unsubstituted aryl, R'® is piperidiny! ring and R® is as previousty

described.
in another embodiment of Formula |, wherein X, Y, R' A R R%and

the other moieties are independently selected, the moiety:

Y@\Y

SN

O~ -CF

AL

10 NTO
the moiety:

L

A

A
is

R is unsubstituted aryl, R' is piperidiny! ring and R® is as previously
15  described.
in another embodiment of Formula |, wherein X, Y, R, A, R R* and
e other moieties are independently selected, the moiety.

VY
X

O
A
% N”\“\f’
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one Ais N and the other A’s are G, R' iz ary! substituted as described
previously under Formula 1. R is piperazinyl ring and R? is as previously

described,
in another embodiment of Formula |, wherein X, Y, R' A, R* R*and

5 the other moieties are independently selected, the moiety:

vy,
l?‘l;_/ X t‘ds ;S

CFs
AT
% .
N© Y
one A is N and the other A’s are C, R'is aryl substituted as previously
described under Formuia |, R is piperidinyl ring and R? is as previously

10 described.
in another embodiment of Formula |, wherein X, Y, R' A R"™ R%and

the other moieties are independently selected, the moiety:
o)}
«UXTV s
O

S y

15  the moiety.

£A
T2
\A/\fs <
A
i
\N ‘55;

H

R’ is aryl substituted as described previously under Formula I, R is
piperidinyl ring and R® is as previously described.
20 i another smbodiment of Formula [, wherein X, Y, R', A, R'® R?and
the other moieties are independently selected, the moiety:
(@)

vA v
WUV s
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20

O~ ~CF3
‘z/<\ I
= N ¢

the moiety:

R'is aryl substituted as described previously under Formula 1, R"is
piperidinyl ring and R® is as previously described.
In ancther embodiment of Formula |, wherein X, Y, R', A, R™®, R? and

the other moteties are independently selected, the moiety:

£ 5

vy
=X s

O~
I

the moiety:

LA
oy
A\A//Ii\ﬂ‘é is

R'is aryl substituted as described previously under Formula I, R is
piperazinyl ring and R® is as previously described.
In another embodiment of Formula |, wherein X, Y, R", A, R'®, R* and
the other moileties are independently seiected, the moiety:
/\";@;{\7’5 is
O~ ~CFsq
E/Qz\%’[j\g

the moiety:
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R' is aryl substituted as described previously under Formula |, R"is
piperazinyl ring and R® is as previously described.
5 In another embodiment of Formuia |, wherein X, Y, R' A, R'™ R*and

the other moieties are independently selected, the moiety:
Y@:‘(
WXV s

v
E N/'\‘Jg
the moiety:

LAy
\ig/ p
~ ’?k
10 A is
R is unsubstituted aryl, R' is piperidinyl ring and R® is as previously
described.
In another embodiment of Formuta |, wherein X, Y, R', A, R'®, R* and
15  the other moieties are independently selected, the moiety:
v/

*O“t:}”‘“CFS

s

the moiety:
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E |
R is unsubstituted aryl, R'% is piperidiny! ring and R® is as previously
described.
in another embodiment of Formula |, wherein X, Y, R", A, R", R® and
the other moieties are independently selected, the moiety:

the moiety:

R’ is unsubstituted aryl, R"® is piperazinyl ring and R? is as previously

described.
in another embodiment of Formula |, wherein X, Y, R', A, R"®, R* and

the other moieties are independently selected, the moiety:

Oy

w X s

o 3
¥ \,\,I:::

the moiety:

PCT/US2009/064762
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R’ is unsubstituted aryl, R is piperazinyl ring and R?is as previously

described.
In another embodiment of Formuia |, wherein X, Y, R' A R R%and

the other moieties are independently selected, the moiety:

the moiety:

10 R'is aryl substituted as described previously under Formula 1, R™is
piperidinyl ring with ~C(0)-0-R?, and R® is as previously described.
In another embodiment of Formula |, wherein X, Y, R A, R™ R*and
the other moieties are independently selected, the moiety:

1@}

/\{\ /Y\

15
the moiety.

R' is ary! substituted as described previously under Formula i, R"is
20 piperidinyl ring with -C(O)-O-R?, and R” is as previously described.
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in another embodiment of Formula {, wherein X, Y, R' A R R*and
the other moieties are independently selected, the moiety:

e}

VIN s
.,H’L/\X/“v\rr{j is

o
%—L/<\ Nlﬂ,ﬁv

the moiety.

R’ is aryl substituted as described previously under Formula 1, R* is
piperazinyl ring with ~C(0)-0-R? and R is as previously described.

In another embodiment of Formula |, wherein X, Y, R', A, R, R* and
the other moieties are independently selected, the moiety:

O——CF3
I
N
the moiety:

A~
K s
& \:

! :
{ ]
Pos .
N /A\‘gﬁ‘}

R’ is ary} substituted as described previously under Formuia |, RWis
piperazinyt ring with ~C{O}-O-R*, and R% is as previously described.
In another embodiment of Formula |, wherein X, Y, R', A, R"®. R* and

the other moieties are independently selected, the moiety:
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L
woo
HONT N
the moiety:
T
W is
&
I
L.
5 NJ\E !
R' is unsubstituted aryl, R'® is piperidinyt ring with ~C(0)-0O-R? and R® is as
previously described.
in another embodiment of Formula |, wherein X, Y, R', A, R™®, R* and
the other moieties are independently selected, the moiety:
YI\ /!Y
10 WK
O~ —~CF3
«L/<\ I
“ N r}.p‘
the moiety:
&

15  R'is unsubstituted aryl, R' is piperidinyi ring with ~C{Q}-O-R?, and R%is as
previously described.
in another embodiment of Formula |, wherein X, Y, R', A, R™ R*and
the other moieties are independently selected. the moiety:
B N (N
W X T s
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the moiety:

j\v”A\‘\‘A

I
g \A/)\; is

f\ai/\\‘
*\N/)\ ;
5 R'is unsubstituted aryl, R'® is piperazinyl ring with ~C(O)-O-R?, and R*is as
previously described.
in another embodiment of Formula |, wherein X, Y, R', A, R, R* and
the other moieties are independently selected, the moiety:

i

N
O~ ~CFy
Nl

%N L

10
the moiety:

R'is unsubstituted aryl, R'% is piperaziny! with ~C(0)-O-R? and R"is as
15  previously described.
In another embodiment of Formuta [, wherein X, Y, R", A R"® R* and
the other moieties are independently selected, the moiety:
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one Ais N and the other A's are C, R is unsubstituted aryl, R'® is piperazinyl
ring and R® is as previously described.

in another embodiment of Formula 1, wherein X, Y, R' A, RY™ R*and
the other moieties are independently selected, the moiety:

XK
yi Ay
M.‘L\:/ \x/ \;555 !S

N~ ~CFs

4 g;
one Ais N and the other A’s are C, R' is unsubstituted aryl, R is piperaziny!
ring and R? is as previously described.
In another embodiment of Formula [, wherein X, Y, R, A, R'®, R® and
the other moieties are independently selected, the moiety:

Y@i(

WU s

N
Fal
LR
one A is N and the other A’s are C, R is unsubstituted aryl, R' is piperidinyl
ring and R? is as previously described.
in another embodiment of Formula |, wherein X, Y, R', A, R'®, R* and
the other moieties are independently selected, the moiety:
. Y@!Y
CF
Pl
kY 07N
one A is N and the other A's are C, R' is unsubstituted aryl, R'° is piperidinyl
ring and R® is as previously described.
in another embodiment of Formula I, wherein X, Y, R', A, R™®, R and
the other moieties are independently selected, the moiety:

o
%/ X \.{JJS is

PCT/US2009/064762
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N
M

kY O‘/g\\?rr’
one Ais N and the other A’s are C, R' is aryl substituted as described
previously under Formula |, R is piperazinyl ring and R? is as previously
described.
5 in another embodiment of Formuila |, wherein X, ¥, R', A, R'%, R* and
the other moieties are independently selected, the moiety:

ALY

/{N\E({:?Jg
R o/i\g
one Ais N and the other A's are C, R' is aryl substituted as previously
10 described under Formula 1, R'% is piperazinyl ring and R® is as previously
described.
In another embodiment of Formula I, wherein X, Y, R', A, R"®, R? and
the other moieties are independently selected, the moiety:

)

AN
oY X ;f"ris

/Nh‘-hi
‘7’1/<0J\éﬁ

15
the moiety:

R' is unsubstituted aryt, R*® is piperazinyl ring and R® is as previously
20  described.
In another embodiment of Formula t, wherein X, Y, R', A, R™ R* and
the other moieties are independently selected, the moiety:
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the moiety:

A is
NN

5 s

R is unsubstituted aryl, R'® is piperazinyl ring and R® is as previously

described.

In another embodiment of Formuia I, wherein X, Y, R", A, R"%, R? and

the other moieties are independently selected, the moiety:

10 Y s

the moiety:
S A

7P

|
A
K is

15 R'is unsubstituted aryl, R' is piperidinyl ring and R® is as previously

described.
in another embodiment of Formuia |, wherein X, Y, R, A, R R* and

the other moieties are independently selected. the moiety:

A
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the moiety:

5 R'is unsubstituted aryl, R'® is piperidinyl ring and R? is as previously
described.
In another embodiment of Formula |, wherein X, Y, R?, A, R" R®and

the other moieties are independently selected, the moiety:

ks

/Y\ /Y\\ .
w2 UK Y g

N~.~CFa
i
10 kY O/\\rj,

the maoiety:
jYAQA
AP
¢ is

A

R' is unsubstituted aryl, R is piperidinyl ring and R?® is as previously
15 described.
in another embodiment of Formula |, wherein X, Y, R', A, R™®, R* and
the other moieties are independently selected, the moiety:
“%{/ Y\X/Y\é“’g is

N~ ~CFs
'-é_/</ \B//
o
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the moiety:

R is unsubstituted aryl, R" is piperidiny! ring and R* is as previously
5 described.
in another embodiment of Formula |, wherein X, Y, R', A, R'®, R* and
the other moieties are independently selected, the moiety:

i 1
/Y\ /Y\\ .
WU Y s

N
A
o
10 one Ais N and the other A’s are C, R’ is aryl substituted as described
previously under Formula |, R is piperazinyl ring and R* is as previously
described.
In another embodiment of Formula |, wherein X, Y, R', A, R"®, R? and

the other moieties are independently selected, the moiety:

I 1

Y
15 WX s

CF,
AL

one Ais N and the other A's are C, R' is aryl substituted as previously

1

described under Formula I, R" is piperidinyl ring and R* is as previously
described.

20 in another embodiment of Formula |, wherein X, Y, R", A, R"® R* and
the other moieties are independently selected, the moiety:

/’Y\ /Y\r,; ;
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the moiety:

7
\N
Ty,

R' is aryl substituted as described previously under Formula |, R™is
piperidinyl ring and R® is as previously described.

in another embodiment of Formula |, wherein X, Y, R", A, R, R® and
the other moieties are independently selected, the moiety:

)

/Y\ /Y\\ R
w7 UXTY g

CF,
.y

3

the moiety:
A,

|
A =
A/\«’Ss is

R is aryl substituted as described previously under Formula |, Ris
piperidinyl ring and R? is as previously described.

In another embodiment of Formula {, wherein X, Y, R', A, R'®, R* and
the other moielies are independently selected, the moiety.

the moiety:
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10

15

R' is aryl substituted as described previously under Formula |, R is
piperazinyl ring and R® is as previously described.

{n another embodiment of Formula [, wherein X, Y, R' A R'™ R®and
the cther moieties are independently selected, the moiety:

i i
/ Y\ /Y\ ,
A

N\/C?a‘

oA

the moijety:

R is aryl substituted as described previously under Formula I, R'% is
piperazinyl ring and R® is as previously described.
In another embodiment of Formuia |, wherein X, Y, R", A, R"®, R® and

the other moieties are independently selected, the moiety.

the moiety:
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e\ﬁ

kN’///\\cj

R' is unsubstituted aryl, R*® is piperidinyl ring and R® is as previously
described.

in another embodiment of Formula |, wherein X, Y, R", A, R, R* and

5  the other moieties are independently selected, the moiety:

YAy
WX s
Nw./CFS

Yoo

kY oj\g

i

the moiety:
5
c"‘\‘;,,Aj\\
L
A s
& A~
E
\ e
10 NTY
R'is unsubstituted aryl, R is piperidiny! ring and R® is as previously
described.

In another embodiment of Formula {, wherein X, Y, R", A, R™, R* and
the other moieties are independently selected, the moiety:

o}

N oo
15 w7 OXT g

the moiety:
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R'is unsubstituted aryl, R is piperazinyl ring and R® is as previously
described.
in ancther embodiment of Formula |, wherein X, Y, R, A, R', R* and
the other moieties are independently selected, the moiety:
X=X

U\
N
WX ¥ g

N -CF3
v
EAOIAJ

o

the moiety:

10 R'is unsubstituted aryl, R'? is piperazinyl ring and R? is as previously
described,
In another embodiment of Formula |, wherein X, Y, R', A, R'® R* and

the other moieties are independently selected, the moiety.

vy

15 ;
the moiety:

R' is aryl substituted as described previously under Formula |, R™ s
20  piperidiny! ring with —~C(0)-0-R?, and R® is as previously described.
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in another embodiment of Formula {, wherein X, Y, R, A, R, R* and
the other moieties are independently selected, the moiety:

@)

Yy
=X e

N CF.
1/<! 1
= 0 ‘Jr‘

the moiety:

R'is aryl substituted as described previously under Formula |, Ris
piperidinyl ring with ~C(0)-0O-R?, and R?® is as previously described.

in another embodiment of Formuta |, wherein X, Y, R', A, R, R® and
the other moieties are independently selected, the moiety:

b

b‘?.,_/ \X/Y\H'Sj ;S
N~
&
the moiety:

éé\/AQA

i
§ \A)\v“s is

R'is aryi substituted as described previously under Formula |, R™ is
piperazinyi ring with ~C({0}-0-R® and R" is as previously described.

In another embodiment of Formula |, wherein X, Y, R', A, R™ R® and
the other moieties are independently selected, the moiety:
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the moiety:

;\;i/xﬁ
\N‘.//\\j
R' is aryl substituted as described previously under Formuia |, R"is
piperazinyl ring with ~C({0)-0-R? and R?*is as previously described.
In another embodiment of Formula I, wherein X, Y, R' A R"™ R?and

the other moieties are independently selected, the moiety:

Yy
»LLL/\X \e"J is

N
A,

the moiety:

R' is unsubstituted aryl, R'C is piperidiny! ring with ~C(O)-0O-R® and R” is as
previously described.
in another embodiment of Formula |, wherein X, Y, R, A, R", R* and

the other moieties are independently selected, the moiety:

Y&y
‘?’-{’ \x/ '\\é\r{ is
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the moiety:

5 R'is unsubstituted ary!, R'% is piperidinyl ring with ~C(0)-O-R® and R*is as
previously described.
In another embodiment of Formula |, wherein X, Y, R", A, R'%, R? and

the other moieties are independently selected, the moiety:

%/Y\X/Y\ .
}‘*]\
10 w0 o
the moiety:

R'is unsubstituted aryl, R'? is piperazinyl ring with -C(0)-O-R?, and R*is as
15  previously described.
In another embodiment of Formula {, wherein X, Y, R A, R™ R® and
the other moieties are independently selected, the moiety:
X=X

AT
hz“tq, X r"ﬁ js

NECFs
AL
O é.f'f!
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the moiety:

R' is unsubstituted aryl, R'% is piperaziny! with -C(0)-O-R® and R%is as
5 previously described.
Non-limiting examples of the compounds of Formula | are shown below:

10
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The above-noted compounds exhibited ICsp values less than 3 uM in the
assay described later.
As used above, and throughout this disclosure, the following terms,
unless otherwise indicated, shall be understood to have the following
10 meanings:
“Patient” includes both humans and animais.
‘Mammal” means humans and other mammalian animals.
“Alkyl” means an aliphatic hydrocarbon group which may be straight or
branched and comprising about 1 to about 20 carbon atoms in the chain.
15 Preferred alkyt groups contain about 1 to about 12 carbon atoms in the chain.
More preferred alkyl groups contain about 1 to about 6 carbon atoms in the

chain, Branched means that one or more lower altkyl groups such as methyl,
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ethyl or propyl, are attached to a linear alkyl chain. Lower alkyl means a group
having about 1 to about & carbon atoms in the chain which may be straight or
branched. Alkyl may be unsubstituted or optionaily substituted by one or more
substituents which may be the same or different, each substituent being
independently selected from the group consisting of halo, alkyl, aryl,
cycloalkyl, cyano, pyridine, alkoxy, alkylthio, amino. oxime (e.g., =N-OH),
-NH(alkyD), -NH(cycloalkyl), -N(alkyl), -O-C(O)-alkyl, -O-C(O)-aryl,
-O-C{O)-cycloalkyl, carboxy and ~C(O)O-alkyl. Non-limiting examples of
suitable alkyl groups include methyl, ethyl, n-propyl, isopropy! and t-butyl.

“Alkenyl” means an aliphatic hydrocarbon group containing at least one
carbon-carbon double bond and which may be straight or branched and
comprising about 2 to about 15 carbon atoms in the chain. Preferred alkenyl
groups have about 2 to about 12 carbon atoms in the chain; and more
preferably about 2 to about 8 carbon atoms in the chain. Branched means that
one or more fower alkyl groups such as methyl, ethyl or propyl, are attached
to a linear alkenyl chain. Lower alkenyl means about 2 to about 6 carbon
atoms in the chain which may be straight or branched. Alkenyl may be
unsubstituted or optionally substituted by one or more substituents which may
be the same or different, each substituent being independently selected from
the group consisting of halo, alkyl. aryl, cycloalkyl, cyano, alkoxy and
-S(alkyl). Non-timiting examples of suitable alkeny! groups include ethenyl,
propenyl, n-buteny!, 3-methylbut-2-enyl, n-pentenyl, octenyi and decenyl.

“Alkylene” means a difunctional group obtained by removal of a
hydrogen atom from an alkyl group that is defined above. Non-limiting
examples of aikylene include methylene, ethylene and propylene.

“Alkynyl" means an aliphatic hydrocarbon group containing at least one
carbon-carbon tripte bond and which may be straight or branched and
comprising about 2 to about 15 carbon atoms in the chain. Preferred atkynyl
groups have about 2 to about 12 carbon atoms in the chain: and more
preferably about 2 to about 4 carbon atoms in the chain. Branched means that
one or more lower alkyl groups such as methyl, ethyl or propyl, are attached
to a linear alkynyl chain. Lower alkynyl means about 2 to about 6 carbon
atoms in the chain which may be straight or branched. Non-limiting examples

of suitable alkynyl groups include ethynyl, propynyl, 2-butynyl and 3-
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methytbutynyl. Alkynyl may be unsubstituted or optionally substituted by one
or more substifuents which may be the same or different, each substituent
being independently selected from the group consisting of alkyl, aryl and
cycloalkyl.

“Aryl” means an aromatic monocyclic or multicyclic ring system
comprising about 6 to about 14 carbon atoms, preferably about 6 to about 10
carbon atoms. The aryt group can be optionally substituted with one or more
“ring system substituents” which may be the same or different, and are as
defined herein. Non-limiting examples of suitable aryl groups include phenyl
and naphthyl.

“Heteroaryl” means an aromatic monocyclic or multicyclic ring system
comprising about 5 to about 14 ring atoms, preferably about 5 to about 10 ring
atoms, in which one or more of the ring atoms is an element other than
carpbon, for example nitrogen, oxygen or sulfur, alone or in combination.
Preferred heteroaryls contain about 5 to about 8 ring atoms. The “heteroaryl”
can be optionally substituted by one or more “ring system substituents” which
may be the same or different, and are as defined herein. The prefix aza, oxa
or thia before the heteroary! root name means that at least a nitrogen, oxygen
or sulfur atom respectively, is present as a ring atom. A nitrogen atom of a
heteroaryl can be optionally oxidized to the corresponding N-oxide.
“Heteroaryl” may also include a heteroary! as defined above fused to an aryl
as defined above. Non-limiting examples of suitable heteroaryls include
pyridyl, pyrazinyl, furanyt, thienyl, pyrimidinyl, pyridine (including N-substituted
pyridones), isoxazolyl, isothiazolyl, oxazolyl, thiazoly!, pyrazolyl, furazanyi,
pyrrolyl, pyrazolyl, triazolyl, 1,2 4-thiadiazolyl, pyrazinyl, pyridazinyl,
quinoxalinyl, phthalazinyl, oxindolyl, imidazo[1,2-a]pyridinyl, imidazo[2,1-
blthiazoly!, benzofurazany!, indolyl, azaindolyl, benzimidazolyl, benzothienyl,
quinolinyl, imidazoly!, thienopyridyi, quinazolinyl, thienopyrimidyi,
pyrrofopyridyl, imidazopyridyl, isoguinolinyt, benzoazaindolyl, 1,2 4-triazinyl,
benzothiazolyl and the like. The term “heteroaryl” also refers to partially
saturated heteroary! moieties such as, for example, tetrahydroisoquinolyl,
tetrahydroquinolyl and the like.

“‘Aratkyl” or “arylalkyl” means an aryl-alkyl- group in which the aryl and
alkyi are as previously described. Preferred aralkyls comprise a lower alkyl
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group. Non-timiting examples of suitable aralkyl groups include benzyl, 2-
phenethyl and naphthalenylmethyl. The bond to the parent moiety is through
the alkyl.

“Alkylaryl” means an alkyl-aryl- group in which the alkyl and aryl are as
previously described. Preferred alkylaryls comprise a lower alkyl group. Non-
limiting example of a suitable alkylaryl group is tolyl. The bond to the parent
moiety is through the aryl.

“Cycloatkyl” means a non-aromatic mono- of multicyclic ring system
comprising about 3 to about 10 carbon atoms, preferably about 5 o about 10
carbon atoms. Preferred cycloalky! rings contain about 5 to about 7 ring
atoms. The cycioalkyl can be optionally substituted with one or more "ring
system substituents” which may be the same or different, and are as defined
above. Non-limiting examples of suitable monocyclic cycloalkyls include
cyclopropyl, cyclopentyl, cyclohexyt, cycloheptyl and the like. Non-limiting
examples of suitable multicyclic cycloatkyis include 1-decalinyl, norbornyl, and
the like.

“Cycloalkylalkyl” means a cycloalkyl moiety as defined above linked via
an alkyl moiety (defined above) to a parent core. Non-limiting examples of
suitable cycloalkylalkyls include cyclohexylmethyl, adamantyimethy! and the
like.

“Cycloalkenyl” means a non-aromatic mono or multicyclic ring system
comprising about 3 to about 10 carbon atoms, preferably about 5 to about 10
carbon atoms which contains at least one carbon-carbon double bond.
Preferred cycloalkenyl rings contain about 5 to about 7 ring atoms. The
cycloalkeny! can be optionally substituted with one or more “ring system
substituents” which may be the same or different, and are as defined above.
Non-limiting examples of suitable monocyclic cycloalkenyls include
cyclopentenyl, cyclohexenyt, cyclohepta-1,3-dienyl, and the like. Non-limiting
example of a suitable muiticyclic cycloatkenyl is norbornytenyl.

“Cycioalkenylalkyl” means a cycloalkenyl moiety as defined above
linked via an alkyl moiety (defined above) to a parent core. Non-limiting
examples of suitable cycioalkenylalkyls include cyclopentenyimethyl,
cyclohexenylmethyl and the like.
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“Halogen” or “halo” means flucrine, chlorine, bromine, or iodine.
Preferred are fluorine, chlorine and bromine.

“Ring system substituent’ means a substituent attached to an aromatic
or non-aromatic ring system which, for example, replaces an available
hydrogen on the ring system. Ring system substituents may be the same Or
different, each being independently selected from the group consisting of
alkyl, alkenyl, atkynyt, aryl, hetercaryl, aralkyt, alkylaryl, heteroaralkyl,
heteroarylalkenyl, heteroarylalkynyl, alkylheteroary, hydroxyalkyl, alkoxy,
aryloxy, aralkoxy, acyl, aroyl, halo, nitro, cyano, carboxy, alkoxycarbonyl,
aryloxycarbonyl, aralkoxycarbonyl, alkylsulfonyl, arylsulfonyl,
heteroarylsulfonyl, alkylthio, arylthio, heteroarylthio, aralkyithio,
heteroaralkylithio, cycloalkyl, heterocyclyl, methylenedioxy, -O-C(O)-alkyl,
-O-C{O)-aryl, -O-C(O)-cycloalkyl, -C(=N-CN)-NHa, -C(=NH}-NHa,
-C(=NH)-NH(alkyl), oxime (e.g., =N-OH), Y1Y2N-, Y;Y2N-alkyl-, Y1Y2NG(O)-,
Y. Y2NSO,- and -SO2NY (Y2, wherein Y, and Yz can be the same or different
and are independently selected from the group consisting of hydrogen, alkyl,
aryl, cycloalkyl, and aralkyl. “Ring system substituent’” may also mean a single
moiety which simultaneously replaces two available hydrogens on two
adjacent carbon atoms (one H on each carbon) on a ring system. Examples of
such moiety are methylene dioxy, ethylenedioxy, -C(CHg)z- and the like which

form moieties such as, for example:

/—0
@ [030 and .b

“Heteroarylalky” means a heteroaryi moiety as defined above linked
via an alkyl moiety (defined above) to a parent core. Non-limiting examples of
suitable heteroaryls include 2-pyridinylmethyt, quinolinyimethyl and the like.

“Heterocyclyl” means a non-aromatic saturated monocyclic or
multicyclic (e.g. bicyclic) ting system comprising about 3 to about 10 ring
atoms, preferably about 5 to about 10 ring atoms, in which one or more of the
atorns in the ring system is an element other than carbon, for example
nitrogen, oxygen or sulfur, alone or in combination. There are no adjacent
oxygen and/or sulfur atoms present in the ring system. Preferred heterocyclyls
~ontain about 5 to about 8 ring atoms. The prefix aza, oxa or thia before the
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heterocyciyl root name means that at least a nitrogen, oxygen or sulfur atom
respectively is present as a ring atom. Any ~-NH in a heterocyclyl ring may
exist protected such as, for example, as an -N(Boc), -N(CBz), -N{Tos) group
and the like: such protections are also considered part of this invention. The
heterocyclyl can pe optionally substituted by one or more ‘ring system
substituents” which may be the same or different, and are as defined herein.
The nitrogen or sulfur atom of the heteracyclyl can be optionally oxidized to
the corresponding N-oxide, S-oxide or S,S-dioxide. Non-limiting examples of
suitable monocyclic heterccyclyl rings include piperidyl, pyrrolidiny,
piperazinyl, diazepinyl, morpholinyl, thiomorpholinyl, thiazolidinyl, 1,4-
dioxanyl, tetrahydrofuranyl, tetrahydrothiophenyl, lactam, lactone, and the like.
“Heterocyclyl” may also mean a single moiety (e.g., carbonyl) which
simultaneously replaces two available hydrogens on the same carbon atom

on a ring system. Example of such moiety is pyrrofidone:

H
N

o .

“Heterocyclylalkyl” means a heterocyclyl moiety as defined above
linked via an alkyl moiety (defined above) to a parent core. Non-limiting
exampies of suitable heterocyclylalkyls include piperidinyimethyl,
piperazinyimethyl and the like.

“Heterocyclenyl” means a non-aromatic monocyclic or multicyclic ring
system comprising about 3 to about 10 ring atoms, preferably about 5 to
about 10 ring atoms, in which one or more of the atoms in the ring system is
an element other than carbon, for example nitrogen, oxygen or sulfur atom,
alone or in combination, and which contains at least one carbon-carbon
doubie bond or carbon-nitrogen double bond. There are no adjacent oxygen
and/or suifur atoms present in the ring system. Preferred heterocyclenyt rings
contain about 5 to about 6 ring atoms. The prefix aza, oxa or thia before the
heterocyclenyl root name means that at least a nitrogen, oxygen or sulfur
atom respectively is present as a ring atom. The heterocyclenyl can be
optionally substituted by one or more ring system substituents, wherein “ring
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system substituent” is as defined above. The nitrogen or sulfur atom of the
heterocyclenyl can be optionally oxidized to the corresponding N-oxide, S-
oxide or 8,5-dioxide. Non-limiting examples of suitable heterocyclenyl groups
inciude 1,2,3,4- tetrahydropyridinyl, 1,2-dihydropyridinyl, 1,4-dihydropyridiny,
1,2.3 6-tetrahydropyridinyl, 1,4,5,8-tefrahydropyrimidinyl, 2-pyrrofinyl, 3-
pyrrolinyl, 2-imidazolinyl, 2-pyrazolinyl, dihydroimidazolyl, dihydrooxazolyl,
dihydrooxadiazoly!, dihydrothiazolyl, 3,4-dihydro-2H-pyranyl, dinydrofuranyl,
fluorodihydrofuranyl, 7-oxabicyclo{2.2.1}heptenyl, dihydrothiophenyl,
dihydrothicpyranyl, and the like. “Heterocyclenyl” may alsc mean a single
moiety (e.g., carbonyl) which simultaneously replaces two availabie
hydrogens on the same carbon atom on a ring system. Example of such

moiety is pyrrolidinone:

2T

0 .
“Heterocyclenylaikyl” means a heterocyclenyl moiety as defined above
finked via an aikyl moiety (defined above) to a parent core.
it should be noted that in heteroatom containing ring systems of this
invention, there are no hydroxyl groups on carbon atoms adjacenttoa N, O or
S, as well as there are no N or S groups on carbon adjacent to anather
heteroatom. Thus, for example, in the ring:

4
5 ' ;
N
H
there is no -OH attached directly to carbons marked 2 and &.

[

it should also be noted that tautomeric forms such as, for example, the

moieties:
®
! N
o 7
H and N" “oH

are considered equivalent in certain embodiments of this invention.
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“Alkynylalkyl” means an alkynyl-alkyl- group in which the alkynyl and
alky! are as previously described. Preferred alkynylalkyls contain a lower
alkyny! and a lower alkyl group. The bond to the parent moiety is through the
alkyl. Non-Jimiting examples of suitable alkynylatky! groups include
propargyimethyi.

“Meteroaralky!” means a heteroaryl-alkyl- group in which the hetercaryl
and alkyl are as previously described. Preferred hetercaralkyls contain a
lower atky! group. Non-limiting examples of suitable aralkyl groups inciude
pyridylimethy!, and quinolin-3-yimethyl. The bond to the parent moiety is
through the alkyl.

“Hydroxyalkyl” means a HO-alkyl- group in which alkyl is as previously
defined. Preferred hydroxyalkyls contain lower alkyl. Non-limiting examples of
suitable hydroxyalky! groups include hydroxymethy! and 2-hydroxyethyl.

“Acyl” means an H-C(O)-, alkyl-C(O)- or cycloalkyl-C(O)-. group in
which the various groups are as previously described. The bond to the parent
moiety is through the carbonyl. Preferred acyls contain a lower alkyl. Non-
limiting examples of suitable acy! groups include formyi, acetyl and propanoyl.

“Aroyl” means an aryl-C{QO)- group in which the aryl group is as
previously described. The bond to the parent moiety is through the carbonyl.
Non-limiting examples of suitable groups include benzoyl and 1- naphthoyl.

“Alkoxy” means an alkyl-O- group in which the alkyi group is as
previously described. Non-limiting examples of suitable alkoxy groups include
methoxy, ethoxy, n-propoxy, isopropoxy and n-butoxy. The bond to the parent
moiety is through the ether oxygen.

“Alkoxyalkyl- means an alkyl-O-alkyl- group in which the alkyl group i5
as previously described. Non-limiting examples of suitable alkoxyalkyl groups
include methoxymethyl, ethoxymethyl, n-propoxyethyl, isopropoxyethyl and n-
butoxymethyl. The bond to the parent moiety is through the alkyl-.

“Aryloxy” means an aryl-O- group in which the aryl group is as
previously described. Non-limiting examples of suitable aryloxy groups include
phenoxy and naphthoxy. The bond to the parent moiety is through the ether
oxygen.

“Aryloxyalkyl-* means an aryl-O-alkyl- group in which the aryl and aryl
groups are as previously described. Non-limiting examples of suitable
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aryloxyalkyt groups include phenoxymethy! and naphthoxyethyl. The bond to
the parent moiety is through the alkyl.

“Aralkyloxy” means an aralkyl-O- group in which the aralky! group is as
previously described. Non-limiting examples of suitabie aralkyloxy groups
include benzyloxy and 1- or 2-naphthalenemethoxy. The bond {o the parent
moiety is through the ether oxygen.

“Alkylthic” means an alkyl-S- group in which the alkyl group is as
previously described. Non-limiting examples of suitable atkylthio groups
include methylthio and ethyithio. The bond to the parent moiety is through the
sulfur.

“Alkylthioalkyl-* means an alkyl-S-alkyl- group in which the alkyl group
is as previously described. Non-limiting examples of suitable alkylthioalkyl
groups include methylthicethyl and ethylthiomethyl. The bond to the parent
moiety is through the alkyi.

“Arylthio” means an aryl-S- group in which the aryt group is as
previously described. Non-limiting examples of suitable arylthio groups
include phenyithio and naphthylthio. The bond to the parent moiety is through
the sulfur.

“Aryithioalkyl-“ means an aryl-S-alkyl- group in which the aryi group is
as previously described. Non-limiting examples of suitable aryithioalky! groups
include phenylthicethyl and phenylthiomethyl. The bond to the parent moiety
is through the alkyl.

“Aralkylthio” means an aralkyl-S- group in which the araiky! group is as
previously described. Non-limiting example of a suitable aralkyithio group is
benzylthio. The bond to the parent moiety is through the sulfur.

“Alkoxycarbony” means an alkyl-O-CO- group. Non-limiting examples
of suitable alkoxycarbony! groups include methoxycarbonyi and
ethoxycarbonyl. The bond to the parent moiety is through the carbonyl.

“Aryloxycarbonyl” means an aryl-O-C{C})- group. Non-limiting examples
of suitable aryloxycarbonyt groups inciude phencxycarbonyl and
naphthoxycarbonyl. The bond to the parent moiety is through the carbonyl.

“Aralkoxycarbonyl” means an aralkyi-O-C(O)- group. Non-limiting
example of a suitable aralkoxycarbony! group is benzyloxycarbenyl, The bond

to the parent moiety is through the carbonyl.
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“Alkylsulfonyl” means an alkyl-S(Q,)- group. Preferred groups are those
in which the alky! group is lower alkyl. The bond o the parent moiety is
through the suifonyl.

“Arylsulfonyl” means an aryl-8(Oz)- group. The bond to the parent
moiety is through the sulfonyl.

The term “substituted” means that one or more hydrogens on the
designated atom is replaced with a selection from the indicated group,
provided that the designated atom’s normal valency under the existing
circumstances is not exceeded, and that the substitution resuits in a stable
compound. Combinations of substituents and/or variabies are permissible
only if such combinations result in stable compounds. By “stable compound”
or “stable structure” is meant a compound that is sufficiently robust to survive
isolation to a useful degree of purity from a reaction mixture, and fermulation
into an efficacious therapeutic agent.

The term “optionally substituted” means optional substitution with the
specified groups, radicals or moieties.

The term “purified’, “in purified form” or "in isolated and purified form”
for a compound refers to the physical state of said compound after being
isolated from a synthetic process (e.g. from a reaction mixture), or natural
source or combination thereof. Thus, the term “purified”, “in purified form™ or
“in isolated and purified form” for a compound refers to the physical state of
said compound after being obtained from a purification process or processes
described herein or well known to the skilled artisan (e.g., chromatography,
recrystaliization and the like), in sufficient purity to be characterizable by
standard analytical techniques described herein or well known 10 the skilled
artisan.

it should also be noted that any carbon as well as heteroatom with
unsatisfied valences in the text, schemes, examples and tables herein is
assumed to have the sufficient number of hydrogen atom(s) to satisfy the
vaiences.

When a functional group in a compound is termed “protected”, this
means that the group is in modified form to preciude undesired side reactions
at the protected site when the compound is subjected to a reaction. Suitable
protecting groups will be recognized by those with ordinary skiil in the art as
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weli as by reference to standard textbooks such as, for example, T. W.
Greene et al, Protective Groups in organic Synthesis (1891}, Wiley, New
York.

When any variable {e.g., aryl. heterocycle, R?, etc.) occurs more than
one time in any constituent or in Formula | its definition on each occurrence is
independent of its definition at every other occurrence.

As used herein, the term “composition” s intended fo encompass a
product comprising the specified ingredients in the specified amounts, as well
as any product which resutts, directly or indirectly, from combination of the
specified ingredients in the specified amounts.

Prodrugs and soivates of the compounds of the invention are also
contemplated herein. A discussion of prodrugs is provided in T. Higuchi and
V. Stella, Pro-drugs as Novel Delivery Systems (1987) 14 of the AC.S.
Symposium Series, and in Bioreversible Carriers in Drug Design, {1987}
Edward B. Roche, ed., American Pharmaceutical Association and Pergamon
Press. The term “prodrug” means a compound (e.g, 8 drug precursor) that is
transformed in vivo to yieid a compound of Formula | or a pharmaceutically
acceptable salt, hydrate or solvate of the compound. The transformation may
occur by various mechanisms {(e.9., by metabolic or chemical processes),
such as, for example, through hydrolysis in blood. A discussion of the use of
prodrugs is provided by T. Higuchi and W. Stella, “Pro-drugs as Novel
Delivery Systems,” Vol. 14 of the A.C.S. Symposium Series, and in
Bioreversible Carriers in Drug Design, ed. Edward B. Roche, American
Pharmaceutical Association and Pergamon Press, 1987.

For example, if a compound of Formula | or a pharmaceutically
acceptable salt, hydrate or solvate of the compound contains a carboxyiic acid
functional group, a prodrug can comprise an ester formed by the replacement
of the hydrogen atom of the acid group with a group such as, for example,
{C1~Cgjalkyi, (Co-Cyz)atkanoyloxymethyi, 1-(alkanoyloxy)ethyl having from 4 (o
g carbon atoms, 1-methyi-1-(alkanoyloxy)-ethyl having from 5 10 10 carbon
atoms, alkoxycarbonyloxymethyl having from 3 to & carbon atoms, 1-
(alkoxycarbonyloxy)ethyl having from 4 to 7 carbon atoms, 1-methyl-1-
(alkoxycarbonyloxy)ethy! having from 5 to 8 carbon atoms, N-

(alkoxycarbonyharminomethy! having from 3 to § carbon atoms, 1-(N-
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(alkoxycarbonylyamino)ethyl having from 4 to 10 carbon atoms, 3-phthaliayl,
4-crotonolactonyl, gamma-butyrolacton-4-yl, di-N,N-(C-Cpjalkylamino(Ce-
Csyialkyl (such as B-dimethylaminoethyl), carbamoyl-(C+-Cz)alkyl, N,N-di (C+-
Cg)aikyfca{bamoyr-(mncz)aikyi and piperidino-, pyrrolidino- or morpholino{Cz-
Cayalkyl, and the like.

Similarly, if a compound of Formula | contains an alcohot functional
group, a prodrug can be formed by the replacement of the hydrogen atom of
the alcohol group with a group such as, for example, (Cs-
Cs)alkanoyloxymethyl, 1-{{C4-Cg)alkanoyloxy)ethyl, 1-methyl-1-((C-
Ce)alkanoyloxy)ethyl, (C1-Ce)alkoxycarbonyloxymethyl, N-{(C1-
Ce)alkoxycarbonylaminomethyt, succinoyl, (C+-Ce)alkanoyl, a-amino(Cs-
Cs)alkanyl, arylacyl and @-aminoacyl, or «-aminoacyl-a-aminoacyl, where each
a-aminoacy! group is independently selected from the naturally oceurring L-
amino acids, P(O)(OH)z, -P(O){O(C1-Ce)alkyl)z or glycosyl (the radical
resulting from the removal of a hydroxyl group of the hemiacetal form of a
carbohydrate), and the like.

If a compound of Formula | incorporates an amine functional group, a
prodrug can be formed by the replacement of a hydrogen atom in the amine
group with a group such as, for example, R-carbonyl, RO-carbonyl, NRR'-
carbonyl where R and R’ are each independently (C1-Crojalkyl, (Cs-C7)
cyctoalkyl, benzyl, or R-carbonyl is a natural a-aminoacy! or naturat a-
aminoacyl, mC(OH)C(O)OY* wherein Y' is H, (C+-Cg)alkyl or benzyl, —
C(OY2)Y? wherein Y2 is (C1-Ca) alkyl and Y* is (C+-Ce)alkyl, carboxy (C+-
Ce)alkyl, amino(C+-Cyalkyl or mono-N-—or di-N,N-(Cy-Cg)alkylaminoalkyl, —
C(Y4Y® wherein Y* is H or methyl and Y? is mono-N— or di-N,N~{C1-
Cs)alkylamine morpholino, piperidin-1-yl or pyrrolidin-1-yl, and the like.

One or more compounds of the invention may exist in unsolvated as
well as solvated forms with pharmaceutically acceptable solvents such as
water, ethanol, and the like, and it is intended that the invention embrace both
solvated and unsolvated forms, “Solvate” means a physical association ofa
compound of this invention with one or more solvent molecules. This physical
association involves varying degrees of ionic and covalent bonding, inciuding

hydrogen bonding. in certain instances the solvate will be capabie of isolation,
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for example when one or more solvent molecules are incorporated in the
crystal lattice of the crystalline solid. “Solvate” encompasses both solution-
phase and isoiatable solvates. Non-limiting examples of suitable scivates
include ethanolates, methanolates, and the like. “Hydrate” is a solvate
wherein the solvent molecule is H,0.

One or more compounds of the invention may optionally be converted
to a solvate. Preparation of solvates is generally known. Thus, for example,
M. Caira et al, J. Pharmacsutical Sci., (2004) 93(3), pp. 601-811 describe the
preparation of the solvates of the antifungal fluccnazole in ethyl acetate as
well as from water. Similar preparations of solvates, hemisolvate, hydrates
and the like are described by E. C. van Tonder et al, AAPS PharmSciTech.,
(2004) 5(1), article 12; and A. L. Bingham et al, Chem. Commun., (2001) pp.
603-604. A typical, non-limiting, process involves dissolving the inventive
compound in desired amounts of the desired solvent (organic or water or
mixtures thereof) at a higher than ambient temperature, and cooling the
solution at a rate sufficient to form crystals which are then isolated by
standard methods. Analytical techniques such as, for example |. R.
spectroscopy, show the presence of the solvent (or water} in the crystals as a
solvate {or hydrate).

The term “effective” or ‘therapeutically effective” is used herein, uniess
otherwise indicated, to describe an amount of a compound or composition
which, in context, is used to produce or effect an intended result or therapeutic
effect as understood in the common knowledge of those skilled in the art.

The compounds of Formula | can form salts which are also within the
scope of this invention. Reference to a compound of Formula | herein is
understood to include reference to salts thereof, unless otherwise indicated.
The term “sali(s)”, as employed herein, denotes acidic saits formed with
inorganic and/or organic acids, as well as basic salts formed with inorganic
and/or organic bases. in addition, when a compound of Formula | contains
both a basic moiety, such as, but not limited to a pyridine or imidazole, and an
acidic molety, such as, but not limited to a carboxylic acid, zwitterions {"inner
salts”) may be formed and are inciuded within the term “salt(s)" as used
herein. Pharmaceutically acceptable {i.e., non-toxic. physiologically
acceptable’ salts are preferred, although other saits are aiso useful. Salts of
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the compounds of the Formula | may be formed, for example, by reacting a
compound of Formuia | with an amount of acid or base, such as an equivalent
amount, in a medium such as one in which the salt precipitates or in an
aqueous medium followed by Iyophiiization.

Exemplary acid addition salts include acetates, ascorbates, benzoates,
benzenasulfonates, bisulfates, borates, butyrates, citrates, camphorates,
camphorsulfonates, fumarates, hydrochiorides, hydrobromides, hydroiodides,
lactates, maleates, methanesulfonates, naphthalenesulfonates, nitrates,
oxalates, phosphates, propionates, salicylates, succinates, sulfates,
tartarates, thiocyanates, toluenesuifonates (also known as tosylates,) and the
like. Additionally, acids which are generally considered suitable for the
formation of pharmaceutically useful salts from basic pharmaceuticai
compounds are discussed, for example, by P. Staht et al, Camille G. (eds.)
Handbook of Pharmaceutical Salts. Properties, Sefection and Use. (2002)
Zurich: Wiley-VCH; S. Berge ef al, Journal of Pharmaceutical Sciences (1977)
66(1) pp. 1-19; P. Gould, International J. of Pharmaceutics (1986) (2001) 33
pp. 201-217; Anderson et al, The Practice of Medicinal Chemistry (1 996},
Academic Press, New York; and in The Orange Book (Food & Drug
Administration, Washington, D.C. on their website). These disclosures are
incorporated herein by reference thereto.

Exemplary basic saits include ammonium salts, alkali metal salts such
as sodium, lithium, and potassium salts, alkaline earth metai salts such as
calcium and magnesium salts, salts with organic bases (for example, organic
amines) such as dicyclohexylamines, t-butyl amines, and salts with amino
acids such as arginine, lysine and the like. Basic nitrogen-containing groups
may be quarternized with agents such as lower alky! halides (e.g. methyl,
ethyl, and buty! chlorides, bromides and iodides), dialkyl suifates (e.g.
dimethyl, diethyl, and dibutyl sulfates), long chain halides (e.g. decyl, lauryl,
and stearyi chiorides, bromides and iodides), aralkyl halides (e.g. benzyl and
phenethyl bromides), and others.

All stich acid salts and base salts are intended to be pharmaceutically
acceptable salts within the scope of the invention and all acid and base salts
are considered equivalent to the free forms of the corresponding compounds

for purposes of the invention.
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Pharmaceutically acceptable esters of the present compounds inciude
the following groups: {1) carboxylic acid esters obtained by esterification of
the groups, in which the non-carbonyl moiety of the carboxylic acid portion of
the ester grouping is selected from straight or branched chain alkyt (for
example, acetyl, n-propyl, t-butyl, or n-butyl}, alkoxyalky! {for exampie,
methoxymethyl), aralkyl (for example, benzyl), aryloxyalkyl (for example,
phenoxymethyl), aryl (for example, phenyl optionally substituted with, for
example, halogen, Ci4alkyl, or Ciaalkoxy or amino); (2} sulfonate esters,
such as alkyi- or aralkylsulfony! (for example, methanesulfonyl); (3) amino
acid esters (for example, L-valy! or L-isoleucyl); (4) phosphonate esters and
{(5) mono-, di- or triphosphate esters. The phosphate esters may be further
esterified by, for exampie, a C..zp aicohol or reactive derivative thereof, or by a
2,3-di {Ce-24)acyl! glycerol.

Compounds of Formuia |, and salts, soivates, esters and prodrugs
thereof, may exist in their tautomeric form (for example, as an amide or imino
ether). All such tautomeric forms are contemplated herein as part of the
present invention,

The compounds of Formula | may contain asymmetric or chiral centers,
and, therefore, exist in different sterecisomeric forms. Ut is intended that all
stereoisomeric forms of the compounds of Formula | as well as mixtures
thereof, including racemic mixtures, form part of the present invention. In
addition, the present invention embraces all geometric and positional isomers.
For example, if a compound of Formula | incorporates a double bond or a
fused ring, both the cis- and trans-forms, as well as mixtures, are embraced
within the scope of the invention.

Diastereomeric mixtures can be separated into their individual
diastereomers on the basis of their physical chemical differences by methods
well known to those skilled in the art, such as, for example, by
chromatography and/or fractional crystallization. Enantiomers can be
separated by converting the enantiomeric mixture into a diastereomeric
mixture by reaction with an appropriate optically active compound (e.g., chiral
auxiliary such as a chiral alcohol or Mosher’s acid chioride), separating the
diastereomers and converting (e.g.. hydrolyzing) the individual diastereomers
to the corresponding pure enantiomers. Also. some of the compounds of
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Formuta | may be atropisomers (e.g., substituted biaryls) and are considered
as part of this invention. Enantiomers can also be separated by use of chiral
HPLC column.

it is also possible that the compounds of Formula | may exist in
different tautomeric forms, and all such forms are embraced within the scope
of the invention. Also, for example, all keto-enol and imine-enamine forms of
the compounds are included in the invention.

All stereoisomers {for example, geometric isomers, optical isomers and
the like) of the present compounds (including those of the salts, solvates,
esters and prodrugs of the compounds as well as the salts, solvates and
esters of the prodrugs), such as those which may exist due to asymmetric
carbons on various substituents, including enantiomeric forms {which may
exist even in the absence of asymmeltric carbons), rotameric forms,
atropisomers, and diastereomeric forms, are contemnplated within the scope of
this invention, as are positional isomers (such as, for example, 4-pyridyl and
3-pyridyl). (For example, if a compound of Formula | incorporates a double
bond or a fused ring, both the cis- and trans-forms, as well as mixtures, are
embraced within the scope of the invention. Also, for example, all keto-enol
and imine-enamine forms of the compounds are included in the invention.)
individual stereoisomers of the compounds of the invention may, for example,
be substantially free of other isomers, or may be admixed, for example, as
racemates or with all other, or other selected, stereoisomers. The chirai
centers of the present invention can have the S or R configuration as defined
by the IUPAC 1974 Recommendations. The use of the terms “salt’, “solvate”,
“ester”, “prodrug” and the like, is intended to equally apply to the salt, solvate,
ester and prodrug of enantiomers, sterecisomers, rotamers, tautomers,
positional isomers, racemates or prodrugs of the inventive compounds.

The present invention further includes the compounds of the invention
in their isolated forms.

The present invention also embraces isotopically-labelled compounds
of the present invention which are identical to those recited herein, but for the
fact that one or more atoms are replaced by an atom having an atomic mass
or mass number different from the atomic mass or mass number usually

found in nature. Examples of isctopes that can be incorporated into
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compounds of the invention include isotopes of hydrogen, carbon, nitrogen,
oxygen, phosphorus, fluorine and chioring, such as 24 %H, 8c, "C, N, 0,
0, ¥p, 2p, 38, "°F, and *°Cl, respectively.

Certain isotopically-labelled compounds of Formula | (e.g., those
labeled with °H and "C) are useful in compound and/for subsirate tissue
distribution assays. Tritiated (i.e., °H) and carbon-14 (i.e., "*C) isotopes are
particularty preferred for their ease of preparation and detectability. Further,
substitution with heavier isotopes such as deuterium (ie., 2H) may afford
certain therapeutic advantages resulting from greater metabolic stability {e.g.,
increased in vivo half-life or reduced dosage requirements) and hence may be
preferred in some circumstances. Isotopically labelled compounds of Formula
| can generally be prepared by following procedures analogous to those
disclosed in the Schemes and/or in the Examples hereinbelow, by substituting
an appropriate isotopically labelled reagent for a non-isotopically labelled
reagent.

Polymorphic forms of the compounds of Formula |, and of the salts,
solvates, esters and prodrugs of the compounds of Formula |, are intended to
be included in the present invention.

The compounds according to the invention have pharmacological
properties. The compounds of Formula | are inhibitors of DGAT, particularly
DGAT1, and can be useful for the therapeutic and/or prophylactic treatment of
diseases that are modulated by DGAT, particularly by DGAT1, such as, for
example, metabolic syndrome, diabetes (e.g., Type 2 diabetes meliitus),
obesity and the like.

The invention also inciudes methods of treating diseases that are
modulated by DGAT, particularty by DGAT1.

The invention also includes methods of treating metabolic syndrome,
diabetes (e.g., Type 2 diabetes mellitus), and obesity in a patient by
administering at least one compaound of Formula | to said patient.

Diabetes refers to a disease process derived from muitiple causative
factors and is characterized by elevated levels of plasma glucose, or
hyperglycemia in the fasting state or after administration of glucose during an
oral glucose tolerance test. Persistent or uncontrolled hyperglycemia is
associated with increased and premature morbidity and mortality. Abnormal
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glucose homeostasis is associated with alterations of the lipid, lipoprotein and
apolipoprotein metabolism and other metabolic and hemodynamic disease.
As such, the diabetic patient is at especially increased risk of macrovascular
and microvascular complications, including coronary heart disease, stroke,
peripheral vascutar disease, hypertension, nephropathy, neurcpathy, and
retinopathy. Accordingly, therapeutic control of glucose homeostasis, lipid
metabolism and hypertension are critically important in the clinical
management and treatment of diabetes mellitus.

There are two generally recognized forms of diabetes. in Type 1
diabetes, or insulin-dependent diabetes mellitus (IDDM), patients produce
littie or no insulin, the hormone which regulates glucose utilization. In Type 2
diabetes. or noninsulin dependent diabetes mellitus (NIDDM), patients often
have plasma insulin levels that are the same or even elevated compared {o
nondiabetic subjects; however, these patients have developed a resistance o
the insulin stimulating effect on glucose and lipid metabolism in the main
insulin-sensitive tissue (muscle, liver and adipose tissue), and the plasma
insulin levels, while elevated, are insufficient to overcome the pronounced
insulin resistance.

Insulin resistance is not associated with a diminished number of
insulin receptors but rather to a post-insulin receptor binding defect that is not
well understood. This resistance to insulin responsiveness results in
insufficient insulin activation of glucose uptake, oxidation and storage in
muscle, and inadequate insulin repression of lipolysis in adipose tissue and of
glucose production and secretion in the fiver.

The available treatments for Type 2 diabetes, which have not changed
substantially in many years, have recognized limitations. While physical
exercise and reductions in dietary intake of calories will dramatically improve
the diabetic condition, compliance with this treatment is very poor because of
well-entrenched sedentary lifestyles and excess food consumption, especially
of foods containing high amounts of saturated fat. increasing the plasma level
of insulin by administration of sulfonylureas (e.g. tolbutamide and glipizide) or
meglitinide, which stimuiate the pancreatic [beta]-cells to secrete more insulin,
and/or by injection of insulin when sulfonylureas or meglitinide become
ineffective, can result in insulin concentrations high enough to stimufate the
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very insulin-resistant tissues. However, dangerously low levels of plasma
glucose can result from administration of insulin or insulin secretagogues
(sulfonyiureas or meglitinide), and an increased level of insulin resistance due
to the even higher plasma insulin levels can occur. The biguanides are a
class of agents that can increase insulin sensitivity and bring about some
degree of correction of hyperglycemia. However, the biguanides can induce
lactic acidosis and nausea/diarrhea.

The glitazones (i.e. 5-benzyithiazolidine-2,4-diones) are a separate
class of compounds with potential for the treatment of Type 2 diabetes.
These agents increase insulin sensitivity in muscle, liver and adipose tissue in
several animal models of Type 2 diabetes, resulting in partial or complete
correction of the elevated plasma levels of glucose without occurrence of
hypoglycemia. The glitazones that are currently marketed are agonists of the
peroxisome proliferator activated receptor (PPAR), primarily the PPAR-
gamma subtype. PPAR-gamma agonism is generally believed to be
responsible for the improved insulin sensititization that is observed with the
glitazones. Newer PPAR agonists that are being tested for treatment of Type
2 diabetes are agonists of the alpha, gamma or delta subtype, or a
combination of these, and in many cases are chemically different from the
glitazones (i.e., they are not thiazolidinediones). Serious side effects (e.q.
liver toxicity) have been noted in some patients treated with glitazone drugs,
such as troglitazone.

Additional methods of treating the disease are currently under
investigation. New biochemical approaches include treatment with alpha-
glucosidase inhibitors (e.g. acarbose) and protein tyrosine phosphatase-1B
{PTP-1B) inhibitors.

Compounds that are inhibitors of the dipeptidyl peptidase-IV (DPP-IV)
enzyme are also under investigation as drugs that may be useful in the
treatment of diabetes, and particularly Type 2 diabetes.

The invention includes compositions, e.g., pharmaceutical
compositions, comprising at least one compound of Formula 1. For preparing
pharmaceutical compositions from the compounds described by this
invention, inert, pharmaceutically acceptable carriers can be either solid or
liquid. Solid form preparations include powders, tablels, dispersible granules,
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capsules, cachets and suppositories. The powders and tablets may be
comprised of from about 5 to about 95 percent active ingredient. Suitabie
solid carriers are known in the art, e.g., magnesium carbonate, magnesium
stearate, talc, sugar or lactose. Tablets, powders, cachets and capsuies can
be used as solid dosage forms suitable for oral administration. Other carriers
include Poloxamer, Povidone K17, Povidone K12, Tween 80, ethanol,
Cremophorfethanol, polyethylene glycol (PEG) 400, propylene glycol,
Trappsol, alpha-cyclodextrin or analogs thereof, beta-cyclodextrin or analogs
thereof, or gamma-cyclodextrin or analogs thereof. Examples of
pharmaceutically acceptable carriers and methods of manufacture for various
compositions may be found in A. Gennaro (ed.), Remington’s Pharmaceutical
Sciences, 18" Edition, (1990), Mack Publishing Co., Easton, Pennsylvania.

The therapeutic agents of the present invention are preferably
formulated in pharmaceutical compositions and then, in accordance with the
methods of the invention, administered to a subject, such as a human subject,
in a variety of forms adapted to the chosen route of administration. For
example, the therapeutic agents may be formulated for intravenous
administration. The formulations may, however, include those suitable for orai,
rectal, vaginal, topical, nasal, ophthalmic, or other parenteral administration
(including subcutaneous, intramuscular, intrathecal, intraperitoneal and
intratumoral, in addition to intravenous) administration.

Formulations suitable for parenteral administration conveniently include
a sterile aqueous preparation of the active agent, or dispersions of sterile
powders of the active agent, which are preferably isotonic with the blood of
the recipient. Parenteral administration of the therapeutic agents (e.g.,
through an 1.V, drip) is an additional form of administration. Isotonic agents
that can be included in the liquid preparation include sugars, buffers, and
sodium chloride. Solutions of the active agents can be prepared in water,
optionally mixed with a nontoxic surfactant. Dispersions of the active agent
can be prepared in water, ethanol, a polyol (such as glycerol, propylene
glyco!, liquid polyethylene glycols, and the like), vegetable oils, glycerol
esters, and mixtures thereof. The ultimate dosage form is sterile, fluid, and
stable under the conditions of manufacture and storage. The necessary
fluidity can be achieved, for example, by using liposomes, by employing the
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appropriate particle size in the case of dispersions, or by using surfactants.
Sterilization of a liquid preparation can be achieved by any convenient method
that preserves the bicactivity of the active agent, preferably by filter
sterilization. Preferred methods for preparing powders include vacuum drying
and freeze drying of the sterile injectible solutions. Subsequent microbial
contamination can be prevented using various antimicrobial agents, for
exampie, antibacterial, antiviral and antifungal agents including parabens,
chlorobutanoi, phenol, sorbic acid, thimerosal, and the tike. Absorption of the
active agents over a prolonged period can be achieved by including agents for
delaying, for example, aluminum monostearate and gelatin.

Formulations of the present invention suitabie for oral administration
may be presented as discrete units such as tablets, troches, capsules,
lozenges, wafers, or cachets, each containing a predetermined amount of the
active agent as a powder or granules, as liposomes containing the first and/or
second therapeutic agents, or as a solution or suspension in an aqueous
liguor or non-aqueous liquid such as a syrup, an elixir, an emulsion, or a
draught. Such compositions and preparations may contain at least about 0.1
wt-% of the active agent. The amounts of the therapeutic agents should be
such that the dosage leve! will be effective to produce the desired result in the
subject.

Nasal spray formulations include purified aqueous solutions of the
active agent with preservative agents and isotonic agents. Such formulations
are preferably adjusted to a pH and isotonic state compatible with the nasal
mucous membranes. Formulations for rectal or vaginal administration may be
presenied as a suppository with a suitable carrier such as cocoa butter, or
hydrogenated fats or hydrogenated fatly carboxylic acids. Ophthalmic
formulations are prepared by a similar method {o the nasal spray, except that
the pH and isotonic factors are preferably adjusted to match that of the eye.
Topical formulations include the active agent dissolved or suspended in one
or more media such as mineral oil, petroleum, polyhydroxy alcohols, or other
bases used for topical pharmaceutical formulations.

The tablets, troches, pills, capsules, and the like may also contain one
or more of the following: a binder such as gum tragacanth, acacia, corn starch

or gelatin, an excipient such as dicalcium phosphats; a disintegrating agent
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such as corn starch, potato starch, alginic acid, and the like; a {ubricant such
as magnesium stearate; a sweetening agent such as sucrose, fructose,
lactose, or aspartame; and a natural or artificial flavering agent. When the unit
dosage form is a capsule, it may further contain a liquid carrier, such as a
vegetable oil or a polyethylene glycol. Various other materials may be present
as coatings or to otherwise modify the physical form of the sclid unit dosage
form. For instance, tablets, pills, or capsules may be coated with gelatin, wax,
sheliac, sugar, and the iike. A syrup or elixir may contain one or more of a
sweetening agent, a preservative such as methyl- or propylparaben, an agent
to retard crystallization of the sugar, an agent to increase the solubility of any
other ingredient, such as a polyhydric alcohol, for example glycerol or sorbitol,
a dye, and flavoring agent. The materiai used in preparing any unit dosage
form is substantially nontoxic in the amounts employed. The active agent may
be incorporated into sustained-release preparations and devices.

Preferabiy the compound is administered orally, intraperitoneally, or
intraveniously or intrathecaily or some suitable combination(s) thereof.

Methods of administering small molecule therapeutic agents are well-
known in the art.

The therapeutic agents described in the present disclosure can be
administered 1o a subject alone or fogether {coadministered, optionally but not
necessarily, in a single formuiation) with other active agents as described
herein, and are preferably administered with a pharmaceutically acceptable
buffer. The therapeutic agents can be combined with a variety of physiological
acceptabie carriers, additives for delivery to a subject, including a variety of
diluents or excipients known to those of ordinary skill in the art. For example,
for parenteral administration, isotonic saline is preferred. For topical
administration, a cream, including a carrier such as dimethylsulfoxide
(DMSQ), or other agents typicaily found in topical creams that do not block or
inthibit activity of the peptide, can be used. Other suitable carriers include, but
are not limited to, alcohol, phosphate buffered saiine, and cther balanced salt
solutions,

The formulations may be conveniently presented in unit dosage form
and may be prepared by any of the methods well known in the art of
pharmacy. Preferably, such methods include the step of bringing the
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therapeutic agent (i.e., the active agent) into association with a carrier that
constifutes one or more accessory ingredients. in general, the formulations
are prepared by uniformly and intimately bringing the active agentinto
association with a liquid carrier, a finely divided solid carrier, or both, and
then, if necessary, shaping the product into the desired formulations. The
methods of the invention include administering the therapeutic agents to a
subject in an amount effective to produce the desired effect. The therapeutic
agents can be administered as a single dose or in multiple doses. Useful
dosages of the active agents can be determined by comparing their in vitro
activity and the in vivo activity in animal models.

The actual dosage employed may be varied depending upon the
requirements of the patient and the severity of the condition being treated.
Determination of the proper dosage regimen for a particular situation is within
the skilf of the art. For convenience, the total daily dosage may be divided
and administered in portions during the day as required.

The amount and frequency of administration of the compounds of the
invention and/or the pharmaceutically acceptable salts thereof will be
regulated according to the judgment of the attending clinician considering
such factors as age, condition and size of the patient as well as severity of the
symptoms being treated. A typical recommended daily dosage regimen for
oral administration can range from about 1 mg/day to about 500 mg/day,
preferably 1 mg/day to 200 mg/day, in two to four divided doses.

Another aspect of this invention is a kit comprising a therapeutically
effective amount of at least one compound of Formula |, or a pharmaceutically
acceptable salt, solvate, ester or prodrug of said compound and a
pharmaceutically acceptable carrier, vehicle or diluent.

Anocther aspect of the invention includes pharmaceutical compositions
comprising at least one compound of Formula | and at least one other
therapeutic agent in combination. Non-limiting examples of such combination
agents are described below. The agents in the combination can be
administered together as a joint administration (e.g., joint single pill),
separately, one after the other in any order and the like as is well known in the
art.

PCT/US2009/064762
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In the combination therapies of the present invention, an effective
amount can refer to each individual agent or to the combination as a whaole,
wherein the amounts of all agents administered are together effective, but
wherein the component agent of the combination may not be present
individually in an effective amount.

Combination Therapy

Accordingly, in one embodiment, the present invention provides
methods for treating a Condition in a patient, the method comprising
administering to the patient one or more Compounds of Formula |, or a
pharmaceutically acceptable salt or solvate thereof and at least one additional
therapeutic agent that is not a Compound of Formula |, wherein the amounts
administered are together effective to treat or prevent a Condition.

When administering a combination therapy to a patient in need of such
administration, the therapeutic agents in the combination, or a pharmaceutical
composition or compositions comprising the therapeutic agents, may be
administered in any order such as, for example, sequentially, concurrently,
together, simultaneously and the like. The amounts of the various actives in
such combination therapy may be different amounts (different dosage
amounts) or same amounts {(same dosage amounts).

in one embodiment, the one or more Compounds of Formula (1) is
administered during a time when the additional therapeutic agent(s) exert their
prophylactic or therapeutic effect, or vice versa.

In another embodiment, the one or more Compounds of Formula ()
and the additional therapeutic agent(s) are administered in doses commonly
employed when such agents are used as monotherapy for treating a
Condition.

In another embodiment, the one or more Compounds of Formula (1)
and the additional therapeutic agent(s) are administered in doses lower than
the doses commonly empioyed when such agents are used as monotherapy
for treating a Condition.

In stifl another embodimeant, the one or more Compounds of Formula (1)
and the additional therapeutic agent(s) act synergistically and are
administered in doses lower than the doses commonly employed when such

agents are used as monotherapy for treating a Condition.
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in one embodiment, the one or more Compounds of Formula (1) and
the additional therapeutic agent(s) are present in the same composition. in
one embodiment, this cormposition is suitable for oral administration. In
another embodiment, this composition is suitable for intravenous
administration.

The one or more Compounds of Formula (1) and the additional
therapeutic agent(s) can act additively or synergistically. A synergistic
combination may allow the use of lower dosages of one or more agents
and/or less frequent administration of one or more agents of a combination
therapy. A iower dosage or iess frequent administration of one or more
agents may lower toxicity of the therapy without reducing the efficacy of the
therapy.

in one embodiment, the administration of one or more Compounds of
Formula (1) and the additional therapeutic agent(s) may inhibit the resistance
of a Condition to these agents.

In one embodiment, when the patient is treated for diabetes, a diabetic
complication, impaired glucose tolerance or impaired fasting glucose, the
other therapeutic is an antidiabetic agent which is not a Compound of Formula
{n.

In another embodiment, the other therapeutic agent is an agent usefut
for reducing any potential side effect of a Compound of Formula (1). Such
potential side effects include, but are not limited to, nausea, vomiting,
headache, fever, lethargy, muscle aches, diarrhea, general pain, and pain at
an injection site.

in one embodiment, the other therapeutic agent is used at its known
therapeutically effective dose. in another embodiment, the other therapeutic
agent is used at its normally prescribed dosage. In another embodiment, the
other therapeutic agent is used at less than its normally prescribed dosage or
its known therapeutically effective dose.

Examples of antidiabetic agents useful in the present methods for
treating diabetes or a diabetic complication include a sulfonylurea; an insulin
sensitizer (such as a PPAR agonist, a DPP-1V inhibitor, a PTP-1B inhibitor
and a glucokinase activator); a glucosidase inhibitor; an insulin secretagogue;
a hepatic glucose output lowering agent; an anti-cbesity agent; 2 megiitinide;
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an agent that slows or blocks the breakdown of starches and sugars in vivo;
an histamine H, receptor antagonist; a sodium glucose uptake transporter 2
(SGLT-2) inhibitor; a peptide that increases insulin production; and insulin or
any insulin-containing composition.

In one embodiment, the antidiabetic agent is an insulin sensitizer or a
sulfonylurea.

Non-limiting examples of sulfonylureas include glipizide, tolbutamide,
glyburide, glimepiride, chiorpropamide, acetohexamide, gliamilide, gliclazide,
glibenciamide and tolazamide.

Non-iimiting examples of insulin sensitizers include PPAR activators,
such as rosiglitazone, pioglitazone and englitazone,; biguanidines such as
metformin and phenformin; DPP-IV inhibitors; PTP-1B inhibitors; and a-
glucokinase activators, such as miglitol, acarbose, and voglibose.

Non-limiting examples of DPP-IV inhibitors useful in the present
methods include sitagliptin (Januvia™, Merck), saxagliptin, denagliptin,
vildagliptin (Galvus™ , Novartis), alogliptin, alogliptin benzoate, ABT-279 and
ABT-341 (Abbott), ALS-2-0426 (Alantos), ARI-2243 (Arisaph), BI-A and BI-B
(Boehringer Ingetheim), SYR-322 (Takeda), MP-513 (Mitsubishi}, DP-893
(Pfizer), RO-0730699 (Roche) or a combination of sitagliptin/metformin HC!
(Janumet™, Merck).

Non-fimiting examples of SGLT-2 inhibitors useful in the present
methods include dapaglifiozin and serglifiozin, AVE2268 [Sanofi-Aventis) and
T-1095 (Tanabe Seiyaku).

Non-limiting examples of hepatic glucose output lowering agents
include Glucophage and Glucophage XR.

Non-limiting examples of histamine Hs receptor antagonist agents
include the following compound:

Non-limiting examples of insulin secretagogues inciude sulfonylurea
and non-sulfonviurea drugs such as GLP-1, a GLP-1 mimetic, exendin, GIP,
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secretin, glipizide, chlorpropamide, nateglinide, meglitinide, glibenclamide,
repaglinide and glimepiride.

Non-limiting examples of GLP-1 mimetics useful in the present
methods include Byetta-Exenatide, Liraglutide, CJC-1131 (ConjuChem,
Exenatide-LAR {Amylin), BIM-51077 {Ipsen/LaRoche), ZP-10 (Zealand
Pharmaceuticals), and compounds disclosed in International Publication No.
WO 00/07617.

The term “insulin” as used herein, includes all pyridinones of insulin,
including long acting and short acting forms of insulin.

Non-limiting examples of orally administrable insulin and insulin
containing compositions inciude AL-401 from Autolmmune, and the
compositions disclosed in U.S. Patent Nos. 4,579,730; 4 849,405, 4,963,626,
5.642,868; 5,763,396; 5,824,638, 5,843,866; 6,153,632; 6,191,105, and
International Publication No. WO 85/05028, each of which is incorporated
herein by reference.

in one embodiment, the antidiabetic agent is an anti-obesity agent.

Non-iimiting examples of anti-obesity agents useful in the present
methods for treating diabetes include a 5-HT2C agonist, such as lorcaserin; a
neuropeptide Y antagonist; an MCR4 agonist, an MCH receptor antagonist; a
protein hormone, such as leptin or adiponectin; an AMP kinase activator; and
a lipase inhibitor, such as orlistat. Appetite suppressants are not considered
to be within the scope of the anti-obesity agents useful in the present
methods.

Non-limiting examples of meglitinides useful in the present methods for
treating diabetes include repaglinide and nateglinide.

Non-limiting examples of insulin sensitizing agents include biguanides,
such as metformin, metformin hydrochloride (such as GLUCOPHAGE® from
Bristol-Myers Squibb), metformin hydrochioride with glyburide (such as
GLUCOVANCE™ from Bristol-Myers Squibb) and buformin; glitazones; and
thiazolidinediones, such as rosiglitazone, rosiglitazone maleate (AVANDIA™
from GlaxoSmithKline), pioglitazone, pioglitazone hydrochioride (ACTOS™,
from Takeda) ciglitazone and MCC-555 (Mitsubishi Chemical Co.)

In one embodiment, the insulin sensitizer is a thiazolidinedione.

in another embodiment, the insulin sensitizer is a biguanide.
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in another embodiment, the insulin sensitizer is a DPP-1V inhibitor.

in a further embodiment, the antidiabetic agent is a SGLT-2 inhibitor.

Non-limiting examples of antidiabetic agents that siow or block the
breakdown of starches and sugars and are suitable for use in the
compositions and methods of the present invention include alpha-glucosidase
inhibitors and certain peptides for increasing insulin production. Alpha-
glucosidase inhibitors help the body to lower blood sugar by delaying the
digestion of ingested carbohydrates, thereby resulting in a smaller rise in
biood glucose concentration following meals. Non-limiting examples of
suitable aipha-glucosidase inhibitors include acarbose; miglitol; camiglibose;
certain polyamines as disclosed in WO 01/47528 (incorporated herein by
reference); voglibose. Non-limiting examples of suitable peptides for
increasing insulin production including amiintide (CAS Reg. No. 122384-88-7
from Amylin; pramiintide, exendin, certain compounds having Glucagon-like
peptide-1 (GLP-1) agonistic activity as disclosed in WO 00/07817
(incorporated herein by reference).

Non-limiting examples of orally administrable insulin and insulin
containing compositions include AL-401 from Autoimmune, and the
compositions disclosed in U.S. Patent Nos. 4,579,730, 4,849,405, 4,963,526;
5,642,868; 5,763,396, 5,824,638; 5,843,866; 6,153,832, 6,191,105; and
International Publication No. WO 85/05029, each of which is incorporated
herein by reference.

The doses and dosage regimen of the other agents used in the
combination therapies of the present invention for the treatment or prevention
of a Condition can be determined by the attending clinician, taking into
consideration the approved doses and dosage regimen in the package insert;
the age, sex and general health of the patient; and the type and severity of the
viral infection or related disease or disorder. When administered in
combination, the Compound(s) of Formula (I} and the other agenti(s) for
treating diseases or conditions listed above can be administered
simultaneously or sequentially. This is particularly useful when the
components of the combination are given on different dosing schedules, e.g.,
one component is administered once daily and another every six hours, or
when the preferred pharmaceutical compositions are different, e.g one is a

PCT/US2009/064762
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tablet and one is a capsule. A kit comprising the separate dosage forms is
therefore advantageous.

Generally, a total daily dosage of the one or more Compounds of
Formula (1) and the additional therapeutic agent(s) can, when administered as
combination therapy, range from about 0.1 to about 2000 mg per day,
although variations will necessarily occur depending on the target of the
therapy, the patient and the route of administration. In one embodiment, the
dosage is from about 0.2 to about 1000 mg/day, administered in a single dose
or in 2-4 divided doses. In another embodiment, the dosage is from about 1
to about 500 mg/day, administered in a single dose or in 2-4 divided doses.
in another embodiment, the dosage is from about 1 to about 200 mg/day,
administered in a single dose or in 2-4 divided doses. In still another
embodiment, the dosage is from about 1 to about 100 mg/day, administered
in a single dose or in 2-4 divided doses. In yet another embodiment, the
dosage is from about 1 to about 50 mg/day, administered in a single dose or
in 2-4 divided doses. In a further embodiment, the dosage is from about 1 to
about 20 mg/day, administered in a single dose or in 2-4 divided doses.

The compounds of the invention can be made according to the
processes described below. The compounds of this invention are also
exempiified in the examples below, which examples should not be construed
as limiting the scope of the disclosure. Alternative mechanistic pathways and
analogous structures within the scope of the invention may be apparent to
those skilled in the art.

General procedure for the hydrolysis of ethy! esters.

Scheme 1
O O
R’U\O/\ R/U\OH
1 2

To a solution of ethyl ester 1 (0.037 mmol} in tetrahydrofuran {1 mL}
was added water (0.5 mi) and lithium hydroxide monchydrate (0.14 mmol).
The reaction mixture was stirred at room temperature for 4 h. Ethyt acetate
and water was added. The organic layer was washed with 10% cifric acid
solution. The organic layer was dried over sodium sulfate. The organic
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solvent was evaporated under reduced pressure. The crude product was
purified by reversed phase HPLC to yield the desired carboxylic acid 2.
Genera! procedure for the hydrolysis of Boc protected amines.

Scheme 2
i i
!
YR
5 3 4

To a soiution of the Boc protected compound 3 (0.16 mmol) in
dichloromethane (1.6 mL) was added triflucroacetic acid (0.25 mL). The
reaction mixfure was stirred at room temperature for 16 h. The organic
solvent was evaporated under reduced pressure. The crude product was

10 purified by reversed phase HPLC to yield the desired amine 4.
General procedure for the formation of carbamate compounds.

Scheme 3
?a
Ra
Cl._.0O N._Ow
o Y e = T Y w
R 0 0
4 5 6

To a solution of amine 4 (0.17 mmoi) in dichloromethane (2 mL) was
15 added chloroformate 5 (0.21 mmol) and triethylamine (0.6 mmol). The
reaction mixture was stirred at room temperature for 2 h. Dichloromethane
and water was added. The organic layer was washed with water and brine.
The organic layer was dried over anhydrous sodium sulfate. The organic
solvent was evaporated under reduced pressure. The crude product was
20 purified by flash column chromatography to yield the desired carbamate 6.
General procedure for the formation of sulfonamide compounds,

Scheme 4
R il
E i~ /Rc <
; B N R
Rﬁ"NH + 82 e g
Oz
4 7 8

To a solution of amine 4 (0.079 mmol) in dichloromethane (2 mL) was
25  added sulfony! chloride 7 {0.084 mmol} and triethylamine {0.28 mmol). The
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reaction mixture was stirred at room temperature for 2 h. Dichioromethane
and water was added. The organic layer was washed with water and brine.
The organic layer was dried over anhydrous sodium sulfate. The organic
solvent was evaporated under reduced pressure. The crude product was
purified by flash column chromatography to yield the desired sulfonamide 8.
General procedure for the formation of urea compounds.

Scheme 5
Re B
E | §
Rb/NH + ROTNCO e R,N\B/ ~gre
's)
4 9 10

Parallel syntheses were conducted in polypropyiene tubes fitted with
20 micron polypropylene bottom frit. To each reaction tube was added a
solution of amine 4 (0.25 mmol) in dichloroethane (10 mL)and a 0.5 M
dichloroethane solution of isocyanate 8 (0.1 mi, 0.5 mmol}. The reaction
mixture was agitated at room temperature for 16 h. To each reaction tube
was added trisamine resin (Argonaut Tech. inc., 1.5 mmol) and isocyanate
resin (Argonaut Tech. Inc., 0.75 mmol). The reaction mixture was agitated at
room temperature for 16 h. The reaction mixture was filtered and washed
with a acetonitrile-dichloromethane solution (1:1 viv, 2 mlL.). The fillrate was
evaporated under reduced pressure and optionally purified by reversed phase
HPLC to afford the desired urea 10.
General procedure for the amination of 2-chloro-5-nitropyridine.

Scheme 6
s O;N ’\
OaN l A AR
)+ om — Ny
i R” R
11 4 12

To a solution of 2-chioro-S-nitropyridine 11 (12.6 mmol) in
dichloromethane {75 mL) was added amine 4 (5.3 mmol) and triethylamine
(25.7 mmol). The reaction mixture was stirred at room temperature for 3 h.
The organic solution was washed with water and brine. The organic layer
was dried over anhydrous sodium sulfate. The organic solvent was
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evaporated under reduced pressure. The crude product was purified by flash
column chromatography to yield the desired product 12.
General procedure for the reduction of nitro compounds.

Scheme 7
GsN SN N i = ]
§ N/ IE}/RE e—— N/ ?/R
R® R®
12 13

To a solution of the nitro compound 12 (12.0 mmol) dissolved in ethyl
acetate (40 mL) and methanoi (20 mlL) was added pailadium on charcoal (10
% Pd, 1.2 g). The reaction mixiure was agitated under a hydrogen
atmosphere (45 psig) at room femperature for 3 h. The reaction mixture was
filtered through Celite. The organic solvent was evaporated under reduced
pressure yield the desired product 13.

General procedure for the formation of amide compounds.

Scheme 8
j’\ R Nw
2 [ S e
aoon b RETNR WOI’
2 14 15

To a solution of the amine compound 14 {(0.36 mmol) in
dichioromethane (5 mL) was added carboxyiic acid 2 (0.51 mmol),
triethylamine (1.49 mmol) and Mukaiyama resin (Varian Polymer Lab., 1.0
mmol). The reaction mixture was agitated at room temperature for 1 h.
Trisamine resin (Argonaut Tech. Inc., 1.0 mmol) was added and the reaction
mixture was agitated at room temperature for 1 h. The reaction mixture was
filtered and washed with dichloromethane. The organic solvent was
evaporated under reduced pressure. The crude product was purified by flash
column chromatography fo yield the desired amide 15.
were used,

Example 1
N-(8-(4-(methylsulfonylipiperazin-1-yhpyridin-3-yi}-4-phenyi-5-
(trifluoromethyijthiophene-2-carboxamide (19)

PCT/US2009/064762



WO 2010/059611 PCT/US2009/064762

76
FaC
HoN P
NG 2 v H
2 I\ step 1 B step 2 Q e N { N
~ N
ci P
k/NTOK 17 M l}é\/«\[
16 o NTOK
O
(e
Ea
3
step 3 778y step 4 // K
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18 kJM‘f \%,Me
2

Step 1: tert-butyl 4-(5-amincpyridin-2-yl)piperazine-1-carboxylate (16}
Compound 16 was prepared using methods shown in Scheme 8 (wherein fert-
5  butyl piperazine-1-carboxylate was used) and Scheme 7.
Step 2. terf-buty! 4-{5-(4-phenyl-5-(triflusromethythiophene-2-
carboxamido)pyridin-2-yl)piperazine-1-carboxylate (17)
Compound 17 was prepared using method shown in Scheme 8 wherein ferf-
butyl 4-(5-aminopyridin-2-yl)piperazine-1-carboxylate (18) and 4-phenyl-5-
10 (triflucromethylithiophene-2-carboxylic acid were used. MS (M+1): 533.3
Step 3. 4-phenyl-N-(B-(piperazin-1-yi)pyridin-3-yi)-5-
(trifiuoromethyl)thiophene-2-carboxamide (18)
Compound 18 was prepared using method shown in Scheme 2 wherein fert-
butyl 4-(5-(4-phenyl-5-(trifluoromethyhthiophene-2-carboxamido)pyridin-2-
15 ylhpiperazine-1-carboxylate (17) was used.
Step 4: N-(6-(4-(methyisulfonyl)piperazin-1-yDpyridin-3-yl}-4-phenyl-5-
(trifluoromethyl)thiophene-2-carboxamide (19)
Compound 19 was prepared using method shown in Scheme 4 wherein 4-
phenyl-N-(6-(piperazin-1-ylipyridin-3-yl)-5-(triffuoromethyithiophene-2-
20 carboxamide (18) and methanesuifonyi chioride were used.
Example 2
N-(8-(4-{methylsulfonylipiperazin-1-yl)pyridin-3-yi)-2-phenyi-4-
(trifluoromethyl}oxazole-5-carboxamide (20)
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Compound 20 was prepared using the method for Example 1. MS (M+1):
496.3

Example 3
6-(1,4-dioxa-8-azaspiro[4.5]decan-8-yl)pyridin-3-amine (21)

N N

0
O\) 21

Compound 21 was prepared using methods shown in Scheme 6 (wherein 1,4-

dioxa-8-azaspiro[4.5]decane was used) and Scheme 7.
Example 4
N-(6-(1,4-dioxa-8-azaspiro[4.5]decan-8-yl)pyridin-3-yl)-2-phenyl-4-
(trifluoromethyl)oxazole-5-carboxamide (22)

CFy

N
Ok
N N
0\(}) 22

Compound 22 was prepared using method shown in Scheme 8 wherein 6-
(1,4-dioxa-8-azaspiro[4.5]decan-8-yl)pyridin-3-amine (21) and 2-phenyi-4-
(trifluoromethyl)oxazole-5-carboxylic acid were used. MS (M+1): 475.3

Example 5
N-(6-(1,4-dioxa-8-azaspiro[4.5]decan-8-yi)pyridin-3-yij-4-phenyl-5-
(trifiucromethylithiophene-2-carboxamide (23)

FC
O
o \Q\QO

O\) 23
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Compound 23 was prepared using method shown in Scheme 8 whergin 6-
(1,4-dioxa-8-azaspiro[4.5ldecan-8-yi)pyridin-3-amine (50) and 4-phenyi-5-
(trifiucromethyhthiophene-2-carboxylic acid were used. MS (M+1): 490.3
Example 6

5  N-(6-(14-dioxa-8-azaspirof4.5]decan-8-yl)pyridin-3-yl}-2-methyl-1,5-diphenyl-
1H-pyrrole-3-carboxamide (24)

C,
o/ 24
Compound 24 was prepared using method shown in Scheme 8 wherein 6-
(1,4-dioxa-8-azaspiro[4.5ldecan-8-yl)pyridin-3-amine (50) and 2-methyl-1,5-
10  diphenyi-1H-pyrrole-3-carboxylic acid were used. MS (M+1): 495.3
Example 7
4-Fluorophenyl 4-(5-(2-phenyl-5-{triflucromethyloxazole-4-
carboxamido)pyridin-2-yhpiperazine-1-carboxylate (27)

U stepf @—( f: \(1 step2 @"é;irﬁ } N

N/ﬁ N Q N N/\
16 K’N \(< 25 k/}z o 26 L
3 LS
o GFy
step 3 @,.Qirg
B N =
P
N™ N

15 Slep 1. tert-butyl 4-(5-(2-phenyl-5-(trifluoromethyljoxazole-4-
carboxamido)pyridin-2-yl)piperazine-1-carboxylaie (25)
Compound 25 was prepared using method shown in Scheme 8 wherein fert-
butyl 4-(5-aminopyridin-2-yiipiperazine-1-carboxylate (16} and 2-phenyi-5-
(trifluoromethylioxazole-4-carboxylic acid were used. MS (M+1): 518.3

20  Step 2: 2-phenyl-N-{6-(piperazin-1-yhpyridin-3-yi)-5-{trifluoromethyl)oxazole-
4-carboxamide (26}
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Compound 26 was prepared using method shown in Scheme 2 wherein fert-
butyl 4-(5-(2-phenyl-5-(friflucromethylyoxazole-4-carboxamido)pyridin-2-
ylipiperazine-1-carboxylate (25) was used.
Step 3: 4-Fluoropheny! 4-(5-(2-phenyi-5-(trifiuoromethyl)oxazole-4-
carboxamido)pyridin-2-yl)piperazine-1-carboxylate (27)
Compound 27 was prepared using method shown in Scheme 3 wherein 2-
phenyl-N-(6-(piperazin-1-yljpyridin-3-yi}-5-(trifiuoromethyi)oxazole-4-
carboxamide (26) and 4-fluorophenyl chioroformate were used. MS (M+1):
556.3 (55) and ethyl chioroformate were used. MS (M+1): 480.3
Example 8
2-Fluoroethy! 4-(5-(2-phenyl-5-(trifluoromethyl)oxazole-4-carboxamido)pyridin-
2-yl)piperazine-1-carboxylate (28)
o ‘_CFEH
@N%N x
O
NN
TN
s 28

Compound 28 was prepared using method shown in Scheme 3 wherein 2-
phenyl-N-(6-(piperazin-1-yl}pyridin-3-yl}-5-{trifluoromethyijoxazole-4-
carboxamide (28) and 2-fluoroethy! chloroformate were used. MS (M+1):
508.3
Example 9
But-2-ynyl 4-(5-(2-phenyl-5-(triflucromethyljoxazole-4-carboxamido)pyridin-2-
yi)piperazine-1-carboxylate (29)

CFs

0 e

@4‘%\1%“ SN
& § - /\i
N©ON /
N._O %
Ny >

o] 29
Compound 29 was prepared using method shown in Scheme 3 wherein 2-
phenyl-N-(6-(piperazin-1-yl)pyridin-3-y)}-5-(trifluoromethylioxazole-4-
carboxamide (26) and 2-butyn-1-yl chloroformate were used. MS (M+1}:
514.3
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Example 10
But-3-ynyl 4-(5-(2-phenyl-5-(trifluoromethyl)oxazole-4-carboxamidojpyridin-2-
ylipiperazine-1-carboxylate (30)
o xCF:;
H
@ﬁé‘wjj(" =
L
ae
N O
S\ \/\\\\\

o) 30
Compound 30 was prepared using method shown in Scheme 3 wherein 2-
phenyl-N-(6-(piperazin-1-yl)pyridin-3-yl)-5-(trifluoromethyhoxazole-4-
carboxamide (26) and 3-butyn-1-yi chioroformate were used. MS (M+1):
514.3
Example 11
2-Methoxyethyi 4-(5-(2-phenyl-5-(trifluoromethyl)oxazole-4-
carboxamido)pyridin-2-yl)piperazine-1-carboxylate (31)
0 CF3
O~ K s
L
NN
K/NYO\/\O/
0 31
Compound 31 was prepared using method shown in Scheme 3 wherein 2-
phenyl-N-(6-(piperazin-1-yhpyridin-3-yi)-5-(trifluoromethyl)oxazole-4-
carboxamide (26) and 2-methoxyethyl chloroformate were used. MS (M+1):
520.3
Example 12
Cyclopentyl 4-(5-(2-phenyl-5-(trifluoromethyljoxazole-4-carboxamido)pyridin-
2-yhpiperazine-1-carboxylate (32)
@,@*
4] N NK//\!
N._O
T O
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Compound 32 was prepared using method shown in Scheme 3 wherein 2-
phenyl-N-{6-(piperazin-1-yl)pyridin-3-yi}-5-(trifiuoromethyijoxazole-4-
carboxamide (26) and cyclopenty! chloroformate were used. MS (M+1): 530.3
Example 13
Phenyl 4-(5-(2-phenyl-5-{triflucromethylioxazole-4-carboxamido)pyridin-2-
ylipiperazine-1-carboxylate (33)

CFs

oy
S B
o

N\g'/(}\@ N

Compound 33 was prepared using method shown in Scheme 3 wherein 2-
phenyl-N-(6-(piperazin-1-yi)pyridin-3-yl)-5-(frifluoromethyljoxazole-4-
carboxamide (26) and phenyl chioroformate were used. MS (M+1): 538.3
Example 14
p-Tolyl 4-(5-(2-phenyl-5-{trifluoromethyl)oxazole-4-carboxamido)pyridin-2-
ylpiperazine-1-carboxylate (34)

CF3

N U .
T,

Compound 34 was prepared using method shown in Scheme 3 wherein 2-
phenyi-N-(6-(piperazin-1-yl)pyridin-3-yi)-5-(triflucromethyljoxazoie-4-
carboxamide (65) and p-tolyi chioroformate were used. MS (M+1): 552.3

Example 15
8-(4-phenylpiperazin-1-ylipyridin-3-amine (38)

HoN
TL

NN

# 35

Compound 35 was prepared using methods shown in Scheme 6 {wherein 1-
phenylpiperazine was used) and Scheme 7.
Example 16
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2-Phenyl-N-(6-(4-phenylpiperazin-1-yl)pyridin-3-yl}-5-(trifluoromethyljoxazole-
4-carboxamide {36)
CFy

o4
O
NPIEN
©36

Compound 36 was prepared using method shown in Scheme 8 wherein 6-(4-
phenylpiperazin-1-yl)pyridin-3-amine {35) and 2-phenyl-5-
(triflucromethyl)oxazole-4-carboxylic acid were used. 'H NMR (400 MHz,
DMSO-d6) 8 10.54 (s, 1H), 8.54 (d, 1H, J = 2.6 Hz), 8.15 (m, 2H), 7.99 (dd,
1H,J=92,26Hz), 7.62~7.70(m, 3H), 7.24 (m, 2H), 7.00 (m, 2H), 6.97 (d,
1H, J = 9.2 Hz), 6.81 (m, 1H), 3.63 (m, 4H), 3.25 (m, 4H). LCMS (ESI) Rt =
3.83 min, [M+1]" = 494 3.

Example 17
6-(4-Phenylpiperidin-1-ylipyridin-3-amine (37)
HoN S
P
NN

37
Compound 37 was prepared using methods shown in Scheme 6 (wherein 4-
phenylpiperidine was used) and Scheme 7.
Example 18
2-Phenyl-N-{6-(4-phenyipiperidin-1-y)pyridin-3-y)-5-(trifiuoromethyl)oxazole-
4-carboxamide (38)

o CFs
o4

N N S

O o

Compound 38 was prepared using method shown in Scheme 8 wherein 6-(4-
phenylpiperidin-1-yl)pyridin-3-amine (37) and 2-phenyi-5-
(trifluoromethyljoxazole-4-carboxylic acid were used. 'H NMR (400 MHz,
ODMSO-d8) 8 10.51 (s, TH}, 848 (¢, 1H, J = 2.6 Hz}, 8158 {m, 2H), 7.95 {dd.
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1H,J =92 29Hz), 763 -7.71{m, 3H), 7.25 - 7.32 (m, 4H), 7.19 (m, 1H},
6.93 (d, 1H, J = 9.2 Hz), 4.42 (m, 2H), 2.88 (m, 2H), 2.78 {m, 1H), 1.84 (m,
2H), 1.63 (m, 2H). LCMS (ESI) Rt = 3.90 min, [M+1]" = 483.3.

Example 18
N-(6-{4-(2-chiorophenyicarbamoyl}-1,4-diazepan-1-yl)pyridin-3-yl-2-phenyi-5-
(trifluoromethylioxazole-4-carboxamide (42)

1/1 = \‘\/19”/\\ \éitefif,@(i,(m(\\«{\

CFy

CFa
o i e Oy
1 Q\ CNH N’\ HN@
CI
Step 1. fert-butyl 4-(5-aminopyridin-2-yl)-1,4-diazepane-1-carboxyiate (38)
Compound 38 was prepared using methods shown in Scheme 6 (wherein tert-
butyl 1,4-diazepane-1-carboxylate was used) and Scheme 7.
Step 2: tert-butyl 4-(5-(2-phenyl-5-(trifluoromethyljoxazole-4-
carboxamido)pyridin-2-yl)-1,4-diazepane-1-carboxylate (40)
Compound 40 was prepared using method shown in Scheme 8 wherein tert-
butyl 4-(5-aminopyridin-2-yt)-1,4-diazepane-1-carboxylate (38) and 2-phenyl-
5-(trifluoromethyl)oxazole-4-carboxylic acid were used. MS (M+1). 532.3
Step 3: N-(6-(1,4-diazepan-1-yhpyridin-3-yi)-2-phenyi-5-
{trifluoromethyljoxazoie-4-carboxamide (41)
Compound 41 was prepared using method shown in Scheme 2 wherein tert-
butyi 4-(5-(2-phenyl-5-(trifluoromethylioxazole-4-carboxamido)pyridin-2-yi)-
1,4-diazepane-1-carboxylate (40) was used.
Step 4: N-(6-(4-(2-chlorophenylcarbamoyl)-1,4-diazepan-1-yl)pyridin-3-yi)-2-
phenyi-5-(trifluoromethyijoxazole-4-carboxamide (42)
Compound 42 was prepared using method shown in Scheme 5 wherein N-(6-
{1 .4-diazepan-1-yhpyridin-3-y}-2-phenyl-5-(triflucromethylioxazole-4-
carboxamide (41) and 2-chicropheny! isocyanate were used. MS (M+1):
585.3

Exampie 20

PCT/US2009/064762



WO 2010/059611

10

15

20

84

N-(6-(4-(2 B-dichlorophenylcarbamovyl)-1,4-diazepan-1-yl)pyridin-3-yi)-2-
phenyl-5-(friflucromethylloxazole-4-carboxamide (43}

0 /CF
O
N §\ cl
© NV RN

NIV SN
oG 43
Compound 43 was prepared using method shown in Scheme 5 wherein N-{6-
(1,4-diazepan-1-y)pyridin-3-yl)-2-phenyl-5-(frifluoromethyl)oxazole-4-
carboxamide {41) and 2,6-dichioropheny! isocyanate were used. MS (M+1):
819.3

Example 21
N-{6-(4-(2,B-diflucrophenyicarbamoyi)-1,4-diazepan-1-yhpyridin-3-yi)-2-
phenyl-5-(trifiluoromethyljoxazole-4-carboxamide (44)

NIV
OF 44
Compound 44 was prepared using method shown in Scheme 5 wherein N-(6-
(1.4-diazepan-1-yl}pyridin-3-yl}-2-phenyl-5-(trifluoromethyljoxazole-4-
carboxamide (41) and 2 6-difluoropheny! isocyanate were used. MS (M+1):
587.3

Example 22
N-(8-(4-(2-flucrophenylcarbamoyl)-1,4-diazepan-1-yl)pyridin-3-yl}-2-phenyl-5-
(trifluoromethyl)oxazole-4-carboxamide (45)

Compound 45 was prepared using method shown in Scheme 5 whereain N-{6-
{1,4-diazepan-1-yl)pyridin-3-yi}-2-phenyl-5-(trifiuoromethyijoxazole-4-
carboxamide {41) and 2-fluorophenyl isocyanate were used. MS (M+1):
569.3.

Example 23

PCT/US2009/064762
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N-(6-(5-(2-chlorophenylcarbamoyl}-2,5-diazabicyclo[2.2. 11heptan-2-yl)pyridin-
3-yly-2-phenyl-5-(trifluoromethyl)oxazole-4-carboxamide (49)

HaN T o CFy
OuN i o
™ tep 1 U step 2 @"(\ N
N_.0O o NTN
© TR o 0L
LIRS
? \ H > l H
stap 3 N N step 4 N N@
- e
0 m o N7
NN

Step 1. fert-butyl 5-(5-aminopyridin-2-yl)-2,5-diazabicyclo[2. 2. 1]heptane-2-
carboxylate (46)
Compound 46 was prepared using methods shown in Scheme 6 (wherein ferf-
butyl 2,5-diazabicyclo[2.2. 1lheptane-2-carboxylate was used) and Scheme 7.
10 Step 2. ferf-butyl 5-(5-(2-phenyl-5-(triflucromethyloxazole-4-
carboxamido)pyridin-2-y1)-2,5-diazabicyclo[2.2. 1}heptane-2-carboxylate (47)
Compound 47 was prepared using method shown in Scheme 8 wherein ferf-
butyl 5-(5-aminopyridin-2-yl}-2,5-diazabicyclo[2.2. 1]Theptane-2-carboxylate
(48) and 2-phenyl-5-(trifluoromethyl)oxazole-4-carboxylic acid were used. MS
15 (M+1):530.3
Step 3. N-(6-(2,5-diazabicyclo[2.2. 1]heptan-2-yl)pyridin-3-yi)-2-phenyl-5-
{trifluoromethyljoxazole-4-carboxamide {48)

Compound 48 was prepared using method shown in Scheme 2 wherein fert-
butyl 5-(5-(2-phenyl-5-(triflucromethyl)oxazole-4-carboxamido)pyridin-2-yl)-
20 2.5-diazabicyclo[2.2. 1lheptane-2-carboxylate (47) was used.
Step 4. N-(8-(5-(2-chiorophenyicarbamoyl}-2, 5-diazabicycio]2.2. 11heptan-2-
yhpyridin-3-yh)-2-phenyl-5-(triftuoromethyl)oxazole-4-carboxamide (49)
Compound 49 was prepared using method shown in Scheme 5 wherein N-(6-
{2,5-diazabicyclo[2.2. 1theptan-2-yl)pyridin-3-yi)-2-phenyi-5-
25 (triflucromethyljoxazole-4-carboxamide (48) and 2-chloropheny! isocyanate
were used. MS (M+1) 5833
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Example 24
N-(B~(5-(2 B-dichlorophenylcarbamoyi)-2,5-diazabicyclo[2.2. 1]heptan-2-
yhpyridin-3-yl)-2-phenyl-5-(trifluoromethyl)oxazole-4-carboxamide (50)
o \cr-“gH
@"ﬁlﬁﬁ

N/
\”J@
Oa 50

5 Compound 50 was prepared using method shown in Scheme 5 wherein N-(6-
(2,5-diazabicyclo{2.2. 1theptan-2-yl)pyridin-3-yl)-2-phenyl-5-
{trifluoromethyljoxazole-4-carboxamide (48) and 2 6-dichlorophenyl
isocyanate were used. MS (M+1). 617.3.

Example 25
10 N-(6-(5-(2,6-diffuorophenylcarbamoyl)-2, 5-diazabicyclo[2.2. 1]heptan-2-
yhpyridin-3-yi)-2-phenyl-5-(triflucromethyljoxazole-4-carboxamide (51)
CFy

01(

L oH

@N Ny

J
T
O 51

Compound 51 was prepared using method shown in Scheme 5 wherein N-(&-
(2,5-diazabicyciof2.2. 1]heptan-2-yl)pyridin-3-yl)-2-phenyl-5-

15 (trifluoromethyl)oxazole-4-carboxamide (48) and 2,6-difluorophenyl
isocyanate were used. MS (M+1); 585.3.
Example 26
N-(6-(5-(2-fluorophenylcarbamovyi)-2,5-diazabicyclo[2 2. 1]heptan-2-ylipyridin-
3-yhy-2-phenyi-5-(Iriflucromethylloxazole-4-carboxamide (52)

CFy

.
O i
N
“@\,rs
20 © O 52
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Compound 52 was prepared using method shown in Scheme 5 wherein N-(6-
(2,5-diazabicyclo[2.2. 1}heptan-2-yhpyridin-3-yl}-2-phenyl-5-
(trifluoromethyljoxazole-4-carboxamide (48) and 2-fluoropheny! isocyanate
were used. MS (M+1): 567.3.

Example 27
N-(6-(4-(3-chloropyridin-2-yl)piperazin-1-yl)pyridin-3-yl)-2-phenyl-4-
(trifluoromethyljoxazole-5-carboxamide (53)

O-4X,
N |
N (j\s | c\
N 53
To a solution of 2-phenyl-N-(6-(piperazin-1-yl)pyridin-3-yi)-4-

(trifiuoromethyl)oxazole-5-carboxamide (15 mg, 0.036 mmol) dissolved in
toluene (2 mL) and tetrahydrofuran (0.5 mL) was added 2,3-dichloropyridine
(7.9 mg, 0.053 mmol), Pd.dbas (3.3 mg, 0.0036 mmol), BINAP (4.3 mg, 0.015
mmol) and sodium tert-butoxide (13.8 mg, 0.14 mmol). The reaction mixture
was heated in a microwave reactor at 120 °C for 20 min. Dichloromethane
and water was added. The organic iayer was washed with water and brine.
The organic layer was dried over anhydrous sodium suifate. The organic
solvent was evaporated under reduced pressure. The crude product was
purified by flash column chromatography to yield the desired N-(6-(4-(3-
chloropyridin-2-yi)piperazin-1-yl)pyridin-3-yl)-2-phenyl-4-
(trifluoromethyljoxazole-5-carboxamide (53) (9 mg, 0.017 mmol). MS (M+1):
529.3.
Example 28
N-(6-(4-(2-isobutyrylhydrazinecarbonyl)piperidin-1-ylpyridin-3-yl)-2-phenyl-5-
(trifluoromethyljoxazole-4-carboxamide (54)

o ON\@"\@W
;

0 54



WO 2010/059611

10

15

20

25

88

To a solution of 1-(5-(2-phenyl-5-(trifiuvcromethyljoxazole-4-
carboxamido)pyridin-2-ylipiperidine-4-carboxylic acid (46 mg, 0.10 mmoi} in
dichloroethane (2 mL) was added iscbutyrohydrazide (15.3 mg, 0.15 mmol),
triethylamine (31 mg, 0.31 mmol} and Mukaiyama resin (Varian Polymer Lab.,
0.20 mmol). The reaction mixture was agitated at room temperature for 16 h.
Trisamine resin (Argonaut Tech. Inc., 0.40 mmol) and isocyanate resin
(Argonaut Tech. Inc., 0.80 mmol) were added. The reaction mixture was
agitated at room temperature for 18 h. The reaction mixture was fittered. The
organic solvent was evaporated under reduced pressure to yield the desired
N-(6-(4-(2-isobutyryihydrazinecarbonyl)piperidin-1-yl)pyridin-3-yl)-2-phenyi-5-
(trifluoromethyl)oxazole-4-carboxamide (54) (53 mg, 0.097 mmol} which was
used in the next step without further purification.

Example 29
N-(6-(4-(5-isopropy!-1,3 4-oxadiazol-2-yl)piperidin-1-yl)pyridin-3-y1)-2-phenyl-
5-(trifluoromethyloxazole-4-carboxamide (55)

Ol

To a solution of N-«(6~(4-(2—Esobuiyrylhydrazinecarbonyl)piperidin~1—
yhpyridin-3-yh)-2-phenyl-5-(triflucromethyl)oxazole-4-carboxamide (53 mg,
0.097 mmol) in N,N-dimethylformamide (2 mL) was added tosyl chioride (23
mg, 0.12 mmol) and BEMP resin {Sigma-Aldrich, 0.50 mmol). The reaction
mixture was heated in a microwave reactor at 200 °C for 30 min. The crude
product was purified by reversed phase HPLC to yield the desired N-(6-(4-(5-
isopropyl-1,3,4-oxadiazol-2-yl)piperidin-1-yl)pyridin-3-yl)-2-phenyl-5-
(trifluoromethyloxazole-4-carboxamide (85) (3.7 mg, 0.007 mmol). MS
(M+1): 527.3.

Example 30
N-{6-{4-(2-acetylhydrazinecarbonylpiperidin-1-yl)pyridin-3-yl}-2-phenyi-5-
(trifiucromethyl)oxazoie-4-carboxamide (58)

PCT/US2009/064762
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To a solution of 1-(5-(2-phenyl-5-(trifluoromethyljoxazole-4-
carboxamido)pyridin-2-yl)piperidine-4-carboxylic acid (92 mg, 0.20 mmol) in
dichloromethane (8 mL) was added acetohydrazide (23 mg, 0.31 mmol),
triethylamine (61 mg, 0.60 mmol) and Mukaiyama resin (Varian Polymer Lab.,
0.40 mmol). The reaction mixture was agitated at room temperature for 16 h.
Trisamine resin (Argonaut Tech. Inc., 0.80 mmol) and isocyanate resin
(Argonaut Tech. inc., 1.2 mmol) were added. The reaction mixtlire was
agitated at room temperature for 16 h. The reaction mixture was filtered. The
organic solvent was evaporated under reduced pressure to yield the desired
N-(B-(4-(2-acetythydrazinecarbonyl)piperidin-1 -yhipyridin-3-yi)-2-phenyl-5-
(trifluoromethyl)oxazole-4-carboxamide (56) (78 mg, 0.15 mmol) which was
used in the next step without further purification.
Example 31
N-(6-(4-(5-methyl-1,3,4-oxadiazol-2-yl)piperidin-1 -yhpyridin-3-yl)-2-phenyl-5-
{trifluoromethyi)oxazole-4-carboxamide (57)

OY
o
s
N~-n 57
To a solution of N-(6-(4-(2-acetylhydrazinecarbonyl)piperidin-1-

CFs

N

ylypyridin-3-yl)-2-phenyl-5-(trifluoromethyljoxazole-4-carboxamide (70 mg,
0.14 mmol) in N,N-dimethylformamide (6 ml) was added tosy! chioride (31
mg, 0.16 mmol} and BEMP resin {Sigma-Aldrich, 0.70 mmol). The reaction
mixture was heated in a microwave reactor at 180 °C for 5 min. Diethyl ether
and water was added. The arganic layer was washed with water and brine.
The organic layer was dried over anhydrous sodium sulfate. The organic
solvent was evaporated under reduced pressure. The crude product was

purified by flash column chromatography to vield the desired N-(6-{4-(5-

PCT/US2009/064762
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methyl-1,3 4-oxadiazol-2-yl)piperidin-1-ylpyridin-3-ylj-2-phenyi-5-
{trifjuoromethyljoxazole-4-carboxamide (57) (18 mg, 0.038 mmol).
Example 32
1-(5-(2-phenyl-4-{triflucromethyhoxazole-5-carboxamido)pyridin-2-yhpiperidin-
5  4-yl dimethyiphosphinate (58)
CF3

O
0 “ o)
N QO,L\\ .

To a solution of N-(6-(4-hydroxypiperidin-1-yl)pyridin-3-yl)-2-phenyl-4-
(trifluoromethyljoxazole-5-carboxamide (35 mg, 0.081 mmol) dissolved in
dichloromethane (2 mlL) and N,N-dimethylformamide (0.5 mL) cooled in an ice

10 bath was added dimethyl phosphinyl chloride (20.9 mg, 0.18 mmol) and
triethylamine (16 mg, 0.16 mmol). The reaction mixture was stirred at 0 °C for
1 h. Dichloromethane and water was added. The organic layer was washed
with saturated sodium bicarbonate and brine. The organic layer was dried
over anhydrous sodium sulfate. The organic sofvent was evaporated under

15 reduced pressure. The crude product was purified by flash column
chromatography to yieid the desired 1-(5-(2-phenyi-4-(trifluoromethyloxazole-
5-carboxamido)pyridin-2-y!)piperidin-4-yl dimethylphosphinate (58) (27 mg,
0.053 mmol). MS (M+1); 509.3
Example 33 N-(6-(4-benzyl-3-oxopiperazin-1-yl}pyridin-3-y[}-2-phenyl-4-

20 (riflucromethyljoxazole-5-carboxamide (62)

Scheme 9
O,N ON
OzNﬁ +HN"\{fO step1 ¢ ;“: o step 2 z m o
A —— NTONYY NTNTY
59 NA go N
HN CF
SR > WP s W s
NG Y
61 N 0 LA ~y0 ~
62 \\,N = i

Step 1. 4-(5-nitropyridin-2-ylpiperazin-2-one (59)
To a solution of 2-chioro-S-nitropyridine {623 mg, 3.9 mmol) in DMF (8 mL)
25 was added N N-diisopropylethylamine {1.4 mL, 8. 5 mmol} and 2-
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oxopiperazine (424 mg, 4.24 mmol). The reaction mixture was heated at 85
°C for 40 min by microwave. Then the reaction mixture was cooled o RT,
and poured into water (150 mL). The precipitate was filtered, washed with
water and dried under vacuum to yield 4-(5-nitropyridin-2-yljpiperazin-2-ong
{69} as a solid (588 mg, 68% vield). MS (M+1): 223.3

Step 2: 1-benzyl-4-(5-nitropyridin-Z-yl)piperazin-2-one (60}

To a solution of 4-(5-nitropyridin-2-yl)piperazin-2-one (89} (365 mg, 1.64
mmol) in DMF (6 mL) was added, dropwise, 1.0 M sodium
bis(trimethylsilylyamide solution in THF (1.8 mL, 1.8 mmo}), foliowed 1 min
later by benzyl bromide (215 pL, 1.8 mmol), also dropwise. After 1 h, the
reaction mixture was poured into water and extracted with EtOAc. The extract
was dried over NaSQOy, filtered, and concentrated. The crude product was
purified by silica gel chromatography (eluant. gradient of E{QAc in hexanes) to
give 1-benzyi-4-(5-nitropyridin-2-yl)piperazin-2-one (60) {329 mg, 64% yield).
MS (M+1): 313.2

Step 3. 4-(5-aminopyridin-2-yl)-1-benzyl-piperazin-2-one (61)

The 1-benzyl-4-(5-nitropyridin-2-yl)piperazin-2-one (60) (195 mg, 0.63 mmol)
was stirred in EtOAc (30 mL) and MeOH (15 mL). The mixture was treated
with PtO; (72 mg) and stirred at RT under 1 atm of Hy for 1 h 10 min. Then,
the reaction mixture was filtered over a pad of celite and concentrated to yield
4-(5-aminopyridin-2-yi)-1-benzyl-piperazin-2-one (61) (176 mg, 100% vyield).
MS (M+1): 283.2

Step 4: N-(6-(4-benzyl-3-oxopiperazin-1-yi)pyridin-3-yl}-2-phenyl-4-
{trifluoromethyl}oxazole-5-carboxamide (62)

To a soiution of 4-(5-aminopyridin-2-yl)-1-benzyl-piperazin-2-one (61) (176
mg, 0.625 mmol) in dry DMF (8 mL) was added 2-phenyl-4-
(trifluoromethyl)oxazole-5-carboxyiic acid (177 mg, 0.688 mmol),
diisopropylethylamine (0.21 mL. 1.25 mmol), EDCI (80 mg, 0.938 mmoi}, and
HOBT (127 mg, 0.938 mmol}. The reaction mixture was stirred at room
temperature for 16 h then poured into water and extracted with ethyi acetate.
The combined organic extract was washed with saturated NaCl, dried
(Na;S0y), filtered, and concentrated. Purification by silica gel chromatography
(eluant: ethyl acetate — hexane gradient) gave N-(6-(4-benzyl-3-oxopiperazin-
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1-yhpyridin-3-yi)}-2-phenyl-4-(triflucromethyljoxazole-5-carboxamide (62) as a
yellow solid (191 mg, 59% vield).

'H NMR (500 MHz, CDCl,) 8 8.37 (d, 1H, J = 3 Hz), 8.20 (d, 2H, J = 7 Hz),
8.10(s, 1H),8.08 (d, 1H, J=9Hz},765(t, 1H, J=75Hz), 760 2H, J=7
Hz), 7.40 (t, 2H, J =7 Hz), 7.35 (, 2H, J = 9 Hz), 6.65 (d, 1H, J = 8 Hz), 4.73
(s, 2H), 4.25 (s, 2H), 3.90 (m, 2H), 3.45 (m, 2H). MS (M+1): 522.3

Example 3@ N-(6-(3-Oxopiperazin-1-yl)pyridin-3-y()-2-phenyl-4-
(trifluoromethyljoxazoie-5-carboxamide (64)

CF
N 3
n Step? g P 5{@;32 8 N j\ 0
NOC N N L I G oA M
NJ{NH NN M
63 @ @
64

Step 1. 1-(1-(5-aminopyridin-2-yl)piperidin-4-yl)-1H-benzo[d]imidazo-2(3H)-
one {63)
Intermediate 83 was prepared by the general procedures for step 1 and step 3
of intermediate 61, by using_2-chioro-5-nitropyridine and 1-(piperidin-4-yl)-1H-
benzo[dlimidazo-2(3H)-cne. MS (M+1). 310.2
Step 2. N-(6-(3-oxopiperazin-1-yl)pyridin-3-yl)-2-phenyl-4-
{triflucromethyl)oxazole-5-carboxamide (64)
Compound 64 was prepared by the general procedure for compound 62, by
using 2-phenyl-4-(trifluoromethyl)oxazole-5-carboxylic acid and 1-(1-(5-
aminopyridin-2-yhpiperidin-4-yl)-1H-benzold]imidazo-2(3H)-one (63). 'H NMR
(500 MHz, DMSO-d86) 6 10.70 (s, 1H), 8.47 (s, 1H), 8.27 (d, 2H, J =7 Hz),
8.10 (s, TH), 7.92 (d, 1H, J=8g Hz), 7.65 (m, 3H), 6.92 (d, 1K, J = 9 Hz), 4.00
(s, 2H), 3.75 (broad s, 2H), 3.30 (broad s, 2H). MS {(M+1). 432.2
Example 35 N-(6-phenoxypyridin-3-yi)-2-phenyi-4-(trifluoromethyl)oxazoie-
S-carboxamide (66}
N mcg iifi; Hzl\%ﬁ @ step 2 @Nﬁé
) N - s: © @{J@
65

Step 1: 3-amino-5-phenoxy-pyridine (65)
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Infermediate 65 was prepared by the general procedures for step 1 and step 3
of intermediate 61, by using 2-chloro-5-nitropyridine and phenol. MS (M+1):
187.2
Step 2: N-(B-phenoxypyridin-3-yi)-2-phenyi-4-{trifiuoromethyljoxazole-5-
carboxamide(66)
Compotund 66 was prepared by the general procedure for compound 62, by
using 2-phenyl-4-(triftuoromethylioxazole-5-carboxylic acid and 3-amino-5-
phenoxy-pyridine (65). "H NMR (500 MMz, CDCl;) & 8.33 (s, 1H), 8.32 (d, 1H,
J=9Hz), 820 (d, 2H, J=8Hz), 810 (s, 1H)}, 7.85 (t, 1H, J=7.5 Hz), 7.60 (t,
2H, J=8Hz), 7451, 2H, J=T7.6 Hz), 7.27 (t, 1H, J =75 Hz), 718 (d, 2H, J =
8.5Hz), 7.02 (d, 1H, J= 8.5 Hz). MS (M+1): 426.2
Example 36 N-(6-(4-methyl-3-oxopiperazin-1-yl)pyridin-3-yl)-2-phenyl-4-
(trifluoromethylioxazole-5-carboxamide (68)
O HaN .y N-.CF3
R R R SN
Me NTNTY

67 68 SN e
Step 1: 4-(5-aminopyridin-2-yl)-1-methyl-piperazin-2-one (67)
Intermediate 67 was prepared by the general procedure for intermediate 61,
by using_2-chloro-5-nitropyridine, 2-oxopiperazine, and methy! iodide. MS
(M+1). 207 1
Step 2 N-(6-(4-methyl-3-oxopiperazin-1-yl)pyridin-3-yl)-2-phenyl-4-
{trifluoromethyl)oxazole-5-carboxamide (68)
Compound 67 was prepared by the general procedure for compound 62, by
using 2-phenyl-4-(trifluoromethyl)oxazole-5-carboxylic acid and 4-(5-
aminopyridin-2-yi)-1-methyl-piperazin-2-one (68)._"H NMR (500 MHz, DMSO-
d6) 6 10.70 (s, 1H), 8.45 (s, 1H), 8.27 (d, 2H, J=B8.5 Hz), 795 (d, 1H, /=9
Hz), 7.65 (m, 3H), 6.95 (d, 1H, J =85 Hz), 4.05 (s, 2H), 3.83 (1, 2H, J = 6 Hz),
343 {t, 2H, J=5.5Hz), 2.90 (s, 3H). MS (M+1): 448.2
Example 37 N-(6-(1-0x0-2,8-diazaspirol4.5]decan-8-yl)pyridin-3-y1)-2-
phenyl-4-(trifiuoromethyljoxazole-5-carboxamide (70)
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Step 1: 8~(5~aménopyridén-2-y§)~2,8~d%azaspiro[4.5}decan4wcne (69)
intermediate 89 was prepared by the general procedures for step 1 and step 3
of intermediate 61, by using 2-chioro-5-nitropyridine and 2,8-
diazaspiro[4.5ldecan-1-one. MS (M+1). 247.2
Step 2. N-{6-(1 -oxo-2,8-diazaspiro[4.5]decan-8-y!)pyridin-3-yl)-2-phenyl-4-
(trifluoromethylyoxazoie-5-carboxamide (70}
Compound 70 was prepared by the general procedure for compound 62, by
using 2-phenyl-4-(trifluoromethyljoxazole-5-carboxylic acid and 8-(5-
aminopyridin-2-yl)-2,8-diazaspiro{4.5]decan-1-one (70). "H NMR (500 MHz,
DMSO-d6) 5 10.67 (s, 1H), 8.43 (s, 1H), 8.27 (d, 2H, J = 6.5 Hz), 7.87 (d, 1H,
J =9 Hz), 7.67 (m, 3H), 7.60 (s, 1H), 6.93 (d, 1H, J = 9 Hz), 4.18 (d, 2H, J=
13 Hz), 3.22 (t, 2H, J =7 Hz), 3.03 {t, 2H, J = 10.5 Hz), 2.05 {t, 2H, J=6.5
Hz), 1.67 (t, 2H, J = 8.5 Hz), 1.40 (d, 2H, J = 13.5 Hz). MS (M+1): 486.3
Example 38 N-(6-(4-(2-oxo-2,3-dihydro-1 H-benzo[d]imidazol-1-yi)piperidin-
1-yl)pyridin-—3~yi)u2~phenyi-4-(triﬂuoromethyi)oxazoie—S-carboxaméde (72)
0Ny HoN N “F
\(Nj\{:i fﬁ; @U o el Qﬂg‘\f‘ﬁ
N}{NH " UNW{,«O

71 @ 72 @ NH
Step 1: 1-(1-(5-aminopyridin-2-yl)piperidin-4-yf)-1 H-benzo[dlimidazo-2(3H)-
one (71)
Intermediate 71 was prepared by the general procedures for step 1 and step 3
of intermediate 61, by using 2-chioro-5-nitropyridine and 1-(piperidin-4-yl)-1H-
benzo[dlimidazo-2(3H}-one. MS (M+1): 310.2
Step 2. N-(6-(4-(2-ox0-2,3-dihydro-1H-benzo|[d]imidazol-1-yljpiperidin-1-
yhpyridin-3-yi)-2-phenyl-4-{trifiucromethyljoxazole-5-carboxamide (72)
Compound 72 was prepared by the general procedure for compound 62, by
using 2-phenyl-4-(triflucromethyl)oxazole-5-carboxylic acid and 1-(1-(5-
aminopyridin-2-ylipiperidin-4-yi)-1H-benzo[dlimidazo-2(3H)-one (71). H NMR

PCT/US2009/064762
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(500 MHz, DMSO-d6) 5 10.85 (s, 1H), 10.70 (s, 1H}, 8.45 (s, 1H), 8.27 (d, 2H,
J=6.5Hz), 7.93 (d, 1H, J = 9 Hz), 7.67 (m, 3H), 7.13 (broad s, 1H), 7.00 (d,
1H, /= 9.5 Hz), 6.97 (m, 3H), 4.48 (m, 3H), 3.00 {{, 2H, J =13 Hz), 2.35 (q,
2H, J= 13 Hz), 1.77 (d, 2H, J = 10.5 Hz). MS (M+1): 548.3.

Example 39 N-(6-(2,4-dibenzyl-3-oxopiperazin-1-yhpyridin-3-yl)-2-phenyl-4-
{trifluoromethyljoxazole-5-carboxamide (74)

CFa

HoN ?‘j}(!—i
@ﬁi@w O L G
119 o 120 '\/N\/©

Compound 74 was prepared by the general procedure for compound 62, by
using 2-phenyl-4-(trifluoromethyt)oxazole-5-carpoxylic acid and 4-(5-
aminopyridin-2-yl)-1,3-dibenzyl-piperazin-2-one which was prepared by
dialkylation of intermediate 59 with benzyl bromide. '"H NMR (500 MHz,
CDCly) 6 8.32 (d, 1H, J = 2.5 Hz), 8.20 (d, 2H, J = 8 Hz), 8.03 (s, 1H), 7.93
(dd, 1H, J=2.5,9Hz), 765 (t, 1H, J=7 Hz), 7.60 (t, 2H, J= 7.5 Hz), 7.35 (m,
3H), 7.25 {m, 5H), 7.20 (m, 2H), 6.38 (d, 1H, J=9.5Hz), 5.00 (¢, 1H, J=55
Hz), 4.87 (d, 1H, J= 145 Hz), 445 (d, 1H, J=14.5Hz), 413 (dt, 1H, J =
13.5, 4 Hz), 3.47 (d, 2H, J= 5 Hz), 3.33 (id, 1H, /= 8, 4.5 Hz), 3.03 (td, 1H, J
= 9.5, 3.5 Hz), 2.82 (dt, 1H, J =12, 3.5 Hz). MS (M+1): 612.3.

Example 40 N-(6-chloropyridin-3-yl)-2-phenyl-4-(triftuoromethyf)oxazole-5-

CFs
N
7N R
YY)
= O N//\Ci
75

2-Phenyi-4-(irifluromethyl)oxazole-5-carboxylic acid (257 mg, 1 mmol) was
added to a mixture of 6-chioropyridin-3-amine (257 mg, 2 mmol}, HOBT (203
mg, 1.5 mmol}, EDC (2.15 g, 3 eg at 1.39 mmol/g) in 15 mL of 1.3 CH3CN:
THF. The reaction mixiure was stirred overnight at RT. Water (40 mL) was

carboxamide (75)

added, and the agueous solution was extracted with 250 mL EtOAc. Organic
extract was dried {Na;SQy), filtered, and concentrated. Purification by
chromatography on an Analogix system (eluant. 1.1 EtOAc: hexane} to vield

PCT/US2009/064762
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N-(6-chloropyridin-3-yi)-2-phenyl-4-(trifluromethyljoxazole-5-carboxamide (75}
as white solid (0.48 g, 32% yield). "H NMR (500 MHz, CDCls) 5 7.37 t0 7.39
(d, 1H), 7.52 to 7.63 (m, 3H), 8.10 to 8.15 (m, 3H), 8.31 to 8.34 (m, 1H), 8.50
10 8.51 (m, 1H).

Examples 41 - 45

Compounds 76 - 80 were prepared by the combinatorial library synthesis
described below:

To the corresponding 4-substituted piperidine (2 eq), Pd{dba)z (13 mg, 0.02
mmol), 2-(dicyclohexylphosphino)-2'-(N, N-dimethylamino)bipheny! (13 mg,
0.03 mmol), sodium {-butoxide (18 mg, 0.192 mmaot) in toluene (2 mL) was
added compound 75 (23 mg, 0.06 mmol). The reaction mixture was heated to
80 °C under nitrogen atmosphere overnight. To the reaction mixtures was
added EtOAc (10 mL), washed with water (3mL) and saturated NaCi sclution
(3 mL). The organic extract were dried (Na,SQy), filtered, and concentrated to
give the crude products. The crude products were further purified by prep
TLC using silica gel 2000 micron 20X20 cm plate developed in 2% MeOH in
CH,Cl, system to give the final products 76 — 80.

STRUCTURE LCMS (ESH)
CFa Rt=3.71 min, [M+1]" 577.3

N
/ H
N;ﬁﬁfgqg\

~F © N/*N/\f

CFq Rt = 3.45 min, [M+1]" 527.3
FEE N

PCT/US2009/064762



WO 2010/059611 PCT/US2009/064762

a7
CFq Rt = 3.38 min, {MM}“ 508.3
T
B O)YN F
L o L
NTINTY OH
E i
CFx Rt = 3.45 min, {M+‘E}+ 5273
S
MO)\?’N \\_=
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g OH
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Cl
CEy Rt = 3.88 min, [M-H]+ 8113
N ¥
= R
= s} =
OH
80
CFs
Ci
Example 46

N-(6-Chioropyridin-3-yi)-2-phenyi-5-(trifluoromethylioxazole-4-carboxamide
81)
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To a solution of 2-phenyl-5-(trifiucromethyl)oxazole-4-carboxylic acid (0.97 g,
3.77 mmol) and EDC (8.15 g, 3 eq at 1.3%mmol/g) in 55 mi. of 3:1 CH,CN:
THF was added 6-chloropyridin-3-amine (0.97 g, 7.55 mmol) and HOBT
(0.764, 5.66 mmol). The reaction mixture was stirred at RT overnight under
nitrogen atmosphere. The reaction mixture was filtered and concentrated.
Purification by chromatography on an Analogix system (eluant: 40% EtOAc in
hexane) yielded N-(6-chioropyridin-3-y)-2-phenyl-5-trifiuoromethyioxazoie-4-
carboxamide {81) as white solid (0.37 g, 27% yield). MS (M+1). 368.
Examples 47 - 49

Compounds 82 ~ 84 were prepared by the general procedures for compounds

75 and 76 — 80 by using the appropriate acids and 6-chloropyridin-3-amine as

starting materials.

STRUCTURE LCMS (ESI)
CFs Rt = 3.61 min, [M+1]" 509.3

82 l
CFs4 Rt = 3.06 min, [M+1]" 447 .2
O w
/gi\% N ! =
o L 2N
83 N
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Example 50
N-(6-(4-oxopiperidin-1-yl)pyridin-3-yl)-2-phenyl-5-(trifluoromethyljoxazole-4-

carboxamide (87)

OaN. 0N N
e HNTT step 1 ﬁ step 2 \E\/\j\
o B e,
SN o NN N7
1 H £
85 g g6~ 0
CF,
O H
step 3 =, \N N N

|
87 5

Step 1. 1-(5-Nitropyridin-2-ylpiperidin-4-one (85)

To a solution of 2-chloro-5-nitropyridine (0.5 g, 3.16 mmol) and pyridine-4-one
hydrochloride (1.07 g, 6.33 mmol) in CHxCl (12 ml) was added triethylamine
(0.956 g, 9.46 mmol). The reaction mixture was stirred at 38 °C overnight. To
the reaction mixture was added EtOAc (100 mL), washed with water (15 mL)
and saturated NaCi solution (15 mL). The organic extract were dried
(Na,S0,), filtered, and concentrated to give the crude product. Purification by
chromatography on an Analogix system (eluant: 1:1 EtOAc: hexane) gave 1-
(&-nitropyridin-2-y!piperidin-4-one (85) as a yellow solid (0.62 g, 90% yieid).
MS (M+1): 222.

Step 2. 1-(5-Aminopyridin-2-yl)piperidin-4-one (86}

To a solution of 85 (1 g, 4.52 mmol) and acetic acid (0.2 mL) in EtOAc (200
ml) under a nitrogen atmosphere was added palladium on activated carbon
(Pd 10%, 100 mg). The resulting reaction mixture was stirred at -10 °C under

PCT/US2009/064762
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hydrogen atmosphere (balloon) for 5 h. The catalyst was removed by filtration
through celite and washed with 1:1 EtOAc: MeOH. The filtrate was
concentrated to give the product 1-(5-aminopyridin-2-yl)piperidin-4-one (86)
as a light yellow solid (0.74 g, 85% yield). MS (M+1). 192.

Step 3. N-(6-(4-oxopiperidin-1-yl)pyridin-3-yl)-2-phenyl-5-
(trifluoromethyljoxazole-4-carboxamide (87)
2-Phenyl-5-(trifluromethy!)oxazole-4-carboxylic acid (300 mg, 1.17 mmol) was
added to a mixture of compound 86 (450 mg, 2.34 mmol), HOBT (240 mg,
1.76 mmol), EDCI (560 mg, 2.93 mmol) in 70 mL of 1:3 CH:CN: THF. The
reaction mixture was stirred overnight at RT. Water (70 mlL) was added, and
the agueous solution was extracted with 450 mL EtOAc. The organic extract
was dried (Na;S0Qy), filtered, and concentrated. Purification by
chromatography on an Analogix system (eluant: 40% EtOAc in hexane) gave
N-(B-(4-oxopiperidin-1-yi)pyridine-3-yl}-2-phenyl-5-(trifluoromethyl)oxazole-4-
carboxamide (87) as light yellow solid (0.22 g, 40% yield). M8 (M+1): 431.
Examples 51 - 54

Compounds 88 - 91 were prepared by the combinatorial library synthesis

described below:

To a mixture of compound 87 (15 mg, 0.035 mmol, 1 eqg) and CeCl; (13 mg,
0.0525 mmol, 1.5 eq) was added THF (2 mL). This mixture was cooled to -78
°C and 1.5 equivalent of each Grignard reagent in THF solution was slowly
added under a nitrogen atmosphere followed by stirring at -78 °C for 30 min
and then slowly warmed up to RT. The reaction mixture was stirred overnight
at RT followed by quenching with water (2 mL). To the reaction mixture was
added EtOAc (15 mL), washed with water {15 mL) and saturated NaCl
solution {15 mL). The organic extract was dried (Na.S0,), fitered, and
concentrated to give the crude products. The crude products were further
purified by prep TLC using sHlica get 2000 micron 20X20 cm plate (eluant: 2%
MeOH in CH,Cly) to give the final products 88 - 81.

STRUCTURE LCMS (ESH}
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CFq Rt = 3.48 min, [M+1]" 447.2

CF3 Rt = 3.84 min, [M+1]" 523.3

Example 55
N-(6-{4-Cyano-4-phenylcyclohexylipyridin-3-yl}-2-phenyl-5-
(triffuoromethyljoxazole-4-carboxamide (92)
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To 4-phenylpiperidine-4-carbonitrile {25 mg, 0.11 mmol), Pd(dba): (11 mg,
0.02 mmol), 2-(dicyclohexylphosphino)-2'-(N, N-dimethylamino)bipheny! {11
mg, 0.03 mmol), sodium t-butoxide (20 mg, 0.19 mmol) in toluene (1.5 mL}

5 was added compound 81 (20 mg, 0.05 mmol}. The reaction mixture was
heated to 65 °C under a nitrogen atmosphere overnight. To the reaction
mixture was added EtOAc (15 mL), washed with water (2 mL} and saturated
NaCl solution (3 mL). The organic exiract was dried (Na,S0,), filtered, and
concentrated to give the crude product. The crude product was purified by

10 prep TLC using silica gel 2000 micron 20X20 cm plate (eluant: 2% MeOH in
CH:Cly) to give N-(6-(4-cyano-4-phenyipiperidin-1-yl)pyridine-3-yl}-2-phenyl-5-
(trifluoromethyl)oxazole-4-carboxamide (92) as yellow solid {(12.7 mg, 45%
yield). "H NMR (500 MHz, CDCls) 8 2.06 to 2.14 (m, 2H), 2.18 to 2.13 (m, 2H),
3.30t03.38{m, 2H), 44310 4.47 (m, 2H), 6. 7410 6.77 (d, TH), 7.34 10 7.36

15 (m, 1H), 7.39 {0 7.43 (m, 2H), 7.47 to 7.59 (m, 5H), 7.92 (s, 1H), 8.04 to 8.07
{m, 1H), 8.13 t0 8.16 (m, 2H), 8.27 t0 8.28 (d, 1H); LCMS (ES!) Rt = 4.14 min,
[M+1]" 518.3.

Example 56
N-(6-(4-Fluoro-4-phenyleyclohexyhpyridin-3-yl)-2-phenyl-5-
20 (triflucromethyljoxazole-4-carboxamide (93)

CF4
o
e s
| I F
93 P
-~

DAST (2 eq) was added to the solution of compound 82 (20 mg, 0.1 mmol} in
THF (1.5 mL) at -78 °C. The reaction mixture was stirred at -78 °C for 10 min
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then warmed up to 0 °C in 15 min. To the reaction mixture was added EtOAc
(20 mL), washed with water (3 mL) and saturated NaCl solution (2 mL). The
organic extract was dried (Na,SO.), filtered, and concentrated to give the
crude product. To the crude product (25 mg) was added 3:1 DMF: H,O (1
mL), OsOy4 (0.05 eq of 4 N Hz0 solution), NMMNO (6 mg, 1.2 eq) followed by
stirring at RT for 4 h. To the reaction mixture was added EtOAc (20 ml),
washed with water (3 mL) and saturated NaCi solution (2 mL}). The organic
extract was dried (Na;S0y), filtered, and concentrated to give the crude
product. Purification by prep TLC using silica gel 2000 micron 20X20 cm plate
{eluant: 1:2 EtOAc: hexane) gave N-({6-(4-fluoro-4-phenylpiperidin-1-
yi)pyridirae-S-yi)*znphenytns-(trif%uoromethyl)oxazole~4~carboxamide (93). (9.2
mg) 'H NMR (500 MHz, CDCly) 3 2.02 to 2.21 (m, 4H), 3.30 to 3.37 (m, 2H).
4.26 to 4.31(m, 2H), 6.76 to 6,78 (d, 2H), 7.28 10 7.39 (m, 5H), 7.52 to 7.61
(m, 3H), 8.12 to 8.18 (m, 3H), 8.29 to 8.30 (d, 1H), 8.78 (s, 1H); LCMS (ES})
Rt = 4.34 min, [M+1]" 511.3.

Examples 57-104

0N~y Nz
HN |
O"’N\EE/"\\ . E OH step 4 NN on step 2 L‘N//\N o
\N”ch K\! |
i
i : i
VRN 95
H
N

96 - 143 /'

Step 1. 1-{5-nitropyridin-2-yi)-4-hydroxy-4-phenylpiperidine (94)

To a solution of 2-chioro-5-nitropyridine (0.9 g) in EtOH (5 mL) was added

N, N-diisopropylethylamine (2.9 mL) and 4-hydroxy-4-phenylpiperidine (1.5 g).
The reaction mixture was heated at 140 °C for 20 min by microwave. The
reaction mixture was cooled to RT, diluted with EtGAc {150 mL}, washed with
H,0 (2 x 100 mL), saturated NH,Cl (3 x 100 mL}, brine (1 x 100 mL), dried
over Na,SQ., filtered, and concentrated o give compound 94.

Step 2. 1-(5-aminopyridin-2-yl}-4-hydroxy-4-phenylpiperidine (85)
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Compound 94 was suspended in EtOAc (60 mL) and EtOH (50 mL). The
suspension was treated with 5% Pd/C (0.5 g) and stirred at RT under 1
atmosphere of H, for 16 h. The catalyst was removed by filtration over a pad
of celite and concentrated to vield 1-(5-aminopyridin-2-yl}-4-hydroxy-4-
phenylpiperidine (95) as a purple solid (1.0 g, 69% vield). LCMS (ESI) calcd
for (M+11" 270.2, found 270.1.

Compounds 96 - 143 were prepared by the amide combinatorial library
synthesis described below:

Step 3: The following reactions were run in 8 mL vials. To each vial was
added EDCI (35.5 mg, 0.18 mmol), 20 mg of compound 95 (0.07 mmol) and
HOBT (15 mg, 0.11 mmol), 2 mL of 3:1 CH3CN: THF, and 0.11 mmol of each
carboxylic acid. The vials were shaken overnight. To the reaction mixture was
added EtOAc (10 mL), washed with water (3 mL) and saturated NaCl sclution
(3 mL). The organic extract waw dried {Na,SQy), filtered, and concentrated to
give the crude product. The crude product was purified by prep TLC using
silica gel 2000 micron 20X20 cm plate (eluant: 1:2 EtOAc: hexane} to give the
final amide products (96 — 143) as beiow:

STRUCTURE LCMS (ESI)
Rt = 3.36 min, [M+1]° 456.3
TS n
[ = i 7 N
o
o6
Rt = 3.25 min, [M+1]" 441.2
ng} H
NN o
497
o
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Rt = 3.30 min, [M+1]" 457.3

Rt = 3.46 min, [M+1]* 454.2

Rt =2.21 min, [M+1]" 458.2

Rt=2.77 min, [M+1]" 473.3
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Rt = 3.57 min, [M+1]" 472.3

Rt = 3.33 min, [M+1]" 471.3

Rt = 3.33 min, [M+1]" 440.2

Rt = 3.47 min, [M+1]" 468.3

Rt = 3.30 min, [M+11" 474.3
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Rt = 3.48 min, [M+1] 539.3

Rt = 3.11 min, [M+1]" 470.3

Rt = 3.39 min, [M+1]" 508.3

Rt = 3.05 min, [M+1]" 470.3

Rt = 3.28 min, [M+1]" 484.3
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Rt = 2.95 min, [M+1]" 454.2

Rt = 3.66 min, [M+1]" 488.3

Rt = 3.43 min, [M+1]" 471.3

Rt = 2.32 min, [M+1]" 458.3

Rt = 3.79 min, {M+1]" 542.3
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Rt = 2.33 min, [M+1]" 538.3
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Rt = 2.97 min, [M+1]" 472.3

Rt = 3.00 min, [M+1]" 513.3

Rt = 3.00 min, [M+1]" 482.3

Rt = 3.24 min, [M+1]" 542.3

Rt = 3.53 min, [M+1]" 550.3
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Example 105
2-Phenyl-N-[6-(4-(N-phenylsulfamoyl)piperidin-1-yl}pyridin-3-yf}-5-
{trifluoromethylloxazole-4-carboxamide (194}

CF;
0N HoN FN LT
z ﬁ step1 ¢ \1/2:\\ step 2 \‘-.:mMN/\‘:/N\;/%\\Z
i PUVE, i e H it
\/l\;SZM‘iﬁtﬁ 45 I\/;“‘S”N\/‘\\\
144 oo i‘\"/ &7
= L~

Step 1 8-[4-(N-phenylsulfamoyl)piperidin-1-yilpyridin-3-amine {144)
intermediate 144 was prepared by the general procedures for step 1 and step
3 of intermediate 61, by using 2-chloro-5-nitropyridine and 4-(N-
phenyisuifamoyl)-piperidine as starting materials. MS (M+1): 334,
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Step 2: 2-phenyl-N-{6-(4-(N-phenylsulfamoytpiperidin-1 -yhpyridin-3-yl]-5-
(rrifiuoromethyljoxazole-4-carboxamide (145)
Compound 145 was prepared by the general procedure for compound 62, by
using 2-phenyl-5-(triflucromethyljoxazole-4-carboxylic acid and intermediate

5 144 as starting materials. "H NMR (500 MHz, CDCls) 6 8.81 (s, 1H), 8.32 (s,
1H), 8.11-8.13 (m, 2H), 7.35-7.25 (m, 4H), 7.16-7.11 (m, 2H), 6.68 (d, 1H, J=
9.1 Hz), 4.42-4 12 {m, 2H), 3.28 (m, 1H), 2.81 (m, 2H), 2.19-2.16 (m, 2H),
1.97-1.88 (m, 2H), MS (M+1): 572.
Example 106

10 2-Phenyl-N-[B-(4-(N-phenyisulfamoyl)piperidin-1-ypyridin-3-yl}-4-

(trifluoromethyl)oxazole-5-carboxamide (146)

146 o ;\//
Compound 146 was prepared by the general procedure for compound 62, by
using 2-phenyl-4-(trifluoromethyljoxazole-5-carboxylic acid and intermediate
15 144 as starting materials. "H NMR (500 MHz, DMSO-d8) & 10.67 (s, 1H), 9.87
(s, 1H), 8.42 (s, 1H), 8.42 (m, 1H), 8.26 (m, 2H), 7.88 (m, 1H), 7.69-7.64 (m,
3H), 7.34-7.23 {m, 4H), 7.09 (m, 1H), 6.94 (d, 1H, J=9.1 Hz), 437 (d, 2H, J =
12.9 Hz), 3.41-3.37 (m, 2H), 2.86 (m, 2H), 2.01 {(m, 2H), 1.67-1.59 (m, 2H).
MS (M+1): 572.
20  Example 107
N-[68-(4-(N-benzylsulfamoyl}piperidin-1-yl)pyridin-3-yi}-2-phenyl-5-
(trifuoromethylioxazole-4-carboxamide (148)

~
A C}‘{VFH
G?"N \3}{;\‘{}( s N \W’A\\Q}' w—udws{ep ? E;\.:::.;»j?ww{{\?‘ﬂ /é\\."/ N \"'(}A\h“?
P S W ) I
[ ] # Nf\*: ” E’ﬁ/\\, L Y G N /\\? . A
S “//\:S;N - NS Ny
147 o 148 G”S‘b

Step 1. 8-(4-(N-benzylsulfamoyl)piperidin-1-yljpyridin-3-amine (147)
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Intermediate 147 was prepared by the general procedures for step 1 and step
3 of intermediate 61, by using 2-chloro-5-nitropyridine and 4-(N-
benzylsulfamoyl)piperidine as starting materiais. MS (M+1). 347.

Step 2: N-[6-(4-(N-benzylsulfamoyljpiperidin-1-yl)pyridin-3-yl]-2-phenyl-5-
(triflucromethyl)oxazole-4-carboxamide (148)

Compound 148 was prepared by the general procedure for compound 62, by
using 2-phenyl-5-(trifluoromethyljoxazole-4-carboxylic acid and intermediate
147 as starting materials. "H NMR (500 MHz, CDCl3) 8 8.02 (s, 1H}, 8.47-8.45
{(m, 2H), 8.21-8.19 (m, 2H), 7.66-7.59 (m, 3H), 7.43-7.37 (m, 8H), 6.87 (d, 1H,
J=9.1Hz2), 470 (m, 1H), 4.38 (m, 4H), 3.04 (m, 1H), 2.27-2.24 (m, 2H), 1.96-
1.94(m, 2H). MS (M+1); 586.

Example 108
N-[8-(4-(N-benzylsulfamoyl)piperidin-1-yl)pyridin-3-yl]-2-phenyl-4-
{trifluoromethyl)oxazole-5-carboxamide (149)

CF
m\/3

a=8e

Q k 4}5\
NTNTTY “
‘\/l\srg\/;\\\'/jl

148 g’ \\O

Compound 149 was prepared by the general procedure for compound 62, by
using 2-phenyl-4-{trifluoromethyljoxazole-5-carboxylic acid and intermediate
147 as starting materials. *H NMR (500 MHz, CDCls) 5 9.53 (s, 1H), 8.49 (s,
1H), 8.35-8.34 (m, 1H), 8.23-8.21 (m, 2H), 7.59-7.52 {m, 3H), 7.40-7.35 (m,
7HY, 6.83 (d, 1H, J= 9.1 Hz), 5.06 (m, 1H), 4.36-4.30 (m, 4H}, 3.0-2.95 {m,
3H), 2.21-2.288 (m, 2H), 1.92-1.85(m, 2H). MS (M+1). 588,

Example 109

N-[6-(4-Phenethyipiperidin-1-yl)pyridin-3-y{]-2-phenyl-4-
(trifluoromethylioxazole-5-carboxamide (1561}

y , R i‘é“ifcgsﬁ
GZN\?;A““; stept N \/\\? sep2 ¢4 G/"'\!E,N T
L”N%Ci k‘h/)‘“fﬁf’m\ o) iNﬁi\N/\}
. \/‘\/\,g/%h 5 K/\/\\i/x\

Step 1; 8-{4-phensthylpiperidin-1-yipyridin-3-amine (150}

PCT/US2009/064762
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Intermediate 150 was prepared by the general procedures for step 1 and step
3 of intermediate 614, by using 2-chloro-5-nitropyridine and 4-
phenethylpiperidine as starting materials. MS (M+1): 312.

Step 2: N-[6-(4-phenethyipiperidin-1-ypyridin-3-yl]-2-phenyl-4-
(trifluoromethyljoxazole-5-carboxamide (151)

Compound 151 was prepared by the general procedure for compound 62, by
using 2-phenyl-5-(trifluoromethyljoxazole-4-carboxylic acid and intermediate
150 as starting materiais. "H NMR (500 MHz, CDCl) 6 8.24 (d, 1H, J=28 Hz
), 8.18 (m, 2H), 8.03-8.01 (dd, 1H, J= 3 Hz, J = 9 Hz), 7.89 (s, 1H), 7.64-7.56
(m, 3H), 7.33-7.28 (m, TH), 7.21 (m, 4H), 6.71 (d, 1H, J=9.1 Hz), 429 (d, 1H,
J=12.9 Hz), 2.88-2.83 (m, 2H), 2.71-2.68 (m, 2H), 1.87 (m, 2H}, 1.65-1.61{(m,
2H), 1.35-1.27 (m, 2H). MS (M+1): 521

Exampie 110

N-[6-(4-(Benzyloxy)piperidin-1-yhpyridin-3-yi]-2-phenyi-4-
(trifluoromethyl)oxazole-5-carboxamide {153)

N—q
P \}\, ; “1\ H
OQN\,@ step 1 HgNﬁ step 2 RL/_J{O}YNX/‘\\
o - ‘ i i
SIS ! e
(6] TRy

152 | 153 O/\g/\\{
7 L

Step 1. 6-(4-(benzyloxy)piperidin-1-yl)pyridin-3-amine (152)

Intermediate 152 was prepared by the general procedures for step 1 and step
3 of intermediate 61, by using 2-chioro-5-nitropyridine and 4-
benzyloxypiperidine as starting materials. MS (M+1): 284,

Step 2: N-[6-(4-(benzyloxy)piperidin-1-yi)pyridin-3-yl}-2-phenyi-4-
(trifluoromethyl)oxazole-5-carboxamide (153)

Compound 153 was prepared by the general procedure for compound 62, by
using 2-phenyl-4-(trifluoromethyl)oxazole-5-carboxylic acid and intermediate
152 as starting materials. 'H NMR (500 MHz, CDCls) 3 8.25 (d, 1H, J = 3 Hz),
8.18-8.15 {(m, 2H), 8.0 (m, 2H), 7.62-7.54 {m, 3H}, 7.40-7.2% (m, 5H;, 6.71 {d,
1H, J= 9.1 Hz), 4.61 (s, 2H)}, 4.02-3.97 (m, 2H), 3.71-3.66 (m, 1H), 3.28-3.24
(m, 2H), 2.03-1.99 (m, 2H), 1.77-1.70 (m, 2H). MS (M+1): 523.

Example 111
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N-[6-(4-(Hydroxy(phenyi)methyl)piperidin-1-yhpyridin-3-yl}-2-phenyl-4-
(trifluoromethyljoxazole-8-carboxamide (155)

CF»
G?Nxé/*%; step 1 HEN\(’*} S‘E"z {’!\M/““\gj\/ \I/s\\
N&\C‘ \H‘?‘\i‘\/\] rffﬁ"\i O \N M'J\E (;/,\?
S N sv
154 L 155 W
OH

Step 1: 6-(4-(hydroxy(phenyl)methyl)piperidin-1-yl)pyridin-3-amine (154)
intermediate 154 was prepared by the general procedures for step 1 and step
3 of intermediate 61, by using 2-chloro-5-nitropyridine and 4-
(hydroxyphenylmethyl)piperidine as starting materials. MS (M+1): 284,
Step 2: N-[6-(4-(hydroxy(phenylmethyl)piperidin-1-yl)pyridin-3-yl}-2-phenyl-4-
(trifluoromethyl)oxazole-5-carboxamide (155)

Compound 185 was prepared by the general procedure for compound 62, by
using 2-phenyl-4-(frifluoromethyljoxazoie-5-carboxylic acid and intermediate
154 as starting materials. 'H NMR (500 MHz, CDCl3) 8 8.22 (d, 1H, J=2.4
Hz), 8.15 (m, 1H), 8.02-7.97 (m, 1H), 7.62-7.53 (m, 2H), 7.40-7.30 (m, 3H),
8.67 (d, 1H, J=9.1 Hz), 4.41(d, 1H, /=7 Hz ), 4.36-4.23 (m, 1H), 2.86-2.72
(m, 1H), 2.12 (m, 1H), 1.88 (m, 1H), 1.47-1.25 (m, 2H). MS (M+1): 523.
Example 112
N-[6-(4-benzyl-5-oxo-1,4-diazepan-1-yl)pyridin-3-yl}-2-phenyl-4-
(trifluoromethyl)oxazole-5-carboxamide (157)

R ‘\"7

i H

O~ gtep HNL step 2 (/ \x“w( /\,\/ o
L — 1L

N N N ‘,VO/\ N

\/K/ 157 \/N\/J\\/‘
Step 1. 6-(4-benzyl-5-oxo-1H-1,4-diazepan-1-yl)pyridin-3-amine {156)
Intermediate 156 was prepared by the general procedures for step 1 and step
3 of intermediate 61, by using 2-chloro-5-nitropyridine and hexahydro-5-oxo-
4-{phenylmethyl}-1H-1 4-diazepine as starting materials. MS (M+1}: 297,
Step 2. N-[6-(4-henzyl-5-ox0-1 4-diazepan-1-ypyridin-3-yij-2-phenyi-4-
(trifiucromethyljoxazole-5-carboxamide (157)
Compound 157 was prepared by the general procedure for compound 62, by
using 2-phenyl-4-(trifluoromethyl)oxazele-5-carboxylic acid and intermediate
156 as starting materials. 'H NMR {500 MHz, CDCl3) 5 8.25 {m, 1H), 8.18-
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8.16 (m, 2H), 8.04 (s, 1H), 8.02-8.00 (m, 1H}, 7.63-7.54 (m, 3H), 7.36-7.27
(m, 5H), 6.64 (4, 1H, J = 9.1 Hz), 4.66 (s, 2H), 3.84 (m, 2H), 3.70 (m, 2H},
3.40 (m, 2H), 2.85 {m, 2H), 1.65 (s, 2H).MS (M+1): 536.

30 (m, 1H), 2.20 {(m, 1H), 1.82 (m, 1H). MS (M+1): 555.1

Example 113
N-{ﬁ-(3-(3-(2-ﬂuo-ropheﬂyt}ureid'o)azeiidin-?~yf)pyri:ﬁi-n~3~yi)~2wphenyi~4~
(trifluoromethyljoxazole-5-carboxamide (1 59)

intermediate 158 was prepared by the general procedures using 3-N-BOC-
amino-azetidine. MS (M+1): 302.
Cornpound 159 was prepared by the general procedure for compound 62 by
using HATU and 1-(1-(5-aminopyridin-2-yl)azetidin-3-yl)-3-(2-
fluorophenyljurea (158)."H NMR (500 MHz, DMSO-d6) 8 10.70 (s, 1H), 8.40
(s, TH), 8.33 (s, 1H), 8.27 (d, 2H, J = 8 Hz), 8.08 (t, 1H, J = 8.5 Hz), 7.90 (d,
1M, J = 9.5 Hz), 7.65 (m, 3H), 7.30 (d, 1H, J= 6.5 Hz), 7.20 {t, 1H, J= 10 Hz),
7.40 (t, 1H, J =8 Hz), 8.97 (q, 1H, J=T Hz), 6.53 (d, 1H, J = 8.5 Hz), 4.60 (m,
1H), 4.27 (t, 2H, J = 8.5 Hz), 3.77 (1, 2H, J = 8 Hz). MS (M+1): 541.2
Example 114
N-(6-(1-(2-fluorophenyicarbamoyl)azetidin-3-ylamino)pyridin-3-yl)-2-pheny!-4-
(triflucromethyljoxazole-5-carboxamide (161)
CFg
0 H 0
Y P ,Q'}i‘%iQ M 5 7/1 M”RNQ
N F Nt
Ho g0 164 H

intermediate 160 was prepared by the general procedures using 1-N-BOC-3-
amino-azetidine. MS (M+1): 302.
Compound 161 was prepared by the general procedure for compound 62 by
using HATU and 3-(5-aminopyridin-2-ylamino)-N-(2-fluorophenyljazetidine-1-
carboxamide (160)."H NMR (500 MHz, DMSO-d6) 5 10.63 (s, 1H), 8.30 (s,
1H), 8.27 (d, 2H, J = 8 Hz), 8.20 (s, 1H), 7.77 (d, 1H, J = 9 Hz), 7.87 (m, 3H),

PCT/US2009/064762
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760 (t, 1H, J = 7.5 Hz), 7.32 (d, 1H, J = 6 Hz), 7.20 (t, 1H, J = 9.5 Hz), 7.10
(m, 2H), 6.58 (d, 1H, J = 9 Hz), 4.56 (m, 1H), 4.30 (t, 2H, J = 8 Hz), 3.83 (¢,
1H, J =55 Hz), 3.81 (d, 1H, J = 5.5 Hz). MS (M+1): 541.2

Exampie 115
ethy! 4,4,4«-triﬂuoro-3*hydroxy-3-(4—{5-(2-;:)henyi~4ﬁ(triﬂuorome§hyi)oxazoie~5—
carboxamido)pyridin-2-yl)piperazine-1-carbonyl)butanoate (162)

CFs
N~y

FN Rf

S O \//\

g H
1 H
P O l\ 2
N N/\) HO CF,0
162 O/\CHg

&
O

!

Compound 162 was prepared by using 2-phenyl-N-(8-(piperazin-1-yl)pyridin-
3-y1)-4-(trifluoromethyl)oxazole-5-carboxamide. 'H NMR (500 MHz, CD;0D) §
8.70 (d, 1H, J = 2.5 Hz), 8.29 (m, 2H), 8.23 (m, 1H), 7.65 (m, 3H), 7.38 (d,
1H, J = 9.8 Hz), 4.33 (m, 2H), 3.80 (m, 8H), 3.28 (m, 1H), 3.18 (m, 1H), 1.33
(t, 3H, J = 7.3 Hz). MS (M+1). 630.3

Example 118
N-(6-(4-(2-hydroxy-3-(piperidin-1-ylpropanoyl)piperazin-1-yi)pyridin-3-yi)-2-
phenyi-xl—(triﬂuoromethyi)oxazele-5~carboxarﬂida {163)

O/W L
Rael.¥s
o]

Compound 163 was prepared by using 2-phenyl-N-(6-(piperazin-1-yljpyridin-
3-yl)-4-(trifluoromethylioxazole-5-carboxamide. 'H NMR (500 MHz, CD;0D) &
8.62 (d, 1H, J = 2.2 Hz), 8.29 {m, 2H), 8.15 {m, 1H), 7.65 (m, 3H), 7.22 (d,
1H, J = 9.5 Hz), 4.96 {m, 1H), 3.80 (m, 10H), 3.40 {d, 2H, 4 = 6.0 Hz), 3.10
(m, 2H), 1.91 {m, 6H). MS (M+1): 573.3
Example 117
2-pheny!l-N-(8-(4-(3,3,3-trifluoro-2-hydroxypropanoyl)piperazin-1-yl)pyridin-3-
yi)-4-(trifluoromethyljoxazole-5-carboxamide (164)

PCT/US2009/064762



WO 2010/059611 PCT/US2009/064762

121
CFs
Y
\ -
GRS RS
-
i \N N
164 E

?H
SN ek,
Q

Compound 164 was prepared by using 2-phenyl-N-(6-(piperazin-1-yl)pyridin-
3-yl)-4-(triflucromethyl)oxazole-5-carboxamide. 'H NMR (500 MHz, CDs0D) 5
8.68 (d, 1H, d = 2.5 Hz), 8.29 (m, 2H), 8.21 (m, 1H), 7.65 {m, 3H), 7.38 (d,

5 1H,J=9.8Hz), 5.12{(q, 1H, J =6.9 Hz), 3.94 (m, 3H), 3.78 {m, 5H). MS
(M+1): 544.3
Example 118
{R)-N-{6-(4-(2-hydroxy-2-phenylacetyl)piperazin-1-yl)pyridin-3-yl)-2-phenyl-4-
(trifluoromethyl)oxazole-5-carboxamide (165)

CFs
S
' N
=
SRS NS
NTTNTY O oH
165 \,NE' e
o

10
Compound 165 was prepared by using 2-phenyl-N-(6-(piperazin-1-yl)pyridin-
3-yh-4-{triflucromethyloxazoie-5-carboxamide. '"H NMR (500 MHz, CD;0D) 3
8.63(d, 1H, J= 2.2 Hz), 8.27 (m, 2H), 8.17 (m, 1H), 7.65 (m, 3H), 7.45 (m
4H), 7.37 (m, 1H), 7.27 (d, 1H, J = 9.5 Hz), 5.54 (s, 1H), 3.81 (m, 4H), 3.58
15 (m, 3H), 3.25 (m, 1H). MS (M+1): 552.3
Example 119
2-hydroxy-3-oxa-3-(4-(5-(2-phenyl-4-(trifiuoromethyloxazote-5-
carboxamido)pyridin-2-yl)piperazin-1-yl)propanocic acid (166}

- cFs

~ N e
WO i il \\&5
S o k N

166
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Compound 166 was prepared by using 2-phenyl-N-(6-(piperazin-1-yljpyridin-
3-y))-4-(trifluoromethyljoxazole-5-carboxamide. TH NMR (500 MHz, CD;0D} 8
8.66 (d, 1H, J = 2.5 Hz), 8.29 (m, 2H), 8.19 (m, 1H), 7.65 (m, 3H}, 7.31 (¢,
1H, J = 9.8 Hz), 5.14 (s, 1H), 3.85 (m, 8H). MS (M+1): 520.3

Example 120

N-(6-(4-(2-(3,4-d iflucrophenyl)-2-hydroxyacetyl)piperazin-1-yl)pyridin-3-yf)-2-
phenyl-4-{frifluoromethyljoxazole-5-carboxamide (167)

CF,
N~

Compound 167 was prepared by using 2-phenyt-N-(6-(piperazin-1-yhpyridin-
3-yh-4-(trifluoromethyl)oxazole-5-carboxamide. H NMR (500 MHz, CD;0D) 8
8.66 (d, 1H, J = 2.2 Hz), 8.27 (m, 2H), 8.17 (m, 1H), 7.65 (m, 3H), 7.41 (m,
1H), 7.31 (m, 3H), 5.54 (s, 1H), 3.83 (m, 3H), 3.71 (m, 3H), 3.54 (m, 2H). MS
(M+1): 588.3

Exampile 121
N-(8-(4-(2-(4-chiorophenyl)-2-hydroxyacetylpiperazin-1-yl)pyridin-3-yl)-2-
phenyl-4-(trifluoromethyljoxazole-5-carboxamide (168)

Compound 168 was prepared by using 2-phenyl-N-(6-(piperazin-1-yl)pyridin-
3-yii-4-(triflucromethyljoxazole-5-carboxamide. "M NMR (500 MHz, CD,0D) &
8.65 (d, 1H, J = 2.2 Hz), 8.27 (m, 2H), 8.17 (m, 1H}, 7.65 (m, 3H), 7.45 (m,
4H), 7.29 (d, 1H, J = 9.8 Hz), 5.54 (s, 1H), 3.70 {m, 7H), 3.37 {m, 1H). MS
(M+1): 586.3

Example 122

PCT/US2009/064762
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(R)-N-(6-(4-(2-cyclohexyl-2-hydroxyacetyl)piperazin-1 -yhpyridin-3-yl)-2-
phenyl-4-{frifluoromethyljoxazole-5-carboxamide (169)

Compound 169 was prepared by using 2-phenyl-N-(6-(piperazin-1-yl}pyridin-
3-yl)-4-(trifluoromethyl)oxazole-5-carboxamide. 'H NMR (500 MHz, CD;0D) &
8.57 (d, 1H, J = 2.5 Hz), 8.27 (m, 2H), 8.08 (m, 1H), 7.65 (m, 3H), 7.12 (d,
1H, J = 9.1 Hz), 4.27 (4, 1H, J = 5.6 Hz), 3.85 (m, 3H), 3.70 {m, 5H), 1.80 (m,
3H), 1.68 (m, 3H), 1.24 (m, 5H). MS (M+1): 558.3

Example 123
(S)-N-(B8-(4-(2-cyclohexyi-2-hydroxyacetyl)piperazin-1-yljpyridin-3-yl)-2-
phenyl-4-(triflucromethyljoxazole-5-carboxamide (170)

CF3
N—(

(Y ;é
E G
= ° S OH
e
O

Compound 170 was prepared by using 2-phenyl-N-(8-(piperazin-1-yl)pyridin-
3-yh)-4-(trifiuoromethyl)oxazole-5-carboxamide. "H NMR (500 MHz, CD;0D) 5
8.57 (d, 1H, J = 2.5 Hz), 8.27 (m, 2H), 8.09 (m, 1H), 7.65 {m, 3H}, 7.11 (d,
1H, J = 9.5 Hz), 4.27 (d, 1H, J = 5.6 Hz), 3.85 (m, 3H), 3.70 (m, 5H), 1.80 (m,
3H), 1.68 (m, 3H), 1.24 (m, 5H). MS (M+1): 558.3

Exampie 124
N-(8-{4-(2-hydroxy-3-phenyipropanoyl)piperazin-1-yl)pyridin-3-yl)-2-phenyi-4-
(trifluaromethyijoxazole-5-carboxamide (171}

PCT/US2009/064762
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Compound 171 was prepared by using 2-phenyt-N-(6-(piperazin-1-y)pyridin-
3-yl)-4-(triflucromethyljoxazole-5-carboxamide. "H NMR (500 MHz, CD;0D) &
8.56 (d, 1H, J = 2.5 Hz), 8.28 {m, 2H), 8.09 (m, 1H), 7.65 (m, 3H), 7.31 (m,
4H), 7.23 (m, 1H), 7.08 (d, 1H, J= 9.5 Hz), 477 {t, 1H, J=6.9Hz), 3.69 (m,
4H), 3.51 (m, 3H), 3.26 (m, 1H), 3.02 (m, 2H). MS (M+1}: 566.3
Example 125
4,4 A-trifluoro-3-hydroxy-3-(4-(5-(2-phenyl-4-{frifluoromethyt)oxazole-5-
carboxamido)pyridin-2-yhpiperazine-1-carbonyl)butanoic acid (172}

CF3

O Y o

172 K/NNOH
o

Compound 172 was prepared by using 2-phenyl-N-(6-(piperazin-1-yl)pyridin-
3-yh)-4-(trifluoromethyl)oxazole-5-carboxamide. "H NMR (500 MHz, CD,0D) 8
8.58 (d, 1H, J = 2.5 Hz), 8.29 {m, 2H), 8.11 (m, 1H), 7.65 (m, 3H), 7.15 (d,
1H, J = 9.8 Hz), 3.72 (m, 8H), 3.28 (d, 1H, J = 16 Hz), 1.15(d. 1H, J = 16 Hz).
MS (M+1): 802.3
Example 126
N-(6-{4~(2-hydroxy-2-{4-(trifiuoromethyl)phenyi)acetyl)piperazin-1-yljpyridin-3-
yl)-2-phenyl-4-(trifluoromethyl)oxazole-5-carboxamide {173)

;}CFB
s O \N«ﬁ\i@/\% OH
173 ~N N
o L
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Compound 173 was prepared by using 2-phenyl-N-(6-(piperazin-1-yl)pyridin-
3-yh-4-(trifluoromethyloxazole-5-carboxamide. TH NMR (500 MHz, CD3;0D} 8
862 (d, 1H, J = 2.5 Hz), 8.27 (m, 2H), 815 (m, 1H), 7.67 (m, 7H), 7.23 {d,
1H, J = 0.8 Hz), 5.65 (s, 1H), 3.74 (m, 6H), 3.49 (m, 2H). MS (M+1): 620.3
Example 127
N-(8-(4-(2-(3,5-difluorophenyl}-2-hydroxyacetyl)piperazin-1-yl)pyridin-3-yl)-2-
phenyl-4-{triflucromethyljoxazole-5-carboxamide (174)

CF,
&&\ H
N O N =
| o L
N N/\\l OH
174 N xF
o U
F

Compound 174 was prepared by using 2-phenyl-N-(6-(piperazin-1-yl)pyridin-
3-yl)-4-(trifluoromethyljoxazole-5-carboxamide. 'H NMR (500 MHz, CD;0D) 5
8.62 (d, 1H, J = 2.5 Hz), B.27 (m, 2H), 8.15 (m, 1H), 7.64 {m, 3H), 7.23 (d,
1H, J = 9.8 Hz), 7.11 (m, 2H), 6.96 {m, 1H), 5.57 (s, 1H), 3.74 (m, 6H), 3.53
(m, 2H). MS (M+1): 5688.3

Exampie 128
N-(6-(4-(2-hydroxy-2-(4-fluorophenylacetylpiperazin-1-yl) pyridin-3-yi)-2-
phenyl-4-(trifluoromethylioxazole-5-carboxamide (175)

CF3
N
B
i vy O ! 7N
|
P O \NJ}\N/\} o
N
175 s
0 “\AF

Compound 175 was prepared by using 2-phenyl-N-{6-(piperazin-1-ylipyridin-
3-yl}-4-(trifluoromethyloxazole-5-carboxamide. 'H NMR {500 MHz, CD:0D) 8
8.88 (d, 1H, J = 2.2 Hz}, 8.27 (m, 2H), 8.15 (m, 1H), 7.64 {m, 3H), 7.50 {m,
2H), 7.29 (d, 1H, J = 8.8 Hz), 7.16 (m, 2H), 5.55 (s, 1H), 3.71 {m, 8H). MS
(M+1). 570.3

Example 129

PCT/US2009/064762
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N-(6-(4-(2-(benzaold][1,3]dioxol-5-yl)-2-hydroxyacetyl)piperazin-1-yhpyridin-3-
yi}-2-phenyl-4-(frifluoromethyljoxazole-5-carboxamide (176)

CF,
N
/ \)\fm
T o) v X

176 K/N f R

Compound 176 was prepared by using 2—phenyi~N~(6-{péperazm—1-yl}pyridén~
5  3-yh-4-(trifluoromethyljoxazole-5-carboxamide. 'H NMR (500 MHz, CD;0D) 8

8.84 (d, 1H, J = 2.2 Hz), 8.27 (m, 2H), 8.18 (m, 1H), 7.64 (m, 3H), 7.28 (d, 1H,
J=90.8Hz), 6.95(m, 2H), 6.86 (d, 1H, J = 8.2 Hz), 5.97 (s, 2H), 5.45 (s, 1H},
3.64 (m, 8H). MS (M+1): 596.3
Example 130

10 N-(B-(4-(2-(2,5-dimethylphenyl)-2-hydroxyacetyl)piperazin-1-yl)pyridin-3-y!)-2-
phenyl-4-(trifluoromethylyoxazole-5-carboxamide (177)

CFy
a~ O f ~
(L 0 O
NN OH cHg
177 N i
o)
i
CHs

Compound 177 was prepared by using 2-phenyl-N-(6-(piperazin-1-yl)pyridin-
3-y1)-4-(triflucromethyljoxazole-5-carboxamide. 'H NMR (500 MHz, CD;0D) 5
15 8.63(d, 1H,J=22Hz) 8.27 (m, 2H), 8.17 (m, 1H), 7.64 (m, 3H), 7.25 (d,
1H, J=98Hz), 7.16 (d, 1H, J= 7.6 Hz), 7.09 (d, 1H, J = 7.8 Hz), 7.06 (s, 1H).
5.60 (s, 1H), 3.89 (m, 1H), 3.81 (m, 2H), 3.60 (m, 3H), 3.33 (m, 1H) 3.10 {m,
1H), 2.45 (s, 3H), 2.30 (s, 3H). MS (M+1): 580.3
Example 131
20 2,3-dihydroxy-4-oxo-4-(4-{5-(2-phenyl-4-({trifiuoromethylioxazole-5-
carboxamido)pyridin-2-y!)piperazin-1-yljbutanoic acid (178}
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Compound 178 was prepared by using 2-phenyl-N-(8-(piperazin-1-ylpyridin-
3-yh-4-(triflucromethyljoxazole-5-carboxamide. 'H NMR (500 MHz, CD30D) &
8.55 (d, 1H, J = 2.5 Hz}, 8.29 (m, 2H}, 8.06 (m, 1H), 7.65 (m, 3H), 7.07 (d,

5 1H,J=91Hz),4.90(d, 1H, J=28Hz), 446 (d, 1H, J = 2.8 Hz), 3.82 (m,
8H). MS (M+1): 550.3
Example 132
{R)-N-(6-(4-(2-hydroxy-2-phenylacetyl)-1 4-diazepan-1-yl)pyridin-3-yh)-2-
phenyl-4-{trifluoromethyl)oxazole-5-carboxamide (179)

N—
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Compound 179 was prepared by using N-(6-(1,4-diazepan-1-yl)pyridin-3-y}-2-
phenyl-4-(triflucromethy!)oxazole-5-carboxarnide. 'H NMR (500 MHz, CD,0D)
§8.37 (d, 1H, J = 2.5 Hz), 8.29 (m, 2H), 7.88 (m, 1H), 7.64 (m, 3H), 7.37 (m,
3H), 7.25 (m, 2H), 6.75 (d, 1H, J = 9.1 Hz), 5.37 (s, 1H), 4.04 (m, 1H), 3.60

15 {m, TH), 1.85 (m, 1H), 1.51 {m, 1H). MS (M+1): 566.3
Example 133
{R)-N-(6-{4-{2-cyclohexyi-2-hydroxyacetyl}-1,4-diazepan-1-yhpyridin-3-yl)-2-
phenyl-4-(trifiucromethyljoxazole-5-carboxamide (180)
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20  Compound 180 was prepared by using N-(6-(1,4-diazepan-1-yl)pyridin-3-yi)-2-
phenyl-4-(triflucromethyloxazole-5-carboxamide. "H NMR (500 MHz, CD,0D}
§8521{d 1H J=25Hz), 829 (m, 2H), 8.04 (m, 1H). 7.64 {m, 3H}, 8.94 (d,
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1H, J=84 Hz), 4.10(d, 1H, J = 6.9 Hz), 3.78 (m, 8H), 1.74 (m, 7H), 1.20 (m,
BH). MS (M+1): 572.3

Example 134
2-phenyl-N-(6-(4-(3,3,3-trifiluoro-2-hydroxypropancyl)-1.4-diazepan-1-
yi}pyré-déms«yi)ném(triﬁuoromethyi)oxazcie—ﬁ-carbexamida (181)

_<
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Compound 181 was prepared by using N-(8-(1,4-diazepan-1-yl)pyridin-3-yi)-2-
phenyl-4-(triflucromethyljoxazole-5-carboxamide. "H NMR (500 MHz, CD;0D)
58.46 (d, 1H, J = 2.5 Hz), 8.29 {m, 2H), 7.95 (m, 1H), 7.64 (m, 3H), 6.88 (d,
1H, J= 9.8 Mz), 4.92 (m, 1H), 3.82 {m, 6H), 3.35 (m, 2H}, 2.04 (m, 1H), 1.34
{m, 1H). M8 (M+1): 858.3
Exampie 135
{(R)-N-(8-(4-(2-(3,4-diflucrophenyl)-2-nydroxyacetyl)-1,4-diazepan-1-yhpyridin-
3-yl}-2-phenyl-4-(triflucromethyl)oxazole-5-carboxamide (182)
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Compound 182 was prepared by using N-(6-(1,4-diazepan-1-yl)pyridin-3-yl}-2-
phenyl-4-(trifluoromethyl)oxazole-5-carboxamide. *H NMR (500 MHz, CDi0D)
5 8.39 (5, 1H), 8.29 (m, 2H), 7.90 (m, 1H}, 7.64 (m, 3H), 7.18 (m, 3H), 6.75
(d, 1H, J= 9.1 Hz), 5.35 (s, 1H), 3.99 (m, 1H), 3.67 (m, 7H), 1.90 (m, 1H),
1.63 (m, 1H). MS (M+1):802.3

Example 136
N-{6-(4-(2-hydroxy-2-(3-hydroxyphenyijacetyl)piperazin-1-yhipyridin-3-yi-2-
phenyl-4-(triflucromethyljoxazole-5-carboxamide (183;
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Compound 183 was prepared by using 2-phenyl-N-(6-(piperazin-1-yl)pyridin-
3-yl)-4-(triflucromethylioxazole-5-carboxamide. 'H NMR (500 MHz, CD;0D) &
8.45(d, 1H, d = 2.5 Hz), 8.27 (m, 2H), 7.97 (m, 1H), 7.64 (m, 3H), 7.23 {t, 1H,
J=7.9 Hz), 6.90 (m, 3H), 6.78 (m, 1H), 5.43 (s, 1H), 3.85 (m, 1H), 3.61 (m,
4H), 3.42 (m, 2H), 3.06 (m. 1H). MS (M+1): 568.3

Example 137
N-(6-(4-(2-(2-fluorophenyl}-2-hydroxyacetyi)piperazin-1-yl)pyridin-3-yl)-2-
phenyl-4-{trifluoromethyl)oxazole-5-carboxamide (184)

CF,y
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Compound 184 was prepared by using 2-phenyl-N-(6-(piperazin-1-yi)pyridin-
3-yl)-4-(trifluoromethylioxazole-5-carboxamide. "H NMR (500 MHz, CD,0D) 5
8.56 (d, 1H, J = 2.2 Hz), 8.28 (m, 2H), 8.09 (m, 1H), 7.64 (m, 3H), 7.48 (1, 1H,
J=T76Hz), 742 (m, 1H), 7.25 (1, 1H, J =76 Hz), 7.19 (t, 1H, J = 9.5 Hz),
7.42(d, 1H, J= 9.5 Hz), 5.80 (s, 1H), 3.70 {m, 8H). MS (M+1): 570.3
Example 138
N-(6-(4-(2-(2,5-difluorophenyl})-2-hydroxyacetylpiperazin-1-yljpyridin-3-yl)-2-
phenyi-4-(triflucromethylioxazole-5-carboxamide {185)
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Compound 185 was prepared by using 2-phenyl-N-{6-(piperazin-1-yl)pyridin-
3-yh-4-{trifluoromethyl)oxazole-5-carboxamide. H NMR (500 MHz, CD;0D) 3
8.56 (d, 1H, J = 2.2 Hz), 8.28 {m, 2H), 8.09 (m, 1H), 7.64 (m, 3H), 7.16 (m,
4H), 5.80 (s, 1H), 3.80 (m, 3H), 3.83 (m, 4H), 3.41 (m, 1H). MS (M+1): 588.3
Example 139
2-phenyl-N-(6-(4-(3,3,3-trifluoro-2-hydroxy-2-methylpropanoyl)piperazin-1-
yhpyridin-3-y!)-4-(trifluoromethyljoxazole-5-carboxamide (186)
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Compound 186 was prepared by using 2-phenyl-N-(6-(piperazin-1-yljpyridin-
3-y)-4-(trifluoromethyl)oxazole-5-carboxamide. "H NMR {500 MHz, CD;0D) &
8.66 (d, 1H, J = 2.5 Hz), 8.29 (m, 2H), 8.19 (m, 1H), 7.65 (m, 3H), 7.31 (d,
1H, J = 9.5 Hz), 4.33 (m, 2H), 3.78 (m, 6H), 1.67 (s, 3H). MS (M+1): 5658.3
Example 140
N-(8-(4-(2-hydroxy-2-phenyipropanoyi)piperazin-1-ylipyridin-3-yl)-2-phenyl-4-
{trifluoromethylyoxazole-5-carboxamide {187}
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Compound 187 was prepared by using 2-phenyl-N-(6-(piperazin-1-ylipyridin-
3-yh-4-{triffluoromethylioxazole-5-carboxamide. " NMR (500 MHz, CD50D) &
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8.55 (d, 1H, J = 2.5 Hz), 8.27 (m, 2H), 8.08 (m, 1H), 7.64 (m, 3H), 7.42 (m,
4H), 7.30 (t, 1H, J = 7.6 Hz), 7.11 (d, 1H, J= 9.5 Hz}, 3.69 {(m, 8H), 3.37 (m,
1H), 2.90 (m, 1H), 1.67 (s, 3H). MS (M+1). 566.3

Example 141
N-(6-(4-(2-hydroxy-2-(4-hydroxyphenyi)acetyljpiperazin-1-yljpyridin-3-yl)-2-
phenyl-4-(triflucromethyljoxazole-5-carboxamide (188)

N CFy
f\‘x H

% O v I

§/’ PN

g NN OH

188 \/Nm
OH

Compound 188 was prepared by using 2-phenyl-N-(6-(piperazin-1-yh)pyridin-
3-yl)-4-{triflucromethyljoxazole-5-carboxamide. 'H NMR (500 MHz, CD;0D) 5
8.58 (d, 1H, J = 2.5 Hz), 8.29 (m, 2H), 8.11 (m, 1H), 7.64 (m, 3H), 7.28 (d,
2H, J= 8.8 Hz), 7.15(d, 1H, J = 9.5 Hz), 6.82 (d, 2H, J = 8.5 Hz), 5.43 (s, 1H),
3.73 (m, 7H), 3.13 (m, 1H). MS (M+1): 568.3
Example 142
N-[6-[4-(2(8)-hydroxy-3-methyi-1-oxobutyl)-1-piperazinyl]-3-pyridinyl}-2-
phenyl-4-(triflucromethyl)-5-oxazotecarboxamide (189}
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2-Phenyl-N-(6-(piperazin-1-ylypyridin-3-yl)-4-(trifluoromethyljoxazole-5-
carboxamide HCI salt (46 mg, 0.1 mmol) was mixed with L-o-
hydroxyisovaleric acid (12 mg, 0.1 mmol), diisopropylethylamine (.05 mL),
and HATU (57 mg, .15 mmal} in 1 mL of dry DMF. The mixture was stirred
at room temperature for 3 h, diiuted with 2 mL of DMF, and then subjected to
Gilson HPLC purification to give 38 mg of pure product 189

'H NMR (500 MHz, CDCls) 8 8.32 (d, 1H, J = 2.8 Hz), 8.19 (d, 2H), 8.10 (dd,
1H), 7.98 {s, 1H), 7.63 {m, 1H)}, 7.58 (m, 2H}, 6.74 (d, 1H). 4 33 (s, 1H}, 3.83

PCT/US2009/064762
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(rm, 2H), 3.61 (m, 6H), 1.90 (m, 1H), 1.13 (d, 3H, /= 6.9 Hz), 0.85 (d, 3H, J=
6.9 Hz). MS (M+1): 5183
Example 143
N-[6-[4-(2(R)-hydroxy-3,3-dimethyl-1-oxobutyl)-1 -piperazinyl}-3-pyridinyl}-2-
phenyl-4-(trifluoromethyl)-5-oxazolecarboxamide (190}
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Compound 190 was prepared by the general procedure for compound 189.
H NMR (500 MHz, CDCl3)  8.32 (d, 1H, J = 2.5 Hz), 8.18 (d, 2H), 8.08 (m,
2H), 7.58 (m, 3H), 6.74 (m, 1H), 4.26 (s, 1H), 3.99 (m, 1H), 3.69 (m, 5H), 3.54
(m, 2H), 1.02 (s, 9H). MS (M+1): 532.3

Example 144 N-[6-[4-(2-hydroxyacetyl)-1-piperazinyl]-3-pyridinyl]-2-phenyl-
4-(trifluoromethyl)-5- oxazolecarboxamide (191)

CFa
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Compound 191 was prepared by the general procedure for compound 188.
MS: 476.3 (M+1)

Example 145 N-[{4-[6-[hydroxy(phenyl)methyl}-3- pyridinyl]phenyl]-2- phenyl-
4-( triflucromethyl)-5-oxazolecarboxamide (195)
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Step 1: (5-(4-nitrophenylipyridin-2-y)(phenyl)methanot (193)
Compound 192 {0.26 g, 1 mmol), p-nitrophenylboronic acid (170 mg, 1 mimol},
5  Pd{PPhs);Clz (50 mg), K2CO;3 {280 mg, 2 mmol) were mixed in a microwave
reaction vial. The vial was capped, and the air was removed by vacuum
through a needle, and back-filled with nitrogen (3 times). CH;CN (8 mL) and
water (2 mL) was introduced via syringe. The mixture was heated to 90 °C for
12 h then diluted with ethyl acetate, washed with brine, dried over sodium
10 sulfate, and filtered. The solution was concentrated to give a product, which
was used directly in the next step. LCMS: 307 (M+1)
Step 2; (5-(4-aminophenyl)pyridin-2-yl){phenyl)methanol (184}
PtO; (30 mg) was added to compound 193 (~ 1 mmol) in a mixed solvent of
3:1 EtOAC:MeOH (24 mL). The resulting mixture was stirred under a balloon
15  of hydrogen at r.t. overnight. LCMS shows all starting materiai was converted
into aminopyridine derivative. The mixture was filtered, and the filtrate was
concentrated to give a crude product that was purified by flash
chromatography to give compound 194. LCMS: 277.2 (M+1)
Step 3. N-(4-(8-(hydroxy(phenylimethyi)pyridin-3-yliphenyl)-2-phenyi-4-
20  (trifluoromethyl)oxazole-5-carboxamide {195)
Compound 194 (41 mg, 0.15 mmol} was mixed with the oxazole acid {39 mg,
0.15 mmol), diisopropylethylamine {4.06 miL}, and HATU (76 mg, 0.2 mmol} in
dry DMF {3 mL). The mixture was stirred at room temperature for 2 h and
then subjected to Gilson HPLC purification to give 55 mg of the product 195,
25  H NMR (500 MHz, DMSO-d6) & 10.91 (s, 1H), 8.87 (s, 1H), 8.28 (m, 3H),
7.921{d 2H J=85Hz), 7.83(d, 2H, J=858Hz), 7.76 (d, 1H. J =82 Hz),
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768 (m, 3H), 747 (d, 2H, J =79 Hz), 7.35(t, 2H, J=75Hz), 7.26 (. 1H, J =
7.6 Hz), 5.88 (s, 1H). MS (M+1): 516.3

Example 146  N-[6-[4-(2,1-benzisoxazol-3-ylcarbonyl)-1-piperazinyl}-3-
pyridinyl]-2-phenyl-4-(triflucromethyi)-5- oxazolecarboxamide (196}
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Compound 196 was prepared by the general procedure for compound 189,
'H NMR (500 MHz, DMS0-d6) 8 10.73 (s, 1H), 8.47 (d, 1H, J = 2.5 Hz), 8.27
(m, 2H), 7.96 (m, 1H), 7.87 (m, 1H), 7.79 (m, 1H), 7.67 (m, 3H), 7.52 (m, 1H),
7.28 {m, 1H), 6.99 (d, 1H, J = 9.1 Hz), 3.89 (m, 4H), 3.70 (m, 4H). MS (M+1):
563.3

Example 147 Ethyl 5 6,7 8-tetrahydro-7-[5-[[[2-phenyl-4-(triflucromethyl)-5-
oxazolyljcarbonyllamino]-2-pyridinyl]-1,2,4-triazolo[4, 3-a]pyrazine-3-
carboxylate

(199)
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Step 1: ethyl 7-(5-nitropyridin-2-y[}-5 6,7 8-tetrahydro-{1 2. 4itriazolof4,3-
alpyrazine-3-carboxylate (187)

2-Chloro-5-nitropyridine (0.97 g, 5.5 mmol), ethyl 5,6,7 8-tetrahydro-

[1.2 4}triazolol4, 3-alpyrazine-3-carboxylate (1.0 g, 5.1 mmol}, and
dilsopropylethylamine (2 mL} were mixed in acetonitrile (5 mi}, and heated to

PCT/US2009/064762
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80 °C for one h. The mixture was poured into water, and the precipitate was
collected by fiitration. The precipitate was washed with water, then by ether,
and dried in a vacuum oven overnight to give 1.2 gram of product 197 (75%
yield).

Step 2: ethyl 7~(5-aminopyridin-2-yl)-5,6,7,8-tetrahydro-[1,2 4}triazolo[4,3-
ajpyrazine-3-carboxylate (198)

Compound 197 (1.1 g) was reduced by stirring with PtO, (20 mg) in 3.1
EtOAC:MeOH (40 mL) under a bailoon of hydrogen at r.t. overnight. The solid
was filtered off, and the filtrate was concentrated to give 1.0 gram of the
aminopyridine product 198 which was used in the next step without further
purification.

Step 3: ethyl 5,6,7 8-tetrahydro-7-[5-[[[2-phenyl-4-(triflucromethyl)-5-
oxazolyllcarbonyljamino]-2-pyridinyi}-1,2 4-triazolo[4,3-ajpyrazine-3-
carboxylate

(199)

Compound 198 (37 mg, 0.13 mmol) was mixed with oxazole acid (33 mg, 0.13
mmo), diisopropylethylamine (0.07 mL), and HATU (84 mg, 0.17 mmol} in dry
DMF (2 mL). The mixture was stirred at room temperature overnight then
diluted with 2 mL of DMF, and subjected to Gilson HPLC purification to give
55 mg of the product 199 as the TFA salt. 'H NMR (500 MHz, DMSO-d6) &
10.77 (s, 1H), 8.51 (m, 1H), 8.27 (m, 2H), 8.00 (m, 1H), 7.67 (m, 3H), 7.19 (m,
1H), 4.98 (s, 2H), 4.38 (m, 4H), 4.07 (m, 2H), 1.34 (t, 3H, J=7.1 Hz). MS
{M+1): 528.3

Example 148 N-cyclopentyl-5,6,7 8-tetrahydro-7-[5-[{[2-phenyi-4-
(trifluoromethyl}-5-oxazolyljcarbonyllamino]-2-pyridinyl}-1,2,4-triazolo[4,3-
alpyrazine-3-carboxamide (201)

PCT/US2009/064762
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Step 1. 7-{5-aminopyridin-2-yl}-N-cyclopentyl-5,8,7 8-tetrahydro-
[1,2 4ltriazolo[4,3-a}pyrazine-3-carboxamide (200)
Compound 198 (58 mg, 0.2 mmol) was mixed with 0.2 mL of
5 cyclopentylamine in a capped microwave reaction vial. The mixture was
heated to 170 °C overnight then cooled and diluted with ether/hexane. The
precipitate was collected by filtration, and dried in a vacuum oven at 50 °C
overnight, to give 52 mg of the product 200.
Step 2: N-cyciopentyl-5,6,7,8-tetrahydro-7-[5-[[[2-phenyl-4-(triflucromethyl)-5-
10 oxazolyllcarbonyllamino]-2-pyridinyl]-1,2 4-triazolo[4, 3-ajpyrazine-3-
carboxamide (201)
Compound 201 was prepared by the general procedure for compound 1989.
'H NMR (500 MHz, DMSO-d6) 3 10.77 (s, 1H), 8.51 (m, 1H), 8.27 (m, 2H),
8.00 (m, 1H), 7.67 (m, 3H), 7.18 {m, 1H), 4.98 (s, 2H), 4.38 (m, 4H), 4.07 (m,
15 2H), 1.34 (t, 3H, J= 7.1 Hz). MS (M+1): 528.3
Example 149  N-[6-[3-(3-fluorophenyl}-5,8-dihydro-1,2 4-triazaolo]4,3-
alpyrazin-7(8H)-yl}-3-pyridinyl}-2-phenyl-4-(triflucromethyl)-5-
oxazolecarboxamide (206)
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Step 1: 3-(3-fluorophenyl)-5,6,7,8-tetrahydro-[1.2,4]triazolo[4, 3-ajpyrazine
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(203)

Tert-butyl 3-bromo-5,6-dihydro-[1,2 4itriazolo[4,3-ajpyrazine-7(8H}-
carboxylate (202) (0.12 g, 0.4 mmol), m-fluorophenylboronic acid (70 mg, 0.5
mmol), Pd{PPhj3),Cl; (20 mg), K.CO3 (110 mg, 0.8 mmol) were mixed in a
microwave reaction vial. The vial was capped and air was removed by
vacuum through a needle, and back-filled with nitrogen (3 times). CH3CN (3
mb) and water (0.6 mL) was introduced via syringe. The mixture was then
heated to 90 °C for 10 h then diluted with ethyl acetate, washed with brine,
dried over sodium sulfate, and concentrated. The crude product was purified
by flash chromatography to give compound 203 which was treated with 4 N
HCI in dioxane at r.t. for 2 h to give the HCI salt.

Step 2: 3-(3-fluorophenyl)-7-(5-nitropyridin-2-y1)-5,6,7, 8-tetrahydro-
[1,2,4]triazolo[4,3-a]pyrazine (204)

Compound 203 HCI sait (~ 0.3 mmol) in EIOH (6 mlL.) was mixed with 2-
chloro-5-nitropyridine (71 mg, 0.45 mmol} and diisopropylethylamine (0.17
mL, 1 mmol). The resulting mixture was heated to 80 °C for 10 h then coocled
and concentrated. The solid was washed with water and ethanol/hexane to
give a solid product which was used in the next step without further
nurification.

Step 3; 8-(3-{3-flucrophenyl}-5,8-dihydro-{1,2 4ltriazolo[4. 3-a]pyrazin-7(BH}-
ylipyridin-3-amine {205)

Compound 205 was prepared by the general procedure for compound 198.
Step 4: N-[6-[3-(3-fluorophenyl)-5,6-dihydro-1,2 4-triazolo[4,3-ajpyrazin-7(8H}-
yi]-3-pyridinyl}-2-phenyl-4-(triflucromethyi)-5-oxazolecarboxamide (206)
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Compound 206 was prepared by the general procedure for compound 199,
"H NMR (500 MHz, DMSO-d8) 5 10.78 (s, 1H), 8.54 (m, 1H), 8.27 (m, 2H},
8.02 (m, 1H), 7.66 (m, 5H), 7.41 (m, 1H), 7.18 (d, 1H), 5.00 (s, 2H), 4.31 (1.
2H, J =52 Hz), 4.08 (t, 2H, J = 5.2 Hz). MS (M+1): 550.3

Example 150 N-[8-[5,6-dihydro-3-[hydroxy(phenylimethyl]-1,2 4-triazolo[4,3-
a] pyrazin-7(8H)-yl}-3-pyridinyl}-2-phenyi-4-( trifuoromethyl}-5-
oxazolecarboxamide (210}
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Step 1: phenyl(5,6,7 8-tetrahydro-[1,2 4]triazolo[4, 3-a]pyrazin-3-yl)methanol
(207)

Tert-butyl 3-bromo-5,8-dihydro-{1,2 4]triazolof4, 3-a]pyrazine-7(8H)-
carboxylate (202) {0.12 g, 0.4 mmol) was placed in a flame-dried flask dry
THF (5 mL) under nitrogen and cooled to -78 °C. n-Buliin hexane (2.5 M
solution, 0.32 mL, 0.8 mmol) was added. The mixture was stirred at -78 °C
for 40 mins then benzaldehyde (85 mg, 0.8 mmol) was added. The reaction
was stirred at -78 °C for an additional 30 mins then quenched by the addition
of saturated NH4C!| solution at -78 °C and warmed up to room temperature.
The product was extracted with EtOAc, washed with water and brine, dried
{Na.S0.) and concentrated. The crude product was treated with 4 N HCI
solution in dioxane at room temperature for 3 h then concentrated and dried in
a vacuum oven at 50 °C for 3 h before use in the next step. LCMS: 231 (M+1)
Step 2: (7-(5-nitropyridin-2-y1}-5,6,7 8-tetrahydro-{ 1,2 4jiriazciol4, 3-alpyrazin-
3-yhi{phenyl)methanol (208)

Compound 208 was prepared by the general procedure for compound 204.
LCMS: 353 (M+1)

PCT/US2009/064762
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Step 3: (7-(5-aminopyridin-2-y{}-5,6,7 B-tetrahydro-{1 .2 4ltriazolol4,3-
alpyrazin-3-yh){phenylimethano! (208)

Compound 209 was prepared by the general procedure for compound 1988.
LCMS: 323 (M+1)

Step 4: N~{6~[5,6-déhydm—3~{hyémxy(pheny!)m-ethyi}-1 .2, 4-triazolof4,3-a]
pyrazin-7(8H)-yll-3-pyridinyl}-2-phenyl-4-( trifivoromethyl)-5-
oxazolecarboxamide (210}

Compound 210 was prepared by the general procedure for compound 189.
'H NMR (500 MHz, DMSO-d6) § 10.74 (s, 1H), 8.48 (d, 1H, J = 2.5 Hz), 8.26
(d, 2H, J = 7.3 Hz), 7.96 (m, 1H), 7.66 (m, 3H), 7.38 (m, 4H), 7.30 (m, 1H),
712 (d, 1H, J = 9.1 Hz), 6.49 (s, 1H), 6.02 (s, 1H), 4.86 (s, 2H), 4.18 (m, 1H),
3.98 (m, 2H), 3.74 (m, 1H). MS (M+1): 562.3

ASSAY
A useful assay to determine the DGAT inhibitory activity of the inventive

compounds is described below.

The in vitro assay to identify DGAT1 inhibitors uses human DGAT1
enzyme expressed in Sf9 insect cells prepared as microsomes. The reaction
is initiated by the addition of the combined substrates 1,2-dioleoyl-sn-glycero!
and [“C]-palmitoyl-Co A and incubated with test compounds and microsomal
membranes for 2 hours at room temperature. The assay is stopped by
adding 0.5 mg wheat germ agglutinin beads in assay buffer with 1% Brij-35
and 1% 3-cholamidopropyidimethyi-ammonio-1-propane sulfonate. Plates are
sealed with TopSeal and incubated for 18 hours to atlow the radioactive
triglyceride product to come into proximity with the bead. Plates are readon a
TopCount instrument.

Percent inhibition was calculated as the percent of (fest compound
inhibition minus non-specific binding) relative to (total binding minus non-
specific binding). iCs; values were determined by curve fitting the data to a
Sigmoidal dose-response in GraphPad Prism utilizing the following equation:

Y = A+ (B-A(1+10%((LogiCso-X))),
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where A and B are the bottom and top of the curve (highest and lowest

inhibition), respectively, and X is the logarithm of concentration. Some

compounds and their IC50 values are shown below:
A represents 1IC50 = 0~ 10 nM

5 B represents IC50 = 11 ~ 100 nM
C represents IC50 = 101 - 500 nM

Compound | Structure hDGAT
IC50 (nM)
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The present invention is not to be limited by the specific embodiments

disclosed in the examples that are intended as illustrations of a few aspects of

the invention and any embodiments that are functionally equivalent are within

the scope of this invention. Indeed, various modifications of the invention in

addition to those shown and described herein will become apparent to those

skilled in the art and are intended to fall within the scope of the appended

claims.
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CLAIMS
What is claimed is:
1. A compound, or a pharmaceutically acceptable salt thereof, the

compound being represented by the general formula |

Y’x@i\f N A
/\X/Y \\{%/ {\;:i\ ﬁg@

0 Ao/
] —

]

R‘

wherein:
each A is independently selected from C(R® and N;
or alternately the moiety:

A,
Ny

A \Ay‘\;f

10
555\[‘8 957/"‘3
/* N\)\
is either N CSS or ¢é X

X is independently selected from C(R%), N, N(R*, O and S, provided that no

more than one X is Sor O, and at leastone Xorone Yis N, O, or §;
15

Y is independently selected from C and N,

Z is independently a bond, O or NR*;
20 pisOor1;

R’ is selected from aryl, heteroaryl, alky! or cycloalkyl, wherein said ary! is
unsubstituted or optionally independently substituted with one or more
moieties which are the same or different, each substituent being

25  independently selected from the group consisting of alky!, haloalkoxy,
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methoxy-ethoxy alkyl, alkenyi, alkynyl, cycloalkyl, cycloalkylalkyl, cycloalkenyl,
heterocycly!, heterocyciylalkyl, aryl, arylalkyl, heteroaryl, heteroarylatkyl, halo,
-CN, -OR®, -C(O)R®, -C(O)ORS, -C(OIN(R)(RY), -SF;, -OSFs, -Si(R%;, -SR®,
-S{OIN(R)(RY), -CH(R%(RY, -S(0)N(R*)(R"), ~C(=NORJR?,
P(OYORORY, -N{RHRY), -alkyl-N(R(RY, -N(RIC(OIRY,
-CHz-N(REC(OIRY, -CHa-N(RIHCIOIN(RHR®), ~CHz-R® -CHaN(R)(RY,
-N(RIS(O)R?, -N(RYS(0)2R®, -CHz-N(R*IS(0)2R?, -N{R%)S(O),N(R*)(R”),
NRIS(OIN(R(R®), -N(R°)C(OIN(RY)(R®), -CHz-NRICIONRYH (R,
-N{REC(OYOR?, -CH2-N(R)C{O)OR?, -S(O)R®, =NOR®, -N3, -NO; and
-5(0);R®, wherein each R®, R® and R?, is independently selected;

R* is selected from the group of H, lower alkyl, hydroxy, halo, O-alkyl,
O-haloalkyl, O-cycloalkyl, S-alkyl, S-haloalkyl, CN, CF; -8Fs, -OSFs, -Si(R%)s,
-SR°, cycloalkyl, heterocyclyl, haloatkyl, aryl, heteroaryl, N-alkyl, N-haloaikyl,
NH,, and N-cycloalkyl,

R*is selected from the group of H, lower alky!, cycloalkyl, heterocyciy!,
haloalkyi, aryl, and heteroaryl,

R'®is either (i) a 4-8 membered heterocyclyl ring having from 1 to 3 ring N
atoms, or (ii} a bicyclic heterocyclyl ring having from 1 to 3 ring N atoms,
wherein each of said heterocycly! ring or bicyclic heterocyclyl ring for
R is optionally fused with a hetercaryl ring, further wherein each of
said heterocycly! ring or bicyclic heterocyclyl ring for R*% s
independently unsubstituted or optionally substituted, off of either (i) a
ring N atom or (i) a ring carbon atom on said heterocyclyl ring or said
bicyclic heterocyclyl ring, with one or more G moieties wherein said G
moieties can be the same or different, each G moiety being
independently seiected from the group consisting of;
(@) vwn-(CHR),-C(0)-O-R?;
(B)  ~-(CHR®),-C(O)-RY
(€)  ~-(CHR™),-S(02)-R
(@)  ~ro(CHRY)-8(02)-(CHy)N-R?,
() ~nnr-(CHRY),-S(0,)-NRR,
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H  ~A(CHR?)R?,
(@  ~r-(CHR™),-O-RY
(hy  wAnnsNH-C{O)-0-R? off of only C and not off of N, with
the proviso that R'® is not a 5- or 6-membered heterocyclyl ring;
5 (i} e -NH-C(O)-R? off of only C and not off of N, with the
proviso that R'% js not a 5- or 8-membered heterocyclyl ring;
{0 e -{CHR?),-C(O)-NRPR®, with the proviso that R is
not a 5- or 6-membered heterocycly! ring;
(k)  Anr{CHR?),-C(O)-NH-NH-C(O)-R%;
10 (h s O0-PO)-(R?); off of only C and not off of N;
{my  ~nne-0-CH(R?), off of only C and not off of N,
(n)  an oxo group off of only C and not off of N;
(0) e C(O)-(CHR?),-C(O)-0-R?,
P) S~ AC(O)-(CHR?),-R?, and
15 {g)  a spirocyclyl group;

20

25

30

wherein R? is selected from the group consisting of

hydrogen, hydroxy, CN, haio, alkyl, haloalkyl, alkenyl, alkynyl, aryl, heteroaryl,
heterocyclyl, cycloalky! or spirocyclyl, wherein each of said alkyl, alkenyl,
alkynyl, aryl, heteroaryl, heterocyclyl and cycloalky! is unsubstituted or
optionally independently substituted with one or more moieties which are the
same or different, each moiety being selected independently from the group
consisting of O-haloalkyl, S-haloalkyl, CN, NO,, CF3 cycioalkyl, heterocyclyl,
haloalkyl, aryl, heteroaryi, N-alkyl, N-haloalkyl, and N-cycloalkyl, alkyl, alkenyl,
alkynyl, , cycloalkylalkyt, cycloalkenyl, , heterocyclylalkyl, aryl, arylaikyl,
heteroaryl, heteroarylalkyi, halo, -OR®, -C{O)R®, -C{O)OR?, -C(O)N(RRY, -
SFs, -OSFs, -Si(R%s, -SR® -S(O)N(RH(RY), -CH{RH(RY),

-S(0)N(RY(R?), ~C(=NOR")R?, -P(Q)(OR)(OR’), -N(R*)(R?),
-alkyl-N(R(RY), -N(RICIOIR?, -CHa-N(RYCIOIRY, -CH-N(REC(OINRH(RY,
-CHy-RE -CHNRHRY, -NROS(OIRY, -N(RGS(0)zR?, -CH-N(R®S(O)R?,
-N(RES(0)2NRHUR®), -NRISOIN(RI(R?), -N(RTICOIN(R)(R),
CHz-N(RYC(OINIRH(RY), -N(RIC(OIOR?, -CH-N(RYC(OIOR?, -S(O)R?,
=NOR®, -Nj, and -$(0),R" and

wherein each R®, R® and R% is independently selected:

R is is H, lower alkyl, cycloalkyl, aryl, heteroary! or heterocycloalky!;
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R® is H, lower alkyl, cycloalkyl, aryl, heteroary! or heterocycloalkyl;
RY is H, lower alky!, cycioalkyl, aryl, heteroaryl or heterocycloalkyl;
wherein each of said alkyl, cycloalkyl, aryl, neteroaryl or
heterocycloalkyl in R®, R®, and R® can be unsubstituted or optionally
5 independently substituted with 1-2 substituents independently selected
from halo, OH, NH,, CF3, CN, Qalkyl, NHalkyl, N{alkyh), and Si(alkyl)a:
R# s H, -OH, halo, or -CF3;
mis 1-3, and
nis G-3.
10 2 A compound, or a pharmaceutically acceptable salt thereof, wherein
the compound is selected from the group consisting of the foliowing:

Cg‘s CFIE

N O~

g%, o i\ H
£ i i i i H i
s 8] : N{i\N/\ L e LN&\N

_O" -OH
Q Q
CF;

CFy CF,
(;’ o4 yod A N g % H
N [ RN
=N, =Y
N N/\? Q \Né‘\N/\
v"’f! \)/‘7)
CFs4
Y _CF
Ay _.‘/ TN Sy N V’\ ;/?1 ‘ﬂ;\- ?é "':\ 3]
et O O A Ny
[ B N O/N\( o
NTONCY T o LA
A A NN Oy

15 oH S
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3. A pharmaceutical composition comprising an effective amount of at
ieast one compound of Claim 1, or a pharmaceutically acceptable sait thereof,
and a pharmaceutically acceptable carrier.

4. A pharmaceutical composition comprising an effective amount of at
least one compound of Claim 2, or a pharmaceutically acceptable sait thereof,
and a pharmaceutically acceptable carrier.

5. A method of treating a cardiovascular disease, a metabolic disorder,
obesity, an obesity-related disorder, dyslipidemia, diabetes, a diabetic
complication, impaired glucose folerance or impaired fasting glucose in a
patient, comprising administering to the patient an effective amount of at least
one compound of Claim 1, or a pharmaceutically acceptable salt thereof,

8. A method of treating a cardiovascular disease, a metabolic disorder,
obesity, an obesity-related disorder, dyslipidemia, diabetes, a diabetic
complication, impaired glucose tolerance or impaired fasting glucose in a
patient, comprising administering to the patient an effective amount of at least
one compound of Claim 2, or a pharmaceutically acceptable salt thereof,

7. The method of claim 5, wherein the disease treated is diabetes.
8. The method of claim 6, wherein the diabetes is type |l diabetes.
9. The method of claim 5, wherein the disease treated is obesity.

10.  The method of ciaim 5, wherein the disease freated is a metabolic
disorder.

11, The method of claim 5, further comprising administering {o the patient
an effective amount of al least one additional therapeutic agent, wherein the
additional therapeutic ageni(s) is selected from an antidiabetic agent or an
antiobesity agent.

12, The method of ciaim 11, wherein the disease treated is disbeles.
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13.  The method of claim 12, wherein the diabetes is type |i diabetes.

14  The method of claim 6, wherein the disease treated is a metabolic

disorder.

15.  The method of claim &, further comprising administering to the patient
5 an effective amount of at least one additional therapeutic agent, wherein the

additional therapeutic agent(s) is selected from an antidiabetic agent or an

antiobesity agent.
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