WD 2010/ 051236PCT/ US2009/ 061987 TI TLE OF THE | NVENTI ON | SONI COTI NAM DE
OREXI N RECEPTOR ANTAGONI STS BACKGROUND OF THE | NVENTI ON 5The orexins
(hypocr etwogp10oBm36i se t wo neuropepti des produced in thechyysetabmsus: the
orexin A (OX-A) (a 33 amino acid peptide) and the orexin B (OX-B) (a 28
am no acid peptide) (Sakurai T. et al., Cell, 1998, 92, 573-585). Orexins
are found to stinulate food consunption in rats suggesting a physiol ogi cal
role for these peptides as nediators in the central feedback nmechani smthat
regul ates feedi ng behaviour (Sakurai T. et al., Cell, 1998, 92, 10573-585).
Orexins regul ate states of sleep and wakeful ness opening potentially novel
t her apeutpre pERHRACREesEPioN1ar col eptic or insomiac patients (Chenelli R M
Xins so been indicated as

L ani ny SOSICOTRAMaREL RE D A A s mor s (Har o ot ar.

Trends Neurosci., 2006, 29 (10), 571-577). Two orexi n receptors have been

cl oned a%m@%@)gqﬁgﬂqu@}qs They bel ong to the super famly of
G protein 15coupl ed rece rs (Sakurai . T. et al &:e@@d)&w% 92, 573-585):

the ofexin-1 receptrog N poeiﬁiwcp@p%sat@epwepem cediathene or exi n- 2
r ecept or hfyXZalanusOX2 BjexinsA C@aI (e 33 eamimondid PXptAlcasndwiad bregis BOXXBB) B

Physt ol oGl acRGkbANS (deultht SR LIK] NATL SBLSTIMBGR ALl F AR ! ©

t hought to be expresse via one or hoth o receptor and cept or
as the tWPISABIIESD BFal @%&eﬁl%é@é‘ww@calz@e @Mﬁm@ewmdw| thy
The pr eseattral feedntk mnchamsnmtha&@é@dtdsdead&xgﬁxemoummm1 Tarplouirtis1oNk) ©h ar e

ant aggni g 5§’§ O &S s%%ﬁ ?Bktgﬁﬁslé%@qnd‘@hl&@ul | Soﬁﬁ{géﬂote&l ally Sv&lr eat ment or

prevention of ‘neuro hiatric eases _in which
orexin r él@éa@)@v}fcsapaw&heﬁ%ner@alept% rsmgiAe Rt (Chemgli B-M; stabtedl { %9
phar maceug,43al45¢p Mposing hayaalsc baqurindicargl s pdeyimgaonipon mdssad nelvdrthdeansieg edd t hese

conmpound i | seases
R B g N s S g

| NVENTI oReasirtonsd ghddreteriaisdnmaginalss They Belprgitorty supshipiniyet %ﬂorqt% formul a
[ WO 26&@]1@5&&3%%&09[@6@9&7199&@2 373viiRs): ehairexdh- 1 irsceptel €xX ed from t he

group CO'@)%{ﬁ%% G Btfwe‘}*af@}é' ﬁlftﬂ@h%)é{] %ﬁﬁepgcﬁgéﬁg?&e Fﬁ(ﬁ%l}&s@%pd%?e té%ln%‘%ﬁ)@% from

the group co S|st|ngg ) I's selected
from t he 2yMetips @8ridi 5l H‘i‘giSl%ng‘ﬁﬂé‘ﬁ\}?ns “h%(b’ﬁ’tl REFKINS @rg %@y@%& ne{ficipateNt@ OR11 and

thought to be expressed via one or both of OX 1 receptor and OX 2 receptor as the two subtypes
of orexin receptors.
20
SUMMARY OF THE INVENTION
The present invention is directed to isonicotinamide compounds which are
antagonists of orexin receptors, and which are useful in the treatment or prevention of
neurological and psychiatric disorders and diseases in which orexin receptors are involved. The
25  invention is also directed to pharmaceutical compositions comprising these compounds and the
use of these compounds and compositions in the prevention or treatment of such diseases in

which orexin receptors are involved.

DETAILED DESCRIPTION OF THE INVENTION
30 The present invention is directed to compounds of the formula I:



heterocycle; 10 R1 a, R b and Ric may be absent if the valency of Al does
not permt such substitution and are independently selected fromthe group
consi st i myoab10/051336 hydr ogen, (2) hal ogen, 15(3) hydroxyl PCTA)S2009/061987
-(C0)m On-C _6al kyl, where mis independently O or 1, n is independently O
or 1 (whereinif mis Oor nis O, a bond is present) and where the al kyl
is unsubstituted or substituted with one or nore substituents selected from
R13, (5) -(C=0)m On-C3_6cycl oal kyl, where the cycloal kyl is unsubstituted
or substituted 20with one or nore substituents selected fromR1l3, (6)
-(C=0) m C2_4al kenyl, where the al kenyl is unsubstituted or substituted with
one or nore substituents selected from R13, (QZQ -(C=0)m C2_4al kynyl , where
the al kynyl is unsubstituted or substituted wth one or nore substituents
sel ected from R13, WO 2010/ 051236PCT/ USZO09H0GLIB7 (8) -(C=0) m On-phenyl
-(C=0) m On- napt hyl , where the phenyl or (naphthyl is unsubstituted or
substituted with one or nore substituents selg
- (C=0) m On- het erocycl e, wher gt he heterog{ycl el i
substituted with one or nore s i ¢ 5edfroleB 5(10)
-(C=0) m NR1OR11, wherein R1RQand dently selected fromthe
group consisting of: (a) hydroge atdyl, which is unsubstituted or
substituted with R13, (c) C3 Whl ch i SRemsubstituted or
substituted with R13, 10(d) N>{s unsubstituted or
substituted wth R13, g Wht ch is unsubstituted or
substituted with R13, (f) phenyl, which is wastbstituted or substituted
with R13, and (g) heterocycle, which isRifisubstituted or substituted
with R13, (11) -S(0)2-NRIOR11, 15(12) -S(0)g-R12, where qis 0, 1 or 2 and
where R12 is selected fromthe definitijons of RI0O and R11, (13) -CO2H,

wherein:

Al is selected from the group consisting of phenyl, naphthyl and heteroaryl;

A2 is selected from the group consisting of phenyl, naphthyl and heteroaryl;

A3 is selected from the group consisting of phenyl, naphthyl, C3_gcycloalkyl, -NR1OR11 and
heterocycle;
10
Rla R1b and R1¢ may be absent if the valency of Al does not permit such substitution
and are independently selected from the group consisting of:
(1) hydrogen,
2) halogen,
15 3) hydroxyl,
4) -(C=0)m-On-C1-6alkyl, where m is independently O or 1, n is independently 0 or
1 (wherein if m is O or n is 0, a bond is present) and where the alkyl is
unsubstituted or substituted with one or more substituents selected from R13,
(5 -(C=0)m-On-C3-gcycloalkyl, where the cycloalkyl is unsubstituted or substituted
20 with one or more substituents selected from R13,
(6) -(C=0)m-C2-galkenyl, where the alkenyl is unsubstituted or substituted with one
or more substituents selected from R13,
(7 -(C=0)m-Cr-galkynyl, where the alkynyl is unsubstituted or substituted with one

or more substituents selected from R13,



(14) -CN, and (15) -NO2; 20 R2a, R2b and R2c may be absent if the val ency
of A2 does not permt such substitution and are independently selected from
t he groupwoansvesti3ng of . (1) hydrogen, (2) hal ogen, 25( Brimyuseanipbi98t4)
-(C0)m On-C _6al kyl, where the alkyl is unsubstituted or substituted with
one or nore substituents selected fromR13, (5) -(C=0)m On-C3_6cycl oal kyl
where the cycloal kyl is unsubstituted or substituted with one or nore
substituents selected fromR13, 30(6)-(C=0)m C2_4al kenyl, where the al kenyl
i S unsubstituted or substituted with one or nore substituents selected from
R13, (7) -(C=0)m C2_4al kynyl, where the al kynyl is unsubstituted or
substituted wgh o I rLgen f :

- (C=0) m On- p\rlmhtegpm & @{“bgg)pﬁfﬁg ‘fmté%t %ﬁT b%mg{rhgpkﬁgreg@r?ﬁﬁgf né@éﬁélﬁw i s
35unsubstit uted orunseisgtuiadior sebsiiuted ve%eonépr mercsubtibenistelefiedsiigaRect ed from
R13, WO 2010(90512-86RQOK-052008/cp8d 98i%re the heterocycle if Bsubstituted or substituted

- (C=0) m Cn- het er ocygl 6, where, bhe HRLELoEYELE 118 UnSubsti tuted or
iz i o R Lo ol o,
-CO2H, (14) -CN, aftdufcbadistind@?; 10 R3a, R3b and R3c may be absent if the

val ency of A3 doe§§?oth9$%n&} such substitution and are independently
)

selected fromthe oup” CORSI st i of :
pC1_6alkyl, whichds Unsubstituted or substituted with R13,

(c)  C3-galkenyl, which is unsubstituted or substituted with R13,

10 (d)  C3_galkynyl, which is unsubstituted or substituted with R13,
(e)  C3-gcycloalkyl which is unsubstituted or substituted with R13,
(f) phenyl, which is unsubstituted or substituted with R13, and

(g)  heterocycle, which is unsubstituted or substituted with R13,
(11)  -S(O)2-NRIORI1,

15 (12) —S(O)q—R12, where qis 0, 1 or 2 and where R12 is selected from the definitions of
R10 and R11,
(13) -CO2H,
(14) -CN, and
(15)  -NO2;
20

R2a, R2b and R2¢ may be absent if the valency of A2 does not permit such substitution
and are independently selected from the group consisting of:
(1) hydrogen,
2) halogen,
25 3) hydroxyl,
4) -(C=0)m-On-C1-salkyl, where the alkyl is unsubstituted or substituted with one
or more substituents selected from R13,
(5 -(C=0)m-On-C3-gcycloalkyl, where the cycloalkyl is unsubstituted or substituted
with one or more substituents selected from R13,
30 (6) -(C=0)m-Cr-galkenyl, where the alkenyl is unsubstituted or substituted with one

or more substituents selected from R13,
(7 -(C=0)m-Cr-galkynyl, where the alkynyl is unsubstituted or substituted with one

or more substituents selected from R13,
(8) -(C=0)m-On-phenyl or -(C=0)m-On-napthyl, where the phenyl or naphthyl is

35 unsubstituted or substituted with one or more substituents selected from R13,



(1) hydrogen, (2) halogen, (3) hydroxyl, 15(4)-(C=0)m On-Cl_6al kyl, where
the al kyl is unsubstituted or substituted with one or nore substituents

sel ect ed WoamoRER36(5) - (C=0) m On- C3- 6¢cycl oal kyl , wher e pCmaiSegooloomBky| i s
unsubstituted or substituted with one or nore substituents selected from
R13, (6) -(C=0)m C2_4al kenyl, where the al kenyl is unsubstituted or
substituted with one 20or nore substituents selected fromR13, (7)

-(C=0)m C2_4al kynyl, where the al kynyl is unsubstituted or substituted with
one or nore substituents selected fromR13, (8) -(C=0)m On-phenyl or

- (C=0) m On-napt hyl, where the phenyl or naphthyl is

unsubsti t ut ed(9g Qsé “ﬁ Eb‘il%‘éte}%c&&e %ﬁer@t‘he H&&%cy%%% hhsﬁlHﬁﬂﬁtéd S&heGhgd from
) m he

R13, 25(9)-(C= erocycl &, where rocycle I's unsubstituted or
substituted with otih ww%ﬁﬁmwwﬁ@dﬁé ed from R13, (10)
-(C=0) m NRIOR1ID) (HAFOmSNBIORNRIORLL, (12) -S(0) TR12, 30(13) -C2H, (14)
-CN, and (15) (1.15\|OZS o) NRﬁ@mnd R5 are independently selected from hydrogen
and Cl_6al kyl F1 lénSUbStl tuted or 35substituted with one or nore
subst Pt uent s Q@P ec E(BI)CITR‘om R13, or R4 and R5 may be joined WO

2010/ OSlZSGPCXﬂBMSZWDM%? together to forma C3-6cycloalkyl with the

car bon atomta \!\/n y are attached, where the cycloal kyl is

unsubsti t ut ed su S ut ed with one or nore substituents selected from
R13; R6 i ¢ F\%?en, Cl-6al kyl or C3_6cycloal kyl, which is

unsubsti tut ed or substltut ed with one or 5nore substituents selected from

R13; 10 R3a R3b and R3¢ may be absent if the valency of A3 does not permit such substitution

and are independently selected from the group consisting of:
(1) hydrogen,
2) halogen,
(3)  hydroxyl,
15 4 -(C=0)m-On-C]-6alkyl, where the alkyl is unsubstituted or substituted with one

or more substituents selected from R13,
(5 -(C=0)m-On-C3-gcycloalkyl, where the cycloalkyl is unsubstituted or substituted

with one or more substituents selected from R13,
(6) -(C=0)m-Cr-galkenyl, where the alkenyl is unsubstituted or substituted with one
20 or more substituents selected from R13,
(7 -(C=0)m-Cr-galkynyl, where the alkynyl is unsubstituted or substituted with one
or more substituents selected from R13,
(8) -(C=0)m-On-phenyl or -(C=0)m-On-napthyl, where the phenyl or naphthyl is
unsubstituted or substituted with one or more substituents selected from R13,
25 ) -(C=0)m-On-heterocycle, where the heterocycle is unsubstituted or substituted
with one or more substituents selected from R13,
(10) -(C=0)p-NRIORII,
(11)  -S(0)2-NRIORIL,
(12)  -S(0)q-R12,

30 (13) -CO2H,
(14) -CN, and
(15)  -NO2;

R4 and RS are independently selected from hydrogen and C]-galkyl, which is unsubstituted or

35  substituted with one or more substituents selected from R13, or R4 and RS may be joined



R13 is selected fromthe group consisting of: (1) hal ogen, (2) hydroxyl,
10(3)-(C=0)m On-C _6al kyl, where the alkyl is unsubstituted or substituted
wi th one wo 20tws136bst i tuents sel ected from R14, (4) PCT/US2009/061987
-On-(C1_3)perfluoroal kyl, (5) -(C=0)m On-C3-6¢cycloal kyl, where the
cycloal kyl is unsubstituted or substituted with one or nore substituents
sel ected from R14, 15(6)-(C=0)m C2_4al kenyl, where the al kenyl is
unsubstituted or substituted with one or nore substituents sel ected from
R14, (7) -(C=0)m C2_4al kynyl, where the alkynyl is unsubstituted or
substituted with one or nore substituents selected fromR14, (8)

- (C=0) m QeRe@MbrmPs C%%gi/‘c%amymltﬂ%t&%n aﬁ@!ﬁ?tB%vhtlc}EQh@%@%&acﬁgd RaabLRy! i

20unsubstituted or stiltuted one or nore substituents selgcted from
R14, (9) cyc(l@ib)l i uDRusEiEed g8 el dtutedvatheoone pemprtsabigipats selpaied fiery B

substituted wth one or nore substituents selected from R14, (10)

-(C0)m ﬁi&@ﬁ%@ ﬁjéﬁsgalﬁﬁ%} é3 %B%cggtl wwitcHid sl b Blebstiodd wuﬂ%%"& (i ( )14)

-CN, and (15) Is’s ed fromthe group consisting of
hydr oxyl mO{‘?%“WfﬁP@@@eWIGC‘GerO@R al kyl, (4) -C3-6cycl oal kyl,
35(5)-0-G _6al kyI WO 2010/ 051236PCT/ US2009/ 061987 (6) - 0( C=0)- G _6al kyl ,
(7) - N+ %1% is- QALY fom the group consisting of:
(D) halogen,
(2) hydroxyl,
10 3) -(C=0)m-On-C1-salkyl, where the alkyl is unsubstituted or substituted with one

ituted or

or more substituents selected from R14,
4 -On-(C1-3)perfluoroalkyl,
(5 -(C=0)m-On-C3-6cycloalkyl, where the cycloalkyl is unsubstituted or substituted
with one or more substituents selected from R14,
15 (6) -(C=0)m-C2-galkenyl, where the alkenyl is unsubstituted or substituted with one
or more substituents selected from R14,
(7 -(C=0)m-Cr-galkynyl, where the alkynyl is unsubstituted or substituted with one
or more substituents selected from R14,
(8) -(C=0)m-On-phenyl or -(C=0)m-On-napthyl, where the phenyl or naphthyl is
20 unsubstituted or substituted with one or more substituents selected from R 14,
9 -(C=0)m-On-heterocycle, where the heterocycle is unsubstituted or substituted
with one or more substituents selected from R14,
(10)  «(C=0)m-NRIORI11,
(11)  -S(0)2-NRIORIL

25 (12) —S(O)q—R12,
(13) -CO2H,
(14) -CN, and
(15)  -NO2;

30 R4 is selected from the group consisting of:
(1) hydroxyl,
2) halogen,
(3)  Cil-6alkyl,
4) -C3_gcycloalkyl,
35 (5 -0-Cq-galkyl,



(8) phenyl, (9) heterocycle, 5(10) -CO2H, and (1 1)-CN, or a
phar maceutical ly acceptable salt thereof An enbodi nent of the present
i nvent i orwonoeludeseéconpounds of the forrmula la: R2b  10PaTmiseeogion sy , A2,
A3, Ra, Rb, Rc, Ra, R2b, R2c, R3a, R3b, R3c and R4 are defined herein;
or a pharmaceutically acceptable salt thereof An enbodi nent of the present
i nvention includes conpounds of the formula Ib: R2b I b wherein A, A2,
A3, Ra, Rb, Rc, Ra, R2b, R2c, R3a, R3b and R3c are defined herein; or a
pharmaceutically acceptable salt thereof An enbodi nent of the present
i nvention includes conmpounds of the fornula Ic: R2b Ic wherein A2, A3,
Ra, Rib, R|C6R2a082@ C GikyR3a, R3b and R3c are defined herein; or a
phar maceut i cafly acce sal’t t her eof An errbodl ment of the present
i nvention incf Qdes%ﬁ'ﬂ)@ﬁlﬁéﬂ% of the fornmula Ic': R2b Ic' wherein A2, A3,
Rla, Rib, R2a@®)R2kpheiidc, R3a, R3b and R3c are defined herei n, or a
phar maceuti call\y ac |l e salt thereof An enbodi nent of the pr esent
|nvent| on mctd%dezhe%?%ﬁ'gig ds of the fornula Id: R2b

(1 -CO2

(11) -CN;

or a pharmaceutically acceptable salt thereof.

An embodiment of the present invention includes compounds of the formula Ia:

R2b

RZC

RZa

10 Ta
wherein Al, A2, A3, Rla R1b Rlc R2a R2b R2c¢ R3a R3b, R3¢ and R4 are defined herein;
or a pharmaceutically acceptable salt thereof.
An embodiment of the present invention includes compounds of the formula Ib:

R ! RZC

R3a

HN
D~

X
R'Ia y



Id wherein A2, A3, Rla, Rib, Ric, Ra, R2b, R2c, R3a, R3b and R3c are
defined herein; or a pharmaceutically acceptable salt thereof 5An

enbodi mrerwoabiwdse23pr esent i nventi on i ncludes conpounds @®CTiuseobostyeta |1d' :
R2b 1d" wherein A2, A3, Ra, R b, Rc, Ra, R2b, R, R3a, R3b and R3c are
defined herein; or a pharmaceutically acceptable salt thereof 10An

enbodi nent of the present invention includes conpounds of the fornula |e:
R2b ~ R2c R2a / le wherein A3, Rla, Rib, Rc, Ra, R2b, R2c, R3a, R3b and
R3c are defined herein; or a pharnmaceutically acceptable salt thereof 5An
enbodi nent of the present invention includes conpounds of the formula If:

| f wherein A3, Rla Rib Ric, R2a, R2bjy, R2c, R3a, R3b and R3c are defined

her ei n; pha caI y.acc | e salt e 10Al odi ment of
the pres é"r]i‘Frei‘hg Rnc Pu%é%lc an Erdf? ‘%% ﬁég%cf%%ﬁ age fl med ptn, ora
pharmaceutlcally acceptable salt thereof.

An embodiment of the present invention includes compounds of the formula Ic:
RZb

RZC

RZa

Ic
wherein A2, A3, Rla, R1b, R1c, R2a R2b R2¢, R32 R3b and R3¢ are defined herein; or a
pharmaceutically acceptable salt thereof.

An embodiment of the present invention includes compounds of the formula Ic':
RZb
RZa

RZC
R'P @

10

Ic'
wherein A2, A3, Rla, R1b, R2a R2b R2c R3a R3b and R3C are defined herein; or a
pharmaceutically acceptable salt thereof.

An embodiment of the present invention includes compounds of the formula Id:



Ric \NH Rbz IN10 Ral N,/ 3 b ,\T RR31g wherein A2, Ra, Rb, Rc,
R2a, R2b, R2c, R3a, R3b and R3c are defined herein; or a pharmaceutically
accept ablwo=alwostizer eof 5An enbodi nent of the present i mCEAIS2@/06198T udes
conpounds of the formula Ih: RRb Ih wherein Al, A2, Ra, Rb, Rc, Ra,
R2b, R2c, R3a, R3b and R3c are defined herein; or a pharmaceutically
acceptabl e salt thereof 10An enbodi nent of the present invention includes
conmpounds of the formula Ii: R2b 1i wherein Al, A2, Rla, R b, Rc, Ra,
R2b, R2c, R3a, Rb and R3c are defined herein; or a pharmaceutically
acceptabl e salt thereof 5An enbodi nent of the present invention includes
conpounds of the formula Ij: R2b 1|1 Wnereinlfb, A2, Rla, Rb, Rc, Ra,
R2b, R2c, R3a and R3b are defined herein;_,or pharmaceutically acceptabl e
salt thereof 10An enbodi nent of the presé iy e on i ncl udes conpounds of
the formula I1:

Id
wherein A2, A3, Rla, R1b, R1c, R2a R2b R2¢, R32 R3b and R3¢ are defined herein; or a

pharmaceutically acceptable salt thereof.

5 An embodiment of the present invention includes compounds of the formula Id":
RZb

Id'
wherein A2, A3, Rla, R1b, R1c, R2a R2b R2¢, R32 R3b and R3¢ are defined herein; or a
pharmaceutically acceptable salt thereof.
10 An embodiment of the present invention includes compounds of the formula Ie:



R2b i, wherein A2, Rla, Rka, R2b, R2c, R3a and R3b are defined herein; or
a pharmaceutically acceptable salt thereof 5An enbodi nent of the present

i nvent i orwonoeludeseconpounds of the forrmula Ilc: R2b | IPCTMiseo0gion 98t , A2,
Rla, Rib, Rc, Ra, R2b, R2c, R3a and R3b are defined herein; or a
pharmaceutically acceptable salt thereof 10An enbodi nent of the present

i nvention includes conpounds of the formula Il: WO

2010/ 051236PCT/ US2009/ 061987 R2b C 0 R3b Ti wherein Al, A2, Rla, Rib, Rc,
R2a, R2b, R2c, R3a and R3b are defined herein; or a pharmaceutically
acceptabl e salt thereof 5An enbodi nent of the present invention includes
conpounds of the formula Im R2b I mwhergirn Al, A2, Rla, Rib, Rc, R2a,
R2b and R2c are defined herein; or a phar mang tically acceptable salt

t hereof 10An enbodi nent of the present v@eﬁ;négacl udes conpounds of the

[
formula In: R2Db R _
R’IC H
(X/

Ie
wherein A3, Rl R1b Rlc R2a R2b R2c, R32a R3Db and R3¢ are defined herein; or a

pharmaceutically acceptable salt thereof.
5 An embodiment of the present invention includes compounds of the formula If:

If
wherein A3, Rl R1b Rlc R2a R2b R2c, R32a R3Db and R3¢ are defined herein; or a

pharmaceutically acceptable salt thereof.
10 An embodiment of the present invention includes compounds of the formula Ig:



In wherein AI, A2, Rla, Rb, Ric, RRa, Rb and R2c are defined herein; or a
pharmaceutical |y acceptable salt thereof 5An enbodi nent of the present

i nvent i orworeiwdeseconpounds wherein Al is phenyl. An embodiSaemieB7 t he
present invention includes conpounds wherein Al is naphthyl. An enbodi nent
of the present invention includes conpounds wherein Al is heteroaryl. An
enbodi nent of the present invention includes conpounds wherein Al is
pyridyl. An enbodi nent of the present invention includes conmpounds wherein
A2 is 10 phenyl or pyridyl. An enbodi ment of the present invention includes
conpounds wherein A2 is phenyl. An enbodi nent of the present invention

i ncl udes conpounds wherein A2 is naphthyl. An,enbodi ment of the present
invention includes conpounds wherein A2 is heteroaryl. An enbodinent of the
present invention includes conmpounds whereip-A2 iR qui noxal i nyl. An

enbodi nent of the present |nvent|on i nclud dnpounds wherein A2 is
pyridyl. An 15 enbodiment of the present i on i ncl udes conpounds
wherein A2 is pyrazinly. An gdj ment ofHthe present invention includes
conpounds wherein A2 is quignggy . di ment of the present invention
i ncl udes conpounds wherein WQZQ' enbodi nent of the present

i nvention includes conpounds ein Khydr0|ndolyl An enbodi nent of
the present invention i ncl ud&s conpo R*@A2 is benzi m dazol yl . 20An
enbodi ment of the present invention in d/ gpnds wherein A3 is
pyrazol yl. An enbodi nment of the present in nmeon i ncl udes conpounds
wherein A3 is pyrazolyl which is substituted Wgsh nethyl. An enbodi nent of
the present invention includes conpounds mhereln A3 is pyridyl. An

enbodi nent of the present invention in?Iudes conmpounds wherein A3 is
pyridyl, which is substituted with at I%®ast one substituent other than 25
hydrogen“mANHeh%ddﬁn%H%Réﬁ1¥%eR%?8@%&1a;&ﬁéwﬂﬁéﬁaﬁﬂbﬁudb@ﬂﬁmnp@unds wher ei n

A3 is py@hgmaeeumlg,%ée%tayé%ﬁlthte%gd vvlth fI uroro or chloro. An enbodi nent
f th t t A3
OB aE! ~on: on ekt WAL O S ORRS LS O rn e Nhe

wherein A3 is other than unsubstituted 3- pyrhgyl An enbodlnent of the
present invention includes conpounds wherein A3 is thiazolyl. An enbodi ment
of the present invention includes conpounds yher®&h A3 is 5-thiazolyl. An
enbodi nent of the present invention include jrpounds wherein A3 is
thiazolyl, which is substituted with G _6al / An 5 enbodi nent of the
present invention includes coppounds wherein |A3 is phenyl. An enbodinent of
t he present invention includ conpounds erein A3 is phenyl, which is
substituted wth at |east opg [ other t han hydrogen. An

enbodi ment of the present inveng 1€ Qﬂpounds wherein A3 is
phenyl, which is substituted w hydfr oxyll , meThyl am nocar bonyl or

di met hyl am nonet hyl . An embof rent oN fre~peesent _jnvention 10 includes
conpounds wherein A3 is cyclopentyl. An e -oleeH? of the present invention
i ncl udes conpounds wherein A3 is nnrphoIF =NAn enbodi ment of the pr esent

i nvention includes conmpounds wherein A3 I's pyrrolidinyl. An enbodi nent of
the present invention includes conpounds wherein A3 is azetidinyl. An
enbodi mrent of the present invention i né udes conpounds wherein R a,lh R__
15and Ri evharcéh A hdehangdaib| glsale®2bdrIa adn tRP agd 8pac dbdicdtherrgn; of a (1)

hydr ogen

pharmaceutically acceptable salt thereof.
10 An embodiment of the present invention includes compounds of the formula Ii:

10



(2) hal ogen, (3) hydroxyl, (4) C _6alkyl, which is unsubstituted or
substituted with hal ogen, hydroxyl, phenyl 20or napthyl, (5) -0-C _6al kyl,
whi ch i s wo=otwtsi13at ed or substituted wi th hal ogen, hydroxyus2aw/optyenyl, (6)
heteroaryl, wherein heteroaryl is selected frompyrrolyl, imdazolyl,
i ndolyl, pyridyl, and pyrimdinyl, which is unsubstituted or substituted
wi t h hal ogen, 25hydroxyl, C _6al kyl, -0-G _6al kyl or-N®2, (7) phenyl, which
is unsubstituted or substituted with hal ogen, hydroxyl, G _6al kyl,
-0-CG _6al kyl or-NOQ2, (8) -0-phenyl, which is unsubstituted or substituted
wi t h hal ogen, hydroxyl, C i _6al kyl, -0-G _6al kyl or-NO2, and
30(9)-NH G _6al kyl, or -N(G _6al kyl) (G _6al k)ﬁza, whi ch is unsubstituted or
substituted with hal ogen, hydroxyl, G _6alkyl, -0-G _6al kyl or-NC2. An
enbodi ment of the present invention inclidegoQupttinds wherein R a,lh R__
and Ric are independently selected fromth p consisting of:
(1) hydrogen, 35(2)hal ogen, WD 2010/051236PST/AS2009/ 061987 ( 3) hydr oxyl
(4)CG _6al kyl, which is unsubngi;tut ed or substjtuted with hal ogen, hydroxyl
or phenyl or napthyl, and (5)-O0NCi_6al kyl , yyhi ch is unsubstituted or
substituted w th hal ogen, hyel . An enbodi nent of
the present invention includes ke Rid, Rib and Ric are
i ndependently sel ected from th1 g of: (1) hydrogen, (2)
hal ogen, and 10(3) G _6al kyl . Z AN odi ment of the present
i nvention includes conpounds wherein Rid, R\ nd Ric are independently
sel ected fromthe group consisting of: (12{?{ydr gg)n,

a R

Ii
wherein Al, A2 Rla, R1b Rlc, R2a R2b R2¢, R32 R3b and R3¢ are defined herein; or a
pharmaceutically acceptable salt thereof.
5 An embodiment of the present invention includes compounds of the formula Ij:

R2b

RZC
HN
R1b
| X O

RZa

R'Ia
AN N N
S\/g/
R3b
5

wherein Al, A2, Rla, R1b, R1c, R2a R2b R2¢, R3a and R3b are defined herein; or a
pharmaceutically acceptable salt thereof.
10 An embodiment of the present invention includes compounds of the formula Ij'":

11



(2)chloro, 15(3)fluroro, and (4)nethyl. An enbodi nent of the

present invention includes conpounds wherein Al is phenyl and Rid, Rib and

Ric are iwoepsmdersbl y sel ected fromthe group consi sti ngCofus2¢o2)pbipdr ogen,

20(2)chloro, (3)fluroro, and (4)nethyl. An enbodi nent of the

present invention includes conpounds wherein R2a, R2b and R2c are

i ndependently selected fromthe group consisting of: 25(1)hydrogen, (2)

hal ogen, (3) hydroxyl, (4) G _6al kyl, which is unsubstituted or substituted

wi t h hal ogen, hydroxyl or phenyl or napthyl, 30(5)-0-C _6al kyl, which is

unsubstituted or substituted wth hal ogen, hydroxyl or phenyl,

(6) heteroaryl, wherein heteroaryl is selectegmfron1pyrrolyl, i m dazol yl,

indolyl, pyridyl, and pyrimdinyl, which_ is unsubstituted or substituted

wi t h hal ogen, hydroxyl, G _6al kyl, -0-GC : % &< N2, 35(7)phenyl, which
009

IS unsubstituted or substituted wi th hal ogd ydroxyl, G _6al kyl,

-0-Ci _6al kyl or-NO2, WD 2010/051236PCT/ US280Q9/ 061987 (8) -0-phenyl, which
is unsubstituted or substituted with hal ogen,| hydroxyl, G _6al kyl,

-0-CG _6al kyl or-NO2, and (9) -NHMSL_6al kylynOor -N(CG _6al kyl ) (C _6al kyl ),
whi ch is unsubstituted or subst ed wi th |hal ogen, hydroxyl, C _6al kyl,
-0-C1-6al kyl or-NG2. 5An enbogi ™ f ™ye” poesent invention includes
conmpounds wherein Ra, R2b & i nde gpdently selected fromthe
group consisting of: (1)hydrogen, ,/ 3xbydroxyl,

R3b

L'
wherein A2, Rl1a, R2a R2b, R2¢, R32 and R3b are defined herein; or a pharmaceutically
acceptable salt thereof.
5 An embodiment of the present invention includes compounds of the formula Ik:

R2b

RZC

RZa

Ik
wherein Al, A2, Rla R1b, Rlc, R2a, R2b, R2¢, R3a and R3D are defined herein; or a
pharmaceutically acceptable salt thereof.
10 An embodiment of the present invention includes compounds of the formula I1:

12



10(4) G _6al kyl, which is unsubstituted or substituted wth hal ogen,

hydr oxyl or phenyl, (5)-0-C _6al kyl, which is unsubstituted or substituted
wi t h hal ogerpiomnstsexyl or phenyl, and (6)-NH C _6al kyl , POT/US2009/061987

-N(G _6al kyl ) (C _6al kyl), which is unsubstituted or 15substituted with

hal ogen. An enbodi ment of the present invention includes
conpounds wherein R2a, R2b and R2c are independently selected fromthe
group consisting of: (1) hydrogen, (2) halogen, 20(3)C _6al kyl, which is
unsubstituted or substituted wth hal ogen, (4)-0-C _6al kyl, which is
unsubstituted or substituted with hal ogen, and (5)-NH G _6al kyl, or

-N(G _6al kyl) (G _6al kyl), which is unsubsti tlrgz@d or substituted with

hal ogen. An enbodi nent of, the present invention includes
conmpounds wherein R2a, R2b 25and R2c aref deht |y sel ected fromthe
group consisting of: (1) hydrogen, (2) chlca (3) fluoro, (4) brono,
30(5) net hoxy, (6)t-butoxy, (7)difluoronethy nd (8)trifluoronethyl,
(9)-N(CH3) . 35An enbodi ment oficthe present
wherein A2 is phenyl and R2a,
the group consisting of: Wol(Q

11
wherein Al, A2, Rla R1b, Rlc, R2a, R2b, R2¢, R3a and R3D are defined herein; or a

pharmaceutically acceptable salt thereof.

5 An embodiment of the present invention includes compounds of the formula Im:

R2b

RZC

RZa

Im
wherein Al, A2, Rla, R1b, R1c, R2a, R2b and R2¢ are defined herein; or a pharmaceutically
acceptable salt thereof.
10 An embodiment of the present invention includes compounds of the formula In:

13



(2)chloro, (3)fluoro, (4)brono, 5(5)nethoxy, (6) t-butoxy, (7)

di fluoronethyl, and (8) trifluoronethyl, (9) -N(CH3). 10An enbodi nent of

t he presewd 20mvsmt3on i ncl udes conpounds wherein R3a, RBOTAISARD6198T €

i ndependent|ly selected fromthe group consisting of: (1) hydrogen, (2)

hal ogen, (3) hydroxyl, 15(4)C _6al kyl, which is unsubstituted or
substituted with hal ogen, hydroxyl, phenyl or napthyl, (5)-0-C _6alkyl,
which is unsubstituted or substituted with hal ogen, hydroxyl or phenyl,

(6) heteroaryl, wherein heteroaryl is selected frompyrrolyl, imdazol yI

i ndol yl, 20pyridyl, and pyrimdinyl, which is unsubstituted or substituted
wi t h hal ogen, hydroxyl, C _6al kyl, -0 G _6al Iﬁél) or-NQ2, (7)phenyl, which is
unsubstituted or substituted with hal ogen,,. hydroxyl C _6al kyl

-0- Cl-6al kyl or-N®2, (8)-0-phenyl, which ansubREi t ut ed or substit ut ed
wi t h hal ogen, hydroxyl, 25C 1 6a| kyl, -0- l kyl or-NO2, and
(9)-NHC _6al kyl, or N(C| 6al kyl ) (C _6al ky whi ch is unsubstituted or
substituted w th hal ogen, hydexyl, O _6al kyl), -0-Cl1-6al kyl or-NQ2.
An enbodi ment of the present inke
and R3c are independently splte f rom_t helgroup consisting of:
30(1) hydrogen, (2) hal ogen, N

In
wherein Al, A2, Rla, R1b, R1c, R2a, R2b and R2¢ are defined herein; or a pharmaceutically
acceptable salt thereof.

5 An embodiment of the present invention includes compounds wherein Al is
phenyl. An embodiment of the present invention includes compounds wherein Al is naphthyl.
An embodiment of the present invention includes compounds wherein Al is heteroaryl.
An embodiment of the present invention includes compounds wherein A1 is pyridyl.
An embodiment of the present invention includes compounds wherein A2 is

10 phenyl or pyridyl. An embodiment of the present invention includes compounds wherein A2 is
phenyl. An embodiment of the present invention includes compounds wherein A2 is naphthyl.
An embodiment of the present invention includes compounds wherein A2 is heteroaryl. An
embodiment of the present invention includes compounds wherein A2 is quinoxalinyl. An
embodiment of the present invention includes compounds wherein A2 is pyridyl. An

15  embodiment of the present invention includes compounds wherein A2 is pyrazinly. An
embodiment of the present invention includes compounds wherein A2 is quinolinyl. An
embodiment of the present invention includes compounds wherein A2 is indolyl. An
embodiment of the present invention includes compounds wherein A2 is dihydroindolyl. An
embodiment of the present invention includes compounds wherein A2 is benzimidazolyl.

20 An embodiment of the present invention includes compounds wherein A3 is
pyrazolyl. An embodiment of the present invention includes compounds wherein A3 is
pyrazolyl which is substituted with methyl. An embodiment of the present invention includes
compounds wherein A3 is pyridyl. An embodiment of the present invention includes
compounds wherein A3 is pyridyl, which is substituted with at least one substituent other than

25  hydrogen. An embodiment of the present invention includes compounds wherein A3 is pyridyl,
which is substituted with fluroro or chloro. An embodiment of the present invention includes
compounds wherein A3 is 2-pyridyl or 4-pyridyl. An embodiment of the present invention

14



(3) hydroxyl, (4) G _6allcyl, which is unsubstituted or substituted with

hal ogen, hydroxyl or phenyl or napthyl, and 35(5)-0-C _6 alkyl, which is
unsubst i twbedioasisabst i t uted wit h hal ogen, hydroxyl or poEMBER009/0¥E87

2010/ 051236PCT/ US2009/ 061987 An enbodi nent of the present

i nvention includes conpounds wherein R3a, R3b and R3c are independently

sel ected fromthe group consisting of: (1) hydrogen, (2) halogen, and 5(3)C
j _6al kyl. An enbodi nrent of the present invention includes
conpounds wherein R3a, R3b and R3c are independently selected fromthe
group consisting of: (1) hydrogen, (2) chloro, 10(3)fluroro, and (4)nethyl.
An_embodiIEnk, Ol & BIESEMA lsnotﬁ&&ra%é‘gru%grtﬁ%ga SRR BELR 48 | S

pyridyl an rogen.
enbodi meRtestt lftVﬁ’etloﬁrléfé‘éfr?ﬁ comraantly whereindy u@j@sazelorhp%wa'@odmer ef 'ihemsrné
pyridyl an@ntihendides dapdudCwhatia AOris 3-9ih460/1.0 AnB3BodimehtydtiRgeee@nd R3c is

hydr 0gen jpvention includes colﬁﬁblﬁﬁp@ﬂ%r&ﬁ B3 19fh1§zBf§71 Wh?cshqg' gub'stmﬁ%& Wn‘ﬂ '@ 1' W dgs
conpounds wherein A3 I's pyrazoly wherein R3a Is 2 R3b is
@@%ww

hydr o§en cahedimget of ﬁlew@ﬁ@gewntlmn@lﬁ%@plnewndwh@rne Mhlvent i on
i ncl udes eﬁleaamulndﬁ‘twjﬁésemrinv%and)rslnaudeaz:@ﬂnyd)unamdzh&ileﬁr@ 9 pii3a 1, mlcﬂmi hyl, R3b

I's hydr OgH tlf’lil?e% V&?ﬁl V\;l]esast%e Ié]%%[e ftuent 0913r tharrmy(/)cgl gre%nkn%qbgdlfnegt 0%‘?118 IC pres | nvent hon

i ncl udes " conp en’ or %IHE t of

t he pres ermentilcrweﬁtlde@ﬁommmdﬂ@her@éﬁédmn@@ymémbrlwumwtgd W}}hlhbdjewlor met hyl .
An erTbOdh[mﬁrﬂanﬁﬁoofaﬂﬂnﬂroeaﬁﬁﬁth}ildih\ﬁﬁ&hétﬁbﬂ Aﬂ@h%@@&eﬁ%ﬂ%é@nﬁﬁhﬁnﬁbrﬂ R4 is

O 00 SRR el hBR BEERENY WERLAN NG UdES cRTROuRdS wher el n
RS is hy rogen oot %Pf? AR CERB Nt QH%H resent Thventi on

i ncl udes 1@@*@9@)@@@1@“235 \vlmqﬂeAﬁ lmomholwbr@geanﬂrmmp t}lrs prepgit Enpibnment  of

the pres Qﬂ:‘lud’eé'\é/cﬁﬁﬁohﬁ)d% WHREdiM A8 $s [HRITREH ] A MM InRenRSf the praydt BY&tion
An enbodl %t r.esen |nveq% qn i ncl udes conpounds wherein R6 is

of
hydrogen o éWEyP“ 1”8%” Y%F8“1ﬁ§1 An enbodi ment of the present
i nvention |nclude @éOﬁﬁepE$nnRﬂmmgmamﬂWEap%mﬂmnﬁnmembmarﬁéHP of the

presgst laﬂd/ﬂtrtar@mdbwhmlg%ela&e&ﬂamwgupmﬂrlm o6 is C3_6cycloal kyl. An
enbodi nent ofﬂé ]pﬁesent i nvention includes conpounds wherein R6 is
I

hydr ogen, An enbodi nent of the present invention includes
conpounds mhe@@rn’@@%ﬁ@ hydrogen Speci fic enbodi ments of the
pr esent |nven@|on1hﬂﬁkyﬁe a conmpound which is selected fromthe group

SSphar mceut | A1 y. Goecar SaP T % e SR SR8 oEE T Beli Bebind osr087

The &6nmpounds of Uhemwhesent invention may contain one or nore asymetric
centers and cén t hasCogslidyl, abich aomnmisemted o subat@ted evithihlogee dydrsinigh e
enanti oners, diasng{eqneric m xtures and individual diastereoners.

Addi ti onal asymmet tenters may be
(6) heteroaryl, wherein heteroaryl is selected from pyrrolyl, imidazolyl, indolyl,

pyridyl, and pyrimidinyl, which is unsubstituted or substituted with halogen,
25 hydroxyl, C1-6alkyl, -O-C1-6alkyl or-NO2,
(7 phenyl, which is unsubstituted or substituted with halogen, hydroxyl, C1-galkyl,
-0-C1-6alkyl or-NO2,
(8) -O-phenyl, which is unsubstituted or substituted with halogen, hydroxyl,
C1-6alkyl, -O-C1-6alkyl or-NO2, and
30 9) -NH-C1-gsalkyl, or -N(C1-6alkyl)(C1-galkyl), which is unsubstituted or
substituted with halogen, hydroxyl, C1-galkyl, -O-C1_galkyl or-NO2.
An embodiment of the present invention includes compounds wherein R1a, R1b
and R1¢ are independently selected from the group consisting of?
(1) hydrogen,
35 (2)  halogen,
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present dependi ng upon the nature of the various substituents on the

nol ecul e. Each such 5asymmetric center will independently produce two
optical iwormeresmsd it is intended that all of the possiPbraSe@RioceB7 i soners
and diastereoners in mxtures and as pure or partially purified conpounds
are included within the anbit of this invention. The present invention is
meant to conprehend all such isoneric forns of these conpounds. Fornula |
shows the structure of the class of conpounds w thout specific

stereochem stry. 10The i ndependent synt heses of these diastereoners or

t heir chromat ographi ¢ separati ons may be achi eved as known in the art by
appropriate ”ESiLHB@Rk9D of tBe gethodologybdiSﬁlosed her ei n. rreir ] f
absol ute stergQchen st e termne the.x-ray c tall ography o
crystal i ne prgduct ool g BiprRati Srsueafupd S ten Uty pUEed '
necessary, wth a araeagbyltaclont ai ni ng an asymmetric center of known absol ute
configurationg)l f thdeghikpdwhicRaai@bsiiuel bk absthitcl ethaRIPO At xR Yr be
separated so that the individual enantioners are isolated. The separation
can bé carried outP’§%¥lmet hods well known in the art, such as the coupling
of a racem c m xt ukeerobodiroerp ofithd present arvetivantdlolee coroatuhys wharen daEdbnd t o
forma d%ﬁ@kﬁ¢§9ﬂﬁ%ﬁ&l&h§%9%8(158£Mﬂﬂﬁﬁqﬂ%n§§&%%%ti0” of the individual

di astereoners by st%ngar netﬁods, such 'as fractional crystallization or
chr onmat ogr aph$t)” THEYYE8ERI i ng reaction is often the 20fornation of salts
usi ng an enang2)ongralcgah,lagyd pure aci d or base. The diasteroneric derivatives
may tipen be cg@yvertggalk@ the pure enantiomers by cleavage of the added
chiral residue. The racem c m xture of the conpounds can al so b? ﬁggarated
directly by chromatdePahnent EthA sersent {veRtonipeludss pempasinds Wekeir ' priases,

whi ch nmethdREC ae edegdnkledtiyowhctedfromeheagroup cdntigtingaifi vel y, any enantiomer of a
conpound may PZ OQﬁﬂh%EQ by stereosel ective synthesis using optically pure
25starting material's Or reagents of known configuration by nethods well
known in the &t. chloro, As appreciated by those of skill in the art,
hal ogen or ha{3) asflutsedardderein are intended to include fluoro, chloro,
bronmo and iodﬁ, Sﬂﬁ&hﬂf|y1 Cl 6, as in C1 6alkyl is defined to identify
the group as ving I, 2, 3, 4, 5 or 6 carbons in a |linear or, bﬁanched
arrangenent, such fglh%Hlb@@elg@éﬁhm%%éwmw@amlgdeﬁ ROTRAYEL WRAHY K 1Bt hy! |

n- pr opyl phémgbarpirOlyR b mdRitcykg inilonduutly bglecBait fernt thogtonb coméstihy bf: and hexyl
A group which s hﬁg@ted as being i ndependently substituted with
substituents %ﬁy be 1 mdépendent |y substituted with nmultiple nunbers of such
subst®t uent s. 2The ®&¥on " het er ocycl e” as used herein includes both

unsat urated a@d saflutoral@d heterocyclic noieties, wherein the unsaturated
het erocyclic ieﬂhﬁﬁl(i'e' "heteroaryl") include benzoi m dazolyl,
benzi m dazol onyl , eﬁébfuranyl, benzof urazanyl, benzopyrazol yl

35benzot hi azol yI . Akezbrdines f (e propen Xyemiohruies comrayagsbragn R2e, R2b
benzoxazahyR?c araitlagalisttly selactbofromyle groupvoasistinglof: f uranyl, im dazol yl,

i ndol,i.nyl, indqlyl i.hydr oi ndol yl , indol azi nyl, WO
2010f%51236PC§?U85888%E%1987 i ndazol yl, isobenzofuranyl, isoindolyl,

i soqui nol yl, {XotHi yl, isoxazolyl, naphthpyridinyl, oxadiazolyl,
oxazol yl , oxa@gl i ngdrixgpxazol i ne, oxetanyl, pyrazinyl, pyrazolyl,
pyridazinyl, PMr!d@FXﬂkﬂhﬂMham%M&m@ﬂﬁkﬂﬁlmmgﬁﬁkQM%hhﬁmg&ﬂhﬂﬂ&mﬂBW@&QMY',
qui nazol i nyl, quinolyl,” quinoxalinyl, tetrahydroquinoxalinyl, "‘tetrazolyl,
tetrazol opyridyl, @ﬁ@@hﬂazolyl, thiazolyl, thienyl, triazolyl, and

5N- ox0des t hefseof ,-Oatidsuker ehich ishmsgatiuted toe subhetied eathdliogembydvx@sr i ncl ude
azetidinyl, 1,4- 3h8§ﬁnyl, hexahydr oazepi nyl , pi perazinyl, piperidinyl,
pyridin-2-onyl, pyrrolidinyl, norpholinyl, tetrahydrofuranyl,

t hi omor phol i n{f), ~ Aiséereasyly wheyein Jetaroery Is sclased ﬁm@wa@yhﬂlﬁ@ﬁ@iﬂ, indolyl,

The term " phar maceptidgiahddpydiatéipyliawhieh Sainbbstitiel oF subkusaktit hploggar ed from
pharrracegticallyd FRURRY §aON -0 £1BASLRO9T aci?s igcluding i norgani c or
organi_c bases_ _an Oi norgan| c or _organi'c_aci ds. . ts rjve ro

S TR GG W W TR R
ferrous, lithium “agneskymr-N@mgani ¢ salts, manganous, potassium sodium
zinc, and the |ike. Particular enbodi nents include the amonium cal cium
magnesi um potassium and sodiumsalts. Salts in the solid formnnay exi st
in nore than one crystal structure, and nay al so be in the form of
hydrates. Salts derived from pharnmaceutically 15acceptabl e organic
non-toxi c bases include salts of primary, secondary, and tertiary am nes,



substituted am nes including naturally occurring substituted am nes, cyclic
am nes, and basic ion exchange resins, such as arginine, betaine, caffeine,
chol i ne, WpNotdisssazyl et hyl ene- di am ne, di et hyl am ne, PCT/US2009/061987

2- di et hyl am noet hanol , 2-di net hyl am noet hanol, et hanol am ne,

et hyl enedi am ne, N-ethyl -norpholine, N-ethyl piperidine, glucam ne,

gl ucosam ne, histidine, hydrabam ne, 20i sopropyl am ne, |ysine,

met hyl gl ucam ne, norpholine, piperazine, piperidine, polyam ne resins,
procai ne, purines, theobrom ne, triethylamne, trinethylam ne,

tripropylam ne, tronmetham ne, and the |iKke. When t he conmpound
of the pr esenf8 ) nV%ﬁeﬂﬂ bvﬁlci??sﬁin?ubsﬁﬁ{eh%r E'[ﬁ))(ntlaf%d%ﬁi%foggl h{ @y,
pharmaceuti ca

'y Xl , 1 ncluding I norgarnic and
organi ¢ acids. Suc lgc c ﬂdebg%gtlc benzenesul foni ¢, benzoic,

canphor sul f onf%, cﬁH¥C¢6a%¥h9m@gﬁﬂ%ehyb¢Hﬂﬂﬂﬁbrthbwu@@ﬁﬁ@mwéputan1c

hydr obromni c, hydr %Bétmw@wuhﬁﬁbgsnowdeoxyl @thaﬁﬁyl nel@j. g@.wmf Noyp. mandel i c,
nethanesulfonlc cic, nitri hor.i ¢

ant. ot heni c, sp cinic,
sulfufic, tartari sandar%ﬁﬁ% RO divaijot ey f%pqurl%ewhqf%w Rewdi e
enbodinean¢R2mmkhdkpﬂﬂeﬁbmbhﬁaiﬁhydhnyoqnxmﬁmhgdﬁochlorlc, mal ei c,
phosphori c, sHlfuqhgrg£ynar|c and tartaric acids. It will be understood
that, 30as us d here references to the conpounds of Forrmula | are neant
to also inclu ‘ﬁﬁ%rnaceutlcally accept abl e salts.
Exenpl i fying t3he indenyi,on is the use of the conpounds disclosed in the
Exampbes and fgr ei _gaRACKAILIE s GATDOMEES oMubititited Meh RRBS&NhydroMEBE | ON
i ncl ude a conpound mglch sel ected fromthe group conS|st|ng of the
conpounds di scl osedf¥: t he fol | owi ng Exanpl es 35and phar maceutical |y
accept abl e sal¥s tHefeotlkgnahichdi wisehytiluted wa pubsiarisd svithrhaldicers hedrexyher s

t hereof WO 2010/%5%&%@é / US2009/ 061987 The subj ect conpounds
are useful in nta |2| t or CtIVIt in a
ol B FRER iRt ho

pati ent such
adm nsstration ofsmbmeméewnhhﬂo@mnunt of the conmpound. The present
invention is direcked,ioihle of'fﬁ@g&%exﬁ ﬂ%eﬁ%ﬁﬁ’ § %h&’éx%’eréh?k@h R2BS

antagoni sts_of orexin receptor activit to pri mat es,
5especraPP@R»%ﬁﬁstp%@WQWﬁ%?Qﬁ%ﬁmB@ﬁé?mH&Wﬁﬁﬂ§g@§n be treated according to
t he met hod ofUDhelgﬁﬁ@amt invention. The present invention is directed to a
conpound of tgg ﬁ i nvention or a pharnaceutlcally acceptabl e salt

t hereof for resent ventlon s, further directed to a
use a conp nd %#6%kg‘%?%%@ﬁ?s ﬁV@W?OB 8Fm5d Habﬂﬁgghtlcally accept abl e
salt thereof (or tHeCrankflashich s wkukatitwtedioc substitutefl grithdmtoggoaindi ng or exi n
receptor acti gty &q- tr%a&ylngréQ@E%alﬂy 1denshanfichissedissurabed herein in
humans and ani mal s e subject freated in the present nethods
is generally a naﬁﬁﬁﬂnmshﬁhhé§0%mhunan belng, mal e or female. The term
therapeutrcally eAil eabddiee DB presd arventidnandundzs Bém@fundhehstibREE R2bonpound

that ; kﬁ@&%lﬁﬁﬁmﬁ&l QGLGA 0 o g% Q%nhﬁ Qpse of a tissue, system
ani mal unan el ng sought ere earcher veterinari an,
medi cal doctor Jor hydreen.15cl i ni ci an. i s recognized that one skilled in

the art may affyectchidre neur ol ogi cal and psychiatric disorders by treating a
patient prese BIy ﬁ#icted with the disorders or by prophylactically
treating a patient arflicted with the disorders with an effective anount of
t he conpound ©f tdemﬁ%esent i nvention. As used herein, the terns
"treaobment"” amd "tmehdddyng” refer to all processes wherein there may be a

sl ow ng, inte( uptnﬂgj arrestlng controlling, or stopping of the

20pr ogr essi on 3f the n Urologlcal and psychiatric disorders described
herein, but does rbfluieeByla#id y jndicate a total elimnation of al

disorder Synmpigy s, trififorvbihylas the prophyl actic therapy of the nentioned
condi ti ons, peﬁtlcnggdy in a patient who is predisposed to such di sease or
di sorder. The ter s mnistration of' and or "adm nistering a" conpound
shoul3 be under st odricmbpdiraent opthe Pregsm nvantios ripdidss CORPRRE VhRIRAAZdh or a
prodrug @herd SQIMBBURED gfd RAverhildpéadrhtlp Reléctedtfien the @hoth @udlisting ofieed t her eof
The term "conposition" as used herein is intended to enconpass a product
conprising the specified ingredients in the specified anmounts, as well as
any product which results, directly or indirectly, from conbination of the
specified ingredients in the specified amounts. Such termin relation to
phar maceuti cal conposition, is intended to enconpass a 30product conpri sing
the active ingredient(s), and the inert ingredient(s) that nake up the
carrier, as well as any product which results, directly or indirectly, from
conblnatlon conplexatlon or aggregatlon of any t wo or nore of t he
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WO 2010/ 051236PCT/ US2009/ 061987 nust be conpati ble with the other
ingredients of the fornulation and not deleterious to the recipient thereof
The uti |l iwg 20fo/tShB6conpounds i n accordance with the pre®EmUS2MBALIIBDN as
orexin receptor OX1R and/or OX2R ant agoni sts nmay be readily determ ned

wi t hout undue 5 experinentation by nethodol ogy well known in the art,

i ncluding the "FLI PR Ca2+ Flux Assay" (Okumura et al., Biochem Biophys.
Res. Comm 280:976-981, 2001). In a typical experinment the OX1 and OX2
receptor antagonistic activity of the conpounds of the present invention
was determ ned in accordance with the foll ow ng experinmental nethod. For
|ntracelIularagalqhHHJggasurenents Chi nese hanster ovary (CHO cells
expressing thg@ra&wgﬁeX|n 1 receptor or the 10 human orexin-2 receptor, are
grown in Isco ?fied DVEM containing 2 nM L-glutanine, 0.5 g/m G418,
1% hypoxant hi (e- t uordi ne suppl enent, 100 Um penicillin, 100 ug/m
streptomycin Y :%}Hﬁheat-lnactlvated fetal calf serum (FCS). The cells
are seeded at go 000 cells / well into Becton-Dickinson black 384-wel |

cl ear botton1§%er|m hﬁ%htes coated with poly-D- lysine. Al reagents were
fron1GiBCI>|n@Dtrdgmnm@Drp The seeded plates are incubated 15 overni ght at
37C and 5@6(123 ﬂﬁnég fyingp orexin-A as the agonist is prepared as a 1
nmM st ock sol ution |n 196 Vi ne serum al bum n (BSA) and diluted in assay
buffer (HBSS €9nt dfifPorgme R%Ylmvl HEPES, 0.1% BSA and 2. 5nM probeneci d, pH7. 4)
for use in th®assayCHB).a final concentration of 70pM Test conpounds are

prepgped as 10 mM gf 91%00@19%{4% fB@pfe@enWﬁQat (fﬁa'}f?&?déb h&h&ﬂn&%ﬁé}?ﬁgﬂlﬁl@' at es,

first in ﬁé) t hen assa e assay, are 20
washed 32P4 ReSsargindapepdent |Selae§%§70156her?é?upa€ﬁaﬂftw&9 incubated for 60 min (37
C, 5% CQ2) in(160 ulydagsay buffer containing 1 uM Fluo-4AM ester, 0.02 %

pl uroni c aci dyyand, akgélBSA The dye | oading solution is then asplrated and
cells are mas%ed 3 tines with 100 ul assay buffer. 30 ul of that sane
buffer is Ieft)in W46 el 1. Wthin the Fluorescent |maging Plate Reader
(FLI PR, Mol ecihar Oewilkdsyhich ssmsubstitpiod ndsubsirtatcd @b dalogen; helrpdyatpbeiyh a

vol ume of 25 ul, hg%%@ ed for 5 25mn and finally 25 ul of agonist is
added. Fl uoresggenc ed.for e rvals for 5
e and ChL heRgh-oBR onER i) Ay SRERAE et SEDEABFRRE hel ghe
of the fluorescengsepdak i nduced by 70 pM Al a-6,12 orexin-A with buffer in

Ponmpound needad '%Iefﬁ‘?fé FREGnFBERARTISbical FHim R, ‘&12920%5“ o ned
Al terflatively, comYsidhdapsotERudi nﬂawh%%“d§§€§@@d B?“@“@B dWBWP@éﬁH bi ndi ng
assay (described |1rydBewlgﬁ3arﬁaéwl -QiC1-BilkydbpgNORed. Chem Lett. 2008, 18, 1425

- 1430) in why %mnylmlm LiuALbLSRORY emubétt(»@ea Sitd BLIBEH RRFoAyD dﬁegﬂmﬁnes

prepared from E%’ ng either the OX1 or 0X2 receptor.
intrinsic orexin rec @' ggg%nlst activity of a conpound which nay be

used in the p&esen()yﬁMﬁDWhﬁmmnmmﬂb&mdﬂbemnkﬂmddbumnhE@elag&eyﬁ 35In
partixgul ar, thﬁ canp s(p@ %L{q@ lf(QJN@Maﬂ(g exarrpl es had activity in

ant agoni zi ng er rex r uman exi.n-2 receptor
in the afore t|0ﬁ%ﬁ8 %@é ]g g@@ ‘ig§7m§§§gv?d %General |y
with an | C50 of | @slbstttlktahwabb&log@ﬁ()liydlom G\I/Bﬁaikybf OgorpdiphdsNaRt hi n t he
present invention P ptor
Bndor tho. b ooy el B AERIR A o BB Gy L3RR

| C50 of RBGRG Hamdgpradentlyoplerind frem thsotipupsconsistingeofpr esent i nventi on aI so
have 3acti vity(n tierdgadi ol i gand bi ndi ng assay, generally with a Ki < 5100
nM agai nst th? q?+%M‘ J and/or the orexin-2 receptor. Additional data is
provided in t % fo ‘'ng Exanples. Such a result is indicative of the
intrinsic act{ditywgfoxyhe conpounds in use as antagonists of orexin-1
receptor and/ @h th@1eﬂbﬂrwh@hmemepemmwdbnmganmwahmhémbgaihﬁhdumarymeﬁjII in
the art moulﬂ appre%ga ;Qat a substﬁnce |s conS|dered to effegtlvely

ant a onlze t ore pt t has .an n.abqut 501.i M
pref ePabl y Ie EYI g'ﬁh F?Mns"‘lkﬁtémfé Obf‘e’ététﬁtte ﬁ\ll?g’ﬁfog r§’8’ °hcl udes
conpounds wi thin qﬂemgenerlc scope of the invention which possess activity
as agonists of the orexin-1 receptor and/or the orexin-2 receptor. Wth
respect to other pyridyl conpounds, the present conmpounds exhi bit
unexpected properties, such as with respect to increased oral

bi oavail ability, nmetabolic stability, decreased inhibition of netabolic
enzynes (such as decreased cytochroneisP450 3A4 (CYP3A4) inhibition),
decreased inhibition 150f transporters (such as decreased

p- gl ycoprotei n/ PGP i nhibition) and/or selectivity with respect to other
receptors |nclud|ng the human oreX|n 2 receptor The orexin
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quality, inproving sleep quality, increasing sleep efficiency, augnmenting
sl eep mai ntenance; increasing the value which is calculated fromthe tine
that a swpeeoto/siBeps divided by the tine 25that a subj @C/US0R6BWAPtLIi Ng tO
sl eep; inproving sleep initiation; decreasing sleep |atency or onset (the
time it takes to fall asleep); decreasing difficulties in falling asl eep;
i ncreasing sleep continuity; decreasing the nunber of awakeni ngs during

sl eep; decreasing intermttent waki ngs during sleep; decreasing nocturnal
arousal s; decreasing the tine spent awake following the initial onset of
sl eep; increasing the total amount of sleep; reducing the fragnmentation of
sl eep; 30altering re ( of Wt s;
altering the timn z&lpgqlbddrﬂl&g of tfhe 'pﬁagent r%(rel%lonqéjgh?q[eg g&nv%oungga\{!le%ﬁ ﬁt@%{q{g’s 3 or
4) sIeepab%ﬁ%%mfﬂm%?%@§ﬁh@e$ﬁ@1EW%@ﬁHJQﬁﬁDB@ﬁggﬁﬁage of stage 2 sleep,
pronoti ng slow)waw@d&gaep, enhanci ng EEG delta activity during sl eep;

decr easi ng nogfLwrﬁ% g% gﬁaals especially early norning awakeni ngs;

i ncreasi ng da g ‘tness; reducing daytinme drowsiness; treating or
reduc?ng exceSsj ve b§§ lme sl eepi ness: 35increasing satisfaction with the
intensity of sl eepAn tm6dd@asit Beths pRet imz'bﬁttcﬁn@dw@s corfihap@! WihgeiR3a, R3b
2010/0512%§E§§F/U8200%g1 %gﬁa(Pﬁ&nte'nm & oh. | ens; insomi a,
hypersonnla rop TG personmmni a, g 6@ P qg Yy hypersonnla intrinsic
hyper somi a, Hércdb@ﬁ%@n |nterrupted sl eep, sleep apnea, wakeful ness,
nocturnal nyoghonuslorlkEM sl eep interruptions, jet-lag, shift workers' sleep
dlstqrbances %gys%?nnlagm night terror, insomias associated with
depreSS|on ti onal nBod di sorders, 5Al zhei ner’ s di sease or cognitive

i mpai rment, asb)welmethd. sl eep wal ki ng and enuresis, and sl eep disorders

whi ch accorrpany a%mgnbd&lﬁaﬁbmep&s@wnﬁb@ﬂwnnﬂalu@@a@ihﬁduﬁmww@éﬂma@ ed with
ci rcadi an r&x

rder,s ,assopci at ed
o bt ape DR B e kB ”?ﬁf?gs{law“‘% SRSt Ae SIRARREE
condi t i ot erenttinvesioyiaciuischmpess wherdinch | @mrldbﬁ aﬂEWh@tlé@é%@schépr@ Ple
ef f egk; mhaboHM@ggy@D @Mﬂﬂmﬁﬁﬂﬂnwhj fi are manifested by non-restorative

10sl eep and nuscl e %ﬁ@xﬂnmﬁ8F%Bpf§§§u“ﬁﬁmﬁ1mﬂs as&ﬁg%ﬁé d%ﬂ%?g3resp|ratory

di st ur bances durln A <hed

qual i ty BF&¥end ™ 1@%% ih§ 11y hRAg is hydipsehind %W@genu fiecehedimgnt
retentionfrob pf@émwenmtlhdl@de@lb&ﬁ;sdi@asswpeﬁ&ﬁwaﬁ B An@¥s@sHiRse if 0od i nt ake

and conpllﬁgﬁggg % %Egﬁégﬁfa% ?ﬁ% wi th, conmpul sive eating disorders,

obeS|ty ghetlc or environnental),
obesiX¥y-rel at ed d|émld@dsmertboéiheatesmlnvamtmnemhaies e hunds whergaBAdxi a,
stregulay@dgappénumﬁqmomﬁembmhmmpefﬂe@&mamnnﬁmamamﬂ&mse@ﬁmam&dwmﬁaﬁna

insulin rati ons d insul.in resistanc

hyper | i piddif roggﬂﬁaws@a%ne it SEhE bRRGE iR e RRigpnes

ost eoar t IwhietcinsR4 s doger |Aﬁeersbogleﬂpenapﬁbapre@ﬂnbin@¢nttoh iipdidss cqmonsdsoﬁ@sem heart
di sease, RSunpydiogee as €| _calknio raredmbodaidnt 6y ﬂi’f&ﬁen&ﬁderﬁﬂ’oﬁ)ﬁchﬂbﬂ&mﬁwmﬁar di al

i nfarction ti.ve heart. failur cor.o rt d sea acute and
Congdst | FRerBol PR R G et An S B Sh Be SR s G ARG ot et on:
osteopor@gmsﬁmdmghﬂanﬁ@osbwkgﬁnnyocard|naI infarction; ischemc or

haenor r hagi ¢ StrOK%amﬁHﬂ@ﬁ&ﬁBﬂ&hgmﬁaﬁﬂﬂ%&hﬁgﬁﬂmkkG&m&mna4®ﬁﬁah§5asben'9”

prostati n i ired

gl ucose ﬁgﬁxgahci%gﬁﬁgésg(gglgﬁkﬁ %Péh% @#%ﬁgggfaﬂgwghﬁ%%ﬁ&amcﬁﬁ%

cr ani oph&PYpRiinenEherein®ops Gireplkyy |Ar1 en@;mam@h@f thiepigsnt wmensios jishideire,

GH;] debi Clcﬁlﬂ%)OLﬁlﬂ:bWEﬁ‘Elﬁ R6ngcmbyc\r@nkhyan4\n sﬂﬂeds%msﬁta)&‘ufe@rega’mﬁmml@ 15Mﬂdial’sorre and
ot her pat 0 I.Ca n ons S n reauce taboljc activit

Gecr cana CPRPRBUS FhR ey lgbydé%?aﬁa?tﬁmo i ST AEE! f pRSPAI IRt ¢ o
mass, e. gnclohi ¢arenndsivwlivrac B e Hygmghobl asti c | eukenmi a, netabol i ¢ syndrone,

al so known as SYHQQQ&%cémb&ﬁ&&hbHf%@§k§%@ﬁﬁ§n§Mﬂ&%ﬂ@%wo&ﬁ&ﬁﬁQMﬁ&fMe hor none
abnornallHles ual an ctive t|0ﬂ EEF 3» aired
fertilityS e‘it‘fﬁfé‘?‘{‘ HICiEHP 08%%8‘ eﬁ‘r'ﬁl?“ﬁ Sa‘?'fd HPFORS SR Pemal es,
fetaBSdeb@uﬁeaagsdbwaﬁmdmkmmhﬂw&bérnal obeS|ty, 30gastroi ntesti nal nDtllity
di sorders, intestinal notility dyskinesias, obesity-rel ated gastro-
esophageal reflux, hypothal m c di seases, hypophysis di seases, respiratory
di sorders, such as obesity-hypoventilation syndrome (Pickw ckian syndrone),
br eat hl essness, cardiovascul ar disorders, inflammation, such as systemc

i nfl ammati on of the vascul ature, arteriosclerosis, hyperchol esterol em a,
hyperuricaem a, |ower back pain, gall®l adder di sease, gout, Kkidney
35cancer, increased anesthetic risk, reducing the risk of secondary

out cones of obesity, such as reducing the risk of left ventricular
hypertrophy, di seases or disorders where abnormal WO
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oscillatory activity occurs in the brain, including depression, mgraine,
neur opat hi ¢ pai n, Parkinson's disease, psychosis and schi zophrenia, as well
as di seasw® 20r10/di:6r ders where there is abnornmal coupl i RGTAS2@0006M81 Y,
particularly through the thal anus; enhancing cognitive function, including
cognitive dysfunctions that conprise deficits in all types of attention,

| ear ni ng and 5nenory functions occuring transiently or chronically in the
normal , healthy, young, adult or aging popul ation, and al so occurring
transiently or chronically in psychiatric, neurol ogic, cardiovascular and

i mrune di sorders; enhancing nmenory; increasing menory retention; increasing

i mmune response; | flﬁ:rc% bt by Br%sén‘t' RSEARA ma@z%ntfa hanh %ﬁmoﬂé‘a@ﬁﬁm&% ats;
extendin llfe‘ﬁ%géQE |zo§Pren|a muscl e-related di sorders that are

cont rol | &&1gy 2R CESH AORETRISHER RO HYEhHRS!F F8EERS By t he neur al
syst em sdektegomeae thixawoey dndtildividmd dastiepmeis s Addigipsal efynira@ricamdiromasieul ar
system oondi: i RASink ﬁfa&%tﬁ@'n&t&eBE‘@l'e'vﬁﬁ&éfsh&ﬂtu%s 6t m&an %%cﬁ’éh%ﬁ’d' lation

or vasorestrlctlon an ressure; cancer, car c.arr

hyper £ en@iYoHCEG G EL il gld%eaﬁff ntly RrqdYFEVOBHER! 1SOBRE 383 ltt%tegéﬁ'»ﬁ tF‘%ﬂ P 9fi nary
system dicgordlde sptahl sexerahnd dimedrecoreraimonik@rdsiahd sypursenpaelallgypsiifizict i on;
psychos e%b‘l‘ﬁboﬂﬁ§£r9 'ﬂfcidd@ w1tﬁ1?1)fhéja{n§’d?{ CQ%IS 111@%{'&'18@‘}{6 &fesern?fﬁ@éntloﬁ Méaﬂpto

responsivity to et]cs; od di sorde ? depressi on_qr nore
parti cul &PPyrepRy raﬁw éonéﬁr’é"é?r&@gg hepeyromaey |£0 %bﬁh@WémesSHmtwe@F the
recurrentmﬁnﬁabmﬁepmesmhMEsﬂxﬁmmdﬁmsh@mdndysthyn1c di sorders, or bipolar
di sorders, for exafH%'lf?%Q{(f@gﬂ g%t}aé e ésg%{asteps'oﬁl%}s% t}{elr cﬁ%ﬁﬁfo%?{(’)hi%nd

cyclothynlc di sor der er gener a i cal” condi tion,
and subsPEREEOPHRARCRACHSYH Hikapy R élrtge ala\@sf @?PE‘?R?’@ter’Pé‘tﬂ‘%‘?P%n offapmehedalesy

neur05|sdmmnxﬂémmnnéﬂmnabsﬂmanmmaﬂyHMmsmmdekﬁmwnmhuﬂmn@eacute stress
20di sor d%fystaﬂ&é}ﬁlﬂl??)@p alh&lspl%ﬁgé s@Mde%%mﬁ’édﬁ?Js%ﬁch aﬁ’é)&&ﬁéﬁ%ﬁ 1‘P0WDU' sive

di sorder pani C a | SOr ost-trauna | C tress |1 SOr er
separ at i GFCCERRY MY ad?@sl?t&@maln%&fl&ﬁmﬁ%f gentes gEknoynabyplpts cgnfiguration. I
subsuancdemmdum&ﬂnammnm%ymﬁhsmmqﬁnmanmqamxemﬁaaﬂmemnduﬁn@Eﬂﬁﬂahmdemmal
condi tiogg, lgog&{&? ﬂf%%&'rﬁ%gl ac@%%e%\ﬁ?w Ak fhbds Wi ol %@ﬁ?l?th%‘dﬁrku@l? f& ebral

deficits su equent to car ass surger stro

i scheni c ciBg &l 2 pegais Mxtufet rf@mpaundé P ﬁapna@ jperiGaly rere C%@%nﬁﬁ%{@ﬁaa

25per i naidakterrymonrid amjxtwrarfoil@ecdaryrseiration P ag iyt edual diaeticomards bylaiﬁmged
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Sy ndrone | sease: aso actlnenla
hy pop’%ﬁys. @Wﬁ%@ﬁ%ﬁéﬁ@@& NHYiSEEHeAl éﬂ?il’f? agideos hases The %%Sﬁeé?ﬁ%%tmeyvmﬁﬁa
di sease; ngasliehibe cdm\&:ktbch'&&h@purga@ht‘ld)tﬁerklbjzeléafagé:ﬁﬂlﬁdﬂhddedhclﬁraiiwgﬂnﬂﬁﬁhe
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anenor r heggntibypogfiatcoimpaindsnay Heypeirted basicrofyqathyymaicsdi saing sptipaityhairani c-
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of arue hRBE TGk ot CRaRO by BRI S A6 ‘a&@ﬁ%emﬁ%ﬁﬁ‘ o1 sm

gi gantism acr oneghl 3pPresiviedt bmlms?e Jkalt @rt%ﬁ arg hplagesqr daloggy pged @P@I%P er 0si s;
ocul ar darrergled tc35eledd fhopatchipro, bogmi anil velodiSguitadisr €1-6i diinpatdalkyl iaddined

drug-i ”d‘t‘ocll%gnt ‘%j g@i@gbgﬁa\ﬁ 3zs§ 4 %?8%86115%9@%[{& r 3PSl P h i EmAR SOC! at ed
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Z?”Z]ﬂr Oan%%g&'tﬁde}{t% ngz_br%g I%%';e%d&{{grl sHlSjs'tll,ag%cfaj\gi??ﬂutlgle n%&%&% Io?gu%g 1}% Elents H vV

di sease, TPakkNIBUroLCH’ dewsed hentiring!ydgs Soth sm%ﬁt%tai and Sptueaéedsheéﬁr@%%%

Cre gt zf elnthictidacalreil Geasurpel idabatlihypendsdi.c.ohdigbagenRcale 5 medi cal | .
conditio estic r or age relate
cogni t | Vggrg%{ninﬁéjz%fytl ab%ﬁ 1m?¢8ﬁ0%81%¥1 b%gzofurlcu!iJ mbeﬁzm}urﬁzan?/l génzgpngzl_ol zophr eni a

( par @Aoi @enzarwplghhp%alwlak h@r@ﬁﬁh@pbw RERFoKrEeRift bearedrolylsedibazelshr eni f or m
di sor der carbelhiyz @ainbegll] Mendl Baadelyl, istRlibgl anak], dihs@bihaslyl, MdoRkinpsychoti c

di sorder, shared psychotic disorder, psychotic disorder due to a general
medi cal condition and substance-i nduced psychotic di sorder; dissociateive
di sorders including nultiple 10personality syndromes and psychogenic
amesi as; substance-rel ated di sorders, substance use, substance abuse,
subst ance seeki ng, substance reinstat®nent, all types of psychol ogical and
physi cal addi cti ons and addi ctive behaviors, reward-rel ated behaviors

(i ncludi ng substance-induced delirium persisting denentia, persisting
annestlc dlsorder psychotic disorder or anxiety disorder; tolerance
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(i ncluding generalised dystonia such as iodiopathic dystonia, drug-induced
dystoni a, synptonmatic dystonia and paroxymal dystonia, and focal dystonia
such as bwephavisssasm or omandi bul ar dystoni a, spasnodi ®CuyEspI9NsERS7
spasnodic torticollis, axial dystonia, dystonic witer's cranp and
hem pl egi c dystoni a); neurodegenerative disorders including nosol ogi cal
35entities such as disinhibition-denentia-parkinsoni smanyotrophy conpl ex;
pal | i do- pont 0o- ni gral degeneration; epilepsy; seizure disorders; attention
deficit/hyperactivity disorder (ADHD); WO 2010/ 051236PCT/ US2009/ 061987
conduct disorder; mgraine (including mgraine headache); headache;

hyper al gg&jass1 lpébtfbnz&l?ﬂaﬂﬂcﬁgn@cﬂ leféécﬂﬁf‘d'lﬁtﬁéihéfdiﬁ' fsb;&é&&lyl B&bh%‘yﬁdﬁHCh as

hyper al g usal gi.a,” and nia;,” ac urn pi ca

f aci al pgfwrfia azahfﬁroaw? i Eragpling, IS%adlanﬁan chdm‘f Prpé’@iz%]ag Flﬁ%syndr one |
and |1 ; aptidupytidioylppyrittazisgopstralyl, pyuimidyh aymolylpauimazobhydt @itholyd, quinfogeliiybn e. g.
HI'V, pos%etraﬁf&?@c{ﬂﬂ{d}%@ﬁ)xet%b@l 1Ak d91kﬁna%!z91y1 Bﬁéﬁorﬂgﬁiéﬁﬁ't}ﬁ%oﬂﬂ' 4hd

neuralgl enes na \ nltln asiri.c nesi a, Strl u cers,
Kal | man' & ?ﬁiﬁ f(ﬁ&ﬁo@ﬁ{e tﬁe %?é‘frﬁ‘%éhgt&rgﬁﬁ@é‘F moe%lﬁwnf ue%zeﬁ%‘c ted with
V|sceraldnaquﬁmxhwaﬂmnmnwt@bkﬂath@kmﬁ@nﬂrmnﬂnlanmwam@nmamybamqﬂ@hnﬂ
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35 chromat ogr aphy. The conpounds of the present invention can be prepared
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35 compound of the present invention is used contemporaneously with one or more other drugs, a

pharmaceutical composition in unit dosage form containing such other drugs and the compound

29
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salt as a white solid. This material was taken up in a m ninmal anmount of
THF/ acetonitrile and ethyl ether saturated with HCl was added, formng a 20
white precipitate. The solvent was decanted away after centrifugation of

t he suspension. This was repeated 2 nore tines, once with HCl/ ether and
then with plain ethyl ether. After the final decant, the solids were dried
under high vacuumto afford the title conpound (1-4) as the BisHCl salt.
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20 The weight ratio of the compound of the compound of the present invention to the

-3,3-b

second active ingredient may be varied and will depend upon the effective dose of each
ingredient. Generally, an effective dose of each will be used. Thus, for example, when a
compound of the present invention is combined with another agent, the weight ratio of the
compound of the present invention to the other agent will generally range from about 1000:1 to
25  about 1:1000, such as about 200:1 to about 1:200. Combinations of a compound of the present
invention and other active ingredients will generally also be within the aforementioned range,
but in each case, an effective dose of each active ingredient should be used. In such
combinations the compound of the present invention and other active agents may be
administered separately or in conjunction. In addition, the administration of one element may be
30  prior to, concurrent to, or subsequent to the administration of other agent(s).

The compounds of the present invention may be administered in conbination with
other compounds which are known in the art to be useful for enhancing sleep quality and
preventing and treating sleep disorders and sleep disturbances, including e.g., sedatives,
hypnotics, anxiolytics, antipsychotics, antianxiety agents, antihistamines, benzodiazepines,

35  Dbarbiturates, cyclopyrrolones, GABA agonists, SHT-2 antagonists including SHT-2A antagonists
and SHT-2A/2C antagonists, histamine antagonists including histamine H3 antagonists,

30



HNI1 O Owe is Ow N (3, 4-dinethoxybenzyl)-2,5- bis(3,5-dinethyl phenyl)

I soni coti nam de 481. 2483 found, 481.2486 required. 1-7 40 I N/ HN
i & Ove (Wb 2bko(B1286di net hoxybenzyl) - 6- (3, 5-di et hyl phe®¢T)usS3003/061987

bi pyri di ne- 4- car boxam de

histamine H3 inverse agonists, imidazopyridines, minor tranquilizers, melatonin agonists and
antagonists, melatonergic agents, other orexin antagonists, orexin agonists, prokineticin agonists
and antagonists, pyrazolopyrimidines, T-type calcium channel antagonists, triazolopyridines, and
the like, such as: adinazolam, allobarbital, alonimid, alprazolam, amitriptyline, amobarbital,

5  amoxapine, armodafinil, APD-125, bentazepam, benzoctamine, brotizolam, bupropion,
busprione, butabarbital, butalbital, capromorelin, capuride, carbocloral, chloral betaine, chloral
hydrate, chlordiazepoxide, clomipramine, clonazepam, cloperidone, clorazepate, clorethate,
clozapine, conazepam, cyprazepam, desipramine, dexclamol, diazepam, dichloralphenazone,
divalproex, diphenhydramine, doxepin, EMD-281014, eplivanserin, estazolam, eszopiclone,

10 ethchlorynol, etomidate, fenobam, flunitrazepam, flurazepam, fluvoxamine, fluoxetine,
fosazepam, gaboxadol, glutethimide, halazepam, hydroxyzine, ibutamoren, imipramine,
indiplon, lithium, lorazepam, lormetazepam, LY-156735, maprotiline, MDL-100907,
mecloqualone, melatonin, mephobarbital, meprobamate, methaqualone, methyprylon, midaflur,
midazolam, modafinil, nefazodone, NGD-2-73, nisobamate, nitrazepam, nortriptyline,

15 ornortriptyline, oxazepam, paraldehyde, paroxetine, pentobarbital, perlapine, perphenazine,
phenelzine, phenobarbital, prazepam, promethazine, propofol, protriptyline, quazepam,
ramelteon, reclazepam, roletamide, secobarbital, sertraline, suproclone, TAK-375, temazepam,
thioridazine, tiagabine, tracazolate, tranylcypromaine, trazodone, triazolam, trepipam,
tricetamide, triclofos, trifluoperazine, trimetozine, trimipramine, uldazepam, venlafaxine,

20  zaleplon, zolazepam, zopiclone, zolpidem, and salts thereof, and combinations therecof, and the
like, or the compound of the present invention may be administered in conjunction with the use
of physical methods such as with light therapy or electrical stimulation.

In another embodiment, the subject compound may be employed in combination
with other compounds which are known in the art, either administered separately or in the same

25  pharmaceutical compositions, include, but are not limited to: insulin sensitizers including (i)
PPARy antagonists such as glitazones (e.g. ciglitazone; darglitazone; englitazone; isaglitazone
(MCC-555); pioglitazone; rosiglitazone; troglitazone; tularik; BR1L.49653; CLX-0921; 5-BTZD),
GW-0207, LG-100641, and LY-300512, and the like); (iii) biguanides such as metformin and
phenformin; (b) insulin or insulin mimetics, such as biota, LP-100, novarapid, insulin detemir,

30  insulin lispro, insulin glargine, insulin zinc suspension (lente and ultralente); Lys-Pro insulin,
GLP-1 (73-7) (insulintropin); and GLP-1 (7-36)-NH?); (c¢) sulfonylureas, such as
acetohexamide; chlorpropamide; diabinese; glibenclamide; glipizide; glyburide; glimepiride;
gliclazide; glipentide; gliquidone; glisolamide; tolazamide; and tolbutamide; (d) a-glucosidase
inhibitors, such as acarbose, adiposine; camiglibose; emiglitate; miglitol; voglibose; pradimicin-

35  Q; salbostatin; CKD-711; MDL-25,637; MDL-73,945; and MOR 14, and the like; (e) cholesterol
lowering agents such as (i) HMG-CoA reductase inhibitors (atorvastatin, itavastatin, fluvastatin,

31



454. 2121 found, 454.2125 required. 1-8 40 N/ HNO , N OWw OWw
N- (3, 4-di net hoxybenzyl)-2- (3, 5-dinethyl phenyl)-5-(1- nethyl-1H pyrazol -4-
yl )i soni cwoiznemists6457. 2246 found, 457.2234 required.  PCT/US2009/061987

lovastatin, pravastatin, rivastatin, rosuvastatin, simvastatin, and other statins), (ii) bile acid
absorbers/sequestrants, such as cholestyramine, colestipol, dialkylaminoalkyl derivatives of a
cross-linked dextran; Colestid®; LoCholest®, and the like, (ii) nicotinyl alcohol, nicotinic acid
or a salt thereof, (iii) proliferator-activater receptor o agonists such as fenofibric acid derivatives
5  (gemfibrozil, clofibrate, fenofibrate and benzafibrate), (iv) inhibitors of cholesterol absorption

such as stanol esters, beta-sitosterol, sterol glycosides such as tiqueside; and azetidinones such as
ezetimibe, and the like, and (acyl CoA:cholesterol acyltransferase (ACAT)) inhibitors such as
avasimibe, and melinamide, (v) anti-oxidants, such as probucol, (vi) vitamin E, and (vii)
thyromimetics; (f) PPAR« agonists such as beclofibrate, benzafibrate, ciprofibrate, clofibrate,

10  etofibrate, fenofibrate, and gemfibrozil; and other fibric acid derivatives, such as Atromid®,
Lopid® and Tricor®, and the like, and PPARa agonists as described in WO 97/36579; (g)
PPARS agonists, such as those disclosed in W097/28149; (h) PPAR o/ agonists, such as
muraglitazar, and the compounds disclosed in US 6,414,002; (i) anti-obesity agents, such as (1)
growth hormone secretagogues, growth hormone secretagogue receptor agonists/antagonists,

15 such as NN703, hexarelin, MK-0677, SM-130686, CP-424,391, 1.-692,429, and L.-163,255, and
such as those disclosed in U.S. Patent Nos. 5,536,716, and 6,358,951, U.S. Patent Application
Nos. 2002/049196 and 2002/022637, and PCT Application Nos. WO 01/56592 and WO
02/32888; (2) protein tyrosine phosphatase-1B (PTP-1B) inhibitors; (3) cannabinoid receptor
ligands, such as cannabinoid CB1 receptor antagonists or inverse agonists, such as rimonabant,

20  taranabant, AMT-251, and SR-14778 and SR 141716A (Sanofi Synthelabo), SLV-319 (Solvay),
BAY 65-2520 (Bayer) and those disclosed in U.S. Patent Nos. 5,532,237, 4,973,587, 5,013,837,
5,081,122, 5,112,820, 5,292,736, 5,624,941, 6,028,084, PCT Application Nos. WO 96/33159,
WO 98/33765, W0O98/43636, W098/43635, WO 01/09120, WO98/31227, W0O98/41519,
WO098/37061, WO00/10967, WO00/10968, W0O97/29079, W099/02499, WO 01/58869, WO

25 01/64632, WO 01/64633, WO 01/64634, W002/076949, WO 03/007887, WO 04/048317, and
WO 05/000809; (4) anti-obesity serotonergic agents, such as fenfluramine, dexfenfluramine,
phentermine, and sibutramine; (5) B3-adrenoreceptor agonists, such as AD9677/TAK677
(Dainippon/Takeda), CL-316,243, SB 418790, BRL-37344, L-796568, BMS-196085, BRL-
35135A, CGP12177A, BTA-243, Trecadrine, Zeneca D7114, SR 59119A; (6) pancreatic lipase

30  inhibitors, such as orlistat (Xenical®), Triton WR1339, RHC80267, lipstatin, tetrahydrolipstatin,
teasaponin, diethylumbelliferyl phosphate, and those disclosed in PCT Application No. WO
01/77094; (7) neuropeptide Y1 antagonists, such as BIBP3226, J-115814, BIBO 3304, LY-
357897, CP-671906, GI-264879A, and those disclosed in U.S. Patent No. 6,001,836, and PCT
Patent Publication Nos. WO 96/14307, WO 01/23387, WO 99/51600, WO 01/85690, WO

35 01/85098, WO 01/85173, and WO 01/89528; (8) neuropeptide Y5 antagonists, such as GW-
S69180A, GW-594884A, GW-587081X, GW-548118X, FR226928, FR 240662, FR252384,
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1229091, GI-264879A, CGP71683A, LY-377897, PD-160170, SR-120562A, SR-120819A and
JCF-104, and those disclosed in U.S. Patent Nos. 6,057,335; 6,043,246; 6,140,354; 6,166,038;
6,180,653; 6,191,160; 6,313,298; 6,335,345; 6,337,332; 6,326,375; 6,329,395; 6,340,683;
6,388,077; 6,462,053; 6,649,624; and 6,723,847, European Patent Nos. EP-01010691, and EP-

5 01044970; and PCT International Patent Publication Nos. WO 97/19682, WO 97/20820, WO
97/20821, WO 97/20822, WO 97/20823, WO 98/24768; WO 98/25907; WO 98/25908; WO
98/27063, WO 98/47505; WO 98/40356; WO 99/15516; WO 99/27965; WO 00/64880, WO
00/68197, WO 00/69849, WO 01/09120, WO 01/14376; WO 01/85714, WO 01/85730, WO
01/07409, WO 01/02379, WO 01/02379, WO 01/23388, WO 01/23389, WO 01/44201, WO

10 01/62737, WO 01/62738, WO 01/09120, WO 02/22592, WO 0248152, and WO 02/49648; WO
02/094825; WO 03/014083; WO 03/10191; WO 03/092889; WO 04/002986; and WO
04/031175; (9) melanin-concentrating hormone (MCH) receptor antagonists, such as those
disclosed in WO 01/21577 and WO 01/21169; (10) melanin-concentrating hormone 1 receptor
(MCHI1R) antagonists, such as T-226296 (Takeda), and those disclosed in PCT Patent

15 Application Nos. WO 01/82925, WO 01/87834, WO 02/051809, WO 02/06245, WO 02/076929,
WO 02/076947, WO 02/04433, WO 02/51809, WO 02/083134, WO 02/094799, WO 03/004027;
(11) melanin-concentrating hormone 2 receptor (MCH2R) agonist/antagonists; (12) orexin
receptor antagonists, such as SB-334867-A, and those disclosed in patent publications herein;
(13) serotonin reuptake inhibitors such as fluoxetine, paroxetine, and sertraline; (14)

20  melanocortin agonists, such as Melanotan II; (15) Mc4r (melanocortin 4 receptor) agonists, such
as CHIR86036 (Chiron), ME-10142, and ME-10145 (Melacure), CHIR86036 (Chiron); PT-141,
and PT-14 (Palatin); (16) SHT-2 agonists; (17) SHT2C (serotonin receptor 2C) agonists, such as
BVT933, DPCA37215, WAY 161503, R-1065, and those disclosed in U.S. Patent No. 3,914,250,
and PCT Application Nos. WO 02/36596, WO 02/48124, WO 02/10169, WO 01/66548, WO

25 02/44152, WO 02/51844, WO 02/40456, and WO 02/40457; (18) galanin antagonists; (19) CCK
agonists; (20) CCK-A (cholecystokinin-A) agonists, such as AR-R 15849, GI 181771, JIMV-180,
A-71378, A-71623 and SR14613, and those discribed in U.S. Patent No. 5,739,106; (21) GLP-1
agonists; (22) corticotropin-releasing hormone agonists; (23) histamine receptor-3 (H3)
modulators; (24) histamine receptor-3 (H3) antagonists/inverse agonists, such as hioperamide, 3-

30  (1H-imidazol-4-yl)propyl N-(4-pentenyl)carbamate, clobenpropit, iodophenpropit, imoproxifan,
GT2394 (Gliatech), and O-[3-(1H-imidazol-4-yl)propanol]-carbamates; (25) B-hydroxy steroid
dehydrogenase-1 inhibitors (B-HSD-1); (26) PDE (phosphodiesterase) inhibitors, such as
theophylline, pentoxifylline, zaprinast, sildenafil, amrinone, milrinone, cilostamide, rolipram,
and cilomilast; (27) phosphodiesterase-3B (PDE3B) inhibitors; (28) NE (norepinephrine)

35  transport inhibitors, such as GW 320659, despiramine, talsupram, and nomifensine; (29) ghrelin
receptor antagonists, such as those disclosed in PCT Application Nos. WO 01/87335, and WO
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02/08250; (30) leptin, including recombinant human leptin (PEG-OB, Hoffman La Roche) and
recombinant methionyl human leptin (Amgen); (31) leptin derivatives; (32) BRS3 (bombesin
receptor subtype 3) agonists such as [D-Phe6,beta-Alal1,Phe13,Nle14]Bn(6-14) and [D-
Phe6,Phel3]Bn(6-13)propylamide, and those compounds disclosed in Pept. Sci. 2002 Aug; 8(8):
461-75); (33) CNTF (Ciliary neurotrophic factors), such as GI-181771 (Glaxo-SmithKline),

SR 146131 (Sanofi Synthelabo), butabindide, PD170,292, and PD 149164 (Pfizer); (34) CNTF
derivatives, such as axokine (Regeneron); (35) monoamine reuptake inhibitors, such as
sibutramine; (36) UCP-1 (uncoupling protein-1), 2, or 3 activators, such as phytanic acid, 4-[(E)-
2-(5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-napthalenyl)- 1-propenyl]benzoic acid (TTNPB),
retinoic acid; (37) thyroid hormone [ agonists, such as KB-2611 (KaroBioBMS); (38) FAS
(fatty acid synthase) inhibitors, such as Cerulenin and C75; (39) DGAT1 (diacylglycerol
acyltransferase 1) inhibitors; (40) DGAT?2 (diacylglycerol acyltransferase 2) inhibitors; (41)
ACC2 (acetyl-CoA carboxylase-2) inhibitors; (42) glucocorticoid antagonists; (43) acyl-
estrogens, such as oleoyl-estrone, disclosed in del Mar-Grasa, M. et al., Obesity Research,
9:202-9 (2001); (44) dipeptidyl peptidase IV (DP-IV) inhibitors, such as isoleucine thiazolidide,
valine pyrrolidide, NVP-DPP728, LAF237, P93/01, TSL 225, TMC-2A/2B/2C, FE 999011,
P9310/K364, VIP 0177, SDZ 274-444, sitagliptin; and the compounds disclosed in US
6,699,871, WO 03/004498; WO 03/004496; EP 1 258 476; WO 02/083128; WO 02/062764; WO
03/000250; WO 03/002530; WO 03/002531; WO 03/002553; WO 03/002593; WO 03/000180;
and WO 03/000181; (46) dicarboxylate transporter inhibitors; (47) glucose transporter inhibitors;
(48) phosphate transporter inhibitors; (49) Metformin (Glucophage®); (50) Topiramate
(Topimax®); (50) peptide YY, PYY 3-36, peptide YY analogs, derivatives, and fragments such
as BIM-43073D, BIM-43004C (Olitvak, D.A. et al., Dig. Dis. Sci. 44(3):643-48 (1999)); (51)
Neuropeptide Y2 (NPY2) receptor agonists such NPY3-36, N acetyl [Leu(28,31)] NPY 24-36,
TASP-V, and cyclo-(28/32)-Ac-[Lys28-Glu32]-(25-36)-pNPY; (52) Neuropeptide Y4 (NPY4)
agonists such as pancreatic peptide (PP), and other Y4 agonists such as 1229U91; (54)
cyclooxygenase-2 inhibitors such as etoricoxib, celecoxib, valdecoxib, parecoxib, lumiracoxib,
BMS347070, tiracoxib or JTE522, ABT963, CS502 and GW406381; (55) Neuropeptide Y1
(NPY1) antagonists such as BIBP3226, J-115814, BIBO 3304, LY-357897, CP-671906, GI-
264879A; (56) Opioid antagonists such as nalmefene (Revex ®), 3-methoxynaltrexone,
naloxone, naltrexone; (57) 11 HSD-1 (11-beta hydroxy steroid dehydrogenase type 1)
inhibitors such as BVT 3498, BVT 2733, and those disclosed in WO 01/90091, WO 01/90090,
WO 01/90092, US 6,730,690 and US 2004-0133011; (58) aminorex; (59) amphechloral; (60)
amphetamine; (61) benzphetamine; (62) chlorphentermine; (63) clobenzorex; (64) cloforex; (65)
clominorex; (66) clortermine; (67) cyclexedrine; (68) dextroamphetamine; (69)
diphemethoxidine, (70) N-ethylamphetamine; (71) fenbutrazate; (72) fenisorex; (73)
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fenproporex; (74) fludorex; (75) fluminorex; (76) furfurylmethylamphetamine; (77)
levamfetamine; (78) levophacetoperane; (79) mefenorex; (80) metamfepramone; (81)
methamphetamine; (82) norpseudoephedrine; (83) pentorex; (84) phendimetrazine; (85)
phenmetrazine; (86) picilorex; (87) phytopharm 57; and (88) zonisamide., (89) neuromedin U
5  and analogs or derivatives thereof, (90) oxyntomodulin and analogs or derivatives thereof, and
(91) Neurokinin-1 receptor antagonists (NK-1 antagonists) such as the compounds disclosed in:
U.S. Patent Nos. 5,162,339, 5,232,929, 5,242,930, 5,373,003, 5,387,595, 5,459,270, 5,494,926,
5,496,833, and 5,637,699.
In another embodiment, the subject compound may be employed in combination

10 with an anti-depressant or anti-anxiety agent, including norepinephrine reuptake inhibitors
(including tertiary amine tricyclics and secondary amine tricyclics), selective serotonin reuptake
inhibitors (SSRIs), monoamine oxidase inhibitors (MAQIs), reversible inhibitors of monoamine
oxidase (RIMAs), serotonin and noradrenaline reuptake inhibitors (SNRIs), corticotropin
releasing factor (CRF) antagonists, a.-adrenoreceptor antagonists, neurokinin-1 receptor

15  antagonists, atypical anti-depressants, benzodiazepines, 5-HT ;4 agonists or antagonists,
especially 5-HT 4 partial agonists, and corticotropin releasing factor (CRF) antagonists.
Specific agents include: amitriptyline, clomipramine, doxepin, imipramine and trimipramine;
amoxapine, desipramine, maprotiline, nortriptyline and protriptyline; citalopram, duloxetine,
fluoxetine, fluvoxamine, paroxetine and sertraline; isocarboxazid, phenelzine, tranylcypromine

20 and selegiline; moclobemide: venlafaxine; aprepitant; bupropion, lithium, nefazodone, trazodone
and viloxazine; alprazolam, chlordiazepoxide, clonazepam, chlorazepate, diazepam, halazepam,
lorazepam, oxazepam and prazepam; buspirone, flesinoxan, gepirone and ipsapirone, and
pharmaceutically acceptable salts thereof.

In another embodiment, the subject compound may be employed in combination

25  with anti-Alzheimer's agents; beta-secretase inhibitors; gamma-secretase inhibitors; growth
hormone secretagogues; recombinant growth hormone; HMG-CoA reductase inhibitors;
NSAID's including ibuprofen; vitamin E; anti-amyloid antibodies; CB-1 receptor antagonists or
CB-1 receptor inverse agonists; antibiotics such as doxycycline and rifampin; N-methyl-D-
aspartate (NMDA) receptor antagonists, such as memantine; cholinesterase inhibitors such as

30  galantamine, rivastigmine, donepezil, and tacrine; growth hormone secretagogues such as
ibutamoren, ibutamoren mesylate, and capromorelin; histamine H3 antagonists; AMPA agonists;

PDE 1V inhibitors; GABAA inverse agonists; or neuronal nicotinic agonists.
In another embodiment, the subject compound may be employed in combination
with sedatives, hypnotics, anxiolytics, antipsychotics, antianxiety agents, cyclopyrrolones,
35  imidazopyridines, pyrazolopyrimidines, minor tranquilizers, melatonin agonists and antagonists,

melatonergic agents, benzodiazepines, barbiturates, SHT-2 antagonists, and the like, such as:
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adinazolam, allobarbital, alonimid, alprazolam, amitriptyline, amobarbital, amoxapine,
bentazepam, benzoctamine, brotizolam, bupropion, busprione, butabarbital, butalbital, capuride,
carbocloral, chloral betaine, chloral hydrate, chlordiazepoxide, clomipramine, clonazepam,
cloperidone, clorazepate, clorethate, clozapine, cyprazepam, desipramine, dexclamol, diazepam,
dichloralphenazone, divalproex, diphenhydramine, doxepin, estazolam, ethchlorvynol,
ctomidate, fenobam, flunitrazepam, flurazepam, fluvoxamine, fluoxetine, fosazepam,
glutethimide, halazepam, hydroxyzine, imipramine, lithium, lorazepam, lormetazepam,
maprotiline, mecloqualone, melatonin, mephobarbital, meprobamate, methaqualone, midaflur,
midazolam, nefazodone, nisobamate, nitrazepam, nortriptyline, oxazepam, paraldehyde,
paroxetine, pentobarbital, perlapine, perphenazine, phenelzine, phenobarbital, prazepam,
promethazine, propofol, protriptyline, quazepam, reclazepam, roletamide, secobarbital,
sertraline, suproclone, temazepam, thioridazine, tracazolate, tranylcypromaine, trazodone,
triazolam, trepipam, tricetamide, triclofos, trifluoperazine, trimetozine, trimipramine, uldazepam,
venlafaxine, zaleplon, zolazepam, zolpidem, and salts thercof, and combinations thercof, and the
like, or the subject compound may be administered in conjunction with the use of physical
methods such as with light therapy or electrical stimulation.

In another embodiment, the subject compound may be employed in combination
with levodopa (with or without a selective extracerebral decarboxylase inhibitor such as
carbidopa or benserazide), anticholinergics such as biperiden (optionally as its hydrochloride or
lactate salt) and trihexyphenidyl (benzhexol) hydrochloride, COMT inhibitors such as
entacapone, MOA-B inhibitors, antioxidants, A2a adenosine receptor antagonists, cholinergic
agonists, NMDA receptor antagonists, serotonin receptor antagonists and dopamine receptor
agonists such as alentemol, bromocriptine, fenoldopam, lisuride, naxagolide, pergolide and
pramipexole.

In another embodiment, the subject compound may be employed in combination
with acetophenazine, alentemol, benzhexol, bromocriptine, biperiden, chlorpromazine,
chlorprothixene, clozapine, diazepam, fenoldopam, fluphenazine, haloperidol, levodopa,
levodopa with benserazide, levodopa with carbidopa, lisuride, loxapine, mesoridazine,
molindolone, naxagolide, olanzapine, pergolide, perphenazine, pimozide, pramipexole,
risperidone, sulpiride, tetrabenazine, trihexyphenidyl, thioridazine, thiothixene or
trifluoperazine.

In another embodiment, the subject compound may be employed in combination
with a compound from the phenothiazine, thioxanthene, heterocyclic dibenzazepine,
butyrophenone, diphenylbutylpiperidine and indolone classes of neuroleptic agent. Suitable
examples of phenothiazines include chlorpromazine, mesoridazine, thioridazine, acetophenazine,

fluphenazine, perphenazine and trifluoperazine. Suitable examples of thioxanthenes include
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chlorprothixene and thiothixene. An example of a dibenzazepine is clozapine. An example of a
butyrophenone is haloperidol. An example of a diphenylbutylpiperidine is pimozide. An
example of an indolone is molindolone. Other neuroleptic agents include loxapine, sulpiride and
risperidone.

In another embodiment, the subject compound may be employed in combination
with a nicotine agonist or a nicotine receptor partial agonist such as varenicline, opioid
antagonists (e.g., naltrexone (including naltrexone depot), antabuse, and nalmefene),
dopaminergic agents (e.g., apomorphine), ADD/ADHD agents (e.g., methylphenidate
hydrochloride (e.g., Ritalin® and Concerta®), atomoxetine (e.g., Strattera®), a monoamine
oxidase inhibitor (MAOI), amphetamines (e.g., Adderall®)) and anti-obesity agents, such as
apo-B/MTP inhibitors, 11Beta-hydroxy steroid dehydrogenase-1 (11Beta-HSD type 1)
inhibitors, peptide YY3-36 or analogs thereof, MCR-4 agonists, CCK-A agonists, monoamine
reuptake inhibitors, sympathomimetic agents, B3 adrenergic receptor agonists, dopamine
receptor agonists, melanocyte-stimulating hormone receptor analogs, 5-HT2c¢ receptor agonists,
melanin concentrating hormone receptor antagonists, leptin, leptin analogs, leptin receptor
agonists, galanin receptor antagonists, lipase inhibitors, bombesin receptor agonists,
neuropeptide-Y receptor antagonists (e.g., NPY Y35 receptor antagonists), thyromimetic agents,
dehydroepiandrosterone or analogs thereof, glucocorticoid receptor antagonists, other orexin
receptor antagonists, glucagon-like peptide-1 receptor agonists, ciliary neurotrophic factors,
human agouti-related protein antagonists, ghrelin receptor antagonists, histamine 3 receptor
antagonists or inverse agonists, and neuromedin U receptor agonists, and pharmaceutically
acceptble salts thereof.

In another embodiment, the subject compound may be employed in combination
with an anoretic agent such as aminorex, amphechloral, amphetamine, benzphetamine,
chlorphentermine, clobenzorex, cloforex, clominorex, clortermine, cyclexedrine,
dexfenfluramine, dextroamphetamine, diethylpropion, diphemethoxidine, N-ethylamphetamine,
fenbutrazate, fenfluramine, fenisorex, fenproporex, fludorex, fluminorex,
furfurylmethylamphetamine, levamfetamine, levophacetoperane, mazindol, mefenorex,
metamfepramone, methamphetamine, norpseudoephedrine, pentorex, phendimetrazine,
phenmetrazine, phentermine, phenylpropanolamine, picilorex and sibutramine; selective
serotonin reuptake inhibitor (SSRI); halogenated amphetamine derivatives, including
chlorphentermine, cloforex, clortermine, dexfenfluramine, fenfluramine, picilorex and
sibutramine; and pharmaceutically acceptble salts thereof.

In another embodiment, the subject compound may be employed in combination
with an opiate agonist, a lipoxygenase inhibitor, such as an inhibitor of 5-lipoxygenase, a
cyclooxygenase inhibitor, such as a cyclooxygenase-2 inhibitor, an interleukin inhibitor, such as
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an interleukin-1 inhibitor, an NMDA antagonist, an inhibitor of nitric oxide or an inhibitor of the
synthesis of nitric oxide, a non-steroidal antiinflammatory agent, or a cytokine-suppressing
antiinflammatory agent, for example with a compound such as acetaminophen, asprin, codiene,
fentanyl, ibuprofen, indomethacin, ketorolac, morphine, naproxen, phenacetin, piroxicam, a
steroidal analgesic, sufentanyl, sunlindac, tenidap, and the like. Similarly, the subject compound
may be administered with a pain reliever; a potentiator such as caffeine, an H2-antagonist,
simethicone, aluminum or magnesium hydroxide; a decongestant such as phenylephrine,
phenylpropanolamine, pseudophedrine, oxymetazoline, ephinephrine, naphazoline,
xylometazoline, propylhexedrine, or levo-desoxy-ephedrine; an antiitussive such as codeine,
hydrocodone, caramiphen, carbetapentane, or dextramethorphan; a diuretic; and a sedating or
non-sedating antihistamine.

The compounds of the present invention may be administered by oral, parenteral
(e.g., intramuscular, intraperitoneal, intravenous, ICV, intracisternal injection or infusion,
subcutaneous injection, or implant), by inhalation spray, nasal, vaginal, rectal, sublingual, or
topical routes of administration and may be formulated, alone or together, in suitable dosage unit
formulations containing conventional non-toxic pharmaceutically acceptable carriers, adjuvants
and vehicles appropriate for each route of administration. In addition to the treatment of warm-
blooded animals such as mice, rats, horses, cattle, sheep, dogs, cats, monkeys, etc., the
compounds of the invention are effective for use in humans.

The pharmaceutical compositions for the administration of the compounds of this
invention may conveniently be presented in dosage unit form and may be prepared by any of the
methods well known in the art of pharmacy. All methods include the step of bringing the active
ingredient into association with the carrier which constitutes one or more accessory ingredients.
In general, the pharmaceutical compositions are prepared by uniformly and intimately bringing
the active ingredient into association with a liquid carrier or a finely divided solid carrier or both,
and then, if necessary, shaping the product into the desired formulation. In the pharmaceutical
composition the active object compound is included in an amount sufficient to produce the
desired effect upon the process or condition of diseases. As used herein, the term "composition”
is intended to encompass a product comprising the specified ingredients in the specified
amounts, as well as any product which results, directly or indirectly, from combination of the
specified ingredients in the specified amounts.

Pharmaceutical compositions intended for oral use may be prepared according to
any method known to the art for the manufacture of pharmaceutical compositions and such
compositions may contain one or more agents selected from the group consisting of sweetening
agents, flavoring agents, coloring agents and preserving agents in order to provide
pharmaceutically elegant and palatable preparations. Tablets contain the active ingredient in
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459. 1827 requir ed. 1-17 N CF3 HN101 ---Oone / S
5-(3-fluorophenyl)-N[4- nethoxy-3- (trifluoronethyl)benzyl]-5'-

nmet hy1- 2,\80-2bioppei3di ne- 4- car boxam de 496. 1650 found, 4P6TABAB®0e87 r ed.
1-18 N Cl HNO

admixture with non-toxic pharmaceutically acceptable excipients which are suitable for the
manufacture of tablets. These excipients may be for example, inert diluents, such as calcium
carbonate, sodium carbonate, lactose, calcium phosphate or sodium phosphate; granulating and
disintegrating agents, for example, corn starch, or alginic acid; binding agents, for example

5  starch, gelatin or acacia, and lubricating agents, for example magnesium stearate, stearic acid or
talc. The tablets may be uncoated or they may be coated by known techniques to delay
disintegration and absorption in the gastrointestinal tract and thereby provide a sustained action
over a longer period. Compositions for oral use may also be presented as hard gelatin capsules
wherein the active ingredient is mixed with an inert solid diluent, for example, calcium

10 carbonate, calcium phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient
is mixed with water or an oil medium, for example peanut oil, liquid paraffin, or olive oil.
Aqueous suspensions contain the active materials in admixture with excipients suitable for the
manufacture of aqueous suspensions. Oily suspensions may be formulated by suspending the
active ingredient in a suitable oil. Oil-in-water emulsions may also be employed. Dispersible

15 powders and granules suitable for preparation of an aqueous suspension by the addition of water
provide the active ingredient in admixture with a dispersing or wetting agent, suspending agent
and one or more preservatives. Pharmaceutical compositions of the present compounds may be
in the form of a sterile injectable aqueous or oleagenous suspension. The compounds of the
present invention may also be administered in the form of suppositories for rectal administration.

20  For topical use, creams, ointments, jellies, solutions or suspensions, etc., containing the
compounds of the present invention may be employed. The compounds of the present invention
may also be formulated for administered by inhalation. The compounds of the present invention
may also be administered by a transdermal patch by methods known in the art.

Several methods for preparing the compounds of this invention are illustrated in

25  the following Schemes and Examples. Starting materials are made according to procedures
known in the art or as illustrated herein. The following abbreviations are used herein: Me:
methyl; Et: ethyl; t-Bu: fert-butyl; Ar: aryl; Ph: phenyl; Bn: benzyl; Ac: acetyl; THF:
tetrahydrofuran; DEAD: diethylazodicarboxylate; DIPEA: N,N-diisopropylethylamine; NMM:
N-methylmorpholine; DMSO: dimethylsulfoxide; EDC: N-(3-Dimethylaminopropyl)-N’-

30  ethylcarbodiimide; HOBT: hydroxybenzotriazole hydrate; Boc: tert-butyloxy carbonyl; EtsN:
triethylamine; DCM: dichloromethane; DCE: dichloroethane; BSA: bovine serum albumin;
TFA: trifluoracetic acid; DMF: N,N-dimethylformamide; MTBE: methyl tert-butyl ether; SOCl,:
thionyl chloride; CDI: carbonyl diimidazole; PyClu: 1-(chloro-1-pyrrolidinylmethylene)-
pyrrolidinium hexafluorophosphate; rt: room temperature; HPLC: high performance liquid

35  chromatography. The compounds of the present invention can be prepared in a variety of
fashions. In some cases the final product may be further modified, for example, by manipulation
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--,00w / 0 N(3-chloro-4- nethoxybenzyl)-5-(3-

fl uorophenyl)-5"-nethyl-2,3 - bipyridine-4-carboxam de 462. 1385 found,
462. 1379 wWOQuiwst36 1-19 ..:"..,N . I I NN HNI'\ | OVeCIr/USe@m 06198y
N-[ (5, 6-di met hoxypyri di n- 2- yl)nethyl] - met hyl - 5-

pyrazin-2-y1-2, 3" -bipyridi ne4- carboxan1de 443. 1829 found, 443.1826
required.

of substituents. These manipulations may include, but are not limited to, reduction, oxidation,
alkylation, acylation, and hydrolysis reactions which are commonly known to those skilled in the
art. In some cases the order of carrying out the foregoing reaction schemes may be varied to
facilitate the reaction or to avoid unwanted reaction products. The following examples are

5  provided so that the invention might be more fully understood. These examples are illustrative

only and should not be construed as limiting the invention in any way.

REACTION SCHEME A
0 OEt
Br N Et A1B(OH)2 0 A3IB(OH),
N F g, Pd (0)

1. NaOH

2. Amide
coupling

10
Ethyl 2,5-dibromoisonicotinate (A-1) can be selectively reacted at the 2-position
under Suzuki reaction conditions to afford biaryl intermediate A-2. A second Suzuki reaction on
A-2 can afford triaryl intermediates of type A-3. Triaryl esters of type A-3 can be saponified and
then coupled to afford triarylisonicotinamides of type A-4.
15

REACTION SCHEME B

Q OBt 1o g ° OEt  1.NaOH
X N N

| 0 H | 0 2. Amide ”
N _RM coupling
N A g Pd(OAc), ol @ HN \os
B-1 Base B-2 R | RN 0
N .R?
R* & N
HoN RS B-3 R10
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EXAMPLE 2 i.) Pyrrolidine, BINAP Cs2003, Pd(OAc)2 Tol uene, 135C ii.)
NaOH, THF/ MeOH 135C 2-1

- met hy wb-20W/g5¥2360! i di nyl) -2, 3' - bi pyri di ne- 4- car boxyl ipcTase@902t98) WO
2010/ 051236PCT/ US2009/ 061987 To a solution of ethyl
5-brono-5' - et hyl - 2, 3' - bi pyri di ne- 4-car boxyl ate (2-1, 0.050 g, 0.156 mmol)
in toluene (0.31 nL) at 25C was added pyrrolidine (0.026 nL, 0.311 nmol),
Bl NAP (0.0096 g, 0.016 mmol) followed by Pd(OAc)2 (0.0035 g, 0.016 mmol)
and cesium carbonate (0.076 g, 0.234 mml) and the systemwas heated in the
m crowave reactor at 5135C for 0.5h. The systemwas partitioned between

saturated agueous g NGRBlHLONSHERANN b RAGed WRRPRHMhIRARGAND dri ed
over magnesiumsul fate. Filtration and concentration fol

by
puri fi cacpushtiops & ﬁ&rwer@hég@s eftyemo Goaphynds guch e B2 @@A@dY%ﬁCWP figtlf or ded
a pale y%BﬁlﬁUﬁﬂ@é !hrou-gﬁ)s&gahﬁcﬂfbln%nx Qllnlag\e’oﬁihln (PaRp®p%, 0.083 nmol) in 101
THF/ MeOH (0. 40 C was added aqueous sodi u_hydrOX| de (0.0125 nmi,
0.125 mml, 10M and the systemwas 10 heated in the m crowave reactor at
135C for 10 mnutes. The sol vents were removed in vacuo to afford the title
conmpotind (2-2) as a grey solid. ESIEAAMPEEdHI 7N302: 284, 2 found, 284.1

required. N-[(5 , 6-di met hoxy-2-pyridi nyl) net hy IJ) 5’ ymethyl-p
-(1-pyrrolidi ny )-2, 3" -bipyri di ne- 40 1505F%2§§P&fh10ﬁ8 {2-3 ~ To a
sol ution )EItGI-BH;(SZDz; yPi -2, Py i di nef xy?i c acid
(2- 2, 0.026 g 0.0851 ndnl; i nerfroxy=2=py?r diwgl ireghandsi ne
(3-6, 0.017 & 102 mol) in (d3r17 m_) wes-added HATU (0032°%g, 0.085

mol ) foll oved by DEA (0.074 ni, 0.4262mvl) apkl sti nrrad,@bnanbiesi
tenperature for Ih. The system was~partitionedg2 bet(yge&p urad wqte,aqueous
sodi um bi carbonate and Et 0Ac, washe W|th brine anﬂegrbbrgr@agg r savegnesi um

sulfate. Filtration and concentrat\"on sl | qwe q? &y purifigatign via normal
phase chromat ography (0->10% MeOH-\n-Et 0Ac) afforded the tit e, conmpound
(2-3) as a sal nron powdeér. 500 M—Iz‘ 3) 6 8.9 :

1H), 8.32 (s, 1H), 8. .08 (s, 1%,5 7,06 (d/J\ 1=/ 8. :

(d, 1H, J= 8.0Hz), 4. < 4. 5Hz)vNAYEO (s,
3.36 (m 4H), 2.40 (s, 3H N 4H) . HR
434. 2187, found 434.2211. TABgE The foll ovm ng’ compounds were prepared
usi ng the met hodol ogy herein, but substituti ng t he appropri at eI y
substitutgd §eagent ... a%.descfiped in the Reaction Schemes and 30Exanpl es.
The requr;gt‘é—s%a'ér“l‘[‘l—ng—n'ﬂ'ﬁ‘a‘{—a@s were comrercially avail abl e, described in

t he A solution of 2,5-dibromoisonicotinic acid (1-1, 5 g, 17.80 mmol) and sulfuric

acid (1.23 mL, 23.1 mmol)in ethanol (100 mL) was heated to reflux overnight. After reducing

10 the volume of ethanol by rotary evaporation to approximately % of it's original volume, the crude
reaction mixture was partitioned between 2M sodium carbonate solution and EtOAc, separating
layers and washing the organic layer with saturated sodium bicarbonate solution and brine. This
solution was dried over anhydrous sodium sulfate, filtered and concentrated. The residue was
purified by normal phase column chromatography (0 to 50% EtOAc in hexanes) to afford the

15  product (1-2) as a dark oil. ESI+MS [M]" CsH;Br,NO, = 308.0.

ethyl 5-bromo-5'-methyl-2.3'-bipyridine-4-carboxylate (1-3)

To a solution ethyl 2,5-dibromoisonicotinate (1-2, 1.5 g, 4.86 mmol) in degassed
dimethylformamide (24 mL) at 25°C was added (5-methylpyridin-3-yl)boronic acid (0.665 g,
20 4.86 mmol), PACldppf (0.355 g, 0.486 mmol), cesium carbonate (4.75 g, 14.6 mmol) and water
(0.262 mL, 14.57 mmol). The reaction flask was purged with nitrogen, sealed and stirred at

50°C overnight. The crude reaction mixture was partitioned between water and EtOAc,
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literature or readily synthesized by one skilled in the art of organic
synthesis wi thout undue experinentation. WO 2010/ 051236PCT/ US2009/ 061987
Cmp St rwot2orogs123blane HRMS mz (MFH) 2-4 N 1 fl1 HNN 1 ‘POI/UShMpI Q4987
NOoi pyri di ne- 4-car boxam de 5-azetidin-1-yl-N[(5, 6- di nethoxypyridin-2-
yl)met hyl] -5' -net hyl -2, 3' - 420. 2031 found, 420.2030 required.

separating layers and washing the organic layer with saturated sodium bicarbonate solution and
brine. The solvent was removed by rotary evaporation and the crude product was purified by
normal phase column chromatography (0 to 50% EtOAc in hexanes) to afford the product (1-3)
as a white solid. ESI+ MS [M]" Ci4H:BrN>O, = 321.0.

5'-methyl-5-phenyl-2.3'-bipyridine-4-carboxylic acid dihydrochloride (1-4)

To a solution ethyl 5-bromo-5'-methyl-2,3'-bipyridine-4-carboxylate (1-3, 0.3 g,

0.934 mmol) in degassed dimethylformamide (4 mL) at 25°C was added phenylboronic acid
(0.182 g, 1.5 mmol), PdCl,dppf (0.068 g, 0.093 mmol) and 4M aqueous cesium carbonate (0.817

10 mL, 3.27 mmol). The reaction flask was purged with nitrogen, sealed and stirred for 2 hours at
65°C, then overnight at room temperature. An additional 30 minutes of heating at 90°C was
required to drive the coupling to completion. After allowing the reaction to cool to room
temperature, IN LiOH (0.700 mL) and water (1 mL) were added and the reaction was heated to
70°C for 2 hours then stirred at room temperature overnight. The reaction mixture was

15 concentrated to dryness by rotary evaporation. The crude product was taken up in
DMF/DMSO/CH3CN/water (5 mL;2:2:1:0.5), filtered and purified by reverse phase preparative
chromatography (5-40% acetonitrile in water with 0.1% TFA buffer). The clean fractions were
pooled and evaporated to give the TFA salt as a white solid. This material was taken up in a
minimal amount of THF/acetonitrile and ethyl ether saturated with HCI was added, forming a

20  white precipitate. The solvent was decanted away after centrifugation of the suspension. This
was repeated 2 more times, once with HCl/ether and then with plain ethyl ether. After the final
decant, the solids were dried under high vacuum to afford the title compound (1-4) as the Bis-
HCl salt. ESI+MS [M+H]" C;sH14N,0,-2HCl =291.1.

25  N-[(5,6-dimethoxypyridin-2-yDmethy1]-6-(2-fluorophenyl)-5"-methvyl-3,3'-bipyridine-5-

carboxamide (1-5)

To a solution of 5'-methyl-5-phenyl-2,3'"-bipyridine-4-carboxylic acid dihydrochloride (1-4,
0.056 g, 0.153 mmol) in dimethylformamide (13 mL) cooled to 0 °C, was added EDC (0.046 g,
0.24 mmol) and HOBt (0.039 g, 0.257 mmol) followed by 1-(5,6-dimethoxypyridin-2-

30  yl)methanamine (3-6, 0.035g, 0.206 mmol) and N-methylmorpholine (0.113 mL, 1.028 mmol).
The reaction was allowed to warm to room temperature and for 3 hours. The reaction mixture

was diluted with DMSO (1 mL), filtered and purified via reverse phase chromatography
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Most of the benzyl am nes enpl oyed as starting materials herein were
comercially avail able. The foll ow ng are exanpl es of benzyl am ne synt heses
wher e t hewbhkernzoph i ne was not commercially avail abl e. PheasS2@anpBes are
illustrative only and should not be construed as limting the invention in
any way. EXAMPLE 3 CuCN, DVF 1IN 3-4 NC NO 3-5 H2/Pd(OH)2 Conc. HC1
MeOH rC) H2N 3-6 2- brono- 3- hydr oxy- 6-i odopyridine (3-2) 10To a sol ution of
2- brono- 3- hydroxy pyridine (3-1, 28 g, 161 mmol) in water (360 nL) was
added K2CGO3 (44.5 g, 322 mol) and 12 (40.8 g, 161 mol ). The system was
stirred for 1.5h at anbient tenperature, cooled to OC and then treated with

concentr a4 ﬁ»@s%@@m&'{ﬁ{rﬂé m%@itér%thﬁf 5 'rPAttﬁlTﬁ%ﬁ fﬂe%'f@aﬁ Blattidn® Qlel(eFHd’oleQ 0). The

solids were Isol ated { tration and dried give the title conpound
(3 2) as partigpradipetyisen g ylesmtelvsi @Mra@émmm@rbowg @efown@ laypogagwashedyiih r ed.

- brono- 350 EMﬁepdrieQQ)Qpranhgdr% sgéiul%)sulfate, filtered and concentrated to afford the title
compound (1-5) as a white solid. "H NMR (500 MHz, CDClz) 8 9.08 (s, 1H), 8.76 (s, 1H) 8.52
5 (s, 1H), 8.21 (s, 1H), 8.07 (s, 1H), 7.43 (m, 2H), 7.31 (t, J = 6.59 Hz, 2H), 6.95 (d, J=8.05 Hz,
1H), 6.66 (d, J=7.81 Hz, 1H), 6.46 (m, 1H), 4.39 (d, /= 5.37 Hz, 2H), 3.87 (s, 3H), 3.77(s, 3H),
2.44 (s, 3H). HRMS [M+H] Cy6H24N405 calc’d 441.1921, found 441.1925.

TABLE 1
10 The following compounds were prepared using the methodology herein, but
substituting the appropriately substituted reagent, as described in the Reaction Schemes and
Examples. The requisite starting materials were commercially available, described in the
literature or readily synthesized by one skilled in the art of organic synthesis without undue

experimentation.
15

Cmp Structure Name HRMS m/z (M+H)

1-6 Nl P bis(3,5-dimethylphenyl) 481.2486 required.

isonicotinamide

OMe
HN
O /\C[ N-(3,4-dimethoxybenzyl)-2,5- 481.2483 found,
X @] OMe

OMe
HNU N-(3.4-dimethoxybenzyl)-6- | 454.2121 found,
1-7 1 : ° OMe | (3 5_dimethylphenyl)-3,3'- 454.2125 required.
| S bipyridine-4-carboxamide
N/
OMe | N-(3,4-dimethoxybenzyl)-2-
HNU (3(5 P ;y 1)Zsy()1 457.2246 found,
-dim nyl)-5-(1-
1-8 | O OMe ’ cHyIpheny 457.2234 required.
N~ methyl-1H-pyrazol-4-
N— . . . .
=\ yl)isonicotinamide
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To a solution of 2-brono-3-hydroxy-6-iodopyridine (3-2, 40 g, 133 mol) in
DMF (80 m) was added K2CO3 (16.77 g, 121 nmol) and Methyl 1odide (29.2 ni,
467 mol )WOThw/system was stirred for 45 m nutes at 100@CTASR00M61987 r oOm
tenperature and then treated WO 2010/ 051236PCT/ US2009/ 061987 wi t h wat er
(650 nL) and stirred for 0.5h. The resulting solids that precipitated from
solution were isolated by filtration and dried to give the title conpound
(3-3) as a pale brown solid. ESI+ M5 C6H5BrI NGO 313.8 found, 313.9
required. 52, 3-di met hoxy- 6-i odopyri di ne (3-4) To a sol ution of
2- br omo- 3- net hoxy- 6-i odopyridine (3-3, 34 g, 108 mml) in DVF (65 ) was
added sqdrunymEThOXTde 1T m methanot (37 L, 162 mmoi, 437V and heated|to
100 C. The m dver 110 minutes and partitioned between

sat ur at ed NaHCO or ganirz(phasR ne’shenaahed t4h|1 lpgizizl}gunddl‘l ed
over Na2504, ANdo 10 or@@ntrate " e.mat er | uritied
by gradi egé el uti onNersitica (0 tq 08 ét%gg % ﬂ%nes)“?&ggﬁﬁgﬁfdt he
title conpound (3-4) as phi t e pov«décarb@@m*delvs [ MtH] + C71- 181NO2: 265. 8
found, 266.0 i -di net ho><y 6- cyanopyrl di ne (3 5) 15To a solution

of 2,3-(“ fret TOXY~= u ;Udupylldl e \Q"—f, 240 P 9% IIIIUI} -A—DM- (181 e was

added copper|cyarifide (9.73 g, 109 rmmol) and heated to 1%0 C for 20 mi hutes

in a mg¢rowaye F : ?ﬁs@@'\ﬁre 6\1@_3011%5%%&@{}@1%?? \Wg\?\% zsaf\ggéﬁ}edgd

sodi um ¢ar bopat %@1 . M th
brine, drirEY 5! d | &heP T omedRry Fhe CHIE® watiedi al was
purified by gradient N on si I ibg g rigik-4(QrioRard¥ Et DAc 20i n hexangs) to

yield the desi E3-5) as |an off-white crystalline powder. EBI+ M
[|\/|-|-|—|]+ C8H8NRQO2: 165 0 found, 165, rnmu red. 2 3

- di et hoxy- 61 ani nonet hyl pyri d| ne (~-6) To a sol ution of
2, 3-di mgt hoxy- 6- @ues | B[(19;diBdthoxypplidinidn MeQH %gzr][ 60 nmL) was
added Pegar | man A8 9, |3hktmDl3, 20wt % and | doh PUided| HCL
(20.0 nl,1-P49 Tmo COTh® sﬂﬁgtem waﬁ hen tirred unded.2ald aquodpher e
of hydrggen Via a baND or 1.5h. ¥18ha‘3(‘??’]i)§n contents were filtered
through|a pad of celite met hanclph\m@swrmanmdbn vaclo. The crude
m xture|was then basified using satjurated Na2CO3 and then extracted using
4:1 Chl ¢rof ofm Et hanol . The or ganl ¢ phase was washed with brine, dried over
30 Na2504, filt and xR My 5g!cmd}oem(5ed ution on|silica gel (O|to
12% MeOHH( 1094 g §| el ghm desired product (62 433344911@ bone
sem -solliidi2 + M5 | MyH| + C8H1 By 152. 06 46ouph; red@fd?
required. WD| 2010/ 05 US2009/ ()’@MQIX’I 'E 4
5- bronp4 2, 3- di net hoxypyr Ndine (4-2) ter@'ﬁlﬁn@mlcuﬂgbmm@é 2, 3-di nt hoxypyridi ne
(4-1, 2|5 g,[18.0 mmol, 1.0 equiv) [in

N N._-OMe
z HN X . .
S | N /\[ /j: N-[(5,6-dimethoxypyrazin-2-
O “N” oM
» | yhmethyl]-5-(3-
fluorophenyl)-5'-methyl-2,3'-

460.1788 found,

N 460.1779 required.

—
1

—

|98}

bipyridine-4-carboxamide

N
~ | HN/\(:ﬁ N-(3-cyclopropyl-4-
x - S0 oM 468.2088 found,

® | methoxybenzy)-5-(3- 468.2082 required

._.
—
o
z
\

fluorophenyl)-5'-methyl-2,3'-
bipyridine-4-carboxamide
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5 di chl oronet hane: saturated NaHCO3 (80 nmiL: 40 nL) at OC was added brom ne
(0.93 nm., 18.0 mmol, 1.0 equiv) and the reaction mxture was stirred for 2
h at 25C.woOheiwmsasti on m xture was quenched with solid RaZ&83000/04087y) and
t he aqueous phase was extracted with dichloronethane (3 x 100 nmL). The
organi ¢ phase was dried over magnesi um sul fate and concentrated. The

resi due was purified via normal phase chromatography (0 to 20% Et0Ac in
hexanes, silica) to 10afford the desired product (4-2) as an oil after
concentration. ESI+ M5 [ MtH + C7THBNO2 cal c¢'d 218.0, found 218.0.

5, 6-di net hoxyni cotinonitrile (4 3) To a solution of

5- brono{2, 3-dimetrhoxypyridine (4-2,7 0. 300 g, 1. 38 mmot, [1. 0 15 equiv)]in

G ity o ST (e o o
" € e
e o e o o0 5 Gt

UI

water (2 x 3 ™ ) dr i eq r magmesi um sul f at e| and
concent 1l at ed ‘\9}“5 ﬁase chr omat ogr aphy (0
to 40% 20E-OPc—+HRhexanes; DI I ea)yto—affordthe—destregproduct—(4-3) as

O'\"eEc :4\-{@(%% Og‘lﬁ%th H + %HFS}'%IZOJ calc'd 165.1
d| - t G (4- | ution
of 5, 6-di net [ iJ on?t rile ("4-3Hnte0%-g- 3. 65 mmol|, ﬂi)ig bgﬁg&lﬁp

white solid
f ound 165. 1.

urvy] in
net hanol| 10 rogen 4 d Pé‘é?llﬁﬂnl'eﬁultegt al yst
(0.205 ¢, O. equi v, Z(L)dm%?ﬂ%t}’ﬁper ce%??%and concentrat ed| HC1
(2.44 ), a n was pl acbéi)}’@ﬁ@éﬁ‘ @fPoztrephere of hydrogen
After 2{h—t reaction was placedunder an atnosphere ¢f nitrogen and

filtered thro ttge(3q%@dpx§ﬁy£ﬁ@ reag¢tion mxture [WO
t0

2010/ 051236P 0 di|ssol ve , drife %gg &pﬁ;@sdm and
concent n at ed i (915"94) NN GR purity. ESIA F nd,
C8H12N2(02-tA ; nd 169. 1.(trEMaivRIcthybbenzyl] B5- 1‘)-425.—1643 required.

3-cycl opr opy onitril g n(éhd;f)m _bipyridine- 4_ A m xture of
3- brono{4- net hoxybenzonitidile (5-1, % , 1.0 eq), aqueous

pot assi m phosphat e triba§ic (65 0 ﬁf‘rbo dngige \y 3 5 eq), |cycl opropyl botoni c
acid (10.1 1 Pd(QAc)2 (0.539 g, 2|36 nmmol, 0.1 e€q)
and tricgyclo ~,N.@5,<aﬁoramol 0.1 eq) |was stirred in
degassed t ol %hox Sigls hr ee h()ur4§2.-130%§ fawndi t | onal
amount ofl-myy 17 Y 5 |em). 19@sreqalebad | and
t he sol yiti on ﬂlleroﬂ?bwlr) 5&[1168101::%30 ¢onpl ete the
reaction. Th GRehigthean@riaihidei ongd bet ween brine and
Et OAc. The organi c phase fnas dried|over 15 sodiumsulfate, filtered and
concentrfated|{to give an orange oil.l The oil was purified by normal phase

col um ¢hromat o hy (&Q Ny }@'\Etcei)(gg -heXa }rl&lgzafford the produgt
(5-2) as a yell i CDC13 44 ( J¥8443.129Cokrl) , | 7. 09
(d, 1H |Jz;@] 0THZY, Y6.86 0 d,~ 11pMey = YmethpglyS-nst &515 3}4)4,43:;8#,”% a1b
0.97 (m| "ZH) N 201- ( 3 pyckzofr-plp33'-bMpymdinkox y pheny anani ne
(5-3) al um num4héﬁp|5dnggld%n diethyl ether (17.3 nl| 1.0

M 17.3|mmol | 3.0 eq) was carefully added over twenty mjnutes to a solution
of 3-cycropropyl-4-methoxybenzonitrilte (1b-2, 1.0g, b.7/ mmol, 1.0 eq) in
tetrahydrofuran (28.9 m) at OC under nitrogen at mosphere. The resul ting
dark orange m xture was all owed to stAMPRE20C for 30 min, then carefully
quenched 25 in the follow ng order: water | (1.0nml), 15% Na.CH aqueous (1.0

m) and wat er (3.0 nl)rymidR@niresulty ng equl sj o stl Aed atoroom
tenperat ur@yf or 80 ni rfCBERPal @rm@r;l gﬁejﬂ& nas
added to e T@od erave any e The entite-m xt t/er ed
t hrough a pad-etesodi ulfi'sul f at e, ,pashi n tmmeﬁgh,yl acet af e. e collected

filtrate wast

5'-methyl-5-(1-pyrrolidiny])-2.3"-bipyridine-4-carboxylic acid (2-2)
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WO 2010/ 051236PCT/ US2009/ 061987 concentrated to give the product (5-3) as a
yellow oil. ESI+ M5 [ M16]+ CL1HI5NO: 161.1 found, 161.2 required. EXAMPLE
6 2, 3-wpreetonsx3s65- ami nonmet hyl pyrazi ne (6-2) PCT/UST@9M6®8Y ut i on
of 2,3-dichloropyrazine (6-1, 3.5 g, 23 5 mol) in MeOH (115 nlL) was added
NaOMe (15.0 nL, 70.5 mmol) and the systemwas stirred overnight. The
reaction 1l0contents were then filtered through a fritted funnel of nedium
porosity, concentrated, and partitioned between Et0Ac and water. The

organi ¢ phase was washed with brine, dried over Na2504, filtered and
concentrated to afford a clear oil. To this clear oil (2.5 g, 17 8 nmmol) in
DVF (17 ) _at OC pseAdits MBS Lol mhy o oml)idifie: sysbemoas, ti T ed

overni ght. The system was quenched wth Na2503 and then poured into ice
wat er. TR&Pasl G mgol i1 fobhsng (=}l Myt 8 Cpvasared myFrohdiso(0.A20amL, \A)e%lé i sol at ed
by filtr %rhé?ﬁ B@NQPS@ D@ gt @O% fnﬂ{o‘g) f@lléf%dtt% P%%Ag)g (6'&)3%% éom&lhl%l)%ﬁél' d (1 g,

.5 mol) in opper “cyani

heat ed t96811850@b¢r@re (9@7@3 M%snmﬁl)@ hmwre@mweﬁ@émfm mlcrﬁ\éawmrsacmret was
cool ed a@ﬁ'ﬁ%%%ﬁ Oﬂﬁ% Q%%@Balﬁ{l%ﬁ b@t@&geﬂ\@atuﬁﬁted cﬁ!%o&rs%ﬁhl%l& Bte WA
washed with brine i &d over ' Na250 4, I'tered concentrated. The crude
mat er i al Biade, p@ﬁherdwelﬁl hjylegndadml@rﬁtvelerlnmnewn@nlfm IFnltratlmnel@)oncsnt%% Et OAC in
hexanes) i bhe, ) .5 mMol)
o Neor: (40 Rl PRttt € g e dRobNoBrll 5. OAIR0AS T B Puruct 2
concent r atlegclden oif. 3T@thgpipaled@llowioil (0.02the 0)ps mumalivad : t R MaQH (0t mhkér  an

at nosphep s Jyr2 i wer e
filtered '?0 %%S%Qé@&g&u\éfq gdlﬁ]ntﬂ? thog(aF %@mgg%yhrlggoﬁ%qlq%y ) aﬂ@ﬁ gitt&?ha%acuo
The dﬂudéem&mmheemwatvheqactdr 435 Veldr | hmDaies. Eh{sw\ieetﬂ\mqmgloswtluwwued 25
Na2C33 a I was
washed w@?ﬁ%&?ﬁgﬁe %ﬁﬂd@@rfﬁﬁ%’f@? P‘tser e H ! c%brz]gjegﬂ? ?gﬁ%dgb?a‘gﬁw eld
t he desi ragirpdoduct (6 2) as a bone solid. ESI+ I\/B [ MFH] + C7H11N302: M 16
(-NH2), 152.82 found, 169.2 required. EXAMPLE 7 WO

2010/ 051236PCT/ U82009/ 061987 o Met hyI

&L sund bottom
fl ask15wa§alggl%qd@(|233()trl - tert butyI phosphl ne) paI | adi un( 0) (204 ng, 0.40

mmol, 0.1 equiv). The flask was then flushed 5with nltrogen and charg
with 1,4-di oxane (B0 alytionpddhysthy-Sotlgvsrobidign)-dkobigpiinotcahewlic acid{2-1000
M, 4.0 B Q-OQISQMOI?A}Q 12(s§6tdhhllaﬂsby}l §Ip§ﬁdﬁﬂ}]1)rn@th§n’aﬁ1hk§§-%l €0{7g 9. 1@@ 4.8

mol 12eU|v The reaction m xtur heat ed " hours at C

di | ut ed wed)) EOAE (@ bomf yasasided HAtTéIr(@&3¥ Ef%@ﬁjﬁn@@lo ifql@wefl‘héDﬁAl @roa{* e was

concent r a{red 428 thotdILanki Q8L aﬁluremfﬂeﬁ erBireBF rmlma@?s%@m wa& g&nm&iaaormt ogr aphy
(O- 40%Et0Ac in hexanes) to afford the title conpound as_ a
between saturated aqueous sodium bicarbonate and EtOAc, washed w1th r1ne and dried over

magnesium sulfate. Filtration and concentration followed by purification via normal phase
chromatography (0—10% MeOH in EtOAc) afforded the title compound (2-3) as a salmon
powder. "HNMR (500 MHz, CDCl3) & 8.93 (s, 1H), 8.40 (m, 1H), 8.32 (s, 1H), 8.06 (m, 1H),
7.08 (s, 1H), 7.06 (d, 1H, J= 8.0Hz), 6.90 (d, 1H, J=8.0Hz), 4.63 (d, 2H, J=4.5Hz), 4.00 (s,

25 3H), 3.89 (s, 3H), 3.36 (m, 4H), 2.40 (s, 3H), 1.93 (m, 4H). HRMS [M+H] C,4H,7Ns0; calc’d
434.2187, found 434.2211.

TABLE 2
The following compounds were prepared using the methodology herein, but
substituting the appropriately substituted reagent, as described in the Reaction Schemes and
30  Examples. The requisite starting materials were commercially available, described in the
literature or readily synthesized by one skilled in the art of organic synthesis without undue

experimentation.
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10 yellow solid. ESI+ M5 [ MtH + CLOH8C1LN2025 = 255.0 Met hyl

5 -nmethyl-5-(1, 3-thiazol-2-yl)-2,3"-bipyridine-4-carboxylate (7-3) Methyl
2- chl or o-WO(010A51136az0l - 2-yl )i soni cotinate (7-2, 6.5 g, PEé/Usp@d/06MSEqUI V),
(5-nmet hyl pyridin-3-yl)boronic acid (3.8 g, 28 mmol, 1.1 equiv), cesium
carbonate (29 g, 89 15mmvol, 3.5 equiv) and PdCl2(dppf)-CH2Cl12 adduct (4.2 ¢
5.1 mmol, 0.2 equiv) were suspended in DMF (102 nL) and water (4.6 nlL, 255
mrol, 10 equiv). The reaction m xture was heated for 45 mnutes at 65 C,
diluted with Et0OAc (200 nL) and filtered through celite. The organic | ayer
was washed with water (2 x 200 nlL), dried over My504 and concentrated. The
resi due was purified by normal phase col um chromat ography (40-80% EtOAc in
hexanes) to afford the title 20 conpound (7-3) as a tan solid. ESI+
L o020 il PO aiszfmh- NI e bor WS 2 (T

5I = rret h‘) - Ly J T II: AL UT (=) T Pyl I UurT 11o "1‘ \ A o8| IJUI\)

2010/ 05:L236P"T/ Us2009/ 061987 tion of nethyl

5-met hyll-5- (1, 3 't%ﬁ azolH | o5 - gﬁffﬁ"ﬁrﬁr‘%‘_@% ar boxyl ab@o¢34-Bung890 U,
2.9 mmolf, eq SN &four| amgthekyBymdid-2was adde ssi um

trimet hy I%%—II anol at ey ng, 5.0 nrg,ll)meghyﬁ% ggmyy) 3.The 4@&2{)?005?‘1%% ure
was stifnred at roomte Nnature for Et hyl ether |(15 nL) was aglded
and the|precipitate was filtered tqd b&%YF@Pa Bk alﬂd?l e ¢ompound (7-4) |as a
white sofTd. ESIr+ NS [|er—|] ¥ CISHIZN3025 = 298° 1

N-1(5, 6- D met hoxypyridin-2-yl)methyl | -5 -methyl -5- (1, 3-thiazol -2-y1)-2,3'-b
i pyridine-4- car b¥ed ef the belyz.y }nlnqs»@tnag)gpdquﬁ starting materials herein were

5' -met hylcoém&l-la% 5@41@519' Th yom)w&g%re é;aaa}osreg g Bz 4arﬁi% @ﬁfﬂ}@s@stv%e(rgﬂlé 980
10ng, 2.9 i equiv), 1-(5,6-di nethoxypyri din- met hanam ne 3

490 ng, pergzylﬁmme wap r@qmrm)lerc@bca\(ag?@e nﬂles@e)@nmif%pre 1&usﬂra‘@mﬁnb) and shoul

1- hydr oxyf \ nmmol, 1.2 equiv) and

dii soproléglﬁbeefcﬁ)y Iglrgn&%telw?ﬁﬁghl% H(V%ﬁgmng afljswgy equi v) wer e suspended in DWVF
(14.6 nL) and the reaction mxture masmipeatzed for 2 hours at 65 C. The
reaction mxture was then partitioned between DCM (50 ni) and water (50

m.). The 08 Wejie separated bie 150p,9a0ks, | ayer J ednawpe M504
and concgnt rjat ed. rreS| due urified %mpnormal ph S€ col umPMF
chr omat og § (042 MEOH i n | cyeto afford a whiteg that was

recrystaliized fromchl orof orn’ Bexanes to give the titlg; conpound (7-5) as
a crystalTine SO|Id (970 ny, 75%y| eld 1H NVR (CDC13,” 300 MHz) 6 9.08 (s,

2H), 8.53 ( > 822 G \sllPd('DH&l(dd J= e 1.1 Hz,
1H, 7.78 (4. Jd= 4.8 #M—» 7 4R (ld, J=3. 1 20k, Japl,_ 7. 02 (d,
3=7.9 Hz, TN 6985 (d, J=7.7 M rH)04 58'\’{98’HJ =5.3 Hz, SH)N 3991 (s,
3H), 3.88 (s, 3H) &%2.45 (s, 3H). HRMBS (M+H) C23H21N5035 calx® d 448. 1438,
found 448. 1443 TABLE 3 The foI | owi ng conpounds were prepared using the
f or egoi ng-trein¢ ~ : eif¥s?)i t uti ng the appropriately substituted
reagent, as descrl bed in the foregm ng Reaction Schenes and Exanpl es. The

requijgite starti ngrd@éo@dtlo?;'o%z‘ﬂ%n?o §9§7&Y%£3%ﬁldllﬁé (@‘4325 ?tl|6?mn‘?&)slﬁrv¢al?e@‘é360n the
literature or readllé synt hesi zed by one he art of organic

synt hesi slyiveahadded dn Qe(ﬂéx%@ﬁﬁ%@m%)tﬁnéﬂnmw lsﬁlrrn@pk)r Ehe system was stirred

for 1.5h at ambient temperature, cooled to 0°C and then treated with concentrated HCI until

~
7

solids precipitated from solution (pH~ 6.0). The solids were isolated by filtration and dried to
give the title compound (3-2) as a brown solid. ESI+ MS CsH;BrINO: 299.8 found, 299.9
15 required.

2-bromo-3-methoxy-6-iodopyridine (3-3)

To a solution of 2-bromo-3-hydroxy-6-iodopyridine (3-2, 40 g, 133 mmol) in
DMF (80 ml) was added K,CO; (16.77 g, 121 mmol) and Methyl Iodide (29.2 mL, 467 mmol).

The system was stirred for 45 minutes at 100°C, cooled to room temperature and then treated
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Narre HRVS z (M+H) WD 2010/ 051236PCT/ US2009/ 061987 7 6 N a HN., N, Owe

Il 0."0OMe N...",; m,...... M s--// 5 -chloro-N[(5, 6- dinethoxypyridin-2-
yQOret hyl IwbB- 201]0/(15113h| azol -2- yl1)-2,3' -bipyridine-4- carbexarasd@9IAeBsD912
found, 468.0892 required. 7-7 NI

with water (650 mL) and stirred for 0.5h. The resulting solids that precipitated from solution
were isolated by filtration and dried to give the title compound (3-3) as a pale brown solid. ESI+
MS C¢HsBrINO: 313.8 found, 313.9 required.

5  2.3-dimethoxy-6-iodopyridine (3-4)

To a solution of 2-bromo-3-methoxy-6-iodopyridine (3-3, 34 g, 108 mmol) in
DMF (65 mL) was added sodium methoxide in methanol(37 mL, 162 mmol, 4.37M) and heated

to 100 °C. The mixture was stirred for 10 minutes and partitioned between saturated NaHCOs
and DCM. The organic phase was washed with brine, dried over Na,SO,, filtered and

10 concentrated. The crude material was purified by gradient elution on silica (0 to 20% EtOAc in
hexanes) to afford the title compound (3-4) as a white powder. ESI+ MS [M+H]" C;H5INO,:
265.8 found, 266.0 required.

2.3-dimethoxy-6-cyanopyridine (3-5)
15 To a solution of 2,3-dimethoxy-6-iodopyridine (3-4, 24.0 g, 91 mmol) in DMF

(181 mL) was added copper cyanide (9.73 g, 109 mmol) and heated to 150 °C for 20 minutes in a
microwave reactor. The mixture was partitioned between saturated sodium carbonate and
EtOAc three times. The organic phase was washed with brine, dried over Na,SOy, filtered and
concentrated. The crude material was purified by gradient elution on silica gel (0 to 40% EtOAc

20 in hexanes) to yield the desired product (3-5) as an off-white crystalline powder. ESI+MS
[M+H]" CgHsN,O,: 165.0 found, 165.1 required.

2.3-dimethoxy-6-aminomethylpyridine (3-6)

To a solution of 2,3-dimethoxy-6-cyanopyridine (3-5, 5.1g, 31.1 mmol) in MeOH
25 (260 mL) was added Pearlman’s Catalyst (2.18 g, 3.11 mmol, 20wt%) and concentrated HCI

(20.0 mL, 249 mmol, 12M). The system was then stirred under an atmosphere of hydrogen via a
balloon for 1.5h. The reaction contents were filtered through a pad of celite and methanol was
removed in vacuo. The crude mixture was then basified using saturated Na,CO; and then
extracted using 4:1 Chloroform:Ethanol. The organic phase was washed with brine, dried over

30 NaxSOs, filtered and purified by gradient elution on silica gel (0 to 12% MeOH(10% NH4+OH) in
DCM) to yield the desired product (3-6) as a bone semi-solid. ESI+ MS [M+H]" CgH2N,05: M-
16 (-NH3), 152.06 found, 168.2 required.
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NOWw HNL I O /N si? N[(5-cycl opropyl-6- nethoxypyridin-2-yl)nmethyl]-

5 -nmethyl-5-(1, 3-thiazol-2-yl)- 2,3 -bipyridine-4-carboxam de 458. 1638
found, 4580260@51Bguired. N\ 1 C HNO OOw -- PST/USBBOOB6ORT Or O- 4-
met hoxybenzyl)-5' - et hyl -5- (5-nethyl -1, 3-thi azol -2-y1)-

2, 3" -bi pyridine-4-carboxam de 465.1139 found, 465.1147 required.

EXAMPLE 4
OMe Br. CuCN  NC OMe Pd(OH),, H
s
OMe CH2c3|2 N~ ~OMe N” “OMe
4-3 4-4

5-bromo-2.3-dimethoxypyridine (4-2)

To a solution of 2,3-dimthoxypyridine (4-1, 2.5 g, 18.0 mmol, 1.0 equiv) in
5 dichloromethane:saturated NaHCOs (80 mL: 40 mL) at 0°C was added bromine (0.93 mL, 18.0

mmol, 1.0 equiv) and the reaction mixture was stirred for 2 h at 25°C. The reaction mixture was
quenched with solid Na,SO; (~10 g) and the aqueous phase was extracted with dichloromethane
(3 x 100 mL). The organic phase was dried over magnesium sulfate and concentrated. The
residue was purified via normal phase chromatography (0 to 20% EtOAc in hexanes, silica) to

10 afford the desired product (4-2) as an oil after concentration. ESI+ MS [M+H]" C;HsNO, calc'd
218.0, found 218.0.

5.6-dimethoxynicotinonitrile (4-3)

To a solution of 5-bromo-2,3-dimethoxypyridine (4-2, 0.300 g, 1.38 mmol, 1.0
15 equiv) in dimethylformamide (3.9 mL) was added copper (I) cyanide (0.15 gL, 1.65 mmol, 1.2
equiv) and the reaction mixture was heated for 40 minutes at 180C in a microwave reactor. The
reaction mixture was cooled and partitioned between EtOAc (50 mL) and water (50 mL). The
organic phase was washed with water (2 x 30 mL) and brine (1 x 30 mL), dried over magnesium
sulfate and concentrated. The residue was purified via normal phase chromatography (0 to 40%
20  EtOAc in hexanes, silica) to afford the desired product (4-3) as white solid after concentration.

ESI+ MS [M+H]" CgHgN,O; calc'd 165.1, found 165.1.

1-(5.6-dimethoxypyridin-3-yl)methanamine (4-4)

To a solution of 5,6-dimethoxynicotinonitrile (4-3, 0.600 g, 3.65 mmol, 1.0
25  equiv) in methanol (20 mL) under a nitrogen atmosphere was added Pearlman's catalyst (0.205 g,
0.292 mmol, 0.08 equiv, 20 weight percent) and concentrated HCI (2.44 mL), and the reaction
was place under an atmosphere of hydrogen. After 2 h, the reaction was placed under an

atmosphere of nitrogen and filtered through celite to remove the catalyst. The reaction mixture
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7-9 N\ | N HN1I0O1 O O /N sil- N (3-ethyl-4-nmethoxybenzyl) -

5 -nmethyl -5-(4-nethyl-i,3- thiazol-2-yl1)-2, 3" -bipyridine4-carboxam de
459. 1841 wount/054539. 1849 requi r ed. EXAMPLE 8 . OCT/US2002/051987
rx2L., .3 OH Water

was dissolved in EtOAc, dried over MgSO, and concentrated to an oily solid (4-4) of high
purity. ESI+ MS [M+H]" CsH2N,0; calc'd 169.1, found 169.1.

EXAMPLE 5

Pd(OAC),

tricyclohexyl N ~
hosphine,

N Br phosphine \\CEA LA, HoN
e
e
C:o/ >—B(OH), o ©
5 51 52 5-3

3-cyclopropyl-4-methoxybenzonitrile (5-2)
A mixture of 3-bromo-4-methoxybenzonitrile (5-1, 5.0g, 23.6 mmol, 1.0 eq),

aqueous potassium phosphate tribasic (65.0 ml, 1.27 M, 3.5 eq), cyclopropylboronic acid (10.1

10 g, 118 mmol, 5.0 eq), Pd(OAc), (0.539 g, 2.36 mmol, 0.1 eq) and tricyclohexylphosphine (0.661
g, 2.36 mmol, 0.1 eq) was stirred in degassed toluene (103 ml) and heated to 80°C for three
hours. An additional amount of cyclopropylboronic acid (1.0g, 1.16 mmol, 0.5 eq) was added
and the solution was further heated for 16 hours at 80°C to complete the reaction. The reaction
mixture was cooled and partitioned between brine and EtOAc. The organic phase was dried over

15  sodium sulfate, filtered and concentrated to give an orange oil. The oil was purified by normal
phase column chromatography (0 to 10% EtOAc in hexanes) to afford the product (5-2) as a
yellow oil. '"H NMR (CDCls) & 7.44 (dd, 1H, J=8.4, 2.0 Hz), 7.09 (d, 1H, J=2.0 Hz), 6.86 (d,
1H, J=8.4 Hz), 3.92 (s, 3H), 2.13 (m, 1H), 0.97 (m, 2H), 0.65 (m, 2H).

20 1-(3-cyclopropyl-4-methoxyphenyl)methanamine (5-3
Lithium aluminum hydride in diethyl ether (17.3 ml, 1.0 M, 17.3 mmol, 3.0 eq)
was carefully added over twenty minutes to a solution of 3-cyclopropyl-4-methoxybenzonitrile
(15-2, 1.0g, 5.77 mmol, 1.0 eq) in tetrahydrofuran (28.9 ml) at 0°C under nitrogen atmosphere.
The resulting dark orange mixture was allowed to stir at 0°C for 30 min, then carefully quenched
25 in the following order: water (1.0ml), 15% NaOH aqueous (1.0 ml) and water (3.0 ml). The
resulting emulsion was stirred at room temperature for 30 min. Several spatula amounts of
magnesium sulfate was added to the mixture to remove any water. The entire mixture was

filtered through a pad of sodium sulfate, washing with ethyl acetate. The collected filtrate was
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I NBr i.) HCII-NBr 8:18-2i.) SEMC, D EA TBAI, DMFOH ii.) NaOMe, DVFI
100CNCN**0 iii.) CuCN DWMF, 160C i.) Cornins reagent NaHVDS THF, -78C ,
ii.) -BF3W0,2¢10/432886 PAC12( dt pf) Cs2CO3 Tol uene, water 10@CTitSzoop/06BRPd( OH) 2
Conc. HCl MeOH 8-4 2-brono-3-hydroxy-6-iodopyridine (8-2) 5To a
sol ution of 2-brono-3-hydroxy pyridine (8-1, 28 g, 161 mmmol) in water (360
nm.) was added K2CO3 (22.24 g, 161 mmol) and 12 (20.42 g, 80 nmol). The
systemwas stirred WD 2010/ 051236PCT/ US2009/ 061987 for 1.5h at anbient
tenperature, cooled to OC and then treated with concentrated HCL until
solids precipitated fromsolution (pH 6.0). The solids were isolated by
filtrati Qan‘@Htgath th%?bettﬁl\’%ﬁbdﬁﬁtg&? ab h%l‘f’ov@&ﬁ@@!ﬁlﬂﬁi O[§/[ 297 @%H%}RB Q. jsol i d.

ESI + M5 [ MHH| 52> net hox r ox -cyanopyri di ne (8-3
[found 161.2 required. y-3 y- y Py ( )

EXAMPLE 6

i.) NaOMe,MeOH

N.__Cl N._ _O
[.TI: ii.) NBS, DMF H2N/\TI TI:'\
s, o
N”Cl i) CuCN, DMF N o7
1 |V)H2/Pd(OH)2 ~
5 - Conc. HCI, MeOH ==

2.3-dimethoxy-5-aminomethylpyrazine (6-2)
To a solution of 2,3-dichloropyrazine (6-1, 3.5 g, 23.5 mmol) in MeOH (115 mL)
was added NaOMe (15.0 mL, 70.5 mmol) and the system was stirred overnight. The reaction

10 contents were then filtered through a fritted funnel of medium porosity, concentrated, and
partitioned between EtOAc and water. The organic phase was washed with brine, dried over
Na, SOy, filtered and concentrated to afford a clear oil. To this clear oil (2.5 g, 17.8 mmol) in
DMEF (17 ml) at 0°C was added NBS (3.5 g, 19.6 mmol) the system was stirred overnight. The
system was quenched with Na,SOj; and then poured into ice water. The resulting solids that

15  precipitated from solution were isolated by filtration and dried to afford a white solid. To this
white solid (1 g, 4.5 mmol) in DMF (9 mL) was added copper cyanide (0.45 g, 5.0 mmol) and
heated to 185 °C for 20 minutes in the microwave reactor. The mixture was cooled and
partitioned between EtOAc and water. The organic phase was washed with brine, dried over
Na, SOy, filtered and concentrated. The crude material was purified by gradient elution on silica

20 (0 to 65% EtOAc in hexanes) to afford a white powder. To this white powder (0.740 g, 4.5
mmol) in MeOH (40 mL) was added Pearlman’s Catalyst (0.315 g, 0.45 mmol) and concentrated
HCI (3.0 mL, 36 mmol). The system was then stirred under an atmosphere of hydrogen via a
balloon for 1.5h. The reaction contents were filtered through a pad of celite followed by removal
of methanol in vacuo. The crude mixture was then dissolved in DCM, basified using saturated

25  NapCOj; and then extracted several times with DCM. The organic phase was washed with brine,
dried over Na,SQy, filtered and concentrated to yield the desired product (6-2) as a bone solid.
ESI+ MS [M+H]" C7H;N30,: M-16 (-NH,), 152.82 found, 169.2 required.

EXAMPLE 7
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To a solution of 2-brono-3-hydroxy-6-iodopyridine (8-2, 10 g, 33.3 nmol,
1.0 equiv) in DVF (104 m) was added TBAI (1.23 g, 3.33 mmol, 0.1 equiv),

di i sopr opybevtwdsaassne (17.5 nmi, 100 nmol, 3.0 equiv) an®#CBENSR@/06B887 L,
50.0 mml, 1.5 equiv). The systemwas stirred at anbient tenperature for 24
hours. The reaction was partitioned between Et0Ac and 10 saturated NaHCG3.
The organi c phase was washed with NaHCO3 and dried over Mg504. After
concentration, the residue was purified by normal phase col umm

chromat ography (0 to 50% Et 0Ac in hexanes) to afford a pale yellow oil. To
this pale yellowoil in DVF (145 nL) was added a 4.37M sol ution of NaOMe in
MeOH( 6.65 nL, 29 1 mmol, 1.0 equi v)oand tt;gcgys{)em was heated to 100C for
1 hour. The sysflem wasueped edcto ambllens t ERPETRure asipartitg oned 15

bet ween Ef LENANYO'S aisyerd, €ic NaHIOS™ Trfé or g&4Pi°s phagse Jyas washdd with brine
and dried over 504 After—don Nomwmit heo, sesi dle Was]ipuli f Ped by

nor mal phase colPlim cHro l;?ography ( 0 20% Ac in hexah b .afford a

clear oil. Taqthis clear PRF (69 nl) dded Cu (3. 749/ 4%. 4
mml, 2.0 equiv) and the system was EPEathirat d at 8160C fo ;Q)Tﬁﬂshour The
reactl on m xtuge.was fil roughife#Ef t e and [%irtl t i ogeiFbet ween Et OAC
and 20 brine. Th organj c h e was, dmregbcover My50 d Congentrated. The

resi due was por al Op/hage col umm |chr omat
in hexanes) to aff® _yel | ow sol i gy N [ MeH] + C7
1- (5-cycl opropyl-6-neth @pyri di n-2-yl) nam ne (8- 4)N Na sol ution
of 2-net hoxy- 3- hydrosy-b-cyanopyri dinee(8-3,1 0.82 g, 5743 mmj 1.0 equiv)
in THF (27 nL) at -78C was added a 2.0M solution of NaHVDS in THF (4.07 niL,
8.14 mml, 1.5 equ) foIIowed by Conmins reagent (3.19 g, 8.14 mml, 1.5

t® 50% Et OAC
N2D2 S K51.0

equi v) aidbtihe hlls @ (8C20nti| di sappearance of st arti ng
mat eri al was obser th| hr o hy (1:1 EtOAc in hexanes
used as sol vent syTsIQt %Otfa%‘nﬁ%ﬁwa% arITE{r%%eg/gs&rtlohen 30 partitioned between

Et OAc anmbrtbxutyﬂ-[élowhdleabailaﬂum@e (20MHD 0.40 Afrd@dr 0.t oaentlihatladnyasttine fluslsiddue was

puri fied bt¥1 nnt9 (il?lgls\/% %Llf%dlg)hang%trﬁ%)r lg—gr - ZE)Qh{ rofsgr'ﬁ ot tfr{g_xanes)

to afford oW Ol uene
and wat ed, (QOO@ngTAX) nwvasl, helqiéva) anﬂ@(ﬁibﬁ@ﬂs@ﬁﬂlﬂ%l?@lﬂakﬁa0109m®64.98rﬁnqult assium

cycl oprop l.tri uorobora e sal t Q v ol | oned
by 15 SR v fhRURe Al e h A Rl Ao R BRI L 205
eq, 0 OZﬁItBn%rﬂIthrodg’ﬂ c@htn’grhaﬁhta(e‘smnc(eﬁ)traﬁéi{hng th@eﬁ&ldpmﬁﬁdByﬁ)orequha)e and the
system wa hea urs. .The..s S rtitioned
ot ween Evons casireBrhl Dl e Uy IRt ET 2T 4 he
resi dae wal$ovai1xif ESH- Iy [MeiHTaC, [Hk@e0£S0+ 26600 chr omat ogr aphy (0 to 20% Et OAc
in hexanes) to afford a clear oil. To this clear oil in MeOH (1.72 nL) was
added Pearl man's Catal yst (0.024 g, 0.03 nmol, 0.1 equiv) and concentrated
HC1l (0. 23athyl 52met6yInd¥al,3-th&z01- quz\g)-bipvhmnwsmmms (1-Ben stirred under an

i1 tereq through d1aae 1B BT asgur N2 fo E2papat ch ioce.
Z/E& hanf)l r(ﬂvfa&thm@ﬂdm@njldmmdngvcb@m a&d’lanﬁd]el \Agqu\t)r@smﬂa:attimne %ty agt egdug i/ 2?
X501, PPt L g L BAC AP AR EhCE sOPRER TR MR R B ot topastyd S o

yel | ow oiDMF a$|z NG Midd ¢4. mnmscsmaaol-maau@ [rhé feﬁct(onhdhl?t)l]e w5 FABEEfof

The foll n abl WS . re conmp unds of the
Beanpl es SO Feaabeer REage 0t a0 ileef Tl 5T AL Seuf e Rer oi .
Cnpd St g tvdsted with2Rr IR x COMNLY, dBiedNovelNMIgSO, and concentrated The residue was

purified by normal phase column chromatography (40-80% EtOAc in hexanes) to afford the title

20 compound (7-3) as a tan solid. ESI+ MS [M+H]" Ci6H14N:0,S =312.1

Potassium 5'-methyl-5-(1.3-thiazol-2-y1)-2.3"-bipyridine-4-carboxylate (7-4)
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To a solution of methyl 5-methyl-5-(1,3-thiazol-2-yl)-2,3'-bipyridine-4-
carboxylate (7-3, 890 mg, 2.9 mmol, 1 equiv) in tetrahydrofuran (14.3 mL) was added potassium
trimethylsilanolate (640 mg, 5.0 mmol, 1.75 equiv). The reaction mixture was stirred at room
temperature for 1 hour. Ethyl ether (15 mL) was added and the precipitate was filtered to afford
the title compound (7-4) as a white solid. ESI+ MS [M+H]" C;5H,N30,S =298.1

N-[(5,6-Dimethoxypyridin-2-yDmethyl]-5'-methyl-5-(1.3-thiazol-2-y1)-2.3"-bipyridine-4-

carboxamide (7-5)

Potassium 5'-methyl-5-(1,3-thiazol-2-y1)-2,3'-bipyridine-4-carboxylate (7-4, 980
mg, 2.9 mmol, 1 equiv), 1-(5,6-dimethoxypyridin-2-yl)methanamine (3-6, 490 mg, 2.9 mmol, 1
equiv), EDC (670 mg, 3.5 mmol, 1.2 equiv), 1-hydroxy-7-azabenzotriazole (480 mg, 3.5 mmol,
1.2 equiv) and diisopropylethylamine (2.0 mL, 12 mmol, 4 equiv) were suspended in DMF (14.6
mL) and the reaction mixture was heated for 2 hours at 65 °C. The reaction mixture was then
partitioned between DCM (50 mL) and water (50 mL). The layers were separated and the
organic layer was dried over MgSO, and concentrated. The residue was purified by normal
phase column chromatography (0-20% MeOH in EtOAc) to afford a white solid that was
recrystallized from chloroform/hexanes to give the title compound (7-5) as a crystalline solid
(970 mg, 75% yield). 'H NMR (CDCl;, 300 MHz) $ 9.08 (s, 2H), 8.53 (s, 1H), 8.22 (s, 1H),
8.11 (s, 1H), 7.81 (dd, /=3.1 and 1.1 Hz, 1H), 7.78 (t, /= 4.8 Hz, 1H), 7.43 (dd, J/=3.3 and 1.1
Hz, 1H), 7.02 (d, /=7.9 Hz, 1H), 6.85 (d, /=7.7 Hz, 1H), 4.58 (d, J/=5.3 Hz, 2H), 3.91 (s, 3H),
3.88 (s, 3H), 2.45 (s, 3H). HRMS (M+H) C,3H,1NsO5S calc'd 448.1438, found 448.1443

TABLE 3
The following compounds were prepared using the foregoing methodology, but
substituting the appropriately substituted reagent, as described in the foregoing Reaction
Schemes and Examples. The requisite starting materials were commercially available, described
in the literature or readily synthesized by one skilled in the art of organic synthesis without

undue experimentation.

Cmp Structure Name HRMS m/z (M+H)
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N " Ng_OMe 5'-chloro-N-[(5,6-
| | dimethoxypyridin-2- 468.0912 found,
S N0 Y ome : .
7-6 | ylmethyl]-5-(1,3-thiazol-2- 468.0892 required.
N AN
L \/) y1)-2,3"-bipyridine-4-
carboxamide
N N.__OMe
HN N-[(5-cyclopropyl-6-
9 AE;% [t; Y Pd_ py2 ety | 4581638 found,
methoxypyridin-2-yl)me -
7-7 Y © by YRS 1 458.1645 required.
N A~ N 5'-methyl-5-(1,3-thiazol-2-yl)-
SJ 2,3"-bipyridine-4-carboxamide
N Cl
- | HN/\©: N-(3-chloro-4-
X N 465.1139 found,
| S OMe | methoxybenzyl)-5'-methyl-5- }
7-8 No .= N . 465.1147 required.
= p (5-methyl-1,3-thiazol-2-yl)-
S\{ 2,3"-bipyridine-4-carboxamide
N
z HN N-(3-ethyl-4-methoxybenzyl)-
9 A@(\ 5,( th}1,5(4 thy113Y) 459.1841 found,
-methyl-5-(4-methyl-1,3- :
7-9 I \ © OMe ) Y .y o 459.1849 required.
N AN thiazol-2-yl)-2,3'-bipyridine-
S\/)’ 4-carboxamide
EXAMPLE &
o OH i) SEM-CI, DIEA i.) Comins reagent
@ Hi) L, K,COs | xOH ToAL DVF NaHMDS
P Water P - /(I _ THF,-78°C__ N
. ) NaOMe, DMF
N"Br iHO N e oY o W) >—BF K N |N o
81 82 iii.) CUCN PdCl,(dtpf)
DMF, 160°C &3 Cs,CO5 8-4
Toluene, water
100°C
iil.) Hy/Pd(OH),
Conc. HCI
MeOH
2-bromo-3-hydroxy-6-iodopyridine (8-2)
5 To a solution of 2-bromo-3-hydroxy pyridine (8-1, 28 g, 161 mmol) in water (360

mL) was added K,COs (22.24 g, 161 mmol) and I, (20.42 g, 80 mmol). The system was stirred

54



NS .1\1 Ove Owe 0.95 7-7 NI\ N/ HN1 0,...NS Ow 0.97

WO 2010/051236 PCT/US2009/061987

for 1.5h at ambient temperature, cooled to 0°C and then treated with concentrated HCI until
solids precipitated from solution (pH~ 6.0). The solids were isolated by filtration and dried to
give the title compound (8-2) as a brown solid. ESI+ MS [M+H]™ CsH:BrINO = 299.8

5  2-methoxy-3-hydroxy-6-cyanopyridine (8-3)

To a solution of 2-bromo-3-hydroxy-6-iodopyridine (8-2, 10 g, 33.3 mmol, 1.0

equiv) in DMF (104 ml) was added TBAI (1.23 g, 3.33 mmol, 0.1 equiv), diisopropylethylamine
(17.5 mL, 100 mmol, 3.0 equiv) and SEM-CI (8.87 mL, 50.0 mmol, 1.5 equiv). The system was
stirred at ambient temperature for 24 hours. The reaction was partitioned between EtOAc and

10  saturated NaHCOs. The organic phase was washed with NaHCO3 and dried over MgSO.. After
concentration, the residue was purified by normal phase column chromatography (0 to 50%
EtOAc in hexanes) to afford a pale yellow oil. To this pale yellow oil in DMF (145 mL) was
added a 4.37M solution of NaOMe in MeOH( 6.65 mL, 29.1 mmol, 1.0 equiv) and the system
was heated to 100°C for 1 hour. The system was cooled to ambient temperature and partitioned

15 between EtOAc and saturated NaHCO3. The organic phase was washed with brine and dried
over MgSOs. After concentration, the residue was purified by normal phase column
chromatography (0 to 20% EtOAc in hexanes) to afford a clear oil. To this clear oil in DMF (69
mL) was added CuCN (3.71g, 41.4 mmol, 2.0 equiv) and the system was irradiated at 160°C for
0.5 hour. The reaction mixture was filtered through celite and partitioned between EtOAc and

20 brine. The organic phase was dried over MgSO, and concentrated. The residue was purified by
normal phase column chromatography (0 to 50% EtOAc in hexanes) to afford a yellow solid.
ESI+ MS [M+H]" C7H¢N,O, = 151.0

1-(5-cyclopropyl-6-methoxypyridin-2-yl)methanamine (8-4)

25 To a solution of 2-methoxy-3-hydroxy-6-cyanopyridine (8-3, 0.82 g, 5.43 mmol,
1.0 equiv) in THF (27 mL) at -78°C was added a 2.0M solution of NaHMDS in THF (4.07 mL,
8.14 mmol, 1.5 equiv) followed by Comins reagent (3.19 g, 8.14 mmol, 1.5 equiv) and the
system was stirred at -78°C until disappearance of starting material was observed via thin layer
chromatography (1:1 EtOAc in hexanes used as solvent system for TLC). The system was then

30  partitioned between EtOAc and brine and dried over MgSO,. After concentration, the residue
was purified by normal phase column chromatography (0 to 50% EtOAc in hexanes) to afford a
pale yellow oil. To this pale yellow oil in toluene (1.0 mL) and water (1.0 mL) was added
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Whil e the invention has been described and illustrated with reference to
certain particular enbodi nents thereof, those skilled in the art wll

appr eci atwothawosvasi ous adapt ati ons, changes, nodi f PCAIUSE9/061987
substitutions, deletions, or additions of procedures and protocols nay be
5made wi thout departing fromthe spirit and scope of the invention. WO
2010/ 051236PCT/ US2009/ 061987 WHAT IS CLAIMED IS: 1. A conpound of the
formula I: R2b 51 wherein: A is selected fromthe group consisting of
phenyl, naphthyl and heteroaryl; A2 is selected fromthe group consisting
of phenyl, naphthyl and heteroaryl; 10 A3 is selected fromthe group
consi sti B&a%ﬁu&&%%opyﬁﬁ%rgﬁ/o’rate gﬁ(@@f%' @"?‘Jlékﬁﬂnol '1'88%58%)]{0{15'\96&%; ﬁf'ocyd €,

Rl a, Ri b and g be absent 1f the val ency oes not péermt such
PS5

substltubwbthBhﬁﬂm hmﬁﬂﬁﬁﬁﬁﬁﬁﬁﬂwymgékébﬂﬁﬁ0}QbﬁhQﬂél@ﬁ@bﬂ3@6m§@é@|ng of
(1) hydrege, ()%bo E@ %ﬁ\ol (’a%)eqﬁ'iﬁja[rﬁ)?ﬂé syst@:ﬂi)was(hgﬁtgc) H} IMOI-@@'hBMJS TH@'er e

i's |ndependent y O 1, ni1s independently O wherein if mis or
nis 0, QY%@mﬁﬁﬁ%wmp%g@ﬁﬁﬁb@ﬂ@mMﬁéw@amﬁéﬂﬁ1¥VKhﬁé0ﬂﬁ§@ﬁ§hl&ﬁ@ed or

subst I5 tu tcgﬂireﬂ\ﬂreftllan QH@re 'Eiuef@gsﬁ%lﬁlﬁgé Hﬁh&iﬁﬂf tﬁ( ?Lﬁﬁr‘?glr&ﬁﬁg% la:i%h%rt (0 QOBQO%

- (C=0) m On- C3- bcycl oa ere the cycloa IS uns uted or
subst i t ut&Aqinthigxgge) top fwﬁrdéle@ublétﬁ thesredear gid lIeM@@H (1.7dmLR13s added

Pearlman’s Catalyst (0.024 g, 0.03 mmol, 0.1 equiv) and concentrated HCI (0.23 mL, 2.76

3

mmol, 8.0 equiv). The system was then stirred under an atmosphere of hydrogen via a balloon
overnight. The reaction contents were filtered through a pad of celite and basified using

10  saturated Na,COsz Methanol was then removed in vacuo and the mixture was then extracted
using 4:1 Chloroform:Ethanol. The organic phase was washed with brine, dried over Na,SOy,
filtered and concentrated to yield the desired product (8-4) as a yellow oil. ESI+ MS [M+H]"
Ci10H14N,0 = 162.0 [M-16 (-NH>)]

15 TABLE 4
The following table shows representative data for the compounds of the Examples

as orexin receptor antagonists as determined by the assays herein.

Cmpd Structure OX2R Kj (nM)
1-5 0.72
N~ , SN
X
0]
J \ NH
I
N= \
N—
1-13 N N._OMe 4.5
“ HN/\[ \I
= N o NZ “oMe
N>
F
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(6) -(C=0)m C2_4al kenyl, where the al kenyl is unsubstituted or substituted
W th one 25or nore substituents selected fromR13, WO

2010/ 051286RaV038B609/ 061987 (7) -(C=0) m C2_4al kynyl, wirerastéve/oadorRynyl is
unsubstituted or substituted with one or nore substituents sel ected from
R13, (8) -(C=0)m On-phenyl or -(C=0)m On-napthyl, where the phenyl or
napht hyl is unsubstituted or substituted with one or nore substituents
selected fromR13, 5(9)-(C=0)m On-heterocycle, where the heterocycle is
unsubstituted or substituted with one or nore substituents sel ected from
R13, (10) -(C=0) m NR1OR11l, wherein R10 and R11 are independently sel ected
fromt heg groupy consisting of 7 (ayhydrogen, 10(b)jyC _6al kyl, which is
unsubstilt d pr sNbstituf i L IOMR13, (c-9k3_6alkenyl, which is
unsubstituted pr lsulistituged(w th RI1B, (d) C3_6al kynyl, which is
unsubstitut ed pr~ stbsyitat&d Wit ®MR13, (e) C3_6cycl oal kyl which is
unsubstituted pr substi#t with R13, (f) pheny], which is unsubstituted
or substituted & 15(g) het erocycl e, which is unsubstituted or
substituted with R13, (11) FS(0)2-NR1OR11, (12) +S(0)TR12, where qis 0, 1
or 2 and where| R12 is selected fromthe definitipns of RI0 and R11, (13)
-C2H, 26 )—FEN—and{(15—NE—R2a—Rb—=and—R2c may be absent if the

val ency | of Z-A2 does, not pernithugmesubstiQQQion and are independently
sel ected from | he”ghoup ¢ ﬁEHEEIhg of : 25(1) hydrpgen, (2) hal ogen, (3)
hydr oxyl = N So N Nome

1-7 0.97

While the invention has been described and illustrated with reference to certain
particular embodiments thereof, those skilled in the art will appreciate that various adaptations,
changes, modifications, substitutions, deletions, or additions of procedures and protocols may be

5 made without departing from the spirit and scope of the invention.
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(4) -(C0)m On-C _6al kyl, where the alkyl is unsubstituted or substituted
Wi th one or nore substituents selected from R13,

30(5) - (CwpmnsC366¢cycl oal kyl , where the cycl oal kyl i sPamaisb@wvios1ysed or
substituted with one or nore substituents selected fromR13, (6)
-(C=0) m C2_4al kenyl, where the al kenyl is unsubstituted or substituted with
one or nore substituents selected fromRL13, (7) -(C=0)m C2_4al kynyl, where
the al kynyl is unsubstituted or substituted with one 35or nore substituents
selected from R13, WD 2010/ 051236PCT/ US2009/ 061987 (8)-(C=0) m On- phenyl or
-(C=0) m On- napt hyl, where the phenyl or naphthyl is unsubstituted or

subst i t utyeganirs B AReEeYSNOr e substituents sel ected from R13,
(9)-(C=0)m On- heterocycl e, where the heterocycle is unsubstituted or

substi t ut ed with one or nore substituents selected from
R13, 5(10) - (C=0) m.NRt@Ridnd of the formulaT: (11) - S(0)2- NRIOR11, (12)
-5(0)g-R12, (13) -C2H, (14) -CN, and 10(15) -NX2; R3a, R3b and

R3c may be absent if the valency of A3 does m3f permit such substitution
and are independently selected fromthe gproup coqﬁbstlng of : (1) hydrogen,
15(2) hal ogen, (3) hydroxyl, (4) -(C=0)m On- 5 where the alkyl is
unsubstituted or substltuted w th one or bstltuents sel ected from
R13, (5) -(C=0)m On-C3_6cycl oal kyl, where thercygl oal kyl is unsubstituted

or substituted 20with one or Rffye substh&gn 3 | ected fromR13, (6)
-(C=0) m C2_4al kenyl, where the xkenyl is (hsubgtituted or substituted with
one R

R3a

R3b
R3C
5 I
wherein:

Al is selected from the group consisting of phenyl, naphthyl and heteroaryl;

A2 is selected from the group consisting of phenyl, naphthyl and heteroaryl;
10
A3 is selected from the group consisting of phenyl, naphthyl, C3_gcycloalkyl, -NR1OR11 and

heterocycle;

Rla R1b and R1¢ may be absent if the valency of Al does not permit such substitution
15  and are independently selected from the group consisting of:
(1) hydrogen,
2) halogen,
(3)  hydroxyl,
4) -(C=0)m-On-C1-6alkyl, where m is independently O or 1, n is independently 0 or
20 1 (wherein if m is O or n is 0, a bond is present) and where the alkyl is
unsubstituted or substituted with one or more substituents selected from R13,
(5 -(C=0)m-On-C3-6cycloalkyl, where the cycloalkyl is unsubstituted or substituted
with one or more substituents selected from R13,

(6) -(C=0)m-Cr-galkenyl, where the alkenyl is unsubstituted or substituted with one

25 or more substituents selected from R13,

58



or nore substituents selected fromR13, (7) -(C=0)m C2_4al kynyl, where the

al kynyl is unsubstituted or substituted with one or nore substituents

sel ect ed WoamoRER823625( 8) - (C=0) m On- phenyl or - (C=0) m OnPoafiskguo/oc1aBer e t he

phenyl or naphthyl is unsubstituted or substituted with one or nore

substituents selected fromR13, (9)-(C=0)m On-heterocycle, where the

het erocycle i s unsubstituted or substituted with one or nore substituents

selected fromR13, (10) -(C=0)m NRLOR11, 30(11) -S(0)2-NRLOR11, (12)

-S(0) TR12, (13) -CO2H, (14) -CN, and (15) -N®2; 35 WO

2010/ 051236PCT/ US2009/ 061987 R4 and RS are independently selected from

hydr ogen and _6alkyvdy.. whi i i ; t b e or

nor e substitugﬁts g%l%%?g%ﬁ%@%%?ﬁ?%?yﬁfBm&ﬁgﬁgnggmﬁg€§%gE?%?%gﬁh%gag?her to

form a C3_6cycl oal ®yporgfubhtithends seleetsdfrogtdm t o whi ch they are attached,

where the cycl®al kyC=0xr-Oagphbst bt YCed)wOnsubtyi, tmitredhaphichyl @neapbthyhibr e

substituents sel ect . o s h ey Kk

C3_6cycl oal kyl V\hl?n%ﬁ Sltl{él%gp Ogé%g?t?l%e??\%% or %g%@%tslu?,slﬂl% éegé\%:lg #dofr?lgem §r13’ re

Subst Pt uent s §81 ect o -GniREseyele. Whepgrhe herogyelich MerUPHIHEY We@ub%lﬁfr?

cgnsifiirg_of: log&Mh@bqg@ﬂHeﬁ@hnﬂy@m@mykdﬁb&nU8(C:O)n}Cn-C1-6aIkyl, wher e

the alkyl is ubstidyut /e 108118 tritoed it nts

selected f romﬂgi& %?4(?% %’lﬁ ?%1_’%3 %Iteelrnf | uor g\gl kefeeﬁ&pgﬁdew 1A HHohd HE

15(5) - (C=0) m On- CEeohyeingy. where the cycloal kyl is unsubstituted or

substituted with qag omy#mpe, substituents sel ected fromR14, (6)

-(C=0pm C2_dal kenyly, Wt gubneyalse Bl fubNSRBkkku Sl R13,substi tuted wi th
@uents Se rom R1

one or nore substi ected fr R14, . .
C3-6alkenyl, which is unsubstituted or substituted with R13,

(d)  C3_galkynyl, which is unsubstituted or substituted with R13,
(¢)  C3-geycloalkyl which is unsubstituted or substituted with R13,
(f) phenyl, which is unsubstituted or substituted with R13, and
15 (g)  heterocycle, which is unsubstituted or substituted with R13,
(11)  -S(0)2-NRIOR1I,
(12) —S(O)q—R12, where qis 0, 1 or 2 and where R12 is selected from the definitions of

R10 and R11,
(13) -CO2H,
20 (14) -CN, and
(15) -NO2;

R2a, R2b and R2¢ may be absent if the valency of A2 does not permit such substitution
and are independently selected from the group consisting of:
25 (1) hydrogen,
2) halogen,
(3)  hydroxyl,
4 -(C=0)m-On-C1-salkyl, where the alkyl is unsubstituted or substituted with one

or more substituents selected from R13,
30 (5 -(C=0)m-On-C3-gcycloalkyl, where the cycloalkyl is unsubstituted or substituted

with one or more substituents selected from R13,
(6) -(C=0)m-Cr-galkenyl, where the alkenyl is unsubstituted or substituted with one

or more substituents selected from R13,
(7 -(C=0)m-Cr-galkynyl, where the alkynyl is unsubstituted or substituted with one

35 or more substituents selected from R13,
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(7) -(C=0)m C2_4al kynyl, where the al kynyl is unsubstituted or substituted
with one 20or nore substituents selected fromR14, (8) -(C=0)m On-phenyl or
- (C=0) m Gmorrapiisyi3s where the phenyl or napht hyl is unsmoSttiseemse198T
substituted with one or nore substituents selected fromR14, (9)
-(C=0) m On- heterocycle, where the heterocycle is unsubstituted or

substi t ut ed with one or nore substituents selected from
R14, 25(10) -(C=0) m NR1OR11, (11) -S(0)2-NRICR11, (12)
-S(0)g_R12, (13) -CO2H, (14) -CN, and 30(15) -NO2; R14 is

selected fromthe group consisting of: (1) hydroxyl, (2) hal ogen,

35(3) C1_6al ky / |, (5)
o d T pal k (6) 2@%@8%&%@8@)& @%&?&?ﬁ&h&é)me Iﬁ&ﬁ%}/ﬁmﬁl g%henyl
(9) heter ocycl e, (agytitgdes subamte(ilm )QNERE mgie sab%lﬁ@nm@émd %@m

accept abl e sal% t h€Ce®fm-0Q-heterocycle, where the heterﬂcyCTmeumubmmluﬁﬂorcsﬁlbs(ﬁltlaedn 1

wherein Al is phen @npound of Claim1l wherein
A is pyridyl \¥1t ne or more subsdtltue%ntsdele’éted{roglmlgr ein A2 is phenyl .

54
5. Thé corrpouﬂ&5L (&5 mﬁ\lf‘%er’el n A2 is heteroaryl.
(11)  -S(0)2-NRIOR11,

(12) -S(O)qRI2

(13) -CO2H,
(14) -CN, and
10 (15) -NO2;

R3a, R3b and R3¢ may be absent if the valency of A3 does not permit such substitution
and are independently selected from the group consisting of:
(1) hydrogen,
15 (2) halogen,
(3)  hydroxyl,
4 -(C=0)m-On-C1-salkyl, where the alkyl is unsubstituted or substituted with one

or more substituents selected from R13,
(5 -(C=0)m-On-C3-gcycloalkyl, where the cycloalkyl is unsubstituted or substituted

20 with one or more substituents selected from R13,
(6) -(C=0)m-Cr-galkenyl, where the alkenyl is unsubstituted or substituted with one

or more substituents selected from R13,
(7 -(C=0)m-Cr-galkynyl, where the alkynyl is unsubstituted or substituted with one

or more substituents selected from R13,
25 (8) -(C=0)m-On-phenyl or -(C=0)m-On-napthyl, where the phenyl or naphthyl is
unsubstituted or substituted with one or more substituents selected from R13,
9 -(C=0)m-On-heterocycle, where the heterocycle is unsubstituted or substituted

with one or more substituents selected from R13,
(10)  «(C=0)m-NRI1ORI11,

30 (11)  -S(0)2-NR10RI11,
(12)  -S(0)g-R12,
(13) -CO2H,
(14) -CN, and
(15)  -NO2;
35
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6. The conpound of Caim21 wherein A3 is phenyl. 20 7. The
conpound of Claim1 wherein A3 is thiazolyl. 8. The conpound
of C ai mwowhavesiz36Oa, Rib and Ric are independently selPettusdoonotyst he
group consisting of: 25(1)hydrogen, (2) hal ogen, (3) hydroxyl, (4)

G _6al kyl, which is unsubstituted or substituted with hal ogen, hydroxyl,
phenyl or napthyl, 30(5)-0-C _6alkyl, which is unsubstituted or substituted
wi t h hal ogen, hydroxyl or phenyl (6) het eroaryl, wherein heteroaryl is
selected frompyrrolyl, imdazol yI , indolyl, pyridyl, and pyrimdinyl,
which is unsubstituted or substituted wi th hal ogen, hydroxyl, G _6al kyl,

-0- G _6alkyl p ar ted
0 O oaletla Bl Nac SR UEIL Y 0 53 BB L Ah B sl
0-Cl 6a1|&gblst1mtedNﬁﬂ1, ong B mOG:—Sptmmwnts swlhétechfros RIAserisant Rdoedkydre jeingikt i t ut ed
WINtHP Clh a|6 I egRiher ﬂ@fﬁiﬁiﬂ%@kﬁc@lolag@ﬂ %Mlathe—e@rb@h aoal tmhwrllhrthé‘ﬂ@e at@igbkd( Shere the

- a a ichis u t or
Ssubst ¢ QYRR PrEoR BB or PRt byt ehimidut et S o R

9. Thé conpound of Cl aim 8 wherein R a, Rib and Ric are independently
sel ected Rﬁrlpmdr@n,g@ pyapkﬂ@ﬂ &b $tiydiehliel, wHidh) b vakuegRited dQuBXRatOFRNond 63)
hydr oxyl , % g’umﬁ{ﬁ 5.8 unsubstituted or substituted with

hal ogen, HHVH “BWTEH&?S%H@?H napt hyl, and (5) -0-C _6al kyl, which is
unsubstituted or substituted with hal ogen, hydroxyl or 15phenyl.

10. The @aBRALREQFofRL Bt WiSEEIJURL @, Rib and Ric are independently
sel ected fromthe hgdliogel? consisting of: (1)hydrogen, 20(2)chloro, (3)

f1urdfo, and (1

(2) hydroxyl,

3) -(C=0)m-On-C1-6alkyl, where the alkyl is unsubstituted or substituted with one
or more substituents selected from R14,

4) -Op-(C1-3)perfluoroalkyl,

15 &) -(C=0)m-On-C3-gcycloalkyl, where the cycloalkyl is unsubstituted or substituted

with one or more substituents selected from R14,

(6) -(C=0)m-Cr-galkenyl, where the alkenyl is unsubstituted or substituted with one

or more substituents selected from R14,
(7 -(C=0)m-C2-galkynyl, where the alkynyl is unsubstituted or substituted with one
20 or more substituents selected from R 14,
(8) -(C=0)m-On-phenyl or -(C=0)m-On-napthyl, where the phenyl or naphthyl is
unsubstituted or substituted with one or more substituents selected from R14,
9 -(C=0)m-On-heterocycle, where the heterocycle is unsubstituted or substituted
with one or more substituents selected from R14,
25 (10)  «(C=0)m-NRIORI11,
(11)  -S(0)2-NRIOR11,
(12) -S(0)qR12,

(13) -CO»2H,
(14) -CN, and
30 (15) -NO2;

R14 is selected from the group consisting of:
(1) hydroxyl,
2) halogen,
35 3) C1-6alkyl,

61



(4) methyl. 11. The conmpound of Claim1l wherein R2a, R2b
and R2c are independently 25selected fromthe group consisting of: (1)

hydr ogen,wO2p1omash2z3gen, (3) hydroxyl, (4) G _6al kyl, whi ebTits2emsetst it ut ed
or substituted wi th hal ogen, hydroxyl or phenyl 30or napthyl, (5)

-0-G _6al kyl, which is unsubstituted or substituted wi th hal ogen, hydroxyl
or phenyl, (6) heteroaryl, wherein heteroaryl is selected frompyrrolyl,
i mdazolyl, indolyl, pyridyl, and pyrimdinyl, which is unsubstituted or
substituted with hal ogen, 35hydroxyl, C _6al kyl, -0-G _6al kyl or-NO2, WO
2010/ 051236PCT/ US2009/ 061987 phenyl, which is unsubstituted or substituted
wi t h hal ogen, 4*)ydr-@>§Yécyclglkﬁa| kyl, - 0 -C 1 6alkyl or-NO&2, O0-phenyl,
which is unsuégst wgd 05( substituted with hal ogen, hydroxyl, Cl1_ 6al kyl,
-0-Gi _6al kyl or- NP ChAHYINHC 1 _6Balkyl, or -N(C 1 _Balkyl)(C 1~ _6al kyl),
whi ch is unsu@gsti t-(&dOpe | wulbgk i t uted wi th hal ogen, hydroxyl, C _6al kyl,

- 0- C1- 6al kyl  ofy- NQReyy_c _galkyl 12. The conpound of C aim 11 wherein R2a,
R2b and R2c are indepengen 'y selected fromthe group consisting of:

10( 1) Bydr ogen(® (2)”P¥r o, (3)fluoro, (4)brono, (5)methoxy, 15(6)t-butoxy,
(7) difluorongthylhetdgtgcle8) trifluoronmethyl, (9) -N(CH3). 2013. The
compound of G m koshergi n R3a, R3b and R3c are independently sel ected
fromthe groualgon%iNst ing of: (1) hydrogen,

or a pharmaceutically acceptable salt thereof.

10
2. The compound of Claim 1 wherein Al is phenyl.
3. The compound of Claim 1 wherein Al is pyridyl.
15 4. The compound of Claim 1 wherein A2 is phenyl.
5. The compound of Claim 1 wherein A2 is heteroaryl.
6. The compound of Claim 1 wherein A3 is phenyl.
20

7. The compound of Claim 1 wherein A3 is thiazolyl.

8. The compound of Claim 1 wherein R12, R1b and R1¢ are independently
selected from the group consisting of:
25 (1) hydrogen,

2) halogen,

(3)  hydroxyl,

4 C1-6alkyl, which is unsubstituted or substituted with halogen, hydroxyl, phenyl
or napthyl,

30 (5) -0-C1-6alkyl, which is unsubstituted or substituted with halogen, hydroxyl or
phenyl,

(6) heteroaryl, wherein heteroaryl is selected from pyrrolyl, imidazolyl, indolyl,
pyridyl, and pyrimidinyl, which is unsubstituted or substituted with halogen,
hydroxyl, C1-galkyl, -O-C1-galkyl or-NO2,

35 (7)  phenyl, which is unsubstituted or substituted with halogen, hydroxyl, C1-salkyl,
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(2) hal ogen, (3) hydroxyl, 25(4)C _6al kyl, which is unsubstituted or

substituted with hal ogen, hydroxyl, phenyl or napthyl, (5)-0-C _6alkyl,

whi ch i s wo=otwtsi13at ed or substituted wi th hal ogen, hydroxyus2aw/optyenyl ,

(6) heteroaryl, wherein heteroaryl is selected frompyrrolyl, imdazolyl,

i ndolyl, 30pyridyl, and pyrimdinyl, which is unsubstituted or substituted

W th halogen hydroxyl C _6alkyl, -0-C i _6alkyl or-N®2, (7)phenyl, which
is unsubstituted or substituted with hal ogen, hydroxyl, C 6alkyl, O0-C1
_6al kyl or-NO2, (8)-0-phenyl, which is unsubstituted or substituted with
hal ogen, hydroxyl, 35C 6a|ky| -0-CG _6al kyl or-NO2, and WO

2010/ 051236PCT/ US2¢08{ gg}gggb&gg NH C _6all cyl, or

-N(CG _6al kyl ) (G _6al ky which i s unsubstituted or substituted with

hal ogen, hydr &Ryl , 'OGPhGBhlL Kyich is ypsubptigied joy pubstitutegpyith halogen, hydroxyl, 14. The

conmpound of Cla|nﬂlB6Mhﬁré]61E@myhﬁ3ﬁlaam1R30 are independently 5sel ected

fromthe gr Ougigonﬁkﬁ el %QlkS?lf or Jﬁ\ﬂ(b h%ml% rhalk(y§ ) whigh %%Ehbsét'ﬂ%d%l?’)

G 6a||c | . A co 1SS consi stin
of - y substitu ngc? 1th halo gen hydroxyl, C1- 6a?kyl (5 16alky1% %8 g

N-[ (5, 6-di met hoxypyri di n-2-yl ) methyl]-6-(2-fluorophenyl)-5' - nethyl 3,3 -bip
?/;:)ﬁ: ggt ?naﬁ]a{jgoxagnﬂl compéund of%alm%h\%%(delr?ﬁ;y JR)lb hc?Rli)é g rid5p der:n%ltyhyl phenyl)
15N- ( 3, 4SdP%@1%@Rﬂ@éﬁ%@l?n%HWBPS-d|nethylphenyl)-3,3'-b|pyr|d|ne-4-carboxan1
ide N(3, 4 gbneuﬁqxgaenzyl) 2-(3 ,5 -dinethyl phenyl)-5

qﬁthyl :ﬁyrql -4-y1)i s onic otinam de;
N—(3 dlﬁEthg ybenzﬁﬁ? 5-met hyl-3,2':5 ,3"-terpyridine-4'-carboxam de;
6- (3- chl or o- 5t3et Hyudghehy 1) - N- (3, 4- dlnethoxybenzyl) 3, 3" -bi pyri di ne-4-carbo
xam de; 4 C1- 6alkyl which is unsubstituted or substituted with halogen, hydroxyl or phenyl
N-[(5, 6- dlnethoxygy qhq 3-yl)met hyl] - 2- (3, 5-di net hyl pheny1l) - 5- phenyl i soni c
ot i nam de; rnapthyl, and
205" - chl or o- N ( 5, €= 51 aekHoRish is wshs vtuipd opatbgaied ity halpeenyhydrayyd oF i di ne- 4

- car hgxam de; phenyl.

10. The compound of Claim 9 wherein R12, R1b and R1¢ are independently
selected from the group consisting of:
(1) hydrogen,

20 (2) chloro,
3) fluroro, and
4) methyl.

11. The compound of Claim 1 wherein R22, R2b and R2¢ are independently
25  selected from the group consisting of:
(1) hydrogen,
2) halogen,
(3)  hydroxyl,
4 C1-6alkyl, which is unsubstituted or substituted with halogen, hydroxyl or phenyl
30 or napthyl,
(5) -0-C1-6alkyl, which is unsubstituted or substituted with halogen, hydroxyl or
phenyl,
(6) heteroaryl, wherein heteroaryl is selected from pyrrolyl, imidazolyl, indolyl,

pyridyl, and pyrimidinyl, which is unsubstituted or substituted with halogen,
35 hydroxyl, C1-galkyl, -O-C1-galkyl or-NO»,
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N-[ (5, 6-di met hoxypyrazi n-2-yl)met hyl]-5-(3-fl uorophenyl)-5"-nethyl-2,3 -bip
yri di ne-4- carboxam de;
N ( 3- cyclwpropyisi2Bs net hoxybenzyl) - 5- (3-f | uor ophenyl) - 5' Pe@Etusgd09DeB87 bi pyri d
i ne-4- carboxam de;
25N-[ (5, 6-di met hoxypyri di n-2-yl ) net hyl] -5-(2-fl uorophenyl)-5"-nethyl-2,3" -b
i pyridi ne-4- carboxam de;
N-[ (5, 6-di met hoxypyri di n-2-yl)methyl]-5-(3-fl uorophenyl)-5"-nethyl-2,3 -bip
yri di ne-4- carboxam de;
5- (3-fluorophenyl)-N[4-nmethoxy-3-(trifluoronethyl)benzyl]-5 -nmethyl-2,3 -b
i pyridine-4- @79 Caﬂh@ ?xmligl?i's unsubstituted or substituted with halogen, hydroxyl, C1_galkyl, -
N- ( 3- chl or o- 4- et h8>&y e 2}/1]) 8 (3-fluorophenyl)-5"-net Fly){ -2,°3" - bi pyri di ne- 4
- car boxani de; -C1-6alkyl of-NO2,
N[ (5, 6-di nmet (0xy pprplatnyl; Rhigh Jsmmtdbptifuted or mbstiyicd SHthyhakzemhPdrgdyl 203" - bi pyri d
i ne-4-car boi<an‘i de; | 2,1’[_()551@6915;@;_{\1]%}/51% -pyri di n;(;l ymethyl] -5 '-nethyl-5
-(1 -pyrro lidinyl)-2, 3"- ri di né-4- carhoxanj de;
307 B8 PNt PN IS g ST b Rt
[ (5, 6-di met hoxypyrsubititatd with haddenl fydrdy!l, Oregatiyyl -Q-C 1364kt or-pyni di ne- 4-
carboxam de; N [(5, 6-di net hoxypyridin-2-yl)nmethyl] -5 '-nmethyl-5 -(1,3
-thiazol-2-y1)-2 ,3 '-b ipyridine-4- c arb oxam de; 55 '-chloro-N
[ (5, 6- di met hoxypyri2diThe gomipqungef lpim 11 sherein RY2, REf andRxC-ape ipdgpendently * -
i[%ri d: @ﬁe&e&fr&%f@%&%@c@ﬁs’istiﬂg_oﬁ 291} ayl] -5 ayl -5 -(L3

-cycl opropyl- 6-net hoxypyri di n- 2-yl ) met hy -5 '"-methyl-5 -(1,
-t hi §§O| - 2-y1§/1}2 , n%ro-ge% i pyridine-4-c arboxanmde ; N-(3 -chloro-4
- met hoxybenzy®- 5 chlgggt hy1-5- (5 -methyl - 1,3 -thiazol-2-y1)-2 ,3 '-b
i pyridine-4 -@330campexam de; N-(3 -
et hyl- 4- net ho&gberbzrgr% -5 -methyl -5-(4-nmethyl-1,3 -thiazol-2 -y1)-2 ,3 '-Db
i pyridine-4 -"carboxam de; or a pharnaceutically acceptable salt thereof
1516. A phar nedeutethdxyconposi ti on which conprises an inert carrier and a
compaynd of C@i miludxya pharmaceutically acceptable salt thereof 17. A
conpound of i mcgiﬂgorror%etﬁt]agn%gceuti cally acceptable salt thereof for use
i n nmedicine. v . Use of a conpound of Claim1l, or a
phar maceut i cal®y doflegoapthgl. salt thereof, for the manufacture of a
medi cament f o)t heNy€HaL nent or prevention of a sleep disorder.
19. A nethod for enhancing the quality of sleep in a mammalian patient in
need 25t hereof which conprises adm nistering to the patient a
t her &beutical |y ef Bedihcgempevndf Clyim fl ydicrein R32, R3b and R3¢ are independently

selected from the group consisting of:
(1) hydrogen,
2) halogen,
(3)  hydroxyl,
25 4 C1-6alkyl, which is unsubstituted or substituted with halogen, hydroxyl, phenyl
or napthyl,
(5) -0-C1-6alkyl, which is unsubstituted or substituted with halogen, hydroxyl or
phenyl,
(6) heteroaryl, wherein heteroaryl is selected from pyrrolyl, imidazolyl, indolyl,
30 pyridyl, and pyrimidinyl, which is unsubstituted or substituted with halogen,
hydroxyl, C1-galkyl, -O-C1-galkyl or-NO»,
(7)  phenyl, which is unsubstituted or substituted with halogen, hydroxyl, C1-galkyl,
-0-C1-palkyl or-NO»,
(8) -O-phenyl, which is unsubstituted or substituted with halogen, hydroxyl,
35 C1-6alkyl, -O-C1-galkyl or-NO2, and
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conpound of Claim1l or a pharmaceutically acceptable salt thereof

20. A method for treating insommia in a nmammalian patient in need thereof
whi ch compoi2essaxsri ni stering to the patient a therapeuPCtaisSkgoonbfosTti ve
anount of the conpound of 30Caim1l or a pharnaceutically acceptable salt

t her eof 21. A nethod for treating or controlling obesity in a
manmmal i an patient in need thereof which conprises admnistering to the
patient a therapeutically effective amount of the conmpound of Claim1l or a
pharmaceutically acceptable salt thereof 35

9) -NH-C1-gsalkyl, or -N(C1-6alkyl)(C1-galkyl), which is unsubstituted or
substituted with halogen, hydroxyl, C1-galkyl, -O-C]-alkyl or-NO>.

14. The compound of Claim 13 wherein R32, R3b and R3¢ are independently
5  selected from the group consisting of:
(1) hydrogen,
(2) halogen, and
3) C1-6alkyl.

10 15. A compound which is selected from the group consisting of:
N-[(5,6-dimethoxypyridin-2-yl)methyl]-6-(2-fluorophenyl)-5'-methyl-3,3'-bipyridine-5-
carboxamide;

N-(3,4-dimethoxybenzyl)-2,5-bis(3,5-dimethylphenyl)
isonicotinamide;

15 N-(3,4-dimethoxybenzyl)-6-(3,5-dimethylphenyl)-3,3'-bipyridine-4-carboxamide;
N-(3,4-dimethoxybenzyl)-2-(3,5-dimethylphenyl)-5-(1-methyl-1H-pyrazol-4-yl)isonicotinamide;
N-(3,4-dimethoxybenzyl)-5-methyl-3,2":5',3"-terpyridine-4'-carboxamide;
6-(3-chloro-5-methylphenyl)-N-(3,4-dimethoxybenzyl)-3,3'-bipyridine-4-carboxamide;
N-[(5,6-dimethoxypyridin-3-yl)methyl]-2-(3,5-dimethylphenyl)-5-phenylisonicotinamide;

20 5"-chloro-N-[(5,6-dimethoxypyridin-2-yl)methyl]-2,3":6',3"-terpyridine-4'-carboxamide;
N-[(5,6-dimethoxypyrazin-2-yl)methyl]-5-(3-fluorophenyl)-5'-methyl-2,3'-bipyridine-4-
carboxamide;
N-(3-cyclopropyl-4-methoxybenzyl)-5-(3-fluorophenyl)-5'-methyl-2,3'-bipyridine-4-
carboxamide;

25 N-[(5,6-dimethoxypyridin-2-yl)methyl]-5-(2-fluorophenyl)-5'-methyl-2,3'-bipyridine-4-
carboxamide;
N-[(5,6-dimethoxypyridin-2-yl)methyl]-5-(3-fluorophenyl)-5'-methyl-2,3'-bipyridine-4-
carboxamide;
5-(3-fluorophenyl)-N-[4-methoxy-3-(trifluoromethyl)benzyl]-5"-methyl-2,3'-bipyridine-4-

30 carboxamide;
N-(3-chloro-4-methoxybenzyl)-5-(3-fluorophenyl)-5'-methyl-2,3'-bipyridine-4-carboxamide;
N-[(5,6-dimethoxypyridin-2-yl)methyl]-5'-methyl-5-pyrazin-2-yl-2,3'-bipyridine-4-carboxamide;
N-[(5,6-dimethoxy-2-pyridinyl)methyl]-5"-methyl-5-(1-pyrrolidinyl)-2,3'-bipyridine-4-

carboxamide;
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S-azetidin-1-yl-N-[(5,6-dimethoxypyridin-2-yl)methyl]-5'-methyl-2,3'-bipyridine-4-
carboxamide;
N-[(5,6-dimethoxypyridin-2-yl)methyl]-5'-methyl-5-(1,3-thiazol-2-y1)-2,3"-bipyridine-4-
carboxamide;
5'-chloro-N-[(5,6-dimethoxypyridin-2-yl)methyl]-5-(1,3-thiazol-2-y1)-2,3"-bipyridine-4-
carboxamide;
N-[(5-cyclopropyl-6-methoxypyridin-2-yl)methyl]-5'-methyl-5-(1,3-thiazol-2-y1)-2,3'-
bipyridine-4-carboxamide;
N-(3-chloro-4-methoxybenzyl)-5'-methyl-5-(5-methyl-1,3-thiazol-2-y1)-2,3'-bipyridine-4-
carboxamide;
N-(3-ethyl-4-methoxybenzyl)-5'-methyl-5-(4-methyl-1,3-thiazol-2-y1)-2,3'-bipyridine-4-
carboxamide;

or a pharmaceutically acceptable salt thereof.

16. A pharmaceutical composition which comprises an inert carrier and a

compound of Claim 1 or a pharmaceutically acceptable salt thereof.

17. A compound of Claim 1 or a pharmaceutically acceptable salt thereof for use

in medicine.

18. Use of a compound of Claim 1, or a pharmaceutically acceptable salt thereof,

for the manufacture of a medicament for the treatment or prevention of a sleep disorder.

19. A method for enhancing the quality of sleep in a mammalian patient in need
thereof which comprises administering to the patient a therapeutically effective amount of the
compound of Claim 1 or a pharmaceutically acceptable salt thereof.

20. A method for treating insomnia in a mammalian patient in need thereof which
comprises administering to the patient a therapeutically effective amount of the compound of
Claim 1 or a pharmaceutically acceptable salt thereof.

21. A method for treating or controlling obesity in a mammalian patient in need

thereof which comprises administering to the patient a therapeutically effective amount of the
compound of Claim 1 or a pharmaceutically acceptable salt thereof.
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