THERAPEUTI C PYRAZOLONAPI | THYRI DI NE DERI VATI VES RELATED APPLI CATI ONS [ 0001] Thi s
application clains the benefit under 35 U S.C. 119(e) of U. S. Provisional

Appl i cat i on W@ 20080%a#3, 000, filed June 8, 2007 which is PCAGSRPEPAEREd herein by
reference inits entirety. BACKGROUND OF THE | NVENTION Field of the Invention
100021The present invention is related to the use of novel derivatives of
pyrazol onapht hyri di nes as nodul ators of GABAA a5 for the intended use of

t herapy for enhanditHgR&BEHITC SYRAEQLONMPHFHYRIDING RERAVATIYES 100031The

i nhibitory neurotransmtter y-am nobutyric acid (GABA), serves as a ligand for
two distinct classes of recept 3 FRAB. The GABAA class is a

| i gand-gated i on channel whil eﬁ%@ﬁ@ﬁgﬁom cal seven transnenbrane

G protei n coupl deddiecepthdr applibeioGABAAs riee éptedit underctimpry.€ed 0O(ea afunBer of

g 1 ocer oAl BBl R8s FbROME L Pl i RIS i e

13 subuni t sefetditem il eftilayni t s, and one 8 subunit, The overall structure of the
receptor is a pentamer with a mni num subunit requirenent of at |east one a
subunit, one subtmit, and one 7 subunit. 100041Due to afore nentioned
diversity of subunits, thergA@ﬁgﬂggggryﬂ@@HﬁqNQ@ﬁqmgﬁsible conbi nations of the
subunits that conprise the GABAA receptor, though not all appear in nature.
Specific ¢ i j ni¢tat have been identified to have biol ogical rel evance

€
(and their relat abunda jn_rat brai i.nclude al. [ 32 439 , £c2p21372
(18% . a313y213 (1481, gt dsliiton. A8 e, 1 ‘t‘%%ﬁ‘? °£6'{‘°§7])2/%fé‘(9§?'/25a8§38 (2% |
and a4138 (B8%9zoloBaphiatidineEas MAoduleforsabf GABAQBYS Phraghe R@e@led UReGf 1Pipy28d- 313
incorporated herein in its entirety). WD 20081154447PCT1US20081066211
[ 0005] Ther MA#EI0E REHBYF of distinct, small nmolecul e binding sites on the
GABAA receptor that nodulate the activity of the receptor including sites for
benzodi azepi nes, steroids, barbiturates, ethanol, and convul sants (e.g.
pi cr ot oxi n)Desupptionapheiielptidiytsite is |ocated at the GO interface. A

t renendous anou pharmaceutical research_has, been i in identifying
conpounds t har B b eREENYY Bt RRr Pl Rn R s fUERBRT Rt L 1 2

| ocat ed at ligaed dtrytwiondiginftacesseBohdtapeprofGARBAand GavBeat | Yheroadslaateeds Bya bi ndi ng
of drugs tol.th BZ-site V\/ﬂli cg. C%P cause a nurrb?r of different pharmacol ogi cal
responses. HAAGEAEY N Shangplapaile FoP et S56Ri LESMENOEABARPINE i on,
have shown Qi@ FdeEptSit! CERTHINE, REBHER IYdohfpri@QITE S df Sibun ¥, Frciah@@8), Dr ugs of
Today 24: 649-663 incor por at ed herein i nits entirety). Mre recent work has
suggest ed thandtdheChaitat ¢fvibe amdividyad solbundts ef fllec G2 Bafs tebapse Ids wgsfirarcd the i mari |y
due to interaction with the al-containi receptors, .therefore nmuch_effort has
been focused™ ‘??C‘?’isﬂ%rn%Sm%@@uflﬁsa@“ﬁea@%&g?”& B’F%ﬁ’ﬁu g AORE § SEREY 38° a2p2y2
and a3py2 omefallatru@y of theQEddpor 1@ paRtaMERkIth § Menid0ni sOboltiréquaeibmior X 1044t reduce

the sedative side effects (Rudolph, UP., et al. (1999) Nature 401: 796-800
i ncor por at e}PCHeTEIHL PRe i fubusthtand epsy subBRil.- K. F., et al. (2000) Sci ence 290:

131-134 i ncor por h .0 : [ , eRn . I 00) Nat
Neurosci. 3. 58 6@3@ i ﬁ?:%rtgg!rfdz;%e ﬁ%cglggidﬁ%%sﬁy iof/gdﬁenlt r Fhéaﬁ y%q.e hlog%glg? :Hlfg&p
ab- subuni t possipleedommmants| of the ymidnitn thaheompriye oba iU, secgact tlobgh het all

appear in nature. Specific combinations that have been identified to have biological

relevance (and their relative abundance in rat brains, include alP2y2 (43%), «2p2/3y2
(18%), a3By2/3 (17%), a2Pyl (8%), a5B3v2/3 (4%), ab6By2 (2%), abPd (2%), and 04PBS
(3%) (Barnard, E. A., ef al. (1998) Pharmacol. Rev. 50: 291-313 incorporated herein in its
entirety). |



brain that plays a part in nenory and spatial navigation. As a result, mnuch
research has been focused on identifying |inks between a5-containing ABA
receptor funE@r@®1amd cognition. Results from a nunber @CTIUAYYS/BANI es have

i ndi cated that sel ective i nver se agoni smof the o0c51372/3 G ABAA receptor can
show nmar ked i mprgys nct i There
have been a gr O\kl ng nu h%fe %? exa #&t dgpnét Slﬁggﬂg?gﬁlleg?m& b%st anﬁe pat ent
and sci ent i GABALiI tre&e}aburnhat( Ymdcmawmhe Nactivieg aff .the 1198@)01 m;dl@e;iths Xor 337-
339 incorporated herein in.i entiret al d Chem
30 1738, b PRETR Ry EEREn PR et SRy KE PROOGY. afhe ( 2006
Eur opean JogABAl biffin @nm%@wmé&% infeft@2 A %&éﬂ%@&ﬁ&nlﬂsf ﬁiaﬁnédauﬁcfafs
entirety). A preferable profile for a cognitive enhancer is one that shows
negative mo@rEh ibanbegn I%STG%mldwlﬁhng %@@Ohﬁf&dh%ﬂ)i@mdfe b&llzodtﬂ@@mednnfb@@ to

t
2o SR RPLESL nBH e AL SRR AL Mo BR Y B B
l'imted nuntyebindiay ef begntol thy BFtsitgatkidh can daussann@hbeio€ diffetent ghemaSUIMARY OF THE

| NVENTI ON [ 0007] Herein described is th onposi.tion, and use, of a new chem cal
series that™{R" @ﬁ“gtsa T giazepaphnd B‘QE’HC? A5 WP Rn BRCH e IBREANT ecept or

and negat i vightyridroghissat 8 Sankiagy i Clesy G/e\ﬁ;% t?g(% &l 248 bhsiggHir e of
formula I is shown bel ow %?{ 0&% g LO 22 | %\IRZ @6[08%8] The conpounds
of Formul a 1P°‘€P|‘?fétﬁ?>é§f§1nalplltsrfé‘§éeibﬁ1 évl@raaef@wewgrkd?as sheeeibk et B ssdative et es and
m xtures t d r he 1 [ 000911t
s rcopni 200 TH TReCT o Rary et pinddd off SPLRiiol sl Be' ML ERa il L s

m xt ure of rkemtdrauh@ﬂferel nugt effiot baebsentthatsed he fading nirtdsahs lake pldferamial be

di fferent |nthe st the. left t the structure nthe rig For
exanpl e, i 4 B0l Bitia ey %{W@P ersmliﬂﬁffrh%r@sﬂodeﬁlﬁwt 2 Y"Il“e?ctt“’%e
definition wf re&ceqa@s&ﬁnaéo&a@tef@aﬁ Rﬁﬁoﬁﬁlﬁ‘ BFI Ueur@omy VherrimhtzotReo
definition of "R' can be hydrogen. rgoun s represented by the tautoneric

struct ur es Bempegiedherpig Haltﬁ g i Isve Kelaa? 6HE1008) Soéamass2%n &3 Tnd 3¢t invoseoretprer eof .
Addi ti onal | yere; GIROYRY r}@&@er Rb%' S g B@t]‘tﬂard](f%c} qUL ORI ; (ﬁg&g@d A
ted her Whet her -1 n

conpound that can be represen elt rawn structure,
equi | i bri unheogin moits entiregqui | i brium falls within the present disclosure.

[0006] The a5-subunit is predominantly found in the hippocampus, a part of the
brain that plays a part in memory and spatial navigation. As a result, much research has been
focused on identifying links between a5-containing GABA receptor function and cognition.
Results from a number of laboratories have indicated that selective inverse agonism of the
a5By2/3 GABA, receptor can show marked improvement of memory function in a number
of animal models. There have been a growing number of examples of inverse agonists in
both the patent and scientific literature (Yokoyama, N., ef al. (1982) J. Med. Chem. 25: 337-
339 incorporated herein in its entirety; Takada, S., ef al. (1988) J Med. Chem. 31: 1738-1745
incorporated herein in its entirety; Atack, JR., et al. (2006) European Journal of
Pharmacology 548: 77-82 incorporated herein in its entirety). A preferable profile for a
cognitive enhancer is one that shows negative modulation at .5, but with less modulation of

al, a2, or 3 to minimize side effects such as convulsion or sedation. As yet, no o5



1001011t is recognized, that two tautoneric forns are drawn for some fornulas.
For sinplicity, in sone places (including the clains), only the tautoneric
formon t he WO@MB/134447dr awn for an indi cated formul a, thiPSTIUS2009066210 excl ude
the other tautoneric form In places where only one tautoneric formis drawn

for a formlg ﬁ&EGQBR El%%lﬁ% f Iglt%j l%gréjgéerf- he Iﬁﬁ'ﬂ(%teﬂﬁl o%liyeéjhm umber

{t
nventi on pr ovi des a

20081154447PCT/ US2008 211 [001 nent o

conpound ofhafvgbmllaveéﬂigatedmhmm%mlcwuial\s.lN- N Z1,..- Z2 1
[11 Z3..... ool --1-00" ZANR24,, ZAN 1 RR (1) wherein: [0012]Ris absent,
hydr ogen, or oxide; [0013]4, 4, 4, and Z4 are each independently N, or C(141),
wherein at | east one SUMMARY OF THE INVENTION

[0007] Herein described is the composition and use of a new chemical series that
is shown to bind to the benzodiazepine site of the GABA receptor and negatively modulates

the o5 subtype of GABA4. The general structure of formula I is shown below:

Ar
/
N—N
.z / 0
T
Ly~ N R,
|
R
@

[0008] The compounds of Formula I encompass all possible tautomers of the
chemical structures and mixtures thereof,
Embodiments, Aspects and Variations of the Invention

[0009] It is recognized in the following structures, when a formula is depicted as a
mixture of two tautomeric structures, that the definitions of “R” can be different in the
structure on the left than in the structure on the right. For example, in a compound of
formula (I), in the structure on the left the definition of “R” can be absent and in the structure
on the right the definition of “R” can be hydrogen. Compounds represented by the
tautomeric structures can exist in all possible tautomeric forms and mixtures thereof,
Additionally, compounds need not exist in both drawn tautomeric forms. A compound that
can be represented by either drawn structure, whether in equilibrium or not in equilibrium,
falls within the present disclosure.

[0010] It is recognized, that two tautomeric forms are drawn for some formulas.
For simplicity, in some places (including the claims), only the tautomeric form on the right is
drawn for an indicated formula, this is not to exclude the other tautomeric form. In places
where only one tautomeric form is drawn for a formula the other tautomeric form is also

contemplated.
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of Z1, Z2, Z3, or Z4 are N and at |east tw of Z1, 4,4, or Z4 are C(111);
[0014] each Rl is independently selected fromthe group consisting of hydrogen,
hydr oxy, halWw0 2@paié47 - CONR. Rb, - NR. Rb, hydroxy(Q Co) al [PEFIUS2@8/4d6211het er oar yl ,
het er ocycl e, arri no(Ci CG) allcyl, (C-C6)al kyl optionally substituted with up

\tMc1) er5e:c Inug[ 0I east oﬁl Jﬁ%% n%%aéﬁﬂiaﬂg%@%bl%%dte% go??p\égﬁyfﬁgmqﬁé) T !sugtraloect ed

fromthe group consi stl ng of hydkrogen, hydroxy, hal o, hydroxy(Ct-C6)al kYl ,
(G -0C6)al kyl optionally subsgitited with up to 5 flu r,,,N‘énd (Ct C6) al koxy

optional Iy substituted W|th p to 5 fluoro; [0017] ea and Rb is
i ndependent |y hydr og%v ¢, aryl, h t/e%\ @rocycle, (C
f-Ce)al kyl aryl, -S(O)H(C-CG)a kyl, -S{0), ary%,2 -- (C - CG)aIkyI

- C(0) NRg( Cl - CG) al kyl , %z I C(0)0o(Ci 25;6 A.aryl OC(0) -
aryl ¢(0)-, or R and szﬂare'\{ake%together with %he Nitrdgen to V\/mch they are
attached to forma heterocycpde group optionally subsgituted with one or nore
Rd; wherein the heterocycle group optionally include one or nore groups
sel ected fromo0 (oxygen), S (sulfur), antl NRe; WD 20081154447PCT/ US2008/ 066211
100181each Re is independently hydrogen, (C2-C6)alkenyl, (C2-C6)allcynyl,
-C(0)0(Cl -Co)al kyl, -C(0)Oaryl, (C-0Cpg)alkoxy(G -0Co6)alkyl,
hydr oxy(Gi - C6) al kyl , vesgin: het eroaryl, heterocycle, aryl0(GCi -C6)al kyl,

- C(0) NRg( Ci - C6) Pé,%lryllg G%D%lﬁg,?@ﬁjo% %I((%CI%( G -C6)alicyl, -S(0)7aryl,

-0(0) (G -Co)al k yI” optionally substituted with up to 5
fluoro, or (Cl-Q8)EBLkox#h, BRZ;camdlA, yresudisibildpehdeet NG & @(Rl)t Ohbreinl U REA one

100191 h d dent | d hal hyd , 0) 1\ 1RaRb,
A O
substituted withoegto eﬁclf kP%rlﬁdep@ﬁdeﬁ@' se@&)e@lﬂ‘d?ﬁ(ﬂle p%ﬁélitﬁl %'i'lﬂ?&tjo%éﬁt ed with

up to 5 fluoro; each 12, ‘and i s I ndependent| ed from

hydr ogen, (QdeByabrip) CymeyIB h@@‘?ﬂ)&yr‘NﬂaB&eth[% Cﬁoadkylcal)fél hepdraaryll |

“510) , ol G Gy SF S GaPE, G ot e R i e cprocay

arylC(0) -, @&hyl:L0{c8Y optiaually @(b@‘.)t@l(edlpqtﬁ:&pai K §ibgro, wherein at least one Ry is B';
A
[0015] B'is x/ —\ §

n

[0016] R; is selected from the group consisting of hydrogen, hydroxy, halo,
hydroxy(C;-Ce)alkyl, (Ci-Ce)alkyl optionally substituted with up to 5 fluoro, and (C;-
Ce)alkoxy optionally substituted with up to 5 fluoro;

[0017] each R, and Ry, is independently hydrogen, (C;-Cg)alkyl, aryl, heteroaryl,
heterocycle, (Cj-Colalkylaryl, —S(0),(Ci-Celalkyl, —S(O)aryl, ~C(O)C;-Ce)alkyl,
~C(O)NRg(Ci-Ce)alkyl, —C(O)NRgaryl, —C(0)O(C;-Cg)alkyl, arylOC(O)- or arylC(O)—, or
R, and R, are taken together with the nitrogen to which they are attached to form a
heterocycle group optionally substituted with one or more Rg; wherein the heterocycle group

optionally include one or more groups selected from O (oxygen), S (sulfur), and NR,;



[0021] Rg i s hydrogen, aryl, heteroaryl, heterocycle or (C -C6)alicyl
optionally substituted with up to 5 fluoro; 100221Ar is aryl optionally
substi tut ed W eesiefe47or nore M or heteroaryl optionallyPSulseGos/useld with one
or nore 100231each Q is independently hydrogen, hal o, oxo, hydroxy,

(8(0%.55*2520’” ol o1 (e el B Hraelt R R s PumRyr
optional ly s@(ﬁsotaleﬂmm t-B(@)Pardy (@P@@alm‘;y(@y(?d)ﬂkylé @yd@@(@gm{)blkﬁptdrﬂnal ly
R, or - ary | oGF ameirocBgts oftal o Lanlbht dral s Gresh ok R,
100241 eams(/b')zec '-o ﬁEﬂHMiZMyhyﬁhﬁ@g +c65hﬁléq> &%ﬁ %ﬁ)’j@dc Mﬁ,rggzsyuonggﬁno

nitro, )al k hydr oxy g'/@
het er oar yI %‘PStH@?%WEbyEF%S ﬂlﬂ@@%f@la@&)al &Y@Ptlm@pemhmmddwlthm,p tgﬁ)ﬂgem C(Q2, or

0026 h I, e N Al keayl o (€ nyl ,

oy b b al BUBH SRRSO Y EEREER AR KSR byrbis o )

hydr oxlyl( fo ﬂﬂ){a’:Rbky Ihyd@myﬂc,; -Chrtket, G]g}rl,%/)hl"yl(ﬁIEC@EMHC%C@%Cﬁ)%réﬂjﬁlalhaﬂ%)lmtﬁlﬁyd ,

- CONR - C - aryl , - ,

ar y1C(e 0) - ”&?&?‘?\é&q&"r%& Lé‘k%jﬁ dlk"("&% é%'?ﬁ?’ P&&Pﬁfcl(f&'ﬁ g‘B‘hé&PF‘égéﬁ%’eii tuted with up to
5 fluoro, or (Cije629)al I@@M@ﬂaR@ﬁaﬁde)éerﬁeﬁ@téeieatte@ﬂoﬂw{yhrogal g@; éa)ilkﬂ%ﬂ; WO
20081154447PCT/ U82008/ 066211 [ 0027 is an integer selecte 1, 2 and

3; [0028] z fesreavl; Aetegercls dCelrlaley n@fal(czrce)ﬁ]&ylz ~CAAMC- @@z@yh 1S§O)aﬁ€1 nt eger
sel ected TromiRy, 1s @R fe,-COARA LRGUIR, CTRONERALE ik, CRRORE;-Cpalkyl,
arylC(O)—, arylOC(O)—, or —C(0)O(C;-Cgalky];

[0021] R, is hydrogen, aryl, heteroaryl, heterocycle or (C;-Cealkyl optionally
substituted with up to 5 fluoro;

[0022] Ar 1s aryl optionally substituted with one or more M or heteroaryl
optionally substituted with one or more M;

[0023] each Q is independently hydrogen, halo, oxo, hydroxy, ~C(O)NR,R}, ,
—NR;Rp, (C;-Ce)alkyl optionally substituted with up to 5 fluoro, (C;-Ce)alkoxy optionally
substituted with up to 5 fluoro, (C;-Ce)alkyl optionally substituted with one or more Ry,
hydroxy(C;-Cs)alkyl optionally substituted with one or more Ry, aryl optionally substituted
with one or more Ry, or aryl(C;-Cg)alkyl optionally substituted with one or more Rg;

[0024] each M is independently hydrogen, halo, CF;, CFH, hydroxy, cyano,
nitro, (C,-Cealkyl, hydroxy(Ci-Cg)alkyl, (C,-Ce)alkoxy, —NR,Rp, aryl, heteroaryl or
heterocycle;

[0025] each X is independently NL, oxygen, C(Q)s, or S(0),;

[0026] each L is independently hydrogen, (Cp-Ce)alkenyl, (C,-Cgalkynyl,
—C(O)O(C-Celalkyl, —~C(0O)Oaryl, (C,-Cg)alkoxy(C;-Cealkyl, hydroxy(C;-Cglalkyl, aryl,
heteroaryl, heterocycle, arylO(C;-Cslalkyl, ~CONRR;, —S(0)(C;-Cg)alkyl, —S(O),aryl,
—C(O)(Cs-Celalkyl, arylC(0O)—,—C(O)NRy(C;-Colalkyl, (Cj-Celalkyl optionally substituted
with up to 5 fluoro, or (C;-Cg)alkoxy optionally substituted with up to 5 fluoro;



% MY wherein Yis CMor N 100311l n one enbodi nent the conpound has the
formula la: [0032]or tautoner thereof, or their pharmaceutically acceptable
salts, wher eVv@2008i1840M or N. I n one enbodi ment, X can b@CRUS2008/0@nIdt her

enbodi nent, X can be oxygen [0033] I n anot her enbodi nent the conpound has the

formula | b: ﬁ ?PB yﬁ%gggﬁ%%} 2 andl [ 0034] and t aut oners
ceuti ¢ i i

t hereof, or thelr y accept abl’e sal'ts, wherein Yis CMor N In
one enbodi nent, [9@2(8hn txelsmnmwgtrmwdé‘ronemﬁmﬂdm X can be oxygen. [00351ln

anot her enbodi he co e rrrul (I'h) [0036]or tautoner
t her eof , or th 6629 ar r’?’aéguf etgﬁli sie%mﬁégré? 1aéldgal ts, wherein Yis CMor N.
[ 0037] I n anot her enbodl ment the conpound has t he for mula (Ti)

[0030] In some embodiments, Ar can be:

7 M

ey
wherein Y is CM or N.

3

[0031] In one embodiment the compound has the formula Ia:

(Ia)
[0032] or tautomer thereof, or their pharmaceutically acceptable salts, wherein Y

is CM or N. In one embodiment, X can be NL. In another embodiment, X can be oxygen.

[0033] In another embodiment the compound has the formula Ib:

-6-



WO 2008/ 154447PCT/ US2008/ 066211 (li) [0038] I n anot her enbodi ment the conpound
has the formula (1j) RZNIR2 RR (1i) [0039]or tautomer thereof, or their
phar maceut i G0 R4psaTd4pt abl e salts, wherein Y is CM or NPC[IOQZHDf/O&ﬁZJanot her
enbodi nent the conpound has the forml a (Ik) />1IAMY )Y\ 1
X M
H — | —
R1 \N"’N

(Ib)
[0034] and tautomers thereof, or their pharmaceutically acceptable salts, wherein
Y is CM or N. In one embodiment, X can be NL. In another embodiment, X can be oxygen.

[0035] In another embodiment the compound has the formula (Th)

/XM

Y \>

(1h)
[0036] or tautomer thereof, or their pharmaceutically acceptable salts, wherein Y
isCMorN.

[0037] In another embodiment the compound has the formula (Ii)




(1k) [0041] or tautomer thereof, or their pharnmaceutically acceptable salts,

wherein is CM or

N. 100421l n anot her enbodi nent the conpound has the formul a

(rr)y (1) [woadpos4447aut oner thereof, or their pharnace®Cirgatdogo@zidept abl e

salts, wherein Y

is CMor N [0044]1n anot her enbodi ment the conmpound has the

formula (I (I [0045] or tautoner the{lﬁof, or their pharmaceutically

accept abl e salts,

wherein Yis CMor N Y“XI00461l n anot her enbodi ment the

conpound has t hg038f nuliaafdiiey embbddeiRZheRbmi3RIndRas the formula (Ij)
7 2 M VY
72 / \/\M

”>J &f
o/\/SJ ’ Ho o o
N

N—N

DN

is CM or N.

| AN
o
7 I\IJ Ro R
Ry R
a5
[0039] or tautomer thereof, or their pharmaceutically acceptable salts, wherein Y
[0040]  In another embodiment the compound has the formula (1k)
/ 2 M /7 M
Y/ /\> Y/ /\)
H e —
\N—“N

Rin N A0

Q

Ba%
x\) Ry R

P
/N Ro

(Ik)

[0041] or tautomer thereof, or their pharmaceutically acceptable salts, wherein Y

is CM or N.

[0042] In another embodiment the compound has the formula (II)



WD 20081154447PCT/ US2008/ 066211 (I n) 100471or tautomer thereof, or their
phar maceutical ly acceptable salts, wherein Yis CMor N [00481l n anot her
enbodi ment twe @8npetind has the forrmula (hp) MY\ 2 NPCONS2q09049]ior t aut oner
thereof, or their pharmaceutically acceptable salts, wherein Yis CMor N
10050] I n anot her enbodi nent th ound has the fornmula (i MR NN NN

] Y%—Cﬁ/{\fm (ip) ¢ M

& .
H, - ==

N—N

Qp l/ =

N |
. /N\) Ri R

1
[0043} or tautomer thereof, or their pharmaceutically acceptable salts, wherein Y
is CM or N.

[0044] In another embodiment the compound has the formula (Im)

7 M
Y/ /\: Y// \/\\ M
H — [—
\N"N

(Im)
[0045] or tautomer thereof, or their pharmaceutically acceptable salts, wherein Y
is CM or N.

[0046]  In another embodiment the compound has the formula (In)

M
Y// B Y// XM
R4 I7I/N
NT S | ©
Qp\/\ L




NINR2 RCK) Ri R (I p) 10051]or tautoner thereof, or their pharmaceutically
acceptable salts, wherein Yis CMor N [0052]In another enbodi nent the
conpound hasveop@sfissul a (N) (1q) [0053]or tautoner theCES2008p662Hei r
pharmaceutically acceptable salts, wherein Yis CMor N 100541l n anot her
enbodi nent t he conpound has the forrrulalgdrr) /ICYVI YY) N--NR2 1 (NR (IT)
[ 00551and tautoners thereof, or their pharnaceutically acceptable salts,

wher ei n [0047] or tautomer thereof, or their pharmaceutically acceptable salts, wherein Y
is CM or N.
[0048] In another embodiment the compound has the formula (To)
7 - 7N
Y A Y/ \/\NI
H, — =
R4 N—N
NN YO
Qp | = Q
r\/\N / '|\1 Ry p
AT )
(Io)
[0049] or tautomer thereof, or their pharmaceutically acceptable salts, wherein Y
isCMor N,
[0050]  In another embodiment the compound has the formula (Ip)
J XM /M
Y, /\> Y/ /\>
H — —
Ry N—N
N 2 Y
QP N P L
(\ N N R,
O\) Ry R
(Ip)

[0051] or tautomer thereof, or their pharmaceutically acceptable salts, wherein Y

is CM or N.
[0052] In another embodiment the compound has the formula (Iq)

-10-



Yis CMor N [0056]1n another enbodi nent the conpound has the formula (Is)
(I's) [0057]or tautoner thereof, or their pharmaceutically acceptable salts.
wherein Y | SWCR0BASHYE7 [ 0058] I n anot her enbodi nent t he c®@epasegs/h@aiit he formul a

(1t) (I't) [0059]or tautomer thereof, or their pharmaceutically acceptable
salts. wherein Yis CMor N [O anot her enbodi ment the conpound has the
formula (In) WD 20081154447PG¥/ USR008/ 066211 (iii) [00611oﬁ>ﬁﬁutoner
t hereof, or their pharmaceutically/acceptable salts, mhef%ill)>
" —
\N"'N
z7y ZZ% AN O
I
>
R1/‘\K\|l\l Ry
Al
N
(q)
[0053] or tautomer thereof, or their pharmaceutically acceptable salts, wherein Y

is CM or N.

[0054] In another embodiment the compound has the formula (Ir)

J XM

&

N—N

(Ir)
[6055] and tautomers thereof, or their pharmaceutically acceptable salts, wherein
Y is CM or N.

[0056] In another embodiment the compound has the formula (Is)
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is CMor N [0062]In another enbodi ment the conpound has the fornula (1v)

(iv) [0063]or tautoner thereof, or their pharnmaceutically acceptable salts,
wherein Y | SWCR0BASMYE7 [ 0064] I n anot her enbodi nent t he c®epasegs/h@aiit he formul a
(Iw) (Iw) 10065l1land tautomers thereof, or their pharmaceutically acceptable

salts, wherein Y is CMor N 19066] anot her enbodi nent the conpound is
sel ected fromthe group consis{f ng¥ HO Y// X M
H\ >£f >______/
N//L§§ \\\ O N N | )
| ‘ |
N\
R1)Y hll R2 R1 / ?I RZ
(N\ R (N R
"
G ag j
X
X
(Is)
[0057] or tautomer thereof, or their pharmaceutically acceptable salts, wherein Y

is CM or N.

[0058] In another embodiment the compound has the formula (I¢)

7 XM | /M
Y A Y/ e
H s cnee —
\N—"N
R1 | N\ RN O
P

RN N R,

Aath
ot )

)

L
(It)
[0059] or tautomer thereof, or their pharmaceutically acceptable salts, wherein Y
isCMorN.

[0060] In another embodiment the compound has the formula (Iu)
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WD 20081154447 PCT/ US2008/ 066211 N N mN

and , N 10067] or tautoner thereof, or their
WO 2008/154447

WO 20081154447PCT/ US2008/ 066211
phar maceutical ly acceptable salts.

PCT/US2008/066211
/ N M \M
Y S v
H e e——
R, N—N
NT Xy X O
|
S
R; / \;}l R,
aal
Qs
PN
| "
L L
(Iw)
[0061] or tautomer thereof, or their pharmaceutically acceptable salts, wherein Y
is CM or N.

[0062] In another embodiment the compound has the formula (Iv)

(Iv)

[0063] or tautomer thereof, or their pharmaceutically acceptable salts, wherein Y

isCM or N.

[0064]  In another embodiment the compound has the formula (kw)
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[ 0068] The present enbodi nents provide for a nethod of nodul ati ng one or nore
GABAA subtypes in an animal conprising adm nistering to the animal an

ef fective arbOpsef44e conpound of forrmula (1): ArAr / NPETUN00M@212Z2 NR24 NR2
(I') [0069]or tautoner thereof, or their pharnmaceutically acceptable salts,
wherein: [0070]R is absen rogen, or oxide; [0071]Z1, Z2, 4, and 4 are
each independently N, or C(R\/ , Wherein at |east one_ #f 72, 4, or 4 are N
and at |east tw of Z1, , 4 or 4 are [0072]each R is ndependent |y

sel ected fromthe gmpup consisting of hydrogen, hydroyy=hal o, cyano, B1,

- CONRaf t b, - NRaRg, hygeeMy(01-C6)alkyl, aryl g het grogfyl,

| | et eroeyele, ami fo( G 4 C6)\al kyl, (Cl-06)al kyl dptignally substituted with up to
5 fluoro, and ( xy-optional |y substituyt j @p to 5 fluor, wherein
at |l east one R 7\ Th=—=

Ry | Rz R; R,
ot )" "y
p —
KO QPKD
(Iw)
[0065] and tautomers thereof, or their pharmaceutically acceptable salts, wherein
Y is CMor N.

[0066] In another embodiment the compound is selected from the group

consisting of:

-14-



[0073]B is X \(in. [0074]R2 is selected fromthe group consisting of hydrogen,
hydr oxy, hal o, hydroxy(C -C6)al kyl, (Cl-C6)alkyl optionally substituted with
up to 5 fl uovQ 2e08d54¢41- C6) al koxy optional |y substitut ed®CRiUSEO8ifv62Id 5 | uor o;
[ 0075] each RE, and Rb is independently hydrogen, (C-C6)allcyl, aryl,

het eroaryl, heterocycle, (Cl- -S(0)7(C -C6)al kyl, -S(0)aryl,

-C(0)(Ci-Co)alkyl, -C(O)NR ¢ 0) NRgaryl, -C(0)0f€hk: C6) al kyl,
' gn t oget her vvithnitrogen to

aryl OC(0)- or arylC(0)-, or Ra=s

whi ch they arePattached tq _f@grm a heterocyche oup optionally s&bstituted
w th one or n'dkgc 4; wher @l n\t he heterocycl e grolip tional IIQL,{,ncI ude one or
nore groups sel L oxygen), S (sulfur) NR"; [ 0076] each
Re i s independent!y|hydfogen, (C2-C6)alkenyl, (C2 R 0

-C(0)0(Ci - Co) al kyl | ryl, (Cl-C6)al koxy(CL- C6)allkyl
hydroxy(Ci - C6) al kyl, arylj heteroaryl, heterocycle, ar ) al kyl ,
-C(0)NRg(Gi - C6) al kyl, -C('d) NRgaryl, -S(0), (G -C6)al kyl, _S(0)aryl,

-C(0) (C1-Cs) al kyl , arle(O)--CG)aI kyl optionally substi'ty wWith up to 5

fluoro, or (Cl-GC6)al koxy opt ly substituted with up to 5 ro;

[0077] each 194 is_i ndependentfv~hydrogen, hal o, _oxo, hydroxy, 0) NRaR, "
hydroxy(Ci - C6)al I cyl, aryiN—nryl (C, - C6) al kyh-( G -C6) al kyl optionally
substituted wth Il u or (G -C6)al kaxy o ubstituted with
up to 5 num WD 2 CT17 US2008/ 066211 de AATHORL i s

hydr ogen, (G -C6)al kyl, hét er oaryl ,
het er ocycl e, (Cl-C6)afFkylmryl, aryl (Cl-C6)al kyl, -C(Q).£EL- C6)al kyl, -8(0), (CL-
C6) al kyl, -8(0), NRg(Ci - CGlilaI kyl, -S(0)garyl, -C(0)NRg(Cl- &6) al kyl ,
-C(0)(Ci-Ce)allcyl, alylC(0)-, aryl OC(0)-, or -C(0)0(Cl-C#H)al kyl; [0079]Rg is
hydr ogen, aryl, heteroaryl, heterocycle or (Cl-C6)al kyl optionally substituted
inith up to 5 fluoro; [0080]Ar is aryl optionally substituted with one or nore
M or heteroaryl optionally substituted with one or nore M [0081]each Qis

i ndependent |y hydrogen, hal o, oxo, hydroxy, -C(0)NR3Rb ,
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NReRb, (Cl1-C6)al kyl optionally substituted with up to 5 fluoro, (Cl-C6)al koxy
optionally substituted with up to 5 fluor, (Cl-C6)allcyl optionally

substi t ut ed WP ewmwsoRe47or nore Rd, hydroxy(Cl- C6) al kyl optPChAardogo@emst it ut ed
with one or nore Rd, aryl optionally substituted with one or nore Rd, or

aryl (Cl1-Ce) al kyl optionally substifuted with one or nore Rd; 0082] each
114 is independent | ydpydrogen, 0oy CF3, CF2H, hydroxy, cyan, @
(G -Co6)al kyl, hydrpxy(C -C6)al k G - C6) al koxy, -NReRb, aryl, 6

het erocycle; [0 each X is independently NL, o n, C(Q2, or/1I0084]each L
i s independently hydrogen, (MZ2NC6)al kenyl, (C2-Cg)al kynyl, - @-ONO(C1- C6) al kyl ,
-C(0)Gryl, (G>» | koxy (Gt C6 yl, hydrox - al et eroaryl,
het er ocycl e, aryl0(C - 11, 14r, -S(0)(Cl - laryl,
-C(0)(C1-co)allcyl, C(0) NRg((C[ -Co6) al kyl, ( optionally
substituted with up to Nof, or (G -C6)al koxy optio y~gubstituted with
up to 5 fluoro; 100851p is &n integer selected fromO0, 1,2 and 3; [0086]z is
an integer selected fromoO0,H1l ape—~2; and [0087]n is an integlr s ted from
0, 1, and 2. [008& In one errbo of the nethod, the nodul at jjon n be
negative. | n gnother enbodi nent\ e nvdulation\can be positive. 89] I n one
enbodi ment of {i thod, the QGABAA subtypes is E:zzg a5. In onﬁ enbodi nent of

the nethod, th be negative. In ahothgr enbodi
modul ation can 8081154447PCT/ U
enbodi nents di scl ose elate to a nethod of treygt a cognitive
dysfunction in an ani i an effective
anount of the conpoun e invention, or a pharmacetfi caNl'y acceptabl e

salt thereof, under conditibns wherein the cognitive dysfunction is treated.
I n one enbodi nent, the ani nal isged animal. In anot her enbodi nent, the

h o

cognitive dysfunction is Al zhei ng di sease, dementia or another \\

& enbodi ments discl osed helein/relate to a
nmet hod of treatnen iarric disorder iQ) ani mal conpfTsi ng

adm nistering to fective anmount jof thhe conpouads of the

i nvention, or a ph eptabl e salt\th req@, upder 8nditions

wherein the psychiatri i ordﬁr i s treated. =
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[ 0092] Sonme enbodi ments di sclosed herein relate to the use of the conpounds of
this invention, or a pharmaceutically acceptable salt thereof, for the
manuf act ur e W0 2@8iddd’canent useful for nodul ati on of on@CHAUSHAYS/ES6BABAA

subtypes in an animal. In one enbodi nent of the nethod, the nodul ati on can be

negative. In another enbodi nent, the nodul ation can be positi I n one

enbodi nent of the nethod, th AA subtypes i s GABAA a5. InNéné\enbodinent of

the met hod, ﬁhébz;Sulation n _be negative, In another enbodi , the

nodul ati on ca positive. 3] Sonre enbodi di scl osed herein relate to
ounds

the use of the co fN his invention, or/a pharnmace ally acceptable
sal t thereof,e(f@,LNt hey e e of a nedi cane eatment of a
cognitive dysfuncti anf animal . I n one enbodi ne nimal is a healthy
animal. I n another i t, the animal is an age aal2 1 noanot her
enbodi ment, the cognitiveNdysfunction is Al zheiner's dise&sef denentia or
anot her neurodegenerativeqdi sease. [00941Sone enbodinentstiscIo.ji her ei n
relate to the use of the co unds of this invention, or a phar
acceptabl e salt thereof, forNthe/manufacture of a nedicanent/ eful for
treat nent off iatric diso rs in an animal. In one enbod
psychiatric di gorder is angamxi ety disorder, §N di sorder, gepression, or
schi zophr eni a. N %909 enbodi ment s disclz
use of a compound o (1'y, or a pharmceut]
thereof; for the ma bfa ture of a nedicament useful ment of disorders
anel i orated by nodul atf onnof GABAA a subunits ot her inan animal. In
one enbodi nent, the nodul @tion can be positive. In anttheN enbodi nent, the
modul ation can be negative. [0096] Sone enbodi nents discl oged herein rglate to
a met hod of increasing cognitive function in an ani mal conprising
adm nistering to the animal an effective anount a conpound of formula (1),
or a pharmaceutically acceptable salt thereof, condi ti ons wherein nenory
is increased. In one enbodinent, the animal is hgathy. In one enbodi nent, the
menory is long termmenory. In one enbodi ment, {he nenory is short term
menory. [0097] Some enbodi nents disclosed herglnyelate to the use of a
conmpound of forrmula (1), or a pharnaceutig table salt thereof, for
t he manufacture of a nedi canent for iRcredsing|cognitive function in an aninm
wherein the GABAA a5 subtype in e ' i s _megatively nodul ated. In one

e

no

|l e salt

enbodi nent, the animal is healt Nn oneé enodi nent, the nmenory is long term
menory. I n one enbodi nent, the y is shaont term menory. Definitions
DETAI LED DESCRI PTI ON OF THE HWV ON  As used herein, comon organic

abbrevi ations are defined as follows:
[0067) or tautomer thereof, or their pharmaceutically acceptable salts.

[0068] The present embodiments provide for a method of modulating one or more
GABA, subtypes in an animal comprising administering to the animal an effective amount of

a compound of formula (I):

H Ar Ar
\ / /
N-—N N—N
Z, o) z / 0
75 XY —_— 75 X |
I [
Zy =z = Z3 _~
> T Ra > | R,
R
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[0098] [0099] Ac Acetyl [0100] aq. Aqueous [0101] Bu n-Butyl [0102] cat.
Catal ytic [0103] CDI 1,1'-earbonyldiimdazole [0104]
WO 2008/154447 PCT/US2008/066211

@

[0069] or tautomer thereof, or their pharmaceutically acceptable salts,
wherein:

[0070] R is absent, hydrogen, or oxide;

[0071] Zy, 15, Z3, and Z4 are each independently N, or C(R;), wherein at least one
of Zy, Zs, Z3, or Zy are N and at least two of Zy, Z,, Z3, or Zy are C(R;);

[0072] each Ry is independently selected from the group consisting of hydrogen,
hydroxy, halo, cyano, B!, —CONR,R,, -NR,Ry, hydroxy(C;-Cg)alkyl, aryl, heteroaryl,
Heterocycle,amino(Cy-Cglalkyl, (C-Cg)alkyl optionally substituted with up to 5 fluoro, and
(Ci-Cg)alkoxy optionally substituted with up to 5 fluoro, wherein at least one Ry is BY;

Q

[0073] B'is x/ \TN_g

¢

[0074] R; is selected from the group consisting of hydrogen, hydroxy, halo,

?

hydroxy(C;-Ce)alkyl, (C1-Ce)alkyl optionally substituted with up to 5 fluoro, and (C;-
Cg)alkoxy optionally substituted with up to 5 fluoro;

[0075] each R, and R}, is independently hydrogen, (C;-Cg)alkyl, aryl, heteroaryl,
heterocycle, (Ci-Celalkylaryl, —S(0)Ci-Celalkyl, ~S(O)aryl, —C(O)C;-Cglalkyl,
—C(O)NRy(C1-Cg)alkyl, —C(O)NRgaryl, —C(O)YO(C;-Cglalkyl, arylOC(O)- or arylC(O)—, or
R, and Ry are taken together with the nitrogen to which they are attached to form a
heterocycle group optionally substituted with one or more Rg; wherein the heterocycle group
optionally include one or more groups selected from O (oxygen), S (sulfur), and NR,;

[0076] each R, is independently hydrogen, (C,-Celalkenyl, (Cy-Cg)alkynyl,
~C(O)O(Cy-Ce)alkyl, —C(O)Oaryl, (C-Cylalkoxy(Ci-Ce)alkyl, hydroxy(C;-Ce)alkyl, aryl,
heteroaryl, heterocycle, arylO(Ci-Cg)alkyl, —C(O)NRy(C;-Cg)alkyl, —C(O)NRaryl,
—S(0)AC1-Ce)alkyl, —S(O)aryl, —C(O)C,-Cealkyl, arylC(O)—, (C;-Cglalkyl optionally
substituted with up to 5 fluoro, or (C;-Ce)alkoxy optionally substituted with up to 5 fluoro;

[0077] each Ry is independently hydrogen, halo, oxo, hydroxy, —C(O)NR,Ry,
—NRaRp,  hydroxy(Ci-Ce)alkyl, aryl, aryl(C,-Ce)alkyl, (C;-Ce)alky!l optionally substituted
with up to 5 fluoro, or (C;-Cg)alkoxy optionally substituted with up to 5 fluoro;
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C Tenperature in degrees Centigrade [0105] Dowt hernD eutectic m xture of

di phenyl ether and bi phenyl [0106] DBN 1, 5- Di azabi cycl o[ 4. 3. 0] non-5-ene [ 0107]
DBU 1, 8- Di a2u®e@paiied’s. 4. 0] undec-7-ene [ 0108] DI EA Di i s@prapglogodeyiiam ne
101091 DVA Di net hyl acet am de [0110]

[0078] each Re and Ry is independently selected from hydrogen, (C;-Ce)alkyl, aryl,
heteroaryl, heterocycle, (C-Cg)alkylaryl, aryl(Ci-Ce)alkyl, —C(O)C -Celalkyl, —S(0)(C;-
Celalkyl, —S(0),NR(C-Coalkyl, —S(O)aryl, —C(O)NR4(C;-Ce)alkyl, —C(O)(C,-Cgalkyl,
arylC(O)—, arylOC(O)—, or —C(0)O(C,-Cg)alkyl;

[0079] R, is hydrogen, aryl, heteroaryl, heterocycle or (Ci-Ceg)alkyl optionally
substituted with up to 5 fluoro;

[0080] Ar is aryl optionally substituted with one or more M or heteroaryl
optionally substituted with one or more M;

[0081] each Q is independently hydrogen, haloe, oxo, hydroxy, —C(O)NR,R;, ,
~NRaRp, (Ci-Celalkyl optionally substituted with up to 5 fluoro, (C;-Cg)alkoxy optionally
substituted with up to 5 fluoro, (C;-Cg)alkyl optionally substituted with one or more Ry,
hydroxy(C;-Cq)alkyl optionally substituted with one or more Ry, aryl optionally substituted
with one or more Ry, or aryl(C,-Cg)alky! optionally substituted with one or more Rg;

[0082] each M is independently hydrogen, halo, CF;, CF,H, hydroxy, cyano,
nitro, (Ci-Celalkyl, hydroxy(Ci-Ce)alkyl, (Ci-Cg)alkoxy, —NR,Rp, aryl, heteroaryl or
heterocycle;

[0083] each X is independently NL, oxygen, C(Q),, or S(O),;

[0084] each L is independently hydrogen, (C,-Cg)alkenyl, (Cp-Ce)atkynyl,
—C(0)O(C1-Celalkyl, —C(O)Oaryl, (C;-Cg)alkoxy(Cy-Celalkyl, hydroxy(C;-Cg)alkyl, aryl,
heteroaryl, heterocycle, arylO(Ci-Cglalkyl, —CONReRy, ~S(0),(C;-Celalkyl, —S(O)saryl,
~C(O)C1-Colalkyl, arylC(O)—,—C(O)NR4(C;-Colalkyl, (C;-Cg)alkyl optionally substituted
with up to 5 fluoro, or (C;-Cs)alkoxy optionally substituted with up to 5 fluoro;

[0085] p is an integer selected from 0, 1, 2 and 3;

[0086] z is an integer selected from 0, 1 and 2; and

[0087] n is an integer selected from 0, 1, and 2.

[0088] In one embodiment of the method, the modulation can be negative. In
another embodiment, the modulation can be positive,

[0089] In one embodiment of the method, the GABA, subtypes is GABA4 5. In
one embodiment of the method, the modulation can be negative. In another embodiment, the

modulation can be positive.
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DME N, N- D met hyl f onnam de [ 0111] DMSCDI net hyl sul f oxi de 101121Et Et hyl
[0113] gG am(s) [0114] hHour (hours) [0115] HPLCHi gh performance |iquid
chr omat ogr ap¥@ 208134817 Pr or i soprlsopropyl [0117] LCVSLi ®Girds2008/066211

chr omat ogr aphy- nmass spect rometry [0118] MeMet hyl [0119] MeOHMet hanol

L LU TORE Sk e NE i E T

[ 0125] Tert, codniivei dMSﬁunc‘uon in an animal comprising administering to the animal an effective
amount of the compounds of the invention, or a pharmaceutically acceptable salt thereof,
under conditions wherein the cognitive dysfunction is treated. In one embodiment, the
animal is an aged animal. In another embodiment, the cognitive dysfunction is Alzheimer’s
disease, dementia or another neurodegencrative disease.

[0091] Some embodiments disclosed herein relate to a method of treatment of a
psychiatric disorder in an animal comprising administering to the animal an effective amount
of the compounds of the invention, or a pharmaceutically acceptable salt thereof, under
conditions wherein the psychiatric disorder is treated.

[0092] Some embodiments disclosed herein relate to the use of the compounds of
this invention, or a pharmaceutically acceptable salt thereof, for the manufacture of a
medicament useful for modulation of one or more GABA, subtypes in an animal. In one
embodiment of the method, the modulation can be negative. In another embodiment, the
modulation can be positive. In one embodiment of the method, the GABA, subtypes is
GABA4 5. In one embodiment of the method, the modulation can be negative, In another
embodiment, the modulation can be positive.

[0093] Some embodiments disclosed herein relate to the use of the compounds of
this invention, or a pharmaceutically acceptable salt thereof, for the manufacture of a
medicament useful for treatment of a cognitive dysfunction in an animal. In one
embodiment, the animal is a healthy animal. In another embodiment, the animal is an aged
animal. In another embodiment, the cognitive dysfunction is Alzheimer’s disease, dementia
or another neurodegenerative disease.

[0094] Some embodiments disclosed herein relate to the use of the compounds of
this invention, or a pharmaceutically acceptable salt thereof, for the manufacture of a
medicament useful for treatment of psychiatric disorders in an animal. In one embodiment
the psychiatric disorder is an anxiety disorder, sleep disorder, depression, or schizophrenia.

[0095] Some embodiments disclosed herein relate to the use of a compound of
formula (I), or a pharmaceutically acceptable salt thereof, for the manufacture of a

medicament useful for treatment of disorders ameliorated by modulation of GABAAs «
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101261RT. M croliter(s) [0127] As used herein, the term™"alkyl" refers to an

al i phatic hydrocarbon group. The alkyl noiety may be a "saturated al kyl"
group, whi chivee@ags4dfat it does not contain any al kene @®CTAISROPSIes6PMdi eties. An
"al kene" noiety refers to a group consisting of at |east two carbon atons and

at | east one,carbaon-carbqn douhl e hond, .an "al kyne" . noie refers to a
gr oup consi%PPW&cgﬁrﬁPnpgdgﬁnFﬂﬁmkgpﬂﬁﬁﬂgggWE“&ﬁaaQPmﬁﬂggfmﬁhépﬁﬁPﬁo ! carbon
tripl e bondanciReerdbdditheri@h&inydu@Bionken By @peded, straight chain, or cyclic.

Exanpl es of branched al kyl grggps include, but are not limted to, isopropy,
sec-butyl, t-butl{P%6hnd Jome pmkediments disrlescdoberain rrglaghie & hedthvdapi jcregsiegips

i ncl ude, bu dim 10, : . r : -De hexyl ,
hept yl , and&ﬁﬂ%ﬁf?ﬁ%?&kggﬁﬁﬁgégé?gg§§%%%kgpﬁ%bn%?Bﬁgéhﬁﬁg#t%%?uﬁh%ﬁ%#% not
limted to, oiayehgorshyf formoyc(ly peathdrmacytdadly texytable sylctheheptyder carddionhe | i ke
[0128] The t%,g%fag§o§ "Bu§%%ah re&g refers to §t{ai$£t or Hr cheF chai n al kyl
radi cal covalgRPI YORONAEd 5% e PArEht THELESI e U nFondh Safcalgy. 1 ff%ge.
Exanpl es of erabddonsnt,ohe tsonn Bl lugieter Whendire  N0bne dnfickiRebnt, Qhe MRIMBAXY sh&t hoxy,
pr opoxy, isog%gﬁfx but oxy, n-butoxy, sec-butoxy, t-butoxy and the |ike. WO
200811544471 89008/ 066211 101291The term "al kenyl " used herein refers to a
nonoval ent  strai@f¥7)0r QnanGhERAikdR Rsdi@dl fakinOklafd @Mhi We §0, EMﬁﬂlﬁjxd 6arbon

ed to,

atons contai ning a carbon double bond including, but not limt

1- propenyl , foemppodsngl @ phappadeytically meegptablel saltl theggodn{dr, the - benvéasiire odna t he

i ke. 101301T “allcynyl " .L reinrefers . to naval ent  strai ght or
branched chg?%awgzlg%fﬁ%?g¥¥§ﬂ$¥@%ﬁﬁ%gﬁﬁé% %w%ggﬁgﬁﬂgPEwgaégéﬁa%ﬁWRép% car bon
tripl e bondin the latighiahds ndpetiveiotmoliulited. €6 ohe embodifm@pty thgl animal Ashynwl., IR-obat ynyl ,
and the liKke. 0131}&he tenn_"argl" used herein refers to honocyclic aromatic
radi cal whePRRIIBAG PP MY HUPHE [5I8 FEREY 11 AFsCmiMIFedbdPe MEREDt BRI ar yi

i ncl udes fugednfenidgy.Systens wherein at |least two aryl rings, or at |east one
aryl and an ortho-fused bicyclic earbocyclic radical having about nine to ten
ring atons in which at |east one ring is aromatic share at |east one chem cal
bond. Exanpl es of "ary'"Dﬁkﬁgﬁﬂ5BﬁkﬁgﬁﬁqéﬁR“ﬁ*ﬁETQv Nirpped to, optionally
substituted phenyl, biphenyl, na ) Téﬁaﬁrﬁréﬁyf, ant hr acenyl ,
tetrail nyl, Definiemsnyl , i ndenyl, and indanyl. [0132] The term "heterocycle" or

"heterocycl e group...used herein refers to an.optional | ubstitut ed
monocye 1o, b cylPiL S o B BB Srbhd -l R bR s R M e
heteroatom i n t h@oyding system backhorgl The heteroatons are independently
sel ected fron1ox%gen, sul fur, and nitrogen. The term "heterocycle" includes
nmul tiple fused ri%hYPlsystdens. MoreoVelWhe term "heterocycl e” includes fused
ring systems thajyggy hgye any degreg,of saturation provided that at |east one
ring in the ring systemis not aromati¢c. The nonocyclic, bicyclic, or
tricyclic ring sif48dm nesy be substiGalgd or unsubstituted, and can be attached
to ot her groups wia,,any ai | abl e val.ence ref.erably any avail abl e carbon or
ni t rogen. Prefer&%@ﬂnnn%@yclie rin&egvgﬁgﬁgggwgm%? 4, 5, 6, 7, or 8 nenbers.
Si x menbered nmon@e§4]l i c°C i ngs cont Aleipbrati plck@est Cuneigraliet er oat oms wher ei n
each heteroatom s individualhg sel ected from oxygen, sulfur, and nitrogen,

1Y

and wherei n whenl®td riRgVie™® ve ke BRI pPiaY Sher tndpigherle or two

het er oat oms wher gijfgjeachpRet er oat om 4§ ikiguablyn-sghect ed from oxygen

sul fur, and nitrogen. Preferred bicyclic cyclic ring systens are of 8 to 12
menbers and i ncl i#d@1spi PBEycl es. An.&Ramgliechfs 4hlvogici’eemal substit uent

i ncl udes, but is(ﬂgg Iiﬂh%fd to, Oﬁﬂﬁgﬁgﬁlt m%%081154447PCT/U82008/066211

[ 0133] The tern1"ke éroary used herern refers 16 an aromatic het er ocyclic
group, whet her of9¢09]i ngDBMIA mul ti pl Difgdeticstirnigs. | n fused ring systens, the
one or nore hete ons be present in only one of the rings. Exanples of
het er oar yl group@?ﬁhcluagﬁybut are%ﬁ§fDFWWW5 E499€ phenzot hi azyl, benzoxazyl ,
qui nazol i nyl, quinolinyl, isoquinolinyl. quinoxalinyl, pyridyl, pyrrolyl,
oxazol yl, indolyl, thienyl, and the like. The term "heterocycl e" enconpasses
het eroaryl fused to a non-aromatic ring.gystem




[0134] The term "heteroatom' used herein refeis to, for exanple, oxygen, sulfur
and nitrogen. [0135] The term "am no" used herein refers to a nitrogen radi cal
substi t ut ed WP emwshysds7ogen, al kyl, aryl, or conbi nati ons PCh@iszwos/os6Blanpl es of
am no groups include, but are not limted to, -NRWethyl, -NH2, -NWethyl2,

- NPhenyl Met hyl , - hen - NEt hyl Net hyl nd.the like. [01361The term

"aryl al kyl " usedmREEeinﬁLg¥%rs to gﬁgwﬁwbﬁﬁ?%m%ryl groups appended to an al kyl
radi cal . Exanpl epiof] argid al kyl groupsyli ncl ude, but are not limted to, benzyl,
phenct hyl , phenpropyl, phenbutyl, and the like. [0137] The term
"heteroarylalkylwlﬁﬁed Berein referda®&)one or nore heteroaryl groups appended
to an al kyl radi Exanpl es of h @@ﬁr al kyl include, but are not limted
to, pyriclylrnet@?%ﬂ fu?anylnethyl?mﬁﬁiopskneylethyl, and the like. [0138] The
term "aryl oxy" ubétSlher BPRCr ef er s tlbighperémrybnoedidiidahrogntogtaphy | y bonded to the
parent nol ecul e ﬁﬁ{ﬁughPagr&Q}- quﬁg&g.l[OISQ]The term "al kyl t hi 0" used
herein refers to's raighf or Hr anchéd” €Hai n al kyl radical covalently bonded to
the parent nol eclig7]t hrDOBIS an - - S-Lighiil Bka@etogsanmhe SpRfro@biloxy groups

i nclude, but are not limted to, nethoxy, ethoxy, propoxy, isopropoxy, butoxy,
n- but oxy, sec-buwgyﬂ, tN%utoxy and MH&Y i ke. [ 0140] The term "carbonyl" used
herein refers topgrf (inmeopcarbon dgublf) bonded to oxygen). [0141]The term
"ox0" used herein refers to =0 (i.e. double bond to oxygen). For exanple,

cycl ohexane subskilzt edmhi t h "oxo" Milildyed)ohexanonc. [0142] The term "al kanoyl "

used herein refeﬁﬁzho aP%earbonyggééggi%kkﬁgggm&hggbﬁg "al kyl " group, the

"al kanoyl " group"is - covalently b e paren | ecul e through the
[0122] ppt Precipitate
[0123] 1t Room temperature
[0124] TEA Triethylamine
[0125]  Tert, t tertiary
[0126] 71 Microliter(s)

[0127} As used herein, the term “alkyl” refers to an aliphatic hydrocarbon group.
The alkyl moiety may be a “saturated alkyl” group, which means that it does not contain any
alkene or alkyne moieties. An “alkene” moiety refers to a group consisting of at least two
carbon atoms and at least one carbon-carbon double bond, and an “alkyne” moiety refers to a
group consisting of at least two carbon atoms and at least one carbon-carbon triple bond. The
alkyl moiety may be branched, straight chain, or cyclic. Examples of branched alkyl groups
include, but are not limited to, isopropy, sec-buty], t-butyl and the like. Examples of straight
chain alkyl groups include, but are not limited to, methyl, ethyl, propyl, butyl, pentyl, hexyl,
heptyl, and the like. Examples of cyclic alkyl groups include, but are not limited to,
cyclopropyl, cyclopentyl, cyclohexyl, cycloheptyl, and the like

[0128] The term “alkoxy” used herein refers to straight or branched chain alkyl
radical covalently bonded to the parent molecule through an --O-- linkage. Examples of
alkoxy groups include, but are not limited to, methoxy, ethoxy, propoxy, isopropoxy, butoxy,

n-butoxy, sec-butoxy, t-butoxy and the like. -
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carbon of the "carbonyl" group. Exanples of al kanoyl groups include, but are
not limted to, nethanoyl, ethanoyl, propanoyl, and the |Iike. Methanoyl is
comonl y knovif 2@8/13d6t vyl . [ 01431 As used herein, ZCragrogpPesrmndi cates
species with a single, unpaired el ectron such that the species containing the
radi cal can be c ent d ther egi es ntext, a
radical is not n \é?s}sarlln?{y@%pfar egylga%%% femrlfgeg Oa,moalo‘r’ra%fﬁ ?lgtﬂr?dlrc‘?%‘f 3§

speci fi ¢ potlidiomndibl o floar gerto mmdr@caaﬂmn aﬁm cbﬁﬂamngraadtk@aldoulﬂﬁbbrbendllﬁcﬁﬂk

i nterchangeably with the ter gro 4 ere i tuted
group is desP'\}éElW‘PF?ﬂﬁot ﬁBrOB?Pé’ l;sﬂrPIi’ é}éitm%?ﬁd E‘Ft%‘ly 'Wﬁ?neY a‘? ®f e has
been an exchphge of one or nore hydrogen atons for another atom or group.
10145] Asynmmretric_carbon _atons may be present in the conpounds described. All

such isomers, in®l#i ngThe tawn eﬁlla@w%’ﬂlgeddwwwéﬁﬁ%mm@wlag st oabramedm xt ures
thereof are F‘a'ai%gldof{ nPEvd 3G galjo@n Lbfs %&Rﬁfﬁngfa chddEn kﬁ‘fé b&d i EQm In
certain cases, corrpoun S can exis tautomeric Forns. taut omer i forms
are i nt endetutmot baitédvol Loedyiyh, ltﬁmrwh@ﬂmtynki kmimhsbke when corrpounds contain an

somoric form of Tile COMMBURGET Bee et Lo g TEpane atape =k ol o5 " he

m xtures of ofd Sing @anchulltipd $used SiQPRT Mor@ker, GRNfeanPhil edcludRUSsedn@fgesyeRee herein
to a compound includes all of the af orenentioned isoneric forps unless the

cont ext cl e3PFINAEast B HYhdiah Cert lesgh s 1 ana 38 o8Pl PEYTisCRieHliEn t he
embodi ment s mdaaapwﬁigragommérz@femfng aRHsVRAWER al WA SleSthg iCABHNIBES ot BB TS, and
prodrug derivatives. A pol ynorph |s a corrp05| tion having the sane chem caI
formul a, bubndckfinfigadrhepd. Brampdasuele anA” sioks srchidp.sby aconploBinitedip, fopfensdy by

sol vation ( i e 0, of the
ol ute) A RyavSraIEny S, %Jh}ﬁﬁféﬁwty%ﬁhﬁ?#&%%s%ﬁh SRRl O

conf or ner | sldanﬂ,tandtmdan}d that is a conf ormational isomer. Confonnational

isonerismis the on of .. nol ecy structur formul a but
di fferent confor Wﬁjf:ﬁ rsnﬁél GHT"orhr?e@F%‘?' Oray%%%“ag%&fouﬁ PRy - %%)rﬁdo Bal ts of
conpounds captidellpepaned dmhoas&hbqﬂ@ckawﬂndy@ha hes gseki ¢dn@flisind at R@stamk. For

exanpl e, salts of corﬁ'ﬁounds can be prepared by reacting the appropriate base

or acid wi t RCEroaPEy BHMOTRE Pistemebask var e dire etexoRiome grpisdergndeniipsclected from
20081154447B@_Jeyg%ggﬁ/aﬁ)@ﬁ%éen[ Oﬁézlrﬁh@hétéfa&leaﬂhmles mﬁﬁlpg:slﬁg:df}%% gierh{'d udes

bi rds, rept| I'es, and mammual s (e.g. domesticated manmmal's 0148] The
terns "indi Maerskr, the: ﬂqu‘heterbfs/@bj’ eriydes fuell ripmeisents thameydsed aisndegresiingeabl y

h.er .ei n, and satglfagcgn 8v1§ e’ast oﬂg Lﬁr‘irg'nntge rlg%f%%[ 18 notna]r(g g 1ct %e onocarﬁlzd

si m ans, hunans, T an arm-an Sport - ani nals
manmel i an pétcschcg Oﬂ.tcﬂi@j’chSpﬂglsjfstﬂn Emp(bdmnmmmd[aﬁbﬁﬁgbbmmad spécid beatewnixddb ment  of

thelnventlo the c un formula.(l) is a nd of. an f th
fornul ae |a° groups v?%y avgxla?){e vaPence, prefe(ral}ly any aval?a%EpcarL{)on Or nitrogen. greferre

monocyclic ring systems are of 4, 5, 6, 7, or 8 members. Six membered monocyclic rings

contain from up to three heteroatoms wherein each heteroatom is individually selected from
oxygen, sulfur, and nitrogen, and wherein when the ring is five membered, preferably it has
one or two heteroatoms wherein each heteroatom is individually selected from oxygen,
sulfur, and nitrogen. Prefetrred bicyclic cyclic ring systems are of 8 to 12 members and
include spirocycles. An example of an optional substituent includes, but is not limited to,

oxo (=0).
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LI Zz2 1 1 Z3"..." NNR2 (1) [0151] Specific values listed below for radicals,
substituents, and ranges, are for illustration only; they do not exclude ot her
defi ned val veQ2@8/18t47er val ues within defined ranges foPCrThg200&0i6zdl s and
substituents. [0152] A specific value for Ar can be phenyl, 4-nethoxyphenyl, or

2-pyridyl. [0153 ignation 1 IS J4.ntended t an the. up: "Th X ecn
whgye t%e 1:[31 grl)dt?gﬁi g Z"H {rg%né-d}§ etjf%o%'ylr iu?]eg%graef‘lbr(g%rsaﬁ erwaggﬁ%rgﬂ’fﬁggrﬁl}%i tion in
the ring t o whkihehortehinglenmitipte Mtddamigedin ke rog ROMATH FhéBymbe hakrohbdgsZ1, Z2,
Z3 or Z4 position of the lri n %ﬁjr ucturf. [ 0154] A spe{:i]‘i C _va}léje for Bl can be
pi per azi ne, Wer é)lrcismtﬁré ,on mp%ﬂ Fﬁlégs' xamples of heteroaryl groups include, but are not

limited to, benzothiazyl, benzoxazyl, quinazolinyl, quinolinyl, isoquinolinyl, quinoxaliny},
pyridyl, pyrrolyl, oxazolyl, indolyl, thienyl, and the like. The term “heterocycle”
encompasses heteroaryl fused to a non-aromatic ring system,

[0134] The term “heteroatom” used herein refers to, for example, oxygen, sulfur
and nitrogen.

[0135] The term “amino” used herein refers to a nitrogen radical substituted with
hydrogen, alkyl, aryl, or combinations thereof. Examples of amino groups include, but are
not limited to, —NHMethyl, —NH,, —NMethyl,, —NPhenylMethyl, —NHPhenyl,
—NEthyiMethyl, and the like.

[0136] The term “arylalkyl” used herein refers to one or more aryl groups
appended to an alkyl radical. Examples of arylalkyl groups include, but are not limited to,
benzyl, phenethy!l, phenpropyl, phenbutyl, and the like.

[0137] The term “heteroarylalkyl” used herein refers to one or more heteroaryl
groups appended to an alkyl radical. Examples of heteroarylalkyl include, but are not limited
to, pyridylmethyl, furanylmethyl, thiopteneylethyl, and the like.

[0138] The term “aryloxy” used herein refers to an aryl radical covalently bonded
to the parent molecule through an --O-- linkage.

[0139] The term “alkylthio” used herein refers to straight or branched chain alkyl
radical covalently bonded to the parent molecule through an --S-- linkage. Examples of
alkoxy groups include, but are not limited to, methoxy, ethoxy, propoxy, isopropoxy, butoxy,
n-butoxy, sec-butoxy, t-butoxy and the like.

[0140] The term “carbonyl” used herein refers to C=0 (i.e. carbon double bonded
to oxygen).

[0141] The term “ox0” used herein refers to =O (i.e. double bond to oxygen). For
example, cyclohexane substituted with “ox0” is cyclohexanone.

[0142] The term “alkanoyl” used herein refers to a “carbonyl” substituted with an

“alkyl” group, the “alkanoyl” group is covalently bonded to the parent molecule through the
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pi peridi ne, and perhydro-1, 4-di azepi ne. [0155] A specific value for X can be
carbon, oxygen, or nitrogen. WO 20081154447PCT/ US2008/ 066211 [0156] A specific
val ue of it waroBes4#47 1, or 2. [0157] A specific val ue f@CTQSz@0d2I1hydr ogen,
(C-C6)al kyl, and hydroxy(Cl- C6)al kyl. [0158] The general nethods to

synt hesi ze nd - t al Proce f Pre at i
101591Pr oceéagti? G IR RABONT: Sty xm@%‘ 3t SRR bl inctide byt i R B ang 14
are provi degethsndyl ethagsyl, qmdmﬁbyrmﬁd the Oike.t MethhiweRcbomoalyknawe ad dcbtyt r at ed by

i ni ngs of generic radicals are as

the follow ng pr ures in ich t t

gi ven above unl e[gg“%g W%@ﬁgﬁ‘&iﬂag@ﬂl In ﬂ@@%‘?ﬁp‘?ﬁ'ﬂh@d%‘“@% YWRETYSHSE f or nul a
(1) can be QLRRARYQEE Y%LRY cbiSnS gnﬁ‘é Adical MnhRt b aRRIDY Q@fa@d it hihdrah&gesbel ow in
Schenme 1, to access conpounds of the type 6 and in Schene 2, to access

c 0 np ounds oflencheintRip éOf!EQt‘t agafieqids not ﬂ%ﬁﬁ@ﬁbﬂ a fsgedi¢abn Rabere areadicel indipptes a
5-di hydr Ospgbfﬂf'@fg}‘tgL bt %'l&"kﬁ%lé&ﬂ%f r AL AN ARBLLY LA Gea interchangeably with

the term “group.”

[0144] As used herein, a substituted group is derived from the unsubstituted
parent structure in which there has been an exchange of one or more hydrogen atoms for
another atom or group.

[0145] Asymmetric carbon atoms may be present in the compounds described.
All such isomers, including diastereomers and enantiomers, as well as the mixtures thereof
are intended to be included in the scope of the recited compound. In certain cases,
compounds can exist in tautomeric forms. All tautomeric forms are intended to be included
in the scope. Likewise, when compounds contain an alkenyl or alkenylene group, there exists
the possibility of cis- and trans- isomeric forms of the compounds. Both cis- and trans-
isomers, as well as the mixtures of cis- and trans- isomers, are contemplated. Thus, reference
herein to a compound includes all of the aforementioned isomeric forms unless the context
clearly dictates otherwise.

[0146] Various forms are included in the embodiments, including polymorphs,
solvates, hydrates, conformers, salts, and prodrug derivatives. A polymorph is a composition
having the same chemical formula, but a different structure. A solvate is a composition
formed by solvation (the combination of solvent molecules with molecules or ions of the
solute). A hydrate is a compound formed by an incorporation of water. A conformer is a
structure that is a conformational isomer. Conformational isomerism is the phenomenon of
molecules with the same structural formula but different conformations (conformers) of
atoms about a rotating bond. Salts of compounds can be prepared by methods known to
those skilled in the art. For example, salts of compounds can be prepared by reacting the

appropriate base or acid with a stoichiometric equivalent of the compound.
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OHO NH2 a _ow Rl 3a

WO 2008/154447 PCT/US2008/066211

{0147] The term *“animal” as used herein includes birds, reptiles, and mammals
(e.g. domesticated mammals and humans).

[0148] The terms “individual,” “host,” “subject,” and “patient” are used
interchangeably herein, and refer to a mammal, including, but not limited to, murines,
simians, humans, mammalian farm animals, mammalian sport animals, and mammalian pets.

[0149]

Specific Embodiments

[0150] In a specific embodiment of the invention, the compound of formula (I) is

a compound of any of the formulae Ia-TIw

H Ar Ar
\N N/ N—N
Z Z l
7NN =Y
Il [|
Ly =z = Ly =z
~ N R, > N Ry
' L
@D

[0151] Specific values listed below for radicals, substituents, and ranges, are for
illustration only; they do not exclude other defined values or other values within defined
ranges for the radicals and substituents.

[0152] A specific value for Ar can be phenyl, 4-methoxyphenyl, or 2-pyridyl.

[0153] Designation B' is intended to mean the group:

Qp .
x/\_\N—é

\,

where the B! group is attached to a ring carbon atom (i.e. C) at a position in the ring to which
the bond is attached. The carbon atom may be at the Z;, Z», Z3 or Z4 position of the ring

structure.

[0154] A specific value for B' can be piperazine, pyrrolidine, morpholine

E

piperidine, and perhydro-1,4-diazepine.

[0155] A specific value for X can be carbon, oxygen, or nitrogen.
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[ 0161] General Reaction Schene 1 shows a representative synthetic nethod for
the synthesis of Aryl 2,5-di hydro-pyrazol o[4, 3-c] [1,5]Pyrazol onapht hyri di nes.
The 3-am no-Wopipsiig4te of Fornmula 1 can be reacted w th PEiITaISkP$/066211
2- (et hoxynet hyl ene) mal onat e under heating to afford, in an
addition-elimna ty t he e of Formula 2. Thermal
cyclization of t&'lgfgo R&H%f bqfv ;frﬂlcgn}iegﬁo%r&ges t he hydroxyl -azaqui nol i ne of
fornul a 3a. SO| VENSH thatspéc&ﬂc bauu&adqman St @PdioBon, (OcCHERyIDEED BYRoRAL,-| i M ted
t o di phenyl [1 L Dowt herm{r) and sim |l ar high boiling point stable solvents.
Conver si on Sﬁ)akﬁ hydr oxyl - azaqui noline of fornula 3a to the
chl oro-azaqui noline of formula 4a can be acconplished using a chlorinating
agent in a hal ogenated sol vent and optionally catalytic DMF. Chlorinating
agents that can WaS8sedThageserehm¢tbydsitneintheeizdiiescapmpeiods i detaidad tetpvoxal yl
chl ori de, P@p&c%%ﬂ)ﬁ%&% E§,1,! t hi onyl chl oride, phosgene triphosgene, and simlar
chlorinatin nts that can be used in step (c) include but are not
limted to chl or @8%z enBrocesedshipt prparmigl comipoends loP f@tinahal @y, epdcifanky 6 ahd @4 of or m
and simlar solvents. The chl orpazaq ne. of for be reacted with
eyl Sor hot BFORPY R PASEnRERRERY e i PRicPomecirt b RugRu B8 e BHOVBE il
5a-c. O ganpfochasssSn ifhah tEadeddtot SEUe kfhesit @ichR)ard ARG abdunRELAGiski i t ed
to triethyl am ne (TEA), diisopropylethyl am ne (DI EA), 1,8- Diazabicyclo [5.4
. 0] undec- 7- SREIfEDBLI ), 1,5-Di azabi ey el o [4.3.0]non-5-ene (DBN),
Nnet hyl pi peri din nd I i ncl ude
but arc not Iim ?}lgﬂto g&?(l édgﬁg&@glg\éﬁ%‘g% igzg{lehn%g%lg?ﬁ ?%egzﬁlgg ?‘
l'i ke. Di spl axdhetintapprbadhiBusifaigd belofv lnﬁehwmomn@e@fcoﬁmDMafﬂa -tgpevi 4t i cycI ic
am ne under cheat | rovides the ou of fornula 6a-t. Step (e) can be
per f or med V\nsp%emc \g})e%festsn?mnﬁ%oufldsgqﬁg{ﬁ% @d General Reaction Schene to Aryl
2, 5- di hydr o- pyr azeh@ng #, Getdral Reakdibly saialean apiutd ¥ aibgliiepyrazdd[43-«¢qui v. oxal yl
chloride, cat. DWF, CHCl13, reflux, 3 his, gl)n 2 equiv. aryl or heteroaryl
hydrazi ne, 2 equiv. triethylam r{E'S Pyrazp lozaphthyedngy 12 hrs. c) L-Npi perazine,
175 C, 24-72 hrs. WO 20081154447PCT1U820081066211 [01621General Reaction

Schene 2 shows a representative_sypnthetic nethod for the synthesis of Aryl
2, 5-di hydr o- pynfazqal o[ 4, 3-c] [1%‘L‘Iiiazol apht hyri d| ne. vier si on of the

hydr oxyl - azaqui fpl "he of _fqr myl N cth[ o-F of cformula 12
can be accoanRl ng a chi or knat |\ng agent in a |heyoge ated sol vent and
optional 'y cat al yHic DRF. Chlorinati ngya ts thaRicap b& usedtn step (a)
include but are not limted to oxalyl I oride, P(0)Gi3, ;PC15, thionyl

chl oride, phosgené triphosgene, and $imfar chlorinating agents. Sol vents that
can be used in step (a) include but & e not I/’lrmted t o chl or obenzengy,
met hyl ene chl oride,cl, & di chl or oet hane, chi-or of orm hnd’\sw, m | ar gokvents. The

‘iqyci—r'c oxo-Jyrgzol]

hydrazine to f of fermul a~i3 anifc bases t hat

can be usedF; NER) cl ude bur; E limted to trj ine (TEA),
di i sopropyl et'hyll am ne (DI EA), 1,8-' Dilzabicyclo [5.4.0]uid ene (DBU),

1, 5-Q azabi cycl OIT4 0] non- 5- ene (DBN) . uf net hyl p| peri di ne, aﬁﬁ ae like.

Sol vent s t hat n be us st ude - xyl ene,
xyl enes, chl oﬁ?@ﬂ?@n‘?@fﬂg& ggn? (i‘i’r}a ﬁ’ﬁc@%ﬁﬁ rS?f‘;u’E mé‘h oro or

t he conpound 9 1 iR LIt he
conmpound of f d¥HiPeEY fydregpgy iqe-)v wﬁeb@lﬁepw}mﬁdeﬂm H 2. \?HatN BiPCIAERL .  Met hod

of synthesis of755§r %78} Bsapht hvri di nes Exanple 1

[0161] General Reaction Scheme 1 shows a representative synthetic method for

the synthesis of Aryl 2,5-dihydro-pyrazolo[4,3-c] [1,5]Pyrazolonaphthyridines, The 3-amino-
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NN Il ba 1016312- Phenyl- 8- (pi perazin-I|-y1)-2,5-di hydro-pyrazol o[ 4, 3-01, 51
napht hyri din-3-one (6a) Step 1 OH O e 3a

[ 0164] Et hyl -V8O R40g@F4e474- hydr oxy- [ 1, 51napht hyri di ne- 3- car PetfSz®(@al. Equi nol ar
quantities of 5-am no-2-fluoropyridine and diethyl 2-(elhoxynethylene)nalonate
wer e conbi ned. ed for our.s t hanol was r ved.in vacuo
to afford tRE mi 2# &I 08‘8'1)’(1 B P dy oryafye-da‘ﬁﬁ#\odiéﬁyﬂﬁ'@ﬁg’?%f%ﬂ%&&@%ﬁ HUBIHyl ester
i n quant it ahkatiag Ytb edfehed, Tllnearr e@dihdﬂ-a@nﬁaiohdtypaseaaﬁtd@dhé @ndn@ht WXimemiaVe her m
A(r) and maintained at that tenperature for hour. The m xture was cooled to
80 C and addégmbeydl lamnrpf theygorapound of Spipdp MEPV&‘B’F tschelerylazeayipeligeidbn and

washed w thg t
veoned w1 | Qarbiots ik s o IIRAAERD) 8
9.07, 3.02 ethpr, %OWGY(H@-I andidsimilal —high P0ilinZ . godnt| $table s8lvE8s. ( 1Gynvepionrafhth37. 3
(M). Step |

{01651 Bt hyl SATBRESRB U0k, OF ST FRaBHPhyPIoH RO B TR 28 Yo
suspensi on aécoﬁﬁhshedahingra)é}ﬁmrmmmg egead ded hélogaiatededoﬁﬂﬁtsmfomﬁﬁdnylcatat}lueri de
foll owed by Q. of di et hyl form Theslutlon refluxed for 3
hours and wo'rt)gmé @ﬂ@ﬁ&ﬁ%aswtg&ﬁg% b§dﬁ? %SFF?C(F)O‘)?F]H QA 1Y HBWIP o@lylThe
chl or of or m lRYgHe, WaS)@Q)! ﬂ’@l?ttﬁﬂm }Muésger;leo&pﬂasg%t 8hd amdlaPhidBnsQL Ut i ON,
dried over anhydrous sodi um sul ate tered and concentrated in vacua.

Product was 3&Btai PEnkythateap s ugdd linz%ﬁpl (hingliy utzse pejrienitefi zio xhlw\ﬂberqmmé N 3
1. 47 , 3 4 , J
(_pgm)m 3. oiﬂeagieng Chg"imf 1&(%3%%3“&“3 ]gg‘]é‘?o”%l)aﬂd 9“%113} FQ‘ Trfie highd:

(M-1+). St @mqﬁmohne of formula 4a can be reacted with aryl or heteroaryl hydra.zme to form the

tricyclic oxo-pyrazole of formula Sa-¢. Organic bases that can be used in step (d) include but
are not limited to triethyl amine (TEA), diisopropylethyl amine (DIEA), 1,8-
Diazabicyclo[5.4.0Jundec-7-ene  (DBU), 1,5-Diazabicyclo[4.3.0]non-5-ene (DBN), N-
methylpiperidine, and the like. Solvents tﬁat can be used in step (d) include but are not
limited to o-xylene, xylenes, chlorobenzene, toluene, and the like. Displacement of the
fluoro of the compound of formula Sa-c¢ with a cyclic amine under heating provides the

compound of formula 6a-t. Step (e) can be performed with solvent or neat.

Scheme 2: General Reaction Scheme to Aryl 2,5-dihydro-pyrazolo{4,3-¢]

[1,6]Pyrazolonaphthyridine

Ar
N-N

Ry OH O R ,
O M | gﬁﬁ*
o H F/A\N
R 13
a) 4 equiv. oxalyl chloride, cat. DMF, CHCI;, reflux, 3 hrs, b) 2 equiv. aryl or

heteroaryl hydrazine, 2 equiv. triethylamine, o-xylene, reflux , 12 hrs. ¢) L-N-
piperazine, 175 °C, 24-72 hrs.
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4a 1016618- Fl uor o- 2- phenyl - 2, 5- di hydr o- pyrazol o[ 4, 3-c] [ 1, 51napht hyri di n- 3- one
(5a). In a vial were added 4a, phenyl hydrazine and triethylarnine. The vial
was seal ed awd20v8ai4ed to 135 C for 12 hours. The productPCRAS2009Pdo2idt ed by
filtration and was washed with nethanol in 85%yield. 11-1-NWVR (DVSO d6) 8

E EEIP : 5)7 1r8d glggq_fj@] ( ‘Km%n'zfaé%g%:aax% gﬂ}% %lliogvg a(l%l%‘r]éSen@dVe g)?n%gati&(: :;’rgé%l-lodrﬂ)f 8. 81

[ 0167] 2- Phetiry dyrBlhckisiop Ak 2i5ndiydhe-Ryrazoth [ g & Dl-,ﬂ?ym&ﬁﬁﬂthﬁidiﬂidf f@o%nﬁrsion of

napht hyri di n- 3-one (6a), Conpound 5a was stjrred wi.th excess o i perazi ne at
175 C for e %as@rpéﬂ-a?wrﬁ}lg%Pgﬁﬂatl{ésllw@r%e ebleroseestnalpe o ey b’ﬁ%'aa washed
with ethyl aceh tsﬁe@ﬁﬁngourchfoﬁﬁﬁg% B 8ol Hﬂ&eﬁaé&ga@&@raﬁ@Byﬁan@%f@atayﬁb title

conpound in 84%vyield. 1H NWR ( 5d6) 8 (ppm: 2.88 (411, brm, 3.64 (411,

Em), 7.11 (PMF; Ghlorinpting ggents thay caipbepsed iny stog (4) includecbut gre nopligidedp)oxalyl 41

Erzn}l) 1, ETaw;?hgéEdg’lmC?yr P%_lsf: t%g%@ chifolide, Botd8gent HibhoRene, Bamd Lsibkdleniinacd 2 347- 4
[ 0168] 8- ( 4- ety Bopiepie thaaz icam e ysbil 412 st €)yidel@leTud ateyrat dimplyd az dilopdender®l [1, 51
methylene chloride, 1,2-dichloroethane, chloroform, and similar solvents. The chloro-
azaquinoline of formula 12 can be reacted with aryl or hetercaryl hydrazine to form the
tricyclic oxo-pyrazole of formula 13. Organic bases that can be used in step (b) include but
are not limited to triethyl amine (TEA), diisopropylethyl amine (DIEA), 1,8-
Diazabicyclo[5.4.0Tundec-7-ene (DBU), 1,5-Diazabicyclo[4.3.0]non-5-ene (DBN), N-
methylpiperidine, and the like. Solvents that can be used in step (b) include but are not
limited to o-xylene, xylenes, chlorobenzene, toluene, and the like. Displacement of the

chloro of the compound of formula 13 with a cyclic amine under heating provides the

compound of formula 14. Step (¢) can be performed with solvent or neat.

Method of synthesis of pyrazolonaphthvridines

Example 1

6a
[0163] 2-Phenyl-8-(piperazin-1-yi)-2,5-dihydro-pyrazolof4,3-cJf1,5]
naphthyridin-3-one (6a)

Step 1

-20.



napht hyri di n-3-one (6b). The title conpound was prepared follow ng the
procedure described for 6a using 1-nethyl piperazine instead of piperazine.

1H NVR ( DVBOVEB)0sas#ppm) . 2.52 (3H, s), 2.84 (411, brm PCIUBD¢AdR11brm, 7. 11
(rer, t, J=17.22 Hz), 7.20 (1H, d, J = 9.28 Hz), 7.40 (2H, dd, J = 8.30, 7.57
Hz), 7.80 (1H, d, | 9.28 Hz), 8.21 (2301_, &, J =7.57 H), 8.50 (1H, s). mz
361.4 (M). Exarrple 3 CY- ThN- N IL 6@

10169. 18- Mor phohn- 4-y1- 2- phenyl - 2, N
-3-one (6¢). The title conpound was ed follow ng the procedure descri bed
for 6a using norpholine instead of piperazine. 11-1-NVR (DMSO d6) 8 (pptn):
3.01 (4H, him, 378(411 brrr) 712(13;1, dt J :756 733 Hz), 7.23 (111,
d, J =9.28 Hz), d, J = 9.53 Hz),
8.21 (211, dd, 31016‘9 55-"3”111@5”%2)4-@81?@?[{ ﬂqap@#yﬂdwezﬁ’ 8%8034’"(’%) Eahpl e 4
6d 1017018- ulﬁifﬂ’d'r%i(ﬁtﬁl'epgf 5 Qinﬂlolz-ﬁll()m}%frﬁﬁ@ r&)ﬂi Rt S OUAEAR M’{y%%[o%aé el 11,

5] naphrhyri -3-one (6d). The title conpound was prepared foll'owm ng the
procedur e dé‘@&qoﬁé’éﬁeﬂ@ﬁd %‘umﬁ fag3 hawy dr GRY P pedndi wes remetedad vefuopd piderdzi ne.

522 1), o 7 (A Byt thbys el bRl B Tyt e 74

tt, J = 7.4Che testifingigolid Wasadde(dlb-lrcfkdxing Dowéhedd A@;md Maid@in@ it that tehperafurd8 (111,

g’GZJ 4_( Wél HZ%W 62%1 g‘réxtgre was coo]%d to ZO §8 anc:l' ag(?ed to h%r%mHz“}he sohngornqjélci| Wag) raiz

1017118- ( 3- 2diebeti by filiitd8 aAd wasted Yith-texddB &M ¥irord pRyadidiy A0 Bomyyiad ohedii- 07, 5]
(DMSO0-d6) & (ppm): 1.26 (3H, t, J = 7.14 Hz), 4.17 (2H, q, ] = 7.14 Hz), 7.54 (111, dd, T =
9.07, 3.02 Hz), 8.24 (1H, dd, ] = 8.79, 7.14 Hz), 8.58 (1H, 5). m/z237.3 (M.

yrazol o[ 4, 3- 01, 5Thaphi hyri di n

Step 2
cl O
F IN\ NN
= N/
4a

[0165] Ethyl-4-chloro-6-fluoro-{ 1,5 Jnaphthyridine-3-carboxylate  (4a), To a
suspension of 3a in chloroform were added 4 equivalents of oxaly! chloride followed by 0.1
equiv. of dimethylformamide. The solution was refluxed for 3 hours and was quenched with
5 M sodium hydroxide solution at 4 °C. The chloroform layer was collected, washed with
100 mL water and brine solution, dried over anhydrous sodium sulfate, filtered and
concentrated in vacuo. Product was obtained by recrystallization using acetone. 'H-NMR
(CDCl3) 6 (ppm): 1.47 (3H, t, J =7.14 Hz), 4.53 (2H, q, } = 7.14 Hz), 7.45 (1H, dd, J = 8.79,
3.02 Hz), 8.54 (1H, dd, J = 9.06, 7.41), 9.21 (1H, s). m/z255.7 (MH").

Step 3
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napht hyridi n-3-one (6e). The title conpound was prepared follow ng the
procedure described for 6a using 3-nethyl pi perazine instead of piperazine.

1H NVR ( DvBOv@eosas#tgpm) : L .00 (3H, s), 2.78 (411, brmpCTASO®8/06bA1L, in), 4.30
(211, m, 7.07 (2H, m, 7.39 (2H, dd, J = 8.24, 7.97 Hz), 7.75 (1H, d, J= 9.34
Hz), 8.27 (2H, dd, J = 7.42, 1.10 Hz), 8.37 H s). rniz 361.4 (M-1+).
Exanpl e 6 6f g;j>

1017218- ( 3- Hydr oxy- pi peri di n-1-y1)-2- phenyl »2-/5- di hydr o- pyrazol o[ 4, 3-c][], 5]
napht hyri din-3-one (61). The title conmpounr was prepared follow ng the
procedure described for 6a using 3rhyd peri di ne i nstead of piperazinc.
1H NVR (DVMBO-d6) 8 (ppm. 1.40 (211, |n L. 75 (1H, m, 1.80 (1H m, 2.92
(1H, dd, J = 12.64, 8.79 Hz), 3.51 ( , 4.10 (1H, m, 4.33 (111, dd, J =
12. 63, 3.84 Hz), 4.91 (1H, d, 3 = 4. 40 HFY), 7.15 (11-1, tt, J = 7.42, 1.09
Hz), 7.20 (HI, d, J = 9.34 Hz), 7.42 (2H, dd, 3 = 8.52, 7.42 Hz), 7.80 (1H d,
| = 9.34 Hz), 8.21 (2H, dd, J =8.79, 1.38 Hz), 8.53 (1H, s). nfz 361.4
(M-1"). Exanpl el0¥66]1- Th ey d-B-phenyl-2, 5-dihydro-pyrazolo[4, 3-c][ 1,5 Jnaphthyridin-3-one

10173] 814- (,4x El uar. [ nyl - dih dro raz

[4,34] 1, 51h&%?1t Ay i r%aa’deb “?a’é}) yal%XamF‘%%{F“d R‘eﬁ“ i E“" 1S¥ ?&% | ow. ng

t he proceduhetddasdés bedorf IQrhons. Whd pgduct (s Edll&a&@bhﬁnmﬂ;)m mdoeﬁsaszasn@i wmst ead of
pi perazine. 1HNMR (DMSO-d6) , i\gﬁgna) 3.22% r’r?_H _57 brm, 7.07
(5H, m, 7.3sthenglin §5% yiedg HANMZ)(DMSQ46) @Pﬂ&d”% 8dd2& 459 14:42). 7. 85
(1H, d, J = 2 Hz), 8.57 (111 s). mz 441.5
vy Exarrpﬁ.gogfh,m mﬁ&ﬁgﬁ{),m1 de, s &2241.3088).

Step 4

6a
[0167] 2-Phenyl-8-(piperazin-1-yi)-2,5 -dihydro-pyrazolo[ 4,3-cJ[1,5]

naphthyridin-3-one (6a). Compound Sa was stirred with excess of piperazine at 175 °C for
24 hours. The precipitates were collected by filtration and washed with ethyl acetate and
purified using column chromatography to obtain title compound in 84% yield. '"H-NMR
(DMSO0O-d6) & (ppm): 2.88 (4H, brm), 3.64 (4H, brm), 7.11 (2H, tt, J = 7.42, 1.10 Hz), 7.23
(1H, d, J = 9.34 Hz), 7.41 (2H, m), 7.84 (1H, d, J = 9.06 Hz), 8.22, (2I, m), 8.51 (1H, s).
m/z 347.4 (MH").

Example 2

-31-



[0174] 8-0, 41, 7- D azepan-| -y1- 2- phenyl- 2, 5-di hydr o- pyrazolol4, 3-07, 5]

napht hyri din-3-one (6h). The title conpound was prepared foll ow ng the
procedur e de¥eriBeds4f’or 6a usi ng perhydro-[1, 4] -di azepi RETIUISO®EG210f

pi perazine. 1H NlvR (DMSO-d6) 6 (ppm): L82 (2H, m, 2.65 (2H m, 2.90 (211,
n, 3.88 (44, n), 6.89 (1H, d, .1= 9.07 Hz), 7,068 (1H t, J = 7.41 Hz), 7.35
(2H, dd, J = 8.52, 7.41 Hz), 7. 74 (1H d, J -7 Hz), 8.25 (2H, m, 8.29
(1H, s). nth 361.4 (M+). Exanple 9 HONNJLJrQ

10175] 8- ( 3- Hydr oxynet hy1- pi peri di H/ﬁyo 2- phe 1 2, 5-di hydr o- pyrazol of 4. 3-
c][1, 5] napht hyri di n-3-one (61). Tt'}q/Nt d was prepared follow ng the
procedure described for 6a using 3-hydfox met|hyl pi peridi ne instead of

pi perazine. (HVSO-d6) S (ppm: 1. 75 (4T%; , 2.87 (111, dd, J = 12.91, 9.89
Hz), 105 (1H, n), 3.13 (IH d, J = 5.22 Hz)"! 3.54 (211, brm, 3.88 (2H, bid, J
= 2.91 Hz), 7.14 (1H, dtJ=742 1106|J-|z)719(111dJ 9.34 Hz), 7.42
(2H ddd, J =7.41, 2.20, 1.92 Ilz), 7.79 (111, d, J 914 Hz), 8.21 (211,
ddd, J = 7.69, 1[0988] 1 &@#Meyyi-gpgpzicdn))-Spheniys Fewdra- -ryrasvlp[4 Exlipl e 10

HN- TR N | |,

[0176] 8- 13- 1" ”’S’e’?%%en(ﬁf’) 762 4t pompound, was pde%a"eéirfSH"p}”ﬁP%tthPoﬁ“ﬁ%‘? dgopribed 7

napht hyri di rﬁer%aammg(l@;n)aﬂlylﬁh:eratme ﬁretead)nbplpﬂdzzms }pNEﬂa(mdSOQ%b O\bpig): Lhie

o ooeiur € TIOR8, K310 5 OB L 10 AP 4 gl P,
(211, s), 77.’145 (QHI ddll @I@b 7J57=Hz75 420 (111 Q19JH2928 ﬁz)2@2( %iltl d1J=1757-H% 840Hz) ,

7.40 (211, A2 Hz), 7.85 d, 6 (1H br), 8.22
(1H, dd, J £1P}S?/om/ZP6éé(W3) 8.57 (1H s). 1th 361 4 (Mf) Exanple 11

6¢c
[0169] 8-Morpholin-4-yl-2-phenyl-2, 5-dihydro-pyrazolof4,3-c][1,5 Inaphthyridin
-3-one (6¢). The title compound was prepared following the procedure described for 6a using
morpholine instead of piperazine. 'H-NMR (DMSO0-d6) 8 (ppm): 3.01 (4H, brm), 3.78 (4H,
brm), 7.12 (1H, dt, ] = 7.56, 7.33 Hz), 7.23 (1H, d, J = 9.28 Hz), 7.45 (2H, dd, ] = 8.54, 7.32
Hz), 7.88 (1H, d, J = 9.53 Hz), 8.21 (2H, dd, J = 8.55, 1.22 Hz), 8.57 (1H, s). m/z 348.4
(MHH.

Example 4
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NN ON NN./.1: Ny, fik

[0177] 2- Phenyl1-8-pyrrolidin-|-yl-2,5-di hydro-pyrazol 014, 3-07, 51napht hyri di n-
3-one (6k). Wheooiiid4 conpound was prepared foll ow ng tRETHISYOEGEIE descri bed
for 6a using pyrrolidine instead of piperazinc. 11-1-NVR (DVBO-d6) S (ppm:
1.99 (4H, br), 3.49 (411, br), 6.77 (IN, d, J =9.06 Hz), 7.05 (1H, tt, J
7.41, 0.89 Hz), 7.37 (2H, m, 7.77 (1H, d, J p7 Hz), 8.28 (211, dd, J
7.70, 1.09 Hz), 8.34 (1H, s). rgré 332.4 (MN. Branple 12 61

1017812- Pheny1- 8- (4- phenyl - pi perazin>1-y0- 21\6Nd| hydr o- pyrazol o[ 4, 3-cil |, 57
napht hyri di n-3-one (61). The title Indvwas=prepared foll owing the
procedure described for 6a using 1-phe ulpqra2|ne i nst ead of pi perazine.
"11-NVR (DMSO-d6) 8 (ppm): 2.80 (4H, br 3yIl (1H, m, 3.80 (1H, dd, J =
11.44, 2.75 Hz), 4.39 (1H, J = 11.53 Hz), 4H41 (1H, J = 11.53 Hz), 7.14 (1H,
tt, J =7.42, 1.09 Hz), 7.36 (6H m, 7,82 (24 m, 7.83 (11-1, d, J = 9,34
Hz), 8.16 (21-1, in), 8.54 (1H, s). ink™223.5 (MN. Exanple 13 CYM\-1\1 Il 6m
1017918- (2, 6- Di ri@ty| - nbptiwiroxp-pipeyidird} pl]ﬁrérp}zbnyz,25—dih}ldyaipymw]¢[a,z?ai]ﬁ[54 3-

el111, 51naphth 3- 6 The title co red foll pwi ng the
o ooedur et o B B s Shgoliot mPes PR HER R Ui Eor o no.
111- NMR (D“'ﬁ%ﬁ‘ﬁém@‘l-@?&@ypiﬁena&eGr@ﬂe&d ofjplpel*azme7 1@15NM¢P) (%)MS(?)-@dgtinmt) ,1.99 = 12. 09,
10.98 Hz), 3.75 (411 7.43 (4H,

brm,
nm, 7.56 (ZQH frm); 1.83 @@6”%)3 1381%&1 (jZH5 QatHZ) J'* H @H?ly) 41192{?HH21) 4 ®.68. (1H, s).
infz 376.5 {Mik)oHy, 7.16 (1H, tt, J = 7.40, 1.10 Hz), 7.21 (1H, d, ] = 9.34 Hz), 7.42 (2H, m), 7.78
(1H, d, ] = 9.34 Hz), 8.21 (2H, ddd, T = 7.69, 1.92, 1.10 Hz), 8.52 (1H, 5). m/z 362.4 (MH".

Example 5

[0171] 8-(3-Methyl-piperazin-1-yi)-2-phenyl-2, 5-dihydro-pyrazolof4,3-cJ[1,5]
naphthyridin-3-one (6e). The title compound was prepared following the procedure described
for 6a using 3-methylpiperazine instead of piperazine. 'H-NMR (DMSO-d6) & (ppm): 1.00
(3H, s), 2.78 (4H, brm), 3.05 (1H, m), 4.30 (2H, m), 7.07 (2H, m), 7.39 (2H, dd, J = 8.24,
7.97 Hz), 7.75 (1H, d, ] = 9.34 Hz), 8.27 (2H, dd, ] = 7.42, 1.10 Hz), 8.37 (1H, s). m/z 361.4
(MH").

Example 6
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Exanple 14 -N N--N NN Il 6n [018018- (4- Met hyl - pi perazin-1
-y0-2-pyridin-2yl-2, 5-di hydro-pyrazol o[ 4, 3-c] [1, 5] naphthyridin-3-one (6n)
Step 1 5b WO 2008/154447 PCT/US2008/066211

[ 0181] 8- Fl uor o- 2- pyri di n-2-y1- 2, 5-di hydr o- pyrazol o[ 4, 3-d[ 1, 5] napht hyri di n- 3-
one (5b). The title conmpound was prepared foll gwng the procedure described in
Step 3 for synthesis for 5a using pyridyl-2- hyi ne instead of

phenyl hydrazi ne. (DMSO-d6) o (ppm: 7.25 (111, jadd, J = 7.14, 4.67, 1.10 Hz),

7.50 (1H, dd, J = 8.79, 3.03 Hz), )~ Y¥.90 (MNddd, J = 9.34, 7.42, 1.93 Hz),
8.14 (1H, brd, J = 8.24 Hz), 8. 1H\. dud, .06, 7.42, 7.14 Hz), 8.50
(11-1, m, 8.84 (1H s). it* 28273 (M)[_Sfep[2 / \ NN
N
6f

[0172] 8-(3-Hydroxy-piperidin-1-yl)-2-phenyl-2, 5-dihydro-pyrazolof4,3-c][1,5]
naphthyridin-3-one (6f). The title compound was prepared following the procedure described
for 6a using 3-hydroxypiperidine instead of piperazine. 'H-NMR (DMSO-d6) & (ppm): 1.40
(2H, m), 1.75 (1H, m), 1.80 (1H, m), 2.92 (1H, dd, J = 12.64, 8.79 Hz), 3.51 (1H, m), 4.10
(1H, m), 433 (1H, dd, J = 12.63, 3.84 Hz), 4.91 (1H, d,J =4.40 Hz), 7.15 (14, tt, J = 7.42,
1.09 Hz), 7.20 (1H, d, J = 9.34 Hz), 7.42 (2H, dd, ] = 8.52, 7.42 Hz), 7.80 (1H, d, ] = 9.34
Hz), 8.21 (2H, dd, J = 8.79, 1.38 Hz), 8.53 (1H, s). m/z 361.4 (MH").

Example 7

og
[0173] 8-[4-(4-Fluoro-phenyl)-piperazin-1yl]-2-phenyl-2, 5-dikydro-pyrazolo
{4.3-c][1,5 [naphihyridin-3-one (6g). The ftitle compound was prepared following the
procedure described for 6a using 1-(4-fluorophenyl)-piperazine instead of piperazine. 'H-
NMR (DMSO-d6) & (ppm): 3.22 (4H, brm), 3.83 (4H, brm), 7.07 (5SH, m), 7.32 (111, d, J =
9.34 Hz), 7.43 (2H, dd, J = 8.24, 7.69 Hz), 7.85 (1H, d, ] = 9.34 Hz), 8.19 (2H, dd, ] = 8.24,
0.82 Hz), 8.57 (1H, s). m/z 441.5 (MH").

Example 8
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cN 1l 6n WD 20081154447PCT/ US2008/ 066211
[0182] 8- (4- Al et hyl - pi perazin-1-yl)-2-pyridin-2y7-2,5-di hydro-pyrazol 014, 3-
ef f 1, 51naphtW@eeoditi4g- one (6n). The title conmpound was PpCEparwsgiododill owi ng t he
procedure described for 6a using 55 and 1-nethyl pi perazine instead of 5a and
pi perazine respectively. 'HNWR (DMSO-d6) 6 (ppHM: 2.55 (411, br), 2.77 (311,
brs), 3.80 (4H, br), 7.20 (11-1, m, 7.27 (6H,J = 9.24 Hz), 7.87 (2H m,
8.20 (11-1, d, J 8.24 Hz), 8.48 11, m, 8.66° (111, s). in/lz 362.4 (MTE).
Exanpl e 15 aThN- N lj 60 ﬁ N-N

2

10183] 8- Mor phol i 0- 4-y1- 2- pyri di n-w [hy®m- pyrazol o[ 4, 3-e 71- 1, 5]
napht hyri di n-3-one (60). The title co oud s prepared follow ng the
procedure described for 6a using 5b anox oline instead of 5a and

pi perazi ne respectively. 11-1-NWVR (DlvliSO-dé) 6 (ppm): 3.63 (4H, -br), 3.72
(411, br), 7.19 (2H, m, 7.82 (21-1, m ,8.22 (11-1, d, J = 8.24 Hz), 8.48
(111, dd, J = 2.20, 1.10 Hz), 8.56 (111,7s). raiz 349.4 (WO Exanple 16
-NrThN-N 1 1 [0174] 8-[1,4/-Diazepan-1-yl-2-phenyi-2, 5-dihydro-pyrazolof4,3-cJ[1,5]

[0184]8 (4- 21 | 4, % epan- | 2- pyridi azol o[ 4,
- ¢][1,5] napﬁ1 ”X’ Oﬂ%% ngﬁfi @t? Comﬁ%m}dtwfs pY p@‘%ﬁ%@%“# tﬁé pmcec{%’r‘%ap ?’X ‘I{ | ow ng
t he procedufe 6a usmg perhydro-[1,4]-diazepine instead of piperazine. 'H-NMR (DMSO-d6) & (ppm):
1.82 (2H, m), 2.65 (2H, m), 2.90 (2H, m), 3.88 (4H, m), 6.89 (1H, d, J = 9.07 Hz), 7.05 (1H,
t,J =7.41 Hz), 7.35 (2H, dd, ] = 8.52, 7.41 Hz), 7.74 (1H, d, J = 9.07 Hz), 8.25 (2H, m), 8.29

(1H, s). m/z 361.4 (MI").

Example 9

6i
[0175] 8-(3-Hydroxymethyl-piperidin-1-yl)-2-phenyl-2, 5-dihydro-pyrazolo[4, 3-

c][1,5[naphthyridin-3-one (6i). The title compound was prepared following the procedure
described for 6a using 3-hydroxymethylpiperidine instead of piperazine. 'H-NMR (DMSO-
d6) & (ppm): 1.75 (4H, brm), 2.87 (1H, dd, J = 12.91, 9.89 Hz), 3.05 (1H, m), 3.13 (1H, d, J =
5.22 Hz), 3.54 (2H, brm), 3.88 (2H, brd, J =2.91 Hz), 7.14 (1H, dt, J = 7.42, 1.10 Hz), 7.19
(1H, d, ] = 9.34 Hz), 7.42 (2H, ddd, J = 7.41, 2.20, 1.92 Hz), 7.79 (1H, d, J = 9.34 Hz), 8.21
(2H, ddd, J =7.69, 1.92, 1.10 Hz), 8.52 (1H, s). m/z 361.4 (MH").

Example 10
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described for Ga using 5b and 4-nethyl-[1, 4] -di azepane i nstead of 5a and

pi perazine respectively. 111-NVR (DMSO-d6) 8 (ppm): 2.04 (211, m, 2.35 (3H,
S), 2.60 (2MO20pp/154247/6 (2H, m), 3.76 (2H, d, J = 6. 32 HENUSHOYK6ERH, t, J =
4.67 Hz), 6.96 (111, d, J = 9.36 Hz), 7.25 (1H, ddd, J = 7.14, 4.55, 0.82 Hz),
7.82 (111, d, .1-=9.34 Hz), 7.92 (1H n), 8.30—111, dt, J = 8.24, 0.82 Hz),
8.49 (1H, m, 8.52 (1H, s). ink 376.4 (MH). Ie 17 -N N-N

[ 0185] 8- ( 3- Met hyl - pi perazi n-1-yl)-2-pyridi n-2y}2, 5-di hydropyrazolo [4, 3-c] |
1, 51napht hyri din-3-one (6q). Th@N(?ﬁle compb®ind was prepared foll owing the
procedure described for 6a usin z @i perazine instead of 5a and
pi perazi ne respectively. 1H NVR TDVBO d6) |5 (ppm: 1.07 (3H, d, J = 6.87 Hz),

2.78 (311, m, 3.00 (2H m, 4.31 (211, SN7.14 (211, m, 7.83 (21-1, m,
8.22 (111, dt, J = 7.96, 7,64 Hz), 8.49 (2H' m). raiz 362.4 (MH F). Exanple 18
6r [0186] 8- (4- Hydroxy-pi peridin- | -yl)-g- phenyl-2,5-dihydro-pyrazolo[], 5]

naphthyri din-3-one (6r). The title conpound was prepared foll ow ng the
procedure descri W3#0lf or SGaCuering aBia-laritt2#bénylr. x&/pivenirdiotvés Pugtlsdd of

Py P00 PP e it MR ANt BRI ot b bihpedo ) el (11
7.79 (1H, dforPausig24xbmiperainBilstéaf piperaziBe 231-NMR (DMSO-d8) 8 (@n)HZDS (281,49 (1H,
dd, J= 4671 §P ks, B: 93, WMd, $lo A 3858 M4 109 10, 720 1L

J =9.34 Hz), 7.40 (211, dd, J = 8.51, 7.42 Hz), 7.85 (1H, d, ] = 9.06 Hz), 8.16 (LI, br), 8.22

(1H, dd, J = 7.70, 1.09 Hz), 8.57 (1H, s). m/z 361.4 (MH".

Example 11

6k
[0177] 2-Phenyl-8-pyrrolidin-1-yl-2, 5-dihydro-pyrazolof4,3-cJ{1,5 Jnaphthyridin-
3-one (6Kk). The title compound was prepared following the procedure described for 6a using
pyrrolidine instead of piperazine. 'H-NMR (DMSO-d6) & (ppm): 1.99 (4H, br), 3.49 (4H,
br), 6.77 (1H, d, J = 9.06 Hz), 7.05 (1H, tt, ] = 7.41, 0.89 Hz), 7.37 (2H, m), 7.77 (1H, d, ] =
9.07 Hz), 8.28 (211, dd, ] = 7.70, 1.09 Hz), 8.34 (1H, s). m/z 332.4 (MH").

Example 12
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Exanple 19 "X) -N HN-ThNN N || 6s

[ 0187] 8- Pi perazi n-|-yl-2-pyridin-2yl-2, 5-di hydro-pyrazol o[ 4, 3-0[ 1, 57

napht hyri di rw@2@8@s4€s). The tide conpound was prepar ed PCHIUSAB/Prg2tLhe
procedure described for 6a using 5b instead of Sa. 1H NWR (CDC13) 6 (ppm:
2.97 (4H, hr), 3.72 (41-1, br), 6.82 (1H, d, 3=,9.34 Hz), 7.42 (4H, m, 7.75
(1H, m, 8.17 (2H, d, J = 7.97 , 8.52 (1H, s@ﬂz 348. 4 (MLH+) . Exanple 20
O- Th\r-ThN-N Il 6t @

[ 0188] 2- (4- 11et hoxy- phenyO- 8- ( NiyTY pi per aei
[4,3-0 1,5 1naphthyridin-3-one (60 'St N A

-1-y0- 2. 5-di hydro- pyrazol o

{0178} 2-Phenyl-8-(4-phenyl-piperazin-1-yl)-2,5-dikydro-pyrazolof4,3-cJ[1,5]
naphthyridin-3-one (61). The title compound was prepared following the procedure described
for 6a using 1-phenylpiperazine instead of piperazine. 'H-NMR (DMSO-d6) & (ppm): 2.80
(4H, br), 3.11 (1H, m), 3.80 (1H, dd, J = 11.44, 2.75 Hz), 439 (1H, ] = 11.53 Hz), 4.41 (1H,
J=11.53 Hz), 7.14 (1H, tt, ] = 7.42, 1.09 Hz), 7.36 (6H, m), 7.52 (2H, m), 7.83 (1H, 4, ] =
9.34 Hz), 8.16 (2H, m), 8.54 (1H, s). m/z 423.5 (MH").

Example 13

6m
[0179] 8-(2,6-Dimethyl-morpholin-4-yl)-2-phenyl-2, 5-dihydro-pyrazolof4, 3~
¢J{1,5 naphthyridin-3-one (6ém). The title compound was prepared following the procedure
described for 6a using 2,6-dimethylmorpholine instead of piperazine. 'H-NMR (DMSO-d6)
S (ppm): 1.19 (6H, d, J = 7.05 Hz), 2.36 (2H, t, J = 12.09, 10.98 Hz), 3.75 (411, brm), 7.16
(1H, tt, J = 7.42, 1.09 Hz), 7.43 (4H, m), 7.56 (2H, d, J = 9.06 Hz), 8.23 (2H, dt, ] = 8.79,
1.37 Hz), 8.56 (1H, s). m/z 376.5 (MH").

Example 14
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0- 5c [0189] 8- Fi nor o- 2- (4- net hoxy- phenyO- 2, 5-di hydr o- pyrazol o[ 4, 3-e] [ 1, 5]
napht hyri din-3-one (Sc). The title conpound was prepared foll ow ng the
procedure de¥eeripeds4d’n Step 3 for synthesis for 5a usi n@CT/US2008/066211

4- met hoxyphenyl hydrazi ne i nstead of phenyl hydrazine. 11-1-NVR (DVSO d6) 6
(ppm. 7.25 (111, ddd, J = 7.14, 4.67, HO Hz), 50 (1H, dd, S = 8.79, 3.03
Hz), ): 7.90 (1H, ddd, J = 9.34, 7.42, 1.93 5,\ .14 (1H, brd, 3 -=- 8.24
Hz), 8.28 (111, ddd, J = 9.06, 7.42, 7.14 1-1z)N8.50 (1H, m, 8.84 (111, s).

nitz 282.3 (MLi+), Step 2 0- NN N-N
[0190]2-(4-N®thory-pheny|)-8-(4-né{ﬁyl- { la | -yl) -2, 5-di hydro-pyrazol o
[4,3-c][],5Jnaphthyridin-3-one (60. The¢ tiftl ¢ conpound was prepared follow ng
t he procedure described for 6a using SCx - et hyl pi perazi ne i nstead of 5a

and pi perazine respectively. 111-NVR (DMSO-d6) 8 (ppm: 2.22 (3H, s), 2.56
(4H, in), 3.64 (44 ), 6.98 (2H, d, J =9.07 Hz), 7.15 (1H, d, J = 9.34 Hz),
7.78 (6H, d, J = 9.34 Hz), 8.10 (211, d,”S = 9.07 Hz), 8.45 (1H, s). rniz
391.4 (M+). ExalddB@e 218-(4-MuiN-piparedih2-Phenpyidin-2(lpl peéirpdvmyiazolo[4,3-c]

-y1)-2,5-di ?Ygfn%BWzﬁ}% lil’l-gl:o%k ?6_18] [1, 6]

Step 1

5b
[0181] 8-Fluoro-2-pyridin-2-yl-2,5-dihydro-pyrazolof4,3-c][ 1,5 Inaphthyridin-3-
one (5b). The title compound was prepared following the procedure described in Step 3 for
synthesis for 5a using pyridyl-2-hydrazine instead of phenylhydrazine. 'H-NMR (DMSO-d6)
& (ppm): 7.25 (1M, ddd, J = 7.14, 4.67, 1.10 Hz), 7.50 (1H, dd, J = 8.79, 3.03 Hz), ): 7.90
(1H, ddd, J = 9.34, 7.42, 1.93 Hz), 8.14 (1H, brd, J = 8.24 Hz), 8.28 (1H, ddd, J = 9.06, 7.42,
7.14 Hz), 8.50 (1H, m), 8.84 (14, s). m/z 282.3 (MH").

Step 2
72\
- =N
N N-N

L:jL N_A_~~o

]

XN

H

6n
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napht hyridi n-3-one (14) Step 1 a 0 NO # aN 12

[ 0192] Et hyl -4, 7-di ehl oro-[ 1, 6] napht hyri di ne- 3-ear boxyate (12). The title
conpound wasvpe@pasied fol |l ow ng the procedure descri bed PCHUSHAS/UsRINg
7-chlor o- 4- hydroxy[ 1, 6] napht hyri di ne- 3-carboxylic acid ethyl ester (11).

1H NMR ( CDC13) Mol A7, (3H t. J 5.7 14 H), 4,53 (211 J =7.14 Hz),
8.02 (1H, s), 9?@7&?1H,8 éﬁ’f}fe‘&;’g”é”e( Gy 959 2 prh”z"%)é.z’z"‘f’%fﬁ Aoy ds 5 NN o N
| CIN.-- 13¢jf1 5 naphthyridin-3-one (6n). The title compound was prepared following the procedure
1019317-Ch|8r012- henyl12,5-dihydr -pyrazol o[ 4, 3- 07, 61napht hyri di n- 3- one
escribed for 6a using Sb and I'-methylpiperazine instead of Sa and piperazine respectively.
'H-NMR (DMSO0-d6) & (ppm): 2.55 (4H, br), 2.77 (3H, brs), 3.80 (4H, br), 7.20 (1H, m),
7.27 (6H, d, J = 9.24 Hz), 7.87 (2H, m), 8.20 (1H, 4, J = 8.24 Hz), 8.48 (1H, m), 8.60 (1H, s).

m/z 362.4 (MH").

Example 15

6o
[0183] 8-Morpholin-4-yl-2-pyridin-2-yl-2, 5-dihydro-pyrazolof4,3-c]{1,5]
naphthyridin-3-one (60). The title compound was prepared following the procedure described
for 6a using 5b and morpholine instead of 5a and piperazine respectively. 'H-NMR
(DMSO-d6) 8 (ppm): 3.63 (4H, br), 3.72 (4H, br), 7.19 (2H, m), 7.82 (2H, m), 8.22 (1H, d, J
=8.24 Hz), 8.48 (111, dd, J = 2.20, 1.10 Hz), 8.56 (1H, 5). m/z 349.4 (MH").

Example 16

7 N\
—N
-—._Nr_\ N"N
\/N\(NI“j):o
|
NN
H
6p
[0184] 8-(4-Methyl-[1,4]diazepan-1-yl)-2-pyridin-2-yl-2, 5-dihydro-pyrazolo[4, 3-
c/[1,5 [naphthyridin-3-one (6p). The title compound was prepared following the procedure

described for 6a using Sb and 4-methyl-[1,4]-diazepane instead of Sa and piperazine

-39.



(13). The title conpound was prepared follow ng the procedure described in
Step 3 for synthesis for 5a using 12 instead of 4a. 1H NVR (DVSO- d6) 6 (ppm:

7.18 (1H,
(114, s),

napht hyri di @1B-m0n8.76 124),.d, The 321 4)e3. eD@poy ne- mvspr epa(ml, df, $D|=| DV Ag), the

DN%@Ed@$?F Eﬁ§%§P9§%%§§4ignthes s ia usi 3 instead of 5a.

pr ocedur e
i11-NWVR (

dd, J = 8.

ddyo 2008454447, 14, 6.59 Hz), 7.46 (2H, dd, J = 8.PRAUSPOFW6HL)

7.60

8.14 (211, d, J = 7.51 Hz), 8.81 (111, s), 9.21 (114,%). ink 297.7
(MT). Ste|§)eS

[ 0104] 2- TheRgRees i pEPIYR MO CITALOHy PhATHEH 3: BE0GH. m), 276

2 gHny, 3“39%}1(11117@2 (H?Lrﬁl)’ B dtH =) |
(HI, dd, J 321, GlngZ), §f49gm,m)7s §iﬁ(1(}121~)4 mA%76d (F1iPy 52, 7.41 Hz), 8.20 (

79, 1.10 Hz 894(112I s). mz 347.4 (M41).

7. 06

21-1,

Exanple 22 17 [0195]2 Phenyl - 6- (plpera2|n -yO0- 2 5-di hydr o- pyrazol o[ 4, 3-07, 7J

napht hyri di n-3-one (17) Step 1 15

Example 17

6q
[0185] 8-(3-Methyl-piperazin-1-yl)-2-pyridin-2yl-2, 5-dihydro-pyrazolo[4,3-c]
[1,5]naphthyridin-3-one (6q). The title compound was prepared following the procedure
described for 6a using 5b and 2-methylpiperazine instead of Sa and piperazine respectively.
"H-NMR (DMSO0-d6) & (ppm): 1.07 (3H, d, J = 6.87 Hz), 2.78 (3H, m), 3.00 (2H, m) 431

(2H, m), 7.14 (2H, m), 7.83 (2H, m), 8.22 (1H, dt, ] = 7.96, 7.64 Hz), 8.49 (2H, m). m/z
362.4 (MHM.

Example 18

[0186] 8-(4-Hydroxy-piperidin-1-yl)-2-phenyl-2, 5-dihydro-pyrazolof4,3-c][1,5]
naphthyridin-3-one (6r). The title compound was prepared following the procedure described
for 6a using 5a and 4-hydroxypiperidine instead of piperazine respectively. 'H-NMR
(DMSO-d6) 8 (ppm): 2.25 (1H, m), 2.70 (1H, m), 2.89 (2H, m), 3.15 (2H, m), 3.75 (2H, m),

-40-



[ 0196] Et hyl -4, 8-di chlorol 1 , 71naphi hyri di ne- 3-car boxyate (15). The title
conpound was prepared follow ng the procedure described for 4a using
8- chl or o- 4- hyder@ry§4347 7] napht hyri di ne- 3- car boxyli e acidPéﬁhymmyg%em (11).

1H NMVR (coch) 5 (ppm: 1.47 (311, t, J = 7.14 Hz), 4.53 (211, q, J = 7. 14 Hz),
?Ml?’l(l)lﬁ Sf'egi&mf%) 7B on8np % folih, 1 2 034%8, %Q i ny0s ot Sh=4bs 2710

[ 0197] 6- Chl HER829 phig iy LF 24.57,di. toyids)08. py (18 ). @f/4,32@{niltmapht hyri di n- 3-one (16).
The title conmpound was prepared follow ng the procedure described in Step 3
for synthesis for 5a using 15 instead of 4a. 11-1-NWR (DVMSO-d6) 5 (ppm: 7.16
(1H m, 7.44 (211, dd. J = 8.6, 7.6 g#2hne§909011, d, J = 5.3 Hz), 8.14 (2H,
dd, J 8.5, 1.1 Hz), 8.37 (1H, d, J -‘ETZRHZT, 8.51 (1Ks). tniz 297.7 (MH).
Step 3 17 [0198] 2-P henyl-6-(piperazin-1 -yly-2\ 5-dihydro-pyrazol0O [4, 3-07

, 71 napht hyridin-3-one (17). The title conpou S prepared foll ow ng the
procedure described in Step 4 fay thesi syfior Ga using 16 instead of 5a.

1H NVR (DVBO-d6) (ppm: 3 2 (4H, ‘ﬁyg §.4 [ (4H, brm), 7.13 (114, m), 7.46

(2H, m, 7.78 (114, d, J = 5.2 Hz) d”J 7.7 Hz), 8.30 (1H, d, J =
51 Hz), 8.50 (1H, s). |nk 3474(M—I+). e 23
[ 0199] 6- ( Mor phol i n-4-y1) - 2- phenyl- 2, 5-di hydy o- pyrazol of 4, 3-
c][1, 7] napht hyridin-3-one (18). The title conmpound was prepared follow ng the
procedure described in Step 4 for synthé§|s for Ga using 16 and norpholi ne.
|||-N|VR(D|VBOOI D1ERPT N-PipBraki- AL dyrid- W2 3B irh- 19355 (1H, m,
7.43 (2H M., S pglsaﬂy”%o l?r%’%wmoé[] 8.33 (1H, d,
J 5.2 Hz) na@t@md{nj}pnes(fs) The/tztlegnglpg_ur(dmas pg_e))ared followmg the procedure described

for 6a using 5b instead of 5a. 'H-NMR (CDCly) & (ppm): 2.97 (4H, br), 3.72 (4H, br), 6.82

(1H, d, J = 9.34 Hz), 7.42 (4H, m), 7.75 (1H, m), 8.17 (2H, d, ] = 7.97 Hz), 8.52 (1H, s). m/z

348.4 (MH").

Example 20

[0188] 2-(4-Methoxy-phenyl)-8-(4-methyl-piperazin-1-yl)-2, 5-dihydro-pyrazolo
[4,3-c][1,5 [naphthyridin-3-one (6t)

Step 1

41-



Bl OLOG CAL EXAVMPLES [0200] The ability of a conpound disclosed herein to act
as ligand to the benzodi azepi ne site of GABAA can be determ ned using

phar macol ogivakroogvded’s whi ch are well known in the art w®SrAG2aes6tidl | ow ng
assay. The 1C50 values for the exenplified conpounds range fromsub nM1.0 10
Min a 3-concentration dose response curve. B%&'z_odi azepi ne bi ndi ng assay

[ 02011Whol e brain (except cerebellum of male/Wstar derived rats wei ghing 175
25 g -w.ere used to prepare GABAA central Penxodi azepi ne receptor in Na-K
phosphate buffer pH 7.4. A5 ng aliquot was cubated with 1 nM

(3H) -flunitrazepamfor 60 mnutes at 25 G-NExperinents were perfornmed in the

presence or absence of 30 1. 1M of FGARA. cific binding was estimated in
the presence of 10 M of diazepam nbfangs were filtered and washed, the
filters were then counted to deter 1)-flunitrazepain specifically

bound. Test conpounds were tested in duplicate according to the required
concentrations (Damm H W, et al. (1978§ Res. Comm Chem Pathol. Pharnacol.
22: 597- 560 i ncorporated hereininits -entlrety Speth, RC , et al. (1979)
Life Sci. 24: 35MM8%7 i 8chioporat-ediiberghenyl a51dz@dmpyrmv¢[)3cﬁqas_rml es of

e, LR e Lk 3 B nOrCaL S o G50 of
Structure BZ Biepdifdr synthesis for 5a using 4-methoxyphenylhydrazine instead of phenylhydrazine.

'"H-NMR (DMSO-d6) & (ppm): 7.25 (1H, ddd, J = 7.14, 4.67, 1.10 Hz), 7.50 (1H, dd, J =

8.79, 3.03 Hz), ): 7.90 (1H, ddd, T = 9.34, 7.42, 1.93 Hz), 8.14 (1M, brd, J = 8.24 Hz), 8.28

(1H, ddd, J=9.06, 7.42, 7.14 Hz), 8.50 (1H, m), 8.84 (1H, 5). m/z 282.3 (MII),

Step 2

[0190] 2-(4-Methoxy-phenyl)-8-(4-methyl-piperazin-1-yl)-2, 5-dihydro-pyrazolo
[4,3-c][1,5 [naphthyridin-3-one (6t). The title compound was prepared following the
procedure described for 6a using Sc¢ and 1-methylpiperazine instead of 5a and piperazine
respectively. 'H-NMR (DMSO-d6) & (ppm): 2.22 (3H, s), 2.56 (4H, m), 3.64 (411, m), 6.98
(2H, d, J = 9.07 Hz), 7.15 (1H, d, J = 9.34 Hz), 7.78 (6H, d, ] = 9.34 Hz), 8.10 (2H, d, J =
9.07 Hz), 8.45 (1H, s). m/z 391.4 (MH").

Example 21
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9 assay (1C50) EP resul
N-N

WO 2008/154447

[0191]

Step 1

. [0192]

t No Structure BZ bindin 9 assay (1C50) EP resul

PCT/US2008/066211

&

N-N
N/lfl 7
N Y

li

2-Phenyl-7-(piperazin-1-yl)-2, 5-dihydro-pyrazolo[4,3-c][1,6]
naphthyridin-3-one (14)

12

Ethyl-4,7-dichloro-{1,6 Jnaphthyridine-3-carboxyate  (12). The title

compound was prepared following the procedure described for 4a using 7-chloro-4-hydroxy-

[1,6naphthyridine-3-carboxylic acid ethyl ester (11). 'H-NMR (CDCl3) & (ppm): 1.47 (3H,
t,J=7.14 Hz), 4.53 (2H, q, J = 7.14 Hz), 8.02 (1H, s), 9.37 (1H, ), 9.62 (1H, 5). m/z272.2

(MH™).

Step 2

[0193]

&

N—N
)
Y
™
H
13

7-Chloro-2-phenyl-2,5-dihydro-pyrazolo[4,3-cJ[ 1,6 Jnaphthyridin-3-one

(13). The title compound was prepared following the procedure described in Step 3 for

synthesis for 5a using 12 instead of 4a. 'H-NMR (DMSO-d6) 6 (ppm): 7.18 (1H, dd, J =

43-

t



NI NBNegen/ \ -NNNLNL20I NB 6b N-N NO |

WO 2008/154447 PCT/US2008/066211

7.14, 6.59 Hz), 7.46 (2H, dd, J = 8.24, 7.70 Hz), 7.60 (1H, s), 8.14 (2H, d, ] = 7.51 Hz), 8.81
(1H, s), 9.21 (1H,s). m/z297.7 (MH").

Step 3

N-N
N ]I 7
N NN
HN,_J H
14

[0194] 2-Phenyl-7-(piperazin-1-yl)-2, 5-dihydro-pyrazolof4,3-cJ[1,6]
naphthyridin-3-one (14). The tiile cofnpound was prepared following the procedure described
in Step 4 for synthesis for 6a using 13 instead of 5a. 'H-NMR (DMSO-d6) & (ppm): 2.80
(4H, brm), 3.46 (4H, brm), 6.68 (1H, s), 7.06 (1H, dd, J = 7.42, 7.14 Hz), 7.36 (2H, dd, J =
8.52,7.41 Hz), 8.20 (2H, dd, J = 8.79, 1.10 Hz), 8.47 (1H, s), 8.94 (1H, s). m/z 347.4 (MH").

Example 22

17
[0195) 2-Phenyl-6-(piperazin-1-yl)-2,5-dihydro-pyrazolof4,3-c]{1,7]
naphthyridin-3-one (17)

Step 1

44
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WO 2008/154447 PCT/US2008/066211

15
[0196] Ethyl-4,8-dichloro-{1,7 [naphthyridine-3-carboxyate  (15). The title
compound was prepared following the procedure described for 4a using 8-chloro-4-hydroxy-
[1, 7Inaphthyridine-3-carboxylic acid ethyl ester (11). 'H-NMR (CDCls) 8 (ppm): 1.47 (3H,
t,J=7.14 Hz), 4.53 (2H, q,J = 7.14 Hz), 8.13 (1H, d, ] = 5.8 Hz), 8.55 (1H, d, ] = 5.8 Hz),
9.35 (1H, s). m/z271.0 (MH").

Step 2

N—N
= I O
98
a M
16

[0197] 6-Chloro-2-phenyl-2,5-dihydro-pyrazolo[4,3-c][1, 7 [naphthyridin-3-one
(16). The title compound was prepared following the procedure described in Step 3 for
synthesis for 5a using 15 instead of 4a. 'H-NMR (DMSO0-d6) & (ppm): 7.16 (IH, m), 7.44
(2H, dd, J = 8.6, 7.6 Hz), 8.09 (1H, d, ] = 5.3 Hz), 8.14 (2H, dd, ] = 8.5, 1.1 Hz), 8.37 (1H, d,
J=52Hz), 8.51 (1H,s). m/z297.7 (MH").
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WO 2008/154447

Step 3

[0198]

Pos e N -N

PCT/US2008/066211

2-Phenyl-6-(piperazin-1 -yl)—2, S-dihydro-pyrazolo[4,3-c][1,7]

naphthyridin-3-one (17). The title compound was prepared following the procedure described

in Step 4 for synthesis for 6a using 16 instead of 5a. 'H-NMR (DMSO-d6) & (ppm): 3.2 (4H,
brm), 3.48 (4H, brm), 7.13 (1H, m), 7.46 (2H, m), 7.78 (1H, d, J = 5.2 Hz), 8.18 (2H, d, J =
7.7 Hz), 8.30 (1H, d, ] = 5.2 Hz), 8.50 (1H, s). m/z 347.4 (MH").

Example 23

[0199]

6-(Morpholin-4-yl)-2-phenyl-2,5-dihydro-pyrazolo[4,3-

¢][1,7]naphthyridin-3-one (18). The title compound was prepared following the procedure

described in Step 4 for synthesis for 6a using 16 and morpholine. 'H-NMR (DMSO-d6) &
(ppm): 3.17 (4H, brm), 3.87 (4H, brm), 7.15 (1H, m), 7.43 (2H, m), 7.76 (1H, d, ] = 5.5 Hz),
8.17 (2H, d, J = 8.8 Hz), 8.33 (1H, d, J = 5.2 Hz), 8.44 (14, 5). m/z 348.1 (MH").
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BIOLOGICAL EXAMPLES
[0200]  The ability of a compound disclosed herein to act as ligand to the

benzodiazepine site of GABA4 can be determined using pharmacological models which are
well known in the art using the following assay. The ICsy values for the exemplified

compounds range from sub nM to 10 pM in a 3-concentration dose response curve.

Benzodiazepine binding assay

[0201] Whole brain (except cerebellum) of male Wistar derived rats weighing 175
+ 25 g were used to prepare GABA, central benzodiazepine receptor in Na-K phosphate
buffer pH 7.4. A 5 mg aliquot was incubated with 1 nM (*H)-flunitrazepam for 60 minutes at
25 °C. Experiments were performed in the presence or absence of 30 pM of GABA. Non-
specific binding was estimated in the presence of 10 pM of diazepam. Membranes were
filtered and washed, the filters were then counted to determine (3H)-ﬂunitrazepam
specifically bound. Test compounds were . tested in duplicate according to the required
concentrations (Damm, H.W., ef al. (1978) Res. Comm. Chem. Pathol. Pharmacol. 22: 597-
560 incorporated herein in its entirety; Speth, R.C., et al. (1979) Life Sci. 24: 351-357

incorporated herein in its entirety).

Examples of activity:
[0202] wherein:

A indicates an IC5q of >1mM

B indicates an ICsp of <ImM

C indicates an ICsq of <InM
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[0203] All compounds disclosed in Table 1 are assumed to be drawn as neutral.
If not indicated, a hydrogen atom is assumed to be present on nitrogen atoms to provide a
neutral compound. The compounds of Table 1 can exist in additional isomeric forms, for
example, the compounds can exist as tautomers of the drawn structures. The compounds
disclosed in Table 1 encompass all possible tautomers of the drawn structures. One of skill
in the art will understand that a compound can exist in different tautomeric forms or mixtures
there of depending on the environment encompassing the compound, that is an equilibrium
can exist between the different tautomerics forms of the compounds and the equilibrium

between said forms can be influenced by outside factors.

[0204] The modulation of GABA, function is determined by changes in current

as determined in an electrophysiology assay, as is detailed below.

Electrophysiology Assay

Preparation of RNA

[0205] mRNA was prepared from lyophilized plasmid pellets containing cDNA
inserts encoding the specific GABA, receptor subunit. cDNAs encoding the o 2, a 3, and v 3
subunits were subcloned into pBluescript, SK. cDNAs encoding the o 1 and o, 5 subunits

were subcloned into prC while cDNA encoding the B 2 subunit was subcloned into pcDNAL.
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The ¢cDNA construct encoding the y 2s subunit is in the pGHI19 expression construct.
Overnight cultures of transformed DH5a bacterial cells were performed to grow sufficient
quantities for maxiprep isolation of the plasmid ¢cDNA. The resulting plasmid ¢cDNA was
linearized by digestion with an appropriate restriction enzyme that cleaves distal to the cDNA
insert (Xbal for o 1,2, B 2, and v 3 or Neil for o 3,5 and y 2, respectively). Following
digestion, plasmid cDNA was treated with proteinase K and extracted with
phenol/chloroform/isoamy] alcohol, followed by ethanol precipitation. cDNA quality was
assessed by agarose-gel electrophoresis (1.5% agarose gel). Samples were stored at —20°C
until vse. In vitro transcription was performed with T7 RNA polymerase. mRNA was then
stored at —80°C until use. Plasmids were linearized with appropriate restriction enzymes

before in vitro transcription using the Message Machine kit (Ambion, Austin, TX).
GABA 4 receptor expression in Xenopus oocytes.

[0206] GABA, receptor expression in Xenopus oocytes: Following 45 min of
0.15% Tricaine anesthesia, an ovarian section containing the follicular oocytes was removed
from the frog through a lateral abdominal incision. Cocytes were immediately placed in a
calcium-free solution (NaCl 96 mM, MgCl, 1 mM, KCI 2mM, Hepes 50 mM, pyruvate 2.5
mM, gentamycin 100 pg/mL, penicillin-streptomycin 50 U/mL, pH 7.4). Following 1.5-2
hour incubation in 0.2% collagenase (type I, Sigma Chemical Co., St. Louis, MO) at room
temperature, individual Dumont stage V and VI oocytes were transferred to an incubator and
maintained overnight in Barth's solution (NaCl 84 mM, NaHCO; 2.4 mM, MgSO4 0.82 mM,
KCl 1 mM, Ca(NOs3); 0.33 mM, CaCl, 0.41 mM, Tris/HCI 7.5 mM, pyruvate 2.5 mM,
gentamycin 50 pg/mi., penicillin-streptomycin, 100 units/mL, pH 7.4) at 18-20°C and used
for experiments 1-5 days post-injection. Oocytes were injected solution using an electronic
microinjector (Drummond, Broomall, PA) with 50 nL. of RNA containing 0.3-0.5 ng of each
subunit RNA in a 1:1:1 ratio. The injected oocytes were used for experiments after 1-5 days

of incubation in Barth’s solution at 18-20°C.
Electrophysiology:

[0207] Measurements of ion currents from ococytes expressing GABA, receptors

were performed using a Warner two-electrode voltage-clamp amplifier (Warner Instruments,
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Inc., Foster City, CA) (Park-Chung, M., et al. (1999) Brain Res. 830: 72-87 incorporated
herein in its entirety). Microelectrodes were fabricated from borosilicate glass capillaries
with a programmed pipette puller (Sutter Instrument Co., CA). Microelectrode resistance was
1-3 MQ when filled with 3 M KCl. The oocyte recording chamber was continuously
perfused with Ringer solution. Oocytes were clamped at a holding potential of -70mV during
data acquisition. The membrane current was filtered at 10 Hz and sampled at 100 Hz.
Compounds were applied by a gravity-driven external perfusion system. The working
volume of the recording chamber was 30 pL and the rate of the perfusion was approximately
50 pL/sec. Compound application was 10-20 sec followed by a 90 sec wash. Data
acquisition and external perfusion was computer controlled by custom-developed software.
All experiments were performed at room temperature (22-24 °C). Dose-response data from

each oocyte were fitted to the Hill equation by non-linear regression using the equation:
1y
Igapa = Emax/(1+{(ECs¢/c) )

Emax is the maximum response, ECsy is the concentration producing 50% of the maximal
response, Ny is the Hill coefficient and c is the concentration of agonist. Based on the GABA
concentration-response curve fit, an EC;o for GABA was determined for each subunit
combination, and this concentration was used for subsequent modulator concentration-
response studies. Peak current measurements were normalized and expressed as a fraction of
the peak control current measurements. Control current responses to an ECyg concentration
of GABA were re-determined after every 2-4 modulator applications. Percent modulation
was determined by the equation:
% change = (I'/1-1) x 100

where I is the control response at the GABA ECy; and I' the response in the presence of
modulator (Lippa A, ef al. (2005) Proc. Natl Acad. Sci. USA 102(20):. 7380-7385
incorporated herein in its entirety). '

[0208] Some compounds showed positive modulation and some showed negative

modulation at a screening concentration of 10 pM.

Object Recognition Assay
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[0209] Effect on animal behavior, specifically improvement of cognitive function
(including but not limited to both short-term/working memory and long-term memory), can
be determined using a number of established protocols. One method, novel object

recognition, is described below.

Object Recognition Assay

[0210] Object recognition is an ethologically relevant task for rodents, which
does not result from negative reinforcement (foot shock). This task relies on the natural
curiosity of rodents to explore novel objects in their environments more than familiar ones.
Obviously, for an object to be “familiar,” the animal must have attended to it before and
remembered that experience. Hence, animals with better memory will attend and explore a
new object more than an object familiar to them. During testing, the animal is presented with
the training object and a second, novel one. Memory of the training object renders it familiar
to the animal, and it then spends more time exploring the new novel object rather than the
familiar one (Bourtchouladze, R., ef al. (2003) Proc. Natl. Acad. Sci. USA 100: 10518-10522
incorporated herein in its entirety). Recent neuroimaging studies in humans demonstrated that
memory in object recognition depends on prefrontal cortex (PFC) (Deibert, E., ef al. (1999)
Neurology 52: 1413-1417 incorporated herein in its entirety). Consistent with these findings,
rats with the PFC lesions show poor working memory when they are required to discriminate
between familiar and novel objects (Mitchell, J.B. and Laiacona, J. (1998) Behav. Brain Res.
97: 107-113 incorporated herein in its entirety). Other studies on monkeys and rodents
suggest that the hippocampus is important for novel object recognition (Teng, E. et al. (2000)
J. Neuroscience 20: 3853-3863 incorporated herein in its entirety; Mumby, D.G. (2001)
Behavioural Brain Research 127: 159-181 incorporated herein in its entirety). Hence, object
recognition provides an excellent behavioral model to evaluate drug-compound effects on
cognitive task associated with function of hippocampus and cortex.

[0211] The strength of memory retention in most cases is dependent on the

-amount of training (repetition of explicit or implicit trials). This “memory acquisition curve”

can be influenced by many experimental and physical variables, which include, but are not

limited to, temperature, humidity, ambient noise, lighting levels, the size of the training
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arena, the size and dimensions of the objects, the physical textures and colors of the training
arena and the animal’s stress levels, motivational states or experiences prior to training. To
evaluate memory enhancing compounds for NOR, the experimenter must parameterize
training duration to define (i) the duration (amount of training) required to reach an
asymptotic (high) level of memory retention and (ii) a lesser duration at which memory
retention is sub-maximal. Memory enhancing compounds will produce higher memory
retention with submaximal training (but may have no measurable effect with asymptotic
(“maximal”) training. Typically, the difference between sub-maximal and asymptotic
memory must be sufficiently larger to yield appropriate statistical power. An example which
follows:

[0212] Prior to initiation of training, animals were handled and habituated to the
training arena. Appropriately sized arenas were used for different species (e.g. for mice: a
Plexiglas box of L=48 cm; W=38 c¢cm and H=20 cm; for rats: a Plexiglas box of L=70 cm;
W=60 cm and H=35 c¢cm). The day before training, an individual animal was placed into a
training apparatus located in a dimly lit room and allowed to habituate to the environment for
15 minutes (also see (Pittenger, C., ef al. (2002) Neuron 34: 447-462 incorporated herein in
its entirety; Bourtchouladze, R., et al. (2003) Proc. Natl. Acad. Sci. USA 100: 10518-10522
incorporated herein in its entirety). Training was initiated 24h hours after habituation. An
animal was placed back into the training box, which contained two identical objects (e.g. a
small conus-shape object), and was allowed to explore these objects. The objects were
placed into the central area of the box and the spatial position of objects (left-right sides) was
counterbalanced between subjects. Animals were trained for 15 minutes. To test for memory
retention, animals were observed for 10 minutes 24 hours after training. A rodent was
presented with two objects, one of which was used during training, and thus was ‘familiar’
and the other of which was novel (e.g. a small pyramid-shape object). To ensure that the
discrimination targets do not differ in smell, after each experimental subject, the apparatus
and the objects were thoroughly cleaned with 90% ethanol, dried and ventilated for a few
minutes.

[0213] The experiments were videotaped via an overhead video camera system.

Types were then reviewed by a blinded observer and the following behavioral parameters
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10522 incorporated herein in its entirety). This Data was analyzed by Student’s unpaired ¢
test using a software package (Statview 5.0.1; SAS Institute, Inc). All values in the text and
figures are expressed as mean + SEM.

[0214] For NOR, 1-hr memory fetention represents a measure of decremental,
short-term memory (usually transcription independent), which contributes to cognitive
functions, such as working memory (radial arm maze, delayed match to sample, etc),
executive function (task-switching, etc.) and attentional processes (priming, etc). Twenty-
four hour memory retention represents a measure of long-term memory, to which STM is
converted through the molecular and cellular processes of memory consolidation. LTM
contributes to lasting cognitive functions such as reference memory.

[0215] It will be appreciated by those skilled in the art that changes could be made
to the embodiments described above without departing from the broad inventive concept
thereof. It is understood, therefore, that this invention is not limited to the particular
embodiments disclosed, but it is intended to cover modifications that are within the spirit and

scope of the invention, as defined by the appended claims.
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El eet rophysi ol ogy Assay Preparation of RNA [0205] nRNA was prepared from

| yophilized plasm d pellets containing cDNA inserts encoding the specific
GABAA receptor subunit. cDNAs encoding the a 2, a 3, and y 3 subunits were
subcl oned into pBluescript, SIC. cDNAs encoding the a 1 and a 5 subunits were
subcl oned into prC while cDNA encoding the p 2 subunit was subel oned into
pcDNAI .  The eDNA construct encoding the y 2s subunit is in the pGHL9
expression construct. Overnight cultures of transforned DH5a bacterial cells
wer e per f or MAATAS GEAWIENS fi ci ent quantities for maxiprep isolation of the
plasm d cDNA. The resulting plasm d cDNA was |inearized by digestion with an
appropri at e k-esepmpeihoeterywe fifat cl eaves distal to the cDNA insert (Xbal
for a 1,2, 13 2, and y 3 or Not! for a 3,5 and y 2, respectively). Foll ow ng
di gestion, plasm d cDNA was treated with proteinase K and extracted with
phenol / chl orof om | i soanyl alcohol, followed by et hafiol precipitation. cDNA
quality was assessed b% aqdr ose-gel electrophoresis (1.5% agarose gel).

Sanpl es were stored at ; until use. In vitro transcription was perforned
with T7 RNA pol yeras /rrR was then stored at -80C until use. Plasmds were
| i nearized w td43 ap Iate réstriction enzymes before in vitro transcription
using the I\/esszlhge kit (Anmbion, Austin, TX). GABAA receptor expression
i n Xenopus oocCYtes BAA receptor expr ession in Xenopus oocytes:

Fol | owi ng 45 nm of 0. 1p% Tri cai ne anesthesia, an ovarian section containing
the follicular oocyteskwas renoved fromthe frog through a | ateral abdom nal

i ncision. OCocytcs were imedi ately placed in a calciumfree solution (NaCl 96
mM MC12 1 siMauttlerdhaldbs, iR RRSir PRamMceRMBMAL £ocdpfblM  gent anycin 100 pg/mi,
penicillin-strsaptonycin 50 Umn, pH 7.4). Followng 1.5-2 hour incubation in
0. 2% col | agennseif:type 11, Sigma Chemcal Co., St. Louis, M) at room

t enper at ur e, Riifidydtoderalorloaid@t st age V and VI oocytes were transferred to an

i ncubat or and,,naj, M Qianed. oxmer&icgihdégenBaitih ™Ng wob@ j)on (NaCl 84 mV NaHCO3 2.4
mM MySOH4 0. 82vindvkinkEleakt didof@a( KOB), 20107 3de MndGaGk2t 0. 41 mM Tris/HCL 7.5 mM
pyruvate 2.5 mMo dfent agyci,or¥) asgOk,);, penicillin-streptonycin, 100 units/ni,
pH 7. 4) at 18RO ianctiapeadedtdr sebeqpeat fromnihs gloup cayssstpost -i nj ection. Cocytes
wer e i nj ect ed isglaft yeirogsi, gy dacxye | ledd,r gnrino, M'creigjéct or ( Drummond, Broomal |,
PA) with 50 nlRgf,, RNARcRBptigidnoxdCQ-Qo)alksl, agylgietematylsubunit RNA in a 1:1:1
rati o. The i njletiredydoeyhes(fers)alsed (CorCoxipel ioppnts after 1-5 days of

i ncubati on i n Bargulysstuss] withow tat> 48-20@d B e€ispadbdrpsi ol oa: [ 0207] Measur enent s
of ion currentationahy sokyitewdexph epsiony BaBAAVheeptibrs were perforned using a
Var ner two- el deastede Ryd$ Bage-cl anp anplifier (Warner Instrunments, Inc.,
Foster City,BCA) (Park-Chung, M, et al. (1999) Brain Res. 830: 72-87

i ncorporated herein in its entirety). Mcroel ectrodes were fabricated from
borosilicate glass capillaries with a progranmed pipette puller (Sutter

I nstrument Co., \ M groel ectrode resistance was 1-3 MO when filled with 3 M
KCl. The oocyt® recondisdg chanber was continuously perfused with R nger

sol ution. Qocytgs re ¢l anped at a hol ding potential of -70nV during data
acqui sition. The Mbrade current was filtered at 10 Hz and sanpl ed at 100 Hz.
Conmpounds were applied by a gravity-driven external perfusion system The

wor ki ng vol unme of the recording chanber was 30 p.L and the rate of the
perfusion was approxi mately 50 pL/sec. Conpound application was 10-20 sec

foll owed by a 90 sec wash. Data acquisition and external perfusion was
conputer controlled by custom devel oped software. Al experinents were
perfornmed at roomtenperature (22-24 C). Dose-response data from each oocyte
were fitted to the Hill equation by non-linear regression using thc equation:
| GABA = Emax/ (1+(EC50/c)nE) Emax is the maxi mumresponse, EC50 is the
concentration produci ng 50% of the maximal response, nHis the Hill
coefficient and c is the concentration of agonist. Based on the GABA
concentration-response curve fit, an EC] 0 for GABA was determ ned for each
subunit conbination, and this concentration was used for subsequent nodul ator
concentration-response studies. Peak cygrent neasurenents were nornalized and
expressed as a fraction of the peak control current neasurenents. Control
current responses to an ECI O concentration of (MBA were re-determ ned after
every 2-4 nodul ator applications. Percent nodul ati on was determ ned by the
equation: % change = (WM) x 100




where | is the control response at the GABA EC o and | the response in the
presence of nodul ator (Lippe A et al. (2005 Proc. Wall Acad. Sc.i. USA
102(20): 7380-7385 incorporated herein inits entirety). [0208] Some conpounds
showed positive nodul ati on and sone showed negative nodul ation at a screening
concentration of 10 pM (bject Recognition Assay WO

20081154447PCT/ US2008/ 066211 102091Effect on ani mal behavior, specifically

i mprovenent of cognitive function (including but not limted to both

short -t er m wokkisneplemabfipmarie ¢romg-cbesisingenhydrogaman be determ ned using a
nunber of esta@b’ii@ﬁéd Q)t d’é’é#osi}’((@‘i@e)h]ﬁfhodcl -Replivl obj ect recognition, is
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to training. d&oheMab dategendentyr yydenpaneilngCEompodnds for NOR, the experinmenter
nust par amet er ilgéoky, aiymongitdur(@t-Celllylo hdébiyw(€,() the duration (amount of
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training. Typi (,C&EIHEY f:f“F: ](3 maxi mal and asynptotic nenory
nmust be suffi CI e statistical power. An exanple
whi ch fol |l ows: 6 n &}%st ug )éﬂu IA: glni ng, animals were handl ed and

habi tuated to t( C )alkoxy optlonally substltuted withupto5 ﬂuoro
p is an integer selected from 0, 1, 2 and 3,
z 1s an integer selected from 0, 1 and 2; and
n is an integer selected from 0, 1, and 2.
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training arena. Appropriately sized arenas were used for different species
(e.g. for mce: a Plexiglas box of L=48 cm W38 cmand 11=20 cm for rats: a
Pl exi gl as box of L=70 cm W60 cm and H=35 cn). The day before training, an

i ndi vi dual ani mal was placed into a training apparatus located in a dimy lit
roomand allowed to habituate to the environnment for 15 m nutes (al so see
(Pittenger, C., et al. (2002) Neuron 34: 447-462 incorporated herein inits

entirety; Bourtchoul adze, R, et al. (2003) Proc. Natl. Acad. Set USA 100:
10518- 10522 i hddrepemanaed wé“rcéalmlﬂlathgsém rwlg)la: Tyaj ning was initiated 24h
hours after habituation. An ani pl aced back into the training box,

whi ch contai ned two identical bje s (e.g. a small corns-shape object), and
was allowed to explore these oRject The objects were placed into the central
area of the box and the spatial/position of objects (left-right sides) was
count er bal anced between subj e Animals were trained for 15 mnutes. test
for menory retention, ani re observed for 10 m nutes 24 hours after
training. A roqgnt was pr with two objects, one of which was used
during tralnlng, “familiar' and the other of which was novel

(e.g. a small pyr bject). To ensure that the discrimnation targets
do not differ in each experinental subject, the apparatus and the
objects were tHarougtily cl®anedkwmi th 90% et hanol, dried and ventilated for a
few m nutes. [0213] The experinents were V|deotaped via an overhead vi deo
canera system Typesfwere® hen reviewed by a blinded observer and the
foll ow ng behavioral paraneters were determned: tinme of exploration of an
each object; the total tine of exploration of the objects; nunber of

appr oaches t ooqqféumg}eé@@@eo%ﬁﬂthp;rm@apn@e@ﬁ@@l}y §6CPiapt approach to an obj ect.
The di scrim natsei® i ndex - nmenory score - was determ ned as descri bed
previously (Epnaesiy.is &M apdl Aggleton, J.P. (1997) Behav. Brain Res. 88:
181-193 i ncor ated her [ S entlret ourtchouladze, R, et. al.

(2003) Proc. QQ@PCOK@SWMﬁégﬂm h ]ﬁ@ﬂmf@ 10522 incorporated hereininits
entirety). This Data was anal yzed by Student S unpaired t test using a
software package (Statview 5.0.1; SAS Institute, Inc). Al values in the text
and figures are expressed as nmean + SEM [0214] For NOR, 1-hr nenory retention
represents a measure of decrenctntal, short-termnmenory (usually transcription
i ndependent), which contributes to cognitive funcghkj ons, such as working nenory
(radial arm nmaze, del ayed mat ¥anmpl e, etc), executive function

(task-switching, etc.) and aétentﬁbnal processes (primng, etc). Twenty-four

hour menory retention represe measure of long-termnmenory, to which STM
is converted through the nol e¢cul ar and cellul ar processes of nenory
consolidation. LTM chntri &s to lasting cognitive functions such as
reference nmenory. [0 15]I/ Wi be appreciated by those skilled in the art

that changes coul ¢-bexyade tHe enbodi ments described above w t hout
departing fromthg broad inyentive concept thereof It is understood,

therefore, that nis not limted to the particular enbodlnents

di scl osed, but %t isyintehded ®0 cover nodifications that are within the
spirit and scope of Ythe ihvention, as defined by the appended clainms. WHAT IS
CLAIMED: 1. A conpoufld of fornmula (1): (1) Ar NN 2Zz1. 111 Z3

or a tautomer thereof] or their pharmaceutically acceptable
salts,

whereinY is CM or N.
4. The compound of claim 2, wherein at least one X is NL.
5. The compound of claim 3, wherein at least one X is NL.
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AMNR2 | It or tautomer thereof, or their pharmaceutically acceptable salts,
wherein: R is hydrogen, or oxide; Z1, 4, Z3, and Z4 are each independently N,
or wherein at |east one of Z1, Z2, Z3, or Z4 are N and at |east two of 4, Z2,
4, or Z, are C(Ri); each 122 is independently selected fromthe group

consi sting of hydrogen, hydroxy, halo, cyano, 131, CON 12,126, -NR, R6,

hydr oxy(Cl - C6) al kyl, aryl, heteroaryl, heterocycle, am no(Cl-C6)alkyl,

(G -Co)al kyl optionally substituted with up to 5 fluoro, and (Cl-C6)al koxy
optional l'y sulgstliheubathdtintihfupaitol pwhbtedi, wherein at |east one Rl is 13'; Bl
1s R is 86|§ﬁte€ frgylthe group consi sting of hydrogen, hydroxy, halo,

hydr oxy( C1- C6 Y al &yt Y9 €1*T6) al k-y1 optional |y substituted with up to 5 fluoro,
and (Cl-C6) al koxy optionally substituted with up to 5 fluoro; each Re and Rh
i s independently hydrogen, (Cl-C6)alkyl, --S(0),, (Cl-C6)al kyl,
-C(0)(C1-Co)al kyl, C(0) NRg(G -C6)al kyl, orC(0)0(C1-C6)al kyl, or Re and Rb are
taken together with the nitrogen to which they are attached to forma

het er ocycl e group_optionally substituted with one or nore Rd; wherein the

het er ocycl e group*optionally include one or nore groups selected fromO

(oxygen), S (sulf ~, andaNRe; each Re. is independently hydrogen,
(C2-05) al kenyl, fC2- atkynyl, -C(0)0(C1-Co6)al kyl, (C, -Co)al koxy(C, -

Co) al | cyl, bydrg y(Cl Yal kyl, C(0)NRe(C, -C6) alkyl, -S(0), (Cl-Cs)alkyl,
-C(0) (C1-Co) al kyl k- )al kyl optionally substituted with up to 5 fluoro,

or (Cl-C6)al koxy optionally substituted with up to 5 fluoro; each Rd is
i ndependent |y hydrogen, hal o, oxo, hydroxy, -C(0)NR RJ3 -NReRf

hydr oxy( CL- CoyRl¥loonBuntl FAhkk! wRBldh Bl X SUDSLi L uted wi th up 1o 5
X

fluoro, or (CiL- al k opt.j onal | ubstifuted with up to 5 fluoro;
( ]8 %?123 compo){mdpof C Erllll’n G,y W ere?n Z, lijs N. P

9. The compound of claim 2 that has the formula Th:

(Ih)

Y>F__/>
X’”fyﬁb —

or a tautomer thereof, or their pharmaceutically acceptable
salts,

wherein Y 1s CM or N.
10. The compound of claim 9, wherein at least one X is NL.

11. The compound of claim 9, wherein at least one X is
OXygen.
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each Re and Rf is independently selected from hydrogen, (Cl-C6)alkyl,
-C(0)(C1-cCo)al kyl, -S(0), (C1-C6) -S(0), NRe(Cl-C6)al kyl, C(O0)NR, (C1-Co6)

al kyl, C(0) (G -C')al kyl, or -C(0)0(C1-05)alkyl; Rg is hydrogen, aryl,

het eroaryl, heterocycle, or (Cl-C6) alkyl optionally substituted with up to 5
fluoro; Ar is awl optionally substituted with one or nore Mor heteroaryl
optionally substituted with one or nore M each Qis independently hydrogen,
hal 0. oxo, hydroxy, C(O)NR R', -NR Re, (Ci1-0C6)alkyl optionally substituted
with up to 5 fhporhe cofboh)dlckox)? BptHaonRlbyngahstituted with up to 5 fluoro,
(C1-C6)al kyl optionally substituted wwth one or nore Rd, hydroxy(Cl-C6)al kyl
optionally substituted with one or ag or arylk{C, - C6)al kyl optionally
substituted with one or nore Rd, gﬁLﬁhf i ndependent |y hydrogen, hal o, CF3,
CF2H, hydroxy, cyano, nitro, (Cl C€'alky , hydroxy(C2-C6) al kyl, (C,

- C6) al koxy, or -NRO12/,; each X is i endently NL, oxygen, C(Q,, or each L
i's independently hydrogen, (C, -C6)afkenyl, (C - C6)alkynyl,

-C(0)0(C1-Co) al kyl, (Cl Co6) al ko CB)aIkyI hydr oxy( Cf - Cdal kyl , aryl,

het eroaryl, heterocy - Re i 0), (C1- C6)aIImA, -C(0)(C1- Co)al kyl,
aryl C(0)-, --C(0)NLc( OCdal kyl optionally substituted with up
to 5 fluoro, or (Cl-C6) jlonal |y substituted with up to 5 fluoro; pis

an integer sel ectk r 3; zis an integer selected fromO, 1 and
2; and nis an ifteg ctederoﬁ%O 1, and 2. 2. The conpound of claim1
that has the foryula ) a:

or a tautomer thereof, or their pharmaceutically acceptable

salts,
whereinY is CM or N,
13. The compound of claim 12, wherein at least one X is
NL.
14. The compound of claim 12, wherein at least one X is
oxygen.
15. The compound of claim 3 that has the formula In:

/X

&

(In)

or atautomer thereof, or their pharmaceutically acceptable
salts,
wherein Y is CM or N.
16. The compound of claim 15, wherein at least one X is
NL.
17. The compound of claim 15, wherein at least one X is
oxygen.
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or a tautoner thereof, or their phannaceutically acceptable salts, wherein Y
is CMor N 3. The conmpound of claiml that has the fornula Ib: or a

taut omer thereof, or their phannaceutically acceptable salts, wherein Y is CM
or N. 4. The conpound of claim2, wherein at |east one Xis NL. 5. The
conpound of claim3, wherein at |least one Xis NL. 6. The conpound of claim1,
wherein at least one B is 7. The conpound of claim®6, wherein Z1 is N 8.

The conpound of claim6, wherein Z2 is N. 9. The conmpound of claim2 that has
t he formnul a | hd8. The compound of claim 1 that has the formula Iq:

()

or atautomer thereof, or their pharmaceutically acceptable
salts,
whereinY is CM or N.

19. The compound of claim 18,

wherein:

Z, 1s Ny and

Z,is C(R,).

20. The compound of claim 18,

wherein:

7,18 Ny and

Z,is C(R,).

21. The compound of claim 19, wherein at least one X is
NL.

22. The compound of claim 20, wherein at least one X is
NL.

23. The compound of claim 19, wherein at least one X is
oxygen.

24. The compound of claim 20, wherein at least one X is
OXygen.

25. A compound selected from the group consisting of:
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or a tautoner thereof, or their pharmaceutically acceptable salts, wherein Y
is CMor N 10. The conmpound of claim9, wherein at |east one X is NL.

11. The compound of claim9, wherein at |east one X is oxygen. 12. The
conpound of claim2 that has the fornula Ik: (1k) kMY N--"N Q or a tautoner
thereof; or their pharmaceutically acceptable salts, wherein Yis CMor N

13. The conpound of claim 12, wherein at |east one X is NL. 14. The conpound
of claim 12, wherein at |east one X is oxygen.

s
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15. The conmpound of claim3 that has the fornula In: (In) nOM Q IN13.2 XRA
or a tautoner thereof, or their pharmaceutically acceptable salts, wherein Y
is CMor N 16. The compound of claim 15, wherein at |east one X is NL.

17. The conpound of claim 15, wherein at |east one X is oxygen. 18. The
conpound of claim1l that has the fornula Ig: (1) M or a tautoner thereof, or
their pharmaceutically acceptable salts,
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wherein Y is CMor N 19. The compound of claim 18, wherein: Z, is N and Z,
is C(R'). 20. The conmpound of claim 18, wherein: Z is N, and Z is C(R).
21. The conpound of claim 19, wherein at |least one X is NL. 22. The conpound

of claim 20, wherein at |east one Xis NL. 23. The conpound of claim 19,
wherein at |east one X is oxygen. 24. The conpound of claim 20, wherein at
| east one Xi s oxygen. 25. A conpound selected fromthe group consisting of:
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C-NN---N

N--N O

11

,0 11 |
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0- and N--"N N or a tautenmer thereof, or their pharmaceutically
acceptabl e salts. 26. A pharnmaceutical conposition conprising: a) a conpound
claim1; and b) a pharmaceutically acceptable carrier.

or a tautomer thereof, or their pharmaceutically acceptable
salts.

26. A pharmaceutical composiiion comprising:
a) a compound claim 1, and
b) a pharmaceutically acceptable carrier.
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