THERAPEUTI C PYRAZOLONAPHTHYRI DI NE DERI VATI VES RELATED

APPLI CATI ONS [ 0001] This application clains the benefit
waopaensa% U. S. C.  119(e) of U S. Provisional PCT/US2008/066211

Application No. 60/943,000, filed June 8, 2007 which

IS incorporated herein by reference inits entirety.
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's [ﬁbl%i Corﬁlg r&gl-s%in?rgt 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 GABAA 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., et 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., er 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 a5, but with less modulation of
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WD 2008/ 154447PCT/ US2008/ 066211 [ 0011] One enbodi nent
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[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.



hydr oxy(C - C6) al kyl , (G -C6)al kyl optionally

substituted with up to 5 fluoro, and (Cl- C6)al koxy
wopdisapaht y substituted with up to 5 fluoro; [POLUlmagbe6211
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i ndependent |y h®drogen, (C2-C6)al kenyl, R

(C2-C6)al kynyl, C(0)0(C -C6)al kyl, -C(0)O0aryl,
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-C(0O)NRg(Ci -C6)al Il cyl, -C(0)NRgaryl,
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oneoo17]mor eadRoR, Mng(r@epéﬁ@medr@@nl matg)mkyl aryl, heteroaryl,
y
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hetesegysie t uiacCalilknlanthe oS (PRt@-Rgalkpk arWQ)@I'YICG)aC(@)I(Q -Ce)alkyl,
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[0026] each L is independently hydrogen,
(C2-C6) al kenyl, (C2-C6)allcynyl, -C(0)0(Cl-C6)al kyl,

wo adn8anyl , (C -C6)al koxy(Cl-C6)al kyl, PCT/US2008/066211
hydroxy(CI -C6)allcyl, aryl, heteroaryl, heterocycle,
arleC al kyl, C(]\IIZeRf -S (0)z EC-CG al kyl ,
- s(18¢ c&@(@ lwpg (ﬂ@n[tly hydrogen, (Cz-Cg)alkenyl, (Cp-Ce)alkynyl,

<2l SRR 1l o b oo, o

hete(c@ 1C6)1a‘ﬂtér0 leypt C ity 1kfl, 5 —C(O)NRaryl
ry ro; \ADQ(})}ZCOOS/?LI%’%%P&%I%%ZOOS/ 82%%1 [Gbgdr%qp IS (ar% Y%

—S(QMQQGﬁ)ag‘él ec by onmO(ONC1-Coalkal, 3 arylO(§Ds] Z(Qléjﬁéﬂikyl optionally
s 085035 355 T SRR P A SRR % 5t

em{(’@lﬂ]\?m &ach™Ry Q@nndéﬁend%ffy hydrogen, halo, oxo, hydroxy, ~C(O)NR,Ry,
—NRuRp, hydroxy(Ci-Ce)alkyl, aryl, aryl(C;-Ce)alkyl, (Ci-Cgalkyl optionally substituted
with up to 5 fluoro, or (C;-Cs)alkoxy optionally substituted with up to 5 fluoro;

[0020] each R. and Ry is independently selected from hydrogen, (C;-Ce)alkyl, aryl,
heteroaryl, heterocycle, (C;-Ce)alkylaryl, aryl(Cl-C.s)alkyl, ~C(O)C-Cgalkyl, —S(0),(C;-
Copalkyl, ~S(0),NRg(C1-Coalkyl, ~S(O)zaryl, ~C(OINR(C,-Ca)alkyl, ~C(O)(C;-Ce)alkyl,
arylC(O)—, arylOC(O)—, or —C(O)O(C;-Cg)alkyl;

[0021] R; is hydrogen, aryl, heteroaryl, heterocycle or (Ci-Cglalkyl 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)NRyR,, ,
—NR Ry, (Ci-Celalkyl optionally substituted with up to 5 fluoro, (C;-Cglalkoxy optionally
substituted with up to 5 fluoro, (C;-Cs)alkyl optionally substituted with one or more Ry,
hydroxy(C,-Cg)alky! optionally substituted with one or more Ry, aryl optionally substituted
with one or more Ry, or aryl(C,-Ce)alkyl optionally substituted with one or more Ry;

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

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

[0026] each L is independently hydrogen, (Ci-Ce)alkenyl, (C;-Cgalkynyl,
—C(O)O(C-Celalkyl, —C(0)Oaryl, (C,-Cg)alkoxy(C;-Ce)alkyl, hydroxy(C;-Cglalkyl, aryl,
heteroaryl, heterocycle, arylO(Ci-Cealkyl, —CONR(Ry, —S(0)(C;-Cglalkyl, —S(O),aryl,
—C(O)(Ci-Colalkyl, arylC(O)—,—C(O)NR,(C,-Coalkyl, (C-Celalkyl optionally substituted
with up to 5 fluoro, or (Ci-C)alkoxy optionally substituted with up to 5 fluoro;



wherein Y is CMor N [0031] I n one enbodi ment the
conpound has the fornula Ia: Il Y\ N41
WO 2008/154447 PCT/US2008/066211
[0027] p is an integer selected from 0, 1, 2 and 3;
[0028] z is an integer selected from 0, 1 and 2; and

[0029] n is an integer selected from 0, 1, and 2.

[0030} In some embodiments, Ar can be:
e

U
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 Th;



MY (la) [0032]or tautomer thereof, or their

phar maceutically acceptable salts, wherein Y is CM or
woloosnsqaae enbodi nent, X can be NL. In anot herPCT/US2008/066211

enbodi nent, X can be oxygen. [00331lln anot her

enbodi nent the conp d . has the formula Ib:

2008/ 154447PCT/ US2008/ é)gzll YW /N H\/ RL N-I\@M

[ N R2

(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)

N
2 >=)
X /7 N—N

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

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

M
77X S




Fk (I'b) [0034] and tautoners thereof, or their

phar maceutically acceptable salts, wherein Y is CM or
woloosnsqaae enbodi nent, X can be NL. In anot herPCT/US2008/066211

enbodi nent, X can be oxygen. [0035]1n anot her

enbodi ment the conpound has the formula (Ih) (Ih)

[0036] or tautomer thereof, d&M)their pharnaceutically

bl | ein Y.is CMor N, [0037]1
B gt ol eMBRARR: e bR hahing SRR, |
RL R WD 2008/ 1544ﬁf§mu32008/ 066211 (1i) [OOSS]I_nDM

anot her enbodi neny’ t e\>corrpound has the formula (ly \>

N-—N

a5
[0039] or tautomer thereof, or their pharmaceutically acceptable salts, wherein Y

is CM or N.
[0040]  In another embodiment the compound has the formula (Ik)

7 M
Y/ B Y// \/\\M
H e —
\N”‘N
Rin N A0

B
L
(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 (I)



(l'i) [0039]or tautomer thereof, or their

phar maceutically acceptable salts, wherein Y is CM or
wd2008084@7 | n anot her enbodi nent the conpound hepsT/UR®08/066211

formula (1k) >1\il Y\ H (Ik) [0041] or tautomner

thereof, or their pharmaceutically acceptable salts,
wherein Y is CM or

/N. \%M042] | n anot her enbodi ment the/—\ M
compound has the V,orrrul>a (1) YN NNRi

...... -
N---.., H\ —
N—N

N—N
R1 N\ AN O
SN AN
r\ N N~ TR,
(I
[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 XM /MM
Y/ /\> Y/ 3
H ————— —
\N"N
QP N = P
r\ N N TR
O\) R4 R
(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)

S




P G U |\ "--NR2 Il N..-,RL RL../

----,---(Il) 100431or tautoner thereof, or their
webasme@eut i cal | y acceptabl e salts, wherein Y PeT/GM008/066211

N. [0044] 1 n anot her enbodi nent the conpound has the

formula (Im (I'm [0045] or tautoner thereof, or

their pharmaceutically acce bl e salts, wherein Y is

OV B4 1PARl R AR RS ARRL 500, SOTROHR RS wherein ¥

isCMorN.
[0048] In another embodiment the compound has the formula (To)
/- XM - Y
Y 9 Y/ \/\NI
H, — )=
R4 N—N
N e N
Qp | = Q
N\) R R J
L/ 1 |- /N
(To)

[0049] or tautomer thereof, or their pharmaceutically acceptable salts, wherein Y

is CM or N,

10050] In another embodiment the compound has the formula (Ip)

JIM
Y/ /\: Y// M
H —_— —
Ry N—N

N Y Y
e 7 >N R
2

)
b 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-



(I'n) [0047]or tautomer thereof, or their

phar maceutically acceptable salts, wherein Y is CM or
wdl200808487 | n anot her enbodi ment the conpound hPSTAUR®08/066211

formula (lo) Y, %MH R N---N/ (1P) [0051] or

tautoner thereof, o heir pharmaceutically acceptable

salts, wherein Yim&' N

. [0052] I n another g M
enbodi nent the conound’ has the formula (N) W§ )
2008/ 154447Pq_|i/ USs20 66211 —

~

N—N

(Iq)
[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)

/XM
\{/’ ,/§ \(4/ ;g<nn

H — ———
NN N—N

Rin N A0

R Y N R,
|

Al

AL

“x

(Ir)
[0055] and tautomers thereof, or their pharmaceutically acceptable salts, wherein
Y is CM or N.

[0056] In another embodiment the compound has the formula (Is)

-11-



(1q) [00531or tautomer thereof, or their
phar maceutically acceptable salts, wherein Y is CM or
wol2008Q86E411 n anot her enbodi ment the conpound hPST/UR®08/066211
formula (Ir) (I'r) 10055]and tautoners thereof, or
their pharmaceuti call ceptable salts, wherein Y is
CMor N [00561ln enbodi ment the conpound o/ivlﬁh\
r

the formula (15s) 0057] or tautoner thereodf,
acceptabl e salts, wherei MX-is

t hei r pharmac

CMor N [Q05 not her enbodi nent the conpound has
t he fornul R N
O
Rj I
r”j "
e
p
KX

(Is)
[0057] or tautomer thereof, or their pharmaceutically acceptable salts, wherein Y
isCM or N.

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

7 A2 M _
Y/ B Y/ ﬁkM
H —_— —
\N"N

PP
RN N R,

N R
ot )

W

L

(I)
[0059] or tautomer thereof, or their pharmaceutically acceptable salts, wherein Y
isCMor N,

[0060] In another embodiment the compound has the formula (Iu)

-12-



(I't) [0059]or tautomer thereof, or their

phar maceutically acceptable salts, wherein Y is CMor
wdl200808607 | n anot her enbodi ment the conpound hBSTAUR®08/066211

formula (Tu) WD 2008/ 154447PCT/ US2008/ 066211 (I u)

[ 0061] or tautoner ereof', or their pharmaceutically

acceptabl e salts/ inYis CMor N [0062]In g \/\IVI

anot her enbodi neRt t compound has the fornula Ylv) "}

(1v) [0063]Hr tau r thereof, or their —

phat maceytical | y/acceptable salts, wherein Y is or
N. [006 ot Rer enbodi nent the conpotnd h
fornul a 008/ 066211
R; ii\l
r”] "
e
p
“
L

(Iu)
[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)

J XM
Y/ /\: Y// XM
H S—— ——
\N"N N/N>
Py
Rj o N R,
N

R
Q /E j
P
O
(Iv)

[0063] or tautomer thereof, or their pharmaceutically acceptable salts, wherein Y
is CM or N.

[0064)] In another embodiment the compound has the formula (Iw)
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(K) 10065]and tautorners thereof, or their
phar maceutically acceptable salts, wherein Y is CM or
wd2008086611 n anot her enbodi nent the conpound i BCT/US2008/066211

sel ected fromthe group consisting of: H (1)
7 XM /M
Y/ % Y/ R
H\ >_ )=
R; N—N Ry, N—N
N S
|
Lz
R N R N
|
AN R AR
Q1
P N Q5T j
© | 0
(Iw)
[0065] and tautomers thereof, or their pharmaceutically acceptable salts, wherein
YisCMorN.
[0066]

In another embodiment the compound is selected from the group
consisting of:
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[0069] or tautoner thereof, or their pharmaceutically
acceptable salts, wherein: [0070]R i s absent,

wohyesagan7 or oxide; [0071] Z15 Z25 Z35 and Z4 BCEUSR0$066211
i ndependently N, or C(Ri), wherein at |east one of Z1
Z2, Z3, or Z4 are_N,and at |east two of Z1, Z2, Z3, or
Z4 are [0072] each is independently selected from

the group consis g/ of hydroge 'droxy, hal o,
Y , 131-, -COXMRaRb, -NRaRb, oxy(Ci - Co6) al kyl,
ryl, heteroaNyﬂd Het er ocycle, an1 o( & al kyl ,

Ily substituted wth gp to 5 N—N
)al'koxy optional |y sthstytuted w
up to wherein at |east one R isYI3I Qo
[0073] 1 f\ \(4n. [0074]R2 is sel ectled f on1 he
group consi stfing of hydrogen, hydroxy, hal o,
hydr oxy( Cl- al kyl, (Cl-C6)al kyl optionally

substituted with/upXo 5 fluor, and (Cl- O6)al kO)Ji/l
optionally subst éd with up to 5 fluoro; [0075] @
HORy and Rh i's i ndepe dently hydrogen, (G -C6)al kyl,
het erocycl e, (KL /PLY3Ikylaryl,
-S(0), aryl, -%-%)alk
srkylQ - C(0) NRgar y! 0( Gi
.rle(O)-, or Ra and Rh aré]'taRgn

to forma hetlerocycle group optionally substituled
with one or Wbre Rd; wherein the heterocycle grqup
optionally include one or nore groups selected fromO
(oxygen), S (sulfur), and NRc; [0076] each Rc.

i s independently hydrogen, (C2-C6)al kenyl,

(C2-C6)all cynyl, -C(0)0(C1-C6)al kyl, -C(0)Oaryl,

(G -C6)al koxy(G -C6) al kyl, hydroxy(G -C6) al kyl, aryl,
het eroaryl, heterocycle, aryl0(C -C6)al kyl,

-C(0) NRg(Ci - Co) al kyl , -C(0)NRgaryl

S(0), (G -C6)alkyl, -S(0)aryl, -C(0)(GC -0C6)alkyl,
arylC(0)-, (G -C6)al kyl optionally substituted with up
to 5 fluoro, or (Ci -0C6)al koxy optionally substituted
with up to 5 fluoro;
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[0077] each Rd is independently hydrogen, hal o, oxo,

hydr oxy, -C(0)NRaRb, NRaRb, hydroxy(G -C6)allcyl,
waeymssamyl (Cl-C6)allcyl, (G -C6)al kyl opti onab¢pus2008/066211

substituted with up to 5 fluoro, or (G -C6)al koxy

optionally substituted with up to 5 fluoro;

2008/ 154447PCT/ US20, 6211 [0078]each Re and Rris
tly seledted yrom hydrogen, Co6) al kyl ,

vocycle, (G- C6)a| yIaryI

0) (C1- C6) al kyl
S(0) zNRg( Cl - CG)a cyl,/ -S(0)ar
=0 C(0) (G -C6) 4 ky By 1R(0)
0) 0(Cl-Co6)al kyl ; 100791Rgj
het er oaryl , heterocycle or
onally substituted with up t
fluoro; 100801 is aryl optionally substituted w

one or nore M or haryl optional l'y substltute

h

&,

wi th ®ne or nore 1] each Q is independently N/ \
Bydr ggen, hal o, 0x0O droxy C(0) NRaRb -

(%ﬁ'u aIkyI optio aIIy subshtutedW*ﬁ'\%toS

fljuoro/ (G -C6)HIdxy optionally subsyituted with N

t NS | optionally s stNtutivavi 0
one or (Cl-Co6) al kyl opt1onakty >
substitu pne or nore Rd, aryl optiomally

substitute one or nore Rd, or aryl (Cl- N
optionally substituted with one or nore Rd,

[ 0082] each M ik i ndependently hydrogen, haI o, CF3H

CF2H, hydroxy, cyano tro, (G -0C6)al kyl, hydroxy(Ci
-C6) al kyl, (G -08)al -NRal | b, aryl, heteroaryl \
het erocycl e; [0083] e 'S |ndependently NL, oxygen

Cc(Q2 S(0); [QO8A]each L'is inde ntly
hydr 8gen - (C2- C6) al kynyl N*’N
-C(0) ©) Oaryl ,

N
al kyl , hydroxy(G -C6) a
cle, aryl0(G -C6) aI kyl|l,
-CONl ZeRr, -S(0)N G -06)al kyl, -S(0)aryl
-C(0) (C1-C6)al kyky, arylC(0)Th-C(0) NRg(C i - C6) al kyl
(Ci-Co6)al kyl optionally substituted with up to 5H

HUer o, or (Cl-C6)al ko ptional Iy substituted with 7 \
P 5 fl uoro; [0085]an i nteger selected fromON )
and_3; [0086]z is i nteger sele fromO, 1
and 2N€n\d7[0087]nﬁ Nan i nt eger se%q\(tugg_%romo L
and ZK/ K/
N
\

(G -0CB) al kpxy(
het er oaryl §
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[0088] I n one enbodi nent of the nethod, the nodul ation

can be negative. In another enbodi nent, the nodul ation
wa@acsheuposi tive. [0089] I n one enbodi ment of tPeT/US2008/066211

nmet hod, the GABAA subtypes is GABAA a5. In one

enbodi nent of the nethod, the nodul ati on can be

negative. |n anoyhel enbodi ment, the nodul ation can/bey
posijtive. WO 2008/ 154447PCT/ US2008/ 066211 [ 0090] Syre

Henmbodi nent s di scl d herein relatk to a nmethod of =
theatyrent of @ _gognitive dysfunctioN i nyan ani mg)—
onp%ising adgm nistering to the aniAQL/ n effectfiv
tyon

a N nds of the inven

phar ma euFTcany acceptabl e salt thereof,

condi ti ein the cognitive dysfuncti N

treated. In &he enbodi ment, the aninmal is an aged

animal . I n ambther enbodi ment, the cognitive H —

dysfunction is Alzheyner's di sease, denentia or
anot her neur odedg®&ner ati ve di sease. [0091] Sone
iments disclpsed herein relate to a nethod of
ychiatric disorden jin.an ani nal
i\stering to the ani flal 3n ef f ecty-vie
otinds of the inveRtio

pharnacbuti
condi ti ein the psychiatric disordg
treated. [0092] Sone enbodi nents di scl osed™he Q
relate to theHuse of the conpounds of this invention,

or a pharmaceutically acceptable salt thereof, Hor the and
manuf acture of a medi canent useful for—Rdul ati on of

one or nore GABAA subtypes in an ani n one

enbodi nent of the nethod, the nodul at an be

negati ve. In another enbodi nent, the poadul ati on can be
positive. In one enbodi ment of thg-ARthod, the GABAA
subtypes is GABAA a5. I n one enbogi nent of the nethod,

the nodul ati on can be negat.iwg, 0 r enbodi nent,

t he nodul ati on can be posﬁ '

di scl osed herein relate t Ne, f the conpounds of

this invention, or Egthhwnac uti ddl |y acceptable salt

t hereof, for the ufagture of qhnedicanent usef ul

for treatnent of itive dysflunction in an ani nal

In one enbodi nent, the aninmal is a healthy’animal. In
anof(ver] e daunaér théber, 8NheRIphitnRButRGRH agRpBle.saltd)

anot her enbodi ment, the cognitive dysfunction is

Al zHW68Er ' sTheipseseslecmbhsiments aroyidedaba msthod of modulating one or more

G rqﬂ§%§gerativ§lpu§ea%e.E%ﬁg§4%§%n§) nbgdi ntﬁ. . t of

AL IO L R Lol e ddmnisteEng vo (i anivual ap s ivspamount o

a chidpSurddfeBinh@i (Nor a pharnmaceutically acceptable salt
thereof, for the manufacture of a nedi canent useful

for treatnment of psyghiatric disorders in an apimal.
I n one enmbodi meny-tke psychiatric disorder \-snan

anxi ety disorder| sleep disorder, depressi r

schi zophrenfgq, 95] Sorme enhodiy
her ei n ré?gte to the use of—a conpdynd af fofimula (1),
or a pharzyac i C y acceptable s st 1
manuf act ur eZof d¥nediReament useful foZ;tr ddt neik. of

di sorders aneliqiated by nodul ati on of GAl a
subunits other than a5 in an animal. I n one

enbodi nent, the nodul ati on can be positive. In another
enbodi nent, the nodul ati on can be negati ve.
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[ 0096] Sonme enbodi nents disclosed herein relate to a

nmet hod of increasing cognitive function in an ani nal
wa@oopnssiyng adm ni stering to the ani mal an ef f BCI/US®08/066211

amount of a conpound of fornula (1), or a

pharmaceutically acceptable salt thereof, under

condi tions wherein nenory i s(ncreased. In one

nbodi t, th il i Ithy. In, ope enbodj nment,
hotelE T o ilfosh Ebos e tier yhebinctmis oI eGP eIty he
wheRppry is short termnenory. .[ 0097] Some enbodi nent s

di scl osed herein relate to the use of a conpound of
f or 978] (1 )R isebsentgysropropcutdxadel | y accept abl e sal t

t he f he, manuf acture ,of a i cane for )
eI o Yo i, S it Ergrinispoaiend o Qe Biprcin least one
[ [ ¥y Sne i vel .
Of B TATE QiR Rt <20, RBIoF2A 2.8 Z000ERY HE ORS¢y
I n 82k nbedchnBatis indagendentyr selécsed Dog the proupeomsistingl ¢f hydrogen,
hy ne)f e@odi ment, the nenory is short term nenory.
N

P-oREanSETy ESDRSRRI PIVRaRS:ORy drpiy (Crodieitidnaryhs heteroaryl,
Fed 0SNG, SO RSN POREEN SRR TS0 hor, s
(CAQalkusy Oiitidally Bubstituted with up to 5 fluoro, wherein at least one Ry is BY;
QP

AN
[0073] B'is x/ _\N—§

\—P)/n

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

b

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

[0075] each R, and Ry, is independently hydrogen, (C;-Ce)alkyl, aryl, heteroaryl,
heterocycle, (Ci1-Celalkylaryl, —S8(0)(Ci-Cglalkyl, ~S(Oaryl, —C(O)C;-Cglalkyl,
—C(O)NR(Ci-Ce)alkyl, —C(O)NRgaryl, —C(O)YO(C-Cgalkyl, 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, (C,-Cgalkynyl,
~C(O)O(Cy-Celalkyl, —C(0)Oaryl, (C;-Cg)alkoxy(C,-Ce)alkyl, hydroxy(C;-Cgalkyl, aryl,
heteroaryl,  heterocycle, arylO(Ci-Celalkyl, —C(O)NRg(C,-Cglalkyl, —C(O)NRgaryl,
—S(0)AC1-Celalkyl, —S(O)uaryl, —C(O)C-Coalkyl, arylC(O)—, (C,-Cqalkyl optionally
substituted with up to 5 fluoro, or (C;-Ce)alkoxy optionally substituted with up to 5 fluoro;

[6077] each Ry is independently hydrogen, halo, oxo, hydroxy, —C(O)NR.Ry,
—NRaRy,  hydroxy(C;-Ce)alkyl, aryl, aryl(Ci-Cealkyl, (Ci-Ce)alkyl optionally substituted
with up to 5 fluoro, or (C;-Cg)alkoxy optionally substituted with up to 5 fluoro;
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n-Butyl [0102] cat. Catalytic [0103] CDI

1,1 -carbonyl diimdazole [0104] C Tenperature in
wolegsassi4Tent i grade [ 0105] Dowt hern(r) eutectiBCTVUS1008/€66211

of di phenyl ether and bi phenyl [0106] DBN

i’ g[ﬂ%@iggipc %nélﬁ 15()11113?@@ erggf:ﬁ{@gégprom hydrogen, (C;-Cg)alkyl, aryl,
heteroaryl, heterocycle, (Ci-Cgalkylaryl, aryl(Ci-Cglalkyl, ~C(O}Ci-Celalkyl, —S(O)(C;-
Celalkyl, —S(0),NRg(C1-Colalkyl, —S(0),aryl, —C(O)NRy(C1-Cg)alkyl, —C(O)(C;-Cg)alkyl,
arylC(O)—, arylOC(O)—, or —C(0)O(C-Cg)alkyl;

[0079] R, is hydrogen, aryl, heteroaryl, heterocycle or (Ci-Cglalkyl optionally
substituted with up to 5 fluero;

[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, halo, oxo, hydroxy, —C(O)NR,R; ,
“NRaRy, (Ci-Ce)alkyl optionally substituted with up to 5 fluore, (Ci-Cs)alkoxy optionally
substituted with up to 5 fluoro, (C,-Cg)alkyl optionally substituted with one or more Ry,
hydroxy(C;-Ce)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 Ry;

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

[0083] each X is independently NL, oxygen, C(Q),, or S(0),;

[0084] each L is independently hydrogen, (C;-Celalkenyl, (C,-Cglalkynyl,
—C(0)O(Cy-Colalkyl, —C(O)Oaryl, (Ci-Cs)alkoxy(Cy-Cesalkyl, hydroxy(C;-Cglalkyl, aryl,
heteroaryl, heterocycle, arylO(Ci-Cealkyl, —CONReR;, ~S(0),(Ci-Celalkyl, —S(O)aryl,
~C(O)}C1-Celalkyl, arylC(O)—,—C(O)NRg(Ci-Celalkyl, (Ci-Celalkyl 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, ! 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,4 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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[0108] DI EA Diisopropyl ethylam ne [0109] DVA
Di met hyl acet am de [0110] DMF N, Nr- Di net hyl f or mam de

w@ Bd/a34WBOD net hy | sul f oxi de 10112] Et Et hyl PCT/US2008/066211
[0113] gGran(s) [0114] hHour (hours) [0115] HPLCHi gh

performance |iquid chromatography [0116]i Pr or
i sofi0Pbopr Gioye © @ﬁlmwmseﬁq@f Bergirislata tsge apsHipdnedsiseatment of a

cog%ﬁ%t El)%%{c'i%n [ig %SMtcgﬂprigﬁ% 1§<ﬂrn¥§1%§%%¥g r}%nt%!a 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 neurodegenerative 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 thercof, for the manufacture of a
medicament useful for modulation of one or more GABA4 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 a5. 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 cognifive 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 GABA, «
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[0120] mLM I liliter(s) [0121] Pd/CPal | adi um on acti vated
carbon [0122] pptPrecipitate [0123]rt Room tenperature

wQ OMBAFMEATr i et hyl ami ne [0125] Tert, ttertiary PCT/US2008/066211
[0126]IitN|croIiter(s) [0127] As used herein, the term

"al kyl" refers to an allphatlc hydr ocar bon group. The

Subamkwthwﬁhm 9:5 magn wemal. " kamereathed madnitythe ngdolagion win bhpositive. In
ﬁgans t£~ ot cog ain_any al kene or al kyne

anofsT gPPes RUHON (R 2E PopPEY s to a group
Congpsd] N9 SQlfne aéml')(ﬁﬁ%&ntﬁ Vﬁ?sc‘l:(?s%@ Herdh C}%‘t@'ﬂzﬂj aaﬁle{h%astgf 1ncreasmg
one carbon carbon doubl e bond, and an "al kyne" noi et

cogniive Mgndtion an gn @njma @asipsising gldnﬁmsrerlh@ asthetawmnaianknffectwe amount
at ons d.at | t one carbon-carbon t pl e bon The

of agfopyRouiyd PE SR Tk &7 B phsrateetically arcpiablesaft herept under conditions

wh&¥in! hemoFXaiPheRaQh. brgnghe @nﬁb&ﬁ‘ﬂen@r pﬁmh‘gﬂ:l iy dﬁealtgyt In one
are not [MTmted to, isopropy, sec-buty -

embddanéntk the Exaomy Béong tesior memgbty. chaone ehbgdimento thhsrnemory is short
i nclude, but are not |imted to, nethyl, ethyl,

erm MGRAY- butyl, pentyl, hexyl, heptyl, and the |ike.
ﬂpﬁb‘gs okyg ﬁ%chIﬁ%dﬁ{lé‘ffé ditR &Fhér@ﬁll lléijﬁe t(f’H{%z L%re%frb%ompound of

cycl opropy cyc openty :
formylal dhe pt'yd ,phamghcetgeally KeccpRAR8] ﬂlﬁthc&édﬁ "fou khrxynanmﬁ&:d.lre of a
herein refers to straight or branched chain alk
meigane IforcingrepEng I°9gfb6Yﬁj@éilC*t1@1 iman yEmehwhersinethig | @ABAA o5 subtype

in tlilg éﬁgfﬁ%ﬂ & %é%lve #&%%d Ex%lr%)ergéocﬁ gtxlﬁ?exé\% ﬁngpusp ﬁealthy In one

emlﬁb"cﬁlﬁaﬁythel ﬁ@:ﬁb@p@ﬂﬁng E&Hnomh‘moﬂr b @i@yem&ﬁﬁm@hﬁ eeYmemory is short
t-butoxy and the |ike.

termp OB8Irs4447PCT/ US2008/ 066211 10129] The term "al kenyl "
used herein refers to a nonoval ent straight or
branched chain radical of fromtwo to twenty carbon
at ons cont aiPENAIIET BHESOR PV © FOPHE INNENATORD,  but
not limted to, 1-propeny|, 2- propenyl,

Defitipashy| - 1- pr openyl , butenyl 2- but enyl , and t he

ik 013 The,term S her.ei n re
B Tt ER SN
tvvo[(mgglt wensy carbon at gegyjcont aining a carbon triple
bond i ncluding, but not limted to, 1-propynyl,
1- bUﬂQﬁNI a@- but ynyl , afgudohe |ike. [0131] The term
used herein refer honocyclic aromatic
radﬁ%g” whetther one rinfy ﬁahgnultlple fused rings.
uer. the tern1"aryQMa?ﬂgludes fused ring systens
mherein at least two aryl rfings, or at |east one aryl
and[0df3Jor t KK used bi cyLli-carbanytiinyidhzade r adi cal havi ng
aboyt nine_to ten ring atons in which at |east one
@1pd f

rin aro ti c share mpcgafute ig deerepchsntigradsond.

CETOLRE ST E e By B i

napfeehe) emDBN phenant hrgmmazamwlbgp:eomon-st ater al i nyl ,

quoren I |ndenyl and i ndan %
]y 1,8-Diazabicyclo[5.4.0Jundec-7-ene
[0108] DIEA Diisopropylethylamine
[0109] DMA Dimethylacetamide

[0110] DMF N,N"-Dimethylformamide
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[0132] The term "heterocycle"” or "heterocycle group"

used herein refers to an optionally substituted
wosayai ¢, bicyclic, or tricyclic ring syste,rT/US2008/066211

conprising at | east one heteroatomin the ring system

backbone. The heteroatons are independently sel ected

f r olflédkly ge®MEQ f ur, andimsthylegéxideThe term

"he ycle" includes ltiple fused ring systens.
I\/br@g@glrc e term” het@géycl e" includes fused ring
syspan®) t hat may have agwntlggree of saturation

provided that at |least one ring in the ring systemis
not [0dddjrat ihc. The nonockemri(bputs) cyclic, or tricyclic
rin te be substijtuted or unsubstituted, and
can igﬁtt to ot heﬁl%‘rpﬁﬁggnv}cﬁ ligpd JtagrpRhy
val g6} priplf@rr@%ry anysg¥aphjabl € carbon or nitrogen.
Preferred nonocyclic ringfys%/)sterrs are of 4, 5, 6, 7,
or PlkEhbeldsCMSi x nenbekigdidahnaostofiaphy-magsspectninmetty
fro to.three heteroat wherei n each hetero atom
is f%gbi dMf 1y sel ect eMeq'ggm oxygen, sul fur, and

ni t (q961n, erein e ring is five nmenbered,
pre(erzglyqﬁgjﬁgs one or Pﬁ%QMeteroatons wher ei n each
het peér ommis i ndi vi duaMiNilisg({sect ed from oxygen,

sul fur, and nitrogen. Preferred bicyclic cyclic ring

systdibl ar #d6¢ 8 to 12 Palledawmompeiivated|cathen
spi | es,.. An exanpl ep0f. optional substituent
incpﬁggﬁ, E’B% IS not Iilr)nI%[ngggtteo, oxo (=0). WO
200f/125¢ 44 ¢#PCT/ US2008/ OR6c terhfekadteThe term
"heteroaryl " used herein refers to an aromatic
het BH3dlycl iTE4r oup, whethethyleména i ng or nultiple fused
rin n fused ring systens; the one or nore
het E’ﬁ%%f[ onsj%ﬁae be pres%ﬁqaqn only one of the rings.
Exambep ofurheteroaryl grQuRgrdncl ude, but are not
limted to, benzothiazyl, benzoxazyl, quinazolinyl,
qui BIRThyl ,As sed bicread, ithy/ termdfalkybxafdarnid an gdiphiatly hydrocarbon group.
rolyl, oxazolyl, indolyl,  thienyl and the, |]ke. X
ThE S Linbiste RaT B 61 eI it giedn s ok ROyl 1t daSiietcniain any
ke HNIIRY Y Rblefied. | AY “GUEhEMmoldh A4-INS al isti
. “heter g%tom' euged herein refoee?% tor, ?grgqg@aﬁgprfsgfmg of at least two
carboay gems asd laf lenstand caibbn-egdon dpEHI8 bpadend an ffalkems madiety refers to a

used herein refers to.a njt roggn adi cal substituted
Erop ERIIHESY ahicas g Farbgp glomsgid ab eat oae FerRen CHbPRBTDle bond. The
. . b 21 e
o RO RaE s PR OR3P ey B R Rl b Pt groups
includelFing ayd not-Itdayto Mesoypy, sacrtlutyh e-buisk end fHal&e] Hxamiphs 1o straight
taryl al kyl ", d herein refers to one qr nore aryl
chain a%ﬁﬁgraﬁafewﬁ et g %fr‘ftéwtqdzfei wsfyL Eﬂaf#mr@@flobgtyh pentyl, hexyl,
vl ou j t e Limite ..
e 6, BE Do 00 o U RGP By WALED s ot e v,
cydlapeepyl] OtRDETE cydohexihelelobartyll aldkiit likeised herein
ref 'S to qQne or nore heteroaryl &%r oups appended to an
al kﬁll Bhdi cae. temy aakkpws” wied stcan seless| ta)siepight aebrggehed chain alkyl

ol B e P O i o

alkbgy gloapyinclislecbuh arcenat lindfedrs, thethaty, athvky Iiaehdax@| isopropoxy, butoxy,
coval ently bonded to the parent nol ecul e through an
n-bugpxy, gee e“P@Q@@TﬁH@ebg?n1"alkyIthio" used herein
refers to straight or branched chain al kyl radica
covalently bonded to the parent nol ecul e through an
--S-- linkage. Exanpl es of abéoxy groups include, but
are not limted to, nethoxy, “&thoxy, propoxy,
i sopropoxy, 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 "oxo0" used herein refers to =0 (i.e.

doubl e bond to oxygen). For exanple, cycl ohexane
wGendstis44ut ed with "oxo" is cycl ohexanone. [ 014P¢T/82008/066211

term "al kanoyl " used herein refers to a "carbonyl”

substituted with an "al kyl" group, the "al kanoyl"

ar ol¥29% cavltem Takepghiaeed heemelprioermormRisalstEight or branched

"car " . .

o i 600 15 G i A BADSR i
butidt imMey ko, 16e3rbpaaY, 12 prop@RanoykihyBngrdégesyl, 1 B@tenyl, 2-butenyl, and the
_ Methanoyl is commonly known as acetyl. F0143]
likeAs used herein, a radical indicates species with a

sin unpai.red electron ch. that the specje .

conf3h ng ke GBEH kel B Oy SRl et or ranched
chaaDRidRRl 056K 8% 1oMRBAL catbdntafdrfs EMiRME a ArBAGYSR! bdnd including,

not necessarily a free radical. Rather, a radica
butingglimsted &0, d -prpesaivh.i lcbyspinli Hbutprylaandghe Bke.npl ecul e. The

o Mo SR PR ARGl Bt vt
oncd i Pr iBulbplel fuesh fih?:m M Stedkts UG tbinbl B ’PAfcRides fused ring systems
structure 1n which there has been an exchange of one

whereimarleash et aepd ringsoeisatf loast anetahd rand tag rartho-fgsaulpicyclic carbocyclic
G REATTEA T o R AR A R PRSP s I e e

onc LRSHhiBAICHETRY fEx@H@le%n@ﬂ"t‘drngﬁﬁ@s Aelude! butdsre tite 1hddUte optionally
thereof are intended to be included in the scope of

subshitadgilicnild bighepylu naphthalernydrphehantemsds antbowpglngsalimh, fluorenyl,

ind_exist Lndtaytoneric forms. Al tautoneric fornms are
PRt e included in the scope. Likew se, when
CONPAYPES CrtiR, ARtRbIRIY|orOheRldcGR¥! £BE WisRHherein refers to an
there exists the possibility of cis- and trans-

opticgele sulstifwedrmonbcitchie, bioyghioumdtricyBit ting sgsteradmprising at least one
trans-isonmers, as |1 as the mxtures of .cjs- an

herfioRigt i O iessy St Db | o BRICTORRES, 0% GspaERty selected from

oxy¥Rh Sdulfub, Cand HRIRAYUNChel B, UGB8R ré¥y Lle®inchi¥Bs multiple fused ring systems.
af orenenti oned isoneric forns unl ess the context

Mog¢aar, |the throt ‘Stetsoqycledimilsdes @460 dvsystemesthhomay haveeany degree of
i ncl uded. j n t he enbodi nent.s,. i ncl udi ng. pol ynor phs )

satgrapl P@g}déﬁ&l&ﬂté{ E §t 0D§ ﬁllng.rlprél}esr’m%%steg} 1.S %HZWFBEPU a“ he monocyclic,

bicgald ¥alricyese riﬁ% BRI R bel Sib@iGRARP ThbltRRlAY L0 46 attached to
sanme chemcal Tornula, "but a different strucfure. A

othsogvapevie snp acenlablsialdnoe freferably by aveilabdt cavbor( dthetrogen. Preferred
conbi.nat i on of sol vent | ecules with | ecul es .or ..

mOpGHEliE FIng SR AT HaShipdldiic MeMPeRomboBREF G faenasyelic rings

corfiln FREP LR ArbORetBloa ¥R isBherfn AR REERLL oS isﬁn&itvfdﬁ%fl}l/" t8ected from
that is a conformational 1soner. Confornationa

oxygsonaifus mndsitrbgenp eheheennwhdén the lripuk dye widniberdie pseembly it has
structural formula but different confaornations

onq EbAF8r MRTSYIORS WRYRE SASEURCIORBIA1S R BOHUY ssicted fpm oxygen,
n e ; t
S B o R LA, i R b e members and
incbell sbeo@ripar dd dxympact amgptideel sybptipii iatladdadet Brnot limited to,
&x%¢§\m th a stoichionmetric equival ent of the conpound.
oxX 008/ 154447PCT/ US2008/ 066211 [ 0147] The term
"animal " as used herein includes birds, reptiles, and
manmal s (e.g. donesticated mammal s and humans).

[0148] The terns "individual,"” "host," "subject,” and
"patient"” are used interchangeably herein, and refer
to a mammal , i ncl uding, bUt-%?E limted to, nurines,
sim ans, humans, mammalian farm ani mals, mammal i an

sport animals, and manmalian pets. [0149]



Specific Enbodi nents [0150]1n a specific enbodi nent

of the invention, the conpound of fornmula (I) is a
weompasadr of any of the fornulae la-1w ArAr / PeNNSN08/066211

(1) [0151] Specific values |isted below for radicals,

substituents, and ranges, are for illustration only;

t hey01da] not Thexemmn dketparsl” used herei rofersteanaromatisdretérocyclic group,

i 5 hi [ canges.for .the radi cals and
w0 ARROTS Rl bR 30 TR G pore heteroatoms
mafp lhe py¢sendinail oy 6 ¥ings. OExZmPs b léteroaryl groups include, but are not
. [0153] Designation It' is intended to mean the group: _
limgtgd tg) bqﬂlﬂawiéf}a ebenpexagyl, grimapelinyl.aquinelhed iseqwnalingly quinoxalinyt,

=anb m tya,position in t.he ri 0. . ”
P yl?/\ﬁih’c %SI?T ?féﬂbé’%z“?%’ g%fl‘jggllﬁe%l?ew em&cgr%SnLg?‘om y%GH@ apeterocycle
endoRgagies héi@roa’d fied Zfla ROS bifdnific YingtshQedi N structure.

[0154] A specific value for 131 can be pi perazine,

pyr fHB#AHI nelhertermp Ab¢tereatom3i ysed ihdieirerefem do, for example, oxygen, sulfur
ancpgﬁr%ggnr‘o- 1, 4-di azepi ne.

[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,, —NPhenyiMethyl, —NHPhenyl,
—NEthylMethyl, 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, phenethyl, 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, thiopleneylethyl, 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 “oxo” used herein refers to =0 (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

“alky]l” group, the “alkanoyl” group is covalently bonded to the parent molecule through the

D24-



[ 0155] A specific value for X can be carbon, oxygen, or
ni trogen. WD 2008/ 154447PCT/ US2008/ 066211 [ 0156] A
wa@ p@siifisa7 val ue of n can be 0, 1, or 2. [0157]RCT/US2008/066211
specific value for Q can be hydrogen, (Cl-C6)alkyl,
and hydroxy(G - C6)al kyl. [0158] The general nmethods to
car'%,ﬂgﬂrﬁfﬁ%&s‘u‘%@qnﬁlé’ﬁow nipeamries efradkaney arpens ipelpdey buppig mes mited to,

R i S o 1 Rrepar |
el B SHRERL, Bapl A5 P88 3305 RSB Prpg s
praei4id agsfudéd haeinearbraiaraicit@ispbdies Wi @Ridghi) uapsired electron
are illustrated by the follow n.gi@procedures i n which
|

such feat tbaysperies entainiag Jmardienl reanlibvatayalendy dondgd, enanother species.
Hert%g,gi\ﬁghf's' Q:log e)si’%, %trarl](ﬁ{c% i%c’ %tql%géslsf :13136/ %rﬁé g%@%l%&ﬂgﬂp aﬂ%d%%l indicates a

enera ornu can

spe@ €8 PoftionsyMnd heddr enalbgl@aThe kdrinUshdiadledab Bt Qued tcPER@BBbly with
1, to access conpounds of the type 6 and in Schene 2,

the tegmaigeaps” conpounds of the type 14. Scheme 1: General

?i’ Hgﬁp a?&@gﬁg:ﬁeﬁ%g lai sﬁg?ﬁt%ggyg%% ﬁy r&%%\?eldo [fr%insilge] 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.

25-



a ONLO I " RIRt'r ORL3a 2Ar NNO |le R 5a-c

a) 1 equiv. diethyl 2-(ethoxynethylene)nmnmalonate, 125
W@2008/1hi4g7 b) Ph20, reflux, 30 mn-3 hrs, c) 4rP€emjus2008/066211

oxal yl chloride, cat. DWF, CHC13, reflux, 3 hrs, d) 2

equiv. aryl or heteroaryl hydrazine, 2 equiyv. )

tri A1 ani He, tegnx'gnigind” ay Bsaduberein fpclpges bigds, reptiles, and mammals

- ' ' 7 72 hrs. 10161] Gener al

(c. edg!;:nf&l@%%chéﬁn%a% aglﬁgiv\ugi%g@'represent ative synthetic

et (e8] or Thee temit hamiiddedl,"Arybst2, Ssbjdey,dr endYFRAGOMO are used
. [4,3-c] [1,5]Pyrazol onapht hyridi nes. The 3-am no- )
mterchangeably herein,” and refer to a mammal, including, but not limited to, murines,
simiang, 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-Tw

H Ar Ar
\ / /
N-—N N—N
_zZ 0 _Z 4 o)
zZ5 YT Y v l
I Il
Zy N Ly _F
~Z 'T' R, ~Z T R,
R R
Y

[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
/S

X N—3
N,

where the B group 1s 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,
piperidine, and perhydro-1,4-diazepine.

[0155] A specific value for X can be carbon, oxygen, or nitrogen.
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pyridine of Formula 1 can be reacted with diethyl
2- (et hoxynet hyl ene) mal onat e under heating to afford,

WO poosnsadti tion-el i mnation type reaction, thePenaR2®066211
of Forrmula 2. Thermal cyclization of the conpound of
Formul a 2 provides the hydroxyl-azaquinoline of

f or A1F8I 3aAsmcxf@maéuetqfatca@én Upé, ¥sed in step (b)
ool 8k dhaPEif Vet Toh B ot pf RS SEHH ikl and nydroxy(ci-

Coalyyents. Conversion of the hydr oxyl - azaqui nol i ne of

formula 3a to the chl oro-azaqui noline of fornula 4a
can be acconplished using a chlorinating agent in a

hal sol ven optional.ly, cat al
@ﬂgﬁﬁ S}'dqe ﬁge{flltsm%ﬁgils tg Syo 851%%tgasei crqn'zépg]bds(aéej detailed below.
Pﬂkaﬁkﬂ@ﬁg iogre not limted to oxalyl chloride,
P(O%Cls, PC15, thionyl chloride, phosgene triphosgene,
and[0dBH | arPretsissesifanpieperizg eomhpounds lof déotisila KB speaiiichldy 6 and 14
used .in ste c) . nclude t are not ljimt. t .
sre PO an STt SR neiie of Moo uitnrans! e afiisiBi hahs following

pro@éﬂtﬁés"fﬁ%ﬁ&h ﬁ{é%ecah{ﬂgls B (1RYHEN BdicdR %ré:ﬁ éi(f&?’%‘?rbl BRss otherwise
line of formula 4a can be Teacted wth aryl or

qualidiedr oar y| hydraZ|ne to formthe tricyclic

e UBERPT  Cardipund OF M rereb (o Th 564 PF MISPERR B0 the goneral
syrﬁﬁéti%tagiéf'oa@lmlﬂﬁtrétg%)e}o“ﬂin' SPRMEARY lt(?&&')éés &JHIL%?)%D&P!)%): type 6 and in

azabi cycl o . 0] undec- 7- ene
Schebheaz adp baoged coan]ioemn& oﬁihmtylpe 34- ene ( DBN)
dine, and the |ike. Solvents that c

et hyl pi per an
useoSh \Fgﬁ‘ggt éﬂﬁ‘(‘t?fall Reactign Sﬁb?m%F‘eAﬁb‘tz - ﬂmyfiéerwesazoloﬁ 3'°]
I , I dth
i ko Dy spl acement O ERaRRE R ANENC. SOt o

formula 5a-c with a cyclic am ne under heating

provi des the conp f formula 6a-t. Step ( % can be
formed with solvept or neat.| Schene 2 Gene "

g%&rg: Scheﬁ‘:r:gtﬁh wip- @hydeb-pyrf c

ol onapht hyrildi ng a)| 4 equiv.

%hlorldeﬁ%%at CﬁClB efbux, 3 hRr ‘Equi&?~

arylﬂér heteroaryl hyd , 2 equiv. triethy]amne,

o-xyltne, reflux , 12 sO cf’ L- Npi perazine, 1 C

24-72 hrs. WD 2008/ 154447PCT/ US2(p8/ 066211 Ar

[0162] negal Reacti on Schene % ﬁhoms a rephesertatlve g

synt hefi ¢ thod for the synthgsig_of A«yl
yrazg] of 4, O
onapht hyri di ne. n er si on of the
RihytroxXyl - azaqui nol i ne B npa 11 to the R
chirgr o- azaqui nol i ne of forruld'12 can be acconplis e
using aachlorinating agent | ns#c hal ogenat ed sol vent  gat

Bk QR ¥-E@ ét )?le al ofisn”t‘f '3rh9 ?ﬂt LARL 30 min-
E;{ al§f ghréﬂ S rdf{lfl{v arn}lflnor

e
0 s
aF o 2 %fpmeq apyler, 6F]T“H%u a@én%plperame
SoPvEntd @h%ﬁ can be used in step (a) include but are
not limted to chl orobenzene, nethylene chloride,
1, 2{Hi6dh| orGetetedd Reactidn Beleher Msh@nda sepredeatatiso syngthétk. method for
The chIo*gg&g&g“gollne of formula 12 can be reacted
thegypiesss 9 sH8Y Garmyrazaindt il heS Farazglonpphiayridines. The 3-amino-
tricyclic oxo-pyrazole of fornula 13. Organic bases
that can be used in step (b) -include but are not
limted to triethyl am ne (TEA), diisopropylethyl
amine (DIEA), 1,8- Diazabicycl’o [5.4 .0] undec-7-ene
(DBU), 1,5 -Di azabicyclo [4.3 A non-5 -ene (DBN),
Nmet hyl pi peridine, and the |ike. Solvents that can be
used in step (b) include but are not limted to
o- xyl ene, xyl enes, chl orobenzene, toluene, and the
i ke. Displacenent of the chloro of the conpound of
fornula 13 mnth a cycllc an1ne under heatlng prOV|des

o o r ~




OHO F. NLI 10- 3a

[ 0164] Et hyl - 6-f | uor o- 4- hydr oxy-[ 1, 51napht hyri di ne- 3-ca
wo besubsaue(3a) . Equi nolar quantities of PCT/US2008/066211

5- am no- 2-fl uoropyridi ne and di et hyl

2- (ethoxynethylene mal onate were conbi ned and ref| uxed

pyrﬂdme ot hioumalaatl gano be remiethivath diethyl ebrteleakymethydengpmalenate under

nedBh o7 0 2, PO MRS (Y5 EsRGtoR B Pamine of Formula 2
ThéthRl BY¢ia86:€0f ke EHdstunt &fi PeRmMIaed Providi th@%w:htobiﬁﬂazaqumohne of

solid was added to refl uxi ng Dow herm A(r)
formgiandai ﬁebfeats thifagant @Tp@danusit@ o rindiudieo but, ar&'hmt himitedrte diphenyl

Cc dto 0. C an tol rqi.n. The
et ERRSER c o SRR ght oo ot S \ialRBl wiversion of te
hyct}%h%fbﬁa%lﬁn@fnﬁe%% f&ﬁﬁﬁiél@a( td tl?eo c§19149 )fiaﬁ{lﬁilohﬂel%‘f%nula 4a can be
accomiglishpd using 1. ciﬂlorhm)u.lg 3g51¢ 1(11a—|haldg€;natbd=809\le®7 ,ant.‘B oﬁﬂonally catalytic

DI\/:I_II?) %gvmguéweﬁngs T@fl’bﬁmzbedlseé 1|n_- sﬁp)(f) é@uﬁggu’t dre not ﬁmlted to oxalyl
chlBH&ch}(@)b%’gl I rﬁlﬁ&'h?l’ Eriblide rﬁho@%eré%ﬁgggg 'éﬂdnﬁm’l”laf: 2hlorinating

boxyl at é To a” suspension 3a’in c orof
agonty. eSaldeles] titht eaul be allselhhsste[ﬁ (c)xlad:lytﬂe bl ae indelifndded G)Nvebﬂorobenzene

e P oR s b T EOS AP HOBHEN 380 (RS SavEBa e chloro-
aza@gﬁoﬁﬁé de f§19111&1% é@nc\:mai: lﬁe ieggte-d”\@ltl‘f r&f}girtégbérﬁy ﬁ{fdr\éﬁﬁe to form the

ect ed, mL wat

trlaolmd)mapyramw efifoomela SarhyQrganis tasdithancat bt ased, in step (d) include but
filtered and concentrated in vacuo, Product

are ok AigRledy tPedrisiEyh Mningt i(AFAYsi ditontosy sy m&lfqmleEA) 1,8-

R UAIPRR SR Yoo,
meglgg;ﬁptﬁrid'rhe chd tﬁe =1=1k9 %l\{\%‘tﬂéﬁ)ﬁt c&h Bd v6ddlin sigp .(d) elude but are not

limjigd g8 %Xyﬂn% r’@’l@eﬁh@ﬂ%’b@?&ﬂ% ﬂ@y@n@ Py teolilest 4 Displaqement of the
ﬂuéx]ﬁ) FHehélor ﬁ%)uﬂd of%gnélrgla%at% tha ¥ 8‘1%‘!‘?11%{11% add%re %gé]hrig provides the

a2| ne an am n

coﬁiﬁ@lrﬁld)fm%dl@ 6a-20Sted (&3fan Gefp@fforlﬁedhﬁlﬂ[ Solvehitr Ada@duct
was collected by filtration and was washed wth

met hanol in 85%vyield. 1H NVR (DMSO-d6) 8 (ppm: 7.18
( 1H,Sclieme 2: -Ganetd] RFaction Srhem¥ t&Ary1323-dihpdro-pyPazold4.8-c]

m, 8.81 (1H s). mg 3813 (M), Shep 4

Ar
NfN N-N

Ry OH O )
Y ﬁ;ﬁ\r“ 1 Qﬁf
o H (\N
R 13
a) 4 equiv. oxalyl chloride, cat. DMF, CHCIl;, 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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HNN-N | 6a
10167] 2- Phenyl - 8- ( pi per azi n-1-yO0- 2, 5-di hydr o- pyrazol o
wd 2®8a34417 5] napht hyri di n- 3-one (6a). Conmpoundp&BUSEBS/066211
stirred with excess of piperazine at 175 C for 24
hours. The precipitates were collected by filtration
and 03X he d Ganeral g@'q@ypn 2cherag @ shaws @uﬁepﬁs‘@ﬂatu@ swgthetlc method for

the SN TR PR e SRR P R . Fiffersion o

the Glﬁdrbxylbdz@?iumghrﬂeloi( Bdrnultd 11 do :ﬂ1e7cl'ﬂ31;0 Arad@inbine of f(ﬂ'ﬁxula 12 can be
=9.34 H), 7.41 (211, ny, 7.84 (1H d, J =

acccgn@l@hpﬁ Ysing. P tho(;g'c]_tmg #gent 81 8 ]ha(o;g]enatgq solmnzt @4170}21:10nally catalytic

h\
DM A SRS gt P Do 98 ) nshay g o oxaly
chlor¥! 27O} £4P@1'5,91h15rﬂy1 %l&ﬁ@hbﬁdlsfg'eﬂé Fﬂrlﬁio@,ﬁégl (@hd snﬁl‘ﬁ chlorinating

title corrpound was prepared | ow ng t procedur e
agenles crolvsats that cadabeugdcdgn Btegre(dh mcmqgémgrmeotl linsiteshid dilorobenzene,

metgjiflgﬁe (cﬁlqn . :hJZ &'ughlgye DNS%I c?for?l 1%&{%@1 ar ﬁohge}ts._ sl)He chloro-
aza&m&?hﬂézaf fo?m%ﬁi iﬂ- I?:lan qae rtl;acte@ V@t% z!ﬁm or ﬁel‘é%a(})a]hy%lram toJform the

trlcjcﬂiel oxd’-pyjazole7of5fé}mlzl)i 138 Cﬁ@amit IHases)thatm:aﬁ De 3684 h (dyHb) .include but
0-"ThN-N 1\.1 6
are [ 6‘%9*1%‘”5%r iholriotmd. itize phERA) - Siisomiomyeihy. AmiasoBIEA). 18-

DiazabiGlld[5 2J00@RRENVEdi (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 svnthesis of pyrazolonaphthvridines

Example 1

6a
[0163] 2-Phenyl-8-(piperazin-1-yl)-2,5-dihydro-pyrazelof4,3-cJ[1,5]
naphthyridin-3-one (6a)

Step 1

29-



-3-one (6¢). The title conpound was prepared foll ow ng
the procedure described for 6a using norpholine
wo pesasd4nf pi perazine. 1H NVR (DMVSO d6) 6 (ppn(}tT/U320®91066211

(4H, brna), 3.78 (4H, brn) 7.12 (1H, dt, J = 7.56, ,
7.33 Hz), 7.23 (1H, d, J 9 28 FE) 7. 45 (2H dd J =
8.54, 7.32 Hz), 7.88 (1H, d 09.53 Hz), 8.21 (2H,
dd, J = 8.55, 122Hz ~oST Mz 348. 4

Exanple 4 NN I
[ 0170] 8- ( 4- Hydroxy p| per & nNT- y1) - 2- phenyl - 2, 5- di hydr
o- pyrazol o[ 4, 3-e][ 1, 5] napht hyri di n- 3- one (6d) The
title corrpound was prepared £31 | owi ng the procedure

oo P R R R Rl 0 T o

Eqﬂjn&?bar(@idntﬂh)a‘sr@f 5- amilrﬁn Z{ ﬂhbro@yrldhneﬂ aﬁd Zﬂatﬂ'ﬁﬂ (eﬁlogirilgthbﬂfﬁe)malonate
wez?% (éonﬁamedﬁxélgeﬂ? eilcfoy_é )hour;; a@iZQ _f[ﬂ E(ghangl wag%egzpvp@ V& gacuo to afford

thegzdgég-ﬂg\gljd %B%l@dﬂ)igrglél() hi/genﬁé?ﬂor@ %gld}_%t{ly? %g‘r %g‘uantltatlve yield.

Th86RuMing Mlid eaagiled to reﬂ&dh&gl\l)b\hﬂa\eﬁﬂ Al® é&d maintained at that temperature
[0171] 8- ( 3- Met hyl - pi per azi n- 1-y0-2-phenyl - 2, 5- di hydr o-
forplyhggm ”la{e4mg<.tl¢1]a [\qasgaookgﬁm&ﬁ)y",q andhadrledrie l){g@@)l Thgesolid formed was

col SRRt S54RI SARL R DTG PSP Sy o

1 L _
(Dngnsg)ga?;aH@g}) 12@(&%}’? ??\H@@m@;ﬁ% pﬂmﬁ J @@4(@7;' 7.8 (IH ad, T =

9.0 3.07 Hz® & 241 Hadd, 1= &78, ’2&4112)§758kﬁ}1s)71ﬁ52(31H(W)J =
9.34 Hz), 8.27 (2H, dd, J = 7.42, 1.10 Hz), 8.37 (1H,
s). mz 361.4 (MH). Exanple6 N-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 oxalyl 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
(CDCls) 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, ] = 9.06, 7.41), 9.21 (1H, s). m/z 255.7 (MH").

Step 3

-30-



HONNC) |1 6f
[0172] 8- (3- Hydr oxy-pi peridin-1-yl)-2-phenyl -2, 5-di hydr
wWo2@gnsaet o] 4, 3-0], 5] napht hyri di n-3-one (6f).PJdhes2008/066211
title conpound was prepared follow ng the procedure
descri bed for 6a using 3-hydroxypiperidine instead of
pi perazine. 111-NVR (DVSO d6) (pp 1.40 (211, m,
1.75 (1H, m, 1.80 (1H m, 1, dd, J = 12.64,
8.79 Hz), 3.51 (1H, m, 4. m, 4.33 (1H dd, J
- 12.63, 3.84 Hz), 4.9é ( 4.40 Hz), 7.15
(1H, tt, J =7.42, 1.0 ~20 ?1H, d, J =9.34
Hz), 7.42 (2H, dd, J = 8l 52/l 7 k2 Hz), 7.80 (1H, d, J
9.34 Hz), 8.21 (2H, dd, , 1.38 Hz), 8.53
(1H s). mz 361.4 (MH). Exan'ple 7
10173] 8-[ 4- (4- Fl uor o- phenyl)4@|pera2|n Iy1] 2- phenyl
5-di hydr o- pyrazol o [ 4, 3-07, 51napht hyri di n- 3- one 2
Thel0dpell e & @m&pmz Boefilivdse-myenzp agcJﬂnynaphr yridin-3-one
(Sa rlg%e‘? #lr %el% d%crat!l ?? gl lgy%rgﬁne dtglg‘gqyl The 1fdn\ézas sealed and

uor opheny Zifie 1 1S P pelta
healddNYR 36 DVSEr d@)noﬁrs( 'ﬂ? rodﬁet%s(ébﬂ'lect@d By ,ﬁltflgatﬁiﬁ E{nﬂ]ﬂas washed with
brm, 7.07 (5H, 2 (1 0, J = 9.34 Ho),
methargl idB5%9 yield. iIz{ NMR6(SD 9-d6}. BEPE)H7. 18, (1H, :dd,gJ 347 41, 7.14 Hz),

i ot Sl et i 9 M

, 41- Di azepan-1-y1-2-phenyl - 2, 5-di hydr o- pyrazol o
[4,3-e[ I, 5] naphthyridin-S-one (6h). The title
Stepénpound was prepared followi ng the procedure
descri bed for 6a using perhydro-[1,41:di azepi ne
i nstead of piperazine. 111-NWR ( 6) 8 (ppm: 1.82

(2H, m), 2.65 (2H, m), 2.90 (2H, .88 (4H, m,

6.89 (1H, d, J = 9. OfN 7.05 N L t, J=7.41

Hz), 7.35 (211, dd, JI= 52N 7,41 , 7.74 (1H, d, J
9.07 Hz), 8.25 (2H, 2y (I ). mz 361.4

(l\/[L1+) Exanple 9 N-N 6 X
[0175]8(3 Hydr oxyt net hyl - plperlﬁln- 1 -yl)-2-phenyl -
5-di hydr o- pyrazol o[ 4, 3-
6a
[0167] 2-Phenyl-8-(piperazin-1-yi)-2, 5-dihydro-pyrazolo[4,3-cJ{1,5]

naphthyridin-3-one (6a). Compound 5a 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
(DMSO-d6) 6 (ppm): 2.88 (4H, brm), 3.64 (4H, brm), 7.11 (2H, tt, ] = 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, (2H, m), 8.51 (1H, s).
m/z 347.4 (MH").

Example 2

-31-



07, 51napht hyri di n-3-one (61). The title conpound was

prepared foll ow ng the procedure described for 6a
wWoIg008g5434nydr oxymet hyl pi peri di ne i nstead of pipPeT/ag200€066211

111- NVR (DVMSQd6) 8 (ppm: 1.75 (411, brm, 2.87 (1H,

dd, J = 12.91, 9.89 Hz), 3.05 (111, , 3.13 (1H, d, J

= 5.22 Hz), 3.54 (2H, brm, 3.88 ( brd, J = 2.91

Hz), 7.14 (1H, dt, J = 7.42, 1.10 7.19 (1H, d, J

= 9.34 Hz), 7.42 (2H\ T4, 2.20, 1.92 Hz)

7.79 (1H, d, J = ) 2K ddd, J = 7.69,
1.92, 110Hz)852(er'N §

. 6174 (M—|+) Exanpl e
10 HNThN-N oN .01 B
[ 0176] 8- ( 3- Ox0- pi perazi n-1-y1) -2y phenyl- 2, 5-di hydr o- py
razol o[ 4, 3-c][1,5] naphthyridin-3-one (6j). The title
conpound was prepared foll oméhg the procedure

ot OIS ne. St 1R PENE LB 2B e 5 sh?%éoe?mozﬁ;4 3-cJ[1,5]
nap%t%g jilng 2B, 7ong SGb)J Tg%ﬁ’i_lg gomé @é)xzafiiré}%:&gf@llo A{Kﬁ_%%cécﬂﬂ'% described

for]ia41&1r(g21—|metl€$dp1p6raﬁn8 islead Bf $perizine. 71}35IM11 *(DM‘SOQ%):S (ppm) 2.52
22 (1H, dd, J = 70, 1

High 2%4%411 O, 397 (44F brin 115 (K ) A, 120 (116 ToKkO.28 Hz),
1AL PO S RO L T ) A1 729 8k, .5

(lmay[pﬁwm%l\zvagv[ﬂﬁppar ed follow ng the procedure
descri bed for 6a using pyrrolidine instead of
pi perazine. 1H NVR (DVMSO-d6) 8 (ppm: 1.99 (411, br),
3.49 (4H, br), 6.77 (IH, J = 9.06 Hz), 7.05 (1H,
tt, J = 7.41, 0.89 Hz), 7. =), 7.77 (1H, d, J

9.07 Hz), 8.28 (2H, dd, J = 7.70,6@ Hz), 8.34 (1H,

J =
821

s). mz 332.4 (MH). Exanple 12

[017812- Phenyl - 8- (4- pheqyl - pi perazin-1-y0- 2, 5-di hydr o-
pyrazol o[ 4, 3-c][1, 5] (E\m pht hyri diM™3-one (61). The

title conpound was pr Ned M g the procedure
described for 6a using 1-p en Ip|| erazi ne instead of

pi perazi ne. 111- NMR ( DVMBSO . 2.80 (4H, br),

3.11 (1H, m, 3.80 (1H, dd, J —Hll 44, 2.75 Hz), 4.39

(1H, J = 11.53 Hz), 4.41 (1H,6J = 11.53 Hz), 7.14 (1H,

tt, J =7.42, 1.09 Hz), 736-§6H m, 7.52 (2H, m,

7. 83)1(69]4 8- mrﬁaﬁm%yﬂ?k—);her&l 26-didroByraz8lops 33, 5 ﬁhphrhyrzdm

z
-3-one (6¢). The tl(tle compound was prepared following the procedure described for 6a using

morpholine instead of piperazine. "H-NMR (DMS0-d6) & (ppm): 3.01 (4H, brm), 3.78 (4H,
brm), 7.12 (1H, dt, J = 7.56, 7.33 Hz), 7.23 (1H, d, ] = 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
(MHM.

Example 4

32-



Exanpl e 13 o-ThNN 6m

[0179] 8- (2, 6-Di net hyl -rnorphol i n-4-y1)-2-phenyl-2, 5-di
whyesasqyr azol o[ 4, 3- c][ 1, 5] napht hyri di n- 3- oneP(HUH2008/066211

The title conpound was prepared follow ng the

procedure described for 6a using

2, 6-di net hyl nor phol i ne i nstead of o azine. 1H NWR
(DVBO-d6) 8 (ppm): 1.19 (6H, d, J AZ05 Hz), 2.36

(2H, t, J = 12.09, H 4H, brn) 7.16
(1H, tt, J = 7.42, 1.09 ,
d, J = 9.06 Hz), 8.23 |

H , 7.56 (2H,
8.@9 1.37 Hz),

8.56 (1H, s). mz 376.5 (

[ 018018- ( 4- Met hyl - pi per azi n-

|lExdnpl e 14  6n

yIy-2- pyridi n-2y1- 2, 5-di
hydr o- pyrazol o[ 4, 3-c] [1, 5] napht yridi n- 3-one (6n)
Step 1 5b

1018118- Fl uor o- 2- pyri di n- yT2 5-di hydr o- pyrazol o[ 4, 3
- C] [’17@] naﬁﬁ#ﬂ%r@qymwzm 5B pherha, %dlﬁy@owmmmiw cJ[1,5]

nap. 18 e 5%{1%@595% H%PE’SPI {Ngglggeﬁér%d goelfﬂyﬂ erpéoce urepdescrlbed
for l(s% g%ﬁgq%g@%&{w?méhﬁmg al?sﬁéageo; pilpkralzlwmﬁivﬁ@(ﬁ@s& 46).3 (ppm): 1.39

H, ddd 4.67, 1.10 Hz
(2H( hitn), dB3 (2H5bBnY S, 15X1BB dHE¥F,5.92 HZ), S071((1H, nt)ddilQlZH m) 474 (1H,

4 J%‘ Lo ook T30 L6601 2, 721 (e by = B3dgf a2 gt . 7.7

,8337 %éﬁ’ﬁ %Dsczr%fs%%%? g——égyﬁigz,sf.?@}l%),"s%é‘i (1¥0s). m/z 362.4 (MH").

Example 5

HN | N-N
)\/}I,N {7=0
g8
H
6e

[0171] 8-(3-Methyl-piperazin-1-yl)-2-phenyl-2, 5-dihydro-pyrazolo[4,3-cj{1,5]
naphthyridin-3-one (6¢). 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, J = 9.34 Hz), 8.27 (2H, dd, ] = 7.42, 1.10 Hz), 8.37 (1H, s). m/z361.4
(MH").

Example 6

-33-



10182] 8- (4- Met hyl - pi perazi n-1-y1)-2-pyridin-2yl-2,5-d
hydr o- pyrazol o[ 4, 3- e][1, 5] napht hyri di n-3-one (6n).
wab@stisd4he conpound was prepared foll ow ng t hePCT/US2008/066211
procedure described for 6a using 5b and
1- met hyl pi perazi ne i nstead of 5a and_pj perazine
respectively. "H NVR (DMSO-d6) 6 (pg 2.55 (4H, br),
2.77 (3H, brs), 3.80 (4H, br) 7.20 m, 7.27 (6H
d, J =9.24 Hz), 7.87 : 8,@Q¢(1H d, J =28.24
Hz), 8.48 (1H, m, 8 6 %ri ﬁ). m 62. 4 (N+H)
Exanple 15 e | 60
1018318- Mor phol i n- 4- y1 2- py kﬂl y1l- 2, 5-di hydro-pyra
zol o[ 4, 3-07,5] naphthyridin-3ong (60). The title
compound was prepared follow ng the procedure
described for 6a using 5b an@fnorphollne |nstead of 5a

and erazi ne respect vely. 6 (pp
ﬁﬁé' H, i lrony- wwdlﬁrbryl) ?pﬁgn 12445 dwdrwpmquq[ $e[15]

naﬁ%}lgﬁﬁhrgg- 81; ::Et? deée tEL)tE %Tﬁf%uj{? Manﬁreﬁgrfg]fiﬂ?\ngg ’theég(rocequre described

for b@ using 3-hydroxypiperidine instead of pi erazme "H-NMR (DMSO-d6) 3 (ppm): 1.40
1018418d§4 Met hyl - 17, 4|d|azepp yl)-2- yéldln 2-) E%P )

o1, sl B0 T4 284 (Bl iprtng?. o8 S o JGEH, m), 4.10
Thfgctét' ?ﬁgg@ffﬁgg‘ﬁ’agﬁff%@?ﬁzgﬁﬂéf}gég Ego'ﬁ‘z? 7.15 (1H, tt, J = 7.42,

109 HBL hed (1114d, Jdtazsam e7'é%§QHaddOJf %%2ar7d12rmgel7@@ Iglm d, J=9.34
respecti vel

HZh)82122§5d<é§y|%8§? 11285@) %ﬂ%(IH)S) znfiéémféﬂ\flfﬁ) 3.76
(2H, d, J = 6.32 Hz), 3.98 (2H, 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 (1H d, J L@otz), 7.92 (1H, ), 8.30

(111, dt, J = 8.24, 0.82 . 8.49 (1H, m) '8.52 (1H,

s). mz 376.4 (MH, anpl e 17 HNNN@
N N-N
/\ \

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

Example 8

-34.



[ 0185] 8- ( 3- Met hyl - pi perazi n-1-y1)-2-pyridin-2yl-2,5-d

hydr o- pyrazol o[ 4, 3-c] [1, 5] napht hyri di n-3-one (6qQ).
wqab@stis44dhe conpound was prepared foll ow ng t hepCT/US2008/066211

procedure described for 6a using 5b and

2-met hyl pi perazi ne instead of 5a and_pi perazi ne

respectively. 11-1-NVR (DVBSO d6) 6 ). 1.07 (3H, d,

J =6.87 Hz), 2.78 (3H, m, m, 4.31 (2H

n, 7.14 (2H, nm), 7.8 .2 (1H, dt, J =

7.96, 7.64 Hz), 8. 49”\/"1

18 HOTh N-N 6r

[018618- (4- Hydr oxy- pi peri di 1)- 2- phenyl - 2, 5-di hydr

o- pyrazol o[ 4, 3-01, 5] napht hyti dilp- 3-one (6r). The

title conpound was prepared foll'owi ng the procedure

described for 6a using 5a angh4-hydroxypi peridine

i nst ead of plpera2|ne respectlvel 11-1- NMR ( DVBO %)
8 (9l 2 894, 4/ 1lpjazappn- ylzpheryd- 2§ydrhwrwyr(azf#0[ﬁ§-c][ 5]

nap n{h})ﬁ#&é?ﬁp%}ﬁh& 3Tlge tit! %%%%9 w%% Bgegg%f l_l;)ﬁgrﬁnng éheﬁg%e?!ﬁe described
71

for @a u@ln f%lr@/ﬂrd.:lﬁl) n?]zcﬁgikglr{elhbteéigof pé?(eraﬁ?lg 1I-SI)—1-\II_1}JI\IIQ I\{EH\)ISO d6% S (ppmy):

1. 8@ oalm}szm Bk 2i)n2. PO YA D eSS4 29)16 39 KL dhylcr B0ByHHR7.05 (1,

1, 19 Ph Sy AT oRl dd, 1=8.52, 7.41 1), 7.74 (11, 4, 7= 9.07 Hz), 8.25 (2H, m), 8.29

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

Example 9

[0175] 8-(3-Hydroxymethyl-piperidin-1-yi}-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) 6 (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, ] = 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, ] = 9.34 Hz), 8.21
(2H, ddd, T =7.69, 1.92, 1.10 Hz), 8.52 (1H, s). m/z 361.4 (MH").

Example 10
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napht hyri di n-3-one (6s). The title conmpound was

prepared foll ow ng the procedure described for 6a
woiséosgsah7 i nst ead of 5a. 1H NVR (CDC1l3) 6 (ppnpCT/RSH68/066211

(411, br), 3.72 (4H, br), 6.82 (IH d, J = 9.34 Hz),

7.42 (4H, m, 7.75 (11-1, m, 8.17 , d, J =7.97

Hz), 8.52 (111, s). mz 348.4 (M) anple 20 N-N |

6t [0188]

[0188]2-(4-N%thoxy-p?gﬁzri-S-(4- whyl - pi perazin-1-y1)
-2, 5-di hydro- pyrazol o || 4, -0%},5 na 6hyridin-3-one
(6t) Step 1 0- NN _

[ 0189] 8- Fl uor 0- 2- (4- net hoxykph ny”)-2,5-dihydro-pyrazo
lo[4,3-c][1,5] naphthyridin-3 -ghe (5c). The title
conmpound was prepared follow ng the procedure
described in Step 3 for syntlegsis for 5a using

t yphenyl hydrazi ne_i nstead of p hydr a
11 BIRRR D BBy e ey )2 sy CA S b P aso o A IL5]

nap;}'zr%zd r]‘—lzl- eggd})). "51‘765 étg %oygq?'a}]; freéagr é&?ll&%l%% iﬁ%éfﬁ?gdure described

forlﬁﬁd:smé %}&pﬁfbrdﬂﬁa 1n&eé&ﬁof(p1tbraﬂﬂéj "HINMER ﬁﬁfIS(Y dé (%@43.08 (2H,
M08 84,(1H ) mz 2823 (M

m 80 o, S 24 67 r0sy 100 92015 A da 77 42 105 H2), 720 (11, d,

J =934 Hz), 7.40 (211, dd, T = 8.51, 7.42 Hz), 7.85 (1H, d, J = 9.06 Hz), 8.16 (11L, 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 (6K). 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, J =
9.07 Hz), 8.28 (2H, dd, J=7.70, 1.09 Hz), 8.34 (1H, s). m/z 332.4 (MH").

Example 12

-36-



r\J 6t
[ 0190] 2- (4- Met hoxy- phenyl ) - 8- (4- et hyl - pi perazin-1

WO ylBAR444D - di hydro-pyrazolo [4,3 - |, 5] naphpé¢yusziosroce211
-3 -one (6t). The title conmpound was prepared
foll owi ng the procedure described for_6a using 5c and
1- et hyl pi perazi ne jnstead of 5a aner azi ne
respectlvely 1H DMSO- d6) 8 (pp )./ 2.22 (3H, s),
2.56 (4H, : 364 d, J = 9.07
Hz), 7.15 (1H d, = pS/TNHz) 7.4 H d, J =9.34
Hz), 8.10 (2H, d, =9 8. , S). rniz
391. 4 (MH). Exarrpl e 21 N-
1019112- Phenyl - 7- ( pi per azi n- 1-y0- @&, 5-di hydr o- pyr azol of
4,3-c][1, 6] naphthyridin 3-one (14) Step 1 G 0 12 .

[0192] Et hyl - -dichloro-[], 8] napht hyri di ne- 3- car boxya
&(9 The t|tIe conmpound was prepared foll owi ng the
pr 0 e Qe%’teﬁﬁ’lo%&tp@ﬁ‘nyﬁmlpémzﬁ”g yl) 2,5 dlhydm-pymmfﬂﬁ 3-cJ[1,5]

napﬁz{)ﬁﬂd%e g tone I'(‘qlg W&ﬁ%%%r I %d§?r;: %@g lprg(':_?%U{e described
for \BagJ?sﬁl %lﬁph‘&])ylplgar%m( K‘Hiea& of ﬂlpera%mlsdf HZT%IMlﬁ )(ﬁﬂqﬁd-kﬂs) § [ppm): 2.80
(4H, br), 3.11 (1H, m) 3.80 (1H, dd J— 11 44 275Hz) 439 (1H, J = 11.53 Hz), 4.41 (1H,
J=1153 Hz), 7.14 (1H, tt, J = 7.42, 1.09 Hz), 7.36 (6H, m), 7.52 (2H, m), 7.83 (1H, 4, J =

9.34 Hz), 8.16 (2H, m), 8.54 (1H, s). m/z 423.5 (MH".

6m
[0179] 8-(2,6-Dimethyl-morpholin-4-yl)-2-phenyl-2, 5-dihydro-pyrazolo[4, 3-
¢J{1,5 [naphthyridin-3-one (6m). 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, ] = 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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NNNO NGOCN 13
10193] 7- Chl or o- 2- phenyl - 2, 5-di hydr o- pyrazol o[ 4, 3-c] [ 1,

W@ hovsphidyri di n-3-one (13). The title conpoundr@BE¥S2008/066211
prepared followi ng the procedure described in Step 3
for synthesis for 5a using 12 instead of 4a. 1H NMWR
(DMSO-d6) 8 (ppm: 7.18 (1H, dd, J/Z V.14, 6.59 Hz),
7.46 (2H, dd, J = 8.24, 7.70 Hz), 6 (11-1, s), 8.14

(2H, d, J = 7.51 th>N8s&ﬁ (1H SN 921 (1H $). ni/z
297.7 (M-1+). Step 3| N ri 1

[ 0194] 2- Pheny1- 7- ( pi pe i

[4, 3-01, 6] napht hyri di n- 3- "The title conmpound
was prepared foll ow ng the proceédlure described in Step

4 for synthesis for 6a using 13 instead of 5a. 1H NWMR
(DI\/ISOdG) 5 (ppm) 2.80 (4H, garm), 3.46 (4H, brn),

6. 68 ng 06 (111, dd, . J = 7.42, 7.14 Hz), 7.36
(2H[0 ﬁ (%ﬁls@yl-pzpwzmé BY/2:) mzcﬁf@ﬂwl-zia-drfwdm -Byragglof4,3-c]

(1.3 8hft%dm§33%e 154 s), 8.94 (111, s). miz 347.4 (MR).

=di hydr o- pyrazol o

Step 1

Sb
[0181] 8-Fluoro-2-pyridin-2-yl-2, 5-dihydro-pyrazolo[4,3-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)
6 (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 (1H, s). m/z282.3 (MH").

Step 2
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Exanmple 22 17
[ 0195] 2- Phenyl - 6- ( pi perazi n-1-y1) -2, 5-di hydro- pyrazol o
w 400848i447] naphthyridin-3-one (17) Step 1 ClprOr/Us2088&066211
[ 0196] Et hyl - 4, 8-di chl oro-[ 1, 71napht hyri di ne- 3- car boxya
edﬁﬁ] The t|tIe conpound was prepared follow ng the
&8t e ée(ée"rffff@e'umm’ﬂzmd x%?wgrlémldr%dWde%%wﬁqﬁ 3-

eff %W’P’%ﬁé %?ﬁ%%?n ar_l"r%i Q%iMe ﬁm?aéwd %ftag lre_pglzsftclef%llég r)g the procedure
deséited fORb6h u§ing ~5b—an3 llﬂiefl’l%’,')mpﬁazlﬁe {n%ﬂéad df SJ afrd g ‘}J%rdﬂﬁl)e,respectwely .
8.55 (1H d, J = HzJ, 9.35 (1H, s).

'H- NMR‘)(DI\Q@@@S (mn) 255 (4H, br), 2.77 (3H, brs), 380 (4H, br), 7.20 (1H, m),

B L TR o A R

n/P86Pa[Rg .0l | owi ng the procedure described in Step 3
for synthesis for 5a using 15 instead of 4a. 11-1-NMWR
(DMSO-d6) 8 (ppm: 7.16 (1H, n) 7.44 (211, dd, J =
8.6, 7.6 Hz), 8.09 (1H, d 3 Hz), 8.14 (2H, dd,
J- 85 1.1 Hz), 8.37 (1@@&%— 5.2 Hz), 8.51
(1H, $). rri/lz 297.7 (M.

7N
—N
/||O
XN
H
60

[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) & (ppm): 3.63 (4H, br), 3.72 (4H, br), 7.19 (2H, m), 7.82 (2H, m), 8.22 (1H, d, ]
=8.24 Hz), 8.48 (111, dd, J = 2.20, 1.10 Hz), 8.56 (1H, 5). m/z 349.4 (MH"),

Example 16
7N\
—N
-—._Nq N"N
C
0
N
H
6p

[0184] 8-(4-Methyl-[1,4]diazepan-1-yl)-2-pyridin-2-yl-2, 5-dihydro-pyrazolof4, 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
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Step 3 17
[ 019812- Phenyl - 6- ( pi perazi n-1-yl)-2,5-di hydro-pyrazol o

w( 4008484447 7] napht hyri di n-3-one (17). The titlBCT/US2008/066211
compound was prepared follow ng the procedure

described in Ste$i4 for synthe3|s for 6a using
respeeéivelyd &1-NMAR (PMSGNR) § (hsn: dé H(pﬁrﬁ 35 18, so,eméo (2H, m), 2.76

e AR oW 9§%§s,;18}( oA 0. 536Gy g 3phe, 725

(1K, 4dd, o= 7J14—45520 Bz Hz),87 .80 (11 H, JS) 9.34 Biz%, 73947 (rﬂ{ (ﬂ\jH%)m %H dt, J =
824d@g£Ie 23 NN [0199] 6- (Mor phol i n-4-y1) - 2- p enyl -

Hizb 3R Ao, §.52 ILGW[HMWPH@&NNH?Bldln -one
(18). The title conpound was prepared foll ow ng the
procedure described in Step 4 for synthesis for 6a

usi ng 16 and norpholine. ElaghpBVR (DVSO d6) 8 (ppm:
3.17 (4H, brm, 3.87 (4H, b ﬁ% 7.15 (1H, m, 7.43

(2H, ), 7.76 (1H, d, J = 5.5 Hz), B. %7 (2H d, J -
8.8 Hz), 8.33 (1H, d, J = 5.2 Hz). 4 (1H, s). mz
348.1 (M#4). BIOL EXAMPLES_f 0200] The ability

t as ligand to the
det er m ned using
[l known in the art

of a conpound di scl osed herejin t
benzodi azepi ne site N
phar macol ogi cal nodel s whi
using the foll ow ng assay. 0 values for the
exenplified conpounds range fromsub nMto 10 JAMin a
3-concentrati on dose responsgqgcurve. Benzodi azepi ne

bi ndi ng assay [0201] Whol e brarn (except cerebellum of

mal 18Pkt ars-6 rzshzhlpwa*taszwky@ﬁrmgzdwzyl-asddwdm -pyras@a/4,3-c]

/1, 1&@ ﬁ)}t réglahg BeAA(Uf)f g’% %ge?&%&ge'n@ | E%parg efg&%‘glng the procedure
descfIB&RY &6 Wi SbladtM iyl piberabihe 3%8RaM5ATan8 G ﬁ@r%ﬁel%spectlvely

at 25 C. Experinents were perforned in the presence or
"H-ABYBADMBO-dB) 5i (bpmj: IGEBL&H, Nbdspéxﬂl’/ﬂ{z) D783 AgMWak00 (2H, m) 431

st C f 10 1.1M of di azepam
ifnbrECHhanh TR PR G &3 Gk v, fiok GRs @i, m). mz
36 paqpepunted to detern1ne (3H) -flunitrazepam

specifically bound. Test conmpounds were tested in

dupl i cate according to the required concentrations

(Damm H W, et al. (1978). Res. Comm Chem Pat hol .

Phar macol . 22: 597- 560 i , I8t ed hereininits

entirety; Speth, R C, et al. (1979, fe Sc!. 24:
351-357 incorporated herein inits 4ai>rety). Exanpl es

of activity: HO
\Ouﬁm

br
[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) & (ppm): 2.25 (1H, m), 2.70 (1H, m), 2.89 (2H, m), 3.15 (2H, m), 3.75 (2H, m),
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[ 0202] wherein: A indicates an I C50 of >1nmM B i ndi cates

an 1 C50 of <ImM C i ndicates an 1 C50 of <1nM WO
wQ@oa8/13a47447PCT/ US2008/ 066211 Table 1 No. St POL/UNI0088/066211

BZ bindin g assay (1C50) EP resul t No

474 (1H, m), 7.24 (2H, m), 7.79 (1H, d, J = 9.24 Hz), 7.88 (1H, m), 8.23 (1H, d, ] = 8.24
Hz), 8.49 (1H, dd, ] = 4.67, 1.10 Hz), 8.53 (1H, s). m/z 362.4 (MH".

Example 19
7 N\

—N

HN™™ N-N
RNWO

L

NN
H

6s
[0187] 8-Piperazin-1-yl-2-pyridin-2yl-2, 5-dihydro-pyrazolof4,3-c][1,5]
naphthyridin-3-one (6s). The title compound was prepared following the procedure described

for 6a using 5b instead of 5a. 'H-NMR (CDCl3) 6 (ppm): 2.97 (4H, br), 3.72 (4H, br), 6.82

(1H, d, J=9.34 Hz), 7.42 (4H, m), 7.75 (14, m), 8.17 (2H, d, T = 7.97 Hz), 8.52 (1H, ). 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-



Structure BZ bindin g assay (1c50) EP resul t 6a
N---) ¢c"Np NN Nlo | B Neg 6n N 1.

WO 2008/154447 PCT/US2008/066211
O—.—
N~N
F N A o)

S

=N
H
5¢

[0189] 8-Fluoro-2-(4-methoxy-phenyl)-2,5-dihydro-pyrazolo[4,3-c][1,5]
naphthyridin-3-one (5¢). The title compound was prepared following the procedure described
in Step 3 for synthesis for 5a using 4-methdxyphenylhydrazine instead of phenylhydrazine.
'H-NMR (DMS0-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, ] = 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 (1H, s). m/z282.3 (MH"),

Step 2

[0196] 2-(4-Methoxy-phenyl)-8-(4-methyl-piperazin-1-yl)-2, 5-dihydro-pyrazolo
[4,3-¢][1,5[naphthyridin-3-one (6t). The title compound was prepared following the
procedure described for 6a using 5¢ and 1-methylpiperazine instead of 5a and piperazine
respectively. 'H-NMR (DMSO-d6) & (ppm): 2.22 (3H, s), 2.56 (4H, m), 3.64 (4H, m), 6.98
(2H, d, J = 9.07 Hz), 7.15 (1H, d, = 9.34 Hz), 7.78 (6H, d, ] = 9.34 Hz), 8.10 (2H, d, | =
9.07 Hz), 8.45 (1H, 5). m/z 391.4 (MH™).

Example 21
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WO 2008/154447 PCT/US2008/066211

&

N-N
]

(\N\ N
H

14
[0191] 2-Phenyl-7-(piperazin-1-yl)-2, 5-dihydro-pyrazolo[4,3-c][1,6]
naphthyridin-3-one (14)

Step 1

12
. [0192] Ethyl-4,7-dichloro-[ 1,6 [naphthyridine-3-carboxyate  (12). The title
compound was prepared following the procedure described for 4a using 7-chloro-4-hydroxy-
[1,6|naphthyridine-3-carboxylic acid ethyl ester (11). 'H-NMR (CDCls) 3 (ppm): 1.47 (3H,
t,J=7.14 Hz), 4.53 (2H, q, ] = 7.14 Hz), 8.02 (1H, s), 9.37 (1H, ), 9.62 (1H, 5). m/z 2722
(MH™).

Step 2

N-N
)
Y
o N
H
13

[0193] 7-Chloro-2-phenyl-2, 5-dihydro-pyrazolo[4,3-c][ 1,6 Jnaphthyridin-3-one
(13). The ftitle compound was prepared following the procedure described in Step 3 for
synthesis for 5a using 12 instead of 4a. 'H-NMR (DMSO-d6) & (ppm): 7.18 (1H, dd, J =

43-



N/ \ -N NNNCNiO I B Sc (:), 1.",,Np NNNNO I
C Neg 6p iNTh 1 Nr--
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 (MIT".

Step 3

14
[0194] 2-Phenyl-7-(piperazin-1-yl)-2, 5-dihydro-pyrazolof4,3-cJ[1,6]
naphthyridin-3-one (14). The title 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, ] =
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



)=N  NNNNOI B 6d HOPNNNNO I C 6q Nr-i
y--1.,NT- )=1.1 NN NO |
WO 2008/154447 PCT/US2008/066211
cl o
| X o
N~ N/
Cl
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) & (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
7 I O
(L
a M
16

[0197] 6-Chloro-2-phenyl-2, 5-dihydro-pyrazolof4,3-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 (DMSO-d6) 6 (ppm): 7.16 (1H, m), 7.44
(2H, dd, ] = 8.6, 7.6 Hz), 8.09 (1H, d, Y= 5.3 Hz), 8.14 (2H, dd, J = 8.5, 1.1 Hz), 8.37 (1H, d,
J=52Hz), 8.51 (1H,s). m/z297.7 (MH").
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Step 3

[0198)

, --C.

N cii) NN No |

BN---) St HO2 NN

PCT/US2008/066211

N—N

li
Y
Nao N
ENJH
N
H

17

2-Phenyl-6-(piperazin-1 —yl)-Z, 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 (14, 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"),

[0199)

Example 23

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, J = 5.5 Hz),
8.17 (2H, d, ] = 8.8 Hz), 8.33 (1H, d, J = 5.2 Hz), 8.44 (1H, s). 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 GABA,4 can be determined using pharmacological models which are
well known in the art using the following assay. The ICs; values for the exemplified

compounds range from sub nM to 10 uM 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 uM 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 (H)-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 [Csq of >1mM

B indicates an 1Csp of <1mM

C indicates an ICsg of <1nM
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BZ BZ
bindin | EP No bindin | EP
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(ICs0) {ICs0}
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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.

Electrophysiclogy 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, o 3, and y 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 ¢DNA construct encoding the vy 2s subunit is in the pGH19 expression construct.
Overnight cultures of transformed DHSa 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 Nofl for o 3,5 and y 2, respectively). Following
digestion, plasmid cDNA was treated with proteinase K and extracted with
phenol/chloroform/isoamyl alcohol, followed by ethanol precipitation. cDNA quality was
assessed by agarose-gel electrophoresis (1.5% agarose gel). Samples were stored at —20°C
until use. /n 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. Oocytes 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/mlL, penicillin-streptomycin 50 U/mL, pH 7.4). Following 1.5-2
hour incubation in 0.2% collagenase (type II, 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, NalHCOj; 2.4 mM, MgSO4 0.82 mM,
KCl 1 mM, Ca(NOs3); 0.33 mM, CaCl; 0.41 mM, Tris/HCl 7.5 mM, pyruvate 2.5 mM,
gentamycin 50 pg/ml., penicillin-streptomycin, 100 units/mL, pH 7.4) at 18-20°C and used
for experiments 1-5 days post-injection. Qocytes 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 cocytes 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, Qocytes 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. Dala
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:
Iy
Igapa = Emax/(l+(EC50/c) )

Emax is the maximum response, ECsq is the concentration producing 50% of the maximal
response, Ny is the Hill coefficient and ¢ is the concentration of agonist. Based on the GABA
concentration-response curve fit, an EC;y 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 EC;, and I' the response in the presence of
modulator (Lippa A, et 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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[ 0203] Al conpounds disclosed in Table 1 are assuned

to be drawn as neutral. |If not indicated, a hydrogen
war@sissi4assuned to be present on nitrogen at OPEI/US2008/066211

provide a neutral conpound. The conmpounds of Table 1

can exist in additional isoneric forns, for exanple,
t heIO%Qﬂ}pouEéfgctc;mwarmalsbeha@onapmﬁ@lly ippravemed efwpgnitive function

tfuc ounds. di sed in Tabl
Gnc g RO G S BT PR PB R PG morier B term memory), can
be dbterBingd eﬁs,mg%e nﬁﬁlbéxkloli"estd&llﬁl{é% Pfcftod@lé | ondehsthamdnovel object
that a conpound can exist in different tautoneric

recagiting, rdepiribedibelowt her e of depending on the
envi ronnent enconpassi ng the conpound, that is an
equi libriumcan exist between the different
Objt@HBBKiiies Abgyms of the conpounds and the equilibrium
bet ween said forns can be influenced by outside
f ad03tl. [ 02gaqt Theogmitiwl &t drorthologGaBAAckvant ttagkn farsrodents, which

doegﬁltgﬁgqrgggﬁ?@]?éeg Veargglgér%erggr{tr gc&es?lg?lget @é t@%dre 123 %n the natural

curiBsiBCbf RABYS it EQ;QMreA%ﬁf@V 01?5&9% ﬁ{eiroerhvﬁfmﬁgfﬁs [nQy%Q i Riliar ones.
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Obdourlwifor ay obipmAtd he &fansilian dui mgmahmmsiph:mef atten@kBMt before and
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O 08 by ) DR G860 e v
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incpersted e Mestirétye Rlecezne detbmmhgg@itudnm v Hulmaam demonstrated that
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ratsamth ‘éthFél:Ieadanolw pve vadrkinp noemodre meh MWd: reghirehtl discriminate

betwEadReDi B GG Eﬂﬁ&ﬁfa@@ﬁ i i Gdicent. lfla' SN B geBrain Res
97: 99/7)113SRAERpE S hGe il rﬁg q?{;fé&ﬁkd 3 ymsr asée); s &hd rodents

transcription was per orms
suggdRhihande hlﬂqmnampm ie dmgtbrtan%ﬁﬁ roneli dbjecs mcogihlaslm(Mngra al. (2000)
| i neari ze Wlé a groprl ate restrictioon enzynes bef
el PERcH

J. Neyroscenge ¢ 3 dpeopraratgd thersinva’ diggentivelyh Mrenhy, DG, (2001)
t
B0 b ) S A SR P RURR)! v, e

recogaitamuproomiey e excéient dehaviprdbmotRiob &akiald diugeaipeund effects on
anest hesi a,, an ovarian section containing the
COgF’é‘iVF a8 |a§%0°@@féwlélsﬁwa%0rr erhipragampBnindferRog t hrough a

| atig ab n S. !
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100 penicillin-streptonycin 50 U ni,

) pg/
can fhg| mﬁwaﬂ by suanyrexperimariaband physical @arm%ow@@en@lg@e but are not

llmﬂédy R tle%laer%ug d%l?g%g@%%mn?éés t1 a%hgﬂgﬁ go € g zg (?fngme training

vvere transferred to an i ncubator and maintained
overnight in Barth's solution (NaCl 84 nM NaHCG3 2.4
mM MgSO4 0.82 mM KCL 1 mM _Ca(NG3)2 0.33 mM CaCl2
0.41 nmM Tris/HC1 7.5 nM pyﬁJvate .5 mM gentanycin
50 i.tg/m., penicillin-streptonycin, 100 units/nL, pH
7.4) at 18-20C and used for experi rrents 1-5 days
post-injection. OCocytes were injected solution using
an el ectronic mcroinjector (Drunmond, Broonmall, PA)
with 50 nL of RNA containing 0.3-0.5 ng of each
subunlt RNAln a 1 1 1 ratio. The |nJ ected oocytes
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| GABA = Emax/ (1+(EC50/e) ) Emax is the maxi mum
response, EC50 is the concentration produci ng 50% of
w0 b@smsadsal response, nH is the Hill coefficieol/usmwds/ese211
is the concentration of agonist. Based on the GABA
concentration- response curve fit, an EC o for GABA was
arcre ther irenand disrensiarsotshe ghieetscbaiphysiesl srxturgnand eglers of the training
arer?aozﬂl%etﬂ% aﬁltxﬁacf% s%g‘s lléi?fqu IB u &ﬁggeﬁes%%esngr eqiggrge!%%gso prior to training. To

concen i ON-Tesponse s

evallRagS UlcBiRN t gy ROMFBIMdEefbr INORSXRE expetmase@ must parameterize
fraction of the peak control current neasurenents.

traidggt duptiiute edefing e@p@h?s duyratign a(ﬁmEG]l’fo of draiwing)r zaquirad gp reach an

r et.e er e 24nDuIator
asyRRcn ey 167 Bl T ROS rebiBh 5 it o Teeed iR 4, whigh memory
rete@floiatis Gab- n%mﬁﬁﬂngﬁ/lemdrb' énhadoinX cdRPodhRr ®ill prRluk®higher memory

control response at the GABA ECio and |I' the response

retenor W@tfp ﬁlé%m@aloframmbalt aray( havgp@p moeagyrabde effepO0sh asymptotic
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negative nodul ation at a screening concentration of
follpws:M (bj ect Recogniti on Assay WO

ggﬁ@@i@“%gglqﬁ% i%éO?gﬁ}l%g%OZOQ E;\Iegegéqﬂ%i]qdvaéldr%lbﬂuated to the

tralﬁllﬂ@@i:érﬁn App’f@bﬂﬂéiél?%iéﬁtarélﬁg VJ/e!réThﬁe%ldfo? QAifRER species (e. 2 for mice: a
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ents, which does not result from negative

15 mwSo(ralser&em(Pl(Tcm Shetck) (2008) ewraslddr éﬂ?-ééZ orotpiveated herein in

e bR 6! ¢ Ao e R e P 11052

inc&ip¥iaRidShe¥ein [iR TitsAMtRR £ CTralfin® Svas iR hiel Bh hohfbeaf?é?'}ﬁﬁituatlon An
nmust have attended to it before and renmenbered

animgbwens placel bidkriow, thariiamehg bk, tvhibie comained o ydmmbsil objects (e.g. a
t end d expl t t.h

o, SEBLSY S EBE BTSSR, W0 L2 B et v

pla&rﬁ&%rth@ Eeritdat Qreﬁ B tHe Rk Hnd theOPBA podiRdn 3f %Sj@@t@ l’eftrlﬁh? bides) was

one. Menory of the training object renders
countgriydiencecbetsieen subgiecits Ammlsxpjﬁn tsimed fer 5 mrmumsp [Tortést dor memory

retet(lgg%rr?el}\éng ?/\gf%rfo sgg%te rmt h%gaéfp Spg‘grgﬂllqgt%{am?gge: adt rodent was

presentedoith 109 obﬂe@élgnel%%gwh Ne43NREY @ ﬁﬁi% Hﬁfnﬁ‘lg'} ahd thisSwas “familiar’
entirety). Recent neurolmaging studi €S I n Humans
anddthemtist roditvatich mat noegtole)g. iarsnoi pmhmrcbshagm iobjeou) depersds: that the
. on prefrontal cort PFC) (Dei bert - (1999)
dlsmseﬁl%’ggﬁrgﬁ}* M@tﬁff@% %ﬂé@ sedh e’msrléﬁata? ﬁulmF%t the apparatus
and®fRb 'd’ggcié) we@ﬁéﬂoﬁ%ﬁ&}clé%ﬁ@ wWithegs fedb D Qﬁ‘ﬁj} il %remlltd{%d Jfor a few
t he | esions s poor wor ki ng nenof
InhmeQU|red to discrimnate between fan1I|ar and novel
Obj %kﬁ gchell J.B. and Laiacona, J. (1998) Behav.
es. 149 CXRYFIES WeHCBidpeIrRA‘eYa e iephepd Videg camera system.
t
TY@S g%eréi?ﬁ/%“hw%'%ﬁ T S OMEEC RN BXE (RN IE AR behaviqel parameters
obj ect recognition (Teng, E. et al. (2000) J.
Neur osci ence 20: 3853-3863 incorporated herein inits
entirety; Munby, D.G (2001) EehaV|ouraI Brain
Research 127: 159-181 incorpg ated hereininits
entirety). Hence, object recognition provides an
excel | ent behavi oral nodel to eval uate drug-conpound
effects on cognitive task associated with function of
hi ppocanpus and cortex. [0211] The strength of nenory
retention in nost cases is dependent on the anount of
tralnlng (repetltlon of epr|C|t or |an|C|t trlals)




[0212]Prior to initiation of training, animls were
handl ed and habituated to the training arena.
wa\pmsapuiat el y sized arenas were used for diffBPCEDB2008/066211
species (e.g. for mce: a Plexiglas box of L=48 cm
WE38 cm and H=20 cm for rats: a Plexiglas box of L=70
were geteneped chime nd cxplesitionyof axteachialietfethertotal timenofnaxplagation of the

i ndividual ~ani mal s placed. into .a trajni a rat us
objdefie AP 9 APHORRPSI P, B Hiecisn dnd, o (R P g REh aPRrodeh to an
objdc® THRedigdMmhin@iseitdet Qrmdoi febieeSwhalSOmSR& as described previously

(Pittenger, C., et al. (2002) Neuron 34: 447-462
(Enpavenn, gorand dzghmboniliP. i(HO97) Hebar. ibrainyResB88ir YRR imdorporated herein

. R . .et al. 00 Proc. t cad. L. JUSA 100; _
in oy OBouFRBBDIS st RopBpR) Pl Rt ded iy Usa 100: 10518-
10532 addolpdaté@betel i 74 E6lirddh MBI DatdWRranhBBEd BABHRIBAt Ainpaired ¢
ani mal” was pl aced back into the training box, ich
test Yo & s@@@ra{mcﬂc@m&&tﬁaﬂewoﬂ;@.épsgs (lestutealnghrafll values in the text and
nus- sha d was allowed to explore these

bj ect
ﬁg@ﬁ%%&?@ﬁﬁgﬁégUhﬁ%E%§E&£re pl aced into the central area

of [pBrsboxFanfigRIe1-8P &tdndiry ROSAdP Reppdse@B) e fleSsure of decremental,
(left-right sides) was counterbal anced between

shogtitrne abemnorniusealyy weanscriptian niadefeoderty whitht emtrifiiges éstcognitive
for menpry retention, animgl s were observed for 10

Funciten SETLHS NRIEBELPEBPR, (R A Mo D SHeerch 10 sample, o)

exeﬁﬁ%%&ﬁm“{t&ﬁémhﬁ@f %&t.)sancpﬁt?en@it)nm&&s!@s(pﬁ%ﬁg%t el%cé)i Twenty-

during training, and thus was 'famliar’' and'the
founhowhinemoryastentive refresegts anmsrmire of Jorgrietn shapeary, to which STM is

confalegtugh iR TRHErYIar 294 SPLAI HOSSIEY PRSRERT CUpfdgion. LTM

conbHRtARD ?Jsﬁﬁ% Sogditlel fﬂﬁctg)% @ﬁéh%s‘@@i%fen&@&%ﬁfé%h l'y cleaned

with 90% ethanol, dried and ventilated for a few

m iREY. [ 0248]bEhepexiped byehos skdled iv ilcent thptadiangea canld be made
ver head vi deo c ra system Types re then revi ened
© bR I OIS BT Epovay gt qegRItR R i, A veniive concept
aneter ' el explqr at i f :
e T3S HEIEE BB k! Bl Al Bl 08 b
emtaldjreetts fdisclosdae butot isapendatioesvéranddifcattune tias areamithih itheespirit and

(latency) to firs proach to an .object. The

scogs; SIafe FvRRETb A ficlinsd bv th%?’ﬁﬂei)&éic‘gﬁ“@s- was det er mi ned
as described previously (Ennaceur, A and Aggl eton,
J.P. (1997) Behav. Brain Res. 88: 181-193 incorporated
herein in its entirety; Bourtchoul adze, R, et. al.
(2003) Proc. Natl. Acad. Sci. USA 100: 10518- 10522
incorporated herein in its entirety). This Data was
anal yzed by Student's unpaired t test using a software
package (Statview 5.0.1; SAS Institute, Inc). A
values in the text and figures are expressed as nean +
SEM [0214] For NOR, 1-hr nenory retention represents a
nmeasure of decrenental, short-termnenory (usually
transcription independent), which contributes to
cogni tive functions, such as working nenory (radia
arm maze, delayed nmatch to sanple, etc), executive
function (task-switching, etc.) and attentiona
processes (primng, etc). Twenty-four hour nenory
retention represents a neasure of long-termnenory, to
whi ch STMis converted through the nol ecul ar and
cellul ar processes of nmenory consolidation. LTM
contributes to lasting cognitive functions such as
reference nenory. [0215]1t m% | be appreciated by
those skilled in the art that“changes could be nade to
t he enbodi nents descri bed above w thout departing from
the broad inventive concept thereof. It is understood,
therefore, that this invention is not limted to the
parti cul ar enbodi nents disclosed, but it is intended
to cover nodifications that are within the spirit and
scope of the invention, as defined by the appended
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1. Bis x \(4n. R2 is selected fromthe group
consi sting of hydrogen, hydroxy, halo,
whyasazapgTi - C6) al kyl , (Ci -C6)alkyl optional |y PCT/US2008/066211
substituted with up to 5 fluoro, and (Cl- C6)al koxy
optionally substituted with up to 5 fluoro; each
L :i ndependent |y hydrogen, (C -C6)alkyl,

ar yl he |y, cle, (G -0C6)al kylaryl, -S
(ogﬁ(c ?5@@&% °fg‘?r%“§{1§ % -C(0) (C -06)al kyl ,
-C(0)NRg(Ci -C6) al kyl, -C(0) NRgar YA,
-C(0)0o( G -Co)al kyl, aryI OC( 0) -___(N’ arylC(0)-, or R and
Rb are taken together with t nktrogen to which they
are attached to forma Jmter group optionally
substituted with one ézr mofe Rdf wherein the
het erocycl e group opt%onal i nicl ude one or nore
groups selected from YO& (sul fur), and NRe;
each Re is independently hydriogen (C2- C6) al kenyl ,
(C2- 06) al kynyl , -C(0)0(C1- C6%Ral kyl, -C(0)0Oaryl,
(G -Co)al koxy(CI Co6) al kyl , qgr oxy(Ci -C6) al kyl, aryl,
het eroaryl, heterocycle, aryl0(C -C6)al kyl,
- C( 0) NRgt Givtdshgrahdrgdt, or (el phidgaicyhtically acceptable salts,
-S(0), (CI C6) alkyl, -S(0)zaryl, -C(0)(C1l-C6)al kyl,
ar y1C( 0)Whergigy c6) al kyl optional |y substituted with up
to 5 fl al koxy optionally substituted
Liegq?d?cf%?{t,r%r o%c% y op y

with upt each Rd is independently

hydr ogerg,, Za| 2,, afk 2, aﬂé}ﬁi&l@iﬁdepmﬁé&lm éﬂC(RID\'Rﬂlﬂi’em at least one of
hydr oxy( G - CGZ@aI k% aryl (Cl-C6)al k
( GiLrCBy- sk i Za gt ﬁaqi e@ﬁtb\gw pf t. et %t o Zupre ©(R1);

up to 5 FH éﬂwo@d@penggﬁtyﬁ SR ot OB Bl Py bvarogen,
selgatad, f ras) ydroosdt, (CONTERS! kyNRaRt y'hydroxy(Cl-Cg)alkyl aryl,
het er oar yI het er ocycl e, (G- 06{ al kyl a

ar ﬁe(aglarmy]gtemcle, @pmo(@] Cebkal, K- Cﬁ)al l optlonally substituted with
-S(0

(‘ﬁ% tﬁ&%‘l@ro(%}cg@yﬁlg)zﬁf(&yo%%g& ;jtﬁ;?sﬁbl' e}él \éﬂﬂg, 11%2%? quoTo wherein
ar»ﬂt%tQ)ne,qutBlC( 0) 0(Cl - C6) al kyl ; Rg is

hydrogen, aryl, heteroaryl, heterocycle or
(G- CG)aIIcyonptlonaIIy substituted with up to 5

fluoro; / is aryl optionally substituted with
one or mdrie M or het%r oaryl optionally substituted
wi th one or M each Q is independently
hydr ogen, hal o, ‘0%o, =hydr oxy, -C(0)NRaRb, -NRaRb,

G -6 b d 5
gl uor o) 3.%70){5 (585%3 a ﬁgn%ﬁ ucﬁ%‘é‘ﬁ )l;’togﬂﬁtvé}d{%t %&Jrg\%elnh Imc)lroxy, halo,
! 0 HydihyaroCokyL, @Mk)‘auc@l @;ﬂldn@ htasuﬁw&ts\mtﬁ ub%ismubtb and (Cy-

one or nore dr ox opti onal |
su&a)alkmye@twmlﬂw @lb@tlmtedmfeum 5 ﬂugrb opt i onal |y

opt: onal g et R bangrRahieney Brimgie (rCoabl bl dheteroary,
M |1§etdr&qt%&e't@‘?1@ékﬂkﬁ¥l§“ ?ﬁ%)z(@@@)al@ 3, S@fﬂfyl w@(ml-CG)alkyl

cyano, nitro hydroxy(Cl

(O“@@)Nﬂs@@ycs)alkﬂaerC(@DNRgarhbt et@(@@(cle(ﬂe)alkyi aryloC(0)-  or

het G %éfl %(r ;%.pld 1: gs’treI tagggﬁgg%%]etgl I N(b_,&eoxy%?m);o which they are
?9{?%' tol fzsgmcg)rﬁ@tei‘&g% %‘g% loﬁ%t% I§y§ﬁ¥§t1tuted with one or more Ry

(CI C6) al koxy( G - C6) al kyl, hydroxy(G -C6)allcyl, aryl,
heteroaryl, heterocycle, arle(Ci C6) al kyl, -CONRel I f,
-S(0)z(CG -Co6)al kyl, -S(O)ary#< -C(0) (G - CG)aI kyl ,
arylC(o) -, C(O)NRa(Cl C6) al’ ?/I (C1- Co6) al kyl
optionally substituted with up to 5 fluoro, or
(CF-Co6) al koxy optionally substituted with up to 5
fluoro; pis an integer selected from0O, 1, 2 and 3; z
is an integer selected fromO, 1 and 2; and



nis an integer selected fromO, 1, and 2. 2. The
conpound of claim1l that has the formula In: MY NN Rl

wOldoBRR44 (1 @2) or a tautomer thereof, or theirpCT/US2008/066211
phar maceuti cally acceptable salts, wherein Y is CM or

:’B 31 ounf of claim] that has the formul a
| | ywhegsin the;hetgrogysle grawp erffonally nciiderons oa mese eiupe slegjed from O

g,g@@ gin Yis CMor N 4. The
g’p giof( F&fm Merei n at least one Xis NL. 5.
The conmeadindRef i€! aidepchdenther @y drogén, | Q@%sﬁﬂ&nﬂ i icycﬁ)alkynyl

WO 2008/ 154447PCT/ US2008/ 066211 6. The conpound
U ARROTO ook, G0 o br{ChiC b o e QAL hydroxy(Cr-Copalkyl,

aryl,  heteroaryl, heterocycle, arylO(C\-Cglalkyl, —C(O)NRy(C;-Cg)alkyl,
~C(O)NRyaryl, —8(0),(C,-Ce)alkyl, ~S(O)aryl, ~C(0)(C;-Ce)alkyl, arylC(O)—, (C;-
Ce)alkyl optionally substituted with up to 5 fluoro, or (C;-Cg)alkoxy optionally
substituted with up to 5 fluoro;

each Ry is independently hydrogen, halo, oxo, hydroxy, —C(O)NR,Rs,
~NRuRp, hydroxy(Ci-Cslalkyl, aryl, aryl(C;-Celalkyl, (C;i-Cglalkyl optionally
substituted with up to 5 fluoro, or (Ci-Ce)alkoxy optionally substituted with up to 5
fluoro;

cach R, and Ry is independently selected from hydrogen, (C;-Ce)alkyl, aryl,
heteroaryl, heterocycle, (Ci-Ce)alkylaryl, aryl(C;-Ce)alkyl, —C(O)(C;-Cglalkyl,
—8(0)(Cs-Colalkyl, —S(0).NRy(Ci-Cslalkyl, —S(O),aryl, —C(O)NRg(C;-Cgalkyl,
—C(O)C1-Cejalkyl, arylC(O)—, arylOC(0)—, or —C(O)YO(C;-Ce)alkyl;

R; is hydrogen, aryl, heteroaryl, heterocycle, or (C;-Ce)alkyl optionally
substituted with up to 5 fluoro;

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

each Q is independently hydrogen, halo, oxo, hydroxy, —C(O)NR,Ry,
—NRuRp, (Cy-Cealkyl 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;-Cg)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 Ry;

each M is independently hydrogen, halo, CFs;, CF,H, hydroxy, cyano, nitro,
(C1-Colalkyl, hydroxy(Ci-Celalkyl, (Ci-Cs)alkoxy, —NR,Ry, aryl, heteroaryl or
heterocycle;

each X is independently NL, oxygen, C(Q)z, or $(0),;
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at least one Bi is 7. The conpound of claim®6, wherein

Z1 is N 8. The conpound of claim6, wherein Z2 is N
w@2008heuaonpound of claim 2 that has the fornmuber/vb2008066211

-N1 NR2 R (lIh) or a tautoner thereof, or their

pharmaceutically acceptable salts, wherein Y is CM or
N. 10. Taeh cdnpsunindependprtiym bydraken: el(ﬁzé}ﬁ)aﬂl@SL dfe-Cxalkynyl,

€,C e | eas
one%opée%'xéyrg%lﬁy lomg?(b?‘ﬂ%ryg (?ﬁa(tfﬁ%k%‘fy\e% ée)ﬁﬂﬁ tIvaFo ggl"cf’)alkyl
t herflom@tréaryk : heMrdeycld, k&y@(cadsﬁmqucmrmofﬁs@;z(cl -Cg)alkyl,
their pharmaceutically acceptable salts, wherein
CMONaryl, —C(O)}C;-Cgalkyl, arylC(O)-, ww(Z(O)NRg(Cl Cﬁ)alkyl (C] -Cealkyl
optionally substituted with up to 5 fluoro, or (C,-Ce)alkoxy optionally substituted
with up to 5 fluoro; ,
p is an integer selected from 0, 1, 2 and 3;
z is an integer selected from 0, 1 and 2; and
n is an integer selected from 0, 1, and 2.

2. The compound of claim 1 that has the formula Ia:
2

N-—N

(Ia)
or a tautomer thereof, or their pharmaceutically acceptable salts,
wherein Y is CM or N,

3. The compound of claim 1 that has the formula Ib:
Oy

(Ib)
or a tautomer thereof, or their pharmaceutically acceptable salts,
wherein Y 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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WD 2008/ 154447PCT/ US2008/ 066211 13. The conpound of

claim 12, wherein at |east one Xis NL. 14. The
wa@oopasad7 of claim 12, wherein at | east one Xi BCDY§DO8$066211

15. The conpound of claim 3 that has the fornula In:

/I YWY RLNNNR R (In) or a tautoner thereof, or

their pharmaceutically acceptable salts, wherein Y is

CM.or N. g}r@ﬁ f ggﬁ ; in at
IeaGSt orr%l%goﬁn@ﬁﬁ: 1 .H{Ihﬁéﬁlgroe%gluln oprgljgfiic?n 15,
wherein at | east onexXi s oxygen. 18. The conpound of

claim1l that has the lalg: YW NN (N) or a
t aut omer t her eof, obtheim_gghar maceuti cal ly acceptable

salts, \ Ef
at least one B! is n

7. The compound of claim 6, wherein Z; is N.

8. The compound of claim 6, wherein Z; is N.

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

D

(Ih)
or a tautomer thereof, or their pharmaceutically acceptable salts,
wherein Y is CM or N.
10.  The compound of claim 9, wherein at least one X is NL.
11.  The compound of claim 7, wherein at least one X is oxygen.

12, The compound of claim 2 that has the formula Ik:

(Ik)

or a tautomer thereof, or their pharmaceutically acceptable salts,

wherein Y is CM or N,

-50-



wherein Y is CMor N 19. The conpound of claim18,

wherein: Zi is N, and Z2 is C(Ri). 20. The conpound of
web@smsu87 wherein: Z2 is N, and Z1 is C(R).prClusSHIng066211

conmpound of claim 19, wherein at |east one X is NL.

22. The _conpound of claim 20, wherein at | east one X
i s I/L 2Fhe vpmpewndpdichdmo2, wheremn atdeastwner BiiNBt | east

X i . Th f claj,m 20, wher ei
ot Toast B AT el 2 SEBRYH sy SusTK T et rm 1
seligct edht cOMpOIR] ETcRiHR TOBSHSkhd Briahla In:

oy
R4 I}E——N
NI °
Qp ~ | P |
r\ N N R,
x_J R R
(In)
or a tautomer 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.

18.  The compound of claim 1 that has the formula Iq:
7 XM

&

(Ig)
or a tautomer thereof, or their pharmaceutically acceptable salts,

wherein Y is CM or N.

19.  The compound of claim 18,
wherein:
ZyisN; and
Z;is C(Ry).

20.  The compound of claim 18,
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H PCT/ US2008/ 066211 WD

2008/ 154447PCT/ US2008/ 066211 or a tautoner thereof,
woroosheisn7 phar maceuti cal |y acceptabl e salts 26P&r/us2008/066211

phar maceuti cal conposition conprising: a) a conpound

of any one of clains 1 to 25; and b) a

phar mac TN | y acceptable carrier. 27.A nethod of

nmodul at iZ)gs RNgnPr nore GABAA subtypes in an ani nal

conprising adm nistering to the aninmal an effective

anmount @ 18 68Rgonpound of claim 1 or the

phat maceuytical co i,tiogn of claim26. 28.The nethod
of 21 ai NS FORARIG o claie Kl Bieasbontel i Ne,
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, The compound of claim 1 selected from the group consisting of:

H\
Y
Vs I?l
H
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29. The nethod of claim27 wherein the nodulation is

positive. 30. The nethod of claim27 wherein the GABAA
wGenisyupas7i S GABAA a5. 31. The net hod of cl ai m BOT/US2008/066211

wherein the nodul ation is negative. WO

2008/ 154447PCT/ US200Q8/ 066211 32. The nethod of

cl aim 30 wherein nmodul ati &r_i S _positive.

33. A net hod of at ment of cog

3 hve dysfunction i

i mal conpriging adm ni steri o the animal an
fective anom of the compound of Ttlatvn 1 or the
ar [ sition of claim?2 ,af\%der
it [ he cognitive dysfunc '

or nDre. subtypes in the aninmal are nggati
modul ated. | 35. The nethod of claim3 n
the GABAA subtypes is GABAA a5. 36. The nqﬁhod

ani mal . 38. The nethod.of cl ai m 33 whe

t/he gni tiveyaysfunction is A|4P§N r's di sease,
meptia or ahot Rer neur odegener at

of claim 33, whepeijthe animal is a nmamual
H037. The met hod ot aim 33 wherein the animal is a%g;;>
r

hve di/sease. NN

39 réat nent of a psychiatMjc pgi s p)
an ani ising adm nistering to th n
ef f ect i weg~an t of the conpound of cla

pharmaceuti cgl conposition of claim 26, un
condi tions wherein the psychiatric disorder is

treat ed. 40. The nethod of claim 39 wherein the
psychiatric disorder is an anxiety disorder, sleep
di sorder, depression, or schizophrenia. 41. A

met hod of increasing cognitive function in an ani nal
conprising admnistering to the animl an effective
amount of the conpound of claim 1, under conditions
wherein nenory is increased. 42. The nethod of
Claim4l wherein the animal is healthy. 43. The
nmet hod of Claim41 wherein the nenory is long term
nmenory. 44. The nethod of C aim 41l wherein the
menory is short term nenory. 45. Use of a
compound of claim1l or the pharmaceutical conposition
of claim 26, for the manufacture of a nedi canent for
nodul ati on of one or nore GABAA subtypes in an ani mal.
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46. The use of claim45 wherein the GABAA subtypes is

GABAA ab. 47. The use of claim45 wherein the
woaslisaid4on 1S negati ve. 48. The use of pCt/asTmgibo6211

wherein the nodul ation is positive. WO

2008/ 154447PCT/ US2008/ 066211 49. The use of

claim wherein th

gnpound negati vely nodul at es
50. Use of a cgnmpound of
eutical conpositiqn of claim26

f manuf agj.ufe of a medi canment £or eat ment I\?‘f’
cQgni th ve dysf pct'on in an anlnaL,,LDPr 51. Us /| O

a UDANQf a Qor the pharmace O
conposi tli on pf cllai m 26, for the manufact ur

medi ca  t¥eatnment of psychiatric di

an ani mal . N 52. The use of claim51 wh

psychiatric diéorder is an anxi ety disorder, slee

disorder, depreSS|o or schi zophreni a. 53." Us \\
conpound of 1 or the pharmaceuti cal N
Hco sition of cIa 6, for the ufacture of a i:;:>
ment for tr atnEnt of di sordery | i orated by
duI tion of @A Cr subunits otheg thah a5 in df N
nndulat'on <t [
wher ei n|it he |[nodull ati on i s negative.
a conpoungo aim1l or the pharmaceutica
conposition of| claim 26, for the manufacture of al

medi canent foﬂilncrea3|ng cognitive function in ah
ani mal under conditi

wherein nenory is increased. \
erein the animal is health

57. The use of CaiR
58. The use of d ai 6 wherein the nenDry Is |ong
ter ry. N—N59. The use of @ 56 wherein

t he ry is shprt\termmenory.

conmpoun N orCt he phar maceutN 0O
of claim 26, e manufacture of a nedi

i ncreasi n-.C itive function in an ani nal

GABAA a5 su typéqln the animal is negativel
nmodul at ed. H |
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26.

27.

NQ

™~
Sy
N | N\ | O
“y
H

and H/I\I
or a tautomer thereof, or their pharmaceutically acceptable salts
A pharmaceutical composition comprising:

a) a compound of any one of claims 1 to 25; and
b) a pharmaceutically acceptable carrier,

A method of modulating one or more GABA4 subtypes in an animal

comprising administering to the animal an effective amount of the compound of claim 1 or

the pharmaceutical composition of claim 26. |

28.
29,
30.
31.

The method of claim 27 wherein the modulation is negative.
‘The method of claim 27 wherein the modulation is positive.
The method of claim 27 wherein the GABA, subtypes is GABA, o5.

The method of claim 30 wherein the modulation is negative.
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32.  The method of claim 30 wherein the modulation is positive.

33. A method of treatment of cognitive dysfunction in an animal comprising
administering to the animal an effective amount of the compound of claim 1 or the
pharmaceutical composition of claim 26, under conditions wherein the cognitive dysfunction
is treated.

34.  The method of claim 33 wherein one or more GABA, subtypes in the animal
are negatively modulated.

35.  The method of claim 34 wherein the GABA subtypes is GABA, o5.

36. The method of claim 33, wherein the animal is a mammal. .

37.  The method of claim 33 wherein the animal is an aged animal.

38.  The method of claim 33 wherein the cognitive dysfunction is Alzheimer’s
disease, dementia or another neurodegenerative discase.

39. A method of treatment of a psychiatric disorder in an animal comprising
administering to the animal an effective amount of the compound of claim 1 or the
pharmaceutical composition of claim 26, under conditions wherein the psychiatric disorder is
treated.

40.  The method of claim 39 wherein the psychiatric disorder is an anxiety
disorder, sleep disorder, depression, or schizophrenia,

41. A method of increasing cognitive function in an animal comprising
administering to the animal an effective amount of the compound of claim 1, under
conditions wherein memory is increased.

42. The method of Claim 41 wherein the animal is healthy.

43.  The method of Claim 41 wherein the memory is long term memory.

44,  The method of Claim 41 wherein the memory is short term memory.

45.  Use of a compound of claim 1 or the pharmaceutical composition of claim 26,
for the manufacture of @ medicament for modulation of one or more GABA, subtypes in an
animal.

46.  The use of claim 45 wherein the GABA4 subtypes is GABA, o5.

47.  The use of claim 45 wherein the modulation is negative.

48.  The use of claim 45 wherein the modulation is positive.
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49.  The use of claim 46 wherein the compound negatively modulates GABA4 o5
subtype.

50.  Use of a compound of claim 1 or the pharmaceutical composition of claim 26,
for the manufacture of a medicament for treatment of a cognitive dysfunction in an animal.

51.  Use of a compound of claim 1 or the pharmaceutical composition of claim 26,
for the manufacture of a medicament for treatment of psychiatric disorders in an animal.

52.  The use of claim 51 wherein the psychiatric disorder is an anxiety disorder,
sleep disorder, depression, or schizophrenia.

53.  Use of a compound of claim 1 or the pharmaceutical composition of claim 26,
for the manufacture of a medicament for treatment of disorders ameliorated by modulation of
GABA 4 o subunits other than o5 in an animal.

54.  The use of claim 53 wherein the modulation is positive.

55.  The use of claim 53 wherein the modulation is negative.

56.  Use of a compound of claim 1 or the pharmaceutical composition of claim 26,
for the manufacture of a medicament for increasing cognitive function in an animal under
conditions wherein memory is increased.

57.  The use of Claim 56 wherein the animal is healthy.

58.  The use of Claim 56 wherein the memory is long term memory.

59, The use of Claim 56 wherein the memory is short term memory.,

60.  Use of a compound of claim 1 or the pharmaceutical composition of claim 26,
for the manufacture of a medicament for increasing cognitive function in an animal wherein

the GABA, o5 subtype in the animal is negatively modulated.
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