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TECHNI CAL FI ELD [ 0001] The present invention relates to optionally
substituted 3-(thio, sulfinyl or sulfonyl)-7,8-dihydro-(1H or

2H) -i m dazo[ 1, 2- a] pyr azol o[ 4, BRe]ANIC TONMPOWNTHE - one or a substituted
3-(thio, sulfinyl or sulfonyl)-7,8,9-trihydro-(1H or 2H)-pyrimdo[1,2- 10
a] pyr azol o[ 4, Bhis ppplidatipaclaims Brpritnisom dhp olnevisional pplicaiopdihds of Fornul a
| as descgj I r, 1 hei G 1 i I

phar mcoct /4T 45 I REERTEET 200 ot A PHERAE sihert WPlrboit iy

parti cul afeféraiceriasheinémiragvel conpounds useful as inhibitors of

phosphodi esterase 1 (PDElI), e.g., in the treatnment of diseases involving

di sorders of the dopam ne D1 receptor intracellular pathway, 15such as

Par ki nson' s di sease, depressi onTppgfigelaAgPe lamege to cognitive function,
e.g., in schizophrenia, or di sorgers tF?at may be aneliorated through

E 2 gezn ced Ng[ﬂogb]s t eTl}tmNpJeﬁTx? iraleiznign geglazthgayqptbn?lly sxfbenmlt@if 3@:\1&& Isulfing mP ction.
GROU ven fam i 0S i est erases

( PDES) ha%gségﬁ-émﬁm-ﬁ13?052{'1'9-6??r%zﬁﬁé's-gkpwazaiﬂ[‘ﬁ?eﬁpyrﬁﬂléhm?ﬁﬂ-one

Ca2- cal mogul LfpsgerRandanio, %gﬁ?ﬁ&ﬁu%hﬁﬁﬁwﬁt&l%%-(%c %ﬁ%@ﬁ%@%s hown to

medi ate both the cal ciumand Cyclic nucleotide (e.g.
si gnal@ ngajpatazolalss3-ciheinidire é(Sthewme coaiyordils, g gneompPDEiyof Fupmul [ asnd PDE |

C, are all, expressed in central, nervqus. systemtissue. PDEIA is 25
expr easod ERPBIERINY: PSSR heRORGioR el Tt o S Fmase@afer n ( ne ca
to CA3 | ayeirmadduticliecompoRRioasRUSpALidg SRne bek burticaltimérest drovovetvel in the
striatum ,PDEIA is also expressed in the | ung (and heart. PDE1B is

t

pr edoni nat@ngouadpresfelas inkibithes oftphpsphedies@ease At(BDE.ese. il thasedment r act and
bol | . P . . ) . Y biah
cerebel ] un ddlgéa}?nes' nﬁelﬁ%lﬁc Ffisoti & of ‘ﬂ{erfAR?HiOeuf%&%Bg{o?'ugre{ggﬂilﬂgpgatn@‘éﬂ‘lgy g

| evel s of "do nnervati on. rm

expr es$edsuch ak Parkisyohrsadisease, \depressival mantolégsy ndamdpe tdedgtitiee funstibhe heart.
PDELC is primarily expressed in ol factory epj.thelium cerebellar granule
cel |'s, antt8sil$hiZephreprazpr dispedery that @prggglghoqawdtth@ugggphangﬁ@ vascul ar

snmoot h nu ggst LROO3L b ShWe | £01 fliEi &%9135@ 6 ases decrease
intracel Eﬁb o CAMP n%{@c%VP gf’gh%l {eng €Ey hy of@?flng these cyclic
nucl eotides to their respective inactive 5 -nonophosphates (5 AMP and
5'Gw). CaM PDEs play a c¢ritical role i ﬂ%‘ﬂ jgnal transduction in
brain cells, particularl %‘%éfgﬁﬁpgﬁbaﬁ)tg}{? E}\@?Q& known as the basal
gangl 3@ or[odbz] atEiVed imiBXPEPPHRDspMIRALrIRES (BDESHIRE DebekRRAEAE] B@ct | vati on
and/ or dopam ne D2 receptor agtivation r esult in increased intracellular
only PDEs in Family I, the Ca“"-calmodulin-dependent phosphodiesterases (CaM-
PDEs), have been shown to mediate both the calcium and cyclic nucleotide (e.g.
cAMP and cGMP) signaling pathways. The three known CaM-PDE genes, PDE1A,
PDEIB, and PDEIC, are all expressed in central nervous system tissue. PDE1A is
25  expressed throughout the brain with higher levels of expression in the CA1 to CA3
layers of the hippocampus and cerebellum and at a low level in the striatum. PDEIA
is also expressed in the lung and heart. PDE1B is predominately expressed in the
striatum, dentate gyrus, olfactory tract and cerebellum, and its expression correlates
with brain regions having high levels of dopaminergic innervation. Although PDE1B
30 is primarily expressed in the central nervous system, it may be detected in the heart.
PDEIC is primarily expressed in olfactory epithelium, cerebellar granule cells, and

striatum. PDEIC is also expressed in the heart and vascular smooth muscle.

[0003] Cyclic nucleotide phosphodiesterases decrease intracellular cAMP and



cal cium concentrations, leading to activation of effectors such as

cal nodul i n- dependent kinase Il (CaMKIl) and calcineurin and to activation
of CaM PDE®,20r0emsi4bi Nng i n reduced cAVMP and cGVP. Dopam ReTDB20000eqBDr
activation, on the other hand, | eads to activation of nucleotide cyclases,
resulting in increased cAMP 10 and cGW. These cyclic nucleotides in turn
activate groiPeighaiingd§hyardlf2is tHeSdBHeREMIRBE dE tOtRdiNrdspbATE Inad itk OF

prot ei n ki nase %(P%g? gGVP?igﬁ%endent protei n ki nase) that phosphoryl ate

downst r eabirmgertiosphasgsddAMPoandoB GMRY CaMiIMEspley alsrisisalmplRpp- 32 (dopamni ne

and cAMP-1egul.at ed nhosphopr ot ef n ANP -t ' ty i ndi ng
protein (Eﬁ% ﬁlr.lg ﬁﬁ%@ﬁ%?@‘f altogég bﬂébg&%ﬁ ?‘ljrt\lljgtll&ﬁ i%{rill’;l% %rl??r?d?) E’g{%lb:{g‘gti vity of
protei n phasahal s bidsal Phhglia ortstreft@yFornexasptd, NMDRetypt @l \eadbte receptor
phosphoryl ation of substrate gr otei ns such as progesterqgne receptor (PR),
| eadi ny t #tivaderandder dapaphigesPairengptor pedyrsieadesultgndprreased intrasgies have
suggest edehliah ddiflRgnC ARG LRI dIRE0Ds LRhAUGBIARRKat | on of
dopani ne orf progesterdne réeteptor enhances progesterone signaling
associ at edepehddnt kataso LI CaMISII paral¢atahewz iy agipo nsteationrod IGadMPiPEshe | or dosi s
response associated with receptivity to nati in sone.rodents. See NMani,
et al., seeswing i sgpend : @gé‘é}&%hpo@ﬁﬁr&rﬁ IeePIRR ALV alioB. 9htSr por at ed
herein by,h&f RI@NkGds %0439GltioQ?MrPu@l%%tiH@@yctl&%_ﬁ,erf:ﬁflﬁngafrﬂc i86feased CAMP

dopam ne-regul ated and other i1ntracellular signaling pathways in the basal
gangl 1& ( sid ¢GVIRmThesecydlidinuglebtidesrio turdSictivate prbteio kmiase iAc(Pdsd deAMP-

nor adr ener,gi ¢, neur ot ensi , VIP,  sero W mat e. g.,. NVDA
Fecept o dshglert BEUSD Gy L et B Rk O SN AR gt Grhelny »

r ecept or ) king b bRGIpHoFyEAe AbWhstrdddt Sibhdl@ianSduReph paiwas cemertiNuchBAP, CNP) ,
DARPP32, and endorcg:rl)l n intracellular signaling path

ways.
[ 0005] PhoBpREE- 22 (aspamene ProRA MPtiegilaipd phasphaprdtein) @wy cAMESISRASEt er ase 1

st ity Sehellibink AL CRED, Piighel 3R BRRPR N K iBhibR wieCm O™ O
e L B D Lo dapam o Dt econtar - dopam ne. 0B
receptor, PIPHSP]E“PQ’?%{?P @€ subsaleRratsEISgUeh as HOgrBerens rff?,epfeekf,’R)a'ilqﬂg%éP ot oni n,

gl utamat ey gctgm: o%ﬁpf@?@f&?§25eéh@cﬁd S G RIdRh ha(¥\Eifboe 8 & iy fRkinge.

adenosi ne ecepto cannabi noi d receptor, natriuretic peptide
(e.g., ANRAMBNRd cGWEP synthasie thrhugh activaticrebf ddpamisé Prdalripnagepetdneay and

progest erone-signalin at hway. .For. exanple,. inhibi.ti on of 5.PDE1B shoul d
et b0, potebrtph b anes Tebbt o s arigg anriri do A SRaes By SNGHERT | ng ooV
and cfg/P ferspdﬂs@lg%a&tﬁh%% lofisTEGSh Sk SdsB2ihtad hitH 13BERivityde Rfifing &n D2 _
receptor signaling pathways, by inhibiting PDE1l activity. Chronic elevation

i n i ntracsimarodents a$asi Manil evvadl, Sciegcd (20081287 1083 .| theleentpnts of miliahrase s
di sorders garti cul arly in.neurodegerative di seases such as Al zhei ner's,

Par ki nson!"SORRI T FiRJpJsiegence.
[0004] CaM-PDEs can therefore affect dopamine-regulated and other

intracellular signaling pathways in the basal ganglia (striatum), including but not

25  limited to nitric oxide, noradrenergic, neurotensin, CCK, VIP, serotonin, glutamate
(e.g., NMDA receptor, AMPA receptor), GABA, acetylcholine, adenosine (e.g., AZA
receptor), cannabinoid receptor, natriuretic peptide (e.g., ANP, BNP, CNP), DARPP-
32, and endorphin intracellular signaling pathways.

[0005] Phosphodiesterase (PDE) activity, in particular, phosphodiesterase 1

30 (PDEJ) activity, functions in brain tissue as a regulator of locomotor activity and
learning and memory. PDE] is a therapeutic target for regulation of intracellular
signaling pathways, preferably in the nervous system, including but not limited to a

dopamine D1 receptor, dopamine D2 receptor, nitric oxide, noradrenergic,



10 Di seases and in disorders of the circulatory system | eading to stroke
and nmyocardial infarction. PDEl inhibitors are therefore potentially useful
i n di seaswe 20tvawanweri zed by reduced dopam ne D1 recept @CTAiSgalondIgo
activity, such as Parkinson's disease, restless |eg syndrone, depression,
nar col epsy and cognitive inpairnent. PDEl inhibitors are also useful in

di seases hdinbteAdy, @@KaWFVs'eﬁit&ﬂnb%hItMat@ O AN NMPAL re®éptor, AMPA
I ng 'such as femal e sexual dysfunction. [ 0006] There is

15pr ogest er one-si gna

t hus a netegeqton, @gﬁp’owﬁqtquhhhne,s@de@@mwéw Aahurbmptmna@hlnmdty,

especi al | or PDElB L vit Y OF E [ 0007] The
I nventi onyeﬁ? I?Erl %tgluf)%{c B ?ﬁﬁ t%lgll)’t U el\/&@s ?ﬂdorp slﬂll I\Mw l(%‘r\I

sul fony1) s@ma‘irr)@lﬂwma;ra(nﬂl'ﬂ)regesterone signaling pathway. For example, 1nh1b1t10n of
2H)-|mdazo[31 2-al pyrazol of 4, 3-¢e] ¥r|m in-4(5H) - ones or a substituted

3-(thid, BB ﬂBﬁwulé@cm m@}ethes foctiafiatdlpppminell agomsby protecting

d I ) 2 and/ 5) -
DL aubst i 1 4 S hENAP fi ude B, B L Sy B Boppnihe 883 010 065149
wher ei n PfeépiaG2a 00 g phliBvayis) By Inhitstisg PBB1 actiG6R ; Chronic elevation in

intracellular calcium levels is linked to cell death in numerous disorders, particularly

in neurodegerative diseases such as Alzheimer’s, Parkinson’s and Huntington’s

10  Diseases and in disorders of the circulatory system leading to stroke and myocardial
infarction. PDE]1 inhibitors are therefore potentially useful in diseases characterized
by reduced dopaminé D1 receptor signaling activity, such as Parkinson’s disease,
restless leg syndrome, depression, narcolepsy and cognitive impairment. PDEI
inhibitors are also useful in diseases that may be alleviated by the enhancement of

15  progesterone-signaling such as female sexual dysfunction.

[0006] There is thus a need for compounds that selectively inhibit PDE1 activity,

especially PDE1A or PDE1B activity.

20 SUMMARY OF THE INVENTION
[0007] The invention provides optionally substituted 3-(thio, sulfinyl or
sulfonyl)-7,8-dihydro-(1H or 2H)-imidazo[1,2-a]pyrazolo[4,3-e]pyrimidin-4(5H)-
ones or a substituted 3-(thio, sulfinyl or sulfonyl)-7,8,9-trihydro-(1H or 2H)-
pyrimido[1,2-a]pyrazolo[4,3-e]pyrimidin-4(5H)-one, e.g., (1 or 2 and/or 5)-
25  substituted, e.g., a Compound of Formula II:

Formula II



(it) Rlis Hor C1 4 alkyl (e.g., nmethyl or ethyl); (iii) RA&is Hor Cl1_6
al kyl (e.g., nmethyl, isopropyl) and R2 and R3 are, independently, H or

C _6al kylwoeon/oesret hyl or isopropyl) optionally substi raras2emnbesdal o or
hydroxy (e.g., R2 and R3 are both nethyl, or R2 is Hand R3 is nethyl,

et hyl, isopropyl or hydroxyethyl), aryl, heteroaryl, (optionally

het er o) ar yhati#oxy, (optionally hetero)aryl G . 6al kyl, or R2 and R3
together forma 3- to 6-nenbered ring; 10 or R2 is Hand R3 and R4

t oget her form@ di -1 i§$iSO®r SOet ranet hyl ene bridge (pref wherein the R3

and R4 togethegDEzv&hkgﬁpﬁgﬁﬁﬁgﬁ%k%grgkpg@or P?%%Smhere t he carbons

carrying R3 an ‘tonfrgura , respectively); 15 (iv)
RS iIs (iii)) Ry is H or Cy¢ alkyl (e.g., methyl, isopropyl) and R; and Rj are,
5 independently, H or C,.¢alkyl (e.g., methyl or isopropyl) optionally

substituted with halo or hydroxy (e.g., Rz and R3 are both methyl, or R»
is H and Rj is methyl, ethyl, isopropyl or hydroxyethyl), aryl,
heteroaryl, (optionally hetero)arylalkoxy, (optionally hetero)arylC,.
salkyl, or R, and Rj together form a 3- to 6-membered ring;
10 or
R, is H and R3 and R4 together form a di-, tri- or tetramethylene bridge
(pref. wherein the R; and R4 together have the cis configuration, e.g.,
where the carbons carrying R; and R4 have the R and S configurations,
respectively);
15 (iv) Rsis
a) —D-E-F, wherein:
D is Cy4alkylene (e.g., methylene, ethylene or prop-2-yn-1-
ylene);
E is a single bond, C,4alkynylene (e.g., -C=C-), arylene (e.g.,
20 phenylene) or heteroarylene (e.g., pyridylene);
Fis
H,
aryl (e.g., phenyl), .
heteroaryl (e.g., pyridyl, diazolyl, triazolyl, for example,
25 pyrid-2-yl, imidazol-1-yl, 1,2,4-triazol-1-yl),
halo (e.g., F, Br, Cl),
haloC,4alkyl (e.g., trifluoromethyl),
-C(O)-Rys,
-N(R16)(R17),
30 -S(O):Ry or
Cs.7cycloalkyl optionally containing at least one atom

selected from a group consisting of N or O (e.g.,



a) -D-E-F, wherein: Dis C _aal kylene (e.g., nethylene, ethylene or
prop-2-yn-lylen'e); 20 E is a single bond, C24al kynylene (e.g., -Ca-C),
aryl ene (wognio/ghrpyl ene) or heteroaryl ene (e.g., pyridpCenspoos/oodsss 25 30
H, aryl (e.g., phenyl), heteroaryl (e.g., pyridyl, diazolyl, triazolyl, for
exanpl e, pyrid-2-yl, imdazol-Il-yl, 1,2, 4-triazol-1-y1), halo (e.g., F, Br,
C), hal oG _4al kyl (e.g., trityelopairgt bydlohexyNphRir6)idinglrle, g. SEHIARRE- or

yl), tetrahydro-2 H-pyran-4-yl, or morpholinyl);
wherein D, E and F are independently and optionally
substituted with one or more
5 halo (e.g., F, Cl or Br),
Ci4alkyl (e.g., methyl),
haloC,4alkyl (e.g., trifluoromethyl),
for example, F is heteroaryl, e.g., pyridyl substituted with one
or more halo (e.g., 6-fluoropyrid-2-yl, 5-fluoropyrid-2-yl,
10 ~ 6-fluoropyrid-2-yl, 3-fluoropyrid-2-yl, 4-fluoropyrid-2-yl,
4,6-dichloropyrid-2-yl), haloC, 4alkyl (e.g., 5-
trifluoromethylpyrid-2-yl) or C,.4alkyl (e.g., 5-methylpyrid-
2-yl), or F is aryl, e.g., phenyl, substituted with one or more
halo (e.g., 4-fluorophenyl) or F is a Cs.;heterocycloalkyl
15 (e.g., pyrrolidinyl) optionally substituted with a Cj.salkyl
(e.g., 1-methylpyrrolidin-3-yl); or
b) a substituted heteroarylalkyl, e.g., substituted with haloalkyl;
c) attached to one of the nitrogens on the pyrazolo portion of

Formula I and is a moiety of Formula A

R12
R4
C o
X /Z
Ra/ \T/ \R1o
20 Rg
Formula A

wherein X, Y and Z are, independently, N or C, and Rg, Ry, Ry
and R, are independently H or halogen (e.g., Cl or F), and Ry
is
25 halogen,

Cj4alkyl,

Cs.scycloalkyl,

heteroCj.scycloalkyl (e.g. pyrrolidinyl or piperidinyl),

5



C3_7cycl oal kyl optionally containing at | east one atom selected froma
group consisting of Nor O (e.g., cyclopentyl, cyclohexyl, pyrrolidinyl
(e.qg., pywoabiodichrs8- yl), tetrahydro-2H pyran-4-yl, or mrOTIseé0009d439
wherein D, E and F are i ndependently and optionally substituted with one or
nore halo (e.g., F, d or Br), C _4alkyl (e.g., nethyl), hal oG 4al kyl
(e.g., trifluoronethyl), fqgmgp(%qu:e £, ﬂrisﬂuhgilﬁétﬁﬂl)yl e.g., pyridyl
substituted with one or nore halo - quoropyrld- -yI
5-fluoropyrid-2-yl, 6-fl uorabply(ﬁlgd Wl) 3-fluoropyrid-2-yl,

4-f| uoropyrid-2-yl, 4,6-di [ i d-2- -
trifluoronethyl pyrid-2-yl) C]%A ﬁf%éﬁ %Wyriﬁé{ &fopg?%%lfﬁgbh}g Ylg"zoryl) or Fis
aryl, e.g., phenyl, substitut adadibidlylqee.,ar2, pukiadiasblos-ib),aliazolyl,

4- quorophenyI) or Fis a C3 7heteroc cloal kyI (e.g., pyrrolidi nyI)
optiorfal Iy substituted with at@zobdiRiazole: g, 1-net hyl pyrrolidin-3-y1); or

b) a substituted heteroaryl tut ed with hal oal kyl; c¢)
attached to one of the nitragglié%llsbbgﬁl (?Igé pyroy ol o portion of Fornula | and

is a nmoiety of Fornmula A XZalE«;EImR'fcmyRes gomethylsufomflgr ein X, Y and Z are,

i ndependently, N or C and , RO, RI'1 f;md R12 are independently H or
hal ogen (e.g., O or rhft@p%ryicgr ony
alkoxycarbonyl,
10 wherein said aryl, heteroaryl, cycloalkyl or heterocycloalkyl is

optidnally substituted with one or more halo (e.g., F or Cl),
C1.aalkyl, C4alkoxy, C;.shaloalkyl (e.g., trifluoromethyl),
and/or -SH,
preferably R, is phenyl, pyridyl, piperidinyl or pyrrolidinyl
15 optionally substituted with the substituents previously
defined, e.g. optionally substituted with halo or alkyl;
provided that when X, Y, or Z is nitrogen, Rg, Rg, or Ry,
respectively, is not present;
(v) Rgis
20 H,
C4alkyl (e.g., methyl),
C;.7cycloalkyl (e.g., cyclopentyl),
aryl (e.g., phenyl),
heteroaryl (e.g., pyridyl, for example, pyrid-4-yl),
25 arylCj4alkyl (e.g., benzyl),
arylamino (e.g., phenylamino),
heterarylamino,
N,N-diC,; 4alkylamino,
N,N-diarylamino,
30 N-aryl-N-(arylC,4alkyl)amino (e.g., N-phenyl-N-(1,1’-biphen-4-
ylmethyl)amino), or

-N(Rig)(Ri9);



hal ogen, C -4al kyl, C3_7cycloal kyl, heteroC3_7cycl oal kyl (e.g. pyrrolidinyl
or piperidinyl), Cl4hal oal kyl (e.g., trifluoronethyl), aryl (e.g.,
phenyl ), W0 2010/065149 heteroaryl (e.g., pyridyl (for exanpCe/ysgeomaeasyl), or
t hi adi azolyl (e.g., 1,2,3-thiadiazol-4-yl1)), diazolyl, 5triazolyl,
tetrazolyl, arylcarbonyl (e.g., benzoyl), alkylsulfonyl (e.g.,

met hyl sul fonyl ), het engRdr¥inGRe BYNBE hetbroadl kLoptoanIMe SubstitutedMIRh dnB opai d
aryl, heteroaryl, cycloal kyl or "heterocycl oal kyl is optionally substituted
with one or nore hal o (emgpre hflode.gclF) CliChydioky pr Ccaadlsomyd®yg. . rapthaxyl oal kyl
(e.g., trifluoronethyl), cand/or,-SH. prefer 0,1 henyl,, pyridyl,

pi peridi nyl or pyrrolidi EVICXT%IBE%’ ﬁéﬁsa 'Ihydrs%%@iﬁ%ﬁ?’ﬁlre%ﬂ\?]mo{)%%f:%el’ substituents
previ ously definge,06rg. optionally substituted with halo or alkyl;

provided that when X, Y, or Zis nitrogen, R8, R9, or RlO, respectively, is
not present; (W)iR6 wbengﬁ,l,Als -C(R3R14)-, wherein Ry and R4, are, independently, H

or Cj.alkyl, aryl, heteroaryl, (optionally hetero)arylC,_4alkoxy or
(optionally hetero)arylC,_salkyl or R;3 or Ry4 can form a bridge with R,

or Ry;
(viii)) Rysis Cj4alkyl, haloC,4alkyl, -OH or —OC,4alkyl (e.g., -OCHj3)
10 (ix) Ry and Ry7 are independently H or C4alkyl;

(x) R,s and R are independently H, C,_4alky, Cs.scycloalkyl, heteroCs.
scycloalkyl, aryl (e.g., phenyl) or heteroaryl, wherein said aryl or
heteroaryl is optionally substituted with one or more halo (e.g.,
fluorophenyl, e.g., 4-fluorophenyl), hydroxy (e.g., hydroxyphenyl, e.g.,

15 4-hydroxyphenyl or 2-hydroxyphenyl), C;.¢alkyl, haloC;.salkyl, C;.

salkoxy, aryl,heteroaryl, or Cs.scycloalkyl,

(xi) Ry is H, Cj4alkyl (e.g., methyl) or Cs.scycloalkyl,

(xii) Ry is Cjgalkyl;

in free or form.

20 [0008] In another embodiment, the invention provides a Compound of Formula I:
0]
L_R6
R4
~ N —
PPN
= 7/
NZ N N “Rs
n
R2
R, 4
Formula I
wherein
() Lis S, SO or SOy;
25 (i1) R, is H or C, 4 alkyl (e.g., methyl or ethyl);

7



C 4al kyl (e.g., nethyl), C3.7cycloal kyl (e.g., cyclopentyl), aryl (e.g.,
phenyl), heteroaryl (e.g., pyridyl, for exanple, pyrid-4-yl),

25aryl G Mabkylo/oesl4g. , benzyl), arylam no (e.g., phenyl arCma)S2009/006439

het eraryl am no, N, N-di Cl4al kyl am no, N, N-di aryl am no,

30N-aryl -N-(aryl G 4al kyl )am no (e.g., N phenyl-N-(1,1"-biphen-4-

yl met hyl ) am nogiii) or Rz MR8 Rafky! (e. g\lhﬁxl’e&iyll 1§d}ﬁo;@ﬂ)’ind)lkziaﬁik§ aeryl is
optionally substituted with one or nore haloée g.. F, d hydr oxy or
Cl_6al koxy (e.g., nidapsadyntly,df oeCasmbkd (g methy] %y@p&w atiphalby

4-f| uor ophenyl, (VI 2 sf‘tuQéP&r{tﬂhaI% 'h&h@?&‘??%nﬂ anf 3%?1& eroéaﬁ}é) o1 Rwher ein

R13 and R14, are, indépende ary

(optionally hetero)arlyhad RQB;IIhethyl ethyl, omprm}dlokhydhekwthylz),r@tylo aal kyl or
R13 or_R14 can forma bridge wt (viid 15|s

G 4al KyI, hal oG 4ah¢<t9rfary1dﬂpﬁ?nalbé@t%a)akﬁﬁlkeéy I (ontignady hf@(@ﬂzy 6 and RL7
are |ndependently H O_4al kyl; (x) R18 and R19 are independently H,

C al ky, C3_8cycl oal &a‘ﬂf heteroC3_ scycl oal kyl, aryl (e.g., phenyl) or -

het eroaryl, whereinosaid aryl or heteroaryl is optionally substituted with

SRR S AR T SR AT A
hal oG _6al kyl, Cl- (pref. wherein the R; and Ry together have the cis configuration, e.g.,
10 where the carbons carrying R3 and R4 have the R and S configurations,
respectively);
(iv) Rsis
a) —D-E-F, wherein:
D is Cj4alkylene (e.g., methylene, ethylene or prop-2-yn-1-
15 ylene);
E is a single bond, C24alkyny1ene (e.g., C=C-), arylene (e.g.,
phenylene) or heteroarylene (e.g., pyridylene);
Fis
H,
20 aryl (e.g., phenyl),
heteroaryl (e.g., pyridyl, diazolyl, triazolyl, for example,
pyrid-2-yl, imidazol-1-yl, 1,2,4-triazol-1-yl),
halo (e.g., F, Br, Cl),
haloC,_salkyl (e.g., trifluoromethyl),
25 -C(O)-Ris,
-NR16)(R17),
-S(O)2Ry; or
Cs.7cycloalkyl optionally containing at least one atom

selected from a group consisting of N or O (e.g.,

30 cyclopentyl, cyclohexyl, pyrrolidinyl (e.g., pyrrolidin-3
yl), tetrahydro-2H-pyran-4-yl, or morpholinyl);
wherein D, E and F are independently and optionally

substituted with one or more



6al koxy, aryl, heteroaryl, or C3_8cycloal kyl, (xi) R20 is H, C _aal kyl

(e.g., nethyl) or C3 7cycloal kyl, (xii) R21 is G _6alkyl; in free or form
20[ 0008] wo 2amatshew enbodi ment, the invention provi des &CTarsp@9ac4a9
Formula 1: Fornmula | wherein (i)Lis S, SO or SO2; 25(ii)Rl is Hor Cl.4

al kyl (e.g., methyl or ethyl); WD 2010/ 065149PCT/ US2009/ 006439 (iii) R4 is
Hor Cl.6 alkyl (e.g., methyl haloS@R: (H})dl)orBii)j R2 and R3 are, independently,
H or G _6al kyl (e.g., rrethyl or |so ropyl) tlonaIIy substituted with halo
or. hydroxy (e.g., R2 and R3 alCg-«#lsyh(ereth }’ or R2 is Hand R3 is nethyl,

et hyl, isopropyl or hydroxyet I (optionally
het er o) aryl al koxy, or (opti ongﬂoylﬁ@%lr(g)gg Pg&%ﬂ@ﬂ{l)@ or R2 is Hand R3
and R4 together form a difer,example, Bris heteroang] diygl, pylﬁdjdrsuﬁghut(eﬁmfh ongher ei n

the R3_and R4 together have the ci onf | ur atiq 10wher e
car bond carrying R3 and R4 "I’faﬂ?%retbr"?g’é%m@* 8OLOopMT! 'g?ﬂ)’lag ﬂﬂ?é"pylr ¥Lt ively);

(iv) RS is a) -D-EF, whereg Bluoropyrid-2-yl, 3-fluoropyrid-2-yl, 4-fluoropyrid-2-yl,
4,6-dichloropyrid-2-yl), haloC,4alkyl (e.g., S-
trifluoromethylpyrid-2-yl) or C;4alkyl (e.g., S-methylpyrid-
2-yl), or F is aryl, e.g., phenyl, substituted with one or more

10 halo (e.g., 4-fluorophenyl) or F is a C;_7heterocycloalkyl
(e.g., pyrrolidinyl) optionally substituted with a C;.¢alkyl
(e.g., I-methylpyrrolidin-3-yl); or
b) a substituted heteroarylalkyl, e.g., substituted with haloalkyl;
c) attached to one of the nitrogens on the pyrazolo portion of

15 Formula I and is a moiety of Formula A

Formula A
wherein X, Y and Z are, independently, N or C, and Rg, Ro, Ry
and R, are independently H or halogen (e.g., Cl or F), and Ry
20 is halogen, C;4alkyl, Cs.scycloalkyl, C;4haloalkyl (e.g.,
trifluoromethyl), aryl (e.g., phenyl), heteroaryl (e.g., pyridyl
(for example pyrid-2-yl), or thiadiazolyl (e.g., 1,2,3-thiadiazol-
4-yl)), diazolyl, triazolyl, tetrazolyl, arylcarbonyl (e.g.,
benzoyl), alkylsulfonyl (e.g., methylsulfonyl),
25 heteroarylcarbonyl, or alkoxycarbonyl; provided that when X,

Y, or Z is nitrogen, Rg, Ro, or R;g, respectively, is not present;

(v)  Reis



Dis C _4al kylene (e.g., nethylene, ethylene or prop-2-yn-1- 15ylene); E is
a single bond, C24al kynylene (e.g., -CC), arylene (e.g., phenylene) or

het er oar yWene1o(wsg9, pyridylene); F is H, 20aryl (e.g., Ppmarsgéop/0043ae er oaryl
(e.g., pyridyl, diazolyl, triazolyl, for exanple, pyrid-2-yl,

i m dazol -1-yl, 1,2,4-triazol-1-y1), halo (e.g., F, Br, d), hal oG _aal kyl

(e.g., trifluoromethylQ,,alst Q&) mesl), - N(R16) (R17), -S(0)2R21 or

C3_7cycl oal kyl optionally containing at | east one atom sel ected froma

group consisting of N&cpclpakyl (e.30uglorep¥hi yl , cycl ohexyl, pyrrolidinyl

(e.g., pyrrolidin-3- yl), .te ro-2H- pyran-4-yl, or norpholinyl);
ln(g&g{l]%g%?

wherein D, E and F are |y and optionally substituted with one or
more halo (e.g., F, GetedoarBl fe.g., pyridyl, for example, pyrid-4-yl),
5 arylC;4alkyl (e.g., benzyl),
arylamino (e.g., phenylamino),
heterarylamino,
N,N-diC,4alkylamino,
N,N-diarylamino,
10 N-aryl-N-(arylC;4alkyl)amino (e.g., N-pheny!l-N-(1,1 ’-biphen-4-
ylmethyl)amino), or
-N(Ris)(R19);
wherein the aryl or heteroaryl is optionally substituted with one or
more halo (e.g., F, Cl), hydroxy or C,.¢alkoxy (e.g., methoxy),
15 for example, R is 4-hydroxyphenyl or 4-fluorophenyl,
(vi) n=0orl;
(vii) when n=1, A is -C(R;3R4)-, wherein R,3 and R4, are, independently, H
or Cy4alkyl, aryl, heteroaryl, (optionally hetero)arylC;_4alkoxy or
(optionally hetero)arylC,4alkyl,;
20 (viii) Rys is Cj4alkyl, haloC,4alkyl, -OH or —OC,4alkyl (e.g., -OCH3)
(ix) Rj¢ and Ry7 are independently H or C4alkyl;
(x) R,s and R are independently H, C,4alky or aryl (e.g., phenyl)
wherein said aryl is optionally substituted with one or more halo (e.g.,
fluorophenyl, e.g., 4-fluorophenyl) or hydroxy (e.g., hydroxyphenyl,
25 e.g., 4-hydroxyphenyl or 2-hydroxyphenyl)
(xi) Ry is H, C4alkyl (e.g., methyl) or C35cycloalkyl,
(xii) Ry is Cy¢alkyl;

in free or salt form.

30 [0009] The invention further provides compounds of Formula I as follows:
1.1 Formula I, wherein L is a S, SO or SOy;
1.2 FormulaI or 1.1, whereinL isaS;

1.3 Formulal or 1.1, wherein L is -SO-;

10



G 4al kyl (e.g., nethyl), hal oG 4al kyl (e.g., trifluoromethyl), for exanple,
Fis heteroaryl, e.g., pyridyl substituted with one or nore halo (e.g.,
6- f | uor opyOi20t0D6y149 5-f | uor opyri d-2-yl, 6-fl uoropyri d- 2P¢Ir/US2009/006439
3-fluoropyrid-2-yl, 4-fluoropyrid-2-yl, 4,6-dichloropyrid-2-yl),

hal oG 4al kyl (e.g., 5- trifluoronethylpyrid-2-yl) or G _aal kyl (e.qg.,

5-nmet hyl pyrid-14 Fo@hulk I 141 Where@nuls smzenyl substituted with one or
nore halo (e.g., 4-fluoro henyl ) or is a 7heterocyc| oal kyl (e.g.,

pyrrolidinyl) bét.oﬁamu}la Lﬁfs'ﬂtnb’thtle]dhﬂ» whergind]: sl Ry C 1 alkyl (e-g.,
1- met hyl pyrrolidin- r?ﬁ yl}y) or b) a substituted heteroarylalkyl, e.g.,
substituted with ha kyl; c) attached to one of the nitrogens on the

pyrazol o porti pg of FEmliLﬂullas IwhaminiRsxﬁHm)i ety of Formula A RI2 Rl XZ RBRi o
RO Formula A wherein X, Y and Z are, .independently, N or C_and R8, R9, RII
and RI2 are mhgpenﬁ‘élﬁlﬁ‘ﬂ?lﬁ mherfantéﬁC(ealgyl (e@- methphor iR h i's hal ogen,

G _4al kyl, C3 I |_kyl I
(e._gfi, %henyl )7 th g%éfl (?aﬁgq’lfq?yqu]d%&f%mfg;}g%égrgm? {}y%)ylaryor

t hi adi azol yl (e.g., mkfiy) Iségropyl) aadR4 ayd R} aredingzpéndently,rH az € ydlkyl

ot hyt sulfonyl ), nelSFCEEYVLE SRRy DIAPaP LSS RBDF B at when

X, Y, orZ|sn|tro eq;ﬁihl)h%*} $ndiRfl, &hgISent ;
(NM)R6 is H C1 4%3%}15%1%% n‘eot SRk @gigyﬁg{%&lb (&% : 7

cycl opentyl), aryl {seprppyl pthle)rqu)))};ethyl) aryl heteroaryl, (optionally
hetero)arylalkoxy, or (optionally hetero)arylC;.salkyl;
1.9 Formula 1.8, wherein R; or Rj is H or C;¢alkyl (e.g., methyl or
isopropyl);
1.10 Formula 1.8, wherein R, or R3 is H;
15 1.11  Formula 1.8, wherein R; or R3 is Cy.¢alkyl (e.g., methyl or isopropyl);
1.12  Formula 1.8, wherein R; or Rj is methyl;
1.13 Formula 1.8, wherein R; or R3 is isopropyl;
1.14 Formulal, or any of 1.1-1.7, wherein R; is H and R3; and R4 together
form a di-, tri- or tetramethylene bridge (pref. wherein the R; and R4
20 together have the cis configuration, e.g., where the carbons carrying R3
and R4 have the R and S configurations, respectively);
1.15 Formula I or any of 1.1-1.14, wherein Rs is -D-E-F;
1.16 Formula 1.15, wherein D is C;alkylene (e.g., methylene, ethylene or
prop-2-yn-1-ylene);
25 1.17 Formula 1.16, wherein D is methylene;
1.18 Any of formulae 1.15-1.17, wherein E is a single bond, C;,4alkynylene
(e.g., -C=C-), arylene (e.g., phenylene) or heteroarylene (e.g.,
pyridylene);
1.19  Any of formulae 1.15-1.17, wherein E is arylene (e.g., phenylene);
30 1.20 Any of formulae 1.15-1.17, wherein E is phenylene;
1.21  Any of formulae 1.15-1.17, wherein E is heteroarylene (e.g.,
pyridylene);

11



heteroaryl (e.g., pyridyl, for exanple, pyrid-4-yl), 5aryl G _4al kyl (e.g.,
benzyl), arylam no (e.g., phenylam no), heteraryl am no,

N, N- di C1-wal2kiimsi4no, N, N-di aryl ami no, 10N-aryl - N- (aryl €czaiskgio)edsBno
(e.g., N-phenyl-N (1,1 -biphen-4- ylnmethyl)am no), or -N(R18)(R19);
wherein the aryl or heteroaryl is optionally substituted with one or nore

halo (e.g., F18p), Ahy@ftﬁ@mlﬂﬁe i 591 K evhigreie Eds phdtBidnexyercihH g pagxanpl e,
R6 is 4- hydroxyphenyl 4-fluorophenyl, (vi) n =0 or 1; (vii) when n=1, A
is -C(RL3R14) - wheﬁlthsﬂtm and R14, are, independently, H or C _4alkyl,

ﬁ(ra%/laro)h:f'glr%ar gg? kygﬂgfg?w | |3J]Ei§r1?1>s7aggegl?gq% ﬁ&ﬁ Ia%?fﬂeo téonal I>Cl]—| or

- 0CL. 4al kyl (e g., p@idd¢ne)j x) R16 and R17 are |ndependently H or
G _Lial kyl ; 11 R18 and _R19 are_inde en ent | e\(}"l ky or aryl (e.g
pheny!? wher ei h24aj A0 0§ fformilagyl il orlal 1 yhetass |1§ﬁts’é‘& i one or “nore haI )

(e.g., fluorop yl ydroxyphenyl
25e.g., 4- hydrgggphéﬁgogfomllﬂ%yg?gg%%; e)lﬁ)%‘ qu%’we pﬁ!eny&h aal kyl

(e.g., methyl) or BetFouoildeakkyplridyl, diazolyl, tl(laaoﬂ})l fap txarsplej p@ad-Ryll;, in free
or Sel L form S0l 0002) S LPNGnLLen yni B RES G RTRANERg) oI
(e.g., trifluoromethyl), -C(O)-R;s, -N(R6)(R17), -S(O):R»; or Cs.

10 scycloalkyl optionally containing at least one atom selected from a
group consisting of N or O (e.g., cyclopentyl, cyclohexyl, pyrrolidinyl
(e.g., pyrrolidin-3-yl), tetrahydro-2H-pyran-4-yl, or morpholinyl);

1.26 Formula 1.25, wherein F is haloC,4alkyl (e.g., trifluoromethyl);
1.27 Formula 1.25, wherein F is trifluoromethyl,;
15 1.28 Formula 1.25, wherein F is halo (e.g., F, Br, Cl);
1.29 Formula 1.25, wherein F is CI;
1.30  Formula 1.25, wherein F is heteroaryl (e.g., pyridyl, e.g., pyrid-2-yl);
1.31 Formula 1.25, wherein F is pyridyl;
1.32 Formula 1.25, wherein F is pyrid-2-yl;

20 1.33  Formula 1.25, wherein F is Cj.;cycloalkyl optionally containing at
least one atom selected from a group consisting of N or O (e.g.,
cyclopentyl, cyclohexyl, pyrrolidinyl (e.g:, pyrrolidin-3-yl), tetrahydro-
2H-pyran-4-yl, morpholinyl);

1.34 Formula 1.25, wherein F is cyclohexyl;
25 1.35 Formula 1.25, wherein F is pyrrolidinyl (e.g., pyrrolidin-3-yl);
1.36 Formula 1.25, wherein F is cyclopentyl,
1.37 Formula 1.25, wherein F is tetrahydro-2H-pyran-4-yl;
1.38 Formula 1.25, wherein F is aryl'(e.g., phenyl);
1.39 Formula 1.25, wherein F is phenyl;

30 1.40 Formula 1.25, wherein F is 4-chlorophenyl,;

1.41 Formula 1.25, wherein F is -S(0);R;; wherein Ry, is C6alkyl (e.g.,
methyl);

12



1.2Formula | or 1.1, wherein Lis a S, 1.3Fornmula | or 1.1, wherein L is
-SO-; WO 2010/ 065149PCT/ US2009/ 006439 1.4Formula | or 1.1, wherein L is

-SO2-; 1. \8Baprlean4b,

or any of 1.1-1.4, wherein Rl is HPom/US2ehoabdaye

(e.g.,

methyl); 1.6Fornmula 1.5, wherein RL is H 51.7Formula 1.5, wherein Rl is
(e.g., nethyl or ethyl); 1.8Fornmula I, or any of 1.1-1.7, wherein

Cl4 al kyl
R4 is H or

i ndependently, H or

substituted with haH@ﬂﬁﬂ)h?

H and R3 i

(optionally hetero)ary

Cl - 642l KFbrt®laq.25, WBERYA F id h}ld {0 alk are,
brridla kré efel i @(@%g disiRS alke (83.,

s met hyl,

p@*%lkrle(e@ trlﬂgorgmﬂlmsk)ogbgpyl ) _optionally

’koxy, or (optionally hetero)aryl G 6a|ky|

1. 9For nmul a 1. 8].49henaiynfREnalad3. 1|551 hfzawhéasmaalﬂxmhd F arggindepenidbytly atd
1.10 Fornula 1.8, where or RB3.is H 151.11 Formula 1.8,

I sopropyl)
mhere|§

1.8, wherein R2 or

i sopropyl ;
t oget her

10

15

20

25

30

1.14 For

1.44

1.45
1.46
1.47
1.48
1.49

1.50
1.51

1.52
1.53
1.54
1.55
1.56

1.57

ST ) S M BB

F is heteroaryl, e.g., pyridyl substituted with one or more halo (e.g., 6-
fluoropyrid-2-yl, 5-fluoropyrid-2-yl, 6-fluoropyrid-2-yl, 3-fluoropyrid-
2-yl, 4-fluoropyrid-2-yl, 4,6-dichloropyrid-2-yl), haloC;4alkyl (e.g., 5-
trifluoromethylpyrid-2-yl) or Cy4alkyl (e.g., 5-methylpyrid-2-yl), or F
is aryl, e.g., phenyl, substituted with one or more halo (e.g., 4-
fluorophenyl), or F is a or F is a C;_7heterocycloalkyl (e. g.,
pyrrolidinyl) optionally substituted with a Cj.salkyl (e.g., 1-
methylpyrrolidin-3-yl);

Formula 1.43, wherein F is substituted with one or more halo (e.g., F,
Cl or Br), ci4alkyl (e.g., methyl), haloc;4alkyl (e.g., trifluoromethyl);
Formula 1.43, wherein F is 6-fluoropyrid-2-yl;

Formula 1.43, wherein F is 3-fluoropyrid-2-yl;

Formula 1.43, wherein F is 4-fluoropyrid-2-yl;

Formula 1.43, wherein F is 5-fluoropyrid-2-yl;

Formula 1.43, wherein F is heteroaryl, e.g., pyridyl, optionally
substituted with one or more haloC,4alkyl (e.g., 5-
trifluoromethylpyrid-2-yl;

Formula 1.43, wherein F is 5-trifluoromethylpyrid-2-yl;

Formula 1.43, wherein F is heteroaryl, e.g., pyridyl, optionally
substituted with one or more C;4alkyl (e.g., 5-methylpyrid-2-yl);
Formula 1.43, wherein F is 5-methylpyrid-2-yl;

Formula 1.25, wherein F is -C(O)-R;s and R;s is methyl;

Formula 1.25, wherein F is -C(O)-R ;s and R;s is trifluoromethy];
Formula 1.25, wherein F is -C(O)-R;5sand R;sis —OH;

i’ormula 1.25, wherein F is -C(0O)-R;sand R;sis -OC,;4alkyl (e.g., -
OCHs);

Formula 1.25, wherein F is -C(O)-R;s and R;sis -OCH3;

13

HotQCrathy(egor R2 is
F%j 10i sopropyl or hydroxyethyl), aryl, heteroaryl,

R2 or R3 .sonﬁior@élwyﬁstweg Wlth@emm%ﬁ halodseordiyIGlor B £1r0r rruI a

and R4



forma di-, tri- or tetramethylene bridge (pref. wherein the R3 and R4

20t oget her have the cis configuration, e.g., where the carbons carrying R3
and R4 hawe wtveR4and S confi gurations, respectively); PCTIASE@om0d4391 or
any of 1.1-1.14, wherein RS is -D-E-F;, 1.16 Fornula 1.15, wherein Dis

Ci 4al kyl ene (e.g., nethylene, ethylene or prop-2-yn-1-ylene); 251.17

Formul a 1.16, wW3gr eFgrmkilh .25 iMhgte@ B is INEGo)@RYy);0f formul ae 1.15-1.17,
wherein E is a single bond, C24al kynylene (e.qg., -Ca-C ), arylene (e.qg.,
phenyl ene) or héPer Bamyulaher pry gf 1. pk/]r"r,dxhe%’é%ﬁ iga supspififedt f or mul ae
1.15-1.17, wherein i » . 1301. 20 Any of formnul ae
1.15-1.17. wherein Eﬂt.e%’a%ﬂék??Erée%“?%tﬂ“gﬁﬁ@*%@?%’%| ae 1.15-1.17, wherein
E i s heteroaryl@oe fermgulalpyangyf enel).14, whe?sin Ryys sfached toubreeofthd 5- 1. 17,
wherein E is phenyl ene wherein F is parasub?ti tuted; 1,23 Any of fornul ae
1.15-15 17, wherei n Htogereenths myazoierqraoy of Fogmuyla pad )2 meietpat any of
formul ae 1.15-1.17, WIE‘W Eis a single bond; 1.25 Any of fornul ae
1.15-1.24, wherein iIs H aryl (e.g., phenyl), heteroaryl (e.g., pyridyl,
di azolyl, triazolyl, for exanple, pyrid-2-yl, iMdazol-I-yl,
1,2,4-triazol-1-y1), halo (e.g., F, Br, d), haloG _4alkyl (e.g.,
trifluoronmethyl), -C(0)-R15, -NRL , - S(0N2R21 oR,3_ 107cycl oal kyl
optionally containing at | east one abom s€ e a group consisting of
N or O (e.g., cyclopentyl, cyclohexyl, pyrr g.,
pyrrolidin-3-yl), tetrahydro-2H pyran-4-yl, nmor phol inyl); 1.26 Formul a
1.25, wherein F is haloG -ialkyl (e.g., t}i/P(Ixu\orgw&hw ): 1.27 Fornul a
1.25, wherein F is trifluoronethyl; Rg \I/ R1o

R

Formula A
wherein X, Y and Z are, independently, N or C, and Rg, Ry, Ry; and
10 R, are independently H or halogen (e.g., Clor F), and Ry is halogen,
Ci4alkyl, Cs;cycloalkyl, C;.shaloalkyl (e.g., trifluoromethyl), aryl
(e.g., phenyl), heteroaryl (e.g., pyridyl (for example pyrid-2-yl), or
thiadiazolyl (e.g., 1,2,3-thiadiazol-4-yl)), diazolyl, triazolyl, tetrazolyl,
arylcarbonyl (e.g., benzoyl), alkylsulfonyl (e.g., methylsulfonyl),
15 heteroarylcarbonyl, or alkoxycarbonyl; provided that when X, Y, or Z
is nitrogen, Rg, Ry, or Ry, respectively, is not present
1.61 Formula 1.60, wherein Rs is a substituted heteroarylmethyl, e.g., para-
substituted with haloalkyl;
1.62 Formula 1.60, wherein R; is a moiety of Formula A wherein Rs, Ro,
20 Rj1, and R, are H and R is phenyl;
1.63 Formula 1.60, wherein R; is a moiety of Formula A wherein Rg, Ro,
R)y, and Ry, are H and Ry is pyridyl or thiadiazolyl;
1.64 Formula 1.60, wherein Rs is a moiety of Formula A wherein Rg, Ro,
Ry, and R); are, independently, H or halogen, and Ry is haloalkyl;
25 1.65 Formula 1.60, wherein Rs is a moiety of Formula A wherein Rg, Ro,
Ry, and Ry, are, independently, H, and R, is alkyl sulfonyl;
1.66 FormulaI or any of 1.1-1.65, wherein Rg is H, C 4alkyl (e.g., methyl),
Cs.icycloalkyl (e.g., cyclopentyl), aryl, heteroaryl, arylC;4alkyl (e.g.,
14



151. 28 Formula 1.25, wherein Fis halo (e.g., F, Br, d); 1.29 Fornula
1.25, wherein Fis d; 1.30 Forrmula 1.25, wherein F is heteroaryl (e.g.,
pyridyl, wWOogoi0/yrpd-2-y1); 1.31 Fornmula 1.25, wherein PCrasSpymioosay 1. 32
Formula 1.25, wherein F is pyrid-2-y1; 201.33 Formula 1.25, wherein F is
C3. 7cycl oal kyl optionally containing at | east one atom sel ected from a

group consi sting ofbdizPl), &ylagnifie (e. gyph@ﬁﬁﬁﬁmb) h@&éﬁdr?llaﬁﬁﬂd NDMhU?l i di nyl
(e.qg., pyrrolidin-3- ? tetrahydro2H pyran-4 1‘1‘{ m)rphol inyl); 1.34
Formul a 1.25, wher eiaHytamisogNay-giesylpmingsy-and- -&%rvﬂﬂ»aakybsmlw@rgeum Fis

pyrrol i dinyl (e g RAGERLLC 05 V%%A e 9D ERRY 2 SEDEIDLRLT (o

cycl opentyl; 1. rah pyran-4

Formul a 1. 25 vvhereuhl afylios hateydarylds gptxomﬂhl@rs)dbétttutéd&chl-'@remrlrﬂoré halm, wherein
F is phenyl; 301.40 Forpula 1.25, wherej F is 4- chlorophenyl 1.41 Formul a
1.25, Wherein F is (0> ﬁif‘y\ﬂf@‘ryé?rrplﬂﬁ 0?‘¥ (B> BEHONY)s(e. g., methyl); 1.42

Formul a 1. 25, p@?relb&n{: $ 6566R $ ang. R15 is G _clalky (e.g., nethyl),
hal oCi 4al kyl (e.g., tr| ugpomérﬁﬁ -CH or -0Cl4al kyl (e.g., -OCH3); 1.43

Any of formul a]e6& 1Borind? | .66hwhetiein Ry isE jambkyH(eag. emethgBpendent I y and

5optionally su t ed e or .9., F,. A o Br), Cil-
4aloky| (eé ﬁé‘is ylly %ﬁé&ﬂgFrﬁWng(S”Cy‘il?‘?lgﬁtfgrgoﬁé’f;mp}tyf)for)exarrple F
i's heteroaryl, Q. Formmaqhsk &Ha%idkyisa@ylugh Ra@wpﬂmmya%sﬁt&@dg , 6-

fl uoropyrid-2-yl, 5-f|uoropyr|d 2-yl, 6-Tl uoropyrld- -yl

3-f 1 udk opyri d2- yI with one popIIe ualg(slg,, F4Cb, Uydfhmobﬁysallepm ¢®),,
hal oCl. 4al kyl (e g. rhetgnlp Otr| fluoronet hyl pyrid-2-y1) or G 4al kyl (e.g.,
5- et hyl pyri d-2-y1)

1.71 Formula 1.66, wherein Rg is fluorophenyl (e.g., 4-fluorophenyl) or

hydroxyphenyl (e.g., 4-hydroxyphenyl);
1.72  Formula I or any of 1.1-1.71, wherein n = 0;
15 1.73  Formula I or any of 1.1-1.71, whereinn = 1;

1.74 Formula 1.73, wherein n=1, A is -C(R3R4)-, wherein R;3 and R4, are,
independently, H or C;4alkyl, aryl, heteroaryl, (optionally
hetero)arylC; 4alkoxy or (optionally hetero)arylC,_4alkyl;

1.75 any of the preceding formulae wherein the compound is selected from

20 a group consisting of:
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is aryl, e.g., phenyl, substituted with one or nore halo (e.g., 4-
fluorophenyl), or Fis aor Fis a C3 _7heterocycloal kyl (e.g.,

pyrrol i diwgl2pioawsidenal |y substituted with a G _6al kyl (eC®/usS2d9/006439

met hyl pyrrolidin-3-yl); 151.44 Fornula 1.43, wherein F is substituted with

one or nore halo (e.g., F, Ca or Br), cl4alkyl (e.g., nethyl),

hal oci 4al kyl (e.g., trifl hyl); 1.45 Formula 1.43, wherein Fis

6-fl uoropyri d- 2- y1 1. 6@1.43, wherein F is 3pyrid-2-y1;
1.47 Formula 1.43, wh o 'S 4-fluoropyrid-2-y® 290148/Fornul a 1. 43,

1 1.49 Formul a 1~ erein Fis

, onal |y substltute/q JMNTORe or nore
hal oC 4al kyl (e.g trlfluthyl pyri d- 2- Fo 1. 43,
wherein F is 5-trif| ororrethylpl d-2-yl; 251 orrrul_?@ wherein F is

su stltuted with eﬁ@ or nore

heteroaryl, e.g., pyridyl, optiona
Ci 4al kyl (eg 5rrethy|pyr|d2y1 .92 Formula 1.43, Where:DnFls

eflei
V\/nerelnF|55quo /m;é(
heteroaryl, e.qg. N opty

5- et hyl pyri d- 2- yl; 1.53 Fornula 1.25, 'wherein Fis -C(0)-R15 and R15 is
met hyl ; 1.54 Fornul a_1.25, wherein F is OC(O Fand R15 is
trifluoronethyl: 301.55 Forrrul 8H wherein F os 5 and R15 is
_OH, 1.56 Formula 1. 25, |s-C(0) Rl&g&@@m-&l , tal kyl
(e.g., - OCH3); 1.57 Fg 125 wherein F i y=R15 and R15 is - OCH3;
1.58 Formula 1.25, wherJe -N(R16) (R17) ;N1 %9 or or any of
1.1-1. 14, wherein R5 "é subst ed het er oar aI kyl, substituted

w th hal oaI kyl ;

16



1.60 Formula | or any of 1.1-1.14, wherein R5 is attached to one of the
5nitrogens on the pyrazolo portion of Fornula | and is a noiety of Formula
A R12 Ri IwBzoRaiRs9R9 Formul a A wherein X, Y and Z are, pcmdspeadesssd y, N or
C, and Rg, R9, Rl11 and 10R12 are independently H or halogen (e.g., O or
F), and R10 is hal ogen, G _aal kyl, C3_7cycl oal kyl, G _ahal oal kyl (e.qg.,
trifluoromethyl), aryl (eg phenyl ), heteroaryl (e.g ridyl (for
exanpl e pyrid-2-yl), 05 oI yl (e.g., 1,2, %t hisa@l -4-y1)),
diazolyl, triazolyl, tatr z‘g aryl car bonyl - 1),

al kyl sul fonyI (e.0. I;I;re | fonyl), 15heter oaNy yl, or

al koxycar bonyl ; - pr oyroge "Nhat

aren X, Y, or Zm%\ Nge g, R9, or R10,
respectively, is not pyesent Forrml a 1.60 erein {

s a substituted

het er oar yl met hyl , par asups uted with h al kyl ; - 1.62
Formul a 1. 60, \/\herel R5 is a noie & of For nul wherein Rg,” R9, 20R11,
and R12 are H and R10 is phenyl; 1.63 Fornula 1.60, wherein R5|sam)|ety
of Formula A wherein RS, RO, and R12 are H ancﬂ)g‘%@/ﬁyﬂ dyl or

t hi adi azol yl; 1.64 For rruI a 1. wherein R5 is aQnoi Formula A

wherei n RS, R9 R11, an RBZ &y &) mdependentl r haI ogen, and R10 is
hal oal kyl ; 251. 65 Fo pta_L. 60, wherein R5 is Forrml a A wherein

Rg, R9, R11 and R12 a(e \ll\l"hm@jently, H a d 10 sul fonyl ;
H <P : -
o O\\S/Q/O\ 0 O‘\s/@/o\

NPNSN h NNSN 7N\
O . O v

cl
O\
~ ~ —_
N“ N~ N N“ N~ N
8! g N
/ \ F / \ F
5 and
0 S—
~N
ff
N“ N~ N
8! N
72\

1.76  any of the preceding formulae wherein the compounds inhibit
phosphodiesterase-mediated (e.g., PDE1-mediated, especially PDE1B-
mediated) hydrolysis of cGMP, e.g., with an ICsq of less than 1M,

10 preferably less than 500 nM, more preferably less than 50 nM in an

17



1.66 Formula | or any of 1.1-1.65, wherein R6 is H, Cl4al kyl (e.g.,

met hyl ), C3_7cycloal kyl (e.g., cyclopentyl), aryl, heteroaryl,
arylCl_4awvkybiowsye, benzyl), arylam no (e.g., phenyl arCma)S2009/006439

het eraryl am no, N, N-di G _ 4al kyl am no, N, N-di aryl am no,

N-aryl-N-(aryl G _4al kyl )am no (e.qg.,

Nphenyl - N- (1, 1" - bi pligfroBilizedRidixn af@mtyparticle readdhRABE (akéaldfor eab@pRI Bs t he
aryl or heteroaryl is optionally substituted wth one or nore halo 5(e.g.,
F, d), hydroxy or mscagﬁiay@xa@plg% met hoxy); 1.67 Formula 1:66, wherein

R6 is H 1. [ 1. 66, wherein R6 is C 4alkyl (e.g., methyl); 1.69
For mul a 1&}6%% Av:{%gfr@!)%"% is C3 _7cycloal kyl (e.g., cyclopentyl); 1.70

Fornul a 1. @@10mher eimarBhérentbodimérnt, the invRtioy bloviddsiacDéhpyurldfst i t ut ed
10with_one or nore halo (e.g., F, d), hydroxy or C _6al koxy (e.g.,

met hox¥) ; Farmpda g HywhereingBs iswherein” R6 is f1 uorophenyl (e.g.,
4-fluorophenyl) or fydroxyphenyl (e.g., 4-hydroxyphenyl); 1.72 Formula | or
any of 1.1-1.71, wherfrein n = 0; 151.73 Fornula | or any of 1.1-1.71,
wherein n = 1; 1. 74Ckgalkyll(a.gl mi@hylpherein n=1, A is -C(RI 3R14)-, wherein

R13 and R14, are, indepepdently, Hqr G . 4al kyl, aryl, heteroaryl,
(optionally hetero) g?%ﬁ'@&?ﬁ?"&&%% Byg?mbnal |y hetero)aryl G 4al kyl; 1.75
any of the precedingf @ gubR&gynfierei n the conpound is selected from 20a

group consisting of:
10 heteroaryl (e.g., pyridyl, for example, pyrid-4-yl),

arylC4alkyl (e.g., benzyl),
wherein the aryl or heteroaryl is optionally substituted with one or
more halo (e.g., F, Cl), hydroxy or C;_alkoxy (e.g., methoxy), for
example, R¢ is 4-hydroxyphenyl or 4-fluorophenyl,
15  and the remaining substituents are as previously defined in Formula I or II or any of
1.1-1.76, in free or salt form.
[0011] In another embodiment, the invention provides a Compound of
Formula I or II, wherein

Rs is attached to one of the nitrogens on the pyrazolo portion of Formula I or

20 IT and is a moiety of Formula A /
R12
R4
o
X = Z
Re/ ~ T 2N Reg
Ro
Formula A

wherein X, Y and Z are, independently, N or C, and Rg, Rg, Ry,
and R, are independently H or halogen (e.g., Cl or F), and R
25 is
halogen,
C,4alkyl,
Ci.scycloalkyl,
18



and 0 S- N 1.76 any of the preceding fornul ae wherein the conpounds

I nhi bit phosphodi est erase-nedi ated (e.g., PDEl-nedi ated, especially PDE1B-
medi at ed)wbydroaleysws of cGW, e.g., with an 1050 of | es®Crhmnooviodd3o
10preferably | ess than 500 nM nore preferably less than 50 nMin an

i mobi | i zed-metal affinity particle reagent PDE assay, for exanple, as

described in Exanple 9, in Kdt@8cRilofiRyIt(e 0} 0[1@1@{ Dod pipéidihfigr enbodi nent,
the invention provides a Conpoun%]ofmllz( 7 p'S‘h gl IﬂS\Iherel n R6 is: H,
Ci4haloalkyl (e.g., trlﬂuoromethyl)

aryl (e.g., phenyl),
heteroaryl (e.g., pyridyl (for example pyrid-2-yl), or
5 thiadiazolyl (e.g., 1,2,3-thiadiazol-4-yl)), diazolyl,
triazolyl, tetrazolyl,
arylcarbonyl (e.g., benzoyl),
alkylsulfonyl (e.g., methylsulfonyl),
heteroarylcarbonyl, or
10 alkoxycarbonyl,
wherein said aryl, heteroaryl, cycloalkyl or heterocycloalkyl is
optionally substituted with one or more halo (e.g., F or Cl), C;.
salkyl, C;_salkoxy, Cj4haloalkyl (e.g., trifluoromethyl), and/or -
SH,
15 provided that when X, Y, or Z is nitrogen, Rs, Ry, or Ry,
respectively, is not present;
R is:
H,
Cj4alkyl (e.g., methyl),
20 Cs.seycloalkyl (e.g., cyclopentyl),
aryl (e.g., phenyl),
heteroaryl (e.g., pyridyl, for example, pyrid-4-yl),
arylC,4alkyl (e.g., benzyl),
wherein the aryl or heteroaryl is optionally substituted with one or
25 more halo (e.g., F, Cl), hydroxy or C,.salkoxy (e.g., methoxy), for
example, Ry is 4-hydroxyphenyl or 4-fluorophenyl,
and the remaining substituents are as previously defined in Formula I or II or any of
1.1-1.76, in free or salt form.
[0012] In still another embodiment, the invention provides a Compound of
30 Formula I or II, wherein
Rs is attached to one of the nitrogens on the pyrazolo portion of Formula I or

II and is a moiety of Formula A

19



C _4al kyl (e.g., methyl), C3_7cycloal kyl (e.g., cyclopentyl), aryl (e.g.,
phenyl ), 10heteroaryl (e.g., pyridyl, for exanple, pyrid-4-yl),

aryl G 4aw@2o(oanes149 benzyl ), wherein the aryl or heteroacyluscaooptssonal |y
substituted with one or nore halo (e.g., F, d), hydroxy or C _6al koxy
(e.g., nethoxy), for exanple, R6 is 4-hydroxyphenyl or 4-fluorophenyl,
15and the remaining substituents are as previouslLy defined in Formula | or
Il or any of 1.1-1.76, in free or satt form [0P11l]1n another enbodi nent,
the invention provides a Conmpound of SFormul a | erein

or 20ll and is a noiety of Formula A R12 R1] Rio RO Formula A
wherein X, Y and Z are, independently, N or|[C, and|Rg, R9, RI1 and R12 are
gisgggfigglt lkzl H or hal ogen (e.g., d or%},xady}(z 2\5::0 hal ogen,
L
Formula A
wherein X, Y and Z are, independently, N or C, and Rg, Ry, Ry
and R, are independently H or halogen (e.g., Cl or F), and R
5 is
halogen,
Cialkyl,
Cs.seycloalkyl,
heterocycloalkyl (e.g., pyrrolidinyl or piperidinyl),
10 C4haloalkyl (e.g., trifluoromethyl),
aryl (e.g., phenyl),
heteroaryl (e.g., pyridyl (for example pyrid-2-yl), or
thiadiazolyl (e.g., 1,2,3-thiadiazol-4-yl)), diazolyl,
triazolyl, tetrazolyl,
15 arylcarbonyl (e.g., benzoyl),
alkylsulfonyl (e.g., methylsulfonyl),
heteroarylcarbonyl, or
alkoxycarbonyl,
wherein said aryl, heteroaryl, cycloalkyl or heterocycloalkyl is
20 optionally substituted with one or more halo (e.g., F or Cl), C,.
salkyl, Cj4alkoxy, Cishaloalkyl (e.g., trifluoromethyl), and/or -
SH,
provided that when X, Y, or Z is nitrogen, Rg, Ry, or Ry,
respectively, is not present;
25 Ry is:
H,
Ciaalkyl (e.g., methyl),
aryl (e.g., phenyl),
20



het erocycl oal kyl (e.g., pyrrolidinyl or piperidinyl), Cil-4haloalkyl (e.g.,
trifluoronmethyl), aryl (e.g., phenyl), heteroaryl (e.g., pyridyl (for
exanpl e pyoi2dtodeyly, or 5t hiadi azolyl (e.g., 1,2, 3-thi asgicaaskeodroydspy ,
di azolyl, triazolyl, tetrazolyl, arylcarbonyl (e.g., benzoyl),
al kyl'sul fonyl (e.g., methylsul fonyl), heteroarylcarbonyl, or
10al koxycar bonyl , \Aﬁ@él@afm@{ggpyﬁ&)h; fo%kaﬁgﬁ,r%@rid-cw,oal kyl or
het erocycl oal kyl is optionally Substituted wth one or nore halo (e.g., F
or ), O _ 4al kyl , whereimthr@xyl or Geterdeaylgaprijonally sybstituted pyithoenerast hyl ),
and/or - SH, 15provid e I [ ' en, £ RO
respectively, is not Sﬂ%rtseg%[o; &hﬁa’rﬁ’;&:l)’ﬁ?‘%"lgﬂrkyr“Q‘?‘é{‘g?‘?E‘m& HW?E for
20C3_7cycl oal kyl (e. g.exampld, Béyd-hiydroxgphenyl ér 4+-fluofipheyyl) , het eroaryl
(e.g.,_ pyri dKI , for example, pyrid-4-yl), aryl C.4al kyl (e.g., benzyl),
5 " ”and the remaining substituents are as previously defined in Forrhula I or II or any of
1.1-1.76, in free or salt form.
[0013] In yet another embodiment, the invention provides a Compound of
Formula I or II, wherein

Rs is attached to one of the nitrogens on the pyrazolo portion of Formula I or

10 IT and is a moiety of Formula A

Ri2

R11
C
X = V4

Rs/ \T/ ~ Reg

R

Formula A

wherein X, Y and Z are, independently, N or C, and Rg, Ry, Ry;
and R, are independently H or halogen (e.g., Cl or F), and Ry

15 is
heterocycloalkyl (e.g., pyrrolidinyl or piperidinyl),
aryl (e.g., phenyl),
heteroaryl (e.g., pyridyl (for example pyrid-2-yl), or
thiadiazolyl (e.g., 1,2,3-thiadiazol-4-yl)), diazolyl,
20 triazolyl, tetrazolyl,

wherein said aryl, heteroaryl or heterocycloalkyl is optionally
substituted with one or more halo (e.g., F or CI), C,4alkyl, C,.
salkoxy, Cshaloalkyl (e.g., trifluoromethyl), and/or -SH,
provided that when X, Y, or Z is nitrogen, Rg, Ry, or R,
25 respectively, is not present;
Rgis:
H,
Cj4alkyl (e.g., methyl),
21



wherein the aryl or heteroaryl is optionally substituted with one or 25nore
halo (e.g., F, d), hydroxy or G .6al koxy (e.g., nethoxy), for exanple, R6
i s 4- hydrweypteaeyi49or 4-fl uorophenyl, and the remnai ni ngPSThsRIWOREIBE are as
previously defined in Formula | or Il or any of 1.1-1.76, in free or salt

form 100121In still another enbodi nment, the invention provides a Conpound
of 30 Formula | or Ay é(\%@ﬁgédg,l)lf{S Is attached to one of the nitrogens on

t he pyrazol o portion og ormula’l or Il and is a noiety of Formula A ftl.1
XZ R8Y Rio R9 For nhttaroarsiiegeippristyl, forgxampleapyrid-#ridkpendently, N or C, and

Dol 20 Rl DUSRASaLr] Sopl 05 s ff o), o 1

SL eﬁ;/ Pger idinyl), G..4héaledRlkiE g (E, @), hydidxy 61 ,QaM0RY (9.g., afeyoxfyR.for ,

example, Rg is 4-hydroxyphenyl or 4-fluorophenyl,

and the remaining substituents are as previously defined in Formula I or II or any of

1.1-1.76, in free or salt form.

[0014] If not otherwise specified or clear from context, the following terms
herein have the following meanings

10 (a) “Alkyl” as used herein is a saturated or unsaturated hydrocarbon
moiety, preferably saturated, preferably having one to six carbon
atoms, which may be linear or branched, and may be optionally mono-
, di- or tri- substituted, e.g., with halogen (e.g., chloro or fluoro),
hydroxy, or carboxy.

15 (b) “Cycloalkyl” as used herein is a saturated or unsaturated nonaromatic
hydrocarbon moiety, preferably saturated, preferably comprising three
to nine carbon atoms, at least some of which form a nonaromatic
mono- or bicyclic, or bridged cyclic structure, and which may be
optionally substituted, e.g., with halogen (e.g., chloro or fluoro),

20 hydroxy, or carboxy. Wherein the cycloalkyl optionally contains one
or more atoms selected from N and O and/or S, said cycloalkyl may
also be a heterocycloalkyl.

(¢) “Heterocycloalkyl” is, unless otherwise indicated, saturated or
unsaturated nonaromatic hydrocarbon moiety, preferably saturated,

25 preferably comprising three to nine carbon atoms, at least some of
which form a nonaromatic mono- or bicyclic, or bridged cyclic
structure, wherein at least one carbon atom is replaced with N, O or S,
which heterocycloalkyl may be optionally substituted, e.g., with
halogen (e.g., chloro or fluoro), hydroxy, or carboxy.

30 (d) “Aryl” as used herein is a mono or bicyclic aromatic hydrocarbon,
preferably phenyl, optionally substituted, e.g., with alkyl (e.g.,
methyl), halogen (e.g., chloro or fluoro), haloalkyl (e.g.,
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heteroaryl (e.g., pyridyl (for exanple pyrid-2-yl), or thiadiazolyl (e.g.,
1,2, 3-thiadiazol -4-y1)), diazolyl, triazolyl, tetrazolyl, arylcarbonyl
(e.qg., bewmeoayiossabkyl sul fonyl (e.g., nethylsulfonyl), RreTaseapbeas bonyl ,
or al koxycarbonyl, wherein said aryl, heteroaryl, cycloal kyl or

het er ocycl oal kyl is optionally substituted with one or nore halo (e.g., F

or d), Cl_ 4alkyl,trifluéfinkanyl), @drdﬂ}@bﬂ@bkwor@a@dltloha{llaﬂ'ltﬁi’mf&édiyll)
and/ or - SH, provided that when X or Zis nitrogen, Rg, R9, or R10,

respectively, is ndpaarléﬁ}éqwlmmlp@ny H G _aalkyl (e.g., nethyl), aryl
" phenyl t , ,
(e.g., phenyl), I(e@re Pﬁéé?er 1> §uddd hePXE isda)fll (g/l;lglﬁl I?quwﬁ re\?lm¥ {ntlléiorzlmxge)

wherein the ary aryl 1's optiona one or nore
hal o g edg , F, Q) ,oftkelams mikifp up Gied dcomuti€ eing is smﬁtbnniﬁ)ogetﬂcerthﬁxanpl e, R6
i s 4- hydroxyphenyl or 4- fI uorophenyl, 5 and the remai ning sybstjtuents are
as préviousiy defi ri@an Farbppreg HYFidykor thiadiazely Vﬂ\‘lc}lmfyfe%“o‘i‘ﬂiyf ree or

salt form 100131l TubSHinRA0L. Qe lﬁ{mﬂ' H&Bgen, h%arkswgafo%o%%&?s a

Conmpound of Formula'l | s"attached to one of
t he nitrogens on(f) h‘é’hpgeumEok phepgzrld:neomeomnﬁ@rmgnisaaslfobows,OII and is a noiety
of Formula A R12 R11 )

—D

F
5

(g) It is intended that wherein the substituents end in “ene”, for example,

10 alkylene, phenylene or arylalkylene, said substitutents are intended to

bridge or be connected to two other substituents. Therefore,
methylene is intended to be -CH,~ and phenylene intended to be —
Ce¢Hy— and arylalkylene is intended to be -C¢H4—CH,— or — CH,—
CeHs—.

15 [0015] Compounds of the Invention, e.g., substituted 4,5,7,8-tetrahydro-(1H
or 2H)-imidazo[1,2-a]pyrazolo[4,3-e]pyrimidine or a substituted 3-(thio, sulfinyl or
sulfonyl)-7,8,9-trihydro-(1H or 2H)-pyrimido[1,2-a]pyrazolo[4,3-e]pyrimidin-4(5H)-
one compounds, e.g., Compounds of Formula I, e.g., any of formulae 1.1-1.76, may
exist in free or salt form, e.g., as acid addition salts. In this specification unless

20  otherwise indicated, language such as “Compounds of the Invention” is to be
understood as embracing the compounds in any form, for example free or acid
addition salt form, or where the compounds contain acidic substituents, in base
addition salt form. The Compounds of the Invention are intended for use as
pharmaceuticals, therefore pharmaceutically acceptable salts are preferred. Salts

25  which are unsuitable for pharmaceutical uses may be useful, for example, for the
isolation or purification of free Compounds of the Invention or their pharmaceutically
acceptable salts, are therefore also included.

[0016] Compounds of the Invention may in some cases also exist in prodrug
form. A prodrug form is compound which converts in the body to a Compound of the

30 Invention. For example when the Compounds of the Invention contain hydroxy or
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XZ RBYRio R9 Fornmula A wherein X, Y and Z are, independently, N or C, and
Rg, R9, Rl11 and R12 are independently H or halogen (e.g., d or F),
i s heterowpchmalekmpb (e.g., pyrrolidinyl or piperidinyl) PCRUSR000DIEH39

phenyl),

heteroaryl (e.g., pyridyl (for exanple pyrid-2-y1l), or

t hi adi azolyl (e.g., 1,2,3-thiadiazol-4-y1)), diazolyl, triazolyl,
tetrazol y&afbdel@eghsgtnuéﬁs dh@é)éhbstﬁ@éxﬁ‘s’ Ray yémpphﬁ%n@glea»cmmbﬂyyébw sndptional ly

substituted with one or nore ha

and R o

Cial kyl, Cl- 4al koxy,

Cl_4hal oadk§ntalile egfers. ts uspébmma nyys)lgloawalﬁbhydrsiar’salﬁﬁ@w aessPtaRlt when X, Y,

CC)E 4§| ka/l n%s&er %Qﬁnse?s ”)R? Coglpoyncg ' of thie Pn%%ﬁfx&lr} {vﬁ!cﬁ ea? ﬁ')g g{s?r?g Qhder R6ylr| dyl .

s: H,

for ex aﬁp;bl@smmgwaﬂi céncMﬁbns toheelai Iabldk fQﬁh the ydlseQif Gﬁﬁipﬂhﬁdﬁ MT thie $n‘&|ﬁ'tlbmnal |y
substituted with one hydr oxy
or G %al Whigh hpye @vdromw&ewms) oF alsehelnin éhe e P%Camﬁyam%@f hf‘eny| or

For mira 1 HgeH o G bR G L BRIGURS yhicRA e SA S OFe PRGN, ot

For mul a |

ot her wi setokipabde &t dadeoto el alainistened. dhieteforie, whéreirf the ICompognd ef the

10

15

20

25

30

Invention contains a hydroxy group, for example, Compound-OH, the acy! ester
prodrug of such compound, i.e., Compound-O-C(0O)-C,4alkyl, can hydrolyze in the
body to form physiologically hydrolysable alcohol (Compound-OH) on the one hand
and acid on the other (e.g., HOC(O)-C;salkyl). Alternatively, wherein the Compound
of the Invention contains a carboxylic acid, for example, Compound-C(O)OH, the
acid ester prodrug of such compound, Compound-C(O)O-C;_salkyl can hydrolyze to
form Compound-C(O)OH and HO-C, salkyl. As will be appreciated the term thus
embraces conventional pharmaceutical prodrug forms.

[0017] The invention also provides methods of making the Compounds of the
Invention and methods of using the Compounds of the Invention for treatment of
diseases and disorders as set forth below (especially treatment of diseases
characterized by reduced dopamine D1 receptor signaling activity, such as
Parkinson’s disease, Tourette’s Syndrome, Autism, fragile X syndrome, ADHD,
restless leg syndrome, depression, cognitive impairment of schizophrenia, narcolepsy
and diseases that may be alleviated by the enhancement of progesterone-signaling
such as female sexual dysfunction), or a disease or disorder such as psychosis or
glaucoma). This list is not intended to be exhaustive and may include other diseases
and disorders as set forth below.

[0018] In another embodiment, the invention further provides a
pharmaceutical composition comprising a Compound of the Invention, in free,
pharmaceutically acceptable salt or prodrug form, in admixture with a

pharmaceutically acceptable carrier.

DETAILED DESCRIPTION OF THE INVENTION
Methods of Making Compounds of the Invention

24
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herein have the foll ow ng nmeanings 10(a) "Alkyl" as used herein is a
saturated or unsaturated hydrocarbon noiety, preferably saturated,

pr ef er ablwohawmsgi4one to si x carbon atons, which nay bePCirnsarnmne4sy anched,
and may be optionally nono, di- or tri- substituted, e.g., wth hal ogen
(e.g., chloro or fluoro), hydroxy, or carboxy. 15(b) "Cycloal kyl" as used

herein is @osgt ur at e &6m O BTV ERTHH ARhdIE platEiac@idaly abdpible
preferably saturated, pre erablﬁ conpri si ng three to_nine carbon atons, at

| east sonkaltsmaytheanadegisingthe sathespeasidesarhed and exemplfisd kereigrand bydged cycli c
t t I ' I [ T ut ] I
Cel oo 1o nmafigds MREE alEo BEq BT WARGL khoBHAR thd cHefileq i sucttbuplhole POCM,

opt i onal | ncludatait st kiniedto, iuse dascpived Helowe TRbticommdrciald aGaitabts, or S, sai d
cycloal kyl may al so be a heterocycloal kyl. (c) "Heter o%gl oal kyl" is

unl ess> ot HeHiRE swterirlt foxtlase PEoresicarmaY Rermadist Rrosees Stashug stiected
hydr ocar bagmthi Bich 4o QAP YhAGhA HhiH arAIE! 6 #RloboGORPHE SiMlei{Ir e@ tO

ni ne carbon atons, at |east sone o ch forma nona tic no- or
bi cycl i c, oftmolem wggduogc [Varioss stacting matenhsraaifor fonpeasds offithe Gmrelhton at om i s

replaced with N, 0 ar S, which heteyog al kyl be optionally

substi t ut @Y E%P&P?rea,i%W%F%Q%dﬁgfl&f%ﬁk&éﬁ%épﬁg.EJBP%) , hydroxy, or
carboxy. BETAISI0BTM70588 NAGErRSIE! ftddhefeilBRChe?EbyPInCY ot febPmat i

hydr ocar bon, preferably phenyl, optionally substituted, e.g.,” with alkyl

(e. g. 10 netefigrence ihgheogentiréty. g., chloro or fluoro), haloallcyl (e.g.,
trifluoro 1), hydr carb or an additional aryl or heteroaryl
(e.qg., bi Bﬁ’g}f@l or %g? %%pﬁﬁgéﬂ/(%%é P?e‘ﬁen&%{né: %jﬁrt%fm eréaélt’églgas’her ein is an
aromati c dmiteleyisvmerseind rafEnfés, ADHRIIQE thdEpdyMBEphpsdigtesIRolvaRsan@mat i ¢

ring is sulfur or _nitrogen rather 5than carbon, e. %§ _pyridyl or
t hi adi azofsmplexgsi Semenndiydugpommnennds wihinsthe seppe @f this gnventipn may| ky| |

hal ogen, E'&Lcé?ﬁ"d@{l%lf: lbgﬁvfgsr %giéregént&t%xﬁoc?ﬁéouélfe)bo}ﬁ‘@sefneth{% ifivdrftioR &G t e

nunbering 1's as
15  include both the E and the Z isomer of the double bond. In addition, some compounds

within the scope of this invention may contain one or more asymmetric centers. This
invention includes the use of any of the optically pure stereoisomers as well as any
combination of stereoisomers. |
[0021] It is also intended that the Compounds of the Invention encompass

20  their stable and unstable isotopes. Stable isotopes are nonradioactive isotopes which
contain one additional neutron compared to the abundant nuclides of the same species |
(i.e., element). It is expected that the activity of compounds comprising such isotopes
would be retained, and such compound would also have utility for measuring
pharmacokinetics of the non-isotopic analogs. For example, the hydrogen atom at a

25  certain position on the Compounds of the Invention may be replaced with deuterium
(a stable isotope which is non-raradioactive). Examples of known stable isotopes
include, but not limited to, deuterium, > C, ° N, 1. Alternatively, unstable
isotopes, which are radioactive isotopes which contain additional neutrons compared
to the abundant nuclides of the same species (i.e., element), e.g., 123 I 13 lI, l25I, “C,

30 'F, may replace the corresponding abundant species of I, C and F. Another example
of useful isotope of the compound of the invention is the ''C isotope. These radio
isotopes are useful for radio-imaging and/or pharmacokinetic studies of the

compounds of the invention.
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(g) It is intended that wherein the substituents end in "ene", for exanple,
10al kyl ene, phenyl ene or aryl al kyl ene, said sub stitutents are intended to
bri dge orwbeonawsseted to two ot her substituents. TherefPoraiS2omobsaBene i s
intended to be -CH2- and phenyl ene intended to be - C6l-14- and

aryl al kyl ene is intended to be -C6H4-CH2- or - CH2- C6H4-.

15[ 0015] CO{!FDQZ]ndS OMelthify pdiRAkd @borRc@d and YRR irldida@d decomposition.
4,5,7,8-tetrahydro-(1H or 2H)-im dazo[ 1, 2-a] pyr azol o[ 4, 3- efpyr! m dine or a
subst i t ut Eempergturd are géweinfindggreos Celslus¢Hy) pnlesBotherwishstated, ¢peFatoms are
CompoundsCBREFH 1G0T O Engtent rpeBiueci ool SoDOage TS ettt 1 ce
or salt fogB} €. @hn bl A ARR Bt Roorhphy b1 S1isP8Q! fHis flyePNn unl ess 20
ot herw sepilg %igé?egﬁ%ﬁ%%gegsﬁc%ﬁag "Corr%gorufr;lhc?g of 1t hg in\lleﬁa:yi on" is to be
under si oochramategtaphy i(THC) secacmehontnassilica gehplatesr NMR dataexantpe defiz ee or aci d
addi tion szilt form cgr where the corrgounds contﬂin @%ﬂ'é substituents, in
base addi Y387 %félPa_do‘f ARROSHRA B3R, 8IS énBWFTIPFénP‘ Aty relpRVe 1 ended f or
use as pheigmetylsian V\gl‘MSPESV &f REEnARBMHABLE Coht@tioNalbRRAARINS feRl ts are
preferred. Salts 25 ich are unsuitabl e for pharnmaceutical uses may be

useful , fegnadshansiase usedr Cohplingseinstantsr(J)pare givenfin &kt Fommass speetea AdBhounds of
the Invention or their.pharmaceutically,accept.able salts. .are therefore

2l 5o | nol TaceY gutorasiat aessted R o GERRIET e RoPs MimBb fulEhd &6

exi st10 N phRpldBass specttf ks S FVEH mbigtr® EdpSsiGEHERRY piveilab ¢HluaIvVerts in
the body to a Conpound of the 30 Invention. For exanple when the Conpounds

of the | nDWPRNtgES OMEIIMS Y- dx yassp wherprthe RIMB spegtra are gemploxherly

substi t uep; f i gi cally hydrol ysabl e and acceptabl e esters.
As used hgl%g?dr%?}g'slﬁ%lg}ag og%ngé'l y hydrol ysabl e and acceptabl e ester” neans

esters of [@02poundsTedmd 4@l dbbwamdtioms: whi ch are hydrol ysabl e under
physi ol ogi cal conditions to yield acids (in the case of Conpounds of the
I nvention 5 which hBykl Apdtwkiithitsst i t uents) or al cohols (in the case of

Compopnds of the | ngEEH Qe MYy Y,§1.car boxy substituents) which are
t hensel ves physi ol oglﬁczﬂl yet o|“§p§}§1%e at doses to be adm ni stered.

Ther ef ore, wherei n CAN €anpoemidmaferinhe(IVhugratd,on cont ai ns a hydroxy group,

for exanple, Conpoupnd-OH_the ac ester prodrug of such compound, i.e.,
Compound- O- C(0) - Ci 4&?&%,‘%&5@’ "eéli"a?@"}en the 10 body to form

physi ol ogi cal | y hydpghy sabhediddtyl®ratfdRpound- OH) on the one hand and acid
on the other (e.g., 0)-G 4alKyl). Alternatively, wherein the Conpound

of the Invention coPM3@s dimsthybexljoride.aci d, for exanpl e, Conpound- C(0)OH,
t he {d ester prod of.. such .conpound, Conpound- C(0)0-Gi 4al kyl can
hydr(a)?(%/ze to form (Bﬁ%@ﬁ‘{ff@?ﬁ}lﬁﬁ and HO Ci 4al kyl. As will be appreciated
the termthus 15 enBrGges igNuesthiepnal phar maceuti cal prodrug forns.

[ 0017] The invention also praovides nethods of making the Conpounds of the

| nvention and net hodivf= edUirgenttd. Conpounds of the Invention for treatnent
of di seases and di sggﬁﬁ(s?s set forth below (especially treatnent of

y 2

di seases characterize educed dopam ne D1 receptor signaling activity,
such as HPLC =high performance liquid chromatography,

25 LDA = lithium diisopropylamide
MeOH = methanol,
NBS = N-bromosuccinimide
NCS = N-chlorosuccinimide
NaHCO; = sodium bicarbonate,
30 NH,OH = ammonium hydroxide,
Pd,(dba); = tris[dibenzylideneacetone]dipalladium(0)
PMB = p-methoxybenzyl,
POCIl; = phosphorous oxychloride,
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20 Parkinson's di sease, Tourette's Syndrone, Autism fragile X syndrone,
ADHD, restless |eg syndrone, depression, cognitive inpairnment of

schi zophrwoi2alo/mwardgol epsy and di seases that may be al | epcatusdooopodsbe
enhancenent of progesterone-signaling such as fenmal e sexual dysfunction),
or a disease or disorder such as psychosis or glaucoma). This list is not

i ntended to' be exhagoUietaékyl @RMridsC! ude ot her di seases 25and di sorders as
set forth below [0018]1n another embodi nent, the invention further

provi des a phar macebFAcatrifbiomnestic #9é, conpri sing a Conpound of the

I nvention, in free, ma 1cal salt or prodrug form in
adm xture with a phgfprrfé%\eu?ﬁ@%rﬁ%‘eg%aggﬁg’gf%{%ﬁfgrri er. 30 DETAILED

DESCRI PTI ON OF THE TNYENEtehedvefubeds of Maki ng Conpounds of the Invention
WO 2010/ 065149PCT/ US2009/ 006439 [ 0019] The conpounds of the Invention and

t heir harmaceutically acceptable salts may be namde using the nethods as
descri bed exenpii f | rel E T etig.and by

ot hota. kriUEis R e T RIS HEtheAR b lodf di ifnfighareiliTutata blehsheal BY |

t 0, thosesigidfcaricoefbrivied Rwrours anoas o fiorer shoavk Ifyr fovimuladidrd] ulblesst ar ti ng
materials for ,thea,e {grocesses may be made by procedures, which are sel ected
from t he dhenwisedndigatedysing t echni ques which are sinilar or anal ogous to
the synt hegpgsiof  Knpivh £BERVLSinv AR dnd Hiterite@idid BSnPRELR R kSmANITI®
Compounds of the Invention nay be prepared using nethods described in WO
2006/ 18326 tersointhesizedS0 GAL OTDS 5ampewrid ofdbameladbas withtaalicarbexsilis agide her eby

i ncorporated b Oreference in their entiretfy. 0] The ounds of the

| nvent | onPeeHE RRATER ar SERIE cibinare i nehElk pa bt Bl ermt o as
wel | as t&pidd: pol ymor phs, hydrates, solvates and conpl exes. Sone i ndivi dual
conpounds within the scope of this invention may contain doubl e bonds.
Represent ati ons of double bonds in this invention are neant to, 1% i ncl ude

both the E amd the Z is'%rer of 6he doubl e bond. In asition, &t onpounds
within thE sﬂ;qms ofy t hi s hyveyfti on may doMCa).@ orneor nore” asy%i.(et ic
centers. This I Avention imcludes the use of any of t#eCoptically Nour®

stereoi soners as well as any conbi nation of stereoisoners. [0021]1t is also
i ntended t hél) t he Conpounds of the Invention enconpass 20 their (8 able and
unst abl e i sotopes. Stable isotopes are nonradi oactive isotopes which
contajn one additjional npeutron conpared to the abundant nuclides of the
sanme Species (i.wheremy Rpismsthyli ¢ s expected that the activity of conpounds
conpri sing such isotopes would be retained, and such conmpound woul d al so
have utility for measuring pharnmacokinetics of the non-isotopic anal ogs.

For exanpl [@026lhe hybtagediaxt Hmcan ba pRpacselrtiyafion epaspleireavtiog atcompCongpounds of

the I nvent} be repl ac W t.h deuterium{(a |l e isotope.which is
non-  a aa? LB ATLPT SxsRE Rabesr el fimasinid Beh & PhTds SPHEntae v diu: not
limted tgnalfgHb®ts BffwatkBartd hdabdd fot 8bélit 4Mdued ARf th¥gldolednst abl e i sot opes,
whi ch are radi oactive isotopes which contain additional neutrons conpared

to the abundaft nuclides of the sane species (i.e., elenent), e.qg., 31,
131/5 125R% 4G - RAN
0 °C, dropwise |
O)\N 0 + POCs - H,0 then 80 °C, ~ 4 h O¢J\N cl
H
20 (Iib) (lic)
[0027] Intermediate IId may be formed by reacting a compound of Il¢ with

for example a P'-X in a solvent such as DMF and a base such as K,COs at room

25  temperature or with heating:
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30 18F, may replace the correspondi ng abundant species of I, C and F.

Anot her exanpl e of useful isotope of the conpound of the invention is the
"C i sot op®O 20tvese14padi o i sot opes are useful for radi o-i FEGIUSGR/0640Y

phar macoki neti ¢ studi es of the conpounds of the invention. WO

2010/ 065149PCT/ US2009/ 006439 [ 0022] Melting points are uncorrected and (dec)
i ndi cat es deconposition. Tenperature are given in degrees CeDsius (O;

unl ess ot herw se staled, operations are carried out at rpgm anbi ent
tenperature, thaRlis/\at a tenperature in €% ange of 18-%¥5 Q

Chr onmat ogr aphy neans fl| ash ch*orrat@g’ﬁaphy on silica gel; } er 5
chromat ogr aphy (BN SS@married out on sili @Miyel plates.” NVR data is in
the delta val ues of Hmjor diagnostic protons, given in parts per mllion

(ppm relative to t k?anethylsilane (TMB) as an internal stapglard.

Conventi onal abbreviations for signal shape are used. Coupling constants
(J) are giwhesin P it prdtestiveassusfear; p-mefidRybertzyb glonpgBMBISX isvajeavingon i s
reported for nolecul es where isotope %glitting results in 10 rmultiple mass
spectral HOHRuhAsAhRlogany MEFHa 88 lE®ons are given as vol une percent ages
or volume ratios. In cases where the NVR spectra are conplex, only
.diagnostic signals are reported. [0023] Terns and abbrevi ations: BuLi =
n-but yd | i t [60R8}h 15Bulriétmediate {lebudybe piepaad by réahing agompoundrot Bidi with (| V)

i oyl S oo BBy p Aok ek s Eefanol afistae DEARROR 00 v

equi val eng§%9d and then cooled:

0 ) )
RLN MeOH RLN
)\ I + NH2NH2H20 )\ |
07 N7 I reflux, 4h 07 >N N NH2
p|1 |51 H
(Ild) (lle)
10
[0029] Intermediate IVa may be formed by for example reacting a compound
of Ile with POCl; and DMF:
0] 0
R 0°Ctort. R
j\ | + POCl3; + DMF j\ f 'NH
07 NN O
pt H p1
(lle) (IVa)
15 wherein R is as defined previously in Formula I or II, e.g., such as a methyl
group.
[0030] Intermediate IVb may be formed by reacting a compound of IVa with

for example a Rs-X in a solvent such as DMF and a base such as K,CO3 at room

temperature or with heating:
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h = hour(s), HPLC =high performance |iquid chromatography, 25LDA = |ithium

di i sopropyl am de MeOH = net hanol, NBS = N-bronosucci ni m de NCS =

N- chl or oswochrwassde NaHCO3= sodi um bi car bonat e, 30Nl - 14@HTAIS20091006489M
hydr oxi de, Pd2(dba)3 = tris[dibenzylideneacetone]dipalladium0) PMB =
p- met hoxybenzyl, POCl3 = phosphorous oxychloride, WO

2010/ 065149PCT/ US2609/ 006439 SCC12 = thionyl chloride, OTFA =
trifluoroacetigiacld, TFMSA = trifluorongihgpesul forrlc aci d . THF =

t et r ahedr of uran. N5 dl;The. syRi-Keti c nethods—in-thi i nyény on are
il lustrated beIO@vaN ’ DMF 0)\’?‘ E%\Rs
P! P!
(IVa) (IVb)
[0031] Intermediate IVe may be synthesized from a compound of IVb by

removing the protective group P' with an appropriate method. For example, if Plisa

5  PMB group, then it can be removed with CAN or TFA/TFMSA at room temperature:

Q : o
j\ = N deprotection N =
\\ - \\N
07 N7 NRs AN Rs
p! H

(IVb) (IVc)

[0032] Intermediate IVd can be prepared by reacting a compound of IVe with
for example a chlorinating compound such astOCl3 and refluxed for about 2 days, or

10  heated at 150~200 °C for about 10 min in a sealed vial with a microwave instrument

and then cooled:

o 0
R reflux, 48h R
)N:Ujf% v PO T a000C, 50 m )N\ N\
= or , O~ min =~
0" N NRs cl” SN NTRg

sealed vial in microwave

(IVe) (Ivd)

15 [0033] Intermediate I'Ve can be formed by reacting a compound of IVd with

an amino alcohol under basic condition in a solvent such as DMF and heated

overnight then cooled:
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significances for the R groups are as set forth above for formula | or |

unl ess otherw se indicated. [0025]In an aspect of the invention,

i nt er medivsibeonaspaands of fornula I11) 10 can be synt hesCrad2iy/oo@acti ng a
conmpound of forrmula Ha with a dicarboxylic acid, acetic anhydride and
acetic acid mxing with heat for about 3 hours and then cool ed:

15wherein R is nethyl. [0026]Internediate Ilc can be prepareg by for

exanpl e reacting a conpound of ID) with for exanple a chl @i ngting conpound
such as POCL3, {ometines wit mal L anounts of water and hﬁﬁ;? Oy, about 4
hours and t Re d H 00Z27RI ntér nedi at @ake d may be fqr K ting a

ifC
conpound of I% \t\hﬂ for ¢ pl e ent ucﬁl as and a
per at ur e omrF,who bc heat i ng: (“?fc) (114d)

base such a@l Mt Rs oom 25
wherein Pl is a protective group [e.g., p-nethoxybenzyl g p (PMB)]; Xis
a | eaving grougwguch as a hal ogen, nesylate, or tosylate. Ve

5[0028] Internedi ate lie may be prepared by reacting a conp&uﬂd of lid with
hydrazi ne or hydrazine hydrate in a solvent such as methanol and refl uxed

for about 4 hours and then cool ed:

[0034] Alternatively, intermediate IVe can be synthesized directly from a
compound of IVe by reacting with an amino alcohol and a coupling reagent such as

5  BOP in the presence of a base such as DBU:

O
R.
o | N =
RL H,N OH solvent )\\ \N,IiH
NN T R pre heating HN™ ON Rs
As AN Ry Ra Ra~k, OH
CI” N7 "N 'Rg R; 2
3R,
(Ivd) (IVe)
O
o R1
R HN  OH BOP,DBU j‘\ "< NH
N = NS \N ~
A N R { HN” N Rs
PN SN R 2Ry Ra RZ#@? \OH
H R; 2
R4
(IVe) (IVe)
10 wherein all the substituents are as defined previously.
[0035] Compound IVf may be formed by reacting a compound of IVe with

for example a dehydrating/halogenating agent such as SOCl; in a solvent such as
CH,Cl; at room temperature overnight or heated at 35 °C for several hours, and then

cooled.
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(11d) 10 [0029]Internediate |IVa may be forned by for exanple reacting a
conmpound of He with POC13 and DM: + POCI3 + DMF 0 Cto r.t. O NHO P1

NN- NH2 plwél 2010/065149 PCT/US2009/006439
1 i Q
R ~ N — R1\ N =
)\\ \\.QH dehydrating or halogenating reagent )\ NH
HN” "N~ N TR; — NZ N SN
Rzﬂ‘%? OH room temperature or heating . Rs
.‘\ 2
Rs 2 Ry Ry
(IVe) (1VF)
[0036] Compound IVg may be formed by reacting a compound of IVf with

5  for example a halogenating agent such as NCS and a base such as LDA in a solvent

such as THF at low temperature for several hours.

0]

1

R \N — 0 X
/k \\N RL =

NP N N Rs NCS, NBSorl, . )N\ \\N

U LDA or n-BulLi N”"N" "N Rs
(IVf) $
(V)
[0037] Alternatively, Compound IVg may be formed by reacting a compound

10  of IVf with for example a halogenating agent such as hexachloroethane and a base

such as LIHMDS in a solvent such as THF at low temperature for several hours:

o} o x
1 1
R\N)ﬁ\é\NH C,Clg, NCS,NBS or | R\N)Jj\4<NH
- 2Cl, ; 2 %
R AN A=
5 Lithium reagent Rs

Rz RZ

R; Ry Ry R4

(IVF) (IVg)

[0038] Compound I may be formed by reacting a compound of IVg with Re-

15 LH for example a thiol upon heating.
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(I'va) 15wherein R is as defined previously in Formula | or Il, e.g., such
as a nethyl group. [0030]Internediate |Vb may be formed by reacting a
conmpound WO 2bMeoemi4bh for exanple a R5-X in a sol vent suebTas:0Meo@sdd a base
such as K2CO3 at roomtenperature or with heating: W) 2010/065149 0 NH +
RlL ON P1 (lIVa) PCT/US2009/006439 100311Internediate |Vc may be

synt hesi zed froma conpound of |Vb by O |-Rr
0] X 6
TNT Y ~NH
5 heating R,
Rz
R3 R4 R3 R4
(IVg) U
[0039] Alternatively, compound I may be formed by reacting a compound of

IVf with a thiol R¢-LH or a disulfide R¢-L-L-Rg in the presence of a strong base, such
5  asa lithium reagent (e.g. LIHMDS) in a solvent such as THF.

[0040] The corresponding sulfinyl or sulfonyl derivative may be formed by
reacting the 3-thio compound (e.g., wherein L is —=S-) with an oxidizer such as a
peroxide (e.g. oxone or hydrogen peroxide) at room temperature in a solvent such as
acetonitrile.

10 [0041] In another aspect of the inQention, The invention thus provides methods of
making Compounds of Formula I br II, for example, comprising reacting Compounds
1-A with, for example, Rs-X, in a solvent such as DMF and a base such as K,COj3 at
room temperature or with heating:

L-Rg L-Re

R1\N,Qf<NH base R1‘N’Qf<N R
— . R -X —
N)\N N + 5 N )\N <N 5
RZ R3 R4 RZ R3 R4

1-A (H-A

15  wherein all the substitutents are as defined previously; X is a leaving group such as a

halogen, mesylate, or tosylate.
[0042]  The thio Compounds of the Invention, e.g., Formula I or II wherein L is S

or Compound (I)-B may be prepared by reacting compound (IVf), e.g., with a
20  disulfide and lithium bis(trimethylsilyl)azanide (LiIHMDS).
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renmovi ng the protective group PI
iIf Pl is a5 PMB group,

wi th an appropriate nethod. For exanpl e,
then it can be renoved with CAN or TFA/ TFVBA at
room t enpEoab1wess14p0032] | nt ernedi ate 1Vd can be prepar e@Chyuse@anbisiay a

compound of IVc with for exanple a chlorinating compound such as POC13
and refluxed for about 2 days, or 10 heated at 150-200 C for about 10 mn

in a sealed vial withoa m crowave instrunent and then cgol ecl_l:_R 0

R1, Nreflux, 48h NR,POL3_ or 200 C, 5-10 min 011RSseqled vi
151003311 nt efhed /at\ma W canrpe-lfRy med by reactihg i qenpound of

with an amino al co,hé[I‘N N it i N S

heat ed overni ght

1?1 CI NR5

(I'Ve)

10

15

20

25

Rs; basi c—eondit+er—+n—a sol M
Ry Ri 'Ry Ra
(V) ()-B
[0043]  The sulfinyl or sulfonyl derivatives of the Invention, e.g., Formula IA orll,
wherein L is SO or SO, may be prepared by (I)-B oxidation using, e.g. oxone, in a

solvent such as acetonitrile and methanol.

[0044)  Methods of using Compounds of the Invention

[0045] The Compounds of the Invention are useful in the treatment of diseases
characterized by disruption of or damage to cAMP and cGMP mediated pathways,
e.g., as a result of increased expression of PDE1 or decreased expression of cAMP
and cGMP due to inhibition or reduced levels of inducers of cyclic nucleotide
synthesis, such as dopamine and nitric oxide (NO). By preventing the degradation of
cAMP and cGMP by PDE1B, thereby increasing intracellular levels of cAMP and
c¢GMP, the Compounds of the Invention potentiate the activity of cyclic nucleotide

synthesis inducers.

[0046] The invention provides methods of treatment of any one or more of
the following conditions:

(i) Neurodegenerative diseases, including Parkinson’s disease, restless
leg, tremors, dyskinesias, Huntington’s disease, Alzheimer’s
disease, and drug-induced movement disorders;

(i)  Mental disorders, including depression, attention deficit disorder,
attention deficit hyperactivity disorder, bipolar illness, anxiety,
sleep disorders, e.g., narcolepsy, cognitive impairment, dementia,
Tourette’s syndrome, autism, fragile X syndrome, psychostimulant
withdrawal, and drug addiction;

(ili)  Circulatory and cardiovascular disorders, including cerebrovascular
disease, stroke, congestive heart disease, hypertension, pulmonary

hypertension, and sexual dysfunction;
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(I'vd) [0034]Alternatively, internmediate | Ve can be synthesized directly
froma conpound of |1Ve by reacting with an am no al cohol and a coupling
reagent swohosa#6514BOP in the presence of a base such asPDBIS2009/06%439
(I've)(1'Ve) 10wherein all the substituents are as defined previously.

[ 0035] Compound | Vf may be forned by reacting a conpound of IVe with for

exanpl e a dehydr giv) ng/Respiegeriadndigfl agaiators deddrdess, Hdliding astimapthiic such as
CH2C12 at room tenperature overnight or heated at 35 C for several hours,

and then cool ed. WD 2b3tytiss PabparrydBews/ ouedBogic rhingisaey wekddund | Vg may
be fornmed by reacting aﬁto‘&%%'ﬁg%ﬂ{ﬂ%%‘éw&s&sg r exanpl e a hal ogenati ng
as I°n

agent such as NCS and a base suc a sol'vent such as THF at | ow
tenperature for gever élnyhdisgase or condition characterized by low levels of cAMP

5 and/or cGMP (or inhibition of cAMP and/or cGMP signaling
pathways) in cells expressing PDE1; and/or
(vi) Any disease or condition characterized by reduced dopamine D1
receptor signaling activity,
comprising administering an effective amount of a Compound of the Invention, e.g., a
10  compound according to any of Formula I or any of 1.1-1.76, in free, pharmaceutically
acceptable salt or prodrug form, to a human or animal patient in need thereof. In
another aspect, the invention provides a method of treatment of the conditions
disclosed above comprising administering a therapeutically effective amount of a
Compound of Formula II, in free or pharmaceutically acceptable salt form.
15
[0047] In an especially preferred embodiment, the invention provides methods of
treatment or prophylaxis for narcolepsy. In this embodiment, PDE 1 Inhibitors may
be used as a sole therapeutic agent, but may also be used in combination or for co-
administration with other active agents. Thus, the invention further comprises a
20  method of treating narcolepsy comprising administering simultaneously, sequentially,
or contemporaneously administering therapeutically effective amounts of
(1) a PDE 1 Inhibitor, e.g., a compound according to any of Formula I or any
of 1.1-1.76, and
(ii) a compound to promote wakefulness or regulate sleep, e.g., selected from
25 (a) central nervous system stimulants-amphetamines and amphetamine like
compounds, e.g., methylphenidate, dextroamphetamine, methamphetamine,
and pemoline; (b) modafinil, (c) antidepressants, e.g., tricyclics (including
imipramine, desipramine, clomipramine, and protriptyline) and selective
serotonin reuptake inhibitors (including fluoxetine and sertraline); and/or (d)
30 gamma hydroxybutyrate (GHB).
in free, pharmaceutically acceptable salt or prodrug form, to a human or animal
patient in need thereof. In still another embodiment, the methods of treatment or

" prophylaxis for narcolepsy as hereinbefore described, comprises administering a
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(Rig) [0037]Alternatively, Conpound IVg nmay be fornmed by reacting a
conpound 10 of I'Vf with for exanple a hal ogenating agent such as

hexachl orwetzhammwssand a base such as Li HVDS i n a sol vent peuais2@/00d469 at | ow
tenperature for several hours: O (IVf) [0038]Conpound | may be formed by
reacting a conmpound of Vg wwth R6- 15 LH for exanple a thiol upon heating.

WO 2010/ Ofierap@intichil S HRONLRTER of a (ibbhdlof Bbfmila Tedsyhereinbgforend | nmay be

fornmed by reacting a conmpound of I'VI with a thiol R6-LH or_ a disulfide
R6- L- L- Redg¢saribade npfré%@m@r@ﬁcwtlgalﬂm@eb@b@ salf fern, 5s gsole therapeytin agenlgent

(e.g. LiHADRL i) Bodbsa 181?@& ?Lh%ﬂllgl%ﬁéfwnﬁg%{ﬂlrm%vg%&ﬁspo”d' ng sul finyl or

sul fonyl derrTvative nay

5 [0048] In another embodiment, the invention further provides methods of
treatment or prophylaxis of a condition which may be alleviated by the enhancement
of the progesterone signaling comprising administering an effective amount of a
Compound of the Invention, e.g., a compound according to any of Formula I or any of
any of 1.1-1.76, in free, pharmaceutically acceptable salt or prodrug form, to a human

10  or animal patient in need thereof. The invention also provides méthods of treatment
as disclosed here, comprising administering a therapeutically effective amount of a
Compound of Formula II, in free or pharmaceutically acceptable salt form. Disease
or condition that may be ameliorated by enhancement of progesterone signaling
include, but are not limited to, female sexual dysfunction, secondary amenorrhea

15 (e.g., exercise amenorrhoea, anovulation, menopause, menopausal symptoms,
hypothyroidism), pre-menstrual syndrome, premature labor, infertility, for example
infertility due to repeated miscarriage, irregular menstrual cycles, abnormal uterine
bleeding, osteoporosis, autoimmmune disease, multiple sclerosis, prostate
enlargement, prostate cancer, and hypothyroidism. For example, by enhancing

20  progesterone signaling, the PDE 1 inhibitors may be used to encourage egg
implantation through effects on the lining of uterus, and to help maintain pregnancy in
women who are prone to miscarriage due to immune response to pregnancy or low
progesterone function. The novel PDE 1 inhibitors, e.g., as described herein, may also
be useful to enhance the effectiveness of hormone replacement therapy, e.g.,

25 administered in combination with estrogen/estradiol/estriol and/or
progesterone/progestins in postmenopausal women, and estrogen-induced endometrial
hyperplasia and carcinoma. The methods of the invention are also useful for animal
breeding, for example to induce sexual receptivity and/or estrus in a nonhuman
female mammal to be bred.

30

[0049] In this embodiment, PDE 1 Inhibitors may be used in the foregoing
methods of treatment or prophylaxis as a sole therapeutic agent, but may also be used

in combination or for co-administration with other active agents, for example in
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reacting the 3-thio conpound (e.g., wherein L is -S) wth an oxidizer such
as a peroxide (e.g. oxone or hydrogen peroxide) at roomtenperature in a
sol vent swohosseariet onitrile. 10[ 0041] 1 n anot her aspect pofr/ush@gionssant i on,
The invention thus provides nethods of nmaki ng Conpounds of Formula | or I1,
for exanple, conprising reacting Conpounds 1-A with, for exanple, R5-X, in

a sol ventconjifmdtias wiltMhoamdnardpiemeticiheagy K266 ik investior fkger ature or with
heating: 1-A 15wherein all the substitutents are as defined previously; X

i s a | eaomprigedapethnsipidecating disgrsers thawagy he ameliprateddyy ephancammyof The t hi o

Conmpounds I i s Q.. I rel . 1 or
Compound T ascsteh g B Emefisfig adheiRe sriliudseallte Glrkial. o8,
20di sul f i chatedipbraricohsly ndhisiéterihgreicnyentitally) effetivelamolntsPS) . [ 0043] The
sul finyl or sulfonyl derivatives of the ] nvention, e.% Formula | or II,
whereidn L is 98 aPDEInkRioge 5y 8 samapunshaccanding wanyatiformyle g ang g
oxone, in a sg C S etonitrile and nethanol. 5 [0044] Methods of
usi ng Corrpound(lsfvaglptotf?eJl Pr?g’e%lﬁi?on [ 0045] The Conpounds of the Invention are
useful in the (i) edbrmeote,efg. deketsldsom kstrapgeh and zsttoden aakogued (eqn, of or

damage to cAMP %% gGlVP gedi a .eFI%SEath ysS, e, g as, a result of increased
expressi on of $sBediohesyiol esadigl el A RSPESSITRIIRIOZTHETRP due t o
i nhi bition or _grﬁg;éggg(é?v&logesqfnsj nducers of cyclic nucleotide synthesis,

such as dopanine and nitric oxide (NO. By preventing the degradation of

CAMVP ldnd in@R, phanmBEaBicallaecebiablersaltoa pradyug farmateh huinan or enigiad of cAMP and
cGWw, the ounds ,of the |Inventiao otentiate the actiyity of .cyclic

ol ot | RETERHHEET LRrspiu ol Dotk Tl ahE ibenire Ryt Seiinods of

t r eat ment degériEdyabetie whereithe FIOE 1 hghibidd i9 Wiignsoundidf IFeRfiula(ll,)in free or

Neur odegener ati ve di seases, including Parkinson's disease, restless |eg,

trenors, RhpsRacsasrally accepiablegeléfor®.di sease, Al zheiner' s

15 [0050] The invention also provides a method for enhancing or potentiating
dopamine D1 intracellular signaling activity in a cell or tissue comprising contacting
said cell or tissue with an amount of a Compound of the Invention, e.g., Formula I or
any of any of 1.1-1.76, sufficient to inhibit PDE1B activity. The invention further
provides a method for enhancing or potentiating dopamine D1 intracellular signaling

20  activity in a cell or tissue comprising contacting said cell or tissue with an amount of a
Compound of Formula I, in free or salt form, sufficient to inhibit PDE1 activity, e.g.,
PDE1A or PDE1B activity.

[0051] The invention also provides a method for treating a PDE1-related,

25  especially PDE1B-related disorder, a dopamine D1 receptor intracellular signaling
pathway disorder, or disorders that may be alleviated by the enhancement of the
progesterone signaling pathway in a patient in need thereof comprising administering
to the patient an effective amount of a Compound of the Invention, e.g., Formula I or
any of any of 1.1-1.76, in that inhibits PDE1B, wherein PDE1B activity modulates

30  phosphorylation of DARPP-32 and/or the GluR1 AMPA receptor. Similarly, the
invention provides a method for treating a PDE1-related, especially PDE1B-related
disorder, a dopamine D1 receptor intracellular signaling pathway disorder, or

disorders that may be alleviated by the enhancement of the progesterone signaling
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20di sease, and drug-induced novenent disorders; (ii) Mental disorders,

I ncl udi ng depression, attention deficit disorder, attention deficit

hyper act iwotgiodiesaoder, bi polar illness, anxiety, sleepprdiraseaensg3e. g.,
nar col epsy, cognitive inpairnment, denentia, Tourette's syndrone, autism
fragile X syndronme, psychostinulant 25w thdrawal, and drug addiction; (iii)

G rcul at ofayhvidydinGAfatieRAviaSebd terdt ROk a'dﬁﬁllu's'ﬂhﬁg & Bleghatieyamcul ar
di sease, stroKe, congestive heart disease, hypertension, pul nonary

hy per t ensiffsativaandownsaial Catysdundtfiformulakbag bareinbefo 1 describess 20 69¢ 006439 (i v)

Respi r at and anmat " orders, including asthma, chronic
obstruct|WénB ﬁﬂbvwaﬂ§%%§éa iﬁalallerglc rhinitis, as well as autoi mmune
and inflammatory di seases; (v) Any di sease or condi tion characterized by

low | evel s of cAVP 5and/or cG\P (or inhibition of cAMP and/or cGW
si gnali ng [88321wayls pnetheaspest, Bhepneentionglomepyidesamsthodypy thafeamease or

dit | t t
conpr i 5t 3" AAHETHEPLAB B i EOUAE L SRACEMtprtind SRR At AEp BTt VI LY.
| nvent i onther@p@ticalty éﬂe@mépﬁw’ldlt at a phobipogdietteraaayypefl (FDET) [ighibit@rofalry of

1.1-1.76,_in free, pharnaceutlcally acce tabl sal.t or odr form to a
human or ENFTHON. PalseaiiPhapmacsuticalheacceptable saly &p an8p lc't‘ i nventi on

provi des &{xgp%hbf&amerttm?é mfaqja t{a&qnqlgswmeféa@smm%pﬁ%gn%&) ycormri si ng

adm ni st er a therapeutl ally "effective anount of a Conpound Formul a
[, ik f radterrmtwpllyanc:tadfealsystahicythaapﬁpswfoérmcstMmpY orcinde Sred@@ea? tHahcam
especi al ly prefer d ment , e i.nven 0 nmet hods of

© bat mont SBRUE et SheAPS0 A af et Bsehpes oh i isBefonEnebene 1

I nhi bi tor op%8) be upRMindenforSRiret ﬁ%wﬁﬁgutphmeumoal BsthpsAMorfszo be used in
conbi nation or for co- admnistration with other active agents. Thus, the

i nvent i ontopigal dphthatmiguesesempaising aBlDRbanlobitarg émemgphaamm icconpri si ng
S SR UL RS SRS B ST AR o
€. g.,12 CRIBAHNinAREOsbhthdntal égi¥aldf adE@ﬂStﬁbllb%allt férn, alﬁlyoﬂf)mﬁtlén & 76, and
association with an ophthamologically acceptable diluent or carrier.
[0054] Optionally, the PDE] inhibitor may be administered sequentially or
simultaneously with a second drug useful for treatment of glaucoma or elevated
intraocular pressure. Where two active agents are administered, the therapeutically
20 effective amount of each agent may be below the amount needed for activity as
monotherapy. Accordingly, a subthreshold amount (i.e., an amount below the level
necessary for efficacy as monotherapy) may be considered therapeutically effective
and also may also be referred alternatively as an effective amount. Indeed, an
advantage of administering different agents with different mechanisms of action and
25 different side effect profiles may be to reduce the dosage and side effects of either or
both agents, as well as to enhance or potentiate their activity as monotherapy.
[0055] The invention thus provides the method of treatment of a condition
- selected from glaucoma and elevated intraocular pressure comprising administering to
a patient in need thereof an effective amount, e.g., a subthreshold amount, of an agent
30  known to lower intraocular pressure concomitantly, simultaneously or sequentially
with an effective amount, e.g., a subthreshold amount, of a PDE1 Inhibitor of the

Invention, in free or pharmaceutically acceptable salt form, such that amount of the
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(i1i1) a conpound to pronote wakeful ness or regulate sleep, e.g., selected
from25(a) central nervous system stinul ants-anphetam nes and anphet am ne
| i ke conpwordeyoeeldg. , net hyl pheni dat e, dextroanphet am neCTrustévanpdigs am ne,
and penoline; (b) nodafinil, (c) antidepressants, e.g., tricyclics
(including impramne, desipramne, clompramne, and protriptyline) and
sel ect i veagRff oWt 10 16@EPind48cul A PredsuRy gnd(th® G ht S the PDEtihkiBiteMia

sertrali ng}Q and/or (d) 30ganmma hydroxybutyrate (GHB). in free,

phar rraceu‘tqn&tanatspn@é% ectiyledo &rgnt the congitier.-ug form to a human or ani mal
pati ent d there 0 ds of

treat nent n[oﬁgépjr ophy nagc(}{es O%Mr%gaﬁrtb &h&)th gﬁﬁl nEEl?eoérd(gl% {égetéér}?bed

conpr i sestopidallyrtcsthe ey ks tmdf\mwammﬂ plﬁaidhs/a ﬁfei}ﬁﬁtdf\tedwmmé sitfe effe€znpound
of Formula Il as hereinbefore described, in free or pharmaceutically
acceptabl @ teatment 9f glaugama ox glexated inteagstlar Bresysnby administering & xdyeetht i on f or
co-adm ni KAWL arF'eWH i ment,

t he mven‘ﬁsgn?%%e{?@ pro@clSar gie?t#g%’ ogg?gﬁes%lgéeg%m&g??g%@% ax?lg of a
conditi onorvsbquﬁmtxaﬂywb«h aal difectiog adotnyt dfheP RIEhmhéstoenilowtvdrhaethodgesicer one
signali ng (ﬂg adm ni stering an .ef ective aam:)unt of a Co und of the
| nventi on r%‘ca AdPEMSTRRR. SUCR 35 Srﬁ?j“’t% SIARFUSIC agBHMSiraIqn, glay any of
1.1-1. 76’utll&e&r ee, pharnaceutically acceptable salt or prodrug form to a
human 10 or aninal patient in need thereof. The invention also provides
met holds of [005Hat mentheeptiingtidshieenahegent oc agquts fir ruge annﬁmbleatmﬁ wigh a

t her apeut fecti e anou of a ound of all,.in free or
phar naceuk PERITYBLe e 155 SRR v or R eR B8 SisibB R RomPHAE. rmy be
anel i or at gfichlly 6NASMCATTRATYS aQiroth&laedih §FiRErpiie) BintPitirieN 6 topRal béth- are not
limted to, femal e sexual dysfunction, secondary ameriorrhea 15 tg

exer ci se blagkesiTenaeat, e oith tmploh, asyealoasasysiemi m@éau@aterwmw 0

hypot hyr o t nfertility, for
exanpl e |¢la?$°%tn2 X BdFaé oarcgtgk%la e%r %ﬁ@é%l%t?%?ée%?orlrogp&{ hasmsnst r ual

cycl e, a;hl@@dismlmmﬁ aid mOﬂhm Ry atmttemnm@;%dsand&w/eaﬂaffbaemdilmetase,

mul tiple scl eI’QSI S,.prostate enl argenent, prostate cancer, and

hypot hyr othg ol OF%’PH)@meﬂSecunswhéH%iﬁeltW@t glaucomaibus iclie. €8gnal i ng, the

PDE 1 I nhi biyt 0p 5Bk s{ QR NR A d14TRh A M AboBFbst L GMERARST T ect s
on the lining of uler ﬁgg © nﬂ%p rralgﬁtogt?%( pr eg?(rallancyo;3 S\Agrreng%ﬁg are
prone to m scaamdi ag'eopﬂusi (tTaava’tm)nezvh‘ieis poaneaset wvepsdgrabrayflor dfoaqueous
progest erone functi The naovel PDE 1 inhibitors, e.g., as described

herein, may aI}%‘Bn‘HeBUE%tPHTOSf S%HW&??&%ST‘?PSC%IPJT%‘HHPWeneSS of hornone

repl agement ot 6&?&1 b&a«qdreng%?cd &E%e{uﬂg drfist§ QEPh NAL HARIW 1sobunolol
estrogen/estradi ol /estriol rogest rone/ progestins in postnenopausal
wonen, and est (Betagan], rod cetaxetdomdiich décréaspegpe@si luraodpoductiorobp. thdhe

met hods of the. I Z}I’ltl on are al so useful for aninal breeding, for exanple
to induce sexudy 83 Btivity and/or estrus in a nonhuman female nmammal to

be bred. 303 [,an‘glg;] -adrBndrBicSa P RRAIIR K brlﬁ%lcﬂmé CRIpPLE SN SWRRNK WétkUses i n the

f oregoi ng net ho of treatment or prophylaxis as a sole therapeuti'c agent,
but may al so bdaligeeghanism, decreasing aqueous production and increasing uveo-scleral

25 outflow.

4. Less-selective sympathomimetics like epinephrine and dipivefrin (Propine)
increase outflow of aqueous humor through trabecular meshwork and possibly
through uveoscleral outflow pathway, probably by a beta;-agonist action.

5. Miotic agents (parasympathomimetics) like pilocarpine work by contraction of

30 the ciliary muscle, tightening the trabecular meshwork and allowing increased
outflow of the aqueous humour.

6. Carbonic anhydrase inhibitors like dorzolamide (Trusopt), brinzolamide

(Azopt), acetazolamide (Diamox) lower secretion of aqueous humor by
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in conbination or for co-adm nistration with other active agents, for
exanple in conjunction with hornone replacenent therapy. Thus, the

i nvent i orwbuntomesi4gonpri ses a nethod of treating di sordecs/ushew/ooay9 be
anel i orated by enhancenent of progesterone signaling conprising

adm ni stering sinultaneously, sequentially, or contenporaneously

adm ni stering fnARIARLHrbEHAE bﬁhﬁfri@qﬁm@e‘;lﬂﬁ?%@ of 5(i) a PDE 1 Inhibitor,
e.g., a conpound according to any of Fornu or any of any of 1.1-1.76,
and (| i) a ﬁorwmsestlgmgc is aled werdgd tﬂeabgtawnafg@rdeéawdgastnggmtmgl ogues
(e.qg., esgmag@ estriol, estradiol esteﬁs and t erone, and

progest er nal oglidiseXemiple, themyentign proyidggphaima %}5‘ IS PASLIRSi cal |y
accept abl &n$aldingd PDEQARKIBitbO6Mhe 16 edtibY AR aP hecd sélBted HohE(] then need

t hereof In another enbodi ment, the invention prOV|des t he net hod descri bed
above Sheprestandiis UBD)EroxtqnnHatanomosn, gawmﬁwmmawprm;rm)laa alpha in free or
phar maceu%décal l.y acce vent i g?]Ilelal so provides

a net hod ?neégf SRV gsu8€af)Bflglr?P| ek ﬁ@faalg’%‘é %TB% pae Far signaling

activity miscriR!dgofist, tsh&Sblsﬁ%f&ﬁﬁﬁh@Me&%b&Ctheﬁﬁvé&ﬂioﬂ fE6Videdr tissue with
an anount of a. Corrpound of e I nvention Formula | or any of any of

1. 1- 1. 76, ophtialnig @ﬁputa@onﬁmrbpmmmf@%bﬂmmbgv of the Invepiéen fogathetivither

provi des E?ig%?o é)sq gb?fm&ﬂ&?lgCﬂrpﬁoﬁﬁmt@ottnﬁgfoll aotr'cBbeﬂ%‘?%H% Hl%{é%:k ﬁer‘Jeao?el lul ar
si gnal i ng C I'n ting said cell
or ti HBUEOphtlidﬂneﬂﬁglaﬂt}UdﬁceptﬁbI& st e hil c@hbiﬁ@flﬁmbﬁaﬁsbclaﬂlcﬁh {vithanor salt form
sufficient to inhibit PDEL actij.vi té} e. PDEL1A or PDELB activity.

[ 0051] TheoRhhasrlpgigally acseplable;dlugn rr?éfrﬁ‘éd Iy Bﬁidlﬁl%é& ?ellﬁftl&g PDE! - rel at ed,
25especi a e eIIuIar
oi gnal  ng SR B pesaR G GaingEy AR o R A b BBAEC: e
enhancenesdectfe rdceptpr SQE gpeagunest S gmtagoms}, rat bxmple,nfoaama |aéMengm need

t her eof COTTBI'I sin r‘Il ni steri ng ei?frt atl a ective anopunt of a
Conpound #ONtshOnE %ﬁ? Pt agogist's h@ETSFeré}fy‘eS‘Tp“ir ?Id" 76, in
that {nhi fiohit Bk Re & ﬁgﬂa Péa'?élrx%rg”lerréc\ébtto)/ sﬁ@pay@hﬁ&llaﬁepiwwm )¢l ation of
DARPP-32 and/or the GLURL AMBA receptor. Simlarly, the invention provides
a net hod Fara bzertzeacdnenggw 1eDEitor asitagonst, mg@nsquanmntsésdc@wedbsor der, a

dopam ne D i acel.lul ar, signalin at h disorder, or disor ders
Chat my Bleh Bl oh Bl Perine b e ashBr G PR p SR R R S Onetnal | ng

pat hway 1 fs@sdhtt h%ﬂisehﬂhle%ggmgtrb%fe%ﬁ% FR Y akRdule rééjéE‘tJF seb8/pk RAcH & Mhe
patient an effective anmoun a Conmpound of Fornmula I.I as herei nbefore

descri bedMsi n free or pharmaceutically acceptable salt form 5[0052]1In

o1 auci SPORloyat ohY ADFab Rl BrBuS A BT aReT ol G frBho A oA r at o

of a ther apgpdsitionl Whickfihelatévs m&mﬁ&émw&he&aa@mﬁmmemeype | (PDE1)
I nhi bitor of the Invention, in free or pharmaceutically acceptable salt

form in erhthadmiecamposition mavpdditionallydasipfesn inrappdaepiesyie oviiigent i n
need thergé%;m However, treatnent may

[0060] In yet another example, the PDE-1 Inhibitors disclosed may be
25  combined with a subthreshold amount of an intraocular pressure-lowering agent
which may be a bimatoprost ophthalmic solution, a brimonidine tartrate ophthalmic
solution, or brimonidine tartrate/timolo]l maleate ophthalmic solution.
[0061] In addition to the above-mentioned methods, it has also been
surprisingly discovered that PDE1 inhibitors are useful to treat psychosis, for
30 example, any conditions characterized by psychotic symptoms such as hallucinations,
paranoid or bizarre delusions, or disorganized speech and thinking, e.g.,
schizophrenia, schizoaffective disorder, schizophreniform disorder, psychotic

disorder, delusional disorder, and mania, such as in acute manic episodes and bipolar
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10 alternatively include a system c therapy. System c therapy includes
treatnent that can directly reach the bl oodstream or oral nethods of

admi ni st raDi2em/066 exanpl e. [ 0053] The invention furPheruspeowieies a
pharmaceutical conposition for topical ophthalmc use conprising a PDEl

i nhibitor; for exanple an ophthal mc solution, suspension, cream or

oi nt ment GesraEd. SWitHo@ ifeRdinkRbibbibbaid BY aliyiedsy, 1ty Bélidved that Bypic#an®r

opht hamal ogi cal | y acceptable salt form in comnbination or association with
an opht haatwpied)iantipsygheie dmealsheh e ¢logapinegringagily haye thegewimagopistienal | y, t he

PDEL1 i nhi bit qr ¥ A ' ly with a
second dr%féwgg 3?%%’ d? §?I%ﬂ}ryelg% ?Téé%{) t%g'f §§ gg@%hg&%,yhog{eg\%%t e{&ﬁiﬁﬁﬁ(rag%tg ul ar

pressur e. enhfidessigniding @t thealopgaidesDakeceptdn By ehkarthg Dt eedeiperajpmatingal |y 20
ef fective anmount of each agent_nmy be bel ow t he ampunt, needed for activity

as norot WePEpynhibigars can mgrepse NMUA: seederdiactiondn yaripps frain regi Rt bel ow

the | evel _neces I i Ea%ﬁ)ﬂ ¢QAsi der ed
therapeut?’%g‘l?ﬁﬁ‘%leegl'?ias(gj%ﬂﬁ%g%g%ﬁﬁag};@g{tgglb e rg{r‘ea%;?tg)g aﬁternati vely as an
ef f ect i veerdaneenient biifimetion amyde\seer figexahpledmiNNMBAerecegodi dohtimng thegent s

with diff t chani sms of action and 25different side.effect profiles
may be toﬁhgglfeg&‘i‘hénﬁ&aé'&c%ﬂgsﬂfe“@f’?% tB‘? gfe‘i ar"ﬁg?rot‘?ﬂn E’é’f‘ﬂ: Agents, as
well as tgq8 Eis@d potentiate their activity as nonotherapy. [0055] The

i nvention thus provides the nethod of treatnment of a condition selected
from ) auclofe2land eTheraforel theinvaoton provisles 8 sewanetbap forshetreattrenhpbt ering to
a patient _in need thereof. an effective.anpun e.q...a subt hreshol d anount,
o1 "an agePCHOT fdueRBOPRBI FECATET GO egs e nbeiie e

si mul t anegyyshoticissr@ér @elubidhhldivdrtiéy, aid fhhiRCHicH @s ABEAE maBickpisodes

subt hreshol'd amount, of a PDEl Inhibitor of the Invention, in free_ or

phar maceuidckipolgr diserdpr, gpmprisiigtadiinigieriag etherppautispibuefifective mountgleht  known

to | ower jntrlao . of . t i.nhi hi in

corbi nat | B RRRE Bl BBKL Pk BPuRTRY R i PR S rhARLBLIRL e
one or5 boidiemhbleRelt fgants a paterdirnedédsthereefl t opi cally to the eye. Thus the
i nvention provides a nethod of reducing, the §i de .effects 5 of treatnent of

gl aucoma ol0083levat eBDEN Inkekitpramay be used i By foragring siedhodspfrer@iied dose
of an age 1 l 1y,

i il t anchoBlRlR ol 2 shig ikrabilhicARER, Bt BpPaSY bOu eI el Apkick op for

i nhi bi t or co-hitmimistrationstithostberadchiee agdn Tlopi thelinwohtionifstthetcooprissuch as
system c therapeutic adm'ﬂi stratiop, also.be utilized., 10[ 0057] The
opt i onal  BEEPERLHEFERSENGHS. £feri Bz B peSPiroBBRUIMEAIS e t h & PDEL

i nhi byd or sdkB¥phiefifof aMBtder, R§cRGiEGiGderf HAMIbAA dRorddrl HmEAMIS conpri se
typically of instillation of & prostaglandin, pilocarpine, eplnephrine, or
t opi cal beanagrisdegaiministeringesimultanepushyj sequentiably odr, contemparhnepuiskyy st emi cal |y
adm ni st er ed i9hi bit ors Lﬁf ﬁarﬁo ic anh gr se, e.g. acetazol am de.

Chol i nest &P RLES & ‘B PBFE GUE FH S s S 08t i gni ne and echot hi opate may

al so be enpl oygya BDE hBitebitst oFftheRivestion, irffred 6 pharmaceutically acceptable

salt form; and
25 (i) an antipsychotic, e.g.,
Typical antipsychotics, e.g.,

Butyrophenones, e.g. Haloperidol (Haldol, Serenace),
Droperidol (Droleptan);
Phenothiazines, e.g., Chlorpromazine (Thorazine, Largactil),

30 Fluphenazine (Prolixin), Perphenazine (Trilafon),
Prochlorperazine (Compazine), Thioridazine (Mellaril,
Melleril), Trifluoperazine (Stelazine), Mesoridazine,

Periciazine, Promazine, Triflupromazine (Vesprin),
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that of pilocarpine. Drugs currently used to treat glaucoma thus include,
e.g., 1. Prostaglandin anal ogs such as | atanoprost (Xal atan), bi natoprost
(Lum gan)wearndiomwsmepr ost ( Travat an), whi ch increase uve®stiuse@ld/oousd | ow of
aqueous hunor. Bi matoprost al so increases trabecul ar outflow 202. Topical
bet a- adrenergi c receptor antagonists such as tinolol, |evobunol ol

(Bet agan), and bet axol oILeM@borg%iﬁ@@s@zimggaumemme (Phédugin),on by the

ciliary body. 3. A pha_2-adrene£§:£c agoni sts such as brinoni di ne

(Al phagan), whi ch work bEimeziledOrapehani sm decreasi ng aqueous production
and increasing uveo-scl I tf1 ow. - sl Lyie. hom metics

| i ke epinephrine and di 8?@8?%?%&’(‘5%68%{? %gsoﬁgﬁé%géﬁ%h%rﬁﬁg@/g?é%gﬂéous hunor

t hrough trabecul ar meshviBlukn:aly Thosthixbhy (Ndvane)g Auciepashixel @lopixbi,| ow
pat hway, probably by a beta2-agoni st action. 5. Motic agents
(par adynpat honi netics) |4K&H3Docar pi ne work by contraction of 30the

ciliary nuscle, tig aD Gl HdiRbecyl ar meshwork and al | owi ng i ncreased
outfl ow of the aqueod ﬁurmt#rgsca Car%bni c anhydrase inhibitors |ike

dor zoIt am def (Tr usopt),h b@]ouﬁpiha_(ﬁlhbgar_@l?_z@kan;apilgm(@amlahti}jia@ri(dpparr:)ﬁ) I_0\|N_er
secretion of aqueous hunyy, i hiting,carbanic anhydrase . e ciliary
body. 7. Physosti gmi ne ir@{"ﬁ?%%alijgg’cf%f‘@nf?%eif’q‘b‘el%agcégﬁﬁgélﬁd&%@fig@ed gastric
enptyi ng. [0058] For exanRhfsul rhu'e'sa;ﬁsﬁl)t,mlfd@rd@ﬁéqﬂseg&)@&ﬂp@e&bwal

conpositions conprising a PDEL | nhibitor of the Invention and an agent
sel ectled from (i) the 5prAdulinoBideprunersmostezapine, | at anopr ost, travoprost,

or bi mat oprost.; (ii n_al pha adrenergi,c ni st su ri L dd ne,
apr acl oni di ne,lh(ﬁ('eetﬁ% Bﬁ%‘ﬁ‘?ﬁ“" zléf a(: f?ﬂt?"l%lsﬂﬁ‘g’é‘gr fonalu %aq%agﬁ]i Igs)ete,d q@%%‘lgf as
pi | ocar pi neeedfor examppLticil eerhbtmen thelTapslass op tHellal ¢rtivonfa¢ nul at i ons

conprising a PDE-1 Inhibitor of the Inventjon taogether w th bimatoprost,
abr i moni deartéculashy washil demtke treptmpang or pephylaxisiol sthigeréHer eof , in free or 10

opht hamal qgheal |y | i i lation with
an opnt naraV5g ca 1 RERRRGOTR ipvpAidh i ReLOEHARAL ety AREPELR
sel ectS ngsalt fommturapartioularly avefubfor tlee ppentment wffPaekidsands dissdse) | in the art can

sel ect an appropriate selectjve receptor subty oni st or antagonist. For
exanpl e, YBZOBIIERIE. BAHFAIRRYY S u&%ﬂ?‘é‘f,}e%%s?‘é‘ﬁp& 198n agoni st sel ecti ve

for an al p(hasaj adr epekifli 4oftRF 8iffeel, thhvaitichpraGasd £ medRldaftiénghdmihg an
al pha2 adrenergic receptor such as brinonidine, for exanple. For a

bet a- adr esrenbarcinggreptioof teteyglasticstby adnenistning eh effective ameungofinst sel ective
O LA N TRE MR R T R
par t il adeqh@ftRNY WithSdhdfFRE ve BhduAtofMIPDE! inhibitor of the Invention, in free or
pharmaceutically acceptable salt form, to the eye of a patient in need thereof.
[0067] In yet another aspect, the invention provides a method for the treatment
or prophylaxis of traumatic brain injury comprising administering a therapeutically
effective amount of a PDE1 inhibitor of the invention, in free or pharmaceutically
25  acceptable salt form, to a patient in need thereof. Traumatic brain injury (TBI)
encompasses primary injury as well as secondary injury, including both focal and
diffuse brain injuries. Secondary injuries are multiple, parallel, interacting and
interdependent cascades of biological reactions arising from discrete subcellular
processes (e.g., toxicity due to reactive oxygen species, overstimulation of glutamate
30  receptors, excessive influx of calcium and inflammatory upregulation) which are
caused or exacerbated by the inflammatory response and progress after the initial
(primary) injury. Abnormal calcium homeostasis is believed to be a critical

component of the progression of secondary injury in both grey and white matter. For
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Mb. 20[ 0059] The PDE 1 inhibitor may be administered in the formof an

opht hal m ¢ conposition, which includes an ophthal m c solution, cream or

oi nt ment .woheloapbtshal m ¢ conposition may additional ly i RCITA$002/006439

i ntraocul ar-pressure | owering agent. [0060]1n yet another exanple, the
PDE- 1 I nhibitors disclosed my be 25 conbined with a subthreshold anmount of

an i ntraogilRly GrEsES WeEPdrReeAll, EMAIERO08IN176(9)mTag30e 7@, the oHitems oft
opht hal m ¢ solution, a brinonidine tartrate ophthal mc solution, or

bri noni di weich aretinearpprateddicstin imthsinentiogint Handies haveshawothat thegéMPn addi ti on

to the a - ment.i oned thods. it h al Y di scovered
t hat PDEMWW@%% %asg?de?laggmegf%at?‘f%f}irTp%gyaglﬁg{séﬁtz&nggtﬂg exanpl e, any
condi t i onghieliafsaatiead mfrdy tPsyRRiretors CMMP aveblmefroass Kistopathologicabns,
paranoi d or bizarre delusions, or di sorgani zed speech and thinking, e.g.,

schi zéphraygome anddesesasesdatlpmmagips gftereFBL. s s Compapads ¢fdhePeselr der
psychoti c._di l.us4 l.. i I i L te manic
o1 sodes A ieh pET (HELAGE i ChBRNE e REC (BRI BunE U0 ity

t heory, ithe trsathehi €VEBI, tehatbyt igpiocial cAMP ddvgparciddr catfiurp hipofeostasis ditergs: such
as clozapine primarily have their antagonistic activity at the dopam ne D2
r ecept or . r3PRLiCOEHNBNLBr s, however, primarily act .to enhance signaling at

t he dopami ne D1 receptor. By enhancing Dl receptor signaling, 5 PDEL

i nhibitors can i ncrease NVDA receptor function in various brain regions,

f or eb0anpl[8068] nucl Ehsprasantiimbensomelse previdasd in the prefrontal cortex. This

enhancenent of function,.may b en for.exanple in A recepto

contai ni ng the N&SB s&&ﬁ?gqu“gr?g%ﬁea?v%té e%&fo’rm\y}a oafc?fl?'\?gf’ﬁ%ﬂf g‘fl'the Src
and protein kinase A fiagrg, by Fofmilh TPsafereinbdfOReREdiRah @fce, the invention
provi des a new nethod for the treatnment of psychosis, e.g., schizophrenia,

schi zoaf fective di sor pharmasenficedlyracesntatde mltiormipdaig, fops Jerrryampleiosor der
del usi onal di sorder, and. mn'x%ethﬁh'%pirfﬁne'tﬂ%a%et% 8f§$n3i§?a§9'of9&ﬁﬁti&p% bi pol ar
g a y effecti

. L USE 11 _an
di sorder, conprising adm i sterin erapeuti ca ve anount of a

phosptpodi est erase- 1 ( BekelnbelforBiski foeth, of the Invention, in free or
phar maceutical ly 15acceptable salt for rPH to a patient_in need thereof.
@

[ 0063] PDE 1 I nhi i or $hevesp i@ Grrapoynd affthe yeiddh S Rrmuis! rany 0ofat ment
prophyl axi s as a sol e jt nerapaLEd £, #IANs Y dRlieliSinYRRd 1N

hefbil
conbi nation or for co-adninistration w thﬁ&otl%er active agents. Thus, the
i nvention further conmphaseseaticatlyraodeppdble saton prgdpgyfohnsinghe e. g. ,
schi zophreni a, schi zoaffe&ti ve schi.zophreni f orm di sor der,

i sorder, 2
psychot i c di sorder, HHYE Ogﬁé%%da%ff}en&?orﬁ?mla% YoMSFASE O §OHAH i st eri ng
si mulg@neously, sequentingleinbefsit s&BiRNPOr aneousl y admi ni stering
therapeutically effective anmounts of:
(ili))  a pharmaceutical composition comprising a Compound of the
Invention, e.g., Formula I or any of 1.1-1.76, or Formula II as
hereinbefore described, in free, pharmaceutically acceptable salt or
prodrug form, in combination or association with a
25 pharmaceutically acceptable diluent or carrier, and
(iv)  apharmaceutical composition comprising a Compound of the
Invention, e.g., Formula I or any of 1.1-1.76, or Formula II as
hereinbefore described, in free, pharmaceutically acceptable salt or
prodrug form, in combination or association with a

30 pharmaceutically acceptable diluent or carrier for use in the

treatment of any disease or condition as hereinbefore set forth.
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(i) a PDE 1 Inhibitor of the invention, in free or pharmaceutically
acceptable salt form and 25(ii) an antipsychotic, e.g., Typical

ant i psychwoi2onyo6e14g. , But yrophenones, e.g. Hal operi dol eHalusesos/n&asenace),
Droperidol (Drol eptan); Phenothiazines, e.g., Chlorpromazine (Thorazine,
Largactil), 30Fl uphenazine (Prolixin), Perphenazine (Trilafon),

Prochl or pgoggyne ( Conmérste) ehe mI&HtaniP?@‘ZMB@%@W'ﬂ@dmboudﬂﬁifltﬁé Inlvgntion,
Trifl uopera2| ne St el azi ne Mesori dazi ne, Periciazine, Praomazine,

Triflupr om,zlforen a/beraniyrof, lt&%%mm@ lps hergdaheions)despibsdetries ne

(Phenerga h

Chl or pr ot %cgu ‘fﬁl@paé: %?If'tu | xol’sall %md“}g foE-fEUéirnx O%B&BI}EF Fg%vr? (ram vane)
Zucl ope ntzhpnaﬂha&eqleﬂl@éﬁiposﬁeﬁumseb the Aampifalre aﬁmmmmmm s, the g.,

Cl ozapi ne (d ozari

A anzapi ne (Zyprexa), R| speri er dal
%Flt :Ofpu g&ea(rsfﬁ@qn@p}lylazrlﬁﬁragtmhef %eé g }3?;??%6&1 E)eﬂa O?Lsso‘f ?f‘é‘ﬁ‘il)
ri f cl ozapi ne,
Pal | per | 400l VEGRe AADIELA SRR AR PatT At need
t her eof . drﬁ@ﬂﬁiﬁbémmvmenu dzsdrders;addpmhsrmnattennbe debapdisndisr,aitenthen | nvent i on
are parti arl useful . for t

t f hi h
0065 CorfsuEmAbeRor b dinge PrIar s Aty BEP AaoRir nF IS capt abl
15salt fo oghm%é %ﬁ?ﬁ%éﬁuh@rﬁEMléJ%ﬁféhe fsQynddtet élﬁﬁfrxmfﬂ{gllgfx Rafdkehson’ s

di sease, | ZO eni a, narcol epsy, glaucoma and fenale sexual dysfunctlon.
[ 006610l n ;stychdsnmmtmﬂnmthelwwd,tqndt’dreirugnmumn cprebrpvdsonlar digsaseo direffe,

| engt heni n%gestlve heart disease, hypertension, pulmonary hypertension, and/or sexual
dysfunction; asthma, chronic obstructive pulmonary disease, and/or allergic rhinitis,
as well as autoimmune and inflammatory diseases; and/or female sexual dysfunction,
exercise amenorrhoea, anovulation, menopause, menopausal symptoms,

15  hypothyroidism, pre-menstrual syndrome, premature labor, infertility, irregular
menstrual cycles, abnormal uterine bleeding, osteoporosis, multiple sclerosis, prostate
enlargement, prostate cancer, hypothyroidism, estrogen-induced endometrial
hyperplasia or carcinoma; and/or any disease or condition characterized by low levels
of cAMP and/or cGMP (or inhibition of cAMP and/or cGMP signaling pathways) in

20  cells expressing PDE1, and/or by reduced dopamine D1 receptor signaling activity;
and/or any disease or condition that may be ameliorated by the enhancement of
progesterone signaling.

[0070] The invention also provides use of a Compound of the Invention, in
free or pharmaceutically acceptable salt form, for the manufacture of a medicament

25  for the treatment or prophylactic treatment of:

a) glaucoma or elevated intraocular pressure,

b) psychosis, for example, any conditions characterized by psychotic
symptoms such as hallucinations, paranoid or bizarre delusions, or
disorganized speech and thinking, e.g., schizophrenia, schizoaffective

30 disorder, schizophreniform disorder, psychotic disorder, delusional

disorder, and mania, such as in acute manic episodes and bipolar'
disorder,

¢) traumatic brain injury.
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or enhancing growh of the eyel ashes by adm nistering an effective anount
of a prostaglandi n anal ogue, e.g., bimatoprost, concomtantly,

si mul t anew0=2b10/661420 sequentially with an effective anowrof/uskoo/oRIEL

i nhibitor of the Invention, in free or pharmaceutically acceptable salt
form to the eye of a patient in need thereof [0067]1n yet another aspect,

t he i nventjp@r) pr oviTiRSphrastECGiRthduats bfde TivatioEnér FDPN dphipitessi of tied
traumatic brain injury conprisi na adm nistering a therapeutically effective
anount ofIngentipe] enqemnsistesranyend gl of fecsomponnds dis¢lpgsd hsrewithencut i cal |y

25200ept bl e SBl br FBRA e AnpBE 1 90 78 e HSEuIPRERL b BIRE G BERT 1 1 1) Uy

(TBI) enconpasses p secondary 1 njury, 1ncluding
bot h f ocdh freadr etlf foume brain injuries. Secondary injuries are nultiple,
parall el , interacting and interdependent cascades of biol ogical reactions

arisi dg f AOMAi scr ethe W elrFaimept pingc gs3ng @ 1. be ynglgrstoqd acgprdin o' reactive
oxygen .Spa‘é%hl%gacljxfriﬁ’ﬁ’gm%ﬁls%h %a@ﬁelng BPﬁrﬂ)Eﬁ%\,fﬁtli%ﬂof SRbAL Of dR¥ERSS! Ve | nfl ux

of cal cium an tory upregulation are caused or exacerbated
by t he i nidlbastetaomgntrod shrocmise afitheplisegseess after the initial (primry)

i nj ) | i h tasis Is belli, . to b .criticgal t
of the or dUETel on Yok ORI et Pe M Dot B anar iR el o T Ror |
a revi ew Qfofiss a&ﬁ&aﬁ@fti&aﬁ& ffectiveMioun? 0B0at & 58 Mic dikbade bt dthorddpe contents

of which are incorporated herein in their entirety. Studies have shown that
t he dAVPPHBOEE] gnal i The tcam‘:‘auﬂaldr@rsdbm@gmlﬁlédntalﬂg/eélrtO?BPOIan@Streat ment of
PDE IV inhibitors su [hyas rolipramto raise or restore cAVP | evel inproves
hi st opat Wd‘?%&?%ﬁ“%“ PETens decreases inflammation after TBI. As
Conpounds [e§73]he prE&e@im ipaadit’ dluds hamabibt nbhubiah@le., ardimial) gadkateved t hat
t hese conpounds are also useful for the treatnent of TB!', e.g., b

r est or i ngn@aNPulasgmbodimegmsthe vention prAeEPasses bethdpyngan qqda{mwpn@nbi@ai n

i njury. i i i.de i d of the
| mvent | ortogep BB REE IR gk GHcBlh R RE L AT Sy clrer EnbBRAAT, DT
her eisbefthe erdencompades urharee, pharmaceutically acceptabl e salt or prodrug
formfor exanple for use in any nethod qr in ,hel t r eat ment gf ny di sease

or condi tilB}/0ds 15nEheCHBEFMBIERE AOPSER In this é‘s? Rekrg dpingandg @)ﬁﬁ)ound of the

I nventi on, eﬁ-'egded &R 484k Aot exudMdRondl, bindectbd elRmeR@ToF AN stBSs.
her ei nbef (?re escribed, 1n free, pharnmaceutically acceptable salt or
prodrug fdpeq7}i n t eompowfdaet threelnyéntzomard ircpartienlarf weeful fenthietrgatimgnt di sease

OO e IS OEL o o R Rl oo el
of 1.7y 1. 76978)r FOrdthpolddsdt tREMOERRA /o FéeSGTaI IR Gny iof 1fIL €96, or
pharmaceuticall y acceptable salt or prodr ug form i ﬂ %ggcblta%zliet Isa?tnfo?rl;l
associ at i bmmulat I ag hereinbefore described, in free or pharmaceutically p
may be used as a sole therapeutic agent, but may also be used in combination or for
co-administration with other active agents. For éxample, as Compounds of the
Invention potentiate the activity of D1 agonists, such as dopamine, they may be
25  simultaneously, sequentially, or contemporaneously administered with conventional
dopaminergic medications, such as levodopa and levodopa adjuncts (carbidopa,
COMT inhibitors, MAQO-B inhibitors), dopamine agonists, and anticholinergics, e.g.,
in the treatment of a patient having Parkinson’s disease. In addition, the novel PDE 1
inhibitors, e.g., as described herein, may also be administered in combination with
30  estrogen/estradiol/estriol and/or progesterone/progestins to enhance the effectiveness

of hormone replacement therapy or treatment of estrogen-induced endometrial

hyperplasia or carcinoma.
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25pharmaceutically acceptable diluent or carrier, and (iv) a pharmaceuti cal
conposition conprising a Conpound of the Invention, e.g., Formulal or any
of 1.1-1.w6,20mwoeFwnul a!! as herei nbefore descri bed, i nPCTAS2009/006439
pharmaceutically acceptable salt or prodrug form in conbination or
association with a 30pharnmaceutically acceptable diluent or carrier for use
in the trj@é'lgnt ofp esdérﬁga &d B rﬁé’(ﬂﬂﬁ% {Hepréenhiaraitipelor & daisef orth. WO
2010/ 065149PCT/ US2009/ 00643 ?006 Theretfore, the invention provides use of
a Conpoundropdepehdingne:grmn tha padicylar disspsagrgondigion s;mbe geated, tha pargiculdt  For nul a

Il as herginbefqre described, in,free [ {icC salt or
pr odr ug f(g‘?nﬁ?o Ogt eﬁr‘?ﬁ%‘f}hodl %Q‘Fd’[}% 19 é’%’? ?Igh%&gaqgnpﬁg%ﬁ?geﬁ&%gh&'
conposi t i @dmpdunds of e Ihvintion Midyalsd Antinftered bpanyE autiable foate, ifetuding r eat nent
or prophylactic treatnent of the follow ng di seases: Parkinson' s disease,

rest | éss arally, pereatesally, trapsdermaldy. £ by iphalatigs but are greferably admiplirsr ' s

di sease, - IS ; i ttention deficit
di sorder ,Oq‘gigf' cejlﬁll;%% g%ﬁgggﬁ?%?@%%%p gé?’i%ﬁ?%‘?%%@%ﬁﬁ%ﬁeggﬁsgs illness,

anxi ety, Iekestefoicser fbeth, are ardi@itei®be obtajnéd érveral agminisuativn atdosages &,

Tourette's syndrone, autism fragile X syndrone, 10psychosti nmul ant

i £ har avelhe ORIREITm dhopbO RBaD &0 B &R LVG VRSBl (e emEE Mg
congesti Viﬁ?i%‘t@&halﬁ}" &&%gﬁformfa%fnﬁﬂﬁtr fon Rl BROAiM1HHREA HRNBh S of REE/ OF
sexual dystunctiom, asthma, chronic obstructive pulnonary di Sease, and/or
al | erlgi ¢ abound.75 &n 1 Hbmgetdnvasieaty administered mdcé, ok iradivededrdpsel Stk es; and/ or

femal e sexual .dysfunction, ,exercise nqr r hoea ovul ati on, nenopause,
menopaus My Aptos SySRInSA F ‘ﬁ?‘?SS @W&%b 8%5-3% ﬁwﬁg{ O‘?&/ ﬂ%’PB‘r\%{aUBP emat ur e
| abor, i nhed for lekdnfpleimidyetithstse TRIME hbolal0. ZucT $6r 150, 88l fridiedboneo bl eedi ng,
osteoporosis, nmultiple’'sclerosis, prostate enl argenent, prostate cancer,

hypot hyr oirdi.& 19 50 96 00 d 66 mgneflrceompaushef the Znventiparipgetberavigh acar ci noma;

and/ or any di sease pr. conditi.an_ character,i by low | evel s of cAMP and/ or
cGWP (or %?Pﬁ@ﬂgﬁchi%gegﬁ&?@f”@@ﬁﬁgg#éﬁgfing pat hways) in 20 cells
expressi nqof¥¥l, anpiemabsiticeidietgsbstipg Komeribihg CregRiuads 6f hadhvengoact i vity;
and/ or any di sease or condition that nay be aneliorated by the enhancenent
of progesiay bapregpigd asinggony PR Bents s SEFiBENE A HTNGUSE KNRWR 1Bf 4
Compound - v i i f . i : eptabl e salt
Form 1 ortit aeefieel St O3 didhee forme hEFirRluB ARl SRR B e polBRE

pr ophyl acdusgenisiongtuxtiie likde: a) gl aucoma or el evated intraocul ar pressure,
b). psychosis, for exanple, any conditions characterized by psychotic
synptonms such as hal | uci nati ons, paranoid or bizarre del usions, or
disorg@niggghgpgggh and thinking, e.g., schizophrenia, schizoaffective

The synthetic methods for various Compounds of the Present Invention are illustrated
below. Other compounds of the Invention and their salts may be made using the
methods as similarly described below and/or by methods similar to those generally

described in the detailed description and by methods known in the chemical art.

25
Example 1:
(6aR,9aS)-5,6a,7,8,9,9a-hexahydro-5-methyl-3-(phenylthio)-2-(4-(6-
fluoropyridin-2-yl)benzyl)-cyclopent{4,S]imidazo[1,2-a]pyrazolo[4,3-
e]pyrimidin-4(2H)-one

30
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30di sorder, schizophreniformdisorder, psychotic disorder, delusional
di sorder, and mania, such as in acute mani c epi sodes and bi pol ar di sorder,
c) traumawOcolwmwmsr9i njury. WO 2010/ 065149PCT/ US2009/ 00®4¢3A1Sp@0/1443he
phrase "Conpounds of the Invention" or "PDE 1 inhibitors of the Invention”
enconpasses any and all of - the conpounds disclosed herewith, e.g., a
Compound of Formula | or any ofol.l-l. or Fornmula Il as hereinbefore
described, in free or salt formy 5] e words "treatnent" and
"treating"” are to be underst rdingly as enbracing prophyl axis and
treatnment or anelioration of di sease as well as treatnent of
t he cause of the disease. [0¢73 Nret of treatnent, the word
"effective anount” is intend enconpass a therapeutically effective

5 [ der. 10[ 0074] The term "pul nonary
hypertension” is intended to enhconpass pul o ¥ arterial hypertension.
[ 0075] The term "patient” include human or \or man (i.e., animal) patient.
In particular enbodi ment, the invention enconpasses both human and
nonhuman. [008Inot hewaRPaSHb e 1t8,9,0adekahydrt-5-omcthyle (&6 flesropyntimadin. | n

compr 1 stbened-udepe e Loohar sl Re bR LD e SeRded and
does not Iﬂ%,ﬁdhg?g]ﬁ{j{ﬂjh&ﬂ%hyl MEGIREE 956 RIgEURNE $nrfbl) ARS NishlsddEAS: mL

[ 0077] Conmp e I'nvention are in gartlcqlar useful for the treatnent
of Parki nsf@nhgdrdis EHEeandthen 872 pEyofd M biBYID SsiaxIl isadded drapvase.

201 0078] Cf]hrgpr%gc 1%% n?ifxt&rre] %s Slt{}}/e natt SSth teerr'qgératu}:eofrorrmarll 01|1r, 3hd H% q%fenélhegi- 1.76, or
with saline. The mixture is separated with a semi-preparative HPLC to give 27 mg of
pure product as yellow solids. MS (ESI) m/z 525.2 [M+H]".

10 Example 2:
(6aR,9a8)-5,6a,7,8,9,9a-hexahydro-5-methyl-3-(phenylsulfinyl)-2-(4-(6-
fluoropyridin-2-yl)benzyl)-cyclopent[4,5]imidazo[1,2-a]pyrazolo[4,3-

L YO
~ —
L
N

e] pyrimidin-4(2H)—0ne

N )\ N
8 N
/ \ F
15 [0082] (6aR,9aS)-5,6a,7,8,9,9a-hexahydro-5-methyl-3-(phenylthio)-2-(4-(6-

fluoropyridin-2-yl)benzyl)-cyclopent[4,5]imidazo[1,2-a}pyrazolo[4,3-e]pyrimidin-
4(2H)-one (12 mg, 0.023 mmol) is dissolved in CH3CN (2 mL) and CH3;0H (2 mL),
and then an aqueous solution of oxone is added. The reaction mixture is stirred at
room temperature for a week, and then purified by a semi-preparative HPLC to give

20  pure product as white solids. MS (ESI) m/z 541.2 [M+H]".

Example 3:
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Formula Il as hereinbefore described, in free or pharmaceutically
acceptable salt formmy be used as a sole therapeutic agent, but may al so
be used iwoOcomnicha®i on or for co-admnistration wth otreT/tset0wassagent s.
For exanpl e, as Conpounds of the Invention potentiate the activity of D1
agoni sts, such as dopam ne, they may be 25sinul taneously, sequentially, or
cont ermor(éﬂR%sb-s G 9L9&tleéxeaﬂywrd-B-mwhyﬁ&«mr@mﬂapm(uqe: gi ¢ medi cati ons,
such as Ievodopa and | evodopa adj uncts  (carbi COMTI inhibitors, MAOB
i nhi bi tor&qoronwdm-ml)&gemlgsxcloawlﬁﬁbm&ﬁ?pHq?aa@)crgzole[‘b in the

treat rrent t ving Parkinson's disease. In add|t| on, the novel
PDE 1 inh| m%l&)% %(iﬁt),o gs descri bed herein, may al so be adm nistered in
conbi nati on WI t h 30estrogen/ estradi ol /estri ol and/ or

progest erone/ progestins to enhance the effectiveness of hornone repl acenent
therapy or treatnment of estrogerfji ed endonetrial hyperplasia or

carci noma. WO 2010/ 065149PCH 006439 [ 0079] Dosages enpl oyed in
practicing the present inventijpn WilJNof course vary depending, e.g. on the
particul ar di sease or conditN6nN0 Ne tpeated, the particul ar Conpound of
the Invention used, the node adm ni ion, and the therapy desired.
Conmpounds of the Inventi on e adm nistered by any suitable route,

i ncluding 5orally, parenteral Iy, transderng , or by inhalation, but are
preferably administered orally. In general§ s#tifsfactory results, e.g. for
the treatment of diseases as hereinbefore S8t forth are indicated to be
obt ai ned on oral adm nistration at dosages of the order fromabout 0.01 to
2.0 mg/ kg. In _|arger mammaual s

exanmpl e hymans, i cated dajly dosage
for oral dAP83i st r 6PN §16aée%éf9aﬁw§¢lvd5ég rﬂetﬁﬁlégzﬁﬁggf%ifoﬂ’ylr‘dm D about
0.75 to 2to 4
Ui e, a1 i BT 2 Bl P Rt S GO T o
admi ni st r(auli mimdlhasd imethybdsniilde (2hy 1dgH4i mmol yavendabawed th Pntloof75 or 150
from about 0.2 or

f d of th
I nveniqgonanhb’@g’é’é H&E, and theg %ﬂ&ln%fc]eaw Z“%A){P %gégg‘&%p@aﬂ?c‘gggo neor Oca£ r i6er
therefor. . JalAQRQALFEN SRR Ir§&th t&ﬁga%ké fo?aA 36ﬁgg{lla HeAguenomaupds of the

| nvention may be prepared using conventi onal ts or excipients and
t echni queslikendikie mixturhés spphetddewith b.seMhpseparative I £y dive 8 mgypf puesl ude

tabl ets, capsul es, ut| 0 Si o t | i ke. 20 EXAMPLES The
synt heti cPt 'f°ﬁ8§i§alf’(¥F %{PPB@% @Z@gﬁ Q§% ar’tﬁ@ I%]raesent | nvention are
illustrated bel ow. O her conpounds of the Invention and their salts may be

made using the nmethods as simlarly described bel ow and/ or by nethods
si m | Hr tBbxamplkeat:general |y described in the detailed description and by

et hods k O%asl; Stbha 7, g@egn ﬁgxah%'dtro -3-(methylthio)-2-(4-(6-fluoropyridin-2-
yhbenzyl)-cyclopent[4,5]imidazo[1,2-a]pyrazolo[4,3-¢]pyrimidin-4(2H)-one

O s—
HN
N
" )\N <\
N/ \
F
20
[0084] (6aR,9aS)-5,6a,7,8,9,9a-hexahydro-5-methyl-3-(methylthio)-2-(4-(6-

fluoropyridin-2-yl)benzyl)-cyclopent[4,5]imidazo[1,2-a]pyrazolo[4,3-e]pyrimidin-
4(2H)-one (25 mg, 0.054 mmol) and P4S (48.1 mg, 0.108 mmol) are placed in a
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25 Exanple 1:
(6aR, 9aS) -5, 6a, 7, 8, 9, 9a- hexahydr o- 5- net hyl - 3- (phenyl t hi 0) - 2- (4- ( 6-
f | uor opyrwoizntodeyidpbenzyl) - cycl opent [ 4, 51i mi dazo[ 1, 2- al pgrameéojode43s
e] pyri m din-4(2H)-one 30
[ 0081] (6aR, 9aS) -5, 6a, 7, 8, 9, 9a- hexahydr o- 5- net hy1- 2- (4- (6-fl uor opyri di n- 2-
yCbenzyl )Bl@ﬁé%é 99&6%4@ Blal MindaB&H 1.0 20BbPYNa@ahelid irBMRIOH IS ddddil MFHE 2H) - one
(56.8 and phenyl disulfide (59.6 ng, 0.273 mmpl) are
di ssol vedsealnd Yiahds lEatﬂd inatBidiage sidiamaveatl (hEnfor . iiftestsolvent M Li HVDS in
THF is added d The reactio St Sperature
for an hdﬁ?‘oveéggp &1 uﬁl?eﬁﬁ‘é?ﬁé’@ éw“% ﬂl\@ilainﬁéhe ?74 %oé)%rlg ds)gg]a?r ated with a
?E gll ) p;r?qa@%ﬂ %§ a@%ﬁ@p&é};agat% f%?L@mo pfveN0IEmp b@gu&tpraéud ak palyenbwds. M5

z anpl e
(6aR, 9aS)soBdbaicts 844%Dé4$1é1§%]ﬂy1d26492r[é4ﬂ§'] 3- (phenyl sul finy1) - 2- (4- (6-
fluoropyridin-2-yl)benzyl)-eycl opent[4,5]imdazo[ 1, 2-al pyrazol o[ 4, 3-
e] pyri mdin-4(2H)-one 15[0082] (6aR, 9aSs)-5, 6a, 7,8 ,9, 9a- hexahydro-5
- et hyl - agxa{lﬂlﬂelsyl thio)-2-(4-(6- fluoropyridin- 2 yOoenzyl) cycl opent [4, 5]
|mdazo[12 azolo9[ﬁ43-e]pyr|md|n42 % 023 mmol ) is
di ssol vec(GFR, a(8,fHS rigin- 'ﬂﬂb‘o} ﬁt( (Qﬁl%’c{l‘]BWQ“‘S51 ution of
oxone is ture for a
week, ancfl ﬁﬁggylb%—?‘?? f’%ﬁf{iys/ﬁg"@emw%%ég '}aZHO\; %@61%12&31 %/(g gﬁl%ur e product
as whigte solids. M5 (ESI) mz 541.2 [ M+H] +. Exanple 3:
(6aR, 9aS) -5, 6a, 7, 8, 9, 9a- hexahydr o- 5- net hy1- 3- (net hyl t hi 0) - 2- (4- ( 6-
fl uoropyridin-2- yI ) benzyl) - cycl gpent J_{‘;}S} i mdazo[ 1, 2-a] pyrazolo [4, 3-
e] pyri mdin-4(2H)-one 5

X
NN
N
/ \ F
[0085] The synthetic procedure of this compound is analogous to EXAMPLE
1 wherein 2-pyridyl disulfide is used instead of phenyl disulfide. MS (ESI) m/z 526.2
[M+H]".
15
Example 6:
(6aR,9a5)-5,6a,7,8,9,9a-hexahydro-5-methyl-3-((R)-methylsulfinyl)-2-(4-(6-
fluoropyridin-2-yl)benzyl)-cyclopent|[4,5]imidazo[1,2-a]pyrazolo[4,3-
e]pyrimidin-4(2H)-one
O \Sso
~ —
gt
N N~ N
NN
20 F
[0086] (6aR,9aS)-5,6a,7,8,9,9a-hexahydro-5-methyl-3-(methylthio)-2-(4-(6-

fluoropyridin-2-yl)benzyl)-cyclopent[4,5]imidazo[ 1,2-a]pyrazolo[4,3-€]pyrimidin-
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[ 0083] (6aR, 9aS) -5, 6a, 7, 8, 9, 9a- hexahydr o- 5- net hy1- 2- (4- (6-fl uor opyri di n- 2-

yQbenzyl ) -cycl opent[ 4, 5] i m dazo[ 1, 2- cdpyr azol o[ 4, 3-e] pyri m di n-4(211) - one

(50 ng, Owo2ormmsbi9and net hyl disul fide (21.3 ulL, 0.24 medlgS2emweoadssol ved
in 1 nm of 10 anhydrous THF, and then 360 uL of 1.0 MLDA in THF is added

dropwi se. The reaction mxture is stirred at roomtenperature for an hour,
and t hen queneied s kb, 6.0Y6 ﬂﬁnolmeulmx\tddnﬁ CH; e Rs ailAdnwiCHyGH (2

sem -preparative HPLC to give 6. ure product as. pale )ggl_el | ow sol i ds.

8
MG (ESI) mik aast@xez apmwouswluma&épéom € 867&89%552 mngy) i added.ddhehexahydr o

- 3- (et hyl (

yl )benzyffécgl?g IXt eht Séfﬁg]fe h‘d{’f azo eixgﬂfpat%pyf%%%rloa[nz? tgenPurf/f;l?dn‘? ase l(2I—|) one
20 [0084];(r@ﬁ&t&a$n>l5c ﬁagme&u&@adhamwﬂmoﬁdm&yﬂmnﬂmwm[mm -(4-(6-
fl uor opyr| di n- 2-yQbenzyl) - cycl opent [ 4, 5] i m dazo[ 1, 2-a] pyrazolo [4, 3

-e] pyPi mi di n4( 2H) - one (25 nmg, 0.054 mmol) and PaS|o (48.1 ng, 0.108 nmol)
are pl acq%d,;n(;}) Bi ot age m crowave vial, and then 1.0 nL of 7N ammonia in
MeOH is a ‘Fhe sealed vial is heated in a Biotage mcrowave at 150 C
for 6 h. (Aéx,easpﬁﬁnﬂl;ﬁﬁpa hreanbyydch- SMhyby((;ﬁ)enéthylsuh'pad)ﬂ{(ﬁ(ﬁ- DVF, and

thenfilt red. The ined filtrat -preparative HPLC
to give T °6'°Hij“ '%'é’ i}i@(ﬁl“%@‘ E"ahém% L‘mf%lns%ﬂ‘dg ield: 44% . MS
(ESI) mz ﬁﬁgm arrpl e 5. (6aR 9aS)-5,6a,7,8,9, 9a hexahydr o
-3-(pyridin-2 yIth| o) 2 (4 (6-fl uoropyrldl n- 2-

yl ) benzyl)-cycl opent[4, 51i m dazod 177 2z8h pyrazol o[ 4, 3-el
pyrimdin-4(2H)-one [0085] The S h oY1 C procedure of this conmpound is
anal ogous to EXAMPLE 1 wherei n V- P disulfide is used instead of
phenyl disulfide. M8 (ESI) ml 7 k26la +. Exanpl e 6:

(6aR, 9aS)-5, 6a, 7, 8, 9, 9a- hexa Ndr N 5- net 34( R) - met hyl sul finyl)-2-(4-(6-
fl uoropyridin-2- yI ) benzyl) - cyent [ 4, 5] dazo[ 1, 2- al pyrazol o[ 4, 3-

e] pyri mdi n-4(2H) - one

10 F
[0087] The synthetic procedure of this compound is the same as EXAMPLE

6. A pair of diastereoisomers is obtained during the synthesis. Both diastereoisomers
can be separated using an achiral reversed-phase HPLC column. Product is obtained

as white solids. MS (ESI) m/z 479.2 [M+H]".

15
Example 8:
(6aR,9a8)-5,6a,7,8,9,9a-hexahydro-5-methyl-3-(methylsulfonyl)-2-(4-(6-
fluoropyridin-2-yl)benzyl)-cyclopent[4,S]imidazo[1,2-a]pyrazolo[4,3-
e]pyrimidin-4(2H)-one
/
O=
- O B SQO
T L
N N" N
NN
20 F
[0088] (6aR,9aS)-5,6a,7,8,9,9a-hexahydro-5-methyl-3-(methylthio)-2-(4-(6-

fluoropyridin-2-yl)benzyl)-cyclopent[4,5]imidazo[1,2-a]pyrazolo[4,3-e]pyrimidin-
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F [0086] (6aR, 9aS) -5, 6a, 7, 8, 9, 9a- hexahydr o- 5- net hy1- 3- (et hyl t hi 0) - 2- (4- ( 6-
fl uoropyridin-2-yQoenzyl)-cycl opent[4,5]imdazo[ 1, 2-a] pyrazol o[ 4, 3-e] pyrim
di n- 4(2Hyoan®/063692 ny, 0.076 mmol ) is dissol ved i n CHBCIWUS2005/00d439 and
CH3OH (2 nL), and then an aqueous sol ution of oxone (93.7 ng, 0.152 mmol)

i s added. The reaction mxture is stirred at roomtenperature for 20 h, and

then puri mgo&y(sg ﬁﬁ? ODV@H%@F) wcﬂsddtﬁke@ lh@}g;m(ooy hl)RhACIEORE2 Whi t e
sol i ds. 79. H . 5

]£|6aR 9aS)m3), aacé meaagagaemwhy::wn@fbxm 61)391@ O¢226-mmohyib gdderd; FEW:) 2- (4- (6-
or opyr n t I 4, 3-
el l;yri %yd}z#tlﬂf‘?ﬁ}é&%ﬁg S%lﬁ?éaf | Of)eneeL%’fr?]fﬁg? §§%%%%§§§re ﬁ?é% %[s conpound

i's the sapRi-preparfiVEIHPIC to'giRdipliredirofiicdat eh@eisslide MS (ESIphi/auged during the
synt hesi s. Bot+h di ast ereoi soners can be separated using an achiral

rever Sed-[piddle- HPLC col um. Product is obtained as white solids. Ms (ESI)
mz 479.2 [ MtHr. Exanpl e 8:

(6aR 9a$) -5, 6a, 7, 8, 9, 9a- hexahydr o- 5- net hyl - 3- (et hyl sul f ony1) - 2- (4- (6-

fi uor opyrE)dAMELEm) benzyl )-cycl opent[4,5]imdazo[1, 2-a] pyr azol o[ 4, 3-

e] pyri m di n-4(2H)

[ 0088] ( eamewsymsn%f I?DEIB ighihitiom fry witre-using IV Bhospbodinstanntn A2y 4- (6-

fl uoropyrzﬁy n- 2-yCbenzyl) -cycl opent[ 4, 5] i m dazo[ 1, 2- a] pyrazol o[ 4, 3-e] pyrim
din-  4( -one (35.2 ng, 0.076 mml) is dissolved in CH3CN (0.5 nL) and
CH3OHO( 2 rf0089]and tPRlesphodiesteressulB sRIDELBpis adalmmelchkginr@pelme226 mmol) is

SRR SN TN TN QN R
solids. “@gﬁﬁgs}ne%&(ﬂ)ﬂés&laﬁa ([SN@FHIP). PDEIB can also convert a modlﬁed cGMP
substrate, such as the fluorescent molecule cGMP-fluorescein, to the corresponding
GMP-fluorescein. The generation of GMP-fluorescein from cGMP-fluorescein can
15  be quantitated, using, for example, the IMAP (Molecular Devices, Sunnyvale, CA)
immobilized-metal affinity particle reagent.

[0090] Briefly, the IMAP reagent binds with high affinity to the free 5°-
phosphate that is found in GMP-fluorescein and not in cGMP-fluorescein. The
resulting GMP-fluorescein — IMAP complex is large relative to cGMP-fluorescein.

20  Small fluorophores that are bound up in a large, slowly tumbling, complex can be
distinguished from unbound fluorophores, because the photons emitted as they
fluoresce retain the same polarity as the photons used to excite the fluorescence.

[0091] In the phosphodiesterase assay, cGMP-fluorescein, which cannot be
bound to IMAP, and therefore retains little fluorescence polarization, is converted to

25  GMP-fluorescein, which, when bound to IMAP, yields a large increase in
fluorescence polarization (Amp). Inhibition of phosphodiesterase, therefore, is
detected as a decrease in Amp.

[0092] Enzyme assay
Materials: All chemicals are available from Sigma-Aldrich (St. Louis, MO) except for

30 IMAP reagents (reaction buffer, binding buffer, FL-GMP and IMAP beads), which
are available from Molecular Devices (Sunnyvale, CA).
Assay: 3°,5’-cyclic-nucleotide-specific bovine brain phosphodiesterase (Sigma, St.

Louis, MO) is reconstituted with 50% glycerol to 2.5 U/ml. One unit of enzyme will
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EXAMPLE 9 Measurenment of PDELB inhibition in vitro using | VAP

Phosphodi est erase Assay Kit 10[ 0089] Phosphodi esterase 1B (PDE1B) is a

cal ci um cabreodulssrrvdependent phosphodi est erase enzyne t lratr/useom9mnd4s3s cyclic
guanosi ne nonophosphate (cGwW) to 5'-guanosi ne nonophosphate (5 -GW).
PDE1B can al so convert a nodified cGW substrate, such as the fluorescent

mol ecul e Ny el IUPLERACHNS’, 3> ANIP t6 5P AP PRfl g atPHP7{9 atB0LEC OrR. patthe
generation ofyGVP- ?I uorescein from cGVP—fI(?)Sorescei n can 15 be quantitated,

using, fonzpraissdded thE9INmmts(rrasttion busfer GO MLaClg iRyl of calmgdulin

i mmobi | i zgd- i ity i glenr 0899 Bsixehlo¥es | VAP

r eagent ﬁs%&%ﬁmirﬁo&%ﬁ %Slgﬁlbﬁ Qﬁtf}zt@%\ﬁ:@@g 6)'?p{%§§éhgtoé/tﬁgﬁ 3)|t§A found in
GWP- f | uorgele aifihabéshcBffration fGMSthUKAY. €9¢ @l of difted elesmid sohgida\Rafldedor escei n

- IMAP conplex is large relative to cGW-fl uorescejn, mal | fl uorophores

) 20
that &re ip@waeh wellimaalat Botgem 96rwell polyshrsne plte toowpicy R e di st i ngui shed
from unbag Sy, : h ] uoresce
retain t h%g‘g)gprﬁedjg{g%)@p%@ laOSOb ?W%ﬁé% g‘ﬁdseeugglg%t% rg%g(%(lis%ge ?ﬁéé¢ﬁdoérgscence.
[ 0091] | n ihdubardosightdicazyme fsel anipat, roateinperateescei n, whi ch cannot be

bound to I MAR, and therefqre retains little fluorgescenc ol arization, is
ponverted.[B@BiS G\/Fi}fq ‘F&?WW“\%SPE?E“@B&WB&??&X f)oql%ﬂ&g @Pﬁsds a large
I ncrease én9¥ﬁ1£ HRd GREARE SRR | éaﬂls&&u(a&rwutidnr(glzlzlstumirpi 384-well

phosphodi esterase, therefore, is detected as a decrease in Anp..
[ 009A0EN ayiveotdergdste. Thehteaetical is inciibated e dinkat socn éeraperituztfos 16 maim

Si gma- Al dgich (St.. i . eXC far,.30 | MAP r t reagt buffer,
bi ndi ng bUISEFCHORS @%’d;qyda% %tgfg)fj%l)&%ﬁg%regggntgigﬁ%pé@lu{em P gin ri)I ecul ar
Devi ces (sdidii\tihding Si¥fer AppRYHented Wwith ¢VNBDD Eilatieh 6P4ritearapRCdath evellovi ne

brai n phosphodi est er ase Sluama,' St. Louis, M) is recaonstituted with 50%
gl ycerol @ @93%4-w)eﬂ1p.lat0?é‘le ate ipincubaighet rapm| tempgigtuse Yorel hou to allow of

1009 par 10 LA RFteclP g ilof dFhert e RN EN RS, U000 1
P2277)s5, 1@rchdpTate SeaEr(HotkifiE Rner] Shtitdwy CT2 to edSirBHe, ludbr@5ehdiaN3) to yiel d a

final concentration of 1.25mJm. 99 pl of diluted enzyne solution is added
5i nto eackPlatzation (AEPY| at bottom 96-wel | pol ystyrene plate to which 1 |A of

test conp ;Ug&ﬂ di SSoA Viegreh &t iﬁ@l%g%%ﬂtﬁti%H,qﬂgasuyaleas%m%’émﬁmﬁf g mxed and

pre-incub d'wth the enzyne mn at roomtenperature.
indicative of inhibition of PDE activity. ICsq values are determined by measuring

enzyme activity in the presence of 8 to 16 concentrations of compound ranging from
20  0.0037 nM to 80,000 nM and then plotting drug concentration versus AmP, which
allows ICsq values to be estimated using nonlinear regression software (XLFit; IDBS,
Cambridge, MA).
[0095] The Compounds of the Invention may be selected and tested in an
assay as described or similarly described herein for PDE]1 inhibitory activity. The
25  exemplified compounds of the invention generally have ICsq values of less than 1pM,
e.g., some less than 250nM, some less than 10nM, some less than 5SnM, e.g., the
Compounds of Examples 1, 2 and 3 generally have ICs, values of less than 250 nM.

Example 10
30 PDEIl inhibitor effect on sexual response in female rats
[0096] The effect of PDEI inhibitors on Lordosis Response in female rats
may be measured as described in Mani, et al., Science (2000) 287: 1053.

Ovariectomized and cannulated wild-type rats are primed with 2 pg estrogen followed
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[ 0093] The FL-GWP conversion reaction is initiated by conbining 4 parts
enzyne and inhibitor mx with 1 part substrate solution (0.225 pM in a
384-wel | WO 2nioomeot4bt er pl ate. The reaction i s incubat edPCl/usaso/oa¢439 oom
tenmperature for 15 min. The reaction is halted by addition of 60 pl of

bi ndi ng reagent (1:400 dilution of | MAP beads in binding buffer

suppl emenisghutd fafer by 18P efibkNenBicu®dr (R irdj@ivh of prexrsterom! (b @, RIIEL 384- wel |
plate. The plate is incubated at roomtenperature for 1 hour to allow I VAP
bi ndi ng tiohibitorsexd thet presemtrpriventiom (0. himg, 1.Amg g5 2a3meg) drsesameRnilvelliga nul ti node

15 m cropl ate der, (PerkinEl ner, Shelton,. asur fl uorescence
pol ari z atdcﬁlﬁrctlgkﬁ%f rats gffgt&ftﬁd E%@? tdosis TP nc?g‘)hgllg%?nrcat(’?%ha?e #gsgs ured as

decr eased HMPsis FeSpordd i€ Qlanvifie@ by ithdiobddsisaquotientRDY aatimbei ¥f lotddsld/Mal ues are
determ ned by neasuring enzynme activity in the presence of 8 to 16

concerdt r anpwtisxdPOkonpound rangi ng from 20 0.0037 nMto 80,000 nM and then
plotting drug concentration versus AnP, which allows | C50 values to be
estimated using nonlinear regression software (XLFit; |IDBS, Canbridge, M.
[ 0095] The Conpounds of the Invention nmay be selected and tested in an assay
as described or simlarly described herein for PDEL inhibitory activity.
The 25 exenplified conpounds of the invention generally have |1 C50 val ues of
| ess than 1pM e.g., sone |ess than 250nM sone |ess than | OnM sone | ess
than 5nM e.g., the Conpounds of Exanples 1, 2 and 3 generally have | C50
val ues of |ess than 250 nM Exanple 10 30 PDEl inhibitor effect on sexual
response in female rats [0096] The effect of PDEl inhibitors on Lordosis
Response in fermale rats nay be neasured as described in Mani, et al.,

Sci ence (2000) 287: 1053. Ovariectom zed and cannul ated wild-type rats are
primed with 2 pg estrogen followed 24 hours |ater by

i ntracerebroventricular (icy) injection of progesterone (2 |lag), PDEl

i nhibitors of the present invention (0.1ng, 1.0ng or 2.5ny) or sesane Oi
vehicle (control). The rats are tested for |ordosis response in the
presence of male rats. Lordosis response is quantified by the |ordosis
quotient (LQ = nunber of lordosis/10 5 nmounts x 100). CLAIMS
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What is clained is: 1. An optionally substituted 3-(thio, sulfinyl or
sul fonyl)-7,8-di hydro-(1H or 2H)-

5i m dazo[wp2en}gyr4azol o[ 4, 3-e] pyri m di n-4(5H) - ones or orCa/Gsadsnd4as ed
3-(thio, sulfinyl or sulfonyl)-7,8,9-trihydro-(1H or

2H) - pyri m do[ 1, 2-a] pyrazol o[ 4, 3- e]pyrimdin-4(5H)-one, in free or salt
form cLAMShe conmpound according to claim1, wherein said conpound is a
Conmpound of 10Formula Il Formula Il wherein (i)Lis S, SO or SO2; 15(ii)Rl
is Hor (Wh%illkylﬁlm%i.l@i, met hyl or ethyl); (iii) R& is Hor C1 -6 alkyl
(e.g., nethyl, isopropyl) and R2 and R3 are, independently, H or Cl_6alkyl
(e.g., nmethyl or isopropyl) optionally substituted with hal o or hydroxy

(e. 9., R2A.and opBomdlly substitutedt3h(thio, sulfil?l drsulfomyiy 7 R3dihgdnoedl bydr, 2kk hy |

i sopraopyl or hydroxyethyl), aryl, 20heteroaryl, (optianall .

het er §) ar y| Bridaga) 1. 2radpyrpgial 4 3r< yrigy ?‘a&?%%ofe%‘éq RY# S St‘ﬂﬁg%lﬁﬁﬂ’l*% t oget her
forma 3- t AVTRTREN b RGy i ; 12981 -.forma di-,
tri- or tet %llellﬁ% hylglrfglggjr ?’gg)etr?{ggg.(n\?\ﬁ}e?g? y?ﬁ% @,2%8 R4 E)!)Kg?get her have
the cis conélpgtimidinei(SHeoge, in Howlesdt fomm. car bons carrying R3 and R4 have
the R and S configurations, respectively); (iv) RS is d) -DE-F, wherein:

2. The compound according to claim 1, wherein said compound is a Compound of

10 Formula I1
O L_Re
R1\N)Hj<
B
=
N“" "N N\R5
R /\ | [ ]n(\
2 Ry R4
Formula II
wherein
) Lis S, SO or SOy;
15 (i1) R, is H or C,4 alkyl (e.g., methyl or ethyl);

(iii) Ry is Hor Cy alkyl (e.g., methyl, isopropyl) and R; and R; are,
independently, H or C,_salkyl (e.g., methyl or isopropyl) optionally
substituted with halo or hydroxy (e.g., R; and R3 are both methyl, or R;
is H and R3 is methyl, ethyl, isopropyl or hydroxyethyl), aryl,
20 heteroaryl, (optionally hetero)arylalkoxy, (optionally hetero)arylC;.
salkyl or R; and Rj together form a 3- to 6-membered ring;
or
R, is H and R; and R4 together form a di-, tri- or tetramethylene bridge
(pref. wherein the R; and R4 together have the cis configuration, e.g.,
25 where the carbons carrying R3 and R4 have the R and S configurations,
respectively);
(iv) Rsis
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is C _aal kylene (e.g., nethylene, ethylene or prop-2-yn-1lylene); 1is a
singl e bond, C24al kynyl ene (e.g.,arylene (e.g., 5phenyl ene) or

het er oar yWene1wsg9, pyridylene); Fis H aryl (e.g., plremgiSpg09/006439
heteroaryl (e.g., pyridyl, diazolyl, triazolyl, for exanple, 10pyrid-2-yl,
i m dazol -1-yl, 1,2,4-triazol-1-y1), halo (e.g., F, Br, d), hal oG 4al kyl
(e.g., trifl uororret hyd) ,-D-B-B) wi¥kein: - N(R16) (R17), 15-5(0) 2R21 or

C3 7cyc| oal kyl opti onal Ilg containing at |east one atom selected froma
group consisting of N orDas Cesalkyleng/(gigogasthylene,cylefsetaropr oy bi i di nyl

(e.g., pyrrolidin-3- yl), h,% ghydro 2H-pyran-4-yl, or norpholinyl);
20wherein D, E and F are indepéndently and optionally substituted wth one

or nore halo (e.g., F, G ivdsiBslkbokil, @ajalyhylete ¢.g., ¥€ELY), )arylene (e.g.,
5 phenylene) or heteroarylene (e.g., pyridylene);
Fis
H,
aryl (e.g., phenyl),
heteroaryl (e.g., pyridyl, diazolyl, triazolyl, for example,

10 pyrid-2-yl, imidazol-1-yl, 1,2,4-triazol-1-yl),
halo (e.g., F, Br, Cl), ‘
haloC,4alkyl (e.g., trifluoromethyl),

-C(0)-Ris,
-NR16)(R17)s

15 -S(O);Ry) or

Cs.7cycloalkyl optionally containing at least one atom
selected from a group consisting of N or O (e.g.,
cyclopentyl, cyclohexyl, pyrrolidinyl (e.g., pyrrolidin-3-
yl), tetrahydro-2 H-pyran-4-yl, or morpholinyl);

20 wherein D, E and F are independently and optionally
substituted with one or more

halo (e.g., F, Cl or Br),
Ci.aalkyl (e.g., methyl),
haloC, 4alkyl (e.g., trifluoromethyl),

25 for example, F is heteroaryl, e.g., pyridyl substituted with one
or more halo (e.g., 6-fluoropyrid-2-yl, 5-fluoropyrid-2-yl,
6-fluoropyrid-2-yl, 3-fluoropyrid-2-yl, 4-fluoropyrid-2-yl,
4,6-dichloropyrid-2-yl), haloC;4alkyl (e.g., 5-
trifluoromethylpyrid-2-yl) or Cj4alkyl (e.g., 5-methylpyrid-

30 2-yl), or F is aryl, e.g., phenyl, substituted with one or more
halo (e.g., 4-fluorophenyl) or F is a Cs.7heterocycloalkyl
(e.g., pyrrolidinyl) optionally substituted with a C,.alkyl
(e.g., 1-methylpyrrolidin-3-yl); or
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hal oCl4al kyl (e.g., trifluoronethyl), 25for exanple, F is heteroaryl, e.g.,
pyridyl substituted with one or nore halo (e.g., 6-fluoropyrid-2-yl,
5-f | uor opyoi2dtodeyi49 6-fl uoropyri d-2-yl, 3-fluoropyri d- 2PgIr[US2009/006439

4-f| uoropyrid-2-yl, 4,6-dichloropyrid-2-yl),

hal oCl4al kyl (e.g., 5-

trifluoronethyl pyrid-2-yl1) or Cl4al kyl (e.g., 5-nethylpyrid- 30or Fis
aryl, e.g., phenyl, sypsddibdtigeedmeidto@iprilloi, 181 subtituted @ith haloalkyl;

4-fl uorophenyl) or Fis a C3 _7heterocycloal kyl (e.g., pyrroli di?ﬁnyl')
optional |y substituted vittaphéd topngof Khenifrageyis onthepyregoloynortien of n-3-y1): or

e) a substituted heteroag

A(yﬁnd Sa

oie

U

%§| & [ AVFECTs) WI t h hal oal kyl ;
attached to one of the ni roll;ens on ?ﬁe 1gyrzsal:tzo(lgrltno portion of Forrmula I and
is a moiety of Fornula A R12 XZ F2(YRLO 1 R&iFornmul a A wherein X, Y and

Z are, independently, Nor C and R
or halogen (e.g., O or F), and R Q¢
het eroC3_7cycl oal kyl (e.g., pyrroli
(e.qg., trifluoronethyl),

RO, RIi

nd R12 are independently H
C3 _7c p@l1oal kyl,
nginyl ), C _ahal oal kyl

R Y R1o
L
5 Formula A
wherein X, Y and Z are, independently, N or C, and Rs, Rg, Ry;
and-R;, are independently H or halogen (e.g., Cl or F), and Ry
is
halogen,
10 Cjaalkyl,
Cs.scycloalkyl,
heteroCs.scycloalkyl (e.g., pyrrolidiny! or piperidinyl),
C,4haloalkyl (e.g., trifluoromethyl),
aryl (e.g., phenyl),

15 heteroaryl (e.g., pyridyl (for example pyrid-2-yl), or
thiadiazolyl (e.g., 1,2,3-thiadiazol-4-yl)), diazolyl,
triazolyl, tetrazolyl,

arylcarbonyl (e.g., benzoyl),
alkylsulfonyl (e.g., methylsulfonyl),
20 heteroarylcarbonyl, or
alkoxycarbonyl,
wherein said aryl, heteroaryl, cycloalkyl or heterocycloalkyl is
optionally substituted with one or more halo (e.g., F or Cl), C,.
salkyl, Cj4alkoxy, Cjshaloalkyl (e.g., trifluoromethyl), and/or -
25 SH,

provided that when X, Y, or Z is nitrogen, Rg, Ry, or Ry,

respectively, is not present;

(v) Rgis
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aryl (e.g.,

t hi adi azolyl (e.g.,
t et razol yWo 2arydesapbonyl (e.g., benzoyl), al kyl sul fonyl PC&/U$2009/006439
fonyl), heteroaryl carbonyl, or al koxycarbonyl, wherein said aryl,
het eroaryl, cycl oal

met hyl sul

(e.qg., trifluoronethyl

ni t rogen,
1 4al kyl
phenyl ),

5het er oaryl

phenyl ), heteroaryl (e.g., pyridyl (for exanple pyrid-2-yl),

1,2, 3-thiadiazol -4-y1)), diazolyl, triazolyl,

kyl or heterocycloal kyl is optionally substituted with
one or nore halo (e.gHy, For d), C_ 4alkyl, G _aal koxy, G _ahal oal kyl

, and/or - SH, provided that when X, Y, or Zis
Rg, R9, O Rialkykggecnethgl)y, is not present; (v)R6is H C

e.g., nethyly, | gal kyil 9., cyclopentyl), aryl (e.qg.,
(et y(%?‘&%?"%@ic(& r’,°y¥18Pé“3&l§mpl e?/ pylroi d-Z-;l), gry(lmgal kyl

(e.g., benzyl), aryl aaiyie.ggpbenylphenyl am no), heteraryl am no,
N, N- di5014al kyl am no, 10N, N-di aryl am n

10

15

20

25

30

(vi)
(vii)

(viii)
(ix)
(%)

(x1)
(xii)

heteroaryl (e.g., pyridyf for example, pyrid-4-yl),
arylC,_4alkyl (e.g., benzyl),
arylamino (e.g., phenylamino),
heterarylamino,
N,N-diC;4alkylamino,
N,N-diarylamino, )
N-aryl-N-(arylC,4alkyl)amino (e.g., N-phenyl-N-(1,1°-biphen-4-
ylmethyl)amino), or
-N(Ris)(Ri9);
wherein the aryl or heteroaryl is optionally substituted with one or
more halo (e.g., F, Cl), hydroxy or C;_alkoxy (e.g., methoxy),
for example, Rg is 4-hy&roxyphenyl or 4-fluorophenyl,
n=0or1;
when n=1, A is -C(Rj3R4)-, wherein R;3 and R4, are, independently, H
or Cj4alkyl, aryl, heteroaryl, (optionally hetero)arylC,.salkoxy or
(optionally hetero)arylC,_4alkyl or R;3 or Rj4 can form a bridge with R;
or Ry; ) _
R)s is Ci4alkyl, haloCalkyl, -OH or —OC, 4alkyl (e.g., -OCHa)
R and R, are independently H or C;4alkyl;
Rig and R are independently H, C,.4alky, Cs.scycloalkyl, heteroCs.
scycloalkyl, aryl (e.g., phenyl) or heteroaryl, wherein said aryl or
heteroaryl is optionally substituted with one or more halo (e.g.,
fluorophenyl, e.g., 4-fluorophenyl), hydroxy (e.g., hydroxyphenyl, e.g.,
4-hydroxyphenyl or 2-hydroxyphenyl), Cj.salkyl, haloC;¢alkyl, C;.
salkoxy, aryl,heteroaryl, or Cs.gcycloalkyl,
Ry is H, Cj4alkyl (e.g., methyl) or Cs.scycloalkyl,
R, is C¢alkyl;

in free, salt or prodrug form.

3. The compound according to claim 1, wherein said compound is a Compound of
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N-aryl-N-(aryl G _4al kyDam no (e.g., N-phenyl-N-(1,1'-biphen-4-

yl met hyl )am no), or -N(R18)(R19); wherein the aryl or heteroaryl is
opt i onal lwo=utmisstsat ed with one or 15nmore halo (e.g., FPCTUS2000p0640Xy oOF

C _6al koxy (e.g., net hoxy), for exanple, R6 is 4-hydroxyphenyl or

4-f| uorophenyl, (vi) n 0 or 1; (vii) when n=1, Ais -C(R13R14)-, wherein
R13 and R14F01§ma1| ndependently H or G _aal kyl, aryl, heteroaryl
(optionally hetero)aryl G 4al koxy or 20(opti onal I y het ero) arylCl 4al kyl or
R13 O R14 can forma bridge with or R4; (viii) R15 is Cl1_4alkyl,

hal oG 4al kyl, -OH or -0Cl_4al kyl (e.g., - OCI-B_)—eFQé) R16 and R17 are

i ndependently H or G _aal kyl  (x) are i ndependently H, Clal ky,
C3_8cycl oal kyl , heteroC3_ ZSBWSJ (e-g., phenyl) or heteroaryl,
wherein said aryl or heteroaryl i'$ opti substituted with one or nore
halo (e.g., fluorophenyl, e.g., 4fluor léﬁo hydroxy (e.g.,

hydr oxyphenyl, e.g., 4-hydrox xyphenyl ), Cl_6al kyl,

hal oC1_6al kyl , Cl 6al koxy, ary eterMaryl, 'or dg8cycioal kyl, 30(xi)R20 is
H, C _aal kyl (e.g., nethyl) or /gycl oal kyl, (xii)R21 is G _6alkyl; in
free, salt or prodrug form . onpound according to claim1, wherein
sai d compound is a ConpounByof

Ry,
Formula I
wherein
5 (1) L is a single bond, S, SO or SO3;

(ii) R, is H or C;4 alkyl (e.g., methyl or ethyl);
(iii) Ry is Hor Cy4 alkyl (e.g., methyl, isopropyl) and R, and R; are,
independently, H or C;.¢alkyl (e.g., methyl or isopropyl) optionally
substituted with halo or hydroxy (e.g., R; and R; are both methyl, or R;
10 is H and Rj is methyl, ethyl, isopropyl or hydroxyethyl), aryl,
heteroaryl, (optionally hetero)arylalkoxy, or (optionally hetero)arylC,.
calkyl;
or
R, is H and R3 and R4 together form a di-, tri- or tetramethylene bridge
15 (pref. wherein the R; and R4 together have the cis configuration, e.g.,
where the carbons carrying R; and R4 have the R and S configurations,
respectively);
(iv) Rsis
a) —D-E-F, wherein:
20 D is C,4alkylene (e.g., methylene, ethylene or prop-2-yn-1-
ylene);
E is a single bond, C,4alkynylene (e.g., -C=C-), arylene (e.g.,
phenylene) or heteroarylene (e.g., pyridylene);
F is H, aryl (e.g., phenyl), heteroaryl (e.g., pyridyl, diazolyl,
25 triazolyl, for example, pyrid-2-yl, imidazol-1-yl, 1,2,4-
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Formula | Fornmula | wherein 5(i)L is a single bond, S, SO or SO2; (ii) Rl
iIs Hor Cl-4 alkyl (e.g., nethyl or ethyl); (iii) R4 is Hor Cl_6 alkyl
(e.g., nmawbybiodesapr opyl) and R2 and R3 are, independen®lCy/USkDoo004339 6al kyl
(e.g., nmethyl or isopropyl) optionally substituted with halo or hydroxy
(e.g., R2 and R3 are both nmethyl, or R2 10is H and R3 is nethyl, ethyl,

i sopropyl or hydroxyet hyl) triggo)l .yl @hRr@al,H, Br(Op} haio@ Jajkyl (e.g.,
het er o) aryl al koxy, or (optionally hetero)arylC 6alkyl; or R2 is H and R3
and R4 together form a di - triflygromgthybetG lhyll\gﬁef’)é?lwg%(@é%%@épﬁ- wher ei n

the R3 and R4 together havzc}1§i1()edl 'lépﬁgﬂr};‘ﬂygﬂﬁqﬁig at l%aﬁ-one‘ﬁ’tb?ﬁgeflé & car bons

carrying R3 and R4 have th an rgurations, respectively); (iv) R5
is a) 2-DE— F, Ymerei n: 20Dfiosn Lgralpkephsining &f M or Onetdrydyelopeniyl,hyl ene or

prop-2-yn-1- ylene); E is a single bond, C24al kynyl ene_(e.q. ene (e.g.,
phenyPene) or heteroaryl enéy‘{lﬁh‘ij‘.yi Hﬁﬁoﬂd%yéﬁ@'z yrtolidin-3y1), tetr%{‘}/‘lm' Fis

H aryl (e.g., phenyl), hetz?f-ﬁﬁﬁé(-'4-)(l?oxgmordﬁ)ﬂﬁhﬂ¥;| , diazolyl,
wherein D, E and F are independently and optionally
substituted with one or more halo (e.g., F, Cl or Br), C;.
salkyl (e.g., methyl), haloC,4alkyl (e.g., trifluoromethyl),
10 for example, F is heteroaryl, e.g., pyridy! substituted with
one or more halo (e.g., 6-fluoropyrid-2-yl, 5-fluoropyrid-2-
yl, 6-fluoropyrid-2-yl, 3-fluoropyrid-2-yl, 4-fluoropyrid-2-
yl, 4,6-dichloropyrid-2-yl), haloCalkyl (e.g., 5-
trifluoromethylpyrid-2-yl) or C;4alkyl (e.g., 5-methylpyrid-
15 2-yl), or F is aryl, e.g., phenyl, substituted with one or more
halo (e.g., 4-fluorophenyl) or F is a Cs.7heterocycloalkyl
(e.g., pyrrolidinyl) optionally substituted with a C;.alkyl
(e.g., 1-methylpyrrolidin-3-yl); or
b) a substituted heteroarylalkyl, e.g., substituted with haloalkyl;
20 c) attached to one of the nitrogens on the pyrazolo portion of

Formula I and is a moiety of Formula A

Ri2
Rq4
C
X /Z
RB/ \T/ \R10
Rg
Formula A

wherein X, Y and Z are, independently, N or C, and Rs, R, Ry;
25 and R, are independently H or halogen (e.g., Cl or F), and Ryo
is halogen, Cj4alkyl, C;;cycloalkyl, Cishaloalkyl (e.g.,
trifluoromethyl), aryl (e.g., phenyl), heteroaryl (e.g., pyridyl
(for example pyrid-2-yl), or thiadiazolyl (e.g., 1,2,3-thiadiazol-
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25triazolyl, for exanple, pyrid-2-yl, imdazol-I-yl, 1,2,4- triazol-1-yl),
halo (e.g., F, Br, d), haloCl_4al kyl (e.g., trifluoronethyl), -C(0)-R15,

- N(R16) ( Rr@)2p10/0660Q»2R21 or C3_ 7cycl oal kyl optional |y ceoTAiSpem@®oas9 | east
one atom selected froma group consisting of Nor O (e.g., cyclopentyl,
cycl ohexyl, pyrrolidinyl (e.g., pyrrolidin-3-yl), tetrahydro2H pyran-4-yl,

or norpholinyl); wherei 4-Bl)) HiaotFrazelyi, idepenteairylcyrband @pt,i onal |y
substituted with one or nore halo (e.g., F, d or Br), Cl 4alkyl (e.g.,
methyl ), haloCL. 4al kyl (eengoyD.alkylsulfanghte.gymythylsyoaYdmpie, F is
heteroaryl, e.g., pyridy i i : .

6-fl uoropyrid-2-yl, 5-f l1{11%?%g@ﬁ%%?ﬂﬁ?{ﬁ@;?%gé}{%%{og{dgiﬁltllﬁ’a’tQ@heﬁ X,
3-fluoropyrid-2-yl, 4-flYpopy nitte@en, Rg, Ré 06 Rdd, cédpectoyy, iisin@-prasent;

hal oCl - 4al kyl (e.g.., 5- trifluoronethylpyrid-2-y1) or G _4al kyl (e.g.,
5-met Ryl pyri dd¥y1) R F is aryl, e.g., phenyl, substituted with one or
nore halo (e.qg., 4-fl ﬁ)rophenyl ) or Fis a C3_7heterocycloal kyl (e.g.,
pyrrolidinyl) optionally substituted with a Cl_6alkyl (e.g.,

1- met hyl pyrrolidin-3-¥ikalkgk, b) a substituted heteroaryl al kyl, e.g.,

substituted wth hal oal kyl ; ttached t ne of the nitrogens on the

pyrazol o portion of Fg!r3ﬁ%‘f°5°qq})qé{28gi’§y§loﬂﬂ}qél§)y of Formula A R12 XZ RBRio RO

Formul a A wherein X Xr}qrqgﬁ;pﬁé@q,i ndependently, N or C and R38, R9, Rl1
y Hor

and R12 are independentl hal'ogen (e.g., G or F), and R o is hal ogen,
G 4allyl, C3_7cycl oal kyteroarglahagl.aurikyl, fereexgmple; pyfiffoyldmet hyl ), aryl (e.g.

phenyl), heteroaryl (e.gn, ni.dyl . (faon, exanple pyrid-2-yl), or
thiadi azolyl (o g, 135Git DB bR T ATR 5050) 065 145PET US2000/ 006439

4-yl)), diazolyl, triagghmino (egl,/pheayMming| yl carbonyl (e.g., benzoyl),
al kyl sul fonyl (e.g., nethylsulfonyl), heteroaryl carbonyl, or
al koxycar bonyl ; provi hegrarglaminden X, Y, or Z is nitrogen, Rg, R9, or RD),

respectively, is not W,ﬁ§(ﬁ&tl_;4alkylamino,
15 N,N-diarylamino,
N-aryl-N-(arylC;4alkyl)amino (e.g., N-phenyl-N-(1,1’-biphen-4-
ylmethyl)amino), or
-N(R18)(Ri9);
wherein the aryl or heteroaryl is optionally substituted with one or
20 : more halo (e.g., F, Cl), hydroxy or C,_alkoxy (e.g., methoxy),
for example, R¢ is 4-hydroxyphenyl or 4-fluorophenyl,
(vij n=0orl;
(vil) when n=1, A is -C(R;3R4)-, wherein R;3 and R4 are, independently, H
or C4alkyl, aryl, heteroaryl, (optionally hetero)arylC,4alkoxy or
25 (optionally hetero)arylC,4alkyl;
(viii) Rys is Cy4alkyl, haloC4alkyl, -OH or -OC, 4alkyl (e.g., -OCH3)
(ix)  Rj¢ and R,7 are independently H or C,alkyl;
x) R, and R g are independently H, C,_4alky or aryl (e.g., phenyl)
wherein said aryl is optionally substituted with one or more halo (e.g.,
30 fluorophenyl, e.g., 4-fluorophenyl) or hydroxy (e.g., hydroxyphenyl,
e.g., 4-hydroxyphenyl or 2-hydroxyphenyl)
(xi) Ry is H, Cj4alkyl (e.g., methyl) or C;3.scycloalkyl,
(xii)) Ry is Cjealkyl.
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5 (v) RBis 10 15 H, G _aalkyl, C3_7cycloal kyl (e.g., cyclopentyl), aryl
(e.g., phenyl), heteroaryl (e.g., pyridyl, for exanple, pyrid-4-yl),

aryl G _aawvlybiowsge, benzyl), arylamno (e.g., phenyl aniPao)us2009/006439

het eraryl am no, N, N-di G . 4al kyl ami no, N, N-di aryl am no,

N-aryl-N-(aryl G _4al kyl )am no (e.g., N phenyl-N-(1,1"-biphen-4-

yl met hyl ) am no), or -N(R 1 8)(R19);

4. The compound according to claim 1,2 or 3, selected from any of the following:
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wherein the aryl or heteroaryl is optionally substituted with one or 20
(vi) nore halo (e.g., F, d), hydroxy or Cl_6al koxy (e.g., nethoxy), for
exanpl e, W0 208/065ta9dr oxyphenyl or 4-fl.uorophenyl, n = 0Pom/uB2009(06439 when
n=1, Ais -C(R13R14)-, wherein R13 and R14, are, independently, H or

C _aal kyl, aryl, heteroaryl, (optionally hetero)aryIC|4aIkoxy or 25
(optlonally hetero)ar CI-4aIkyI (viii) 5Ys Ci 4al kyl, hal oG _aal kyl,
-OH or -0Cl1_4al kyd FCI}B) (1 xp RIS R17 are |ndependently H or
G 4al kyl ; 30 ( ‘-- R19 are indej H, Cl_4alky or aryl (e.g.
phenyl) mhereN aryI is option tituted with one or nore halo
(e.q. quoro he 4 fluoreg droxy (e.g., hydroxyphenyl,

)
e.g., 4 hyd h hydroxy?ﬁigyl)

b b
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in free or salt form.

5. The compound according to claim 1,2 or 3, selected from any of the following:



(xi) (xii) R0 is H C _aalkyl (e.g., nmethyl) or C3_7cycloal kyl, R21 is
Cl 6allcyl. 4. The conpound according to claim1,2 or 3, selected from any
of the fowbawiongs149in free or salt form 5. The conpouRdTASC@9M)6IZIt O
claiml1,2 or 3, selected fromany of the followi ng: WO

2010/ 065149PCT/ US2009/ 006439 in free or salt form 5 6. A pharnaceuti cal
conposi tion gonprd.si ng a conpound according to any of claims 1-5, in

adm xture w a/pharmaceuti cal | % accep e diluent or carrier. 7. A
met hod of HNealf ng_any of the fgﬁtg%fn \condi ti ons: Parkinson's disease,

restless ‘QL~ ;=re , dysk?N Si Hunti ngton's di sease, Alzheinmer's

di sease, and,drug- imdused nnggnn -\€$Sorders; depression, attention
deficit di der, at i figit ivity disorder, bipolar
illness, anfiety, sleep\disor , har colN\eps cognitive inpairnent,
denentia, Tourette's s ) tism fragy X syndrone, psychosti nul ant

\ =0 O "'S:

0 g
~ —
N
)\)r'“ 2Ly
NN "N NZ>NT N
/4

NN NN
F F

/
O O=q._
~ S\O
—
“)Hjﬁ
NN~ "N

N
b ~\

and

in free or salt form.

6. A pharmaceutical composition comprising a compound according to any of claims

1-5, in admixture with a pharmaceutically acceptable diluent or carrier.

7. A method of treating any of the following conditions: Parkinson’s disease, restless
10 leg, tremors, dyskinesias, Huntington’s disease, Alzheimer’s disease, and drug-
induced movement disorders; depression, attention deficit disorder, attention
deficit hyperactivity disorder, bipolar illness, anxiety, sleep disorder, narcolepsy,
cognitive impairment, dementia, Tourette’s syndrome, autism, fragile X
syndrome, psychostimulant withdrawal, and/or drug addiction; cerebrovascular
15 disease, stroke, congestive heart disease, hypertension, pulmonary hypertension,

and/or sexual dysfunction; asthma, chronic obstructive pulmonary disease, and/or
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15di sease, stroke, congestive heart disease, hypertension, pulnonary
hypertensi on, and/or sexual dysfunction; asthma, chronic obstructive

pul nonar ywaoi2emassi49and/ or allergic rhinitis, as well aspamtusonmnasand

i nfl ammat ory di seases; and/or fenmal e sexual dysfunction, exercise
anmenorrhoea, anovul ati on, nenopause, nenopausal synptons, hypothyroidi sm

pre- nenst r Ugllergi¢ FMATEE as ReR A8 hoSnARObnd inflaBinhdtbiyl diseasés; agd/bafeniiéIst r ual
cycles, abnormal uterine bleeding, osteoporosis, nultiple 5sclerosis,

prost at e ensexngledrsfinctipn.oxcernise amanosthoeh anoHytW!, HesRPaUsst merepausalduced

endonetrial _hyper pl.asi . i , Y. di . Ltion
characteri z@'dx 9“%@303}1\7315@%%%’%5%%%5&@ %‘9‘!{&% }frg}rnal nﬁ?aéﬁl 1%%?@? CAMP

and/ or cGVPirfdgglamengtrigdicheiey,abnbtindl @ltdrimei¢pdans ostgopddhdis, mulipr by reduced
dopami ne D1 receptor signaling activity; and/or any. disease or, condition
that fay bescloapisi prestaicsylasgernen, RIRHAISCaResTt hbaﬁfoﬂﬁfr@g‘é%%eqssﬂ%enginar\%q i ng;

compr i s119. g ALLRRIAN & LEGLYE. AR Ahy BlschesatBMRinaccor i ng Lo any
or a a

of clainms 1-5, maceut | cal conposition according to claim6, to a
patient in ceesctaizedbyHotvleadlsrefit AMPS\d/ofhv& VB ( roidhibitia eff GANIP anldéorei n t he

condition is_Parkinson's disease. 9. The ne of ,,cl.aim,7 erei.n the
condition i G gﬂg‘?aﬁ\% H%yﬁiﬁ‘rﬁe.lls fopresyiee hﬁgﬁoﬂfdé‘?r By féf‘H‘?ef‘%‘iRﬁ%‘ﬂ‘éﬁ n the
condi tion i ?)lr}@&?%r% lin%gct%\lity; 188 of By @de RE of LM dRidiPthbtmbi®E conpri sing

adm ni stering a conpound or corpounds selected fromcentral nervous system
st i mil0ant s, ameliahiedibly, thamhaepmestapregesenuhegignatingyehmpismg yrate, to a
patient in need.thereof. 2%12. The net hod of .claim 7. V\hergilra]lirgsay_g

condi tion i ATPRYSHFTINEAR GIETCUYS 2manRt i dheompoungaecqrding 1 agy oL pmS 5. ¢ 1 ¢ her
conpri si ng gfapRirffaBéitieal @orﬁﬁkfﬁlﬂiﬂ%c@fdin?ﬂ'ém&ﬂﬁ@, t6 @lpatie@dn heedpBsughoup
consisting of estradiol, estriol, estradiol esters, progesterone and
progestins treatmephtient in need thereof. 30 14. A nethod for the treatnent
of treatnent for glaucona or elevated intraocul ar pressure conprising
topical admi nistration of a therapeutically effective anount of a conpound

accordi ngg.t Thametid ofl cddifB7, whereinhthd ¢@itivn ipParkimoaty disalst.y accept abl e sal t
form in an opthalmcally conpatible carrier to the eye of a patient in
need thereof. 15. A nethod for the treatnent of psychosis, schizophrenia,

schi zoal fecihy th M dtlim PIRAARK EHARITT Abalide ImpARHGROL T © di sor der
del usi onal disorder, and meni a, such as i n acute nanic epi sodes and bi pol ar
di sorder, conprising admnistering a therapeutically effective anount of a

compound lebc %ﬁg glier&lgodtoof c?a{}% 'P,fw}?elreaiin er;e g'(;nSditi(;nnls narcolepsy.
20
11. The method of claim 10 further comprising administering a compound or
compounds selected from central nervous system stimulants, modafinil,

antidepressants, and gamma hydroxybutyrate, to a patient in need thereof.
25  12. The method of claim 7, wherein said condition is female sexual dysfunction.

13. The method of claim 12, further comprising administering a compound or
compounds selected from a group consisting of estradiol, estriol, estradiol esters,
progesterone and progestins to a patient in need thereof.

30
14. A method for the treatment of treatment for glaucoma or elevated intraocular

pressure comprising topical administration of a therapeutically effective amount

of a compound according to any of claims 1-5, in free or pharmaceutically

63



free or pharmaceutically acceptable salt form to a patient in need
thereof. 1016. A nethod for the treatnent of traumatic brain injury

conpri si yoadmysspi ng to a patient in need thereof, a eoFpseed/oacedr di ng
to any of clainms 1-5, in free or pharmaceutically acceptable salt form 17.
A nmethod for |engthening or enhancing growth of the eyel ashes by

adni ni st er i f@epthbleanlt Eorin® Gh al S piARHIhIIP EorBpRHIS tagtrwthe epnef Dpatnt €. 7.
bi mat oprost, concomitantly, sinultaneously or sequentially with an

ef fective aimonesd thereaf. conpound according to any of clains 1-5, in free or
salt form 18. Use of the Conpound according to any of clains 1-5, in free

or phar eyti cal acceptable salt .for r_a phar et | nposi tion
accor di Eg%tg‘%?tg?#%%g%ﬁe tﬁ@“ﬁ%ﬁ?ﬁygf&?slﬁ’ éc%r%()pguef%%ﬁs fglrznoan eckll (R)]!r: (c\lf%%&e? T eat ment
or praphyl agdhifophfeddordisopder! R chétid @ivbraer, deinsidagdisdraskambmania, di sease,

restless leg, trenors, dyskinesias, Huntington's disease, Al zhejner's

di sease, anshchiragdn perieBaicRPisaden andibipelar disgrden compsisingradmipisiRingdn def i ci t
di sorder, apt i efek Gl i Vi i . i i SS,

anxi ety si BEpa QG EeClte BEPEIATY St BlaRLAE e o) PUAS Lo 1R
Tourette's fynorphimaeeiitically adep@blessalf fopmdo ampatiemtdy abedtheraofant

wi t hdrawal , and/or drug addiction; cerebrovascul ar di sease, stroke,
congestive heart disease, hypertension, pulnpnary hypertension, and/or
sexudl0 dyl$t Aroethod fordbe Hegtmenhpbifpumaisshraindpivge coIPHERR AJMIstEEEde 2 and/ or

allergic rhinitis, a | J nd J of | tor. L.seases;
and/ or femaP%}leél &du%qeaél\é\%%fhgt% P%g)sﬁrté@é%gg gorﬁge11 odr}q; agg?é?l %ﬁ%&%ﬁlﬁz’? ion,
menopause, priifRdRRhIIS doqRbebte sdyfoahhyr oi di sm  pre-nmenstrual syndroneg,
premature labor, infertility, irregular nenstrual cycles, abnormal uterine
bl eedi ng, osteoporosis, nmultiple sclerosis, prostate enlargenent, prostate
cancer, thétﬂ‘i?‘B@d fordapethening geenhanging egowihdditee eyedashes by admindstering

carcinoma; a . [ P b agieri el s of
cAP Bndr or SERR B B Prsilashlfda b P 2 BRiuRes, Pincoa Yl 2 ©1
cel | s expr esigulgnéyosly, orasghentially wigtaceffectiopanionst dik doagmpindracsirdingl i ng
activity; and/or any disease or condition that may be 5aneliorated by the
enhancenent [y RisiEnsdryie fsegraalt M- 19, Use of the Conpound accor di ng
to any of clainms 1-5, in free or pharnaceutically acceptable salt form or
a pharmaceutical conposition according to claim6 for the manufacture of a
medi canment8. Use of the Ganepdundraccandingrto@ny lofickirns 1 15¢ it fremor plfarmaddidicalisase or

Condi2t0i on Sgcl:c%g%a%% Ja[t%nm,g(lraauﬁl%gr%agerutigelﬂ%\é?r}p%gitiiopxtagc?o(% f%llg% RliR b 1or He
manufacture of a medicament for the treatment or prophylactic treatment of the
following diseases: Parkinson’s disease, restless leg, tremors, dyskinesias,
Huntington’s disease, Alzheimer’s disease, and drug-induced movement
disorders; depression, attention deficit disorder, attention deficit hyperactivity

25 disorder, bipolar illness, anxiety, sleep disorder, narcolepsy, cognitive impairment,
dementia, Tourette’s syndrome, autism, fragile X syndrome, psychostimulant
withdrawal, and/or drug addiction; cerebrovascular disease, stroke, congestive
heart disease, hypertension, pulmonary hypertension, and/or sexual dysfunction;
asthma, chronic obstructive pulmonary disease, and/or allergic rhinitis, as well as

30 autoimmune and inflammatory diseases; and/or female sexual dysfunction,
exercise amenorrhoea, anovulation, menopause, menopausal symptoms,
hypothyroidism, pre-menstrual syndrome, premature labor, infertility, irregular
menstrual cycles, abnormal uterine bleeding, osteoporosis, multiple sclerosis,

prostate enlargement, prostate cancer, hypothyroidism, estrogen-induced
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psychosi s, schi zophrenia, schizoaffective disorder, schizophreniform

di sorder, psychotic disorder, delusional disorder, and mania, such as in
acut e marwo 2ep/ssdes and bi pol ar di sorder; 15traunatic Pcaius2emjoosspe 20. A
pharmaceutical conprising a Conpound according to any of clains 1-5, in
free or pharmaceutically acceptable salt form in conbination or

associ at i OneNddnkbtAalMyPERFBERLGH GaadihymaCcaandraly disdhdeuptbnditionar ri er for use
in the treatnment of any 20di sease or condition selected from Parkinson's

di sease, r eshdreserizeddy lowdealsof AP anddareSMPior inhiditann of ¢ MBaad/or

2t tontion agrh eiBRuRad) (IR SR RRTPPRIAARAR S SRR DA

bi pol ar i || passceptibsig@ialing atteaty; dhd/or sier diseuse opt@ptition thagmay bee i npai r ment ,
25denentia, Tourette's syndrone, autism fragile X syndrone,

psychdst i murmatioraedyrthoarhangemerirol pregesieaIccigndingcer ebr ovascul ar di sease,
stroke, congestive heart disease, hypertension, pul nonary hypertension,
and/ or sexual dysfunction; asthma, chronic obstructive pul nonary di sease,
and/ or al 1%t of theiGumpaindascordirg taanpof claimuhe, anfile3@i pifarancetioally

di seases; and/or fenpl e sexual, dysfunction, exercise.,amenofth
anovul at i on?CCr?EH‘Bliaﬁgﬁé?w&dﬁﬁéweé‘yﬁﬂt%ﬁﬂ’@mﬂ&fwg@gg? §[ﬁ‘m3;refg’t Hnst r ual

syndrome, pLEerBEEhfe bEPRIedichiteRl fok ke tYeathEmQR Préfhy RS ifckher® BEL €S,
abnormal uterine bl eeding, osteoporosis, multiplé sclerosis, prostate

enl arlidenent dispasesir abeditamsadectedhfrpor hyr oi di sm estrogen-i nduced endonetri al

hyper pl asi a or .carci noma; d/or a di sease or condition characterized by
| ow | evel s of %ﬁ\ﬁgn}fn(?f/rgi Vaﬁ%wr?%cﬂﬁ%r?ﬁ?sﬁ\ntef on of cAMP and/or cGWP signaling

pat hways) in csybifosRe¥dHifsphidita, RBikoafftdh e disoider adbizephdniiath d8otdkr,r ecept or
signaling activity; and/or any disease or condition that may be aneliorated
by the enhancenemsychbtipdisgeder.adebiséonsl disardengnd granis sheh & IndlcaigaRaHC
i sor der, “schi zoptraisereas BTSSR AeS TS0 eNot ¢ i sorder . del usi ona
di sorder, and ti@mhaic bai@hnjasy.i n acute mani c epi sodes and bi pol ar di sorder;
and traumatic brain injury.
20. A pharmaceutical comprising a Compound according to any of claims 1-5, in free
or pharmaceutically acceptable salt form, in combination or association with a
pharmaceutically acceptable diluent or carrier for use in the treatment of any
20 disease or condition selected from:
Parkinson’s disease, restless leg, tremors, dyskinesias, Huntington’s disease,
Alzheimer’s disease, and drug-induced movement disorders; depression,
attention deficit disorder, attention deficit hyperactivity disorder, bipolar
illness, anxiety, sleep disorder, narcolepsy, cognitive impairment,
25 dementia, Tourette’s syndrome, autism, fragile X syndrome,
psychostimulant withdrawal, and/or drug addiction; cerebrovascular
disease, stroke, congestive heart disease, hypertension, pulmonary
hypertension, and/or sexual dysfunction; asthma, chronic obstructive
pulmonary disease, and/or allergic rhinitis, as well as autoimmune and
30 inflammatory diseases; and/or female sexual dysfunction, exercise
amenorrhoea, anovulation, menopause, menopausal symptoms,

hypothyroidism, pre-menstrual syndrome, premature labor, infertility,

irregular menstrual cycles, abnormal uterine bleeding, osteoporosis,
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multiple sclerosis, prostate enlargement, prostate cancer, hypothyroidism,
estrogen-induced endometrial hyperplasia or carcinoma; and/or any
disease or condition characterized by low levels of cAMP and/or cGMP
(or inhibition of cAMP and/or cGMP signaling pathways) in cells
5 expressing PDE1, and/or by reduced dopamine D1 receptor signaling

activity; and/or any disease or condition that may be ameliorated by the
enhancement of progesterone signaling;

glaucoma or elevated intraocular pressure;

psychosis, schizophrenia, schizoaffective disorder, schizophreniform disorder,

10 psychotic disorder, delusional disorder, and mania, such as in acute manic

episodes and bipolar disorder; and '

traumatic brain injury.
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