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TECHNI CAL FI ELD [ 0001] The present invention relates to optionally
substituted 4,5,7,8-tetrahydro- (optionally 4-thioxo or 4-imno)-(1H or
211)-i m dazo[ 1, 2- a] pyrazol o[ 4,GREANCI COKIPTRINNDS
4,5,7,8,9-pentahydro-(optionally 4-thioxo or 4-imno)-(1H or

211) - pyri m do[Thisapphigatignslpimsdirsridy fog] By Pravdsieral AmphieaitaisNopr ef er abl y
Conmpounds [, I~ & scr{hed | ow, S L hei [ ction,
their use ;sl zg%grl ﬁg%glﬂelchglggr é;fnjé)% ghtz}algﬁg%tgﬁtts E%(lfzglﬁl?czloar?}igagér% H E)rtr}g)ré%%ﬁ?iggi ng
them O pefetencélinttheirehgfe®st are novel conpounds useful as inhibitors of
phosphodi esterase 1 (PDEl), e.g., in the treatnment of diseases involving
di sordérs of the dopanine Dl receptor intracellular pathway, 15such as

Par ki nson' s di sease, depression, ?ﬁm amage to cognitive function,
e.g., in schizophrenia, or di sorT ers ﬁ]ﬁ?%ﬁ%ﬁbe anel i orated t hrough

enhanced pf@ast eThoersegnalemmpnpalatesay pptiorglly stlestitbted 48x18ltetehhytoact i on.

I(3 éDEs) hg %P?:l?é‘g }I’Eﬁldgl&\ﬁl’flz‘wﬁ:r %ﬁ&)—@%&%pﬁ%&#aﬁ&%ol [{43351 ]T‘J?’Idl}nelgltng rases
Ca2+- cal mz,qﬂu!ﬂ,ﬂs,@%ﬁ&@ﬁ&h@&%gmduetﬁfo%%%aanﬁﬁl& @@Em) ANRopesn shown

to medi ate both the calciumand cyclic nucl eot . 0. EpNP and cGWP)
si gnallDng ajmtrimedof4,3-elhprimidise cénpowndSapve febibly EnmpoulistoflFosmuRDESB, and

PDE1C, are all ressed in centr.al nervous systemitissue. .P I|Ais 25
op: ossad deRbGR REGR: PRettts Fo e prRSEr Thelt Be et pha s uiaimnd  the caL
to CA3 Iama@n&tmﬁéaec&hpm&&mmdﬂgﬂ@ﬁéﬁb@ﬂpamc@m ieredt areWol@lvel in the
striatum PDE1lA is also expressed in the lung and heart. PDELB is

pr edoni natcempoendsrusefibas inhihitees of phosphodiestrsptedt @R 8., &1 thadreginyentr act and
cerebel | umy;and L {%of é 81838&1%%{ &ghé %ﬁ"ﬁ‘g‘ﬁ gﬁt%@iﬁ' iﬁgﬁceeglh%] ?a %&ng hi gh

| evel s of "dopam nergi c T nnerva i's primarriy

expr edsed such dsTarkiapd’ sitlisessey depessiont farcolepsyrdymbe: alogaitied functiohe heart.
PDELC is primarily expressed in ol factory epitheljum cerebellar granule
cel I's, an@-&tiRsehizerhremris disordgrs thag 113y s sgieliorptedi@rangaenhantgdy ascul ar

smoot h mugel Lol HQC .o b GG gt i i arases decrease

i ntracel | Eﬁfag%sg'g%lﬁg%n?’l %gVP%?gngl F%galgggﬁ%%@?‘% t hese cyclic

nucl eotides to their respective inactive 5 -nonophosphates (5 AMP and
5'Gw). CaM PDEs play a i $ i j.atl i gnal transduction in
brain cells, particularl ﬁﬁm@ﬂipﬁf‘gﬁ%ﬁtﬁﬁﬁ&ﬁ known as the basal
gangl bg or [gdon| at gevehPAmA%3 P pRosphhiestbR (PDIs ARl R fRIPtBEd Bact | vati on
and/ or dopam ne D2 receptor aclivation result in increased intracellular

cal ci um c ontyeRREsin kamily 1, baiCag-cabnedulinvdependend phesphediesserases(€laMas
cal modul | ARRCHAE el 358 b AL w2 08el SAGHE Rudlghideoeqet ! vation of
cAMP and cGMP) signaling pathways. The three known CaM-PDE genes, PDE1A,
PDEIB, and PDEIC, are all expressed in central nervous system tissue. PDEIA 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. PDE1A
is also expressed in the lung and heart. PDEI1B 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. PDE1C is also expressed in the heart and vascular smooth muscle.

[0003] Cyclic nucleotide phosphodiesterases decrease intracellular cAMP and



resulting in reduced cAMP and cGW. Dopam ne Dl receptor activation, on the
ot her hand, leads to activation of nucleotide cyclases, resulting in
i ncr easedwoAMd/kS15and cGWP. These cyclic nucl eoti des i npCumus2@ossat e
protein kinase A (PKA, cAMPdependent protein kinase) and/or protein kinase
G (PKG cGQGwP-dependent protein kinase) that phosphoryl ate downstream signal

t r ansduct i PafgRNRY BlySinpURbseas cRARRPcIRleS Bopamrapeand iaAlvRer egul at ed
phosphoprgt ei n) and gc l\/%wﬁ yﬁg%gl veQZI enent bi ndi ng prf)b?el n (CREB).

Phosphor y|5&tmezhophe¥phate (3°AME and SHRME)t €aVhBDES atayiaLriticabrolgiot ei n

Cubst rat o e el i Bt BERFRRSIE sl B R R RRRTTATAH 0 00 o

of physi olkagiv ak Gﬁﬂ%@leg&nﬁﬁé eitEiatuin) Pop eefisle VD Auggesl taehatdweteptaduci ng
CAWP and cGW synthesis t ro:igzh activatjon of dopam ne D1 or eE]E’ga(]:_jester one
recept or @ateivaangiosderiraingd wrepiar giyatantseplainerrsd T

physi ol 0gi %%Q %o& ociated with
recepti vi t§%¥m§%rf0%gggéoﬁl%sl§@ﬁ#g%éﬁ hglg(e) nr, %%Haa i tﬂﬁgm gﬁce (2000)
287: 1053,depéirlenitkihavetls (CCdMWIM)(ahd aalemennmapd)tcﬁaoeldaﬂilm eff GaMyPDES, er ence.

[ 0004] CaM PDEs can therefore affect amn ul ated and ot
intracell lIF%‘lltnﬁ igaedycRg 6‘%&%%&‘; tﬁ%lg) gﬁdﬁt?raﬁc 1¥‘ftfqnaf’ﬂ > including
but not Z%It 5@&1 léé?is?(‘; béevatiB b@ﬁucl@&f&@?@l@?{/&f&ultlﬂg% mc%éd‘cAW7 VI P,

ser ot oni n, u arfat e A recepto A recéptor), GABA
acet yIIOhoIandeGMEleﬁbsserwcl@centg:leotmmrr@uemtmaye prcannbmam‘mplﬁécebl\@

natriuretic tlde ANP, BNP D 3 hi n

i ntracel | (f°BD Pb?f&feﬁrh@%ﬁ%ﬁ) RS pr({tﬁggg]a%gs@%gg @\Ag (%B D%Oteé%tl vity,
in parti CqJn?éfse @Qﬂ%ﬁ%r?ﬁi&kﬁﬁ%ﬁ@mﬁ@(%hs@ﬁéﬁdﬂ pathwdytéleik @ Suttador ai n

tissue as a regul ator of | oconotor activity and | earni n% and nenmopry. PDE1l

is a ther dpaRPPS2t(dopparing end e AYIR-sguintecophasphepietein) and e M%rfépwﬁgvepat hways,
f er abl d
pD;_erg(r:Z‘ptge &l }Sggﬁﬁ}f@r‘é% g&gg%ﬁg‘r Pﬁ&%bb’r@ria@&iﬁ RPPA | fiﬂﬁh&tﬁe oparmi ne

rrc OXI nor adrenerg

neur 0t16n5|a6t1v1€§(1f£ pr¥fieth plgphitesl (PPl iheneBy ﬁlcf@lsglg the\BBWR dfecept Or ANVPA
receptor), GABA, acet fchol i ne, adenosine (e.g., A2A receg}o cannabl noi d
receptor, Hhﬁ’él?howlétﬂ?fb(’fp%‘bﬁtr%% p{%elgs suchngs Pr‘B@Pf(er‘GNI’?CCPt%rr(B ading to

i nt racel | qhﬁf tlg s?&g%%&%%@ OuI Ml%ﬁ%&@én?gﬁav%'sgggéstéaghﬁq}lHWWg For

exanpl e, act to potentiare the effect of a
dopami ne IBJAMBaﬂd SGWSWMSmegh@GWhtmnabfdApﬁnﬁnem degogetdrpon, and

should simlarly jnhibit dopam ne receptor. signalin at.hways, by

i bi 1 ngeeopier caBAcGH PipSCRRODh FiEnEl et ET el Wl}hﬁY%rlggagbﬁﬁI%JPgleéf Sium | evel s
i's 1inked tooa&s! indRaldp the 1aHHHHE RS0t INH RIS wﬁﬁ‘?édeﬁf-ﬂu?}f foYmétih l_g|

neur odeger ati ve di seases such as zheimer's, Parkinson''s and Huntington's

10D seasesomedodentsiiSsoMtmi,<t of., Stiencei(2e) 283r 1053y Sreconteatsdifwhielarst r oke and
nyocardi al. infarction Ey re]ferenhl bitors are therefore potentially useful in

di seases CRATBYREAhoIn nee.
[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., A2A
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 (PDE1) activity, functions in brain tissue as a regulator of locomotor activity and
learning and memory. PDEI 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,



by reduced dopam ne D1 receptor signaling activity, such as Parkinson's

di sease, restless | eg syndrone, depression, narcol epsy and cognitive

I mpai r rerwo 2PDEGSISmhi bi t ors are al so useful in di seasesPChatS20mapodag?2

al l eviated by the enhancenent of 15progesterone-signaling such as fenale
sexual dysfunction. [0006] There is thus a need for conpounds that

sel ecti velulophsial ECRDBAPaGrbidhiny  gl@aREE @lg, WNIDRAL fecepidt, AMPRELB activity.
20SUMVARY OF THE | NVENTI ON [OQO%¥f%e invention provides optionally

subst i t ut eetentos), GABAcaqesHghiline, adposimede By ARA feceptor)osanpabinpido) - (1H or

2H) -i m dazo[ 1, 2-a razol , 3-€e s el r 4,5 7.8, 9- hydr o- ( 1H
2H) - pyri mr%%Pffr’ilak]?%fiﬁ%Q%qq%4é§L$§§r Wd @eﬁ CSPr%%rB}rlllgsl?t??ér%ﬁp iageyoi C)sgal t o
form e. g-signﬁllnﬁg_)iﬁ::1tﬁwafI fhPprogeAB1BhO kighlirpRahwikt Bst ekample, Srhibition of

25t etrahydro- 1H 1 m dazo[ 1, 2- a] pyrazol o[ 4, 3-e] pyrim di ne, .

4,5, 7, 8-t #DEIB/shoyldaqt tq petgatiase therfierhyfadenappiac B appyist by protgeting

4,5,7, 8-t . o o .

pyri m ool Toara) PASAT i GRiion andshauid spartyjnhiic dopamine D2

7, 8- di hydireceptdr signaldgpathway bpyiitazioing [PDE- &}ipity | Chebnieekyatdrinhi one or
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Diseases and in disorders of the circulatory system leading to stroke and myocardial
infarction. PDEI1 inhibitors are therefore potentially useful in diseases characterized
by reduced dopamine D1 receptor signaling activity, such as Parkinson’s disease,
restless leg syndrome, depression, narcolepsy and cognitive impairment. PDE1
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 and/or PDEI1B activity.

20 SUMMARY OF THE INVENTION
[0007] The invention provides optionally substituted 4,5,7,8-tetrahydro-
(optionally 4-thioxo or 4-imino)-(1H or 2H)-imidazo[1,2-a]pyrazolo[{4,3-e]pyrimidine
or 4,5,7,8,9-pentahydro-(1H or 2H)-pyrimido[1,2-a]pyrazolo[4,3-e]pyrimidine
compounds, in free or salt form, e.g., (1 or 2 and/or 3 and/or 5)-substituted 4,5,7,8-

25  tetrahydro-1H-imidazo[1,2-a]pyrazolo[4,3-¢]pyrimidine, 4,5,7,8-tetrahydro-2H-
imidazo[1,2-a]pyrazolo[4,3-e]pyrimidine, 4,5,7,8-tetrahydro-(1 H or 2 H)-
pyrimido[1,2-a]pyrazolo[4,3-e]pyrimidine-4(SH)-imine, 7,8-dihydro-1H-imidazo([1,2-
a]pyrazolo[4,3-e]pyrimidine-4(5H)-thione or 7,8-dihydro-2H-imidazof1,2-
ajpyrazolo[4,3-e]pyrimidine-4(5H)-thione compounds, e.g., a Compound of Formula

30 II



Lis asingle bond, -N(H-, -CH2-; (iii) RLis Hor Cl4 alkyl (e.qg.,

nmethyl or ethyl); (iv) Ret is Hor C1 6 alkyl (e.g., nethyl, isopropyl)
and R2 amaoRB10a0681511 ndependent | y: H or G _6al kyl (e.grcTrastévgloocan2

i sopropyl) optionally substituted 10 wth halo or hydroxy (e.g., R2 and R3
are both nmethyl, or R2 is 15 Hand R3 is nethyl, ethyl, isopropyl or
hydr oxyet hyl ), aryl, heteroaryl, (optionally hetero)arylal koxy, (optionally
het er o) ary1C1. 6al kyl , or R2 and R3 togethey forma 3- to 6-nenbered ring;

R Q
1\N/ f<
A IS
=~ 7
N °N N\R5

R5 R

R3 4
Formula II
wherein
i)  Qis C(=S), C(=N(Rzo)) or CHy;
5 (i1) L is a single bond, -N(H)-, -CH,-;

(iii) Ry is Hor C;4 alkyl (e.g., methyl or ethyl);
(iv)  Ryis Hor C,¢ alkyl (e.g., methyl, isopropyl) and R, and Rj are,
independently:
H or C,_alkyl (e.g., methyl or isopropyl) optionally substituted
10 with halo or hydroxy (e.g., R, and R3 are both methyl, or R; is
H and Rj; is methyl, ethyl, isopropyl or hydroxyethyl),
aryl,
heteroaryl,
(optionally hetero)arylalkoxy,
15 (optionally hetero)arylC,_galkyl, or
R, and Rj together form a 3- to 6-membered ring;
or
R, is H and R3 and R4 together form a di-, tri- or tetramethylene bridge
(pref. wherein the R; and Ry together have the cis configuration, e.g.,
20 where the carbons carrying R; and R4 have the R and S configurations,
respectively);
v) Rsis
a) -D-E-F, wherein:
D is C4alkylene (e.g., methylene, ethylene or prop-2-yn-1-
25 ylene);
E is a single bond, C;.salkynylene (e.g., -C=C-), arylene (e.g.,
phenylene) or heteroarylene (e.g., pyridylene);

4



or R2 is Hand R3 and R4 together forma di-,

bridge 20 (pref. wherein the R3 and R4 together have the cis

conf i gur avoan10/085151,

Cl4dal kyl ene (e.g., nethylene, ethylene or prop-2-yn-1- 25 vylene);

singl e bond, C24al kynyl ereis(e.g., -CC), arylene (e.g., phenylene) or

het er oaryl ene (e.qg., pyridyhgne); Fis

10

15

20

25

30

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,4alkyl (e.g., trifluoromethyl),
-C(O)-Ris,
-N(R16)(R17),
-S(O)2Ry; 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);
wherein D, E and F are independently and optionally
substituted with one or more :
halo (e.g., F, Cl or Br),
C)4alkyl (e.g., methyl),
haloC, 4alkyl (e.g., trifluoromethyl),
C,.4alkoxy ) or
Ci4alkyl (e.g., 5-methylpyrid-2-yl),
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),
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;
¢) attached to one of the nitrogens on the pyrazolo portion of

Formula I and is a moiety of Formula A

tri- or tetranethyl ene

where the carbons carrying R3 and R¢Thse@bba4R and S
configurations, respectively); (v) RS is a) -D-E-F, wherein: Dis

Eis a



H, aryl (e.g., phenyl), heteroaryl (e.g., pyridyl,
di azolyl, triazolyl, for exanple, 5pyrid-2-yl, imdazol-I-yl,

1,2, 4-triveabtolosysy, halo (e.g., F, Br, ), hal oCl4al kpCT(US2@09/006442
trifluoromethyl), -C(0)-R15, -N(R16)(R17), 10-S(0)2R21 or C3_7cycl oal kyl
optionally containing at | east one atom sel ected froma group consisting of
Nor O (e.g., cyclopentyl, cyclohexyl, pyrrolidRpyl (e.g., pyrrolidin-3-
yl), tetrahydro-2H pyran-4-yl, or nokpholinyl); |15wherein D, E and F are

i ndependently and optionally substlt ted with ofe or mpgre : halo (e.g., F,
C or Br), G _aalkyl (e.g., nethyl), 79" trifluoronethyl),
20C _4al koxy ) or Cl al kyl (e.g., 5-nethylp for exanple, Fis
het eroaryl, e.g., pyridyl substit ut ed mﬁth re hal o (e.qg.

6-fl uoropyrid-2-yl, 5-fluoropyrid-2-yl, Mu\d -2 yl,
3-fluoropyrid-2-yl, 4-fluoropyrid-2-yl, RgS/ Ioropqgld 2-yl1l), or Fis
aryl, e.g., phenyl, substituted with one or nnr? hal o (e.qg.

4-f 1 uor ophenyl) Re

Formula A
wherein X, Y and Z are, independently, N or C, and Rs, Ry, Ry;
and R,; are independently H or halogen (e.g., Cl or F), and Ry
5 is:
halogen,
Cqalkyl,
Cs.scycloalkyl,
hetCs_scycloalkyl (e.g., pyrrolidinyl or piperidinyl),
10 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-4-yl)), diazolyl,
triazolyl, tetrazolyl,
15 arylcarbonyl (e.g., benzoyl),
alkylsulfonyl (e.g., methylsulfonyl),
heteroarylcarbonyl, or
alkoxycarbonyl;
wherein the aryl, heteroaryl, cycloalkyl or heterocycloalkyl is
20 independently and optionally substituted with one or more
halo (e.g., F or Cl), C4alkyl, C;4alkoxy, Ci4haloalkyl
(e.g., trifluoromethyl), -SH;
preferably R is phenyl, pyridyl, piperidinyl or pyrrolidinyl
optionally substituted with the substituents previously
25 defined, e.g. optionally substituted with halo or alkyl
provided that when X, Y, or Z is nitrogen, Rg, Ry, or Ry,

respectively, is not present;

(vi) Rgis



or Fis a C3_7heterocycloal kyl (e.g., pyrrolidinyl) optionally substituted
wth a G _6al kyl (e.g., 1-methylpyrrolidin-3-yl); 30or b) a substituted
het er oar yWwel2kyloesesi1g. , substituted wi th hal oal kyl; c) atrtcaaseeotassane of
the nitrogens on the pyrazolo portion of Formula | and is a noiety of
Formula A RI2Z2 R1.11 XZ R8YR1o01| RO Fornula A wherein X, Y and Z are,
i ndependently, N or C pgand R8, R9, Rl11l and R12 are independently H or

hal ogen (e.g., d or F), and R10 is: hal ogen, G 4al kyl, C3_7cycloal kyl,

het C3_7cycl oal kyl (e. gC;4abkyly ol i di nyl or piperidinyl), C _4haloal kyl (e.g.,

T ororetivl) . ST (e SnBIEY habetgiperyl (o 0. B v (o
S i Rt il
al koxyé&ar bonyl ; heteroaryl (e.g., pyridyl, for example, pyrid-4-yl),
arylCj4alkyl (e.g., benzyl),
arylamino (e.g., phenylamino),
heterarylamino,
N,N-diC,_salkylamino,
10 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
15 more halo (e.g., F, Cl), hydroxy, C,alkyl, Ci.salkoxy, Cs.
scycloalkyl, for example, Ry is 4-hydroxyphenyl or 4-
fluorophenyl,
(vi) n=0orl;
(viii) when n=1, A is -C(R3R}4)-, wherein R3 and R4 are, independently, H
20 or C4alkyl, aryl, heteroaryl, (optionally hetero)arylC,.
salkoxy,(optionally hetero)arylC;salkyl or R3 or Rj4 can form a bridge
with R; or Ry;
(ix)  Rysis Cjaalkyl, haloC;alkyl, -OH or —OC,4alkyl (e.g., -OCH3)
(%) R¢ and R,7 are independently H or C.salkyl;
25 (xi)  Rjgand Ryg are independently
H,
Cialky,
Cs.scycloalkyl,
heteroC;_gcycloalkyl,
30 aryl (e.g., phenyl), or
heteroaryl,
wherein said aryl or heteroaryl is optionally substituted with

one€ or more



wherein the aryl, heteroaryl, cycloal kyl or heterocycloal kyl is

i ndependently and optionally substituted with one or nore halo (e.g., F or
c), C _awbkylooefisiaal koxy, Cl_4hal oal kyl (e.g., trifl uecomstévglodes42 SH;
preferably R10 is phenyl, pyridyl, piperidinyl or pyrrolidinyl optionally
Substituted wth the substituents previously defined, e.g. optionally

substituted with hal o or al kylpgpy y'.mrgﬂ% ween XfludropRényd),i S ni trogen,
R8, R9, or Rio, respectively, is 6r%oéf’ present;y %Ci)RG ig I—}I’Z) G . 4al kyl

C3_7cycl oal kyl (e.g., cycl opertydroxy (agylhyfeoxyphenyhergsl 4-hydioayphesat 91~ (e. g.,
pyridyl, for exanple, pyri d-4-y#§, gr%l ] _4al kyl (e.g., benzyl), arylam no
(e.g., phenylam no), heteraryl ani r%’ TRYRPPCL4al kyl am no,
10N, N-di aryl am no, N-aryl - N (arylafidyt,4al kyl )am no (e.g.,
N- phenyl - N- (1, 1' - bi phen-4- ylnmethyl')am no), or -N(R18)(R19); wherein the
aryl o? heteroaryl is optionallaoGubkyl.t uted with one or 15nmore halo (e.g.,
F, d), hydroxy, Cl 6alkyl, OCG%I%Q y, C3- 8cycloal kyl, for exanple, R6 is
4- hydr oxyphenyl or 4- fl uor ophéifyl, ?’vii) n =0 or 1;

aryl,

heteroaryl, or
Cs.scycloalkyl;
10 (xil) Ry is H, Cj4alkyl (e.g., methyl) or Cs.scycloalkyl,
(xiil) Ry is Cygalkyl;
in free or salt form.
[0008] In another embodiment, the invention provides a Compound of Formula I:

L_Ra

R Q
1\N/ _—

A A=

Rs

15 Formula I
wherein
(i)  Qis C(=8), C(=N(Rao)) or CHy;
(i) L is asingle bond, -N(H)-, -CH,-;
(iii) R, is Hor Cy4 alkyl (e.g., methyl or ethyl);
20 (iv)  Ryis Hor Cy 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,
is H and R; is methyl, ethyl, isopropyl or hydroxyethyl), aryl,
heteroaryl, (optionally hetero)arylalkoxy, or (optionally hetero)arylC,.
25 salkyl;
or

R; is H and R3 and R4 together form a di-, tri- or tetramethylene bridge

8



(viii) when n=1, Ais -C(R13R14)-, wherein R13 and R14, are, independently,
H 20or Cl1_4al kyl, aryl, heteroaryl, (optionally hetero)aryl G _

4al koxy, (wptzomvabisy hetero)aryl G _4al kyl or R13 or Rl14 eam/usesooessdr i dge
with R2 or Ra; (ix) R15 is C _4al kyl, hal oG _4al kyl, -OH or -0Cl1_4al kyl
(e.g., -OCH3) (X)R16 and R17 are independently H or C _aal kyl; 25(xi)R18

and R19 are indepenqgrf! whdteinthe £3laky R, t5hetiey Bhwahk ¥is,configuration, e.g.,
het er oC3_8cycl oal kyl, 30aryl (e.g., phenyl), or heteroarg , Wherein said
aryl or heteroaryl  ivhespthesashany caupioeiRsand Rahavatherdk and S cepBguratens. (e. g. |

fl uor ophenyl, e.g., 4s feétlil\(;)é’l henyl ), hydroxy (e.g., hydroxyphenyl, e.qg.,
4- hydr oxyphenyl or i-srPy roxyphenyl), Cl_6al kyl, 5hal oG _6al kyl, Cl_6al koxy,
aryl, heteroaryl) orRsGs_8cycl oal kyl ;

5 a) —D-E-F, wherein:
D is Cj4alkylene (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);
10 F is H, 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), -C(O)-R s, -N(R6)(R17), -S(O)2R3; or Cs.
seycloalkyl optionally containing at least one atom selected
15 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);
wherein D, E and F are independently and optionally
substituted with one or more : ‘
20 halo (e.g., F, Cl or Br),
C,.salkyl (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,
25 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., S-methylpyrid-
2-yl),
or F is aryl, e.g., phenyl, substituted with one or more halo
30 (e.g., 4-fluorophenyl)
or F is a C3.jheterocycloalkyl (e.g., pyrrolidinyl) optionally
substituted with a C,¢alkyl (e.g., 1-methylpyrrolidin-3-yl);

or



10(xii) R20 is H, C _aal kyl (e.g., nethyl) or C3_7cycloal kyl, (xiii) R21 is
Cl 6alkyl; in free or salt form [0008] In another enbodinent, the

i nvent i orwprow/@esia Conpound of Fornula |I: 15Formul a PCRIES2@90044H) Q i S
C(=S), C(=N(R20)) or CH2; (ii) Lis a single bond, -N(H)-, -CH-; (iii) Rl
is Hor Cl4 alkyl (e.g., nethyl or ethyl); 20(iv)R4 is Hor Cl-6 alkyl
(e.g., nethyl, isopropy))a substitedarer&RyRNE1, dndapetideatwiyh hidoslkyCl_6al kyl
(e.g., methyl or isopropyl) optionally substituted with hal o or hydroxy
(e.g., R2 and R3 are bek iattaghedytp ongpof fiae riikogena el thespyrazale pasion oft hy| |

i sopropyl or hydroxyet hyl ijponally

het ero) aryl al koxy, or (Opl?[olfngﬁ([ialylll%ndﬂg%grﬁog%g?%fe@ﬁ%ﬁal kyl; or R is H and
R3 and 114 together forma di-, tri- or tetrameRiylene bridge (pref.
wherein the R3 and R4 toget her have the cis confliguration, e.g., where the
carbons carrying R3 and R4 have the S con igurathg?s, respectively);
(VVR5 is 5a) -D-E-F, wherein: Dis C¥alk .~ nmet hyl ene, ethyl ene
or prop-2-yn-1ylene); E is a single bond, 4al kynyl ene (e.g., -CC),
arylene (e.g., phenylene) or heteroarylene (¢.g., pyridylene); 10F is H,

aryl (e.g., phenyl), heteroaryl (e.g., pyri , L yl,
RBMY% O\

Rg

5 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 Ry
is:
halogen,
10 C.qalkyl,
Cs.seycloalkyl,
Cihaloalkyl (e.g., trifluoromethyl),
aryl (e.g., phenyl),
heteroaryl (e.g., pyridyl (for example pyrid-2-yl), or
15 thiadiazolyl (e.g., 1,2,3-thiadiazol-4-yl)), diazolyl, triazolyl,
tetrazolyl,
arylcarbonyl (e.g., benzoyl),
alkylsulfonyl (e.g., methylsulfonyl),
heteroarylcarbonyl, or
20 . alkoxycarbonyl;
provided that when X, Y, or Z is nitrogen, Rg, Ro, or Ry,
respectively, is not present;
(vi) Rgis
H,
25 Ci4alkyl,
| Cs.icycloalkyl (e.g., cyclopentyl),
aryl (e.g., phenyl),
heteroaryl (e.g., pyridyl, for example, pyrid-4-yl),
10



triazolyl,

halo (e.g., F, Br,

-N(R16) ( RY@)010/d66B) 2R21 or C3_ 7cycl oal kyl
one atom sel ected 15froma group consisting of Nor 0 (e.g.,

cycl ohexyl

substituted with one or nore :

for exanple, pyrid-2-yl, imdazol-I-yl, 1,2,4- triazol-1-yl),
CO hal oG _4al kyl (e.g., trifluoronethyl), -C(0)-R15,
optional | y cearadisaém@oa?2 | east
cycl opentyl,

, pyrrolidinyl (e.g., pyrrolidin-3-yl), tetrahydro2H pyran-4-yl,
or nor pholinyl); mherehgugqaﬁyaggﬁfb@ﬁ?uindependently and optionally
Ohal o

e.g., F, d or Br), G _4alkyl

nethyl ), hal oG _4al kyl| apyéamgino (¢-gi, Phersamrohy| ), for example, F is
, €.0., pyridgdyl [tuted with one or nore halo (e.g.
6-fl uoropyrid-2-yl, %(tera ﬂgﬁﬁdo (e-9
3-fluoropyrid-2-yl,
hal oCl4alkyl (e.g.
5-net hyl pyri d2-y1),

het er oar yl

C3_7het erocycl oal kyl

G _6all cyl
het er oar yl
the nitrogens on the p
Formula A R12 "*% ..
R8YRi o0 |
10
(vii)
(viii)
15
(ix)
(x)
(xi)
20
(xii)
(xiii)

25

30

5-tTuoropyrid-2-yl, 256-fluoropyrid-2-yl,
4- N\Nalioplkydadingl , 4, 6- di chl or opyri d-2-y1),

5- tritlu?rqnethylpyrid-Z-yl) or G _4dal kyl (e.qg.

(e.g.,

N,N-diarylamino, or Fis aryl, e.g., phenyl,

substituted with one ON-J,I?[-RJ-{L?y'l@l%glfcﬁglaﬁ?ing‘é?%algpﬁbmﬁwé1),1’%i{aﬁed-ﬁ-, a

(e.g”, pyrrol y substitu

(e.qg., 1-nethylmethybamdana); @ y1l); or b) a substituted
al kyl , e.g.,ﬁﬁéggkktgted wi th hal oal kyl; c) attached to one of

Y%ortion of Formula | and is a noiety of

ed with a

- - wherein the-aryl-or-heteroaryl- is oBtionally substituted withdnk ok XZ

more halo (e.g., F, Cl), hydroxy or C,.¢alkoxy, for example, Re
is 4-hydroxyphenyl or 4-fluorophenyl,
n=0orl;
when n=1, A is -C(R3R4)-, wherein R3 and R4, are, independently, H
or C,_qalkyl, aryl, heteroaryl, (optionally hetero)arylC,salkoxy or
(optionally hetero)arylC,alkyl;
Rys is Calkyl, haloC;_4alkyl, -OH or —OC,.4alkyl (e.g., -OCH3)
R and R ;7 are independently H or C,4alkyl;
Rig 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,
e.g., 4-hydroxyphenyl or 2-hydroxyphenyl)
Ry is H, Cj4alkyl (e.g., methyl) or Cs.scycloalkyl,
Rj; 1s Cj.alkyl;

in free or salt form.

[0009] The invention further provides compounds of Formula I as follows:

1.1
1.2
1.3
1.4
1.5

1.6
1.7

Formula I, wherein Q is C(=S), C(=N(R2)) or CHy;

Formula I or 1.1, wherein Q is C(=S);

Formula I or 1.1, wherein Q is C(=N(R20));

Formula I or 1.1, wherein Q is CHj;

Formula I, or any of 1.1-1.4, wherein L is a single bond, -N(H)-, or -
CH,-;

Formula 1.5, wherein L is a single bond;

Formula 1.5, wherein L is -N(H)-;

11



Rg S5Formula A wherein X, Y and Z are, independently, N or C, and R8, R9,
R11 and R12 are independently H or halogen (e.g., d or F), and Rlo is:
hal ogen, wOGhiczmbisyl , C3_7cycl oal kyl, G _4hal oal kyl (e. @CT/US2009/006442
trifluoromethyl), aryl (e.g., phenyl), heteroaryl (e.g., pyridyl (for
exanpl e pyrid-2-yl), or 15thiadiazolyl (e.g., 1,2,3-thiadiazol-4-yl)),
diazolyl, triaaddyl For@uladZ9)whereidlyiscatlony! (e.g., benzoyl),

al kyl sul fonyl (e.g., nethylsulfonyl), heteroarylcarbonyl, or

20al koxycar bonylt9 ~ prewnglad, ehany aflehr 1)8, wheresa Rz i B oniChrelfeh (e &8, RO, or
Ri o, respectively, in?etﬁ ? present; (vi)R6 is H, 25C 4al kyl, C3_7cycl oal kyl
(e.g., cyclopentyl), @& XC) (e.g., phenyl), heteroaryl (e.g., pyridyl, for
exanpl e, pyrid-14Hy 1)Formula 1.9, wherein R, is H;

5 1.11  Formula 1.9, wherein R, is C,4 alkyl (e.g., methyl or ethyl);
1.12 Formulal, or any of 1.1-1.11, wherein R4 is H or C,¢ alkyl (e.g.,
methyl, isopropyl) and R; and Rj are, independently, H or C;_galkyl
(e.g., methyl or isopropyl) optionally substituted with halo or hydroxy
(e.g., Ry and Rj; are both methyl, or R; is H and Rj is methyl, ethyl,
10 isopropyl or hydroxyethyl), aryl, heteroaryl, (optionally
hetero)arylalkoxy, or (optionally hetero)arylC_salkyl;
1.13 Formula 1.12, wherein R; or Rj is H or Calkyl (e.g., methyl or
isopropyl);
1.14 Formula 1.12, wherein R; or R3 is H;
15 1.15 Formula 1.12, wherein R; or Rj is C;.¢alkyl (e.g., methyl or isopropyl);
1.16 Formula 1.12, wherein R; or Rj is methyi;
1.17 Formula 1.12, wherein R; or Rj is isopropyl;
1.18 Formulal, or any of 1.1-1.11, 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 R
and R4 have the R and S configurations, respectively);
1.19 FormulaI or any of 1.1-1.18, wherein Rs is —D-E-F;
1.20 Formula 1.19, wherein D is C;4alkylene (e.g., methylene, ethylene or
prop-2-yn-1-ylene);
25 : 1.21 Formula 1.20, wherein D is methylene;
1.22  Any of formulae 1.19-1.21, wherein E is a single bond, C,.4alkynylene
(e.g., —C=C-), arylene (e.g., phenylene) or heteroarylene (e.g.,
pyridylene);
1.23  Any of formulae 1.19-1.21, wherein E is arylene (e.g., phenylene);
30 1.24  Any of formulae 1.19-1.21, wherein E is phenylene;
1.25 Any of formulae 1.19-1.21, wherein E is heteroarylene (e.g.,
pyridylene);

12



aryl G 4al kyl

N, N-di C 1 4al kyl am no, 5N, N-di aryl am no, N-aryl-N-(aryl G 4al kyl )am no

(e.g.,

benzyl), arylam no (e.g., phenylam no), heterarylam no,

(e.g., Nwbenwosdisil, 1' - bi phen-4- yl net hyl)am no), or - RCRABPERDOG42

wherein the
halo (e.g.,

aryl or
F, d),

heteroaryl is optionally substituted with one or
hydroxy or G _6al koxy, for exanple, R6 is

10nore

4- hydr oxyphenyl] &y 4xdy $1a6RRMEEY 19- 11, Whelein Fis Pherdylede/WhérkinRpaf=1, A is

- C(R13R14) -,

wher ei

n R13 and R14, are, independently, H or G 4alkyl,

het eroaryl, (optionabbstithieder o)aryl G _4al koxy or 15(optionally

: opt1 onasbieter o) _ _
oCr aari (eigt? oo e SoToaf K £ ABERORUEN (52110 0 stk

(xi) R18 and R19 ar gyiiagenendently H C _4alky or aryl (e.g., phenyl)

-0C1_4al kyl

wherein said aryl i

e.g., 4-hydrox n
SR

nmet hyl ) or

10

15

20

25

30

1.30
1.31
1.32
1.33
1.34
1.35
1.36
1.37

1.38
1.39
1.40
1.41
1.42
1.43
1.44
1.45

aryl,

s optionally substituted with one or nore halo (e.g.,
20f | uof ophenyl 128, g Anyzefffogaulepthdfyl-31.ovheigiaFoigy singleybondsy dr oxyphenyl ,

Bt el SRRl gL (5,8

25[ 0009] The i nventi dieterotryih@rg. pyerdyl dsazobieiurnsdsgl, 65r ekampld, pytid-dsylf ol | ows:

imidazol-1-yl, 1,2,4-triazol-1-yl), halo (e.g., F, Br, Cl), haloC;4alkyl
(e.g., trifluoromethyl), -C(O)-R;s, -N(R6)(R17), -S(O)2R2 or Cs.
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);
Formula 1.29, wherein F is haloC, 4alkyl (e.g., trifluoromethyl);
Formula 1.29, wherein F is trifluoromethyl;

Formula 1.29, wherein F is halo (e.g., F, Br, Cl);

Formula 1.29, wherein F is Cl;

Formula 1.29, wherein F is heteroaryl (e.g., pyridyl, e.g., pyrid-2-yl);
Formula 1.29, wherein F is pyridyl;

Formula 1.29, wherein F is pyrid-2-yl;

Formula 1.29, wherein F is C;.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, morpholinyl);

Formula 1.29, wherein F is cyclohexyl;

Formula 1.29, wherein F is pyrrolidinyl (e.g., pyrrolidin-3-yl);
Formula 1.29, wherein F is cyclopentyl;

Formula 1.29, wherein F is tetrahydro-2 H-pyran-4-yl;

Formula 1.29, wherein F is aryl (e.g., phenyl);

Formula 1.29, wherein F is phenyl;

Formula 1.29, wherein F is 4-chlorophenyl;

Formula 1.29, wherein F is -S(O),R,; wherein R;) is C.¢alkyl (e.g.,
methyl);

13



1.1Formula |, wherein Qis C(=S), C(=N(R20)) or CH2; 1.2Formula | or 1.1,
wherein Qis C(=S); 1.3Formula | or 1.1, wherein Qis C(=N(R20));

1. 4For mulwol20mw063151, wherein Qis CH2; 301.5Formula |, ecTasgooofocssd-1. 4,
wherein L is a single bond, -N(H)-, or - CH27; 1.6Forrmula 1.5, wherein L is
a single bond; 1.7Fornula 1.5, wherein L is -N(H-; WO

2010/ 065151PCT/ Ug0GIARAD), IWiAEQR Tk SCIO)R, ;R Rl B ¢, dakky-(€12-; 1. 9Formul a
I, or any of 1.1-1.8, wherein RLis Hor Cl1 4 al)lg‘zlp&ﬂe.g. met hyl); 1.10
P& or FIC

Formul a 1.9, wher ei meathyl),hajeCzalkyl @eg. ntiflyorpneeth i«alkyl (@gal kyl
(e.g., nethyl or et r_% +y1.12 Formula I, or any of 1.1-1.11, wherein R4 is
Hor CL 6 alkyl (e.g., thyl, isopropyl) and R2 and R3 are, independently,

H or G _6al kyl 1(49. g Anyaftfbpthulae 1. 50prH6pwherenD] Baad Fyarsindspérdentyland t h hal o
or hydroxy (e.g., R2 and R3 are both nethyl, or R2 is H and R3 is nethyl,
et hyl , 510i sopropyl @Ptipgaibyosupsithiad)withhprg or peredialosiens., F.(dpriBsndtit v

et ery! s kany, S ek AT Shor 0 by P 1 12
Formul a 1.12, wher eifnsR2teosarii3eigs phtridfishbsdiButed with enelorkoreabr @ig), 62 or R3
érS 231i 56%5 %lw ;(e. g'ﬂuog(gaptyrr]%ll-Z-g)'{, SLESOQES)%}H-%-;yI,%—&Eorlcz)g)r/ri -|2?y1,1 3-1]%brovg}ga-e 'n R
2-yl, 4-fluoropyrid-2-yl, 4,6-dichloropyrid-2-yl), haloC,salkyl (e.g., 5-
10 trifluoromethylpyrid-2-yl) or C4alkyl (e.g., 5S-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 Cs.7heterocycloalkyl (e.g.,
pyrrolidinyl) optionally substituted with a Cj.¢alkyl (e.g., 1-
methylpyrrolidin-3-yl);
15 1.48 Formula 1.47, wherein F is substituted with one or more halo (e.g., F,
Cl or Br), c14alkyl (e.g., methyl), haloc).salkyl (e.g., trifluoromethyl);
1.49 Formula 1.47, wherein F is 6-fluoropyrid-2-yl;
1.50 Formula 1.47, wherein F is 3-fluoropyrid-2-yl;
1.51 Formula 1.47, wherein F is 4-fluoropyrid-2-yl;
20 1.52 Formula 1.47, wherein F is 5-fluoropyrid-2-yl;
1.53 Formula 1.47, wherein F is heteroaryl, e.g., pyridyl, optionally
substituted with one or more haloC, 4alkyl (e.g., 5-
trifluoromethylpyrid-2-yl;
1.54 Formula 1.47, wherein F is 5-trifluoromethylpyrid-2-yl;
25 1.55 Formula 1.47, wherein F is heteroaryl, e.g., pyridyl, optionally
substituted with one or more C;alkyl (e.g., S-methylpyrid-2-yl);
1.56 Formula 1.47, wherein F is S-methylpyrid-2-yl;
1.57 Formula 1.29, wherein F is -C(O)-R;s and R;s is methyl;
1.58 Formula 1.29, wherein F is -C(0)-R;s and R;s is trifluoromethyl;
30 1.59 Formula 1.29, wherein F is -C(O)-R;s and Rs1s “OH;
1.60 Formula 1.29, wherein F is -C(O)-R;s and R;sis ~OC;alkyl (e.g., -
OCHy);
1.61 Formula 1.29, wherein F is -C(O)-R;s and R;sis “OCH3;

14



1.17 Formula 1.12, wherein R2 or R3 is isopropyl; 1.18 Fornula I, or any of
1.1-1.11, wherein RR is Hand R3 and R4 together forma di-, tri- or

t et r amet hybenm/dssisdge (pref. wherein the R3 and R4 20t ogetrhumseodmve4t he ci s
configuration, e.g., where the carbons carrying R3 and R4 have the Rand S
configurations, respectively); 1.19 Fornmula | or any of 1.1-1.18, wherein
RS is -DEF 1.620 Forulad. 49, WherdheieLN(Hj(R,/§ 4al kyl ene (e.g., nmethylene,
et hyl ene or prop-2-yn-1-ylene); 251.21 Formula 1.20, wherein Dis

met hyl ene; 1. 22.68ny Fermplarlnylang of 1191.18 2yhergindisdp A sebstigutgd s ngl e bond,
C2_4al kynyl ene (e. g4, C=C ar vl (e q.. ene) or heteroaryl ene
(e.g., pyridylene); ht—:teroarﬁa?kyl, e@’.ﬁ:’%ﬁ%@%&%@%?ﬁr}g@ggl, 1.19-1.21, wherein Eis
aryl ene (e.g., l@aenyoenala;]l c2Qhy 24 1Any.18f whaeimR sde attachBd 1o ade oftherein E i s
phenyl ene; 1.25 Any of formulae 1.19-1.21, wherein E i s heteroaryl ene
(e.g.,Spyridyl ene); nitfogess apyhegpyrazploppeionpf formula ] angisd BGEYEOf s phenyl ene
wherein F is parasulgiitited; 1.27 Any of fornulae 1.19-1.21, wherein Eis
het eroaryl ene (e.g., pyridylene); 51.28 Any of fornulae 1.19-1.21, wherein
Eis a single bond; 1.29 Any of fornulae 1.19-1R28, wherein Fis H, aryl
(e.g., phenyl), heteroaryl (e.g., pymdyl, diazg¢lyl, triazolyl, for
exanpl e, pyrid-2-yl, imdazol-I-yl, -triazd|-1-yl, halo (e.g., F, Br
Cl), haloC _4alkyl (e.g., trifluoro ) . -N(R16)(R17),
-S(0)2R21 or C3_ 107cycl oal kyl optionally c at | east one atom
selected froma group consisting of Nor O (l¢.g., cyclopentyl, cyclohexyl,
pyrrolidinyl (e.g., pyrrolidin-3-yl), tet&gﬁ&d&o- py{an-4-yl, or

nmor pholinyl); 1.30 Formula 1.29, wherei RgF is haloC 4alRqyl (e.g.,
trifluoronethyl); 1.31 Fornula 1.29, wherein F i|s trifluoronethyl; 151.32
Formula 1.29, wherein Fis halo (e.g., F, Br, CR); 1.33 Fornmula 1.29,
wherein Fis d; 1.34 Forrmula 1.29, wherein F is heteroaryl (e.g., pyridyl,
e.g., pyrid-2-y1); 1.35 Fornula 1.29, wherei nFérmuda Ayri dyl ;

wherein X, Y and Z are, independently, N or C, and Rg, Rg, Ry and

10 R > are independently H or halogen (e.g., Cl or F), and Ry is halogen,
Ci4alkyl, C3.scycloalkyl, Cy4haloalkyl (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, Rg, or Ry, respectively, is not present
1.65 Formula 1.64, wherein Rs is a substituted heteroarylmethyl, e.g., para-
substituted with haloalky];
1.66 Formula 1.64, wherein Rs is a moiety of Formula A wherein Rg, Ro,
20 Ri1, and Ry; are H and R is phenyl;
1.67 Formula 1.64, wherein Rs is a moiety of Formula A wherein Rg, Ro,
Ri1, and Ry, are H and Ry is pyridyl or thiadiazolyl;
1.68 Formula 1.64, wherein Rs is a moiety of Formula A wherein Rg, Ro,
Ri1, and R,; are, independently, H or halogen, and Ry is haloalkyl;
25 1.69 Formula 1.64, wherein R; is a moiety of Formula A wherein Rg, Ry,
Ri1, and R); are, independently, H, and Ry is alky! sulfonyl;
1.70 Formula I or any of 1.1-1.69, wherein Rg is H, Cj4alkyl, Cs.7cycloalkyl
(e.g., cyclopentyl), aryl, heteroaryl, arylC,salkyl (e.g., benzyl),
15



1.36 Formula 1.29, wherein F is pyrid-2-y1; 201.37 Fornula 1.29, wherein F
is C3 _7cycloal kyl optionally containing at | east one atom selected froma
group conspaiomgsi N or O (e.g., cyclopentyl, cycl ohexpCI/usgemobésd: nyl
(e.g., pyrrolidin-3-yl), tetrahydro2H pyran-4-yl, norpholinyl); 1.38
Formula 1.29, wherein F is cyclohexyl; 251.39 Formula 1.29, wherein Fis

pyrrolidinyl (e.g., apylam@o @Igﬁ ;ﬁrenglmmxﬂo)4ﬁ>et&efymhﬂm;tmdla\mn@1mﬁo; s
cycl opentyl; 1.41 Formula 1. wherein F is tetrahydro-2H pyran-4-y1; 1.42
Formula 1.29, wher elhﬁNFdlﬁg’hHm}lp Neargl-N- (ﬁﬁéﬁwa)kyl)ﬁnuso (- nDirRiienybY- wher ei n

F is phenyl; 301.44 Fqs F |
1. I29, p\/\/ne?/ei n Fis -(E?GWTJ“@%F&M%@W gr gﬁggﬂ&&%ﬁ@gﬂeﬁl’[cﬁ; );0r e
1.46 Fornula 1.29, \Weeke&dryl i opSondlyGubstithted v thRirfe drandie halok(e. o &, 1),

rrethyl) hal oCi 4al k){_*y (e.g. trlfluororrethyl) -OH or -0Cl4al kyl (e.g.,
-OCH3)? 1.47 Any of groany|ox &1 zalkoxys;. 46, wherein D, E and F are

i ndependent |y SGR | 4 ,aﬁp ]\ with one or nore halo (e.g., F,
C or Br), C1 q/g?ljikyl %‘lngﬁal, T%%l 6 g 0Cl4al kyl (e.g., trifluoronethyl),

for exanple, FlI'EZ heéoemalar iy 70, vdlegemRJ;ys Cdydlk)slubstl tuted with one or nore

ga:‘ Iout()(raogy,rl 32 ly uo?"?’%ﬂlﬁ’rd]oi?f }H:r?nﬂ(, §0%8| Hﬁyé)i/%%yﬁ%‘l)f%o fyrl a2yl

hal oCl4al kyl (9.8 , FRmaRir 76, WekaaRqyirpyle W) opfiodllyaabisithtefie. 9. ,
5- et hyl pyri d-2 ’)311) grn Fis aryr 6 ay %éjlﬁre %%ggtl(l)tu]té{ed Wltﬁ one or

more ABlo (e.g., 4- Wlﬂuommfp}‘rmmycll)alo @rg /i )Eh}’dl'oxly Qr§31asa]d§9XYhet er ocycl oaI Kyl

I I b t d th
Eneet ﬁyl p5¥;gfl Id| {%/ i}:ﬂ'g‘ %SO]I%IQX@E%H%%S uﬁr?p agl’?‘ 1S sugéﬁ ?ut ed W th
one or nore halo (e}@drox?Fhenyl (e.gH- @ar(ﬁlybhergﬂ)dfal kyl (e.g., nethyl),

hal oci _4al kyl trifluoronet hylzi 1.49 Formul a 1.47, V\,herel n Fis
6- f | uor opyri d- Zﬁ Formgladgmagy #F1:147.75ywbsreined 0 s 3-f | uor opyri d- 2- y1:

1.77 Formulal or any of 1.1-1.75, whereinn = 1;

15 1.78 Formula 1.77, wherein n=1, A is -C(R3R4)-, wherein R;3 and Ry4 are,
independently, H or C,4alkyl, aryl, heteroaryl, (optionally
hetero)arylC).4alkoxy or (optionally hetero)arylC,alkyl;

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

a group consisting of:

S HN@ S HN/@

-+
L

/
20 N~/



1.51Fornul a 1.47, wherein F is 4-fluoropyrid-2-yl; 201.52 Formula 1.47,
wherein F is 5-fluoropyrid-2-yl; 1.53 Fornmula 1.47, wherein F is
substituted w thPpromases0onosia2

het er oar yWo 2e10gpes15pyr i dyl ,
5- trifIuoronethylpyrid-Z-yl; 1.54 Formula 1.47,

hal oG 4al kyl (e.g.
wherein Fis 5-tr
heteroaryl, e.qg.
C _4al kyl (e.qg.,
5-met hyl pyrid-2-y
met hyl ;

trifluoronethyl;

-OH;, 1.60 Fornmula 1.9/ wherei

(e.qg., OCH3) ; 1.
1.62 *Formula 1.2

optionally

i fl uoronet hyl pyrid-2

pyrldyl o- gnal
5- met [%!ll?yl)
1; 1. 1. 29,

la 1.29,
[ mul

1.
30$pg%
is
61 Farmul a 1.

9, Whérein Fis -

R16) (R17)

-yl; 251.55 Fornmul
substitu
1.56 Fornmul a

itute i{th one or
Hk erein Fis
wherein F |s -C(9)-R15 and R15 is

wherein W7

29, mherelnNé\N NC(O

-0(0)-R13_and R15

erein F

&S

1.1-1.18, wherein R5 is a substituted-heteroaryl al kyl,

wi t h hal oal kyl ;
to one of the 5ni

1.64 Fornul a |

itrogens on the az
noi ety of Fornmula A R12 R11ZR8A o

or any of 1.1-1.18,

ol o pOI‘tIG{l of
O HN-

a 1.47, wherein Fis
nor e

R15 and R15 is
5 and R15 is
Cl_4al kyl

) -
./S -

C(0) - RIn™and R15 i S - OCH3;
63 Fornmul a I'gor any of

e.g., substituted
iR RS is attached
al and is a



Formula A wherein X, Y and Z are, independently, Nor C and Rg, RO, Rl1
and 10R12 are independently H or halogen (e.g., d or F), and R10 is

hal ogen, wo0 2010/065151 C3_7cycl oal kyl, C _ahal oal kyl (e.g. pctrriskéosooanet hyl ),
aryl (e.g., phenyl), heteroaryl (e.g., pyridyl (for exanple pyrid-2-yl), or
t hi adi azolyl (e.g., 1,2,3-thiadiazol-4-y1)), diazolyl, triazolyl,
tetrazolyl, arylcarbonyl (e.g pbenzoyl ), al kyl sul fonyl (e. g.,

met hyl sul fonyl ) 15het el oy ponyl , or al koxycarbonyl= _provi ded t hat
when X, Y, or is nitripgep, Rg7 R9, or RIO, respectlv is not present
1.65 Forrrula164 wh % |sasubst|tuted het ef¥aryd-fet hyl , e.g.,

parasubstituted withy Kyl 1. GBN Ia 1. 64, V\/nerel n RS is
a noi ety of Formula A _wherein R9, 20R11, f‘j and R10 is
phenyl ; 1.67 Fornul & 1.64, wher is a noi et For A wherein RS,
R9, Rl11l, and R12 are nd R10 is yl or adi azol y .68 Formul a
1.64, wherein R5 is a noiety of Fo A whe R8, R9, Rl1, and Rl12 are,

i ndependently, H or hal ogen, and R10 i s’ hal oal kyl; 251.69 Fofnula 1.64,
wherein R5 is a noiety of For a A wherein Rg, R9, R11, N R12 are,

i ndependently, H, and R10 isﬁ&%':sulfonyl 1.70 Foppm @ or any of
1.1-1.69, wherein R6 i S HHNCD® |, C3_7cyc| oal kyl (e ., _cycl opentyl),
aryl, heteroaryl, aryj yI (e.qg., benzyl),

phenyl am no), heteraryl am it di C1_4al kyl am/l\m
N-aryl - N-(aryl G 4al I)'\hm o (f
N-phenyl - N( 1, 1' - bi phen/4-yl met ky am no), or -NR18)(R19), Where@ n the aryl
or heteroaryl is optigaally substituted with one or nore haloj(e.g., F,
Cl), 5hydroxy or G _bal koxy; 1.71 Formula 1.70, wherein R6 is H;, ’1.72

Formula 1.70, wherein R6 is Cxal kyl; 1.73 Fornmula 1.7 gin R6 is
C3_7cycl oal kyl (e.qg. cycIHRl ); 1.74 Formula 1. +7n9 rein R6 is aryl
ubs mor F,

(e.g.,
| am no,

| N-

(e.g., phenyl) opti onal |y tuted 10with one or alo (e.qg.,
ay, hydroxy or Gi 6aN 0
), hy y e ‘Y N )\
8 ”
N \_/ N

N K/N
=, and X

>

1.80 any of the preceding formulae wherein the compounds inhibit
5 phosphodiesterase-mediated (e.g., PDE1-mediated, especially PDE1B-
mediated) hydrolysis of cGMP, e.g., with an ICsg of less than 1uM,
preferably less than 500 nM, more preferably less than 50 nM in an
immobilized-metal affinity particle reagent PDE assay, for example, as
described in Example 12,
10 in free or salt form.
[0010] In one embodiment, the invention provides a compound of formula I or
II as defined above, wherein:
(i) Reis
H,
15 C4alkyl,
Cs..cycloalkyl (e.g., cyclopentyl or cyclohexyl)
aryl (e.g., phenyl),
heteroaryl (e.g., pyridyl, for example, pyrid-4-yl),
arylC,qalkyl (e.g., benzyl),

18



1.75 Formula 1.70, wherein R6 is fluorophenyl (e.g., 4-fluorophenyl) or
hydr oxyphenyl (e.g., 4-hydroxyphenyl); 1.76 Formula | or any of 1.1-1.75,
wher ei n nwe 2010/65i187 Forrmula | or any of 1.1-1.75, wher ePOTrus2002/006454. 78
Formula 1.77, wherein n=1, Ais -C(RI3R14)-, wherein R13 and Rl14, are,

i ndependently, H or Cl4al kyl, aryl, heteroaryl, (optionally

het ero) aryl G 4al koxy owhé®Rt$ @8idlelebdnal N@)ar-gHst _ztal kyl ; 1.79 any of the
precedi ng formul ae wherein the conpound is selected froma %;,rouP consi sting
of : WO 2010/ 06515¥hatinmxbay] ooliereary! isiadependentlyandgptionallyhr ecedi ng

fornmul ae wherein the c nhi bi ogdli r = i (e.g.,
PDEIl - nedi at ed, especi a%lgégﬁl?%i‘ﬁ{tﬂ%gbé gg")%?i%r%r 5’:‘?@ @?ﬁ%@glﬁe&g with
an 1 C50 of |ess than | gMalksst €5 abicloalles Soi daamBORNVM-lydrexyphedydioabl y | ess
than 50 nMin an i mobiljzed-nmetal affinity particle reagent PDE assay, for
exanpl & as described filuesepgn¥d 12 10in free or salt form [0010]1n one
enbodi nent, the invsgt&qp provi des a conpound of forrmula I or Il as defined
above, wherein: (i) I's H
arylamino (e.g., phenylamino),

heterarylamino,
N,N-diC, 4alkylamino,
10 N,N-diarylamino,
N-aryl-N-(arylC, 4alkyl)amino (e.g., N-phenyl-N-(1,1’-biphen-4-
ylmethyl)amino), or
-N(R18)(Rio),
when L is single bond or -CH,-,
15 wherein the aryl or heteroaryl is optionally substituted with one or
more halo (e.g., F, Cl), hydroxy, C;.¢alkyl, Cisalkoxy, Cs.
scycloalkyl, for example, Rg is 4-hydroxyphenyl or 4-
fluorophenyl,
and the rest of the substituents are as previously defined in Formula I or II or any of
20 formulae 1.1-1.80, in free or salt form.
[0011] In still another embodiment, the invention provides a Compound of
Formula II, wherein:
(i) Rs is attached to one of the nitrogens on the pyrazolo portion of Formula I1

and is a moiety of Formula A

Ri2
R11
C
X /Z
Ra/ \T/ \Rm
25 Ro
Formula A

19



15C _4al kyl, C3_7cycl oal kyl (e.g., cyclopentyl or cyclohexyl), aryl (e.g.,
phenyl), heteroaryl (e.g., pyridyl, for exanple, pyrid-4-yl), arylCl 4al kyl
(e.g., bewmoybiosswsmen L is a single bond, -N(H)-, -CH2- pamarsesn/osaizl aryl
or heteroaryl is independently and optionally substituted with one or nore
halo (e.g., F, CO hydroxy, Cl1_6al kyl, Cl1_6al koxy, C3_8cycl oal kyl, for
exanpl e, R6 is 4-hydr oxyplieavi J0ory add Zlaeiadpenddntlor N6 G, andRy) RgyiRap (e. g. ,
phenyl am no), heterarylam no, N, N-di G _4al kyl am no, 10N, N-diIg;\ryI i no,
N-aryl -N-(aryl G _4al kyDarAnddi aregndenenfientiy il orbglogen (epg-ohker 19, and Rio
yl methyl)amino), or -N(RL8)(R19), when L is single bond or -CH2-, 15wherein
the aryl or heteroaryl is optionally substituted with one or nore halo
(e.g., F, d), hydroxy, C _6aloksi, C _6al koxy, C3_ 8CYC Cal kyl, for
exanple, R6 is 4-hydroxyphenyl or 4- fluorophenyl, and the rest of the
substifuents are as previ oudyalﬁlélfi ned in Formula | or Il or any of
20forrmulae 1.1-1.80, in fre hityiform [0011]1n still another
enbodi ment, the invention p?&g‘?yéz(zangyl’@npound of

heteroCs_;cycloalkyl (e.g., pyrrolidinyl or piperidinyl),

C,4haloalkyl (e.g., trifluoromethyl),
aryl (e.g., phenyl),
10 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;
wherein the aryl, heteroaryl, cycloalkyl or heterocycloalkyl is
independently and optionally substituted with one or more
halo (e.g., F or Cl), C,4alkyl, Cj4alkoxy, Cishaloalkyl
20 (e.g., trifluoromethyl), -SH;
provided that when X, Y, or Z is nitrogen, Rg, Ry, or Ry,
respectively, is not present;
(i) Rg 1s
H,
25 C).salkyl,
Cs.scycloalkyl (e.g., cyclopentyl or cyclohexyl),
aryl (e.g., phenyl),
heteroaryl (e.g., pyridyl, for example, pyrid-4-yl),
arylC,.4alkyl (e.g., benzyl),
30 when L is a single bond, -N(H)-, -CH;-
wherein said aryl or heteroaryl is independently and optionally

substituted with one or more halo (e.g., F, Cl), hydroxy, Ci.salkyl,

20



Formula 11, wherein: (i) R5 is attached to one of the nitrogens on the
pyrazol o portion of Forrmula Il and is a noiety of Fornmula A R12 For mul a
A wher eiwoXpioxearsd Z are, independently, N or C, and RBCTRS200RDic4and R12
are independently H or halogen (e.g., € or F), and R () is: hal ogen,
5C1_4al kyl, C3_7cycl oal kyl, heteroC3_7cycl oal kyl (e.g., pyrrolidinyl or

pi peridinyl), Cl4hal oatkydikdx, Os.scycldallylidopemintplé, )R, isdHydtexyphenyploenyl ) ,
10heteroaryl (e.g., pyridyl (for exanple pyrid-2-yl), or thiadiazolyl
(e.g., 1,2, 3-thiadi azot-fwoyephenyldi azolyl, triazolyl, tetrazolyl,

aryl car bonyl (e.qn, q§nzoyl), al kyl sul fonyl (e.g., nethylsulfonyl),

15het er oaryl car bonyl”, “or al koxycarbonyl; wherein the aryl, heteroaryl,

cycl oal kyl or het er ocyadytsabiky (e.gS pherdéprindgnt | y and optional |y substituted
with one or nore halo (e.g., F.or d), C _aal kyl, Cl1_4al koxy, G _4hal oal kyl
20(e. g2, trifluoronet higtsrarylagino,

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

10 -N(Ri8)(Ri9),

when L is single bond or -CH;-,

wherein the aryl or heteroaryl is optionally substituted with one or
more halo (e.g., F, Cl), hydroxy, Cj.salkyl, C¢alkoxy, Cs.
scycloalkyl, for example, Re is 4-hydroxyphenyl or 4-

15 fluorophenyl,
and the rest of the substituents are as previously defined in Formula II, in free or salt
form.
[0012] In still another embodiment, the invention provides a Compound of

Formula II, wherein:
20 1) Q is =C(=S)-;
(i)  Rsis attached to one of the nitrogens on the pyrazolo portion of Formula I

and is a moiety of Formula A

Rq2
R11
[
X = Z
Rs/ \T/ \R10
Rg
Formula A
25 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 Rjo
is:
halogen,

21



provi ded that when X, Y, or Zis nitrogen, R3, R9, or

RD:), respectively,

is not present; (ii) R6 is H 25C1 4al kyl, C3_7cycloal kyl (e.g.,
cycl opentwb 20r0/mysh ohexyl ), aryl (e.g., phenyl), heteroacyluse@ogogs4pyri dyl ,
for exanple, pyrid-4-y1l), arylCl. 4al kyl (e.g., benzyl), 30when L is a

single bond, -N(H)-, -CH2- wherein said aryl or heter

oaryl is independently

and optionally substituted @ftdxyne or nore halo (e.g., F, d), hydroxy,

for exanpl e,

C _6al kyl, C1. 6al koxy, C3_8cyc|ohIkYI,
(e.g., phenylam

or 4-fluorophenyl or R6 is Gsyyalerky

R6 is 4-hydroxyphenyl
no), 5heteraryl am no,

N phenyl N (1,1 bi phen. - SieERy e[ PR e e M fen” | T

single bond or -CH2-, whereCpHalellan Yé.gotrifeiremerhy)l
substituted with one or nore halo (e.g., F, ), hydr

is optionally
oxy, G _6al kyl,

G _6al koxy, C3_ scycl oal kyl ary} Ge2-ciigmgle, R6 is 4- hydr oxyphenyl or 4-
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),
10 alkylsulfonyl (e.g., methylsulfonyl),
heteroarylcarbonyl, or

alkoxycarbonyl;

wherein the aryl, heteroaryl, cycloalkyl or heterocycloalkyl is

independently and optionally substituted with one or more

15 halo (e.g., F or Cl), C4alkyl, C,4alkoxy, Ci4haloalkyl

(e.g., trifluoromethyl), -SH;

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

respectively, is not present;
(iii) Reis
20 H,
Cjalkyl,

Rg, Ro, or Ry,

Cj.scycloalkyl (e.g., cyclopentyl or cyclohexyl),

aryl (e.g., phenyl),

heteroaryl (e.g., pyridyl, for example, pyrid-4-yl),

25 arylCj4alkyl (e.g., benzyl),
when L is a single bond, -N(H)-, -CH,-

30

wherein said aryl or heteroaryl is independently and optionally
substituted with one or more halo (e.g., F, Cl), hydroxy, C,.salkyl,
C,.salkoxy, Cs.gcycloalkyl, for example, Ry is 4-hydroxyphenyl or
4-fluorophenyl

or Rg is
arylamino (e.g., phenylamino),

heterarylamino,

22



15f | uor ophenyl ,
in Formula I, i

and the rest of the substituents are as previously defined
n free or salt form [0012]In still another enbodi nent, the

i nvent i oowprow/m@esia Conpound of Formula 11, wherein: 2@0CT)u2009/0063¢2S) - ;

(iT)R5 is attach
Formula Il and i

ed to one of the nitrogens on the pyrazolo portion of
s a nmoiety of Formula A R12 IR11 1 XZ R8YRio | R9 Fornul a

A 25wherein X, Y and ZAyavQic,adsesmdent!y, N or C and R8, R9, R | and R12

are i ndependent|
C adal kyl, C3_7c
pi peridinyl), G

10

y H or halpgen e.g., d or F), and R o is: hal ogen,
ycl oal WyN-didnglaamec3 7cycl oal kyl (e.g., pyrrolidinyl or

ahal oa{kyl) (Gafhic, LalyifHRhe T8 N deng ¥, 10 Sighen-£NENY! ) .

ylmethyl)amino), or

-N(R1s)(Ri9),

when L is single bond or -CHj-,

wherein the aryl or heteroaryl is optionally substituted with one or
more halo (e.g., F, Cl), hydroxy, C,.salkyl, C,.¢alkoxy, Cs.
scycloalkyl, for example, Rg is 4-hydroxyphenyl or 4-
fluorophenyl,

and the rest of the substituents are as previously defined in Formula II, in free or salt

form.
[0013]

In yet another embodiment, the invention provides a Compound of

Formula II, wherein

15 @)

Qis —C(=S)-;

(i1) L is a single bond;

(iii)  Rsis attached to one of the nitrogens on the pyrazolo portion of

20

25

Formula II and is a moiety of Formula A

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:

halogen,

C,4alkyl,

Cs.scycloalkyl,

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

C,4haloalkyl (e.g., trifluoromethyt),
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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.g., bewmeayioeestsdal kyl sul fonyl (e.g., nethylsulfonyl) PCT/US2009/006442

het er oaryl car bonyl, or al koxycarbonyl; wherein the aryl, heteroaryl,

cycl oal kyl or heterocycl oal kyl is i ndependent |y
and optionally substituted yyy (e.gpﬁ@@l);mre 15halo (e.g., For d),

C _4al kyl, Ci 4al koxy, Cl1_4haloal kyl (e.g., trifluoromethyl), -SH, provided
that when X, Y, or Z is nithesgearyl keg., reridd(foriesamplegiysidtd-yBi ¢ i s not

present; (iii)R6 is 20H, Cl1 % 7 _ % e : | or
cycl ohexyl), aryl (e.g., phteh(ril%/(*§ ,Ohﬁlg?'gi”g??%/ﬁﬂ (g%%o.l% %@r’ F?%?&h’ﬁggbg%énpl e,
pyrid-4-yl), 25aryl Cl_4al kyl (tetrapolylpenzyl), when L is a single bond,
-N(H)-, -CH2- wherein said aryl or heteroaryl is independently and

opti onal | y substituted wit hardi;@'llﬂnyhfﬁ%’ beaedylhe. g., F, CO hydroxy,

CLSE Tt - ENSLam o Setahs, = &Py xjoneny
heteroarylcarbonyl, or
alkoxycarbonyl;
wherein the aryl, heteroaryl, cycloalkyl or heterocycloalkyl is
10 independently and optionally substituted with one or more
halo (e.g., F or Cl), C 4alkyl, C 4alkoxy, C,shaloalkyl
(e.g., trifluoromethyl), -SH;
provided that when X, Y, or Z is nitrogen, Rg, Ry, or Ry,
respectively, is not present;
15 (iv)  Rgis -N(R;3)(Ry9) and R;3 and Ry are independently
H,
C\.salky,
Cj.scycloalkyl,
heteroCs_gcycloalkyl,
20 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),
25 hydroxy (e.g., hydroxyphenyl, e.g., 4-hydroxyphenyl or
2-hydroxyphenyl),
Ci.salkyl,
haloC, _salkyl,
C,.salkoxy,
30 aryl,
heteroaryl, or

Cs.gcycloalkyl,
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arylamno (e.g

, phenyl am no), heterarylam no, N, N-diG -gal kyl am no,

N, N-di aryl am no, N-aryl-N-(aryl Cl4al kyl )am no (e.g.

N- phenyl -Wo(2h101d6513it phen- 4-  yl net hyl ) am no),

si ngl e bond or

-CH2-, wherein the aryl or heteroaryl is optionally

substituted with one or nore halo (e.g., F, d), hydroxy, G _6alkyl,

Cl_6al koxynd {3 resto¥ fleQabdithenté B BpARb@ly Kefired id Foyaia Ny ph oy br sult 4-

10f | uor ophenyl,
in Fornul form.

or 5- N( R18) PRTA)S2000l0e6342. | S

and the rest of the substituents are as previously defined

in free or salt form [0013]1In yet another enbodi nent,

t he

| nvention Eng%ﬂndes %%W#F&%e%&gﬁ?rﬁ%l eli+]Ve(rj\YYPr? f)%v?de%?(('g(%]r%&ﬁld'o?( =S) -5

(ii) Lis

s attache o' onhe o

gle

t he pyrazgbeng@l bt Orvigdreinormul a 1l and is a noiety of Formula A RI 2

20Formul a A wherein X, Y and Z are,

and R12 are i nfiépen&istiG=$)-or hal ogen (e.g., C or F), and Rio is:
(i1) L is a single bond;

(iii)  Rs is attached to one of the nitrogens on the pyrazolo portion of

10

15

20

25

Formula I or II and is a moiety of Formula A

Ri2
R11
o
X /Z
Ra/ \\l(/ \Rm
Rg
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 Ryg
is:
Cs.rcycloalkyl,
heteroCj;_scycloalkyl (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, triazolyl,
tetrazolyl,
wherein the aryl, heteroaryl, cycloalkyl, heterocycloalkyl is
independently and optionally substituted with one or more
halo (e.g., F or Cl), C,4alkyl, C,4alkoxy, C,shaloalkyl
(e.g., trifluoromethyl), -SH;
provided that when X, Y, or Z is nitrogen, Rg, Ry, or Rig,
respectively, is not present;
(iv)  Reis -N(R;s)(Ri9) and R, and R9 are independently
H,
Cialky,
25

€ nitrogens on

i ndependently, N or C, and Rll, RO, RII



hal ogen, 25C _4al kyl, C3_7cycl oal kyl, heteroC3_7cycl oal kyl (e.g.,
pyrrolidinyl or piperidinyl), G 4haloalkyl (e.g., trifluoronethyl), aryl
(e.qg., phwoybjooshstier oaryl (e.g., pyridyl (for exanple pgTius2@99piges2 or

t hi adi azolyl (e.g., 1,2,3-thiadiazol-4-y1)), diazolyl, triazolyl,
tetrazolyl, 5arylcarbonyl (e.g., benzoyl), alkylsulfonyl (e.g.,

met hyl sul fonyl ), heteroanyiGaghehyyl),or al koxycarbonyl; wherein the aryl,
het eroaryl, cycl oal kyl or 'heterocycl oal kyl is 10i ndependently and
optional Iy substituted whetgreasd, or nore halo (e.g., F or d), Cl_4alkyl

R i
15(iv)R6 is -N(R18) (R19) anéhRir8nemed R19 are independently H C _aal ky,
C3_8cy5C oal kyl, halo (e.g., fluorophenyl, e.g., 4-fluorophenyl),
hydroxy (e.g., hydroxyphenyl, e.g., 4-hydroxyphenyl or
2-hydroxyphenyl),
Cialkyl,
haloC,_salkyl,
10 C,.¢alkoxy,
aryl,
heteroaryl, or
Cs.geycloalkyl,
and the rest of the substituents are as previously defined in Formula II, in free or salt
15 form.

[0015] In yet another embodiment, the invention provides a compound

selected from any of the following:

9O
\N)% $ HN/@
N ~
~ \NI N
NN A)%N
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-~ F
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het er oC3_8cycl oal kyl, 20aryl (e.g., phenyl) or heteroaryl, wherein said
aryl or heteroaryl is optionally substituted with one or nore halo (e.g.,
f | uor ophewgl2p10m68151 4- f | uor ophenyl ), 25hydroxy (e.g., hpdramsyg@henh? e.g.,
4- hydr oxyphenyl or 2-hydroxyphenyl), Cl_6al kyl, hal oG _6al kyl, Cl_6al koxy,

30aryl, heteroaryl, or C3_8cycloal kyl, and the rest of the substituents
are as previously deflned i n Fornul a II I n f or salt form [0014]In
still another enbodi nent, the |nvent|0ﬁ5pr a Conpound of Forrmula | or
Il wherein: 5(i)Qis -C(=9) i) L\I |ng s bond (iii) R5 is attached
to one of the nitrogens, g pyraz n of Forrrula | or Il and is a
moi ety of FormJIa\A 2/ N, N
N
N/ N" N
O :
F

in free or salt form.
5 [0016] If not otherwise specified or clear from context, the following terms
herein have the following meanings:

(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-

10 , di- or tri- substituted, e.g., with halogen (e.g., chloro or fluoro),
hydroxy, or carboxy.

(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

15 mono- or bicyclic, or bridged cyclic structure, and which may be
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10Formula A wherein X, Y and Z are, independently, Nor C, and R8, R9, RIl1
and R12 are independently H or halogen (e.g., d or F), and R10 is:
C3_7cycl ombleyioeithet er oC3_7cycl oal kyl (e.g., pyrrolidi mgir/useoopiopemt di nyl ),
aryl (e.g., phenyl), heteroaryl (e.g., pyridyl (for exanple pyrid-2-yl), or
t hi adi azolyl (e.g., 1,2,3-thiadiazol-4-y1)), diazolyl, triazolyl,

tetrazol yl, 20wherei, PUBK@I ulSLtltuféﬁt@Qoes}iﬁl‘llhald@éﬁ'(@g' kbloro Bleﬂ@dr@)?)’c' oal kyl is
|ndependently and optionally substittted with one or nmore halo (e.g., F or

C), G _4alkyl, Cl_4aHioxyyor @thidryl Séieksih theecygloalkyl ppllwmlldmmwswne SH;

provi ded t hat when Y, or ctively,
is not present; (i Vfﬁ@qrgatoWSﬁ%f%ﬁ@rgiﬂ@dﬁgngﬁgs cloa% %ﬁdently H,
Cl. 4al ky, aryl (e.@iso iRhekeirbeydi@diRyloaryl, wherein sai d aryI or het er oar yl
is optionally substituted with one or nore 5halo ( fl uorophenyl, e.g.,

4-f1 uok ophenyl ), (ayfHsteyoqyslaglkylhisdneizssribernpise l@dlgatega@aﬁ%ﬁe 8Ryphenyl or
2-hydroxyphenyl ), C%m?zﬁur@/ed no%%o?%te%dk&'catboﬁ%e@ab&?é}{bly saturated,
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,
10 which heterocycloalkyl may be optionally substituted, e.g., with
halogen (e.g., chloro or fluoro), hydroxy, or carboxy.

(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.,

15 trifluoromethyl), hydroxy, carboxy, or an additional aryl or heteroaryl
(e.g., biphenyl or pyridylphenyl).

(e) “Heteroaryl” as used herein is an aromatic moiety wherein one or more
of the atoms making up the aromatic ring is sulfur or nitrogen rather
than carbon, e.g., pyridyl or thiadiazolyl, which may be optionally

20 substituted, e.g., with alkyl, halogen, haloalkyl, hydroxy or carboxy.

() Wherein E is phenylene, the numbering is as follows:

F
5

(g) Itis intended that wherein the substituents end in “ene”, for example,
alkylene, phenylene or arylalkylene, said substitutents are intended to
25 bridge or be connected to two other substituents. Therefore,
methylene is intended to be -CH,— and phenylene intended to be —
CsHs— and arylalkylene is intended to be -C¢Hs—CH,— or — CH,—
CeHy—.
(h) The Compounds of the Invention are intended to be numbered as

30 follows:
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aryl, heteroaryl, or C3_8cycl oal kyl, and the rest of the substituents
are as previously defined in Formula Il, in free or salt 15form [0015]In
yet anot hwo 2emedisaent, the invention provides a conpoumrdTasb@oesi4f r om any
of the following: in free or salt form 5[0016]If not otherw se specified
or clear fromcontext, the followng terns herein have the foll ow ng

meani ngs: (a) "Alkyl" as used herein is a saturated or unsaturated
hydrocarbon noi ety, preferably saturated, prefegabRy having one to six
carbon atons, which may be linear @Qr br%gcheda and may be optionally nono-
10, di- or tri- substituted, e.qg. (e.g., chloro or fluoro),
hydr oxy, or carboxy. (b) "Cycloalkyl" és usied hlrein is a saturated or
unsat urated nonaronatic hydrocarbon,ggkgt ; \*erably sat ur at ed,
preferably conmprising three to nlmédcardﬂn at ons,Rat | east sone of whi ch
forma nonaromati c 15nono- or bicychi or brldged cyclic structure, and
which may be optionally substitgy ., Wth halogen (e.g., chloro or
fluoro), hydroxy, or carboxy. V%e%eR theReycIoaIkyI optlonally cont ai ns
one or nore atons selected fromN ang 0 and/or S, said cycloal kyl may al so

be a heterocycl oal kyl. 5(c) "Heterocycloal kyl" js, unless otherw se
i ndi cat ed, [W47Lir at eFoBtPoyAdnet the fryen B%aFInSWBP?%mﬁf&V@égFWHﬁB‘PQf Y,

pref erabl y; S‘?‘?E%%ﬁqf og ggﬁ orfad ?ﬁuﬁ&fﬂ?{eﬂ STERRY tt&?ﬁ@d?cp(dﬁ‘tlﬂﬁalwmﬂx@BP ms, at

| east sone romati ¢ mbRo- I cyclic, or bridged cycllc
structure41mmm)e(|1H (atzH)e&ﬁdazroﬁEZ@aap)bmle[ﬂdm]!psnmaphaoe@,S;M8ﬂ N, 0 or S,

O RS PR TR PO Lo fungtl, 1oL 0977
guggt“?t 8{ égbmé%d/& ﬁéﬁtﬂ@% S)Csdw%waad ?9%—&%}?&6@@1 ngﬁb}?ﬂylgzr O(F:)th : gpgl 1)3/
fluoro), hiyo=abloj4, 3(eép3g1m1dme 4, 5 7 8 tetrahydro 2H-imidazo[1,2-a pyrazolo[4 3-
e]pyrimidine, 4,5,7,8-tetrahydro-(1 H or 2H)-pyrimido[1,2-a]pyrazolo[4,3-
e]pyrimidine-4(5H)-imine, 7,8-dihydro-1H-imidazo[1,2-a]pyrazolo[4,3-e]pyrimidine-
10  4(5H)-thione or 7,8-dihydro-2H-imidazo[1,2-a]pyrazolo[4,3-e]pyrimidine-4(5H)-
thione compounds, e.g., Compounds of Formula I, e.g., any of formulae 1.1-1.80, or
Compound of Formula II as described herein, may exist in free or salt form, e.g., as
acid addition salts. In this specification unless otherwise indicated, language such as
“Compounds of the Invention” is to be understood as embracing the compounds in
15  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 which are unsuitable for pharmaceutical uses may
be useful, for example, for the isolation or purification of free Compounds of the
20  Invention or their pharmaceutically acceptable salts, are therefore also included.
[0018] 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
Invention. For example when the Compounds of the Invention contain hydroxy or
carboxy substituents, these substituents may form physiologically hydrolysable and
25  acceptable esters. As used herein, “physiologically hydrolysable and acceptable
ester” means esters of Compounds of the Invention which are hydrolysable under

physiological conditions to yield acids (in the case of Compounds of the Invention

29



15trifluoronethyl), hydroxy, carboxy, or an additional aryl or heteroaryl
(e.g., biphenyl or pyridylphenyl). (e) "Heteroaryl" as used herein is an
aromat i ¢ Woi2etoyedtser ei n one or nore of the atons maki ng Pap/ush@maocmnt i c
ring is sulfur or nitrogen rather than carbon, e.g., pyridyl or

t hi adi azolyl, which may be optionally 20subst i tuted, e.g., with alkyl,

hal ogen, %h&ﬁ{awhf/dﬂaxglrsems\mwntsg@i B%Mols(iﬁl)thé/‘bd%é@)lfﬂloﬁlpoﬁn@m@ﬁ‘thé ene, the
nunbering is as follows i s intended that wherein the

substit uemv@n@@mwmh"l@mevar%péy s@s&tﬁsn@) ngquW@H@m%Wéﬁyhmowa lly

| al kyl
£ Lo ot Frreaf L io R REDE b edl BB fy SrchPrre Urh AR P, O & e
phenyl ene [nveheos eshtiifs b‘hydroﬁﬁ kitdup, fsrctxamplea Coydpenad- QH ithe tmf)destelt o be

-C61-14-CH2- or - CHz2- und f . th
| nvent $ on PEadaug Wf%‘ﬁhlé@lmpﬁ%lﬁuﬁ;@&l@é}n%@ ngﬂﬂz‘g P’gi)‘r%ptbﬁngs of

the | nvenu)@n% Ig.ﬁg,ﬂgﬁé@ %Qy?@%ﬁflystaﬁl% éwpmﬁhﬁ%ﬁﬁgﬁtﬂéedn%'hﬁnde g.

optional |y tetra optionally 4-thioxo or
4-i m no) - addaad oﬁlﬂgethm (d@dﬂﬂ)cz@hppyalhylml Altérmdtivglpywherei the Compouad 7, 8, 9-

e
4,5, - t glinaBApRUhlg éfMudRé8hpowid, Compound-C(0)O-C)4alkyl can hydrolyze to
10  form Compound-C(O)OH and HO-C,4alkyl. As will be appreciated the term thus
embraces conventional pharmaceutical prodrug forms.
[0019] 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
15  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
20  glaucoma). This list is not intended to be exhaustive and may include other diseases
and disorders as set forfh below.
[0020] 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

25  pharmaceutically acceptable carrier.

DETAILED DESCRIPTION OF THE INVENTION
Methods of Making Compounds of the Invention
30 [0021] The compounds of the Invention and their pharmaceutically acceptable
salts may be made using the methods as described and exemplified herein and by
methods similar thereto and by methods known in the chemical art. Such methods

include, but not limited to, those described below. If not commercially available,
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a] pyrazol o[ 4, 3-e] pyri m di ne,

4,5,7,8-tetrahydro-2H i m dazo[ 1, 2- a] pyrazol o[ 4, 3- e] pyri m di ne,

4,5, 7, 8- twonatwdsz1 ( 1H or 2H) - pyri m do[ 1, 2- a] pyr azol o[ 4 P84/US2009/006442

e] pyri m di ne-4(5H)-i m ne,

7, 8-di hydro- 1Hi m dazo[ 1, 2- a] pyrazol o[ 4, 3-¢e] pyri m di ne- 104(5H)-thi one or
7, 8- di hy dy@reinierh ATk §41E Brlthse Bt &% thA) th Radd BY plodkdlires wHidtfire stidtreae
conpounds, e.g., Conpounds of Formula |, e.g., any of formulae 1.1-1.80, or
Conpound &bmAbe ehéraichl artsside sashiigees Whichiarg simalar exdngiogons fq the spithesds t f or m

e.g., as agjd addition salts. In this spegification unle L se

“nd cat edof KingLEHRP SRR Yotk B R e o halBue S st

under st 00¢.9%e PéYassd Wiingd MethoasBesendsd inWb2e0%13326Mand or exanpl e free or
acid addition salt form or where the conpounds contain acidijc

subst i ¥ ueREI/USDTATOSabd Al teferenses citest hareimaee sabbinsepostted B | nventi on
are intend for. . rmaceuticals, therefore pharmaceutically

accept abl ée%sjreel %esmgﬁglr %’?“er%?r ed. Salts which are unsuitable for

phar maceut {00aR] uses TheY ongpounds of the Tovenexaimiwie their ehdmtion®ed,at i on or
purification of free Conpounds of the 20l nventio 151835 hei r B,har mageuti cally

( 0
accept abl éla§tﬁri°§,°n¥9f%a%%'@P@P6tF% aél"‘ée_él alSﬁE‘T‘UH‘élbir.norF[r}GO EEPSOUAS 8BF t he .
I nventi on s\g@élﬁk&. 38k iﬁ&ﬁﬁﬁlaﬂéeo?@%)cggh? gvit'hih fRE diﬁég)fftﬁg Mveftibh 9{3&?”9 formis

conpound converts int a Conpound of the Invention. For
exanpl@ whentainhieublerhpads Repoésentatonsnafalvublerbondnirathis inyehtonyareomessirtboxy

substituents,, thes bstituents far si 9l ogi.cal | hydr ol ysabl e and
35 accept MatidedOinie E R e donRebrome SR BERL i B AR e Rl o
accept abl ¢i@fl @& scoRAIIThB ThRhBoR inaYUTRRENGSFe &f mbleaisyMuREid Snteibi THis ar e
hydr ol ysabl e under "physi ol ogi cal conditions to yield acids (in the case of

Conpounds iventidreinchies thearse whamhothithe epticallymuye sfatseisomsesassyelbas aycohol s (i n
t he case of gorrﬁoun S ofo. thersl nvention whi ch have carboxy substituents)
whi ch ar e “PHEWERR BSS'BRYSPEGyi cal Iy tolerable at doses to be adni ni ster ed.

Theref{ore, [og28] €i N 1#i¢ afsorpendsl Bht the €ohipoands eithe tiiteatios ekcdmypsoXy group,
for exanpl e, Conpound-OH, the acyl ester 5 prodrug_of such corrpoug;:l, i.e.
09

Conpound- theg(gbleandunsiable saipprs dP@PleAE0tPpesiaReNPBAORGIVEJSHPRANVER ical 'y
hydr ol ysa I » - ' t her
(g oty AR RAHPE o Chbafdl © e ARG oFRIcTalR SpAGR

| nvent i on (icordl@hes). alt caetpextet itieat dled attivitpof ecrappimels cGmppsingducl BY®iges t he
acid ester prodrug.of such conpound, Co und- C(0) 0- Ci 4al kyl. can hydrol yze
to 10 for M -eé_éé‘)‘ W%ﬁ@%%%ﬁ)ﬁs%ga C'(‘itﬁ)ht}bgré’b‘iﬁsérd’i‘%t ed the term
thus egbr 8665 cOHNUENS A nGIRLIRFCMal SR FBF Stintde [tRE APdrop@Pd8mTdia

invention also provides nethods of making the Conpounds of the Invention
and met hodertaih positiomon te CGompoundd of dfe Inventionvmant boreplased withadentenunof

di seases an isorders .as.set forth belo especial |y t t of di seases
15char act Z‘? 1&{?@8 158§/°R£e‘§]i‘}§€bs ‘?Jodlﬁ%cﬁ%acgie)r \é%ﬁ‘((?ﬂl‘g?s osfi?(ﬁﬁa isﬁag’?ea{éﬁg’&/’?%y, such as
Par ki nson'jglglicSB@st lik@iet e, Ruterian)dt ONe N, Ad i amerdatiagly| @nstabiy ndr ome,  ADHD,

restless | eg syndrome, depression, cognitive jnpairnment of schizophrenia,
nar col epsysoipgs.avhielsesadioastivedsotppesavhiel rentaia adgitional RyHaRS eoMPATCd |

progest er ong-sianal | ng.;such .sexyal upct lon)3ty 0r5; alei sease or
di sorzger goutg]ﬁ aggn(gagbréﬁ%ls#go(f)?l%fglg'lggh%%%:()l'g"?ﬁ%ﬁf)i ggl sﬂnolt’ i%t e(%ded to be

exhaust i v&Fanfy fepladentht dogepohdingdbaedmespeaitd of i,90nneFs Aamtieeexdmpleh bel ow.
[0020] I n anot her. enbodj ment, the invention furthegr, provi d_ﬁ@@g .
phar maceu®f Bsfuldsnipeseth the sompand of the 1nvendemisdhe 5f15etage:| A, in free,

phar maceutd calel ¥reARERN tdYaioSitl ity and/ R PhHndcBkiFetié SruBREbX e € Wi th a

compounds of the invention.

30 [0024] Melting points are uncorrected and (dec) indicates decomposition.
Temperature are given in degrees Celsius (°C); unless otherwise stated, operations are
carried out at room or ambient temperature, that is, at a temperature in the range of

18-25 °C. Chromatography means flash chromatography on silica gel; thin layer
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25pharmaceutically acceptable carrier. DETAILED DESCRI PTI ON OF THE

| NVENTI ON Met hods of WMaki ng Conpounds of the Invention 30[0021] The
conpoundswofotonesismvent i on and their pharnaceutical ly aeceptsaimeosialts may
be made using the nethods as described and exenplified herein and by

met hods simlar thereto and by nethods known in the chemical art. Such

et hods i BiroHd®graphly (TRC)id &artid otitton §in@as$el PRsa! NpgrRl dagliow the dendt
commercially available, "starting materials for_these processes nmay be nade
by proceduslues ofihajendiageostis|psetons] giyesnn Pads Beanilléen (PR reldfingtot echni ques

whi ch are, siml.ar .Qr . h l . ds. Various
starting iPer #hgﬁsslﬁgﬁmrss)%%%bnhgﬁél 0% he ﬁgénﬁﬁgﬁ&%l%%?%ar ed using

met hods deiggdlishast are u¥a. ZRAPIiAS et slantd) e @IvenSA A7 FOr Masslspeétrd (VBJ,er ences
cited herein are hereby incorporated by reference.in thejr, enti h?tn}’

[ 0022] Thethedpyetimepss graqrian Isrepertehior leqydes WhFss 1Sotps IPHEGRE resu

di ast er eoj g;ggk i rates,
sol vat es gﬁ@@%rﬁr’pﬁ eeé&&l om§$%lg?€ﬁlﬁﬁg+eg§%gﬁ%6 Ssp%: ﬂﬂe{r}%? ﬁl(e)lu;cmégpe of this
i nvent i onpemyntigks@ntvalumehatibs.dn loased svheRethe 2Rt sptétonare cbmpbexbbmlybonds i n

this invention are ant to include both the E and the Z isonmer of the
doubl e boAWSNYSHE SHEFRISBHTEPEBRE conpounds within the scope of this invention

may contai [pasE Of MRARs AxVABHREVikforkent ers. This invention includes the use
of any of the optically pure stereoisoners as well as any conbi nati on of

steredli soners. 15[ BeR3Fin-butgllghivm i nt ended t hat t he Conpounds of the
| nvention enconpass t hei.r st abl n nstabl e i sotopes. Stable isotopes are
SR GRS et

nonr adi oacti ve i sot one additional neutron conpared to

t he abundant nucli deANE doligosiafBcsRAC{I®I nittate. , elenent). It is expected
that the activity of conmpounds conprising such isotopes woul d be retained,

and such conmpound wHUPHAZT didsopsemylethylaming, f or measuring 20 phar nacoki neti cs

of the non-isotopic |_ ) | t he hydrogen atomat a certain
position on the CorrpD(a)\gﬁdgg’g\{ dFﬁéeth%venufeOn may be replaced with deuterium

(a stapl e i sotope wWDMBOI=sdintwthylauHdkidacti ve). Exanpl es of known stabl e

i sotopes include, but not limted to, deuterium isotopes, which are

radi oactive i sot opeStafhT dietRYisthetn additi onal neutrons conpared 25to the
abundant nuclides o = jes (i.e., elenent), e.g., 1231, 1311,
125/, 11C, 18F, rranyrt(g%I@ac%H?h%Q%gér’respondi ng abundant species of I, C and
F. Anot her exanpl e efluiusekquivalsot(s)pe of t he conpound of the invention is
the HC i sotope. The e_radb) i sotopes are useful for radio-inaging and/ or
phar macoki netic st ulie®W#)t he conpounds of the invention. 30[0024] Mel ting

poi nt ggpare uncorr ecM@ggigﬁq,@%nhmeq@hm}g&ﬁgﬁg%hyj on.

LDA = lithium diisopropylamide
MeOH = methanol,
NBS = N-bromosuccinimide
NCS = N-chlorosuccinimide

25 NaHCO; = sodium bicarbonate,
NH;OH = ammonium hydroxide,
Pd,(dba); = tris[dibenzylideneacetone]dipalladium(0)
PMB = p-methoxybenzyl,
POCI; = phosphorous oxychloride,

30 SOCI, = thionyl chloride,
TFA = trifluoroacetic acid,
TFMSA = trifluoromethanesulfonic acid
THF = tetrahedrofuran.
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Tenperature are given in degrees Celsius (C); unless otherw se stated,
operations are carried out at roomor anbient tenperature, that is, at a

t enper at Wwe 20n/dehs1r ange of 18-25 C. Chr omat ogr aphy neamrsTUSa®ia/006442
chromat ography on silica gel; thin layer chromatography (TLC) is carried
out on silica gel plates. NVR data is in the delta val ues of mjor

di agnostic protons, given in parts per mllion (ppm relative to
tetranmethyl silane (TMS) as an internal standard. Conventional abbreviations
for signal [B6&be ar &haswathet@mpthiodginctbissinuention(agy illyseatgd belawi ez, For nass

spectra (MS).. 5the.l o t mass._nmajor, d IS I rte or ul es where
i sot ope sf)llg?’itﬁtcfl?ncﬁs f%rsth\? f’HpsnﬁFta% B?tetloﬁggéov§pteg€°r"§]|ugaplgcgklé E@g?s\clem m xture
conposi ti gierdkeindicatd. as vol une percentages or volune ratios. In cases

where the NVR spectra are conplex, only diagnostic signals are reported.
[ 0025] Ter 024N abbiren atpesief:tha oRgntion ipferigdjate compovnds of pymula Bibx - byt y)

e AR SEEUE ot ooy RITFRE AL aRBE RIS Y, o v

et her, Et @dgicankydride andekeaticaci®gquixing wittekgat falaboit(Bhourbhamd thenr (s), 20HPLC

=hi gh performance |iquid chronmatography, LDA = |ithium diisopropylam de
MeOH = metPRifdI , NBS = N-bronosucci ni mde NCS = N-chl orosucci ni m de
25NaHCO3= sodi um bi car bonat e, o)
"
(0] AcOH N
HO (o)
H'}‘J\NHz + Y T v (CHCOR0 90°C O)\N o)
R O OH H
(l1a) (Iib)
10
wherein R' is methyl.
[0028] Intermediate Ilc can be prepared by for example reacting a compound

of IIb with for example a chlorinating compound such as POCl;, sometimes with

15  small amounts of water and heated for about 4 hours and then cooled

0 0
RY RL
N 0 °C, dropwise N |
041\” o + POCls * H20 then 80 °C, ~ 4 h 0)\” cl
(Ib) (lic)
[0029] Intermediate IId may be formed by reacting a compound of IIc with

for example a P'-L in a solvent such as DMF and a base such as K,;COj at room

20  temperature or with heating:

o)
o) R
R KoCO3 N |
j\ | v P ] O)\N cl
0 N” ci DMF b
H

(lic) (id)
wherein P! is a protective group [e.g., p-methoxybenzyl group (PMB)]; X is a leaving

group such as a halogen, mesylate, or tosylate.
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NHAOH = ammoni um hydr oxi de, Pd2(dba)3 =

tris[di benzylideneacetone] di pall adi un{0) PMB = p-net hoxybenzyl,

POC13 = piwozptuarssiss oxychl ori de, 3050C12 = thi onyl chl orCaaS2008406342
trifluoroacetic acid, TFMSA = trifluoronmethanesulfonic acid THF =
tetrahedrofuran. WO 2010/ 065151PCT/ US2009/ 006442 [0026] The synthetic

et hods i NgpBOPE | NV BRI AE BleithayBd ?@b%dlwlr@amingfaezoﬂip@uhd bEHAGEsh for the
R groups are as set forth above for formula' | or 'l unless otherw se

i ndi cat edhydp0e91 hydragingkysbsate inp sphyent sveb as msihanphans refuxes for ebrdunds of
formula I]] a nthesi zed by reacting a conpound of fornmula Ha with a
di car boxyb?%sgnd]@,%gacgélte?b anhydri de and acetic acid m xing with heat for
about 3 hours and then cooled: OAcOH HN t-NH2 +HOO +(CH3C0)®20 90C R10 OH

(11a) wherein R H'LSN t hyl . MeOH R
1 | + NH,NH,H,0 j\ |
07 "N” ~cI reflux, 4h 0P >N N/NHz
P pr H
(lid) (lle)
5
[0031] Intermediate IIf can be synthesized by reacting a compound of Ilc

with hydrazine or hydrazine hydrate in a solvent such as methoxyethanol and refluxed

for about 30 min and then cooled:

9 0
RY MeOCH,CH,0H  R.
NT + NH,NH, =, j\ |
O)\N Cl reflux, 30 min 07 N N’NH2
H HoH
10 (Itc) (11f)
[0032] Intermediate IIg (wherein L is -NH- and Rg is for example an aryl

group), can be synthesized by reacting a compound of Ile with for example an aryl
15  isothiocyanate or isocyanate in a solvent such as DMF and heated at 110 °C for about

2 days and then cooled:

0 O HN-Rg
R DMF RL N
)\ | NH, t Rg-N=C=S )\ _ NH
07NN 2 110°C 0” "N~ N
p1 p1
(lle) (ng)
20 [0033] Intermediate ITh may be synthesized from a compound of IIg by

removing the protective group P' with an appropriate method. For example, if Plisa
p-methoxybenzyl group, then it can be removed with AlICl; at room temperature or

with TFA under heated conditions.
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[0028] Internediate Ilc can be prepared by for exanple reacting a conpound

of Ill') with for exanple a chlorinating conpound such as POC13,

soneti nes

with 15 swel2biiasssnt s of wat er

and heated for

about 4 heurarsand/iovden cool ed

0 RL,N) C, dropw se

POCI 3H20 t hen 80 C,

-4 h 0 NO (11b)

[0029] Internediate |'d may be fornmed by reacting a conpound of

llc with

for exanple a PI-L ip a

}_ﬁ‘oJR\éent such as DVF and a ba
th heatin

such as K2CC3 at

room 20 tenperatgne

Beergectt

11c) (11d),

réj'h‘l"?él is a

r
protective group | ./ggyfwéﬁlqet hoxyb PouQ(P N7 a |l eaving group
such as a hal oge gte, or tosylate. WD 2010/D65151M¢ET/ US2009/ 006442
[ 0030] I nternedi ate Ile may be prepared by reacting”a ompound of lid with
hydr azi ne or hydraziﬁe hydrate in a solvent such as t hanol and refl uxed

for about 4 hours a%)t hen cooled: 00 R1,R1, )-

(Ilh)

Intermediate ITh may also be prepared directly from a compound of IIf using the

similar methods, but the yields are relatively low.

O
R™.

Rg-N=C=0 or Rg-N=C=S

O HN-Rg

R1

DMF, heating

(IIf)

N W
oéi\u SN

(Iih)

Intermediate II-I can be prepared by for example reacting a compound

of ITh with for example a chlorinating compound such as POCl;. The reaction may be

carried out at atmospheric pressure and refluxed for about 2 days, or heated at

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

reflux, 48h

+ POCI; ]
or 200 C, 5-10min

sealed vial in microwave

O HN-Rg
R1

N\
CVJ\H SN

(1)

Intermediate I1J can be prepared by reacting a compound of II-I with

an amino alcohol in a solvent such as DMF. The reaction may be heated overnight

and then cooled. The reaction mixture may be purified by chromatography to obtain

5
[0034]
O HN-R
R\
T
o ~N" N
H
10 (Ith)
[0035]
15  compound IIJ:
O HN-Rg
RY
/I;H:EjSNH
ci” °N” N

O HN-Rg
RLN _
H,N  OH solvent )\\ . NH
+ R M heating HN™ N7 N
2 R3 R4 Rz _\\OH
R 2
3 Ry
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| +NH2NH2. H20 MeOH | NCl refl ux, 4hONNNH2 pl 1) 1H (11d) [0031]Internediate |If
can be synthesized by reacting a conpound of Ilc with hydrazine or

hydr azi newbydrozee1sin a sol vent such as net hoxyet hanol amdTrustéogsnedist or
about 30 mm and then cool ed: [0032] I nternedi ate hg (wherein L is -NH
and R6 is for exanple an aryl group), can be synthesized by reacting a

conpound @herkln aM thi shibstiteentat as defiddpredibistpimFoeyanabelloFor sxaypisate in a
sol vent such as DWMF and heated at 110 C for about 2 days and then cool ed:

(11 e) ( 11gthe 20Tv0algphal meanked] -aming-2ieyglepesandynt hesi zed from a conpound of
hg by renmoving the protective group Pl with an appropri ategret
exanple, if Pl is a p-nmethoxybenzyl group, then it can(#ae.
ALCL3 at room erpesrat ure 3N Wi O TFA Wier Jigat ed con TN\on =

|
2010/ 0651RIPCH USZ009/ 006442+ ' s Asy
= NH + HN N
Cl/k\N =N G“\OH

(I1-1) (I19)

[0036] Intermediate IIK can be formed by reacting a compound of I1J with
5  for example a dehydrating/halogenating agent such as SOCI, in a solvent such as
CH,Cl, at room temperature overnight or heated at 35 °C for several hours, and then

cooled to obtain cyclized compound (IIK).

0] -
1 O HN-Rg R HN=Rs
R\N)ij(NH dehydrating or halogenating reagent )N\ - NH
s sy NZ>N7 N

HN” N7 N room temperature or heating

10
For Example:
O HN-R
.0 HN-Rg Rl 6
R \N% SOCi, )N\ \H
NH - ’
HN)\\N =N CH,Cl, or MeOH, r.t. N "N N
“OH
)] 1K)
[0037] Compound Ia and Ib may be formed by reacting a compound of IIk

15  with for example a R5-X in a solvent such as DMF and a base such as K,CO; at room

temperature or with heating:
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(11h) Intermediate I1h my also be prepared directly froma conpound of |ff
using the simlar nmethods, but the yields are relatively low 0 R1, )- N
1R6- N=C=0OwonoR@eBsC=S HN- R6 NH 0?N1, NH2 DMF, heating, @CTfOSedo2i0p6452

[0034] Internediate Il-1 can be prepared by for exanple reacting a conpound
of I'lh with for exarrpl e a chlorinating conpound such as POC13. The reaction

may be carri ed at mospheric pressure a@d Iqf%ﬁuxed for a@utH@_ﬁeays
or heated ag %for about 10 mn gn dlsegl ed vial wrth'a _nifcrowave
i nst rurrent ef 8h or RROOKEOH-10m n 2d, vial in chlo e
[0035] | nter can begfgpared b N9 a conmpoy N-1 with
an amino al & |n a sol vent such as e reaction EHW heag ed
over ni ght Rz 2
Rj R4 Rj R4 Rs3 R4
(1K) (1a) (Ib)
For example:
0 - 0 -
i 0 HN-Rg RK_,,_|C_:O RLN HN-Rg RLN H\N Re
N = 2LU3 = N—R | N
NH .- 5 + |
AN + DME NJ\N N N)\N

N
N N ' ; \R5
(IK) (1a) (Ib)

5 wherein all the substituents are as defined previously; X is a leaving group such as a

halogen, mesylate, or tosylate.

[0038] Rs may also be introduced earlier by for example reacting IIg with Rs-
X and then perform similar procedure as described above to form compound Ia and

10  Ib, as long as Rs will not be cleaved off in the P! deprotection step.

[0039] The third synthetic route is also developed for the preparation of

Compound Ia.

15 [0040] Intermediate IVa may be formed by for example reacting a compound
of ITe with POCI; and DMF:
0] 0]
R‘ 0°Ctort R1

+ POCl; + DMF

)\ NHz )\ NH
P P1

(lte) (tva)

wherein R' is as defined previously, such as a methyl group.
20 [0041] 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;COj3 at room

temperature or with heating:
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and then cool ed. The reaction m xture nmay be purified by chromatography to
obtain 15conpound 11J: wherein all the substituents are as defined

previ ouslwoizniokesrsul a | or I1. For exanple, the am no alpcohuskooomycsbre

1-am no- 2-cycl opentanol: ITHNR6HN pH "N---%\NH CINN [0036] I nternedi ate
1K can be formed by reacting a conmpound of I1J with 5 for exanple a
dehydr ati ng/ hal ogepati ng agent such as SOC12 in a solvemd such as CH2Cl2 at

room tenperat ue oylerni ght or heated at 3}5205 for severall hours, and then
cool ed to obtai NNyC g _conpoega (I1K) | PIN- R6, NH ﬂ N Qy Exanpl e: R1, N
? 07 "N" "N Rs
P1

|
,NHHNNN6,,O-|&IJ»L < R6 NH N'N OME

N
p?
(IVa) (IVb)
[0042] 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)
RL
N)Hj\N deprotection N NT N
SN — N
OJ\ N N'Rs o)\ N N\R
) 5
P! H

(IVb) (Ive)

[0043] Intermediate IVd can be prepared by reacting a compound of IVe with
for example a chlorinating compound such as POCl; 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 o)
R reflux, 48h R
)N\)%Q" + POtk 200 °C, 5-10 mi )N\ N
S or , 5-10 min ~ =
o N N Rs Cl N N Rs

sealed vial in microwave

(IVc) (Ivd)

Intermediate IVe can be formed by reacting a compound of IVd with an amino
15  alcohol under basic condition in a solvent such as DMF and heated overnight then

cooled:

O
R\ HN  OH N
N AV base HN)\\N N\R5
PPN
cl” °N” N R;

DME, 110 °C é-“OH

(Ivd) (IVe)
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R2 1-75ig R3
conpound of

R4 (UK) [0037] Conmpound la and |b may be fornmed by reacting a
1k 15 with for exanple a R5-X in a solvent such as DM and a

base suchwao0kaG&F1at room tenperature or with heati ng: PCIMDS2009/006442
2010/ 065151PCT/ US2009/ 006442 (UK)(la)(Ib) 5wherein all the substituents

are as defin
nesyl ate, @y
exanpl e reac

ed previously; X is a leaving group such as a hal ogen,

4a]osyl atAgterBeQQ%%] RRefRobiat $9e B8 bOsynatsERd daRtdy fbmy f or
X and then performsimlar procedure as

tin
descri bedccabmx@gtqﬁ?i’e rbmreamxpguwm araaram@ alhb! angsa ¢ipding seqmenifuch apot  be

cl eaved oé@ |ntkprePI gef t%Ftl [0039] The third synthetic route is
al so deve ﬁea ?o? T 8 %%3? atl o npound la. 15[0040] I ntermedi ate | Va
may be formed by for exanple reactlng a conmpound of He with PQCLl3 and DWF:
1
o Ivent NN NH
R H;N OH solven )\\ N
S ot N R n heating HN SNOR,
PPN\ 2R, Rs R, \\OH
ct” "N~ N 'R R, 5
R4
(Ivd) (IVe)
5
O
R1
0] N =
VTNt g AAS HN N7 N Rg
O)\N \\R 2R R4 RZ\/L%? OH
H Ry »
R4
(IVe) (1IVe)
wherein all the substituents are as definedpreviously in Formula I or II.
10 [0045] Compound IVf may be formed by reacting a compound of I'Ve 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.
1 i Q
R\jl\)ﬁf\“” d hal t RLN)Hj\
~ dehydrating or halogenating reagen NH
HN” SN RF\R5 _ N‘;\N SN
R, OH room temperature or heating Rs
R, 2 " RZM
* Ry Ry Ry
(IVe) (IVF)
15
For example:
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(I'va) wherein R is as defined previously, such as a nethyl group.

20[ 0041] Internediate 1Vb nmay be fornmed by reacting a conpound of

IVa with

for exanpwe 2a10RB5181i n a sol vent such as DMF and a base ®PU0thiSa@9oildd@B at
roomtenperature or with heating: WD 2010/ 065151PCT/ US2009/ 006442

[0042] Internediate | Vc may be synthesized froma conpound of |Vb by
renmovi ng the protective group Pl with an appropriate nethod. For exanple,
if Pi is a5 PMB gr®up, then it can be renoved with CAN orO TFA/ TFMSA at

room t enper at ur L otection 0 RL, N NN RS (1 Vb)RY
[ 0043] I nt er nedi at \I

HN" N
WOH

Rs CH,Cl, or MeOH, rit. NZ N

(Ve) (V)

d.gan be prepad®&iby reacting a compourddf |Ve with
5

[0046) Compound IVg may be formed by reacting a compound of IVf with

for example a halogenating agent such as hexachloroethane and a base such as

5 LiHMDS in a solvent such as THF at low temperature.

0 o X

61 ]

e ~
N N Rs Lithium reagent N N
Rz"}"ﬂ‘.{ RZ

R3 R4 R3 R4
(Ivf) (IVg)
For example:
O
RAN7 N o X
Jo NN RY
NN N g NCS,NBSorl, )N\ /\N
5 - <D
LDA or n-Buli N”"N" N Rs
(IVf) :
(Vg)
10
[0047] Compound Ia may be formed by reacting a compound of IVg with for

example an amine upon heating. If R¢-LH is an aryl amine, a catalyst may be required

to facilitate the reaction or a strong base such as LIHMDS may be used to accelerate

the reaction.
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for exanple a chlorinating compound such as POC1l3 and refluxed for about 2
days, or 10 heated at 150-200 C for about 10 mmin a sealed vial with a

m cr owavewonstwussesnt and t hen cool ed: 0 refl ux, 48hRl, NPRPO©TIS3009/00d4¥z) (| Vd)
Internmedi ate W can be forned by reacting a conpound of 1Vd with an am no
15 al cohol under basic condition in a solvent such as DW and heat ed
overni ght then cooled: WO 2010/065151PCT/ US2009/ 006442 | -R

[ 0044] AIternatl elyX internmedi ate | Ve can be synghesiized di rectly froma
conmpound ofR eacting with an am no al cohol nd a/ pI i ng reagent
such as BOP i t Q\Qg—:sence of a mage such as DBH N N RS H2N CH
RAt Ai rD R3 E

heating
R R

(IVg) (la)
For example, a compound of formula IVg reacting with an aniline in the present of a
catalyst such as Pd,(dba); in a solvent such as dioxane at 100 °C overnight to give a

Compound Ia.

o]
o I g O
NN aniline N
NZ N7 N R - A s
5 A ° cat., heating N; ~ N; N\Rs
v
s (IVa) (Ia)
[0048] Compound Ia where in L = CH; may be prepared using the general

synthetic methods described in Example 3 of U.S. Patent Publication No.
2008/0188492 (or WO 2006/133261), the contents of which are incorporated by

10  reference in their entirety). For example, wherein L is a -CH»- and R is aryl (e.g., -
L-Rg is benzyl), the compound may be prepared by reacting, e.g., 4-
phenylbenzaldehyde with 6-hydrazinyl-1-(4-methoxybenzyl)-3-methylpyrimidine-
2,4(1H,3H)-dione to produce 6-(2-(Biphenyl-4-ylmethylene)hydrazinyl)-1-(4-
methoxybenzyl)-3-methylpyrimidine-2,4(1 H,3 H)-dione. The resulting compound can

15  then react with 2-phenylacetaldehyde in the presence of, e.g., piperidine at elevated
temperature, e.g., 40-45 degrees C in a solvent such as DMF and Bu'OH, to give 3-
Benzyl-2-(biphenyl-4-ylmethyl)-7-(4-methoxybenzyl)-5-methyl-2 H-pyrazolo[3,4-
d]pyrimidine-4,6(5H,7H)-dione, which is then reacted with ammonium cerium (IV)
nitrate to give 3-Benzyl-2-(biphenyl-4-ylmethyl)-5-methyl-2 H-pyrazolo[3,4-

20  d]pyrimidine-4,6(5H,7H)-dione:
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NH HN)NNIY RS R2, OH R4 (1vVc)(IVe) wherein all the substituents
are as definedpreviously in Formula | or I1. 10[0045] Conpound |IVf may be
formed bywoeamidéaFia conmpound of Ve with for exanpl e aPCT/US2009/006442

dehydr ati ng/ hal ogenati ng agent such as SOCl12 in a solvent such as CH2Cl2 at
room tenperature overnight or heated at 35 C for several hours, and then
cool ed. For exanple: WD 2010/ 065151P£t\US2009/ 006442 R1, NR1, N SOC12
HNNr\\j R5CH2C12 or MeOH, r.t. 0

O)\N S

This resulting dione compound can then be reacted with an amino alcohol and a
coupling reagent such as BOP in the presence of a base such as DBU to obtain a
compound of Formula I or II, wherein L is -CH»-, R¢ is phenyl and Rs is phenyl-4-
5  ylmethyl. Alternatively, wherein Rs is a pyridyl-phenyl-methyl, 4-
pyridylbenzaldehyde may be used instead of 4-phenylbenzaldehyde.

[0049] Compound of the Invention wherein Q is CH, may be prepared by
reacting Compound (Ia) with a reducing agent, e.g., DIBAL-H, LAH, preferably

10 DIBAL-H.
O L-Rg L—Re
R RL
\N = NH /[Ij\ /\QH
=~ reducing agent =
N)\N R\R5 NZ N7 Nog
Rz RZ
R3 R4 R3 R4

(1a) (-D
[0050] Compound of the Invention wherein Q is C(=S) may be prepared by

reacting Compound (Ia) with P4S)¢ in the presence of a base, e.g., pyridine.

O |-Rg S L-Rg
1
RL RANT N=
)N\ f\QH P4S10 PR \\QH
N“ N N Rs NZ N7 N Rs
RZM heating R,
R3 R4 R3 R4

(1a) (1-B
15
[0051] Compound of the Invention wherein Q is C(=N(R20)) may be prepared by
reacting compound (I)-B with NH,(Ryo) in the presence of HgCl, upon heating.
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(1'Ve) [0046] Conpound I1Vg may be fornmed by reacting a conmpound of I'Vf with
for exanple a hal ogenati ng agent such as hexachl or oet hane and a base such
as 5 Li HW®8 20/&ssel vent such as THF at | ow t enper at ur e PCO/URRQ09MERACL 6, NCS,
NBS or 12 NFR5Lithiumreagent R3R3 R4 (I1V)(1Vg) For exanple: i vg)
[ 0047] Conmpound la may be formed by reacting a conpound of IVg wth for
exanpl e an am ne upon heating. If R6-LH is am,,aryl am ne, a catalyst nmay be
required to fa8ili faRe the reaction or a stronq\l base-guch as Li HVDS may be
used to acgel te/{the reaction. For exanpRe campound of formula W
reacting witlh an]anyLi ne i n HNRpyesent of a ¢at Y3NH such as Pd2(dba)3 in
a sol vent S=hoxan ni ghiy N Conmpound 1 a.
5(|vg)(|q; 8]C0n86und la Wg@dre in L :ch%ﬁgay be %ﬁepared usi ng the
general 2 ZR y

3 4

3 Ry
(1)-B (h-c
[0052] In another aspect of the invention, The invention thus provides methods of
making Compounds of Formula I, 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

5  temperature or with heating:

L-Re L-Rg
R1\N’Qf<NH base R1\N’Qf<N R
S Rs-X -
R, l : A1 H';\
2 R3 R4 RZ R3 R4
1-A (1)-A

wherein all the substitutents are as defined previously; X is a leaving group such as a
halogen, mesylate, or tosylate.
[0053]  The thione compounds of the invention, e.g., Compounds of Formula I or
10 II wherein Q is C(=S) or (I)-B may then be prepared by reacting Compound(Ia) with
P4S|o in a microwave vial in the presence of a base, e.g., pyridine, and heating the

mixture to an elevated temperature, e.g., in a microwave, e.g., to about 150°C.

O | -Rg S LR
N - =
N4kN R\R = NJLN ;¢\R5
RZM S heating R,
Rs R4 Rs R4
(1a) ()-B
15 [0054] The imine compounds of the Invention, e.g., Compounds of Formula I or

IT wherein Q is C(=N(R30)) or (I)-C may in turn be converted from the thione
derivative (i.e., Compounds of Formula (I) wherein with Q is X(=S) or (I)-B by
reacting the thione derivative with NH2(Rzo) in the presence of HgCl,, e.g., in a

solvent such as THF, and heating the reaction mixture to an elevated temperature,
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synt hetic nethods described in Exanple 3 of U. S. Patent Publication No.
2008/ 0188492 (or WD 2006/ 133261), the contents of which are incorporated by
10r ef ererwo 200/06BESILr entirety). For exanpl e, wherein L iPESTAS2@BBec4and RE i s
aryl (e.g., - L-R6 is benzyl), the conpound nmay be prepared by reacting,
e.g., 4- phenyl benzal dehyde with

6- hydrazinyls1- (4- - t hyl pyri m di ne2, 4(1H, 3H) -di one to
produce Gé?%(ﬁngaBllg%ﬁgﬁé/\lré?ﬁ%?fﬁQnéyﬁgllggghydrazi nyl)-1-(4-

met hoxybenzyl) - 3- met hyl pyri m di ne- 2, 4( 1H, 3H) - di one. Rihe resul ti ng conpound
can 15 then react w tl® 2- pheryl acet al dehyde in the pregencé—&, e.g.,

pi peridine at el e\Rlt erature, e.qg., 40-45 de!j‘\fﬁI _-An a solvent such

as DMF and ButOH, tof gi H2N(R20) \\QH

Benzyl- 2- ( bi phenlefg-\N N - 7-(4-met hoxybehzyl) N5 hyN-§I5—I- pyrazol o[ 3, 4
- d] pyri m di ne-4g 711) - di‘one, whHg®2i s then rp\ezaégme'(d wi t h" anmoni um
cerium (1V) nitratg t gi ve R

3- Benzyl- 2- ( bi phenyl- 4%yl net hyl ) - 5- met hyl - 2H pyr azolso[%f 4-

20d] pyri mi di ne- 4, 6( 54).8'11) - di one: This resulting di oné)-€onpound can then
be reacted with an am no al cohol and a coupling reagent such as BOP in the
presence dP03S)base FhwcGompomily df theolmventivng e ggGrmpraind$ ofFbomuila(d) or 11,

wherein L js - CH- i s phenyl._and i s phenyl.-4- 5yl met hyl .
Al te rerelngmt i\V/fé?Sr ?P%e@%ﬁ??@qp‘@gzﬁp‘}? ?qag, 5.553 h% ﬁ%p_%{%wyrpgctﬁlﬁﬁe Wone
pyri dyl bepsrh@eh¥de rRMube wh&ein 0% _@@&bgafzr oo (DeazaltHahydlRing [ 0049]

Compound of the Invention wherein Qis may be prepared by reacting

Conpound ggeat egi diisebutgdlvotingmaydrite (RIBAL-HD} Bihiurpalunaipumpiystideabl y 10
Dl BAL- H. . 05 ound, of Ipvention wherein Qis C(=S) may be
pr epar ed %glﬁg%ﬁogkﬂ%ﬁbegﬁr%@(Pi?g‘vlfn’ﬁh PaSio in the presence of a base,

e.g., pyridine. [QﬁSl]L_C;@errpound of the Invention wherein QRg
C(=N(R20)) nmay be grepared by reacting conpound (I1)-B Rﬁ\h H2( R20) in the
presence of HgCl2 uppn Reanwjng. . NH
=~ reducing agent /l\ =
NZ N R\Rs — N“ "N R\Rg,
Rz"}"’*‘ R2
Ry Ry Rs R4

(la) (1)-D

10 [0056] Methods of using Compounds of the Invention
[0057] 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

15  synthesis, such as dopamine and nitric oxide (NO). By preventing the degradation of
cAMP and cGMP by PDEI1B, thereby increasing intracellular levels of cAMP and
c¢GMP, the Compounds of the Invention potentiate the activity of cyclic nucleotide

synthesis inducers.

20 [0058] The invention provides methods of treatment of any one or more of
the following conditions:
) Neurodegenerative diseases, including Parkinson’s disease, restless
leg, tremors, dyskinesias, Huntington’s disease, Alzheimer’s

disease, and drug-induced movement disorders;
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(i1) Mental disorders, including depression, attention deficit disorder,
attention deficit hyperactivity disorder, bipolar illness, anxiety,
sleep disorders, €.g., narcolepsy, cognitive impairment, dementia,
Tourette’s syndrome, autism, fragile X syndrome, psychostimulant
withdrawal, and drug addiction;

(iii)  Circulatory and cardiovascular disorders, including cerebrovascular
disease, stroke, congestive heart disease, hypertension, pulmonary
hypertension, and sexual dysfunction;

(iv)  Respiratory and inflammatory disorders, including asthma, chronic
obstructive pulmonary disease, and allergic rhinitis, as well as
autoimmune and inflammatory diseases;

v) Any disease or condition characterized by low levels of cAMP
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
compound according to any of Formula I or 1.1-1.80, 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 as hereinbefore described, in free or pharmaceutically

acceptable salt form, to a human or animal patient in need thereof.

[0059] 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
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 1.1-1.80, and
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RBR3 R4 (I)-B( I ) -C[0052] 1 n another aspect of the invention, The

I nvention thus provi des nethods of maki ng Conpounds of Formula |, for
exanpl e, wornprumwstsy reacti ng Conpounds 1-A with, for exaoplus008Beci42i n a
sol vent such as DMF and a base such as K2CO3 at room 5tenperature or with
heating: L-R6 1-A(l)-A wherein all the substitutents are as defined

previously; X i(§) fcdBpNintoProBreSMEKR fiflfiesd oh PRl sleéfR oW, HelectedIfrdrpsy| at e.
[ 0053] The thione cor‘rPounds of the invention, e.g., npounds of Formul a |
8

or 10 11 wher ei(® @nfrsl mwres)s systeqn stinB:lprty-amphefapengsaag ampheininelks i ng

Compound(la) with PaSio in ] ' ' . ar ase,
e.g., pyridi ne S°4R auﬁ%saf Tgﬁéﬁl ?tﬁ;él%h?ﬁ)?@é?’e&ék gg%ﬁn&éﬁ%}g%géﬁgﬁg& ggtfg{nar}eg e.g.,
in a mcrowave,.ané pgmolih€ (Bpadtafli0Cc) dntidbfressafitsRe.g., tidycResHinclidRb R2
heatlng R3 RAR3 . L . o :
imipramine, desipramine, clomipramine, and protriptyline) and selective
serotonin reuptake inhibitors (including fluoxetine and sertraline); and/or (d)
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
10  prophylaxis for narcolepsy as hereinbefore described, comprises administering a
therapeutically effective amount of a Compound of Formula II as hereinbefore

described, in free or pharmaceutically acceptable salt form, as a sole therapeutic agent

or use in combination for co-administered with another active agent.

15 [0060] 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
1.1-1.80, in free, pharmaceutically acceptable salt or prodrug form, to a human or

20  animal patient in need thereof. The invention also provides methods 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

25  (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

30  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
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(la)(l)-B 15[ 0054] The i m ne conmpounds of the Invention, e.g., Conpounds of
Formula | or Il wherein Qis C(=N(R20)) or (1)-C may in turn be converted
from t he wbizoreessni vati ve (i.e., Conmpounds of Fornul a @Cx/ushe@v@iddni th Q
is X(S) or (1)-B by reacting the thione derivative with NH2(R20) in the
presence of HgCl2, e.g., in a solvent such as THF, and heating the reaction

m xture t geakeffl @EAhastetREBPHEEARIVENESS ofw&ﬂ&&%ﬂé&lﬁé&mdrw@%e/ 006442 e. g.
in a mcrowave, e.g., to about 110C. [0055] The Conpounds of the Inventlon

e.g., Compduminigerst irgpmhination yilhrsiregan/Qipdiofegriolendiund (1)-D, may al so
be prepar ed D tero%ar?éo%]e% 15?1% 1&%% rﬁ péu% M)Xl%h' Ay esﬁogen 1nﬁﬂé&]"érﬁibut %‘h‘?r en Q

is C(=0) &r° a‘reducing ag al um num

hydri de ( ByFébtabkih.ant lcmnnmal Tivé metholly of the enveaﬁﬁh mdlmrlmaﬁd forcmimal
preferabl%, DIBAL-H 1L-R6 RL,NA N N N ..5 reduci ng agent L-R6 NN NR
5 reeding, for example to induce sexual receptivity and/or estrus in'a nonhuman

female mammal to be bred.

[0061] 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
10 in combination or for co-administration with other active agents, for example in
conjunction with hormone replacement therapy. Thus, the invention further
comprises a method of treating disorders that may be ameliorated by enhancement of
progesterone signaling comprising administering simultaneously, sequentially, or
contemporaneously administering therapeutically effective amounts of
15 (i) a PDE 1 Inhibitor, e.g., a compound according to any of Formula I or any
of 1.1-1.80, and
(ii) a hormone, e.g., selected from estrogen and estrogen analogues (e.g.,
estradiol, estriol, estradiol esters) and progesterone and progesterone
analogues (e.g., progestins)
20  in free, pharmaceutically acceptable salt or prodrug form, to a human or animal
patient in need thereof. In another embodiment, the invention provides the method
described above wherein the PDE 1 inhibitor is a Compound of Formula II, in free or

pharmaceutically acceptable salt form.

25 [0062] 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 1.1-1.80, sufficient to inhibit PDE1B activity. The invention further provides a
method for enhancing or potentiating dopamine D1 intracellular signaling activity in a

30 cell or tissue comprising contacting said cell or tissue with an amount of a Compound
of Formula II as hereinbefore described, in free or salt form, sufficient to inhibit

PDEL1 activity, e.g., PDE1A or PDE1B activity.
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[0063] The invention also 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 pathway in a patient in need thereof comprising administering

5 to the patient an effective amount of a Compound of the Invention, e.g., Formula I or
any of 1.1-1.80, in that inhibits PDE1B, wherein PDE1B activity modulates
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

10  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 Formula II as hereinbefore described, in free or

pharmaceutically acceptable salt form.

15 [0064] In another aspect, the invention also provides a method for the treatment
for glaucoma or elevated intraocular pressure comprising topical administration of a
therapeutically effective amount of a phospodiesterase type I (PDE1) Inhibitor of the
Invention, in free or pharmaceutically acceptable salt form, in an opthalmically
compatible carrier to the eye of a patient in need thereof. However, treatment may

20 alternatively include a systemic therapy. Systemic therapy includes treatment that can
directly reach the bloodstream, or oral methods of administration, for example.

[0065] The invention further provides a pharmaceutical composition for
topical ophthalmic use comprising a PDE1 inhibitor; for example an ophthalmic
solution, suspension, cream or ointment comprising a PDE1 Inhibitor of the

25 Invention, in free or ophthamalogically acceptable salt form, in combination or
association with an ophthamologically acceptable diluent or carrier.

[0066] Optionally, the PDEI 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

30 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
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[ 0057] The Conpounds of the Invention are useful in the treatnent of

di seases characterized by disruption of or damage to cAMP and cGW nedi at ed
pat hways,we.2g10/06851a result of increased expressi on of PDEUSesvdecmeased
expressi on of cAMP and cGVWP due to inhibition or reduced | evels of inducers
of cyclic nucleotide 15synthesis, such as dopam ne and nitric oxide (NO.

By pr evenEélJbﬂtath%fg@rﬁﬁﬁﬂ@t‘ix}\%ﬂ‘iff&erﬁ%@Wh@%emnm%swaét@&yaddnCr easi ng

intracellular I'evels of cAWP and c t he Conmpounds of the |nvention

pot ent i at diffenent aisleieffiectyprofiles yadyi ke tauedussttheidosagnanrbsife efferds efepither or

20[ 0058] The,i nventi on . pravi des net hods..of tr.eat.nent ne or nore of
the foll O\Eftrt?gagﬁrbtﬁ’oﬁstv?'%ﬁass:to ?ﬁé"ﬁr%%%&ﬂ%‘? élfellrv%ctn&?t gzsstg]ga()srl,%ﬁ?éﬁ Yudi ng

Par ki ns on'AFlm@ins ease The slehdss tﬁlﬁg)m\tiﬂ@ﬂié setibdsdfitreaahas of keonditigh on' s
di sease, zhel nmer' s di sease, and drug-induced novenent disqrders; WO

2010/ 0551 5dFutd DepaorcooBmg clsvajedvptipeaulatipsessye compristB Ry SYERE &si on,
attention gse‘iélﬁ i n9e¢%9§r98f L RRE! Hﬂ@fe!gelatsum@ghefat b, SH306E8R" .
2 arr Isorders,’e. g |§

bi pol ar i ness, anxi e sl eep ., narcol epsy, cognitive

i mpai r nenknowe reldiveaintrhotilat pressurs yordoatiently simsitanebudy ot seqgestyallgr one,
psychosti myl ant 5w t hdrawal , and drug addi ction;_. (L] i.rcul gtory and

car di ovas ¥ithan e%Y"d@P%‘,‘mi 3 ﬁoei‘-‘g&‘.r g%‘fogg%ﬂ’/‘é[g&ﬁ aaébgi é'gﬁé‘é?r ‘gtﬂi‘% ke,

congest | V%J&ﬁ?&ﬁ, it G BF BharABEIHET WQikptaBl JRTBHY, SUYREat ERABLAILS RO Sexual
dysfunction; (1v) Respitatory and infl gm*rat ory disorders, including asthng,
chroni@ 18gdhsknowt to/wenlintravanpr piessus and tiecinaiunteithe PO Ininhibstor 15 wel | as

aut oi nmune apd j.nfl a tor%/t gi segses; iglvé Any di sease or condition
char act er F¥BEIUOR g SHieGRYSogFea oB#P8r caP (or inhibition of cAMWP

and/ or cGVRegBpnal i kYoRAEHBEYiient, dné O bsth@fMiesehRhrEhEhiniaaddor 15(vi) Any
di sease or condition characterized by reduced o(gam ne Dl receptar

si gnal i ngtepicallyite fhe ayenphussthagnvadtivmprsvides agnethoeof wdusing thersdmefiasts a
or Bo1me Bhubitiep{YElshle i devarcd RRTRIM BrACERLY i SRR adbakO T |

pRarmaceut e’sa g form to
a humaf odosufmlagp@tiineiin tb Nowesidtrhbwil 8 resshie c3AcanieamBy sianpaatousiyhe

' nventi on OP ge(zl\(lier%?aslly%virtrl?;# gf%ec?{vetagn%%gggp é PBEl tirt]}?ibi(%c())rr.] Iq{oueegr? methods other
than topical administration, such as systemic therapeutic administration, may also be
utilized.

[0069] The optional additional agent or agents for use in combination with a
20  PDEI inhibitor may, for example, be selected from the existing drugs comprise
typically of instillation of a prostaglandin, pilocarpine, epinephrine, or topical beta-
blocker treatment, e.g. with timolol, as well as systemically administered inhibitors of
carbonic anhydrase, e.g. acetazolamide. Cholinesterase inhibitors such as
physostigmine and echothiopate may also be employed and have an effect similar to
25  that of pilocarpine. Drugs currently used to treat glaucoma thus include, e.g.,

1. Prostaglandin analogs such as latanoprost (Xalatan), bimatoprost (Lumigan)
and travoprost (Travatan), which increase uveoscleral outflow of aqueous
humor. Bimatoprost also increases trabecular outflow.

2. Topical beta-adrenergic receptor antagonists such as timolol, levobunolol

30 (Betagan), and betaxolol, which decrease aqueous humor production by the
ciliary body.

3. Alphay-adrenergic agonists such as brimonidine (Alphagan), which work by a

dual mechanism, decreasing aqueous production and increasing uveo-scleral
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di scl osed above conprising adm nistering a therapeutically effective anount
of a Conpound of Fornula Il as herei nbefore described, in free or

phar mmcewocaldosssecept abl e salt form to a human or anipomlusp@vioessu2 i n need
t hereof 25[0059]1n an especially preferred enbodi nent, the invention

provi des nethods of treatnent or prophylaxis for narcolepsy. In this

enbodi ment, PDE dolWhhi bitors may be used as a sole therapeutic agent, but
may al so be used i n conbination or for co- admnistration with other active
agents. Thusi. Lbs-seleceint i symphthobdiaretico tike | epergephrine tand ddipivefrire §Piopme)

nar col epsy conprising adm njstering sinultapeously, sequentially,.30 or
(I;([))EtirrFOL aggt?uél}c&eaéﬂﬁi“tﬂoé}t QQH‘QO‘E%@F'&‘HE&Q%QIW e‘éﬁ?réﬁ?ﬁ%\‘fvé’?lér}’ﬂ)%ﬂ%%‘ (i )fa
nhi bito . idp.Or any o
{T?%@uveo&lﬁggﬁﬂﬂe@ }ﬁﬁmn%)? ?F%ng%b&gz £t adtidn. y

1.1-1.80, and a conpo to pro ul ness or regul ate sl eep,
e.g., %el ectedMibtieragents @ardsympathemimeitics3 Yiké pitocrpine hank by aoqpthetiamofies and

anphetam ne |i ke conpounds, e, g., t hy] pheni dat e, dexiropanphetam ne,
met hanphet ami née %]h%l'yﬁ’é‘l‘ﬁﬁfq’ Hgglte(‘ﬁ’ﬁr{ﬁﬁgéé"?%ﬁr ,me(sgnyOQh?ﬁ%%lB}VgE% é‘?ﬁrgﬁsei. g.,
tricyclics (i ”Bhﬂﬂgkﬂgﬁtﬁ'& Bl Ro@fhifoudesi prani ne, clom pram ne, and

nd se

protriptyline) a ectrve serotonin reuptake inhibitors (including
fl uoxeti ne ahdCagionicalanhedraseandhibitofsd )likgadvmolayddo x§llvutopt)at ErirnzGkB)ide i n

free, pharmaceutically accept.able salt or prodrug form to a hunan, or
ani mal pati ent %?P e%cef*ﬁé‘e"’@ﬁge. (ﬁia@t’ﬂ ﬁo‘éi o?‘f‘Fé?tg(E‘rrt?cgd?Wﬂ‘t‘S, RIMOTBY hods of
treat ggnt or 1%&99%(k%{,ﬁcfagﬁyd}ggecigltg@gﬁa@sod@rei nbef ore descri bed,
conprises adm nistering a therapeutically éffective anount of a Conpound of

Formul a || &5 Reysistipmaineriealde ssed foddkat glauéoeearst dginzmdrgseetenmpaying.
acceptable salt form as a sole, therapeutic agent or,uFe in ¢conbi nation for
co- admi ni s{078H wi t Kongmle. the inveationeiovides ghargwseiticy! sompedioNsSnbodi nent |

the invention.f. Ji t ioff RloRP xis of a
conditi onu\)/\ﬁﬂpré{#%%?gb%lpl;nﬁﬂé{\éfgﬁerﬁ Iﬁggﬁlﬁg ag%%g% éemng%lte &g? toheh%{rhggest erone

si gnal i ngpostapoids) urgppashingi Bitawoprgt, araveprostc br bienatoastt (iDfanaldenpound of t he
I nventjion, ,e.qg., a conpound. according to, any of Fornula | or.any of

1110, i dteisatopRER IS SRR Y deEEI G % AR VEFISPAardg Torm to a
human or gfsani®hgdaRit] LBk al Pil né NESEXampld) end MvestidnQitoddep provi des

met hods of treatnent as disclosed here, COF(‘B[‘I sing adm nistering a

t her apeut pplthilpiefdravddtions semprising 2 PDICA dpbigiier of thebrventian tagethepwithee or

phar maceul L ealbNsRaaERhaRNE BALbALAIL R AoR0G Rn ARSI AR bR JrRY D

a_ma! i or at ogesterone’ signaling Tnc are not
limted tgphthafElbgicaly bdepthpif sadbin®in combiatian yr asyeriatiomedth2h( e. g. ,

exere, (? © gﬁﬂ%él@%ﬁiﬂy ggc%\ll)yalb?et clii?uré’nt (r)rre cl:lacr)rpi)glrl.J Sir? ’adcgri‘taigg Ft)c;le gesigcltinsg%npt one,
combination, however, a person of ordinary skill in the art can select an appropriate
selective receptor subtype agonist or antagonist. For example, for alpha adrenergic
agonist, one can select an agonist selective for an alpha 1 adrenergic receptor, or an
agonist selective for an alpha, adrenergic receptor such as brimonidine, for example.
25  For a beta-adrenergic receptor antagonist, one can select an antagonist selective for
either By, or B, or B3, depending on the appropriate therapeutic application. One can
also select a muscarinic agonist selective for a particular receptor subtype such as M;-
M.
[0071] The PDE 1 inhibitor may be administered in the form of an ophthalmic
30  composition, which includes an ophthalmic solution, cream or ointment. The

ophthalmic composition may additionally include an intraocular-pressure lowering

agent.
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hypot hyroi di sn), pre-nenstrual syndrome, premature |abor, infertility, for
exanple infertility due to repeated m scarriage, irregular nenstrual

cycl es, awoanmelesisieri ne bl eedi ng, osteoporosis, autoi NPOTNS2a09eRSE,

mul tiple sclerosis, prostate enlargenent, prostate cancer, and

hypot hyroi di sm For exanple, by enhancing 30 progesterone signaling, the

PDE 1 inhi [poyeyrs mayn h& dnseldr Exungile aHE RDE- B Bthibifgb dRtkédmay beough ef fects
on the lining of uterus, and to hel p maintain pregnancy in wonmen who are

prone to admbiacd wilga sbthresholdemennt of 8p sHEeCHlar PreayRIHIYEIBIS 3260
rogester f | on. (o) i.nhi bi g ‘1 1. bed

ber o nafr s EBimA 30Nl DigfU Bbliffofidife Brua@ Bpfaaiit

r epl acenesdlutidre oapyimoniding tageie/finml @rmedleate oplahdiniatolatiomd t h

estrogen/estradi ol /estri.ql and/or progesterone ogestins. i n postnenopausal
wonen, > andl®48} ogenln addideyta EGH%YGI’F’&PUWB@#‘%E giﬁﬁﬁlSBQF?} nona. The

et hods ofudAsnkBNARGLLARIMA PEECRHEON art Ale@b Ty ByRhegdigo, for exanpl e

to i nduce xuar “receptivity and/or estrus in a nonhurman fenmal e mammal to
be bred. (OOGE, anytchhditionddutiraeerized PREpsychatieispmptomss smeh abballgmehtions,t he

foregoi ng net hqds. of treatnent oy prophylaxis a ol e therapeutic agent,
but may aP¥8"Y O&E{?&“iéf’ﬁ’s{f’ﬂﬁ’b‘irﬁéiog%ﬂ‘?ﬁ% SPSTCE@Saé%HF%gS?'gati on with other
active agedMigophiia, S4APRIIRClive 8RBIdEN GERIGGpHMELitbrhCdibaaey, pSRhagement ther apy.
Thus, the invention further conprises a nethod of treating disorders that

may b0 andispuentdetisippakdiberdew anthmanta, prchissr aewsn manicgrasddegarbpipelasi ng

adm ni st er,i ng, _Si t apeoust equent i al | [ €Q :

i ni ot oGt n G pBERIRING o TEAIER b2 thoRhs P SEERR R and i i o
€.0., a cofypruNnshtipeechott deudsGuelnys &bzdpicpHiraarily Wavatheirtdntdgohistic80, and (ii)
a hornone, e.g., selected fromestrogen and. estrogen anal ogues (e.g.,

est r adi ol actydtyat gie dopamingPd recsptosr EPE iphibitersele B SR THRY Y A88St er one

anal ogues . i i Aqf p | pal e salt
o pr odr g e siePARGSR thd Bpskilnd D1 ok Bior B ARERIS B er R R e
enbodi $renPDEt lisghibhwsrhn drcrgase WMB2\ teheptorefunotibrimsariobe braabmgeonshferei n t he
PDE 1 inhibitaqr.is Corrpougd of Formula |1, itn free or ;smarmaceuti cally

accept abl Exanple iy geclusaseympenshsurqns ¢as i1 B PEsiEantal cotFed N et hod f or

enhanci ngenPah&R O Al BiSn S2R258 d38n B dxApRARINMDA re2bSRA dopthimagknd ty in a
cell or tissue conprising contacting said cell or tissue with an anmount of
a ConpountiREB subenit,randmayeccuee.g., vidantivatien of the Samgndoprotein kinagoA suf fi ci ent
t o i nhi bi % PPE%tﬁgaCti vity. The invention further provides a nethod for
enhanci ng" B Yt BAT T4t i ng dopanine DL intracellular signaling activity in a

30 cebp or[go7apue CORBrcksE e @ORhEEH btFidRlatheGahbthod fér the Ueatmenhofn anount
of a Conpound of Fornula Il as hereinbefore described, in free or salt

form suf psychesit, et schivophtenfpschizeaffestivadiserdey, schispgphrendformispdeset i vity.
R R e
D1 recept aid bipbrandgbidet, afontprigital ddignistering a therapeutically effective amount of a
phosphodiesterase-1 (PDE1) Inhibitor of the Invention, in free or pharmaceutically
25  acceptable salt form, to a patient in need thereof.

[0075] PDE 1 Inhibitors may be used in the foregoing methods of treatment
prophylaxis 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
method of treating psychosis, e.g., schizophrenia, schizoaffective disorder,

30  schizophreniform disorder, psychotic disorder, delusional disorder, or mania,

comprising administering simultaneously, sequentially, or contemporaneously

administering therapeutically effective amounts of:
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pat hway di sorder, or disorders that nmay be alleviated by the enhancenent of
the progesterone signaling pathway in a patient in need thereof conprising
adm ni st ewongi0des31t he patient an effective amount of aprComgseama@ocaf2 t he

I nvention, e.g., Formula | or any of 1.1-1.80, in that inhibits PDELB,

wher ei n PDE1B activity nodul ates phosphorylation of DARPP-32 and/or the

G uRl AVPA recaph®DE HiliHibidér of thé iehtihE M frédloPpiRvimdestialifeddraptabler
treating a PDEl -rel ated, especially PDELB-rel ated di sorder, a dopam ne D1
receptor intraédtfommaandi gnal i ng pat hway di sorder, or 10 di sorders that may
be all evi ated . t of the progesterone signaling pathway in a
patient in neeg‘}ﬁtaﬁgr?‘(ggg@gﬁrg’géi ng adm nistering to the patient an

ef fective anount of Tapicahanipsychoticketgiul a 11 as herei nbefore described, in
free or pharmaceutically acceptable salt form 1 4] I n anot her aspect,
the i n¥ention al so provi GR¥YTaPRRIOREY efgoﬂaﬂ‘ﬂ’@“fl?légarfg’gtgqfﬁ?acéﬁaucoma or

el evated intraocul ar pressyh&id?BidiSita:. t opi cal admi nistration of a
therapeutically effective a bnt @ig# ?%&(’)spodi esterase type | (PDEL)

| nhi bitor of the Inventi ®hendthiakines ecg., Phlarpramezine CHidryzine depgawbl)e sal t

form in an opthalmcally, c atible carrier to the.eye of a patient in
need thereof. However, t?f:é"_é‘g‘r%g?ﬁm )7012’6‘35’?5%{’?7\}%91 Q%ﬁﬁ@fl de a systenic
therapy. System c therapyprbdibripe@sint (€8inpBAhe)t Thioridazing (VERAdly reach the
bl oodstream or oral nmethods of adm nistration, for exanple. [ 0065] The

i nveni®on further provi dédelieriphdirifimoperaziva(Stelompok iMesoridazine.t opi cal

opht hal m ¢ use conprising,_a PDEL 4 nhibitor; for exa opht hal m ¢

sol ution, suspension, cr%ﬁﬂflg?m&i P%{ne&%ﬁ%‘? rgpr%m%%@?n’l)’nhi bitor of the
25l nvention, in free or Q&bbﬂﬂ@ﬁi@h@ﬂin@mo)ﬁnaﬁpPﬁirﬁéth&iﬁ@{ﬁheﬁa@ﬁfn),i n

conbi nati on or association with an ophthanol ogically acceptable diluent or
carrier. [0066] Opti onal | Yimpgde PP)ii nhi bitor nay be admi ni stered
sequentially or sinultangqt i Dbt ment  of
gl aucoma or el evated int ?glg(%{ﬁ‘gl\r%%s?S%S’meﬁggﬂtgixgg?’%ﬁggﬁ%@ (agént s are
adm nistered, the therapdliangal)] Thidthiednkébavare) dAmelopenthixd{Clopagdnt may be
bel ow t he anount needed for activity as nonotherapy. Accordingly, a

subt hreshol d amount (i .eACUBRASEhount bel ow the | evel necessary for efficacy

as nonot her apy) mayAtgﬁigg%itifjgycggﬁgshg_rgapeuti cally effective and al so may
also be referred alternatively as anh effective amount. |ndeed, an

advant age of adni ni st eri €jozhipirfed(Clortaridly argapine KZytirexay Bispemdatieani sns  of
action and different sidej,effec rofil es.m .0 _regduce.th osage and
side effects of either o?R{JSB?'ﬁahg@H?@p"bes(s\ﬁkq%f’g@si?ﬁas{ﬁmgﬁggocg’rn?’potenti ate
theirpgctivity as nonot hesmrylpride@SollahPalip¥eddneqThviebals Apipiptagige the net hod

of treatnment of a condition 5selected from gl aucoma and el evat ed
i ntraocul ar pressure comifAbBifny Balgntumox: eerrieganiee.a patient in need ther eof

an effective anpupt ep?iagmace%ti%ig’m?({cgﬁt?B{g%aﬁ?gﬁptto agﬂ; i S0 mRgyn to

| ower intraocular pressure conc si mul’tan otﬁs y or sequentially
with an ef {0806) ve alyphrticalag embadisst,the€baipduadsmfnhe InvbntiorPiE1 | nhi bi t or

of the Invention, in free or pharmaceutically_ acceptable salt form such
that amouRtrtigplatlygsefpl fog tha reatBER! or PTORIWEFX1S ¢f SchBEIERIayr essure and t he

anmounbs of idb%FDEl U&H{ﬂ%}l&’g of e miigﬁtih Peedt ﬁhﬁ“a%gﬁtic\éﬁy ranetp'fa%"l’t; the

condi t1on.
salt form, are particularly useful for the treatment of Parkinson’s disease,

schizophrenia, narcolepsy, glaucoma and female sexual dysfunction.
[0078] In still another aspect, the invention provides a method of lengthening
or enhancing growth of the eyelashes by administering an effective amount of a
30 prostaglandin analogue, e.g., bimatoprost, concomitantly, simultaneously or
sequentially with an effective amount of a PDE]1 inhibitor of the Invention, in free or

pharmaceutically acceptable salt form, to the eye of a patient in need thereof.
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[ 0068] I n one enbodi nent, one or both of the agents are adm ni stered
topically to the eye. Thus the invention provides a nethod of reducing the
si de ef f ew0D=20f06srs@at nent of gl aucoma or el evat ed i ntraecuitseoopnessur e by
adm ni stering a reduced 15 dose of an agent known to | ower intraocul ar
pressure concomtantly, simultaneously or sequentially with an effective
anount of ?OME]- I N it bAdthe RPBMEthe iMRINAIBA Provideera h&thdd f6Hh€ eibatment

adm ni stration, such ‘as systenic therapeutic adm nistration, may al so be
util i zed. of wopg)latieobisauraatia bravdnivry aemprisjeg adminigerang & thegpeyteliyn

conbi nat i ith a 20 { ahi.bi t or e or . d fromthe
exi sting %ﬁggem%ﬁﬁ%i (l:rz[ahllfl)k/oré)ff tllaenﬁé,}/ ?Iﬁoélt ﬁf(ﬁé’@; rengl ag[ﬁ%%tﬁ ggaﬁéﬁdi n,

pi | ocar pi fReptable REIP Forir) €0 a Patidr M ficdd theeah| Drakwmatic b mpuy,(TBIY. with
timolol, as well as systemcally adm nistered inhibitors o{? caarélgoni c

anhy drias eencempassss BHBRAB] Wi @s Welldisispeopdaryapiry.qnslpding bethsipep!

physosti g hisepdEry s ef f ect
simlar t@@gﬁ ﬁ%ﬂ" %ﬁﬂ%%] Iggar pI r#glﬁxﬂpelfjégk @@@g@%kﬁ%ﬂﬂggﬁgﬁag&;{fﬁ gl aucoma

t hus i ncl intkedependent cdscalesositdglbgiedi reactivak agsing fiom discietet swboglhdat ( Xal at an) ,
bi mat oprost (Lum gan) and .travoprost (Travatan), which iLncregse uyveoscleral
oUT T o OPOSCTETAHURGRY St B sREr oS Re e LT SRR T ow

2. Topi cale habAR: LSRN Gx LEEARIR! aRThAGRRISS upHpIARDNY WRRhQre

| evobunol ol "30(Bet agan), and betaxol ol , which decrease aqueous hunor

produllt i ocaussd orrexacérbatad Py axiipflagimatenyhespoast anlprggiesaaftatitke mittlch as

bri moni di pe. (Al phagan),, whi ch rk,by a_ dual chani. sm_ decreasi ng aqueous
productiog’r _Yﬁﬁﬁ%-aéﬁbﬁgﬂ?ﬂj%@ﬁ?w os_t%s_lﬁ‘fslbg_ﬁfveg%%g_gsc-nslg_ l(eactive

synpat hongdmpdrest dfith€ pRizrdreidRrdfReconasrydhjuiry Bf bdth gtdyr i wisile nageredse out f | ow
of aqueous hunor through trabecul ar nmeshwork and possi bly through

uveoscl erareviaw pf GBI se¢ Rorket abr ONHL) (2008) 1786Vt 1S3 lddAi he cartents o 5 5.

M otic agenpt r | | G ike qnid: i ﬁm[ Y, traction
of the ci leﬂlegflf& e?rﬁggﬁé%ﬁ ‘gﬁ%ﬁﬁtﬁ%&‘%‘lgr@& aggcdﬁ%g%Q%E wor alfgﬁcf Agﬁ oW ng

i ncr eps edPRAt Sigrling badchde Balovausgutatad after TBI #hd tféatrhaitiof PAXIhIMr ase

i nhibitors like dorzolam de (Trusopt), bri nzcil am. de (Azopt),  acet alzol am de
(Di amox) InbiRitorsach @t ralpram e spissorrseHaresAMY 190! HRPISVES h@toeaﬁhs&gffé

anhydr as eo&t@orhgﬁn&h%:ir@zfs& hmation aftePTBEOAL ICHM RN S oths BrdssRd tO treat

gl aucoma and ayed gastric enptying. [0070] For exanple, the invention
provi des imivemtivmcie atPJall inbihitoosi tsibehisvasahpirthesemgnporbislart alsobisefol fasf t he

I nvention_ and an a selected from,(i) th ost anoi ds, unoprostone,

| at anopr og?,tre??%ﬂ%gfﬁgi’,e'%rb%f%‘é‘ﬁr‘:@g\f{% lfivlef?&gﬂr PHR ed’rc’t@ﬁéla 't agoni st
such s bihdmatichrag inmpy.acl oni dine, or dipivefrin and (iii) a muscarinic
agoni st, such as pilocarpine. For exanple, the invention provides

opht hal m ¢ fornul ati ons conprising a PDE-1 Inhibitor of the Invention

t oget her bi mat gprost, .abri mmnidine, .brinmonidine, tinolol, or
conbi nat i \cl)\tqg)g?]her eo??e Prr?s?l}térévecr)lrl %Bﬁsf) g%?%sgi cally acceptable salt form in

conmbi nation or agpoci af Cenpyridofane Rieptio)am) ginuid 1 or agad(ltab/8e, e | uent
or carrier. In addition to selecting a caonbination, hgowever, .a _person of
ordinary skill in the kommuladh asBersubetnse dessribed:iinfrseshapuasaptica b ept or
subt ype agoni st or ant ' glg% enehvinetdgoni st ,
one c%ﬁ sel ect an agona?g%més%%a%f?{vrgggo aﬁngﬁﬁ(gmf%r@%érg%}greceptor, or
an agoni st sel ecti ve forin dre tedapheit cddne deseafeor cendifiboas swodintxfororsetmoni di ne,

for exanple. forth,
(i)  the use of a Compound of the Invention, e.g., Formula I or any of
1.1-1.80, or Formula II as hereinbefore described, in free,
30 pharmaceutically acceptable salt or prodrug form, in the
manufacture of a medicament for treating any disease or condition

as hereinbefore set forth,
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25 For a beta-adrenergic receptor antagoni st, one can sel ect an antagoni st
sel ective for either 131, or 132, or 133, depending on the appropriate

t her apeutwo 2appleéssat i on. One can al so sel ect a nuscari niPCTAROMWBV643E| ecti ve
for a particular receptor subtype such as M- M. 100711The PDE 1 i nhi bitor
may be adm nistered in the formof an ophthal mc 30 conposition, which
includes an opht lpgh M G phakHhdeffical €6RPOYIAGN BbMPABIAE a Cohgpoabohelem C
conposition nmay additionally include an intraocul ar-pressure | owering
agent. WD 2010/ 065151PEntiosx0g9F omeuia 2 of ay7of I b 1y&D, onKermmdp lkdsanpl e, t he

- hi bi di scl,ose€ ined w h f
[ ntr aocul ar pressur o MIGNTIRCAREH Aoy Dacby T RERPable AT T ™"

sol ution, a brinonidi Rpeodrag férat, en opRbinalion 6r &eddisticwitta bri noni di ne
tartrate/tinolol naleate ophthal mc solution. 5[0073]1n addition to the
aboveSmenti oned net hodbarmaceyically|ageensele didyany o1 SatHET Wdii scover ed that PDEI
inhibitors are u ul t . L d I % gl tions
characteri zed by%%iycﬁl |a%£§(%h%?%)r(f§&§§%}ﬂmég&hgﬁiﬁg?rl%tr?onsfi%par anoi d or

bi zarre del usions, or IgvamnogangzEormsyedohamnel 1.hiln8d, ogFommyla I as

schi zophreni a, schizoaffective di sgrder,. schizophreniform djsorder,
psychotic 10di sorder, @‘%qu?fﬁéiles‘ﬁ&?gr‘ﬂeffeﬁ &mqﬂt’ﬁ?u%ﬁ“cct‘?p?g%%ﬁ%ute
mani ¢ epi sodes and bi ga%cf’rﬁ R0 BEmba P ask iR WHh b0 be bound by any
theory, it is believe tha% typi cal and atypi cal antlgsychotl c drugs such

as cll®zapi ne pri mari | yhhonasettieilly aso¢ragfdnddudnt oncarrier foy uae inthe dopani ne D2
receptor. PDE1l i nhi bi torﬁfl however,, Hri nmar | I%. act ., to. nganc fsignal i ng at
t he dopani ne D1 recept®Sft AETESeRRs Bropd ‘881*‘8?‘“&’3’8 R ﬁ%, 48 ppE1

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

for exanple in nucleus accunbens neurons and in the prefrontal cortex. This
enhancener008¥ f uncThesafonayhdhinvertean providexaseptia Comppmal ofdbe prvention,

containing_the N subuni . j Bvat | of the Src
and pr ot e%%" E?%‘ﬁ% ?ﬂr #%mgﬁ @“&?’RE ngéreng&g g%a[sgﬁ%ﬁl%\ﬂé%e%%%%%t lr?e E!:eﬁvent io n
proviides phanai¢cantitdndadcoptablesalt bepiodeuy fodh, MSyCb@dpbsnd ef the Inwatibz aphr eni a,

schi zoaffective di sorder, schi zophreniform di sorder, sychog(iac di sor der,
del usi onad Phrmasaical composiiondorn, fopthgmanyfagtyre of gamgdicamand f1dke and bi pol ar

di sor der ’tr&a%tio?ipg&)(l%@i?i)n%%tﬁﬁnggf ﬁe%ﬁé\t@@glﬂfigeﬁé’és! Yaffih&ntd ¥igeRq0UNt of a

phosphodi est er ase- rtor o nvention, 1n free or
phar maceutestial leg, #Bmorse gy skihesias AHtuntirgton’s tisease pAtzheimeri sdiseaee) anfer eof .

[0075] PDE, 1 I.nhi bitors may be used in the foregai t hods  of .treat ment
b ophy! axiibeattsed BRyETRE ISUHPRc erEion: iRy e B SBERn gy
conbiypat | ficRhyb&facEAtyPdi8drabs bidldrQndds t dhxRin)) @leep HidoYder 2283 18psy T hus, the
invention further conprises a nethod of treating psychosis, e.g.,

schi zophreagniivesmphizoaht dementin, dovrstidsrsyndomee putisopHragile Posyndgemer der

0EYenot | SRR S ¢ s B o SP Shg  o rn0
t her apeut dongédtive dhie dise¥R, Bypeehsio®fpulmonary hypertension, and/or sexual
dysfunction; asthma, chronic obstructive pulmonary disease, and/or allergic rhinitis,
25  as well as 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 endometrial
30  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 expressing PDE1, and/or by reduced dopamine D1 receptor signaling activity;
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(i) a PDE 1 Inhibitor of the invention, in free or pharmaceutically
acceptable salt form and (ii) an antipsychotic, e.g., Typical

ant i psychwoi2omy06e1sg. , 5S5But yr ophenones, e.g. Hal operi dol pCiHalsd@/00de2 enace) ,
Droperidol (Drol eptan); Phenothiazines, e.g., Chlorpromazine (Thorazine,
Largactil), Fluphenazine (Prolixin), Perphenazine (Trilafon),

Prochl or pgiia%iang d(s@@%%ﬁ@i)tion-[ﬁﬁt%%%?&nﬂﬂioﬂ‘@d bttid enhdRddardnebf | ) |
azl ne,

Trifluoperazine (Stelazine), Msori Perici azi ne, Promazi ne,
Tri f 1 upr opragéstaroiesigpaling) | Levonepr onazi ne (Nozi nan), Pronethazi ne

Gl or pr ot W, 1 BT atrespiovidss usa e CARBRHTT e Syfndian o\ aney

Zucl opent faéexér phlafhapuiedily Aceibble 8t fory oraht mantfapeiye 6P medicament |
Cl ozapine (Clozaril), O anzapine (Zyprexa), Risperidone (Ri sperdal),

Quet i api nfer thedrestantior Prophyiastia drsatmiestelion) , 20Ani sul pri de (Sol i an),

Pal i peridone (I n\éig%%auc%%'rgfe%t% & tfé%@hl'a'f E)Qé%sur@i f eprunox; norcl ozapi ne,
in free or pharnacCedtically acceptable sa orm to a patient in need

t hereof [0076] | nb) parchosis)lfer exanipdeliang cbndititres dBargetuizdd bppsydhetit nvent i on
are particularly useful for the treatnent or pr.ophyl axis of. schizophrenia.
25[ 0077] Conpounds ofYTRIHEMS syeth#s Wl,ucinﬁt‘?qsegarﬁ’gmgWé%%@&?ﬁ’é&nhpraccept abl e

salt form are partjiciloahi¥d Y5ethhnd MinkiRe etgr.,es%gﬁf%pﬁreﬁfa, E&Eiﬂalﬁ'é&i\;es

di sease, schizophrenia,” narcol epsy, glaucoma and fenal e sexual dgsfunction.
[00781A n still anot disordas pelizophrem farmdimrdempsyicboiicdisordenuichstbne

engthent ng o enhape ng QM1 SYElRNaS. B ST BLETn o
concom tantly, sinmujikgaepes! y or
¢) traumatic brain injury.
[0083] The phrase “Compounds of the Invention” or “PDE 1 inhibitors of the
15 Invention” encompasses any and all of the compounds disclosed herewith, e.g., a
Compound of Formula I or any of 1.1-1.80 and Formula II.

[0084] The words "treatment" and "treating" are to be understood accordingly
as embracing prophylaxis and treatment or amelioration of symptoms of disease as
well as treatment of the cause of the disease.

20 [0085] For methods of treatment, the word “effective amount” is intended to
encompass a therapeutically effective amount to treat a specific disease or disorder.

[0086] The term “pulmonary hypertension” is intended to encompass
pulmonary arterial hypertension.

[0087] The term “patient” include human or non-human (i.e., animal) patient.

25  Inparticular embodiment, the invention encompasses both human and nonhuman. In
another embodiment, the invention encompasses nonhuman. In other embodiment,
the term encompasses human.

[0088] The term “comprising” as used in this disclosure is intended to be
open-ended and does not exclude additional, unrecited elements or method steps.

30
[0089] Compounds of the Invention are in particular useful for the treatment

of Parkinson’s disease, narcolepsy and female sexual dysfunction.
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sequentially with an effective anount of a PDEl inhibitor of the Invention,
in free or pharmaceutically acceptable salt form to the eye of a patient
in need twereniossiaD 2010/ 065151PCT/ US2009/ 006442 [ 0079] PaTiusocamodsher
aspect, the invention provides a nethod for the treatnent or prophylaxis of
traumatic brain injury conprising admnistering a therapeutically effective

amount of BOSHEL i nbbRbb@idsf thdBveR&) kigdFormilaf '@ @nplof phar.secgut i cal |y
acceptable salt form to a patient in need t hereof. Traumatic brain injury

(TBl ) SencomuiaHaes hpﬁemb&fq;e |dn§omb9d,a9 figelor ph@fﬂ@é@lémﬁyyc‘ieﬂ?ﬁbﬂﬂysaﬁ ncl udi ng
oo a1 of Horf e bt b ORI E SacnPERPRAG K bBMNE BPedifin i 4D ©

parall el casc deg *5+™Bi o ogl cal reactions

ari sing ffo@%-ddﬁlﬁﬁﬁtaeloﬁuhﬂebtlhui z&ftlveragexﬁssESr dxample, aé Oxhqiohydmfehé o0 reactive
oxygen speci es, overstinulation of glutamate receptors, CESEI ve influx of
£y

cal ci m ahyentiom natsnsiats e aptiilyLo P 1 6&9”‘%%5%[1 %@M%éhﬂi’ BRY 8% acer bat ed by
the infl obullE “RANERIAY doPd PR evg@é S aliBGnib @il th ERVeRENA 1 Nj Ury.

Abnor mal cal clium st asi be a critical conponent of the
pr ogr essi ﬁnpaﬂﬁnesgncmmajlonsusucb/ ais e vmdbpa glcblycvedupa\aﬁjlmetsr(aarbeiopa For a review

f ' K , N, . f
\%m -(I:-E ar egg%ﬁ{I‘é‘btsgi’trgMﬁ@%ﬁhlgﬁoﬁgﬁgo%‘z‘g%ﬁ)aﬁé%‘gg é’:]a}g\“&[; Cglgé%(r%/\; '? hat

the CAVP-inlRe Rifmehosral ﬁd%ﬁnpﬁﬁﬁﬁéjﬁaﬂ(ﬁlsgﬁ‘é’rdﬁsreﬂu|I§Ta§&itléﬁttﬁé né® POE ]
treatment of PDE |V inhibitors such as rol Eram to raise or restore cAMVP

| evel 10 rrpmbxb@srsl;wgt, @p&icsmllb@@]hclain maycabseeb idistaredbimecombinatiomrwith on af t er

TBI . ent | n enti,on is

bel i eved ? Qgerpﬁ%@g %%8[2 ora;}rgg%ﬁ 8@48@55‘7 mF(S(F %C? {hg f%rrﬁwenefs B!,
e.g., by sEurRbhdplddiechCMelapRoe trobtnteat 6f sifopaBRGt&Bérfloafetedl 20t r aumat i c
brain injury. [0088] The present invention also provides (i) a Conpound of

t he |nvenhyp@rplaseagrcar¢lgpmm al or any of 1.1-1.80, or Fornula Il as
her ei nbef ore described, in free, pharnaceutically 25 acceptable salt or
prodrug form for exarrple for use in any nethod or in the treatnent of any

di seage orfooenditi oDo@ebempldyb&ﬁmpﬁcﬁahg i‘w;trbsen( invntidrewilbef @qur@ Corrpound
of the Invention, e.g., Farmula | or . 80,

or For mul ¥y dependings élgn%f}t?rré‘“&é’é%frqli?éée of "r?nfd’rt@é to bp fratef=he Bf‘ﬁt‘é"aﬂaf y
accept abl éor’ﬁ%ﬁndoc{f the HflfeHﬂoﬁ AL tHembdo TR ?ﬁ‘&tﬂfnea&f {He tH&%f@@éﬁ@H for

treati ng any di sease or condition as hereinbefore Set forth
Compounds of the Invention may be administered by any suitable route, 1nclud1ng

orally, parenterally, transdermally, or by inhalation, but are preferably administered
20  orally. In general, satisfactory results, e.g. for the treatment of diseases as
hereinbefore set forth are indicated to be obtained on oral administration at dosages of
the order from about 0.01 to 2.0 mg/kg. In larger mammals, for example humans, an
indicated daily dosage for oral administration will accordingly be in the range of from
about 0.75 to 150 mg, conveniently administered once, or in divided doses 2 to 4
25  times, daily or in sustained release form. Unit dosage forms for oral administration
thus for example may comprise from about 0.2 to 75 or 150 mg, e.g. from about 0.2
or 2.0 to 50, 75 or 100 mg of a Compound of the Invention, together with a
pharmaceutically acceptable diluent or carrier therefor.
[0092] Pharmaceutical compositions comprising Compounds of the Invention
30  may be prepared using conventional diluents or excipients and techniques known in
the galenic art. Thus oral dosage forms may include tablets, capsules, solutions,

suspensions and the like.
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(ti1) a pharmaceutical conposition conprising a Conmpound of the Invention,
e.g., Formula | or any of 1.1-1.80, or Formula Il as hereinbefore

descri bedyoiznioicsersy phar maceutical |y acceptabl e salt or ppraseeg/odcmm i n
conbi nati on or association with a 5pharmaceutically acceptable diluent or
carrier, and (iv) a pharmaceutical conposition conprising a Conpound of the
I nvention, e.g., Formula | or any of 1.1-1.80, or Fornmula Il as

her ei nbef ore described, in free, pharmaceutically acceptable salt or
prodrug fBEXAMPBESonbi nati on or association with a 1Opharnmaceutically

ona ¢+ ont e vRITERS AR AR oL B8 Soiut st EFEPTEn o FOYLRlRER S ©

pr ovi des bb‘-f&v Obtl@er@@ﬂ?@mﬁ& ¢ffthé hvehtivreatd Bir s&ltsOmay FOmAdE &51hg tie any of
1.80, or Fornul as herei nbefore described, in free,

phar nBﬁceLmﬁ‘(l}QdS 3 similagly descaibedipelowrangfasdpy lrget hodsrsimar tg tb%ﬁﬁﬁ?ﬂﬁf&nbf t he
| t fact f
od canmriePifARHdRERI ERtSRIER S Ahnod! ovdlh dobnofRPMlae 1S 017

di seases: Parkinson's di sease, restless Ieg, trenmors, dyskinesi as,
Huntington's disease, Al zheiner's disease, and drug-induced novenent
disordersEXé@ﬁ?EE§ion attention deficit disorder, attention 20deficit
hyper act i o) X L .

At col epsl Rbagh 2, (a7 3o Bltab) 35S et Bl LR i i o
fragiloe )Q)Elyhehzyﬂr)ecycpmeuﬂdﬁllmldlaaoiﬂ,mmmaw 3-elpyttimnidireug addi cti on;
cerebrovascul ar di sease, stroke, congestive heart disease, hypertension,
pul nonary hypertension, and/or sexual dysfunction; asthnma, chronic
obstructive pul nonary di sease, and/or gk ergic rhinitis, 25 as well as
aut oi mmune and inflammatory di seasgg- Aaﬂﬁlor femal e sexual dysfunction,
exerci se anmenorrhoea, anovulation, /mendpause, nenopausal synptons,

hypot hyroi di sm pre- nenstrua““sy prenature | abor, infertility,

i rregul ar nenstrual cycles, e bl eedi ng, osteopor05|s

mul tiple sclerosis, prostat@ At e cancer, hypot hyroi di sm
estrogen-i nduced endonetri al 'arcinona; and/ or any

di sease or condition charact ed by low | ev of cAWP and/or cGW (or

i nhibition of cAMP and/or cQGWP signaling pathwa in cells expressing
PDEL. . and/I0P5Hy 1 cbeadadioseniTed ba hexdugrio ety (gslsrminan (- and or

any dlse ) |51 1 nt of

o agest or b S A P BB e AT 2L Bl PY 1 Ll ERARRSEIBL 01 o una
of the | natenR69mng,i00055 mhtod)is dissplvad m‘:ﬂ:mﬂ: o Cahlyygroms &R, ahd éheaad0D vlor m f or

t he nanufacture of a nedi canent 5for the tre&ﬂfgnt orggﬁg G | act.ic

t r eat ment ofof-> MaPIgnkod dndelaeneds addadeopyise o f 193¢l 45 sHEed hosi s,
for exa”pét%orﬂ@éingr A Aedtd bR gf‘%@i%ﬁ 411868 L 2yr 1p§)(/Fb?BAE QYR REE, Bich as

hal | uci nati ons ol d or “brzarre e usi ons, or disorganized speech and
t hi nki ng, sodutpn, The rdazo@ihmixtue, is stied aiabbmdempaature for 24 hours, and then

quenched with NH,4ClI aqueous solution. After routine workup, the mixture is purified
20 by a semi-preparative HPLC to give 3.0 mg of pure product as while solids. MS (ESI)
m/z 476.3 [M+H]".

EXAMPLE 2

(6aR,9aS)-5,6a,7,8,9,9a-hexahydro-5-methyl-3-(phenylamino)-2-((4-Pyridin-2yl)-
25  benzyl)-cyclopent[4,5]imidazo[1,2-a]pyrazolo[4,3-e]pyrimidin-4(2H)-thione
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10di sorder, schi zophreniform di sorder, psychotic disorder, del usional

di sorder, and mania, such as in acute mani c epi sodes and bi pol ar di sorder,
or c) trawoavioebrsai n injury. [0083] The phrase " Conpounastafs2ademodsayenti on”
or "PDE 1 inhibitors of the 15 Invention"” enconpasses any and all of the
conpounds di scl osed herewth, e.g., a Conpound of Formula I or any of
1.1-1.80 and Forrmula I'l. [0084] The,words /~Featnent” and "treating" are to
be understood accordingly as enbr in'gNI axis and treatnent or
amel i oration of synptons of diseg we as treatnent of the cause of
the disease. 20[0085] For nethods]of jtreatyent, the word "effective anount”
is intended to enconpass a thenN&gpaniti ¢l | y~ef fective anount to treat a
speci fic di sease or disorder. yEgg%]The m " pul nronary hypertension” is

i ntended to enconpass pul nonar terial Hypertension. [0087] The term
"patient” include human or non-human (i.e. ) animal) patient. 25 In
particul ar enbodi nent, the invention encomhés.es bot h human and nonhuman.

I n anot her enbodi nent, the invention enconpagsSes nonhuman. In ot her

enbodi ment, the term enconpasses human. [0088] The term "conprising” as used
in this disclosure is intended to be open-ended and does not excl ude

addi ti onal recit 1 g _ Ox. gggpﬁg s of the
Invention[g?%nin pgﬁﬁﬁgti%rkﬁggg%ﬁg?%gﬁgﬁ§;??@%?ﬁg%99%§ Parkiﬁggﬁ's

di sease, haidiolephdenayijcydopdnt]4sHknidbzaly faipytazan[4,3Apyrimidin-4(2H)-
2010/ 065151PCT/ US2009/.006442 0] Compounds of the Invention, e.qg.,
For mulPa 1916 Mn%fcz)(%slm‘i‘wg)om[d%ggplcﬁrﬁﬁ ageq yn aalglof?&eé?ﬁboe‘?ad’reé' '%]e%‘lflr igbed, in

free or phaf Mgeyt hrdlihyis20eeR AR EactidhimikRéNs HEBKARE a WSS vAS e at 50 €
t herapeutic agent, ‘but may al so be used in conbination or for

co- admi ni 4t foa®2i%om Ryiridineds hemowacttunder bigh vasuunkdrheepbtaiptdecrude pdepiasinds  of
t he

purified by a semi-preparative HPLC to give 3.2 mg of pure product as pale yellow
solids. MS (ESI) m/z 506.2 [M+H]".

10
EXAMPLE 3
(6aR,9aS)-5,6a,7,8,9,9a-hexahydro-5-methyl-3-(phenylamino)-2-(4-
trifluoromethyl-benzyl)-cyclopent[4,5]imidazo[1,2-a]pyrazolo[4,3-e]pyrimidin-
4(2H)-thione

15 F

[0095] (6aR,9aS)-5,6a,7,8,9,9a-hexahydro-5-methyl-3-(phenylamino)-2-((4-
trifluoromethyl-benzyl)-cyclopent[4,5]imidazo[1,2-a]pyrazolo[4,3-e]pyrimidin-
4(2H)-one (100 mg, 0.21 mmol) and P4So (159 mg, 0.36 mmol) are placed in a

20  Biotage microwave vial, and then 3 mL of dioxane is added. The reaction mixture is
heated in a microwave at 150 °C for 3 h. Solvent is removed under high vacuum. The
obtained crude product is purified by a semi-preparative HPLC to give 61 mg of pure
product as pale yellow solids (yield: 59%). MS (ESI) m/z 497.2 [M+H]".
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5Invention potentiate the activity of D1 agonists, such as dopam ne, they
may be sinultaneously, sequentially, or contenporaneously adm nistered with
convent i onel2otearsiner gi ¢ nmedi cati ons, such as | evodopaPpramasb@woocapa

adj uncts (carbidopa, COMI inhibitors, MAO B inhibitors), dopam ne agoni sts,
and anticholinergics, e.g., in the treatnent of a patient having

Par ki nson's di sease. In addition, the novel PDE 1 10inhibitors, e.g., as
described herein, may al so be adm nistered in conbination with :
estrogen/BXAMBLEI4 estriol and/or progesterone/ progestins to enhance the

effective e t Lt

cst 1 ogen- PARAS2antonary SR PG BRR 4 iRhE Bty TP AR HN 2 (e

enpl oyed trifludi-amettyild@niylp cpelopait{4,5limedizoph2wipyraeéloph3Hesyrimidindependi ng,
e.g. on the particular disease or condition to be treated, the particular
Compound of the Invention used, the rmadm' ni stration, and the therapy
desired. Conpounds of the Inventi H e ‘adm ni stered by any suitable
route, including orally, parentg  transdermal ly, or by inhalation, but
are preferably adm ni stered 20onal | . Nmgeneral, satisfactory results,

e.g. for the treatnment of dis en"aNherginbefore set forth are indicated
to be obtained on oral adm nis tion at ages of the order from about
0.01 to 2.0 ng/kg. In larger | s, for exampl e humans, an indicated
daily dosage for oral administration will ge®8ordingly be in the range of
from dbout 0.75 to 150 nmy, conveniently adninfstered once, or in divided
doses 2 to 4 25tines, daily or in sustained release form Unit dosage forns
for oral adm nistration thus for exanple nmay conprise fromabout 0.2 to 75

or 150 nuy,[0896]. fr offaRSas)-56a7,89,92-hexahydsd5-nTdhyr3-(enylgmido)e-{@rpound of
the Invention, together with a maceut i cal ly acc abl e. di,l uent or

carrier ttHgP%‘FOSFe.ﬂ%ﬁW%leﬁéa%ggf}va{]&!da%ﬂﬁ%@?{ﬁaﬁﬁlgf‘gé'ﬁgqxrg?lﬂﬂl'Corrppupds of
the | nveM(thﬁgn@m.joﬁgfo.@wmﬁolyahdlatgggqg%@.ntmg,rméwﬁm@r&s pRice@K£i pi ents

and techniques known in“the galenic art. us oral dosage forns may include
t abl elils, xBjptageasicravdvgtvianand thes fSrslof INeanimphie inh mesthanokigapeddehe

synthetic net hods for variaus Conpound JLhe es | pyention are
illust ratréﬁftﬁgl%%?ur@%}éqate@dﬁﬁdﬁﬁg‘gw%‘?e a?ﬁgé I ﬁ\?‘érnf F’oq?%ghﬂl ﬁﬁ%ﬁeﬁ& Balts may be
made usi NGnioDe sATRL PREISH@ed ifilirdtalid Hvapemtdd Bty RR8s And ANGY urified byt hods
simlar to those generally described in the detailed description and by

met hods kssowpréparative HNeGrite give 4rG mgeX R Eoduct as white solids. MS (ESI) m/z
480.2 [M+H]".

15
EXAMPLE §
(6aR,9a8)-2,5,6a,7,8,9,9a-heptahydro-4-imino-3-(phenylamino)-2-(4-
trifluoromethyl-benzyl)-cyclopent[4,5]imidazo[1,2-a]pyrazolo[4,3-e]pyrimidine
NH HN/@
9!
N N~ "N
3 :
Pk
20
[0097] The synthetic procedure of this compound is the same as EXAMPLE

4. (6aR,9aS)-2,5,6a,7,8,9,9a-heptahydro-4-imino-3-(phenylamino)-2-(4-



(6aR, 9aS) -2, 4,

5, 6a, 7, 8, 9, 9a- oct ahydr o- 5- net hy1l- 3- (phenyl am no) - 2- ((4- Pyri di n102y1) - benzyl
) - cycl opewO[2d106j651F1 dazoll, 2- al pyrazol 014, 3-e] pyri m di ne PCT/US2009/006442

[ 0093] (6aR, 9aS) -5, 6a, 7, 8, 9, 9a- hexahydr o- 5- net hy1l- 3- (phenyl am no) - 2- (( 4-
Pyridin-2y1l)-benzyl)-cycl opent[4, 5]imdazo[ 1, 2-a] pyrazol o[ 4,3 -e]

pyri m di nrifjugrbleth Jilfbeﬁﬂﬁ) 6?@0}931-)1’]?55]Qnﬁéﬁ)[mmd]bymsold[tﬁs-e]pmldme3(5 oL of
anhydrous THF, and then 400 uL DI BAL in toluene is,added

dr opwi se. m¥isebtained as@apinop Arogugt (hateiselidy MY EPIAmV7 6007 Mﬁé‘ér at ur e
overnight, additional 800 uL of 1.5 M D BAL-H is added to the solution. The
reaction mxture is stirred at roomtenperature for 24 hours, and then
quenched EKAMPEE®@L aqueous sol ution. After routine morkup, the m xture is

purified 20 by a _sem -preparative HPLC to give 3. re product as
Phi 1 ¢ Soo) (GARIASE2(EI60 hF.9 Jasestahydory-meihrdgyicnyaming)-2 "

(53R 925) el RRRNPAENFERLES A Vb 2 I S pian Y | 0 -2y

25benzyl) - cycl opent [ 4, 51i m dazo[ 1, 2- al pyrazol o[ 4, 3-el pyri m di n-4(2H)-thi one
[ 0094] (6aR, 9aS) - 5, 6a, 7, 8, 9, 9a- hexahydr o- 5_xet hy1- 3- (phenyl am no) - 24( 4-
Pyridi n-2yl)-benzyl) - cyclopent[4 51imd }, 2-a] pyrazol o[ 4, 3-e] pyrimdin-4
(2H)- 5Sone (36.1 ng, 0.055 nmol) andH“ ‘ re placed in a Biotage

m crowave vial, and then 1 nL oD
heated in a m crowave at 150 C flor .
vacuum The obtai ned crude prdducN ié“pur
to give 3.2 ng of pure product pal e ye
[ MiH] . 10 EXAMPLE 3 F

(6aR, 9aS) -5, 6a, 7, 8, 9, 9a- hexahydr o-5-net hyle phenyl am no) - 2- (4-
trifluoronethyl-benzyl)-cyclopent]4, 5]inidazo%1 2- al pyrazol o[ 4, 3-el pyrimdi
N4(2H) -t hi|9pe8)15  The synthetic procedure of this compound is analogous to EXAMPLE

[0095] (6aR, 9a9) - 5, 63, 7,°8, 9, 9a- hexahydr o- 5 t hyl - 3- (phenyl am no) - 244-
trifligor oh‘e’hhlylnGﬁeﬁﬁy&}i@yﬂ%&@mﬁ?%}imﬁmwlﬁ in@]lplyrrmz@r%[@ 3-e] pyri ni di

24( 2H) - on rlﬂ{%g)(r)nenigyl benZ);Il) mrqogen"%[oldS]lml [(1 JZS%p%Zolo[é?’ ? errﬁldﬂ{ e placed in

4(2H)-one is used instead of (6aR,9aS)-5,6a,7,8,9,9a-hexahydro-5-methyl-3-
(phenylamino)-2-((4-Pyridin-2yl)-benzyl)-cyclopent[4,5]imidazo[1,2-a]pyrazolo[4,3-
e]pyrimidin-4(2H)-one. MS (ESI) m/z 467.2 [M+H]".

Pyrldlne is renoved under high
ed by a sem -preparative HPLC
solids. M5 (ESI) mz 506.2

15
EXAMPLE 7
(6aR,9aS)-5,6a,7,8,9,9a-hexahydro-5-methyl-3-(phenylamino)-2-(4-(6-
fluoropyridin-2yl)-benzyl)-cyclopent[4,5]imidazo[1,2-a]pyrazolo[4,3-
e]pyrimidin-4(2H)-thione

20
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20 Biotage m crowave vial, and then 3 nL of dioxane is added. The reaction
m xture is heated in a mcrowave at 150 C for 3 h. Solvent is renoved under
hi gh vacwiooimesssibt ai ned crude product is purified by acyamseeopneqaz ative
HPLC to give 61 ng of pure product as pale yellow solids (yield: 59%. M5
(ESI) mz 497.2 [ MtHr. EXAMPLE 4

(6aR 925) (aod)62, 7. Prcdeiciepiala s ini Uhiio S B abpud UMD - 2- (4

trifluoromethyl - enzyl) cycl opent[4,5] imdazo [1, 2-a pyrazolo [ 4, 3-¢€]
pyri m di riewherein (6aR,9aS)-5,6a,7,8,9,9a-hexahydro-5-methyl-3- (phenylammo) -2-(4-(6-

e E T uor GRaPPp g B P BT ST e o APz B DARBARE S L0 i i o
n4(2H -th Qmoﬁé& WedThstddd &2 (64RDAS)- W,B’Q@hﬂl&(aﬂydkofﬁgme@lyﬂz4 ml ) are

pl aced in 10 a Biotage m crowave vial, and then 0.5 of 7N ammoni a in

met hadol (pberadataigo)- 2+(é4 Prrdin Hh)- mnzvur@cloﬁew%ﬁbwdaaoa rtswld4ar 110 C
for 3 h, t he tere +The obtained filtrate is
evapor at egmfnml r;/ﬁ I{ gﬁ ﬁﬁenﬁgﬁﬁ?‘%&*’%ﬁla sem -preparative HPLC to give
7.0 nmg of pure product as white solids. M5 (ESI) mz 480.2 [M:tHt 15
EXAMPLE 5

(6aR, 9aS)EXAMPBEEB 8 9 9a- hept ahydr o- 4- i i no- 3- (phenyl ami no) - 2- ( 4-

trlfluoro V) K:F _BELRY- ] pyri m di
e 201 OOBTPARL I AR ORE Il S kS| SRERernEn Py QR R Bt

EXAMRIOE 4pyndm-2yl) -benzyl)-cyclopent[4,5]imidazo[1,2- a]pyrazolo[4 3-e]pyrimidin-

(6aR, 9aS) - 6a, 7, 8, 9, 9a- hept ahydr o- 4-i m no- 3- (phenyl am no) - 2- ( 4-

trifl uoro‘f@mm‘"’ﬂénzyl) cycl opent [ 4, 5]i mi dazo[ 1, 2- a] pyr azol o[ 4, 3-e] pyri i di
ne (5.0 ng) is obtained as a m nor product (white solid). M5 (ESI) mz
466.2 [ MrH]. EXAMPLE 6 5(6aR 9aS)-2, 4,

5, 6a, 7, 8,9, 9a- oct ahydr o- 5- net hy1- 3- (phe 1 nNo) - 2- ( 4-
trifluoronethyl-benzyl)-cycl opent 4,18 zo[ 1, 2-al pyrazol o[ 4, 3-e] pyri m di

ne
N%N
N/ N
HS
[00100] The synthetic procedure of this compound is the same as EXAMPLE

15 7. (6aR,9aS)-5,6a,7,8,9,9a-hexahydro-5-methyl-3-(phenylamino)-2-(4-(6-mercapto-
pyridin-2yl)-benzyl)-cyclopent[4,5]imidazo[ 1,2-a]pyrazolo[4,3-e]pyrimidin-4(2H)-
thione is obtained as the major product of the reaction. MS (ESI) m/z 538.2 [M+H]".

EXAMPLE 9

20  (6aR,9aS)-2,5,6a,7,8,9,9a-heptahydro-4-imino-3-(phenylamino)-2-((4-Pyridin-
2yl)-benzyl)-cyclopent[4,5]imidazo[1,2-a]pyrazolo[4,3-¢]pyrimidine
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[ 0098] The synthetic procedure of this conpound is anal ogous to EXAVMPLE 101
wherei n (6aR, 9aS) -5, 6a, 7, 8, 9, 9a- hexahydr o- 5- net hy1- 3- (phenyl am no) - 244-
trifl uorowethyosbsmzyl) - cycl opent[ 4, 5]i m dazo[ 1, 2- a] pyr azoluspeb9Bocsed
pyri m di n4(211)-one is used instead of
(6aR, 9aS) -5, 6a, 7, 8, 9, 9a- hexahydr o- 5- net hy1- 3-
(phenyl am no) - 2((4- Pyridi n-2y1l) - benzyl) clopent[4,5]imdazo[ 1, 2-a] pyrazol
o[ 4,3- e]pyrimdin-4(2H)-one. N5 NH @467.2 [ MFH] . 15 EXAMPLE 7
(6aR, 9aS)-5, 6a, 7, 8,9, 9a- hexahydr%iigget - 3- (phenyl ani no) - 2- (4- ( 6-

/

fl uoropyridi n- 2y1) benzyl)-cyc ]i m dazo[ 1, 2- a] pyr azol o[ 4, 3-

el pyrimdi n-4(2H)-thi one 20 065151 PCT/ US2009/ 006442 [ 0099] The

synt hetic procedure of this co und is 3 ogous to EXAMPLE 2 wherein

(6aR, 9aS) -5, 6a, 7, 8, 9, 9a- hexahy. 5- et 3- (phenyl ani no) - 2- (4- ( 6-

fl uoropyri di n- 2y1) benzyl) - cycl upent [ 4, 5]| azo[ 1, 2-c] pyrazol o[ 4, 3-e] pyrim
idin4(21-1)-one is used instead of N \
(6aR, 9aS) -5, 6a, 7, 8, 9, 9a- hexahydr o- 5- net hy1-

henyl
Pofas ZIPBiJ‘?'?lmzéfﬂT@’%’ﬁ)% &%ﬁgﬁfeﬁé#*n?%ﬁb%ﬁf%%%“%hﬁ%“] Pyrazo
(6aR, 9aS)4 Whér@in/(68R DaSn5[6a)7a9 Paheralivelidr§ iImSh( phéphenghinnod)-2-((44- ( 6- mer capt o
-10pyri di rRyidin-2pRbepayl)-cyclpesmtldeTimidnrqh dzaiprazalold g yrignidingt@Hyy pyr i ni din
- 4(2@)-tégy'/&%g&uéggixg&%%](am9&%05,@57,%9,M.95&Hw@-52&ewg-corrpound I's the

sane as

(6aR, 9a5xp5mﬁwuﬂm8}9(Ghuhkxamwdmgkﬁanghhgmkﬁw@@héﬁyﬁ@ubhb?=2-(4-(6-nercapto

2y E e Fﬂ%ﬁ%ﬁ it AR P R R Fon 8 (e i

20(6aR 9aS) - 2, 5, 6a, 7, 8, 9, 9a- hept ahydr o- 4-i m no- 3- (phenyl am no) - 24( 4- Pyri din
EXAMPLE 10

10  (6aR,9aS)-5,6a,7,8,9,9a-hexahydro-5-methyl-3-(4-fluoro-phenylamino)-2-((4-
Pyridin-4-yl)-benzyl)-cyclopent[4,5]imidazo[1,2-a]pyrazolo[4,3-¢]|pyrimidin-
4(2H)-thione

S HN
~N
x%

3

15  [00102] The synthetic procedure of this compound is analogous to EXAMPLE
2 wherein (6aR,9aS)-5,6a,7,8,9,9a-hexahydro-5-methyl-3-(4-fluoro-phenylamino)-2-
((4-Pyridin-4-yl)-benzyl)-cyclopent[4,5]imidazo[ 1,2-a]pyrazolo[4,3-e]pyrimidin-
4(2H)-one is used instead of (6aR,9aS)-5,6a,7,8,9,9a-hexahydro-5-methyl-3-
(phenylamino)-2-((4-Pyridin-2yl)-benzyl)-cyclopent[4,5]imidazo[ 1,2-a]pyrazolo[4,3-

20  e]pyrimidin-4(2H)-one. MS (ESI) m/z 524.2 [M+H]".

2

EXAMPLE 11



2y1l) - benzyl)-cycl opent [4,5] imdazo 11, 2-al pyrazolo [4, 3-e] pyrimdine

[ 00101] The synthetic procedure of this conpound is anal ogous to EXAVPLE 4
wher ei n (WeRpBab§1sh, 6a, 7, 8, 9, 9a- hexahydr o- 5- et hy1- 3- ( plremyisasnonag42- ( ( 4-
Pyridin-2yl)-benzyl)-cycl opent[4,5]imdazo[ 1, 2-a] pyrazol o[ 4, 3-e] pyri m di n-4
(2H)- 5 thione is used instead of

(6aR 9a9) 65R@i87~2& 6a Qﬁmﬁ@yﬁhgd%-ﬂﬁﬁ&ﬁﬂthg-ﬂ -fluoro-phenylamino)-2-((4-

(phenyl ami n05 2- t'ri f l'uor onet hyl - benz 1&@cycl opent£4 5]im dazo[ 1, 2-

a] pyr azol Ryridip- ‘by ;henm%cmehpmtﬂ Sllmléwll Ipseylofd,3-edpyimiding H . EXAMPLE

10( 6aR, 9aS) - 5, 6a, 7, 8, 9, 9a- hexahydr o- 5- et hy1- 3- (4-f | uor o- phenyl am no) - 2- ((4

Pyridi n-4-yl)-benzyl)-cycl opent [ 4, 5Lt 1’? 2-a] pyrazol o[ 4, 3-e] pyri m di n4
(2H)-thione 15 [00102] The syn{h i c_[proCeédure of this conpound is

anal ogous to EXAMPLE 2 wherein ﬁr

(6aR, 9as)-5, 6a, 7, 8, 9, 9a- hexah?ded\q“ =Rget h

((4-Pyridin-4- yl) benzy1l) - cyclyop nt[4 5]
pyrim di n4(2H)-one is used |n$d of
(6aR, 9aS) -5, 6a, 7, 8, 9, 9a- hexahydf o- 5- net hy1-
(phenyl am no) - 2((4- Pyridin-2yl)-benzyl)-cycfopent [4,5] imdazo

[1, 2-a] pyrazolo [4,3 - 20 e] pyrimdin-4(211) e. M5 (ESI) mz 524.2 [ M+H].
EXAMPLE 11 ) i _

(6aR FaS) [091€3]6a, 7, Bhaosymthetis progegurenigbiseompound isanplogautodidAMEBLENo) - 2- (¢

Pyr| di n- 4- y}f?rebn (r?%%?)asgytqagpge’%tgfz{l egfhyr(rilr %Igzrgfﬂfyl e gl‘ 6]3‘/‘? g’zglljen[ylangno} pyri m di ne
\i/n [ 00103]((%Ml)éﬁgmt§§>915);bbgpylMQdupmtptfS]irhldaz@mmaagpymizolﬁ[éamgﬂmmmdm-o EXAMPLE 1
erein aR, 9a a ex -5 - -
(4de UO{ﬂzﬁhéﬁ?lsd%?Fﬂ&}Steé‘d O(fééa‘%*%)& %31%3"1‘%‘&%?}/ cPeteldnt [ 4, 5]
i m dazo f
2| O ROl B AL i 520 S0

(phenid am]pyr)mw-As(ZH)mmh M HSI bénﬁ%ﬁ-[h@dﬂopent [4 5] inidazo
[1, 2-a] pyrazolo [4,3 - 10 e]pyrimdin-4(2H) -one. M5 (ESI) mz 494.3 [ MtHr.

=3- (4-fl uor o- phenyl am no) - 2-
azo[ 1, 2-a] pyrazolo [4,3 -¢€]

EXAMPLE 12
Measurement of PDE1B inhibition in vitro using IMAP Phosphodiesterase Assay
Kit
15 [00104) Phosphodiesterase 1B (PDE1B) is a calcium/calmodulin dependent
phosphodiesterase enzyme that converts cyclic guanosine monophosphate (cGMP) to
5'-guanosine monophosphate (5'-GMP). PDE1B can also convert a modified cGMP
substrate, such as the fluorescent molecule cGMP-fluorescein, to the corresponding
GMP-fluorescein. The generation of GMP-fluorescein from cGMP-fluorescein can
20  be quantitated, using, for example, the IMAP (Molecular Devices, Sunnyvale, CA)
immobilized-metal affinity particle reagent.
[00105] 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.
25  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.
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EXAMPLE 12 Measurenent of PDELB inhibition in vitro using | MAP

Phosphodi est erase Assay Kit 15[ 00104] Phosphodi esterase 1B (PDE1B) is a

cal ci um cabreoddesrs1dependent phosphodi est erase enzyne t rat/useop9mnd4g2 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

ol ecul eoﬁ%]f ! uorl?lstﬁ@bﬁ'os thlEélgra§@5§s§? REMP THi0fd\Eeih| WRIcRTaRAI be The

generati of "GWP-fl uoresc fromc | uorescein can 20 be quantit at ed,
usi ng, fdrouadanﬁ‘#'IA,P ambthlemﬁﬁe(rmlredmlaﬂUQEWeoefspOlmZﬁﬁWalS@Onmed to

bi | t | aff 105 B fl he | VAP
Irgggelntl b$ WarFW%m I@)‘ﬁ{l%ﬁﬁﬁp Qu?cgtotﬁil‘g?r%'gl g a1argh E%agfé&/t h;t ei s found in

GVP-f | Uorﬁﬁﬁé‘dcau&%ld}%nbﬂ(&xﬁw Tnlh 311 615 6B HosplidiEest@sdd] theRgordVB- f | uor escei n
- IMAP conplex is large relative to cGW-Tfluorescein. 25 Sal |l fl uor ophor es

that e detasted asp desreass mrg@p- sl owl y tumbling, conplex can be distingui shed
from unbo I uor op hores hecause the photons emtted as they fl uoresce
9ogo7

retain th poI ars ye YE B8 he photons used to excite the fluorescence.

WO 2010/ Qﬁ[ﬁﬂeﬁlﬁ@ﬂlldﬁ&ﬁﬂ%sﬂﬁ@édeﬁla[b(w&&ﬁ]Slg‘mhhﬂﬂdﬁho@nhmlas\u@t) asepafsay,
c@GWP-fl uorescei n, which cannot be bound to | VAP aﬂ%‘m el{?efére retains
little flMARSeagaes (sastion Q‘bffqrobinding béléﬁ%@rbr@M%n £IRs899sWBICA, whi ch,

when bou%I %?%daM%Pfr rX'I\%lg gwggs d fl uorescence pol ari zation

(Am) . | Ion phosp ester ore, is 5 detected as a
decr edse AssapinP’,5 [Q&h@-?ﬂuﬂm;ad@sms(ixybwhncebnaaj phospﬂlddie:sln@aﬂec(&gnaa& avai l abl e

but 1 er , o MOk eirisi e S FNBOb AL/ kRl 81 SWATTAENe 1 r om

Mol ecul ar }Q?M&E@PO% MO %Y &, ?"Cl&m) to 5O ®per min at pH75at 30°C. One part,
3,5 - cyc i c-hucleot| de-spécific bovine brain phosphodi est erase Sigma, St.

Loui s, N@nzymene@nétmﬂ@&%mmmmtm%@feyww ¢a12. 19 Wl of cahmeodyhing  of

3o, "t Pk ri HRERET o e L % R OB b DT

CaCl?y,s 10yibid firtl coleiRakidd oF (. B EUANP289 () of diditdd didysnd¥slutid ig a&deleFTM
Myd 2, 0.1% BSA, 0.05% NaN3) to 15? eld a final concentration of 1.25mJ m .

99 pl of mtqwbmveannyr?@tbgmnﬁénwel p@aaé@nﬁ@é%e tavhichd| il afgesh 1 at bottom
96- wel | dj din 100%
we &g{é@%ﬁ.ﬁ&g"ol%@ 16 /O‘MM% 1}a hter%él‘npggﬁ%g#ggngécfﬁfq 1?1%@- In

DMSO is a ounds are m xe I e enzyne
for 10 mmaibatddmﬁ&mz@hwf@rlqlﬁim&&béﬂneerﬁberﬁ@e conversion reaction is

initiated by combi ning arts 20 enzyne and, inhipitor mix wth 1 part
subst r at e[OQg‘P’ﬂtl on g lef’plﬂmcoflﬁeré‘oggﬁa%ws initiated by combining 4 parts

20  enzyme and inhibitor mix with 1 part substrate solution (0.225 uM) in a 384-well
microtiter plate. The reaction is incubated in dark at room temperature for 15 min.
The reaction is halted by addition of 60 ul of binding reagent (1:400 dilution of IMAP
beads in binding buffer supplemented with 1:1800 dilution of antifoam) to each well
of the 384-well plate. The plate is incubated at room temperature for 1 hour to allow

25 IMAP binding to proceed to completion, and then placed in an Envision multimode
microplate reader (PerkinElmer, Shelton, CT) to measure the fluorescence
polarization (Amp).
[00109] A decrease in GMP concentration, measured as decreased Amp, is
indicative of inhibition of PDE activity. ICsq values are determined by measuring

30 enzyme activity in the presence of 8 to 16 concentrations of compound ranging from
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).
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mcrotiter plate. The reaction is incubated in dark at roomtenperature for
15 mm The reaction is halted by addition of 60 pl of binding reagent

(1: 400 diwotzomwmestsil MAP beads in binding buffer suppl eneotras2euotobe412 1800
dilution of antifoam) to each well of the 384-well plate. The plate is

i ncubated at roomtenperature for 1 hour to allow 25 I MAP binding to
proceed UGOEATP! eI P CaffloliiB bR SEnddh Ally BVISi@NaBelicamsian m cr opl at e
reader (Perkinkl mer, Shelton, CI) to neasure the fluorescence polarization
(Anp) . [ GBLGHsAlesathed as sinitariy\descrbrcdrerein fordtDE hinhsbitary agiévibecti®ased Anp,
is indicative.af inhibition of. PDE acti vi I val ues..ar eeI(Im'ned by
neasur i ngexﬁﬁ‘pgﬁﬁ?/ﬁ%ma%‘ﬂdéio {he inve @nﬁﬁggrghgga\éeﬁ%o t %ui%OfCIS?fgtg%t'?%ti’ons of
conpound doaR0EdRGhdd 250 A% 180¢ theh BhNIOQniMea@lah ML, Bbiat WiPDELY
concentration versus AnP, which allows |1 C50 values to be estimated using

nonl i dearactivigice sgi.dhe Somparrds qEExrmples| IDBG, 2 eenellydipae [gm)valuepof less

2010/ 065]1§1P%I'd 2009/ 006442 [00110] The Conpounds of the Invention may be
sel ect ed ant“tedted in an assay as described or simlarly described herein
for PDE1 inhibitory activity. The exenplified conpounds of the invention
general ly have 1 C50 val ues of less than 111M sone |ess than 250nM sone

| ess t harExammle 13one | ess than 1nM some with PDE1A 5activities e.g., the

Corrpoundsﬂ,lgﬁi?ﬁg@&p?fr{#tqﬂlcg&u@gé dedin Sl W GRO val ues of less than 250

nM Exanp Ibrtor on sexual response in female rats
10[ 0QD11] [0bE1 Kf f ect Tlof efRDERS PPRIl hnhibitsrs@n LondabisR espRespinrfsmalerratsenal e rat s

may be neasured as described ji.n ni, et.al., i ) 00) 287: 1053.
Ovari ect A% %“‘S?ﬁ}‘r‘i‘gﬁf{ﬂsﬁrﬂw R ?ﬁ‘i’ ﬁ%f?%ceéiﬁb(gﬁ%ﬁeﬁ%'t h2: g

est rogen I TP 1)V tr i [ ijnj ection
of pr oges? sl iyl R S Ha A R MAl 2 R Mk RO o,
1.0mg or 24 Kyl latdr by eateacRrebrovenaivuldreictp (mjeion @f progtheronat(3 ug),RELt ed for

| ordosis response in the presence of nmale rats. Lordosis response is
quant i fi dghibiforsipd thepprgsssit 1vgoben €himg) Pmewndr@e) or semsad] whdle npunt s x

100) -5 %MRG"V’% rhtS afd B50& Yor' 15rdosis response in the presence of male rats.
Lordosis response is quantified by the lordosis quotient (LQ = number of lordosis/10

mounts x 100).
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1. An optionally substituted 4,5,7,8-tetrahydro-(optionally 4-thioxo or
4-imno)-(1H 50or 2H)-im dazo[ 1, 2-a] pyrazol o[ 4, 3-e] pyri m di ne or

4,5,7, 8, wpentoateyhn o- (1H or 2H) - pyri m do[ 1, 2- a] pyr azol ojp¢Tarsejoppodsnt di ne,
in free or salt form wherein Formula Il 10 (i) Qis C(=S), C(=N(R20)) or
CH2; (ii) Lis a single bond, -N(H-, -CH2-; (iii) RLis Hor Cl-4 alkyl
(e.g., mthximer ethyl); (iv) R4&is Hor C1_6 alkyl (e.g., nethyl,
isopropyl\zV and R2 and R3 are, independently: 15 H or G _6al kyl (e.g.,

met hyl orWhatopelapyped isopti onal |y substituted with halo or hydroxy (e.g., R2
and R3 are both nmethyl, or R2 is 20

1. An optionally substituted 4,5,7,8-tetrahydro-(optionally 4-thioxo or 4-imino)-(1H
5 or 2H)-imidazo[1,2-a]pyrazolo[4,3-e]pyrimidine or 4,5,7,8,9-pentahydro-(1 H or
2H)-pyrimido[1,2-a]pyrazolo[4,3-e]pyrimidine, in free or salt form.

L—Rs
R Q
1\N/ _—
J IS
T~~~ 7
NZ °N N “Rg

/| ”n'\
R2 R

Rs 4

Formula II
wherein
10 ) Q is C(=S), C(=N(R0)) or CHy;
(ii) L is a single bond, -N(H)-, -CH»-;
(i) R, is H or C,4 alkyl (e.g., methyl or ethyl);
(iv)  Rgis Hor Cy alkyl (e.g., methyl, isopropyl) and R; and Rj are,
independently:
15 H or Cyalkyl (e.g., methyl or isopropyl) optionally substituted
with halo or hydroxy (e.g., R, and Rj3 are both methyl, or R; is
H and Rj is methyl, ethyl, isopropyl or hydroxyethyl),
aryl,
heteroaryl,
20 (optionally hetero)arylalkoxy,
(optionally hetero)arylC,.¢alkyl, or
R; and Rj together form a 3- to 6-membered ring;
or
R; is H and R;3 and R, together form a di-, tri- or tetramethylene bridge
25 (pref. wherein the Rj and R, together have the cis configuration, e.g.,
where the carbons carrying R; and R4 have the R and S configurations,

respectively);
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Hand R3 is nethyl, ethyl, isopropyl or hydroxyethyl), aryl, heteroaryl,
(optionally hetero)aryl al koxy, (optionally hetero)aryl C _6al kyl, or R2
and R3 togethevosfnm a 3- to 6-nmenbered ring; or R2 i eCiuspaoBBssand R4
together forma di-, tri- or tetranmethylene bridge 25 (pref. wherein the
R3 and R4 together have the cis configuration, e.g., where the carbons
carrying R3 ?Trllqu Raye the R and S configurations, respectively); WO
2010/ 065151PCT/ US2009/ 006442 (VLRS' is a) -DE-F, wherein: D is C 4alkyl ene
(e.g., methylene, ethy ene-loF, phegie-yn-1ylene); 5E is a single bond,

823'—3?,1 kg;?/ Ilggf e g Sj g T I- gl_)_ié 8_1 lalk)?lgl){e! &L, Algthglehe,%lﬁ%nXAee&eBrog-rZ-)t}\qi eroaryl ene

ylene);
5 E is a single bond, Cy4alkynylene (e.g., -C=C-), arylene (e.g.,
phenylene) or heteroarylene (e.g., pyridylene);
Fis
H,
aryl (e.g., phenyl),
10 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),
haloC4alkyl (e.g., trifluoromethyl),
-C(O)-Rys,
15 -N(Ri6)(R17),
-S(O)2Ry or
Cs.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-
20 yl), tetrahydro-2 H-pyran-4-yl, or morpholinyl);
wherein D, E and F are independently and optionally
substituted with one or more :
halo (e.g., F, Cl or Br),
Ci.salkyl (e.g., methyl),
25 haloC,4alkyl (e.g., trifluoromethyl),
C,4alkoxy ) or
Ci4alkyl (e.g., S-methylpyrid-2-yl),
for example, F is heteroaryl, e.g., pyridyl substituted with one
or more halo (e.g., 6-flucropyrid-2-yl, 5-fluoropyrid-2-yl,
30 6-fluoropyrid-2-yl, 3-fluoropyrid-2-yl, 4-fluoropyrid-2-yl,
4,6-dichloropyrid-2-yl),
or F is aryl, e.g., phenyl, substituted with one or more halo

(e.g., 4-fluorophenyl)
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H, aryl (e.g., phenyl), 10Oheteroaryl (e.g., pyridyl, diazolyl, triazolyl,
for exanple, pyrid-2-yl, imdazol-I-yl, 1,2,4-triazol-1-y1), halo (e.g., F,
Br, d), wealziosdmshkyl (e.g., trifluoronmethyl), -C(0)-RreT/UB200bmI445) (R
17), -S(0)2R21 or C3_7cycl oal kyl optionally containing at | east one atom
selected froma group consisting of Nor O (e.g., cyclopentyl, cycl ohexyl,
pyrrolidinyl (e.g. pyerJrlpdllsra m&@wc}/eloamr@fyobﬁrozl&mwmﬁaw

nmor phol i nyl ) ; wher ei n D, E and are i ndependently and optionally
substituted with one or nor substihiebwith af i cakkyl @ g.ok- nmtl)ylpmolahnﬂyyl)(e

met hyl ), 25hal oCl -4alkyl (e.g., trifluoronmethyl), G 4al koxy ) or Cl4al kyI
(e.g., 5-nethylpyrid-2-yI), for exanple, F is heteroaryl, e.g., pyridyl

substituted with one ®) aBistilaédhdterogrylalRylf &.4Qsatyinited aﬂtyilhaloalkyl
5-fluoropyrid-2-yl, 306-fluoropyrid-2-yl, 3-fluoropyrid-2-yl,

4-fludropyrid-2-yl, © attached to one of the nitrogens on the pyrazolo portion of
Formula I and is a moiety of Formula A
Ri12
Rq1
B
X = Zz
Ra/ N T BN Rig
Re
Formula A

wherein X, Y and Z are, independently, N or C, and Rg, Ro, Ry

10 and R are independently H or halogen (e.g., Cl or F), and Ry
is:
halogen,
Ci4alkyl,
Cs.pcycloalkyl,
15 heteroCjs.scycloalkyl (e.g., pyrrolidinyl or piperidinyl),

heteroCs.scycloalkyl (e.g., pyrrolidinyl or piperidinyl),
C,shaloalkyl (e.g., trifluoromethyl),
aryl (e.g., phenyl),
heteroaryl (e.g., pyridyl (for example pyrid-2-yl), or
20 thiadiazolyl (e.g., 1,2,3-thiadiazol-4-yl)), diazolyl, triazolyl,
tetrazolyl,
arylcarbonyl (e.g., benzoyl),
alkylsulfonyl (e.g., methylsulfonyl),
heteroarylcarbonyl, or
25 alkoxycarbonyl;
wherein the aryl, heteroaryl, cycloalkyl or heterocycloalkyl is

independently and optionally substituted with one or more
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4, 6-di chloropyrid-2-y1), or Fis aryl, e.g., phenyl, substituted with one
or nore halo (e.g., 4-fluorophenyl) or Fis a C3_7heterocycloal kyl (e.g.,
pyrrol i diwgl2pioawsisonal |y substituted with a Cl1_6alkyl (@CF/US2009/006442

1-nmet hyl pyrrolidin-3-yl); or b) a substituted heteroaryl al kyl, e.g.,
substituted with haloal kyl; c) attached to one of the nitrogens on the

pyrazol o portion of Formul aalo ¢ @;%d F 6r @1)n@|@u1§y10¢,4ﬁmow,l(alAalaba(lell 1
Re,YRio 1 RO Forrmula A wherein and Z are, independently, N or C, and

R8, R9, R1l and R12 are |ndéﬁeﬁd@mrpyleﬁyas -$%4 ogen (e.g., d or F), and

Ric) is: halogen, Cl al %Jovd(e\’gfﬂgat ero@%drﬂ%%%%gﬁ_ﬁc%!%kyl (e.qg.,

pyrrolidinyl or piperidi ycl oal yrrolidinyl or
pi peridinyl), G 4hal oal kyI résfpegwely s hotyeesenet hyl ), aryl (e.g., phenyl),
het eroaryl (e. N pyridyl (for exanple pyrid-2-yl), or thiadiazolyl (e.g.,
1, 2, 33t hi adi a l 4- %@ di azolyl, triazolyl, tetrazolyl, aryl carbonyl

(e g., benzoyl), alky&ﬁulfonyl (e.g., nethylsulfonyl),

C4alkyl,
Cs.icycloalkyl (e.g., cyclopentyl),
aryl (e.g., phenyl),
10 heteroaryl (e.g., pyridyl, for example, pyrid-4-yl),
arylCi4alkyl (e.g., benzyl),
arylamino (e.g., phenylamino),
heterarylamino,
N,N-diC;_salkylamino,
15 N,N-diarylamino,
N-aryl-N-(arylC, 4alkyl)amino (e.g., N-phenyl-N-(1,1’-biphen-4-
ylmethyl)amino), or
-N(R1s)(Ri9);
wherein the aryl or heteroaryl is optionally substituted with one or
20 more halo (e.g., F, Cl), hydroxy, C;alkyl, Cj.salkoxy, Cs.
scycloalkyl, for example, Re is 4-hydroxyphenyl or 4-
fluorophenyl;
(vi) n=0orl;
(viii) when n=1, A is -C(R3R14)-, wherein Rj3 and Ry, are, independently, H
25 or C4alkyl, aryl, heteroaryl, (optionally hetero)arylC,_salkoxy,
(optionally hetero)arylCjalkyl or Ry3 or R4 can form a bridge with R,
or Ry;
(ix)  Rysis Cj4alkyl, haloC,4alkyl, -OH or —OC,4alkyl (e.g., -OCH3)
(x) R)¢ and Ry7 are independently H or C;4alkyl;
30 (xi)  Rygand Ryg are independently
H,
Cialky,
Cs.gcycloalkyl,
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het er oaryl car bonyl, or al koxycarbonyl; wherein the aryl, heteroaryl,
cycl oal kyl or heterocycl oal kyl is independently and optionally substituted
wi th one wo 2mwessishal o (e.g., F or d), G _4al kyl, Cl_4aChkasg)09/006442

C _4hal oal kyl (e.g., trifluoronethyl), -SH, provided that when X Y, or Z
is nitrogen, Rg, RO, O R10, respectively, is not present; 5(vi)R6 is H,

C _4al kyl, C3_7cycl oal kmet&gcgsoycmmyq),pent yl), aryl (e.g., phenyl),
10heteroaryl (e.g., pyridyl, for exanple, pyrid-4-yl), arylC _4alkyl (e.g.,
benzyl), arylam no (e.g.aryblsenyhenynodr, het eraryl am no,

N, N-di C1_4al kyl am no, 1 I\ﬁlﬁl\l- di fr yl am no, N-aryl-N-(aryl G _4al kyl )am no
(e.g., N-phenyl-N (1,1 - .%ﬂ%‘ﬁ-u- yl met hyDam no), or -N(R18)(R19); wherein
the aryl or heteroaryl iwh&pinisaftbdryloshdasbadyliiseptiondlly substitnted with

5 one or more
halo (e.g., fluorophenyl, e.g., 4-fluorophenyl),
hydroxy (e.g., hydroxyphenyl, e.g., 4-hydroxyphenyl or
2-hydroxyphenyl),

Ci.ealkyl,

10 haloC,.salkyl,
C,.salkoxy,
aryl,
heteroaryl, or
Cs.scycloalkyl;

15 (xii)  Rpgis H, Cj4alkyl (e.g., methyl) or C3_scycloalkyl,

(xiii) Ry is C.¢alkyl;

in free or salt form.

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

20 Formula I
L_R6
R Q
1~ N - _—
= 7
N“" "N N “Rrg
n
R; |
R, 4
Formula |
wherein
1) Q is C(=S), C(=N(Rz0)) or CHy;
25 (i) L isasingle bond, -N(H)-, -CH;-;

70



20more halo (e.g., F, d), hydroxy, G _6al kyl, Cl_6al koxy, C3_ 8Cyd Cal kyl,
for exanple, R6 is 4-hydroxyphenyl or 4- fluorophenyl; (vii) n =
0 or 1; woO2010/065151(Vviii) when n=1, Ais -C(RL3R14)-, wreraispooRb@ssand R14,
are, independently, H 250r C _4al kyl, aryl, heteroaryl, (optionally

het ero)aryl G _ol koxy, (optionally hetero)aryl Cl4al kyl or R13 or Rl14 can

forma bridge wfiyfh 2594 + 4 alkyl hyl odtiy):R15 is G _4al kyl,
hal oG _4al Kyl ,(\@)OH Ig?fs-o%ﬁéf P! Egmet -yc?ms)’))’ (x) R16 and
R17 are i ndepeidentRyistl or CCalkzl (eyd., mebyl isopi®yhraad RegndrRs dreidependent | y

Eét 2 r E?ng_gg;/c Icgaﬁﬁilliﬁlfigpg"g%/rllttye }gg 8‘8%‘84?’3 %Séw%’?gr%g gfs ggﬁ%i?% %\%ﬁ élrlaéllyn said aryl
or heteroaryl is opubetitatddywshhabiok Uy&dxWMé b, Roasd RE afsicth bl (@ Ry
fl uorophenyl, e.g., 4-fluorophenyl), hydroxy (e.g., hydroxyphenyl, e.g.,
4- hydsoxyphenyl or iz Fhymit Bxispheshyll §thyiCisopeapiy pr hydseyedod). abilky!| |

heteroaryl, (optionally hetero)arylalkoxy, or (optionally hetero)arylC,.

salkyl;

or

R, is H and R; and R4 together form a di-, tri- or tetramethylene bridge

10 (pref. wherein the R; and Ry together have the cis configuration, e.g.,
where the carbons carrying R; and R4 have the R and S configurations,
respectively);
v) Rs is
a) —D-E-F, wherein:

15 D is C,.salkylene (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,

20 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), -C(0)-R;s, -N(Ri6)(R17), -S(O)2R2; or Cs.
scycloalkyl optionally containing at least one atom selected
from a group consisting of N or O (e.g., cyclopentyl,

25 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 halo (e.g., F, Cl or Br), C,.
salkyl (e.g., methyl), haloC,4alkyl (e.g., trifluoromethyl),

30 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-
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C _6al koxy, aryl, heteroaryl, or Cntycloal kyl; 15(xii) R20 is H G _aal kyl
(e.g., nethyl) or C3 7cycloal kyl, (xiii) R21 is Cl _6alkyl; in free or salt
form wo2o010filss1se onpound according to claim1, wherei rcyaisdoooonqernd is a
Compound of 20Formula I  Formula | wherein (i)Qis C(=S), C(=N(R20)) or
CH2; 25(ii)L is a single bond, -N(H-, -CH2-; WO

2010/ 065151PCT/ US2009/ 0064412ﬂl(,6rbh1)et i pvirRl-FyDBlor Ch4algh Kl g. (Bn@thylpeiday| or
ethyl); (iv) RAis Hor Cl_6 alkyl ep)lg , y9 @]A[lgl(;%rgop y%BRZ and R3
are, independently, H or C2- ﬂhld{ﬁlseé'lgeg Prliﬁnbliilsubﬁmﬁl@ p‘f*é‘p&ne)or@mrﬁonal |y

substituted with hal o or o or
5is Hand R3 is nethyl, etﬁ\? ()éIgS’%‘Sfr]g ffpﬁz&y% cﬁg eVHQﬁ&yar y@ﬁ
heteroaryl, (optionally hef(eg0byﬁylndahynwnoxmy(sobmt@uaaI“h;h €t aillojlaryl G _

6al kyl; or R is Hand R3 and R4 together forma di-, tri- or
tet raffet hyl ene bri dge 10(pr(%g 1vm@héipbirf9h@n@3ylén%r R4 together have the cis

configuration 9., Yol Sk AAERARE KAV RIsFhiRhch Binhaaibhe R and S

configurations, r espec
c) attached to one of the nitrogens on the pyrazolo portion of

Formula I and is a moiety of Formula A

Ri2
R14
o
X /Z
Rs/ \T/ \R1o
R
10 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
is halogen, C 4alkyl, C;_scycloalkyl, Cj4haloalkyl (e.g.,
trifluoromethyl), aryl (e.g., phenyl), heteroaryl (e.g., pyridyl
15 (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),
heteroarylcarbonyl, or alkoxycarbonyl; provided that when X,
Y, or Z is nitrogen, Rg, Rg, or Ry, respectively, is not present;
20 (vi) Rgis
H,
C4alkyl,
Cs.scycloalkyl (e.g., cyclopentyl),
aryl (e.g., phenyl),
25 heteroaryl (e.g., pyridyl, for example, pyrid-4-yl),
arylC,4alkyl (e.g., benzyl),
arylamino (e.g., phenylamino),
heteroarylamino,
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(v) RS is a) -DE-F, wherein: 15D is C _aal kyl ene (e.g., nethyl ene,
et hyl ene or prop-2-yn-1- ylene); E is a single bond, C2_4al kynyl ene
(e.qg.,aryweneinmws1, phenyl ene) or heteroaryl ene (e.qg., Ppyrisdybeoad2 F is
H, aryl (e.g., phenyl), heteroaryl (e.g., pyridyl, diazolyl, 20triazolyl,
for exanple, pyrid-2-yl, imdazol-I-yl, 1,2,4- triazol-1-y1), halo (e.g.,

F, Br, d), hal oG 4al ‘N’N i€, Galkylafiiidd, uor orret hyl), -C(0)-R15, -N(R16)(R17),
- S( 0)2R21 or C3_ 7cycl oal kyl optionally containing at |east one atom

sel ected froma group NsDrdikeylamiggoof N or 0 (e.g., cyclopentyl,

g P SRR et

optionally substit ut ed wWlndetionringhoyyer e halo (e.g., F, d or Br), Cl_
4al kyl (e.g., nethyl), hanCl4aIkyI (e.g., trifluoronethyl), 30 for
exanpl%e, F is heteroar)(Ris¥Rg); pyridyl substituted with one or nore hal o

8 Dor omyr o oot ! Selein tid ad BB QR B Fis optiondy] bSO énd/or

3-fl uoropyr| d- 2-yl, uor opyr oropyrl
hal oG 4al kyl (e.g., b5- tnb'refIhalo(e)greFh@l)pb{ydrdxﬂemasaﬁ«ox@lf_oﬂak&yple(Bs g.,

5-net hyl pyrid2-y1l), or F is phe bstituted with one or
more halo (e.g., 4-fluorbdh @Ff{fg’}y%’ren% qré- ﬁ ((%p}ﬁ?é{rerocycl oal kyl (e.g.,
pyrrolidinyl) Gg?l opald lsubstl tuted with a G _6al kyl 5(e.qg.

1- et hyl pyrrol n-3-y1); ‘or b) a substituted heteroaryl al kyI e.g
substi® ut ed wi ¢viii)hawber k=yl,,A (s) CeﬁRta&Ihethemelor?& aifd Rhear mdmeﬁ@tlyn& he

pyrazolo portion of F8 mﬂcyi1 aryl, gte}osaryq (m;)> 1one}ilyc}1eter8farrr}ﬂbl4é?kc§%'20rR11 YRo |
(optionally hetero)arylC;_4alkyl;
(ix)  Rysis Caalkyl, haloC.alkyl, -OH or —OC,4alkyl (e.g., -OCH3)
(x) R and R,7 are independently H or C,alkyl;
15 (xi)  Rjgand Ryg are independently H, C,_salky 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,
e.g., 4-hydroxyphenyl or 2-hydroxyphenyl)
(xii) Ry is H, C,4alkyl (e.g., methyl) or Cs.scycloalkyl,
20 (xiii) Ry is Cj.¢alkyl

in free or salt form.

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

P4
2
p-d
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RO Formula A wherein X, Y and Z are, independently, Nor C, and Rg, R9, Rl1
and R12 are independently H or halogen (e.g., d or F), and R1 o is

hal ogen, WD 2daldeyisy C3_7cycl oal kyl, G _ahal oal kyl (e.g. pctrristéogoo@net hyl ),
aryl (e.g., phenyl), heteroaryl (e.g., pyridyl (for exanple pyrid-2-yl), or
t hi adi azolyl (e.g., 1,2,3-thiadiazol4-yl)), diazolyl, triazolyl,

tetrazolyl, arylcarbgs\ (e.g., benzoyl), alkylsulfonyl (e.g.,

met hyl sul fonyl\}\‘ ,Q,@ryl car bonyl, or al koxycar I ; provided that when
X, Y, or Zigs mitrogen; Rg, R9, or R10, resgectlv Iy is not present;

20(vi)R6 is Ty C3_7cycl oal kyI g., pentyl), aryl (e.g.,
phenyl), 25 Qroaryl ., pyridyl, Xjﬂ pyrid-4-yl),

), arylam no ( =phe no),
al kyl am no, N-d| aryl

arylCl4al kyl . 0., ba

het eroaryl anp no, N, N-d

N-aryl -N-(aryl G _4al kyl ) anj (e.0., N-ph | -N-(1 |phen 4-

yl net hyl )am no), or 5 where the aryl or teroaryl i's optlonally
substituted with one or nore halo (e.g., F, d), hydroxy or C _6al koxy, for

kyI ,

exanple, R6 is 4- hydr phenyl or 4-fl uorophenyl ‘ ii) n =0 or 1,
10(viii) when rg—lHN - C(R131114) -, wherei nH id R14, are,

i ndependent Iy _4alkyl, aryl, heter , (opt| onal |y

het er 0) arlel or (optl onal Iy het e/Lo) _dalkyl; (ix) R15 is

C _4alkyl, aI K -OH or -0C1 4H
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(x) R16 and R17 are independently H or Cl_4alkyl; 15(xi)R 1 8 and R19 are

i ndependently H, G _4alky or aryl (e.g., phenyl) wherein said aryl is

opt i onal lwo=obwisstsut ed wi t h one or more hal o (e.qg., fluecoatsesvplopesa2 g. ,
4-f| uorophenyl) or hydroxy (e.g., hydroxyphenyl, e.g., 4-hydroxyphenyl or
2- hydr oxyphenyl) (xii) R20 is H G 4alkyl (e.g., nethyl) or C3_7cycl oal kyl,
20(xiii) R21 is C _6al in free or salt form 3. @qnpound accordi ng
to claim1l, 20r33 edfromany of thesfﬁgI in free or
salt form 4. Tlhe npuund according to clamf, or 3 sel ected from any
of the follomnng yh free or salt form : a[ maceutical conposition
conprising a ﬁ Rd a ding to any ofy 16 A n adm xture with a
phar maceut i cal\l y/ accept &bl e dlluent or ca ri/er. 6. thod of treating
any of the ;%Qgﬁgnng contN=thons: Parki nsop' s di seasey™1esiH ess | eg,
trenmors, dysKinesias, Huntin pon s di seaSey Al zhei ner' s/t sease, and

drug-i nduced novenent di sorders; depreSS|on attention deficit disorder,
attention deficit hypeeactivity disorder, bipolar illness, anxiety, sleep
di sorder, narcoIeBs Alapognitive i mpai r ment dene?ifa, Tourette's syndrone,

autism frag|

SN HN
NPNTSN \)N\ ~ N—_ -
. N NN
SERe cHNe

N
_—

Z
-
zZ
pd
\ P4
z
o

5 in free or salt form.

4. The compound according to claim 1, 2 or 3, selected from any of the following:
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syndrone, psychostinmul ant w thdrawal, and/or drug addiction;
cerebrovascul ar di sease, stroke, congestive heart disease, hypertension,
pul nonar ywbypmriaserssi on, and/ or sexual dysfunction; asthmrar/uskeondeis2
obstructive pul nonary di sease, and/or allergic rhinitis, as well as
aut oi mune and inflammatory di seases; and/or fenal e 10sexual dysfunction,
exerci se ane orrhoe. qnovul ati on, nenopause, nenopausal synptons,

hypot hyr oi di § strual syndro premat ure | abor fertility,
|rregular = ycles, rine bl eldi pg—Qst/eopor osi s,
i genent, pros ncer, hypothyroidism

nd/ or any di sease

or condltl 3

inhibitio arrd/ or OGP S|gnal expr essi ng
PDE1, and/or by reduc done D1 recs tg vi[;y; and/ or any
di sease or condltlonN(ha be aneliorated by the enhancg nt of

progest erone si gnal i nes conpr|3|ng adnﬁh|$ter|ng an effecfive anmount of a
conpound according to any of clains 1-4, 200r a pharnaceutical conposition
according to claim5, to a patient in need of such treat 7. The
met hod of cl aim 6, mhereln the condition is ParkinsonHN ase. 258. The
nmet hod of cl aim 6, ein the conditi S co i mpai r ment . 9. The
met hod of cl Hnmm ein the coneintd s narcpl egsy.N— 10. The net hod of

claim9 f onpr|5|ng adni-mstering a cong ON 30 pounds sel ect ed
fromcentr ner vels, system s{i muj antiss nodafi nj ant i defr edsants, and
gamma hydg UTMr at e;—t o appérh NINin negd t hdredf 11. The{ethod of claim
6, wherei id cond on i s\ €mal e se dysfuncti on. met hod of
claim11, t her conp® singlladm ni st er conpound or corpounds sel ect ed

froma group consisti estradiol, es ol , estradiol 0
progesterone and progestiFng to a patient inFneed thereof. 5F3. A nethod
for the treatnment of treatnent for glaucona or el evated intraocul ar
pressure conprising Dy cal adninistration of a therapeutically effective

anount of a ) agcordi ng to any clainms 1-4, in fIF

phar maceutyg accept abl e sal tNHf Qﬁ an opt hafm onpati bl e
carrier to fhe|ey®dof a patient Jll0in need ther edhy A nethod for the
t r eat ment N&T " NIsyBhosj schi zid ﬁ;ﬁ?? schi zoaf f gcti

schi zophr egaf or m di 2r, p TiNe dI e{der, e

mani a, su s i n acut®\ mani clepi sode bi po

adm ni stering a 15t her ageu iy effe e ano
to any of clainms 1-4, Q!i i

a patient in need thenfo .

and —N |

5 in free or salt form.

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

1-4, in admixture with a pharmaceutically acceptable diluent or carrier.
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15. A nethod for the treatnment of traumatic brain injury conprising

adm stering to a patient in need thereof, a conpound according to any of

cl ai ms 1-wWpQ2m/dess@ or 20pharmaceutical |y accept abl e salPCTfuseond/odds2 A

met hod for | engthening or enhancing growh of the eyel ashes by

adm ni stering an effective amount of a prostagl andi n anal ogue, e.g.,

bi mat opr gt A HEOREABT iradtirgyanyIfiihe foABRMSEdRTonS SPURIMEbIRE disede] FesBEbs
effective anount of a conpound according 25to any of clains 1-4, in free or
salt form I, tremersodyskines@onfuntingtands dsensagAlzbeimey’ sehiseabiand dugs or a

phar maceuti cal ¢ ositi.on according.to ¢laj.m [ ture of a
e cament e ERTSRbY HoPaGE GrBSHDR AP felait e BHIRR 11 0 0L
di seases: Pagfiditipperatisfly dissaisipdlesillnessahagy, degndisadedyiaicolepsy, as,
Huntington's disease, Al zheiner's disease, and dr ug-i nduced  novenent

di sor §ers; eegnitbesimpgirment. slsmegta.denretiors Bindepmpe aulism: Bagileol deficit
hyperact | vi {yh RO HelhosRIRMR WithukIRS Smafi bt dadil FeLerdbROElar

nar col epsy, “cogni t’i've 1 npairnent, denenti a, rette’s syndronme, autism
fragil e X syiseaseysrokpsgonigogivierhehadisendie; hypeatensipn gndihonarg hygerdehdion i on;

35cer ebrovascyl ar disease, .stroke, congestive heart di sease, h rtension,
pul monary P&‘g%rr eXHal; ‘g’ﬁgmﬁﬂﬁ‘};&“ Ell?;\rlog HHE YN maRery ,ea%ah%g(ﬁprc

obstructi Veal@éfkf@} 1BitYs, 4k HRASE audHiihe 8hd BIfBhimditbiyHildases; a8d/¥Efcmaks
aut oi mune and” I nfl ammatory di seases; and/or femal'e sexual dysfunction,

exer di0se ansmxort dsfactiancaxgiasd ancnombaesh aneellatiom opEagpatse SpApIPgHE

hypot hyroi di s re- nenstrual syndronme, .premature 51 abo infertility,

i rregul ar r’r@ﬁg}t’tpﬁ"ﬁi hyRp yégf,é?%r%?'ﬁﬁnswaéﬂ% OB G Rge gdsbf)éé%tgepglst?”s,

nul tiple sclfd@fr menBir@8lcHtRs Mibndiee Wediine HMEAHigd bSeSFII6SE, milyipRt hyr oi di sm
estrogen-induced endonetrial hyperplasia or carcinonma, and/or any disease
or condi t i ofcleresisaprostpicaatprggmemyproaies] canes, kynothyipidissr. esapgeneiddusedhi biti on
of cAWP and/or ¢ ' I - S). 4l I r ing PDEl, 10and/or
by reduced %%Oénrﬁ%r@ %}fg&gl%sé%&o&é%}ﬁél%n%&ggﬁid\klsl%?s%@acﬁgilgrg gany di sease or
condiftsi on t BidradteryzedebydoRl leadlabecABP dndéorextiMP ¢anmhibitidn @i gedBtaadone
signaling. 18. Use of the Conpound accordi ng to any aof cl aéﬂgs 1-4, in free
or phar mace6EMEhsigyalneqagividyse inseells expressing PRES daerdrced dogaAmYEi t i on
according teq" i f . 1S r the

t reat ment o?lﬁrg%%lrt\{ﬂsg%ntaﬁgg%?@?ﬁe%?%%ﬁﬁa&%%ggrsgo or crgt%g{iaﬂtB igl)c/)trigsel ected
from gl aucemaliomted|byvthé eshdncemetadipargepteessisignaling; copyysingsi s,

schi zophreni a, . schi.zoaf f ecti ve di sorder, schidzo hreni f orm ilsord r,

psychoti c dP@BP’d%?r}ngj@ SCoiE AMEPRE feompaitd agrhrding 4o, ahy § CPW‘Saﬁ'ﬁte mani ¢
20epizxpodes gpgpRirRRkalticd] Sahp®ition dabrimid © dMiad 9 tb Ripdfidnt id HeedPof such

phar maceuti cal conprising a npound according to any of clainms 1-4, in
free or phatpatowot.i cal |y acceptable salt form in conbination or
association with a 25pharnaceutically acceptable diluent or carrier for use
in the treatnent of any di sease or condition selected from

7. The method of claim 6, wherein the condition is Parkinson’s disease.

25 8. The method of claim 6, wherein the condition is cognitive impairment.
9. The method of claim 6, wherein the condition is narcolepsy.
10. The method of claim 9 further comprising administering a compound or
30 compounds selected from central nervous system stimulants, modafinil,

antidepressants, and gamma hydroxybutyrate, to a patient in need thereof.

11. The method of claim 6, wherein said condition is female sexual dysfunction.
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Par ki nson' s di sease, restless leg, trenors, dyskinesias, Huntington's

di sease, Al zheiner's disease, and drug-i nduced novenent disorders;

depr essi omp 2atoieestsion deficit disorder, attention defi ciPCThisp@wacdssyity

di sorder, bipolar 30illness, anxiety, sleep disorder, narcol epsy, cognitive
| npai rment, denentia, Tourette's syndrome, autism fragile X syndrone,
psychosti mul ant withdrawal, and/or drug addiction; cerebrovascul ar di sease,
stroke, congestive heart disease, hypertension, pulnonary hypertension,
and/ or sd2udhe ohetifodrediciaom,; 1 1o $urthen coraprising edmbsstening 2 vempowndoerar y di sease,

and/or allergic rhinitis, .as well as autoi e,.and .i.nfl toory di seases;
ondor T omaramsouinds RIEURd AR ¢ Bioue Shed direo TasiRuPT ot SRR oy
nmenopause, ﬁ%@&ﬁ&%ﬁ@hn&ﬁﬁ@k&ﬁﬁﬁoEﬁﬁﬁ&&hﬂh&&ﬂhﬁﬁbﬁpre-”EnStrua| syndr one,
premature labor, infertility, irrégular nenstrual cycles, abnormal uterine

bl eedbng, osteoporosis, nultiple sclerosis, prostate enlargenent, prostate
cancer, Hppatrhsgthod firghe treattirenyeftréatdemtddr gladcmed o1 elevadtghimtppedata or

carci noma; and/or any.di sease or conditio har act.er,ized by | ow | evel s of
CAMP and/ or PEEWE i@(‘é‘}m{‘% FRRLgal ?%”B&%‘RW%&W%‘?“&‘@% %&?f%’f: PRSUBat hways)
in cells exgfgsshpsinddedordtiony BY clagfy¢ad ifiReasi prarkicdugiedpt or si gnal i ng
activity, and/or any disease or condition that may be aneliorated by the
enhancenent awkpipblsgel femurie agjogthalmisglly gompaiblacastieriodhe exaiof npatigst ul ar

pressure; 15ps 0S| schi zophreni a, schizoaffective disorder,
schiigphrenVﬁg¥ﬁgﬁ??§}der, psychotic disorder, delusional disorder, and
mani a, such as in acute nanic episodes and bipolar disorder; and traumatic
brai n i njur ¥ me&flod for the treatment of psychosis, schizophrenia, schizoaffective disorder,

schizophreniform disorder, psychotic disorder, delusional disorder, and mania,
such as in acute manic episodes and bipolar disorder, comprising administering a
15 therapeutically effective amount of a compound according to any of claims 1-4, in

free or pharmaceutically acceptable salt form, to a patient in need thereof.

15. A method for the treatment of traumatic brain injury comprising admistering to a
patient in need thereof, a compound according to any of claims 1-4, in free or

20 pharmaceutically acceptable salt form.

16. A method for lengthening or enhancing growth of the eyelashes by administering
an effective amount of a prostaglandin analogue, e.g., bimatoprost, concomitantly,
simultaneously or sequentially with an effective amount of a compound according

25 to any of claims 1-4, in free or salt form.

17. Use of the Compound according to any of claims 1-4 or a pharmaceutical
composition according to claim 5 for the manufacture of a medicament for the
treatment or prophylactic treatment of the following diseases: Parkinson’s

30 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, dementia, Tourette’s syndrome,
autism, fragile X syndrome, psychostimulant withdrawal, and/or drug addiction;

35 cerebrovascular disease, stroke, congestive heart disease, hypertension, pulmonary
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18.

19..

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, 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 cells expressing PDE],
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.

Use of the Compound according to any of claims 1-4, in free or pharmaceutically
acceptable salt form or a pharmaceutical composition according to claim 5 for the
manufacture of a medicament for the treatment or prophylactic treatment of a
disease or condition selected from:
glaucoma or elevated intraocular pressure;
psychosis, schizophrenia, schizoaffective disorder, schizophreniform disorder,
psychotic disorder, delusional disorder, and mania, such as in acute manic
episodes and bipolar disorder;

traumatic brain injury.

A pharmaceutical comprising a Compound according to any of claims 1-4, 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
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,
dementia, Tourette’s syndrome, autism, fragile X syndrome,
psychostimulant withdrawal, and/or drug addiction; cerebrovascular

disease, stroke, congestive heart disease, hypertension, pulmonary
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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,
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 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;

glaucoma or elevated intraocular pressure;

psychosis, schizophrenia, schizoaffective disorder, schizophreniform disorder,
psychotic disorder, delusional disorder, and mania, such as in acute manic
episodes and bipolar disorder; and

traumatic brain injury.
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