ORGANI C COMPQOUNDS This application clainms priority fromU.S.

Provi si onal Application No. 61/120, 444, filed Decenber 6, 2008, the

cont ent s Wb 2odovesbisar e hereby incorporated by reference iPaTiusedmw/oequsrety. 5
TECHNI CAL FI ELD 100011 The present invention relates to a conmpound of
Forrmula | as described bel ow, processes for their production, their use as

pharmaceutical s and phar maceWRGANICOOONMPGUNDS conpri sing them O
particular interest are novel 10conpounds useful as inhibitors of

phosphodi est dihissapplicatrped3imsepriprity ifiom HeS.(Previsigash AprlicatiarMes i nvol vi ng

di sorder s, of, .t ine.Dl r pLar. i l,].

Par ki nsor?lglzgrlfslgag%?lﬁq%ﬁ?@grs?’o ) gh%l(rgé:é)b{él’%é&?%vcﬁé&n}?{a%rg @%@%ﬁ?%@fﬁcti on,
e. g., insehingophiheitieatiredy. di sorders that may be aneliorated through
enhanced progesterone-signaling pathway, e.g., fenmale sexual dysfunction.
15 BAGKGROUND OF THE | NVENTI ON [ 0002] El even fanilies of phosphodi esterases
(PDEs) have been identified buty IERESFIEppFam |y 1, the

Ca2- cal nodul i n- dependent phosphodi est erases (CaM PDEs), have been shown to
medi at e bq0001j he Thelpeésem ianentionaielatesrtu @lceotipoded 6EFgmid [ eAld3cabed c GVWP)
signali ngﬁ at hways. The three known CaM PDE genes, .PDE1A PDE1B, and PDE1C,
are all B%Véé’é‘&?s‘?elﬁ fartheir groduchon, fheit Pss asRRrEacsticdhld s expressed

thrOUQhO#}ht 5 elfi@l Bo .BQtiB‘ﬁ%ﬁprks‘?ng’%h%npfO &S ifferéstatd O VeAl to CA3

| ayers o hi ppocanpus and cereb umand at a low level in the
st ri dbumcoRPBLnds ussfudlas ihébipre of plabsphodibserasenly (RIPE1 h e gr.tin tRDEAENERL

predom nately expressed . n the striatum._dentate. gyr al ory tract
and cer e@éﬁl‘% es Vd’?‘l_”flg dbs?? e_é%%%i‘ﬁ d8B?IP]é]F£ lersec'&a/ﬁ%%mg‘%%%ifwarré)&i %‘&é’”havi ng
hi gh | evel;sh 8§ PARREHH B RABhS, HERBEYGH, nartolephy, lanabe R EHRit v fanttar,i |y
expressed in the central nervous system it may be detected in the heart.
PDELC i s qug.i imschizgphsgmincerstispriders shat suaydyeyaregliorsed thinpeleetepedd ar granul e

cells, and striatum PDE1C i |.so r ' heart and vascul ar
snoot h nﬁ§%$eg{er%f%%ﬁ%gfgm@ay§ﬁ%l’efgliﬁigl ES%%‘%@SB%SE%’& erases decrease
intraeel lular cAMP and cGWP signaling by hydrolyzing these cyclic

nucl eoti'des to their respective inactive 5'- phates (5" AMP and
5'Gw). CaM PDEs play a ACKGROUNP OF FHHEE‘B@}%B?& gnal transduction in
braincel ligggar pndhintiot!de BhBsddRtResed (HIii%) Badl PechauifRe e basal
ganglia or striatum For exanple, NVDA-type glutamate receptor activation
and/ or damdyPDEs DRFaeile httbe Catt¢almbiwlin-depsntentiphosphodissteeases (€aMeel | ul ar

cal o SRS 23 S B S AR o8 s USTREARE 221 vt on
of Calyt PLESMP and c¢GMP) signaling pathways. The three known CaM-PDE genes, PDEIA,
PDEIB, and PDE1C, are all expressed in central nervous system tissue. PDEIA is
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. PDE1B is predominately expressed in the
25  striatum, dentate gyrus, olfactory tract and cerebellum, and its expression correlates
with brain regions having high levels of dopaminergic innervation. Although PDE1B
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. PDEI1C is also expressed in the heart and vascular smooth muscle.
30 [0003] Cyclic nucleotide phosphodiesterases decrease intracellular cAMP and
c¢GMP signaling by hydrolyzing these cyclic nucleotides to their respective inactive
5’-monophosphates (5’ AMP and 5’GMP). CaM-PDEs play a critical role in

mediating signal transduction in brain cells, particularly within an area of the brain



5 resulting in reduced cAMP and cGW. Dopam ne D1 receptor activation, on
the other hand, leads to activation of nucleotide cyclases, resulting in

i ncr easedwoAMY/@mas2cGVP. These cyclic nucl eotides in tuPOTASRWAL&4Pr Ot ei N
ki nase A (PKA; cAMP-. dependent protein kinase) and/or protein kinase G
(PKG cGQGWwP-dependent protein kinase) that phosphoryl ate downstream si gnal
t r ansduc ki, gWn R tHVER¥alS) BBRAbSstEibih. For éﬁh{ﬁ}ﬂ&%ﬁ%(@?&@lﬁi&ﬁ&tafﬁdepmr

CAMP-r egul at ed phosphoprotein) and cAVP responsive el enent bi ﬂg%:ng protein
(CREB) . Rbioesienmapil/er ddpamimeR3cepior agtivatiomieshlt & ingeeased nyresHUAT pr ot ei n

phosphates- 1 (PP-1 t hergby. incr {: ylation of
substrat éalﬁf%‘g 8?’}%}1%%%9{153@%1? géegﬁg&gﬁgoigﬁtee%élg%ﬁ%@é%%gg F}E}g to induction
of physi @epgident’l@aRRTS ESaMRIDAnegalcihentifland & dwivatisngh€svePDERat i nduci ng

15 cAWP and cQGVWP synthesis through activation of dopam ne D1 o&
pr ogedt eresltingapaedused AP ard cgMy RorapAe BY 15eeRtPTRF UYL ORIBY wi t h

vari ous RinehalARo LARARBA S nul I RS RL Af ORI ERSPOAREP A5S0ci at ed

with rec I'ng I'n sone ro See i, et al., Science
(2000) 28#fd tGP®. Theeeydlieniceqaidesin tim astyatenmotepokinasedA (BKE; g ADJP-:

reference. 20[ 0004] A CaM PDEs can t herefor CL pam ne-requl.ated and
ot her i ntdeBRICENt A1 ) ’é‘ﬁ%ﬂ%‘ﬁ%pﬁfﬁ%ﬁﬁsﬁ&t @g@éﬁﬁgﬁﬁgﬁ%ﬁ Fg#‘?lpat um

i ncl udi ng;uty At Ho'sm&r?ﬂté&\ms%h& sPHafBansAQERH SARKEY ElermRAtylsatiensi n, CCK,
VI P, serotoni'n, gqutarra e (e.g., NVDA receptor, AMPA receptor), GABA,

acet yDchdARBP-33ddomsiine afié c4MP-2nlatet ppisphoprotsimmadicAdIB respeppyor |

natriuretic tide (e, q. P. . CN ARPR: 253 and . rphin

i ntracel Iehﬂlﬁe?’?ginéiﬂﬁ fﬂbe??)é?ﬁﬁg}sﬁyﬂsﬁbﬁ%’fﬁdo@émgf“e g ?‘B%Eﬂgacti vity,
in parti Gelivity offloeRprbspRARE-AFRPP Y ) (tRENDY ieddsitigtiie statensft i ons in brain
tissue as a regulator of |ocomptor activity and |earning and menory. PDEl

i s a themhpsnhordaticy ofctubsteate peajeina suchrasgrogastereneartantery PR glsading &P pat hways,
preferabl.y, i r : i NG i i ‘ 0

Gopar ne 15iicigh SEpRIGUS EtRhER) SIRBLLHDlerithaBughiofid Bt bunel g1
neur asenAMP ehKcGMPsymilegsid through agti vdtmmetf dopamine, D Nvrogestapheor ,  AVPA
receptor), GABA,  acetylcholine,, adenosi ne . 0., A2A receptor cannabi noi d
r ecept or FeGeRIorienhancey Pingstirpae signgling mﬁi}la‘gﬁlﬁﬂgthd\ﬁw? P ﬁﬁ@fog’r‘f)iah

i ntracel I ﬁghse)é\QnZ Eiﬂ{ pg%ﬁ&g{g t s %&Q%ﬁh%&%&iﬂi@y% inand

progestero signal i r exanple, inhibition of PDELB should act
t 0 pot entsbakeeoddnts. Se¢ dani,oft ab, Sioerznei (RN 8FAyHIfi3s thetgpnianist efcvhialy aeGVP and
CcAWP from degr ad i’i on, Lan should simlarly inhibit dopam ne D2 receptor

si gnal i ndn‘i%g‘?mﬁa ergi, by FHEw 5 ng PDEL activity. Chronic el evation in

Si ntngcel 00w CTMPDEsRtBerbforé bkt dopamine!regilerl and bthRuMer ous
di sorders, particularly in neurodegerative di seases such as Al zhei ner's,

Par ki nsorintgacghlar-signaling pathwaysiin degslasakgraelin (Wizbmacnsludmevt net r cul at ory
system | gen%%et%gﬂtn?tri to&?&en&@ﬁr ] n&grgrnghl%lten'sfg%@ﬁé \Arip: sgé}%%xilﬂ, :égl&gh& rs are

t her ef or tial'l'y use seases aracterft ze uced dopam ne
D1 recepteg., NMDA iebeptas; AMPRAY recepioh), G B dcetydcnline ideaasing (ed), ARAL | ess

i by 1 orrSeeRios) ASGARIBBRLIFC PP SBALEE RERAC Wiy NSPaPRC CABGOR e
[ 0006 There" LA HRERERE! SRR 2Y cel ectivel v inhibit PDEL
activity, [0005] Phosphodiesterase (PDE) activity, in particular, phosphodiesterase 1

(PDE]) activity, functions in brain tissue as a regulator of locomotor activity and

learning and memory. PDE] is a therapeutic target for regulation of intracellular

signaling pathways, preferably in the nervous system, including but not limited to a

30  dopamine D1 receptor, dopamine D2 receptor, 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), endorphin intracellular



especi al | y PDEL1A and/or PDE1B activity. 15 SUMVARY OF THE | NVENTI ON
[0007]In the first enbodi nent, the invention provides a conpound of Formula
1 0 R4 wili2R/06sBermula 11 20 wherein (i) Lis S, SO oPCBTB2000i0044RI is H
or Cl.6alkyl (e.g., methyl or ethyl); (iii) R2 is H 25Cl_6alkyl (e.g.,

i sopropyl, isobutyl, neopentyl, 2-methylbutyl, 2,2-dinmethylpropyl) wherein
sai d al kyigndliflpath®apRhd protkebtérone signaling pathway. For example, inhibition of

PDEI1B should act to potentiate the effect of a dopamine D1 agonist by protecting
c¢GMP and cAMP from degradation, and should similarly inhibit dopamine D2
receptor signaling pathways, by inhibiting PDEI activity. Chronic elevation in

5 intracellular calcium levels is linked to cell death in numerous disorders, particularly
in neurodegerative diseases such as Alzheimer’s, Parkinson’s and Huntington’s
Diseases and in disorders of the circulatory system leading to stroke and myocardial
infarction. PDE] inhibitors are therefore potentially useful in diseases characterized
by reduced dopamine D1 receptor signaling activity, such as Parkinson’s disease,

10 restless leg syndrome, depression, narcolepsy and cognitive impairment. PDEI
inhibitors are also useful in diseases that may be alleviated by the enhancement of
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.

15

SUMMARY OF THE INVENTION

[0007] In the first embodiment, the invention provides a compound of Formula I

0 —Rq
R4
~ N
)\ /N
/
0 T N Rs
R
Formula II

20 wherein
) L is S, SO or SOy;
(1) R, is H or C,alkyl (e.g., methyl or ethyl);
(i) Ryis
H,
25 C,.salkyl (e.g., isopropyl, isobutyl, neopentyl, 2-methylbutyl,
2,2-dimethylpropyl) wherein said alkyl group is optionally

3



WD 2010/ 065152PCT/ US2009/ 006443 substituted with halo (e.g., fluoro) or
hydroxy (e.g., 1- hydroxypropan-2-yl, 3-hydroxy-2-nethyl propyl),

- 00- 4al kywo@si0dwyrskoal kyl (e.g., cyclopentyl, cycl ohexylPLTastéoonads
substituted with one or nore amno (e.g., -NH2), 5for exanple,

2-am nocycl opentyl or 2- am nocycl ohexyl), wherein said cycl oal kyl

optional Iy contains one or sﬁ&&@tb&mqm@wgseﬂlmb)e&ﬁydmw{emdl -0 and is
optionally substituted with Cl_6al kyl nmet hyl pi/rrol ndi n- 2-yl ,
pravgyl

1- net hyl - pyrrol i ndi n-3-yl , hxdr:%myapan Zoﬁyf?hmlrpnm%mz yl or

1- net hyl - pyrrollnd|n3y r |
pyrrolidinyl, for exanple “‘nﬁ(& }; %CW% gogféigﬂﬁeqﬁl )écllfgge:tx?t)ut ed with
Cl_6alky1l (e. , methyl), bpﬁon@l@rﬁabmm&dmtﬂwdqwrmmiuamxneesgl, -NH,),

15C3_8cycl oal kyI C _6al kyl (e.g.,cyclopr opyl met h hal oC1_6al kyl (e.qg.,
trifidoromethyl, 2,2, 2-tri fPLisrBRiGdraminogycionsn ? Cl_6al kyl (e.g.,

2- (dlrrethylamno)ethylz loalkvl optionall
hydroxyCl_6al kyl (e.g. . gfﬂlﬁl%gfzﬁmgt})l&whgrem safl_I }bcr%apy%/ op ionally

20hydr oxypr op-2-y1), ar yl%oﬂairﬂsplne @engpre; hhenmagdn) seltrét(bfromNE@d Gsal kyl
'S T hnerein 356 1o a i ndrb uuRevel SsppRehi fg Ea-BRR Y
cycl oal kyl or heterocycl Oalprhﬁ&ngz yl, %%tﬁyl ;;’yrvdlmdwsgh,y] Byt
pyrol yin-2-y1) optionally substituted wt kyl (e.g.
(1- md0hyl pyrol i di n-2-y1)); pyrrolindin-2- yl-methyl or 1 methyl pyrrolindin-3-yl-
methyl),
Cs.sheterocycloalkyl (e.g., pyrrolidinyl, for example,
pyrrolidin-3-yl) optionally substituted with C;.¢alkyl (e.g.,
methyl), for example, 1-methylpyrrolidin-3-yl,
15 Cs.gcycloalkyl-C.galkyl (e.g.,cyclopropylmethyl),
haloC;alkyl (e.g., trifluoromethyl, 2,2,2-trifluoroethyl),
-N(R;4)(R5)-C.alkyl (e.g., 2-(dimethylamino)ethyl,2-
aminopropyl),
_ hydroxyC,.¢alkyl (e.g., (e.g., 3-hydroxy-2-methylpropyl, 1-
20 hydroxyprop-2-yl),
arylCy.¢alkyl (e.g., benzyl),
heteroarylC,.¢alkyl (e.g., pyridinylmethyl),
Ci.salkoxyarylC,.¢alkyl (e.g., 4-methoxybenzyl);
-G-J wherein:
25 G is a single bond or, alkylene (e.g., methylene);

1 is cycloalkyl or heterocycloalkyl (e.g., oxetan-2-yl,
pyrolyin-3-yl, pyrolyin-2-yl) optionally substituted
with Cj.salkyl (e.g., (1-methylpyrolidin-2-yl));

(iv) R is attached to one of the nitrogens on the pyrazolo portion of

30 Formula I and is a moiety of Formula A



(iv)R3 is attached to one of the nitrogens on the pyrazolo portion of
30Fornmula | and is a noiety of Formula A XZ RBRio RO Forrmula A wherein X
Y and Z awe,2imdeendently, N or C, and R8, R95 Rl1l andPRIAIS2008/006443

i ndependently H or halogen (e.g., O or F); and R10 is hal ogen, C _6al kyl,
C3_8cycl oal kyl , heteroC3_8cycl oal kyl (e.g., pyrrolidinyl or piperidinyl)
hal oC1_6al kyl (e.g., trifluoronethyl), aryl (eR3y;, phenyl), heteroaryl
(e.qg., .pyridyl, (for exanple, pyrid- t hi adi azol yl (for
exanpl e, 1,2,3-thiadiazol-4- yl), di trijazol yl &e g.,
1,2,4-triazol-1-y1), tetrazolyl (e &, 4l koxadi azol yl
(e.g., 5-nmethyl-1, 2, 4-oxadi azol), pyrazolyl pyrazol 1-yl1), al kyl

sul fonyl (e.g., nethyl sulfonyl), arylcarbojy .@., benzoyl), or

het er oaryl car bonyl, al koxycarbonyl, (e.g tho onyl) am no
carbonyl; preferably phenyl, pyridyl g//m§>p&%?dyl RRi peridinyl, or
pyrrolidinyl;

Rg
Formula A
wherein X, Y and Z are, independently, N or C, and Rg, Ry,
5 R;; and Ry, are independently H or halogen (e.g., Cl or F);
and Ryg is
halogen,
C,salkyl,
Cs.geycloalkyl,
10 heteroCj.gcycloalkyl (e.g., pyrrolidinyl or piperidinyl)
haloC,.alkyl (e.g., trifluoromethyl),
aryl (e.g., phenyl),
heteroaryl (e.g., pyridyl, (for example, pyrid-2-yl) or
e.g., thiadiazolyl (for example, 1,2,3-thiadiazol-4-
15 yl), diazolyl, triazolyl (e.g., 1,2,4-triazol-1-yl),
tetrazolyl (e.g., tetrazol-5-yl), alkoxadiazolyl (e.g.,
5-methyl-1,2,4-oxadiazol), pyrazolyl (e.g., pyrazol-
1-yl),
alkyl sulfonyl (e.g., methyl sulfonyl),
20 arylcarbonyl (e.g., benzoyl), or
heteroarylcarbonyl,
alkoxycarbonyl, (e.g., methoxycarbonyl),
aminocarbonyl;
preferably phenyl, pyridyl, e.g., 2-pyridyl, piperidinyl,
25 : or pyrrolidinyl;
wherein the aryl, heteroaryl cycloalkyl or
heterocycloalkyl is optionally substituted with one
or more halo (e.g., F or Cl), C4alkyl, C;salkoxy,
Cishaloalkyl (e.g., trifluoromethyl), and/or —SH,

5



wherein the aryl, heteroaryl cycloal kyl or heterocycloal kyl is optionally
substituted with one or nore halo (e.g., For d), G alkyl, Cl.4alkoxy,

C _ahal oavkybi1owsg2, trifluoronmethyl), and/or -SH, 5 WECT/US2009/006443

2010/ 065152PCT/ US2009/ 006443 provi ded that when X, Y or X is nitrogen, Rg,
RO or Rio, respectively, is not present; (VR4 is H 5C _6al kyl (e.g.,

met hyl, isopropyl), C3_8cycl ogokided figat Svhen C§ OPXrik yitjogen, Rg, R or Ry,
C3_8het erocycl oal kyl (e.g., pyrrolidin-3-yl), aryl (e.g., phenyl) or
heteroaryl (e.g., pyrid-4-yl, pyespgctovely, I%FOtW?-?%?bI 3- yl) wherein said aryl
or heteroaryl (lvf Opﬁd‘r nal l'y 10substituted with hal o (e.g., 4-fluorophenyl),
hydroxy (e.g., 4-hy oxyphenyl) C _6al kyl, Cl_6al koxy or another aryl
group (e.g., biphenyl-4-§]nmethyl); (vi)Rl4 and R15 are i ndependently H or
Cl _6alkyl, in free or salt form 15[0008] In st$ anot her enbodi nent, the
i nven®i on provi des a CorfpodHey! 63-8rarctiilasenropd).descri bed above, wherein R4

'C§C| gﬁaﬁ?'yrﬁ", (e.g.. metdyloycloffhl QY dycidpa@pyc! 0al kyl (e.g.
Cs.sheterocycloalkyl (e.g., pyrrolidin-3-yl),
aryl (e.g., phenyl) or heteroaryl (e.g., pyrid-4-yl, pyrid-2-yl or
pyrazol-3-yl) wherein said aryl or heteroaryl is optionally
10 substituted with halo (e.g., 4-fluorophenyl), hydroxy (e.g.,
4-hydroxyphenyl), Cy.alkyl, C;.salkoxy or another aryl
group (e.g., biphenyl-4-ylmethyl);
(vi) Ry and Rys are independently H or C,alkyl,
in free or salt form.
15 [0008] In still another embodiment, the invention provides a Compound of
Formula II as described above, wherein
Ry is:
Ci.salkyl (e.g., methyl, isopropyl),
C;.gcycloalkyl (e.g., cyclopentyl),
20 Cs_gheterocycloalkyl (e.g., pyrrolidin-3-yl),
aryl (e.g., phenyl) or heteroaryl (e.g., pyrid-4-yl, pyrid-2-yl or
pyrazol-3-yl) wherein said aryl or heteroaryl is optionally
substituted with halo (e.g., 4-fluorophenyl), hydroxy (e.g.,
4-hydroxyphenyl), C.¢alkyl, C.salkoxy or another aryl
25 group (e.g., biphenyl-4-ylmethyl);
and
R; is attached to one of the nitrogens on the pyrazolo portion of Formula I

and is a moiety of Formula A



20C3_8het erocycl oal kyl (e.g., pyrrolidin-3 -y1), aryl (e.g., phenyl) or
heteroaryl (e.g., pyrid-4-yl, pyrid-2-yl or pyrazol-3-yl) wherein said aryl
or het er ospyeb1o/wsBPt i onal | y substituted with hal o (e.g. pPCEAfSRa9noq@Ehenyl ),
hydroxy (e.g., 4-hydroxyphenyl), Cl_6alkyl, C _6al koxy or another aryl
25group (e.g., biphenyl-4-ylnethyl); and R3 is attached to one of the
nitrogens on the pyrazolo portion of Fornula | Raghd is a noiety of Fornmula A
RL2 2, . G 11 RO Fornmula A wherein X, Y
and Z are, independently, Nor C a §g2 are independently
H or halogen (e.g., O or F); and R I

het eroC3_8cycl oal kyl (e.g., pyrrolidinyl or|piperi inyl) aryl (e.g.,
phenyl), or heteroaryl (e.g., pyridyl, (forflexanplé¢, pyrid-2-yl) or e.g.,

t hi adi azolyl (for exanple, 1,2,3-thiadi azgiX4- Zdiazolyl, triazolyl
(e.g., 1,2,4-triazol-1-yl1), tetrazolyl Rg€.g., t¥etrazolRg-yl),

al koxadi azolyl (e.g., 5-nethyl-1, 2, 4-oxadi azol)|, pyrazolyl (e.g.,

pyrazol 1-yl), wherein the aryl or heteroaryl ig optionally substituted with
one or nore halo (e.g., For d), Cd4alkyl, G _°4al koxy, G _ahal oal kyl
(e.g., trifluoronethyl), and/or -SH, provided that when X, Y or X is
nitrogen, R8, RO O R103 respectively, F@“ﬁﬂ?pbresent; in free or_salt

form [0009] The inventi onvdiesain X, otansed ate, sslependeatinfN op CaandRe, Royp
2010/965152PCT/U82009/0064ﬁ3;1

and R, are independently H or halogen (e.g., Cl or F);
and Ryp is
Cs.scycloalkyl
heteroCs._gcycloalkyl (e.g., pyrrolidinyl or piperidinyl)
aryl (e.g., phenyl), or
10 heteroaryl (e.g., pyridyl, (for example, pyrid-2-yl) or
e.g., thiadiazolyl (for example, 1,2,3-thiadiazol-4-
yl), diazolyl, triazolyl (e.g., 1,2,4-triazol-1-yl),
tetrazolyl (e.g., tetrazol-5-yl), alkoxadiazolyl (e.g.,
5-methyl-1,2,4-oxadiazol), pyrazoly! (e.g., pyrazol-
15 1-yl),
wherein the aryl or heteroaryl is optionally substituted
with one or more halo (e.g., F or Cl), C .alkyl, C;.
salkoxy, Cjshaloalkyl (e.g., trifluoromethyl), and/or
—SH,
20 provided that when X, Y or X is nitrogen, Rg, Rg or R,
respectively, is not present;
in free or salt form.

[0009] The invention also provides a compound of formula I



0 wherein 112 Fornul a |
Cl. 6al kyl
I sopr opylwoi2emimes sk,
sai d al kyl

10

15

20

25

(e.g.,

wherein
@)
(1)
(iii)

nmet hyl

(i) Lis' S, SOor SO2; 5 (ii) RLis Hor
or ethyl); (iii) R21is H Cl1 _6al kyl (e.g.,
neopentyl, 2-nethyl butyl, 2,2-di meroylyscappbgs4sher ei n

group is optionally 10

o —Rs

)\ $
/
o N N Rs

Formula I

Lis S, SO or SO,;
R,is H or Csalkyl (e.g., methyl or ethyl);
Ryis

H,

C).¢alkyl (e.g., isopropyl, isobutyl, neopentyl, 2-methylbutyl,
2,2-dimethylpropyl) wherein said alkyl group is optionally
substituted with halo (e.g., fluoro) or hydroxy (e.g., 1-
hydroxypropan-2-yl, 3-hydroxy-2-methylpropyl),

—Co4alkyl-Cs_gcycloalkyl (e.g., cyclopentyl, cyclohexyl)
optionally substituted with one or more amino (e.g., -NH,),
for example, 2-aminocyclopentyl or 2-
aminocyclohexyl),wherein said cycloalkyl optionally
contains one or more heteroatom selected from N and O
and is optionally substituted with C,_alkyl (e.g., 1-methyl-
pyrrolindin-2-yl, 1-methyl-pyrrolindin-3-yl, 1-methyl-
pyrrolindin-2-yl-methyl or 1-methyl-pyrrolindin-3-yl-
methyl),

Cs.gheterocycloalkyl (e.g., pyrrolidinyl, for example,
pyrrolidin-3-yl) optionally substituted with C,.¢alkyl (e.g.,
methyl), for example, 1-methylpyrrolidin-3-yl,

Cs.geycloalkyl-C).galkyl (e.g.,cyclopropylmethyl),

haloC,.salkyl (e.g., trifluoromethyl, 2,2,2-trifluoroethyl),



substituted wth halo (e.g., fluoro) or hydroxy (e.g., 1-

hydr oxypr opan- 2-yl, 3-hydroxy-2-nethyl propyl), -00-4al kyl-C3_8cycl oal kyl
(e.g., cywbapemisylsz cycl ohexyl) optionally substituted wCThSese/ 00644301 €

amno (e.g., -NH2), for exanple, 2-am nocyclopentyl or 2- 15

am nocycl ohexyl ), wherein said cycl oal kyl optionally contains one or nore

het er oat om sel ect ed fromN’@Rq -enchikyl (OB! Ra@ahétiylatitind)ethyl,2d Wi th
Cl_6al kyl (e.g., 1-nethyl pyr‘{r)gI{l?)nd51 fl( e E(Eet hyl - pyrrolindin-3-yl,

1- et hyl pyrrol i ndi n- 2- yl - mettigeprepylk- net hyl - pyrrol i ndi n-3-yl - 20 25

Ve 1ol |t n-3-y1) opt ) ondl @%ﬁmé’% (it Ry P BB ) o

(exarrpl e, I1 met hyl pyrrol i di mydroxlyp ggycl oal kyl - C _6al kyl
e.g., cyclopropyl methyl), haloC 1 e.g., trifluoronethyl,
2,2,25trifluoroethyl), mwﬂ%a&@wb@aadgw@wﬁusz009/006443

-N( R14) (R15) - C1_6al kyl 2- ani 1),
hydroxyCG _6al kyl (e. é : (}?ﬂgoarﬁg(%@g@g E%n%l? y ég%{%%)yl arln_ nopropy!)

hydr oxyprop-2-y1), 5ar yl@@ﬂadﬁyw}yl(lﬁsa@(y,l (dognayhe)thonéieezﬁhr yl C1_6al kyl
(e.g., pyridinylnmethyl), al koxyaryl G _6al kyl (e.g., 4-nethoxybenzyl);
-G J wherein: 'GJwerem

G is a single bond or, alkylene (e.g., methylene);

10 J is cycloalkyl or heterocycloalkyl (e.g., oxetan-2-yl,
pyrolyin-3-yl, pyrolyin-2-yl) optionally substituted
with Calkyl (e.g., (1-methylpyrolidin-2-yl));

(iv) Rjis
1) -D-E-F wherein:
15 D is a single bond, C.¢alkylene (e.g., methylene), or
arylalkylene (e.g., pbenzylene or -CH,C¢Hs-);
Eis '
a single bond, E
Cialkylene (e.g., methylene, ethynylene, prop-2-yn-1-
20 ylene),
-Cg4alkylarylene (e.g., phenylene or —C¢Ha—, -benzylene-
or —CH,C¢Hy-), wherein the arylene group is optionally
substituted with halo (e.g., Cl or F),
" heteroarylene (e.g., pyridinylene or pyrimidinylene),
25 aminoC,_ealkylene (e.g., -CH,N(H)-),
amino (e.g., -N(H)-);
Cs.scycloalkylene optionally containing one or more
heteroatom selected from N or O (e.g., piperidinylene),
Fis
30 H,
' halo (e.g., F, Br, Cl),
Ci.salkyl (e.g., isopropyl or isobutyl),
haloC,.alkyl (e.g., trifluoromethyl),



Gis a single bond or, alkylene (e.g., nmethylene); 10J is cycl oal kyl or

het erocycl oal kyl (e.g., oxetan-2-yl, pyrolyin-3-yl, pyrolyin-2-yl)

opti onal Iwozobmisstsat ed with G _ol kyl (e.g., (1-nethyl pyproiriucseensdessly ) ;
(iv)RBis 1) -D-E-F wherein: 15D is a single bond, Cl_6al kylene (e.g.,

nmet hyl ene), or aryl al kylene (e.g., pbenzylene or -CH2C6F14-); E is a single
bond, aryl (e gCphéslikyl ene (e.g., methylene, ethynylene,
pr op- 2-yn-120yl ene), -00. 4a1ky1ary1ene ( phenyl ene or -C6H4-,

-benzyl eneor -CH2CBH4-), wihareychoalked O@tlyn@%ecogtmpg|asleé§$tqn6r@éﬂmy
substituted with halo (e.g.,

het eroaryl ene (e.g., pyridi ny“feéef%ged thmfrgrou%lc%nstgHé sz%r Igl foc1_sal kyl ene

(e.g., -CH2N(H)-), amno (e. Jeyclopdatyl, c)ycldﬁaxyacmbﬁ@hyyb@nehmpyi onal | y
contai ning one or nore heteroatom sel ected fromN o (e.0.,

pi per Bdinyl ene), F is 30H, hatetapydrg-2/-pyragA-ylcpy mO@Oé}aVQsﬁnd( e.g.,

I'sopropyl or isobutyl), hal oCh,Qalliy\ulsinfed with'd,!HRYPEE. Mbthyl or
isopropyl), for example, 1-methylpyrrolidin-2-yl,
pyrrolidin-1-yl, pyrrolidin-2-yl, piperidin-2-yl, 1-
methylpiperidin-2-yl, 1-ethylpiperidin-2-yl,

10 heteroaryl optionally substituted with C,.salkyl, (e.g.,
pyridyl, (for example, pyrid-2-yl), pyrimidinyl (for
example, pyrimidin-2-yl, pyrimidin-4-yl), thiadiazolyl
(for example, 1,2,3-thiadiazol-4-yl), oxazolyl (e.g.,
oxazol-2-yl), diazolyl (e.g., pyrazolyl (for example,

15 pyrazol-1-yl) or imidazolyl (for example, imidazol-1-yl,
4-methylimidazolyl, 1-methylimidazol-2-yl,), triazolyl
(e.g., 1,2,4-triazol-1-yl), tetrazolyl (e.g., tetrazol-5-yl),
alkoxadiazolyl (e.g., S-methyl-1,2,4-oxadiazol),
wherein said heteroaryl is optionally substituted with

20 | halo (e.g., fluoro) or haloC,.¢alkyl;

amino (e.g., -NH3),
C,.salkoxy,
—O-haloC, ¢alkyl (e.g., —O-CF3),
C.salkylsulfonyl (for example, methylsulfonyl or —
25 S(0).CHy),
-C(O)-Ry3,
-N(R14)(Rys); or
2) a substituted heteroarylaklyl, e.g., substituted with haloalkyl; or

30 3) attached to one of the nitrogens on the pyrazolo portion of

Formula I and is a moiety of Formula A

10



WO 2010/ 065152PCT/ US2009/ 006443 aryl (e.g., phenyl), C3.8cycl oal kyl
optionally containing at | east one atom sel ected froma group consi sting of
N or O (ewg@.2p100066150pentyl, cycl ohexyl, piperidinyl, pyr Porius2evpiopc443

5t et rahydr o- 2H pyran-4-yl, or norpholinyl), and optionally substituted with
Cl_6al kyl (e.g., nmethyl or isopropyl), for exanple,

1-met hyl pyrrolidin-2-yl, pyrrolidin-l-yl, pyrr®&idin-2-yl, piperidin-2-yl

1- nmethyl pi peridin-2-yl, 1-ethyl pipefidin-2-yl,|] 10heteroaryl optionally
substituted wth G _6al kyl, (e.g., ridyl, (f q, pyrid-2-yl),

pyri mdinyl (for exanple, pyrimdin- ' -y1l), thiadiazolyl

(for exanple, 1,2,3-thiadiazol-4-yl), ., oxazol -2-y1),

di azolyl (e.g., pyrazolyl (for exanple, 15p -y0 or imdazolyl (for
exanpl e, imdazol-Il-yl, 4-nethylimdazolyl Xlin%ghikLpidazol-2-y1,),
triazolyl (e.g., 1,2,4-triazol-1-yl), Uﬁffézolwl (e.g'Ryotetrazol -5-y1),

al koxadi azolyl (e.g., 5-nethyl-1, 2, 4-oxadi azol){, wherein said heteroaryl is
optionally substituted with 20halo (e.g., fluor) or hal oCl_6al kyl; am no
(e.g., -NH2), G _6al koxY, -0-hal oCl.6alkyl (e.g?, -0-CF3),

Cl. 6al kyl sul fonyl (for exanple, nethylsulfonyl or - 25S(0)2CH3),

-N(R14) (R15); or 2) a substituted heterBﬁ?@Tﬁ yl, e.qg., substituted with
hal oal kyl ; or 303) attachedﬂmoﬁoﬁ%\6mui5@“hhﬁkﬁ@§k§ﬂﬁﬁqpﬁ6¥B9¢§zd%b portion

of Forsrrul al and is a noi etl:%lgrfld %rar}ykt%eéénd\é\gl};%l&/kgﬁggeﬁ%e.g., Clor F);

and R,¢ is halogen, alkyl, cycloalkyl, haloalkyl (e.g.,

trifluoromethyl), aryl (e.g., phenyl), heteroaryl (e.g.,
pyridyl, (for example, pyrid-2-yl) or e.g., thiadiazoly! (for
example, 1,2,3-thiadiazol-4-yl), diazolyl, triazolyl (e.g., |
10 1,2,4-triazol-1-yl), tetrazolyl (e.g., tetrazol-5-yl),
alkoxadiazolyl (e.g., 5-methyl-1,2,4-oxadiazol), pyrazolyl
(e.g., pyrazol-1-yl), alkyl sulfonyl (e.g., methyl sulfonyl),
arylcarbonyl (e.g., benzoyl), or heteroarylcarbonyl,
alkoxycarbonyl, (e.g., methoxycarbonyl), aminocarbonyl;
15 preferably phenyl or pyridyl, e.g., 2-pyridyl; provided that
when X, Y or X is nitrogen, Rg, Ry or Ry, respectively, is
not present;
V) R4 is selected from:
H,
20 Ci.salkyl (e.g., methyl, isopropyl),
Cs.gcycloalkyl (e.g., cyclopentyl),
Cs.sheterocycloalkyl (e.g., pyrrolidin-3-yl),
aryl (e.g., phenyl) or heteroaryl (e.g., pyrid-4-yl, pyrid-2-yl or
pyrazol-3-yl) wherein said aryl or heteroaryl is optionally
25 substituted with halo (e.g., 4-fluorophenyl), hydroxy (e.g.,
4-hydroxyphenyl), C,.¢alkyl, C,.salkoxy or another aryl
group (e.g., biphenyl-4-ylmethyl);
(vi)  Ry3is -N(R1s)(Ris), Ci.salkyl (e.g., methyl), -OC,alkyl (e.g., -OCHs),
haloC,.salkyl (trifluoromethyl), aryl (e.g., phenyl), or heteroaryl; and
11



PCT/ US2009/ 006443 R12 Rl XZ R8YRi o RO Formula A wherein X, Y and Z are,
I ndependently, N or C, and Rg, R9, 5R11 and R12 are independently H or
hal ogen (wogo10/06515er F); and R10 is hal ogen, al kyl, cyclpoalusgéog/obahdal kyl
(e.qg., trifluoronethyl), aryl (e.g., phenyl), heteroaryl (e.g., pyridyl,
(for exanple, pyrid-2-yl) or e.g., thiadiazolyl (for exanple,

1, 2, 3-t hi adi azQ{iy 4-W})and B, 24:@iNlepchddrRB I ¥t C( galkyl, 101, 2, 4-triazol-1 -yl),
tetrazolyl (e.g., tetrazol-5-yl), alkoxadiazolyl (e.g.,
5- et hyl -in fiee or saltfdrmzol ), pyrazolyl (e.g., pyrazol-1-y1), alkyl sulfonyl

ggi gr oapﬁﬁ’mﬂézEbfh%qéﬁ?&?gﬁ’}’%%:%’319‘%%%&3”‘9’“%%@@%{5% %%)%{/{O)HO wgzm' nocar bonyl ;
é? ;)(r ieLeL?t)Ir g gﬂengorﬁf%@%:vﬂ%yégn Rr%.igu—D-]tZ-fpylr i dyl; provided t hgt when X, Y
sel eced fr omgl ¥ JdowmubaliyD is é.sgl.eg?eplgﬁgtd;ﬂéﬁ?g{hélﬁ% @(p)%tri fsi,ret?‘%g?ltéizfgéallxl >
R L L e e A L e K
wherein said aryl oForhelet.dawikreirsDaptisimghel bond;
1.4 Formula 1.1, wherein D is C;¢alkylene (e'. g., methylene);
1.5 Formula 1.1, wherein D is methylene;
10 1.6 Formula 1.1, wherein D is arylalkylene (e.g., benzylene or -CH,CgHa—
);
1.7 Formula 1.1, wherein D is benzylene or -CH,CsHs—;
1.8 Any of formulae 1.1-1.7, wherein E is a single bond, C4alkylene (e.g.,
methylene, ethynylene, prop-2-yn-1-ylene), -Co_salkylarylene (e.g.,
15 phenylene or —-C¢Ha—, -benzylene- or -CH2C6H4—),‘ wherein the arylene
group is optionally substituted with halo (e.g., Cl or F),heteroarylene
(e.g., pyridinylene or pyrimidinylene),aminoC,.salkylene (e.g., —
CH,N(H)-), amino (e.g., -N(H)-);Cs.scycloalkylene optionally
containing one or more heteroatom selected from N or O (e.g.,
20 piperidinylene);
1.9  Any of formulae 1.1-1.7, wherein E is a single bond;
1.10  Any of formulae 1.1-1.7, wherein E is Cy.4alkylene (e.g., methylene,
ethynylene, prop-2-yn-1-ylene);
1.11  Any of formulae 1.1-1.7, wherein E is methylene;
25 1.12  Any of formulae 1.1-1.7, wherein E is ethynylene;
| 1.13  Any of formulae 1.1-1.7, wherein E is prop-2-yn-1-ylene;
1.14  Any of formulae 1.1-1.7, wherein E is -Coqalkylarylene (e.g.,
phenylene or -C¢Hy—, -benzylene- or -CH,Cg¢Hs4-), wherein the arylene
group is optionally substituted with halo (e.g., Cl or F);
30 1.15  Any of formulae 1.1-1.7, wherein E is phenylene or —-C¢Ha—;
1.16 Any of formulae 1.1-1.7, wherein E is heteroarylene (e.g., pyridinylene
or pyrimidinylene);

1.17  Any of formulae 1.1-1.7, wherein E is pyridinylene;

12



25substituted with halo (e.g., 4-fluorophenyl), hydroxy (e.g.,

4- hydr oxyphenyl ), G oal kyl, Cl_6al koxy or another aryl group (e.g.,

bi phenyl -woybratshysk) ; (vi) R13 is -N(RL4) (R15), Cl. 6al kyCT(us2@9/006%s hyl ),
-0C1_6al kyl (e.g., -OCH3), haloCl_6al kyl (trifluoronethyl), aryl (e.g.,
phenyl), or heteroaryl; and 11 WD 2010/ 065152PCT/ US2009/ 006443 (vii) Rl14

and R15 are i ndgpendenbf soridulie 10L16akkykin Efs pyraidiylesd;t form [00010] The
i nvention further provides conpounds of Formula | as follows: 1.1Fornula I,

wherein R3 is LI9 E-Amy efiformglag il k177, whersin E igamineg)isalkyieac (&4 6al kyl ene

(e.g., nethylene), (?g Iﬁ(rl-él—?l kyl ene (e.g., benzylene or -CH2C61-14-);
1.3Formul a 1.1, wheret >’s a single bond; 1.4Fornula 1.1, wherein Dis C
1_6al kyl ene (e.2n, AR} byloeme)ae 111-3Fomittein E.id amidoaieqs. A NEH)s); met hyl ene;

101. 6Forrmula 1.1, wherein Dis arylal kyl (e.qg.,.b I ) - CH2C6I - 14-
); 1.7?Fornul a 1121, W@%foﬁfnﬂaiesl-biﬂzwhéﬁg"ngﬂs( Eeg@mﬁ%igqeeo%%gﬁw of

fornmulae 1.1-1.7, %%[a%j_ligg Bnk $r %0%%9&&&&@%2%%%%%%?@ §p 9., nethylene,

et hynyl ene, prop-2-yn- ene), - aal rylene (e.g., 1 enyl ene or

- C61 14-, -benzyl enepipeaidin@ei2)6114-.), wherein the aryl ene
1.22  Any of formulae 1.1-1.21, wherein F is H, halo (e.g., F, Br, Cl), Ci.
salkyl (e.g., isopropyl or isobutyl), haloC.alkyl (e.g., trifluoromethyl),
10 aryl (e.g., phenyl), C;.scycloalkyl optionally containing at least one
atom selected from a group consisting of N or O (e.g., cyclopentyl,
cyclohexyl, piperidinyl, pyrrolidinyl, tetrahydro-2H-pyran-4-yl, or
morpholinyl), and optionally substituted with C,_salkyl (e.g., methyl or
isopropyl), for example, 1-methylpyrrolidin-2-yl, pyrrolidin-1-yl,
15 pyrrolidin-2-yl, piperidin-2-yl, 1-methylpiperidin-2-yl, 1-
ethylpiperidin-2-yl; heteroaryl optionally substituted with C;_alkyl
(e.g., pyridyl, (for example, pyrid-2-yl), pyrimidinyl (for example,
pyrimidin-2-yl, pyrimidin-4-yl), thiadiazolyl (for example, 1,2,3-
thiadiazol-4-yl), oxazolyl (e.g., oxazol-2-yl), diazolyl (e.g., pyrazolyl
20 (for example, pyrazol-1-yl) or imidazolyl (for example, imidazol-1-yl,
4-methylimidazolyl, 1-methylimidazol-2-yl,), triazolyl (e.g., 1,2,4-
triazol-1-yl), tetrazolyl (e.g., tetrazol-5-yl), alkoxadiazolyl (e.g., 5-
methyl-1,2,4-oxadiazol), pyrazolyl (e.g., pyrazol-1-yl), amino (e.g., -
NH,), C\alkoxy, —O-haloC,.salkyl (e.g., ~O-CF3), C;.salkylsulfonyl
25 (for example, methylsulfonyl or —S(0),CH3), C(O)-Ry3 or -
N(R14)(Ry5);
1.23  Any of formulae 1.1-1.22, wherein F is H;
1.24  Any of formulae 1.1-1.22, wherein F is halo (e.g., F, Br, Cl);
1.25 Any of formulae 1.1-1.22, wherein F is fluoro;
30 1.26 Any of formulae 1.1-1.22, wherein F is C,alkyl (e.g., isopropyl or
isobutyl);
1.27  Any of formulae 1.1-1.22, wherein F is isopropyl;
1.28 Any of formulae 1.1-1.22, wherein F is isobutyl;

13



group is optionally substituted with halo (e.g., O or F), heteroaryl ene
(e.g., pyridinylene or pyrimdinylene),amnoC _6al kyl ene (e.g., -

CH2N( H) - )woamomss1(5e. g., - N(H)-); C3_8cycl oal kyl ene opt i oralriug2@onb@ini ng one
or nore heteroatom selected fromNor O (e.g., 20piperidinylene); 1.9Any of
formulae 1.1-1.7, wherein Eis a single bond; 1.10 Any of fornulae 1.1-1.7,

wherein E is G2dlal Ky §f@ringlae. 1,1mhwhe:@ﬁlpe§mw1@ﬂ@l(@gop 2-yn-1-yl ene);
1.11 Any of fornmulae 1.1-1.7, wherein E is nmet hyl ene; 251.12 Any of

fornulae 1.1-1.7, wWhé@peiomathyly et hynyl ene; 1.13 Any of fornulae 1.1-1.7,

wh E A £ arml 1.7, wherein E i
00~ aal kyl ary ent. (ANGoLfobmBRG 1%, sl WeRmdnle T P FLa

wherein the arN?,len%ﬂ)‘Qﬂfbrﬂn&ldéﬂtl-QmLMieﬁubBtis ztryt@:cg yplidaybal o (e.g., O or
F); 301.15 Any of fornul ae 1. erein_E is phenylene or -C6H4-; 1.16
Any of formul a]e32_L 1A11yvffqm@}a@|1nlﬁ22swhéqe§}6asrg}fre@x (e.g., pyridinylene or

pyrim di nyl en r e C ERikvEobSoaykyi di nyl ene;
B0 20101 065 1aapi Aty Sk Bleed 1 236 Ki‘eé’ F f5 CHRSERAkyFobifo 7 herain b1 s
pyrim di nyl ene; 1. 1®nfuiyingfat feastmﬂeaeorﬂséledte&fromegmup cengisting of N or O

am noCl_6al kyl ene (e.g

- CH2N(H) -); 1.20 £ of f wherein
Eis amino (e.g. (RI(gH)cyflOpSlityglfyﬂﬁi) ’8‘?[ RIB‘FrfF\W)erﬁmi (guyate%%}y?dé? r%Z[E is
C3_8cycl oal kyl ene I I wiRed, oaksel ect ed
fromNor O (e.qg. O‘%&%Ig?fy |%ﬁ§; hﬁw? zﬂﬁdf)ﬁ%nél[y mgt?trlrluwaet @L(al gl wher ei n

Fislg halo (e.g., (e, rﬂcthymr)lsompylﬁatbk%an(rée g}-meths(h;yrrmégdlm -elis EBut yi ) |
hal oC1_6al kyl (e. fl uor
C3. 8cycl oal kyl (opglmﬁl? c‘8ﬁ Iﬁ" g‘)d%& yg(,é'{r olﬁlen‘c"l'yl Byfidn-2-y1,

piperidin-2-yl, 1-methylpiperidin-2-yl, 1-ethylpiperidin-2-yl;
1.34  Any of formulae 1.1-1.22, wherein F is cyclopentyl or cyclohexyl;
1.35 Any of formulae 1.1-1.22, wherein F is 1-methylpyrrolidin-2-yl;

15 1.36  Any of formulae 1.1-1.22, wherein F is heteroaryl optionally
substituted with C,.salkyl (e.g., pyridyl, (for example, pyrid-2-yl),
pyrimidinyl (for example, pyrimidin-2-yl, pyrimidin-4-yl), thiadiazolyl
(for example, 1,2,3-thiadiazol-4-yl), oxazolyl (e.g., oxazol-2-yl),
diazolyl (e.g., pyrazolyl (for example, pyrazol-1-yl) or imidazolyl (for

20 example, imidazol-1-yl, 4-methylimidazolyl, 1-methylimidazol-2-yl,),
triazolyl (e.g., 1,2,4-triazol-1-yl), tetrazolyl (e.g., tetrazol-5-yl),
alkoxadiazolyl (e.g., 5-methyl-1,2,4-oxadiazol), pyrazolyl (e.g.,
pyrazol-1-yl), wherein said heteroaryl is optionally substituted with
halo (e.g., fluoro) or haloC,.salkyl;

25 1.37  Any of formulae 1.1-1.22, wherein F is pyrid-2-yl optionally
substituted with halo (e.g., fluoro);

1.38  Any of formulae 1.1-1.22, wherein F is 6-fluoro-pyrid-2-yl;
1.39 Any of formulae 1.1-1.22, wherein F is pyrimidinyl (for example,
pyrimidin-2-yl, pyrimidin-4-yl);

30 1.40  Any of formulae 1.1-1.22, wherein F is oxazolyl (e.g., oxazol-2-yl),

1.41  Any of formulae 1.1-1.22, wherein F is triazolyl (e.g., 1,2,4-triazol-1-

yD;
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atom sel ected fromairoup consisting of Nor O (e.g., cyclopentyl,

cycl ohexyl, piperidinyl, pyrrolidinyl, tetrahydro-2H pyran-4-yl, or

nmor phol i nyD)2010z06615ept i onal |y substituted with Cl_6al kyl PC&/US2009/8d4hy | oOr
i sopropyl), for example, 1-nethylpyrrolidin-2-yl, pyrrolidin-I-yl,
15pyrrolidin-2-yl, piperidin-2-yl, 1-nethylpiperidin-2-yl, 1-

et hyl pi peri di n-2 y%nﬁsfmara\éll Illl)t2|20%b1|e}h B isihadlyit @ . ,\Mytrdiko@l (6al kyl

(e.g., pyridyl, (for ‘exanple, r|d2 pyrimdi nyl. (for ex | e,
pyri m din-2-yl, pyrqulmlmpﬂra}QEY eramléﬁélﬁ(fof pxAmplg giigfazol-i - rrg_

t hi adi azol -4-y1) pyrag&loil%llda%§lyg 1,_m% 1%?%0)’% d| azolyl (e.g., pyrazolyl

20(for exanpl e, azo exarrpl e, imdazol-1 -yl,
4-net hyl i m daziody! , Ady Bﬁfdﬂmhlaél 1dam2- Ahyekin F 1§C+1Qzldib/ybx2(cﬁaz@lyl (ag254-
triazol-1-yl1l), tetrazol P/I (e.g., tet razol - 5-y1), al koxadi azolyl (e.g., 5-
met hy?-1, 2, 4- oxadl dnethyl ’Bﬁ'a’iﬁﬂlaﬂo Xk, g., pyrazol 1-y1), amno (e.g., -

NH2), G _6a| k e h 6} | sul fonyl 25(for
exanpl e, math suI for&ﬁ%%gm%%&)}é&l—z& ng(e& h%ﬁ 0( % %{(Rﬁ) 1.23 Any
of fornul ae 1. 1145l 2,Qnymﬁﬁ1rmmlaeﬂ 14.2, wheMRwCoJalHaxynul ae 1.1-1.22,

F e luoror 3016 20AmRgt Grmplierl 4g2s voepinbls dnbicieafSLia 11" (6 g,

i sopropyl or isobuty j:%) 1.27 Any of fornulae 1.1-1.22, wherein F |s
i sopropyl; 1.28 Any formulae 1.1-1.22, wherein F is isobutyl;
2010/1065152PCTl. 4520@@3! 0DBuuzlae ExgopnRefsferfcorsaurcgaot found.oh22, vw#@r@prf Fis
hal oCl1_6al kyl (e.g.. {;@ ororret hyl); 1.30 Any of fornulae 1.1-1.22,
V\herelnFlstrlfIl}Br ; 1.31 Any of forrrulae11122

wherein F is aryd (Enﬁoffd?ﬁ‘ﬁlh\é'ﬂrroE.lRaﬁréH& s0hirdeafotfbaed. 1122]wl&2¢1n\ﬁher ein F
is phenyl; 1.33 Any of formulae 1.1-1.22, wherein F is C3_8cycl oal kyl
optional Iy containiifgNERi)Bast one atom sel ected from a group consisting of

Nor 0 (eg . £y ogﬁg@&y%%@ya%'@nw efePb}2'shitt ot fguﬁaoi bliidrein F

tetrahydr o-2H ran- opt| onal substituted wt
Cl_6atkyl 10(e.g., 1ﬁ1ﬂllayllkybnlf0@dpr opyI ), f or exanpl e,
1-methyl pyrrol 1I g(l) n- /gn)y Iof fo)rr’nu[aoerError! Reference source not found.-1.22, wherein F
is methylsulfonyl or —S(O),CHz;
1.51 Formulal or any of Error! Reference source not found.-1.21,
wherein Rj is a substituted heteroarylaklyl, e.g., substituted with
20 haloalkyl;
1.52 Formulal or any of Error! Reference source not found.-1.21,
wherein Rj is attached to one of the nitrogens on the pyrazolo portion

of Formula I and is a moiety of Formula A

Rq2
R11
o
X /Z
Re/ \T/ \Rm
25 Re
Formula A
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exanpl e, 1-nethylpyrrolidin-2-yl, pyrrolidin-l-yl, pyrrolidin-2-yl,

pi peridin-2-yl, 1-nethylpiperidin-2-yl, 1l-ethylpiperidin-2-y1l; 1.34 Any of
f or mul ae woke/@2i52wherein F is cycl opentyl or cycl ohexpCr/uk285/0861y3 of
fornmulae 1.1-1.22, wherein F is 1-nethylpyrrolidin-2-y1; 151.36 Any of
formulae 1.1-1.22, wherein F is heteroaryl optionally substituted with C

1_6al kyl (e.g., pyridyl, (feretxX)T £nd Dfel, thdépstidentl pyN onCdamy/Rs,(Roor
exanple, pyrimdin-2-yl, pyrim d| n-4-y1), thiadjazal YI (for angk'e,
1, 2, 3-t hi adi azol - 4-y1), ox ofid (z@r%glndem,%qlxﬂgma Ogepé%i,;ao( 9.

pyrazolyl (for exanple, fal anpl e,

i m dazol -1 -yl, 4-net hyI im égéglg/%m%)geg ah%)m %’I%?P% lé)l }gafl%k)?qg?r |rrgzol yl
(e.g., 1,2, 4-triazol-1-y1) trlﬁlﬁirbﬁlbtﬂyw, al(yda(egg phentyh)abetkroaryl 13-,

al koxadi azolyl (e.g., 5-nethyl-

d | yl.. (e,
pyrazél - 1-y1), wherein sai (HYH@X e@fgé? %IHaé’é‘?i %Maﬁy%aggﬁhé@ia%ﬁ‘tyg&% th hal o

(e.g., fluoro) or haloCl.6 ay1-2fv1Y. araui quoll 2, wherein F
is pyrid-2-yl optionally SS%%%{#IFU%ZS(? t\%\h }51 3')( ) ﬂ i r%)l(e%1 38 Any of

formulae 1.1-1.22, whereinlf, 4-@1&{){ IB%)4 @etpyolyh(eZg yt@traaoliﬁaylt)ny of fornul ae

1.1-1.22, V\/nerelnFls ri f ri

pyrimdin-4-y1); 301. 40an)? ‘%?%&‘1 (gtg ?Tn%ygé f%ﬂégaé?ﬁo %pyyaml)?'azol yl
e.g., O | -2-y1 1.41A | Julf |yl
T3 e L iepiaminiiia e ke oy

di azdlyl (e.g., pyrazolyl @f)dqﬁarb@d&ﬂ‘m E,, beaoaboor hetgrogrydrarhanybiazol yI  ( f or
exanpl e, imdazol-1 |, 4- th I 1,
1.4gpAny of formul ae ){ 1- 1a§<§§(yg’% eYld(%éo'rMétEO)g.y gﬁ}f%b %%%gﬁ%o@}{ ()e

5- 5nethyl -1, 2, 4- oxadi azol XSﬂéferaﬁly%eﬁyblorquriH?rmﬁ BpiridyllpidRidedhiertei n F i s
amno (e.qg., -NH2) 1.45 Any of fornulae 1.1- , Wherein F.is Cl1_6al koxy;
1.46 Any of formulae 1.1- 1“2@11Xm%PéXrlsPlti%end‘h&we&@é?%ﬁ?ﬂ Z‘/ -0-
CF3); 101.47 Any of fornmul %gtﬁregéyt Ref erence source not found. - 22,
wherein F ’

15 1.53 Formula 1.52, wherein Rj; is a moiety of Formula A, Rg, Rg, Ry; and

R, are each H and Ry is phenyl;
1.54 Formula 1.52, wherein R; is a moiety of Formula A, Rg, Rg, Ry; and
R, are each H and R,y is pyridy! or thiadizolyl;
1.55 Formula 1.52, wherein R; is a moiety of Formula A, Rg, Rg, Ry and
20 R, are each H and Ry is pyrid-2-yl optionally substituted with halo
(e.g., fluoro);
1.56 Formula 1.52, wherein Rj is a moiety of Formula A and X, Y and Z are
all C;
1.57 Formula 1.52, wherein Ry is pyrimidinyl;
25 1.58 Formula 1.52, wherein Ry is 5- fluoropyrmidinyl;
1.59 Formula 1.52, wherein R, is pyrazol-1-yl;
1.60 Formula 1.52, wherein R g is 1,2,4-triazol-1-yl;
1.61 Formula 1.52, wherein R, is aminocarbony]l,
1.62 Formula 1.52, wherein R is methylsulfonyl;
30 1.63 Formula 1.52, wherein Ry is 5-methyl-1,2,4- oxadiazol-3-yl;
1.64 Formula 1.52, wherein R is 5-fluoropyrimidin-2-yl;

1.65 Formula 1.52, wherein Ry is trifluoromethyl;
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Is -C(0)-R13; 1.48 Any of fornmulae Error! Reference source not found.-1.22,
wherein F is -N(R14) (1Z15); 1.49 Any of fornulae Error!

Ref er enceweauroomwstsot found. -1. 22, wherein F 15is Cl_6al pgiraiskdoonyd443 1. 50
Any of fornulae Error! Reference source not found.-1.22, wherein F is

met hyl sul fonyl or -S(0)2CHS; 1.51 Formula | or any of Error! Reference

source not founsk - FRogthula\he? evRerRh RSis a meibstdftRotadlahet ¥Xmoddydrakl,yl , e. g.,
substituted with 20hal oal kyl; 1.52 Fornula | or any of Error! Reference
source not found. - 1ans_ilY15vMere| n R3 is attached to one of the nitrogens on

t he razol o [ I L R12 R 1 1
K Ravh o1 SsR b Lo IR RetefertB shicedot 1oBAM Bo 2 X5

and R8) R9) R11 andvmanatzesﬂ-hdhrgelkglbmg yistépropylhesbbetyh neepentyl, &2 or F); and
RlOls hal ogen, al kyl cl oal k oal k fl ororrethl aryl
(e.g.? phengl) het%?‘b&l%‘wl’(i g‘yme%ﬁ%’?w) X'L?‘%H‘rsg"&%lﬁ%‘ u Vi d- 2yy)1) ory
e.g., thiadiazolyl &éiti%al?%amahﬁnedlw?th%aror(b%dIfﬁlz)%y& hxya}oxyoteagqu yl,

trlazolyl (e.qg. 4-triazol-1-yl), tetrazolyl (e.g., tetrazol- 5y1)

al koxadi azol yl (e glydrﬁeyrpmmyll-z -y1,3 Wd@wadzmh})lpropy})az&%lk)(l&;g

purazol Lyl ool UL (Sefoso P Stuail sy Yiibasthery

met hoxycar bonyl ), adﬂerwmrb%ﬁho (eg/g ehemabfor epirapiel 2 amifydyictpentytog2-
2-pyridyl; provided that when X or XI1s nitrogen, Rg, RO or RI1O,
respdéti veI y, is nomippesdehexyl), ‘wherein said cycloalkyl optionally contains one or

more heteroatom selected from N and O and is optionally substituted
with Calkyl (e.g., 1-methyl-pyrrolindin-2-yl, 1-methyl-pyrrolindin-3-
yl, 1-methyl-pyrrolindin-2-yl-methyl or 1-methyl-pyrrolindin-3-yl-
methyl); Cs_gheterocycloalky! (e.g., pyrrolidinyl, for example,

15 pyrrolidin-3-yl) optionally substituted with Cy_salkyl (e.g., methyl), for
example, 1-methylpyrrolidin-3-yl; Csgcycloalkyl-C)salkyl
(e.g.,cyclopropylmethyl); haloC,alkyl (e.g., trifluoromethyl, 2,2,2-
trifluoroethyl); -N(R14)(R15)-C1-6alkyl (e.g., 2-(dimethylamino)ethyl,2-

_ aminopropyl); hydroxyC.alkyl (e.g., (e.g., 3-hydroxy-2-

20 methylpropyl, 1-hydroxyprop-2-yl); arylCo.salkyl (e.g., benzyl);
heteroarylC,ealkyl (e.g., pyridinylmethyl); C,¢alkoxyarylC,.salkyl
(e.g., 4-methoxybenzyl); -G-J wherein: G is a single bond or, alkylene
(e.g., methylene) and J is cycloalkyl or heterocycloalkyl (e.g., oxetan-
2-yl, pyrolyin-3-yl, pyrolyin-2-yl) optionally substituted with C;.alkyl

25 (e.g., (1-methylpyrolidin-2-yl));

1.68 Formula 1.66, wherein R; is H;

1.69 Formula 1.66, wherein R; is C;.galkyl (e.g., isopropyl, isobutyl,
neopentyl, 2-methylbutyl, 2,2-dimethylpropyl) wherein said alkyl
group is optionally substituted with halo (e.g., trifluoroethyl) or

30 hydroxy (e.g., 1-hydroxypropan-2-yl, 3-hydroxy-2-methylpropyl);

1.70 Formula 1.66, wherein R; is isobutyl;

1.71 Formula 1.66, wherein R; is 3-hydroxy-2-methylpropyl;

1.72 Formula 1.66, wherein R; is 1-hydroxypropan-2-yl;
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151.53 Formula 1.52, wherein R3 is a moiety of Formula A, Rg, R9, Rll1l and
R12 are each Hand Rio is phenyl; 1.54 Fornula 1.52, wherein R3 is a noiety
of For mulwoOA910Rg515R9, R11 and R12 are each H and R10 i sPpyrisdgo/oos443

t hi adi zol yl ; 1.55 Formula 1.52, wherein R3 is a noiety of Fornmula A, Rg,
R9, R11 and 20R12 are each H and R10 is pyrid-2-yl optionally substituted

with halo (e.q.73 f IrspR@la 1. 665&5hé:@ih'R5|1§l—@0§£kylV¢lﬁd’c9¢16alR§ V\%eSg 2 noiety of

Formul a A and X, Y and Z are all Formul a 1. erein R10 is
pyrimdinyl; 251. 58:yr:hvpnm1yh cyclsbexmh@tmnnllmwbsngltgi Wftbl%lﬁ@pmqw dinyl; 1.59

Formul a 1. 52 wher ei n zoI 2, wherein R10 is
1,2,4-tri azol 1-y1; anlm% f’ﬁﬁ%/)a ofegﬁmpvﬁﬁgraéuﬁg‘lg%gd&h@l# gocar bonyl; 1.62
Formul a 1.52, VmerQinﬂnB&ﬁld}&x?@t\hMéréiﬂ s‘amwcloaﬂ@loﬁao@rymmmlﬂs&&orvxhere| n
R10 is 5-net hyI 1,2,4- oxadiazol-3-yl; 1.64 Fornula 1, wherein R10 is

5-f1 udropyri m di n- Z0¢°¢: he@r%omoﬁe}mteé frong N angh@ aedl s wttﬁ)n@BywbSﬁlm}ﬁﬁ onet hyl ;
1.66 Formula 1.52, ﬁl&ﬁg wbé_r@ ndiRP0H! Pn‘feth%npﬁffﬂ)fh%dﬁﬁr?- C and

Yis N 1.67 For mul'a er ence source ound. - 1.
wherein R2 is H; CJy_I,GHEIdeyliylwn@hndmsbpr-nmmyl of samethyllpyrrdimdendyl-, 2-
met hyl butyl, 2, 2- dlrrrlrawl)fl propyl) wherein said alkyl group is

1.74 Formula 1.66, wherein R; is 1-methyl-pyrrolindin-2-yl, 1-methyl-

10 pyrrolindin-3-yl, 1-methyl-pyrrolindin-2-yl-methyl or 1-methyl-
pyrrolindin-3-yl-methyl;

1.75 Formula 1.66, wherein R; is Cj_gheterocycloalkyl (e.g., pyrrolidinyl,
for example, pyrrolidin-3-yl) optionally substituted with C,salkyl (e.g.,
methyl), for example, 1-methylpyrrolidin-3-yl;

15 1.76 Formula 1.66, wherein R; is 1-methylpyrrolidin-3-yl;

1.77 Formula 1.66, wherein R; is Cs_gcycloalkyl-C;.galkyl
(e.g.,cyclopropylmethyl);

1.78 Formula 1.66, wherein R; is -N(R4)(R;5)-C;.6alkyl (e.g., 2-
(dimethylamino)ethyl, 2-aminopropyl);

20 1.79 Formula 1.66, wherein R; is heteroarylC,¢alkyl (e.g.,
pyridinylmethyl),

1.80 Formula 1.66, wherein R; is Cj_galkoxyarylCy.¢alkyl (e.g., 4-
methoxybenzyl;

1.81 Formula 1.66, wherein R; is arylCg.galkyl (e.g., benzyl);

25 1.82 Formula 1.66, wherein R is cyclopentyl or cyclohexyl;

1.83 FormulaI or any of Error! Reference source not found.-1.66,
wherein R; is -G-J; G is a single bond or, alkylene (e.g., methylene);
and J is cycloalkyl or heterocycloalkyl (e.g., oxetan-2-yl, pyrolyin-3-
yl, pyrolyin-2-yl) optionally substituted with C,alkyl (e.g., (1-

30 methylpyrolidin-2-yl));
1.84 Formula 1.83, wherein G is alkylene (e.g., methylene);

1.85 Formula 1.83, wherein G is methylene;
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optionally substituted with halo (e.g., fluoro) or hydroxy (e.g., 1-

hydr oxypr opan- 2-yl, 3-hydroxy-2-nethyl propyl); scycloal kyl (e.qg.,

cycl opentwbD,20oywbshexyl ) optional ly substituted with oneComSremwao&ns no
(e.g., -NH2), for exanple, 2-am nocyclopentyl or 2-

am nocycl ohexyl ), wherein said cycl oal kyl optionally contains one or nore
het er oat om seliegg edrdrila Ng&nwhdéteiatds b;ecl@ﬂkymaieteyo@ulmm ulegd, with

G _6al kyl (e.g., 1-methyl-pyrrolindin-2- rrethl-yrrolln

1- met hyl - pyrrol i ndque@nyz-yﬁpb’m}ymo}'yllpbdﬁwl wlop%wq% %ﬁlb%uty'iegréwﬂyl )
C3_8het erocycl oal ky, , . or exanpl e, PYrrolidin-3-yl)
optional |y substi tuatué}g?wgt’ - '@%ﬁ‘%g{f&gm‘i{b 3 , methyl), for exanple,

1- met hyl pyrrolli.gfi n-Ebrirthla £83 Seyatindl 1l§y>ket€h 265&1 blyie3eyl, gyrolyop2epy| net hyl ) ;

hal oC1_6al kyl (eg trifluoronethy trifl ethyl)

-N(R13) ( R15) - d18%a) igymujael 83 W@QTG’&leét(HWQﬁYlﬁéiﬁoé{dﬁyg ) ami nopropyl ) ;
hydroxyG . 6al kydg (€ I

1- hydroxypropk12éy1)'A“g}ya(r)t;/t%lgf))ge fl%gl%?ﬁaw“%genzy %Qﬁeg%rfé%nr’yigl’ 6al kyl
(e.g., pyridinyl netdiky) (e.£1metiykdsomopsiCsatdkadikylde g., cydiopetthdxybenzyl ) ;

AR UA S SN NN T

pyrol yi n-2-y1) optihgbhyl &UDShyridik fd@?ﬂm%&bl—% vherein said
(1- et hyl pyrolidin-2-y1) (Se'lz—?(;rl%r%r ?@6%& wherein is H F{)erl?rfflua 1. 66,

\é\hﬁ;? gnl E?Jtl is C% gaﬂrﬁ:gtlﬁeeergaryl lsmpp%ei? SUbBtfgfmt‘yl:th h@i@dpém“yl i onal |
subst i %/ut edyvvith h ‘b"ri’%heéys ﬁ%%?%%@h%eﬁw‘)‘”‘%? er?.‘!? k%‘%&&é saflBh, Y

1- hydr oxypr opan- 2- ydr,c,%ambsdy@xxn&hézﬁtrﬂyérpﬁp@yg)blpﬁarynm @niktlohd); wherein R2
is isobutyl; Fornula 66, wherein R2 is 3-hydroxy-2-nethyl propyl; Formula
1. 66, V\/nerel n I:@OlsFOInh%1§9y‘ﬁh@5@rP@9§/34lsﬂ 73 Fornula 1.66, wherein R2 is
-00_aal kyl - cl@ahky. V.G n C £ ) m@fkA onal |y
substituted vvlt onFe) or Elml)rgg ‘grrlr?rﬁ% hQP& B%IM)CQ,,I'G%@J& g%(/%rr%]l {ei,lfy’

2- amigocycl opent yl issprdpyl®m nocycl ohexyl ) wherein said cycl oal kyl
optionally contains_ one. o e het tomsel ected fromN and O and is
optional Iy subs?4 t faguk { ﬁgdﬁ?fﬁ'ln@'i e’(@“&‘mpfol??ét hyl - pyrrol i ndin-2-yl,

1- net hyl - pyrr ol gndi ROBi-2vdbaliet or
1- net hyl - pyrrgll ?ﬁnle}rgluglé/ingﬂwﬂé)’rEWélf{@b?/l}E Igzllorgr]rfjj;(1::31381y akgm(ggel n R2 is

1- met hyl - pyrrol i ndigycpghtyD1- met hyl 10pyrrol i ndi n-3-yl,

1- net hyl - pyrr di - thyh-.pyrrolindin-3-y}-methyl; 1.75
Formil & 166, br it | $cherectatlha PYR7 ot sél&e*&%%gﬁ%i Sinyl, for
exanmppe, pyrrolidi rpy'irdhh)n opt); onal |y substituted with G _6al kyl (e.g.
nmethyl), for exanple, 1-nethy |1[1)yl’l’0|ldln 3-y1l; 151.76 Forrmlal 6 V\/nereln

R2 is 1-net hy|1p9/5rr&qrmuha B89 wharemithsr RupaRa 56! (igernbienylRoptignally
C3_8cycl oal kyl - C1_ %tﬁg“le % héx?ig{?ﬁ%}gr%gyl))lg'dq‘ozbg(e':é)r 4l a 1.66,

wherein R2 is -N(Rl met’hylam no) et hyl ,

2- ami nopropyl); 20lhyd%oyphenyly Q,.c6kkyl, \healkbxy éarioshdrarydrgreup/(ed@., 6al kyI
(e.qg., pyridinylnethyl), é 0 Formula 1.66, wherein R2 is
Cl_ 6al koxyaryl Cl1 GaWIRWnY' -ymetiyl); pet hoxybenzyl ; 1.81Formula 1.66, wherein

R2 i ss5ary1C0_6ahky! Fc%rﬁm@er 1. 896\505&%)[1 eithel R§8r E?i’sm-lhy"dréxﬁﬁlen%er ein R is
cyclopentyl or cycl
1.97 Formula 1. 89, wherein either R4 or Rs is 4-fluorophenyl;
1.98 Formula 1.89, wherein either R4 or Rs is heteroaryl (e.g., pyrid-4-yl,
pyrid-2-yl or pyrazol-3-yl) optionally substituted with halo (e.g., 4-
fluorophenyl), hydroxy (e.g., 4-hydroxyphenyl), Cy.salkyl, C,.salkoxy
30 or another aryl group (e.g., biphenyl-4-ylmethyl);

1.99 Formula 1.89, wherein either R4 or Rs is phenyl;
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1.83 Formula | or any of Error! Reference source not found.-1.66, wherein
R2is -GJ; Gis a single bond or, alkylene (e.g., nethylene); and J is
cycl oal kywoanimeseseocycl oal kyl (e.g., oxetan-2-yl, pyrolPgIrns2009phe443
pyrolyin-2-yl) optionally substituted with Cl1_6al kyl (e.g., (1-

30net-hyl pyrolidin-2-yl)); 1.84 Formula 1.83, wherein Gis alkylene (e.g.,

met hyl ene) ; 1.18f00FKMpbLthd (&3 oﬂig%ﬁhﬁla@wr&rmkhifise—me)aRgﬁ Cl:gallkyl a 1.83,
wherein J is cycloal Kyl or F

erocycl oal ky oxet an- 2-
pyrolyin-3-yl, pyrdEgs rmﬁzhyll) betaai{kdh(elgf ':Qf%él)l g%l?@d@}htlhar&] é% (e.g.,

1rrethy|pyroI|d|n2 7Forrru|a183 wherein J is
oxet an-2-yl, pyrolyi Ml@ghengprgﬁhetero yyl 51.88 Fornula 1.83, wherein J is

(1- met hyl pyr ol i.tIn- %rmlx)allo@avmmq{”idwe\l(m,gaeg) ng formul ae wherein R4 is
sel ect ed fromH C_ 6al met hyl , i sopropyl), C3_8cycl oal kyl

(e.g.? cycl ope‘nt‘%zl yFormpla Yéﬂét"é‘?%@‘?& ol Y2 (e. g., pyrrolidin-3-y1), or
aryl (e.g. V\H)ﬁl JESHnullfl ?g@%y%relﬁq{lgls C Pl Iyﬁj e4% YhetBYy,1 d-2-y1 or

pyrazol - 3- y1) erein said 10aryl or heteroa S optidnally substituted
with hal o (e.d.104- Fd‘riﬁuwhﬂ)ﬁ@;nylhe)rgelnm/‘am}ml(seﬂcgl (e-&s {)QHoxyphenyl ) ,

Cl_6al koxy G _6 vl , o C _6al koxy ok.a er aryl group (e.g.,

bi phenyl - 4-yl ﬁlefcht l%orml‘ @blﬁarWrﬁnfSQf %el nether R4 is H

1. 91Formul a 1.;8fe Vﬂ‘l%ﬁk{ﬁ 206, h%eraﬁ o iSRS, 6@1@1&&@' {‘iﬂiﬂuo&&ngth?l)m?t hyl,
15i sopropyl); 1.92 For erein e t her I'S isopropy 1.93

Formiba 1.89, W diarmeid hé@O Rnhercm%' istriflgogmyathdal kyl (e. g.,
cycl opentyl); 31. 89  wherei ither R4 or R5 is

C3_8heterocycllohquylforfnéﬂagh8%o‘ﬁv‘:r%:l?dﬂsr1ar§l G5 phflnglgeFornul a 1.89, wherein

ei ther R4 or 351095 I&frﬁiule(mqo,wmelm‘)’ 1§1E3tér@iil§'l (g, §p'§&$dl'yl)yt ed with halo

(e.qg., 4-fluoro n hydroxy (e.g., dr oxyphe Cl1_6al ky
G _6al koxy or laE h‘gny aft}lrs pgq»c&dgxg(fengulae,wlpﬂﬁ@ﬁﬁman |1%eﬁwp5lep62§&mt¥6

Fornul a 1.89, wher j s 4-hydroxyphenyl; 1.97 Fornul a
1.89, wherein EIthgﬁl‘I%h? QE{%(RA%Q-&& or ophenyl ;

15 1.111 Formula I or any of 1.1-1.110, wherein elther Risor Rysis
independently H;
1.112 Formula I or any of 1.1-1.110, wherein either Rj4 or Rjsis Cj.¢alkyl
(e.g., methyl);
1.113 FormulaI or any of 1.1-1.110, wherein either Rj4 or Rjsis methyl;
20 1.114 FormulalI or any of 1.1-1.110, wherein Rj4 and R;s are methyl;
1.115 any of the preceding formulae wherein Rj is selected from a group
consisting of 4-(pyrimidin-2-yl)benzyl, 4-(1,2,4-triazol-1-yl)benzyl, 4-
(1-methylpyrrolidin-2-yl)benzyl, 4-(1-methylpiperid-2-yl)benzyl, 4-
(pyrid-2-yl)benzyl, 4-(pyrazol-1-yl)benzyl, 4-(pyrrolidin-3-yl)benzyl,
25 (6-chloropyridin-3-yl)methyl, (6-fluoropyridin-3-yl)methyl, 4-

" (imidazol-1-yl)benzyl, 4-(pyrimidin-4-yl)benzyl), 4-(oxazol-2-
yl)benzyl, 4-(dimethylamino)benzyl, 4-(methylsulfonyl)benzyl, 4-
(pyrrolidin-3-yl)benzyl, (1-isopropylpyiperidin-4-yl)methyl, and -CH,-
C,H4-C(0O)-NHy;

30 1.116 formula 1.115 wherein Rj is 4-(pyrimidin-2-yl)benzyl;
1.117 formula 1.115 wherein Rj is 4-(1,2,4-triazol-1-yl)benzyl,
1.118 formula 1.115 wherein Rj is 4-(1-methylpyrrolidin-2-yl)benzyl;
1.119 formula 1.115 wherein R3 is 4-(1-methylpiperid-2-yl)bénzyl;

20



1.98 Formula 1.89, wherein either R4 or R5 is heteroaryl (e.g., pyrid-4-yl,
pyrid-2-yl or pyrazol-3-yl) optionally substituted with halo (e.g., 4-

f | uor ophewgl2pro/deybeoxy (e.g., 4-hydroxyphenyl), Cl_6alkpCr/uSt008abdsexy 300r
anot her aryl group (e.g., biphenyl-4-ylnmethyl); 1.99 Fornula 1.89, wherein
either R4 or R5 is phenyl; 1.100 Any of the foregoing fornul ae, wherein
R13 i's - N( RLA)|(Bb5)orrallaGalkkihdr&in®R y is SRHHNE-D. yHRERyI6al kyl (e.g., -QOH3),
haloC _6alkyl, aryl (for exanple phenyl), or heteroaryl; 1.101 Fornula

1. 100, wher ei d.R13 fpanulp(H 14)wirrsin;Ri53 44ppragel hiDhenzyk00, wherein R13 is

-NH2; 1.103 Fqrmul & 1. 1,0Q, rei.n .3 i . Balk ., methyl); 1.104
Fornula 1. 1oof1~(22e?fsm&&§3113%‘68?_‘%?@@%@8‘3? 3’1&%3%?? 1.105 Formul a
1. 100, wher ei n RB3 fomul@THI;5 wherein R; is (6-¢hlbpyhidinBlyd)nietiyl®r (herein R13 is

hal oCl_6al kyl (e.g., trifluoroneth Il); 101. 107 Forrmula 1.100, wherein R13
is trdfl uoromet hyl :flupramgidmdri)methyli 00, wherein R13 is aryl (e.g.,
phenyl); 1.10 r 110Q, } 13 ef_ . (e.qg., pyridiyl);
1.110 Any of ﬁhfe:ﬁp;Wélglg%l%r%gﬂgovyﬂn%%élg,tﬂ\?\hﬁje@g%dﬁzﬂlﬂ§Qﬁﬂ{zéll’5 are i ndependently
H or G _6al kyl1.125. gormuletlbipils)whekbih. Rslit 4Kpyrimidini4-g)bemayl)pf 1.1-1. 110,

Sher 5, Ut B i L BESRSUER bkl iAo ™ | o oL
Formil al or any gt U 1 wiRERa s B QIR ROb L By 20 T
10 1.128 formula 1.115 wherein Rj; is 4-(methylsulfonyl)benzyl;
1.129 formula 1.115 wherein Rj is 4-(pyrrolidin-3-yl)benzyl;
1.130 formula 1.115 wherein Rj is (1-isopropylpyiperidin-4-yl)methyl;
1.131 formula 1.115 wherein Rj is -CH,-C;H4-C(O)-NH;,

1.132 any of the preceding formulae wherein compound of formula I is

R4\
Q L
R4
b O
N—R3
/]'\ /
o) N N

R2
15
1.133 any of the preceding formulae wherein compound of formula I is

R4
0 \L
R4
N

O

/

0 N N\

| R,

R.

1.134 any of the preceding formulae wherein compound of formula I is

selected from a group consisting of:

21



1. 115 any of the preceding formulae wherein R3 is selected froma group
consisting of 4-(pyrimdin-2-yl)benzyl, 4-(1,2,4-triazol-1-yl)benzyl, 4-
(1- met hylworooldssisa- 2- yl ) benzyl , 4-(1- net hyl pi peri d- 2- ylpCibarszqo/ 006443
(pyrid-2-yl)benzyl, 4-(pyrazol-1-yl)benzyl, 4-(pyrrolidin-3-yl)benzyl,
25(6-chl oropyridin-3-yOnet hyl, (6-fluoropyridin-3-yl)nethyl, 4-

(i mdazol - 1-yl ) benzyl, 4- (py ¥4 di n-4-yl ) benzyl), 4-( ol -2- yl)benzyl,
4- (dlnethylanlno)benzyb yl sul fonyl ) benzyy ,

(pyrrolidin-3-yl)bengz jéill isopropylpyiperidkﬂ- -yl )net hyl, and - CH2-
C21 -14-C(0) - NH2; 301. |a 1.115 wherei nyR3|j

4- (pyrimdin-2- W)b ornul a 1. 115°WHer &f n

1,2,4-triazol - enzyl ; 18 formul a 5 wher R3 is
1-nethy|pyrro|id| -2 yl Y benzyly-M, 119 formia 1.115 whengi™h, R3 is

1- met hyl pi peri d-2-yl) benzyl; 120 formula 1.115 whereN IS
pyrid-2- yI)benzyI 1.121 fornula 1: 115 wherein R3 is ’

pyrazol - yI)benzyI 1.12 la 1.115 wherein R3 F
pyrrolidin-3-yl )benzyl ; @ ormula 1.115 whgr mg»@

(6-chl oropyri di n-3-yl) et (6- 5fluoropyridi -3 yl)methyl; 1.124
formula 1.115 wherei N \g_4- (i m dazol -1-yl ) be - 125 fornula 1.115
wherein R3 is 4-(pykyhh R- 4- enzyl); 1.126 oNnuWa 1 wherein R3 is

4- (oxazol - 2-yQoenzyl ;| 1.127 f la 1.115 wher R3 is
4- (di met hyl am no) benzyl; 101.1 mula 1.1 erein R3is
la 1.115“wNerein R3 is-N

4- (et hyl sul fonyl ) benzyl; 1.129 f
4- (pyrrolidin-3- yI)benzyI 1.130 fofnula 1.115 wherein R3 1S >

4-(
4-(
4- (
4-(
4-(
4- (

(1-isopropyl pyi peridin-4 yI)-" hyl; 1.131 forrmula 1.1 erein R3 1S
-CF12- C21- 14-C(0) - N112; 2,13 y of the precedi gD giiZ?ge wher ei n
conpound of formula | s any of the prece | ae wherein
conmpound of formula I

“%WQ

o] S
~N O S

_N ~
O)\N N i \/N
\H O”°N""N h
cdihe
N AN :
F
oo*sg@ 0 S/Q/
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0O 1.134 any of the preceding fornul ae wherein conmpound of fornula I is

sel ected froma group consisting of: 21
N arw0 28l0/6b36G2any of the precedi ng formnul ae wher ei RCTIS2@000p@UNdS

;)

i nhi bit phosphodi est erase-nedi ated (e.g.,
PDE1Bnedi at ed) hydrol ysis of cGwW, e.g.

preferably |less than 11. bM
than 200 nMin an i mmy,
for exanple, as dESCII Qd in

PDE1- nedi at ed,
with an 1 C50 of
ferably Iess t han 500

tal affinity papti g-€
anple 16,

in fre
further enbodi nent, und of the Invenﬂlﬁa:(
N =N

N

WO 2010/ 065152PCT/ US2009/ 006443

especially

| ess than 1011M
pref erably | ess
agent PDE l1l0assay,
form [0010]In a

10

[0010]

=N \

\Nﬂg@ n SN@
?ND ONN@:
Q

//
@) S\ / (0] S@
/\NJT( N

O” N

Y X
\os@ , O

N

b

N —
oy N ~
PR ”ﬁw@
N
OH [é;§

1.135 any of the preceding formulae wherein the compounds inhibit
phosphodiesterase-mediated (e.g., PDE1-mediated, especially PDE1B-
mediated) hydrolysis of cGMP, e.g., with an ICsg of less than 10uM,
preferably less than 1uM, preferably less than 500 nM, preferably less
than 200 nM in an immobilized-metal affinity particle reagent PDE
assay, for example, as described in Example 16,

in free or salt form.

In a further embodiment, the Compound of the Invention is a

Compound of Formula I, wherein R3 is Cs.sheteroarylCi.salkyl optionally substituted

with halo, C1-6alkyl (e.g., (6-fluoropyrid-3-yl)methyl, (6-chloropyrid-3-yl)methyl).



Conpound of Fornmula |, wherein R3 is C5.6heteroarylCl. 6alkyl optionally
substituted with hal o, Cl-6alkyl (e.g., (6-fluoropyrid-3-yl)nethyl,
(6-chl or opor2zooy@sysk) met hyl ). WD 2010/ 065152PCT/ US2009/ @C06AS300000413 | n
anot her enbodi ment, the Conpound of the Invention is a Conpound of Formula
I, wherein R3 is pyridyl Cl_6alkyl (e.g., pyridylnethyl) opti onal |y
suc(bs'; [ 'E ut qasb t Ih) hqhqn?tEaf ?ﬂb&g}dﬂneﬁ{ kyd |C6mbif>1ﬁﬂiydf ,the Ir:jvejntlon is a .

0) N( C0. 6al ky Co6al kY1 eteroary yridy py i nyl,
oxazol e, qum&lzldIO%FOWﬁﬂaioW greinfy g pytig yéc.e%m écg mldagwbyﬁ‘m no, and

et o oo epRahdiisubSidied MPEIb DMy IR iy ORIt ehafishepey o) 0ol kvt

heteroar)})lp further optional |tu or hal o.
[0012] I n 651kyll),l heddtodnye(e. gnbmﬂyimgtrxmxﬁhgrl @mma,nduddzoﬂd;endzrm%dnpyramlylé a

Conpound of Formula |, wherein R3 is benzyl sub ut ed
het er 8ar Pmip® Cy.salkylaming, and heterogyeiqaliyl (o aﬂﬂe@ péfH?B\fli\‘@ynt‘gli‘ ﬁ%ol yl,

pyrazol ylh)eter'cg;e%ﬁﬁ(;':l Qfséte{f%f rzl %ﬁ%ﬁ&&% 9Z£W§u@§tjltlﬁtéld v(/ﬁa @ JIRRHaR. Nyl ,

pyrrolidiny CO_ “"6alkyl) (C0O 1, am no,
G _6al kyl 400129, V\hllnhnﬁraylbthehahbodmyeot olad (Rgrhpomqfrtbahwenm@lsrajrt her

t [ 1 bst d th hal o
o bodt aeiemABd cokbEawA TP hekis Rnverpro b e bimsii RefrdbldEs |
wher ein ];élflﬁyl) ?%rdn?dlﬁ&lof)xéﬂoh%’llm(ﬁz&e trl'ﬁfE(Sl?V:})%mazol(yl) C). d_)’%ldaﬂ()‘ﬂ, al kyl (e.g.,
i sobutyl, di net h cyc oal S g

(Z:ch:I gpe nth]gtexo@awydhelkyl ()el gkmp@allkyl:, iY@Olghnylﬁ railleyil gokferds -IC;(p N(
t
hydr oxy;:"’ﬁkllfuﬁ@ H(¥'l)3élﬂg’(§’r AR Wh(lceh ;9(3;1 )hgte §’ PB%E(% %Flé?&lr?f %enzyl ),

20het er O%Mheir'dpﬁbm{lgf ﬁlbstlﬂmerdndmha?kdwl)orharo al koxyaryl al kyl (e g., 4-
met hoxyben@a/m) (iv) R3.is a substituted het erog yl aklyl, .e.qg.
substit ut d603dlt h hdp@aﬁnﬁﬁlerémbRle@téP% Gompaurdofike Ipyerntig v t r ogens on t he

pyrazol »0 Cpo%ﬁdu?lﬂ o?%oﬁﬂﬁlgqlvﬂle}elﬂnd

15 (ii) R,is H or alkyl (e.g., methyl);
(iii) Ryis H, alkyl (e.g., isobutyl, 2-methylbutyl, 2,2-dimethyl propyl),
cycloalkyl (e.g., cyclopentyl, cyclohexyl), haloalkyl (e.g., trifluoromethyl,
2,2,2-trifluoroethyl), alkylaminoalkyl (e.g., 2-(dimethylamino)ethyl),
hydroxyalkyl (e.g., 3-hydroxy-2-methyl propyl), arylalkyl (e.g., benzyl),

20 heteroarylalkyl (e.g., pyridylmethyl), or alkoxyarylalky! (e.g., 4-

| methoxybenzyl);

(iv)  Rais a substituted heteroarylaklyl, e.g., substituted with haloalkyl
or

R; is attached to one of the nitrogens on the pyrazolo portion of Formula 1 and

25 is
a moiety of Formula A
Ri2
R
o
X = Z
Re/ ~ T ZEEN Ryg
Rg
Formula A

24



25is a noiety of Formula A Fornmula A WD 2010/ 065152PCT/ US2009/ 006443
wherein X, Y and Z are, independently, Nor C, and Rg, R9, Rll1l and Rl2 are
i ndependewol2gi0kdeorszhal ogen (e.g., G or F); and R10 is Irairaserns/oodduy|
cycl oal kyl, hal oal kyl (e.g., trifluoronethyl), aryl (e.g., phenyl),
heteroaryl (e.g., pyridyl, (for exanple, pyrid-2-yl) or e.g., thiadiazolyl

(for exanp 3(&%1&@'?&“ ledjenl/l )N 2@, 3R@RY| Ro, R | @R Yl aré €.
1,2, 4-tri azeg?nl 'y1), tgtruz%? i % . tetra%l 95 li1 al}éka(;iadlgazol yl

g eI ?O,n l-lm@hvdenﬂygql mhadaﬁre(zcg )Cl M)aami %ioli balggen <] é,zqyp%lvi), al kyl
u
het er o;r ﬁ%’éﬁ%’%ﬁﬁ E‘ﬁ‘i?%ij‘i} %‘P’ﬁo%fy} & %/epckbe yﬁnﬁﬁt%rg%ygge %C)ﬁg'l%@{ éafm nocar bonyl ;

preferablexmﬂbrénwndla )ﬂ)’éﬂ &yl th@dlgzolyl?(fawxmhple,, mcpmlatadzdumyl)mmn X, Y or X
i's nitrogen, RO or R10, 10respectively ot present; (v) R4 is aryl

(e.g.? prde@pbﬁl t@lﬁZCHét @rgaalr yi-triagelr - YI%‘CFT%quVl (51gW1=traZ@§rér)éb| kyl (e.g.,

eyel etk IEASLAT, Y meBf 2 BURIEAE el e Dy o "““Vﬁ "Ri5 s
Tt ), et by,
(vii) Ri4l ]&decﬂh!@ﬂr@ §-riaethe %H@ﬁl? Y)Haél,mc%irbogg R%}fgrapﬁ'rﬂhﬁggle%?aggl t ? (r)urjm
e i St B, PR RO gt e
wher d0n réspectiRiely,ss hbtgpreseinkyl (e. g., nethyl);
V) R4 is aryl (e.g., phenyl) or heteroaryl;
(vi)  Rsis H, alkyl, cycloalkyl (e.g., cyclopentyl), heteroaryl, aryl, p-
benzylaryl (e.g., biphenyl-4-ylmethyl);
(vii) Rsis H, C,.galkyl (e.g., methyl) or Cz.gcycloalkyl;
15 (viii) Ryz is =N(R14)(R;s), Ci-6alkyl (e.g., methyl), -OC).¢alkyl (e.g., -OCH3),
haloC.¢alkyl (trifluoromethyl), aryl (e.g., phenyl), or heteroaryl; and
(vii) Rjsand R;s are independently H or C,_galkyl,

in free or salt form (hereinafter, Compound of Formula I(1)).

20 '[0014] In still another embodiment, the Compound of the Invention is a
Compound of Formula I wherein
)] R, is H or alkyl (e.g., methyl);
(i) Ry isH, alkyl (e.g., isopropyl, isobutyl, 2-methylbutyl, 2,2-dimethyl
propyl), cycloalkyl (e.g., cyclopentyl, cyclohexyl), haloalkyl (e.g., |
25 trifluoromethyl, 2,2,2-trifluoroethyl), alkylaminoalkyl (e.g., 2-
(dimethylamino)ethyl), hydroxyalkyl (e.g., 3-hydroxy-2-methyl propyl),
arylalkyl (e.g., benzyl), heteroarylalkyl (e.g., pyridylmethyl), or
alkoxyarylalkyl (e.g., 4-methoxybenzyl);
(ili)  Rsis D-E-F wherein
30 1. D is single bond, alkylene (e.g., methylene), or arylalkylene
(e.g., benzylene or -CH,;CgHa—);
2. Eisaalkylene (e.g., methylene, ethynylene, prop-2-yn-1-
ylene), arylene (e.g., phenylene or —-C¢Hs—), alkylarylene (e.g., -

25



(it) RR is H alkyl (e.g., isopropyl, isobutyl, 2-nethylbutyl, 2,2-dinethyl
propyl), cycloal kyl (e.g., cyclopentyl, cyclohexyl), haloal kyl (e.g.,

25t ri f | uowormetamgb1522, 2, 2-tri fl uoroet hyl ), al kyl am noal kKPCT(US2@9/006243

(di met hyl am no) et hyl ), hydroxyal kyl (e.g., 3-hydroxy-2-nethyl propyl),
arylal kyl (e.g., benzyl), heteroarylal kyl (e.g., pyridylmethyl), or

al koxyaryl al kyl (e.g. ‘be'f{%lgﬁe(%?e-@-yz@sl{r)(éﬁnbaﬁ%ldné (DFE—EHINH?*)H 301. D

i s single bond, alkyl ene g., methylene), or arylal kylene (e.g.,
benzyl ene or - CH2C61- 14- or)a;mﬁo (dEgl,sNéH)afI)kgddene (e.g., nethylene,

et hynyl ene, prop-2-yn;l . h |

al kyl aryl ene (epg 13 e;\?l%yéﬁaryésr(’%e@ﬁgé%l—lﬁeg Sgénll}}’ﬂ; Ftl(% ?arﬁqlé‘%é g.
-CH2N(H) -) or am no (e. Gyrid MH)lMtﬁMlﬁ) }Etdr@C?dcb?Mbal(l@l @.g., i sobutyl),
aryl (e.g., phenyl), heteroaryl (e g., pyrid 2, 4- trlazolyl)

het er 8C3_8cycl oal kyl ( e.ryrolidipylrupl)i amino fe. g1)NHa)mCrn@alk<@X)g or ‘Q\H‘i?alkyl
Cl _6al koxy, or -0-hal oal kyI _@ -0-CF3); (iv) R4 is aryl (e.g., phenyl),
het eroaryl (e.g., pyrid- 3gyl ?}d 2-yl or pyrazol-3-yl) or

het er ocycl O?I 4 ( Radis aryhe. gobhdthyn &etseaaaqla(a@ pyYidRSyL oyl 2ylorl
cycl oa e. ycC ent et eroar I I ..,
bi phenyl y4 yl mgt hylwfazeﬁﬁ)yl eéelﬂcyqu)?%%/ll(ﬁﬂfrpé‘émg&n‘#é(g ‘3/ oyt ted

C3_8cycl oal kyl .\ (Vi 5 1 thyI ),
STt bl kyl (40! Rt SRR T e T Bt P B Y L
phenyD), or heteroafe;atyla@mch gyblph):nﬂi44yhamuﬂhﬂ],5 are mdependently H or
al kyl, 15wherein " oxy refers to C1-6

K" " " "hal
al kyl and " cydVial H’éfé? v} §-gamgt Xbé’%g&ﬁ%ﬂlo ess specifically
speci fi ed; (vii) Ryzis -N(R14)(R;s), Cr.ealkyl (e.g., methyl), -OC).¢alkyl (e.g., -OCHs),

haloC.salkyl (trifluoromethyl), aryl (e.g., phenyl), or heteroaryl; and
(viii) R4 and R;5 are independently H or alkyl,
15  wherein “alk”, “alkyl”, “haloalkyl” or “alkoxy” refers to C,.¢ alkyl and “cycloalkyl”
refers to Cs_g cycloalkyl unless specifically specified;
in free or salt form (hereinafter, Compound of Formula I(ii)).
[0015] If not otherwise specified or clear from context, the following terms
herein have the following meanings:

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

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

30 hydroxy, or carboxy. Wherein the cycloalkyl optionally contains one
or more atoms selected from N and O and/or S, said cycloalkyl may

also be a heterocycloalkyl.
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in free or salt form (hereinafter, Conpound of Forrmula I(ii)). [0015]1f not
ot herwi se specified or clear fromcontext, the followng terns herein have
t he fol | owmongivearszngs: 20(a) "Al kyl" as used herein ispPaTdstemwavads or
unsat urated hydrocarbon noiety, preferably saturated, preferably having one
to six carbon atons, which may be |inear or branched, and nmay be optionally
mono, di- or trig Swré%rbé &k lelsgunle%éﬂﬂem&@ﬁlﬁitafeﬂ; gaturagddl@er o or fluoro),
hydr oxy, or carboxy. 25(b "Q/cloal " as used herein is a satyrated or
unsat urat ed nonar ormnsﬁltér agdmanesemaic hysireqagbonymeresy, gptigrabht ii‘r“g?@a

pref er abl y_conpr i sip bifsorggn&gt}ue%nﬁg 43 BronRl of ER34o3ERP Of uhi ch
form a nonaronatic & cycric, or brrdged cyclic structure, and

whi ch may be opti onghitly faubs hbhdrbdiic hogos owltyclhablolgedgeae:yghc chl oro or
fluoro), 30 hydroxy, or carboxy. Wherein the cycl oal kyl tﬁ"&‘i cont ai ns
one o® rore atons SENERIGIVHFMmakleastPng CQMP&FO%IS €R aﬂe‘WP F may al so
be a heterocycl oal

"Het er ocycl oal kyl " Wlllwh h%t\]gr géﬂiaﬁ(girsvm&ég gl caftg,%/ gggﬁtégréa )eéwglr unsat ur at ed
nonar omati ¢ hydr ocarahzgenr(age,tcyl,or@beﬂeasmmllydga;tyumad;aebbxypr ef erably conpri sing

three to nine carpon afons, | east sone qf. ich form a nonaromati c nono-
or bicyclic, or #bidy¥ 3@)}’(??‘?&“8?{‘F&d"c‘?ﬂoeorwl&aﬁmﬁ?nq léyafg?c%ﬁ%l carbon at om

is replaced with N, Qf[eﬁafblysf)hé’i@'l Q?)tleﬁﬁlﬁfﬁfb){ﬁﬂuﬂ;@ Kyl wigvalkgl @t onal Iy

substituted, e.g. hal ogéen q% loro or fluoro), hydroxy, or
car bafy. (d) " Ar yI "methyskedogear(eign bbraonﬂn@romrhaﬂﬁailsi)dl(ﬁg aromatic

(o< Lomet nyl ) eraﬁaé@ﬁw?% 3o oy, Bf B P bR g pecfle =

trifluoronethyl), en Bb ;a IHengl). addi tional aryl or heteroaryl
(e.g., biphenyl or % (e) "Heteroaryl"” as used herein is an
aromatic noiety (e t¢T0@1ﬁY rhéreéﬁ lstql?@f%lpéth%mﬁiﬁi’ WHCTFN ORROTIRBHfat i C

ring is sulfur or n M8y kat

t hi adi azol yl, whi chdf%é) o’ﬁ%ﬂﬁ% ﬁ}| Y sﬁ‘%}gﬁﬁr‘ ?ésd,ﬁ‘l%g?? g %ﬁiyl,

hal ogen, hal oal kyl thﬁkyék[rbmy, 0., aribpbor.thiadiazolyl, which may be optionally
substituted, e.g., with alkyl, halogen, haloalkyl, hydroxy or carboxy.

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

2
—0D

F
5

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

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

bridge or be connected to two other substituents. Therefore,
methylene is intended to be -CH»— and phenylene intended to be —
CsHs— and arylalkylene is intended to be -CsHs—CHz— or — CHo—
CesHa—.

25 [0016] Compounds of the Invention 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 of
Formula I, or any of 1.1-1.135, a Compound of Formula I(i) or I(ii), in any form, for
example free or acid addition salt form, or where the compounds contain acidic

30  substituents, in base addition salt form. The Compounds of the Invention are intended

27



(1) Werein E is phenylene, the nunbering is as follows: D 2 5(g) It

IS intended that wherein the substituents end in "ene", for exanple,

20al kyl enwo 2ptoasyisene or aryl al kyl ene, said substitut enPsTarseomb@nsled to

bridge or be connected to two other substituents. Therefore, nethylene is

I ntended to be -CH2- and phenyl ene intended to be - C6H4- and aryl al kyl ene

i s i nt endgfudetsPpRarmteRbdticdld;Zher&ore pidrifacddticiily actepablGhifoapqitefisredf t he
I nvention may exist in free or salt form e.g., as acid additio éa?lts. In

this spedialts ddichoae unsuwitablesfonphamaceytical vses &ty bedrghtger sXRAPISSIOfF Binpounds

of the Inyention" i b d _
e e L L L
for exanpleeptittesdis, aitherafbdé hisoncdaded. form or where the conpounds contain

aci dic 30 substituents, in b ddi ti It f he Co f
vensi on (DT nt oridembowds % iy GSSNFIRY BSOS D Ps

phar el AhSprol BB Lol ; GRtLH EVetts HF HRM0ADHE a ERnpound of fHeef er red.

Salts whic unsti tabl e armaceuti cal uses may be useful, for
exanpl e, Iheentiohe Fos exanplenwhen thaGdmpamioof the IfveatioCommpaimitisiroty ehe
| nvention qr thej ut .

el Udled. 2 BApER O SHOT R HOgh B P AP e b Fa el e ot i n
Compound aF e B B D e mnds f the | nventi on
cont di0n  restirbropamyesteas bbKgmpatrutsi afeninyenticrewhich apshydrobysele Hagert or m
physi ol O%h%/gilol(}/gicg)( gorr(ljciiggfiisbt%%'ié’w gcids (in the case of Compounds of the Invention
which have hydroxy substituents) or alcbhols (in the case of Compounds of the
Invention which have carboxy substituents) which are themselves physiologically
tolerable at doses to be administered. Therefore, wherein the Compound of the
15 Invention contains a hydroxy group, for example, Compound-OH, the acyl ester
prodrug of such compound, i.e., Compound-O-C(0)-C;4alkyl, can hydrolyze in the
body to form physiologically hydrolysable alcohol (Compound-OH) on the one hand
and acid on the other (e.g., HOC(O)-C,.salkyl). Alternatively, wherein the Compound
of the Invention contains a carboxylic acid, for example, Compound-C(O)OH, the
20  acid ester prodrug of such compound, Compound-C(0)O-C_salkyl can hydrolyze to
form Compound-C(O)OH and HO-C,alkyl. As will be appreciated, the term thus
embraces conventional pharmaceutical prodrug forms.
[0018] The invention also provides methods of making the Compounds of the
Invention and methods of using the Compounds of the Invention for treatment of
25  diseases and disorders as set forth below (especially treatment of diseases
characterized by reduced dopamine D1 receptor signaling activity, such as
Parkinson’s disease, Tourette’s Syndrome, Autism, fragile X syndrome, ADHD,
restless leg syndrome, depression, cognitive impairment of schizophrenia, narcolepsy
and diseases that may be alleviated by the enhancement of progesterone-signaling
30 such as female sexual dysfunction), or a disease or disorder such as psychosis or

glaucoma). This list is not intended to be exhaustive and may include other diseases

and disorders as set forth below.
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acceptabl e esters. As used herein, "physiologically hydrol ysabl e and
acceptable 10 ester" neans esters of Conpounds of the Invention which are
hydr ol ysawbeowwmgerszphysi ol ogi cal conditions to yield aciPd3/useenaszase of
Conpounds of the Invention which have hydroxy substituents) or alcohols (in
t he case of Conmpounds of the Invention which have carboxy substituents)

whi ch ar e [¢g19y5el vas apbmer @hbatifrRhl, Yhd iabentival farthér plosides 40 be adni ni stered.
Therefore, wherein the Conpound of the 15 Invention contains a hydroxy

group, f ehameseyicsl cappgiienicarprisinga foppousd ef thelawemiignes-2sdch conpound,

i.e., Compound- - G 4al kyl , n rQl i N T

physi ol og%géqolu?g}ﬁ%go @%g’b re%gloégfa]idﬂ'H?go%p%%ﬁab%dhogﬁgﬁélaggg oﬁzﬁiu " and acid
on the otpgfy d&ctbed MP(sGpesifidatidy lin fredbi shranabceneicylly advepable sahidoanpound

of the Invention contains a carboxylic acid, ,for exanple, Conpound-C(0)OH,
the 20 adpadmitee wWithriphamasewisally agseptlccartgmpound- C( 0) 0- Cl4al kyl can
hydrol yze to form Conpound- C(0)OH and HO Cl4al kyl. As will be appreciated,
the termthus enbraces conventional pharmaceutical prodrug fornms. [0018] The
i nvention al so proviHETAFEEDJIES GRIFEKIN QFt HEE QIMIONIRIEIN of t he | nventi on

and net hods, of using the Conpou f the Invention for treatnent of

25di seasé\ée’lél?fffodis . %eemaeu@%t%’zer@wewnow (especially treatment of

di seases gﬁ@@ct er iBRL Mpd BRY 62 thelARafAanPindiesieRtatewicanal i ng activity,
ar

stich as nson's di sease, Tourette's Syndrone, Autism fragile X
syndifme acépkible sabis mayste hede esingithsrmethadsasalssirihed and gnempliied hgrginr ment  of

schi zophrenia, narcol epsy, and di seases that na e allevi y the
enhance mélﬁfrlJ lb?ﬁfneﬁﬁ?féégflﬁ?%hg-e 3 iﬂ@?){ Wﬁa’?f’;% E%%w%gn 5?18 ﬁa?rglc\séie%'glcg ysfunction),
or a di sqR§RodMinélu&gbiehotIififleP®, Hfoke HOktiBedbelovaliGRIBImmERislly i st is not

i ntended to be exhaustive and may include other di seases and dj sorders as

set fort Wvailabbsystarting metedabden theFamocessen ey be mede by PIojedrresnwhich

rhodi ¢ ) . ULt ) : ' ] Pt
conpr i o i LS RUARThS Pkailhn sl GRS ROR WA SeinaRSIER ) o7
any qf 1.tHe synitdsis odknawheoppoundin patioulag the injermediatdsiand strtimny descri bed

inthis specification, in free or_pharmceuticall cceptahle salt form
5in adm ®aieréalyfarghe,Comgp éiftth%gmeptl%@ébﬁ’ameé’a{féﬂ?y *@E&lo s and

A ﬁ%g%ggﬂgo%d THEC TGN 0et hadseRfentbkiing HepdRawnds of the
npounds of the Invention and their pharmaceutically
10 accepthetrbs is@irperated pylrefenade imdiementingy net hods as descri bed and
exenpl i fi C—['Eoﬂ?r ein The Compounds of the Invention include their enantiomers,
20 diastereoisomers, tautomers and racemates, as well as their polymorphs, hydrates,
solvates and complexes. Some individual compounds within the scope of this
invention may contain double bonds. Representations of double bonds in this
invention are meant to include both the E and the Z isomer of the double bond. In
addition, some compounds within the scope of this invention may contain one or more
25  asymmetric centers. This invention includes the use of any of the optically pure
stereoisomers as well as any combination of stereoisomers.
[0022] It is also intended that the Compounds of the Invention encompass
their stable and unstable isotopes. Stable isotopes are nonradioactive isotopes which
contain one additional neutron compared to the abundant nuclides of the same species
30 (i.e., element). It is expected that the activity of compounds comprising such isotopes
would be retained, and such compound would also have utility for measuring
pharmacokinetics of the non-isotopic analogs. For example, the hydrogen atom at a

certain position on the Compounds of thé Invention may be replaced with deuterium
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and by methods simlar thereto and by nmethods known in the chem cal art.
Such net hods include, but not limted to, those described below |f not
comer ci avbyosvmsisabl e, starting materials for these preceasesnssssbe nmade
by procedures, which are selected fromthe chem cal art using techni ques
which are simlar or analogous to 15 the synthesis of known conpounds. In

par ti cul @f stablBgsdtsleOh AR i Ph&SraHoRHREY. im\'r(i}ﬂésedﬂ 1@losvrif 2blé hetdpespounds  of

the Invention may be prepared by et hol s apd processes as described in
PCT/ US200wlwizpbatinot Ainitedg edeutarbin,ci €ed Mer@i dligrrativelyeBystatle or por at ed by

reference in thej.r, entirety. [.0021] The. qunds;..of i i ncl ude
het - ondsnthshaytieh 3B el B iPaiaty el SRAHTRRIRingl EuidiY SO 15y 0T
their pokyierablifdant)aelrtce Sf tHeQanrtspeciand.c elamenes.g., SoIe’ LtV dual
conmpounds, Wi thin the scope of this invention may contain doubl e bonds.

Repr e§ent ab Msvdeplacelbaspaesrondingabundans spasiesiof Lo and &- fotRere3ample) ude bot h

the E and, B&?ul%g&tgﬁé?{ﬁhgfcpfﬁ@gﬁfg YPhg ilpx%'ﬂgortl | e itsi)t%Be. TH8% gggilgpounds

wi t hin the scop I Oh rmay contaln one or nore 25asymetric
centers. jsbiidpes iarevigsetul dor fadiol-inihging &irl/erghanthaciinedt studéesabttheal [y pure
stereoi sonmers as well as any conbination of stereoisoners. [0022]1t is also
i nt ended cOMRPURdSOT RFBYERIAIL of the | nvention enconpass their stable and

unstabl e igpippes. NHERRL BolOABRASoRL A Y @A) ARGLANE dbARRRBIIN Ch
e add to

contain o i tional utron conpare he abundant nuclides of the
sane 18 pedieapelBire ae: giveh andegrges Clsins(C €Y padessdtlidmatsetsttedaopenations at
conpounds conpri sing such isotopes woul d be retai ned, and such conpound
woul d al SATIKEWEt BiTOPM; §F amfientderaDerAREe. that ifrat & KIRRSEAILEE 181h¢ FRBERSH- | sot opi ¢
anal ogs. rtak ifd n the
Compoundd *e Th & FafackiBR KRR Piofi RSl RaBRE iy an

2010/ 065 thadiaté (a0 ADGS 4aricd ot abbitica geltpiges. WVBNatsisniothe daltadi oact i ve) .

Exanpl es of known st abl e |sotopes inclJude, but not |lim trﬁd. to, deuterium
13 C, 15 vRlues gf majoxdiagnastic Rrataps, giket ‘éltﬂaétsip§’b{“b‘§8§ (PRI} ¥HPIYEdO 1 adi oact i ve

i sot gpes yyty’ng;eﬁh i I Lol SRERES ] dant
nucI?gesto t eﬁgﬁ(gﬁgg??ﬁgap&gﬁiﬂﬁ), e.g&?a%gggl!aﬁggélj%? 1251, 11C,

518F, na;signamlmpeaxtehfsed:cﬁamipgmdhﬁ@tabﬁ)lachagitvelsbddt.efé)rmaSB spCtrad¥P.  Anot her
exanpl e of. usef ul isot.oge of th vent i

S0t ope. TBNEt eSSt gL ared FEat e hag R AR B
phar macolghghle nat Ypkctal flakt SB1vearRdHESoRipokitions Breqiivdoas vdl@de3] Mel ti ng
poi nts are uncorrected and (dec) indicates deconposition. 10Tenperature are
gi ven i n parsgniages @aiodine rqtios; Inypasesswhese e MvEespecte ate, cospieatonbhs ar e
20  diagnostic signals are reported.
[0024] Terms and abbreviations:
BuLi = n-butyllithium
Bu'OH = fert-butyl alcohol,
CAN = ammonium cerium (IV) nitrate,
25 DIPEA = diisopropylethylamine,
DMF = N,N-dimethylforamide,
DMSO = dimethyl sulfoxide,
Et,0 = diethyl ether,
EtOAc = ethyl acetate,
30 equiv. = equivalent(s),
h = hour(s),
HPLC =high performance liquid chromatography,
LDA = lithium diisopropylamide
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carried out at roomor anbient tenperature, that is, at a tenperature in
the range of 18-25 C. Chronat ography neans flash chronmat ography on silica
gel ; thi rwbaysvoestseomat ogr aphy (TLC) is carried out on ®CTiusacogmbe4ps at es.
NVR data is in the delta values of nmjor diagnostic protons, given in parts
per mllion (ppm relative to 15 tetranethylsilane (TM5) as an internal
standard. Conventi qpabHabklefahal i ons for signal shape are used. Coupling
constants (J) are 3\i}ven in Hz. For mass spectra (Ms), the |owest nmass nmj or
ion is reported foMNB®Fé¢bremosyseinanidsot ope splitting results in nultiple
mass spectral peak Lvent, m xture npositions are given as vol une

per cent ages or vol r—éﬁc@%oroauﬁ&ggg@g where the NMR spectra are conpl ex,
only 20di agnosti c NgH@Os=abdiufretioarbetate,[ 0024] Ter ns and abbrevi ati ons: Buli
= n-butyllithiumButOH = tert-butyl al cohol, CAN = amoni um cerium (1V)
nitrafe, 25D PEA = NiliQl g aspgoeimyhydipride. DVE = N, N-di met hyl f or ani de, DMBSO
= di met hyl sul f oxi Q =4 . T | acetate, 30equiv.
= equi val ent(s), @Q@E&)ﬁ;(sfnﬂﬁﬁk@ﬁﬁ% %f)tglrlgg ngﬁggﬁ%(%ui d chromat ogr aphy,
LDA = i thium di i s®MBpyp-amathlexyb¥¥2y2010/ 065152PCT/ US2009/ 006443

POCIl; = phosphorous oxychloride,
SOCI,; = thionyl chloride,
10 TFA = trifluoroacetic acid,
THF = tetrahedrofuran.
[0025] The synthetic methods in this invention are illustrated below. The

significances for the R groups are as set forth above for formula I unless otherwise
indicated.

15 [0026] In an aspect of the invention, intermediate compounds of formula IIb
can be synthesized by reacting a compound of formula Ila with a dicarboxylic acid,

acetic anhydride and acetic acid mixing with heat for about 3 hours and then

cooled:
0]
0 HO o AcOH Ri~n
HN’LLNHz + \ﬂ/\( + (CH,C0O);0 90 °C )\
& O OH oo N0
.
(Ila) (Iib)
20
wherein R, is H or C4alkyl [e.g., methyl].
[0027] Intermediate Ilc can be prepared by for example reacting a compound
of IIb with for example a chlorinating compound such as POCl3, sometimes with
25  small amounts of water and heated for about 4 hours and then
cooled:
o] 0
Ri~
R1\N 0 °C, dropwise N |
O)\N o] + POCL * Hz0 then80°C,~4 h O)\N cl
H H

(Iib) (lic)
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MeOH = net hanol
= sodi um bi car bonat e,

NBS = N-bronpsucci ni mde NCS = N-chl orosucci ni ni de NaHCO3
5NH40OH = ammoni um hydr oxi de,

Pd2(dba) 3 =

tris[di benoybiddessacet one] di pal | adi um(0) PMB = p- met hox Po@usyé09/0RATL3 =

phosphor ous oxychl oride, SOCl12 =

acid, THF = tetrahedrofuran.

are illus @BEd
above fort[?or I

a |

t hi onyl

chloride, 10TFA = trifl uoroacetic

[ 0025] The synthetic nethods in this invention

bel1gwrmImGteH Mdy KARERSd b Eeawsgiﬁecgﬁlgumd afHeastlset forth
unl ess ot herw se i ndi cat ed.

In an aspect of the

5[ 0026
i nvent i orfor éxatrplere B -3 o iy sash astDME and) acbas¢ Buakicas Iﬁé!%ﬁtfﬁ@@i zed by
reacting . a con&ound quf‘a%rrrul a ha with a dicarboxylic acid, acetic

anhydri ddBRY2HER?, ¥

cool ed:
O
R
O
(@) ” Cl

(lic)

P1-X

& xing with heat for about 3 hours and then
OACCH HNi N2 +Ha0 +( CH3CD) 20 90C

KoCO;3

0
,
R\N/[j\
OJ\N Cl
pt

(Iid)

DMF

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

group such as a halogen, mesylate, or tosylate.

[0029]

Intermediate Ile may be prepared by reacting a compound of IId with

hydrazine or hydrazine hydrate in a solvent such as methanol and refluxed for about 4

10  hours and then cooled:

0
R1\
j‘\ | + NH,NH,'H,0
0”7 N" al
P1

(Ild)

15  [0030]

MeOH

reflux, 4h

O
R1\N)j\
O)\N N,NHZ
pr

(lle)

Alternatively, Intermediate ITIa may be formed by reacting a

compound of Ilc¢ with for example a Ry-X wherein X is a leaving group suchasa

halogen, mesylate, or tosylate, in a solvent such as DMF and a base such as K,COj at

room temperature or with heating:

20

Ry-X

32

K,CO;3

DMF

(@]
Jy
O)\l}l Cl
R2

(11a)



0 OH /41 (Ha) wherein RL is Hor C 1l4alkyl [e.g., nethyl].

[0027] Internmediate Il c can be prepared by for exanple reacting a conpound
of Bi b wiwb 2bovoesrsanpl e a chl ori nati ng conpound such asPPOTB3)09D06MS | NES
with 25 small amobunts of water and heated for about 4 hours and then
cooled: O RL,..N..., POCI3 H (11b) +H20 0 C, dropwise then 80C, -4 h

(11c) [0031] Intermediate I1Ib may be prepared by reacting a compound of IIla
with hydrazine or hydrazine hydrate in a solvent such as methanol and heated for

several hours and then cooled:

0] 0]

Ri~ MeOH Ri~

o) I}l cl heat 1) I}l H’ 2
Rz RZ

(Ina) (Ilib)

5
[0032] Intermediate IVa may be formed by for example reacting a compound
of IITb with POCIl; and DMF.
0] O
Ry~ 0O°Ctort Ri~
! N/lj\ + POCl; + DMF 1)[\1\)]\4\'\”_'
O)\'?l N,NH2 o l}l \N
R2 H R2
10 (lib) (Iva)
[0033] Intermediate IVb may be formed by reacting a compound of IVa with

for example a R3-X wherein X here is a leaving group, €.g., halogen, mesylate, or

15  tosylate, in a solvent such as DMF and a base such as K;CO3 at room temperature or

with heating.
0] O
R1\N = K2003 R1\N =
0“ N~ N DMF 0”™N N
i
R2 RZ
(Iva) . (IVb)

20 [0034]  The thio Compounds of the Invention, e.g., Formula I wherein L is S or
Compound (I)-E may be prepared by reacting a compound (IVb) with a disulfide R4-
L-L-R; or a thiol R4-LH in the presence of a strong base, such as a lithium reagent

(e.g. LIHMDS) in a solvent such as THF.
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WO 2010/ 065152PCT/ US2009/ 006443 [0028] I nternedi ate | ad may be forned by
reacting a conpound of Ilc with for exanple a P1-X in a solvent such as DW
and a baswooears2K2CO3 at room tenperature or w th hea&cirng2009/00&wher ei n
Pl is a protective group [e.g., p-nethoxybenzyl group (PMB)]; X is a

| eavi ng group such as a hal ogen, nesylate, or tosylate. [0029]Internediate
lie my be prepared by reacting a conpound of lid with hydr azi ne or
hydrazi ne hydrate in a solvent such as nmethanol and refluxed for about 4 10
hours and then coolef: 00 R1, N, -11.1N H2NH2. H2OMeOHRL. N NG r€%l ux, 4h P1
(11d) 15[0030]AJR6$ iyely, Internediate Illa my ée flormed by reacting a
conpound of Ilc wtih f Expgple a s erein X isTR| ng, group such
as a hal ogen, negy#an , o r tggylateFaééﬁéﬁ%nlvent sugh\a and a base
such as K2COB at roopytenperature or wHubsheating: oW

2010/ 065152PCT/ US20097 006443 Rz

(Vb) (H-E

[0035]  The sulfinyl or sulfonyl derivative, e.g. Formula I wherein L is SO or SO,
5  may be formed by reacting a 3-thio compounds (I)-E with an oxidizer such as a
peroxide (e.g. oxone or hydrogen peroxide) at room temperature in a solvent such as

acetonitrile and methanol.

[0036]  Alternatively, a compound of Formula (I)-E can be prepared by reacting,
10  for example, Compounds 1-A with, for example, R3-X, in a solvent such as DMF and
a base such as K,COj3 at room temperature or with heating:

O

L"R4 L’_R4
Risg”N= base Risn" =
=~ NH + R3-X J\ — 'N_R3
o] f}l N o) [?1 N
R, R2
1)-E
1-A (1)

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

15  halogen, mesylate, or tosylate.

Methods of using Compounds of the Invention
[0037] The Compounds of the Invention are useful in the treatment of diseases
20 characterized by disruption of or damage to cAMP and cGMP mediated pathways,
e.g., as aresult of increased expression of PDE1 or decreased expression of cAMP
and cGMP due to inhibition or reduced levels of inducers of cyclic nucleotide
synthesis, such as dopamine and nitric oxide (NO). By preventing the degradation of

c¢AMP and cGMP by PDE1B, thereby increasing intracellular levels of cAMP and
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[0031] Internediate Mo nmay be prepared by reacting a conpound of Illa with
hydr azi ne or hydrazine hydrate in a solvent such as nethanol and heated for
several hsonsiemsisehen cool ed: (111a) (111b) 5 [0032] pntrarscedioadse3 | Va nmay
be fornmed by for exanple reacting a conpound of Illb with POC13 and DWVF.
[0033] Internediate 1Vb may be forned by reacting a conpound of IVa wth for

exanpl e REp th¥Mrehfolnds S¥ahE Iivenfoh 96&‘:hﬁﬂe tHeOatpivit of cyclitalueperide nesyl at e,
or 15 tosylat’e, in a solvent such as and a base such as K2CO3 at room

t enper at u]mih@sns widueerheat i ng. 20[0034] The thi o Conpounds of the Invention,
e.g., Formula | wherein L is S or Conpound (I)-E nay be prepared by
reacting a conmpound (IVb) with a disulfide 124- L-L-R4 or a thiol R4-LH in

the presenpggaspl a StHeOnFehiGEprovite nddhalsldf tiehtirant efgenoénd @.moreldfHVDS) in a
sol vent such as THF. WO 2010/ 065152PCT/ US2009/ 006443
5 the following conditions:

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

(i1) Mental disorders, including depression, attention deficit disorder,

10 attention deficit hyperactivity disorder, bipolar illness, anxiety,
sleep disorders, e.g., narcolepsy, cognitive impairment, dementia,
Tourette’s syndrome, autism, fragile X syndfome, psychostimulant
withdrawal, and drug addiction;

(iii)  Circulatory and cardiovascular disorders, including cerebrovascular

15 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;

20 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 PDE!1; and/or

(vi) Any disease or condition characterized by reduced dopamine D1
receptor signaling activity,

25  comprising administering an effective amount of a Compound of the Invention, e.g., a
compound according to any of Formula I or 1.1-1.135, or a composition comprising a
Compound of the Invention, e.g., a compound according to any of Formula I or 1.1-
1.135, or any described in this specification, in free or pharmaceutically acceptable
salt form, to a human or animal patient in need thereof. In another aspect, the

30  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.
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ORLN,NRBOY R2 (IVb) [ 0035] The sul finyl or sulfonyl derivative, e.g.
Formula | wherein L is SOor SO, 5 nay be fornmed by reacting a 3-thio
conmpoundswOl2probeniseh an oxi di zer such as a peroxi de (e. @CTmseove/oass4hydr ogen
peroxi de) at roomtenperature in a solvent such as acetonitrile and

met hanol . [ 0036] Alternatively, a conmpound of Formula (l)-E can be
prepared by reacting, 10 for exanple, Conpounds 1-A with, for exanple,
R3-X, in a solvent such as DM and a base such as K2CO3 at room tenperature
or with heating: L-R4 base NHR3-X 00 142R2 1-A wherein all the

substi tue re.as defi.n ' e X J '
Tahal ogenoet! Pt &pepRd pRIEK U bddimEnt rclnl SRR BHEHRCAIENHES 2
| nvent i ofedtRfRar driptepkylanie dordtaredlepsye [h thicembodinteng PDNe1 Uhhibitofsmeayt r eat ment

of di seases 20 characterized by disruption of or danage.to cAMP and cGW
medi at ed bpasadasyassolethgrapeutic agenp hyt maymlsorherusad Hrcumbpalen FriopFOPDEL or

decreased,exp tga?:i?/)h%tho&hg 1v§§ger§§?r\]f P]ﬁg"'ﬁletiﬂvérﬂﬁhgi;lﬁfaé}rboﬁfprfsgéjé’ced level s

of inducers o cl'1’¢c’ nucl eot | esi’'s, suc opamne and nitric
oxi de ( N@ethdﬂyoﬂlfeﬁﬂﬁglhiult’tglebhbecaiﬁgnisid@hdmfnis»érirtg%ﬂukmhou%dweﬁﬂﬂl@,

thereby Iop ggn?grgégr%néoq}s yae?d%ilnijsltearllrngl tﬁgrgll)guticc):];ll)? él}lgctffj\lfg%mounts of
| (i) a PDE 1 Inhibitor of the Invention, e.g., a compound according to any of
10 Formula I or any of 1.1-1.135, or I(i) or I(ii), or any described in this
specification; and
(ii) a compound to promote wakefulness or regulate sleep, e.g., selected from
(a) central nervous system stimulants-amphetamines and ampheta}nine like
compounds, e.g., methylphenidate, dextroamphetamine, methamphetamine,
15 and pemoline; (B) modafinil, (¢) antidepressants, e.g., tricyclics (including
imipramine, desipramine, clomipramine, and protriptyline) and selective
- serotonin reuptake inhibitors (including fluoxetine and sertraline); and/or (d)
gamma hydroxybutyrate (GHB),
in free or pharmaceutically acceptable salt form, to a human or animal patient in need
20 thereof. In another embodiment, the invention provides methods of treatment or
prophylaxis for narcolepsy as herein before described, wherein the PDEI inhibitor is
in a form of a pharmaceutical composition. In still another embodiment, the methods
of treatment or prophylaxis for narcolepsy as hereinbefore described, comprises
administering a therapeutically effective amount of a Compound of Formula II as
25  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.

[0040] In another embodiment, the invention further provides methods of
30 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 1.1-1.135

or Formula I, I(i) or I(ii), or any described in this specification, in free or
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WO 2010/ 065152PCT/ US2009/ 006443 cGWP, the Conpounds of the Invention

potentiate the activity of cyclic nucleotide synthesis inducers.

i nvent i orwprow/@erszmet hods of treatnent of any one or mBCE/USR00SH0NE43
followi ng conditions: (i) Neurodegenerative diseases, including Park

di sease,

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

100381The

i nson' s

Al zhei mephgmtlice@fafly a88htab1&ishli RUMC R FHATS dnitiabpatidar &) neetl itherddint al
di sorders, including depression, attention deficit disorder, 10attention
deficit Hylpfzm\@otlbwl;sy pooddesduethods pforestment|ag disslosgghhergy GOMRIIYUAY di sor ders,
e.g., hargoleps cagni tive | | r.0en e ' H&g ' : nme,
autism Pﬁ?&lﬁgx%g &?poeﬁé?alb'g%%%g? Fﬂrrlﬁrlgtn({ﬁvrmé ‘%rﬁg?%wa ﬁ%ﬁlgﬁdg %lgcﬁaégdi ction;
(l I5Idl ) G roegh;[ﬁfhﬁﬁé‘utﬁﬂaﬂy @aédéjtab‘yahmtbﬂoﬁhd@imweﬂmnditmﬂ thaki ngy ber ebr ovascul ar

| sease, stroke, congestive heart disease, hypertension, pul nopar
hy per B engmstioraaddysenhanserasnd of Reagesiarone iswpah&%wf%ow ahHBoj Hflﬁt%ﬂﬂ%‘?a%/or y
di sor der g hiOSEHEN BOARLR 5 cARY LinABRhEHE . VBRI BRI L ease, and
allergicrhinitrs, as we as aut 0i mmune an

I 'nfl ammat ory di seases;
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expr essi ﬁﬁanEP’, PISR@ree ?@?Fﬁ)lg\%ﬁﬂg‘&sé’é§éar§§|’@3€é‘?%}ﬂﬂy @ﬁe E%aﬁg%t?épl ggd f)y
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adm ni stering ar ective anount of a Conpound of the Invention, e.g., a
conpdlnd aatoimnuoiung diseaseynufiplecelendsis, prastate enlargen@st, prgstaie ediegbandi on
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need thereof. In another aspect, the 38 I nvention provides a nethod
t r eat nentutestis,ahe tebelginmdiniain presransy ér WaBwRevho are prone to miscarriage due to

15

20

25

30

immune response to pregnancy or low progesterone function. The novel PDE 1
inhibitors, e.g., as described herein, may also be useful to enhance the effectiveness of
hormone replacement therapy, €.g., administered in combination with
estrogen/estradiol/estriol and/or progesterone/progestins in postmenopausal women,
and estrogen-induced endometrial hyperplasia and carcinoma. The methods of the
invention are also useful for animal breeding, for example to induce sexual receptivity
and/or estrus in a nonhuman female mammal to be bred.

[0041] In this embodiment, PDE 1 Inhibitors may be used in the foregoing
methods of treatment or prophylaxis as a sole therapeutic agent, but may also be used
in combination or for co-administration with other active agents, for example in
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

(i) a PDE 1 Inhibitor, e.g., a compound according to any of Formula I, any of
1.1-1.135 or I(i) or I(ii), or any described in this specification 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)
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conprising admnistering a therapeutically effective anount of a Conpound
of Fornmula Il as hereinbefore described, in free or pharnaceutically
accept ablwozalwosfsem to a human or ani mal patient in neeu/usheveods43 WO
2010/ 065152PCT/ US2009/ 006443 [0039] I n an especially preferred enbodi nent,
the invention provides nethods of treatnent or prophylaxis for narcol epsy.

In this erhedbipiirmatidicdlly AtepiabR! a1t T8in, To AhukAbrasinalyatientihaeapeut i c
agent, but may al so be used in conmbination or for co- admnistration with

ot her acthereofade aneshermmiodimpnt, thevavention previdesdhe smsthnd deseribedaboNed of

treating_narcol.e Q i,.Sin dm.ni st edd i tially,
or cont eﬁgﬁFeé%gg@@qégﬁ?H?rs?%r "%rap?lhnélrogrpﬁé’u P%&Wbtf%? ?’ g?’? %%{/%acgﬁ%g? s of

(1) a PDicdeptdbd filtformof the Invention, e.g., a conpound according to any
of 10Formula |I or any of 1.1-1.135, or I(i) or I(ii), or any described in
this 8pecification; and (ii) a conpound to pronote wakeful ness or regul ate
sleep, e.g., selected from (a) central nervous system

sti mul ant s- anphet am nes and anphetam ne |i ke conpounds, e.g.,

met hyl phepgt#ay e, Tiexiveatdophkd drdvides amtthadiitrainhancieg of petaotigmgol i ne; (b)
nodafinil, (c) antjdepressants, e.g., tricyclics (including impranm ne,

desi pr anidpamine Iy wiracsiar signaling Bgﬁ‘YlB‘t Mkl %@)Oréﬁﬂlescéﬂnggfsﬂéc%arcg‘f“gni n

reupt ake shighkRiok ?Es%e(xbiﬂ%#%hﬂ&ltfdf‘é bR SRIVERTRI filicieANd/ifiib(td) ganmm
hydr oxybutyrate (GHB), 1 n free or pharmaceutically acceptable salt form to
a huitin ®DEIM awivitgati ent in need 20 thereof. In another enbodi nent, the

i nvention provides nethods of treatnent or prophylaxis for narcol epsy as
herei n before described, wherein the PDEL inhibitor is in a formof a

phar maceufa@al CqmeYBiehtiOn alsb Prévilled a MBGILA Edr @mi_a@ahgeﬂpotehﬂimiqget hods of
treatment or prophylaxis for narcol epsy as hereinbefore descrihed,

conpr i sepregesicrnstsegnialige activier iaseaslli ardispye comRsisinaOniaeHIA tsa‘éfC.eH otonpound of
Formul a I as\ylt%??.lg ern%loﬂrptegf%réorﬂg&fr{gf &Eiﬂe Irt\fantfiéfﬁlfﬁéieﬂmriﬁﬁi%ﬁlﬁﬂﬁ ly

accept abltEER rm as a so erapeuti ¢ agent or use 1 n conbination for
co- adpi nizgfi@led Wi th another active agent. [0040]In another enbodinent, the

i nvention further provides nmethods of 381 t.r eat ment OIJI%I?{ O‘ﬂh lLaxis of a
condi ti on [4444En Ty imensipn alsp preydesa mehod SorHAbRg Bt T#&fr ogest er one

si gnal i ng:s;?egmgﬂ&i,@@%-?Qmeahﬁéo%érngdﬁgmtﬁm BNVt TRl ar 3ighamRouUnd of the

I nventi on, a conpound accordi o any of Formula 1.1-1.135 or

For mul a Ipathiway)disardér( o1 Jisordersahat migsls dlleathtédby thesnbpenfentefthon, in free

or progesterone signaling pathway in a patient in need thereof comprising administering

20  to the patient an effective amount of a Compound of the Invention that inhibits
PDE1B, wherein PDE1B activity modulates phosphorylation of DARPP-32 and/or the

GluR1 AMPA receptor.

[0045] In another aspect, the invention also provides a method for the treatment
25  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
alternatively include a systemic therapy. Systemic therapy includes treatment that can
30 directly reach the bloodstream, or oral methods of administration, for example.
[0046] The invention further provides a pharmaceutical composition for
topical ophthalmic use comprising a PDEI inhibitor; for example an ophthalmic

solution, suspension, cream or ointment comprising a PDEI Inhibitor of the
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WO 2010/ 065152PCT/ US2009/ 006443 pharmaceutically acceptable salt form to a
human or aninmal patient in need thereof. The invention al so provides

met hods ofotnmeatsssat as di scl osed here, conprising adm RCIUS2O0OGHOG43

t herapeutically effective amount of a Conmpound of Forrnmula Il, in free or
pharmaceutically acceptable salt form Disease or condition that may be
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conbi nat 'aﬁ@al‘%ma yeidd w&%rﬁeﬁtilﬁ%ﬂvé@%rah@ffeaw SholHtOmEséeaane/ progestins
i n post nenopausal” wonen, and estrogen-i nduced endonetri al hyperpIaS|a and

car cilfo rmdveiﬂtrgemftatlmnisstoflng differenieagente ity diffaresbmgelemigms ofractign gad

br eedi d [
onhuran LSRN heial PRSENEY o © e ROty ahd sl PR ol ef 11

| nhi bi t ogiHEEnRCas @Y ad 1 drihandeddra@dedntigtemein actsvins astrﬁ@raitm?rapy or prophylaxis
as a sole therapeutic agent, but may al so be used i n conpi nat,jon or for

co- adni ni $80481 i on vkhetinyaniien thes prowidagimaethedpl ‘é@@é@ﬁlﬂé) |arF°(§‘SH}°ant| on with
hormone rg ?l:tgg ? : ngél&ﬁ&%?ﬂd elgﬁ%g?d hl%leg%del& aﬁ'@ s'uganc cﬁ;‘@ admintReRd ees a

met hod of* Isorders I or at enhancerrent of
progest eracmﬁe@u 1@ na¢d thgreod apetfsctng emb’tinniesg £ subghxsshnlldi tmoent sf gn agent
sequenti ally, cont enpoy aneousl y adm ni i ng ther peut| cal. IM effective
anount s &“OW(VP)tO @thaqu BF"(SB‘FC °8n‘§’m‘taél éfo?’rﬁ’('}&ﬁ'&eoéﬂé FEFREEE hny of
Formul a |y Anyerflcr 6%{m$uﬁt3§ a bibthreSHold (dn'o)mt 6f a PDE 1daRbitoPethen this

speci fi catl on an or none, e.g., sel ected from est rogen and
estrogen Imvmlhog,uesfre(ee)rgpharmaceutlcally acceptable salt form, such that amount of the

agent known to lower intraocular pressure and the amount of the PDE1 inhibitor in
20 combination are effective to treat the condition.

[0049] In one embodiment, one or both of the agents are administered
topically to the eye. Thus the invention provides a method of reducing the side effects
of treatment of glaucoma or elevated intraocular pressure by administering a reduced
dose of an agent known to lower intraocular pressure concomitantly, simultaneously

25  or sequentially with an effective amount of a PDEI inhibitor. However, methods other
lthan topical administration, such as systemic therapeutic administration, may also be
utilized.

[0050] The optional additional agent or agents for use in combination with a
PDE1 inhibitor may, for example, be selected from the existing drugs comprise

30 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
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estradiol, estriol, estradiol esters) and progesterone and progesterone
anal ogues (e.g., progestins) WO 2010/ 065152PCT/ US2009/ 006443 in free or
phar macewocaldogsmecept abl e salt form to a human or anipomiUSp@bioasIu3 i n need
thereof. I n another enbodi nent, the invention provides the nethod descri bed
above wherein the PDE 1 inhibitor is a Conpound of Formula Il, in free or
phar maceghysodfigritine @ae ptledthidpairhay alsorbe EmpldP4@ hiichkaveranseffdcosimalag to pr ovi des

a nmethod for enhancing or potentiating dopam ne, D1 intracel |l ul ar
si gnal i nghasef PMWW%%‘%{“%FWWIYNS@@ %tr%ﬂ%%gmﬁéh‘@dﬂflgé?’i%’ said cell or

tissue with a %lﬂﬁsj | RYBMN OBinSHb rost @ Mimibsh)l nhi bi t
10 PDE1B ac%'i \Ii/Llr(?sy ﬁ??ﬁg?ﬁ%%}%%mﬁﬁg (ggom’es a rréat ho%fé? e)nhanci ng
or potentiatingd trgvopgss(Eravaengi whethi mgreast uyeoesglaral autflem obraqueasue
conprising co?lt acting said cell or ti ssEeuynth ffn anount of a Conpound of
the Ifventi on YEWOFRIMEIRPIeS AiserpereesepBRIEUB QUM ty. [ 0044] The i nvention

I i ' -r.el i
al so provi dfz Tgpfzﬁf E,g%-&ﬁ;&a%%ﬁafécgﬁoﬁ argg%gnfs% ai@d as asR6IB!, aldvi¥bunolol

PDE1B-rel at’é sor am ne D ptor intracellular signaling

pat hway di sor @Betagan), aind beeirobol,t Wwhichdegrepse aquesus duswr produnsioariyatigenent of
t he progesterog,e sjgpaling pathway in a patient in need thereof conprising
admi ni st eri ng 28X BO%he patient an effective anount of a Conpound of the

| nvention t aklb@}%&%ﬁ@g@%ﬁg Orﬁé]fh@bxﬁ’%ﬂi@i& A 1¥hdgén TRAERWRSK

by a
phosphoryl at'i on e GLuR1 AMPA receptor. [0045YI n
anot her aspecidpalt ineclianisent desreasingcaqueons productioneatb ihckeasingheveorsslaratent
25f or gl aucoma el evated i ntraocul ar pressure conprising topical
admi ni strati or‘?u&;‘)“él t herapeutically effective anount of a phospodi est erase

type | (PDEL) rlRidpidiQe é%&nnﬁa%rhi%?fe%@&ilful& epifeftir@@ 4d BRAVHRAPrbgiad) ¥

acceptable salt form in“an opthalmcally conpatible carrier to the eye of
a patient in meezehst betfof ofaqueees humpetirousht trabegulal meshuetkead\possiblyude a

system c ther . .System c .t herapy includes treatnent that can
30direct!yr eag‘ﬁ%{lﬂéx‘m%%gﬂ} PBEMY ﬁ?th‘é’fi%fl pr@&%ﬁ% ac‘)’FQ‘ééﬁ%’ N ?tsatcﬁg?'i on, for
exampke.  § 0Q4Blic EP&ug ey hiAtHom iR EEs) KR Wild8SpeR Atk B Ctrhé@dn of
conposi tion for toprcal "ophthal mc use conprising a PDEL inhibitor; for
exanpl e an opltheeiliaiycmesilesttightening o drabeanar medavarkendaHeing ingisagadi si ng a
PDE1 | nhi bitor 8‘[ t hF VO 201(?_1/ 065152PCT/ US2009/ 006443
outtlow of the aquéous humour.
6. Carbonic anhydrase inhibitors like dorzolamide (Trusopt), brinzolamide
(Azopt), acetazolamide (Diamox) lower secretion of aqueous humor by
20 inhibiting carbonic anhydrase in the ciliary body.
7. Physostigmine is also used to treat glaucoma and delayed gastric emptying.

[0051] For example, the invention provides pharmaceutical compositions
comprising a PDE1 Inhibitor of the Invention and an agent selected from (i) the
prostanoids, unoprostone, latanoprost, travoprost, or bimatoprost; (ii) an alpha

25  adrenergic agonist such as brimonidine, apraclonidine, or dipivefrin and (iii) a
muscarinic agonist, such as pilocarpine. For example, the invention provides
ophthalmic formulations comprising a PDE-1 Inhibitor of the Invention together with
bimatoprost, abrimonidine, brimonidine, timolol, or combinations thereof, in free or
ophthamalogically acceptable salt form, in combination or association with an

30 ophthamologically acceptable diluent or carrier. In addition to selecting a
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
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I nvention, in free or ophthamal ogically acceptable salt form in

conbi nation or association with an opht hanol ogically acceptable diluent or
carrier. WwoQdinjoeptseonal | y, the PDEL inhibitor may be adrCHitst@9w®0b443
sequentially or simultaneously with a second drug useful for treatnent of
gl aucoma or el evated 5i ntraocul ar pressure. Wiere two active agents are

adm ni st gg&fst skiRBtit R AR AIPHaL MrkNergldf re&dptorasuainasblimohidass foraganipleray be
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action and different side effect profiles may be to reduce the dosage and
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their acti as n apy.... [ 0048] The. i : 1 L. he
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t hereof an effective anount, e.g., a subthreshold anount, qf an agent known
t o | ower ophthplaye gpmpostien W@dégh’@éﬂf( {nghideyan lgﬁfﬁﬂ?PfaéWé‘Eﬁﬁg‘iea"WFmé%quent ially
with an %%gnqcti ve anount, e.g., a subthreshold amount, of a PDEl Inhibitor

of the Invéntion, in free or pharmaceutically acceptable salt form such

t hat 1amupe0s3]{ t he Iagendindtheewrarmplel theetDE-tInkibitotsalisqhosed suayebeand t he anpunt
of the PDELl inhihitor .in égggnbi natifon .are effective to treat the

condi t i oombEG4 ayitha hhthts AMEHRL Of ARANEROGYIAr RreSPUIEHRWEHRA AEETE o

admi ni st %ﬁ& AN @lbkﬁ’lattogr&sh@;glﬁ){ﬁmig Bo1Sti5A1% BritYEHiding RarRhR\Iphesl@ioret hod of

reduci ng the side effects of treatnent of ‘gl aucoma or el evated intraocul ar

pr essur e sbiptiaoimriirsnending tatratedineld! teksatesiphthalmigeetutiotown t o | ower

i ntraocul essure gonconi t.ant| si nmul t anequsl uentially with
an ef f ect W;munt@@ﬁ&é‘o&lﬂﬁqaitl?ﬂiy’%ﬂeé’fl.on‘f—%%k/8??’%%%%%%&%? her than

topi ¢sl %dﬂi_@ingguﬁ%m@red&umlam sHsbiests arelisefud pewédt spehimsin frr ati on, may
also be utilized. [0050] The optional additional agent or agents .for use in
conbi nat iesamplet #nyacompitions shanssterizedby PSychetiesyamRiPas speh asdialluciogtionsom t he

ot 9 LA YRR AL EBLbafied SR AR BIAL B D1 951 20) andi 1

pi | ocar pirne, epi nephrine, opi C er tréatnent, e.g. with
timol ol , sesizoptréniaschigsafientivaldigordanichizephreaifoinn Hisbideorpsydfiotzar boni c
anhydras %ﬁso?de%,' de?tclzs%n% gls%meg,e@d%%i;,gggﬁ gsr %Saecutienrrchugi: 1-é:(p)irs(S)dessua(flra b?golar
20  disorder. Without intending to be bound by any theory, it is believed that typical and
atypical antipsychotic drugs such as clozapine primarily have their antagonistic
activity at the dopamine D2 receptor. PDEL1 inhibitors, however, primarily act to
enhance signaling at the dopamine D1 receptor. By enhancing D1 receptor signaling,
PDEI inhibitors can increase NMDA receptor function in various brain regions, for
25  example in nucleus accumbens neurons and in the prefrontal cortex. This
enhancement of function may be seen for example in NMDA receptors containing the
NR2B subunit, and may occur e.g., via activation of the Src and protein kinase A
family of kinases.
[0055] Therefore, the invention provides a new method for the treatment of
30  psychosis, e.g., schizophrenia, schizoaffective disorder, schizophreniform disorder,

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

and bipolar disorder, comprising administering a therapeutically effective amount of a
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WO 2010/ 065152PCT/ US2009/ 006443 physosti gm ne and echot hi opate nmay al so be
enpl oyed and have an effect simlar to that of pilocarpine. Drugs currently
used to tweabiogiesuseona t hus include, e.g., 1. Prost agcaruseeoanahdgs such
as | atanoprost (Xal atan), bimtoprost (Lum gan) and travoprost (Travatan),

whi ch increase uveoscleral outflow of aqueous 5hunor. Bi matoprost al so

| ncr easeghbdphbaiesterise- QUPDEIWInRbitdiiTitkalnvestich, il freder pharmacagiohidy .
ant agoni sts such as tinolol, |evobunolol (Betagan), and betaxolol, which
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(Propine) increase outflow of aqueous hunor through r%becul ar nmeshwor k and
possi Bl y comdmiribtralinsoyith ether agimeragsnispdhisdle mﬂF’éﬂ%bé“yt BYCOMYEES 8- agoni st
action. | : a JPRRH: ' |ffedlive bis6rdet,] ocar pi ne work
by cont rac%éodnoﬁ&glhg pgﬁqﬁggléyégﬁéﬁ% ti g‘ﬁ%ﬁ?ﬁ%ﬁhﬁt rabecul ar neshwor k
and al | owtliigophrerifamedisardér, powhofic tiserdeguiebustonalidisonder, or nBwiaCar boni c

anhydrase inhibitaors |ike dorzolam de (Trusopt), brinzol am de (Azopt),
acet azol &ANRESRAGRINSter1gim @BF@isgbﬁg‘BfenH 86§°WEWBPraB§°‘?§f nhi bi ti ng

car boni ¢ ,ghhVAEASE tHefade 1B iy dfchvO S Bunts of: /- Physostignmine is also used to
treat gl gﬁ@%ﬁiﬁ% an% gelﬁgye%i glastrci‘é errpttng/isgg. [ 0051] For exanple, the

i nvendi on pr o\i)aeRDPBAdnhibiteuof thalinveotipnsn fieews pbm@@i%{:}yac@@blq nhi bi t or
of the Invention_and an agent selected from (i) the prostanoids,

unopr ost one, Isﬁltt£9f8br385t, travoprost, or bimatoprost; (ii) an al pha
25adrenergi ¢ qEpsM sitipsyédbtese Bl i moni di ne, apracl oni dine, or dipivefrin and
(iii) a muscarinic agonist, such as pilocarpine. For exanple, the invention
provi des opht hal ni clypirakantpsyeheticsod@si sing a PDE-1 Inhibitor of the

| nvention together wth bi nat , i Rl i LAdhne, tinolol, or

conbi nati ons thereof, in #t%@%%ﬁ&%%ﬁ.%?%{%ﬁ#&%pﬁ?}dglé(S;g%?g%fl),e salt form in

conbiigati on or associ at i Diopeiitisl @roRPrARjt hanol ogi cal |y accept abl e di | uent

or carrier. In addition to selecgting a % nmbi nat i on hovvevef“, a Qgrson of
¥Eagt

ordinary skill in the arfheagtiazansscegaf B}ﬂzf%@hg@?@& ept or
SUBLype oS¢ ot b FR(pegRIR Bt azabetauasnenoral  stoni ot
an WD 2010/ 065152PCT/ US200Klbf@éads: (Compazine), Thioridazine (Mellaril, ,
Melleril), Trifluoperazine (Stelazine), Mesoridazine,
20 ~ Periciazine, Promazine, Triflupromazine (Vesprin),
Levomepromazine (Nozinan), Promethazine (Phenergan),
Pimozide (Orap);
Thioxanthenes, e.g., Chlorprothixene, Flupenthixol (Depixol,
Fluanxol), Thiothixene (Navane), Zuclopenthixol (Clopixol,
25 Acuphase);
Atypical antipsychotics, e.g.,
Clozapine (Clozaril), Olanzapine (Zyprexa), Risperidone
(Risperdal), Quetiapine (Seroquel), Ziprasidone (Geodon),
Amisulpride (Solian), Paliperidone (Invega), Aripiprazole
30 (Abilify), Bifeprunox; norclozapine,
in free or pharmaceutically acceptable salt form, to a patient in need thereof.

[0057]) In a particular embodiment, the Compounds of the Invention are

particularly useful for the treatment or prophylaxis of schizophrenia.
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agoni st selective for an al pha2 adrenergi c receptor such as brinonidine,
for exanple. For a beta-adrenergic receptor antagoni st, one can select an
ant agoni swozeloassisege for either 131, or 132, or 03, dependiusgooonodshe
appropriate therapeutic application. One can al so select a nuscarinic
agoni st selective for a particular receptor subtype such as M 5 M

[0052] The qf3g) 1 | nkiRhiRindBY tHeanadition] i fedeast pharharRufiodln akemablepht hal m ¢
conposi tion, which includes an ophthal mc sol ution, creamor ointment. The
opht hal nisalt 6omp exsi pardenlanky usedidi for thedreaymeni of Hakingenisiseas®ul ar - pressur e

| oweri ng ent. 10[0053]1n yet anoth , -1 Inhibitors
di scl ose&glﬂﬁ‘ipthé%m%’d}%‘ioi%’&ymglf’“coén%ﬁb‘f%@ggﬁiggﬁhagﬁ%ﬁﬁf Eo " an intraocul ar
pressure- [6089) i Ng dgenll anbiheNadiedt, iR iAvdntichpepidsta mpiholalf ngtieaing i on, a

brinmonidine tartrate ophthal m c solution, or bri gtpni di ne tar%%ate/ti nol ol
mal eabe opRehracinzerewthef the eysladss by administerinsan sffeqive ARAML Akt i oned

nmet hods, it S n .Si L ﬂe'ﬁﬁl%ll?&tu 1 inhibitors
are usef @Fos%ag?%nrd@g aﬂ)‘?@%h%’éi’Z’%%F%esgg%ﬁog{l@%ng’ %ondtl t Ol’sl characterized by
psychot i Gequertialdnithaa kst drhowitnd aiPDIS], inbiitnof thednvéitiomr mefrebedrusi ons,

or disorgani zed speech and .t hi nki ng . 0., schizophrenia, schizoaffective
di sor der Phawmacsehital¥Reetahle salbiogmy to %5%8?1 8?? patnd g} prsd thefephisi onal

di sor der, 6’6]&; mani ' £ S vRRAbE praR R0 B tREWIFRIRO &dtment
20di sor de|l. i thou?niy%?%{r?ﬁﬁlsﬁko&gg bouncli.bg)/ any theory, it i sr bel i eved
t hat 10y pioz prophgthxist ofifanaiatiarbraip syjotyoedneprivingyadnsinistering aihoregputicallyr i mari |y

have their_antagonisti.c I Vi at .the dopam.ne. D2 receptor. BRDE1

i nhi bi t oreéfec ‘fmgww OBPiPiD%Ii 'r"blt%‘@f Of@‘eé%egi‘ﬁ%’ 8i Eﬁ?eﬂ_ripﬁ_ Ateti@ Jopani ne D1
recept or ., &t AaICioRd, la pRARAPI eed tI8dfl MGaurdthiclbralthinfiry ¢TBI)Can i ncrease
NMDA receptor function in various brain regions, for 25exanple in nucleus

accunbensnemupasses Eianyrinjueapwel ps preandary injery, inhiding hptieetaned of
function g e .seen for.exanple in p C W3] t he NR2B
RS ELsGONB) ol YR BB b C AR

subuni t vation tein kinase A

fam liy ofiniidepeient (L0&RE DidiRbgita reddiions aiging from dis@vicdabcealutew met hod for
the treatnment of 30 psychosis, e.g., schizophrenia, schi zl_&gffecti ve
di sor der ,Prewenses épEs EiFibr AyeiogBRUVE OXPESLIEEIES OHF%PH@?QO |ghy

di sorder,, ggrmtggi@qgﬁgéta#ﬂda&% iffthfmafthy SPLENIaADM RhilA di sor der,

conpri sing m’ni sterin erapeutically effective anmount of a
2010/ 065 1aafdbr dsaataDby i ipflampiatnty esspenwsad pré@pisiafier the ipittabr of t he
I nvention, in free or pharnaceutical | Y ?cce% bl e §aLt f arm, to a pat i ent
in need t(REMaRY injury. Abnormal calcium homcostasis 15 be ieved to be a critic
20  component of the progression of secondary injury in both grey and white matter. For
a review of TBI, see Park et al., CMAJ (2008) 178(9):1163-1170, the contents of
which are incorporated herein in their entirety. Studies have shown that the cAMP—
PKA signaling cascade is downregulated after TBI and treatment of PDE IV
inhibitors such as rolipram to raise or restore cAMP level improves histopathological
25  outcome and decreases inflammation after TBI. As Compounds of the present
invention is a PDE1 inhibitor, it is believed that these compounds are also useful for
the treatment of TBI, e.g., by restoring cAMP level and/or calcium homeostasis after

traumatic brain injury.

30 [0061] The present invention also provides
(1) a Compound of the Invention for use as a pharmaceutical, for
example for use in any method or in the treatment of any disease

or condition as hereinbefore set forth,
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[ 0056] PDE 1 I nhibitors may be used in the foregoing nmethods of treatnent
prophyl axis as a sole therapeutic agent, but may al so be used in

combi nat iwo 2010/d6ers25c0- adni ni stration with other activepragase@o/oidwus, the
i nvention further conprises a nmethod of treating psychosis, e.g.,

schi zophreni a, schizoaffective disorder, schizophreniform disorder,

psychotic di sordgy, dﬁiett&b%ﬁ@'c&hﬁﬁhd%&"thﬂhvmmn&n teonpnifattge olri ni st ering
si nul taneously, sequentially, or contenporaneously adm ni st eri)%tg
£I% he

t herapeutical |y ef f ectriedicamentfor ¢reating amy dijease pOEONditiomashargp
i nvention, in free or Ba f;aceutlcal |y acceptable salt form and (ii) an
anti psychoti c, %@ i anti psychotics, e.g.

But yr ophenones, @u}] Hipha@peicedidal chiabostion Sﬁﬁpﬁmn@)a Cohigouap ef th;bol
(Drol eptan); Phenot hi azi nes, _e.qg. | or pr omazj ne Thoham ne, . rgact| 1),

FI uph&nazi ne (Prol i xi Hyvenpep gh@mlzlpﬁ@r(qrrqsgsc&p%wpw P‘E‘i‘aﬁé\‘%
(Conpazine), Thiori daﬁé&gtaﬁ)&@@eﬂ Ly CM&J %Egi '), Trifluoperazine

(Stelazine), Mesoridazin eri1clazine, Promazine, Triflupromazine
(Vesprin), Levongpy onaphmm(chbmahaampoﬁnmmmpmsmga@élm:wng@tﬁ)he Pi nozi de

(Orap); Thi oxant henes, ., Chl or r ot hi FI u e h I
(Depi xol , Fluanxol), ‘ierlﬂ’i‘%b?fEn}(‘R%\‘fgh%r)ass%ﬁf ﬂ}t‘ 1 I X
25Acuphase) ; Atypi cal a@d@?ia%%yﬁh%i Slscarﬁergfor ug 1ﬁ3§@tr82ﬁrr(e§f @tzzﬁfyl dléease

A anzapi ne (Zyprexa), peridone (R sperdal), Quetiapine (Seroquel),

Zi prd8i done (Geodon), oAcorsiitign asdeer¢igbefiosanget fopth. i peridone (Invega),
Aripiprazole 30(Abilify), Bifeprunox; norclozapine, in free or
pharmaceutically acceptable salt form to a patient in need thereof.

[0057]I'n qoeep)ti cul PeréfBRO & MOEntidn o HaBP@RNTS Cdmpsitnd sibaLiventian
for the manufacture of a medicament for the treatment or prophylactic treatment of
the following diseases: Parkinson’s disease, restless leg, tremors, dyskinesias,

15  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,

20  hypertension, pulmonary hypertension, and/or sexual dysfunction; asthma, chronic
obstructive pulmonary disease, and/or allergic rhinitis, as well as autoimmune and
inflammatory diseases; and/or female sexual dysfunction, exercise amenorrhoea,
anovulation, menopause, menopausal symptoms, hypothyroidism, pre-menstrual
syndrome, premature labor, infertility, irregular menstrual cycles, abnormal uterine

25  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

30 . may be ameliorated by the enhancement of progesterone signaling;.

[0063] The invention also provides use of a Compound of the Invention, in
free or pharmaceutically acceptable salt form, for the manufacture of a medicament

for the treatment or prophylactic treatment of:
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particularly useful for the treatnment or prophylaxis of schizophrenia. WO
2010/ 065152PCT/ US2009/ 006443 [ 0058] Conpounds of the Invention, in free or
phar macewocaldosssecept abl e salt form are particul arl ypasafSadosfnodss4s he
treatment of Parkinson's di sease, schizophrenia, narcol epsy, glaucoma and
femal e sexual dysfunction. [0059]1n still another aspect, the invention
provi des a net hog lah @Rt et Ve Pinfho®iMIesste, 9r owt h of the eyel ashes by
adm ni stering an’'effective anount of a prostaglandi n anal ogue, e.g.,

bi mat opr ost, conkopsydesisyfor skamplearnyowsritions charaeterizaddry BsY&hete an
effective anount of a PDEl inhibitor of the |nv L. ' . r

phar maceutical |y aéX@BF’é‘Bﬁ Sélcgﬁf?‘alﬁ%cﬂrﬁ%%op % qaﬁaém(la@g}%? Q}rie %ﬂ?%léﬁst?o?n need

t hereof [0060] I n yelisopsioiiedrspasdhesid thinking] €1y ¢ 6étigsphpérmiy, sdrigoaffetiveod f or
the treatnment 10or prophylaxis of traupatic brain injury conprising
adninfstering a théﬂ@p&ﬂ$Cbb?|opbfe§fff’€%Eiis@gie&ﬁ&i?ho"tﬁd@r elpHARYi t or of the

invention, in free a;gﬂg [ Ly & dholh® @ patient
in need thereof Tr éiﬁgr’?g?%?t ra?ﬁgisﬁlﬁ%hraglz i%ﬁ%ﬁ%%ﬁ%ggésse@pr ?rary injury as

wel | as secondary idijouder, i ncluding both focal and diffuse brain injuries.
Secondary injuries are nultiple, parallel, interacting and 15i nterdependent
cascades of bi ol OgitE@HMatIg REIIN YHUYar i si ng from di screte subcel | ul ar

processes . . | MicGinkibe SeSrlBunSAGH thY EnREHGP TorS IS $SmhibXS S it at i on
of glutamate receptors, excessive Influx of calciumand inflammuatory

upr ed0l afne@n)ionmthérsiongasses auy eod all ofstecenipateds disclosed witlih snsat ory response
and progress_after the initial (primary) injury. Abnormal cal cium

homeost aSPEfiGatBRY | eved to be a critical 20 component of the progression of
secondary [msgr Y | mHaakéd9resatmest \Whd t' Beditl 8fe tofRundefs®odeisc@dingBl , see
Park et al., (2008) _178&9):1163-1170, the contents of which are

i ncor por as entbtasingi prophylaxieiand treatimeat gr anszliggation efzfympieionaf disease ehe cAVMPPKA
signalin ascade i wnr egul . er TBI and treatnent of PDE |V

i nhi bi torgée saﬁgﬁaﬁgerﬁé’?l STAm %tattrhglglssggstgr restore cAMP | evel inproves

hi st gpat hpdows} cal Jor atlcaisefardmtiet thasesd {'effdcinenmoont”as intendeBlo  As
Conmpounds of the present, invention is a PDEL i nhi bt'ﬁég_r, it iIs %el i eved that
these coRpeRIRRRSS artlerapengcalbpeiigctive amoyat o tesat arappeiiyy digegse opdijorder,,

restori ngé?um’l' evel*hqux%oulﬁﬁlrﬁw ABRASHAS irertfelqh ehébpmb i ¢ brain

injury. 3 ] The present 1nventi'on also provides (i)a Conmpound of the
| nvent i opufmenans ertasal hypéréensmneut i cal , for exanple for use in any nethod or

In the tregiapnt ofnany dlsease ok aoRdnth QP nighs (R edhngh pehiediOr t N

20  In particular embodiment, the invention encompasses both human and nonhuman. In

another embodiment, the invention encompasses nonhuman. In other embodiment,
the term encompasses human.
[0069] The term “comprising” as used in this disclosure is intended to be
open-ended and does not exclude additional, unrecited elements or method steps.
25
[0070] Compounds of the Invention are in particular useful for the treatment

of Parkinson’s disease, narcolepsy and female sexual dysfunction.

[0071] Compounds of the Invention may be used as a sole therapeutic agent,
30  but may also be used in combination or for co-administration with other active agents.
For example, as Compounds of the Invention potentiate the activity of D1 agonists,
such as dopamine, they may be simultaneously, sequentially, or contemporaneously

administered with conventional dopaminergic medications, such as levodopa and
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WO 2010/ 065152PCT/ US2009/ 006443 (ii) the use of a Conpound of the Invention
in the manufacture of a nedicanent for treating any di sease or condition as
her ei nbefwoeonatssfsort h, (iii1) a pharmaceutical conp@sirttiSornomosIps i si ng a
Compound of the 5lnvention in conbination or association with a
pharmaceutically acceptable diluent or carrier, and (iv) a pharnaceuti cal

conposi t i1 QRdEEaT @ arbi§&HD OOMTGhhibiiers) MW(MB iahibitory) pddpandhe on or
association wth a pharnmaceutically acceptabl e diluent . or grrl er for use

in the th agenistarand gntighnlingraiesa - D dhe ERAVHERY Qi3 RASCAHAINERATKINGOR &t f or t h.
0062] T f ¢
| ] ﬁ?ﬁ%;iil’[l é(ﬂg&;\ Rt né\é&'i’lfﬁ? rhﬁ&?or'ts’%?t Qi InfedOAPE gn‘{iné)éo gﬁuddgvent ion

for the canent reat ment pr op actic

t r eat mentof efe Thirntioalak Gw;diiﬂ)ed e efidy A0 be adiinisserdd sreasmbinatiat Withs | eg,
trenmors, dyskinesias, 15 Huntington' s disease |sease and

dr ug- § nd@é‘&geﬂv@%‘%@ﬂt’ estrial gndior pr 0&9&‘6{?%@%%135“%% Eoér‘l‘?‘?’b"r‘? t&‘éf’f F4veFSor der ,
attentione ﬂ&fxﬁ che%&(’fttﬂe\fé xdt'r SRR of e?t&c%éBQBdﬁéeh%%meﬁM' ety, sleep

di sorder, narc cogn|t| e i nmpal r ment mentia, Tourette's syndrone,
autism myﬁgphmaMrsmmﬁmmme psychosti nul ant wi t hdrawal , and/or drug

addi ction; cerebrovascul ar di sease, stroke, congestive heart disease, 20
hypertensi on, pul nonary hypertension, and/or sexual dysfunction; asthng,

chronic Oiﬁff cti veyqpubdmnaiiyydd ﬁﬁﬁ%m@\ﬂé Dfesant ifVéttionWillficossseas wel | as
aut oi nmun i nfl anmat ory d| seases; and/or femal e sexual dysfunctl on,

exer dDse va,ryectapcmmog,ae g.-apthé paitionlar diseasemusenditien spbriseateds yhgpastigular

Y Fogul e drupg B ety Eeuiot R Ptk p PRI o e AR sty

mul tipl e Gophpufdd 6f the TREnfbe nﬁﬂ" B @ieiiBRiereddb0&iyeduitablRITo e, mommgwr oi di sm
estrogen-i nduced endonetri al perBI asi a or carcinong; ang/ Qr, d| sease
or condi torally, parantsallys fraesdeppallysor wiehialation, Butore Bicderably ‘EYS‘F nhi bi tion

of CAWP aq Oﬁng%aﬁ's& &9 rgahﬂ“@ ;f)or e tfe%hh&t@f@}s%s%‘s'&g PDEL, and/or by

reduced op drin réeceptor “signali activity; or any di sease or
condilbi OmeteiiiefdO set fort abaamﬂmtddcm aab @btainedtdreorehdthmicestration of dgsageyedt er one
signaling;. [0063] The i néent Hnar ovi des u e of a ound of the

| nvent i o?ﬁf‘e order frei@ abputh} ar&ﬁﬁ’é‘ﬂ?‘é‘fﬂ % feneemply Rpmals 49 he
Vrr\%n ggig} 8%@&;@% %@r%&édzs%gég/ﬁgt(%zg%gnﬁﬂ@r&ﬁ&%m%oﬂﬁngfl Ry iRGhhge dfife@hment of :
about 0.75 to 150 mg, conveniently administered once, or in divided doses 2 to 4
times, daily or in sustained release form. Unit dosage forms for oral administration
20  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.

[0073] Pharmaceutical compositions comprising Compounds of the Invention
25  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.

30 EXAMPLES

[0074] The synthetic methods for various Compounds of the Present Invention
are illustrated below. Other compounds of the Invention and their salts may be made

using the methods as similarly described below and/or by methods similar to those

46



a) glaucoma or elevated intraocul ar pressure, b) psychosis, for exanple,
any conditions characterized by psychotic synptons such as hall uci nations,
par anoi d wo 2biczmsrse del usi ons, or di sorgani zed speech amrdTius2oniongq43 e. g. ,
schi zophreni a, schizoaffective 5di sorder, schizophreniformdisorder,
psychoti c disorder, delusional disorder, and mania, such as in acute manic
epi sodes alpy BQcAbedinSAE detailed HedchipidRhncbpmatHdds Rhowl in {HRAhédidae phrase
"Conpounds of the Invention"” or "PDE 1 inhibitors of the 10 Invention”
enconpase8s any and all of the conpounds disclosed within this
specification. [0065] The words "treatnent” and "treating" are to be
under st ood accordingly as enbracing prophyl axis and treatnent or

amel i or atixamplé 1synpt ons of di sease as well as treatnent of the cause of

t he di sease 1§ 0066] For net hods of_ treatnent, the word "effq [ ve anmount”

i s i nf ended-tH-bAdotRazed1yhheazyhSomethyli3p(methglthio)d-ngapeAY 143t r eat a
speci fic (i 0 I el T erm "pul nonary hypertension” is
i nt ended P ?’Z’ﬁ‘ggﬁ‘gg@g*ﬁﬁdg‘m%%@%’?ﬁér‘lhg‘f‘é hypertensi on. [0068] The term
"patient” include human or non-human (i.e., aninmal) patient. 20 In
particul ar enbodi nent, the inventioq\enconpasses bot h human and nonhunman.
I n anot her enbodi nent, the inventYon'senconpasses nonhuman. In other
enbodi nent, the term enconpasses n. [0069] The term "conprising"” as used
in this disclosure is intended tj0 he Npan-ended and does not exclude

addi tional, unrecited el ement ©90rNmetho eps. 25 [0070] Conpounds of the
I nvention are in particul ar usef u%r reat ment of Parkinson's

di sease, narcol epsy and femal e sexya

1) 2-(4-(1H-1,2,4-triazol-1-yl)benzyl)-5-methyl-7-neopentyl-2H-
10  pyrazolo[3,4-d]pyrimidine-4,6(SH,7H)-dione
[0075] 5-methyl-7-neopentyl-2H-pyrazolo[3,4-d]pyrimidine-4,6(5H,7H)-
dione (200 mg, 0.847 mmol), 1-(4-(bromomethyl)phenyl)-1H-1,2,4-triazole (202 mg,
0.847 mmol) and K,COs (117 mg, 0.847 mmol) are suspended in 5 mL of anhydrous
DME. The reaction mixture is stirred at room temperature for 5 h, and then evaporated
15  to dryness under reduced pressure. The residue is treated with water, and then
extracted with dichloromethane three times. The combined organic phase is dried with
anhydrous sodium sulfate, filtered, and then evaporated to dryness to give 337 mg of
crude product, which is used in the next step without further purification. MS (ESI)
m/z 394.2 [M+H]".
20
2) 2-(4-(1H-1,2,4-triazol-1-yl)benzyl)-5-methyl-3-(methylthio)-7-
neopentyl-2H-pyrazolo[3,4-d]pyrimidine-4,6(SH,7H)-dione
[0076] 2-(4-(1H-1,2,4-triazol-1-yl)benzyl)-5-methyl-7-neopentyl-2H-
pyrazolo[3,4-d]pyrimidine-4,6(5H,7H)-dione (52 mg, 0.132 mmol) and methyl
25  disulfide (12 pL, 0.13 mmol) are dissolved in 2 mL of anhydrous CH,Cl,, and then
1.0 M LiHMDS (190 pL, 0.19 mmol) in THF is added dropwise. The reaction
mixture is stirred at room temperature for 30 min, and then quenched with saturated

ammonium chloride aqueous solution. After routine workup, the obtained crude
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[ 0071] Compounds of the Invention nmay be used as a sole therapeutic agent,
30 but may al so be used in conbination or for co-adm nistration with other
active ageotsio/desrszexanpl e, as Conmpounds of the | nventi eoTast@vI@LE t he
activity of D1 agonists, such as dopam ne, they may be simultaneously,
sequential ly, or contenporaneously adm nistered with conventional

dopam ne ' ili NeASmh RURARSer toWWVe pure product as off-

2010/ 065 iéHZdI%Ct[IE/§ ggg%%/g (%%figel evodopa adj ungi'?gl (\(gi,b?doga COMT i nhi bitors,
MAO- B |anMEth@$bdﬁﬁﬁﬂhndé4é@8dN§ﬂ% and anticholinergics, e.g., in the
treatnment of a patient having Parkinson's disease. In addition, the novel
PDE 1 inhibitors of the Invention, e.g., the Conpounds of the Invention as
descri begyhfipté ®; ey al so be administered in combination with
Sestrogen/estradiol/estriol and/orhgrogesteronelg gestlns to enhance the

ef f ecti v&rmehybB-(mathylteio)-3eapentyird-@Heriflpgromethy

estrogen-i nd i or carci nona. [0072] Dosages

enpl oyedpp'ﬁazpr ch@gﬁpﬁ'ﬁ'ﬁheﬂp?g ent ﬁl)ﬁ(@g ion will of course 10vary
depending, e.g. on the particular disease or condition to be treated, the
particul ar Conmpound of the Invention used, the node of adm nistration, and
t he therapy desired. Conpounds ofOthés | nventi on may be admi ni stered by any
sui tabl e route, including oraI enterally, transdermal ly, or by

i nhal ation, but are preferably dm nll!sl gred orally. In general,

satisfactory results, e.g. forOth |P‘eat t of diseases as 15herei nbefore
set forth are indi cated to be obt e@

al adm nistration at dosages of
the order fromabout 0.01 to 2.0 | ¢ ger nmanmal s, for exanple
humans, an indicated daily dosage for or al.~¥dni ni stration will accordi ngly
be in the range of from about 0.75 to 150 ngf conveni ently adm ni stered
once, vi de?l"h%%ggﬁﬁlegc épocédﬁr'e%?ﬁns @rb%ty (aLls %léé&}satb vaigese form

Uni t dosaé rms ral admnistration S exanpl'e may conprise
fr OmlabOlltwlﬁbréinth(bY‘&nGmeﬂﬁ() mlflaognméthjdbbeabmmtls Qsél imrstep. Dinstzad©f 175 or 100

ng of a Conpound of the Inven ion e]v% eutically
accept abl(é'(}éfpw&ﬂthﬂ}PhéaYlhué’ ﬁtzlffbf‘@fz %ﬁ ‘?‘Hﬁgm conposi tions
conpri sing Conpounds of the Invention 25 may be prepared using conventional

di luents or excipients and techni ques known in the galenic art. Thus oral
dosage fdhrxmp’la i nclude tablets, capsules, solutions, suspensions and the

|1 ke. |5n|pg :['§FP pngty]l Ehﬁ)heX?lttﬂwSIZ 4%r1ﬂ891$0nf1e Ly“ﬁél‘lz%' S_zﬁpr’rpounds of the

Prese nt
15  pyrazolo[3,4-d]pyrimidine-4,6(SH,7H)-dione

e
N

F %

F
[0078] The synthetic procedure of this compound is analogous to EXAMPLE
1 wherein 1-(bromomethyl)-4-(trifluoromethyl)benzene is used in step 1 instead of 1-

20  (4-(bromomethyl)phenyl)-1H-1,2,4-triazole, and phenyl disulfide is used in step 2
instead of methyl disulfide. MS (ESI) m/z 503.2 [M+H]".

Example 4:
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are illustrated bel ow. O her conmpounds of the Invention and their salts may
be made using the nethods as simlarly described bel ow and/ or by nethods
sim |l ar twotzhmaes1500 2010/ 065152PCT/ US2009/ 006443 gener aCiryusd@omodsbed i n
the detail ed description and by nethods known in the chem cal art. Exanple
1:

52- (4- (14, ﬁeﬂno&?béﬂzﬁ) -4n¥ethPENAY %{e%ﬂggméﬂywmmwy&hiﬂb[ﬂ&neopentyI oH
- pyrazolo [3,4 pyri'm di ne-4, 6(5H, 7 I one 1)

2- (4- (1Hdpwimidineg-dz(SH17H)-Yivmezy| ) - 5- net hyl - 7- neopent yl - 2H10

pyrazol o[ 3, 4-d] pyri m di ne- 4, 6(5H, 7H) - di one

[ 0075] 5- net hyl - 7- neopent y1- 2H pyr azol o[ 3, 4-d] pyri m di ne-4, 6(5H, 7H) - di one
(200 ngy, 0.847 mmol ), 1-(4-(brononethyl)phenyl)-1H1,2,4-triazole (202 ny,
0.847 mml) and K2CO3 (117 ng, O. 647 2 ar e suspended in5 nL of
anhydrous DMF. The reaction mxt stiTred at roomtenperature for 5 h,
and then evaporated 15to drynes un ey educed pressure. The residue is
treated with water, and then h. di chl oronmet hane three tines.

The conbi ned organi c phase is dr| Wi t @ drous sodium sul fate,
filtered, and then evaporated to ness gi ve 337 nmg of crude product,
which is used in the next step without furt S purification. Ms (ESI) mz
394.2 [ MtHr. 20

2- (4- 61H-Tginof-tri appl Jarh\éhb Besterlive-o1thiB thyibodnd igahhlppbil 0)EXYAMPLE
neopentyl-2H—p razolo%’ l yr|md|ne46(5H7 H) - di one

[ 0076] 2- (Mwherﬂnﬂ memowbemf rpmide isrispd jn seméﬂrrmadﬁfrle@pent yl - 2H

razol o and net hyl
D5di oul fu[(gfé’“t"i‘%q%{-‘/ﬁ{kprﬂe ?Hé%?edfd“g‘is)@?evg e s dtd gﬁ%??r ous CLRCI,
and then lﬂstéhdl\dﬂmdrrh/ja?dlﬁfnﬂee S (BSDSniamish5)2 ﬂMl+H'HF is added dropw se. The

reaction mxture is stirred at roomtenperature for 30 nmin, and then
guenched wi th saturated anmoni um chl ori de aqueous sol ution. After routine

wor kypg, tﬂ&d’@k%’! ned crude
2-(4-(1H-1,2,4-triazol-1-yl)benzyl)-5-methyl-7-neopentyl-3-(phenylthio)-2H-
pyrazolo[3,4-d]pyrimidine-4,6(SH,7H)-dione

N
N\N
5
15 [0080] 2-(4-methoxybenzyl)-5-methyl-7-neopentyl-3-(phenylthio)-2H-

pyrazolo[3,4-d]pyrimidine-4,6(5H,7H)-dione (2.7 g, 5.9 mmol) is dissolved in CHCl,
(20 mL) containing TFA (4.2 mL) and TFMSA (1.0 mL). The mixture is stirred at
room temperature overnight. Solvents are removed, and the residue is dissolved in
ethyl acetate (250 mL), followed by washing with saturate NaHCO; and water

20  successively. After dried over anhydrous sodium sulfate, the organic phase is
evaporated to dryness. The obtained crude product is used in the next step without

further purification.
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WO 2010/ 065152PCT/ US2009/ 006443 product is purified by silica gel colum
chromat ography to give pure product as off-white solids. Ms (ES!') mz 440.2
[ MtH] . BASIORbB/(@5152 PCT/US2009/006443

55- et hy1- 3- ( met hyl t hi 0) - 7- neopenty1-2- (4-(trifluoronet hyl)benzyl)-2H
pyrazol o [3,4-d] pyrim dine-4,6(5H 7H) -dione F [0077] The synthetic

procedur e gy I hi's eQuROsREkthy- ARG RABAS - (pReds G ILEH P9lazolugs @t n

1- (brormrrethy )-4-(trifluoromethyl’)béenzene i's used in step 1 instead of 1-
( 4- ( br omdiptrinyiHineHeep H) 7H tdione A48 g, iOalZomemol /- (eﬁsrqmwgthul&nh@y[ MHr
Exanpl e

5- met hyl?hfI hédpEargls (28 mendlgemel)and K(ZEO(%( 19 Meudi's m?’ﬁx)l a)r%susfylﬂedZpryr az

ol o[ 3, 4- ¢ pWIi 6T #HhyBrohs TANIF, Thd rddb@cﬁ}ﬁmu{t@&ﬁS];tTﬂﬂ@d siyrobmetmpepanoeedur e of
this conpound is anal ogous to EXAMPLE 1 where

1- ( br droeeetighy,-and thet wan@wa&ﬁeletprdymﬁéﬁmpér?@Cﬁ@éﬁFSFlﬁesTléepreildvﬁé% ead of 1-

20(4- (bronmm e i s used
in step Qunﬁeci Egaﬂl%'g Ct% Iﬁ};‘él s@a? %eﬁ% g?‘gsﬁ?gﬁfgm%ygs Qhﬁ'/ﬁ_ﬂlic{l Exanpl e 4:
WO 2010/ S IERPETE slszoqmmeMs
2- (4- met hoxybenzy1l) - 5- et hyl - 7- neopent y1- 3- (phenyl t hi 0) - 2H- pyr azol o[ 3, 4-
dl pyri m di ne-4, 6(5H, 7H) - di one
Example 6:
10  2-(4-methoxybenzyl)-5-methyl-3-(methylthio)-7-neopentyl-2H-pyrazolo[3,4-

d]pyrimidine-4,6(SH,7H)-dione

(0] sS—

~
N N
gvlle
O__

[0082] The synthetic procedure of this compound is analogous to EXAMPLE
15 1 wherein 4-methoxybenzyl bromide is used in step 1 instead of 1-(4-
(bromomethyl)phenyl)-1H-1,2,4-triazole. MS (ESI) m/z 403.2 [M+H]".

Example 7:
2-(4-(1H-pyrazol-1-yl)benzyl)-5-methyl-3-(methylthio)-7-neopentyl-2H-
20  pyrazolo[3,4-d]pyrimidine-4,6(SH,7H)-dione

[0083] The synthetic procedure of this compound is analogous to EXAMPLE
5 wherein 2-(4-methoxybenzyl)-5-methyl-3-(methylthio)-7-neopentyl-2H-
25  pyrazolo[3,4-d]pyrimidine-4,6(5H,7H)-dione is used instead of 2-(4-methoxybenzyl)-

50



0- 5[0079] The synthetic procedure of this conpound is anal ogous to EXAMPLE
1 wherein 4-nethoxybenzyl bromde is used in step 1 instead of 1-(4-

(br omorretwol2pmessnst) - 1H 1, 2, 4-triazol e, and phenyl di sulPCiras2609/006i@3 i n
step 2 instead of nethyl disulfide. M5 (ES!') mz 465.2 [MtH . 10 Exanple 5:
2-(4-(1H1,2,4-triazol -1-yl)benzyl)-5-net hyl - 7- neopent yl - 3- (phenyl t hi 0) - 2Hp
yr azol o[ 3-thedlyPymicopahityIe3-fpHeadhthié HRHp@RLO10[Y;4\d | pYrimidine-4,6(SH, 7H)-

15[ 0080] 2- (4- et hoxybenzy1) - 5- net hyl- 7- neopent y1- S-Sgphe%t hi 0) - 2H

pyr azol o[d%ne, #dl(4-terememethyd iphenylyl Hapyieole 3s gsed insteag afbo{4y i s di ssol ved

15 strrr SrerPrR B AR et M AR I e and the

residue is dissolved in ethyl acetate (250 nL), followed by washing with
sat urate NaHCO3 and water 20successively. After dried over anhydrous sodium
sul fafe, EX#Re8ani c phase is evaporated to dryness. The obtained crude

product i |50 KNy he ihisatfon. WO

2010/ 065 fé'?%@?’ 6§30@5%g§§§4f§§%1‘8\8e§‘%%hﬁ%oﬂeﬂwlrse(p HR i) 241

5- et hy 1 -pyrazndedd-g]pyBinidineer J(SHYH)2Hepe r azol of 3, 4-

d] pyri m di ne-4, 6(5H, 7H) - di one (40 ng, 0.12 mmol),

1- (4- (brononet hyl ) phenyl)- 1H1,2,4-triazole (28 ng, 0.12 mmol) and K2CC3
(16 nmg, 0.12 mmol ) are suspended in 5 of anhydrous DMF. The reaction
m xture is stirred at room terrper@turr ni ght, and then evaporated to
dryness under reduced pressure._THe resitue is purified by silica gel

col umm chromat ography to give pLNJéﬁ’(ﬂ ct as white solids. M5 (ESI) mz
502.2 [ MtHr. Exanple 6: 10 NN

2- (4- met hoxybenzy1) - 5- met hyl - 3- (m&t hyl t @ 7- neopent y1- 2H Pyr azol o[ 3, 4-
d] pyri m di ne-4, 6(5H, 7H) - di one o

S\
10 [0084] The synthetic procedure of this compound is analogous to EXAMPLE

O’/

5 wherein 1-(bromomethyl)-4-(methylsulfonyl)benzene is used instead of 1-(4-
(bromomethyl)phenyl)-1H-1,2, 4-triazole. MS (ESI) m/z 513.2 [M+H]".

Example 9:
15  5-methyl-7-neopentyl-3-(phenylthio)-2-(4-(pyridin-2-yl)benzyl)-2H-pyrazolo|3,4-
d]pyrimidine-4,6(5SH,7H)-dione

[0085] The synthetic procedure of this compound is analogous to EXAMPLE
20 1 wherein 2-(4-(bromomethyl)phenyl)pyridine is used in step 1 instead of 1-(4-
(bromomethyl)phenyl)-1H-1,2,4-triazole, and phenyl disulfide is used in step 2
instead of methyl disulfide. MS (ESI) m/z 512.3 [M+H]".
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0- [00821The synthetic procedure of this conpound is anal ogous to EXAVPLE
151 wherein 4-nmet hoxybenzyl bromde is used in step 1 instead of 1-(4-

(br omorretwol2pmssnst) - 1H 1, 2, 4-triazole. M5 (ESI) m z 40BCZ/USkobinoe443 Exanpl e
7: 2-(4-(1H pyrazol -1-yl ) benzyl)-5-net hyl - 3- (et hyl t hi 0) - 7- neopent yl - 2H20
pyrazol o[ 3, 4-d] pyri m di ne-4, 6(5H, 7H) - di one [0083] The synt heti c procedure
of this agpd s anal ogous to EXAMPLE 5 wherein

2- (4- met hoxybenzy1l) - 5- met hy1l- 3- (et hyl t hi 0) - 7- neopent yl - 2H

25pyr azo|Sapst,h41~a}(ﬂ;(a+m¢t!u‘yhépqr,ie'(r52tyr%)enwlh dieppenykd-(Phenyithio)2 H-

2- (4-met hoxybenzy ). . ... .

5- net hyl Wr%zé’g‘géﬁfS]/]fyﬁlnflgh'é‘ﬁ?/’ﬂwgﬁ)ﬂlf%‘f/r azol o[ 3, 4-d] pyri m di ne-4, 6(5H, 7H)
- dione, and 1-(4-(brononethyl)phenyl)-1H pyrazole is used instead of 1-(4-
(brononet hyl ) phenyl)-1H-1, 2, 4-tri azol e. i (ESI) mz 439.2 [MrHt 5 Exanpl e
8:

5- met hy1- 2- (4- (et hyl sul fonyl ) befyzy1)S pentyl - 3- (phenyl t hi 0) - 2Hpyr azol o
[ 3,4-d] pyrim dine-4, 6(5H, 7H) - th 0[ 0084] The synthetic procedure of this
conpound is anal ogous to EXAMPLE 5|whdraj
1- (br omorret hyl ) - 4- (et hyl sul f@hyNbeNzen
(brononet hyl ) phenyl)-1H 1, 2, 4-tri | e.
9.

used instead of 1-(4-
ESI) nmlz 513.2 [ MH]t Exanpl e

155- et hy1- 7- neopent y1- 3- (phenyl t hi 0) - 2- (4-
o[ 3, 4- d] pyrim di ne-4, 6(5H, 7H) - di one [ 008Y!
conpodnd i s anal ogous to EXAMPLE

[0086] The synthetic procedure of this compound is analogous to EXAMPLE

i di n-2-yl)benzyl)-2H pyrazol
synt hetic procedure of this

5 wherein 2-(4-(chloromethyl)phenyl)-1-methylpiperidine is used instead of 1-(4-
(bromomethyl)phenyl)-1H-1,2 4-triazole. MS (ESI) m/z 532.3 [M+H]".

10 Example 11:
5-methyl-2-(4-(methylsulfonyl)benzyl)-3-(methylthio)-7-neopentyl-2H-
pyrazolo[3,4-d]pyrimidine-4,6(SH,7H)-dione

15 [0087] The synthetic procedure of this compound is analogous to EXAMPLE
5 wherein 2-(4-methoxybenzyl)-5-methyl-3-(methylthio)-7-neopentyl-2H-
pyrazolo[3,4-d]pyrimidine-4,6(5H,7H)-dione is used instead of 2-(4-methoxybenzyl)-
5-methyl-7-neopentyl-3-(phenylthio)-2H-pyrazolo[3,4-d]pyrimidine-4,6(5SH,7H)-
dione, and 1-(bromomethyl)-4-(methylsulfonyl)benzene is used instead of 1-(4-

20  (bromomethyl)phenyl)-1H-1,2,4-triazole. MS (ESI) m/z 451.1 [M+H]".

Example 12:
5-methyl-3-(methylsulfinyl)-2-(4-(methylsulfonyl)benzyl)-7-neopentyl-2H-
pyrazolo[3,4-d]pyrimidine-4,6(SH,7H)-dione
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20 1 wherein 2-(4-(brononethyl)phenyl)pyridine is used in step 1 instead of
1-(4- (brononethyl)phenyl)-1H1,2,4-triazole, and phenyl disulfide is used
in step 2wvonsteamsisef met hyl disulfide. MS (ES!) nmlz 512P8T[USR49/006441D

2010/ 065152PCT/ US2009/ 006443 Exanpl e 10:

5-met hyl- 2- (4- (1- et hyl pi peri di n-2-yl ) benzyl)-7-neopentyl - 3- (phenyl t hi o) - 2H
pyrazol o[ 3, 4-d] pyri m di ne-4, 6(5H, 7H) - di one 5 [ 0086] The synthetic
procedure of this conpound is anal ogous to EXAMPLE 5 wherein

2- (4-(chl oronet hyl ) phenyl) - 1- net h@l ptgadi dine is used instead of 1-(4-
(bronmonet hyl ) phenyl)-1H 1, 2, 4- t\l’l e. Ms (ESI) mz 532.3 [MW11]+. 10

Exanpl e 11:

5- met hy1- 2- (4- (et hyl sul f onyl )c%h N- 3-¥+&t hyl t hi 0) - 7- neopent yl - 2Hpyr azol o
[ 3, 4-d] pyri mi di ne- 4, 6(5H, 7H) - di on 5[ @87 The synthetic procedure of this
conpound i s anal ogous to EXAMPLE 5 ere
2- (4- et hoxybenzyl) - 5- met hy1- 3- (et hyl t hi (&Eﬂoneopent y1l- 2Hpyr azol o[ 3, 4-d] py
rimdine-4,6(5H 7H)-di one is used instead of \ 2- (4- nmet hoxybenzyl) -

5- et hyl - pent Y L Lydodemer-4, 6( 5H, 7H)
- dione, dgﬁi brz)‘j#gr%e E%ﬂ_(ﬁﬁ%ﬁéﬂ%ﬁg%é&ﬁ? 91%%%@%%2@?2 usgd ?nstead of
1- (4- 20 2(rbpymmta[r3h4fu)mmmm)e -416(5H, ZHdione 4rloft eng, 0922 E®mpl)ris disgglyed [ M+H] t
Exanple 12;

5- Imst By 118 CHsEHPP Hid ?ﬁ’ﬂ/?ﬁﬁé}N( 4 0@ rdDndndsthien dMp Ry eus £oRBIORAR yI - 2Hpyr a
F008s] 5. ke BBl Ty Bgqh R eU 4Lt P 4 D e e ol -

mixture is stirred at room temperature over a weekend, and then purified by a semi-

preparative HPLC to give 6 mg of product as white solids. MS (ESI) m/z 467.1

[M+H]".
10
. Example 13:
2-(4-(1H-1,2,4-triazol-1-yl)benzyl)-5-methyl-3-(methylsulfinyl)-7-neopentyl-2H-
pyrazolo[3,4-d]pyrimidine-4,6(SH,7H)-dione
~ —
' L
- N
N~N
&3
15 N
[0089] 2-(4-(1H-1,2,4-triazol-1-yl)benzyl)-5-methyl-3-(methylthio)-7-

neopentyl-2H-pyrazolo[3,4-d]}pyrimidine-4,6(5H,7H)-dione (16 mg, 0.036 mmol) is
dissolved in CH,Cl; (500 pL) and MeOH (500 pL), and then an aqueous solution of
Oxone (22.4 mg, 0.036 mmol) is added. The reaction mixture is stirred at room

20 temperature for 2 days, and then purified by a semi-preparative HPLC to give 8 mg of
product as off-white solids. MS (ESI) m/z 456.2 [M+H]".

Example 14:
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2H pyrazol o[ 3, 4-d] pyri m di ne-4, 6(5H, 7H)-di one (11.4 ng, 0.022 mmol) is
di ssolved 5 in CH2Cl2 (2001AL) and CH3CN (100 lit), and then 30% H202
aqueous swDLDiG51(5Z5 0.66 rnmol) is added, followed pgTAISRMMWOIEES d (6. 6
ng, 0.11 nmmol). The reaction mxture is stirred at roomtenperature over a
weekend, and then purified by a sem -preparative HPLC to give 6 ng of
product 2(4WinH- a2\ D)-0ne ttA8-3-(ndthiish fonylf- 7-open

2-(4- (1H—i( ém4 f%?gizl?)&-%lllflgﬁgl{ %m Slfsng- h(itll1 w( met h’;ﬂl sullab?nyl) 7- neopentyl
- 2Hpyr az@b’oifl«@l(43d]-t]l)]wrm1dlnﬂe4ﬁ( lipneii one 15
[0089] 2-(4-(1H1,2,4-triazol -1- yd)enzyl)-S-rrethyI-3-(rrethy|thi 0)-7-
neopent yl - 2H pyrazol o[ 3, 4-d] pyri m di ne-4, 6(5H, 7H) -di one (16 ng, 0.036 mmol)
is dissolved in CH2C1l2 (500 JAL) 68”81 MeOH (500 [iL), and then an aqueous

sol ution of Oxone (22.4 ng, 0.03 Sp i s added. The reaction m xture is
stirred at room 20 tenperature ays, and then purified by a

sem -preparative HPLC to give p oduct as off-white solids. M5 (ESI)
mz 456.2 [ M-H|t Exanpl e 14:
2-(4-(1H 1,2, 4-tri azol - 1-yl )benzy%- ~3-(met hyl sul fony1) - 7- neopent yl|
- 2Hpyr azol o[ 3, 4-d] pyri m di ne- 4, 6(5 H) - di ope N-N 5[ 0090] The synthetic
procedure of this conpound is the sane as LE 13.

2-(4-(1H 1, 2, 4-triazol - 1- yObenzyl ) - 5- met hy | 3g< ( et hyl sul fonyl) - 7- neopent yI -
2Hpyr azol 0[3, 4-d] pyri m dine-4,6(5H, 7H)-di one is obtained as a m nor product
of thé refl90pn. NS‘k(eESht}hemé pro@é&uré of Mis-fompeunixia thel samksis EXAMPLE

oyt azol 0% sl YT S raL s P BN et OT PR Sy ReRes FERRr ocodur o
of this %9%9%m4lcﬂpﬁﬂﬁid‘i}9§w,%(5}ﬂ7ﬁ)<'ﬁ|i\6°de|§s obtained as a minor product of the
reaction. MS (ESI) m/z 472.2 [M+H]".

10 Example 15:
5-methyl-2-(4-(1-methylpiperidin-2-yl)benzyl)-3-(methylthio)-7-neopentyl-2H-
pyrazolo[3,4-d]pyrimidine-4,6(SH,7H)-dione

0] s
~
J@st
o) N§<N
—N
15 [0091] The synthetic procedure of this compound is analogous to EXAMPLE

5 wherein 2-(4-methoxybenzyl)-5-methyl-3-(methylthio)-7-neopentyl-2H-
pyrazolo[3,4-d]pyrimidine-4,6(SH,7H)-dione is used instead of 2-(4-methoxybenzyl)-
5-methyl-7-neopentyl-3-(phenylthio)-2H-pyrazolo[3,4-d]pyrimidine-4,6(5H,7H)-
dione, and 2-(4-(chloromethyl)phenyl)-1-methylpiperidine is used instead of 1-(4-

20  (bromomethyl)phenyl)-1H-1,2,4-triazole. MS (ESI) m/z 439.2 [M+H]".

EXAMPLE 16
Measurement of PDE1B inhibition in vitro using IMAP Phosphodiesterase Assay

Kit
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5 wherein

2- (4- met hoxybenzyl) - 5- net hyl- 3- (et hyl t hi 0) - 7- neopent y1- 2Hpyr azol o[ 3, 4-d] py
rim di ne-woe(bBkeeFtdp- di one i s used i nstead of 2-(4-net horgbaszgod)ecd43

5- et hyl - 7- neopent y1- 3- (phenyl t hi 0) - 2H pyrazol o[ 3, 4-d] pyri m di ne-4, 6(5H, 7H)
- dione, and 2-(4-(chl oronethyl)phenyl)-1-nmethyl pi peridine is used instead

of 1-(4- % rom@ﬁ)m&dﬁ)&%@?%@lﬁ]—&ﬁ@ﬂs hichRAM/RalmdAuliEdeperitiedt 439. 2
[ MtH] . EXAMPLE 16 Measurenent of PDELB inhibition in vitro USGII\r/]I%)ltONAP

Phos phodipbsspodissterase ayzyie that\@mene £ Y45 SRS aspe &

[ 0092] Ph hodi esterase 1B (P i i i nt
phosphod %Zg?aélr"&‘élg né‘ﬁ’f? ﬁ%sﬁﬁ%t(%ﬁ%}g r ;‘P sﬁ%lﬁl Wcﬁ%{fg‘ﬁ{ggﬁ (rji‘glﬂ lr)réi)'irfl-lgg ﬁ?@gﬁ ate
(cGWP) t Qubstratt) 8idSdstRe AOORBERS plvdcRld SEGMBMR)oresePhn, tdBtheanrrespadingnvert a
nodi fi ed cGW substrate, such as the fluorescent nolecule cGW-fl uorescein,

to thé céviBShwmsceig. Jhegeneration eEeMIrilurescein ForneG MY -Brorepgsis ¢afor escei n
from cGWR-f i | g, e | MAP
(o ecul b RS e ARaHERd IhBIMdiEE Doiles S iIEe, ERT, | 1T
feagent . iaRBAlRMindhYaffihiie phMBR eeggent binds with high affinity to the

free 5 - phosphate that is found in GQVP-fl uorescei.n. and not i

cGVP- f | uod®93éi n. ﬁf@ﬂﬂ@th@@ﬁ?ir?@e@%ﬁfl? Y.thg tjﬁnlty Qs f%ﬁ?n%f ex is large
relative 5 iR S Bf &sMPbRtorRéRiPopd up in a

| ar ge, sI%\?\f@%ﬁ%1?%@2@%5%&%“%@%?2’??n9m shed ?roml unbound

f | uon6phaeszitinggedSeorebeeiph Ve s canples édlargs relatiye fd eoMPsfuonesaesti.n t he sane

polarity as the otons used to,excite the fluorescence. [Q094}L1ln the
phosphodiﬁ%‘%&%&pﬂ&g% 2ty uRg HBFrégg’ég%,SIWYELHH@%SPI“BLCH%B]@SM to | MAP,
and t her gfi@inguisRéBfrom Unbbhh®Nhbléphees aReusp Mt s édittell 85 gRRvVerted to
GWP-fl uorescein, which, when bound to | MAP, yields a |large increase in

f | uor escdhoeespotesain thet Jaore golanity as thgphsitensaisedio picdis thodnesseneze,

t her ef or e,,adcS dEt eGt s a,d e in A : 0
vt ert o <1009 10} Cih Tk B ProfEeAsEedly R BRI ARNERAMERE L
exceps f GouhdPIMARI&ETH thefef@raétaidi libtld flasresdehexdpalgritatioheis,cobkertddRoand | MAP

beads), which are avail able from Mol ecul ar Devi ﬁ%s (Sunnyval e, CA). Assay:
3', 5' - cy GMR-Thupsessenm; yhichy vben beunship INAR, vields Biiep HsdtasE i%r ase (Sigma, St.

Loui s, muloke%cérﬁtg?)gisatrfzﬁff&?@%)t Nk 168 ¥GHoShhddResterase UtEtefofdN uni t of

enzyne
detected as a decrease in Amp.

[0095] Enzyme assay
20 Materials: All chemicals are available from Sigma-Aldrich (St. Louis, MO) except for
IMAP reagents (reaction buffer, binding buffer, FL-GMP and IMAP beads), which
are available from Molecular Devices (Sunnyvale, CA).
Assay: 3’°,5’-cyclic-nucleotide-specific bovine brain phosphodiesterase (Sigma, St.
Louis, MO) is reconstituted with 50% glycerol to 2.5 U/ml. One unit of enzyme will
25  hydrolyze 1.0 pmole of 3°,5’-cAMP to 5’-AMP per min at pH 7.5 at 30°C. One part
enzyme is added to 1999 parts reaction buffer (30 uM CaCl,, 10 U/ml of calmodulin
(Sigma P2277), 10mM Tris-HCI pH 7.2, 10mM MgCl,, 0.1% BSA, 0.05% NaN3) to
yield a final concentration of 1.25mU/ml. 99 pl of diluted enzyme solution is added
into each well in a flat bottom 96-well polystyrene plate to which 1 pl of test
30  compound dissolved in 100% DMSO is added. Selected Compounds of the Invention
are mixed and pre-incubated with the enzyme for 10 min at room temperature.
[0096] The FL-GMP conversion reaction is initiated by combining 4 parts
enzyme and inhibitor mix with 1 part substrate solution (0.225 pM) in a 384-well
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25 hydrolyze 1.0 tnole of 3',5 -cAMP to 5 -AMP per min at pH 7.5 at 30C.
One part enzyne is added to 1999 parts reaction buffer (30 [tM Cad 2, 10
Um of ceibreodvdesrs2(Si gma P2277), 10mM Tris-HCL pH 7. 2, pCOmdseddy@bea43 0. 1%
BSA, 0.05% NaN3) to yield a final concentration of 1.25mJm. 99 ti of

diluted enzynme solution is added into each well in a flat bottom 96-well

pol ystyr %ﬁ@roﬁle@?ﬁaté.qh‘é'f}i:é‘dﬂioﬁ i$ Incabatb® & d=3R aCROROKADetitae dby Bfimim 100% DVBO
i s added. Sel ected Conpounds of the Invention are m xed and pre-incubated

wi th t he Thazspetion ssrhalted by additioned 60 tvd wb bindingrreagemd Olod9ordidutran dMabnver si on

bart bbbl bingfebare GoBBRCh A b 8o ARG A lrdaf Bleh wex W th L
2010/ 065 3B #HRGRALIRADPIAD T84 HRiterisGh@ibatedrat pdorh eempeisturectac fl ihoor icsallavcubat ed i n

dark at roomtenperature for 15 m.n. The reaction is halted F‘%‘?ﬂ dition of
60 115 ofMéibbindige e aeresed torcompletion, gnd Siengracefppap ERys1qnmyst g buffer

suppl ene 181%})}%& Qa&érq(gg%érgﬁlgr%},;?{élﬁﬁ, &1 ol RétirelRe BaGREs¥Ect Of the 384-vel |

pl ate. The pFate 1Ts inc room tenperature for 1 hour to allow 5
| MAP bi ngbhgzationgAeeged to conpl etion, and then placed in an Envision

mul ti node _m cropl at e  reader, ki nEl mer., Shel t on, to asure the
f 1 uor escet@7hol ar iA S8GTEAsE AN }!;C?WQ?F%\O‘HW@%Q*‘F %’r‘)(rﬁﬁegﬁ%ﬁ? ration,

measur ed agc AGe f fsioHBe PE)E A8 aAICY SaRfes bttt eRirkindd 1©f mEMariagt i vi ty.
| C50 val ues are determned by neasuring 10 enzyne activity in the presence
of 8100 thzymmawmivityan thensresshce ofr teih6l corneyiratipns of gpMmpowsyranringdr®d, 000 nM

and then p ti conc ratj on versus A .which a 0 val ues
to be es tordr‘)g%é‘h&] gb?@g@%ﬁ]‘?ﬁgﬁn P E’S‘P&gs‘iﬁ“% i °%°§qu9&é?ne"‘°(r§%tsmA‘%“?Y§kag

Canbri dggrioWhCs,MARRSIThE Enmatidse Abnlirdeer ﬂeFreembh eoftway (X RieBBSed and

tested in an 15assay as described or simlarly described herein for PDEl

i nhi bi t ofGamdeidigei ¥A). The exenplified conpounds of the invention generally

have | C50 es ofl ess - I ss than
250nM sor!riﬁ\%n&| th Plﬁ'fzé %né{’%ﬁtg |%ge‘{slh4l I@%Peﬁﬁb%%?%ﬂglwntﬁégﬁoé@ef fect on
sexuab r esfens dedchibbe BBkiilalyslepQd]hthedn 6rfRDE1 DihitEL actihiybiTler s on

Lordosis Response in female rats is measulggg aglﬁges ri be i(r}hl\/a i, et al.,
Sci ence cz%wﬁmmﬂwé.s o hs N igRiSERT A N B iUl AP e IMFTS %@g@% ats are
primed Wshhe 2ol r e%%hﬂ%@hﬁf"s&ﬁ’é’ﬁvﬁhl@lﬂ% Rdtivities.

intracerebroventricular (icy) injection of progesterone (2 [ig), PDElL
i nhi bitors of 25the present invention (0.1ng, 1.0ng or 2.5ny) or sesane oil
vehicl e (Ecx%rl}gprl(e)ll)l. The
20 PDEL1 inhibitor effect on sexual response in female rats
[0099] The effect of PDE! inhibitors on Lordosis Response in female rats is
measured as described in Mani, et al., Science (2000) 287: 1053. Ovariectomized
and cannulated wild-type rats are primed with 2 pg estrogen followed 24 hours later
by intracerebroventricular (icv) injection of progesterone (2 pg), PDE] inhibitors of
25  the present invention (0.1mg, 1.0mg or 2.5mg) or sesame oil vehicle (control). The
rats are tested for lordosis response in the presence of male rats. Lordosis response is
quantified by the lordosis quotient (LQ = number of lordosis/10 mounts x 100). The
LQ for estrogen-primed female rats receiving Compounds of the Invention, at 0.1 mg,

will likely be similar to estrogen-primed rats receiving progesterone and higher than

30 for estrogen-primed rats receiving vehicle.
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rats are tested for lordosis response in the presence of nmale rats.
Lordosis response is quantified by the |ordosis quotient (LQ = nunber of

| or dosi s/WO 2noumess2x 100). The LQ for estrogen-prinmed fecrius2e0ass4necei vi ng
Compounds of the Invention, at 0.1 ng, will likely be simlar to
estrogen-prined rats receiving progesterone and hi gher than 30for
estrogen-prined rats receiving vehiclSIMSCLAI M5 What is clained is: 1. A
compound of Formula Il: R2 SFormula Il wherein (i) Lis S, SO or SO2; (ii)
Rl i s H o¥hatis daimgdis{e.g., methyl or ethyl); (iii) R2 is 10H, C _6al kyl
(e.qg., isopkopyl., i I opentyl, 2-nethylbutyl, 2,2-dinethyl propyl)
wher ei n éaié‘%ﬁﬁ?Fnéggﬁ%%PgaggtionalIy substituted with halo (e.g., fluoro)
or hydroxy (e.g., 1- hydroxypropan-2-yl, 3-hydroxy-2-nethyl propyl),

15- 00- 4al kyl- C3_8cycl oal kyl (e.g., cyclopentyl, cyclohexyl) optionally
substituted with one or nmoreamno (e.gR, -NH2), for exanple,

2-am nocycl opentyl or 2- amlhocycl ohexyl), wherein said cycl oal kyl
optional ly contains gne or re het¢roatom selected fromN and 0 20and is
optionally substitutea\mT$ ~ | (e.g., 1-nethyl- pyrrolindin-2-yl,

1- et hyl - pyrrolindin-3-ylj, 1-ne q:ggnﬁrolindin-2-yILnethyI or

1- et hyl - pyrrolindi n-3-yl{nmet hyl ), et erocycl oal kyl (e.g., pyrrolidinyl,
for exanpl e, CfffL\\ n{ Rj

5 Formula II
wherein
(1) Lis S, SO or SOy;
(i) R,is H or C,alkyl (e.g., methy! or ethyl);
(i) Ryis
10 H,
Ci.alkyl (e.g., isopropyl, isobutyl, neopentyl, 2-methylbutyl,
2,2-dimethylpropyl) wherein said alkyl group is optionally
substituted with halo (e.g., fluoro) or hydroxy (e.g., 1-
hydroxypropan-2-yl, 3-hydroxy-2-methylpropyl),
15 —Co.salkyl-Cs_gcycloalkyl (e.g., cyclopentyl, cyclohexyl)
optionally substituted with one or more amino (e.g., -NHb),
for example, 2-aminocyclopentyl or 2-
aminocyclohexyl),wherein said cycloalkyl optionally
contains one or more heteroatom selected from N and O
20 and is optionally substituted with C_alkyl (e.g., 1-methyl-
pyrrolindin-2-yl, 1-methyl-pyrrolindin-3-yl, 1-methyl-
pyrrolindin-2-yl-methyl or 1-methyl-pyrrolindin-3-yl-
methyl),
Cs.gheterocycloalkyl (e.g., pyrrolidinyl, for example,
25 pyrrolidin-3-yl) optionally substituted with C,.salkyl (e.g.,
methyl), for example, 1-methylpyrrolidin-3-yl,
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25pyrrolidin-3-yl) optionally substituted with Cl.6al kyl (e.g., nethyl),
for exanple, 1-nethylpyrrolidin-3-yl, C3_8cycloalkyl-G _6al kyl
(e.qg.,cycwopnompsbrset hyl ), hal oG _6al kyl (e.g., trifl uor @ecEttisg009/006443
2,2,2-trifluoroethyl), -N(R14)(R15)-Cl_6al kyl (e.g.,

2- (di met hyl am no) et hyl, 2- am nopropyl), 5hydroxyCl. 6al kyl (e.g., (e.g.,

3- hydr oxy- 2- net hyl pr opylG,_ gycloalRyde %?Yl@’l ® o;wlméﬂﬁl)@al kyl (e.g.,
benzyl), het er3o%¥y1 y ¢ g%y)éﬂ&prrl di néu nmet hyl ),

C1_6al koxyary1Cl_6al kyl hatoGy. 6a1k4T(mg h@@l@m@lhﬂ ,izeltsl weehdin: Gis a

et o copel val k1 (&) b NG o ALERE Aot fiehar S
optional Iy substituted V\nthmiﬁqp@@iyk)gl (e.g., (1- rrethyl pyroI idin-2-y1));

15(iv)R3 is attached to one of the nitrogens on the_p I%/ gzolo ortlon of
Formuba | and is a noi ethydsrxyEowsatyk(eg. Hg 2., 3-hydroxy-2-methylpropyl,

............. [ OFormul a A wherein X, Y and Z are,
\
i ndependently, N or C, andhﬁ%rgx%ép yg

arylCy.¢alkyl (e.g., benzyl),

heteroarylC,_galkyl (e.g., pyridinylmethyl),

C.¢alkoxyarylC,.¢alkyl (e.g., 4-methoxybenzyl);
10 -G-J wherein:

G is a single bond or, alkylene (e.g., methylene);

J is cycloalkyl or heterocycloalkyl (e.g., oxetan-2-yl,
pyrolyin-3-yl, pyrolyin-2-yl) optionally substituted
with Cjalkyl (e.g., (1-methylpyrolidin-2-yl));

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

Formula I and is a moiety of Formula A

R12
R11
O
X /Z
Ra/ \T/ \R10
Rg
20 Formula A

wherein X, Y and Z are, independently, N or C, and Rg, Ry,
R); and R); are independently H or halogen (e.g., Cl or F);
and Rjp 1s
halogen,
25 C,.¢alkyl,
Cs.scycloalkyl,
heteroCj_gcycloalkyl (e.g., pyrrolidinyl or piperidinyl),
haloC,.salkyl (e.g., trifluoromethyl),
aryl (e.g., phenyl),
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R11 and R12 are independently H or halogen (e.g., O or F); and R10 is
hal ogen, 25C _6al kyl, C3_8cycl oal kyl, heteroC3 8cycl oal kyl (e.g.,
pyrrol i diwgl2omvospisperi di nyl ), hal oCl_6al kyl (e.qg., triflpaorusoeblogdals aryl
(e.g., phenyl), WD 2010/ 065152PCT/ US2009/ 006443 heteroaryl (e.g., pyridyl,
(for exanple, pyrid-2-yl) or e.g., thiadiazolyl (for exanple,
1, 2,3-thiadi azol -4- yl), di aZ}QJté{-bary]£ g?tzg}r;dyl ((Qo@xan@kﬁp&ntla-yilzef 1-yl),
tetrazolyl (e.g., tetrazol-5-yl) oxadi azol y g1
55-met hyl - 1, 2, 4- oxadi azol ), pyr &zolthiadjagolyl (fob‘?’f%% 4, 3gthiadiazpkdt  sul f onyl
(e.g., nmethyl sulfonyl), arylcar og I

@hy%,zol%g jtnga}z,olﬁg% ON14-fdzol- 159D,

het er oar yl car bonyl , 10alkoxycar3 xyéar bonyl

am nocar bonyl ; pr ef er abl y R10 i setplzeliy (e. gpt;etriaﬁbdl-j yB, dkoxadigrptyil ds.k.,
pyrrolidinyl or piperidinyl, wherein the ary t er oar w cycl oal kyI or
15het &rocycl oal kyl is optional | y- @E‘MH@&@&“\’WP » BHEZYY! G- PHHY (e. g.
or d), G _aalkyl, G _aal koxy, q:gyljlhal oal kyl (e.g., trifluoronethyl),
and/ or - SH, ’

T

alkyl sulfonyl (e.g., methyl sulfonyl),
arylcarbonyl (e.g., benzoyl), or
heteroarylcarbonyl,
10 alkoxycarbonyl, (e.g., methoxycarbonyl),
aminocarbonyl;
preferably R, is phenyl, pyridyl, e.g., 2-pyridyl,
pyrrolidinyl or piperidinyl,
wherein the aryl, heteroaryl, cycloalkyl or
15 heterocycloalkyl is optionally substituted with one
or more halo (e.g., F or Cl), C,4alkyl, C,4alkoxy,
Ci4haloalkyl (e.g., trifluoromethyl), and/or —SH,
provided that when X, Y or X is nitrogen, Rg, Rg or Ry,
respectively, is not present;
20 ) Rsis
H,
Ci.salkyl (e.g., methyl, isopropyl),
Cs.scycloalkyl (e.g., cyclopentyl),
Cs.gheterocycloalkyl (e.g., pyrrolidin-3-yl),
25 aryl (e.g., phenyl) or heteroaryl (e.g., pyrid-4-yl, pyrid-2-yl or
pyrazol-3-yl) wherein said aryl or heteroaryl is optionally
substituted with halo (e.g., 4-fluorophenyl), hydroxy (e.g.,
4-hydroxyphenyl), C,.¢alkyl, C,.¢alkoxy or another aryl
group (e.g., biphenyl-4-ylmethyl);
30 (vi)  Ryq and Rys are independently H or C_galkyl,

in free or salt form.

2. The compound according to claim 1 selected from:
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provi ded that when X, Y or Xis nitrogen, R8, RO or RH), respectively, is
not present; 20(v)R4 is H Cl1 _6alkyl (e.g., nethyl, isopropyl),

C3_8cycl oablkeygioeslsg. , cycl opentyl), C3.8het erocycl oal kylPCTAISg009/006443
pyrrolidin-3-yl), 25aryl (e.g., phenyl) or heteroaryl (e.g., pyrid-4-yl,
pyrid-2-yl or pyrazol-3-yl) wherein said aryl or heteroaryl is optionally
substituted with haI e.g., 4-fluorophenyl), y (e.qg.,

4- hydr oxypheny}), s al kyl, G _6al koxy organ ryI group (e.qg.,

bi phenyl - 4- y| mgt hyl ) ; O(V| ) R14 and R15 aré_ipdepéndently H or G _6al kyl,
in free or sdl't [fom 2. The conpound acc % oclaiml selectedfrom‘
NN N-"A'oUN"WO 20 65152PCT/ USZOO ¥3

o s o S

~ N =
N = N
N ~
\\) D N\ R
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5in free or salt form3. The conmpound according to claim1, selected from
any of the follow ng: WD 2010/ 065152PCT/ US2009/ 006443 4. A

phar macewpcalo/mwsrsposi t i on conpri sing a conpound accor dipag/useooa0ye4as cl ai ns
1-3 in adm xture with a pharmaceutically acceptable diluent or carrier. 5.
A nmethod of treating any of the follow ng conditions: Parkinson's disease,

restless 5leg, trenoesy dyskinesias, Huntington'sdisease, Al zheiner's

di sease, and dpugvy ' ed novenent di sord(grs;S depr/essi on, attention
deficit disord ttention deficit hyper ity di sorder, bipolar
illness, anxi ;a?/’:( ep disorder, narcol _ Neegni tive inpairment,
denentia, Tafreft¥' s rome, auti sm D a I "é X rome, psychosti nmul ant
wi t hdr awal , . and/ or dr ddi ction; cerebroglascul di sease, stroke,
congestive hdart disease, ertensi on, Aul ponary hyprftensi on, and/ or

sexual dysfunction; asthrg, roni c obstr i ve pul mokary di sease, and/ or
allergic rhinitis, as wel IN&¥,aut oi mune anad i nfl ammat &ty di seases; and/ or

femal e sexual dysfunction, exercise anenorrhoea, ovul ati on, nenopause,
menopausal synpt ons, ot hyroi di sm pre-msnstyndrorre, premat ur e

| abor, infertiBityg regul ar rrenstrual yclPesXabnormal uterine

bl eedi ng, ostg osis, multiple sclerosii, \pst ate enl argenment, prostate

cancer, hypaothk )(l NHl estrogen- |nduce@l,)en t ry-ak_hyper pl asi a or

car ci noms,; d/jor any ease or condition]chara zed by low | evel s of
CAMP and/ or\eTGQ/P (or i | tdon of CcAMP or cGWP siggal i ng pathways) in
cell s expressing PDE1, ang®or by reduced anm ne 2% )l receptor signaling
activity; and/or any disfase or condition that nay b® aneliorated by the

enhancenent of progesfyekone signaling; conprising=adm nistering an
effective anount of @mound according t ary @ laims 1-3, or a
Sl i

phar maceuti cal @o on according to cl 0 a patient in need of
such treat nehtN §— The net hod of clai M5 ein the condition is
Par ki nson' s @%Q SH. o)‘ _
W) N (K o
N OH N

—d
2 s

OH Q\/>

5 in free or salt form

3. The compound according to claim 1, selected from any of the following:
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7. The nethod of claim5, wherein the condition is cognitive inpairnment.
308. The nethod of claim5, wherein the condition is narcol epsy. 9. The
nmet hod ofwol2aiome8152urt her conpri sing adm ni stering a comrpoMsdocono@aspounds
selected fromcentral nervous system stinulants, nodafinil,
antidepressants, and gamma hydroxybutyrate, to a patient in need thereof.

510. The net hod\ of claimb5, wherein said condition :T;P@ e sexual

dysfunction.Q11's The nmet hod of chai m 10, furtherdco g admi nistering a

conmpound oy, ounds sel ected?fr a group cQ estradi ol ,
estriol, edirddiMi\esters, pj erone and pr

t hereof 10 1" A ad for _the ,(I'éa ment of A gl aucoma or

el evated int cul & essifte Ronpri 3\ topical ion of a

t her apeuti cal Jy~ef f eC\i ve anou of pound a any of clains
1-3, in free or pharnmaleNticall 5acce #bl e salt form

opthal mcally conpati edcarrier to the Fe of a patient F eed t her eof
13. A method for the tratment of psychos sy schi zophreni a, schizoaffective
di sorder, schizophreniform disorder, otr c di sorder, delusional

disorder, and mani a, 20such as 4n acut ani ¢ epi sodes and bi pol ar
di sor der, conprrsrno ~n1n|ster ng a et apeutically effective amount of a

conmpound accgrdi Any of -3, in free pr pparmaceutically
accept abl & orm to a i Ni n d the‘r\ﬁ 4 A nethod for the
treat ment t rayNeti ¢ brain injury srng |gtoa25patient
in need t elof Na G und acclﬁyé\ any a| 1 n free or
phar rraceutr c bl e salt form 15— rreth for henr ng or
enhanci ng gro X eyel ashes by admj nrﬁterr ng/an ef f'eexi ve amount of a

prost agl andi n anal ogue, 09—? bi mat opr ost N‘concom tantly, 308ultaneously
or sequentially with an effective anount of & conpound accor di ng to any of

claims 1-3, in free or salt form 16 Use of a conpo according to any
of claims 1- fag—-the manufacture of qedi camerty f o8-\ reat nent or
prophyl actj clltr at ment of the Ool |pw di seasgs: ar ki nson' s di sease,

restless | dy rs, dysk HOnt i ngton|s di_se
%N " >\: )\%
N\N ‘Q

; @7
S o N

\N s— O =
0“ "N N _ N _ N
§< ‘2:2:> O%N N b OAN N ‘Q
K, A
N % | X |
/
0 N0 9 O=s+4 o g
~ — ~ — ~
N N N
<N < N N
O%N%N b O%N% 2%
N-N N~N 54
NS 4\ \ —N
5 <N)’ N) and >

in free or salt form.
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WO 2010/ 065152PCT/ US2009/ 006443 Al zhei mer' s di sease, and drug-i nduced
novenment di sorders; depression, attention deficit disorder, attention
deficit hypeomassasety di sorder, bipolar illness, anxietyCTalSe@o/ooidgdr der ,
nar col epsy, cognitive inpairnment, denentia, Tourette's syndrone, autism
fragile X syndrome, psychostinmulant w thdrawal, and/or drug addiction;
Scer ebr oyasg Whafméaleg8&d Rompbsiake coMmPHSAS hicempdard cadrdiag seanywidainsnsi on,
pul nonary hypertension, and/or sexual dysfunction; asthma, chronic

obst ruct i vel fuh adméxtyredvisle a pharmaegptigallyjacespipbde Atyuent OF €AUTIEE we| | as
aut oi mune and inflammatory di seases; and/or femal e sexual dysfunction,
exer ci se anenorrhoea, anovul ati on, nenopause, nenopausal synptons,

hypot hyr 6i dASHRth&d 6f fieddileranglof ShefdlloWing Endithings Rarkisadrodjseasef eastledsi ty,
irregul ar nmenstrual cycles, abnormal _uterine bleeding,. osteoggrosis,

mul tiple sclearioeners, dyskinesias Huntmeiumediscasgy lzhgimer s4Hsease, /Y Ity r oi di sm

estrogen | ndusest SRIGNRL LALUNRRLRLEN 4 Bhi GRAGIA0NR B dBidtnY ol sease

or condition characterize evel’s o and/or cGW (or inhibition
of cAMP anddeficit{sierastiving Hisoglepdtipolayithessnarcaétly ssleeppdiesrdem gaepiepsy, 15and/ or
by reduced dopam ne Dl receptor .signaling activity;. and/a ny di sease or
condition t$RENGNSIMPSITEEEE dsPEnty ]%9"?% B Eﬂm%ﬁ’émmo a%'ieogesterone

si gnal i ng. %ﬁmr&ﬁ% QY cHoREm PP QtRH et Ondli o Arid Pacfiidtio, céreBioVlscliad, in free
or pharmaceuti ca 3}) acceptable salt form or a pharmaceutical conposition

acconi ng t disedsaj stmoke, domgestive heam disgateuhypesfensioneiilmanaivthypertenskal ¢ r eat nent
or prophylactj,c treat t of a 20disgase qr. conditijon I d

gl auconma or % %R,ng(g% ﬁﬂ\“ﬁ%‘&’h!a &mﬁ' 8@_§’B’rce°,%sg_5§/t@ﬁc?sullr§l?ns ﬁﬁéz:etg% raIé‘?l/?gT

schi zoaf f echigicFhmRisIas wel @b hdQRAARAE bAd MRhERAOSS disdsys had/ot fadiader der,

del usi onal disorder, and mania, such as in acute nmanic epi sodes and bi pol ar

di sorder; 2Stxualdysfunstipn.zixgrdisej amenorrhgea, Anpydatiels SIANOPASCCHRMRYSHg a
Conmpound accordi ng +.0 an £ clajl - i e ¢ eUkdrGah Y

accept abl e FAMEF Tl}xpoﬁhﬁgfé}%ﬁ% 2% ggerrllg%?alasg@(géﬁgt P%%na\%ﬂ??}i@ ’pEar nmaceutical |y
accepkabl e fidguRiimedktrealrcyties, dbaormid atérinetieeding atteepdrosis, mnlipBOdi sease or
condition selected from Parkinson's disease, restless | eﬁggt renors,

dyski nesi asScleIgpisi Mgsats calarganentePropiptafancery hypofinaaidism, esHedy RdUrHhuced

movenent i | HIBRE SRS Hrbar@hbRRLirRIb AR Idfichscrtohdiion at t ent i on
deficit hypgl?(g)grg@?ltkg@g{ps%?dder ,arﬁ?‘poﬁ’ar e o D06/ 096443

il ness, anzhahoterizddypodilsvelslef cANE awlapSMP doginhibitien ohgeMPrandtor
denentia, To t.e's. syndrome, . auti s f r.agj X syndro C | mul ant
ot o TOUNEY it SR e S b LR P B ARG
congesti ve PRELepHIrsEaRang AMPALL @RGP Ay Midta¥BBREINdMPEREAt #agiben, and/ or
sexual dysfunction; asthma, chronic obstructive .

ameliorated by the enhancement of progesterone signaling; comprising

administering an effective amount of a compound according to any of claims 1-3,

or a pharmaceutical composition according to claim 4, to a patient in need of such

treatment.

25
6. The method of claim 5, wherein the condition is Parkinson’s disease.

7. The method of claim 5, wherein the condition is cognitive impairment.

30 8. The method of claim 5, wherein the condition is narcolepsy.
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pul monary di sease, and/or allergic rhinitis, as well as autoi nmune and

I nfl ammat ory di seases; and/or femal e sexual dysfunction, exercise

anmenor r ho¥e,20emwy1sk at i on, nmenopause, nenopausal synpt onpCThsp@dyeias di sm
pre-menstrual syndrone, premature |abor, infertility, 10irregular nenstrual
cycles, abnormal uterine bleeding, osteoporosis, nultiple sclerosis,

prost at e eenfTR¢ gRtAlof cRINS Rir@efdffisind ¥@ifinériigh sdmp@gidragen- i nduced
endonetrial hyperplasia or carcinona; and/or any di sease or. condition
char act er i zeRmpgunds selpeiod frompeentralperypey wysteacimlants; mad#inil.on of cAWP

andy or COWPRIABRLLIAR, RS IR SRL Pl AARER AeEPERrec Y Or DY

reduced dopamn al'i'ng-ac Ity; or any di sease or
condition that may be aneliorated by the enhancenent of progesterone

signaling; gl aucqoma or . el evated i ntraocuyl ar  pressure; sychosi s,
schi zéph%@n' he method A glamcy, ixhsrein §@ﬂ&en<,lijm§wﬁ éﬁ&fﬁ %P?I&Yﬁﬁgﬁc Bf-der,
20psychoti c di sorder, delusional disorder, and mania, such as in acute

mani ¢ epi sodes and bi pol ar disorder; ‘and traumatic brain injury.
11. The method of claim 10, further comprising administering a compound or

compounds selected from a group consisting of estradiol, estriol, estradiol esters,

progesterone and progestins to a patient in need thereof.

10

12. A method for the treatment of treatment for glaucoma or elevated intraocular
pressure comprising topical administration of a therapeutically effective amount
of a compound according to any of claims 1-3, in free or pharmaceutically

15 acceptable salt form, in an opthalmically compatible carrier to the eye of a patient

in need thereof.

13. A method for the treatment of psychosis, schizophrenia, schizoaffective disorder,
schizophreniform disorder, psychotic disorder, delusional disorder, and mania,
20 such as in acute manic episodes and bipolar disorder, comprising administering a
therapeutically effective amount of a compound according to any of claims 1-3, in

free or pharmaceutically acceptable salt form, to a patient in need thereof.

14. A method for the treatment of traumatic brain injury comprising admistering to a
25 patient in need thereof, a compound according to any of claims 1-3, in free or

pharmaceutically acceptable salt form.

15. A method for lengthening or enhancing grbwth of'the eyelashes by administering
an effective amount of a prostaglandin analogue, €.g., bimatoprost, concomitantly,
30 simultaneously or sequentially with an effective amount of a compound according

to any of claims 1-3, in free or salt form.

16. Use of a compound according to any of claims 1-3 for the manufacture of a
medicament for the treatment or prophylactic treatment of the following diseases:

35 Parkinson’s disease, restless leg, tremors, dyskinesias, Huntington’s disease,
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17.

18.

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
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 PDEI,
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 1-3, in free or pharmaceutically
acceptable salt form, or a pharmaceutical composition according to claim 4, 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 1-3, in free
or pharmaceutically acceptable salt form, in combination or association with a
pharmaceﬁtically acceptable diluent or carrier for use in the treatment of any
disease or condition selected from:
Parkinson’s disease, restless leg, tremors, dyskinesias, Huniington’s disease,
Alzheimer’s disease, and drug-induced movement disorders; depression,

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