WO 2010/ 065148PCT/ US2009/ 006438 ORGANI C COVPOUNDS This application
clainms priority fromU. S. Provisional Application No. 61/120, 440, filed
Decenber w0 280085148he contents of which are hereby i ncorporzsted/obs3s
reference in their entirety. 5 TECHNI CAL FI ELD [ 0001] The present invention
relates to optionally substituted 4,5,7,8-tetrahydro- (optionally 4-oxo,
4-thioxo or 4-imno)-2Him dggeGAnNGcatoMPoURDS, 4-e] pyri m di ne or
4,5,7,8,9-pentahydro-(optionally 4-oxo, 4-thioxo or

4- i mi no) - 2H [Ais appicdtionzclain® rxjquity fromS. Previpignsl Annlisation Np. exanpl e,
conpounds,_.of. F I or [L-A and | |- and,F rul a 1 -A
and | - B) 6&2”8@9@:5%3?%8&5\7\7 3 @geglgégg}%? of HVE% ¢h aﬁ?%ﬁ%@?}f Jécra]qxf)?r%g?rb%se as
phar maceytferaksirAiheirRharefpceut i cal conpositions conprising them O
particular interest are novel conpounds useful as inhibitors of

phosphodi esterase 1 (PDEl), e.g., in the treatnent of diseases involving
di sorders of 15the dopam ne D1 TIRESERIE Lilﬂfsiﬁcel | ul ar pat hway, such as

Par ki nson' s di sease, depression, narcol epsy, damage to cognitive function,
e.g., in g060130pMhePpréentinvetinr @iites tb loatiomatly snbstiatet 4o, 28eedtrabydoergh

enhanced progesterone-signaling pathway, .e.g..,. fenal xyal .dysfunction as
wel | as deplignafly ééa@e“ﬁhwéerﬁ’ai“tlfraﬂ%)-%lﬂam&@tzgﬂli’%h’yﬂﬁq[ga%'quBXFé‘P 135 O AVP

and/or c ielh_C £ ¢ [ PRE1,: { I ind@fl130 by reduced
dopami ne%lrsérbcé%tt%é’dg%(Sﬁﬁ)ﬁhgggcﬁ\’/? ?i:ﬁ g)s“g Bgi@%%%ﬁ%bgé 'Iiﬁg TNVENTI ON

[ 0002 Elgparoléam-¢lpgsmidinphios pkaople stcenmsieds ¢HBEsulh HW(Eobmela Il-deandi f i ed

but only PDEs in Family |, the Ca2+-cal npdul.j n-dependent phosphodi est er ases
(Cant 25 Ty Frrtdo g Jaorulp i 115 FEAPSRO-BORHOTRG AP OnRNT ey el i

nucl eoti i AAIEENR e#icaIR ahd PRarRREAWRMBconTPesitidHsROntprigiMg CaM PDE
genes, P (i%l%tl%rﬁilzt%é?/ﬁfmd PDElC,ealre al | Bexpr essed_(i:or_l .l?:tgrl\trgl nervg%s system
ti ssue. RBEAAGfPasicplae stertst dre aoytloempobadssgfuh apinhibitirghér | evel s of
expression in the CAl .t | ayer f the. hippocampus, and eld um and
at a | ow H%@&Odfeﬁtef% ls@ H%QSUW ﬂ%‘fg\reg%m?né "]5&5%358%?%‘# 815Vsllg%dll%§{dt%ﬁsedfll ung and
hear t15 PREL BopatniRé B 8t A6t aSARIL paivayNsuches Phrkigdonrs diseneat e gyns,

ol factory tract and cerebellum and its expression correlates with brain
regi ons hdpprasgiomi ngrcalensy| darpdgedosasnitiae GInetipmfes viiSCBiFoPMeRRo0Gh PDELB i s
primarily.expressed in the.c Wi it ed in

t he hear tqlsor%ﬁé%?lms? yp%re iaIrrlgerhlo é;}gée?(}%?l? séérglldlﬁ%e cﬁ§ ?gécg}ecr)ar”g/e e %{%IE%I &?ﬁn\? &I

cer ebel | ag.g Ofeariald &xasl dysfurfion at el tas BthePBEéfSeios cahditorxghaesserized byt he

heart and vascul ar smooth nusgle. [0003] Cycl i ucleotid .
phosphodi le¥tleveselsc R randis dGYIP 48 é?ll%ﬂxafesggwbﬁaﬁﬁoa‘@é%@*es%ﬁéﬁrﬁﬁd by
hydr ojyy zi eﬁ‘p&a%ﬁéﬁkb?gﬁegﬁt&%ﬁ“ﬁ ﬁtﬂﬁiers. respective inactive 5

5' - nonophasphat es PDEs play a critical role in
medi ati ng signal transduction in brain cells, particularly within an area

of the brain known as th | i L For exanpl e, NVDA-type
glutamate receptor acti vﬁﬁ%gi&gﬁﬂmﬁ @@Eﬁﬁ ﬁb’%ﬁ%@ept or activation result
i n i ncreasggod|nt macR falffiesCSH phobpAJaRELAES BIDIY)have BadH Wdentifediti vat i on of

effectors such as cal modulin- . )
only PDEs in Family I, the Ca”"-calmodulin-dependent phosphodiesterases (CaM-

25  PDEs), have been shown to mediate both the calcium and cyclic nucleotide (e.g.
cAMP and cGMP) signaling pathways. The three known CaM-PDE genes, PDE1A,
PDEIB, and PDEIC, are all expressed in central nervous system tissue. PDEIA is
expressed throughout the brain with higher levels of expression in the CAl to CA3
layers of the hippocampus and cerebellum and at a low level in the striatum. PDEIA

30 is also expressed in the lung and heart. PDEIB is predominately expressed in the
striatum, dentate gyrus, olfactory tract and cerebellum, and its expression correlates
with brain regions having high levels of dopaminergic innervation. Although PDEIB

is primarily expressed in the central nervous system, it may be detected in the heart.



10 dependent kinase Il (CaMKIl) and calcineurin and to activation of

CaM PDEs, resulting in reduced cAMP and cGW. Dopam ne D1 receptor

acti vati owp 20r/a6h#80t her hand, | eads to activation of necrastédeoaps! ases,
resulting in increased cAMP and cGW. These cyclic nucleotides in turn
activate protein kinase A (PKA; cAWPdependent protein kinase) and/or
protein WpmageisGrinkE e ﬁﬁw %4 PEIERHy dpitathh, debebellnng@nultkalls, Rhesphoryl at e
downst r eam si gnal transduction pathway el ements such as DARPP-32 (dopani ne
and cANPstre»@uhaP@@lﬁhegbh@ppmmdnpt actavd vesaarisnanth Bluselent  bi ndi ng

oot (R, YRR R Lk R R v o

phosphor wiGaMP Q@nﬂfngsb&bﬁid’ralty@m@rtﬂés@d&Sh(Sﬂ@dle(ﬁﬁieptd)’@eﬁtr&d’p@&evdlﬁﬁﬁmeor (PR,
| eadi ng to 20i nduction of physi ol ogic reNfonses Studies in rodents have

suggedt ed’ mmopherphaten (s’ AMPansha’ Gt CoM-RPES playg gritigl ele ivat i on of
d
noboct ot A itingMAHPRARNARE SR Yo SHIANGERALAGESHEE AN i SRR 19,

r esponse kaswaak eHectshsali dahighi £ oetiatand. For example MDA sppeeglutdendt ecefee Mani ,
et al., Science (2000) 287: 1053, the contents of which are llncorporated
herei n b)?c?‘\éﬁt'@Pé‘ﬁé/@r PWA‘F DEAeeentpactiyAtion Essult 5 incrgapdintraceliu

dopam ne- Lo e&%@n gtlgsamg% 5&%{15#'0%5 SdrRLENSs RAhbUAYR i n the basal
ganglia (striatu I nc but not lTimt e to nitric oxide

nor adﬂeneﬁegendpntrieuasetlb(@aMKII(j:@Kd chcieuspand MaquvagbmbﬁﬁaltflePIDEs,g ,  NVDA

receptor, A rec r) BA, tyl chol i enosi ne A2A 30
recept or )res'gpéﬁgﬂ&ﬁ?‘ﬁ@lag A@@%T@?Gﬁﬁ)gtﬁPWF Eﬁpféﬁfm ﬁreacflé(atbén Oﬂl\Pﬁ BNP, CNP),
DARPP32, a4 heitfl aédabitdadtiMafiag 6F hid18tid! Gomkés) eesRRin ViﬁYr&reased cAMP

[ 0005] Phosphodl est erase (PDE) activity, "in particular, phosphodiesterase 1
(PDE1) aendeGiME. Thmtcvdusnuqhedfndas m@msqje/as@spratenrelgmla@tér@l% cdddot or

activity and , | ear P er, u or

regul ati éﬁ ePthrP glani Réﬁt‘f‘ﬂ? V\gJ I&L; (ﬁ&?e&reggﬁl@e%lg Eﬁ%‘ﬁtel nervous
syst g8) |ld"1€dsébdh£l§p}b§]§hdi91fate| ddﬁfﬂs&@aﬁl(%lgiladﬁ@@ddllﬂﬁ)rﬂﬁathﬁﬁﬁﬂbﬁfents@ﬁ@lﬁm ne D2
receptor, nitric oxide, noradrenergic, neurotensin, CCK_ VIP, serotonin,

gl ut amat ©ARPB-32 (dpramine aah e AMP-rognjrtet phasphenrpteinyand cCAMRISPERTYS ne,
d tid
BOoneE Lo R, AR /GOty BRSPS

pr ogest eraotieitysoprateimphgsphitesy (PP, thuebyp lircredsing the stateofof PDELB shoul d act

to potentiate the effect of a dopam ne Dlaonlst ctl cGW and
CAVP f r orRhaeRjoRdatiqnef s “gﬁﬂa%ﬁfﬂﬁ?lﬁs 4Gk asroge Feﬁ?ﬂed‘efgﬁi&rfgk i‘b recept or

si gnali ngp, IB% hys'im %bhké%g Sardds ﬁchHéﬂté Mave%%géyt&i mhevabding i n
intracel | ul ar ca |um Is linked to cel dea I n numerous di sorders,
parti cul aAMPiand n@MIbsjmglmsastthmghlasemm dlsﬂoharameﬂl)lzhepmgcs@on@ar ki nson' s

d Hunt t Di d dj d t
Cadi ng. 15-HEF SRESRGPRBLAP P SIETP IR BT IS PR PBY SO CAT 4t her of or e

pot ent i albyhoHSARS akludhgtths Eaa68s Fé@ﬁél%ta%dcia%ii wiRRYedeptlViepth dapegrine D1
receptor signaling activity, such as Parkinson's disease,
some rodents. See Mani, et al., Science (2000) 287: 1053, the contents of which are

25  incorporated herein by reference.

[0004] CaM-PDEs can therefore affect dopamine-regulated and other
intracellular signaling pathways in the basal ganglia (striatum), including but not
limited to nitric oxide, noradrenergic, neurotensin, CCK, VIP, serotonin, glutamate
(e.g., NMDA receptor, AMPA receptor), GABA, acetylcholine, adenosine (e.g., A2A

30 receptor), cannabinoid receptor, natriuretic peptide (e.g., ANP, BNP, CNP), DARPP-
32, and endorphin intracellular signaling pathways.
[0005] Phosphodiesterase (PDE) activity, in particular, phosphodiesterase 1

(PDE1) activity, functions in brain tissue as a regulator of locomotor activity and



restless | eg syndrone, depression, narcol epsy and cognitive inpairnent.
PDELl inhibitors are al so useful in diseases that may be alleviated by the
enhancenew0 20fo/qosagest er one-si gnal i ng such as femal e seraalusdyofoocIcs i on.

[ 0006] There is thus a need for conpounds that selectively inhibilt PDE1l
activity, 20 especially PDELA and/or PDELB activity. SUMVARY OF THE

| NVENTI %MQ@ZM Bemony.ePDED s RHRYAHEEC APkdt TodchbilaBbR 6F irttat@Fhlar
4,5,7, 8-tetrahydro-2H" 25i m dazo[ 1, 2-a] pyrrol o[ 3, 4-e] pyri m di ne or

éo 5,7, 869'}g¥mm@uywl ays2prefarablyiin telneevous|spstemoinsfusling etpet limigddea e. g., a
ound .of For a ll .0.,. | 1s Il -B.. .

2010/ 065 {4EARP? @2‘66@%@2@%’“%%‘%}1@5 B\EBF %VES’ RQradenergiGain (i) Qis
C(=0), ChzsthienSth=OCRZMIP, Qirotohid;, dluthmate (&.%.,mmgkeseemﬂdmpw H-, -CH2-,
-S-, -S(0)- or -S(02)-; 5(iii)R 1s Hor -4 alkyl (e.g., nethyl); (iv)
R4 i s5H aecemon), GABA kadetyleholine, adenegine ¢¢-gi ddy eGPPrasainpbingidd R3 ar e,

TSP paps ST AAGE, By, R by agRAR B onal Y
i s H and sf3galirsg pathwyy andpridgtsterof® pigasiitg mathwayidr Boryeshinple), intdbiyibn of
PDE1B should act to potentiate the effect of a dopamine D1 agonist by protecting
c¢GMP and cAMP from dégradation, and should similarly inhibit dopamine D2
10  receptor signaling pathways, by inhibiting PDE1 activity. Chronic elevation in
intracellular calcium levels is linked to cell death in numerous disorders, particularly
in neurodegerative diseases such as Alzheimer’s, Parkinson’s and Huntington’s
Diseases and in disorders of the circulatory system leading to stroke and myocardial
infarction. PDEI inhibitors are therefore potentially useful in diseases characterized
15 by reduced dopamine D1 receptor signaling activity, such as Parkinson’s disease,
restless leg syndrome, depression, narcolepsy and cognitive impairment. PDEI
inhibitors are also useful in diseases that may be alleviated by the enhancement of
progesterone-signaling such as female sexual dysfunction.
[0006] There is thus a need for compounds that selectively inhibit PDE1 activity,
20  especially PDE1A and/or PDEIB activity.

SUMMARY OF THE INVENTION
[0007] The invention provides optionally substituted 4,5,7,8-tetrahydro-2H-
25  imidazo[1,2-a]pyrrolo[3,4-¢]pyrimidine or 4,5,7,8,9-pentahydro-2H-pyrimido([1,2-
a]pyrrolo[3,4-e]pyrimidine, e.g., a Compound of Formula II, e.g., II-A or II-B:
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heteroaryl, (optionally hetero)arylal koxy, 15(optionally

hetero)aryl G _6al kyl; or R2 and R3 together forma 3- to 6-nenbered ring;
or R2 is woantydesi4and R4 together forma di-, tri- or tecrarsewlpbase bridge
(pref. wherein the R3 and R4 together have the cis configuration, e.g.,
20where the carbons carrying R3 and R4 have the R and S configurations,
respectively); or (Ppoymtlilaa) -D-E-F, Rboemga 1-B25D i s Cl_4al kyl ene (e.g.,
met hyl ene, ethylene or prop-2-yn-1- ylene); E is a single bond,

C2_4al kyrwhesgie (e.g.,arylene (e.g., phenylene) or heteroarylene (e.g.,

prridnene) Tl Wiemol craspocaentkalie creatyl (¢-0) pyriov
, 2, 4-triazol - (i) - yI) is a single bond, -N(H)-, -CH;-, -S-, -S(0)- or —S(02)-;
5 @iii) R;is H or C;4 alkyl (e.g., methyl);
(iv)  R4is Hor Cy¢ alkyl (e.g., methyl or isopropyl) and R; and R; are,
independently,
H
Ci.6alkyl (e.g., methyl, isopropyl) optionally substituted with halo
10 or hydroxy (e.g., R and Rj are both methyl, or R; is H and R
is methyl, ethyl, isopropyl or hydroxyethyl),
aryl,
heteroaryl,
(optionally hetero)arylalkoxy,
15 (optionally hetero)arylC,.¢alkyl; or
R; and Rj; together form a 3- to 6-membeted ring;
or ‘
R, is H and R3 and R4 together form a di-, tri- or tetramethylene bridge

(pref. wherein the R; and R4 together have the cis configuration, e.g.,

20 where the carbons carrying R; and R4 have the R and S configurations,
respectively);
or
) Rs is
a) —D-E-F, wherein:
25 D is Cj4alkylene (e.g., methylene, ethylene or prop-2-yn-1-
ylene);

E is a single bond, C;4alkynylene (e.g., -C=C-), arylene (e.g.,
phenylene) or heteroarylene (e.g., pyridylene);
Fis
30 H,
aryl (e.g., phenyl),
heteroaryl (e.g., pyridyl, diazolyl, triazolyl, for example,
pyrid-2-yl, imidazol-1-yl, 1,2,4-triazol-1-yl),



halo (e.g., F, Br, CO haloGC _aal kyl (e.g., trifluoronethyl), -C(0)-R15,
-N(R16) (12Z17), or C3_7cycloal kyl optionally containing at | east one atom
sel ect ed woamowegrsup consisting of Nor 0 (e.g., cyclopemuskooooyebBohexyl,
pyrrolidinyl (e.g., pyrrolidin-3- yl), tetrahydro-2H pyran-4-yl, or

nor pholinyl); wherein D, E and F are independently and optionally
substituted with one or mpfohak K ®8rocl), F, G or Br), CL_ 4alkyl (e.g.,
met hyl ), hal oG 4al kyl (e.g., trifluoronethyl), GCi.4alkoxy (e.g., nethoxy),
hydroxy, Cl_4carboxy, or ahala€dialkydrgie.ariffporemetedler oaryl (e.g., bi phenyl
or pyridyl phenyl), for exa d@ F is heteroaryl, e.g., pyridyl substituted
with one or nore halo (e.g., -'I?‘lSUOropyri d-2-yl, 5-fluoropyrid-2-yl,
6-fluoropyrid-2-yl, 3-fluorN@g)(Hi3-otl , 4-fluoropyrid-2-yl,

4, 6-di chloropyrid-2-y1), hal oCl_4alkyl (e.g., 5- trif]uoronethylpyrid-2-yl)
or 4afkyl (e.g., 5-nethyl p§pireyzlaaikyl OaFlOma“igySCanaw,ngét. lgast opr &l

substituted with one or nore ( o o8 PN Ir ®le . 1S a
C3_7heterocycl oal kyl (e.qg., p{%?ércgﬂfg?rﬁfl%ré%%#%%gﬁ?y su rstz@t fed with a

Cl_6al kyl (e.g., 1-nethyl pyrrgjiclopentyB-cytlohexyl, iprraiidinyi€¢.t, pysdlidin-3-
reteroarylaliyl. o 0 L SUnSt Uit cl et oD 00 oG2S Lo the
Cor 2 12 IS, O, R Suben ket ifogep=ndent .
F), d0d Rio is 5hal ogen, substituted with one or more halo (e.g., F, Cl or Br), Ci.
salkyl (e.g., methyl), haloC;4alkyl (e.g., trifluoromethyl),
C).qalkoxy (e.g., methoxy), hydroxy, Cjscarboxy, or an
additional aryl or heteroaryl (e.g., biphenyl or
pyridylphenyl),
15 for example, F is heteroaryl, e.g., pyridyl substituted with one
or more halo (e.g., 6-fluoropyrid-2-yl, 5-fluoropyrid-2-yl,
6-fluoropyrid-2-yl, 3-fluoropyrid-2-yl, 4-fluoropyrid-2-yl,
4,6-dichloropyrid-2-yl), haloC;_salkyl (e.g., 5-
trifluoromethylpyrid-2-yl) or C;4alkyl (e.g., 5S-methylpyrid-
20 2-yl), or F is aryl, e.g., phenyl, substituted with one or more
halo (e.g., 4-fluorophenyl) or F is a Cj.7heterocycloalkyl
(e.g., pyrrolidinyl) optionally substituted with a C.salkyl
(e.g., 1-methylpyrrolidin-3-yl); or
b) a substituted heteroarylalkyl, e.g., substituted with haloC;.
25 salkyl;
c) attached to the nitrogen on the pyrrolo portion of Formula II-A

or II-B and is a moiety of Formula A

Ri2
R4
C O
X /Z
Ra/ \T/ \R10
Rg



Cl al kyl, hal oG _aal kyl (e.g., triflouronmethyl) G _aal koxy (e.g. nethoxy),
C3_7cycl oal kyl , 10heteroC3_7cycl oal kyl (e.g., pyrrolidinyl or piperidinyl),
C _ahal oavbybiomwsgs, trifluoronmethyl), aryl (e.g., phenpCr/ush@dercas vyl
(e.g., pyridyl (for exanple pyrid-2-yl or pyrid-4- yl), or thiadiazolyl
(e.g9., 1,2,3-thiadiazol-4-yl1)), diazolyl 15(e.g., imdazol-1-yl1), triazolyl
(e.g., 1,2,4-triazol-1-yl1), tetrazolyl, arylesmhgan (e.g., benzoyl),

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

20al koxycar bonyl ; wher eiwhar¢io 2arY hnd Rereindapghdengly cNew|Geyand &s, Ro, Rus

het erocycl oal kyl is inde entl.y, opti I ubstj t ut N e or nore
Cl. 4alkyl (e.g., net hyla?‘gqﬂéfif?gléﬂepfgaﬂl?&a%ﬁ?ggl(?g%nr {efg'ugfrj%r\),b’ Eré(fo@Mal Kyl
(e.qg., trifluoronethyl),shydroxy, G _4carboxy, 25-SH or an additional aryl,
het eroaryl (e.g., biphenyl or PYridyl phenyl) or C3_8cycloal kyl, preferably
R10 i § phenyl, pyridyl, pip&egei.nyl or pyrrolidinyl optionally substituted
with the substituents prevFouzﬁi,(\%l defined, e.g. optionally substituted with
hal o or al kyl 30provided that én X, Y, or Zis nitrogen, Rg, RO, or R o,
respectively, is not preseRaloC;4alkyl (e.g., triflouromethyl)

Cj4alkoxy (e.g. methoxy),
Cs.scycloalkyl,
10 heteroCjs.;cycloalkyl (e.g., pyrrolidinyl or piperidinyl),
Ci4haloalkyl (e.g., trifluoromethyl),
aryl (e.g., phenyl),
heteroaryl (e.g., pyridyl (for example pyrid-2-yl or pyrid-4-
yl), or thiadiazolyl (e.g., 1,2,3-thiadiazol-4-yl)), diazolyl
15 (e.g., imidazol-1-yl), triazolyl (e.g., 1,2,4-triazol-1-yl),
tetrazolyl,
arylcarbonyl (e.g., benzoyl),
alkylsulfonyl (e.g., methylsulfonyl),
heteroarylcarbonyl, or
20 alkoxycarbonyl;
wherein the aryl, heteroaryl, cycloalkyl or heterocycloalkyl is
independently, optionally substituted with one or more C;.
salkyl (e.g., methyl), halogen (e.g., chloro or fluoro),
haloC,4alkyl (e.g., trifluoromethyl), hydroxy, C;4carboxy,
25 -SH or an additional aryl, heteroaryl (e.g., biphenyl or
pyridylphenyl) or Cs.scycloalkyl,
preferably R, is phenyl, pyridyl, piperidinyl or pyrrolidinyl
optionally substituted with the substituents previously
defined, e.g. optionally substituted with halo or alkyl
30 provided that when X, Y, or Z is nitrogen, Rg, Ro, or Ry,

respectively, is not present;

(vi) Rgis



(vi)R6 is H  Cldal kyl (e.g., nethyl, ethyl, n-propyl, isobutyl),

C3. 7cycl oal kyl (e.g., cyclopentyl or cycl ohexyl), heteroC3_7cycl oal kyl
(e.g., pywoabiodiessB, piperidinyl, norpholinyl), aryl (ePgT/USpieyd4ps
S5heteroaryl (e.g., pyrid-4-yl1), aryl C 4al kyl (e.g., benzyl), arylam no
(e.g., phenylam no), heteroarylam no, N, N-di Cl4al kyl am no,

10N, N-di aryl am no, N-at YAk (e, Yh&ehyldethls) n)opy10isoButgl
N-phenyl -N- (1, 1" - bi pher11¥4-“;/(l %et hyl gam' %) ,Iﬁg?r)ﬁ- N( ng));( R19), wherein the
aryl and heteroaryl afereystaalindi(¢-g.. syddepantyliosdyddphexybne 150r nore G 4al kyl

e.g., nethyl), hal ., fl yol . hal.0Ci,4al kyl .. -
'E ri 19 | uor ome%/hgll ), ahggﬁ%ﬁﬁ?&%‘iﬁl&g%ﬂ{(g‘gggw rrglr{&éﬁﬂ Q&’c??‘td?nc}'rl]’a O%D)ré?w?ﬁ}igt eroaryl
(e.g., biphenyl or pygivilyd ghghetyl),or C3_8cycloal kyl; (vii) R7 is H,

G _6al kyl (e.g., net hKI or ethyl), hal ogen (e.g., d), - 20N(R18)(R19),
hydrofy or Ci _6al koxYhetexgarylyes..2ygddhryll; (ix) when n=1, Ais -C(RL3R14)-,

(opti onal Iy netero) ar GPe i lRBRSE: B8E L0l 1y hetor o) ar yi G 48l Kyl or Ri4
can forma bridge w t hryR#nido (Rigl,,phenylamino),

heteroarylamino,

N,N-diC,4alkylamino,

10 N,N-diarylamino,

N-aryl-N-(arylC,4alkyl)amino (e.g., N-phenyl-N-(1,1’-biphen-4-
ylmethyl)amino), or
-N(R18)(Ri9),
wherein the aryl and heteroaryl are optionally substituted with one
15 or more C;_4alkyl (e.g., methyl), halogen (e.g., chloro or
fluoro), haloC, 4alkyl (e.g., trifluoromethyl), hydroxy, C;.
scarboxy, or an additional aryl, heteroafyl (e.g., biphenyl or
pyridylphenyl) or Cs.scycloalkyl;
(vii) Ryis H, Cj.6alkyl (e.g., methyl or ethyl), halogen (e.g., Cl), -
20 N(R;s)(R19), hydroxy or C;salkoxy;
(vii) n=0orl;
(ix)  whenn=1, A is -C(R3R4)-, wherein R;3 and R4 are, independently, H
or Calkyl, aryl, heteroaryl, (optionally hetero)arylC,4alkoxy,
(optionally hetero)arylC,.salkyl or R4 can form a bridge with R; or Ry;
25 (%) R;s is Cj4alkyl, haloC;4alkyl, -OH or —-OC, 4alky! (e.g., -OCH3)
(xi) Ry and R;7 are independently H or C;4alkyl;
(xii) R;g and R)¢ are independently
H,
Ci4alky (e.g., methyl, ethyl, n-propyl, isobutyl),

30 Cs.scycloalky (e.g., cyclohexyl or cyclopenyl),
heteroCs.gcycloalky (e.g., pyrrolidinyl, piperidinyl, morpholinyl),
aryl (e.g., phenyl) or
heteroaryl (e.g., pyridyl),



25(x) R15 is Cil4dal kyl, hal oG 4al kyl, -OH or -0Cl4al kyl (e.g., -OCH3) (xi)
R16 and R17 are independently H or G 4alkyl; (xii) R18 and R19 are

i ndependewol2910i65@84al ky (e.g., methyl, ethyl, n-propyl PCrrasbeopbg43s
30C3. 8cycl oal ky (e.g., cyclohexyl or cyclopenyl), heteroC3_8cycl oal ky
(e.g., pyrrolidinyl, piperidinyl, norpholinyl), aryl (e.g., phenyl) or

heteroaryl (e.g., pyriideln saidG2AAQhOSREATRETSPISAANPS0RGAAE] Witkronen sai d
aryl and heteroaryl are optionally substituted with one or nore halo (e.g.,

fl uorophenyl, e.g., 4-fladn¥ghenyl), hydroxy (e.g.,

hydr oxyphenyl, e.g., 4-hyd yRhe - yar ), G _olkyl (e.g.,
met hyl ), hal oG _ol kyl (e. g.El%t(fg%f’lr}ﬁl&%r?gﬁ%’/?%;’q%@@?ﬁlﬁ%, or an
addi tional aryl, heteroaryhyd®xg (ec.ghhpieryphenyl, EGEW-hgdrbpyysheny]) ordt-

C3_8cycloal kyl, (xiii) R20 1s H C _aal kyl or C3 _7cycloalkyl; in free or
salt Porm hydroxyphenyl),

Ci4alkyl (e.g., methyl),
haloC;4alkyl (e.g., trifluoromethyl),
Cj4carboxy, or
an additional aryl, heteroaryl (e.g., biphenyl or
10 pyridylphenyl) or Cs.scycloalkyl,
(xiii) Ry is H, C;4alkyl or Cs.scycloalkyl;

in free or salt form.

[0008] In another aspect, the invention provides a Compound of Formula ], e.g.

15 Formula I-A and I-B:

L_R6 R7
Risy @ - R1\N/Q —
~ °  or )\ NTRs

N“ "N NZ N

Ry | L—Rs
R : R R n
Rs 4 2 Ry Ry
Formula I-A Formula I-B
wherein
(i)  Qis C(=0), C(=8), C(=N(R2)) or CHy;
20 (i1) L is a single bond, -N(H)-, -CH>-, -S-, -S(0O)- or —S(0»)-;

(iii) R, is Hor C,4 alkyl (e.g., methyl);
(iv) Rysis Hor Cy4 alkyl (e.g., methyl or isopropyl) and R; and R; are,
independently,
H or C,.salkyl (e.g., methyl, isopropyl) optionally substituted with
25 halo or hydroxy (e.g., Ry and R; are both methyl, or R; is H and
R; is methyl, ethyl, isopropyl or hydroxyethyl),
aryl,



100081 In anot her aspect, the invention provides a Conpound of Fornula I,
e.g. 15 Fornula I-A and |-B: wherein (i)Qis C(=0), C(=S), C(=N(R20)) or
CH2; 20(iwploiogesr4si ngl e bond, -N(H)-, -CH2-, -S-, -S(O0PCTAIS200800:238; (iii)
RLis Hor Cl4 alkyl (e.g., nmethyl); (iv) R4 is Hor C1_6 alkyl (e.g.,

met hyl or isopropyl) and R2 and R3 are, independently, H or

Cl 6al kyl (e.g., net hb{étemngp,propyl ) optionally substituted with 25hal o or
hydroxy (e.g., R2 and R3 are both nmethyl, or R2 is Hand R3 is nethyl,

ﬁt hyl ,)i sopropyl or héoptiorglbt ksperp)arglalkoxy, ¢tet er oaryl, (optional ly
etero)aryl al koxy, or L |l vy, heter 'yl G _oal kyl; or 5R2 is H and R3
and R4 together form (af)(pglgpéﬁ)}{tnﬁﬁft?%eﬁry@t“g%%t hyl ene b?/i dge (pref. wherein
the R3 and R4 togetdper have the cis configuration, e.g., where the carbons
carryisng R3 and R4 have the R and S configurations, respectjvely); (V)RS5 is

R, is H and R; and R4 together form a di-, tri- or tetramethylene bridge
(pref. wherein the R3 and R, together have the cis configuration, e.g.,

where the carbons carrying R3 and R4 have the R and S configurations,

respectively);
(V) R5 is
10 a) -D-E-F, wherein:

Dis C14élkylene (e.g., methylene, ethylene or prop-2-yn-1-
ylene); '
E is a single bond, Cy.4alkynylene (e.g., -C=C-), arylene (e.g.,
phenylene) or heteroarylene (e.g., pyridylene);
15 Fis
H,
aryl (e.g., phenyl),
heteroaryl (e.g., pyridyl, diazolyl, triazolyl, for example,
pyrid-2-yl, imidazol-1-yl, 1,2,4-triazol-1-yl),
20 halo (e.g., F, Br, Cl),
haloC, salkyl (e.g., trifluoromethyl),
-C(0)-Ris,
-N(R16)(R17), or
Cs.7cycloalkyl optionally containing at least one atom
25 selected from a group consisting of N or O (e.g.,
cyclopentyl, cyclohexyl, pyrrolidinyl (e.g., pyrrolidin-3-
yl), tetrahydro-2 H-pyran-4-yl, or morpholinyl);
wherein D, E and F are independently and optionally
substituted with one or more halo (e.g., F, Cl or Br), C,.
30 salkyl (e.g., methyl), haloC,4alkyl (e.g., trifluoromethyl),
for example, F is heteroaryl, e.g., pyridyl substituted with
one or more halo (e.g., 6-fluoropyrid-2-yl, 5-fluoropyrid-2-
yl, 6-fluoropyrid-2-yl, 3-fluoropyrid-2-yl, 4-fluoropyrid-2-



10a) -D-E-F, wherein: Dis C _aal kylene (e.g., nethylene, ethylene or
prop-2-yn-1lylene); E is a single bond, C24al kynylene (e.g., -Ca-C),

aryl ene (wogoio/qebamyl ene) or heteroarylene (e.g., pyridpCenspoohedidss H,
aryl (e.g., phenyl), heteroaryl (e.g., pyridyl, diazolyl, triazolyl, for
exanmpl e, pyrid-2-yl, imdazol-I-yl, 1,2,4-triazol-1-yl1l), 20halo (e.g., F,
Br, C), hal oG _aal kyl (e.gl,4,6dichloiopyaie2iy), haloENkRLA)ERL B}, or

C3_7cycl oal kyl optionally cont ai ni ng at_ | east one atom 255e| ected. froma

group consisting of N or 0 tiugromethylmysisetrylior Gyalkshexg S-meHpYTidi ny|
, lidin-3- vyl
ARSI 1 s o i e

wherein D, E and F are i ndé y su stltute

more halo (e.g., F, A or Balo (e@l 4- ﬂﬁ&abk&ile@fgxsa%ﬂlbgekc)qycmmyD 4al kyl
(e.qg., trifluoronethyl), for exanp). ter aryl, dyl
substituted with one or no( %ghQVH"’(limbjl) OPBOI? 1010?“ HiHied "?t}wcl *}H;yl

5-fluoropyrid-2- yI 6f|u r h 131% r&pyrleyI
4-fl uoropyrid- 2- gé gh?o‘?%%i%‘” y lcj’nal oCl4al kyl (e.g., 5-

trifluoromethyl pyri d B) yalsubsnn@d lmd:rbyﬂyla(lbylge g, §ubsﬂtlityd pwuhaloalkyl or Fis
aryl, e.g., phenyl, substit one or, nore
4-F1 uor ophenyl ) or F £k %Ftaég d?‘r?e‘W%PB{R,%EP 83ths pyrrolo pomog‘ 6t Formula I-A

or I-B and is a moiety of Formula A

R12
R4
[
X = Z
Rs/ \T ZEEN Ry
10 Ro
Formula A
wherein X, Y and Z are, independently, N or C, and Rg, Ro, Ry;
and R, are independently H or halogen (e.g., Cl or F), and Ry
is
15 halogen,
Ciaalkyl,
Cs.scycloalkyl,

Ci4haloalkyl (e.g., trifluoromethyl),
aryl (e.g., phenyl),

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

arylcarbonyl (e.g., benzoyl),
alkylsulfonyl (e.g., methylsulfonyl),
25 heteroarylcarbonyl, or
alkoxycarbonyl;
provided that when X, Y, or Z is nitrogen, Rg, Rg, or Ry,

respectively, is not present;

10

with one or



5(e.qg., pyrrolidinyl) optionally substituted with a Cl.6al kyl (e.g.,

1-met hyl pyrrolidin-3-yl); or b) a substituted heteroarylal kyl, e.qg.,

substi t utwo 2idsstaal oal kyl ; c) attached to the nitrogenpPom/ush@pysssol o
portion of Formula I-A or I-Band is a noiety of Fornmula A R12 R11 z X
R(YR10 10

(vi)  Reis
H,
Ci.qalkyl,
Cs.cycloalkyl (e.g., cyclopentyl),
5 aryl (e.g., phenyl),
heteroaryl (e.g., pyrid-4-yl),
arylC,4alkyl (e.g., benzyl),
arylamino (e.g., phenylamino),
heteroarylamino,
10 N,N-diC;4alkylamino,
N,N-diarylamino,
N-aryl-N-(arylC, 4alkyl)amino (e.g., N-phenyl-N-(1,1’-biphen-4-
ylmethyl)amino), or
_ -N(R1s)(R19);
15 wherein the aryl or heteroaryl is optionally substituted with one or
more halo (e.g., F, Cl), hydroxy or C;_alkoxy;
(vii) Ryis H, Cyalkyl, halogen (e.g., Cl), -N(R;3)(R19);
(vii) n=0orl;
(ix)  when n=1, A is -C(R;3R4)-, wherein R;3 and R4, are, independently, H
20 or Cy4alkyl, aryl, heteroaryl, (optionally hetero)arylC,4alkoxy or
(optionally hetero)arylCi4alkyl;
x) Rjs is Cj4alkyl, haloC)4alkyl, -OH or —OC,4alkyl (e.g., -OCH3)
(xi) Rj¢ and R;7 are independently H or C;4alkyl;
(xii) R;g and Ry are independently H, C,4alky or aryl (e.g., phenyl)
25 wherein said aryl is optionally substituted with one or more halo (e.g.,
fluorophenyl, e.g., 4-fluorophenyl) or hydroxy (e.g., hydroxyphenyl,
e.g., 4-hydroxyphenyl or 2-hydroxyphenyl)
(xiil) Ry is H, C;4alkyl or Cs.scycloalkyl;
in free, salt or prodrug form.
30
[0009] The invention further provides compounds of Formula I (I-A and I-B) as
follows:

1.1 Formula I-A or I-B, wherein Q is C(=0), C(=S), C(=N(R20)) or CHy;

11



RO Formula A wherein X, Y and Z are, independently, N or C and R8, R9,
RI'1 and R12 are independently H or halogen (e.g., d or F), and Rois 15
hal ogen, WO 2a€B/066W8| oal kyl , G _ahal oal kyl (e.g., trifl rorarseeoapbg43s aryl
(e.g., phenyl), 20 heteroaryl (e.g., pyridyl (for exanple pyrid-2-yl), or
t hi adi azolyl (e.g., 1,2,3-thiadiazol-4-y1)), diazolyl, triazolyl,
tetrazolyl, aryl caopaanlI-Aer 9B oPENZONrkin @% B{=gy! sul fonyl (e.g.,

met hyl sul fonyl ), heteroaryl carbonyl, or al koxycarbonyl ;

1.3 Formula I-A or I-B or 1.1, wherein Q is C(=N(R));

1.4 Formula I-A or I-B or 1.1, wherein Q is CH»;

1.5 Formula I-A or I-B or 1.1, wherein Q is C(=0);

5 1.6  Formula I-A or I-B, or any of 1.1-1.5, wherein L is a single bond, -
N(H)-, -CH,-, -S-, -S(O)- or —S(Oy)-;

1.7 Formula 1.6, wherein L is a single bond,

1.8 Formula 1.6, wherein L is -N(H)-;

1.9 Formula 1.6, wherein L is -CH>-;

10 1.10 Formula 1.6, wherein L is -S-;

1.11  Formula 1.6, wherein L is -S(O)-;

1.12  Formula 1.6, wherein L is —=S(O;)-;

1.13  Formula I-A or [-B, or any of 1.1-1.12, wherein R is H or C;4 alkyl
(e.g., methyl);

15 1.14 Formula 1.13, wherein R, is H;

1.15 Formula 1.13, wherein R; is C;.4 alkyl (e.g., methyl);

1.16 Formula I-A or I-B, or any of 1.1-1.15, wherein R4 is H or C; alkyl
(e.g., methyl, isopropyl) and R, and Rj; are, independently,

H or C,¢alkyl optionally substituted with halo or hydroxy (e.g., R»
20 and R; are both methyl, or R; is H and R3 is methyl, ethyl,
isopropyl or hydroxyethyl),
aryl,
heteroaryl,
(optionally hetero)arylalkoxy, or
25 (optionally hetero)arylC,_ealkyl;

1.17 FormulaI-A or I-B, or any of 1.1-1.15, wherein R, is H and R3 and R4
together form a di-, tri- or tetramethylene bridge (pref. wherein the R3
and R4 together have the cis configuration, e.g., where the carbons
carrying R3 and R4 have the R and S configurations, respectively);

30 1.18 Formula I-A or I-B or any of 1.1-1.17, wherein Rs is —-D-E-F;

1.19 Formula 1.18, wherein D is C,4alkylene (e.g., methylene, ethylene or

prop-2-yn-1-ylene);

1.20 Formula 1.19, wherein D is methylene;

12



provi ded that when X, Y, or Zis nitrogen, Rg, R9, or Rl0O, respectively,
I's not present; WO 2010/ 065148PCT/ US2009/ 006438 (vi) R6 is H C _4al kyl,
C3_7cycl oablkeygloesl4g. , cycl opentyl), bSaryl (e.g., phenyl pCcThst@wnedsips (e. g.,
pyrid-4-yl), aryl Cl4dal kyl (e.g., benzyl), arylam no (e.g., phenylam no),
het er oaryl am no, 10N, N-di Cl4alkyl am no, N, N-di aryl am no,

N-aryl - N-(aryl1Q) 4ad gy Lemialac a. B-1.20- WhaBinl E ¥ sindle bBh®®atkynylene

yl met hyl )am no), or -'N(R18)(1Z19); 15wherein the aryl or heteroaryl is
optional |y substi t uted —fistGr)oarglepe (e.g., phenylene) or heteroarylene (e.g.,

pyridylene);

1.22  Any of formulae 1.18-1.20, wherein E is arylene (e.g., phenylene);

S5 1.23  Any of formulae 1.18-1.20, wherein E is phénylene;

1.24  Any of formulae 1.18-1.20, wherein E is heteroarylene (e.g.,
pyridylene);

1.25 Any of formulae 1.18-1.20, wherein E is phenylene wherein F is para-
substituted;

10 1.26  Any of formulae 1.18-1.20, wherein E is heteroarylene (e.g.,

pyridylene);

127  Any of formulae 1.18-1.20, wherein E is a single bond;
1.28  Any of formulae 1.18-1.27, wherein F is H, aryl (e.g., phenyl),
heteroaryl (e.g., pyridyl, e.g., pyrid-2-yl), halo (e.g., F, Br, Cl), haloC;.
15 salkyl (e.g., trifluoromethyl), -C(O)-Rs, -N(Ri6)(R17), or Cs.
7cycloalkyl. optionally containing at least one atom selected from a
group consisting of N or O (e.g., cyclopentyl, cyclohexyl, pyrrolidinyl
(e.g., pyrrolidin-3-yl), tetrahydro-2 H-pyran-4-yl, or morpholinyl);
1.29 Formula 1.28, wherein F is haloC,4alkyl (e.g., trifluoromethyl);
20 1.30 Formula 1.28, wherein F is trifluoromethyl;
1.31 Formula 1.28, wherein F is halo (e.g., F, Br, Cl);
1.32 Formula 1.28, wherein F is CI,
1.33  Formula 1.28, wherein F is heteroaryl (e.g., pyridyl, e.g., pyrid-2-yl);
1.34 Formula 1.28, wherein F is pyridyl;
25 1.35 Formula 1.28, wherein F is pyrid-2-yl;
1.36 Formula 1.28, wherein F is C3_.;cycloalkyl optionally containing at
least one atom selected from a group consisting of N or O (e.g.,
cyclopentyl, cyclohexyl, pyrrolidinyl (e.g., pyrrolidin-3-yl), tetrahydro-
2H-pyran-4-yl, morpholinyl);
30 1.37 Formula 1.28, wherein F is cyclohexyl;
1.38 Formula 1.28, wherein F is pyrrolidinyl (e.g., pyrrolidin-3-yl);
1.39 Formula 1.28, wherein F is cyclopentyl;
1.40 Formula 1.28, wherein F is tetrahydro-2 H-pyran-4-yl;

13



nore halo (e.g., F, d), hydroxy or G _6al koxy; (vii) R7 is H, C _6alkyl,

hal ogen (e.g., d), -N(R18)(R19); (viii) n =0 or

1;

(ix) when n=1, Ais

- C(R13R14yv020mmesI8N R13 and R14, are, independently, HreOars269/0e@Bky!
aryl, heteroaryl, (optionally hetero)aryl G 4al koxy or (optionally
hetero)aryl G, tal kyl; (X)R15 is G 4al kyl, hal oG 4al kyl, -OH or -CCl -4al kyl

(e.g., -OCH3) 1(9) ﬁ%?fﬁluwﬂzﬁﬂa%e%ﬁmc&@me@e@hwylﬁ or Cldalkyl; (xii) RIB

and R19 are i ndependent|y H, al ky or aryI (e.g

phenyl ) 25mhere|n sai d

aryl is optloria42yFsm§kslia1@8,edhw srebenyl; nor e haI o (e.g., fluorophenyl,

e.g., 4-fluorqphen g henyl , e.qg.

4- hydr oxyphen;1 1]3 yﬂé}rﬂVEﬁ gé li%y'l")elz %Xégl Pﬁg?ﬁ‘ﬁws H, C| 4a| kyI or
C3_7cycl oal kyly.44 n Hdrffila B2} whire Pr-0gOJ-84 andIR, s i§ CQQAky (e, i nventi on
further provides corrpounds of Formula | (I-A and I-B as foll ows;

1. 1Fobnul a |- A or Imghylhealef mabisyl ée.g; tfjuorapetkyl), €

RSyl @ wo

2010/ 065148PCT/ USZO%Z{IQ$6438 1.2Fornmula |I-A or I-B or 1 1, wherein Qis

C(=S); 1.3Formula |

|-B or 1.1, wherein Qis C(=N(R20));

1.45 Any of formulae 1.18-1.44, wherein D, E and F are independently and

optionally substituted with one or more halo (e.g., F, Cl or Br), Ci.

salkyl (e.g., methyl), haloC,4alkyl (e.g., trifluoromethyl), for example,

10 F is heteroaryl, e.g., pyridyl substituted with one or more halo (e.g., 6-

fluoropyrid-2-yl, 5-fluoropyrid-2-yl, 6-fluoropyrid-2-yl, 3-fluoropyrid-
2-yl, 4-fluoropyrid-2-yl, 4,6-dichloropyrid-2-yl), haloC,_salkyl (e.g., 5-

trifluoromethylpyrid-2-yl) or C;4alkyl (e.g., S-methylpyrid-2-yl), or F

is aryl, e.g., phenyl, substituted with one or more halo (e.g., 4-

15 fluorophenyl), or F is a Cs.sheterocycloalkyl (e.g., pyrrolidinyl)

optionally substituted with a C;.¢alkyl (e.g., 1-methylpyrrolidin-3-yl);

1.46 Formula 1.45, wherein F is substituted with one or more halo (e.g., F,

Cl or Br), c14alkyl (e.g., »methyl), halocsalkyl (e.g., trifluoromethyl);

1.47 Formula 1.45, wherein F is 6-fluoropyrid-2-yl;
20 1.48 Formula 1.45, wherein F is 3-fluoropyrid-2-yl;

1.49 Formula 1.45, wherein F is 4-fluoropyrid-2-yl;

1.50 Formula 1.45, wherein F is 5-fluoropyrid-2-yl;

1.51 Formula 1.45, wherein F is heteroaryl, e.g., pyridyl, optionally

substituted with one or more haloC,_4alkyl (e.g., 5-

25 trifluoromethylpyrid-2-yl;

1.52 Formula 1.45, wherein F is 5-trifluoromethylpyrid-2-yl;

1.53 Formula 1.45, wherein F is heteroaryl, e.g., pyridyl, optionally

substituted with one or more C4alkyl (e.g., S:methylpyrid-2-yl);

1.54 Formula 1.45, wherein F is 5-methylpyrid-2-yl;
30 1.55 Formula 1.28, wherein F is -C(O)-R;s and R;s is methyl;

1.56 Formula 1.28, wherein F is -C(O)-R,s and R;s is trifluoromethyl;

1.57 Formula 1.28, wherein F is -C(O)-R;s and R;s51s “OH;

14



l.4Formula I-A or I-Bor 1.1, wherein Qis CH2; 1.5Formula I-A or I-B or

1.1, wherein Qis C(=0); 51.6Formula I-A or I-B, or any of 1.1-1.5, wherein
L is a siwgleilomesds - N(H) -, -CH2-, -S-, -S(0)- or -S(02rT/Usteodmodnsil a 1. 6,
wherein L is a single bond; 1.8Fornmula 1.6, wherein L is -N(H)-; 1.9Formula
1.6, wherein L is -CH2-; 101.10 Fornula 1.6, wherein L is -S; 1.11 Formul a

1.6, wherein l 3gs F%h%ra,l;18l&lec@iwmisacéoﬁmsvuﬁarmgn40(1:154atk§1 e2;; 113
Formula I-A or 1-B, or any of 1.1-1.12, wherein Rl is H or Cl4 aI kyl (e.qg.,

met hyl ); 151. 14 ForG&Ha); 1. 13, vvhereln Rl is H 1.15 Fornula 1.13, wherein

110115, whoreth Apuli o Werfindy e PORRE APl jockatt COF, g ro

and R3 are, | nosgperfdemulayl.28, wherein H‘isON(K%)_(Ra-})kyl optional ly substituted
with halo or hydroxy (e.g., R2 20and R3 are both nethyl Lg)é R2 |s H and R3
i s mebhyl, etH -%@w%ywa -Bhgriamiglek- )t b7, W&lﬁgﬂmRh@tae? fitated (opt i onal Iy

hetero)aryl al koxy, Hleroarylalkyl, e.g., substituted with haloalkyl;
1.62 Formula I-A or I-B or any of 1.1-1.17, wherein R; is attached to one of
the nitrogens on the pyrazolo portion of Formula I-A or I-B and is a

moiety of Formula A

Ri2
Ry4
o
‘ X /Z
Rg/ \T/ \R1o
10 Ro
Formula A

wherein X, Y and Z are, independently, N or C, and Rs, Ry, Ry; and
R, are independently H or halogen (e.g., Cl or F), and Ry is halogen,
C1.salkyl, Cs.scycloalkyl, C;4haloalkyl (e.g., trifluoromethyl), aryl
15 (e.g., phenyl), heteroaryl (e.g., pyridyl (for example pyrid-2-yl), or
thiadiazolyl (e.g., 1,2,3-thiadiazol-4-yl)), diazolyl, triazolyl, tetrazolyl,
arylcarbonyl (e.g., benzoyl), alkylsulfonyl (e.g., methylsulfonyl),
heteroarylcarbonyl, or alkoxycarbonyl; provided that when X, Y, or Z
is nitrogen, Rg, R, or Ry, respectively, is not present
20 1.63 Formula 1.62, wherein Rs is a substituted heteroarylmethyl, e.g., para-
substituted with haloalkyl;
1.64 Formula 1.62, wherein R; is a moiety of Formula A wherein Rg, Ro,
Ry, and Ry, are H and Ry is phenyl;
1.65 Formula 1.62, wherein Rs is a moiety of Formula A wherein Rg, Ro,
25 Ry, and Ry, are H and Ry is pyridyl or thiadiazolyl;
1.66 Formula 1.62, wherein Rs is a moiety of Formula A wherein Rg, Ro,

Ry, and Ry, are, independently, H or halogen, and R, is haloalkyl;

15



25(optionally hetero)aryl G _6alkyl; 1.17 Fornmula I-A or |1-B, or any of
1.1-1.15, wherein RR is Hand R3 and R4 together forma di-, tri- or

t et r amet hwbenw/dssisdge (pref. wherein the R3 and R4 t ogetrherushe@9modsde ci s
configuration, e.g., where the carbons carrying R3 and R4 have the Rand S
configurations, respectively); 301.18 Fornmula I-A or |-B or any of

1.1-1.17, wheredn Rorinsila D6E-Wherdin K ik@midiéd of FéBmulatre vdiefeiPRe,Ro,
C _aal kyl ene (e.g., mnethylene, ethylene or pro}&lz-yn- 1-ylene); 1.20 Formula
1.19, wherein D is Rmtand|Runere, indepandsnaily.df, angrium isdlkyl nyl»0, wherein Eis

a single bond, _4al k 3 ( - , 3 6 ene) or

het er oaryl ene l(é?.g%nﬁépa?/ﬂda%gr%e ?lgiqyzﬁlé'@?%(%%%}{ggs l% C_‘[B‘&m%@vmgr ein E
is arylene (e.g., pbydlkyak.g., TYcRedinl), &kl heteratrplearyld8alkyRQs.gwherein E is
phenyl ene; 1.24 Any of fornulae 1.18-1.20, wherein E is, heteroaryl ene

(e.g. 5 pyridyl ene) ;benzyl anplgmino (e rRiicaylaming. hetorgarypraing N’e}ﬁ:‘dil I-phenyl ene

e e ar 1 o IS M0l 10 g gt !
wherein E is a singhenyeNe(l,11-btheArdrylnietiyd)jamiha) of -NGR1)(R®), wiezeiei n F i s H,
aryl (e.g., phenyl )the aryl or heteroaryl is optionally substituted with one or more halo
(e.g., F, C), hydroxy or C,.¢alkoxy;

10 1.69 Formula 1.68, wherein Rg is H;

1.70  Formula 1.68, wherein R¢is aryl (e.g., phenyl) optionally substituted
with one or more halo (e.g., F, Cl), hydroxy or C,.¢alkoxy;

1.71 Formula 1.68, wherein Rg is Cj4alkyl;

1.72 Formula 1.68, wherein Rg is Cs.scycloalkyl (e.g., cyclopentyl);

15 1.73  Formula 1.68, wherein Rg is fluorophenyl (e.g., 4-fluorophenyl) or
hydroxyphenyl (e.g., 4-hydroxyphenyl or 2-hydroxyphenyl);

1.74 Formula I-A or I-B or any of 1.1-1.73, wherein R is H, C,salkyl (e.g.,
methyl), halogen, -N(R;3)(Ry9);

1.75 Formula 1.74, wherein R71s H;

20 1.76 Formula 1.74, wherein R;is C;¢alkyl (e.g., methyl);

1.77 Formula 1.74, wherein R; is methyl;

1.78 Formula 1.74, wherein R is ethyl;

1.79 Formula I-A or I-B or any of 1.1-1.78, wherein n = 0;

1.80 Formula I-A or I-B or any of 1.1-1.78, whereinn = 1;

25 1.81 Formula 1.80, wherein n=1, A is -C(R;3R4)-, wherein R;3 and R4 are,
independently, H or C4alkyl, aryl, heteroaryl, (optionally
hetero)arylC, 4alkoxy or (optionally hetero)arylC;4alkyl;

1.82 any of the preceding formulae wherein the compound is Formula I-A;

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

30 a group consisting of:
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heteroaryl (e.g., pyridyl, e.g., pyrid-2-y1), halo (e.g., F, Br, d),

hal oG _ 154al kyl (e.g., trifluoronethyl), -C(0)-R15, -N(R16)(Rl7), or C3_
7cycl oal kwb 20piiésnaal |y containing at | east one atom sel ecras2600006438 gr oup
consisting of Nor O (e.g., cyclopentyl, cyclohexyl, pyrrolidinyl

(e.g., pyrrolidin-3-yl), tetrahydro-2H pyran-4-yl, or norpholinyl); 1.29
Formul a 1.28, wherein F is hagFoC _4al kyl (e.qg., | uoronet hyl); 201. 30
Formul a 1.28, wherein Ris uor onet hyl ; ol. la 1.28, wherein Fis
halo (e.g., F, Br, C3). ein Fis d; 1.33 Fornula
1.28, wherein F is heter (e.qg., pyr i@é‘f[l pyrid-2-yl); 1.34

Formula 1.28, whereiN WNis pyr . 251. . . 8, wherein Fis
pyrid-2-yl; 1.36 F a 1.28\u in C3_7cysksal kyl optionally
containing at | east one atom sele d froma group co Fsti ng of Nor O

(e.g., cyclopentyl, cyclohexyl, p§rrolidinyl (e.g., pyrtolidin-3-y1),
t et rahydr o2H pyran-4-yl, norpholinyl); 301.37 Forrru28, wherein F is
c@

cycl ohexyl; 1.38 Fornuwa 1.28, wherein F is pyrrolidi (e.qg.,
pyrrolidin-3-yl); 1. 3% Formula 1.28, wherein F js gychepentyl; 1.40 Fornula

~

1.28, wherein Fis t8tra -2H-pyran-4-y1; N

2010/ 065148PCT/ US20 1. rmul a 1. 2&,4\ ei is aryl (e.g.,
phenyl); 1.42 For a pl. 28) whe F_N hen);LL/; 1.43 la 1.28, wherein
F is 4-fluorophenyl; F

FF

b 2

F FF
O
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NN NN
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1.44 Formula 1.28, wherein Fis -C(0)-R15 and R15 is Cl_4alky (e.g

Smet hyl ), hal oCl4al kyl (e.g., trifluoronethyl), -OH or -0Cl_4al kyl (e g.

- OCH3) ; IwozoAwnssaB f or mul ae 1.18-1. 44, wherein D, E anGCT/IIS2®9/00643s

i ndependent |y and optionally substituted with one or nore halo (e.g., F, O

or Br), Cl_ 4alkyl (e.g., nethyl), hal oG _aal kyl (e.g., tnfluororrethyl),
for exanple, 10 F is heteroary\, e.qg., pyLidyl substituted with one or
more halo (e.g., 6- fluorpRyt 2-yl, 5-florof¥yrid-2-yl,

6-fl uoropyrid-2-yl, 3 u opyr|d2 yI A pyr|d2yl

4, 6- di chl or opyri d- 2 y1), oCl4al kyl (e.lg., J5-N Qr onet hyl pyri d- 2-y1)

or Ci4al kyl (e.g. 5Nme'Nhy pyr -y1), NOFNF i phenyl
substituted with ow nor/e hs (e.qg., 15f | uor oy Xxor Fis a
C3_7heterocycl oal k e.g., pyrrolxdinyl ptionally subsgifilted with a

C _6alkyl (e.g., 1l-nethylpyrrolidifnt3-y1)¥ 1.46 Fornula 1.2%5,, wherein F is
substituted with one or nore_halo (e.g., F, d or_Rr), cidalkyl (e.g.,

met hyl ), hal oci _aal kyl (e. fI uor omet h 1)a 4. 4R Formula 1.45, wherein
Fis 6-fluoropyrid-2-@1;: $0N48 Fornul a 1. nFis
3-fluoropyrid-2-y1; "N’ |ﬁor mul a 1.45, whe is 4-fluoropyrid-2-y1,
1.50 Formul a 1. 45, ,W'rg,r i 5-fl uorog . 51Formul a 1. 45,
wherein F is heterogryl, e.g yridyl, optfionall bstituted with one or
nor e hal oCl4al kyl (%., 5- 2 r']‘luo'rorre yl pyri d- 1; 1.52 Fornula 1.45,
wherein F is 5-triffuoronethylpyri.d-2-yly 1. 53 Fornula :1.45, wherein F is
heteroaryl, e.g., pyridyl, optlonally substltut one or nore

G . 4al kyl (e.qg., 5rrethy|py 2y1) 4F WT , Wherein F is
5-met hyl pyrid-2-y1; 303. éﬁl Ia128 is -C(0)-R15 and R15 is
met hyl; 1.56 Fornmul g 1J{2 stein Fis - S and R15 is
trifluoronethyl; 15'/NF‘F 128 \/\/herrxfflk ) R15 and R15 is -OH;

N~ N
P
@"“ @
O S
/L_/

N\ N7\
NS N NQ/

b
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1.58 Formula 1.28, wherein Fis -C(0)-R15 and R15 is -0C ... 4alkyl (e.g., -
OCH3); 1.59 Formula 1.28, wherein Fis -C(0)-R15 and R15 is -OCH3; 1.60
Forrmul a wepioser4ei n F is -N(R16) (R17); 51.61 Formul a PcAvuszoobAoB468 any of
1.1-1.17, wherein R5 is a substituted heteroarylal kyl, e.g., substituted
wi th hal oal kyl; 1.62 Fornul a I-A or I-Bor any of 1.1-1.17, wherein R5 is

attached to one of the n|tro on the pyrazol o portlon of Formula I-A or
|-B and is a noiety of &onqL %Rlo 1

0
“N
)\ \N
=
Q@

o) HN’@
I
NN

d »/\
N

5 1.84  any of the preceding formulae wherein the compounds inhibit

~

\

2

phosphodiesterase-mediated (e.g., PDE1-mediated, especially PDE1B-

mediated) hydrolysis of cGMP, e.g., with an ICsg of less than 1uM,

preferably less than 750 nM, more preferably less than 500 nM, more

preferably less than 50 nM in an immobilized-metal affinity particle
10 reagent PDE assay, for example, as described in Example 16,

in free or salt form.

[0010] In still another embodiment, the invention provides a compound as
follows:
2.1  aCompound of Formula I-A, I-B, II-A or II-B, or any of 1.1-1.6, 1.14-
15 1.67, 1.74-1.84, wherein L is a single bond or -CHj;-;
2.2  formula 2.1, wherein Rg is
H,

arylamino (e.g., phenylamino),

heteroarylamino,

19



RO Formula A wherein X, Y and Z are, independently, N or C and Rg, RO,
R11 and R12 are independently H or halogen (e.g., O or F), and R10 is
hal ogen, woCGhtalekpB, C3_ 7cycl oal kyl , Ci 4hal oal kyl (e.g. pctrristéogoo@net hyl ),
aryl 15 (e.g., phenyl), heteroaryl (e.g., pyridyl (for exanple-
pyrid-2-y1), or thiadiazolyl (e.g., 1,2, 3-thiadiazol-4-yl)), diazolyl,
triazolyl, tetrazolyl NN-dCylatigndamy! (e.g., benzoyl), alkylsulfonyl (e.g.,

met hyl sul f onyl ), het er oaryl car bonyi , or al koxycarbonyl; provided that
when X, Y, or Z is niNeMgkarylaggno,R9, or' R10, respectively, is not present
N-aryl-N-(arylC,salkyl)amino (e.g., N-phenyl-N-(1,1’-biphen-4-
ylmethyl)amino), or
5 -N(Ris)(Ri9),
-wherein the aryl and heteroaryl are optionally substituted with one
or more Cy4alkyl (e. g.., methyl), halogen (e.g., chloro or
fluoro), haloC4alkyl (e.g., trifluoromethyl), hydroxy, C,.
scarboxy, or an additional aryl, heteroaryl (e.g., biphenyl or
10 pyridylphenyl) or C;.scycloalkyl;
2.3  aCompound of Formula I-A, I-B, II-A or II-B, or any of 1.1-1.6, 1.14-
1.67, 1.74-1.84, wherein L is a single bond, -CH,-, -N(H)-, -S-, -S(O)-
or —S(Oz)-;
2.4  aformula 2.3, wherein Ry is
15 H,
Ci.alkyl (e.g., methyl, ethyl, n-propyl, isobutyl),
Cs.scycloalkyl (e.g., cyclopentyl or cyclohexyl),
heteroC;_scycloalkyl (e.g., pyrrolidinyl, piperidinyl, morpholinyl),
aryl (e.g., phenyl),
20 heteroaryl (e.g., pyrid-4-yl),
arylC;4alkyl (e.g., benzyl),
wherein the aryl and heteroaryl are optionally substituted with one
or more C;4alkyl (e.g., methyl), halogen (e.g., chloro or
fluoro), haloC; 4alkyl (e.g., trifluoromethyl), hydroxy, C;.
25 scarboxy, or an additional aryl, heteroaryl (e.g., biphenyl or
pyridylphenyl) or Cs.scycloalkyl;
2.5 aCompound of Formula I-A, I-B, II-A or II-B, or any of 2.1[0010] -
2.4, wherein Rs is attached to the nitrogen on the pyrrolo portion of

Formula I-A, I-B, II-A or II-B and is a moiety of Formula A

20



20 1.63 Fornula 1.62, wherein R5 is a substituted heteroaryl nethyl, e.qg.,
parasubstituted with haloal kyl; 1.64 Fornmula 1.62, wherein R5 is a noiety
of For nulwoAIwWessEBN Rs, RI9, Rl1l, and R12 are H and R10PC3/Uysh@apbg43s 1. 65
Formula 1.62, wherein R5 is a noiety of Fornula A wherein Rg, R9, 25 R11,
and R12 are H and R10 is pyridyl or thiadiazolyl; 1.66 Formula 1.62,
wherein R5 is a noiety of Formula A wherein RsR{R9, R11, and R12 are,

i ndependently, H or hal ogen, and R1Q is hal oal kyl; 1.67 Formula 1.62,
wherein R5 is a noiety of Fornmula A ein R8, R9/

Rg

Formula A
wherein X, Y and Z are, independently, N or C, and Rg, Ry, Ry;
and R, are independently H or halogen (e.g., Cl or F), and R
5 is
Cs.scycloalkyl,
heteroCs.scycloalkyl (e.g., pyrrolidinyl or piperidinyl),
aryl (e.g., phenyl), or
heteroaryl (e.g., pyridyl (for example pyrid-2-yl or pyrid-4-
10 yD), or thiadiazolyl (e.g., 1,2,3-thiadiazol-4-yl)), diazolyl
(e.g., imidazol-1-yl), triazolyl (e.g., 1,2,4-triazol-1-yl),
tetrazolyl,
wherein the aryl, heteroaryl, cycloalkyl or heterocycloalkyl
is independently, optionally substituted with one or
15 more C,4alkyl (e.g., methyl), halogen (e.g., chloro or
fluoro), haloC, 4alkyl (e.g., trifluoromethyl), hydroxy,
C4carboxy, -SH or an additional aryl or heteroaryl
(e.g., biphenyl or pyridylphenyl),
provided that when X, Y, or Z is nitrogen, Rg, Rg, or Ry,
20 respectively, is not present;
2.6  Formula I-A, I-B, II-A or II-B or any of 2.1-2.5, wherein n = 0;
2.7 Formula I-A, I-B, II-A or II-B or any of 2.1-2.5, wherein n = 1;
2.8  Any of the preceding formulae wherein L is -N(H)-, -S-, -S(O)- or —
S(0O,)-and Rg is:
25 H,
C)4alkyl (e.g., methyl, ethyl, n-propyl, isobutyl),
Cs.icycloalkyl (e.g., cyclopentyl or cyclohexyl),
heteroCs_scycloalkyl (e.g., pyrrolidinyl, piperidinyl, morpholinyl),
21



R11, and R12 are, independently, H and R10 is al kyl sulfonyl; 1.68 Formnula
l-Aor I-Bor any of 1.1-1.67, wherein R6 is H Cl_4alkyl, C3_ 7cycl oal kyl
(e.qg., cywbaopmnisyl4g, aryl, heteroaryl, aryl G 4al kyl (e.gCr/iSb@anyd4ps
arylamno (e.g., phenylam no), heteroarylamno, N, N-diC _ 4al kyl am no,

N, N-di aryl am no, N-aryl-N(aryl G 4alkyl)anmno (e.g.,

Nphenyl - N- (1, 1' - bi phegryf(a/g mBhdtgl)) am no),, or - N(R18) (R19), wherein the aryl
or heteroaryl is optlonally substituted with one or nore halo (e.g., F,
C), hydroxy or Ci _6ah&esopryl{eg. @yrifdryh a 1. 68, wherein R6 is H 1.70
Formul a 1.68, wherein phenyl) optionally substituted with
one or nore hal o (e.g.a‘&sﬁl—‘,“’%&%))i?@'ﬁ'yg?%%)’or Cl_6al koxY; 1.71 Fornula 1.68,
wherein R6 is C _aalllertin tHe 4121 hod hetbadyl Gf, oploaskdy subisitutad Wih day of oal kyl
(e.qg., cyclopentyl); 151.73 Fornula 1.68 ein R6 is fl oro)ohenyl (e.qg.,
4-f T udrophenyl ) or hya}%%}ph?é |e(gefﬁethylhh\gj}w6£%hé hipro gy tluoro

2- hydr oxyphenyl ) ; rein R7 is
H Cl 6al kyl (e.g.. ﬂalﬁ @kﬂaf:g& tﬂﬁu‘l-’rﬁ S %d‘?g‘y’lc% chibby, ) 74,
wherein R7 is H 201. Z@dlﬁomahabd Hcté’r@aryh/(egebnph&?yhos perid@ahdnyll) ¢reCy. |
methyl); 1.77 Formula 1. }i\,hereln R7 is nmethyl; 1.78 Formula 1. 74,
wherein R7 is ethyl; ¢ aﬂﬁ' la I-Aor |-Bor any of 1.1-1.78, wherein n
= 0; 1.80 Formiba 'a Goflp o&nd%ﬁorﬁma pK ﬂ-BlnlAE&II Bher gi f'rbﬂthﬁpﬂece(ﬁﬁ .81
Formul a 1. 80, erelnnl Ais -C(RI 3R14j-, wherein RI3 and Rl14, are,

i ndedéndently, H orfomlglAalvklydrf;mahg/rqmammgrsobﬁtlyllqnw(aiptas defanadyin any of

formula 1.1-1.84;

2.10  any of the preceding formulae, wherein the compound is selected from

any of the following:
O
r\:iN < Nb\( NE\N KQ\(
/)4 FF /)_/ FF.
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het er 0) ar y1Cl- 4al koxy or (optionally hetero)aryl G _4al kyl; 1.82 any of the
precedi ng fornul ae wherein the conmpound is Fornula I-A; 1.83 any of the

pr ecedi ngvbantmuleaswher ei n t he conpound i s sel ected fromrC3Im2@O0G3S8

consi sting of: 0 51.84 any of the preceding formul ae wherein the
conmpounds i nhi bit phosphodi est erase-nedi ated (e.g., PDEl -nediated,

especi al | y PDE1Bnedi at ed) hyenrol ysi s of CGNP e. g ith an | C50 of | ess
than |i AM preferablyd 750 nM mofe y | ess than 500 nM
nore preferably |ess 50 nMin anlrﬂnﬁﬁjijed- affinity particle
10r eagent PDE assay,f?#ﬁiﬁ mpl e, as describgd N > -Ie 16, in free or
salt form [0010] I rNStNI r enbodiy he i ion provides a
conmpound as foll ows/—%. 1a Co nd of F la I-A | Navor 11-B, or

any of 1.1-1.6, 1.1 151.67, 1.¥waf1. 84, erein Llsa' i ¢ bond or
-CH2-; 2.2fornmula 2.1, wherein R Fi is H, ,

F
F —
0O S 0O S\
~ " /\ —
X XN X ION
SRR AR S
Q/OH
O HN
OHN ~
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arylamno (e.g., phenylam no), heteroarylam no, N, N-di Cl_4al kyl am no,

N, N-di aryl am no, N-aryl-N-(aryl G 4al kyDam no (e.qg.

N- phenyl -Wo(201020651@38phen- 4- yl net hyl )am no), or 5- N(RlS)@EZHE&mmmuﬁmseln t he
aryl and heteroaryl are optionally substituted with one or nore -Cl_4al kyl
(e.g., nethyl), halogen (e.g., chloro or fluoro), haloG _aal kyl (e.g.,
trifluoronethyl), hydr@xy, C acarboxy, or an additional aryl, heteroaryl
(e.g., biphenyl or 10'.r|d Iphenyl) or C3 80yc|oalky| 2. 3a Conmpound of

Formula I-A, |-B, II OF My-=B any of 1.1-1.6, 1. 14- 1, 67, 1.74-1.84,
wherein Lisa singl -CH N(H) -, -S— -S(0)-or S(02) . 2.4a
formula 2.3, wherei® RS is 15H, (e.g., nethyl, ethyl, n-propyl,

i sobutyl), C3 _7cycl g (e.qg., cycHopentyI or cycl ohexyl),

het er oC3_7cycl oal ky . 9., pyrrolidinmygt, piperidinyl, norpholinyl), aryl
(e.g., phenyl), 20heteroaryl (e.g., pyrid-4-yl), aryICl _4dal kyl (e.g.,
benzyl), wherein the aryl a@d heteroaryl are optlonally substituted with
one or nore Ci4al kyl (e.g, yl), halogen (e.g., chloro or fluoro),

hal oC _aal kyl (e.qg., trlfNuor megy ydroxy, Cl- 2b5acarboxy, or an

additional aryl, hetero NEES]. or PYridyl phenyl) or
C3_8cycl oal kyl ; 2.5a Cbﬁ%ffgd of For

B, II-Aor Il1-B, or any of
2.1[0010]

N N
Né\iﬁ N)/\N R
/)—/ cl N F
F |
FF Z
7\

2.11  any of the preceding formulae, wherein the compound is selected from

any of the following
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2.4, wherein R5 is attached to the nitrogen on the pyrrolo portion of
Formula I-A |-B, Il-Aor II-Band is a noiety of Formula A Rl2 Fornmula A
wher ei n XyvoYoevigsidsar e, i ndependently, N or C, and Rg, RET/URR009ANE3IR1L2 are
i ndependently H or halogen (e.g., d or F), and R o 5is C3_7cycl oal kyl,

het eroC3_7cycl oal kyl (e.g., pyrrolidinyl or piperidinyl), aryl (e.qg.,

phenyl), or heteroaryl (e.g pyridyl (for_exasple pyrid-2-yl or pyrid-4-
10yl), or thiadiazolyly (e ,2,3-thi aéli%‘gyl)), di azolyl (e.g.,
i mdazol -1-y1), triazalyll (e7g., 1,2, 4. tXkiagol-1-yl1), tetrazolyl, wherein
the aryl, heteroarylj‘\ clycNea] kyl or hetier ac al kyl is independently,

optionally substituwed wth or 15Nor i 4

(e.g., chloro or fl o), halRogl aal (e.qg., fl uoronet hyl), hydroxy,
Ci _4carboxy, -SH or!an additionalhryl' or heteroarykFf(e.g., biphenyl or
pyri dyl phenyl ), provided that wheerf X, Y, or Zis nFt'Fqgen, Rg, R9, or R10,
20respectively, is not present;, 2.6Formula I-A J1<B, II-A or Il-B or any of
2.1-2.5, wherein n 0; 207F la |-A I-B,O_.Ir I1-B or any of
2.1-2.5, wherein n 02 8¢ ed$\8 or mul-ae wherein L is
-N(H)-, -S, -S(0)- ON"- 2)-and R6 i SN Y

(e.g., nethyl), hal ogen

I
'_\
N
o
=
—
my
(0]

o
=

\Nyji( NN
NJ\N /i N NJ\N
g R, PO Q.
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25H, G 4al kyl (e.g., nethyl, ethyl, n-propyl, isobutyl), C3_7cycl oal kyl
(e.g., cyclopentyl or cycl ohexyl), heteroC3 7cycl oal kyl (e.g.,

pyrrol i diwgl2piopiepasi di nyl , norpholinyl), aryl (e.g., pheaylysodmvasoaryl
(e.g., pyrid-4-y1), aryl Cl4alkyl (e.g., benzyl), wherein the aryl and
het eroaryl are optionally substituted wth one or 5nore Cl4al kyl (e.g.,

nmet hyl ), hal ogen (e.qg. chI r fluoro), hal oCl4al kyl (e.qg.,
trifluoronethyl), hydr 8XY s arboxy, or ay dltlonal aryl, heteroaryl
(e.qg. blphenyl or‘pyr d phenyl) or Cﬁ%tgf Al kyl : 2.9 a Conpound of
Fornula l-A 1-B, II- B, or am he precedlng 10f or mul ae, wherein
t he renalnlng substwtu nt def)ne of formula 1.1-1.84; 2.10
any of the precedln rnulae erelln N'he corfpolnd is sel ected from any of
the foll ow ng: any of therné‘éQ|ng fo | ae, wherein the conpound

is selected fron1any of the foll owng
OH

~ = Ak
1 T H?
N7 N /\

\N)‘j:é \N =

NN 2
F I

5 FF #
7\
= F
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, 2.12 any of the preceding fornul ae, wherein the conpound is selected from
any of the follow ng: 00C , WD 2010/ 065148PCT/ US2009/ 006438 2. 13any
of the prwoedingsf4er mul ae, wherein the conpounds i nhi bi PCT/US2009/006438
phosphodi est er ase- nedi ated (e.g., PDEl-nedi ated, especially PDELA- 5and/ or
PDE1B- nedi at ed) hydrolysis of cGW, e.g., with an 1C50 of |ess than 1011M

preferably | ess than IttM I preferably | ess than 750 nM nore
preferably less than % re preferably | ess than 50 nM especial ly
| ess than 1OnMin an b| | Tzed-nmetal affinity particle reagent PDE assay,
for exanple, as desc)\l Exanpl e 16,

2.12  any of the preceding formulae, wherein the compound is selected from

any of the following:
O
LT, *
8 | s
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10in free or salt form 100111l n one enbodi ment, the Conpound of the

I nvention is a Conpound of Fornula I-A 1-B, II-Aor II-B, wherein: (i) Q
is C(=0),wO(edyo6s@8=N(R20)) or CH2; (ii) L is a single lpamdiS2008i6@6438 - N( H) - ,
-S-, -S(0)- or -S(02)-; 15(iii)RL is Hor Cl4 alkyl (e.g., nmethyl); (iv)R4
is Hor C1_6 alkyl (e.g., nethyl or isopropyl) and R2 and R3 are,

i ndependent 1y, C _6al ky e.g., nethyl=ksopropyl) optionally
(e go, are both nethyl, or R2

substituted with hal o 20or [o)
is Hand R3 is nethyl, ethyl, ysopraop or yd oxyet hyl ), aryl,
heteroaryl, (optiongly hetgro aryI aI ox - tlonally

het ero)arylCl _6al kyl], or R2

R2 is H and R3 anwN et her formhy dy -, trltetranethylene bri dge
(pref. wherein the)\RB R4 toget her have the

g configuration, e.qg.,
where the carbond’c ryll\rllg and R4 e the R a configurations,
respectively); 10 R5 @ D-E-F, wherein:

b b

~
jl\ = NA@ N
N N
b @ N g 6 N
2.13  any of the preceding formulae, wherein the compounds inhibit
phosphodiesterase-mediated (e.g., PDE1-mediated, especially PDE1A-
5 and/or PDE1B-mediated) hydrolysis of cGMP, e.g., with an ICsq of
less than 10uM, preferably less than 1uM, still preferably less than 750
nM, more preferably less than 500 nM, more preferably less than 50
nM especially less than 10nM in an immobilized-metal affinity particle
reagent PDE assay, for example, as described in Example 16,
10  in free or salt form.
[0011] In one embodiment, the Compound of the Invention is a Compound of
Formula I-A, I-B, II-A or II-B, wherein:
(B  Qis C(=0), C(=8), C(=N(Ry)) or CH;
(i) L is a single bond, -CH;-, -N(H)-, -S-, -S(O)- or —=S(03)-;
15 - (iii) R;is H or C;4 alkyl (e.g., methyl);
(iv)  Ryis Hor C; alkyl (e.g., methyl or isopropyl) and R; and R; are,
independently,
H
C.salkyl (e.g., methyl, isopropyl) optionally substituted with halo
20 or hydroxy (e.g., R; and Rj are both methyl, or R, is H and R3
is methyl, ethyl, isopropyl or hydroxyethyl),
aryl,

28



Dis C _aal kylene (e.g., nethylene, ethylene or prop-2-yn-1lylene);

E is a single bond, C24al kynylene (e.g., -CnC), arylene (e.g.,

15phenyl eme)lowvosheBer oar yl ene (e.g., pyridylene); F is PCTAS009(0e6438 ,
phenyl ), heteroaryl (e.g., pyridyl, diazolyl,
triazolyl, for exanmple, 20pyrid-2-yl, imdazol-Il-yl, 1,2,4-triazol-1-yl),
halo (e.g., F, Br, O hetefoatyaC _4al kyl (e.g., trifluoronethyl),

-N(R16) (R17), or 25C3_7cycl oal kyl optionally containing at | east one atom
sel ected from a group(apbiasalit hetgrogaryRlkexyo (e.g., cyclopentyl, cycl ohexyl,

pyrrolidinyl (e.g., pyrtalieis3- ydr o- 2H pyran-4-yl, or
nor phol i nyl); wherei ny%ﬁlghélgyngetgog%@qlf?glg(g{é%gent |y and optionally
30substituted w th onR, afid Rptagekigr fortrea 3-6-membetedaingBr), d _ A kyl (e.g.,

met hyl ), hal oCl4al kyl (e.g., trifluoronethyl), Cl_4alkoxy (e.g., nethoxy),
hydroRy, Cl4carboxy! or an additional aryl or heteroaryl (e.g., biphenyl

or pyridyl phenyl), AR i L, fHvibge peidbst i t ut ed
with one or nore hal{zggtg. g. > %KHEAU{O 8%3%%@%{%’,trIS?I?tlegg%pyﬁﬁd-@-??I ,

6-f | uor opyri d- 2-yl ,(pR£ffwhereinphie Rd-add R togetter haveothy cisccopfighration, e.g.,
g;. 6_Cgl_ Zghﬁ;lop%/;i' g_ 2&@%%}%@3&%&1 |R3(a%'dq{4’ha§'é tﬁerlifa}lclll grc%plﬁtgltlr\éligl){sr, hd-2-y1)
respectively);
10 W) Rsis
a) —D-E-F, wherein:
D is C;4alkylene (e.g., methylene, ethylene or prop-2-yn-1-
' ylene);
E is a single bond, C;,4alkynylene (e.g., -C=C-), arylene (e.g.,
15 phenylene) or heteroarylene (e.g., pyridylene);
Fis
H,
aryl (e.g., phenyl),
heteroaryl (e.g., pyridyl, diazolyl, triazolyl, for example,
20 pyrid-2-yl, imidazol-1-yl, 1,2,4-triazol-1-yl),
halo (e.g., F, Br, Cl),
haloC,4alkyl (e.g., trifluoromethyl),
-C(0)-Ris,
-N(Ri6)(R17), or
25 Cs.icycloalkyl optionally containing at least one atom
selected from a group consisting of N or O (e.g.,
cyclopentyl, cyclohexyl, pyrrolidinyl (e.g., pyrrolidin-3-
yl), tetrahydro-2 H-pyran-4-yl, or morpholinyl);
wherein D, E and F are independently and optionally
30 substituted with one or more halo (e.g., F, Cl or Br), C,.
salkyl (e.g., methyl), haloC,4alkyl (e.g., trifluoromethyl),
Ci4alkoxy (e.g., methoxy), hydroxy, Cj4carboxy, or an
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or Fis aryl, e.g., phenyl, substituted with one or nore halo (e.g.,

4-fl uorophenyl) or Fis a C3_7heterocycloal kyl (e.g., pyrrolidinyl)

opti onal Iwo=otmest48t ed with a G _6al kyl (e.g., 1-nethyl pgrruskéodions438yl); or
b) a substituted heteroarylalkyl, e.g., substituted with hal oC i _ 4al kyl;

c) attached to the nitrogen on the pyrrolo portion of Formula I-A 1-B,
I'1-Aor I'I-Band is a noi eaydifbndtQiyTivr derddtd (e.g., biphenyl or
% ..% ... [ Ril Formula A wherein X, Y

and Z are, |ndependently, RyGdylohenyid R8, R9, R 1 and R12 are independently

H or hal ogen (e.g., _4al kyl
(e.g., triflouronethyl )C}V&r QW@?( Elh%térgar%'g?h%(wld% @) KﬁY YERFRQ

het eroC3_7cycl oal kyl (e.g. or ﬁwidfbdlb@t pyb- fhror@melpwl rﬁyﬂn)orobym@rzeyl

a 4ha| oal kyl (e.g., trifl uor onet hy| et eroaryl

(e.g. 3 pyridyl (for exanpl & PW@-%’YI érﬂWPPH“g'z 394‘}%‘18F°ptyﬁ ZdVazol y1

(e.g., 1,2,3-thiadiazol-4- Vs N ! sl-yl), triazolyl
(e.g., 1,2,4-triazol-1- yl)ﬁj%%lg?gg 1di gry %%lr 1 rﬂ%ge g., benzoyl),

al kyl sul f Onyl (e.qg., net hyltlsﬂnlldromyth)llpyrld -2-yl) or C,4alkyl (e.g., 5S-methylpyrid-
2-yl), or F is aryl, e.g., phenyl, substituted with one or more
halo (e.g., 4-fluorophenyl) or F is a Cs.7heterocycloalkyl
10 (e.g., pyrrolidinyl) optionally substituted with a C;_alkyl
(e.g., 1-methylpyrrolidin-3-yl); or
b) a substituted heteroarylalkyl, e.g., substituted with haloC;.

salkyl;
¢) attached to the nitrogen on the pyrrolo portion of Formula I-A,
15 I-B, II-A or II-B and is a moiety of Formula A
Ri2
R11
B
X — Z
Ra/ N T 2N Ry
Rg
Formula A

wherein X, Y and Z are, independently, N or C, and Rg, Rg, Ry}
and R are independently H or halogen (e.g., Cl or F), and Ry
20 is
‘ halogen,
C).qalkyl,
haloC, 4alkyl (e.g., triflouromethyl)
Cj4alkoxy (e.g. methoxy),
25 Cs.scycloalkyl,
heteroCj;.scycloalkyl (e.g., pyrrolidinyl or piperidinyl),
hetero

C,4shaloalkyl (e.g., trifluoromethyl),
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het er oaryl car bonyl , or al koxycarbonyl; 10wherein the aryl, heteroaryl,
cycl oal kyl or heterocycl oal kyl is independently, optionally substituted

wi th one wo 2novees@8  4al kyl (e.g., nethyl), hal ogen (e. @CT/ushé00/006438
fluoro), hal oG _aal kyl (e.g., trifluoromethyl), hydroxy, C _acarboxy, -SH
or an additional aryl or heteroaryl (e.g., biphenyl or 15pyridy|pheny|)
provided that when X, Y, Oaryf(¢.§., Ph&ﬁ@gen Rg, R9, or respectively, is
not present; (vi)R6 is H, 20C _4al kyl (e.qg., nethyl eth n- propyl,

i sobutyl), C3_7cycloal kyl heterparyldg el opedyyforsxamplq itk éwi or pyrid-4-

het er oC3_7cycl oal kyl (e.qg., I r : I
(e.qg., pﬁengl ) he%/er f)ar 3I ((—:"M éj of tﬁlgalg%&xl @ﬁoel %g'tﬂ%f%zgg%&i}%&%%b)l i
benzyl), wherein the aryl anc(etgetlﬁﬁdl&roy-ll -ya), eriazplyl gagl, 1)2,4-tdsdol-d etled Wi t h

one or nmore C _aal kyl (e.g., (ﬁ hal ogen (e.g., chloro or fluoro),
hal oCP_aal kyl (e.g., tr|fluorﬁﬁﬁ% hydroxy, Cl. 4carboxy, or an

G- Boyal oal kyl ; when L | & A% ng?f‘e“@é Bheavygr 30Ry) dvipheny!) o
S(02)-, or- R6 is H, alkylsulfonyl (e.g., methylsulfonyl)
heteroarylcarbonyl, or
alkoxycarbonyl;
10 wherein the aryl, heteroaryl, cycloalkyl or heterocycloalkyl is
' independently, optionally substituted with one or more C,.
salkyl (e.g., methyl), halogen (e.g., chloro or fluoro),
haloC;4alkyl (e.g., trifluoromethyl), hydroxy, C;4carboxy,
-SH or an additional aryl or heteroaryl (e.g., biphenyl or
15 pyridylphenyl),
provided that when X, Y, or Z is nitrogen, Rg, Ro, or Ry,
respectively, is not present;
(vi)  Rgis
H,
20 C,4alkyl (e.g., methyl, ethyl, n-propyl, isobutyl),
Cs.scycloalkyl (e.g., cyclopentyl or cyclohexyl),
heteroCj;_scycloalkyl (e.g., pyrrolidinyl, piperidinyl, morpholinyl),
aryl (e.g., phenyl),
heteroaryl (e.g., pyrid-4-yl),
25 arylC,4alkyl (e.g., benzyl),
wherein the aryl and heteroaryl are optionally substituted with one
or more C;alkyl (e.g., methyl), halogen (e.g., chloro or
fluoro), haloC,4alkyl (e.g., trifluoromethyl), hydroxy, C,.
scarboxy, or an additional aryl, heteroaryl (e.g., biphenyl or
30 pyridylphenyl) or Cs.gcycloalkyl;
when L is a single bond, -CH,-, -N(H)-, -S-, -S(O)- or S(O,)-,
or

Rs is
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arylamno (e.g., phenylam no), heteroarylam no, N, N-di Cl_4al kyl am no,

5N, N-di aryl am no, N-aryl-N-(aryl G _4al kyl)amno (e.g.,

N- phenyl -Wo(2b101065t@38phen- 4- yl net hyl )am no), or -N( R18) ( REF)US200000@B$ t he
aryl and heteroaryl are optionally substituted with one 10or nore Cl. 4al kyl
(e.g., methyl), halogen (e.g., chloro or fluoro), haloCl.4alkyl (e.g.,
trifluoronethyl), hydgoxy, CI 4carboxy, or an additional aryl, heteroaryl
(e.g., biphenyl or PYri dyl Phenyl ) or C3 8cyc| oal kyl; when L is a single
bond or -CH2-: 15(vi i jryiRming (eig., Ghemdamio)(e. g., methyl or et hyl), hal ogen

(e.g., d), - N RlS)(g‘% ﬁ?%rg{n%xy or C 1_6al koxY; (viii) n 0 or 1,
(ix) when n=1, Ais - 3 >wherein R13 and R14, are, independently, H

or G 4alkyl, aryl, heNeNaiCylalkyl@piropnal |y hetero)aryl C _4al koxy,
20(opt|onally hetero)NAél Cl4a| Kyl or Rl14 can forma bridge with R2 or Iti;
(x) RB5 is -OH or - oChgtdigrylaming, | - ocHg) (xi) R16 and R17 are

i ndependently H or SR H,
C _4dal ky (e.g., net hy%ﬂ&gﬁ? m§1§bAAIl[§€? il%gg%glﬂ ?ﬁ&&&d ycl ogpiﬂyx(e g.,
cycl ohexyl or cycl openylylme@ihiairen®)C3r 8cycl oal ky (e.g., pyrrolidinyl,

pi peridinyl, norpholin 1% ﬁril (e.g., phenyl) or heteroaryl, wherein said
aryl and heteroaryl ar twal |y substituted with one or nore halo (e.g.,

fluorophenyl, e.g., 45fhH ARV An)dhe'El%S’a[r?P%e()?ngnally%%tﬁﬁbé%%ﬂ%ne €. g.
4- hydr oxyphenyl or 2-hydroxyphenyl) ., methyl), hal oG 4al kyI

(e.g.10 or more C;_salkyl (e.g., methyl), halogen (e.g., chloro or
fluoro), haloC)4alkyl (e.g., trifluoromethyl), hydroxy, C;.
scarboxy, or an additional aryl, heteroaryl (e.g., biphenyl or
pyridylphenyl) or Cs.scycloalkyl;

when L is a single bond or -CHj-;
15 (vil) Ryis H, Cy¢alkyl (e.g., methyl or ethyl), halogen (e.g., Cl), -
N(R3)(R19), hydroxy or C,¢alkoxy;
(vii) n=0orl;
(ix)  whenn=1, A is -C(Rj3R4)-, wherein R;3 and Ry4 are, independently, H
or Cy4alkyl, aryl, heteroaryl, (optionally hetero)arylC,4alkoxy,
20 (optionally hetero)arylC,4alkyl or R4 can form a bridge with R; or Ry;
(x) R;sis -OH or —OC, 4alkyl (e.g., -OCHj3);
(xi)  Rjgand R;7 are independently H or C,4alkyl;
(xii) Rygand Ryg are independently H, C,_4alky (e.g., methyl, ethyl, n-
propyl, isobutyl), Cs.scycloalky (e.g., cyclohexyl or cyclopenyl),
25 heteroCj_gcycloalky (e.g., pyrrolidinyl, piperidinyl, morpholinyl), aryl
(e.g., phenyl) or heteroaryl, wherein said aryl and heteroaryl are
optionally substituted with one or more halo (e.g., fluorophenyl, e.g.,
4-fluorophenyl), hydroxy (e.g., hydroxyphenyl, e.g., 4-hydroxyphenyl
or 2-hydroxyphenyl) C,alkyl (e.g., methyl), haloC,4alkyl (e.g.,
30 trifluoromethyl), C,4carboxy, or an additional aryl, heteroaryl (e.g.,
biphenyl or pyridylphenyl) or C3-scycloalkyl;
(xiii) Ry is H, C;4alkyl or Cs_scycloalkyl;

in free or salt form.
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30trifluoromethyl), Cl4carboxy, or an additional aryl, heteroaryl (e.g.,

bi phenyl or pyridyl phenyl) or C3 8cycl oal kyl ; (xiii) R0 is H, G 4al kyl
or C3_7cywbaalokgbtasin free or salt form WO 2010/ 065148PTI/SLIH2005906438
[0012] I n still another enbodi nent, the Conmpound of the Invention is a
Conpound of Formula I-A, [-B, Il-Aor II-B, wherein: (i) Qis C(=0), C(=95),

C(=N( R20) 2910@12]042 Iniskill dnoth‘ér amsbm{egt bmaompadi’d of thdl{ddention -a - S(0) - or
-S(02) - (T1iT)RL is Hor -4 al kyl (e. ., methyl); (iv) R4 is Hor Cl.6

al ky: k(le (?ompotmdw,fIFoanulasIo‘bﬂoByII)AahH MWBWGIHRB are, independently,
G _ol ky e.g met | I I substituted th halo 10
hydr oxy (e.qg. (i)RZ Qéé% égl& ggd(_ﬁ?%Vﬂ@dH ul S :—| ;ng R\:,?,VI S mgt ﬁyl o

et hyl, ISOpromﬁb orL hyalsiaglgelohyt) -CHar-W(H)Hes-er(@)ybr, —§(@p)-t onal | y
het er 0) aryl al koxy, 15(£t|onally hetero aryl C _6alkyl, or R2 and R3
t oget Per for m@i3- Roisdd pehbenlkyl (cigagnetyl);

(iv)  Ryis Hor C; alkyl (e.g., methyl or isopropyl) and R; and R; are,
independently,
H
C1.alkyl (e.g., methyl, isopropyl) optionally substituted with halo
10 or hydroxy (e.g., R, and R; are both methyl, or R; is H and R3
is methyl, ethyl, isopropyl or hydroxyethyl),
aryl,
heteroaryl,
(optionally hetero)arylalkoxy,
15 (optionally hetero)arylC,¢alkyl, or
R, and Rj together form a 3- to 6-membered ring;
or
R; is H and R; and R4 together form a di-, tri- or tetramethylene bridge
(pref. wherein the R3 and R4 together have the cis configuration, e.g.,
20 where the carbons carrying R; and R4 have the R and S configurations,
respectively);
W) Rs is attached to the nitrogen on the pyrrolo portion of Formula I-A, I-
B, II-A or II-B and is a moiety of Formula A

Ri2
R11
O
X /Z
Ra/ \T/ \R10
Rg
25 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 Ry¢ is

halogen,
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R2 is Hand R3 and R4 together forma di-, tri- or tetranethylene bridge
(pref. wherein the R3 and R4 together have the cis configuration, e.g.,
20wher e tWe 2mvdsonas carrying R3 and R4 have the R and SpconfSe@unedsdons,
respectively); (v) R5 is attached to the nitrogen on the pyrrolo portion of
Formula 1-A, 1-B, Il-Aor Il-Band is a noiety of Formula A Rl12 Rii XZ

R8RI o R9 25Fornul a A whereiqyalkyly and Z are, independently, N or C, and Rg,
R9, Rl and Rl12 are independentry H or halogen (e.g., d or F), and R10 is
hal ogen, C1 al kyl, hal oClbalogualkel (5.2 tiiflpeiometisibt hyl ) G al koxy (e. g.

met hoxy), C3_7cycl oal kyl, e % F7 kyl (e.g., pyrrolidinyl or
pi peridinyl), C _ahal oal kyi&(‘él.ﬁé).?, t %{fﬁi&%@g’mt hyl), aryl (e.g., phenyl),

heteroaryl (e.g., pyridyl @;9tyddoadkyl] e pyrid-2-yl or pyrid-4- yl), or
t hi adisazol yl (e.g., 1,2,3-thiadiazol-4-y1)), di azo

I .
heteroCs_scycloalkyl (elg., pyrro id&n%'l or piperidinyl),

Cjshaloalkyl (e.g., trifluoromethyl),
aryl (e.g., phenyl),
heteroaryl (e.g., pyridy! (for exandple pyrid-2-yl or pyrid-4-
yl), or thiadiazolyl (e.g., 1,2,3-thiadiazol-4-yl)), diazolyl
10 (e.g., imidazol-1-yl), triazolyl (e.g., 1,2,4-triazol-1-yl),
tetrazolyl,
arylcarbonyl (e.g., benzoyl),
alkylsulfonyl (e.g., methylsulfonyl),
heteroarylcarbonyl, or
15 alkoxycarbonyl;
wherein the aryl, heteroaryl, cycloalkyl or heterocycloalkyl is
independently, optionally substituted with one or more C;.
salkyl (e.g., methyl), halogen (e.g., chloro or fluoro),
haloCj_4alkyl (e.g., trifluoromethyl), hydroxy, Ci4carboxy,
20 -SH or an additional aryl or heteroaryl (e.g., biphenyl or
pyridylphenyl),
provided that when X, Y, or Z is nitrogen, Rg, R, or Rjo,
respectively, is not present;
(vi) Regis
25 H,
Ci4alkyl (e.g., methyl, ethyl, n-propyl, isobutyl),
Cs.scycloalkyl (e.g., cyclopentyl or cyclohexyl),
heteroCs.;cycloalkyl (e.g., pyrrolidinyl, piperidinyl, morpholinyl),
aryl (e.g., phenyl),
30 heteroaryl (e.g., pyrid-4-yl),
' arylCj4alkyl (e.g., benzyl),
wherein the aryl and heteroaryl are optionally substituted with one
or more C;_4alkyl (e.g., methyl), halogen (e.g., chloro or

34



10(e.g., imdazol-1-y1), triazolyl (e.g., 1,2,4-triazol-1-y1), tetrazolyl,
aryl carbonyl (e.g., benzoyl), alkylsulfonyl (e.g., nethylsulfonyl),

het er oar yWoantyaeyi43 or 15al koxycar bonyl ; wherei n the ar pCI/usetenoasy |
cycl oal kyl or heterocycl oal kyl is independently, optionally substituted
with one or nore Cl. 4alkyl (e.g., nethyl), halogen (e.g., chloro or
fluoro), hal oG _aal kyl (fudio), hbroldméﬂﬁ&lo(l”é%t itheroediydhydikdear boxy,  20- SH
or an additional aryl or heteéroaryl (e. 0. henyl or i dyl phenyl ),
provi ded that when X, Y4cmboy,|c§amaddt§g>@hlarvég etﬂg)ar)ch(eglé)lphegg ctively, i

not present; (vi)R6 is 25 thyI et hyl, n-propyl,

| sobutyl), C3_7cyc|oa|kﬁpﬁpgggmn?g§%k5%@hgmp( cyclohexyl)

het er oC3_7cycl oal kyl @hef L isRWinght berd)YCH,HHNEH - JiSA-S(Oywr[8oby-nyl ), aryl
(e.g., phenyl), 30heteroaryl (e.g., pyrid-4-yl), arylC _aal kyl (e.g.,
benzyl) wherein tHE aryI and heteroaryl are optionally substituted with
one or nore Cl 4aIk}¥<S , methyl), halogen (e.g., chloro or fluoro),
hal oC1_4al kyl (e.g. Frlfluoronethyl) hydr oxy, Cl- 4carboxy, or an

addi tional aryl, hete}paryl (e.g., biphenyl or PYridyl phenyl) or
C3_8cycl oal kyl ;

(7))

arylamino (e.g., phenylamino),
heteroarylamino,
10 N,N-diC,4alkylamino,
N,N-diarylamino,
N-aryl-N-(arylC_salkyl)amino (e.g., N-phenyl-N-(1,1°-biphen-4-
ylmethyl)amino), or
-N(Ris)(Ri9),
15 wherein the aryl and heteroaryl are optionally substituted with one
or more C;alkyl (e.g., methyl), halogen (e.g., chloro or
fluoro), haloC,4alkyl (e.g., trifluoromethyl), hydroxy, C.
acarboxy, or an additional aryl, heteroaryl (e.g., biphenyl or
pyridylphenyl) or Cs_gcycloalkyl;
20 when L is a single bond or -CH;-;
(vil) Ryis H, Csalkyl (e.g., methyl or ethyl), halogen (e.g., Cl), -
N(R8)(R)9), hydroxy or C;.salkoxy;
(viii) n=0orl;
(ix) whenn=1, A is -C(Rj3R4)-, wherein R,3 and R4 are, independently, H
25 or Cyqalkyl, aryl, heteroaryl, (optionally hetero)arylC,_salkoxy,
(optionally hetero)arylC;4alkyl or R4 can form a bridge with R or Ry;
x) R;s and R g are independently H, C;alky (e.g., methyl, ethyl, n-
propyl, isobutyl), C3_scycloalky (e.g., cyclohexyl or cyclopenyl),
heteroCs_gcycloalky (e.g., pyrrolidinyl, piperidinyl, morpholinyl), aryl
30 (e.g., phenyl) or heteroaryl, wherein said aryl and heteroaryl are
optionally substituted with one or more halo (e.g., fluorophenyl, e.g.,
4-fluorophenyl), hydroxy (e.g., hydroxyphenyl, e.g., 4-hydroxyphenyl
or 2-hydroxyphenyl) C,salkyl (e.g., methyl), haloC, 4alkyl (e.g.,
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when L is a single bond, -CH2-, -N(H)-, -S, -S(0)- or S(02)-, 50r R6 is H,
arylamno (e.g., phenylam no), heteroaryl am no, 10N, N-di Cl4al kyl am no,

N, N- di ar ywerebromesi™M8ar yl - N- (arylCl4al kyl )ami no (e.g., PCT/US2009/006438
N-phenyl -N- (1, 1' - bi phen-4- yl met hyl )am no), or -N(R18)(R19), 15wherein the
aryl and heteroaryl are optionally substituted with one or nore C 4al kyl

(e.g., methyl), hal@@edronfetByl), Gab,bwbaxprorfahtaaalqbnamyloﬁm&amxé g(e.g.
&)

trifluoromet hyl ), hydrox 4car boxy, an additional aryl, heteroaryl
(e.g., biphenyl or biyhe merémlphecﬂvl)m%@%&l@ék)ﬂyl 20when L is a single

bond or (vii) hyl or eth I hal ogen (e.g.,
a), - NR18) ((ég)sRm%&o éﬁ&r%a{?’k‘ﬂo 1(vm) n yO)or 1; ?i x)(vmgn
n=1, A isinﬁ@éBl?;ﬂﬁLfb}m vvherel n R13 and R14 are, independently, H 25or

G 4al kyl, a het eroaryl, (optionally heter o) ar yI C _4al koxY, (optionally
het er &) ar ﬂpdﬂal ky!Ingret mothergmbagiment, ﬁ»e the Brventiopisax) R g and

& ool CfRBARYER Fotmbla 15 488 9 A B B &m&% ethy' npropyl, isobutyl),

C3_8cycl o g., cyclohexyl or cyclopeny heteroC3_8cycI oal ky (e.qg.,
pyrrolidinyl, @ perQd Gg+0), e @(ENERY)) arGH,;30(e. g., phenyl) or

het er oaryl , V\/n(es ei nL ?sa-II\?(H%-r ;_/IS_ @Sn(o(l))hg; eé(cbzgyl are
(iii) R;is Hor C 4 alkyl (e.g., methyl);
10 (iv) Ryis Hor Ci alkyl (e.g., methyl or isopropyl) and R, and Rj are,
independently,
H
Ci.¢alkyl (e.g., methyl, isopropyl) optionally substituted with halo
or hydroxy (e.g., R; and Rj are both methyl, or R; is H and R3
15 is methyl, ethyl, isopropyl or hydroxyethyl),
aryl,
heteroaryl,
(optionally hetero)arylalkoxy,
(optionally hetero)arylC.salkyl, or
20 R, and Rj together form a 3- to 6-membered ring;
or
R, is H and R; and R4 together form a di-, tri- or tetramethylene bridge
(pref. wherein the R3 and R4 together have the cis configuration, e.g.,
where the carbons carrying R; and R4 have the R and S configurations,
25 respectively);
) R; is attached to the nitrogen on the pyrrolo portion of Formula I-A, I-
B, II-A or II-B and is a moiety of Formula A

R12
Ry1
o
X Z
=
Ra/ \\|(/ \R1o
Rg

36



optionally substituted with one or nore halo (e.g., fluorophenyl, e.g.,
4-fl uorophenyl ), hydroxy (e.g., hydroxyphenyl, e.g., 4-hydroxyphenyl or

2- hydr oxywbenwlgss@s4al kyl (e.g., nethyl), hal oCl4al kyl @eTgiS2009/066438
trifluoronethyl), Ci Acarboxy, or an additional aryl, heteroaryl -(e.g.,

bi phenyl or pyridyl phenyl) or C3.8cycloal kyl; (xi)R20 is H, Cl4al kyl or

C3 _7cycloal kyl; in free or salt form [EHmild A yet anot her enbodi nent, the
Compound of the Invention is a Conpound of Formnula |- l[1-Aor Il-B

wherein: (i) Qis vaesn X, as) Z ary, indepemdentlpy N oss, an@ﬁs,;ﬁq?kilsanqu( H-, -S,
-S(0)- or -5(02)-; R;_g biel i)ldé%JeniiéntB’ ]r g&lﬂgé’}l &yé, éForgF); afERINE) ;10 (V)
Ci4alkoxy (e.g. methoxy),
5 Cs.scycloalkyl,
heteroCs.scycloalkyl (e.g., pyrrolidinyl or piperidinyl),
aryl (e.g., phenyl),
heteroaryl (e.g., pyridyl (for example pyrid-2-yl or pyrid-4-
yl), or thiadiazolyl (e.g., 1,2,3-thiadiazol-4-yl)), diazolyl
10 (e.g., imidazol-1-yl), triazolyl (e.g., 1,2,4-triazol-1-yl),
tetrazolyl,
wherein the aryl, heteroaryl, cycloalkyl or heterocycloalkyl is
independently, optionally substituted with one or more C;.
salkyl (e.g., methyl), halogen (e.g., chloro or fluoro),

15 haloC,4alkyl (e.g., trifluoromethyl), hydroxy, C;.4carboxy,
-SH or an additional aryl or heteroaryl (e.g., biphenyl or
pyridylphenyl),

provided that when X, Y, or Z is nitrogen, Rg, Ro, or Ry,
respectively, is not present;

20 (vi) Rgis

H,

Ci4alkyl (e.g., methyl, ethyl, n-propyl, isobutyl),

Cs.scycloalkyl (e.g., cyclopentyl or.cyclohexyl),
heteroC;.;cycloalkyl (e.g., pyrrolidinyl, piperidinyl, morpholinyl),

25 aryl (e.g., phenyl),

heteroaryl (e.g., pyrid-4-yl),

arylC, 4alkyl (e.g., benzyl),

wherein the aryl and heteroaryl are optionally substituted with one
or more Cj4alkyl (e.g., methyl), halogen (e.g., chloro or

30 fluoro), haloC, 4alkyl (e.g., trifluoromethyl), hydroxy, C;.

scarboxy, or an additional aryl, heteroaryl (e.g., biphenyl or
pyridylphenyl) or C;_scycloalkyl;
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R4 is Hor C1_6 alkyl (e.g., nethyl or isopropyl) and R2 and R3 are,

I ndependently, C _6al kyl (e.g., nethyl, isopropyl) optionally substituted
wi t h hal oworotidsary (e.g., R2 and R3 are both nmethyl, @CcTRZ2009/0b64a$1d R3 15
is methyl, ethyl, isopropyl or hydroxyethyl), aryl, heteroaryl, (optionally
het er o) aryl al koxy, (optionally hetero)aryl G _6alkyl, or 20 R2 and R3

t oget her form(@iB- RAs 6f, TgARYEE. & | Méhyladr ethyR halbgkh éhgl, 8, and R4 t oget her

forma di-, tri- or tetramethylene bridge 25 (pref. wherein the R3 and R4
t oget her have the dﬁl(&%ngb,dwdm&ym,clesa@coxy;mer e the carbons carrying R3
and R4 have t Q%iiﬁ* anm_j O%rcl?nf I gurations, respectively); (v)
(ix) whenn=1, A is -C(R;3R14)-, wherein R;3 and R4, are, independently, H
5 or Cj4alkyl, aryl, heteroaryl, (optionally hetero)arylC,_4alkoxy,
(optionally hetero)arylC;4alkyl or R4 can form a bridge with R; or Ry;
x) R;s and R are independently H, C;4alky (e.g., methyl, ethyl, n-
propyl, isobutyl), Cs_scycloalky (e.g., cyclohexyl or cyclopenyl),
heteroCs_gcycloalky (e.g., pyrrolidinyl, piperidinyl, morpholinyl), aryl

10 (e.g., phenyl) or heteroaryl, wherein said aryl and heteroaryl are
optionally substituted with one or more halo (e.g., fluorophenyl, e.g.,
4-fluorophenyl), hydroxy (e.g., hydroxyphenyl, e.g., 4-hydroxyphenyl
or 2-hydroxyphenyl) C.4alkyl (e.g., methyl), haloC;.alkyl (e.g.,
trifluoromethyl), Cj4carboxy, or an additional aryl, heteroaryl (e.g.,

15 biphenyl or pyridylphenyl) or Cs.scycloalkyl;

(xi) Ry is H, Cj4alkyl or Cs.scycloalkyl;
in free or salt form.
[0014] 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 nine carbon atoms, at least some of which form a nonaromatic
mono- or bicyclic, or bridged cyclic structure, and which may be
optionally substituted, e.g., with halogen (e.g., chloro or fluoro),

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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R5 is attached to the nitrogen on the pyrrolo portion of Formula I-A 1I-
B, Il-Aor IlI-Band is a noiety of Formula A R12 RO Formula A wherein
X, Y and woanw/ossradependent|ly, N or C, and Rg, RO, R i &ou/UR2@®IAN&38

i ndependently H or halogen (e.g., O or F), and R10 is C _4al koxy (e.g.
met hoxy), 5C3_7cycl oal kyl, heteroC3_7cycl oal kyl (e.g., pyrrolidinyl or

pi peridinyl), ar yé) (}@eteroc AbaRYP)is, Uhgdss bARFWse (Rlihted, BMtutldd of f or exanpl e
pyrid-2-yl or pyrid ¥ or thladlazolyl (e.g., 1,2,3-thiadi azol -4-y1)),

di azolyl 10(e.g., |mnsaaxz@bd honarpmatie hacir@pa,rbonq ogety, prefzrably pataeagad, 1-y1) |

tetrazolyl, wherein_t heier I t cycl oal kyl is
i ndependent |y, opt i%rﬁ%r?@y\éﬁﬁlgpls% é??lﬁgg%gggra@r{rnosr’ g{ '&f‘ §[r1%&f0 (e. gy

met hyl ), hal ogen ( ewHich f6fth @mdn&ioniatid Micho- ol bieatlaCor BAdged C}(cﬁcg ,
trifluoronethyl), hydroxy, C14carbox¥ -SH or an additignal 5I Qr

heterdaryl (e.g., DbHPIEEHI wmre@ya{ ,lw C)n atom is replaced with N, O or S,
which heterocycloalkyl may be optionally substituted, e.g., with

halogen (e.g., chloro or fluoro), hydroxy, or carboxy.
(d) “Aryl” as used herein is a mono or bicyclic aromatic hydrocarbon,
preferably phenyl, optionally substituted, e.g., with alkyl (e.g.,
10 methyl), halogen (e.g., chloro or fluoro), haloalkyl (e.g.,
trifluoromethyl), hydroxy, carboxy, or an additional aryl or heteroaryl
(e.g., biphenyl or pyridylphenyl).
(¢) “Heteroaryl” as used herein is an aromatic moiety wherein one or more
of the atoms making up the aromatic ring is sulfur or nitrogen rather
15 than carbon, e.g., pyridyl or thiadiazolyl, which may be optionally
substituted, e.g., with alkyl, halogen, haloalkyl, hydroxy or carboxy.
(f) For ease of reference, the atoms on the pyrazolo-pyrimidine core of the
Compounds of the Invention are numbered in accordance with the

numbering depicted in Formula I, unless otherwise noted.

20 (g) Wherein E is phenylene, the numbering is as follows:
3
6 4
F
5

(h) It is intended that wherein the substituents end in “ene”, for example,
alkylene, phenylene or arylalkylene, said substitutents are intended to
bridge or be connected to two other substituents. Therefore,

25 methylene is intended to be -CH,— and phenylene intended to be —
C¢Hs— and arylalkylene is intended to be -C¢Hs—CH,— or — CH,—
CeHa—.
(i) The Compounds of the Invention are intended to be numbered as

follows:
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provided that when X, Y, or Zis nitrogen, Rg, R9, O R10, respectively, is
not present; 20(vi)R6 is H G _4alkyl (e.g., nethyl, ethyl, n-propyl,

i sobut yl )W0 2010/065148 C3_7cycl oal kyl (e.g., cyclopentyl ecTagedonasdys ),

het eroC3_7cycl oal kyl (e.g., pyrrolidinyl, piperidinyl, norpholinyl), 25aryl
(e.g., phenyl), heteroaryl (e.g., pyrid-4-y1), arylC 4allcyl (e.g.

benzyl), wherein the aryl and hetiergaryl are optionally substi
one or nore C _ol kylg {e g.q_Methyl), halogen (e.g., chloro of

hal oG _4al kyl (e.g., PTNFI4D hyl), hydroxy, CiRra or an
additional aryl, heteroarfyl (e.@N1Rsp henﬂ or PYrid Flephen ) sN—R;s
C3_8cycl oal kyl;  WDg4 CT/ US2009 (506438 (wg\m | Cl_6al kyl
(e.g., nethyl or eth al ogén\(e.g., d), - N(Ff‘l (R roxy or
Cl_6al koxy; (viii) n e 1; (™) when n=1, A i s 3R14) - L-wierei n R13
and R14, are, indePen ent Rg H 50r G _aal kyl, Rz het®® aryI (optionally
het er o) aryl C _aal koxYR3(opt i onal | y hetero) aryl Cl_4dalrgyl or“ R14 can form a

bridge with R2 Or R4;

[0015] Compounds of the Invention, e.g., substituted 4,5,7,8-tetrahydro-2H-
imidazo[1,2-a]pyrrolo[3,4-e]pyrimidine or 4,5,7,8,9-pentahydro-2H-pyrimido[1,2-

5  a]pyrrolo[3,4-e]pyrimidine, e.g., Compounds of Formula I (Formula I-A and I-B),
e.g., any of formulae 1.1-1.84, or a Compound of Formula II (e.g., II-A or II-B), any
of formulae 2.1-2.13 may exist in free or salt form, e.g., as acid addition salts. In this
specification unless otherwise indicated, language such as “Compounds of the
Invention” is to be understood as embracing the compounds in any form, for example

10 free or acid addition salt form, or where the compounds contain acidic substituents, in
base addition salt form. The Compounds of the Invention are intended for use as
pharmaceuticals, therefore pharmaceutically acceptable salts are preferred. Salts
which are unsuitable for pharmaceutical uses may be useful, for example, for the
isolation or purification of free Compounds of the Invention or their pharmaceutically

15  acceptable salts, are therefore also included.

[0016] Compounds of the Invention may in some cases also exist in prodrug
form. A prodrug form is compound which converts in the body to a Compound of the
Invention. For example when the Compounds of the Invention contain hydroxy or
carboxy substituents, these substituents may form physiologically hydrolysable and

20  acceptable esters. As used herein, “physiologically hydrolysable and acceptable
ester” means esters of Compounds of the Invention which are hydrolysable under
physiological conditions to yield acids (in the case of Compounds of the Invention
which have hydroxy substituents) or alcohols (in the case of Compounds of the
Invention which have carboxy substituents) which are themselves physiologically

25  tolerable at doses to be administered. Therefore, wherein the Compound of the
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
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(X) R18 and R19 are independently H, Cl.4alky (e.g., nethyl, ethyl,
npropyl, isobutyl), C3 8cycloal ky (e.g., cyclohexyl or cyclopenyl),

het er oC3 Woyolonmbieg (e.g., pyrrolidinyl, piperidinyl, mpcphuskeoapbes3s aryl
10(e.g., phenyl) or heteroaryl, wherein said aryl and heteroaryl are
optionally substituted with one or nore halo (e.g., fluorophenyl, e.g.,

4-f 1 uor oplagA¥id)on thygﬂﬁx){e %eHg)(;(d);@il r,akypheidmatiely, whérd‘lxydfedxdrﬁﬂﬁmyll or
2- hydr oxyphenyl) C _4alkyl (

eg, met hyl'), hal oG _4al k bd
trifl uor ofghchipvgntian containox gar boyeyligracid dort xgmaple, pouﬁét(’e( nghe( e.

15bi pheny| ny! £xi Ik I or
C3_7cycl c?zgf(%ffemé r%{ggpguo&rﬁ c)sog}pto or mrxf%%‘?ﬁﬁq) f“‘a)ugﬁgral\}migh%sﬁ eeé%lélfl gd or
cl ear fr ok QoipoundHO)O ArAMOL Lalkyb hemdil be bppreciated the)telrmvﬁmg meani ngs:
20(a) "Alkyl" as used herein is a saturated or unsaturated hydrocarbon

noi et Y, pneragesspyventionslpharmagsptical Predrye FIMSng one to six carbon at ons,
whi ch may g@l‘fé' nearTﬁglﬁpﬁﬁ{bogen Qr@@f&emﬂéh ds BPHaﬁ lhy C'gﬁﬂ)%un@ of tRE tri-

substi t ut oro or uoro hydr oxy, or
car boxy. Igbértion’ a&;tqhemb&sybf usiisg the €tbniymuailnof the dnsation dortteabmentrgat ur at ed

nonar omat i.c hydr car n noi e referabl y saturat preferably conprisin
three to 4‘\?%@33@&3 r%ﬁ%setg%/rtl} E%lg‘f" (espretally A ?ngiﬁ?aé “honar onat |m(::) m)no?]

or bicycldy acf%thc{ bg\n hc&}’ Gpamifl U{(%Ewp?or sBHA1iNb hEtivifR Yudeasopt i onal |y

substitute : hal ogen (e.g., chlofo of fluoro), 30hydroxy, or
car boxy. Mhlanmn’ns dllswscylicburaﬂtééy Squlmmnélutlyncfymllﬂ ¥ syndremsr ARSI, at ons

sel ected fr said.c 0

het er ocych'S GB Syn?reﬁne" &ﬁqrgﬁsb%ﬁ?% ! ‘%/11mp"ﬁ"§n%u ﬂfaésﬁézogﬁﬁeéi rla\l/\nngr LeoleRSY cat ed,
sat ur at edan@dﬂéﬁ&@&l‘ﬁt%%d‘ﬂf&[é@éﬂaﬁj theltBAiReAROSF prog&@tetondsighalirap! v
saturated, preferably conprising three to nine carbon atons, at |east sone

of whi ch duch s &mmnbdys@nmﬁ@ror@rdxsﬁaée/@n digordey sushiag gaxrhesis 1of ¢

i ch- ot G olliefl: b buRBAERERRAAIR o BREIRSER M didkesh PO 2,

(e.g.15 c%ﬂr@smerihywmnhbmdwoxy, or carboxy. (d) "Aryl" as used herein is
a nono or bic cI ic aromatic hydrocar bon prefgm%bly phenyl, optionally

subst i t ut 801 Ini angthe FR?‘IbOQ"én"glt the tyentign urthgeproyides @e g . chloro or
fluoro), }rh%}rﬂgéelﬁw:al Q:grn%osmon comprising a Compound of the Invention, in free,

pharmaceutically acceptable salt or prodrug form, in admixture with a
pharmaceutically acceptable carrier.
20
DETAILED DESCRIPTION OF THE INVENTION
Methods of Making Compounds of the Invention
[0019] The compounds of the Invention and their pharmaceutically acceptable
salts may be made using the methods as described and exemplified herein and by
25  methods similar thereto and by methods known in the chemical art. Such methods
include, but not limited to, those described below. If not commercially available,
starting materials for these processes may be made by procedures, which are selected
from the chemical art using techniques which are similar or analogous to the synthesis
of known compounds. Various starting materials and/or Compounds of the Invention
30  may be prepared using methods described in WO 2006/133261 and
PCT/US2007/070551. All references cited herein are hereby incorporated by

reference in their entirety.
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trifluoronmethyl), hydroxy, carboxy, or an additional aryl or heteroaryl
(e.g., biphenyl or pyridylphenyl). (e) "Heteroaryl" as used herein is an
aronat|C\N0nenmmmhere|n one or nore of the atons naki ngPap/ush@oan@ast i c
ring is sulfur or nitrogen rather 15than carbon, e.g., pyridyl or

t hi adi azolyl, which may be optionally substituted e.g., wth alkyl,

hal ogen, hed2eg! Kyl , THYOs@pyurds of @id¥yntidrf ihcladé tesmanfiomedker ence, the
atonms on the pyrazol o-pyrimdine core of the Conpounds of the Invention are
nunber ed diastereqienraers ad Facemataseanyaibay thely nebpmerpby hydratesy srlvates andyn| ess

ot herw se no [ as foll ows:
D2 (0 qﬁeslsgo%eg%n }r%g‘%a? ﬁmE ﬁdéﬁg"?ﬂxt E gﬂ%gflhggjggt&{st e%Hbys "ene", for
exanpl e @htayl €sdle pheRyRepresentativhy lofiiéyblebendsdaitlds sneation ateeneamt &r e
i ntended to bridge or be connected to ot her stituents. Therefore,

; fthg; oo

25(rjret r§y: en‘éuti%bqt ke end the Hésomerpf Web%ﬁeh’eaqb dHiQ a¥ge FeMBRUNAS Cp Hg -
and ary %g&?’h ! Fﬁ% gﬁhl?sgﬁiﬁgntt&t 8y ¢ %ﬁ%ﬁi ogg%?mo?%%sgn@g@trlcg@ﬁ{%rs Tﬁis) J\;‘)e

Conpounds n are I nten to be nu as fol
2010/ 065 1i48mEGE6N Uﬁﬂﬁk&@/tﬁ)@ﬁ%&ﬁ' anRef 2ié- dFically pure stereoisomers as well as any
combination of stereoisomers.
[0021] It is also intended that the Compounds of the Invention encompass
10 their stable and unstable isotopes. Stable isotopes are nonradioactive isotopes which
contain one additional neutron compared to the abundant nuclides of the same species
(i.e., element). It is expected that the activity of compounds comprising such isotopes
would be retained, and such compound would also have utility for measuring
pharmacokinetics of the non-isotopic analogs. For example, the hydrogen atom at a
15  certain position on the Compounds of the Invention may be replaced with deuterium
(a stable isotope which is non-raradioactive). Examples of known stable isotopes
include, but not limited to, deuterium, 13 C, BN, 1B0. Alternatively, unstable
isotopes, which are radioactive isotopes which contain additional neutrons compared
to the abundant nuclides of the same species (i.e., element), e.g., 1237 131 125 e,

20 '8F may replace the corresponding abundant species of I, C and F. Another example
of useful isotope of the compound of the invention is the 'C isotope. These radio
isotopes are useful for radio-imaging and/or pharmacokinetic studies of the
compounds of the invention.

[0022] Melting points are uncorrected and (dec) indicates decomposition.

25  Temperature are given in degrees Celsius (°C); unless otherwise stated, operations are
carried out at room or ambient temperature, that is, at a temperature in the range of
18-25 °C. Chromatography means flash chromatography on silica gel; thin layer
chromatography (TLC) is carried out on silica gel plates. NMR data is in the delta
values of major diagnostic protons, given in parts per million (ppm) relative to

30 tetramethylsilane (TMS) as an internal standard. Conventional abbreviations for
signal shape are used. Coupling constants (J) are given in Hz. For mass spectra (MS),

the lowest mass major ion is reported for molecules where isotope splitting results in

multiple mass spectral peaks Solvent mixture compositions are given as volume
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0015] Compounds of the Invention, e.g., substituted
,5,7,8-tetrahydro-2H imdazo[1l, 2-a] pyrrol o[ 3, 4-¢e]pyrimdine or
7, 8, wpentoaleydso- 2H pyri m do[ 1, 2- 5 a] pyrrol o[ 3, 4- eppyriusxodione3s e. g. ,
ounds of Formula | (Fornula I-A and I-B), e.g., any of fornul ae
1-1.84, or a Conmpound of Formula!! (e.g., II-Aor II-B), any of fornul ae
1-2.13 geedenfasesbr volume @Ridl Sésks WRERIthENBIR s?ﬁ:tr@%&eﬂccﬂﬂﬂbk,l&ﬂy salts. In
this specification unless otherw se indicated, |anguage such as "Conpounds
of the | rdiegnosonsignals arg reportadder st ood as enbraci ng the conmpounds in any
form for |l e free qr.acid .addition salt form or where the conpounds
contain a |ﬁ subs efrpﬁeaﬁ"?gpgﬁeﬁ'laﬁlggge! addition salt form The Conpounds of
the Invention are iBtEndabutyllithisgg as pharnaceuticals, therefore
pharmaceutically acceptable salts are preferred. Salts which are unsuitable
for pHarnmaceutical BeB¥ megri-butyligkephel, for exanple, for the isolation or
purification of fr )1 f .l i.on or their pharmaceutically
15accept abl e sal ts?@ére ere Orge%%()(i@é@ u{(?éd. [ 0016] Conmpounds of the
I nvention may in soDPRAselisapopylettiyddming, prodrug form A prodrug formis

conpound whi ch converts iph the ho to, .a Conpound of the Invention. For
exanpl e when the Coﬁyifuﬁé‘gN&RnleﬁE’?%mi on contain hydroxy or carboxy
substituents, thesepfiistid; PsylB%id2r m physi ol ogi cal Iy hydrol ysabl e and
20accept abl e esters. As usellcri’@ﬁlgrsél n, 1"|c’)hysi ol ogically hydrol ysabl e and

accepltabl e ester" niBaOs disthyt sthef, Conmpounds of the Invention which are
hydr ol ysabl e undernQ@ﬁigl q&h‘cal conditions to yield acids (in the case of
Conpounds of the | ¢ oA ave hydroxy substituents) or al cohols (in
t he case of COWDOUHéh%i\Qf=édh@vdléH{@P,ti on whi ch have carboxy substituents)

whi ch are thensel ves physiologically 25 tolerable at doses to be

admi ni st ered. Ther eli hevur(@her ei n t he Conpound of the Invention contains a

hydr oxy group, for )l.e., Coppound- .ot y%[ er prodrug of such
conmpound, i.e., Co ggﬁgh&lwg;f‘?mg? E@‘Iﬁld C(E:]‘gorﬁgﬁg ragli?){)ze in the body to form
physi g ogi cal | y hydrplys stliemaligefepylafadeound- OH) on the one hand and

acid on the other (e.&. HOC(0)-CG 4al kyl). Alternatively, wherein the
Conpound of the | nvids Hhr meghanelins a car boxylic acid, for exanple,

Compound- C(0) OH, t Gl Helolg of such conpound,
Compound- C(0) 0- G 42?%% gaﬁr?aﬁl%lrl%ﬁrgg{é&?o f orm Conpound- C(0) OH and

HO G 4al kyl . As wi | NCBe= Hpghl@oswdcadmiidee term t hus 5 enbraces conventi onal

phar maceutical prodyug forms. [0017]The invention also provides nethods of
maki ng t he cOnpounggleLl&gﬁoﬁﬁesolem glca.lbonate,

20 NH4OH = ammonium hydroxide,
Pd,(dba); = tris[dibenzylideneacetone]dipalladium(0)
PMB = p-methoxybenzyl,
POCI; = phosphorous oxychloride,
SOCI; = thionyl chloride,
25 TFA = trifluoroacetic acid,
THF = tetrahedrofuran.

[0024] 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
30  indicated.
[0025] In an aspect of the invention, Compounds (I)-A and (I)-B may be

formed by reacting a compound of 1-A and 1-B respectively with for example a Rs-X
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I nvention and nmet hods of using the Conpounds of the Invention for treatnent
of di seases and disorders as set forth bel ow (especially treatnent of

di seases whannaisersgzed by reduced dopam ne D1 receptor PCynskémgo@scsi vity,
such as 10 Parkinson's di sease, Tourette's Syndrome, Autism fragile X
syndronme, ADHD, restless |eg syndrone, depression, cognitive inpairnent of
schi zophrigRisgivenedueR laS PAYF afdla Bhseesh as KR@D; abjvobetedlpetitin@togdvithy t he
enhancenment of progesterone-signaling such as femal e sexual dysfunction, or
a di seasdesiingii sorder such as psychosis or glaucoma). This list is not
intended to be exhaustive and may include other di seases 15and di sorders as
set forth below [0018]In another enbodi nent, the invention further

provi des a_phar macetRd cal conposition conprising a ConpoundL<H; t he

| nvention, Ri-g-@ phar maceutical |y acesget abl e sal Ri~grQ drug form in
admi xture wiflh Hﬁr maceuti caRk-X aceceptable—carrier. |20 L ED

DESCRI PTI ONY THE, | NVENTI ON Met hods of Maki ng Compd¥ind$ of\,t he I nvention

[ 0019] Ther nds’ of the Invention and their phag tiall y acceptabl e
salts may bBsmade using the nethods as descri bed andRex lified herein and
by 25 net hods 1rsém’ | ar thereto and by nethods known in th@-c£hem cal art.
Such nethods ifclude, but not limted to, those described below. |f not
comercially availa I7e, starting materials for these processegs may be nade
by procedur&s, -@high are sel ected fromthgsechen cal an{NG i t echni ques
which are simy) ar _ONHanal ogous Re-X he -synt-hesis—of known ¢ Bads. Various
starting matefTEl s <and/ or Conpounds of the Invention B0 Nay be_prepared

usi ng net hgdsHescr +F68¢ in WO 2006/ 133261 and PCT/ Ug2 705515 Al |
references eRsedherein are hereby incorporated by réffereitte in their
entirety. WD 2010/ 065148PCT/ US2009/ 006438 [ 0020] The Compounds of the

| nvention inclltBle their enantioners, diastereoisonmers an@)-Bacemates, as
wel | as their pol ynorphs, hydrates, solvates and conpl exes. Some individual
conpoundswhireinial tﬁm substibpentdareta idefined/previovslyimy orwledi Ay Id3ubhtAeobBnds.

Repr esent @%ﬂ)&%? Xolfs a‘i‘é’a%%gegl%ﬁﬂ gﬁcl{ &4 ltﬂélg gé-n':] Kl%%lg@pop{ogyl%am to

[0026] Alternatively, compounds I-A, I-B, II-A and II-B, wherein L is —
N(H)-, -S-, -S(0)- or S(O),- may be synthesized by reacting a compound of 1-C and
10  1-D respectively with for example a Rg-L-H in a solvent such as DMF or in neat

condition with heating:

X L-R
Risy Q= Risp-Qe ®
N-Rs Re-LH - N-R
N)\N \R * 8 NJ\N \R ’
7 7
RZ R3 R4 R2 R3 R4
1-C (n-A
R7 R7
N-Rs + RglLH — s
N)\N ® NJ\N \L R
X g
R, R3 R4 Ry R R4
1-D (-8

wherein all the other substituents are as defined previously in Formula I-A, I-B, II-A
or II-B above; X is a leaving group such as a halogen group.
15
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5 include both the E and the Z isoner of the double bond. In addition, sone
conpounds within the scope of this invention nmay contain one or nore

asynmet r iwocerwmssls This i nvention includes the use of auy/ustomhesseptically
pure stereoi soners as well as any conbi nation of stereoisoners. [0021]1t is
al so intended that the Conpounds of the Invention enconpass 10their stable

and unst ab[bez-gs Ot OPESmMpSuRPl -, eSO WREEINAD & @ﬁ"@)@ﬁlﬂ@@féd Mdoios@bapasayvhi ch
contain one additional neutron conpared to the abundant nuclides of the
same spechagreparedby, eeg.ereaating canepquad dxB etheaichlpgnatingareagant §aehasof conpounds

conpri si sych isotopes wuld be r i n . woul d al so
have uti rl?qxgaﬁ%ﬁpe%ggﬁﬁiﬁ& r??ﬁ%en(gfcao%oﬁétb?gesorgﬂ H;(u%ﬁ?e%g%@{ggéﬁ?g%i ¢ anal ogs.
For exanpligiIMbReChypbegE I-IBietdT) wherainl® iCE(G ahd0$ 4 ElflorogroupemGobpounds  of
the Invention may be replaced with deuterium (a stable isotqpe which is
non- r & adprepared b)e. g Beaningeonpound dn vathanthlosinaingyeagenh suchACS KNt not
limted t - . 2at.l , I opes,
whi ch ar e&rrlcérg?%%ﬁﬂln@ f%gts @B%‘it%\yﬂ? %%@ggﬁ?é@%ﬁ‘% %i;(ﬂeén%ﬁ%%iéﬁd?drrgtﬁg&g)npar ed
to the abgioogmichsel patesetiioxybenzyh(RMBpgmiupandy beadded|peivend he reacgion. 20 18F,

APl 6 0P e Qhig EPDR B, GNP B s YR S Bl nFagen
exanple o >

i sot ope. Lo, di Q4 { i ;

bhar maoK hat b ftbced STAPRFEBAGITE, BT AMVIRAC ks IR BESENIE 1 ng

poi nt ) ar @eprotetadgryiredo aodp@uel) withkiiX ahesird¥de apenying gnoup 36cheasger at ure are

given in degrees | si us : unl ess. ot herw se stat 0 ations are
carried o}i?igﬁf"% tﬁr"ré‘?ﬁ&%‘ﬁt““ﬁgﬁlﬁé‘r‘;ﬁoﬂﬁ'@,onffpa leﬁ]sf'%a rf;-f){ Pature in
the range of 18-25 C. Chromatography neans flash chromat ograptxy on silica
gel ; thin lrayeg chromatography (TLC) is carried out oftrgj-Hical gel pl at es.
NMVR data is ith t eNiqista val ues ck? maj obHHMQfgnost i ¢ protjonsl. g Ven in parts
per millionyéppmelative to 382 ©tramethylsiTane (T %\ s ak i nternal

st andar d. nti &kal abbreviations for signal shapg sed” Coupling
constants .b)s aRg given in Hz. For mass spectra (MS), ‘fhe Towest mass mgj or
ion is reported for nolecules where isotope splitting results in multiple
mass spectral fpeaks Sol vent m xture conpositions are gi vetrCas vol une
percentages or volunme ratios. In cases where the NVR spectra are conpl ex,

only diagnostic sigml s are reported. [0023] Terns and q@pr,@/i ayions: BuLi =
n-butyl it hifirgy H = tert-butyl alcohol, CAN = anmmoni mc PR (V)
nitrate, DI PEAl= aij¥oBr opyket hyCani ne—BMF—=N- di net |y i de, DMSO =
di met hyl sul NoxiNde, kX
3
1-F 1D
[0028] Compounds (I)-E and (I)-F may be formed by reacting a compound of

15 1-G and 1-H respectively with for example a Rs-X in a solvent such as DMF and a

base such as K,CO; at room temperature or with heating:
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10Et 20 = diethyl ether, EtOAc = ethyl acetate, equiv. = equivalent(s), h =
hour (s), HPLC =hi gh performance |iquid chromatography, 15LDA = lithium

di i sopr opybanmiodesMBOH = nmet hanol, NBS = N-bronpsucci ni mPde/usaHno643s

N chl or osucci ni m de NaHCO3= sodi um bi car bonate, 20NHACH = anmoni um

hydr oxi de, Pd2(dba)3 = tris[dibenzylideneacetone]dipalladium0) PMB =

p- met hoxybgnzyh, POC1l3 = phosphorous oxychl oride, SOEHZ =lhionyl chloride,
25TFA = trifINior ic acid, gHg = tetratesdrofuran. [0 24@&-&ynt hetic
met hods in ,rthi\ﬁ FRyention are i1l ustrared berow ™ The N?>NSTYni ficances for
the R group e aRr,set forth above for fornula | unl ebgi{ot heRwi se

30i ndi cat &% [DR25] In an aspect of the invention, Cdipgunds (1)-A and (1)-B
may be formed by reacting a conpound of 1-A and 1-B respectively with for

exanpl e a R5-X% A 1-E
R Rz
NH + RgX N-Rs
NS : NN
Rz RI3 R4 RZ R3 R4
2-B 1-F

wherein all the substituents are as defined previously in Formula I-A, I-B, II-A or II-

B; X is a leaving group such as a halogen group, mesylate or tosylate.

5 [0029] Intermediate 2, e.g., wherein Q is C(=0) may be prepared by, e.g.,
reacting Intermediate 3 with sodium hydride and para-toluenesulfonylmethyl
isocyanide.

R1\ rQ : H R ~ —Q
d h 1
)N\ ] sodium hydride )N\ W
N” "N p-toluenesulfonylmethyl isocyanide N” "N
R2 R R4 Rz R3 R4
3 2
[0030] Alternatively and preferably, Intermediate 2, e.g., wherein Q is C(=0)

10  is prepared by, e.g., reacting Intermediate 3 with a strong base such as sodium hydride
and a reagent such as TsCHR7NC in a solvent such as THF:
Rixp-Q

by ] _ TsCHR;NC . )N\ /I\:<'\NH
N™ N base NN R
7
R2 R3 R4 R2 R3 R4
3 2
[0031] Intermediate 3 may be prepared by, e.g., reacting Intermediate 4 with

diethyl azodicarboxylate in the presence of triphenylphosphine.
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WD 2010/ 065148PCT/ US2009/ 006438 in a sol vent such as DMF and a base such as

K2CO8 at roomtenperature or with heating: 1-B(1)-B 5wherein all the
subst i t utwoteloawel4as defined previously in Fornula |-A, PCTRIS2000/086408 |1- B
above; X is a |leaving group such as a hal ogen, nesylate, or tosylate.

[ 0026] Al ternatively, conpounds I-A, 1-B, Il-Aand Il-B, wherein L is -

NH-, -S, -S(0)- or S(0)2- may be synthesized by reacting a conpound of
1-C and 10 1- D raspectlvely with for exanple a R6-L-H in a sol vent such as
DVF or in neat’Néondition th heating: X \(N')Q- wherein all the other
substituents gg deflﬁg&"previ ously in Hormiila 1-A, 1-B, II-A" or I1-B
above; X is Ie Vi ng grlgg such as a hal §gedN group. 15 WD
2010/ 065148P<Y/ LS4009/ 00 [ 0027] Conpoun -C, e.g., wherein Qis C(=0)
and X is a ro group, may be prepared b@eg reacting conpound 1-E
with a chlorinating reagent such as hexachl droethane in the presence of a
strong base or lithiumreagent such as Li HVMDSS Conpound 1-D, e.g., wherein
Qis C(=0) and X is a chloro group, may be

[0032] Alternatively and preferably, Intermediate 3 may be prepared by, e.g.,

reacting Intermediate 4 with a dehydrating reagent such as diethyl azodicarboxylate in

the presence of phosphine ligand such as triphenylphosphine.

Rh)N\Q] DEAD, PPh Ry @
N“ N il A ]
H N” N
WOH H—H
R; R, Ra Rz Ry R4
5 4 3
[0033] Intermediate 4 may, in turn be made as similarly disclosed in WO

2006/133261, e.g., by reacting a compound of 5-A with an amino alcohol, e.g., (1R,
2R)-(-)-2-hydroxycyclopentylamine hydrochloride, e.g., in the presence of, for
example, DBU (1,8-Diazabicyclo[5.4.0Jundec-7-ene).

Ryey,.Q
L)
RLN,Q' 4+ HN - OH DBY N)\N
w H
/’\\ ] R OH
X~ °N 2R; Ra R
2 R3 R4
10 5-A 4

wherein all the substituents are as defined previously; X is a leaving group such as a
halogen or methylthio group.

[0034] Alternatively and preferably, Intermediate 4 is prepared, e.g., by
reacting a compound of 5-A with an amino alcohol in the presence of a strong base,

15 for example, DBU (1,8-Diazabicyclo[5.4.0]Jundec-7-ene),

Ri~p-Q I

Rl .Q HoN OH DBU N)\N

N + \ [ }< H
s | R /\—H<OH

2 R
X" "N R3 4 Rz R
R3 4
5-A ’ 4
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5 prepared by, e.g., reacting conpound 1-F with a chlorinating reagent such
NCS (Nchl orosuccinimde) in a solvent such as CCl4. Sonetinmes, when R5 is
FI, a provecvivmssgsoup such as a para-net hoxybenzyl (PMBLTgISean9/0n@ys be
added prior to the reaction. Under this circunstance, conmpound 1-C or 1-D
with the PMB at the pyrrolo nitrogen can be deprotected using a reagent
such as THR¢rEMMPAhe aiishtitieits 4re as Hefitdiepre@isusly] Xds 4 Gayihgroteaichdspyr r ol o
conmpound) with R5X wherein X is a |eaving group such as a hal ogen, nesylate
or tosyl akadoganpsancthylthie gkBdi tions to yield 1-C or 1-D anal ogs. X

1- F1-D [ 0028] Conpounds (1)-E and (1)-F may be fornmed by reacting a conpound
of 15 1-G and 1-H respectively with for exanple a R5-X in a solvent such as
DVF and a 0838 suchSaH aKe@aBvely, ineomediatd 4 maabe headeye.pi, b rdwetihg ag: WO
2010/ 065148PCT/ US2009/ 006438 . 2-Al -E wherein all the substituents are
as defl neePmpapd b StB with anpmine glqohal inythgpresencg ofa sfrongbase, for exampiey ng

group sucfpfs13.-HUA0RIBf L4 BIulTES YL HeFafM a EQFNIn@rEagent such as BOP at

toom temperature.

Rivp-Q
B |
RL -Q + HN OH BOP, DBU N)\N
N ] % i H
0PN R, Rs R4 R H.
H 2 R3 R4
5-B 4
10 [0036] Intermediate 6 wherein X is halo, e. g., Cl, can be prepared by reacting
halogenating Compound 7, e.g., reacting Compound 7 with, e.g., N-
chlorosuccinimide, N-bromosuccinimide, or I, in the presence of, e.g.,
carbontetrachloride in a solvent such as DMF.
0] 0]
R\ R\
N = N-Rs N-chlorosuccinimide N = N—Rs
PN J <
N™ N CCl/DMF N™ N "
7 6
15
[0037] Compound 8 may be formed by reacting a compound of 9 with for
example an amine such as aniline in the present of, e.g., TFA.
o o)
R1\ R1
= aniline N =
)\ ~ N-R5 » )\ ~ N—Rs
N“ "N TFA N7 N
S "~
9 8

[0038] The thione compounds of the invention, e.g., Compounds of Formula I-A

20  orI-B or II-A or II-B wherein Q is C(=S) may then be prepared by reacting the
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5[0029] I nternedi ate 2, e.g., wherein Qis C(=0) may be prepared by, e.g.,
reacting Internmediate 3 with sodi um hydri de and para-tol uenesul f onyl net hyl
32 [ 0030]wbterwmmsissel y and preferably, Internediate 2, ecgus2ebe@sh Q is
C(=0) 10 is *pared by, e.g., reacting Internediate 3 with a strong base
such as sodi um hydride and a reagent such as TsCHR7NC in a sol vent such as

THF: 3Com POtk lof tiey T étitidnewRersiyQ ReCE®paitied 31y in £microwaeaelal fig
Internmediate 4 with diethyl azodi carboxylate in the presence of
t ri phenyl {hhosenasef a bage,)e.oppy3idipg, anghbpdting the mixture to an elevated

temperature, e.g., in a microwave, e.g., to about 150°C. The imine compounds of the
Invention, e.g., Compounds of Formula I-A or I-B or II-A or II-Bwherein Q is

5  C(=N(Rj)) may in turn be converted from the thione derivative (i.e., Compounds of
Formula I-A or I-B or II-A or II-Bwherein with Q is C(=S) by reacting the thione
derivative with NH»(Ryo) in the presence of HgCl,, e.g., in a solvent such as THF, and
heating the reaction mixture to an elevated temperature, €.g., in a microwave, €.g., to
about 110°C.

10 [0039] The Compounds of the Invention, e.g., Compounds of Formula I-A or
I-B or II-A or II-Bwherein Q is C(R14)(R;s) may also be prepared by reacting the
ketone derivative, e.g., Formula I-A or I-B or II-A or II-B wherein Q is C(=0), with a
reducing agent, e.g., diisobutylaluminum hydride (DIBAL-H), lithium aluminum
hydride, sodium borohydride, preferably, DIBAL-H.

15 [0040] Wherein L of the compounds of the invention is —S- (thiol) or Compound
(D-C, these compounds may be prepared by reacting Compound (IVb), e.g., with
phenyl disulfide and lithium bis(trimethylsilyl)azanide (LiHMDS).

Ri~
3 _—
=, phenyl disulfide -

O)\'?l N y N )\ \N’N R3

R, LIHMDS o N

Rz
(IVb) ()-E
wherein Rg is phenyl.

20 [0041]  Alternatively and preferably, wherein L of the compounds of the invention
is —S- (thiol) or Compound (I)-C, these compounds may be prepared by reacting
Compound 1-G, with a disulfide in the presence of a base such as lithium

bis(trimethylsilyl)azanide (LIHMDS).
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NC) ) NN 43 [0032]Alternatively and preferably, Internediate 3 may be
prepared by, e.g., reacting Internediate 4 with a dehydrati ng reagent such
as di et hywoanrodicssasboxyl ate in the presence of phosphi neciriusacd/osaash as
tri phenyl phosphi ne. 543 [0033]Internediate 4 may, in turn be nade as
simlarly disclosed in WO 2006/ 133261, e.g., by reacting a conpound of 5-A

with an anmino al cohol, e.g., (1R 2R)-(-)-2-hydroxycycl opent gF-Bg ne

hydr ochl or Bd‘(N’Q in the presence of, for exanpl el =

(1, 8- Di azabj dyc "Rs0] undec- 7- eRe$SRs  105- A4_wherei d_al 185

substi t uent e ag_defined previ oq%\%é/; X is a |eavily gNoup\,such as a

hal ogen og; lthio group. [0034]Al'ternatively ang lgra&’y,

| nt er medi at 84 1% prepared, e.g., by reacting a chBrpou“nd of 5-A with an

am no al cohol4-Gn the presence of a strong base, 15for exagqpte, DBU
(1, 8-Di azabi cycl o[ 5. 4. 0] undec- 7- ene) ,
[0042]  The sulfinyl derivatives of the Invention, e.g., Formula I wherein L is SO

or SO, may be prepared by the oxidation of (I)-C using a oxidizing reagent such as
oxone or a peroxide in a solvent such as acetonitrile and methanol.
5 [0043] The invention thus provides methods of making Compounds of Formula I-
A, I-B or II-A or II-B, for example, comprising
(i) reacting Intermediate 1-A or 1-B with a compound of formula Rs-X
wherein X is a leaving group, e.g., halogen, mesylate, or tosylate, Rs is as
defined above in Formula I, e. g., under basic conditions, for example:
N N NZONT

R A—HT4\R4 Ry A_HT‘\ LR

2 R, RR, Ra

1-A 1-B
10

Methods of using Compounds of the Invention
[0044] The Compounds of the Invention, any of the compounds disclosed
herein e.g., any of Compounds of Formula I-A, I-B, e.g., any of 1.1-1.84, or Formula
15 II-A or II-B, e.g., any of 2.1-2.13, in free or salt form are useful in the treatment of
diseases characterized by disruption of or damage to cAMP and cGMP mediated
pathways, e.g., as a result of increased expression of PDE1 or decreased expression
of cAMP and ¢cGMP due to inhibition or reduced levels of inducers of cyclic
nucleotide synthesis, such as dopamine and nitric oxide (NO). By preventing the
20  degradation of cAMP and cGMP by PDE1B, thereby increasing intracellular levels of
c¢AMP and cGMP, the Compounds of the Invention potentiate the activity of cyclic
nucleotide synthesis inducers.
[0045] The invention provides methods of treatment of any one or more of

the following conditions:
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wherein all the substituents are as defined previously; X is a |eaving
group such as a halogen or nethylthio group. [0035]Still alternatively,

I nt er nedivsioeo/semsbe made, e.g., by reacting a 5 conpo®ad/us2ooS/om488 t h an
am no al cohol in the presence of a strong base, for exanple, DBU

(1, 8-Di azabi cycl o[ 5. 4. 0] undec-7-ene) and a coupling reagent such as BOP at

toom tenperatur ej) m&&ﬁ@bﬁé}awmgéa@éseuﬁwm@g Parkinkoh's dithase, réstlgss, O
can be prepared by reacting hal ogenatin npound 7, é\% reacting
hei

Conpound 7 with, e.g. lewrem%ﬂdsbéeﬂlﬁ,%uééngtmbmﬁﬁu IREEe, or 12 in
the presence of, e.g. did ggebgn&&;ur a%lgugedlrg?vén%n@dﬁgl'dé%“ such as DMWF. 76

15 [ 0037] Corrpound 8 may a conmpound of 9 with for
exanpl e an ami ne (guch Méntalndibdraérs) mchlﬂﬁlgmepﬁeeﬁlbn ofttentioy deficiFdisorder,
5 - attention deficit hyperactivity disorder, bipolar illness, anxiety,
sleep disorders, e.g., narcolepsy, cognitive impairment, dementia,
Tourette’s syndrome, autism, fragile X syndrome, psychostimulant
withdrawal, and drug addiction;

(iii)  Circulatory and cardiovascular disorders, including cerebrovascular

10 disease, strdke, 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;

15 v) Any disease or condition characterized by low levels of cAMP
and/or cGMP (or inhibition of cAMP and/or cGMP signaling
pathways) in cells expressing PDE1; and/or

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

20  comprising administering an effective amount of a Compound of the Invention, e.g., a
compound according to any of Formula I or 1.1-1.84, in free, pharmaceutically
acceptable salt or prodrug form, to a human or animal patient in need thereof. In
another aspect, the invention provides a method of treatment of the conditions
disclosed above comprising administering a therapeutically effective amount of a

25  Compound of Formula II-A or II-B, e.g., any of 2.1-2.13, in free or salt in free or
pharmaceutically acceptable salt form, or a composition comprising the same, to a

human or animal patient in need thereof.

[0046] In an especially preferred embodiment, the invention provides methods of
30 treatment or prophylaxis for narcolepsy. In this embodiment, PDE 1 Inhibitors may
be used as a sole therapeutic agent, but may also be used in combination or for co-
administration with other active agents. Thus, the invention further comprises a

method of treating narcolepsy comprising administering simultaneously, sequentially,
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aniline TEA 98 [ 0038] The thione conpounds of the invention,
e.g., Conpounds of Formula I-A 20 or I-Bor II-Aor II-B wherein Qis C(=S)
may t hen we 2progparsed by reacting the Conpounds of the Povamskeooomberein Q
is C(=0) with PaSio in a mcrowave vial in the presence of a base, e.g.,
pyridine, and heating the mxture to an elevated tenperature, e.g., in a

M Crowaveg, c%ngamp&ﬂle%gﬁlxtadmgeriﬁé%e‘r:i'ﬂeﬁﬁc:ﬂl?f@lﬂiéﬂd@ a@buht§®f! nvention, e.g.,
Conmpounds of Fornmula I-A or 1-B of II-Aor I'l-Bwherein Qis 5 C(=N(R20))
may in turn be(izoRDE I bhibitane.ghe compowned apserding foany(of RormulolRididds of
Formula 1-A or '? or [I-Aor Il-Bwherein with Qis C(=S) by reacting the
t hi one derivat? ]e iﬂ’?ﬂ NH2( R20) in the presence of HgCl2, e.g., in a

sol vent such agi)bdompdudld iepiontige Wakefufired doRguliatel slécd, £.9.,38leetke adtred
tenperature, e.g., in a mcrowave, e.g., to about 110C. 10[0039] The
Conpouhds of t (4 cemvadmerions systen stimylstutrarhagammss and amphotagneliks o || A

or |I1-Bwherein | ) a e i t he

ket one deri vat ?(\)%elf,)éuél%’%,l'é Fé‘lrj'e@?}gl eﬂfdﬁteobéﬁ{%‘?nop?f ’ﬁ%ﬁkgg?g}{?&gﬁé\}v%g{r}%l n Qis
C(=0), with a aelpghéliheadenhodating, (c)dhiidapbessyntsleugn micyrlinsdirictielifdl BAL- H) ,
l'ithium alum num hydri de, . sodj um bor ohydri de 1pref e .aqgl ., DI BAL-H. 15[ 0040]
Wherein L of t HRIPEBRSEAFSPraRINEhElomiRramine And B °—tr§?ty{”ﬁ‘ i%‘p)se F'¥%rmpound

(I)-C, these c : ] : . 9.,
W 1h phenyl di P Eracfars RRIRLEL B aml d e Ry e © b e

0 N 14@ phenyl gathsualhydoeybutyrate (GHB).

in free or pharmaceutically acceptable salt form, to a human or animal patient in need

[¢]

thereof. In still another embodiment, the methods of treatment or prophylaxis for

narcolepsy as hereinbefore described, comprises administering a therapeutically

effective amount of a Compound of Formula II-A or II-B, or any of Formula 2.1-2.13,
15  in free or pharmaceutically acceptable salt form, as a sole therapeutic agent or use in

combination for co-administered with another active agent.

[0047] In another embodiment, the invention further provides methods of

20 treatment or prophylaxis of a condition which may be alleviated by the enhancement
of the progesterone signaling comprising administering an effective amount of a
Compound of the Invention, e.g., a compound according to any of Formula I, or any
of 1.1-1.84, in free, pharmaceutically acceptable salt or prodrug form, to a human or
animal patient in need thereof. The invention also provides methods of treatment as

25  disclosed here, comprising administering a therapeutically effective amount of a
Compound of Formula II-A or II-B, e.g., any of formulae 2.1-2.13, in free or
pharmaceutically acceptable salt form. In still another embodiment, the invention
further provides methods of treatment or prophylaxis of a condition which may be
alleviated by the enhancement of the progesterone signaling comprising administering

30 aneffective amount of a Compound of the Invention, e.g., a compound according to
any of Formula I, or any of 1.1-1.84, in free, pharmaceutically acceptable salt or
prodrug form, to a human or animal patient in need thereof. In another aspect, the

invention provides methods of treatment as disclosed herein, comprising
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LiHVDS (1Vb) wherein R6 is phenyl. 20[0041] Alternatively and preferably,
wherein L of the conpounds of the inventionis -S- (thiol) or Conpound
(1)-C, theeecomaspasnds nay be prepared by reacti ng Conp@umaSieo®oosss h a
disulfide in the presence of a base such as lithium

bi s(trimethyl silyDazani de (Li HVDS). WD 2010/ 065148PCT/ US2009/ 006438

[ 0042] The,dihin{stditlg eiffecatd xasumfoftatCorhpoi@atdf die Inveftion, QY. MUdcngountier ein L
is SO or SC2 nay be prepared by the oxidation offfg)l)-c usi ngﬁa_ oxi di zi ng

r eaﬁent I s@nghgh(;rf?)@?ﬁ@f_ rulsdi-dxol-B.¢-g, &8 shel ioganlage- hédBoimifes | e and
et hanol . A i i . i
e hars QML o SRUMEL i, PN BBy e Crpouns

. . conprising (i) reacting
| nt er medi ghélickated B ehhdhceiieht 6f frog@eiot dfndliagindiaddbukaretiet HimiteX 16,5 a
| eavi ng grou hal ogen, nesylate, or tosylate, R5 is as defined above

i n Forhul female @iggl; dyisfrnstonsspendabhamenastisa (3-8» exstaisp pmenorrhoea,
anovulation, menopause, menopausal symptoms, hypothyroidism), pre-menstrual
syndrome, premature labor, infertility, for example infertility due to repeated
miscarriage, irregular menstrual cycles, abnormal uterine bleeding, osteoporosis,
autoimmmune disease, multiple sclerosis, prostate enlargement, prostate cancer, and

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

15  hormone replacement therapy, e.g., administered in combination with
estrogen/estradiol/estriol and/or progesterone/progestins in postmenopausal women,
and estrogén—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.

20

[0048] 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

25  comprises a method of treating disorders that may be ameliorated by enhancement of
progesterone signaling comprising administering simultaneously, sequentially, or
contemporaheously administering therapeutically effective amounts of

(1) a PDE 1 Inhibitor, e.g., a compound according to any of Formula I-A or I-B
or any of 1.1-1.84, and

30 (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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10 Met hods of using Conpounds of the Invention [0044] The Conpounds of the

I nvention, any of the conpounds disclosed herein e.g., any of Conpounds of
Formul a 1w@,2010/085148. g., any of 1.1-1.84, or Fornul a 15| PcAvuseoobioed3s e. g. ,
any of 2.1-2.13, in free or salt formare useful in the treatnent of

di seases characterized by disruption of or damage to cAVP and cGW nedi at ed

pat hways, infrét or Kﬁﬁnﬁadeﬁﬁécg\lg Rbeptasle 8A% 8L X P4 Bembw br afinfADpdticdk irdeedeased
expression of cAVP and due to inhibition or reduced Ievels of inducers

of cycl i cthareof.elbx angthes gbediment, tbaeweagommrﬁeﬁéhearﬁethﬁdtdﬁwbﬁs% BBRVENO) . By

Phtr acel | s 6O REEL YR s R catiund REGTENTa Bl OPTER: elahe Y | 1ol eae! N
pot ent i at RyriniRe@CE-2MB} 4 fode ényHaiadeucitaibt icdeptableishiesirm.i nducers. [0045] The

i nvention provides nmethods of treatnent of any one or nore of the follow ng
condi tfons: WD 2010/ 065148PCT/ US2009/ 006438 (i) Neur odegenerati ve

di seases, di t NSAQn. ' lo
dyski nesi ag,m#—tnt?%gf %&g&dﬁgs’be %’g!&gﬁ eeﬂll('lr;rclleair%trs se se ﬁowgﬁdﬁ%g i nduced
novenent doatineDd intrade)lulde sigahlin swivitgrsa celhot tlskluagonhppsmgsoma;:tntg tention
deficit disorder, 5attention def| hyper £I vity di sorde a
i || ness, sdrdl(r tisspeuithanamonat of agogﬁaou ‘gP g‘?‘ loe’oﬁﬁl’ lgﬂp% rment,
derenti a, rTIOE ta.%fo?l VNS QBriciatttd HfBibit P@@'lbeac%fvﬁjy mﬂﬁ@ﬁﬁ/enﬁ’&i/ flet i mul ant
Wi t hdr awaf) and ug a d| ction; (ir1) Grculat ory and cardiovascul ar
di sor tiér s prowrdcels achetgodfor ebhamag:am mrtentiating dapaming DHlotacabtayesignalieg hear t
di sease, hé/f)ertenm ? l)é

tivity in a cell ot ti sue compr ing contacting said cell or tissue with an amount of a

Compound of Formula II-A or II-B or any of 2.1-2.13, in free or salt form.

[0050] The invention also provides a method for treating a PDE1-related,

15  especially PDE1B-related disorder, a dopamine D1 receptor intracellular signaling
pathway disorder, or disorders that may be alleviated by the enhancement of the
progesterone signaling pathway in a patient in need thereof comprising administering
to the patient an effective amount of a Compound of the Invention, e.g., Formula I,
e.g., Formula I-A or I-B or any of 1.1-1.84, that inhibits PDE1B, wherein PDE1B

20  activity modulates phosphorylation of DARPP-32 and/or the GluR1 AMPA receptor.
Similarly, the invention provides a method for treating a PDE1-related, especially
PDE1B-related disorder, a dopamine D1 receptor intracellular signaling pathway
disorder, or disorders that may be alleviated by the enhancement of the progesterone
signaling pathway in a patient in need thereof comprising administering to the patient

25  aneffective amount of a Compound of Formula II, e.g., II-A or II-B or any of 2.1-

2.13, in free or pharmaceutically acceptable salt form. .

[0051] “The Compound of the Invention” referred to above includes a Compound
of Formula I-A or I-B, e.g., any of 1.1-1.84, or a Compound of Formula II-A or II-B,

30 e.g.,anyof2.1-2.13, in free or pharmaceutically acceptable salt form.

[0052] In another aspect, the invention also provides a method for the treatment
for glaucoma or elevated intraocular pressure comprising topical administration of a

therapeutically effective amount of a phospodiesterase type I (PDE1) Inhibitor of the
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hypertensi on, and sexual dysfunction; (iv) Respiratory and inflanmatory
di sorders, including asthma, chronic obstructive pul nonary di sease, and
al | ergi c wbiniodesi4sas wel | as aut oi mmune and i nf | amrat oPETAIS@RDE6I3S
15(v) Any di sease or condition characterized by |ow | evels of cAWP and/or
cGW (or inhibition of cAWP and/or cGW signaling pathways) in cells

expr essi NGvEREn, e 23N @ CSmpRINJATFodinGRASA 08 1-B; @l dnyaT Ichaugacted i zed by
reduced dopam ne Dl receptor signaling activi E‘Jé 20 conpri sing

admi ni st eEpmgoend efffosmpial-Aapling. of- Ribbdnd, 87 freqer Phappacaisalle. g., a
compound %ﬁg@%ﬁ% "G %&gﬁé’hb’?rgf)gtgﬁl{nﬁ‘d&l?y do ra&ié’)i satrid o thé‘e%er S% tin

' patien
phar maceu acce or ‘pro orm to a human or ani nal

p?t ient | ﬁbeﬁ&ﬁ?eéﬁlﬂ@méver,ltfbaﬁﬁmthﬁy adspetivelytihduilawepdtemit therapy.des a net hod
of treatnent of the conditions disclosed . abqve conprjsing adm nistering a
t her aptut PYSIMig t@r@@ttﬂpb@%ﬁﬁﬂﬁwnbﬁlaﬁcwh@aﬁ%&m thy blpgdsissam. py 99&5 or Il-B,

e.g., anymgfchoﬁ%g‘l;gdn]iﬁistljaﬁoﬁ,rfglee)&&nlﬁél t in free or pharnmaceutically

accept abl e sa orm or a conposition conprising the same, to a human or
ani mal patj08s3] i n n€kdirveati@ofurtheDprb6]den aphamsgresticl cymposfien fad

enmbodi nent, . the ;i nyention proyvides hads. of .30 treat nent or prophyl axis
for narco?lOBt?éC‘?phﬂi‘iﬁ’cnI‘ﬁ gseéﬁgamsm ?BEEE%igﬁtth%iq‘m?préh%@gcd gsya sol e
t her apeut i @ge Qﬁsipeﬂ?é%n, RanRb B GinRRer 26/ ptiBing AP PRLAIBI S of iRy CO-

adm nistration wth other active agents. Thus, the invention further
conpr 16 esInxemtixiny eg.,af Cempeutridraf Foamubl lepsy [db e ey lalthi8di et @ri ng

o B b EFERL EhLY . SOTLETBE RERU PGSRy
conpound ageptaBlkeR8lt MY cohbinalion bRassosihtidithfan bpAth@motdpscallyi i) a
conpound to pronote wakeful ness or regul ate sleep, e.g., selected from
acceptable diluent or carrier.
[0054] Optionally, the PDE1 inhibitor may be administered sequentially or
15  simultaneously with a second drug useful for treatment of glaucoma or elevated
intraocular pressure. Where two active agents are administered, the therapeutically
effective amount of each agent may be below the amount needed for activity as
monotherapy. Accordingly, a subthreshold amount (i.e., an amount below the level
necessary for efficacy as monotherapy) may be considered therapeutically effective
20  and also may also be referred alternatively as an effective amount. Indeed, an
advantage of administering different agents with different mechanisms of action and
different side effect profiles may be to reduce the dosage and side effects of either or
both agents, as well as to enhance or potentiate their activity as monotherapy.
[0055] The invention thus provides the method of treatment of a condition
25  selected from glaucoma and elevated intraocular pressure comprising administering to
a patient in need thereof an effective amount, e.g., a subthreshold amount, of an agent
known to lower intraocular pressure concomitantly, simultaneously or sequentially
with an effective amount, e.g., a subthreshold amount, of a PDE1 Inhibitor of the
Invention, e.g., a Compound of Formula I-A or I-B, e.g., any of 1.1-1.84, or a
30 Compound of Formula II-A or II-B, e.g., any of 2.1-2.13, in free or pharmaceutically
acceptable salt form, such that amount of the agent known to lower intraocular

pressure and the amount of the PDEI inhibitor in combination are effective to treat

the condition.
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5(a) central nervous system stimul ants-anphetam nes and anphetam ne |i ke
conpounds, e.g., nethylpheni date, dextroanphetam ne, nethanphetam ne, and
penol i ne;wOlpiomssaBi nil, (c) antidepressants, e.g., tri ®@¢Tlise®90ddiss udi ng

i m pram ne, desipramne, clompramne, and protriptyline) and sel ective
serotonin reuptake inhibitors (including fluoxetine and sertraline); and/or

(d) 10gammmyobydr oxy Biiéne @éhBodifdelt), oné Br batROf tHe agbﬂtrsm&lminm@érb&_ accept abl e
salt form to a human or animal patient in need thereof. In still another

ﬁrrbodi mentopicale tovéheeyasTivss the inveniion provides apreyhadoisreduring tesidesitestsas
e ; . o : ' ( 22 et
ot of Safeae afafico AR e MALG} Bl e By LRI AREHAL ERdileq] | o001 Ve

15i n f r eedéde ofhabpat &ubivaab lywadaepdcabr pressdrt chacamitanslyasianiltan¢duslyapeut i ¢
agent or use in conbination for co-adm nistered with another actiye agent.
[0047]1 n asanertiallinvgih sreeiiective amonpesiia JAET inbiter. Bposy e MR SHE of 20
treat ment tht% tc,FHl%?l B Fatith %c‘fm%.‘lz%tlexﬁib tﬂ@ag&tf@éﬂnﬂﬁisﬁhﬂi&i{ inddyedsdde t he
enhancenent o e progestefone signaling conprising adm ni stering an

ef fecti veusdlimednt of a Conpound of the Invention, e.g., a conmpound according

t f la | f..1.1-1.84, in f .. ph euti cal
accept abl 08Tk or SHEAPUGTY BH4iFOR seHaraRest Fshell CRORENT T feed
thereof. PpgimeRs rﬁE‘y,%ls&a%;Qé’,i%%%lem%ﬁff%t}féfexﬁs& (R comsprizedi scl osed

here, conprising admnistering a therapeutically effective anount of a
Conpolbhd typideby wfiinstillation of a pros@glasdig, pilesayping, epmephiting optopical beta- i n free

or pharma tical ccept abl.e It form In still another.enbaodi t, the
i nvent i on&?’g]fetrﬁré’?%%‘?’ﬁv? '%l‘e‘gﬁlﬁbm?i@sasowgq ?Se%?'ts{]?gﬂfalh'r ac%?‘BEE%’?%&%‘%frggp

condi ti oncbhi6ib aRRNArRR, ekl fict2bRehily, ChelieRaie ambitorobudle progest erone
signaling conprising admnistering 30 an effective anmount _of a Conpound of
t he | nvenphysastigmige and eehnthionate maycalsabegmployethgndhavesnmpifest similgf toany of
1.1-1.84, , r.ee a i I C rug form to a
human or éhﬁp‘r’rf;*?‘i%ﬁ%'ﬁ? Qeﬁpll% %Se%ﬁergegl%' Hbeé?&e;‘goft?&]rt gﬁgg%rﬁggusg{é%ggf%g he invention
provi ges netihoBfostigldnd@atiaogs aschdass bkasptbsh €Xalatan),Clsimatopgostg Lumigan)
adm ni stering an_effective_anount of. a Conpound of the | vent%on, e.g.,
conpound accor #¢hdraveray (Sravaigphywaich  inpregse pyeqsclegal jouttlgwyol agpepugy
formilae 2.1- 2ndrlor. Hiraldfod alBIALERCEHER LAl Yuafhgpt abl e sal L form

Di sease or conditron that nmay be aneliorated by enhancenent of progesterone
si gnal i ng i x| Tdpicalb betasddeerepgic| feptpted ahtagomists esorheas eimabl, digsdhmotdlon,
secondary anenqgrrhea_(e.g,, exercise anenorrhoea, anovul atjon, nopause,
menopausal syn@%ﬁ&%n)’hﬁfﬁgb?@?‘ép i which depreaseeafiieptisy “g’?ﬁd’lr?fi%flo’b:@ ure

| abor yginferti l:fli%érbé - exanple infertility due to repeated miscarriage,

i rregul ar nenstrudl égiles, abnormal uterine bl eeding, osteoporosis,

aut oi mmune Wi ddptme-adramkidiphgomisth sudsasshrimomdinat(alphnigan)yeviecit wopk bghat e
cancer, and 10 hypot hyroi dism For exanple, by enhanci ng progesterone

si gnal i ng, thedwEmechagism; %??S%W%%%%Hd’f loé‘n%‘%uF’éibeg‘s‘gﬁdﬂieHﬁF%Wgati on
through effectg,@asihe lining of uterus, and to help nmaintain pregnancy in
wonen who are prone to mscarriage due to i rmune response to pregnancy or

| ow progest ef. ohessfachetive symipachomawestic$ ke lepimdphbine cand, dipivgfrin d¥rapasnr i bed

hereipn, may al so be useful to enhance the effectiveness of .
25 4 increase outflow o aqueousaﬁumor through trabecular meésnwork and possibly

a

through uveoscleral outflow pathway, probably by a beta,-agonist action.

5. Miotic agents (parasympathomimetics) like pilocarpine work by contraction of
the ciliary muscle, tightening the trabecular meshwork and allowing increased
outflow of the aqueous humour.

30 6. Carbonic anhydrase inhibitors like dorzolamide (Trusopt), brinzolamide
(Azopt), acetazolamide (Diamox) lower secretion of aqueous humor by
inhibiting carbonic anhydrase in the ciliary body.

7. Physostigmine is also used to treat glaucoma and delayed gastric emptying.
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15 hornone repl acenent therapy, e.g., admnistered in conbination with
estrogen/ estradi ol /estriol and/or progesterone/progestins in postnenopausal
wonen, amsloestwegas-i nduced endonetri al hyperpl asi a and Pcaruseovomad3ghe

met hods of the invention are al so useful for aninal breeding, for exanple
to induce sexual receptivity and/or estrus in a nonhuman female mamual to
be bred. 2(305$048] | Rof dlatnpteliRéliniRAtion ﬁ@ﬁid&s phdtiacéaical e@ipdrxisised in the
foregoi ng net hods of treatnment or prophylaxis as a sole therapeutic agent,
but nay ateeprisingis BRE]Inkibiter abthednvention end anagemtielpaed frompbt) et h ot her

i f le § ' ' ] € | h :
Thus., t nororaRsibF oRSPRRRNE, lDsSRRkE HLLB b OB RR D SRMIRET L sore

that may Reemigikiagombesich s SRRMMENERpraefonidinges diyivefeinging (di)iang conpri si ng
adm ni stering sinultaneously, sequentially, or contenporanegusly

admi ni 5t emupRErinkcaeapBhisteps pileserune. e axamplp thegnventionpreyiges | nni bit or,
e.g., ac i f ]t .l - =B 4. 1-1. 84,
and 3001 1 OB BREAEtoR9 b pAtite AP TG e B LveRg et e
(e.g., esbinaddp@bst, saimorilineplsdimanidide, @afobul sir canbimmtioge steeeadnim fagecor

pr ogest erone, anal ogues (e.g ggest.ins) .in free or. pharnmaceutically
accept abl gp}gmalpg)tpﬁfy %%_eatahl?rgéh fg?ndﬁicﬁéﬂbmﬁ&?? EhESSPAANFRY '8 eof . In
anot her eghg rﬁag}ﬁilc%lflﬁhgﬁegiré%wdi%nPBPéﬂrﬁés 1h R8difiBh Roskistemed bed above

wherei n the I's a Conpound of Fornmula IT-A%r I1-B, e.g.,
any o0 f ocornbiaatich, he®ets, a persbn e€onlinguh akileo ¢he drtednl selest seppprobvatsal t f or m

5 [0049] The invention also provides a neth for _enhancin r_pot.entiating
dopani ne BSeGUYE FEERTF a%ypg?%q:tiorg&ntgg?l?l@tr %r CHaEP Sef%lr a@hgtalggeélgﬁgl%onpri si ng
cont act i ngeshit brieQlah selectt Ristkd1BctiR fanmialphof a@reﬁ@}m&e@b@i ot he

I nvention, e.g., Formula [-A or I-B or any of 1.1-1.84, sufficient to

i nhi bi t PEDEDBt ade¢tivetfpr arpwhpnadspndrgie reepptarspchi o brioniding, foregempls- f or
enhanci ng.or tentiating d 1.0 i nt I i l.LinG: fvity in a
ol or Tk Bt APl <R AR PRSP i R AL T Y O
a Compoundgitih EQSrBY! 6 B3l dePefding lonBh@spoprifé thérapedtid Spplicatidn.€@neddansal t

form [0050] The invention al so provi d%s a method for treating a

PDE1- r el atled seld@agpessarihicypgpmist Rlecsiva ferh pird ol araiecepiorgmibaipersacipas Macept or
intracel l ylar signaling pathway disorder, or disorders that nay be

al | evi at ed™by the enhancenent of the progesterone signaling pathway in a
patient injoesed themaePDE Mpilibitsrnadbe adbinttéred)i e foren phan eplithalmic
effective anmount of a C_or‘rPound of the Invention, e.g., Fornula I, e.g.,

For mul a | cgmpgsitiarg whichsinglugdes an ephthglmic selytion. grqag) esoipeent Thther ei n PDELB

20  ophthalmic composition may additionally include an intraocular-pressure lowering

agent.

[0060] In yet another example, the PDE-1 Inhibitors disclosed may be
combined with a subthreshold amount of an intraocular pressure-lowering agent
which may be a bimatoprost ophthalmic solution, a brimonidine tartrate ophthalmic

25  solution, or brimonidine tartrate/timolol maleate ophthalmic solution.

[0061] In addition to the above-mentioned methods, it has also been
surprisingly discovered that PDEI inhibitors are useful to treat psychosis, for
example, any conditions characterized by psychotic symptoms such as hallucinations,
paranoid or bizarre delusions, or disorganized speech and thinking, e.g.,

30 schizophrenia, schizoaffective disorder, schizophreniform disorder, psychotic
disorder, delusional disorder, and mania, such as in acute manic episodes and bipolar
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
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20 activity nodul ates phosphoryl ati on of DARPP-32 and/or the GLuRl1 AMPA
receptor. Simlarly, the invention provides a nethod for treating a

PDEI - r el awed1oampesi al | y PDELB-rel at ed di sorder, a doparCmasBinesapt or
intracel lular signaling pathway disorder, or disorders that nay be

al l eviated by the enhancenent of the progesterone signaling pathway in a
patient ifRAedt theopahifeddPrdcepias PO ThisibRédsifowevet Iringaily attto25 an
effective anount of a Conpound of Formula Il, e.g., ll-Aor Il-B or any of
2.1- 2. 13enhance signaliog aptherdepeming Rhr¢ogptesc ByteabancingPd recspiar signalings1] *  The

Conpound he .l.nvention" re d.to ab -1 ncl f Formul a
oA or 1 - BDEL iibE Gl Hieal € ARIHA el AAMEIG AHEE: BrabPRERHOLE 17 5
30e. 9., aganiple # rhrchud dccunibdnk @€uis plid e prdficnedl lcyrtex.cEhisabl e salt form

[ 0052] I n anot her aspect, the invention also prqovides a nethod.for the

t r eat rfent erhgncegnent ebfacten glay bgiseen forexa@els 8NP EEFRIOBHIBRILNA NS opi cal
adm ni st r gty . i cal feecti di esterase
fype | ( POREEY B epaFARRILL €7, vho KrbvERH YARETR MG St RRGROR Tl & |- A
or |-B, efatily éikynasés.1. 1-1.84, or a Conpound of Formula Il-Aor II-B, e.g.,
any of 2.1-2.13, in_free or pharmaceutically acceptahle salt fo in an
opt hal ni caloﬁ)?z]corrpaﬁ“iﬂe rg,épgpgf,en‘g%n PIO&1IGSS @ NG 136‘5835%%{‘6 Ffﬁatﬁbegﬁg’} her eof .
However , rent : atJ } 1R &ifob@ldd¥derd Sy st em ¢
t her apy i h%?g&déggg Ig'tgr"regg%ﬁrzrg }%I%{lf%é%dhgégﬂg?%c???déégﬁ (ﬁiﬁ% lgl oodst r eearm or oral
met hotls opsyabaticdisdrder, delusiohalrdisordenp hred maoR58ichine i asa madis dpigodaer

provi des a pharmaceutj cal conpositi.on for topical. ophthalm c _use, ¢ risi
B POEL | bR PR Gttt SampraT e aineinecRearaticany teft T huttdh S Bam or
oi nt nent  eRIPhbEEMEtase- PEEBEL kit bf Ble Tnbentidl agatGeipoudd@f FoemGlanpound

e

of Formula I-A or I1-B, e.g., any of 1.1-1.84, or a Conpound of Fornula IIl-A
or 11-B, bAgrI-Brgg.oinyofil.p-1184, or o Gompousd of farpaadl-dgirdkB; 9-2acB¥ et abl e

ccept abl &1t Fhangebpt bapREr ARG At efbi iR, BRNRImARRIRloder )
adni ni st er pA6SEquUenPDE 1 Inhdbitckd niiyrBel usad aoths fyrepbinp neets@isarfdredimumt us ef ul

for treatnent of glaucoma or e|levated intraocul ar pressyre.. Were two
active agBiPBYlaxis aaaspleitherapanic aggat, bREPayalse o &Pﬁffﬁ

—

h inGombiRdtion % funt of
eac agenfsg/—%nﬁﬁg{ﬁﬁb gﬁl’%@geﬁa{gﬁ% {ag%}ﬁse?ﬂusga{e iAGHHOhiMtRS JSRIRIsEEL apy

Accordi ng a su anoun I , an anount bel ow the | evel
necessar y nfedfodeif ticatiwy/ pyshosin @t reschippphrenia, behizaffettiar didordersr apeut i cal |y

effective 20 and so may. al so pe.referre | ternatively as an effective
arount | RIGERN<R O ARG e NGl ARTSES FF Ry OB i So BRS¢
di f fep@nt SRGHARS SdRindterditd élﬁﬁltﬁﬁ%uglfyf gﬁuﬁﬂﬁal@l gecsttéBpdraéskiyl €es nay be to

reduce the dosage and side effects o her or both agents, as well as to
enhance ordipmisseringgheraptugicallpeflectiveamaeunioebt her apy. [ 0055] The invention

thus provides Eipg Pﬁit P?xﬂ‘ligiftortorfetlﬁet gl%/g;[ltigr];, e?g.,caoap E);[nlp&rllnd of Formula I-A or I-
B, e.g., any of 1.1-1.84, or a Compound of Formula II-A or II-B, e.g., any of
2.1-2.13, in free or pharmaceutically acceptable salt form; and

25 (ii) an antipsychotic, e.g.,
Typical antipsychotics, e.g.,
Butyrophenones, e.g. Haloperidol (Haldol, Serenace),
Droperidol (Droleptan);
Phenothiazines, e.g., Chlorpromazine (Thorazine, Largactil),
30 Fluphenazine (Prolixin), Perphenazine (Trilafon), '
Prochlorperazine (Compazine), Thioridazine (Mellaril,
Melleril), Trifluoperazine (Stelazine), Mesoridazine,

Periciazine, Promazine, Triflupromazine (Vesprin),
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25 sel ected from gl aucoma and el evated intraocul ar pressure conprising
admnistering to a patient in need thereof an effective anount, e.g., a
subt hr esebosvwena8, of an agent known to | ower i ntraoc®CAMUSPIOSHBMBE
concomtantly, sinmultaneously or sequentially with an effective anount,
e.g., a subthreshold anpbunt, of a PDEl Inhibitor of the Invention, e.g., a
Conpound of Formula I-A pevdmé&rofafine (H6¥inat), Promethd&ine @hedergéh)Conpound of
Formula Il-Aor 11-B, e.g., any of 2.1-2.13, in free or pharmaceutically
acceptable salt form sughnﬂié@((ém)jnt of the agent known to | ower

are offootive to treat  MEGARARNTLsE: GBI oG Tib L Ine8 hoase

[ 0056] I n one enbodi ment , Faaaxel), Tibthixehe (Nevangl usloperthixdidi Glophei,ed

t opi ca to the eye. Thus the jinvention provides a nethod of reducing the
pically he eye. Thus the i ion provid hod of reducing th

side effects of treatmen?c8Phasthucoma or el evated intraocul ar pressure by

adm ni stering a red n..agent known to | ower intraocular

pressure concomi tanﬁqﬁgcgﬁﬁnﬁy%%@g%égg’S or sequentially with an effective

amount of a PDE1 i nhi bi t Mozabimes Chozaritie Otemdspiot (BypréetegRisperiidoale

adm ni stration, such as Z%%}Jeefg]aﬁ é‘t\%{én%u ng%ﬂ%%?léla%%r Hfg(?é%gg al so be

utilized. [0057] The opti 4 ’ ’in

combi nation with a PDEL m&a'?ﬁaf FS@iém),fP%[i SRR (Favel), AGIpRsthafle f rom t he

exi sting drugs conprise 10typically of i nsFi | lation of a prostagl andi n,

pi | oc#d pi ne, epi nephri ne(Abilify)oBifeptunbss morclorapker treatnent, e.g. with

tinmolol, as well_as system cgl Il adn‘itn'éstelr gd i nhi bi t.orts Ofedﬁtﬁrr%(g iC

anhydrase, e. g™ At AvegacalphanerpfallE splk um) iR BRYGH AN BeRengISOr

S

physosti gn]'oom]?nd e bhirtiefiRt EmBBYin#ng Shdeoppphiisast thdthveatéh &8 ef f ect
simlar to that of pilocarpine. Drugs currently used to treat glauconma thus

i ncl ude, gargjculadg usefpk fos thegreatrent apaeRbyiaxivefschizophiealdopr ost ( Xal at an) ,

bi mat opr os m gap) _and tr (Tr i i 1S5E. Lvigoscl er al
out 1 ow o 6ebouS” RaRBRn REERAbOH L™ Copoti S P LRI o B DR C

2. Tops cak.ghehpofdnengs @ra CaapRindrof ForagRITl-2t 6r B4B; k. @sarlyi of . bR,13, in

| evobunol or (Betagan), and betaxol ol, which decrease aqg O:{.li? hunor

product i offepgr Phasmaeritically geospiaple salt fogmyiaso particelady ysefu é’é Sreat@gty as

product i ¥ | ( .
rimoni 'ﬁ?%%gin}gmgﬁf%ase%h?%g%%?ﬁc@é%’#,lglzﬁ?c%ﬂﬁrﬂil.ﬁrﬂtmgﬁ%@ i ng aqueous

producti o I'NCreasi ng uve OW. Less-sel ective
synpat hondysfinat®nl | ke epi nephrine and di pivefrin (Propine) 25increase

tfl f th h trab | h Kk d ibly th h
Oveosal o alRBALT | owh S haRahel rprsk s Tonaon B stea gansiied BLRRENersE "W ot o
agent 50 ( PRf &uABAL BRI MERIFiESyeldskes BY ARARISMHE ddtfechYe GRABLAERSA On of the

ciliary nuscle, trghtening the trabéecul ar neshwork and allow ng increased
out f | ow oprastaglaaduncmab guemgr bingoeprogacdrsninitanthystmukanconslylort ors |i ke

dor zol am geequgr-lrtrialflsyovelltﬁ an fojecqgv%la?nrgu%?of a PDEI inhibitor of the Invention, e.g., a

Compound of Formula I-A or I-B, e.g., any of 1.1-1.84, or a Compound of Formula

II-A or II-B, e.g., any of 2.1-2.13, in free or pharmaceutically acceptable salt form, to
25  the eye of a patient in need thereof.

[0067] In yet another aspect, the invention provides a method for the treatment
or prophylaxis of traumatic brain injury comprising administering a therapeutically
effective amount of a Compound of Formula I-A or I-B, e.g., any of 1.1-1.84, or a
Compound of Formula II-A or II-B, e.g., any of 2.1-2.13, in free or pharmaceutically

30  acceptable salt form, to a patient in need thereof. Traumatic brain injury (TBI)
encompasses primary injury as well as secondary injury, including both focal and
diffuse brain injuries. Secondary injuries are multiple, parallel, interacting and

interdependent cascades of biological reactions arising from discrete subcellular
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(Azopt), acetazol am de (D anox) |ower secretion of aqueous hunor by

i nhi biting carbonic anhydrase in the ciliary body. 7. Physostigmne is also
used to tweabiogieaasona and del ayed gastric enptying. WBCT/US2009/006438

2010/ 065148PCT/ US2009/ 006438 [ 0058] For exanpl e, the invention provides
pharmaceutical conpositions conprising a PDEL Inhibitor of the Invention

and an aggitess® @Y abxicit Aué ko reab@vdlHeERBRICHES, oweraRhelatiomef glutindfopr ost
travoprost, or binatoprost; ||])d_ an al'pha adrenergi c_agoni st such as
calgi

bri noni di reeeptensy exsessiyalingax un grd inflamapaioryiuproguiatm g #ec agoni st ,

such as pil ocarpine, [ I in ' ' m c
For mut at | GHECOnpPraPREE 1S SBER it itk AP R BR IR, i 1
bi mat opr ogiri,maaia)rihjmfn.i @ibAerm4lrdaldith Gomosthdisizl lelieveaal toderdxritiahl ons t her eof ,

in free or ophthanal ogically acceptable salt form in copbination. or
associ at i exmpenent efrthe pragressionafiseeandpryapepimbeth eaey Yuhwhiss malen ikor | n

addit! on 4 g3&l GETNA-EpAX SATDERRL] OB0s|IPMRYL 16321 P! BR%offenfidf! Nary Ski ||

in the art can sel ect an appr opr e sel’‘ectiVe receptor subtype agonist or
ant agoni sthichare fxampraed harindhphdr ediretyeSpudieslgorisbown oimt tlhcaeANPHect an

agoni st se|ective for an alpha 1 adrenergic. receptor, goni st
sel ecti vesKérSI%Hi’?‘&gﬁﬁ%’?g%tﬁ(g}’(@l‘ﬁg“?atf:gégﬁgtﬁl %‘l?ctﬁé)aé‘?e tr(?c%rrﬁ;ﬂ[l’t:| Ve, for
exanpl e. Ffifpi rsbﬁfcﬁ-aegggﬂ}%% ¢ailE6EREBEe GAVPIN] HprddRS histshaBRGsEal AN

ant agoni st sel ective 15either 131, or 132, or 133, depending on the
appr op@ i abetcone pagderreases prflainuaaticnrafteONBI c & Ganspouads e thepreagatar i ni ¢

agoni st selective f . particular receptor subtype such as M- M,

[ 0059] The MBI 1’ ﬁrfﬁ%"? fB‘?‘% ’gésa‘é%‘ﬁmv?ﬂe@?‘e‘ﬁ‘éﬁf ‘i°r‘?¥300|’1‘85? %‘Frﬁ?%’f“ﬁﬁh@%rht hal mi ¢
conposi ti g, rewthé of TBILUIES b festitiich MPdewd bild/oPbalcibhfdthedstRisnifigent . The
20 ophthal m ¢ conposition may additionally include an intraocul ar-pressure

| oweri ng Heematic brapeojury yet anot her exanple, the PDE-1 Inhibitors
di scl osed may be conbined with a subthreshold amount of an intraocul ar
pressure-|l owering agent which rmay be a bi matoprost ophthal mc solution, a

bri nong di nOGSY t r at Fhe phdsbial inventidhaoirbwides or brinoni dine tartrate/ ti nol ol
mal eat e opht hal m ¢ sol uti on. 0061gqlln addition to the abovfe]i- ﬂ‘ﬁ i oned
L

methods, it has dPso bHEeAmBauHt pLthadnyenpa o of gy her pp! % Pbrs are

ful to treat hos; L pi keed b
useful to treat psyc %ﬁtg@p{%gﬂS%P&Hlu?aII@Q&Srﬁ%f’é.%%ofﬁi‘ﬁ‘fﬁﬁ,%ﬁ%@. y

psychotic synptons su uci nat1ons, parano or bizarre del usions,
or di sorgani zed speechorgihdrhinientically, aceepable 38ls tving diusenasa, schi zoaf fecti ve

di sorder, schizophreniform di sorder, ps tic disorder, .delusional
di sorder, and nani a, SRhepmageuficaly teég’ﬂéf?ir}or &Y gb%sms‘ﬁadr?fﬁbﬁ r di sorder.
W thogy intending to beedpaunchvyAnkadesiQUorditioh ab Sheb@hb&yRKet fisdh, t ypi cal

and
(ii) the use of a Compound of the Invention, e.g., Formula I or any of

1.1-1.84, or a Compound of Formula II-A or II-B, e.g., any of 2.1-
2.13, in free or pharmaceutically acceptable salt form, in the
manufacture of a medicament for treating any disease or condition
25 as hereinbefore set forth,
(ili)  a pharmaceutical composition comprising a Compound of the
Invention, e.g., Formula I or any of 1.1-1.84, or a Compound of
Formula II-A or II-B, e.g., any of 2.1-2.13, in free or
pharmaceutically acceptable salt form, in combination or
30 association with a pharmaceutically acceptable diluent or carrier,
and
(iv)  a pharmaceutical composition comprising a Compound of the

Invention, e.g., Formula I or any of 1.1-1.84, or a Compound of
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atypi cal antipsychotic drugs.such as clozapine primarily have their
antagoni stic WD 2010/ 065148PCT/ US2009/ 006438 activity at the dopam ne D2
r ecept or . wBDREM/GestIBbi t ors, however, primarily act to enlramas2ew@oaBs ng at
t he dopami ne D1 receptor. By enhancing D1 receptor signaling, PDEl

i nhi bitors can increase NVDA receptor function in various brain regions,

for exanple in nucl euFealaTReNsr B ORsapst 2. IEiroe! Referemnttsaireodtex. Thi s
5 enhancenent of function ma¥ be seen for exanple in éa(li/)ﬁ)A receptors
cont ai ni ng the NR2B sUpund+2.13in ffﬁﬁwr@é@maceutgcallyw%ﬁp ¢ R HO5R: B the Src

and protein kinase A fﬁﬂlbu%(%f'&k o %ﬁ%lon%@%%lﬁﬁﬁﬁ u(?lrcglly 5&%gfa8}éent' on

provi des a new net hod ment 0sI s, chi zophr eni a,
schi zoaf fective di sordﬁlmen&ﬁfvamffbﬁmeflmthntdea&nendeofan]y&hsqashot| c di sorder,
del usi onal disorder, and mania, such_as i ute nmani c epi sodes and bipolar
di sorder, conprising é@ﬁiiﬁﬁ‘io§ta§hF’i’?g“b$erﬁé?t§B€ﬁtl cally effective anount of a
phosphodi esterase-1 (PDE1l) Inhibitor of the Invention, e.g., a Conpound of
Formula I-A or 1-B, e.g., any of 1.1-1.84, or a Conpound of Formula Il-A or
I1-B, e.g.[0069y of Phérefird,3he lmeﬁmmpml hasmwfcze@bmpaurh@owcélp\teabb@ sal t

form to tie in nee e 006 n be used in
t he foreg%gﬂgo%‘f ﬂ&ﬂ%a@fog} iglt% ?‘%‘E}‘Fﬂh"gf% lﬁqggl %rﬁ%eFa%eWi c agent,
but may alsn)he uUaeHed Hr ROy Mceh@bleGat d¢ Pidlirsd fot, 8paWi th ot her
active agents. Thus, the invention Turther conprises a met hod of treati ng

psychti sCompgund efghe Im;@ntlem ira ph@’mazwfcﬁbmmpﬁéltmnsf@ﬂﬁefor thechi zophr eni f orm

di d d d
admi ni ot CPPRYeSRin T cEgrery CEMHER e BEpA ey ChodBRhES ) 0" &1 1O

admi ni st efdllogind @byt PaRinsyn e iseadel »e@tlasmegqtns:nmfrs diysRinesi&DE 1 | nhi bi t or
of the invention, e.g., a a Conpound of Formula I-A or 1-B, e. g , any of

f1 1- 1. 84, Hontingtaw pdisaase. dizhesners dissase,mngidryg-inguced govement digorders, 5 13 jn
| hoti c,
o) 9§pa§@a§g£&e%% hﬁeﬁm&%?d%k eat%ﬁ{ bn &&L @ﬁcaw_ﬂ' bisofif2 O,peéélgxglyc otic

e.g., Typi t1c

éh H?I dos , Smegsnameéty, ﬂlécqp«hsmdei néiabtdpep,tmgmnvE’hﬁpmhhemzdmentiae g,
orproma2| ne (Thorazine, Largactl | ), ,30FI uphenazi ne I I X

Per phenazil AWET SYRITOME; ausisgk K8 Hp & SAAFRmS, @3¥F§‘3§?‘H3¥m ‘V Ggf’inﬂ/@r

(MelTaril 4q Ié’%ghi%ﬁblll )cerégrb\telslf:'lﬁlgteﬁl%sg%tl(o% %oﬁ%&éﬁ@: heM?ﬁREhs‘éaz' ne,

Peri ci azi ne romazi ne romazi ne ’VE,‘S rrn
hypertension, pulmonary hypertens1on and/or sexual dysfunctlon asthma, chronic

obstructive pulmonary disease, and/or allergic rhinitis, as well as autoimmune and
20  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
25  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;.
[0070] The invention also provides use of a Compound of the Invention, e.g.,
30 aCompound of Formula I-A or I-B, e.g., any of 1.1-1.84, or a Compound of Formula
II-A or II-B, e.g., any of 2.1-2.13, in free or pharmaceutically acceptable salt form, for
the manufacture of a medicament for the treatment or prophylactic treatment of:

a) glaucoma or elevated intraocular pressure,
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Levonepromazi ne (Nozi nan), Pronethazi ne (Phenergan), Pinozide (Oap);
Thi oxant henes, e.g., Chlorprothixene, Flupenthixol (Depixol, Fluanxol),
Thi ot hi xewie 201%nsare) , Zucl opent hi xol (C opi xol, 5Acupha®ex/US2a09pc1a$
anti psychotics, e.g., Cozapine (Cozaril), O anzapine (Zyprexa),

Ri speridone (Risperdal), Quetiapine (Seroquel), Ziprasidone (Geodon),

Am sul pride (Sol ilgnpsycRadis, F6F é:xd@iie, (anh¢cogditiondElapadirizedlby phH¢hddicl i fy) ,
Bi f eprunox; norcl ozapine, in free or pharmaceutjcally acceptable salt form
to a patient in neesympiemssnch af lmdsginatons, parpPId AT MZaAEIGSSEHSIIG OT t he

o ophyl axi o of schi SooeaRed Sheffahd fihBhe e k- Chitophfiid, AhikEBRARTL O
Conpound of For nul adiserdef)fschiz&phréfméoreh disevdyr, bychotie disddder odelwi@@airpound of

Formula Il-Aor I1-B, e.g., any of 2.1-2.13, in.free or tmaceutically
acceptbl e salt for fisoie apd mdnia,sueh 35 IRAEPgManye elP‘ﬁ%‘?eﬁragagf%’E‘F of

Par ki nson’ s di seasey;§fa} zophreni a, narcol epsy, glaucoma and femal e sexual
dysfuncti on. [0066]Fn st1’l| anot her aspect, the invention provides a nethod
of | engt heni ng 2Q@)otraenh@nbiangingurgwt h of t he eyel ashes by adm ni stering an

ffecti t of t agl andi | , . bi, mat t,.
concor t anlByI si muTha et i5taiment capCrirsRilne s r5itd he 4RdErPELeroutiasbunt of a
PDE1 i nhi b érﬂﬁraﬁiﬁl%bg%hlyW&Peatﬁe&-or atheFOrARIRH M sphpfodisafl disehsefasor | - B,

e.g., any of 1. a Conpound of Formula Il-Aor I1-B, e.g., any of
2. 1- 21Q.3, weh af tregment phthe vawsewfitheadissaseccept abl e salt form to 25 the eye

of a patie Lh need thereqf [0067]]I et anpther aspect, .t. ' ntion

provi des am%#ﬂod f 6P" ‘F‘ﬁ@“’ﬁ? 8£1Erﬁagﬁ']ten€}1¥ep?'8 f&%&ﬁ“&e g1e n}tahsﬁgﬁflg%t?)ai n

'CBJ ury SOBE]EUoEﬁJaE‘Qli ﬂ\‘élfﬁ'pg\hﬁéaﬂ?ridgﬁcﬁvé mbmeutffgid 41;%(1;&152@%@/@ %Omum gf ?
npound of Formula |-A or [-B, e.g., any of 1.1-1.84, or a Conpound o

Fornul a | | [0873} || - Bhe ¢erm “pubmgnasy %zpqnezx.sm, 1§ intended typnceAARaceut i cal |y 30

accept abl e ;salt_ f ] jent in need thereof Traumatic brain injury
(TBI) encBLrlTlf)ngoéls s%ﬂah%}?%/e?ﬁeﬁ%}rly as well as secondary injury, including

bot h {®&cal [oar4] di f f The tdimetpatieny’ inidlede hiisearomdamyhurmgrfiice ananal) patient.pl e,
parallel, Irl }?a;[rgélﬁgrt ein?t?od?rrr]lgnt, the invention encompasses both human and nonhuman. . In-
another embodiment, the invention encompasses nonhuman. In other embodiment,
the term encompasses human.
[0075] The term “comprising” as used in this disclosure is intended to be
20  open-ended and does not exclude additional, unrecited elements or method steps.
[0076] Compounds of the Invention are in particular useful for the treatment
of Parkinson’s disease, narcolepsy and female sexual dysfunction.
[0077] Compounds of the Invention, e.g., Formula I-A or I-B or any of 1.1-
1.84, or II-A or II-B, any of 2.1-2.13, in free or pharmaceutically acceptable salt form
25  may be used as a sole therapeutic agent, 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
simultanebusly, sequentially, or contemporaneously administered with conventional
dopaminergic medications, such as levodopa and levodopa adjuncts (carbidopa,
30 COMT inhibitors, MAO-B inhibitors), dopamine agonists, and anticholinergics, e.g.,
in the treatment of a patient having Parkinson’s disease. In addition, the novel PDE 1

inhibitors, e.g., as described herein, may also be administered in combination with

estrogen/estradiol/estriol and/or progesterone/progestins to enhance the effectiveness
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i nt erdependent cascades of biological reactions arising fromdiscrete
subcel lul ar processes (e.g., toxicity due to reactive oxygen species,
over st i maweatoommesf48gl ut amat e receptors, excessive infl upcofUSea@oiasns and
i nfl ammat ory upregul ati on) which are caused or exacerbated by the

i nfl ammatory response and progress after the initial (primary) injury.

Abnor mal g SRt RYIRREIAs therdpy d2@leh@yedf of Esther-ifductd eadorhettiaponent  of
t he progression of 'secondary injury in both grey and white matter. For a

revi ew of hyiBrplagiaer Faretaoata. al ., CMAJ (2008) 178(9):1163-1170, the contents

of which afg~Lncorp ed herein.in their ' udi hown t hat
Phe- cavpp IR7B[ 6o PloBhes el ih Brdeh ok R bickl fvonliinif o eitse 1T, € O
PDE 1V i nhikidepérfding)@ll. @8 theoparatwat diseas@bscomditiorewtiertecatodythel prvtiduldrnpr oves

hi st opat hol ogi cal 10 outconme and decreases, inflammatiqn after TBI..
Conpouhds Compered pf the dmyentiqp aised, dhe medgofadminisHatien. g thg thefapy desiredyed t hat

these CO”E%WE?&"& e ﬁ%ﬁﬂﬁ&{ l’(ﬂagfbg 'éd#ﬁﬁst%feﬂ Y fib1d Bbute GndludinBY

restoringc evel a or C I'um honeostasis"after traunmatic raln
injury. 15fD§pdrditeratly csanteinmliynds Bninhhmtomrboy acbgweferyblp adoimpsiered of t he

I nvention, e.g., Fornmula | or any of 1.1-1.84, or a ound of Fornul a
11-A or | P[a%,}’- éx_lé@r}erﬁytl@facg)_q_rg{l&tg,e-g.,forftﬂllggegt,megﬁg{f%gg%ﬁf Ptally acceptable
salt form, %%efb’?@s&%ﬁh RRALARGRY S 6&bbtainRll ofbrATRIMihiQfratitsifati ddsaRY ofret hod
or in the % treatnment of any di sease or condition as herei nbefore set

forthl0(i ithe dartier fuse abdutd). @otop3Wmigle. InHergenmammals, forexpmplebumans an or any
of 1.1-1.84, or. a.Compound of Forrmula ll-A.or |Il.-B . 0., any of..2. 1- 2.13,
in free oﬂndb%?dréélé(ﬁ%%ﬂ fi%{/ 05?_(1,8@?5‘{15%3@0551'1{1_af"&?xmng}yng? &lethﬁﬁ?‘f{?fn’é’gtf UPe of a
nedi camengpdR0. 258 at50 M, oM vEHi GRBSRINThisteaibride 06y ARG dBE d8ic8Rabar e set
forth, (iii) a pharmaceutical CO”POS' tion conprising a Conpound of the

| nvent i on timesdaily oo imsustainedelegss fasm. Unit-dpsage fogns HrosphpdiHBisBRtMLr nul a

l[1-Aor Il-B.e.qg..,any of 2..1-2 13, | r C i cept abl e
sai ¢ for mirfogaRriaRey $ouprih folimoleais s 8 BORMEREYf o 5F
acceptiabl gr 9i0ltd80f 796r T thig®f a Gopduind of thelaaétee tigethiel withrposi ti on

conprising a Conpound of the Invention, e.g., Formulal or any of 1.1-1.84,
or a Conpdbarmageuticely aegeptable dilygnt py cgleréhgeforany of 2.1Error! Reference

d. - 2. |6 i o f
source not pfo%r Piaﬁméc%uﬂ&ﬁ%o%oghg%%@@ggﬁ%r}apmmfm Rivefidn form

i n conbi nation or association wt y acceptable diluent or
carrier f afayleréparéchesihg eaventivnabtilaents di segsents and twholiqueoknoys in

herei nbefore set forth. [0069] Therefore, the invention proyides use of a
Commound dh aais frcHiskal stge 1orgs gy nclie RO parpuieR e, ¥ o® oo aund
of Forhpgul dudpbado andlthBlik€- 9-, any of 2.1-2.13, in free or pharnaceutically
accept abl e galt or prodrug form or a

EXAMPLES

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

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

described in the detailed description and by methods known in the chemical art.
EXAMPLE 1

30 (6aR,9aS)-5,6a,7,8,9,9a-hexahydro-5-methyl-2-((4-Pyridin-2yl)-benzyl)-
cyclopent[4,5])imidazo[1,2-a]pyrrolo[4,3-¢]pyrimidin-4(2H)-one
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10 Conmpound of the Invention in a pharmaceutical conposition form for the
manuf acture of a nedi canent for the treatnent or prophylactic treatnment of
t he fol | omDreglodiésSases: Par ki nson' s di sease, restless | egT/USR@IOnE3S

dyski nesi as, Huntington's disease, Al zheiner's disease, and drug-induced
novenent di sorders; depression, attention deficit disorder, attention
deficit hyperactivity disorder obipolar 15i | I ness, anxiety, sleep disorder
nar col epsy, cognitive inpairye denentia Tourette's syndrone, autism
fragile X syndrone, psychosthuI ithdrawal , and/or drug addiction;
cerebrovascul ar di sease, str , ges heart di sease, hypertension
pul monary hypertension, and/'9r pexual dysfun ; asthma, chronic
obstructive pul nonary di seas nd/ or aIIergl initis, as well as
aut oi mmune and 20 i nfl anmat o i seases; and/ orsfenual e sexual dysfunction,
exerci se anenorrhoea, anovul ati on, nenopause, nenopausal synptons,

hypot hyroi di sm pre-nenstrual syndrone, prenature | abor, infertility,

irregular nens R nor nal

mul tiple scl ery gﬂle%l%L?ﬁ}yﬁgﬂc B eghﬂﬁl ?t'glt%gwg rcl{e}l?&‘?lh‘p(g'i@hyr oi di sm
estrogen-i jpdseed englqneclhyhﬂdlcxtmpﬂffmgﬁ(s | amﬁasl) oak dissolved irn0.8/mk. oiDMPRS

di sease or condition characterized by |ow |evels of cAW and/or cGw (or

nhi bi | oFOREE AV dildhBr k@%'fm@? beaPidrg. Bl il et o g
PDE1 d o '
di seasgnor CPOIE%I t%t nmay an‘é?llgf'f'z dgd’g’gﬁélbg&hg%@é%éen%’ O]?” or any

pr ogest er hytrodilgpidd sahtg22 11[1@@)7[5] fﬁhml) wa:eatdded,nfoﬂbwed by ®BU&S1ulsS.9f a
Compound of th Inventlon ,. 30 a ound of . gElor la 1-A or |1-B, e. g.,
any of 1.Tmoly eé‘?"‘%“?:&’ﬁﬁéﬁ‘ﬁgd @rro%‘rtﬁﬁ‘ﬂ’ afyre avegpighf. Jge rgagiion ‘BH?/“ISf

2.1-2. 13, wallp {8 Y a BOAL pRp&SLVE AIPLC t%%i@e%lﬁ@b?ocﬁl@t (16&9@ Nieldoreotyne

manuf act ur e of a nedi canent for the treat nent or prophylactic treatnent of:
a) gl hicoMs @ESIpinén 2kt [MitHlaocul ar pressure, b) psychosis, for exanple,
any conditions characterized by psychotic synptons such as hall uci nations,
paranoi d or bizarre del usions, or disorganized speech and thinking, e.g.,
schi zophreni a, 2)6@Bszsw)f7eMétu$ Ij,!Z,SQSd;l’EBa-h%ﬁ pIBT\Biteiagndi sor der,
psychotic disorder, delusion 5di sorder, mani a, such as in acute nanic
epi sodes ayﬂonﬂnpdahndméw@er c) traumat i c br ain injury. [0071] The wor ds

;Lira?:f:rﬁgt ljr ggﬁy'll ;:(??t :astr?]’g’ltf()%r gtztrrg ?%@@ﬁ%ﬁ&%%g{; @g&gﬂ{nn g%%oms of di sease
as 1015el medslpyrieatimaGH)forel(@3€ aigs 6.60MmntdIpintinhgdmas THIOZhEYis addetods of

treatment, the word "effective anmbunt” _is intended to enconpass a
t her apeut FrtPélFPXJP]é‘?SPB’@Fl(\I/@ B (%2 memob)y Biye minutss latsr; dicthyd cHEPoRHlAGr der .

(DEAD, 0.45 mL, 0.93 mmol) in toluene is added dropwise. The mixture is stirred at

room temperature for 2 hours. Solvent is removed under vacuum, the residue is
treated with 0.02 N HCI (40 mL). The precipitate is filtered off, and the filtrate is

20  washed with CH,Cl,. The aqueous phase is evaporated to dryness under high vacuum
to give product as solids (108 mg, yield 92%), which is used for the next reaction
without further purification. MS (ESI) m/z 192.1 [M+H]".

3) (6aR,9aS)-5,6a,7,8,9,9a-hexahydro-5-methyl-cyclopent{4,5]imidazo[1,2-
25 a]pyrrolo[4,3-¢]pyrimidin-4(2H)-one
[0082] Sodium hydride (95%, 112 mg, 4.44 mmol) is suspended in 3 mL of
anhydrous THF, and then a mixture of (3aS,8aR)-7-Methyl-1,2,3,3a,7,8a-hexahydro-
3b,7,8-triaza-cyclopenta[a)inden-6-one (283 mg, 1.48 mmol) and p-
toluenesulfonylmethyl isocyanide (97%, 347 mg, 1.77 mmol) in 5 mL of anhydrous

30 THEF is added dropwise. The mixture is stirred at room temperature for an hour, and
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[0073] The term "pul nonary hypertension” is intended to enconpass pul nonary
arterial hypertension. 15[0074] The term "patient"” include human or

non- humarwQi20®/06588i mal ) patient. In particul ar enbodi meaT/;uskéve/obasent i on
enconpasses bot h human and nonhuman. | n-another enbodi nent, the invention
enconpasses nonhuman. I n other enbodi ment, the term enconpasses human.

[ 0075] Thetbg GRnchedRithSi4ter. TAe mighfle isextraéted WigalQsTI; €5 k9 0imLemhed to be 20
open- ended and does not exclude additional, unrecited el ements or method

st eps. [ Ocnehidehprganid phase is veashed, withibsinezand then drigd wish palydiees Np2SQsr  t he
treat nent ,of ' s di | f dysfuncti on.
[ 0077] Conp Tl RS ir R aRoraRy6 Ay wAll? (TR BreSEACR gfRe 1m0 "

1.84, or éx’udérfwuétl(sﬂ) i) yiedd 92%3 a2 bron dolidb elice s ysba forheutxktcal | y
acceptable salt form 25 may be used as a sol e therapeutic agent, but may

al so be useetiamwithniifershar purifeation: MY (BRiyimHz 8 F-adMoiili t h ot her acti ve
agents. For exanple, as Conpounds of the Invention potentiate the activity
of D1 agonists, such as dopam ne, they may be simultaneously, sequentially,

or cont enpor angpéaRyIas)+s,6u, 3,8, ®chek dHy deoSvimethyd2a((4-Pypiakin-2¢Hchenzyl)-

medi cati ons, such as ] evodopa and | evodopa, a%unctlihécar bi dopa, 30 COMI

i nhi bi t or syclopeatld,Slmidazeld, 3| pyaEaif-Frelnygbpidin-dHkane nt i chol i ner gi cs,
e.g., int r eat ' Y | { d-SdnsgRse. In

addi ti on, hgfs]noveInRrPg[%ISé&Iln Slﬁ)ﬁlm?iﬁg’?g@ﬁgggg@gﬁc}@? fhg)ed he?ygi n, may al so
be adhd ni stobopedt[#3]icoddrobBRiadpyrvalof4, esjpyogedine2Hadhe(Y4sngi b1 and/ or

pr ogest erone/ progestins t hance the ctiyenes of hornone
repl ace neﬂ’fnotlfl ér(gﬁﬁ%row?tgﬁsﬂbw BBY”@E’F fé)é;g A Mﬁgm{‘é@) &'ﬁ% BEtT al
hyper pl astapéiat€@00 M2 MAM PInANhggR%s ONIF QY firddht RSAE tdrepdrgutde present
invention will of course vary depending, e.g. on the particul ar di sease or

condi t i onovernigbt. fThe aistire isHdtqued throughes 0.3 pComxsofilteroThe firataisanrifisd used,
t he node of admnistrati nd .t he ther desi red. ound t he

| nvent 1 onoageBkpisarEars ARLCHO Ve Ry MR BORbtas oft ARG SIS SiShl 1y,
par enjgr algsfy ni/s a9 sermrity, or by inhalation,  but are preferably

adm nistered orally. 'In general, satisfactory results, e.g. for the

treatment of di seases as hereinbefore set forth are indicated to be
obt ai ned ﬁn orfl .admnistration at dosages of 10 the order from about 0.01
to 2.0 ngFBYPPIS2Y arger marmmals, for exanpl e humans, an indicated daily

dosage f o(6al,94S)B64, N8I, IR heLihydirbl5-aeas1d (A9(cyNeropyridie-2cyd)igazeh- f rom
cyclopent[4,5]imidazo[1,2-a]pyrrolo[4,3-e]pyrimidin-4(2H)-one
20
0

~

”ﬁ]@

SN

N N. _F
|\

U P

[0084] The synthetic procedure of this compound is analogous to EXAMPLE
1 wherein 2-(4-(chloromethyl)phenyl)-6-fluoropyridine is used in step 4 instead of 2-
25  (4-(chloromethyl)phenyl)pyridine. MS (ESI) m/z 416.2 [M+H]".

Example 3:
(6aR,9aS)-5,6a,7,8,9,9a-hexahydro-1,5-dimethyl-2-(4-(6-fluoropyridin-2-
yl)benzyl)-cyclopent[4,5]imidazo[1,2-a]pyrrolo[4,3-e]pyrimidin-4(2H)-one
30
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about 0.75 to 150 ng, conveniently adm nistered once, or in divided doses 2
to 4 times, daily or in sustained release form Unit dosage forns for oral
adm ni st raDi20m/acbug f or exanpl e may conpri se from about POTAISL@IDBE468 150
ng, e.g. fromabout 0.2 15 or 2.0 to 50, 75 or 100 ng of a Conpound of the
I nvention, together with a pharmaceutically acceptable diluent or carrier
therefor. [0079] Pharmaceuti calg conpositions conprising Conpounds of the

I nvention may be prepared ugi conventional diluents or excipients and

t echni ques known in theNg Thus oral dosage fornms may

i nclude tablets, capsules, s)al pensi ons and the |ike. EXAMPLES
The synthetic nmethods for \}Zrisous npo ofNt{hEe Present Invention are

illustrated 25 bel ow. O her nmpounds of the||l mJention and their salts may
be made using the nethods a mlarly descri bel ow and/ or by nethods
simlar to those generally described in the detailed description and by
met hods known in the chemcal art. EXAMPLE 1 30

Cycl opent [ DB 1 g 3nf SifeRSednc Fybchaptia DUl baRgPLE -
2- (1R, 2R) whefenglt QXymc@hxmwmwlﬁiﬂin@-nﬁthyﬁhdwéws lusedllmrstéﬁ 3 hl)steadeaf p-

[ 0080] 3- Met hyl uraci]l (1 @ S dlh%f){l of DMF, 5
and then @@sn@ﬂfowlmqjhyllgsqﬁgmﬁev@@ ZifukshloremsthyDRbenyd)-Gr OQHYF ¥ at room

tenper at ufy % LPln *W?%ﬁégdecﬁg él @Hlo(r e@é@hﬁ’&’gﬁ%‘?‘% BReMey) am ne

hydr ochl ori de sa Ilowed by DBU (51ulL, 3.4
mmol ). Th@MsHfture was stirred at roomtenperature overnight. The reaction
m xture was purified by a sem -preparative HPLC to give pure product (16
ng, yield 76%. 10 M5 (ESI) mz 210.1 [ MtHr.

Example 4:
10  (6aR,92aS)-5,6a,7,8,9,9a-hexahydro-1-chloro-5-methyl-2-(4-(6-fluoropyridin-2-
yh)benzyl)-cyclopent[4,5]imidazo[1,2-a]pyrrolo[4,3-¢]pyrimidin-4(2H)-one

0]
~
L
NN
o | Noo©
%
15 [0086] (6aR,9aS)-5,6a,7,8,9,9a-hexahydro-5-methyl-2-(4-(6-fluoropyridin-2-

yhbenzyl)-cyclopent[4,5]imidazo[1,2-a]pyrrolo[4,3-e]pyrimidin-4(2H)-one (38 mg,
0.082 mmol) is dissolved in a mixture of CCly and DMF (8/1, v/v). The solution is
cooled to 0 °C, and then a solution of N-chlorosuccinimide (10.9 mg, 0.082 mmol) in
CCly and DMF (8/1, v/v) is added dropwise. The reaction mixture is stirred at room

20  temperature for half an hour. Solvents are removed under vacuum, and the residue is
purified by a semi-preparative HPLC to give pure product as off white solids (16.5
mg, yield 45%). MS (ESI) m/z 450.1 [M+H]".

Example S:

66



2)

(3aS,8aR)-7-Met hyl-1, 2, 3, 3a, 7, 8a- hexahydro-3b, 7, 8-tri azacycl opent a[ a] i nden-
6- one [ 008020w/@ss8l uti on of 2-( (1R, 2R)-2- hydr oxycycl opeaTyuisamonoy3s- 15
met hyl pyri m di n-4(3H)-one (130 ng, 0.62mmvl) in anhydrous THF (2 L) is
added tri phenyl phosphine (163 ng, 0.62 mml). Five mnutes |ater, diethyl
azodi car baR $iSy-5,665A8,9,9a-fexdHydro-5metHyI1)( #ih@nyl@hﬂﬁﬂ)eﬂ(&(ﬁ-dded dr opwi se.

The mixture is stirred at roomtenperature 2 hours. Solvent i s renoved
under vacfluenopyhidin-2sylheazyl-cyelopertd4.alintidazoph2ra] prrrofold, 3nglpyrimidin-
preC|p|taa§£Qs filtered off, and the filtrate is 20 washed with CH2Cl12. The
aqueous p qne evaporated to dryness under high vacuumto give product as
solids (108 ng, yield 92%, which is used for the next reaction w thout
further purification. M5 (ESI) mz 192.1 [ MtH]. 3)

(6aR, 9as) -5, 64a, 7, 8, 9, 9a- hexahydr o- 5- net hyl - ¢ycl\opent [ 4, 51i m dazo [1, 2-

25a] pyrrol o[ 4, 3-el pyri m di n-4(2H)-one [0082 dithim hydri de (95% 112 ng,
4.44 mmol) is suspended in 3 mp of anhygdfogs THF, and then a mi xture of

(3aS,8aR)-7-Methyl-1, 2, 3, 3a, 7, $ia- hexahy 3b, 7, 8-triaza-cycl opent a[ a] i nden-
6-one (283 ng, 1.48 nunol) a prol\yenes fonylnethyl i socyani de (97% 347
nmg, 1.77 mmol) in 5 nL of an ﬁf 30 THF is added dropwi se. The m xture
is stirred at room tenperat or&\g and t hen quenched with water.
The m xture is extracted wt 10 The conbi ned organic
phase is washed with brine, then dried mnth anhydrous Na2SO4. After

filtration, the filtrate is evaporated to dryness under reduced pressure to
gi ve crude product (320 ng, yield 94% as brown solids, which is used for

o han ool L2 RIS R A e 8 MR el Lot
cycl opent fidofopyrididaze lgﬂerﬁygld%l’dg@htﬁ 5]113n<ﬁ\}z§|§/lr2 a];@micﬁé,ara]p@nmldlﬂ%3] A

suspensi on of (6aR, 9 hexahydr o- 5- et h

10cycl opeﬂ(m-ca]eu(mma&d{qi mmaglh sy lsﬂOB{ed lga@}y@wr@dz%,@@é@%ne (140 my,
0. 61 | d
cesi uld carishictoAckic BRURS TR 103 BIRAY | RdEd el nifine b BhLTIRE) 20C

t enper at Uf‘rm(ﬂ)/qrhﬁlr@h:hon Thituse istheneediis afBibtage adcrbvaoe gistram@nPat| 180°C

mcrofilt The flltrate is purified by a sem - ratjv LC o g|ve 41
mg of pur r&rlmcfct hg nigfure {§Rurdicd Qi afemipsepagative 1? %gg@ég

Exanpl € 2554uct as sglids. MS (ESI) m/z 507.2 [M+H]
(6aR, 9aS)p§ ucass§19$9a ﬁexgﬁﬂéro 5[nethy1 2- (4 (6-fluoropyridin-2-yl)benzy

| )- cyclopent[4,5]imdazo [1,2-a] pyrrolo [4,3-¢e] pyrimdin-4(2H)-one 20
15 Example 6:
(6aR,9aS)-5,6a,7,8,9,9a-hexahydro-5-methyl-2-(4-methoxy-benzyl)-

cyclopent[4,5])imidazo[1,2-a]pyrrolo[4,3-¢]pyrimidin-4(2H)-one

20
[0088] The synthetic procedure of this compound is analogous to EXAMPLE
1 wherein 1-(chloromethyl)-4-methoxybenzene is used in step 4 instead of 2-(4-
(chloromethyl)phenyl)pyridine. MS (ESI) m/z 351.2 [M+H]".
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O [0084] The synthetic procedure of this conpound is anal ogous to EXAVPLE
1 wherein 2-(4-(chloronethyl)phenyl)-6-fluoropyridine is used in step 4

i nst ead oW020102B51(44- (chl or onet hyl ) phenyl ) pyri di ne. NS ( BSIT)USRom®/046468 2

[ MiH] . Exanpl e 3:

(6aR, 9aS) -5, 6a, 7, 8, 9, 9a- hexahydr o- 1, 5-di net hy1- 2- (4-(6-fl uoropyridi n-2-

yl ) benzylgsempleonent [ 4, 5] i m dazo[ 1, 2-al pyrrolo [4, 3-¢€]

pyrimdin-4(2H) -one 30 0 [0085] The synthetic procedure of this conmpound
i s anal og®¥aR,2a8)56m/hB8:9,%- hexahydyo-3-chloro-5-methyl-2-(4-methoxy-benzyl)-

1- (1-isocyanoet hylsul f.onyd)y ] i S | Lp.step 3 instead of p-
5 tol uenegylfp(?ptfﬂwr?i\%lgszixéb%é@ﬁ%l?‘tgﬁgfp%ﬁniﬁn 4RAD-bie P
2-(4-(chl oronet hyl ) phenyl)-6-fluoropyridine is used in step 4 instead of

2- (4- (chl oromet hyl ) phenyl )pyriding. Ms (ESI) mz 416.2 [ M 41]+. Exanple 4:
10(6aR, 9aS) -5, 6a, 7, 8, 9, 9a- hexahydko- 1<&thl or 0- 5- net hyl - 2- (4- (6-fl uoropyridin

-2- yl)benzyl)-cyclopent[4, 5] ™y [1,2-al pyrrolo [4, 3-¢€]
pyri m di n-4(2H) - one Jﬁ N
15[ 0086] ( 6aR, 9aS) - 5, 6a, 7, 8, 9, 9gZhexahydr met hyl- 2- (4-(6-fl uoropyridin-2-

yl ) benzyl ) -cycl opent[4, 5] i m daal{, 2-a]p ' o[ 4, 3-e] pyri mdin-4(2H)-one
(38 ng, 0.082 mml) is di ssolvn a m xture of CCl4 and DVF (8/1, v/v).
The sodution is cooled to O C, arfd then a sofPation of N-chlorosuccinini de
(10.9 ng, 0.082 nmol) in CC14 and DVF (8/1, v/v) is added dropw se. The
reaction mxture is stirred at room 20 tenperature for half an hour.

Sol vent s ajpe89Enoved oM USIMES ILMHFAAQ thbed .2 eahel)és adlepdrofwiseltdy a

sem -preparati ve HPLC to gi ve pure product as. of ite solids, (16.5 ,
yi el dp455§o_luq'\¢51 qﬁ:_(éqil}ﬁﬁﬁkS,%gd_,gg,thq?ghydro-tS-methyl- -(ZY\-,rI]nethoxy-benzyl)—( Y

cyclopent[4,5])imidazo[1,2-a]pyrrolo[4,3-e]pyrimidin-4(2H)-one (500 mg, 1.4 mmol)

10  and hexachloroethane (1.69 g, 7.13 mmol) at room temperature under argon. After 30
min, the mixture is quenched with saturated ammonium chloride aqueous solution at 0
°C, and then basified with saturated sodium bicarbonate aqueous solution, followed
by extractions with methylene chloride. The collected organic phase is washed with
brine, dried over anhydrous sodium sulfate, and then evaporated to dryness under

15 reduced pressure. The obtained crude product is purified by silica gel flash
chrdmatography to give 165 mg of pure product as off white solid (yield: 30%). MS
(ESI) m/z 385.2 [M+H]".

Example 8:
20  (6aR,9aS)-5,6a,7,8,9,9a-hexahydro-3-chloro-5-methyl-2-((4-Pyridin-2yl)-benzyl)-
cyclopent[4,5]imidazo[1,2-a]pyrrolo[4,3-e]pyrimidin-4(2H)-one

O ¢

37 Yo

25 [0090] To a solution of (6aR,9aS)-5,6a,7,8,9,9a-hexahydro-3-chloro-5-
methyl-2-(4-methoxy-benzyl)-cyclopent[4,5])imidazo[1,2-a]pyrrolo[4,3-€]pyrimidin-
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Exampl e 5:

(6aR, 9aS) -5, 6a, 7, 8, 9, 9a- hexahydr o- 5- net hy1- 1- (phenyl am no) - 2- ( 4- ( 6-

f | uor opyrwoizntodeyiagbenzyl ) - eyel opent [ 4, 51i mi dazo [ 1, 2- apCpyuseaiomod44s 3- e]
pyri m di n4(2H)-one 5 [ 0087] Crude

(6aR, 9aS) -5, 6a, 7, 8, 9, 9a- hexahydr o- 1- chl or 0- 5- net hy1- 2- (4- ( 6-

fl uoropyrn(tiﬁ? o%e)(@&@zab)snwgl)@@@mbﬁ i8 5loWl ¢ adddd1TIA ah@yr r ol o 4, 3-e] pyri mi d
i n4(2H) - one (approx. O. i s dissolved in ang%drous CH2C12, and then

10 tri chtrrthoanmth@ea@hﬁunq ECIQ( MS}\)@ihmxt}uq 1§ sHge@at Topm W@\R@G‘“ﬂ? aniline

fﬁs? r ﬂhengveg‘%g%@vFgﬁs agd mgg&%ﬁénv?# (%F reduc %r%gr}u}@ J%%ﬁ&@egﬁ m crovave

; 8;“ 2pr epﬂé’lﬁﬁaht'éﬂ dﬂﬁ'—dﬁssﬂbﬁze@llﬂ ®MF Zaridhed pmﬁ@dﬂw a @é?mﬁpﬂepﬁﬁtlvé\/HPLESb) m z

(6aR, 9%5) gixe @ang & @nge?aﬁbiéﬁi@ﬁ 8-9g-hesatglio-3-chlorper methylbenzy 1) -
eycl opent L%mﬁkh@ I1tRbdofr AN bRl e BRI A )80 (R Ssp@iGol of 20

[ 0088] The % proc dur mpound 'T's” anal ogous to EXAMPLE 1
wher ei n 1(6(aRt9asy-6mat7h&9)9a41em}lmﬂbﬂﬂmerfememyd}sydopentgt,iﬂpnmam{ét2ead of

(55R, 96 SBYBAOH & HDB A MRy Braned 72 0 bk A3 2- ( 4- mot hoxy- boney) -
cycl opent tcﬂloﬂmbt‘ﬂ&ﬁ%&yi)};yﬁdlﬁk (&Y FPb 3 ththoB a8l cB¥lnBarbdiaft((@ b nf) .60
10  mmol) in anhydrous DMF is stirred at room temperature for 4h. The mixture is
filtered through a 0.2 uL microfilter. The filtrate is purified by a semi-preparative
HPLC to give pure product. MS (ESI) m/z 432.2 [M+H]".

Example 9:
15 (6aR,9aS)-5,6a,7,8,9,9a-hexahydro-5-methyl-3-(phenylamino)-2-((4-Pyridin-2yl)-
benzyl)-cyclopent[4,5]imidazo[1,2-a]pyrrolo[4,3-e]pyrimidin-4(2H)-one

[0091] (6aR,9aS)-5,6a,7,8,9,9a-hexahydro-3-chloro-5-methyl-2-((4-Pyridin-
20  2yl)-benzyl)-cyclopent[4,5]imidazo[1,2-a]pyrrolo[4,3-¢]pyrimidin-4(2H)-one (5.6
mg, 0.013 mmol) is placed in a Biotage microwave tube, and then aniline (0.2 mL) is
added. The mixture is heated at 150 °C for an hour. The mixture is purified by a semi-
preparative HPLC to give product. MS (ESI) m/z 489.3 [M+H]".

25 Example 10:

(6aR,9a8S)-5,6a,7,8,9,9a-hexahydro-5-methyl-3-(phenylamino)-2-(4-methoxy-
benzyl)-cyclopent[4,5]imidazo[1,2-a]pyrrolo[4,3-e]pyrimidin-4(2H)-one
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[0089] 1.OMLIHVDS in THF (4.2 nmL, 4.2 mml) is added dropwi se to a solution
of (6aR, 9aS)-5, 6a, 7, 8,9, 9a- hexahydr o- 5- net hyl- 2- (4- net hoxy- benzyl) -

cycl opentywo,28joassdazo[ 1, 2- a] pyrrol o[ 4, 3-e] pyri m di n- 4( 2iIPCTarse000ph0A3sy, 1.4
mmol ) 10 and hexachl oroet hane (1.69 g, 7.13 nmol) at room tenperature under
argon. After 30 mm the mxture is quenched with saturated anmoni um

chl ori de aqueous solution at 0 C, and thesYasified with saturated sodi um
bi carbonat e aqueous sol ution, fol bowgg, -«@ ractions with nmethyl ene
chloride. The collected organic pllase/is Washed with brine, dried over
anhydrous sodi um sul fate, and tﬁn aparated to dryness under 15reduced
pressure. The obtained crude pr i ified by silica gel flash
chromat ography to give 165 ngy ure praq as off white solid (yield:
30%9. Ms (ESI) mlz 385.2 [ MrH] . anpl e 8\
20(6aR, 9aS) -5, 6a, 7, 8, 9, 9a- hexa 0- 3-chl or ogb=net hyl- 2- ((4-Pyri din-2y1l) - be
nzyl)- cyclopent[4,5] imdazo [1,2-al pyrrolo [4,3-e] pyrimdin-4(2H)-one
25[ 0090] To[(®92Dp! ut i dihe sfnthéaRpPa&iurs pbthiTc@nudd-ih analdgais do EXANVBLLE 5-

met hy1- 2- (4- met.hoxy- henz zcycl opent[4, 5] i dazo - rrolo[4,3-e]lpyrim
idin- 4 %Pﬁh%%??%%gﬁj{é%gﬁn%ﬁ Xaﬁgﬁd%ﬁﬁi‘?r 'é"é%hﬁ[?‘l‘g\élfg&’x?‘?A and
trifluor omeiARnGeMreRils S)igfiddbof 11T 0lJ[3S-Bfp¥titnidniA2H)-ohé Rchsad room
tenperature overni ght. Sol vents ‘and 'TFA are renoved under reduced pressure.

The re§i dinstdad ofi€eaR, 245)2%08, 2,89, Ui-bexahydg-3-phlorg=5-regthylt r6@-Buidin2el- by a

sem -preparative HPLC Sgi,ve f SUCUTIN ) :

(6aR, 0aS) DETN Gy ,nglgégil%gﬂgﬁ? lr’%‘-3'@6%1%[r4o3-'%]-p%8?1%§1/‘f‘-4(2H) one. MS (ESI)

cycl opent [}z 342 Di[NBZY[ 1, 2- a] pyrrolo[ 4, 3-e] pyri m di n-4(2H) -one. A suspensi on
of

(6aR, 9aS) -5, 6a, 7, 8, 9, 9a- hexahydr o- 3- chl or 0- 5- net hyl -cycl opent [ 4, 5] i m dazo[ 1
, 2- a] pyr rli%la%p‘} ’ﬁ,e] pyrimdin-4(2H)-one (79 ng, 0.3 mmol), 2-(4-

(chl or onethy p?"len'yl )pyridine (61 ng, 0.3 mml) and cesium carbonate (192
my, 016 1Q64RyPAY)-5,6a31879,da-diexabddro-Snmithylr(plainylanine)-2n@e(l B-12¢-f or 4h.

The m xture is N
triazol-1-yl)-benzyl)-cyclopent[4,5]imidazo[1,2-a]pyrrolo[4,3-e]pyrimidin-4(2H)-

one
~
0
0=,
\
\Y
5
15 [0093] The synthetic procedure of this compound is analogous to EXAMPLE

9 wherein (6aR,9aS)-5,6a,7,8,9,9a-hexahydro-3-chloro-5-methyl-2-(4-(1H-1,2,4-

triazol-1-yl)-benzyl)-cyclopent[4,5]imidazof1,2-a]pyrrolo[4,3-e]pyrimidin-4(2H)-one

is used instead of (6aR,9aS)-5,6a,7,8,9,9a-hexahydro-3-chloro-5-methyl-2-((4-

Pyridin-2yl)-benzyl)-cyclopent[4,5]imidazo[1,2-a]pyrrolo[4,3-e]pyrimidin-4(2H)-one.
20 MS (ESI) m/z 479.3 [M+H]".

Example 12:
(6aR,9a8)-5,6a,7,8,9,9a-hexahydro-5-methyl-1-(phenylamino)-2-(4-(pyridin-2-
yl)benzyl)-cyclopent[4,5]imidazo[1,2-a]pyrrolo[4,3-¢]pyrimidin-4(2H)-one
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filtered through a 0.2 uL mcrofilter. The filtrate is purified by a

sem -preparative HPLC to give pure product. M5 (ESI) mlz 432.2 [ MtH] .

Exanpl e 9WO0 2010/065148 PCT/US2009/006438

15(6aR, 9aS) -5, 6a, 7, 8, 9, 9a- hexahydr o- 5- met hy1- 3- ( phenyl am no) - 24( 4- Pyri di n- 2
y1l)- benzyl)-cyclopent[4,5] imdazo [1,2-a] pyrrolo [4, 3-¢€]

pyrim di n-4(2H)-one

[ 0091] (6aR, 9aS) -5, 6a, 7, 8, 9, 9a- hexahydr o- 3- ch
202y1) - benzyl) - cycl opent [ 4, 5] i m dazo[ 1, 2- a]
e (5.6 ng, 0.013 mml) is placed in a Biota
aniline (0.2 nL) is added. The m xture is
m xture is purified by a sem -preparativ
mz 489.3 [MtH|t 25 Exanpl e 10
(6aR 9aS) -5, 6a, 7, 8, 9, 9a- hexahydWNo- 5Fn 1- 3- (phenyl am no) - 2- (4- et hoxybenz
y1l) -cycl opent|[ 4, 5] i m dazo[ 1, 2- o[ 4, 3-el pyri m di n-4(2H)-one

[0092] The synthetic procedure Qf fhi gyeorfpound is anal ogous to EXAMPLE 9
wherein (6aR 9aS)-5,6a,7,8,9,9 xahydnp- 32 chl or o- 5- net hy1- 2- (4- et hoxy-

ro-5-nmet hyl-2-((4-Pyridin-
rnol o[ 4, 3-e] pyri m di n-4(2H) -on
i crowave tube, and then
ated at 150 C for an hour. The
LC to give product. Ms (ESI)

benzyl)-cycl opent [4,5] imdaz ,2-a] pyrrolo [4,3 -¢€]
pyrimdin-4(2 one_is used.5 ins ead (6aR, 989 -5 ., 6a,
9 9a- hexa[‘@a!ﬂ) 3 - dRF sYhetiGRropeaur 5i%f’fnilpod’ina 229‘1310@6‘@5‘% Idbent [4

) 4 2 '2”‘[ ﬁ/l‘ia%v}{eéﬁ @a]Ré@éﬁff%%? 8 94933he)5l1y<ﬂ)r)6r5 Hetty14cHI 8t} 2 @ﬂ%pynd}@z( ES 1) mz

(6aR, 9&S) ybbéayl); @p&p@mt{hé}qain@aipbl Lajmtriojo4 3-¢lpyremydini(2id)-ore (spsed H- 1, 2, 4-
ErZ:_l)a_Zo'Oneu}/qu%qp N_?@Zwas(jyf%éj‘p‘g@téa- gaim%ro-af-%ofo 5 6}11&1){ rﬂk@[ﬂ)*r?d e|29w| m dl n-4
benzyl)-cyclopent[4,5]imidazo[1,2-a]pyrrolo[4,3-e]pyrimidin-4(2H)-one. MS (ESI)

m/z 489.2 [M+H]". ‘

10 Example 13:
(6aR,9aS)-5,6a,7,8,9,9a-hexahydro-5-methyl-3-(phenylamino)-2-(4-(pyridin-4-
yl)benzyl)-cyclopent[4,5]imidazo[1,2-a]pyrrolo[4,3-e]pyrimidin-4(2H)-one

Q HN@
~
S
7

N tﬁN
/
\ N
15 [0095] The synthetic procedure of this compound is analogous to EXAMPLE

9 wherein (6aR,9aS)-5,6a,7,8,9,9a-hexahydro-5-methyl-3-chloro-2-(4-(pyridin-4-

yl)benzyl)-cyclopent[4,5]imidazo[1,2-a]pyrrolo[4,3-e]pyrimidin-4(2H)-one is used

instead of (6aR,9aS)-5,6a,7,8,9,9a-hexahydro-3-chloro-5-methyl-2-((4-Pyridin-2yl)-

benzyl)-cyclopent[4,5]imidazo[ 1,2-a]pyrrolo[4,3-e]pyrimidin-4(2H)-one. MS (ESI)
20 m/z489.3 [M+H]".

Example 14:



15[ 0093] The synthetic procedure of this conpound is anal ogous to EXAVPLE 9
wherei n (6aR, 9aS) -5, 6a, 7, 8, 9, 9a- hexahydr o- 3- chl or o- 5- net hy1- 2- (4- (1H- 1, 2, 4-
triazol - Iwpbpronesmgl ) - cycl opent [ 4, 5] i m dazo[ 1, 2- a] pyr r olpafrAiS3e0ejopssss m di n- 4
(2H)-one is used instead of

(6aR, 9ab) -5, 6a, 7, 8, 9, 9a- hexahydr o- 3- chl or 0- 5- et hy1- 2- (( 4-

Pyridi n- 2R, I A bhenfainb P2 qh41 B=wdigxzdlm di n- 4(
2y - one. SORE Ve G e ilivhrnls el T {Plen ghmino R 44

(6aR 9as) 1@l)banﬂle99cl%ﬂmmsélmmWﬂ,k@ﬂmmrolp{‘( BtedpyrimidinACH)-©02e(pyri di n- 2-
yQbenzyl)-cyclopent[4,5] imdazo 11,2-al pyrrolo [4, 3-¢€]

pyri m di n-4(2H)-one [ 0094] The synt hetic procedure of this conpound is

anal ogous to EXAMPLE 9 wherein
(6aR, 9aS) -5, 6a, 7, 8, 9, 9a- hexahydr 095- mﬁ-chl oro-2-(4-(pyridin-2- 5
yl ) benzyl)-cycl opent [4,5] imda - ) pyrrolo [4,3

-e] pyrimidin-4(2H)-one is used NnstFa
(6aR, 9aS)-5, 6a, 7, 8, 9, 9a- hexahyd}o | or\a=
benzyl)-cycl opent[4, 5]i m dazo g1, g- a] pyr g
M5 (ESI) mz 489.2 [ MtH +. 10 Ie 13:
(6aR, 9aS) -5, 6a, 7, 8, 9, 9a- hexahydro?5- net hy1- henyl am no) - 2- (4- (pyri di n- 4-
yl ) benzyl)-cycl opent[ 4, 5]i m dazo[ 1, 2-a] pyrr(%g , 3-e] pyrimdin-4(2H)-one
15[ 0095] The synthetic procedure of this conpodnd is anal ogous to EXAVPLE 9

wher ei h dyre of thi d is anal to EXAMPLE
(6aR, 928) ?Oga 7,8, ghg teitzli (}rgce °n hhS Conépocurr]l ésr%r}ao Oéllls(%yrl di n-4-

yl) benzyl ))-vmeodlmp@m 9aB)5,6a1V 8:07%d- hemac]hpyff metlgfl-4;Gledopd(4-01 liimidagoH) - one i s
(53R, 9a) T8TbANaH e xslopentld,SLinydreplb2cHPBFFIols el I 4CH RS0 -
?Eglzgll)zocilrrjﬁkze@ggméaﬁrdﬁJS)m 687 @[939a2hé3&aﬂyd11603 ehidro35 ANyl I @iPyridibyhone. VB
(6aR, 9aS) bezyy: @cbp@n%Shaxémﬂk aa?opml«b{yul-elp(vpm;%%ﬂh@pe MBAEBDH i ni dazo
I1-y| )t!)gnzw5%§/%l[%45’(§ﬂt'[ 4,5]imdazo[ 1, 2-al pyrrol o 4, 3-el pyri m di n-4(2H) - one

-nmet hyl-24(4-Pyridi n-2yl) -
[4,3 -e] pyrimdin-4(2H) -one.

-4

Example 15:

(6aR,9aS)-5,6a,7,8,9,9a-hexahydro-5-methyl-3-(phenylthio)-2-(4-(pyridin-2-

yl)benzyl)-cyclopent[4,5]imidazo[1,2-a]pyrrolo[4,3-e]pyrimidin-4(2H)-one
15

Nb
N/\

[0097] (6aR,9a8S)-5,6a,7,8,9,9a-hexahydro-5-methyl-2-((4-Pyridin-2yl)-
benzyl)-cyclopent[4,5]imidazo[1,2-a]pyrrolo[4,3-e]pyrimidin-4(2H)-one (20 mg, 0.05
mmol) and phenyl disulfide (22 mg, 0.10 mmol) are dissolved in 400 puL of anhydrous

20 THF, and then 1.0 M LiHMDS in THF (150 uL, 0.15 mmol) is added dropwise. The
mixture is stirred at room temperature for 10 min, and then quenched with ammonium

chloride aqueous solution. The mixture is diluted with DMF, and then purified by a
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5[ 0096] The synthetic procedure of this conpound is anal ogous to EXAVPLE 9
wherei n (6aR, 9aS) -5, 6a, 7, 8, 9, 9a- hexahydr o- 5- net hy1- 3 -chl

or o- 2- (4-woHreiomeswzol 1- yl ) benzyl) - cycl opent [4,5] i m daroT{us2@9a)64p%rr ol O
[4,3 -e] pyrimdin-4(2H)-one is used instead of

(6aR, 9aS) -5, 6a, 7, 8, 9, 9a- hexahydro-3 -chl oro-5-nmet hyl-2-((4-Pyridin-2yl)-

benzyl) - cyghi rafive BPLCND Urd pRrdabpasipald wellodu sblideMSy/(EST) di/n- 4( 2H) - one.
M5 (ES I) 100;?716123 478.2 [ Mr111+. Exanpllepafg sell MBESD (29
(6aR, 9aS) S&.B&M#H, -9, 9a- hexahydr o- 5- et hyl - 3- (phenyl t hi 0) - 2- (4- (pyri di n- 2-
yl ) benzyl)-cycl opent[4,5] imdazo[1l,2-al pyrrolo [4, 3-el
pyrimdin-4(2H)-one 15
[ 0097] (6aR, 9aS) - 5, 6a 7, 8,9, 9a- hexahydr o- 5- met hy1- 24(4- Pyri di n- 2y1) -
benzyl%) cycl open S]imdazo[ 1, 2-a] pyrrolo[4,3-e]pyrimdin-4(2H) -one (20
5 ‘i)henyl di sulfl de (22 mg, 0.10 rrunol) are dissolved in

400 pi , %) d%ggy%ﬁ&%f%% iﬁmlﬁﬂﬂ o Vitko QSLN% W§H0§ lﬂﬁes‘téﬁ@e [Alsbay O. 15

nol ) ropw se e xture 18 st roomtenperaturefor 10
m n, and Kien quenched wi t h ammoni um chl ori de aqueous sol ution. The m xture
is diluted w then

2010/ 06514&98#} Us20BBPTReIste u'rlh%@%&%é?a%a\‘/l\o%*}%m&%dﬁme‘& oduct as
pal e yell ?E\bs?)ﬁl)éhgstellx@ érE?h’)e tmitzcoﬁoé‘t F}[cmléhanélrﬁmdﬁoaﬁlaW@GMBmm of

PDE1B i nh fon in vit usi ng hosphodi est erase Assay Kit

[ 00981 PhoShimaibsine moaephdssh@tet(ﬁ@)m)s PREI B winutgoccamiverd alnofiHeperEibht

phosphodi est er ase nme,t hat conv uanas ate
(cGW) toS %trgte g i g“?fﬁ?f&%@?%ﬁ&@é’%t’ @Q%Scelﬁdgqﬁ g@ﬁ%ﬂg@ﬂg onvert a
modi fi ed Q@ff’fﬁl@iéb%&élﬁt Qhe%@ﬁé}a@&l sheMP-HaseseanfromlGMel fuctédvBinf dator escei n,
to the correspondi ng | uorescein. The generation of QGVP-fl ugrescein

f r om cGVPbE nuweee@mmgafprt%ammtheﬂ%‘éﬁ( cylpr DeyicesumpyealesGa) | vap

(I\/blecular Devi gﬁpblllzed metal affinity particle
reagent. é@ ‘%F“%{L@X‘@Léaﬁ‘%ﬁeé ent binds with high affinity to the
free %5- pl’(ﬂBB]‘lat e Biifly| ﬂlefIMMBlreageﬂ\B?n(ﬂd with hpbeiffinian o thetfreers -
cGWP-fluorescein. The resulting GW-f I,uor scejn -

rel ative Phospbapthatipfauaddn GMBHuorespeiggp Bﬂb‘lné:sGMk “%éﬁ%ge l ﬁﬁﬁl apl ?ng:
large, sl Qwuﬁin%mh’i-ﬂ%re&gﬂp—l— %A(Pa&)nlﬂﬂex is large relative to cGMP-fluorescein.
Small fluorophores that are bound up in a large, slowly tumbling, complex can be
distinguished from unbound fluorophores, because the photons emitted as they
20 fluoresce retain the same polarity as the photons used to excite the fluorescence.
[00100] In the phosphodiesterase assay, cGMP-fluorescein, which cannot be
bound to IMAP, and therefore retains little fluorescence polarization, is converted to
GMP-fluorescein, which, when bound to IMAP, yields a large increase in
fluorescence polarization (Amp). Inhibition of phosphodiesterase, therefore, is
25  detected as a decrease in Amp.
[00101] Enzyme assay
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).
30 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
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 CaCly, 10 U/ml of calmodulin
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di stingui shed from unbound fl uorophores, because the photons emtted as
they 20fl uoresce retain the sane polarity as the photons used to excite the
fl uor escewioen(f@dMB0] I n t he phosphodi est erase assay, cGrPTfUS2@VA8EES N,

whi ch cannot be bound to I MAP, and therefore retains little fluorescence
pol ari zation, is converted to GW-fluorescein, which, when bound to | MAP,

yields a |68 PRDTY)EaG@M mriEJH(grﬁq.Qm?@nNPiv?Ulz,@ti%leSAP,\meS%INHN;;Mdi on of
phosphodi esterase, ‘therefore, is 25 detected as a decrease in Amp.
[ 00101] Enyigltea final gpnegntratipm b 1.2AmU/ahe R9q4I0f dilpied ppayme selatipn gadded

bi atng. b Sreh gt Bl ool G5 B8 ool Rt RN LIS OF. Vo cou a
Devi ces ( Ssipotndldissovdl.in 300%IBYISBis,added: YThd contipitindotiednixepand pres bovi ne

brai n phosphodi esterase (Sigma, St. Louis, MO is reconstituted with 50%
gl ycerdl insubatel withithe enzymerfor 1@ mia gy1aem (MNETaNigr ol yze 1. 0ii nol e of

3,5 -cA " - A } . s .S added to
1095 part NOBE:  on BT ey MEsGnyBigids BeGlon sniibRd pRbERIAY MBats & oma
P2277), 16idyimErdand-illGibitpHnx Rith 10yaM subSiiate scludiéh BEZ0S M) 5@ R&8ABYelt 0 yiel d a
final concentration of 1.25mJ . nj. 99 @tél of diluted enz I}E lution is
added i nt BUGGHYT pi3fg. Thg reacfipnds %?‘Baé?ﬁi lagle pt YOB{SW%‘PW&HE ¥ @B R0 which 1
| 1 of tesi,Carpsd HlLté&B 48dtibA 0§@9? QP’ﬁQdin% ré%ﬁﬂazldtﬁdmmmﬂmare

m xed and pre- 5 I ncubated wth the enzyne for mn at room tenperature.
[ 00102) Thbeddk ifChRd grhudfes sopplereented withi Is1806i dilutive dflbptifoampitocany Welpar t s
enzyme and, i nhi bi t mx wth 1 part sybstrate sol yti . 225 1 in a
S84 el | B aBFrust! e, LHe bl s BobeH oF oo Gty R Rellobbrn

t enper at upgAPHinding o gfocg&?to_r(%ﬁﬁﬂét‘{ﬁh hid thah pee®¥n AdBhVison wiltisdlel of

bi ndi ng reagent (17400 dilution of I VAP 10 beads in bi ndi ng buffer

suppl enenmactopliaterreader §BerkiriBluert, Shelion,£7b)i th aegapure sheHeeresgente of t he 384- wel |

pl at e. The0 l.at e i iracubat ed at roomtenperature for 1 hour to allow | MAP
bi nding t8 6%5)&@{13’ conpl etion, and then placed in an Envision nultinode

m cropf at ¢oo103per ( Reddorédst EGMBb&detiatida] mehsursd asdéceedsbd Alp)dy escence
pol ari zati on (Arrp%: 15 [00103]5A decrease in GW concentration, neasured as
i

decr eased insiggtive of inhéhitian P{RDBfactikiy-bl(sh yplues arpPeteg@inedihyymeasegneval ues are
et o m e RSV DB SREMIE 56 L1 o0 PEARGG et i,
pl ot ting @007 abhe8t,0GN) nMandehausloting, drugtaritentratonsvdrSsNAmB] whisht o be
estinat ed ahlc?vivsnl%sg(\)lglluiesn t%ege gs%rgnra?esdslils?rg]g r?o%flitn\évs?rrrggr é(sligrll goﬁ\l/a[l)'g %XLFit; IDBS,
20  Cambridge, MA).
[00104) The Compounds of the Invention may be tested in an assay as
described or similarly described herein for PDE1 inhibitory activity. The
exemplifiedcompounds generally have ICsg values of less than 100pM, some less than
10uM, some less than 500 nM, some less than 10nM, some against PDE1A.the
25  Compounds of Examples 1,A3 and 5 generally have ICsq values of about or less than

10uM, some less than 500 nM, some less than 10nM, particularly against PDE1A.

Example 17
PDEL1 inhibitor effect on sexual response in female rats

30 [00105] The effect of PDE1 inhibitors on Lordosis Response in female rats
may be measured as described in Mani, et al., Science (2000) 287: 1053.
Ovariectomized and cannulated wild-type rats are primed with 2 ng estrogen followed

24 hours later by intracerebroventricular (icv) injection of progesterone (2 pg), PDEI
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20 Canbridge, MA). [00104] The Conpounds of the Invention may be tested in
an assay as described or simlarly described herein for PDE | inhibitory
activity.woheloeeenipl i fi edconpounds general |y have | C50 walrasgo0food4ess t han
100RM sone |ess than 1011M sone |less than 500 nM sone | ess than | OnM
sone agai nst PDE1A.the 25 Conpounds of Exanples 1, 3 and 5 generally have

| G50 val uggisiforabPike p@ésehﬁ%seﬁtnﬁagglé?a%h’log@am.rs $ of KREM2QM veMiclsone | ess
. a

than | OnM particul arly agai nst nple 17 PDEL inhibitor effect on

sexual reégpoied. The rasnaredested for duflons ospamse infhiequeseaee phpplei @At bit ors on
Lor dosi ' | e.. . ] . . D
S e RORRERaE e S M Bt By R dPa IR S AR T BB e T

are pri meghodntshk 200)i g estrogen followed 24 hours |ater by
intracerebroventricular (icy) injection of progesterone (2 ig), PDE

i nhibitors of the present invention (0.1ng, 1.0ng or 2.5ng) or sesane oil
vehicle (control). The rats are tested for |ordosis response in the
presence of male rats. Lordosis response is quantified by the |ordosis
guotient (LQ = nunber of |ordosis/10 nmounts x 100). CLAIMS What is cl ai ned
is: 1. An optionally substituted 4,5,7,8-tetrahydro-(optionally 4-oxo,
4-thioxo or 4- 5imno)-2Himdazo[ 1, 2-a]pyrrol o[ 3, 4-e] pyrimdine or
4,5,7, 8, 9-pent ahydro- (optionally 4-oxo, 4-thioxo or
4-imno)-2H pyrimdo[ 1, 2-a]pyrrolo[3,4- e]pyrimdine, in free or salt form
2. The conpound according to claim1l, wherein said conpound is a Conpound
of 10Formula II-Aor II1-B
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wherein (i)Qis C(=0), C(=S), C(=N(R20)) or CH2; 15(ii)L is a single bond,
-N(H)-, -CH2-, -S, -S(0)- or -S(02)-; (iii) RLis Hor C1_4 alkyl (e.qg.,
met hyl ) ; wowpioRrési4s H or Cl-6 al kyl (e.g., methyl or iseprasgéop/oedds R2 and
R3 are, independently, H 20C _6al kyl (e.g., nethyl, isopropyl) optionally
substituted with halo or hydroxy (e.g., R2 and R3 are both nethyl, or R2 is
H and R3 gpameikhyl, ethyl, isopropyl or hydroxyethyl), aryl, heteroaryl,
25(optional l'y hetero)arylal koxy, (optionally hetero)aryl G _6al kyl, R2 and
R3 t oget h¥that isichaimedis:t o 6- menbered ring; or R2 is Hand R3 and R4
together forma di-, tri- or tetramethylene bridge (pref. wherein the R3
and R4 together have the cis configuration, e.g., where the carbons
carryi ng R3 mnébtishalipvebstiifed 38 -tetfBRdiodepabhlyt-okd, dsthésdol orel-y) ; (V) RS
S

5 imino)-2H-imidazo[1,2-a]pyrrolo[3,4-e]pyrimidine or 4,5,7,8,9-pentahydro-

(optionally 4-oxo, 4-thioxo or 4-imino)-2H-pyrimido{1,2-a]pyrrolo[3,4-

e]pyrimidine, in free or salt form.

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

10 Formula II-A or II-B
L_RB R7
Ri Q R1\N _Q _
N—Rs N—R
o’ R or )\ = 5
N N™ N7 N
R7 L—Rs
R; n R R n
R3 4 2 R3 R4
Formula II-A Formula II-B
wherein
() Q is C(=0), C(=S), C(=N(Ryp)) or CHy;
15 (1i) L is a single bond, -N(H)-, -CHj;-, -S-, -S(O)- or —S(0,)-;

(iii)  Rjis Hor C,4 alkyl (e.g., methyl);
(iv) Rsis Hor Cy¢ alkyl (e.g., methyl or isopropyl) and R, and Rj are,
independently,
H
20 Ci.alkyl (e.g., methyl, isopropyl) optionally substituted with halo
or hydroxy (e.g., R; and Rj; are both methyl, or R; is H and R;3
is methyl, ethyl, isopropyl or hydroxyethyl),
aryl,
heteroaryl,
25 (optionally hetero)arylalkoxy,
(optionally hetero)arylC;_salkyl,

R; and R; together form a 3- to 6-membered ring;
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a) -D-E-F, wherein: Dis C _aal kylene (e.g., nethylene, ethylene or
prop-2-yn-1lylene); 10E is a single bond, C2_4al kynylene (e.g., -CC),

aryl ene (wWOgo10/qohayl ene) or heteroarylene (e.qg., pyridpCenspooosod4sss H, aryl
(e.g., phenyl), 15heteroaryl (e.g., pyridyl, diazolyl, triazolyl, for
exanpl e, pyrid-2-yl, imdazol-Il-yl, 1,2, 4-triazol-1-y1), halo (e.g., F, Br,
d), haloC _4al kyl 4e.9g., trifluoronethyl), -C(0)-R1l5, 20-N(R16)(R17), or
C3_7cycl oal kyl optional 'y containing at. | east one atom sel ected froma

?;oup confir glt | ggnogRi\isch all.ri B:aa@d R;fqg@ﬂﬁp&rﬁr? Qi-ctyii: Db#é@@y}e}hw}e_rhiidlg)éi nyl
- J | din- 1 -4 Ml i ;
9 Py @réf évherel t'ilglf% an Ilé 9, eéher aye ﬁlelﬁzsoéong%gﬁﬁ@h Qé.,

25wherein D, E and ar e 1 ndependen optionally’s uted’wi th one

or nore halo (e.qg.,where@he @ibdis)carGing RodryR, Kaveghe Rrmtl ISydonfighmtions, 4al ky|
(e.qg., trifluoronethyl), Cl.4alkoxy (e.g., nethoxy), hydroxy, C _4carboxy,
or an’additional arfgbpesivélgtier oaryl (e.g., biphenyl or 30pyri dyl phenyl),

) Rsis
a) —D-E-F, wherein:
D is Cj4alkylene (e.g., methylene, ethylene or prop-2-yn-1-
ylene); ‘

10 4 E is a single bond, C, 4alkynylene (e.g., -C=C-), arylene (e.g.,

phenylene) or heteroarylene (e.g., pyridylene);
Fis
H,
aryl (e.g., phenyl),
15 heteroaryl (e.g., pyridyl, diazolyl, triazolyl, for example,
pyrid-2-yl, imidazol-1-yl, 1,2,4-triazol-1-yl),
halo (e.g., F, Br, Cl),
haloC;4alkyl (e.g., trifluoromethyl),
-C(O)-Ris,

20 -N(Ri6)(R17), or

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

25 wherein D, E and F are independently and optionally
substituted with one or more halo (e.g., F, Cl or Br), C,.
salkyl (e.g., methyl), haloC,4alkyl (e.g., trifluoromethyl),
C)alkoxy (e.g., methoxy), hydroxy, C,4carboxy, or an
additional aryl or heteroaryl (e.g., biphenyl or

30 pyridylphenyl),

for example, F is heteroaryl, e.g., pyridyl substituted with one
or more halo (e.g., 6-fluoropyrid-2-yl, 5-fluoropyrid-2-yl,
6-fluoropyrid-2-yl, 3-fluoropyrid-2-yl, 4-fluoropyrid-2-yl,
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for exanple, F is heteroaryl, e.g., pyridyl substituted with one or nore
halo (e.g., 6-fluoropyrid-2-yl, 5-fluoropyrid-2-yl, 6-fluoropyrid-2-yl,
3- f 1 uor opyoi2dtodeyl4s 4-fl uoropyrid-2-yl, 4, 6-dichl or opyPCEAB2802)006438

hal oCl1_4al kyl (e.g., 5- trifluoronethylpyrid-2-y1l) or Cl_4alkyl (e.g.,

5- et hyl pyri d- or Fis aryl, e.g., phenyl, substituted with one or
nmore halo (e.g., 4-fluorophenyichi®épyrid-3-y®, kdoCheileylqgeyslsoal kyl (e.g.,
pyrrolidinyl) optionally substituted with a Cl_6alkyl %e. - )

1- net hyl pyrrolidin-3-y1); énﬂmromeﬁwé@md-%w@opr%uéﬂwh(ey&agmqtbyleyrgd-,
substituted with hal oG _ 4al kyl : c) attach <Nt 0, pyrrol o
portion of Fornmula I1-A orazl';((]-y’é’rgﬁ% aﬁ;sl’ (ggr‘rgﬁ%qs@’ Sop ggg{reﬁuvﬁg?%eégf{rlm&?a A
wherein X, Y and Z are, indaperden-Nvoropheriylor Bisth Ggshefédocylichllahd R12 are
i ndependently H or hal ogen (e.g., . or F%i, and R10 is hal ogen, (? _4al kyl ,
haloGS 4al kyl (,e.g., trifl(®8&xEelijiny))cphanally,spbsatutpd with pbyiy3lky

C3_7cycl oal kyl, heteroC3_7 | g3 . raolidinyl or piperidinyl),
Cl_4hal oalkyl (e.g., trifl 3%%,62&%1%%'3&%8?9? %Jér)g&l phenyl ), heteroaryl
(e.g., pyridyl (for ebanpbespyutedihderparybalkylye.gdsdbstiphtyd woth lato@di azol yl
(e.g., 1,2,3-thiadiazol -4-1¥J[)), di azolyl (e.g., imdazol-1-yl), triazolyl
(e.g., 1,2,4-triazol-1-y#®*Y'tetrazolyl, arylcarbonyl (e.g., benzoyl),

al kyl sul fonyl (e.g., Bt hyiched {PM¥ hitroddRbRARApYFEIBPRABH of Rirmula II-A

10 or II-B and is a moiety of Formula A

Ri2
R4

[
X 7 Z
Ra/ ~N T ZBN Reg
Rg
Formula A

wherein X, Y and Z are, independently, N or C, and Rg, Rg, Ry,
and R, are independently H or halogen (e.g., Cl or F), and Ry
15 is
halogen,
Cjaalkyl,
. haloC;4alkyl (e.g., triflouromethyl)
Cj4alkoxy (e.g. methoxy),
20 Cs.scycloalkyl,
heteroCs.7cycloalkyl (e.g., pyrrolidinyl or piperidinyl),
Ci4haloalkyl (e.g., trifluoromethyl),
aryl (e.g., phenyl),
heteroaryl (e.g., pyridyl (for example pyrid-2-yl or pyrid-4-
25 yl), or thiadiazolyl (e.g., 1,2,3-thiadiazol-4-yl)), diazolyl
(e.g., imidazol-1-yl), triazolyl (e.g., 1,2,4-triazol-1-yl),
tetrazolyl,
arylcarbonyl (e.g., benzoyl),
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al koxycar bonyl; wherein the aryl, heteroaryl, cycloal kyl or

het erocycl oal kyl i s 5i ndependently, optionally substituted with one or nore
Cl_ 4al kywo(2etogpes148et hyl ), hal ogen (e.g., chloro or fl ueco)us2évanodss 4alkyl
(e.g., trifluoronethyl), hydroxy, Cl4carboxy, -SH or an additional aryl or
heteroaryl (e.g., biphenyl or pyridylphenyl), 10provided that when X, Y, or
Z is nitrogen, R8, R9, or Rillylsulfmyed.d. vakthylsufomd), present; (I11i)R6 is H,
C .4al kyl (e.g., methyl, ethyl, n-propyl, isobutyl), 15C3 7cycl oal kyl

(e.g., cyclopentyl or cycl diststgarylcarhongh 3. 7cyci oal kyl (€. g.,

pyrrolidinyl, piperidinyl ﬂ?‘fé&ag‘] jogyll), aryl (e.g., phenyl), heteroaryl
(e.g., pyrid-4-yl), arylC 4a I Pe. 9., benzyl), 20when L is a single bond,
-CH2-, -N(H)-, -S-, -S(Owherin BecQ2yl; hetedverydj ayctoatkyhoyhetarndytletleybiar yl are

optionally substituted with gne qr re.Cl. 4alkyl .Q.,, methyl),  hal ogen
(e.g.,%>chioro or fluoro), HB&W?%{)T’EQH“‘(‘@%.S}]ﬂ’%{ﬁl?'g’&@gwq{ﬁﬁ% Giydr oxy,
Cl- 4carboxy, or an additiog 'y Hehfase (el toroldr PRGSO  OF
25PYri dyl phenyl ) or C3_80yc4l g‘gf E{/%lfmgirh%’&%s. I ggH, (eag(ra’yl aorgiono (e.ﬂg. ,
phenyl am no), het er oaryl aniladqC4alkyl (e.g., trifluoromethyl), hydroxy, C;4carboxy,

-SH or an additional aryl or heteroaryl (e.g., biphenyl or

pyridylphenyl),
10 provided that when X, Y, or Z is nitrogen, Rg, Ro, or Ry,
respectively, is not present;
(vi) Rgis
H,

Cj.alkyl (e.g., methyl; ethyl, n-propyl, isobutyl),

15 Cs.scycloalkyl (e.g., cyclopentyl or cyclohexyl),
heteroCjs.7cycloalkyl (e.g., pyrrolidinyl, piperidinyl, morpholinyl),
aryl (e.g., phenyl),
heteroaryl (e.g., pyrid-4-yl),
arylC,_4alkyl (e.g., benzyl),

20 when L is a single bond, -CH;-, -N(H)-, -S-, -S(O)- or S(0O,)-,
‘wherein the aryl and heteroaryl are optionally substituted with one

or more C)alkyl (e.g., methyl), halogen (e.g., chloro or
fluoro), haloC,salkyl (e.g., trifluoromethyl), hydroxy, C,.
scarboxy, or an additional aryl, heteroaryl (e.g., biphenyl or

25 pyridylphenyl) or C;_scycloalkyl;
or Rg is
H,
arylamino (e.g., phenylamino),
heteroarylamino,
30 N,N-diC;4alkylamino,

N,N-diarylamino,
N-aryl-N-(arylC,4alkyl)amino (e.g., N-phenyl-N-(1,1°-biphen-4-

ylmethyl)amino), or
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30N, N-di C1_4alkyl am no, N, N-diarylam no, Naryl-N(aryl G _4al kyl)am no
(e.g., N-phenyl-N (1,1 -biphen-4- ylnethyl)am no), or -N(11.18)(R19), when
L is a siwglelonssdsor -CH2-, (vii) wherein the aryl andPh@itsSec@anyd43ar e
optionally substituted with one or nore G 4al kyl (e.g., methyl), hal ogen
(e.g., chloro or fluoro), haloCl- 54al kyl (e.g., trifluoronethyl), hydroxy,
G _acarboxy, or an addNtR@WRlaryl, heteroaryl (e.g., biphenyl or

pyridyl phenyl) or C3_8cycloal kyl; (viii) R7 is H G 6a| kyl (e.g., methyl

or ethyl), hal ogen (evdienldsy smglmgm@wﬁ@zy hydroxy or G _6al koxy; (ix) n

e i L e BeEdin b1 B %ﬁnﬁll?gt&%&lﬁgﬁg?%‘bne%e

het ero) aryl G _aal k(myre (Cpmk}&l)(mgl,metl@ﬂ)emlbgély(@ . dabioydr ﬂ)roch;LBaloCl R14 can
forma bridge with R2 or tiq i.s, G _aal kyl, hal oG 4al kyl OH or
-0C1_4al kyl (e.g., «boHy gw( qr9mm Jahflr ez Carf*%afp??&éﬁ’éﬁﬂéﬁ@‘ 19n411 or

C _aal kyl; (xiii ) @ﬂi% &dlgq nmet hyl ,

ethyl, npropyl, (I%gt’zﬁé (ﬁ@ (gche/cbl EP Hy}lphc@%l?oﬁexyw ycI openyl ),

?et er oCBH8cyf:I)(®ai)kyR(13}g Ci. GF&?r@Ig plnnaghlyl o:petbyelr):,\lﬂﬂ(ryh (e. golcghel i InyI ), . aryl
e.g., -phenyl) or er gar e. erein said aryl an

20het eroaryl are o%i Xﬁll‘% ‘Ertfrp lﬂﬂg‘?'h one or nore halo (e.g.,

fl uor ophenyl , )9 ,nénof(;,ulorophenyl) hydroxy (e.g., hydroxyphenyl, e.g.,

4- hydroxypheny or 2-hydroxyphenyl) G _4alkyl (e.g., nethyl), hal oC 1-
4al kyl0 (e.g., @i f|weberomet,kyls)-C(RisRagardexsin Ras a@dwRadmmdﬁmmd@ntw

e Erom YL (0 o e SR A BB R o RRIE Sk, 2504 ) R0

(optionally hetero)arylC;4alkyl or R; or R4 can form a bridge with R,

or Ry;
(xi)  Rysis Cjaalkyl, haloC,4alkyl, -OH or —OC;4alkyl (e.g., -OCH3)
15 (xii) Rje and R are independently H or Cy4alkyl;

(xiii) R,gand Rjg are independently H, C,4alky (e.g., methyl, ethyl, n-
propyl, isobutyl), Cs.scycloalky (e.g., cyclohexyl or cyclopenyl),
heteroCs.gcycloalky (e.g., pyrrolidinyl, piperidinyl, morpholinyl), aryl
(e.g., phenyl) or heteroaryl (e.g., pyridyl), wherein said aryl and

20 heteroaryl are optionally substituted with one or more halo (e.g.,
fluorophenyl, e.g., 4-fluorophenyl), hydroxy (e.g., hydroxyphenyl, e.g.,
4-hydroxyphenyl or 2-hydroxyphenyl) C;4alkyl (e.g., methyl), haloC;.
salkyl (e.g., trifluoromethyl), C;4carboxy, or an additional aryl,
heteroaryl (e.g., biphenyl or pyridylphenyl) or C;.scycloalkyl,

25 (xiv) Ry is H, Cj4alkyl or Cs.scycloalkyl;

in free or salt form.

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

30 Formula I-A or I-B
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3. The compound according to claim1, wherein said conmpound is a Conpound
of 30Formula I-Aor I-B L-R6 R,NQ ,.._ NR6 NI' Nr---<] ir(R7
R203 R4 WO 2RU0/066348r | N-R6 NN1. ----<- L-R6 R4 Fornul a | PAFarsaaiomod438
wherein (i)Qis C(=0), C(=S), C(=N(R20)) or CH2; 5(ii)L is a single bond,
-N(H)-, -CH-, -S-, -S(0)- or -5(02)-;

L_RG R7

R1\ /Q R Q
N — 1\Nz —
N-R -
N)\Nj;z 5 or N)\NLZN Rs

RzA—HT{\ Re M L=Rs

R R
R3 4 2 R3 R4
Formula I-A Formula I-B
wherein
® Q is C(=0), C(=S), C(=N(Ryp)) or CHy;
5 (ii) L is a single bond, -N(H)-, -CH»-, -S-, -S(O)- or —=S(0,)-;

(iii) R;is Hor Cy4 alkyl (e.g., methyl);

(iv) RsisHor C1_6 alkyl and R; and Rj are, independently, H or C;alkyl
optionally substituted with halo or hydroxy (e.g., R; and Rj are both
methyl, or R; is H and Rj is ethyl, isopropyl or hydroxyethyl), aryl,

10 heteroaryl, (optionally hetero)arylalkoxy, or (optionally hetero)arylC;.
calkyl;
or
R, is H and R; and R, together form a di-, tri- or tetramethylene bridge
(pref. wherein the R; and R4 together have the cis configuration, e.g.,
15 where the carbons carrying R; and R4 have the R and S configurations,
respectively);
W) Rs is
a) -D-E-F, wherein:
D is Cj4alkylene (e.g., methylene, ethylene or prop-2-yn-1-
20 ylene);
E is a single bond, C;4alkynylene (e.g., -C=C-), arylene (e.g.,
phenylene) or heteroarylene (e.g., pyridylene);
F is H, aryl (e.g., phenyl), heteroaryl (e.g., pyridyl, diazolyl,
triazolyl, for example, , pyrid-2-yl, imidazol-1-yl, 1,2,4-
25 triazol-1-yl), halo (e.g., F, Br, Cl), haloC, 4alkyl (e.g.,
trifluoromethyl), -C(O)-Rs, -N(R6)(R17), or C;_scycloalkyl

optionally containing at least one atom selected from a
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(iti) RLis Hor Cl1-4 alkyl (e.g., nmethyl); (iv) R4 is Hor Cl-6 al kyl and
R2 and R3 are, independently, H or Cl 6al kyl optionally substituted with
hal o or hyorowywefrasg., R2 and R3 are both nethyl, or R2PCI/uU2em@0d38 i S

et hyl, isopropyl or hydroxyethyl), aryl, 10heteroaryl, (optionally

het er o) aryl al koxy, or (optionally hetero)arylCi__ 6alkyl; or R2 is H and R3

and R4 together forma di grouplconsiting SN 3FEX @Y. Q@@lo@eh@}g&yé]@he{ |wherein the
R3 and R4 together have tﬁe cis conflguration, e.g wher e the car bons

carrying R3 and R4 have t tesralRydiacl Fspyesnt4- ghpamoéﬁwllnb@spectl vely); (v) R5
is a -DE-F, wherein: %]“ | ene (e.g.,
net hyl ene, ethyl ene or pretg%lp?’yEn?‘rid-F%yng?ﬁae)n?e@)}l%‘da Si ngl% bond,

(C24a| kynyl _egel (e. ? , -CC kubsﬁﬁﬁ?cﬁﬂﬁ( h (0fe @r mo%fiﬂwl(ﬁgef o) ohlBt)eCQaryI ene o
e.g., pyridylene); Fis H_aryl (e.g etergary pyridyl,
di azélyl, triazolyl, for ealkdgee: nwlflylhhzlqﬂmali)km a&otrlﬂupgﬂmeﬂiylg

25triazol -1-yl), haI o (e.

trifluoromethyl), -C(0)- R exENngg) %z‘)f%" ‘9%1'36? %Suﬁ’ ‘gted?)”ﬁtt}ﬁ onal Iy
contai ning at | east one abmrosmbeciabel(d.g. pﬁqfhlorchyudgiz -ghisflwiropygide?- N or 0
(e.g., cyclopentyl, cyclohexy tetrahydro-2H pyr.an- 4- vyl hol i nyl ) ;
wherein D, E and F are i néi]egétjﬂf%?éﬂwryﬁgﬁg 308’(‘@8%‘1 3—9-@%&%9& v '% th one or
more halo (e.g., F, A or 13r4)6 dlghl%%ﬂé'}‘ﬂdi?l)ghalo@ma!%l)(e ghaloCl4al kyl (e.g

trlfluororrethyl) for exanpl e, et erda g., pyridyl substltuted
wi t HOone or nore halo (e. glﬂuosembnhghxypylfz ML)ZHQlﬁalﬁylf(letg;rfampthy@md-yl

6-fluoropyrid-2-yl, 3-flu 4-f1 u

4, 6-di chl oropyri d- 2-y1), 231?£éih4%1? Ie %eplbenypg&p%(‘tni‘tﬁl wd?’o%toﬁﬂoﬁflri d- 2-y1)
or G _4alkyl (e.g., 5-met hzﬂbr(wgl 4= ﬂuorophen?l') & F & @cy;het@oayxcloamb@nyl
substituted with One or nore hao | uer ophenyl ), or is a

C3_7het erocycl oal kyl (e. gfe. gppYrFQildlwlth)OI@b\V|Sb‘Pﬁéltlllt9dsmbsft €t- @tll‘éd with a
CL 6alkyl (e.g., 1-methylpyrrolidined¥idin-321); or
15 b) a substituted heteroarylalkyl, e.g., substituted with haloalkyl;
¢) attached to the nitrogen on the pyrrolo portion of Formula I-A

or I-B and is a moiety of Formula A

Ri2
R4
[
X P Z
Ra/ ~N T 72N Ry
Rg
Formula A
20 wherein X, Y and Z are, independently, N or C, and Rg, Rg, Ry

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

Y, or Z is nitrogen, Rg, Ry, or Ry, respectively, is not present;
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b) a substituted heteroarylal kyl, e.g., substituted wth hal oal kyl; c)
attached to the nitrogen on the pyrrolo portion of Forrmula I-A or |1-B and
is a noi ew9 20fo/deer4sul a A R12 R11 XZ R8BRi 0o RO Fornula A ROoEnseevoxpe4¥s and Z
are, independently, Nor C, and R3, R9, RIl and R12 are independently H or
hal ogen (e.g., d or F), and R is halogen, C _aal kyl, C3_7cycl oal kyl,
Cl4hal oal kyl (¢8. 9.R¢isrifluoronethyl), aryl (e.g., phenyl), heteroaryl
(e.qg., pyridyl (for exanple pyrid-2-yl1l), or thiadiazolyl (e.g.,

1, 2, 3-t hi adi azol 4-y1¥h, diazolyl, triazolyl, tetrazolyl, arylcarbonyl
(e.g., benzoyl), alk sMg@onyl (e.g., nethylsulfonyl), heteroaryl carbonyl,
or al koxycarbonyl; provided that when X, Y, or Zis nitrogen, R8, R9, or
R10, respectively, i€;hp6klqulledéa. cyMepaiylll)/ 065148PCT/ US2009/ 006438 (vi) R6
is H_ C4al kyl, C3_7cycloal kyl (e.g., cyclopentyl), 5aryl, heteroaryl,
aryl @i 4all kyl (e.g., B@Yﬁszyl ), arylam no (e.g., phenylam no),

het er oar yl am no, heteroary!

arylC,_4alkyl (e.g., benzyl),
arylamino (e.g., phenylamino),
heteroarylamino,
10 N,N-diC,_4alkylamino,
N,N-diarylamino,
N-aryl-N-(arylC, salkyl)amino (e.g., N-phenyl-N-(1,1’-biphen-4-
ylmethyl)amino), or
-N(R1s)Ri9);
15 wherein the aryl or heteroaryl is optionally substituted with one or
more halo (e.g., F, Cl), hydroxy or C,_alkoxy;
(vii) Ryis H, Cjealkyl, halogen (e.g., Cl), -N(Rig)(Ri9);
(viit) n=0orl;
(ix)  when n=1, A is -C(R3R14)-, wherein R;3 and R4, are, independently, H
20 or C,.4alkyl, aryl, heteroaryl, (optionally hetero)arylC,4alkoxy or
(optionally hetero)arylC, 4alkyl;
x) R;s is Cj.salkyl, haloC4alkyl, -OH or -OC,4alkyl (e.g., -OCH3)
(xi)  Rj¢ and R;7 are independently H or C,4alkyl;
(xi1)) R;g and Ry are independently H, Cj4alky or aryl (e.g., phenyl)
25 wherein said aryl is optionally substituted with one or more halo (e.g.,
fluorophenyl, e.g., 4-fluorophenyl) or hydroxy (e.g., hydroxyphenyl,
e.g., 4-hydroxyphenyl or 2-hydroxyphenyl)
(xiii) Ry 1s H, Cj4alkyl or C;.scycloalkyl,
in free or salt form.
30

4. The compound according to claim 1, 2 or 3, selected from any of the following:
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10N, N-di G 4al kyl am no, N, N-di arylam no, Naryl-N(aryl G 4al kyl)am no (e.g.,
N-phenyl -N- (1, 1' - bi phen-4- ylnmethyl)am no), or -N(R18)(R19); 15wherein the
aryl or hwoDepoeryl4si s optionally substituted with one orcmarseodhabasge. g. ,
F, d), hydroxy or C _6al koxY (vii) R7 is H G _6al kyl, hal ogen (e.qg.,
a), -N(R18)(R19); (viii) n =0 or 1; (ix) when n=1, Ais -C(R13R14)-
wherein R13 and R14, are, i endently ~H 200r gFAal kyl, aryl, heteroaryl

(optionally hetero)aryhGC 4 er o) aryI G 4al kyl; (Xx)
Ci4alky or aryl (e.@ ,Nphenyl
2- hydr oxyphenyl) (xiii) R20 is HF Gi4al kyl or 3 7cyc"f ('J:al, kyl, in free or

R15 is G 4al kyl, halqQCl4alkyl” -OH or -0Cl4 -OCH3) (xi) R16 and
R17 are i ndependentl yI. HIQIN-G i

wher ei MN's optional ly
substituted with ong (e. g~ . 0.
4-fl uorophenyl) or ydroxy (e.g., ydrox phenyl , e. hydroxyphenyl or
salt form 30 4. The conpound according to claim1, r 3, sel ected from
any of the following:o o s/@

-

F F
o)
sg@ \{\l HN’@
N? N = NTNTS
#—/ //L—f -
F F F
0
o HN’@ HN@
~
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O , in free or salt form 5. The conpound according to claiml1, 2 or 3,
selected fromany of the followng: 77 in free or salt form 5 6. A

phar macewocalo/wenposi t i on conpri sing a conpound accor dipag/useooanye4ads cl ai ns
1-5, in free or pharmaceutically acceptable salt form in adm xture with a
pharmaceutically acceptable diluent or carrier. 10 7. The pharnaceuti cal
conposition according to cl a ) 6 wherein salt and the diluents or carrier

are opthalmcally accept am [ A nmet hodof t@leating any of the follow ng
condi tions: Parki nson seaSe, restl trenmors, dyskinesi as,

Hunti ngton's di sease, AI hN er' s di sea Si nduced novenent

di sorders; depressi Natt ntdefl CI ent i

F N
o s\

@
@

o Be,
g kT
SaRe!

N

g/N NN

)\

N
/* %
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deficit hyperactivity disorder, bipolar illness, anxiety, sleep disorder,
nar col epsy, cognitive inpairnment, denentia, Tourette's syndronme, autism
fragi |l e Xweynuvwwarg psychostimul ant wit hdrawal , and/ or acugsaedioedsson;
cerebrovascul ar di sease, stroke, congestive heart disease, hypertension,
pul monary hypertension, and/or sexual dysfunction; asthma, chronic
obstructive pul nonary di seages\and/or 5allergic rhinitis, as well as
aut oi mmune and i nf | anmgt gNeases; argl/ or femal e sexual dysfunction,
exerci se anenorr hoea, no ul ation, mexQ menopausal synpt ons,
hypot hyr oi di sm pre- N S ndro prenai- gbor, infertility,
i rregul ar nenstrual Ncyhil e bl ee, ost eppor osi s,

ONEE sy’ hypot hyr oi di sm

mul tiple scler05|s/2pﬂostate prostat ANy
estrogen-i nduced 10endonetri al a or carcinomg; and/or any disease
or condition characterized by IOW eve of cAMP and/ or

GWP, (or inhibition
of cAMP and/or cQGWP signaling pathways) in cells expressing PDEl1, and/or by

reduced dopam ne D1 receptor signa¥ing activity; and/or any di sease or

/,_..

condition that nmay be aneliorated by AfNé enhancenent pr ogest er one

signaling; conprisingd 15 admgigtering an eff ctlv r-unt of a compound
according to any of cllains 1-4 P a pharnaceu i 50 np05|t|on accordi ng
to claim6, to a pabl enfF | d” of such trea1 9. The met hod of

claim 8, wherein t tiqn.is Parklnson 0 10. The

met hod of claim 8, 'ywh ondition IS gn|t|v 1 mpai rment . 11.
The net hod of clalizﬁi ereNnst he conditi i s narcolNp3yF 2512. The

met hod of claim1l t her conprising adm nistering a compﬁqudor conmpounds
sel ected fromcentral nervous system stirful ants, nodafi ni

anti depressants, and ganma roxybutyrate, to a patient in need t hereof.
13. The met hod of cl a nMK; rein said condition is fenmal e sexual
dysfunction. 30 14~ vﬁﬁETEthOd of claim 13, further conprising

adm nistering a conppu canmpounds sel ected froma group consisting of

ters, progesterone and progestins to a
met hod for the treatnent of treatnent for

estradiol, estriol] t radi
pati ent in need thf. 15
gl aucoma or el evat¥g nt r aocul arj ssure conprising topical admnistration

of a therapeutically effective W nt of a conmpound according to any of
claims 1-5, in free or pharmaceuticdlly 5acceptable salt form in an
opt hal mig &let ¥r sOMami bl e carrier to the eye of a patient

5

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

o @
§ o ¢ } 0 HN@

N = N —

N)\ <N I =N
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in need thereof. 16. A nethod for the treatnent of psychosis,

schi zophreni a, schizoaffective di sorder, schizophreniform disorder,
psychot i cwoizevider4g del usi onal di sorder, and mani a, 10 ®aThUSa@9ionc4agut e
mani ¢ epi sodes and bi pol ar di sorder, conprising adm nistering a
therapeutically effective amount of a compound according to any of clains
1-5, in free or pharmaceutically acceptable salt form to g/patient in need

t her eof 17. A method for theg treat of traumatic brain_imnury

conpri sing admnis ing to lja i in need thereof, a oNpound
according tg ag ,diizyains\1¢ ~n free or pharngceutic acceptabl e salt
form 18, Allmetpod r | engtlhenjagNor\ enhanci ng fjrowt h e eyel ashes hy
admi ni st eN ngrFan ef f ect i veNanplunt  of ost agNandj=\anal ogue, e.g.,

bi mat opr okt con_tantly,}20si mul t 8 sly of s Mtially with an
effecti vg aflount o onp accordingsto awy of £ [ -5, in free or
salt for 9. Useaf/t he Conmpound accoggrgg t ny m 1-5, in free
or phar tically acgeptable salt for \Q a r maceu al conposition

according to claim6 for the 25manufacture of a nedi canent for the

treatment or prophydactic treatnment of the follow ng di seases: Parkinson's
di sease, resileg <@ trenors, dyski S, Hunti ngton's di sease,
du'_d@ D

Al zhei mer s lldi seasey—and drug-i ement disorders; depression,

attention'ﬂef|C|N di sorder, “ay n deficit hyperactivity disorder,

bi pol ar igkn anxiety, slegp dLs r, narcol epsy, cognitive inpairnent,
30denent Na, yTour et synd N~ adti s ragil e X syndrone,

psychosti ant w thdrawal , &ad/ or dru di ction; cerebrovascul ar di sease,

stroke, c estive heakt_di sease, hyper si on, pul nonary hypertension,
and/ or sexual dysfunctdony asthma, chroni¢'qgpstructive pul nonary di sease,
and/or allergic rhinit as well as auto and i nflammatory di seases;
and/ or femal e sexual dysfuhction, 35exercise amenorrhoea, anovul ation,
menopause, nenopauga\synptons, hypothyroi di sm pre-nenstrual syndrone,
premat ur e Ia:bor,sility, irregul ar nenstrual cycles, abnormal uterine
bl eedi ng,._ost eogor o , multiple sclerosis, prostate enlargenent, prostate
cancer, hybot j_di sm estrogen-induced endonetrial hyperplasia or
carci nong;~ di sease or condition 5characterized by |ow | evel s of
CAMP and/yor jCGAWP ( hi biti on of cAWP and/or cQGWP signaling pathways) in
cells exgregsing P and/ or by reduced dopam ne D1 receptor signaling
activityNapd/or any di se or condition that nay be aneliorated by the
enhancenment of progest\grone signaling.

in free or salt form.

6. A pharmaceutical composition comprising a compound according to any of claims
1-5, in free or pharmaceutically acceptable salt form, in admixture with a

pharmaceutically acceptable diluent or carrier.

10 7. The pharmaceutical composition according to claim 6, wherein salt and the

diluents or carrier are opthalmically acceptable.

8. A method of treating any of the following conditions: Parkinson’s disease, restless
leg, tremors, dyskinesias, Huntington’s disease, Alzheimer’s disease, and drug-
15 induced movement disorders; depression, attention deficit disorder, attention

deficit hyperactivity disorder, bipolar illness, anxiety, sleep disorder, narcolepsy,
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10 20. Use of the Conpound according to any of clainms 1-5, in free or

phar maceutically acceptable salt formor a pharmaceutical conposition
accordi ngvoaoolmsrs6 for t he manufacture of a nmedi canentcCfrars2eomodsseat nent
or prophylactic treatnent of a disease or condition selected from glaucona
or elevated intraocul ar pressure; 15psychosis, schizophrenia,

schi zoaf f e@ggdlﬁvéjinﬁﬁﬁﬂ%nt deetentaPheesitd’ 9 syRdome) Meikm, Rayitht i ¢ di sorder,
del usi onal disorder, and nania, such as in acute nanic eglsodes and blpolar

di sorder; synsuome, Rsyghestimulant wyithdragal pand/orsinag addietian; carebeyaprulasi ng a
Gonpound a‘&%@{nsg' g%léoco%%&tﬂfe et B ade %y%erféns{oﬁ ﬁhoﬂagfﬂ@%ﬁﬁﬁél&?"

accept abl e ol nat i on or Resod%at arnaceutically

accept abl e afd/bussxualadysfimictiogastiona, ltﬁﬁ)ntdloﬁshﬁcﬁ%e;aﬂﬂﬁnarycﬂls@w addeease or
condi tion selected from Parkinson' s disease, restless |eg, treqﬁ
dyskihesi agllergigninits, apwellas eutoimmuns and prdfanupateryidiseasess andion fermalg- i nduced

nmovenent dig r Jrﬁ'{& e tion
deficit hyp%gﬁ%cﬁ%gl és%%?d %ﬁ I po g'l?l %P?ﬁ%{slgﬂ tr%%)? g"gsg ﬁleflgﬁatggﬂl sor der,
nar col epsy ,symptg»mst hmmthyrpailsmrqn’e matstrealtsyadrofe, pentatirs lahomdinbarelityaut i sm

fragile X s ggécho | ant, with Ha |, and/or drugla di ction;
cer ebrovas ar?s’@f'd’is Lyclessabgommal acrine hlecding, O5ePPFOSISBEINDIY per t ensi on,

pul monary BMQI%"sfseﬁ%'sﬁ{é en?digérﬁéntsﬁ%gﬁte éiaYm%éIUHﬁSdt oiddsth %&og&hﬁf&lﬂb&i
obstructive pul mbnary di sease, and/or allefgic rhinitis, as wel

aut oimune eadinétrial lwmatlzﬂlfyomaseagm& angifiof/ 20y dissasd @ conddition dysf unct i on,

Pypot hyr of ATGea gt ryer SLGANE MR O RRE o ERERAT Ot o VIR

irregul ar QIBMR EigAAlingsHtieSay s} NG Rekpiéssing PDRI| 8edlbilgy redGtRRPaAtnes ,
mul tiple sclerosis, prostate enlargenent, prostate cancer, hypot hyroi dism

Sest r ogen- PHoGe/RioTesignahiag ertyityyapaiop Rax flisease o sprdifemibat mau/bsr any di sease

o condi {1 anARAIAGARL EBMhRmE AV SYAL Rl SRR RRIGRYP (or 10hi biLi on

of CAWMP and/or c si gna SSI PDE1, and/or by
redured dopaministedg dreeffgitioe aﬁiogmabf Agorapgdundi atcyordmgdb@hy afiylaiths ealse or
condition that may be aneliorated by the 1Qenhancenent of progesterone

si gnal i ng; °§R BhuBiseyicabrapResilion %P&B%toaqlalm e Grratienfdp agge pEsuc
schlzophregb ghi zoaf fective disorder, schlzophrenlforntdlsorder
psychotic disorder, delusional disorder, and mania, such as in acute manic
epi sodes and blpolar di sorder; and 15traunatic brain injury.

9. The method of claim 8, wherein the condition is Parkinson’s disease.

20

10. The method of claim 8, wherein the condition is cognitive impairment.
11. The method of claim 8, wherein the condition is narcolepsy.

25 12. The method of claim 11 further comprising administering a compound or
compounds selected from central nervous system stimulants, modafinil,

antidepressants, and gamma hydroxybutyrate, to a patient in need thereof.

13. The method of claim 8, wherein said condition is female sexual dysfunction.
30
14. The method of claim 13, 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.
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15.

16.

“17.

18.

19.

A method for the treatment of treatment for glaucoma or elevated intraocular
pressure comprising topical administration of a therapeutically effective amount

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

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

in need thereof.

A method for the treatment of psychosis, schizophrenia, schizoaffective disorder,
schizophreniform disorder, psychotic disorder, delusional disorder, and mania,
such as in acute manic episodes and bipolar disorder, comprising administering a
therapeutically effective amount of a compound according to any of claims 1-5, in

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

A method for the treatment of traumatic brain injury comprising administering to
a patient in need thereof, a compound according to any of claims 1-5, in free or

pharmaceutically acceptable salt form.

A method for lengthening or enhancing growth of the eyelashes by administering
an effective amount of a prostaglandin analogue, e.g., bimatoprost, concomitantly,
simultaneously or sequentially with an effective amount of a compound according

to any of claims 1-5, in free or salt form.

Use of the Compound according to any of claims 1-5, in free or pharmaceutically
acceptable salt form or a pharmaceutical composition according to claim 6 for the
manufacture of a medicament for the treatment or prophylactic treatment of the
following diseases: Parkinson’s disease, restless leg, tremors, dyskinesias,
Huntington’s disease, Alzheimer’s disease, and drug-induced movement
disorders; depression, attention deficit disorder, attention deficit hyperactivity
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,
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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
c¢GMP 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.

20. Use of the Compound according to any of claims 1-5, in free or pharmaceutically
acceptable salt form or a pharmaceutical composition according to claim 6 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.

21. A pharmaceutical comprising a Compound according to any of claims 1-5, in
free or pharmaceutically acceptable salt form, in combination or association with a
pharmaceutically acceptable diluent or carrier for use in the treatment of any disease
or condition selected from: ‘
Parkinson’s disease, restless leg, tremors, dyskinesias, Huntington’s disease,
Alzheimer’s disease, and drug-induced movement disorders; depression,
attention deficit disorder, attention deficit hyperactivity disorder, bipolar
illness, anxiety, sleep disorder, narcolepsy, cognitive impairment,
dementia, Tourette’s syndrome, autism, fragile X syndrome,
psychostimulant withdrawal, and/or drug addiction; cerebrovascular
disease, stroke, congestive heart disease, hypertension, pulmonary
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
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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,
5 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
10 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

15 traumatic brain injury.
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