WO 2012/ 110440PCT/ EP2012/ 052378 1 6- CYCLOBUTYL-1, 5- DI HYDRO PYRAZOLO [ 3,
4-D] PYRI M DI N-4- ONE DERI VATI VES AND THEI R USE AS PDE9A | NHI BI TORS The

i nventi orwoebetas4ssbo novel pyrazol opyri m di nones accor dipag@/EreotRosasag a (1) O
wherein e is a pyridyl or pyrimdinyl group and Dis optionally
substituted cycl opentyl, cyclohexyl, tetrahydrofuranyl, tetrahydropyranyl

or 2-, 3- or 4-pyridyl. The new conpounds are for use as the active entity

of ”EQ;' CATRIRLSYION , fQTDIhb'@RdTBQkHZ%%BUfﬁ 9fp1MBgk HANBALLS ok £ TREETAMOLY .anbN

particul ar nedi canent s oE2fr LBE A eaddrent, Qb gandi ti ons concerning deficits
i n perception, concentrat| on, 1"Ear ni ng or menory. Such conditions may for

exanpl e be associated with Alzhelner s di sease, schi zophrenia and ot her

di seases. The new conpounds are also for exanple for the manufacture of

medi canents and/or for use in the treatnent of these diseases, in

part i cuihgrinvestioe sxfates iovwvehpaizotamrinddisonssaceerdiigtth femata d) sease. The

conpounds of the invention show PDE9 inhibiting properties. BACKGROUND OF

THE | NVENTI ON The i nhi bition of phosphodi esterase 9A (PDE9A) is one of the

current concepts to find new access paths to the treatnent of cognitive

i mpai rments du® to CNS disorders |like Al zheiner's disease, schizophrenia

and ot her diseases or due to any ot her neurodegenerative process of the

brain. Wth~ ent invention, new conpounds that follow this concept

are presepted. 2(ML2/ 110440PCT/ EP2012/ 052378 2 Phosphodi esterase 9A is
N jde fanily of phosphodi esterases. These enzynes nodul ate

of the cyclic fcl eotides 5 -3 cyclic adenosi ne nonophosphat e

5'-3" cyblic guanosi ne nonophosphate (cGW). These cyclic

nucl eoti des, ,(CAMP and cGW) are inportant second nessengers and therefore

play a centtal role in cellular signal transduction cascades. Each of them

reactivates inter alia, but not exclusively, protein kinases. The protein

ki nase activated by cAVMP is called protein kinase A (PKA) and the protein

kinase activated by cGW is called protein kinase G (PKG. Activated PKA

and PKG are able in turn to phosphorylate a nunber of cellular effector

pr ot ei rvéhef@n (ﬁ usmnpm@drwlpsr1nﬁihmgt eroupcaupDad otpﬁoaq:ﬂ;ossbstlsnedjcydoladntyl

pr ot ei scri.pti ctor ssj bl this way for the second

easengatiehthmeiin o tEhRapyranlicBavart SEYPEH phys ol ogi cal

processes in a wde variety of organs. However, the cyclic nucleotides are

al so able to act directly on effector nolecules. Thus, it is known, for

exanple, that cGW is able to act directly on ion channel s and thus is able

to i nf IThemew compogeds ase &r uspas thenedra endity ohmedievments phfor tie menufagture o og.

Neur obi h re a contro

mec han|ngér%lC’ram]‘t"?1 > rSSpgg?V Ytlé%gl?lcuﬁwgg%g %%lgors[hg{r? %ﬁ%ntl((gpt%écrhﬁ or the

cor r esponeirfigg dbysiisah cpgnceptﬁonp comensstion, RRESndydhehyse Stétecaditlons may

nonophosphates to the inactive nonap hos hates AMP and GW. Currently, 11

PDE f ar#Pll PxaE iR spedded pithfghdmer héw%& shigprhigeiagad oBKE distrsablThgy of t he

11 or B0 el BgURE e bR MRl (SHE ARIRT MG B hofich e ¥fbltorusein

var i anttlse tnedtiniemt tlg@ﬂdisadtses; 1mparmuculat fcemogrhtlse inspaiimehine adseciateyt vath sudbli t i onal

nunberin r the tt n PDE9A.was cl oned and
sequen a%h&ﬁgg ﬁﬂﬁégﬁ%fﬁn ?ﬁ%? 5%Bﬁm8@H§F“ﬁBES does not exceed

34% (PDE8BA) and is never |ess than 28% (PDE5A). Wth a M chaeli sMenten
constant (Km) of 170 nanonolar (nM, PDESA has high affinity for cGW. In
addi tion, PDE9A is selective for cGW (Kmfor cAMP=230 micronolar (pM).
PDESA has no cGVP bi ndi ng domai n, suggesting that the enzyme activity is
not redAGK&EROYNIGOF TH& INEENAZON in a Western bl ot analysis that PDE9A

is expressed in humans inter alia in testes, brain, snall |ntest|ne

skel et q%gf ion was
f ound ﬁ%eﬁﬂﬁﬁg@gp?ﬁﬂ&%%?+9¥%?gi{¥gﬁﬁEg m%Bk%??g;%&?gﬂk%g on an ]gﬁfeen

( Fi sheracedss phths taBhekreat@reatiof, cop8idid e uﬁﬁéirt(laﬁs duelﬁﬂﬁgs isbaters Mengylzbeimel’s,

Gene, 2003, #5 27 The ene for human PDE9A i 5 | ocat.ed on chrgonosone
21q22. SIKA é%‘r‘ﬁﬂp Lae ea%‘sﬁf fiwa?flw@egawreéeafa?mam Brogess A have
been i genhivwigdhd béﬁP%’em%n Abw cofiipBlundaRgfollov B8 contBpt aré flRsentd

2012/ 110440PCT/ EP2012/ 0523783 392). C assical PDE inhibitors do not

i nhi bit human PDESA. Thus, |BMX, dlpyrldannle SKF94120, rolipram and

vi npoceti ne show no i nhi bition on the isol at ed enzynme in concentrations of
up to 100 mcronmolar (IM. An 1C50 of 35 mcronolar (p.M has been
denonstrated for zaprinast (Fisher et al., | Biol. Chem, 1998, 273 (25),

15559- 15564). Muri ne PDE9A was cl oned and sequenced in 1998 by Soderling et
al . (J BIO| Chem , 1998 273 (19), 15553 15558) ThIS has, |ike the human
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WD 2004/ 099210 di scl oses 6-aryl net hyl -substituted pyrazol opyri m di nones
whi ch are PDE9 inhibitors. WO 2004/099211 di scl oses 6-cycl yl net hyl - and
6- al kyl mewbybisubsni t ut ed pyrazol opyri m di nes and t hei r PUSEPR@R/051368

i nprovenent of cognition, concentratidn etc.. WO

2012/ 110440PCT/ EP2012/ 052378 4 DE 102 38 722 discl oses the use of
PDE9A- iBhbi;ﬁjiotita:mra‘se) PAtihen¢ mpmbeestitht wide faodlyiof ipbmphodmstemfrsa‘tfhm WO

2004/ 018474 di bstit di d thei
For tEnYBOOHMAE 161 CHoR HLBE o RBOURES St O SATTHEG BTBPBYPHERDT v
2004/ 0268¥fp) dhe SL LG8 AkIibsiRURShOIH A OUCAIP] IRKLC dTLHL RRSeMALElLandl thel T

use for the’inprovenent” of awareness, concentration 'earning capacity
and/ or angnOMP)pee fmpqmmscomnzmng@%@ilmewﬁye Ipbyescehttleotay cklldabi cycl es

as PDE9.in |b| ors fo tre nt of. di abet i ncl udi and type
2 di abét®d, “*H‘ié ‘(j’l“fé Eaghs? it ‘Béﬁ"’:"&vatewg‘?rra & Byt a%%ﬂgmeﬁpawi@

et abolkiitas&y THE foﬁelﬁﬂtﬁfa@é a&%ﬁéufb\y%m & called Eﬂ}“tén kWAZ@QQ@ﬁ&@ hfd ‘fe'lhes cl oses
PDE9 i nhi biting conpounds derived from pyrazol Bérq}hAtcl nones with a

subst i tueteis kinrsapetinatadhty- c@YIPpy eallediproteinignasg Heated BB\ anddiKG
VW)ZOlOl%.eZéﬁe 1ndtI nCtloO oS hoDEIgtelan rllllm fop &1@?”‘%&%&9? r| & d f rnoc?annel , G-
pyrazol opyri mdi norPes R hYE 1}1 { &roar STitt Ut ar yﬁ nmet hyl -

or het q)malmydoum%ﬂhydepgfr@lsﬁucttaral b@t&ns Itl@ﬁscfrllpﬁﬁn fa\A@r@OEQé BE&tBILindhisalagses
PDE9 inhibitors derived from pyrazol opyri mdinones with a non-aromatic

het er ocf?fc‘lh9 |Secg>ﬂ6@}?smg@nsé%é%4 e oLrpiEg anmiderariatyob phytglagisplyr anyl . WO
2010/ 02 F&lseg EW&%@ {}Lenyf&&? rdt%lé' ;LJC 1Hé’sra<’?591's8labﬁr lyfudi nones

V\nthacyc or a roup position, anong which is
4, 4- dididecity mcyﬁfécmdnen(yllecul&)ffhu@nu ioknaw, beeﬁmm@ttEd c’(h/ﬂél'safnﬂmldcy

nucl eosj de_derij vativ exa es.i is ref erred to WO 2002/ 057425, which
G Sl QU OH ISP AT AN b etmffiwn%ﬁ%le iRt 0B CenGSRIrRgR. @%%%%abm RNA

viral BoLYarel asRg. NbuE 209998066 3Ho64 )ik & hh b R&di Q&8s DB EPaL A oIl vati ves
for the treatnent of hepatitis Cinf ectl on or EP679657, which discloses

conpoumagshatism fewthy ectagtyrdfllsdMi hedsGNEP andahegmesrndor 520020%8688, whi ch

di scl os rln L- nucl i de unds i oth the purine rings and
he. camBonpeisErPrescs BBRS BESRIRE Rt bbpRRoS ity Pl Padiet [ onal | 2ed.

or bot hnondphbdpBated AMINYE @MP. [CuRnfl 1 1EXBIR K118V BdveRONdindd@Asthe PAMs
esterified hydroxy group. WO 2005/ 051944 di scl oses oxet ane- cont ai ni ng

nucl eosi desseqpence hpmotogs &f therrorigspandgessed ndividrad JIRE gerleavatiina Soribler s

such a far

2006/ odiouiiSaRgbRYean ( PRE e moeln B @rbAl 00 LRAE Wil aave
sul f ong@heslserot®ir ythen W i2 QM&M&P&H&&B&DM@&B@&?&&M&@&Q&/ 40384

di scl oses pyrazol opyri m di nones which are PDE1, 2 and 5 inhibitors and can
be errpl or the treatnent of cardi ovascul ar and cerebrovascul ar

di sorders and disorders of the urogenital system CH396 924, CH396 925,
CH396 926, CH396 927, DE1147234, DE1149013, describe pyrazol opyri m di nes
whi ch have a coronary-dil ating effect and which can be enpl oyed for the
treat nﬂ{umszPlﬂE%A wab ahmed and serwom&ddlil aP9% [The dmincoavid 1d88t322iRbotiesRIPEbes

pyr azol r| m di f)/\@ .an _an awi bl .
01 Ucos SOPL RN Iar o0 Saisst I Pn B SRy Ty P S5 el ai nones
whi ch (Méht@@c&ﬁﬁhpél@ﬂ) 851 mmahmn@raemm ), PO ARdd hib ARy ascsovpgpNt s for the
treatnment of, for exanple, oedena. OBJECTI VE OF THE | NVENTI ON
addltlon PDEOA is selective for cGMP (Km for cAMP=230 micromolar (uM)). PDESA has
no ¢cGMP binding domain, suggesting that the enzyme activity is not regulated by cGMP. It
was shown in a Western blot analysis that PDEYA is expressed in humans inter alia in testes,
brain, small intestine, skeletal muscle, heart, lung, thymus and spleen. The highest expression
was found in the brain, small intestine, kidney, prostate, colon and spleen (Fisher ef al., J.
Biol. Chem., 1998, 273 (25), 15559-15564;, Wang et al., Gene, 2003, 314, 15-27). The gene
for human PDEO9A is located on chromosome 21q22.3 and comprises 21 exons. 4 alternative

splice variants of PDE9A have been identified (Guipponi et al., Hum. Genet., 1998, 103, 386-



Changes in the substitution pattern of pyrazol opyrimdinones result in

i nteresting changes concerning biol ogical activity, respectively changes in
t he affi nvoyotomed4ds di fferent target enzynmes. Ther ef or @CIrtEPRG128M300] ecti ve
of the present invention to provide cdnpounds as herein described, in
particular in the clains, that effectively nodul ate PDE9A for the purpose
of t he 382y éllaprelDBfintabimesdc aoeinhibitihunpaMDEIA. arhus, IBMEwdipfridinsdases or

condi ti , e treatnent of which is accessible via PDEQA nodul ation. It
is anotsl(i@f%cl)%(ﬁéelﬂl?r@@ag‘ﬁVﬂwcﬁf@sgéﬁ‘t’v_qorﬂ}@ﬁtt}%‘r?qt e P B ¥BRPbunds that are
usef ul cbRbentfifolTAHUHAG Y fiGhnBIATPEUG ARIC ST G133 ARIEMAR (TR hfbeehS

di sorders. Yet another objective o present invention is to provide
conpoundmonstiatétl heapranaftaVoberndslaé, $dliet ¢hpnoflP9& .27A101)heF550bj5864).ve of the
present invention is to provide conpounds that have a favourable
selectively profile in favour of PDE9A inhibition over other PDE famly
menbers and ot her pharmacol ogi cal targets and by this nmay provide an

advant agerineYEIDESA Sl lone®hRE tdqviended it Q99 BV S StRriand @il qaneoL (eat, 1988, not
only serve for treatnent but m ght also be used for the prevention or

nodi f i 486N b3538he 568t Adsdundikegheihumans forpy high afinifyofer ¢ with a Km of
2012/ 1 . T - ; . )

ohar rac uErepaE LA EaHRERAT ofen D660 s MIXOR OMRLi iy, BRAIGR® 2
parti cuahativemn Murie PIDEH IS isatod irthitpted byd BIX i edrdcygntda wap belbive2 (0anict@iolarThe

present .inventiaon further provides thod for the treatnent of any of the
condi t B 96 1680 &1 %Hn%éfsé%nicwl_a&ﬁg&?gfﬁmﬁ Chided GOl 15 AEh
pref er gipdyy | & AUPRRR) GOIRbES Gtk BDEOR! ik @Qofaé?}é EﬂﬁeW&n’?’e regions of

t herapeutically effective amount of a conpoun ereln described, in
parti cuhearat brairt. Hbesd iaclode olfdntorybate hippocanemtsi cortekubashleganghowndlessala conpound

herein d i ped, i i cul ar, i he.cl ai i t hod of
' eat naHEDBI ST RAshor . Bhrar B3] 152k aPbTo e Bbe Brderietren oF
THE PRERENsal NYENThGONpEARAG PROtan ImPbrtdM @olR i€ REFHind AMEEREMER procdsggpound of

the present invention which is characterised by general fornula (I): O
wher ei m\st gadomeviiengdiagoee PEFIdis fdispigvikedgryoayings particgply high affinity for

2012/ 11&%%‘5%%5 12s0ti|igr/e oSrg §C7t§ve7even at low physiological concentrations, in contrast to
PDE2A (Km=10 micromolar (uM); Martins et al., J. Biol. Chem., 1982, 257, 1973-1979),
PDESA (Km=4 micromolar (uM); Francis et al., J. Biol. Chem., 1980, 255, 620-626), PDE6A
(Km=17 micromolar (uM); Gillespie and Beavo, J. Biol. Chem., 1988, 263 (17), 8133-8141)
and PDE11A (Km=0.52 micromolar (uM); Fawcett ef al., Proc. Nat. Acad. Sci., 2000, 97 (7),
3702-3707). In contrast to PDE2A (Murashima et al., Biochemistry, 1990, 29, 5285-5292),
the catalytic activity of PDE9A is not increased by cGMP because it has no GAF domain
(cGMP-binding domain via which the PDE activity is allosterically increased) (Beavo ef al.,
Current Opinion in Cell Biology, 2000, /2, 174-179). PDE9A inhibitors may therefore lead to

an increase in the baseline cGMP concentration.

This outline will make it evident that PDE9A engages into specific physiological processes in
a characteristic and unique manner, which distinguishes the role of PDE9A characteristically
from any of the other PDE family members.

WO 2004/099210 discloses 6-arylmethyl-substituted pyrazolopyrimidinones which are PDE9
inhibitors.

WO 2004/099211 discloses 6-cyclylmethyl- and 6-alkylmethyl-substituted

pyrazolopyrimidines and their use for the improvement of cognition, concentration etc..



WD 2012/ 110440PCT/ EP2012/ 052378 8 WD 2012/ 110440PCT/ EP2012/ 052378 9 and
salts, preferably pharnmaceutically acceptable salts thereof Through the
above gr owp 20f2/mepounds and D are defined. For all exemrpridP@d/osBapounds:
the configuration of the cycloal kyl g#oup at position 6 of the

pyrazol opyri m di nones group with respect to said pyrazol opyri m di nones
group O 1018a8 F2bdistibsadeind useryf PE N -mhdyitoirs fonshe impréeinsent eSq@eaitionhe
conmpounds of the invention nmay have the follow ng configurations: trans
conf i g¥PATAYANA"t rans configuration 2 g ' RL O NNI| O N |

WO 2004/018474 discloses phenyl-substituted pyrazolopyrimidines and their use for the
improvement of perception, concentration learning and/or memory.

WO 2004/026876 discloses alkyl-substituted pyrazolopyrimidines which and their use for the
improvement of awareness, concentration learning capacity and/or memory performance.
WO 2004/096811 discloses heterocyclic bicycles as PDE9 inhibitors for the treatment of
diabetes, including type 1 and type 2 diabetes, hyperglycemia, dyslipidemia, impaired glucose
tolerance, metabolic syndrome and/or cardiovascular disease.

W02009068617 discloses PDE9 inhibiting compounds derived from pyrazolopyrimidinones
with a substituted phenylmethyl- or pyridyl-methyl group in the 6-position.

WO02010112437 discloses PDE9 inhibiting compounds derived from pyrazolopyrimidinones
with a phenyl or heteroaryl substituted arylmethyl- or heteroaryl-methyl group in the 6-
position.

WO 2009/121919 discloses PDE9 inhibitors derived from pyrazolopyrimidinones with a non-
aromatic heterocyclyl group in the 1-position, among which is tetrahydropyranyl.

WO 2010/026214 discloses PDE9 inhibitors derived from pyrazolopyrimidinones with

a cycloalkyl or a cycloalkenyl group in the 1-position, among which is 4,4-
difluorocyclohexyl.

Some prior art is directed to chemically nucleoside derivatives. As examples it is referred to
WO 2002/057425, which discloses nucleoside derivatives, which are inhibitors of RNA-
dependent RNA viral polymerase, or WO 2001/060315, which discloses nucleoside
derivatives for the treatment of hepatitis C infection or EP679657, which discloses
compounds that serve as ribonucleoside analogues or US2002058635, which discloses purine
L-nucleoside compounds, in which both the purine rings and the carbohydrate ring (pentose
ring) are either modified, functionalized, or both. So the carbohydrate ring for example must
show at least one esterified hydroxy group.

WO 2005/051944 discloses oxetane-containing nucleosides, for the treatment of nucleoside
analogue related disorders such as disorders involving cellular proliferation and infection.
WO 2006/084281 discloses inhibitors of the E1 activation enzyme that have a sulfonamide

moiety.



D cis configuration 1 cis configuration 2 WO
2012/ 110440PCT/ EP2012/ 052378 10 O HN -R1 O whereby I e and D are defined
as above.wOherel1s44er eocheni cal |y defi ned enbodi nents ar @Ca/Hpaoi2ls237@spect
of the invention. The follow ng tabl e51 gives an overvi ew about the above
| i sted conpounds of the invention, whereby conpounds with the sane
def i nt iWO 19081463 8RRiscloges pyeaadlopyamédiaddes edii ddare RDE 1¢ 0 apd G chibiasrs hiyd ganoups,
which is the group of conpounds that have the same geperal cheni cal
Str Uct (P EMPQFHIPENE frefiiest o SoURdFUal angGs, QARG S eys ARLR B IO mber s
of the%@t}gqug%yﬁgl §@ry| ies are exenplified in the section Exenplary
enbodi nents. Table 1l: WD 2012/ 110440PCT/ EP2012/ 052378
CH396 924, CH396 925, CH396 926, CH396 927, DE1147234, DE1149013, describe
pyrazolopyrimidines which have a coronary-dilating effect and which can be employed for
the treatment of disturbances of myocardial blood flow.
US3732225 describes pyrazolopyrimidines which have an anti-inflammatory and blood
glucose-lowering effect.
DE2408906 describes styrylpyrazolopyrimidinones which can be employed as antimicrobial

and anti-inflammatory agents for the treatment of, for example, oedema.

OBJECTIVE OF THE INVENTION

Changes in the substitution pattern of pyrazolopyrimidinones result in interesting changes
concerning biological activity, respectively changes in the affinity towards different target

enzymes.

Therefore it is an objective of the present invention to provide compounds as herein
described, in particular in the claims, that effectively modulate PDE9SA for the purpose of the
development of a medicament, in particular in view of diseases or conditions, the treatment of

which is accessible via PDE9A modulation.

It is another objective of the present invention to provide compounds that are useful for the

manufacture of a medicament for the treatment of CNS disorders.

Yet another objective of the present invention is to provide compounds which show a

favourable safety profile.

Another objective of the present invention is to provide compounds that have a favourable
selectively profile in favour of PDE9A inhibition over other PDE family members and other

pharmacological targets and by this may provide an advantage.

Yet another objective is to provide a medicament that may not only serve for treatment but
might also be used for the prevention or modification of the corresponding disease or

condition.
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and salts, preferably pharmaceutically acceptable salts thereof, solvates

t her eof awio20te118bvat es of the af orenentioned salts theceaP2&2Wé13ng n t he
said group of conpounds, conpounds that show trans configuration with
respect to the substitution at the cycl obutyl-group may be preferred over
conpouriths préseht ioventoarftitgrrpadvides. a fartheupod soblpesitivansmpsifig gubmgound
conpounds one, thereof may show advantages in efficacy. The re.efficacious
a conp@aﬁafet%e%be& mp%@%fdﬂ&lﬁ@nﬁ@ggérﬂhwaesm hascepablcateitier
criterion which may differentiate preferred conpounds according to the
invention is the bal ance of efficacy and safety, such as for exanple

sel ect iThetpyesest, ing¢titen fPDEerfovilgs aerdeddos thehireagnd?bief @ny Bbtheaoedipans aof
trans configured.conpounds accordjng to the experi tal part a single 15
cr yst SRy e df fraamigl JEecd 8D aNetieamas Preicanor bRRen, Srdeiisn stry
of the a@ﬁﬁlﬂl%ﬂﬂ%wlﬂfehnﬁhﬁ\ﬂﬁfh ﬂfé%éutﬂfaflfk;%@&%ti&é1§ﬁohﬁtsoﬁﬁ%6hlﬁo@ufﬁﬁ{ a$ felRiRR  As
a consequence thereof absolute stereochem stry of the conpound with the

hi gher desaribed.dy ppgicglasin theclaggs.d conpound the S, S-configuration is
represented by the follow ng structure according O to general formula
(rid): WO 2012/ 110440PCT/ EP2012/ 052378 14 I n anal ogy, one may assune that
anong tihe esrpolinegstidf further prowiek iaotbmpouad ac befeddekerib&ditin paaiwulanén sledre
absol ute stereochem stry nmight be the nore actjve ones conpared with the

ot her FEMBerfer vte i ganethoroldatgnem @f therhuman a@ana ibady by therPypr esent

i nvention, within the sanme conpound famly the nore active conpounds are
preferred over the |less active

DETAILED DESCRIPTION OF THE PRESENT INVENTION
Embodiment 1 of the present invention:

A compound of the present invention which is characterised by general formula (I):

0
H.
H N\ | \/N
NN,
D
R1
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10 TERMS AND DEFI NI TI ONS Terns not specifically defined herein
shoul d be given the neanings that would be given to them by a person
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refers to derivatives of the disclosed conpounds wherein the parent
conpound is nodified by making acid or base salts thereof, preferably

addi ti on walzbp/11ganpl es of pharnmaceutical |y accept abl e pealRPg012/061308le, but
are not limted to, mneral or organi® acid salts of basic residues/parts
of the conpounds of the present invention such as am nofunctions; acidic
25r esi|dues/ part@ wi thin conpounds pf the present Onvention may formspgalts
with al kali or prgani c bases. The pharmaceutical lly acceptable salts | nclude
t he cgnvent i \toxic salts of the|quate y niumsalts of|the
par ent fne¢q for exanple, from non iC |horgan|c or orgapic

aci ds. - ~Nuch conventiopal ngn- oxL a yhcl ude those derived
from ijngrgani c "aci ds \sucly as hydro,hlorlc d, Hydrob om ¢ acid, su|furic
aci d, sul fam c a phosphori ¢ acid, fric acid he Ilke; and t he

succinic agyd,\glyc icpacid, steafic agi Cc aci lic acid,
tartarlic &id, ‘ritri cid, ascorb| ¢ acild aC| | ei ¢ acid,
hydr oxymal e cid, phenyl acetic agid, gluta cid, benzoic acid,,
salicylic acid, sulfanilic acid, 2t WO 2012/ 110440PCT/ EP2012/ 052378] 17
acet oxybenzoic acid, fumaric acid, toluenesul fonic acid, nethanesulfonic
acid, ethane disulfonic acid, oxalic acid, isethionic acid and the |ike.

Physi ol o ept abl e sal S Wt ses .alsg may include salts with
conventPgﬁéf H§§5§ﬁ¥§hﬂng§anﬁﬁ %QVEBEm ﬁﬁ%ﬂgﬁﬁﬁd preferably, alkali netal
salts (e.g. sodiumand potassium 5 salts), alkaline earth netal salts

(e. 9. carGighmthamsbvaagngséiwRpaliids)R 'aind ParRiiaed. or gani ¢ anmines having 1 to
16 C atons, such as, by way of exanple and preferably, ethylam ne,

di et hyl am ne, triethylam ne, ethyldiisopropylam ne, nonoethanol am ne,

di et hanol am ne, triethanol am ne, dicyclohexyl am ne, dimethylam noethanol,

procai i i etyl am: rei ni ne,
Fyei ne oL EREIACADUMIE Y LorRRieh of e RPN Gl pBTLiRE o iR

phar rraqygmzob@wlmlchmpt @blie wid trespeét theaipr ggentlopynineidinooes gerupbend the

synt hesi zed fr parent conpound with basic or acidic properties by
convent @Fmﬁﬁeﬁpé P het'HotsS. Generally, such salts can be prepared by
reacti ng i fshéf theronthoBhdLSFIRe QEMAH mhESR théﬁ)ll%%ﬁ?éﬂ?ﬁ%u%lbﬁs
stoichionetric anmount of the appropriate base or aci water or in an
organic solvent, or in a nlxture of the t wo; generally non- agueous nedi a

salts |prepqeq,fro rgahi ¢ acids such as aceileia0|d pr opi oni c aci d,

i ke ther, et h‘ acetate; CLIIQIIUI, """"""""" eetonttrite—-are
preferf@@?cﬂﬁkﬁﬁﬁﬂyhb" is considered 2 Z%Wﬁﬁ%ﬁk?@”ﬁ&fns desi gned to rel ease
a biollogically active 20 conpound accordlng to the present invention
in-viyo when such prodrug is admnistered to a mammlian subject. Prodrugs
of conpounds a€tording to the present |inventioff are prepared by nodi fyi ng
functijonal 4groyps present in the compgund gf thee invention in such a vway

t hat tlhese nRdi ons are retransfarne ( gi nal functiona
groups under phyS|oIdg|caI condi tions. i pﬁeciated t hat praodrugs
of the o[0) Nordlng to the prege QNS are subject to|the

pr esent ention a$ well. "Metabolites e consi déred derivatives off the
conpoun accordi ngDto the present inven ‘on t hat aPe formed in-vivo.
Active netgpolites are such netabolites thg' cause a pharmacol ogi ca

effect|. It wll be appreciated that netabolites of the conmpounds accordi ng
to 30the present inventions are subject to the present invention as well,

in particular active netabolites.
cis configuration 1 cis configuration 2




WO 2012/ 110440PCT/ EP2012/ 052378 18 Sone of the conmpounds may form

"sol vates". For the purposes of the invention the term"solvates" refers to
t hose forwe 20f2/ti@oconpounds which form in the solid oPCriEgeéid/osi3ag e, a
conpl ex by coordination with solvent Wol ecul es. Hydrates are a specific
formof solvates in which the coordinati on takes place with water.
Accorcing to tkke present invention, the term5@eferably is used for solid
sol vatle ﬁuch as anor phous or nore prefer ny crystalline solvates.
"Scaffold" N e fold of the conpounds \t o t he present

i nvent{i onH s epr¢sem¢ed by the follownngppo e stducﬂure The nuneratijon of
t he pg nsof ring nmenber atons i Fdi din bold: 0 543 N 61, N
2 N 7dléi;ft wiY | be evident for the g d p§+son|in the art, that tlhis
scaf f gl an be desPribed by its tautg "enol"™ Porm OH 54 3a 3 N |6N2
7Nl 1|15 In+the context of the present tion both structural

repregent att ons of the scaffold shall sidered the subject of the

pr esent vention,—even—+f—ont y—one of —the—two representattves S
presented. Wthout nmeant to be limting or bound, it is believed that for

t he majvferdby RfandDpeuRdsednddovanbi ent condi ti ons and therewith under

conditions which are the rel evant 20conditi ons for

a pharmaceutica

conposilhegnstersaghemically definerd emboitiants are hBrbgiasPreal mﬁ igyention.

The following table 1 gives an overview about the above listed compounds of the invention,

whereby compounds with the same defintio

n of R, R:, m, n and D are allocated into

compound family groups, which is the group of compounds that have the same general

chemical structural formula if no stereochemical properties are considered. Members of these

compound families are exemplified in the section Exemplary embodiments.

Table 1:
Q O Q O
a
HN A\
NS | 4 N
N N
PN
= =
N |N o) N |N o)
g g ,
Compound family Q, covering
examples 23, 24 and 25 ’




the tautonmeric fornms lies on the side of the pyrazol opyrindi n-4-one

representation.

Ther ef or e,

WO 2012/ 110440PCT/ EP2012/ 052378 19 al

enbodi mrerwe 2aripresent ed as pyrazol opyri mdi n- 4- one- der PCRIEPI@ES/062378101 €

preci sely as pyrazol o[ 3, 4-d] pyri m di ntl4- one deri vati ves.

Expressions |i

"prevention", "prophylaxis", "prophylactic treatnent" or "preventive 5
treatmgnt” used héein should be understjdd synonyngus and in the senseg
that the|risk to vel op a condition |mentipned hereijpbefore is reduced,
especi&lly in \haV|ng el evatled |@ sk fory itions or a
correspo1d|ng a nne||s NThus the expressi N a di sease"
used her ei nagenment and [car /at risk of
devel api ng d|§$ase rior to the cllini et @* t he\di sease. The
pur pose of evention i conmbat 10 t di sease,
condi tj{i on or Yisorder &nd ikcludes the 4 ctive
conpoynds tQ-preyent or\_delay the onset |of (the ons lication
and tg prevent qr delay t& devel opment |of |rel & ed i seases) conditions
di sorders. cess of said preventive tneatnent \i efl ected statistica
by reduced incidence of said conditign wthin a patient population at r
for t k? condi Ti oy n conparison to an edujval ent p&ient popul ation
15w t hout preventilye treatnent. The expr$§sion "tre or "therapy"”
preferably mea utic treatnment ¢ e.g. e human) pati g
havi ng al r eady one or nore |of [sajd condqﬁgon |nNnan|fest ac|
or chronic for i’ng synptomatijc t/reat nent . Nto relleve 2
synptaons|o i ndi cation or ¢ausa eat order to rey
or parfti al ndition or| tg del t he progre n of the
i ndicati on as\far as t y be poss|i blle, | depeRdi on fhe copndition &
the severit reof TRus the express|jion "treat of a\di sease" as us
herei n mean i@ and care |of |a pati i ng de@el oped the
di seage, |congli tion or disorder. The purpose of ment is to conbat -t
di seage, |condition, 25 disorder or synptom thereof . Treatnent inclu
t he atph-strat+oensof—the—acttve bungourd% to elimnfiate or control the
di seages |condi tionjor disorder as wel|l as to allevigie the synptons or
conpl ijgati ons ass |ated mnth the diseagé, i sor der. Th
foll ow ng sche Iustrate general |y how tlo ma ufaNture t he
conpounds of theg 30p ese i nvention by [way . $he abbr evi at ed
substiftue may efined for the enb la (1) if ng
defined otherw se within_the context |of |thg
2012/ 110440PCT/ EP2012/ (/523 20 Schenme |1
N7 >N 0
g
R 0O
: i d HN A\
N | ’N
D.\‘ ° N N
7—N
/N 0
Compound family R, covering
examples 29, 30 and 31 ’
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NC ON NH / 2Et3N EtOH + HN heat I NH3, H202 EtOH H20 0 H2N N 1- 12Ny

00 Schene 1. In a first step 2-ethoxynethyl ene-mal ononitrile is
condensedwoizbie/11o4a0- PCT/EP2012/052378
12
S 0 S 0
d

D‘\ N N
3 O
F F

_ E ,
Compound family S, covering T 0O
examples 32, 33 and 34 ’
HN A\
S | N
X
N N
a
HN
N | / N \ -
N N
N N / \> N V4
~ N —
7 N\ Compound family T, covering
— F F ’ examples 26, 27 and 28 ’
S 9) T 0]
b ) HN




5 substituted hydrazi nes by heating in an appropriate solvent |ike ethanol
in the presence of a base (e.g. triethylamne) to formthe correspondi ng
5- am no- IWwopyrzaaei4e- 4- carbonitril es. These conpounds ar eCtmrPe@rRszs’s n a
second step to the corresponding am dés, e.g. by treatnent of an ethanolic
solution with ammonia (25 %in water) and hydrogen peroxide (35 %in
wat er)|.T 4- oxo- 4, 5-Qli hydr o- 1H pyr azol ji)& 4= d] pyri m din-6-y1l substituted

nitrilles|can 10be [synthesized fromdijnitriles by hedting under basic
condi fli%ns (e. gn-Sou 2012/ 11044 12/ 052378 21

hydride in

ethangl) |in thethird stgp. The nitri|l e|fupctional] groUp 'y further

convert e ‘substituents [as |described e 2 yielding
pyrazal o nes as filnal| pro 'S, [N:f, for exanple, A

M yashi t 3 es 1990, 31, 13 /1. 5 Sche , N H2NI [2.)
amoni|a, N hene\ 2: -

4- 0x0-4, b-di hyd o[3,4-d]pyrin1jin-6//y_1\ubstﬁut nitriles| are
m xed |W 1 eated with |acetylchl Nri de l>or rnatively,

m xed |W { ated 10 sol ution of| hydrochl oni cid in ethanol. The
intermediates are treated in a second stlep/with a solution of amonia iln

nmet hanol to formthe correspondi ng am di nes. Reaction with a
1,1, 3,3-tetraal koxypropane yields pyrimdin-2-yl substituted
pyrazol o[ 3, 4-d] pyri m di n-4-ones as final products. Further alternative

processag afE PregRadly NshaPMh@aataly3 adeePlaBl kdlisditRrebf,0B810atad @hdfBWind Rhd he
15art and can |ikew se be enpl oyed for synthesizing the conpounds of the

i nvent isolyaies eéthefagpremgaingried salp th@epiri dt et al ., Hel vetica Chimica Acta
196g, 189, 1620ff.). WD 2012/ 110440PCT/ EP2012/ 052378

Within the said group of compounds, compounds that show frans configuration with respect
to the substitution at the cyclobutyl-group may be preferred over compounds with cis
configuration. Of the possible frans configured compounds one thereof may show advantages
in efficacy. The more efficacious a compound the more it is among the preferred compounds.
10 Another criterion which may differentiate preferred compounds according to the invention is
the balance of efficacy and safety, such as for example selectivity vs. other PDE family

members such as PDE1C.

For one pair of frans configured compounds according to the experimental part a single

15  crystal X-ray structure analysis revealed that the absolute stereochemistry of the compound
which showed lower efficacy than its enantiomer is R,R. As a consequence thereof absolute
stereochemistry of the compound with the higher efficacy is S,S.

For said compound the S,S-configuration is represented by the following structure according

0]

H\N N
H | N
.|“\\J\\N ITI

D
R

to general formula (I1d):



22 Schene 3 whereby is cyclopentyl or cycl ohexyl optionally substited

as defined in fornmula (I). Consequently, n =1 or 2 5 Schene 3. The

nono- subswotot2dodsydr azi ne derivatives, that are used i RCIEPRO12/064837$Cchene 1
can be prepared by reductive am natiod of a ketone wi th hydrazi necarboxylic
acid tert-butyl ester followed by a deprotection step as shown in schene 3

for an Ibahdogyg ony alag pesninyd thatr antygl thé exyipowasls défhenmekntion,gacle cahpduadsul a (1)

f le, J. Ti nberl ake. et al, , " i stry of 10 Hyd -, Azo-
i Az ey St sericsbfalite S5TeodBeisTy g efp S Aeve Ones COEECR RIS
Jour nalod HfIngRnt & @Jﬁéé&%pdhgg Famih$ ’A&éhltﬁﬁ%?fb]tﬂ%preséwmvention, within the
2012/ 110440PCT/ EP2012/ 052378 23 Scheme 4 0 NC CN NH / 2Et' 3N/ Et OH HN

same compound family the more active compounds are preferred over the less active
5  compounds. The compound family is the group of compounds that differ in their chemical

structure only with regard to stereochemical properties.
The different stereoisomers are subject to individual embodiments according to the invention:
Further embodiments of the invention:

Embodiment 2 of the present invention concerns the compounds according to embodiment

10 1 of'the present invention which show the following stereochemical properties according to

formula (ITa)
0O
H\N N
(N | N
WA
/ D
,,R1
(ITa).

Embodiment 3 of the present invention concerns a compound according to embodiment 1
of the present invention, whereby the compound shows the following stereochemical

15  properties according to formula (IIb)

R (IIb).



NC N H2Ny heat 1 NH3, H202 Et OH H20 Schenme 4: As described in
schenme 1, in a first step 2-ethoxynethyl ene-malononitrile is 5 condensed
wi t h nonoweubstilv«dbed hydrazi nes by heating in an appropciratreoiobasent |ike
ethanol in the presence of a base (e.§. triethylanmne) to formthe
correspondi ng 5-am no- 1H pyrazol e4-carbonitriles. These conpounds are
conver tRanbedinans ¢ ©f ek pntee@lttmvetmgmcrmhcaﬁpmn(dhpxgmdmicdﬁslingeo @mbbyinteneat ment
of an etq%gql ic solution, w Lh amoni a % | and hyd qgen per oxi de
(35 % ioh thERTEIeNt InVpntipn; whetg %fl@pconw@a{l ‘W 9T owaRgStREOhRINEATE ut ed

cycl obtsll)tr%(f;ert% acg&d ¢h eRERY{Gar boxylic acid est er under basic conditions
(e.q. umhydrld In ethanol') leads to the final

pyrazol o[ 3, 4-d] pyri m di n-4-ones as final products. [cf., for exanple, A
Myashita et alD | Heterocycles 1990, 31, 1309ff]. This procedure is

descri bed re detail for R being pyridyl in the experinmental section
(exanpl es |jQN 0 N\ 15Further information also can be found in: WO

2012/ 110480PCT/ E iOl:N 052378 24 wth respect to the general manufacture of
conmpoun ) Nng t etrahydropyranyl nore information can be found in
W)2009/ 19, Ppartilcularly on page 120 to 125 and the experinmental part

t her eof erew th i Hcor porated by reference), with respect to D being
4, 4-difl uofr\gcycl ohexyl nore information can be found in WD 52010/ 026214,
particularly on page 59 t@l¢3 and the experinental part thereof

5 Embodiment 5 of the present invention concerns a compound according to embodiment 1
of the present invention, whereby the compound shows the following stereochemical

properties according to formula (IId)

R (11d).

10  TERMS AND DEFINITIONS

Terms not specifically defined herein should be given the meanings that would be given to
them by a person skilled in the art in light of the disclosure and the context. Examples include
that specific substituents or atoms are presented with their 1 or 2 letter code, like H for

15  hydrogen, N for nitrogen, C for carbon, O for oxygen, S for sulphur and the like.
As used in the specification, unless specified to the contrary, the following terms have the

meaning indicated and the following conventions are adhered to.



(herewith incorporated by reference), and in the experinental part

(exenpl ary enbodi nents) of this description. The letter in particular with
respect twothe/mesof acture of the two buil ding bl ocks: PCTNEIHODSIF
TREAMENT The present invention refersiéto conpounds, which are considered
effective in the treatnment of diseases. The conpounds according to the
invention are effective and selective inhibitors of 15 phosphodi esterase 9A

and can_be used for th elopnent of di canment Such medi canent s shal
pr ef erimt?w@@e@wa Sre&rfe @rdﬂ%? W égpﬁ%ﬁpn@fﬁpg@aéegteﬁﬁs genteah apdeoNVEREMAL i on of
PDE9A %?a@leoit%'\gl%n@estaﬂ'gh%@&ﬂéd £nd er&rlrb%ar@mfo@merasqh&g A .rmdl fying effect.

Preferably the nedi canents shall be used to inprove eption
concentratlon cogni ti on, Iearnlng or nenory, like those occurring in

par in s} uat i ons/ di sease nmes. such as: 20m

o r fpenedydt B ra et REly engra B R RpRhr R RS FALER af oo
MeNDr Yy shAPHRTail ¥R Ehe AbredRNBRAl H&FiniGsRNts QG8IMBR ithid faralRph. St r oke, denenti a
occurring after strokes (post stroke denentia), post-traumatic denenti a,

general concentration inpairments, concentratlon inmpairnments in children

with | § %Qﬁe{r‘% %egeﬁ?o'}R e fOr blz{"nh 1S(fmer1 (irrlrlr%r% nd Igﬁx%eg dw}heg}\{%é iﬁiugemanti a,

denentia nera Ion O ron 1 nc

syndr orgomBaick 31868 oS ot cAERER ersU OYeRBS mvlﬁ)nnlta@érﬁﬁrmlmirésyof 1§kﬁﬂa§|tdfa W th
cortlcobasal degeneration, anyotropic¢c lateral sclerosis (ALS), Huntington's
di d8asehemispt sipicaire of eqpaquad apgiateaded uakgihesaeqiinstercpehamistey o isametc

denent i
2012/ 11073t EBBR b TaS R PEEbupbFIRL o i Bpscife detniionpresl o
(with denentla) Kor sakof f s psychosis or cognltlve |npa|rnent associ at ed

with depre or bi pol.ar disorder, Another aspect the pr esent
i nvent i Tr&v Cparisetichli AsSEaBle" 5t Tab Ay LB B iy tp oo cGRERuSD o by

PDE9A npgdahal 'c@ﬂlpoélﬂor%aéfnw&lﬂb% ce FoREPWRLR eI RitRin thK ScdpRIPIRIHA BEdical
nar col epsy, bipolar disorder, metabolic syndrong, obesrty di abet es

mellbi t ysdgnent|sudabig faryse incantact yith the disatretidsmamhserggloy eethie @asedysy bepoideni a,
I mpai red. gl ucose tol eran segse .of the test brai n, smal

| st ARG R SRt e i ob A S R RIS o PR TG s ¢ he

nmedi calcompReftonOforhMEnAFAE Qiith ol rO¥RA4HIO Berediyride rapiemBri sed in that it is
consi dered that a conpound according to formula (1) or (Il) as herein

defined, in particular the specifically defined speC|es conmpounds is used
as a e CaNEN e AP R RplIRA SRIBIGe e OREBRA 4ol b UG 15Gulop a8 ot hod
nmedb cargbitcti o thaopretdneinvestidnasavdlh @hapet iphagmapaapaly a@édp@alﬂehilf(d)"
refers to derivatives of the disclosed compounds wherein the parent compound is modified by
making acid or base salts thereof, preferably addition salts. Examples of pharmaceutically
acceptable salts include, but are not limited to, mineral or organic acid salts of basic
residues/parts of the compounds of the present invention such as aminofunctions; acidic
25  residues/parts within compounds of the present invention may form salts with alkali or
organic bases. The pharmaceutically acceptable salts include the conventional non-toxic salts
or the quaternary ammonium salts of the parent compound formed, for example, from non-
toxic inorganic or organic acids. For example, such conventional non-toxic salts include those
derived from inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid,
30  sulfamic acid, phosphoric acid, nitric acid and the like; and the salts prepared from organic
acids such as acetic acid, propionic acid, succinic acid, glycolic acid, stearic acid, lactic acid,
malic acid, tartaric acid, citric acid, ascorbic acid, pamoic acid, maleic acid, hydroxymaleic

acid, phenylacetic acid, glutamic acid, benzoic acid, salicylic acid, sulfanilic acid, 2-



15preferably a therapeutic nethod, for the treatnment of a CNS di sease, the
treatnent of which is accessible by the inhibition of PDE9. In an

al t er nat iwe 200¢11044he nedi canent is for the use in a therapaErRéie/062378

prophyl actic method, preferably a thek¥7apeutic method, for the treatnent of
a disease that is accessible by the inhibition of PDE9, specifically PDE9A.
201 n t heethogienprie heidy @chaaik taerdnatiuenesulvaic dcite neldinearfonic dcsd, fedrané he use in a
t herapeutic or prophyl actic met.hod, ferably a therapeutic nethod, for

t he tré%Wh%ﬂ?ﬁc Fﬂ%ﬁﬁtjBWHEWHCPQGPR%ﬁ§3$ﬁtion of cognitive inpairment

bei ng palyabRicafly RECGERAL Ofls GRATANLT AL Rfly RQEH LiBNwith RBRNHGNA bABITOT Y.
preferably 1f such cognitive inpairnment 1s associated wth a disease or
condi t isoch as tyeway idbedainplet dridsprséaratlpnalkdb et rsabis {egnsitdivve and epotdshigm
medi.canment, i .or the u i.n t her apeuti.c or prophyl actjc net hod .

or efor 2519 A%l eistimel sene St o srane RURE A EibTufen ol o
pr eventanffesohavidMithi ML Cl 419k §RAtasP 8y Reay 6F akB6b1E AndgReREDARL clhy@sningar ni ng
and nenory inpairnments, age-associated nmenory | osses, vascular denentia,

cr ani ockatedaminet rtaigthylangine olethy ldsapiopy amoes umonagthaifalamings rdrtbandlpoige,
stroke NGl a striraymatic ni.i a neral_concentrati,on.

301 npaith St s RS e QR s AT ho BT ShiskellFT B ing. AN
menor y ngtilie6Bp hol R 20:hd/dkd QB AP ER2 Q121182 315i76, Mhahensdians ndisrBse,
Le body denentia, denentia with degeneration of the frontal | obes,

i néPudingghppiprriding paditsie. par ki nson' s di sease, progressive nucl ear pal sy,
denentia with corticobasal degeneration, anyotropic |ateral sclerosis
(ALS), Huntington's disease, nultiple sclerosis, thalam c degeneration,

Cr eut zfTélegpphdmcaebutitaite atdeatabhd Sdltel efrtr tprasentapydneips yan be eymplossaded lfiobethepi | epsy,
schi zophreni a, schi zgphrenia (wth denentia), Korsakoff s hosi s or
cogni t IPFEN ﬁ%?%@ﬁwﬂg%w%@& %OPﬁ“B%gY g .eaﬁﬁérafgl%ﬁ%@la?g@@or der. In an
al t er ngfdn¥RiYS&ich 5NE TR SRR tySreh @ngtthefrBS £ill Br Bask AL OF

prophyl actic nethod, preferably a therapeutic nethod, for the treatnent of
Al 2hei mempsuniissegdse stosblrinztphamsning of thecapgripriateeb aserpadaidrenvatasgooiaat ed wi t h

Al zhei ‘s di . ' ith hi h ia. 101 I ti
s, t REHREAUSREAL ' & PO Hare e et P ARG Mot b et hoc,

prefer %bét}{te,aethé}ﬁil,él&ﬁ%%&loﬁ%} B@donifrD& adehipetefre@t ment of sl eep disorders,
bi pol ar di sorder, netabolic syndrone, obesity, diabetes nellitus,

hypergl ycem a, dyslipidem a, inpaired glucose tol erance, or a disease of

the o5t SBeqdti’ fonBlika b IbEBbLORNSRLERAL Vg, ISBLEN 4Gy MYrus o

spleen.’ 1 rther aspec e 1 nvention, Inventi on

r ekat esommpotimBadtbtdiiittoahe presait iBRhti G inpriey @hth chgfrodrug ddliniihnBreré@ todl sease
sel ected fromthe above |isted groups of conditions and di seases, whereby
the nethoeMelAsupicss Profugsddficamperngsi asporgmedo thearrassatitnverianare prepaiedy e

f‘g‘;g; P?%@diﬁz@r@ﬁﬂ%rﬁ? ERUAL PRsdif? irh 1€ cbRPEMd Athé hvBntHTRALLOL) Dy iy need
these modifications are retransformed to the original functional groups under physiological
conditions. It will be appreciated that prodrugs of the compounds according to the present

25 inventions are subject to the present invention as well.

“Metabolites” are considered derivatives of the compounds according to the present

invention that are formed /n-vivo. Active metabolites are such metabolites that cause a

pharmacological effect. It will be appreciated that metabolites of the compounds according to
30  the present inventions are subject to the present invention as well, in particular active

metabolites.



Anot her aspect of the invention concerns the conpounds of the inventions
for use as a nedicanent in a therapeutic or prophylactic nethod, preferably
a t herapewoi2o1xmb4sod. |f indicated the therapeutic net hedTmp2aibes1sesli canment
is preferably for the treatnment of a ®ondition or a disease selected from
the group of conditions or a diseases as outlined above in 25 this section
whi ch iSenenifithd ednpdviad Ry @ nT FaAAMESRITF or tRHARMHEE T tHeALhy OGP tENONS
Medi canents for adnlﬂls%rati%p whi ch are al so subject to pr esent

ose forms ofhe

i nvent i SAYAIED SRS t EAPBRHYS iy rrﬂgmtt%e 1qhid Ogsﬁlél%in%tat? fvent i on
as a Orcolén%?exmgfa{o%ﬁﬁﬁé{fdn%'tﬂ Yol Fénk hl‘é‘f‘ecﬁf%'s "chf‘rgﬂe%}e d s{;BeéiﬁE hShRPE &l ihY
effective anount and a pharmaceutical carrier
2012/ 117@440@6151)&132@11211 mgﬁﬁcewlﬁwd’tdzrhéc@m@mg|t@&ielpyeseﬁtflemntme thevermt " it is
ne is a plied ia the ap ate r nmen adapt ed
o bhe rpdrreblyes SRR Voo ERBaadosobs e BREL RN G ST = (1) i 1)
be suf%bgh@@t to effectively treat, to prevent or to decelerate the
progressi on of the correspondi ng dlsease or otherwise to aneliorate the
state of a patient suffering fromsuch 5a disease. It nay be the case that
the "therapeutically effective anount” in a nono-therapy will differ from
the "th tigall fe i y er.
anot her g%@g‘ﬁgan@%tscxﬁﬁ dosecor?n %wa%cc?ﬂdﬁeh ggtg‘iﬁ 116%}%& %nlré(ﬁlelrsa?%F éO@P{rﬁljal a (1)
appl i cltke futliowdiay coreytringureSTied Ihlyne]rﬁ)tufrr ((iﬂ’fh@pdSlﬂi@lS&ﬁm rifgy mpmdéredtadk s f rom
.1 t0.1000 referably from2 to 500 ng, nore preferably from5 to 250
1Onné? ﬁF%?gﬂ%%hy from10 to 100 ng. A dosage unit (e.g. a tablet)
preferably may contain between 2 and 250 ng, particularly preferably
bet ween 10 gnd 100 ng of the conpounds according to the invention. 15The
actual phpgraceutBcally effective anmount or therapeutic dosage will depend
on fact y those skilled in the art such as age, weight, gender or
ot her congitio e patient, route of administration, severity of
di sease t we The conpounds according to the invention nay be
adnlnlstered4bya3¢aﬂ parenteral 20(intravenous, intranuscular etc.),
i ntranasal, §ubllmgual i nhal ative, intrathecal, topical or rectal route.
Sui t abl e preparatlons for adm ni stering the conmpounds according to the
present invention include for exanple patches, tablets, capsules, pills,
pell ets, dragees, powders, troches, suppositories, liquid preparations such
as sol utions, suspensions, enulsions, drops, syrups, elixirs, or gaseous
preparations such as aerosols, sprays and the |ike. The content of 25the
phar madewtll badvigena &dri the slelbedoparsto(is thesdrg uhat the s¢afifol heanrteerdpscritredrby(Gts0O5 t o 90
w. - %

tautomeric “enol” form

15

In the context of the present invention both structural representations of the scaffold shall be
considered the subject of the present invention, even if only one of the two representatives is
presented. Without meant to be limiting or bound, it is believed that for the majority of
compounds under ambient conditions and therewith under conditions which are the relevant
20  conditions for a pharmaceutical composition comprising said compounds, the equilibrium of

the tautomeric forms lies on the side of the pyrazolopyrimdin-4-one representation. Therefore,



preferably 0.1 to 50 wt.-% of the conposition as a whole. Suitable tablets
may be obtained, for exanple, by m xing the active substance(s) w th known
exci pi entwQ 20r1iessanpl e i nert diluents such as cal ci um eaThre@kes23¢cal ci um
phosphate or | actose, disintegrants si#ch as corn starch or alginic acid,

bi nders such as starch or gelatine, |lubricants such as nmagnesi um 30st ear ate
or t al allandbdmagent préseitedes pyrarngdopyenedisel-omdddnivasvesar ooy padchiyly as

cel | ul ose, Igﬁose .ce%ate ht hal ate, or polyvinyl acetate. The tablets
may al§@“@8ﬁ€#|' PXEY Pﬁ'ﬂpﬁ9é?§ﬁ“@Wm)2012/110440PCT/EP2012/052378 28
Coated tablets may be prepared accordingly by coating cores produced

anal ogously to the tablets with substances nornmally used for tablet
coatings, for exanple collidone or shellac, gumarabic, talc, titanium

di oxi déxpressiogalike Tprexsntions Hubahwdxiss| uephplaciie dveatmenticonppravbntive i es

the.core nma | so . consi st a nunber .of |ayers. Si.m ] arl he .t abl.e

coad ndreafBonf RS BRG] Slouit kB uPH GRS Rup eSO G i un Slonko ol AAPREL

possi bldgvalsp Agofidigorexehiibratherdietire neddaday espbahlly hea pakhehsingMewipsd or
elixirs containing the active substances or conbi nati ons thereof according
t o t he rishehsdidgondijorsdeli @ ForRIPPYdies Aramresy. Seetherraprossien "pevervedrd ne,
0yl M &oc Y G&Llerdh kY ER m ALe e B e SANA Sl By Br hLRYRHI N
such as vaniI'Trn or orange extract. ey may al so contai n sSuspension

adj uvanhesdigeast priok enthesliaivahomst 8D theutizeasy. Hive ypuepdsy lof pedviehfi@s B, towehibang
agents such as, for exanple, condensatjon products of fatty alcohols wth
et B ertke @%iegw,mfm op thes@panas i GPRLILIEN OF disorder H‘?gr‘%%}@f‘éﬁ%éé‘@gl}Stﬁ%@&lqgtﬂil%ns
may be pr&Pasaols ttg'%)ré'\z%ﬁf"'or \ﬁ@ﬁiﬁ tfe Gnsaidriind I@ﬁn%‘fﬂst &Ogbﬁlidaﬁ&?ﬂs%ﬂ to
agents, preservatives such as p-hydroxybenzoates or stabilisers such as

al kal i pmateat orsddldysthefdeetlbyhemedirelated eliseates ascad@tong ondisdrdespiamrsd dfysaidsi ng
emul sifiers.and/ or dispe sants,.mhibf if water shalljgekgse .as diLuent,
for exdRPIBIOEAmeR! § S UatessHHsCabt PHFRMFG theiiserowid Simaston Wil r

di ssol \HafiéhtPopsladielat ik BPkIHE LONBiEY Rehfafiddlsicedd &fhivald® phid® pbp@Rtior al s
or anpoul es or 20infusion bottles. Capsules containing one or nore active
subst angdwubpregentbe mgringame of active substances may for exanpl e be prepared
by m xing the active substances with inert carriers such as | actose or
sorbitol and packing theminto gel atine capsul es. 25 Suitable suppositories
may be Thedspf@kiofXerdatifeny ¢f %hegpi' thiefebly BlednPtHRyipdedl tehtnidht Sf Pegpose,
such as neutral fats or polyethyl eneglycol or the derivatives thereof

Exci pi ¥heferaplyi Bpmamly paientss Baving @lraey, devalonedarnst ar mgae & saghspaditieif ital | y
accept 0 ni St i r f jons),
voger antarisiy geds? SRNEThTR AR REREI AR, KEatherkShe Bt Tk, fBEL,

al ecoholsgmpengs ofehé speolficandighty@esadapsal C@atiiedt 1 @deihtoasvesedor partially reverse

the condition or to delay the progression of the indication as far as this may be possible,
depending on the condition and the severity thereof. Thus the expression "treatment of a
disease" as used herein means the management and care of a patient having developed the
disease, condition or disorder. The purpose of treatment is to combat the disease, condition,
25 disorder or a symptom thereof. Treatment includes the administration of the active
compounds to eliminate or control the disease, condition or disorder as well as to alleviate the

symptoms or complications associated with the disease, condition or disorder.

The following schemes shall illustrate generally how to manufacture the compounds of the
30 present invention by way of example. The abbreviated substituents may be as defined for the

embodiments of formula (I) if not defined otherwise within the context of the schemes:



natural mneral powders (e.g. kaolins, clays, talc, chalk), synthetic

m neral powders (e.g. highly dispersed silicic acid and silicates), sugars
(e.g. camnwooparip44bact ose and gl ucose), WO 2012/ 110440PCT/HERRQHA3052378 29
enul sifiers (e.g. lignin, spent sul phdte |iquors, nethylcellul ose, starch
and pol yvi nyl pyrrolidone) and |lubricants (e.g. nmagnesium stearate, talc,

st eari Scheme 1and sodi um | auryl sul phate). 5For oral use the tablets may
contain, in addition to the carriers specified, additives such as sodi um
citrate, cal 'ggqcarbonate and di cal ci um phosphate together wi th various
additional s ances suchhhs sté{gﬂEKﬂqeferabljﬂﬁ tato starch, gelatine

and thenCikez Lubr%canH;{such as magnesi um st ear at e, m | auryl sul phat e
t he ‘case of aqueous

and talc y al so be use€d to produce the Tablets. In

suspensi ong\t he active &ubstances hegt be conbi ngdy t AN/ari ous 10f I avour
enhancers oF colourings in addition to the aboveRentioped excipients. The
dosage of the conpounds according to the invention is turally highly
dependent on the nethod of adm nistration and the conpl aint which is being
treated. 15 COVBI NATI ONS W TH OTHER ACTI VE SUBSTANCES | n anot her aspect the
present invention relates to a conbination therapy N, whiGoh a conpound
according to the present invention is adm nisteredgiogeHher w th anot her
active conmpound. Accordingly, the invention also Nefers fo phar maceuti ca
formul ati ons that provide such a conbination of pharnaceutically active

i ngredi ents, whereby one of which is a conpound 20 the present

i nvention. Such conbinations may be fixed dose caqnbi nati ons (the
pharmaceutically active ingredients that areH §be \ned are subject of
t he sane pharmaceutical formulation) or free dose ¢ i ndtions (the
pharmaceutically active ingredients are in separat maceuti ca
formul ati ons). 25Consequently, a further aspectHdN t he'|present invention
refers to a conbination of each of the conpounds of th® present invention,
preferably at |east one conmpound according to the present invention, wth
anot her active conpound for exanple sel ected fron1NE§ gggup/Qh

bet asecretase inhibitors; ganma-secretase inhibitors; ecret ase
nodul at ors; anyl oi d aggregation inhibitors such as e. zhened; directly
or indirectly acting neuroprotective 30 and/or |di seas di fying

substances; anti-oxidants, such as e.g. vitamrn E, ginko biloba or

gi nkol i de; anti-inflanmatory substances, such gs e.g. Cox inhibitors,

NSAI Ds additionally or exclusively having AB (Abet al/&wOH ng properti es;

HMG CoA reductase inhibitors, such as statins; acetyl choline esterase

i nhibitors, such as nepezil, rivastignmne, tacrife, WO

2012/ 110440PCT/ EP2012) 052378 3Qggal ant am ne,; A receptor antagonists such

as e.g. nenmanti b recept @-nagRM sts; AMPASReECeEpten\posi tive

nndulators$ftwﬁﬁin|s, g ydiNe transport dNCy i [ §; nNnoam ne receptor
éEEreti.

reupt ake i nhi\pi tor 3 st ances™fodur at i ng afi on or rel ease of
neurotransm’t ; stbstafnces inducing the of Igrowt h hornone such
as i butanore 5 mesyl ateppnd capronorel in;~6B-1 recept® antagonists or

i nverse agoni sts; antibiotics such as m nocyclin or rifanpicin; PDEl, PDE2,
PDE4, PDE5 and / or PDE10 inhibitors, GABAA receptor inverse agonists;

GABAA al pha5 receptor inverse agonists; GABAA receptor antagonists;
nicotinic receptor agonists or partial agonists or positive nodul ators;

al phadheta2 njcotinic receptor agonists or partial .agonists or.positive
modul a%&h@?—eaLpﬁw ["EotieRl %—ef%gwmyﬁenfenagw%ﬁ% Breqpartedl WHgomoses;
hi s§ amsﬁ@stft%&%&&fazﬁ%s BOHANY B g appréPithid &6 Uk e RURRLBIShR Hrid@hdd & a

agoni sts; 5-HI6 receptor antagonists; ‘al pha2-adrenoreceptor antagonists,
cal ci ursn{@agotiicghydammes darform cthe ecepsspondiie. agomnetl$l-pyrapde-tiatbaagotisst s or

posi ti nodul at ors; rnuscarinic receptor M antagoni sts;. muscarinic
Fecept ek CAMPATBR; 4F COMBIEbH Aot tPaltalls FRLEHRBYING PBSFLE by
al | ost @fclafindi® bl At @hSrioliTBIoRRRINT @Rh Gngthddiaas e, r&&@f&p@@@&%@%@@&t&t S;
netabotrogjp gl utamat e receptor 2/3 agonists; metabotropic glutanate

° o

recept ¢85 & ter)v &-oapteTdidiy il- hiddwtaap ol & 4-akleyronider-6-gl Beistindednitiigs can
nodyl a t i ma r ch that the effj d/ or
T R T R T
unwant ed side effects are reduced. 20This invention further relates to
phar maceutical conpositions containing one or nore,




preferably one active substance. At |east one active substance is selected
fromthe conpounds according to the invention and/or the correspondi ng

sal ts t heweabi2Anefser abl y t he conposition conprises onlyPOm&EPIUCISEICE | ve
conpound. In case of nore than one aciZlive conmpound the other one can be
selected fromthe aforenentioned group of conbination partners such as 25
al zhemechanvi)tiantha third gtepk dlhedmtrild dnagemal graupvasturthen negvettad rto heteroaryl

gal antanm ne, nemantine, ibufanoren nesyl ate, capr reli.n, mnocyclin

and/ or SPWL&WSC%.de&@FMM e YR Pvr&ﬁole%ﬁfry@w@r‘pﬁa?s %/%E%ldi ents
such asg, bdiRfst [f afok kSdrpland/\ar agﬁﬂau%,%@B@ypﬁgwaﬂslsagﬁfr ding to the

i nvention may al so be used |r¥ conbination with 30 i’munot her api es such as
e.g. active imunisation with Abeta or parts thereof or passive

i mruni sati on with humani sed anti-Abeta anti bodi es or anti body fragnments for
the treatnment of the above nentioned di seases and conditions. W)

201%/ 135(%ﬁ4l(l)lePgT/ EP2012/ 052378 31 The conpounds according to the invention

al so may BE€Eonbi ned with Di nebon. The conmpounds according to the invention
al so may be conmbined with anti depressants like amtriptyline impram ne
hydrochl ori de (TOFRANI L), i m pfr)eamety ombdreds, e (SURMONTI L), 5 | of epram ne,
desi pram ne ( NORPRAM@N), doxeptharcbl NEQUAN, ZONALON), tri nppram ne
(SURMONTIL). O the npounds paccording to the invention allso may be
conbined with sdio < HThy&iRsspicieeadidhi bi t ogs, su
ci tal opramiC Cl PRAMY) c8$5idial opr am ( LEXAR
cl om pram ne I ul oxet+ne—&CYMB
fenfluram ne DI MNN) , rfenf dupaidige, fl2uoxeti , fluvoxamn ne
(LUWOX), ind ne, mlna@ praneibXEL) . paroxetine YRAXI L, SERMAT),
sertraline (ZOLOFT, LUSTRAL), trazodone (DESYREL, MOLIPAXI N), venl afaxine
(EFFEXOR), zineli dine (NORMUD, ZELM D), bicifadi ne, desvenl af axi ne

(PRI STIQ, brasofensne and tesofensine. 15 The conbi nations according to
the present invention may be provided si mgytaneously in one and the sane
dosage formpgate. in fogm of a conbi nation||preparation, for exanple the two
conponents may be incorpo edhepN N oneH e e, g. i withfferent |ayers of
said tablet. The conhyi nati |n may be @‘ SQ provj éﬁ sepdat Mg ,Etin formof a
free combRmatjon, iR, the ‘ ) esentRY ANGH Fg@-,ar e
provided in e dgsage form and ong he abqyngrepq gned

conbi nq:tz%\on rtners iR*provided i ynot her dogage forrr% Treﬁé two dosage
fornms may ©é equal dbsage forns, for exanple a co- adni'f g}y ation of two
tablets, one c aining a therapeutically effective anount of the conpound
of the present TTnvention and one containing a therapeutically effective
anount of the above nentioned conbination 25partner. It is also possible to
conbine different admnistration forns, if desired. Any type of suitable
adm nistration fornms may be provided. The conmpound according to the

i nvention, or a physiologically acceptable salt thereof, in conbination

wi t h arfehéiee 2ct4-Ososibdihadoel Hapyrazelolid éd | mirmidinaf@busibytitotedatnitsieagger ed
times,

mixed with methanol and treated with acetylchloride or, alternatively, mixed with a saturated
10 solution of hydrochloric acid in ethanol. The intermediates are treated in a second step with a
solution of ammonia in methanol to form the corresponding amidines. Reaction with a
1,1,3,3-tetraalkoxypropane yields pyrimidin-2-yl substituted pyrazolo[3,4-d]pyrimidin-4-ones

as final products.

Further alternative processes for preparing pyrazolo[3,4-d]pyrimidin-4-ones are known in the
15 art and can likewise be employed for synthesizing the compounds of the invention (see, for

example: P. Schmidt et al., Helvetica Chimica Acta 1962, 189, 16201t)).



30but particularly close together in tinme. If adm nistered simltaneously,
the two active substances are given to the patient together; if

adm ni st ewedomt11844aggered times the two active subst ancesTaPeogioysmsto t he
patient successively within a period 28f |ess than or equal to 12
particularly less than or equal to 6 hours. WO

2012/ 110440PCT/ EP2012/ 052378 32 The dosage or adm nistration forns are not
Iinite%ﬁgin t he context of the present invention any suitable dosage form

may be YBe&®e3For exanpl e, the dosage forms may be selected fromsolid
preparations such as patches, tablets, capsules, pills, pellets, dragees,
powders, troches, 5suppositories, liquid preparations such as sol utions,
suspensi ons, enul sions, *Logﬁt syrups, elixirs;, or gaseous preparations
such as aerosols, sprays/an he |ike. ad sage forns are

advant ageousl y for nul d in dosage uriits/ each dosage unit being adapted
to supply a single dose each activ Eﬁgponent bei ng preseanbDepending

dosageOf orm t he i ngredH
L he ;above-nenti oned co

ts are
i pation
dose up

sel ect ed \accaordi ngly. dosage for

part ner B ]pp expedi éntly 1/5 of Jmnally r ecqouended
¢ normatty recomended ~ 15The dosage forns

admi ni stered to thedpingagenf or example 1, 2, 3, or 4 timesdaily depending

on the nature of the fornmulation. In case of retarding or extended rel ease

formul ati ons or other pharmaceutical formulations, the same may be applied

differently (e.g. once weekly or nonthly etc.). It is preferred that the

conpounds of the 1nvention be adm nistered either three or fewer tines,

nore preferably gnce or twice daily. 20 EXAVPLES PHARVACEUTI CAL

COMPCSI Tl ONS Exanpl es which mght illustrate possible pharnmaceuti cal

formul ati ons, w th ] bei ng neant 25to be limting: The term "active

subst ancgrierdbpo @ or swyelopentydvndpclalsegt dptigndlly substitenasndefmed

i ncluding the sa her eoih formulkag)c Edaisefuenitly, af= 1 lne 2af or ement i oned

conmbi nations with one or nore other active substances the term"active

subst ance" may al so include the additional 30active substances. Exanple A

5

fron1theCn0adninistratiog route andl

Scheme 3: The mono-substituted hydrazine derivatives, that are used in step 1 of scheme 1 can
be prepared by reductive amination of a ketone with hydrazinecarboxylic acid tert-butyl ester
followed by a deprotection step as shown in scheme 3 for an D being cyclopentyl or cyclohexyl
as defined in general formula (I) [cf, for example, J.W. Timberlake et al., “Chemistry of

10 Hydrazo-, Azo- and Azoxy Groups”, Patai, S., Ed.; 1975, Chapter 4; S. C. Hung ef al.,
Journal of Organic Chemistry 1981, 46, 5413-5414].



WO 2012/ 110440PCT/ EP2012/ 052378 33 Tabl ets contai ning 100 ng of active

subst ance

Conposi tion:

tabl et active substancel00.0 ng | actose80.0 ng corn

st ar ch34.Woreg12piab4avi nyl pyrrol i done4. 0 ng nmagnesi um st eaPar&P2@2523220. 0 ny
5 Exanple B Tablets containing 150 m§ of active substance 10Conpositi on:

tabl et active substancel50.0 ng powdered | actose89.0 ng corn starch40.0 ng
col | oi ¢zhemeldi cal0. 0 ng pol yvi nyl pyrrolidonel0.0 ng nagnesi um stearatel.O
ng 300.0 ng Exanple C 15Hard gel ati ne capsul es contai ning 150 ngof active

subst ance
OC,H,
Et,N/EtOH
NC._~ + HN
CN D
0]
H.

1 N Q NaH/EtOH
AN N
NN

D

NC
N
/
HNT N
D
NH,, H,0,
EtOH/H,0
0
HN
2 | N
/
HNT N
D

Scheme 4: As described in scheme 1, in a first step 2-ethoxymethylene-malononitrile is

5  condensed with mono-substituted hydrazines by heating in an appropriate solvent like ethanol

in the presence of a base (e.g. triethylamine) to form the corresponding 5-amino-1H-pyrazole-

4-carbonitriles. These compounds are converted in a second step to the corresponding amides,

e.g. by treatment of an ethanolic solution with ammonia (25 % in water) and hydrogen

peroxide (35 % in water). In a third step, heating with R' and R* substituted cyclobutyl or

10 cyclopentyl carboxylic acid ester under basic conditions (e.g. sodium hydride in ethanol)

leads to the final pyrazolo[3,4-d]pyrimidin-4-ones as final products. [cf., for example, A.

Miyashita et al., Heterocycles 1990, 31, 1309ff]. This procedure is described in more detail for

R! being pyridyl in the experimental section (examples 29 to 34).

15  Further information also can be found in:

WO 2004/099210 (in particular page 9, last paragraph to page 14, line 8, incorporated

by reference),



active substancel50.0 ng | actose87.0 ng corn starch (dried)80.0 ng WO
2012/ 110440PCT/ EP2012/ 052378 34 magnesi um stearate3. 0 ng 320.0 ng Exanple D
5Conposi twori12uposi tory active substancel50.0 ng pol yeChEreneysiscsl
1500550. 0 ng pol yet hyl enegl ycol 6000480. 0 ng pol yoxyet hyl ene sorbitan840.0
ng nonost earate 2000.0 ng Exanpl e E Conposition: anpoul es containing 10 ny
acti ve substathaespkosiotthe gererd siaantaefide 6f coagnghuidds Withybansteomhedrapyrdny. s.

oS L2, 0 s BIBIRIT: Fion SRR 0 p R S

and the experimental part thereof (herewith incorporated by reference),

- with respect to D being 4,4-difluorocyclohexyl more information can be found in WO
5 2010/026214, particularly on page 59 to 63 and the experimental part thereof

(herewith incorporated by reference),

- and in the experimental part (exemplary embodiments) of this description. The letter
in particular with respect to the manufacture of the two building blocks:

0
R1H 1 0]

K OH
10

METHOD OF TREAMENT

The present invention refers to compounds, which are considered effective in the treatment of
diseases. The compounds according to the invention are effective and selective inhibitors of

15  phosphodiesterase 9A and can be used for the development of medicaments. Such
medicaments shall preferably be used for the treatment of diseases in which the inhibition of
PDEOYA can provide a therapeutic, prophylactic or disease modifying effect. Preferably the
medicaments shall be used to improve perception, concentration, cognition, learning or
memory, like those occurring in particular in situations/diseases/syndromes such as:

20  mild cognitive impairment, age-associated learning and memory impairments, age-associated
memory losses, vascular dementia, craniocerebral trauma, stroke, dementia occurring after
strokes (post stroke dementia), post-traumatic dementia, general concentration impairments,
concentration impairments in children with learning and memory problems, Alzheimer's
disease, Lewy body dementia, dementia with degeneration of the frontal lobes, including

25  Pick's syndrome, Parkinson's disease, progressive nuclear palsy, dementia with corticobasal
degeneration, amyotropic lateral sclerosis (ALS), Huntington's disease, multiple sclerosis,

thalamic degeneration, Creutzfeld-Jacob dementia, HIV dementia, epilepsy, temporal lobe



active substance50.0 ng 0.01 N hydrochloric acid g.s. 20doubl e-distilled
wat eradl10. 0 nL WO 2012/ 110440PCT/ EP2012/ 052378 35 BI OLOG CAL ASSAY The

i n-vitro wohRert11ef40t he conpounds of the invention can beCThpem2mwsi3ngt he
foll owi ng bi ol ogi cal assays. 5 PDE9A2S5assay protocol: The PDE9A2 enzynatic
activity assay was run as scintillation proximty assay (SPA), in general
accor diepdepsg, dchzopliehiacsahizophiche (withufeaehtis)eKofsakoffle pbytchoss er cdanitiver
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specifically defined species compounds is used as a medicament.

Such a medicament preferably is for the use in a method for the treatment of a CNS disease.

In an alternative use, the medicament is for the use in a therapeutic or prophylactic method,
15  preferably a therapeutic method, for the treatment of a CNS disease, the treatment of which is

accessible by the inhibition of PDEOY.

In an alternative use, the medicament is for the use in a therapeutic or prophylactic method,
preferably a therapeutic method, for the treatment of a disease that is accessible by the

inhibition of PDE9Y, specifically PDESA.

20 Inthe most preferred alternative use, the medicament is for the use in a therapeutic or
prophylactic method, preferably a therapeutic method, for the treatment, amelioration and / or
prevention of cognitive impairment being related to perception, concentration, cognition,
learning or memory, preferably if such cognitive impairment is associated with a disease or

condition as described in this section.

25 Inan alternative use, the medicament is for the use in a therapeutic or prophylactic method,
preferably a therapeutic method, for the treatment or the amelioration or prevention of
cognitive impairment being related to age-associated learning and memory impairments, age-
associated memory losses, vascular dementia, craniocerebral trauma, stroke, dementia
occurring after strokes (post stroke dementia), post-traumatic dementia, general concentration

30 impairments, concentration impairments in children with learning and memory problems,
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thymus or spleen.

15
In a further aspect of the invention, the present invention relates to the method of treatment or
prevention of a condition or disease selected from the above listed groups of conditions and
diseases, whereby the method comprises the administration of a therapeutically effective
amount of a compound according to the invention in a human being in need thereof.

20

Another aspect of the invention concerns the compounds of the inventions for use as a
medicament in a therapeutic or prophylactic method, preferably a therapeutic method. If
indicated the therapeutic method or the medicament is preferably for the treatment of a
condition or a disease selected from the group of conditions or a diseases as outlined above in

25  this section which is entitled “METHOD OF TREATMENT”.

PHARMACEUTICAL COMPOSITIONS
Medicaments for administration, which are also subject to the present invention, comprise
- acompound according to the present invention as a or the pharmaceutically active
30 ingredient in a therapeutically effective amount and

- apharmaceutical carrier.
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By "therapeutically effective amount" it is meant that if the medicament is applied via the

appropriate regimen adapted to the patient’s condition, the amount of said compound of
formula (I) will be sufficient to effectively treat, to prevent or to decelerate the progression of
the corresponding disease, or otherwise to ameliorate the state of a patient suffering from such
5 adisease. It may be the case that the "therapeutically effective amount" in a mono-therapy
will differ from the "therapeutically effective amount" in a combination therapy with another

medicament.

The dose range of the compounds of general formula (I) applicable per day may be usually
10 from 0.1 to 5000 mg, preferably from 0.1 to 1000 mg, preferably from 2 to 500 mg, more

preferably from 5 to 250 mg, most preferably from 10 to 100 mg. A dosage unit (e.g. a tablet)

preferably may contain between 2 and 250 mg, particularly preferably between 10 and 100

mg of the compounds according to the invention.

15  The actual pharmaceutically effective amount or therapeutic dosage will depend on factors
known by those skilled in the art such as age, weight, gender or other condition of the patient,

route of administration, severity of disease and the like.

The compounds according to the invention may be administered by oral, parenteral

20  (intravenous, intramuscular etc.), intranasal, sublingual, inhalative, intrathecal, topical or
rectal route. Suitable preparations for administering the compounds according to the present
invention include for example patches, tablets, capsules, pills, pellets, dragees, powders,
troches, suppositories, liquid preparations such as solutions, suspensions, emulsions, drops,
syrups, elixirs, or gaseous preparations such as aerosols, sprays and the like. The content of

25  the pharmaceutically active compound(s) should be in the range from 0.05 to 90 wt.-%,
preferably 0.1 to 50 wt.-% of the composition as a whole. Suitable tablets may be obtained,
for example, by mixing the active substance(s) with known excipients, for example inert
diluents such as calcium carbonate, calcium phosphate or lactose, disintegrants such as corn
starch or alginic acid, binders such as starch or gelatine, lubricants such as magnesium

30  stearate or talc and/or agents for delaying release, such as carboxymethyl cellulose, cellulose

acetate phthalate, or polyvinyl acetate. The tablets may also comprise several layers.
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Coated tablets may be prepared accordingly by coating cores produced analogously to the
tablets with substances normally used for tablet coatings, for example collidone or shellac,
gum arabic, talc, titanium dioxide or sugar. To achieve delayed release or prevent
incompatibilities the core may also consist of a number of layers. Similarly the tablet coating
may consist of a number of layers to achieve delayed release, possibly using the excipients

mentioned above for the tablets.

Syrups or elixirs containing the active substances or combinations thereof according to the
invention may additionally contain a sweetener such as saccharine, cyclamate, glycerol or
sugar and a flavour enhancer, e.g. a flavouring such as vanillin or orange extract. They may
also contain suspension adjuvants or thickeners such as sodium carboxymethyl cellulose,
wetting agents such as, for example, condensation products of fatty alcohols with ethylene

oxide, or preservatives such as p-hydroxybenzoates.

Solutions may be prepared in the usual way, e.g. with the addition of isotonic agents,
preservatives such as p-hydroxybenzoates or stabilisers such as alkali metal salts of ethylene-
diamine-tetra-acetic acid, optionally using emulsifiers and/or dispersants, while if water shall
be used as diluent, for example, organic solvents may optionally be used as solubilisers or
dissolving aids and the solutions may be transferred into injection vials or ampoules or

infusion bottles.

Capsules containing one or more active substances or combinations of active substances may
for example be prepared by mixing the active substances with inert carriers such as lactose or

sorbitol and packing them into gelatine capsules.

Suitable suppositories may be made for example by mixing with carriers provided for this

purpose, such as neutral fats or polyethyleneglycol or the derivatives thereof.

Excipients which may be used include, for example, water, pharmaceutically acceptable
organic solvents such as paraffins (e.g. petroleum fractions), vegetable oils (e.g. groundnut or
sesame oil), mono- or polyfunctional alcohols (e.g. ethanol or glycerol), carriers such as e.g.
natural mineral powders (e.g. kaolins, clays, talc, chalk), synthetic mineral powders (e.g.

highly dispersed silicic acid and silicates), sugars (e.g. cane sugar, lactose and glucose),
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The dosage of the compounds according to the invention is naturally highly dependent on the

method of administration and the complaint which is being treated.

15 COMBINATIONS WITH OTHER ACTIVE SUBSTANCES
In another aspect the present invention relates to a combination therapy in which a compound
according to the present invention is administered together with another active compound.
Accordingly, the invention also refers to pharmaceutical formulations that provide such a
combination of pharmaceutically active ingredients, whereby one of which is a compound of

20 the present invention. Such combinations may be fixed dose combinations (the
pharmaceutically active ingredients that are to be combined are subject of the same
pharmaceutical formulation) or free dose combinations (the pharmaceutically active

ingredients are in separate pharmaceutical formulations).

25  Consequently, a further aspect of the present invention refers to a combination of each of the
compounds of the present invention, preferably at least one compound according to the
present invention, with another active compound for example selected from the group of beta-
secretase inhibitors; gamma-secretase inhibitors; gamma-secretase modulators; amyloid
aggregation inhibitors such as e.g. alzhemed; directly or indirectly acting neuroprotective

30  and/or disease-modifying substances; anti-oxidants, such as e.g. vitamin E , ginko biloba or
ginkolide; anti-inflammatory substances, such as e.g. Cox inhibitors, NSAIDs additionally or
exclusively having A3 (Abeta) lowering properties; HMG-CoA reductase inhibitors, such as

statins; acetylcholine esterase inhibitors, such as donepezil, rivastigmine, tacrine,
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neurotransmitters; substances inducing the secretion of growth hormone such as ibutamoren

5 mesylate and capromorelin, CB-1 receptor antagonists or inverse agonists; antibiotics such as

minocyclin or rifampicin, PDE1, PDE2, PDE4, PDES and / or PDE10 inhibitors, GABAA

receptor inverse agonists; GABAA alphaS receptor inverse agonists; GABAA receptor

antagonists; nicotinic receptor agonists or partial agonists or positive modulators; alphadbeta2

nicotinic receptor agonists or partial agonists or positive modulators; alpha7 nicotinic receptor

10 agonists or partial agonists; histamine receptor H3 antagonists; 5-HT4 receptor agonists or

partial agonists; 5-HT6 receptor antagonists; alpha2-adrenoreceptor antagonists, calcium

antagonists; muscarinic receptor M1 agonists or partial agonists or positive modulators;

muscarinic receptor M2 antagonists, muscarinic receptor M4 antagonists; metabotropic

glutamate receptor 5 positive allosteric modulators, metabotropic glutamate receptor 2

15  antagonists, metabotropic glutamate receptor 2/3 agonists; metabotropic glutamate receptor 2

positive allosteric modulators and other substances that modulate receptors or enzymes in a

manner such that the efficacy and/or safety of the compounds according to the invention is

increased and/or unwanted side effects are reduced.

20  This invention further relates to pharmaceutical compositions containing one or more,
preferably one active substance. At least one active substance is selected from the compounds
according to the invention and/or the corresponding salts thereof. Preferably the composition
comprises only one such active compound. In case of more than one active compound the
other one can be selected from the aforementioned group of combination partners such as

25 alzhemed, vitamin E, ginkolide, donepezil, rivastigmine, tacrine, galantamine, memantine,
ibutamoren mesylate, capromorelin, minocyclin and/or rifampicin. Optionally the

composition comprises further ingredients such as inert carriers and/or diluents.

The compounds according to the invention may also be used in combination with
30 immunotherapies such as e.g. active immunisation with Abeta or parts thereof or passive
immunisation with humanised anti-Abeta antibodies or antibody fragments for the treatment

of the above mentioned diseases and conditions.
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15
The combinations according to the present invention may be provided simultaneously in one
and the same dosage form, i.e. in form of a combination preparation, for example the two
components may be incorporated in one tablet, e. g. in different layers of said tablet. The
combination may be also provided separately, in form of a free combination, i.e. the
20 compounds of the present invention are provided in one dosage form and one or more of the
above mentioned combination partners is provided in another dosage form. These two dosage
forms may be equal dosage forms, for example a co-administration of two tablets, one
containing a therapeutically effective amount of the compound of the present invention and
one containing a therapeutically effective amount of the above mentioned combination
25  partner. It is also possible to combine different administration forms, if desired. Any type of

suitable administration forms may be provided.

The compound according to the invention, or a physiologically acceptable salt thereof, in
combination with another active substance may be used simultaneously or at staggered times,
30  but particularly close together in time. If administered simultaneously, the two active
substances are given to the patient together; if administered at staggered times the two active
substances are given to the patient successively within a period of less than or equal to 12,

particularly less than or equal to 6 hours.
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15  The dosage forms are administered to the patient for example 1, 2, 3, or 4 times daily
depending on the nature of the formulation. In case of retarding or extended release
formulations or other pharmaceutical formulations, the same may be applied differently (e.g.
once weekly or monthly etc.). It is preferred that the compounds of the invention be
administered either three or fewer times, more preferably once or twice daily.

20
EXAMPLES

PHARMACEUTICAL COMPOSITIONS
Examples which might illustrate possible pharmaceutical formulations, without being meant

25  to be limiting:

The term "active substance" denotes one or more compounds according to the invention
including the salts thereof. In the case of one of the aforementioned combinations with one or
more other active substances the term "active substance" may also include the additional

30 active substances.

Example A
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active substance 100.0 mg

lactose 80.0 mg

corn starch 34.0 mg

polyvinylpyrrolidone 4.0 mg

magnesium stearate 2.0mg
220.0 mg

5
Example B

Tablets containing 150 mg of active substance

10 Composition: tablet

active substance 150.0 mg
powdered lactose 89.0 mg
corn starch 40.0 mg
colloidal silica 10.0 mg
polyvinylpyrrolidone 10.0 mg
magnesium stearate 1.0 mg

300.0 mg
Example C

15  Hard celatine capsules containing 150 mg of active substance

active substance 150.0 mg
lactose 87.0 mg
corn starch (dried) 80.0 mg



The foll ow ng exanple was synthesized in analogy to the preparation of
Exanpl e 1A, using the corresponding diacid as starting material. Exanple

struct ur ewetariipgomaterial Rt [mn] MsS (ESI pos,
0/

201 (MtH)+ cis - racem c m xture M4, -----
magnesium stearate 3.0mg
320.0 mg
Example D

10

15

20

Composition: suppository

active substance 150.0 mg
polyethyleneglycol 1500 550.0 mg
polyethyleneglycol 6000 460.0 mg
polyoxyethylene sorbitan  840.0 mg
monostearate

2000.0 mg
Example E

Composition: ampoules containing 10 mg active substance

active substance 10.0 mg
0.01 N hydrochloric acid q.s.
double-distilled water ad 2.0mL

Example F

Composition: ampoules containing 50 mg of active substance

active substance 50.0 mg
0.01 N hydrochloric acid q.s.
double-distilled water ad 10.0mL

m z) EBXp/EP2B2/0823780 1.12

The preparation of any the above mentioned formulations can be done following standard

procedures.



OH (Met hod 3) 0

10

15

20
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BIOLOGICAL ASSAY

The in-vitro effect of the compounds of the invention can be shown with the following

biological assays.

PDE9A2 assay protocol:

The PDESA2 enzymatic activity assay was run as scintillation proximity assay (SPA), in
general according to the protocol of the manufacturer (GE Healthcare, former Amersham
Biosciences, product number: TRKQ 7100).

As enzyme source, lysate (PBS with 1 % Triton X-100 supplemented with protease inhibitors,
cell debris removed by centrifugation at 13.000 rpm for 30 min) of SF 9 cell expressing the
human PDE9A2 was used. The total protein amount included in the assay varied upon

infection and production efficacy of the SF9 cells and lay in the range of 0.1 — 100 ng.

In general, the assay conditions were as follows:
e total assay volume: 40 microlitre
e protein amount: 0.1 -50ng
e substrate concentration (cGMP): 20 nanomolar; ~1 mCi/l
e incubation time: 60 min at room temperature

e final DMSO concentration: 0.2 - 1 %

The assays were run in 384-well format. The test reagents as well as the enzyme and the
substrate were diluted in assay buffer. The assay buffer contained 50 mM Tris, 8.3 mM
MgCl,, 1.7 mM EGTA, 0.1 % BSA, 0.05 % Tween 20, the pH of assay buffer was adjusted to
7.5. The reaction was stopped by applying a PDE9 specific inhibitor (e.g. compounds
according to WO 2004/099210 or WO 2004/099211, like one of the enantiomeres of example
37, e.g. 1-(2-Chlorophenyl)-6-[(2R)-3,3,3-trifluoro-2-methyl-propyl]-1,5-dihydro-4H-

pyrazolo[3,4-d]pyrimidine-4-one) in excess.

References:



oH 0O O Exampl e 2A (racemic mxture) 2 8.00 g (89.7 mol)

2-am no-propionic acid were mxed with 88.0 nmL (0.93 nol) acetic anhydride
and 88. 0 wb 2pyril0di4ne. The reaction m xture was stirred aCTHFEPOG2/06237435 mi n.
The sol vent was renoved under reducedépressure. Tol uene was added to the
resi due and the solvent was renoved under reduced pressure, then 204 niL
(816 mWwlideHE] Tehtddoag e Rebmaoh Wt iFab )C, iahrig dd éibndrid M h€haractetiagiomas the

refl ux for 3h. The, sol vent was .renmoved und educed pressure. 1-Butanol
(20 ni Fleotsaaand roleches PR aenier thas bl GRMP TS treRdl A et iaucad
pressurg,ddedo .9(‘505t1|3§c~6é(|§é:?77~‘5@£713.0u”d wer e obtained as hydrochloride salt.
M5 (ESI pos): z = 88 (MrH)+ Exanple 3A (trans - racemic mxture) WO
2012/ 110440PCT/ EP2012/ 052378 44
5  van der Staay FJ, Rutten K, Barfacker L, Devry J, Erb C, Heckroth H, Karthaus D, Tersteegen
A, van Kampen M, Blokland A, Prickaerts J, Reymann KG, Schréoder UH, Hendrix M. The
novel selective PDE9 inhibitor BAY 73-6691 improves learning and memory in rodents.

Neuropharmacology. 2008 Oct;55(5):908-18.

10  PDEIC assay protocol:

The assay was run in an analogous manner to the PDE9A2 assay, with the following

differences: instead of PDE9A2, PDE1C was used and the assay buffer contained in addition
50 nM Calmodulin, 3 mM CaCl,. The reaction can be stopped by applying the same inhibitor

than the one that is outlined above (1-(2-Chlorophenyl)-6-[(2R)-3,3,3-trifluoro-2-methyl-
15 propyl]-1,5-dihydro-4H-pyrazolo[3,4-d]pyrimidine-4-one).

Determination of 1Cso:

IC5p can be calculated with GraphPadPrism or other suited software setting the positive

control as 100 and the negative control as 0. For calculation of ICsg dilutions of the test

20  compounds (substrates) are to be selected and tested following the aforementioned protocol.

Data

In the following ICso values for PDE9A2 inhibition [nanomolar (nM)] illustrate that the

compounds according to the present invention inhibit PDE9, specifically PDE9A2. This
25  evidences that the compounds provide useful pharmacological properties. The examples are

not meant to be limiting.

The table also provides selectivity values (Selectivity) that show a preference of the

compounds for PDEYA versus PDEIC. Selectivity is the ratio (ICso for PDE1C inhibition

[nanomolar (nM)]) / (IC5¢ for PDE9A2 inhibition [nanomolar (nM)]).



trans - racemc mxture 1.00 g (4.09 mol)
5- Am no- 1- (4, 4-di fl uoro-cycl ohexyl ) - 1H pyrazol e- 4-carboxylic acid am de
(see PCT waterntiieqapl i cati on WO 2010/ 026214, exanpl e 8A) paaEPaizes23?st h 15
mL of anhydrous EtOH, 2.46 g (12.3 n®l) of Exanple I A and 0.66 g (16.4
mmol ) of sodium hydride (60 % suspension in mneral oil) were added. The
react i dihendxatipiee naabel e@fee ot the HAAC efx@nnpté@ agl eutlimedainntier saveve Exearplarghe
m xture cooled to r t epper at ure an odi u droxide solution (4 M
aqueou§"glw?ﬂdemrﬂbﬁ%)a%%d%{pw?&w t%@’@&ﬂ?@ﬁ?“‘%@a@ ﬁ%%}sé Elﬁéé reduced
pressure. The residue was purified by preparative HPLC (eluent A water +
0. 13 %AliFduta @ﬁﬂlﬁé‘ﬁleﬁuréﬁeﬁwrdn% tZQh%élﬁf}e%@e Qschib lfkrrélﬂupﬁe d’é%'hﬁlo(ﬁbt ai ned.
HPLC- M5 (Met hod 1): . ESI pos): mz = 353 (M+H)+ The
f oI I owen@tmml®§HMw@es)2ns t‘ﬁé@ﬂi@dhﬁ plusinalootpys chﬁnameorptrrepacrlaltaﬂ SRCahd

AI ¢mg the correspondi ng am de and ester as starting materials
(fo ohlV?I?{%lE terials it is referred to PCT patent publications WO
2010/ 026214 WO 2009/ 121919 and WD 2004/ 09921). Exanpl e structure starting
mat eri a@lablest:arting Rt M5 amide material: ester [mn] (ESI pos, nmz) Exp.
3B 5-amno-1- Exp. 1B 1.07

Compound Example No. ICso PDE9A2 Selectivity

family [nanomolar]
Q 23% 23 187
Q 24 (enantiomer 1) 218 8.9
Q 25 (enantiomer 2) 7 197
R 20% 11 117
R 30 (enantiomer 1) 304 4.95
R 31 (enantiomer 2) 7 186
S 32% 7 117
S 33 (enantiomer 1) 4 181
S 34 (enantiomer 2) 388 1.68
T 26%* 32 >400
T 27 (enantiomer 1) 11 250
T 28 (enantiomer 2) 360 7

* trans racemic mixture

In-vivo effect:

It is believed that the positive in-vitro efficacy results of the compounds of the present

invention translate in positive in-vivo efficacy.

The in-vivo effect of the compounds of this invention can be tested in the Novel Object

Recognition test according to the procedure of Prickaerts et al. (Neuroscience 2002, 113, 351-



319 (trans - HN HO (tetrahydro- (Meth (M+tH)+ racem c m xture) oo /

pyran-4-yl)-1H pyrazol e-4- carboxylic acid od 3) WO

2012/ 1104%0RCIR/1HPRO12/ 052378 45 am de (see WD 2009/ 12peTEP2&20837% 11B)
38

361), the social recognition test or the T-maze spontaneous alternation test according to the
procedures described by van der Staay et al. (Neuropharmacology 2008, 55, 908-918). For

further information concerning biological testing one is also referred to these two citations.

Besides the inhibition property toward the target PDE9, compounds according to the present

invention may provide further advantageous pharmacokinetic properties.

E.g. compounds according to the invention may show one or more advantages in the area of
safety, balanced metabolism, low risk of causing drug - drug interaction and/or balanced

clearance.

Compounds also might show one or more additional or alternative advantages in the area of
bioavailability, high fraction absorbed, blood brain transport properties, a favourable (e.g.

high mean) residence time (mrt), favourable exposure in the effect compartment and so on.

CHEMICAL MANUFACTURE
In the following compounds and their manufacture are presented some of which are subject to
the present invention some of which are for additional illustration. Compounds 23 to 34 are

subject of the present invention.

Abbreviations:

Burgess-reagent (methoxycarbonylsulfamoyl)-triethylammonium-N-betain

Lawesson’s reagent 2,4-bis-(4-methoxy-phenyl)-[1,3,2,4]dithiadiphosphetane 2,4-

disulfide
APCI Atmospheric pressure chemical ionization
ACN acetonitrile
CDI 1,1’-carbonyldiimidazole
DEA diethylamine
DIPEA diisopropylethylamine
DME 1,2-dimethoxyethane
DMF dimethylformamide

ESI electrospray ionization (in MS)



Exp. 3C 5-am no-1-(4- Exp. 1A 0.81 326 (trans - HO H nethyl-pyridin-

(Meth (MtH) + racemc ,,,,, N 3-yl)-1H od 1):
WO 2012/110440 % PCT/EP2012/052378
EtOH ethanol
Exp. example
h hour(s)
HATU O-(7-azabenzotriazol-1-yl)-N,N,N’ N'-tetramethyluronium

HPLC
HPLC-MS

MeOH
min

MS

SFC
TBTU
TFA
THF
TLC

hexafluorophosphate

high performance liquid chromatography

coupled high performance liquid chromatography-mass spectrometry
molar (mol/L)

methanol

minutes

mass spectrometry

1-methyl-2-pyrrolidinone

retention time (in HPLC)

supercrticial fluid chromatography

O-(benzotriazol-1-yl)-N,N,N' N'-tetramethyluronium tetrafluoroborate
trifluoroacetic acid

tetrahydrofuran

thin-layer chromatography

LC-MS methods:

Method 1

MS apparatus type: Waters Micromass ZQ; HPLC apparatus type: Waters Alliance 2695,

Waters 2996 diode array detector; column: Varian Microsorb 100 C18, 30 x 4.6 mm, 3.0 um;

2

eluent A: water + 0.13 % TFA, eluent B: ACN; gradient: 0.0 min 5% B — 0.18 min 5 % B

—>20min98 % B —>22min98 % B — 23 min 5% B — 2.5 min 5 % B; flow rate: 3.5
mL/min; UV detection: 210-380 nm.

Method 2



m xture) pyrazol e-4- carboxylic acid am de (see WO 2004/ 099211,
exanpl e 35A) Exanpl e 4A (trans - racemc mxture) trans - racemc

m xture OWOQ0121040568 Mol ) Exanpl e 3A were m xed wi t hPOTEPZo21051318 14
mmol ) triethylamne and 5 nL DVMF. To 4he m xture were added 0.237 g (0.624
mmol ) HATU, then the reaction mxture was stirred at roomtenperature for
10 m n.MSappdrgusriypt uWateneMecratdedZQ, BRRCappirats 8ypreniVateracdliance 269

hydr azi e reacti.on m xture s, stirred_ at r at re for

The ni Qf’%fﬁ@r?%éé gbﬁ’r@ arr@é&etﬁgzt%rc@@%% E@S(’%’I {orte s R G, 6 1 o TFA
el uent 0 A d t t 1): R
eluent e%eﬁivﬁ lx’%stér ?PQ)p{)ﬁSJ’ OfFré he?ue% ggN/%“ebH‘Eger ot é‘bgﬁﬁ 5 (ﬂ%&%} g@_s(n'rl\{g (:52%1%(.:

m xt ur e} 3,%%@%@%@@%1&33@0%@5@358%@5 % B — 4.9 min 5 % B; flow rate:

2.4 mL/min; UV detection: 210-380 nm.

Method 3

MS apparatus type: Waters Micromass ZQ; HPLC apparatus type: Waters Alliance 2695,
Waters 2996 diode array detector; column: Varian Microsorb C18, 20 x 4.6 mm, 5.0 um,;
eluent A: water + 0.15 % TFA, eluent B: MeOH; gradient: 0.0 min 5 % B — 0.25 min 5 % B
— 1.90 min 100 % B — 2,05 min 100 % B — 2.15 min 5 % B — 2.25 min 5 % B; flow rate:
5.2 mL/min; UV detection: 210-400 nm.

Method 1E hydro

Instrument: LC/MS ThermoFinnigan. Hplc Surveyor DAD, MSQ Quadrupole; column:
Synergi Hydro-RP80A, 4 um, 4.60 x 100 mm; eluent A: 90% water + 10% acetonitrile +
ammonium formate 10 mM; eluent B = ACN 90%+10% H,0 + NH,COOH 10 mM; gradient:
A (100) for 1.5 min, then to B (100) in 10 min for 1.5 min; flow rate: 1.2 mL/min; UV
Detection: 254nm; Ion source: APCI.

Chiral SFC methods:

Method 4

SFC apparatus type: Berger “Analytix”; column: Daicel IC, 250 mm x 4.6 mm, 5.0 um,;
eluent: CO; /25 % MeOH /0.2 % DEA (isocratic); flow rate: 4.0 mL/min, 10 min;
temperature: 40°C; UV detection: 210/220/254 nm.

Method 5

SFC apparatus type: Berger “Analytix”; column: Daicel ADH, 250 mm x 4.6 mm, 5.0 um,;
eluent: CO; /25 % MeOH /0.2 % DEA (isocratic); flow rate: 4.0 mL/min, 10 min;
temperature: 40°C; UV detection: 210/220/254 nm.

Chiral HPLC methods:



trans - racemc mxture 0.150 g (0.426 mmol ) of Exanple 3A were mxed with
2 mL THF. The m xture was cooled to OC and 0.036 nL (0.426 mmol)

oxal yl chiwoi2de/amdoone drop of DIVIF were added. The re&CTiEPR012i0%1308 € Was
stirred at OC for Ih. To the reacti omlm xture were added 2 nL ACN and 0. 426
mL (0.851 mmol ) trinmethylsilyldiazonethane (2 Min hexane). The m xture was
stirredMéwhodal, then 0.213 nL HC1L (4 Min dioxane) was slowly added. The
reaction was stirred for 3h. To the mixture were added ethylacetate and

satura ueous sodi en car bgnate so i The or ic | yer was
eashed MG drers BRg BelTE g sregn Boer Sodlseh i banrha b,

were pafh | aluledt: W&BH&/@E@HSUW Howahitme Iﬁi/nﬁapr%p@iarﬁkyzszdm\rvmtéc%ﬁhed
The m xture was taken to the next step w t hout further purification.

HPLC- MSatipde (- 2P0 nfR). = 1.40 min MS (ESI pos): mz = 385/387 (C) The
follomrng exanple was synt hesi zed in analogy to the preparation of Exanpl e
5A, usr Fqiforrespondlng acid as starting material. Exanple structure
startlng material Rt [mn] M (ESI pos, mz) WO
2012/ 110440PCT/ EP2012/ 052378 47 Exp. 5B z

HPLC apparatus type: Agilent 1100; column: Daicel chiralcel OJ-H, 250 mm x 4.6 mm, 5.0

m,; eluent: hexane/EtOH 85:15; flow rate: 1 mL/min, Temperature: 25°C; UV Detection:
variable (200- 500 nm).

Method 7:

HPLC apparatus type: Agilent 1100; column: Chiralpak AD-H, 250 mm x 4.6 mm, 5.0 pm,;
eluent: hexane/isopropanol 80:20; flow rate: 1 mL/min, Temperature: 25°C; UV Detection:

variable (200- 500 nm).

HPLC apparatus type: Agilent 1100; column: Chiralpak AD-H, 250 mm x 4.6 mm, 5.0 um,;
eluent: hexane/isopropanol 80:20; flow rate: 1 mL/min, Temperature: 25°C; UV Detection:

variable (200- 500 nm).
Microwave heating:
e Discover® CEM instruments, equipped with 10 and 35 mL vessels;

¢ Biotage Initiator Sixty.

General comment concerning the presentation of the structures

Compounds with stereogenic centre(s): The structures depicted in the experimental section
below will not necessarily show all the stereochemical possibilities of the compounds but only
one. However, in such cases a term like “trans - racemic mixture” or “cis-racemic mixture” is

added next to the depicted structure in order to indicate the other stereochemical options.



_=(/ s.z 0z 1:300 j = Exp. 3B 1.12 351/353 trans - racem c m xture
(Method 1) (d) Exanpl e 6A (trans - m xture of stereoisoners)
WO 2012/110440 PCT/EP2012/052378
42

An example is given below. The presented structural formula is

XX

Yy

trans - racemic mixture

The added term “trans-racemic mixture” points to the second stereochemical option:

Xx

II'Yy

Thus, the manufactured compound is a mixture of

Xx o Xx

Yy and Yy
This principle applies to other depicted structures as well.

Starting compounds:

Example 1A (trans — racemic mixture)

X J

O\/

o

trans - racemic mixture

2.00 g (13.9 mmol) trans-cyclobutan-1,2-dicarboxylic acid were mixed with 16 mL EtOH at
0°C and 2.21 mL (30.5 mmol) thionylchloride were slowly added. The mixture was allowed
to warm to room temperature and stirred for 1h. The solvent was removed under reduced

pressure and the product was filtered through a pad of activated basic alumina. 2.71 g (98 %)

of the product were obtained.



trans - mxture of stereoisoners 0.200 g (0.628 nmol) of Exanple 3B were
mxed with 1 nL DM. 0.261 nL (1.89 nmol) triethylamne and 0.222 g (0.691
mrol ) of WBTUavmEneao0added. The reaction m xture was stir PEU/ERR012062378
tenperature for 10 min. Then 0.078 g 430. 628 mml ) of Exanple 2A was added
and the m xture was stirred at roomtenperature for |h. The m xture was
puri fi ¢PIG-MS @dathat ily R HPLE! (néd uent A: water + 0.13 % TFA, el uent B:

MeOH) . of the pro were obtained. HPLGC-Ms (Method 3): Rt = 1.03
mn Ngl\g@%ﬁ%)m%:zf@ @g%&)( M+H) + Exanple 7A (trans - racemic mxture) WO
2012/ 110440PCT/ EP2012/ 052378 48 trans - racem c mxture 0.200 g (0.628
Mol )  ofhe ESBPNE eRBn Y18 s By 86k MdtiR afalBty (Mhe pRparafioRbr E)l-anzge MO biding
triethylamne and 0.222 g {0.691 mmol) of TBTEJ wer e added. The reac%l on

m xt ur éheregrespondingidiacid apstentingmpaterlur e for 10 min. Then 0.066 g (0. 628
mol ) 2, 2-di net hoxyet hyl am ne was added and the m xture was stirred at room
t enperature—for—th—ThenrHCT (2 Magueous—sotufton)—was—gdded—and—the

m xt ure wasEypumid i ed by prsepenmt i ve $HPIE@ riatniaént R [madt er] + OME3 9% [TFA,

el uentf B: MeOH). The rnesidue was mijxed with 5 mL acetone ﬁﬁglgfo %%—101 (2 M
aqueous solution) and|stirred overnight under nitrogen. Then Fre Xt ure
was extracted—wthDEM—Theorganictayer—was evaporatedand—purified by
preparati veEHPUB (el ugnt AQ water + 0.13Q% TFA| el idBt B:| MHON+HI7D nmy of
t he prloduct was obt ai ned. (IMet ho él;l Rt = Fll.(gg)srri n VM5 (ESI| pos):
mz = 360_I(MH-?+ Exanmp gA (Trans —(ture of @4@% isqners) traps -

m xt ur &7 "SPRISBI ERerk_0. 200 g (0. 5& nmmol ) of Exanple [3A was mixed with
1.0 mi DMF. 0.432 nL (2.8 | ) DI|PEA a\x—OHZ)O g (0.624 mmol) TBTU were
added.| The reaction m|xturd was-Sti|rred WD| 2012/ 110440PCT/ EP201p/ 052378
49 rogm tenperature for 10%mi n. Then 0. 190 g (1.14 mmol) |of Exanpl el 2A were
added [and the mixture[was stirred at roomtenpérature for 2h. The m xture
was purified by preparative HPLC (eluent A: water + 0.13 % TFA, eluent B:
MeOH). 70 ng (29 %9 of the product was obtained. HPLC-MS (Method 1): Rt =

1.23 m')EE NBl(églé gosi): .gz :: 422 (MtH)+ The fol | ow ng exanpl es were
synt he ' e preparation of Exanple 8A, using the

correspfﬁ'mg nucl eophil es as starting materi al s.

NH

2

8.00 g (89.7 mmol) 2-amino-propionic acid were mixed with 88.0 mL (0.93 mol) acetic
anhydride and 88.0 mL pyridine. The reaction mixture was stirred at 100°C for 135 min. The
solvent was removed under reduced pressure. Toluene was added to the residue and the
solvent was removed under reduced pressure, then 204 mL (816 mmol) HCI (4 M aqueous
solution) was added and the mixture was refluxed for 3h. The solvent was removed under
reduced pressure. 1-Butanol (20 mL) was added to the residue and the solvent was removed
under reduced pressure. 11.6 g of the title compound were obtained as hydrochloride salt.

MS (ESI pos): m/z = 88 (M+H)"

Example 3A (trans — racemic mixture)




Exanple structure starting material Rt [min] M (ESI pos, mz) Exp. 8B
trans - racemc mxture HN-N\ O/ O. O iF HNoCG hydrochloride 1.31
WO 2012/110440 PCT/EP2012/052378

44
OH HN
? \N N

F

trans - racemic mixture

1.00 g (4.09 mmol) 5-Amino-1-(4,4-difluoro-cyclohexyl)-1H-pyrazole-4-carboxylic acid
amide (see PCT patent application WO 2010/026214, example 8 A) was mixed with 15 mL of
anhydrous EtOH, 2.46 g (12.3 mmol) of Example 1A and 0.66 g (16.4 mmol) of sodium
hydride (60 % suspension in mineral oil) were added. The reaction mixture was heated to
140°C for 30 min in a microwave oven. The mixture was cooled to room temperature and
sodium hydroxide solution (4 M aqueous solution) was added. The solvent was removed
under reduced pressure. The residue was purified by preparative HPLC (eluent A: water +
0.13 % TFA, eluent B: MeOH). 0.70 g (49 %) of the product were obtained.

HPLC-MS (Method 1): R(=1.24 min

MS (ESI pos): m/z = 353 (M+H)"

The following examples were synthesized in analogy to the preparation of Example 3 A, using
the corresponding amide and ester as starting materials (for starting materials it is referred to

PCT patent publications WO 2010/026214, WO 2009/121919 and WO 2004/09921).

Example | structure starting material: | starting R¢ MS
amide material: [min] | (ESI
ester pos,
m/z)
Exp. 3B 5-amino-1- Exp. 1B 1.07 319
(trans‘— "o P HT\jji\\N (tetrahydro- (Meth | (M+H)"
racemic 0 \N N pyran-4-yl)-1H- od 3)
mixture) pyrazole-4-
carboxylic acid
o




(method 1) 396 .+ (MtH) Exp. 8C trans - m xture of stereoisomers HO

HN ON

z N HONH2 410 (MtH) + H
WO 2012/110440 i PCT/EP2012/052378
amide (see WO
2009/121919,
example 11B)
Exp. 3C 5-amino-1-(4- Exp. 1A 0.81 326
(trans — 9’ methyl-pyridin- (Meth | (M+H)"
racemic \\\‘1\ 3-yl)-1H- od 1):
mixture) pyrazole-4-
k| Vi carboxylic acid
amide (see WO
2004/099211,
example 35A)

Example 4A (trans — racemic mixture)

0]

' i \\\J\

trans - racemic mixture

0.200 g (0.568 mmol) Example 3A were mixed with 0.157 mL (1.14 mmol) triethylamine and
5 mL DMF. To the mixture were added 0.237 g (0.624 mmol) HATU, then the reaction
mixture was stirred at room temperature for 10 min. To the mixture were added 0.042 g
(0.568 mmol) acetic acid hydrazide and the reaction mixture was stirred at room temperature
for 1h. The mixture was purified by preparative HPLC (eluent A: water + 0.13 % TFA, eluent
B: MeOH). 30 mg of the product were obtained.

HPLC-MS (Method 1): R(=1.03 min

MS (ESI pos): m/z = 409 (M+H)"

Example SA (trans — racemic mixture)




Exp. 8D trans - m xture of stereoisoners HN % . N OH NH, 1.12 (nethod 1)
410 (M+tH) + HO
WO 2012/110440 PCT/EP2012/052378
46

trans - racemic mixture

0.150 g (0.426 mmol) of Example 3A were mixed with 2 mL THF. The mixture was cooled to
0°C and 0.036 mL (0.426 mmol) oxalylchloride and one drop of DMF were added. The
reaction mixture was stirred at 0°C for 1h. To the reaction mixture were added 2 mL ACN
and 0.426 mL (0.851 mmol) trimethylsilyldiazomethane (2 M in hexane). The mixture was
stirred for 2h, then 0.213 mL HCI (4 M in dioxane) was slowly added. The reaction was
stirred for 3h. To the mixture were added ethylacetate and saturated aqueous sodium
hydrogen carbonate solution. The organic layer was washed with water and brine and dried
over sodium sulfate. The solvents were partially evaporated until volume of approximately 2

mL was reached. The mixture was taken to the next step without further purification.

HPLC-MS (Method 1): R(=1.40 min
MS (ESI pos): m/z =385/387 (Cl)

The following example was synthesized in analogy to the preparation of Example SA, using

the corresponding acid as starting material.

Example structure starting material | R [min] MS
(ESI
pos,
m/z)




WO 2012/ 110440PCT/ EP2012/ 052378 50 Exp. 8E trans - racem c m xture 1-1, NN N

HHNtoo ..... I hydrazine hydrate 0.99 (nethod 1) 367 + (MtH)
WO 2012/110440 PCT/EP2012/052378
47
Exp. 5B Q Exp. 3B 1.12 351/353
HN (C)
trans — . | \,N (Method
racemic N N 1)
mixture 2
o) Cl 0)

Example 6A (trans — mixture of stereoisomers)

O

” 1\
H RN

o}

trans - mixture of stereoisomers

0.200 g (0.628 mmol) of Example 3B were mixed with 1 mL DMF. 0.261 mL (1.89 mmol)
triethylamine and 0.222 g (0.691 mmol) of TBTU were added. The reaction mixture was
stirred at room temperature for 10 min. Then 0.078 g (0.628 mmol) of Example 2A was added
and the mixture was stirred at room temperature for 1h. The mixture was purified by
preparative HPLC (eluent A: water + 0.13 % TFA, eluent B: MeOH). 190 mg of the product
were obtained.

HPLC-MS (Method 3): R(=1.03 min

MS (ESI pos): m/z = 388 (M+H)"

Example 7A (trans — racemic mixture)




Exanple 9A (trans - racemc mxture) trans - racemc mxture 0.182 g
(0.430 nmol ) Dess-Martin periodinane were mxed with 2.5 nL DCM 0. 160 g
(0.391 nmeboBxamabe 8D in 2.5 nL DCM was added at roompCempesiatsases The
reaction mxture stirred at roomtenp®rature for 30 mn and at 30C for 30
mn. To the m xture were added 10 nL sodiumthiosulfate solution (10 %in
wat er) eand 10 nL sat uat ed sodi um hydrogen carbonate sol ution and the

m xture stlbred f 20 mn. The organic | ayer was separated and the
aqueous Iay ragtes with DCM The organic | ayer was washed with
saturated sofi yQKOQg Arbonat e sol uti on, dried and evaporated. 93 ny
(58 %9 of the p ﬁCt réNobt ai ned. HPLG-MS (Method 1): Rt = 1.18 min MS
(ESI pos): mz 08 (MtH) e foll ow ng exanpl e was synt hesi zed in

anal ogy to the preparatiof of \Exanpl e 9A, using the correspondi ng al cohol
as starting material. WO\RQ1Z/110440PCT/ EP2012/ 052378 51 Exanpl e structure
starting material Exp. 9B trans - m xture of stereoisonmers H N ooN N Exp.
8C trans - racemic mixture

0.200 g (0.628 mmol) of Example 3B were mixed with 1 mL DMF. 0.174 mL (1.26 mmol)
triethylamine and 0.222 g (0.691 mmol) of TBTU were added. The reaction mixture was
stirred at room temperature for 10 min. Then 0.066 g (0.628 mmol) 2,2-dimethoxy-
ethylamine was added and the mixture was stirred at room temperature for 1h. Then HC1 (2 M
aqueous solution) was added and the mixture was purified by preparative HPLC (eluent A:
water + 0.13 % TFA, eluent B: MeOH). The residue was mixed with 5 mL acetone and 1 mL
HCI (2 M aqueous solution) and stirred overnight under nitrogen. Then the mixture was
extracted with DCM. The organic layer was evaporated and purified by preparative HPLC
(eluent A: water + 0.13 % TFA, eluent B: MeOH). 170 mg of the product was obtained.

HPLC-MS (Method 3): R¢=1.01 min
MS (ESI pos): m/z = 360 (M+H)"

Example 8A (trans — mixture of stereoisomers)

O

\\‘

F

trans - mixture of stereoisomers

0.200 g (0.568 mmol) of Example 3A was mixed with 1.0 mL DMF. 0.432 mL (2.84 mmol)
DIPEA and 0.200 g (0.624 mmol) TBTU were added. The reaction mixture was stirred at
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WO 2012/ 110440PCT/ EP2012/ 052378 53 cycl obutane-1, 2-di carbonitrile were
added and the reaction m xture was heated to 140C for 45 min in a m crowave
oven. Theweabwenbv44nas renoved under reduced pressure. TRETEPIIIAO23MRS
di ssolved in DCM water was added andVphases were separated. Organic |ayers
were dried over sodi um sul phate and evaporated under reduced pressure. The

crude |wa r|f ed by|flash cromat ggraphy (Gy/ 3cfron18/ Oto 0% to
obt ai 1 theloll':;I Econp (0. ga’fazgge% 893 359

HPLC- M5( Met hodl Eh) : Rt . M z| = 3QQrafdH)|+ Exanp| e 11C
(trang - tfhasemdenid xt ' 'xture To a |s@iegiddon(M#HY. BS g
(3.91|{mmol ) of 5-amn y NpyriNdi n-3-y1) - 1H pyr dzol e- 4-| carboxylic
aci d am de P&EEEPCT p i cati on M8 2004/ 09921) in 10D anhydr ops
EtOH ,| 0.47 g (11.74 pnol) of sodium de (60 % suspegnsion i|n mner
oil) were added at ropmtenperature undeg niftrogen. After 1 h under
stirriing, 1.28g (11.74 mmol) of transcycltbutane-1, 2-dicarbonitfile wefe

added |and the reactioh m xture was heated to 140C for 45 mn inl a m'cr wave
oven. Thn rnahflnn m fllrn Was fhnn Inarh:\rl on Q(‘Y harfr: Ao a

gty 1=

fractions were collected and evaporated and the residue was purified by
flash qug%;eoggm_(ra%{gl}ﬁ% §0:10) to obtain the title conpound as white
SO|Id (0.63g, 52% . HPLCG-Ms (Method IEh): Rt = 5.92 min M5 (APClI pos): mz
= 307 (M+H) + V\D 2012/ 110440PCT/ EP2012/ 052378 54 Exanpl e 12A (trans -
racem'c m xt ur trans - racemc mxture 190 ng (0.570 mml ) of Exanple
11A were m xe wnth 0.281 nL toluene and 0.093 nL (2.30 mmol ) anhydrous
MeOH. 0. 10 5 mmol ) acetylchloride were added slowy at 0C. The
m xture was Nt roomtenperature for 12h. The sol vent was renoved
under r RlUre. To the residue 0.5 nmL MeOH were added. Then 0. 407
m. (2.8 pia (7 Min MeOH) were added at OC and the m xture was
all oned t® warmt mtenperature. After 30 mn the reaction m xture was
the pH was adjusted to pH=1 by addition of TFA. The

treated wi FFaater
m xture wRS purifiee~Qy preparative HPLC (eluent A: water + 0.13 % TFA,

el uent B: OH) yieldifig 110 ng (42 %9 of the product were as

triflu etic acid salt. HPLC-M5 (Method 3): Rt = 1.04 min M5 (ESI pos):
mz = 1 X\ M+H) + Exanple 12 B (trans - racem c m xture)

trans - racemic mixture

0.182 g (0.430 mmol) Dess-Martin periodinane were mixed with 2.5 mL DCM. 0.160 g
(0.391 mmol) Example 8D in 2.5 mL DCM was added at room temperature. The reaction
mixture stirred at room temperature for 30 min and at 30°C for 30 min. To the mixture were
added 10 mL sodium thiosulfate solution (10 % in water) and 10 mL saturated sodium
hydrogen carbonate solution and the mixture was stirred for 20 min. The organic layer was
separated and the aqueous layer was extracted with DCM. The organic layer was washed with
saturated sodium hydrogen carbonate solution, dried and evaporated. 93 mg (58 %) of the
product were obtained.

HPLC-MS (Method 1): R¢=1.18 min

MS (ESI pos): m/z = 408 (M+H)"

The following example was synthesized in analogy to the preparation of Example 9A, using

the corresponding alcohol as starting material.
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LC-MS (Method | Eh): Rt

0.450 g of Example 3C was mixed with 3.5 mL DMF and 0.273 g (2.21 mmol) Example 2A.
1.00 mL (6.64 mmol) DIPEA and 0.390 g (1.22 mmol) TBTU were added and the mixture

was stirred for 1h. The mixture was purified by preparative HPLC (eluent A: water + 0.13 %
TFA, eluent B: MeOH). 360 mg (83 %) of the product was obtained.

HPLC-MS (Method 1): R(=

0.85 min

MS (ESI pos): m/z =395 (M+H)"

Example 11A (trans — racemic mixture)




Exenpl ary enbodi nents Exanple 1 (trans - racem c mxture) WO

2012/ 110440PCT/ EP2012/ 052378 57 trans - racemc mxture 22.0 ng (0. 306
nmol ) of woceperHa4one oxime were mixed with 2 nL anhydr @03/EPRIH2AMm379. 471
nth (1.22 mol) n-butyllithium (2.6 nm3l/L in toluene) was added carefully
to the mxture. The reaction mxture was stirred at roomtenperature for 30
mn. 0.110 g (0.®278 mvpl ) of Exanple 8B in 1 nL anhydrous THF were

carefuljy addedJduring 10 min. After 30 min the reaction m xture was added
to a m X\ure : H2 S04 and 4 nL THF/ water (4:1). The m xture was

refl uxed Xor 1]§5h. ur at ed aqueous sodi um hydrogen car bonate sol uti on was
added and “radt™ed Wi th ethyl acetate. The organic |layer was dried and the

. The residue was purified by preparative HPLC

% TFA, eluent B: MeOH). 8 ng (8 % of the product
wer e obtained. HPLC Method 1): Rt = 1.40 mn M5 (ESI pos): mz = 390
(MtH) + Exanple 2 (trangNz racemc mxture) trans - racemc mxture WO
2012/ 110440PCT/ EP2012/ 652378 58 0.190 g of Exanple 6A were mxed with 3 nL
DMVE and tQa 273 f_n(I mml) Bur gess reagent. The reaction m xture was

heat ed tonf3(5 “®n a nicrowave oven. The sol vent was evapor at ed and
t he residue purlfled by preparative HPLC (eluent A: water + 0.13 % TFA,

el uent 3B0 nﬂ@@l-m mitd)nag Sc&abingd 1-@f 4-UiTRiopr-ogtiiiex Wi 1@1-phat ad adccar trdRlyGe Mad ( Met hod
1): pos) + The foll ow.ng exanpl es
ver e sﬁml%gp%%o Pﬂl%ﬁéﬁ%éyeﬁa@pﬂ%@bwgﬁaméﬁﬁi H%&fmb@abapdr@usz, Cﬁé‘ 1§ Mhe

cor r esRYRFiiHo R LSy ASoutdRI 1L 2.k afFEhRFilend 0. YR A RoBDrb&uH dtp g

(60 % suspension in mineral oil) under nitrogen. The reaction mixture was heated to 140°C

sol vent s e evapor
(eluent A: water + (

for 45 min in a microwave oven. The solvent was removed under reduced pressure. The
residue was purified by preparative HPLC (eluent A: water + 0.13 % TFA, eluent B: MeOH).
210 mg (51 %) of the title compound were obtained.

HPLC-MS (Method 3): R¢=1.19 min
MS (ESI pos): m/z = 334 (M+H)"

Example 11B (trans — racemic mixture)

\\\\L

o

trans - racemic mixture

To a solution of 0.8 g (3.805 mmol) of 5-amino-1-(tetrahydro-pyran-4-yl)-1-H-pyrazole-4-
carboxylic acid amide (see PCT patent application W0O2010/026214) in 8 mL anhydrous
EtOH , 0.457 g (19.6 mmol) of sodium hydride (60 % suspension in mineral oil) were added

at room temperature under nitrogen. After 1 h under stirring, 1.2g (11.42mmol) of trans-



material Rt [mn] M (ESI pos, mz) Exp. 3 racemc mxture trans - N Exp.
7A 1.17 (Method 3) 342 (MtH)+ Exp. 4 trans - racemic mxture /J NO -HN % N
v a o, - EXPWO2MI12/110440 PCT/EP2012/052378

53

cyclobutane-1,2-dicarbonitrile were added and the reaction mixture was heated to 140°C for
45 min in a microwave oven. The solvent was removed under reduced pressure. The residue
was dissolved in DCM, water was added and phases were separated. Organic layers were
dried over sodium sulphate and evaporated under reduced pressure. The crude was purified by
flash cromatography (Cy/EtOAc from 80/20 to 100%) to obtain the title compound as yellow
solid. (0.64g, 55%)

HPLC-MS(Method1Eh):R=6.21min
MS (APCI): m/z = 300 (M+H)"

Example 11C (trans — racemic mixture)

0]
\\‘\\ \N N

7\

N\

trans - racemic mixture

To a solution of 0.85 g (3.91 mmol) of 5-amino-1-(4-methyl-pyridin-3-yl)-1H-pyrazole-4-
carboxylic acid amide (see PCT patent application WO 2004/09921) in 10 mL anhydrous
EtOH , 0.47 g (11.74 mmol) of sodium hydride (60 % suspension in mineral oil) were added
at room temperature under nitrogen. After 1 h under stirring, 1.28g (11.74 mmol) of trans-
cyclobutane-1,2-dicarbonitrile were added and the reaction mixture was heated to 140°C for
45 min in a microwave oven. The reaction mixture was then loaded on SCX cartridge,
ammonia fractions were collected and evaporated and the residue was purified by flash
cromatography ( DCM/MeOH 90:10) to obtain the title compound as white solid. (0.63g,
52%).

HPLC-MS (Method 1Eh): R(=5.92 min

MS (APCI pos): m/z = 307 (M+H)"



1.20 (Method 1) 391 (MtH)+ WD 2012/110440PCT/ EP2012/ 052378 59 Exp. 5 trans
- racemc mxture HN ..... | N Exp. 8A 1.38 (nmethod 1) 404 (M+rH + Exp. 6 O

Exp. 9A WO 2012/110440 PCT/EP2012/052378
54

Example 12A (trans — racemic mixture)

HN ]\
\\\\

LF

trans - racemic mixture

190 mg (0.570 mmol) of Example 11A were mixed with 0.281 mL toluene and 0.093 mL
(2.30 mmol) anhydrous MeOH. 0.103 mL (1.45 mmol) acetylchloride were added slowly at
0°C. The mixture was stirred at room temperature for 12h. The solvent was removed under
reduced pressure. To the residue 0.5 mL MeOH were added. Then 0.407 mL (2.85 mmol)
ammonia (7 M in MeOH) were added at 0°C and the mixture was allowed to warm to room
temperature. After 30 min the reaction mixture was treated with water and the pH was
adjusted to pH=1 by addition of TFA. The mixture was purified by preparative HPLC (eluent
A: water + 0.13 % TFA, eluent B: MeOH) yielding 110 mg (42 %) of the product were as

trifluoroacetic acid salt.

HPLC-MS (Method 3): R(=1.04 min
MS (ESI pos): m/z =351 (M+H)"

Example 12 B (trans — racemic mixture)




1.37 390 trans - racemc mxture HN (nmethod 1) (MtH + Exp. 7 Exp. 9B
1.42 390 HN trans - racemc
WO 2012/110440 PCT/EP2012/052378
55

\\‘\

O

trans - racemic mixture

To a mixture of dry EtOH (S5mL) and dry CHCl; (SmL) cooled at 0°C, acetylchloride
(2.27mL, 30.82mmol) was added slowly and mixture left under stirring for 20min. 0°C. A
solution of Example 11B (0.410g, 1.027mmol) in dry CHCl; (SmL) was added dropwise and
the mixture stirred at room temperature overnight. Solvents were evaporated under reduced
pressure, residue dissolved in dry EtOH (SmL) and 6.4mL of a 7.0M solution of ammonia in
MeOH (30.82mmol) were added. The mixture was stirred at room temperature for 12h. The
solvent was removed under reduced pressure. The final product was obtained as
hydrochloride and used for the next step without further purification. (0.37g, content 50%
estimated by HPLC-MS).

HPLC-MS (Method 1Eh): R(=5.38 min

MS (APCI pos): m/z =317 (M+H)"

Example 12 C (trans — racemic mixture)

1
\\\J\

trans - racemic mixture

To a mixture of dry EtOH (4mL) and dry CHCl; (10mL) cooled at 0°C, acetylchloride (4.38

mL, 61.7 mmol) was added slowly and mixture left under stirring for 20min. 0°C. A solution



m xture O NI (nmethod 3) (MrH)+ Exp. 8 Exp. 10A 0.97 377 (MtH) + trans
- racemc mxture %Wo N /
WO 2012/110440 PCT/EP2012/052378
56

of Example 11C (0.63g, 2.057 mmol) in dry CHCIl; (SmL) was added dropwise and the
mixture stirred at room temperature overnight. Solvents were evaporated under reduced
pressure, residue dissolved in dry MeOH (10mL) and 10.3 mL of a 7.0M solution of ammonia
in MeOH (72 mmol) were added. The mixture was stirred at room temperature for 12h. The
solvent was removed under reduced pressure. The final product, obtained as hydrochloride
salt, was used as such in the next step without further purification. (0.85g, content 84%,

estimated by 1H-NMR).

HPLC-MS (Method 1Eh): R¢=5.15 min

MS (APCI pos): m/z = 324 (M+H)"

Example 13A (trans — racemic mixture)

— O/
N/ \ =0
N N

To a solution of 1.6 g (10.24 mmol) of 2-acetyl-cyclobutanecarboxylic acid methyl ester
(prepared as described in J. Med. Chem, 25, 109, 1982) in dry EtOH (12mL), propargylamine
(1.4mL, 20.4mmmol) was added followed by 0.122g (0.307mmol) of sodium gold
trichloride. The reaction mixture was heated to 140°C for 45 min in a microwave oven, solid
was filtered and the organic evaporated. Crude was purified by flash cromatography

(Cy/EtOAc 70:30) to obtain the title compound as yellow green oil. (0.18g, 9.2%)).

HPLC-MS (Method 1Eh): R(=0.87 min

MS (APCI pos): m/z = 192 (M+H)"

Exemplary embodiments

Example 1 (trans — racemic mixture)




(et hod 1) Exanple 9 (trans - racemc mxture) WO

2012/ 110440PCT/ EP2012/ 052378 60 trans - racem c m xture To a solution of
Exanpl e 5w 201tibvasi zed starting from 0.426 nmol of Exampir&ErP3r2as23descri bed
above, was added dropwi se 0.062 g (0.832 mmol ) thioacetamde in 2 nL EtOH.
The reaction m xture was stirred overnight. The m xture was purified by
preparative HPLC (eluent A: water + 0.13 % TFA, eluent B: MeOH). 62 ng of
the title conmpound were obtained. HPLC-M5 (Method 1): R = 1.37 min M5 (ESI
(MtH) + The foll owi ng exanpl es were synthesi zed i n anal ogy
(op.of Exanple 9, using the corresponding starting

mat eri al s. anp ructure starting material: nucl eophile starting
mat eri al . it jon Rt [nmin] M5 (ESI pos, mz)

%—0

/1

~ZN F

trans - racemic mixture

22.0 mg (0.306 mmol) of propan-2-one oxime were mixed with 2 mL anhydrous THF and
0.471 mL (1.22 mmol) n-butyllithium (2.6 mol/L in toluene) was added carefully to the
mixture. The reaction mixture was stirred at room temperature for 30 min. 0.110 g (0.278
mmol) of Example 8B in 1 mL anhydrous THF were carefully added during 10 min. After 30
min the reaction mixture was added to a mixture of 0.28 mL H,SO; and 4 mL THF/water
(4:1). The mixture was refluxed for 1.5h. Saturated aqueous sodium hydrogen carbonate
solution was added and extracted with ethylacetate. The organic layer was dried and the
solvents were evaporated. The residue was purified by preparative HPLC (eluent A: water +
0.13 % TFA, eluent B: MeOH). 8 mg (8 %) of the product were obtained.

HPLC-MS (Method 1): R(=1.40 min

MS (ESI pos): m/z =390 (M+H)"

Example 2 (trans — racemic mixture)

trans - racemic mixture



Exp. 10 trans -
3) 372 (M+H) +

0.190 g of Example 6 A were mixed with 3 mL DME and 0.273 g (1.14 mmol) Burgess

racem ¢ m xture HN -,

58

/ thioacetam de Exp. 5B 1.21 (Method
WO 2012/ 110440PCT/ EP2012/ 052378 61 Exp. 11 trans -
m xture wa2zueeU- U zZ f j=( \ 1Z----

racemc

1, 1-di met hyl - Phirowre@a/052378

reagent. The reaction mixture was heated to 130°C for 1h in a microwave oven. The solvent

was evaporated and the residue purified by preparative HPLC (eluent A: water + 0.13 % TFA,
eluent B: MeOH). 70 mg (55 %) of the product were obtained.

HPLC-MS (Method 1): Rg=1.11 min

MS (ESI pos): m/z =370 (M+H)"

The following examples were synthesized in analogy to the preparation of Example 2, using

the corresponding amides as starting materials.

Example structure starting R¢ [min] MS
material (ESI
pos,
m/z)
Exp. 3 (\o Exp. 7A 1.17 342
N= HT\ M v (M+H)”
trans — Yy A~ (Method 3)
racemic b
mixture 0
Exp. 4 * o Exp. 4A 1.20 391
VP (MH)”
trans — NE*‘“ \)NJII;N (Method 1)
racemic
mixture
P F




Exp. 5A 1.15 (Method 3) 435 (MrH) + Exp. 12 trans -racem c m xture HN |
/1 thiourea Exp. 5A 1.15 (Method 3) 407 (M+H) +

Exanple 13 (trans -

N %
racemc

m xt ure) worarsiie4pacem ¢ m xture 100 ng (0.215 nmol ) ofPCEXRe@RASB2A wer e
mxed with 1.00 nL (6.07 muol) 1,1, 3,8- tetranet hoxypropane.

m xture was heated to 175C for | h using a m crowave oven. The
m xt urle was. treated w yh DCM MeOH |and o drljop of,trieth m
sol vent &%et e| removed {inder reducd ?%gghre. Tﬁggnixturé&ﬁas
preparlati ve HPLC (elHnen wat er |+ 0.13 % TFA, el uent| (B+HgEC
my (54 %nof fhe titlle Cv\gﬁ)ﬂund. HPLC- MB ( Met haethdd 1) Rt = 1. 3
pos): |mz = 387 ) +N 2012/ 110440PCT/ ER2012/ 0523718 62 TN
of the BFYNE o nd were aratled by HPLQ using a ghiral S
phase.| mixture 7%
N%\ ] F
Exp. 6 Q Exp. 9A 1.37 390
HN A (M+H)”
trans — /#j[j\ thod 1
rans “\\\l%N N)\l (method 1)
racemic
mixture y—Q
N\)\ ] F
Exp. 7 o Exp. 9B 1.42 390
t HT\ L 3
rans — o Ay (method 3) | (M+H)
racemic
mixture N/P
2 F
F
Exp. 8 Exp. 10A 0.97 377
HT\ T\ (M+H)"
trans — Y A~ (method 1)
racemic 7\
mixture

Example 9 (trans — racemic mixture)

The reaction
reaction

ne. The
purified by
H) yielding 45
6 mn M (ESI
e enantioners

tationary



Met hod for enantioseparation: HPLC apparatus type: Berger M nigram colum:
Daicel IC, 5.0 ppm 250 nmx 10 mm nethod: eluent CO2 / 30 % MeOH / 0.2 %
DEA (i socwatzn)siofd4bow rate: 10 nli/mn, Tenperature: 40CPCpmEPe&/06237400 bar;
UV Detection: 210 nm Exanple structur@® Rt [min] Exp. 14 trans - enantioner
1 HN\ i 3.15 (Method 4) Exp. 15 trans - enantioner

o}

trans - racemic mixture

To a solution of Example SA, synthesized starting from 0.426 mmol of Example 3A as
described above, was added dropwise 0.062 g (0.832 mmol) thioacetamide in 2 mL EtOH.
The reaction mixture was stirred overnight. The mixture was purified by preparative HPLC
(eluent A: water + 0.13 % TFA, eluent B: MeOH). 62 mg of the title compound were
obtained.

HPLC-MS (Method 1): R¢=1.37 min

MS (ESI pos): m/z = 406 (M+H)"

The following examples were synthesized in analogy to the preparation of Example 9, using

the corresponding starting materials.

Example structure starting material: starting R [min] MS
nucleophile material: (ESI
chloroketon pos,
m/z)
o]
Exp. 10 1.21
HN A
A e (Method | 372
trans — N thioacetamide Exp. 5B
racemic % 3) (M+H)"
N
mixture [ \ o)
s)\




2 3.78 (Method 4)

the preparation of Exanple 13,

as startiwg 20etanddal .

The foll owm ng exanpl e was synthesized in analogy to
usi ng the correspondi ng di al dehydedi acet al
Exanpl e structure starting materi CTRP2¢12i063378/5

(ESI pos, WD 2012/110440PCT/EP2012/ 082378 63
Exp. 11 O W 115
N /
trans — NT N 1,1-dimethyl- (Method | 435
) ) Exp. 5A .
racemic % thiourea 3) (M+H)
N
mixture (/- \
s/L\T/' e
0]
Exp. 12 HN | \N 1.15
trans — \N N ‘ (Method | 407
thiourea Exp. SA .
racemic % 3) (M+H)
mixture (/- )'\\I\
s” NH, [°F

Example 13 (trans — racemic mixture)

0]
HN A
W N N
N
O
— £ F

trans - racemic mixture

100 mg (0.215 mmol) of Example 12A were mixed with 1.00 mL (6.07 mmol) 1,1,3,3-
tetramethoxypropane. The reaction mixture was heated to 175°C for 1h using a microwave
oven. The reaction mixture was treated with DCM/MeOH and one drop of triethylamine. The
solvents were removed under reduced pressure. The mixture was purified by preparative
HPLC (eluent A: water + 0.13 % TFA, eluent B: MeOH) yielding 45 mg (54 %) of the title
compound.

HPLC-MS (Method 3): R(=1.36 min

MS (ESI pos): m/z = 387 (M+H)"



mz) Exp. 16 trans - racemc mxture HN OO ?..N 1,1, 3,3- tetraethoxy-2-
nmet hyl propane 1.42 (Method 3) 401 + (M+H)
WO 2012/110440 PCT/EP2012/052378
62

The enantiomers of the title compound were separated by HPLC using a chiral stationary

phase.
Method for enantioseparation:

HPLC apparatus type: Berger Minigram; column: Daicel IC, 5.0 pm, 250 mm x 10 mm,;
method: eluent CO, /30 % MeOH /0.2 % DEA (isocratic); flow rate: 10 mL/min,
Temperature: 40°C; pressure: 100 bar; UV Detection: 210 nm

Example structure R, [min]
(0]
Exp. 14
T 315
N /
trans - N N
‘ (Method
enantiomer )
4
1 N/ \
— £ F
(0]
Exp. 15
T 378
N /
trans - N N
_ (Method
enantiomer )
4
2 N/ \
— £ F

The following example was synthesized in analogy to the preparation of Example 13, using

the corresponding dialdehydediacetal as starting material.

Example structure starting material R [min] MS
(ESI

pos,




Exanple 17 (trans - racemc mxture) trans - racemc mxture 176 ng (0.431
nmmol ) of Exanple 4A were mxed with 3 nL THF and 122 ng (0.302 nmol)
Lawesson'woneegam4oat room tenperature. Then the m xt ur @CREP2612i0623¢8] f or 6h
at 60C. The reaction mxture was trea3ed with water and diluted with DCM
The m xture was filtered over basic aluma and eluted with DCM und Et OH.
The sol vents wefre renoved under reduced pressure. |The resijdus/zwas purified
by preparative HPLC (eluent A. water| + 0.13 % TFA,| eluent |B: MeOH). 45 ny
(26 % of the product were obtained.| HFLC-MS (Method 3): Rt = 1.37 min M
(EST pos): mz & 407 (MtH)+ The enantioners of the title gonpound were
seper at by HPLC usi iqal stationary phase.| W22
2012/ 11 ﬁrbééﬂ —P2012/ (05237 4 HPLQ apparatus type: Berger M nigram
col um: Dai cel ADH~G5. 50 mm[x 10 lnte3.3met hcrg@%wffrt 22 1 30 % MeOH
€

[ 0.2|% ks {i spcr c); tlow\rate: (10, ni/mn, sTen 2. 40C; |pressure:
100 bar: UV Det ctiof: 210 n mlle SPEOPEYE 1t [ 0] |Exp. 18
racemic N methylpropane (M+H)

7\
mixture N
Example 17 (trans — racemic mixture)
~
S/ HN A
I
\\‘\\ \N N

F

trans - racemic mixture

F

176 mg (0.431 mmol) of Example 4A were mixed with 3 mL THF and 122 mg (0.302 mmol)
Lawesson’s reagent at room temperature. Then the mixture was stirred for 6h at 60°C. The
reaction mixture was treated with water and diluted with DCM. The mixture was filtered over
basic alumia and eluted with DCM und EtOH. The solvents were removed under reduced
pressure. The residue was purified by preparative HPLC (eluent A: water + 0.13 % TFA,
eluent B: MeOH). 45 mg (26 %) of the product were obtained.

HPLC-MS (Method 3): R(=1.37 min

MS (ESI pos): m/z = 407 (M+H)"

The enantiomers of the title compound were seperated by HPLC using a chiral stationary

phase.

Method for enantioseparation:



trans - enantioner 1 (S,S) , ,NT\ NHN %/ 2.47 (Method 5) Exp. 19
- enantioner 2 (R R N\ NHN/ 2.96 (Method 5)

WO 2012/110440 PCT/EP2012/052378
64

HPLC apparatus type: Berger Minigram; column: Daicel ADH, 5.0 pm, 250 mm x 10 mm,;
method: eluent CO, /30 % MeOH /0.2 % DEA (isocratic); flow rate: 10 mL/min,
Temperature: 40°C; pressure: 100 bar; UV Detection: 210 nm

Example structure R [min]
0]
Exp. 18 N
R
s—4  HN T Sn 2.47
trans - % N /
. N N
enantiomer (Method
1 )
(5.9) Fr
0]
Exp. 19 /N;N
HN A\
rans - S \\J% | N’N 2.96
enantiomer N (Method
2 )
(RR) Fr

Single crystals of example 19 have been prepared by recrystallisation from ethylacetate and
subjected to X-ray crystal analysis. The data allowed to determine the absolute configuration
of example 19 to be (R,R).

Experimental: Data collection and reduction: Data collected on Saturn 944 CCD mounted on
AFCI11K goniometer, Radiation: Cu Ko from RU200 rotating anode and RIGAKU
VARIMAX optics, Temperature: 100K.

Summary of data collection statistics

Spacegroup P2,

Unit cell dimensions 8.560(2) 6.844(1) 15.603(3) 90.00 98.82(3) 90.00
Resolution range 1542-0.85 (0.88-0.85)

Total number of reflections 10857

Number of unique reflections 1588

trans



Single crystals of exanple 19 have been prepared by recrystallisation from
et hyl acetate and subjected to X-ray crystal analysis. The data allowed to
det er m newOhe12absabut e configurati on of exanple 19 to beCTRPR)12/052378
Experinmental : Data collection and redifction: Data collected on Saturn 944
CCD nounted on AFC 11K goni oneter, Radiation: Cu Ka from RU200 rotating
anode aAderBydFaKLhAIARY MAX opti c6.84Tenpgeabure: 100K, Summary of data

col l ectjon stlati stics Spacegro%%P 1 Uni {7) i:el | di mensi ons8.560(2) 6.844(1)
15. 603( 5 CORPIFeNeSB. 82(3) 90. 00 Rekol ut iléhl} angels. 42 - 0.85 (0.88 - 0. 85)
Tot al ngmegg of reflectionsl08%/diunber ofigyni que reflecti ons1588 WD
2012/ 110440PCT/ EP2012/ 052378 65 Aver age redundancy6. 84(2.46) %

conpl et Onpss9Bsigle79. 1) Rer ge02064( 0. 148Y) Qut put <I/sigl>27.7(7.9) Val ues
in () for the.last, resolution shell. Refinement statistics: Final

St ruct te}?aiueﬁé‘&po e&(ﬁﬁ%‘aéttrie %Utf%lrShgﬁ'arrpl e 19 in P21 Total number ofl.s.

par anetpefisemedpatlcaey = S = 1. 154 Weight =1/ [ sigma”2(F0*2) + ( 0.0421 *
P)*2 + 0.38 * P] where P=( Max ( FOA2, 0 ) + 2 * FcA2 ) /| 3 Rl = 0.0695
for 22¢matStuctyrd Koy )@herlgicogenexasrplal) 334 data, wR2 = 0.1646, Flack x

paranmetel ?mglbgrg (gﬁ)s parameters = 255
GooF=S=1.154
Weight =1 /[ sigma™2(Fo"2) + (0.0421 * P)*2+ 0.38 *P] where P =(Max (Fo"2,0)+
2*Fc"2)/3
R1=0.0695 for 2207 Fo > 4sig(Fo)and 0.0829 for all 2334 data, wR2 = 0.1646,
Flack x parameter = 0.09(3).

Example 20 (trans — racemic mixture)

trans - racemic mixture

0.060 g of Example 10A were mixed with 4 mL anhydrous dioxane and 0.074 g (0.180 mmol)
Lawesson’s reagent. The reaction mixture was heated to 120°C for 1h in a microwave oven.
The mixture was filtered over basic alumina and eluted with DCM and MeOH. The solvents
were removed under reduced pressure. The residue was purified by preparative HPLC (eluent
A: water + 0.13 % TFA, eluent B: MeOH). 22 mg of the product were obtained as salt with
TFA.

HPLC-MS: (Method 1): R¢=0.94 min

MS (ESI pos): m/z = 393 (M+H)"



0.060 g of Exanple 10A were m xed with 4 nL anhydrous di oxane and 0.074 ¢
(0.180 nmol ) Lawesson's reagent. The reaction m xture was heated to 120C
for I'h irwe2mxnowave oven. The m xture was filtered oveCcTER2é1c/0843a8ri na and
eluted with DCM and MeOH. The sol vent® were renoved under reduced pressure.
The residue was purified by preparative HPLC (eluent A water + 0.13 % TFA,
el uent HampbOH) (traR?—mareofic miveuie) oduct were obtained as salt with TFA
HPLC-Ms: (Method 1): Rt = 0.94 min M5 (ESI pos): mz = 393 (MtH)+ WO
2012/ 110440PCT/ EP2012/ 052378 66 Exanple 21 (trans - racem c m xture) trans
- racemc mxture 0.190 g (0.519 mvol ) Exanple 8E were m xed with 1.38 nL
(8.31 mol ) trietboxynethane. The m xture was stirred for 1.5h at 150C. The
reactiqq%ﬁi ture s allowed to cool to roomtenperature and purified by

prepar at Lyg HPH t A water + 0.13 % TFA, eluent B: MeOH). 90 ny (46
% of t rodu re Mbtained. HPLC-Ms (Method 1): Rt = 1.19 min M5 (ESI
pos): n12 I3 N Exanpl e 22 (trans - racenmc nmixture) trans -
racem c m e 13 ng MO 10 nmol) CuCl2, 26 nmi (0.22 mmol)

tert-butyl-nitrite we xed with ACN. A mxture of 22 ng (0.05 mmol)
Exanple 12 in ACN was fully added at 0OC. The m xture was stirred for |h
at 25C. Additional 9 ng N). 07 mml) CuCl2 and 13 nL (0.11 nmol)
tertbutyl-nitrite was addéFd and stirred another 20 m n. The solvents were
renoved (pdelacemftUneL@r essure. The residue was taken up in DCM and
extracted with HC1 and water. The m xture WO 2012/ 110440PCT/ EP2012/ 052378

67 was opuaoi o joesd 9bympr)emaﬁ@ld SEwthﬁx(e& kgt 3 AmIW81t38 rmrhoD.td&h&ayhirdhare! uent
B: MeO yielding2.1 ng. (9 % t he product., HPLC M5 (Met hod 3): Rt =
1. 46 milhe mixture was stlrred for 1.5h’at 150°C The reaction mixture was allowed to cool to foom

temperature and purified by preparative HPLC (eluent A: water + 0.13 % TFA, eluent B:

MeOH). 90 mg (46 %) of the product were obtained.

HPLC-MS (Method 1): R¢=1.19 min

MS (ESI pos): m/z =377 (M+H)"

Example 22 (trans — racemic mixture)

5%

trans - racemic mixture

P F

13 mg (0.10 mmol) CuCl,, 26 mL (0.22 mmol) tert-butyl-nitrite were mixed with ACN. A
mixture of 22 mg (0.05 mmol) Example 12 in ACN was carefully added at 0°C. The mixture
was stirred for 1h at 25°C. Additional 9 mg (0.07 mmol) CuCl, and 13 mL (0.11 mmol) tert-
butyl-nitrite was added and stirred another 20 min. The solvents were removed under reduced

pressure. The residue was taken up in DCM and extracted with HCI and water. The mixture



M5 (ESI pos): mz = 426/428 (d) (MtH)+ Exanple 23 (trans - racemc

m xture) trans - racemc mxture 180 ng (0.26 mol, content 50% estimted
by HPLC- N8P 20f2/Hseopl e 12b were mi xed with 1.00 nlL (6. OPCEmPR)12/052378

1,1, 3, 3-tetranet hoxypropane. The react’ion m xture was heated to 175C for |h
using a mcrowave oven. The reaction m xture was treated wth DCM washed
W t h watasmpurifedjanpephayiee SIPWEr @ludni adwateet 0SIBdoUTNRALl ehleat B: MetDH)vapor at ed
under requced pressure, The crude was purified by flash cronat ography

(Cy/ Et dﬁﬁ‘géllflg #n%ﬁ%z‘%sf’%thﬂé’ UChieOH 96/ 4) and then with a second flash
cromat Q@L@MS:((M&HOQVRE@@%@OH 96/4) to obtain the title conpound as
beige solid. (0.034g).” HPLC-M5 (Method IEh): Rt = 6.57 min M5 (APClI pos):
Mz = 383 E8kidsx nhe 4204428 (EDEMSdF the title conpound were seperated by
HPLC using a chiral stationary phase. Method for enantioseparation: WO
2012/ 110440PCT/ EP2012/ 052378 68 HPLC sem preparative system Witers 600
punp;  GXathils 2366l reRifieh®ehrePI- H 250 nm x 20 nm 5.0 p.m el uent:
hexane/ Et OH80: 20; flow rate: 15 nmL/m n, Tenperature: 25C, UV Detection: 254
nm Exanpl e structure Rt [mn] Exp. 24 trans - enantioner 1 HN N N\ /

<\ 7 AN
N | \ N
\\‘\\ X N

trans - racemic mixture

180 mg (0.26 mmol, content 50%, estimated by HPLC-MS) of Example 12b were mixed with
1.00 mL (6.07 mmol) 1,1,3,3-tetramethoxypropane. The reaction mixture was heated to
175°C for 1h using a microwave oven. The reaction mixture was treated with DCM, washed
with water. Organic layers were dried over sodiumsulphate and evaporated under reduced
pressure. The crude was purified by flash cromatography (Cy/EtOAc from 80/20 to
AcOEt/MeOH 96/4) and then with a second flash cromatography (DCM 100% to DCM/EtOH
96/4) to obtain the title compound as beige solid. (0.034g).

HPLC-MS (Method 1Eh): R(= 6.57 min
MS (APCI pos): m/z = 353 (M+H)"

The enantiomers of the title compound were seperated by HPLC using a chiral stationary

phase.
Method for enantioseparation:

Semipreparative conditions:



15. 604 (Met hod 6) Exp. 25 trans - enantioner 2 HN N N\ / 20.119 (Mt hod
6)
WO 2012/110440 PCT/EP2012/052378
68
HPLC semipreparative system: Waters 600 pump; column: Daicel chiralcel OJ-H, 250 mm x
20 mm, 5.0 um; eluent: hexane/EtOH80:20; flow rate: 15 mL/min, Temperature: 25°C; UV

Detection: 254 nm

Example structure R [min]
(o)
Exp. 24
T N 15.604
X N
trans - N
‘ (Method
enantiomer
N 6)

1 ) 0
Q

Exp. 25
T N 20.119
x N’
trans - N
‘ (Method
enantiomer

N 6)

2 N Y o)

Analytical conditions

HPLC apparatus type: Agilent 1100; Method 6; column: Daicel chiralcel OJ-H, 250 mm x 4.6
mm, 5.0 um; eluent: hexane/EtOH80:20; flow rate: 1 mL/min, Temperature: 25°C; UV

Detection: 254 nm

Example 26 (trans — racemic mixture)




Anal ytical conditions HPLC apparatus type: Agilent 1100; Method 6; col um:
Dai cel chiralcel AQJ-H 250 nmx 4.6 nm 5.0 p.m eluent: hexane/Et OH30: 20;
fl ow rat ewvoRoreiviod4n, Tenperature: 25C, UV Detection: 252&CmmPExalpi3es 26
(trans - racemc mxture) WO 2012/ 11@440PCT/ EP2012/ 052378 69 trans -
racem c mxture 140 ng (content 84% 0.33 nmmol) of Exanple 12C were m xed
with 1.4 of 1,1@3,3- tetramethoxypropane and 1.4mL of NVP. The reaction
m xt ure was|$eated to 175C for | h using a mcrowave oven. The reaction

m xt ur e wag/ t hedNdi | with MeOH and | oaded on SCX cartridge. Ammoni a
fractions re ch#le eg and the residue was purified by flash

cromat ogr ap 0AN from90/10 to 100% to obtain the title conpound as

mhlte solid HP, (Method ITEh): Rt = 6.72 min M5 (APClpos): niz
= 370 (M+H) + The enant 0 s of the title conpound were seperated by HPLC
using a chiral station hase. Method for enanti oseparation:

Sem preprative conditions: HPLC sem preparative system Waters 600 punp;
colum: Daicel chiralcel QJ-H 250 M x 20 nm 5.0 p.m eluent:

hexane/EtQH80 mc'nRHQM/rate 15 ni/mn, Tenperature: 25C, UV Detection: 230
nm Exanpl e 'structure T m n] WO 2012/ 110440PCT/ EP2012/ 052378 70 Exp.
27

140 mg (content 84%, 0.33 mmol) of Example 12C were mixed with 1.4 mL of 1,1,3,3-
tetramethoxypropane and 1.4mL of NMP. The reaction mixture was heated to 175°C for 1h
using a microwave oven. The reaction mixture was then diluted with MeOH and loaded on
SCX cartridge. Ammonia fractions were collected and the residue was purified by flash
cromatography (Cy/EtOAc from 90/10 to 100%) to obtain the title compound as white solid

(30mg).

HPLC-MS (Method 1Eh): R(=6.72 min
MS (APCIpos): m/z = 370 (M+H)"

The enantiomers of the title compound were seperated by HPLC using a chiral stationary

phase.
Method for enantioseparation:
Semipreprative conditions:

HPLC semipreparative system: Waters 600 pump; column: Daicel chiralcel OJ-H, 250 mm x
20 mm, 5.0 um; eluent: hexane/EtOH80:20; flow rate: 15 mL/min, Temperature: 25°C; UV

Detection: 230 nm

Example structure R [min]




trans - enantioner HNr N/ / 17.748 (Method 6) 1\

WO 2012/110440
70
(0]
Exp. 27
b HN AY 17.748
N /
trans - N N (Method
etho
enantiomer /4 \
N 6)
1 N Y on=
(0]
Exp. 28
b HN AY 20.475
x N’
trans - N (Method
etho
enantiomer V4 \
Y 6)

2 N4 \>

Analytical conditions

Exp. 28

PCT/EP2012/052378

HN

HPLC apparatus type: Agilent 1100; Method 6; column: Daicel chiralcel OJ-H, 250 mm x 4.6
mm, 5.0 um; eluent: hexane/EtOH80:20; flow rate: 1 mL/min, Temperature: 25°C; UV

Detection: 254 nm

Example 29 (trans — racemic mixture)

" HT\j]fN
‘\\\\ \N N/

trans - racemic mixture

0]



20.475 trans - [/ enantiomer / (Method N 6) 2\ Anal yti cal
condi tions HPLC apparatus type: Agilent 1100; Method 6; colum: Daicel
chiral celwQ2ot3/11280 Mm x 4.6 mm 5.0 p.m el uent: hexan@CEEPRIBA021378 f | ow
rate: 1 nmL/mn, Tenperature: 25C, UV Detection: 254 nm Exanple 29 (trans -
racem c m xture)

To a suspension of 0.132 g (0.63mmol) of 5-amino-1-(tetrahydro-pyran-4-yl)-1-H-pyrazole-4-

carboxylic acid amide (see PCT patent application W02010/026214) in dry EtOH (1.5mL),
0.066 g (1.66 mmol) of sodium hydride (60 % suspension in mineral oil) were added at room
temperature under nitrogen. After 10min, 0.181mg (0.945mmol) of Example 13 A were added
and the reaction mixture was heated to 140°C for 40 min in a microwave oven (Power 100W).
The reaction mixture was then diluted with DCM, water was added, organics separated and
dried over sodiumsulphate. Organics were evaporated under reduced pressure and the crude
purified by flash cromatography (DCM/IPA 98:2) to obtain the title compound as a white
solid. (54mg, 32%).

HPLC-MS (Method 1Eh): R(=8.01 min

MS (APCI pos): m/z = 352 (M+H)"

The enantiomers of the title compound were seperated by HPLC using a chiral stationary
phase.

Method for enantioseparation:

Semipreprative conditions:

HPLC semipreparative system: Waters 600 pump; column: Daicel chiralcel OJ-H, 250 mm x
20 mm, 5.0 um; eluent: hexane/EtOHS85:15; flow rate: 15 mL/min, Temperature: 25°C; UV

Detection: 254 nm

Example structure R [min]
Exp. 30
P T N 14.754
N N
trans - N
‘ (Method
enantiomer 6.1)
1 7\ o) '




trans - racem c m xture

WO 2012/ 110440PCT/ EP2012/ 052378 71 To a suspensi on
of 0.132 g (0.63mmvl) of 5-am no-1-(tetrahydro-pyran-4-yl)-1-H pyrazol e-4-
car boxyl iwoaeixdiiesande (see PCT patent applicati on W2010C02%2014)0513n8 dry

EtOH (1.5nL), 0.066 g (1.66 mmol) of Rodi um hydride (60 % suspension in
mneral oil) were added at roomtenperature under nitrogen. After 10m n,
0.181ng (0.945 1) of BEpanple 13A vere added and the reaction mxture was
heated to 140C flor 40 mifin a m'cr wave ovegn (Power 100W. The reaction
m xt ure Bgs 3lhen dil ut ter way added, organics separated and
dri ed|over sodi gnsul ph banl cs (weeB3dvgpor at ed under reduced pressure
and tre crude puri fud h cro tography (DCM I PA 98:2) to obtain the
title|cotf8tind as HPLC- M5 (Method I Eh): Rt =

8.01 rri éha[\@m{léP I

etﬁﬁ/‘) :

enantioners of the title

conpound were seper at g &.bhirlal stationary phase. Method for
enant ijosepdr ati ¢on: m pHepr atT™@e cgnditionyg: HPLC sem preparati ve system

Water§ 600 punp; col 2/ Dai cel chirjalcel QJ-H, 250 M x 20 nm 5.0 p. m

el uent|: hexane/ [kt OH85: 15; flow rate:| 15 nL/m n, Tenperature: 25C W/

Det ecttom—254 nmm Exanpte structure R—fmn}f Exp. 30 trans - enantioner 1

HN ? / 14.754 (Method 6. 1)

Analytical conditions

HPLC apparatus type: Agilent 1100; Method 6.1; column: Daicel chiralcel OJ-H, 250 mm x

4.6 mm, 5.0 um; eluent: hexane/EtOHS85:15; flow rate: 1 mL/min, Temperature: 25°C; UV

Detection: 254 nm

Example 32 (trans — racemic mixture)

\\\J\

F

trans - racemic mixture

To a suspension of 0.135 g (0.553 mmol) of 5-amino-1-(4,4-difluoro-cyclohexyl)-1-H-

pyrazole-4-carboxylic acid amide (see PCT patent application W02010/026214) in dry EtOH

(1.5mL), 0.066 g (1.66 mmol) of sodium hydride (60 % suspension in mineral oil) were added

at room temperature under nitrogen. After 10min, 0.161mg (0.837mmol) of Example 13A

were added and the reaction mixture was heated to 140°C for 40 min in a microwave oven

(Power 100W). The reaction mixture was then diluted with DCM, water was added, organics

separated and dried over sodium sulphate. Organics were evaporated under reduced pressure
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(Met hod 6. 1)

Anal ytical conditions

WO 2012/110440

73

PCT/EP2012/052378

and the crude purified by flash cromatography (Cy/EA from 50:50 to 10:90) to obtain the title

compound as a white solid. (54mg, 25%).

HPLC-MS (Method 1Eh): R(=9.63 min
MS (APCI pos): m/z = 386 (M+H)"

The enantiomers of the title compound were seperated by HPLC using a chiral stationary

phase.

Method for enantioseparation:

Semipreprative conditions:

HPLC semipreparative system: Waters 600 pump; Column: Daicel chiralpak AD-H, 250 mm

x 20 mm, 5.0 pm; eluent: hexane/Isopropanol 80:20; flow rate: 10 mL/min, Temperature:

25°C; UV Detection: 260 nm

Example structure R [min]
Exp. 33
T N 14.80
N /
trans - N N
‘ (Method
enantiomer N 7)
74
1 \ E
— F
Exp. 34
T N 20.40
x N’
trans - N
‘ (Method
enantiomer N 7)
74
2 \ E
— F




HPLC apparatus type: Agilent 1100; Method 6.1; colum: Daicel chiralcel
QJ-H, 250 nmmx 4.6 nm 5.0 p.m eluent: hexane/Et0OH35:15; flow rate: 1

mL/ m n, Twoperatim4e: 25C, UV Detection: 254 nm Exanpl e B2T(HPe@n9352378 acem C
m xture) trans - racemc mxture To ® suspension of 0.135 g (0.553 mmol)
of 5-am no-1-(4, 4-difluoro-cycl ohexyl)-1-Hpyrazol e-4-carboxylic acid am de
(see PG@hapaiceindondpioins cati on W2010/ 026214) in dry EtOH (1.5nL), 0.066 g
(1.66 Mol ) of sodium hydride (60 % suspensi on in mneral oil) were added

Bcap UHARBT 05 G o hOCr SR TRty BeigecelRLAHE 2388 ey 40

mn ing mnprsqwafﬁeem\éanhéfawopm\%l 30FD® fIRAFdks: AMmInfinUTempa@atdencdi | uted
with DCM water was added, organics separated and dried over sodium

sul phatl&y Detegaoin:0wer.e evaporated under reduced pressure WO

2012/ 110440PCT/ EP2012/ 052378 73 and the crude purified by flash

cromat ography (Cy/EA from50:50 to 10:90) to obtain the title conmpound as a
white solid. (54ng, 25% . HPLC-Ms (Method IEh): Rt = 9.63 mn M5 (APC

pos): mz = 386 (MtH)+ The enantioners of the title conpound were seperated
by HPLC using a chiral stationary phase. Method for enanti oseparation:

Sem preprative conditions: HPLC sem preparative system Waters 600 punp;

Col um: Daicel chiral pak AD-H, 250 mmx 20 mm 5.0 p.m eluent:
hexane/ | sopropanol 80:20; flowrate: 10 nL/mn, Tenperature: 25C WV
Detection: 260 nm Exanple structure Rt [mn] Exp. 33 trans - enantioner 1
HN ?



\  14.80 (Method 7)
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Claims

1. A compound of formula (I)

0
H.
H N\ | \/N
NT
D
R M,

Exp. 34 trans -

75

wherein the compound is selected from the group of

enantiomer 2 HN ? \  20.40 (Method

PCT/EP2012/052378




WO 2012/ 110440PCT/ EP2012/ 052378 74 Anal ytical conditions HPLC apparat us
type: Agilent 1100; Method 7; columm: Daicel chiralcel AD-H 250 nmx 4.6
nm 5.0 pwopogluesd: hexane/ | sopropanol 80: 20; fl ow rat @CTEP2I2/052378
Tenperature: 25C, UV Detection: 260 nt WO 2012/ 110440PCT/ EP2012/ 052378 75
Clains 1. A conpound of fornmula (I) O H N" N (I), wherein the conpound is
sel ectled fromt@e group of WD 201p/ 110440PCT/ EPAD12/ 052378 76 WD
2012/ 110440PCT/ [EP2012/ 052378 77

/N 0
0
0
HN A\
X~ | ’N
N N
F
N
/N 0
5 0
HN
[ N
N
7 N\
F




WO 2012/ 110440PCT/ EP2012/ 052378 78 2. The conpound according to claim 1,
wher eby the conpound is selected fromthe group of a conpound according to

formul a (Wa)2012011bMo- R1 5and salts, preferably pharnmaceurctaipkei2assept abl e
salts thereof 3. The conpound accordi’ng to claim1, whereby the conpound
is selected fromthe group of a conpound according to formula (lIth). O
(Jib), 10and s@lts, preferably pharmaceutically acceptable salts thereof
4. The conpound||according to claiml, whereby the conpoundis selected from
the gr nd according o fonmula (11 0 WO
2012/ 110440PQT/ EP2D12/N52378 79 and sal t|s, preferjably pharnmaceutical |y
accept ‘eof 5. The coppound accoHMNNg aim1, wherepy the
conpolu fromthe group of a conpound a or;N ng to fornu|a
(lid). SN N
3 N (
O — ’
0O
N
/
F , Y
O s
HN 0
\
l\\ | N HN A\
v =~
/ SN N
“—N ==
7\ N g
_ £ F ’ N/ \> N Y
O — ’
0O
HN A\
N~ N j\\ | N
— D N~ N
N " -
7N\ lil Y/ -
N ) N \ y
— N

and salts, preferably pharmaceutically acceptable salts thereof.



0O 5 (lid), and salts, preferably pharmaceutically acceptable salts

t her eof 6. A conpound according to any one of clains 1 to 5 for use as a
medi canmerwoan1fao44bhe use as pharnaceutically active i ngCE®iPeo2/05237&

medi cament, preferably a nmedi canent f8®r use in a 10t herapeutic or
prophylactic method, preferably in a therapeutic nethod. 7. A conpound
according to any one of clains 1 to 5 for use in a therapeutic or

prophyl a r ef er abl peut i thod (a t treatment of a
CNS di sZe%%CO L@dacefre%&m gégfeecontm@n% sl eﬁtsﬁefr T 9l
aCCGSS%QhIngi&kgﬂhﬂ£ﬁﬂbﬁhﬁg g; PDE9 15(b) for the treatnment of a disease
that is accessible by the inhibition of PDE9, (c) for the treatment of or
for the anelioration of or for the prevention of, preferably for the
treatment of aCondition being selected fromthe group consisting of

cogni tive jnpailf ment being related to a disease or condition selected from
t he group ofNper {on, concentration, cognition, |earning or nenory,

wher eby prf r abl tme 20treatment, anelioration or prevention of cognitive
i mpair ﬁd to age- aSSOC|ated | earni ng and nenory i npairnents,
age- ass ted noly | osses, vascul ar denentia, craniocerebral trauma,

st roke, mentia ocBurring after strokes (post stroke denentia),

post - traunaylc dementi a, general concentration inpairnments, concentration
inmpairnments in children #¢h | earning and nenory problens, Al zheiner's

di sease, WD 2012/ 110440PCT/ EP2012/ 052378 80 Lewy body denentia, denentia
wth d i g Pick's syndrone,
ParE|nggﬁggﬁﬁphgggg§phggwfégg%gga%%@ﬁggfhgghﬁﬂ%?denent|a wi th corticobasa
degeneration, anyotropic lateral sclerosis (ALS), Huntington's disease,

mul tiple sclerosis, thalanic degeneration Creut zfel d-Jacob denentia, HV
denentia, epile npora be. e S schi zophrenia, s§chi zophrenia
(i th derFBREPEROIK e Blsﬁoglaﬁeﬁcwaeﬁp l’s‘yﬁfe‘)é’&ﬁ’ﬁ’#tl tﬁéeﬂﬁt? i P B5Qgbelicat ed
W th deprBsshPicBfdifl Babahudigey der, (d) for the treatnent of Al zheiner's
di sease or cognitive iInpairnent” associated with Al zheinmer's di sease,

(e) for the treatnent of schi zophrenia or cognitive inpairnment associ ated
with

R (IIb),

10  and salts, preferably pharmaceutically acceptable salts thereof.

4. The compound according to claim 1, whereby the compound is selected from the group of a

compound according to formula (Ilc).

R (Ilc),



10schi zophrenia, (f) for the treatnent of epilepsy or cognitive inpairnment
associated with epilepsy, (g) for the treatnent of a disease or condition
bei ng selwotet/finaam t he group consi sting of sleep di sor #eTEP2M2/06433%

di sorder, netabolic syndronme, obesity?¥ diabetes nellitus, hyperglycem a,
dyslipidem a, inpaired glucose tol erance, or a disease of the 15testes,
brai n, aadmsilts, prefesily pharnskeltetly ameptbk, sahetrteof| ung, thynus or spleen. 8.
A conpound according to any one of clains 1 to 5 for use in a nmethod for
the treatnent or prophylaxis of cognitive inpairnent, preferable cognitive
inpairnment related to perception, concentration, |learning or nenory. 20 9.

A compauirfe 8GAPEHINECARIBNY cRNB 19WhEledl iR chnidund [sQkledRa ffdh heBREEPSE £ OF
the treatnment or prophyl axis of f

cognitive inpairnent, preferable cognitive
i mpai r kempovd aacedlingtogermdpi(ildh, concentration, learning or nenory, as
synptons of anther base |aying disease. 2510. A conpound according to any
one of clains E)to 5 for use in a nethod for the inprovenent of cognitive
skills related|to perception, concentration, |earning or nmenory. WO

2012/ 1104449p P2012/ 052378 81 11. Pharmaceutical conposition conprising
a conpoung, atlcordjn a&o any one of clains 1 to 5 and a pharnaceuti cal
carrier. 12, Method for the treatnent of a disease or condition as

defi ned ~any'Nsf cNains 7 to 10 in a 5patient in need of such treatnent
conpris adm nistgring to said patient a therapeutically active anount of
a conpoun qccording to any one or nore of clains 1 to 10. 13. Use of a
conpound adtording to anxggﬁe of clainms 1 to 5 for the manufacture of a
medi canment for the treatnent of a disease or condition as defined in any of
claims 7 to 10. 10 20. Conbination of a conmpound according to any one of

cl ai s ahd sdtsSpweifdrablapbiinecedchlly ecagemble, salthtestof - sai d conbi nati on
preferably is useful for the treatnent of a disease or condition as defined
in any of clains 7 to 10 or 15- said conbination preferably being for the
use in a therapeutic or prophylactic method, preferably a therapeutic

net hod,6. fAGlonigd@nd h&RE B to &y che@@RMithE PRo OFordise 888 thedfcafiRhi H&®r id uwddly of
clains 7 to 10 or - said conbination being for the manufacture of a

medi cae fharpidceicpl e petivabngredientfipra methcamenatprefarabbfa medigmaientifonusgrindi sease

as lgef itﬂeefgpeiuﬂc ap }gro%flylglct?ci rI{lBeﬂl?OdE 8re%e(%ab1§ Qn a therapeutic method.

7. A compound according to any one of claims 1 to 5 for use in a therapeutic or prophylactic,

preferably a therapeutic method

(a) for the treatment of a CNS disease, more preferably a CNS disease, the treatment

of which is accessible by the inhibition of PDE9,
15 (b) for the treatment of a disease that is accessible by the inhibition of PDE9,

(c) for the treatment of or for the amelioration of or for the prevention of, preferably
for the treatment of a condition being selected from the group consisting of cognitive
impairment being related to a disease or condition selected from the group of
perception, concentration, cognition, learning or memory, whereby preferably the

20 treatment, amelioration or prevention of cognitive impairment is related to age-
associated learning and memory impairments, age-associated memory losses, vascular
dementia, craniocerebral trauma, stroke, dementia occurring after strokes (post stroke
dementia), post-traumatic dementia, general concentration impairments, concentration

impairments in children with learning and memory problems, Alzheimer's disease,
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Lewy body dementia, dementia with degeneration of the frontal lobes, including Pick's
syndrome, Parkinson's disease, progressive nuclear palsy, dementia with corticobasal
degeneration, amyotropic lateral sclerosis (ALS), Huntington's disease, multiple
sclerosis, thalamic degeneration, Creutzfeld-Jacob dementia, HIV dementia, epilepsy,
temporal lobe epilepsy, schizophrenia, schizophrenia (with dementia), Korsakoff's

psychosis or cognitive impairment associated with depression or bipolar disorder,

(d) for the treatment of Alzheimer’s disease or cognitive impairment associated with

Alzheimer’s disease,

(e) for the treatment of schizophrenia or cognitive impairment associated with

schizophrenia,
(f) for the treatment of epilepsy or cognitive impairment associated with epilepsy,

(g) for the treatment of a disease or condition being selected from the group
consisting of sleep disorders, bipolar disorder, metabolic syndrome, obesity, diabetes
mellitus, hyperglycemia, dyslipidemia, impaired glucose tolerance, or a disease of the

testes, brain, small intestine, skeletal muscle, heart, lung, thymus or spleen.

8. A compound according to any one of claims 1 to 5 for use in a method for the treatment or
prophylaxis of cognitive impairment, preferable cognitive impairment related to perception,

concentration, learning or memory.

9. A compound according to any one of claims 1 to 5 for use in a method for the treatment or
prophylaxis of cognitive impairment, preferable cognitive impairment related to perception,

concentration, learning or memory, as symptoms of anther base laying disease.

10. A compound according to any one of claims 1 to 5 for use in a method for the

improvement of cognitive skills related to perception, concentration, learning or memory.
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11. Pharmaceutical composition comprising a compound according to any one of claims 1 to

5 and a pharmaceutical carrier.

12. Method for the treatment of a disease or condition as defined in any of claims 7 to 10 in a
patient in need of such treatment comprising administering to said patient a therapeutically

active amount of a compound according to any one or more of claims 1 to 10.

13. Use of a compound according to any one of claims 1 to 5 for the manufacture of a

medicament for the treatment of a disease or condition as defined in any of claims 7 to 10.

20. Combination of a compound according to any one of claims 1 to 5 with another active
agent, whereby

- said combination preferably is useful for the treatment of a disease or condition as defined in
any of claims 7 to 10 or

- said combination preferably being for the use in a therapeutic or prophylactic method,
preferably a therapeutic method, for the treatment of a condition or disease as defined in any
of claims 7 to 10 or |

- said combination being for the manufacture of a medicament which preferably is for the

treatment of a condition or disease as defined in any of claims 7 to 10.
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