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CATECHOLAM NE DERI VATI VES USEFUL FOR THE TREATMENT OF
PARKI NSON' S DI SEASE Description Field of the
WO nooenrdsen The present invention relates to nor€l/DK2008/050214

cat echol am nes and cat echol am ne derivatives, to
processes for their preparation, pharnmaceutica
conpositions containing them and their use in therapy.
Further, the conpounds of the invention may be usef ul

CATE:@I-ii)LEIEI-EIEI bEaREeTvIBA GKHBURSK ant TNENFOMeJeN @RAKINGSN’ S DISEASE
di seases such as Al zheimer's and Huntington's disease ‘
are becoming nore prevalent with the aging popul ati on.
One particul ar neurodegenerative di sease, which

Des¢rfpfioth| |y has its onset between the ages of 50 and 80
years of age, is Parkinson's disease (PD). PDis a
di sorder of the brain, which is characterized by

Field o€ thor ingexkihi f ficul ty with wal king, noverment, and
coordj nati an. a chem

| .
The ERIEBH PANFEHIE CERRouR Eh ] SuistFaiES pypdnsascholaying degvatives, (o

proc%gs‘%g]ﬁff‘tflelf Bi%fllu%ﬁ%t aﬁﬂeﬂ%ﬁt‘i’éal @5m rﬁtc%nfaﬁﬁh hl%rraémd their use in
nuscl e novenent. is believed be caused a

therapyo sl the colmpelmd@ méthecmvmlommayd:waﬁfwl ayPRE llmg@tir@. in

the substantia nigra zona conpacta of the brain. The

degenerati on of the DA-containing neurons results in

reduced anounts of DA in the brain. This process is
]hwk%%M?ﬁt Jo disturb the nerve cell function such that

[ ses are not transmtted properly, resulting in a
Neutalsgerefativa sdib@seonichohs azhefruatd and . H@tingentd discdshedre becoming

is no cure f PD. Treatnments are.t plcally ai ned at :
morg, pEVAlRF Y Prezms i8AsOnp Peispla JeBPdrassetiv glsease which
typ1<§ahl%&1@€‘1t¥"bﬁ§%t BitReR tHe! a%Efé)%f Sl fndjfkdé\/éﬁsod(fyag@ he pyl13hR0is R&ease (PD).

is netabolized to
PD aomrdlso@teeof g rhigmivdiadh iagbmastetinalt bys trmmtut andk difheulawith walking,
ece ese receptors fall into two broad

t h
movgmggtg%lg({“fﬂr ng{fe and De-type receptors.

Dopamine (DA) is a chemical neurotransmitter, which is utilized by brain cells to transmit
impulses to control or modulate peripheral muscle movement. PD is believed to be caused by
a progressive deterioration of DA-containing neurons in the substantia nigra zona compacta of
the brain. The degeneration of the DA-containing neurons results in reduced amounts of DA
in the brain. This process is thought to disturb the nerve cell function such that impulses are

not transmitted properly, resulting in a loss of muscle control and function.

Currently, there is no cure for PD. Treatments are typically aimed at controlling the PD
symptoms, primarily by replacing the DA with either (levo)-3,4-dihydroxy phenylalanine (L-
DOPA) which is metabolized to DA, or by administering chemical agents that stimulate the
DA receptors. These receptors fall into two broad classes, D1-type and D2-type receptors.
The former is divided into D1 and D5 receptors, while the D2 receptor family consists of D2,
D3, and D4 receptors.
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The former is divided into D and D5 receptors, while
the D2 receptor famly consists of D2, D3, and D4

w0 emepr@Bs. Certai n hydroxyl ated (phenols or caperbak@p/ 050214
phenyl et hyl am nes (as such or form ng part of a
semrigid/rigid ring system are known to possess
dopami nergic activity at |east in animal nodels.
However, their clinical use is |limted because they

Certfu% l%drc%cwla%gd ﬁ)%l?(?lgltog Qéggéh ‘filé lp%%%}(letthﬁ]anﬁ}gesst(\a}é %uc% o ngﬁ‘mg part of a

semﬁ\tg@cﬁﬁgﬂhﬂul@ sys)&hh): h]reblﬁio(whgﬁ) p@séslﬁlcﬁ)pﬁﬂnﬁ&i%gmfacﬁﬁfmauteda in animal
used clinjcall y in PD therapy albeit with a nagnoral
modalél i NRVGVere Yt AlNeal ntser 1 dieiid epRiSE affeyulave low or no - oral

bioa Qifﬁbﬂit?t@] Bl a8 Huéj@’ﬁlbﬁ% ﬁ%s'rt]gH&%e %lﬁ‘ﬁ{a%’@wever omorphme

ever a inic studies are oing wt I't er nat’i v
whichebaloreysyto shis ataesgoéemﬁpnuné@ osroscphilineatli én BWhenap?@lb@m ozhth a non-

oral BT PBIERLY SPBPLET] GTPQLuIPUR R Bl of Gy g continuous

infuibh) S@lerdl r @afidBN@bs R JdebBGt W LRGARERS d%g%}&sﬁtﬁategles for
are able to activate the DA autoreceptors as wel

Aponwepkpms theyapapni RD Buchr excspranass] arkh @Jtémgeaitfgmmlatlons However these
tor, stinu appear, .t o _predom nat e when
ottofd B R B P P S e BRERL 4R B heas  wher cas

at hi gher doses the attenuation of DA transmission is

out wei ghed by the enhancenent of postgxnaptl C receptor
Diregt R4y | raeqn6e1. agMestarits pdlec otapdvase ftbe tldA | #itprapensdrs| aswwvell as the

postg)&%gﬁc %A %e&pt(ﬁ? OﬁF Fiff%&nse f)? grﬁtogécjgﬁ o1 qul%Iattfant Jb?laallrn‘ﬁocgﬁedommate

receptor Stl mu ussion of
whed atga Appamrphiadiviadganistdred didaw dbses Twhsisas at HgeBYosed thclattenuation
(2002)]. .L-DOPA is an_ efficacious PD drug (a prodrug
of D4y ‘[I‘awélﬁﬁl%}s Wtyvgg&e%g&t @@k&pg@p@r@ of é)ggpyﬂjtpp% receptor stimulation.

The %_ﬁg%’&ﬁéﬂl@eﬁ?g % heh 6ERRAPA é’es%f“&%“%%bﬁ h1r1§eér@0ﬁlée}§ﬁdue to the

oni sts Pram pexole) giv I nesi a
autopastptoastimelafipc {aﬁby aidmschsgsien &Dlamehl dumnsmmamnnegd J. Neurol. Trans.,

I tion or replacenent with L-DOPA. L-DOPA and

109&8%&%@%@ are currently the nost efficacious PD

drugs and they stinulate both D and D2 receptors.
L-DOPA is an efficacious PD drug (a prodrug of dopamine) with a poor PK profile leading to
dyskinesia and other response fluctuations. Selective D2-agonists (e.g. Pramipexole) give less
dyskinesia, but lack efficacy in late PD and eventually need complementation or replacement
with L-DOPA. L-DOPA and Apomorphine are currently the most efficacious PD drugs and
they stimulate both D1 and D2 receptors.

As mentioned previously, the poor oral bioavailability of catecholamines has prevented their
clinical use as oral drugs. The related phenolic amines have similar poor oral bioavailability
limiting their clinical use as orally active drugs. However, Rotigotine, which belongs to this
class of compounds, was recently introduced as a new PD drug based on a transdermal
delivery. For Apomorphine, animal studies have shown that transdermal delivery or via
implants may provide possible forms of administration. However, when the delivery of
Apomorphine from implants was studied in monkeys [F. Bibbiani, L.C. Constantini, R. Patel,
T.N. Chase Experimental Neurology 2005, 192, 73] it was found that in most cases the
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As nmentioned previously, the poor oral bioavailability

of catechol am nes has prevented their clinical use as
w@e@b/ozhosgs. The rel ated phenolic am nes have BCTDK2a008/050214

poor oral bioavailability imting their clinical use

as orally active drugs. However, Rotigotine, which

bel ongs to this class of compounds, was recently

i ntroduced as a new PD drug based on a transder nal

. hvery., F ] [ F ' j h
i LT S EPURY AL B PO S D SS N EB R v o
irritpioa sink loéhek oompligitioad ullonsig titiimplantioive vetecrywWiemsddimal delivery of

delivery of Aponorphine frominplants was studied in
APO%M%K%SF@BOE!?@SB peeriated vath @sﬁg?gwfr.ﬂﬁtlen fod gederafion. T N,
Chase Experinental Neurol ogy 2005, 192, 73] it was
found that in nost cases theanimals had to be treated
Apawti frbmt BB, i ot ndiseapgy @6 sdneh Bexianetdra sorepdoinpregy émhover may be
local irritatiaon and ather c l.icati,ons foll ow ng the
beanﬁm{i‘g}:ﬁ %e?r}aérhcss fﬂxd)é?\sp_ntqg W‘odéf in . f Ay ﬁFRfS?S;]PUO‘?nd m t%.e improvement
of nﬁﬁ%ﬁ%&ﬁbﬂ@iﬂ&ﬁﬁii@ SR1dAE A RESAUBh RN Wk tdkchi@ealabs¥d. Mt can have a
irritation and col oration. Apart from PD, other

posidvseldese s depresiedpativntsi arek @ asebd nsedopahesileragian anatcaids agent. It can

. may be.benefici,al. are gerhatrics,, for prevent. :
mp 8% B G s PadBBR) o hioieeShef HEFAVaB e gpestive. the
posiffe h@eflURChe @BgnitiNE kirdpidensVar dchlysp@spiac Restbs leg syndrome (RLS)
coghition as discussed above. It can have a positive o
and perfasiig limh nerofsmessdigordar (PEMIR) argadfeinativaindisatiopsewhich are clinically
AN 1, .80 |.C: . | L, i Al
o QTS AN AR o) N TR A B ey o
impiokred hggatativent whie IpAsicbnivie. dBuspdhipr@gniche of egnuiat ifivetions in both

synptons of schizophrenia. Restless |eg syndrone (RLS :
Wonﬁ)ﬂl?g'})n&éfl% i o I BORe & ehiatian Jg H@artmemﬁw& Dﬁ-@gomgts Sinke erectil

nati L ndi Can . . 0l ol
B e e
(stindh}stiamef vaginarlebradasion |ank edrgctivo dieclitonpy) goexhtiblly can be achieved via

treatment with DA-agonists.. Thus, inproyement of .. :
DALERHAT PEHAPBn D 15 BOE helén Paf K & BRGPHEine when given
subl RS8P iseuded Alig RGP Ro flIﬁ?l_‘OtVE adciRNly sfitdfioPACREIRM §hdies of L-DOPA
since erectile dysfunction (inpotence in nmen) and
and desc R agenistuPramiprrolenthsrapy weHopangen'swhsaape have shown promising
st mul ation of inal Lubrjcation and erect.ion of .
resultys; th&si tgrl?at%lg]%te 8{ :/Pg tglg(t:ogllns bc{ésegsceh i% \?.élatﬁ]l\%' go?en&al apf))hcatwn of the
compounds of the invention. DA is involved in regulation of the cardiovascular and renal
systems, and accordingly, renal failure and hypertension can be considered alternative

indications for the compounds of the invention.

An alternative to the non-oral formulations of the catecholamines involves the use of a
prodrug. A problem associated with the development of such compounds for clinical use is
the difficulties associated with predicting conversion to the catecholamine itself in humans.
Various ester prodrugs of catecholamines have been reported in the literature such as
enterically coated NPA esters for duodenal delivery [see eg. Wikstrom, Dijkstra, Cremers,
Ivo; WO 02100377], and the D1-like agonist Adrogolide [ABT-431; DAS-431, a diacetyl
prodrug of A-86929]. Adrogolide undergoes a high hepatic first-pass metabolism in man after

oral dosing and, as a result, has a low oral bioavailability (app. 4%). In PD patients,
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DA-receptor stimulation. In this context, it is
not ewort hy that Aponorphi ne when given sublingually is
waised/ozdosni cal |y to i nprove erectil e dysfunctiBer/DK2008/050214
Cinical studies of L-DOPA and the D2 agoni st
Pram pexol e therapy in Huntington's di sease have shown
prom sing results; thus treatnment of Huntington's
di sease i s another potential application of the
- u i pyent . IS I [
inrs§ SRRAIVT Rk Ry B Fh0RintR, eFichly Rokbll so that of L-DOPA
[Giaﬁdida,a‘gfﬂﬁmgis;nl@NS,DmgnlaéviémalNBBS E(ﬂ@l)llf)ypﬁ{ Eﬁcﬁﬁhm md 4ol involves
consj der alternative indjcations for the conpounds
the ‘Grasking P FEEP SHITOMH BILBY Holhe GaloEks| oh s gautegpaing methylene-di-

oxXy f(leD‘@'j ?cteiteﬂ’,nacs @t a%{tgl &aheg %n@@ﬂ%‘?%ldeﬁ%/(%svtﬁ& H}ﬁla}ﬂ%ﬁq&f, or as the

a prodrug. A problem associated with e devel opne
ketabfdesuah foompauods Ketmes.| Whiscptodu@_piriﬂcﬂptae hds ftfeeic ukeporesl for the

agsoci ated, W redi cting conversion to the
Apo @éﬂﬁ?@ﬁ#m?ﬁt@aﬁ%a@ Hisran: -’Zl_t]%uné@iegrlﬁﬁwrswhwawlogy’
21(19), 97t E0RJ1 a0 MMRSe NRYERL BFodTERO0t BHomBrphliR dddt RIALHESmMpounds,
such as enterically coated NPA esters for duodenal o
onlydbatideeivgd fromeNegpropylkipanaerphibe (KB and Grewisicbydel showegyg)gnificant

02100377]. and t -1 ,ke. agoni st, Adr ogal i de .
erilapit araht A 5] PR Oyt Ty PSPt a7y R Rt Bagipes have notfead
to a AOY @1g@ bhsde odNEENMIIB aakdt gboﬂbgﬂﬂhés%rfrélﬁ&td'c@ﬁf@ﬁunds.
metabolismin man after oral dosing and, as a result,

has a | ow oral bioavailability (app. 4% . In PD

ti Nt Ay . i . .
Des Bt e A YRR i e LRAP RRAAE B h RAFEL A rogarcs
devdl¥pihg affijenCNGel Drakgatee \ahé weally7acti30 drg? GOd jhk . treAtment of PD. A mixed

alternative approach involves the 'masking' of the_two
Dl-hlgﬁélP%s@P AGPHIEIVING GRENEHSAPSMINEERiE FHNE, P@éﬁ%ﬁﬁ% such unmet
need¥®t hyl ene-di oxy (MDO) acetal, as the acetal derived

from ot her al dehydes than fornmal dehyde, or as the

ketal derived fromvarious ketones. This prodrug

rinciple has been reported for the Aporphines nore

Sunjmary ‘53“9&%?“850 [ Bal dessarini, Ram Neuneyer:;

Neur or ophar macol ogy, 21(10), 953 (1982)]. O these

potential prodrugs to Aponorphine and rel ated _
The goegpiumaenticantolateshigt nayet catecholanaine Nerivgghepywhich the inventors have

foun'apI%g}If) ro%élr %ﬁitébl}lg 'g‘)ter%gtqvefsot% n&llrr%%p &%?ke?ehcp Welinth n(l)ff rllecu%g&egenerative
diseases such as PD and Huntington's disease and to the treatment of other indications

discussed herein, such as eg. dyskinetic disorders, cognitive impairment and restless legs

syndrome (RLS), and to compounds that are in vivo metabolizable prodrugs hereof.

Cognitive impairment can be experienced in several patients groups, e.g. schizophrenic,
depressive or psychotic patients and patients with attention deficit hyperactivity disorder
(ADHD), Parkinson’s disease, mild cognitive impairment (MCI), dementia, anxiety, age
associated memory impairment, Alzheimer’s Disease or post-traumatic stress disorder and
patients taking benzodiazepines or tricyclic antidepressants and in a range of
neurodegenerative diseases in addition to Parkinson’s Disease and Alzheimer’s Disease. The
phrase “cognitive impairment” refers to the difficulties with attention, learning, memory and

executive function (relevant reactions to external stimuli). These can include: deficits in
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efficacy in animal nodels of PD. Over the foll ow ng

-25 years, these findings have not lead to a PD drug
whamemd2qs4 t he MDO nasked Apopor phi nes or rel at BOI/DK2008/050214

conmpounds. Despite the |long-standing interest in the

field, there is evidently still an unnet need as

regards devel oping efficient; well-tolerated and

oraIIy active drugs for the treatnment of PD. A m xed

e st Vi nt p [

e PEpRERILE) ARARRET G cuPRkREY UMD SREAIRERuRe, poor
condeh&at[dm\/ ampaﬁfheiﬁh efppebdimi Sothﬁglt poor mednadre.s dﬁﬁﬁcﬂlw élh expressing

tec e derivatives, ch the inventors hav .
th Ougg ?%;ﬁméﬂ By 18 dnitegipiiae éh%kﬁafqe%&s gl g%haww and extinction of
irrel OBk %&% his &34 Bk %tt%ﬁndh%ﬂﬁ@@%@l%ﬂ%f %fb‘é? IGSRESAT HUGLy, visual
as PD and Huntington's diseas to the treatnent o
learrotigend mashogatspadofpraesssethdrecel pgnstinmh as eq.
dyski netic di sorders, cognitive inpairnent and
restless | egs syndrone (RLS), and to conpounds that

The dbRclilt ¥f e phRbAbAY A RRiE tPpRIHMIDVEERB oundRINMiER i@ both potent
| mpai rment can be experienced in several patients

dopyriapl ] -lke gands - liksphigemibts, adéprleiskimey dic psyichotthe treatment of

ts s wWth attention deficit
nmnﬁf K?Qé?% ?mﬁﬁdeF & (ADHD), Parkinson's di sease,

nlld cognitive |npa|rnent (M), denentia, anxiety,
e associated nenory inpairnment, Al zheiner' s Di sease
A fy hgsoshicetigurbtthe mEeseas dnwnson dér oaRepVisisr neve Iscqrapquags for oral

admﬁﬁﬂ?a?gh ARl ”S%n&%ntt b %Xf'ahgl ARt dRRIES Sog%?or‘a&‘! Whiéh responds

ge of neurodegenerative diseases 1n a ronto

favoEiaablky to@rh@cdlcd dapeniangiMurdiecirer ' s Di sease. The
phrase "cognitive inpairment” refers to the

difficulties with attention, |earning, menmory and

\, t e
PETSOBEM 0L 0 A R b gnss o 0.

Somdl sbrthanompaindki olkiting, insdndvnt havekipogentiali fapploaations asn PET ligands

under st andi ng r concentrati.on, ippair t of .
for iAgeSCoI | G, Dagr anory & dremedRey o s preaaiig of such
ligad ROWARH AN @1 Qx afipfd b6 dppiiedi iR réddhrRY n&tahmmmﬁm&ta%,weu as for the
feellngs and behavi our and extinction of
determination of receptor occupancy determination for compounds with affinities for the DA
receptors. A further objective is therefore to provide radiolabeled compounds of the present

invention, which are considered to be valuable PET ligands.

Further objectives of the invention will become apparent upon reading the present

specification.

Accordingly, in one aspect the present invention relates to compounds of formula I:

R,0 "
OR,
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irrel evant thoughts as well as attention and
vi gi l ance, verbal |earning and nenory, visual |earning
waeaomyes y, speed of processing and soci al coPei/DKoIWS/050214

The objective of the present invention is to provide

novel conpounds, which are both potent dopam ne D

-li ke and D2-1ike agonists, gand which may be used in

the treatnment of neurol ogi cal and psychiatric di seases
riher gpjective of the present invention is to

A gvv.er 1nn

provi'de novél conpounds for oral admnistration in the

i r gatanB iy, 8t ifiRpaRdkndyhRleci SPah a5 dfigefll QI SRiroy1 WiHetllacetyl or
responds favourably to an i ncreased dopam ner

t ubhE. orPENCIeFOR) tdnRee ¥eA Ardmbymaphyyihalias y6Fs) group. a
e g R R P e e o N N

the co e 1 nv ron potentia
apR;iic atleQbs fids Bk krbipgandstihgof ih?ra@'gag iétdi edyRin-3rBpyl, cyelo-
DA-receptors or as Internediates for the preparation
of Psuyh avilgavdd, allshi rrAparayl, hydsexestapt-8uotserapybndedt fluproethyl
receptor |ocalization studies as well as for the
determination of receptor occupancy determ nation for
and edlipeusuls thvdrédt vatt plarhbesititdly ddoeptie nedepirovrided that the compound
. further objective is therefore to provide radiol abel ed
1sm%8ﬁ%8§ﬁ@§b WIRREAGSIEBKENt | nvention, which are

consi E\%e%ﬂc-tloz,%’,ﬁ M3l 142l B dﬁl":'g‘%‘zg@.],% S IHR&S. 7-diol

obj ectives of "t’he i Avéntion appar ént upon

r eadi R@cenfie- 1pmethent ,2speei,$ i1 0a0h-0btah 6 Medid]glquinolifie-6[Tediol
aspect the present invention relates to conpounds of

f or*muRacemie- lpgtlylel, 2.3 #.42,910, 10a-ggtalydgo-Rengogg]quinoline-6,7-diol

RIS P LS P S A oo

and forma nethylene (CH ) group, a carbonyl (C=0

ro%f, or an oxalyl (C=C-C=0 group R is selected o
The {n o ikaneylggrovp meatis? siaigly-drimgrdhrardisd-chein lanogh gropp containing

fronf'1Rb %B{yl:arbgﬁ/ ﬁio%[ gﬁf}ﬂlples of which include a formyl group, an acetyl group, a
pivaloyl group, and the like.

In a particular embodiment, the invention relates to compounds of formula I in the form of a

substantially pure single enantiomer or a single diastereomer.

In another particular embodiment, the invention relates to compounds of formula I in the form

of a mixture of enantiomers, a mixture of diastereomers, or a substantially pure polymorph.

In a particular embodiment, the invention relates to compounds of Formula I which have
trans-fused ring systems. In another embodiment the invention relates to compounds of

Formula I, which have cis-fused ring systems.

In an embodiment the invention relates to compounds of Formula I, for which n = 0. In

another embodiment the invention relates to compounds of Formula I, for whichn = 1.
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cyc/o-butyl, allyl, propargyl, hydroxyethyl,
3-fiuoropropyl and 2-fluoroethyl and addition salts

wo bmpeofo3a t h phar maceuti cal |y accept abl e aci dBCT/DK2008/050214
provi ded that the conpound is not one of the follow ng
racemates: Racemc- 1,2,3 ,4,4a,5 ,10,1
Oa- oct ahydr o- benzo[ g] qui nol i-ne- 6, 7-di ol Racemi c-
l1-nethyl- 1,2,3,4,4a,5 ,10,1

In se%%ra?%%@g&ﬁrr% geogztﬁi gn]grgﬁ'ﬂicg'lo ﬁéqgon?poang i LCICCR&FEBQH one of the specific

con@@mﬁ@k@ﬁkﬂﬁbmﬁﬁ@Egb@hﬂﬁanhbmah6,7-d|oI Raceni c-
1-n-propyl- 1,2,3 ,4,4a,5,
10, 10a- oct ahydr o- benzo[ g] qui nol i ne-6, 7-diol The C -6
In a?aﬁ%@%lengfogﬂﬁeﬂ{eﬁleqn@enﬁﬁ)ﬁ 3L1ARt 16 t&@fnﬁoﬁ{ds of Formula I Wlherem Rj is

ranched-chai n al kanoyl group containing from1 to six
selected rom tt goeup c&malmlhgsf oy drogring tnethytt,l aukd;d pfapryinelllyl, and propargyl.

tn o’ enfioa gt e I ionisthisiain CormMun AETBHIA 1 wherein Ry is
seledted BbBSthé Srdup TBRUAHS, &fcrélgfﬁ%ﬂﬁ chlotbdtﬂeaﬂcpﬁ}mr&{yeﬁlyl

substantially pure single enarnti omer or a singl
dlastereoner I n anot her partlcular enbodi nent , the
Ina fSB?CI 1C ?mg C;nl%)%{q‘[ur ee 18?/61’12:16)51&?%{]6&2? gomg(?l%]r(qlél 0? Fgrmlf?la 1 weherem 1’1—1 and
whidh 28 Fi@tRe BRirScterdded dy Hebpt tAO bilahalpLpiae PAIRY, MR Fenahtibrder.
particul ar enbodi ment, the invention relates to

conpounds of Formnul a | which have trans-fased ring

The si%féetnﬁgﬁ futlt ?et %efa{tese FSO 9&5%&10%?* %ohﬂl\ﬂ%qt &/ﬁ&efn ?%ﬁ(g R, are both

to conpoun or nu have czs-fuse
hydmgsﬂ end R;l iR salecedifedh neaterdupecansisang iodrhydedgan emethgl, cthyl and »n-
npounds of Formula I, for which n = 0. In another
WDRE odi nent the invention relates to conpounds of

The iRfcAHbRalko rdIREs WEOg@oﬁnds o FdtmS BN R &n RTRAH IRTBAL ﬁls&f and form a

the 1 nvention, the conpound is selected from one of
methyrh@les(ﬁ?éb) fgreupe enp dundscldetsd Ifosethd groupeoisigery afeimdibgen, methyl,
r enb dinent, the i nvention

t
eﬂW’%ﬁ Qggﬁv’sggh%gr hgu fa | wherein Ris

sel ected fromthe group conS|sting of hydrogen,

met hyl, ethyl, n-propyl, allyl, and propar .
In separate embodiments of the invention, the compound is selectedg %om one of the following

specific compounds:
trans-1-methyl-2,3,3a,4,9,9a-hexahydro-1H-benzo[f]indole-5,6-diol
cis-1-methyl-2,3,3a,4,9,9a-hexahydro-1H-benzo[f]indole-5,6-diol
trans-1-n-propyl-2,3,3a,4,9,9a-hexahydro-1H-benzo[f]indole-5,6-diol
cis-1-n-propyl-2,3,3a,4,9,9a-hexahydro-1H-benzo[ f]indole-5,6-diol
(4aR,10aR)-1,2,3,4,4a,5,10,10a-octahydro-benzo[ g]quinoline-6,7-diol
(4aS,10aS)-1,2,3,4,4a,5,10,10a-octahydro-benzo[g]quinoline-6,7-diol
(4aR,10aR)-1-methyl-1,2,3,4,4a,5,10,10a-octahydro-benzo[g]quinoline-6,7-diol
(4aS,10aS)-1-methyl-1,2,3,4,4a,5,10,10a-octahydro-benzo[g]quinoline-6,7-diol
(4aR,10aR)-1-ethyl-1,2,3,4,4a,5,10,10a-octahydro-benzo[ g]quinoline-6,7-diol
(4aS,10aS)-1-ethyl-1,2,3,4,4a,5,10,10a-octahydro-benzo[g]quinoline-6,7-diol
(4aR,10aR)-1-n-propyl-1,2,3,4,4a,5,10,10a-octahydro-benzo[g]quinoline-6,7-diol
(4a8S,10aS)-1-n-propyl-1,2,3,4,4a,5,10,10a-octahydro-benzo[g]quinoline-6,7-diol
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I n anot her enbodi nent, the invention relates to

conpounds of Fornmula | wherein Ris selected fromthe
w@emap2eensi sting of cyc/-propyl, cyc/-butyl, BOTDK2008/050214

hydroxyethyl. In a specific enbodi nent, the invention

relates to conpounds of Fornmula |I wherein n=l, and

whi ch are further characterigzed by being the

substantially pure (4aR 10aR) enanti oner. The

(4a1§ f%iégtl' @h)&%g&g‘[ygogg g a{?%?ﬁlgarog&g @‘éﬁ@‘@]&ﬁ%ﬂ}% 8,7-diol
(4aRs Hbaezgtle@ll}ﬂnom t4h|a 5grooLda- cﬁmlfs/dﬁi beigo@f]qthy@lmgfendml

o PRl e AR SRl R bRl R g
(4a@ﬂ%ﬁ)°ﬂ c% gi%%?bl | enes 445110, 1?& B&thcﬁ‘@ %e&%&%lﬁl’%hgﬁﬁdml

consisti'ng o droogen
(4aIGtﬁhRﬁ lpcwmfbuty]s ues.ada, ﬁréﬂh?h—oaﬂaﬂydrefhenmg}quim liﬁebdr &bk

(oat TS b9 B SR Gres parlie - Sempe R B e

(6aR, 1 qae&l)twine%,yﬁ6,%a,,7€@§;1@,ao£1 eXBBYRY Rol1r3- Hi%%—‘?ﬁefzh&ﬂ%eﬁtaﬁaﬁ
“dio

anthgyesnd - net hyl - 2, 3, 3a, 4, 9, 9a- hexahydr o- | H-benzo[ f]i ndol e

. | - 3a,4,:
(6aR9?Qj’&)d7| Xaﬂré‘ ? 0718’_9{' ]D (gap %/lf-j)cl%alazgl‘ro-?é-(BO)@-%—laza-ggclopenta[a] anthracene
(6aR, 1013:H9f73@-¥>k0p871 8,633, %19,90 302 hexxafayedro- 1, H+dhaazoildyodetala]

aﬂth(a&allf@ 10aR) -1,2,3,4,4a, 5, 10, 10a- oct ahydr o- benzo[ g] qui no

Ace 6%2@& ?ﬁg%fqa%)-g-%ce 4OXX51 , ,1 04211501310 %% a(ﬁah dro- eerhzg[ﬁ] gq]umolm -6-yl ester
Acefit ngd 64aB; ld]'aSi 7ia4éa$<y-1'ga3’?4 4;1,5 lltﬁeltomdctahgzdrb lﬁanéo[‘gaqﬁmolm 6-yl ester
2,2- Q%lﬁ@%yl%%p?ﬁ%{lagq){g 24%Rgle0\r§]tz ?—Eﬁ&gzu Igll;l?e!_tllay %rgplgn}gé)gl) 1 met yl-

1298 49%t1@hpoqro%faha9&%%&]z%¥gﬂdlﬁea Srdagiol (4aR 1GaR)-

Ace‘ﬁ)aa@d (ZhﬂylﬂaS) bewnetokyg]l quq:thpll-l P85464475,80,00a-octahydro-benzo[g] quinolin-
1Ee4a8 10aS)-I-ethyl-1,2, 3,4, 4a, 5, 10, 10a- oct ahydr o- benzo
Ty @t Qui nol i ne- 6, 7-di ol (4aR 1GaR)- 1-n-propyl- 1,2,3

Acetidadd (hS, s 18acoek f - 10ER 2t 1 R dtf1BxiR -BeroR] quinolin-7-
yl ester

2,2-Dimethylpropionic acid (4aR,10aR)-7-(2,2-dimethyl-propionyloxy)-1-n-propyl-
1,2,3,4,4a,5, 10,10a-octahydro-benzo[g]quinolin-6-yl ester

or a pharmaceutically acceptable acid addition salt thereof
In another aspect the present invention relates to radiolabeled compounds of Formula I and
the use thereof in various biological assays such as PET-studies, in vivo binding studies and in

Vitro assays.

In a further aspect the invention provides the use of a compound of Formula I, or a

pharmaceutically acceptable acid addition salt hereof, as a medicament.
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(4aS,I GaS)-1 -n-propyl- 1,2,3

,4,4a, 5, 10, 10a- oct ahydr o- benzo[ g] qui nol i ne-6, 7-di ol (4a
wWoR002034 1- (2- hydroxyethyl)- 1,2,3 ,4,4a,5, PCT/DK2008/050214

10, 10a- oct ahydr o- benzo[ g] qui nol i ne-6, 7-di ol (4aR,

1GaR)- 1-allyl- 1,2,3 ,4,4a,5 ,10,1

Oa- oct ahydr o- benzo[ g] qui nol igne- 6, 7-di ol (4aR, 1GaR)-

1-prop-2-ynyl- 1,2,3,4,4a,5 ,10,1

The %8%1@8!}1%13@15 Q—n{ﬂ?epli %gﬂ%oalé A{Hé) %re(ggasg gr Of)ha%a&utl%a%&cceptable acid

addiflibn 18lg- aﬂcﬁsahytmﬂmnzﬂ[@mmm@m nay ﬁ),e7addi1@1|stefeﬂiallﬁ any suitable way

1 c/ o- buty 1,2,3,4,4a,5 ,10
e.g. G’éqgg’ett&‘ﬁ%%’o SB@H%‘FEX’q%‘PIh%qa lﬁeoreparelaﬁrailw aaRthe; gippoysd may be

pres@lﬁec? in %n%suiltgolé-%rm ]fgr Q&éhagﬁ{gﬁl%’[ratmn c.g. (()rgg?& in the form of tablets,

di oxa- /- aza-cycl opent a[ a] ant hr acden ,
CapSil&&R)OVVdGmEtSWIPS GoGaionts 8r BispdrOipdaonditalbcinahy doror of eg. transdermal

3- di oxa-7- azacy Io ent al.a]. ant.hracene 6aR, .
patc ??aﬁf PArel Wﬁﬁy 61n6§1 1 sla_erﬁgns - ﬁﬂ.'l éﬂWdf% mjection. In one

emb@v@h%‘[e@ﬁ OXR CoRpBukd Céfo%ﬁhﬁ‘lhal anbnaagsed ( §8Rhe form of a solid
10aR) - 7- n-propyl -6, 6a,7,8,9, 10,10a, 11-octahydro-

thmMSQEK@kﬁﬁﬂxazéﬂﬂy@$@b@hﬁa{&?m&nﬁhracene Acetic acid
(4aR, 10aR) - 7- acet oxy-1, 2, 3, 4, 4a, 5, 10, 10a- oct ahydr o- ben
zo[ g] quinolin-6-yl ester Acetic acid

The (B8Pl Foaags OXprh, &aﬁn&eﬁﬁcaﬂy%aéﬁ%l@ GtrRihyditorbedlts with a
zo[gl qui nolin-6-yl ester Di wethylproplonlc acid

widq veaRty alpeiRynig apdinpresinigeackis) Slﬁfrhoﬁg te g adseypart off this fpyention.
2,3,4,4a,5,10, 10a- oct ahydr o- benzo[ g] qui nol i n- 6-yl
ester Acetic acid

A phdaScdiad]y 6e®p&bl@xaleidl adaitibysalt, o2, (Be 4odhpoindlof ]EGﬁmdﬂ:tIas formed
hydro benzo[ qU|noI|n- 7-yl ester Acetic ac

frony 3 pharppageyts ﬂéi&é?%@? ¢ a@f‘rﬁws wedl Iqiopngin e Ay §e%.h giltsadgclude the

phar%ﬁ%@%lﬁﬁgf %yclg%tag}é' QA iifed in Y(gurﬁeﬁto?'i’harmaceutlcal Science, 66,2-19 (1977)

: ropionic acid
and A@aR)owi (o2h@ skiillod phrpba. pT)QJpcparb mdrgmyc) acids nsedrtogyinh such salts include

I S EIER N 7 N—
met&Ablphohi8r B@ophosphoric, and the like. Salts derived from organic acids, such as
aliphatic mono and dicarboxylic acids, phenyl substituted alkanoic acids, hydroxyalkanoic
and hydroxyalkandioic acids, aromatic acids, aliphatic and aromatic sulfonic acids, may also
be used. Such pharmaceutically acceptable salts thus include the chloride, bromide, iodide,
nitrate, acetate, phenylacetate, trifluoroacetate, acrylate, ascorbate, benzoate, chlorobenzoate,
dinitrobenzoate, hydroxybenzoate, methoxybenzoate, methylbenzoate, o-acetoxybenzoate,
isobutyrate, phenylbutyrate, o-hydroxybutyrate, butyne-1,4-dicarboxylate, hexyne-1,4-
dicarboxylate, caprate, caprylate, cinnamate, citrate, formate, fumarate, glycollate, heptanoate,
hippurate, lactate, malate, maleate, hydroxymaleate, malonate, mandelate, mesylate,
nicotinate, isonicotinate, oxalate, phthalate, teraphthalate, propiolate, propionate,
phenylpropionate, salicylate, sebacate, succinate, suberate, benzenesulfonate, p-
bromobenzenesulfonate, chlorobenzenesulfonate, ethylsulfonate, 2-hydroxyethylsulfonate,
methylsulfonate,  naphthalene-1-sulfonate, naphthalene-2-sulfonate,  naphthalene-1,5-

sulfonate, p-toluenesulfonate, xylenesulfonate, tartrate, and the like.
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I n anot her aspect the present invention relates to
r adi ol abel ed conpounds of Formula | and the use
wo bmpenf34 n vari ous biol ogi cal assays such as PCT/DK2008/050214
PET-studies, in vivo binding studies and in vitro
assays. In a further aspect the invention provides the
use of a conpound of Formul ggl, or a pharmaceutically
acceptable acid addition salt hereof, as a
Metﬁ%gﬁﬁ ggre%al?ﬁlo%OWs%ﬁﬁ&)rlrlg%%{ gl{l%l rép’ara%oh{g e a%sso &,Qﬁ’ known in the
art. Eﬁﬂ@l’eﬁgimay gakthe Im:paatsd by pﬁamggtlche wtctleéihngﬁﬂimﬂ&rl:th Ofdmaﬁ‘}i)adjuvants
e adm ni ster n suitable way e.g. ora
filleys, pudy dlyentss gpy SHBW&PW y %ﬁp%ﬁ%mgm'@ieo MiFyFe it ér %ﬂ%ment tabletting

macﬁ{‘ﬁg 108, rﬁ%ﬂg}aﬁg%’ﬁ@&s Qﬁ@&%%dcdny)rﬁghlﬁ%b%r g}ﬁ‘le cBlifbse, corn

for suc 1 on .g. oral Int
stardhabbtetoss,tarcha,pisclbﬁs mapm\mjesrcfrbltdyalums, msgregtunostsarate, gelatine, lactose,

in th for of . .transder na
zumg A RBE By Slebr iR st SR & cif s SBRE. Bieservatives,
etc. ﬁl@ Wisb %B%s&pj?: rok T8 @tak tHay ak@c&ﬁk%ﬂ%fém?ﬁﬁ mRkiivd Hl%redwnts
conpound of Formula | i5 admnistered in the formof a

solid pharnmaceuti cal entlty, SU|tany as a tablet or a
tn pFREFHE Qe ey RORBHDET: Sk RATYY Tinh P way o mipmey diree

comptedﬁoﬁ/ i aetcysm@f)uﬁ @am&maradl iR QfdgaRiuee aﬁﬂhdt:onv%ﬂﬁ&hal adjuvants or
salts are also part of this invention.

dilugsriar meeanptively) pyweicerapilas| & nalcl %ra@ilatﬁdﬁ 2 gpmpeyfnds pfeFormula I,
opt1&p%'ﬁ991lﬂ Q&imﬁf 1{'[}1&91\7&‘[ I Jﬁ[%gl dsf Sdu@nts (s may ?{e used for compress10n

ar naceu |ca y accep e'acld as 1Is

of tablwes.art. Such salts include the pharnaceutlcally
acceptable salts listed in Journal of Pharnmaceutica
Sci ence, 66,2-19 (1977) and are known to the skilled

301u@1%ﬁ§8ﬁa C(;I;Mgd&gﬁlof RAISH @q'fﬁr AfdcAsnUn8IbHL greEQFeH‘b?Ldﬁégolvmg the active

salts 1 ncl hydrochl ori c,” hydr obrom hydrio
1ngred1trrt|aod pessitgh uddlUyesphosmhmf tleg sdhygmo [ﬁ(b'rogphtqmi preferably sterile water,
oric,

sdiugfgia e g0 R OGP G AT ARG SSLRAAD SN FpelEan e n sutable

ampgh@@f)p%bé' A&y @&kﬂ)‘ﬁe add@YdonSehh iy h&d ialikanehfy deiad8ed, such as
hydr oxyal kanoi ¢ and hydr oxyal kandi oi ¢ acids, aromatic

tonigiey aizentsapigsbraeiivesa aeticidnmts, iselubilisingrigentac ﬁf@sAltﬁrﬁlﬁtlmﬂsdhe active

ingredient, eg. as the free base may be dissolved in a digestible or non-digestible oil, mixtures
hereof or similar, to prepare an intramuscular depot formulation capable of releasing the

active ingredient over a prolonged period of time.

Pharmaceutical formulations of the compound of Formula I to be used in transdermal
applications, such as transdermal patches, may optionally contain permeation activators to

facilitate the passage of the active ingredient through the skin.

In another aspect, the invention relates to a pharmaceutical composition comprising a
therapeutically effective amount of a compound of Formula I, or a pharmaceutically
acceptable acid addition salt thereof, and one or more pharmaceutically acceptable carriers,

diluents and excipients.
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be used. Such pharnmaceutically acceptable salts thus
i nclude the chloride, bromde, iodide, nitrate,
waewbar®34 phenyl acetate, trifluoroacetate, acrptBDE2008/050214
ascor bate, benzoate, chlorobenzoate, dinitrobenzoate,
hydr oxybenzoat e, net hoxybenzoate, nethyl benzoat e,
o- acet oxybenzoate, isobutyrgte, phenyl butyrate,
a- hydroxybutyrate, butyne-1, 4-dicarboxyl ate,
In ahs%)ééﬁﬁg #nb%qu 1 aorf b[Ré(%fo\%%lrlg?n ffl”f'e?% ?%Vgc%ara?/ l/; gﬁag?uéi’cal composition
con@ﬁ@h@nmaﬂﬁnmbmppuyaéﬁbah@c&@bem;mﬁlatﬁnmﬁﬁmeabé Formula I, or a

hydr oxynal eat e, nal : ndel at e,

pharﬁ%/ae@ftf(ca accepabls %40 a&éﬁ%n n%&%l%@pé Wlﬂﬂﬁflﬁéla?tné‘ R, are both hydrogen
I

and Rg gﬁé&%&gpﬁtﬁ gltlegét‘agﬂé Qél)liﬁ;i/s%g?gﬁﬂgﬂl%ggﬁa %éethyslu%tlé?il and n -propyl for non
onﬂsmbmn&heﬂmbemmhnasukmsmmmel mbabdmbeﬂzen@&nhﬁmhmtﬁgsubmnmwous
d chl or.obenzenesul f onat e, et hyl sul fonate,
admyiPRyy et hyl sul fonate, net hyl sul fonate, napht hal ene-

1-sul fonate, naphthal ene-2-sul fonate, naphthal ene-

1,5- sulfonate, p-toluenesul fonate, xylenesulfonate,
In a &wtheat @pecan@etlnéentlohaeprwtd@@dbe fuse efhe Wﬂét@foﬁomﬁula [ ora

pharmac%tﬁwp ﬁ}? %L&Bel% eatc1c{ ngg@*/t?cf fﬁt eorgs’r é)r e é)de%ara\{fﬁn ofk a m%@gament for

the @6dth¥st bﬂﬁé@@de%eﬁerwl\t&d@bﬂbﬁaduxéh &@Jﬂaﬂﬁﬁicﬁm’ fliskdse rasldafm@htmgtons
_ diluents and subsequently conpressing the mxture in a
disegsgnveni ent tabl etting machi ne. Exanpl es of adjuvants,
fillers and diluents conprise mcrocrystalline
cellul ose, corn starch, potato starch, |actose,
In avéunttick cdspecs othbi inoéntioal pnmm'demgﬂasbwiﬁ ste@anmiued of Formula I or a
gelatin

pharg@f%gﬁﬁy aécaeggggfetqcyg (glgfgwaggt tggp r §)¢Q}%\r%%921eorf a medicament for
the tpé'aﬁﬁgl{t\f)@bb%ﬁéses elhﬁjotéﬁ@é{ B @mpﬁe Y89 FRRPYD elzt%tlon

hey are conpatibl'e wth the active ingredie
partlcular the tablet fornulations accordlng to the

In QDR AR P et e bt ROEORBEnET ditgfla 1 or o

phat%ﬁbélﬁﬁ:ﬁf@ a@cfepgl'blel"&nd 8ddifbh AN BHekdoR! Mor tike Mﬁﬁuf%tﬁﬁu&faﬁt fhedicament
or a nelt granulate of a conpound of Formula I,

for thptregsmant 9f dogniigeriipairracnpiin i maomyant i onal adj uvants or
di l uents may be used for conpression of tablets.

In a still further aspect the invention provides the use of a compound of Formula I, or a
pharmaceutically acceptable acid addition salt thereof, for the manufacture of a medicament
for the treatment of restless legs syndrome (RLS) or periodic limb movement disorder

(PLMD).

In a different aspect the invention provides the use of a compound of Formula I, or a
pharmaceutically acceptable acid addition salt thereof, for the manufacture of a medicament
for the treatment of movement disorders, poverty of movement, dyskinetic disorders, gait

disorders or intention tremor in a mammal.
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Sol utions of a conmpound of Formula | for injections
may be prepared by dissolving the active ingredient
w@eapo®si bl e additives in a part of the sol vemtT/DER008/050214
injection, preferably sterile water, adjusting the
solution to the desired volune, sterilisation of the
solution and filling in suitable anmpoul es or vials.
Any suitable additive conventionally used in the art
t nt.s
tn LREIRE, ST e SHFHURR, bR, (e ABETUPs MEREAN Viputa 1 or
pham{meemﬁhlly accepgtbmmhddm@l saﬂisthtefeef forate I&astﬁleﬁayf imilrodegenerative
dj ssol ved_in a digestible or non-digestible oi
dlsowie;& Yrkas Rakigen s disspseiang Huntigeions gheesean
i ntranmuscul ar depot fornul ation capabl e of rel easing
the active ingredient over a prolonged period of tine.
In aPatheaceptdt cthb ihmmiwlnaplioa'nks ahe tuse co:foafpnmmnpbunﬂ HoFomhwgda 1 or a

to be used in . tran cat ch as
pharas Rl hedC LR h e GG FEADTSolo 0 Hien e A oRsychoses.
imp&ehdeY Ahar BilliR, ha@si hiliRle hipatpesage of the active
i ngredi ent through the skin. In another aspect, the
invention relates to a pharnmaceutical conposition

I'ca
phardac@pically eacaeptabladsatid | AMlitsdl kalt h@EROT,, forNtheORLatdleniTTECOgnitive
pharmaceutically acceptable carriers, diluents and
IMpERBBiRANENITRla speci fic embodi ment of the invention
there is provided a pharmaceutical conposition
conprising a therapeutically effective anount of a
In acoilipbuthdr afpefo thrvinaertjonoproaidph alieracedt b cahippund of Formula I, or a
accept apl e a0|q%add1t| sal t tpereg erein Rldﬁnd
pharpageyticglly pcrqRighle @RidaAdrivon sakl dheree e doF tREnlicRBIGHE ghrestless legs
syndrQMe '(ﬁESﬁ& #gloﬁﬂéqfnﬁ’cgﬁﬁvetﬁ%t%ﬂorde@ MMI%nd n-propyl for
nonoral ‘adm nistration, such as transdernmal, nasal,
buccal i ntranuscul ar or subcutaneous adm nistration.

o L BB A I R S 49Fof 1, oo
phar@fae8RIcaN eac@@ﬁtﬂal@d&hd 2QBitDal Ealtt hesreaf HOfhd MRatment of movement

preparation of a medi canment for
disorders, poverty of movement, dyskinetic disorders, gait disorders or intention tremor in a

In ang{r'%‘g Iaﬁ%@cg tﬁ&t ?ﬁrﬂ %nr%rlog?(iegythgglgsﬁgée\ljtecgnrlrﬁ(;){gld OI" Formula I, or a

mammal,

In separate aspects the invention provides the use of a compound of Formula I, or a
pharmaceutically acceptable acid addition salt thereof, for the manufacture of medicaments,

which are intended for oral administration, or for non-oral administration.

The invention also provides a method of treating a mammal suffering from a
neurodegenerative disorder such as Parkinson's disease and Huntington's disease comprising
administering to the mammal a therapeutically effective amount of a compound of Formula I,

or a pharmaceutically acceptable acid addition salt thereof.

In another aspect the invention also provides a method of treating a mammal suffering from

psychoses, impotence, renal failure, heart failure or hypertension, comprising administering to
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the treatnent of neurodegenerative disorders such as
Par ki nson' s di sease and Huntington's disease. In a

wo ovlomo3aspect the invention provides the usePOf/DK2008/050214
conpound of Forrmula | or a pharmaceutically acceptable
acid addition salt thereof for the preparation of a
medi cament for the treatnmentjzof psychoses, inpotence,
renal failure, heart failure or hypertension. In

v BRRRES SRR ST AP I 458 s o ot

or a pharaptahicellpatdpatidiacideadifintsatthiesresdt , for the
manuf acture of a medi canent for the treatnent of

cognitive inpairnent in a mamal. In a still further
In a33REG! asi)&q th@Yﬁ%ﬁﬂi&pﬁgfv%'s descthBE HSRabho @ LM Qpﬁﬁ'fe‘?lfng from a
Formula’ I, or a pharhaceutically acceptable acid

cograddi impnrsaltt cothpriend admonstetiez v thed antuma apf effiective amount of a

nmedi ¢ nt r the treatne of restless |.egs dro
compRn STl Tofh £ T SHOb A Bereeir S PR BERER TEH oL
di fferent aspect the invention provides the use of a

compound of Forrmula I, or a pharnaceutical“% _
The gocenpraisle whites tdaimétbed ob|ttcating panimmpbpufidgrng from restless legs

O RESY 58 o IR 0000 Bl ERhA P Bl s
the GhARhalehs thegehti€hll§OededtscOhmbinite of | Dreohipei®d dMFarmula 1, or a
manmal . In a further aspect the invention provides the
pharggsewsically agnepisblecrdditionsplithescal. or a pharmaceutical |y
acceptable acid addition salt thereof for the
treat ment of neurodegenerative disorders such as
The Ravdntios aivosrethtcs dasescpacitdnpeetngt o niethodi fet@me@ing lanmammal suffering

further aspect the invention provides the use of a, .
from, GRAYSEISAL FfSORSFIOYSTtY Gt BopstaFHa d¥thineisl fiporsete siaigpdigorders or

inter?Pntr @R éoinﬂﬁ]isﬁl%l e{dn{iﬂi%feﬁﬁglt(g ]ﬁge | BGindal Qaﬁé}%‘[ieélly effective amount

psychoses, I npotence, ren ilure, heart failudre or

of a hympotrengifonmulad, aroplhemaaspedty adieptabiv ecitliadditipn sali thescof.
the use of a conpound of Fornmula |, or a
In a specific embodiment of the invention the mammal is a human subject
The therapeutically effective amount of a compound of Formula I, calculated as the daily dose
of the compound of Formula (I) above as the free base, is suitably between 0.01 and 125

mg/day, more suitable between 0.05 and 100 mg/day, e.g. preferably between 0.1 and 50
mg/day.

In a specific embodiment the daily dose of the compound of Formula I is between 1 and 10

mg/day.

In another embodiment the daily dose of the compound of Formula I is less than about 1

mg/day.

In a separate embodiment the daily dose of the compound of Formula I is about 0.1 mg/day.



10

15

20

25

pharmaceutically acceptable acid addition salt
thereof, for the treatnent of cognitive inpairnent in
wa@2ovaop@B4 In a still further aspect the i nvenP@DNK2008/050214
provi des the use of a conpound of Fornmula I, or a
pharmaceutically acceptable acid addition salt
thereof, for the treatment qfy restless |egs syndrone
(RLS) or periodic |inb novenent disorder (PLMD). In a
I . . . r X I .
In agfgﬁ%%ueﬁgﬁoﬁﬁ%g&%}lﬁ;%ﬁlg% ?P(é\hcgeﬁ aa?l ncgrgtgﬁ%?ﬁlg%:aﬁg %%Slp?lfsmg from 0.001
mg tacleépigadl ecanpandddiFrbimuiasal t thereof, for the
treatment of novenent disorders, poverty of novenent,
dyski netic disorders, gait disorders or intention

In al fuRATDY crhBbBmBR AR yvehflos PRAI@S CndSRE frhulaliBn | BYHRIE From 0.001
provi des the use of a conpound of Fornmula I, or "a
mg toHal meadatdoogiobyd aClbeptu&bl.e aci d addition salt
t hereof, for the manufacture of nedi canents, which are
i ntended for oral admnistration, or for non-ora
In a SR efboAInhAD the TRt BY PREVIR Al 9l BFAVILEES cAnpRdiiPHom 0.01 mg
of treating a manmmal suffering froma
to 1 mgelodegamwendof Yemdilsbr der such as Par ki nson's di sease
and Huntington's disease conprising adm nistering to
the mammal a therapeutically effective anount of a
In a GOARE WAthodfmdm® i inRedtionOfrodidpd a BRE Esthiutalonycomprising from 0.1 mg
acceptable acid addition salt thereof. In another
to 1¢81edta qopwornd ehkeramlal so provi des a met hod of
treating a mammal suffering from psychoses, inpotence,
renal failure, heart failure or hypertension,
Figwesipri si ng adm ni stering tothe mamual a
F1gu%€ﬁ%iﬁ§%—tr%§%g%¥qﬂe§{f%%§rt ‘Eh\é ?cog%ﬁrg%ﬁg—gg&n%g%? s?tgguqat?gn gf intracellular
Caz%feg@@b@aﬁﬂequﬁﬁ&amec&gl EHbNGERAd)s! N @ further
aspect "t I nvention provides a nethod of treating a
mammal suffering froma cognitive inpairnent,

Fin OTPE R B St ig b op s MR 20 8 F 8LV v by e
anor?ﬁl;l@ﬁﬁﬁ?ﬁéﬁﬂgcﬁithé’ ‘REGLraRlR Afhd addition salt
ereor.

Detailed Description of the Invention

The compounds of the present invention contain two chiral centers (denoted with * in the

below formula)



The invention also relates to a nethod of treating a
mamal suffering fromrestless | egs syndrone (RLS) or
w@eowoehss | i b novenent di sorder (PLMD), conprPGI/NE2008/050214
adm nistering to the manmal a therapeutically
ef fective anount of a conmpound of Formula I, or a
pharmaceutical |y acceptabl e gddition salt thereof. The
invention also relates in a separate aspect to a
f eat | suf ' ] .
The ZE BB oL FRTEar ki 55 LD PR ARERER e forms, the
cis- @&l tramhi-Boma8r whizh formmischtith il Wridembie scapeIfitisd rgsent invention.
adm nistering to the manmal a therapeutically
ef fective anmount of a compound of Formula I, or a
pharmaceutically acceptable acid addition salt
5 thereof. In a specific enbodi nent of the invention the
manmal is a human subRgct The therapeutically R,
ef fective ampunt of a&conpound of Formula |

cal cul at ed dose of the gOMNNA
free base,
ay, nore - N

Formul a (I
bet we . -
0. 05 0~ 100 ng/ day, e.g. preferably bgtween 0.1 and
50 ng/ day. 1@Ra specific enbodi nent th@Rdaily dose of
the conpound of Fornmula | is between 1 and 10 ng/ day.
I n anot her enbodj; ' compound
of Formula | is lggg&?EEﬁwg%g%¥w%ﬁ§gﬁgg§&bfn a
separate enbodi nent the daily dose of the conpound of
Formula | is about 0.1 ng/day.In a further enbodi nent
the invention providef:an oral formulation conp?hsing
from 0. 001 of a conpound Qf Foymulg_!
In a furthgf nt Yt he inventi o \ " anYor a
ﬂon10.001 S Lw
CONPOYRGOINFOr M T Im a furg log? FoMNENNAT
i nvention prévides an oral formul'ati onlconprising from
0.01 ny OR, OR,

trans forms of the compounds of formula I

10 The ring-atoms of the compounds of the invention are numbered as follows:

?3
1
8 g .. _N

7 2

3
3a
R,0 5 Y
OR,

Formulal,n=1 Formulal,n=0

The diastereomeric forms further comprise two enantiomeric forms each, which means that
the compounds of Formula I overall exist as the individual (R,R), (R,S), (S,S) and (S,R)

15 enantiomers.
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to 1ng of a conmpound of Formula I . In a further
enbodi nent the invention provides an oral formnulation
wa@ewpn®sfng fromO.1 ng to 10 ng of a conpoundP@f/DK2008/050214
Formula | . Figures Figure 1. Dose-response curve for
the concentrati on-dependent stinulation of
intracellular Ca + rel ease hy dopam ne in
hD5-transfected CHO Gal 6 cells. Figure 2 : Crystal
I e Ihgur.at i -
The SRS o bR e B ARG O R SR BERLL Hbomorphire.
analofi@awyhich r@fdibﬂﬂﬁeﬂltpmeﬂUW&y asdfeldn Delsdaern tticameaft of Rerkinson’s disease
Inventlon e conp of the present invention
and cQif¢raidived @ﬁﬂegﬁa Y!EW?‘eFeéP‘{@én VEERDRY tiA 7 InfEatsE| dopaminergic
turnd®;mul @) The conpounds of the invention therefore can
exist in tw different diastereoneric fornms, the cis-
and trans-isomers, which forms both fall under the
t he pg sent |nventJon forns

scaope qf f the
Ry L R R W AR SR TS H%BQHP&‘S offormula I
or a bRAMAkSutlcalli §cdep BB N Qhlt i EF @mgiﬂ)mngéogtnnﬁ)n 1n a mammal in
i nvention are nunbered as follows: Formula I,

a copgtipn phcq gmtwe:mmamhagntdw]@g@lg tlepeanditonfig ﬂmCIﬂt@ﬂchéT schlzophrema In
anotfl%rrg)mbo & %\Ag)f i %H%ielor nrion I‘[he (iongmon dF ?s%gg(llat\sle\? vaétsfl ]{'a%lgiﬁg’ont’g Bgsease. In

ver

anoth&bnybodiaént ORiHR) invdiRo®lhe dondBlondHekso&atdY with dementia, such as AIDS
enanti oners. The conpounds of Formula | have been found

demeryiay &haRashqricriboginmagnt of distinvratiop GreciopHitiae arssesitied with an anxiety
d1sow&.c\l aﬁ&?greegm@gﬁrgl&ﬁ%tf% 1&1@4:11tf’6nlfﬁee£dﬂ it Or1]lh1E %s%&a&t'a v$191 age

nson's di sease an
assodiagdas@sdigiimpaitd@rs, Indnodter eebpdinctat dfaie iralehtiort theanbndition is
assoc1g‘f:erd%va1§hegepgeos€1%m 1?18{u%{n% ntlalfjl E)rn e\f)%‘ersswn in particular in elderly. In another
embodiment of the invention the condition is associated with the use of benzodiazepines. In
another embodiment of the invention the condition is associated with the use of tricyclic
antidepressants. In another embodiment of the invention the condition is associated with
Alzheimer’s Disease. In another embodiment of the invention the condition is associated with
attention deficit hyperactivity disorder (ADHD). In another embodiment of the invention the

condition is associated with post-traumatic stress disorder (PTSD).

In a further embodiment the present invention relates to the use of a compound of Formula I
or a pharmaceutically acceptable addition salt thereof for the treatment of dyskinesias in a

mammal,

In another embodiment the present invention relates to the use of a compound of Formula I or
a pharmaceutically acceptable addition salt thereof for the treatment of a mammal suffering

from depression, such as major depresion, bipolar disorder or anxiety.

According to the present invention an interesting neuropharmacological difference has been
found between the two trans-enantiomers of underivatized catecholamines of Formula I (R;

and R, = H), which have been prepared in enantiomerically pure form by a process of the
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A specific enbodi nent of the present invention relates

to the use of a conpound of Fornmula | or a
w@bapomosut i cal |y acceptabl e addition salt thepenbKR@s/050214

i mproving cognition in a mamual in a condition of

cognitive inpairnment wherein the condition is

associ ated with schizophrenijg. In another enbodi nent

of the invention the condition is associated with
currgtﬁ EV&]I]QZ'I&Q Qsl ﬁl%gg)g%n h&n&&%@ﬁ h?ﬁ é) gélaﬁe aRgfenguhﬁ)mers are potent,

nvention e con Ion IS assocl a enent i a,

dualSDQYDZBSlgédu@S drﬁHEECgoayalhéE an00 hevl pwbatie nExperiafentaheSection for a

|nvent|0ﬂ the condition ssoci ated with an _anxiety
descaiplgh gérine i VAHOANEYS SntsaMRERES She (408 %Q%Sbﬁmmﬁffémée much less
porcfiPDhbirffls | ARAROGLALL tholtbib b AIRRIIPEIALRE memory

I npai rnent er e I'ment ~of t e Invention the
condition is associated with depression, including

sonfohl 3R T B BB AR £ 4SS e
testcASPPB5ad B tMahd hhteprdsen &f bO AT QA% & AfMistd RitBNXNQhlucs < 10
enbodi nent of the |nvent|on thé condition is

nM.associ ated with the use of tricyclic antidepressants.
I n anot her enbodi nent of the invention the condition
is associated with Al zheiner's D sease. |n another

The &8t Bt é)oﬁﬁdst bEFbmMant i fon whih 6cndi R QMAdiB, = hydrogen and R; =
associated with attention deficit hyperact|V|t
hydrgpems marshyl( pihimind g-propybhe prewisusly s @ﬁbﬁ?ﬁe[see e.g. Cannon, Lee,

n t
Berds U A0 o FASOL S0 375 16%€ LR Yl iy doppminereic activiy
d1scasm‘eab dssrentg. t]Ektedlmrrg,s €nttallnWetdrp Nauedphbasadotogyh23@se 1@d5 (1984);
conpound rmul a |_or _a_pharmaceuticall :
Bradbupe ft aPE aﬂ%@. e ury haPEERaFRr 10Hd-Dr di(hEH]. gfhe racemic
comP¥ i HEFORSuIA T Br %EEM = | RAGR] "= ﬁygtggéﬂrﬁﬁﬁ Rghfeeth]yl has been
resent invention relates to the use © conpound

repoFied tustemulaterbogh Phandbewtdpteh [Iyolaﬁnécpnab [Kebalehdin;t Fuwn). Pharmacol.,
at nent of

108 7o S5 HobiphRrersiiti URHEPEPT SbaalR it 8 enfiftiosetectivity

of tH SRHPEBRdsUT FRRKLBUYor thE BRI GelbQiithk® dMBSRINY: vitro vs. in vivo.
i nvention an interesting neuropharmacol ogi cal

di fference has been

As mentioned previously, the compound Apomorphine is currently used clinically in PD

therapy. Apomorphine is a mixed D1-like/D2-like agonist:
|

N
O‘ Apomorphine
HO
OH

When the compounds of the invention are tested in vitro and in vivo for their effect on D1 and
D2 receptors, their pharmacological profiles are very different from that of Apomorphine (see

Experimental Section for details)

It has been demonstrated that the D1/D2 selectivity ratio for the underivatized catecholamines
of Formula I (R; and R, = H) changes dramatically when comparing in vitro with in vivo

measurements. In in vitro assays, these compounds are significantly more potent on D2
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found between the two trans-enantioners of

underivatized catecholam nes of Formula | (R and R =
wogoomkiosh have been prepared in enanti oneri caPCHDE08/050214

formby a process of thecurrent invention. It has thus

been denonstrated that the (4aR 10aR) enantionmers are

potent, dual D1/D2 agonists gith EC50 val ues <200 nM

[see the Experinmental Section for a description of the

i Vi . . e ﬁ]. 1. . . ..
recehlys %1%‘3 SoF gééﬁ%tgﬁﬁ?’]e"é%a\’%@ﬁﬁ T%SP” %fé oﬁ?% t 13?‘%%6& {75, vivo ratio 1s
shiftdd sl ays aRdHY fll@byleSivitoNThDR iagavidem thao bk eddapoheion from in vitro

4aR, 10aR) . enanti oners of conpounds of Farnmula | have
datas %ﬂwﬁé ﬁ’ﬁi?rséu‘t"fé’é‘rf:afl%@tb@dn%dﬁrfo‘g%e SPPPAsRdy of e 1R¥GAIon.
proven to be very potent D5 agonists with EC50 val ues

v : ! | . .
As e B el Nt RH B SRR e B0l Bobol®lheipplhesis that a
D1-kltdhygonasidba-ipsagytive oy eitherestivogel or hHeriRed iDslCDS 3dnisg e@uld have
. e.g. Cannon, Lee, Beres, CGoldman; J . Heterocycl. :
impeilinapplicationg g thearayent AfnePenHES INPEEERTHBY g psychosis, PD, and
ot LV By di di dbury.
Alzl%aﬁ;l%roér %hxelelg% ?%%%}?%L@lﬁgééng éizs%l’é ?131535{1&15%\2%!;%& the case also for dual
actid®r @D 2ragoni@annoh as Cestoaijopnddayf Krmuladr . J . Phar nacol .
105(1-2), 33 (1984)]. The racem c conpound of Fornul a
I for which n =1, RL and R = hydrogen and R3 = et hyl
has been reported to stinulate both DI and D2
In ar@w%re@ﬂpﬂtr@mt, @gp@vﬁﬁlﬁpn Kegrelions fﬁlatgu‘po_ supstantially pure (4aR,10aR)
enar{aﬁg{seg?%ft%ocr)nrpoég?s éjﬁo%ol?rlrlglg lé%giég%\]u% Sl’,_?}qg}{g R, afPBSth (Plg/drogen and R is
sele@adfrbimahe beapicendiytingf ofthydrogompoethds ethfl, Faropitl gallyl, aad propargyl.
the different selectivities obtained in vitro vs. in
vivo. As nentioned previously, the conpound

In a@ﬁgwd%ﬁg%ﬂ%%lg %I{\{?gﬂgltnlé Yeéﬁ%@%esglb%ﬂﬂ}t@ér é%ﬁ[r)é,:z {hlaiRE eOaR) enantiomers of

compgromis ot Forypdab mhiemenyhdh anf & eonipab hgdrogén arteR; is n-propyl
invention are tested in vitro and in vivo for their
effect on DI and D2 receptors, their pharmacol ogi ca

In aﬂ(ﬂftﬁéri dnodah @t VBE Ynvdhfib e F@dits for @Bv a1y FurdRRROI0RAR) Bfantiomers of
see
compounds of Formula I wherein n=1, R; and R, are both hydrogen and Rj is methyl

In a separate embodiment, the invention relates to substantially pure (4aR,10aR) enantiomers

of compounds of Formula I wherein n=1

The invention also relates to compounds of Formula I to be used as PET ligands or as
intermediates therefore. The desired radiolabel can be introduced by the use of radio-labeled
precursors, including ''C-labelled precursors such as [''C]methyl iodide, [''C]methyl triflate,
etc. The compounds may also be labeled with *H, '®F or. In a specific embodiment of the
invention is therefore provided a radiolabeled compound of Formula I in which the radiolabel

is selected from ''C, *H, '®F or '*L.

The radiolabeled compounds of Formula I wherein R; and R, are both hydrogen are

particularly preferred as radioligands.



10

15

20

25

Experimental Section for details) It has been

denonstrated that the D1/D2 selectivity ratio for the
waeaentesat i zed cat echol am nes of Fornula | (R PEOKRI08/050214

H) changes dramatically when conparing in vitro with

in vivo nmeasurenents. In in vitro assays, these

conpounds are significantly gore potent on D2receptors

than on D receptors (typically with a ratio of -100).

However, the in vivo ratio is shifted towards a 2-10

fold selectivity.. Thus, it is evident that an
In aespletidip adnatiddanerty d? inneMldn; fElaﬂlaih @ h@adibRbélad \c'fbm(pﬁund of Formula I

S|tuat|on c not be ma or the conpaoun t he
wheyei, ayil; &, @ Rﬁefﬁt:lltﬂﬁleg‘yﬂl?%?? gl §5 15 el pF%efilawmypyl or 2-("F)-
ﬂuoﬁ%g&{able i nformation supports the hypothesis that a

“I'i ke agonist (be it selective for either subtype
or a m xed D1/ D5 agonlst) coul d have |nportant

Anoﬁ‘ﬁt a(till On‘trr(itkgesst Ils‘[}[re al?ﬂine g‘f 3 gétpgé a%%@{é al?r%eal?t hereof, or a

pharﬁﬁ@ed‘f'iéﬁt EQEpRRIoH KHr&sTaRA - thd D4 3 @B¢rive8 Herdd® WiGeiRaRE compound
al so for dual action D1/ D2 agonists, such as the

of Feonpeunkhs »frappdipsiceeomeric| QXCQSSp(Efr atileast 40%e Mi95a |tmmdlastereomerlc
exceéﬁnﬁallsot%ﬁs %hg E%tﬁ](lg Sf; &lf ?lga%(g; l% t%%rggvu%@stg’r%?lssé%g% g ZYS AURE mixture in

questidey, at Raft=A5%, Bt 1carchs 0%, ait cabioT (Vo it de 080V, 2atdedst D%, at least 95%, at
sel ect ed fron1the%$;oup consi sting of hydrogen

least@t pwynrefeebhyat least B¢°epyl , al lyl, and propargyl. In
anot her enbodi nent, the |nvention relates to
substantially pure (4aR, 10aR) enantionmers of conpounds
A fuothefFanbadiacht relaesed thenfide, baRt ofun dorRp@ume didohmbiadr mgemlt hereof, or

and R i s n-propyl nother enbo t he i pvent
a phpigpageidcal eorgwgﬂ%ﬁqr%q% Py wse a%\%%‘gﬁr% hegFi B N tae compound

of F%Ot ﬁl@%nﬂ?e&ﬁmgﬁl‘&wleﬁcéss M%‘E %ﬁt gds fgi' e%ﬂalg BJ°% enantiomeric

hydrogen and R3 is net In a separate
excearbodd nempountdhed Forven 1 chavmgl(aﬂeioﬂb) sulbigtizidn ahetayls that the ratio

ben it (PR P <R Gl B et b B oo estion).

leastFP¥oRUA@edst 500,08t BERD08S aPhst S(B@nﬁsied%f 98%,, at least 95%, at least 97%,
i ntermedi ates therefore. The desired radiol abel can be

pref¢mblyadirestdP33y t he use of radi o-1 abel ed

In another aspect the present invention comprises compounds of Formula I wherein the
catechol moiety is masked as a methylenedioxy (MDO) prodrug derivative, which may be
cleaved in vivo (most likely by in vivo metabolism) to generate the active catecholamines

(exemplified below for n=1):

N N
N N
R
\—o OH

methylenedioxy- free catecholamine
derivative
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precursors, including p C1Ilabelled precursors such as
[p Cnethyl iodide, [p Cnethyl trifiate, etc. The
wa@eovpoeass nay al so be | abeled with 3H, 18F orPCT/DK2008/050214
speci fic enbodi nrent of the invention is therefore
provi ded a radi ol abel ed conpound of Formula I in which
the radiol abel is selected fpjpom1 1C, 3H, 18F or 123l
. The radi ol abel ed conmpounds of Fornula | wherein Ri
t I r S
The m%n ion ﬁ{u% s%l Il%lagéég[{) gg&?oﬁﬂcﬁ ﬁ&&ﬁ&gﬁtmbcﬁggﬁlﬁ ({ ﬁ%ar% fused and
ﬁnn{@hﬁﬂ@&m&@CH@f@duplabeled conmpound of Formnul a |
wherein n=l, R and R are both hydrogen and Ris
3-(18F) - quoropropyI or 2-(18F)- fluoroethyl. Another
In aﬁdm&ddsg&fﬂtther ?Je?én@?nvteﬁtl&h le% %Sﬁpﬂé’es&ﬁ:ﬁfcoﬁl %Qﬁﬂ%odf' ¥hrRfula T wherein
Fornmula 1, a salt hereo armaceut 1 cal
the catepbobmbicoy) ishengefl aardditdyer dsewaters Vdﬁsh: malyeﬁlSOhb&’ elicaned in vivo to
wherein the c ound For. | has
sengR Ay v BB B irceua g o 53r T g Rutyh Ro = acetyl):
rans- dlastereoner|CRsxcess means t hat the ratlo of the
trans- to th zs- {i_ast er eoi soner | NLN the
m xture in

| east ?&% ) 0% at | easty90 fist 95%
at | eas é%@m)preferably at | east 98%, A further

embodi nent—+gl at @s. .t dheu{d ee base of a 0 PR
Formula I, oo a salt hereof, or a pharmaceutica

onp03|t|on her eof and the uses as described herei
The RS IRVRnHEN dilss GRPEFCSREERIME i cahdisesich dsHuHPES e compounds

of Forhfia s, gfhel%tm he%ﬁh R’ da% ]Stévgrdlﬁér%W%Lﬁ)’sthagr{& e?aegkfe%%g F&t&enﬂon also

excess for a co oun ormul a havi n
compnmsw@mpatmdsnwh@amsth frat Rt he flusdd mcbﬁ)h’m&emrbdswl (C=0) group, such

h %] % (4%5 10a§%-§nantioners is 55:45 in the
that gicyeley @- L) IS BIP9YEast 25% at | east 50% at

| east 70@6 at | east 80% at |east 90% at |east 95%

at least 97% preferably at |east 98% In another
The asypaton flréhepnesentatdsio snbitaniadppprd ses-destpsanosesfol compounds
of F(Er%u Whlere\{\ffl] ?1[8 Igl atlnlzieRz are fused and form a methylene (CH,) group, and Rj is

selected from the group consisting of hydrogen and methyl, ethyl, n-propyl

The invention also relates to substantially pure (4aR,10aR) enantiomers of compounds of
Formula I wherein n=1, R; and R, are fused and form a methylene (CH;) group, and Rj is

selected from the group consisting of hydrogen, methyl, ethyl and n-propyl.

In separate embodiments the invention relates to compounds of Formula I wherein Rj3 is
selected from the group consisting of hydrogen, methyl, ethyl and n-propyl and at least one of
R, and R, is C;6 alkanoyl, or at least one of R; and R, is benzoyl, or at least one of R; and R,

is phenylacetyl.

The invention furthermore relates to substantially pure frans-diastereoisomers of Formula 1

wherein Rj is selected from the group consisting of hydrogen, methyl, ethyl and n-propyl and
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catechol noiety is nmasked as a net hyl enedi oxy (MO

prodrug derivative, which may be cleaved in vivo (nost
wo pdoelogeoby i n vivo metabolism to generate thePEDDKI@®S/050214

cat echol am nes (exenplified below for n=l):

nmet hyl enedi oxy- free catechol am ne derivativeThe

invention thus also rel ates o conpounds of Fornula |

wherein R and R are fused and forma nethylene (CH)

oun. h S r i ny.entii .

o IR of R B3t CF SRRl P R o P L RE (B R Ry and R s
benZogt, @€ hvkastohebyR| sndRsketicddamtydi - est er derivative

whi ch nay al so be cleaved in vivo to generate the

active catechol am nes (exenplified below for n=l, and

The Bive@ith Bss r@ed ¥ Qufbstgﬁtﬁ]dlvfa%l('r)é’ aRl ﬁfétRZ %ﬁeﬁﬁf‘&ﬁiemﬂformﬁ I wherein

present 1 nvention furthe rirses unsynmet rica

R; idieled¢defronaehée gatupwessisting diehyclomgeoumdthybfettyd mandilzgpropyl and at least
rein R and R2 gre two .different substituent .The
one B BLGHTRT s antiiarod et SOnsa PYear B draRbam KB s Rgnzoyt, or at
leas@dtd IR, ah& Rf UspibngReetlhor m a carbonyl (C=0) group, such
that a cyclic di-ester (a carbonate) is produced. The

invention furthernore relates to substantially pure
rans- di ast.er.eoi soner f conpounds .of . Formyl.a |
In g B3 CRUGHC A PTG Ry My, BT RN G Y apgiigd that when
specifGig) B¢ Obkﬁn?(ﬁﬁﬂ Rfi Fosahact®d thr o kiligstgHialP enantiomerically or
_consisting of hydrogen and nethél, et hyl n- propyl The
diasierrpainricalty Bwrs othp (hercospornds isgskalively alergpchermisally pure, preferably the
. X i of s of I I
e AR SRR ATSCF FATREAPAS LSO o profrtly
least KTH2 X 8@Proeupnticandicexcssssatasttied the eaiot dfeegg(4alpl 0aR) to (4aS,10a8S) is
onsi stjng of hydragen, hyl , ethyl and n-propyl. In
90: léé?; P R LB e st DOROerEoh O G iepgply Bt ledst 98
conmpounds of Fornula | wherein R3 is selected fromthe
group consi sting of hydrogen, nethyl, ethyl and
Experipreofal|Seetieh at | east one of

General Methods

Analytical LC/MS data were obtained on a PE Sciex API 150EX instrument equipped with
atmospheric pressure photo ionisation and a Shimadzu LC-8A/SLC-10A LC system. Purity
was determined by integration of the UV (254 nm) and ELSD traces. MS instruments are
from PESciex (API), equipped with APPI-source and operated in positive ion mode. The
retention times in the UV-trace (RT) are expressed in min. Solvents A was made of 0.05%
TFA in water, while solvent B was made of 0.035% TFA and 5% water in acetonitrile.

Several different methods have been used:

Method 14: API 150EX and Shimadzu LC8/SLC-10A LC system. Column: C-18 4.6x30mm,
3.5um (Symmetry, Waters). Column temperature: rt. Gradient: reverse phase with ion
pairing. Flow: 2mL/min. Injection volume: 10 micro-L. Gradient: 10% B in A to 100% B

over 4 min then 10% B in A for 1 min. Total run time; 5 min.



10

15

20

25

30

R and R2 is C - al kanoyl, or at |east one of R and

R2 is benzoyl, or at |least one of R and R2 is
w@b@oypta@set yl . The invention furthernore rel at BGT/DE2008/050214

substantially pure rans-di astereoi sonmers of Formula |

wherein R3 is selected fromthe group consisting of

hydrogen, nethyl, ethyl andop-propyl andat |east one

of R and Ris Cl-6 al kanoyl such as pival oyl, or at

e y e A
T L L e
4unt (@hsmdoﬁetmn tSIyﬁéﬂngpdllfogi Tei@ﬁral@t&R)t @ralivnt: QBWr& Iﬂfase with ion pairing.

wherein Ris selected fromthe

Flo"i‘:o?ﬁ%Ir)élPP ngistomyaligied ) misicnly Oradigny DA 6rt8p139)p%aﬁdwer 4 min
then®0od B3R RAG 1. ToraPAM (ff%e: SSnfl- © al kanoyl such as

pivaloyl, or at l[east one of R and R2 is benzoyl, or
at least one of R and R2 is phenylacetyl. In the

v LSS T B R S T 5 o

4.6x3OMROBNH (thlaﬁﬁﬁ Mhrsh | Joltufn REnSiRaEand Pel G¥adient: reverse phase with
enanti oneri cal )/ or diastereonerically pure, then the
At

ion mmlﬁi@wx $.3mel. nvléljeytlgm efpl@whéﬁm@am-ly @mﬂ@nt 2% B in A to 100%
Bo‘pe?gfera gr% E%ﬁ% g%ﬁ Qi %&1 glst eﬁ%orrerl C excess

"foré preferably at
Ieast 80%(80% enantioneric excess neans that the
rati o of elg 4aR, 10a to (4aS, 10aS) is 90:10 in the
Metpedit e AR qlég,?EPi oy, S lmadéasLC%%C @Al E&stygey, (plumn: C-18

I N T e L

withS6h @¥irig! Flfb5@5>9 i g [l A5 BétioRGk [ RRE Al Sntdio-AL RsEBEr 16% B in A to
IOOGEr essure photo ionisation and a Shimadzu LC- 8A/ SLC- 10A

@ syatehimiplhen d )% én Gpep dimadT el uatses: 28 B of t he
W (254 nnm) and ELSD traces. Ms instrunments are from
PESci ex (APlI), equipped with APPI-source and operated
Methed plogi tARIe 150BXManke . Shithadsietlear®/S0a- IATESC i systehe Column: dC-18
UV-trace (RT) .are expressed in mn. Sgolvents A was i
4.6x 30981, éfm*d( Adbagis, Waters? Column temperature: 40 °C. Gradient, reverse phase with
ion pairing. Flow: 3.3 mL/min. Injection volume: 15 micro-L. Gradient: 2% B in A to 100%

B over 2.4 min then 2% B in A for 0.4 min. Total run time: 2.8 min.

Method 111: API 150EX and Shimadzu LC8/SLC-10A LC system. Column: C-18
4.6x30mm, 3.5um (Symmetry, Waters). Column temperature: 60 °C. Gradient, reverse phase
with ion pairing. Flow: 3.3 mL/min. Injection volume: 10 micro-L (1 micro-L injected onto
the column). Gradient: 10% B in A to 100% B over 2.4 min then 10% B in A for 0.4 min.

Total run time: 2.8 min.

Method 314: API 150EX and Shimadzu LC8/SLC-10A LC system. Column: C-18 4.6 x
30mm, 3.5 um (Symmetry, Waters). Column Temperature: rt. Flow 2 mL/min. Injection
volume: 10 micro-L. Gradient: 10% B in A over 4 min then 100% B for 0.1 min then 10% B

for A in 0.9 min. Total run time; 5.0 min.
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TFA in water, while solvent B was nade of 0.035% TFA

and 5% water in acetonitrile. Several different
woredobozi®3have been used: Method 14: APl 150EX BOMDK2008/050214

Shi madzu LC8/ SLC-10A LC system Col umm: C- 18 4. 6x30mm

3.5mm (Symmetry, Waters). Columm tenperature: rt.

G adient: reverse phase withsion pairing. Flow

2rrL/rri n. Injection volume: 10 mcro-L. Gadient: 10%B

Metﬁﬁoht QU ﬁ@rgsl?()g%gn a%d'h‘gl{ﬁﬁ{ g%l‘ﬁ&/@ﬁc 1@@5{ %S][etm Column: C-18

4.6x$0ﬂnﬁ‘ﬂCBZiLuh@ﬁﬁﬁi€ WerkC Goighg rfbmﬁﬁ‘atﬂlﬂélA(ﬁQC 18radient, reverse phase
4. 6x30nm _4mm ( Phenonenex Synerg dro). Tenperature:
withripn pairiagi Eletv: repdy/ma. éwa@t@wahmﬁo pmrmln&racﬂnp@tww% Bin A to

0BT BEH 0% Y9 T p A Bl BiReil 200
Total run tine: 5 mn. I\/Et hod 25: APl 150EX and

Shi madzu LCl OADY SLC-1 QA LC system Colum: dC 1
Preparagiy8 drfrM SRR AY s Pen s9n thsopaiin H@Sétfslvﬁ@rlbm%atmospheﬂc

preséigg Qfr I}llgafa%lnfﬁhon FE&Yifihm® Pﬁ %ﬁ? Tﬁql tﬁh\/lboﬁE)S%%’ agrlg (53 nl]fzﬂl %gb}olcle size.

njection vo m Cro-
Methbd: Nindart @adiGft%hBicaveith 80% Aitd 100088 204 Brih and\witra How rate of 22.7
mn._ Total run time: 2,8 mn. Method 101: APl 150EX
mL/giy Fepsitionaelicqtion mas oenfomnadcbysspdit-Slow MS| dstastions. 18
4. 6x30mm 3.5mm (Symretry, Waters). Col ummn
tenperature: 60 0OC. G adient, reverse phase with ion
Hydmg'en:ittitgL refdtoms Wrdpenfdrmied. uslng @ter entanddrdriiarr shsker or an Endavour
Gradient: 10% B in A to 100%
insUQHER 996 PR I g 858 I S pURa Sy i e B g pressure).
Met hod 102: APl 150EX and Shi madzu LC8/ SLC- 10A LC
system Columm: dC-18 4.6x30mm 3mm (Atl antis,
The Watne r“§§lica&ﬂl mhmm@ngr@plm WE®Adliertme) Ghaditen follaveng rgeaning: The

compitig e il B LSRR ot on o ERES] s arid onto o

colu&n‘g‘prﬁlpﬁclieheﬂtlg%l&l bl afd felite Dudngdrh Mixthed @ E1ON dndRptane, either in
2 mn. Method 111: APl 150EX and Shi madzu

a isqeggicdpiapar with 8 esadient sedl asrfh1 0@¢% of §tOAc in heptane. One example of a
column loaded with silica gel used is “ISOLUTE SPE COLUMNS” [e.g. 20g FLASH Si 70

ml from International sorbent technology]. Alternatively, classical manual chromatographic
purifications were performed using silica gel [e.g. Machery-Nagel 60 M; 0.04-0.063 mm,
230-400 mesh] with compound identification by standard TLC analysis performed on
aluminium plates precoated with silica gel [e.g. Merck 60 Fas4]. Compounds were visualized
by illumination using a UV lamp (254 nm) or by charring after dipping in a solution of
ammonium molybdate (6.25 g) and cerium(I'V)sulfate (2.5 g) in 10% aqueous sulphuric acid
(250 mL).

Microwave-accelerated reactions were performed in sealed microwave reactor vials. The

experiments were performed on a Smith Synthesizer from Personal Chemistry.

The term “lyophilized” refers to the freeze-drying of a material using a Christ Aplha 2-4 LSC

instrument from WWR International.
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4. 6x30mm 3.5mm (Symretry, Waters). Columm

tenperature: 60 0C. G adient, reverse phase with ion
w@2000i02x934 Fl ow. 3.3 nL/mn. Injection vol une: AOI/DK2008/050214

mcro-L ( 1 micro-L injected onto the col umm).

G adient: 10%B in Ato 100%B over 2.4 mn then 10%B

in Afor 0.4 min. Total runqyine: 2.8 mn. Method 314:

APl 150EX and Shi rradzu LC8/ SLC- 10A LC system Col um:

The $eljn§se ?%r? ot gﬁa%r@p ngl] %‘Crfyl{@?éé‘%m rée[%{ i 0 nhi\/e oﬁ&kr?el{{gp ? 6 water from

orgamodﬁybri.by (Beaddiioh: of HQ%J BSO &M@SDMTGE{)@BU%’]%WOE&@% B stirring for
for 0.1 mn th@g 10% B for Ain_.0.9 mn. Total run
an apprprialy AMAYR. fetiAKdiopansapnan Apsfechisp BRYIRA Preghshatben the solid is

rem&\gﬁ/ ?Lfﬁfrétq)dbn L ?désﬁlﬁ"ﬁﬂe usgﬁrbféﬁﬁn% cSicenardd g?(\?hgmseé HefW).

ire, Waters). erat ure:
Gradl ent, reverse phase with ion pairing. FI ow 3.3

. In l.on vo cro-L. en O%
The f@%@%ﬁ%ﬁ%movfécm 1 R S TFa B PRIl avere removed
fronfH3- mik@frdlusinB §thiRid FotSyByvAporklof RAFRLbdpressure. The term “dried in
LC/ Ms-purification was pérformed on the sane

vacuorﬁéﬁﬂlfﬁe rrefon ﬁoﬁhauﬁm@%@m@r@) veswor eveptheaiedap 40 °C connected to an
ti.on. .

ot iy O SR s PR S nechpo G i G matrial o be

dried® 0%p148cddOin 00K B ohfecleddlifecliftdo Whtohl Funhp QW o Qirkcidit p2eiod of time to
nmL/ m n, Fraction collection was perforned by

remeyg) odatfl¢ eqRBICEBt ect i on. Hydr ogenation reactions were
perfornmed using either a standard Parr shaker or an
Endavour instrunent from Argonaut. In all cases

X-rayr gystiat ét%@r%%@ﬁpmoﬁﬁarw%?d?%@’é‘ﬁe%rf’ésgdk@)s Hﬁecrystal of the

comﬁ)ﬁ“{ermfs o\ﬁ L%%%gﬁgﬂﬁgﬁﬂ{ﬁgg @g&ryprgélﬁ d&%%eglege{sa& er ggtﬁm The data

werdlsolddcked o as®ikcimens SMART Iﬁlhﬂfomﬂﬂl,fﬁhctoﬁleﬁﬁl\dllﬂﬂd ¢©Edﬁda sensitive
onto_a colum pre-pa GEbV\ath silica gel

d e
detegfor: nfhca SHHGHYTGF &VEF BHEADR AT HepFRALS 2B¢ Bt By - matix least-
squirSOEL Akl # LR3I A, Ohdhdio OBl hedts R in S Yt i Qo080 Rhind in the

c In heptane. One e a co ed wt
elecgon demityealiffersect msps. Imtwﬁ&lyﬁﬁge@@MM\l@'E:re[ efiged 2@gotropically. All
the lll:ylff?‘(\)géHen%litonZso were at calculated positions using a riding model with O-H=0.84, C-H =
0.99-1.00, N-H = 0.92-0.93 A. For all hydrogen atoms the thermal parameters were fixed
[UH) = 1.2 U for attached atom]. The Flack x-parameters are in the range 0.0(1)-0.05(1),
indicating that the absolute structures are correct. Programs used for data collection, data
reduction and absorption were SMART, SAINT and SADABS [cf. “SMART and SAINT,
Area Detector Control and Integration Software”, Version 5.054,Bruker Analytical X-Ray
Instruments Inc., Madison, USA (1998), Sheldrick “SADABS, Program for Empirical
Correction of Area Detector Data” Version 2.03, University of Gottingen, Germany (2001)].
The program SHELXTL [cf. Sheldrick “SHELXTL, Structure Determination Programs”,
Version 6.12, Bruker Analytical X-Ray Instruments Inc., Madison, USA (2001)] was used to

solve the structures and for molecular graphics.
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m from I nternational sorbent technol ogy].

Al ternatively, classical manual chronmatographic
w@owh2eat i ons were performed using silica gel PEDE2008/050214

Machery- Nagel 60 M 0.04-0.063 mm 230-400 nmesh] with

conmpound identification by standard TLC anal ysi s

performed on al um nium pl ates precoated with silica

gel [e.g. Merck 60 F254]. Conpounds were visualized by

il yrg [ ' UV 54 b [

Gengra SyitsPit fRtRaa spt MaTRusR el KSsihTbe ™
(6.25 g) and ceriumIV)sulfate (2.5 g) in 10% aqueous
sul phuric acid (250 L) BaM crowave- accel er at gd

reactions were perfornmeg®*in sealed m crowave b'feactor
vials. The expfriy s~'wer e performgfl B4 gy h

"lyophilizB® r¥
materi al using arChrist Aplha 2-4 LSCorpstrunent from

WAR I nternatiqQnal.The terns "dried ( O )" and
"dried (My so%?aﬂﬁuégi?s to the remvgﬁag(f“sb\éper from
organic layers by the addition of dry Na2SO or My2SO ,
respectively, followed by stirring for an appropriate
MarkiSh 8truefurt Iy t o ensure an effective drying process.

Then the solid is renoved by filtration, and the

filtrate s typically concéntrated in vaclio (see

& K
el The term ‘con I?‘atedﬂi 0" Nhas t he
ol llowi ng rT8anin. he volat?lés rer'e rlepoved fromthe
MeO i Xt ure using %St andard rot aM evaporator at reduced

pr@¥sure. The ter mOMarigd.i n vacuoMt,.40..0C' refers to
t he Ee of a standard vacuum oven heaﬁed to 40 0C

ied in vacuo
en;aterial to be R,
[ a N

conne

ted to an oil punp. The term"d

deds mi nati ons were perforned as fedl ows. The Cryst : _
of t h&™&6hpounds was cBBI'EE to 120 K'G81'hg a i Viatsh Tadhoster
Cryostream ni trogen gas cool er system The data ©

Starting from intermediate I, whose synthesis is described herein, condensation with primary
amine R3;NH,; gives Markush 1a-1 under the conditions herein for the synthesis of compound
25 from intermediate I. Reduction of Markush 1a-1 with LAH provides Markush 1a-2 e.g.
under the conditions herein for the synthesis of compounds 13 and 14. After separation of the
cis/trans mixture, either diastercomer can be treated with 48% HBr or a related reagent to
cleave the methoxy groups to furnish Markush 1a e.g. under the conditions described herein
for the synthesis of example 1al. Further reaction of Markush 1a with CH,CIBr or a related
reagent in the presence of base to give Markush 1a-MDO e.g. under the conditions described
herein for the synthesis of example 3b1. The resulting Markush 1a-MDO can be converted
back to Markush 1a by treatment with BClz/(n-Butyl)sNI or a related reagent. Markush 1a can
be converted to Markush la-di-ester by treatment with the appropriate acid chloride(s) in
TFA to give Markush 1a-di-ester e¢.g. as described herein for the synthesis of example 4al.
This material can be hydrolyzed to Markush 1a.
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were collected on a Sienmens SMART Pl atform
diffractoneter wwth a CCD area sensitive detector. The

W@ oonorasL£s were sol ved by direct nethods and pef/DRe@s/050214
by full-matrix | eastsquares against F of all data. The
hydrogen atons in the structures could be found in the
el ectron density differencegaps. The non-hydrogen
atons were refined anisotropically. Al the hydrogen
atons were at cal culated positions using a riding
nodel with 0-H=O 84, CH = 0.99-1.00, NH = 0.92-0.93

Markusketruédure lllydr ogen atons the thermal paraneters were
fixed [CZ(H = 1.2 U for @ttaChed aton]. The Fl ack

X- par anetiesg are in the rhgnge 0. O(I) O 05(1), ’

i nd ng, that the-absel ute stru rcorg N
= B ed T f%r da col Vecti on,. dat ¢ti o
absor pti on wer'§°SMART, SAI NT and® SADABS [cf " SVAR

and"SanNEy  Ar ea Detog'ﬁtra@nark@mt rol an® Integrati on  ©  wsvamen oo
Softwfare" Ver si on 5. 034, Bruker Anal yt[ cal X-Ray
ru

—A

| nst 8 Inc., Madison, USA (1998), Sheldrick

" SADABS, NPr ogr am for irical Correcti on/of Area
2.03, URive ot ti ngen,
001)]. The program ~_Shel dri ck
"SLXTL Structure Determnat'i of Prograns”, Version

,f;gr ket Apal ytical X-Ray | nstir umerrt'g e

I\/adl son, USA (2001)] was used to gl ve the structures
and foro becul ar graphi cs. General Synthetic nethods
for I\/ark sh ructures Ia\and I b. Markush la Markush

MeO

\ condensation with
MeOprimary ami ne RSN gi ves Mar kush la-1 under the

cof¥ Lions herei n fAF Lhessynthesi s of conmpound 25

frominternediate | . Reduction of Markush la-1 wth

LAH provi des Markush | a-2 e.g. under the conditions

herein for the synthesis of conpounds 13 and 14. After

separation of the cisltrans m xture, either

di astereoner can be treated with 48% HBr or a rel ated
Startieademnt stams-configured intermediate II, whose synthesis is described herein (the

enantiomeric series can be prepared from intermediate III whose synthesis is also described
herein), direct N-alkylation e.g. under the conditions described herein for the conversion of
intermediate II to example 2fl or reductive amination e.g. under the conditions described
herein for the conversion of intermediate II to example 2h1 can be used to obtain trans-
Markush 1b-1. This masked catecholamine can be deprotected under standard conditions by
treatment with 48% HBr e.g. under the conditions described herein for the synthesis of
example 2¢l or by reaction with BBr; e.g. under the conditions described herein for the
conversion of intermediate II to example 2g1 to give trans-Markush 1b. Further reaction with
CH,CIBr or a related reagent in the presence of base can be applied to give frans-Markush
1b-MDO e.g. under the conditions described herein for the synthesis of example 3b1. The
resulting trans-Markush 1b-MDO can be converted back to trans-Markush 1b by treatment
with BCl3/(n-Butyl)sNI or a related reagent. An alternative strategy involves acylation of
intermediate II to trans-Markush 1b-2 which can be reduced to trans-Markush 1b-1 with

LAH or a related reagent e.g. under the conditions described herein for the synthesis of
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cl eave the nmethoxy groups to furnish Markush | a e.qg.
under the conditions described herein for the

waynwvha®ss of exanple lal. Further reaction of P(vEDKa®R/050214
| awith CHCOBr or a related reagent in the presence
of base to give Markush |a-MDO e.g. under the
condi tions described hereinshor the synthesis of
exanpl e 3bl. The resulting Mrkush I a-MDO can be

t . .
cxr AR 1E RE ol ARG g ALATHTTBIG Byt in whih R
can badefbRdae QIBRL EehatmerNMfWthakwh-mah tlfbyaﬂpfcgﬁiafﬁéeﬁid chloride(s)

. .wWith the appropriate acid chloride(s) in TFA to

in TRy ws\qe pecdgto-igspass tgng MagkushetR-Ai-5HEr g et qserﬁquhléerem for the

syntﬁé’s?st QF& C}Qé 45 2Rl d4 %LtersTtl}]&r% M@fk%@l'l 3h.- (ﬁae@teb%an be hydrolyzed to
hydr ol yzea to Markush I a. Mark structure Starti'ng

the fararnctitcelngamors igus- mrkusthelﬂJMIatLéesl tqunvaafktasls ¥htin &\Ehll(ﬂl R3;=CHj3

described here nantioneric series can be
can 1o BEPRRT M FHOBD WKL GO IOATBES LYRUHESP rpindol 14 and

comP&afRr 1 B8 dal 8k Qisé to el REpard Vpﬁédﬂ?f PFbi@As)SoydireHRERN withe. AH or a
condi ti ons described herein he conversi on of

relatied rengaeiod- at ender theocceﬂrdawps degifribed heveau (it thy eyrthdsisael oyample 2b1;

subsg%l%ntl n[ﬂe res(ljlpmgn trgr?sl— ar éutsh cl%s r1s P er)lcjsafarglie h{rc%%sél%/lg%élsh 1b, trans-

sl on

Markigstdl bi-BIDO! @ tParisfMﬁJI&usﬂ\/ﬂi-lﬂiJ-‘éhei‘ b)s descritidshem@eked
cat echol am ne can be deprotected under standard
condi ti ofsybf<treatment with 48% HRr e.g. under the
condi tions described herein for the’ syntheS|s of
X ! Br~e. g. under the

8. Further reaction mA_h CH dBr or a related reagent

in t hearptegsetée of base cawwps$§gpgped to give
rans- Markush | b-MDO e. g. under "the ¢onditions
descri

result

ed herein for the synthesis of exanple 3bl. Th
ng rans- Markush | b-MDO can Bge converted back to R,
=rkuHhHDb by treat nent 'th ﬁd 3/ (n-Butyl) 4N '

I nternedi at rans-Mar kush | b
o) an be reduced t®@ rgns- Ib-1 wit®
\’O (@] OH
example 3a1 trans-Markush 1b-MDO trans-Markush 1b
O O
trans-Markush 1b-4 trans-Markush 1b-MDO
(Ry=CHy)

Starting from frans-configured example 3al, whose synthesis from intermediate II is
described herein (the enantiomeric series can be prepared from intermediate III whose
synthesis is also described herein), direct N-alkylation e.g. under the conditions described
herein for the conversion of intermediate I to example 2f1 or reductive amination e.g. under

the conditions described herein for the conversion of intermediate II to example 2h1 can be
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LAH or a rel ated reagent e.g. under the conditions

descri bed herein for the synthesis ofexanple 2el to
WO 20090826984 ans- Mar kush 1 b and trans- Markush | b- MXDDK2008/050214

anal ogs in which R can be defined as CH R Treat nent

of trans-Markush Ib with the appropriate acid

chloride(s) in TFA can be usgd to prepare

trans- Nhrkush | b-di -ester e.g. as despribed herein for
useditgg)gs rwa gﬁé&ﬁdr%?gfeﬁqe?t(g r&gglﬁergﬂg%% ate gghtevgfst%g a(f}ﬁzétwn of example
3al pareni-Makebo-3nivhies chii d8seddaedk M&ﬁh ILAH dvd etasbdreagent e.g. under

ng rku bin ich R =CH can be prepared fr

%ﬁwaﬁ e%@%é@fﬁl@ g epflﬁ’iﬂiéerélﬁéﬁ’tf .%?@}@%ﬁlp@bﬁifamﬂl%el to target
tmné%rg@gﬁp PHIMDU Bnefdds b WREH &0 it UERME 1ORMLAR! IPhrthermore,

products) by treatnent wth LAH or a rel ated reagent
exareplg 3alirde be Boe-protadied e@n sn(ﬂ‘:eSh:G‘ ¢cdngd idms repontefl dierditn éor the synthesis

BB i B B ekt ABrD ST i Yo EeBedb b gr o retated

reagEﬁtatesta Mes-dpsia R MPRL MPIO bAAGSs iNBYbS R EOH I FRIESL-MSrkush 1b-
escrlged before. 1b-MDO Starting from

MDOr taersmesnfityuig SBIC X arffoind). B ican ihosd te givetiesis Mirkosh 1b.

internediate Il is described herein (the enantioneric
series can be prepared frominternediate Il whose
§ynthé§#§%|s al so desErided herein), direct Rs
V- al ky

hatlon e. g. def. t he condi ns descri bed N

ﬂ' or the @ g7 on of _i.nt ¢ l—ta
@qo C [ or 22 e-am nat | ~g-~uader th
cond tions de§b’?bed hereln for\the conversion of\__o
Pn&qugdlate Il ta.exanpl e 2hl can @@usad to obtain asuasninuo
trang- Markush | b-MDO. An alternative strategy involves
acyIEtion of exanple 3al to trans-Markush | b-3, which H
can be refiuced with LAH or a related reagent e.g.

under t condi ti ons descri bed hereln for t he

[.~« gion of internediate Ib to el tqg ta
ans-MNar kush | b- MDO anal ogs " can e def
Q a8 CHR . Furthernore, exaﬁﬁ*e 3a| can be

cRrotected e.g. under the c %t ons._reported

CIS Markush 1b di-ester cis-Markush 1b

her ei-n=f or the synthesis of conppun to afford
trans- Mar kush 1 b-4, which can bez?educed with LAH or a
rel ated reagent to target trans-Mrkush |b-MDO anal ogs

Starlifly WOhCHafkaisb-6 [BF als{ARSMBE kit Efnpound, see the description of the
synthesis of compound 25 herein), treatment with e.g. Pd/C and hydrogen gas can be used to
obtain cis-Markush 1b-7. Cleavage of the amide group can afford cis-Markush 1b-8. Direct
N-alkylation e.g. under the conditions described herein for the conversion of intermediate 11
to example 2fl or reductive amination e.g. under the conditions described herein for the
conversion of intermediate II to example 2h1l can be used to obtain cis-Markush 1b-MDO.
As for the trans-series described above, treatment with e.g. BCl3/(n-Butyl)sNI can be used to
give cis-Markush 1b, which can be converted back to cis-Markush 1b-MDO by reaction with
CH,CIBr or a related reagent in the presence of base to give cis-Markush 1b-MDO e.g. under
the conditions described herein for the synthesis of example 3bl. Treatment of cis-Markush
1b material with the appropriate acid chloride(s) in TFA can be used to prepare cis-Markush

1b-di-ester ¢.g. as described herein for the synthesis of example 4al. These di-esters can be
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MDO treatnment with e.g. BA 3/(n-Butyl)4Nl can be used
to give trans-Markush Ib. 1b Starting from Markush
wo bood/otdoer a synt hesis of such a conpound, seeP¢TBK2008/050214
description of the synthesis of conpound 25 herein),
treatment with e.g. Pd/C and hydrogen gas can be used
to obtain czs-Markush | b-7. gl eavage of the am de
group can afford czs-Markush | b-8. Direct
hydr%ﬁrz%h l&y {th%t la t gatgcholﬂﬂl%%s ézps/la{"fﬁ:& ?&ﬁ%&% Corﬂctl9 ﬁlarkush 1b-8 can
conversi on o erme
be uee!catmbﬁpﬁfelcz@Maﬂ&ﬂhClﬂ)l—MEl)(arEnllagi; o whidl. Rj.lmiﬁbe ﬁéﬁ?ﬂed as CH,R, as
ﬁgqutions descri bed herein for the conversion of
desciiRp@¢fedi ate 11 to exanple 2hl can be used to obtain
czs- Markush 1 b-MDO. As for the trans-se s descri bed
above, treatnent with e.g. BC 3/(n-Butyl)4N can be
Useﬂfﬁhﬁntbenmdiateszmﬂ\ﬁr«gsépmkatlm ioflcompohiads @f\thetiadention
back to czs- Markush | reaction with CH C Br or
The foltoeting edernmedgéastard psefiian theeyem@mfof tagseonppugilyef the invention:
czs- Markush | b- MO e. g under the conditiong descrlbed H He

00 the synt 0 anmpl e 34 TN&ESt me
fusf I b mate th the app op! te .C|d ;]
bile Th® Cafi be” Us€d tmmopre

| bofi - ester e.g. as dﬁ@crlbed hereln(ﬁ@r t he synﬁhesls

of exanple 4al. These di-esters can behydrol yzed to

t hieterpafa@mt cat echol amtsvesiagAs- Mar kus hntdrbediaRduct i on egple 3a1
cz4PKBIRush | b-8 cAARHEREERE™ Y0 pr &9Er%S EFRIOREY k&t 10aR enantiomer)
| b- MDO anal ogs in which R can be defined as CH R as

In tdeé)glé{zvgﬂ[egdeﬁg%é% g ' ;i%{getbcp Itnl% g :ﬁqa;te Slpgc?praﬁeﬁlé)n of the intermediates
w111fb@'pk&&ﬁt&ﬂfdll&%ﬂ%?@?@&ﬁée;@g[n@plé‘ssef ul in the preparation
the conpounds of the invention: internediate |
internediate Il internmediate Il exanple 3al
(racemate) (4aR, 10aR enantioner) (4aS, 10aS
GengraltBoeedure4or peprration obhenyo|fhindodefcatedwlagnines

sections gener al synthetlc thods for the pre aratlon

of _t <ﬁterned|ates b@ presented fall $
@ﬁ C_pramtes. O‘ -
MeO MeO

intermediate |
(racemate)
R
!
QCD SO0
trans-racemate cis-racemate

Intermediate I, whose synthesis is described herein, is reacted with a primary amine and the
resulting enamine-lactam is then reduced by alane and then sodium borohydride. This
produces a mixture of the cis/trans protected benzo[f]indole catechol amines. These
diastereomers are separated, for example by silica gel chromatography [for an example of a
closely related synthesis, see: Lin, Haadsma-Svensson, Phillips, Lahti, McCall, Piercey,
Schreur, von Voigtlander, Smith, Chidester; J. Med. Chem., 36(8), 1069 (1993)]. The masked
catecholamine is liberated e.g. by treatment with 48% HBr or with BBrs.



10

15

20

General Procedure for preparation of benzo[f] indole
catecholam nes internediate | (racemate)
wo c@pm2d9acemat e c/s-racemate Internediate | , PDBDE2008/050214
synthesis is described herein, is reacted with a
primary am ne and the resulting enam ne-lactamis then
reduced by al ane and then sagi um borohydride. This
produces a m xture of the cisltrans protected benzo[f]
i ndol e catechol am nes. These diastereoners are
separated, for exanple by silica gel chromatography
Prebhfhtion ¢KPiferendédiate §l osely rel ated synthesis, see:
i n, Haadsna- Svensson, Phillips, Lahti, MCall,
£ von Voi gt |l ander ,, Smth, Chidester; J

The masked o
Otreat menty” Wi 48%
. d3|nterms atle | e
(raoerrate) (pacenmat e) (raoerrate) (rasemal e) r%’\bcemc
vl -5, 6- di fERHtxy- 3, 4- di RIHEY* | H napht hallEH&e" one
(conpound 2) conpound 1 conpound 2 (racemat e)
(racemate) A soI ution of racemc

o RSB el B B

pr epaped_as descrl bed in Taber, Neubert, Rheingold; J
. Chem Soc, 124(42) 12416 (2002)] in THF (25 )

wa (P op- Wi se to_a pon of LDA (27 nL, 2Min

T ane [ _ethylb in THF (125 nL) at 0 OC
Med" on was Sikd 0 r 1.5h. Alyl

bro e (3.44 n) was added and the sol ution was

stirtéd at rt overnight. Et O (300 m.) and 1 M HC

( 30@npel)d wer e added andomivend 2ayers wer e

(racemate) (racemate)

A solution of racemic 5,6-dimethoxy-2-o0x0-1,2,3,4-tetrahydro-naphthalene-1-carboxylic acid
methyl ester (6.60g) [compound 1; prepared as described in Taber, Neubert, Rheingold; J.
Am. Chem. Soc., 124(42), 12416 (2002)] in THF (25 mL) was added drop-wise to a solution
of LDA (27 mL, 2M in THF / heptane / ethylbenzene) in THF (125 mL) at 0 °C. The solution
was stirred at 0 °C for 1.5h. Allyl bromide (3.44 mL) was added and the solution was stirred
at rt overnight. Et;O (300 mL) and 1 M HCI (300 mL) were added and the layers were
separated. The organic layer was washed with brine, dried (MgSO,4) and concentrated in
vacuo. The residual oil was dissolved in DMSO (25 mL) and water (2.5 mL) and LiCI (1 g)
was added. The reaction mixture was stirred at 150 °C for 0.5h and then cooled to rt. EtOAc
(250 mL) and water (250 mL) were added and the layers were separated. The aqueous layer
was extracted with EtOAc (125 mL). The combined organic layers were washed with brine,

dried (MgS0O4) and concentrated in vacuo. The crude product was purified by silica gel

chromatography (EtOAc/heptane) to give 2.55 g of compound 2 as a white solid.



separated. The organic | ayer was washed with brine,

dried (MgSO ) and concentrated in vacuo. The resi dual
word09nza®3di ssol ved in DVBSO (25 nL) and water (PCBHDKR)08/050214

and Lid ( 1 g) was added. The reaction m xture was

stirred at 150 OC for 0.5h and then cooled to rt.

Et OAc (250 nL) and water (2%G nL) were added and the

| ayers were separated. The aqueous | ayer was extracted

|4 hy Bt 3" '
o S e o e R P i Sl B BN 2t Fratenc)
(comvpaatna 3)The crude product was purified by silica gel
chromat ogr aphy (Et OAc/ heptane) to give 2.55 g of
conpound 2 as a white soli d Race@(‘c%

, ' e bydr o- |

»

vvere ‘added to a stirred solution of conpound 2 (2.55
gromreumEM (45 nl). The solcorpogrfdvas stirred at rt for
4. 6%°4Hd t hen quenched by"dHi'$lg sat. ag. NaHCOB (45

T h

Ry TSP re5 a0 o s

5  solutiars opeompduad 202,551 d)inc DI(4E hﬂerﬁln@gﬂwﬂwwas stirred at rt for 4.5h, and
( Et QAc/ hept.ane) to of _ conmpou as an

thencﬂupnclﬁgé)é(%}d@ mng’sat. aq. q\le}ﬁCg ?4% I%L) The or amcnlayer was washed with brine,
drie®(Md9,) Ang- déh@é?ﬁﬁ%ym vatudl Tedreaddpranht hal %ﬂrlﬁe@ﬁbg/ silica gel

(inter medl ate |) conpound 3 internmediate | conpound
chrom@tt@rﬂéldﬂ (Et(éAt/hémm@é tagiel 2(Xarehwngoukd/BOs @i oil5 g) was

added to a stirred solution OONalO (98 g) in water

(1.7 L) at rt. The solution was stirred for 0.5h after

10 Rac¥hicCRANZOSR-dikrkti{oxg)-3,3hy d19- B ndphaldas-ohk i(infeshediafe 1)
anaddi tional 5 mn. A solution of compound 3 (14.8 g)

in -butyl ohol (500 nmL.) was added. The sol ution was
stirgred 39 and then cool ed on an |ce/vvater bat h.

So en sulfite 0
—
MeO MeO OMe
OMe OMe
compound 3 intermediate |
O/X
0
0 0
—
eO X MeO OMe

OMe OMe

compound 3 intermediate |

(racemate) (racemate)

15

KMnO, (4.75 g) was added to a stirred solution of NalO4 (98 g) in water (1.7 L) at rt. The

solution was stirred for 0.5h after which K,COs (12.7 g) and the solution was stirred for an
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(38-40% aqueous sol ution) was added drop-w se over
0.5h. DCM ( 1 L) was added and the | ayers were
waeepanaed. The aqueous | ayer was extracted w POT/DER@S/050214
DCM (0.4 L) and the conbi ned organic |ayers were
washed with brine, dried (MySO ) and concentrated in
vacuo to produce 11.3 g of apdark oil. This materi al
was di ssolved in acetonitrile (225 nL) and a sol ution
: (37 ) : .
oddBpdE et A adTinlor SRt d 31 sl R S PR S ph 00 s addea.
The uRKibh ghs, stiaded 3hhewd thtn codldd dh aatice/vatc¥dagy, Sodfunirhydrogen sulfite
was added and tEe solgﬁ£on was stirred for

fter
(38-gRocuF USRI OB YA 2GR AraPAV 2 O . OﬁfheDQ%zleISé@S&sléed and the
layei%a%el%u&hgﬂa?éél %esdqlule&% Qgér G LBL R #RRYmore DCM (O 4 L) and the
c/ heptane) to give 2 g of internedi ate
comblnled oGemer aycrPvoare dusteed§ with priepadratdi (MeS8d.) and concentrated in vacuo

ui pol | echol an nes Re el ecti ve
to PR &EPanobT daSolg RS RN DS SRR RE e Srci Bile 4229 mL) and a
sobﬁ@n@fﬁﬁ@ dIﬁE)QﬁﬂEOHQ?QOhﬂ)ﬁ%ﬁ%ﬁdaN@Qﬁ%bhnmﬁh@k@9&5@6nnnatn
em Soc 42), 12416 (2002)] foll owed
and the@dten’em4 mﬁitdvelinlélt,gandah@le Stlrlrﬁrdeﬂc oinidi Watﬁﬁ%j adorviseatlded and the

soluB%r e ? g{n‘re(% (%rejhs ckelgéﬁ it was ¢ %f)lﬁractiecf VZI uarﬁi‘zr}? ?’PlPe cilide residue was

punﬁétl bpwmg al dHrbraa@LtapRy p}EtODﬁQﬂhH’pﬁmfePfo @veB®aad yf hedrmt@idte T as an
conpound Mel I'in, Hacksell; Tetrahedron, 43(22), 5443

L (1987)]. After an addi tional five steps as descri bed

herein it is possible to obtain the key internediate

I1. This material can be resolved using SFC on a
Gemérdaidedaredok repa ativh 6Nbehzo[EgniRoknk @%echolamines

deprotected, and the nitrogen atomis functionalized

using either by direct alkylation,reductive ani matipn,o

or a two-step acylation/reduction. Finally, the mask dlf/$c

ey e dut!NC
i ot
di at eso Il carpo

coonound 6 compouypgd 7 compound GuLonmpound 9 coanaund

(resolution)

1Gm@@ﬂpound 11 cospound 11A cowpwundmllB compound 11
(racemate) (racemate)
R
Qﬁ J 00 Q@ = 2809]
OMe OMe OMe
compound 11A (4aR, 10aR-enantiomer) (4aR, 10aR-enantiomer) 4aR 10aR -enantiomer)
(4aR, 10aR-enantiomer) [or 4a8S,10aS-enantiomer] [or 4a8,10aS-enantiomer]
[and compound 11B;

the 4a8S, 10aS-enantiomer]

Regioselective lithiation of 1,2,6-trimethoxynaphthalene [which can be prepared as described
in Taber, Neubert, Rheingold; J. Am. Chem. Soc., 124(42), 12416 (2002)] followed by
treatment with I, e.g. under the conditions described herein for the synthesis of compound 5
furnishes a substrate for a Heck coupling with acrylonitrile following a literature procedure
for a closely related compound [Mellin, Hacksell; Tetrahedron, 43(22), 5443 (1987)]. After an
additional five steps as described herein it is possible to obtain the key intermediate II. This
material can be resolved using SFC on a preparative scale. The two enantiomers are then

deprotected, and the nitrogen atom is functionalized using either by direct alkylation,
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(racemate) (racemate) (racemate) (4R, 10Renanti oner)
(4S.10S enantioner) internediate Il internediate |11

w@ 2RoA3£nant i oner) (4S.10S enanti oner) PCT/DK2008/050214
7-10do-1, 2, 6-trinet hoxy-napht hal ene (conmpound 5).
conmpound 4 conpound 5 To a stirred solution of
conpound 4 (26.2 g; preparedsas described in Taber,
Neubert, Rheingold; J . Am Chem Soc, 124(42), 12416

redu(:gso %%1 15]n d(% daet Fst%ﬁ?&lﬁ}‘()n{t‘éﬁ%%otlif:%gﬁx,?tﬁg n@atske'd7§at9c%olamine 18

11ber@§ed|LmhMﬁlardlclﬁdttﬂo)1s by reataehtivith A8 WaIIBS bt witk@BBat. - 78C
for 3h. A solution of iodine (30.5 g) in dry THF (50
nm.) was added over a period of 10 min. The resulting
Prepiaxation ebmtenmediatesrHoanddIbnot her 10 nmin at -78 0OC.
The reaction m xture was quenched by the addition of
sat NHACI (100 ni), water (240 niL), and Et O (240
The orgam ¢ hayver was wasfied with 10% agueous o

Y
Bt A R e e

dlst|II|n -starting nmaggrial. The
Poe‘strﬂdue was @rnwtdher puri ﬁomrecbﬁby si | cacged7 compound 8

chr omat ogr aphy ( Et OAc/ hept ane produce amg re 00
SO|Id mt@rlal V\,hlchHwas purlfl CEﬁ/ﬁgpremplt dtjcﬁ)E TK

I i} |
corrmgm 5 (3 41m,g,;um|1m dry acglonitrile (m]hgwim I N A s
m criema® e react orwpdl was added®acr yl OmR ok ddigney( 1. 1945108enannomer)

m.) Pd(OAc) (73 ng), and triethylamne (1.48 niL). The
vial was seal ed, and the m xture was heat edffor 40 mn
at 145 0OC under m crowave irradiation. This pr E%dure
was carried out two nore times (using a @@ ‘
10. 23g of conpound 5). The crude reactvadnyY f"'resaeo
wer e conbi ned and the catal yst was filtered off,

intermediate Il intermediate Il
(4R,10R enantiomer) (4S,10S enantiomer)

7-lodo-1,2,6-trimethoxy-naphthalene (compound 5).

OMe OMe
) -
MeO MeO |

OMe OMe
compound 4 compound 5

To a stirred solution of compound 4 (26.2 g; prepared as described in Taber, Neubert,
Rheingold; J. Am. Chem. Soc., 124(42), 12416 (2002)) in dry THF (200 mL) under argon and
at —78 °C was slowly added s-butyl lithium (1.2 M in cyclohexane, 110 mL). The solution
was stirred at —78°C for 3h. A solution of iodine (30.5 g) in dry THF (50 mL) was added over
a period of 10 min. The resulting mixture was then stirred for another 10 min at —78 °C. The
reaction mixture was quenched by the addition of sat. NH4CI (100 mL), water (240 mL), and
Et;0O (240 mL). The organic layer was washed with 10% aqueous sodium sulfite solution (100

mL), dried (Na,SO.) and concentrated in vacuo. The crude material was purified by distilling
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and the filtrate was concentrated in vacuo. The

resi due was partitioned between Et O (300 nL) and 2M
woien0904d84 m) . The organi c | ayer was washed w PET/DKRIVS/050214

(100 mL), dried (Na SO ) and concentrated in vacuo.

The crude material (7.34 g) was purified by silica ge

chromat ogr aphy (Et OAc/ heptang) to produce 5.23 g of

conmpound 6 as a mixture of olefin isomers.

) 7 8- Tri .
off g%a%%egusﬁ%g% Hﬁgégﬁgﬁgggégﬁ&%%fu% X#Bl&gﬁe%pdafo% é)a %eg.%alé)matography
(EtOA c/hepsandi )sooproéakel an Gifrd s§11d n’(ﬂtﬁ)naan&dhleﬁ%a[it;ﬁldﬁ@:dﬂﬁ precipitation
rrLZQ. 0% Pd/% gq? 8 ?) was added and the sol uti on was
fromps %é%%wﬁo ngdT4p g ahePRPAAPdr ogen pressure of 3
bar using a Parr shaker. The catalyst was filtered

off, and the filtrate was passed through a small
(E/D43a(3gh8-dirimethios-ngphthaddna2iyl)-ac®PhmiEriGHconmypoendi6). 4. 91 ¢

compound 7 a white
N ,BE"?S-TH met hoxXyR '(?W’dr 0- napht hal en- 2-yl
car bam-e»aci d ester (conpound 8).

MeCCONMY ¢onpoundpBoCormpound X was di ssol ved
in 8% EtOH (150 nL) and } e m xture was heated to
ref 'ux under nitrogen at rms he Sodi um net al (59)
WaCBRAYBES i n smal | Iurrps over Sﬁh The m xture was
f A L rr
Tod sqls# g ofg %m@ﬂﬁc{gﬁ |(§ hp%gp%ré/at%etgﬁ?%l r(éq\@EI)l(ﬁ) al(%:jlal Iﬁfir&;fave reactor

vial madwuaamtnmnl(ms 6B) BI(Oras; ea:isdmg) and tiidtby lainiteulel8 mL). The

was refl uxe ernight. After c ng .on an ice/water
vial pas, sealggl %‘g &F Bt W&swéﬁé}?&ﬁédfo AO( PNl 43 oﬁj grder microwave

1rra(§eﬁidnd TRRTBRI S hl 'CQI‘?leél 20t %oaﬁfgré’\@hfe’é (ﬁlgnslg N }otall BE 10.23g of

resulting mxture was filtered, and the filtrate was
componglemt Tat @mderrewcammmxﬁtres wess chuebines apphthei databyse avas filtered off,

et ween di eth et h nd ,wat er 0. m.). The
and SR BB Py spioralhRae vircs dhe R it ves PRUgRG bethesn EO (300
mL)extd agt et 1vish Hietime o@hﬁ@rla§&X§Qs WakhedTREh ORI N®F mL), dried
organi c extracts were washed w
(Na,S0O,) and concentrated in vacuo. The crude materlal (7.34 g) was purified by silica gel
chromatography (EtOAc/heptane) to produce 5.23 g of compound 6 as a mixture of olefin

1Isomers.

3-(3,7,8-Trimethoxy-naphthalen-2-yl)-propionitrile (compound 7).

OMe OMe
., — 1
MeO 7 CN MeO CN
0]

Me OMe
compound 6 compound 7

Compound 6 (5.23 g) was dissolved in CHCI; (15 mL) and 99% EtOH (100 mL). 10% Pd/C
(0.8 g) was added and the solution was hydrogenated for 45 min under a hydrogen pressure of
3 bar using a Parr shaker. The catalyst was filtered off, and the filtrate was passed through a
small plough of silica gel (eluent: 99% EtOH). Yield: 4.91 g compound 7 as a white solid.
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brine (50 nmL), dried (MySO ) and concentrated in vacuo
to afford an oil. This material was dissolved in THF

w@ 2dontep3and treated with BoC20O (2.34 g) and BPGNDK2008850214
m) at rt. After six days the volatiles were renoved
in vacuo and the residue was purified by silica gel
chromat ogr aphy (Et OAc/ heptang). This provided inpure
compound 8 (1.52 g). Racem c

G RS T B PR AR e e

(confpoaaé8ht e) Conpound 8 (1 52 g fromthe previous step)
was dissolved in MeOH (20 nL). 37% HA (3.5 nL) was
added, and the m xture was refiuxed fof 4h. The
vol atil es were renoved in vacuo, usingytoluene to

azeqt r opl cabMy renove the yj Tbmg rovbded i npure

Ratem c

ki dr o- 2H- benzo

11) omeonpound 9 conpound 1@Mer acenmate) conmpound 11
(racnemadm)j?(racermt e) Conpoutrdpddnd 8. 89 Q) vvas
dlssolved n Me

Compayad) 7 PHle) r%d%@saﬁve\%dg i?t% ﬁﬁ@gllaeéerm% Apd éhe wtuf?h\@as heated to
reﬂL&rLHQl@r ﬁﬁ't%g Cﬁtg’é‘ﬁé&e{%ﬁ%&%ﬁ%@ rgs %ﬁk%ﬁ%d %%Iﬁal_lr Egﬂﬁ%r&er 3h. The

was qu
m1x1me(Wa$ ecflvxsd par 4n tddned 2bebeternit Bta Gti(id0 atrirf) forv%dzeys Then it was

heat{) fo T bite.panst Bors sOdPmame ol Lo6s AT e Rl cmixture was

refl}ed aﬁfbﬁué@ygﬁvt%r w@&ﬁquaﬁ ad leé\/g;ég Jba@dh& QRAHE rv@gts chéhed by the
vacuo to afford the inpure free am ne (conpound 10).

addifipn ©f gelicamaloniwag chioside (Y@ d) pnd WaRr (25 mL). The resulting mixture was

filtered, and the filtrate was concentrated in vacuo. The residue was partitioned between
diethyl ether (50 mL) and water (50 mL). The aqueous layer was neutralized with 37% HCl
and extracted with diethyl ether (2x50 mL). The combined organic extracts were washed with
brine (50 mL), dried (MgSO4) and concentrated in vacuo to afford an oil. This material was
dissolved in THF (50 mL) and treated with Boc,O (2.34 g) and Et;N (1.78 mL) at rt. After six
days the volatiles were removed in vacuo and the residue was purified by silica gel

chromatography (EtOAc/heptane). This provided impure compound 8 (1.52 g).

Racemic 6,7-dimethoxy-2,3,4,4a,5,10-hexahydro-benzo[g]|quinoline hydrochloride

(compound 9).
OMe O._ O n e
L _
NH
MeO MeO
OMe OMe
ompound 8 compound 9

(racemate)
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(25 m) and treated with BoC20 (0.68 g) and Et 3N (0. 86
m.) at rt for Ih. The crude m xture was concentrated

WO ovaza9e4 and the residue was purified by silPCEDE2I08/050214
chromat ogr aphy (Et OAc/ heptane) to provide 1.1 8g of
slightly inpure racem c conpound 11. SFC-separation of
the enantioners of racemc
*rans- 6, 7- di net hoxy- 3, 4, 4a, 5, 10, 10ahexahydr o-

Conﬁ)HhR(? §ﬁ? Q]g&gdtﬁ?ljldé Iﬂigylou n@oun gso eéign M%ﬁ%*gﬁ%ﬁu)eﬁ% HCI (3.5

mL)cwapalded, dhliBh¢ naenaivey re(fthcd.(BcR éﬁnaﬂntelx@rlmﬂés WéS, rdm0O&ed in vacuo,
. enanti onmer) Compound 11 (19.7 g)_was rei%vedlntoms
using @H%rreotﬁ@#%otwm@yeﬁmﬂ t srf@tednT%lS BEYGesd igmerseepgng (0.89 g)
asaﬂni,neﬂdgf&q,urrent equi pped with a Chiralcel OD 21.2 x 250
columm. Sol vent system CO ZEtCH (85:15), Method:
constant gradient with a flowrate of 50 ni/mn.

acgié?cgglt Iog n’ ggllpsla ,E7t (bﬁ%{l\flq\g% ﬁ%g%grlgen&ag{eﬁ%gr%?%@menzo [g]lquinoline-1-

carlﬁﬁ?ﬁé h@iﬂﬁfbutﬁ%&w&ﬂnﬁ%}ld 190 g of a white solid. Slow
el Uti ng enanti onmer (4aS, 'S enant i omer ; compound

HB): 8.1 g of a white SO|Id (4aR, 10aR) - 6 7- Dlmstth;ﬁ/
1, 2 3,4, 4a 54(-}. 0, 1Ca- oct ahydro beAgo [g] quinoline 7<

1{7{1;-) was treated vvlthoﬁeMHCI in Et20 7.5 (gl at
rt fC ahde The m xture vvas songentrat ed in vacuo and

t he saﬁ;ma&e)\/\/as dried in u,gatgo gi ve 0.44 g ofcompound 11
intermediate Il as a Whl & soli d. (racemate)

Con{p%ﬁr?d 9({@@) e \x?athEE%'i\%Xl}i'McéH:)’(lé e éﬂdlﬁaéﬂmc(()Qbygr@as added.

benzo[g] qui'nol i ne hydrochl oride (internedi ate
The reaction was stirred overnight at rt. The crude m1xture was cooled on an 1ce/water bath,

before it was quenched with 2 M HCI in Et;O (1 mL). The mixture was partitioned between
Et,O (50 mL), water (50 mL), and 2 M NaOH (10 mL). The aqueous layer was extracted with
diethyl ether (3x50 mL). The combined organic layers were dried (MgSO4) and concentrated
in vacuo to afford the impure free amine (compound 10). This material was dissolved in THF
(25 mL) and treated with Boc,O (0.68 g) and Et;N (0.86 mL) at rt for 1h. The crude mixture
was concentrated in vacuo, and the residue was purified by silica gel chromatography

(EtOAc/heptane) to provide 1.18g of slightly impure racemic compound 11.

SFC-separation of the enantiomers of racemic trans-6,7-dimethoxy-3,4.4a,5,10,10a-

hexahydro-2H-benzo|[g]quinoline-1-carboxylic acid #butyl ester (compounds 11A and

11B).
OYO\’<

ocrb — co”;

e

compound 11 compound 11A compound 11B
(racemate) (4R,10R enantiomer) (4S,10S enantiomer)
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(4S, 1CS enantioner) (4S, 10S enantioner) conpound 24B

internmediate |11 The procedure described for
wo pdoenmoei ate |1 above was fol |l owed using the PCT/DK2008/050214
enantioneric starting material (conpound HB; 0.52 @)
to give 0.38 g of internediate Il as a white solid.
LC/ M5 (nmethod 14): RT 1.31 myn. Determ nation of the
absol ute configuration of internmediates Il and Il The

Con@{%}ﬁ%} ?gil%?%@ It“%]lé rr@stollxpela 18I0 i #18mg§%¥ Y}@Schq F&]u(gﬁ% Berger SFC

I"ogr aphy and una

multii@ter m imaﬁniuﬁentoéqutﬂped smeh aochnezm:at oOp 2f.2in0e0 rmlcﬁi ailesn. Solvent

Il and |11 ence their derivativ Gener al :
systggpg @é’»&(ﬁt@ﬂ 5 Mstbpdr sensbmt cafa% ’tleacE]@l"Vaﬁartﬁé’:f 50 mL/min.
Fractgi@m%o RERPRAMS ﬁéé‘rﬁfrm%@ &y(d9230 03 AerknBnt Fa%fr@fu‘uill% (eﬂétﬁlomer (4aR,

10aR-enant 1o 10aR-enant 1oner) The catechol
10aRarenare icmyatr odunpmumiellA;) t9r(légt @fda wiltite SOHdBSIOW olutiag enantiomer (4aS,
i ml.ar reagen presen of. base to give the

10a5 sy Pk Safoniad Tbes. L oRara e LT or Cgoner al

references on this transfornatlon see for exanpl e:

Gensler, Samour; J . Og. Chem, 18(1), 9, (1953);
(h@@aﬂh@-l@mwy-m 3prn, .40, 1Patoctabiyiro-henodg]l quineline

eLiabe 9 4383 (2003); for references with
hydrocﬁﬁor r%efﬁ%egia(t%ﬁé Ram Neuneyer; J . Og. Chem,

46(13), 2830 _6 ); Nichols, Brewster, Johnson,
Qoer | ender, Rié?gi Med. Chem, 33&5 703 (1990)].
dure for conversion of catechol am nes to
| am nes. Thg v ne hydr obrom de
ith acyrenl ori J, TF as solvent. The
MeO

OMe OMe
compound 11A intermediate Il
(4R, 10R enantiomer) (4R, 10R enantiomer)

Compound 11A (0.54 g) dissolved in MeOH (15 mL) was treated with 5 M HCI in Et,O 7.5
(mL) at rt for 2h. The mixture was concentrated in vacuo and the solid was dried in vacuo to

give 0.44 g of intermediate 1I as a white solid.

(4aS,10aS)-6,7-Dimethoxy-1,2,3.4,4a,5,10,10a-octahydro-benzo|[g]|quinoline
hydrochloride (intermediate III).

O O
HCI
; : \\N: ; : \\H:
(4S, 10S enantiomer) (4S, 10S enantiomer)
compound 24B intermediate Il

The procedure described for Intermediate I1 above was followed using the enantiomeric
starting material (compound 11B; 0.52 g) to give 0.38 g of intermediate III as a white solid.
LC/MS (method 14): RT 1.31 min.
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crude diacyl catecholamnes is purified by alum nium
oxi de chromat ography [for a reference on this

wo canmtaossmat i on, see for exanple: Wkstrom D PEEDK2008/050214
Crenmers, Andren, Marchais, Jurva; WD 02/14279 A, New
apor phine esters and their use in therapy].Preparation
of conpounds 12-17. Internedigate | conpound 15
conmpound 16 conpound 17 (racenate) (racenate)

3 C

DergfRGHRL Y e EEHTRS RF Lot mycrmedinses U gLy 1 e
The @bs@un@n(igorion rd eikal)lplel nx Wﬁi@die&ﬁ‘ﬁ1ﬂedcwomct:r§tﬁallography and

(racemate). (racemate) To stlrred solutlon
alloxyﬁf e Rigaoys (?egggn%tf)n 0 tlteoqtggq;fgle{nystm() 1ptﬁrnéed1ates II and IIT and
hend¥th&GiPHAKE I &act or vial was added a sol ution of

ylamne (0.75 nL, 8 Min EtOH and AcOH (0.34 nl)

was added. The reactor was seal ed and the m xture was

heated at 120 OC for 15 mn, und m cr owave
Gengral pracedurefE theIRKERATapion eﬁMD@W%@qlﬁm@@éo

and the residue was dried in vacuo. The crude product

was purified by silica gel chromatRography

(Et OAC/ hep ane). Yield: 210 ng of |conpound 12 as an

3 ans- and cis o for the
| - nB¥Phy! - 2| 9@t hexahydr o ‘21“
'e,ﬁ@rrpomds ‘ zE ound 12 éﬁﬁ%g nantiomer

13 conpound 14 (racem ) (racemate,) olracemate) To a
At ed sol ution of LAH4 w%Renahﬂo;n%au n THF) at OOC was
(éatlfd FRES (174 ny) . Tha mxture was al | owed to warm
to rt and then cool ed to 0 OC again. To this rrixture
was added. conmpound 12 (200 di ssalved in THF (4 nm)
The sgatpcfple aming Y @oPERsiids iy rt@apgt with GRMBICHR i Sepilie rgnt in the
I
pres&ﬁ%roggoﬁl%égws%lg i ‘lﬂetthgﬁﬂe QAHBRG h@]@)dayca%ﬂblﬁﬂm’{@ for'\@en%gl references
on this transformation, see for example: Gensler, Samour; J. Org. Chem., 18(1), 9, (1953);

Cabiddu, Cadoni, De Montis, Fattuoni, Melis, Usai; Tetrahedron, 59(24), 4383 (2003); for

references with catecholamines, see: Ram, Neumeyer; J. Org. Chem., 46(13), 2830 (1981);
Nichols, Brewster, Johnson, Oberlender, Riggs; J. Med. Chem., 33(2), 703 (1990)].

General procedure for conversion of catecholamines to diacyl

catecholamines.

The catechol amine hydrobromide is treated with acylchloride using TFA as solvent. The
crude diacyl catecholamines is purified by aluminium oxide chromatography [for a reference
on this transformation, see for example: Wikstrom, Dijkstra, Cremers, Andren, Marchais,

Jurva; WO 02/14279 A1, New aporphine esters and their use in therapy].
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filtered off and the filtrate was concentrated in
vacuo. The residue was dissolved in 99% Et OH and NaBH

w@ 1008/0m934 was added, and the sol ution was stirPeODERIOBINS0214
overni ght. The reaction m xture was quenched by addi ng
2M aqueous HO (3 nL). Mpst of the volatiles were
removed by concentration injgacuo and the residue was
extracted with Et O The organic | ayer was extracted

or e, di conbi ned dilute HO I ayers
Prefar ARt FmndS IR o and then extracted wch Et

O. The organic | ayer was V\qshed W th br| ne, dried /
( Q Joand concentkated jn vacuo. Jg¢ m xt N
|f|0ed JJ;L,Sl I dl ks orabogr] + )

MeO o Yipgbd: of conpQuHo ~an (ol

32 rrg of coound 14 as ap,

OVie
fast el utlng |so

o Race
5'”‘§mﬁ3f§1'et hoxy- | - g’g%dﬂ 3. 3, 4 t et FERYIIS- benzof PRy
1

- one (conpoun I nt/er nedi ate | conpoynd
(racenate) (racenate)Prepar from internedi I [//
] 0 ccording e_procedure de ‘ N
12 usiRg 21 ne—nst _)
MeO@ etade of Me© 0. 69 veo

i soners of

net hoxy-| - n- p&gg%d1¥ 3,3a,4,09, 9 he(y}%hydrol H- compound 17
1

qmermeglﬁ?] ndol e (C 16 and 17) rg‘;@r%p und 15 (racemate)

conmpound 16 conpoun 7 (racemat e) (racemat e)
(racemate) Conpounds 16 and 17 were prepared in a
simlar manner as conpounds 13 and 14 from conpound 15
(400 ng) instead of conpound 12. The crude product
Racéinid US®-diatetpony-f-nedhylyl,3,3hjdc@trghydhbaime]ffigdabdne (compound
(MeOH EtQAc). Yield: 55 ng of conmpound 16 as an oil
12)(sl ow eluting isoner), and 40 ng of corrpound 17 as an
oil (fast eluting isoner).

B O‘
eO OMe MeO
OMe

Me
Intermediate | compound 12
(racemate) (racemate)

To a stirred solution of Intermediate I (830 mg) in toluene (7 mL) in a microwave reactor vial
was added a solution of methylamine (0.75 mL, 8 M in EtOH) and AcOH (0.34 mL) was
added. The reactor was sealed and the mixture was heated at 120 °C for 15 min under
microwave irradiation. The solution was concentrated in vacuo and the residue was dried in
vacuo. The crude product was purified by silica gel chromatography (EtOAc/heptane). Yield:

210 mg of compound 12 as an oil.
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Preparation of conpound 25 conpound 22 conpound 23
conpound 24 conpound 25 (racemate) (racem c m xture
W@ eae®mioss m xture (racem ¢ m xture of di ast er eOPET/PK2@B/050214

di astereoners) of

di astereoners)5-(4,4,5,5-Tetranethyl -[1, 3, 2] di oxabor ol

an- 2-yl met hyl') - benzo[ I, 3] di gggol e (conpound 19).

5- Chl oronet hyl - benzo[ |, 3] di oxol e (12 79; conpound 18)

S | S¢ b i_bed reat

Rac%(mi)c i) Qﬁg ohy E‘s Gi%f\%(gté 5@3@%&@861 Ehr?h ?ﬁsaéé %I,@S‘%ﬁlge’rxghydro-lH-
beni&[ﬂtnﬂolee(rcomﬂ)oundslaBemdayly:I . Chem 40, 989 (2003)] is

m xed wi th bispinacol at o-di boron (18.9 g), potassium

phosphate (47 4 g), palladi un(ll)acet/ate (O 17 g), and /

se--N

|§heﬂtt ed
T 0

MecP e crude Mpxbare P
filt cakels washed vvlthalglttle EtOAc The

filPe is washed with sat.Yueous NaHCO and“¥t .
aqum@UNé@ dried (Na SO )comapehdcdi@ncent r at edconppound 14
vacueceTii) r esi due i s di ssol V@8eM#eDCM and fi | t(&acenate)

To o 3R pyctes! i S8 D3pfi Lo EIFTRTTG Mo ARG atme). The

mix@FdWhs ﬁ%v?qrd toGRIRONE arPihen COHRA WA T °Ehgahl T@)thM@Sixture was added
di ssolved in DMF (300 nL). To the solution was added

compeury lzeczo@hmg} @mm ook imERE (¢ mi apd iy mixtsphengdred a v 1 h. The
mlxt%h OWQS LOSie gosp E%l’ldp[ﬁ d‘l)n%ﬂg[cle;/ A& h et (I\% gO?)IhorgaI%c salts there

% AssrUm p r esu
ﬁlteﬁaﬂ&ifﬁdn& ah S8 Giltofee %M@iﬂl&ﬁtrate-ﬂhﬁﬁvacﬂbr ﬂ?h@tr&ydue was dissolved in 99%
2-chl oro-nicotinate nm.) was added, and the
EtOR %lduNéBWailmmgédW%soa@é @@ f‘hﬁ’r salptagn W‘Fﬁéﬂ@fﬁ@!@ért overnight. The
[
reacml) %ng%tg g%fcﬁl%%h%g fb&l%td?a 6%2? H@?I(%ne IE)/I%QH dfqhé“@(ﬁatlles were
remdte@Aey aotes@itionaguenus at t& reslefe: onyg amﬂramtddawﬁh E/t@@ The organic
et Erba o AERY. K PR K bt

9 M NaOH and then extracted with Et,O. The organic layer was washed with brine, dried
(Na,SO,) and concentrated in vacuo. The crude mixture was purified by silica gel
chromatography (MeOH/EtOAc). Yield: 4 mg of compound 13 as an oil (slow eluting

isomer), and 32 mg of compound 14 as an oil (fast eluting isomer).

Racemic 5,6-dimethoxy-1-n-propyl-1,3,3a,4-tetrahydro-benzo|f]indol-2-one (compound
15).

N
— =
MeO OMe MeO

OMe

Intermediate | compound 15
(racemate) (racemate)
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with Et OAc. The organic |layer was dried (Na SO ) and

concentrated in vacuo. The residue was purified by
wa@edwoz9g£l chromat ography (heptane/ Et OAC) to BEWBK2008/050214

i mpure conpound 20 (4.5 g) as an oil.

2-Benzo[ |, 3] di oxol - 5-yl met hyl - pi peri di ne- 3-carboxylic

acid ethyl ester (conpound 2%). Conpound 20 (1.0 g)

was di ssolved in AcOH (3 nL) and hydrogenated ( 1 bar)

r 3 ' I s . filtar

prepR T Bl Y RL ool FER e R uchirte Bl Bferppound 12
usiny agitopyl bheng @sicadief matypanink ovirtl deiongminnd V5a@j6®gus a solid.

NaOH and DCM The organic |ayer was dried (MgSO ) and

concentrated in vacuo to afford conpound 21 (0.85g) as
RacBilfe gaps. and ciss ispmers, of Sordimethaxy; Lupropyid;d 3addida-hexahydro
1H-benz8iftiadblex ydmpowads d6 endy7). est er (conpound 22).

Compound 21 (0.84 g) was dissolved in DCM (10 nlL)

before DIPEA (1.0 nL) and propionyl clloride (0.3 nL)
wer e added. e mxture was stirre rt f.orll. 5h,
A o [) 0 OF

QN partitioned e DN a s JeOtH
Na . The organic l'ayer was dried ( O )
conP¥Atrated in vacuo to aPM8rd conpound 229M5. 979).
2- ¢donpBur@nms- benzo[ |, 3] di oxedmpbund 186t hyl ) - | - psragauedva - pi
per(ragem&e)3- car boxyl i ¢ aci drfceoapound 24). Cosageoard 22
(0. 87933 was dissolved in THF (5 nL) and treated wth
Comporadiy & dad N orere 10epArgd 4t 260mde BgeRsi agntomppyads 13 gad 14 from
u W - . .
com R Gy LG sl P Az T o S G A Gpurfied by
silica tgelvalsroeat agaathed M QH/E20 /). hyleldTHB, mdrdfeabnffdy SO 1P, asaardoil (slow
concent r at in vacuo to, give cappound 23 .as sol i d.
clutipg isoneny é’?ﬁ?gﬁ’ CBP’%’QB%E%&% i as(tfg’“n‘?ﬁ)‘s"é‘ilﬁii ‘treat ed
with NBS (0.44 g) at rt for 2h. The crude m xture is
diluted with MIBE and washed twi ce with | M aqueous
Preparatioheoocgaponnd2sr was dried

Pd(OAG), / PPh,

ZT

q bispinacolato-diboron g-° Pd(OAc), / PPh, AN PO, H,
N ) —
@ O\ Ny Z
o] o] ] 0
o o EG CI) o COEt o COft
2
compound 18 compound 19 compound 20 compound 21
(racemate)

o o o o
: Y™ Y YN os Y
\)Lo N NaOH N N TFAA N
—_— — —_— —_—
0 0 0 0
o COEt o COH o COH 4 )

compound 22 compound 23 compound 24 compound 25
(racemate) (racemic mixture (racemic mixture (racemic mixture
of diastereomers) of diastereomers) of diastereomers)
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(MgSO ) and concentrated in vacuo to give conpound 24

(0.67 g) as a solid. 5-Brono-7-propionyl-6a,7,8,9,
wdado0z9kexahydr o- 6H 1, 3- di oxa- 7- azacycl opent B{T/DK2008/050214

a] ant hracen-11-one (conmpound 25). Conpound 24 (0.56 Q)

was suspended in TFAA (6 nL) and TFA (4 nlL) was added.

The m xture was stirred at 83 0OC for 5h. The reaction

was quenched with icel27% aqueous NaCH, and the

5-4 Y gl %Era%hglﬁltel mhf%abg{&al? 2- In'é%’dy 'fi&oﬁzg rd?orxg?en | C é&ompound

1ayer ous
19).), and concentrated in vacuo to give conpound 25 (O 34

). Preparation of the conpounds of the inventio
s-Ciliparatipambemal L kiarln 0h2ef e compeic 1 WPISWY Pyt 651;? T deseribed

in thtehﬁerfaﬁké %@é 89 B&!&H Mder@ecﬁlx RIPY, eRnichhr RAGE N Quthi@D$ Heterocyel.
Cheﬁla 4%989%@0@3)] H—immzla[vftl} "bm@oiaeelﬁto d&ibakiool (18.9 g), potassium phosphate

47 e BB RSN VT 1 9y FERVL FepRbt 0 Aol HEask. 14

Dioxand (100 mLancdueat £d the Hﬁ)'é_’tﬁreoﬁi: he@ed % RiMluk dverm$@a! Bk crude mixture

m crowave reactor vial under mcrowave irradiation.
is ﬁfr¢red cmddbe lﬁlltﬁt cake inaeskashwdhtarldtle EtOAcy dbe 61traéms whshed with sat.

aqueogs I\ga\l#\—ﬁ; P! ge{tl gﬁl%d@}l?t\))él ?rlfeé) %?Ol‘)%l'\% cg&cen rated Ezﬁg%cuo The

residd - 1§%sséNec8?n DM Mhit (1124 tﬁrou@ﬁ%ﬂ&%m&afford compound 19 as an oil
cis-l1-methyl-2, 3, 3a, 4,9,

(14.48)-hexahydr o- | H- benzo[ f]i ndol e-5, 6-di ol
trifluoroacetate conmpound 14 exanple 1b2 (racemate)
(racemate) Conpound 14 (32 ng) was suspended in 48%

2-Béi2o[1(3] doxol-5-ylanthyhaidotidid axid bthyD estéofcothpbind 20).

Compound 19 (31 g) was dissolved in DMF (300 mL). To the solution was added ethyl 2-
chloro-nicotinate (11.6 mL), triphenyl phosphine (3.1 g), palladium(IT)acetate (0.9 g), and
potassium phosphate (51 g). The resulting mixture was heated to 80 °C overnight. Then, more
ethyl 2-chloro-nicotinate (11.6 mL) was added, and the mixture was heated to 100 °C for
~24h. The crude mixture was cooled to rt, and the inorganic solid was filtered off. The filtrate
was partitioned between EtOAc and sat. aqueous NH4Cl. The organic layer was extracted
with 1M aqueous HCL The aqueous layer was basified with 25% aqueous NH; and extracted
with EtOAc. The organic layer was dried (Na,SO,) and concentrated in vacuo. The residue
was purified by silica gel chromatography (heptane/EtOAc) to give impure compound 20 (4.5

g) as an oil.

2-Benzo|1,3]dioxol-5-ylmethyl-piperidine-3-carboxylic acid ethyl ester (compound 21).

Compound 20 (1.0 g) was dissolved in AcOH (3 mL) and hydrogenated (1 bar) over PtO, at rt
overnight. The catalyst was filtered off using celite, and the filtrate was concentrated in vacuo.
The residue was portioned between 2M aqueous NaOH and DCM. The organic layer was

dried (MgS0,) and concentrated in vacuo to afford compound 21 (0.85g) as an oil.
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a seal ed m crowave reactor vial under m crowave
irradiation. The crude m xture was concentrated in

W 200026980d t he resi due was purified by preparBtT/DE2008/050214
LG M5, Yield: 23 ng as a white solid. LC/MS (nethod
25): RT 0.52 min, ELSD 93.5% UV 92. 7% M+: 220. 2.
I dl Racem c trans-1-n-propyigps2, 3, 3a,
4,9, 9a- hexahydr o-1 H benzo[ f] I ndol e-5, 6-di ol

z-Bé(l{zoL ér:@ %%E%%%%th&?‘f%%‘d?%&%ﬁk\?@&iﬁ ;cgéﬁé g%e'?cjfg ethyl ester
(confidund22)yL) , and heated to 155 OC for 0.5h in a seal ed
wave reactor. vial .under (Ilgglggwave irradiati

Commén@ FLHL3 Rk et disspheddn Mt Betprg AIEBA (é&dnlrh@ld propionyl

ag| Yi
chloflngé (25' %W%Ig léglg%d qGhe %ﬁxﬁfr@ ?f% @%ﬂééé@%tg?f&@TS% b%k(ﬁi?n th;é’oreactmn was

querith&DbY $he78dditidn 8i7a 0% dMﬂs— of 329, &uedb?HRhewdrivater. The crude mixture

. - 4,9, 9a-h | H b
was it BB DIV 85 Sy Bt SR L) R nE bt avas dried
M AR Rled PAP AL RPETAAURR 3 (P02 £ or

2- (6€B®nm -henzo$b3ldéexoliScylmethyd)- t-paopionykpiperidinee}-carboxylic acid
(Com g wave irradiation. The crude m xture was
a0 Hc )rat ed in vacuo, and the residue was purified by
preparat|ve LC/I\/IS Y| eId 8 ng as a white solid. LC/ M5
(et hod ELSD 99. 1% UV 97.8% M
Conpggnd 22 2@8 3)4@29 dlg_s@pyl_uj_ 'T}E 3 ml) aghtreated gyith 2M aqueous NaOH (10
R (oh [ d
mL)IC%t er rreg?/eq{l ghtlbqlﬂé)% arrploﬁe‘l a% %ﬁa%}ri%tg%he ntrg%t?rlgf ?fﬂ: Fhe organic
layef 4aR sfiffadR vethaivi aqueoys tinieadsiedbabdre it was kS tragkd waith 2-methyl THF,
| ac 8 in m cr ovva e reactor, vial and 48% HBr i :
drlei g %c? concentrate in vacuo to give compound 23 as a solid. This material was
dissolved in DMF (10 mL) and treated with NBS (0.44 g) at rt for 2h. The crude mixture is
diluted with MTBE and washed twice with 1M aqueous HCIl. The organic layer was dried

(MgS04) and concentrated in vacuo to give compound 24 (0.67 g) as a solid.

5-Bromo-7-propionyl-6a,7,8,9,10,10a-hexahydro-6H-1,3-dioxa-7-aza-
cyclopentaja]anthracen-11-one (compound 25).

Compound 24 (0.56 g) was suspended in TFAA (6 mL) and TFA (4 mL) was added. The
mixture was stirred at 80 °C for 5h. The reaction was quenched with ice/27% aqueous NaOH,
and the product was extracted into 2-methyl-THF. The organic layer was washed with sat.

aqueous NaHCO:s, dried (MgSO.), and concentrated in vacuo to give compound 25 (0.34 g).
Preparation of the compounds of the invention

The invention disclosed herein is further illustrated by the following non-

limiting examples:
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vial was sealed with a septum and m xture was stirred
at 160 OC for 0.5h under m crowaveirradi ati on. The
W@ ewd®24¥8Kt Uure was concentrated in vacuo, and PEEDK2008/050214
residue was purified by preparative LC/ MS. Yield of
exanple 2al: 12.6 ng as a white solid. LC/ M5 (nethod
17): RT 1.48 min, ELSD 95.9% UV 87.1% M+: 220. 1.
2a2 (4aS, 1GaS)-1, 2,3, 4, 4a, 5,10,1
Oa- £rt ah - lquj fel i, ne- 7401 '
161 o A S PR 2 SR GRS S e YA SR A
trifliFadelfdaS enantioner) Internediate 111 (16 ng) was
placed in a mcrowave reactor vial and 48% HBr ( 1 ni)
was added. The reactor was seal ed, Ang the m xture was

st irRed—a NO OC for | h_«Rder~ni@hNowave irradiation.
@ t@ed—ﬁﬁs&uct @ jered off and dried in
Me 16 - o

Y as a solid. LCMS
(method 17): RT 1.27 mn, ELSD 88% UV 75.1% M.
220.9Me 2p| " (4aR, 10aR)-1-Methyl - 1 2, 3,4, 4a, 5,10, 1
Oa-YEPARYdPo- benzof g] ' qui f ?’%'ﬂ%ll@, 7-di ol

hydr@B‘T‘% de conpound 11A e 3??8]353 2bl (4aR 10aR

CofASTE Gl HASL AR ERNOLO ETBAUIA L8 2TBy 05

>

ree mcrowave v

sealdHmicowidye mdacwndvikAKinddr OnivtawavEHirad2at®nniThe Thele mixture was
vials were seal and heated to 90 0OC for. 1 in. T

conqeRfragd ¢t M%féfonme (RS Wasatiid l?ynlerapﬁlreféng?@ﬂg(%% 6 mg as a

whit%})bid.i@M@@étﬁB@m?ﬂir&iﬁ MRS FEXSD ¢ i RduVig Dot MP™: 220.3.
(3x50 nlL). The conbi ned organi c extracts were washed
with brine, dried (MgSO ), and concentrated in vacuo.

12 (RSB Gy T b edt TR e SR RN
triflhdrob&¥rkBr (4 nL) and treated at 150 OC under
m crowave conditions for 0.5h. The precipitated

material wag isol ated and ! 1ea
-N --N
) — )
MeO HO
OMe OH
compound 14 example 1b2
(racemate) (racemate)

Compound 14 (32 mg) was suspended in 48% HBr (1.5 mL), and heated to 155 °C for 0.5h in
a scaled microwave reactor vial under microwave irradiation. The crude mixture was
concentrated in vacuo, and the residue was purified by preparative LC/MS. Yield: 23 mg as a

white solid. LC/MS (method 25): RT 0.52 min, ELSD 93.5%, UV 92.7%. MH": 220.2.

1dl  Racemic trans-I-n-propyl-2,3,3a,4,9, 9a-hexahydro- 1 H-benzo[f]indole- 35, 6-diol

trifluoroacetate.
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stirred with MeOH (10 nL) at 85 OC under m crowave

conditions, and filtered to provide theproduct. Yield
wo@booexzypl € 2bl: 289 ng as a solid. LC/ M5 (et oODR3)08/050214

RT 0.54 min, ELSD 98.2% UV 93.8% MH+: 234.1. 2b2

(4aS, 1CaS)-1-Methyl- 1,2,3, 4, 4a, 5,10,1

QGa- oct ahydr o-benzo [g] qui nglsi ne-6, 7-diol

hydr obr om de conpound 11B exanpl e 2b2 (4aS, 10aS

enanti omer) (4a$, 10aS enanti omer) The procedure

descri bed for ekanple 2bl was followyd starting from

corrpound H B/{174 ngy). Yi eId of examnple 2b2: 121 ng as

(et hod h'n, ELSD 99. 4%
"\ 234.0x 2cl Oa) 1-Ethyl- 1,2,3,
-4 Ca- oct ~~{/g] qui nol i ne- 6,

' hydr obr om de | nt er d| ate I'll exanple 2cl
(4al@'\@0aR enantiomer) (4afl10aR enantiomer) AcC (0. 13

g) @rd@ord 1N (0.34 g) were adoed1db a suspensi on of

i nt PRt e 111 (0.19 g) iR (4.4 L) at rt, in a

| :

Con{rﬁoﬁ{lcﬁ \;\@Y\%a 1 :éér) §ues§érﬁ{ed el ggoé\é[—'lgll ?2\/@1?}?] ﬁ& lljl%%e(} ?onijSt Crtefor 0.5hina
scaldd ahiovwawme el Fdaa@di atibbrunddhenicededvi oirratiationr ETASrRRO e ture was

on an ice/water-bath and LAH (2 nL, IMin THFW\A@S
concsgaigd ¢t vsui al theresidussyasturidicd by pssparasive L&gMs iYapld: 30 mg as a

whit®R81id tric/Mad n?éﬂa&?%sgCRerf691@1d“EﬁsW‘é’ﬂ%WWeMI§ 2482,

irradiation an n poured I'nto ice-water “and
extracted wth Et O (2 x 40 nmL). The conbi ned organic

Iay rs were washed wth n d SO,). and
102 S ARG 0 oS HCB PG el ok et W W g Tindole-5,6-diol

mﬂm{,&gé,ﬁg by silica gel chromatography (MOH Et OAc/ Et
to give 78 ng of an oil. This rraterial was pl aced

in a mcrovvav reactor vial and 48% HBr (2 nl)
wasadded. T vial was seal ed, d the m xture was

Sj@fjt N15 0C for/@i:ch r Tl cr owave

compound17 exampb1d2
(racemate) (racemate)

Compound 17 (40 mg) was suspended in 48% HBr (2 mL), and heated to 155 °C for 0.5h in a
sealed microwave reactor vial under microwave irradiation. The crude mixture was
concentrated in vacuo, and the residue was purified by preparative LC/MS. Yield: 8 mg as a

white solid. LC/MS (method 25): RT 0.69 min, ELSD 99.1%, UV 97.8%. MH™: 248.3.

2al  (4aR,10aR)-1,2,3,4,4a,5,10,10a-Octahydro-benzo[g]quinoline-6,7-diol hydrobromide
M Hel H HBr

. J
MeO HO “y
OMe OH
intermediate example 2a1
(4aR,10aR enantiomer) (4aR,10aR enantiomer)

Intermediate II (19 mg) was placed in a microwave reactor vial and 48% HBr was added. The

vial was sealed with a septum, and mixture was stirred at 160 °C for 0.5h under microwave
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irradi ation. The reaction vessel was cooled to rt and

a brown solid precipitated. The crude product was
weempended in EtOH (1 nl) in a mcrowave reacPOI/DKR@B/050214

The reactor was seal ed, and the mi xture was stirred at

90 OC for 5 m n under mcrowave irradiation. The vial

was stored at 4 OC overnightys and the precipitated

material was isolated by filtration and dried in

1rradz{ F"ﬁ ng %cﬁt r&flxtﬁ?é 4 goré&éﬁaé% égg%%%,s’e}%i g,%l %g);duk/&a%uriﬁed by
prepﬁfhﬁv@ LC208. {4abof dxamfple 2aEtIRY mg bs 2 whitedolidtd, C/MSLnethod 17): RT
a- oct ahydr o- benzgg[]a} ui nol i ne-6, 7-diol hydrobrom de
148|1H‘tne]5ﬁ§9 WYV 2¢4)-1-4aS, 10aS enanti oner)
(4aS, 10aS enanti onmer) The procedure described for
exanpl e 2cl was foll owed using the enantioneric
2a2 st a44S g Syvdtlet, #,db, 5) Itk Br@ditdeobebzof Qybinmvghe-6 V&b ek obromide
exanpl e 2c2; qﬁgz ng as a solid. |G M (nethod 14): RT
5 nin, NS5 98. 9% BT 247.1. 2dl (4aR

AL 0 benzo Eg VB 7- di ol hydr obr om de
Meoco ound 11A exanpl 2d1 (4aR, 1CaR enantioner) (4aR
10 enant i oner) ConpoundHH A (0.5 g) was dissolved in
990/&%%&&@ m.) and trea(%égI I\QAZLP 2MHA in Et20 (4 nl)

@YEhiddsHbnidhent - The @EsleRsEBXitdeyWas concentrated in
vacuo, and the reS| due was partiti oned bet ween Et QAc

IntciamsdliZt© Wlad G eﬁ)gDSwMaﬂa:be(dSmm_hncra'heVeawaetou sial ay@r8%aHBr (1 mL) was

extracted with Et OAc, and. the conmhin or i.c |ayers
addegle The jeaghos ranstalcd apd dic mixiag Wﬁﬁ@@@@? ng@fqraHléaldﬁrnmwrowave

1rrad{eﬁﬁ)‘ﬁo Thyb‘?efﬁﬁ%t&f"ﬁro\ﬂ@& \%ssﬁ%r\é§ Q)ff an? gr{%cﬂ'rpﬁbc(u% eréld of example

and treated W th propionic al
2a2:( 0l afg @) 2 sahd INCOES (Brethod plg): BWe]r a7 gmn, ELSDt 88%hbJV 75 1%, MH™:

220.1.

2bl  (4aR,10aR)-1-Methyl-1,2,3,4,4a,5, 10,1 0a-octahydro-benzo[g]quinoline-6, 7-diol

hydrobromide
O O
Y 7< | HBr

MeO HO
OMe OH
compound 11A example 2b1
(4aR,10aR enantiomer) (4aR,10aR enantiomer)

Compound 11A (3x270 mg) was added to three microwave vials followed by dry THF (7.75
mL) and LAH (1.0 M in THF; 2.3 mL). The vials were sealed and heated to 90 °C for 15 min.
The three crude mixtures were poured into ice/water (30 mL), and the intermediate was
extracted into Et;O (3x50 mL). The combined organic extracts were washed with brine, dried
(MgS0s), and concentrated in vacuo. The residue was purified by silica gel chromatography
(MeOH/EtOACc). The obtained intermediate was suspended in 48% HBr (4 mL) and treated at
150 °C under microwave conditions for 0.5h. The precipitated material was isolated and

stirred with MeOH (10 mL) at 85 °C under microwave conditions, and filtered to provide the
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crude m xture was portioned between sat. aqueous NaHCO

(12.5 nmL), water (12.5 nL), and Et OAc (2x25 nlL). The
wa@eovhiozeed or gani ¢ | ayers were washed with bri neCT/OK2@d/050214

(MgSO ), and concentrated in vacuo. The residue was

purified by silica gel chromatography (MeOH Et OAc).

The obtained internediate wag treated with 48% HBr (3

m.) at 150 OC for Ih under m crowave conditions,

. : aht
prodif, Y18 LF ST AT, PG Ao L C RS g By AL b A min, ELSD
98.2&@W98@%,IMHV3234(1. Yield of exanple 2dl: 103 ng as a

solid. LM (nmethod 25): RT 0.77 min, ELSD 99.1% WV
95. 3% MH: 262.3. 2d2 (4aS, 1QGaS)-I-n- Propyl-l 2,3,
4, |
2b2 é?%‘blrdgr%}ge %@Tf‘p g%ﬁ?yﬁé@gggﬁg 1{519})&99 Hg é@ﬁ]u@zol%e%‘ Bliiol
hydrebmmdorrer) (4aS, 1QGaS enantlorrer) The procedure
descri bed for_exanple 2dl was followed starting from

conpound (() g). Yield of ex[an'pl e 2d2: 70 ng as a
solid. LC ( od 25) RT 0. 70N g, ELSD 99.0% WV

% +T262.1. A's exanpl e 2d2 was
d:ITFdaI ystal lize slowy at

v e crystals were
8uX-ray anal yS|s (cf. Figure
a]&é olAaRg 1CGaR) -1 - (2- Qrﬁ’é’ thyl)-1 ,2, 3,4, 4a,

rm% ydro- be(h%@1 L-Jrl.am@ chddf- 6 7-di ol
trlf uoroacet e intermediate Il example 2el (4aR 1

The Qadtcgh@nddsentrid) fof 4adtnplc G @ﬁbafﬁlloﬁ«léﬁrslarﬁﬁg Nohﬂc&ﬁpmnh 11B (174
and met hoxyacetyl chloride (4

mg)s Yighd RS icsHPl e dl v at p seizsk h@M%r{mpﬁpd(ll)LsR;;L; 35min, ELSD
99.45% UV Rofo,MGfO¥RYE reactor vial. The vial was

2¢l  (4aR,10aR)-1-Ethyl-1,2,3,4,4a,5,10, 10a-octahydro-benzo[g]quinoline-6,7-diol

hydrobromide
H HCI HBr
J J
MeO o o,
OMe
intermediate 1l example 2c1
(4aR,10aR enantiomer) (4aR,10aR enantiomer)

AcCl (0.13 g) and EtsN (0.34 g) were added to a suspension of intermediate IIT (0.19 g) in
THF (4.4 mL) at rt, in a microwave reactor vial. The vial was sealed, and the mixture was
stirred at 110 °C for 5 min under microwave irradiation. The reaction mixture was cooled on
an ice/water-bath and LAH (2 mL, 1M in THF) was added drop-wise. The resulting
transparent solution was stirred at 80 °C for 10 min under microwave irradiation and then
poured into ice-water (20 mL) and extracted with Et;O (2 x 40 mL). The combined organic
layers were washed with brine, dried (MgSO.) and concentrated in vacuo. The crude
intermediate was purified by silica gel chromatography (MeOH/EtOAc/Et;N) to give 78 mg

of an oil. This material was placed in a microwave reactor vial and 48% HBr (2 mL) was
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sealed, and the m xture was stirred at 110 OC for 5
m n under mcrowave irradiation. The reaction m xture
wor®onesed to rt, and LAH (0.25 nlL, I Min THRCT®REK2008/050214
added drop-w se. The crude nmixture was stored at rt
overni ght and then poured into water (2 nmL) and
extracted with Et O (2 x 5 ng). The conbi ned organic
extracts were purified by silica gel chromatography
adde(dw%gévvﬁltl %ﬁ g&l?d\bang ?heghl\f)?[utje \%asngm%fd a‘fflriS? '°b foir B Sﬁ Ainder microwave
materi a In a mcrowave reactor via
irradd8 %nHBihe (r@acﬁoﬁh):sSbﬁSva@dd@l@d ta' he anvd albroas sSHdin&d:lpmmdl. The crude
the m xture was stirred at 150 OC for 0.5h un%
produelevamervRender A ESPHJA miphia amiggevanediearier wak The reactor was scaled,
and SRNESALA A5t d” &WP %’Gld ?txﬁﬁ ﬁﬂ%l%f %@ro\’}me Bﬁ’a{dléﬁo%d TRY¥ vial was
preparative LC M5 exanpl e : 4 ngy
storaal 4t.4 t@bhoﬁ’n(ghetdmddha ﬂztb):lpltﬁfédﬁnatérlahwas ﬁb_lSE‘)d Qﬁo/ﬁltm‘mryand dried in

vacufé}%lg\éf /9698 % gctlg angn gl]é aM_ITi:goﬁgﬁ\'/lg (nizefdllod( IA'ASRRT 0.56 min, ELSD

98.69a1pebalydngrrbenzol g] qui nol i ne-6, 7-di ol hydrobrom de
interndiate Il exanple 2f1 (4aR, 1CaR enanti omer)

(4aR, 10aR enantionmer) K CO (0.17 g) and allyl brom de

2c2 . ( 01(%%' ?eét?)rlapggdé’o 93 ?Q %bl bF e%j)?lsm ultazlogg]q{uno‘{.zﬁe—(i 7-diol

hwﬁ®5ﬁﬁﬁﬂglon was stlrred at rt for Ih, and then poured
intowater (10 nL) and extracted mnth Et OAc (3 x 15
mL). The conbi ned organi c extracts~were washed wth
brlne drled askh SO ), flltered ahdqygsoncentrated in
! g . asNpurified by silica
. Yield: 156 ng as
s was di ssol ved in DCM
Ierw[Xma was added

NpL) and BBr (O m,
at -78 0C. The reactlon m xture was stirred

O
se
& "egrtath, and then G 78 0OC by sl ow
g Eloﬁmg%metH (10 n@%géﬁggi$%§%??on m xture was
The Sﬁrb&{glﬁ{% Akschibed Fbr %xﬂhﬂe At &4 lel&pecﬁiumgg(tﬂg éﬁ'aﬁtuﬁﬁéric starting

he reaction was st ored
material intermediate 111 (284 mg) Y1eld of example 2¢2: 122 mg as a solid. LC/MS (method

14): RT 0.56 min, ELSD 98.9%, UV 97.4%, MH": 247.1.

2d1  (4aR,10aR)-1-n-Propyl-1,2,3,4,4a,5,10,10a-octahydro-benzo[g]quinoline-6, 7-diol

hydrobromide
HHBr

— )
OH
compound 11A example 2d1
(4aR, 10aR enantiomer) (4aR, 10aR enantiomer)

Compound 11A (0.5 g) was dissolved in 99% EtOH (5 mL) and treated with 2M HCl in Et,O
(4 mL) overnight at rt. The crude mixture was concentrated in vacuo, and the residue was
partitioned between EtOAc and 10% aqueous NaOH (5 mL). The aqueous layer was extracted
with EtOAc, and the combined organic layers were washed with brine, dried (MgSOs),
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and the precipitated product isolated by filtration

and dried in vacuo. Yield of exanple 2fl: 50 ng as a
wokiowe®ed i d. LC/ M5 (nmethod 25): RT 0.72 mn, BCBDK2008/050214

99.7% UV 100% M+: 260.3. 2gl (4aR

10aR) - I -Prop-2-ynyl -1 ,2,3, 4, 4a, 5,10,1

Oa oct ahydr o- benzo[ g] qui nol igge-6, 7-diol internediate

exanpl e 291 (4aR, 10aR enanti oner) (4aR, 10aR
o} I

conc%ﬂ?gtteh QWaéucﬁcﬁ%ol(eégg g was e(ggls%l Ellt 1&2?}&% fEtEﬁ‘—t gﬁ; r?e%% érf&streated with

proplidni¢ Aki2hydg)(0i52 DVE NeBZNTB])h €0.45 &), ahb A DIS I ﬁﬁdp@)ﬂo‘i@ﬁlght at rt. The
stirred at rt ovcﬁg and t hen pourgd | nt%
crude JWX{Hg Wan gotiops %tzéf&ewtha%@w Qs 817 Wﬁf@r (12.5 mL), and
F Iy WASH t
O L P TR PR ek HERS e ARt P“nlﬁli’f’aﬂéﬂﬁoh‘“e%@dgsoﬂ ond
onaentlrdedl  evarecdi allbe waesidmar iviasedpubyfiedi Ibiycasilgml gel chromatography

oD ATRAACHRY leeipermaeabir rae MhasdansS10d%r & meny 450 °C for
lh Lﬂhér ﬁ[&o@ﬁ%&:o&@tt%nm-beférylth@ cld@Mivase adde@drdr A v %eermght The

- OC. The reaction mxture was stirred at rt for
preqmtateénaatt:m@nwfu@i@thé by dtltratip® ang dsied st vgeuad Wiald ohexgmple 2d1: 103

e SR A 2 AT 1 G538 g e

crude product was purified by precipitation from
2d2 NEW@O%% 14 P;dﬂ)%zpfl 26X 80P Q 02Bl o Aty RD- 9@512 zh&’zne—(i 7-diol
hydr%@)vdngde hod 25): RT 0.69 M n, ELS . 3%

100% MH+: 258 3.2hl (4aR, 1CaR)-I-c c\o PropyI-I

2,3, 4, 4a, 5,10,1 Oa-octahydro-benz [g]quinoline-6,

7-di ol hydrobrom de internediate || ~exanpl e 2hl

(4aR 10aR enamdioner) (4aR 10aR enanygoner)

Cixapr opoxy) tr pm +Mre (1.05 nL) was

pdiate |1 (250

Med™ 276 my)yd) L) and AcOH (0.5
) OMe OH
compound 11B example 2d2
(4aS, 10aS enantiomer) (4aS, 10aS enantiomer)

The procedure described for example 2d1 was followed starting from compound 11B (0.5 g).
Yield of example 2d2: 70 mg as a solid. LC/MS (method 25): RT 0.70 min, ELSD 99.0%,
UV 94.1%, MH": 262.1.

A small sample of example 2d2 was dissolved in MeOH and allowed to crystallize slowly at
rt over 2 months. The formed white crystals were collected and subjected to X-ray analysis

(cf. Figure 2).
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vial vas closed with a septum and the m xture was
stirred at 75 OC for 12h. The crude m xture was

wo pdoveeae4 and the filtrate was concentrated | PICRE2@®S/050214
The crude product was dissolved in EtOAc and purified
by silica gel chromatography (EtQAc) to afford an oil
This material was further pupified by dissolving it in
Et OAc and extraction with 0.5% HC . The aqueous | ayer

wa t t,e
2el 74&3‘?%(%{1% n%?ﬁgcg;o%?—ggzg?blr %ag )?e[frzsjwk m(%?%cﬁgw gg%kénzé%])qmnohne—
6, 7-@&ollr-yhioeentioat ed i n vacuo. The residue was suspended
in 48% HBr (1.5 nL), and heated_to 150 OC for 45 mn
in a seal ed mcrowave reactor vial under nicrowave
irradi ati on. The precipitated[néterial was i sol ated by
filtratioria®d dried in vacuo/ Wrel d of exanple 2hl: 9
? ff-white 5 (nmethod 102): RT
. EUSD 99 2% 2% ) M+ 260.0. 2il (4aR
MeOT QAR) - 1~ c Y€\ o- but WQT 4" 4a, 5,10,1
Ca-@t ahydr o- benzo[g]qQHnollne 6, 7-diol hydrobrom de
i niresmadicat e 11 exanpl exahde fe4aR, 10aR enanti oner)
(faraRaR a@aRmenant i oner9R.10aR erntedieat e 11 (250 ng) was
[ Y in. 1, 2-di chl or oent hane, NaCNBH 280
Etﬂ\g@%g ndhd othezyaen! GG Pt e “Respension
mter%{edm@dl s fﬂg) QY &THY ghs - mITh &R £ NaGRIRAvE 8hctl) videThe vial was
d, and the mixture was stirred at rt over the
sealtwleetklé rthe nitklgre was siiged mél(huénfoh édmw thdenanisroveavd . irrTghetion. The

reac TR Ereo RSl o o AT ENPEG M e 8 00 i EHOT p-wise. The

crudemhiRBue #hs 86redMY acav):mlgn@n@ m@lqja)hfeatlﬁ@ waeﬁ/(aqap) anth&tracted with
crude residue was purified by silica

EQe (i » Remby ridisrap bt s SNEORK EIC IS NpTeY WT%W&O’OFIW gl |chromatography

f 8
v T T S TBLSL! i A5 YA oo
reacttir Ofial\vided 8% rrasi €5 onl)i Wadaddedl @te widlwasTdealed, and the mixture was

precipitated material was coll ected by flltratlo
stirref} 3td@0i°F 19RL38 unfﬁfén*cggyadfﬁérr%ggu% B'Jhg Etuslg npigture was concentrated in

vacuo, and the residue was purified by preparative LC/MS. Yield of example 2el: 3.4 mg as
oil. LC/MS (method 314): RT 0.45 min, ELSD 99%, very weak UV-signal at 254 nm, MH:
263.8.

2f1  (4aR,10aR)-1-Allyl-1,2,3,4,4a,5,10, [ Oa-octahydro-benzo[g]quinoline-6,7-diol
hydrobromide

H HCI HBr
J )
MeO o e,
OMe
intermdiate Il example 21
(4aR, 10aR enantiomer) (4aR,10aR enantiomer)

K,CO; (0.17 g) and allyl bromide (0.09 mL) were added to a stirred solution of intermediate
I1 (0.20 g) in DMF (7 mL) at rt. The suspension was stirred at rt for 1h, and then poured into
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preparative LC/ Ms-purification. Yield of exanple 2il:

13.3 ng as a solid. LM (nethod 102): RT 0.73 mn,
wEkeDAded, UV 76.4% MH: 274.0. 3al (6aR, 10exR®)/PE2008/050214

6a, 7, 8,9, 10,1 Oa, 11-Cctahydro-Il, 3-dioxa-

7-azacycl openta] a] anthracene hydrochl oride

intermediate Il exanple 3al {j4aR, 10aR enanti oner)

(6aR, 10aR enantionmer) Internediate I (567 ng) was

Watetrng? @Frﬁ% da\rll}f)(/it %&@&Eé%&t{%—%t%(? E’)O£ 33%9L s C r u eﬁle%%éggrﬂz %xtracts were

washiaiswiplobiries dried ONaw80e), fil2fedrinll comsedtrhioe in micab el @tiée intermediate
was. extracted i nt o Et CAc (3x30Q nl). The conbined
was opiiedc b xtihci ggl warE AR AR Wﬁ@?t%ﬁa&g A gt 186 mg as a
tran%waréﬁp ((inlc qlﬂ%eﬂltafeﬁta?@ab KB HE in EB@W ‘#ﬁ@ WB@H (f ¢ ‘?ﬁjL IM in
y silica gel chromatography ( EtOAC eptane) to glve a
DCMhivae addzldi dtolg-284 arg)/8 °220hergeactiort inmﬂun&faf(fzsrﬂtlaiedwaﬁ for 1h, and then

auergh &7 Belgs ol diiion ShRTRL M E 1 oo bt B e v

for 3\G$n, WRSH&HicH EtEO 2%s dad&d The r&icViEn AaivhestsRliad 4 °C for 1h,
(18 drrg) 160 of this material was treated with

and oGl iOHREH by filatonted dtgd imapiF Yigldmlyrample 261: 50

me 843 < 061 Ay SRR RE QDB Sher Wiy toove. nar

26038nd the m xture was heated to 120 OC for 0.5h under
m crowave conditions. The crude m xture was dil uted
with Et CAc (20 nL) and washed with brine (2x20 ni),
drl c

Zgl &ug&%?jgdop%)af ?P I CIZ? g,g;yacﬁh? (I.iOJ[ 902‘2{@%9 beiyg?gfqgﬁqlogﬂg 6,7-diol
(Et QAc/ heptane) to give a solid (94
was treated with 10% Pd/ C (-50 ng)

s filter
jm
i exanpl go " Wite solid (79 ng).
> (nmethod 25): rt 0.9Q, mn, ELSD 99.8% WV 95. 6%

v-

pg) . This materi al
ive drops of 37%
i@kt (20 L) for 2h.
he filtrate was

|ntermed|e:1lte ] example 2g1
(4aR,10aR enantiomer) (4aR,10aR enantiomer)

K,CO; (105 mg) and propargyl chloride (45 mg) were added to a stirred solution of
intermediate II (142 mg) in DMF (5 mL) at rt. The suspension was stirred at rt overnight, and
then poured into water (20 mL) and extracted with EtOAc (2 x 30 mL). The combined organic
extracts were washed twice with brine, dried (Na,SO4) and concentrated in vacuo. The crude
intermediate was purified by silica gel chromatography (MeOH/EtOAc/Et;N) to afford a
transparent oil. This material was dissolved in DCM (3 mL) and BBr; (0.8 mL, 1M in DCM)
was added drop-wise at —78 °C. The reaction mixture was stirred at rt for lh, and then
quenched at —78 °C by slow addition of MeOH (1.5 mL). The reaction mixture was stirred at
rt for 10 min, before it was concentrated in vacuo. The crude product was purified by
precipitation from MeOH/Et,O. Yield of example 2gl: 25 mg as a white solid. LC/MS
(method 25): RT 0.69 min, ELSD 99.3%, UV 100%, MH": 258.3.
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3bl (6aR, 1CaR)- 7-Methyl-6, 6a, 7, 8,9, 10,1 Oa,
11-octahydro-1, 3-dioxa- 7- azacycl openta

wO 2joanrdesaacene exanpl e 2bl exanpl e 3bl (4aR, 10BR/DK2008/050214
enanti oner) (6aR, 10aR enanti oner) Exanple 2bl (700
ng), Cs2CAB (1.7 g), CH2Brd (0.22 nmL) and DVF (5 nlL)
were heated to 110 OC for 0O.4gh in a seal ed m crowave
react or viaI under m crowave irradiation. The crude

2r1M )f‘%égg% %&H—lﬂf@%ﬁ %YP l%%'i@ fgc(zagc?cfhggf%?gzzg} gﬁ_%u 9511116—6 7-diol
hydr&b}rdndde LC/ I\/B (method 23 SUN): RT O. 62 m n. ELSD 99. O%
UV 80. 7% MH: 246.3. Scl (6aR, 1CaR)- 7-Ethyl -6, 6a,

7, 8,9, 10,1 Oa, 11-octahydro-| Z di oxa-
7- azacyclopﬁnge [ a] ant hr acene hyd hIorlde exanpl e
2¢C pl 4aR, 10aR er)" (6aR, 10aR
aanegch 52C8 (1.2 9),
8., 15 m), and sere heated to 110

reactor vial under
nlccwmave irradiati on. TheHcrude m xture was purified
by ip@ssddige it t hrough a pekgnpef2isi |ica gel (MeOH DCM .
(FllaEm&%bramWnerHteri al aB,10aRsmwEnti@ar) n MeOH and 2 M
in Et20 was added fol |l owed by Et 20 The
(1- Eﬁr%wwlqpa@wyﬁrmmﬂﬂkna% (1St apled wap Rdadr 4ej drstired solution of

mter%{e{d%g i{@ﬁ@%ﬂ@mggﬁﬁﬁ%ﬁéﬁmﬁ 3/17&91% (2. %%112% aBEAROH (05 mL). The

vial 98k Q8scdMith a é’ﬁ@iﬂmﬁ) addlthe ﬁﬁb&uek@l%)lfred AN7PPO P 126, Thacrude mixture
11-oct ahy dﬁg , 3-dioxa-

was ;“lfggéalg ’9%4[ gk?effﬁlttré cay asasRnsFAER b Mgt e Rioriude Pesdafpyas dissolved in
EtOA# :Lm@ mr§b§ Gidicd é@%h}&ﬁzﬁoﬁaﬁlw {]ﬂ@@fc} td 8@Ba198R. This material was

enant
further purified by dissolving it in EtOAc and extraction with 0.5% HCI. The aqueous layer

was basified and then extracted with EtOAc (2 x 25 mL). The combined organic layers were
dried (Na,SO4) and concentrated in vacuo. The residue was suspended in 48% HBr (1.5 mL),
and heated to 150 °C for 45 min in a sealed microwave reactor vial under microwave
irradiation. The precipitated material was isolated by filtration and dried in vacuo. Yield of
example 2h1l: 91 mg as an off-white solid. LC/MS (method 102): RT 0.60 min, ELSD
99.2%, UV 96.5%, MH: 260.0.

2il1  (4aR,10aR)-1-cyclo-butyl-1,2,3,4,4a,5,10, 1 0a-octahydro-benzo[g]quinoline-6,7-diol

H HCI | TFA

hydrobromide

)
MeO HO “ny
OMe OH
intermediate Il example 2i1
(4aR, 10aR enantiomer) (4aR, 10aR enantiomer)

Intermediate II (250 mg) was dissolved in 1,2-dichloroenthane. NaCNBH; (280 mg) and

cyclobutanone (0.32 mL) were added and the mixture was stirred at rt overnight. Then more
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Exanple 2dl (7.80 g), Cs2CX3 (18.6 g), CH2Brd (2.2

m.), and DMF (180 nL) were heated to 100 OC for Ih
wae@en2@sd ar gon at nosphere. The crude react i onPEI/RK208/050214

was added to separatory funnel and diluted with

ice/water (300 mL). The resulting m xture was

extracted with Et O (3x300 k). The conbi ned organic

| ayers were washed with brine (200 nL), dried (MySO )

N EEREGDS A SD VBN TG SRS 3P PULIAE Bl i

reacnai ewdisedusiedhied, withi Whtewa&ddi Elseola‘q&ebdsn laIYEvaa(SZ oxtidcted with 1,2-
: reC| ated _as the hydrochl ori alt addi tion
dichfg wer@pd hh bl thaﬁt%/ Yy WEF’ZW%‘E%O‘”WLB“HGT%“ (MgS0,), and
con ﬁﬁ"&ﬂe@' ﬁlabgglopr%u"é{'u §esid§1@| @‘é@q}ul?ﬂﬁeﬁ B§ rs@lﬁdaogjtla'&gromatography
ried in vacuo. exanpl e 3dl : .
(EtQAEMe O/ EGIN) to ﬁ'forﬁ aﬂ@nlr(il 60 H@Sllﬁtﬁ@@/(f thhi\/fngt%rlﬁ)l%asl\d-tbso lved in 48%

4. 0. 4aR, 10aR)-7-acet oxy-| . .
HBI TS tif g ealed 16,1 50 BEob S ARy updTBBREOT DT TG Hatn i sgalyd vial The
preclpi@fldGhatbfial i 4UoPREEY BY Fildafdn, WASI AARAy [ThedreSitlind ﬁvﬁg subjected to

suspensi on of exanpl e 2al (90'nmy) in DCM ( 1

prepmAVQ :LCVEM}S -purHecation. uY iclsho iwvexstnanl¢ RHed 33t mgtanaoﬁoh)Q 5R/MS (method
riﬁ;g The residue was
IOZEEb anto%%?ggﬁga |vfﬁﬁﬁv -p%#f?ication. Fractions

contalnlng exanpl e 4al were pooled and the
acetonitrile was renoved by concentration in vacuo.

3al ThébaResfadudl 6mbadoifsis Ut Verhvdis- 1 Jrefsei7re%d in vacuo.
4 white solid. LG M5
cyc%e% ‘ﬂo@”ﬁ?%%ﬁfm%bﬁ%’% "ELSD 99. 5% euf'/ogls 7% MH+:

304. O 4a2 HAcetic acid (4aR 10 Rucr- acet oxy-1 , 2,

UN1Ca- oct ahyd qui nolin-6- vy
| ugr oacetat e cedufe described for
MeOEX D itwas fol | qy i g from exanpl e 2a2 (30

ny) oy el d of exanpleyl 21 ng as a white solid.

LC |W§rn(é’é%iehpd 14) RT 1. §<a%@’3aﬁ-SD 99.5% WV 98.5.
MéR é-i:@énagtlomer (6aR,10aR enantiomer)

Intermediate II (567 mg) was treated with benzyl bromide (0.36 mL) and K,CO; (472 mg) in
dry DMF (20 mL) for 0.75h. The crude mixture was poured into water (20 mL), and the
intermediate was extracted into EtOAc (3x30 mL). The combined organic extracts were
washed with brine, dried (Na,SO.), and concentrated in vacuo. The residue was purified by
silica gel chromatography (EtOAc/heptane) to give a white solid (234 mg). 220 mg of this
material was treated with 48% HBr (6.5 mL) at 160 °C for 0.5h under microwave conditions.
The precipitated intermediate was washed with MeOH and dried to give a white solid (180
mg). 160 mg of this material was treated with Cs,CO3; (326 mg), CH,BrClI (49 microL) in
DMF (2 mL) at 110 °C under microwave conditions for 0.5h. More Cs,CO; (300 mg) and
CH,BrCl (160 microL) were added, and the mixture was heated to 120 °C for 0.5h under
microwave conditions. The crude mixture was diluted with EtOAc (20 mL) and washed with
brine (2x20 mL), dried (Na;SOs), and concentrated in vacuo. The residue was purified by
silica gel chromatography (EtOAc/heptane) to give a solid (94 mg). This material was treated
with 10% Pd/C (~50 mg), five drops of 37% HCI, and hydrogen gas (3 bar) in MeOH (20

mL) for 2h. The catalyst was filtered off, and the filtrate was concentrated in vacuo. The
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4bl 2, 2- Di net hyl - propi oni ¢ aci d
(4aR, 10aR) - 7- ( 2, 2- di et hyl - propi onyl oxy) -1 - net hyl |,

W@ 28942434 5, 10, 10a- oct ahydr o- benzo[ g] qui nol i NnPEF/PK2008/050214
ester trifluoroacetate Pivdl (0.064 nL) was added to a
stirred solution of exanple 2bl (41 ng) in TFA (0.7
m.) at 0 OC. The solution wag stirred at 0 OC for 5
mn after which nore PivQ (0.128 nlL) was added. The

[ uti ! A , e
s RN O 8 8% s KR @l Sk BG83y g Lo

(met;hbepa)r.aﬁ@y@nmﬁ;lﬂ\zsma@.m,m PHB%. MECRBAAS cont ai ni ng
exanpl e 4bl were pooled, the acetonitrile was renoved
by concentration in vacuo, and the aqueous residue was

3b1! ygm VoS- M3 RBYR. 28090 NBa Y RORAOBICE 3.dfhelLA of

as a 'solid.” LG/ MS (nethod 14):
azacﬁa'loﬁerﬁa[ajr&zmhmﬁb’f@ 99. 6% UV 77.6% MH: 401. 2. 4b2
Acetic acid
(4aS 1OaSHq_-|E;}cet oXy- I-rret hyl -1])2, 3, 4, 4a, 5, 10, 10a-oct a
521 trlfluoroacetate
er) Exanple 2b2 (18
> ro-L) in TFA (0.5 nL)
at rt for ~I'h. The chRudg m xture was concentrated in
va guo TEbe resi due was purlfl by preparative LC M5
(nga@ h%ﬂ‘&u ot ai ning g i re pool ed, the
acetonitrile vvas rem§ ed y conce ration i n vacuo,
Exar&plé 2016700 4RO USs,COs i( lag) VRIS, Bryd ph22 hid §And MBS enn)@vere heated to
ve the product. Yield of exanple 4b2: 6 ng as
110 mﬁ. fop Oy incp sqaisdmicroms soigacian viaRynder ICHAYRVE Eﬁgfbaﬂon The crude

m1x% g/é‘i d:)%f %@ b§r0/ t%/gl;g- t?’c?nz)%l hI 4&1%155%@%1'11&1 %‘é f‘MeOH/DCM) Yield of

exandjgle 5b107]rﬁ)gaoatsahgtdh@bdﬁz(n{eﬂ@]:lml SION):NRT-0yb2 esh.efL.SD 99.0%. UV
20 7t0/ il\jlhu_o&t%%cet ate exanple 2c2 (4aS, 1QGaS enanti oner)
. 0. . .

3cl  (6aR,10aR)-7-Ethyl-6,6a,7,8,9,10,10a, 1 1-octahydro-1,3-dioxa-7-aza-
cyclopentala]anthracene hydrochloride

HBr (HCI

)
-0
example 2c1 example 3¢1
(4aR,10aR enantiomer) (6aR,10aR enantiomer)

Example 2¢1 (475 mg), Cs2CO;3 (1.2 g), CH,BrCl1 (0.15 mL), and DMF (5 mL) were heated to
110 °C for 0.5h in a sealed microwave reactor vial under microwave irradiation. The crude
mixture was purified by passing it through a plug of silica gel (MeOH/DCM). The isolated
material was dissolved in MeOH and 2 M HCI in Et,O was added followed by Et,O. The
precipitated product was isolated by filtration and dried in vacuo. Yield of example 3¢l: 15

mg as a solid. LC/MS (method 23). RT 0.87 min. ELSD 94.8%. UV 90.9%. MH": 260.0.
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Prepared as exanple 4bl from exanple 2c2 (32 ny).

Yield of exanple 4c2: 7 ng as a solid. LCMS (nethod
wa2909/08p34. 41 m n, ELSD 98.6% UV 53.2% M. BGRDR26bdI050214

2, 2-Di net hyl - propi onic acid

(4aR, 10aR) - 7- ( 2, 2- di et hyl - pr opi onyl oxy) -1 - n-propyl |,

2,3,4,4a,5, 10, 10a-oct ahydr gsbenzo[ g] qui nol i n-6-yl

ester trifluoroacetate Exanple 4dl was prepared in a

I fr ex l e
a1 Yl AR TR BB SR R IR g DS IR <
cyclepdntdla] duWeerlenBtdnochididde RT 2.45 min, ELSD 97.7% W

83.9% MH: 430.2. 5dl Racemic cis- 7-Propyl-6, 6a, 7,
8,9,10,1 Qa, |11-octahydro-1, 3-dioka- 7-azacycl openta|
a] ant hr acen conpound 25 exanpl efﬁl Compound 25 (0. 34
g dissol ve r THE (5 rrL)) was a qgg to a suspension

’ . The m xture was

m@ a,;g s quenched with
reesma eous NaOH. The

pr duct was extract ed)ln o 2-methyl- THF. The organic
was washed with ‘St . aqueous NaHCO , dried (MSO

é @W@p@é’ﬁéentrat ed in vasaople Fk residue was

RAFRZAGAeNeOH (3 (§R WAl epadiared with a few mg of

e T RERR3 , CASH 198N B DU PRGOS e

to ledﬁ@g(ﬁnllpmﬁﬂ&uﬁle)argmﬂeﬁtﬁiogﬁﬂere NEkd ciude nief@ionambaiye@as added to
f | 5% Pd/ h
sepag%;g%gfgllg%é{?agg d(llgltqglawyﬂ?éqe/\g@e@ %gagpiﬁgﬁ:reﬁeq mlgtml{;t%remevgs extracted

withHi9 %%wyog) T‘h@@@f% gd%ﬁgﬁgm%ﬁrb DRRe &&é(%fed @w{h%rﬂL e (8h0 mL), dried

four . 'The cata yst tered o and
(MgSDh) arat eonsargratahaentcrat '€k re|s1dua(mas pufitied rbg siilthaegah@bromatography

(EBRGMEDED Byt Plschda e RIS > QUsBS NaHRgPH (25 mi) and
preciitaRe ab MISE dro @HIGHEH éaﬁt‘tﬁgdad‘ﬂ’ldotﬁ AM HGicl i ﬁEO@Z@ﬂﬁ) and Et,O (100

concentrated in vacuo he resi due was di ssolved i'n
mL)VEde, pracipitated apeadlugi was 231l byn filteation sandodided, inTwecuo.  Yield of

e ECH 8 504 PAOSTUB01 LSRR £ il ELSEP IR, 0 e e

274811): RT 0.71 nin,

HO

dal  Acetic acid (4aR, 10aR)-7-acetoxy-1,2,3,4,4a,5, 10,1 0a-octahydro-benzo[g] quinolin-6-
vl ester trifluoroacetate

M HBr N TFA

A
H O 'I/,/// O sy, ”
OH O O
example 2a1 ﬁ/ example 4a1
(4aR,10aR enantiomer) (4aR,10aR enantiomer)

AcCl was added to a stirred suspension of example 2al (90 mg) in DCM (1 mL) and TFA (3
mL). The solution was stirred at rt for 2.5h. before it was concentrated in vacuo. The residue
was subjected to preparative LC/MS-purification. Fractions containing example 4al were

pooled and the acetonitrile was removed by concentration in vacuo. The residual aqueous
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ELSD 100% WV 61% MH: 274.1. Abbreviations and |ist
of chem cals used The foll ow ng abbrevi ations are
was@d/026bBi s par agraph al so outlines the chem cetBEDHI@®d/050214
along with their commercial source (not included for
standard solvents). AcC = acetyl chloride (e.g.
Al drich 23,957-7). ACh = acefyl choline. AcOH = acetic
acid. AD = Al zheinmer's di sease. ADME =
t tri - ' [o ' VAR
solu@gf‘ %ag 1&7(?1{}1119263 u\%g&%o‘gl?gfgﬁg)%nﬁpi%ﬁémﬁ%ﬁﬁ:?% ﬁﬁléll}l?/e dSeOhd' LC/MS
(methed §4): ATdt.B& miz FEI4ST 98)5%, T8 7% pali fi0d.0opt i cal
rotation. BBr = boron tribrom de (used as DCM
solution; Aldrich 17,893-4). BoC O = Boc anhydride /
4a2 91 Y RULNY 8@1@% nale & -1, 3,’9‘,'4‘3@ WI éagogﬁ'}gyd% ber@roé%equznohn 6-
= saturated aqueous so i onof sodium chloride
vl esoavtirifieorpacatmneal bunmi n. (s Butyl)lithium (used as a
cyc/ o- hexaﬂe solution; e.g. Aldrich A9r559 6). CAWP =
cyeli c~adengSPhe monophosphate. el (kg FAtilteraid.
br gnochl gr o ha : 3,526-7). CH I
odf¥de / iod NALAri ch 28, 956-6) .
Chi nese hanst :
chlat oacet hyl chl ori de (ékﬁ/OAldrich 10, 449-3). Cs2CC3

= ceempm2ear bonate (Al drich 44180&ple 3aR1 =
(GopasS(enyitonede (Aldrich 215853 ) 0aS@pentobetianone (e. g.

The reit e Rt e Sl S8 Yt Yagine g example 2a2 (30 m)

Ylela"of?é@m@e 4@A A ﬁ‘l@ﬂi@rﬁ Raite [Bolid Q@MS‘”‘(H@‘LHQU I8CREt PB3 min, ELSD
= dopanmi ne D2 receptor. D3 = dopanine D3 receptor.
995%ﬂ1g78§éahﬂﬁe P4h0r eceptor. D5 = dopani ne D5 receptor.
DCM = di chl or onet hane / nethylene chl ori de.
|, 6-di brono- 2-naphthol (e.g. Aldrich D4, 180-5). DW =
4b1di Ij’Et Dyrhetflﬂrp’fbﬁbﬂze acDNB@Q:]OdRﬂEI(DYldzﬁzbdhjsz(ﬂoﬁwnyloxm”ﬁcethyl—
& cé phenyl al anj ne. 3, 4-
1,2, %lf’ﬁgféré &%@ﬁyﬁy e&eﬂ%o[&/auw%lm ﬂﬁ%ﬂlﬂw}wce@so
concentration required to induce a reﬁponse hal f way
bet ween thg hesel i ne and t he nmaxi num rlesponse for the

“,, //,)

example 2b1 example 4b1
(4aR, 10aR enantiomer) (4aR, 10aR enantiomer)
PivCl (0.064 mL) was added to a stirred solution of example 2b1 (41 mg) in TFA (0.7 mL) at
0 °C. The solution was stirred at 0 °C for 5 min after which more PivCl (0.128 mL) was

added. The solution was stirred at rt for 2h, before it was concentrated in vacuo and the
residue was subjected to preparative LC/MS-purification. Fractions containing example 4b1
were pooled, the acetonitrile was removed by concentration in vacuo, and the aqueous residue
was lyophilized in vacuo to give the product. Yield of example 4b1: 7 mg as a white solid.

LC/MS (method 14): RT 2.27 min, ELSD 99.6%, UV 77.6%. MH": 401.2.
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15

question. ELSD = evaporative |light scattering
detection. Et3N = triethyl am ne. Et2NH = di et hyl
w@eion®e269kt OAc = et hyl acetate. Ethyl PCT/DK2008/050214
2-chloro-nicotinate (e.g. ABCR AV20359). 99% EtCH =
absol ute ethanol. Ethyl magnesi um brom de (used as a 3
Msolution in Et20 Al drichs%8,987-1). Et20 = diethyl
ether. [(I-Ethoxycycl opropyl)-oxy]trimethylsilane
(AL dr . —thyl ene gl 1, 721, 2- ol 35%
2 o e e e DA MR T S B ]
benAY eflyu il [id 4 A@8teil JriflibokbiReaze f | uor onetric i magi ng plate
reader. FSB =foetal bovine serumh = hours. 48% HBr =
48% aqueouq égrl ution of hydrogen broni|de., 18%/ 37%
Chas 28 s

deogepshlori de (unl foregrspeen{ical ly as a 2M
O solution, which is conmericially avail able, e.g.

Al @ ch 45,518-0). HWA = t hyl phosphor ous

triaglde. VA = hormovani | licl aci dyf.b)fs st abolite). i =

'(4%9; 10k %nﬁorﬁé@' butyl - | met hyl magitibhienantiorfler) = i Nner

di anmeter. 1-1odopropane (e.g. Aldrich 17,188-3). K2CO
Examplecb@dd 8 mmg) oeasieattdevifleAgC] @bdnicohL 20, DIGA (@) mIKMA @ for ~1h. The

ot assi um per man ate (e. Al drich 39,912-4). KO =.
erud R s PBRTL AL i Th ISP 0hS PaniTB e Sk prigrive LCIMS.
Fracfibd &ﬁ]@iiﬁ‘iﬁ? leitiyle B 208 psabdl tthOatetdnlitvkaw 2 thbled bircMentration
= high-performance |iquid chromatography / nass _
in vepee end ke equeounkpsiduci wis biephiliaed i wasueyr gide theipeadlugs Yield of

| H 0 iLQn.: dr i 1 - b = 1.ithi o
cxarllp W2 FERED T Pl LTGRO I o7 b PLIB 90 3% UV
93,704 tNIHTB 1810, - S- but yI bor ohydri de (used as a | M THF

solution; Aldrich 17,849-7). NMDO = net hyl ene-di - oxy.
MED = mininmal effective dose. MEDNenpbnap de = m ni nal

ef fect | j n | d =
e R LR e PR T S PAR 2 AP B,
benzwy gy quinotlint @ esteNBiflioroacatamal brai n dysfuncti on.
2-Methyl -THF (e.g. Aldrich 41,424-7). MPTP =

| - met hyl - 4-phenyl -1, 2, 3, 6-t et rahydr opyri di ne. MIBE =
met hyl t-butyBr ether n = normal. BHTEA sodi um
Ciy ~~e“¢o ide (Aldrigh 1 S “NapS2a3 =
—_—
HO 0]
OH 0.0
example 2¢2 example 4c¢2
(4aS, 10aS enantiomer) (4aS, 10aS enantiomer)

Prepared as example 4b1 from example 2¢2 (32 mg). Yield of example 4¢2: 7 mg as a solid.
LC/MS (method 14): RT 1.41 min, ELSD 98.6%, UV 53.2%. MH": 332.2.



10

15

20

Sodi um bisulfite (used as an 38-40% aqueous sol uti on;

eg. Riedel 13438). NaH = sodi um hydri de (used as a 60%
wale@poer®son; Al drich 45,291-2). Nal O = sodi um per/DEA@BO50214

(e.g. Aldrich 31,144-8). 1 M/ 9 MNaCH =1 M/ 9 M

aqueous sol ution of sodi um hydroxi de. NaOve = sodi um

met hoxi de (used as a ca. 5 Mgsolution in methanol;

e.g. Aldrich 15,625-6). NPA = TV-n-propyl Aponorphine.

6- e
4d1 ?jr?ém(%ﬁydg%gézg% ?%?ﬁﬁ%] R%Oﬁ@g;% c?%@t@%ﬁér%p%%&%%‘& Pn propyl
1,2, sadn U & D@ bLdeydrpteatd/] g@weﬂ)lmm . dder tBfuoroliatidke nson' s

di sease. PFC = prefrontal cortex. Pd/C =

pal | adi um on-{charcoal (e.g. Aldrich 20, %69-9). Pd(OAc)

pal | adi;.»Jr(l | )acetate (Al fa Aesar ?3516).

Pl peronyl gghol (e.g. Aldrich P4, 940+8). PK =

; tic. PLMD = per o3 L venent

paFg-y-I->Ch| Qi ( drijch 14, 399-5) .
Juf)y. PTSA = |

: 3 de (e.gq: CL  NCZZaaNCY

a-tol uene sul fonic~acid ydrate(eg Aldrlch
40 OZB8|O|5 Pivd = pival o or| de 1J1' met hy
T b (e A dri g =
rest] ess I'egs 'syndrone rt mtenperature RT =

retentiont ine s =secondary sat. NaHCO 3 = saturated

e AR G2 A B85 BNy o cxampc 2

(44 £1i3h.OY iclEof XaniplS Y@L UMARME QY 9. wikCsctidS WORMSK (ntdtiedd 14! ’RIM2.45 min,
chr omat ogr a hOy Sodi um netal (e.g. Aldrich 28,205-7).
ELSD 97.7%¥ UVa¥3/9%THIAl - 439.8¢ r a- n- but yl ammoni um i odi de
(e.g. A dri ch 14,077-5). TFA = trifluoroacetic acid.
TFAA = trifl uoroacetatic acid anhydride. THF =
5dit etR@aAswzd fe@f TP {-BrdasT)s, OMEr 1 04 A 1 roak@gutoal, 3sdi@xed yza-TLC
= thin er chronmat ography. CH(OCHs) = tri met hyl
cvelenayifed lﬂ”ﬁ%“flée”@e g. Aldrich 30,547-2). WV = ultraviol et
purity (at 254 nmunl ess noted differe tIy)
Phar mac Iogl cal Testing DI cAMP assay [The ability of
t he co ds to either stinulate or h|b|t the D
recept or di at ed cAMP

L0 oo

compound 25 example 5d1

Compound 25 (0.34 g dissolved in THF (5 mL)) was added to a suspension of LAH (0.3 g) in
THF (5 mL) at 0 °C. The mixture was stirred at for 40 min, before it was quenched with
ice/water and basified with 27% aqueous NaOH. The product was extracted into 2-methyl-
THF. The organic layer was washed with sat. aqueous NaHCO;, dried (MgSO.), and
concentrated in vacuo. The residue was dissolved in MeOH (3 mL) and treated with a few mg
of 5% Pd/C, 37% aqueous HCI (10 drops), and hydrogen gas (3 bar) at 50 °C for ~1h and
further at rt (1 bar hydrogen pressure) overnight. Next morning, a few mg of additional 5%
Pd/C were added, and the mixture was hydrogenated (3 bar) at 50 °C overnight (this
procedure was repeated several times over a total of four days). The catalyst was filtered off,
and the filtrate was concentrated in vacuo. The residue was partitioned between 2M aqueous

NaOH and DCM. The organic layer was washed with sat. aqueous NaHCOs3, dried (MgSOy,),
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25

30

formation in CHO cells stably expressing the human

reconbi nant DI receptor was neasured as follows. Cells
wowrre/oseaeded in 96-wel | plates at a concent r at PONDER008/050214

11000 cells/well 3 days prior to the experinment. On

the day of the experinent the cells were washed once

in preheated G buffer ( 1 My 2, 0.9 MM Cad 2, 1 nM

| BMX (3-z-butyl-I-nmethyl xanthine) in PBS (phosphate

I A

and QUG 371 OO RS b S RERTIRT il 1B Ridbyapdisolved in
Me@idartdestatabpwith @dd H' iutkeD ian 0CGCh Uhk giredipinitaprodsewarisolated by

test_compound dilLuted in G buffer [

. . Th [
ﬁltr?Wé’i‘leYi‘ abgtawwls 8d1:00 WE AL 1§t80§3a138)§%§?%ﬁ@193é®?35ﬁ0-7 1 min,

ELS\]‘_\ﬁﬁ)(ﬁ/sqpp%q%bMﬁhQ7qultl on of 100 micro-L S buffer
(0.1 M HA and O. 1 mV Cad 2) and the plates were

placed at 4 Cfor Ih. 68 mcro-L N buffer (0.15 M NaCH

and 60 niV ) was added and the plates were shaken
AbhFBY‘ati?)“srﬁ’HﬁEg?c%ﬁnW r‘l:?e‘i of the reaction were

transferred to cAMP Fl ashPl ates (DuPont NEN)

containing 40 mcro-L 60 nM Sodi um acetate pH 6.2 and
The foitpwing rbbrieviatond sre (6. nili Spahgrplasise audingHte. chemicals gged along

witn 3B HTTLT st Tt Rt A i B ver e addea.

Fol |l owi ng an 18h incubation at 4 C the plates were
washed once and counted in a Wallac TriLux counter. D2

AcCd AWetak@ayridm(@ gaildiehy2 36957 ﬁ)eAEdjlrfpmjﬂdghqlmeeAc(BHr— acetic acid. AD

_ i.mul.ate or it.the .D2 or

B Aﬁ%h‘ﬂfl‘ﬁff (B5Rr % bR RPE ST Oéls‘inr%i‘r?%ﬁ‘ft%%t atjy1 bromide

(e. gVFIhlth tosg7duaRN, DElungRRAt gﬂoﬁ’ﬁ@&?e‘?@ﬁwﬁ&l ?@M’l' BPWS, = specific optical
Cells were seeded in 96 well plates at a concentration

rotatadn. $H0 =cledrbs filbmid: Gugd apPICM s mtipipeAksixishrli7i¥dt4). Bnc.O = Boc

anhhfig? BB OB BORRE CE R G2 PG s W S solution

of sdBMX dhbrRBSBSaNd Holie asamy albasin. k-BudiAdhiddh aded bi 8Ryclo-hexane
of 100 mcro-1 of a mxture of 1 mcro-M quinpirole,
solutign:rg.& rdINriEl 18Pi0. Pt stclicordsaosier menaplnsphase. Celite = filter-

aid. (éﬁt&?%ﬂm—s r@roﬁ’lf)clﬁgroqﬂe?ﬂa%e (A%EI%EO|15,@2@-69. tCE‘P‘I";I Qo'ﬁPe%ﬁd iodide /
iodomethane (e.g. Aldrich 28,956-6). CHO cell = Chinese hamster ovary cell. ClAcCl =
chloroacethyl chloride (e.g. Aldrich 10,449-3). Cs,COs = cesium carbonate (Aldrich 441902).
Cul = copper(I)iodide (Aldrich 215554). Cyclobutanone (e.g. Aldrich C9,600-1). cyclo-propyl
methyl bromide/(bromomethyl)-cyclo-propane (Aldrich 24,240-3). DA = dopamine. D1 =
dopamine D1 receptor. D2 = dopamine D2 receptor. D3 = dopamine D3 receptor. D4 =
dopamine D4 receptor. D5 = dopamine D5 receptor. DCM = dichloromethane / methylene
chloride. 1,6-dibromo-2-naphthol (e.g. Aldrich D4,180-5). DMF = dimethyl formamide.
DMSO = dimethyl sulfoxide. L-DOPA = (levo)-3,4-dihydroxy phenylalanine. DOPAC = 3 4-
dihydroxyphenyl acetic acid (DA metabolite). ECso = concentration required to induce a
response halfway between the baseline and the maximum response for the compound in
question. ELSD = evaporative light scattering detection. Et;N = triethyl amine. E,tNH =
diethyl amine. EtOAc = ethyl acetate. Ethyl 2-chloro-nicotinate (e.g. ABCR AV20359). 99%
EtOH = absolute ethanol. Ethyl magnesium bromide (used as a 3 M solution in Et,O; Aldrich
18,987-1). Et;O = diethyl ether. [(1-Ethoxycyclopropyl)-oxy]trimethylsilane (Aldrich
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(agonisn). The cells were incubated 20 m nutes at 37 C

and the reaction was stopped by the addition of 100
wor@p02636 buffer (0.1 MHCO and 0.1 nmM CaC 2) PenoiKRvs/050214

pl ates were placed at 4 C for Ih. 68 mcro-L N buffer

(0.15 M NaCH and 60 nM Sodi um acetate) were added and

the plates were shaken for %@ minutes. 60 mcro-L of

the reaction were transferred to cAMP Fl ashPl at es

SRR PRSP MDA 0. T s, SO TLDRGHE B s
peroSidi (¢ry. adideh 34.288d4v). GACIPR, = IfYooBSActaindnAgihy platermeader. FSB =foetal

G /m 1251 -cAVP) were added. Following an 18h X . .
boving seryay fonhodrs- 438 HRE =584t Y ¥ WURTRIQDgFRESn GrRmide. 18% / 37%

4l ( el o i
HCICO Vg, 6% 7o a@he}(}gée E@ﬁ%@] tbﬁgfc}rrsr%%h {fbriddD? MS3@Y) 2 M HCL=1M/2M

Concentrati ation of Intracellul a
aquddas sohgbe asfehyayogboperdomde (umldsDoted sprstfeatly ds GHOMGAHL B solution,

.cells. The. cells. were | oaded w.th fiu -4, cal gi
whidf i GBC A ™ AL -2 R B o dS b G 1 Bk diilosphorous
triangid@N Gy A VaShemeVdndli€dadly (DA PRefabblitey onet riis MRS RO 3-i-butyl-1-
plate reader) for 2.5 mn. Peak responses (EC50) were
methybemglyed f¢.om idopl deatcterwdHiodofropansatshg. datdiichol 'hi8%&Ad KoCO; =

l.otted with dr C -1 (cf.  Figure 1 for
potaf bl SARpFRRPER SPLE0D: el PP e (e Ataricn

39,9002148. crITst FUckagckbyutaddiny ok f flehRi  conpespylaitonNsut@d as a
different wells using a Fl uorescence Inaging Pl ate

THF et/ ctmilboprerienyspluting ddwiiaaro2iRUi ces/MSunnighrerfogngnee  liquid
U Rl AR SHOTRiA SEREAEIRIRE i o 10 T
solutitvg AXdbioh \2a2ae-6)sLite- Goniaerdhtaideqn. gofAlddehnd 5044-BRtl-Selectride =
i L, 8oL Yo OB ek U gy o -
SR S0 il S 8 Spoect 15 BOADI D e i
the peseptoris Nemloeadilel iMeOHeteptibrsgl. arethoxyacetyl chloride (e.g. Aldrich
M965-3). min = minutes. MBD = minimal brain dysfunction. 2-Methyl-THF (e.g. Aldrich
41,424-7). MPTP = 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine. MTBE = methyl #-butyl
ether. n = normal. NaCNBH; = sodium cyanoborohydride (Aldrich 15,615-9). Na,S,0; =
Sodium bisulfite (used as an 38-40% aqueous solution; eg. Riedel 13438). NaH = sodium
hydride (used as a 60% dispersion; Aldrich 45,291-2). NalO, = sodium periodate (e.g.
Aldrich 31,144-8). 1 M /9 M NaOH =1 M / 9 M aqueous solution of sodium hydroxide.
NaOMe = sodium methoxide (used as a ca. 5 M solution in methanol; e.g. Aldrich 15,625-6).
NPA = N-n-propyl Apomorphine. 6-OHDA = 6-hydroxydopamine. PBS = phosphate buffered
saline (0.02 M sodium phosphate buffer with 0.15 M sodium chloride, pH adjusted to 7.4).
PD = Parkinson's disease. PFC = prefrontal cortex. Pd/C = palladium-on-charcoal (e.g.
Aldrich 20,569-9). Pd(OAc), = palladium(Il)acetate (Alfa Aesar 010516). Piperonyl alcohol
(e.g. Aldrich P4,940-6). PK = pharmaco-kinetic. PLMD = periodic limb movement disorder.
Propargyl chloride (e.g. Aldrich 14,399-5). Propionaldehyde (e.g. Aldrich 58,812-4). PTSA =
para-toluene sulfonic acid hydrate (e.g. Aldrich 40,288-5). PivCl = pivaloyl chloride /
trimethyl acetyl chloride (e.g. Aldrich T7,260-5). RLS = restless legs syndrome. rt = room

temperature. RT = retention time. s = secondary. sat. NaHCO; = saturated aqueous solution of
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both. We have used the rotation response in rats with
uni l ateral 6-OHDA | esions to assess conpounds for
WO bmpo2@bi | ity to stinmulate both receptor typeBCEDE2008/050214

i nduce rotation [Ungerstedt, Arbuthnott; Brain Res.,

24, 485 (1970); Setler, Sarau, Zirkle, Saunders; Eur.

J . Pharmacol, 50(4), 419 (%378); Ungerstedt,

Herrera- Marschitz, Jungnelius, Stahle, Tossman,

. t i " S i " . .
sodi o'ﬁ’?g‘lsﬁ%?%%’_ok‘jﬂepé C(ﬁl P?%&I&G@%@%@é?%%?ﬁﬁ%? gmmonium chloride.
SC € 58B8axgdnecob (BHA mp&cﬁﬁ&ﬂlﬂﬁsh ehrahedtegraphi. rS@dﬁlnml’mitzm(mg Aldrich

effective dose to jnduce rotatjaon for

t
28,203 i oun b it Vg hBéYl o tragineyk aammnﬁablos@@r{eaewf TiRhnlgel)77-5). TFA
= tr1ﬂ%1§1%ﬁ9&fé detth %A@nttrlﬂﬁmg%efta@fc%fh & Pfgﬁ&ee e tét%ﬁ%@lran (dried

he conmpound to overcone Nenonapride bl ock
overNdAomajecdia) . sidNesyo rTpE i=d ehlnsla&erDQhﬂoniaH) gaapthag @H(QCHBhﬁF trimethyl

orthPlGERRR ore b TRGERN BRIy G 2oheh pless noted

dﬁﬁﬂ&hgg receptor. Finally, once the NEDNenDnap de is
known a third experinent is run using the MEDNenonap
de dose and observing the effect of the DI -Ilike

anta onl CH 23390 al one, the D2-1ike antagoni st,

Phaﬂg %EF?&E §P§ne and finally, the effect of conbined
treatment with SCH 23390 and Nenonapride. This third
exaerinent confirms the activity of the conpound at

1 PEBeptors as either antagonist al one can only

The Eﬁgglitﬂf R é&g&%ﬁ? e? ‘st’#rqu,‘(l)l le MRS K B Pefc@fyitop Ynelillfed cAMP

conpoun | na ion treatme
fornzooplie CRIQ chlsotdtdy aklbresrsﬂt@ﬂle (hﬂﬁlal’l medolmbmaiit P1[ Reeritor was measured
Psychophar macol o .1985)

as f@%ﬂ@aﬁs&s SRR T RRY Pt 32 domsiation b BO00regdfs/well 3 days
priolt thd txpetBRnf. :k%gt%)e]d ¥$h{11% &Bgﬁherﬂ@ﬁe e velad %sﬂé?l'oo?ige in preheated

Aponor phi ne as the proof-of-principle conpound
G bufifored DM M&8{, 29 ImMeCa@iQn] sﬂ\é IBE@ééBﬂduut}tlyl -moidiglxanthine) in PBS

(ohogRife PRUeie Al 2B dbuaras s puruGERaRngn of 100 micro-L of a
m1xt@§’d3|oﬁt3'00ﬂM ﬁ@@%(ﬁ@ﬁﬂ'ﬂésﬁ’mdﬂﬂ)oﬁﬁ&j ditubXdP i‘h &t bilétMtddohism) or test

D2-11i ke dopam ne
compound dlluted in G buffer (agonism).

The cells were incubated for 20 minutes at 37 °C and the reaction was stopped by the addition
of 100 micro-L S buffer (0.1 M HCl and 0.1 mM CaCl,) and the plates were placed at 4 °C for
1h. 68 micro-L N buffer (0.15 M NaOH and 60 mM NaOAc) was added and the plates were
shaken for 10 minutes. 60 micro-l of the reaction were transferred to cAMP FlashPlates
(DuPont NEN) containing 40 micro-L 60 mM Sodium acetate pH 6.2 and 100 micro-L IC
mix (50 mM Sodium acetate pH 6.2, 0.1 % sodium azide, 12 mM CaCl,, 1% BSA (bovine

125

serum albumin) and 0.15 micro-Ci/mL "~1-cAMP) were added. Following an 18h incubation

at 4 °C the plates were washed once and counted in a Wallac TriLux counter.

D2 ¢cAMP assay
The ability of the compounds to either stimulate or inhibit the D2 receptor mediated inhibition

of cAMP formation in CHO cells transfected with the human D2 receptor was measure as
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receptors. Pram pexole, an agonist at D2-1ike
receptors is ineffective in this nodel. Sone of the
wa@eovpoeass | ncl uded herein have been tested i nPCTDK2008/050214
nodel and exhibit a profile simlar to Aponorphine and
L-DOPA in that they are able to restore | oconotion in
the mice. In this way, thesgpconpounds are 'superior'’
to ot her conpounds, such as Pram pexol e, that target
folloQgs'. beh?wre CERIQI R S8t EX&%‘ g g&&eg&?[ﬁoln 6@%06%@1@/\9% I.’)Cdays prior
profile of sone of the conmpounds © e 1'nventron was
to tht dx@egshenus Ongthamagol o expodalkenidds eeilbadrd wadhleé once in preheated G

bully %ﬁ Mgl %iLofg NG T Y §§S¢X\{¥1 n%;apd%g%j%m]@med by
addi![iGH tohil 80 Bﬂ&%dii &1 ﬁ%ecﬁf it Hl?chWHﬁ)%leOflottﬂﬁroM forskolin and test
I than L- DOPA or

I nvention gave | ess dyski nesi as
compponioin HG effen(adtaggnismi) ve 10 miinml-8l. fo8dwtn @hd tdsecompound in G buffer
conpounds of the invention further reduced L-DOPA
(agonifticed dyski nesias significantly nore than was
observed when shifting animals from L-DOPA to
Pram pexol e. Methods - Cell culture Human D5 (hD5)
The exlpy essiincubaied 20rmicutepas 3 éd end ghengactiomodisfsteghed BXIhe addition of

100 Fir) SRR~ 8 Boee i oROLel 87 e brasced at 4 °C for
1h. &§ %{Ib&)l'-j@ 'W%H%fé{ %@Ak/fsﬁgpfgaﬂn%p ght?ll S&dfihim ARBS8IE added and the

were culture nvi trogen,
plateSawtsbddkerCA)Yr Wbntimited. 6§ hdYoESBl (Heorehaionbeereneansferred to cAMP

Fss 7 Py N e T PO S Dl O o1 1
mix %WW@A& A ant by shaRpsiAed a8 Wi DadD51%,88€R%AA 0.15 micro-
using a lipofectam ne Plus nethod (Invitrogen,

Ci/nQdrIsBadP) @ak, addod Falllowing an g8lmmcibatioh aaly °¢ theplatemwere washed
and P/S free i a, .24h before assay, hD5 transfected
Oncedlécéé}meé 1%%|"V§%@F’éﬂ“§é°@ﬂ’ét8r' at a density of 10,000
cells per well into black walled cl ear-base 384-wel |
pl ates pretreated with poly-D Lysi ne (Becton

D5 Bbsky nson, USA). The cells were then cultured in HAMS

F-12 cell growth nedia containin9 - o
Concentration-dependent stimulation of intracellular Ca™ release by dopamine in hDS5-

transfected CHO-Gal6 cells. The cells were loaded with fluoro-4, a calcium indicator dye,
for 1h. Calcium response (fluorescence change) was monitored by FLIPR (fluorometric
imaging plate reader) for 2.5 min. Peak responses (ECsg) were averaged from duplicate wells

for each data point and plotted with drug concentrations (cf. Figure 1 for dopamine).

Concentration effects curves to agonists were constructed by adding different concentrations
to different wells using a Fluorescence Imaging Plate Reader (FLIPR™) (Molecular Devices,
Sunnyvale, CA). Curves were fitted with sigmoidal dose response equation I = Inax / (1 +
(ECso / [Agonist])"), where the ECsg value is the concentration of agonist that produced half-
maximal activation, and n is the Hill coefficient. Fits were made using the Graphpad Prism 4

software (San Diego, CA).
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1.5% FBS, 1% L-glutam ne and 1%

penicillin/streptonycin (P/S) at 37 Cin 5% CQ2
wokdobozi®34 | ntracel | ular cal ci um nobilizati on BEEFRKS008/050214

For nmeasurenents of intracellular free cal cium

concentration ([Ca2+ 1), the cul ture nmedi um was

replaced with a freshly prepgred | oading buffer. The

| oadi ng buffer contains I X HBSS (Invitrogen), 20 mV

HEPES (Sigma), 0.1%BSA (Sigm), 1.5 micro-M

Fl uor o-4- AM (Mol ecul ar Probes), and 2.5 mM probenecid
D1/Dpdépedtivilsf resh) (Sigma). The plates were incubated

for Ih at 37 and 5% CO and washed three tines w.th
Dopgpans; aegnistirees haverpei v icherdlis Pdrlikegrecniors the @ﬁélﬁﬁerecepwr& or
bothC ONRODEBLSe P ehel IR G AT O f2BT Wi GhHAERY 6Fh LB A b¥hs to assess

The cells were then placed into a fluorescence | mager
compbatds forethderab{liEy, tPRimniaic hivh ecaptar tyPey iaoed sjduto retainert dyngerstedt,

cell fluorescence he nd after additjon of vari
ArbBar e R b s T, S0 Skl 208 L SaMaRb R 1 PRarmacol.
50(Mes1y (197%)9!‘[)‘11%&%6@‘[,q{é}?&rﬂim&ch%,nﬁﬁgﬁélﬁfsj 9RhRNFossman, Zetterstrom;
aliquoted into a clear round-bottom pl ate. The dye was

in “éxlzinced int Doprening Raesearely éKelmgkt Hd.ngergaman giyass, dpxford, p. 219

I and the si.gna s det ected. usi ng-t he stan .
1o TepRshermoRuoR SRR Sk S ATRIRD) o induce
rotafitl forBitRl corhddund1ab q(d288) ] Onconcamt DakisoBe@df Hi@6tnSined, a second

curves for agonists were constructed by addi ng

expeinang iePrriarag éndetarmisn sha MEd? pf Bieciomnoeng 4o orseeme Nemonapride
bloc%léfg%r@iscenc  NAIRASHICR 2§i&i@%ﬁﬁ§&§§1&g£ﬁ§égsglgetolgh-nke receptor,

“Wo¥F&&cence after addition o

theraterecartyhescoetl | retatiens andldaalsixadent sipog attietyFhd BR(ID ike receptor.
,aﬁoftmarg and GraphPad Prism 4. Antagoni st activities

Finally, qussrBei AP wereriads Kpeun fdhird SEPSTIHMEH, ihiun Eigothe Y EDNemonapride

doseS| Igc{]%los&h'ng' %lg %f#& 399R $31-likg %Htgg%r}igg LS!Cﬁn{g WBB&) alone, the D2-like

t
pre-incubated wth conpounds at
antagamsteNemanapwiis al@wrdnt Henllgttheroffedt of combined goatnens with SCH 23390

and ﬁe&%&aﬁ)g&. Ii]so S1rddgxspce¥iimbe% cgrtl)f‘i)r\tln%' thlenac\[/iivft}ri%f Ft'ﬁg actoglc {H?d at both
receptors as either antagonist alone can only partially inhibit the rotation response induced by
the test compound while the combination treatment completely blocks all rotations in the rats
[Arnt, Hytell; Psychopharmacology, 85(3), 346 (1985); Sonsalla, Manzino, Heikkila; J.
Pharmacol Exp. Ther., 247(1), 180 (1988)]. This model was validated using Apomorphine as
the proof-of-principle compound for mixed D1-like/D2-like agonists.

Superiority model

Apomorphine and L-DOPA are able to reverse motility deficits in a mouse model of severe
dopamine depletion. Both Apomorphine and L-DOPA stimulate D1 and D2-like dopamine
receptors. Pramipexole, an agonist at D2-like receptors is ineffective in this model. Some of
the compounds included herein have been tested in this model and exhibit a profile similar to
Apomorphine and L-DOPA in that they are able to restore locomotion in the mice. In this
way, these compounds are ‘superior’ to other compounds, such as Pramipexole, that target

D2-like receptors only.
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Cryopreserved pool ed mal e rat hepatocytes (Sprague
Dawl ey) and pool ed hunman hepat ocytes from 10 donors
w@ cbe2@nd fenmal e) were purchased fromln Vit rBCT/DK2008/050214
Technol ogies Inc., BA USA Cells were thawed at 37 0C
in a water bath, live cells counted and seeded in a
total of 100 micro-L in Dullgcco's nodified Eagle
medi um (hi gh glucose) with 5 nM Hepes buffer in 96
wel | plates, each well containing 250.000 and 500. 000
cells/mL for rat and human hepatocytes, respectively.
Dyskinesibaiddehs were started after 15 min of

i ncubatj on and stopped at tine points of 0, 5,
The sf{yslélﬁaﬂ%er If, OF e apls grpaoueds 96 e eHBom S 1 fed using an
aninfil Mnb&¥i &QMdhﬁpﬁlteoﬁﬁéfa%e LRGHDAY | Rﬂﬁﬁ%%ﬁe Wﬁlﬂ%’?eﬁlm Wierup,

addition of an equal volunes of ice-cold acetonitril
CendoRtmiJnNagroi€%15(1y HT (2082)]| blv\ﬂlrsg)armngmlsbugatf thmcorﬁﬁounds of the

1nveg1gq(>:r{]§q1VLe Ag{sgg(hlflgesa%fgargi ﬁ?@f@mr hoan r@%«% ?rgdrﬁ%q%1vga%1mals Some of
the éMAIRMEs oMhe HPMtionThEhBPRIdLE&dPhasEPRaddidee & 1hQéMsnﬂgmﬁcantly
conposition: A 5% acetonitrile, 95% H2O, 3.7 m/1

morg than NH8 obgergednivhen shaftini @n@@alﬁfromdbﬂ@z% tm%r@m@exmwo%
acetonitrile and 0.1% form c acid. The flow rate was
0.3 mM/mn. The gradient operated fromO0%to 75 %B

Metho@ Cellicaltife 20 M n and the el uate was analyzed usi ng
a %%%CFnlcro mass spectroneter (Waters, SA) .

Hunpg I thn caprepsien pensuet warenadsolsinge maélﬁ@é @EP@J r¥8etopyA stable cell

line gg‘?ﬁ‘ﬁ%{ﬁezm&g%ﬁ’gg%&% @aﬁph&mg é@f@?ﬁl ééﬁ@) @Aa{é} Was purchased from

grving coin reten
(Motdcuias . Whatesi SunhaiaiedCA). TAccasipouncdt lcakurnd) ﬂnhHAMS F-12 media

s W R P TSI U] Do
0 DTNy APSPIELY (70, ) 96l Cro-curs
werdretahgiéntlye traydfected pritpD5 @eyept@ap DOy lusing a lipofectamine Plus method
(Invitrogen, Carlsbad, CA), and allow to grow for 1 day in serum and P/S free media. 24h
before assay, hD5 transfected CHO-Gal6 cells were seeded at a density of 10,000 cells per
well into black walled clear-base 384-well plates pretreated with poly-D-Lysine (Becton
Dickinson, USA). The cells were then cultured in HAMS F-12 cell growth media containing

1.5% FBS, 1% L-glutamine and 1% penicillin/streptomycin (P/S) at 37 °C in 5% CO,

Methods - Intracellular calcium mobilization assays

For measurements of intracellular free calcium concentration ([Ca®"];), the culture medium
was replaced with a freshly prepared loading buffer. The loading buffer contains 1X HBSS
(Invitrogen), 20 mM HEPES (Sigma), 0.1% BSA (Sigma), 1.5 micro-M Fluoro-4-AM
(Molecular Probes), and 2.5 mM probenecid (prepared fresh) (Sigma). The plates were
incubated for 1h at 37 °C and 5% CO, and washed three times with washing buffer. The
washing buffer contains the same components as the loading buffer excluding Fluo-4-AM.
The cells were then placed into a fluorescence imager plate reader (FLIPR™, Molecular

Devices) to monitor cell fluorescence before and after addition of various compounds.
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cyc/o-butyl, allyl, propargyl, hydroxyethyl,
3-fluoropropyl and 2-fluoroethyl , and
w@bapomoaut i cal |y acceptabl e acid additi on sal PGT/DK2008/050214
thereof. 2. The compound according to Caim1 wherein
Ris selected fromthe group consisting of hydrogen,
met hyl, ethyl, n-propyl, allggl, and propargyl, such as
nmet hyl and n-propyl. 3. The compound according to any
The %Bﬁll%g{uh&sh@f RIELES @ve‘?g dﬁht%ﬁqﬁ v%gﬁfn%' %f@?’ b3 £ lff‘:ﬁ%f %incentration and
ro e oup consi sting of cycFo-propyl,
aliquyted ﬁ“gub at g/léar I@ﬁﬁh hme;@aﬁ hVhe dde gvﬁh &xCl@EmpﬂUﬂhsm 488 nm Wavelength
. according to a ne. of the preceding clains ere
using ag argon 1gp éasew?oﬁﬁ algaalcw%@%ct?dou%wh@ﬁ@néﬁrdcﬁ IQrWQ hm cmission
[Sulﬁvﬁl %@Eeﬁ DPafd; Mel‘hod@ MTT NBiAONRQUNLS 6@29}; dCGIch'hﬁat%hy effects curves
one of e preceding clains’further c acterized
for fpenig vhe cubsicat bubldding difteréntzovpeditat dey ©odifforont wells Relative

The co und cor to any.one o the rece
MuoERGER NSO 7 A r B Bt dupbss Adrhgiduig of drug
The (&%) cr tRMRoBlectE P 8nd QAN PHA, sAHRCAE thFl@RTl\bsdﬁvadrEnaﬂd GraphPad Prism
wherein n=l, further characterized by being the
4. substantlally pure (6aR, 10aR)-enantioner. 9. The
compound of claim1l, wherein the conpound is sel ected
from (6aR 10aR)-6, 6a, 7, 8,9, 10, 10a, |
Antdgoait adietie-df.canthoands: \ZeraZaa@ysdi ogantiainhd)iaeh br aeeigal clicited by
(6aR, 10aR)-7-nethyl -6, 6a,7 9, 10,10Ca,. 11-octahydro-
agoqstélggpé,s( & ¢tls V@gg@ﬁ}mb@w(&w@ Cé)mmpgql;seﬁemcreasmg concentrations, and

then, sﬁﬂﬁtlé't%?@tg gfg&éa}f !U.Slﬁ%ﬁ% Iﬁetﬁcx?s’ gcr}b%

I™-'oc azacyc opent ant hr acene
(6aR, 10aR) 7- n propyl - 6, 6a, 7, 8, 9, 10 1CH
11- oct ahydr o- 3- di oxa- 7- azacyclopenta[ a] ant hracene

In vitro HepatoCyte Assay

Cryopreserved pooled male rat hepatocytes (Sprague Dawley) and pooled human hepatocytes
from 10 donors (male and female) were purchased from In Vitro Technologies Inc., BA,
USA. Cells were thawed at 37 °C in a water bath, live cells counted and seeded in a total of
100 micro-L in Dulbecco’s modified Eagle medium (high glucose) with 5 mM Hepes buffer
in 96 well plates, each well containing 250.000 and 500.000 cells/mL for rat and human
hepatocytes, respectively. Incubations were started after 15 min of pre-incubation and stopped
at time points of 0, 5, 15, 30 and 60 min for rats and at 0, 30, 60, 90 and 120 min for human
hepatocytes. Incubations were stopped by addition of an equal volumes of ice-cold
acetonitrile containing 10% 1 M HCIL. Following centrifugation, 20 micro-L of the
supernatants were injected on a HPLC Column Atlantis dC18 3 micro-m, 150 x 2.1 mm 1.d.
(Waters, MA, USA). The mobile phase had the following composition: A: 5% acetonitrile,
95% H,0, 3.7 ml/l 25% aq. NH;, 1.8 mL/L formic acid. Mobile phase B: 100% acetonitrile
and 0.1% formic acid. The flow rate was 0.3 ml/min. The gradient operated from 0% to 75 %
B from 5 min to 20 min and the eluate was analyzed using a Q-TOFmicro mass spectrometer
(Waters, MA, USA). Formation of the product/metabolite was confirmed by accurate mass

measurements and comparison with a synthesized standard giving coinciding retention times.
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, or a pharmaceutically acceptable acid addition salt
thereof. 10. The conpound according to Caim8 wherein

wo00anzhoBd are fused and form a mnet hyl ene ( CH2) PQT/DKPQ08/050214

and Ris selected fromthe group consisting of

hydr ogen, nethyl, ethyl and n-propyl, such as nethyl
and n-propyl. 11. The conpoypd according to Caimé6
wherein n=0, R and R are fused and form a net hyl ene

what §B)ingroup, and Ris selected fromthe group

consi st1ng of hydrogen, nethyl, ethyl and n-propyl.

12. The use of a conpound as defined in any one of the

ﬁrecedlng claims as a nedicanent. 13. A pharmaceutica
onpEETRIUSH hawiRs thesiingtuse | her apeutical |y effective
amount of a conpound of formula | gnd one or nore

phar maceutically acceptable carrierls, diluents and

exci pi ents, the conpound ¢ ) havi ng t he
; =0,]1 wherein Ri
ke CH ) group, a

foll owi ng structure:l

and R are fused and fo

carbonyl (C=0) gro®pQ or “¥n -C=0) group R

is selected fromthe gro o consi sting of hydrogen,

nmet hyl , ethyl, n-propyl, §elopropyl, cyc/ o-butyl,

al lyl, propargyl and hydroxyethyl,I, and

pharnaceutically acceptable acid addition salts
6$JHT4L1A pharnaceutlcal conposition according to

%ﬁlg%e}r})’ R 2! e %Jsea gf %{16 Inlé ?r(gl—];zf gmu nd carbonyl (C=0)

ene gr oup, i's se

grgunmpanﬁiﬁﬁmﬂgoet(byﬁ}g@ap nethyl et hyl and
propyl, for non-oral admini stration. 15.
phéﬁsﬁa@@lmtﬁ@ étlonbthmﬁs@liln PRnisHES Of By AigLeD rm:tbylnﬁtml figpropyl, cyclo-

LT APSAPL B pAASA BUEERL, nl AbLATACHIREropRRSPIES Hhoroctny!

aneo

, and pharmaceutically acceptable acid addition salts thereof.

. The compound according to Claim 1 wherein Rj is selected from the group consisting of

hydrogen, methyl, ethyl, n-propyl, allyl, and propargyl, such as methyl and n-propyl.

. The compound according to any one of the preceding claims wherein Rj is selected from

the group consisting of cyclo-propyl, cyclo-butyl, and hydroxyethyl.

. The compound according to any one of the preceding claims wherein n = 0.

. The compound according to any one of claims 1-3 whereinn = 1.

. The compound according to any one of the preceding claims further characterized by

being the substantially pure ¢trans-diastereoisomer.

. The compound according to any one of the preceding claims wherein R; and R, are fused

and form a methylene (CH,) group.
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16. A pharmaceutical conposition according to any one
of clains 13-15, wherein the conpound of forrmula I is

wa@2®alosant i al | y pure di astereoi somer or a PCT/DK2008/050214

10.

11.

12.

13.

substantially pure enantioner. 17. The use of a
conmpound of any one of clains 1 to 11 or a

phar maceutical ly acceptable@cid addition salt thereof
for the preparation of a medi canment for the treatnment
of neurodegenerative disorders in a manmal . 18. The
use of a conpound according to claim17 for the

. fihe pahgouad acfordingadi daine htwiiceint ire , tluekdrnahatacadized by being the

Par ki nson' s di sease or Huntington's disease in a
ﬁaﬁﬁ%¢@ ypurphgaR,d@aRjrengniiigfound of any one of cl ai ms
1 to 11 or a pharmaceutically acceptable acid addition
salt thereof for the preparation of a nedi canent for

. {lhe compatmisoticlaofm Ip swhetris the,coimppotdncelected fiam:f ai | ur e,

heart failure, or nsjon in a nmanmal . 20. The
use’ of(6gR€§ﬁ%b@rﬁ@’7gsﬁ/9?g@;&oﬁéoﬁf‘hﬂr‘é‘llgd@x‘l"g'aﬁj or a
pharn@gg&%%ﬁqﬁhmhﬁggﬁptabIe acid addition salt

t her eo or tthe manufacture of a nedi canent for the
t r e;t (&R, | @R )ognihyl-6©aj7iHail 6,ient | ootabydrespitiox2Z- The

use of a conpo of any one of clainms 1 to 11, or a

pharnﬁ@?ﬁﬁpggﬁﬁg?ﬁgggﬁﬂ§ble acid addition salt

they egéaR,f@a!fT{)Iﬁéh?fa&Uéﬁ,%%ﬂﬁl(5%1f,11@0 dFRATBiof £7-abAL
0 ss |

e
t r eat nent restie egs syndronme (RLS) or periodic
[inb cpslepoatd{aldingtoncbae (PLVMD) in a mammal . 22. The use

of a und of any agne o | ai 1t 1, or.a

Pt L R -y PR BB o S0 B it o pioka-T-aze-
ther eQfoofafiNEiROMEact ure of a nedi cament for the
treat nent” of ﬁ%venent di sorders, poverty of novenent,
dyski netic disorders, gait disorders or intention
trenmor in a | . . The e of conpound of any
o Bt Rsen it afdgai i Sale Bt a1y
acceptable acid addition salt thereof, for the

manuf acture of a nedi cament for the treatnment of
The compound according to Claim 8 wherein R; and R, are fused and form a methylene

(CH») group, and Rj is selected from the group consisting of hydrogen, methyl, ethyl and
n-propyl, such as methyl and n-propyl.

The compound according to Claim 6 wherein n=0, R; and R, are fused and form a
methylene (CH,) group, and Rj; is selected from the group consisting of hydrogen,
methyl, ethyl and n-propyl.

The use of a compound as defined in any one of the preceding claims as a medicament.
A pharmaceutical composition comprising a therapeutically effective amount of a

compound of formula I and one or more pharmaceutically acceptable carriers, diluents

and excipients, the compound of formula I having the following structure:
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dyskinesias in a mammal . 24. The use of a conpound of
any one of clains 1 to 11, or a pharmaceutically

waecwepr@abl e acid addition salt thereof, for theCT/DK2008/050214

manuf acture of a medi canment for the treatnent of
depression, bipolar disorder and anxiety in a mamal .
25. The use of a conpound ofggany one of clains 1 to
11, or a pharnaceutically acceptable acid addition
salt thereof, for the manufacture @f a medicanent for
the treatment of cognitive inpairngrt associated wth

Par ki nson's Di sease, d §h as] Al DS denenti a,
anxi ety disorder, age g I mpai r ment ,
depression, includrn@ MmNy s’6n" i n particul ar
in elderly, Alzheiner's D sease, attention deficit
hyperactivity disorder (ADMD) or post-traunatic stress
di sorder (PTSD) in a manmal .26. ThE use according to
anyone of clains 17-25 in which the mammal is a human
Sulyhetsin n 270, 1A conpound of any one of claims 1 to 11,

raPeBIRREI SRR B oL e BSleAETAL kOBt drbonst 0
di sefessan dkady @FBE=0REoupt COnpound according to
claim?27 for the treatnent of Parkinson's di sease or

HuRsiin gtloed frdinsa smoumceansistingrel hy@@gen, resshigoethall, aif propyl, cyclo-
any one of, cl ai to 11, or,a,pharmgceutically

e Begb Rstlo B e aft nHBREURT o ¢ e

treatnment of psychoses, inpotence, renal failure,

heart failure, or hypertension in a mamml. 30. A

. andphippacritictlyazsgersakic e¢id additias saltytbereal. or a

14.

15.

16.

17.

18.

pharmaceutically acceptable acid addition salt
thereof, for the treatnment of cognitive inpairnent in

A pramatcutiddl. comeitpauidordingatyclanel Afwigdréin Ry dhdt R, drk, fused and
or a pharnaceutically acceptable acid addition salt
forar earthyiar (FRe) gioubtanddts pselpded fremdhe grpupconustingee !t hydrogen,

(ﬂ%ltl%)l, &hy1RG4 'ngquﬁyl,l o fRYE TBREnistration.

A pharmaceutical composition according to claim 14 for transdermal, nasal, buccal,

intramuscular, parenteral, or subcutaneous administration.

A pharmaceutical composition according to any one of claims 13-15, wherein the
compound of formula I is a substantially pure diastereoisomer or a substantially pure

enantiomer.

The use of a compound of any one of claims 1 to 11 or a pharmaceutically acceptable
acid addition salt thereof for the preparation of a medicament for the treatment of

neurodegenerative disorders in a mammal.

The use of a compound according to claim 17 for the preparation of a medicament for the

treatment of Parkinson’s disease or Huntington's disease in a mammal.
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di sorder (PLMD) in a manmal. 32. A conpound of any one
of clains 1 to 11, or a pharnaceutically acceptable
w@eiod/ozded ti on salt thereof, for the treatnmentPOf/DK2008/050214
novenent di sorders, poverty of novenent, dyskinetic
di sorders, gait disorders, or intention trenor in a
mammal . 33. A conpound of any one of clainms 1 to 11,
or a pharmaceutically acceptable acid addition salt
reof ~ f t . . Ngsi
19. ;fgg ug\@ c(:)g %p c%%nﬁognlg? %g %@G gﬁg%g ?fa&rﬁ% ?ﬁgn@ n%raf' fi %cémm acceptable
ahﬁrﬂhmﬁnihﬂﬁhMXaﬁtﬂﬁpmathxaﬂkmkaﬂdjﬁEQMmﬁaMtﬂn ﬂw treatment of
t hereof, for the treainE t of .depression, bipolar
BRSPS impotengeipRal jaifyse %%ﬁ%lfre 08 By POKICAEAR & h magimal.
any one of clainms 1 to 11, or a pharnmaceutically
acceptabl e acid addition salt thereof, for the
20. fTheaserefif ooﬁlpomgch ot hnoeoﬂerrpﬁ'chhml tag i;,ocmi apbdmactttically acceptable

di sor r or el ected f.rom sc hr eni a,

B Gt SRS L o B Ruhn gt Qi o PR aar hy, reatment of
@b 1ﬁ&&nﬂkﬁﬂkﬂ€ﬁpa@@ﬁmﬁ@300|ated menory i nmpairnent,
depreSS|on i ncl udi ng maj or depression, in particular

in elderly, Al zhei mer' s Di sease attention deficit

21. 3‘|¥1§ gllrs% af Iav IB%BBHK? ﬁf gr?ylr,fg n%Taﬂ q)a [ % 4 C(t())rraa i rélla%elﬁ}caﬁy‘?’ %cceptable
heigaddiiin §0C HeedoMd fdrathEl rﬂz!ﬂiﬂféi:?ur@ Sfl nNM’dllldéhlehh @ormmﬁléatment of
is a human subject. 37. A nmethod of treating a manmma

setlesrlpgigyndiomcs R S) o Biskiehingd |weme§b¢1§@ders@’éﬁﬂa)sm a mammal.
Par ki nson' s di sease or Huntington's di sease conpri sing
adm nistering to said mammal a therapeutically

22. @ht et bY@ camponiid of ay conpdelaahot t@any, mnapbimmbait'rmlbl acceptable

a5 e H, S0 A el G WAL, hgf A HFHRIOT e teatment of

%H)fvfeﬁl'éhtn Qisbf R PSKERYSES mdvARRhENERKink 8O &isdr8drl UL&it disorders or

heart failure or hyperten5|on corpri si ng
adentmingtenorng atnmngaiald manmal a therapeutical ly

ef fective anount of a conpound of any one of clains 1
to 11, or a pharmaceutically

23. The use of a compound of any one of claims 1 to 11, or a pharmaceutically acceptable
acid addition salt thereof, for the manufacture of a medicament for the treatment of

dyskinesias in a mammal.

24. The use of a compound of any one of claims 1 to 11, or a pharmaceutically acceptable
acid addition salt thereof, for the manufacture of a medicament for the treatment of

depression, bipolar disorder and anxiety in a mammal.

25. The use of a compound of any one of claims 1 to 11, or a pharmaceutically acceptable
acid addition salt thereof, for the manufacture of a medicament for the treatment of
cognitive impairment associated with a disorder or disease selected from schizophrenia,
Parkinson’s Disease, dementia such as AIDS dementia, anxiety disorder, age associated
memory impairment, depression, including major depression, in particular in elderly,
Alzheimer’s Disease, attention deficit hyperactivity disorder (ADHD) or post-traumatic

stress disorder (PTSD) in a mammal.
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acceptable acid addition salt thereof. 39. A nethod of
treating a mammal suffering from cognitive inpairnent,

W@ e0wpn2@®Byag adm ni stering to said mammal a PCT/DK2008/050214

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

therapeutically effective anmobunt of a conpound of any

one of clains 1 to 11, or a pharmaceutically

acceptabl e acid addition sal# thereof. 40. A nethod of
treating a mammal suffering fromrestless |egs

syndrone (RLS) or periodic |inmb novenent disorder

(PLMD), conprising adm nistering to said manmmal a

The nspaibididd loyangdiicest diaigs dmRsnn wificlathe aimppatialds afhumay subject.
one of clainms 1 to 11, or a pharmaceutically

acceptabl e addition salt thereof. 41. A nmethod of

TAr i mﬂnyﬁ feri f Ve [ ra] ‘s
ﬁbgg%(Sﬁg?fnovene%€#£%§§k?ﬁgfnggisorg%?%?ﬂ%gﬁ%BQBQacijdnwn
dals thecbef $ordhe irertmntti dmetrodegmebinp dissidery iacdmansbler i ng

to said mammal a therapeutically effective anount of a
conmpound of any one of clains 1 to 11, or a

RhaLARGEN | £8bkihea6s MiAbhe &Gl thea@dhthicdn tabirkinson’s disease or
t hereof.42. A nethod of treating a manmmal suffering
Huormglpsk diveasc as a owmpnalsi ng adm ni stering to said

manmal a therapeutically effective anpunt of a

conpound of any one of clains 1 to 11, or a

phadrmmsedoiraay bie @CAgRisabloel 1a6f 8 pRadiatd@itas@héceptable acid addition
thereof. 43. A nethod of treating a manmal suffering

salb ihegeqdr 05 dho reagigah of Psydjoses. deppiessiendi fadyrgy heart failure, or
gg%%% &bn aﬁﬂ%hﬁ%Y conprising admnistering to said
a

erapeutically effective anount of a
conmpound of any one of clains 1 to 11, or a
pharmaceutically acceptable acid addition salt X ..
PheaRaw 3@,5 ?W%?@f%@nﬁfl torldapy ﬁeﬁ%n}%a?ﬁwl % geRiablggcid addition

§EIPMRRRINLT h¥ frehifRAL ?{’%{%ﬁﬁ%ﬁ&gﬁ%@& it tfb Bl SO der

or di sease sel ected schi zophreni a, Parkinson's
Di sease, denentia such as AlIDS denentia, anxiety

BP0 TR SRR, BBl B Ry s
kit BlERr (¥r thliZB@h IR b fosiRisS 8aS &y nd@bi@MRLSN oS iR limb movement
disorder (PLMD) in a mammal.

A compound of any one of claims 1 to 11, or a pharmaceutically acceptable acid addition
salt thereof, for the treatment of movement disorders, poverty of movement, dyskinetic

disorders, gait disorders, or intention tremor in a mammal.

A compound of any one of claims 1 to 11, or a pharmaceutically acceptable acid addition

salt thereof, for the treatment of dyskinesias in a mammal.

A compound of any one of claims 1 to 11, or a pharmaceutically acceptable acid addition

salt thereof, for the treatment of depression, bipolar disorder and anxiety in a mammal.

A compound of any one of claims 1 to 11, or a pharmaceutically acceptable acid addition

salt thereof, for the treatment of cognitive impairment associated with a disorder or
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hyperactivity di sorder (ADHD) or post-traumatic stress
di sorder (PTSD), conprising admnistering to said

woreommbeoad t her apeutically effective anmount of BCT/DK2008/050214

36.

37.

38.

39.

40.

41.

conmpound of any one of clains 1 to 11, or a
pharmaceutically acceptable acid addition salt
thereof. 45. The nmethod accending to Claim37-44 in
whi ch the mammal is a human subj ect.

disease selected from schizophrenia, Parkinson’s Disease, dementia such as AIDS
dementia, anxiety disorder, age associated memory impairment, depression, including
major depression, in particular in elderly, Alzheimer’s Disease, attention deficit

hyperactivity disorder (ADHD) or post-traumatic stress disorder (PTSD) in a mammal.

The compound for treatment according to Claim 27-35 in which the mammal is a human

subject.

A method of treating a mammal suffering from a neurodegenerative disorder such as
Parkinson's disease or Huntington's disease comprising administering to said mammal a
therapeutically effective amount of a compound of any one of claims 1 to 11, or a

pharmaceutically acceptable acid addition salt thereof.

A method of treating a mammal suffering from psychoses, impotence, renal failure, heart
failure or hypertension, comprising administering to said mammal a therapeutically
effective amount of a compound of any one of claims 1 to 11, or a pharmaceutically

acceptable acid addition salt thereof.

A method of treating a mammal suffering from cognitive impairment, comprising
administering to said mammal a therapeutically effective amount of a compound of any

one of claims 1 to 11, or a pharmaceutically acceptable acid addition salt thereof.

A method of treating a mammal suffering from restless legs syndrome (RLS) or periodic
limb movement disorder (PLMD), comprising administering to said mammal a
therapeutically effective amount of a compound of any one of claims 1 to 11, or a

pharmaceutically acceptable addition salt thereof.

A method of treating a mammal suffering from movement disorders, poverty of
movement, dyskinetic disorders, gait disorders or intention tremor comprising
administering to said mammal a therapeutically effective amount of a compound of any

one of claims 1 to 11, or a pharmaceutically acceptable acid addition salt thereof.



10

15

20

WO 2009/026934 PCT/DK2008/050214

42.

43.

44,

45.

72

A method of treating a mammal suffering from dyskinesias comprising administering to
said mammal a therapeutically effective amount of a compound of any one of claims 1 to

11, or a pharmaceutically acceptable acid addition salt thereof.

A method of treating a mammal suffering from depression, such as major depresion,
bipolar disorder or anxiety comprising administering to said mammal a therapeutically
effective amount of a compound of any one of claims 1 to 11, or a pharmaceutically

acceptable acid addition salt thereof.

A method of treating a mammal suffering from cognitive impairment associated with a
disorder or disease selected from schizophrenia, Parkinson’s Disease, dementia such as
AIDS dementia, anxiety disorder, age associated memory impairment, depression,
including major depression, in particular in elderly, Alzheimer’s Disease, attention deficit
hyperactivity disorder (ADHD) or post-traumatic stress disorder (PTSD), comprising
administering to said mammal a therapeutically effective amount of a compound of any

one of claims 1 to 11, or a pharmaceutically acceptable acid addition salt thereof.

The method according to Claim 37-44 in which the mammal is a human subject.



