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CATECHOLAM NE DERI VATI VES AND PRODRUGS THEREOF
Description Field of the invention The present
WO pooenrdoeh rel ates to novel catechol am nes andPCT/DK2008/050215
cat echol am ne derivatives, to processes for their
preparation, pharmaceutical conpositions containing
themand their use in therapy. Further, the conpounds
of the invention may be useful as PET I|igands.
pas
CA’%&E&S%E&@P@% |ng on s di seasg‘a;rsgﬁ ecom ng nore
preval ent with the agi ng popul ati on. One particul ar
neur odegenerati ve di sease, which typically has its
DesgiRtiAn pet ween the ages of 50 and 80 years of age, is
Par ki nson' s di sease (PD). PDis a disorder of the
brain, which is characterized by trenor and difficulty
Fieliof thenmvémtiy nmovenent, and coordi nation. Dopam ne
a chemi cal neurotransmtter ich is utilized

The btgre%ﬂg.%veeewil Jelafes, o AR caleRiRlpuEes (39d cgitiehglangpe dérivatives, to

proc@&%@&' !f(ﬁfttﬁelpgfeb%ﬁ&@lphﬂHﬁé‘deﬁtﬂBP\é@rﬁE&tltlorP Qohﬁuﬂ?ﬁé {RMELhd Beir use in
be caused Yy a progressive deterioration of

therapy. Eorthei thie gmpewnds 9 therinydngios mivyt bentsctul as BEER ligamds.
conpacta of the brain. The degeneration of the
DA- cont ai ni ng neurons results in reduced anobunts of DA
in the brain. This process is thought to disturb the

Bacﬂnglﬁd%‘iU function such that |npul ses are not
ansmtted properly, resulting in a |loss of nuscle

Neumzﬂngemkatszeddmamest buph. asOAdzienhéys ahdefentingtonds dm;easef zme becoming
ai med t controlling

PD. Tre s are t cal I s
mor@@ff‘svyka ﬁ@gwgrﬁny ahiony éﬁ? &aﬂwa  HEVBACRRIEH e %ﬁse which
typl&alll?\{ﬁl it$ oﬂse@b%éﬁ’{ﬁé ﬁ@@@ﬁ'&@éﬂ%%& %é‘ 1s‘l§*aﬂ&liboh§ disease (PD).

abol1zed to DA or by adm nistering chenmical agents
PD isheatlisetdenof émdormheWDmhrlecclamacﬂeszed'ﬂbnegempeembtlrfﬁsulf}avvith walking,

movF@@gtpﬁl\é\ajgoor&%guo% asses, DI -type and D2-type

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/ 050215

phenyl et hyl am nes (as such or form ng part of a
semrigid/rigid ring system .are known to possess
dopam nergic activity at | eadt in ani mal 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
woe@b/ogwagys. The rel ated phenolic am nes have BCTDK2608/050215

poor oral bioavailability imting their clinical use

as orally active drugs. Howeyer, Rotigotine, which

bel ongs to this class of congounds, was recently

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

anin?aﬁga 'th\!u? My beF?rrea ngﬂ{ Qﬂé n&mu%nélﬁ;g*esg‘aw %%%m@ﬁl gonse %\Mgreevent local

ransderna iver
1rr1t¢l@fﬁ$1inbloﬁlefr Obﬂﬂiph@f[mﬁﬂﬂ‘ilbmﬁg‘ altellmﬁlantdﬁmﬁ‘sﬁfgeryv\ﬂmsddiﬁlal delivery of
dellverg Aponor phine frominplants was studied in
Phgsp SOE!?@SB .a%ﬁqplateé vith @sﬁ?&imltﬁtwn god goderafion.T N,

Chase Experi mental Neurol ogy 2005, 192, 73] it was

found that in nbost cases theanimals had to be treated
Apawti frbmt BB, i ot ndiseapgr @5 sdnth Bexanetitaso rieparoinprasy emlover may be
bene:fﬁ%ﬁléq:é é{r;a:srﬁés; gﬂr}ég?‘gpng%g f?g&gﬁpﬁﬂl %1%% : gl‘\)r)r§§s];ygrjl()41rlod\l\{nnt%e 1mpr0vement

of nRRAITPERLAE 1&%1% SRidee %Ebe%?ssﬁcdoﬁhﬁfénvﬂstd“sch%‘éalab% t can have a
irritation and col orati on. art rO”]PD ot her

positiveeldene en flepredsed patnts et éastebq: nsedap ahesntefragua@ apomreaidy egent. It can

neficial. are garhatrics,, for rev n
imo ¥ ayRimaer e i5 uRPadBBR i Sh af ARGl e gpeative, e
posifTed b bvefl URRCthe @BSnitiNE kirthidensVar dcﬁii%pl@‘éﬁﬁCR%st%fss leg syndrome (RLS)
coghition as discussed above. It can have a positive

and perjaski¢ limh ngsessdigordat (PEMR) argradfcinativaidisatiorsewhich are clinically

ty 4o il
eSS T RSP 590 BB LAY ket oo
impiolved rh;@gtastatment whe Ipasicbnive. Aduspdhipr@sniche oft Q¢Niat Ifob‘uons in both
T T XY T MO
dysfﬁhétﬁhn Xﬁﬁ% (FerlcBdiC %érﬁ” nd WaLGh AfiguktibRl fRld Y Heﬁ@;lsa[%gal women

oni st s. Ition, 1 npotence an ‘erect
(stincystiamacf Nﬂgln%ﬂrlebmmlonlankledrgctioo dfeclitony) quogahtiblly can be achieved via

treatment with DA-ago t Thus, i rovement of .. )
DA KR PimioBnd RS BT huvan Mol T e BRopRghine when given
subl RS8P iseus!eﬂdﬂhﬁﬁtall? o fiproive %@écﬁ%"ﬂyéﬁﬂc@o@%ﬁﬂ@ﬁ‘l‘ ﬁﬁ(ﬁes of L-DOPA
since erectile dysfunction (inpotence in nen)

and gbcxdaﬁ aanlmP@mlmoim tl@rzg)y meH@pguggm S\yhsaaRe have shown promising
k Iub |cat|on and er

f
resug?,l &sl S%e{t%g?o Vlg Itﬂlag on’s éseg% i% 88ther go‘ta'enhalo 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
waois@d/ozdossni cal |y to i nprove erectil e dysfunctiPOT/DK2008/050215
Cinical studies of L-DOPA and the D2 agoni st
Pram pexol e therapy in Hunti ggt on's di sease have shown
prom sing results; thus treatnment of Huntington's
di sease i s another potential application of the
: u i pvent . . I8 1 nvaol i
sk SRRAVT ety BAEAhsBRuinER, oicaly Rokfblk po gt of L-DOPA
[Giaddifa, aWeltinsls;nGNE, DiugnRéviévad, | U365 apod hy per heaaatve sgioded involves
consjdered alternative indjications for the conpounds :
the ‘gpasking” phihervodiydroayl giopat Halhr yatcehkpl o dhemrespeiding methylene-di-
foh LANS @E 2b8 GRHRENRIABHLSIdRY RS RS k th
Oxya(l r?r@d?%eg.’ % p%g%%}em&gsvgggfgat ?g{%vm tc%we %/%es féeve oan%ﬁ}'&t or as e
ketabfdesuah foompawiods Ketones.| iThisc atodage prrimciphe hds fifebie wleporgsl for the
associ at ed, wi redi cting conversion to the
Aposill%eéﬁaprgn%hﬁ%?ﬁtﬁéwsfaao HEmn, g‘_ﬂ%“%@ie&rNE)‘FSEHPE}@%‘MCMOZ‘%Y’
21(19h, o3 eoR0}1alMASeNRYERL B ITEROM! RFoMmBrphiR ddd! RIALHESmpounds,
such as enterically coated NPA esters for duodenal o
onlydbiti desivgd fremeN-eigpropylkapanaerphibe (KBAY and Grewtsichyde showeg\@gnificant

02100377 - | 1K ' d lid .
eriaph FaTh ALY o] P8 oyen TR 6P Reat Bagipes have not ead
to a A @GP bhda HNBENTNB Rk APofepahésCorfrelafld-cBaHSunds.

metabolismin man after oral dosing and, as a result,
has a | ow oral bioavailability (app. 4% . In PD

t LAt . r [ ' '
Dol b EN-L R EIPUR RO PR AR R g
deval¥pihg affiienCONSelPralgrafed \aine wsally7actis® plrgd A0d Jhk. treAtinent of PD. A mixed
al ternative approach involves the 'masking of the_two
DI-hkedPgslike agppisthgiving qOmEnBoHsetapamingseic sEMugitioa dpvn il such unmet
t hyl ene-di oxy (MDO) acetal, as the acetal derived
rom ot her al dehydes than fornmal dehyde, or as the
ketal derived fromvarious ketones. This prodrug
princi pke his been reported for the Aporphines nore
Summaryof fhedaventopsa| dessarini, Ram Neuneyer:
Neur or ophar macol ogy, 21(10), 953 (1982)]. O these
potential prodrugs to Aponorphi ne and rel ated
The GRERAUME i Yaté@t ndlRl bmechdldmift NeflvativeRyWwhich the inventors have

Aponor phi ne, NPA? and fornmal dehyde showed significant )
found may offer suitable alternatives to current marketed treatments of neurodegenerative

nec

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
whamed20ss t he MDO masked Apopor phi nes or rel at BOT/DK2008/050215

conmpounds. Despite the |long-standing interest in the

field, there is evidently still an unnmet need as

regar ds devel opi ng efficient; > wel |l -tol erated and

oraIIy active drugs for the treatment of PD. A nixed

AN e st Vi nt | dopam [

ey Sp By RARREr G chPRfr LZHAHY SRR GRERe. poor
condehﬁ'atld’h\/ emipaﬁﬁleiﬁh fppeBHesi SomMﬁglt podr mednadres difficloy elh expressing

cat echol anj ne derivatives, which the inventors have

thougbiﬁr?aldf?éﬁlﬁfwléy s integiing Aqughtiafeliags prsl behaviayg and extinction of
irrel 0Pk %&% fsr fahBRnk Satt%mg]e Hﬁ@@?@%ﬂﬁi Aetnif 1IhBRASAT AUGly, visual
as PD Hunti ngton's di sease and to the treatnent o
learoh@end imeohiocyg spads fehreaessseashdrecal oognitimh as eg.
dyski netic di sorders, cognitive inpairnent and
restless | egs syndrone (RLS), and to conpounds that
The 3bRclife ¥f e p@@s%ﬁtblﬁjvérﬁ%gl i tcpbl‘?)@[dé%vgle&ﬁﬂﬁoun@ gﬂhéﬁ ¥ both potent
i "pai rment can be experienced in several patients
dopamingpl | - hé:egandsm lzkmngemst@,, agépvkiski mey dre pssdchotthe treatment of
a Iﬁti' g and pall gnt s with attention deficit
cu &ﬁécra %]HQ/SY{:’(/“ sregl%ei’s (ADHD), Parkinson's di sease,
mld cognitive | rrpal rment (MCl), denentia, anxi ety,
age associ ated nenory inpairnment, Al zheiner's D sease
A fblrthqﬁoglwe@tr\@u phtthe msesca’s sNWngor dér oaRepviske nevitlscqrarquags for oral
admﬂﬁ%%h%eﬁle”&ga (@end bt %X?'ahg T, 9%8&%?53”&1?01‘8@8 \Whidh responds
e of néurodegenerative di seases ionto
favoB@dbll(y sdihschicd dapamadsidNuziwicer ' s Di sease. The
phrase "cognitive inpairment” refers to the
difficulties with attention, |earning, nenory and
TNRY t:] e
PETeqi).%gl%h nik (ge}ggd C@%&}?kﬁtﬁ %ﬁ%ggw d??:ﬁ Cll gﬁ?r%[gttotgl)e(%nt fhgﬁ(hagnosw of PD.
Sondi sﬁrtganomp@utdhl okithg, ingdndint havek ipogntiall fapplmahblys asn PET ligands

understanding, p concentrati.on
for PgaHLSI 1 g, DRosE oy & drermedEy 17 N fresesing of such
hgaﬁd@owgl&hsm@n @éloerxaﬂfpia‘ b6 lsliof;lYed' iR rédthRY n@ctahaaqlomw&ta%,weu as for the
feeli ngs 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.
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irrel evant thoughts as well as attention and
vi gi l ance, verbal |earning and nenory, visual |earning
wa@pahoomyes y, speed of processing and soci al copOI/DKeWS/ 050215
The objective of the present invention is to provide
novel conpounds, which are bgth pot ent dopam ne D
-li ke and D2-1ike agonists, and which may be used in
t he treatnent of neurol ogical and psychiatric diseases
Accé‘dm r1>§ hﬁ one %pg&tthe l‘eg%l I?V%l’lﬁgl? (fz%s or&églgga of %orltrﬁﬂ%h
nover co or or al |on in e
treatnent of PD and ot her dlseases or dlsorders, whi ch
responds favourably to an increased dopam nergic
turnover. PET (positron em ssion t%ﬁography) anal ysi s
Is an inportant tool in tQe diagnogpys of PD. Sone of
t he conpounds of the i ] T [
applications as PET |id#
DA-receptors or aaﬁ MR tlhe preparation
of such |i gands, i1Ch maj for exanpl e, be applied in
receptor localization stf@dRgs as well as for the
determination of receptor occupancy determ nation for
conpounds wth affinities for the DA receptors. A
¢ URiRRYin ABj®ative is therefore to provide radiol abel ed
conpounds of the present invention, which are

't:orRs i ag1é riedlare dncﬂmoev@ﬁndakﬂeéecreéﬁrcpm Judtizen Fr¢ sllsanoyl, phenylacetyl or
ecti yes. 9 t he i nvengi on becone ap e
DAY RS A o T B RTR OB BB o o

aSI@@t‘bbnlef(@ ) @8Rt o m&mﬂquo C%%?grohp corrpounds of
formula | : I whereinn =0 1 R and R are

* ndepeneesied yrosethearewp Wrtsrﬁlng @f dyeiogecIahyl) kb ypropyl, cyclo-

oSO DTSt L L s

group, or an oxalyl (CtC>C;C» group

and addition salts thereof with pharmaceutically acceptable acids, provided that the compound
is not one of the following racemates:

¢ Racemic-1,2,3,4,4a,5,10,10a-octahydro-benzo[g]quinoline-6,7-diol

¢ Racemic-1-methyl-1,2,3,4,4a,5,10,10a-octahydro-benzo[g]quinoline-6,7-diol

¢ Racemic-1-ethyl-1,2,3,4,4a,5,10,10a-octahydro-benzo[g]quinoline-6,7-diol

¢ Racemic-1-n-propyl-1,2,3,4,4a,5,10,10a-octahydro-benzo[g]quinoline-6,7-diol

The Ci. alkanoyl group means a straight-chain or branched-chain alkanoyl group containing
from 1 to six carbon atoms, examples 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.
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Ris selected fromthe group consisting of hydrogen,

met hyl, ethyl, n-propyl, cyclopropyl, cyc/o-butyl,
wa@bdogloz69ps opar gyl , hydroxyet hyl , 3-fi uor opr opyPCEDE2008/050215

2-fluoroethyl and addition salts thereof with

phar maceuti cal |y acceptabl e zci ds, provided that the

conpound is not one of the follow ng racemates:

Racem c-| MA7and OJOa oct ahydr o- benzof gt ui nol i ne-

In ao%a(iih&{lar ‘Bﬁ gnt "]%tv'%%{tm ilelgte% t%é%[?‘tﬁ?l?ndﬁiogélf‘ﬁrg{ula I which have

nZo Gi nol
tranﬂ.-ﬁﬁiehythng 1ys?elﬁs Andanddher IémBodiment the invention relates to compounds of
Oa- oct ahydr o- benzo[ g] qui nol i ne-6, 7-di ol Raceni c-
Formulg I,p\f.' épavelczgﬁg:e d ging gystems.
10, 10a- oct ahydr o- benzo[ g] qui nol i ne-6, 7-diol The C -6
al kanoyl group neans a straight-chain or
In abreamoidedert the mahidam oglhteg rt@tapmpomtcbi aofi gnfutao i for twdhicdi x = 0. In

arbon atons, exanpl es, of which e a.f
anolfEsagpo Al G oGP B HRUAPayRs g b ihdor Keich n = 1.

like. In a particul ar enbodi nent, the | nventl on
rel ates to conpounds of.forrrulal in the formof a _
In senatrse ambpdinieptspfrtee sivagtien, dreaermpved ipselected figmeone of the specific

di ast er eoner., anot her i cul ar enbodi nent, the
com B TR L in b P R RT o 2 ormora 1T ¢ h
formof a m xture of enantioners, a m xture of

di astereoners, or a substantially pure polynorph.In a
In apmftﬂ%%eamb@rm@m therinventine relates i@ |09WPP‘§ldéthsF qrgula I wherein R is

sele&ggﬁgﬂpfﬂg lgg(gué)n < t i r@%!&%%@rﬁ%n‘? ﬁ’t’ %@A -h%goﬁ) llg? and propargyl.

In ah@theorembumd&an thEannerti@n | rclandsi E)hcdi‘[ﬁp(mrﬂz off Bgadla [ ngherein Rs is
systens. |In an enbodi nent the |nvent|on relates tq
Sele%@iﬁsmfa% 2P ESRHHNE 9l cvelgrroiilcaycre-tuty, andhygdsoreysdiy L
enbodi ment the invention relates to conpounds of
Formula I, for which n = 1. In separate enbodi nents of
In atsp@:iﬁmvmahodinmnt ttttaein&crrtinmuﬁkateissto sempaireld of Formalad vdferein n=1, and

i PR P DR R BB ALY PR S TR g nomer

rel ates to conpounds of Formula | wherein Ris
The invention furthermore relates to compounds of Formula I wherein R; and R, are both
hydrogen and Rj is selected from the group consisting of hydrogen, methyl, ethyl and n-
propyl.
The invention also relates to compounds of Formula I 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.

In separate embodiments of the invention, the compound is selected from 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
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sel ected fromthe group consisting of hydrogen,

nmet hyl, ethyl, n-propyl, allyl, and propargyl. In
wap@vhem3enbodi ment, the invention rel ates to POVPERVEDHS0215

of Formula I wherein Ris selected fromthe group

consi sting of cyc/-propyl, cyc/-butyl, and

hydr oxyethyl. In a specific &nbodi nent, the invention

relates to conpounds of Formula I wherein n=l, and

e R e
(4aR nmmn methfyun Qhae4t zmsaonehakeaydm Kéﬁﬂﬂg}qglﬂﬁ)h@é -6Bodioul a
dr ogen _an

R3
(4assleqa§h1 éaethylowé H‘e“?’@ﬁ erﬂaO%e%lm@tr@ﬁ@n?éiglﬁwaPB@f‘eﬁ 7-diol
1. h t
e e G or Eop R ot P e bV R Lo RSB I RLE L g°
(4aSar[tdLSD-chanhl§é &3 Ayllacni), I@Fbc)algrdmmcnza[g]qtﬁtﬁohm -G eldedt ed

caar Ry i < s e arelgfind < o

(4asp TSI DBy O 25he4d SYENDL- eaam}d%s b‘éf?i'ﬂ?g}élﬁglohﬁe-% elgst ed

from one 'owi ng specific conpounds: trans-

(4aR, 19@)%@-@,@93@&4/1)9 93 ahl).dPootiehyskobenfd glqgmobns 66 -diol
G ) 234 L A L

(4aR 502§t)d1| gdo myl=102, P @R, F021 0a-octahydro-benzo[g]quinoline-6,7-diol
8 %exah dr o- IH-benzo[f i ndol e- 5 -diol ¢ z

(4aR lOth) lp?JéffﬂerE}’Bl a,44205.98.1 Aeeailyie-: hen-laqﬁé}ﬁlwpil]lﬁ: fAdodiel
(42 IO N Oefo-puyl-L,2,3.4 40,5194 05 getahvdro henzolelauinolipe.f T-dial

(6aR 1m>aa 6&718 ol 104, maasa)hyumm 3, dloxkia]-SzalBycliennfi]ahyde

qui nol i ne-6 ol (4aR 1QaR)- 1-nethyl -
(6aPil(§1P§ télyg6 683,89, '10 10a 1 0<(:tahydr0 1,3- d1)0xa-7 azacyc){openta[a]

amhggeggtahydro benzo[ g] qui nol i ne-6, 7-di ol (4aS, 1QGaS)-
1-methyl- 1,2,3 ,4,4a,5 ,10,1
(6aR) wﬂ@*ﬁﬁhﬂ@éméﬁzﬂ){ (y] @pui lﬂoxttah}eh’(ﬁ,l B-dibxd-7{a4@aRycldemR) a] anthracene

- yl- 1,2,3,4,4 1O :
(6a1%55%5t’aﬁgpa‘fpal-§eﬁﬁz%%ﬁ 8&?’% i-.Oﬁféh%ﬁ‘f?:ld%-S}OXa-7-aza-cyclopenta[a]
anthtfgas 10aS)-1-ethyl -1, 2, 3, 4, 4a, 5, 10, 10a- oct ahydr o- benzo

9] qui nol i ne-6, 7-di ol (4aR 1GaR)- 1-n-propyl- 1,2,3
Acetidaad (5R, 1GR) Gaaastrxahlyds d-4aen Kb ¢-oeihnyoré- henz[ g-qinsilin-6-yl cster

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

Acetic acid (4aS,10aS)-6-acetoxy-1-methyl-1,2,3,4,4a,5,10,10a-octahydro-benzo[g] quinolin-
7-yl ester

Acetic acid (4aS,10aS)-6-acetoxy-1-ethyl-1,2,3,4,4a,5,10,10a-octahydro-benzo[g] 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
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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

W@ 4aR026¢b8R) - 1- (2- hydroxyethyl)- 1,2, 3, 4, 4a, 5PCT/DK2008/050215
10, 10a- oct ahydr o- benzo[ g] qui nol i ne-6, 7-di ol (4aR,
1GaR)- l-allyl- 1,2,3 ,4,4a,§ , 10,1
Oa- oct ahydr o- benzo[ g] qui nol i ne-6, 7-di ol (4aR, 1QaR)-
1-prop-2-ynyl- 1,2,3,4,4a,5 ,10,1

In ag&hgrcz&sggt%dtﬁg I Fe%gritolg%%dh l}glla][eg 56 Sadio@b&ka gér%&)urﬁd%@lformula I and
-CycC -propyl? - Ll,2,5,4,44,9,

the Us@ tHdeoran tvatiyidrine lbgieziofs gy Widtods MEF-6tudicsli in vivp4aling studies and in
1GaR)- 1-cyc/o-butyl- 1,2,3,4,4a,5 ,10,1

Vilraygs®et ahydr o- benzo[ g] qui nol i ne- 6, 7- di ol (6aR, 10aR) -6,
6a,7, 8,9, 10,1Ca, 11-octahydro-
1,3-dioxa-7-aza-cyc|openta[a]anthracene (6aR,

In al(ﬂaﬂl)er 7&spm hejab - iﬁyﬁk’hjpﬂ Bo9ided Ohd @ae dlfla aohgloyod @f Formula I, or a

leﬁ ag <§£ nta[ak ant hr acene,. (6aR

Pha%ﬁﬁ)tw? LorfsPOBIHI AT i hgreel - § 0GHeBHPhr o-
1, 3-di oxa- 7-aza- cycl opent a[ a] anthracene (6aR,
10aR) - 7- n- propyl -6, 6a, 7, 8,9, 10,10a, 11-octahydro-

The pogypdiskel Forawia b;ﬁﬁh@pﬂ@ rthfafraq ba@m pir asceplarmgeduiticaljciageptable acid

7-.ac

(. 0
addlg\érfﬁl gillg' q(%% 8 Pl}]ar%la%l%lg%lt Cé);mp/&élgltoptmgx %8 a(()immlsteretaym any suntable way

e.g. (Aafy, RSyl -sabeily,| nch-Siafly 4, Fardilerh08 06d Ay d6@pHEA may be
[g] quinolin-6-yl ester 2 2-Di net hyl propionic acid
preselztgq% in Py Rypitzele Fopm cfpﬁél@q—lwﬂ pngHiaBeR] o%yyrally -igeheyprm of tablets,

caps%tl eI?O Ace4%zl%g%i]s§h&109§‘ of 8&3&%’%8 n%ﬁ%ﬁi)gﬂnotﬂé &kl Br gg%}ansdermal

patchébaSr La&)terbH @ ciat d)ey-fémnﬁi‘fhglﬂspérsianﬁ of, 4authorkOfckOmj@tioa. In one
dr o- benzo[g] quinolin- 7- ester Acetic, acid
em eag@n&o i) conpeERh X3/ |F0émﬁl»9| 1| isp admjnisigred i thealogey g a solid
] r
o ORara by val L unfe o) s
10aR) - 7- (2, 2-di net hyl - propi onyl oxy) - 1-n- propyII
The ég?né)r%ur‘ll(?s 5f Fg'rcr)nu]IOé} f%ICr}’lap aldnrlgcegt?ga [a%]c&)l{abqe ac{gl adcy tion salts with a

wide variety of organic and inorganic acids. Such salts are also part of this invention.

A pharmaceutically acceptable acid addition salt of the compound of Formula I is formed
from a pharmaceutically acceptable acid as is well known in the art. Such salts include the
pharmaceutically acceptable salts listed in Journal of Pharmaceutical Science, 66,2-19 (1977)
and are known to the skilled person. Typical inorganic acids used to form such salts include
hydrochloric, hydrobromic, hydriodic, nitric, sulphuric, phosphoric, hypophosphoric,
metaphosphoric, pyrophosphoric, 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,
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or a pharmaceutically acceptable acid addition salt
t hereof I n anot her aspect the present invention relates
wo oowankisss abel ed conpounds of Fornula | and t hBCT/B&E2008/050215
thereof in various biological assays such as
PET-studies, in vivo binding ,studies and in vitro
assays. In a further aspect {#e i nventi on provi des the

use of a conpound of Fornula I, or a pharmaceutically
pt ad n t.
h1pp$ﬁa(fee l&%‘tgn 31%1% Forr%rlrlﬁ tg E?rleeageg trrﬂﬁo ! éequg@g% or mesylate,

nico@lfiata, pmmmﬁﬁmel cakdlyteac pamatﬂ e ta@pﬂthaﬂdﬂ,t i@opishld,, propionate,
or as. a pharmaceutical conposition, nﬁ%
phe%yél?ﬁomogetéf edliGyladgy  sshacaip eswaée »g. SUSRR{9, y  benzenesulfonate,  p-

bror}?&%ﬂ%}#eyulf&ﬁ@' &%Bérgzen&gﬁbﬁ)e[t@l Mly%lfeﬁe{tgntfﬁ r!);}’yethlylsulfonate

e conpoun presente 'n any suita
metlydsulouete, admphﬂsajlenatll mhfoneteg m;fhllthayerueifiz -tutfonhier m odphthalene-1,5-

t blets ca ules 0 ru tions or

sl g GBS TR o OFS oR e B O iede t r ansder ma
patches or parenterally in the form of dispersions or
solutions for injection. In one enbodi nent, the

Methemqf@uﬁ@ mfpar@itm%somdimmanﬁﬁenﬁi@d @r@dra'tinnt hies %ﬂm meld)fknawn in the

|.id mageut cal ,entjt as..a tal
art. io%léfﬁpﬁ [Il'ﬁlé 831?{;"8%3[5%%537 6#11 ﬁ% lag ¥ ?ﬂwnt wi ordmary adjuvants
filleBhaddranestid aad lbaegeeplyabbtpRedith atdintik@fe Slat Sondehibntatabletting
wi de variety of organic and inorganic acids. Such

mackigit Bxampdes fsagipants, Biers And dilyppgsrgongnise microcrystalline cellulose, corn
hap d f
stardh ﬁp AR nsgé%%; C@(}Lé’e, ﬁn;é‘ﬁﬁﬂ}% 12?4:&@‘%%19?@,0 I‘ri’}: gﬁe%ﬂm*? kbl olififine, tactose,

orme
gumphatdniae ¢ilit | Aay byheaadjapimiradacived sash ESCMeLhﬂlnglsanIhai, preservatives,
the art. Such salts include the harnaceutlcal
elc. gRry égeé’sw&%%qoweﬂ that Egyiare cromRatigle wih ﬁﬂﬁa?fsﬁﬁ%gl@fqd@é»ts
Sci ence, 66,2-19 (1977) and are known to the skilled
person. Typical inorganic acids used to form such
In psaictikr,i the [taldet ifll)yldnlatihllls:)adcordiilg/dr dier mvejonhyidy ibedirepared by direct

o 48 SRRy SR 5 DURSRRZSRIT s sivans o

dilu&lfy.| \!Aﬁférﬁd“[iQfBPyora%&' z.fraﬁﬂht@sor asﬁfen ?ﬁ ni@thieRITaY | LEMPHIHY @F‘F’ormula I,
di car boxylic aci ds, phenyl substituted al kanoic acid
optidnadly ax ydmkdureivath conventional adjuvants or diluents may be used for compress10n

of tablets.

Solutions of a compound of Formula I for injections may be prepared by dissolving the active
ingredient and possible additives in a part of the solvent for injection, preferably sterile water,
adjusting the solution to the desired volume, sterilisation of the solution and filling in suitable
ampoules or vials. Any suitable additive conventionally used in the art may be added, such as
tonicity agents, preservatives, antioxidants, solubilising agents, etc. Alternatively the 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.
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and hydroxyal kandi oi ¢ acids, aromatic acids, aliphatic

and aromatic sulfonic acids, may al so be used. Such
w@bawmormeut i cal |y acceptabl e salts thus incl udect/b&2008/050215

chloride, bromde, iodide, nitrate, acetate,

phenyl acetate, trifl uoroacet ie, acryl ate, ascorbate,

benzoat e, chl orobenzoate, dinitrobenzoate,

hydr oxybenzoat e, nethoxybenzoate, methylbenzoate,

b u

Pha&%&gﬁcgtﬁyfgﬁﬁlﬁg @cines‘ %ﬁ? %ﬁﬁﬁ)g\%{ dlog gff) XBI gtﬂ) € ysed in transdermal
appl[tat{yﬂike-sﬁclﬂas @iaﬁﬁfehﬁa(lylbaﬁﬂfbs, sap r@tlenalgfawryduﬁt@rmeatlon activators to

cinnanate, citrate, formate, fumarate, glycollate,
facilifatsitheppspageral phrupchive ingredient tyoughpihgskin. na eat e,

hydr oxymal eat e, mal onate, mandel ate, nesyl ate,

ni cotinate, isonicotinate, oxalate, phthal ate,
In ztneﬁﬁph&lsba:lt athe, ipyenjomlrabtes tpor apphanaseeptical composition comprising a

ropi onate, sali ylate seba ucci nat e,
ther el SR Re Riaclnt Bt GOTBBT BT THIS J1 ok harmaceutically
acceg]fhlbfy 2HER4EN6s Yk oAt s, aft bhvd §1L'M09é"ﬁﬁa§‘maceut1cally acceptable carriers,
hydr ox ethylsulfonate nmet hyl sul f onat e, napht hal ene-

dﬂu@ﬁsmkfﬁwan@ﬁsnaphthalene 2-sul fonat e, napht hal ene-
1,5- sulfonate, p-toluenesul fonate, xylenesulfonate,
tartrate and the |like. Methods for the preparation of
In aS@letific RAFOIREEUTITGAL IRFANEK AidrO RS pRyvaeal zsghmiaham@mbmposmon
in the art. Tablets may thus be prepared by m xing the
compgsing ea i thgrapaitesally wetiectvedpmaryt 2dj j tivegmpountj pf eFermawy I or a
s LESF thl [
phalg{élﬁ%tg%fag 9%8%1% ?c%n g@%c ?aﬁgﬁl %?% \gllgeergsnlﬂq? “élr@ fre b%thahydrogen
and R lid @ﬂ@t@h’tﬂorﬂltﬂlmgﬁhp COmNDing HE hm’lmgac; myshyl| éthyﬂmnd n- propyl for non-
ceIIquse, corn starch, potato starch, |actose
ral nHpintsgRlion opysh; 8% tfaélﬁflqyw nidsAle shufstls tigapmpseular or subcutaneous
a&nﬂﬁ&ﬁ&bﬂe | act ose, guns, and the like. Any other
juvant or additive such as col ourings, arona
preservatives, etc. may also be used provided that

they are cQ atible.with t ctlve i ngredients..ln
In g AAeE B DRetsbiot PRsiin BF | tHeolad corginge e fgnula 1 or a
phaﬁr@é@lﬁﬁdaﬁﬁ aE@% taBR &[cﬁ&ﬁﬁt‘i‘(ﬂl M tHere8Clor BRMESE SR IOf m@chcament for
conmpound of Formula | in adm xture with conventi onal
the wetjtongaineis narodiigengsaties disprdersnsuch ag| Rarkiasomés digeasauingdtlBuntington's
or a nelt granulate of a conpound of Fornula I,

SStional Iy in admixture with conventional adjuvants or
di l uents may be used for conpression

dise

In a further aspect the invention provides the use of a compound of Formula I or a
pharmaceutically acceptable acid addition salt thereof for the preparation of a medicament for

the treatment of psychoses, impotence, renal failure, heart failure or hypertension.

In another 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 cognitive impairment in a mammal.

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
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of tablets. Solutions of a conmpound of Forrmula I for
i njections may be prepared by dissolving the active
w0 ngwekisent and possible additives in a part oPCT/DE2008/050215
solvent for injection, preferably sterile water,
adjusting the solution to thizdesired vol une,
sterilisation of the solution“and filling in suitable
anpoul es or vials. Any suitable additive
for ﬁ'{%n‘}/rgﬁ{ﬂegtn %% lr%stfég’se(ije s nsrytnﬁfon?er gRﬂgx op Spe?iggl%dhmﬁ ul%gvé}lsient disorder
oni CIty agents, preservatlves, anti oxidants,
(PL®@)ubi | i sing agents, etc. Alternatively the active
ingredient, eg. as the free base nay be dissolved in a
di gesti ble or non-digestible oil, mxtures hereof or
n S U@ ashORRERRILBR JrBYHATURCHAGE depfhpdBHT Abinfla 1, or a
capabl e of releasing the active Ingredient over a
pharpraotwing Byl apepiabtt @fid hddreoPhat feesiif foc ahe manwfattate aivs medicament

f the co und of Formyla | to be used in tr nsdeﬂpal :
for g LR NS OSIEF ALY SRR IO b LR (et drsorders, gait
disoRRE QNAlchdof@BLS} M PABAARALI ON activators to facilitate

the passage of the active ingredient through the skin.

I n anot her aspect, the invention relates to a
armaceutical conmposition, conpriSi a
tn LAGEDCEP ot RETRER: rERsS ol e 2o omyund g Formula 1 or a
pharfcoMl Rl ac@ptadlePdtad hehesd kaalhkioftsiept abhenhedt bfineurodegenerative
addition salt thereof, and one or nore

disopslesy yeak ey PrkHISPY s sliscasstaad IFamgiagions diseasdi | uent s and
excipients. In a specific enbodi nent of the invention
there is provided a pharnmaceutical conposition

In o Gudielr Sispert atht hiavapeut peaidey taé fsetofve @mpouhdodf Hormula I or a
conmpound of Formula_ |, or. a pharpaceutically

phargaceiically eacsentebla orfiid i addition salt fHbsradl foniHisy dieptnmgnt H{gpsychoses,

- e haf Rilhdhogeni| Ryl l,gcted fromthe group
an@%%%fg?ﬁnglg%’ﬁ%ﬁrob@%ﬁnng? ;%%Oethyl and n-propyl for

nonoral adm ni stration, such as transdernal, nasal,

buccal , i ntranuscul ar or.subcut aneous adm ni strati on.
In e (aspechee AERTIOT, RV SRE T G BL v FeBEOY K O deTpila 1. or a
pharfaeQTRAHN daREptH9IE Mi@ dddRforP salt thereof, for the treatment of cognitive

impairment in a mammal.

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 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 treatment of movement
disorders, poverty of movement, dyskinetic disorders, gait disorders or intention tremor in 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.
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pharmaceutically acceptable acid addition salt thereof

for the preparation of a nedicanent for the treatnent
wobomeemetiegener ati ve di sorders such as Par ki nBOTYDK2008/050215

di sease and Huntington's disease. In a further aspect

the invention provides the Uﬁ? of a conmpound of

Formula | or a pharmaceuticalfy acceptable acid

addition salt thereof for the preparation of a

medi canment for the treatnent of psychoses, inpotence,

renal failure, heart failure or hypertension. In
The aﬁlﬁtehﬁdin aslpecprovities i avemndthah ¢ awades hhﬁlalrtﬁﬁalOfsuﬁering from a

onpound of  Fornula |, _or. a pharnaceuti cal

neuraé%@ﬁﬁréw% digerdgr serd asi %ﬁk@ms ¢ipgase and H‘“é‘Fmgtﬁ’éS disease comprising

admmyﬂ‘l%{ot{ﬁg nfnifal qpﬁﬁé ﬁé‘{ﬁf@&ll; foTcrtng aﬁ{gﬁﬁ‘tt Jﬁnéoftmsgouﬁd of Formula I,

cogni tive I nmpal r nent

oraph@embmnhﬁﬂyaumpmbhnwmhmman§ﬂﬂmmwm@ of a conpound of
Forrmula I, or a pharmaceutically acceptable acid
addition salt thereof, for the manufacture of a

In aﬁ@cﬁé&%ﬁ@dﬁtﬁ@[nv%ﬁ%ﬂ 51@%{8%{3% A mEBSd 'o?ﬁ%atir%% nﬁm@ﬂ @{Iﬁfermg from
or periodic |i novenent di sorder (PLMD

psyqimﬁfsemwenas,preml f@lhée i heed izilwe ophypertdeson, tﬁ:em@gemg fadmmlstermg to
rra ceutl

e SRR R SR hTHreroR saRp R FHEREGHOZY wloqmpound or Fommuta

or a pRiMad&ltita Ry BfceptabRUickibam@itonf lt thdieoft r eat ment  of
nmovenent disorders, poverty of novenent, dyskinetic

di sorders, gait dlsorders or intention trennr |n a

In a%PEH&J asgls& tfle flﬁ{fehﬁﬁ p@f)v?c%%t P&mh rb‘f%&%’g%lﬂ %ﬁé&‘ﬁg from a

use of oun mul a or a
cogrdice }ﬂhpzbhﬁerﬁc tempudding iadmirgsibiing lﬁenlmaﬁlaflﬂﬁaltdmeeffectlve amount of a
treat ment of neur odegenerative di sorders such as

compgyng ¢fdiormalad; eimprarRAcPutGHY 3rgeRIAblS a¢if addigian splhthgreof.

further aspect the invention provides the use of a
conpound of Forrmula | or a pharmaceutically acceptable
The asventiad dilto matsald atrhaghedbdf fieatitge mamakbwenfferofg from restless legs

syn(ﬁ%g R@ﬁi i’oahggi)ooc{ig o m(r)seql?elnt fd?slolr er %PLF/&%r tcorglfa)ruénlilé gdnnmstermg to
the mammal a therapeutically effective amount of a compound of Formula I, or a

pharmaceutically acceptable addition salt thereof.

The invention also relates in a separate aspect to a method of treating a mammal suffering
from movement disorders, poverty of movement, dyskinetic disorders, gait disorders or
intention tremor comprising administering to the mammal a therapeutically effective amount

of'a compound of Formula I, or a pharmaceutically acceptable acid addition salt thereof.

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.



10

15

20

25

I n anot her aspect the invention provides the use of a
conpound of Formula |, or a pharmaceutically

waecwmepr@bs e acid addition salt thereof, for theCcT/DK2008/050215
treatment of cognitive inpairment in a mamml. In a
still further aspect the |nvi ntion provides the use of
a conpound of Fornula I, phar maceutically
acceptable acid addi tion salt t hereof, for the

Ina s%%%ﬁggr%ao& eng?htslo(fail rdo?%ﬁﬁ%ﬁéﬁc%{n?ﬁgg\ éRkﬁérrrg% t 'tegn 1 and 10

mg/ddye i nvention provides the use of a conpound of
Forrmula I, or a pharmaceutically acceptable acid
addition salt thereof, for the treatnent of novenent

In aHbRO" GbSdi Hﬁ’ﬁ{etc}’aﬂ T 4dR R TR bom! ngb! | Dbl ~°1Cl£ ‘i'é‘s%sthan about 1
galt disorders or tention tre I'n a manmal

mg/dmpar at e aspects the i nvention provides the use of a
conpound of Forrmula I, or a pharmaceutically
acceptable acid addition salt thereof, for the

Ina @%%t@@ﬁl%&ﬁféﬁt B AL FRABR T ¢hé’¥an%uﬁH ef Fetnanded 86t 0.1 mg/day.
oral adm nistration,” or for non-oral
adm ni stration. The invention al so provides a nethod of

n .suf f.eri gur o eneratlve
tn agfuffie @b ETRTIES sl BRRadG AL el Rt G R R Lo hE i€ from 0.001
mg @ 1&saﬁgeomm¢&mag>fadmmhs.terl ng to the mamml a
therapeutically effective anmount of a conpound of

Formula I, or a pharmaceutically acceptable acid

In a p[hélj &Hb()s(%[lngnt tﬂg rI?\%BHOIJI:B (sﬁ((l)etsha%r oraP Rttt i copﬁ)%rs]&'ft%ofpom 0.001

al SO provi eatl ng a mamm

mg forlmpsyfahosgeund opbdrandel. renal failure, heart
failure or hypertension, conprising admnistering to
the mammal a therapeutically effective anount of a

In agﬁg%?n%%ogﬂn %WH%H?QHE)E?&F g (ﬂ'all rifffilafon c?mprlsmg from 0.01 mg

ceutically accept e aclid a |t|on sa
to 1 igeofendomponnd of Lonnga I.aspect the invention provides a
nmet hod of treating a mammal suffering froma cognitive
i mpai rment, conprising adm nistering to the nmanmal an

In a9hfRGtdnWR AR M BfveRion provides an oral formulation comprising from 0.1 mg

to 10 mg of a compound of Formula I.

Figures
Figure 1: Dose-response curve for the concentration-dependent stimulation of intracellular

Ca’" release by dopamine in hD5-transfected CHO-Gal6 cells.

Figure 2: Crystal structure of example 2d2. The absolute configuration was determined by the

anomalous scattering of the ‘heavy’ bromine atom.



conpound of Fornmula I, or a pharmaceutically

acceptable acid addition salt thereof. The invention
w@b@o/ne@Bat es to a nethod of treating a nanmmal PCT/DK2008/050215

suffering fromrestless | egs syndrone (RLS) or

periodic |inb novenent disorggr (PLMD), conprising

adm nistering to the manmmal t herapeutically

ef fective anount of a compound of Forrmula I, or a

ar,naceut.i ¢.al | cept abl.e addition salt thereof The
Det?‘ﬂ&éﬁﬁﬁ%ﬁrlﬁ e{feﬁ%ﬁ VeRAN enar ate aspect to a
f f FRT
rhe B8 of S0 5y ERTE L' e EOTRUERRE) it * i

bdogwmhndm$orders or intention trenor conpri sing
adm nistering to the manmal a therapeutically
ef fective anount of a conpound of Fornula I, or a
pharmaceutically acceptable acid addition salt
thereof. In a specific enbodi nent &% the invention the
mammal is a human subj ect_The fhergpeutically
effective anmount of a ' Nul a |
cal cul ated as the dail q
For mul a (I) above gé Ce 3
between 0.01 and 1 ng/d:y, more suitabl e between
0. 05 and 100 ng/ day, e.g.ORpeferably between 0.1 and
50 ng/day.In a specific enbodi nentythe daily dose of
t he compound of Formula |I is between 1 and 10 ng/ day.
I n anot her enbodi nent the daily dose of the conpound
of Formula | is |ess than about 1 ng/da In a
The §@1pslﬁ@mdé od Hsold Y eRsien theﬁéfoa%\mrweﬁss@tvm dltfiy@éené ditpistasencsie forms, the
cis- Fﬁc[ zn}fns 1s!) er% %Rl%ﬂtfo%‘ls]‘oonll%aqiﬁ}/qde% ﬁ'le%c% ol tfhﬁer %r%@ﬁ? %Vggtl? n.
(' AVEnt T on provi des an
from0.001 ng to 125 ng of a conpound of Fornula I
In a further enbodi ment the invention provides an oral
formul ati on conprising fromO0.001 ng to 0.1 ng of a
conmpound of Formul a | $3

I 3
N ,f:ﬂ
R,] omj n R1 0/@“ ] n
OR, OR,

cis forms of the compounds of formula I

OR,

trans forms of the compounds of formula I

15

The ring-atoms of the compounds of the invention are numbered as follows:
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In a further enbodi ment the invention provides an ora
formulation conprising fromO0.01 ng to 1ng of a
w@oomoeds of Formula | . In a further enbodi neEPCT/DRR008/050215

i nvention provides an oral formulation conprising from
0.1 ng to 10 ng of a conpoung of Formula | . Figures
Figure 1. Dose-response curv %for the

concentrati on-dependent stinulation of intracellular

Ca + rel ease by dopagine in hD5-transfected C}K}Cﬁllik
cells. Figure 2 : Cﬂi?tal structure of exanple 2d2. I

The absol g if ation was det er m nedg by tBe

anonmal ey ; g ON2the ' heavy' brg S 2
atOWlDei Desqri ptipn of the Invent

CONMPOUAS p i nventi on cop¥s W 3
ceRy® s ( 7 in the bel oRfQrnulE) The
compounds the i nvention therefore can

E%St in two
di fferent “drastereoneric fornms, the cis-
trans-isonmers, which forns both fall under the scope
of the presentlaijmvention. cis forns of thEowwimounds
of formula | trans fornms of the conpounds of formula I
The ring-atons of the conpounds of the i nvention are

nbered as.follo Formula |, n
The ghasisreqrissiolor®s foitE PUPHRGIVE S%F °§é¢“€v§8mé§1 53 Shishy weans that
the EOHPRURRTT: FoMHuEh 1 Rans &hatast e sarReunds of (k9 gm? and (S,R)
| overall exist as the individual (R R, (R'S),

enargieghe(ss, R) enanti omers. The conpounds of Formul a I have
been found to behave like orally active

Apom)r i neanal S, i C r the otenti

The BB OOl EPatTD] TRie CPub HE: Odrehit RkogBiD sidhe dggorphine-

analag\cés%m@ﬁ r@ﬂd&e@@ﬁsﬁo@é&@rlg afctul iWhbiaHod ®SRARMASH R PAKARLY’s disease
to an increased dopani nergic

and other dlseases/dlsorders which responds favorably to an increased dopaminergic

turnover.

A specific embodiment of the present invention relates to the use of a compound of Formula I
or a pharmaceutically acceptable addition salt thereof for improving cognition in a mammal in
a condition of cognitive impairment wherein the condition is associated with schizophrenia. In
another embodiment of the invention the condition is associated with Parkinson’s Disease. In
another embodiment of the invention the condition is associated with dementia, such as AIDS
dementia. In another embodiment of the invention the condition is associated with an anxiety
disorder. In another embodiment of the invention the condition is associated with age
associated memory impairment. In another embodiment of the invention the condition is
associated with depression, including major depression, 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).
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turnover. A specific enbodi nent of the present
invention relates to the use of a conpound of Fornul a

wo 2aw/0269phar maceut i cal ly acceptabl e additi on SeLT/DK2008/050215
thereof for inproving cognitionin a manmal in a
condition of cognitive inpaiﬁgent wherein the
condition is associated wth schi zophrenia. In another
enbodi ment of the invention the condition is
associ ated with Parkinson's Di sease. |In another
enbodi nent of the invention the condition is

In a &s8Re cAabedimant the gesemtindent®H eElat@s tothPSsdeMedunmpound f Formula I
anot her enpodi nent of the invention the conditjion is. K .

or a phagrrettallnpeasrizhleadditionypaly thegiod dor the Heafpsphelydyskinesias in a
odi nent of the invention the condition is

associ ated with age associated nenory inpairnment. In

anot her enbodi nent of the invention the condition is

ma

associ ated wi th depressiaon, including maj.or
In agpd st cathodinert Pttt iy ptione Biesds i Isf At & efpeynd of Formula I or
a phEFPRELTRNY aBcpldbf AR JaRMhdrBS 160ME itfch@Rent 8 a mammal suffering

associ at ed MAyh the use of benzodi azepi nes. I n another
froneddpoekisivansuchfas triagoridepreptonoripelaedisenddi erianmicts

associated with the use of tricyclic antidepressants.

I n anot her enbodi nent of the invention the condition

AcchRlidS®OGE Pi@&dn Wit éntdinztheiniRéstinig HesRPRSmakblogiRal fi¢ference has been
enbodi nent of the invention the condition is

foungshepwpcit B twotirateananiqnasss @6 pnddrivatiyqslesaseehplpmiges of Formula I (R,

and?é S0 egv}]l‘cﬁ%% 'be%t# P?e%%eﬁ%ﬁ e%%?&ﬁﬁ%ﬂw%ﬁlﬁet Rfm by a process of the

venti he con NS associ a
curroshvdntiabniahhethsk bess dehsotded thR TED{4aR)1 aRf) whidt@imers are potent,
inent,the,gresent i nvention relates to the use_ of.

dualgr[T)Jg d GEARISEST WEBr Riysoq VRlugy <gOB Wa¥nksee pc%meg,lmenta Section for a
! . it t .
G REERRNANE P38 bl 5t VRS LORADOASI SHTRRL £ mch s
potept P$ @penisteadtonbndisghyptederaely steongde? adonasnconpound of
Formula | or a pharmaceutically acceptable addition
salt thereof for the treatnent of a mammal suffering

Sonde! HMHAGRERIABLR) endiki® RS o MR RpoGRR I ESFQhuld il AV &Murthermore been
di sorder or anxiety. According to the present

testadnipe R5i affinin andheyeptovery theavopratenadd agpingdd with ECsp values < 10

rlM'difference has been

The racemic compounds of Formula I for which n = 1, R; and R, = hydrogen and R; =
hydrogen, methyl, ethyl and n-propyl have previously been disclosed [see e.g. Cannon, Lee,
Beres, Goldman; J. Heterocycl. Chem., 17, 1633 (1980)], and their dopaminergic activity
discussed [see e.g. Bradbury, Costall, Naylor; Neuropharmacology 23(9), 1025 (1984);
Bradbury, Cannon, Costall, Naylor; Eur. J. Pharmacol. 105(1-2), 33 (1984)]. The racemic
compound of Formula I for which n = 1, R; and R, = hydrogen and R3; = ethyl has been
reported to stimulate both D1 and D2 receptors [Itoh, Goldman, Kebabain; Eur. J. Pharmacol.,
108 (1), 99 (1985)]. However, none of these prior art documents discuss the enantioselectivity

of the compounds of Formula I, or the different selectivities obtained in vitro vs. in vivo.
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found between the two trans-mantioners of

underivatized catecholam nes of Formula | (R and R =
woiRe09kiosh have been prepared in enanti oneri cabdyDER08/050215

formby a process of the current invention. It has

t hus been denonstrated that ige (4aR, 10aR) enanti oners

are potent, dual D1/D2 agonists with EC50 val ues <200

nM [see the Experinental Section for a description of

h \Yj 1 . . .

As {11 r?tlén%g gggrglé%%% o‘rlr? 2)911161 @1}%@& gg 2% csﬁrgl’%yaglge%% (r:]]I1r>1/1cally m PD
ther@bﬁalpamormﬁﬁ1ahehb(e@mqmm liagagorsam Sone of the

(4aR, 10aR) enantioners of compounds of Fornula | have

furthernore been tested fot D5 afflnlty and have

ha Re ZRUAPRAS et hyl |

et hyl and n-propyl viously been disclosed [see
e.g. Cannon, Lee, ol dman; J . Fbterocyc
Chem, 17, 1633 (198Q)] and the|r dopam nerg
Wheadthe gompoutids of fisdavqnsien aee (gstedimypranyd ityse £9r| their effect on D1 and

o2 AR o PULARREBES) SR8 A 8o pgppron

ExpditaértalNecti33 fri@B4y) . The racem ¢ conpound of Fornula
I for which n =1, RL and R = hydrogen and R3 = et hyl
has been reported to stinmulate both DI and D2
It hds %%@rpaé?ﬁénshlafeg tﬂl’la‘[(t:ﬂ! B seﬁ%k@@?h@m fBHthe whderivatized catecholamines
Phar macol . 99 (1985)]. However, none of
of thesle Ip(rRlcﬂndaR;t d[d): ultmlgt:s; drjtnsu@uslgf tvhen comparing in vitro with in vivo
nantlosE}ect|V|t of he co ds of

MeAFYEMEHIF ¢ éfhtW”sOeF‘ % E° ﬁé‘&e .S}%“%frﬁa@ Jaore; Iihotent on D2
receflo¥PthAs off et t&eﬁdrspﬁ&ﬁﬂéa@lys«bm atrﬂﬁ) SOOI N o WBRIDIMB R BB ratio is

I'S currently used inically in PD therapy.
shifingh mwgwrze 0 6l setpotidy DI hniib/SmRidank oy Aisapolation from in vitro
dataAg 9}6 zg vzvo s“fatu%tlo%nca Iclioet b%%ln?cpe%n? cPﬁlgounds fo;fe net 1|r196nnt1%|¥1ean d

ro and in vivo ct
D2 receptors, their pharnacologlcal profiles are very

As dedifReeprevidiRR, thapre@dnt BPAANIRNEIMNBrASRM supports the hypothesis that a
D1-like agonist (be it selective for either subtype or a mixed D1/D5 agonist) could have

n=1 R andR

important applications in the treatment of cognitive impairment in e.g. psychosis, PD, and
Alzheimer’s disease (AD), and Huntington's disease. This might well be the case also for dual

action D1/D2 agonists, such as the compounds of Formula I.

In a particular embodiment, the invention therefore relates to substantially pure (4aR,10aR)
enantiomers of compounds of Formula I wherein n=1, R; and R, are both hydrogen and Rj is

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

In another embodiment, the invention relates to substantially pure (4aR,10aR) enantiomers of

compounds of Formula I wherein n=1, R; and R, are both hydrogen and R3 is n-propyl

In another embodiment, the invention relates to substantially pure (4aR,10aR) enantiomers of

compounds of Formula I wherein n=1, R; and R, are both hydrogen and Rj is methyl
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Experimental Section for details) It has been
denonstrated that the D1/D2 selectivity ratio for the
waoinabentesat i zed cat echol am nes of Formula | (R pandK®08/050215
H) changes dramatically when conparing in vitro with
in vivo nmeasurenments. In in yjtro assays, these
conpounds are significantly re potent on D2
receptors than on DI receptors (typically with a ratio
of -100). However, the in vivo ratio is shifted
towards a 2-10 fold selectivity.. Thus, it is evident
In atsBgdrataRndstlingdol thé invendisroraldies teisuboardalia puee (AR, 1I0aR) enantiomers
vivo situation cannot be nmade for the conmpounds of the
of compmds hFormaulab e SHER Ior evi ousl y, the presently
avai l abl e information supports the hypothesis that a
D -like agonist (be it selective for either subtype
The anventiohxdsb BA4ES tagomipstrdscollFarnndyd fonmpousahts PET ligands or as

inte%[g{t%ﬁ%%rg@ﬁﬁgﬂé&%g%ﬁ SanTEnh on nE SR e ali(srg Tidio-labeled
precﬁf&grsﬁfﬁg‘:}ddgl%a?@ﬂﬁbéﬂeﬁ%%ﬁt%rso?@i&hfﬁisQHC]r\ﬁ@th 1 i%gidt%ﬂg@]%?e@hyl triflate,

al so action D2 agoni sts, “such a

etc. Jhapompdsndst mEpalsal ke labeled with gar TF cul br a eptsdldé mmhpdiment of the

. the invention therefore relates to tantially .pure ..
ll’lVetlﬁ%rR}S?_[ﬁg ore, progi egﬁér?gloggaelgg %@Bﬂ%ds %&?1-5 wM1g \%r/h@h l[’he radiolabel
is seieesdgidm el JHRISrap®’ R are both hydrogen and R is

sel ected fromthe group consisting of hydrogen,

met hyl, ethyl, n-propyl, allyl, and propargyl. In

r ] , ' Nt i Q. a 0
rhe EISLSTORBTEAL of DN SP VST SR o o gronen
partiofilaHg praftracd aswhédioéigande=l , R and R are both hydrogen

and Ris n-propyl In another enbodi nent, the invention
relates to substantially pure (4aR, 10aR) enantioners

0 . i =}. 1
In abgaeﬁﬁh%&g[h g%r Rgﬂx’f!aﬂﬂn Yéﬁ‘eﬁ%sefona rfaJholaBéleer&gnB%uﬂf ®f Formula I

I's methylln a separat
whemmb odil gt and e aravierth i ydrageh anels R ds S0 8 )aftdraprogyl or  2-('*F)-
a &%&f (4aR, 10aR) enantioners o f conpounds of Fornula I
uo Y4in n=l The invention also relates to compounds o
f Formula | to b e used as PET |igands or as
intermedi ates therefore. The desired radio | abel can b
Another pmbodimsatiretajest thhauges ose phalcompensl add’ormula I, or a salt hereof, or a

pharmaceutical composition hereof and the uses as described herein, wherein the compound
of Formula I has a frans-diastereomeric excess of at least 10% (10% trans-diastereomeric
excess means that the ratio of the frans- to the cis-diastereoisomer is 55:45 in the mixture in
question), at least 25%, at least 50%, at least 70%, at least 80%, at least 90%, at least 95%, at
least 97%, preferably at least 98%.

A further embodiment relates to the free base of a compound of Formula I, or a salt hereof, or
a pharmaceutical composition hereof and the uses as described herein, wherein the compound
of Formula I has an enantiomeric excess of at least 10% (for example, 10% enantiomeric
excess for a compound of Formula I having (4aR,10aR) configuration means that the ratio
between the (4aR,10aR)- and (4aS,10aS)-enantiomers is 55:45 in the mixture in question), at
least 25%, at least 50%, at least 70%, at least 80%, at least 90%, at least 95%, at least 97%,

preferably at least 98%.
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precursors, including p C1Ilabelled precursors such as
[p Cnethyl iodide, [p Cnethyl trifiate, etc. The
W@ ompoeds may also b e | abeled with 3H , 18F PET/DKR008/050215
speci fic enbodi nrent of the invention is therefore
provi ded a radi ol abel ed conpgﬁnd of Forrmula I in which
the radio | abel is selected om1l 1C, 3H, 18F or
1231 . The radi ol abel ed conpounds o f Formul a |
wherein Ri and R are both hydrogen are particularly
preferred as radioligands. In a specific enbodi nment,
In ahbhet AVRDE itloN pregémt 1ﬁ$eﬂt©nacd’tﬂp‘fiis@b &bﬁip@dndsom’JGUﬁﬁiul@fI wherein the
Fornmul a |1 wwhheerreeiinn n==l, and R are both
cateq;ﬁp& r%@tﬁ( i§fHasked @s 2. Ipetfg#ere(hp)&yo (Mmpwpd@g ch:rl(vati‘@;)whlch may be
r I
clea%ad;gzr O?E gwggtnpfﬁ l{oeg? %? 1Pe\gg(? %ﬁue'@&thsﬁﬁ (gdi"ggﬁesrgtg th{'] g?tfé\éeegatecholammes
(excanpiiliad beloeubr gal): conposi ti on hereof and the uses as
descri bed herein, wherein the conpound o f Fornula I
has a rans-di astereoneric excess of at |east 10% (10%
rans-di ast ereonsy, c excess neans that the ram;o of the
trans- to the cﬁi s-di ast ereoi sonmer i s 55: 4§“|n t he

m Xt ur e i estion), at | east 25@6 aryt eas 0% at

| east X eagt 80% at t®ast 95%
at | easty97% préferably at | easto 98% urther
enbodient relates to the free base ofy a conpound o f
Formula | , orctlglaatioxirer eof, or a phar mefeeuiatachblamine

conposi tion h&iwdieand the uses as descri bed herein,
wherein the conpound o f Forrmula | has an enantioneric
excess o f at |east 10% (for exanple, 10% enantioneric

The qﬁ(& ﬁ?gn fﬂ‘ﬂ{s a?socr%m?e%l'l[gt%ﬁﬂpgwg (ﬂlﬁ o?mhlél h&gm( aﬁldlﬂ?@e fused and

I on nmeans eratio ween t

ﬁnn(éﬁﬁﬂﬁmﬁBXCHangnﬁﬁaS,10aS) enantioners is 55.45 in the
m xture in question), at |east 25% at |east 50% at
| east 70% at |east 80% at |east 90% at |east 95%

In aﬁ(gthereﬁﬁect W Present invention also comprise such compounds of Formula I wherein
the catechol moiety is masked as a di-ester derivative which may also be cleaved in vivo to

generate the active catecholamines (exempliﬁed below for n=1, and R; and R, = acetyl):

G0 —.6c

di-acetyl derivative free catecholamine

The present invention further comprises unsymmetrical di-ester derivatives of the compounds
of Formula I, wherein R; and R, are two different substituents. The present invention also
comprises compounds wherein R; and R, are fused and form a carbonyl (C=0) group, such

that a cyclic di-ester (a carbonate) is produced.

The invention furthermore relates to substantially pure frans-diastercoisomers of compounds
of Formula I wherein n=0, R; and R, are fused and form a methylene (CH,) group, and Rj; is
selected from the group consisting of hydrogen and methyl, ethyl, n-propyl
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preferably at |east 98% I n another aspect the present
i nvention conprises conpounds of Formula | wherein the

W@ 20080h0Bs noi ety i s masked as a net hyl enedi oxyPC1VDER008/050215
prodrug derivative, which may be cleaved in vivo (nost
l'ikely by in vivo netabolisn% to generate the active
cat echol am nes (exenplified Ll ow for n=l):
nmet hyl enedi oxy- free catechol am ne derivative The

ol ST D3RP0 ORISR Rk v o

ForrguileUpwhdréinadt Rerandgpeat fuded qadebanta motheRhe 0Ha) g@up, and R; is
conmpri se such conpounds of Forrmula | wherein the
Sele%@ngrewdihe gEugtepniiy inggRd fydrogen.anelhylesthyl ander-pieayh ve
whi ch may al so be cleaved in vivo to generate the
active catecholam nes (exenplified below for n=l, and
In sBparanctnidodiraces yie) inventden cdite wlcampoendshef Poresdnt wherein Rj is

inyention further. co i Ses uns trical, K di-ester
scleqfB 19t Py SE0UBieORHE TGOS AHESTOPURSK R Lol T-RERWLH gleast one of
R, af%, RCay aﬁke}ﬂ@@l,@rfaf RhEMhe SRS hhd R?'i’stl%nza—ﬁ,eoﬁte?%génﬁz of R; and R,

invention al sO conprises conmpounds wherein R an

is phgnglageisled and form a carbonyl (C=0) group, such that a
cyclic di-ester (a carbonate) is produced. The
invention furthernore relates to substantially pure

The fifivdiBiofl faShe@ MO fOIBY & QfbsaMIBUPES Ainskidsibdisdmers of Formula I
wherein n=0, R and R2 are fused and form a nethyl ene

wheyeaHRy iggyelngted f0ma e group eprsésting of Mydiogers nagthaylpethyl and n-propyl and
i i h .. - I .
at le%&n&{es(gf ﬁ]g gl?({s CI){Q ?{g Itgl? gt[skaﬁ(g)qssgglg ?%(1 Rﬁagcfﬁ,z!)rp%t?lg@sc[ QRY 0}:"18 and R, is

I'nvention
bendo4 b8y A0k}t cananR| ankeR sispheydagounds of Fornul a |
wherein n=l, R and R are fused and form a net hyl ene

(CH) group, and Ris selected fromthe group
The GAR5iSH hIRG ﬁﬂgteg‘yod{u%%ﬁ‘ﬁalw%lﬁé/ QaR?fdak eﬁ‘eﬂfﬂioﬁ%egé' OP¥drmuld M wherein

separate enbodi nents the invention rel ates
R; i satpoerhfiemahe Borupudoasiktinghef igidnogeni methyl, ethyl and n-propyl and at least

one of R; and R, is C;_¢ alkanoyl such as pivaloyl, or at least one of R; and R, is benzoyl, or at

least one of R; and R, is phenylacetyl.

In the present context, in particular for the pharmaceutical uses, it is understood that when
specifying the compound of Formula (I) to be substantially enantiomerically or
diastereomerically pure, then the compound is relatively stereochemically pure, preferably the
enantiomeric or diastereomeric excess is at least 60%, at least 70%, and more preferably at
least 80% (80% enantiomeric excess means that the ratio of eg. (4aR,10aR) to (4aS,10aS) is
90:10 in the mixture in question), at least 90%, at least 96%, or preferably at least 98%.
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sel ected fromthe group consisting of hydrogen,

nmet hyl , ethyl and n-propyl and at |east one of R and
waR2009/026b36 al kanoyl, or at |east one of R andP@®2ZDK3008/050215

benzoyl, or at least one of R and R2 is phenyl acetyl.

The invention furthernore re%?t es to substantially

pure frzms-di ast ereoi soners Formula | wherein R3 is

sel ected fromthe group consisting of hydrogen,

net hyl hyl. and n-propyl and at |east one of R and
Exwlpie'iéi‘fgeyf@ﬁnoyl such as pivaloyl, or at |east one
Gen@f*alﬁ%eﬁ‘l‘a ¢R2 is benzoyl, or at least one of R and R2

I's phenylacetyl. The invention also relates to
Anabyibslt OINIAIdata were ob{adadd, daRE BaaxtARIneSOEXohstFoment|eguipped with

e L5y S SELed o Ui o oSS LU0 B0
was ete@ni&ﬁ%ﬁ%té&?at%a@f Rglle!‘@vo(ﬁlﬂ %ha@SEESEatlr&)éénM@rin@t%uments are

| east one "of _ 2 i s benzoyl’, or at |east one o
fronRPE§adx RA Rl qghenyd arodt YWPPI-seurchengropseatad mopesatxte, ioinnmode. The

articul ar f t.he maceutical. uses, ikt |s o
retef e Bt Bline Y (i ERED AR S WG mobtral gpvas made of 0.05%
TFAF@! Raked, (hile tsolRat Bulat amdeadfl 9.083%aNTF QR £8! WitePlin acetonitrile.

di astereonerically pure, then the conpound is
Severgl diffprgat pcthpds kayeheen el y pure, preferably the
enantioneric or diastereoneric excess is at |east 60%
at least 70% and nore preferably at |east 80% (80%
Metkathd:i ORerI0E XexceSismagansCR/SAIC- t Ove DCadyisenDfCobgnn: C-18 4.6x30mm,
(4aR, 10aR) to (4aS,10aS) is 90:10 in the mxture in o
3.5u dSYmaKyty. aVatrsasEobmog temporalyes edradignty reyesicaphdse with ion
palr%%.a Fg)?vls czéﬁ/?@é%xn/%wﬁ Rbfime>e®) tnfo-FE Qﬁﬁﬁk&n‘twg‘% BSin A to 100% B

ata were obtalned on a PE Sciex API
overlbmipXthiems O YauBremA fequinppekbtalirtmtiatendspheri ¢ pressure
photo ionisation and a Shinmadzu LC-8A/ SLC- 10A LC
system Purity was determ ned by integration of the W

Meth&P#7:AB1 P08 XEhna X HifdGASE CHYBLANHIA YIBRLRnAR IEHRT-18 4.6x30mm,
PESci ex (APl), equi pped with APPI-source and operated

4uni (Phpoyigncy Synengi hydes). Trimeperature: rt. Gradient: reverse phase with ion pairing.
Flow: 2mL/min. Injection volume: 10 micro-L. Gradient: 2% B in A to 100% B over 4 min

then 10% B in A for 1 min. Total run time: 5 min.

Method 25: API 150EX and Shimadzu LC10AD/SLC-10A LC system. Column: dC-18
4.6x30mm, 3um (Atlantis, 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 101: 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: 15 micro-L. 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 102: API 150EX and Shimadzu LC8/SLC-10A LC system. Column: dC-18

4.6x30mm, 3um (Atlantis, Waters). Column temperature: 40 °C. Gradient, reverse phase with
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retention times in the U/-trace (RT) are expressed in
mn. Solvents A was made of 0.05% TFA in water, while
waodweno3B was nmade of 0. 035% TFA and 5% wat er PCTYDK2008/050215
acetonitrile. Several different nethods have been
used: Method 14: APl 150EX a Shi madzu LC8/ SLC- 10A LC
system Colum: C-18 4.6x30 3.5mMm (Symmetry,
Waters). Colum tenperature: rt. Gadient: reverse
. .t h r 2 / I 0
0on €%ﬁ]§§eﬁﬁ)\% 3 ?nq%n%/%%t fnt%tlgg 8¥Vme CJiQ)nL A@ a%l?e&mb%/o E in A to 100%
B ovay @14 dinnthén 29%6® inlQ%oB).4 miA Tanl rimmﬂnm 2Rah@ml run tine:
5 mn. Method 17: APl 150EX and Shi madzu LC8/ SLC- 10A
LC system Colum: C- 18 4. 6x30mn 4mm ( Phenonenex
Met eyt Nﬁﬂf@oEXTea!i‘iHe’sﬁ g sﬁé’ @ghgN ¢ I é’t@rﬁsecolumn C-18
ase with ion pairing InJec ion
4, 6x\3 Oty 8: 5 b ($Hinsmotry, . W@eﬁadl @dsitlfnn?c%lﬁemmrd\ 600 CL @ﬁ%i&ltpmérse phase
4 mn then 10% B in Afor 1 mn. Total run tine:
withyipR paigigh §lpves-3 ARy mits JRclen valmsad9 @llﬁf@rb&bﬁgﬁfe I dpiected onto

the @%ﬁg%ﬁollﬁmB i %@160&@80%83@“1&1%& ?(5‘%']§m A for 0.4 min,

umm t enper at ur e: lent: reverse
Totgpnastmed 2.8 nimon pairing. Flow 3.3 nL/mn. |njection

volune: 15 mcro-L. Gradient: 2% B in Ato 100% B over
2.4 mMnthen 2% B in Afor 0.4 mn. Total run tine:

Metﬁ’ocﬁ3m napMathest ér{alshrﬁf’ldz&i(t@ﬁsﬁﬁmﬁhmﬂ Hem Column: C-18 4.6 x
LC8/ SLC- 10A LC system Colum: C-18 4 Omm 3. 5mm

30m¢18y3‘rﬁmlm)(8ymemys)Wat@BD u@vﬂunmniiemmranruee IﬁOFE@. 2 mL/min. Injection

ent erse with ion pairi o, Fb QW .3 0
Volume ﬁmCliOn‘; RdgRtY Wﬁé A gvatidmat fhen %8%1%3? fe‘% ghen 10% B
forA%é\9trﬂln1@9t{PI%nQ1\ﬁ% S%Iﬂmm n then 10%B in A for 0.4
mn. Total run tine: 2.8 mn. Mthod 102: APl 150EX

and Shi madzu LC8/ SLC- 10A LC syst em CoI um: dC 18
Atlantis, Water umm t enper at ure

4. 6x30
Methis 66, SEach Bind SUFLvileShipidge 1 wwgﬂoaam gFIcTE glumn: C-18
C
xBTS SIS SRIY A, ATaEhBh o OO e s
withnibf .paiFﬁltgaFlder.I hiEmin I§edlioh volume: 15 micro-L. Grad1ent. 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.

Preparative LC/MS-purification was performed on the same instrument with atmospheric
pressure chemical ionisation. Column: 50 x 20 mm YMC ODS-A with 5 um particle size.
Method: linear gradient elution with 80% A to 100% B in 7 min and with a flow rate of 22.7

mL/min. Fraction collection was performed by split-flow MS detection.

Hydrogenation reactions were performed using either a standard Parr shaker or an Endavour

instrument from Argonaut. In all cases, low pressure was used (1-5 bar hydrogen pressure).

The term “silica gel chromatography (EtOAc/heptane)” has the following meaning: The
compound to be purified was usually dissolved in a small amount of DCM and loaded onto a
column pre-packed with silica gel and eluted using a mixture of EtOAc and heptane, either in

a isocratic fashion or with a gradient such as 0-100% of EtOAc in heptane. One example of a
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Met hod 111: APl 150EX and Shi madzu LC8/ SLC- 10A LC

system Colum: C 18 4.6x30mm 3.5mm (Symmetry,
woAad0ensg3s Col um tenperature: 60 0C. G adi ent, PCEDERES/050215

phase with ion pairing. Flow 3.3 ni/mn. Injection

volunme: 10 mcro-L ( 1 mcro- h_ injected onto the

columm). G adient: 10%B in A'to 100% B over 2.4 mn

then 10% B in Afor 0.4 min. Total run time: 2.8 mn.

colug@igliag(?ﬁd?’l% sﬁiP 5 gé?\?%%f 49 %{@% é@%mtg %g FLASH Si 70

ml fd&hﬁhﬁ:}na‘[@ﬂdﬂwﬁ’beﬁe neanalbgyle Alfetnatiktigywcdssidal ﬂihafmual chromatograph1c
I.njection volume: 10 micro-L. Gradient: 10% B

purifitions W, PEHERMSHOBYEE STish 551 16 i Machen-Nawsh B0 M 0&%063 mm,
. d

230008 51 o M5 B! ABUNROIEE Sl on

alundin BxBplates p&@aﬁd(vﬁdnsﬁlicaegel\{\ageh/k:)rck & Funn Ctomppemcﬁtwere rvisualized

vy 4 R e 5 RS0 P 80 LA £ S ot of

amngo(?lrﬁn@ n'ldly&latté)pl@ﬁg@ ﬁlcpéé@ﬁmal\fz‘)sﬁﬂfzﬁe E} 16%) 10%B dddcbus’ Qlphuric acid

Total run tine: reparative

(250LI@LMS purification was perfor msd on the sane

instrument with atnospheric pressure chemn cal
ionisation. Colum: 50 x 20 mm YMC ODS-A with 5 mm

Micivafadve Gbel&rhied - rehiongdiert | jre@Fmed asliseled ehigkdvaiveWeh&tor vials. The
80% A to 100%B in 7 mn and with a flowrate of 22.7

exparmarthwenepgeoimasd et PethSonthgaigeeem Serperalfyhemistry.

split-flow M5 detection. Hydrogenation reactions were
performed using either a standard Parr shaker or an
The Enrda¥pophilizdt refomnd tHe beozdvdg@ng ot a nlaterial bisiaga&hrist Aplha 2-4 LSC
ressfure was_ used (r@fmbar hydr ogen pressure). The
instugey ram) WOR fePmatsimt ogr aphy ( Et GAc/ heptane)” has
the foll owi ng nmeani ng: The conpound to be purified was
usual ly dissolved in a snmall anmount of DCM and | oaded
Thedatnes ddwesl (NmSEX - ﬂ!&bf{éldedmi(lt/llgzﬁm) crafegseto tdrdrepbaypedf water from

orgalfll?cl lgygersa b}rzn th)éta%ﬁﬁio%fof lE:ﬁ'y 'ﬁé’ %?)4, respec 1veely, floﬁowed by stirring for
an appropriate amount of time to ensure an effective drying process. Then the solid is

removed by filtration, and the filtrate is typically concentrated in vacuo (see below).

The term “concentrated in vacuo” has the following meaning: The volatiles were removed
from the mixture using a standard rotary evaporator at reduced pressure. The term “dried in
vacuo at 40 °C” refers to the use of a standard vacuum oven heated to 40 °C connected to an
oil pump. The term “dried in vacuo* refers to a drying process in which the material to be
dried is placed in a flask connected directly to an oil pump for a sufficient period of time to

remove volatile components.

X-ray crystal structure determinations were performed as follows. The crystal of the
compounds was cooled to 120 K using a Cryostream nitrogen gas cooler system. The data
were collected on a Siemens SMART Platform diffractometer with a CCD area sensitive
detector. The structures were solved by direct methods and refined by full-matrix least-

squares against F° of all data. The hydrogen atoms in the structures could be found in the
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a isocratic fashion or with a gradi ent such as 0-100%

of Et OAc in heptane. One exanple of acolum | oaded
wWowaok/0s9Bs ca gel used is "I SOLUTE SPE COLUVNS'PE¢EDE2008/050215

20g FLASH Si 70 ml from International sorbent

technol ogy]. Alternatively, g assi cal manua

chromat ographi c purifications were perforned using

silica gel [e.qg. thhery Nagel 60 M 0.04-0.063 mm
elec%% dél%?t rﬁqisfg]engg# qudgo%%h'Jt&ﬁ %vepe re?¥1e(§ taﬁi{ggtgépqcally. All

anarysi on a ates precoate

the Mdrbiesi dtdnﬁaw@ﬁsl at[oalcglatdﬂbpdsi(w&@ uﬁagza]nm@m@deﬂnxdﬁ @:He0.84, C-H =
vi sual i zed b %glnatlon using a W |anp (254 nn&{or

0.996) 0@ i i@~ foc%3r F@ﬁlathyqﬁO%@ns%Plaﬁ ithh tftf»nnélnﬁ%ma s were fixed
L d t

[Uaip /g’lggﬁ}é gol}gaﬁtsagﬁ%&%tpﬁl g%efgl k! Oﬁé)rélg{étfet% fte (7 1 Bheb 8.0(1)-0.05(1),

indiddting athaty e abseluer sitiediree act cornst. iograpsrdsed fed data collection, data

seal ed crowave reac Vi Th I ment e
reduglioh GrhBBasRIG S AT HSA IS b and AT RES P Al MAR T and sAINT,
Areﬁnﬁe&ecﬁﬁra@mm eanﬁ%f@gre{tﬁéﬁp_%ﬂw&f@d 'VESHR r§0543B1tu|R@r €r Apalytical X-Ray
freeze-drying of a material using a Christ

InstiugE€nisn &ter, uMadtsofir &&A/\)(\l@ﬂ&)x SheldriclonaSADMBS t Brmam for Empirical

"dri ed. ( Na " Y t
Comeglidstal ARR BRteder PRGVaRiEh X Pup ey Gty ey oo
The Qroghash NEESCATTO[cIVMSRS@ck I eSRBEXITY I Structudd IDv@ehidiion Programs”,
stlrrlgg for an appro%élate amount of time to ensure

Vergon eflReBrukgeAanlytied) doRer dasrumpresning h Magiiiong US4 (28RN as used to
f te is typically
degﬁﬁggh% ﬂ%egﬁﬁ%qggghgsiéhé&’glomb The term
"concentrated in vacuo ' has the foll ow ng neaning:
The vol atiles were renoved fromthe m xture using a
standard rotary evaporator at reduced pressure. The

Gl A B0US FE RN SRRSO,

oil punp. The term"dried in vacuo refers to a drying
process in which the material to be dried is gl aced in
a flask connected djrectfy to an oil punp fom

suf ficient per Ne to renove :
conponent s.

1

Markush Ia Markush Ib

Markush structure Ia

Ro R o
N N N
e -
MeO MeO MeO

Markush 1a-1 Markush 1a-2 Markush 1a3

Intermedlate | Markush 1a-MDO Markush 1a 2a ‘ ‘ Markush 1a-di-ester

0]
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X-ray crystal structure determ nations were perforned

as follows. The crystal of the conpounds was cooled to
wa2@924935 ng a Cryostream ni trogen gas cool er BEEDER008/050215

The data were collected on a Sienens SMART Pl atform

diffractoneter with a CCD ar&g sensitive detector. The

structures were solved by dirfect nethods and refined

by full-matrix | eastsquares against F of all data. The
Star[l%%ﬁ glef?‘%eg}rl]lgﬁrgtﬁ;ln thh'Bgﬁ ?%rt etreé}sl'ig %gscﬁgg& %1}8&1 8@#&%‘[@6 ev%nh primary

amu&t RmHy\@rvas mfkuaﬁdaanuﬁiet [mmoﬁilaitioyls hékin foh chehyyalthegiedf compound
were at cal cul ated p05|t|ons u5|n aridin
25 fFﬁi’aélllterﬁtdhatbli—Bedu%@n of Mprxught bayl winp L Arovidpsggagugy 1a-2 .g.
t ar :
und%I th& le'td?tjj(ns h}‘éf@iﬁ’ Eﬁ'ﬂﬁf‘% g{s{bg é:hglgf) h orh@oaafnﬁri‘a ﬂ%{: afation of the
czs/tmmamxtmt eﬂflﬂlealdms’[eme(mhte craart@etr@t@i( WithGi8 %O 5{Br) or a related reagent to

ng that the a e structures are rrect. . .
cleap s RHBOH B PoIo BEta ST GELAne. e I daadt iy dsrgbed herein
for tﬁ@%%tﬁ&él@@f é’ﬁ@tﬁﬁ)lesw-ﬁurtﬁél NEct@do (SHRARS 14 fwith SNAHBr or a related

NT, Det ector Control and Integration
reag@@f mm EresenVe |o§ base 16 2054ViBrkukte t a-ARBOy¢. £ caldethRagnditions described

nerek SRSt bRl TS AP S i G an be comverea

backDRtMEkQsh DabRireMBicai With BCA3n- ﬁnlsmtayrewftecﬁ@agdnn O@irkush 1a can
Ger many (2001) The program SH LXTL g Shel dri ck

be cos}LELefim Mgk tl grdi- drniresiepinwih dge &P{BI'OPH?V@ ragjdophloride(s) in
e SRR ORGSR SENTIR B Ui o syl o

Thisanatefidrcanbt @gddodyzed taphilash 1&eneral Synt heti ¢ net hods
for Markush structures la and Ib. Markush la Markush
I'b Markush structure laStarting frominternediate |
M QR Stra¥fiirP§si s i s described herein, condensation with
aﬁgﬁnary an?ne R3NH2 gi ves Markush la-1 under the
condltlons herein for th& synthesis of céhpound 25 R

om "fedi at e Reblucti on o h la-1 N
nEDHHBV|d3§ﬂWH EEE -2 eg*unﬂ&j‘l’ conditi
Meoherein for theesyn i s~of cowpou ds 3~and 1%

sepas ati on of the owme

intermediate Il trans-Markush 1b-1 trans-Markush 1h trans-Markush 1b-MDO
R,
T T

N N
1
MeO R ©O
0

e
trans-Markush 1b-2 x trans-Markush 1b-di-ester

{for examples where R,=CH,R)

compaund 1 trans Markush 1b (R,;=CH,)

0]

Starting from trans-configured intermediate II, whose synthesis is described herein (the

enantiomeric series can be prepared from intermediate III whose synthesis is also described
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cisltrans m xture, either diastereonmer can be treated
wth 48% HBr or a related reagent to cl eave the
woredoboxe3gr oups to furni sh Markush | a e.g. unPer/DKb@s/050215
condi tions described herein for the synthesis of
exanpl e lal. Further reactiog of Markush I a wth CH
CBr or arelated reagent in The presence of base to
give Mar kush 1a-MDO e. g. under the conditions
hereﬂ*@ ck?“?\g I%gfaﬁloﬁlhf o; ﬁ%dhgéﬁ}l ggrlcl:sz (rilé\isgrrl H%lel?l f%F %he Jc;}l%erswn of

1nte1ﬂ@dkaﬂ6 III |t0 axdyple rEatorandustive nBadta/n( délg.Buﬂidelr )the'l dnditio® described
rel.ated reagent. Markush la can be converted t
herepp f¢ {8 qEBYFIOR S, ehteppedipis M e rfecaypich2ih&am 5p rt@ﬁql il oftain trans-

Marﬁ’.&éhfjllptfl Phik %%E %bﬂer Hsfntifle G4t Be E N%Ijéfé%{%dllfﬁdgﬂ stedafd (r‘ondltlons by

as descri eln for t nthesi s of exanple
treatﬁwlnt Wi th 48¥atdriag. waler bke lcyrﬂahtlblysz dekctibedviicteus tiod the synthesis of

ructure | artln r [ ?s-configur :
cxaile ekt B Seachon il By fendutie” e adfionp it orein for the
comckdién 31‘@%@553{6' 18 1§ 8Xdrsle Q? tPE VP! fr%ﬁﬁ[\féiikﬁs'hqm Further reaction with
internmediate 111 whose synthesis is al so

CH-d8r o1 beelnied etagent i the prescadekgl bast ean e gppligttiter gitve ¢rans-Markush

o8 e Bera Fopg Bl tiaratist firel Pe FRCERURS S Kapmale 31, The
resuRing. d3OAArkuEe IBVIDIO taNBe deseitcdddcih ey fhmk-MafkushEab by treatment
conversion of internediate Il to exanple 2hl can be

withyBed/ (e BebbaiInot p aakicdvigpgendhAnpalierating stigtggk davolves acylation of

mterglgetrc]l?‘i{‘ I‘iio ﬁ(g]t}glglsm ﬁfEW{uﬁﬁ gﬂ/o I:I%B%ﬁgce%lf %”9%Esdl\4tahkush 1b-1 with

LA @ndi té¢lané reggar tlgednder b I’t:ofndmohii‘l eleﬁytbt:cﬂl dtdn dbr the synthesis of
exanple 2cl or by reaction with ..under th

exargpJg el ito ﬁ%rgate%’?eréﬁlmﬁ]é A B; 3 fas?nSrMéﬂ%MBﬂ%IP& aaaﬂogs in which R;
can b%ﬁ@ﬁ h@PER' rrdaPmEX P55 RS C}(ﬁs@l @ ¥%h &Heaeg)?) %fa@ﬂh chloride(s)
I b. Br or a rel e

Furt reaction wth reagent
in TIFA tahlebq)nwietnqaepffre bm&Mahudhell&ﬁpIested ¢.@. @ dascribed herein for the

r ans= Mar k b- ) under e cqndj.ti ons
syntheRnST Fame el oTber EidesuRimouhitsf Tiesfs ap be Fysolyzed to
the %ﬁ&ﬁlc‘hﬁeeﬁolﬁrﬁfﬂ% 7R Wﬂus'hbrlﬁm@@ﬂesbﬁm%lﬂﬁ%gﬁ‘ib RAGHich R;=CH;
o trans-Markush Ib by treatment with

can BEl grepareButryi) 4Nmponda 1l e(uatngd its epage nananidgmert t ermpgauindel 1A and
compgngnadt Y clar? Y)(e)lu\éeecf' toaﬁl%l ;?rte;l)ac%g 08I1cally products) by treatment with LAH or a
related reagent e.g. under the conditions described herein for the synthesis of example 2b1;
subsequently the resulting frans-Markush 1b-1 is transformed to frans-Markush 1b, trans-

Markush 1b-MDO, or frans-Markush 1b-di-ester as described before.
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intermediate Il to trans-Markush [ b-2 which can be
reduced to trans-Markush Ib-1 wth LAH or a rel ated
w0 eagen93®. g. under the conditions described hpeEDR2008/050215
the synthesis of exanple 2el to target trans-Markush
I b and trans- Mar kush | b- VDO galogs in which R can be
defined as CH R Treatnment of®trans-Markush Ib with
the appropriate acid chloride(s) in TFA can be used to
prepare drang- Mar kush | b-di -ester e.g. as described
herein fo he synthesis of exanpRe 4al. These
di - esters rans- Mar kush | b-di - estﬁf can be hydrol yzed
A > 5 Nar kush 1 b.
R3=
om conpoung g S pure enanti oner
npound H A and conpoynd! H B can be used to the
epar@siepiiieal | y productSasyrtmestorent with LAH or |a
relatjd reagent e.g. under“f¥a"tsrdft i ons descri bed

herein for the synthesis of exanple 2bl; subsequentl
the resulting trans-Markush Ib-1 is transforned to R
trans- Markysh.Ib, trans- Nhrkush llb- VDO, or ’

s~ Mar ki HCl MNhed before. (R
@@ ransaconfi e anmpl e 3al=whos
om i nt er nech~a de scrlbquﬂ] s

QO (tlhe enantioneric serfPes fan be prepared fr

\'T-Qt er ngrgqe%tl € I I I V\hose t het%aks%/larkus%ﬂba-l\!m%o descrl b@d trans-Markush 1b

herein), direct -alkylation e.g. under the conditions
descr%red herein for the conversion of internediate I

to exanple 2fl or reductive am nation e.g. under the
@scri bed herein for the conversion of
?Iflo exanpl e 2hl cad be used to obtain

condi t

|nterrred|a e

s ‘ i ; reagent e.g.
under the condi tions &esc |bed hereln for the
\~c©nver3|“9k h1 |nterned\aﬂb 11 19 ex l e 2el to target
trans- *1 b- MDO anal ogs IHRM£§C R can be defined

as CHR. FurthernDre exanpl e 3al can be _ _ _
Stareg: -fmmt@@nse@n@ggreduw@émplﬁ Ig owlgsei emshasspdiopedntermediate 1T is

descl;]i%gc? Ih%reflr(l) r(tl{ehgnasn 18%11%91%' Rries 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
used to obtain trans-Markush 1b-MDO. An alternative strategy involves acylation of example
3al to trans-Markush 1b-3, which can be reduced with LAH or a related reagent e.g. under
the conditions described herein for the conversion of intermediate II to example 2el to target
trans-Markush 1b-MDO analogs in which R; can be defined as CH;R4. Furthermore,
example 3al can be Boc-protected e.g. under the conditions reported herein for the synthesis
of compound 8 to afford trans-Markush 1b-4, which can be reduced with LAH or a related
reagent to target trans-Markush 1b-MDO analogs in which R3;=CHj3. For trans-Markush 1b-
MDO treatment with e.g. BCls/(n-Butyl)sNI can be used to give frans-Markush 1b.



of conpound 8 to afford trans-Markush | b-4, which can
be reduced with LAH or a related reagent to target
wWo c@nd2dvBs kush | b- MDO anal ogs in which R =CH . PEDDK2008/050215
trans- Markush I b- MDO treatnment with e.g.
BA 3/ (n-Butyl )4Nl can be uscﬁ/g to give trans- Markush
I b.1b-MDO 1b Starting from Pkush 1b-6 (for a
synt hesi s of such a conmpound, see the description of
the s nt esis of conp@unﬁ 25 herein), treatnment with
& g. 67: and hydrogen\@as can be used tp obtain Ffs
sh | b-

C age of the-anmi-de Nyroup can N
@ Direct Iatu;n%.
i'tions descri bed he t he 0
onwprsu on of Q] n ermediate || Pghxan'pl e 2f1 or o
t

\/@edlﬂ:t i ve am na on e under
] c,s%a‘%ﬂ%t I ons cis-Markush 1b-MDO
de¥eritbed herein for. t%e conversion of Internmediate |1l J

to eFanpl e 2hl can be used to obtain czs-Mrkush
treamé Wth e.g. BA3/(n-Butyl) 4Nl ran be used to R,

| b- for the trans-series descri bed above,

gi ve czg Markush I'b, which can be co ve,t,ted back to N
S kush | b-MDO by reacti®n wi th ChBr_or, a
ated reagent in the presence o give

7s- Mar Kush 1 b-MDO e. g. unBer @ he conditions de&ri
Lmerel n for the synthesis of e e 3b 1. Treat rrentOI-bf
czS¥MEERTsh Ib material wth the®dpproptiate acid oot
chlori de(s) in TFA can be used ®o prepare czs-Markush
| b-di -ester e. %q_as descri bed herein for the sgnt hesi s

Stargng Eganplaecushib-Orifes e synthesis af suchancaaPdipdr seyhedeegiption of the
f
sy B on RS O AL AR SR S50 AR A ol be wsed o

obtalbe MNMrausl Dig3. Ch:avdtgecdsf tRe @atidd grodpfcanaffoas ciciVRkash 1b-8. Direct

5 Na ?@é{é& gfg:jgh ﬁ‘(rg]?f qulgegcgh{%agl%&{@ tstpég(r)np%gswn of intermediate 11

to egc?&lf[)l@v!f'i‘ Gy ﬁh@ét%ddlﬁ‘ltrl%o@%%e WR8EUhe! QnlRNP ra%E’éi‘fb%El IRBein for the

he conpounds of the invention:interned ate
converdienr neditenediate Tintoegxapyhlalel b:ltﬂ bexsatploeotBat cis- Markush 1b-MDO.

As t&% gﬁtet?ag{sr:s)ﬁlés? %é?{lﬁ %Sag)ﬁ%g, ge%ql{qq h( g%&lﬁ%%utylﬁNI can be used to

give cis-Markush 1b, which can be converted back to cis-Markush 1b-MDO by reaction with

10 CHCIBr 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
hydrolyzed to the parent catecholamines cis-Markush 1b. Reduction of cis-Markush 1b-8 can
15  be used to prepare cis-Markush 1b-MDQO analogs in which R3 can be defined as CH,R4 as

described herein.

Useful intermediates for the preparation of compounds of the invention

The following intermediates are useful in the preparation of the compounds of the invention:
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In the foll ow ng sections general synthetic nethods

for the preparation of the internediates wll be
w@e@senesl fol |l owed by specific exanpl es. Genepal/DK2008/050215

Procedure for preparation of benzo[f] indole

cat echol am nes i nternedi ate |15 (racemat e)

frans-racemate c/s-racemate Phternediate | , Wwhose

synthesis is described herein, is reacted with a

primary amne and the resulting enamne-lagtamis then K Hol

redyced_py _al ane an e 86 um barehyde i -HEC Thi
$ a mxture . 'Itran @6 J
[ 3 ( jase divest p

sepa¢ at ed, for exanpbme by silica gelowehr omat ogr apluy
[for an exanple of a closely related synthe3|s see:

- t et | t diete le 3a1
'Zg(’:“eﬁg%gdsna SVGI’]S o5 enarfl! a der H?agr grainéeenant@}er)des(% ?ézggﬁa:tlomer)

rcey, Schreur, ol g
In the MFIQW1 ?é&wnssg&f%}al s}ﬁﬁgn(( ﬂl%ﬁl%hl for {A€ gﬂﬁé ket of the 1ntermed1ates
catecholTamne IS |iberated e. by treatment wth %

will BBprasented fdiloBBd by sPeceﬁapmnupics of Intermediate |
oompound i oompound 2 oonpound 3 internediate |
(racemat e) (racemat e) (racemate) (racemate)Racem c

Gel?e_CrAI ‘W ﬁ]t&bqhoﬁxﬁ%frf‘tﬁ)dﬂb %{r}gghﬂ%ﬁﬂht hz;&lolargﬂl%s

(racerrat e) A soI ution of ra:s;em c
@oxy 2- 0X0 -tetrahydr Iene- N
3 ic aci rreth er /T8.509) [c )
priepar ed aSVdescMbed in Taber NeuWert | ei ngd’le
OA('Fn Chem Soc, 124(%2), 12416 (2002)] Mh THF (25 'y
vas Al drop- wise to a solution of LDA (|27 nL, 2Min
THF /| heptane / ethyl benzene) in THF (125 ) @t 0 OC

The sol ution ; : ) /@3)

trans-racemate cis-racemate

MeO

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.

Preparation of Intermediate I

MeO.__O

o%
O ° O
N MeO OMe
Ovie
compound 1 compound 2 compound 3 intermediate |

(racemate) (racemate) (racemate) (racemate)



was stirred at 0 OC for 1.5h. Allyl brom de (3.44 nl)
was added and the solution was stirred at rt
woy@vnegkt . Et O (300 nmL) and 1 M HO (300 nlL)P@EDE2008/050215
added and the | ayers were separated. The organic |ayer
was washed with brine, dried gwgso ) and concentrated
in vacuo. The residual oil was dissolved in DVSO (25
m.) and water (2.5 nL) and Lid ( 1 g) vvas added. The

Rach S IR S S0 IRE Sk G2 Al nd Gl il »

enldesd and the layers were separated. The aqueous
| ayer wal extract ed with EtOAc (125 m.). The conbi ned
i ne, dried (MySO )
rude product was
silica P ( Et QAc/ hept ane)
.55 g of corrpoun 2 as a white solid. Racemc
3 ADW'%/I -5' 6' - di met hoxy-8Me4' - di hydr o- |
H $BhpRhbH 3] di oxol ane- Z,odypoit@iRht hal ene] (conpound 3)
conpfdmdie? conpound 3 (rasesweisy) (racemate CH( OCH3) 3
(4.53 nmL), ethylene glycol (5.68 nL) and PTSA (20 ng)
A soleticen afbidechicd @cdsnétha);@dlwbutz S A-tetfahydrpuaphthaRene A -&boxylic acid

e DR AP R By o Nl B 1
5 Am. r@ﬁem Tstb% ,ang@anh, Cl2'4@6/?100@§]31nvﬁ$1h zhva%w&l #opKese to a solution

MySO ) and concentrated in vacuo. e crude product
of LMs@ﬁuanZMdn Byiksi hqp@eaeg@thy&wmmb agTHBNi/% mL) at 0 °C. The solution

was gsgﬁt“rg% ?!a(g] @@nt ?)Shtzgllygll b\égmlde (% 4 mi) %8988&%8 nﬁ {R2 sfltion was stirred

at riBoWrhight. Ftf0 qBORNWIOXMd31 AMAHOY d3an hith)neglt iatennd-he Qayers were
(intermediate |) conmpound 3 internediate | conpound 3

separaied r Hisd pegaic| layerawanatashed watbebrgitce )ArkeH &S Qu) Pyd poncentrated in

10 vacd\?‘;tffg?‘?%iﬁgi 1%\éat%td# s_F>R$ﬂ21? 3§82 9! Radw@82% nll) and Licl (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

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

Racemic 3'-Allyl-5',6'-dimethoxy-3',4'-dihydro-1"H-spiro[[ 1,3]dioxolane-2,2'-naphthalene]

(compound 3)
O/B
@)
O
—_—
eO X MeO X
OMe OMe
compound 2 compound 3
(racemate) (racemate9

20  CH(OCHj3)3 (4.53 mL), ethylene glycol (5.68 mL) and PTSA (20 mg) were added to a stirred
solution of compound 2 (2.55 g) in DCM (45 mL). The solution was stirred at rt for 4.5h, and
then quenched by adding sat. aq. NaHCO; (45 mL). The organic layer was washed with brine,
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solution was stirred for 0.5h after which K CO (12.7

g) and the solution was stirred for an additional 5
Woe09/02693®!1 ut i on of compound 3 (14.8 g) in -bupgl/DK2008/050215

al cohol (500 nL) was added. The solution was stirred

3h and then cool ed on an ice/yater bath. Sodi um

hydrogen sul fite (38- 4096aqué us sol ution) was added

dr op-w se over 0. 5h. DCM ( 11) mas added and the

I d, agyeo xt.racted ..

drleél ?%(@s%) ﬁﬁwg%lt%{% in va hgﬂgo E%’) otr:twgf?]ts g)uf@?(g rbS/ silica gel
chrowei & riyE s ED Me/hbpthid) ne gwd 121 12 ()ﬂ\@ﬁi@o)maﬂdls apdent r at ed

in vacuo to produce 11.3 g of a dark oil. This

material was dissolved in acetonitrile (225 nL) and a

f 7 MagH -

RachfleS L P ARG Tl hor B Hap AR e inf R S

4 0C overnight, and then stirred 2h at rt. Water (45

n) was addedyand the solution was stirred for 3h

af ge -0t was concentr g8 fb@p The crude

I ef purif ired-sby sil djmat ogr aphy
MeQEL ' to gi veuse® ef Mefliecat e | as an

oi | Procedure for pr ratlon of

benzo g] qui nol i ne cat echol ani nes_Regi osel ecti ve

| i t FANROVSR of 1, 2, 6- trlnethG§V?ﬁﬂﬁﬁ al ene [which can
be prepared as described in Taber, Neubert, Rheingol d;
J . Am Chem Soc, 124(42), 12416 (2002)] followed by
treatment whth I e.g. under the conditions described
herein foo the synthesis of conpound 5 furnishes a

e gl@nltrlle

\(22), 5443
f vg steps as descri bed
is possible to obtain the key internedi ate
comednddt eri al can be resoﬁvéﬁmﬁ§mﬂg SFC on a
preﬁﬁ?%ﬁﬂ@e scal e. The two enan@fYMif)s are then
deprotected, and the nitrogen atomis functionalized
using either by direct al kylation, reductive
anination or a two-step acylation/reduction. Finally,
masked catechol amine is |iberated under stand

KM’@:@hﬁ‘l (& shgfawd@qdet@twﬁfe%ﬁqhﬁw&s%mﬂ@d? &0 v (17 D) at e, The
solutibh SR&ALLP Forf. sk BRES %Qh%z 3 (|129’n£ dnlilthe solution was stirred for an

additional 5 min. A solution of compound 3 (14.8 g) in #-butyl alcohol (500 mL) was added.

The solution was stirred 3h and then cooled on an ice/water bath. Sodium hydrogen sulfite
(38-40% aqueous solution) was added drop-wise over 0.5h. DCM (1 L) was added and the
layers were separated. The aqueous layer was extracted with more DCM (0.4 L) and the
combined organic layers were washed with brine, dried (MgSQO4) and concentrated in vacuo
to produce 11.3 g of a dark oil. This material was dissolved in acetonitrile (225 mL) and a
solution of AcCl (37 mL) in MeOH (190 mL) was added. The solution was stirred 5 min at rt
and then kept at 4 °C overnight, and then stirred 2h at rt. Water (45 mL) was added and the
solution was stirred for 3h after which it was concentrated in vacuo. The crude residue was
purified by silica gel chromatography (EtOAc/heptane) to give 3.62 g of intermediate I as an

oil.
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conmpound 4 conpound 5 conmpound 6 conpound 7 conpound 8

conpound 9 conpound 10 conpound 11 conpound 11A
w@oompods ' 11B (racemate) (racemate) (racenmat epCTBR208/850215

enantioner) (4S, 10S enantioner) internediate |

internediate 111 (4R 10R enaptioner) (4S, 10S

enantioner) 7-lodo-I, 2, 6-trinethoxy-naphthal ene

(conpound 5). conpound 4 conpound 5 To a stirred

sol yt4 on af ¢ ound 4 ared

Geqgyaf JhaRkeSustdor b rassatigs) ot BonZo FiEofe SR cEmines
124(42), 12416 (2002)) in dry THF (200 niL) under ar gon
and at -78 0C was slowy added s-butyl lithium /(1. JT/
in cycl xane, 110 ni The sol utiofi peps stlrred a P

-78€¢ o h. A SC i s&)sftepslo e 710 5 g) i resolunon)
was™ adde r a peri 10

MeOresul ti ng mMePure was t henMVex |
atoMe78 0C. The reaction m xtur ewwas quenched bNethe
adefrrfcon of sat. oheldS (100 nL)ammam%r (240 nL)mmawd
Et O (2400nL). The organic Iayermﬂﬁg shed wi t F*T8%
aqueous SO |un1sulf|tersolut|on (100 dried (Na §O

.0-chronatographwb(Etcmc/heptaQﬁb) to produce @an
o 180l | d makBnderehaniorwhi ch maaugunm&yed DY 4R 10aRenaniomen
df £mx%ﬁ|on f i GHTETTRET hept dWES EFFEFHI ng 11. 46 g of

/Z) 3- (3, 7 8 Tri met hoxy- napht hal en-2-yl)-acrylonitrile
Regiosdogomridhia)ion o iR @dtnieh bhaxgnpditinderte [Thich cumseeprspared of described

o RN Rt arnsteien o (T i,
treat‘?ﬂe)at Reth@Ae)g, ﬁﬁ@er'md corﬁlﬁ‘t@oﬂsrde%rméh%d‘@ f((r]th@§¥ ith s1s d_f‘@ompound 5

vial was seal ed, and the m xture was heat ed
furna;heslzﬂ,SulﬁB@at;enﬁi)era Heakr @mplieg with acrylonitrile following a 11terature 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,
reductive amination, or a two-step acylation/reduction. Finally, the masked catecholamine is

liberated under standard conditions by treatment with 48% HBr or with BBrs3.
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irradi ation. This procedure was carried out two nore

times (using a total of 10.23g of conpound 5). The
w@eadm2aoenct i on m xtures were conbi ned and t hePCEDERYSI50215

was filtered off, and the filtrate was concentrated in

vacuo. The residue was partigioned between Et O (300

m.) and 2M HCl (150 nL). The-organic | ayer was washed

with brine (100 m.), dried (Na SO ) and concentrated

i n_vacuo. cru ri 34 g) was purified by
Pr?Parﬁﬁg Bﬁﬁﬁ H%gﬁﬁvﬂﬁél c/ hept ane) to produce

5.23 g of conpound as a mxture of olefin isoners.

3-(3,7, 8- Trlnethoxy naphthalen 2-yl)-propionitrile

MeO

nmamwgenated;(ﬂm;45 m n &MHM%’ a hydrogﬁmmpressure onméha
bar using a Parr shaker. The cataﬁyst was fIAts
off, and the filtrateswas passed ugh a snh

Y
|
I silic | uent™>Ng99% &t
S chngrerisRIsouLs ﬂmﬁgw
solhg [3-(3,7, 8- %lnethoxy I(ﬂedlhydro naght hal en- 2-

) - pre@jde] - car bamngudei d * - bubidnaBSt €r  ( CREROWND 8) . wmpound 118
conpBUAY 7 conpolffftF“8 Conpourtf™P (5. Cg)RWh@“@FSsoIVéégmmmﬁ
in 99% EtOH (150 nL) and the mi xture was heated to l
refl ux under nitrogen atnosphere. Sodiun1 taLH&SQ) H Hal

was added in small |unps over 3h. The N
refluxed for an addition 2h, before |t
rt for 2 days. Then it was heated t o refI%x agaln

nore sodium netal (3.68 g) was added and jh&aud¥l Xt Ul € emediatem

was refluxed overnight. After cooling orfR&reqige) wat Eros enantomen

bath, the reaction was quenched by the addition of

solid amoni um chloride (20 g) and water (25 nlL). The

resulting mxture was filtered, and the filtrate was
7-Todo+1cE GHtriatethbxyrnapdthdlend (ventpesndifie was partiti oned

bet ween
OMe OMe
0 — O
MeO MeO I
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;SO4) and concentrated in vacuo. The crude material was purified by distilling
off unreacted starting material. The residue was further purified by silica gel chromatography
(EtOAc/heptane ) to produce an impure solid material, which was purified by precipitation

from EtOAc/heptane affording 11.46 g of compound 5.
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di ethyl ether (50 nL) and water (50 nL). The aqueous

| ayer was neutralized with 37% HCO and extracted with
walc@vlydoset her (2x50 nl). The conbi ned or gani CPERDKa@8H50215

were washed with brine (50 nm.), dried (MgSO ) and

concentrated in vacuo to affgéd an oil. This materi al

was dissolved in THF (50 nL) “and treated with BoC20

(2.34 g) and Et3N (1.78 nL) at rt. After six days the

@2 P Pl SIS AR G B G ey

Thi_s ora\JoGMeinpure conpund 8 (AMeb2 g). Racem c
ahydr o- benzo[ g] qui nol i n
grQeliqri de ( conmpouRrd nd 8 conpound 9
emat e) tbnpoundMBO(l. t frd previ ous step)
was Otflessol ved in MeOH (200Md). 37% HC (3.5 nL) was
add@sboundsl t he m xture waspewtléuxed for 4h. The

vol atil es were renpved i n vacuo, usi ng toluene to

To zpsuepansiopi o gompoprchd (b4 e indiy ecctomitiils (H0-dvildeid 3 mysyewsave reactor
) ) il i )
vial SATRGHQ bt (39381 PRARE OBV 00k, BT i g st The

vial [ Wi utanal, | and- theantbanse was deadd* fdpud(y Imiasiten 4§ canmpadsrdmicrowave

. 11). conpound 9 conpound 10 (racemate) conmpound 11

irradigtigile el PrqoeAE M fe FACS AN Ntk co Mots §91cg) (Upgg a total of 10.23g of
vead i

oy 368V 98 ARSGAT M 209 NS U 42 Al i on

and cheufibrang whsiicensvagated ok edcion Tar redduavatie patiiaiohed betfvere Et,O (300

it dwth 2 MHO in Et O m.)., Th .
mL)ing oV il gﬁrwﬂ-iﬂwearga%@%% RS 6@1%15%1 HEJ brigy €00 mL), dried
(NafSef)) Bhd co@%ﬁtrﬁte&/lirw@%o( e Thlde ASriAGUSAUS) WAY Bl fiRSby silica gel

extracted w
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
. — I
MeO = CN MeO CN

OMe 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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di ethyl ether (3x50 nL). The conbi ned organic | ayers
were dried (MySO ) and concentrated in vacuo to afford
wo b@iompss e free am ne (conpound 10). This matBPCT/BK2008950215
di ssolved in THF (25 nL) and treated with BoC20 (0. 68
g) and Et3N (0.86 nL) at rt %gr I h. The crude m xture
was concentrated in vacuo, the residue was
purified by SI I | ca gel chromat ography (Et OAc/ hept ane)

- PR e RO B BT TR Pt st

(corfigoang 8§, 7- di met hoxy- 3, 4, 4a, 5, 10, 10ahexahydr o-
2H benzo[ g] qui nol i ne-1 -carboxylic acid *-butyl ester
(conpounds HA and HB). conpound 11 c ound 11A
conmpound 11B (racemate) (4R, 10R enantitoner) (4S, 10S
ena t|o eI ) ofgnpound 11 (19,7 9) Wawme ©s0Lwed into its
' A Berger YSFC mul ti gram
nt_.equi pped wi al cel 21.2 x 250
MeGym ol utm. ol veNt sysMedn QO ZEf OH™(85>15), Met hod:
conghvant gradient with a flaw rate of 50 ni/ m n.
Fr acdompsunaal | ecti on was per feompasialsy WV 230 nm
detection. Fast eluting enantioner

Comgoupd 7ofpele) V@én‘iﬂ%ﬁ%‘@dHA)”(yg HOH GfSOgmL«h PRG t@omﬁureswweated to
o)

reﬂ%degﬁ’l{r%gap er 2530;?0 iyrh %%a(lzg%n\&%s @E% 1%9%‘9? H{Flgposx(ilv_er 3h. The

mixty@pds 4etheed, fbr fn ﬁ@tl@l@ﬂhhb@fb@- evezotigll agqui foold dgys. Then it was

heatlg%tctjégc | oraéagg,l §(m %ﬂe&eﬁe 31%1(;151%{31 6%@?%?\%&(:121&(@ and the mixture was

reﬂd(%@&%'eﬁf@ft) AGRPROMD Bh%n(lge/%teg)bagﬂ Stﬁ@ lré’a%ﬂoﬂl rina!\\,"ecgélnched by the

was treated Wt
additipn fod iso lxh amifeaium xhigride \(\&@s gb: am@ mtera(ﬂé ainIL)n T\ha cc&ultargjmlxture was

ﬁlteTth épﬁéf&qd 1}{\@3‘[? %%gg%lcam%ﬁ% gvoltvg | | Ve res1€[ueq 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 HCI
b .
NH
MeO MeO
OMe OMe
ompound 8 compound 9

(racemate)

Compound 8 (1.52 g from the previous step) was dissolved in MeOH (20 mL). 37% HCI (3.5

mL) was added, and the mixture was refluxed for 4h. The volatiles were removed in vacuo,



(4aS, 10aS) -6, 7- D et hoxy-1, 2, 3, 4, 4a, 5, 10, 10a- oct ahydr o

- benzo[ g] qui nol i ne hydrochloride (internediate I11).

W@ 469/01698 enanti oner) (4S, 10S enanti oner) conpOTDR2@4850215
internmediate Il The procedure described for
Internediate Il above was fogJ(ovved using the
enantioneric starting nmateri (conpound HB; 0.52 g)
to give 0.38 g of internediate Il as a white solid.

. ( r f

kSO Ak P 0 T, PR LA el g2 050 o

as aba@wib® configurati on of exanple 2d2 was detern ned
by X-ray crystallography and al |l owed for unanbi guous
determ nati on of the stereochem stry of i nt er nedi at es
nd |1 rio
Racgl?%%edur e}rflg%w@gﬁﬁfr??le&?fjé? |4 g% 1of Tec hﬁlflgir%nrz]o[gqumohne 1
5  carlsxyhc peidadodyleestenr(cdrhgounddd). 10aS) - enantl oner (4aR,
10aR-enantiomer) (4aR 10aR-enantioner) The cat echol
am ne hydrobronide is treated with CH Brd or a Yj<

ne [for ge
onJ see Tor ¢
g. 18(1), Yeo
i, De Mont Osle Fattuonl Melis, W ;
Tet rcanlnecﬁhhmm, 59(24), 4383ndodR0R) ; for references Wltt|]1
cat etdreatmi nes, see: Ranjachlastapyer; J . O g. dﬁg@g”"
46(13), 2830 (1981); Nichols, Brewster, Johnson,
Confpoand @NO0, g)Rvggdissolved 1NBdeOH1(&mmLB&(CQNaCNGBh((DQ@Og)] was added.

General praocedure for conversion of catechol am nes to
The dﬁ:aégwl Was SHERD LY at rt. The crude mixture was cooled on an 1ce/water bath,

mate)

before it was quenched with 2 M HCI in Et;O (1 mL). The mixture was partitioned between
10 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

15  (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\’<

N
eO ™ MeO MeO
OMe OMe

OMe
compound 11 compound 11A compound 11B
20 (racemate) (4R,10R enantiomer) (45,10S enantiomer)

Compound 11 (19.7 g) was resolved into its enantiomers using chiral SFC on a Berger SFC

multigram II instrument equipped with a Chiralcel OD 21.2 x 250 mm column. Solvent



The catechol am ne hydrobromde is treated with
acyl chl oride using TFA as solvent. The crude diacyl

W@ at0eoboBan nes is purified by al um ni um oxi dePCT/DK2008/050215
chromat ography [for a reference on this
transformati on, see for exan‘g%S : Wkstrom Dijkstra,
Creners, Andren, Marchais, Jdfva; WO 02/14279 A, New
apor phine esters and their use in therapy].Preparation

syst@t% %%%%%Qéhethialer%ganﬁ% ac;wrfto WRR up qlo)v&? rate of 50 mL/min.

Fracﬁbﬁ&@ﬂ&i‘t@h \(/z[sap@ftﬁtmebl bRACEN IO nm detection. Fast eluting enan‘uomer (4aR,
6- di met hoxy- | I-I 3, 3a, 4-tetrahydro-benzo[f]i

th
10a%|en9nt&%er( é%‘?‘}ﬁ‘%}ﬂ}‘i‘d 11% G gt & draehitse solid Slowp sluag f@anﬂomer (4aS,

1 AG8 ®) 8 1 sol ution of
Oaé %tergrrg1 tle)zg?éblg 830 )cgﬁfats‘%vlu{eﬁgld 7 m) in a
5 m crowave reactor vial was added a sol uti on of

ot AR o via it Pt b dgaostibait-pResalelininga.
hyd PR Alintd2e e fBr 15 min under nicrowave

irradi ati on. The sol ution was concentrated i n vacuo

and the résidd s dried in vacuo. The crude product
was purifie by ilica gel chromatograghy
(E B Y| eld: 21009 o Qupound 12 as an

ct ans- and ci 3 S0

g N 125 I-mst hyI 2,332 3s9a-hexahydro- | Hoenzo
f1]li ndol e (compounds Me® anqd 14)” cénpound 12 conpound
13 &Hfpound 14 (racenmte) (Oneemate) (racemate) To a
sti comgbua®h1h i on of LAH (3. 9nteinedbidl N THF) at QOC was
ageedORERINBorhdrY4 ng) . The (4R, A0Reanii@seral | owed to warm

t .t [ To th .
Conggund 4 égr%g&clﬁ%g s in %&%&fg Bid g%ﬂs\?@atehﬁmﬁﬁﬁ% ij BLO 7.5
10 (mLRBC B U PHe Yh & @S bhideBBalll if backolnd tEsolid 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
H HCI
mj / :; : : \\\\N:
(4S, 10S enantiomer) (4S, 10S enantiomer)
15 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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m xture was cooled to 0 OC and then quenched by addi ng
wet Na SO . Inorganic salts there filtered off and the
wao dovadees was concentrated in vacuo. The resi dPET/DE008/050215
di ssol ved in 99% Et OH and NaBH (146 ng) was added, and
the solution was stirred at Eg overni ght. The reaction
m xture was quenched by addi 2M aqueous HO (3 niL).
Most of the volatiles were renmoved by concentration in
i . e t he
eSO L AISEEB RSP SR SR Rl
The Qibﬁ(ﬁhfee@ndilghmhen R exhﬂlpm Sd2verae deasiniricddbynixt- ﬁy%r%tﬁ\l&@rhphy and
and then extracted with Et. O The organic_|ayer wa

allovygds (s gngynbIgupys ¢réermipatieg of W9ch5wastwfd%ﬁ%m%¢@as [l and TIT and

hendbBAUPderWAB V&S Ude mi xture was purified by silica gel
enchrorm%r(l)grgp hy (MeOH EtQAc). Yield: 4 ng of conpound

13 as an oil (slow eluting |soner) and 32 ng of
npound 14 as an oil (fast eIu i somer) . Rapenic
Ge@l@lmw@ﬂ@%y prrthsrlbwanatmlea 5 QJABRMLS| £ ] |
ndol - 2- one (conpound 15). Internedlate | conmpound 15
(racemate)_ (racemate) Prepared frominternedi ate |
(1.39 9) éﬁcordlng to the procedure described for
: HBsi n n- pr opyk, am oNinst ead of net hyl
of _€¥hpouny 69 (g as a sol iSdnRawesdue for the
5 and l,s- jsQner ; (4aS, 10aS)-enantiomer
HO 5 &~ di fret hoxy- | -'n- pr ofy! -2, 3, 3a A9 9a- hexahydrol H
beogo[ f]i ndol e (conpoukd® 16 and T?? compound 15
(@Enoaunatohe) conpound 1%aR iatenieres) (racemnat e)
(racemat e) Conpounds 16 and 17 were prepared in a
The séamachar aﬂi&fﬁ’lhydraBrOQﬂd@(lsJ netatedl SwathdCH4B1i(1 oon 6 asippdam deakbnt in the
I nste of conmpound 12. The crude r oduct
presm%tqf%s%gwg alpef m@@y@gg i-pxyg ) @tChRke {I]élg?r g,eneral references

on t%ﬂgﬁ%ﬂvégman, sdd %ﬁexaﬁ@l%&l@leﬁ%&ﬂ?] .I@rgz?‘%hféfh.,oié(l), 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].



eluting isomer), and 40 ng of conpound 17 as an oil
(fast eluting isomer). Preparation of conpound 25
W@ o0mpogeds 22 conmpound 23 conmpound 24 conpound PST/DK2008/050215
(racemate) (racemc mxture (racemic mxture (racemc
m xture of di astereoners) ofdi 8\stereorrers)
of di ast er eoners)
5-(4,4,5,5-Tetranet hyl -[1, 3, 2] di oxabor ol an- 2-yl net hyl)

Preﬁ)%%ﬁﬁ&["o‘?lé%dl Hery (ﬁmi%&ngxélgza (12.7g; conpound 18)

V\,hose V\,hose synthesis is dFscrl bed in the literature /

obourry, Akye~Zdu, Ri go, L, San ~N

J —Het dr of -Ehem—40 ‘ 2003} ] _ )

MeOTIK e dyie SpPMEEECD bor on Ne®8. ' -
phmrephat e(47.4 q), rmllal adi un(1 1) acet atwe (O 17 9),

t kérigny|  phosphi neo@ed@ g) in a fl askoundds 4- Di O)é(ﬂﬂﬁndﬂ
(Igemarl) is added, awdnale)h:(/g}' xture istkpegded t o refaaie) /J

overni ght. The crude mxture is filtered,
--N
A0
edveb

ke is washe alittle
fe §s \Ma&h_ed a oaqueou
MeO AT S OMe dK/Ié ) and\/leg ¢
. The residue e d| ssol ved in Aand filteregy

ﬁJr%Hth silica gel oga%; b)gord conpoun ﬂ:”d?"s an oi | pound 17

Iéterdbieg) . 2- Benzo[ | « oxol - 5-yl met hydematd) Ot i Ni C (a&m )
et hyl ester (conmpound 20). Conpound 19 (31 g) was
di ssol ved in DVF (300 m_) To the solution was added

Racglho i nej\:{u‘gﬂﬁ 'n?eQB m%ﬁaﬁg&%{%\?eﬁ[e%ﬁggﬁ-one (compound

5 12).pot aSSI um phosphate (51 g) The resulting m xture was
heated to 80 OC overnight. Then, nore ethyl
2-chl or o-ni cotl nate ( 11.6 nlL) was addéd, and the
va R 24N The crude

s cfjoled t+o=»t, a or ggrdc solid was
BRefilt rqﬁe@ Was7paxt1 TToned bet ween
aqueous NH4d . O‘Mwe organi c | ayer was
e
ext ract ed
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
10 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.



with I Maqueous HCl . The aqueous | ayer was basified

W th 25% aqueous NH and extracted with Et QAc. The
wor@anee3s ayer was dried (Na SO ) and concent r B¢ BOKR008/050215

vacuo. The residue was purified by silica gel

chr omat ogr aphy (hept ane/ Et OA&} to give inmpure conpound

20 (4.5 g) as an oil.

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

I
Racfl LT Xha gl Forid P4 lony TIRAIZ o 5 s abyaro- 1
beno findsldcampbiinddvgraatigly.. The catal yst was fil ter ed

off using celite, and the filtrate was concentrated in
vacuo. The rgsidue was porti oned bet/(/ve_en 2M aqueous /

FROvactuo™ 0 ¢

|\/F°[| 3] di oxol - 5-yl met hyl - | - propi onyl -
-carooxyllc aci d et hyl ester fconpound 22)
21 ¢ OC?“F’QH”CE?] was di ssol ved i"PeM %)130 L) bef d?f)@pmnpb%ﬁ\
(1. 0"3EY?%hd pr opi onyl chl or (38", 3 nL) were
SA t It t
To of O LD SR oty ML T 10, RS AU 174 me). The
5 mixtafe 34%albkapueibiosyvaia toandndvitearcoolteo Or°ddezaim. XouhB nuasure was added

Comgi?lzrg}i@% %?i@;’@é’faé’e M iRao aaagﬁ??%‘@%a Vat éta‘rfffﬂat rt 1 h. The

mleﬁ?tcwas E@ol@tﬁ {0 dccHRMALD gual%hed by addin Wet Na SO Inorgamc salts there
(0 2- (6- Bronp- benz 3] di oxol - ? -prop

ﬁlterednnyﬂf apd pke ifidirate v@«sccannb@m;pltedcznamcdo( Efbﬂpcmd@ \’zMs) dlssolved in 99%

RO X ey AR NS

10 reacﬁ&@ﬁﬁitﬁf&wasﬁh@n@lfe@% AA e UNE af@DuS MRS hAY. ML the volatiles were
2-nmethyl - THF. The organic |ayer was stirred with IM

rem@\@de‘@ugomqemmttonam ehcup egribe iresidyes waxk extaastesdwitht#-0. The organic
1aye¥ wmsa&mlacte-(ril_\lgfth 'reggﬂ NQ{%(P "}llﬁe nlexﬁ?c[; 81%% 'ff(,“l?ﬁlyersnw\e/raeco ASified with

asS a

9 MdNSGHI Mﬁldthbﬂ e%técﬂ. QithlPt,@NThé beahedlavert WadNRSsHed. with G)ine, dried

at rt for 2h. The crude mxture |s . ) .
(Na,SO,) and concentrated in vacuo. The crude mixture was purified by silica gel

15  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).

/

OMe
Intermediate | compound 15
20 (racemate) (racemate)

Prepared from intermediate I (1.39 g) according to the procedure described for compound 12

using n-propyl amine instead of methyl amine. Yield of compound 15: 0.69 g as a solid.
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15

diluted with MIBE and washed twice with | M aqueous
HCl . The organic | ayer was dried (MySO ) and
w@onesnBat ed i n vacuo to give corrpound 24 (0. BAT/DK2@8/050215

a solid. 5-Brono-7-propionyl- , 8,9,
10, 10a- hexahydro- 6H 1, 3- d|o§2 7- azacyclopenta[
a] ant hracen-11-one (conpound 5). Conpound 24 (0.56 Q)

was suspended in TFAA (6 L) and TFA (4 nL) was added.
The m xture was stirred at 80 OC for 5h. The reaction
was quenched with icel/27% aqueous NaCH, and the
Rac@llhild Hahs-\\asd e:x;t- risccrhed oM$.6-dmeeidxyl -AhfropylnE33agd)94-hexahydro-
yer was washed with sat. aqueous NaHCO , dried (MySO
1H- B’enzaﬂ&méewc(ém%néalﬁﬁn%&o to give conpound 25 (0. 34
g). Preparation, of the conpounds of the, i nvention The

i nvention discljosed herein is further i/l lustrated by
the followi ng nonlimting exarrpl es: | Racem c
. -N

tr -2, 3, 3a,
9 = beﬂ-z-e{#]l
Med S ate ConmpeiLey

(rademat e) Conrpound 13 (4 ng) was suspen'(\j/leg i nl 48% HBr

( 198, and heated to 155 B¥efor 0.5h in a s@4fed

M esroppan®15 eact or vi al undedmpdued Brave i rr actdoglpb@ia. 17

The(raeomd®) M Xt ure was concefmceabiefl i N vacuo, (emwemdtéle

residue was purified by preparative LC M. Yield: 6
Compoundsh¢ pad dd Were nrepavis! (et Sigdanspnngrrsocosppaynas 1§ agh 14 from

congt15 0% PRy OSSRy s i

silich rgéb bl&oﬁlat@rzqih@'l (M¢OHIHI0ARACERL: & Scoppafustanpbding d&ngsl & oil (slow

ce l' acenuat e
elutmg 1s0m665 arqg 40 mg of compoun(} 17 as an oil (fast eluting isomer).

Preparation of compound 25

Pd(OAG), / PPh,

Q/\ ¢ bispinacolato-diboron Q/\ \é Pd(OAc), / PPh, Q/\LJ Q/\LJ
OLO CO,Et

compound 18 compound 19 compound 20 compound 21
(racemate)
O
Br
TFA
NaCH N TF AA
QIJ QD o
COH L 5 COH
compound 22 compound 23 compound 24 compound 25

(racemate) (racemic mixture (racemic mixture (racemic mixture
of diastereomers) of diastereomers) of diastereomers)

5-(4,4.,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-ylmethyl)-benzo[1,3]dioxole (compound
19).

5-Chloromethyl-benzo[1,3]dioxole (12.7g; compound 18) whose whose synthesis is described
in the literature [see e.g. Bourry, Akue-Gedu, Rigo, Henichart, Sanz, Couturier; J. Heterocycl.
Chem., 40, 989 (2003)] is mixed with bispinacolato-diboron (18.9 g), potassium phosphate
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Compound 14 (32 ng) was suspended in 48% HBr (1.5 ni),
and heated to 155 OC for 0.5h in a seal ed nm crowave

wo e@oog93vi al under m crowave irradi ati on. ThePCr/D82008/050215
m xture was concentrated in vacuo, and the residue was
purified by preparative LC/I\/§ Yield: 23 ng as a white
solid. LM (nethod 25): .52 mn, ELSD 93. 5% uwv
92. 7% MH: 220.2. Idl Racenic trans-1-n-propyi-

T ro- I\H: . ' -5,
13,37 el BunBpARIRTNEAD R dABherkl PGy B (P57, iy § Nosk. 14
DloiailaQE(]fﬁmﬁ) iCatgpoudid thé n{ioragheias ts uﬁ“menﬁzedugm "ﬂ{&%rude mixture
and heated to 155 0C for 0.5h in a seale
is ﬁlﬁ?fe@ o%ﬁlvtée {M5E pake iy washeshih anditéle éwaé@ The Sdiraie ilsoWaShed with sat.

aqucbil€ I\gfﬁ@@ M EH! &g ?I%éﬁﬁ%%@? e&ﬁéd""{l@agsb d‘é'?\}g%nc@ﬁﬂgtemg vacuo. The

resi due was purl y preparative &
residug iaglisaolwhd ire DS iadd fil€fBhfawgh kddta 2s) to &Tord. @ehpound 19 as an oil
%LSD 99.7% WV 97.9% M+: 248.2.1d2 Racemc
(142851 -n-propyl -2, 3, 3a, 4, 9, 9a- hexahyd. r o- | H benzo[ f]
i ndol e- 5, 6-di oI trifl uoroacet ate conpound 17 exanpl e
1d2 (racenmate) (racenmate) Conmpound 17 (40 ng) was
2-Beyuepedidiakol-f-yAmeshyiBniqopinkd cid athy betert @Qmpourlcszll)oc for

Con%’oglﬁ%ag\;gl 2 %vaagtjdésgl Vﬁg E)zwfée@@d )X:l' O & &%g ion was added ethyl 2-
chloﬁ@ﬁféﬁﬂﬁdt@t(ﬁﬂwrﬁL)/&ﬁg Iyalpﬂogﬂnﬁler @sli gyepama&mﬁmmatcbm @19 g), and
preparative LC/ M as a white solid

potagsien tpbasphsie: (SRe)-oL hsge&ﬁltmng leegyesmsmtew 8 ? @%Vermght Then more
ethyé? &({ro%ﬁ‘é U(né I:i{r%zof g?zw noa[%l ne- aé1d %‘gcfn& L&%‘%ﬁ olbe%er(%l t8e100 °C for

~24h. rﬂﬂerdmth mtxeurk: lwagxadipt & #adnd hafotgai walntzasotﬁtwéd off. The filtrate
(4aR, 10aR enanti omer)

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.

2-Benzol1,3]dioxol-5-ylmethyl-1-propionyl-piperidine-3-carboxylic acid ethyl ester
(compound 22).

Compound 21 (0.84 g) was dissolved in DCM (10 mL) before DIPEA (1.0 mL) and propionyl
chloride (0.3 mL) were added. The mixture was stirred at rt for 1.5h, before the reaction was
quenched by the addition of a few drops of 37% aqueous HCI and water. The crude mixture
was partitioned between DCM and sat. aqueous NaHCOs;. The organic layer was dried

(MgS04) and concentrated in vacuo to afford compound 22 (0.97g).
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Internmediate Il (19 ng) was placed in a m crowave
reactor vial and 48% HBr was added. The vial was
wGeeabmehoss t h a septum and m xture was stirredpet/DK6@8/050215
OC for 0.5h under mcrowave irradiation. The crude
m xture was concentrated in cuo, and the residue was
purified by preparative LC M5 Yield of exanple 2al:
12.6 ng as a white solid. LC M (nethod 17): RT 1.48
mn, ELSD 95.9% UV 87.1% MH+: 220.1.2a2 (4aS,
1GaS)-1, 2,3, 4, 4a, 5,10,1
2-(6WBr-oikd- Bényzdyl[gshmmisgﬂﬁmmj Lpropionytpipetidmec3-ohboxy e acid
internmediate 111 exanple 2a2 (4aS, 10aS enanti oner)
(comppyad 284S enantioner) Internediate 111 (16 mg) was
r
o s P B i AT L E i S PR bl Neom (10
mL)siti6Or €towdrnizi0 THE chate mixturaders axiractodvavieg i2rmeidiy BT H&NThe organic

v B B S 35 b P2t e gkt T
dried gﬁfgbegb gﬂd C(ﬁtﬁgnt;atgc? zrgr\‘zd?':uo @-%@ %%rﬁpoﬁ-ﬁdsiﬁasla/ %olM""ﬂus mater1al was
diss@laed ot EMR:I Eldl BEN zn{i gFefad noth NBSG(O 43-gi 2ot fw@hthQmUde mixture is

oo TR BE5 PR P o B CODEA s v s v

(Mg80deshd @ b&iﬁ@ﬁ:dﬁh%@)@&\vs v @ngpolifd boved7 By asi yoliiHF
g(%s m_)rl and LAH (1.0 %lln T Ig 2. ‘(@ @ya}rhe v1| al s

were seal ed and heated to 90 0OC for 15 m n. The three

' . m.) , d
BT APoBlo 8. ARE1 PO eIl Po-GCL ARG L™ s 2"
cyclifimltﬁpr]mitheabenrlgama:(cempmaﬁitE)were washed with bri ne
drie gll\/g and concentrated in vacuo, The resid

Compeundh 24 ( |5§Cg)b\§;a%§qsp%tgiegép E‘ﬁ‘%rfﬁtnélg} é@ng FA (4 mL) Was added The

mixfupEOH A%} 80 POGoPH, AiHGHad: gh‘%&d@'ﬁ%@dh%d Wagh 2US PGS NaOH,
in 48% HBr (4 nl) and treate

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:

1bl1  Racemic trans-I-methyl-2,3,3a,4,9,9a-hexahydro-1H-benzo[f]indole-5,6-diol

trifluoroacetate
/ TFA
OO — A0
OMe
compound 13 example 1b1

(racemate) (racemate)
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150 OC under m crowave conditions for 0.5h. The

precipitated material was isolated and stirred with
wo/e@stoteb@®s ni) at 85 OC under m crowave condit i POEFDPKawE/050215

filtered to provide the product. Yield of exanple 2bl:

289 ng as a solid. LCMS (rretgod 25): RT 0.54 mn,

ELSD 98.2% UV 93. 8% 42, 1. 2b2 (4as,

1CGaS)-1-Methyl - 1,2,3, 4, 4a, 5,10,1

o R SN B R0
sealdd} afbicildaSee rapior oval )Junibe Iﬁfcﬁi’ﬁmur @rafiesonl DB fedide mixture was

exanpl e 2bl was followed starting from corrpound HB
conc(egt-mtegl‘w vaspoe il the rg&gl}ppwés Rigiied] Phggargdve L COISgYield: 6 mg as a

whlt'e%ﬁ@ Zﬂczmoéw f«? (%SQRKTJOOaRTm 'ELSE—?PP% g‘{P 82. W fbﬁ@%zo 3,

5 10 1 Qa- oct ahydr o- benzof gJqui noI i ne-6, 7- d| ol

hyd obromd te | 2cl (4 1 )
162 o fiecuaty (fﬁ%ﬁw Bid fﬂ%mzyv? e'(zeb{ibggg’fdo G
trﬂbmrggce%eg) were added to a suspension of internediate
(0.19 g) in THF (4.4 nL) at rt, in a mcrowave
reactor vialy The vial was seal edy and the mxture was
St} - ,,mo 0C for 5 _ARQ {erN N1 ¢t owave
ir The—react i re s cool ed on an
/[ ate 2F t-¥n THF) was added
drop-w se. The resultl ng transparent sol ution was
sti OM&d at 80 OC for 10 r?h under nicrowave
irr H‘P%P%ﬁ and then pour &PTHR B2 ce-water (20 nL) and
extr r3(‘3@t”éa(5‘evv|th Et O (2 x 48%FH'® The conbined organic
| o
Codggﬁ{g&e 14 Y818 )N?v%@% &&Hﬁﬁg%%%g(ll ﬁ?le I)'\ngfﬁaebtga\?\glss C for 0.5h in
a sqaludi hiledwhye stddt@avgelunchr antetosgiva pinadiahbOHTRE GhadEtmixture was

to give 78
conc@ntrated %1 vacuo, anlﬂagthe 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

K N TFA
) —= )
MeO HO

trifluoroacetate.

OMe OH
compound 16 example 1d1
(racemate) (racemate)

Compound 16 (55 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: 30 mg as a

white solid. LC/MS (method 25): RT 0.69 min, ELSD 99.7%, UV 97.9%. MH™: 248.2.
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15

of an oil. This material was placed in a mcrowave

reactor vial and 48% HBr (2 nlL) was added. The vi al
woamse@Bed, and the m xture was stirred at 150CDOKR@I8/050215

0. 5h under m crowave irradiation. The reaction vessel

was cooled to rt and a brown aol id precipitated. The

crude product was suspended ¥ EtOH ( 1 nL) in a

m crowave reactor vial. The reactor was seal ed, and the

m x was stirre ' nd m cr .
az T RBERATE SThbb TPl ode £ dy MRS L R SR e-5 6-dio
triflierdaddnge preci pitated material was isol ated by

filtration and dried in vacuo. Yield of exanple 2cl: 5

1ngasa50|d LG MS (et hod 14): 0.56 mn, ELSD

98.6% WV 97-69% MH: 248.2. 2c2 S, 1GaS)-1-Ethyl -

2.3, 5,10,1 Oa- drq\]belﬁﬁzo[g] gui nol i ne- 6,
r§§yom_d_e,| nt
4Q n

NI exanple 2c2
tioner) fA4a -‘~e antiomer) The

MeQSr odedure described T8r ekanple 2cl was fol | owed using
theOdlgantioneric startinghmterial internediate |11
(28bmpgind 1%i el d of exanpl ex@aik 1d222 ng as a solid.

LC/ MBgmaihod 14): RT 0. 56(dgemateEL SD 98. 9% UV 97. 4%

VH+: .dI4R QaR) ;| - n- | -1, 2,3, 4 _¢ :

comypotg §7 fur el Ny i BSIsHIB S iR P hedigly 55 Lror0.5h ina

scal@y dhRRIWVe d eac REPEHNAindidA BikpdWive ZehlidihaR, Tli'eQ%Rlde mixture was
enantioner) (4aR, 1CaR enantiomer) Conpound H A (0.5

conggntreigd indivesol vetithicrrcegdus waOpir(Bdny) preparativebEdSw’ fad: 8 mg as a

ni d
i ¢ RSB T QU1 OB oLk IR E A S 24
partitioned between Et OAc and 10% aqueous I\Ia()—| (5 rrL)
he aqueous | ayer was extracted with

2al coffn b Rarighhite’a il d- Wéfaéydffgslr?ew[\xlwnﬂmer@ dml Jidrobromide
(MSO ), w1 N HBr

)
OH
intermediate Il 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
irradiation. The crude mixture was concentrated in vacuo, and the residue was purified by
preparative LC/MS. Yield of example 2al: 12.6 mg as a white solid. LC/MS (method 17): RT
1.48 min, ELSD 95.9%, UV 87.1%. MH": 220.1.
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concentrated in vacuo. The residue was dissolved in
99% EtOH (5 nL) and treated with propionic al dehyde

W@ 0008826989 , NaCNBH3 (0.45 g), and AcOH (3 dr opBQT/DK2008/050215
overnight at rt. The crude m xture was portioned
bet ween sat. aqueous NaHCO ( .5 nm), water (12.5 ni),
andEt OAc (2x25 nlL). The conbl ed organic | ayers were
washed mﬁth brine, dried (MySO ), and concentrated in

2a2 Va? Og 611 ’|ro2e'§ 4 ?#]@%@t tlfiryc%gl ng oigqu? ll?% t6&\7r crl%géhyd{obromzde

was treateddwidih 48% HBr (3 L) amHQEO OC for |h under
MV f rude nixture was

A ane ed in vacuo. Yield
M% 103 ng a solid. LM (nethod 25):
RT 0.77 m n, ELSD 99. 1% 95.3% MH: 262.3. 2d2
(4aﬁ¢wmma@mul-n-Propyl-lpx@n@ezaz 4a, 5,10,1
@aS Geaedmpaiomebenz o[ g] (ASHIORS Aeangomet) di ol hydr obr oni de
conpound xanpl e 2d2 (4aS, 1CGaS enantioner) (4asS,
Interpesdante, ﬁHnQ]I% rWa&rhléc Sk Bk BUGTRWAS FRFI9E 12 gpd é% npPe (1 mL) was
addc%id |Th¥\’?é¢c{09 Wa@‘é@ﬂe@ taﬁﬂ Eﬂ&ﬁlﬁt&@ W& %ﬂ]?@él‘ ijl’)ﬂ & (313 Lgl)der microwave
exanpl e O ng as a soli1d. LG M (neth
1rradeB)0’n I-'R'ﬁe QordQpitrter plEldﬁD A210 ﬁ%redeancﬂ_%led\/b-}bl- Va2 YleldAof example

225 Tt o0 fty ke B8 Bitaroghy R Fo WGow FESDRRNERL Y Fhavo. M

2ofiormed white crystals were collected and subjected to
X-ray analysis (cf. Figure 2). 2el (4aR
1CHR)-I-(2 Hydroxy-ethyl)-1 ,2, 3,4, 4a, 5,10,1

[ N
Iy ﬁ?‘f tor ég {‘)D ?’éf%?ﬁ?je? ?r% ?’Ié)ltlgﬁ‘ﬂct?"h%dm {’e’”‘z%{q%’ﬁ%lﬁ?el%édwl

hyﬁgaaﬁmu@ner) (4aR, 10aR enantioner)Et N (0.05 nL), and
nethoxyacetyl chlorlde (4 drops) were added to a

suspensi o QT/
| HBr

)
MeO HO "ty
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
product. Yield of example 2b1: 289 mg as a solid. LC/MS (method 25): RT 0.54 min, ELSD
98.2%, UV 93.8%, MH: 234.1.
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intermediate Il (28 ng) in THF (1.5 nL) at rt, in a

m crowave reactor vial. The vial was seal ed, and the
worzoobe@3nas stirred at 110 OC for 5 m n underPCI/DK2008/050215

m crowave irradi ation. The reaction m xture was cool ed

tort, and LAH (0.25 i, IMlaBTHF) was added

drop-wi se. The crude m xture*as stored at rt

over ni ght and then poured into water (2 nL) and

252 X1 XA {(%%L(,\EA 1&1@@? i ?3(424 530 ?}72 octag$4rg%ﬁr %ozgfqggz{og%%a°7-dioz

hydr(oNBﬂﬂHEtOAc/ Et 3N) to gi ve 11 ng of an oil. This
material was placed in a m crowave reactor vial and

48% HBr (B as added. The vjal was seal ed, and
the mxture was|stirred at 150 0Q fHBr 0. 5h under
) adi ati on ture was
led i|n vacdo, esijdue was purified by

MeQdT € C/ VB. Y|i4@ sxame 2el: 3.4 ng as
oi | ¢4 C/l\/S (rret hod 314): , ELSD 99% very

vvea%jnl%/- h@%ﬁg at 254 nm Eﬂn 3.8. 2fl (4aR
2,3, 4, ,
‘z%%octaahy nzo[ a] qu‘é%g | ne- mfrdi ol hydrobrom de

The g QUIR @k&riddd X 3RBhFlc bl &zé@%lloka@a%tﬁﬂ tfﬂoméﬁlpound 11B (174
4aR, 10aR enantioner) K CO ( and %’,f) brom de

mg)( ¥idd ofleyamplechidd dad me aaasspﬂldr b@?MSI(melﬂm RT 1.35 min, ELSD
t at g+ 20 g) in DVWF (7 nL) at rt. The
99.4{%3@%2@@%1\/@{685%%8”(3(1 at rt for Ih, and then poured
into vvater (10 m) and extracted vvlth Et CAc (3 x 15
m) . e combi ned organic extracts were washed w
Zel py |(4re’? 1 Qﬂli)eldE(fNél 83.9.4a 1541|0tIé?ﬂwtaémérOdeﬁfﬂé@/ﬂiW@weréa7 diol
hyd;%@f ﬁ The crude |nter medi ate was purified by silica
chromat ography (MeOH Et OAc/Et N). Yield: 156 ng as
a transparent oil. This materi al s di ssol ved in DCM
(3 5 rTL) anq ﬁ&rB (0.9 nL, IMin DCM was added

jxture was stirred

OMe
intermediate Il example 2¢1
(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
added. The vial was sealed, and the mixture was stirred at 150 °C for 0.5h under microwave
irradiation. The reaction vessel was cooled to rt and a brown solid precipitated. The crude

product was suspended in EtOH (1 mL) in a microwave reactor vial. The reactor was sealed,
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quenched at -78 0OC by slow addition of MeOH (10 ni).
The reaction mxture was stirred at rt for 5 mn,
w@bdoen26as ch Et O (10 nmL) was added. The reactPonDkb@shso21s
was stored at 4 C for Ih, and the precipitated product
isolated by filtration and d4 ed in vacuo. Yield of
exanple 2fl: 50ng as a white'solid. LC M5 (nethod 25):
RT 0.72 mn, ELSD 99.7% W/ 100% MH+: 260. 3. 24l
4a R) - YAY, 4
and g‘)h )%tu%‘?\g Ltgé%dg%[[gq qglflﬂro i !211der7 ’rracr%vvaée %erdgfr%t jon, ¢ The vial was

stordd at%%ﬂ@lvem@ﬁ, drdabkl pﬂeﬁﬁﬁ?a&ﬁ&ﬁﬁtb@ﬂ&be}s icellated ZbyCﬁRa‘uon and dried in
enant i oner) (105 and, praopargyl chlor

45
vaciipg Y Nl el 283 & 1906 b oobid] LIRS retiagh LB 486 min, ELSD
9g6b&tﬁ}@36qy%4Hﬂ;gw5 (5 nm) at rt. The suspension was

stirred at’ rt overnight, and then poured into water
(20 m) and extracted with EtOAc (2 x 30 nmL). The

2e2 57 g st é%? 2545 LBneehbrde dariuelutigde fediol

hydPbMigigb ntermedi ate was purified by silica gel
chromat ography (MeOH Et OAc/ Et 3N) to afford a
transparent oil. This material was~dissolved in DCM (3
m) and BBry(Ac8 i, IM |n|33w $grdded drop-w se at
- 78 N S irred at rt for Ih,
addi ti on of MeOH
Rs~stirred at rt for
1N, before it was con ntrated i n vacuo. The crude
ro&N ¢t was purlfled by |tat|on from MeCHZEt O

Y
ﬁgmtggggr?tggg ) néﬂsa%%%a§@m”%); "0V 100% N
The épi?%e%lilrezlagscglﬂg(ﬁ f(c)l @'{g}l fc}icms Rb Wéd élSll’lg tﬁ ei%antl%(ﬁnenc starting

Oa- oct ] qui nol 1 ne-
matdriadl irobrhodi atke TI m&;lrnﬁg)j |Yaéld dflexaxplogde?: 22Img daRsdlGBRC/MS (method

1) FR0SE AR oy {33RBOTR, 8930E NP a1

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

O
HBr
) 00
MeO “ K
OMe
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),
concentrated in vacuo. The residue was dissolved in 99% EtOH (5 mL) and treated with
propionic aldehyde (0.52 mL), NaCNBH;3 (0.45 g), and AcOH (3 drops) overnight at rt. The

crude mixture was portioned between sat. aqueous NaHCO; (12.5 mL), water (12.5 mL), and



10

15

20

(1- Et hoxycycl opropoxy)trinethyl silane (1.05 nL) was

added to a stirred solution of internediate Il (250
wo)og/odaeNBH3 (276 ng) in MeOH (2.5 L) and AcEEI/082698/050215

m.). Thevial vas closed with a septum and the m xture

was stirred at 75 OC for 12h,_ The crude m xture was

filtered, and the filtrate wa? concentrated in vacuo.

The crude product was dissolved in EtOQAc and purified

iJd I t ogr E t f.or i

e BURHE) e SALATELPRLA R F N gp AU, Bt and
condehied andl exduvacThonrawidus Ovds%gddficd The adli@ougel | @li@imatography

was basified and then extracted wth ,EtOAOCOéZ X 25 .
(MY EtOe- EBaBbitwd dnigansdiate avpe tisaizd matiyt%adIB NG @b) pt 150 °C for
th 06 SRR ShBRS, AT the o S o RSP ARE R Remisht. The
precimtatedseabed whdsdsdwad by rfg@aionrandi daled um decuoniYoel d whexeample 2d1: 103

i rradiatj Th recipi ed i.al [ .
me 94 DU Hos el as v O3k aon P PBaredi bR net af %2
1 ng as an off-white solid. LCM (nethod 102): RT
i;lfg% %‘fﬂe J_&g)y EIITI(?-PIBOZJ?{/ ? _4;3’ JI%}%@OZI?@A%E %gc’lr% O?efgo[ g%b&zn&lﬁ%% 7-diol
a- oc?ahydr 0- benzo[ g] qui nol i ne-6, 7-di ol hydrobrom de
internmediate |l exanple 2i1 (4aR, 10aR enanti oner)
(4aR, 1CaR enantioner) Internedi a Il (250 ng) was
di ssol ved i R A¢cR-di chl oroent hane.| NggeNBH (280 ng) and
cyefx Me DK and the nixture was
st rt | overmght P NaCNBH (60 ng) was
MeoAOONH, Sarrd ' =2 at rt over the
week ed. The reaction was Iguenched with water and. The
aqueous | ayer was extract®d with 1, 2- di chl or oet hane,
andcanpeursottBi ned or gani c dxayee@d2vere washed with
S EaSEnprigmeng SO ), (4avd 1 ESreamefMated i n vacuo. The

The GhiTue SRy e Bl ol ef Sulfsfomqrgond 11B 0.5 o)
Yielt Q@ xB@ple 222 700mPfas tahiofid MBEAVIE ahncRd 25)SRP! (V86 niiR. BBSD 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).

2el  (4aR,10aR)-1-(2-Hydroxy-ethyl)-1,2,3,4,4a,5,10,10a-octahydro-benzo[g]quinoline-

6, 7-diol trifluoroacetate

OH

H HCI

MeO

OMe

intermediate Il example 2e1
(4aR,10aR enantiomer) (4aR,10aR enantiomer)
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25

(3 nm.) and heated to 1500C for 15 m n under

m crowave irradiation in a sealed vial. The
w@e@eiopiosat ed material was coll ected by filtraP@DDK2008/050215

dried in vacuo. The residue was subjected to

preparative LC/ Ms-purificat |mgp Yield of exanple 2il:

13.3 ng as a solid. LC M ( hod 102): RT 0.73 mn,

ELSD 100% UV 76. 4% MH+: 274.0.3al (6aR, 10aR)-6, 6a,

O h 3 - :

Et31\g (ag)gch}: bpaéﬁ%t hﬁla%lg%rgd alrao% ?fxlzere added to a suspension
1nteﬂn[HdﬁfteETEIj (28 eng) lin GBHHHT'QI & nsa)l at( 144aﬁ§, 4 QxR oenaatreau®ryial. The vial was

(6aR 1 CGaR enantioner) Internediate Il (567 ng) was =
Seal%dr @8t dbe WIKITH @A gITet dhil i °Eolosd win uadey istrrve dmpdiation. The

nC

reacv['{vgﬂS dﬁ%ﬂ%re %aﬁqr\ﬂ(:)(l)e{dgt\g rgira)l(z fany m@) Zésan 4 ltbﬁe lr}ll'r;lfj):\?fgg aféfd% Brop-wise. The
crudeasixgx¢ wac steckdian ttovEtrifd a(laxlﬂeﬁi pojed intoewatonddi mepand extracted with

organi c_extractg.were washed with bri ri.ed (Na, S
B (PG MR o Ry e BT RN s b R iegapography
(Me@Y—I/EidA&Ebg@lto %’l{}@ mﬂtrﬁg rARRY odl. E‘Tﬁ-}@%ﬁ‘t@ﬁﬁlaﬁﬁg Ia@e(g iY@ ficrowave

white solid hi s materlalp

reactar eatledhdvd&h hﬂ%%(]—@rml%wss gg()edaﬂ h¢ 60al 0G:sf srled, sltrd t,hqrdmixture was

..mcer C iti,ons. The nt er nedi
st & (YR AR B e iR s EG Rt S it IR B} fopeentrated in
vaa(olgﬁ)d t@)res@@@way ﬂlﬁﬁéchbfpﬂ@ﬁr@ﬁif@LCVMS YE&@bﬁaxammB 268 3.4 mg as
9 mcroL) in DM (2 nL) at 110
oil. b@/ ﬁdmethW&IélMTaOéérmm EbRD 996, Creweakbl\esigazian254 nm, MH™:
263%300 mg) and CH2Brd (160 microL) were added, and the
m xture was heated to 120 OC for 0.5h under m crowave
conditions. The crude m xture was diluted with Et OAc
(20 nL) and shed with brine (2 dri ed (Na2SO
ATy | (44fd %Hcleﬁ%lalt ed h 40 v A v Oqfﬁéwg@shewégmg&%aﬁéﬂ dg!
i-l7,ca gel chromatography (EtOAc/ heptane) to give a
hydy%m%lgkl%% ng). This material was treated with 10% Pd/ C
(-50 ng), five drops of 37% HO, d hydr ogen gas (3
bar) in MeOH (20 nL) for 2h. The c alyst was filtered
of f, and thﬁ Lblltrate was concent ted i n vacuo. The

D —
’I"’I/ "//

MeCO
OMe
intermdiate Il example 2f1
(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
water (10 mL) and extracted with EtOAc (3 x 15 mL). The combined organic extracts were
washed with brine, dried (Na,SO,), filtered and concentrated in vacuo. The crude intermediate
was purified by silica gel chromatography (MeOH/EtOAc/EtsN). Yield: 156 mg as a
transparent oil. This material was dissolved in DCM (3.5 mL) and BBr3; (0.9 mL, 1M in
DCM) was added drop-wise at —78 °C. The reaction mixture was stirred at rt for 1h, and then
quenched at =78 °C by slow addition of MeOH (10 mL). The reaction mixture was stirred at rt
for 5 min, after which Et;O (10 mL) was added. The reaction flask was stored at 4 °C for 1h,

and the precipitated product isolated by filtration and dried in vacuo. Yield of example 2f1: 50
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resulting solid was dried in vacuo to give exanple 3a

as a white solid (79 ng). LC/ M5 (nmethod 25): rt 0.90
Woew9/0kdoSD 99. 8% UV 95.6% MH: 232.1. Sbl ( 6BEI/DK2008/050215

1GaR)- 7-Methyl-6, 6a, 7, 8,9,10,1 Qa, 11-octahydro-I

3-di oxa- 7- azacycl openta [agﬁgthracene exanpl e 2bl

exanpl e 3bl (4aR, 10aR enanti r)y (6aR 1 GaR

enanti oner) Exanple 2b 1 (700 ng), Cs2CXB (1.7 9),

Br ; e +,
me %;IF% %E&hg(ﬂ#édg}é&a gggtr%%g&ave reac 1§’r Egglfa)l 99 1769 JUI\Q 1%6%’ MH
26081 crowave irradiation. The crude m xture was purlfied

by passing it through a plug of silica gel (MeOH DCM .
Yield of exanple 3bl: 7 ng as a solid. LC/MS (nethod

2g1 236@{3\9&1 I( g’é c2- ?7&? Ijﬂ.’r?%gg (??/@a Wai%gfrg%g %ﬁ?ﬁ]f&tmflzne—(i 7-diol

Oa, 11- octahydro ', 3-di oxa- 7 azac opent a
[ a] ant hr acene hydrochloride exanp 2cl exanple 3d
(4aR, 10aR efjaH€i oner) (6aR 10aR ehaiwri oner) Exanpl e

2 Cs2C33 ( 0 Bl (0.15 nl), and
] wej e heated 0.5h in a sealed

tedct or vi g UNEer i ctohave irradi ation.
Theogeude m xture was purgfiied by passing it through a
e(ﬁtl)hca gel (N@C}VEQ}Q c i€ isolated materi al

pl ug, o .
@bﬁ% 6 e n MeOH @amaap% jorhd®) Et 20 was added
| [ owed by Et O The precipitated product was

KzCﬂsodlﬁB emghynd i propatylonhlaride ddb etlg) wevacudded Yo e dtiﬁréd solution of

1nter(1)n ?at‘?r;]rﬁé‘éll_’g% 1@%@5/25 13};;3 glblrtg%eL%quesns(gglgvtv%Od@és)a{ Gtaﬂyemght and
then R 1ntZ) \Qaté’{ (?@YlllL) nd%trag[ed &idl ’Eté)g’cJQ 30 mL). The combined organic
- oct ahy di oxa- 7-azacyclopentafaj anthracene
extrzt[ysjwercmvagshecil ewice with brine, dried (Na;SO.) and concentrated in vacuo. The crude
intermediate was purified by silica gel chromatography (MeOH/EtOAc/EtsN) to afford a
transparent oil. This material was dissolved in DCM (3 mL) and BBr;3 (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.

2h1  (4aR,10aR)-1-cyclo-Propyl-1,2,3,4,4a,5, 10, 1 Oa-octahydro-benzo[g]quinoline-6, 7-diol

hydrobromide
H HCI HBr
— J
MeO o
OMe
intermediate Il example 2h1
(4aR,10aR enantiomer) (4aR,10aR enantiomer)

(1-Ethoxycyclopropoxy)trimethylsilane (1.05 mL) was added to a stirred solution of
intermediate II (250 mg), NaCNBHj3 (276 mg) in MeOH (2.5 mL) and AcOH (0.5 mL). The



10

15

20

25

exanpl e 2d1 exanple 3dl (4aR 10aR enantioner) (6aR 1

CaR enantioner) Exanple 2dl (7.80 g), Cs2CC3 (18.6 g),
wEkiRBngdo3f 2. 2 nL), and DVF (180 nlL) were heat ePlCT/DKI@8/050215

OC for Ih under an argon atnosphere. The crude

reaction m xture was added tg, separatory funnel and

diluted with ice/water (300 ). The resulting m xture

was extractedwith Et O (3x300 nlL). The conbi ned

vial ?%@%e)ﬁ wﬂ%}’e‘%‘ 5 tl\ﬁﬁ “:flrd\gﬁé gﬁ)g[u%@ \;/%té sk? E‘Ilea%t ég Q@ .f%‘ 1)2’h. ?ﬁé gr%de mixture

and I'n vacuo
was Lfilfetefdl add he ﬁlltﬂatec‘aag%nc@ﬂfﬂéﬂitrﬂ@d‘c&ph}?he{ Eﬁlﬂ)ﬁ\(ptd\eﬁa'ﬁvai @issolved in
pale red solid was di ssol ved

Etoész en%p)m%%bwléléa s?ItCélf@aatsgraphﬁé@%\%m%w@é %bﬂ#ﬂ%@}ateﬂal was
furt g L0 b9 disto M J@qt i B Gnd %Qtre?:gﬁ%)e by Fg’(ioﬂﬂ'oﬁl eous layer

precipitate oduct was iso tration
was dagficd medlthen e\xaweﬂ withdltO Acf(2ex2mmile. Bl corﬁbu’he(g orghafilcN&rers were
. 0 .
i G e e e 8 e 1.
and -heatdd 40485 °C 10 14308 GhH aJ]XQEH&T Pfﬁ%%g& rQ&UtJ}OWal" ufderYmicrowave
| ester trifluoroacetate exanple 2al (4aR 10a
irradaizomt iTbagrdcipip@id masrialdees isotuted by lﬁtltraé@nmﬁpbwﬁl iorvagfo. Yield of

exanql.e (90 nd, T The
exar R G viag St Pl RO RNG o L s, Rnd G AgoF A6 Win. ELSD
99 2eQNTe Nk 58 adHI Iepacuo. The residue was subjected to
preparative LC/ Ms-purif cation. Fractions containing
exanpl e 4al mere pool ed and the acetonitrile was
. re e C
2i1 aq@%lﬁgO el ‘fo @z\%\gfly IZ%%?]%] :7? elggloﬁg\zl %r&oﬁén%[%l{%m?hne—(i 7-diol
hydkeomlie 4al : 49 ng as a white solid. LG M (nethod
14): RT 1.33 min, ELSD 99.5% UV 98.7% M+: 304.0.
4a2 Acetic acid (4aR 10aR) - 7- ac xy I ,2,3,4,4a,5,
10, 1 Oa- oct ahydr o- benzol[ g] qU|no

H HCI TFA
) J
MeO " oy
OMe
intermediate 1l 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
NaCNBH; (60 mg) was added, and the mixture was stirred at rt over the weekend. The
reaction was quenched with water and. The aqueous layer was extracted with 1,2-
dichloroethane, and the combined organic layers were washed with brine, dried (MgSO,), and
concentrated in vacuo. The crude residue was purified by silica gel chromatography
(EtOAc/MeOH/Et;N) to afford an oil (160 mg). 122 mg of this material was dissolved in 48%
HBr (3 mL) and heated to 150°C for 15 min under microwave irradiation in a sealed vial. The
precipitated material was collected by filtration, dried in vacuo. The residue was subjected to
preparative LC/MS-purification. Yield of example 2il: 13.3 mg as a solid. LC/MS (method
102): RT 0.73 min, ELSD 100%, UV 76.4%, MH": 274.0.
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y | ester trifluoroacetate The procedure described for

exanpl e 4al was followed starting fromexanple 2a2 (30
wo)os/oXioes d of exanple 4a2: 2 1 ng as a white BOI/DR2008/050215

LG M5 (nethod 14): RT 1.33 min, ELSD 99.5% UV 98.5.

VHt+: 304. 0. 4bl 2, 2- D net hyl - ? opi oni c acid

(4aR, 10aR) - 7-( 2, 2 di met hyl - p p| onyl oxy) -1 -net hyl |,

2,3,4,4a,5, 10, 10a-oct ahydro-benzo[ g] qui nolin-6-yl

est | I r 0 added to a
Sal g E“Rg& ‘@I G ggcge Oa}e(};i“aﬁI Pg“%”% o dwxg’ e (0.7
cyclﬁﬂle)atcf}b]cﬂzt@@cen@”@dﬁ@%l&id@n was Stl rred at 0 OC for 5

mn after which nore Pi vCI (0.128 nlL) was added. The

R._stirred at Heefore it was

n vacyo a £si due was subjected to
M5- puri f) .[r actions containing
“wer e pool ed, The scetnitrile was renmpved

by ommcentration in va and the aqueous resi due was

| yopRirhédfsini n vacuo to gigsgmpiB8aproduct. Yield of
meammbleeﬂéﬂtmmar)ng as a (64, 10are4rtidmed.C/ M5 (et hod 14):
RT 2.27 min, ELSD 99.6% WV 77.6% MH+: 401.2. 4b2

Intepmaaslidte Ih(;i6a B tmé@Q)WIeBh heneybRipniide fﬁeidwsnll—) and X,804 (472 mg) in

Qur ahydr o Z0
dry ?ﬁn E (uor 0 c%e%)tra zghe%ln”p J{ttl%]a%%‘{ gﬁr§8 lﬂté)n atgﬁ?r(f mL), and the
inter@fiddideX aveg| @(‘u%bt%d(d;ﬁ) EE)AMSXIG @dt)edhel ¢dmtadd ofdfic extracts were
mcro-L) in TFA m.) at rt for ~Ih. The crude

washgdcpith drifgsdr Wdt aerl penogaicated imhecupedhelirsidygsvas purified by
n& f thi
o T
mateb*jal eap created atithot8% i Bra6 honL aatd] GOHE ﬁx‘q wehumdeesiidoeaveaconditions.
yophi lized in vacuo to give th r ct. Yield of
The é&%ﬁl@iraéedz B e WA e e @ %ds}sd(%t‘ﬁowfkff solid (180
Ried AR mtkeni Res §e\iflBc L0 6 m 8(,(1){ $¢@1 (49 microL) in
mg) Acet P%s%m d I(n4aS aSS) 6eacelt oxyz- 3[\/632 é) f ( )
DMHE4?25nL )6 h_ﬂh%bméhy@rcubma{ondnmns for 0. 5h More CS2C03 (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;SO4), 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

resulting solid was dried in vacuo to give example 3al as a white solid (79 mg). LC/MS

(method 25): rt 0.90 min, ELSD 99.8%, UV 95.6%. MH": 232.1.

3bl  (6aR,10aR)-7-Methyl-6,6a,7,8,9,10,10a,l1-octahydro-1,3-dioxa-7-

azacyclopentafa]anthracene

example 2b1 example 3b1
(4aR,10aR enantiomer) (6aR,10aR enantiomer)
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glquinolin- 7-yl ester trifluoroacetate exanple 2c2

(4aS, 1QaS enantioner) Prepared as exanple 4bl from
wezaapb@ds2c2 (32 ng). Yield of exanple 4c2: 7 pOr/ag2@s/050215

solid. LM (nmethod 14): RT 1.41 min, ELSD 98.6% UV

53.2% MH: 332.2. 4dl 2, 2- Dg'et hyl - pr opi oni ¢ aci d

(4aR, 10aR) - 7- ( 2, 2- di net hyI p? pi onyl oxy) -1 -n-propyl |,

2,3,4,4a,5, 10, 10a-oct ahydro-benzo[ g] qui nolin-6-yl

t | uQr '

EX&I%?I e%‘bl (r7b6 @sa%ti‘ Wr%l?@b% Mé B?W&igﬁl&p e\%re heated to

110 28! fof @%hl'ﬁg)a se\élleell Wicddbwecarpiter 4@l undet migroasva ibidib@on. The crude
. solid. LM (nethod 14 RT 2.45 mn, ELSD 97, 7%
mixigee gy nvﬂﬁed@op@ssmgdﬁ t?f‘?é)é‘é%%%hgsf? f silipg cgﬁyKMGOP%faCW Yield of

: t o

e s S o 1 S TP 3 0% UV
80. 7% MNESA4ed in THE (5 nlL)) was added to a suspension

of LAH (0.3 g) in THF (5 nL) at 0 OC. The m xture was

stirred at for 40 mn, before it was quenched wth
3l C%d’ﬁl’(% Jalzh ﬁ§'6ﬁz'7983|9%tlba 27° %%Wuﬁ3m7 dhe

product was extracted into 2-nethy THF. The organic
cyclopepén/ alumshrwestaely dripeitorsdt . aqueous NaHCO , dried (MySO

), and concentrated in vacuo. The resi due was

di ssol ved igt MeCH (3 nL) and tregfted with a few ng of
o41Bqueous HA (10 drosH)CJ and hydrogen gas

i rat rt ( 1 bar

Next) morning, a few ng
7e added” and the nixture was
hydnpgenated (3 bar) At-&0 OC overnight (this
pr os@fpe@cynas repeated seyardd adii mes over a total of
(lautoaBays)tiomée cat al yeaR, 1088 efdntiresrpd of f, and the
filtrate was concentrated in vacuo. The residue wa

Exalﬁal‘et%ctl|(6?§9@1gb&s@@@h(12%/gh&}&&§§1 (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.

3d1 (6aR, 10aR)-7-n-Propyl-6,6a,7,8,9,10,10a, 1 [-octahydro-1,3-dioxa-7-aza-

cyclopentala]anthracene hydrochloride

OH
example 2d1 example 3d1
(4aR,10aR enantiomer) (6aR,10aR enantiomer)

Example 2d1 (7.80 g), Cs,CO; (18.6 g), CH,BrCl (2.2 mL), and DMF (180 mL) were heated
to 100 °C for lh under an argon atmosphere. The crude reaction mixture was added to

separatory funnel and diluted with ice/water (300 mL). The resulting mixture was extracted
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NaOH and DCM The organic | ayer was washed with sat.
aqueous NaHCO , dried (MySO ), and diluted with 2M HC
WO 00B026938nd concentrated in vacuo. The resi dupCT¥EK2008/050215

di ssolved in MeCH, and treated with 2MHC in Et O at

0 OC. The precipitated produgé mas i sol ated by

filtration. Yield of exanple~5%dl: 53 ng as a white

solid. LC/ M5 (rmethod 111) RT 0.71 ni n, ELSD 100% WV
w1thq3}t (%Egbof@fg\%lme HOA&}B[@ Véan kel %Q gvrereé \Ezésél%zi \A‘%ﬁeﬂﬁnea(béo mL), dried
(MgS@ﬁ)ﬂg{(ﬁ@fhcaﬂltﬁeﬂecDUi Vdcae STlﬁeh&sﬁilﬁe Wasgusified &g slliang:l whtdmatography

eir comercial source (not included for standard
(Et%q/M@%) to aldeyd & pakeeteg sdidl ayhihe Wee. dgssomeérmcMeOH (25 mL) and
T hﬁﬁ% C

precﬁj}b A%? gﬁ%reelrlﬁfs;gc 1%12(%2%121"[ Dl\/&h{:b% o CHE! i Eﬁzbf(zé‘?ﬂﬁi anﬁ‘l%tzO (100
mL)ali®er pteipnatad stpradomat wan-isdbtathdlyl Sitratooratli dmed A byduo.  Yield of

exargpS T s o CogS ety D! RT3 e EL R T, OV 87006, mrr

274p0tation. BBr3 = boron tribrom de (used as DCM
solution; Aldrich 17,893-4). BoC O = Boc anhydride /
di - -butyl dicarbonate (e.g. Aldrich 19,913-3). Brine

al podt i Cf TPaHER ey Pyt B LR B e8engor) dumotin o

yl estICliflubyeuadgesol ution; e.g. Aldrich 19,559-6). cAWP =
cycli ¢ adenosi ne nonophosphate. Celite = filteraid.

Al dricld T4 526-7). CH3I

' de / |od t ha Algri ch 28, 956-6) .
JHO _ge 5 |nese er 2 gl | A Acd =
HO chor oaCet chlor| @ g. Alo'ch”lo 449-3). Cs2CO3

= Qﬁslun1carbonate (Aldr h_#41902). Cul =
coppampk)2aedi de (AIdricht%3§554%@n§mqh¢butanone (e.q.
(ARI10aReneio6@0- | ) . cyc/ o- pr opyRk, 108 dhghtiomer)
br om de/ (br ononet hyl ) -cy c/ propane (Al drich_24 3).
AcChpyas ag@%iaqq] apgdirregh sus_,peagﬁlaﬁf geanple 2at £Y41 Bg) impCM (1 mL) and TFA (3

mL)d ?H@%lﬁﬁo%ﬁrag ?t‘ft%g é)[rrt fi Qﬁ%t%asgbénﬁ&%@d%rva%‘The residue
am ne recep : opam ne receptor. =
was dstubj@bted aneprhpmaatn/e h@fMSmeéicEﬂrdm rHra@ions containing example 4al were

| , 6-dibr pht hol Al dr D4, 1 : =
poolaﬁ %gg Iﬁgq: %?n%qug ad%z}s r%mo(ved %y conger{tr%lgon n va?t?o l:-'2I)he residual aqueous
solution was lyophilized in vacuo. Yield of example 4al: 49 mg as a white solid. LC/MS

(method 14): RT 1.33 min, ELSD 99.5%, UV 98.7%. MH": 304.0.

4a2  Acetic acid (4aR, 10aR)-7-acetoxy-1,2,3,4,4a,5, 10,1 0a-octahydro-benzo[g] quinolin-6-

vl ester trifluoroacetate

H H
N HBr N TFA
) O )
— A
HO O
OH O O
example 2a2 ﬁ/ example 3a2
(4aS,10a8S enantiomer) (4aS,10a8S enantiomer)

The procedure described for example 4al was followed starting from example 2a2 (30 mg).
Yield of example 4a2: 21 mg as a white solid. LC/MS (method 14): RT 1.33 min, ELSD
99.5%, UV 98.5. MH": 304.0.



DMSO = di net hyl sul foxi de. L-DOPA =
(1 evo) - 3, 4-di hydroxy phenyl al ani ne. DOPAC = 3, 4-
waledugdeazyphenyl acetic acid (DA netabolite). BOBFDK2008/050215
concentration required to induce a response hal fway
bet ween the baseline and the zraxi mum r esponse for the
conpound i n question. ELSD =5 vaporative |ight
scattering detection. Et N=triethyl amne. Et NH =
di ethyl am ne. EtOQAc = ethyl acetate. Ethyl
2-chloro-nicotinate (e.g. ABCR AV20359). 99% EtCOH =
4b1 abQQJ Dtrﬁetkj?lt)ﬁﬁplbnzcElchzyMaRH@ﬂR}iVl(m2bfzmﬁﬂh§iﬁpr(opﬁﬁz§iloaﬁ) Bnidthyl-
lution in O, Aldrich 18,987-1). Et O = di et hyl
1,2, %14 ﬁéﬁ 19,4 Eftﬁéxdre;bénwgﬁﬁw)ﬁn&% @cffer walHRFPes A e
(Al drich 332739). Ethylene glycol = 1,2-ethanediol.
35% H202 = 368 aqueous sol ution of hydrogen peroxide

34 988-7) .o FLI N tric inmaging
C er oet bo um E hours. 48%
HO ueous sol gé rom de. 18%/
A = 18%/ 37% aq eo s} ut| on of hydrogen
chloride. 1MHO [/ 2 M —1M/2Maqueous
sol etanpre 2bl hydr ogen chl ori (unlexsspladbtd

(dpddPeR erdntigmets a 2M Et 20 So] Ut4ahn]0aRtringptiomsr)
comercially available, e.g. Aldrich 45, 518-0). HWA =

5 PivA§BABE Hiy) WROIIBBE tPMStirkdd B8 ofléyﬁnﬁemwwmgb lid FA (0.7 mL) at

acid (DA netabolite). i = iso.

0 °G3-Thebsptytion| wes ktjirsdantt &i°Refor s, uiun ﬂftmnwétchdn@nfreli'léiﬂl (0.128 mL) was

addeélot@go&)[}ﬁﬁ)%gg%( ﬁt&?eed Ag 1g[ gtlor zhd EFE%)%)S 58%86 EO%entr%m‘l]gl vacuo and the

resmnl@txa@ssmmc&artmg@mm@ (EMS-pi¥idedtoR. BficBdmd dntailiel Txample 4b1

knock-out. LDA = 1lithiumdi-z-propylam de (used as a

wereTpiylegh phostrer sl Weszaeacd by gecsAiratmn ik aagmaand thejagnaggs residue

f r /
0. e Ty A9 OEITRCR L N 4G0T DI SOCAMM INFES B o v sl
LC/MS| (McTldd 8101 RT 2AYY; mid, BEEDDRE% 20 V-8)6%LMA ™ 401.2.t hi um
chloride (e.g. Aldrich 31,046-8). L-Selectride =
[ithiumtri-s- butyl borohydri de (used as a I M THF

4b2S0 M%El‘zco&'ozd ﬁ&ady %%/ Dmet»m D{é W%IW} (ﬁﬂ?a géta

ect i ve ‘dose. "MEDNenonap d i nal
ben@f g]qatmolte- 7edseter trifluoroacetate

| HBr

\\‘N
M O
N
HO o]
OH O 0]
example 2b2 ﬁ/ example 3b2
15 (4aS, 10aS enantiomer) (4aS, 10a8S enantiomer)

Example 2b2 (18 mg) was treated with AcCl (56 micro-L) in TFA (0.5 mL) at rt for ~1h. The

crude mixture was concentrated in vacuo. The residue was purified by preparative LC/MS.

Fractions containing example 4b2 were pooled, the acetonitrile was removed by concentration

in vacuo, and the aqueous residue was lyophilized in vacuo to give the product. Yield of

20  example 4b2: 6 mg as a white solid. LC/MS (method 14): RT 1.33 min, ELSD 99.8%, UV

93.7%. MH™: 318.0.
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the presence of Nenonapride. MeOH = net hanol

nmet hoxyacetyl chloride (e.g. Aldrich MI65-3). mn =
woewhe®3s MBD = m ni mal brain dysfunction. 2-Mthpk2s#e50215

(e.g. Aldrich 41,424-7). MPTP =

| - met hyl - 4- phenyl -1,2,3,6-te gahydr opyridine. MIBE =

nmet hyl -butyl ether n = nor NaCNBH 3 = sodi um

cyanoborohydri de (Al drich 15, 615- 9). Na2S203 = Sodi um

4c2b) bi §4 %ﬁ%@%@&é_ So%y 195 r% Lbed%%us é)é}‘}d BRrqifidro-

benzdyg]@err@vzw VIR @Y trifuorba2Rite 2) Nal O = sodi um peri odat e
(e.g. Aldrich 31,144-8). 1 M/ 9 MNaCH =1 M/ 9 M
aqueous solxfion of sodi um hydroxi de. Ove = sodi um
met hOXI de ﬁfﬂ

ged as a ca. 5 M sol utlon i TFATEt hanol ;
[ S Aponor phi ne.

6- h droxyd’opam e. osphat e buffered
Hosa M sodi um p u ’ with 0.15 M

m chI oride, pH adjustsg 7.4). PD = Parkinson's
di sease. PFC = prefrontal ﬁ(t ex. Pd/C =

pal leaghpierzen- char coal (e. g A?I PEFCB69- 9)
mm&@%naﬂtip@m adi un(11) acet afe> ('8¢ ghapig) 010516)

Prepa};] eaﬁggo o, thorom ﬁ}%plepicgﬁ(:&% 4}’ nggoﬁ%xamrpe% ¢2: 7 mg as a solid.

LC/MSS(Q{edﬁj’d 145’f1@Pd[4th1n9ELSD %%gw.sﬂ%rmﬁ. 130.399-5) .
Propi onal dehyde (e.g. Aldrich 58,812-4). PTSA =/
ara-toluene sulfonic acid hydrate (e.g. A drich

40,,2 v WLopide [ otr] e ]
4d1 ac gt%?/’é ré%tf'/yl I‘Arx o?zc T Rl %FngIOgﬁﬁk%ﬁiégi_ngt)hﬁz[ @;@Woxy) I-n-propyl
1,2,3, eng5e$Q10¢e—gstahWrdrb3nﬁo[ elqumadlinafyt @repetifioroecetdd =
retention tinme s =secondary sat. NaHCO = saturated
aqueous sol utli on of sodi um hydrogen carbonate sat. NH
G = saturajed aqueous solution of a ium chl ori de.

SC = subcut apgous. SFC = super cr|t| cal

g ) y. Sodi um et al ) ch 28 205-7).
ary TBAH=>= t et a- rrgﬁl um i odi de

‘ 14, 077> A acetic acid.
tr| fl uor oacet c aC| d lanhydride. THF =

tetOrHah o ur an (dried ovét R rml ecul a£ si eves). TLC
Fart T ﬁazxt%ﬁqeshromt ogr aphy. Eabhdret hy!

or t'hot or mat e (e.g. Aldrich L?\? Peraw ol et
purity (at 254 nm unl ess not ed

Example 4d1 was prepared in a similar manner as example 4b1 starting from example 2d1
(44 mg). Yield of example 4d1: 14 mg as a white solid. LC/MS (method 14): RT 2.45 min,
ELSD 97.7%, UV 83.9%. MH: 430.2.

5d1  Racemic cis-7-Propyl-6,6a,7,8,9,10,10a, 1 I-octahydro-1,3-dioxa-7-aza-

cyclopentafa]anthracene

b e

N

0 0
\__o \——O

compound 25 example 5d1
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differently). Pharmacol ogical Testing DI cAMP assay
The ability of the conpounds to either stinulate or

w0 ndoobede3t he DI receptor nedi ated cAMP f or nat | POT/DR26@SIA50215
cells stably expressing the human reconbi nant D
receptor was neasured as follows. Cells were seeded in
96-wel|l plates at a concentration of 11000 cel|s/ wel |
3 days prior to the experinment. On the day of the

ConfiRE ?5‘?&%4 %:@fwg@eg th ’gﬁg‘?mgﬁﬁ 28§ [%k/lﬁl sﬁﬁ}fg%%h 9LRH (03 g)in
THR & albuityd ¢ - lﬂm Mrktyaenivhd Bered Bt RBI( mh@&ﬁftﬁé &t Was quenched with

buf fered sal i ?1 and the asaﬁ/ was initiate
ice/ vt @ridoha%fﬁedmé n’Wv adycogs Ng x%rl@fosvctwsmtr,&s@ésmo 2-methyl-

THFanﬁhJ %§ antO 1! n%/%i" nehdiy) H{ieﬁdg tgu%f 2:&&156%% (I@mrg‘gg?ﬂﬂﬁéﬁ l(]lgfgSOz;), and

oun It ed agoni s e ce
conomtreted wcwmbeﬁha‘ ©rid2Owas dissdsedain MZOB @mdl } drel treagedtwitina few mg

d by t iti f 100 buf f
of 5%%1@%&?{a(gﬁéu%% m@@%g)a%gr}gdm%ngagl(tgawy eSOeOrC for ~1h and
furtHélr %F @td(laiar ‘ilygrofg)@ﬁ pfégsurg)gox@r&gﬁ’t byl %Hlﬁﬁ 4 Qmﬁ-frhgl"\]@ﬂ\ﬁ@ﬂlonal 5%

and t he pates wer e aken
Pd/Cf O’Verioldﬂﬁdlu@@s thes Mintuer ovas lnfdrogeaated a6t bam ate¥® °C overnight (this

transferred, t,o cAl Fl ashPlI
prock R 3R he el T e rnafilof RE 2t T eytadyss wggefitered ot
and #ROfiIfflafer Wad-cdnCertiated R0 . S rEiaE @ p@tifbh& Botwlenl28b aqueous
sodi um azi de, 12 nM Cad 2, 1% BSA (bovi ne serum

NaO3 perPRYM abie «zrgarac MYET BaEvashed Bl sal ApmEoeNaHa B edried (MgSO,),
o SELLO0R2 8t B BRSO LRy 5L AR DB SR s v n

Me@:H\M?hc’ﬁﬁ&&}d Witk MIH(EH iyt ©1fOtah@ @mhemﬁdﬁpltﬂecbpﬁoﬁect was isolated by

inmulate or inhibit the D2 receptor nedjate
ﬁltra}tm Bisld ghewmplafebl 5 ma e davhig seL@ %@M% @P%ﬁ@flé& &d 0.71 min,

ELSY fdbos hev o ~ggeptor was neasure as foll ows.
CeHOs were see dzrn 96 well plates at a concentration

of 8000 cells/well 3 days prior
Abbreviations and list of chemicals used

The following abbreviations are used. This paragraph also outlines the chemicals used along

with their commercial source (not included for standard solvents).

AcCl = acetyl chloride (e.g. Aldrich 23,957-7). ACh = acetylcholine. AcOH = acetic acid. AD
= Alzheimer’s disease. ADME = absorption-distribution-metabolism-excretion. Allyl bromide
(e.g. Fluka 05870) AICl;3 = aluminium chloride (e.g. Aldrich 29,471-3). ap = specific optical
rotation. BBr; = boron tribromide (used as DCM solution; Aldrich 17,893-4). Boc,O = Boc
anhydride / di-f-butyl dicarbonate (e.g. Aldrich 19,913-3). Brine = saturated aqueous solution
of sodium chloride. BSA = bovine serum albumin. (s-Butyl)lithium (used as a cyclo-hexane
solution; e.g. Aldrich 19,559-6). cAMP = cyclic adenosine monophosphate. Celite = filter-
aid. CH,BrCl = bromochloromethane (Aldrich 13,526-7). CH3;l = methyl 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).
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to the experinent. On the day of the experinent the

cells were washed once in preheated G buffer ( 1 nM
wob@bA26985 9 nM CaCl 2, 1 nM I BMX in PBS) and t heCEBE2408/050215

was initiated by addition of 100 mcro-1 of a m xture

of 1 mcro-Mquinpirole, 10 njcroM forskolin and test

conpound in G buffer (antagohrsm) or 10 micro-M

forskolin and test conpound in G buffer (agonism. The

| | re. ] 7 ’
cul &pBerofct VAT 235 b (MG Re b 1 A RBEn E5H00-1y. qeto-propy
metipuffremidedblonh ithy el /O-ptopiint CadiirZh 20040-38 DAatedopamine. D1 =

vve,re}gl aced at 4 Cfor |h. 68 mcro-L N buffer (ﬁ)g 15 M
dopagaies) Lih dewotamP3odi derraest BE apcsnite DiddedPPamdng Re receptor. D4 =

dopBhik §54 Y&RES 0B NG ‘i”dé&hli&é)ﬂ? I%H%&ﬁ'v%‘. TR ‘Elﬁc‘i’ﬂdrox?%t\l}tg%ﬁ { methylene

reaction re transferred to ¢ Fl ashPl at es
chloNEd) 1edib@inmi-Rrgagidheli Gr@- AlGRhnVMNIOA). pHB. 2 dmdthi0Cormamide.

DMEY ey sHhcsits 3 DRt oAcaR 8-y i bt Ghengiej . DOPAC = 3.4-
dihy%‘;l?(%IyPﬁe‘WlD Jac¥R! Geidd@ed mdtidiy Be ;AR d&RchBaidRa RRe@lo induce a

he pl ates were washed once and counted in a
respvsel bad (Vi betweewm dlmt daselips aaésﬂag/ maximum response for the compound in

nc ati on-dependent stinulation of_intracell.ular _
e PSP S Y TRED LR s K TH MRt 8 it e g P -
dieti§@lahfine. HI©ACE! tiyMRERtd. Gaide d-oMIdd-fibdiPaR- ﬁé,g. ABER AIVI0359). 99%
i ndi cator dye,for Ih. Calciumresponse (fluorescence )
EtOHasiyelutaeidanal nEthpt magnspium popide (used ang 8 N solupagimfhO; Aldrich

ate der ). mmy 3 .
1881292 EAITE0 L) BB PR TR B NI, v
3321891 Etdgllient ighycdt 6d , Z-othassdislas b Bnd,@c+ 35% gyreeud sdlation of hydrogen

q%&%am nz%l. .Concentration effects curves to agoni%ié
perayided e o ¥ il 8 d by )-dfdiPRg~ divorgrelFc B3aemipistieatss FoB —foetal
bovidk bEReNLE Mﬁiré.%g%H?gz 8%'[1‘ BHS&f1GFor BP/d eﬁ'b%xﬁigz 18% / 37%
Reader (FLIPR(tm) (Ml ecul ar Devices, sunnyval e, ) .
HClGut8%s 38+t eqidous eadutidtt bf Bydynpindelilonides é Mdd@bhzeM HCl=1M /2 M

S TR TS BN s ML st
whid¥ RAeedelalll "B%i48, c.g. Aldrich 45,518-0). HMPA = hexamethylphosphorous
triamide. HVA = homovanillic acid (DA metabolite). i = iso. IBMX = 3-i-butyl-1-
methylxanthine. 1.d. = inner diameter. 1-lodopropane (e.g. Aldrich 17,188-3). K,CO; =
potassium carbonate (e.g. Aldrich 20,961-9). KMnO, = potassium permanganate (e.g. Aldrich
39,912-4). KO = knock-out. LDA = lithium di-i-propylamide (used as a
THF/heptane/ethylbenzene solution; Fluka 62491). LC/MS = high-performance liquid
chromatography / mass spectrometer. LAH = lithium aluminium hydride (used as a IM THF
solution; Aldrich 21,277-6). LiCl = lithium chloride (e.g. Aldrich 31,046-8). L-Selectride
lithium tri-s-butylborohydride (used as a 1M THF solution; Aldrich 17,849-7). MDO

methylene-di-oxy. MED = minimal effective dose. MEDnemonapride = minimal effective dose in
the presence of Nemonapride. MeOH = methanol. methoxyacetyl 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
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activation, and nis the H Il coefficient. Fits were

made using the G aphpad Prism 4 software (San Di ego,
w@E2)09/028b3D2 di ssecti ons Dopam ne agoni sts can PEwBK2008/050215

activity at either the D -like receptors, the D2-1ike

receptors, or both. W have %i?d the rotation response

inrats with unil ateral | esions to assess

compounds for their abillty to stinulate both receptor

.ype i.n e .rotatjo ut X .
oS Y458 A OAMIESS SHPIL MARUL B oot (e
Aldisgupte44-8). BuM / 9 M Ri@HmraaoM, / 5M4hhuedt&950(dﬁﬂ8))f sodium hydroxide.
Unger st edt, Herrera-NMarschitz, Jungnelius, Stah

NaOMQ = raiunioeier & (19 35 & oaagPh selkon meharlnes. Rldrich 15,625-6).
esearch, Per, L
NP A Dy (ERRR e EtolD AR kAR e MO~ bhofbinic buffered
salinei (@1021M m‘dﬁmn tphvaahd&s@ffehc/b‘z@)h 0.05 iMdodenr dilatidg@mpH edjusted to 7.4).
ound in tion. e a been..
PD GoPafiines tssal G L Rk PAlt oF Aaldiyn-on-charcoal (c.g.

Aldﬁ(ﬁ{ £0,56919) tP'@l@O QR&E‘E\!@I@J&@WQ (A2 Q84COIMB16). Piperonyl alcohol
nnnaprlde | oc DNermonap de). Nenonapride is a

(e.g Daldrick @4040efg oRK st plnalmltaccbkm@kg RINDD2 pkiikdic figbepowement disorder.

prorh SaRE e FEY ARRERLTES 3) HebPRad; CEARRSEBla prsa -

pard-fRuMEDNERIRA Beid ehydpatk n(@gﬂ AUdEBh r4b, 2B8pBY IPFRROL =i fivaleRl chloride /
usi ng the MEDNenonap de dose and obserV|ng t he ef fect

trimefhyk peetyd chlqridxe(%nﬁé@mh EF 266G BRSgorestlesidegs padrome. 1t = room
kg-ran a nd I
Gk R0 St YOG E 8y oG AR e Dion o
sodiNarpaagch @arbominic Ssat. fNHgCle#( pettutarsdriqueanfsotution tolfi@mmonium chloride.
actjvity of the conpound at both receptors as either

SC anthgiicsrs aiféng WARCBHFY fpak heamajogripibitodie metal (e.g. Aldrich
t-at I
28,2081 e7§‘cz’o ORFigRP B ] @%sﬁ&twaﬁ[pg?@ﬁj .gugﬁrv@ﬂ' 14077-5). TFA

lon treatnent CTonp
= triflob@bcaesacidn THEAA Fatlﬁu@rAM’dta,tchﬁtcbdtﬂhydrlde THF = tetrahydrofuran (dried

e N e e
orthéi%gmﬁtég%)g] Aﬂfi&hc' 30Bdel2 f)W@ﬁJ \éalultfét@fﬁé’t M tPYat 254 nm unless noted

Aponor phi ne as the proof-of-principle conpound for
differgntbd. DI -1 i ke/ D2-1i ke agoni st s.

Pharmacological Testing

D1 ¢cAMP assay

The ability of the compounds to either stimulate or inhibit the D1 receptor mediated cAMP
formation in CHO cells stably expressing the human recombinant D1 receptor was measured
as follows. Cells were seeded in 96-well plates at a concentration of 11000 cells/well 3 days
prior to the experiment. On the day of the experiment the cells were washed once in preheated
G buffer (1 mM MgCl,, 0.9 mM CaCl,, 1 mM IBMX (3-i-butyl-1-methylxanthine) in PBS
(phosphate buffered saline)) and the assay was initiated by addition of 100 micro-L of a
mixture of 30 nM A68930 and test compound diluted in G buffer (antagonism) or test

compound diluted in G buffer (agonism).



10

15

20

25

30

Superiority nodel Aponorphine and L-DOPA are able to

reverse notility deficits in a nouse nodel of severe
walo@aneasss depl eti on. Bot h Aponor phi ne and L- DORAT/DK2008/050215

stinmulate DI and D2-1i ke dopam ne receptors.

Pram pexol e, an agoni st at Dg-l I ke receptors is

ineffective in this nodel. S of the conpounds

i ncl uded herein have been tested in this nodel and

exhi bit .a profi.l i mlar ead
The S Wik e B8 i S oF cCRBTBIEER S o SR Bt addivion
of ld)mmtiéibi Ya¥ffert (OESHI H@M@ﬂ&w@c@ HREHcPlated @er@tﬂf‘e@éd at 4 °C for

onpounds, such as Pram pexol e, that target D2-

1h. 68emecpt>dr Y bmffey (0.0 ¢k Na&31 anchoel eiMNﬁé)Aing\kaﬂmlldB@ and the plates were

shat@h gt oF SRS BA Maisters o Thm Erelite Srqrb dtin (e b CANMBSFrashplates

(DuPbrit ERTY E6nthik A ﬁﬁ!eroém demesofedivih ek Rl pifid.2 |ﬁnd 100 micro-L IC
W erup, Cenci; Eur. . Neurosci., 15(1), 120

mix (40 nMsSqﬁlarra@p@nﬁeg&hé 2o10. I Yesaslowrp caidds 1 HMM HeaCl, % QSA (bovine
seru M&Iﬁ%‘ﬁﬁ nd %Vl% le-u%% C(il/}éiklzslegA %ng%’] a(itl'egl)q?@}g)wmg an 18h incubation

rug-nal ve ani na

at 4 COMROPIAAS wéfe \R/E&hed BME&UHdduAKE i e W AIRE UeR fhx leoldBA
i nduced dyskinesias significantly nore than was

observed when shifting animals from L-DOPA to
chéé{ﬁ? exole Met hods - Cell culture Human D5 (hD5)
e981%n construct was made usi ng a nodified pEXJ

The WBiIGItY6 £ thAcsinpBlikls ¢@bithdr | IsﬁﬁluEiXepdSIQﬁBﬂbl’tgh@DQ r € ®E dsated inhibition
human Gal phal G protein (CHO ]gur chased

of CA#\@?anW@e N &rHesplle érémsfsﬁ%w%w féle I@()an héccsglor gvas measure as
follof. %egyg&w&gdéggﬁl?g:\%lﬁgﬂ?egg&g@r{%ﬁ‘é{t r&g@'@o cells/well 3 days prior

ovi ne
to theerxpaimedYOn- hb uba il e empdridtmpenicells Wery s/asmentomn@/m preheated G

bufféfgfl @@éﬂ%&e,r%ﬁn Bk et b ‘éﬁﬂf@ﬁ% o R aﬁééher é%,sabt“@ﬁ initiated by

addiRDW 093 0H Shnidrol il G¥Of 1@1?)&@1@ drer Fhids-NRubskole, 10 microM forskolin and test
compound in G buffer (antagonism) or 10 micro-M forskolin and test compound in G buffer

(agonism).

The cells were incubated 20 minutes at 37 °C and the reaction was stopped by the addition of
100 micro-1 S buffer (0.1 M HCI 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 Sodium acetate) were 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 NaOAc pH 6.2 and 100 micro-L IC
mix (50 mM NaOAc pH 6.2, 0.1 % Sodium azide, 12 mM CaCl,, 1% BSA and 0.15 micro-
Ci/ml '*I-cAMP) were added. Following an 18h incubation at 4 °C the plates were washed

once and counted in a Wallac TriLux counter.

DS assay
Concentration-dependent stimulation of intracellular Ca®" release by dopamine in hD5-

transfected CHO-Gal6 cells. The cells were loaded with fluoro-4, a calcium indicator dye,
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(I'nvitrogen, Carlsbad, CA), and allowto grow for 1
day in serumand P/S free nedia. 24h before assay, hD5

wo canst@et ed CHO Gal 6 cells were seeded at a PEen®KR08/050215
of 10,000 cells per well into black walled clear-base
384-wel | plates pretreated with poly-DLysine
(Bect onDi cki nson, USA). The 8&11s were then cul tured
in HAVB F-12 cel | growth nedia containing 1.5% FBS, 1%

for @gbgfg@%sp%g?% gf?loqg& &%elr !élicl:ae FQ’)U (2Rt 1&)er ﬁa?/ ﬁlﬁi (ﬁuorometnc

["ar ‘cal ¢1 Um

imaging platz@hd@n fadsBpsn. FREakneadus@MEts wale hvirigedetdmildaplicate wells
free calciumconcentration ([Ca2+ 1 the culture

for Grely P aREPIOHEL Y Hid ¥R epnerEERiops fravisd lopdenamyne).

buffer. The | oading buffer contains | X HBSS

(I'nvitrogen), 20 mM HEPES (Sigma), 0.1% BSA (Signm),
Conderfirano effedts Blitvos @ deohibty{ otcemuktawcté&r bpedding difteréntonddntrations

o EGHLA D bR o oreocaeccgin s EOL Y (RALPEA K AR ar Devices

Sunﬁ}hﬂfes MYt @u‘(’@e%r\klé}g kbl @fih st ivasidke gesBHﬁsfee&iuﬁﬁéﬁ Q=g . / (1 +

t'he sane conponents as t he l'oadi ng buffer excluding
(ECEI/ Udganis)"), ere diel ECswaplictinthe qonemwatipmp6agonist that produced half-

mantopl PR ERF b B B EieRa dstias MBp Spine IRt CEEa prism 4

soﬂ@g@(g,mpnlégb @A} ous conpounds. The conpounds of
interest were diluted in washing buffer to a 4X final

concentration and aliquoted into a clear round-bottom

pl ate. The dye was excited at the 488 nm wavel ength

using an argon ion |laser and the signal was detected
D1/D3idingedtiods st andard 510-570 nm emi ssion [Sul livan,

Tucker, Dale; Methods Mol, Biol, 114, 125 (1999)] ..
DopepificcteOnistsi 3R havs %%ttVétY&E iR the P lalifesiieegnior IH like receptors, or

bothC UEaye LRel h‘fé RO 96§f)’0fl§ee{neﬁ¥s GRNGANAEA %qgﬁDEAo%?sig)r}s to assess

er ent wel atlve fluorescence I's neasure
compullutds dot thag aibdﬁta fto ﬁmmmapaelakh fréagptoe sypemerd afduee rotation [Ungerstedt,

T e TN —

50(45’!4@761978), Ungerstedt, Herrera-Marschitz, Jungnelius, Stdhle, Tossman, Zetterstrom;
in “Advances in Dopamine Research” (Kohsaka, Ed.), Pergamon Press, Oxford, p. 219
(1982)]. Experiments consist of determining a minimum effective dose (MED) to induce
rotation for the compound in question. Once a MED has been determined, a second
experiment is performed to determine the MED of the compound to overcome Nemonapride
block (MEDnemonapride). Nemonapride is a D2-like antagonist that blocks the D2-like receptor,
therefore any observed rotations would be dependent upon activity at the D1-like receptor.
Finally, once the MEDwemonapride 18 known a third experiment is run using the MED~emonapride
dose and observing the effect of the DI-like antagonist, SCH 23390 alone, the D2-like
antagonist, Nemonapride alone and finally, the effect of combined treatment with SCH 23390
and Nemonapride. This third experiment confirms the activity of the compound 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.
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Ant agoni st activities of conmpounds were assayed for
their inhibition of the signal elicited by agoni st
wo c@ane®3s Cel | s were pre-incubated wi th conpourdEDER008/050215
i ncreasing concentrations, and then stinulated with
agoni sts using the nethods dE%cribed above. In vitro
Hepat ocyte Assay Cryopreserv pool ed mal e rat
hepat ocyt es (Spr ague Dawl ey) and pool ed human

e RS 5L LTS, FPIRSE, () BB SRR 8{ € pomorine

the Iﬁebf Si-pvixiciplé bampounat foBmhixdd D nlike/Watleke dgahiis. | i ve cells
counted and seeded in a total of 100 micro-L in
Dul becco’'s nodi fi ed Eagl e nedi um (hi gh glucose) with 5

S gm)lﬂgp Sqgauffer in 96 well plates, each well
upcon i ni ng 250. 000 and 500. 000 ceI | s/mL for rat and

Apoonptnie pat DYOR4, are abkeﬁotrewd;wmotlmg/lﬂm‘ltcnmmsame model of severe

started aft 5 mn of. pre tlon p
dopiig dEpeibd et Pagnorpbint 55 dnip ik s ufs Dol G X dopamine
rece?tor@opraﬁﬁ)pengé ande il aFDQ R re LIRS 1@%@@&&@6%@%3 model. Some of
ncubati ons were stopped by addition of an equal

the cooiponads wfluded h@r@lndwa[c dronicsici lie tln@nmdﬁlrﬂnndgpxm@% appfiile similar to
ent at I 0

Aroggie e eORRRAM P EarSibis B etlbdhcam iab S g ice. mm s

wayd@b&e 3o é‘drﬂs Mre 18596%0@ t@- ofi¥k icofhpoliB! Qich, asMranifSeAble, that target
The nobi g,hase had the follow ng conposition: A 5%

2]aléféﬂeé¢ﬂt@f§|0n 95% H2O, 3.7 m /1 25% aq. NH3, 1.8 nlL/L
formc acid. Mbile phase B: 100% acetonitrile and
0.1% formc acid. The flowrate was 0.3 m/mn. The
gradi ent operated from0%to 75 %B from5 mn to 20
DysRinesiaioddre el uate was anal yzed using a Q TOFmicro
mass spectroneter (Waters, MA, USA). Formation of the
The lyskinetiy weafde of |Spelem%th@o¢ﬁmmv@és |9§ thg éyeatien s sstudied using an

anintif MOIE TR The@Mh GRBALIGRRMNT S%?ll ler Kirik, Wierup,
o AT R0 SRS b AMEER PR

I ving CoOl ncCli | nmes.
Ceneit Eln‘THdNellrosA Cl(S(ﬂDp wﬁi(ﬁﬂ)ﬁﬂ)] N ﬂhhsepﬁzichgmtsbhfe df the compounds of the
ereinn =0, 1
1nve\r,1\’tqon gave less dysk1nes1as than L-DOPA or Apomorhine in drug-naive animals. Some of
the compounds of the invention further reduced L-DOPA induced dyskinesias significantly

more than was observed when shifting animals from L-DOPA to Pramipexole.

Methods — Cell culture

Human D5 (hD5) expression construct was made using a modified pEXJ vector. A stable cell
line expressing a promiscuous human Galphal6 G protein (CHO-Gal6) was purchased from
(Molecular Devices, Sunnyvale, CA). The cells were cultured in HAMS F-12 media
(Invitrogen, Carlsbad, CA) containing 10% FSB (foelal bovine serum), 1% L-glutamine and
1% penicillin/streptomycin (P/S) at 37 °C in 5% CO,. 48h before assay, CHO-Gal6 cells
were transiently transfected with hD5 receptor DNA using 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
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Ri and R are independently sel ected from hydrogen,
Cl-6 al kanoyl, phenyl acetyl or benzoyl, R is selected

wo panamordsss gr oup consi sting of hydrogen, nethyl PCEDRR008/050215
n- propyl, cyc/o-propyl, cyc/o-butyl, allyl, propargyl,
hydr oxyet hyl , 3-fiuoropropyl and 2- fluoroethyl. and
phar maceutical ly acceptabl e 8¢id addition salts
thereof, provided that the conpound is not one of the

. f.0l | o c
DlClTu?%,HBﬁEQE @e %gl% ]Ygesre th. Fac:ilﬁt e%l 1 E‘}%éM[Sg]]; laIcglcl)lg]rox)&/‘[héile7d1%j containing
1.59% FBSRﬂ%GlfgﬁnatﬁmHﬁh@Y% pelchLlﬁ/sfkeﬁt@m@cm](@/ SY at 37 °C in 5% CO»

Oa- oct ahydr o- benzo[ g] qui nol i ne-6, 7-di ol Raceni c-
l-ethyl- 1,2,3,4,4a,5 ,10,1

Metiliﬁdpﬂllﬁm/dléllﬁrab%ﬂ%ﬂhﬁ]lﬂdbllgiﬂtidﬂezs@ay% diol  Racenic-
n- pr opy , + .
For praggeme's athyaraschuley é{eg]cqmumlwn@en@atxoru([élaz 2). thpeulture medium

was %?%%%#Wltﬁ&%oesﬁggg Spga ?cﬁo‘g&ll %ﬁ%le r %h@ lo%d lf?lﬁ’%e?%%)ﬁt% ns 1X HBSS

rou ng of hydrogé

(Invhrdgé@);)yl(l nﬁw HIEPESnQ&gm@pam oyd B&SUC(Blg&i&)ﬂEtﬂﬁmhc@nM Fluoro 4-AM
ound according to any one of

3.
(MO&ﬁ%@éﬁﬁ@SM %ﬂdn% SW droperacifl pepriedt Eephy rgianidie 75h%@bates were
lncuﬁ&gé 'f(§1I '11{11%;[/ %f7 ?&%SV e a’ndc\kf?%ilgd é( |t1 e@qglth Washm% buffer. The

r oxye @ conpound accor |ng 0 any one

wasltuhg barfee edmtﬁngs chakdite vhap&iditsnas—th@.loddingl baffexom@m@g Fluo-4-AM.
accordlng to any one of clainms 1-3 wherein n =

The 195Hs v ShsidPiaeeh P g flueresasyco iaagsr nlde rﬁ?@ééEL?§TM Molecular
Devick tH%Jn%f F@f ﬂ&cﬂ@gc el (‘é’gQn@}ifta‘eidﬂﬂlotnrb?V%rloulshcgmpounds.

substanti a pur e rzns I'ast er eol somer
compound accordlng to any one of clainms 1-6 wherein at

| east f R and R.is he coppoun :
The £ORBPHIGC | BIERY B TG e irchie e Frbhd b gageentration and
aliq®& fto B cl@eﬂdroﬁiidl %oif%ﬁ'i%lz%’l Thd dyd s %Qmﬂdth@%@r&h NBavelength
to any one of clains 1-6 wherein at | east one of
usingd aRgansion laser and the signal was detected using the standard 510- 570 nm emission
[Sullivan, Tucker, Dale; Methods Mol. Biol., 114, 125 (1999)]. Concentration effects curves
for agonists were constructed by adding different concentrations to different wells. Relative
fluorescence is measured by subtracting basal from peak fluorescence after addition of drug.

The data were then collected and analyzed using the FLIPR™ software and GraphPad Prism
4.

Antagonist activities of compounds were assayed for their inhibition of the signal elicited by
agonist ligands. Cells were pre-incubated with compounds at increasing concentrations, and

then stimulated with agonists using the methods described above.

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
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benzoyl or phenyl acetyl. 10. The conpound according to
claim1l wherein n=l, further characterized by being

wo b@osedsst anti al |y pure (4aR, 10aR) - enant i oner . PAN/DKIHS/050215
compound of claim 1, wherein the conmpound is sel ected
from trans-
| - et hyl -2, 3, 3a, 4, 9, 9a- hexah?@ro | H benzo[f]indole-5,6
-diol cz '

hepaﬁ%%ﬁﬁ{e@ﬁ%c&%@@i ffl%?%ﬂftg)gg %:e%eg%%l’tj%gga?f%"r hEh R 0E Blet hbAgeh & 2R stopped

at tifhe PaihexBhy3]re; Btate6a afif fdmdal @dSt 6; 80,00, 90 and 120 min for human

c/5-1-n-pr pyI-2 3,3a, 4,9, 9a- hexahydro IFLbenonf]lndo
hepatecytesg - lgpgations were stopped by addition of an equal volumes of ice-cold

acet§ﬁ‘iﬂﬂe 19(91%%n1|n‘g 10941481 SHE?D Hfo k¥R AE07000] BB of the

I ne-6
supcfdastd Oafs) njgcRd3nla HPLE, COlubfinAdaitahd(drso3 heaomahg] Huk Rol mm i.d.

(Watepp A LIE0E Ths S aaat i i Kisisacordinaiion” (53 acctonitile

95%1%)3' 7 Mimeisby hg. NHZ,13 nﬂ‘J/EQmEimc]anl Moblle(%hasRe Blclx(;(gg) acetonitrile

Oa- oct ahydr o- benzo[ g] qui nol i ne- 6,
and Q 8% ﬁy‘m.lc aci@. Bhe flow gt wag@ 31m1/m1n The grad1ent operated from 0% to 75 %

0- ben
B o Sryb g EFRiRe LAt RR 4Rt fsfe 3 QToRigrompupgetrometer
(Wafegg (MN‘ @Sﬁgefﬁnﬂatdinoéf thé 4a&iucl/RBbolitk- \ﬂaspé(ﬁmﬂned byZacdurate mass
10a- oct ahydr o- benzo[g]qU|noI|ne 6, 7-di ol

meagu:;gtgelpts @hdgyomg_arﬁo@ MW synthesizgd standard giving co1nc1d1ng retention times.

,4,4a,5, 10, 10a- oct ahydr o- benzo[ g] qui nol i ne- 6, 7-di ol

(4aR, 1GaR) - 1-(2-hydroxyethyl)- 1,2,3,4,4a,5

10, 1Ga- oct ahydr o- benzo[ g] qui nol i ne- 6, 7-di ol (4aR

1CaR)- 1l-allyl- 1,2,3 ,4,4a,5 ,10,1

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

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

Oa- oct ahydr o- benzo[ g] qui nol i ne-6,7- diol (4aR 1QCaR)-

1-cyc/-propyl- 1,2,3 ,4,4a,5,

10, 10a- oct ahydr o- benzo[ g] qui noline-6,7- dio
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(4aR, 1GaR)- 1-cyc/o-butyl- 1,2,3,4,4a,5 ,10,1
Oa- oct ahydr o- benzo[ g] qui nol i ne-6, 7- diol Acetic acid

W@ 4JaR0i0aR) - 7- acet oxy- 1, 2, 3, 4, 4a, 5, 10, 10a- oct ahgTDE2B/050215

zo[g] quinolin-6-yl ester Acetic acid

(4aS, 10aS) - 7- acet oxy- 1, 2, 3, 4Bga 5, 10, 10a- oct ahydr o- ben
zo[ g] quinolin-6-yl ester Di et hyl propi onic acid
(4aR, 10aR) - 7- ( 2, 2- di net hyl - pr opi onyl oxy) -1 - et hyl | ,

\Vhﬁﬁfdgmﬁ%,S,10,1Oa-octahydro-benzo[g]quinolin-6-y|
€s c

cetic acid

(4aS, 10aS) - 6- acet oxy-| -nmethyl -1, 2, 3, 4, 4a, 5, 10, 10a-oct a
hydrobenzo[ g] qui nolin-7-yl ester Acetic acid

adscoropesnd dayiagdhpspuctugs hy| - || 2, 3, 4, 4a, 5, 10, 10a- oct ah
ydr o- benzo[g] quinolin-7-yl ester R,
2, 2- Di net hyl propi oni c acid |
(4aR, 10aR) - 7- (2, 2- di net oMl NQXxY) - | - npropyl -
1,2,3,4,4a,5 , 10,1 Oa- g] qui nol i n- 6-yl
ester or a pharmaceuti dg -iacid addi tion
salt thereof. 12. RO cony lig to Caim 10
wherein R and R are botgjgzdrogen and Ris selected
fromthe group consistin hydr ogen, nethyl, ethyl
and n-propyl, such as nmethyl and nkpropyl. 13. The
conpound accordlng to Cdaim1l10 wherein R and R are
o whgrgmmnoyd ! and R is selected fromthe group
& Oliks_ﬁ%lélﬂ]garggla n%)%ré(geglgly Ose epyflr@ehtyla}(o§eg ngf%al% Oo% phﬁlnylacetyl or
an@efod!, R ; b@bé’led‘ﬂt}tﬂfr@t@&ﬁe Qﬂbdp Banhﬁm%QJf Q@H@@eﬁ mdthylhéthyl, n-propyl,
group consi sting of hydrogen, net
n- ErpProrys. crdebebimpéllnd propweys névc{rexmfafhm%ﬂwemépﬁ and 2-
n:(}l,uoﬁeth%d R are Cl1-6 al kanoyl, and R is

and pharmaceutically acceptable acid addition salts thereof, provided that the compound is
not one of the following racemates:

¢ Racemic-1,2,3,4,4a,5,10,10a-octahydro-benzo[g]quinoline-6,7-diol

¢ Racemic-1-methyl-1,2,3,4,4a,5,10,10a-octahydro-benzo[g]quinoline-6,7-diol

¢ Racemic-1-ethyl-1,2,3,4,4a,5,10,10a-octahydro-benzo[g]quinoline-6,7-diol

¢ Racemic-1-n-propyl-1,2,3,4,4a,5,10,10a-octahydro-benzo[g]quinoline-6,7-diol

2. 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.

3. 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.

4. The compound according to any one of the preceding claims wherein n = 0.

5. The compound according to any one of claims 1-3 whereinn = 1.
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sel ected fromthe group consisting of hydrogen,

met hyl , ethyl and n-propyl. 16. The use of a conpound
w@sgoodetdored i n any one of the precedi ng cl ai TBPEEDK2008/050215

medi cament. 17. A pharmaceutical conposition

conprising a therapeutically gffective anount of a

conpound of formula | and on&%or nore phar maceutically

acceptable carriers, diluents and excipients, the

np or k¥ I._bavi.n h I ' St I e
6 JATUHRARLLRRNLTp RN A0SR AL B it
beamtiydibegetinllyGuré rahkainoyteoisphenyl acetyl or benzoyl,
Ris selected fromthe group consisting of hydrogen,
nmet hyl , ethyl, n-propyl, cyclopropyl, cyc/o-butyl,
T B o T RE AR O G/ Ry and R i
ackdylt i on salts thereof. 18. A pharnaceuti cal
conmposition according to claim17, wherein R and R
are both hydrogen and R3 is selected fromthe group

8.q%8 %bﬁﬁ)lbfﬂtgzl coliAls ROSR, oﬁ@i%ﬂ“Mhimsef-EWhéi‘élg afl Pe{a@@éfﬂ@ off Bf and R, is

non-oral adm ni stration. . A pharmaceutica
poaposi ti on according to claim 18 for transder mal
nasal , buccal, intranuscular, parenteral, or

subcut aneous adm ni stration.20. A pharnaceutica

9. qBBRefIpbiRNaeEdHE td1ghyt O ElfiensOf -6 GltedréTh bt 1dad difd of R, and R, is
wherein the conmpound of formula | is a substantially

pereyHpaRicayéeitslomer or a substantially pure
enantioner. 21. The use of a conpound of any one of
claims 1 to 15 or a pharmaceutically acceptable acid
10. dtidi doingpousd latcdriiap aof cldiar 1twieerpinepal, duithsr dfaraterized by being the
medi canent for the treatnent of neurodegenerative
dibssngaly puss (daked Pafrenanbomathe yse of a conpound
according to claim2 1 for the treatnent of
Par ki nson' s di sease or
11. The compound of claim 1, wherein the compound is selected from:

¢ 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

¢ (4aS,10aS)-1-n-propyl-1,2,3,4,4a,5,10,10a-octahydro-benzo[g]quinoline-6,7-diol

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

¢ (4aR,10aR)-1-allyl-1,2,3,4,4a,5,10,10a-octahydro-benzo[ g]quinoline-6,7-diol
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Huntington's di sease in a mammal. 23. The use of a
conpound of any one of clains 1 to 15 or a

w@bawoeoeut i cal |y acceptabl e acid addition sal pCt/bER@8/050215

12.

13.

14.

for the preparation of a nedicanent for the treatnent
of psychoses, i npotence, rengé failure, heart failure,
or hypertension in a mammal . “24. The use of a conpound
of any one of clains 1 to 15, or a pharmaceutically

accep id addjti L,t, th f . for the T
it Lo f G e ene rar fh oS kb plelauinotine 6.7
cogni tdiore inpairnment in a manmal . 25. The use of a

conpound of any one of clainms 1 to 15, or a o

phat mitdut Gakat I-gyciepopyhbP 8 ./atd. o 1 8.d Bi-oriehydsatbenzo[g]quinoline-6,7-
thereta{d1 for the manufacture of a nedi canent for the
treatnent of restless |legs syndrone (RLS) or periodic

l'i nd pre DRIR)- iy oy-Bes1- ( B3VDYa, 5 10 8 0AB TR dro 2Rnzol BRutREne-6,7-
of a conpound of any one of clains 1 to 15, or a
phar mdédut i cal |y acceptable acid addition salt

thereaqf, . .for. facture o ' nt far the

{1 obe st B 0 TR AR bERe s ARl E B b Plorbiffeote
dyski gefbinéigk@der s, gait disorders or intention
trenmor in a mammal . 27. The use of a conpound of any
one® ofAceliapgrd (4o Walbkh/-agetony ) Rat. frde.d Uil Idatdojphydro-benzo[g]
acceptakr)ll1 %cdd ggdition salt thereof, for the

manuf AEVAr'e oY §'“hedi canent for the treatnent of

dyski nespDafiethfpopiEidadid 4R, F@@)m@,pﬁir@et@ﬁrﬁ@%mﬁymy)-1-methy1-
y

any one of clains 1 to 15, or a pharnaceutica

acceptlab?.8.4a6i 19, Hadictahydroskanzolighaniradm-o-ybesterhe
f act .of i t f f
ot o26r SRS TS PERT Ror Qhath iRk acy vy fensiamaro-

29. Tisenib$ @ﬁn@mppypﬁﬁﬁd of any one of clains 1 to
15, or a pharnaceutically acceptable acid addition

salt tAsetrieadid (4a8x 10ahEOragpiokad talityd- 1o2.3 4. 48] & Hivepntalfydro-benzo[g]
t he treatﬁg_glogtcognitive i mpai rment associated with
a di sdrge Y dPSkase sel ect ed from schi zophreni a,

e 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.

The compound according to Claim 10 wherein R; and R, are both hydrogen 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 10 wherein R; and R, are C,, alkanoyl, and Rj; is

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

The compound according to Claim 6 wherein n=0, R; and R; are both hydrogen and Rs is

selected from the group consisting of hydrogen, methyl, ethyl and n-propyl.
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Par ki nson' s Di sease, denentia such as Al DS denenti a,
anxi ety di sorder, age associated nenory i npairnent,
walegwes®Bdon, i ncluding maj or depression, in papCT/DKR@S/050215

in elderly, Al zheiner's D sease, attention deficit
hyperactivity di sorder (ADHD» or post-traumatic stress

di sorder (PTSD) in a mammal . %0. The use according to
anyone of clains 21-29 in which the manmal is a human

] - f . one of i t .

15 3PS oy e N FRIRRAR RPN 0P8, RIaLEL I8 it ana s s
sHested frofmahe Ehriptcbadttimpnit gtirogenirmelage sl bdrndvepropyl.
di sorders. 32. A conpound according to claim3 1 for
the treatnment of Parkinson's disease or Huntington's

16, IhE ARG | Qufy AT Uefint i g PP p{PoBl (AN &' o medfcament
addition salt thereof for the treatnment of psychoses,
impotence, .renal failure, heart failure,. .

17. 4 FERTBACSHEHT | RmPOyRfraromBls g % diapiiticd afGetbeampunt of a
cbRbdmdlof Rrivla Phn®oRheF AREE BhiBRkMicaltE 8RR &ftibks, diluents
addition salt thereof, for the treatnent” of Cognitive
iang exaiprenis, the cempeundadl fo381la hhaongpdgrdllofingsirugnes: of
claims 1 to 15, or a pharnaceutically acceptable acid
addition salt thereof, for the treatnent of restless
| egs syndronme (RLS) or periodic |imy novenent disorder
(PLMD) in a manmal . 36. A conpound gf any one of clains
1 to 15, or a pharnmaceulr8g eptabl e acid
addition salt thereof, bnt  of novenent
di sorders, poverty of X g & eti ¢ di sorders,
gait disorders, or R@ entYon tfeno™in"a mamal . 37. A
conmpound of any one of clggms 1 to 15, or a
pharmaceutically acceptable?acid addition salt
thereof, for the treatnent of dyskInesias in a mammal .

38. A conmpound of any one of clainms 1 to 15, or a
bhggﬁﬁ?éﬂfﬂgglly accept abl e acid addition

[ ]

R, and R, are independently selected from hydrogen, C; alkanoyl, phenylacetyl or

benzoyl,
¢ Rjis selected from the group consisting of hydrogen, methyl, ethyl, n-propyl, cyclo-
propyl, cyclo-butyl, allyl, propargyl, hydroxyethyl, 3-fluoropropyl and 2-fluoroethyl,

and pharmaceutically acceptable acid addition salts thereof.
18. A pharmaceutical composition according to claim 17, wherein R; and R, are both
hydrogen and Rj is selected from the group consisting of hydrogen, methyl, ethyl and n-

propyl, for non-oral administration.

19. A pharmaceutical composition according to claim 18 for transdermal, nasal, buccal,

intramuscular, parenteral, or subcutaneous administration.
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salt thereof, for the treatnent of depression, bipolar
di sorder and anxiety. 39. A conpound of any one of
w@b@vnes9ist o 15, or a pharnmaceutical ly accept abtBEDEe008/050215
addition salt thereof, for the treatnent of cognitive
I mpai rment associated with a gisorder or di sease
sel ect ed fromschizophrenia,7 ar ki nson' s Di sease,
dementia such as Al DS denentia, anxiety disorder, age
S L | e i udi .
20. & ﬁ)ﬁgﬁ%eglgécggggﬁ%oélﬁg@ {n:f‘ ﬁ}fg t% Erh%%? Go(%n(flamp C1|7 % li@, wherein the
Abzpenrntes! foriufehsea sabitantaﬂl@rp@efdhacstetredﬂmwracﬁta't vilisyantially pure
di sorder (ADHD) or post-traumatic stress disorder
EpaRsIIMer40.  The conpound for treatment according to
anyone of clains 31-39 in which the manmal is a human
subject. 41. A nethod of treating a manmal suffering
21. flhorsa ofieuwnogegadef aty vee di shirder tsuchoras pRankasealls acceptable

dL ease.or Huntin 's di sease copprisin
ARG ol b5 Rl Banwarrsin g GpEGEicaapRy for the trcament of
%Eﬁ@&égeﬁ@raawuﬁsrd@& iR aGRIARANND of any one of clains 1
5,7 or a pharmaceutically acceptable acid addition
salt thereof. 42. A nethod of treating a manma

22. fg{u?er ‘If)p e? F%ﬁoﬁs%g% SeSR S agﬁ%lef[éﬁ_g}e ti%%ﬁ]gém o?iPlarlfJir(f‘sbn’s diseasc or

anmtiAgtSh's disbheti® a SingmamnMal a therapeutically
ef fective anmount of a compound of any one of clains 1

to 15, or a pharnaceutlcally acceptabl e acid addition
23. %F Ll '3?" ec?)ﬁﬂ&)%ﬁnd %f Hﬁ)? '889 0? i3t nl% & f?ﬂ%aceutlcally acceptable
su ferlng m cogni t1ve i npai Firent conp
adlidi addsticer salg theesfaiod thanpreparaidnhef apﬁleﬁlcﬁ:rahlhtyfor the treatment of
eff ctive anmount of a conpound of any one of clains 1
gychgses gimpotenge, R diture d1cps) (ke or Qﬁpﬁ‘é”[eaélpa i §12 et
salt thereof. 44. A nethod of treating a mamal
suffering fromrestless | egs syndrone (RLS) or
24. fJbeivsdio€ aldoniponmd/efrembt ok ebcld'mls ( RLVB) or ©phpmniaseutgally acceptable

adm n terl i.d a.th t H
AL o tieody 1 BB RO P U Sosisiient fag g teatment of
'i:@griliéve ﬁ‘ﬁpaﬁment in a mammal.

25. The use of a compound of any one of claims 1 to 15, 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 mammal.

26. The use of a compound of any one of claims 1 to 15, or a pharmaceutically acceptable
acid addition salt thercof, 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.

27. The use of a compound of any one of claims 1 to 15, or a pharmaceutically acceptable
acid addition salt thereof, for the manufacture of a medicament for the treatment of

dyskinesias in a mammal.
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pharmaceutically acceptable addition salt thereof. 45.

A nethod of treating a mamal suffering from novenent
walc@one®ss, poverty of novenment, dyskinetic di BOT/OBR&S/050215

gait disorders or intention trenor conprising

adm nistering to said mamal g therapeutically

ef fective anount of a conpouﬁ of any one of clains 1

to 15, or a pharmaceutically acceptable acid addition

e od. of 189
]Eug% ?ﬁ cgné) rgd ﬁ ﬁg égagf gl%mtts{ I?gé rl}@ oran‘?m ceut1call¥ acceptable

aaddadmmkaltatﬁemifaﬂﬁuﬂhb Qﬁdtﬂuy'acﬁiréecﬁ’t 4 weedevmient fef the treatment of

compound_of a one of clains 1 to 15, or a

Sﬁ%r@mﬂebtmé%d{%@rdéé aBhamHely BA B ti on sal t

thereof. 47. A nethod of treating a manmal suffering

from depression, such as major depresion, bipolar
%)dmsmmdefa@mn@numbbﬁampnmrbﬁbmgnaﬁm¢ﬂBsoeaphgnmomsﬂhﬂyaampmbb

@%Lp%dﬂtfg’ng? (:I‘taﬂ‘&?quﬂtﬁ,; tlhgpgﬁt gcgt_lll% gofil O tcagfentrjl for the treatment of
ROSITRE ﬁh‘ﬁdlﬁl@énlt ¥YsRERRAL R 8 cﬁéb'r&jer@‘ihéeh&mse?&'téd from schizophrenia,
thereof nmet hod of treating a mamral suffering
ﬁ’aﬂmwogrﬁ)lsmse, dampeaitiarsoph aaddBidemedtiag anhicty disstsictenge associated
di sease. sel ron1s%@120 hren a, Parkinso

B'lteéléogg elmpalélﬁ%wt Ccfgpreas&%n 1nc epfess%%,)d op 1c1ﬁar in elderly,

A geiders DAgescd a8ofioat @ﬁcﬁq@émctlmadtsmef (ADHD) or post-traumatic
depr essi on, |nclud|ng natfr depression, in particular

sticss|depordoy (PSR hisjameamziahy sease, attention deficit
hyperactivity disorder (ADHD) or post-traumatic stress
di sorder (PTSD), conprising adm nistering to said

30. maemed agotdiey @paybneal dlyims 2 €9t inwehietimbie mian@halds a human subject.
conmpound of any one of clains 1 to 15, or a
phar maceutically acceptable acid addition salt

31. tﬁ%&%uﬁl@of al %ntf%t Pafhaf Pl fiopg hﬁ‘ﬁ?&@é’ut%ﬁﬁy bceplaBle™Rid addition

I n whi he mammal 1S a unan subj ect .

salt thereof for the treatment of neurodegenerative disorders.

32. A compound according to claim 31 for the treatment of Parkinson’s disease or

Huntington's disease in a mammal.

33. A compound of any one of claims 1 to 15, or a pharmaceutically acceptable acid addition
salt thereof for the treatment of psychoses, impotence, renal failure, heart failure, or

hypertension in a mammal.

34. A compound of any one of claims 1 to 15, or a pharmaceutically acceptable acid addition

salt thereof, for the treatment of cognitive impairment in a mammal.

35. A compound of any one of claims 1 to 15, or a pharmaceutically acceptable acid addition
salt thereof, for the treatment of restless legs syndrome (RLS) or periodic limb movement

disorder (PLMD) in a mammal.
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36.

37.

38.

39.

40.

41.

42.

73

A compound of any one of claims 1 to 15, 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 15, 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 15, or a pharmaceutically acceptable acid addition

salt thereof, for the treatment of depression, bipolar disorder and anxiety.

A compound of any one of claims 1 to 15, or a pharmaceutically acceptable acid addition
salt thereof, 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).

The compound for treatment according to anyone of claims 31-39 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 15, 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 15, or a pharmaceutically

acceptable acid addition salt thereof.
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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 15, 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 15, 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 15, or a pharmaceutically acceptable acid addition salt thereof.

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

15, 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 15, 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 15, or a pharmaceutically acceptable acid addition salt thereof.
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49. The method according to any one of claims 41-48, in which the mammal is a human

subject.



