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TETRABYDROPYRIDOPYRAZINE MODULATORS OF GPR6

CROSS-REFERENCE TO RELATED APPLICATIONS

{6081}  'This apphication claims the benehit of U.S. provisional application 62/320,430 filed
June 15, 2017, U.S. provisional apphication 62/591,247 filed November 28, 2017; U S,
provisional apphication 62/649 856 filed March 29, 2018; and U.S. provisional application
62/672.261 filed May 16, 2018 cach of which 1s hereby mncorporated by reference n its entirety.
FILLD OF THE INVENTION

60021 This mvention relates to tetrabvdropyndopvrazine denvatives which are modulators of
{5 protein-coupled receptor 6 (GPR6), to pharmaccutical compositions which contain them, and
to thetr use to treat discases, disorders, and conditions associated with GPR6.

BACKGROUND OF THE INVENTION

3003} GPR6 1s a member of the G protemn-coupled receptor (GPUR) famaly of
transmembrane receptors. GPR6 signals through the G protein {(Gs) pathway . i 15 hughly
expressed in the central nervous svstem (CNS), particularly in meduum spiny neurons (MASNs) of
the striatum and exhibits muumal expression in penipheral tissues. The major stnatal fargets of
dopamnergic mnervation reside 1 the MSNs of the striatopallidal (indirect) and stniatonigral
{direct} output pathways. The MSNs of the direct output pathway express D dopamine
receptors while those m the mdirect pathway express D2 receptors. GPRO 1s enriched in the 132
receptor-expressing MSNs of the stnatum where GPR6 activity increases the levels of
intracellular second messenger cAMP, which 1s functionally opposed to D2 recepior signaling.
Antagonism or mverse agonism of Gs-coupled GPRO decreases cAMP in MSNs and thus
provides a functional alternative to dopanune-mediated activation of D2 receptors.

{6004} Published international patent application W 2015/095728A 1, which 1s hercby
mcorporated by reference n its entirety, describes a number of tetrahvdropynidopyrazine
denvatives, which are modulators of GPR6. These compounds mclude (33 1-{2-{4~(2. 4~
difluorophenoxy ipipenidin-~ 1 ~y1)-3~({tetrahydroturan-3-vl jJamino}-7, 8-dihydropyrido} 3,4~
blpvrazin-6({53H}-yhethan-1-onc ("Compound A}, Though Compound A 15 a polentially
ctticacious modulator of GPR6, 1t had a suboptimal safety margin relative to mhibition of hERG
(human cther-a-go-go-related gene) activity. See e g, X. Yao ef al., Britisn Journal of
Pharmacology (2008) 154:1446-56. Inhabition of hERG 15 one factor associated with potential
(3T mterval prolongation and cardiac arrhvthoua,

SUMMARY OF THE INVENTION

B005]  This invention provides a tetrahydropvndopyrazine denvative and pharmaceutical

compositions which contain it. The tetrahvdropyndopyrazine denvative 1s a modulator of GPR6
i



CA 03067032 2015-12-11

WO 2018/232202 PCT/US2018/037687

and may be used {o treat diseases, disorders, and conditions associated with GPR6, including
neurological disorders such as Parkinson’s disease.

6006] Une aspect of the mvention provides a compound of Formula 1.

or a pharmaceutically acceptable salt thereof. Formulda | depicts the compound (R)-1-(2-{4-(2.4-
diftuorophenoxy jypipernidin-1-v}-3-{{tetrahydrofuran-3-yiyamino}-7 8-dihvdropyrido} 3.4-
blpyvrazin-~-6{3H}-vijcthan-{-onc.

{60071  In certam embodiments, the compound or pharmaceutically acceptable salt of Formula
| has an enantiomeric purity egual to or greater than 20% cnantiomeric excess (e¢), 40% ee,
60% ee, 80% ce. 90% ee. 98% ce. 99% ec, or 100% ec. In certain embodiments, the compound
is present as a free torm.

B008] A further aspect of the invention provides a pharmaceutical composition which
includes a compound of Formula 1 or a pharmaceutically acceptable salt thereof as desenbed
herein; and a pharmaceutically acceptable excipient.

{06391 Ap additional aspect of the mvention provides a pharmaceutical composition
compnsing a compound of Formula 1 or a pharmaceutically acceptable salt thercof as described
herein tor use as a medicament. In certain embodiments, the pharmaceutical composition 1s tor
use m the treatment Parkinson's discase, levodopa-mnduced dyskinesias, Huntington s discase,
drug addiction, eating disorders, cognitive disorders, schizophrenia, bipolar disorder, epilepsy,
Alzheimer’s discase, anxuety, and depression. In certain embodiments, the pharmaceutical
composition further comprises amantading. Another aspect of the invention provides the
pharmaccutical composifion for use as a treatment of a disease, disorder or condition associated
with GPR6.

8010} Varnous embodiments of the mvention described heremn provide a pharmaceutical
composiiion comprising a compound of Formula 1 or a pharmaceutically acceptable salt thercof
as described heremn, and a pharmaceutically acceptable excipient. In certamn embodiments, the
pharmaceutical composition s for use as a medicament. In certaim embodiments, the use of the

pharmaceutical composition 1s treatment of a disease, disorder, or condition 1s seiected from the
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group consisting of: Parkmson s disease, levodopa~-induced dvskanesias, Huntington s discase,
drug addiction, cating disorders, cognitive disorders, schizophrenia, bipolar disorder, epilepsy,
Alzheimer s disease, anxiety. and depression.

{6611} A further aspect of the invention provides a use of a compound of Formula | ora
pharmaceutically acceptable salt thereof for the manufacture of a medicament for the treatment
of a disease, disorder or condition associated with GPR6. In certamn cmbodiments, the disease,
disorder, or condition is selected from the group consisting of: Parkinson’'s disease, levodopa-
induced dvskinesias, Huntington s discase, drug addiction, cating disorders, cognifive disorders,
schizophremia, bipolar disorder, epulepsy, Alzhewmer’s disease, anxicty, and depression.

{6012} An additional aspect of the mvention provides a method of treating a discase, disorder
or condition associated with GPRS, the method comprising administering to the subject an
ctiective amount of a compound of Fornwula | or a pharmaccutically acceptable salt thereof as
descnbed herein. In certain embodiments, the compound of Formula 1 or a pharmaceutically
acceptable salt thereof 1s administered perorally.

{3313] Another aspect of the invention provides a method of treating a disease., disorder or
condition in a subject, the method compnising adoumistening to the subject an etfective amount
of the compound of Formula 1 or pharmaceutically acceptable salt thereot, wherein the disease,
disorder or condition s selected from Parkinson's disease, levodopa-induced dyskinesias,
Huntington s disease, drug addiction, eating disorders, cognitive disorders, schizophrenia,
bipolar disorder, epilepsy, Alzheimer s discase, anxiety, and depression.

{3314} In certain embodiments, the compound of Formulia | or a pharmaccutically acceptable
sait thereof adnunistered in the method described herein 1s administered at a dose sclected from
a range of about U.1 mg/kg to about 1.0 mg/kg or about 0.5 mg/kg to about 5.0 mg/kg. In certain
cmbodiments, the compound or pharmaceutically acceptable salt 1s adnunistered at a dose withun
the range of about 40 mg/kg to about 60 mg/ke. In certain embodiments, the compound of
Formuia 1 or a pharmaceutically acceptable salt thercof administered in the method descnibed
herein 1s admuustered at a dose selected from a range i the group consisting of: about 5 mg/kg
to about 15 mg/kg, about 10 mg/ke to about 20 mg/keg, about 15 mg/ke to about 25 mg/ke, about
2{ to about 30 me/kg, about 25 mg/ke to about 35 me/ke, about 30 me/ke to about 40 me/ks,
about 35 mg/kg to about 43 mg/kg, and about 45 mg/kg to about 535 mg/kg. In certain
cmbodiments, the dosc 18 n a range selected from the group consisting of: about 30 mg/ke to
about 40 mg/ke, about 35 mg/kg to about 45 mg/kg, about 40 mg/kg to about 30 mg/kg, about
43 mg/kg to about 35 mg/ke, about 30 mg/kg to about 60 mg/ke, about 33 mg/kg to about 63

mg/kg, and about 60 mg/kg to about 70 mg/kg. In certain emboduments, the dose may be about
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50 mg/ke. In certain embodiments, the dose 1s greater than about 1 mg/ke. In certain
cmbodiments, the dose 1s about | mg/kg. In certamn embodiments, the dose 15 withun a range
selected from the group consisting of: about 30 mg/kg to about 100 mg/ke, about 100 me/ks to
about 150 mg/ks, about 1530 ma/kg to about 200 meg/kg, about 200 mg/ke to about 250 mg/ke,
about 250 mg/kg to about 330 mg/kg, about 300 mg/kg to about 350 mg/ke, about 350 mg/ke to
about 400 mg/ke, about 400 mg/ke to about 450 mg/ke, about 450 mg/kg to about 500 mg/g. In
certamn embodiments, the dose is about 500 me/kg. Alternatively, the dose 1s less than 300
mg/Ke.
16015] In certain embodiments, the dose 1s 35 mg/kg. In certamn embodiments, the dose 15 36

mg/kg. In certain embodiments, the dose 1s 37 mg/kg. In certain embodiments, the dose 15 38

mg/kg.
mg/kg.
mg/ke.
mg/ke.
mg/Ke.
mg/kg.
mg/kg.
mg/kg.
mg/kg.
mg/ke.
mg/ke.
mg/Ke.

mg/kg.

mg/kg

In certain embodiments, the dose 1s 39 mg/kgs.
in certain embodiments, the dose 1s 41 mg/kg.
In certain embodiments, the dose 15 43 mg/kg.
In certain embodiments, the dose 15 45 mg/ke.
In certain cmbodiments, the dose 1s 47 mg/kg.
In certain embodiments, the dose 1s 49 mg/kg.
In certain embodiments, the dose 15 51 mg/kg.
In certain embodiments, the dose 1s 33 mg/kgs.
in certain embodiments, the dose 15 23 mg/kg.
In certain embodiments, the dose 15 57 mg/kg.
In certain embodiments, the dose 15 59 mg/ke.
In certain cmbodiments, the dose 1s 61 mg/kg.
In certamn embodiments, the dose 15 63 mg/kg.

In certain embodiments, the dose 1s 65 mg/kg.

step occurs orally.

(0016]

In certain embodiments. the dose 18 40
In certam embodiments, the dose 15 42
In certain embodiments, the dose 1s 44
{n certain embodiments, the dose 1s 46
{n certain embodiments, the dose 15 4%
In certain embodiments, the dose 15 50
In certam embodiments, the dose 18 52
In certain embodiments, the dose 1s 54
In certam embodiments, the dose 15 56
In certamn embodiments, the dose 18 38
{n certain embodiments, the dose 1s 60
{n certain embodiments, the dose 15 67

In certain embodiments, the dose 15 64

In certain embodiments, the administerimg

A further aspect of the invention provides a combination therapy comprises an

ctiective amount of the pharmaceutical composition; and at least one additional

pharmacologically active agent. In certain embodiments, the additonal pharmacologically active

agent 1s selected from the group consisting of: levodopa, a DUPA decarboxylase inhibitor, a

dopanune agonist, an antichohnergic, a B-selective monocammne oxidase mhibitor, and a catechol

O-methyl transterase inhibitor. In other embodiments, the additional pharmacologically active

agent 15 levodopa 1n combination with a DOPA decarboxylase mhibitor. In certamn

cmbodiments, the additional pharmacologically active agent 1s selected from the group

consisting of: carbidopa; benserazid; methvidopa; a-~dittuoromethyl-DOPA; 3'.4°,5,7-

4
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tetrahydroxy-~8-methoxyisofiavone; apomorphinge hvdrochloride; bromocripting; rotigoting:;
pranupexole; ropimrele; trihexyvphemdyl; benztropine mesvlate; sabinamide; selegiling;
rasagiiing; entacapone; and tolcapone. in certam embodiments, the additional pharmacologically
active agent 1s sclected from the group consisting of: beta~-secretase inhibitors, ganuma-secretase
mnhibitors, HMG-CoA reductase inhibitors, nonsteroidal anti-mntlammatory drugs (NSAIDs). In
certarn embodiments, the additional pharmacologically active agent 1s selected from the group
consisting of: apazone, aspirin, celecoxab, diciofenac {with and without nusoprostol}, difhinisal,
ctodolac, fenoprofen, flurbiprofen, tbuprofen, mdomethacin, ketoproten, meclofenamate
sodium, mefenamic acid, meloxacam, nabumetone, naproxen, oxaprozin, phenvibutazone,
piroxicam, choline and magnesiom salicviates, salsalate, and sulindac. In certain embodiments,
the additional pharmacologically active agent 1s selected from the group consisting of:
donepezil, nvastigmine, memantine, and galantanune. In certain embodiments, the addifional
pharmacologically active agent 1s selected from the group consisting of: sedatives, hyvpnotics,
anxtolytics, antipsychotics, and trancuilizers. in certain embodiments, the additional
phammacologically active agent 1s selected trom the group consisting ot amitnptviine,
amoxapine, anpiprazole, asenapme, bupropion, chlordiazepoxide, citalopram, chlorpromarzine,
clozapine, desipramune, desvenlafaxine, doxepin, duloxeting, escitalopram, fhioxeting,
fluoxetme, fluphenazine, haloperidol, ilopendone, mupramine, 1socarboxazid, lamotrigine,
icvonulnacipran, lurasidone, nurtazapine, nefazodone, nortriptviime, olanzapme, palipenidonc,
paroxetine, perphenazine, phenclzine, protnptyvline, quetiapine, nspenidone, safmamde,
selegiline, sertraline, tranyicypromune, trazodone, trimipramine, venlataxine, vilazodone,
vortioxetine, and ziprasidone. In certain embodiments, the additional phammacologically active
agent 18 selected from the group consisting of: alprazolam, chlordiazepoxade, clobazepam,
clonazepam, clorazepate, diazepam, estazolam, flurazepam, lorazepam, midazolam, oxazepam,
prazepam, quazepam, temazepam, and triazolam, hydroxyzine, eszopiclone, zaleplon, zolpidem,
and zopicione, and buspirone. In certam cmbodiments, the additional pharmacologically active

agent 15 selected from the group consisting of: acetazolamide, carbamazepine, clobazam,

7

A

clonazepam, eslicarbazepmne acetate, cthosuxumude, gabapentin, lacosamide, lamotriging,
icvetiracetam, nitrazepam, oxcarbazeping, perampanc!, piracetam, phenobarbital. phenviom,
pregabalin, privudone, refigabine, rufinamide, sodium valproate, stinpentol, tiagabmne,
topiramate, vigabatrin, and zonisamide

6617 Varous embodiments of the mvention herein provide a method of treating Parkinson's
discasc m a subject comprising: administering the pharmaceutical composition as defined heremn
to the subject. In some embodiments, admimsiering the pharmaceutical composition improves

3



CA 03067032 2015-12-11

WO 2018/232202 PCT/US2018/037687

the motoric symptoms of the subject. In certam embodiments, the admusterning step is
performed orally.

6G18] Varous embodiments of the mvention herein provide a dosage form of the compound
of Formula 1 or a pharmaceutically acceptabice salt thercot adapted for oral adnunistration of the
compound or a pharmaccutically acceptable salt at a dose selected trom a range 1o the group
consisting of: about a range of about 0.1 mg/kg to about 1.0 me/ke or about 0.5 mg/kg to about
5.0 mg/kg. In certain embodiments, the compound or pharmaceutically acceptable salf is
adnunistered at a dose within the range of about 40 mg/kg to about 60 mg/kg. in certamn
cmbodiments, the compound of Formula 1 or a pharmaceutically acceptabie salt thereotism a
dos¢ selected from a range 1 the group consisting of: about 3 mg/kg o about 13 mg/ke, about
10 mg/kg to about 20 mg/ke, about 15 mg/kg to about 25 mg/ke, about 20 to about 30 mg/kg,
about 25 mg/ke to about 35 mg/ke, about 30 mg/kg to about 40 mg/ke, about 33 mg/kg to about
45 mg/kg, and about 45 mg/kg (o about 33 mg/kg. In certain embodiments, the dose 1s in a range
selected from the group consisting of: about 30 mg/keg to about 40 me/kg, about 35 mg/kg to
about 45 me/kg, about 40 mg/ke to about 50 mg/kg, about 45 mg/ke to about 55 mg/kg, about
50 mg/kg to about 60 mg/kg, about 55 mg/kg to about 65 mg/kg, and about 60 mg/kg to about
70 mg/kg. In certam embodiments, the dose may be about 30 mg/ke. In certain embodiments,
the dose 1s greater than about | me/keg. In certain embodiments, the dose 1s about 1 me/kg. In
certain ermbodiments, the dose 1s within a range selected from the group consisting of: about 50
mg/kg to about 100 mg/ke, about 100 mg/kg to about 130 mg/kg, about 150 mg/kg to about 200
mg/ke, about 200 mg/kg to about 250 mg/kg, about 250 me/kg to about 350 mg/kg, about 300
mg/ke to about 350 mg/ke, about 350 mg/kg to about 400 mg/kg, about 400 mg/kg to about 4350
mg/kg, about 450 mg/kg to about 300 mg/g. In certain embodiments, the dose 15 about 500
mg/kg. Alternatively, the dose 18 less than 500 mg/kg.

{6G19] In certain embodiments, the dose 1s 35 me/kg. In certain embodiments, the dose 1s 36
mg/kg. In certain embodiments, the dose 15 37 mg/ks. In certamn embodiments, the dose 15 38
mg/kg. In certain embodiments, the dose 15 39 mg/kg. In certain embodiments, the dose is 40
mg/kg. In certain embodiments, the dose 18 41 mg/kg. In certain embodiments, the dose is 42
mg/ke. In certain cmbodiments, the dose is 43 mg/ke. In certain embodiments, the dose is 44
mg/kg. In certamn embodiments, the dose 1s 45 mg/ke. In cerfam embodiments, the dose 15 46
mg/kg. In certain embodiments, the dose 15 47 mg/kg. In certain embodiments, the dose 15 48
mg/kg. In certain embodiments, the dose 1s 49 mg/ks. In certain embodiments, the dose 15 30
mg/kg. In certain embodiments, the dose 15 31 mg/ks. In certamn embodiments, the dose 15 32

mg/kg. In certain embodiments, the dose 158 33 mg/kg. In certain embodiments, the dose s 34

G



CA 03067032 2015-12-11

WO 2018/232202 PCT/US2018/037687

mg/ke. In certain cmbodiments, the dose 1s 53 mg/ke. In certain embodiments, the dose 1s 56
mg/kg. In certamn embodiments, the dose 1s 57 mg/kg. In certain embodiments, the dose 15 58
meg/kg. In certain embodiments, the dose 1s 39 meg/kg. In certain embodiments, the dose is 60
meg/kg. In certain embodiments, the dose 15 61 mg/ks. In certamn embodiments, the dose 15 62
mg/kg. In certain embodiments, the dose 15 63 mg/kg. In certain embodiments, the dose is 64
mg/ke. In certain embodiments, the dose 18 63 mg/kg.
BRIEK DESCRIPTION OF THE DRAWINGDS
00208] 'The foregoing and other objects, features and advantages will be apparent from the
tollowing descrniption of particular embodiments of the invention, as illustrated n the
accompanving drawings. The drawings are not necessanly (o scale; emphasis mstead being
placed upon illustrating the principles of vanious embodiments of the mvention.
{0021} Figure | 15 a graph showing the cliect of the treatment on the 6-hydroxvdopamme (6-
OHDA) model of Parkinson's disease.
DETAILED DESCRIPTION OF THE INVENTION
{0G22] This application 1s related to WO 2015/0953728, which 1s hereby incorporated by
reference 1 s enfirety.

. DEFINITIONS
6023} Unless otherwise mdicated, this disclosure uses definitions provided below.
{0G24] “About’ or Tapproxumately,” when used i connection with a measurable numernical
vartable, refers to the indicated value of the varnable and to all values of the variable that arc
within the expenimental error of the indicated value or within 10 percent of the mdicated value.,
whichever 1s greater.
10025] “Enantiomenc excess’ or “¢e refers to the excess of one ¢nantiomer over the other,
expressed as a percentage of the whole, and 1s a measure of the enantiomenc {chiral} puritv of a
sample which contains the enantiomer. For example, it a sample contains excess K-gnantiomer,

then ee may be determined from the expression

Ag — Ag ,
£g = e X ()
Ap + Ag

where Ar and As are the amounts of the K- and 5- enantiomers m the sample.

16026] “Combimation therapy™ refers to an approach for treatment of a discase, disorder, or
condition that mcludes more than one therapeutic modality. For exampie, the therapeutic
modalities may be more than one phammaceutical composition or pharmaceutically active agent
or a combination thereof. The therapeutic modalitics may be admumsicred simultancously,

sequentially, or at any order. They may be administered at ditfcrent dosages, with dificrent
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dosing frequencies, or via different routes, whichever i1s suitable. The molar ratio of the
therapeutic modalitics 18 not particularly restrcted.
6027 “Motonc symptoms refer to the decrease m activily occurring in a subject with a
disease, disorder, and condition associated with GPR6, such as Parkinson s discase.
B028]  “Substantially pure enantiomer” and vanants thereof refer to an enantiomer which 1s
present 1 a sample at Y% e¢ or greater.
{30291 “Pure enantiomer and variants thereof refer to an enantiomer which 1s present in a
sampie at 938% ec or greater.
8630]  “Subject” refers to a mammal, includmmg a human.
{6031} “"Pharmaccutically acceptable™ substances reter (o those substances which are suttable
for administration to subjects.
{00321 “Treating  refers to reversing, alleviating, inhibiting the progress of, or preventing a
discase, disorder or condition to which such term applics, or to reversing, alleviating, mhibiting
the progress of, or preventing one or more symptoms of such disease, disorder or condition.
{0033]  Treatment” refers to the act of “treating, ” as defined mmmediately above.
100634] “Drug,” “drug substance,” “achive pharmmaceutical ingredient,” and the hke, referto a
compound {¢.g., compound of Formula 1} that may be used for treating a subject i need of
treatment.
{BG35] “Effective amount” of a drug, “therapeutically effective amount” of a drug, and the
like, refer to the quantity of the drag that may be used for treating a subicct and may depend on
the weight and age of the subject and the route of admunistration, among other things.
{0G36] “Excipient” refers to any diluent or vehicle for a drug,
{0657} “Pharmacecutical composition”™ refers to the combination of one or more drug
substances and one or more excapients.
{60338] “Drug product,” “pharmaceutical dosage form,” “dosage form.” “hnal dosage form™
and the like, refer to a pharmaceutical composifion suitable for treating a subject in need of
treatment and generally may be m the torm of tablets, capsules, sachets contaiming powder or
granules, hquid solutions or suspensions, patches, films, and the hike.
{33391 “Condition associated with GPR6” and simular phrases relate to a disease, disorder or
condition n a subject for which modulation GPRS6, including antagomsm or mverse agonism of
{GPRO6, may provide a therapeutic or prophylactic benehit.
{804¢] The following abbreviations may be used i the specification: Ac (acetyi), ACN
{acctoniiriie); AIBN {(azo-bis-isobutyronitriie); API {active pharmacecutical ingredient); ag
{(aqueous); BINAP (2 2'-is{diphenviphosphino)-1, I '~binaphthvi); Boc (feré-butoxycarbonyl);

8
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{Cbz {carbobenzvioxy); dba (dibenzyvhidencacctone); DCC (1, 3~dicvclohexvicarbodunude); DCE
{1,1-dichlorocthane); DUM (dichloromethane);, DIPEA (N N-dusopropvicthylamine, Himig's
Base), DMA (N N-dimethvlacetanude); DMAP {(4-dimethviammopvyridine); DME (1,2-
dimcthoxvethane);, DME (V. N-dumethyviformanude);, DMSO (dimethylsulfoxade): dppf (1,1'-
bis{diphenyiphosphunoerrocene), DTT {(dithuothrestol);, ECse (effective concentration at half
maximal response}; EDA {cthoxylated dodecyl alcohol, BRUI® 35); EDC (N-(3-
dimethviamiopropyi)-N -ethvicarbodiimide), ED'TA {ethvicnedianuncictraacetic acid}; ¢
{cnantiomeric excess); g {cquivalents); Et (ethvl); BN (tnethvi-amine); EtOAc {cthvl acetate);
EtOH {(ethanol), HATU (2-(3H-]1,2 3ltnazolof4,5-blpvridin-3-yi}~1, 1.3 3-tetramethyiuronium
hexafluorophosphate{V}); HEPES (4-(2-hydroxyethyvlpiperazing-1-¢thanesulfonic acid}; HOAc¢
{acctic acid); HOBt (1H-benzoldi|l, 2.3 trtazol-1-0l}; I{se {concentration at 30% mhibition);
{PA (1sopropanol); iPrOAc (isopropyl acetate); IPE (sopropyiether); Ki {miubition constant;
concentration of a competing higand n a competition assay which would occupy 30% of the
receptors if no higand were present), LDA (ithram disopropyviamide ), LIHMDS (lithium
bis(tnmethvisilvDamide ), mCPBA {(m-~chloroperoxybenzoic acid); Me (methvl);, McOH
{methanol); MTBE (methyl ferf-butyi cther); mp (melting pomt); NaOr-Bu (sodwm terhiary
butoxide); NMM (N-methvimorpholine); NMP (N-methvi-pyrrolidone);, O'TT (triflate); PE
{petroleum ether); Ph (phenvyl}; pECse (-logio{ECs0), where ECso 15 given 1 molar (M) units);
plCso {(~-logio{1Cs0), where 150 15 given in molar (M) units); Pr (propvi); ¢-Pr {cyclopropvl}, 7-Pr
(isopropvi}; PTFE (polytetrafluorocthylene); RT (room temperature, approximately 20°C (o
25°Cy; T3P (2.4.6-tnipropvl-1,3.5.2. 4, 6-trioxatriphosphinane 2,4, 6-trioxade); TCEP {fris(2-
carboxyethviipbosphine}, THFA {(tnfluorcacctic acid), TH¥AA (2,2, 2-tnfluoroacetic anhvdnde);
THF (tetrahvdrofuran); TMEDA (N VLN N-tetramethylethane-~1, 2-dianune); TMS
{trimethvisilyvi), and Tns buffer (2-ammo-2-hydroxymethvi-propane-1,3-diol bulfer}.

iL. COMPOSITIONS OF THE INVENTION
{00411 As described, below, thus disclosure concerns a compound of Formula 1 and s
pharmmaceutically acceptable salts. This disclosure also concems matenals and methods for
preparing the compound of Formulda 1, pharmaceutical compositions which contamn i, and the
use of the compound of Formula 1 and 1ts pharmaceutically acceptable salts {optionally mn
combination with other pharmacologically active agents) for treating diseases, disorders or
conditions of the CNS, mcludimg Parkinson s discase, and other diseases, disorders or conditions

associated with GPR6.
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10642] 'The compound of Formula | may exist as a salt, compiex, solvate, hydrate, and liquid
crystal, Likewise, a salt of the compound of Formula 1 may exast as a complex, solvate, hydrate,
and hiqud crystal.

{3343] The compound of Formula 1 mayv form a pharmaccuticaliv acceptable salt. These salts
mclude acid addition salts (including di-acids) and base salts. Pharmaceutically acceptable acid
addition salts may include salts denved from morganic acids such as hydrochloric acid, nmitric
acid, phosphoric acid, sulfunc acid, hydrobromic acid, hvdrowodic actd, hyvdrotluornie acid, and
phosphorous acids, as well nontoxic salts denived from organic acids, such as aliphatic mono-
and dicarboxylic acids, phenvi-substituted alkanoic acids, hydroxy alkanoic acids, alkanedioic
acids, aromatic acids, aliphatic and aromatic sulfomc acids, etc Such salts may include acctate,
adipate, aspartate, benzoate, besviate, bicarbonate, carbonate, bisulfate, suliate, borate,
camsviate, cifrate, cyclamate, cdisviate, esviate, formate, fumarate, ghuceptate, gluconate,
glucuronate, hexathuorophosphate, hibenzate, hydrochlonde/chionde, hvdrobromide/bromude,
hydrotodide/iodide, 1sethionate, lactate, malate, maleate, malonate, mesvlate, methvisulfate,
naphthvlate, 2-napsyiate, micotinate, nitrate, orotate, oxalate, palmaitate, pamoate, phosphate,
hydrogen phosphate, dihvdrogen phosphate, pyvroghitamate, saccharate, stearate, succinate,
tannate, tartrate, tosvlate, tnfluoroacetate and ximotoate salts.

180044} Pharmaceutically acceptable base salts may include salis derived from bases, including
metal cations, such as an alkali or alkaline carth metal cation, as well as amines. Exampics of
suttable metal cations mayv mclude sodium, potassiim, magnesium, calcium, zing, and
aluminum. Examples of suitable amines may include arginine, NN -dibenzyicthyiencdiamine,
chloroprocame, choline, dicthyianune, dicthanolanune, dicyclohexyiamine, ethvienedianune,
chvcme, lvsine, N-methviglucamine, olanune, 2-amino-Z2-hyvdroxymethvi-propane-1,3-diol, and
procaine. For a discussion of yseful acid addition and base salts, sec, 5. M. Berge et al., J.
Pharm. Sci. (19773 66:1-19; sce also Stahl and Wermuth, Handbook of Fharmaceutical Salis:
Properties, Seiection, and Use {2002}, both of which are hereby mcorporated by referenece in
thew enfireties.

{3345] Pharmaccutically acceptable salts may be preparced using various methods. For
example, a compound of Formula | mayv be reacted with an appropriate acid or base 1o give the
desred salt. Alternatively, a precursor of the compound of Fornuila 1 may be reacted with an
acid or base to remove an acid- or base-labile protecting group or to open a lactone or lactam
oroup of the precursor. Additionally, a salt of the compound of Formula 1 may be converted to
another salt {or iree form} through treatment with an appropnate acid or base or through contact
with an 1on exchange resmn. Following reaction, the salt may be 1solated by filtration i it
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precipitates from sohufion, or by evaporation to recover the salt. The degree of 1onization of the
salt may vary from completely 1onized to alimost non-1onized.

8046 The compound of Formula 1 mav exist i a continuum of solid states ranging from
fullv amorphous to fullv crystalline. The term “amorphous™ refers o a state 1 which the
matenal lacks long range order at the molecular level and, dependimg upon temperature, may
gxhibit the physical propertics of a solid or a hguid. Typically, such matenals do not give
distinctive X-ray diffraction patterns and, while exhibiting the propertics of a solid, are more
tormally described as a higuid. Upon heating, a change from solid to hquid properties occurs
which 1s characterized by a change of state, typically second order (glass transition™). The term
“erystalling” refers to a solid phase m whach the matenal has a regular ordered mtemal struchure
at the molecular level and gives a distinctive X-ray diffraction pattemn with defined peaks. Such
materials when heated sutticiently will also exiubit the properties of a higuid, but the change
from solid to higuid 15 charactenzed by a phase change, typically first order ("melting pomnt™).
{33471 'The compound of Formula | may also exust i unsolvated and solvated forms. The
tcrm “solvate” describes a molecular complex comprising the compound and one or more
pharmaceutically acceptable solvent molecules {€.g., ¢thanol). The term “hvdrate™ 1s a solvate in
which the solvent 1s water. Pharmacentically acceptable solvates melhude those m which the
solvent may be isotopically substituted (¢.g.. 320, acetone-ds, DMSO-ds).

{00481 A currently accepted classification system for solvates and hvdrates of organic
compounds 15 one that distinguishes between solated site, channel, and metal-ion coordinated
solvates and bydrates. See, e.g.. K. R Morris (H. . Brdtain ed.} Polyvmorphism in
Pharmaceurical Solids (19935), whach 1s hereby incorporated by reference in its entirety. Isolated
site solvates and hydrates are ones i which the solvent {¢.g., water) molecules are 1solated from
direct contact with cach other by intervening molecules of the organic compound. In channel
solvates, the solvent molecules lie m lattice channels where thev are next to other solvent
maoiccules. In metal-ton coordinated solvates, the solvent molecules are bonded to the metal ion.
{0049] When the solvent or water 1s tightly bound, the complex will have a well-define
stoichiometry independent of humidity. When, however, the solvent or water 15 weakly bound,
as in channel solvates and 10 hvgroscopic compounds, the water or sclvent content will depend
on humidity and dryimg conditions. In such cases, non-stoichiometry will typically be obsecrved.
{6050 The compound of Formula | may also exist as a multi-component complex {other than
salts and solvates) m which the compound {drug} and at lcast one other component are present 1o
stoichiometric or non-stoichiometric amounts. Complexes of this type mclude clathrates {drug-

host mclusion complexes) and co-crvstals. The latter are tvpically defined as crystailine
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compliexcs of neutral molecular constituents which are bound together through non-covalent
interactions but could also be a complex of a neutral molecule with a salt. Co-crystals may be
prepared by melt crvstallization, by recryvstallization from solvents, or by physically grmding the
components together. See, ¢.g., O. Almarsson and M. J. Zaworotko, Chem. Commun. (2004}
17:1889-1896, whach 1s hereby mcorporated by reference m its entivety. For a general review of
multi-component complexes, sce J. K. Halebhan, J Priarm. Sci. {1975} 64(8):1269-88, which is
hereby incorporated by reference 1n ifs entirety.

{66511  When subjected to suttable conditions, the compound of Formula | mav exastin a
mesomorphic state (mesophase or hguid crvstal}. The mesomorphic state hies between the frue
crystalline state and the true ligund state (etther melt or solution}. Mesomorphism arising as the
result of a change m temperature 1s described as “thermotropic” and mesomorphism resulting
from the addition of a second component, such as water or another solvent, 15 descnibed as
“lyotropic.” Compounds that have the potential to form lyotropic mesophases are described as
“amphiphilic” and mclude molecules which possess a polar wonic moiety

(c.g.. ~-COONa", -COOK™, -S05 Na™) or polar non-tonic moiety (such as -N NT{THs)3). See,
¢c.g.. N, H. Hartshome and A. Stuart, Crystals and the Polarizing Microscope {(4th ed, 1970),
which 1s hereby mncorporated by reference i s entirety.

63521 'The compound of Formula 1 mav exast as polymorphs. may be isotopicallv-labeled.
may resuit from the adnunistration ot a prodrug, or may form a metabolite following
admnistration.

{33531 “Prodrugs™ refer to compounds having hittle or no pharmacological activity that can,
when metabolized iz vivo, undergo conversion to compounds having desired pharmacological
activity. Prodrugs mav be prepared by replacing appropriate functionalities present n
pharmacologically active compounds with “pro-moitefies” as described, for exampie, in

H. Bundgaar, Design of Prodrugs (1985), which 1s hereby mcorporated by reference m s
cnttrety. Examples of prodrugs mclude ester, ether or anude denvatives of the compound of
Formula | having carboxyhic acid, hvdroxy, or anmuno functional groups, respectively, For
further discussions of prodrugs, see ¢.¢g.. T. Higucht and V. Stella "Pro-drugs as Novel Dehvery
systems, ACS Symposium Series 14 (1973 and E. B. Roche ed., Bioreversible Carriers in
Drug Design (1987), each of which 1s hereby incorporated by reference m its entivety.

{6054 “Metabolites” refer to compounds formed in vivo upon administration of
pharmacologically active compounds. Examples mclude hvdroxymethvl, hyvdroxy, secondary

aming, prunary amino, phenol, and carboxviic acid denvatives of the compound of Formula |
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having methvi, alkoxy, tertiary amino, secondary anuno, phenvl, and amide groups,
respectively.
8055] The compound of Formula I may possess 1sotopic variations, 1 which at icast one
atom 1s replaced by an atom having the same atomic number, but an atomic mass ditterent from
the atomic mass usually found m nature. Isotopes suitable for inclusion m the compound of
Formula 1 mnclude, for example, 1sotopes of hydrogen, such as “H and “H; 1sotopes of carbon,
such astC. C and “C; isotopes of nitrogen, such asN and °N; isotopes of oxvgen, such as
PO, YO and °0; and 1sotopes of fluorine, such as °F. Use of isotopic variations {(¢.g.,
deuterium, “H) may afford certain therapeutic advantages resulting from greater metabolic
stability, for example, mncreased in vive halt-life or reduced dosage requurements. Additionally,
certamn isotopic variations of the disclosed compounds may incorporate a radioactive 1sotope
{c.g., tritium, “H, or “C), which may be useful in drug and/or substrate tissue distrtbution
studies. Substitution with positron emitting i1sotopes, such as ‘1T, *°F, 0 and PN, may be useful
in Posttron Emission Topography {PET) studies for examining substrate receptor occupancy.
Isotopicallv-labeled compounds may be prepared by processes analogous o those described
clsewhere in the disclosure using an appropnate 1sotopicallv-labeled reagent i place of a non-
labeled reagent.

i, METHODS OF MAKING THE COMPOSITION OF THE INVENTION

{0G56] The compound of Formula | mav be prepared using the technigques described below.
some of the schemes and examples may omt detads of common reactions, including oxadations,
reductions, and so on, separation techniques {(extraction, evaporation, precipitation,
chromatography, filtration, trituration, crvstailization, and the like), and analyviical procedures,
which are known to persons of ordinary skill 1n the art of organic chenustry. The details of such
reactions and technigues can be found 1n a number of treatises, mchiding Richard Larock,
Comprenensive Organic {ransformations {1999} and the multi-volume series edited by Michael
B. Snuth and others, Compendium of Crganic Synithetic Methods (1974 et seq.}, cach of which 1s
hereby mcorporated by reference 1 its enfirety. Starfing matenals and reagents may be obtamed
from commercial sources or may be prepared using hiterature methods. Some of the reaction
schemes may omit minor products resulting from chemical transtormations {¢.g., an aicohol
from the hydrolysis of an ester, COz trom the decarboxviation of a di-acid, efc.). In addition, in
some mnstances, reaction mtermediates may be used i subsequent steps without solation or
purnification (1.c., 7 sifu).

{OG57] In some of the reaction schemes and cxampies below, certamn compounds can be

prepared using profecting groups, which prevent undesirable chemical reaction at otherwise
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reactive sites. Protecting groups mayv aiso be used to cnhance solubiiity or otherwise modify
physical propertics of a compound. For a discussion of protecting group strategies, a descrniption
of matenals and methods for mstaliing and removing protecting groups, and a compilation of
usctul protecting groups for common functional groups. mcluding aminges, carboxyhic acids,
alcohols, ketones, aldehvdes, and so on, see T. W. Greene and P. G, Wults; FProfective Groups in
Oroanic Chemistry, 3% edition; John Wileyv & Sons, Inc.; New York (1999) and P. Kocienski,
Frotective Groups, Georg Thieme, dtutteart (2000}, each of which 18 hereby incorporated by
reference n s eniirety.

100581  Generally, the chenucal transformations described throughout the specification may be
carried out using substantially stoichiometric amounts of reactants, though certam reactions may
benefit from usimg an excess of onc or more of the reactants. Additionally, manv of the reactions
disciosed throughout the specification may be carned out at about room temperature (R1) and
ambicnt pressure, but depending on reaction kinetics, vields, and so on, some reactions may be
run at elevated pressures or employ higher temperatures {¢.g., reflux conditions} or lower
temperatures {¢.g., -78°C to 07C}). Any reference n the discilosure and claims to a stoichiometric
range, a temperature range, a pH range, ctc., whether or not expressly using the word “range,”
also includes the mndicated endpomis.

10059 Many of the chemical transformations may alsc cmploy one or more compatible
solvents, which mav influence the reaction rate and vicld. Depending on the nature of the
reactants, the one or more solvents may be polar protic solvents (inclading water), polar aprotic
solvents, non-polar solvents, or some combination. Representative solvents mchude saturated
aliphatic hydrocarbons {¢.g., n-pentane. n-hexane, n-heptane, #-octane, cyclchexane,
methvicvelohexane), aromatic hydrocarbons (.2, benzene, toluene, xylenes); halogenated
hydrocarbons {e.g., methylene chionde, chloroform, carbon tetrachioride}; aliphatic alcohols
{¢c.g., methanol, ethanol, propan-1-ol. propan-2-ol, butan-1-ol, 2-methyi-propan-1-ol. butan-2-ol,
2-methyl~-propan-Z2-ol, pentan-1i-ol, 3-methyi-butan-i-ol, hexan-1-ol, Z-methoxy-cthanol, 2-
cthoxy-~-¢thanol, 2-butoxyv-ethanol, 2-(Z-methoxy-ethoxvy}-ethanol, 2-{2-¢thoxy~ethoxy}-ethanol,
2-(2-butoxy-¢cthoxvi-cthanol}, cthers {¢.g., diethyl cther, di-isopropyl ether, dibutyl ether, 1,2-
dimethoxy-cthane, 1.2-dicthoxy-ethane, 1-methoxy-2-(2-methoxy-ethoxy}-cthane, 1-ethoxy-2-
{Z2-cthoxy~ethoxy)-¢cthane, tetrabydrofuran, 1 4-dioxane); ketones {¢.g., acetone, methvl ethyi
ketone ), esters {mcethyl acctate, ethyl acetale); nitrogen-contamning solvents {¢.g., formamide,

N N-dimethylformamide, acetonitrile, N-methyl-pyrrolidone, pyridine, quunoling, nitrobenzene}):
suttur-containng solvents {€.g., carbon disulitde, dimethvl sulfoxide, tetrabhydro-thiophene-1,1.-

dioxade); and phosphorus-contaiming solvents {¢.g., hexamethviphosphoric tnanude).
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iV, FORMULATIONS AND ADMINISTRATION
60648 The compound of Formula |, which mcludes its pharmaceutically acceptable
complexes, salts, solvates and hvdrates, should be assessed for biopharmaceutical properties,
such as solubiiitv and solution stability across pH, permeability, and the hike, 1o select an
appropriate dosage form and route of adnunistration. A compound intended for pharmaceutical
use may be adnmnistered as a crystalline or amorphous product, and may be obtamed, for
exampie. as sohd plugs, powders, or films by methods such as precipitation, crystallization,
trecze drving, spray drving, cvaporative dryving, microwave drying, or radio frequency drving.
00661} The compound of Formula | may be admnistered alone or in combination with ong or
more pharmacologically active compounds. Generally, one or more of these compounds are
admumstered as a pharmaceutical composttion {3 formulation} 1n association with one or morg
pharmaceutically acceptable excipients. The choiwce of excipicnts depends on the particular mode
of admunistraiion, the ettect of the excipient on solubihity and stability, and the natire of the
dosage form, among other things. Uschul pharmaceutical compositions and methods for their
preparation may be found, for example, in A. R. Gennaro {(ed.), Remington: {he Science and
Practice of Pharmacy (20th ed., 2000}
8662} 'The compound of Formula 1 may be admnistered orally. Oral admmastration may
mvolve swallowing in which case the compound eniers the bloodstream via the gastromiestinal
tract. Altematively or additionally, oral adnunistration may mvoive mucosal administration
{e.g., buccal, sublingual, supralingual administration} such that the compound cnicrs the
bloodstream through the oral mucosa.
{06631  Formulations surtable for oral adnunistration include solid, senmui-solid and higuid
systems such as tablets; soft or hard capsules contaming multi- or nano-particulates, hagwds, or
powders; lozenges which may be higund-filled; chews: gels: fast dispersing dosage forms; films;
ovuies; spravs: and buccal or mucoadhesive patches. Liquid formulations mclude suspensions,
solutions, svrups and chxirs. Such formulations may be empioved as fillers 1o soft or hard
capsules {(made, ¢.g., from gelatin or hyvdroxypropyvimethyliceliulose) and tvpically comprnise a
carricr {¢.g., water, ethanol, polyethviene glveol, propyiene glycol, methyvicellulose, or a suitable
o1ty and one or more ennudsifying agents, suspending agents or both. Liquid formulations may
also be prepared by the reconstitution of a solid {¢.g.. from a sachet).
8664} 'The compound of Formula I may also be used i fast-dissolving, fast-disintegrating
dosage forms such as those descnbed m Liang and Chen, Fxpert OUpinion in 1herapeutic Patents

(2001} 11(6):981-986, which 1s hereby incorporated by reference n ifs entirety.
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{0065] For tablet dosage forms, depending on dose, the active pbarmaceutical mgredient (AP
may comprise from about [ wi% to about 80 witYs of the dosage form or more tvpically from
about 5 wi% to about 60 wit% of the dosage form. In addition to the AP, tablets may include
on¢ or more disintegrants, binders, diluents, surtactants, giidants, lubricants, anfi-oxidants,
colorants, flavoring agents, preservatives, and faste-masking agents. Examples of disintegrants
include sodium starch glveolate, sodium carboxymethyl cellulose, calcium carboxymethyvl
celiulose, croscarmellose sodiom, crospovidone, polyvinyipvrrolidone, methyi cellulose,
microcrystaliine cellulose, ¢ alkvi-substituted hyvdroxvpropviceliulose, starch, pregelatinized
starch, and sodium algmate. Generally, the disintegrant will comprnise from about | wt% 1o about
25 wit¥ or from about 5 wi% to about 20 wi% of the dosage form.

80661 Binders arc generally used to impart cohesive qualitics to a tablet formulation. Surtable
bmders mclude microcrystaliine cellulose, gelatin, sugars, polvethviene glveol, natural and
synthetic gums, polyvvinvipyrrolidone, pregelatinized starch, hvdroxypropvlcelluiose and
hydroxypropyimethvlceliulose. Tablets may also contain diluents, such as lactose {monochydrate,
spray-dricd monohydrate, anhvdrous), manmtol, xviitol, dextrose, sucrose, sorbitol,
microcrystalime cellulose, starch and dibasic calcium phosphate dihydrate.

{6067} Tablets may also mnclude surface active agents, such as sodiom lauryl sultate and
polysorbate 80, and glidants such as silicon dioxude and talc. When present. surface active
agents mav comprise from about 0.2 witVs to about 3 wils of the tablet, and glidants may
comprisc from about 0.2 wi% to about 1 wit% of the tablet.

{3368] 'Tablets may also contain lubricants such as magnesnum stearate, calcium stearate, zmge
stearate, sodwum stearvi tumarate, and nuxtures of magnesium stearate with sodium laurvi
sulfate. Lubricants mav comprise from about .25 wi% 1o about 10 wt% or from about 0.5 wt%
to about 3 wi% of the tablet.

{6669] Tablet blends may be compressed directly or by roller compaction to form tablets.
Tablet blends or portions of biends may altematively be wet-, dry-, or melt-granuiated, melt
congealed, or extruded before tableting. I desired, prior to blending one or more of the
components may be sized by screemng or miulling or both. The final dosage form may comprise
one or more lavers and may be coated, uncoated, or encapsulated. Exemplary tablets may
contam up to about 80 wi% of AP1, from about 10 wi% to about Y0 wi¥s of binder, from about

0 wt% to about 83 wit% of diluent, from about 2 wi% to about 10 wi% of dismntegrant, and from
about 0.235 wi% to about 10 wt% of lubricant. For a discussion of blending. granulation, milling,
screening, tableting, coating, as well as a description of alternative technques for preparnng drug
products, see A. R. Gennaro {ed.), Remington: The Science and Practice of Pharmacy {20th ¢
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2000} H. A. Licherman ¢t al. (ed.), Pharmaceutical Dosage Forms: Tablets, Vol 1-3 (2d ed.,
1990}, and D, K. Pankh & €. K. Pankh, Handbook of Pharmaceutical Granulation Technology,
Vol 81 {1997}, cach of which 1s hercby mcorporated by reference i (s entirety .

{6G78] Consumable oral films for buman or veteninary usc are pliabic water-sotubie or water-
swellable thin film dosage forms which may be rapidly dissolving or mucoadhesive. In addition
to the APIL a tvpical film mcludes one or more iilm-forming polymers, binders, solvents,
humectants, plasticizers, stabilizers or emulsifiers, viscositv-modifyving agents, and solvents.
Uther film meredients may include anti-oxidants, colorants, flavorants and tlavor enhancers,
preservatives, salivary stunulating agents, cooling agents, co-solvents (ncluding oils),
cmollients, bulking agents, anti-foaming agents, surtactants, and taste-masking agents. Some
components of the formulation may pertorm more than one function.

{66711 In addition to dosing requirements, the amount of AP in the film may depend on ifs
solubthity . I water solable, the AP would typically compnise from about 1 wit% to about

30 wit% of the non-solvent components {(solutes) in the film or from about 20 wit% to about

50 wt% of the solutes 1o the film. A less soluble API may comprise a greater proportion of the
composition, typically up 1o about 88 wi% of the non-solvent components in the film.

86721 The film-forming polymer may be selected from nataral polysacchandes, proteins, or
synthetic bydrocolloids and typically comprises from about .01 wit to about 99 wts or from
about 30 wibe to about 80 wi% of the fim.

0073 Film dosage forms are typically prepared by evaporative drving of thin agucous films
coated onto a peclable backing support or paper, which may be carried out 1 a dryving oven or
tunnel {€.2., 1n a combined coating-drving apparatus), in lvophilization equipment, or i a
Vacuum oven.

{6074] Usctul solid formulations for oral adnunistration may include timmediate release
formulations and modified release tormulations. Modified release formulations mclude delaved-,
sustained-, pulsed-, controlied-, targeted-, and programmed-release. For a general description of
suttable modified release tormulations, see U.S. patent 6,106,864, whach 1s hereby mcorporated
by reference m 1ts entirety. For details of other useful release technologies, such as high encrgy
dispersions and osmotic and coated particles, see, Verma et al, Pharmaceutical Technology (n-
fine (2001) 25(2): 1-14, which 1s hereby incorporated by reference 1 1ts entirety.

{6875] The compound of Formula | may also be admimstered directly into the blood stream,
muyscle, or an mtemal organ of the subject. Surtable technigues for parenteral adnunistration
mciude mtravenous, intraartenal, intraperttoneal, itrathecal, intraventricular, mtraurcthral,

mtrastemal, mtracramal, mtramuscular, mitrasynovial, and subcutancous adnunistration. Suitable
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devices for parenteral adnunistration mclude needle myectors, mcluding microncedic uyectors,
needle~iree ectors, and miusion devices.

{6076] Parenteral formulations are typically agucous solutions which may contain excipients
such as salts, carbohvdrates and buffering agents {¢.g., pH of from about 3 to about 9). For some
applications, however, the compound of Formula 1 may be more suitably formulated as a stenle
non-agquecus solution or as a dried form to be used m conjunction with a suitable vehicle such as
stertle, pyrogen-tree water. The preparation of parenteral formulations under sterile conditions
{c.g.. by lyophilization} may be readily accomplished using standard pharmaceutical techniques.
60771  The solubility of compounds which are used m the preparation of parenteral solutions
may be mereased through appropriate formulation techmguoes, such as the meorporation of
solubility-enhancing agents. Formulations for parenteral administration may be formulated to be
mmmediate or modificd relecase. Modificd reicase tormulations mclude delaved, sustained,
pulsed, controlied, targeted, and programimed relcase. Thus, the compound of Formula 1 may be
tornmulated as a suspenston, a solid, a semi~-solid, or a thixotropic liguid for admimisiration as an
implanted depot providing modified release of the active compound. Examples of such
tormulations mcelude drug-coated stents and semi-solids and suspensions comprising drug-
icaded poly{DL-lactic-coglveolicjacid (PGLA)Y microspheres.

{6678} 'The compound of Formula I may also be administered topically, mntradermally, or
transdermally to the skin or mucosa. Typical formulations for this purpose inchude gels,
hydrogels, lotions, solations, creams, omiments, dusting powders, dressings, foams, films, skin
patches, walers, implants, sponges. fibers, bandages and nucroemulsions. Liposomes may also
be used. Typical carriers may include alcohol, water, muneral o, hiquid petrolatum, white
petrolatum, glveerin, polvethvlene glycol and propviene glveol. Topical formulations may also
inchide penetration enhancers. Sec, e.g., Finnin and Morgan, J Pharm. Sci. 88(1{}:955-938
{1999}, which 1s hereby incorporated by reference m s entirety.

{6G79]  Uther means of topical administration include delivery by electroporation,
wntophoresis, phonophoresis, sonophoresis and nucrongedie or needle~free (e.g.
POWDERIJECT™ and BICIECT™) mjection. Formulations for topical administration may be
tormulated to be tmmediate or modificd release as described above.

06840} 'The compound of Formula | may also be admumstered miranasally or by inhalation,
tvpically n the form of a dry powder, an acrosol spray, or nasal drops. An mhaler may be used
to admnister the dry powder, which comprises the AP alone, a powder blend of the AP and a
diluent, such as lactose, or a nuxed component particic that mchides the AP{ and a phospholipid,
such as phosphatidylicholine. For mtranasal use, the powder may include a bioadhesive agent,
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¢.g., chitosan or cyclodextnin. A pressurized contamer, pump, sprayer, atomizer, or nebulizer,
may be used to generate the acrosol spray from a solution or suspension compnsing the APL one
or more agents for dispersing, solubilizing, or exiending the release of the APl {e.g., EtOH with
or without water), one or more solvents (e.z.. 1.1.1,2~t¢ctratluorocthanc or 1,1,1,2.3,3,3-
heptatlvoropropane) which serve as a propellant, and an optional surtactant, such as sorbitan
trioleate, oleic acid, or an ohgolactic acid. An atomizer usmg electrohvdrodyvnamics may be
used to produce a fine mist.

{60681]  Pror to use 1 a dry powder or suspension formulation, the drug product 1s usually
comminuted to a particle size switable for debivery by mhalation (tvpically 90% of the parficles,
based on volume, having a largest dimension less than 5 mucrons). This may be achieved by any
appropriate size reduction method, such as spiral et nmiiling, fluid bed jet mulling, supercritical
fluid processing, high pressure homogenization, or spray diving.

0082] Capsules, blisters and cartndges {(made, for example, from gelatin or
hydroxypropvimethvl cellulose) for use in an mhaler or wsufilator may be formulated to contain
a powder muxture of the active compound, a suitable powder base such as lactose or starch, and
a pertormance moditier such as L-leucine, mannitol, or magnesium stearate. The lactose mayv be
anthydrous or monohydrated. Other saitable excipients include dextran, glucose, maltose,
sorbitol, xyhitol, fructose, sucrose, and trehalose.

{80831 A suitabic solution formwulation for use i an atomizer using electrohvdrodynamics o
produce a fing mist may contain from about 1 pg to about 20 mg of the API per actuation and
the actuation volume may vary from about 1 ub to about 100 . A typical tormulation may
comprise the compound of Formula 1, propviene glyceol, stenle water, EtOH, and Na(Cl,
Alternative solvents, which may be used instead of propvlene giycol, mclude glycerol and
polvethvlene glveol,

{60084} Formulations for mhaled admunistration, intranasal admimstration, or both, may be
formulated to be mmmediate or modified release using, for example, PGLA. Suitable flavors,
such as menthol and levomenthol, or sweeteners, such as saccharin or soduum saccharn, may be
added to tornmilations mtended for inhaled/mtranasal admimstration.

{30385]  In the case of dry powder inbalers and aerosols, the dosage unit 1s determuned by
means of a valve that debivers a metered amount. Units are tvpically arranged to admimster a
metered dose or “putt” containing from about 10 pg to about 1000 ug of the APL The overall
daily dose will typically range from about | mg/kg to about 560 me/ke which may be

admuustered in a singic dose or, more usually, as divided doses throughout the day.
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{0086] The active compounds may be admunistered rectally or vagmally, ¢.g., in the form of a
suppository, pessary, or enema. {Cocoa butter 15 a traditional suppostiory base, but vanous
alternatives may be used as appropriate. Formulations for rectal or vaginal adounistration may
be formulated to be immediate or modified relcase as descrnibed above.

{30871  'The compound of Formula | mav also be adoumnistered directly to the eye or ear,
typicatly m the torm of drops of @ mucromzed suspension or solution m 1sotonte, pH-adjusted,
stertie saline. Other tormulations suitable for ocular and aural administrafion mclude omntments,
gels, biodegradable implants {¢.g. absorbable gel sponges, collagen), non-biodegradable
implants (¢.g. sihicong), wafers, lenses, and particulate or vesicular systems, such as miosomes or
hposomes. The formulation may mchiude one or more polymers and a preservative, such as
benzalkonium chlonde. Typical polyvmers mchide crossed-linked polyacrylic acid.
polyvinviaicohol, hvaluronic acid, cellulosic polvmers {¢.g., hvdroxypropvimethvicelhulose,
hydroxyethvicelulose, methvl cellulose}, and heteropolysaccharide polymers {¢.g., gelan gum}.
Such formulations may also be delivered by 1ontophoresis. Formulations for ocular or aural
adounistration may be formulated to be imumediate or modified release as described above.
{6088] To mmprove their solubility, dissolution rate, taste-masking, bioavailability, or stability,
the compound of Formula 1 may be combmed with sohuble macromolecalar entities, including
cvelodextrin and s dertvatives and polyethylence glycol-containing polymers. For example,
APl-cvclodextnn complexes are generally uschul for most dosage forms and routes of
admunistration. Both mclusion and non-inclusion complexes may be used. As an alternative 10
direct complexation with the APL the cvelodexirin may be used as an auxihary additive, 1.¢. as a
carnier, diluent, or solubilizer. Alpha-, beta- and gamma-cvciodextnins are commonly used tor
these purposes. See, e.g., WO YI/11172, WO 94/02518, and WO 98/55148, cach of which 13
hereby mcorporated by reference m its entirety.

{6089] As noted above, the compound of Formula 1. including its pharmaceutically acceptable
complexes, salts, solvates and hydrates, may be combined with one or morc other active
pharmaceutically active compounds o treat various diseases, disorders, and conditions. In suc
cases, the active compounds may be combined 1n a single dosage form as described above or
may be provided 1 the torm of a kit which 1s surtable for coadmimstration of the compositions.
The kat compnises (1) two or more ditterent pharmaceutical compositions, at least one of which
contains the compound of Formula 1 and {2} a device for separately retamning the two
pharmaceutical compositions, such as a divided bottle or a divided toil packet. An examplie of
such a kat 1s the famihiar blister pack used for the packagimng ot tablets or capsules. The kit 1s
suttable tor adnunistering diticrent tvpes of dosage forms {¢.g., oral and parenicral) or for
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adnunisicring different pharmaceutical compositions at separate dosing mtcrvals, or for titrating
the different pharmaceutical compositions agamst one another, To assist with patient
compliance, the kit typrcally comprises directions for administration and may be provided with a
memaory aid.

{3090]  For admuustration to human patients, the total daily dose of the claumed compound 1s
typieally m the range of about a range of about 0.1 mg/kg to about 1.0 mg/kg or about 0.5 mg/kg
to about 5.0 mg/kg. In certain embodiments, the compound or pharmaceutically acceptable salt
is administered at a dose withun the range of about 40 mg/kg to about 60 mg/ke. In certain
cmbodiments, the compound of Formula 1 or a pharmaceutically acceptable salt thereot
admnistered m the method described herein 18 admiumsicred at a dose selected from a range
the group consisting of: about 5 mg/kg to about 15 mg/kg. about 10 meg/ks to about 20 mg/ks.
about 13 mg/ke fo about 25 mg/ke, about 20 to about 30 mg/ke, about 25 mg/kg to about 33
mg/kg, about 30 mg/kg 16 about 40 mg/kg, about 35 mg/kg to about 43 mg/ke, and about 45
mg/ke to about 55 me/ke. In certain embodiments, the dose 1s in a range selected from the group
consisting of: about 30 mg/kg to about 40 mg/ke, about 35 mg/kg to about 45 mg/kg, about 40
mg/Kg to about 530 mg/kg, about 45 mg/kg to about 55 mg/kg, about 50 mg/kg to about 60
mg/kg. about 535 mg/kg to about 65 mg/kg, and about 60 mg/kg to about 70 mg/ke. In certain
cmbodiments, the dose may be about 50 mg/ke. In certam embodiments, the dose 1s greater than
about 1 mg/ke. In certain ermmbodiments, the dose 1s about 1 mg/kg. In certain embodiments, the
dose 1s within a range sclected from the group consisting of: about 50 mg/kg to about 100
mg/ke, about 100 mg/kg to about 150 mg/kg, about 150 me/kg to about 200 me/kg, about 200
mg/Kg to about 250 mg/ke, about 250 mg/kg to about 350 mg/kg, about 300 mg/kg to about 350
mg/kg, about 350 mg/kg to about 400 mg/kg, about 400 mg/kg to about 450 mg/kg, about 450
mg/kg to about 300 mg/g. In certam embodiments, the dose 15 about 500 mg/kg. Alternatively,
the dose 1s less than 500 me/ks.

6091]  In certain embodiments, the dose 1s 35 meg/kg. In certain embodiments, the dose is 36
mg/kg. In certain embodiments, the dose 15 37 mg/kg. In certain embodiments, the dose 15 38
mg/kg. In certain embodiments, the dose 18 39 mg/kg. In certann embodiments, the dose 15 40
mg/ke. In certain embodiments, the dose is 41 mg/ke. In certain embodiments, the dose is 42
mg/kg. In certamn embodiments, the dose 1s 43 mg/ke. In certain embodiments, the dose 1s 44
mg/kg. In certain embodiments, the dose 1s 45 mg/kg. In certain embodiments, the dose 15 46
meg/kg. In certain embodiments, the dose 1s 47 mg/kg. In certain embodiments, the dose 1s 48
mg/kg. In certain embodiments, the dose 1s 49 mg/ks. In certam embodiments, the dose 15 30

mg/kg. In certain embodiments, the dose 15 31 mg/kg. In certain embodiments, the dose 15 32
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mg/ke. In certain cmbodiments, the dose 1s 53 mg/ke. In certain embodiments, the dose 1s 54
mg/kg. In certamn embodiments, the dose 1s 55 mg/ke. In certam embodiments, the dose 15 56
meg/kg. In certain embodiments, the dose 1s 37 mg/kg. In certain embodiments, the dose 1s 38
mg/kg. In certain embodiments, the dose 15 39 mg/ks. In certamn embodiments, the dose 15 60
mg/kg. In certain embodiments, the dose 1s 61 mg/kg. In certam embodiments, the dose 15 62
mg/ke. In certain embodiments, the dose 18 63 mg/ke. In certain embodiments, the dose 1s 64
mg/ke. In certain embodiments, the dose 1s 63 mg/ke. The total daily dose may be administered
in single or divided doses and, at the physician's discretion, may tall outside of the typical
ranges given above, Although these dosages are based on an average human subject having a
mass of about 60 kg to about 70 kg, the physician will be able to determine the appropriate dosc
for a patient {¢.g., pediatric patient) whose mass falls cutside of this mass range.

{00921 The compound of Formula | mav be used to treat diseasces, disorders, and conditions
for which modulation of GPRS6 15 indicated. As mentioned above, antagonism or mverse
agonism of Gs-coupled GPR6 provides a tunctional altemative to dopanune-mediated activation
of 132 receptors. As such, compounds that modulate the activity of GPR6 may be usetul for
treating a vanety of neurological and psyvchiatric disorders, mcludimg movement disorders such
as Parkmson's disease, levodopa-induced dyskinesias, and Huntington’s disease, as well as drug
addiction, eating disorders, cogmitive disorders, schizophrenia, bipolar disorder. epilepsy. and
depression. in certain embodiments, the compound of Formula | improves the motoric
symptoms of a subject (o treat Parkinson’ s disease. In certain embodiments, the compound of
Formuia 1 1s included m a combination therapy with amantadine for treatment of these
disorders.

16093] The pathological hallmark of Parkinson disease 1s ncuronal cell loss within the
substantia nigra. Degencration of the mgrostnatal pathway causes reduction i the striatal
concentration of dopanune which results 1 motor and nonmotor clinical mantfestations. Many
Parkinson’'s discase paticnts are treated with levodopa, a prodrug for dopamine. Levodopa has
cornmon serous side effects mcluding mduced dyskimesia (LID), impulsive control disorders
(1CD), psychotic symptoms and sleep disturbances. LID 1s a progressive discase, with about
00% of Parkinson’s discase patients developing LID within 10 vears. Irreversible adaptations
occur i D1 receptor signaling in MSNs in rodent models of LID, including reduce
desensifization lcadmg to hypersensitivity n the direct pathway. Genetic mnactivation of Dl but
not D32 receptors abolishes LID m muce. However, blockade of B1 receptor signaling dogs not
atfect the antiparkinsomian cfficacy of levodopa. The 6-OHDA model numics many aspects of

Parkinson’s disease mcluding oss of dopamine neurotransmission and motor impairments.
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{3394] The claimed compound may be combined with one or more other pharmacologically
active compounds or therapies to treat one or more diseases, disorders or conditions assocated
with GPR6. Such combimnations may otfer significant therapeutic advantages, mchuding fower
side effects, vmproved abihity o treat underserved patient populations, or svnergistic activity. For
cxample, the compound of Formula 1, which includes its pharmaceutically acceptable
complexes, salts, solvates and hydrates, may be admunistered simultaneously, sequentially or
separately 1 combination with one or more compounds or therapies for treating movement
disorders, mciuding Parkinson s discase. These compounds mclude levodopa; DUPA
decarboxviase ihibitors such as carbidopa, benserazid, methyldopa, e~diftucromethyi~DUOFPA,
and 3'.4°)5, 7-tetrahvdroxy-8-methoxyisotlavone; dopanuine agonists, such as apomorphine
hydrochlonde, bromocripting, rotigotine, pramipexole, and ropmrole; amantading;
anticholinergics, such as trthexyphenidyl and benztropine mesviate; B-selective monoamane
oxidase (MAQO-B) imnhibitors, such as satinamde, selegiline, and rasagiling; and catechol O-
methyl transferase (COMT) mhbibitors. such as entacapone and tolcapone.

GO9S In addition o drugs used to treat movement disorders, the compound of Formula 1 may
be combined with medications used to treat Alzheimer’s disease and other discases, disorders,
and conditions atfecting cognition. Such medications melude beta-seerctase mhibitors, gamma-
secretase mhibttors, HMG-{CoA reductase mhibitors, nonsteroidal antt-inflammatory drugs
(NSAIDs, such as apazone, aspirn, celecoxib, diclofenac {with and without misoprostol),
diflunisal, ctodolac, fenoprofen, thurbiproten, tbuprotfen, indomethacin, ketoprofen,
meclofenamate sodium, mefenamic acid, meloxicam, nabumetone, naproxen, OXaprozin,
phenvibutazone, piroxicam, choline and magnesium salicylates, salsalate, and sulindac), vitamin
E, and anti-amyloid antibodies. Specific examples of compounds used to treat Alzheumer’'s
disease mehude donepezil, rivastigmine, memantine, and galantaming.

{6096} Additionally or alternatively, the compound of Formula 1 may be combined with
scdatives, hypnotics, anxiolytics, anfipsvchotics, tranguilizers, and other medications that are
used n the treatment of neurclogical or psychiatric diseases. For example, the compound of
Formula 1 may be combined with one or more agents for treating depression (antidepressants)
and/or schizophrenia {atypical or typical antipsychotics) mcluding anutriptvime, amoxapine,
artpiprazole, asenapine, bupropion, chlordiazepoxide, citalopram, chlorpromazine, clozapine,
desipramine, desvenlafaxime, doxepm, duloxeting, escitalopram, fhuoxetine, Hluoxeting,
fluphenazine, halopendol, ilopenidone, mupramine, 1socarboxazid, lamotrigine, levomiinacipran,
lurasidone, mirtazapine, ncfazodone, nortriptyling, olanzapine, paliperidone, paroxecting,
perphenazine, phenclzine, protnptyvline, quetiapime, nispendone, selegiline, sertraline,

"~y Yy
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tranvicypromune, trazodone, trimipranune, venlataxme, vilazodone, and vortioxeting, and
Ziprasidone.
60971 Likewise, the compound of Formula I may be combined with one or more agents for
treating anxiety {(anxiolytics) including benzodiazepmmes {alprazolam, chiordiazepoxade,
clobazepam, clonazepam, clorazepate, diazepam, estazolam, Hlurazepam, lorazepam, midazolam,
oxazepam, prazepam, gquazepam, temazepam, and tnazolam}, antihistanmines (hydroxyzing),
non-benzodiazepines {eszopicione, zaleplon, zolpidem, and zopiclone) and buspirone.
{6G98]  The compound of Formula | may also be combined with one or more agents tor
treating epilepsy (antiepieptics or anficonvulsants) immcludmg acetazolamide, carbamazepine,
clobazam, clonazepam, cshicarbazeping acctate, ethosuximide, gabapentin, lacosamude,
lamotrigine, levetiracetam, ndrazepam, oxcarbazepme, perampanel, piracetam, phenobarbital,
phenytoin, pregabalin, primidone, retigabine, mfinamide, sodium valproate, stiripentol,
tiagabing, opiramate, vigabatrin, and zomsamde.
BIOLOGICAL ACTIVITY
{00991 The activity of compounds as GPR6 modulators may be deternuned by a varietv of
methods, mcluding i» virro and in vivo methods,

§. fnovitro Inhibition of cAMP (F{ 50}
{6108] This cell-based assay measures the abihity of test compounds o inhibit the constitutive
cAMP activity of GPR6 receptor expressed m CHU-K | celis. CHO cells are stably expressed
with GPR6 receptor, whose expression is controlled by a tetracychine mducible element. The
cells were cultured m medmum contamning F12K. 109 FBS, 1% Penn/Strep. 200 ug/mL
Hyvgromvem. GPRO receptor expression 15 induced for 20 hours with 2 ug/mb doxyeveline
{Sigma D9891) 1in growth media. After addition of doxvevclhine, the cells are plated at a density
of 450-750 cells per well 1n 96-well halt-volume black tissue culture plates (Costar} and placed
in an incubator (37°C, 3% CO») for 20 hours prior to cAMP assavs.
{0101} Culture media 1s removed from the celis and thev are washed with 50 pl./well of
Ranger's Buftter (Mg(Clh 0.047 mg/mi, Nath PO 018 mg/mb, NazHPOs 0.1 mg/ml., KU 0.34
mg/mbL, NaH{CO3 1.26 mg/mL, D-glucose 1.8 mg/mb, Nal'l 7 mg/mL; pH=7 4). The test
compounds are suspended i DMSO, diluted 1n Ringer s Buffer containing .5% fatty acid free
BSA plus 300 uM 3-1sobutvi-1-methvixanthme (IBMX), and incubated on the cells for 45
mnuates at 37°C and 3% COr. After incubation, the cells are conditioned for 10 mumnifes at room
temperature with Eu-cAMP tracer solution from a PerkinElmer LANCE® Ultra cAMP assay kit
(TREO263). Then ULIGHT™M-anti-cAMP solution from the LANCE® kit is added and

mcubated on a shaker at room temperature for 1 hour prior to homogeneous time resolved
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tluorescence (H'TRE) detection in a PerkinElmer EnVision plate reader. ECso curves are
generated with a tour-parameter logistic equation using GraphPad Prism 3.03.
§l.  invitro Inlubition of cAMP (1{50)

{3102} 'This cell-based assay also measures the ability of compounds to mhibit the constitutive
cAMP activity of GPRO6 receptor expressed m CHO-KI cells. CHO celis are stably expressed
with GPR6 receptor, whose expression is controlled by a tetracychine mducible clement. The
cells are cultured m medium containimg FI12K, 10% FBS, 1% Penn/Strep. 200 ug/mb
Hvyvgromvem. GPRO receptor expression 15 induced for 20 hours with 1 ug/mi. doxyceveline
{Sigma D989 1) 1o growth media. After addition of doxyevehine, cells are plated at a density of
250-500 cclis per well in half-volume black clear botiom plates (Costar) and place 1 an
mcubator {(37°C, 5% CO:) for 20 hours prior to cAMP assavs.

{6103 Culture media 1s removed from cells and they are washed with 30 ul. of Ringer's
Buffer (Mg(Ch 8.047 mg/mbL, NaHzP0O4 0.18 mg/mL, NaoHPO4 0.1 mg/mL, K{1 0.34 mg/mb,
NaHCO3 1.26 mg/mb, B-glucose 1.8 mg/mb., NaCl 7 mg/mL; pH=7 4}. Compounds suspended
in DMSO are difuted in Ringer's Bufter contaming 0.5% fatty acid free BSA and mncubated on
cells for 45 munutes at 37°C and 3% U0y, After mncubation, cells are mceubated for 10 miinuies at
room termperature with Eu-cAMP tracer sohution from a PerkinElmer LANCE® Ultra cAMP
assay kit (TRF0264). Then, ULIGHT™-gnti-cAMP solution from the LANCE® kit 15 added and
mcubated on a shaker at room temperature for 1 hour prior to H1RF detection in a BMG
POLARSTAR® Omega plate reader. 1Us0 curves were generated with a four-parameter logistic
equation using GraphPad Prism 5.03

ifi. Invire Competition Binding to GPRO (K1}

10104] A competition binding assay usmng a filtration~based format 15 used to study the
bimnding characteristics of GPR6 mverse agonists. The method employs membranes prepared
from CHO-K1 cells expressing human GPR6 cDNA dniven by a doxyevehne mducible
promoter. Assav ready 96 well plates (651201, Gremer, USA) contauung senal dilutions of test
compounds (I pb of test higand/well) are prepared i DMS{O using hiquud handlers (5 uM, final
assay top concentration). Assay buffer (56 mM Tris, pH 7.4, 30 mM Na{’l, 6 mM MgCls, fatty
acid free 0.1% BSA, 1:100 protemnase inhibitor cocktail, Sigma USA) 1s added (39 ul/well } and
the plates are mixed on a plate shaker for 10 minutes. GPR6-specitic “'H radiohigand 1s prepared
in assay butter and 1s added to cach well (40 ul, 2.4 nM final assay concentration).

{6105] To mitiate the binding reactions, 40 uL of total membranes obtained from cells
cxpressing human GPRO receptors 1s added. The membrancs are prepared 10 assay butter and
added per well to 15 pug/well final assav concentration. The plates are scaled, mixed for 30

23



CA 03067032 2015-12-11

WO 2018/232202 PCT/US2018/037687

seconds at 300 RPM and mcubated for 2 bours at room temperature. The reaction mixtures are
subseguently filtered through filtermates (1450-421, filtermate A, PerkmElmer, USA) and
washed 5 times with buffer (50 mM Trs, pH 7.4, 50 mM NaCl, 6 mM MgClz, fatty acid free
(0.1% BSA) using a Tomicc HARVERSTERY6™ nstrument. The filicrs arc drnied i a
microwave. Semtillator sheet (1450-411, PerkimElmer, USA) 15 melted on filters and heat-seale
betore CPM/well were quantified in MICROBETA® Trlux instrument (PerkmbBlmer, USA).
Before use, the filtermates are presoaked 1n 0.5% polyethylenimine solution for 3 hours with
gentle shaking, followed by air drving over night. The ICse and Ki values are calculated using
non-linear regression analysis m Prism (GraphPad, USA). Kd values are deternuned in standard
radicligand saturation experiments.

Y.,  invive Parlonson’s Disease Model — Haloperidol-induced Catalepsy
{0186] The motor symptoms of Parkinson's discase mclude akinesia, bradykinesia, rigidity,
tremor and postural abnormalities and are associated with the loss of nigral dopaminergic cells
and a dechine n striatal dopamine levels. Admunistration of halopendol to rodents leads to a
transient Parkinsonian-iike state that 1s reversed by the adminustration of levodopa and other
drugs that have been chinically validated for the treatment of Parkinson’s disease. dee Duty, 5. &
lenmer, P. Br. J Pharmacol. 164:1357-1391 (2011}, whach s hereby mcorporated by reference
in 1ts entirety. Halopendol antagonizes dopamine B2, and o a lesser extent, D1 receptors in
meduum spiny ncurons that comprise the mdirect and direct pathwayvs of the motor circuit,
respectively. The resultant block of stnatal dopaming transmission results 1 abnormal
downstream firing within the basal ganglia circuits that is manifest as symptoms of muscle
rigicity and catalepsv. Catalepsy has been postulated to reflect the clinical features of
Parkinson's disease, whereby patients experience an inability to mitiate movements.
0107F Male C57BlI6 mice weighing 25-35 g are used. Catalepsy 1s mmduced by the
subcutancous {sc} admimstration of the dopamine receptor antagonist halopernidol (0.45 mg/kg)
at icast 30 nunutcs betore testing the anumals on g vertical gnid test. For this test, the rats or nuce
arg placed on a wire mesh cover of a 25 ¢cm x 43 ¢m plexaglass cage placed at an angle of about
70 degrees with the bench table. The subject 1s placed on the gnd with all four legs abducicd and
extended (Cfrog posture™ ). The use of such an unnatural posture s essential for the specificity of
this test for catalepsy. The time span from placement of the paws until the first complete
removal of one paw {(descent latency) 1s measured maxumally for 120 scconds for rats. For nuce,
the front paws of the mouse are placed on a horizontal metal bar ratsed 27 above a Plexiglas
plattorm and time 15 recorded for up to 30 secconds per trial. The test ends when the animal s

front paws retumn (o the plattorm or after 30 seconds. The test is repeated three times and the
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average of the three trials 1s reporied as the intensity index of catalepsy. Animals evaluated at 30
minutes after dosing are recvaluated at 60 or 90 nunutes post dosing of halopernidol.
6108] Efticacy of GPR6 modulators to reverse haloperndol mduced catalepsy 1s measured 30
munutes, 60 minutes, and/or YU minutes after dosing the subjects with 0.45 mg/ke
(intrapernitoneal igection) of halopendol along with the GPRS modulator test compound. The
compound of Formula 1 1s adnunistered in a dose range from 0.1 to 100 mg/ke (orally/po in
0.5% methyi cellulose) in coppunction with halopertdol. The adenosine AZA antagonist SCH
4208 14 {preladenant) 1s dosed at 3 mg/kg 1pp as a positive control.

V.  Inhibition of Human hERG wia Patch Clamp Techmigue
{6109 An automated whole cell patch-clamp system (QPATCH® 16} 15 used to record
outward potassium currents from a single cell. The assay employs CHO-K 1 {Chinese Hamster
Ovary) cells stably transtected with human hERG cDNA. The cells are harvested by
trypsimzation and mamtained m serum-free medmum at room temperature betore recordmng. The
cells are washed and re-suspended in the extraceliular solution before being applied to the
automated patch-clamp sites. The test solutions are prepared m the aqueous extracellular
solution (137 mM NaCl, 4 mM KUl 1.8 mM Cal’ly, | mM MgCl, 10 mM D{+}-Glucose, 10
mb HEPES, pH adjusted to 7.4 with NaOH) on the dav of patch-clamp assay. Seven
concentrations {(0.03, 0.1, 0.3, 1, 3, 10, and 30 uM) of the test compound are used to determing
{Cso. The agucous miracellular sohution contamns 130 mM KC1, 10 mM Nall, { ;oM MgClz, 10
mM EGTA, 5 mM MgATP, and 10 mM HEPES (pH adjusted to 7.2 with KOH)}.
{3110} After whole cell configuration 1s achieved, the ¢cell 1s held at -80 mV. A 50 ms pulse to
-40 mV is deltvered to measure the feaking current, which 1s subtracted from the tail current on-
hine. Then the cell 1s depolarized to +20 mV for 2 seconds, followed by a 1| second pulse to -40
mY to reveal the hERG tal current. Thas paradigm s dehivered onee every 3 seconds to monitor
the current amplitude. The assay s conducted at room temperature. The extraceliular solution
{control) 1s apphied first and the cell 1s stabilized m the solution for 3 mmnutes. Then the test
comapound 15 applied from low to high concentrations sequentially on the same cell. The cells
arc mcubated with cach test concentration for 3 munules. A reference compound E-4031 (NV-(4-
{1-{2-{6-methyipyridin-2-vijethyDpiperidine-4-carbonyiphenyiymethanesulfonamide) 1s tested
concurrently at multiple concentrations to obtain an 1{Cso value. The percent mmhubition of hERG
channel 15 calculated by comparing the tad current amphitude betore and aficr applhication of the

compound {the current difference 1s normalized to the control}.



CA 03067032 2015-12-11

WO 2018/232202 PCT/US2018/037687

EXAMPLES
10111} The following examples are miended to be illustrative and non-himiting and represent
specific embodiments of the present mvention.

. H Nuclear magnetic resonance (NMR)
6112] 'H NMR spectra were obtained for many of the compounds in the following examples.
Characteristic chemical shifis {0) are given m parts-per-nuihion downfield from
tetramcthylsdane using conventional abbreviations for designation of major peaks, mchiding s
(singlet), d (doublet), t (triplet), q {quartet). m (multipiet), and br (broad). The tollowmng
abbreviations are used for common solvents: CDCH {(deuterochlorotorm), DMSO-ds
{deutcrodimethyisulioxade), CBsOD {(devteromethanot), CD:UN (deutcroacetonitrile), and THE-
ds (deuterotetrahydrofuran}. The mass spectra (m/z for [M+HI™ were recorded using cither
clectrospray 1onization {(E21-MB3} or atmospheric pressure chemical omization {AP{UI-MB) mass
spectrometry .

fi. High-performance houid chromatography {(HPLC}
{0113] Where indicated, products of certamn preparations and cxampies are punticd bv mass-
triggered HPLC (c.g.. Pump: WATER™ 2525 MS: ZQ™; Software: MASSLYNX™3, flash
chromatography or preparative thun fayer chromatography (TLC). Reverse phase
chromatography is typically carnied out on a column (¢.g.. Phenomenex GEMINI'™ 54, CI8,
30 mm x 150 mm:; AXEA™, 5y, 30 mm x 75 mm) under acidic conditions {“acid mode”) eluting
with CH3ON and water mobile phases contamnmg 0.035% and 0.05% triflaoroacetic acid (TFA),
respectively, or under basic conditions {basic mode 7} eluting with water and 20/30 (v/v}
water/acetonitrie mobile phases, both contamnimng 10 mM NHHCO:, Preparative TLL 18
tvpically carmed out on silica gel 60 Fasq plates. Atterisolation by chromatography, the solvent
is removed, and the product is obtained by drving in a centrifugal evaporator {e.g., GeneVac™,
rotary evaporator, evacuated tlask, ¢ic. Reactions i an wnert {€.g., nitrogen} or reactive {¢.g., Ho)
atmosphere are typically carnied out at a pressure of about 1 atmosphere (14.7 psi).
iil. synthesis
0114} PREPARATION 1. (A})-2-(4-(2 4-difluorophenoxy)piperidin- 1 -yi)-N-{tetrahvdrofuran-

3-yvipvridol3,4-b jpyrazin-3-amine

{2
F ot )
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0115] 'To asolution of 3-chloro-2-(4-(2,4-difluorophenoxy)piperidin-1-yhpyndo|3,4-
blovrazine (10 g, 26.5 mmol) 10 DMSO (530 mL) was added (R)-tetrabhydroturan-3-amine

{ ArkPharm, AK-73910, Lot WZGORZ316-PBO1) (5.32 mi., 61.0 momol). The solution was
heated at 707C tor 10 hours, then diluted with water (300 mL) and extracted with iPrOAc (300
mb}. The agueous phase was further extracted with (PrOAc (100 mL). The organic lavers were
combined, washed with saturated agueous NHaCl (300 mb) and with brine {200 mL), dried over
MgsO4, concentrated i vacio and dried under house vacuwm o give a hight veliow sohd (1.4
g}. The sohid was dissolved m 1PrOAc (35 mL) with stirring and heating o retlux. Heptane (33
mi.} was added slowlv and in portions with heating to prevent precipitation. The sohition was
then allowed to cool to 20°C with stirming (ca. 400 rpm) during which tume a precipitate formed.
The nuxture cooled slowly to ambient temperature and was sturred overnight, The solid was
collected by vacuum filtration, nnsed with 1ce-cold 209 1PrOAc¢ m heptane, dned by pulling
vacuum through the filter cake tor at least 30 minutes, and collected to give the title compound
as a light vellow solid (9.771 g, 86%). ‘H NMR (500 MHz, DMSO-ds) d ppm 1.84 - 1.96 (m. 2
H, 201 -216(m, 3H), 22023V (m, 1 H), 322-~331(m, 2 H), 3.64-3.80 {m, 4 H}, 3.85-
393{m, 1 H},4.00{(dd, /=928, 635 Hz 1 H),455-467{(m.,2H)}. 694 {d. J=586Hz 1 H}.
699 -7060m, 1 H), 725-737(m,2H).746{d. /=537Hz 1 H). 831 {d,/=5.37Hz, 1 H).
8.79 (s, I H}:; ESI-MS my/z [M+H]|™ 428,

0116] PREPARATION 2: (5)-2-(4-(2 4-difluorophenoxyipipernidmn- -vi}-N-(letrahydroturan-

3-yhpyridof3.4-f {pvrazin-3-aming

E.-.'
O\/'\[
: k\v’NI/N S
N S N

6117} To asolution of 3-chlore-2-(4-(2 4-ditluorophenoxypipenidin-1-vhpvrido} 3 ,4-

Hlpyrazine {1.0 g, 2.65 mmol} in BMSO (5 mbL) was added {$)-tetrahvdrofuran-3-amine

i)

—-—
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{ Astaicch catalog #3702 1) (0,578 mi., 6.64 mmol}. The solution was heated at 70°C m a sealed
microwave vial for 22 hours at which time HPLC-MS showed the reaction was complete. The
reaction nuxture {5 mi) was diluted with water {150 mb) and extracted with 1PrOAc (150 mL).
The aqueous phase was further extracted with 1PrOAc (30 mL). The organic fayers were
combined, washed with saturated agucous NHaCl (130 mb) and with brine (100 mlL.}, dried over
MgSOa, and concentrated in vacuo on CELITE®. The crude product was purified by column
chromatography (30 g NH silica gel column) eluting with a gradient of 0 {0 60% EtOAc o
heptane to give the title compound as a white sohid (1.05 g, 93%). '"H NMR (500 MHz, DMSO-
deyoppm 190 (id, /=834, 391 Hz, 2H), 201 -2.16{m, 3 H), 220~-231 (m, | H), 3.21 -3.32
{m, 2 H}), 3.63-380(m,4H)} 389(q,/~749Hz | H), 400 (dd, /=9.28,635Hz 1 H}, 454 -
467{(m,2H), 696(d, /=635Hz 1H), 700-708 {m, 1 H), 7.26-739(m, 2 H), 7.46 (d,
J=537Hz, 1 H), 831(d, /=337 Hz | H), 879 (s, 1 H); ESI-MS nv/z [M+HI" 428.

0118} EXAMPLE §: (/)-1-(2-{4-(2. 4-difluorophenoxy ypiperidin- 1 -yi}-3-{{tctrahydrofuran-3-
viyamino}-7.8-dihyvdropvrido}3.4-6 lpyrazin-6(3H}-vljethan- 1 -one

{6119} To a flask charged with {(£)-2-{4-(2.4-difluorophenoxy ypiperidin-1-y1}-N-
{tetrabydroturan-3-vhpyndo|3,4-6lpyrazin-3-amme (16 g, 37.4 mmol} in HOAc (20 mL) and
THY (80 ml.) was added acetic anhydnde (17.66 ml., 187 mmol} under nitrogen. Palladium on
carbon {10%, Aldrnich 203699-10G, Lot #MEKRBZ3284V)Y (3.19 g, 2.99 mmol} was added under
mitrogen. The tlask was connected o a hydrogen-tilied balloon and was evacuated with house
vacuum and refilied with hyvdrogen ecight times. The reaction mixture was stirred under hvdrogen
tor 40 hours and then filtered through a pad of CELITE®, taking care not to let the cake dry out.
The tlask and filter cake were rinsed with EtQOAcC (48 mbL}, methanol (48 mL} and EtQOAc (48
mb}. The filtrate was concentrated 7 vacuo to remove THE, EtOAc and methano! (bath
temperature < 40°C). The solution was diluted with heptane (430 mb.} and reconcentrated i
vacuo to azetrope off HUOAc¢ (bath temperature < 45°C). The residue was taken up mn 1PrOAc
(320 mbL), washed with 10 wt% aqueous K2C0: (320 mb, 230 mmol} (pH 13 before wash, pH

10 after wash) and brime (240 mb., pH 7 after wash), dried over Mg&{4, concentrated in vacuo
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and dried under house vacuum for at least | hour to give a hight vellow sohid (16.71 g}, The
crude product was taken up m ethanol (84 mL)} and was heated m an o1l bath with stirning. After
the schids were dissolved, the solution was allowed to cool slowly in the cil bath with sturning,
during which a precipitate started to form, and the sohution became cloudy. The mixture was
aliowed to cool to ambient temperature n the o1l bath and was stirred overnight. Following
recrvstallization, the white solid was collected by vacuum filtration, rimsed with ice-cold ¢thanol,
and dried under high vacuum to give the title compound as a white solid (13.34 g, 75%:). ‘H
NMR (500 MHz, DMSO-de) Sppm 181 -200(m, 3H),202-~-212(m.5H), 2.14-224 (m, |
Hy, 260, =561 Hz, 1 H), 272, /=386 Hz, | H), 284 -296(m, ZH), 3.26-3.32{(m, 2 H),
356(d, J=8T79, 53 13 He, 1 HY, 3.65-378(m, 3H), 3.81 -394 ¢{m, 2 H), 433 -447 (m, 3 H),
432t /=818 403 Hz 1 H), 391 (dd, /~1342, 6 10Hz 1H).697-705{m, 1 H), 724 -
7.36 (m, 2 H); ESI-MS m/z [MAHT 474 mp 150°C (DSC peak); chiral purity (via chural
column chromatography) > 98% e¢.

13128 COMPOUND A (5)-1-(2-(4-(2 4-diflucrophenoxyipipendin-1-vi}-3-
{{fctrahydrofuran-3~-vhammo}-7.8-dihydropyrido| 3,4~6 [pyrazin~-6{5H }-vljethan- I ~one

{6121} TTo aflask charged with {5)-2-(4-(2.4-diflucrophenoxy ypipendm-E-vi-N-
(tetrabvdrofuran-3-vijpyndo] 3. 4-6lpyrazin-3-amine (1.05 g, 2.456 numol) 10 HOAc (5 mL) and
THE (8 mL) under mitrogen was added acetic anhvdrnide (1,159 mL, 12.28 mmotl). Palladium on
carbon (10%, Aldrich 205699-10G, Lot #MKBZ3284V3 {0.523 ¢, $.491 mmol) was added under
nitrogen. The tlask was connected o a hvdrogen-filled balloon and was evacuated with house
vacuum and refilled with hvdrogen eight times. The reaction maxture was stured under hyvdrogen
for 18 hours and then filicred through a pad of Celite®), taking carc not to let the cake dry out.
The flask and filter cake were rinsed with EtOAc (20 mL). methanol (20 mL) and EtOAc (20
mi.} and the filtrate was concentrated in vacuo on CELITE®. The crude product was purificd by
column chromatography (120 ¢ NH silica gel column, size 200} eluting with a gradient of 0 to
60% EtOAC 1n heptane to give a white solid (1.0 g). 'The white solid was taken up m ethanol (3

mL} and heated to 80°C m an o1l bath with stuning. After the solids were dissolved, heating was
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discontinued, and the solution was allowed to cool siowly 1n the o1l bath to 20°C with sturing.
The nuxture was stirred for 3 davs at room temperature. The sohds were collected by vacuum
filtration, rinsed with ce-cold ethanol, and dried under high vacuum to give the title compound
as a white solid (848 mg, 72.9%). 'H NMR (500 MHz, DMSO-d6) o ppm 1.82 - 2.00 (m. 3 H).
202-2120m,5H), 2.13-224(m, 1 H), 2604, /=386 Hz, | H), 272, /=586 Hz, 1 H),
283-296(m, 2 H), 3.24-332(m, 2H}, 336t =879 325 Hz 1 H), 3.66-377{(m,3 H},
381 -394(m, 2H), 433 -447(m, 3H). 432, =808, 387 Hz, 1 H), 593 (dd. /~13.30,
6¢22Hz, 1 H), 698 -706(m, 1 H), 7.24 - 735 (m, 2 H); ESI-MS m/z [M+H 474 mp 149°C
{DSC peak); charal punty (via chiral column chromatography) > Y89 ec¢.

V.  Invitro mhibition of cAMP (ECse) assay
6122} Table 1 lists biological assay data {in vifro mhubition of CAMP) for the compound of
Formuia | {(Example 1) and Compound A, which were tested m accordance with a celi-based
assay which measures the ability of test compounds (o mbubit the constitutive CAMP activity of
GPR6 receptor expressed m CHO-K 1 cells {reported as pECse}. The assav 1s described 1 the
specification under the heading “In vifro imnhibition of cAMP (ECs0).”

Table 1. fn vitro Inhibition of Constitutive cAMP Activity of GPR6 Receptor

g o . 2 S . S . . . . . o o .

Compound | pECs

 Formulal 1 72
 Compound A | 7.

10123} Further analvsis is performed by determimng the 1Cso of the compounds using the
assay described m the specification under the heading “/» vifro inhibition of cAMP (ICs0) 7

V.  invitro mhibition of cAMP (§{ss) assay
3124] Table 2 lists the inhibition constant (K1) from a GPRS competition binding assay and
the ICs0 values from a hERG functional assay for the compound of Formula 1 (Example 1} and
tor Compound A, As described above, Ki for each compound was obtamned using a competition
brnding assav which emploved a tiltration-based format utilizing membranes prepared from
CHO-K 1 cells expressing human GPR6 cDNA; 1Cso for cach compound was obtained using a
hERG tunctional assay which employed an automated whole cell patch-clamp system utilizing
CHO-K 1 cells transtected with human hERG cDNA.
{3125] 'The data in Table 2 mdicate the compound of Formula | 1s a significantly less potent
inhibitor of hERG than Compound A, I one assumes 30% occupancy of GPRO at maxumuam
tree compound {drug} concentration, then the ratio (hERG 1Cs0)/Ks shown 1n Table 2 mav be
vicwed as a safcty margin for the free drug ("SM-free™) as defmed 1n the hiterature {see X. Yao
et al., Britisn Journal of Pharmacology (20083 154:1446-36, 50, which 15 hereby mcorporated
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by reference 1o its entirety ). Companng safcty margins, the compound of Fornwla | exiubiis
improved SM-free for progressing mto i7 vive studies. An SM-free of less than 300 1s
considered appropriate to progress mto 17 vivo studies, as defined mm Yao ef of at page 1452
{“findings suggest that an SM-free of 300 or more mayv denote a compound devoid of a potential

for causmg Q'Tc proiongation’}.

Table 2. GPRS Competition Binding (Ki) and hERG Inhibition (1Cs)

3126] 'The ability of the compound of Formula 1 (Example 1) and Compound A to reverse
halopendol-induced catalepsy is also analyvzed. The compounds are tested m accordance with
the assay described in the disclosure under the heading “f# vivo Parkinson s Discase Model —
Halopendol-induced Catalepsy.”™

Vi. Treatment of the 6-hydroxyvdopamine {6-OHDA) rat model
61271 Compounds that improve motor activity arc considered pronusing as potential

therapies for Parkinson s disease. Rats of the 6-OHDA model of Parkinson’s disease received

bilateral injections of 6-OHDA into the stnatum and coordinates Antenor-Posterior {AP):

Medial-Lateral (ML) Dorsal-Ventral (DV), 143, -5 mm relative to Bregma under anacsthesia.
Rats were tested for locomotor activity at feast 28 davs later. Animals were habituated for 30
minutes m locomotor activity boxes prior dosing with Formula | {(Example 1) or the vehicle
{control}.

{3128] Locomotor activity was measured in an open field arena covered m an arrav of mirared
beams. Beam breaks by the animals were processed using AMLOGGER software to monitor
activity. Formula 1 (Example 1} showed a dose dependent improvement m locomotor activity
tor both dosages (5 me/kg and 10 meo/kg) compared to rats admimstered the vehicle {control}
after 30 mintutes as shown in Figure 1. A significant mcrease in activity was observed 1n rats
adounistered the 10 mg/kg dose. These data indicate that Formula | (Example 1) will be
cttective m improving the symptoms of Parkinson's discase patients.

Vii. Eifects of Formula i {(Example 1} on the Cardiovascular bystem Using Telemetry

{3129] 'The potential cardiovascular etfects of Formula | (Example 1} in conscious beagle

7

dogs {(Marsahall BioResources, North Rose, NY'} for a munimum of 8 months of age and
weighing 7-15 kg, The beagle dogs are equipped with telemetry devices from DSI
PHYSIOTEL® Dhigrtal L2 1 transmutter implants according to the appropriate Charles Raver
Laboratones, Montreal, QC Sandard Operating Procedure {(TB 12-04-06). The biopotential

Y
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icads are placed 1 a modified iecad H configuration. A nunimum acclimation period of 6 days 1s
aliowed between anumal arnival and the start of the surgical implantation of the telemetry
devices mn order to accustom the animals to the laboratory environment. A punimam recovery
period of 4 weeks 1s allowed between surgerics and the start of treatment. The targeted
conditions for animal room environment are between 17°C and 23°C at 30-70% hunudity with
12 hours of hght and 12 hours of dark, exeept during designated procedurces.

{31308] Anumnals may be socially housed 1n stamnless steel cages equipped with an automatic
watering valve as described in the Guide for the Care and Use of Laboratory Animals (8" Ed |
MNational Academies Press, 2111), which s hereby incorporated by reference o its entirety, with
the exception of dosing and montonng periods where ammals are mdividually housed.

0131 Following surgical implantation of the DS PHYSIOTEL® Dhigital L2 1 transmitters,
animais receive food supplementation for 7 davs following surgery which consist of | can of
AID Prescription Dict mixed with 300 g of PMI NUTRITION® Intemational Certified Caning
Chow No. 5007 for 3 days, and | can of AlD Prescription Biet mixed with 300 g of PMI
NUTRITION® International Certihied Canine Chow No. 5007 for 4 davs. Un the day of dosing.
tood 15 provided at least 3 hours prnior to the start of dosing, made available for a target of |
hour, and then removed at lcast 4 hours prior {0 dosing. Beefy treats are not available after the
food 1s removed during the 4-hour period prior to dosing. The remaming food, f any, s offered
during the end of the dav’'s mortality/moribundity checks and 15 left overmight. Supplemental
dict 1s provided to the animals as warranted by chinical signs or other changes.

{3132] Municipal tap water after treatment by reverse osmosts and ulfravioiet wrradiation 18
treely available to cach animal via an automatic waternng system, except duning designated
procedures. Water bowls are provided, if required. Penodic analysis of the water 1s performed,
and results of these analyses are on file at the Test Facihty. No known contaminants that could
mtertere with the objectives of the study are considered to be present i the water.

{3133] Pnorto the start ot dosing, ECGs, LVP, blood pressure and body temperature are
collected using Data Sciences International (D51 PONEMAHRH™ gystem for at least 24 hours to
cvaloate cardiovascular paramcters and BECG signal quality. ECGS of a munmmum of 30 seconds
duration are collected and sent to a cardiologist for gualitative review. Only animals exhibiting
normal hematology/clhinical chemustry parameters and normal hemodynanuc/ECG parameters
are enrolled into the study.

16134} Animals are acclimated to the oral gavage procedure for at least 3 davs prior to the
commencement of dose formulation admunistration. {Cage/tap water are adnunisicred by oral

gavage using a disposable catheter attached to a plastic syringe at a dose volume of 3 ml/kg.
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The dosing formulations are stirred for at icast 30 minutes in the animal room prior to and
continuously dunng dose admimstration.

181351 A smgle dose of vehicle {control), which contains 2% Lecithin and 0.5%
Methyicellulose in ULTRAPURE™ Water (Charles River Laboratorics, Montreal, QC) or test
compound at 30, 100 and 300 mg/kg 1s admimstiered by oral gavage. The vehicle 1s prepared for
cach dose session and stored 1 a refnigerator mamntained at 4°C, on stir plate, protected from
light, and dispensed as required. Vehicle 1s removed trom the refrigerator and stirred for at least
30 nunuics at room temperature before dosing and continuously during dosing. The dosing
tormulations are stored m a refngerator set at 4°C, on a stir plate, protected from hight, and
dispensed as requured. The dosing formulations are removed from the refrigerator, stirred for at
lcast 30 munutes at room temperature before dosing and continuously durning dosing.

{31367 Each of tour male dogs receives a dose of vehicle and three dose levels of Formula |
{(Exampie 1} with 7 days between each dose. The parameters monttored include: heart rate
dertved from blood pressure, left ventricular pressure (LVP), and electrocardiogram wavetorms:
LVP (peak systolic and end-~diastolic LVE and max positive/negative dP/dt valucs);
clectrocardiogram (PR mmterval (PR), RR vanability (RR"}, QRS complex (QRYS), QT mtervals,
and (QTov calculated using the Van de Water eguation QTov=QT-87{(6U0/HR-1}}. and body
temperature,

{61371 Marking of ECG segments 1s conducted using ECG Pattern Recognition software. A
library for each ammal 15 constructed of representative cveles from both the day and mght ¢ycle
and 1s applied across monttoring occastons {0 ensure appropriate marking for guantitative
assessments, m accordance with the appropniate Charies River Laboratones, Montreal, Q. Any
data values which exceed the electrophvsiological norms for this species s excluded from
further analysis.

0138} Dunng cach telemetry monitormg occasion on dosing davs, BECG 1s evaluated twice

10,

-2

prior to each dose {at least 30 nunutcs apart) and at approximately | {£3 minutes), 2, 4. 6, 3
12,15, 18, and 23 (=15 nunutes) hours post dose. A mimmum of 30 scconds is evaluated at each
timepoint. All wavelorms are gualifatively evaluated to detect rhivihm or conduction
disturbances or other abnormalities of the P-QRS-T waves. Blood sampies are collected from
the yugular vemn, following overnight food deprivation {for climcal chenustry).

{8139] No changes are observed in beagle dogs adnmnistered the compound of Formula |
{Example 1} compared to results from the vehicle i artenal blood pressures, contractility or P-R

mtecrval, QRS complex, or Q7 miterval durations for anumals dosed with Formuia | (Exampie 1).
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FQUIVALENTS AND SCOPE

10148] Those skilied m the art will recognize or be able {0 ascertamn using no more than
routing expenimentation, many equivalents {o the speciic embodiments mm accordance with the
mvention described herein. The scope of the present mvention 1s not miecnded to be linuted to
the above Description, but rather 15 as set torth 1n the appended claims.

{0141} In the claims, arficles such as "a,” "an,” and “the” may mean one or more than one
uniess mdicated to the contrary or otherwise evident from the context. Claims or descriptions
that include “or” between one or more members of a group are considered satisticd if one, more
than one, or all of the group members are present in, emploved m, or otherwise relevant to a
given product or process unless mndicated to the contrary or otherwise evident from the context.
The mvention mcludes embodiments m which exactly one member of the group 1s present in,
cmploved m, or otherwise relevant to a given product or process. The mnvention 1ncludes
cmbodiments 1n which more than one, or the entire group members are present in, employed mn,
or otherwise relevant to a given product or process.

{3142} It 1s also noted that the term “comprising” is mtended to be open and permits but does
not require the inclusion of additional clements or steps. When the term “compnsing”™ 1s used
heren, the term “consisting of 7 15 thus also encompassed and disclosed.

16143} Where ranges are given, endpoints are included. Furthermore, it 18 {0 be undersiood
that unless otherwise mdicated or otherwise evident from the context and understanding of one
of ordinary skill in the art, valucs that are expressed as ranges can assume any specific value or
subrange within the stated ranges in ditferent embodiments of the mvention, to the tenth of the
unit of the lower limit of the range, unless the context cicarly dictates otherwise.

10144} In addition, it 18 to be understood that any particular embodument of the present
invention that falls within the prior art may be explicitly excluded from any one or more of the
claims. Ssmee such embodiments are deemed to be known 1o one of ordinary skill in the art, they
mayv be cxcluded cven if the exclusion 1s not set torth explicitly herem. Anv particular
cmbodiment of the compositions of the mvention {¢.g., anv anfibiotic, therapeutic or active
ingredient; any method of production; anv method of use; ¢tc.) can be excluded from any one or
more claims, for any reason, whether or not related to the exastence of prior art.

10145] It 1s to be understood that the words which have been used are words of description
rather than hnntation, and that changes may be made within the purview of the appended claims
without departing from the true scope and spirtt of the mvention in its broader aspects.

{3146] Whae the present invention has been described at some length and with some

parficulanty with respect to the several descnibed embodiments, it 1s not miended that it should
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be limuted to any such particulars or ecmbodiments or anv particular embodiment, but 1t 15 1o be
construed with references to the appended claims so as o provide the broadest possible
mterpretation of such claims in view of the prior art and, therefore, to cttectively encompass the
micnded scope of the mvention. The present mvention 15 further thiustrated by the non-limiting

cxampies heremn.
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CLAIMS
What 15 clamied 1s:
1. A compound of Formula 1,
F.'

or a pharmaceutically acceptable salt thereof.,

2. The compound or pharmaccutically acceptable salt according to claim 1, which has an

enantiomeric punity egual to or greater than 20% ¢nantiomenc excess {e¢).

3. The compound or pharmaceutically acceptable salt according to claim 1, which has an

cnantiomeric purity equal to or greater than 440% cc.

4. The compound or pharmaceutically acceptable salt according to clamm 1, which has an

cnantiomeric purnty cqual to or greater than 60% ec.

3. The compound or pharmaceutically acceptable salt according to claxm 1, which has an
cnantiomertc purity equal {o or greater than 80% ce.

5. he compound or pharmaceutically acceptable salt according to claim 1, which has an
cnantiomeric punty equal to or greater than Y09% e¢.

7. The compound or pharmaceutically acceptable salt according to clamm 1, which has an
enantiomenc purity equal {0 or greater than 98% ce.

8. The compound or pharmaccuiically acceptable salt according to claim 1, which has an

cnantiomenc punty equal to or greater than Y99% ¢,

p 4
e



CA 03067032 2015-12-11

WO 2018/232202 PCT/US2018/037687

10,

i1

13.

14.

16,

17

The compound or pharmaccutically acceptable salt according to claim 1, which has an

enantiomeric purnity egqual to 100% ce.

The compound or pharmaccutically acceptable salt according to any one of claims | to Y,

-~

wherem the compound 1s present as a free form.

A pharmaceutical composiion comprising:
(a) a compound or pharmaccutically acceptable salt as defined in any one of claims |
to 10; and

(b}  a pharmaccutically acceptable excipient.

A pharmaceutical composttion as defined m clamm |1 for use as a medicament.

The pharmaceutical composition according to claim 11 for use in the treatment of a
discase, disorder or condition selected from the group consisting of: Parkinson s discase,
levodopa~induced dvskinesias, Huntington s disease, drug addiction, eating disorders,
cognifive disorders, schizophrenia, bipolar disorder, eptlepsy, Alzhenner’s disease,

anxicty, and depression.

A method of treating a disease, disorder or condition in a subject, the method
COMPIISING:
(a) admanistering to the subject a compound or pharmaceutically acceptable salt

thereof defined 1 any one of claims 1-10.

The method according to claum 14, wherein the disease, disorder, or condition is af least
on¢ sclected from the group consisting of: Parkinson's discase, levodopa-induced
dvskinesias, Hunfington's disease, drug addiction, cating disorders, cognifive disorders,

schizophrema, bipolar disorder, epilepsy, Alzhemmer’s disease, anxuety, and depression.

The method according to any one of claim 14 or claim 15, wheremn the pharmaceutical

composition 18 admiumnsicred at a dose between about 40 mg/kg and about 60 mg/kg.

The method according to any one of claim 14 or claim 13, wherein the compound or
pharmaceutically acceptable salt 1s administered at a dose within a range selected from

3Y
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18.

19,

21

.
L\
"

23.

the group consisting of about 30 mg/kg to about 40 mg/kg, about 35 mg/kg to about 43
mg/kg, about 40 mg/kg to about 50 mg/kg, about 45 mg/kg to about 55 mg/keg, about 50
mg/kg to about 60 mg/ke, about 55 mg/kg to about 65 mg/kg, and about 60 meg/kg to

about 70 mg/ke.

The method according to any one of claim 14 or claim 15, wherem the compound or

pharmaceutically acceptable salt 1s administered at a dose of about S0 mg/ke.

The method according to claim 14, wheremn the adonunistening step occurs orally.

A combmation therapy comprising a pharmaceutical composition as defined mn claim 11,

and at lcast one addifional pharmacologicallyv active agent.

The combination therapy according to claim 20, wheremn the addifional
pharmacoiogically active agent 1s sclected trom the group consisting of: levodopa, a

DOPA decarboxvlase mdubitor, a dopamine agonist, an anlicholinergic, a B-selective

& a

5
D

4

tor, and a catechol O-methyl transterase inhitntor,

Lwwwh
p X g
p XX

monoamine oxadase 1

The combination therapy according to claim 21, whercm the additional
¥ _

pharmacologically active agent 1s amantadime.

1he combination therapy according to claim 21, wheremn the addifional
pharmacologically active agent 1s levodopa m combmation with a DOPA decarboxvlase

inhibitor.

The combination therapy according to claim 21, wherein the additional
pharmacologically active agent 1s selected from the group consisting of: carbidopa;
benserazid; methvidopa; o~-difluocromethyl-DOPA; 3'.4' 5 7-tctrahvdroxy-8-
methoxyisoflavone, apomorphine bvdrochlonde; bromocnptine; rotigotine; pramipexoie;
ropmirole; trihexvphenidyvl; benziropine mesvlate; safimanude; sclegiling; rasagiline;

exritacapone; and tolcapone.

The combination therapy of claim 21, wheremn the additional pharmacoiogically active
agent 1s selected from the group consisting of: beta~secretase mhabitors, gamma-secretase

4{)
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inhibitors, HMG-CoA reductase inhubifors, nonsteroidal anti-immflammatory drugs

(NSAIDs).

26, The combination therapy of claim 235, wherem the nonsterowdal anti-~inflammatory drug
(NSAID) 1s selected from the group consisting of: apazone, aspinin, celecoxib, diclofenac
{with and without misoprostol), diflunisal, ctodolac, fenoprofen, fhirbiproten, tbuproten,
indomethacin, ketoprofen, meclofenamate sodium, metfenamic acid, meloxicam,
nabumetone, naproxen, oxaprozin, phenvibutazone, piroxicam, choline and magnesium

salicylates, salsalate, and sulindac.

27 The combmation therapy of clamm 21, wherem the additional pharmacologically active
agent 1s sclected from: the group consisting of: donepezil, rivastigmine, memanting, and

galantannne.

28,  'The combination therapy of claim 21, wherein the addmmional pharmacologically active
agent 15 selected from the group consisting of: sedatives, hypnotics, anxiolviics,

antipsychotics, and tranquilizers.

29 The combination therapy of clamm 21, wheremn the additional pharmacologically active
agent 1s selected from the group consisting of: amitrniptyling, amoxaping, anpiprazole,
asenaping, bupropion, chlordiazepoxide, citalopram, chlorpromazine, clozapine,
desipramine, desvenlafaxine, doxepin, duloxetine, escitalopram, fluoxetine, fluoxetine,
tluphenazine, halopendol, dopendone, mmpranune, 1socarboxazid, lamotrigine,
levomunacipran, lurasidone, mirtazapine, nefazodone, nortriptvhne, olanzapine,
palipenidone, paroxetine, perphenazine, phenclzine, protaptyvhine, quetiaping, risperidone,
safinanude, sclegiling, sertraline, tranvicvpromane, trazodone, trimipramineg, venlataxine,

vilazodone, vortioxeting, and zipraswlone.

34, The combination therapy of claim 21, wherein the additional pharmacologically active
agent 1s selected from the group consisting of: alprazolam, chlordiazepoxide,
clobazepam, clonazepam, clorazepate, diazepam, estazolam, flurazepam, lorazepam,
midazolam, oxazepam, prazepam, quazepam, temazepam, and triazolam. hvdroxyzine,

cszopicione, zaleplon, zolpidem, and zopiclone, and buspirone.

41
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31

(23
._E.;

35,

36.

38.

1he combination therapy of claim 21, whercin the additional pharmacologically active
agent 18 selected from the group consisting of: acetazolanude, carbamazepine, clobazam,
clonazepam, eshicarbazepine acetate. ethosuxinmide, gabapentin, lacosamide, lamotriging,
levetiracetam, nifrazepan, oxcarbazepine, perampanel, piracetam, phenobarbital,
phenytoin, pregabalin, primidone, retigabine, rulinande, sodium valproate, stiripentol,

tiagabmne, topiramate, vigabatnn, and zonisamde.

A method of treating Parkinson s discase in a subject comprising:

{a) admunistening a pharmaceutical composition as defined in claim 11 to the subject.

The method according to claim 32, wherein admunistening the compound improves the

motoric svmptoms of the subject.

The method according to any one of claum 32 or clamm 33, wheremn the administenng

step occurs orally .

A dosage form comprisimg a compound or pharmmaceutically acceptable salt thercof as
defined in anv one of clatms 1-10 and a pharmaceutically acceptable excipient, whercin
the dosage form 1s adapated for oral admunstration of the compound or pharmaceutically
acceptable salt thereof at a dose within a range selected from the group consisting of:
about 30 me/kg to about 40 mg/kg. about 35 me/kg 1o about 45 mg/kg. about 40 me/kg
to about 50 mg/kg, about 45 mg/kg to about 55 mg/kg, about 50 mg/kg to about 60

mg/kg, about 55 mg/kg to about 65 mg/kg, and about 60 mg/kg to about 70 mg/kg.

The dosage form of claim 35, wherem the dose 1s within the range of: about 40 mg/kg to

about 60 ma/ke.

The dosage form of claim 33, wherein the dosc 15 30 mg/kg.

The dosage form of claim 35, wherein the dose 1s selected from the group consisting of;
353 mg/kg, 36 mg/kg, 37 mg/ke, 38 mg/kg, 3Y mg/ks, 40 mg/ke, 41 mg/kg, 42 mg/kg, 43
mg/ke. 44 mo/ke, 45 mg/ke, 46 meg/kg. 47 me/ke, 48 mp/kg. 49 me/ke, S0 mg/ke, 51
mg/ke, 52 me/kg, S3mg/ke, 54 meg/ke. 55 me/ke, 56 mg/ks, 57 me/kg, 58 mg/ke, 39
mg/kg, 60 mg/kg, 61 mg/kg, 62 mg/kg, 63 mg/ke, 64 mg/kg, and 65 mg/kg.

42
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39, A method of treatmg a discase, disorder or condifion associated with GPRO6 m a subject,

4{}.

41,

42.

43.

the method comprising adnunistering o the subject an effective amount of a compound
of Formula 1 or a pharmaceutically acceptable salt thereot as defined 1 any one of

claims 1-10.

The method of claim 39, wherein the compound of Formula | or pharmaceutically

acceptabic salt thereof 1s adnunistered perorally.

A compound or phanmaceutically acceptable salt as defined m any one of clasms 1-10 for

f1Se a8 a medicament.

A compound or pharmaceutically acceptable salt as defined 1n any one of clayms 1-10 for
use in the manutacture of a medicament for the treatment of a discase, disorder, or

condition assoctate with GPR6G.

The compound or pharmaccutically acceptable salt as defined 1 any one of clamm 41 or
claim 42, wheren the discase, disorder, or condition 15 selected from the group
consisting of: Parkinson s discase, ievodopa-induced dvskinesias, Huntington s disease,
drug addiction, cating disorders, cognitive disorders, schizophrenia, bipolar disorder,

cpiiepsy. Alzheimer’s discase, anxiety, and depression.
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Figure 1

—e— Vehicle
1000 -2 Formula1 5 mg/kg
I --- Formulal 10 mg/kg

500

Activity counts

0 50 100 150
time (min)

Pairwise repeated measures significant effect of treatment
F=4.91; p=0.0406. * p<0.05; **p<0.01; ***p<0.001 10mg/kg; # p<0.05 5mg/kg
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